WO 2005/ 038085 PCT/ US2004/ 034449 SELECTI VE SELF-1 NI TI ATI NG ELECTROLESS
CAPPI NG OF COPPER W TH COBALT- CONTAI NI NG ALLOYS CROSS- REFERENCE TO RELATED
APPLI CATI ONS [0009] This application clains benefit of United States

Provi sional Patent Application Serial No. unknown, entitl ed,

"Sel f - Acti was 100€038#saCt r ol ess Deposition Process for Copgl/ilisfetidsddsdi N

Al l oys," filed Cctober 7, 2004, and United States Provisional Patent
Application Serial No. 60/512,334, entitled, "Self-Activating El ectrol ess
Deposition Process for CoWP Alloys,"” filed October 17, 2003, which are both
herein incorporated by reference, BACKGROUND OF THE I NVENTION Field of the
I nvention [00 oAl i

conposi tions, QEL[ES ang% ﬁ%‘ZLA-F@F (pilrlé%Fﬁr;“dmE u3| nghg ect roPess deposi tion
sol utions to deposit capp™ifH OQ@AL?-G)OHH‘AMMALL@(S ayers in electronic
devices, and nore particularly for depositing cobalt-containing |ayers on
copper sulO‘R@SS-REFBRENIIE'DORELAﬂEDWBLI@Am_g 0003] Copper and its alloys
have beconme the netals of choice for sub-mcron interconnect technol ogy
because c®®tr Thissapplicatioerclaigs kenefit of UnitechStatesiPravigior(al F@Ient%pdmaﬂmrrpar ed

capaci ty SeUeL g kRRRH koS P ARFRBNY Sl BBPetith S Rhpegd V'

character lcaibad a—stc&naninlgmnc}wt ]pfe;_dr Cetybienr7,i 2G04, fmwdﬁiLgimadStatéerRrodemhlt i es
experienc at evels of in ti.on an eased device s

Furt her, % Aﬁﬁ&aé'ong Sﬂa'tr%(?né(ﬁ%égtﬁ%ct@’\;' &9, %aﬁfscﬂ&%tm ﬁ?gpqﬁ?ﬁsa

hi ghl'y prE?ep‘éE;ﬁbﬁ Prﬁé@é%‘\‘br %V'ﬁ”%’iloy§0ﬂ88rodf'&%ral7‘3?993 ewRith r33‘!"’@1gb’chvl‘i’erem
characteristics which nust be t wth to assure that the devices node
sui ng copppaorpereted hyhieferes¢e.ed devi ce perfornmance characteristic and
achieves a repeatable result. The first negative characteristic is the fact

t hat COpp%A@k&Hn@éﬁ f@ﬁ#ﬁé’;ﬂﬁégm silicon, silicon dioxide and nost
dielectri Therefore a barrier layer is needed to

' Field of the Invention

[0002] Embodiments of the invention generally relate to compositions, kits and
methods for forming and using electroless deposition solutions to deposit capping
layers over conductive layers in electronic devices, and more particularly for

depositing cebalt-containing layers on copper surfaces.

Description of the Related Art

[oo03] 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
uQ-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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WO 20057 U38U8S PCIT USZ004/ 034449 encapsul ate the copper |ayer to prevent
di ffusi on between the | ayers. The second negative characteristic is that
copper readily fornms a copper oxide when exposed to oxygen. The oxidation
of copper becones especially inportant on surfaces that are interfaces at

whi ch conn ' e made to other areas of the device e
surfaces osgélkoggﬁ%sgstrenches that are exposed after CIVPPCWEQPQ&‘%{% on of
copper oxides at the interface between netal |ayers can increase the

resi stance (e.g., copper interconnects) and reduce the reliability of the
overall circuit in the formed device. One solution is to selectively

deposit a netal all n.copper. .surfaces,.which i etfi cient
barrier toer},cgﬁﬁlélﬁled% ggquﬁﬁgyeqrégtp'rgyﬁ rdgm%b% Bﬁtgiegéitggﬁ?%gg f1Tfrh‘|esse‘3§58ears
nost r eadinagatios eRatdctérivtic s thag capper :@@aagoems atappen oxideosisssegriseditove for
copper relative to dielectric material . bal t-containing alloys, such as

cobal t t URYSEBN Thegupidation qf aonpsr PW%?%CEQ'@ IBRPHANY %@ﬂchﬁs Mtar?rgany or
all  requijhRpBrbs sfithid¥ortfectoRostd RadBYo %ltc}g%drg%%ﬁ trﬁeeo?aﬁéé,'élaeh?a%qaa' ques.

El ectrol ess deposition on copper using stan ectrol ess sol utions has
been prolsusiases of ylascer tréncbes tratare #xposaceaitrr{eMBl | yTheforaatien obcopper

sati sfactor. C Y. r. Qi tiat Lfion. . Wi i t,0

cobal t - con&}ﬂ%ﬁ ﬁgt@%ﬂ 'é&ﬁﬁ%yﬁ%@tegﬁsﬁﬁg?qﬁr% ic%trﬁeﬁl\ég%ées%t ﬁ’gegﬁezsﬁ#%@% 3‘£€é g.,
by ?ppl yi r@p@eﬁ liﬁté'rdéinﬁetﬂsy anegfeawee_tnmtaiabiu@d eéf, the qwa;]ran icirogitifh mfdziumgﬂve
surface over the substrate surface {s,required, ich is not avai e
ol | ot ng EHeBVFORP Sebs8ds [ we8behiamet aimeinalcyion B3RIR curBres WAL ng
el ectrol es&o@ﬁ@@%ntéiﬁ&eﬁf‘bé%ﬁapﬁf copper UeSRNi SlebRoMRPaton afd bRidatidRY thisof a
catal ytic netal on the copper surfaces by displacenent plating. However,

deposi t i onaprfearhmashreadjly iaccomplistied| using/an elggireless platingprecessegtectve fage of
catal ytic &o%g{eg'rri%lq(i%p%“ '&?e‘iectﬁgtrﬁkééﬁibﬁ CB#Ea?ﬂ-@orﬁ%ﬁlng;g%ﬂﬁyﬁ, ”’s‘%}éhagé‘%o%gito

dielectric als on the substrate sufface an n undesire
non- sel ectiungstéapphosphide ofCAWPR),c appi mgtesiblsogstablishiedalto Maet smbagton all

deposition of, nmetal al]oy capping material may, |l ead to syrface , .
Cont am nat IGHIGMENG, cAcialnoy o e HePOated:r BY ¢ PBFORSY « IgpoRlan osheidbeer
device i ”El@b!{r@l'éb&'dﬁpos[tféﬂogﬁ c'Ub%eprdlsﬁfg §fahd9#os%}&ﬁﬁ%s@%ﬁmﬁoﬁé@ﬂ@eﬁg

capping layers are deposited from electroless plating solutions. Cenerally,
the nore clRblematis dace Mmesgl ragﬁeﬁglss@’plgqngrglly not able to satisfactorily catalyze or

initiate deposition. While deposition of cobalt-containing alloys may be easily
initiated electrochemically (e.g., by -applying a sufficiently negative potential), a
continuous conductive surface over the substrate surface is required, which is not
available following Cu-CMP processes.

[0005] An established approach to initiating electroless deposition on copper
surfaces is to deposit a thin layer of a catalytic metal on the copper surfaces by
displacement plating. However, deposition of the catalytic material may require
multiple steps or use of catalytic colloid compounds. Catalytic 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.

[oo06] 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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the nore likely precipitates form However, plating solutions with high
chem cal 2 WO 2005/038085 PCT/ US2004/ 034449 concentrations (e.g., about
0.05 Mto 1.0 M have been traditionally desirable, since the ratio of

i ndi vi dual conponents in the solutions depletes nore slowy during the
deposi t i onwo mosesossPl at i ng sol utions contai ni ng | ow cheot/csdoog@agent rati ons
(e.g., < 0.05 M have a tendency to rapidly deplete netals and reduci ng
agents through the deposition/plating process or by oxidation from anbient
oxygen. low] The prior art in general describes a process where a copper
conductive layer is first cleaned to renove various contam nants, such as
oxi des anccopoéntrationg (efgesalsbig,0.681M t.0 Mrhavesthesth tpaditibsallyadssirable, pinaéi ng,

such as wiith pall adium prior to  depositi a capping |layer. The sypstrate
o hencr aithe ik o s orirGets Boier <ol tinS dePldien hasp 1y SLEng iher

chanber t QjeBRIBh tprbbessC aPRLiAG sofiiidhs cORRiIMhE RN EhemRBP BONEEHLBERs (Sg.,
susceptible to further oxidation/contam nation while being transferred

bet ween t e 05l ihaye chignsiency iel rapidlydigpisie tnetalscandhrducinghagerits tieroughe ti ne
the freshl : e can be critical
when formtﬁaggsgéc}ﬁﬁglﬁ '%‘éﬁ\ﬁ%%%& r;?)if/% ev:agé?ro o%@gfeﬁgé&%nme, there is a

need for a sinpler, nore robust and | ess defect prone process for the

sel ect i ve [oepgp dihei priorart inegeriesal desicihes a\peocess mhere iaveodpay eosductiie layer s

al so a need for rocess which conbi ne re-clean and platin rocesses

wi thout  iiErneRRREE 18 faste: VaRoys, eotRmloai c SHch 25, oSk ke Selinsne

| NVENTI ON regigng) and thneactivard usseamla@emhhgdﬁrigqrsutﬁ % Wigh pallaeli e pridras s
deposition solution is_  provided ich includes formng a conditioning

buf f er sol4RRCSHING& FARPING |ayer.pilihe substratg i3 gerprlly glpageg andagtivatedbefosei on of

conpl exi ngy ?@‘i‘r!ahéfeﬁ%ldgtta aﬁbﬁw.@?tcﬁanﬂule\‘ctbglfeé)ﬁ@@ gpﬁ?ﬁgﬁg{ggf eRY Fhe cleaned

cobal t-containing solution wth a secon /al | onprising a cobalt
source, a cappgst surfapeuris esesngptiblee dontirthenpdxidation/comtamination nwhie abeibaf f er ed

Sour ce andransiFa, ot s Heafilio.atiod Sk D GeRer hyC pOeRERL IS
further ithgltisethecpedhilyclrantd sufacst dfeonipoged td ey atedsphiemncari be critical

cobal t -cont ai ni ng_ sol ution . )
when forming a robust semiconductor device.

{oco8] Therefore, there is a need for a simpler, more robust and less defect prone
process for the selective deposition of barrier alloys over conductive layers. There is
also a need for a process which combines pre-clean and plating processes without
intermediate exposure of the substrate to air.

SUMMARY OF THE INVENTION

‘[0009] In one embodiment, 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



and the buffered reducing solution to forman active el ectrol ess deposition
solution. The electrol ess deposition solution includes a cobalt
concentration range fromabout 3 WD 2005/038085 PCT/ US2004/034449 1 nMto
about 30 mM a tungsten concentration range fromabout 0.1 mMto about 5
MM a hypoghkpsedisg@sconcentration range from about 5 mpdRusbeiiziad "™ a
borane concentration range fromabout 5 nMto about 50 nM and has a total
pH value in a range from about 8 to about 10. [0010] In another enbodi nent,
a kit for formng an el ectrol ess deposition solution is provided which

I ncludes a conditioning buffer solution having a first pH value and

conpri si ng maMftoratiout GOThEN ian@ngsten tconderntrdtidhtrange framabgut<Ry WiN e abeut ng a
second pH Vﬂ‘l ue, and cogﬁrl Si ngea cobalt s urce a secaondary netal source

and a secerHBM. @hyaphosghile canceniralion ranes) rorLARPHP SV eI #ouh Z0iMM. & t hi r d
pH val ue ghhneCiRREhfAith ?aﬁ@?of?&a%?ﬂ't ‘Semﬁlpkbr 5 ut PRIVNEnd REY GBS gﬁ“d an
addi tional reducing agent

it further es I nstructions conbi ne
at | east valgedoadangefiongabauifiterabeut 14.i on, the cobal t-containi ng soI ution
and the buffered reducing solution to formthe el ectrol ess deposition

sol ution. H)thlljn] ar{dihé’rngrhﬁsal egjﬁ W&Ifonﬁmﬁ @eél%tr&%@dgpgﬁlﬁﬁg E@gﬁf% Eased

depositio lutionTs a condi
sol uti on pewideg whichnat:lurjbls wbueduMg baffer sdumgw bavingtee fiestpHnalue and

Compr | 51 nEOBPHBR A T ERPIOHRY s A SoRRlr S eB e sl hevPacA sssand

buf f er ed Rﬁ(wu@ana Qowipridihd a\dobelt 3otifte! € seldoMddrtenataf s6 @B dri é‘geé’ond
hypophosphi te source, a borane reduct ant and citrate. The kit further

i ncl udes complexing: iagast.t 38 bekered craducingaseluior haying ta dhirdgpibuyaies ansl uti on,
the C.Oba'g fﬁgﬂ&.ﬁ dg&oﬁ:sghﬂé’ Q L Rr e?}:@{%ni %HH n'Sddifd r'réti'réHbcEr% form

the citrate-base utl on. ano er enbodi nen
met hod t oagemtosiTheakit flréthar- iu:\otmtdas rinstopuctiope rto mompine @i deasti the cenditionitigsposed

b f I d ' d d
whi ch' i nepuesatli fin o acPofiad AR B bhdRriect fiiing SEGVILC on,
a second ihifie eictidlsstbdéposttin sdlutiong sol ution and a third volunme of a

[0011] In another embodiment, a kit for forming a citrate-based deposition solution is
provided which includes a conditioning buffer solution having a first pH value and
comprising citrate and an alkanolamine, a cobalt-containing solution having a
second pH value and comprising a cobalt source, a secondary metal source and
citrate, a buffered reducing solution having a third pH value and comprising a
hypophosphite source, a borane reductant and citrate. The kit further includes
instructions to combine at least the conditioning buffer solution, the cobalt-containing
solution and the buffered reducing solution 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.
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buffered reducing solution to forma plating solution, and formng a
cobalt-containing |ayer on the conductive |ayer by exposing the substrate
surface to the plating solution. 4 WD 2005/038085 PCT/ US2004/ 034449 [00137
I n anot her enbodi nent, a conposition of a plating solution is provided which
i ncl udes a WOBNISH3HUrce in a concentration range from RWBAS2B4/mU490 about
20 MM a tungsten source in a concentration range fromabout 0.2 mMMto
about 5 MM a hypophosphite source in a concentration range from about 5 niv
to about 50 mM a borane reductant in a concentration range from about 2 niv

to about 50 M a citrate in a concentration range from about 90 mMto
about 200 WM?»I a!ﬁ armﬂk%rrﬁmamlﬁ@nt rA eorpesition eka iptatingaeddionris previded wbthnM t o

about 150 j baﬁ(go‘aréé‘maa Ecgﬁlfe%ﬂtaﬁ@ﬁP er@mgagggfygg\ﬁg%%}borw g, about

20 MM a su concentration ran S,” and a
pH adj ust mgum@m saUrcm mca)rmoeoemtaertloorrange rfenirm tabbot 8.2ohM te abaiiobitm®, &o

bout 10. Optionally, th it
St abi | | 2er SRORPBRRA £9UEp 418 dRoatenTatoS Fom Bpoitn@t Romint Bl BMoene:

enmbodi nment porane 4EBAGtaHt &N aoéora:ewtrahorngaﬁga frohPBbbst PN fedbdikti @m minel udes
a cobalt source in a concentration range fromabout 5 mMto about 20' nM a

secondary ¢itfetel i”oar eengentrationneanger Homorabodhg?0 onMateuabautn®RPGr MMbsan a

hypophosphj u
i a bor 2Rt i 8 AroGRESN Rl tdrboul SO pot TR P A o 5o
mM a ci taeid éniancencentraton rramge)fronaamtf‘r okl ad»mh:bufaQOnﬂM a sfagtan? G0 am\/l an

| kanol t {rom about 50 bout
bor 1" aci EPNGEPLEHGRGaNBP o8 BROVA AT ot lEaBuen AP PAIe eenel &

sur f act ant coritentrati6® N MidiAtaird M IEN dforf abhiau & éHUnt010| e%tloﬁal@/ athaH
adjusting agent at a concentration to maintain a pH from about t o about

10. [00 157cqrnpg$1tm YR 8PABIN OneohBRrR Btabiizens b spacentilinns of e@m ali%i ng
| ayer by aBom % dJoless deposition process is provided which includes
exposi ng a conciuc 've layer on a substrate to an activation solution to

forman activated conductive |ayer,
[0014] In another embodiment, a composmon of a plating solution is provided which

includes a cobalt source in a concentration range from about 5 mM to about 20 mM,

a secondary metal source in a concentration range of about 5 mM ‘or less, a

hypophosphite source in a concentration range from about 5 mM to about 50 mM, a

borane reductant in a concentration range from about 2 mM to about 50 mM, a

citrate in a concentration range from about 90 mM to about 200 mM, an

alkanolamine in a concentration range from about 50 mM to about 150 mM, a boric

acid in a concentration range from about 1 mM to about 20 mM, a surfactantin a
“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.
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conbining a conditioning buffer solution, a cobalt-containing solution and a
buffered reducing solution to forma plating solution, and exposing the
activated conductive layer to the plating solution to deposit the
cobalt-containing layer. 5 WO 2005/038085 PCT/ US2004/ 034449 [0016] In
anot her enityolrevenispssa nmet hod for form ng an el ectrol essPABWSHOHIMM sol ution
I's provided which includes nmaintaining a conditioning buffer solution at a
first tenperature, naintaining a netal -containing solution at a second
tenperature, maintaining a reducing solution at a third tenperature,
mai ntai ning water at a fourth tenperature, and conbining the conditioning
buf f er soll@@6brin anethgetembedimest, nd ngethod| fari formingd anhelecksdigas rdgpositioni on

and the e 1 O: f t. Lt Qn ' fdft

Femer at use bt Aol ShER, hEBSS RaRBRIAd Abardltkie Bty dicddr & o

?l ectrol ea"srsdmgmératm, maiitaihingna metalr-aorﬁtaiﬁidg}fdmhﬁhni atcd sd@mdm:rfméramr@éygen
romwater to have an pxygen, .concentr.afl on of, about, . m or ess, a

conbi 1 ng T RAIRNGi DS TIOR8 HhGHePeratyisa maliag Heley 2 GurBn, a

buf f ered ragiyerairs cAnd cBMbiIRY the coRbifibning Bulfe slutiof! &% MYteIScoriaRRg! L on

sol ution having a second oxygen concentration of about 3 ppmor |ess:

[ ool s] | n seldiaieand the dedaing salutien land therwater te fagmaan elestiolessedapogidionsi ti on
sol ution is%l@ti vétdaeﬁﬂmnq&ljaﬂﬁg_udes form ng a conditioning buffer solution
a

conpri sing east two ‘conpl exi ng agents, form ng a cobalt-containing
solution, formng a buffered reducing solution, and conbi ning the
condi ti onifaen7punf anothel Llembodimeht acmiettiod- tarnfoamitigh@ns eleatroleas adaposttien

Pbo1c) 1 R AP B dBoh Rl SPbF o T80 e S
deposi t i orcorehtihtiom of abdutavpshadr Vetsc And B6MmbRRTEY & eBhditionieg bBHEr soldtion, a

conditioning buffer solution, a  netal-containing solutjon and a _buffered
reduci ng SRRt EAMtRIBINGosRMUIEOTD; @ byfierashdycingegrieian 8 SBP Uvateh to J@ral é@n t he
condi ti oni d-pYbEEaepBLitibh UbIRRFPhARRS acbétfcﬁdeoﬁgﬁna&dw%hh%ﬁ& %Wa%gt ghe
met al -contal ning solution conprises a netal source and citrate, and the
reduci ng geprotard@ssconpri ses a hypophosphite source and citrate. In one

[0018] In another embodiment, a method for forming an electroless deposition
solution is provided which includes forming a conditioning buffer solution comprising
at least two complexing agents, forming a cobalt-containing solution, forming a
buffered reducing solution, and combining the conditioning buffer solution, the
cobalt-containing solution and the buffered reducing solution to form an electroless

deposition solution.

[0019} In another embodiment, a process for forming a citrate-based deposition
solution is provided which includes 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 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
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aspect, a citrate concentration of the citrate-based deposition solution is
in a range fromabout 50 MM to about 300 nM and the netal source has a
nmetal concentration fromabout 8 mMMto about 15 nM The citrate
concentration and the netal 6 WO 2005/038085 PCT/ US2004/ 034449
concentr at V9 2005/03808% rati o at about 8:1 or |arger, prefPETAISPAP4/8HMY 10: 1 or
| arger, and nore preferably about 12:1 or larger. [0020] In another
enbodi ment, a nethod to deposit a cobalt-containing |ayer by an electroless
deposition process on a substrate surface containing a conductive layer is
provi ded which includes exposing the substrate surface to a conditioning
buf fer sotQnoeptration fsorta satio af t 8dneruetger.cpretayably aberbil Bl langer, and
condi ti oni 4L, al t-containing solution and a reduci ng
sol ution U@gﬁgp%&g%sng#ﬁg1925?@?&%%3 and exposi ng the cl eaned conductive
| ayer to the plating solution to deposit a cobalt-containing |ayer thereon.
[ 0021] | n [mo2o] heraratherdeémbadiment,naneibiod to depesii a cabalbbantaininghtayenbygnl ayer

by an elegtroless depasitio rocess subst surface containing a
conauct | vePRRIBSS AEBRRT0N pllbRR RS BuBrirdle SRS Bbligtiie 2 BmBRrhBeRY ace
to a buff eggstovidddonioh inclLdéd erpdging eiarsabstieazadace el ectontitidnive buffer
conbi ning a conditioning buffer solution a cobal t-containing solutjon and

the buf f ersuiieiide; fR§Msa| clerred tNdEetves 1ayent FaRGbining ihe Pndiiaingx Beeng t he
| d 21 Y 2 ] i ' .
cl eaned cogfludd V& dobHRic |F\||ﬁ§. a?ug%%rg%na%%ue n?osecﬂghggf't& foftn a platin

cobal t-contarning |ayer thereo I'n anot he di nent, an appdr at us
for forni ngplatiorlandtexposing the stesined mondudivetlayar to sheplatind sdlulinh thdepeditudes a

first vessgl L i itioning buffer solution conprising a
citrate, agggg%ﬂ'sﬁgb@@& %’%ﬁﬂ%@#rﬁg a netal -containing solution conprising
a nmetal source and citrate, a third vessel containing a buffered reducing

sol uti on cpopni ki avgpthehymbplinsgtt) & enethod de depositca tcobakk-contaivdnge tayspby an of
vessel .i

heat ed, deionized d d wat d a f t fluid .
Commun cat SBRTESH ERESTOR SOCe s AR GURRERIP FHAc% BO8EIning AcroPWlctig layer
source, Wwhigr SiollidelewhRH! ihbBludes ExposiAgitat ubstrie Qirkfl! @ aXuMRARRP Fdduchiy
solution. In one aspect, the apparatus includes a heated baffle used to

reduce met8@lutiemtaionmaa cleaned candistive layer.qoainipg sepngéianing buffer solution,
a cobalt-containing solution and the buffered reducing solution to form a plating
solution, and exposing the cleaned conductive layer to the plating solution to deposit
a cobalt-containing layer thereon.

[0022] In another embodiment, an apparatus for forming an electroless deposition
solution is provided which includes a first vessel containing a'cdnditioning buffer
solution comprising a citrate, a second vessel containing a metal-containing 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. 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
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solution. [0023) In another enbodinent, a nmethod for formng an el ectrol ess
deposition solution is provided which includes formng a conditioning
buffer solution conprising a first conplexing agent, formng a
cobal t-contai ni ng solution conprising a cobalt 7 W) 2005/038085
PCT/ US2004/\034dvs@3sos0ur ce, a tungsten source and a secomrdTaspk/eiddssy agent,
formng a buffered reducing solution conprising a hypophosphite source and
a borane reductant, conbining heated water, the conditioning buffer
solution, the cobalt-containing solution and the buffered reducing solution
Is an in-line mxing systemto forman electroless deposition solution, and
di sper si ngseutee.cheltingsliess sourep oand iaoseconducoroplesing aganipferming: as buffered

w t hi n aboyt ] . f .10 _m nutes, or, less, nor e
pr ef er abl yﬁgﬁgﬁgné&mlﬁit(g({sm rfs?rﬁ%seg h&%&é‘?&%‘t '??é" %@%& 8cP?'%P§s%e°g'§ga& ition
ag! UL [ OR. &E&hﬁiﬁid@ES_@EtdaT }v@bthHE?erm%ﬂ?sﬁlut%,tthét céﬂmt-cfmimb ﬁ?gi n g
ich the aboye recite eatures of the present _invention can be understoo
in detail, SYURS éngéﬁ'ﬁﬁf&hﬁe@] %@HW%?&B?&WS ¥ dn-iRE SPKINGrSYSteR it ferm an
sumari Zede@buBes Bpodifiol 36lyRun ! APEiEHESinG e 18RS opo SRR sBlutibfiofn  are
illustrated in the a% It 1S to be noted, however, that the

ended draw ngs. ) _
appended dazupalgate; su rwithin @loyt 60 piputes earidess, peefesably 10Hmigutesvemiessn and

e e BB PR el OB Hicoh bbb AReL It RRSRRd gl ddalBYE™ O
I 1l ustrat esglutkgges of capping an interconnect by an enbodi nent descri bed
herein; [0026] Figure 2 depicts a dual damascene structure with a

cobal t - cont,aj, i CARNI %—mf ol | owi ng anot her enbodi nent
descri bed hgﬁéﬂ %,E‘iﬂ&” Qﬁﬁfi fD ges froma scanning el ectron

m cr oscope o Ny f i Y, ' iLtAEN

descri bed W§%4éi§$atl[r] Bﬁ@?n@?gﬂ%ﬂh %Hr'éﬁ)ﬁ%%qaygdrg%ﬁ%ag gg?weégé&?rtgﬁtbﬁ%ggﬂtage of
cobal t - conineenfiorgcamppiurglerstagein detailna evare padiculdridessription of the invention,

briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to
other equally effective embodiments.

[0025] Figures 1A-1C illustrate stages of capping an interconnect by an embodiment
described herein;

[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;

[0o28] 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

{
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(0029] Figure 5 graphically depicts the resistance increase of
cobal t-containing capping |ayer on interconnect |ines; and 8 WD 2005/ 038085
PCT/ US2004/ 034449 [0030 Figure 6 illustrates a schematic diagram of an
el ectrol ess deposition system used to deposit cobalt-containing filns by
vari ous enbwoiznesrossossiescri bed herein. DETAI LED DESCRI PTRCINUSZ¥04/P3E49PREFERRED
EVMBODI MENT [ 0031] The words and phrases used herein should be given their
ordinary and customary neaning in the art as understood by one skilled in
the art unless otherw se further defined. Electrol ess deposition is broadly
defined herein as the deposition of a conductive material frommnetal ions

in a bath 30 Biguer fiilustades ¢ schaemalie diagramcel a5y elestiploss HepogitiemBysiem
reducti on %56% f Ty t y an

aut ocat al y %bcag)il at'| or]'{r(;)%gﬁ Coa%'ﬁﬁggLousyYe uc%%ﬁocfailgl‘%ﬁfsr@?&ggg{h 'gdl ment s
of the invention provide conpositions and kits of plating solutions,

net hods to m x plating sol ut | ons and rret hods to deposit capping layers wth
pl ati ng soDETAILED DESCRIB | OF THE| RED EMBODIME Tare general |y used

as electroless posi tion,sql utions i t |ng er,on
Conduct | vel8H: EReanorda,Aad hrgses H@ei&mﬁtmkf " BReg el S et or
copper al | @N&oﬁﬁk%@nééﬁngaiﬂpthw artl @Y Qlirkerstebdl Ay @n@osﬂhéd Ciﬁmthé' éﬂ Nehless
material. [0033] Enbodi ments of the invention i'nclude nethods and

conposi ti oﬁth&ﬂéi@é fugher detieed.o|Bleciralrgsodenasiiionds weadlytdefipad diengings the
materi al s. 0 e rmn
and using ggg&flﬁcgh gg tsa éﬁ“‘ﬂﬁ‘g“'soﬁ‘%ﬁ %{Ioﬁgg @%}aﬁ T ﬁ{ %olfr):ér{[g[ts ‘i E%wggt%}yﬁg?lhg °
pl ati nﬁ solbuﬁivadas?rf?cagyyameageomfsé lxchenmiaﬂefdducgioncm {rer bbsdree of ancrmmnal edOI
into the p i | mdurin e electr s depasiti.on process can rade
e qual | § FIRGHG, GUTAR SBH B8 PE SRAIED G ORI | 4 HOMAOROUS SHHUSHE Bt | on
(< 0.05 M agém{ichl eved whil e reducing the anmount of particles fornmed wthin

the plating solution. A high chelating agent concentration, especially
relative to the |low nmetal concentration also attributes to the |ack_ of

particle f Rl Fapodinghiseat rthe clgventiann eroyida i GoRasttiansoAnar litss epariating y
mai nt ai ned gyikibhs, tHEtHYR thHix plating solutions and methods to deposit capping layers

with plating solutions. The plating solutions described herein are generally used as

electroless deposition solutions to deposit a capping layer on conductive features.
Generally, the conductive features include copper or copper alloys while the capping
layers include a cobalt-containing material.

[0033] Embodiments of the invention include methods and compositions used for
electroless deposition of cobalt-containing materials. The inventors have discovered
a cost efficient method of forming and using electroless plating solutions. Particle
formation within 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



solution is in-line mxed in small volunes and consuned 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 wthout
particul ates. Further, the 9 WO 2005/038085 PCT/ US2004/ 034449 short tine
dur ati on beM®URPABIni xi ng and using the plating sol utiBET/PERMAI449 ni ni nal |
to avoid particulate formation. [0034] Cenerally, a self initiating

chem stry and process has been di scovered which enables selective
deposition on netal features froma nultiple conponent solutions which are
m xed j ust 51[l)]_lri or, to qu??_. Each cong}q?ger]t, solution is stabilized by a

rel ativel y $Pfntigendertion: beiwesn mixingpand usingathen platipansalution ris rkephch
conponent  {iglHhll R avold BafRURES fitnafigh Ut i ons are nixed, preferably in Iine,
wi th heated degassed, deionized water. The heated water provides rapid
heating of the conbi ned conponent solutions w thout requiring residence
tinme in a deAs¢kieensrally, anzalt witiating ichemiatiyaandoprocpes has beem siscovenediwhich

conventi on wa T ' I SN T - F A ' : e
o Sponsed. ameRe G SctfBARRiOn Gif ol Featu ¥ frorh M U RpleboiBbik 381, Bn®
chemi st ri ewHich rdregnpadt just esior Theuski gkacb meoenporent solubibn cisedtabilizey bggent s
is diluted jn,.the.cambined.c opent _sol uti 0_achi.eve.a chel ati ng agent
to Creta Ol Bk BRER SESHS af Fiort BBl Boes it A rnbshetRr o
the chem stgojutionas Thes Corfhent sdkitiohs 4rel Aixed, Sprefirably Ahefing Ughh t Radte@ key

rate limting factor is the high _chelating concentration, rather than
si npl e di f fdpgasHed,i ApoBiFedew@teronsihsr heates water pravidesy sapidi heptingeat she

[0035] Pri Qforﬁtﬂné&‘icbhﬁ‘:tohaﬂt E&ﬁti@ﬁso%h&tijtﬁ%qlﬂfrf?@er%%idehbﬁ etﬁ‘(rj%ﬁ r%géﬁe/}eﬁtional

preferably cleaned erther ex situ or sttu~using t eani ng
sol uti on. Puatewi Eignidetiars ot thergsidarce timbdn canventianaltheaterb @nablea merdadtiv,

undergo an anneal .process. [0036]. Aspects of the inventjion wll Bhe cribed
bol ow 11 roroal PiHarBp SRRt 16 e HisRRREH Snrb BB Lr dedsitbn yltul 358
conponent Highly bt ciedraistrid fomimy meesl arhe Gighotoridedtration of eslating

har dwar e and processes used to form el ectrol ess I%%/;rs - usi

{ / . t he
conposi ti prﬁﬂe"ﬁ)ﬁs‘j?']-‘tQ%'néhBP@F@"}e@oc%'ﬂmnﬁéﬂlyf'o'b Ghigye 2 EE%ﬁt"éQ(P%{‘té@ent
such as ci tiha{af rdtl which facilitates controlled deposition. The composition of the chemistry,

as discussed in detail below, is formulated such that a key rate limiting factor is the

high chelating concentration, rather than simple diffusion limited reactions of metal

ions and reducing agents.

[0035] Prior to initiating the deposition process, the substrate is preferably cleaned
either ex situ or in situ using the desired cleaning solution. Following deposition, the
substrate can then be cleaned and undergo an anneal process.

[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



di stributed into each of a conditioning buffer solution, a cobalt-containing
solution and a buffered reducing solution, allow ng each solution to be
provi ded as concentrates fromwhich the active plating bath is prepared by
diluting with degassed hot deionized water. Wen conbining and m xing all
conponent s,W 20054380850 WO 2005/ 038085 PCT/ US2004/ 034449 PaEANAMMOHHEHMIS t O
avoid a condition in which the total concentration of cobalt ions or

reduci ng agent substantially exceeds those targeted in the final plating
solution, wunless the absolute concentration of citrate is also
substantially higher, as may be nost readily acconplished by the

di stri but i advabtageeea talavoidha eenditiop imuhich. thexrtetal asneentration of eoball iamsiaon i s a

B £F or encoecRbE el SurStaaly SiGeranvaRetatactéy ih 3Y U e Sebionnent
such as t henlesird absuittei conegntratiort bpaitratelid3B$o bubstartiaiyitghercas, may peat i ng
g together .condi ti oni buffer solutign, a

solution is formed by m xjn

cobal t - corfpﬁﬁhﬁei@gﬁlééfﬁ?mﬁt‘ﬁhe& %Fh%ﬂ@tf&”@%@?ﬁbee”sﬁlrﬁ?rﬁﬁrFOQ?RPnﬁﬁﬁ%r. ne
Pref er abl yagdae FOdi fnvertidly iU fiibeat@! #bri &ifbctifel§ ORMing 408 L @NPdHentsS Bl Ut i on,
a buffered reducing solution are each concentrated congEonent sol ution t hat
when conbineducingt visersityr diffecanees nkesaling rfeam psegregajionobticittate iMoeaaginglei onal

b0% or ey YR R o Rl BoMAd Sopor LoT, O e vt er e

de-ioni zed, degassed and heated. In one function, water dilutes each
conponent [padsyitinooné oembedidesity ed platingcsolttian ii®rfomwnhedni oy trhigingl ddgetiger a

sol ution. Degassing .t wat.er. renove ch of the, oxygen d other trapped
ooy VR ity "5 Bliok s o sBa B oo TtaRing, SomtPEy S Thdfeed ' Beughban” and
si nce wat egoliiforf BRd WRIt6r. PRITORIBEth® totdiforth@blufiér S, @Ncobidiecor®ifing! |
oxygen concentration of the plating solution is reduced. Al so, heated water

transfers $aletiorala bHEewd teducing $Aldliamareseach rorcantiated: sampasentwialutiodsch of
h | gt . ar S \
Cu 11 G apy MED BB JRERAEK o, Ul bR SbRAchO Tod SHERLANLT 2

sufficient nmperature of ft ating so 0 a
desi red t ewgter @bostitutes oweln &% O the plating sollfiéh velunve, tpreferaldy abedt 6@/ ror

di spensed of & N ors prarbably abolt 755, Fferdidbl " the” 05 i RlioRz25° 88 gassed
and heated. In one function, water dilutes each component solution to the desired
concentration within the plating solution. Degassing the water removes much of the
oxygen and other trapped gas(es). Water is easier to deoxygenate than the mixed
plating solution and since water is the major component of the plating solution, the
overall oxygen concentration of the plating solution is reduced. Also, heated water
transfers thermal energy to the plating solution when combined with each of the
component solutions. Therefore, the water is heated to a temperature sufficient to
elevate the temperature of the mixed plating solution 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



[ 0039] The conditioning solution is a buffered sol ution containing

chel at or s/ conpl exi ng agents, pH buffering conpounds and a pH adjusting
conmpound. Al so, the conditioning solution contains conpounds to aid in the

cl eaning of the substrate surface and the chel ation of copper ions. The

cobal t- con™RHPHYS®S| ution is an aqueous sol ution cont aRGHBTFOH/03EMA] t
source, a secondary netal source, such as a tungsten source or a nol ybdenum
source, 11 WD 2005/038085 PCT/ US2004/ 034449 chel at ors/ conpl exi ng agents,

an optional surfactant and a pH adjusting conpound. The buffered reducing
sol ution conprises chel ators/conpl exi ng agents, a reductant or m xture of

r educt ant schelatorsieoropligxing: agants.zan oplienah suifaciantand agpit anijystingl compovr@iuct ant

hem cal | ' et t ; ' i dehin th
bl'ati ng sol 1 PafEfeg! edpimg' SRR A4S hgRTolPbnialBy T oBpois Aretidaht?, © 17
is a hypophaosxtbre ef seductards, ap dptionah stébilizerxanb hepHtddjustingt camhpatmidi oA of
h hosph id with tet t hyl ' dr oxi TVAH) . The.
ypophospnBbErachamisal de8Leds e, raBrar HREEBROPIE efidots Mg | oy
layer. A platRgSolfRbrCid1@nabRNthe WMutald tBBdepdshO Prefefbh}, dfeeddagadtis a
activator, typicall g@ contains reactive boron-hydrogen bonds. One exanpl e of

a second rbyRaphegphigRntsalt s dgrivedretfigmanifore ¥RERE, cotsl exeutralization o
co- r educt aﬂ)?pdr@og‘)lq@oﬁsr e&ﬁ | With@NEtrhmethyERBHiGHL @o‘?&@dét RH:)].n' tirge the
ta an e rco

reduction o ons on the surface o exposed copp duct or
wi t hout t hbypophodsploroas agid seraes as d souece oflplrodphioars inttire goowing @tiay &Eyer.ng

ti t t -red t. with t h h It , i th
eposi t | onRatoceRe TBEHER ResHE PP ah e 8P B BSBIeSBAcan AebAer ArAc ! can
process i SMtafn@rraa@timdrbﬁ-lidhﬁernaﬁ@nd%urdra@exmb@roﬂansémﬁ&éaw@g agent

cobal t-contai ning materi al . cleaning solution Is dispensed across or
sprayed onis @rtimetiidaminecbaraneaeemplexc| Eiis cangdpeianbiginidhbh reactive @ndaise. The

cl eaning p pea=hY T [ essi ng
cell as thre su séquenef tﬂeg eé?@gﬁe{s@% pédepo@i?tq?gﬁgﬁg@ﬂ%gﬁ gjéfg;@na§|9£%& t he
substrate emyosed gopper| candeidtarwithoud dhemeed for areastivagion dayerf r dhe throgon-
subsequent h)?(ljr%&taﬁ %Ioﬁtsasmigg %%ﬁ\'/é[tbp Sct8 ra%Caecs;g-'ré]o%c(f\aer{tl\A'Iith the hypophosphite source

during the deposition of the cobalt-containing material.
Pre-clean

[oo40] A pre-clean process is preformed on the substrate surface prior to depositing
a cobalt-containing material. A cleaning solution is dispensed across or sprayed on
the substrate surface to clean and precondition the surface. The cleaning process
may be an in situ process performed in the same processing cell as the subsequent
electroless deposition 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



[ 00411 In one enbodi nent of an in situ pre-clean process, the substrate
surface is initially exposed to the conditioning buffer solution prior to
bei ng exposed to the conplete plating solution. The conditioning buffer
solution conbined with de-ionized water is dispensed across or sprayed on
the substraV@283P#8T to clean and precondition the suPCIAS29H0I4% o
deposition of the cobalt-alloy layer. The conditioning buffer solution
renoves copper oxides and contam nants. In another exanple, the substrate
surface is first exposed to a m xture of a conditioning buffer 12 WO
20051038085 PCT/ US2004/ 034449 solution, a cobalt-containing solution and
de- i oni zedsalatian, .a qokaltsqriaining salutipnpanrd dedienizedswateri dief epesures focrpre-
conmponent td.Qn: Q.S e I ' I
subsequentagge%oégﬁmognfogﬁggeﬁgﬁl éf‘héei'.’r Ortg?(igfruﬂgfrw n?& r?%gﬁ’%lfl;i{qnﬁg&e%p ﬁctggs, t he
substrat e saméall as tiex pubsequent alaposition Procgsge N TherefarenipAgr teetive platimgnt .

Fol | o ng the cl egning process,. the cl eane ?ubstrat,e I S exposed tq a
bl at 1 ng SoPREPEh B RULBHEED SUHaES s PRORTERg 1A | DITEHITLGHen ccontainig
cobal t - conggyjifinfitent S FolbR, thd cRidniry rdcegsled Bianéd Blib&mté RlexiRska it ged
wat er. [0042] I n another enbodi nent, the substrate surface is pre-cleaned

with a preplefiegrsolyisinucpowrisethedf aheanditiopingpbuBien selution; encefialte¢antginiagi ng

it 7eron SarHoH BERR (ARG Sh O SOMIRER 1 e e cloan |

process usually includes an acidic pre-clean solution with a pH of about 4
or |ess, ppoedzriadnothérembadioent,ihé stbstedie surface iBhpre-alearednwitty alpye-cleadi zed

surfaces typigally required nore agqressiVv | egni.ng at ..l o pH val ues.
The pr o- ol SAHiGH ol oo caonst® RolEBh & e AR sBlytioB e e Raen:
such as a pRICBEXdychaiebidutited iV theXaan®d Eell drah LAifETRINE celRfroin thatetect@iadsi C
acid, glycine, salts thereof and conbinations thereof. In one exanple, the

pre-cl ean deppfitigmshambet. d’_@sp!ﬂ-@'@a%mﬁes&@UﬁflbfinqililQQS é‘naﬁﬁi(ﬂ? difereiean
Concent ra IR WP o oF Al o B i o 1 et
cont ai ns chweraheadlyooxidicedisudacestynigally sequirad freore, aggressiyaicleanigg @ tprerrmds
and water. plgfh\%lt?ésqr The pre-clean solution contains at least one chelator or complexing
agent, such as a carboxylic acid or carboxylate, for example, a citrate, oxalic acid,
glycine, salts thereof and combinations thereof. In one example, the pre-clean
contains about 0.05 M to about 0.5 M of citric acid and optionally up to about 0.25 M

of methanesulfonic acid.

Conditioning Buffer Concentrate

[0043] 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
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conpl exi ng agents are usually in the conditioning buffer solution with a
concentration fromabout 200 nMto about 2 M preferably from about 200 mM
to about 600 mM Conpl exing agents generally may have functional groups,
such as amno acids, carboxylic acids, dicarboxylic acids, polycarboxylic
aci ds, am rWoaeisf3sss am nes, di am nes, pol yam nes, al kyP&R{US2094/034449

al kanol am nes and al koxyam nes. Conpl exi ng agents may include citric acid,
gl yci ne, ethyl enediam ne (EDA), nonoethanol anm ne, di et hanol am ne (DEA),
triethanolam ne (TEA), derivatives thereof, salts thereof and conbi nations
thereof. In one enbodinent, citric acid or 13 WO 2005/ 038085

PCT/ US2004he 3agpertive ititrate Sadids iavretamedaeamplexing iageat. pinednathererobegiment. ng

Fhe condi (TR AGC LT SV lare ofoh ol o 36 SpdlibABaTbSHA hued dA°Ben”
and gl yci rencther embbditiseht] oitidiacidp DEA andigh@inebafef mcluglet Uhithe .cohfifiékihg
Condi tioning, buffer solutions generally contain basified acids at baS| c pH

ranges to SP °F‘espect|ve salt of the acid. For exanple, citric acid is
converted to a citrate salt, such as anmoniumcitrate or tetranethyl

anmoni a cibéday @orﬁlﬁdrﬁﬁ% bumlrt@uméfn%egertéa@n;ﬁebmbirpbaaﬁewdudsﬁ%t ®asicapie or

conplex netal ions in the subsequent | ati ng sol ution kanol am nes, such
as DEA or repges fQfprm Hie %pgcw salf Qfstherﬁy,ld g@rn@xaraplsuf:lfr@ra% imgemverted

chel at or S8Rl aR 98N 88 dritoriii o ddoffibiny ARmala bhe ot

agent, al kanol'am nes keep pu ating solu y| ng an
form ng prsatispufter dise sdlukien @samelihas cbelateemmdnﬂéx enatd ibps imtheosubseeentet t i ng

h teristj th t bath with | | .
cont ai n nePetie salPe AkeasRtingd. Sudh o FERE G oS, PR A M AP ng
capacity a§ édnea%ﬁeﬁ@giageht @%énétot/étﬁﬁmexnﬁgrageﬁoaﬁdi aheaarted®ingl ageht.bash

cupric and cuprous oxides fromthe copper surface., Boric aCid may be added
to provi deamaai-dninargent pkenAlgmines keep Ruddies @fz@atmgesqmﬁiﬁjb&omdmngﬁndhe

sol uti on. ﬁfr'n ? da? &n %&a‘ﬂ@fanﬂﬁe@%r@ré’l%’%ehfe(/é’&“ toSHR QH%eregﬁHgt 'o oh

reactions o utlons uti1 11 z1 ng borane reduct ant
addi tion odihabacteusmsl df |thetp1a>t|ng)bdtrt Mnthl regpbcif toerlessopular oqartbehpxspntamlngal ize

the react Ic\fle e\t':trf)cf mtapenaflsf etq;-]ycme c'icEeoo B Wc%e@asg Suft ﬁnémca%gci?y a{ eswed
pH and to insure more complete removal of both cupric and cuprous oxides from the
copper surface. Boric acid may be added to provide additional buffering and to
stabilize the composition of the solution. Boric acid is an oxidation by-product from
subsequent reduction reactions of plating solutions utilizing borane reductants.
Therefore, the addition of boric acid in the conditioning buffer solution helps
normalize the reactivity of the fresh composition with one in which plating has
already been initiated.

[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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al ready been initiated. [00451 I n one enbodi nent, a pH adjusting agent is
added to the conditioning buffer solution to adjust the pH range from about
8 to about 12, preferably fromabout 8 to about 10 and nore preferably from
about 8.5 to about 9.5. Once the conditioning buffer solution is conbined
with about WO29D34438486i c equi val ents of de-ionized wat er , PCHU§2PD4IB44dDOUt 9. 5

I s achieved. The pH adjusting agent can include ammonia, amnes or

hydr oxi des, such as tetranet hyl ammoni um hydr oxi de ((CH3)4NOH, TMAH), NHAOH,
TEA, DEA, salts thereof, derivatives thereof and conbi nations thereof. 14
WO 2005/ 038085 PCT/ US2004/ 034449 [0046] In one exanple, a conditioning
buffer sol 048I Ircone gxample, Besonrditiening baffénsoluioropontdinata BEA covceotratiorut 600

Ty about Com aBBaY Bod> b Sl 60t rily PrerSBBRE ARER 430 HIC R RERE fackhy ™
about tl(r)gt %éﬂt?ﬁq@ghﬁ@ﬁ%bﬁ\ﬂt 200einir abbbo@tbﬁtw rriﬂ\'ﬂOp:ce(fé@t‘aB? émg;tt)ocagtacﬂnm a
Golons el e Soneeanatign Hom skpHe 1ot M J8 Abaut 308 mihrgferabhn abelt bt

from about n@ut @ s&w%uclaocorme%ir@ﬁa@lfbbm fabB abomtvl t &BodPeed Ve réf@ﬁéﬂv)r e
preferably, about 9.2 [0047 In another exanple, a conditionin

sol uti on c@hout 5 mM, mlze,@mﬂarat enavghrihadiveting ewtrfmg,oTMAglmto nawe M

bout 400 ATt o F I BOuCTA preftBBSTOR B0 I ABBE by ool our
200 MM to @bﬁutatﬂiﬁ&bﬂﬂ\ﬁgﬂﬁeferabl y about 300 nmM a bori c acid concentration
fromabout 80 nMto about 120 mM preferably about 100 dei oni zed wat er

about 10, MATEALRSE: Caratbak, 8 Eendiioind obyTeh ooy %H”‘)%@%’Q%T A Dou

9. 25. Cobalgbngénttationi fitm GBBGESOO AN td BBGG] 1. quraférablytab@uppnﬁlatcnﬁ@raom ni ng
solution is a concentrate that includes a cobalt source, a second netal

source, su€ANgenteationHgaMeabast AA0eMb te ahputy 4R Filvh preferably about 375 mM, a
glycine concentration from about 200 mM to about 600 mM, preferably about 300

mM, a boric acid concentration from about 80 mM to about 120 mM, preferably
about 100 mM, 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.

Cobalt-containing Concentrate

[0048] Generally, 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 cobait
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 (CoS0,), cobalt
chloride (CoClz), cobalt acetate ((CH3CO2).Co), cobalt tungstate (CoWO,),
derivatives thereof, hydrates thereof and combinations thereof. Some cobalt
sources have hydrate derivatives, such as Co0SQ4¢7H.O, CoCl,e6H,O and
(CH3CO,).Coe4H,0. In one example, cobalt sulfate is the preferred cobalt source.

For example, CoSO4¢7H.0O may be present in the cobalt-containing solution at a

15



source, a conplexing agent or chelator, a pH adjusting agent, an optional
surfactant, other optional additives and water. The cobalt-contai ni ng
solution contains a cobalt source that may be in a concentration range from
about 50 mMto about 200 mM preferably from about 80 mMto about 150 nM
The cobal t S¥APWEIESS i ncl ude any water sol ubl e cobalt Z6TUSWHE4E9 Coe+),
for exanple cobalt sulfate (COSO4), cobalt <chloride (COCl2), cobalt acetate
((CH3CMR) 2Co), cobalt tungstate (CONMXM), derivatives thereof, hydrates

t hereof and conbi nations thereof. Some cobalt sources have hydrate
derivatives, such as COSO4.7H20, CoCl 2. 6H20 and (CH3C02)2CO. 4H20. In one
exanpl e, cewaganteliondna mgetf@rma@pgt b@ M ¢» abeutsthft ow/. IrFenotgeayanaple,

CoSOM4. 7H20 r t in.t obal t N ol ut ion at .15. WO
S005! 0anosS Okt BEieDAAT B st Min R RobafeatiahRodtid Honeetid GoncapBaion® dm « o
about 150 Mg dmomruﬁdmesoeﬁmrmla@outm@:ﬂ;ﬂA6H20 nmay be present in the

cobal t - cont ai n| ng sol uti on at a concentration in a range from about 50 mM

to about 150 0049 obal cont i nin solu i on includes a secondary
et al _sour Be4T (bR CS0AL-contAIGH S0 LB0 aduds & AP YA AIRLHNES, SURR S st en
source ”a)’tu%s'téh E6@rce P hblﬁ)@@h@hf’éd‘tﬁcé OAH@hgfﬁ%rY"sélh‘rcé rﬁé&EB@"H il édbaitl N a

range from about 0.5 nMto about mv] preferably fromabout 1 mMto about

30 "M andcmﬁamlpg sphtign | with amr@aouatlonlm afange fmuabo&m OrfivmMt i@ abaulyQ en

source ma | id I such
oo ot WG RN 5t Sodth b e 8oyt BT P HBye BRABRNFraR Atk s

sodi um t unmthetc( uaawxo mMotﬁlssItumgstém&gm:amy( iR21Rié) tungsticeacideHeW Cxd | ubI e
W)42' source dr ates ere , derivatives reof and/or conbi nati ons
Uhereof | TG UGa oS En SIS, Ul 8| AMPRRIUT vaaste OXdh GE L BRMOB T e and
may be preﬁ@ﬁst ate, t(ftfba‘l?co@@fln st&tengebwcmg B Ofingstafe (RGN " C’Ho'tﬁ%ldn'i‘ a

range from about 10 mMto about 0 A nol ybdenum source nmay be in
t he cobal t tungstaterd(Key Qul etheowatar SQIUMQ)h\LQmﬁ?Qi—WQﬁ? hydrajes theseefadeiiatives ppm

to about 1 r d

ror 6 pr of ol EPgT SRR BBl tbYs thGBEE Slitile eRitnARI N sAERM ISHe BRILRBTC . .

may i ncl udmn'gdte'dndmmoetamd)xmdy bbbprseandn the cobalt-contamlng solution at a
concentration in a range from about 10 mM to about 30 mM.

[0050] A molybdenum source may be in the cobalt-containing solution at a
concentration range from about 20 ppm to about 1,000 ppm, preferably, from about
50 ppm to about 500 ppm, and more preferably, from about 100 ppm to about 300
ppm. The molybdenum source may include molybdenum trioxide (MoO;) and
various molybdate salts, such as tetramethylammonium molybdate ((MesN).MoOy),
ammonium dimolybdate, sodium molybdate (Na;MoQO;), potassium molybdate
(K2MoOy), 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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various nol ybdate salts, such as tetranmethyl anmoni um nol ybdat e

((Me4N) 2Mo4), ammoni um di nol ybdat e, sodi um nol ybdate (Na2Mo®4), potassi um
nol ybdate (K2MbO4), ot her Mb042' sources, hydrates thereof, derivatives

t hereof and/or conbinations thereof. In one exanple, nolybdenumtrioxide is
t he preferrw®200f3888enum source and may be present in tHE/E3HRI0844¢DNt ai ni ng
solution at a concentration in a range from about 100 ppmto about 300 ppm
I n anot her exanple, tetranethylammoni um nol ybdate is forned by reacting

nol ybdenum (VI) oxide with tetranethyl anmoni um hydroxi de and nay be present
in the cobalt- containing solution at a concentration in a range from about
100 ppm t oloBEsd LA cCoDWIexingragest RE!ISTOPBSERE0dEe PaFAlbsouginingaalution habsEy A
conpl exi ng, agent e | t t may
have a conc%%t ?a%qngﬁﬁqr%t?oarpr a?ﬁga égrr%hg @bﬁ%mm% aabla ?é%’ P{%?egagﬁ

pr ef er abl yfromrahoanOOth(le atMut 608@ et lﬁme wbalﬂ-a:brttalmngomﬂdmoncomhﬁieninlgg

sol ution, IeX|n ents or c elator Conplexes obalt. ions
(e.g., Coe 99 @'f‘(’?ﬁ’g '}taaBn?%“@ﬁgse%NQ &?gerpﬂgsch Prae émgstlcs
i n the cobgddnts ondyRaRIoNSrovRIeUbifdting &mméteﬁstm .aqraetc%baﬁ%h@uhu BBNItiIORY €
functional groups,” such as am no acids, car boxgl Ic acids, di car boxylic

aci ds, pol Gemplsaing iagentsi aenerally may have functionakaraups. Spgln \Rgn@ming, acids,

Conpl exi nge é’rBQWﬁ abids 'd&{rpﬁ&hﬁ% b!y&av%%%%ad?%gé%d ﬁ‘nﬁs @ﬁn‘giﬁ% andSUCch

as citric aci glycin ene rivati ves reof, salts
t her eof apolysmineisndforplexingeageots rrialy inchedescdrbdkylierdcids; larmmcn: acids damtses he

Cobal t - cortUThn U ICar B Iinar Sy EHA Bt 0. e pueoborBs et fire b0

to about 58Rd NddmbiRatiémOttherectXamml 8ne Jbmbditngity ditfic pé@iaeist thé‘ referred

concentration |n aeargg\rge fromabout 100 mM to about mv [ 00521 A pH
adj usti ng @@f@ﬁ xmg | IRprexampie, qitgc gsisymay bﬁoqragenttlnéhgnomlt-mféa@mga| t-
cont ai ni ng pg}{r& p j edito a
concentrat?@ﬁ (ﬁ) a Jﬁéﬁbtﬁet'gﬂﬁto a nfé@nfé-ﬂ)o@nqa o agou ﬁ,ﬂ In

pr ef er abl yafhotber emﬁmpte @Iyomaabmrtbelmesenﬂmrmcentpﬁrmf&bnoab'h3a rangerfrombabout3. 5 t o
about 9.5 JOER about 300 mM.

[0052] A pH adjusting agent, generally a base, is used to adjust the pH of the cobalt-
containing solution. In one embodiment, a pH adjusting agent is added to a
concentration to adjust the pH to a range from about 7 to about 11, preferably from
about 8 to about 10, and more preferably, from about 8.5 to about 9.5. The pH
adjusting agent may include a base, such as a tetraalkylammonium hydroxide,
preferably tetramethylammonium hydroxide ((CH3)sNOH, TMAH) or derivatives
thereof.

[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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adj usting agent may include a base, such as a tetraal kyl ammoni um hydr oxi de,
preferably tetranethyl amoni um hydroxi de ((CH3)4NOH, TMAH) or derivatives
t hereof. [00531 Al so, an optional surfactant may be added to the
cobal t-containing solution. The surfactant acts as a wetti n% agent to
reduce the Y0¢8808%nsi on between the plating sol uti oP@H 9%834§€|9ost rate
surface. Surfactants are generally added to the cobalt-containing solution
at a concentration of about 1,000 ppmor |ess, preferably about 500 ppm or
| ess, such as from about 100 ppmto about 300 ppm The surfactant may have
lonic or non-ignic characteristics. A preferred surf o LAcl ude odecyl
sul f at es, ‘d'é%&a%‘ss aI’u?ﬂ’iI%'Be ?}YO)Q'SWA‘%)T@ t,lg\f_&ﬁ)s_u ﬂ%?‘%‘ﬁm&@@w gva'f"ﬁ%t may
be used i nfrohe DeAb@hlentidlt @bmbaAy.S ADher Useful Wurfdetaditsy ARy €drisih Hisspiate
surfactants ggs pol yet hyl ene gl yco For_ exanp col ether based
0

). I I
17 WO 2005H0 @@MWJSQmdnmmoxx%hylm)aﬁhgma@ethegrn%ggphqiw UK syl ene
uni ts, sucRaspARhEONRENS150Gya 'fr"éﬁI ﬁhoﬁfa%é?OWPQ}.%WaE%InfscﬁIéga:gysiﬁgéﬁef
ate e, oal u

useful surfactants may confain phosp units, ftor exanp

pol y( oxyet bginpoendsp oe @y mixureeof pomppurds of malécuas comaiDAGAGEnyINgRENGthOof

avai l abl e Lr m Rhodi g, .1 nc. The surfactants may be single conpounds or a
m xture of "¢ 988@9830 NS0l ecul es cont ai ni ng varying length of hydrocarbon
chains. [0054] In one exanple, a cobalt-containing solution includes
CoC1206H2Cpoab41aln ©PRC eraMmple, oA éobaltcabeaiting Osaibfidro indhedds TUTIHEH,Or af er abl y,
about 100 M H2WX at a concentration fromabout 10 nMto about 30 niV

pr ef er abl ycorgssiiiation fromy abeyt, 8¢ ral; tp about 4280daM: maeferbly.r skt mMMo mv
to about 4Q0\wWEM : n i r

about 100 pﬁm t4oatg%§§ﬁ &%g%éf'r?{}rr@ﬁ%:b‘e’ﬁ g?%m,t§a 83% 3%5@@ bg%%%g&bﬁgg%mt er
and enoughmi¥ citticuaxid af) asgpmeeniation fromTalad) 300 nhidie aboptHO0 ol apreferalsly: o

about 10, ef e I f bout Lo .abqut 9.5 d r r ef bl v _about
525, [ 0058poHSEnciMe SRt SoncerhBR it g Y R B: Bt nlod e
08012- ?ggop%fe%&@mntzoetxbmﬁ, deionizad avtiteBAndlénbagialpblibdildthgrientr @ gl abl y,
t
abod mAH) to have a pH from about 8 to about 10, preferably, from about 9 to about 9.5,
and more preferably about 9.25.

[0055] In another example, a cobalt-containing solution includes CoCl,e6H,0 at a
concentration from about 80 mM to about 120 mM, preferably, about 100 mM, MoO3
at a concentration from about 50 ppm to about 500 ppm, preferably, about 200 ppm,
citric acid at a concentration from about 300 mM to about 400 mM, preferably, about
375 mM, SDS at a concentration from about 100 ppm to about 300 ppm, preferably,
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 RedIJcing 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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at a concentration from about 50 ppmto about 500 ppm preferably, about 200
ppm citric acid at a concentration from about 300 mMto about 400 nM
preferably, about 375 mM SDS at a concentration from about 100 ppmto
about 300 p ref erably, about 200 ppm deionized water and enough pH

adj usti ng ag'é’rﬂ" YW8S  TMAH) to have a pH from about 8 RG/&B8U(03447
preferably, fromabout 9 to about 9.5, and nore preferably about 9. 25.
Buf f ered Reduci ng Concentrate [0058] A buffered reducing solution is a
concentrate that contains a hypophosphite source, an activator or

co-reductant, such, as a borane re ant. a conpl exi ng, ,agent/chel ator, a pH
adj usting Ao nenemically fegiiges 9'3%&?’? emetal diopst ﬁﬂ gﬁ\}'ﬁgpﬁ% Hemt e heur ce

may be in K @ﬁn&bﬁn@gon%umbp%lwbata 9ﬁ‘o§6ho@u§Q&Qr‘é@tfblafHé)Hech%BEecoBégm

about 50 t 0 about SI‘E)re erab from about
The hypopHespaining seteriad (aet,Cel @oW@dqrcCaumurfrlmphneprpteasoufge¢>myet@s 18

Tons i m 1 REREE RgHCAAppiebhitau it RRROR) | bobEes ShasPutbilatins”
223\2 pgfr ustheug;nsfc e()rfwdltskmcualfgdg sbl:adon bhygophosplhite sutu;ge ]gfnows HbPOﬁogvnhorOgle’,s
2o d (roraS bel U NG ook aRa e oMt oo RSP esobnel GUo PR | n

sol ution, o] i t Xi P t g
L s o s ¥ e s

t he hypopHW@ﬂh%Pb&nK[&@HB)sN]{HaB adi én pae mmfwlaawiffmed weduging shlotighis e
CH3) 4
b epar e {TSRerabim BePOS B YeBkf o BvE' S, habphdsBAite cBHcaftdtbh It Bopyt,

about 20QR00VhiM talbout IWOmMMM [ 0057] The buffer ed reducing solution al so
contains an activator or co-reductant, such as a borane reductant, at a

concentration fromabout K 50 y fro

et g A T AR 58 Dol BN of PETRAREA,

pot enti al | suchiSas aUsdtaRe PédUttdrtNal & cohcertielios floatialtdut ®0. mMntosalitit 568 &) es,

the inventors have found that boron is not ty Il%l cal Ig/ I ncorporated in the
preferably from about 100 mM to about 300 rane reductants serve as
reducing agents and potentially as sources of boron in the deposited alloy. In some
examples, the inventors have found that boron is not typically incorporated in the
cobalt-containing material when the plating solution contains a hypophosphite
source. As a reducing agent, the borane reductant chemically reduces (i.e.,
transfers electrons to) dissolved ions in the plating solution to initiate the electroless
plating process. The reduction process deposits the various elements and/or
compounds to form the composition of the cobalt-containing alloys, such as cobait,

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):NHeBH3), DMAB), trimethylamine borane complex ((CHs)sNeBH3), TMAB),
tert-butylamine borane complex (‘BuNH.eBHj3), tetrahydrofuran borane complex

(THF eBH3), pyridine borane complex (CsHsNeBHs), ammonia borane complex
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J

cobalt-containing material when the plating solution contains a
hypophosphite source. As a reducing agent, the borane reductant chemcally
reduces (i.e., transfers electrons to) dissolved ions in the plating
solution to initiate the electroless plating process. The reduction process
deposits t héVQaP05@3888%| enents and/ or conpounds to form PEEUSHPOBHL% on of
the cobalt-containing alloys, such as cobalt, tungsten or nolybdenum
phosphorus, anong ot her el enents. [005s] Borane reductants nmay be borane
conpl exed with at | east one donor |igand, such as am nes, phosphines,

sol vents and ot her conpounds that have Lewis base characteristics. Once

di ssol ved i(NHa*Blgs)tbosane Kﬁ'r'a)né"bﬁiﬁm ¢Reds) ndgriviitives dhereef, somplexssathgesof
| i gands méHaem%@B?ﬂ&sstﬂH,gdt Bor ane reductants and boron-sources useful
e

for enbodi nents I nventi on i ncl ude di nmet hyl am ne borane conpl ex
((CH3) 2NHBH3) , DVAB), tri nethyl am ne borane conpl ex ((CH3)3N. BH3), TMAB),
t ent - but y| 40459k Ib@marmnb@dimeek Kor 8oduréd LstéBits maytbeaagided)fmsdutidwwdr&tly@wrpl ex

THFBH3) | di | CSH5N, BH3) . . ia b 19 WO
5005/ 03808 R P8 8Eh ARSaTfRo SER aSrels" b bidsnis TURSS, SURoeh arabeohslisy
derlVatlVe?so‘l\}%ﬁ?l'teﬁlycdlcéméres@@eﬁtél%@ﬁﬂen% ICétﬁiq Bﬁidy@aﬁdmm%ﬁvat[\@%?[ I'n

one enbodi nent, borane reductants may ed to solutions directly or
first m xedhaidlyeosethessargily,sueh a@spr@aylene glycer ekt etheravsilgble asdhowanal

and butyl e RolifBbw Cherial EpHRknI NofER Brek LR ] Wt op e ol ool

net hyl ether, avail able as Dowanol PMIM from Dow Chem cal Conpany, herein
referred tdoess] AViceniplexing ageotmay be modseni riy e duffe remy rddeicimgesatntion m ahe

buf fered reducm olution_in oncen tion . r e fromabout 100 mM.t o
about 750 rACEREREL bR o rasd b0 ohh B aPey ZRETMcB SR fromabolt
subsequent mjoamwmo HBout 500 mmonml mél§®sé%§ﬁt%|atmgdé&ﬂt|&h@oﬂ{mﬁ>§nd agénts
conpl exes with cobalt ions (e nts al so provide

buffering cam/@rc@la&lat@ﬁ foym ﬁomnkexsafw'@r@baltelau@ (g- s@gzﬁi i GOMptesing agems
agents | ncl#, pPVidE bﬁﬁéﬂfgncr?fr'é |és matﬁé g)ﬁﬁefadcr%ﬁge?ﬁélégﬁltl%ﬁ' %om%lempg Xi ng

pol ycar boxy acil d eclf
agents usedagemts ieclude amino acids, carboxyllc acuds dlcarboxyllc amds polycarboxyllc

acids, amines, diamines and polyamines. Specific complexing agents used in the
buffered reducing solution include citric acid, glycine, ethylenediamine (EDA),
derivatives thereof, salts thereof and combinations thereof. In one embodiment,
citric acid or citrate is the preferred complexing agent. For example, the cobalt-
containing solution may have a citrate concentration in a range from about 200 mM
to about 600 mM.

[0061] An optional stabilizer may also be added to the buffered reducing 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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buffered reducing solution include citric acid, glycine, ethylenediam ne
(EDA), derivatives thereof, salts thereof and conbinations thereof. In one
enbodi ment, citric acid or citrate is the preferred conpl exi ng agent. For
exanpl e, the cobalt- containing solution my have a citrate concentration in
a range froMOHBV8BO0 M to about 600 MM [0061 An optBEAET20M{0BHH i zer may
al so be added to the buffered reducing solution. The stabilizer may
selectively conplex with the copper ions (e.g., Cu" or Cue+) to reduce the
tendency of particle nucleation in the solution. A useful stabilizer will be
wat er sol ublé and have a h affini tél for conpl exi ng copper, ions. In the

‘Z

o
buf fered R'® @PW@‘@B@PPPB%-% 19 ahowt 949 2 Ehe piH|adiysting @genhmay dndude a base,
concent r atdpR fé@%a%g&a&ygpgﬁg@ [~ aﬂgi&l xide0 e ra@yefts{ré\%bhylafnsrﬁahiahput 80

ppmto about 120 ppm stabilizer Ts oxypyri dine or
deri vativdwdtmded?mdﬁ)dﬂo oAl ) ax derivadives thieoenf. Sitheppirhadiustibg agentadsespm

sol ut1 on 10 HepBRpie. Atiiding BoBHPEI0bY 31" bbticas 51 GfiFal BB Y 8k abour
8 to aboutadjistirieragenteusedlinife 20B1H0APYALTMBESOLGER AAURD 4K Sobalt-ebritaintigy from
about 8.5 t? about 9.5. The pH adjusting agent may include a base, such as

a tetraal k§ﬂ‘§ﬁ’rﬁ3ni um hydr oxi de, preferably tetranmethyl anmoni um hydroxi de
((CH3)4NCH, TMAH) or derivatives thereof. The pH adjusting agent used in

the buff erggba] qAUEHE dx@Phple] aNbiifared erelilfing BMItRA Pciudies T I9IFD) (3d®Mat ke PH
adj usting agent used in the conditioning buffer solution and/or the
cobal t - corgaacentrgtior Jramiaheut [1B9coM Ita a%}wt S8R28npMs, prafesably e pbeutr 2afu&iMg

sol ution iR 0 i 0 about

300 ma oy SPARCER o Bdfdentrafich n SoafRR6E N % bl BOTIAD BlereiByr Mbbt 5001

to about 320D mblM, poiteiceacitl gt aabandentratién fidm cbout S08c M ad abaud OO} | on

from about 300 t r ef er gbl about. 375

hydr oxyl pyﬁ’rfagﬁrﬂ Vafﬂgal?ﬁ@#wﬁ.‘ar r lé)yfgmea%cﬁﬂ\’/dnf@nﬁﬁh‘?q g'oma%’[t 286%™ i

pref er abl yahqpogbo 18P RirefetishipNiab8Gt WabEpprah Gefitizta vidlter ALUSHS nt

(e.qg., TIVA?—(? to provi dg%re H f?om about 85?0 about 10, prreferabl ym Ll
adjusting agent (e.g., TMAH) to provide a pH from about 8 to about 10, preferably,

from about 9 to about 9.5, and more preferably about 9.25.

Plating Solution

[0064] A plating solution may be formed by combining a conditioning buffer solution,
a cobalt-containing solution and a buffered reducing solution into de-ionized water.
Compositions of the plating 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
solution 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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fromabout 9 to about 9.5, and nore preferably about 9.25. Plating Solution
[0064] A plating solution may be forned by conbining a conditioning buffer
solution, a cobalt-containing solution and a buffered reduci ng solution
into de-ionized water. Conpositions of the plating solution include

buf feri ng a¥yeht085/Q36 reduce pH fluctuation and hel p neRGRBI2A040E@&48i ssol ved
chem cal conponents within the solution. Point-of-use m xing by conbining
conponents of a plating solution with in-line mxing is an efficient and
effective process in achieving these goals. [0065] In one exanple, the
plating solution includes a volumetric equivalent of a conditioning buffer
sol uti on, [A066bbLENE Wetaituseditadowothe plating solyligr @rmafer@dméeggssegod@mqrmdand

seven vol Upsbr i qyeqpiupl EhsBha e UBOLAL Ao D Bly et ottt | ©

rati o of the conditionin er solutron a|n|ng sol utl on,
the buff eﬂaérrmrdfmabig Isad ahlm(ygenobdricentdemmlesedhaatahoutﬁ pprh; breferabty
sol ution |ncI s a,v

anot her ex t he atin | u ri¢c rat f the
condi ti om%’gﬁﬁu?f@?mse d??%ng"} ﬁepr?fﬁﬂﬁq‘te’E E\em ng‘esa‘f 5 &hh e?k’é’ ghfaf er ed
reduci ng shdidrafiré AfgHeR thapiHRY artieipatdd tbnfperdtird\6F t%@(fﬁ{ap?@ﬂﬁésolutlon For
PCT/ US2004/ 034449 dL 066] The water used to formthe ing solution is

pr ef er abl yexaogples Edtheddesied teseperajare: of thenelaling @lut@ndlédes@%abwi € tase

t he di ssol ved entration. The water r abl xyge
concent rat?béWt ‘[Z%eqn ﬁBo‘ﬁ?teﬁ t%raﬂfra&rgflgrrgmnyé) c{)(g@{n f%BHﬁ?g%llt%?ég {]n a
preferred %‘@O%r‘é?é’rbblyt fismabslit 86°eRaBEuf 004, UFHEEIoRE, UinSohe %QQI"oneh@f‘ the
anticipated tenperature of the final plating solution. For exanple, if the

desi red t efopuing améating saletiqn, dhe Molupeitria ratie dfeach obmmtment sgoior is 1: kB ut
70C, then th t t d f 7QC, bout, 95C,
or ef er bl y/OF PbrHeTERT D U5 ARNAEro B Todo avest BIure Bt detih & et
formng a &Jrﬁéin% 8QlLEH & robhteMipleratiid 1a<bo[|fi£204t;)0fa tﬂﬁféﬁe&?@&lﬁ‘rﬁf&olﬁmdﬂ ion

is 1:1:1: for & conditioning buffer solution at’” roomtenperature (about
200), a coehtarbbm temperatuneg(aboliti20W0) and wacbenatearmmaeratwe(fecbmaboanal)°c to

buffered redu ol.uti r oo rat ur abou 00 ,and ter at a
Cenper at ur @Dl STRNEEexaBER BOENG SALITEE SHA B PROHNG ng
sol ution I &rdeidtiflg tﬁﬁf@?@lﬂlo’ﬁga@about 30°C or less, a cobalt-containing solution at

about 30°C or less, a buffered reducing solution at about 30°C or less and water at a

temperature from about 80°C to about 90°C.

[00671 The order of combining the component solutions to form the plating bath may
vary. Preferably, the conditioning buffer solution, the cobalt-containing solution, the
buffered reducing solution and water are blended by in-line mixing just prior to
depositing the plating solution on the substrate surface. In the preferred
embodiment, the conditioning buffer solution is first added to the water, and then
sequentially, the cobalt-containing solution and the buffered reducing solution 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 is added to form the plating solution. In an altemnative
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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condi tioning buffer solution at about 30C or |ess, a cobalt-containing
solution at about 30C or less, a buffered reducing solution at about 30C or
| ess and water at a tenperature from about 80C to about 90C. [0067] The
order of conbining the conponent solutions to formthe plating bath may
vary. Pref ewap85/038082 condi ti oni ng buffer sol ution, the REGIHR40444%i ni ng
solution, the buffered reducing solution and water are bl ended by in-line
m xing just prior to depositing the plating solution on the substrate
surface. In the preferred enbodinent, the conditioning buffer solution.is
first added to the water, and then sequentlall , the cobalt-containing

sol uti on d49f§81 h@“%tﬂ'@tmgeéol%'ﬁﬂc|Sn@%@iﬁlﬁ‘ﬁﬂoHn%fe anamétdatn@osnttem t féctplagt i ng

| ut
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are. aadedniBd et TERITRS b 16¥so BUPR S minIpR gr der RO Rt 08 1 or m
the plati r@po%ﬁidnt bRstes82 Re 26/ibut@ts (8 expsdéd %@ AR/ flathit SolulieR Bfdving @

plating solution is maintained under an inert atnosphere, such as_ nitrogen

or argon. 'emeesatre of abortBOYn tp AbestSPT febakewt 1 saiguiertonabout i minwes.or e
bei ng usecbér%:%ﬂ 0§Bc§)utt{1ﬁ) bey 5?&9'566 fHLan b@Yﬁé soﬂtlgﬁ 58 %Q%:H 'to &P int gting
solution isS 10 mnutes or

es or P58 prior
to perfor mobglttdmtaldmgdayén with prtbickisess offabostiB8) Aadrdess; peefiprabiyl abautt0e

o1 S0k, A o SRS B RS R o BB o

pl ati ng sol utlon is used to deposit a cobalt-containing |layer with a
t hi ckness gafsafaubNS Enbbodineht Sthe méﬁatgarsatmlnwn aueus RGP cofcentratRmSratibnofsone

applications, thickness of about 100 A or |ess may_be desired. [0069] In
one embodiGiEate, tq metal E’tnlsnéu%lfﬁt Febaltaad éuﬂgi}ﬂ”coﬂ&ﬂtfa&? |Q9HC‘P%¥fqtt9no

citrate tQqugj@ahnd @f '}Egaﬁtér\’ BEntFRBA! s ANGadt Ui 8™, Jr@?erétbl?rb’étt\ﬁee SBOUtS'

concent rat ion to tungsten concentration is at feast a 1,
pr ef er abl yi®et wedn 1atdout wmmn 1thengplatmigl sokations,n itt ise hsllievedhghabltbei otrele it is

bel i eved tc%%%e}tpratlgﬁ

rSls the deposition rate more so than the metal concentration.
Due to the warm plating solution temperatures, the deposition process progresses,
water will evaporate from in the plating solution. In turn, the plating solution
becomes more concentrated. However, the increase in citrate concentration due to
the evaporation of the water from the plating solution slows the deposition reaction

and the reaction normalizes.

[0o70] Particle formation within the plating solution is advantageously avoided during
plating process following embodiments of the invention. 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.
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concentration controls the deposition rate nore so than the netal
concentration. Due to the warm plating solution tenperatures, the
deposition process progresses, water will evaporate fromin the plating
solution. In turn, the plating solution becones nore concentrated. However,
t he increasave mopDispdst e concentrati on due to the evapor BETEPRBYOHHR wat er
fromthe plating solution slows the deposition reaction and the reaction
normal i zes. [0070] Particle formation within the plating solution is

advant ageously avoided during plating process follow ng enbodi nents of the
I nvention. The |ow nmetal concentration reduces the apount of particles

formed wi t BPTH1t/Re OPEaBXAYPISe| ) 1GORIPOSItiDR-Oh AgRIating | SAlytien afier combiniagthat i on,
especially ol h a 0 t & | bt 0.t he
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solution ig.,i Lne.m xed | I C point_of use.
Ther ef or e, 6't1h Mﬂgﬁl %@elﬁ gfﬁ'?'r ﬁ’ggﬂgk?%?lf@ﬁ?%ggg{jgp@@gwog# ?emivgairﬁif 09 and
ggcC\D Z ggzplgéérgblys w%uﬁggdgimouizagmm%@i?d ?@oaoénitétion rwh?élmtn aBout £t es. f
| n one, ex e, a conposition o
a plating é‘b?t?ﬁq%%’rdoa? 'e?reg?fﬁgliy?ﬁq{@ atbF?LJt 8 S'gM(i‘? @PBH'? ?1% ’f?’éjr mOse Y fgr,.'p’b}yp he
cobal t - congghiti 110 M W LiBte EOMPBURA G @0crR@nEhfich réfe frbRNaBslit %WHM to

i ncl udes a tungsten source in a concentration range from about I mMto

about 5 mivRbeutai08r end yprefesablyiom abowtdG mVhtscahous 2R imMnandrnase prefefablyabl v,
bout 2 | ' ' ' b

Sbout 30" nRpOur T i BHRal B BORCRTA (BhEER R gk YRR e M P b2,

agout égorrtbowt 80 ftnm; g:lre:feframwmm abeggﬁmmnvmmrw%imQOEtgggmﬁd more peaferably, ™ t o

about re ra rom out i to abou an e

ot er anl y AboutbloCa 28 rimpPARRPIR Hours P RN THbar EOGEaTRD 2EPUR FIMdR 11 om

about 1 nmVabeut 50PN, BRefBMbIPrErPaBRUtY S MM BBt 35 MKt ShhRré piétefddly, and

nore preferably about 10 MM a hyFophosphi te source in_a concentration
n

range fromRBOH5 sniMia borassdeduciant wWith aeencanislion rangs fBBuabaY i doabout
35 MM a”daH&Et%dOFﬁ(nep?é%bvagg/ufrl%@#%gﬁofﬁ%wtmséuﬁ%d RN CAR nofd bieBrably,

concentrati oh range from a
about 20 mM; an alkanolamine with a concentration range from about 50 mM to

about 200 mM, preferably from about 80 mM to about 120 mM, and more preferably,
about 90 mM; glycine with a concentration range from about 10 mM to about 80 mM,
preferably from about 20 mM to about 60 mM, and more preferably, about 30 mM;
an optional surfactant with a concentration less than 100 ppm, preferably less than
50 ppm, and more preferably, about 20 ppm; an optional stabilizer with a
concentration less than 100 ppm, preferably less than 20 ppm, and more preferably,
about 10 ppm; and at least one base in a concentration 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 50 mM preferably fromabout 10 MM to about 30 mM and nore
preferably, about 20 mM an al kanolam ne with a concentration range from
about 50 mMMto about 200 mM preferably from about 80 mM to about 120 v
and nore preferably, about 90 mM glycine with a concentration range from
about 10 m\WPR0MHWaBS 80 mM preferably from about 20 mWEFSAWANR4E0 M and
nore preferably, about 30 MM an optional surfactant with a concentration

| ess than 100 ppm preferably Iess than 50 ppm and nore preferably, about
20 ppm an optional stabilizer vvith a concentration less than 100 ppm

east one 2 308 180, BerBfdBh ol A oB i BBatk 2nd Bl antkmB e ¢ ange

f rom aboutabbutol e eM; dationHl eioricaddiy u’ﬁ r@ﬁbr@d@h%ﬂ@n trQng?’é)%?n &BouttN MY €
preferably, from at&gut .5 to about for about 9.25. [00721 In

anot her ex@agtel P|YOfﬁ°’6fatéP%l5amM1§° §BPU|HBQM“Mf aad reeretrafeiably.he
condi ti onidhgh RUicf v @hm@;&SPngsmgllﬁ a CBRES R tioR r%ﬂéé”ﬁbﬂ'ﬂabéln% MM foer ed

reduci ng sol ution and udes a tungst en sourc N a concen ation
range frorabeadi0 M, preferablyfharatabeutilh mivido ebeut 585menaauomre1prefarabjy,about

ange 11 oS Tttnp g Fefltta WM oTaERRiu R i Bt Boit

15 mM  andabosutesQomi eprafdribly fahmébommmvwetocaﬁouaee mwmdﬁﬂoﬂerbréferabl
concentration range fromabout 50 MMto 24 WD 2005/ 038085 PCT/ U82004 034449

about 300 aRAutRQMmMagnalkarpianmauvith@ srRNeentralignrange f FﬁOl‘ abRut ABEM to
pref erabl yapo %@tmﬂo«lér&&/&a ﬁbﬁ% @b'rﬁmets'agoumfo ,to Out;?r‘%ferrﬁtl‘{l/?e from

about 1 nMto abou ef erably from about
nmor e pr ef eabgpity100 aw&uglymoermth a ¢onsephatigrhrangesfioamaabouh 18 mNhtOeabmdtGOon

55" - and"brefsraf i 288k 20 G At P o8B %ot BN PRIt FBd 30O
concent r atmih aartgmohabsnrédmnt viithrllconcerithatioh s i 100epEm apreferbblgressbout
10 MM to ?}BOUt

0 d f ly, b 20 |
e ARER SRR, AR JBOr SRSt S0 BOM AL ORI SAD e R
from aboutc3Eemifation AxdUthar 400P¥m amefé?vmg Iéé‘sQﬁ&rﬁ Qb'p)bm mz)rel&@fér%ly,

gl yci ne W|th a concentration range from about mVi't o about
about 10 ppm; and at least one base in a concentratlon to have the solutlon 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.

[0073] 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 cobalt source at a concentration from about 5 mM to
about 15 mM, a secondary metal source at a concentration of about 5 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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mM preferably fromabout 20 MM to about 60 mM and nore preferably, about
30 nmM an optional surfactant with a concentration | ess than 100 ppm
preferably less than 50 ppm and nore preferably, about 20 ppm an optional
stabilizer wwith a concentration |less than 100 ppm preferably | ess than 20
ppm and noWe 200549885 Dbl y, about 10 ppm and at | east or?&%é"“l”i’i“é?
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, from
about 8.5 to about 9.5, for exanple, about 9 25. [0073] In another exanple,
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about 8.5 QQBthiiﬂiﬁﬁhtsgluﬁon,Zg M@@dsymgmsswmmmodwwmgto fescribe thee
plating s e 0 o rQCcess
usi ng puddl'e pﬁga?i ng e."@.@, g?él?g&ﬁr{p(% ﬂf)érncgﬁ‘p?’hgﬁr él&(k)jﬁé@? &f@ ?)gfiégr,_ l,gu?rgcée% down)
process. Adabad; degaspedaind deyippizptiawatery process is preferred. Each conponent

solution may- be stored in separate bottles or containers to insure a |onger
shel f |if if i & r r i i ki t
may be US%O#EWSM %ﬂ{%dgﬁg %ggﬁuchltﬁg Caﬁg’%tngwég'&?‘?so c’o@gl ?oﬂgﬁkpa i ng
| ayer. Thebuﬁfeatsiommdﬁ,tthlencd)batitaéontamir@r atbletlmtdnkjemecbuff@edl regduoing sulutiow e of
a condi tioni ng buff(ra]fr &Ol utiocg’i1 a tBOb t- c&nt aénI tion, buffered
reduci ng VGt PIBHARNGAHPRCEYGhEStHedRE AND ela XAg @S%tI nih@ and
m xi ng t he,eRimaHboatheht 8aeh vt iHe &ﬁfﬁ;%nerﬁ 'éBfDJtléﬁs may have the same pH, or

substantially the same pH, such as in the range from about 8.5 to about 9.5,

preferably, about 9.25. Also, each of the component solutions may have the same

chelator/complexing agent, such as a citrate derived from citric ‘acid. However, the

pH value of the conditioning buffer solution may be selected such that upon dilution

with the sufficient volume of water, the pH of the mixture is about 9.25. For

example, this may be achieved by beginning with a pH of about 9.5 for the

conditioning buffer solution.

[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-containing 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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heat ed, degassed and de-ionized water. 100751 In one enbodi nent, each of the
conponent solutions, he., the conditioning buffer solution, the

cobal t-contai ning solution and the buffered reducing solution have simlar
features, such as the pH and the chel ator/conplexing agent. In a preferred
enbodi ment , WO2845/43808% he conponent sol uti ons may have t hdTEFROP{A344E}
substantially the sane pH, such as in the range fromabout 8.5 to about 9.5,
preferably, about 9.25. Al so, each of the conponent sol utions nay have the
sanme chel ator/conpl exi ng agent, such as a citrate derived fromcitric acid.

However, the H val ue .of th ondi ti.oni ng buff sol utign be sel ect ed
such t hat tgly fongining; ?ﬁ tf'ﬁeg'%‘?l*@?:i&ﬁﬁ?tevoﬁmetjsfe’vﬁ@egﬁ%ﬁé“%b@f the
m xture i Yigdpfdd B Sach Esthporfert®Blulion tdhSsureyoisrmatireofastraty pifdé.Ng Wi th
a pH of about 9.5 for the conditioning buffer solution. [00761 1n one

enbodi nent, citrate is a referr%% chel ator to be present in each conponent
h
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u n r n ral.lL ons. Al SO e co nen
obut; ons Hpband ol Mt BRRST ellih g Riocihd Hert o (AT RERFANL  at o

concent r atth@ughf thehsollitioved, glddtionmef o¥@entscanehgers Witi@néombinatiohsoessoll a

si ngl e conponent sol ution is not capabl e of 6 WO 2005/ 038085
PCT/ us2004Yiemshrane citastar SYpierantaientsdallyl exelHeivelysused da Feducs: exygen

Ther ef or e, cdnBenthtib i Wi, PRlentiran®chRtictdt Satdng HERRIEMicraSbralis, MbiloR
assure no formation of citrate precipitate. [00771 Plating solutions may be

degassed tfivers rthat zaredhydiiphelicorpdeare( generalipegadei figmpipotysases suelt|asde
oot 9, ibhghbelfibesohid 55 A4I4cale'h s RS vhle EBRRENREAILET,
systens, donjassti Qxygbrahayde fenidvednigorm nanyt ofgthe salutions (¥2g.pfwaker) platihgough
Nenbr ane. COMCHETURS SydREnsoRRILoR ARG, O RUIBER GrdiciEdoss dhate R s0BigBon
have an oxygen concentration less than about 3 ppm, preferably about 1 ppm or
less. Examples of oxygen scavengers useful in the invention include ascorbic acid,
N,N-diethylhydroxylamine, erythorbic acid, methyl ethyl ketoxime, carbohydrazide
and/or combinations thereof. The concentration of the oxygen scavenger within the
plating solution may be as low as about 10 ppm, but usually from about 0.01 mM to
about 10 mM, preferably, from about 0.1 mM to about 5§ mM. In one embodiment,
ascorbic acid is used as an oxygen scavenger in the cobalt-containing solution with
the concentration from about 30 mg/L to about 300 mg/L, preferably, about 100
mg/L. Oxygen scavengers 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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concentration in water. Menbrane contactor systens include m croporous ,
hol |l ow fibers that are hydrophobic and are generally nade from pol yners,
such as polypropylene. The fibers are selective to gas diffusion while not

permtting |I3Ui ds to pass. Oxygen may be renoved from any of the solutions
(e.g., waterWOpPRBHE conditioning buffer, cobalt-cont &G UFER34UH f er ed
reduci ng) so that the solutions have an oxygen concentration | ess than
about 3 ppm preferably about 1 ppmor |ess. Exanples of oxygen scavengers
useful in the invention include ascorbic acid, N, N-diethylhydroxylam ne,
erythorbic acid, nethyl ethyl ketoxinme, carbohydrazide and/ar conbinations
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per f or ned i60/aM ,2ppaentiiled, s'Wppardtes oo ElgotnofessnDepositiors] fledr oh €3ctoberptS,i t i on
process (E i l.e. app s, lpcludes t.h LI, MCE rQcessin
platformt @0% @%aﬁ&ﬂf@nglr ?r#é@pﬁpgﬁcat'%t §Pf'3‘ﬁ£,§mfthecr ) bb/;ggé%tggd § '!ﬂ‘;égnt a
Cl ara, Cali“pppaiatus ToreE Beirdlebs DeposltiohfoiMatalsasn SemiddRdABRP MIABESSfiled on

PCT/ US2004/ 034449 exanmpl e, i ncludes an integrated processi ng chanber
capabl e of {RBHASY 2Png0ak. KishdravisenatdrateninAppiFaian el Mbiraser §015¢2553. such

as an EDP Ggfijed whigle | 3p Tﬁ%@irb%@é%l%ﬁ%ﬂé@?‘ s MRt Mdygpggl J0p8. apdoeRg ed in

Santa d ara, I fornia. ~ SLI'MCELL at f orm gene Yy i'ncl udes “one or
nmore EDP cdProgisionahdPatent Application fsrial MHumierp68/15765a58orentitied.- teanes Dowrn

cell, such L.N= rd - o @RD) .. C r J i C r nt her

dosct i pt 1 orBstes i Gefl Mok M 28 298 fch e SRR bSrmofeted sy
reference to the extent not inconsistent with the claimed aspects and description
herein. The mixing process used to combine the solutions with the various ratios
include tank mixing, in-line mixing and/or combinations thereof, preferably in-line

mixing

[oo79] Figure 6 generally illustrates a schematic view of an exemplary electroless
plating system 400. The electroless plating system 400 includes an electroless fluid
plumbing system 402 configured to provide a flow of an electroless plating solution
comprised of degassed, preheated de-ionized water and a 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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found in the commonly assigned U S. Provisional Patent Application Serial
Nunmber 60/511, 236, entitled, "Apparatus for Electroless Deposition," filed
on Cctober 15, 2003, U. S. Provisional Patent Application Serial Nunber

60/ 539, 491, entitled, "Apparatus for Electroless Deposition of Metals on
Sem conductwo 2uéisso8s " fil ed on January 26, 2004, U.S. PRTESRM#/BIH44 Pat ent
Application Serial Nunmber 60/575,553, entitled, "Face Up El ectrol ess

Plating Cell,"” filed on May 28, 2004, and U.S. Provisional Patent
Application Serial Nunber 60/575,558, entitled, "Face Down El ectroless
Plating Cell," filed on May 28, 2004, which are each incorporated by

r ef er ence disposer irean¥Rosition. i Inswatadseanduits 480, 433 @@ﬂ%@eﬁm&%u%ﬁwn
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the vari onanedf WA e el NS L SERCariPRA [ p R NERRIMNG o3RS Afhal o

t her eof , @ cltaninyl process iohsystenxi40g. [ A0SOk detgilad: déscription adfl the idlécixiesst es a
hemati c yiew of I |l ectrol ess.  plating system4Q0. Th
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conprised of degassed Preheated de-ionized water and a series of

el ect r ol ePPafAteT i Rglashmel¥nChaneing: dhin Fipe Gampesition, Ryrings iBlestialass 500

contai nin LSt r L 3l

el ectrol e?sébg g‘tH Fn'tg %ﬁnﬁ %g%lhawﬁec'?ﬁﬂg&ggﬁ%élrﬁi (2)§1’i ng Bh&@%’?ﬁc@iﬁg n?artggeb y440,
cobal t - comeferenicegta dime exterdtreot46Cormistentowith ¢he dlaimed caspgctsoand: mesatiption60. A
substrate su&gort 512 is disposed in a generally central location in

processindwE 1 500 and has a rotating neans 513. A fluid input, such as a
nozzl e 523, may be di sposed in processing cell 500 to deliver electroless
pl ating sqbostj Dusing Operiation Ciegaysed, prhebitednde-whizbe water zed igairepared biyhe
surface of the suhstrate 510. lhﬁ nozzl e 523 H%X be digposed over the center
of the sifiowingde-igniged yaler AQa thrpudh ayinrline dedasser 4P8Je & wates oetangTe 510

or 1y be 4188hifhg 08O SoBfcH. UBAGMP I 4fb-ioMizBaoRafbr! 204 Hrdigh! freoh
I nsul ated conduits 430, 432, 433 and 434 may be used in concert Wwith three
way val veglegasser44B8 seduicesdhe @amauniof dissalved exygem (Q:) rortally peesent i theni ng

process ofySYSLER dWiter 207" Oriie tRlga8ler 908" IsPbletBrably ' Sofilalt h8brahe
degasser, although other degassing processes including sonication, heating,
bubbling inert gas (e.g., N2 or Ar), adding oxygen scavengers and combinations
thereof, may be used. The water container 410 having a heating source heats the
preheated de-ionized water 414 to a temperature in the range of about 80°C to
about 95°C. The heating source may be a microwave heating source external to the
water container 410 (a nonmetallic container), a heating element inside the water
tank and/or surrounding the water tank such as a resistive heating element or fluid
passages configured to have a heated fluid flowed therethrough, or another 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.
[oos1] 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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pl ati ng system and el ectrol ess fluid plunbing systemis described in
comonly assigned U S. Provisional Patent Application No. 60/539, 543,
entitled, "Method and Apparatus for Selectively Changing Thin Film

Conposi tion Durin% El ectrol ess Deposition in a Single Chanber,"” filed
January, 26WOZOUH3BUEMi ch is incorporated by reference tRETHHRIMPBEH not

I nconsi stent with the clainmed aspects and description herein. [0080] During
operation, degassed, preheated de-ionized water 414 is prepared by flow ng
de-ioni zed water 404 through an in-1ine degasser 408 to a water container
410 having a heatjing source. Passing the de-ionized water 404 through the

degasser M'er%@f@&eq HbWQFﬁfLﬁR”tQJFeH%Q-oIT\}'@dq%Q@ﬁ@éH qrsbpreheatad d6-ignzegent in
the de-iqpigpsaabhesBhoti dfuderiiel dfialifg BofliGhab! v a contact membrane
degasser, although ot her c?egas& ng processes |91c uo|| ng soni cation, heating,
bubbl i ng iAes} Tdwes electplessNplaiing /Asojytiondisi fegmed yioye in-icaveinipgr theadetionized

conbi nat i t hereo . contai ner 410.havi ng, a.heating
source hegé} of h%%dprerﬁe;%@%%&lﬁ%ﬂi §§Bg%vl\fa§§,4lsj)%{;®cgﬁ¥ eﬁ%%q' UL PHﬁ?rhe
range of adomeentdate t 440abenbalt@ohtaiding featénteatsous0e ammly bufferedn esduige
heating source external to the ter, container 410 (a nonpetallic, .

cont ai ner )congeniEais "ﬂ\@&ellré%ﬁte"? iraent, me GRprenentighgongeniratesare combingdy t he
wat er t anky: - I\whi | n 1dhhini Jgured
o have a oLHe, B8 Onize Male) Areoridd o, BoRmch cabalcdhmid HR9Sh £31¢1 o
known to Hieaneghswiface of substreterdtl.ment, metering punp 426 is used to

2 regron Do AL ARbERed o A ABfiedBlClo otiacl AR HA: Yot GIRBREE i, "
degassi ng ralxdd witheateteged flow gfrcehditibridg derffepodreamtratd 440 4fbfed megontdiner be

v ogen 465t hA FreseBRg BUEnP Agisgiraray auat acesied Tt e rienHE | ng
deposi t i onpyftdy HE@Rrhie® 8401 att Ao iMNA Z SfleM@hRh BINeDRixEF LTI SdeRricPy
bubbl i ng a hydrogen gas or forcing hydrogen gas through de-ionized water 414
29 WO 2005proB®8ts3heongbspidng.0 34 flow oftsobalt-containing conaenizate r4coist addrst 410.
The degas Sl?sqngamjetgr'iﬁaepq}rﬁg 433 10! &Stiainer 448 and mixed with the metered flow of
heated degassed water and conditioning buffer concentrate 440 with mixing at about
point B using in-line mixer 472.
[0084] Finally, a flow of buffered reducing concentrate 460, stored in vessel 458, is
added using metering pump 429 at about point C to and mixed through a final in-line
mixing device 474 to provide the complete mixed plating solution. In general the
mixing points A, B and C are close to the substrate surface. This flow of the mixed
electroless plating solution may be dispensed either directly 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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el ectroless plating solution is fornmed by in-line mxing the de-ionized

wat er and the conponential concentrates, specifically conditioning buffer
concentrate 440, cobalt-containing concentrate 450 and buffered reducing
concent r at eN@@®5/038§8%ne enbodi nent, the conponential coREERSPUHEW4Yr o
conbined wth the de-ionized water and used to deposit a cobalt-containing
| ayer on a pre- cleaned surface of substrate 510. [0083] A netered fl ow of
preheat ed de-ioni zed water 414 is first conbined and mxed with a netered

fl ow of conditi oni % buffer concentrate 440 stored in contajner 436. A
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adni ni st era8@ tooabout 190Cflese than dueslasied Matingoteraperature Hieterapoed tyniet he

cobal {- oAl - Afiinghg dififhe: SARTHHE of Al bloditahdl ARARRE8SH8Bcbza
with the use of this in-situ clean sequence include a substantial reduction in
processing time and rinse and waste volumes associated with acidic pre-clean
operations. In contrast to acidic pre-clean steps which may be performed outside
the deposition chamber, it is advantageous to perform alkaline conditioning
buffer/cleaner based pre-clean steps in the deposition chamber immediately prior to
plating, thus allowing the intermediate rinse to be eliminated. It is particularly critical
to perform such pre-cleans in an environment substantially 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
31



30 WO 2005/ 038085 PCT/ US2004/ 034449 concentrate 440 with de-ioni zed water
414 to forma cleaning solution. A netering punp 427 is used to deliver a
desired flow rate of conditioning buffer concentrate 440 to insul ated
conduit 418 and conbined with a flow of the preheated de-ionized water 414
at about poWx2098/0380§&r eby forming a flow of a dilute corRATHVBMHMAGIBUS T er
solution having a desired ratio, typically between about 7:1 and about 3:1
based on the fornul ations already specified. The dilute conditioning

cl eaner may be dispensed directly over the substrate, which is rotated at

about 60 r or f st«?r while the dispense nozzle is swept across the

sur f ace. ktoms g}f& eFtEalesy derositigngaecessaswebnom bigher soneenirationsiafieadiout 15
seconds, af | t f i@fqrdis it i L Leh 0 | .ow of
t he conpl etéerﬁénoﬁ\gﬂc'itc%f)a??a r’%glr@y‘ﬁ@r%ﬁ%ﬁé&%&@& e‘%‘e&gsaﬁ%ﬁ% ggtgbi 8%\/84 yao
speci fi ed, refatively | consistenbngtpesurep| tat ieaghbgldtingi >componient t withinutther bathessel
IS prepare n out 1Q. mnutes prior tqQ use ang maintained at about
5C to abouemh)fé@ﬁpéﬁk_g qfﬁﬁﬁ 'Pﬁ%r%l?@sﬁ’r%@epqorg?‘?%ﬁsggr%@?%l‘? & SiRstrated ﬁ?eﬂ“%@ t he
heat ed wat efluinasi 6fgh Matiiy sdlatidrael thatdeadt stfitratel s brgdsed RO AthMASISting
associated wth the use of this in-situ clean sequence include a
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hazar dous
solution. Once all or most of the metal ions and reductants are removed, the

solution may be purified by ion exchange and/or disposed of as non-hazardous

waste.

[0088] Figure 1A shows a cross-sectional view of an interconnect 6a containing a
conductive material 12 disposed into a dielectric material 8, such as a low-k
dielectric material. Conductive material 12 is a metal, such as copper or a copper
alloy. The conductive material is generally deposited by a deposition process, such
as electroplating, electroless 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 volune of a plating solution is exposed to each successive substrate.
The concentrations of the individual conponents in the plating solution are
dilute in conparison to nore traditional electroless plating solutions.
Tradi tional bath 31 WD 2005/038085 PCT/US2004/ 034449 solutions for
el ect r ol esswoepaastmsdHn processes rely on higher concent rratvicnensois4each
conponent so that individual substrates within each substrate batch have a
rel atively consistent exposure to each plating conponent within the bath.
Enbodi ments of this invention provide processes to expose the substrates to
small volunmes of a plating solution so that each substrate is exposed to a
virgin pl ae:ilicng nitr'nﬂleuahd/imrcbatbiﬂadbnatherpefaambilselsuahc@enasﬁedwith 4 BUB7ALRBI so,
enbodi nment s |nvention t ake advantage of the |ow concentrations of
vari ous céﬁﬁgﬂa WY%in the plating solution to mnimze the anount of
waste of unused conponents Once a sufficient thickness of the cobalt
cont ai ni nqoesej dmte}necmnémeaa aspwsll taGObthéDSémwonUbaoﬂfémure@l are Rgnedl of iaon

consti tuent al.so b consuned s nount waste i s decreased The
Coore ot Bubshiatq SEtcy, Supdiles DRI erpedBIRS atihaimaRtoR T o \edl et al
i ons wi t hijRciuée, s&H éfb'rfb?hnﬁt@d te%‘énﬁé’ﬁ?ﬂ@bfﬁ'ﬂ\iafer’sh&.l&%’é 6@@%"9\'9%“(:‘69 (@‘@)I ution

is delivered across a heat ed (e.g " abolut 75C to about 95C
further plSicé0@nt or e§|<ddé>%et3dlcoat (Wﬂdef remqm@ermnmmmdopedc@raundcmednost

by 1 on excRYAIRY, ipeb it ihadtcy Mol REFE siicAtPpiidk dby PaddRedtr B | ° )
shows a crpmtem@@twmad vEerfacds avay iHchideo bars tsilitan oealees, nﬁlng, aayewrmhdct ive
material 12 dis ég?fgua dielectric materi al

di el ect ri dNAEHB With 2 GanduRlivapr bamapprobriesand incidde AURRED R or a
copper . al @) poilBRcsAn ISk YPaBIaY itludé 098 bl Nl RARIAPY R Vsubstate

deposition proc such as electroplating, electroless plating, physical
vapor depdbat p@nta@wgypp@h@a‘twgs Vg sHrfaego S1ay be Rrelveted ioane drayeie

conduct | voreEraies RGBERE] Hubaa01 (66, CEwr). P’ (.65 EGe. Befndy .o

by a cheni redhetitm;mxldamah hyarokyigti¢ Mdrhetirhand|beking) Suestratecsurface is used
herein to refer to any semiconductor feature present thereon, including the exposed
surfaces of the features, such as the wall and/or bottom of vias, trenches, dual
damascenes, contacts and the like.

[oo90] Figure 1B depicts a cross-sectional view of interconnect 6b including a cobalt-
containing alloy layer 14 that is a capping layer deposited on the conductive material
12. The cobalt-containing alloy layer 14 is deposited by exposing the conductive
material 12 to a plating solution as described in the various embodiments of the
invention. The cobalt-containing alloy layer is deposited with a 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 interconnects,
t hroughout the Ilayer (not shown). A barrier |layer 10 separates the
dielectric material 8 fromthe conductive material 12. Barrier |ayer 10
i ncludes materials such as tantalum tantalumnitride, tantalumsilicon
nitride, tiWQRW0§A3808S taniumnitride, tungsten nitride, PERUSMIZMASH038085
PCT/ US2004/ 034449 silicon nitride, and/or conbinations thereof and is
usual |y deposited with a PVD, ALD or CVD techni que. [008s[ I|Interconnect 6a,
as well as other sem conductor features, are fornmed on a substrate surface.
Substrates on which enbodi nents of the invention nmay be useful include, but
are not | {a98tiletheocobalt-containingralleyf lyer msay linclade ray stasietyi wé conhpasitionée. g. ,

Si <100 i <111 i L i d | i d d
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| ayers and nmaterials with dielectric, conductive or barrlerffropertles and
(7}
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surfaces @mdune dfebbrure snays beh prsseih én vsobkitdo{zing C4llo9s" srepHieds with! haches,
dual damascenes, contacts and the |ike. [0Q080] Figure 1 B depicts a

cr oss- sectMeiieds @fethieoinventien dwenta thes iNclysion, @f iy baransp seductaring By 6PWE al | oy
| ayer 14 [ i ; ' d i ' 12.

The cobal {e%ﬁ{@?ﬁﬁgngﬁn”%?hﬁ%ﬁéﬁrd??ﬂ&?'g&ﬁg‘é‘gg?’t g@ggggﬁe@%gsqlér%\/ge \};arnclt:%r?auct I ve
mat eri al HRring deppkiibhpyocessesiod cobalt-derdainingeallaya. t he vari ous enbodi ments of

the invention. The cobalt-containing alloy layer is deposited with a

10 Ao asaE S8 YncefaBoR Bt Epd@tBiud Syt bun BREEC AR AR A " The

cobal t - condyernéarg afifécty hbwy emorplyouse tiake pdesioisited | capping: ayers tregys enéroup.

exanpl e, ¢ eene?éflt))/?tthgt Barrier fpellggefjﬁgs %-%(-),Slggs 'frdsidn rO?tCOpper' oxygen or water)

increases as the capping layer becomes more amorphous. Alternatively, the effect
of phosphorus or boron may result from the “stuffing” of grain boundaries which can
tend to inhibit copper diffusion through the capping layer.

[0093] Generally, oxygen is unintentionally incorporated into the cobalt-containing
alloys. The metal oxides are generally near the surface of the cobalt-containing
alloy and have a concentration of less than 0.5 at%. The cobalt-containing alloy
near the conductive material 12 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 5%10™ atoms/cm® to
about 5%10'° 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.
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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 vol une of
plating solution to deposit a second |ayer with a second thickness (e.g.,
100 A) to forman overall cobalt-containing alloy |ayer. 33 WD 2005/ 038085
PCT/ US2004 M3 24008/8380§50091] The cobal t -cont ai ni ng al | oy | agensmmeyoddsel ude a
variety of conpositions containing cobalt, tungsten or nolybdenum
phosphorus, boron and conbi nations thereof. CGenerally, cobalt-containing
al l oys have a conposition in atom c percent, such as a cobalt concentration
in a range from about 85%to about 95% a tungsten concentration in a range
f r om abouf0094y/ B an alenative Bnarodimaot depictad vy Fagure G, girioo fo therdeposiing®ff r om

about 1 % Qut . 69 n phos rus, congentration in r e from about
ot o anghitestanfing SR, . P TRERIH e58F S5 b8 e Sobhed ob e pwosE ot
of boron sendugtivermateial 12 bg elispldcepsatit plating ®f al dapalgtid iR sach Wipallading,

nmet hods of  the invention due ,to the inclusion of a borane reductant. In sone

enbodi menP@NYRL ratheniymyesmlings rhediumh @& Higiimer TYRIGR|RIEsEdHESS frivaearivant ages
dur q g ) D s ‘
uring e@ﬁ@'&lé?@ﬁ%ﬁ%@?%go‘(of Q%?%EF vﬁfﬁ”b@ﬂﬁnﬁrﬂaéyggﬁfgllﬁg eol8€aci

concentration o osphar us “and/ boron w't -contal ning all oy
| ayer canselfifiens obwalladiuphsaitst Bechi e qialladiuoambiloride, agaliadivay mitvateur

General ly arr i prppers.i ( aless dif.fusi.on.o pner, aoxygen or
water) i R%‘i%ig&'s SQLrg{ehe ‘%’ip %‘.‘S‘ﬁ? a&eg Elé'tag)iﬁesa%r'%% ea%%?%éﬁgﬁ' fi s one

Al ternati pripared ivg afditiort of sbouphaniodaUD W% PA(ND, Y 10%stitric dcidtd 1 heof
"stuffing” of ii%[ﬂai n boundarjes which can _tend to inhibit, coner di ffusion

through t ABOBEESS Wtara ANOINGH 6453 meien R Actiyationapiion conainh akelt P
| ncor por abﬁﬂbdiﬂﬁPcﬁlBﬁd?%@' SurfQehthydréchiort é&M.Sto_pTBﬁdE"ﬁt Bl iR e%tdm
general l y ' near the surtace of the cobalt-containing alloy and have a
concent r aBbawt 315 tesaboubah Gubstrates tthbecagbiyatedcare akpesed W they activadient he

conductiv I centration of |ess than
055 - su BelRE o gl S0 eBes A0SR ARG8T T ol & W thi n &
cobalt-containing alloy, since barrier properties and conductivity are
reduced agoes]ydenwitcentamihation of depositoashardwaeoby particted; theninitiatién ahé
i nvention, ow%en Qoncenﬁrat i on 'Pf t he
cobalt tontaining "alloy deposition processes are generally performed separately
and/or are followed by complexation and rinse steps. Alternatively, a catalytic metal
may be deposited by electroless plating without the displacement of any significant
amount of copper. In one embodiment, a suitable metal precursor may be added to
the cobalt-containing solution, either premixed or mixed in-line, so that initiation and

deposition may be performed in a single step.

[oog96] In other embodiments, the substrate is exposed to a complexing agent
solution to clean the substrate surface and remove remaining contaminants 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., Cuz0 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 mnimzed to a range from about 5x1018 atons/cnB
to about 5X1019 atons/cnB. The | ower oxygen concentration is in part due to
the nore efficient reduction of the cobalt-containing alloy resulting from
the precursors, such as the hypophosphite source and the borane-base
co-reduct anwoamd/obses r el ati ve high concentration rati o PET/UR00I03448NS t O
reductant. 34 WO 20051038085 PCT/ US2004/ 034449 [0094] In an alternative
enbodi ment depicted by Figure IC, prior to the deposition of
cobalt-containing alloy 14, an initiation |layer 13 may be fornmed on the
exposed conductive material 12 by displacenent plating of a catalytic netal
such S paldq?dbwmrrolmibatdantaméingud:tlﬂnplenmgca'gEFUnCombte?kingmants generally lmlaygi cal
procedur e or, cleanin an i spl acenent, plating of copper wth palladium
brml oy i Ihave TuiiEal Stones Subh ol SR Auigd FarpvEsards Shalrodi Sk aat um
chlori de, déﬁ)cbﬂfékyﬂb N didAtghd® Bmimsd, | Agthines SBHd pbIgamiiese X BoRiglexdig agdHtst abl e
acidic activation solution is one prepared by addition of about™| "nL of a
10 wt % PdMmaginglude aitig a6id r glycinei aming acids, DA diartyativesithggaals salisthareef.her
exanpl e, | i ' | u ; | ride
and suffi %ﬁgﬁ@%bﬁ%*a@h g’%rg&fag'ﬁa&%&%érﬁé'ﬁg’%a&ﬁﬁﬁgﬁnggﬂgﬁgé&?ﬁ%’fn%’g%lorﬁt 1.5
t o about IitriGabEtwithes concdrdrationiin & rthgerfoneaposted0 niMttb@abaat 20GmMrand

solution for abput seconds i t rature.. (Doss] To avoid
cont ani natqdﬁﬁ? W'&Qégg iatdﬂg'r?"rﬂim&gg’f@@%&'ﬁ%@&?“ﬁ@gwﬁi ation and
cobalt containing all oy deposition processes are generally perforned

separ at el Yoo tH 6fhér émbedinteiisl the suBBPAIR 8 lkpOsattd &S pFo6HRS. to further
Alternatively, a catalytic netal nay be deposited by electroless plating

wi t hout t Iféeal Yl sbAtae Birfageyard jamove dpmaining APtamings Jeam any enthe
enbodi mC"ntearl? rﬁ&é%§ Refifde thEc@éESvViﬂ ﬁélaé?g?lﬂﬁ@%gaﬁ ﬁ)ﬁ?‘fé}%, such as CMP

cobal t-contarning solution, e er pre m xe e, so that
i ni tiati orprascess, depmsitianoof rnitiation tayer.odepaesition af sohglteostaining [dloy dayeém

ot her enbadi nents, the.substrat.e i XDOS a | exi ent. splution
Co ol can RO BRRSME & ERIEN D eBB0R0S e MEnd ks hRRRE R ed e "oy
of the earduyfaps aitesdéidnizét avatenpThe isnbsteage Will belrinsed fom@pekied frspoasslittio t he
substrate between a CVP process and the deposition of the initiation |ayer
13, second to about 30 seconds, preferably from about 5 seconds to about 10 seconds.
[oogs] Figure 2 shows a cross-sectional view of a dual damascene structure 26
containing & conductive material 32 disposed into dielectric material 28 separated by
barrier layer 30. Cobalt-containing alloy layer 34 is deposited on the conductive
material 32 in the dual damascene structure 26 by utilizing the various embodiments
of the invention. The surface of conductive material 32 may be initiated with a noble
metal, as discussed above.

[009] In 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. Therefore, 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 13 and deposition of the
cobalt- containing alloy, and/or between the CVMP process and deposition of
the cobalt- containing alloy. Conplexing/ agents are useful to chelate and
extract matgm'oﬁ such as copper (e.g., Cu20 or CuO or Pd 2+ from
dielectric 0B85 conductive surfaces. General y, PERESM03844at e
surface i s exposed to the conpl exing agent solution for a period from about
5 seconds to about 60 seconds, preferably from about 10 seconds to about 30
seconds. The conpl exi ng agent solution is an 35 WD 2005/ 038085

PCT/ US2004/ 034449 agueous, sol utj on_contai nj conmpl exi ng agent .
Conpl exi ng PORferiean g%ﬂ%?%ﬁ ngpﬁay%ﬁr&wef GrRJ?ti'Qﬂgﬁa“B‘P’blfﬁé‘t%’MBﬂ ansondiioningci ds,

car boxyl i Cblﬂérd§oluﬁbrﬁaé BQBM*—b&ntéﬁl‘lﬁbssoluf?&{ Y BORSRSY | r }e@ué‘ﬁ %Iutt@ﬁ%nﬁ&llél@?

di am nes and p am nes. lexi ng agents nmay inc itric aci

gl yci ne, a'mlm?da%r%y OEIjAeS@I pirgtgtsuvfases her eof , salts thereof, and

conbi nations thereof. In one exanple, the corrpl exi ng agent soI ution contains
citric acig_,é%{_ﬁvélg% concentration in a range fromabout 50 mMMto about 200 M
and adjus the addition of TMAH or (CH3)4NOH to a pH of about 3.

[0097] In other enbodinents, the substrate is exposed to a rinse process to
further clogHflt hen sihsfollewing exempiesand0l enmy silicammeAMATgMIENGRAt &test  r om

Pt cess. | SRRATETLNRRES WEPS ERed s iR BHFaRs for ¢ BFRBEE Hab Bt eRERE on of
cobal t - cond:cmtammg abllays. | ayEre sulbtratese xqopsained t exposol eocplpgr smlerbdamct The
rinse process ,jnclude urfaevmth dei

Cubatr ot o Saetus, 1SUEB AR s oadh and Vs ihal i Glochibaly saed witi tas

seconds, pduei&tﬁélmmfrovh@basﬁstétée&@ﬂaéé \tvas afslighed Oby €5 COKP. gréééeg%ncﬁ gure
2 shows a cross-sectional view of damascene structure cont ai ni ng

a conduct|WM@tln|sethEme§dMtrbad@@Wé?caHmc filrattyr pal eledrolessaplatiegl by

b I

conduct i vebioisssg 5 HEGbel i cBitdldilof dbbve NXRE pificorBEgE ety Bl |,
vari ous entpotidie milatingdf ptaecess.nv €ohtimrousTaed sumfbemecmﬁalt:mrdalnm;;vﬁlmsamre al 32
embod ment SSIBREV PRACBR AaF TR} icoport SHERRS: Pa b by haces from & o'

scanning electron microscope (SEM), as shown in Figure 3.

[0100] In Figure 4, the measured electrical performance of interconnect lines with
cobalt capping layers shows no significant difference of current leakage compared
with the same line structures without cobalt-containing capping layers, as shown in
Figure 5. Also, the line resistance of cobalt-capped line structures had no more than
a 2%, if any, increase when compared to the same line structures without cobalt-
containing capping layers. The deposition process may be controlied to deposit a
cobalt-containing capping layer 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.

[0o101] 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. In such
cases, the «cleaning, buffering and conditioning agents present the m xed
solution are sufficient to renpve surface oxides of contam nants and al |l ow
uni form pl ati n% and good adhesion. Therefore, the substrate surface does
not have t oVOUYE#HRed or activated before depositing tH"EEBUBHEdNt ai ni ng
alloy. Prior to cobalt-containing alloy deposition, substrate surfaces
general ly contain contam nates, such as oxide, copper oxides, BTA,
surfactant residues, derivatives thereof and conbi nations thereof.

Cont am na [ ue EITB.I nin rom revi ous nd .36 WO
2005/ ossogg%(ili]‘%ﬂgé“%o‘ﬁﬁiﬁ'&agw'?@oog\’ FPIERN e, ensppiration, of

pl ating soabdut ¥5E ppiraionilegs. a Thenphetdlean Btbp Weé fp?éfoﬁrﬂbutat%onﬁtemperature

cobal t - con&g%pnl %uégl utjon, a buffered redum q(%@sol ution and water is used
directly offbPHe {n dhe Rrerglean: cellx atha substiale wap trepsferredrig) @ prdastal
exanpl es, 33fde TSl AR tﬁW@I &';%ﬂr%trhﬁﬁﬁes %Fr%ﬁrﬂ‘ WB% efiS Gt

sanpl e substrates for el ectro ess deposition of co cont I ning al oys
The subst rigpeef thetsubstrate hadseentidpd swean eapabilitycand seidiseverak chemigal as

o rha BB g, bRahe N 58S S Gt 81 St sLBlft Vs GRS
sel ecti vel witls cdd-gshived hwateCoVWReadt,| the forestiaan ablutibRcivasd! éispertledt oA the
process, The plating process utilized a

des be b
face up i g'?gé :o?”é?q W%gb&gﬁs%“ ?ﬁ :‘)’Y\/ﬂ%o[@at&ﬁdahﬂ?@ dPM-c oigrt Ak 30 ni ng
films wer esec%ﬁhé“thé’%hbsﬁét@%aé)'?m%@@ v a@‘&iﬁedcwefé@r B %a&s&;sgéresaeam by

images froma scanning electron m croscope (SEM, as shown In ure

I[ 0100] | nhsmlgtms cantaings eitripsagid withl apld vabitg fremraboubilcte atfout atOer“t':lmm@ce
| eakage conpafLcPHigRBRmibee XA Ra RIrad MbRCbag BRle Yo BE B Y g™

cappi ng | ayslues. as shown in Figure 5. Also, the line resistance of
cobal t-capped line structures had no nmore than a 2% if any, increase when

eomar e Bl EE8 Eohe B BUAT et AR OB BB bRYS AP
de-ionized water flowed through the center of the pedestal to contact the backside of
the substrate. After the pre-clean step was performed, the substrate was transferred
into a plating cell which was maintained under the same nitrogen environment. The
temperature controlled hot de-ionized water flowing through the diffuser plate
provided heat for the substrate and avoided exposure of chemical contaminates on
the backside of the substrate. The substrate temperature was maintained at a
temperature between about 70°C and 85°C, preferably about 80°C. A plating
solution which was prepared by the point of use in-line mixing kits, 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 ning capping layer with a thickness fromabout 50 A to about
300 A, with a plating rate of about 60 AAmn. The plating rate nay be
controlled by adjusting the pH and tenperature of the deposition solution,

such as increasing the rate with a higher pH and tenper 1] In
t he exanpl e?’,‘”t"?r‘é"%%ﬂstrat es were processed by four ngj olr?é"g{@gos"?og%w surface

pre-clean to renove copper oxide and residues on the dielectric surfaces; 2)
el ectrol ess plating of cobalt-containing |ayer; 3) post-cleaning to renove
residue on the surface, especially on dielectric surfaces; and 4) rinse and

t ool | 8 Tatees 3braBe., i Tof e 144t WH IS B b afflfis “BRRR vl e
Y/gg :‘O :Olrr: gfldegarésedrtg ani dxygea iconoartrationigf aboubX pperordess: EThe buffered eéduciizput

| ess. The pre-cl.ea ep s prefaq d a{ roomtenperatur
(about 2000t thenPBAGGRIRS Lutfer orlidiastBed AhF dichls-PPzRg: BPIaEdves frst
pedestal  ddmsphited! &R bddinghwith EcobaROSGamHEP 8blutibh.UC THIsCrder CofNikiy  The
di spense armon top of the substrate had controlled sweep capability “and
hel d seversglutiorsweslusedipelp aveid (cobalh gafsicte formations withini toa patingesslutioni zed

water. Th I i tdh de-1o/ize r t pi.e- ¢l ean
sol ution \?L@éj%‘ﬁ‘fsb Sgégee%nﬁh%%&edggb@te r (g?%o%i{ !.?51 f g%le \h/ﬁi IP\éJéﬁ%t% J%S? réfeé:?was
EI ot at ed aécoh?é)ctrwhrh ;c}lﬁ het wateo tiiro8gh ltmdiﬁuslsrl, plaﬂeeleildOBéin@Tﬁgm Triélﬁleth%\/i th .
e-ionize ter. The, aqueoys pre-clean , soluytion coptaiged citric acid wt
a pH val ucsAisH WRRCisPenser abdle sibgirate sUfere fomahoMY § sasancscend ie aces
typically §agHtdie a8roeatad it a@sate/6f SBRABDTBmAL dHNEan@H00H uidkpPame] The
substrate 1s then delivered to a hot diffusion plate (not shown) which has

de- i oni zeduniigrety dispasse the Glajing: splutiamaeiossthe isubplsatessuifaceo Thmretation he
backsi de o fder I r

substr at e e Of S SPEbh A wad ldled GwRS 16 RN RRe B ToRE BRI TERY ar,
t he same npdrioahehtime\fionoabeut 30 Séeondsdapboat 70 secomadsr ol | ed hot de-i oni zed
water flowi ng through the diffuser plate provided heat for the substrate

Ry 4 A e e R RN R
form the cobalt containing layer, while in some cases multiple dispenses, such as
three dispenses, totaling about 250 mL of plating solution were used to form the
cobalt containing layer. |n order to form a cobalt containing layer with a thickness of
about 100 A or larger, multiple dispenses of the plating solution was found to
improve the deposition process by avoiding the effects of the evaporation of water.

[00105] De-ionized water rinse was implemented at the end of each plating process
and the substrate was lifted from the pedestal near the end of de-ionized rinse step
to equilibrate the substrate to 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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tenperature between about 70C and 85C, preferably about 80C. A plating

sol ution which was prepared by the point of use in-line mxing kits, as

di scussed 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 m xed with de-gassed
hot de-ionized water naintained at a tenperature between about 80C and 95C,
pr ef er@bAyVEbout 85C. The conditioning buffer solution, cobalt containing
solution, buffered reducing and the water were in a volunetric ratio of
2:1:1:6. [00103] The m xed plating solution was kept in a 500 nL vessel which

vas constan hetng®(of depBsitig 2 coBARebALaitiNg ejetcs aggégtra@é’%yaaﬁ,e?@&t&es@@

a
preferably about 65C, Ttor about 10 mnutes, preferab about "2 m nutes or
| ess, depositiondiregeass camppfing38 WO 2005/ 038085 PCT/ US2004/ 034449 t he

substrate surface, Th de-iqpi ze ter us in_the platin ol ut .on was
Gooassad t oMbt L AondbmfiE; s e R & e Eertainitl, Sadt Snich Bulrefd
redUCir@@uciﬁ?|suhiti©ﬁ,t01fd5m anRibdtiolEs @epusitiotrsohation, whergind t he hot de-ioni zed
water were Tirst conbined, before addi n%@wi th cobalt containing solution.

This order of nitke pndiianing SwEfensolutioaghas adirgt atlovalueonrd tcopaprises| @ first

f or mat | 1,5 Qi e plating solution. The substrate was transferred to the
deposi%om&%'hglaaghg | owered to have direct contact with the hot water

t hrough the di f fthes eobalt-ebataiiing esoldiomghaisotadezdnd ot valuet and) coarprises @cotmit

di spensed on the substrat gﬁaurface for abqut 7 seconds and the substrate

was r ctOWERy fungsien soure apd @ sesend GomRiednd agedthd 100 rpmto quickly and

uni formy di sperge bliferdatrbdicifg! YSILAGh ARAOSE fhitd PHPSIIRE CaridT écthrisesn@
rotation rate of the substrate was sl owed down to less than about 10 rpm

and plhapephbsphite squsee and & berane redustaathend 30 seconds to about 70 seconds.
100104] For a singl j €SS..:..ab 50.nL of plating solution was
used to formt ﬁlgg8%%@?&%%@&%{%&6@%9&0% ®8 in sone cases multi pl e
di spenses, such as tdéstRliicheentration ivithiald rhgelfearh abbdut Mmidfto Ribauit 3@ mM;
solution were used to formthe cobalt containing layer. In order to forma

cobal t contai ni ng | ayetungsten gonganiratien wiliin axrange fiop abayt 0.4 to ahautisy| e
di spensfp of the plating solution was found to

a hypophosphite concentration within a range from about 5 mM to about
50 mM;
a borane concentration within a range from about 5 mM to about 50 mM;
and
a total pH value within a range from about 8 to about 10; and
exposing the electroless deposition solution to a substrate.

2. The method of claim 1, wherein the buffered reducing solution further comprises a

third complexing agent.
3. The method of claim 2, wherein the first, second, and third complexing agents are
independently selected from the group consisting of citric acid, citrate, glycine, alkanolamines

derivatives thereof, salts thereof, and combinations thereof.

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

citrate.
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i nprove the deposition process by avoiding the effects of the evaporation of
water. [00105] De-ionized water rinse was inplenented at the end of each
plati ng process and the substrate was lifted fromthe pedestal near the end
of de-ionized rinse step to equilibrate the substrate to about room
tenperature. The post clean solution was dispensed on top of the substrate
surface at room tenperature while the substrate was rotated at about 120
rpm The preferred post clean solution contains nethanesul fonic acid (MSA)
in de-ionized water a concentration range fromabout 10 mMto about 50 nV
strate wgs rinsed

pr ef er_ abl y out Subs nt |, the su
de-i o zed t@ef%efh'gglr?' ‘f qwﬁ i e @e e$s depesitigni %olat'%aaédatqstrate
eﬂbod'caﬁeéﬁréﬁont\}o@mﬁra%ﬁgh fid?H%BBgPﬁbnm'f@é o@sbd M .her enbodi ments of the

invention may b evi sed"w t hout departing rom the basic scope thereof,
and the scope thereof is determned by the clains that follow 39 CLAI IVB

oi cot Pl esdhednfeRiatipiPa MuERreh e ot Befond R e et SBnghudh o,

sol ut |t|q;@sa,a,e(_:obal t-containing solution and a buffered reducing solution to
forman el ectrol ess deposition solution, wherein: the conditioning buffer
solution has a first pH value and conprises a first conplexing agent; the

Courcd-"a rgtEMELoh AR GoRaa gl sEHT A R BH 26i3ef AP 4o =

r educiragge front atsoutigate abduti1od pH val ue and conprises a hypophosphite source
and a borane reductant; and the el ectrol ess deposition solution conprises: a
cobalt concentration within a range fromabout 1 nMto about 30 MM a

t ungsten caompee i B e a
hypopr%sphlq?% (%%@%é\?dr} ama&)’ﬂ W ?Weg&ﬂ Wéﬁ\ég(raﬁ Sf ?ghr%bg% {nr% %gﬂggloﬁmg”%ff@r
solution, the cobalt-containing solution and the buffered reducmg solution to form the

electroless deposition solution.

9. The method of claim 8, wherein the water is at a predetermined temperature greater

than a temperature of the electroless deposition solution when exposed to the substrate.

10. The method of claim 9, wherein the temperature of the electroless deposition solution
when exposed to the substrate is within a range from about 50°C to about 80°C.

11.  The method claim 9, wherein the water has an oxygen concentration of about 1 ppm

or less.

12. The method claim 9, wherein the electroless deposition solution has an oxygen

concentration of about 3 ppm or less.

13. A composition of a plating solution, comprising:

a cobalt source within a concentration range from about 5 mM to about 15 mM;

a tungsten source within a concentration range from about 1 mM to about 3 mM;

a hypophosphite source within a concentration range from about 15 mM to about 35
mM;

a borane reductant within a concentration range from about 10 mM to about 30 mM;

41



a borane concentration within a range fromabout 5 MMto about 50 MM and a

total pH value within a range fromabout 8 to about 10; and exposing the

el ectrol ess deposition solution to a substrate. 2. The method of claiml,

wherein the buffered reducing solution further conprises a third conpl exing

agent. 3. The nethod of claim2, wherein the first, second, and third

conpl exi ng agents are independently selected fromthe group consisting of

citric acid, citrate, glycine, alkanolam nes derivatives thereof, salts

t her eof , aracitratebivitisinhiaocen deinération rarge ffbva abciuhed noff tol aout 200wty ei n t he
cCitrate. 40 5.

first, second and third co | exin ents a T rrethod of
Gl m 4w Akanang wEfPor Sacalaan fanae oM Ayt FoaMiccatigut 150 T
concentrati M he rret hod
of claim 3, Wmﬁ‘é&rc’iecmvﬂ?ﬁeé | rstr{tfagig]ggﬁggﬁ frﬁﬁ] 5% @Iilh/pt\?t %gg ar eMsSuabgt antially
the same. 7 phihadjustingdgent al aiconéentralioretomidirdaini a it vakeowithinam dande franpH
val ues_ar thin range from about 8 to about 10. 8. The nethod of claim
7, V\heql?aquﬁ% fgot:onbi ned with the conditioning buffer solution, the
cobal t - cont ai ni ng solution and the buffered reducing solution to formthe

el ectrol ess deposition solution. 9. The nethod of claim8, wherein the water
i s at H.pr ekhet eomposition efiplaimtis; whereinthe platingsotution rm@ran oxygenfcaneentration

el ectr ss_deposition solution when exposed to the substrate. 10. The

met hod® o%ep%'i"é%f % wherein the tenperature of the el ectrol ess deposition
solution when exposed to the substrate is within a range from about 50C to
about 80C. 11. The nethod claim9, wherein the water has an ox

gen
concentd-at i e 6empBsition 10fogaim o4, |vdaereini the a¥kanelapying is sgieterd ¥W%r“é¢ FreyRe
el ectr | S i on of about 3 ppm
or 1 e LrRRInFEEA RO GO8: Bitesh aRY KHRRInARREINGERE, 1
16. The composition of claim 15, wherein the cobalt source is selected from the group
consisting of cobalt sulfate, cobalt chloride, cobalt acetate, water soluble Co®* sources,
derivatives thereof, hydrates thereof, and combinations thereof.

17.  The composition of claim 16, 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.
18. The composition of claim 17, wherein the borane reductant is selected form the group
consisting of DMAB, TMAB, 'BuNH,eBHis, THFeBHs, CsHsNeBHs, NHseBHs, borane,

diborane, derivatives thereof, complexes thereof, and combinations thereof.

19. The composition of claim 18, further comprising a surfactant at a concentration of

about 100 ppm or less.

20. The composition of claim 19, wherein the surfactant comprises sodium dodecyl

suifate, salts thereof or derivatives thereof.

21. A composition of a plating solution, comprising:

a cobalt source in a concentration range from about 5 mM to about 15 mM;
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a cobalt source within a concentration range fromabout 5 nMto about 15 nV
a tungsten source within a concentration range fromabout 1 mMto about 3
mV a hypophosphite source within a concentration range from about 15 nmMto
about 35 mm a borane reductant within a concentration range from about 10
mMto about 30 MM 41 a citrate within a concentration range from about 90
nmvito about 200 mM an al kanolam ne within a concentration range from about
50 nMMto about 150 MM boric acid within a concentration range from about 5
MV t o abouta sdtonitanametal spHrcladWmhim@ra@atrhtl@m ofaboutceniM at lezs; t 0 maintain a

pH value within a rapge from about to about 10.  14. osj tion of
Clal m 15 A BYRAATCEAE s SR OGIM\A CORCAUENER '3RGBTOTe AROUHI SAPNELS 20Ut Pppm
15. The conposition of claim 14, wherein the al kanolam ne is

sel ect eN 'fromthe group consisting of DEA, TEA, derivatives thereof, and
conbi nat i orsbderaae eeductabt withia acconpesiratiom rarfgecirainrabiiut 1Geketorakioué 30 ond| t

| d, f t he t | t bal t
oo de. cupte it eoncantaon s Hodabie S0 ERED anei PhiYLc L her cof
hydrat es tha‘?fﬁRénolQﬁ%&Wﬁln@bbﬁH&wtﬁa‘%h?Qﬁ eﬁram Jmtmwotawm%o%m m 16,

wherein the tungsten source is sel ected fromt e group consisting of
ammoni um t Lbugtctami withiteg comﬁgmatlonaangle fravent ebouicﬂ oM to atsmt-20smiv; @and,

derivatives t and ¢ Lnati eof T tion of elaim
17 wher of 12 PReRGGPtnd B0eiEl PneBRtaldlt e Mantbi oirt? yRBiEE Wbl & Fadie fobt
DVAB, Jdodes tb%leh'?EibB, THFBHS, C5HSNBI—|3, NH3. BH3, borane, di borane,
derivatives thereof, conplexes thereof, and conbinations thereof. 19. The

conposi tion of claim18, further conprising a surfactant at a concentration

Cur t actint A nTRauoe T ciefl 21 APerARTRE blatR8 silyehieh AT xR ErtohPiton

thereoéf3§;im otlegyIposition of a pI ating solution, conprising: a cobalt
source in a concentration range fromabout 5 nMto about 15 nV
23. The composition of claim 22, wherein the secondary metal source is selected from a

group consisting of a tungsten source or a molybdenum source.

24. The composition of claim 23, wherein the secondary metal source is a molybdenum

source and has a concentration from about 50 ppm to about 500 ppm.

25. A method for depositing a cobalt-containing layer on a substrate, comprising:

exposing a substrate to a conditioning buffer solution;

combining the conditioning buffer solution, a cobalt-containing solution and a reducing
solution to form a plating solution by an in-line mixing process; and

exposing the substrate to the plating solution to deposit a cobalt-containing layer
thereon.

26. The method of claim 25, wherein the conditioning buffer solution comprises at least
two complexing agents.

27. The method of claim 26, wherein the at least two complexing agents are selected from

the group consisting of a citrate, DEA, TEA, glycine, derivatives thereof, and combinations

thereof.
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42 a secondary netal source within a concentration of about 5 mMMor less; a
hypophosphite source within a concentration range from about 15 mMto about
35 mm a borane reductant within a concentration range from about 10 mMto
about 30 MM a citrate within a concentration range fromabout 90 nMto
about 200 mM an al kanol ami ne within a concentration range from about 50 nmM
to about 200 MM boric acid within a concentration range fromabout 5 nMto
about 20 mM and a pH adjusting agent at a concentration to nmaintain a pH
value within a range from about 8 to about 10. 22. The conposition of claim

21, einth ti sol ution has an oxygen concentration af. 3 ppm or

| ess. 23, B‘eg'&?fjpg’éidnpgﬁ%alg acqlzog?q#t'-oéoz)?almgrl%y ¢ A sg@%%%gap?,m%?lag. source is
sel ect ed fré?(ff_b@in Y MBS & &lcdoBdItRbniting 98fugBnsour ce or a nol ybdenum
source. 24. The gorrpoleon of claim 23, Wherein the secondary netal source

i s a nol ybcembiningovateeathademaeraiureosithimarrange from ahoutothiC ©LoHEC and &
500 ppm 25. A, net hod for.depositin balt-containing | ayer on a

subst ﬁa{f@re%g?ﬂﬂqrgq 7 PBO%%(@E’%%D!?“EQ%QWQPEW a conditioning buffer

sol ution; cHEpBkRgtHe tsiBstrardtdrtamintthewWobalt-contaihing soluiionofeaht iatiigaddNitivh
solution and a reducing, solution to forma plating solution by an in-line
m xi ndofewe @seobalirmeniaipiagilayertheredibstrate to the plating solution to
deposit a cobalt-containing |ayer thereon. 26. The nethod of claim 25,

wherein the conditioning buffer solution conprises at |east two conpl exing

agent s29.27. THemetiddhoficlaim @&iwhe?éin the dutfiered Fetlueing sslatiort has @ohypaphiosghite
agents are selected fram the group consisting of a citrate, DEA TEA,
gl yci n¥ouree epReantration ity afrange froabaleutA000AM torahauwd 300 mil. 28, A net hod for
depositing a cobalt-containing |layer on a substrate, conprising: exposing a
substrate to a cobal t-containing solution;

30. The method of claim 29, wherein the buffered reducing solution has a borane

reductant concentration within a range from about 100 mM to about 300 mM.

31. A method for forming a citrate-based deposition solution comprising combining heated
water, a conditioning buffer solution, a cobalt-containing solution and a buffered reducing
solution to form a citrate-based deposition solution with a citrate concentration within a range
from about 50 mM to about 300 mM, wherein:

the conditioning buffer solution contains citrate and an alkanolamine;

the cobalt-containing solution comprises a cobalt source and citrate; and

the buffered reducing solution comprises at least one reductant and citrate.

32. The method of claim 31, wherein the at least one reductant is a hypophosphite

source.

33. The method of claim 32, wherein the cobalt source within the citrate-based deposition
solution has a cobalt concentration within a range from about 8 mM to about 15 mM.

34. The method of claim 31, wherein the citrate concentration and the cobalt

concentration within the citrate-based deposition solution are at a molar ratio equal to or

greater than about 8:1.
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conbining water at a tenperature within a range from about 75C to about 95C
and a buffered reducing solution to forma plating solution; and exposi ng
the substrate containing the cobalt-containing solution to the plating
solution to forma cobalt-containing |ayer thereon. 29. The nethod of claim
28, wherein the buffered reducing solution has a hypophosphite source
concentration within a range from about 200 MM to about 300 MM 30. The

nmet hod of claim 29, wherein the buffered reducing solution has a borane
reduct3mt cCihvecraethoalt ofastaimd 84 whereirathgemblao ratimbegual 10 0r gidater thianwbodd 001

31. A nethod for form ng a citrate-based deposition solution conprising
conbining heated water, a conditioning buffer solution, a cobalt-containing

sol utign ﬁamamaoe&fe& Fr?éycdvﬁ&eurﬁfh'e%b%? rtfd éﬂ]ﬂ@o?ﬁ?éﬁéﬁmgﬁ%ut 12:1

dep05|t|on sol ut1on Wlt a citrate concentratio a range from about
50 MM to about 300 mM V\/ner e| n: the conditi on| ng buffer solution contains

citrate and_.an _al ka hec al, t ajni.n | ution co i ses_a

cobal 13 ourite mRE O A 34, yiefeil B nearaivAled it An3 B RuEe Wi £ Latbe
| east iR abddtEsanto a&g{,mgmate. 32. The nethod of claim 31, wher ein the at
| east one reductant is a hypophosphite source. 33. The nethod of claim 32,

wherein the cobalt source within the citrate-based deposition solution has

The method o aned ek bR, QR R S B hBrOBE Forfln Bl ngsfeo
concenyatet, 8rcowditioning Baffér solatien evnestisitep as iddse iwd oddthpleRingr 8gdiits 2a nGobalt-
ratio equal to or greater than about 8:1. 44 35. The netho claim 34,

wher ei ¢pntaiBingosQlutiom CPWPEEIRG| a cabalt sguecg: and arkuifesed redu@ng solts'@n cameRTisiNtod

of cl gl}% fhe molar ratio equal to or greater than about 12:1.
37. Tﬁét%gé opﬁéﬁr&al'm 34, wherein the heated water is at a tenperature

within a range from about 75C to about 95C. 38. A nethod for form ng an
el ectrol ess_depo sol r| s conbi ni heat ed, wate

condi t3%ni n! %Eﬁ@d gtgq: %h of ﬁfﬁm 'Sgsq té’&s‘ionﬂ&gx'%rﬁﬂe@ﬁ % %Fd%‘ﬁ?g from
cobal ty, C@%Pgldane&t.ﬁ dftd Riirat@NDERS n@x aglmﬁ@' derfANVES tiidtdof IHdf ESmBRations

reducnng t1on cohprising
thereof.

40. A method for depositing a cobalt-containing layer on a substrate by an electroless
deposition process, comprising:
combining heated water, a conditioning buffer solution, a cobalt-containing solution
and a buffered reducing solution by an in-line mixing process to form an electroless
deposition solution, wherein:
the conditioning buffer solution comprises a first complexing agent;
the cobalt-containing solution comprises a cobalt source, a tungsten source
and a second complexing agent; and
the buffered reducing solution comprises at least one reductant and a third
complexing agent; and
exposing the electroless deposition solution to a substrate surface within a time period

of about 60 minutes or less after forming the electroless deposition solution.
41. The method of claim 40, wherein the time period is about 10 minutes or less.

42. The method of claim 41, wherein the time period is about 2 minutes or less.
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at | east one reductant. 39. The nethod of claim 38, wherein the at |east two
conpl exi ng agents are selected from the group consisting of a citrate, DEA
TEA, glycine, derivatives thereof, and conbinations thereof. 40. A nethod
for depositing a cobalt-containing |ayer on a substrate by an el ectrol ess
deposition process, conprising: conbining heated water, a conditioning
buffer solution, a cobalt-containing solution and a buffered reducing
solution by an in-line m xing process to forman electrol ess deposition
solution, wherein: the conditioning buffer solution conprises a first
conpl exi ng _.agent; the cobalt-coq%gini sol uti.on conprjses a copalt source,

a tundtt-en Humethod, of claigy 40 VRS SEPSifAia s Bhexpasedeiocd PeiRdhg
sol uti i ; i~ithanconpl exi ng agent; and
.&Bc&%ﬁqr%%e g égﬁo}teegggﬁ?ié %%ﬁ}t%i R sfliohMditionc o g ag

exposing t ectrol’es to a substrate surface within a
time period of about 60 mnutes or less after formng the el ectrol ess

depositjon solution 41..T t hod,of claim40, wherein the tine.period is
about 4 i TR et pfdiaim 3, WRerkI 3¢ il drasshsas copplipelin BHrSFFsiEand

per i oGhipeledifidssZdepdsitiarssAitidreBdispetSedHihto Buconbiited. of claim 40, wherein

the substrate surface is exposed to a pre-clean process prior to being

exposed to the electrol ess deposition solution. 44. The nethod of claim 43,

ol cct A esaR Bt o FaBy 37 whSre P Rieibrdenr placssh Sonkfivesdiiate’ 25, e

met hod of claim44, wherein the pre-clean process conprises citrate. 46. A
met hod for depositing a cobalt-containing | ayer on a substrate by an

el ect réf-essA raethed; for slengsiingsa cobalsontainigg lavemPhisgubstrateaky aneglesiioless
wat e.r’dé’pcféﬂrb?nl roEON %ioﬂ'iﬂ}&f'rﬁl ution and a buffered reducing solution by an
SS 1o

in-line"mXxing proce m an el ectrol ess deposition solution, wherein
the cobal teonsihimgratrigasiohedted watenjar cotesit-containirig sclotivre end a buffeyret eadscing ce
and a first  conpl exi n%_a ent and tf}e buf f ered reduci ng, solution conprises
at | eaSelutipieby @guprlms: Qﬂrgg Rrocess to torm an electroless deposition solution, wherein the
cobalt-containing solution comprises a cobalt source, a tungsten source and a first
complexing agent and the buffered reducing solution comprises at least one reductant and a
second complexing agent; and
exposing the electroless deposition solution to a substrate surface within a time period

of about 60 minutes or less after forming the electroless deposition solution.

47. The method of claim 46, wherein the at least one reductant is selected from the group

consisting of a hypophosphite source, a borane reductant and combinations thereof.

48. The method of claim 47, further comprising combining a conditioning buffer solution
comprising a third complexing agent by the in-line missing process to form the electroless
deposition solution.

49. The method of claim 48, wherein the time period is about 10 minutes or less.

50. The method of claim 49, wherein the time period is about 2 minutes or less.

51. The method of claim 46, wherein the substrate surface is exposed to a pre-clean

process prior to being exposed to the electroless deposition solution.

46



second conpl exi ng agent; and exposing the el ectrol ess deposition solution to
a substrate surface within a tinme period of about 60 mnutes or |ess after
formng the el ectrol ess deposition solution. 47. The nmethod of claim 46,
wherein the at | east one reductant is selected fromthe group consisting of
a hypophosphite source, a borane reductant and conbi nati ons thereof. 48. The
nmet hod of claim47, further conprising conbining a conditioning buffer
solution conprising a third conpl exing agent by the in-line m ssing process
to formthe electroless deposition solution. 49. The nethod of claim48,

wherein the tinme period is_about 10 m nutes or less. 50. The nethod of
cl ai m™9, \iheraptiodief °ﬂ?'ﬁ’e5ge‘?’h?f&'rl g‘eéﬂﬁtf?e@ PiOGEES COBPiFRS&rats.  The net hod

of claim 46, wherein the substrate surface is exposed to a pre-clean
process prior to being exposed to the el ectrol ess deposition solution. 46
52. THS. netthothdd édrafiormihy, a witeateihased elgpositioh esntutipnocersprisingwoimbining iwatert e.

o ritry Pdtetemingd JomPefhtfts. i eaotanpe ST ol diog dumetahep B par e cton
sol ut i o 5 Buffbledl reB0BHa I sdIUtdNB ! fofrh ANcitrateth A eB PR RIdN AN Whepdi | on to

forma citrate-based deposition solution, wherein: the conditioning buffer
sol uti on cdhgcopsditoringrusfier satitian compiises sittate andtanealk@nelamingit ai ni ng

solut i on oo e SEEcd TR ARG FaPBlises & RS sdlife plE cliphernad LoLOG' OF
clai m 53, whebefferddvedntipdesctutiomesmpisases Byposhosphité sburtedandeifrate. f r om

about 75C to about 95C. 55. The nethod of claimb53, wherein a citrate
concentration of the citrate-based deposition solutionis within a range

from ut ; - thih ‘ s i
s al 20 ok e Bp2Hiny 83, WMerafl thEhireBBtehhed G Bting. s RN, rhile
concerfrgratabont Woittonaboutld&E€.f r om about 8 MM to about 15 mM 57. The net hod
of claim55, wherein the citrate concentration and the netal concentration

within the citrate-based deposition solution have a nolar ratio equal to or

gr eat egg t hafhAhguihodS of - %Iéﬁn g5¢e WiRdBnd a0lcitfdté! Bdrcentr4Bi6h €bf theeciffBleibaded | ©
is equal to or greater than about 10:1.
deposition solution is within a range from about 50 mM to about 300 mM.

56. The method of claim 55, wherein the metal source within the citrate-based deposition

solution has a metal concentration within a range from about 8 mM to about 15 mM.

57. The method of claim 55, wherein the citrate concentration and the metal concentration
within the citrate-based deposition solution have a molar ratio equal to or greater than about
8:1.

58. The method of claim 57, wherein the molar ratio is equal to or greater than about 10:1.
59. The method of claim 58, wherein the molar ratio is equal to or greater than about 12:1.
60. 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-containing solution comprising a metal source and

citrate;

a third vessel containing a buffered reducing solution comprising a hypophosphite
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59. The nethod of claimb58, wherein the nolar ratio is equal to or greater
than about 12:1. 60. An apparatus for form ng an el ectrol ess deposition
solution, conprising: a first vessel containing a conditioning buffer
solution conprising a citrate; a second vessel containing a netal -containing
solution conprising a nmetal source and citrate; a third vessel containing a
buf fered reducing solution conprising a hypophosphite 47 source and
citrate; a water source providing water with a tenperature within a range
from doowde a”dCcitate;about 95C;, and a fourth vessel in fluid communi cation
with the first, second, and third vessels and the water source, wherein the
fourth vesdeNalasROUITR PrOYIAIRG HAPTLVER & WERSERILS WIBE) rpade oM abaul 75°C to
appar ajyést 85°¢! sidn 60, wherein the water is deionized and degassed water.
The apparatus of claim®60, further conmprising a nozzle in fluid
communi cat isofourdht vesiskkin fluidicommusication witke the first,reecoodzbed thirdvesselsardi the
above a substrate surface. 63. The apparatus of claim62, . .further conprising
2 heatGaiob3ruee: foatFn B touritvenssLAManR Lk e BorplsRs depdsitop salin
el ectrol ess deposition solution. 64. The apparatus of claim63, wherein at
| east one in-line mxer is positioned between the first vessel and the
f our t tBlvesskie apmrasmftaim $Grwhripinstheiwajeaiscisienized snd diegpssed watar. on a
substrate surface by an electrol ess deposition process, conprising:
conbining a conditioning buffer solution, a cobalt-containing solution and a
buffergzl rrwuspparatnl oftclaim 60, fuether scombesing& SedAY inofiuid 20chriemioatidri with ¢he
cobal t-contai ning | ayer on a substrate surface by exposing a substrate to
the plfaurthyessglywherein He nozzle isRasiianedphaves sulstrate sufaédod of cl ai m 65,
wherein formng the plating solution further conprises conbining water with
t he conditioning buffer solution, the cobalt-containing solution and the
buf f er@3l r ethec apparatisidf claim6a2, fiitkemedinpdsing a heatedobafflehesedi to tedaceanetal

has a predeterm ned tepperature greater. . thap,a tenperature of the plating
Sl ut | SICRRIANOY Bb8 dePIeted RleChplses dapasition Solution

64. The apparatus of claim 63, wherein at least one in-line mixer is positioned between
the first vessel and the fourth vessel.

65. A method for depositing a cobalt-containing layer on a substrate surface by an
electroless deposition process, comprising:

combining a conditioning buffer solution, a cobalt-containing solution and a buffered
reducing solution to form a plating solution; and

depositing a cobait-containing layer on a substrate surface by exposing a substrate to
the plating solution for a predetermined time.

66. The method of claim 65, wherein forming the plating solution further comprises
combining water with the conditioning buffer solution, the cobalt-containing solution and the

buffered reducing solution.

67. The method of claim 66, wherein the water has a predetermined temperature greater

than a temperature of the plating solution when exposed to the substrate.

68. The method of claim 67, wherein the plating solution temperature is within a range
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68. The nethod of claim67, wherein the plating solution tenperature is
within a range 48 from about 50C to about 80C when exposed to the
substrate. 69. The nethod of claim67, wherein formng the plating solution
further conprises conbining the conditioning buffer solution, the

cobal t-containing solution, the buffered reducing solution and the water at
an approxi mate volunetric ratio of about 1:1:1:7. 70. A nethod for
depositing a cobalt-containing |ayer by an el ectrol ess deposition process,

conpr ifnmaboedGiTe tocabiout BASCrvitien expdsaddo tie substesteévati on sol uti on;
conbi ning heated water, a conditioning buffer solution, a cobalt-containing
solution and a buffered reducing solution to forma plating solution; and

exposi t S t i { : eﬂm\;‘\}j :
cobal tdpgonﬁgﬁen%ﬁéqia?eraégrﬁg?g’o%e%ﬁ @k@“ﬁgﬁ%ﬁi'ﬁ'@%’?% 0, etéri?nﬁprtlsﬁéc'
act i vadombiniagl titei @onditiopings éaffar psolutio, uihve s cobalkcontaihing\ sotationd ther buffereidng
an el ectral ess deposi,tjon solution conpri.sing conbinin condi tjoni ng

DUt £ eTodunng SOWiIG a30rth? SateLALAT ARRTDETALE Yol bares B A Eor it bn ot a
second tenperature, a reducing solution at a third tenperature and water at
a fourth tenperature to forman electrol ess deposition solution at a fifth
t enper’ ur & methodthformdepositing 8| eobaltzcontaihingeilayearnbyf am seleckeless ddepmsition
third tenperatures. are substantially the same. 74. The nethod of claim 73,
wher eiffOtFRS: FPTOISNecond, and third tenperatures are about 30C or | ess.

75. The rfetéi?esiﬁ{; Ldstate sutfbes & ah h&watioHsblutioprper at ure of the water is
hi gher than the "fifth tenperature of the el ectrol ess deposition solution.

76. The netogpbining diedted matenhe reenditioniagr byffer selptien.ad nobalifcontainiapessiutioness

The. mAtbACuRerE ook SRt ot R BB aBore of “the water is
within a raygesingrthe subetrate’ sGrface abthié phiting sdutidr¢o epbseitl otolsdiBLdntdining

wherein the conditioning buffer solution has a first pH val ue
layer thereon.

71.  The method of claim 70, wherein the activation solution comprises a palladium source.
72. A method for forming an electroless deposition solution comprising combining a
conditioning buffer solution at a first temperature, a metal-containing solution at a second
temperature, a reducing solution at a third temperature and water at a fourth temperature to

form an electroless deposition solution at a fifth temperature.

73. The method of claim 72, wherein the first, second, and third temperatures are

substantially the same.

74. The method of claim 73, wherein the first, second, and third temperatures are about
30°C or less.

75. The method of claim 72, wherein the fourth temperature of the water is higher than the

fifth temperature of the electroless deposition solution.

76. The method of claim 75, wherein the fifth temperature of the electroless deposition

solution is within a range from about 55°C to about 75°C.
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and conprises a first conplexing agent. 79. The nethod of claim 78, wherein
the netal -containing solution has a second pH value and conprises a cobalt
source, a secondary netal source, and a second conpl exi ng agent. 80. The
met hod of claim 79, wherein the reducing solution has a third pH val ue and
conprises at | east one reductant and a third conpl exing agent. 81. The

nmet hod of claim80, wherein the first, second, and third conpl exi ng agents
are independently selected fromthe group consisting of citric acid,
citrate, glycine, alkanolam nes, derivatives thereof, salts thereof, and

conbi nations there 2. t ho im8l. wherein the.fir second,
cont! Ut | O ek Aot Baim 155 BEP e ourh s oBha S B B i 0

wher eiffdnt BBoGIorB Tt fodHoud gseEf er soI ution, the netal -containing solution and
t he reduci ng solution each have a citrate concentration within a range from

about 200 mMMto about 500 MM 84. The nethod of claim 82, wherein the

from dBout 155 TeY o 250 Weréia e Frhbmbfngd BeF Solitiohas"butsthH vefle™®
first ,anawlse@mdﬁ‘shc@fdpwﬂmgaégm are substantially the sane. 86. The
met hod of claim85, wherein the first, second, and third pH val ues are

within a range fromabout 8 to about 10 50 87. The rret hod of cl aim 80,

V‘here'féht herh%tméﬁu%ﬁtof%n{ﬁg%ﬁ&%n{ R MEtd %ﬁgjuﬁgg}gl fign:Hal dse ereoéﬁ\:é@:% of

a hypophosphite source rane re

The rr@tridqd)mﬁnsebaa cobihlt soMree ea Betdrriasg amitalasouraes; tankd @eemomi ¢complekinggrjeat
source or a nol ybdenum source. 89. The nethod of claim 88, wherein the
secondary netal source is the tungsten source and is within the

et al -ggont "T'h%\ﬁﬁggé& ?'é?é]nf"?gamﬁfa?éfn”fﬁeaf-édﬂ& | 5BiufioRl K49 thi Ogﬂ-laxpé?ﬁ!é ahd™

to about 30 he met hod alm 88 erern the secon
sour ceonyrisies atidasbdreneductantrared athird somplexing adgentnet al - cont ai ni ng sol uti on
at a concentration within a range from about 100 ppmto about 300 ppm
81. The method of claim 80, wherein the first, second, and third complexing agents are
independently selected from the group -consisting of citric acid, citrate, glycine,

alkanolamines, derivatives thereof, salts thereof, and combinations thereof.

82. The method of claim 81, wherein the first, second, and third complexing agents are
citrate.

83. The method of claim 82, wherein the conditioning buffer solution, the metal-containing
solution and the reducing solution each have a citrate concentration within a range from

about 200 mM to about 500 mM.

84. The method of claim 82, wherein the electroless deposition solution has a citrate
concentration within a range from about 50 mM to about 300 mM.

85. The method of claim 82, wherein the first, second, and third pH values are

substantially the same.

86. The method of claim 85, wherein the first, second, and third pH values are within a

range from about 8 to about 10.
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91. The nethod of claim89, wherein the cobalt source has a concentration
within the netal-containing solution wwthin a range from about 50 mMMto
about 150 nM 92. The method of claim87, wherein a hypophosphite source has
a concentration within the reducing solution within a range from about 200
mMMto about 300 MM 93. The nethod of claim92, wherein a borane reductant
has a concentration within the reducing solution within a range from about
100 MM to about 300 mM 94. The nethod of claim87, wherein a borane
reductant has a concentration within the reducing solution within a range

from about_100 nMto _about 300 mM 95. A nethod for formng an el ectrol ess
deposPli onTR®Mathed of slaim; &9, whersindhaiat deasd cae "eqﬁl@tﬁnblstiﬂﬁﬁfé?@tffﬂ’ﬂbthﬂ gmUR a

rangee 56&&]@?&;&6 QZ‘?&EH& ﬂhQ‘éF)uR:réCa %r&ﬁ%‘?é&dc?é}'ltngmf%ﬁﬁ natidRk WerdBr.

conprising WO conp exli hg agenis, a cobal con aining solution
conprising a cobalt source and a buffered reducing solution conprising at

| east _gne educt od of claim95 wherein,the at |east two
conpl 881 ngT B GrRE08 ol SRITERT M e Ru P ess st BIeCA S REP 1 Rt s9¥ e or
aci d, a3RoighdeHIPh 3BLAR. an anmino acid, salts thereof, derivatives thereof,

and conbi hations thereof. 97. The nethod of claim 96 wherein the at Ieast
two conpl exi ng agents are selected from the group consisting of a citrate,

DEA, , ' d t th d nbi t h

et oot or T A Rg e AF L B PbeE ae SPET AL ARele] ShtERrs S ahBt MR a
condi bh@"% Wﬂhlh%é‘?ﬁet%ﬂwﬁt'aﬁﬂng 301006/ at a COREARtRALIHY WithiHd fhg e%’rd?Hfabéﬁﬂj mM
reducing solution and water wWith a first oxygen concent rat I on of about

ppm oto akaw 3omibr m an el ectrol ess deposition sol ution having a second
oxygen concentration of about 3 ppmor |ess. 52

90. The method of claim 88, wherein the secondary metal source is the molybdenum
source and is within the metal-containing solution at a concentration within a range from

about 100 ppm to about 300 ppm.

91. The method of claim 89, wherein the cobalt source has a concentration within the
metal-containing solution within a range from about 50 mM to about 150 mM.

92. The method of claim 87, wherein a hypophosphite source has a concentration within

the reducing solution within a range from about 200 mM to about 300 mM.

93. The method of claim 92, wherein a borane reductant has a concentration within the

reducing solution within a range from about 100 mM to about 300 mM.

94. The method of claim 87, wherein a borane reductant has a concentration within the

reducing solution within a range from about 100 mM to about 300 mM.

95. A method for forming an electroless deposition solution comprising combining water
with a temperature within a range from about 75°C to about 95°C, a conditioning buffer
solution comprising at least two complexing agents, a cobalt-containing solution comprising a

cobalt source and a buffered reducing solution comprising at least one reductant.
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96. The method of claim 95, 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.

97. The method of claim 96, wherein the at least two complexing agents are selected from
the group consisting of a citrate, DEA, TEA, glycine, derivatives thereof, and combinations
thereof.

98. A method for forming an electroless deposition solution comprising combining a
conditioning buffer solution, a cobalt-containing solution, a buffered reducing solution and
water with a first oxygen concentration of about 1 ppm or less to form an electroless

deposition solution having a second oxygen concentration of about 3 ppm or less.
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