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agent 10 geposited on top of the formed transistors. Subsequent layers of metal (e.g., copper, aluminum,

etc.) are formed on tep of this base layer, etched to create the conductive lines that carry the
electricity, and then filled with dielectric material to create the necessary insulators between the

20  lines. The process used for producing copper lines is referred to as a dual Damascene process,
where trenches are formed in a planar conformal dielectric layer, vias are formed in the trenches
to open a contact to the underlying metal layer previously formed, and copper is deposited
everywhere. Copper is then planarized (overburden removed), leaving copper in the vias and
trenches only.

25 [0003] Although copper lines are typically comprised of a plasma vapor deposition {(PVD) seed
layer (i.e., PVD Cu) followed by an electroplated layer {i.e., ECP Cu), electroless chemistries
arc under consideration for use as a PVD Cu replacement, and even as an ECP Cu replacement.
A process called electroless copper deposition can thus be used to build the copper conduction
lines. During electroless copper deposition, electrons are transferred from a reducing agent to

360 the copper ions resulting in the deposition of reduced copper onto the wafer surface. The



30 the copper ions resulting in the deposition of reduced copper onto the
waf er surface. The WD 2008/ 002737 PCT/ US2007/069762 2 fornulation of the
el ectrol ess copper plating solution is optimzed to maxim ze the el ectron
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high alkaline pH (i.e., pH > 9) to enhance the overall deposition rate.
The limtations with using 5 highly alkaline copper plating solutions for

el ectr ol esgmGORRE of dRARLIrélERRopPet pBRTE DRMPAlsi dptilnized tannictimpe Shd élseron
phot oresi st on the wafg’ surface, longer induction tinmes, and decreased
nucl eat i orfFnHERRYES WEL e IFRPIRIMYi t i on by hydroxyl ation of the copper

i nterface [oava] ChnvetdubiSoiniulanensteaid for natniadidgethé clectrelassi plingeoietih at Thigse are
1 mtarl o Lok o p?g sL LRake overgqsepég RN TS i AiAGGnat an

acidic pH Fom nent Timtation found with
to using &ﬁghﬂy ﬂkaéinecapqperl plsiog e:dlppeer fopblmmohga ®meutiw9$1§0n age pomegompettiliy n

substrate g H{ osh éslfhoﬁ;\{%@t Fihe \t\rﬁ'g}tsﬁllfé&g] 1Bkr ﬁﬂ%uﬁﬁﬁ% anbl Qagearsé?i zﬂgﬂsau%' di zed

readily in ne environnment causin esi on prob for the
reduced cabpfetw dnemntmhh@tmrmmé@éﬁwopIoﬁthie ﬁg’%"rﬂnteff@efﬁ joi B‘FGP%EEEWPI‘ t he

wafer. Effgr fkﬁhnteoingf?&ﬁ{eﬁt@)ac&'hésg o lih bt hencAYbesapdhdid irhge TaMioaus f aces

wi th various net such as pal |l adi um and rut heni um have resulted in

mi ni mal | eyentaingk 2t op eeidis SHFnriRIAENU-guRH £0)- 98¢ PREMSESEmikion faungd ik

resi st 1Ceysink QRRRI elécf&oMssewppa‘r fidiRg fsom@i 19 that Btz fubstartd @fBcdsObuch rpr oved
formul ati ons of cop‘g aﬂ\a gg sol gltl ons .t hat calg 1be mai nt ai ged 1|nn

aci di ¢ pH HWR JHREN LT3y e 40 i85t BFIEREY BRES's M Bh ABFIC BB EETYRL SHBH %cesses
SUMVARY ?aehe{sQQ qbﬁiblears Gadhg/reama kdpper, reduhing [t Biseint plangantthoa kidasestofiese
o o Rt b B et bR SRl FORRA LRI GGl HEdiODS that

can be mai'ft onrre ess
copper depadi dsi panaqilmommmmmh thawhresuitell inemiajppt Bedlatbuictchaprindndy fprdsent
i nvention. .can c%therﬁ% wggt%%d i n nunerous ways, including as a nmethod and a
cheni cal "S¥Tt POl "Several i nventive enbodi nents of the present invention
are descr i[pd] blehcwvof #6 P1aeiag|thdre isoneced Xenpbrred rpdeioneat coras RAESt r ol ess

copper pl atj ng SOk WLl 80 mafitafed & & 8dic l;heemﬁamm 2P ubd &l HGaSIeANopsEEOUS

copper salt conponent, an aqueous cobalt salt conponent, a polyam ne-based
conpl exi ngif-‘mjélml?rﬂaesﬁﬁﬁem cal brightener conponent, and a pH nodifying

SUMMARY

20 [0006] Broadly speaking, the present invention fills these needs by providing improved
formulations of copper plating solutions that can be maintained in an acidic pH environment for
use in electroless copper deposition processes. It should be appreciated that the present
invention can be implemented in numerous ways, including as a method and a chemical
solution. Several inventive embodiments of the present invention are described below.

25 [0007] In one exemplary embodiment, an electroless copper plating solution is disclosed. The
solution includes an aqueous copper salt component, an aqueous cobalt salt component, a
polyamine-based complexing agent, a chemical brightener component, and a pH-modifying
substance. In another embodiment, the electroless copper plating solution includes an aqueous
copper salt component with a concentration range between about 0.001 molarity (M) to the salt

30  solubility limit. In yet another embodiment, the electroless copper plating solution includes an
aqueous cobalt salt component with a concentration range between about 0.001 molarity (M) to
to the salt solubility limit. In still another embodiment, an electroless copper plating solution

includes a complexing agent having a triamine group with a concentration range between about



substance. I n another enbodi ment, the electrol ess copper plating solution
i ncl udes an aqueous copper salt conponent with a concentration range
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DETAILED DESCRIPTION

[0011] An invention is described for providing improved formulations of electroless copper
plating solutions that can be maintained in an acidic pH to weakly alkaline environment for use

20 in electroless copper deposition processes. It will be obvious, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process operations have not been described in detail in order not to
unnecessarily obscure the present invention.
10012] Electroless metal deposition processes used in semiconductor manufacturing

25  applications are based upon simple electron transfer concepts. The processes involve placing a
prepared semiconductor wafer into an electroless metal plating solution bath then inducing the
metal ions to accept electrons from a reducing agent resulting in the deposition of the reduced
metal onto the surface of the wafer. The success of the electroless metal deposition process is
highly dependent upon the various physical (e.g., temperature, etc.) and chemical (e.g., pH,

30  reagents, etc,) parameters of the plating solution. As used herein, a reducing agent is an

element or compound in an oxidation-reduction reaction that reduces another compound or



unnecessarily obscure the present invention. 100121 El ectrol ess netal
deposition processes used in sem conductor manufacturing 25 applications
are based upon sinple electron transfer concepts. The processes invol ve
pl acing a prepared sem conductor wafer into an el ectroless netal plating
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[0015] In one embodiment, the copper(Il) salt is a simple salt. Examples of simple copper(Il}

salts include copper(Il) sulfate, copper (If) nitrate, copper(Il) chloride, copper(Il)
tetrafluoroborate, copper(Il) acetate, and mixtures thereof. It should be appreciated that
essentially any simple salt of copper(Il) can be used in the solution so long as the salt can be
25 effectively solubilized into solution, be complexed by a polyamine-based complexing agent,
and oxidized by a reducing agent in an acidic environment to result in deposition of the reduced
copper onto the surface of the wafer.
[0016] In one embodiment, the copper(Il) salt is a complex salt with a polyamine ¢lectron-
donating molecule attached to the copper(Il) ion. Examples of complex copper(ll) salts include
30  copper(ll} ethylenediamine sulfate, bis(ethylenediamine)copper(Il) sulfate, copper (II)
dietheylenetriamine nitrate, bis(dietheylenetriamine)copper(IT} nitrate, and mixtures thercof. It
should be appreciated that essentially any complex salt of copper(l]) attached to a polyamine

molecule can be used in the solution so long as the resulting salt can be solubilized into



20 Exanpl es of halide species that can be used include fluoride, chloride,
brom de, and iodide. 10015] In one enbodinment, the copper(ll) salt is a
sinple salt. Exanples of sinple copper(ll) salts include copper(Ill)

sul fate, copper (I1) nitrate, copper(ll) chloride, copper(ll)
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Exanpl es qf, p%}&%ﬁesu%&adfh{ewa}ersm ts i ncI ude cobal t(l1) sulfate, cobalt(I1)

chl ori de, cobal t(ll) nitrate, cobalt(lI
20 [0019] In anothér embodiment, the cobalt(Il) sait is a complex salt with a polyamine electron-

donating molecule attached to the cobalt(IT) ion. Examples of complex cobalt{II} salts include
cobalt(If) ethylenediamine sulfate, bis(ethylenediamine)cobalt(Il) sulfate, cobalt(1)
dietheylenetriamine nitrate, bis(dietheylenetriamine)cobalt(If) nitrate, and mixtures thereof. It
should be understood that essentially any simple salt of cobalt(I) can be used in the solution so
25 long as the salt can be effectively solubilized into solution, be complexed fo a polyamine-based
complexing agent, and reduce 4 copper(II) salt in an acidic environment to result in the
deposition of the reduced copper onto the surface of the waler.
[0026] In one embodiment, the concentration of the cobalt (II) salt component of the copper
plating solution is maintained at between about 0.0001 molarity (M) and the solubility limit of
30 the various cobalt(Il) salt species disclosed above. In one exemplary embodiment, the
concentration of the cobalt{Il) salt component of the copper plating solution is maintained at
between about 0.001 M and 1.0 M. It should be understood that the concentration of the

cobalt(IT) salt component of the copper plating solution can essentially be adjusted to any valuc



15 tetrafl uoroborate, cobalt(ll) acetate, and m xtures thereof. It should
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deposi t i onhipémisdjpmet. Oome:ammhlfydmg@m@f abe- (aﬁulﬁxpromaln\, digtlfidd dasqdatreiakdur ing an

el ectrql e t P ' t he

chem cgsl %’hq{ggﬁ‘%rr qgggrr%%lnnléog&UBlr \Qﬁgﬁ §ulfuk 90%31ng %&n@%di%ﬁ%g%ﬁ control
copper dembgng jeation by dispidcing e edspibed ¢agniee may Phetiopin ih embpdimeantsifigistibed be

attract ed fhEIQmPﬂ{ e SmbQfimH:, Qllﬂe c%hc%ﬁtrrs[u%n %ﬁ@&%hﬁhbbrﬁgﬁt@ﬂ%&? E&ﬁﬂohéﬁt Racking the
area and forci eﬁHCOp per tow%pgosm el sewhere in'this enbodinent. It should

be appr ecimginedneg Aekeryen 3%y 0qlHeelgréyEd) Etﬂdlﬂas\f@lrl@hmhﬁ*ét fpobebrigdsnet of  hi gh

potenti al ma:@aelap@@oam@ﬂdthe BiRnfvai mh@ﬁ@ corffdnEri Sasi@NcendratBn of REk@Rt ener s
i nhibit the nornal nc nto

f | at | ut
T o dant et QoM ' e 9 by i GRRRE Frfociint e Shemmicat Blghiher hes

a concentration of about between 0.000141 M and about 0.000282 M. Tt should be appreciated

that the concentration of the chemical brightener component of the copper plating solution can
essenlially be adjusted to any valne up to the solubility limit of the chemical brightener as long
as the nucleation enhancing properties of the chemical brightener is maintained in the resulting
25 copper plating solution to allow for a sufficiently dense deposition of copper on the wafer
surface.
[0022] In one embodiment, the polyamine-based complexing agent is a diamine compound.
Examples of diamine compounds that can be utilized for the solution include ethylenediamine,
propylenediamine, 3-methylenediamine, and mixtures thereof. In another embodiment, the
30  polyamine-based complexing agent is a triamine compound. Examples of triamine compounds
that can be utilized for the solution inciude diethylenetriamine, dipropylenetriamine, ethylene
propylenetriamine, and mixtures thereof. In still another embodiment, the polyamine-based

complexing agent is an aromatic or cyclic polyamine compound. Examples of aromatic



1 o would inevitably result in rough, dull plating. By continuously noving
bet ween surfaces with the highest potential, brighteners (also referred to
as |levelers) prevent the formation of |arge copper crystals, giving the

hi ghest possi bl e packing density of small equiaxed crystals (i.e.,

nucl eat i onwantvasieersent ), which results in a snmooth, gl eewsys2obiagbréductility
copper deposition in this enbodi nent. One exenplary brightener is

bi s-(3-sul fopropyl)-disul fide disodi um salt 15 (SPS), however, any small

mol ecul ar paBl@bic c&u;boﬁmus i6cDidE BénAénk g, Eﬂiﬂiﬁﬁid!;@ﬁdlhﬂatpyﬂldwp)eﬁﬁle lt-dﬁﬁne m ating
rq)odl nment s
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chem cal brlzghtener he nucl eati on enhanci ng proPertl es of the

cheni cal H¢ hir@n@ther.eglb%mﬁv a{w@acepwtmef HRCOPleRiNg 2808t oapRRE ittt i ng

sol uti gn t@pRl pielsQtich iSMbihbRbLAbLY-HQBER O@QMQﬁcbliﬂtpmﬁndeBlth@n the
waf er surface. (%

0221 I n gne enbodi t he ne- based conpl exi ng
agent is émﬁ'ioihlier’t’é“%f’r’ﬁ%ﬁ ased E‘S%ad%ffg’g‘{a?n %‘ﬁg Cé@f‘d’tﬁ’lfﬁ’a‘é“et hat can be
utilized feom I'Eail@g @@ﬂtﬂéﬁdcﬁﬁldﬂsd’!ﬁ&b&dﬁvﬂt]hyhﬂi&dplaﬂlembodlm@it,ﬂlﬁwdoﬁctmdatﬂﬁhﬁe
3- et hyl enedl a not her, .e i.rent bcmt‘he 30

pol yam ne- thec0wR eﬁB%‘Eﬁegt){"mﬁ'@m% ﬁﬁm RS er;ﬁ o ﬁ?q%né" nébo%rgﬁlﬂfg]ba? A RDIARY

triam ne ©®OPdLACLO.0M Dbt mwhbe@eatstr tHan ﬂled;btélmetat trecathtioniiowhition| ude

dieth d
i et hy| enaddds PR RSy, UeRLARVLEDEEL! BHb A oL tatfw[aﬁmn fgh BRELIhAT ne.  an

conpl exi ngolagrmtt bé kigkinalkalosstd therefpre sgradwhet W@}a(ﬁlﬁ@ t@%ﬁ;@ean@!ﬂm&arrpl es of
ar omat i ¢ erﬁegg eRQE%X thé 05351! ﬁﬁ%@ﬁgﬁﬂ@&mupﬁ R‘Un}é@i&dﬁﬁrﬁ?ﬁﬂé%ﬁéﬁﬁaﬂ ncl ude

benzene- pyrid pyridine-I-dmne, It should be
under st oodcig Fﬁai@dfé‘é% @lﬂplaama syluawymailféﬁ%éuanm%wﬂ@ thtelugiprafatit Withdl yani ne

conpound ,ganHB& 6US wa@&emﬂmmﬁﬁd @Kﬂﬂ%ﬁn%g@ﬁms {0aéd b hRkPhatdi@nsabivt i on so
Ion as the conmpound can onplex with t free g}a&_‘emllons in the solution

(i .e.,20coppreH s abrud and 8’rP§ evanf $heng P fhe v ing ution after

a.d_;ustment In still another embodiment, an acid and/or a buffermg agent is added to maintain
the pH of the solution at between about 4.0 and 6.4. In yet another embodiment, an acid and/or
a buffering agent is added to maimtain the pH of the solution at between about 4.3 and 4.6. In
one embodiment, the anionic species of the acid matches the respective anionic species of the
25 copper(Il) and cobalt(II) salt components of the copper plating solution, however it should be
appreciated that the anionic species do not have to match. In yet another embodiment, a pH
modifying substance is added to make the solution weakiy alkaline, i.e., a pH of less than about
8.
[0025)] Acidic copper plating solutions have many operational advantages over alkaline plating
10 solutions when utilized in an electroless copper deposition application. An acidic copper
plating solution improves the adhesion of the reduced copper ions that are deposited on the
waler surface. This is often 2 problem observed with alkaline copper plating solutions due fo

the formation of hydroxyl-terminated groups, inhibiting the nucleation reaction and causing



5 ions), be readily solubilized in the solution, and be protonized in an
acidic environnent. In one enbodinent, other chem cal additives including
accelerators (i.e., sulfopropyl sulfonate) and suppressors (i.e., PEG

pol yet hyl ene glycol) are included in the copper plating solution at | ow
concent r at wanwos/@®Bnhance the application specific per POT/HEINGHEIHT2t he

sol ution. 100231 In another enbodi ment, the concentration of the conplexing
agent conponent of the 10 copper plating solution is maintained at between
about 0. 00QducoDhlehtion déiWty, digbr bam e hiiidlindroasedlsimfiict rodfhriekte SUB Furthets

di am ne-based, .tri am ne-hased, and aronatic,or | i | yap ne. conpl exin
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(due to t l'arge a potentia rence between the copper(H)-cobalt(
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pl ating sqlsub hRRink Ropped fidtink SiHitiofid! aNdhbh il 8SagpRciRK Brat thepts of il édpPeraci dic Wi th
a pH <about 6.4. In another enbodi ment gsbuffgrlng agent |% qﬂéed to nmake
the sol ut iRbHingEIHoRs: spdigsase! bsreifrag csptally B Ausivd a8y prdie 8k PEdYes to the
r ﬁ; ugt kg eﬁﬁrdafneﬁthg 1658 gs!/,ﬁlé ﬂﬁhlﬁfg]fcdfe;ﬁositia;d}atts brdpfer dﬁrSlgSﬁei didctrélen chyper )

enbodi nent, anp, acid and/ or uffering agent is . to.maintain the pH
of the SOFE?FGW“Bfmﬁ%Fﬁgﬁﬂmg%gﬁWeEnﬁmgﬁﬂg%QWPa?Hﬁﬁﬁﬁgﬁﬂgvﬂg?a@ﬁﬁodinent, an
aci d and/ @perasonbitiif@rgagiagentabowe. adgtaetl & thgiméfahasolulien pkdvafedi(ixe sol uti on
at between about 4..3.and 4.6. In. one.enhodiment. th N QN peci es of
the acid rf%ﬁﬁﬁ'@%e FHE escﬁ%%‘fﬁje\lf(ésr&%fﬁir%en?egms5gcﬁ‘§§etv%rfv rﬁ]égatf%ag%%ﬁzr (11) and
cobal t (I | ompktingcaepdgane ndisnioé-béskri treopperesqd] aemanig pslgbuiné o) phetisver it
shoul d, be i t el | mtch. In
yor - antt neoREERG Bkl RecAnl Tl SRED Somi e A R o Che

sol uti on wepHet §epediticairitptesuliingdrom an agdicpH dnwsgmenfan about 8. [0025] Acidic

copper pl 3hg2APmIAk BhbdAMent) e GofFRF PlarR S51&dh ANRlindH VPR b *EGRrBYSSer@kei @l | ne
pl ati ng O solutions when utilized rn an el ectraol ess copper deposition

appl i cat i aheut AjCelsi iCe andoffefuring e elpsiglessiopr e BPoFiHYYRIES- th&eadhesi on of
the reducegsaRpehibdiohst, E%%Bpﬁfﬁatﬂ?@&ﬁﬁ&@ﬂnﬂ&aﬁléﬁt a\efpefansdsribameen This is
often a problem observed with alka

orten g PLER sl eeasred Al alel bnc coppet el Sl ong e Lo the
and causi migt V¥RpaOR/RPEINe M USRI £ Ad@Rition rate of copper (mainly, the
nucleation density and deposition rate of copper is directly proportional to temperature) to the
wafer surface during copper deposition. The deposition rate impacts the thickness of the
resulting copper layer and the nucleation density impacts void space, occlusion formation
25 within the copper layer, and adhesion of the copper layer to the underlying barrier material,
Therefore, the temperature settings for the copper plating solution during the electroless copper
deposition process would be optimized to provide dense copper nucleation and controlled
deposition following the nucleation phase of the bulk deposition to optimize the copper
deposition rate fo achieve copper film thickaess targets,
30 [0028] Figure 1 is a flow chart of a method for preparing an electroless copper plating solution,
in accordance with one embodiment of the present invention. Method 100 begins with
operation 102 where the aqueous copper salt component, a portion of the polyamine-based

complexing agent, the chemical brightener component, the halide component, and a portion of



8 reduced nucleation density, larger grain growmh and increased surface
roughness. Still further, for applications such as direct patterning of
copper lines by electrol ess deposition of copper through a patterned film
an acidic copper plating solution hel ps inprove selectivity over the
barrier andonmskom®reri als on the wafer surface, and aPLDWHS200H®IWee of a
standard positive resist s photonmask rgesin material that would normally
di ssolve in a basic solution. 100261 I'n addition to the advantages
di scussed ta@@mpn@mpﬂﬂ tHdepsi plasg lslﬂi:tﬁbg atelRembiaeddhio ad'ﬁxppﬂtture pTiat i ng
sol utions stancec eristics than with
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el ectrol egdl dbqilpldd be derroigied rh@ﬁhqﬁd@mgo keepingibpteatridanikigye atslﬁ@ igthat dfag ed
gpp' | cat :j%lhﬁ&g tﬁehﬁbﬁﬂh}‘fn‘aﬂ Qi hinhl e Iaétﬂmdtzbmhegpﬂlmeg ol F@Qﬁ/ﬁnmges
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nal nt al ned atbe useEi gsngg rEiaStﬂ&le c%ntgmerl%se on—r a@tlﬁ%%l%%%ﬂ%f&%%ﬂ% ggﬂﬂ?tuol)?thtg lfl-zjslt Q ht Pe

el ectrol ed¥ ositron proce recra

t enper at urie sacrupéum&utdﬁ dt shordd b@ﬂppmnatd@msuﬂmyprawdmdep@mgr h@ﬁhﬂrﬂtf@mm ofcopper
(i nl ' PEQ:SH]' 14808 (Rt i CRBRET, th §iedi rectly

pr opor |on$}f‘lmla ieﬁ%?%‘tﬂag%?éjpwm%%ngﬁ er lsﬂlﬂﬂbaée dt(Jtrltrlls; coppér ©

deposi t i omedudtisa ofip eepper) BYST Hme 0 Sfosact s t he thickness of the resulting

copper | aygpoRnifs mﬁumh%@rwﬁ& uﬁ@e@@doayn ﬂefmﬁséta EXahsle m@.&ﬁdesa%& asion
formation 25 within the cop and adhesj on of the copg layer to
Btti

t he under E§mmgfopatstog of ?P&?%PPH’PE 30}{”1*%%%‘?‘%&“"'? Wih ens sRepdimet ings for
the coppemprepdnelavéiiosol ution during the el ectrol ess copper deposition

process woul d be optimzed to provi se copper nucleation and
controt’l ed deposition follow ng tfé‘—ﬁ&éﬂeati on phase of the bul k

deposition to optim ze theligaphesd Capp@®sitihg Bermuhtien)t o achi eve copper film
thi ckness [&Oghglgtthslé embodiment, a nitrate-based formulation of the copper plating solution is
disclosed with a pH of 6.0, a copper nitrate (Cu(NQ3);) concentration of 0.05M, a cobalt nitrate

(Co(NOs)2) concentration of 0.15M, an ethylenediamine (i.e., diamine-based complexing agent)

25  concentration of 0.6M, a nitric acid (HNO3) concentration of 0.875M, a potassium bromide
(i.e., halide component) concentration of 3 millimolarity (mM), and a SPS (i.e., chemical
brightener) concentration of between about 0.000141 M and about 0.000282 M. The resulting
mixture is then deoxygenated using Argon gas to reduce the potential for the copper plating
solution to become oxidized.

30  [0032} Continuing with Example 1, in one embodiment, the nitrate-based formulation of the
copper plating solution is prepared using a pre-mixing formulation strategy that involves pre-
mixing a portion of the ethylenediamine with the copper nitrate, the nitric acid, and the

potassium bromide into a into a first pre-mixed solution. The remaining portion of the



30 [0028] Figuret is a flowchart of a method for preparing an el ectrol ess
copper plating solution, in accordance with one enbodi nent of the present
i nvention. Method 100 begins with operation 102 where the aqueous copper
salt conponent, a portion of the polyanm ne-based conplexing agent, the
chem cal bwioghoszers7 conponent, the halide conmponent, ardr/asypovasyen of WO
2008/ 002737 PCTI US2007/ 069762 the acilg conponent of the copper plating
solution are conbined into a first mxture. The nethod 100 proceeds on to
oper ati on chaglewgh®nt ddipsRAFS pre-AixddWithitro siih@npomgat eio al‘sgcoa@pxﬁt and the

aqueous coba aIt onponent conbj ned.intaq Seco I n one
erbod: ment RN SR PER IR Pl Bor PR LR aies i “HHEgecond

m xt ur e has apgrogtatetontainer{iti. ﬁnhtmmifl@uit(dmbﬁnaaclmtmtessa:bp;ﬂr pllamtg sbheogehivant age of
keepi ng the secon acidic is that,fhi ' he cobalt (I1)
o bn sct oo ecThEts fafhe b Fohutmofeitont Midestiebe SRR 106 (where
the first sraguwinethandiatthge o Eoonldiing axhaore sa‘rmcepmnlbiirm@dlunmﬂlatm&nrbtl nal copper
pl ati ng i use in a copper plating operation. [00291 In one
enbodi rrentsp?{lt‘lt‘]%d&#h?%%%ng% he second m xtures are stored in separate

per manent [0083] slbpualyefescmbatimentsotiha pipsent dnviriion §rvatbrerrescribed ipdethinent

storage cqpi.al Pefoaldde nfhHRa! IR, sfq)rmwgmﬂ&am@ﬂ@&ﬁmveﬂ% &gma ter m
storage of thé first and second m xtures until th are readP{l

conbi ned icmbediehia orapnether SRS forps Hithetd datting rem theAW- eryppRpe8f hper manent
storage CGpNedtlidhe TherBB, tlﬂ@pﬂé&ﬁ@bxaﬁplkmaeﬁﬁoths@mawmmdérsd fon-reactive
with any of the coanonent the first and ﬁ_‘ fftﬂgh% xtures It should

be appr eci'LtsB#ivE A q???%‘ﬂfr‘“‘@“ﬁf@ﬁ“ﬁﬁn@wsd‘to@&?e r&‘@‘éedof 15

f or mul at i ngerdn, Wrﬁayﬂﬁ&bﬂﬁieﬁﬁkpﬁﬁchfﬂd&hﬁﬁ@h&ﬁs@d}p&t@fﬂmalb]:hﬂded\Malrhs not plate out
(that is, resulting in the reduction of the copper) over tine in storage.
100301 Thimshar invlhtadan can be further understood in reference to Exanple 1
whi ch describes a sanple formulation of copper plating solution, in
accordance with one enbodi rent of the present invention. 20 Exanple 1
(Nitrate-based Copper Plating Fornulation) [0031] In this enbodinent, a
nitrate-based fornmulation of the copper plating solution is disclosed with
a pH of 6.0, a copper nitrate (Cu(NOG3)2) concentration of 0.05M a cobalt
nitrate (Co(NG3)2) concentration of 0.15M an ethyl enediamne (i.e.,

di am ne- based conpl exi ng agent) 25 concentration of 0.6M a nitric acid
(HNGB3) concentration of 0.875M a potassium brom de



(i.e., halide conponent) concentration of 3 mllimolarity (mV), and a SPS
(i.e., chemcal brightener) concentration of between about 0.000141 M and
about 0.000282 M The resulting mxtute is then deoxygenated usi ng Argon
gas to reduce the potential for the copper plating solution to becone

oxi di zed. 30 [00321 Continuing with Exanple 1, in one enbodi nent, the
nitrate-based formul ati on of the cdgern: plating solution is prepared using
a pre-mxing fornmulation strategy that involves pre- mxing a portion of
the ethyl enediam ne with the copper nitrate, the nitric acid, and the
potassi um Qrom deyy &E&r(ﬂeés'&)@pé‘ idtfn%tsoﬂl"ti%ﬁ,rﬂohgﬁsﬁ'% ution. The remaining
portion of the WO 2008/ 00273 PgT/U 2007/ 069762 0 conpl exi ng agent
conponent is pr e-amaquebusicopperiselt cobpdrtental t conponent into a second pre-

m xed solution. The first prem,xed solytion and second pre-m xed sol ution
are then added iﬁpgqugqysgggqlg%:lticgpgmg tainer for final mxing into the
final el ectrol ess giypRghcBhaid cash inff Agefit;prior to use in an electrol ess
copper deposition operation. As disclosed above, this pre-mxing 5 strategy
has the advant age demicsl hiighienggompaped; 4dabl e copper plating sol ution that
will not plate q Py ' t0r . . odi nent s
of the present i e}}]_ﬁo?ﬁfyh‘lg}gb%tg%% 1@3@%&0&@&?@1&3@{%?%@ﬁmee?eé{xﬁ%%?% shoul d
Ee un(rirte)rz_t @gpberlpyatihgaslaﬁoﬁhwa& pi;i_roﬂ?k'tﬁah,abwte&, wmbeirpmes;_ehmo?rfym‘ gt ihon may
e enbodied in many_ other specific fornms out departin r.o e spirit
or scope oFURSRNCEEs SERFESGITOIA 2 SO WRSisEng ?ﬁéﬁ P@é@atﬁwﬁgé@m oric

enbodi nent r i illustrative and not restrictive, and
t he i nvent i%(%i%’ |ﬁg6lﬁgé}?%%&€gﬁ(?ﬁ%ﬁ?g a’to the details provided therein, but
may be nodified and practiced within the scope of the appended cl ai ns. Wat

is clainmed,s: 1 ains: 1.. An electroless copper plating solution,

conpri si ng2 an ;@E&i@&%ﬁﬁ%}?%%a{mﬁﬁ%%%ﬁffe"&ﬁga’g‘ﬂﬁlghgﬁ ‘g%%%} t salt

conponent; a pol AGhRoRASHPeL AR oBoRentagd§dlated from a group consisting of
copper(1l) sulfate, copper(II) nitrate, copper(ll) chloride, copper(II) tetrafluoroborate,

copper(Il) acetate, cthylenediamine copper(Il) sulfate, bis(ethylenediamine)copper(Il)

sutfate, and diethyleneamine copper(Il} nitrate.

3. The electroless copper plating solution, as recited in claim 1, wherein,

the aqueous cobalt salt component is selected from a group consisting of
cobalt(Il) sulfate, cobalt(Il) nitrate, cobalt(I) chloride, cobalt(Il) tetrafluoroborate,
cobalt(Il) acetate, ethylenediamine cobalt(II) sulfate, bis(ethylenediamine)cobalt(II)
sulfate, tris(cthylenediamine)cobalt(Il) sulfate, and diethyleneamine cobalt(II) nitrate.

4. The electroless copper plating solution, as recited in claim 1, wherein,
the polyamine-based complexing agent is selected from a group consisting of

a diamine compound, a triamine compound, or an aromatic polyamine compound.
5. The electroless copper plating solution, as recited in claim 4, wherein,
the diamine compound is selected from a group consisting of 3-

methylenediamine, ethylenediamine, and propylenediamine.

6. The electroless copper plating solution, as recited in claim 4, wherein,



a chem cal brightener conponent; and a pH nodifying substance in an anount
sufficient to nake the el ectroless copper plating solution have a pH of

| ess than about 8, wherein the pH nodidying substance is selected froma
group consisting of sulfuric acid, nitric acid, hydrochloric acid,
fluoroboric acid and acetic acid. 2. The el ectrol ess copper plating

sol ution, as recithegonati€bélyamine cofipioadis seldored dtpne s groupappsastingaift
conponent is selected froma_group consisting o{ copper(11) sulfate,
copper (| | ) benzenerd @-diamsepymidine, dapygidegand RyGIESy (-FP1% et r af | uor obor at e,
copper(11) acetate, ethylenediam ne copper(ll) sulfate,

bi s(et hyl enedi am ne) copper(11) sulfate, and di et hyl eneam ne copper(Il1)
nitrate. 37. The dheclacabksscoppppeleting salitig, sotegitedim, clam Iodierad, in claim 1,

wherein, the aquequs_.cobalt salt conponent .is selected fr rou
consi sting of c&ﬁi’}r et P)"?@EP]%%T‘QPP ajing Jolytiqn; 1§ pevgen %%ﬁ?}(f‘f}rﬂ)a%gﬁﬁ oride,
cobal t (I1) gteetrafl uoroborate, cobalt(ll) acetate, ethyl enedi am ne

cobalt(11) sul fate, bis(ethylenediam ne)cobalt(l1) sulfate,
tris(ethyl enediam ne)cobalt(I1) sulfate, and diethyl eneam ne cobalt(I1)

[ t e. . Th I . pl at . | UL i . | ' | ai
1 Wher ei n® t no- g RIS baaar aant i Al et B i B dng

consi sti ngahlidédcdthpyiet€ conpound, a triam ne conpound, or an aromatic
pol yam ne conpound. 5. The el ectrol ess copper plating solution, as recited
in claim4, wherein, the diam ne conpound is selected froma group

Lo o L ga0r o1 e IR SRS A Braifi MHLEAL L ARLOEIn Afh BLARYLiBN Sl &n e,

6. The el eCtrol ess copper ron, as recited 1n clarm4, wherein,
12 the aromati c theohylaki componem bana coentehténet betivéanaboat @H0Aipmolansy @) ng of
benzene- 1, 2-diam ne, pyridine, dipyride, and pyridine-l-amne. 7. The

el ectrol es$ é‘b”b’}ﬁéfo%l ating solution, as recited in claim1, wherein, a pH
of the electrol ess copper plating solution is between about 4.0 and about
6.8. 8. The el ectrol ess copper plating solution, as recited in claim1,
further indbudi nglhezldvgoledecappepplating solution, as recited in claim 9, wherein,

the halide component is selected from a group consisting of potassium
bromide, lithium chloride, potassium iodide, chlorine fluoride, ammonium chloride,

ammonium bromide, ammonium fluoride and ammonium iodide.

11. The electroless copper plating solution, as recited in claim 1, wherein
the chemical brightener component is bis~(3-sulfopropyl)-disulfide disodium

salt (SPS).

12. An electroless copper plating solution, comprising:

an aqueous copper salt component having a concentration between about
0.001 molarity (M) to a solubility limit for the aqueous copper salt component;

an aqueous cobalt salt component;

a polyamine-based complexing agent;

a chemical brightener component; and

a pH-modifying substance in an amount sufficient to make the electroless
copper plating solution have a pH of less than about 8 wherein, the pH-modifying
substance is selected from a group, consisting of sulfuric acid, nitric acid, hydrochloric

acid, fluoroboric acid, and acetic acid.



9. The el ectrol ess copper plating solution, as recited in claim@8, wherein,
the halide conponent has a concentration between about 0.0001 nolarity (M
to about 5.0OM 10. The el ectrol ess copper plating solution, as recited in
claim9, wherein, the halide conponent is selected froma group consisting
of potassium bromde, lithiumchloride, potassiumiodide, chlorine
fluoride, admoni Thechcavledecoppanplatingisolitionyisiecitedimaioni ¥, fertirerde and
anmoni um i odi de. 1}1? .The el ectrol ess copper plating solution, as recited in
claimi, V\HE:l g 3 RRlidefomPOafMtyr | ght ener conponent i s

bi s- (3-sul fopropyl)-disulfide disodium salt (SPS). 12. An el ectroless
copper plating solution, conprising: an aqueous copper salt conponent

havi ng a cadfcent rdat électrdlesswepper phating solmtion,Jcomyirisitigty (M to a solubility

limt for the aqueous copper salt conmpopent: an agueou I | ;
conponent; a pol ﬁ@qH%qusggwrgilhg?@é{ﬁegﬂgagﬂ ?Ousﬁgﬂg%te%%ﬁc‘;&%%%?%né%?‘é% 7
conponent ; cgit@natidit bepRbdrydbagt §.00B MRy (V) &na setobility iatit fércthe Bgudoas make t he
el ectrol ess copper plating solution have a pH of |ess than about 8

wher ei n, t kebaghsalfe@mpPnes; substance is sel ected froma group, consisting
of sulfuric acid, nitri ..d. - C W I [ I id, and
acetic acid. 13 af%:r 3%20 Izqqtc s g%ﬁggse? %%%ﬁ“%%“?ﬁ%éégﬁﬁ??% &Igg{ér ecited in
C: af[ m 12, li)hls{e_tifwmpldxmg apghnglatddarome geanpameisting dililbenéeneei ,2gliaminess copper
plating sol ution, conprisjng; an agueous copper salt conponent; an aqueous
cobal t sal Py’é@rlﬁﬁcﬂiﬁmrg)ené%q Pgicine-L3HURRt r at i on bet ween about 0. 001 nolarity

(M to a sol ubil ié%glﬂié&l%ﬂ%ﬁl@ﬂl&% gH&RUS,d cobalt salt conponent; an
j mp

aromati ¢ pol yam ne-based c exi ng agent, the aromatic pol yam ne- based
conpl exi ng agent aspH-eotdelyirfersmbstanagrio ap avonsi sifficigntdd niaba tendecisolessli ani ne,

pyridine, %})&Y@E’ ipfia?ihg %Ql%tigg flé!:l\gel anﬁ-_l o%le_séle marr{%i)out 8.

15. The electroless copper plating solution, as recited in claim 14, further

including a halide component.

16. An electroless copper plating solution, comprising:

an aqueous copper salt component;

an aqueous cobalt salt component;

a polyamine-based complexing agent having a concentration between about
0.005 molarity (M) to about 10.0M;

a chemical brightener component; and

a pH-modifying substance in an amount sufficient to make the electroless
copper plating solution have a pH of less than about 8, wherein, the pH-modifying
substance is selected from a group consisting of sulfuric acid, nitric acid, hydrochloric

acid, fluoroboric acid, and acetic acid.

17. The electroless copper plating solution, as recited in claim 16, further

including a halide component.

18. An electroless copper plating solution, comprising:
an aqueous copper salt component;

an aqueous cobalt salt component;



a chem cal brightener conponent; and a pH nodifying substance in an anount
sufficient to nake the el ectroless copper plating solution have a pH of

| ess than about 8. 15. The el ectrol es#4 copper plating solution, as recited
in claim214, further including a halide conmponent. 16. An el ectroless
copper plating solution, conprising: an agueous copper salt conponent; an

agueous cobal t sahtramatiegoéysminebpsedcamplexityapedt, demrdématicgplsgeme- havi ng a
concentratjon_between about .0 nol ari t .M _tao.,about 10. . a chem cal
bri ght ener PeSSEMRIGAD fasel?ﬁf-ear%?ﬂ”f‘9igf@ps‘é8é‘§%ﬁ%fqeﬁzeé]ﬁ']a%8%m§uf ficient
to nmake t\?}ﬁyﬁ&iﬁ&%ﬂrﬁ%?anﬁ%?m{e-waﬁﬁﬁéﬂg solution have a pH of |ess than

about 8, erein, the pHnodifying substance is selected froma group
consi sting of sulafcheinécabbiightensr componenit Havihg 8 cordehbrtian bewean abblior obori c

acid, and lc acjd The ¢ {1 ol ess copper plating solution, as
recited i nai)ﬁéﬁ"fh T%i,a“%d\&t 8D0 tné:ﬁ i’?ilbdea hal i de conponent. 18. An

el ectrol ess copperpHhidiffthesabitincein af efblhtSuffitient damake tRUsecaoliser sal t
conponent; an aqueous cobalt salt conponent; 14 an aromatic

pol yani ne- bernsepietng bdutiomhavgant of less hppakaut & pol yani ne based conpl exi ng
agent selected froma group consisting of benzene-1, 2-diam ne, pyridine,
di pyride, and pyridine- | -amne; a chem cal brightener conponent having a
concentratiion betTheelecablesd coppeOfAOA] soimiar, bt secltdd intdaiabi)futhedlM and a
pH nodi fyi ng,  substance in an anount sufficient to make the el ectrol ess
copper pi attichiing? belidscopmppBe: pH of | ess than about 8. 19. The el ectrol ess
copper plating solution, as recited in claim18, further including a
hal i de conponent.

20. A method for preparing an electroless copper plating solution comprising:

combining an aqueous copper salt component, a portion of a complexing agent,
a chemical brightener component, a halide component, and an acid as a first mixture;

combining an aqueous cobalt salt component and a remaining portion of the
complexing agent as a second mixture; and

incorporating the first mixture and the second mixture together prior to use in

a copper deposition operation.

21. The method for preparing an electroless copper plating solution, as recited in
claim 20, wherein,

the aqueous copper salt component is selected from a group consisting of
copper(1I} sulfate, copper(II) nitrate, copper(Il) chloride, copper(Il) tetrafluoroborate,
copper(Il) acetate, ethylenediamine copper(Il) sulfate, bis(ethylenediamine)copper(1I)

sulfate, and diethyleneamine copper(Il) nitrate.

22, The method for preparing an electroless copper plating solution, as recited in
claim 20, wherein,

the aqueous cobalt salt component is selected from a group consisting of
cobalt(1l) sulfate, cobalt(II) nitrate, cobalt(II) chloride, cobalt(Il) tetrafluoroborate,
cobalt(II) acetate, ethylenediamine cobalt(1I) sulfate, bis(ethylenediamine)cobalt(II})
sulfate, tris(ethylenediamine)cobalt (11} sulfate, and diethyleneamine cobalt(Il) nitrate.

23. The method for preparing an electroless copper plating solution, as recited in



20. A nmethod for preparing an el ectrol ess copper plating solution
conprising: conbining an aqueous copper salt conponent, a portion of a
conpl exi ng agent, a chem cal brighterger conponent, a halide component, and
an acid as a first m xture; conbining an aqueous cobalt salt conponent and
a remaining portion of the conplexing agent as a second m xture; and

i ncor por at tlagn 2Oevhdreiatthathemica beightehdérds de@rul fopropyl)-elitublipkt disvdiymisalt t o
use in a c%gger deposition operation. 21. The nethod for preparing an

el ectrol es® pper plating solution, as recited in claim20, wherein, the
aqueous copper salt conponent is selected froma group consisting of
copper(1l) sulfate, copper(ll) nitrate, copper(ll) chloride, copper(ll)

t et r af | uor ®hor at Ghe nogippkiof ptepatingamtlectradeds whppos gl atimiz selutioppséditell isul f at e,
bi s(et hyl enedi gm ne) copper (11) .sul fate, and diethyl eneam ne copper(I11)
nitrate. 2 ?“%ﬁgh%@%ﬁBgﬁ% OﬂagﬁﬁﬂW9hfsﬁﬂagﬁgﬁg?oless copper plating
solution, as recited in claim20, wherein, the aqueous cobalt salt

conponent is selected froma group consisting of cobalt(ll) sulfate,
cobal t (11)25i t r afThe metlhsl for prepaing o ¢leerolessisappqr PlatingsplulipnAsTeBd R e

cobalt(11) .acetat | enedi am S .

bi s( et hyl efiddh plik ‘ﬁ%‘if%&&g%‘? SRtk Eg‘?ng?%?b(%l%’g%“éets%‘%‘g‘}?g“&?l%n%3§%néba| t (1)
sul fate, apdedlbefrbinlaneantagistiapaf b (laningcdmpdund, a @Bmiddeompéunddor @y
preparing an el ectrol ess copper plating solution, as recited in 15 claim
20, wher ei Aromasic PRbmmRg comayBdener is bis- (3-sul fopropyl)-disul fide
disodiumsalt (SPS). 24. The nethod for preparing an el ectrol ess copper
plating solution, as recited in claim20, wherein the second m xture has
an acidic pH 25. The nethod for preparing an el ectrol ess copper plating
solution, as recited in claim20, wherein the conplexing agent is a

pol yam ne- based conpl exi ng agent selected froma group consisting of a

di am ne conpound, a triam ne conmpound, or an aronatic polyam ne conpound.



