SELECTI VE SELF-1 NI TI ATI NG ELECTROLESS CAPPI NG OF
COPPER W TH COBALT- CONTAI NI NG ALLOYS CROSS- REFERENCE
wWa DoREESNFED APPLI CATI ONS [ 0001] Thi s appl i cat i POT/UEZ04834449
benefit of United States Provisional Patent
Application Serial No. unknown, entitled,
"Sel f-Activating El ectrol ess Deposition Process for
Cobal t-Containing Alloys," filed Cctober 7, 2004, and
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Deposi ti on Prd¥tEd GOBACIYEONTAINING ALLOY St ober 17,
2003, which are both herein incorporated by reference.
CROSSREPERENEETHO RENVAREDAPPLECATIONShe | nventi on
[ 0002] Enbodi ments of the invention generally relate
[oootip Tdisrppplidationlaikist Iserzafi ofrbtrited Stéates Provisioral &adent Application

using el ectrol ess, depgsition sol utjions to deposj.t
Sered i GnRiguts SalusE avnltabilonFlattdidss. PepBsbin Process for
CotQﬂ’tVCéﬁ%iniﬁ?dAllB%fs?’ ARt iGcibser Y, ob4depRsiUitBE States Provisional
cobal t-contai ni'ng | ayers on coA{Jper surfaces.

Patewis dxpplication oBerizle Nesl 081 20834, eotitsyd, CopeléActivieting sElectroless

e RRES: ek A5 TEe Atk 2biebpd 38S B S oo herei

incdmiﬁédby&yfe&m,al um num ( .67 mMMcm conpared to 3.1
cmfor alum numat roomtenperature), a higher

current carryinag capacity and significantly higher
wmwﬁﬂe. These characteristics are
. tant far supporting the higher current densities
F'e@gﬁ{'}egﬁe@&%&f‘ hi gh | evel s of integration and
| . i . r 0 .
roocg EHEE i §enylon, bE LG pRERE 1o Tefyfiffitns, kits and
metdbds dor féeiiAg arievesiay, eleoippless iaposition walletionls toedepaositcapping

characteristics which nust be dealt with to assure
layarg apveh SoREusiREs 1avRie LI SIgClEdipieVichset 2pheMgER i artcularly for
' nek:f b S achi eves a
depgg?éﬁggfcé&%g %g%ﬁftﬁ% I%ﬂ%rs?cﬁ gébi%gg{f?gg&char acteristic
is the fact that copper diffuses rapidly through
Descriptiom of $hé¢ Redatedi Asti de and nost dielectric materials

on a substrate. Therefore, a barrier |layer is needed )
[0oa3p Copper and its alloys have become the metals of choice for sub-micron

interconnect technology because copper has a lower resistivity than aluminum, (1.67
pQ-cm compared to 3.1 pQ-cm for aluminum at room temperature), a higher current
carrying capacity and significantly higher electromigration resistance. These
characteristics are important for supporting the higher current densities experienced
at high levels of integration and increased device speed. Further, copper has a
good thermal conductivity and is available in a highly pure state.

[0004] However, copper has a couple of negative characteristics which must be
dealt with to assure that the devices mode suing copper, meet the desired device
performance characteristic and achieves a repeatable result. The first negative
characteristic is the fact that copper diffuses rapidly through silicon, silicon dioxide

and most dielectric materials on a substrate. Therefore, a barrier layer is needed to
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lencapsul ate the copper layer to prevent diffusion
between the | ayers. The second negative characteristic

WO g00sk3808T opper readily forns a copper oxi de WPETUS2004/034449
exposed to oxygen. The oxidation of copper becones
especially inportant on surfaces that are interfaces
at which connections are nade to other areas of the
devi ce, such as the surfaces of vias or trenches that

eno@b@umm@@ogbéﬁray% pI&eerit Aiffidio® Debleo e fayexd. dThe second
at the interface between netal l[ayers can increase the
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OSG Sit a ne

intedflalcey atrwitioppennsctidracae ndadel“tomthan dmsaasf thkfdevicentsuch as the
er .to copper djffusion, %‘ia{'t atl n and

sur&gpraleﬁf iVigs oq—];;pgclﬁﬁ)’g@t aresXpos esfﬁg'aation of copper
oxidt 29 BB Ph&FAdL bRive %éf&gé%t e§a°n Siﬁ’ér@%é Vel Fsistance (e.g.,

copper relative to dielectri eri al
copPeb ahtercmmtesis)i anyd addunes thes caliabiisy b Itfae overallgsir@uit |n the formed
lished to

deviteny O8e SAIGTL b FEIRANED PRt DE GUOL CNaiphpg Surfaces which

pro@ib@gtsrrpéﬁiéﬁen@i@aﬁﬁérttb%pb@pBmu@ms em%t@%l{;@t@ﬁs&md oxidation. This
deposition on copper using standard el ectrol ess

appeéirsmasiseadily agoomplisberaising an slastiolassadatingipenciess selective for

corf? ARG SR b L CALTE LB SN uBh e cobar

tungsteal fpheephideni(CEVWPY, oxke rmutéﬂ@lsewtébhshadt tetedet many or all
el ectrochem cal ly ying a sufficiently

requ@gmelnﬁ% aadema»m 9()6 sle@@ﬁ%@dwﬂgms elesilRss| \ﬁéem&tmcetechmques
=100 Gleo PR, P 5OHEL LA s Horlplerd oAb nas been

problenaditic sined these aeatérisle draigenarallyonet atde rtolseﬂsfactorlly catalyze or
. _.depositign on er, sur, ace IS to deposit

initiae afonstior, ar BTGB dention G eoaBegB g, FiekBsiay be easiy
lnltlgie%"'é‘é&%%fﬁenﬂbély '@ﬁg "'Bgew rlglngrﬁ80§u1‘ﬁbféﬂtl9fné§hﬁlve potential), a

atalytic materi estepso
con(brhuoas adoyductivmislidade cxvepcblum@ubskrateamwfaae sotdquiirgd, whnch is not

avel D IO R P EZPHTAOPSR 1 undegi red.

non- sel ecti ve deposition of the capping alloy

[OOUEWRW abtablietied eAssrbbyR ﬂfﬁﬁﬁletlhg?’ne@‘ctrﬁﬁis@ dabbsition on copper
ping material may |lead to surface contani nati on and

SUY‘E’f\fC@ﬁt igalo denesibarthin iaverfaf oncatalytic matalupp dharkpppensurfaces by
dls@%%rﬁfen't éfl%%arﬂctﬁvg\?er [o%%ggltlo-ﬁth B atﬁgﬁ% %détghglfnﬁ%y require

ng capping 'l ayers are de

multiple steps or use of catalytic coII0|d compounds. Catalytlc colloid compounds
may adhere to dielectric materials on the substrate surface and result in undesired,
non-selective deposition of the capping alloy material. Non-selective deposition of
metal alloy capping material may lead to surface contamination and eventual device

failure from short circuits and other device irregularities.

[0006] The prior art discloses cobalt-containing capping layers are deposited from
electroless plating solutions. Generally, the more concentrated the plating solution,
the more likely precipitates form. However, plating solutions with high chemical
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el ectroless plating solutions. Generally, the nore

concentrated the plating solution, the nore likely
w@e@siopiosat es form However, plating sol uti onsP@I/UR2004/034449

hi gh chem cal 2concentrations (e.g., about 0.05 Mto

.0 M have been traditionally desirable, since the

rati o of individual conponents in the sol utions

depl etes nore slowy during the deposition process.
coniceatratigns (3. 41, iabosit OCOB M taj 11@ Y Waoélbéeﬁal'adltlonally deswable since

concentratjons (e. have a tendency
therajip dqun%muai éOWélOQ?QtSaHUtheeﬁmHt'Qfgs derletes mwwéqwlvr@rmg the

dep‘é)ng éﬂo%@é@.' éﬁlé%%f?ﬁ?ﬁﬁ?ﬁ c%rntﬁﬁln HbWHePRichl 8§ﬂcentratlons (e.g.,

oxygen e prior rt i n genera
< Od¥s M)l e a tendersys tovrapidlyadepipieemetals dunclt redeiclngy agents through

rst._cleaned to renov ariqus conta such as
the SepRSUORRE Diacess oF Dy GRASTORATE KEMIRE PoeBe by
di spl acenent plating, such as with palladium prior to
[ooﬁfpﬂ% bliBPar ik ¥ePefd dedvfbes ytﬁ‘oéé@%s\ﬁ/héﬁéaa'c%pﬁép%ﬁdidldhve layer

_ cleaned and activated before it is transferred
is fusbcleanedhtorivemove defieisd contamioapis rﬁgmhageroxxdma and polymeric

res Bt 4P BRIIER 28 Brb P RREBlaBur pich p WilPatcium, prior to
ded@%ﬁtwg&@ cbbﬁm@' lapéx. "Dhé kabbiestedis Gehbrallgenesdd Qﬁd activated before
erefore the tine the freshly cl eaned

it I%mrraﬂéte;rgecbﬂ@ angibek ghamben doaderasihtee Cappingelayer.t i thg cleaned
cop\ﬁ% {Jﬁég% n asru:gglggﬁﬁles?@ ﬁ?g%‘fgbg{dﬁgﬁr‘éfrcﬁﬁ%r%lggﬁg%u\évplle being

ore a need

trarmﬁ@kré@ﬂ&meéndhemlemmrdmberf and tthe deplositionvehamber, therefore
er aIIo s over cond ctive |

deposi tion of barr ers. "
the e Ehe Feahlycrlepnpc alnases i BRRasOlAitER alBpsPRE® can be critical

w t hout internedi ate
W“%"‘XE"J@W 3 /BBdsiSthicBAaBelr svRs. W (10N N The

I NVENTI ON [ 0009] n one enbodi nent, a nethod for
[ooa8hr Thergfare, tharetis ¢l need d@@eﬁlmplm gwireitrpbusti @mbi@su drfect prone
prowﬁfo& tﬁ? rsgf'ecﬁvg,@?a%g@ﬂa oggﬂﬁ%:;é 'aﬁlﬁgg gvgru {;érfcfuc% lI'ayers There is
aIs@ @"ﬁ’éé@féroé‘ p@écé‘ssnwhi@hl dHnBiges tgfeChalh and ipldtigeprocesses without
| yci ne and form ng a caobal t-containing sol ution

mtameﬁledes%@@ﬁuregm thelsybstiate ©o3pri sing a cobalt source,

a tungsten source and a second conpl exi ng agent,
formng a buffered reducing solution with a third pH

m}rmﬁya@ﬁ 'ﬂ‘?ﬂﬁﬂ\lﬁ;ﬁ%m\l hypophosphite source and a
third conpl exi ng agent. The

[0od¥¢tIRhe &nbBEAIment, a method for forming an electroless deposition solution is
provided which includes forming a conditioning buffer solution with a first pH value
and comprising a first combination of complexing agents (e.g., citrate, glycine and
DEA), forming a cobalt-containing solution with a second pH value and comprising a
cobalt source, a tungsten source and a second complexing agent, forming a
buffered reducing solution with a third pH value and comprising a hypophosphite
source and a borane reductant and a third complexing agent. The method further
includes combining the conditioning buffer solution, the cobalt-containing solution
and the buffered reducing solution to form an active electroless deposition solution.

The electroless deposition solution includes a cobalt concentration range from about
3



i ncl udes conbining the conditioning buffer solution,
the cobalt-containing solution and the buffered
WO e@s/038085 sol ution to forman active el ectrol eBGI/US2004/034449

deposition solution. The el ectrol ess deposition

solution includes a cobalt concentration range from

about 31 inMto about 30 mM a tungsten concentration

range fromabout 0.1 Mto about 5 mM a hypophosphite

1 mbbtecaboutad® onVly artyagétearsamicentratiomirige froouab&it OrivimM to about

5 8 pE AR AR PR, 08 7R b 3 o,
borérfé absstintilion] RMGR] fremaasBes N8 ibdRr 50 ANk dnd | s a total pH

formng an el ectrol ess deposition solution IS pro
valugtin erangelfrareabwout SridiabiouhlBg buf f er sol ution having a
first pH value and conprising a first conpl exing

o2 gnafhs™ &iboa 2R "8 R dB Rl A TE e 5§on Boluion s
provigdwhich iretudes aacereiiga i Qimembnﬂmgﬁé\tmgaa st M @dive and
reduci ng%ﬁsol ution having a th| rd pH val ue and

COMpHaRg; iviigt aow,!%m@%ﬁnt @§@Q?¥§@Oﬂhﬁlwagaﬁ€éutmubamgta second
pH ¢ %dag&hghglpl a 'cOEYE! 'ngr lecq P@%Hetéﬁé&}% and a second

|nc udes in tru trons to co ine a
comphmhg iagenty b uidffared ofealucing, sbhationohalingcantisrdiiply value and

UtIO and th uffered reducing solution to form
cornpfiging £ ByPRPadss em%)a@nrp@oﬁ KGR FeICIRU0A 2h addiianal reducing

age®tTO Qe RAtfurtReK iihclli@és f n‘i’étﬂ]c‘ﬁ@n@ 6! éérﬁbﬁeb?{sgé’ast the conditioning

deposition solution is provid I nc
buffefoselutiomnthegcohdlt-eentabiing somtlba\/antgtrae buffetedptéduaingesolution to

fornf 5 eERURES ARPRYHEBSELARR. Raving a second’ pH val ue

and conprising a cobalt source, a secondary netal

[00115]0hn" arotabe epibodinent, & Ibtlfcfr%mﬁing%%i@rhf@béé)édlﬂé Osition solution is
ving.a third pH val ye and conpri sing a hypophosphite

prov whichyingidase ar canedtioning dutfet isplusios. hairg fai first pH value and

e I n east.,.th
comEHélgpt E:I(t)llna?% HH@ |‘1 Qgéﬁﬁl%@rﬂ? %hCSBQEgEﬁtaifﬁﬂé ?ﬂp“@n “having a
secmﬁi pHi miuermhd h:en’m;fsir&g adccrbalitus?mesel sédggi%igho néthMsource and

trat t
citralh of HHTSSRH OHHOHAN SREBVIDG. Hcsd: pHavalde and comprising a
hypdifHeRbhité ¥ #ES)] %gb{p éHhcﬁar‘FtOQHd‘céniré(t% ! ?ﬁeer k! RPREP thcludes
on a substrate surface an el ectrol ess osition
lnstrpﬁ’m‘tﬁs@ ¢ambinevatdeashthe @bndrhnohm@etwfﬁavrwlutlamg tree Eolyait-containing
solutlon ‘Uha %;e %u%?‘eja tr'e mzlrr]l scl)JIu{lon to form the citrate-based deposition

solution.

[0012] In another embodiment, a method to deposit a cobalt-containing layer on a
conductive layer disposed on a substrate surface by an electroless deposition
process is provided which includes combining a first volume of a conditioning buffer
solution, a second volume of a cobalt-containing solution and a third volume of a
buffered reducing solution to form a plating solution, and forming a cobalt-containing
layer on the conductive layer by exposing the substrate surface to the plating

solution.



solution, a second volume of a cobalt-containing

solution and a third volunme of a buffered reducing
waeeianssess to forma plating solution, and for nPEIyUS2004/034449

cobal t-contai ning | ayer on the conductive | ayer by

exposi ng the substrate surface to the plating

sol ution.[0013] n another enbodi nent, a conposition of

a plating solution is provided which includes a cobalt
[0018pUnhcandtherembodinéntatil compaesiigen bf arplatisolbtidh iprovided which

. about 20 V a tungsten source in a concentratjon range

InCIABHERAR SPUIORT PEORBEONSEPHIANGS ROTLAHE SHAbLo BB6Ut 20 mM,
' C ' r t

a 1RIER solrk P AFGGHdGAtiafEn TAGE i BLRRRY.2 tnidMol Sbout 5 mi, 2

hypophgsplitesoatoeLin 2comtdandradibourang® frokh abouai b maltidoiaboat 50 mM, a

oo B SEARHAN T A BRI PR T 20 v, o

citraf¥ 9 gbedhodimbatiod raﬁ?é Cfr8fi hidut 206 ORMENEd add® 200 mM, an
range fromabout 1 mMTo about 20 mMM a surfactant in

alkanaJamiemin at carcandiagiongrnge dtam sEbqub o mM dg abosihd 58 M, boric

ac 435 TR} AR FOROAREE A, B A s Bt i o

cond@litratie® epgkabh abdmit B0 Tgahe ot Ryl iRy & FH adjusting agent at a
concentrations of about O ppmor less. [0014] n_ .
congeotration el dORINERIN, aa PEbfEBI Bbowt & ta pbayt 4§. Optionally, the

e B H ety OBl Aout 1o

ppra atéssmdary netal source in a concentration range of
about 5 mMor |ess, a hypophosphite source in a

concentrati on range from about. 5 t.0,.abo 50, .
100 o1 478 BB BT RACTIANG COMBBRE Y CbA PaHGe SPHURN 4bBLRVded which
incl?ﬁ%%% gc’%%lf sQttcBYh sfcdridentrhfioh Pafge ABALABS@S AIM kBB6Ut 20 mM,

rom about 90 MM to about 200 mM ™ an al kanol am ne in a

a sswondaty anétah sowncge in ramoaisentration menge efbabeuti Somjor less, a

a borig.acid in a concentrati f
nypPasaLite 60 e EEPPaARY Bk A AtBr 5B, bl 's0 mut. 2
boraheakepictafl iAPA @hckAFatiomtendge Frdnadibesiti NenMaenabait 0 mM, a
concentration to maintain_a pH fromabout 8 to about

citrate ipo@15pnaeniiaionerrasesofiPfer@bol 96t MY 1o aRWBsEP0amMM, an

alk%ﬁ@%bﬁé& i‘?@taaéJHd%gntrjgﬂX {rglﬁéc? ﬁ@pﬁgﬁ%{ B0 ¢5151 tgeagfb%it Y50™M, a boric

provide €S exposi n

aci@ anduebhaentratioer ramyeafrembaboutt £ m @nabodti 2&niMpa surfactant in a
solution to forman activated c nducticye Iﬂ/er. .
concentration range of about 50 ppm or less, and a pH adjusting agent at a

concentration to maintain a pH from about 8 to about 10.

[0015] In another embodiment, a method to deposit a cobalt-containing layer by an
electroless deposition process is provided which includes exposing a conductive
layer on a substrate to an activation solution to form an activated conductive layer,
combining a conditioning buffer solution, a cobalt-containing solution and a buffered
reducing solution to form a plating solution, and exposing the activated conductive
layer to the plating solution to deposit the cobalt-containing layer.



conmbi ning a conditioning buffer solution, a

cobal t-contai ning solution and a buffered reducing
waeeianssess to forma plating solution, and expoBCTYS100€034449

activated conductive layer to the plating solution to

deposit the cobalt-containing | ayer.[0016] n anot her

enbodi nent, a nethod for form ng an el ectrol ess

deposition solution is provided which includes
[0016RiInt ahothey embodithéntpra Naethokdf i&m farhiihg odn %Ie?trdlbwtdeposition
tenperature, maintaining a netal-containing solution
SO"&Pan'SSQEQ)ﬂ‘Eeq &Pﬁ@? Mcluges maineining r?gC@nWE@U'BQn@Jffer solution at a
_ . t o4 thir o e
firsRpiforalrd, inhif PHREAIE SR BT 208, $8hl Bmperature,
maintdihimg a oédudiog sotutienratathicbienageratuge swlairitainingawdtertat a fourth

reduci ng _sol utian. and the ter to formap electroless . . .
tompEIRICIS. 370 SHITANGY he SonRPRNgeAisT-Enhon, 1Pl containing
sol#tRf BRE tRENRHLERB! soldtidE BREXNEANateP 1§88 &h electroless deposition

el ectrol ess depoSition solution Is provided which

soluties! aice §fth demperajutskygen from water to have an oxygen
concentration of about 1 ppmor |ess, and combining a

oo, Bl oo R BB s aoposicon
solutior i8r proiiee! whichdhelsges eprpivingodxygenUroPnvaiy td®ade an oxygen
second oxygen concentration of about 3 ppm or |ess.

conggoirgliom chAbPHet PERbeUiesenand sombinieg aranditianinggutter solution, a
€ i i u :
cobBHETHANRES SHERER, = BB TR pPLBSA SR M, Whter to form an
clectotpss depgsiionl sastion vaviraal secorgl agpadrs cohoemiratpraof about 3
cob?l t-containing solution, formng a buffered
PP Qf{RSSg sol ution, and combining the conditioning
buf fer solution, the cobalt-containing solution and
[oo1efanPHhb#Ie? demBBEmMaR, SO! HEHR & faiTh@na®! 86¢FAEES deposition
deposition solution. [0019] n another enbodiment, a o
solyiascissyrovisiediwhiehrigclades forming leacandlitimies buffensolution comprising

at B3tk Borbhaii SEolh il ' REbal SR, 36, Brming -
buffepédit te@iuiciritd salllishf edrell doﬁ@blﬁin@gt@b@hbmtbniﬂfgmﬁé‘r asolution, the

citrate-based deposition solution, wherein
cobglirrgntaipicheplptien andsthedbufinred Javeing Sotytianafoefosmgan glectroless

dep%%ﬁﬁ%o%cﬂmi&?' the netal -containing solution conprises
a nmetal source and citrate, and the reducing solution

conpri ses a hypophosphite source and citrate. n one
[001aF drcanothec i embodintamic enpratassnfoof fotringeiat cirtaée-basedl deposition
SOIUqZIe noi%igria\c}%ea%l%glim c|)r?clli1<§‘esi. cr:]or%blrn?r?gg\(levater, a conditioning buffer solution, a
metal-containing solution and a buffered reducing solution to form a citrate-based
deposition solution, wherein the conditioning buffer solution comprises citrate and an
alkanolamine, the metal-containing solution comprises a metal source and citrate,
and the reducing solution comprises a hypophosphite source and citrate. In one
aspect, a citrate concentration of the citrate-based deposition solution is in a range
from about 50 mM to about 300 mM and the metal source has a metal concentration

from about 8 mM to about 15 mM. The citrate concentration and the metal



fromabout 50 mto about 300 mand the netal source

has a netal concentration fromabout 8 nMto about 15
wWOorkM05/0s888%i t rat e concentration and the PCT/US2004/034449

net al concentration is at a ratio at about 8:1 or

| arger, preferably about 10:1 or larger, and nore

preferably about 12:1 or larger. [0020] n anot her

enbodi ment, a nethod to deposit a cobalt-containing
conkapeatidy iat 8lretd bohbest 8tarsiShigePNplefsrapbsatedutal0:1 or larger, and

substrate surface containing a conductive |layer is
morgr prpferablyabeyt 121t pndrsseexposi ng the substrate surface

to a conditioning buffer solution to forma cl eaned

[ [

oo ckose: SREERmERt s Heithd REapaRtt b ARGRAERRG taver by an
cleciodless depositibnrproeesd anh isngulssitaie isarfacamontipiogi mgondiux:tlve layer

s riapRer WECRIBSLEEE sbtsinanthe SutrathsliisRe' PooFendfioning bufer
sollﬁﬂﬁﬁt *f@rfo?ﬁﬁb%db%%d 60:'5@5&1% Fag/eideE@ﬁibﬁmﬁ‘g the conditioning buffer

cobal t - cont ai ni ng a er ectro ess dep03| tion
solmmneascqbalfaccmlasnngatseltﬂmnf aoé amadacmlngowtloontdmmmvea plating

sollffS iR R ddo aPreidiR HaP i8S sitiia selution to deposit
a cé@élﬂb@wt@irﬁﬁ@%&@t@@@hi ve -l ayer, conbining a

condi tioning buffer solution, a cobalt- containing
sol ution and the buffered redu0|ng solution to

orm
[0024] dpianpteer ambedimeant acisiachlp daeogit @é?@@@“c‘&ﬁﬂ@'@tﬁgv@yef by an
I I |
elet!(::tg%gﬁ; Hggbggloﬁ |Fﬁ8b%%y8'q lét?gé'éatntg sﬁgf%gg ctorn?aa{n]lg a conductive layer
is providddnwhich miclugiesaexgiosing dne fsubaira@ surfadee ¢d ra)baﬁered reducing
lﬁg&gm |on solutlon|3@¢OV|de ch includes a Ecrc,t ,
sol O Skeﬁf‘ﬁa coNdyRtiNG fayRr s F'I”Sra cHNqIHPRIRg bu er solution,
a CBBHﬁrdoﬁ'télﬁln@ Sbitfih %n&tﬁ@%ﬁéré@?@&uuﬁ%@ﬁﬁﬁ‘% Jorm a plating
I-"contarning solution conprising a net sour
solwtmzh amdr@trmsmag thiei ¢ldaned sehdudivedayemtg the ipletireg s@ut:on to deposit

reduci ng. s tion conprising a hypophosphite source
acc&pﬂygpnl%ml lIJa&’%ﬂrjll?%rrengource of heated, deionized
degassed vvater and a fourth vessel in fluid

[0022P TRLAWGIRBT @rmtmdMﬁehheaﬁ lapphrate s dontbrating tan efbctreissel deposition
and the water source, wherein the fourth vessel

soligigt i provided avkish riplades c sy Yasse! §@F’@ﬂn'69 a popdisioning buffer
sol A EmplPRo LR shiol o sl Pk 4Rl tg sonon

congleishsg i metsl Aour¢e and [ditPta] arthm@%beasl cmmmdlngeatbuffared reducing

net hod for forrﬂ n% ﬁn el ectrol ess deposition
solution comprising a hypophosphite source and citrate, a water source of heated,

deionized degassed water, and a fourth vessel in fluid communication with the first,
second and third vessels and the water source, wherein the fourth vessel contains
the electroless deposition solution. In one aspect, the apparatus includes a heated
baffle used to reduce metal concentration of a depleted electroless deposition

solution.

[0023] In another embodiment, a method for forming an electroless deposition

solution is provided which includes forming a conditioning buffer solution comprising

a first complexing agent, forming a cobalt-containing solution comprising a cobalt
7



solution is provided which includes formng a

condi tioning buffer solution conprising a first
w@ 0vplossoshg agent, form ng a cobalt-contai ni NngPEDIUSL00084449

conprising a cobalt 7source, a tungsten source and a

second conpl exi ng agent, form ng a buffered reducing

sol ution conprising a hypophosphite source and a

borane reductant, conbining heated water, the
soucemdatiuogsten sobfoer andl atsemondt bemplelitigt agent, AfoRning a buffered

oluti@n.and t he buffered reducjpng solution is an

S C
redyiing; SAUfPR; FRMEYinEndt BYRRNASRAIR) SRuree| @k a borane reductant,
confifiRg he@feds QUatel, Othe a¥haftiohRRY HuR@rt uﬁérﬁcii{{!cﬁﬁﬁlt-containing

deposition solution on a substrate surface wthin
solufisuand Gheibuifesed sediiging , satutisineisatah yn-lile mixirige system to form an

[e f er abl y,. about m nutes or | ess, .
elecifiidss ABPaT shutaRs Atk ydeiiha Jo elitiiess dencstion solution on
a sihtite [FcHEBeRTIEN sBoutdo PRAWE WI&&Q%Efe?leyhﬁj niififtes or less,

manner in which the above recited features of the
andgpete Rrefprain ebent 2 anngteserdess efiedfdarmingthe electioless eleposition
sollﬂi%hti cul ar description of the invention, briefly
summari zed above, may be had by reference to
enbodi nents, sonme of which are illustrated in the
BRIEFPBESCRIATAON OF. THEi BRAWING S0t ed, however, that the
appended drawings illustrate only typical enbodinments
[0024F Sahitbail dhenmiaonetinl whicht ther above nestted dfebtures of the present

iR B B 8 <SR bR RS e invention,
brieflp @2Bim&tigsd aBovdy &y blel Hit By tfefdn2aas cPhbsmRingy 882166] of which

I nterconnect by an enbodi nent described herein;
are dllggtrated ephetappgndad! drgairgss ené isttoube unetedi thewegver, that the

t at gl [ ing, L.aver § y 1 owi ng.
apPSRE8H 3reBMER MR E R R T EmbBRI RS2 it Jildion ana are
thergfaresnotntagbs donsitered dieiimd of @k escope fori heoaeemtoromay admit to
cobal tc% ai ni ré%qfi | ms grown by various enbodi nents
otheferqually &iTaetive ebqaimsss: Fi gure 4 graphical |y depicts
the current | eakage of cobalt-containing capping |ayer

03], Y8507 Ny 85 8P R IAPEARILE B sosiment
descelpgd hgreéinyer on interconnect |ines; and

[0026] Figure 2 depicts a dual damascene structure with a cobalt-containing capping
layer formed by following another embodiment described herein;

[0027] Figure 3 shows images from a scanning electron microscope of cobalt-
containing films grown by various embodiments described herein;

[0028] Figure 4 graphically depicts the current leakage of cobalt-containing capping

layer on interconnect lines;

[0029] Figure 5 graphically depicts the resistance increase of cobalt-containing
capping layer on interconnect lines; and

1



8[0030] Figure 6 illustrates a schematic diagram of an
el ectrol ess deposition systemused to deposit

w@eewalossosdnt ai ni ng filns by various enbodi nent BCT/US2004/034449
descri bed herein. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT [ 0031] The words and phrases used
herein should be given their ordinary and customary
nmeaning in the art as understood by one skilled in the

[003a] tFlgnmﬂeesslllmtl'aiesviasscrfamnathedlagﬁmnﬁ@n Eleetrblesedeposition system

it n is bro herein as the deposition
Usegftgads i obplte %93 mwaem'a?fym%ts&gg%qrwed herein.
over a catalytically active surface by nmeans of a
chem cal reduction in the absence of an externa
DEEARED iDESCRIPTION OF THEPREFFRREDERBODIMENT
oxi dairton of a honbgenous reduci ng agent. [ 003Z]
[oo3ETORIE mentls afd titerabey asiedohewin Shiteild depgdian tnsir @ndinary and

cusishant GrAnG Mot %%Saeé'gés‘&?&igiyz.oﬁ‘gxsﬁlb& dNihen art unless
othﬁ](\e/\?%é HGrRe HEFRES- FIQ@trdﬂg 3 So‘%gfﬁi‘ﬂbHﬂ gﬁfs&éﬂ [ herein as the

in are general ly use ectro ess poSI
depssltioni oha cmdjmbwelmaterrahgﬁmnmgnémymnsam aobalhhcove/rea catalytlcally

features. K Generall t c.on e featu i nclu
actiyg sio: bYCHRERS o B, eiRe sansinBr i pgerce of an extemal
eledtR6 ! difern, sabRlds B HrRblideatdIiEbkidhtioh Q93§]hom ogenous reducing
Enbodi ments of the invention 1nclude nethods an
agepibnposi ti ons used for el ectrol ess deposition of
cobal t-containing materials. The inventors have

[003QL%ﬂggﬁﬁ?@gf§?tthglf éltlvlghg% O;F?L%/I d FrH;I t[galgg aﬂad kits of plating

soldtionsRinethods ttbi mixt plating %blui@nsqdmd hfélhd)@s to deposit cappmg layers
advant ageousl y avoi ded, since particles incorporated

with Riggng Rdligionsed T he itig: sHlgientdeseieddareln awgenerply used as
eleéifd?égsc‘%ggegltlgﬁgécﬂ%ﬁsh{% g@?&élf A (gﬁpﬁﬁiléﬁ] ﬁ'ﬁgconduc ive features.

em conductor features tron
Gerteraly, I\Yhemmrmiubtnw&ziatuﬂasl iecludd woppgr oheoppar atioysiwhile the capping

articles f thin the plating solution. A high
'ay%ﬁé”%{wﬁg?‘ MC‘E’% ‘?rlfﬁ', especially relative to
the low netal concentration also attributes to the

[ooﬂsf@m%dﬂ?ér‘it‘s%ietﬁeorrﬁéhtl@rﬁ‘ inélAaE eRbthas Sarkd cbhﬁ)osmons used for
at i ng solution are separately maintai ned until the

eleqircdesth eposition ¢h cpbali-gontaiingimatarialg. dingl inveslorsbavedigcovered

= oogHERR: bl BoRhid Al Ll PERUFESY AR0ER3LRBan, Particr

forrhdtitn eftiin the plating solution is advantageously avoided, since particles

incorporated into the plated film during the electroless deposition process can
degrade the quality of the formed semiconductor features. A low metal
concentration (< 0.05 M) is achieved while reducing the amount of particles formed
within the plating solution. A high chelating agent concentration, especially relative
to the low metal concentration also attributes to the lack of particle formation.
Concentrates of the plating solution are separately maintained until the plating
solution is in-line mixed in small volumes and consumed at the point of use. After
each processing step, the depleted plating solution is disposed of and thus each

substrate is exposed to a virgin plating solution without particulates. Further, the
9



substrate is exposed to a virgin plating solution
W t hout particulates. Further, the 9short tine
wa@lanssess bet ween the m xi ng and using the pl aPCTyS2004/034449
solution is kept minimal, to avoid particul ate
formation. [0034] Generally, a self initiating
chem stry and process has been di scovered which
enabl es sel ective deposition on netal features froma

shott!ltimé| EuraBoR ohstieeBOtHE infiRfhgMainehusing thex ethtings solution is kept
prior to use. Each conponent solution is stabilized by

mirimgb |ta Evoisl pamicylate Bewtiienat i on of one or nore
chel ati ng agent s within each conponent sol ution. The

[oofﬂnﬁgﬁsrta}ftllgég 1 ARt O,ﬁé gg:émlélg;é gﬂéﬂé{r@&@s@ ﬁaé Eeéh frscovered which

gasse
enarhdes selective (di@iposmmncbm Hwtalrfgahfres firene anbuhlptis cmmponemﬂt solutions

[ uti t i, t
Wit nas Ao RrieF T8 Biden [EATTS GoBPonRRt FBuienesiebiiged by a
reldtiVe Rpﬂpﬁrﬂdr%%ﬁ{ra{?@ﬁbﬁbﬁe%‘P%%r%scrélétﬁfgcégé’rﬁs Wi each component

Initha solution to be dispensed on substrate for
solumpxw tThen caimpeoent tSI@duﬂQnghB;e rreixedi vueiehably sinr lise, with heated

SRR G e ST 508, P o e

coﬁ@m@@ht@ﬁpoﬁeﬁﬂ?%latlbrﬁ@ vagent réquifiRy aksidehte® tiwhé Gh a conventional
facilitates controlled deposition. The conposition of

heatgs Eligvnation of the rgsidense dme i w&ntlomﬁm@@terﬁ@nables a reactive,
self}?@ﬂyéﬁrsg Gqtintd B df%lp%ﬁ%cﬁ B Eﬂbét eﬁg #O?Q}n@g{oslt%nt Rfthout the

I ng concen Ion, rat

higHiyf feition dHemistribsr fiﬂnﬁmgalpartm‘]esretTaie hrgmscmubrrtmﬂummfgchelatmg

ents, [0035] Prior to initiatjin the Qsiti
ag@%éd%éﬂutedne té%sembm@ P%m'apé%f'r oo %\"eeﬁtcﬁ@lat'@;a agent to

meﬁéltﬁétl@ 'wHih Raditatts Gt ltdn g%@g%ﬁ@ndﬂ?é%&ﬁpéghéﬁ bPthe chemistry,

oW ng dep03| tion, trate can then
as diszarsedd am dietaidleelgw, imfarmudated pusbdbst akeg3ele hmijtiagt factor is the

richgia e@%ﬁ@é@@%ﬁmﬁﬁs SEIREE G hed debgns of meta
|on% fé%ﬁyb, gé@ mEries referred to as the plating
ution and Then to hardware and processes used to

form eI ectrol ess | ayers using the conpositions. %‘12&” b
[ooaslaPpﬂpéft@rlmlhat"@grﬁwdﬁ@ﬂsmoa MEPeeRs: \he GHpFERiens RIGEsably cleaned

o BB 1, 05 oBGERR h pn ofaning deposivon,

suﬁﬁkatbidan taed bz dledhed add uadendongn @oheal mocess.| owi ng
each solution to be provided as

[0036] Aspects of the invention will be described below first with reference to
component chemistries, then to combined component chemistries referred to as the
plating solution and then to hardware and processes used to form electroless layers

using the compositions.

[0037] In a preferred embodiment, a primary complexing agent such as citrate is

distributed into each of a conditioning buffer solution, a cobalt-containing solution

and a buffered reducing solution, ailowing each solution to be provided as

concentrates from which the active plating bath is prepared by diluting with

degassed hot deionized water. When combining and mixing all components, it is
10



concentrates fromwhich the active plating bath is

prepared by diluting with degassed hot dei oni zed
WOR08103808%en conbi ning and m xi ng all conponenkP&T/US1004/634449

10advant ageous to avoid a condition in which the total

concentration of cobalt ions or reducing agent

substantially exceeds those targeted in the final

pl ati ng solution, unless the absolute concentration of

advahtageiotisite aloid asedradition iraivhichhthehtetal cascemtyativh 6D§<§balt ions or
readi |y acconpli shed by the dlstrlbutlon bet ween

redyHiPgARpBHRIIRR1AIon e Gags thase taigeter BntheoAn pfating solution,
unlé’é’soﬁfésébéﬁﬁtee%ﬁfédt?éﬁ@ﬁ & &itra fshﬁsﬁ 3 ngfé?ﬁ%m/ PYgher, as may be

reduci ng viI scosi erences resu
mos;ter@laelgyitacoonqnﬂlslced byt thei diswibation hgitween raﬂctham cospohents. One

t he, cobal t -.cont ai n| sol utio 0038 0
asPBRh G BLTVeRiBn Al AgPEgIeRs! (0 S atuPHLaIGPIrie cgmponents by
redﬁcéolggt\*ﬁ%oéty‘:@lﬁ@réhé% Nesithd Q’Forﬁoéét}regé‘tloﬁ" of citrate into a single

| t-contai ning solution, fered reducing
compsingritosucinas thet evbaliPeesttainitg golutiore condi ti oni ng
buf fer solution, a cobalt-containing solution,

R T R ST Y T pep—
contiftiomiridhebuffesi eemtu@hatanlotsalt-u@mtamm I heol@atitsh,t momalffered reducing
wat er constitutes over 50% of the ating sol uti on

solutignuaRd water. e Piglieyaklpotine @U‘%lfdﬂmmlbéﬁehﬁﬁlelt'ﬁﬂeﬁ &iofltycontaining
soltgggxgtsaség e? Eécﬁ{éi’r?é )ér?ngilég %CH %oﬁ@e (ée(?wmponent solutions

thatewhbncmmblmedtwshlmteqnfdrm tHeedelﬁEéc_r plbtmgrsmlmﬂmrat iTowe additional

within.the at sol uti.o ssin the
watpl GO VS S0 toB A SORE RB VN BB SRt erabpeaiout 60% or
moﬁéatrﬁbré Er ?b‘?}? ab%ugwgmfﬁablga%é Rt ?&ege%ﬁge@,gdegassed
SO util o sl nce water 1s t ] or Corrponent (0] t he
andpheatedg leodng functionhevaderediiutes @aghaoneomeant tsolitionrtoothe desired

conppr8ich bfieienpiafia soyiel iikoasoui g Bl FodiveR nich of the
oxy%@ﬁtérfd)egth\@rttﬂép%é@lhgﬁ(eéﬁeV\ﬁm&D@J@éﬁ‘eﬁt@ déd8®nate than the mixed

herefore, the water is heated to a tenperature
plating sowtl@mandosepemferum&wq BT carapenastt afifbe mlating solution, the

ovePhyPblr BB R, 8 BB, SRR 3 Y80l AR B weter
trarsfdrst thatimab entape tolthé ndatinte sdrgioni whem thﬁtﬂﬁé@ .with each of the
[ 0039] The conditi on| ng solution is a buffere

companant selutiansai hnergfense the wiatercisrmnaied A aatf@m%ratlﬁe sufficient to
eleVHE RE! Bh R aRAY W SthaNthiddPpRtthy Sidiltn to a desired temperature of

about 5°C to about 10°C below that reached when dispensed on the substrate

surface during the deposition process.

[0039] The conditioning solution is a buffered solution containing
chelators/complexing agents, pH buffering compounds and a pH adjusting
compound. Also, the conditioning solution contains compounds to aid in the
cleaning of the substrate surface and the chelation of copper ions. The cobalt-
containing solution is an aqueous solution containing a cobalt source, a secondary

metal source, such as a tungsten source or a molybdenum source,

11



conpound. Al so, the conditioning solution contains

conpounds to aid in the cleaning of the substrate
wa@nobmssesand t he chel ati on of copper ions. ThePCT/US2004/034449

cobal t cont ai ning solution is an aqueous sol ution

contai ning a cobalt source, a secondary netal source,

such as a tungsten source or a nol ybdenum source,

lichel at ors/ conpl exi ng agents, an optional surfactant

chel@ftsRoPnHEkiHG tAdtihts, 0P @pfional igfdetdritesrar arsdl weljudding compound.
sol ution conprises chel ators/conpl exi ng agents, a

Therhutfiared nedeeingiselution @@mp@mslaeia@rs/&ﬁnuﬁ@mwagents a reductant

or TR A R BIE B B LPRIERTRRNTE i A3GHFi Bhmpoun.

redtmtéﬁd chémnialy troducéné.an| trhinsigrss electrions tbyJ tlenatetal iohe within the
tals to deposjt. Preferab thereguctar&y

platwp%lﬁagphhot Bnahie: thes majals 1o 8rPosiby {goreductant is a

hYD{; ﬁle o2 atdafin Bterlb @OpﬁQﬁphoﬁ)ﬁ’usﬁEﬁ'&h%ﬁM tthe neutralization of

hyI amoni um hydr oxi de
hypbglm@imxpm)r @ckl awvith stetmmetla;damoammcdwydfrom@@smﬁw) The

o oL S0h8Y LS AT ROLEL B9 GOy oy e
A séé’dﬂ*\d:?édh)/mﬁé’%@hﬂ%ﬁ@ﬁ%by%IMb@%M%Qrb@@ﬁdeﬁctlvéléﬁ typically

exanpl e of a Second reducing agent is a di et hyl am ne
contains reactiveriazan-hydregaroberdii c Oast examplefl 3 seenisk fiedgcing agent

o 5y 50 A5l BBl L BT} anc i

imp6RAAUGHRe W EAPUhitibhke theaddlictiorbf anéial abheron uyeersurface of an
The boronhydrogen contai ning acti vator acts as

expesed ePRPEarmONGUEiort Wihontphshaesmifee a@oa%\@tl@mlﬁ\ﬁ@r t Hde boron-
hyd%%ﬂ:éé}%”rr% EBWSP Qéﬂs 5‘38 %%Hhﬂ%n@%ﬂ fh%l ha/rp nggo%%hlte source

ean process IS

durihfehé depbsitiba of ihé aobalpbonllalmng degtorialt | ng a
cobalt-containing material. A cleaning solution is

dlsgensed across or sprayed on the substrate surface
Pre ean and precondition the surface. The cl eaning
process may be an in situ process perforned in the

[004§f’”ﬂ3 pRE-BeRPSprogesstd prfornfi®l 6486 @UBBtrate! aftdcel Bt to depositing
deposition process. AI ternatively, the substrate may '

a cthalpeentainiagenteriala Asjraning splutioeds dispensed acrasm ehprayed on

the [sgggﬁ?y ngrrq%eeﬁpo g%aﬁeiqéj g?e%)lqt(ﬁtl rlllsﬂ 8&%‘?32&92 lg'léggléleanlng process

map beGes® sithgrovebs toerfobmedif #te samel priocessiny celf pesthd subsequent
the conditioning buffer solution prior to bei nb
elecisghessedepesitipn process.  Alternatively, the substrate may be pre-cleaned in a

separate processing cell from the subsequent electroless deposition processing cell.

[0041] In one embodiment of an in situ pre-clean process, the substrate surface is
initially exposed to the conditioning buffer solution prior to being exposed to the
complete plating solution. The conditioning buffer solution combined with de-ionized
water is dispensed across or sprayed on the substrate surface to clean and
precondition the surface prior to deposition of the cobalt-alloy layer. The
conditioning buffer solution removes copper oxides and contaminants. In another

example, the substrate surface is first exposed to a mixture of a conditioning buffer

12



conpl ete plating solution. The conditioning buffer

sol ution conbined with de-ionized water is di spensed
W@e00693808F sprayed on the substrate surface toPCI/E82004/034449

and precondition the surface prior to deposition of

the cobalt-alloy |ayer. The conditioning buffer

sol ution renoves copper oxides and contam nants. n

anot her exanple, the substrate surface is first

sol&?éiho%eébﬁé?t-éorﬂfbi’fﬁr\q 8oRitioA drendéidrirsd @akar fﬁﬁe exposure to a pre-
12so6l ution, a cobalt-containing sol ution and

cleafe splutione tormede fronTise cemposant: splutian pisepieterablyorondunied in the

sane e 7 pRBORERE bedtidh Pl sb, bIBKRARR Yorior to the plating

pro€sgE)stid dubtate ssurfadeenisf ekfoser terat mikikunk! 8xyded containing
process, the substrate surface is exposed to a m ni num

envisRpgent.c SRllaWHIcGecHonnipa REReesFHe 6 ﬁedtswéstfat@dﬁ@@osed toa
e SR or T BB°Ek AEBRURL " BB SPiR, & BBl Rartaining
sollﬂiocnohaiuﬁeredlredunﬁng selitiohizmal, daidmiﬁe‘cbwatérr edu0| ng

sol ution and de-ionized water. [0042] n anot her

oodg ARBTG5t Bk B3R i pre-clear

soll.ﬁfont Béhe MainnNg Sthpdhént: sdi Uﬁorﬁro? thbegIBtiRg %ﬂﬁ)r{mYI‘H@ pre-clean
conducted in the sane cell in adfferent cell from

process rlayde oon@lg:teémméh\e B@medr&ilmfen a differgnteced|fegin the electroless

cess, us aII i ncl udes an_aci re-.clean sol ution
el naiP R o YOt P SR EBLas oFeu I 0 GRRs L R pre-ctoan
solutrbri ith o yH &f aT)bat gopeldiea préfgrably, drgadatsoutf Bsas about 3. The
ypically required nore aggressive cleaning at |ower

motst Q&Vliyé%xldflﬁé Spsr@ceﬁ dyicalpl raquised dbakeaRgEreasive &lganing at lower
el S I

pH Q)(%ﬁjaé:shor -I?:Har e Ie%%"gblﬁépﬂgcoqﬁgﬂg at I%%E‘& Gﬁ?ac oxarw ddmplexing

agemt, suctghga OarbOS@hct sicldher earfboa(yldateao‘rrb iematipba)sa titmte,od')xallc acid,

n one exanple, the pre-clean conta about 0. O
glycipeyusalss sheresf and mm%@@%&%ﬁ% oﬁﬁu e l%ami) %b ¢ pre-clean

con?%ﬁé a'}é'o%gto;t%[ Qﬁ@eft&% Fbﬁhc £98%Yndi Qstidhail %Fftsrabout 0.25 M

ncentr e con |t|on|ng uff'er so ion is
of methanesulfordc @cidhat cont ai ns chel ators or conpl exi ng
agents, buffers, pH adjusting conpounds and water.
| at or r conpl exing agents are usually in the

MMMMI ution with a concentration from

about 200 Mto about 2 M preferably fromabout 200 m
[0043P The conditioning buffer solution is a concentrate that contains chelators or

complexing agents, buffers, pH adjusting compounds and water. Chelators or
complexing agents are usually in the conditioning buffer solution with a
concentration from about 200 mM to about 2 M, preferably from about 200 mM to
about 600 mM. Complexing agents generally may have functional groups, such as
amino acids, carboxylic acids, dicarboxylic acids, polycarboxylic acids, amino acids,
amines, diamines, polyamines, alkylamines, alkanolamines and alkoxyamines."
Complexing agents may include citric acid, glycine, ethylenediamine (EDA),
monoethanolamine, diethanolamine (DEA), triethanolamine (TEA), derivatives

thereof, salts thereof and combinations thereof. In one embodiment, citric acid or

13



about 600 mM Conpl exi ng agents generally may have

functional groups, such as am no acids, carboxylic
wW@ei0d®38088 car boxyl i ¢ aci ds, pol ycarboxylic aci BST/US20041a34449

aci ds, am nes, diam nes, polyam nes, al kyl am nes,

al kanol am nes and al koxyam nes. Conpl exi ng agents may

include citric acid, glycine, ethylenediam ne (EDA),

nonoet hanol am ne, di et hanol am ne (DEA),

the rédidties dittatensall iEEAprefdaet \dimplésing RRIegef In aabtier embodiment,
t hereof and conbi nations thereof. n one enbodi nent,

Citrig; agid cangd idy@ne 1@enkothe fsdudad, én dhe reanditipning ibufter solution.  In
ano(E:HIr f@ﬁbgging&'gglgﬂé# NZIFISEA aly @ﬁ%ﬁrﬂeﬁlﬁ\ﬂege | n&fﬂtthe conditioning

ric acl ycirie"are bo
buffepsdiutionni ng buffer solution. n another enbodi nent,
citric acid, DEA and glycine are included in the

oo B8, S TRt b e et b o
ranéa@ssg&fd?n’f ﬁ@?@sp{egti\f/é’ 5HK (Jfehé BRRECFHY Sxa?rﬁFng %Etgi& *aé%id is converted

cld. For exanple, cit r-c aci d I's conver ¢
to actitrata sakasuch sacmmeniumwiiraienariteirametioy anemoaieecitrate. Citrate

a la citrate. CGtrate salts buffer the sol ut. as
sailtglites et ol dpl a5 el a5 e on Sl xmictah s in e Stbsequent
platFigPsEIaten! AlkahbRMiAes, Uudnas MERARN | PEANRMCtiIBHES 85H adjusting

or TEA, function as a pH adjusting agent, a

ageptifd buffagnggeent, a chelataiicomenpo aaeng ang«an aatdndng agent. As

an Gtk Bt W4 dR K8 RIdle T o PEERG poluton figgp crving and
forntingi peedipithtésr mMAkanvlafingst atesalsé\ bellevedntondsmpddwe the wetting

al so believed to i_né)rove the wetti n%] jhar acieri stics .
chagrcteriRiis) ot ithg Plating iath Wik pespeelole dess pofaly cagkpbgentaining

. q | 'y |. r o y | v .
croSOR BRI, DFERBS LD o ropB ST oA dine cesioo
pH and to énsure encrengraplete Eamodl ofboltothpricipnd cupralis oxides from the

copBel e85 oCBI BV AL RGP B e Rgoapitions) bUTSTHG and to

stalfifiAPtHd é_@mngiti%ﬁW(’cﬁbtéo%ioW. BBAc selduisi A oxiBatibs bAGrdduct from
I's an oxidation by-product from subsequent reduction

subseguentonedudtiopl aeacipnsoplitnlating wolutionsnytilizdnginkorane reductants.

reduct Sa i3 efore. . t addi,tio - | C Ldin .
Therfo"eo B cosstiiah “oppas” 8ol shenboRuidiblabifie” spliton helps
normafgé i thit seartivitheoff thes freglengurapbsition Wiith giiee il iwhibh gilating has

plating has already been initiated. [0045] n one
alregdy b@iepdnitiated.pH adj usting agent is added to the

condi tioni ng buffer :

[0045] In one embodiment, a pH adjusting agent is added to the conditioning buffer
solution to adjust the pH range from about 8 to about 12, preferably from about 8 to
about 10 and more preferably from about 8.5 to about 9.5. Once the conditioning
buffer solution is combined with about 7 volumetric equivalents of de-ionized water,
a pH of about 9.5 is achieved. The pH adjusting agent can include ammonia,
amines or hydroxides, such as tetramethylammonium hydroxide ((CH3)sNOH,
TMAH), NH;OH, TEA, DEA, salts thereof, derivatives thereof and combinations

thereof.
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solution to adjust the pH range from about 8 to about

12, preferably fromabout 8 to about and nore
w@e@smssaBs y from about 8.5 to about 9.5. Once PEEUS2004/034449

conditioning buffer solution is conbined with about 7

vol unetric equival ents of de-ionized water, a pH of

about 9.5 is achieved. The pH adjusting agent can

i ncl ude anmoni a, am nes or hydroxi des, such as

[oo4eptihasiRs Byampre i uondieniay safer dotltionNt&HBbins TEEBE ADEOncentration
salts thereo derivatives thereof and conbi nati ons

frorp habuwf 30Q anib 48] abpwn@0Q raie| Rreferablynabeuto APA gMbAIf & egitric acid
I t.aj ' f 0. :

conphiEiA 7GR R B0 TP HBEES ol . RRERR 5030 mw, o

glycine concentratisratiopn aboatmigdonM &)@abolt 8O0 ahbytpréfdPalstil about 150

ref erably about 375 a gl yci c entration from
MV 5 A0 IGRE A cabgen Sben AROUr L6 @@ﬂf@%@%ﬁ@s@ referably
rd ji O ' f ; f b
sbohy S0 JAAHERI AR 4) LT AN SHL @ AL o nove
a pehrogh apoatijButst ahgutagenpreferaply, frvaHabowl hae aboupi.5, and more

r om abput about 10, preferably, fromabout 9 to
pre&a‘gaa]ly, 98@‘,”%2@' nore preferably, about 9.25. [0047] n

anot her exanple, a conditioning buffer solution

[ooﬁgﬂhaiéiﬁ)th’erDEéka‘rﬁﬁI@?nbrEtidn@ﬂiohir(y“B@(%r_t s@iomM ésntains a DEA
about 1.2 M greferably about 1 acitric acid

conggntratien fan abeubEVA IV tio FhouRli2 M. Mseferablp@bent 1 M, a citric acid

bl ; ;

corBEHGE arfittut 3, 4B Ao 4R, iy BRAB AR Apgitys mM.

gly(ilggcn’r%r/\l@:eatria?on Clﬂgsftﬁ@tb;)o@t i2®?org1mw$ aibout 680 mM,tp:Jefdvaluhy about 300
refera ou ei oni ze r.an

m%n%btg}slcpgplgdwmr&r@%gaefﬁi@m( abepit 8&%&41 ¢ ebeubah WN? preferably
t .

oboTOU! iAo Sr SRRl aghih Kt BT 1o

haveoh@lH froonabouti itp aboatetd, raeteralbig ABPMGaat & loyabauid.5 and more

obal t-cont ai.ni ng solution is a concentrate that

preferfésl)’dégoﬂ{@ggal t source, a second netal source, such

as a tungsten source or a nol ybdenum source, a
Cobaebaimbg Titengatehel ator, a pH adj usting agent, an

optional surfactant, other optional additives and

wat er. The cobal t-contai ning sol ution contai qs a .
[00483 pGenerally, the cobalt-containing” solution is a concentrate that includes a
cobalt source, a second metal source, such as a tungsten source or a molybdenum
source, a complexing agent or chelator, a pH adjusting agent, an optional surfactant,
other optional additives and water. The cobalt-containing solution contains a cobalt
source that may be in a concentration range from about 50 mM to about 200 mM,
preferably from about 80 mM to about 150 mM. The cobalt source may include any
water soluble cobalt source (e.g., Co?"), for example cobalt sulfate (CoSOy), cobalt
chloride (CoCl,), cobalt acetate ((CH3CO2).Co), cobalt tungstate (CoWOs),
derivatives thereof, hydrates thereof and combinations thereof. Some cobalt
sources have hydrate derivatives, such as Co0SO4¢7H>0O, CoClye6H,O and
(CH3CO0,),Coe4H,0. In one example, cobalt sulfate is the preferred cobalt source.

For example, CoSO4e7H,O may be present in the cobalt-containing solution at a
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source that may be in a concentration range from about
50 MM to about 200 nmM preferably fromabout 80 mMMto
wW@bwan3ghsd nM The cobalt source may include aPyT/Ve1004/034449
sol ubl e cobalt source (e.g., Co ), for exanple cobalt
sulfate (CoSO ), cobalt chloride ((CoCl ), cobalt
acetate ((CH C )2Co), cobalt tungstate (CoWD )
derivatives thereof, hydrates thereof and conbi nations
i P 21 Invahothep example,
con AR R B B P B RV SRam iy I aheiheR examp
Co Obyesirhemaydimptesent irathe cebalheontaining seluticnlalatconcentration in a

sour ce., Far_ ex le, Co *7TH may be present in the
rangeotam akYH Y m %Pﬁft@ * a 15concentration in a

range from about 50 Mto about 150 mM n anot her

(004X aMR! EbHotdntafihd sBRYioREnAILESS BtsdcdNtAR metal source, such as a
cobal t-containing solution at a concentration in

a .
tungsten sotrasnemd suelybdenamtwuser ud tupaster squica gjayrhe in the cobalt-

bal t - e . )

cor GHRU AT D BBkEA e B2 9565 o SBBEDY R about s

mM S prETERabI o @Bban 1M e abeyt & nmM, thé more preferably from about
cobal t cont ai ni n? solution with a concentration i

10 mbhde aboyindtpoM. Jhe HGMQS@P"B§6‘éjﬁ095@aWC|H¢%ftHP%§{gngid (H2WO,)
f f | i
ona VR dhodsHhiskRs” th, 38 Ay HRsM TR ammonium

tungsiatd, ncobale tunggtite c (@oVWD)H saBiymatuhgsiatieo fdla;WO4), potassium
o2 0 SR ST, ST HRAEh AR B, gorvaies
ther%gr‘ %Hﬂfrecc{gﬁ@ n%&g tRGHEBE S IHBhé R, Suhlstittatid i8R preferred

er solu sources, hydrates thereof, .
tungitenvaources aridermsay badpasenbnibi thae i cohali-eentawming realwion at a

exanple,.tungstic acid is, 4 h referr ngst en
cong%mr}g’%orh%a ﬁ%“yg%ﬁom %@%‘ﬁtﬂq Wm ﬁnea%%%aﬁmi\@nt ai ni ng
solution at a concentration in a range from about 10

10056V A OnR@idenden Ndburb80Pidy Avartihy kiste ncubatiocartainivey dwtution at a
i'n the cobalt-containing solution at a concentrat Lon
congeanigation sagsiam abobba&ﬂo@nbtﬂaabow, 860 s, preferably, from about

s0 G, b o0 BB AH if pRdgkebRity SRR gt about 0
ppr.he Tivel yislgsdenuen usewrceasnayniclute molybdemum trioxisiei fdoOs) and
SO RN AEAE RIOR L R e L VR VRYS
am%@{)rﬁgt‘aghswbag@, UELARKY PRI (MEIMoO POt S&BESITIN molybdate
(KoMoOy), other MoO,> sources, hydrates thereof, derivatives thereof and/or
combinations thereof. In one example, molybdenum trioxide is the preferred
molybdenum source and may be present in the cobalt-containing solution at a
concentration in a range from about 100 ppm to about 300 ppm. In another
example, tetramethylammonium molybdate is formed by reacting molybdenum (V1)
oxide with tetramethylammonium hydroxide and may be present in the cobalt-

containing solution at a concentration in a range from about 100 ppm to about 300

ppm.
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(K MO ), other MO 2 sources, hydrates thereof,

derivatives thereof and/or conbinations thereof. n one
WE@2@s058985 nol ybdenum tri oxi de i s the preferredPCT/US2004/034449

nol ybdenum source and nay be present in the

cobal t-containing solution at a concentration in a

range from about 100 ppmto about 300 ppm n anot her

exanpl e, tetranethyl amoni um nol ybdate is fornmed by

[o051 e ACtomglaxicy bdenti® 413 presdrién thé Bobalt-containing solution that may
tetranmet hyl ammpni um hydr oxi de and %be present in
aver?ecea%%mtﬁfaﬂ 5 AiRposdrem; aheudt109 adhdembont 768 MM, Ppreferably

fron] aas éé@%meuagbolﬂ%oew me%ob%% &ﬂghu{’g%ﬂﬁ&l @mplexing

X|n agent 1I's al'so present
agenwbartehaiaﬁbas rforrg sanhptexes wrlllatcotﬁqrt hmse(ag, Co*). Complexing

ageﬂ%nﬁ%&é% g&ﬁwﬁr 6\‘# ePI"éo lzt% léggg{\é abOlflalﬂlng solution.
Cmﬁ;ﬁsxm bébént%"%éﬁéﬂé!l?%é?'Hﬁ\ﬁeoﬁmcﬁeﬁél'§ ugg( Heh'as 2 %hno acids,

chel atorS form conpl exes wth coba e.g.,
cart(ctwaq: agldsg dicpehoxylicecids, mlmbm%cta@darandgammes dlamlnes and

haracteristics in the cobal ont |n|n
sorg(,;plno ‘acids, amines,

pO'VéB'H’B?%w NRIGERELRINE iy e
sucly a8 Wiic eﬁﬂ@@?@né‘%tﬁ?leﬂ@'cﬁémlr@{m yldeewaﬁv@bsmereof salts thereof
di carboxylic acids, polycarboxylic acids, and am nes,

anddicambiralicnsd therspini ras oneommmiodimgnhgsiftic aeig iimdhedereferred

con@%ﬁﬁéﬁg&?@t ﬁgogé%txﬁ Ié‘oc If&g%&g} g?’%?{zggspregée’rﬁﬂnacﬁe%é)?%lt%ontamlng

solutibaratoh, ccﬂmmﬁratlb&nﬂ@ ram@e donpiabaut 209 tileieafbouh 500emM. In
enbodi ment, citric acid is the preferred conpl exing

an%hj‘érﬁxanwem, eW&iRG B1ayche preseftila anegnasatiatiendia fndénom about

1005RRRbL sl R a0 sol ution at a concentration in a
range efrom about 200 mMto about 500 MM n anot her
exanpl e, glycine may be present in a concentration in

[0052] vﬁaplgeadjustingaagemt gendally adbang, i309edrin a{jme’sﬂ]e pﬂ-l plf-lthe cobait-

confiling SAGHRE° cin L o dirRgtos bl 3nlt¥Fhgngodi Kobded to

con&&MPAtidEt adjusPthe2gHUS 4 PShRORBM ABo@ddesl abBuB11, preferably from
concentration to adjust the pHto a range from about

2
aboub 8asogbout é@eﬁédd@ppe foreferaipufrom abowb8dx ta@borwhd.5. The pH

adp.%gﬁg S?é%rgt h‘g%} {n%@@ an%gt i‘ ﬁ ééé a?qgfi%algglggnﬁgﬁ uWhydrOXIde,

prefeeibly aldtitdnaatigizinito e obydiexider g(f_CFﬂﬁb\\I@H TMAH) or derivatives
t et ramet hyl ammoni um hydr oxi de (( ANCH, TMAH) or

therget.j vat i ves

[0053] Also, an optional surfactant may be added to the cobalt-containing solution.
The surfactant acts as a wetting agent to reduce the surface tension between the
plating solution and the substrate surface. Surfactants are generally added to the
cobalt-containing solution at a concentration of about 1,000 ppm or less, preferably
about 500 ppm or less, such as from about -100 ppm to about 300 ppm. The
surfactant may have ionic or non-ionic characteristics. A preferred surfactant
includes dodecyl sulfates, such as sodium dodecyl sulfate (SDS). Other surfactants
that may be used in the cobalt-containing solution include glycol ether based
surfactants (e.g., polyethylene glycol). For example, a glycol ether based
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t hereof. [0053] Also, an optional surfactant may be
added to the cobalt-containing solution. The
w@obmsd08ht acts as a wetting agent to reduce PEEUS2004/034449
surface tension between the plating solution and the
substrate surface. Surfactants are generally added to
the cobalt-containing solution at a concentration of
about 1,000 ppm or |ess, preferably about 500 ppm or
surfiaetants suay amntainopolyboyethlefe ppmits, csumboas THRIT G 100heavailable

frond oL BT COMBpYof PihEihuSahi stitadients,erajusentain phosphate
unitg,gg%ﬁﬁxaﬁﬁﬁlé?k@ﬁiuﬁ?gﬂy@yéﬂ@iéﬂﬁ)dgm| ethif f[ﬁg@phate, such as

er surfac hat may be dUsed in

RHé@é‘d—%ACgﬁﬁﬁmL eyaiahlatfram Rihediading ybelsustdetantd asayd be single

cony st bt ot BB FEL Y HeRBlOARy caBluifE R tength of
hydrsdarbai ehbisene units, such as TRITON (r) 100,

avai |l abl e from Dow Chem cal Conpany. O her useful
surfactants rra%cont ai n phosphate units, for exa

[0054b dN U@ oBXABR myq:@eét)ccgm_atﬁwsf caheionp irspes ec;gé)lféHzO at a
con nWﬁéﬁ(%goﬁ%@mM ff[‘é’g%do%ﬁ ‘der S%E?%ggbr}y,!(géplét 100 mM,

e surtfactants may be singdgle conpou

Ho\w0, @b mpcomethteftiontiren ubesit dOntind to agowiaBy inld, prsfgidblypfabout 20
hydr ocar pon chains. [00 n one_exanpl e

yd 4] le, a
mMe §KH¢ acicoat ai5anegnyaiion frefm ahewl 3 mdddp abgut 400 MM, preferably,
n ti f
aboBP ST AT, ST G e EBCR ot BReu 188 pit o about 300 ppm,
prefepably, 4boulv200 priouteiddizell waterf andehyuglalpbliedpBtindlagent (e.g.,
MELA ik Rl i israpBRRER o Bhatli0 ERB ciamuatat o about 9.5,
and%fBFE pidratdh abb@d 2gout 100 ppm to about 300 ppm
preferably, about 200 ppm deionized water and enough

p adjusting agent (e.g., TMAH) to have a pH from about
[0058] tlo armiher egampia:f @ rcabiii;containingbsalution tincludes Cals6H.0 at a

d f b, 9, 55
congaaafaT Bt aBated o 3 apRE 120w oRtaivebli eB5k, 90 mM. Mooy
at a" Edhc@nt@tidATESHA bt 80 {fgn@m abeut 5GP ppiM, brefakiny, t 200 ppm,
O MM at a concentration from

~mM preferably, about
mtrlamé abg oopeenivativnofromeatoy a0 mvkieabeut40Gmdlitprefably, about

375|to @%bigﬁr%?ﬁgﬁﬁ%@f%@gﬁgﬁﬁ%@@@t& Q@rbpfrﬁ ?6*5888%06” BBW{TMreferably,

about 200 ppm, deionized water and enough pH adjusting agent (e.g., TMAH) to
have a pH from about 8 to about 10, preferably, from about 9 to about 9.5, and more
preferably about 9.25.

Buffered Reducing Concentrate

[0056] A buffered reducing solution is a concentrate that contains a hypophosphite
source, an activator or co-reductant, such as a borane reductant, a complexing
agent/chelator, a pH adjusting agent, an optional stabilizer and water. A
hypophosphite source may be in the buffered reducing solution at a concentration
range from about 50 mM to about 500 mM, preferably from about 100 mM to about

300 mM. The hypophosphite source acts as a reductant during the plating process
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375 mM SDS at a concentration from about 100 ppmto
about 300 ppm preferably, about 200 ppm deionized
wowrisn3sassl enough pH adj usting agent (e.g., TMEH/USTH04/034449
have a pH from about 8 to about 10, preferably, from
about 9 to about 9.5, and nore preferably about 9.25.
Buf f ered Reduci ng Concentrate [0056] A buffered
reducing solution is a concentrate that contains a
and hm@nhoalghlrbduseslrdSSOWGdamemlahOhs OI‘n Cther ptitipgaolution.  The
' such as a borane reductant, a conp
hyp%@'@%m&i‘?eﬁ%lﬂr&ﬁ mayrﬁls%éa%gtnh%pa@m SOlérﬁeJBE th deposited cobalt-

t
cont SR PEHEATE 13808, oByEPEARPE! S1ARURESEIRY oBirdt my be
selecwtgdrdmomwpbpMSﬁQ)m%t@clabdﬂ&DCS;gp sals ﬂ'reeéefr a&pldy combinations

t Th hi -
therghfr DCadissaretgd o 3ol 2 PPRRCTHE SIS T G 0s 88 45E0: ", with
st FAEEGPRERBCEINY, Lafiuage, Ul Fop RS TRURY BB iahns thereor,

plating solution. The hypop |te source may a
preferaiiiys ptitr ubypophesptfiter sctwceeplesu medobadial tteb‘anwtmyla@monium

nvpeBtrinlte o Hun e o Sne o iphiss ch BERIEATH bSip solution is
preparedafrém HEROS @60 a/i.g avlyivinai Byfophdephied coRb&ftration from about

di ssociated in solution, a hypophosphlte source exits
200 geMHorabaut 309 MM.salts including Na , K, Ca, NH,
(CH) N (TMA) and conbinati ons thereof pr ef er abl y,

[oos%fel'HéVB?ﬁgfé%o%&@cl ngtgo‘ﬁﬁl ﬁ%’frfscﬂn aﬁjv[al_‘)r of (co- -reductant,

tetra anmoni u hypop osp
suchos aabaraﬂeereomcltarftf at ad:oneelmmtrtgw fFomuabaut S0smp &pabwt 500 mM,

prefesi o pbaut 100 mhdb Souvids TRNGe BuERe daduptby serve as

redu-@iﬁg %gfeﬁ?sr §ﬁ’d o A ?gta%oédﬂrbéé‘ oﬁbéfbrﬂﬂﬂhé'd&o@ﬂed alloy. In some

act tor or ant such as a borane reductan )
exannples, ctdmcmnen‘mrs dvaver fowndbibat bsoonris not amallysmoomrated in the

cobRHARIARTY STHanI b P ngPL0enSaLURR FUEINS: 4 fyogghosphite

sourd!r cas af rétﬁjc@rﬁglét%érhe tﬂ@p@@ﬂah@dréﬂdc@amt Bh&@iBally reduces (i.e.,
exanpl es, the inventors have found that boron_is not

transigrs @ieq:t;onmtgﬁ isgadvediions inHlee iBing saleliemininitipte the electroless
pIahE&pg)ﬁh%éspsnm?t@ghé o%@éﬂ&%&oﬁgé%&%%sﬁgg@%{ Q/’Z‘«{lﬁus elements and/or

comipelimeisatot foeinetiiecedrhposition ©f $hd icobalt-containing alloys, such as cobalt,
tungsten or molybdenum, phosphorus, among other elements.

[0058] Borane reductants may be borane complexed with at least one donor ligand,
such as amines, phosphines, solvents and other compounds that have Lewis base
characteristics. Once dissolved in a solution, borane complexes may dissociate or
exchange ligands in the plating solution. Borane reductants and boron-sources
useful for embodiments of the invention include dimethylamine borane complex
((CH3)2NHeBH3), DMAB), trimethylamine borane complex ((CHs)sNeBH3), TMAB),
tert-butylamine borane complex (‘BuNHzeBH3), tetrahydrofuran borane complex

(THFeBH3), pyridine borane complex (CsHsNeBHsz), ammonia borane complex
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transfers electrons to) dissolved ions in the plating
solution to initiate the el ectrol ess plating process.

WA b@s/08898Tt i on process deposits the vari ous el POEOSR04/034449
and/ or conpounds to formthe conposition of the
cobal t-containing alloys, such as cobalt, tungsten or
nol ybdenum phosphorus, anong ot her el enents. [0058]
Borane reductants may be borane conpl exed with at

(NHL&Ri8L), Giraf® (BH,), gidbeanes (BIHH S darvaties thleesdthicommplexes thereof
sol vents and ot her conpounds that have Lewi s base
andgeapbipatiensthergof. once di ssol ved in a sol ution, borane

conpl exes may di ssoci ate or exchange ligands in the

[005%2115 iljul?‘%f éfﬁbUﬁLﬂS@}f@ﬁ@% ;éc{?%‘té’rﬁé"?ﬁa}{ BBdaok?J%'i:lotB'dsgﬂL‘x’t'idh%sdirectly or

or e e I nventiron 1 nclu
firstdnireiddhwith rsohentsr suoh asmatexof Ofddmic SolvBHts), ,suBWER) a glycol ether

ok TSR oo AR S e 3 ) onvaies o
e LI A1 GPBhEl bl iyt as Dovero

PM™9 fridith Bidw) ChbmicalCqrBphiny, hirbiorraferd¢didag PMisolveat i ves
t hereof, conpl exes thereof and conbi nations thereof.

ook iR 80 n PRI Sk TR BRo solton in

conSBhIEIGS rafye frofs aMBLE™M 00" mP &3 Bbbut PEU AN . prefeeablgsfrdm about
gl ycol ether solvent. dycol ether solvents include

200mendvhyto ,abeih 00 mbpyn thedsubsequentep!piing isphdions complexing agents

| ycol, ether faml ). l.ene. glyeal ;
e EFb1o68 S o B S E BB B S, SBHng agens
alsd-prRAdY buffefifg thaeddteristtst ia the Hoifesed yeducing 88kAIbn A Complexing
conpl exi ng agent nmay be present in the buffered

agenisiiocligesaming @eids saboxylin @acids. oHCARNNIG asiHsapRRlycarboxylic

. 200, M t ) a ‘ , ,
o, B oo BB ¢ B S5 sed
buﬁ‘é@%@: @dmgﬂ?ﬁjhltk)rﬁggéludecbbﬁclataqid;, ngrom&;OB‘ﬂ}ymf&iiamiﬂe (EDA),

cobalt jons (e.g., : xi ng agents .al so :
derpptves dhgtaof.cFalf tasroh 2, POTBLDRS (RBTSRI: & oge embodiment,

) i ti i i | i _
cink 45 0:BEASL e EOIPIRYLORAIONY SR 1 SR, o cobal
contaihingasdlatigh intayabads a citrateesonatindratinn sn antange! fyemiateyt 200 mM

eci fic npl exi ng agents used in the buffered
to a%(%&ﬁ@pﬂd“@gl ution include citric acid, glycine,

et hyl enedi am ne (EDA), derivatives thereof, salts
[ooé1PEAR Yptndl siblliZeatrhapisdeeeadded totiee dulferddresducing solution.

The stabilizer may selectively complex with the copper ions (e.g., cu®™ or Cu®) to
reduce the tendency of particle nucleation in the solution. A useful stabilizer will be
water soluble and have a high affinity for complexing copper ions. In the buffered
reducing solution, a stabilizer will in general have a concentration from about 20
ppm to about 250 ppm, preferably, from about 80 ppm to about 120 ppm. A
preferred stabilizer is hydroxypyridine or derivatives thereof at a concentration of

about 80 ppm to about 120 ppm.

[0062] A pH adjusting agent is added to adjust the buffered reducing solution to a pH

in a range from about 7 to about 12, preferably from about 8 to about 10 and more
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citric acid or citrate is the preferred conpl exing

agent. For exanple, the cobal tcontaining solution may
wWhawe/038083 t rat e concentration in a range from BODUS2080@34449

nv to about 600 mM [0061] An optional stabilizer may

al so be added to the buffered reducing solution. The

stabilizer may selectively conplex with the copper

ions (e.g., Cu or Cu) to reduce the tendency of

prefératily floén BB6LESIS abduttd)s. JhleUsH @Eljusﬂngsa@felmlt may include a base,
stabilizer will be water soluble and have a high

suchaf gisni @ y telsaalkygapnaqnivg cbwﬁ@mdeansorewraw Betra@metiyylammonium
hydréﬁﬂi-éCL( aa@‘NéH' WA@@E?E%&% tﬁb aqg' r"l'rﬂee@gr%d%%?ﬁ%eagaent used

conce Yon Tromabo out

in ther ejufferdd yredlcing sbl@MbnS@apphe tthe adamme A2 0r pdifferept from the pH
. preferred st b|| zer i s, hydrox ridi.ne or derivatives
adlugtﬁégélﬁe”étusﬁ daﬁbﬁmnﬁitl%vﬂ%guﬁgy grlutien gpe{ardhasekalt-containing
solu _ppm [0062] A pH adjusting agent is added to
adj ust the buffered reducing solution to a pHin a
range from about 7 to about 12, preferably from about

[00633 trp cxisoexanmple,nar buffeedefasiugiigy sbludionainocludes. H:/#Q, (50%) at a

baut,. 9.
conc@fiin, Fion] Bk Pl it SR, aPS i Frifalyagput 250 mi
DMABtataaRioh b AFETGH lﬂmnmafﬂi’o@l(l‘l@@ rlVCtds hbdIGH3 00 YR, p<Péferany, about

derivatives thereof. The pH adjusting 3%ent used
200 trAdM beitrie ragid r%tdacc%c%wahlpnoﬁomﬁb@@tt & Q‘d\ﬂetoaébwt 400 mM,

prefégra%%)?,rﬁ%utfsr7‘2§[")?n?\41 )ngc())%ﬂt) th@%t xe tﬁHﬁ'Sﬁioﬁ Rrok"Sbout 25 ppm to

tioni ng and
aboutolBU0 ppent @lr@fer@olyolalbbuomod e8] deiopiEecex@atpt eanda enough pH

buffered redum ng sol ution_ incl s H PO (509% at
U ANk B TN IsoRIOVI AIFH o8 Sapuk 8] rghout 10, preferably,

from o 4B ¥ e S SR e T AR "bout 200

citric acid at a concentration from about 300 mMMto

PlatinjoBoluiod nM preferably, about 375 mM hydroxy
pyridine at a concentration fromabout 25 ppmto about

oo 5 gt BRI oSy GRS G soton,

a coBattdritaming @vlutdnt ndopiffdried eaetiagaddlvtiorf rrmnd@h@urzed water.
9 to about 5, and nore preferabl)é about 9.

Compiasgitions s the gplating solution include buffering agents that reduce pH

fluctuation and help maintain the dissolved chemical components within the solution.

Point-of-use mixing by combining components of a plating solution with in-line

mixing is an efficient and effective process in achieving these goals.

[0065] In one example, the plating solution includes a volumetric equivalent of a
conditioning buffer solution, a cobalt-containing solution, a buffered reducing
soluton and seven volumetric equivalents of deionized water. That is, the
volumetric ratio of the conditioning buffer solution, the cobalt-containing solution, the
buffered reducing solution and the deionized water is 1:1:1:7. In another example,
the plating solution includes a volumetric ratio of the conditioning buffer solution, the
cobalt-containing solution, the buffered reducing solution and the water is 2:1:1:6.
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[0064] A plating solution nmay be fornmed by conbining a
condi tioning buffer solution, a cobalt-containing
w@oi0anssess and a buffered reduci ng sol uti on i ntRPCT/US2004/034449
de-ionized water. Conpositions of the plating solution
i nclude buffering agents that reduce pH fluctuation
and help maintain the dissolved chem cal conponents
within the solution. Point-of-use mxing by conbining
[0066§ OTRENR4tes usbd do b tHOplaahy sbRRAiow i§ fpref@réblﬂaegwse’w de-ionized
is an efficient and effective process in achievin
watetrhebe Wetersis degaesed fo gﬁgre@,sg.—kge éilsaqlmqoq)mgaﬁugconcentratlon The

watoFoRHHbRRN s A rerfoh) LRt EuBH RS LR, LS gom. preferaby

abougtoMutpppm, ora 484, f elred pesfieniedg ettodirnent, aihe w@m |s heated to a
vol unetri c equi val ents of deioni zed wat er

temperatyis higher fhan the; %“Ky‘qut%t%ﬁawlﬂr@rﬁfﬁbekﬁk@ﬁf Blating solution. For
exarﬁg Gk A o I%?rfeﬁ aﬁerﬁ@ﬁé Y r’chggpl oé”sbﬁﬂlon Eet?bqé %959 60°C to

quci ng” SO

about #pet hﬁierﬁ)ﬂﬁ’é'fm/é?ter t&@pBlattd & pdibainet Froel wBest F0°C to about
vol unetric ratio of the conditioni ng buffer sol ution,

95°G hprefotaiily frcnmnamutl PG o Labquh 9Q°Re Hiferefoee, inedoeiaxgmple of
and, t he ter, is

t
formjree & 1IgtnG 1D, RS Foinatt fato ?@%@ff@éﬁﬂl}so%n s 1:1:1:7
for %%@ﬁ@lﬁgmn eb(ljjﬁ‘@f Zﬁmtﬁxg robli® t ratufe %ﬁﬁ ra cobalt-

ecrease t I ssol ve gen conc ntratl o

contarr&hgrwhmomas r@om demmtucmc;ahsmutem%) iaetaﬁfeirbdtmeduhmmlg solution
pm preferably about 1 ppmor less. n a prefe
at roamdemﬁafatur@r{@bwat ép° CP)sah@zwaatar &b aateﬂTéQﬁféFLH?JFQ!“ about 80°C to

abOLBlI gb-g(;g Eril%r{ e anfx_% | Eeittﬁg élgpﬁﬁ ﬁ%ﬁ%‘@egﬁ F&eﬁweecf bg}aéomblnlng a

condlﬂﬂﬁi‘hbabUffér @Bluttlﬁﬁ @l‘ ébblﬁl%@fd) Wi [@Bs) & ésbaecaiaiming Qolution at

to about 70 C, then the water tenrperaturels
aboula&%@ﬁ@lon b s adoufteved redii@ing soludibowt 266G 3Pt betasisignd water at a
from about 80 C to _about 90 C. Therefore, in one

tempsraiwiedrom akputidigCdombaut 88°Gol uti on, the vol umetric

rati o of each conponent solutionis 1:1:1:7 for a

tioni '
oo 3T B B gL tohieri, SOTASO RS Hifpltng batn may
vary eRpsfeedhly eth(eaxhrmdltlcﬁﬂng:buffar Isufurtlen ethe echali-contawiing solation, the

ot ER ST RN S0 % ol 39 B st i

depdift %etﬁ%tlﬁbatsbﬂﬂloﬁ‘)'dﬁ'tﬁe 'sﬁbé@ét@e%&ﬁécéonblrﬂ't‘h@ f;‘)referred
condrti oni buf fer solution at about 30 C or |ess,

embodliaent, cibet m)rmdlhtmlsglbuffemrscdlutlcabmjflrstcactde@lr ta élﬁswaéer and then
seql{?ﬁglgt@lrya?héec%%%ltp&n%éllk%ﬁtg gglu%n abr%u%hesguﬁeped lre%ﬁf‘cn‘\”'d@oluhon are

added to form the plating solution. In another embodiment, a conditioning buffer

solution and a cobalt-containing solution are added to water, and then a buffered
reducing solution s added to form the plating solution. In an alternative
embodiment, a conditioning buffer solution and a buffered reducing solution are
added to water, and then a cobalt-containing solution is added to form the plating

solution.
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tenperature fromabout 80 C to about 90 C. [0067] The
order of conbining the conponent solutions to formthe
w@b@siossysbhat h may vary. Preferably, the condi t PORUSZP04/034449

buffer solution, the cobalt-containing solution, the
buf f ered reducing solution and water are bl ended by
in-line mxing just prior to depositing the plating
solution on the substrate surface. n the preferred

[ooeaarrﬂ'dmei matmlg shutionnds tﬁaalnimge@umﬁmr _an: llnteirbral’f]mSSﬁhér%t such as

ded to t e ter, and then sequentia , L
n'tm@@b‘a‘PE AERN: ail Fenkfating FolRnAscsaly formed dess @@@cam@our before

bem%ouééd Rf‘d%%@sa@ﬂﬂéagoﬁé]t-wﬁt%}t% é?'“FW%{ b@b? Iaﬂn solution is

her e I ment, a ni'ng
mixesl abbat t10cmintudesiandess| suchoas Qrmlmﬂdecd)rtlesmanmr to pedormmg the

depqtiPn rBeasss | dhe RLiSale 8, sintird Bdbemeifa 'iction Faving 2
tem;fé&%%r‘e‘ QPbBSUPBbﬁ@rto%dﬂt'W@ t enfL FhiRdte’ ﬁﬂ‘éﬁbf}th minutes.

solution are added to water, an
Geneuvdllyl, tabout t1410himlg tes abati 860|mLamfctnidtimg) sblutiontibeused to deposit a

| 0068] T | ' |
cobeftBHRGmiEE atiSH A ThiREress thbBhEsal AGdast M hfersblyapout 200
Aor @és@r 09 8omEdpplicatibhd] tRiekHESPBf ASowsHRY Abrﬂéérsrfﬁgy bgsfesired.

t han an hour before being used to deposit the
cobalt-containing |ayer. Preferably, the plating
[00693 o 1y, anen eMbadingent, albeuplating Lsetien Hassa, highcgengentration ratio of

C'tra{r?} gg;@%tafﬁbggﬁgg b ré:% cbBal P i %rji ?ﬁﬁ%%ﬂfét% &hcentration to

ate | S expose

cobadblantdi tumgster tgneerteatiopr Bt ar east abbatiB: ﬁOpr@fgerabI@bl@@ttNeen about
ner

101506 hod- L Wb ole Reng. St ﬂﬁ&eizﬂhav%nthag the citrate
t
cond%rﬂpekﬂo?\ ds élb thé ngcgélﬂ\oﬁorﬁféa'rﬁﬁlﬁgsé AN & t“l‘ge/ a%%lljtcoE%ntratlon.

ness o about ess, preferab
Due Aocthel wasm p1a’smgmoh,|cb|phi teatpervatires,hhe kaegssitioh [al’ooess p@zblgresses
n_one enbodl

A or. | ess _ g_e desi red. , [0069 % {%
water) Wil Ryaporaiel #ehd8 henPiingosekHPPat 1B Ukt &Fat'”g solution
becdihkEadh8rd BomEdrttatb@NHowelidr, e FeRHde AN raldH@Rtration due to

The citrate concentration to cobalt and tun&@ten
the evaperationtafdheiwater flosadhe plading solatiopsioier tisl geposition reaction

on ) BB RYmQof 1S, 15 1, VYL e it

concentration controls the deposition rate nore so
[o07ol hPartidle forhatiorcwithigrtheaslatng sdutlon (s adheantagedudaaveided during

platingo iresaes Tolowng  embodiments” of the" iwention:  The low metal
concentration reduces the amount of particles formed within the plating solution.
The high chelating agent concentration, especially relative to the low metal
concentration also attributes to the lack of particle formation. Further, the short time
duration between the mixing and using the plating solution is kept minimal. Also, the
plating solution is in-line mixed in small volumes and consumed at point of use.
Therefore, the depleted plating solution is disposed of after each use and each

substrate is exposed to virgin plating solution without particulates.

23



water will evaporate fromin the plating solution. n

turn, the plating solution becones nore concentr at ed.
WOHowewss085 t he i ncrease in citrate concentrati oPCHUS2000034449

t he evaporation of the water fromthe plating solution

sl ows the deposition reaction and the reaction

nornmal i zes. [0070] Particle formation within the

plating solution is advant ageously avoi ded during

[0071p! lat iong Exacwds, Bokbmpostioanbbdi miating sblutiba after combining the
nvent i t al ncentratr on reduces the

condifigfiig 8Fﬁﬁglrggl%'PquE%r9@? LFQAMHRRING, soptign; tae buffered reducing
solutiéi HHQOWatérrhrﬁcfﬂr'd@@ §'ﬂﬁ*\q’%‘téﬁ‘%oﬂ&%nﬁw %ﬁ@é‘ﬁl’rﬁﬁdrﬂbn@e from about

ecially relative to 'ow netal concentr
0.1 @I“Eéoaﬁbﬁubﬁteﬁﬂ,t preferablya dionofaboat t1i il tboabauti 8 mM, and more

e ) S S A, S Fabou 1

to abidue 30 atNINprefelably @dm abbit 5 inid tmatﬁrdrtlre rﬁWﬁ'dndVﬁrbr@greferabry,
and consuned at point of use. Therefore, the deple

about| 14 iIrAli; < (ciieate reanapeingh i edcaricentradion gasge feemaatbut 50 mM to

s {380, B0 PR 9l A o prtra

aboul:olﬁo)asmM aoptivhah b@lrr&t acig A0k WohesniaticH r&sgd il bl 1 mM to
aborégzﬂ oni ng buffer solution, the cobalt-containing

pre alE}Mfff@Pe%mtEo@énMgms@mrttr%nd\ﬂd apgtreere preferably,
abodt"’]@' Sa%@%?ﬁéé@’g Hur‘&%gh%\fo r%'?ib %hg?rfrroﬁpggoyme to

f rom about er a om a
about 501 rWalpoefer&leromralbormbrlé rpivbtceabbhty% murana raibte preferably,

oo T G By AR 5 TR0 T i
aboul@O”MMafb?erﬁPétﬂ Wo% %‘b@'ﬂ't)lo AP a%Qut”% navIS 'a&%%nﬂe greferably,

ound in a concentratr on range rom about
abou&ﬁ&m&bmmﬁlkwmmwhfa crmnaentratrm ramge droab@bouP@D mM to

abouldhy Wile PreforBbR fafaou 300 Mr%s%%’é“@@%%n@ﬁﬁ%%eefembw,

aboub00mMIM; pglg)émea,rrtrr/afdbmeﬁmrﬁn Fard frémadbdidt 18GnMo &58iit 80 mM,
nor e er abl about 10 a pophosphi te source
prefgrably 5@rrtehwfa¥¢ AV tengleouty %ﬁm‘ﬂoand BNQAR pr@fereblyr about 30 mM;
an o?ni) ealgé %;tg 19(/|tf1 r%%ﬁ‘@%ra nﬁ_’r I%gﬁ%ﬁgw é)alﬁgt gﬁ%fer%bf*less than
50 ppreonakdt rruireopre‘ferajﬂyf rabou b2t pdmi\an coptiomal  S@biver with a

f t 10 MM to about 30 MM and npbre
concBHEHEDR1R ABoLA0 BhmioleaGomham HePai, v o prefratly,

abou® Q0GSPHT: &riP8t I%QQQSnErBHEeQHQé‘EoﬁQeﬁ%tHﬁ to have the solution with a
pH in a range from about 7 to about 12, preferably from about 8 to about 10, and
more preferably, from about 8.5 to about 9.5, for example, about 9.25.

[0072] In another example, a composition of a plating solution after combining the
conditioning buffer solution, the cobalt-containing solution, the buffered reducing
solution and water includes a tungsten source in a concentration range from about
0.1 mM to about 5 mM, preferably from about 1 mM to about 3 mM, and more
preferably, about 2 mM; a cobalt source in a concentration range from about 1 mM
to about 30 mM, preferably from about 5 mM to about 15 mM, and more preferably,

about 10 mM; a citrate compound in a concentration range from about 50 mM to
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about 200 mM preferably from about 80 mMto about 120
mvi and nore preferably, about 90 MM glycine with a
W@ o0vsesH08RtL i on range from about mM to about 80PEIVIIS2004/034449

preferably fromabout 20 mMMto about 60 mM and nore

preferably, about 30 mM an optional surfactant with a
concentration |less than 100 ppm preferably |ess than
50 m and nore preferably, about 20 ppm an opti onal

abouyt ﬁgglnﬂMe preferablyfroonabout 30 miv to absut M nINPampmore preferably,

f y.l h 20. d f bly,
aboff 318" f obfiaal, O apiob b yiibenieoR gAbgn: b aiout ol mM to

abotige ik siefietabBNfrvit Bbaulsimivetd 8B t
about 12,p'grfef e%tgl y from about 8 tg@ta%gm%?”arr?@é Preferably,

abouh @ Mive Bevisiphosphisensabtg inga soneenitation 1@Nge ffam about 5 mM to
. t her anp| e

sbo GBI, Riiol o 48042% RFAR-ERLL SO Snporneroray

aboub28i mivira horénd Feductahtivithna cbhéertedtRdnt rarRyet fbmi MSbut 5 mM to
_soéat [ E/Q t{wqje buf f ered reduci ng sol ution and wat er

about,ep jais PreteiallyiEmhautd G mM te aheuhBPanMbreandamgee preferably,
f t .5 r b

abol 29 s kg i s o en B ZHAY (ERDRER %D mu o

abogthRd mMppreferably fronpabeutt3tatildto aboge! 20 nml,aénd;tnole piéferably,

avo B3 T o B SR ET R S B to about
C [ t i 0

mM CpraterdMly fdnd 2680€ 20t ’lcd;BPdS@t”@@ nﬁl\mt agghﬁﬂageoé%g%%xyﬁ about 30

24about 300 mM preferab rom abou
mM:2@En aplioral suriactariifte aaisingentibtion lessntiianotdd ppral preferably less

35,585 S s FSEPIPT, Bl 0P O SRS BB i o
conceéitrativn (&8s eha @DerFIth yprefdrably (B84 tioar 20 PR Sa |§n§re preferably,

source in a concentration range from about 5 mV ] _
abouthbdtPPre amdl ap ledsd is Dase tna Hepgeniraiien tabeue thes saiution with a

: f bl 5 nt
oH 7% 8568 A58 alo BARLE 125 My PR BpbEPY S 3wt 10, ana
mor&idrefarablgr frohyalhautrs. 8o aboutd 50 farlaxame, adbuta@ngs.nor e
preferably, about 20 mM an al kanolam ne with a

conpcentration range from apout 50 to abqut 200 nM . .
10073; 1Y ERalSy PrETPIDGLEOTPRRIID Gl pletnsosalfion allespgtbining the

. a 4 1 | i, e \W : CO i .
condghGEbLfer Shitont O MASHARH DURCROTRE R0 v
solutipo @nd2@atav inoludbe i cébaltispunedatnd conpemrtiraticribfrpm albautts mM to

aboﬁgéﬁm% %%rﬁ%ﬁ}l/ rﬁ%@ ggg%ré;aﬁm %ggn%eﬁt?gt?gnmo %E)Bt?t% mM or less
(e.g., tungsten at about 2 mM or molybdenum at about 200 ppm), a hypophosphite
source at a concentration from about 15 mM to about 35 mM, a borane reductant at
a concentration from about 10 mM to about 30 mM, a citrate at a concentration from
about 90 mM to about 200 mM, an alkanolamine at a concentration from about 50
mM to about 200 mM, a boric acid at a concentration from about 5 mM to about 20
mM, a surfactant at a concentration of about 100 ppm or less, and a pH adjusting
agent at a concentration to maintain a pH from about 8 to about 10, preferably, from
about 8.5 to about 9.5.
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than 50 ppm and nore preferably, about 20 ppm an

optional stabilizer with a concentration |less than 100
w@pios/ogroes er ably | ess than 20 ppm and nore preCEUSIDY034449

about ppm and at | east one base in a concentration to

have the solution with a pHin a range fromabout 7 to

about 12, preferably from about 8 to about 10, and

nore preferably, fromabout 8.5 to about 9.5, for
[00743x Hep| p)atinigosoligions mQ)OOYéS]usedarh@t;bmforerxaaml@ectmless deposition

procgSh e, RPgR R Be Tels Siata ok Gt BRIarsien dtde e face down)
procesd. UtAofacet Np, RUbHRY 8 PRIIALNGroeaLY i ef%rr‘r‘éfdv"atE%ch component

i ncl udes a cobalt source at a concentration from a
solutiprhinay bepared i asparate bobilesaorycontainkrs tuinsaras langer shelf life

thanQﬁ%HJﬁBy%ﬂa e e b%ﬂ%@?" 3%' ensgzﬁsg%}dqtt un}ggé ¢aed'to form a

platity Bofithsp hartdetcs @I@Ip@@lt & cabsleeARtHiniagiayer I maﬂaﬂﬁg R includes
to about 35 a borane reductant at a concentrat

separalshaias cgmagrun@@@@t onmaiR|ofa eppditioringt buffer solutlon a cobalt-
n,f 0 0
conEfipEENARE" ! AR R0 A Yo it 24 APSeMp A gesco the
procasowf 206Mmhbiningaabdrmixias n;\t/lﬂe actorﬁp?meﬁcbluﬂ?mQWwa ater, such as
a surfactant at a
heat@&r@ﬁ?% aﬂdgl%"%@@fi W6 ppm or | ess, and a pH

adj usting agent at a concentration to mai ntain a pH

[0075 flﬁ'ﬁﬁé%b@dtrﬁerﬂb@ébhl& thidf &Srﬁpahéa{b Sl GRSt Er% gonditioning
to about 9. 5[ 0074] The plating so ution nmay

bUfoﬁs%ﬂlUtl@npéhe mobédhcmtemng)lsehﬁlo@epodlmeobufgﬁeredeﬁmiucmg solution

have ?W%rpgg%[)?e{ %&chdgﬁnr;] pplalcagéethg‘p%lﬁgtq/&ol mﬂ:“‘rr“?gE agent. In a

preféricRcemiBddintnt 0865 6f the B5rBbBRERUsolERSHS AR Yhe same pH, or
solution may- e stored in separate bottles or

substytiplyne same rftr suah | @ diertheheangel froen tabent 8.5 to about 9.5,

orord 28, 85RO 2088, o3P oot LSO Wbl o same
chelaodcmaiplemngtaageﬁtngud:rayie ra cifiate dledvéed drom Citfie @lcldd eElowever, the
pH vaERe, tam ?:Eééiyéﬁm‘é?”@ﬁér&qq&ﬁn”%a?y&g"‘é{e@gmdamwat upon dilution
with %Hé 1%; i \t@cﬂhﬁ%f o w&@vcw r@"dﬂ fpn nﬁ%ré"lé eé‘c%u&”ézs For

escri b e process of Ining and m xi n
examnjapdnmwtmaplb&mntne\md thtagmnnaagJoMtlasa fmatca‘dabout 9.5 for the

ass -ioni zed water. [0075] n one
Condgwg E’é’ﬁ%r SQIKRNGf t he conponent sol utions, i.e., the
condi ti oni ng

[0076] In one embodiment, citrate is a preferred chelator to be present in each
component solution or concentrate, such as the conditioning buffer solution, the
cobalt-contaiining solution and the buffered reducing solution. Citrate plays an
important role of buffering each of the individual component solution while being
combined to form the plating solution. Citrates generally have poor solubility in
water at high concentrations. Also, the component solutions are relatively
concentrated solutions. Since the desired citrate concentration of the final plating

solution is substantial, in general a single component solution is not capable of
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buffer solution, the cobalt-containing solution and
the buffered reducing solution have simlar features,
wWGEowh/038983 he pH and t he chel at or/ conpl exi ng agRet/US004034449
preferred enbodi nent, each of the conponent sol utions
may have the same pH, or substantially the sanme pH,
such as in the range fromabout 8.5 to about 9.5,
preferably, about 9.25. Al so, each of the conponent
compleltelyi costaimiynghail ethieh dissatvedc loittate or /Thereforex iy C|trate may be
h as a citr te derived framcitric_acid
d'Ssﬁvg%@\)Bre @@%PPW tgo l&m ReassyrRIneifarmaliprhef ¢ilkate precipitate.
sol ution may be sel ected such that upon dilution with

[0077 WBIe&HTd 's‘BIl?thnsV%WBo@fdé%géd f&emiﬁglgﬁfa H&%oﬂfgﬂt BkfFgen (O,).

I's about 9.25. For ‘exanple, this may achi eve
Degassjngrivrogesses inclyde bﬁaﬁb@mnygofsthfemolummscdumg Nanonmsg stages to

i e A A TR EN

mentoPakkl ohtactof @psemis, @oﬁlcafﬁldﬁhhéétlﬁ@%l}b%ﬂﬂ%ﬂnérﬂgag e.g., N2 or Ar)
buffer sol ution, t he cobal t - cont aini n ution

throyghs thefsalitians, aegilion of exyger scagengers ear\@/qygorahmatlons thereof.

wer PR 8a8be 5HR! B RS "oRl 08| DORY. i Fhpuee oxcer

conqehaltatiw BovateronMebthbraabesorgacter aystenfireluded microporous, hollow
soJubility in at high concentrations. Al so, the

fiberg othain &e Emregﬁe% 2 Al Aenesply dpaeentremy eglymers, such as
poly@ﬁ'ﬁéﬁ’é‘s TtﬁaﬁB&sté}"e %éétf\)%dtocgé%?ﬁfﬁjs‘?&iq%%rrﬁ}t @%’Fmﬁ’[png liquids

nal ting solution is stanti al
to passsi r@k}ﬁgem)mmnbet resodwed imm snpaif thepsdlitons' (e g., water, plating,

concﬁtﬁféqlggosgﬁe%/ h@&}ﬁl? | mt@ﬁwgg/ Ye ﬁﬁf«grlgﬁfo %ﬂ}g ietgéﬁhgf the solutions
have® QRPBREGEN %@h@éhﬁﬁtléﬁ) |SSES =R BBoU08 FHrh °Bré¥éra?l;} E\BB@’: 1 ppm or

precipitate. [0077] Plating solutions may ggasse
less.t &Exxampleiszef etygesl seayengggeusgfubin theelgue@tucrrgmmteeambnc acid,

N RSSO R Bl RS AT 2o S hirocie

and/geaapsbingtiio arieet TRE lcofeeneatvrabethromhyarinogcavenger within the
systens, sonication, heating, bubbling inert

platna@ s@lutiqn Brayaps asHewamabeid L& pam, s Ushaky frpeﬁamut 0.01 mM to
aboq\?/bxlyrgr HIv écpgt\—,(f)erﬂgt?l&bfl%ﬂpé&iutc@ thﬂfl”té %pf)uf BehRP! In gne embodiment,

ont ac r systens are usually excC usive
ascousiedatid is &M%@amg&«ygenmcenengén mnthemomlteafontélhmy soletion with

e GRSl Fevs ool T BLSBSIEHR) e Wbty about 10
mg/lPCl BB/en SE&lerRfers may be added to any or all of the solutions, but
preferably to the buffered cleaning solution. Alternatively, each of the component
solutions, such as the conditioning buffer solution, the cobalt-containing solution and
the buffered reducing solution, may be degassed, pre-packaged and sealed under
an inert atmosphere (e.g., N2 or Ar).

[0078] The processes described herein may be performed in an apparatus suitable
for performing an electroless deposition process (EDP). A suitable apparatus
includes the SLIMCELL™ processing platform that is available from Applied
Materials, Inc., located in Santa Clara, California. The SLIMCELL™ platform, for
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pol ypropyl ene. The fibers are selective to gas
diffusion while not permtting |liquids to pass. Oxygen
woragosissosenoved from any of the sol utions (e.gPCT/VE1084/034449
plating, conditioning buffer, cobalt-containing or
buf fered reducing) so that the solutions have an
oxygen concentration | ess than about 3 ppm preferably
about 1 ppmor |ess. Exanples of oxygen scavengers
exarnﬁfé Uindllﬁdéé"%r\ NMRIrated pRsdesdmPHRnkber @Qpéble of depositing a
N-'di et hyl hydr oxylam ne, erythorbic acid, net
congiigtive mt@rda Y 8ar g@ﬁtrale&zsu peocesa/ wcbomuaratﬁ%‘ﬁscell which is

avalt%fﬂ)ff%i %Hb&hg@n%@éf E 9 . rl[%é/eng%lo@é%%ﬂtas%ﬁé{%g %Ilforma. The

|ngs ut i OW as

SLINMGELLbUt platforh|gerfaraliy metudesOod. drn‘MﬁeOEIPOUéllsﬂ% well as one or
preferably, fromabout 0,1 Mto about 5

morlrRTeaieRAS o e CRastleResiionsCell i oAa s SPBX YRRy (SRD) cells or
|
annéﬁﬁYéEﬁShb!e?s.t ?\‘ffg‘rf’nﬁkaé@ ghetseglgﬁ% ?T_E?OFSQLOU rﬂg ﬁd&%l?ﬁ!ﬁl%lls may be

concentration
foungr ief tveatdmmartiy assigded /Sl . Provisipeal Sadenyeplicatiay S:wlal Number

60/5d 4k BORYRE o saEalien o aaatblanS (Xppa ety Jusd v gfober 15,

2003”‘ w@e PRORSIBARE FPakHE 'A?;Sﬁlcaﬁaﬁhs@ﬁalt flkﬁnﬁ@é}d'do'/@sy @91 entitled,

buffer solution, the cobalt-containing solution and
“ApnarattmjfcfreElecttro@@adDe@osm:bmof Metalsegn Bermleqndistar, Wafers,” filed on

OAT IR TGN AN T S

entitléy/, @aé@rUQTE%étr‘olés%n mn? el Fied ‘Mé)pr28 2004, and u.s.
perform ng an el ectrol ess deposition process

Prowsipnab|Ratapp irpligstion cheirls Numbes| b ﬁLf(&&:)entltled) ‘Face Down

Elec% gﬁﬁl%gf le"éllf"o ifdg {31‘?‘3\/‘!52 %8%6@% \ﬁh?‘cho%?a H ‘?r‘fjcorporated by

erials oca ar a orn q.
refer8meeStd Wlﬁ‘engafcémt) nol Htcbnsistn?orftamtlﬂhamh?ddaﬁmddmﬁdescrlptlon
integrate rocessin er capabl e of depasi g a )
hereiyng N'é' PEYGess Lgi?J; 813@@1'” §°|{5‘F'8@%é’§t &1%}43%@13 ratios

| . _.
ol e, S B S, b SR Sorfeie {ffeot, rforably in-fne
mixiipe SLI MCELL (tn) platform generally includes one or

nore EDP cells as well as one or nore pre deposi tion

roorflc FRET; 6 Behirptd i Sfates. B Schetiai kg GEE; SXamiERG plectroless

platlﬁé)%y@ké\hfmmﬁTﬁéfél&Qﬁ)léﬁ bRitiBYsyBerh 400dntlndés@n electroless fluid
commonl y assi Provi sional Patent Appl ication

plunrg@ﬂgatsrysﬂ&sanwféQZg egnmtir@dztgaoromdﬂ flgw, of ap siacifalesss plating solution
comB |§88r811 %ﬁa%@cﬂsb%h%réted fdé-%ﬂli%rc’i %tté’lbgﬁdlg 'series of electroless

processing concentrates to a face-up type processing cell 500 containing a

substrate 510. The componential concentrates of the electroless plating solution
include conditioning buffer concentrate 440, cobalt-containing concentrate 450 and
buffered reducing concentrate 460. A substrate support 512 is disposed in a
generally central location in processing cell 500 and has a rotating means 513. A
fluid input, such as a nozzle 523, may be disposed in processing cell 500 to deliver
electroless plating solutions, in situ cleaning solutions or de-ionized water to the
surface of the substrate 510. The nozzle 523 may be disposed over the center of

the substrate 510 to deliver a fluid to the center of the substrate 510 or may be
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2003, U.S. Provisional Patent Application Serial
Nunmber 60/539,491 , entitled, "Apparatus for

wEb@snssoBess Deposition of Metals on Sem conduR€DUS2004/034449
Wafers,"” filed on January 26, 2004, U.S. Provisional
Pat ent Application Serial Nunber 60/575,553, entitled,
"Face Up Electroless Plating Cell,"” filed on May 28,
2004, and U.S. Provisional Patent Application Serial

dispdserbiy abg/ &6 8lnsetdtet loeddults466, L8B3 antl M@Ma’ﬁéx be used in
004, which are eac

R T AR B
a cle%]drﬁrﬁwsfbr%b@@é ol dyBtdrie4 3 aiARtbrashasiey @%@c:‘#&ﬁﬁ bPHL Blectroless

‘herein. The m xi'ng process used to conbi ne the
plating | sysitens andt Bleckiolass: fluids pluabiog systémdis testribedimgommonly

cssipfe] |18, Hst B B0 RBBIE0 905 4135 ¥, B lefnoa anc

Appaahereforc Selgitively Th | Bk ElleC Cthgasitioh 2DLUARY Electroless
system 40Q0. The_ el ectrol ess plating system 400

Deposiiondes? &ingle &h@fﬁb@égflfﬁ%ﬂ@#ﬂﬂdn%@néo%swbwh492ncorporated by

e L I e .-

hereimat er and a series of electroless processing
concentrates to a face-up type processing cell 500

oro LA AR TS S en ISR Ll 414 prepares
flowih§ deufishised dydtbp ﬁbﬂgth?é{‘jctsr? énQHﬂ@gr@ér%é%efﬁ%B to a water container
rate a u

cobal t - cont ai ni ng concen fere .
410 medting ng heatingntsoaree. 46Pasginguthst dationzedpwaters 4D4i through the

son PR b b St o TS GaAb i o
de-ichidd agaternadz! e TS, Jémssbe A0S NeSH_TEMAbRI OF &oMtad membrane

cell 500 to deliver electroless plating solutions, in _
degasgpei; Altwiiohg aibeut degrssing derocessessdnaliding tsonication, heating,

f, T o
oG 50, g7 2. Mg OSGRE ASTERTH Eombintin
theredé| mesy be Uded. dThe wditer centairierod 10 havidighs heatieg 3b0rdd heats the

may be 28dj sposed in any position. Insulated conduits .
Pfehﬂ%‘é,d gg-onized Water4414 Haya Jempseature, in dhe gieng@i ehabout 80°C to

about 9588 . e KBLUAS sééfcgaﬁ%?g@é‘p? g@é@ﬁ%ﬁ@é@ﬁéﬂ&lﬁé@ ie%ﬁarnal to the

conduits during a _
watenooetalieeaid1€d(ad esomgtaliiorcontainé®, el lsedting elesnaritahside the water

o gt e TN TR TN ———
passA§ed temfigAredN h0é 23%eaed Autibive8 therd4iiolgH, 8P9nother method
of heating known to heat water. In one embodiment, metering pump 426 is used to
deliver the preheated, de-ionized water 414 from the water container 410 in a region
in which the in-line mixing will occur.

[0081] In addition to degassing and preheating, the preheated de-ionized water 414
may also be hydrogenated prior to use. The de-ionized water 414 may be saturated
with hydrogen as the presence of hydrogen may reduce the initiation time during
deposition.  Hydrogenation of the de-ionized water may be accomplished by
bubbling a hydrogen gas or forcing hydrogen gas through de-ionized water 414
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Apparatus for Selectively Changing Thin Film
Conposition During Electroless Deposition in a Single
w@hasossogs fil ed January, 26, 2004, which is PCT/US2004/034449

i ncorporated by reference t o the extent not

i nconsistent with the clainmed aspects and description
herein. [0080] During operation, degassed, preheated
de-ionized water 414 is prepared by fl ow ng de-ionized

whilsvatoertaided inhwatghcartainer 4100 TegadegassédBand prelvdited de-ionized

wateid V6P o8 Rehclh CBte 4 BagHTCIRAUaEP808  r educes
[oos%] Eghggegég&goge dsd\tﬂ)gﬁmp sgﬁﬂéqﬁgwgﬁmédfg ?ﬁgéé RGRS e 'de-ionized

egass
watqrr edrd abthe accompbaemtla‘remmmeetrdm;aswemfmbtl%owghdmbhmg buffer

conGsTREREn ¢4 her fORRGCUAGING NOGICHAS o don oy piflered  reducing

concERRBIRIC WSné%dbﬁMeﬂﬂ&héWnerﬁ%&@ﬁcéﬁ%@es gﬂﬁcombmed
wat er contai ner 410 having a heating source heats t

with ghehdetienized-water andl waeerio seposi a cobaffeoatainiagi Iayerhen a pre-

cloah@) SuPloet i laalits A Mg source extornal o the

[oosaneimserddifleaV of lfrehaatsaniietishized watdraineriy, firdt combined and
heating el ement inside the water tank and/or

mlxesiwtmmanei@r%ﬂowmféaonﬂémm%bhﬁgrscwqeé&raé@ A48 sterediingontainer |
436 el@”ﬁ\%ﬁ?r@{v% rfg 43518 Q@ '?jfe'h\%?r ﬁ ddéé?ré?iaﬁgwe}]arée 2k %gndltlonlng

Tluid ret hrough, or anot net hod
bufféreabhognkatei40 cathalsdutvadiat A, rafterewkichoidi-lirenmixer 470 is used to

neterin 426 i sed to de]iver, the preheated,
prores; e HSH\TE‘%PQ 41§ #‘?‘%n‘?ft ﬁ%b%j}é%fﬂ tajning Fonsentigle 90 ds added
h
usin SR S Roh AR 4t e o BRI fow o

heated- degmmﬂ wategrantilebnaitjoring ouffer bynitergeataridd with mixing at about

E ie i oni Zig wat er 414 may be saturated with
poin éo‘ﬂ%‘ﬁ'@d” e pxeh#déence of hydrogen may reduce the

[oosdlnFMeﬂty RNflbGWBT Blifdrad r@laegﬁgtddmentrwy @l@ngtbrémrpv‘/essen 458, is
de-i oni zed wat er be accon‘gl i shed bubbl i ng

addeq/dlmmejagn@pump éZ&@t abavbpeint gde ans m)gad through a fmal in-line
i GANRESHAT Sipdod G MSROMAI SRR YhBEn, Jn peneral e

mixingdints AeBvarsd akotlbsditbuhe s&bdtrﬁkea:turfehm pThisiflogv of the mixed
sol utions, [0082] The el ectrol ess platin lutign is

electrglesy pﬁg}tlnmspmn@nmyngetwgp@@qdoﬁ;tg@ad recty on the wafer to be
plated, or for greater flexibility and accuracy, to a temperature controlled buffer

vessel 480. The heated buffer vessel 480 may utilize an external heated water
jacket to regulate the temperature. The heated buffer vessel 480 maintains the
electroless plating solution at a temperature in a range from about 60°C to about
70°C, or more generally between about 5°C and 10°C below the target plating
temperature on the wafer surface as controlled by the hot water flowing over the
backside of the water.

[0085] In another embodiment, an in situ clean process is administered to the
surface of substrate 510 prior to the depositing the cobalt-containing layer. In one
example, an in situ clean process is provided by combining the conditioning buffer
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wat er and the conponential concentrates, specifically

condi ti oning buffer concentrate 440, cobalt-containing
w@ovsesiosat e 450 and buffered reduci ng concentPEL/ES2060034449

n one enbodi nent, the conponential concentrates are

conbined with the de-ionized water and used to deposit

a cobalt-containing |ayer on a precl eaned surface of.

substrate 510. [0083] A netered flow of preheated
conaderriaten itzH witht de-igHided svater 4114 dorfbimed craing se6idtivn.t A metering

ered flow of condjtjoning buffer concentrate 440

pumg 47715 Usachld A 2 esirad e FaigOipeRRsiitianing Huffee goncentrate
440 t® irftald &R cendlfBli 8 ‘ébrfdl SOb et \&fth %f%w IR E}%%ﬁ[’[&? 'de-ionized
t a , arter which 1n-11ne

concentrate 440 a out pol nt
wateri 4idr ati 7about paintl A, dheratyofoentimp eofipl ofi xidilgte Aohditivhing buffer

ol ST A8 SRSt A PR AR 1 o o
the foenurtionsd afrbaﬁl ofpbaméd dpgRsEfRfe Wé‘éﬁh‘diti&ﬂﬂﬂgclaetaner may be

. conditioning buffer concentrate 440 with mxi
dispemssg dyeiclly evaisthegsubstratae whiisteis agt2ted @b abjpuFicAatrdny or faster

B Lo A IS SIS Sy R0 B OLB e oo
betweenrdbout & saedndis wed dtuaudhsacdridsdlafieA whidtetHE #bWSF dilute pre-

device 474 to provide the conplete m xed plati ngh
clear 5 gwitehed fo @efﬁ)w 8F theyeomplata gniyed plading, bash fram thexbeffer vessel.

S LD ; f hi.S..: f _t M. X
As GHEAP SRER AR LT by LB gl o buter
vessdl isquepared lese thvaaf abotitol ®eniplikisestiordoruseosnd) heAntained at about
ﬁerrper ature control

o Elexibili nd curacy, t.o | ed

5°C orabehit, (4G MeandhanBeldasited platig: toyaevaniiaatsipagined by the
it ifbi ¢ - ' e ;

e laae ipisgE S pale Syl soltia. RGP esoste

with rthenuse nof tthés éh-situr deapssetjaenaey isclde | @nsulistantial reduction in

prochSRE PR En el SBAE AT, B9 es e Re320Mh A Ehare-cean
operbfdiget 1R @dntRabt tte IAdiatptecc]&n shehVdhfh ﬁié&f@égg'@mgd outside

controlled by the hot water flow'ng over the bac o
the gepesiionatahambperpsit] isn ativentrgeansbddi periormaalkatingi conditioning

o8 B5G8E0| oRAM 5L 5 Ep Ao 4RSS Hhmocitl rr o
platirptihls edlowiag the ¢htepyiediate rinse t@erglinginati. ilisdrticularly critical

rovi ded by conbining the
to p%hﬁ%?gqergﬁ&?r%?qjégm%}n an enviro¥1ment substagrltially free of oxygen to avoid

surface oxidation of copper. Preparation of dilute condition/cleaner using degassed
heated water with < 1 ppm oxygen and operation in an environment with less than
about 150 ppm oxygen is preferred to avoid resistance increases associated with

copper oxidation.

[0086] The use of smaller volumetric quantities of the plating solution to deposit the
desired film has many advantages over a traditional electroless bath, such as more
consistently d eposited layers per substrate and less hazardous waste. Generally, a
fresh volume of a plating solution is exposed to each successive substrate. The
concentrations of the individual components in the plating solution are dilute in

comparison to more traditional electroless plating solutions. Traditional bath
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30concentrate 440 with de-ionized water 414 to forma

cl eaning solution. A netering punp 427 is used to
wa@ledoswss08a desired flow rate of conditioni ng bRET/E82004/034449

concentrate 440 to insulated conduit 418 and conbi ned

with a flow of the preheated de-ionized water 414 at

about point A thereby formng a flow of a dilute

condi tioning buffer solution having a desired ratio,

solutippiscal kejedietlesedepdsition prdcevzds ablyusn Bighebavadentiatidiis of each
fornmul ati ons already specified. The dilute

compaant 8ai HigtcIndriénalmaybsieatess péinge easin Subsifatsy diatch have a
relai{j\zgltyz ;&ﬂ?ﬁéﬁt é)l%gré Std OEQ&‘?ld g%ﬁin@b%ﬁrﬁ%ﬁn@gﬁh% the bath.

e the pense nozz I'STswe
Embxonlifreerds of ythiscialepticn ptavide prosessas de expbesewtion sabstiates to small

BRI LRSS TR S B Bt St g

solufioreflaPhas iaN@pRatdbié Eeftdihpation. f er vessel . As
previously specified, the diluted, conplete plating

bath mixture in the buffer vessel is prepared |ess _
[0087Th A sebembogimeitsof she drventionsieke mgvaaiage0fribe law concentrations

o RS G2 S s b s RO SR BB vasto o
unusedtdoenpatants) d@Bned at aificiehtthickness Asf\thotcadak containing alloy has
associated with the use of this in-situ clean sequence

been ndlegsitads et i Ke iRektAlging rsqiviarcansituanie wildalso be
conépllrlﬁi%% pd tl‘i@séﬁltolﬁﬂlt WE wadte 9§/ e{eél%a%ﬁhgﬁfé Wdste stream is less

e-cl ean operations. n contrast to acidic pre-clean
hazstdmss thtarc braditipnbk spleitibns reee tutessdmetdi dode wathin itbe solution.  In

one oc BN M8 FaRSRE ahes SlubE s aclBesih acidss aiheated baffi
(e.g%, Rﬁg th]pfﬁdé t8'h u@@@e@? kSGTh & ?IlaYe BOt Péski)&lﬁ’e Phehl bemOF from the

ow ng the intefrmediate rinse to be elimnated.
solutions pante call ar Imostr bf ithal metal pien$ cand sedirctipnis- atee aamoved, the

in an enyironnent subpstantially free qof oxygen to
solutige) aDexBHTERA B [ egehaiegs@ncis, disaPaed &if @ non-hazardous
wasflh | ute condi tion/cleaner using degassed heated water

wth < 1 ppm oxygen and operation in an environnent

with | ess than about 150 ppm oxygen is preferred to o
[0088] diiguice 4 Asshelve g rrassasasiionsk vieMapk @nvintarceappeirba containing a

i [ 036] 4 f_s . VOl rgc
condbifi vRBtork PoiippSadthdn, e it " BalEl 87 e s a low-k
diels€@ic @atdridlm basduative meiei ageis Pvestan suchdid topwdr or a copper
el ectrol ess bath, such as nore consjstently deposited

alloy.ayldtescordudiiyssmatarial imaeneradly depasted §Y aaderosition process, such
as SRIGIPIdthg, 2electroless plating, physical vapor deposition (PVD), chemical
vapor deposition (CVD), atomic layer deposition (ALD) and/or combinations thereof.
As depicted in Figure 1A, conductive material 12 may have already been polished or
leveled, such as by a chemical-mechanical plating (CMP) technique. Dielectric
material 8 may include features, such as electrodes or interconnects, throughout the
layer (not shown). A barrier layer 10 separates the dielectric material 8 from the
conductive material 12. Barrier layer 10 includes materials such as tantalum,

tantalum nitride, tantalum silicon nitride, titanium, titanium nitride, tungsten nitride,
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fresh volume of a plating solution is exposed to each
successi ve substrate. The concentrations of the

w0 pabse3s98RI conponents in the plating sol uti onPEr/ES2004/034449
dilute in conmparison t o nore traditional electroless
plating solutions. Traditional bath 31solutions for
el ectrol ess deposition processes rely on higher
concentrations of each conponent so that individua

silicon pdttitie} @sd/or chhibiestidhssthbrddfaine ibalsthllydegosited with a PVD, ALD
rel atively consistent exposure to each plating

or CYEMRAMEWAIUSY t hin the bath. Enbodi ments of this
i nvention provide processes to expose the substrates

[008{] Hﬁ@?&dnn‘é‘&'t ‘@éesasoflvg,ﬂ & QEHé?gsérﬁicBbHG&o?‘?eétP?és egely ormed on a

ate Is exposed to a virgin plating onth
subﬂ@easurﬁa@eat&@bsiratea oanwhiah mmbochm’iq ofdthednvention may be useful

,ments.af .the inventiqgn take_advantage of
incl 5 BT B PSS OGN SUABB HETE'S: A chyptilie sficon (e.g.
Si< o3t | 6:9 SRIYubYN diledi NhidEe dildrargatfarimWagdsedfor undoped
unused conponents. Once a sufficient thickness of t he

polysiisant depad emundoped silichasvaliess eiigs nitéde amdspattgrned or non-

pattefib Mot ChbRngt el ARS8 CEe " SEPn haterSrffine tavers and

mat@vislsavigt ditanttio, carfiichios aF dansertdrapetticddnd inbRIde aluminum oxide
sol utions due to |less metal ions W|th| n the sol ution.

and paveilieamod substraten@aycpriideda @lass figt Banelidisplay dype substrate
thatqgﬁﬁt%’lﬂ&%ﬁ]?érofe%}?re%ea%g Q.ﬂfféc%e% bfryIbe Bﬁg%tegf%&e or more

her plate out resi due
processast hmclsdlhgtlpjanarﬁamnal(b @y GbHRY), oplatihg ifegal HEORY etching,

and reduct.ant noved, the s tj.on e .
rec Sl BEUapN: RYIERHRIRB S RAIB0 a1t Bakag: SbshSte surface is used
herdi?#o r?’é?eﬁ“tg%ﬁ/ k%ndh?@g%atﬁkg Fes et MEredn, mcludlnr% the exposed
cross-sectional view of an inte connect 6a contai ni ng

surfacesad ubei featuneisersush a4 thié swals exhdion bottondi ef wiasy itrenches, dual
mat eri al |low-k dielectric materi al .

8 h
dam@(?ﬁ’&[]@?’l Q}g“tﬂé‘}%gqi}cgﬁw?ﬂﬁ s a netal, such as copper or a

copper alloy. The conductive material is generally

[0096]€ Pagureer 62épﬁ:t§|anﬁ§$§ 5O6tidH=0 VRAE of MiterBoAsect Bb mcludlng a cobalt-
el ectroplatin el ectrol ess platlng, phyS|caI vapor

contggpag,qllpwaxqj\ﬁj that e A c@pPinGlgyer depetad gmthecsasductive material
12. aﬁer e dﬁ@én&gﬁm‘g@ a:i]lb? qa@Lf% é@%%p%%g%g E té@dsﬁﬁ the conductive
matéri’almitg tbaaqnlatlm@&rdﬂuthﬁeas piésmbed mrthbevaa'ic&ut_ embotilraents of the
mveDi/ gpecq}q ggﬁéﬁ-ggﬁt%?n%é %llloyr/) llaay}elrrl]g dgpos&ec} v%ﬁl!? 2 thickness from about
an atomic layer to about 500 A, preferably from about 10 A to about 300 A and more
preferably from about 50 A to about 200 A. The cobalt-containing alloy layer may be
deposited in several steps. For example, the substrate surface is exposed to a first
volume of plating solution to deposit a first layer with a first thickness (e.g., 100 A)
and the substrate surface is exposed to a second volume of plating solution to
deposit a second layer with a second thickness (e.g., 100 A) to form an overall

cobalt-containing alloy layer.
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material 8 may include features, such as el ectrodes or
i nterconnects, throughout the |ayer (not shown). A
Wb 2005/088083 ayer 10 separates the diel ectric matRCT/EE2084/034449
fromthe conductive material 12. Barrier |ayer 10
includes materials such as tantalum tantalumnitride,
tantalumsilicon nitride, titanium titaniumnitride,
tungsten nitride, 2silicon nitride, and/or
[009fOTREN@obaRcIGINRRS aBY la§et'THAY | MchRlROS Lafety b @®dmpositions
VD, ALD or CVD techni que. [0089] Interconnect 6a, as =
containing aephalh dungstencon arlykiensat phesphaike, beromeandcombinations

iner 4 LS S35 IR 2Rl 4 ReFIRBHLRER B ornt

such berat edbalb copvespatbic inoa rawdefrom abelt 85%abwioat BEXE a tungsten
silicon (e.g., SI<100> or Si<1 1>£ .S licon oxide, .
conegntriadian ted fage FrPmigbeid b taRdeybE%er 9 selydpnun spagentration
. | 0, S . .
in & Sondg R it FA A I % 291d Shgherors oBtbntraon o @ range
frombabeuti1l% domabwmftet2%, piréfesably droen abonid 39atterabelus Mot hA variable
s and

e FOLCHE ot G,k oo i
methges ISTCined thverltodsdué ! @t tHRanfliuglos by BUr@ﬁeS#&ﬁlbéa@k.e In some

that contains copper features. The surfaces may b
embodineats, citiebgubsituiion wbmeolpbderaandor iturgsian mgay have advantages

corfly BRPRS L ReeFof ot BN ot  on,

anneal i ng and baking. Substrate surface is used herein

[009210Thef €dndentetivnssfphospHuisaind/eaborah wititiaentotidisc@staining alloy
i ncluding the exposed surfaces of the features, such

layegscamealigfl homy/aposiiausm e slepositede faRRIBY fRygr may end up.
ﬁém,sc e n : €xkl 0090 =L aur

Gen%epl Ct@éaBgF@sb@?%ﬁlﬁg?bgi l((ea%vé gcﬁ ﬁ?%‘tg Qr%o%rpe%* ’ g%(ygen or water)

incréasdsu disntheacappiag tay@nthacoimes more anmaphous.hd#ltersatively, the effect

cappi ng | ayer deposited, on the gonductive material .12, .
of phesoRs o7 Beransinay goak Fay: g, SEOHHS! of Geeib bptibfarig? which can
I iehi {8 I c@nn 1 plating
tendEKRRINCH B/ ATUNER (M oUE 186\ BbpY el i ment s of

the invention. The cobalt-containing alloy layer is o
[0093je Generadly wioxygen tigiuritntestionalbningeaprratad Mtenthe eefiait-containing

to out . r ) b .
ato}o 304! o0, S PLELE Bl ABLE Y subed, 4wl oriaining
alloyrandh@avebaldoneentration g 16¢s tharl @y ratytey The ctiadsiédritdining alloy

In several steps. For exanple, the substrate surface
near e pensbigtive nateriab{l2 surface has an oxygen concentration of less than
0.05%. Substantial amounts of oxygen are not desirable within a cobalt-containing
alloy, since barrier properties and conductivity are reduced as oxygen concentration
increases. In some embodiments of the invention, oxygen concentration of the
cobalt-containing alloy is minimized to a range from about 5x10'"® atoms/cm® to
about 5x10'® atoms/cm®. The lower oxygen concentration is in part due to the more
efficient reduction of the cobalt-containing alloy resulting from the precursors, such
as the hypophosphite source and the borane-base co-reductant and the relative high

concentration ratio of metal ions to reductant.

34



volume of plating solution to deposit a first |ayer

wth a first thickness (e.g., 100 A) and the substrate
W@ 0bms8883 s exposed to a second vol ume of pl at P@IUS2004/034449

solution to deposit a second |layer with a second

thi ckness (e.g., 100 A) to forman overall

cobal t-containing alloy layer. 33[0091] The

cobalt-containing alloy layer may include a variety of

[00943 OIrp @i dltevnativcosindodimentcddisicted ByuRigatenCoprior to the deposition of
nol ybdenum phosphorus, boron and conbi nati ons
cobaliygpaiFining.aligya 1ty arc #ifiationc kyeai 13 meaylbeoipsmesyean ghe exposed

conRTREAEMID 8 SRHEATETHarpis CMEEL] pu g el
platiaLimy mydhemiuog eseniuma trhodium oa indioge ﬂ'vypmaalpmxtedb%s*% ¢or cleaning

6% a nol ybdenum concentration in a r e from )
and 3i3tlaceiney 5000’ 8HEORRE i GepRUES Srolou g iasheous aci
solutidngd bRNSAIZINIGT 3Byt UM 14 %HHN@%I@IB&?E%%EMUH Yftrate or

about 3% to about 9% A variable anount n may
pallagéumr ssdfiate.i nAnoeabmplrefapnsuitakie | agidicpaetivation wolution is one

prenkPE 5/ A8 B00of b ) RUSRE S I.HE AANTF: R HE sl o 1 Lo
deioniest whtdri AR HotheH eseaplemh ictil At $610tiOR soRR®s about 120 ppm
dvant ages during deposition processes of

a
pallagipm ehlosideaant seffigiansyydroddery avidetocpriayids a4H dnaofange from
h r ngl/ o it R : lt-cC el o
cboll 3P0 45,004] o4 BoE 98RBT BP e BN, fine scivatin
soluticip fongboaly30 serohdsnat ambictetempédayuret he barri er
properties (e.g., less diffusion of copper, oxygen or

00sel S ARIG CORTEIMALON 1P POB SN AT EEr o BY U Rbr 1S igitiation and
cobaMO'cRIhtaRIg %ﬂ&if%éﬁd%‘i‘ﬂ&ﬂ“?lﬁ@ééé@%: ﬁl% g%ﬁeﬂsﬂl?i g?q?rmed r?epara‘cely

oundari es which can tend to inhibit “coppe usi o
and/ohasadollowed bymoinmglekatiaT and 0iDe8 |steemeAlieinativelyy g eatalgtic metal

may 43 DeBRLRRR b PGRER 0BG S gopiacement of any signifcant
amodAn ef abppener ohdensbdiment, &f stifble phatat ﬁﬁéw?s’ﬂrﬁhéw be added to
and have a concentration of less than 0.5 at%

allo
the cntéa%@@atainiagrﬁomtmrn@itber premigd arheixedradieei §e that initiation and
.er | f .has._.. en concentration of
dep es'(g't'trﬁéa%E’é.p%g{%n%égk;@%asr{ﬁ@g%éﬁounts of oxygen are not

desirable wthin a cobalt-containing alloy, since
[oogspalrr iatheprembeodinentanthe cuistrater iis yexposede thu e doatplexing agent

sl e B L e ases, O S e S nants from
any of the early processes. The complexing agent solution may be exposed to the
substrate between a CMP process and the deposition of the initiation layer 13,
and/or between deposition of the initiation layer 13 and deposition of the cobalt-
containing alloy, and/or between the CMP process and deposition of the cobalt-
containing alloy. Complexing/ agents are useful to chelate and extract metal ions,
such as copper (e.g., CuzO or CuO) or Pd®* from dielectric surfaces and conductive
surfaces. Generally, the substrate surface is exposed to the complexing agent
solution for a period from about 5 seconds to about 60 seconds, preferably from
about 10 seconds to about 30 seconds. The complexing agent solution is an
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cobalt-containing alloy is minimzed to a range from
about 5x1 18 atons/cm 3 to about 19 atons/cm 3. The
WO oM8103808ygen concentration is in part due to PCEHURNE034449
efficient reduction of the cobalt-containing alloy
resulting fromthe precursors, such as the
hypophosphi te source and the borane-base co-reduct ant
and the relative high concentration ratio of netal
aquédﬂ%ssdlgtlbﬁcﬂéﬂaﬁﬁh B8 in§ ag8ngé! ESFn‘Eﬁé)&lN@agents generally may
enbodi nment deplcted by Figure ; prior to
havajémgnabrgr@ﬂp&mhtas;camlaOnam@s,acarbyxmm aalds dlcarboxyllc acids,

oty 256 A2y B B B B AP S35 eing agents

may dedladest citric@dia) glyviek, aniab laaitisy MDA ddrivatiVes tHErBefisalts thereof,
osmum rhodiumor iridium Typl cal procedures for

and gp@Rinalions theieak| Hb@ﬁ@mxam%. thg emplexiperaggntisolution contains
cxtncp§4+ 94 EOR %é?%remo ihea %Hg‘fé’ﬁ'ﬁn?‘ébﬁyts% %MQtB tfgué 200 mM and

adium salts such as pal um chlori de,

adjusi]etlrvatle toe apditioadsfuliviAt drafGH;)AOEKaPpE foab@usel tabl e
acidic act ivation solution is one prepared by addi t| on
tr| c acid t

f 10%
oosr] ;R B Piarter e SURRIHE 1o BXERRALLO BTseipipseRolp Turther

c|ear$qhélt§wstmet@Jrneﬁ:eaaﬁatre?q?&/eoraémamhrﬂga@b#imnﬁhbﬁfs' ﬁlsrnaaﬁy of the
sufficient hydrochloric acid to provide a p in a range

earlyf pweesisest A HBn3e procrsas Wil ganeral follow eecbeoracess;eswh as CMP

rocgh FERERRe B e 5P SRSUBLE SHRHNAG sy taver

and/6PBkEOENAS it® oRipleLngsddlitish. hardvanse Prodsys! inglries WhShing the
initiation and cobalt containing alloy deposition

surfageqiita ddejonized yeater.ailhe sybstretarwill ke sasad dorya gedodifrom about 1
socoffig o RITsorRRTBLAERI Rofihalls BuolBR 30 oyt 4 seconcs.

el ectrol ess plating w thout the displacenent of any
[00983 i [ggunfe carghosrsoantrosk-seatipaal viewoné senlbalidsetdscene structure 26

bl e to t
eS8 e FSEHACES el Bl Ayt sqprred
barrnéf‘fa{ 308 OCbBQFt-dthélhﬁH‘g' beyf‘%&e‘?eiﬁp% Hbgﬂsﬁ%’ of€the conductive

per orned in a single step
mategiabdd i inghegjual Idemamgneatlwqtts’eéaﬁobys atilizing the vandwscémippodiments

ent .sol utjon t an t,he.subst rate sur
of B B RRLr8 l B8 F S HURH & Fell g 5 Bcn3fte with a noble
metabrfcdistessed 2®o0enpl exi ng agent sol uti on may be
exposed to the substrate between a CMP process and the

de] osition of the initiation |ayer 13,
[0099] another embodiment, the cobalt-Containing alloy is deposited onto a

substrate surface without a separate pre-clean or activation step. In such cases, the
cleaning, buffering and conditioning agents present the mixed solution are sufficient
to remove surface oxides of contaminants and allow uniform plating and good
adhesion. T herefore, the substrate surface does not have to be cleaned or activated
before depositing the cobalt-containing alloy. Prior to cobalt-containing alloy
deposition, substrate surfaces generally contain contaminates, such as oxide,
copper oxides, BTA, surfactant residues, derivatives thereof and combinations

thereof. Contaminants include various residues remaining from previous CMP and
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and/ or between deposition of the initiation |ayer and
deposition of the cobaltcontaining alloy, and/or
whedsesss: he CVP process and deposition of thePCT/US2004/034449

cobal tcontai ning alloy. Conplexing agents are useful
to chelate and extract netal ions, such a s copper
(e.g., Cuor CuO or Pd fromdielectric surfaces and
conductive surfaces. Cenerally, the substrate surface

post §Ie%’hp9&ﬁ5éstsostbb§ CPhdleforend plting sodlitivri confadming a conditioning
period from about 5 seconds to abtwgf; %‘g secands,

buffer spkitian) ¢ ¢okat-earatning ssktignda Ruiiesed redugng sokitige and water

[ H‘éﬁc‘eon is an 35aqueous sol ution

Is “%%‘%?Pﬁgwngﬁéﬂgéﬁ%%éﬁeﬁég agent. Conpl exi ng agents
general ly may have functional groups such as am no

Exampis, carboxylic acids, dicarboxylic acids,
pol ycar boxylic aci ds, and amines, diam nes and

oonf L RS BT AT o | O s Mo et

patteh® érs WBFk 688didxdafpR sisteeds for é!é@trcﬂémleﬁosmh@ of cobalt-
conpl exi ng agent solution contains citric acid wi

containingntallayson iThex sugieates osPalsHIAd seXRASEs a@pﬂerzggerconnect

stru%.ﬁgg %B%;HSt eﬂ{\&%} B?%gg?d\%g t%er@@écﬂcaﬁl%é}la%nhm the

nts
dieleptt fﬁﬁhe | Bhexfuiisutrchté OSLa'faidmszeasarleebedtbyfarCNtH process and

subgeAUaT, SRS eMpOONIE R APy Alito £lrE a5t B Fepizlgss plating
progéégsc %%degé!rfbegq %rn%oc; iflenfiabagd) P PQ‘E)Pa‘%ﬁmg %Essﬂﬁtll% a face up

eposi |on initration |ayer, deposition of
pud@balplaﬂr@"ltlandtneeg aIGanU:mUayeraradwdyrnformxp@@alt-eom’f@mlng films were
npl exi ng sol u

IR e o Thy LLSEE Rese LIRS, mages o o
sca@é@éi@%ﬁo\vﬂwicr&%dder@@ﬂf s shodf indElgiireo®) about 1

bout 30 seconds, preferably from about 5
seconds to about seconds. [0098] Figure 2 s
[01a0] os's {8 Eogurerhitheineeasired elrarical m@@m@cgp? IR 5oenegt lines with

t
cotigtopaanng Jefecriol b yRiabCliEferiie BO8GRphTfkage compared
wﬁl?@l’?é"stan?é’ﬂhé'éﬂ#d&%r@b'vﬂﬂwdbﬁyﬁbaﬂfbdmsaldmg‘nmmg dnyemeas shown in

conductive material 32 in_the dual mascene struc
Figaee By Alsel theiling fesistangs elicokaliberrRacHiInge giu UctyEes féid H6 Fore than

a ﬁtfévefnér#f gp%r}%%e ﬁéﬁ%rﬁ’ﬁar‘é@"t@%&' Y EBingr §talictdrssithout cobalt-

a nobl'e net al as di scussed above.

corltaP@y cappmgft keerenibe; depositiarhpransisal may de gemTellgd to deposit a

cogelxl’l-ggntla?mrqg pc%?)lptmegdla%/%r with a thickness from about 50 A to about 300 A,

with a plating rate of about 60 A/min. The plating rate may be controlled by
adjusting the pH and temperature of the deposition solution, such as increasing the
rate with a higher pH and temperature.

[00101] In the examples, the substrates were processed by four major steps: 1)

surface pre-clean to remove copper oxide and residues on the dielectric surfaces; 2)

electroless plating of cobalt-containing layer; 3) post-cleaning to remove residue on

the surface, especially on dielectric surfaces; and 4) rinse and dry step. In one

example, steps 1-4 were implemented in one chamber with two cell configurations.
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substrate surface without a separate pre-clean or
activation step. n such cases, the cleaning, buffering
wW@e@hs088083 t i oni ng agents present the m xed sol BCT/UM2084/€34449
sufficient to renove surface oxi des of contam nants
and al |l ow uni form pl ati ng and good adhesi on.
Therefore, the substrate surface does not have to be
cl eaned or activated before depositing the
The ciftainbec omasifilied gwith | dry . nifogen ¢antaioba) Bncoxigeintogcentration of

abofho 4 BB PARY Bt 1o THeBiskPan o es aikiaaucd skoom omperature

(aboﬁn't”i@‘@)am tlﬁ@sprdl&éan @Rl VRhEVaHsiRES ‘WJS fBfsferred to a pedestal
conbi nati ons thereof. Contam nants 1 nclude vari ous

insidecthielgell withihenergosechaopperstoistu@sHaging BBpdée dispense arm on

top Bf % S%u gﬁ‘% g%geﬁcﬁ;cﬁélﬁg gwglfaac';%%qjﬁl u 'do Qeld several chemical

|nlet§ olrrditdingriralcleag sehitivhi sy de-ibnibE@ Rt CTHE IsHBstrate was wetted
solution and water is used directly on the substrate

W'ths@?f'Qﬂg—edEMéﬁFﬁres "{69@1@ prerelean obolytipmgves adispessed onto the
substfte ML é%ﬂué“(ﬁg it s LBRkeR A 758 R ©" After about 30

use as sa strates for eectro
seccme#sgshh'el swbsifateo/maﬂk trinsat avith wig- lahlzeszlSNaﬂéhe ‘Shebatque@@s pre -clean

solfigh| dartained el Wi pHvalUS s abest 1.7da aput 3. The more
hea%l%obﬁkﬁijed""sht’i‘a%éh J@%Iy ?é%l\lpéﬂ MdrBagldrss dﬁ&@%ﬁééfﬁg at >l/ower pH

surface was polish rocess and subsequ
valugel ectively coated with a CoWwP alloy filmby an
el ectrol ess plating process, as described in

oor VAL BT Wi B0 RS S G0 M AP e s
de-igfiRaltwaten flaivaidirdigdhhevsirtesél thetgedelsial &6 @@Sﬁta@ﬂtﬁef@ackmde of
di ff erent copger surfaces as shown by i mages from

the sibsirat ﬁg Afterdhedtierrleansieppuas senprmed, tha @\Nﬁstratepww transferred
into 3- é)l%l Q’%&'@”%‘P“%%Pﬁ%ﬂgﬁg‘%& ﬁ%ig tﬂ\% eﬁjqn?%h[)rlq%[%n envmonment The

temﬁerxe&use donislied hoprdd-ionigeid avdtéberfiowiag ofhrowgh ethé dn‘fuser plate
are with the sane |ine structures with

Provltd?ﬂsﬁ%aégw teap A yQlded $xpasurervirhamical gqnt@mmates on
the BacRSRR of '?ﬁe'éJb%tlra?é' STﬁé‘%b%Er@fé’@?hgeFﬁﬁlfée%ds' Rfintained at a

structures no nore than a ny, I1ncrease
tempereriurso iedwednt abauie 78 Horeand r85°€, rpretarably abolito80°C. A plating

solu $rg2\gb§%%/%'sgérn%3 cf &iylnlggl S%l%h%ﬁ&@? inie eofc’ﬁnt(m(g) rkItS as discussed
above, was then delivered to the substrate surface. The plating solution contained
any conditioning buffer solution, cobalt containing solution, and a buffered reducing
solution which were mixed with de-gassed hot de-ionized water maintained at a
temperature between about 80°C and 95°C, preferably about 85°C. The
conditioning buffer solution, cobalt containing solution, buffered reducing and the
water were in a volumetric ratio of 2:1:1:6.

[00103] T he mixed plating solution was kept in a 500 mL vessel which was constantly
maintained at a temperature between about 60°C and about 70°C, preferably about
65°C, for about 10 minutes, preferably about 2 minutes or less, before dispensing on
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cobal t-contai ni ng capping layer with a thickness from
about 50 A to about 300 A, with a plating rate of
W@bwan3ses A/ m n. The plating rate may be cont rpCT/E82004034449

adjusting the p and tenperature of the deposition

solution, such as increasing the rate with a higher pH

and tenperature. [00L01] n the exanples, the

substrates were processed by four nmjor steps: 1)

the substiate pudacé.edrhea hot «*ﬂmvrmalzed|O\|sreter(1)@leﬂljemﬁlfhiL= bmlhgl@ﬂutlon was

degcfghed fo BB RSHRR sgrpayERorsy! Ml Apemaigss of e kalered reducing

solutiehi dne é&hdiﬁ'&ﬁ@”ﬂﬂfé‘? scﬁéﬁ’cﬁ?'a‘ﬂd' heP Rofli i %ﬁHedcyvater were first

surfaces and 4)°rinse and N one exa
combings beﬁbrwea@dlnngéhembajlt nontmeanghmib’smn Wi Thlst order of mixing

ol LA ot B SHARSE ot R i otion

The m!ibstl‘atéaﬁas tfAvesrered Gbegie abﬁﬁsxl’l@ﬁ d@lleéﬁﬁ 'TS\Q/eféd (ECHQVG direct
enperature (about 2 0 O in

ean ce

Contaebwhath@ hodgvateaHyeoegh élme ﬂﬁugepa@égmneufbm@jmtam The plating
| The
soufiShL L hsblfin 55 ARSIy LR 58 SASH"F MReastRoana e
subssnmpmaapabtéd tiyaaatd dfedisbus S0erpah te BBOLICAN 100 &ps to cll]uickly and
in cI ean solution and de-ionized water.

unifog UEC]&(? $P&sRatio,pifiag SAWPACTSS Pedsubatte suefece. t hlee rotation
rate Qfethél ﬁﬂﬂ;t%@ i BlowRe dhwR30588s g}iﬁarfaé\gggtt %qgéﬁ'{ %{)ﬁ? plated for a

surface wh e substrate was r 1
periosl pétimebivom Ao Sfosatondsie abobs70akeeomds rinsed with
de-ionized water. The aqueous pre-clean solution

[0010?2%@ gﬂﬁgglce é:%h%gg%?%c%éggspgﬂi@ hﬂf@ﬂ mps %2) io was used to
formtit eabhly obﬁwnrngd|a¥@f ammwrrﬁgém\éecgée%amuﬁq)l@fdaé%és such as
pH val ues 0010 he substrate is then délivered

threea dispensas; d@ta&ngpamté 250 mls iwbviatinghisolutinasweke: Lsed zedorm the

conae Ao B ] o AE B b tcknoss o

aboupr ¢00! Aaor dakgerwasulfisle! dispefsed tf hebplatiahesoaton was found to
transferred_into a plating cell which was maintained

impro)g dhe deposiien FHPP?%ngYI aéﬂ*@iﬂgom?e?ffeCtﬁ'ﬁEtheeﬁ?ﬁ?é}O&QMFEOf water.

controll ed hot de-ionized water flow ng through the

[00108 D%Ui%ﬁfzeB' \ﬁé?érmrps\é \Wl iﬁﬁ?@e}méﬁfedt Benauasd Bf‘%?ﬁﬁ”b‘i'ating process
avoi ded exposure of em cal contam nates on the
and Mnge‘hﬁawfwahélfted tfeam dbe petketat meat thet end efipleriahized rinse step
to equfbrn?e l’ﬂ'\e suggtraate 8 about room temperature. The post clean solution was
dispensed on top of the substrate surface at room temperature while the substrate
was rotated at about 120 rpm. The preferred post clean solution contains
methanesulfonic acid (MSA) in de-ionized water a concentration range from about
10 mM to about 50 mM, preferably about 20 mM. Subsequently, the substrate was

rinsed with de-ionized water and dried.

[00106] While the foregoing is directed to embodiments of the present invention, other
and further embodiments of the invention may be devised without departing from the

basic scope thereof, and the scope thereof is determined by the claims that follow.
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t enper ature between about 70 C and 85C, preferably
about O C. A plating solution which was prepared by
w0 b@sps8088 of use in-line mxing kits, as di SCBEEEN2004/034449

above, was then delivered to the substrate surface.

The plating solution contained any conditioning buffer

sol ution, cobalt containing solution, and a buffered

reduci ng sol ution which were m xed with de-gassed hot
Claimig:i oni zed water mai ntained at a tenperature between

about 80C and 95 C, preferably about 85C. The

condi tioning buffer solution, cobalt containing

solution, buffered reducing and the water, were in.a
1.5 oh irBPn 51 tormitcah Sioioieks Bengsion Seffiomcegeprsing:

Pl @ity 8UdwditIhiNgdulfBPSolufiod Wil aMirst BEISEHie WNdCEbmprising a
. was constantly maintai ned at a tenperature between
first egyoplexB® @yemd about 70 C, preferably about 65 C, for

Pt €hERucRb e EaraliuRiiite AR SaueTiit sayperising o

cobaltesoupse, zethnyate soisied dntl & Becomdtbmpledid agent; was
dgfgas_sed to an oxygen_ concentration of about 2 ppmor
| dogmintha Wilfered sadvueing Solfiosowithiathird B aleliandosermprising a
; [ ~+loni zed water were
hypopﬁ?éﬁﬁlg%%#@g&fhﬁ‘g?}g&%‘f‘%%ﬁg&vﬁ th cobalt containing
satambiaing fAe sorditiemingfbufiexisofutioo, the cosaltasntastag tsolution and

N R —
d_eltoos' t4 EBbél?hbn@é}ﬂrétWaﬁﬂetfR)rﬂi%p?ufjﬂ rn%tto%%?)&ﬁlgp énM;

with the hot water through™the user plate

bei ng ratungsten Thecgnteationgangedtdn mbaet0.di mpkiosahabudd mM;

the substrate surf.ace for ahout 7 seconds,and_th

Subst r o ORRBNBYRE GoaBenPaR rend=S B 2680F ik to about 50
mM:about and 100 rpmto quickly and uniformy disperse

the plating solution across the substrate surface. The

rot at i ohbprane epnceartgtionyangeafromabost 2mid telaaut 50 mM; and

1 om avpiag el BEs FaRehith a3 8 1B0104] ror

a single dispense process, about 0 mof plating

sol.ution was used to formthe cobalt containing |ayer,
2. wnihe mathagnofcglaig duiwhereln dhepbudered &eruring sqlptian further

comﬂjisce%eé‘ﬁﬁgj %%,ﬂpgﬂ;{]{gfﬁgg@ut 250 nL of plating solution

Were use obalt containing |ayer. n order
to forma cobalt containing |ayer with a thickness of

t 100 A l , | tiple, di th : ’
3. Sm}fq mja?g%ql 9? L@ﬁ%ﬁﬁ@g@ﬁhﬁ{eﬁﬁr@t, sle% ﬁ Sa%%i tPufrd co?nplexmg agents
are independently selected from the group consisting of citric acid, citrates, glycine,
alkanolamines derivatives thereof, salts thereof and combinations thereof.

4. The method of claim 3, wherein the first, second and third complexing agents

are citrates.

5. The method of claim 4, wherein the electroless deposition solution has a
citrate concentration in a range from about 50 mM to about 300 mM.
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i nprove the deposition process by avoiding the effects
of the evaporation of water. [00105] De-ionized water
WO 2008038483 | npl enented at the end of each pl atP@myUS2004/034449

process and the substrate was lifted fromthe pedestal
near the end of de-ionized rinse step to equilibrate
the substrate to about roomtenperature. The post
cl ean sol ution was di spensed on top of the substrate

6. sumhacmetiod QFreIARATEE ehéteth W |fi?stt @@céh@sérfdaﬂﬁrd’\’ﬁﬂ values are
rotated at about 120 rpm The preferred post clean

subsgantialiiybtheceamaians aretinnengeffsnn abeut 8 to oyt 10,
de-ionized water a concentration range from about 10
(TiMto about 50 mM preferably about 20 mM

7. Sulthequrhod oft bl@lrﬁuﬁ’swﬁfr@nv\ﬁatdrl i8S €6mBirddl Wﬁhl il g6flditioning
wat er and dri ed. 001 Wi | e the foregoing

buffey ?@'é’lt'@a the eﬁb@%CﬁeFﬁl@nefsoM@r\oae@éh@ huﬁ@éed reﬂucmg solution to
e %rﬁb%g ts of the invention may be
formgltclaqi\/é élg etSE Ote'(E)‘y?)%epar [ nﬁB?Pr om t he basic scope

thereof and the scope thereof is determ ned by the
nethod for formn

at f ow._ 39C1
etk o8 claiods Wh%\‘?"ﬁh%v\f%ﬁr 'Sc%%ﬁﬁf%tﬁhbemperagure greater
thanft?\%%ﬂﬂw@bﬁﬁé?@btﬁeaﬁbﬂg il solution with a first p

val ue and conprising first conpl exi ng agent; form ng
a cobalt-containing solution with a second pH val ue

e . | ] o
2 o RE! APl JylarB ety BRI HER ARy rorc o
abouptodsrgon with a third pH val ue and conprising a

hypophosphite source and a borane reductant; conbining
the conditioning buffer solution, the

10. co%l tm%?ﬁé@'d?' Sdim % u\'}vh Félﬁqqe %lgctp f%?gcﬁe%sc%ﬁ@w%ﬁlgtion has a

solutionto forman @€l ec roI essS duepo

tempenztu iesirovg): about GgaCttocbote80*@t i on range from about 1
Mto about 30 MM a tungsten concentration range from

about 0.1 mMto about 5 mM a hypophosphite

c 0%%%5%008?%&?'79 SHdram ﬁB%ﬁtthE@aﬁ‘{g@ﬁ%ﬁ tcoﬁ@gﬁ%ticgbof about

borane concentration range froma
1 ppmvorédass.a total pH value in a range fromabout 8 to
about 10. '
12. The method claim 7, wherein the electroless deposition solution has an

oxygen concentration of about 3 ppm or less.

13. A kit for forming an electroless deposition solution, comprising:

a conditioning buffer solution having a first pH value and comprising a first
complexing agent;

a cobalt-containing solution having a second pH value and comprising a
cobalt source, a secondary metal source and a second complexing agent;

a buffered reducing solution having. a third pH value and comprising a

hypo phosphite source and a borane reductant;
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2 . The nethod of claim1, wherein the buffered
reduci ng solution further conprises a third conpl exi ng
wW@o®an38085 . The net hod of claim 2, wherein thePdT/1S1004/034449
second and third conpl exi ng agents are i ndependently
selected fromthe group consisting of citric acid,
citrates, glycine, alkanolam nes derivatives thereof,
salts thereof and conbinations thereof. 4 . The nethod
Of indtRictiolds tehsrebinetdtelebst &eo céﬁﬁlﬂaﬁmgnﬁjﬁé?' édlutlon the cobalt-
npl exi nﬁ agents are citrates. 5. The nethod claim
Cont@mm(#@lu o hane| et bofferssl dedeeing saluﬁen uto cﬁwnma@w aelectroless
centration in a range fromabout 50 nMto
depg%%r?%g%ﬁﬁ“ﬂ 406. The nmethod of claim3, wherein the
first, second and th| rd p values are substantlally t he
sa nd are.in ar e fromabout 8 to about
i[ﬁﬁgﬂ ﬁC@ﬂmd%u % cinie spRORgARYrmetal @@Hfﬁen@dseipmd from a
rou?kgo oot h
J alt-c nt’g&?n éspés,{f)ffﬁ%rlcg(r?rﬁme b %EEP}Se?uer ®t educi ng
sol ution to formthe el ectrol ess deposition sol ution.

8. Ih d f 7, .Wwh th t
16 T BP - KLiacnart, 4. ofheheln R capcensnG PelhE soueolscihe tungsten

sourc8daisd rIﬁsSQ|éﬂric@;’ﬁ\traﬁon Thanhaeidmt-&intah# t&utlﬁﬁ %ggange from

the water tenperature is from about 70

about, 1 miM taiebort8BeaMof claim 9, wherein the el ect roI ess
deposition solution has a tenperature from about 50 C
to about 80 C. . The nethod claim 7, wherein the water

16. haFherkitoufyglaim clan edisreint thensaondbey mekalPsdires id &5 molybdenum
12. The nethod claim 7, wherein the el ectrol ess

sourgearRd thasna caneenBatien dn dhe sahgdrctaibing selution infa range from
abo PRIt émptB'B t38B%pm3: A kit for forming an

Iec I'ess ep03|t|on sol ution, conprising: a
condi tioni ng buffer solutlon haV|ng a first pH val ue
| exi ng agent ;

and. conprisin
cobhf AL gha ﬁé e, engobAlG selses bag pigopgentgation in the
cobélﬂgoﬁ't%imﬁg $6l@of in a range from about 50 mM to about 150 mM.

18.  The kit of claim 17, wherein the hypophosphite source has a concentration in
the buffered reducing solution in a range from about 200 mM to about 300 mM.

19.  The kit of claim 18, wherein the borane reductant has a concentration in the
buffered reducing solution from about 100 mM to about 300 mM.

20.  The kit of claim 19, wherein the buffered reducing solution further comprises
a third complexing agent.

21.  The kit of claim 20, wherein the first, second and third complexing agents are

independently selected from the group consisting of citric acid, citrates, glycine,

alkanolamines, derivatives thereof, salts thereof and combinations thereof.
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cobalt source, a secondary netal source and a second
conpl exi ng agent; a buffered reduci ng sol ution having
W@ 2a0ki08898PpH val ue and conpri sing a hypophosphi PET/E82000€34449

and a borane reductant; 4linstructions to conbine at
| east the conditioning buffer solution, the
cobal tcontai ning solution and the buffered reducing
solution to forman el ectrol ess deposition solution.

22. 14Théhgt & dlaidh 26! dherdid, théﬂl%te'sébddﬁﬁaﬁ@ﬂﬂfwaérhpl&tr@ agents are
source is selected froma group consisting of

citrafedgst en source or a mol ybdenum source. 15. The kit of
claim14, wherein the secondary netal source is the
tungsten source and has a concentration in the

23. colyakt kig oot giairn®2 s Whéreipnthen candiiogingf baffeaeliftioh, the cobalt-
to about 30 mM 16. The kit of claim 14, wherejn the

contgining d §eltinRt andscslu@cbuffgre@héeﬁwpadéﬂwhpgo@aea haye a citrate

t g solution

con{ et AP RINGRI R byl 200 M RSB EHe o 17,

The kit of cIa|n115 wherein the cobalt source has a

" ange Koot S 230 WARED dbeirsesteqrid a0 Y B glues are
subStatian r?»lt?re $4iRé BB drBen *éyr%ﬂgg‘?l%‘?ﬁ‘ bbBUBOYS S80I, 2

concentration in the buffered reducing solution in a
range from about 200 nM o about 300 mM 19. The kit of

wh b h
o oo CrplpaRrd AERb S aT oMot cRartedsing: om
ab@%orikﬁ%rﬂﬁ%tbmf@@dﬂutmhﬁ%g?eDflrsTf]ﬂ-l Kialuedbing | nBrising citrate

wherein th uffered reduci ng sol ution further
and @snglkaselaming:hi rd conpl exi ng agent 2 . The kit of

cl 3' g&t-c&‘)‘ﬁt%ﬁrﬁb@ §cﬂ§tléﬁ Ja\)/én ?y sel I-f Wg!}féf and ?%rgprising a -

compl exi ng agen are 1 n ect rom

cobait eu@ro@Qaasie‘s:bhdgr}ahet‘éltsduﬁceﬁarhdimtr@lté rates, glycine,
al kanol am nes, derivatives thereof aal ts thereof and . .
co%PHﬁFT%@@W@PSo?O uliop shaviig &klth'r £ Pld| &?'Hﬁza'ﬂd comprising a

%}% tﬁ?%c | rrpl exi ng agents

hyp are s(eletqtreat egéé 23350 @a%%?lg af\a St wherein the
coimdtiuctionsdo edmieinesat leaisbihe t:deId:lOblallgt buffarasolution, the cobalt-

containing solution and the buffered reducing solution to form a citrate-based

deposition solution.

26. The kit of claim 25, wherein a citrate concentration of the citrate-based

deposition solution is in a range from about 50 mM to about 300 mM.
27. The kit of claim 26, wherein the cobalt source and the secondary metal
source have a combined metal concentration in a range from about 8 mM to about

15 mM.

28. The kit of claim 27, wherein the citrate concentration and the combined metal

concentration are at a molar ratio of about 8:1 or larger.
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solution and the buffered reduci ng sol ution each have
a citrate concentration in a range from about 200 nM

W@ 2008/088085 500 M 24. The kit of claim 23, whePE&l/nS1004034449
first, second and third p values are substantially the
same and are in a range fromabout 8 to about 10. 25.
A kit for formng a citrate-based deposition solution,
conprising: a conditioning buffer solution having a

29.f i M3te kitoelhine 28nwheesinthe mugarciativds abaot@n or larger.
al kanol am ne; a cobal t-contai ning sol ution havi ng a
second pH val ue and conprising a cobalt source,

30. l@f ¥t Hﬁﬁﬁbgsﬁﬁ%?&n e ntfdhz%r‘;%hg_? 8 pH{ i£h gﬁl Iarger

ing so utioh having a al'ue an
conpr|3|ng a hypophosphite source, a borane reductant

Flo38 oo e o BS1 30 e Seeh S pver cisposec
on é@ub‘étkeﬁ@ suBcehsy M&fe%tr@rés%%@brﬂi@n;%eéw '%ohﬁ;rfsﬁfgm a

citrate-based deposition solution
cl gomiBingwhirséivalune iof paioaddioniwgnbuféer miu’mﬁn tawssecond volume of

o oG4 AORMRS TR PASD TR obP 5 o et fhouton o

formvaglagliny sbiatieepahd source and the secondary netal
source have a conbi ned netal concentration in a range

f r dpFmipeud eobalreantaipia laysr man the comducive layer diyapxposing the
subét??te"élﬁn‘a%e”tottﬂs diatdPeugneent ration and the combi ned

concentration-are at ‘a nolar ratio of about 8:1
or Iarger 4329. The kit of claim 28, wherein the

t or |ar 30. The
32. (1 e Bt P AT (Al e 166 Pining Soliopsturinef comprises a

fou,{@(,gﬁpne 3f wafdret hod to deposit a cobalt-containing
- l'ayer on a conductive |ayer disposed on a substrate

surface by an el ectrol ess deposition process,

33. buf : n‘éegﬁ%q Cogntia L@cg"ﬁ%‘é \rgﬁ’]t J\#\glf%q (vcoluamé: Of)f wa{er r]1518 a water

temgei%ahﬁeg‘@awthaﬁq; glatiHg iseluitisRdempehatufs. vol ume of a
uf fered reducing solution to forma plating solution;

and
34. The method of claim 33, wherein the water temperature is in a range from

about 70°C to about 95°C.

35. The method of claim 34, wherein the plating solution temperature is in a

range from about 50°C to about 80°C.

36. The method of claim 35, wherein the first volume, the second volume, the
third volume and the fourth volume are combined with approximate volumetric ratios
of about 1:1:1:7.

37. A composition of a plating solution, comprising:
a cobalt source in a concentration range from about 5 mM to about 15 mM;

a tungsten source in a concentration range from about 1 mM to about 3 mM,;
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formng a cobalt-containing | ayer on the conductive

| ayer by exposing the substrate surface to the plating
w@oioanssess 32. The net hod of cl aim 31, wherei nPETTES2004/034449

plating solution further conprises a fourth vol une of

water. 33. The nethod of claim 32, wherein the fourth

vol unme of water has a water tenperature greater than a

plating solution tenperature. 34. The nethod of claim

33a MRIpRDBphiRE s¥@icerin - omRichtiation irdngé frent abget 15 &M to about
about” 70 C to about 95C. 35. The nethod of clai m 34,

35 miderein the plating solution tenperature is in a range

fr t b - T f '
SRR gl h 2064l aon pinad BEnFEb0e 8 mt ) Bbout 0
mMi hird volume and the fourth volunme are conbined wth

approxi mate volunetric ratios of a t 1:1:1:7. 37.
coRPUERIEI 18R GrnceniRHeR ﬁ@n%ﬁam %bﬂut{%&/l G %lgputa?oo i
copgl élk?ﬁWné th & E8RCSTH B! %ﬁéaﬁ&% ABA SR © Mbout 150
to abou a tungsten source If1 a concentration

mMy ange from about 1 mMto about 3 mM 44a hypophosphite

soyrce in a concentration.rapge fro b 15 M

> bBRAC 61t 2 SoREbondaes M ahOd SaMi e aPatt 28 mMm:

I aB RPNt @ontBniFitid® raHyRLbf adUIND03#Ph bF Ris8; hAd @

concentration range from about 90 mMto about 200 mv

anaapKaadjusting@gent at coaeecanteationntor aadair arpkitam dwut 8 to
abo%@o about 150 nmM boric acid in a concentration

Vta e fromabout 5 mMMto about 20 Mt a surfactant in

a concentration range of about 100 ppmor |less; and a

pH_adj usting _agent at a concentration to maintain a p
38. f r dheapoMPOsitiod @fhelaim187, whereimdhe oplghirg tsob#iasr has Aamoxygen

cong’gntré(ﬂb%r&isr'pbn\eor%gé.i ng sol ution has an oxygen

39. The composition of claim 38, wherein the alkanolamine is selected from the

group consisting of DEA, TEA, derivatives thereof and combinations thereof.
|

40. The composition of claim 39, wherein the cobalt source is selected from the
group consisting of CoSQ4, CoCly, cobalt acetate, water soluble Co?* sources,

derivatives thereof, hydrates thereof and combinations thereof.

41. The composition of claim 40, wherein the tungsten source is selected from
the group consisting of ammonium tungsten oxide, tungstic acid, water soluble

WO,% sources, derivatives thereof and combinations thereof.

42. The composition of claim 41, wherein the borane reductant is selected form
the group consisting of DMAB, TMAB, ‘BuNH,eBH3, THFeBHs;, CsHsNeBHa,
NHs;eBHs, borane, diborane, derivatives thereof, complexes thereof and

combinations thereof.

45



concentration of 3 ppmor |less. 39. The conposition of
cl aim 38, wherein the al kanolam ne is selected from

w0 b@s508808H consi sting of DEA, TEA, derivati vesPCTiEsm04/034449
and conbi nati ons thereof. 40. The conposition of claim
39, wherein the cobalt source is selected fromthe
group consisting of COSO4, CoCl cobalt acetate, water
sol ubl e Co sources, derivatives thereof, hydrates

43. t hEheof:ompdsrblonboﬁaﬂalnnsﬂfz; hehewin thel suﬁb@taﬁ@'ﬂéﬁh&d@e%n sodium
Lungsten source is sel ect ed

ere
dOd?é%%Pﬁﬂ@ §?|3%ﬁ4196%ﬂ ‘?rs f?rﬁ’@ i¥es tharedl um t ungst en oxi de,
tungstic acid, water soluble W4 2" sources,
derivatives thereof and conbinations thereof. 42. The

44. coﬁﬁ&ﬂ@@ﬁiﬁpmﬁfalpkﬁmmﬁmemmprish@ bor ane reduct ant
S m t he consi of DMAB,
AR Bl B poifectiatBpiARSadiorBRb Cuto Mo about 15 i
di deeaordargenetedboNiee ih R Rbntrafomt: of 5’5‘6@@ mfwgr less:
mFWHatI ons thereof. 4543. The conposition clal
epBesphiteesailice a\rwamncentrpmrs w@)ﬂommbhnﬂetfyinM to about
35 ”ﬁ\”l fate, salts thereof or derivatives thereof. 44. A
conposition of a plating solution, conprising: a
cabdoramuediectant i & copeshtratidro RGBS EBMMERPHIM GoMbout 30

Mto about mMM a secondary netal source in a
MM concentrati on range of about 5 nmM or |ess;

h
D A s B gt aor, BRI b0 ?@MJ@@E’HPE gitefl
c ATt @ltareiaroimer imng ecdnoentrationitradge fitdnt @b WO 3 Hladut 200

mlVl_c:itrate in a concentration range from about 90 MM to
'about 200 mM an al kanol ami ne in a concentration range

f rsuriceRad in BGomehPalhP kN %outrﬁgélbo*&%'rﬁwgfbu%odj@ 2§“|/~PM

concentrati on range from
su% suidactant ine gora,@m@monzmnga of abget H30 ppousr 128€) gpeim

Ofg p?‘P%djL%ﬂHg agent at a concentration to maintain a pH from about 8 to
about 10.

45.  The composition of claim 44, wherein the secondary metal source is selected
from a group consisting of a tungsten source or a molybdenum source.

46. The composition of claim 45, wherein the secondary metal source is the

tungsten source and has a concentration from about 1 mM to about 3 mM.

47.  The composition of claim 45, wherein the secondary metal source is the
molybdenum source and has a concentration from about 50 ppm to about 500 ppm.

48. A method to deposit a cobalt-containing layer by an electroless deposition
process, comprising:

exposing a conductive layer on a substrate to an activation solution to form
an activated conductive layer; |

46



a p adjusting agent at a concentration to maintain a p
fromabout 8 to about 10. 45. The conposition of claim

W@ 200508898%1 N t he secondary netal source is sel BCL/E82004/034449
froma group consisting of a tungsten source or a
nol ybdenum source. 46. The conposition of claim 45,
wherein the secondary netal source is the tungsten
source and has a concentration fromabout 1 mMto
abesinbhing/hebted Meﬁ%"‘%ﬁdﬁlbﬁmgoﬁuﬁélabmuﬁén whessaiflcontaining
t he secondary netal source is denum sour ce

solutip apd A aufé@ﬁ@ldﬁﬂu@ngmltftlpaﬁoaﬁ@ma FS@Q/ ingaelutiontand 500

0Bl BTG AR oL FEAGFLAL R '8 ¥Bbost v

cobadkpustangn@lay@nductlve | ayer on a substrate to an
activation solution to forman acti vated conducti ve

| ayer; 46conbi ni ng heated water, a conditioning buffer

49, SO*I'Hé' Rth CS’Ib%IémF%a{Nﬂngn ﬂ‘IUteic‘ﬁO?ﬁtﬂ?o%ql%rgeéoqﬂprises a

reduci ng solution to rma plating sol'u

pallashipmsiowgce.he acti vated conductive layer to the plating
solution to deposit the cobalt-containing |ayer. 49.
The nethod of claim 48, wherein the activation

50. SOAUhEPRATEFRITHES af chttlofsisin B sol n, SoiRp kAt

for form ng an electrol ess dep t1on sol ut’i on,
com@mtgimfw ar@@hdt’t@hmgr@f&rcsohmonuaim firgt tﬂm;beratwet ution

{

il S SPBLEeFin o ltch Bt SRePnbd ngaure: " "

r emamtamrsg)b l#édi@cﬂn?%o@tlbﬁ iat @ thRAREhpbitGre; MBI Nt ai ni ng
water at a fourth erature; and conbining the

coﬂ@iﬁt?@m%\gatﬁ!’f&t@fogﬁhlﬁ@mﬁﬁfatwf@e amgt al - cont ai ni ng

So(l:éérfl iy r%FﬁEcﬁgﬁ%HShlﬂg Bifeyt IOR[{IIO%E(?%% lﬂiet%ﬂ;frﬁaﬁw?ng Sbilltion, the

ess deposi vl on SO

redutiEgpsolatiom andSthe v'v"bker e titvod aof eletirbless Bepobitioai sollifich at a fifth
fi rFt second and third tenperatures are substantially

temperatly

51. The method of claim 50, wherein the first, second and third temperatures are

substantially the same.

52.  The method of claim 51, wherein the first, second and third temperatures are
about 30°C or less.

53. The method of claim 50, wherein the fourth femperature is higher than the
fifth temperature.

54.  The method of claim 53, wherein the fourth temperature is in a range from
about 75°C to about 95°C.

55. The method of claim 54, wherein the fifth temperature is in a range from
about 55°C to about 75°C.
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52. The nethod of claim51, wherein the first, second
and third tenperatures are about 30 C or less. 53. The
woreaohosBoed cl ai m 50, wherein the fourth tenperBCTUS2008034449
hi gher than the fifth tenperature. 54. The nethod of
claim53, wherein the fourth tenperature is in a range
from about 75C to about 95C. 55. The nethod of claim
54, wherein the fifth tenperature is in a range from
about 55C to about 75 C. 4756. A method for form ng an

el ectrol ess deposition solution, conprising: removing
56. oxPgeathoddor fertréng ao dhectwless deyesiiiorcsoliution,reampnising:

about 1 ppm or less: an onbi ni ng a condi tionin

ouratpvieB R Ben 1o8 sl o Tl AR CGitienAlion b about 1 ppm
or Idaef fgged reducing solution and the water to forman

el ectrol ess deposition solution having a second oxygen

cofeabiniag | anceidiigning buffgrselutipasa ®wpaltxanéainig Selution, a

bueBleeRa SoEiRd ApBhedRaRT Py 2B pefOiess sappstion solution
havingrepseondggigeharsicehtrationobaisoutrippaantiess.f or m ng a

cobal t-containing solution; formng a buffered
reduci ng sol ution; and conbi ni ng heated water, the

CORAL iR : ' ¥ Nt aj R .

57. ¢ ol P R rING Bl Ot coPEIRAERALASE Briphne:.
el &armind es £oddjliosing boffsolsotution. c&@pridihg aetdastl tao complexing
c] aim57, wherein the at | east two conpl exi ng agents

a9€8Se sel ected froma group consisting of a carboxylic

ac kdtmiRd adloraRUoninfg lutRgA; N0 acid, salts thereof,
derivatives thereof and conbi nations thereof. 59. The

meforoingf iifteired BE8jucitgeselution;encat | east two

conpl exi.n ents are selected f.romthe._group, ..

corBroing BRERHC Pire ShELiShuhRNy) e Bution, the cobal
con®iihy a$dlvEsn tART apé BofleredReNASih@ NSolbtis &ef form an electroless

deposition solution.

58. The method of claim 57, wherein the at least two complexing agents are
selected from a group consisting of a carboxylic acid, an alkanolamine, an amino

acid, salts thereof, derivatives thereof and combinations thereof.

59. The method of claim 58, wherein the at least two complexing agents are
selected from the group consisting of a citrate, DEA, TEA, glycine, derivatives

thereof and combinations thereof.

60. A process for forming a citrate-based deposition solution, comprising:
combining water, a conditioning buffer solution, a metal-containing solution
and a buffered reducing solution to form a citrate-based deposition solution, wherein
the conditioning buffer solution comprises citrate and an alkanolamine, the metal-
containing solution comprises a metal source and citrate, and the buffered reducing

solution comprises a hypophosphite source and citrate.
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60. A process for formng a citrate-based deposition
sol ution, conprising: conbining water, a conditioning
whegobes8080| uti on, a netal -containing sol uti on BCMUS2004/034449

buffered reducing solution to forma citrate-based

deposi tion sol ution, wherein the conditioning buffer

sol ution conprises citrate and an al kanol am ne, the

net al contai ning sol ution conprises a netal source and
citrate, and the buffered reducing solution conprises

a hypophosphite source and citrate. 4861. The process

61. ofTied prones8, ofvdteinebd, wheidin at citratencemtardtation affthe foifrate-based

citrate-based deposition solution.i,s in n from

depcspisin SSetan dn @eage S0 ANPUES) n%ﬂéoabaegéégaﬁﬁm ai m 6
, Wherein the netal source has a netal concentration
in the citrate-based deposition solution in a range

62. f rbme pt;mﬂssrdf/lda)maﬁfmwherMn 8. metad spuasebas afmetahcomcentration
caoncentrati on

in the g edtiege iepas oA FoWTR G PRBESER 0L TGUIB gout 16 .

| arger. 64. The process of claim63, wherein the nol ar
ratio is about 10:1 or larger. 65. The process of
63. cl Bhenmagesehof slaimt 2, wiieseiny thei eitiate Agpgentration gnd the metal

concef8fbn st AridelBlecd BE0ER o0 B cens on e

substrate surface containing a conductive Iayer
conpri si ng: sing the substrate surface w.t
64. cohler prasesaPf @f@mé‘ﬁ» ydaieingheaclan FaHicais ahoath dd: 4 & targer.
conductive | ayer; conbining the conditioning buffer
solution, a cobalt-containing solution and a reducing
65. soThé protess df alaima4y vatareig thelmolao raticaiscabeup d2inor larger.
cl eaned conductive layer to the plating solution to
deposit the cobalt-containing | ayer thereon. 67. The

66. ”eAr\‘ﬁQtI*Rfd & %Fﬂéﬁﬁa %@dlﬁbéhtb%@%rt thy? BNNEIcBHbIe8s deposntlon

sol ution conpr es at | east two conp exli ng agents
procéme onet $uvstrste sudaca edntainirg aiaondhetive layes sronmpusing:

| exi ng agents ,are Iect dfro r ou con
oS e BB GatRrrERe i o PR EN Mo b i uir B8 form o
C|ea§@d| tsndl@negbyerderi vati ves t hereof and conbi nat| ons
thereof. 4969. The method of claim 68, wherein the at

| e@gmbtnmg thenpondiiioning effes saludion, a cobalt-containing solution and a
reducing solution to form a plating solution; and

exposing the cleaned conductive layer to the plating solution to deposit the

cobalt-containing layer thereon.

67. The method of claim 66, wherein the conditioning buffer solution comprises at

least two complexing agents.
68. The method of claim 67, wherein the at least two complexing agents are

selected from a group consisting of a carboxylic acid, an alkanolamine, an amino

acid, salts thereof, derivatives thereof and combinations thereof.
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selected fromthe group consisting of a citrate, DEA,
TEA, glycine, derivatives thereof and conbi nati ons
w0 basesdoss 70. A net hod to deposit a cobal t - conPEi/nE200g4/034449
| ayer by an el ectrol ess deposition process on a
substrate surface contai ning a conductive |ayer,
conprising: exposing the substrate surface with a
cobal t-containing solution to forma cl eaned
coﬂ%y ' | ayaL; Wt' ] t i
69. con |ﬁégﬁ|8%g&b§% %nér sSo ﬂ%ﬁégqn?ﬁ?hagqgo aﬂ’q ch)rr]rt]%ieﬁlin gagents are
selected] Urbranthen dreuh Wdneistidgr efd ac citrgtes o DA, ohEAD dlysine,aderivatives
pl ating saol ution; and exposing the cl eaned conductive
thergof @pe GORIRRNINSCH  sol uti on to deposit the
cobal t-containing | ayer thereon. 71. The nethod of
claim 70, wherein the buffered reducing solution has a
70. hybapéeibedhio deposit eeceleaiteontaimingtayen by panglecireless deposition

about 200 mto about 300.mM _72 T - Al
procss SN Acdheietst P REreriop RaIT g COBPHPRSEHEE totp iRy
I esfdisiy tOREBBIrARE EOHatd) withr 8 dit-eonta dfliorMo f
to aboﬂdta‘:f 300 mM 73. Anaapparat%or for?ﬁmr%san | o form 4

clear¢dcondialive la¥gsosi ti on sol ution, conprising: a first

\égioﬁﬁkigﬁ‘%ﬁgé@b{\g%@é’cg'l;%inHitBHidHEgb@f‘t’érf &luf %ieotébbglt-containing

a -~ a secon essel contdinin
solufidt ahd adiffired RgdEshdg solution torforits & piatmgnsdlafiors andc e

and citrate;, a third vessel tai ni buf d _
g 5 GEAORCCSM 1 DpideOnd el B toodeposit he

COb%@g%@é@mé’e HRLEH. source of heated, deionized

¢ ater; and a fourth vessel in fluid
communi cation with the first, second and third vessels
ter squrc

h 1 .
71. Cohha Relfons o) QA of G NGB GHTEHA, (BRI godglution has 2

hypo%fsﬁﬁﬁé”s%h% ebnéémtratiofdin & UbhHEfreNaBdRi 2T madzatsout 300
I'n urd conmunication with the fourth vessel, wherein

mM.t he nozzle is positioned above a substrate surface.
75. The apparatus of claim 74, further conprising a
heat ed baffle used to reduce

72.  The method of claim 71, wherein buffered reducing solution has a borane

reductant concentration in a range from about 100 mM to about 300 mM.

73.  An apparatus for forming an electroless deposition solution, comprising:

a first vessel containing a conditioning buffer solution comprising a citrate;

a second vessel containing a metal-cohtaining solution comprising a metal
source and citrate;

a third vessel containing a buffered reducing solution comprising a
hypophosphite source and citrate;

a water source of heated, deionized degassed water; and

a fourth vessel in fluid communication with the first, second and third vessels
and the water source, wherein the fourth vessel contains the electroless deposition

solution.
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nmetal concentration of a depleted el ectrol ess
deposition solution. 76. The apparatus of claim 75,
wob@sesssat | east one in-line mxer is positi oPEHUS2004/034449
between the first vessel and the fourth vessel. 77.
The apparatus of claim 76, wherein at |east three
in-line mxers are positioned between the first vessel
and the fourth vessel. 78. A nethod for form ng an
74. el ¥hé Pbafstus ePesirh 730 it doPiprisiedBIrioxiziRdin fluid communication
_maintaining a netal-containing concentrate at a first
with therfeurt vessel,iherel thempzzle isduasitinnesahayetg aylkesteate gurface.
second tenperature; maintaining water at a fourth
tenperature; and conbi ning the netal -containing
75.. coMpe rippatatus of elaimdisifogheoceaptisiabea heatet eaffl@ueed to reduce
forman el ectrol ess deposition solufjon zf\t, a fourth
metalGaneparaion of7a depleiedrelacglass QaPASHOPSOIlias ei n t he
first and second tenperatures are substantially the
sanme. 80. The nmethod of claim 79, wherein the first
76. anihe eappadatus ngfeclainur7és veherembatiie®d aBeoin-lines mixaélis positioned
The method of claim78, ereipn the third tenperature
betweeningfisst %q%éﬁf@%{H%W\feéﬁﬁEr ature. 82. The nmethod
of claim8 , wherein the third tenperature is in a
range from about 75C to about 95C. 5183. The nethod of
77. cl Ahena@paraihe oEClAIM IS, Wherein atdeqsithregria-ling mixees amnpesitioned

o AP LB, oo for formin

formng a conditioning buffer solution conprising a
first conpl exing agent; form ng a_ cobalt-containing
sofunelbrdderiarmincgn gledieiess derpsition solulionyLoswrishifce
an C ' X L NG f .

- bR rieaRealhd BGfitent L B A Bifiefate:
anchanthimiane redutting aohcerimatbiatiangedopatiechperdtare; t he

condi ti oning buffer solution, the copal tcontainin
maintaining \%/ater at afourtL temperature; andb g

78.

combining the metal-containing concentrate, the reducing concentrate and

the water to form an electroless deposition solution at a fourth temperature.

79. The method of claim 78, wherein the first and second temperatures are

substantially the same.

80. The method of claim 79, wherein the first and second temperatures are about
30°C or less.

81. The method of claim 78, wherein the third temperature is higher than the

fourth temperature.

82. The method of claim 81, wherein the third temperature is in a range from
about 75°C to about 95°C.
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solution and the buffered reducing solution with an

in-line mxing process to formthe el ectrol ess
waeleemsdosdN sol uti on; and di spersing the el ectPOI/ES®04/034449

deposition solution to a substrate surface within a

time of about 60 m nutes or less after formng the

el ectrol ess deposition solution. 85. The nethod of

claim84, wherein the tinme is about minutes or |ess.

83. 86Thd hfetABY skigin ShawReBSin thBEHAaHA teRfbdratiie iis imlordnge from
2 minutes or less. 87. The method of claim84, wherein

abouttﬁé°§}1b§tb0alté5f@. exposed to a pre-clean process prior
to being exposed to the el ectrol ess deposition
solution. 88. The nethod of claim87, wherein the

84. PrRMGIASA fOY RERHTY s chendlskelbpositdnfdolstor; @ommisthd: he
el ectrol ess deposition solution is, dispersed into a
sef@aﬁwgc@ppndélgnmrmiff%ﬁﬁwoafcommsmq;@,f'fwfé}r%ﬁ?'ﬁxmaé‘gent:
Pr&rplifd EBIRGESSHSRAINY 56160k dohrfsing4 cobalt source, a tungsten
source and a second complexing agent;
forming a buffered reducing solution comprising a hypophosphite source and
a borane reductant;
combining heated water, the conditioning buffer solution, the cobalt-
containing solution and the buffered reducing solution with an in-line mixing process
to form the electroless deposition solution; and
dispersing the electroless deposition solution to a substrate surface within a

time of about 60 minutes or less after forming the electroless deposition solution.
85. The method of claim 84, wherein the time is about 10 minutes or less.
86. The method of claim 85, wherein the time is about 2 minutes or less.

87. The method of claim 84, wherein the substrate is exposed to a pre-clean

process prior to being exposed to the electroless deposition solution.

88. The method of claim 87, wherein the pre-clean process is conducted in a first

cell and the electroless deposition solution is dispersed into a second cell.

89. The method of claim 88, wherein the pre-clean process comprises citrate.
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