i, €3eZVVWDX: YNdZ6ZTZkt7r | 07 OCT 2003 METHOD FOR SI NGLE CHAMBER
'PROCESSI NG OF PEGVD-TI AND CVD-TIN FILMS | N | C MANUFACTURI NG ' Thi s
application is a continuation-in-pan of U S. patent applicafitodCEefi3al
no. 09/ 294, 487, filed April 20, 1999, hereby expressly incorporated by
reference hereln Field of The Invention This invention relates generally
to chem cal vapor deposition (CVD) for applying filmcoatin
substrates, and nore specifically to CVD for applying baJmmﬁw mﬂﬂﬁum‘ﬂt acks,
of for exanple titaniumand titaniumnitride, to sem con
substrates. Background of The Invention In the formation of ine&grated
circuits (1Cs), thin filnms containing 4tetal elenents are often deposited
upon the surface of a substrate, such as a sem conductor wafer. Thin fil s
are deposi METHODOFOROS PNGhEi CHAMBER RROCESSINANGF ABEVE-THoANRAVE~-TIN FREMSCIINCIG t S
and bet weeMANUFACTURINGOuUS - devi ces of an IC. For exanple, a desired thin film
m ght be applied to the exposed surface of a contact or via hole on a
seni conduct or wWatfisapplicaionts & ¢eatifupfiomimppassdf iyS traewagPlicatns sprip nd-QR/29¢ &87. &edr s on
the wafer to provide plugs of conductive material for the purpose of making
i nt er connedpril 3As1 9% heyehy expressly ivsatpereieh by fefyespesheraine wel | known process for
depositing thin nmetal filnms is chem cal vapor deposition (CVD) in 15 which
a thin filBedsf feedaventiend usi ng cheni cal reactions between vari ous
deposition or reactant gases at the surface of the substrate. In CVD,
reactant gases HreinyINadeialEgeBerly Sk Fhemics! VAPAr Hergsition Y fer aPH%‘Pnd@mé”r“éﬁct i on
chanber, and the gases subsequent|ly react at .the substrate surf
resul t¥ng foiubsFREsGRd RgFE @ei“g‘é@f i°&YD§ L 1??’@5’6&3"5%& Wﬁ?’éﬁd?so?frﬁ”af"ﬂ’ﬂl“rﬁ‘ﬂ’t‘i’“’t #a

substrate surface, Any oducts remai ning after the deposition are
removed frb‘ﬁ‘i“f’ﬁ%‘“ﬁ‘,‘ﬁé‘l’r{? °°“ [PY WRIREGEPSTESSy yseful techni que for depositing

films, many of the 20 tradl tional CVD processes are basically thermal
processes M—M@Fatures in excess of 500 or 1000C in order to
obtain the necessary reactions. Such.a,.depq on_ tenperat ur Q n far
too high to be E‘r‘g"c%{’f’ﬁ“é’f’ﬁ‘ﬁ BB CrRYy 88 gbu? g’% 6] ¢ V1 etla ﬁmen% Igfs t hat

high t enpe&eapgsliltgf Epoxt] Lanv esur%ace of a suQ lilrgle Ostuc 15 28R GRuctor wafer. Thin films are deposited to

-

10 provide conducting and ohmic contacts in the circuits and between the va.rious devices of an IC. For
example, a desired thin ﬁl;n might be applied to the exposed surface of a contact or via hole ona
semiconductor wafer, with the film passing through the insulative layers on the wafer to provide plugs of
conductive material for the purpose of making interconnections across the insulating layers.

One well known process for depositing thin metal films is chemical vapor deposition (CVD) in

15 which a thin film is deposited using chemical reactions betwee various deposition or reactant gases at the
surface of the substrate. In CVD, reactant gases are pumped into proximity with a substrate insidea
reaction chamber, and the gases subsequently react at the substratesurface resulting in one or more reactiom
by-products which form a film on the substrate surface. Any by-products remaining after the deposition
are removed from the chamber. While CVD is a useful technique for depositin"g films, many of the

20 traditional CVD processes are basically thermal processes ar;d Tequire t-cmperatures in excess of 500 or
1000°C in order 1o obtain the necessary reactions. Such a deposition temperature is often far 100 high to

be practically useful in IC fabrication due to the effectsthat high temperatures have on various other aspecs
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0 7 ocT zc~s and layers of the electrical devices nmaking up the 1C. For
this reason,  one :approach which has been utilized in CVD processes to | ower
the reaction temperature is to ionize one or nore of the reBdt8ht Hses.
Such a technique is generally referred to as plasma enhanced chem cal vapor
deposition (PECVD). An efficient PECVD nethod has been set forth in

commonl y aSaﬁJdQ{}@,gom&x;msxgafuifmam@ i i 181 FoPlsirtabdi dorm apdr¥H FHIRG! GkAT €

Pl asma- Enhance ormat | on ntegrated G rcuits”, expressly I ncorporated
by ref er encgyhQietVD prbeedsdsSo BRErie dadfion biRranfd i2io RALERE ottiofedr B8 BSci gigg hod f or
si ngl e-chanber processing of |ow tenperature ( < 500C) PECVD-Ti and Ti N
filnms for vahappiniquadsiganadlly sekefed 168t phasrha deced Dhelfied), vagh3 dapnsitiob (PFECEDB 7An  each
i ncorporated by reference herein in their entirety, describe hardware

desi gn and efBtiénoBEGVIY melbyddies heprosst fofth REQUMNT asfignkd.S. Raien( No. $edidfs912 entitled
applications, a titaniumnitride barrier |layer is required prior to

deposi t§ on BowcEampespiare fbasat-Exhagrerl Eerpipion of) dmeerried SFiTgHish eimressly tingprgarptednby
Titaniumnitride can, be deposited b%q gh?m cal v%éor, FeFo ition., To?e
reactants affeFrBSFHFERIRdE SUE- (The PLAPATR E51O5F A FOURpYEIEr B e MRSy ¢ 1o%ul ar
titaniumtetrachl orjde, s 0 t titani um t a her ef or e,
the titani ulfi"RLET® ()'bée%ﬁict)rp ?é\z%&barn?g’r%hgsh@i T ?16: monT tcl$ ?’Jgg%hgsrh')éggﬁ'ﬂgamp%r

deposi ti on. 5,9‘16?7&%&? ﬁ?%lﬁotﬁ% b§; Fe?@én&qxe{éﬂﬁ méi%!iﬂg%scﬁbef[ﬂaxtd@m H'mgl'; b Memslt

nitrided 15 Tayer o e titantumfilmand an overlying titantumnitride
layer) all Rehsefnn biveEcynde kil ng substrate or conductor and the netal of
an overlying layer. Customary nethods of applying and nitriding titanium
have been by PEQdhanpeiptiidnsenivafumtniti&robiien lnjiet i irciaired agorbe éxpostivsticeredn |y by
thermal CVD. These PECVD and thermal CVD reactions have involved different
process par meelteordycongpiicls i rajrumes tungsgfn f ditaniginfofiadeccan beysierssited 8Y ehgmiesd wapprent .

As a result) 20 the typical Ti, nitrided Ti and Ti N stack production
process seqBREAEEN InpErAaRY HRALDYPIRAICRS! Be SarmichleVapis JEROEr o PERC bt Bnnect ed
to a common vacuuym transfer nodul e of a sem conductor wafer processing

ol ust et oolaoRREEpr LB SR 6 HHRHR SR i dhere o BT St SR P
overhead tipe.for. .transferri each . £ ik E]E PEGVD nodul e
and establ i %‘ﬁ%’%mg{‘ea "écagvragoégg)gm%g'n ?’%ﬁkﬁ)srnl@s %/)/%‘ie? IE@ u(r(r:%l u%ue O?ﬂ% PEQ , then
after i deﬁgé bf theQihn AR i hedalah SR PinOfcartubGi ARG, Litknkin d)%@&]yia?ﬂﬁmh@& t he
nodul e and 25 transferring the wafer through the transfer nodule to the

t hermal CVDiiamdisl &d e mediepp@soveiiiy 196r.t he Ti N | ayer incl udi ng establishing
stabl e process conditions in the nmodule for the thermal CVD-Ti N deposition,
t hen t he renopval Cefomtrenctadsef afplybmapdwtritineyitagim @vEbeth by PRSI, ePep®itpd ef i ng
process parameters have prevented integration_of PECVD Ti and thernal

CVD-Ti N pr oteiuseeiuifiehas tsen coggmaripby theranal é‘fDadWic GRaYP pad teppahel R esadionséadser at ur e
for PECVD-Ti are at least 425 C, 0 7 Q C T 2D03 3 hecause | ower

t enper at ur einygiyep diffesennpracespprapmaigys: Which iayegpietfqrdifferspt nrosersipa spuipmdl SErFSYr t he
shower head, but not nore tha rature will result

0C, b hi gh {,
in chl 8i nete oPigsiioluigy Tier F@mﬂpﬁ%ﬁ%ﬁﬁﬁﬁ%@qu{ng ’ggpé'%g?ﬁdé’ﬁw?cffpaﬁ}easna

generation) t erature contral , ! i tor. On
The ot her - NS e RarHar e Suafe ROy Lk Y P 205}
shower head a { LRGE 1ihOWER g QhAt ur e

w || cause ﬂl%%ﬁgléggégﬂésegtsé%ﬁ?é igﬁ‘ad@;n%;tuggﬁﬂe&?ﬁgﬁf OZUSOC) si nce hiﬁgﬂr%er

t enper at ur eophd WareRIFROMG @ PECTD SROMSnG bsabliskny stable pokeaydeidneadn thyvabdare for Ti-

t enperatures and chanber pressures are also commonly different for the
PECVD- Ti anpECVIR el 2fVD degaidtn o siitridiyecdf idrglepsitet! diinerapunpig termbdge eslsur es
causes excessive flaking of deposits fromreactor conponents; requiring
frequens i nesstringindvaéx heinghuhcirasterimpgyle @ khe hofmah§y R moddls doralgposiipn of beflilt i vity
and increases overhead tine, particularly stabilization tinme to recover

f r om pr ocesbye ixladingtensblibhmsdls procorpgeadiions ip the medulerfpr tefpermg! QVPTIN $reosiighe
reactor have been proposed by using PECVD processes for the Ti N deposition
as wel | as  tpetheemeyains i prignfromiis hermp VO HY Bediver t i es and deposition

efficiency that are produced with thermal . CVD of  Ti 1ave . had ant ages
whi ch are’ pref er PEFERICE? m’ar?&fe??’a‘fcﬁé??mflé’“céraﬂ%’é)&%éc\)!lrﬂ]g" %{rgeemael?'?, ?Sgllq]tént and

ffecti t hod , d i 1i St ack ' bk ko ' d
par 1 cul ar | PSR OOV SR Rl e Rt el

I nvention In accordance with a first aspect of the present invention, there
is provided a nethod of depositing a stack that includes titanium and
titaniumnitride filns on a wafer surface in a single chanber, conprising
the steps of: placing a substrate having a wafer surface in a reaction
chanmber in spaced relation froma showerhead; depositing a titaniumfilm
onto the wafer surface. In the chanber by form ng within the chanber a

o, o Y




sdepositing a titaniumnitride filmare each perforned with the showerhead
at a tenperature within a range sel ected from about 425C to about 700C or
from about 150'C to about 250'C. 0 7 OCT 2003 3a In accordariceCw g a
second aspect of the present invention, there is provided a nethod of
depositing a stack that includes titaniupand titaniumnitride films onto a
substrate surface in a single chanber conprising: placing a substrate

havi ng a surt@gse lawer empaawt wdirorehadi@gty film wiipneid deadiyl pad! i nf the howeahead, but
shower head; depositing a titaniumfilmonto the surface in the chanber by
pl asma enhamelgeprthssPeS) bupauprdichet empsatreseyill resub inrehlding coretisiomyoftrie! Shepuisrdsed
titaniumfilmin the chanber by form ng a plasma of a gas selected fromthe
group consi St # 6 PEsTerTsthien lpsana SHrarnt ‘F‘B@éaﬁ"“dwmé" AAdyetherrresens ingthtRRGVA raasyr.

ni trogen; t e iting a titagumnitride filmaon the njtrided deposited
titaniumfil ‘PW‘F"HE”@hQﬁB 'P”Bi)@‘%’ﬁaéi"fw“ddvﬁ 'Br"&"@%%% Shaﬁﬂh%‘re%g%ate t he
deposi ting t he n| i di t he deposite I ium
film and thgz"é‘y“g‘s‘f#‘ fsﬁ*g& g@e "H"“ e il st W @ °°Fdei‘“r‘r‘%°‘6r?“ ’H’ém?ff‘g 2&@?]

deposi ted t 'sitn@'mvh’énct'n'pérmrk Q/ﬂltpt"b@ucg Jﬁiﬁqt}ﬂgmon BRthe Ao LB g“’tafg"%enﬁnléxra%g?ﬁd BB

substantially constant tenperature that is at |east about mal nt ai ni ng
total gas phRsEHE arel dkotcBAmedaiiain & va FECYDIARA Ald-GONRLEDBE. RERESWre t hat
is between about 1 torr and about 10 torr, and nmintaini ng shower héad
t enper at ur e iafperames beit watiral da\)écsC@ft&t\aMEklrtﬂedmei’oafs Jiofr redddt cdnfpothus,| @@king about
425C. The present invention provides a CVD process for successively
deposi ting fieqramiinisiuandestsit aleaning alliof whichedetnes@ psidmglig achiacrisads ovdrieaddtid, i cul ar
with the Ti being deposited by PECVD, followed by nitriding, and the Ti N
bei ng deposPmllgx/st{bﬁ'é#i?aFMOVDCOVbeTQmP@ﬂ@merm%melhams accordance with the
principl es of thgé)resent invention, a titaniumfilmis deposited onto a
substrate surfac&Hoftops poLiepqd B “b‘ﬁ%sﬁ‘BeF“Eﬂ/h’f"E)P?ﬁ’ PrgPosed By 5%%&“ EGVDProcessss um

tetrahalid q A el :
ot ahal e 55 IO U % L BEOHL Kokl MRS e e
pl asma of aaﬁaBloﬁ&wxmccﬁ’é%ﬂ'd%’wTﬁlﬁﬁg%'&iavﬁaagwhﬁp %E,Ze,d nitrogen gas or an

ammoni a/ nitrogen gas m xture, then deposftin sanme chanber a

titani um nitrideafdblaBhipMee  Ded Yol rhorteehiclehafbrit Ml (Q'ﬁeptohﬁ'[ﬁ . In
accordance with the preferred enbodi nent of the invention e terrper ature

of the subshit-REETi 2hdTAN] SEPRtiALLY &ing PECVETSAOWRIREAD- ARG LS. Nt er nal
pressure of the chanber are nmaintai ned substantially constant throughout
the Ti deposirubhnof th Invédtibh di ng .and Ti N deposition processes, which reduces

the likelihood of, Jctmnwvmra%gewf@le9@5&%{:@%% ﬁ@:‘é i pRieE 8 mey6d fread from
process paranmeter change si_ng chanmber process of the

present | nvéi"WF‘BPﬁ‘i?ﬁ?ﬁ’}*g%‘é%lu‘{eﬁP%'ﬂibrﬂﬁ?ﬂt‘tWW Wf"@@ﬁﬁ‘is °ﬁ§“’t“f?ésuﬁa?€ igepegs ti on

W t h t he. undirinibyt, Bgngrisihgthe stepsdEposi ti on and nitridi ng processes In certain
preferred embod! BephSs AbadsASalifl£0ir: Qhtecl 16 RURS! 513HE; hSPRE! ALK oh S
preferably' maintal ned tf1r oughout the process above f1 n| mum t enper at ur e
for titani unméwareact with silicon in the 5 sane chanber and bel ow t he

maxi num t enperature for which the titaniumtetrachloride will etch the
silicon. For exanplogiingtaltanistlist snatlie vaenperaindeehdmderpy ehaingini urabant@i ned

t hroughout the process at a tenperature of at |east about 500C, not higher
t han about ACWCPlasyBobe gas wixarcyingrising b Eitaniubkalidegnéhydipger at ure is selected to

provi de opti mal ;r‘f’gl ns.at | east about 580C. The showe rhegrg t’f nperature i s
preferably maint &t H“é&d"-%i’“f"éﬁ‘ﬁ@}“&f’L‘Tr%“hé’f‘h”a‘th“q‘béb@tmé‘ﬂ‘éOt“c BETRE! HFBy ent
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than the maximum™p ure oUg out the process.

More preferably, dngsrmmttﬁ'muﬁlﬂmrfh@@rgﬁc nilA& KRB LRSAH FlSARE LRMLY: Sy 4 S

mai ntai ned at a tenperature not nore than about 500C, to avoi d corrosion of

the netal . THfni OV bRk GRATERE ikt b Suiihaiabd ynifhenbatepay at about

1 ton to about 10 torr throughout the process. There is thus provided an

integrated titanivhninkd stehd srdeptidniny 4 filatlen die akitidingothe peposhelsdaniver fitmrandd

within a single-15 reaction chanber. Brief Description of the Draw ngs ,
deposlting a tiranium nitride film are each performed with the showerhead at a temperature within a range

selected Irom about 425°C' to about 700°C or from abour 150°C 1o zbout 250°C.



The Figure is a side viewin partial cross-section of a deposition chanber
for use in the present invention. Mddification of this apparatus is
disclosed in U S Patent No. 5,628,829, which is expressly igngqeropgsed by
reference herein in its entirety. 20 Dgtailed Description of the Invention
An efficient PECVD net hod has been set forth in comonly assigned U.S.
Patent No. 5,975,912 entitled "Low Tenperature Pl asna- Enhanced Fornati on of
Integrated Circ

entirety. The - dzoisiBil SERLCLIGRAREARER U AR RER REPUN LASET i ng
of lowte r’ruﬂ"rda;basrtmg @‘Gﬁﬂfﬂh‘)lt 1RE®¢Dtlfﬁmumrmd Titaniufn dimde ﬁbms onitoze supiitatecsiefpesin .

U. S. Patent 67 243 .and 25 5,716, 870, each incorporated by reference
herein in t%sé?%i %hﬁ Frdto pnf]'e%crl be hardware desi gn and nethod for

A < T e T

Condi t | oni ng Ti cF Eng‘k{fh) EE 83'%1% 1lm or?tm%rsumgml\@etéﬂ%?bcpg 55 (z\i%ﬁ}% cheF: Elw&h
expressly |ncorpo at erence Rerein in i rety, |sc oses
process f'%%ﬂfu?rﬁ?e ers for a production worthy/ st abl e PECVD-Ti process in
a PECVD- Ti nmonl y 0 7 OCT 2003 . assigned and copending U. S.

Pat ent Appl i cat 'r@xﬂdﬁe{hk Md tl&ﬁé@}iﬂ‘n @711%: L%EH'AHCP i‘a)ﬁﬂrmll'rb?plgtna-gf &as F:tle@@d g@xﬁk

Process During I ntegrfat e CVD-Ti Vaf er Processing”, express
i ncor por at gg hyyp c@ﬁs%fx%%mﬂﬁﬁx?hﬂa rhthﬂkrt & oGkl et M‘mncgixas&h fg8&nand®t hod t hat

...
«ch

etches titaniumfil oxi de surfaces prior to CVD-Ti N deposition. This
met hod el i m nat &g, éuﬁh ';%H%xaae IR 50k Aided ddpb@ied lidesith HIR fn'duf.m,hQMbep
partial pressures of ‘Tl Cl, 5 during subsequent CVD-Ti N processes. U

Pat ent Nos mcﬁmﬁﬁtﬁﬁ&e?s“%ﬁ 308, 655, both incorporated by reference herei n
intheir entirety, disclose. methods for reduction of CVD-TiN film

resistivity by nEgihof e ABpoiHERR e iAMBE &lm, e MinSdHETHD thedepndll (BRRE AR End the
copending U S. Patent Application Serial No. 08l 940, 779 entitled "Apparatus

and Vet hod obRkiidy of Wit nichd@ filtk S1BE HiuRiedMiopbsiléRtitRunaGH B8 ChabdEPMaihinik/D
and PECVD Reactions” expressly incorporated by reference herein in i ts

entirety, tuheuSheweh haﬁdnmﬁ ezt Serdfdralirs @has ediedshadoutadsh Wysmaimiinigyabalngax ed

i ntroduction of two reactant gases into a CVD chanber. In conmonly assigned
and copendiprgsutd iSthe BiinBettar ARPeinGAY beiBaderebsate hidas beb@ed £8y W28 and about 10 torr,
entitled" Apparatus for Electrically Isolating an Electrode in a PECVD
Process Chatibgsinaintsph@esleyd iempainme raak etbstaytialiyefopstenn canpbremeei that fisnat ildas about.
entirety, a design is disclosed .that prevents the formation of an

el ectrical 4esraducting path on insulators that are | ocated between RF

power ed surfaces_and grounded s 393 Ikt
expressly 15 i ni@ ’g ”évcfmb‘\?prrog?eérenc cgsrsg?rr?&?%]sg?eﬁysygoﬁ}tuﬁ? ety) di e oTes

Iowtenperatuenltrl on,of .a.ti r g
enbodi ment Hpdedn egpgls '31’ mfpé?mﬂasfe'}’ ‘?%m p’r&é sne-gr%?rliggﬂ]tyl %lrll&ng\\ﬁzl m | ar

ol on e ot e NSO deomerhy AL T, M nisnd bl lckondadel G 8 BT Br B

which is ei‘bq' erern erence Inits entirety

Reactor 20 includes a de ition, ch o
reaction owfca@b%?‘f'?fbﬁ“?ﬁ& éllrﬂzf de gtg‘t% g[rg g%%dt&grfspe%i&tg%ﬁéh ?gac‘?f%lﬁ

24 t hi 2
ZP? 1(‘: 2r ent War?falé’gﬁ F"“Sl"gg‘g‘ﬂ’r%)élém%orpblja%éo%nd’%&l\’f aé@ﬁ rlgglgta%% %ﬁ%“fa%egggg@sur es
typi 0.2 1 en48n
are typi ca quécﬂ& 04}5‘15338"{38‘% ?.%LE %%ﬁkﬂx‘%cr -épfl%lé&fa%?‘imu% ZondiRhe PokhRg a

substrate Suscéptor 26 is also heated by a

heati ng el enent., (not. shown , SHSE Sbater,at e
28 supportélﬂ’mf’%éaétﬂ "tgf)“%?s%?ont 10 QQ@”‘%%%rat utreebtl?gq%?rﬁg?/%ﬂggaﬁe process

bei ng perforpe this.t ¢gst about 500C, and for
the pr ocess“é’éanb‘@s”é‘f’?%éﬂy‘w&'r 7’?1"&%% Hﬁlglgp%el n gSﬁt he range of from about

580C to about 7Q0C. %uc%%%g%r%"@ em‘og'du%{ent 5P il @R, MBedpedur®br HOMBIHAM, 22

is a cylinder a
the temperature of the showerhead and the internal pressure ofthe chamber are maintained substantially

—

constant throughout the 'Ti deposition, Ti nitriding and TiN deposition_processes, which reduces the

likelihood of flaking and partide j_zéncralion and reduces overhead from process parameter changes. The



ratt'ached to a gas-di spersing showerhead 36. Showerhead 36 is suspended
above substrate 28 by assenbly 34. The cylinder assenbly 34,ad Wati on
with an opening 42 forned in the top housing wall 32, forns ge er
vertical flow passage 44 whi ch extends between a housing cover 46 and
shower head 36. 07 O0CT 2((!03 -6 'The showerhead 36 is preferably a
post-m x type showerhead of the type described in U S. Patent Application
Serial No. G&iOdantéroces of ipdreSeptvenbeinr8e:s thi@gtpudyduiegrtiigtheetiN dppsiompids and
Met hod for Preventing the Premature M xture of Reactant Gases in CVD and
PECVD React itrrsderlyingtitaniiyn dspopitienpad gitriding Biegssesat ed by ref erence herein.

Sh head 36 | ed t
Peedl | ne. assenb! J AURRHTETSG KERREE A BegREEGyebe st GRAPG P Tiur o 40
seal s the Opemngng t&mog?uqmaﬁ&gsls Iab%?e Lf?'c &Q%E%Yegx%% mxje: ?o?%i{glﬂmﬁq‘gct dﬁxﬁhl&ge a

heat pipe (Bt SSipate unwa eat us nmay
be used as asgmféhglﬁlrxe; %eoeﬁ\p%e%ﬁmﬁxﬂn&ﬂgﬁgwt&r\wﬂh%ninmm tEtrﬂﬁl&%xl?ﬂﬁWed
CVD, for” exanple he deposition and nitriding of titanium or as a gas
di stributi ongghoves I@ﬁﬂagleflﬁtr subt@RO Tehnbérftiire Gf préferbla inbiftaifédt thioGighout 1} pldeess ata
showerhead 36 is biased with RF eneny to function as an RF el ectrode for
PECVD t echni @tiRfwreldfan Rhd siRumsioerd, ng idhert than 486ut FOGEL r Moke pagictatthhgherseisudd | ng
concentrated plasma is very useful for PECVD, and particularly for PECVD of
titani um contmgeniurds stlediade, providecpRifal pagis aidessirbat F9;C.t FheGenyierhRid tfmpergiie ire
assenbly 40 bi ases the showerhead 36 so'that the showerhead functions as
the RF el ect meferebly Treaiepd i mierarsrasrsel @plest 2298 4RHG 10 RIGEECH IRE ShUART U™al | el

electrode. An RF field is created ref a betvveen 15 showe and
suscept af 26°°“’??’1‘éd5|§’i9“‘f”i‘°e’f‘?i"°8’f”€é?de‘8 Byre %R F’ I BRGNS HEEd r%cg a%’)‘(’g? ? g:s t he

| asma gases whi.ch are dis sedt t
P g- Y&l‘ 5%*18111 lhcbper?cess ore erag gwgbneﬂp %h%&erﬁ%dss th Jﬂﬁ\f:erﬁta@ gmurE %s

created i me oW S O rather than wt n the flow space

44 above the_ghane ahﬁ@r#eﬁhﬁ%{ x%ié‘md I8 01 10 S BENSSsidHRY HRGneldl, | THe ZRGHaW t hi N
the RF feedline asserrb toinsulate the RF line fromthe netal of

cylinder ass@ﬁﬁ?&eb’pr&éﬂrﬂﬂﬁef&%ﬁﬁaﬂﬁmgd&l @jaak 1qbra fotaBout NCStir dtréghdut MEprocssnayerde
used to separate the showerhead 36 fromcylinder assenbly 20 34. The
rotati on of BuRcHPLided ankifiegi@ad iibeium aedidnmaingia depositnfporces pdrfomned withjme sitgie t he
pl asma for a uniform deposition. The reactant gases, such as TiC 4 are

i ntrodudéd t lrradengphambemgs 50 and 52. The gas flow fromrings 50 and 52

devel ops within the length of the flow space 44 as the gas travels to the
shower head 3&%@!&9—&&#—2@&“&. of the reactant gas are excited by the RF
field generated hower head 36 -and susce ,

m xture of exci teﬁ’ %gﬁ%t‘safrﬂde&&“émﬁgf*’g cré’fsgecugncgadﬁvﬁfl%°glcgm§n |l§'rh§ mc?? %ﬁ

DL asma._gases piben” SRGRILLA R SRAKE:SUNSLS ALes 2ef e, SLARE WD Boressy

substrate. yli n assenb | mensioned such that the spacing

bet ween showgl @agdg)?,echeshggﬁ;nr,@ggug,B is preferably under 25 nm and nore
preferably approximately 20 mllineters. 0 7 ocT zoo3 _,_ The frequency

range ofzobetegg&%&ﬁ,ﬁ__aﬂmﬁo KHz and 13.56 MHZ, for the RF energy
applied to the showerhead 36 for PECVD is found to be suitable, though the
PECVD-Ti react i onAréfitieti FECVD mzthad@asrbeact: ifapth irecommondyt asyigeed U8 ubagent Ne. §.#883ency

sensitive. 'The use of the showerhead 36 in close oximty to substrate 28
produces a cenidditowfiemprrapireRiayme-Fohoped omgiogef H'GﬁS‘th‘gE/)“%‘f-"" HBEFY incgReAFLYi cal s

and
reference herein in its entirery. The ‘912 patent discloses a method for single-chamber processing of low

temperature (< 500°C) PECVD-Ti and TiN films for via applications. U.S. Patent Nos. 5,567,243 and
25 5,716,870, each incomporated by reference herein in their entirety, describe hardware design and method
for deposition of PECVD-Ti films. Commonly assigned and copendingU.S. Patent Application Serial No. '
09/063,196 entitled “Method of Passivating And Conditioning Ti-PECVD Process Chamber And Method
of Processing Therewith", expressly incorporated by reference her.ein in its entirety, discloses pocess flow

parameters for a production worthy/stable PECVD-Ti process in a PECVD-Ti module. Com_monly



5 i'oms proximte the substrate surface 29. Waste gases are renoved from

reaction space 24 through port 53. Baftling 27 nmay be provi d%d7 tne.rew) the
gas flow around the susceptor 26. This reactor 20 is useful ¥n

pl asma- enhanced chem cal vapor deposition of titanium titaniumnitride,
titaniumsilicide, and is useful for theé»annealing of a

i | y-deposited titanjumfilmtao form.10_titani itride, Using th
P bove. desur i B il conspird s s posPen Bad Noogeh b R S b b DE B
ETLant € m 0ePOsd (e Sk E 1 datinoR: Anel i ani by o d Ltion gy Il be
plerfolr med sggg)ggégs@\g}eﬂ @lleé\‘/l{[étd%?ﬁr??@ﬁa? rﬁtgﬂ 1ié‘gc "gg%pgér&%#‘do?peg%@%?%%. tIhﬁé
substrate 28 jCatied isABYs alreBbdiid erdhls 1eHRS HlRls okiaééuusﬁeﬁgioﬁ fld

: i con
di oxi de, as well as such substrates coated or partially coa\ﬁje}gm\?ﬁgptoﬁé‘;ﬁbt al
conductors, @BifimaBdds]iminie Whoh issuagaslcaryteios ofaxhehithinen Filkrks. highPafiar fr@iuhts #SHAQCt s Of
the invention are particularly useful for depositions onto silicon. To
deposit a ti tuing shsedueit GYD-AIN precesses.ubaS hEekenidhs. G659, 8571a005, 308,655, bagtninddfporated by
tetrachloride, is added with hydrogen. In this reaction, the flow rate of
titani um t et FEEsTerTRia L sl etlir. Helogmsiieds for reguaiprrfE VIROUN Slociesigigiorhe madnk of about
5 sccm with a signifi caﬁnt exlﬁyess fl ow of ,hgdro en gas. _Generalé&y, t he
hydr ogen gas®}&E8™F 4PE" \{f or B #F 5 A iBEins B Fastetrrliviia Sor! Non@s/$P61R r at e

of titanium E:ﬁ&]c{da‘ﬁ ag{ul gﬁ ’Methgc!(r fo??r?\gﬁtllnn)%’théa}ggnli'a ure3 ngctu%.p ?%eg‘gﬂiné%ﬁge&ég&i ?{: Z?

be used and the hydrogen gas par rel éased acco

tenperature egcwhRUEHLIE 7 T o . ' IS
est abl i shed atcabout °§1kzg r{sgj@%@g{a MS%O%Q{;\T%C%@’? gﬁ%&@&?ﬁ%e&ﬁ%@%ég?es{%,sa

tenper atior e tikbibked inst 206 Y2 Bdh-ndked k@ REGioRETAM reRARGasB 16lo 3BOBLNABAChncHEh i OST
preferably about 580C. The pressure of the reaction chanber can be from

about 0.2 t oesigredandbmpertlin?0.S1 Raen Apglieatier Sekidl Woal®oids, 178.cBite A fpatafs BPEIHricA torr.
At pressures higher than 20 torr, a plasma will 25 not likely form The RF
el ect rode i slselpias axResrede inrchBRY B Rrostsrthiamia)l expatstlsineppporated ba sefaenpeeheiemimispovner
the power at which the devices are damaged, which would be about 5

kilowatts. HOWREYedesigndydisgpsedipa prayentsyiy i9RERn of ayslrgiricabepndusgng Pah qudnsyuiers & ent .

The frequency, ogmépee RF Iogcrgdrso %csi S, Set tur;ro ut 33 down to about
55 KHz, with“apout 450 lﬁeﬁz BEi % alteit 3%%5. W&?ﬁ?ﬁgé‘iﬁﬁg’ﬂ'c{;@%@lae’ﬁmﬁauency
establ i Sig'ed Q%rﬁoﬂ@d by reference herein in its entirety, discloses low temperature nitridation of a titanium layer.
The Figure shows one embodiment of a CVD reactor Dr use in the present invention. A similar
structure is disclosed in U.S. Patent'.No. 5,647,911, the disclosure of which is expressly incorporated
herein by reference in its entirety. Reactor 20 includes a deposition chamber housing 22 which defines a
reaction or depoéition space 24. Reactor 20, and speciﬁcaily reaction space 24 within housing 22, may
20 be selectively evacuated to various different internal pressures. For Ti and TiN CVD reactions, these
pressures are typically in the 0.2 to 20 Torr range. The susceptor 26for holding a substrate 28 is coupled
to a shaft 30. Susceptor 26 is also heated by a heating element (not shown) in ordr that susceptor 26 may
heat substrate 28 supported thereon to a contrdled temperarure required for the process being performed.
Usually this temperature is at least about 500°C, and for the processes described herein is“preferably in
25  the range of from about 580°C to about 700°C. ..
Extending downwardly from a top wall 32 of housing 22 is a cylinder assembly 34 which is
antached 1o a gas-dispersing showerhead 36. Showerhead 36is suspended above substrate 28 by assembly
34, The cylinder assembly 34, in combination with an openi.ng 42 formed in the 1op housing wall 32,

forms a generally vertical flow passage 44 which extends between a housirg cover 46 and showerhead 36,



0 7 OCT 2003 -s Federal Communication Conm ssion and therefore nost
equi pnent is-set up for this frequency. However, it is certainly not
determ ned for the optinization of the present reaction. Thdsl Uﬁ'ﬁew@onbi ned
titani um halide and hydrogen gases are i nggect ed into cylinder assenbly 34
and pass through RF el ectrode/ showerhead™36. A plasma is created and the
titaniumis_fornmed ang6c§§a osits 5 onto the substrate 28. The hydrogen

reacts wit hieRao¥ehsa teterablyn PRSI WReoSPPYTRRAh YOG SR dessribadi g d).Svieah i s
it 1o desMPOE ER St Bex P 7. HEismrer 4B, obL AR sl ArpEFt 190 MpaeE FEUI ar
angst o, TSI SLF R Sg e o Bt S B e R B R B o
Cont act  horaehshig o [Pl SpBURRME 3 % ks PaTR S e 58 oS sPrdasieum

hal i de (gas, . |y Lt an rachl oride, 1s reacted wth silane to
formtit ani%ﬂegl {%%Hélyé‘%ﬂﬁb%{r{ggés%m%%ﬂgw%%.A?fﬁlmg ﬁlg'rcf"reéggglssme%g 4PYdn or
hel i um may | cpd, C i i,h pressure. The titapium
film deposit?egg}' t{'}}ss_geg-‘cea cdr%i be ré%g’y%l? ;ﬁ’g{ug#e%é%?pte?’!gog%haw&t% ‘ﬁ?m I Hevag %eaﬁ‘ Zﬁ'&t or
20. In thi Shoveite L @l m rb@ ugﬁgs%'efe&%dg hda gty imydltcli&nr%— nt pglas%yema%%d %%Doffor
substrate 28 is exposed to a nitrogen-contalning plasma, suc‘h_ asan
ammoni a andkghpldfot mggg,asammﬁdiﬁ%amﬂhﬁm! & a5 B QlstriBttiod SRR Ead s ddeﬁo§m9neéft er
reactivity The plasma is created by sinply subjecting the nitriding gas to
an RF el ectiifglen mtridel evate tenperature and reduced pressure. The flow rate
of the nitriding gas, preferably either ammonia or nitrogen gas, can be

from afpout 10 scrTi dnewahQuiss508ses Gail RIPEREST 3 Mhationt R RF EEQIMEREYEWD! be
about 580 KHz. The tenperature of the reaction, i.e., the substrate

t enper at ur Qechhigueit TheeRSé spadfR bF the AP ElectRBCanB e Fedl@f Icdnc@hrakddBisha © VerR BRI fop80C.
A preferred substrate tenperature for nitridation is the sanme tenperature
used for deyBOVD, kitigpattatarly forePECVID df iitaRlimSbiidiidgThs. (TRAERE pbveer SduReisathtdugl Ry NO
substrate tenperature change between processes. The showerhead is
preferably feslinetassemnbigl 4Gibiasas thedhpedriradiBesoafa Bbhoiertb2dFurciidn® asABORE 18 26deC THeIr i NQ
titaniumnitride deposition, and preferably 's the same showerhead

t enper at ur ereugded swsckpfoo26 waypins fdrn agptitehpardlleltelkeitoden An RAfield 2crehied prefatably betdeen
pressure of the reactor chanber nust remain subatnospheric during the

nitri dati orshovprtagdhandaiscqpior 36 Ve RF figld preaddcdy the®iafedtshowerhapl 3I6@xcioothé platha
torr, with about 1 to 10 torr being preferred. Preferably, the internal
pressur e ofgagehehicheae disnensehirpbgirholgsp4 seghar fpdasmi is cieatediigurofiattlh below stawerbemi B& t he
sanme as theggressure used for depositing the titaniumfilm such that there
i's no presJype thamayitin theellavewace g aeavs she showerhg/eleciiodp.~ Insi@ator| steeteh maybetutiliztdt i on
reaction, the reaction time can vary fromabout 1 second to about 100
seconds, w%iRintBoRE fegdling @sseralin it ipwlapggheRieking fromche metl of £ylinden sseribiied4 and
deposited by thermal CVD on the nitrided deposited titaniumfilm such as
by react i ndotSiPE ARG IBISHuE e 6 Bape ysedie peparit Bnshawsthead Jfeomglinderassssblr ce

of nitrogen, such as ammoni a_gas or 5 a conbi nation of nitrogen and

hydr od@n” gag. TROrORHEA] Ecepior Zhmmbesed P grsurs HeioRy Hpb glats Bitkegiasaa fog 3 upjform
byproduct. The flow rate of titanium halide should preferably be from about
0.5 to abolfP%E%sccm The flow rate of nitrogen source gas should be from

about 50 to abo 5000 sccm The riaction tegﬁjer ture, or _substrate
tenperature, is Hf "FEALESsHAIR B Elcare whpdupd dirash pings J0anq f “Thergas AQ¥HERm at e

t ture, for depositing the titaniumfilmand nitriding th
1 tani am 1 PR SRR PR ERah B S A e s e s bl .

bet . The shower head | i Nt ai ned ¢
of about | 425CET BHHB PEORLE RGBT e BERBErE R e ¢

preferably.is.the sane shower head .t enperature as .used faor. depgsiting the

P Canim § PP TRoR { B FERUE phoctat rERAT for i B Pl o LB pliridaset e
tenperatures in co nti opal ermal  GVD-TI N deposition processes whic
sooks. o prmseie iR AR o8 8T 00 Ao S R hE wBRRE S Bttt o
allow Ti N Ltion on.the showe the TiN deposition 15 to

br i g t ogerhanis s el st A28 36 SR lpE Bs b ool SRROS, e hepor
depOSitiOnimﬁgﬂb;ﬁp%?ﬁﬁwﬁQﬁ [RAGLRr nore stable. Use of constant _

t enper at ur avo1°d: pani cl’'e generation that occurs with tenperature cycling.
Shower head t enperatures of 580C or 590C can al so be used, w th showerhead
tenperatures up to 650C or even 700C al so useable, with ceranic or other
corrosion resistant coating of the showerhead enpl oyed to prevent corrosive
reaction of the hot reactant gases with the showerhead. 20 During the
thermal CVD of TiN the internal pressure of the reactor chanber may be

o N o ~ O~ 1 . I T ~rN L ey a v A~




+or nirtrogen plasma anneal to nitridize the titanium The titaniumnitride

| ayer is then deposited according to the procedure previ ousl[y-rqﬁ;t-r byt h.
The substrate tenperature, showerhead tenperature and internal pressure are
advant ageously mai ntai ned at substantially steady val ues throughout. By
avoi di ng changes in tenperature and presdure between processes, the

|'i kel i hood of flaking and particle generation is reduced. 0 7 OCT 2p3 -10
Avoi di ng par anet efrh"cfgﬁ%ﬂﬁij’é‘émf‘&ﬁr"f Prayees. derickdmplas 459 Kéiz apgd 18.56 Vi diar theRF epgrgy

el imnating punpjng apd purging tine and other paraneter change overhead,
thus greatly anH’EAr ‘82}5SHﬁ"eB’ﬁi}dg’ﬂd‘%ﬁ&FyDb‘a‘P‘f"ﬂé‘lﬂ"asl"’f"’g’eb‘ii"“é‘] e PREYR-Rigestionraediuci ng
stabilization;fi. t ranet er.. changes. sg, b | aci ng two
chanbers wit ﬁmt(’)dﬁ{e@ Y?Av%gonoa%e'?({t:ﬁ%ﬁn%%?y ﬁﬁqtucené‘\r atea Ti ﬂsN°€$‘68@§§X%S£Pé§°%an be
used t o proc@fSinfioGBosise FAL GES Bl Q¢ LS radi

si mul taneous?y i nyvéli fferent chég?n{)g)?%w%?\?ﬁSﬂ??\gtégig%n%:&%é\é\%&sﬁ[airra%ag%dut in
addi tionsto ftideepotihaeghpbdrat B39 achi eved by elimnating the overhead
associated with perform ng processes successively in tw chanbers. The

si ngl e chanber pr Yesssseoire tehevep frers eatiorn spaced tiotghfpot 531 Batiflg 20 Way BeQFovided

manuf acturers to qualify a single set of paraneters, which are then used

t hr oughout t PReeVEYBroaas Bow areuncithe siscepser?4t | ve enbodi nent of the present

invention, an integrated contact mnetallizati on@grocess 10 is perforned by
first depositing tFfSATURP dritsguldn slryredianced Memieab vapgr depsivm of dunipmtianfvmch a

| ayer of ti t%%dgrp AS'.,lmisqiicige ids. fowd bet \Aﬁgnfthe,si | i con surface and the
titaniumfilm After the trtantm ‘aepoererent @ M tmesiedgianupfin gdermpl asma
anneal 11§ peghatiBdad sl AVILAE AR of nitrided silicide .

i tan ure Fi nafesd RsRE Qe Rl b o ol o1 Mo
again in thea&asRn, medkdn af 1eRRMRRIe dlshis! mHSR8S bbb AR Lid-ANI | 4 ddg over
a nitrided titaniumfilmor nitri d%dﬂﬁési lt aﬂ?um slisel I Cl dgél c%fﬂl#%’&?f@l %erﬁmg%

resi stivity oetbdr ofedclor blAyer i s deposited, such as copper, al um num or
tungsten. This final deposition, however, generally requires a separate
chanber usi ng spuThesnbstap2Bsat begmy typicdh HouBgye indhuijhg Siitth besilicoep@sie L4 @8l £hanmber
typically enployed may be used in this respect. The nmethod of sputter
deposi tion i BRMBPIraRSFeHEH or prriiapenated wit egagicopductpisecortacts, indulatingdaytraing the like.

enbodi pts gf t he %‘re‘g ent invention, when depositing a titaniumnitride
filnover®a 2b6%RPEF PYEHPRLATE PticHml s {oF fegesiionsiopio gificee- ti t ani um fil m
the titaniumnitrjde i eposi.ted .in two st eps In an initial step, .the
titaniumis deposTot%aosﬁﬁg%gu%gﬁndiat“fa@ﬁ w@fie £35 CUH ALY PEEEHOTSF fcpddd &P et i on,
for exanpl e, nydidabh. tih hRAMLHTL LB fRGRL OF f r.af ouj 8 scemwith a
flow rate of ?ﬁﬁoni a of a o'uttﬁégo scl%g{nq[%\nﬁ{n ﬁéug lc?ﬂ?L sﬁouﬁ)‘{bteaez}?’"g%etrc’ a?ﬁmn@%"c%f

n:c tr ](c)gen as  @endiallyBik 5 REH) vlh 2 HpHica SddsENoRof BRRLED gak. GRefatty, A hydfogd ghsHsn | @YeEr
or, or

=

rate will be 10 to about 500 times that of xﬁe tlow rate of titanium tetrachloride, for example, about 300
20 times. Argon can also be used and the hydrogen gas partially released accordingly. The gas inlet
temperature or showerhead temperature for these combined gases is established at about 425°C 1o about
500°C with the substrate heated 10 a temperature that is between at least about 500°C and about 700°C,
and most preferably about 580°C. The pressure of the reaction chamber can be from about 0.2 torT to
about 20 torr, generally about 1.0 torr to about 10 torr. At pressures higher Lha; 26xorr, a. plasma will
25 not likely form.
The RF electrode is operated at between about 100 watisup 1o, as a maximum power, the power
at which the devices are damaged, which would be about 5 kilowarts. However, for practical purposes,
about 350 waus js sufficient. The frequency of the RF electrc.)de is set at from about 33 MHZ down 10

about 55 KHz, with about 450 KHz being acceptable. This frequency is a frequency established by the



vexanpl e, about 50 to 500A, of titaniumnitride has been deposited, the flow

rate of the titanium25 tetrachloride is turned up into the salw @{i%

regime, for exanple, to about 30 sccm wth the ammonia and ni At es

preferably . remai ni ng approxi mately constiant. The titaniumnitride is

deposited to a desired thickness. During 'titani um deposi tion, nitridation
ride, deposition, TiN | ns_ar.e dep don

dtit
et nal o HERBLOTE PR G ORI e KM P PGB PRIGRY. PR
t he suscept or %lg %G’ urface out zlie eet e, V\l/af er area. Wth this
i nt egr at ed FreERANYLQ feiermined oy e opmigaten QTLe DIt FE3eUORy  r ocess paraneters,
e e 0 B R l

a thousand er ?0?1 M?l c%rPde%ﬂowc%e?d §6u &ngs%ﬂlxpge ah\{'ffu u?a?f%;no fo'n%ed?ﬂ?&e?%sﬁg and

| ess frequg eani n

cl eani gg of, BBS U PHE5S RN gﬁ’:?«fen réaE s \ofin E&?%ﬁﬁi@ 3urey dnfbridE ezo ?%thym en! cﬁlfoﬂpé“a'

chambe? surtaces prior to continued processing of production

prior met h%i%h is W}lle& h’gﬁemctﬁag %’ﬁB ‘?Jnﬁed%a fhe Hﬁﬁgm ﬂthW?s &b{l ﬁma 1%%&%&9

processes were enploye titani um deposition

pre- coat i NG BOE&Sieh NBhHAREE Ppmppgrfuukdrtaﬁﬂicﬂf&fﬁislcg%ﬂjl an %E%bﬁ

anneal to coat the internal chanber surfaces with approxi mately 38004 of

Ti (N). I'n therckishb $BRASI0b bfpBiroadi; fing bi'@e BdsRedCHPlidatich. Process consi sted of
CVD 10 of TiNto coat the internal "‘chanber surfaces with approxi mately

S000A of Ti N Bacassen siltgietiyer miyeopaehalyi BtGoficd 6 K2 @6bstr@S wihrtacd v, Basia¢ Mvhiy t he
same filmon the internal chanber surfaces, either pre-coating process nay
be usad t o cphiRrieRabr Hile HoRihe Fdtmitiof BARRAIm suméea@a&nmmandtegaﬁl;méraﬂpharmr
processing of the present invention. The pre-coating or conditioning of he
chanber t h@dradhBrideelsir@marvithaidenfamtianiefsticide ehd Hydioait chiveitie. f Qf fnbrt g3 spangi ng
U.S. patent application serial no. 09/063, 196, filed April 20, 1998 and
entitled 1largodiathbiach @iy deasdinced, asucasey ©Oimabiadn presage.a Ti - PECVD Process
Chanber and Conbi ned Ti - PECVD/ Ti NCVD Processi ng Met hod and Appar at us,

her eby expr ess! {Thd tindunfom gépesiedas deserfited ahoveds therr miridgd whtbin|tevwerde feactor B@ Inhisy nmal
CVD titaniumnitride pre-coating process. Wile the preferred enbodi nents
of the pr esesiion,itrdeprsited Aaivne filrden theesurizca 29 pingbsrae 3 ssteaprsediglagitrogen-containing
tenperature, showerhead tenperature and pressure throughout the single
chamb@f Ti /piKmN, e i anmoniafaor 2rogep Piasml Aprmopie sspréferred fecause ofitsaendr reantivibe d
cl eaning frequency, it is a feature of the present invention that a single
chanber i niTegplasmed crEatedity implysutdestngitee niftidinsetpe@abiF elestroge mERVAE smperpture and
foll owed by plasma nitridation, then thermal CVD of TiN._ In such a process,
a | ower shdetehassuree Fyefonttae of hepiriding ey Prsferably ciths amoRip or FiEoEsHBATt C29 BEC
may be used duri nngt hermal CVD of Ti N, although nore' frequent cleaning of

i nteernal cHAEmFEP 30 prmdeaboys I0P0 femn Bradradiy A dtT frosuensy 3dl! bs fW‘cPéB&Vt & by
PECVD- Ti “ adheres poorly at_ 25 | ow shower head t er atgqueﬁs ‘la {5 (LAF
advant ageofEPEFUE 8N ‘ﬁ@“%“ah% i ybrpe ?H‘B‘iﬂﬂ‘r‘rﬁe‘ﬁﬁ » §OGRrE ‘?gléia th

PECVD of Ti t d f t cl th t n
oo 71 us B0 oy e SGR BB SN S REPERF MRILAPIER e

mbodi ment s_h bed ble det th t
i ntended t §PESHP AL %ﬁﬁaawﬂ%wgsmn@? 5 DO e PR Ot T3 e

t h detail ., Addit dvant d f 7003
o i 11 T S e aBireon g o PR a5 £ raor sl e AR
broad th f th fi

réﬁﬁeiénﬁ‘Z&%}%ﬁa‘a%w%{ﬁﬁreﬁﬁ@y R e %rcfwmge? BR5EL%h for Bl gty

descri bed. _Accordingly, departures may be made from such det ails wthout
departing fromthe scope or spirit of applicant's general inventive
concepf.

The internal pressure of the reactor chamber must remain subatmospheric during the nitridation,
and generally can vary from about 0.2 torr up to about 20 torr, with about 1 to 10 torr being preferred.
Preferably, the internal pressure of the reactor chanber during the nitriding of the titanium is the same as

the pressure used for depositing the titanium film. such that there is no pressure change between proceses.



07 OCT -13 CLAIMS 1. A nmethod of depositing a stack that includes titanium
and titaniumnitride filnms on a wafer surface in a single chaﬁrom 2
conprising the steps of: placing a substrate having a wafer sdrface In a
reacti on chanmber in spaced relation froma 5 showerhead; depositing a
titaniumfilmonto the wafer surface In-%he chanber by form ng within the
chanber a first plasnma of a gas m xture conprising a titanium halide and
hydr ogen; ni lpitegivifgfiop Fractige phe Sfagtierintic gy (iemaloptrhsePadhe #vowt M sechndadydth atgy
creating a second plasma of a gas selected fromthe group consisting of
ammoni a, ni t?o‘cﬁﬁéﬁmﬁﬁamé'—'ﬁ’r‘i'ﬂ“ﬂlr e, thereof; and 10 depositing a titanium
nitride filmon the.nitri.ded deposjte Ifaniumfilmin.the anber by a
t hermal CVD proce-lts}%mlﬁ%?l%ﬁe gge as’s“%% y(]qungle&(’:)oor?preinérfdﬁdg(lcﬁos'fe?fuénﬁ%%ﬂhéllcgaseby and a

nitrogen soUfLe: fiumWMIshelif of Her fhfRtafk WiAEPQIIL bitdrofent dubifR bbb G4 a{%r |

nitriding the deposited titaniumfilmand depositing a titaniumnitride

fil m ares eachcda@inbiRh BB dirdheh Andt Hy8rogeh QU fo 1R&flceAtanfunt BRBEMA hidrSeMblidHad 2@ T ange
sel ected from about 425C to about 700C or from about 150C to about 250C. 15
2. The met hogpodiuce | Taé fowt rae oiviBRLBInAIdE EBulS preRrablf baed@Odbilt DI3Go odtisd aarh.UMhef i | M
is performed with the wafer surface at a tenperature of at |east about

500' C. 3. Thiowret bfaiirogen sorraigmsiyld peieameabont She abuejP0bdcend €fe séattiomgmperdnire,ani um
filmis performed with the wafer surface at a tenperature from about 550"C
t 0 about 700°rEubsiple temppratuigpis § dest gput 605G apdprefeppblyrivherapeEbsipismpsfanaes ot i ng a
titaniumfilmis perforned, wth the wafer 20 syrface at a tenperature of
at | east abo{?f eg‘ﬁ'g”gé’e uganivip film apd mpidie B NaRfuny 15‘,“3\/%&&?5“? FHRSURIE deppeyprure

itridi th Lt i.tani ' ' ith th f f :
2t o tenper agrEbapkl el B Bl BT LR MG o Pl R0
of claim 2, WB@L@dlﬁ'ﬂeﬁtﬁan& d&iogitroh.%met'@rgb@ igﬁR%isﬂondrhéah tcﬂigér Js'ulegn I'S

performed with the wafer surface at the sane ‘tenperature as in the step of
deposi ting afof debcihglih® thdnfuf fitnd and FiRingBE RRGLOAIMC | B Bouse¥h B Bhwer ibhiRragtesp Of
depositing a titaniumnitride filmis performed with the wafer surface at
t he sane tenpesmtniom! Aa&maNCYINBNde@EiSonGirocekeds vich kdai 1@ prievehteIN W@EBokilidn on aed

nitriding the 5 deposited titaniumfilm
showerhead, the higher temperamres allow TiN deposition on the showerheal and uses the TiN deposition

15 10 bring together the process conditions of the Ti. nitridizing and TiN depositions and to make the reactor
more stable. Use of constant temperature avoids particle generatim that occurs wiﬁx temperature cycling.
Showerhead temperarures of 580°C or 590°C can aiso be used, with showerhead temperatures up to 650C
or even 700°C also useable, with ceramic or other corrosion resistant coating of the shoverhead employed
to prevent corrosive reaction of the hot reactant gases with the showerhead.

20 During the thermal CVD of TiN, the internal pressure of the reactor chamber may be maintained
at from about 0.2 torr up to about 20 torr, with about 1 to 10 torr being preferred. Preferably, the ternal
pressure of the reactor chamber is held constant at the same pressure used for depositing the titanium film
and for nitriding the titanium film such that there is substantially no pressure change between processes.

Thus, according to the present invention, multiple layers are deposited onto.a sub;;rate within a

25 single reaction chamber. A layer of titanium is deposited first onto the substrate, folowed by an ammonia
or nitrogen plasma anneal 10 nitridize the titmium. The titanium nitride layer is then deposited according
to the procedure previously set forth. The substrate temperature, showerhead texflperamre and internal
pressure are advantageously maintained at substantially seady values throughout. By avoiding changes in

temperature and pressure between processes, the likelihood of flaking and particle generation is reduced.



'8. 'The nethod of claim1, wherein the step of depositing a titaniumnitride
filmis perforned with the wafer surface at a tenperature of e}tmheq about
580'C. 9. The nethod of claim1l, wherein the steps of deposiQi ng a titanium
film nitriding the deposited titaniumfilm and depositing a titanium
nitride filmare performed wth the wafet0-surface at a substantially 10
constant tenperature of at |east about 580'C. 10. The nethod of claiml1,
wherei n t he; Adbdirbaramieashages funiecfadiadies gingssanber wé byatininitind punping atdpuaghptie 10
torr during the step of depositing a titaniumfilm 11. The method of claim
1, wherein t head othea pdvameteh genga nverhaddethpsedreapy ingrepsingthephighattoparticolady byelimingtipg about
20 torr During the step of depositing a titaniumnitride film 15 12. The
met hod of cl afd¥fing subjiiationitipe fus & RERHHRAEAMF£8208ES 5 (1B PAFFPIRERY WO ERSABY Bih one,
internal Pressure of about rf to about 10 torr during.the ste of
deposi 11 ng a BFPEAPERCT PEHREP] wiRg TR GEDBCTEA PRECLG it PR Py
depositing a fjtani L [ A3, . ' ein the
const ant 1t creep el ity Mokl sl ZhUQE ol ofp MGk

wherein the s{eR Wby ARPASEA JlevBd by difiHath@ufel vithdad aRGaled WIR Perirhils %O&Qses
shower head at a tenperature of about 425 C to about 700'C 07 CT 2003

-15 1 S. The garthiody @fwdcdnahyds.] TheMiRfk@hdmbrRocss OPMO preintifivestion Gurhéteaslamesi t ed
titaniumfilmis performed with a showerhead at a tenperature of about

425' C t o abouiandf@dirdss w heality BRigleret dipatartdierss Whitinard thennlsa terotighbi ne pioegds. Of
depositing a titaniumnitride filmis performed with a showerhead at a

t enperat ure of abdutn ai@ENIE embodirigw gt theA@GenCnveRtion 7an infgatedreoniae anewfiizasipmprogess,
wherein the steps of depositing a titaniumfilm_nitriding the deposjted
titani umi$i | nBearmedhydisy depetinediiaphup aHe HsHorn seacly RECVR b ? BYerpld @i h t he
shower head at .a substantially constant tepperature of. between aboyt 425'C
and about - 700" e Fgomd boniies Hi G0 “Era P - RN B 4TRE S AGUEP AR s e a
and the steps iLi i t.ani ilmenitri di he. i t.

T tan um 111 nidien® SRk fdpRubed AR oot {8 S AR EFRRRE B, |\

| 0 shower headgghy a ySHRS LAk -!a?ér ks%e&@t@@ﬂﬁﬁgrmﬁl eVPCLAL W Be Qe RatipE8RmaROUL
425' C and about 500’ C.

After depositing titanium nitride over a nitrided titanium film or nitrided titanium silicide film,
15 a low resistivity metal fill layer is deposited, such as copper. aluminum or tungsten. This final deposition,
however, generally requires a separate chamb:;r usinf; sputter deposition technology. Any sputter
deposition chamber typically employed may be used in this respect. The method of sputter deposition is
well known to those skilled in the art.
In certain embodiments of the present invention, when depositing a titanium nitride filmover a
20 nitrided titanium film or nitrided silicide titanium film, the titanium nitride is deposited in two steps. In
an initial step, the titanium is deposied under conditions of titanium tetrachloride depletion, for example,
with titanium tetrachloride flow rate of about 8 sccm with a flow rate of ammonia of about 80 sccm with
about 1 liter per minute of nitrogen as a dﬂuent and at a pressure of about 1 torr. After a tl}inlayer of, for
example, about 50 to 500A, of titanium nitride has been deposited, the flow'rate of the titanium
25 tetrachloride is rurned up into the saturation regime, for example, to about 30 sccm, with the aamonia and
nitrogen rates preferably remaining approximately constant. The titanium nitride is deposited to a desired
thickness.
During titanium deposition.' nitridation and titanjum nitride deposition, TiN(C]) films are

deposited on hot internal chamber surfaces, such as on the showerhead, insulators, and on the suscéptor



+19." The nethod of claim1 further onprising throughout the depositing of
the titaniumfilm the nitriding of the deposited titanium fill im0&Rd2ehe
depositing of the titaniumnitride filmon the nitrided deposited titanium
filmin the chanber, nmaintaining the wafer surface at a substantially
constant tenperature, maintaining total Uas pressure in the chanber at a
substantial ly constant pressure, and 15 maintai ni ng shower head tenperature
at a subst anfyriageioysigahroyadn ereg. e‘ffﬁ‘e‘hl&ﬂfﬁ@‘c“ processTh e Sipgkt dheyaben psing| casignt Profusy t her
conpri sing throughout the depositi n of the titaniumfilm the nitriding of
the deposit eBF¥REnftf ’rﬁbfti"l“?'ﬁ‘cg‘ﬂﬂ hirgs so‘éﬁdgfstciuﬁﬁ pﬁPFesfeﬂé""{"?“E DA PsAO SRt B fil m
on the nitrided deposi It enoélcaﬁ q nber, . maintain
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constant pressure be out torr an -mai ntai ni ng
shower head t QiERBE Gk bReclchahivs! UDSfeadadabval prcda QRS ch&mpﬁﬁ&&wn& RonRGlaeen
about 425' C and aboui 500'C. 21. The nethod of claim1 further conpri si ng
an initial speg@sshf ofpducdalaieig Inriof :RAs @R@icOiwoaknbets @Er8 aled GhaBIGEN s f ace
with TiN after cleaning the chanber surface. 0 7~ OCT 2003 -1 G 22. The
met hod of cl edaingbjocesirewae emplopa. dit bptitafiungdpoiiot chagbet, ke ptetcb@ing protessiifictudede fi | m
conprises a first thermal CVD deposition under conditions of titanium

t et rachl or i dREGM) ok tijagwm tfedloweds hyr apt ammmpnie kanesglstogroatt the, intermahrelsimberi sidacesawith a
second thermal CVD depasition under conditions of titaniumtetrachloride
saturati on t BPPERXImAEY f fgmeé‘kﬂ‘eo-’fmf’?p?%ﬂ?f] Em’i“?ff {HeiPEeroating pagess popsisighenf R¥B of
claim1l, t he vvafer urfacels i er nprisin

during tfle s%’g’%ﬁ(‘) co%feﬁo‘%f? afng beh & 3'?1]} aﬁ’ﬁff""f‘?ﬁ’ E&Pfr\nmfl%&a qc%ﬂ'?% ed¥° Pt ani um
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24. The nethod of claim1 ereln first and secon asnms” are c"reat ed
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the steps of depositing a titaniumfilm nitriding the deposited titanium
filmand deppsseitinvguid. The pretioating dticénditictengfof herthanber g Isbelfevaado Wd rhddt fréi@red is

shower head at a tenperature of between about 150C to about 250C. 26. The
met hod of cl BetsetTorthvishpendiigry). . lpetentt applcaiiaprsetirbiha. BRA063 496, ifited AprilrA0t E998 adlehtided de.

0 7 OCT 2(~3 17 27. A nethod of depositing a stack that includes titanium
and tit dni umNfthef picRessivangand Sbitizing 2 %%E?Y%t"@“’éiﬁ%h“é apd CombigehHHRECYRE#ber

conprisin t e havi rface i eacti on chamber in
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surface in tfe,gRanRey k¥ -Rl A2 TR SRRANSSY, chemi cal vapor

While the preferred embodiments of the present invention include maintaining a constant substrae

temperature, showerhead temperature and pressure throughout the single chamber Ti/TiN deposition for
20 optimal process integration and reduced cleaning frequency, it is a feature of the present invention that a
single chamber integrated Ti/TiN process is achieved by using PECVD of Ti, followed by plasma
nitridation, then thermal CVD of TiN. In such a process, a lower showerhead temperature, on the order
of about 150°C to about 250°C may be used during thermal CVD of TiN, although more frequent cleanirg
of internal chamber surfaces will be necessitated, because film deposited by PECV'D-Ti adheres poorly at
25 low showerhead temperarures. It is thus advantageous to use the same higher showerhead temperature as
used with PECVD of Ti to avoid frequent .cleaning.
While the present invention has been illustrated by the description-of embodiments thereof, and
while the embodiments have been described in considerable d;atail. they are not intended to restrict or in

any way limit the scope of the appended claims 10 such detail. Additonal advantages and modifications



-5 deposition; then nitriding the deposited titaniumfilmin the chanber by
formng a plasma of a gas selected fromthe group consisting @f7 agropgye and
nitrogen or a mxture of ammonia and nitrogen; then depositing a titanium
nitride filmon the nitrided deposited titaniumfilmin the chanber by a
thermal CVD process; and 10 throughout t¥e depositing of the titaniumfilm
the nitriding of the deposited titaniumfilm and the depositing of the
titani um nistlireadity fppkamioahost kidtie in thd 6he Thel epansion i@ Gts biohddNhsgeteskis theveford nbihighited
chanber, maintaining the surface at a substantially constant tenperature
that is at wlizaptciflenits, EpREhaiva apaiun andgnethod ald ilyatatipr exasies €hoivi artdhieschtraber
at a substantially constant pressure that is between about 1 torr and about
10 torr, ahdcondinght depurngs shpkembidoomt s datals witkoua tiepantiggl fretalmt scapk: oy spirdest ant
tenperature that is at |east about 15 425C. 28. The nethod of claim 27
wher ei n t heppli¢raivegeneraldnvertivieengtpland its tenperature is maintained at a
substantially constant tenperature that is between about 425C and about
500C. 29. The nethod of claim 27, wherein the showerhead tenperature is

mai ntai ned at a substantially constant tenperature that is between about
500C and about 700C, and wherein the showerhead conprises 20 a surface
material that is resistant to corrosion at tenperatures above about 500C.
07 OCT 2p03 -1 s 30. The nmethod of claim 27 wherein the depositing of
the titaniumnitride filmon the nitrided deposited titaniumfilmin the
chanber includes: depositing titaniumnitride by thermal CVD in an initial
step in a titaniumhalide: depletion regine with titanium halide flow ng at
a first flow, rate in which titaniumhalide is diluted in a flow of gas
that 5 includes a nitrogen containing gas; and foll ow ng deposition of
titaniumnitride by the initial step, increasing the flowrate of titanium
halide to a flowrate in a saturation regine and thereby depositing
titaniumnitride in a second step over the titaniumnitride deposited in
the initial step. 31. The nethod of claim 27, wherein the depositing of the
titaniumnitride filmon the nitrided 10 deposited titaniumfilmin the
chanber incl udes:



depositing the titaniumnitride filmin an initial step in ?@)@n
tetrachl oride depletion CVD node with titaniumtetrachl oride hg@]at a
flowrate of about 8 sccm with amonia flowing at a flow rate of about 80
sccmand with nitrogen flowing at a fIOV\4r ate of about 1 liter per mnute
as a diluent at a pressure of about 5 tort to thereby forma layer of TiN
about 100 to 500 angstrons thick; and then 15 increasing the flow rate of
titaniumtetrachloride to a flow rate guaIsSaturation regi ne of about 30
sccmwith the flow rates of ammonia and of nitrogen remaining constant,
thereby formng a further Iayer of TiN over the thin |ayer. 32. The nethod

of el al m 27y uher gicabd bR ko hAGlHAS R it Widebhs 16 S0RARGT 2

first plasma of a gas m rising titaniu de and rogen,

wher ei n t hepgf, |5rn§1Ldg]n@§rr@m %gg@@;@qo@o W|th| n 25 mm of the substrate
surface. 33. The method o claim27, wherein the plasma during nitriding is
created within 2fadem0dubdidae hhefpos ivkfedsutthdedmiatrtacliod dumiR4 in sbhd pedkibofiont

claim 27, wherein the tenperature of the substrate surface is not nore than
700C 0 7 ocer2a)3 .i9_ 35. The method of claim 27 further conprising an
initial step of pre-coating at |east one of an internal chanber surface
with Ti N after clepaiinpgtiedien Slunonipahe eafirbures in86 chamiver byduring wishin e eliamb2 7,
wherein the substrate surface is silicon, and further conpr|3|ng during the
step of depoifiplavge eftteat ixaed qsrmvﬁamgmtmwmln@deand Iygeogenof titani um silicide
between the silicon substrate 5 surface and the deposited titaniumfilm
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c"a] ca] cal %F3 The method of ¢laim 2, wherein the step of depositing a titanium {ilm js performed with the wafer

surface at a temperature from about 550°C to about 700'C.

4. The method of claim 2, wherein the step of depositing a titanium film is performed with the waler
20 surface at a temperature of at least about 580°C,
5. The method of claim 1, wherein the step of nitriding the deposited titanium film is performed with

the wafur yurface at a temperature of at least about 500°C,
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7. The method of claim 6, wherein the step of depositing a ttanlum nitride film Is performed with

the wafer surface at the same temperature as in the steps of depositing a titanjum filin and nlriding the

5 deposited titanium film,

8. The method of claim 1, wherein the step of depositing a titanium nitride film is performed with

the wafer surface al a temperature of at least about 580°C.

9. The method of claim 1, wherein the steps of depositing a titanium film, nitriding the deposited

tiraniuin fifm and depositing a titanium nitride film are performed with the walcr surface at a substantially

10 constant temperawre of at least about 580°C.

10. The method of claim 1, wherein the chamber has an internal pressure of about 1 torr to about 10
torr during the step of deposiling 2 titanium film.

11. The method of claim 1, wherein the chamber has an internal pressure of about 0.2 rorr 10 about
20 torr during the step of depositing a titanium nitride film.

15 12. The method of claim 1, wherein the ¢humber has a substantially constant internal pressure of
about 1 forr to about 10 torr during the steps of depositing a titanium film, nitriding the deposited titanium
film and depositing a titanjum nitride film,

13, The method of claim 12, wherein the constant internal pressure is about S torr.
14, The method of clalm 1, wherein the step of depositing a tiranium film is performed with a

20 showerhead st a (emperature of about 425°C 1o about 700°C.



'10B 10B 10B0, 9 109B& ()-F' 109B& ()- " !2""b##wa@X9bCl ! !3"10%& ()-!
"109& ()-! "109%&' ()-! "109%& ()-! "109%& () 07 OCT 2003
"109%& () - V\P/o{$*%&*'*3*4**r81| 9"10% H, H&' () - @@ 10%K' () -$10%4& ()- 10 10
10198 109&' ()-!'98109%& ()-* --//OZY7I‘SlI FE"109HHE () -
| " 10%_&' O)-'1"10%H& () - 3" 10%&' () -S! 3" I@)ﬁ/iHH& ()-S'9"10%H& () - @022{ 4| 4} 4~
44u) _@,!'#10% & ()- 10H 10H 10H4 10%H& ( ’) "1094& () -!1."10%H& () -
| " 10%&- () 4h5 66* 7“"‘89? of@aiml f(l}%c@&xeetfpo &Wi‘dl %L&@OE )ed titanium film is performed with
10% o0& ()-s 109 (

- <<<dEj ?%{Wi'é%g&‘& %’)’P“““‘Ib%ag%? %35 G B2 {‘1‘65’0%‘ ()- # 10% o0& () -
"glO% 0& () @"10% o0& ()-<=| = >>@?aBJ _@;!f°6
10% o0& ()-4z10% o0& ()-!0s0"10% o' o0& () - y. 10% o& ()-y& 10% o0& ()-yF+

10% o& () - 1 % 0
10 0010'( Z)f U 0(%'@(@))‘ -a’%%%&f@’t%&%\ g P %aq '/ﬁal%"(")"l'%ﬁﬁg {‘Dd’%ld('ﬁ’a’mg%
u& ()-! $10%Jhl&»£r)xead kt%l@r@e%n( I abdupdB9@NdSbdut 7009:(,1.0%

5 17. The method of claim 1, wherein the sleps of depositing a titanium film, nitriding the deposited
titanium film and depositing a titanium nitride film are performed with the showerhead at a substantially

constant temperature of between about 425°C and ebout 700°C,

18. The method of claim 1, whercin the showerhead is metal and the steps of deposiiing a tiranium
film, nitriding the deposited titanium [ilm and depositing a titanium nitride film are performed with the

10 showerhead at a substantially constant temperature of between about 425°C and about 500°C,

19. The method of ¢laim | furthe.r comprising throughout the déposit'mg of the ritanium film, the
nitriding of the deposited titanium filim and the depositing of the titanium nitride film on (he nitrided
deposited titanjum film in the chamber, maintalning the wafer surfacc at 2 substantially constant
temperature, maintaining total gas pressure in the chami)cr at a substantially constant pressure, and

15 maintaining showerhead temperature at a substantially constant temperature.

20, The method of claim 1 further comprising throughout the depositing of the titanium film, the
nitriding of the deposited titanium film and the depositing of the titanium nitride film on the nitrided
deposited titanium film in the chamber, maintaining the wafer surface at a substantially constant
temperature of ar least abour 580°C, maintaining total gas pressure In the chamfiler at a substantially
20 conslant pressure between abour 1 torr and about 10 torr, and maintaining showerhead temperature at a

substantlally constant temperature of between about 425°C and about 500°C.

21. The method of claim 1 further comprising an initial step of pre-coating at least one of an internal

chamber surface with TiN after cleaning the chamber surface.
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5 23. The method of claim 1. wherein the wafer surface is silicon, and further-comprising during the
step of depositing the titanium film forming a lavér of titanium silicide between the silicon wafer surface

and the deposited titanium film.

24, The method of claim 1, wherein the first and second plasmas are created within 25 mm of the

wafer surface.

10 25. The method of ¢laim 1, wherein the steps of depositing a titanium film, nitriding the deposited
titanium film and depositing a titanium nitride film are performed with the showerheadat a temperature

of between about 150°C to about 250°C.

26. The method of claim 1, wherein the titanium halide is titanium tetrachloride.
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the group consisting of ammonia and nitrogen or,a mixture of ammonia and nitrogen: then
depositing a titanjum nitride ﬁlrﬁ on ;he nitrided deposited titanium film in the chamber bya
thermal CVD process; and
10 throughout the depositing of the titanium film, the nitriding of thedeposited titanium film and the
depositing of the titanium nitride film on the nitrided deposited titanium film in the chamber, maintaining
the surface at 2 substantially constant temperawre that is at least about 580°C, maintaining total gas
pressure in the chamber at 2 substantially constant pressure hat is berween about 1 torr and about 10 torr,

and maintaining showerhead temperature at a substantially constant temperature that is at Jeast about

15 425°C.

28. The method of claim 27 wherein the showerhead is metal and its temperature is maintained at a

substantially constant temperature that is between about 425°C and about 500°C.

29. The method of claim 27, wherein the showerhead temperature js maintained at a substantially
constant temperature that is between about 500°C and about 700°C, andwherein the showerhead comprises

20 2 surface material that is resistant to corrosion at temperamres above about 500°C.
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with titanium halide flowing at a first flow rate in which titanium halide is diluted in a flow of gas that
5 includes a nitrogen containing gas: and
following deposition of titanium nitride by the initial step, increasing the flow rate of titaninm

halide 1o a flow rate in a saturation regime and thereby depositing titanium nitride in a second step over

the titanium nitride deposited in the initial step.

31. The method of claim 27, wherein the depositing of the titanium nitride film on the nitrided
10 deposited titanium film in the chamber includes:
depositing the titanium nitride film in an initial step in a titanium tetrachloride depletion CVD
mode with titanjum tetrachloride flowing at a flow rate of about 8 sccm, with ammonia flowing at a flow
rate of about 80 sccm and with nitrogen flowing at a flow rate ofabout 1 liter per minute as a diluent at
a pressure of about 5 torr 10 thereby_t"prm a layer of TiN about 100 to 500 angstroms thick; and then
15 increasing the flow rate of titanium tetrachloride to a flow rate in a saturation regime of about
30 scem with the flow rates of ammonia and of nitrogcn'remainiqg constant, thereby forming a further

layer of TiN over the thin layer.

32. The method of claim 27 wherein the PECVD of Ti includes forming within the chamber a first
plasma of a gas mixwre comprising titanium halide and hydrogen, wherein the first plasma is created

20 within 25 mm of the substrate surface.

33. The method of claim 27, wherein the plasma during nitriding is created within 25 mm of the

deposited titanium film.

34. The method of claim 27, wherein the temperature of the substrate surface is not more than 700°C
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the step of depositing the titanium film forming a layer of titanium silicide between the silicon substrate

5 surface and the deposited titanium film.



