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WD 2008/ 002977 PCT/ US2007/ 072241 1 APPARATUS FOR
APPLYI NG A PLATI NG SOLUTI ON FOR ELECTROLESS

WOEBSBIZPION BY | NVENTORS: Yezdi Dordi, WI I i anrdhius2007/072241
and John M Boyd 5 BACKGROUND [0001] The fabrication
of sem conductor devices such as integrated circuits,
menory cells, and the like, jinvolve a series of
manuf acturing operations that are perfor nmed to define
features on semiconductor wafers ("wafers"). The

of 10 PRREATE EDEABRERISE §aina LG RaLUT RO ™

substrate. At a EUFGETROLHESS/BEPQSIAAONt or devi ces

with diffusion regions e formed. I n subsequent
| evel s, interconnect meat VPR 1ines are

patter ned and Qle &8 Dok aWiilViarfh GRRESIEENt 01 BRGy t ransi st or
devices to define a desired integrated circuit

devi ce. Also, patterned conductive |ayers are
i nsul ated fromother conductive |layers by dielectric
materials. 15 [0002] Toﬂ%ﬂﬁﬁ—w ROKNDht egrated circuit,
transistors are first created on the surface of the
The, wiri and i nsul ating structures .are then
lﬂ%la@&e &&ﬂﬁ%}mo&;ﬁe@%m Hetph doiCPSPER & inkRBiRgITraisempragry cells, and

thOfikdTBRUIvEE kéltick BImPRASRS TeDhERBens TP hl‘é@ﬂe}fb!rme@ t Uik features on
| ayer of dielectric (insulating) naterial

Se@@ﬁw%@é avas ¢ oplest)- ¢ wa&rfwaluﬂff lalﬁ»‘sraéqdcﬁrgult diirse HLigmform of

mﬁlﬁM@Je?sthfctu%td@hnefdeongt siliceR QLﬁﬁfrate aJ%{-‘mlfBHt@te 1681 Ctrans o devices with
for med F this base |ayer, etched to create the
dl&‘uﬁimuéglpnﬂeaw ofaed. tlﬁatlbsequerlylemke ipgrceinees tdtatiizagion hll“fﬁd are
palitglﬁgd atﬂdl e'le%glc LP{ &BnQéc@éagtg ttﬁe tfanﬁ?tﬁle&elvfﬁles %‘heﬁﬁf@&&u&hﬁt §rated
necessary iInsulators between the I nes e proces
ciigsig deviiagr A@mguwmg comtupeve layerrese insulated Epmenther ooralgctave layers by
du%'&x{ gene process, where trenches are fornmed in
Anar conf ormal di eI ectric layer, vias are forned
[000‘2] ﬂloebuﬁld anoiltegateﬂ ccirape mraHSiSI@‘SltaaaCﬁrst Cre:ttb‘da oml ﬂ[éauffyderrg‘ the wafer.
Thg \}Xéll‘ln rgdsrl 1élsul ng 6 rlllcltllilrgsy qri 0 r?n aﬁ(}ielglglnd t1 e{) tgl\llnefr’l alrougg a series
ofrrﬁamfkedl)ring Ipm\zisr@ep@oplp@rcalm d fist Wy&tSofddildlectﬂS (inslﬁiit(ﬂgEmatenal is

IR PR B Do RS oo (P o baprer,sluminum,

eté ;aaﬁe rfor&ﬂedem,tol?‘dﬂ}@basé olybowededy @tutetreon@ptiad Bts that carry the
el ectrol ess chem stries

el?fﬁ&?@?’ %‘Sﬁ]%qn&'élegt?‘ilﬁg) 14l¢siric maenal t%cr%ﬂ@dle?eéii‘%@éﬂ‘é‘ﬁfs between the

liRNATRY SRS uRA (EPFPodeing RBHRE AARNE referRdRb A€ £8al ©Aa&@ne process,
el ectrol ess copper deposition can thus be used to

whkig qr@lchqs@rq:@btp in @Mgmqn&qmg]ghql@qﬁ@‘slay%wgwe formed in the trenches

to %lp%?tarc%hﬁéstoctﬁ@ REderG %%étﬁl‘ RAfer Iﬁé\@&fsfyoﬂ)%n@tf &nd copper is deposited
transferred froma reducin gent the copper 1ions

evewiliprei Geprich ist then plapraispd i(tmqrb@fden é@m@@d) despyiparcopprr an thgevias and
tre%ﬁe@ 0n1§7.ur face. The

[0003] Although copper lines are typically comprised of a plasma vapor deposition (PVD) seed
layer (i.e., PVD Cu) followed by an electroplated layer (i.e., ECP Cu), electroless chemistries
are under consideration for use as a PVD Cu replacement, and even as an ECP Cu replacement.
A process called electroless copper deposition can thus be used to build the copper conduction
lines. During electroless copper deposition, electrons are transferred from a reducing agent to

the copper ions resulting in the deposition of reduced copper onto the wafer surface. The
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WD 2008/ 002977 PCT/ US2007/ 072241 2 fornulation of the

el ectrol ess copper plating solution is optim zed to
woreoostv20e7 t he el ectron transfer process i nvol RETIGSI00B072241

copper ions. [0004] Conventional fornulations call for

mai ntai ning the el ectroless plating solution at a high

al kaline pH (i.e., pH > 9) tog enhance the overal

deposition rate. The limtations with using 5 highly

al kal i ne copper plating solutions for electroless
foppgppon ofcpo sicelrders £pRPOR PILBS yPEtiPbis| Prtiniggdt ty pavdmize e electron

surface, |onger induction

thEﬁ%@%&%%g&%, ggggﬁﬁaﬁiseatlon density due to an
(0004 |G§>ntfen¢mndbforhya@rtiomaatfmomalofalmﬁgeth@ ologeaiesh plaging sdwtion at a high

Y050 BECHS O NSHLL 050 LD, R SEPTRAL T i v
higrbj/ aﬂﬂc'aldm dosper phiting solmtawhs dior edmtrakesschOpqu fdemmoncammmtcompanblhty
w1 h ]i90r§ fvg%ﬁ' C}ores%tl Oél% Ftrgrs sSurtgl ppe Iger 1}1(%1{0&18 fgﬁo E{l(g %eﬁreased nucleatlon
dehzh’@lt due ed bainhibstidnsiyr latdeoxslaribacthe csppeh 1rmfac<t anitietl oteurs in neutral-
o3t R RS cHad g BB P SR e soluton i
mdifint @ dusestidio pEevir@mnnt (ig pH<ITh. Omh)prdﬂnﬁ&ﬂt Migni@fod ARind with

TaN surfaces of the wafer. Efforts to Qounterac hi s
usjng Ao g e ?ﬂﬁtrﬁesss@@a?rn@a@%wgmng it {haE &8Taip SHONFRfC; Yfgees. such as
taktBILA BitriceUCTANGS taRd ! b aght Wiidand febkﬂlﬂieﬁi 4m allléh\ﬁﬁe reﬁﬁlbﬂntnﬁﬂt causing
in mniml |evels of success primarily due to
adheréqnenyellems farile reflpred carnes reghitiag ivplorehy pkatige @wthﬁngaN surfaces of
thd RLRF. e%orksﬁo @&Lﬁl@érﬁc‘? k}ffss‘l%mﬂaltﬁ%'b?gee%ig{gl'{ﬁé PN sur!fa%esaxmth various metals
concom tant interest in chanbérs capable of providing
sughas eadgpilivorandnuthpypmdeposiseliadgn trmaima levgls rod|seegsss primarily due to
i [,
m{%h%% otE‘ %egﬁq!teg&éé)? e gﬁ;&g@% %Hvymg"hft%}e& &0 ﬁrcﬁé%F g&klif%k&ﬂéons is a
cmsamMWMbnEﬂaslmemmnasscqpp@rmbmamﬁmg‘@@kaM@m@mtﬁﬂomﬁpwﬂngthe
0 r I
el% %atéé eﬁ’ty g1| SBRI?%IIS Esgfgllggfe\?l]{ﬂbﬁeggrdt cﬁ"&t@%?%%g %\E}% g) &gcﬁgy&sﬂy, e.g.,
CobﬂﬂfpiwﬂlIEgISIOblltlSnS(}fS v@dippea)pppt @btimpgobibust | ons for use in

r ol ess osition cesse as, wel. | .
0B &5 VBT BB ARG RuteRl R HAEHT R M8 g cRkiont wse of
1mBK®aﬂmMnmm&akSIﬂpomhephﬂﬁ@@ﬂﬁh@ﬂVﬁﬂﬁ$®mlEk&hﬂ%&hﬁﬂ&rdqunmn
g}ﬁ b ]& 39 er for enabling the use of
I”WW§6%9§ £ 81 ¥he SHISEERFILE FdE¥s in a control | ed
environnent. |t should bquﬁﬁy@@nye0|ated that the
resent _invention can be Tnplepented in nunmerous ways
(09064 Brepdhgspsaking, the prredt éwamaoncﬁlé%ﬁhe%ﬂ negdy b peoiding a chamber for

enSMBIRE udcreRYd EVRroRIDPRIINE QSRS it £ BorioBSEBtvidoRMERt i1Othould be
are described below.  [0007] In one exenplary

appiepigter At tthe prisscat Byeioneas bpigplemgnted fhpeperpey ways, including as a

mBAQVhREAcheli1 s@h@RE T RESFinRb AR RELENRTRE bf 'tl{écdré’sgﬁtsln@ennon are
chuck configured to support a substrate and a

desqitbedbdievng a base and a sidewal | of the chuck The

[0@]"‘71% Bl?ese ﬁ 10i J}IL?QH %ieﬁtgcﬁn%ss ?ﬁlﬂn {;}8 er 1§B aﬂvmg I The

nmet er 0 ase. he ¢ rain
el@@nhmlgmgtcbambm ighnlgd achuckaemighred to support a substrate and a bowl

surrounding a base and a sidewall of the chuck. The base has an annular channel defined along
an inner diameter of the base. The chamber includes a drain connected to the annular channel.
The drain is capable of removing fluid collected from the chuck. A proximity head capable of

cleaning and substantially drying the substrate is included in the chamber.
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The drain is capable of renoving fluid collected from

the chuck. A proximty head capable of cleaning and
wawsnerri al |y drying the substrate is includeRCT/HS1008072241

chanmber. WD 2008/ 002977 PCT/ US2007/ 072241 3 [0008] In

anot her aspect of the invention, a nethod for

perform ng an el ectrol ess pl%tlng operation in a

singl e chanber is provided. The nethod initiates with

depositing a plating solution onto a surface of a
[06Qfihdr prpther aspret ofeHBENtioN: p e d forperfapniag pngleqtrodng plating

rf r f
or T e B Bl oY R PRy SRE UBER B o f e
sohutidn pirte aBSurfasp ogm slfba‘u;@e o'fhetm@h@ubgludgu)@tmg a layer onto the surface of
S URSHACUHRLLY ok Eh nd 3R £ORAHATE Blor® B BT U¥ion and the
ead I'S use i nsing e su te

tolasmﬁubes bfath¢ $udbbtirage mxylgsantlﬁlbecelednm mrené)ndlmmht h pmxtﬂmtsy head is used

for ﬂnslnig aad dhrn%ght%l %ubtstrat% Hl atsugsn%n%&il}{r%)ﬂ{ggn %’r}ee Iﬁflrbnment évntSm the

chambent i on nay be practiced w thout some or aII of

e fIC etails. t her i nst . wel | 0
ORI Bk, B Rer Sl it B uRMGER ki of S present
inct@tiah may Be @ﬁ&&éd Aatholt Qorad SiCAllr & tﬁeb@sﬁéélﬁs déthils. ITAGEBE in@Bnces, well

BRI EF DESCRI PTI The present
kol BFACESIOPHRTiS V%@éﬁ?qn;ﬂeifﬁgvﬁé{ﬁﬁ lwd‘ew fOoOPF thg present
inél@tigh | ed description in conjunction with the

acconpanyi ng drawi ngs, and |ike reference nunerals

desi gnate | I kepplfy PidseRiiiBy Gf PIRTRAWGIL] Fi gure
1S a ow

el ectrol ess copper pl ating solution, in accordance
[OWOt] rne %smt%%ﬂl )8 réaﬁﬁy PHERERY be [ﬂ}éefml(lw@lﬂg d&tgi%%]escrlptlon in
gure 2 I's a high-level schematic diagra
conjuhmﬂnr with the acevmpaivaes drawigest eod lﬂvhuref@renpm competsadasignate like
ess plating chanber to be used with the
SuaaP%%?%%éR%escrlbed herein in 20 accordance with one
[0exih Gakiune hts aofowt thartl qﬁ\aemﬁthadrfor Ot} af-elgetraes foipst lating solution,
. sinRJ ifie sche ram ? ng, a cross sectiona
m acco an € Wil one, ¢l resent \mnvention,
view of  an electro ess é% on nodule in
[0e2g @I[ghamaasvm hiigh-dvel ecn'ﬂemdmaframgraﬁf 1ltubmt1ng\m ntanﬂlcturmg tool which

014 ure 3B I|f e tlc i ag
inGe ROy T ST ARG TR P edoriot R SSlPfe-Sifired herein in
acCl@past Wit dnd@abldenadft ofthg va@nt% 25 [0015] Figure 3C
[0{)#&%1%%@ le %%H{%ﬁ?gdg Isclﬁggltatécoglragggqueo}(ynsé d:r(?QSﬁ sgcc‘zl%g'flswew of an
el REBRERPER M thbHuRNE aITRQAEIRIM 0:0f criHIGINRIESARE invention.
i nvention. DETAILED DESCRI PTI ON [0016] An invention_is

(09 E¥gusadP foit Slglpbﬂqdoqchgnqtm@y% shoyyipg i lfegpsive gmbodiment of the

cIGHSRIT RPESRGARRR of FRLAL §RQ Sol ti ons_that can be
mai ntai ned in an aci pH to meaklg al kal i ne
[0Q4$ Figyrmp illpgiteyes embodlment of a wafer drying process that may be conducted

by a proximity head in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

[0016] An invention is described for providing improved formulations of electroless copper
plating solutions that can be maintained in an acidic pH to weakly alkaline environment for use
in electroless copper deposition processes and a chamber for performing the plating operation

therein. It should be appreciated that while specific plating solutions are described herein, the
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30 in electrol ess copper deposition processes and a

chanber for performng the plating operation therein.
woO pooglaerd be appreciated that while specific PUHUB29G7/072241

sol utions are described herein, the WD 2008/ 002977

PCT/ US2007/ 072241 4 chanber may be used for any

plating solution and is not ljmted for use with the

specifically nentioned plating solutions. It will be

obvi ous, however, to one skilled in the art, that the
chpmbey gy bieyeedrfor oy naipg @@umra@rdileeﬂ liggiteth utsswitkethgspegifically
m tlohaﬁﬁﬁl %@gl‘ﬁ{lgﬂsc I%il% o8 1orl,lsn h&%@{) to 6&3&@1@& ﬁﬁthe X\@,lthat the

nown ‘process operations have not been escribed in
prefentanyention wpdes pragiced witbow nerecersdlaf itheye sposifiadetaiishdn other
infiiee€ Q/tell ﬁ(ﬂé’\%{]é‘r‘ogergs olléega(%goz léa'\:J ?181t ‘t;e% gés?n&%tlﬁ detg’ £R %Jietr In8tnt0
procésses use or manur act
1mﬁgphmnakmamﬁﬂaeem&asm&mummn srnple el ectron transfer
B T G R R
apebdaubms(nﬂe bathuponsimplcloarongrahdfer conspal The pmcés@esaﬁmmplacing a
ectrons froma_.reduci ulting.in th . .

RSP RO R PRG R TL St DB el O Rt il P indgging the
métiigowvab etcept R tronkaEss § redlicih§ 8geal @GR i@ 3% d¥Pbsation of the reduced

mtggl?q%&él %}2 pe,; gf;ﬁg tsvgleb Thetsg?ﬁ%ﬁ,ogglg}fege%terg{egul)lgglmpos1t10n process is
higihe ddpeadent 8o the Rious FHABANE.S, teBipBrajurd) icdABY Slctni@ (d HSHH,
plating solution. As used herein, a reducing agent is
regagNts G HRARMETTS LD BIHRE YOMULR. A% HHPAthcEHL f &IEINE agent is an
el&f@e bi c%ﬂlptotﬁﬁf infaf ALOEFHNABRIAESE reBAMRAUUI L dBEes aﬁ&ﬁ&%ﬁl ol or
doing s the reduci ng agent becomes oxi di zed P
elgnaent. tIrlie_dornedgdhwderg@ﬂgen@ea%newxa@ét b i émd?dmmatagent is an
ng
LR S B Rl I
lﬂﬁlﬁélﬁactq‘mr@exageﬂg@l)t (i.6, chalptoshewhelatingaagent) isahiaeheongn! bgent that can be
uti{l”l%edf fo %&%rsﬁbcfy 1%? & éon%&{nql% aﬂ&j el%ﬁ’leﬁgmg% 9 %0 Q‘g% 3% gﬂ?ﬂ tarcfy ionic

orma CO IS any 1onic
coﬁmnmﬂis@dlpoiedpxﬁgodltn%bfl qharghdw@&ds @e@ ihas, e(tce) gnd,ne@uR¢ly charged

et c. i.vel rged . ani ans o.that the )
anfiiS b R e R R et e, PyifpBR st g e secies
thaabMamsmanmek&hbf@@ﬁﬁmeﬁnQﬁwth@ﬁﬂem@maganomhywﬁneh®lmd
sitive er than t en ion in.ac
coRRIFIt A1 A (B8 cphrat afg el £ ARER el p g Re8ic fon
attla€atl & Hife oA nANFb@MonidoRatind @atoldcalciBtiicilly @lcodpRRical dohdsts of a
ion attached to aone or nore el ectron-donating

metpifie aiGmens JonTy Sihech it tagheddipg PBR OGTFCE BRSPS alpleaules (c.g.

CutBiealyldnedidh 98POletd OA ﬁr@toﬂ%b&&bnﬁpﬁ)uﬁd faabed: RR8cRpteRhGdrogen
el ectron-donati'ng mol ecul es (e

ioig{j el e thipra Acampernd evth,a net EOS)theAh%%t oni zed conpound
[001?9] %n@opb%atﬁg%lﬁﬁ&leﬂalz &d iReBXAIQY @(Kbpgtsde'p%ntlc(n' Shcatlbﬁ's)ls

forma conmpound wth a net positive charge
dls&zlmfblpﬁé@w pFlzdomgposaituditiersofusion e coppeslBetlt elcel t(H) sa t,a

R:QIGJ I%%H&Sc'ohl'pg%n? BRY 4 g@génq NE-bhSd 09&1 LR %g%rlf &k 8}{\% exemplary

e cofponent's the solution are a opp
engbodmizal, tl{el doppes alating a)lutwhemrcmredmr@rdemegene@mbgmémtUse of de-

| . I ne- ? | n
Ongeglﬁ%F glral)lll}ié g}bn%grg?ﬂéﬁ r’nf“ntg{;gg ok éétﬂ)% o?gfé v%afer surfacleg %nd nulhﬁes any
cfforctepatiediqusis mgy devoonyte redbﬁﬂotbntqlwﬁihe fikdd erep:ﬁredi eopper platlng
solution. In one embodiment, the copper plating solution further includes a halide component.

Examples of halide species that can be used include fluoride, chloride, bromide, and iodide.
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30 oxygenated |iquids substantially elimnates

oxi dation of the wafer surfaces and nullifies any
we@kGoeme29rhat the |iquids may have on the redoxPCT/US2007/072241

potential of the final prepared copper plating

solution. In one enbodi ment, the copper plating

solution further includes a halide conponent.

Exanpl es of halide species that can be used i ncl ude

fluoride, chloride, brom de, and iodide.

(06290 87 or20TbRdmETL, UsZoomr Gl 29lkis 2 ssm{l@@ﬁé@]Exmpbﬁef simple copper(Il)
t
sa%%?@g?r(@?ﬁgﬁ g%eg' EIII)) nlt??e cO r@I) §hl Jiee 8%|QII(H)

t
teteaffypmbpiate) cappb it 8@etat?ozp@iemvd(ulrels)ther11¢0tf f altsgould:mre(:late)d that
esgetﬂ 18[ a%? ’smﬁogé) ?Eé%ogr({lﬁéearng)g HQfi ? %rs%fusgn %001895 £s(t11é alt can be
efﬁpi}webmohtbdded hm soh&s)sewtqoaipleyechbwa sl ygphige- babd cofiplexing agent,

n§SRE%SAR b B0ur Pl R Sar ok SRaE RIS iR o SRR Re reduced
copeer oatphesuefdcdoyf tiee watkyyam ne- based coaneX|ng agent

0BT o St ity Sad oo D P S gl &l §ik S b Saermiag eectron-

doﬁﬁtﬁ@&ﬁol&ﬂﬂ@ttﬁﬁ%d $ainb aq(q)lefm) tohle Ex@hsies of[c@ﬁilgfb]; cbppleqnpsalts include
t he caopper salt js ac ex salt
Coap%ﬁwggfi%dlevee FHlg bamﬁnﬁ@amﬂ@@e&neﬁw&&a &epPeitD
didths/1GepRMidelnlittatd, ‘Bﬁ(dl&ﬂ@‘ﬁ%ﬁﬁmﬂfe dé?f)@i’ [Bitce@d) Bl ﬁllxltﬁres thereof. It
sal'ts include 10 copper (11) nedi am ne sul fate,
sheyld Peﬁmfr%@dh%ﬁﬁm% ﬁﬁié quwlyx fs%qf serper(Hogsehedtp ppolyamine
mélb&iN @Y e N&ddTih BAsBRM {J1B88ELas the resulting salt can be solubilized into
bi s(di etheyl enetriam ne)copper(ll) nitrate, and
sohtige.(he sgmplysgdetop polyaminsihesadgomelentyp pewit. and xitlized by a reducing
ag@rftsfﬁFﬁ é@(!he Xn%}{ Qrﬂr{?legﬁ(it ﬁi%bgos‘ﬁfon ng%cﬁ ukdd e Bér%‘ﬁn)ecge Lface of
a polyam ne cul e can use I'n the solfution so
th¢ wafgr-as t he resultlng salt can be solubilized into
' | exi
OB} bR ATk 88, RO AT B85 LR e
pl:amgdolmlemz inraprianedit at b ooncestHtion bﬁbeai\ecnnalbbmt@rooot nfolgity (M) and the

ol i B R BETRERE oSl SHE AT P n o ERe e sy

entbdtlimenq fiRaacthtraiontdf éhewopye(ll) sgt (&Imp’(’bgerﬁ of tht ceppet plating solution

BRGSO PPl RSy SR 508

und&PREd {hbd the SeHctiRratlbis 64 108 Eshpalp@yVAalt cblﬁp(&féﬁi di&lﬁe @pmla@hg
20 enbodi nent, the concentration of the cqp

soluiPR casmsaliv Degrli e e patie wp 4 éolgtallfmlmahof ﬂiwscopperﬂD salt

as &gk ﬁier}é‘s@lltﬁl‘g g ﬁﬁn%&ﬂﬂﬂon QarPQecMarnttcdolBss Meﬁ’cfsnfoiﬂ%f copper
solubility Iimt. | d be wunderstood that the

ongoHE VAR NS AN ¢lRRrokspErIPen depossiantbressitponent of t he

(0639 RE bncdtn@foldfMknt, SR dbAIRN) &ANs i@%@[btdoﬁ&l{ éﬁlt]? %xﬁ%less&%ﬁnple

to any value up to the sol ubi

cobafsBbrts i hudaebadDIselie asba®) qhiommqoh@t@bwene cobalt(II)
teRYAbIAGROLYL A oSAN Shl RELUAL erledl 1RLRSR (GRS han

opper er surface during an el ectrol ess
fmsmpﬁeWMMmeé¢ummﬁcwmbﬁesanbfmﬁéﬁyhbﬂﬂmhmsemb@deﬁenahcanbe
he cobal | G £9 b |t I
otfeP Rk o 8yt B PR B3RLlah e ORI, agont
ang wddued ®cobalptbBlsdlf inlah acidicenvidemeootabslt id the degosabe pf the reduced

cogl())e?%lntto(tflel s)urface of the wafer.
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tetrafl uoroborate, cobalt(ll) acetate, and m xtures

thereof. It should be understood that essentially any
wapooploa29gal t of cobalt(l1) can be used in the BCGI/US100T072241

so long as the salt can be 30 effectively solubilized

in the solution, be conplexed to a pol yam ne-based

conpl exi ng agent, and reducg a cobalt(ll) salt in an

acidic environnent to result in the deposition of the

reduced copper onto the surface of the wafer. WO
[06230 &y Wwvmg@fmiwmwt@il@ﬁlt is@ cppplz4 palf withp eﬁltmalne electron-

doﬁgm%qhd.[&ﬂﬁe atttaflﬁd @&ﬁ@k&%!tﬁ? 1§1@| ExahPld o 9&%182(00% ht) Wik Bhclude

am ne el ectron nol ecul e attache
CObﬁéII?c@ibﬁdbme(dlan)lnq @Hatemdﬂ%yle@%d@ﬂmu@mbhb&l) sdbad, cgbaltyll)

dléﬁ%}é&eﬁgﬁene aéerch?)%glétﬁ%}l%nt ﬁﬁﬁei&ﬁgg?gﬁlﬂg‘[gb L'!']dI“?f‘tI% es thereof. It

Shdllllébh egde&ﬂﬂdrthamsmﬁlaﬂy Ianyailmple salt of cobalt(IT) can be used in the solution so
lorr;% as(t e Sea S:[ J%r eoefc{lvei oél?b)@llhzgg I1nc§0 oéu%orr]lgtéetr cro?%) ? E atpolyamlne -based
coe@mmgmgd:ﬂt Yand me;duse m.ﬂp@erﬂaj s‘altmf arcaehfd ¢r(virbnmenin feeulvia el
d t fa? u& $ ong a 4%alt can be
eBﬁ?é@ﬁi RS ﬂEPF(?gﬁ ?ﬁF@C%BW MBI be conpl exed to
[0625p @h Ml?l{ﬁln;it%dme ahe czaﬁmﬁtr@tmrtg t1RgRBAl (1BR&lt soRthoaent lafthe copper
copper sa [ c environnment to result
Plgtipg solydonyis .n%af%ﬂn%s? at {%ﬁge% B0 pdgrity Yl pandripe lbiligg Gomic of

th®¥artob@covak@r) sall %@&5& ditdlosed ﬁao@[’ﬂlﬁ’ dhdBRnplaénbodiment, the
concentration of the cobalt (I1) salt conponent of the

copesppationtad thsi cab#ng) wdicampeient o thegapperi nrdiae selutin inmsptained at
beﬁ%ﬁ tab(Qth 0901 M@qurd My {Mbuiaind uﬁ&b@st@&ll tHR 'tlllé cto}{cén{r%dn e

he various cobalt(Il) salt species disclosed above.

CObﬁt(Hh@Itm@ﬁpmear of thorpywierradaiing selhdon eap geseptiallstbe ediuged toray value
GO BRI blubdi £ GO ERANENaRhs LR GRPRE AL Apb8Piating soluti
Dbty b e D e b o RO REEI R Rl ing otwon con
effec@atilettrolesh depoditive ofignppersingorkitratiadehearc eaessity rtd dyning an
e t conponent of the copper

d%%g%gﬁgpégp%%gﬁmhkgﬁgissent|aIIy be adjusted to any
[002:6]] U oricSembpdingent, e choinichl brightenéri coimpodt tvbuds evdtbial thq fill) layer to

I I . h .
coBi cofRr UL DPE L BATa e LR, SRR TSR B R s ighLo pois
of\h@‘heﬂecﬁrmpbaﬁtﬁl aémpcrralfﬂgz peqkirithearcatiel fdteing@pen to deposit elsewhere

) ectrol ess ¢ Slt N process, 002 I n_one )
in GGt 1R he drB et MRS REr ™ s dsan e v e doeal point of
hlgm pdénfiat dmpf)éalrmnhalyeedngmnemm@ a®hy,G. @pﬁﬁght@iﬁﬁ()ﬁhlblt 08 nBfnal
m croscopi c | evel. The brightener tends to

te%?‘f)’ﬁtﬂg‘ocopger@&ﬁtlﬁg solutigy tgprelfﬁraﬁlagy gle‘telaéeaﬁ gk lggllt p%ﬂzntlal which

whiBdReViablyl ¥sulas kiugs, dun§ladngand @&tﬁﬁ&&lyﬂﬁoxﬁ@lﬂé@&e&@urfaees with
deposit el sewhere in this enbodinment. It should be

th%blgh@bp%%@al Prghtengs (lspFefyredines lavé%?s)unrewewm formptig of large
cog&q%lysﬁ%' BinQthe HRH p%%lﬁ@béc@ %%?%?ﬁﬁﬁl &fﬂlglx&h@rystals (.e.,

htener drifts” away, eners 1 nhibit
nuﬁl@atml enhqr@ﬁa@ﬁb yhish reskylts l@@psp@pthpglatswdgglsdncutliqupm deposmon in
thﬂ\,g\;) E]%g&lﬁlgﬁtl élul: eHJp@atrfb H&Aer 19%15%%9&5(&%@? dlﬂlﬁ%l%ﬁlum salt

Inevitably result iR rou lati ng
(SEDnhdweryeu ghwsnmmwgcmmn sir fetasingicothp@Bds thet increase the

pleP ?E$ EIrIOSTE)I?J c?l tlé %{g’ atn%géq?ord ncaa?{egrrl]n(lg Fu%?tlg 1fn§1§e e%%oﬁ%e%?s described
lwcmWSMamsamgmhmmgthhenhmghﬁsmobhsdwbh@dpn@kmngmmmmﬁmﬁw
malntalnngat begVGEen %ougo 86(¥0%)t1 oﬁan(ty (1\‘7?) dnd the solubility limit for the brightener.

In another embodiment, the chemical brightener component has a concentration of between
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nucl eati on enhancenent), which results in a snooth,
gl ossy, high ductility copper deposition in this
Wepipsmiaeent . One exenplary brightener is PCT/US2007/072241

bi s- (3-sul fopropyl)-disulfide disodiumsalt (SPS)
however, any small nol ecul ar wei ght sul fur containing
conpounds that increase the 30 plating reaction by

di spl aci ng an adsorbed carrier nmay function in the

enbodi nents described herein. In one enbodi nent, the

aberERP0 Il 296 absut 196 Ms hlarstill anotharicgihe diment, the ehrsmies] torigktener has
Il

OS5 S0 0 BSR40 W s

thas$ rlpordneamtrationt df gheothemicaldirightengtvompenent @itb@mp@r aimg aolution can

oS BBh 65y “HUEE R T R N el bippor o ome

as e dunlestidnl dnhamoigperpeaich Oﬂﬂhﬂellﬁmlcdi nghIhemsmﬁmtamed in the resulting
Coggelé %g%ﬁg seWrmon fm 550 %tgﬂéyo nS‘ii %epgsh 36 B]%per On the wafer

suefpget eci at ed that the concentration of the chentca

o O SR K GRS PSSP R

Ex28lpW bf dibmineicOinpodlls thbecaﬁ Ibe mieaU fditrth@hih&i@ﬁ incARle |eﬂ?1|§}@n&11amlne,
as th&»nucleatlo hanci ng properties of the chem cal

PrRVIRTIAREE ffgleﬂi%{{éﬁt gt andh miHeres deispt | [agnotey spepdiment, the

pogsjaﬁﬁﬁenlgis&pé f}ilé%ihgta‘geﬁi'lfi O afHe BmPHidl Bx@ApleyofdBNERe compounds
eposition o er on the wafer surface. [0027] In

thyysan eqywHigrdionthe Stbﬁéorpwplyéwlﬁ@ylﬁa@%n%rémrwlmtra@@m cthylene
prbp%rlé%eﬁlfaﬁﬁﬂenﬁld%%ﬁ)éériﬁereofml B Sth&H entHodff e t&%maﬁﬁ%%based

that can be utilized for the solution include
cogpiping et drAnreomatic@r pychip pplymaiic apmpend. Examples of aromatic

0 8

oo TETAAOER, AR . 00 XA, ADREEi ) 00T i,
shoylil aﬁum@rwmlaﬂn agentEdaamy dsmof, trlallnam grer@eatp palygwine compound
ca[a %Qi_\%y l%g ‘ngt%?]%ﬂg e!clné Egeéi R tﬁegfatl‘?l (ki%lﬂéo%rhﬁelghcg o QI%I ceonmé)ound can
Compwwlﬁﬂm frecanttaldpnsain dlemokltlum és., bbmxez{ﬁj metahlost arld| cobalt(IT) metal

di t .pol
101&3,%& readélye/ ggﬂob #‘%ﬁé‘% hg sglﬁtlg 3 8?{ m I%gﬁom%ﬁqe nan gglﬁ% ()eal}fllaon%lent In one
enEmaMnmesﬂmfdaﬁmmnmwan&5npmhmgmum&nnmﬁpaumdﬁmmm@muﬂ&nm@and

SO e e ghe St Bt Sherrfgpe soluion atlow

coBSmRridnakd dhhandy tith pPlidacion §ﬂeblﬁmp8@0mﬁﬁce&ffmt)hﬁon
olﬁgntne conpound . can be used as the conplexin
lﬂg?g?é afpagfyer ?IHBOdﬁlFlﬁltti they CQFRitation olBe pUIRRjedRS a5t C@BWB%%‘ﬁaf the
co ]_?éi‘ pla@]ﬁ@ﬁll@c&n"i& tnBintaiR d faf 108w ERLaBbuti0DDE] fn@lah'fsﬁ(l\/ﬁ)chlnbl kicQBlubility
e., copper(ll) nmetal ions and cobalt(ll) neta
hmlbﬁfst)le vigiour digencybasssh tilgmineRaged, and #emalis Gy dis PolArinse
coﬁf'p@xﬁlﬁ'aé@fg sf)&le@ ﬁlsagée@aﬁox%n Vh B&rﬁlgﬂ%lar)l t{l‘n%ﬁﬁne%p the concentration of
enbodimeént,” ot her chem cal additives i ncl udi ng
thg@@g}l@qi@ a@egt compenent gfith§ epbergydting gplidenais @lpinggieed at between about
g& 06 R Q)ht st bg grgatellptﬂgly s Wél%@al gblyc%ﬁ)twtlof’il ffsolution.
|nc In’the coppér plating solution at |ow
[082% Gepicallt itorvemplyxiap hgant eorvfvacidp b coaet Patimpebitibi causes the
gty | Ut her
soB 4 B ERASy Rhatbidnd BottFl? RSBt Phusbll (G It o o
dlﬂﬁnmrbeMeemﬂletchm)er(HO}pm(IDIreddxmgulﬂa)l Uiy Dntmexlemplary embodlment an

aci@% (LC%F %F P{at ng so\{v%eopl 1r‘tjl su cwnq quan%%les to mali<e "t}}é ngmn acidic with a

pH < about 6.4. In another embodiment, a buffering agent is added to make the solution acidic
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25 limt of the various diam ne-based, triam ne-based,
and aromatic or cyclic polyam ne conpl exi ng agent
wap@sie7di scl osed above. I n one exenpl ary enbPCi/H82907/072241
the concentration of the conpl exing agent conponent
of the copper plating solution is maintained at
bet ween about 0.005 Mand 1 0 M but nust be greater
than the total netal concentration in solution. [0029]
Typi cal |y, the conpl exi ng agent conponent of a copper
Wl;th mpH Fgbews (Ot and o nramghatna@ to 4 resglting ipBrpfiths sobiting aftdry
adftlsttint. NG BN JlE %1%9&1 dRa 'béﬁér g(agé&{% id 21t PR maintain
arge a potenti al ence et ween
the phh p€th¢ Bolyti oy abttw@ml a)bon‘e@@ sndcpdplnekt arlorheoemb@meﬂp,l aaragid and/or
a lﬁfmg?ﬁ %H{ is adddd & ﬁil amsthggﬂeogt te%oltﬁlﬁgn Blb%Meglg a‘t?'o%t hjg aﬁ)(p4 6. In
In's I en quan |es make ol'ut1on acidi
onwiembocﬁmeptt—thé agiboi speﬁleé of the acid otakvbes tbertrsehictreadnionde spec1es of the

P SO0 B e B R R

apPredia@tithat the phiewie Rpecth dn getshat Ototrhactt. d8 et anoeipdrhtoblinidne a pH

mfistissnmine: ot PTG o BuFrsh TR et 2 P8 ofdzathon sbou

8to nalntaln the pH of the solution at between about
yet anot her enbodi nen an aci d and/
IOQ% vffodé‘i ?%@eréﬁ%% SPILtTY aYe MHVARETHINh o Bt oygr atﬂﬁ@ne plating
soR@bakt IR wilizdah \ﬁ@@l@ct@&b‘&oﬂaeﬁde@ﬂﬂtﬁh a@phéa‘ﬁo@ BR€cidic copper
enmbodi nent, the anlonlc s§§0|es of the acid matches
plgthg SplateiestToNss Hisiaghfison 9b Bisirediiceskcopps ions Gl aiedepositeghen the
wﬁ&k%ﬁffﬁc(el 'rhﬁ@&%&%@&&ﬁ BBs%r\%ﬁ v&tlmeall&ﬁﬁ@@d' Pﬂj ﬁtin@ Qolutlons due to

sol ution, however it shoul d precia
theformatian of prdped-terainsnd gnenpe ltﬂ@blﬁtag ﬁﬂﬁ huglpatipa freagiiet 411ércausmg
re%ﬁﬁg@ g%cﬁ%?%)% %@fl&@?ﬁr%g fuy %@ﬁzgﬁéﬁﬁ%c@&%&i éu?fa?quﬁéglsngsg Egﬁ Qurther,
fondpplitatiofs sutl) af GE8OFattamingiof Cm@pplérres by alepm]ess denewitiomsf copper

I

o0 PR RER U P R oo ARARE SR R R LEROLORIBAY R he
badepesd madmmapipld @ahe eafer Amfaac iaod dloee plpnarse opd aandagi positive resist

sol ution i nproves, the, adhe f .t ed copper
S R0 WP RLER ML BSRAT RoRe b B=CRAERR. OPPS
[06F IF %ac&lltﬁlj’ngb kl&%@dﬁﬁ@éﬁ/@@bu@ﬂeﬂ hb@lckalppéralcp@ppeiising tht adidic copper

sol uti ons t.ion termn
P TOR ATBIC PG e RaL Coes LT B LS grosied
usih allQOLCRPpAPItRAL1QTond eRShéwld bd @fp@s@fat@&@dt I‘fheQJH)WtHe &pfer

i ncreased suyrface roughness. Still further,

plagngsplutionsopiadiscipsed la%e%ca%eftserﬁla{b( 8% #livedde a%wé? (ifej, REs™7-0)
enb¥orRh@ELJ 1BhESShIRPAGAS dPBsi@dn Iﬁféﬁ’ Q%oppérmﬁlﬁh@me @lectroless copper
patterned film an acidic cop atlna]so ution
depesitipg NroRsPsoy accsiiplle fqr\vhettyrgétsé ﬁpnhﬁ@lon@aﬂ caplufiprye byt all the
op@ﬁhgﬁa'l lev%ntggestdli‘s%uéé@ff Hove ufnfg%ﬁﬁal Anfle @Ji Iop% sS1Gonks fov&%ied (ie.,
a standard positive resi st hot omask resin materi al
madsanorqieaidie). Hsrcapcr jerghisigplajedscrsasssbegivevesoryineghe cipgee of
9
copfiiah sy BE L, dhRRe o AR AR AN SIHERERE, BESHh
cog@lnu*atuqmrfg“ thexdopiyr (14) dnd\melpaltp(ﬂe sais naahelp egnEhsutecior any reduction in
cogli)elag rd? 0::,5112{0% gaté Pe‘?ulhﬂbgd{}om aB a01 19%9[2661%/9&1?1?&% Lgﬂl q uf’)leng
[0652) he omemmhibdtnhmt tl’(eh&p]m&iflptaftlng hdutcmppmnintained at a temperature between

about 0°Celsius (°C) and 70°C during an electroless copper deposition process. In one

exemplary embodiment, the copper plating solution is maintained at a temperature of between
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plating solutions, as disclosed herein, can

essentially be adjusted to any acidic (i.e., pH< 7.0)
W@poosoaIMENt so | ong as the resulting depositiPRCI/D8108%072241

of copper during the el ectrol ess copper 25 deposition

process is acceptable for the targeted application and

the solution exhibits all the operational advantages

di scussed above. In general, as the pH of the solution

is | owered made nore acidic), the copper

i.e.,
abgeZOSF eni)° Igalvén@@é eleglsedess cm&e@@psmmrw%g Fwuldsiappreciated
f
0oy ZTRL FADLH RORRNcal i S B RRTRRSASlof opper ity te
nuclgic@riensatyiapd defositine ratogfseppef sl cylreaﬂbdprombadntal {oltepagathieg to the
& 8%?%6?dgﬁ8$§0?p§§${%§%{it?§nh g %( d(%(r%gglﬁﬁ gagy éﬂp%tg %e%ﬁ’@l&%%s of the
re&uﬁtmgroomm fetyer a[nﬁ(ﬁIEeZ]uc]emtlcmrrbnmybmdaquasvmd snahte ocdyyper formation

1% Wg éﬁpper l%er ar@égﬁ%sllodlsol%ﬁ al crggaer zlaa?ra% nﬁar?ylrﬁg barrier material.
Theldat rthd fememmmmttmgeﬁmﬂletdoppbr pYaﬁﬁ@Sﬂutlohl’aluﬂn@the electroless copper
exempl ar nment,. the co platin qutlon i S
eI ot Biplrdto R BE SR it eTautbSGsuscd
deB@Tﬂdﬂ%@&%ﬁQﬁ@%ﬂ&eatﬁm pbadlbof &0 Gul&ﬁi@p&sﬁﬁnd@l bpptiigizd e copper
el ectrol ess copper iﬁ%lon process. It should be
‘mﬁﬁ%ﬁ%%?ﬁf%ﬁ:“Wﬁﬁ@ﬂ?%ﬁﬁb egfhact s the nucl eati on

[00583) Fiduye ARG MRAPASIHLF & hethdt €orQhepaRRPAT elécﬁi@leﬁﬂ dbppdrip@ating solution,

nucl eati on density and deposition rate of &Per IS

in ggqogdenga with gisemmbiodiment fshe Rpssat iayaitiay- M@thpﬁ 00 kggfng pwith

op%fé%@?@ Wid g a&%@%opﬂ&@%%b&dgﬁﬁent riGP&Shd IBdi’%n{n@é Based
acts the thickness of the resul ting copper | ayer

coam xingagenichedemir! beghsineycanmeaent.she/alide sgrapanent, and a portion of

R e OF (R i S M B RAREL ALY P Al The

methedell0giroceedFivartebrprationtl Aé Whemﬂ@rram@ummg@ettton rfthefcomplekiag agent

opper
oo DR Py B0 T E B 4okl i E B BhERE BR8P
engopipent, rnlwqjkhaﬁth@ncamkinmom IS(aUJhlSIdd scdthqitolsa ster:«)ml rhigturolvdsag acidic

ti of .the bulk d
oebt 1 S B B 8 el B 6nPERE s R0l g s s i
witlkpgethe todam(IThinak nebss fomf. gEIeSnet[uQDB)E]thdﬁlcgmuhﬁleslon ® o@eration 106

flo hart of a arin
Wi RS i e 4P TR S bR R DR S0 (e FRalsRaSS Plating
soRfOE glisran tiscah altbghepplesidpetafive Gilia: thdBiskatict&bcbegbRs
with operatjon 102 where the aqueous cog@er sal t

[Owﬂrﬁ% ﬂlgrﬁmbogln&g; thedistgnd f}}?éewp%ﬁpﬁé g §E0xgl in separate permanent

st&moﬁﬁéin@ﬂ pRigERtintedBGC f’[@ﬁ@p@ﬁian@ft s@hiop @&ftmﬁ&ﬁ"@&ﬂ@ﬁl@slgned to
he hal i de conponent, and ortion of 15 the ac

pr%@lﬁpfé%vémrt o lengeteppipaec pf th% F Irhanglseean GHxtares u@éﬁhﬁymready to
be c@ﬁlgln@d {d §1E ﬁ%l)gob‘[ge? Plaﬂi@solﬁﬂ%ﬁlh %‘Ay %}%Q opf)&ﬁﬁﬁ%% stgﬁgé Sontainer
operation 104 where the Temaining portion of
m@d}m]sec}@sdgn%éhq conggigr tsh@na@g‘@m}gltlczgﬁaf 1the§gtnp0nents of the first and
r t

th& %@gﬁl}rﬁr%hltr@s qﬁqs@lgﬁrﬂlbg gﬂor Je%és)detz%tﬁglg %&%{ﬂﬁ% s;d{it% flaﬁ St vantage of

fomaul atingta mdre stglele gmj)enplxmngseluhag thahwilgiotlplete opt—[thdt 1s, resultlng in the
t he advant age of keepi ng

1e$%98ﬁ9ﬁ9§gﬁﬁ$§%&%?h§g?gnﬁglS that this 20 will keep

[0035¢ Thobadenti¢d dap b furger awleiswed fiorefarentheo Fretiptd]! LB0h tikseribes a

samppe flormu?afcﬁon of coppglp pGI‘a{tlarlltg sgluti&nc,) ?n accordance with one embodiment of the

present invention.
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where the first mxture and the second m xture are
conbined into the final copper plating solution prior

WO 200806297 a copper plating operation utilizi nBCT/K82007/072241
system descri bed bel ow. [0034] In one enbodi nent, the
first and the second m xtures are stored in separate
permanent storage containergyprior to integration.
The permanent storage containers being designed to 25

provide transport and |long-term storage of the first
and second m xtures until gftlﬁhﬂp_d:e ready to be

combi ned [ nt0 ¢ b 0aledOpETRhaTLARIARMY! | 00 ATy

type of pernmanent storag ntain be used as
[003$h dn thés anitw dipamt, ainiteate-basehbnmpledan ¢l aoppdr platipg oflutidngs
h e r I .
o ARRRDLBOE 11 el 08, SRR o b
(Ch@s0 N eormdnteatioa g£0.05 M, :ilmﬂmliéraduamgleal ¢mhmmt$@eé co:mpiple'ng agent)
cogéeeéltrﬁt%%nog%:&,lt %gtrlé 891%1 gﬁkbf) ncen rat?otgleof @lé;pe ; 3 pota éluh{ brPrE mide
(i.e. nhasltie caggnehtPOBb¢ntrHosof m&mholamyc(mM)b@dfalBHSI’(eé., chemical

tood in reference to le 1 iC j hes a ..
o R el SURNERS SR oA ag ABHCL0ARRE M, 2R Butting
miRAEOK URAGROWit ihtANRing MRGSH B 1Y re@ificettepotdukigiSthe copper plating

ventl on. WD 2008/ 002977 PCT/ US2007/072241 10
S0 ﬁ'iﬁﬂ cqm¢ Ryiflizet o- based Copper Pl ating Formul ati on)

[003793Bhtikdingd WitlS ELHRAEI NB Bho erfodAirhdnd iR RRHEBade@ FoRNUALILLBS the
of the copper plating solution is_ disclosed with a pH

cogper plapng solpimgeprepdred wing A ey SoymulgHentirfegy ihshingplves pre-
migm%éyort%n(‘o@ Bl e‘ihy@nte&%ﬁle V&Ei‘th(t@((o%pgf)n?t}até: MGERE 5@9 |20 aRf

M an ethylenediamne (i.e., diam ne-based
potesTRINdRITtige gehingo THmtRArEd Sthelﬁ Bhegrmaigingiportios ohthied

co%ﬁm %8"? Qgrgﬁ(gng%gﬁrgﬁ{u)xg 1 S e c@ba@t‘%taﬁléé?b%ﬂeﬁriﬂtmaqgcond pre-

concentrati on
mipred $dlutipinalihe first pivin) xed nelutaorSPg s¢doné pre-rabredriatetion are then added into

o GRRSSI 1o BIA 0 AR AR Mo i

to deox yg eleetr@chs usppregde@pgoon q&smbm Aedudesctl hbovpothent¢-mlixing
10 sol utl

s Qs TR PR Do P RSB e S
plitbeutnivtrtahembased. f or mul ati on of the copper plating

L uti i . ' . f | ati ,
0B S 217 o RTS8 Bl 1Sl PR oot wicn

in®rpurhtenadeiaetol@s Wakihg then e RPBE utdiwiat Bie sbh@omi de@éribed herein in
acid, and the potassiumbromde into a inpto a fir

acgiprdanc wifh Og%Fra'?qdemem Phide iaRRIN: dde pyian srludes Rrag %mng Unified

PROTRHEK!) 19 1 3AEM hHAEPAO &Rbmins A g‘goﬁédw%ltsrbdﬂg%ehvered into the
cobalt salt conponent into a secon re- m xed

sysigin il diom e sy §tens tlap repicee modele ¢Op éma arpduls dbaipgerates at ambient

temp&alicXGith ﬁEiDMtﬂh%fbdaa'he NIBRfes 238 Eb3t Hh 48 ABpaRRY RicQRf dBhambient
container for final mxing into the final el ectgro | ess

medulp 890 phagt b glesngimiadnlepr i Biese clsaning niggulgm can perform either wet
cl&hﬁ%toq ghﬁaéang‘%g@?hfa}glgrﬁsg&?éu%t&% %eefsaﬂlé %strd% 1sCHeﬁ%r9(fﬁlgo or taken

from system 450. From lab ambient module 460 load lock 465 delivers or transitions substrate
455 between lab ambient module 460 and vacuum module 470. Off of vacuum module 470 are
etch chambers and deposition chambers which require vacuum processing or low pressure
processing. Etch chamber 471 may include any of the commonly known etch processes and

ALD/PVD chamber 473 may perform any of the commonly known deposition processes. From
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strategy has the advantage of fornulating a nore

stabl e copper plating solution that will not 20 plate
W@i0s00®r7time in storage. [0001] Figure 2 is BCT/US2007/072241

hi gh-1 evel schematic diagramillustrating a

manuf acturing tool which incorporates an electroless

plating chanber to be used wyfh the solutions

descri bed herein in accordance w th one enbodi ment of

the invention. The systemincludes Front Openin
vagiiint medule BaQghq FbeIPdg isgBnsitipiicd hervear he viepain ﬁl@ﬁ%ﬁ fhgpd controlled

nﬁﬂeglt QHERIRS D90 W 184S 10D '429 @%hﬂré/l?eﬂm (Puefﬁtt Qhérﬁ‘&r %@0 WS tiRMhodules

fromthe system anbi ent
winddut essbéiaied ppk thatcestrated ambiceithamberheey 1aglulls' eon/tmilhd pERAnmental

001141 f)l%r ef%r %ka{mrﬁlg/qgéjéo%%oﬂ%gﬂnﬁgﬁ C'Batﬁlgeiq 2/3}12199 &l g%yfggg r%(ﬁved ie.,

opthesm aﬂ R galg anpidennest, oan)rqthertﬁ cauvmieomdaeon Wert processes sensitive to

nin on substr
o3 OF B Pass SRR BRSBTS Rh B fBing sytem
483 ysdyetie Lﬂ;E(Dto Haanzd edppandfice D(bppEDﬂl]JJ ie.,460ddposgidod fiark AMEB%PVD that

m%’ﬁ]!fﬁl é‘%{g %ﬁ@%ﬂ%&%&gﬁ@%@ﬁ%ﬁ% ?ﬁ Sﬁglgd E&%&#ﬁ%ﬁatecﬁ t?lat cleaning

syvag s thim ttohgected Qo akie cordloidll ehBibRehSduind’] @Ry Spdrfoan functionally
chanbers which require vacuum processi

g or . low
sifgila OBEIRRONS 0 Blerly EemEASe fhat fifpRscied 79 wabﬁ%t%@r gipyfule 460,
wit tHeh&cEBaOMmALYthK rb%&ﬁmgt@ BeAbRRASERS: 8fttroll-BMBYR environmental
chanber 473 may perform any of the comonly known
coa@ﬂ@@sr tHo ﬁ:x:ﬁp@@,ég% gantrofted, pﬁﬂb@ltg@g@}lg@z gy include the lack of oxygen,
re St URAPOA AR %?e%gure Lho%g e ool BPGHLCrdifOhmdnne M@J & aERctroless

is transitioned between the vacuum chanber and
depepitiano odgle Hidbiseiie @hdHbasedig nsyformpdhe |edrekolgssplating with the
fofHhfcRk ! h&th, GBS, 1 oo 481 will
oL, (ELrBIEhEh, COPHDRIonE O ROCIbRIAD Hifioftion WUR 41 wi
ophateeinhd géritsplled ambight wlrenmem ovheemtha | tempayatdict dndrgrs eFgironment is
hlgﬁ\?@&lﬂ%llea heIn e%odﬁ%n?r&?gerﬁt ha%hl%gp%[lm %’edhﬁé/ng tﬁ‘é environment
en rennve 0 te I'n an
wignv ehectruiam tieposmom rmi)dule t4®3 al\/QIded to picdatt |om1|datﬁcmrof plrccfoesEesons used

for ﬁ1§ rﬁgeg 10 E%SO(?GPQS%? %rﬁ er,?&es S)(/%S}{ué’ nﬁyﬁtg]%anISr& 13 gﬂleﬁ%r{ma%lt aé?%ltecture that

albBS mmmab&pusﬁ«j oft bptaanairthaeto oapgarat afitical stgpier sutfaéd treatment.
rom ALY PVD t hat . may be
In el WO el g JOBE A BrovaTRe Frgpfadyfrom one
pré®@sApRii@C indh&dattlRab B aani fifcesS yati@IM vich i@k the duration that for
connected to the controll ed anbi ent nodul e 480, may

oxppleo? RICPHRE FORPRRFITRCY i SPPReH &P OXSER-atPe Acaryed ﬁs@';fm ff can be

us&y ﬁ)tlﬁd;@egs&%bﬁﬁ%ks) 'tl%o@@%%%ﬁl%%r@&sst §ucABPI&NLs ds@itell @ more detail
nodu th t exception that the cleaning is

460,
mﬁér“?‘mhﬁ‘ﬁdmlﬁ%@rN%éHﬂ%ﬁ%d anbi ent envi ronnent al

[0633] @'tlh'r&@r?‘mg 't:cplf 1g€1>é 3Mce TSGR ELALI&H dAIRIHERbF cobalt-alloy, and
condi ti ons, i nclude the I'ack of oxygen, regulated

thg mﬁlaoyrc@balbgléyﬁgp@ltloamﬁgssg@nwlm a pfixtgye |Qé firy and wet processes.

t i1
Th%wdalltj PI%@%S% a?ésty?ﬁﬂg} rr%J(%&I A na:?e 3155%)9&@ f\?lglre?nﬁ@ﬁ’z d p?ars]ma, hydrogen
pl@h@cmdd])zé‘s@ppﬂteamg [t alli dpratedet 1£% thamr hiiprat Tionefoemtsgiaaldystem

I s, 0 | L. 0.
L OO S SR L5 SRR P
mt_(egmted OyNIEM tlS()/\llme B euﬂ)sltletettmaanewrad)dmﬂes (arvtiagbss)eln0, 470 e Al 0.
Trlar?sfer chambers 460, 470 and 480 are equipped with robots to move substrate 455 from one

process area to another process area. It should be appreciated that the process area could be a
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highly controlled. In one enbodi nent, oxygen has been

elimnated fromthe environnent wthin electrol ess
wa@le@esiron nodul e 483 in order to prevent oxiREL/USWTH72241

the fornmul ations used for the el ectrol ess deposition

processes. Thus, system 450 is an exenplary

architecture that 20 allows mninmal exposure of

substrate surface to oxygen at critical steps after

surface treatnment. In addition, since system450 is
subsiraferpeesgiter B aerctoy. o 8 igadiole Subsate Hersfar snodilg 6P ésrapersted under lab
R ARt R R Y R BT Gl Pk Rl o emperatur,
atlemhmcmresamp raecp@mesbdd@ pinewualyrfERYe or 8 L&%pfhiteell tb gontrol particle
deRE%Y %E]Odu ?a%%aa\gvﬁl?%u%xt%tﬁf&éle?sowg %stpaﬁe ca‘é§e%§s)t4%1 to bring the

process subs rou an e re process
submqweﬂﬁd entd Ithevmtagatdé systanbexdo irgtunlfessubletas tb the2Bssette(HYIO1 to
ﬁl %§;§9n E(k%ﬂes wn&%$513’634' [0038] Stil
SPFING e Bl Gur €2 face treatnents, electroless

dep03|t|on of cobalt all oy, and the optiona
(06399 tin omrkmlhhod@hdnwu@efpt@ gb% isdmoyghtto e‘lgsgstecii s inv4d Ogo be deposited
wigﬂr a%é éq{%;s}%—iafgéi glg o er a tang éegr ezs E‘C?OWI]]S’. ,rceoba V\ﬁlm srteon&h oSp 1de (CoWP),
or @bl Bs1gRten bytdplugplnde (oXEBRY), afén dle&%sﬁiatesmubetee Iplalngrlmﬂ éy metal

ofth e PRY B Ey STt et dud Sty ENERSi2Gimere oy n the meta

trefithels UTRe Qiifacly f sabitkatseits s [ 26Rs2e $o reA®ve idrfasé ¢omta@tndnfs such as Cu-

re 2, .integrated system4 as 3 s rate
Bﬂg plgy amlaﬂr&eta? 8¥lg%f?a%@r - %‘g andzﬁeta 4? S gajghe removed by a
wel CRBS hBEesE hRTRES c‘ﬂ&ﬁmg%&@tu@ﬂ@heﬁ%@a@élﬁh&@ébﬁﬁﬁ% Wi t h
robots to nove substrate 455 from one  process area

tetiaipstingamperiea dxdrgride (TYLAHY Rrgamplardn PSP e a8 dbut Ral limied to,

ctitye REBAGRSS c@c{tgﬁarﬁlﬁg LB, FME R B ANRAY domplex removal, metal
CT/USZOO?/O?Z 41 12 substrate Cassette, a reactor,

oxgsles geradnl ot the BBk ERess CRpbRIFEOYEQISing a wet clean

L8 80 0T ML L1 2R Llr g e

aCtdethp@matemoge comﬁwsctﬂmwp or lssseskeotielandoppep olled! exadai specifically

cogée#ect 3 c'_%g %P‘%qt era;k %c agl ‘&H{ sgétlt}‘lgt%elhloga er orgamc or

1n<ér|atnle; ub@tqaabeuxeds Mﬁltlew)llyﬂfﬁly ﬁlhlteb(ueng) t%)sp&omdﬂamntaatl@ acids,

sué‘h S suﬂ“u oC ! rP'OeXII nt exgurrgst (e:d 'ﬁ L& r te%ve cele n I'OCGSS can also remove
Berlard Snn i i dpdy T Fif s

mmﬂ®ﬁ£891mgabum$mﬁﬁmmhe systen1450 [0039] I n one

odi nent bstrate 455 is bro t.to integrated
o 20 TRh R IBR BB e Byt R ey ik gy 460,
wldsh ©epahid Eﬂlﬁlgﬁhlﬁl%\ntbeﬂi(ﬁﬂod GoB)et clebabduld 483¢sh B&lused to perform a
ghosphlde WP), or, Cobalt Tun %ten bqﬁﬁ hosph de

I-YRR VPP GAfEtE Y §68sSs (Y ErREY Y- RA 20! e i 365‘93 can be

infdBh Rl Wil (kMab LR blcRIMMMEENERES 460% allo ﬂﬁ’:rﬂrh@%p%@ B br@dplcaning
surface and | eaves the netal onl in the

pregGeevie the gerforpad éypodidetasrand JWM@ sten g Pi’@%‘%&’é%%@é? 463" For

exEﬁHFéVaecle%Mrfg%Qﬁm&%En@dﬁlﬂgﬁ‘El%nﬁéb@ Buc%s %Aﬂo%cremé €%-BTA is in
and ot her metal oxide residues. Cu- BTA and

meshilers apd A clsenipgsnbitiog cpytaiaingeteak bEaRIC peig @@élsas _CItrlc acid for
cléaﬂi‘ﬁ ln¥e't%ﬁ 9xide fsl iff %‘dﬁ‘lg 4?9'. lﬁtxkrﬂﬁl Lt% g?%lgti%%b%t }_%eg{)}irbed in U.S.

contai ni ng tetramet hyl ammon
Pagaotsfl, %996, @IA3ES , 8U6h3@ls ,6,2%02%613015 P, 0eld9 t3, and 6,927,198.

[0041] As mentioned above, a lab ambient condition occurs under atmospheric pressure and

open to the environment in the module. Although the wet clean module 463 can be integrated
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15 et hyl ene di am ne or diethylamne triam ne.
Fol | owi ng BTA-netal conplex renoval, netal oxides

w0 2008/0009mYy on t he copper and diel ectric surfackGI/Us200ne&72241
renoved using a wet clean process involving a
cl eani ng solution such as a solution containing citric
acid, or other organic acid;jhat can renove copper
oxi de nore or | ess selectlveﬂy to copper. Metal

oxi des, specifically &per oxi de, can be renoved
wiglstihey bﬂb&mtrw&a miodula 4P thisipracess step gan asocheingrforred right after

mQhTNIp 35 & dn‘é tltersungrgJ[erlen%ﬁ |t %o ﬁ?ég&%ed‘}?&exﬁ 58/ & Aobalt-alloy
Addittonal ly, very te (1.e. <0.19

depesitooni ddteowhvay. thargetatauisg prosess harels rfofieadiie 2 pertoliedembient

prgqexsI eﬁggﬁ%r{l/egft‘ tht%I;]e e po%ttrldﬁeecfjamb-mﬁ slviﬁémtﬁ g@?ue n gglﬁg After TR Wet

cle{aﬁﬁg @‘]ep ATh@US (PhEatrAmxbldatioes hfBedcta prdyenitynieady atdehblwse fthat are

ownﬁg Ibg?he %ne[e a%d Sgﬁ%l ?erloc:\{érﬁrgw{dle %rgleﬁ.ﬁlformaf 101 (fn the structure used to
Imﬂbdmﬂﬁc&ﬁ&ng@@cﬂ@nﬂﬁﬁ@nmomn&hforn1a 25 1-step or
0CESS. ternat an addjtiona

027 BB e R e s, b T e P R S A0 & b

reﬂna&bdaay‘w ENbxillizmg plasma PRAeHs Bsudbs dxgg@ldoawidifeplhdnias D,/Ar sputter,
the 2-step cleanlng process to be perf

oy S%t?a fodlovsts Biig MoR oL bt SHReHOxpED It REOP ﬁhamqber As
deBRIH SooA83nest b_‘lﬁima @r)%? ﬁ)cgs’s&aiﬂé H@raQl BHdvO N Torr; therefore it is
cont ai ni n em ca suc as TMAH for cleaning Cu- B
depigablefo CP{ﬁgweh AT WA WP BT ARSI 0 BPUdShiod] tfﬁnﬁf@r laodule
th%%e%&ﬁﬂh@r VGl %W&sﬁé sﬁéﬂ dshd@Qi el QF thd GramdrGamidie
nmetal oxide is in nodule 463 Exenpl ary cl eanin
intggratgd ivathigheplesnipens eqebhie gnden V@ugm, subgtrashiransBr semorogee efficient

ang 1%33} (%%Zn,wdu@ g&brg%&efglgida%éggl%z ]smg;% %geﬁﬁll%té?reglatre eb tended time to

pusnpl dabynaicenfer mogele.t Inoddisotsinse ﬂﬁd@nSf@ltm@Blflﬂ‘ﬂe ppder Vacuum, the

) t VI ,
ol RS iR AR SN LERATED only G TRAN Fogen.
ARODBE @1&2(92717[ asRGTr&dSR0O E’dl@'erlZd il:learil_fBle widahic trés@luksa theabpiyilanta
this ess .S can al so be
iS4 oo Iaf R Yol BRRESBRaRE Bror o e
(0648 Shrfcalsb-dnsbidint ahrglfitr n’(cﬂu]e Abe g;r@teﬁd:dsyﬁtrﬁﬁ‘phéﬁ:&nﬂ @ficuum transfer

mR RS sl S8R R s ey b B ¥ i PR agen these two

traARE B0dulesPb QLGS SubSiftd 1 TTBB krandféiRiiSctwen €RME eiohﬁes 460 and
anbi ent i s npintai ned durlaﬂ and after. the wet

479) WAt ereiera @ragrreat pflodgiodiiteanfiged Wéweaoperat%nder

vaBERX b Prdsyurb @a0@a @ NG ofrh§iaf 1a 8 MbleBabr B8 filleAAAH aR ekt R8s selected
assi gnee and specified bel ow provide further

fornpp SFOHRLT WAt 8#5CH-he structure used to performthe

[0644? @H{ep CLRIRE @§§ﬁﬂ1§he9ﬁ1@ oﬁfatk%g ﬂ'fﬁﬁ{a r&cgg‘ﬂ%]us%gﬂnfo? example,
resi dues (or contam nants) no reaned the previous

sutatecd 58 anygoedrintp ghe hyémg%@lormmag tﬁdym@gdﬂdsnza 1eguopoashamber (or

m&s)dl;l)lu §§§ H?dfggt g@ﬁ%?q%sgfrﬁq gﬁl}og%%éd%{t a I?W pressure,

wlGch JBTeAs thaul 1 rTetrathemi{qrei atsis cwplaedrte&etvamrrcmmbemodﬂe 470. Once the

r I r ri [
s P B By TP G AR B, by R BEER S gna e
Mkomﬁouph@Imwphﬁswébmhmh@em dfpp arbatrats 45 ofinidhea o€k, lasma

apsfer nodul o . :
processmg, )Hz or Hy/NHj3 ppclsma reduction steep can be performed in-situ, without removing
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that is operated under vacuum at pressure, such as
under 1 Torr. If the transfer nodule integrated with
WO b@8pb23hea process i s under vacuum substrat ePCT/HINDEO72241

is nore time efficient 15 and the process nodule is

mai nt ai ned under vacuum since it does not require
extended tinme to punp down the transfer nodule. In

addi tion, since the transfer nodul e is under vacuum

t he substrate after cleaning by the plasm process i's

thewpiss Bemithy chambery &t Githenggse. dheetubstiate iysapdefor cobadisaliny Agposition
aﬂ%pﬁn@ﬁmﬂhQ§ r&ﬁ@& odeSs Sel ected to clean the organic

resi due 02 plasna process reactor 471 is
(0045 p’iseldsqube@ahoa@ uusinpaatastte coned the rop7Hing20d fragpai environments

4 t

to %1&81?26 tgér)%x%galég gttatg% {IO%B? rsgl%f% ggjc)%)la gﬁer tli%sglgﬁlga?eolg gec&{ldltéoned by
th@m@gevaontanmn(giddu%”mg plasma. Txadiboeke 465hidd pd pmmﬂsed under a
co&%@Y\ﬁ en%lron{n Ia ngvpgrre f[}tlee(ge%glr?%eélﬁ 15 eudler e(% Vacdlufneogsfllllﬁé 6/1‘[% ﬁae or
méké Mertape fodingid thd Rehersudiof Skt 4$ﬂrte$>sygeas Dottehlieot®R odbines the

i's, con t.o be per at ressure
bop B8 Pt s St s e i 4 Bt GV be PPRRate Satems
anhlﬂtlhﬁbf@rﬁnddlﬂ%@ whg@SenSebheld codolle@r TRadsfeiag Pndfro¢Rghid under
%d [.0044] After substrate 455 finishes the
cops fPYf@OHB}GB‘s‘F?Q ot APty ithg Ut 180X K8e /| e,
[0646p T lobat- Ell(ﬁ/@ec'trﬁleﬁméﬁ&ltﬁdﬂt@a (vBEprbocdy s Rv QR taballs gcg:les ina
reduci ng plasma reduction chanber (or nodul e)

soliieh R I EHCHIZASHH, Ve b phppherppy ed g¢ g
hyBbHOSHFE S béon BadcBYE. gr&ﬁ&wlsmne%faﬁa biSa doRbaliidF bhih

orr; thérefore, it is coupled to the vacuum transfer
phagdhafoss-haed aHeason-brsed 0T widsly ribg 11D thas uses gheselprowsttiased

re{lfég{gﬁggtﬁ g%gi@&g? garﬂltl?esmtloh l(i}{%t &QPB& LN %95%8 ?&iﬁ&lhg agent deposits

' copper oOXI I'n a preferre
CaaB o dicemdingly athe erlutsuighat usgs dbothghofphniogirbased el IRorpbasshieducing

B OSERRIwBe T AL bbbl 30N e SRR sotution i
allﬁﬁﬁé bl%EﬂlOZXItﬁﬂ'ﬁB/élj{ cobélt{ahey ellm‘t@tessf; clapmltldsresohhlarrbar alsd e acidic.
ST PrEaRe ot OBl B gt R RSy P modute
48[)@1&4&]001@1516@&)85&’ d:l&&l(d)lea:bdbpesltld)ﬂ reh@or shpdd baoerdted Im@ﬂzttm@kpherlc

ocessSl and transport ts to mn
e L SR NG HED e I P T tsn gt YR i be
usSHRSHIT Bé EorltD11ERHABIt tlafiTEn Qe 430! P@ditionally, all fluids used in the
hydr ogen-cont ai ni ng reduci ng pl asma. The supstrate 455
Pf%‘l%iﬁr%l dygaspdobe disadvashraEends ror PPy emmasicialyivpdptle degassing

sym@ﬁg ExbRBlaBHéN SRARIMdel ﬁlt@gédm) HOART (HEF.GIRUIRY), afrgclnl @),
th one or nore inert gas to linit the exposur e of
kfﬁtﬁ%‘s@?rétaéd agun{¥eloxygen. Dotted |ine 490 outlines the
[Ob’éfr-’ll]l W%&en%dﬁnd%@ ':[ﬁe Wit cgﬁ@t dll@gl @QE@JI@S@I dé@ﬁ%ittl%ﬁr}e%égr @)@ apparatus, or
Figure 4B that show the processing systems and
systerangrfreqdulen theoerledu ik & riaspand dnnypiem;(er apprretup| dr ewdule) to allow
thér gu%@t?zrt@{orﬂe'?ﬁ %%dﬂﬁt%‘fﬁescﬁ cﬂglew& 551&(91 %Qt@:%ﬁ% Iu &r dry conditions
envi ronment 4 imts t e expo ure o e su rate
antl ¢o enuyegen of the eiem £dbakdnaddndiioe [ deiy dlyess. dép dls/rlnﬁdasﬁout

reéu%reﬁie%@atllo&g %%%?e%tr&lgs%tdefo&}‘[ 0|n\§$s§en9 Qmotbe%ﬁggriltg(? w1tﬂ t controlled-

ambient transfer module 480, and avoids the need of a wet robotic transfer step to a separate

rinse-dry module. The environment of the electroless deposition system 481 is controlled to
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solution that is reduced by a reduci ng agent, which
can be phosphorous-based (e.g. hypophosphite),

whorsnedzased (e.g. di nethyl am ne borane), or apPCT/US2007/072241

conmbi nation of both phosphorous-based and

boron- based. Typically, the solution that uses

phosphor ous- based 15 reduci ngsagent deposits CoWP, and

the solution that uses boron- %ased reduci ng agent

deposits CoWB. Accordingly, the solution that uses
PreyadhlopH estynindo pyels aﬁ@wg@hwdbmlanm&yg@mpéﬁu Hler{ggas can also be

AORHIShI SRR ©2nRVBR el AR% L3 t.
o @Qf a%ﬁo el gctro egs dep 0T ti on squ??ﬁﬂﬁ%%wummwn
[0&481 a’iliern@tib%:e edbaliglios cleatrélese Idyposm@b adrt alg bewpnduC_ted_m a dry-in/dry-

i i

oug%nﬁgﬁeeﬁ g\ﬁﬁgtrogge%gé’lgés C§E o 8 sHToé ‘a@?c%ﬁ@o A d‘ﬁ“g i gryﬁoﬁ% glre&roless copper
pradesoisp hemi cbquio;&slsfmrc@ppdr hécﬂr(vlwa slf:pmsmmnd UTheprdGesd8@s b haiximity
hea(ﬁtocl nalP{%lg eleﬁ rolg g d)CﬁSé (ilﬂul tl%ontahc?lg o\‘?’v%tfl the gglgs?r?tgs%‘[’%ce on a limited
re@oms cometrdihel @rwlnqumrmanicus sTlm&mbyncatel sﬁtfadeolobﬁandkf e pakimity process

0X) n s(es n be used to.fi the .
g b PN o S AL ey R Ugan Uriep Fesian 1, 10607,
o1l fitlcll“uippiratus 8Ad MatHob €or DERERIEE AAl elaﬂaqﬂl@slﬁﬂ Filins ©n
dlssolved qéyg%ﬂﬁ%s renmoved by connerg al | éiaggllab e
e&g ugt ?fg Vst on @R@ﬁpqoggyanp II'Je$ tApé’ gatiop §79 263, titled
“MMthdda@e A pp¥atus FHEMAHY SeHEdond REQWADNE) . fil@f @0Rnd 2%, 0042 5The
krypt on r), and xenon (Xe). [0047] In one
clestplser g of ephaltwdley epis ¢ PEKINGY hispd ta gnghle & gry-in/dry-out process.
TIQ?Q Ok 0 a?@«&tﬁi’&ceﬁs% APRAERMSsubQFate SWRE G th@module dry and
nmodul e) 1s coupled R a rinse and dry system (or
legygpéivat us, or nodul e) to allow the substrate to be
[06 VASffe?EJb%ﬁ ahl&;& Bepblifiorft n%gstt&ﬂ L1gp %u&?r&%%§ E e%éd?md‘h%%d within
er dry conditions to cone out e system
theﬂfaunq qebalt-dtoy depmdioniinsysiedr 481iby/adryximiy )wad‘m ean optionally be sent

th%ﬁ%ho%nn%e a(rXte §St tdgé)r?s ig)%lé eaﬁlgg Qﬁa lg% ?ﬁ@hgﬁfoﬁﬁﬁﬁ] rogltﬁess'%ructure of

prmomity bdde dnd mmb umayt bednwfdan UﬁS)dﬁateetwsmS 3ANd, %8¢ 0P8 Y,988,326,

o PRy B b NRoRLG e aR PR e TaEL R o

wdEpIShird BN bslys! Ahtcddlvelys n&@hﬁuﬁl@bdr&de Fedn oD p'zi&&&le@ﬂ)é%@fﬁ?ed inU.S.

GRS R s PR Lo ar, Lt o) Levels o

m@k 8100 Beintodf@d V_t’lﬂl tﬁb bllusﬁ ReubsystRrsr hén- Bllilﬁum@thb&lsvdels@ibe&l @U.S.
en are (g)lr ocessl| ng envi r onnent .

pumlqaépﬁg%qoé%2§60 ?;Itslt%?p@ AR AP erhsEpiedsd sy tn/% 0&5?? the

walcRniResy&RAKSE @hdr thethod! ¥F thEbhaival aé%iﬁed'@éﬁﬁ‘lﬁg nialy Bk Lififized, such
to el ectrol ess copper disclosed recentl

as groyush seryh ysipgehemissyspd) 4728 9p hydrwéarnaie%é@seﬁ glgargpghemistries
0r@§Y1§hQ B&e: Jl@tflocﬁoﬁgﬁ bs ﬁln?e%l&pél@ﬁlﬁlgd%%ﬁl' ﬁﬁs@ @}eary’l? Inert gas(es) is
process uses a proximty head to [im
used edilk yptemgt8p townewrs linitgd e 19w mmnas: ptemjlt m thfhsytsml In one
. i y
BRI U5 | S, TR SRS Pl
illm’cl@m thp,tttl}is ws‘@me's gptldme]asinq:@h@pqst dfpetitiph sleofingsiy optional. Slnce the

po%o&%gﬁt?%acg&n%%ﬁ tﬂ% Bl r%:ee@sf tﬂﬁgg‘gtbg Sogi{%tgd @g%g@gégtgg system 450,
subepEsiSt Imlg“owg‘hdbﬂkamtalcasxetmg%ﬂaftﬂ prodesingOThé@fore, the cleaning system
on.J un

482‘%% {ﬁg crpafiy %}}o’ kﬁco%%ﬂg(%gleg%)lgaem 1?1}‘[ trglas er mddu?e 4%8 as s aHown 1n§’1gure

4B. If the cleaning system 483 is coupled to the lab-ambient transfer module 460, the cleaning
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"Met hod and Apparatus For Pl ating Sem conduct or

Wafers," filed on June 28, 2004. The electroless
w@k@siooy7df cobalt-alloy can use a proxinty hREHUS2907/072241

enable a dry-in/dry-out process. That is, even though

a wet process is perforned, the substrate conmes into

the nodule dry and |eaves dfy. 15 [0049] After

cobalt-all oy deposition in system 481, substrate 455

can be rinsed and dried within the sane cobalt-all oy
sygepds? tsinohonerrted wdergongallagyenairgment Fridtigerhgas@s)stoeeam need to fill
thORkfeAnal Iy be sent through an separate

post - deposi tion cl eaning chanber. Further information
[0079] tHheuresik vetsimplifel scipnout dnaglymrséawl'slg arvbss kastipnaligiew phyn
el%ﬁg%%u(%g%élt%n%c?uga ﬁétyi'(%pgei ; ca II%O%Enb gl‘n?eﬁ ofﬁgegl’nventlon Electroless
depHitBRONGUB:, 481 G Gits 8Bt clﬁiﬁﬂbﬁsﬁalvzﬂ) Im nmle dniodGdend 1k chamber

waﬁlg%otﬁe% (fompOée:,:?JD [u%lit%%l.b i am% 3@@&' Vsreg?lc ’dgﬂamberrf%HZc' hChamber

processes
30p idd dngatddaria PBE/%I@ﬂQ@G@h}&m (POPBOAZ&TA in sre\entbediment, however, it

SR g VTRl T EBe G ane oot Ly LR oY SoRepPLg sirable

mAteidl edBis @Sﬁﬁiﬂbﬁﬁdlt}l the blkl)eﬁncalpm| dp@l&flh@%ﬁld%l@ﬂ@&é;i g@&n&&dhe
6012859 to all ow substrate 455 to be y-in/dry
el??frolef’?edzep%tfonc ICOue ?1]@ SEpRYTE magﬂgé 1a ‘(ﬂth]érmorgé[eh“&lshb‘?ne embodiment,
chiBENANE £ MdatATHLEL atshehiddBinbEd BRYcHek ¥d hhyZach besdfehed® as a
as a brush scrub usij n chem stry such as CP72B or
SUPRAAt ohbgt 1érfhli‘?ég}b*&§’é6“%’ﬂ ARG S g iR} fedistancg or pher syitpie

te@HnREs fIEHHCH Ry RRMHOAGHULKTEY, BLOR L8800 GubsRite 455. Chuck 318 is
spin-rinse cl eanin Inert gas(es) is wused to fill

suggetdedbuBavhigie B@W?@‘H willpgigtedoinclndanjpn dndppietion af the bottom of
chPEkef]]%%ld lt fd%@laﬁs\/ﬁ{b%m 3(54”:0%? %UQ:Q ?‘le%ﬂ?&ce Epﬁlcg)gffg &Jhs to
eve fPion (ppmy . T

ow 3 parts per m e system
crepg3 ¢agitgphered splotion inkystidavetophde waker sittgigameha ¢hyck and confined
[ I i N t [
S TR AN T R
didrivger] cdiglte bpscodfdsw! 3 MHatvill 1$r0t/1de b coqey mbtedal by bd d‘t)élected and drained

g bR R P R 0P D s SR BB RS AP PR which

coﬁbc&gmlcérg n&y@iaecm an1;1r gdtecianlogiftoat sudstiaved 35, foe delbupl todrain312.

sfer nodul e 460,
b1 51l PR i 3 LS AT ey S pE B iy bg deposied
thioligh h@Bea0R by dilcdMGfaBl IR BeARnto iR GikEa mhﬁtm s‘mtrate 455
2008/ 002977 PCT/ US2007/ 072241 16 system 483 is

sityyy ety 1dgined byihe wrecerdcaihYtbhRpRE cdghaf bovd P4 tHat riscs above

subAR(ces) A0S wWilurBeest theQubitlate. GMGuSY &t ABNveOGIRY platlng solution
Figure 3Ais a sinplified schematic di atgram show

n
masi eEr Wighehe Brdueing pasif Refngdrovidqdend thegrows af e goarnticnp (? above. Gate
va[(lé%lﬂb @ndbﬂas ARG IRBES d’fﬂtﬁehanotﬁ%eetgagddl TRt £0h eie@@oless deposition

Invention. Electroless 5 deposition nodule

medudd 4¥d e dt shotli g appedranitsiethatad ‘racmm) pul] govgriar @m@@dumﬁefmccur in
o SRS oL ORI ST oA
Vacmmppldwd fqilfowad Polnyroductiah bﬁmm@t gyl @neln(oRT BEpodmt®r ¢hatk 318

I . reciare
T T
addeioaaiglegning avithie clectroless deposmon module 481 after the plating operation has
completed. In this embodiment, chuck 318 moves to a first position above the initial position,

after completion of the electroless deposition in order to remove the plating solution from the
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material that is conpatible with the chem cals and
operating conditions used herein for the 10
We@L@snoress deposition. Chuck 318 supports walPE&r/USH47/072241
wi thin nodul e 481. In one enbodi ment, chuck 318 is a
heated chuck. It should be noted that chuck 318 may
also be referred to as a support. That is, through
any suitable nmeans, e.g., electrical resistance or
ot her suitable technlques for providing heat from
uppiuEKacg 18 wafps éﬁS i Iéerbracﬁl?rlaléaedtwt@rwbblt%mey h%spraw,ﬁ @e kop of the
b
D e D B e P o Bign Py b g poste
flopecaphuelicages withd rtshleyos iofl Bwid] dimilafto BewozBOdeserdred gbeyg for

r . t r .
oA UGS SO A0, W P8
drg 'ﬂtetsilhisgaten Atffeereoioudlof drdolmtod, iched 3 1B may e ve upl @wadebsnd position,
o BB Blhe s AL Gl el Be BT g
opdfadon. VDT doupe ahicle3 iRaan exntxdss tiafistrpogitioh for e ddaah laed th@d)peratlon

o FRCURERy AR it ALl Gt intia posivon

wivdid BB cRErd1&k deskiSiof kesSHad¥pdolid fakt (Rkitidh Whem ey re@hardtOsHthe
from substrate 455 for dellv%F to drain 312 Rg%S%

deppsitiqn preqesy s Frgropesl B9ty 13 300y Deaeddn spRPeH theswsitr iQRigskilled in

thEBS Gl HPebcAROUA AR sARRAS US S rolidts 9080k RZALE@RBed through

or any other suitable delivery nmeans into the cavity
th yse\ghp E¢pos pitpsher kpeviymschagicglgncany, dn @ glterpative e@b?qlﬁé@ Hyick 318

mdy B2 SBRAG Pothtt 884 Bt RNl (WPBREs eHBE Rk, RPWE e&@édlﬁllaﬁt’é usmg a

r'i ses above substrate 455 and the top surface of
prexipyy headethe oroxiaity kead isra-alel qfJaseryl, eptatiopdd, tnalationgl and Vertlcal
m&Rhidhd on 25 may occur with the reducing agent being

provided at the point of use as nentioned above. Gate
[0032] Feeug1 3B srrabthersentbiedinient foo theclepwitionimadhle odFigutsr3A. He Figure

re f e}

38 g\,%PeY Q%S R ral?e]ld Cf n{e Ql{anlgg ragéclgsgﬁlng)ﬁ%wg%%qaég l%/easgla%c;rﬁ%g E#r Follers 303. As
illkonated dn Flgm(esrﬁw ahd Bﬁ,}phod{:f{m fonms asedAgesing nhepmie%]és ofibogvl 304.

Thél%va%%#%c? 32 PN C}n%v)(;g ger? ng/uglﬁ]s nltaéagrgs é*h?ggi Wg%r th%reerbgr allowing
ﬂlhdhfrb@dh&éld:oﬁlﬁpl@fmg’:}ﬁocte@ﬂotdr'gﬁﬂuow@h @rair Bll20l’1€sheﬁ1ﬁdbd iam?(Bctlated that a

chuck, 318 30 noy n a vertical iti as | C
rofi) i mbghaiee] Be BT P S rp S Bert Ben peiciana
roa@igis(ba anatim@l Gadak BO6 We ukddno elkeack ifol £535%s dﬁ@mmm@ﬁs Patents
ule 481 after the pl at |gg gper ati on has

ed.
64, 3@%4 &9 ¥ - 1dnt20. e felensAgpligarnasSerial Most T b 17861539,
60PX8 1787 Gild 2bay¥ 4 {$\Beritidhdd ovd 5biiln®) head® Bl ©hire GOORMBEA @R on with
of the electrol ess deposition in order to renove the
a2 Y3Cm p@r@@néﬂu@@up@@maﬁ Haspgted g .onithoy the module of Figures 3A and
33’@5%’@%@ Q4 Q&%%Aféls wohfas Wa[tln%lﬂfcfc@&%ﬂ%c%@\fﬁﬁn e ?ame chamber,

Here, a de-ionized water ‘sol Ution may be sprayed on
Whldpcaéfhav%conmﬂﬁlrenmorm@ére &.cubséantglly &%érosmpmgp@n The

O S olc ARCIL A0SR, T DR RER S g
con@ddd@ym@ilmltﬂ bsd3il b edacabrdywe frath ongd eﬂanwemeIn@f thhe)resent
1mpena(8jﬁ nzgltl’?' g%% ol sh8w§%?o&)as§lrf§{ceal RS Q@%JB%“?FM ih i apBI%mated

to C rrnse an the su rate.
thatelmowaetbr dnj?mg bﬂ)cem Ity ibo acconiplldk:d Bl Bibsrantiatip e seipe my ﬁor the

oty Py RO R iBbe BT b BT a2 e g it

to apply isopropyl alcohol (IPA) vapor toward a top surface 108a of the wafer 108, and a source
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operation. O course, chuck 318 can remain at the
first position for the clean and dry operation by
w@e@riomry head(s). It shoul d be appreci ated tPEE/USR07/072241
chuck 318 lifts froman initial position, where the
el ectrol ess deposition takes place, to the first
position where the remants ¢f the 10 deposition
process are renoved, rollers 303 nay be used to
_support the wafer. One skilled in the art wll
inlg dyaeaitifipesh to pprin d¢ianizest waiers Y Watosvanbhe tap spigpqedga of the
wad O@a{ Mit%ﬁCQ{@}de %Hfféi 25&1 ifn%' g@utlﬁZ@@td"% 1 acuﬂln{ R)ba%glgﬁ in close
ot her known mechani cal neans: al native
prexvad iinthaafes hutke Bl8monafuider wipbethetangydoeital aar agar the top

t . . . 1. .
suﬁlan%eel 8@9 ft%/ ou aob agﬁrae&g%%l g%rc‘ %y%ut%oi%{,ﬁl@%%ag&% ro% %%F%e t1r§/Iets and source
ouﬂetadlayzbe uahzab Iaeloog a4 :atl@lsiacm,e comblaatlicmreaists wheans llasticopaf the

sogrﬁ‘% ge%né {s a1dj(§1(r‘entt at f%t FP% t%ﬁ SO %euq o%a04 Igv%lchsl% oltnhaﬁi‘]acent to at
ledst qwr of the3Byrcwail@ QO@I 5bhd IBAmadydedn hiiyosuitalsie fd’ﬂmtsuai as, for example,

chuck 18 to be rted. by rollers 3.
PR R e P AT S g BB e R SEf f NG ERTs TN SRikover
ali@osdabIvagaitilisdd Hehen, ahylewed duBatd ﬂlﬂ@\ﬁday B0 4tilized Ms$ ma@snable or

huck 318 is noved vertjcally, the seal against Oring
en a%eﬁwevéﬂfeg PrRoRRsHgYCTHEst %%P 5% wfes PTG igvays, cleanih

fdse 6t r iR inbediRkRC aSP Al 1‘ﬁﬂ6i\'§/ ail Mistpsvaed i @i the Shdoe 1Akt 202, a
shoul d be appreC|ated that a robot or other known

vagith Al may borpalied thipyeh the seyes eutiaedidrand BEWLBgW & H BRY B

prg’\%@edafﬂlgu%}{ @k k&h& iR8206P r"[@%llemré Y%in REBEEM3AR f ﬁ{eQPMS\/%QuM DIW
clean wafer 455 as discussed in U S. Patents

orgngRe alpscriged®wve g3cfegnog® Fagwe 2 mdilied drpmsequently, if a fluid film

reQRROHGRLLER (BRT iyt MG prpridieiill Rebpiddlodiehvdt Wuruce by the P

lnﬁ@aag)Biﬁmadémﬁmﬁwsnwumyba@m@mdmuhhwzﬁraumatMmm¢§@%Wm§0w2l4
UL oBABRLL o AR AR R 2 TR OGRS 8
ﬂm@ﬁhmbﬁﬂmswﬁnemﬁkatlng process all occur within the

nb . .
OB T PSR o YR SEERIRYENTORRTeL s i iy 210
apbﬂél&&}valﬁlag)wfﬁ sﬁ&de] dnlysﬂulichirﬁﬁe azafér afrécablisceiioediiteths DIW

e At BT8GRk R e ol haohT Aete

en@&ﬁuntelaﬁth@ s Biflow3Q 0] mueelm s A ihfeereh IEI(QW o3k oS BOYEA/DIW
top surface 108a being dried, it should

1nt§g'ﬁﬁ.eelé§bwélathe DA% 1nflﬁ% 2 F@alwlﬁghﬁ y%%lglglglgﬁvlsﬁén the removal

of AW i fphed 4ialbng WedtadP bingd fiid OB (BANBEVRYF thORatNBR. In one
bottom surface 108b of the wafer 108. | n one

enheptrsnhrist PAD PO i fecs hl Sepdurenthgayfase ofiensignefdhe V. In

op@ﬁebly theSORY %%Ph&i tgsamglthc(dvﬁ@su}/f%%d LOVRY Fhifedie®8y removed along
surface 108 the wafer 108, and a source WO

wigplhgd 00 48 pRiPcTiagsdy W\@mapphi@by e epuraditigedp4pdhe DIW that
) il i 0ni ..
BP0 90 Yy A PR AL bl fimi
1wwtmkbhe@@%rmm&0®é0m§Whha@dﬁﬁ®ma@phyﬁwau&Mﬁﬁnmsanmagmmd16
W]#GFG t%e BSiders BF % In{gﬁ}s%(ust 1q 65{%%he AZIBI@ lfr(tgr?accgs "[%r?%{o?e the

at may locaté

or vapor on or near th
msuﬂ’cﬁsib]é 1§_ﬁ)8<alstaht flehofufdd bengpptied ioataaitht hafacamd belng removed at
sugsl%antlaﬁy &16 %aonrl? 1nqér::l %Vlt any I’lulﬁ OOH I:[ﬁ:eewalfé}l melrtfgcea[fge ulgltlznelmediate removal

of the DIW from the wafer surface prevents the formation of fluid droplets on the region of the
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5 outlets may be utilized as long as at |east one

conbi nation exists where at | east one of the source
WO 200800202 i s adj acent to at | east one of the BGUUS®07/072241

outl et 204 which is in turn adjacent to at |[|east one

of the source inlet 206. The | PA may be in any

suitable formsuch as, for exanple, |PA vapor where

| PAin vapor formis inputted through use of a N2

carrier gas. Mreover, although DIWis utilized
waferrsarfpce baing deiehderchy radaeing the passebilifspf enntamination deyingel the wafer
108 hEPR £0s &0ARGEnd MKy WA FihdPPRG 8BSk AGwEWE ifi&tion of

or egl% re(%lb%atser pur???e%@)}/n oth ter WZ ?‘ganalﬁnglyIﬁ oo
IPAIaiHOdlslps eordain the regwescenblédi nent, an | PA | an ow 210 is

t h . I | t

OB L A DB PSS AR 302 0 QPN Bl o
watﬂfﬂowmuz ﬂzﬂtheraqgldmdoetwﬁeomedaedthy bmghtnd ﬁe v@&rrsméaqe lahdatnto the
so8FF alar TG e S0eF MR BBy £ b B AN RS Tt g
Th2rdfsre Uik ithel IPACInd CRITEFq lsgniltd/intd the soufdewiudetf Q(bén’th]:."moundary making

resj n the er 108, .a first fl pressure .
B PP e HE® Rt SiBrc Sty heS PSR Tt ¥ beine
puaa@mtcaths @cﬁf mobugbtu Q%M AEBSSIK fﬁlle mRs D& cafar@hibeainie@t mﬁe vacuum

fer surface_ by DIWinflow 214 an

froh thedopreeslst %P&i) the DYk g yheriud %@a it wf% the flow into

thé QR Suiifte0PisWischRwaid Thiteflovf disdostihiilyd Ha1deBes W@kl and gas
surface. [0054] Therefore, in_ one enbodi nent, as_ the

bepyawn e protropghna s Vheh 4 PAVERY St Gogbinapongfdluidend gas.

f f
LU o U R kot A g b i

heph@ndilpregidn roviously qogericd by thp picnisens hawkaed drierbdugdé e movement
of T Ii’@s‘ﬁ?[ ﬁ%@ﬁ &S §ﬂ3§llgllaFSA b'e 'ﬂfléle%%(%]tg t tﬁr y. I ﬁbieq{uﬂ:ﬁ)er of

an int e ace nown as an interface
soure8jnleti 202, sd‘uecetoluwts ﬂfﬁ4 @w spdrde ahads %(16011@' hmltlhzqdh@pcmlummthe

R FIR A D TPl O DB PRALLLOY, e
envlﬁ)ﬂmenﬂ,(ﬂ& liguil farveras aﬂadrthe damlﬁnntﬂov&t aes hieALdD Nt tid Etaﬂ Bquad flow
reduces ﬁ%ge surface of

.1
ingg B LB S0 B R BT S B e TR e e ciRiallt 60 £ ace
[Oeﬂﬁqi Itadhowid be am&ﬁhtai alyuitabitofl@dragd Iﬁﬁ}gbe wlitzéd fok thie dPADIW, and

fer surface he vacuum e sou
vaisin Bt e ESReey 1430 b AET R B oF e e e EF rte of
th@m\fvamaugamSef Of th@sJuRi¥BMbts PG isREvce M abJUE2 5 BUHE Mik@E VWeddut
proximty head and the wafer syrface al on '

w th any
3 (?qomﬂcpebﬁmtuﬁ‘e papeiteralle prpesdimeptntae owgis elitie D?Weh@egh the set of
thORFR 141B€ 20601 A85 400 mil P& HBike S BUBould B @dBrstdd8 tHaP ‘l% BbWrate of
interfaces 118. Therefore, the nmeniscus 116 is

fluidsrisavayery dapending o thepige efchmpronipptvinse. B gmbp@iment a larger head
maMhag grea{éﬂrakbedf%orwmg srﬂauer glle)t;zﬁﬁl%mea@sl IhistRe o%@ﬁﬂoecause

time with any fluid on the wafer surface. The nearly
laiigpmn et igpites heaghov ahe crgfodiment.thiavy mergrsperheinigsf A2 agd 2PGkensl source

o B Dol bS5 bR bR s E 95 o i TP BBl
th@;;glf age obibe ngirarinket 20h ertebyeen et il ngndandcypasetiyiet havy (SCFH) to
5 S0 DR Ll ) A s s e o
S@HH.t he downward i njection of

[0057] In one embodiment, the flow rate for the vacuum through a set of the source outlets 204

is between about 10 standard cubic feet per hour (SCFH) to about 1250 SCFH. In a preferable
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| PA al so hel ps contain the neniscus 116. [0055] The

flowrate of the N2 carrier gas for the I PA assists in
w@ausiooy7a shift or a push of 5 water flow ourCDUS1008072241

regi on between the proximty head and the wafer

surface and into the source outlets 204 through which

the fluids may be outputted fomthe proxinmty head.

Therefore, as the IPA and the DIWis pulled into t he

source outl ets 204, the boundary making up
embpdinpnitherflosy fgder 4 yguis theygh the sefof thegowrse b‘ﬁl&’ﬁcﬁ&ﬂyﬂ about 350
) |
Sés%gﬁ ra%%ﬁo etlg eg182d1 eﬁt a !ﬂéw kﬂﬁ:‘tét? %gly?%lg {ljll gﬁ%d t@%lg%shﬁe[he flow rate of
m@HﬁQ@Hﬁ@nmdmasmmhm»vacuun110 fromthe source outl et
| L - .
[08&? fﬁgf‘(l:{eélgﬁ} ah%‘%f P{b\é\ém{eﬁfo‘ of ?ﬁgretss%ﬁ ﬁ%dgwéogltq%g? {5%8 Lilg\gl%glggd in detail
hechiig gtoshouldh bo usderstdoid sbyf those off osigreunt sknll |tltay tliesprﬁnlalimgmiml may be
enIb[ao {ﬁ:g %Harllqgnygo%zerr ts%e&ﬁ%%‘orglg 1?11d gtj (5’6851!‘31';10 %%111 tﬁe sp1r1t d)r acogg ro]f %e
inGarise qriendfory, thaﬁrelid'mee){ampi@s ahd Mnllsteladenli)aﬁratorﬁmeﬁslddrémas
nopve 0 proxi.m e
g A BT ISRy. Ry e rrbieads Rdefbanoned
th&leineht 149 bt enotiified BRVEaRREd Vh@fthd Repd FPAMIApWHided ekinace
118. It should al so be understood that the any
whaiid dbhed nunmber of  source inlets 202, source outlets
204 and source inlets 206 may be utilized dependi ng on
the configuration of the apparatus and the neni scus
si ze and shape desired. In another enbodi nent, the
liquid flow rates and the vacuum fl ow rates are such
that the total liquid flow into the vacuumoutlet is
conti nuous, so no gas flows into the vacuumoutlet. 20
[0056] It should be appreciated any suitable flow rate
may be utilized for the IPA, DOW and vacuum as | ong
as the meniscus 116 can be mai ntai ned. In one
enbodi nent, the flowrate of the DIWthrough a set of
the source inlets 206 is between about 25 m per
mnute to about 3,000 mM per mnute. In a preferable
enbodi nent, the flowrate of the DIWthrough the set
of the source inlets 206 is about 400 ml per m nute.
It should be understood that the flow rate of 25
fluids may vary depending on the size of the proximty
head. In one enbodi nent a | arger head mnay have a
greater rate of fluid flow than smaller proximty
heads. This may occur because |arger proximty heads,
in one enbodi ment, have nore source inlets 202 and 206
and source outlets 304 nore flow for larger head. In
one enbodi nent, the flow rate of the |IPA vapor
through a set of the source inlets 202 is between
about 1 standard cubic feet per hour (SCFH) to 30
about 100 SCFH. In a preferable enbodi nent, the |IPA
flowrate is between about 5 and 50 SCFH. [0057] In
one enbodinent, the flowrate for the vacuum through a
set of the source outlets 204 is between about 10
standard cubic feet per hour (SCFH) to about 1250
SCFH. I n a preferable WD 2008/ 002977 PCT/ US2007/ 072241
20



enbodi nent, the flow rate for a vacuum though the set

of the source outlets 304 is about 350 SCFH. In an
we@apd2ary enbodi ment, a flow neter may be utiPCRESR0MT072241

neasure the flowrate of the IPA, DIW and the

vacuum [0058] Although a few enbodi nents of the

present invention have been described in detail 5
herein, it should be understgfd, by those of ordinary
skill, that the present invention may be enbodied in

many ot her specific forns without departing fromthe
spirit or scope of the inveainson. Therefore, the
present exanpl es and enbodi nents are to be considered
as illustrative and not restrictive, and the

i nventli on As eteotrolts pleeink cimntbed comptidiee: det ai | s provi ded

t herein ut e nodi fied and practiced within the
scopeaé*uaﬂ:nﬁ%%%ﬁ@é@*@ﬁﬁﬁ Sty What is clained is:
VO 20Q%00028r0andred 4 bifs2 QT4 QdaeAllof ti:lchGiai¥baselhavdg an annular

el ectrol ess pl ating chanber, c rising: a chuck
d%ﬂ@?&&#ﬁﬁg?@n%ﬂbﬁg?fh%wﬁﬁﬁ§@?§g§5 a bow surrounding
a base difl cahnsételeryahd amdfilaf SRNEMUBKdratnREp DRSS rEBNIRON @D

annul ar = channel defined al ong an inner dianeter of
tgolegietsigom thephugknardonnect ed to the annul ar channel ,

the drgjiskinaPabliQafbld GRYAiRGald MbHante® i§aetlk fubQfke.
the chuck, and a proximty head capabl e of cleaning
and substantially drying the substrate. 2. The
chamber of 16l &laMudy offe&ﬁﬁﬁlh?funﬁ%@ﬁkiﬂgi a fluid

delivery systemconfigured to delfver"a fluid to a top
sur f aedlugd ddlivery syiidis comditgared tpgadiveedflbyg ta hiep simask of e

Eﬂ8¥§gﬁﬁﬁﬁﬁwg%gﬁk%hgﬁl’ wherein the chuck is

con t ovide heat to the substrate. 4. The
chanber of claim 1, wherein the substrate is noved to

a first posjiti.on, a e an _jniti.al Siti tq.brea

Ceal w t h 0SB AR RRSh b Byl PRt e
siolthetsubsirateemai ni ng on a top surface of the substrate.

5. The chanber of claim4, wherein the chuck is
configured to nove to a second position above the

first 4posi TheOehahepeTcladh m @hatiaale sabdrath iy mopart@tifRd position
wi.th the. Egoxjnit ead. 6. Thg?cha er of claim

. 5
VIPeY R HINHREP S {1198 {4 %&e g gk Vihy ideyallpt thedio ipgremeys jelting
t Q1utioh k@fasniad oPNRp RlrricB S fik ksu@e. the second

positions.
5. The chamber of claim 4, wherein the chuck is configured to move to a
second position above the first position to perform a clean and dry operation with the

proximity head.

6. The chamber of claim 5, wherein the substrate is transferred from the

chuck to rollers at one of the first or the second positions.

7. The chamber of claim 1, further comprising;
a first chamber surrounding the chuck and the bowl; and

a second chamber surrounding at least a base and a sidewall of the first chamber.



7. The chanber of claim1, further conprising; a first

chanmber surroundi ng the chuck and the bow ; and a
w@e@enekothanber surroundi ng at | east a base aneCEHUS2007/072241

sidewal | of the first chanmber. WO 2008/ 002977

PCT/ US2007/ 072241 22 8. The chamber of claim1,

wherein an environnent within the chanber is

substantially oxygen-free. 9,,The chanber of claim?7,

wherein the first chanber is conposed of

Pol ytetraf |l uor oet hyl ene and the second chanber is

conposed of alum num 10. A nethod for perform ng an

el ect 1ol esThptlanhibagofepénat whreiniah Riviroamsntvgilén the chamber is

chgnQﬁrH cogg i.si ng met hod operations of, depositing a

PR AL SYEF8font 0 a surface of a substrate, the

substrate resting on a chuck; plating a | ayer onto

the surface of the substrat rin op surface of

the sdbst r Aechgore t7h%<ﬁ?5F181ﬂ’i‘en%S‘§6‘Pl?}{)‘fr%Cong)%ed of

dF oty texeaflub@eth9RnS s tRE &cOfd dhBBbSUDEINRERL of hlimidie

nmet hod of claim 10, wherein the nethod operation of

rinsing and drying a top surface of the substrate

includes r atatthogrot f Qx%taﬁéfe@trolgs% platif€ opeeftadvifhn a single

clai m 10, wherein t operation of rinsing a

t%@mb§U@ﬁ@%@H@Fmﬂh@l@QB%@ﬁafe to remove the plating

sol uti l, |

op st AR Re BRI L0 BE e B b B gs on

tddhwekhuck. 13. The nethod of claim 10, wherein the

et hod OREL Ak LT Pl Rl AL B8 Jid¥GE.  onto the surface

of the su a i nclu epos |ng an el ectrol ess

coppenmghgangudakuﬁﬂanuumm&nskmngedﬁgﬂﬂﬁgabMymoﬁnén

aqueOﬁ cqgg ur e(g%w @%.& an aqueous cobalt salt
conpo g%?g ?&ﬂ baded conpl exi ng agent, a

chem cal brlghtener conponent and a pH—nDdifying
bst
o1 et no1 asdPe el Chiin MEMFR R Rl B G pnsingana

tdiging amtfaé’e ofVM@ s20RB {00 @des rdtiiic WP RBA el 2241 23
14. The nethod of claim 10, wherein the nethod

operation of plating a layer onto the surface of the
subst rjat e TREMYABS of claim 10, wherein the method operation of rinsing a top

surface of the substrate to remove the plating solution includes,
collecting fluid draining from the top surface of the substrate into a bowl

surrounding the chuck.

13. The method of claim 10, wherein the method operation of plating a layer
onto the surface of the substrate includes,

depositing an electroless copper plating solution consisting essentially of an
aqueous copper salt component, an aqueous cobalt salt component, a polyamine-based
complexing agent, a chemical brightener component, and a pH-modifying substance in an
amount sufficient to make the electroless copper plating solution have a pH of less than

about 8.



depositing an el ectroless cobalt plating solution onto

the surface of the substrate. 15. The nethod of claim
wdazqosmbeorei n the el ectrol ess cobalt plating soPCt/UsIw07/672241

selected froma group consisting of Co\B, CoWp, or

CoWBP. 16. The nethod of claim 10, further conprising:

evacuating a chanber in which the electroless plating

operation occurs; pulsing agyinert gas into the

chanber; repeatlng t he evacua%lng and the pulsing to

remove ,an asps fromt

Geposiitt ng TPRBEPED! AERSER ybirG Ao SEBTRToN BEpine dtever
ohmjﬂmiﬁﬁwmbﬁmEBMMﬁhenehﬂairoIess copper plating
solution .jncludes onent e t hod

of ol dRmeiESRAEF B s o P aa gbTse iRt of Bt pirre

froma group consisting of potassiumbromde, Iithium

chl ori de, potas i.odi de, o e
ammoni'dm CEP%WF@@GL" btk uwbﬁﬁlaﬁ#rleofgectrakﬁwb&lﬁplﬁiw fugien is
3R cRIMMBAI LiiFbug @kttt ok ZoWHIEovEt Rpdowfapcl ai m 10 where

the environnent within the S|ngle chanmber is
substantially oxygen free.

16. The method of claim 10, further comprising:

evacuating a chamber in which the electroless plating operation occurs;

pulsing an inert gas into the chamber;

repeating the evacuating and the pulsing to remove any non-inert gases from the

chamber prior to depositing the plating solution.

17. The method of claim 13, wherein the electroless copper plating solution

includes a halide component.

18. The method of claim 17, wherein the halide component is selected from a
group consisting of potassium bromide, lithium chloride, potassium iodide, chlorine
fluoride, ammonium chloride, ammonium bromide, ammonium fluoride and ammonium

iodide.

19. The method of claim 10 where the environment within the single chamber

is substantially oxygen free.



