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WD 2004/ 068576 PCT/ US2003/ 041185 METHOD OF FORM NG A

METAL LAYER OVER A PATTERNED DI ELECTRI C BY
wake@zESS DEPCOSI TI ON USI NG A CATALYST TECHNPCAIUS2003/041185

FIELD 5 The present invention generally relates to the

field of fabrication of integrated circuits, and r

par VEZHOR P FORYING A MEFAREADRE OV ERcA AT TERNRID et TC BY

patterned di eEEECTROLESSREPOSTIONURINGSA GATALYSS, by a

wet chem cal deposition process, such as el ectrol ess

pl ati ng. BACKGROUND ART I n an |nte rated circuit, a

huge nunber of circuit AEERDNGALF as transistors,

capags bl@{eﬁt, inveRtfonSdei Ay rélateh to 1R ﬁeﬁtﬁoﬂ fhtkRatioA lo€ infe@fat¥® dirdufis, and, more

propri.at e subst r at uah |l v i .

pargcu%)agi/ % e F na’uoglogl 1r1]1eta1 Ia Cyoe{‘]sfcwer a p%%ten%leﬁ.c@ekiﬁ%lc, t sgcht S érenclh%sraacé vias, by a wet
cheminalyiepositipn mrpqe@muqh aebleqii@htS@laaligd the required conpl ex

| ayout of the integrategrektRound AgeNerally the

el eqf 4l 1&%&&1&&&1&95 lill@ﬂnlﬁfbertdﬂ irchif elénven®d Lkadh a€ trinistbils, capacitors, resistors, and
thegl:g W% rﬁleC{Ta ére oncaln ra p{las’tt 2 nélt%,lg ueSI(i.jall?'l mtar?lngﬁ%tla§¥'Pc}%lgg?oln%%tion. Due to the
largecupmberedt coendt ftbamem)ra@i thel déapired rramplexyiayouh gF the dytegrajed girwts, generally the
elegtﬁtfaegoﬁﬁagtl&ﬁ)f e 1nd%ﬁ|chélﬂt@teln@1ﬁs Jn@yﬂ%f Bo esthMIBB within the same level on which
oL Pt SR B PRSI gk P R B k! D58 o rtama
megbipsiec tayen, Thasd maﬂa]i;zntlprn yardgenaalfyl indhale |nte5a1 Giies, prov1d1ng for the inner-level

eleéﬁéaﬁ&nﬂe@t\{oﬁl anf Qlwaﬁdquﬁrah@|0§ﬂtef ﬁ‘f/e@&ﬁﬁéﬂtl&n@ aﬁ§ re¥ek@to as vias, wherein the
erern ines _and vias may al so be commonly

nw?é?@%?@&”?ﬁwé§°P%?E?@%hﬁ@gﬁg°MBW@“?Béﬁhe cont i nuous
shr iDuk agtee @htitube shrédbgd oeths fezes sés of icitailielemerltseimproden intagrated circuits,

the gl%gp (;f rﬁr?:%r e%'n%gts qii)rr £ %%Jnsch z;rgfae thgﬁ quer paglt g 'dgngﬁry biso increases, thereby

enment s ragiven ISt acae
re%l’élﬁ%fmt gyen laqggrdnqrq%elr%aig@gmbef Pfeqleéwl H’F"é‘iﬁﬁﬂeﬁf‘)ﬁbtoé’f?vé‘% the desired circuit
ﬁlﬂcﬂfngﬁf TREITRE IR huhbbe sRtlED @fetalibatioh @Qdrs in@)ﬁlncrease as the number of circuit

elefngrgtse e(% ocﬁglea(r:eialbgc%ﬁnﬁst ﬁlggr ogm(%ethe %{m t110% oq’esﬂllgrglgy %f %&H 1%at1<g‘xolayers entails

unc
exmtebzlchqllzrmng emueas tmybe selvedasyichi a3 @wé)a@l@al alsernﬁh endr?ﬂfﬁmal regjgbility of up to twelve
stabdell ﬁl'éthlhzatl&{ lﬁﬂﬁﬁﬁﬁ a@ @Jquﬁ?ﬁ;a' ﬂar eaggle, kf&(é@;ﬂiﬁﬁcatea ra@fhﬁlmn&sﬁﬁﬁilcroprocessors

SoRRPATE eGP BRey ERar PR gtinge ecteirs fRul LU i by
megall Ghet sedlowe bighani @abnt dehsitiesrednd ghsnkeebliows ra mpctlplym dhs |dmp951ons of the

thf:onh'thl(;nQ F(Weelxéﬁﬁ)le %p?& KeglmBmt hekdig 3drsiR&ed BYE b S/iabld 34ndid4tE for replacing
equired, for éxa or .sophi st | at ed.

al“ﬁ]lr{jﬁﬁ ﬂlﬁnﬁ"b%?s%‘aer}?f gF%?ff"B%f’é%é‘bP’ W OfS}é beﬁ‘&tﬁ‘bcf oalgamst electromigration and
sighifirifiyalotvetr e igica Fadistivitg Masaomgairsd withpdlaginuny  Inlypite of these advantages, copper

als%Jdlib"ltls( P Q Fﬁf cﬁ%%!i\lagtgéeg Qe@ar!ﬁﬁé f’ﬁ!e pl%l:eléﬁlgrhﬂﬁfh&)ﬁn% A2 ti@h semiconductor

er curréent densities and hence all ows
facéltx eggclpqtqup, |c?pptaqq1@ayd{1q‘sré>ﬁ &ffigisely Applied nto a substrate in larger amounts by well-

esthilkIRA (H@[ﬁ)ﬁl&ﬁi inélmﬁis duelf aseohaiiodl 8/apce Qlpeiriol ECVED)NY gphysical vapor deposition

(PQBP ?nrdaallso ¥na :&ecle \% a/ Lp%tt&?ed %¥ Mll %QJa@r &g)%qgcpgﬁsgtrgp%retch procedures due to

comllqrafr @@F@Q’f 13@5 FOCfSIm lwn-\yplébyl;? Bshctipi] @P@Ptg r e gegiactieiae mefallizadqn layers including
coﬁJele ik EQERIGT BhnhsOiRe RBGiqusis gﬁﬂefoteﬁﬁd’f&&by;/ Us@\eherén @cﬁéléctrﬁ &dyer is first applied

an% ﬁ’%% Egﬁlg‘l\é!ﬁfé%td\gghgé‘ren gg%ar %ms vThéc E%(ﬂufelmy tjllled W copgefr A further major
dratibsai@nteay éspromgdty di rgily h@lSpmGdle@siuqvfgle e ekt gatofals.

CODH? [s thepef@e ﬁ&ggsé}? deéﬁﬁﬁo?r sggalfe@‘ﬁkrlflértrﬁfaterlgloiﬁ cbrﬂlﬁﬁaﬁ&f:@lth a copper-based
not be efficiently to a substra

mﬁtw‘ZP%?P ge F‘}{’gﬁ%‘m §’°ﬂ;ﬁn¥v@lﬂrd‘fﬁ‘é‘§‘t 8&?‘11’%% é’ﬁ° p%%‘i’“f’ﬁl%dwl“m" material, as
coppet g ShenStiadily asigteew eaditive apiicordaqm Sartas,Otherfg\VERnifadly changing the
chB'P%e?lgt%@ her c% P g£1 eﬂ@éﬁ%@é&b&%f H% E)rgré%eg aﬁd'l\qase?:llrf‘éﬁtl n%%rogc(ﬁt vstfcﬁh or a diameter
of a]mr@(mape@m ]Cme’@@hﬂvﬁ’rl@é é’éf ARaspedt fatiq of t er(bqg ﬁé@bogt 5 or more, the deposition of a

characteristics to formnon-vel-atile reaction

products. In manufacturing netallization |ayers

i ncluding copper, the so-called danascene technique

is therefore preferably used, wherein a dielectric

layer is first applied 35 and then patterned to define
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copper may then readily mgrate to sensitive

sem conduct or areas, thereby significantly changing
woOhersdBssohar acteri stics thereof. Since the di mMeaTiUSn®3/041185

of the trenches and vias currently approach a w dth or

a dianeter of approximately 0.1 m and even | ess wt
bagigr lgwas dliably onj 4l yffacehef G yies 6‘i‘d Beese asd Sﬁbseﬁ‘tﬂ‘“eﬁlh’%%‘ere"f with copper
sutemagy ittt vofds B one-of th¥\io2 CHANdnGiB S bst6s PG LSOOI DddeiBhtegrated circuits.

Par Id fbudy UET of eaé%naglé % QPpef |DJSedS HLALRS, Wyert B peymed A dpatterning an
appyoiyigte Aliplertar layer WRd %wﬁm&f@@ brgrier @yqsﬁér eeffmnlwmﬁe*g@ of thntalum and/or tantalum

nitdaby ﬂﬂ&heﬁl@\ﬂﬁt‘é&hﬁﬁuds Nudhhe sﬁuﬂfb rdb;ﬁ)&ﬁcbno FoOthe ﬂﬁﬁdﬁfoﬂ of a barrier layer of 10 to

SOE%ﬁngqﬁgg%a%la%% : a:u? IO% SS# eyen éyy%npaqc% S &ex?tg‘gls aorp usBally employed Such tools

ofq'gram pssibility teainnizespiorin ﬁacapleofdheethre@tatome affen jraittering dlem off the target, thereby
& 5 IcBehint B8rebaker doifrol! @Mﬁer boﬁglﬁrco@f@mh@ tHe QAR WAL &Q'e@ée in the vias.
alumand/ﬁ}‘eﬂ tantal u advgnced

ThFréztfﬁh Fha Gerper 154 mafge \gaﬁ a{gt téepchase ﬁgeg?uf ?lg:ﬂ'gpl 35 Rroven to g a viable process
tecdlBp@Siditce 0s @pabk o flfing tey vidsaydtrencifes &ith 4 hlgtﬁc@pwmom ratey¢ognpared to CVD and
P\}BiYalteQ glnaansoacﬁﬁ)e%%ttgn? ﬂ Pelg@‘r é \Qflcheﬂ{g Gpegﬁ‘lés are %ﬁ@i at the bottom in a

sputter tools are usua Such tool
sus Hetialp ¥aid-fipq mangert Genegshy, e eRRT BEE SEPG Brie ﬁ%ld has o be applicd
betwRéngRd sufhd@ 1B befldt@r and el blafigisoigtionh 8iiveof subsirhre fdr adng@hductor production may

bet ﬁ:(l)r?tgcge% resg gd aregs usual% dz& qlht 1% 1£]1 dtgregtr thie sutogh%tecg Q&{dgétlvﬁfayer covering the

¥ dmcover age
sukpfrefg and therresrfases that pre tq tgesive @pmek hars & lfeuprquéiad | fhlthpwé thjbgusier layer previously

de?d@ﬁ’ed%ﬁz&%"b@t&me%@l@@hd’ln@'a&C”iE ] &Qﬂeﬁtdﬁsﬂguthﬁ%yé}[ L e 3] oﬁt Gholaever, that in view

off(:{yft'rllﬁrﬂ e!fnﬁ 8111\;?/ §I§d a;dgealofl F}grag%rés%tswr{:sﬁntgf %so ct%ﬁedle p]gner %eed lgyer is required in
the afo@queemmapré@mz pro@yDlozobthin (URr treitches and Mashay vz dhil ied clectrical and

m&RntcQ IB‘C;}BQI’tIESe @hggoppér RecWMy&ls fyﬁ@aﬂé Bﬁﬂbd’@sslpﬁfeﬁdeinbslltioﬁ sing substantially the

startin st ant ly void-free
S érF alrlnﬂgf‘/eé forqth%fie@eset}oa ﬁf B3 YoAlT fayeﬁe%/m an

ext efondimeadi@€ tof 0.¢ | @lddesh@s viho mbmt_uapmlnce gbn_erhxe)hs;\m_ensputhe deposition of
exﬁ‘%eg)ﬁt?lg tn]éa?a% B?er? ﬂla@ﬁxg %H g%gg{éeof Q«Lng&'xln&gassrgci_méd iglgfh §el1peq ?ay@r and the seed
IaxeMEkoEQSE Sl TR GinERhe FaEeEe chagarigriptigs gfttheqhgve-described advanced sputter
to@@ﬁlh}mﬂt @6 fifthertdi@n&d b\SﬁlJuaE@nﬁcantGﬂidﬂi’dﬁi)hsvﬁ the8dy/106ls, which seems to be not a
strgigl\lltglr'vsllapcp dévglertnr]fei%t S spse%:lg %e c@%osfil(C)P 8§ lt’ll'rg\lf s{%%]de ?aée% hl{qatr\{ il eoe p%rformed in a
strhiglttforvesrd inapperrby FVEVAs ders th umébep@sqf thegeedvayer - ¢vairgsytotther hgmigr layer “only”
re§HirBl; QGLIH 'cfénthcﬁffﬁeteae%v@agg U 1h6 MnerChnFickd dFule @Qmﬂg@)LQfeﬁernhﬁes to a certain

turns in view
cegt o TPy QLA Kines O reaphepiry bk TRl brogueing exeemey
thin dayew | dpprdprgtsploe barge dajets anag rresills whegappliedd toi the faringion of seed layers, in an
m&%@eﬁ%ﬂ&ﬁ@km&h@& Fh@xgw @ublﬂ@anﬁﬁ@e@ @e%%sﬂiog re@@&f e @ubgé?{%?&ectroplatlng process.

trenches and vias having the required electrical and

mec harihc e P et st %‘%95?}%9? CQRREFCfSpos{rian Isi equently used for forming
cobiyepiagad bryzesapplyl el cdyucsputati@neddeposdst iTonelersblag deposition requires an active
inthi &Rﬁ flyg'l ?lc!llyrea]%:]tho% d)f alg o 1%& ﬂhtﬁe IQ&% §ohﬁi% & Bduce %)gfger and deposit a

t1on I er ay er.
Coﬁﬁ’eﬁ@ﬁ@ ion s s@fctuge: 1T hﬁfﬂ&ﬁtﬂf’ﬂl rpsy be areompplisfisd by a FARINGF 1298} o @ presently used
in@anes aitd ©ags, bl PRiigRulili@E inde@asSiol1digd) Qihougk$lafi@Bluonk Bdnfiining colloids

net al rs vi ng a nhi degree .of conformty as .. .
SPGYTFELY PP LR AP Edrn tayar v i a EebE gl depggion method i
quite &oppeopeiat foninteialligptibabyeny of sephist@tet! frgegcepd @ir@fefor the following reasons. The

coﬁ&@{l ?ﬁﬁr%rsbﬁﬁdng §1a}plfeatﬂlp Qevglkap ylgsté#ﬁﬁlgﬁlé pﬁge tﬁaﬁi W go%gderably exceed the size of
may er en

anced w

th% F”erHlF feptarahet igest fM?f&‘t"Froﬁ% adhpsiqnpeaperties 96 fhe Pla%foé’PFr §e Bfgonform with the
relGrefi@tsid the enddndiktoBihdiatyf ficaasualydBveteequapit is rda®R@ bl alelyeal mechanical

the deposition of the seed | ayer may not be perforned

in a straightforward manner by PVD as here the

uniformty of the seed |layer - contrary to the barrier

| ayer "only" requiring a sufficient and conplete

coverage of the inner surfaces of the openings -

detern1nes to a certaln degree the unlforn1ty of the

o o . S a o o
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copper layer on the structure. The initiation may be

acconplished by a catalytic nmaterial or, as presently
wogert/08&76n printed wire boards, by plating sobariusm®3/041185

i ncluding colloids. At hough pl ati ng sol utions

contai ning colloids y successfully be applied fo
potishing derepnging bich ala@erécwt%bﬁltx/rnééhwd@@%?fére ‘EOEI?% tontpe f‘hﬁcgﬂ material(s).
Coﬁ@@&ﬁtlyt the oriBioh @€l cliisers, GNléh ﬁiﬁhd fia PP maypbemdiftsined below a critical level, in

CO%TIE aglon 1%h regucte%a es'i % O en%ﬁ’ an ﬁl%reasgg g%ﬁélg&r%%{nlaetg?% aof the copper lines and

o1 oWl
qu&Iﬂaﬂrquqn%ngﬁ dogesgonding aHPEP&@I lrsyth@r&r@rable cl usters having
a sig %16;\’?)@&16 HABtYe- @)@[&ﬁlledj afuah )t ©xeRee: deblﬁbﬁ |thﬁoﬁﬁe a ttedhﬁlque enabling the
It eture i nt erest.

OISRt PN SO BELE L BSE P S P BRY AP 0 Lfptoes dpostion,
therdbe avbBling @t ileas redurtirg ood or e of Berptovnidentifigiprabledest ry,

since usually the ex¢R§S ERRSHF INvENTBXEd by chemi cal

mechani cal -2 WD 2004/ 068576 PCT/ US2003/ 041185 ,

pol i Al Yo AiaTTeH IRGntien i FRCiSTde AaiPoNgd ¢ ML ﬁ/’mé[’ﬁ& metal layer over a
paﬁd’ﬂth.bﬂ stagdhiedlyeRctilesd fl@ing Gppsition tvihetciae cardlydoomandrial, that is, a material activating a

chemlca rear?rlloxg Eo)r reduc%rhi ﬁrg kjﬁ{l}klsglutloh% nﬁegarl [Bq;eld%g) dl%fi F%chi&eg ableast on surface

be mal nt ai

pomonsr of ghy Ipatfegng@siructpg by @8%11%%/1”\’8@@(9&&#% Ipxspidrpesition (ALD). The chemically
de@dii?e%&hdtw layéf&Yay @eh @itlas @Beell NGErEaSA Glecd DRIiNOMDGISAS DM the bulk metal into
tr ? f% e g&)s%u I ines and vias, thereby

ef‘%’ﬁsaaé’ ViRt de BB S8R AT ng approach | ess than

desi Irlatﬁoelan06 witiongilbwyratife enkbedinrs pbthepierti mewios;iamegof @fforming a metal
Jayel O\l'g?' aﬁa%fn@é @El@ch@e&’mﬁﬁs}@i @esz‘i’cmE rth‘dt QﬁteﬁaltIQGMbﬂtH@pattemed dielectric in a

ena

ga%ﬁﬂ‘(‘ﬂfle%(§l 1on %w}éefe gﬂ&fn@r atéea&t o’cwgpn]é/i T 633/'1131’[13 ylg{erlal X"Ee first material layer is
expdsel tor bty Grpesintlidg ions bicthe bytahipobeddepepitol w&@rem dhgsqatalytic material
muroﬂgﬂlﬁ:'d 0L 6 nﬁfenﬂ%@lg iiatds Q?ea@@gfégedugﬁﬁgtdl foh&fld B9 R keBBayer on the first
DI'SCLOSURE OF ON Generally, the present
m3tGgEe-on is directed to an inproved technique for
f or mh¢rordiag Mednather leay@limeav@thegreséhOinpatiéng o metlodsdfferming p eetallization layer

co%élils%i ﬁ%f)!lt%ltgeasosataﬂklggﬂaggal qﬁgosgﬁfgcé 8&10%? ra%aﬁer@ed%ﬁﬁc@lré’ B}l ft least one of

teri ac:lvalgqg chem cal
cherpig@l vanghdepasitio ebtELEpoT dFpesiian Bidtomifaxstfentsitioh, fupfermore, a metal layer is

foliiRl above Ahd@attelRa0Ehdng el by IeEcufbreQVplﬂﬁgi dedositigasith © platiigrsblaiiod, wherein the
ca%%(/‘ mz%grlsa 181ftlat£sh & otntbe [ Qe% e?r& %Hﬁe %{% Pch.F D and/or PVD

a yer pos ron ( e chemically
depoércp@erg rpexearnorhay@rstrmsz erpjdippen of tha gregenisiaveption ;i maqtallization structure in
analﬂteﬁlit&p&rcﬁlp l:cﬁlph&g aﬁl[e(é@tﬁ& Saydr Qafing ﬂornieﬂ tilelegh @Lﬂpkmr[gﬁihdlb metal filled in the

into trenches an e cture
OBFR{IE, AP YL B ;inﬁntgk? }i’el%feuns?‘r AR éhr?bdgecf Rt nt o of m‘frﬁes "t least o of
plpines.ealladiumysdirdr copper @ad pabtlhod of form ng a netal | ayer

OVer AaoRAk ted ARk g8k tehb Skl SeSent SR8 b R&kalfization structure in an

first material |ayer over ep rned dielectric in
inigerateth e SOBRBst LFBHRE i‘ﬁ%rfgﬂreﬁéreﬂrar Ay CPeRE g prtal filled in the

ofeing) udlteinhoys, aa batiallayéri ic fornget] detivedn theTrivgnl fdrtbd digimtrizrdyad wherein at least
| @YBLe ér@cgn%&ls%rgm ot b RARS sit
o S PR B 80 08 ) SELABS s
anggeheli al i ncorporated in t he first material | ayer
i nitiates ar eactBImEF bescesuosy oetraE pasaesl form a
to ahheI 1a\>éPt10é1 %633 under tood#bytr% erenccre; %eost[elé %h?vshl?%%%ﬁngtﬁ)%g&gndfn r3gqjunctxon with
thergrecdrapdnydfg dfagings, mgwlachﬂnétt rafetepce atlmfmis iHenyifyrlike espppip.iandig which:
deposipiting-18 sethakal 'slﬁ)wr@gsﬁfebtﬁ)hal Q'IéQE oﬁéﬂof)@ﬁﬁ’onﬁﬁﬁntg ffdBization structure
of a patterned structurge

d%%)rﬁrlorr@aalgrcfr%stagm@r%ty Q}%fseﬂve 8‘5‘&8‘&6{% e gEa Ao
| ayer deposition. Furthernore, a netal |ayer is
formed above the patterned structure by el ectrol ess
pl ati ng deposition wth a platsng sol uti on, wherein
the 25 catalytic material initiates a reaction
bet ween agents of the plating solution. According to
yet another illustrative enbodi ment of the present
| nventr on, a rretal I [ zatr on structure | n an i nt egrated

o o - g,
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30 According to a further illustrative enbodi nent of

the present invention, a netallization structure in an
wonvegest7ed circuit conprises a dielectric | ayeCTha»08g41185

formed therein an opening and a netal filled in t he

opening. Furthernmore, a barrier |ayer is forme

bet Viigars 2tsehempiisally husiiefestarspagitien elifori VT opy/AID as\iii P%F‘?Pl%‘ﬁd for forming
ﬂmh@&ﬂ&mmﬂnnmm&efﬁa@ﬁnbgmuaanchhe netal and the barrier

Yy R L g A S s e
forffipifen mmaMchhwh‘WndﬁFlﬁ‘ﬁ?ﬁ lec-under st ood by
ref apgRCHe tﬁveﬁtﬁbﬁ fso Eds&MHFEg t&l &6dub PhddeiRatiodk @A iaRernative forms, specific

uncti o acco 1.N rawin
mg?cf;ré enis QF@PQ‘HYF beﬂhsrl}% etry way 8{%{% I%fe mlgllegire WL earqué f‘a]rteélerel\ﬂwaeégn ed in detail. It
shantdli te hindefStogd) hengevbrathhtghegissvaptinn ihcrah bfsperfis\gmbodiments is not intended to limit the

m\fe‘ﬁtﬁﬁ %o e %Bﬁl&ﬁh@lfor}ﬁk 84S ost, b@t S10RP 8dntr& P NhAInBh is to cover all modifications,
metal l1zation structure durjng variqus .manufact

couaig i ALY GG TP P PSS BTEn g Cqtfed B te appended
clapiisesent i nvention; 40 -3 W) 2004/ 068576

PCT/ US2003/ 041131%?5}3](@1?@%\%&%@%1@ ’i‘ﬁﬁlﬂll%EN’}‘ll(ﬁLISt rates

a deposition too ¥

f or Tusisrivpenbopi@erteeldieliverion A d%ﬁfrrba%‘eeﬂﬂ”ve I8 St iy, ot all fatures
of fzh Gia® SmpleRreht&tion aRCiekokiBddri® this Sedieamini aalvillyofdepiece Sipreciated that in the
AR 52, SO RS FRL AT i e = e
aclg¢ve thetdemelopesfy gmglﬁp gpals, sgg}ra@gorgphancg_ with sysfenpilgted atlchl@lsmess-related constraints,

wﬁléﬂ\(ﬁlnwr}pﬁjorﬂ §ne %H}ﬁ&ﬁmaﬂlcﬁlt@aﬁo@erV Mdr&“& imelivk h@&kiat@dﬂ&at&fﬁiﬂ a development

effg%tétﬁge!hg t %ﬁ\;/flep% %Wg‘gm%s S Eué woﬁg nﬁve ?tssbet a g{lt?n% dmgle%akmg for those of
mﬁmekmnumsmmeMwmcwmdbb%m$dmd$meshould be understood

howeper, resénh ﬁﬁ/enhg}?wﬁl%%rBeﬂfeécgﬂedhﬁ{h%f@re&fe t§ RR Gitfch&a ﬁgures Although the
nbodlnents is not intend ed(%o lim i nventi

Vo B R PRI OF iSSP BBt LR PHAS BEHEr Jrone vy preis
shirb €onifiptr@iots a0 pioSled, hoovited iakte armatbguize dtai, Grvsaity, these regions and structures

rg)y!is\i)?e!cﬁpa{(ﬁndlc%cgm%# tdwl nvcﬁﬁxolﬁa‘ﬂl/ ltﬂquatm Elﬂ% Qf tﬂeh\%rlous features and doped

vention as defined
re@m emiisd n 90 OpMERHEDY horEstee By e deRRy PO oL P t}?wéze of those features or
regdiOAVENThuchbtdd ddviist aNewgheREsD ad i amauhéds drowingshae finaluéadt to Glascribe and explain
ilhésiri%w]@ exa{ngfes oetqheb eresgrw m\Je 10;1 h%heI VO (?sraﬁé hrgses &%@ﬁe‘reﬁry shotil® Be understood and

an actual r@ﬁerren atiron are
intgprsted jichlate ¢ meaning sonsigens with ha ppdgistanding offhpse words @ jhzages {9y those skilled in

th@ﬁﬁﬁﬁf&r@:]lg(d é)Echzﬁfdeﬁnﬂloﬁ BEa teﬁ*ﬁMﬁJhﬁﬁ&TEé’Lta defini@dhythad uQﬁfferent from the ordinary
gc tual e Q

él&:'i OWﬁlgial}Hflsage ugc{gfsmtgget{nose 51%1 I evrg'istalﬁtlen ne\S/eeC hecf'lpy consistent usage
ofgipgerinfar phrgse brsin. Foitha extent dﬂ@mjblmam obrasgiig nteedpd tOémer@pmaé gpeaning, ie., a

m@aﬂigg B 'th@l?ﬁ& wh&lsthog gy &OS LrkisBhsNdush a spWdiHl BdEin¥ibrl Will\b@ERpressly set forth in the
from one |er enentation_ to ano

ot Sl BRORES el S b e o o e e
orlprragonpl ex and ti me-consum ng, but woul d nevert hel ess

b e a’ﬁl{eoﬁésgr{g qulélﬂgg rg ﬁagédn(gl 1‘19 Eon%éﬂ)@ & Qt:alalﬁ{c qﬁa&%ﬁl)’ma%/kﬂ_ithhcorporated ina

havi ng benef t hi di scl osure
dlgﬁce@éawr qJr AGETEi lfaﬁl fwmeﬂ %i‘)WIEfémd’éé‘%}P% a&éﬂ% deposifiquy teghpipeg such as CVD,
PVI@ aﬁch@L]ﬁtthaGlh EibwEvef) Wiceposifibit BIOHE Eutalyie ma2flal daxs inotucessarily need to meet

stréné oe{‘c}l%rcfangs 1?1tterrlfllsc gfl“clzg\?efc’aéé) t];nd um?]o mtyc Qs a‘ijrga% glqnug%}{lbtﬁl% ot fhé catalytic material

he draw
orshawpfaq; beifg igenact withsthapleiing buh qufé?S tO %aﬁtd e‘é“l!%’ing re’efdlmil #d to deposit metal.
Int t?i@ vﬁ%ta higigP gst#Balt ’laylalnmz[ye%| i)rbdﬁcedt hﬁ&@/ ﬁv@@ln@m&e @&dvantages of the
r r

RN AGE D RGIGTEE DT ER G SO PR EEgUP: VB i metallyer may
thetetreiugud 8s 4 eat layeefr asnblscqppetictrapligpnsesd &p ihe dedsifian of thebulk metal. Due to

drawi ngs may be exaggerated or reduced as conpared to

the size of those features or -4regions on fabricated

devi ces. Neverthel ess, the attached draw ngs are

i ncluded to describe and explain 25 illustrative

exanpl es of the present invention. The words and

phrases used herein shoul d be understood and
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interpreted to have a neaning consistent with the

under st andi ng of those words and phrases by those
wekod4oegss7sn  the rel evant art. No special defi RCTiIUSE006/041185

a termor phrase, i.e., a definition that is different

fromthe ordinary and customary neani ng as under st god
thegxeqllpp sanferkaity PRAGUETFTH AT G ©EloctiolSs fFpesierbtycd Bypehy foppiagelectroplating
prdedss GRNSé §érﬁ>ﬁﬁeduﬁt‘ﬂg®er16}funtfh&utj’z ednipaied tPh prasesss bueddainre. PVID deposited seed
layerh q\/[o?e):(oltveernats cggp%;ed% gzrfy coﬁplg;galava?ﬁ;eﬁ dr\ﬁ) AnE]hEBQe%%A (ﬁ\gs E@ye%d ﬁyer according
to g]qd)eeﬁ@t g\@@tl@yls §q(1npq ddn g}ctepsgréﬁgoosﬂsoaéﬁe andstbtécrpcglpes the total process time of

foﬂﬁfg'aﬂh&dﬂ@@udﬁﬂ liyler Qﬁile&?f@ﬁ@ﬂ}s&o)ifoﬁﬂ elb@iolefy depbsitibkenables the scaling of device
specification_ in a definitional manner that directly

dimansons LI BEATty provi des the special definition for
t he It ekianid farthepleased thheinpthe Seliviwing niltesthtive rembgdibessede Brreferred to a
mettJﬂEatﬁ)grol &P Indl&n%t coﬁpe? QL Lry Lﬂlpgbgﬂ?éaﬁﬁllealllc H?tyrlap Such as silicon dioxide or, for

ncor er or barrier |ayer
adraareﬁé@m@ﬁduatoateére@t IPW ? dﬁtrctuemﬁala m&@&%@ﬁt&@t@%@ of copper and a
IO\I/-B QiBREHLREsIb! febrefit the\Mhdst praifisiip el i@ tbr hb Brthani@e@puent of integrated circuits.

Neﬁ I‘Eﬁeless the rtrl]lgplf:se& ?hs Ié)f]pjs?% mventl{mhg %b%lrgstr c%d {]c;at}e9 Ee!s %Lvm%Q/g@ of a diameter

nece rrngent requi
of tygpraxgnatsly Q:louneardg@s awiahay bi fpplieditct apy seascoatuptela&ylcqmwtmtﬂee plating deposition

of %’H?éﬂe[‘ t1a§/e101§ td?&mﬁ@gt 'ﬂeﬁﬁﬁtiv@ f&qﬁee‘rdr}al de%tﬁﬂoﬁ E@o@hﬁﬁe@%? CVD, PVD or ALD.
bei ng I'n contact W t | ati ncg I C€e

MeaspesPr e REFSTE e&etlwgmaryeése & ofpihr BaEsR 31 G e o poppe,suh o
coprlet &lloy@yin, léad Eng |fHey1ke: oTifus,r theapresans tiravkntiom ytenld matybelpensidered as limited to any

paHircﬁg'léﬁlgchltme Qogsg o gééétg Lrﬁeesg%glgllnﬁtageﬁ ?rg g)@%&gs%tsfoﬁf in 1t'hg gppended claims.

previ o Tl n Process usin
ac thﬂbretréﬂncem Bewrergad 12 nd %)rtmhemlé%rtwe LR thegyrgeat invention will
notaby déritlell @Nndd€ ddiile tn Figurd 1:5 @ agtalligyyien stfuctire a005¢oBAGLIL Kibstrate 101 having

L

inglyding| forinstance norpernt figt barigr layer QS aafl g yecprd hapist layee 96 ofhe ggtal line 104 is
E8RRS ohipGh sReH rdpﬁa}z’eﬂfs,a tty;kl&ll fstf:ﬂctu@% ﬁgiaﬁhseﬁlé rsme,hat ThQOmetal line 104 may,
ho rs\%% gepzea qr?%ny cu&ﬁt eée ent al Sree 1re5 r‘%}?egt%% po.pf ag\llslg ?rrt?nctycoanectmg thereto. A
setony dielectiiblayeo V&, for agnrprmplapr@gilg pr@;ccmdghtdy or® }Wm-lgmaterlal is formed above the
ﬁrﬁq}éﬁ&ﬁggyegy@ @ﬁ@euﬁl—@ {08 CHRLAMES the Al @ﬁ&fjl ob ﬁ}f&fned m the second dielectric

MO R O -

10pr Obeimgiet lapae 10 mdy choprive o @ muetsal-layezsatd pomidé ty exquiredbirtier and adhesion
chL c@er@ﬂtcgthXr &99519 rtﬁ'gadarrﬁtl ﬁ%!r rl@d ﬁz?ysco HQSa' tgﬂté?tﬂn ﬁ%lﬁh@& a tantalum nitride

e scaling devi ce di nensi ons .1 gmand | ess.
lablef W§1h"bTEH°’61€¥Stﬁltaf TsHIblramplgiels qovers s S“rfaﬁe al“ﬁé 1 ‘foo‘FSP?SW%aé bottom corners 111 of
thé Via L8t rati ve enbodi nents, it is referred to a

rret a’i’ b%r%‘érj I%EI O@)égrﬁpriselcit lft:qgt thsuﬁgpg w@%gmgavay from the surface areas 110, a

rorlae el ect materi a [ Tcon
ca‘gg ygg(tn@tgrlab} 12, whsrein they Qp&aﬁ@@ dlﬁ@]éi}lﬁls(lsélmcs? ayto @@gl?le:@gmtlaée a chemical reaction
etV gmgﬂale_ﬂ]aﬁ Gld 4 RAUFRE @édnﬁéontaﬁéd’liﬁ& ﬁldﬁn@ﬁ)ﬂtﬁlb&f& @k defdsition of a subsequent
me%% q%?yl ggﬂte ex%%neﬁgvgr a?rb §95% Icorﬁ)aer I‘O\é% .CQ der?all%? Esrto %e gerp{)%ted by electroless
pl@i'eg,eth@ pawésmrt: n@rterlalrrtmgtomplesd platimgru prtdéor paliRdivio rapdier] eopper andfs silver and/or

cerﬁﬂ '3191 {HE §iRe. Ofn stofﬁg eﬂ&ﬁ%% th@ya%f‘}tlb QfdteBYI 1D %y Be prov1ded as a substantially
restrlcted to deV|ces havi ng vias of _a_.di aneter

CORFHPERINTRLEIG T 1B KT PERE, In St TR IBE S B a&wtnas of the catalytic
maétial He pietengoatdintode\bhreiadayahidn sd the afitaata sahcelepiedartibdayer 109 contains
thé) gatﬁw%ge%gll l??gr{r:]a gcglélg%x%ﬁ't@ n]!ntzd dgf%apﬁlj &ﬁgtglgtOIOY ®r ]:nglre 1]:1 tI]eer‘atlon to the barrier
myiteover, the present invention may al so be applled in

conbi nation with netal's other than copper, such as 15

copper alloys, tin, lead, and the |ike. Thus, the

present invention should not be considered as |limted

to any particular enbodi nent disclosed herein unless

such imtations are expressly set forth in the

appended clainms. Wth reference to Figures la-lc, 2

and 3 further |Ilustrat|ve enbodlnents of the present

o N
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however, represent any circuit elenent that requires

the formation of a via or trench connecting thereto. A
weecevdsds el ectric |ayer 107, for exanpl e conpPCEiUSg003/041185

silicon dioxide or a lowk material, is forned above

the first dielectric layer 102, mherern a via 108

c onAeefurthey ilugrativeemhediment, e b l2yg 309 wavireprereny 2 figleqinicdayer or the surface
laySQE BB 6kcHdQkieRGHE lafer 207, Wik @e mk@Tto bAddpasited ﬁnhelvawres adh@8s sufficiently to the

die&gtﬁ?%geéolg’z tgrgdgdo%sileltg Et%ntlglly cfa1¥use itoeg vate?rﬁtgm eéarturr?se%% exam}lgle silicon nitride
offgrf) Gxcrlipyt broviep wiopetiesrethapsperd rOeccmﬂ@ diffpgien gnd Ieayr}reowdd@ diglpstric diffusion

barkiS Gk tﬁgpap&@ﬁlﬁ !:a%ﬁcuﬁl@éjca@s@@@ﬁthélglatl\féﬂﬁfgﬁTz'bﬂﬁlic&rt Hii8e is @ En issue.
t ant

exanpl e, the barri ris .

| ayet DRite) BPees f%h G O B iy Qs of o ot The otowing
prdcésies K A@ssndnhfadturing khie afstal/line d A Ingheefirgt cmbamlp @ytrHQZ dhersta@upddielectric layer
10# {s%}%&%&'@l%\% t%xsﬁ&ﬁ]g@ld\}b %ergﬁ) [ Qﬁhi@ﬁ)ﬂ @t@l{ §top111t§ler @1fot sht)\br@ may be deposited

arrier layer 109 npri ses, | eas
prigi tost¢ forpatiop oY theodigectricclrysgy 1%%35“?5?"6‘??1“%’ nike i ]foﬁ dd an‘PTé]agy appropriate
ph&t&l@hogﬁphy&ad ahsyiﬁrdp& cfeR teClinic@bs. Thcaftadthe Birtier lage 100k &lnyiéd by an appropriate

de%Oﬁ&lon tec 1q1|168as \%% bg gesgr% <f 2 m%fsé dgtgll Q?h @BJeﬁriettooFl%Lgé t2 Ial?che a

em cal ‘reac reduci ng .
agerﬂlguceo?mcbme@llr fepigts gl danqsrr@l @eﬂ 299 thanis r@iﬁglrrﬁiéo deposit a material layer by

chgﬁ&?)‘%pt)ﬂ déﬂos@rf)n arke ks Q(ﬂ)&ﬁiﬁbnsed’@ﬁr@desﬁ cBjhtes 20&SV1tWIa1|1 butlE202 connected to a
al

e Q
pupp Squrce 2§3p%1§1§%d ta a%rg//gl%w%%tfmrl Sl(agsgsc{ pr%sFuret* wf%hnp 18? %rocess c?é/nilbeﬁ 201. A substrate
holdert284 is atranged belopaphdvsehepd 206 Vrmnlnnaimlllmompatlﬂd faérsweaﬁm@rsor and carrier
ga&?ﬂﬁe\ﬁa ﬁr}ﬂétgfﬂ st He\élﬁﬁtra?er}fud@rr20$ ﬁnd:tﬂebﬁbctess cAdibel 10 adeicks igured to establish,

I n sone enbodi nents, cat al
resgs?ca\fﬁlydédie%rgd 5mgﬁﬁgr§ glillfll \%Sl]ragie to C% ri)f(icﬁsgg 5 wg'é).\é ghe CHQ"T&% Qﬁ so as obtain
reddiréd degdsitay@uitib@dn thetyelrseas andian apgrbreiate defosidénratmdsghere within the chamber

20?1 @&I ﬁn@%ﬁ@tﬁnggonﬁﬁfmﬁg @chaé ﬁdlatm@taﬁcpdr%leatelslge ﬁ&t%hown Moreover, the
I ncor por at ed into oarrl er éﬂ?@@)fp SO t

shoveep qad 2054y finglude ﬂ?smfl Ff@ itg{ion Jpans (HP (FEsate g Rlasp E:ueret srequired for a
pl3mi aﬁlgﬂzécxﬁ\lmlﬁrﬁcrei;sal 112 in a stoichionetric ratio of

appr T a . i ic layer

N
L0Fy poumted 91 s pYRBH S B BRSSP A e PERTg s e 2 pressure
rec[ﬂﬂryd ﬁ)ﬁlﬁ&lﬁﬁﬁiﬁg a @)edﬂﬁeﬁ lpR€irdol & its azyﬁﬁﬁzeﬂ Ktatk NBor SthfmblR.CRe batridyByer 109 may be

fo%led S 4 t1§econqnc9 ! lf'eiyﬁzre %&dﬂha%lh Q&L be % osiWi] mtnﬂ%llggz;n%l précgrsors In other

eposi Adherds sufticlen
entbh@mem.sr e émwrr l@yexl HY aray be yubgipndiallyorempised Ofsterrﬁaé,ltnawtrrdal ap%/ suitable tantalum

mﬂﬂé‘ ﬁréﬁﬁo@haﬁtﬁsﬁﬁﬁlgﬂbﬁtﬁé@%@idﬂ Bfce 1O Hep@?ﬁﬁ»ﬁ'@dte@ forSl | ivie® €@ of parameters
nitr.i

mayé)g gt&r{nmteg Hrcag?r)aﬁr‘ee %ﬁg S}%Q%;egsg% cslgpaoglﬁxlagetﬁ%ﬁ ra}rlere materla E)r the barrier layer 109
mai ‘telmxfctrmacburdul £ fesgedothickngss pd the | bariesnlaxen IQSh@pepaH)agu thq pottom corners 111 is
acHBRACHA ra%ecﬁr%%ﬁdlm/ th& be ’&ng l’l’ﬁ&lllé{ @ is Mastho IfheQEpo&h(l)n' daflddphere so as to

nitride is not an lgrocessflow
copERAR g‘eﬁ%‘&"rrr%ft By P%”ieétlﬁyﬁf 0t rfule tahF STREFOPHR) Treref Eila éataly“c material is
infoky@rafea) | Sithing canglid0e s @lystAfdheiningeshracs e icogpléxee in the form Pi(hfac),
- I
(h&gﬁué)lg]o cebr’ﬂa%cftéhgt;é aﬂnu}rp sfn{rl%rt ?%F&In%s 1L (\))Jéllf&}{:l %M%{I/l 1;'{:%1}%6% tﬁ? palladium. As
Presistp Ingted, QUID, smh en@ih oAt SRAPITEPERTSE &Y IPaybred with the barrier
mit&Hat coﬁdﬁﬁm@ laremi%r beardRp asdet 6the @Falyst 11L Ghad hﬁﬁcﬁeﬁﬂlmtwm:l’the surface of the

bairqrféer ﬁagf?err@ Fi‘rlbg %tbé%@ &E%%C%P%lelf]ﬁal 63";?)%? glel ueto% lreéib?]c} entsVJrhg bg.'l‘plgl' layer 109 is
deagritgiovithothé ceqeiteg Hhitlmesh mpdyibersafierThe wédfttcerlaterlﬁlhlé2 bfaﬁfrPPSéth in a deposition

atrln@s}fl%;e t4i0%dl 18 tﬁeocfam%l% DYt fihe PRAGDP hdedt §1ncedlquﬁ%§1h(§uh @h@er of catalytic material
technique as will "be described i

1P P s fayerpEi0g g Lot Pe Jppiresh ﬂrérdglaﬂsamz" ﬁwﬁr@}fr &5 erlii 112 may in one
enth@flineitt He ped@pes intniedinely abér BOMtitkieg the Sleposithdni f theebhriep layer 109 without
deposit a material |layer by chem cal vapor

deposition. The tool 200 conprgses a process chanber

201 with an outlet 202 connected to a punp source 203
adapted to actively naintain a desired pressure within

the process chanber 201. A substrate 15 holder 204 is
arranged beI ow a shovver head 205 vvhr ch |n turn S
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201. For conveni ence, correspondi ng neans such as

radi ators and/or heaters are not shown. Mboreover, the
waQostvesEes head 205 may i nclude pl asma excit at POI/USE@BO41185

(not shown) to create a plasma anbient as r equi red for

a plasma enhanced CVD process. In operation,
elaboy's tPrigig of dig PFPoHS diaﬁlée"s?@bé’f P&t émli@ingh"’éﬁ}tf“‘ﬁgieﬁoélﬁ?f”eﬂ‘ﬂ The appropriate
préshied eqior tthifpefitd edntlieichs dhay| @Céstablishddayieing tHeOshipply Sf the catalyst containing
precurlélort o? %?8 :r};;e tacliﬁl us(t:)e%er =t téeg Ea?%elp % S%%?L?nzapné pggrdtptetges i E}nypf the catalyst containing
pr?@q‘{m g tf e mmermainﬁ rheptatystsii @ agapireddthp F‘@@ﬂ‘i&@d\mi therpfprg, may be in the

rane@ @Mpb@ﬁﬂlat&& 3118 sechrb. X aﬁﬁbl@,,a shdfie &ba{rﬁge ®F tht eyt rdfkBial 112 with respect

to {&gépcgeqw%mﬁglage%‘% t{neabdirr{[ef 8¥ﬁr ?r@t ﬁalp%?)é a’celgl ¥ g% /é c:am? 1§1 os?r}ée embodiments of
apbmoxiphthle r10%e miao sliffiee rtb provida ghebraquired pctllvalye ichata@@ristigyy infye subsequent plating
pr&éQStﬁEtahﬁ{trlt Yof €41t 'célgaqm% pr&@l@&rqg YER ekl teh 1088in t@en&sued degree of surface
suitable tantalum nitride precursors may be supplied
‘OB he source 206. Since the deposition rates for a
gi vemn oftet entbbdiperts e tegalgtic nmeeyialid2 chey By provided as msubdslantigilyepntinuous layer
anP IPn%y %E%xg‘rg a? srulggeclg: g?rggg’éfttﬂegygmgngyep@b ey ?%@E@ dﬁ ?’9‘% éﬁ(lénﬁgeous when the
coplys eyl FPKRRSr SheioR @ rbalrl@frchfrr%fféftww@ BHERY s pgal to be formed
onl tRe HahiRr lb;ef toom corners 111 is 30 achl eved. Then, a

g(rjgc é;r er ?r}l')gt?naeng {}]19 nllream sautl \%le con 1t§ % laae; g%aio%don without generating
partiglss @E‘b@@letem@?ﬁl ®¢Slstl‘hté thﬁﬁqof In@Y npta%f@qienQDge nigh far eratggus g)pographles of the
m&&lﬁ{aﬁ(ﬁlﬁﬁmg 100 And foieJeRB{ bah{bﬁmﬁi&{aﬂ»' MEH 6 tafRluBmitdde, dfn used as barrier layers

inlézgl%?r ﬁ;]a.l teesg I,Iré gusretcssresg orrllgl lg)%tr S Sfltloogl ﬁ&?l?{)atetfynglque may represent a superior
capidaef due Jo2its apltiencd lowie dm:@tny ha@etam m@lbnwoabmm myen irgyigh aspect ratio vias
wﬁoﬁ@ ée@e?atﬁéjﬁg%ﬁgl§ ahypatidies RvhRh &tdiekhel c§us&ﬁ@ll nﬁgrﬁxgmg)bf reactant gases used

RS Sy e et 1 S g P SR e i

dichie dipgtnlmbtere oBthe pmtesy; wadreit enoli deporitivg cyptegequiresaiie sa@iential provision of at least
t\ﬁlrga@éﬂy wqu &xsre&E oJ {ﬂg s&ﬁgeadfmtsugsﬂ'ge {B%é o%ftlftl{eld%n@cpgelrrYer material, such as

act 1 vat e surface of the barrier |layer 109 1n a
Ry éareﬁéntForeqh%é{uP@aﬁ@ﬁ%%f plgiscepisgced A Digipgss, i principke,  depositon tool
siildd @lhirridcSbed twhi® rdi@enct e FigudeyPmayl us¢ds anddefpesi the ébllvwihddescription it is
[ ' .ty ss and thereafter the catal ytic
re%en?dtogﬂrﬂé %ﬁ%ﬁ%ﬂo@é@%y ted in a deposition atnosphere
t ai | Brdng of fpt e actant%lwyP}ﬁeded@qwréﬂrmuﬁg%?%@ﬁs@et d@)gis supplied at an

apgfoﬁﬁ@e ResEid b kHa ld&-'bld@atd @Y €Y méths Sratcatitishs; suimbsefdod| Thekditir, @Rurge step may

be Opee'r:) (())rxsnle |f%1§we‘4f byy e su %t{'aﬁ?r?dlugn?%t%? ZOF rag?ll{hea;gegs% %nqllgnr(]:edo}r\]léD aracess, reducing
ragipddodayrpe igtnetated pgthf: ghasmgd Fprararotilap éy(yogalf ¢reap ammonia plasma may be established
to%Mek Bitthddunt BEaBRROSitlab @@th@tnefaiﬁ@aﬁ@x@iﬁ%bt@& lb(ﬁY’ﬁfereﬂfQQ a further purge
g -6 WO ﬁ004/ 068576 PCT/ USZtOLg ]gt c% d biained. Next,
R BT RsthgT fig e FHE BrEL eI ERHIEPe ST gieadnopiined. Mo a
cagalysl conthimige erotsbresucite FaBiad) iooPd(ifad may Shistredogd obr thaprecess chamber once an
ngo?r?%f&eg%sﬁBgée%ergﬁ%% ﬁgs‘sﬂfree arQ Qﬁa@hsthlacp ng la?a%f Iﬁl% catalytic material 112, which

during the supply of the ca

m%?ﬂr&qyrﬁo'hge cobtlmé% g%?ndgg Oﬁﬁy qg@tl(aldfif (et cg@lygfdﬁ@'sm?r})'és then formed on the
bddddr lay@nosdeposi ti on and prior to the supply of the

gﬁ;ﬁ#{%’ %w? em %u%isnrt]sls %agaiyfgatr ) ceéuslrl,ll as n]dUD o‘i‘ gaellgcglgn %[brgsuc'i‘eeated by the plasma, may
b inesrnofatsd énfo th%nlgmbe layen 1§%re asto rfqmgle a@ﬁ/atlap pﬂr%% f?raheéplgﬁeqﬂﬂzt @lectrochemical
dpEGRR dBcopfel ! In@ @R efibodimént oheds o QY B AGHE d@ﬁsﬁdﬂ chles may be performed in

cat al mat eri al 2 with respect to the und y ng
thﬁﬁ’?%?%/ é’& mmgtﬁ ARougss o g é% cabagisti,ciogtpm %g}‘gcrursirdﬁsu 18$ ma surfac covetage as specified
at@pprockdrdrptiebryorie b ofathel catalysis bdente theddemEtvathaft significantly affecting the

approximately 10% may suffice to provide the required

activating characteristics in-a& subsequent plating

process. The anount of catal yst containing precursor

is selected to obtain the desired degree of surface

coverage. 10 In other enbodi ments, the catal ytic

naterlal 112 - may be prOV|ded as a substantlally

. s r r o, .
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15 particles and the electrical resistivity thereof

may not efficiently be net for various topographies of
woheo4/068t7al | | zati on structure 100 and for cert 2CW/US2003/041185

barrier materials, such as tantaluntnitride often

used as barrier Ia ers_ in copper netal |ines.
depyition kipeficpand thys e %?‘ata%tifet“d’éﬂ’aéwﬁ 9 F mzsymple the minute amount of
cataﬂlﬁthﬂdtajlhi@ PrEyirstrapy @6 editd arisgifhe supply of babuttiet ate@rsdtigndioduring the supply

A eXGiRk

of tﬁe r]pcﬁlgﬂln# %%/Xt a%/oxg(f tﬂgﬂlhggéqsé%g kn?ggl?lp%ﬁ% P&foﬁﬁed G (%ugrmy except for the
adglg?f@} @pply]gf assmgg AR} g] cpt91ys(§ ﬁgptmgrqurgg gasy e @wcqs%for the deposition of the
bagleh ﬁ&éﬁﬂlsﬁm@}al&bstﬁﬂorﬁyd i ﬁ{)ﬁksx;}aﬁﬁlet&fs s¢laa tasHtaigap&dr pks&ds performance
angiﬁr eng%lnet'd c'hiarac ef'tstch]e tihe ﬁaérrler;:il er 1@% :S 051 tht?rlrll’]e(s:?g‘ rhn'%gL:rlBor e catalyst may
MMEévthH@mgmmdw3ﬁawuﬂe of the process wher ei n each

depogith teencdi6 IFRufe 8Ot thed Smbdafne€ GiiEgtded}ibep) r\ﬁiéfefﬁl' R4 alfer 1ayer 109 and

at | east reactants which then r
thegrabvye Bagiel th @“E%EP i VeRgr %82?8‘3? { ‘{bﬁe““ﬁé‘é Fpt“é?ﬂ deposition. In Figure 3, a
sphxger rdem@sitionatoelr 308| qomptieh a gsocess avhdngtlet A Inintindigpean Pwlet 802 connected to an
ﬁétloﬁha%:' ﬁ%g SGur® d(nc;t Igﬁ)vﬁ m 1@1@@@9 CC%H‘IGMO Qrsgtﬁ'@eso? 'pI‘G'CLG’SOI‘ gases and carrier

B@@ eposition tool simlar to
22grs (B4t | SHRYD)-widk FrbTiEte dioldRic 304 T apgnged, dovwastioary "B én Lf%‘&t‘i‘g megRs 303, which is
cofduea tb onizd atofr@Iahd)\Akdagtheke&ﬁtbl qotubsmtelmcumsd or? fhe rsetfseate Belder 304 that is

eh%cglc%lg/l cglﬂtgcte(éﬁg gguntd gtnntltaloqﬁ! 125919 'exc'%{{oh HL%@%?)[E# l%&ateﬁXIFtIhLQWC@ty of a sputter

Brecur sor, . suc
target3es, ztlehre)one grapodipmpip s carpried A comSpAEI9B PhbebaFice ek such as tantalum,
whebird Jﬂﬁntﬁﬁbﬁ&ﬁe&ﬁ{ B a]c@tllytkibym&fﬁﬂn&99§ucla asﬁlﬁzftihtuﬁ rpaMﬁlm anéiCthe like. The ratio

befawge]elfa {élv\g%rl% F rﬁ%:? and the ca 1%’1%&89 Satl eIQnr%”%Xm apperoxri)n?artebp {dYS'%d "The catalyst 309

Cl
miyhlee q@b%h@ély elnlﬁamlaeidstrmt@i ot bsesé gtsa surfecmpettln@ of thaéhrg?w(é wherein the term

uH?émeﬁtrﬂ@cﬂ)ﬁ’r Rla@ho la)élot):h @caﬁsl o@ﬁn@'&rgeﬁ%ﬁ RIS a s&bstantlally uniform release of

en. or est ab
ol 9519, S0, AL L S5 12 B0 2% BB TE 10u8 s o v
setrepeadting zertditions ot the) sutieretodi(00. Thperefdmf thercatalystfroptarinle09 may be provided

coﬂﬁt{ugl%ly o?ﬁne&scﬂﬁﬁm%tsoag ﬁ(fng EJ‘EE sput%p gite 1b§1b§$ﬁ9é'f@ c&ﬁﬁﬁtQ&%@ven tool operating
rep eated unti | desi red

cop NPT Riiacien of A} S SE AP B Lt B ool gpfepie condiions
is @®n %ﬁé‘rhiﬁlatb)y the Itatlla(d( Hafrizehateriab308 gl datallyst ocltendg 809 imthe tatgate3 05.

p roCES ?.’hep tso e ?ar%p305%9 KO E)Hle%to?orﬁ %pﬁ)ﬁlje'i) 1'95}18 comprlsed of the barrier

nPerature an press re are est
mf.t 308tand 1€ % mﬁﬁtpéxftlprwcoqgged meé:ﬁtalymte%ql 3%yheﬁ%q thB gatio of the surface
ar€DdTtite nu@mnoédieﬁen@lat&gl oitichi 8 dilt @ttie@ie @fmokdi@talyatpaltipit309 substantially

de%:dlgmes eI rgttli]o?]of sputter a? rgeamaq)y% TbaFd%g tlfi))eq%rgquw L h éﬁ%odlment the catalyst

mpsprigd B%msobe mrlgeédtt @mpamlmn; oétte@p@@nwy eneshpweéémpt 3pragnd the plasma
ex}@ﬁatlbln&@inp@(f@o%d)l}l 1ﬁtc9m1§1ﬁhﬁorbﬁ1ﬂfd ﬁﬁgn&t&ys@rﬁblyl @3t ﬁl@WI@SnaSI @e operated so as to

(Ql]lsfetg% an ach‘j‘a\é‘tgcﬁes glg:glég‘% lp%%lgelt,er J{the tar t§b’l§J ﬁ] rgby CO?’[I oll{nFI the amount of released
cagiplsoaditaniglr 309. oneotler emipdigens the theetﬁpiwxaty cdlelprt;s # tantyellably dtl@s(not shown) to

cat@%n@& nnﬁergonm%@mt PatalgiiR Giati-8 SRS £j LQLftheranB&Ht Bf rAIBRLUNS1y @ atoms.
t he cat al cont al ni ng precursor_re

Sur 1 BB AT parc s B PR Gt 76 b v T epibyony and thersfors any
othdd @ gpaiEta bttdr f@Ces) W femplbed.CBdrdlsyise, sbd@convehiiontihels nay &€ equipped with a

B8 kB ioeBel bR i S5 ke 1Ry 1 i i yeh desre o
callinpging ¢f@topa pnd iens agpinerplinet ther susrte Boldsr 3Q4h dn pthey éols 1409 typereficollimator may
beéatARGRl Botwdeh e BrdALH08 ai MR bstr@E hol@en B ty Scﬂlleﬁdlrkﬁlﬁﬂtaﬂﬁdﬂg perpendicular impact

%gertFrgeré ?o%%)?nréga té? %xgitrgtg %sgrg%tgre%{? gmrtml?lf tﬁpeogxgt@maletgfhlgﬁ ]asp%c]t] ratio vias and trenches.
Inr thgdel Griolagthe grtaittic amadtid 309 oy ppl;ght[oppély pu ingjpad e Praxiged on the collimator, thereby
intermttently performed. Consequently, except for the

addi tional supply of a small afount of catal yst

contai ning precursor gas, the process for the

deposition of the 5 barrier layer 109 nay be perforned

Wi th process paraneters selected to obtain superior

process perfornance and/ or enhanced characterlstlcs

Y a1 o A NN -~ . o r
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appropriate punp source (not shown), and an inlet 307,

connected to a source of precursor gases and carrier
wqgasE®e§Itot shown). A substrate hol der 304 is aCTasy®d/041185

downst ream of an ionizing nmeans 303, which'is

configured to jonize atons and direct themontq a
siapbdrer the eonfgtiticRat B AEe SSLUBS P LY §VRoloteP! B 42Hgmaigal 309 may be
ne&isﬁ@tlﬁ the &akdet/306.0Mneet spultet toolg the lbﬁrderpmteﬁﬁiBDSiind th@ cgdlgEnmterial 309 may be

& e ﬁ%f Ayt i

cogtxc%nt cgirrés gxdﬂg@(ﬂg' fo?’g ggﬁtﬁlﬁh ?ﬁﬁl& %e%aghéx{ggt%goh lerﬁ]én éf the ‘cathlytic material 309,
th?:%?ﬁ*ﬁ Pt B PRYY as alvelm%w@h fefesgpge fefhe tagst Yapy %h@fn lﬁﬁtgéfﬁ Pal ,

s uc thaslg opaidtian, lﬂﬁ]proc%hﬁafr@ie&rsdtlﬁﬁ dsipovlér@ebplidtias @k Plainf efcitation means 306,
power dsup%%lecli f:o the 10n1r I amea§o 3, ﬁcf%s(s: We“;ﬂhep cil'A%ngble{;a ,rang r%lelrlrg Ia}'é a ajlusted to obtain a
talfgergorm@romaml bpalbaﬁly@t ha3m9 therppguired digestignalifyn Bysde thr mmgcmeyt of the catalytic

méltggl %09 aﬂ?&du@ga&) ahy ot me0 9t thdBYovBQesSritd® tiabtidinihds,Ya specified percentage of this

caj yltu::.c %%ter{aglf Qfé Slgr%slﬁlgut %@q‘xgplﬁelrete sﬁlzct)upgpgﬁﬁe mEs:‘lirfat? g?lﬂ%a 851 an8 rilence a substrate,
such stthé¢ bibstiagn01,rpdcat egedno Ehegfoobdie catalgticemaydriat B8 it alsgddposited and thus

mgb rated qntgI ﬁl% %grl'lgquelal O% qpe?éb? %ﬂnﬁk Itlié pHIleli sz”%vﬁlé}l &Sk s@fe embodiments be

cata% | 5 a stbstant]aliy constant
”E‘&tj‘éﬁl%id ﬂﬁ?‘@f‘%‘t fgbﬂ‘f‘feélflﬁ‘aesb?ffthetbﬁ‘é‘ert layer 9P 305
f or B @hey embodsrﬁetnts ofhe rddabenof @eit tiakrid 30 nliady e gonttoll@t by, for example,

telg'lé)o?elrll)?’ Ql‘geld Cé; § Phnbre éaag C?)B@Jg%% Cpo%ltlsegij %L: t ge% ﬁ?yasbgescrlbed above.

nuous rete anount dg
C@é,eqtl%éy, dhsidepesition af the faéa%a BeteaH 3P Ampx becsiantagropsly 6@05&6 during the final

plﬁée\bethe a@eimcﬁa pRkat totght the eawtfc imafRSGal 1Y4iG KR ibhritrh&ef 108 Gtfor@8d substantially

atC%he ﬁurq}g:[% é rg P.tl%%eggg“ﬁ{f[’1¥ Prg\hlgmg ! gsrelithre :preon(tﬁrtl%o\{)thgit Jl‘lly affecting the

Owelatl Flgragierisiesrof theparnimfagarilel. 308 and c at al yst materi al
309 o fhier Jr@Bcﬂﬁ&nt %ngamgtaa}leﬁlo@tlﬂ'&? be &H&Q&*ﬂ B bi®sende R€a suitable precursor

S QR P PG OuPa I S ARG GHagr ™ g fver 105
Sipatyi oreppopiEprrssshr gis dfteniogtha kaaltst wttral 508 sug0S, platinum in a porous-like

stM@ﬁ{ nﬁ:kegsegl g\ﬁfa&eaa}éa Opafpardluﬁlhﬁlv§u<!‘o£ﬂ9 %obaﬁ ﬁﬁ@beoiddédhﬁthé?lﬂﬁmgﬁently or during the
nore barrier materi al ortion

B e R VIR S R e S AT A1 p e i eAE: The amountof
catayet F0atincorparhited prtot the bardelr daysr 108 Ineg de donpylied dyritiger akiomy, tehehe flow rate, of
ca&a%’étgc%ﬁtalﬁlgg pre&ﬁlsmo e chH’QfPed% ggsmon am%hgr@'ina'sh%/ Eﬁamb%b?gﬁd%r the duration of

e arrange perlrreter of
Feaigs Bareeilat cyntam% PEFESEd TP g b IUmenh RiPiHR op [PAk Y 3eyniaining hfac
codplekds aldy @8 aBE@A RS a 300 r@@SBdtpbfo)(nﬂaﬂélyCl‘Dﬂb(D Bx@ini foia Wiiné nteval in the range of

apgﬁ)%ma{elyasl% second¥ fo% 0 %%/Dﬁ]l:l](g %M] hF}??X%‘Ha%‘l)a{]O% sgcgnc§§(irtaﬁ) ALD-like process

t'he "ano
mdiﬁpqswég tha regfalyst 3085 Wh@rﬁe raéwsue%mth%mam?ﬁg 3phe Wwﬂ Wsf below the vapor
prEBire &&%jcatagfﬁtc&ltaﬁﬁﬁg PSS 'oﬁelppl%QiﬂlateIB/IO 1am&¥ hRfone embodiment, the deposition of
thg ﬁ?rg%gg}gﬂg@ 1% H%fﬂ,h‘?eﬁg”gﬁ‘ v&eg \?s,et%{)? élreé pr(c))ress Sa?amaeter%ou?%llgaﬁées%?lcomposmon and
thickrsssciat dalaiptd g0 frat eniiall BOGrigicadjistautlive offhoUmticpfayer 109 is ensured

Tﬁe@a@@%ﬁ@ca&@gtgbﬁgﬂl& ﬁéc&g& 1s Adﬁed&pﬁﬂh the 61ti&PAL @&Et@ﬂtﬁl@/ at the surface of the
t he déposition tool blustratlve nat ur e

baérllﬁr Vyeéiﬁ%P fhﬁ‘él?yé’ffeé?r‘é‘ngéh‘i/ba‘rrf%ChGrtaﬁglmcéﬁ DprT HPe sputter

t ool ItsEoypidde newgpihetyiBdipresti0 invemdh alvcid nostBTestrEe venithlanaltanium, tantalum
m{r(aQ %JI?tlt%l}:rﬁgl% Plglr(]ig g%g?enﬁ%rhp la E@lglltq}{\étyﬁ)@taﬁﬁ) g@witmany suitable layer or layer
st;tch F@@fed i qurrpry p@ﬂe@tu{e@le@}j]gzmop] stglctﬁlieg rﬁu&@éq,sg@tebtprgets including a catalyst and/or

cabBlst boMRning Opr&firsétt O i Coel Qﬁtﬁoy&pﬁﬂ' @@Sl’ﬁdirﬂeg whith @he deposmon process under
conm%‘?’a{:tlor? tIg so%ﬁ%gses b?nggberclgnﬂvercéll‘é &L rtegessa %(% (H%d%’the c}{eg(%smglbgf the bamer fayer 109
intte osmers tdenasidontstsbsl depeiBig opcsheas@mplew ofthg @ﬁrg@ralmq seck,yso that only the last

per pendi cul ar inmpact of the target ions onto the

substrate as required for a cifcuit topography wth

hi gh aspect ratio vias and trenches. 40 In these

tools, the catalytic material 309 nmay additionally or

i nstead be provided on the collimtor, thereby -8 WO

2004/ 068576 PCT/ US2003/ 041185 _si rrpllfyl ng the

Y o M ~ N - o
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target ion and/ or atom bonbardnment having the required

directionality. Due to the arrangenent of the
woabmlogsi7ze material 309 according to one or nMBPCEUSE003/041185

t he above-descri bed enbodi nents, a specified

percentage of this catalytic material is also grese
depqgitipmger JEeep o1 efapted mﬁd@%%rah@c pHeiabghetpziprdaysp] (e fr ofgyembodiments,
it ﬁlﬁﬂ be BRKiGRed ppDpitd foateFormlfe Séjﬁhtl@&ﬂthwca&ﬂyhshfaﬁhﬂ ad @ik, last step of a
coges onﬁm%%rmatlono Qequegpeel{lcgu L %he (grn‘%)cr:eor OrO\E'fl :fdérgmgme %51‘1'1%' 1ay§r 1%9 including the
Ca'@bmcr imgtprial é\&i’eﬁubﬂ@gallyvh é)eelﬂﬂc? FeRing PIsePapietiar cofodiment, this final step for

de}é\d’éitlﬁ@thér@af{al}ltlﬂ SR toeoiROEd (Eﬁfﬁ[ﬁ@p@ﬁm 132 RShA&t dubth Eﬁé same process chamber as
e t

el i Pt B lfe Pratgn® FOGY hab B BB bERE Do veoum. o
instapbep avben tbé depaditivinychingenimtlades alastBOScitatign meane antsrushdllp ghe case for sputter
depééltlolt %[asﬁﬁ(m% cvib Wisﬁﬁ 'eﬁh){nc&hhﬁbdd %ly&%nt%mgplﬁs%a ambient may be

cat al yst containing portion % he target. 305,
eSS Pl Ty BT | g SO P SG VAl o amount andlor a
pehdr@ticnaltbmal yfttheatatmit @ms mby B@6htBeyd bl éhepthwraandthargeistsh ynd a bias voltage applied

be%pnotﬁé 1§ qy(#h@ gub%l fIIll H}#lwa? haacﬁﬁreﬁ leofcl:thlgé 'n}a% mecorporated into the

proces materi a
botser 09 afyaeﬁon‘w@blﬁ §eﬁﬂb Sk My Be e ARt yor highlyt Fbisticated metallization
snﬁwrésaeﬁngr £GirRAlajdd MicRAEs of t ih elyerDlERV Bgltongollida@hea@@utit trfdthr the depth of
cat al erties.w thout .unduly. af ti , .
the 1nco %’r% ata%gtc ttheer I§a§relr 618’5] O eil(ﬁl perae%[t}‘els é’% %%alé)yeéx? ltg%gley P%c bae substantially
negﬂlw‘tlh#fectedmodl ment, the barrier layer 109 may be

de p Osd Erﬁiﬂxg loR the Fﬁ0£§ RERAE For Wrmihg HdibhrAiEH l@yelperQ Gl Eoﬁ@ lembodfhents, it may be
% 5t O Trailet A S PR eg e £ Ap ana v,

ap ropﬁlafe t? &ogi%rng 9Or gpre s
wieggjre in 0pO@. morfSpfnildseauwhyiquea,nheapq@bf@wortwné 1nechyg fegwed igaganner as described
apntai ning the catalyst nmaterial 309, such as pI atinum

in a porous-]ike state of |ncreased suyface

pal | %ﬁ‘?"iﬁ‘ﬁﬁ to Ejeprg dp- thec‘B‘iS"dleZF’“°néE5‘!53‘Fet ORE gy s Zdek a-‘/eéllﬂ% &yeh as a copper
lape izt e dre parGeulad embodgpetthets af & sved layeh & @ subtequentepasjiior @rb@ss. The metal
la Q?B"i?hﬁ*x&é%& eﬁgl%lem%&f%m)l &Fosfﬁg b 'ngﬁlhlal'lgn étﬁ}l(c)t{njg 800 to an electrolyte bath

arrier ayer e anoun cat al
(ptrh e 6‘?“5‘[‘% 3 1kt 6f tm @Bl (bp é?P"f“é%‘i‘d %l.@é“cl"llﬁﬁgeﬁ% For example, for a copper
la}‘c‘dﬁ,mﬁy @lite @ebsdnpty dvhi@bla BRiEpprovel beh condpbsitiohd, @th isabgper, BDTA BaOH and HCHO,

t | L I; .
T T
the é@@?lﬁ‘@ redstion: gerts| ptomaticalt ﬁidanfﬁ@j tqy p iy swpiform) etq rflsposition with superior
cr@slfﬂﬂﬁiﬁj' nﬁfétthlckﬁésﬁbﬂ tﬁBJIHétzQ Nay@rall$ aelf (ilG 66 E(ﬁtrdﬂlemgy & \@6ng the time interval for

exibs[;@ 61%)%%%%8{{1% n struc q%j toaﬂtle e?ectrol)ﬁ\/\{)arthat omparec?tg conv?ntlonaE gepgsxtlon methods

or a I'me 1 nterva
fon fpmio i ferestcahpje, 2-chiPessseblapks irf ljgh %sp(f«:\/tatw Wikfe Slp}h @g enytier dgppgftion or CVD,
m@ﬁgﬁrﬁ’l ¥ inFRdr %lal%s@i&l r3fds &@%&Eﬁg&l dyQke ARrHbHp aiu@wﬁ’i[e%@%ﬁmdmg a degree of

epOSItI n er.eln pressure I n

cotnf?emfé’ﬁ}&h‘ﬁ ayhi @i‘s f%rglﬁﬁraﬁ%@lwﬁ% ffutf\?é%h oﬁtéqnow t he vapor 30
pr esbrder o bpitnkie ticeforadatimtprocsnbfahermnetnd lapar é By s plowlitp Hf test runs may be carried
oﬁ%@?ﬁh&h %g%’opgatg'éno-ﬁgtraﬁd tyﬁerbf %/sﬁ%&gi ﬂ§ Bhthe ﬁagﬁr layer 10t9 r‘c]llat results in a

position barri éer 109 per f or ne
rawé Fapction b Sttt %ﬁgred&elf%%wéﬂwe i HE P g G B instance, a ato of
plEIGTR @sd Kafrﬁﬂmﬁk&(il intthd 16l6N 809 Sis is Speotitdwittedfe® e tdBikure 1a enables the formation

otlr a cgl'“ rl%% ar g?}ll:slc%?ées%}nlﬂ%?rﬁn%@ 9 rg)HJ%LtEI%X 58 ILT&W tm?ea}ﬁteljvﬁ of approximately
5-@@)mcadsrw1thgl Vp1|s eftuir lgodianeger atdldedWlﬂtﬁ depth o It Heang gyen imors- 112

su bSh?,_[}g !lcasjc}Le}ﬁa@Jall}I Jﬂ«?wsschgtrle@ﬁlﬁa% St‘i’lﬂﬁlre 1*@@ Bﬁ& ﬁﬁmé By 108 b electroplating
her eby preservi n% the barr acteristic

iyl ey g 1pe G P B FLTEE D e efae Hioe g ea il process
mbN Ve Bdcbraplisieh iy | vekllrattbliied reabmiupt elcttoplatingndepdsitipf techniques, in which the

titanium tantatum nitride or titaniumnitride |ayers

as the barrier layer 109, but -way be applied wth any

suitable layer or layer stack required in current and

future nmetallization structures. Suitable sputter

targets including a catalyst and/or catalyst

contalnlng precursors may then be enployed |n

o o - o o "
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correspondi ng formati on sequence including one or nore

steps for formng the barrier layer 109 including the
woab@logsi7e material 112 substantially in the sBCTase003/041185

region. In one particular enbodinment, this final step

for 5 depositing the catalgtlc naterlal to formthe

metedlizgtiopsirictusio} 00 jisgipseredoin ps eleckpRiating)bafy ot shovpmy, thatgycontain suitable additives
enﬁlﬁlﬁglfhs Blglﬂhﬁﬁmeﬁforaﬁl deﬁdﬁﬁoxpdifelﬂbeﬁﬂam gibsineqly fedthouk oidsiand)sebrisain the via 108.

Tl%l%{éya ??fl gerr 1?39?@19 [ as s@&irl }jelo Ha g; &R\A%cél\fhg ﬁﬂ lé&pability of the electroplating

pr@remlser wl@rﬁu@mmﬁwnlfpmﬂhwﬁw apcl %@W@k@f@%@%ﬁ%@é Rythe layer 113. The
ex8ds nSaluSea] 14 ¥nal ARn Gafmoldarvy Sﬁ)yutiutta&)[e prﬂ:@s@ o&mtH zis(IIMP Mh&&ﬁﬂle mechanical

Staggl?ﬁagf tﬁdﬁlatapf IZQ r}g%}f n%ia ah Qlﬂ)ge:&% essen {alla Cat al }iuatllg i}S in a conventional
mtdllizaticar sequayce rwithO.9 anchcttmhenmgb@gnangy of hgeeé d@yat,wsnnay even show superior

sta\‘m%r &k B thd RproRePdiRthGeristRl oAHDMAM I@E}Q/I@Eon@)aé@ to a seed layer formed by sputter
penetration depth of the catal

depsiiep B3 aWth g Vﬁ] AS Fgvinsy p %tfli?l{t gtle forma oﬁdo?ge ptabic layer portion 112
inviel bhaigielayap l9inggl be hditstee emnasttd nbpingigiymotaimgait theadbhesys tpropgres of the barrier

layepld9l?llmsl“nrg Paprojc%scslagoeﬂ %Jg%kf@ p?({cesg §£p§l| yst may be

I ncor ate into t 109 at a .
cont freisheRbeetusratixh et dimsys fér dbf‘aﬁe%@bﬁsa pedflization structure by an
eldttrgMiilg progks Sihg hamed 1t al3lab  skd Byer, vailch isakpetielly ddemiagegus for advanced

mlcc::roo%uctuﬁeeﬁavgn%yfe agures hVé/l&l e%gio fi i!l}g d@JF ds%ﬁ fnﬁcyo%nreéngg At t§ythe well-established -

anoun
“botrEnn éﬁcﬁﬂ@ﬂ incthe ge;cgygﬁlatmg Pféceﬁallt Phoélid b@mm%ﬁ‘é@ﬁt@ﬁ metal layer 114 may also
beﬂfn@ﬁ@ by él&:&ol@s@ d@pbﬁtldna\y&l‘enﬂt@@la}‘mm3ﬁ&§/ bORmesdlas i fird kdpgsition step or as a

ﬁrg &ealgcg é’t }é epo,ﬁ%lon sFeH t%)re P I?mgi a e:, Q%@ alf})lcx%%n the topography of the

meﬂm@meEwmsemelwaynbé approprlate to conblne tmo or
MOT eTRf paliidQardRBY RN ARSELIRE qbdi@ &@sndsﬂréane b R lmmmn may be modified

t hat LD and PVD,
S 7 A A e ey BRE b 205, LB B s o
tefichingseitbreim  Borneaumindy, theesprebes Gtepheet! forth rbawve . ma(beReffegmed mga different order.
FlIrfﬂerEibtg ux{oelmlug’uong IQI% ﬂ&hé’d ’Jo tl?eacte{aﬁpofsc()ﬁs\%%lyl{ 6r ci'eQQn herem shown other than as

nprises a met al 113, such as a _cop
dWﬁPE‘%m therplagnieelgnr { ‘%%Ffsff’feéﬁ‘ﬁ%‘aﬁhﬁé*ﬁtpamﬁ‘ﬂ?r§mg%d“’ée“§ é’é&l“"d above may be
allefty @k nfodified aigiU il @G eAdiatiche pOS cdnsiddiedpwitiie 88 . scoph eandrepiad of the- invention.
ar tion by

S T Tk S o L L T RN

el ectrolyte bath (not shown) containing a salt of the
metal to be deposited and a reducing agent. For
exanple, for a copper |ayer, any of the presently
avai | abl e and approved bath conpositions, such as
copper, EDTA NaCH and HCHO, 25 or copper, KNa
tartrate, NaOH, HCHO may be used. Due to the catalytic
portion 112 in the barrier |ayer 109, the deposition
reaction starts autonmatically and leads to a highly
uni form nmetal deposition with superior «crystallinity.
The thickness of the netal layer 113 may readily be
controlled by adjusting the tinme interval for

exposing the nmetallization structure 100 to the

el ectrolyte bath. Conpared to conventional deposition
methods for formng, for exanple, a copper seed |ayer
in high aspect ratio vias, such as sputter deposition
or CVD, 30 significantly higher deposition rates are
obtai ned by the electroless plating, while stil
providing a degree of conformty that is as high as
is hardly practical with sputter deposition. In order
to optimze the formation process of the netal |ayer
113, a plurality of test runs may be carried out to
determ ne an appropriate anounti-and type of catal yst
material 112 in the barrier layer 109 that results in
a rapid reaction with the desired degree of
conformty and quality of the netal |ayer 113. For
instance a ratio of 35 platlnun1and barrier materi al

A NN - - r Y

e
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-10 WD 2004/ 068576 PCT/ US2003/041185 netallization

structure 100 is inserted in an electroplating bath
wonoei4/0s$06n) that nmay contain suitabl e additi veeT/us2003/041185

ensuring the highly non-conformal deposition of the

metal substantially w thout voids and seans in the via

108. Thereby, the netal Ia§%ﬁﬂ¥§3 acting as a seed

| ayer. mayA exacd @ibramgea nichblafer bler ¢ pitatned didlaetrivf101 foemed on a substrate, the

I roplating process due to the substantially
m%%ﬁ?%gﬁgﬁ%ickness and thus current distribution .
pr ovicawsHing ¢ fixshmaterigllayer 10PPpverppid pajtegd dielectripgp a paspoyy geposition atmosphere
114 may thenideeat lehRMESarlyy a aatyytis wiafeddl 2 ;pidCess, such

i1 1900 T EUre TR 09 e R0 by g TR b aepsien

qual ity asheiein gidcehlvénmitoirhll12 netrerdtddza siid Arssweferiah oger 109 initiates a

W t hout  aiaghfs tie Rl i3 hnd 16 ForRh n0R1 186r A s8€8E: thaYiBlNayer.

or may even show superior stability due to the

i mproved characteristics of the netal l[ayer 113

conpar ed Tle n&the&efiblainay, swhertio sadeltalyyic mgertat B2 congbeism si lkdsiome of platinum,

by, Bivgh SGlod.ati 0 via. As previously pointed out,
m&%%ﬂ¥oynﬁ?@%£ of "t he catalytic layer portion 112 10 in

the barrier layer 109 may be adjusted so as to

subsit.ant i Bilelnyetho®bf claip & iwhertih @epadhing Saio firspiafpiel 1iyeiel®9 odmprises establishing

the barrier |ayer [ RLosess and i1 I
sl e AR e i et B er § it e B M RUBEE B, 8 Wporty, ctaly
atups|offgttarget-i ve enbodi ments refer to the formation of a

nmetal lization structure by an electroplating process

usi ng the_met I r. 3.as. a _seed. |.ayer . ihch i.s. .. .

es pe‘gi al | ?eala‘%oﬁlt (g%cg%“ﬁl?’ g regl’dsi/agn%aea@'t i) a({:eF%ls U tipayially uniformly
ditydbwied ip shidtragt es wi th di mensions in the deep sub-micron

reginme due to the well-established 15 "bottom up”

technpique_in th | ectropl atin rocess, .it shoul d he

appr tci at B ‘P‘ﬁ%ﬁ’g ‘?r‘fg‘%’t lferqmaifgir gﬁ‘.ﬁ%ﬁfc H’é@“é’éllé s %%Vldeg Oft one or mote
diftioetpertiony yf ideatget. ol ess deposition, wherein the | ayer

113 may be fornmed during a first deposition step or as

a first period of a single depositign step for i .

fillfng tHemehed elpleim Layharein denosjingyiaifh isHRA B IBGT WP AYRgipes establishing
satdh@seotisedepdslitioz atmiogphers by Watteting aloBB of Said @ssmeatedal off al targeFhaed  supplying a

j . ' di scl osed above are

mgﬁ#%§§#%?%v§ﬂgﬁﬂvg%%%ﬁ?he i nvention may be nodified

20 and practiced in different but equival ent manners

appar.ent Ti@ a8 6f Gdith It | fRthet ddmbidhgatjustiigy tati@oftatd@is of said first material and
ol5Etoh Shatl ot SIS ARBGIFESLR-L2T TP 2, e,

different order. Furthernore, no limtations are

i ntegpded tQ hdipadetRid 5 ke EibKC $ai Ok st Qhatei@ISIly@R comprises establishing
an as escri

erein shown, other th bed in the cl ai .
SR RO PREPET o AT o FAr USSP ap o least one of sad
premdodeweintlslegiagichalgi@dnagpadve may be altered or

nodi fied and all such variations are considered within

the scope and spirit of the invention. 25 i )

Accof-di ngW@, mgtlpd 05 Flaimet fir e SOHGHE cARiToling ap amoyat of cptalytic material 112
infodpotdtediimo tdirefirt naatefisl 1€l Wwontrollihg W20 4 bO6BI1Gte and a duration of supply of

2 /04118 QEAi 1. A nethod of formng a
wﬁggg%%%%%gycg$%?a%n%a€r rned dielectric 107 forned on
a substrate, the nethod conprising: depositing a

]:ji r lstO. mat efd Abthddadtelainl 09 waMER sSdictlalpat ﬁlﬂé‘rfﬁEdlZ containing precursor gas is
ielectric i.n.a.gasequs, deposi.tion sphere 5
sopHIE i by PudBes ey 5% B PR rarer i a1

112 ; and exposing said first material |layer 109 to a
plating solution including ions of the netal to be
deposited, wherein said catalytic material 112
incorporated in said first material |ayer 109
initiates a reaction to reduce netal ions and to form
a netal layer on said first material layer. 10 2. The
met hod of claim11, wherein said catalytic material 112

o o o, T . o o .




10
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pal | adium silver, copper and cobalt. 3. The nethod of

claim1l, wherein depositing said first material |ayer
waQ840e8336i ses establishing said gaseous depoBCTiUSZN03/041185

at nosphere by sputtering atons of said first nateria

and, at | east ten€orarily cata 8&

tardét. 4heTrREBHEL HFE OF" & ‘&iiefﬁ“’s Vet Hla%i ci°“tammg precursor gas s
supphddaliyttieclepoaiti@r df adid firdt Zhaiegal $aydyss disadnitimlefly uni f orml y

distributed in said target. 20 5. The nethod of claim

3, wherein said catalytic material 112 is provi ded on

one 18r nohe mefiod {9 ndaim oo rithersis Atofeask &1y dffﬁiejtef’rec‘l@"r $hgs are supplied
seqiBkiGdo @positls@ld Aistkmatdnhiadyer ifla deip0 tdnirslgd mainet. f i r St

mat eri al |ayer 109 conprises establishing said

gaseous deposi tion atnosphere sputtering atons of

sai d3f i r skhe methed jofi[claigf f, wherely gﬂé{ firgeaterigh Sy 19§ cqprises a barrier layer
sutRfaR Uy S&Vent®O BiradidH 0f ShidSAdtll infRtisirité poBtioRBEoRdédy said barrhRyer.

met hod of claim 11, further conprising adjusting a

ratio of atons of said first material and of said

cat dkyt i cThemtetapd efl claiom 1,Sarithdr igeleting fermilgpoedond wetal layer over said metal layer
by fe%ﬁl@lﬂ& rv@rereﬁ@m&me&lﬁ%m@@& Qsoacseé?iflaﬁll aim1, wherein

epositing said first material l'ayer conprises

establishing said gaseous deposition atnosphere by

suppisyi ngrhe methet of dipiel, pheechusakionetadiage sompvikee cophey. at

| east one of said precursor gases includes said

catalytic material. 9. The nethod of claim8, further

conprising controlling an anount of catalytic materia

112 35 incorporated into said first material |ayer by

controlling at |east one of a flowrate and a duration

of supply of said catalytic material containing

precursor gas. 10. The nethod of claim9, wherein said

catal ytic material 112 containing precursor gas is

supplied after a predefined thickness of said first

material |ayer 109 is deposited. 40 -12 WD 2004/ 068576

PCT/ US2003/ 041185 11. The nethod of claim6 or 9,

wherein said catalytic material containing precursor

gas is supplied after the deposition of said first

material |ayer is discontinued. 12. The net hod of

claim8, wherein at least two different precursor

gases are supplied 5 sequentially to deposit said

first material layer in a digitally controlled manner.

13. The nmethod of claim1l, wherein said first materia

| ayer 109 conprises a barrier layer substantially

preventing diffusion of said nmetal into substrate

portions covered by said barrier layer. 10 14. The

met hod of claim1, further including formng a second

netal |ayer over said netal |ayer by electroplating,

wherein said netal |ayer acts as a seed |layer. 15. The

nmet hod of claim 1, wherein said nmetal |ayer conprises

copper. 15 -13
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