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PLATI NG SOLUTI ON FOR ELECTROLESS DEPGCSI TI ON OF COPPER
by Inventors: Al girdas Vaskelis, Eugenijus Norkus,
wd aoe/13a82 auski ene and Al dona Jagm ni ene BACKARCDNE2007/068691
[0001] In the fabrication of ;sem conductor devices
such as integrated circuits, ‘'menory cells, and the
like, a series of manufacturing operations are
performed to define features on sem conductor wafers

PIAYTRE SOLUTIBN RO ErnEE TG LR BER RGN F CopPER

on a silicon substrate. At a substrate |evel,

transi stor devices with |ffu5|on regions are formed.

In subse uent | evels, jnt& %%ﬂ ﬁ% netaII|2ﬂt|on li nes
raﬁléf‘dlsaﬁ%geé‘mé%NPﬁkéél PYe tesimeidensand g lfdpRa Jagminiene

tranS|stor devices to define a desired integrated

circuit device. Also, patterned conductive layers are

insul ated from other co ers by dielectric

d i nt t ed
1000{J ¢ BbBpatonel hnfoptitia tedied Mol 45 BugpEd bRG; mgmory celis
and tM\éiﬁleé a s¢f& dfrhdriGacaltfthgl @@@h@ﬁg 48 pelfsrddus asfigd RafuR&n
added as nul ti ple thin | mlayers through a series of

semlcrmducftarcwafersdg“fpfeesé'bs%‘has%fs@ lnqiyﬁéﬁ intaeraped eirquitrdeyicegipethe form of
multlt(—)lf \Ff)eqlofru(gt Hire Ifi%ﬁrgé uir % ﬁé&jg%uggg&tg J;l Sﬁb%ter%tt% 9%\%'1 ttrea%lg‘@r devices with

diffusgi®i Adgidn@ .ag: fored pBrsubsdquent nemels, ﬁﬁﬂconractanétanmniommndsmm
of this base |layer, etched to create t igponductlve
pattexrnpda aud elegifically sapnegied tothe franstendevieqs i drimepidepise injegrpted

circuif 'éis/l@g t Ris%eﬁ%%{eﬁ{e'd%lotl%%g f ﬁ%ﬁ% a&‘@ﬁlﬁlﬂ%g ixei] ?{thbﬂ%ﬁldﬁétWeslayers by

WEEn 1 ht nes t hough copper [1nes are
(ﬁdcaMphﬁahk&sconprlsed of a PVD seed | ayer (PVD Cu)

foll owed by an e] ectropl ated | ayer (ECP Cu),
100023 Bl 8L STt BTa A PR L BB the wafer
The VVI%% 4nd ﬂlsEMpn%trﬁ&ﬁje@&%% addaings ﬁﬁﬁﬁbl@ﬁmﬁﬁm&}@é through a series

rep Facenent rocess called el ectrol ess coppe
ofma’ﬂmfmmrtnlgmm@amstt}tm Tybiealyys edirstdaystpf diclenicdapp Flng) material is

ductlo | i.nes.. Dur.in ctrol ess COH
cepoeRerienal G ETTGHEH P SH TG FRRET R R Sappuninam,
etc.) SR RRGTed ANSp bPtHiIase Alydt, ieRAed RSibdtE i@ doRdiidii®c lines that carry the
deposi tion of reduced copper onto the wafer surface.

electritiy, ik e Siledwitbfdielpririemateripblogssente Big mesesparsitisylplors between the

solution is optimzed to maxim ze the el ectron

Stransfer process involving the copper ions in

[0003] A tou@R copt@ Whks Genysiviliyosvahprised o0 b PVIDBScdClaydr (PYD Cu) followed
mai ntalning the plating solution at a high alkallne pH

by an(glecgtoplagd lgyg)(EC%@u)I, eleriralessghemistiies a5e ,uﬂgerﬁ:logﬁ gration foruseasa

PVD %u ?épl&%m%ﬁp RRE ePLPSd J‘EC?%tyfeb%émgﬂr AeﬁrSEéSE ehBS&Belectroless copper

deposition can thus be used to build the copper conduction lines. During electroless copper

lines

deposition electrons are transferred from a reducing agent to the copper ions in the solution
resulting in the deposition of reduced copper onto the wafer surface. The formulation of the
electroless copper plating solution is optimized to maximize the electron transfer process
involving the copper ions in solution.

[0004] Conventional formulations call for maintaining the plating solution at a high alkaline pH
(i.c., pH > 9). The limitations with using highly alkaline copper plating solutions for electroless
copper deposition are non-compatibility with positive photoresist on the wafer surface, longer

induction times, and decreased nucleation density due to an inhibition by hydroxylation of the
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copper deposition are non-conpatibility with positive
phot oresi st on the wafer surface, |onger induction
wo 2oved3418nd decreased nucl eation density due tBCHEDS2007/068691

i nhi bition by hydroxyl ation gf t hecopper interface

(whi ch occurs in a neutral -td-al kali ne environnent).

These are |imtations that can be elimnated if the

solution is naintained at an acidic pH environment.
coppfdadbiice (whittewccnfs inhechoalgoiatigpline birieonneny. dbese drotimitations that

i mproved, fornul ati ans of .copper plati sol utions that
can b RAlS AR THen T mgeir b e B i P ROV RMsERe t or

S@ Vi r GRS a FRBO Tl inGRoRIIOLAREREens of copper platin
[000 Um%‘@e%%%%g]g}ggrﬁ%édly speaki ng, thﬁg present inventi o ¥ ®
solutfonk lilsat tche e maeidmedyn priovi agidig PHrpwsoaeHtdphiifeal derdroless copper

aof, coFOper | ating solutions that can be maintained in
depogfH{on PIGFYCSH envi ronment for use in el ectrol ess copper

deposition processes. |t SUMMARYe appreci ated that

the present invention can be inplemented in nunerous .
[000glaBroadiyn epaaliingg the paeseBl ireentieR] THisc Hishi dgpdss QyuptogKling improved

veral. | | i he. g :
rom TR Y B BB b R R et for
use RITBREtrsTeRt copper elepssiticdl prremeppelt shbultii ry apiccitfed nthists the present
~ disclosed. The solution includes an acﬁueous CoppPer . 1 4 chemical
inveniant caso hp JREHIIONG by HEHGEOUS obRISt 1ICAYINg GffoHiHOC gnd a chemica
Il & ' AtphERdidibbd Below.
SOlméou &%‘%%?Qﬁ@%ﬁﬂ,g%%g{?ﬁée o%?ﬁgltr?ts ?ﬁ?ﬁrg tél ectrol ess. e_ ™
[000T]ORNETe ¢Xeaiplang embbditrient) ahreddctrdisss eoppaypletiog seloppers disclosed. The
salt conmponent with a concentration range bet n
solutigolieugeD @ RS FPPERFAE GOTRENEhy ¢ BT Py Py omponent &
triamlixFE %f bd DRbRS neSIERRd LAR B I 1- 08I FAhe GLBsPArRE S 1€ @RPREr embodiment, the
plating solution’includes an aqueous cobalt salt _
electmddmy oomper Vilstnga solutice ninelatlpomnr agiFeUH caORBYN selbgipmponent with a
0.001 nol arit M .to he salt Lukjli |, :
concgiqation g e st e e AP0t FRoBfbh (7D 8 dhe sl seldBlihy hifit. in ye
anotit nigdgimal UtHeON cdtRAdsH dRSpe Slatiy exlitich agdndes haviqugows cobalt salt
triamne group with

h a concentration range b(ﬁt wee i
commiment: with0@5canstniratiy ange tbetvggnoatou db‘éfg] nqlargy o fo to the salt
aspect. of, t i nvent i . i on includ
B
compTBLiRe hgbMVIRIVIGS a afiBIN3i Brgup heting wencesitratqp eangs dietween about 0.005

co

onponent, a portion of the conplexing agent conponent
molagid(Mhe@ @eiM- conponent of the plating solution into a

[OGO%L@S toMel LilfeSt og g iﬁ@éﬁﬁgﬂ,lsa eBRlt oS flchar P8 ol@&R’Gopper plating

endl nder of the conpl exi ng agent is conbined into
solutfonSB Cistlosail X tTheanctRod divoles wombimng theehgiepusotappst salt component, a

copper deposition operation, the first mxture and. o

poriigw BB AR BB EOBITRBIT AT ieOPERLR B TGy Hing soluton int
a first mixture. The aqueous cobalt salt component and the remainder of the complexing agent
is combined into a second mixture. Prior to use in an electroless copper deposition operation,

the first mixture and second mixture are combined.

DETAILED DESCRIPTION

[0009] An invention is described for providing improved formulations of copper plating
solutions that can be maintained in an acidic pH environment for use 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
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[0009] An invention is described for providing
i nproved fornul ati ons of copper plating solutions that
w@a07hst+1sni nt ai ned in an acidi c pH environnment PEDUS28P068691

in electroless copper deposition processes. It will be

obvi ous, however, to one skiFled in the art, that the

present invention nay be practiced wthout sone or al

of these specific details. In other instances,
knowngirbdenpuperpiosdeve npdest desogbdddudendtin balennelds enidsgsbarily

in detail in order not to unnecessarily obscure the

d
Ob““E?QEEH?“?hWEWWFEh_ [001Q) Electrol ess metal deposition
[0010) 6 FIEE kiR dich i SAProaREMGELA inRAkdokanstbl MBnufacturing
applications are based upon sinple electron transfer _
applictivoe predasethepoprsapls stestrpmh ransies coneapisn gl hg Pspaspses éryolve placing a

sem conduct or fer i I r t al ' :
o SR L S AR ARAS Bl B s o
metalS8hdiini thA 10t AC BERtcp? kRElr6:8MBorh b eeduinzeguet ragiltigeintthe deposition

resulting in the deposition of the reduc?d n?tal ont o
of the teduesdrmefaleonse thesurfogerafithe wafer s Thewissess pf thgelectroless metal

ceroE 2L ST AepBRRELLAO, PLRSERRLS Nk parare, cc)an
chemicahiees. gilliyreagentscety.) padneleso tthe plading solupéh. Asagdritessin, a reducing
etc.) paraneters of.the ating,salution. As used
seentie b HRMCR. PGRTEPHE Mo SR B Heechim (B 58t appther
compBlinP&t éig;&bﬁ{ﬂﬂi Sgiﬂg b Qe FRBEhE Aerk Baloni RS ERRd2NYahR! the reducing
conpound or el enent 'hi doing so, the reducing agent
agenthesooestraxdatior gut ddiwads anslectrhe to hd gompgurderdlenent aing reduced.
el ectron donor that donates .an electron to the
(001 1] SR 56 i TG RG OF Sir g ceptih iy shelBisal agp ot can be
utiliz@PRNEvdrkib s bind REEAPIURALINdCEGh &t fROfoRAbIplek. a0¥alt is any ionic
chem cal agent that can be utilized tp reversibly bind

comppundormpsed of perttiviesharged cedorisde s, & omstkand nsgafhiely ¢harged
o 35 b SRRy ROt o YRR any sl e

that cB8Rta@N$hly 88k kinabf bhgtivy 0 Usther thar thiyatogam thnvin tabidutlty. A
net charge. A sinple salt is any salt species that

) . L P ..
complexrsalliihamisalt spersesdhaicropraomplex fogAhat it made whaln mellic ion
hydr ogen_ | ' [ i . i - .
4§ 920 D0 4P S o TN s Bk
metalip afdim &r R t@ivhich ik amachtd ashednde etaverondonating molecules (e.g.,

| ect -d ti | l es. Typicall | .
Cu(lTighdemsdBRe & ot o PTAOHEGH BRI 1§ G1aARdRS pecepted 3 hydrogen on
. Ht < ting nol ecul es
(L&’%8f§$g%gﬁ?%?8@%5?@%@%?gﬁfﬁgﬁgfgﬁggc.). A protoni zed
[0012((} @n‘cxmmfﬁhamtlg) sr?uﬂichafor h%inwéﬂtdﬁpt@?%@phy@&p@g]@np itapphcatlons is
(e, o forma und Wi an Sitiv
disclosphpefay- [ fg?p%%%éﬁggtﬁg??fhﬂeg&mﬁfﬁh s SRR salt and a
polyafé’}il?eg-l?dfs% ESHpLRRReLafleMPShd & paiRP bhBalin®s thécopper plating solution
IS

osed bel ow. The conponents of the solution are a
is prepoppesiig Ty-oxpgenated ligoidal Us¢ pf desaxxgenaipd liguids substantially eliminates

., pol 1 ne-.bas conpl exi-ng agent  hi .

oxicafi RO raccS g R bt S iaBLE R ot gn the redox
potenHl dﬂhé’jﬁ’n@Eﬁ@ﬁfb@t F?éri;ﬂdﬂr@&‘solu@sﬁ. of de-oxygenat ed

l'iquids substantially elimnates )
[0013] In one embodiment, the copper(II) salt is a simple salt. Examples of simple copper(1l)
salts include copper(Il) sulfate, copper (1I) nitrate, copper(II) chloride, copper(l)
tetrafluoroborate, copper(Il) acetate, and mixtures thereof. It should be appreciated that
essentially any simple salt of copper(II) can be used in the solution so long as the salt can be

effectively solubilized into solution, be complexed by a polyamine-based complexing agent,
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oxi dation of the wafer surfaces and nullifies any
effect that the |iquids may have on the redox
w@oeaoensdiat of the final prepared copper plati nBCT/US2007/068691

solution. [0013] In one enbo%i ment, the copper(ll)
salt is a sinple salt. Exanpl'es of sinple copper(ll)
salts include copper(ll) sulfate, copper (lI1) nitrate,
copper (Il) chloride, copper(ll) tetrafluoroborate,

and oxtsppask iyl 4 Jeduoing agent ineardacidi cunismeneiogefult ip depesgigngefifhe reduced

appr egi at t essentially any sinple salt of
COpp@%g’ﬁ%ﬁ’(elsfls a%ea?qq@%wﬁégd in the solution so long as the

[001H3htone @mbbeinednt,ekd ¢oppbyI[pltbh kcbmpRxishlt ovithal palyaptine blectron-
conpl exed by a pol yam ne-based_conpl exi ng agent, and .
donaiyyg @pk@gle@ya@eglé@ thei qqugggﬂfm.i RxapplexifoRnden Sopasitihialts include

connBy by By BEPAL 0 s S e,

dietheetidrhing nitfdtd, bisgdiathedempdteamsa)coppdr(lh ndtryialapd mireres thereof. It
el ectrondonati ng nmol ecul e attached to the copper (!l i

shoulddy. appsesipAddBat SFscabaly aw C@Hﬁ’ﬁfé% sefiof eepnerdd Aredhic t & polyamine

molegllﬁg ?é‘[ %{/’?seﬁtnlﬂﬁkesﬁﬁﬁii)bﬂ% ReSM ki AlBulting salt can be solubl(hlzied into

enediamne)cop rer(l1) sultate, copper _
solutidhehd e ereddrtd apohaning-baseeé complexing agent, and oxidized by a reducing

bi s(di et heyl enetri am ne)c er(H) .nitrate, and
sgeniipEDaF O THEPBBEH ' PG EhoBE o8 g M PRt <Pty oto the surfuce of
the wafsentially any conplex salt of copper(p) attached to

a pol yam ne nol ecul e can be used in the solution so
[0015]dn@nasmbhéinteat Wha ¢angenseation ok thetsepra(Lhisalt comgongnt of the copper

.sol ution, be conplexed t o) L€ 0 [
pai T TS 4ot AL BT A0 e
solubBIRY 1iANGERE vhfouseephdr(IDRalediedbiddabond. nheothedenzatplary

copper onto the surface of the wafer. [0Q15] In one

embogithoni the sencentatiaigt{dbneqprer(Bhsadt commongry ) dhe qoppergipiing solution
. . t. of t i ' ' ' ined
is maﬁﬁeﬂﬁg{%ﬁ%g\g ernaattﬁgutc&@fﬁ{)aerw A6 N Itss%ltoﬂ%l'. t%gh&?&s%ﬂ%a’gltﬁke

ron ween abou mol arity _
concdrMatiah af thb opgir@Dishl tympdrent ofthe téygpey phatiog solob@pean( dskgntially be

salts discl osed above,. In another ex | ar :
adjustsdddo gnyrissite up kethe salubHity BmiigH t quﬁér%ggiﬁgté%(‘%g B g resulting

&9 | i3t b1Udp | Whidt S8thee duri
ore SRR B ERRTER B Oy g Pt sl e
an eléthdbiss tappar ddpetitivheraesscent rati on of the copper(11)

1001 Jaens pabpd misa e cobpuBRRT kil 20g st B or simple
cobal?@ Hef‘ﬂs! ihd1¥qd édﬂahaglfsutf&%, &RRRET) chibride dobaRET) naRge, a8bAllE)

ting copper ating solution can effectuate
tetraftloeatorat,ebalt{ @) ositate cmd ahixbwpibereoh Tashoaddbe vndergeqd that

during an el ectrol.ess.copper d i t.1:Q0
ccri B 300 5 SRR LR}y R PLEFRR g s cont
cffecBidPLAusab& ih tBaddlutideX BH@blﬁFIeﬁéd &l I artiabdbiedl dojnplexing agent,
salts include cobalt(ll) sulfate, cobalt(ll) chlori %e,
and redisabicobalyThsaliriare acidsbamviropyentdp resul i Histspasigon of the reduced
COpp%??ggql,él%ISI E;wtae(r:? ﬁl?etv?afeﬁnd m xtures thereof. It should be
[0017] In another embodiment, the cobalt(Il) salt is a complex salt with a polyamine electron-
donating molecule attached to the cobalt(IT) ion. Examples of complex cobalt(II} salts include
cobalt(Il) ethylenediamine sulfate, bis(ethylenediamine)cobalt(Il) sulfate, cobalt(IL}
dietheylenetriamine nitrate, bis(dietheylenetriamine)cobalt(Il) nitrate, and mixtures thereof. It
should be understood that essentially any simple salt of cobalt(I) can be used in the solution so

long as the salt can be effectively solubilized into solution, be complexed to a polyamine-based
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essentially any sinple salt of cobalt(ll) can be used
in the solution so long as the salt can be effectively
wa@oedahsdiBzed in the solution, be conpl exed to BCT/US2007/068691
pol yam ne- based conpl exi ng agent, and reduce a
cobalt(ll) salt in an acidic“environnent to result in
t he deposition of the reduced copper onto the surface
of the wafer. [0017] hi anot her enbodi nent, the
complﬁmm agena, asfétqduc@a epnpor(ﬂb ealt inahtacic dmvaomwamweit in the

l. ect ed to the cobalt (I
deposfis SEHRRNE ERolorss HeSulies TRy e (s Trotuae
[0018§ @ 3hé Embddiaichy kieneetaiiatien s£hE ablgalt(Il) salt component of the copper

bi s(et hyl enedi ami ne)cobal t(11) sulfate, cobalt(I P
platingjsetutiey llememtdingd at between apaut 0.0001 molarity (M) and the solubility limit of

I
e 0 B ISR W e S S imen.
conce@fater dadhe yol:&’ﬂ\t\,(lI)SSal'fmbﬁlp&ﬁéIﬁ opthecopdrip(diing sclarion & nsi@thined at
in the solution s as the salt can be effectively

betwasB BRI Sl 4t ko) Sl K iTasie begrdseipackiRghs gorigeniration of (e
o OHFASACHSETIA e AR ST a8 LA 1 gy v

res

up to tHeesotldflitgilinioaf thé cobadt(ieditas dbngcqsmlmresxﬂtimg tdqmespﬂlafmg solution can
of tgg fﬁ%ﬁ %0018 I n one enpodi b
effectugf clefitrp FOR RECPBBTT § MRICT $%4 ceéb%ﬁcﬁswe Igfrate faring an

lect gggg? Bl &bhbffosBldtdson s mai ntai ned at between about
eecrg.OOO pnﬁ#%rltg M gnd the solubility limt of the

[0019¥ &n bouisnabaiknt tHe)pohaitinepsed esmplicsiticagent i dv;le%mﬂ gpmpound.

Examggpg 8??%{? }ljl ar fonutéggjg%ﬁvgz{n’tbedpﬁlzﬁcg%& glgepSé) t iﬂ%gn? H(&e g]tﬁylenedlamlne

propyﬁs%&&hin% Bﬁn&'ﬂy}@ﬁe‘a&dﬂﬁﬁe aind REkWERNh&BOM tIn AnStheMntifdliche, the
It should be understood that the concentration of

polyamkm’- kasbdpanpleXing akent donisierers carpaurd. Egppples pf HignHae compounds

that C%Ig%)%'l 1:1]%192%8 czlr&ihg §?°18P ﬁgn 1%' {uﬁe ?16‘[ %n%létaﬁﬂ{l% %f?%é%g nlfﬁn{ng ethylene

propy@$ictriAtified abd iXgres dppest. I shbilddesdiersiood tl%ﬁssentlaliy any dlamlne
ef fectuate el ectrol ess deposition of cog per .on a wafer
®

or triagnin¢ eaPaNdAn he sedabhecarrlexing peey firihepleting sl so long as
the co%rﬁjgﬂ F%g%%?%g%as egﬁé)ﬁ@es[?eta [ B3 thk 2oBA6n Egﬂg&bﬁ%ﬂb’metal ions

conpl éxi ng agent I's a
and ccﬂﬂftﬂl))lmetal ibgpd eadidf sothitdlizeden clongobdutivs atdhizd proaumided in an acidic

i R PR e TR
COI’IIp(SIHl%rS ?19&1 asltfle AOAAE (i £ TRRL IGFER, acklBraRi2é M%mST% Qtﬁﬁﬁﬁiopyl

exing agent’ 1s a triam né€ conpound. Exanpl es of
sulforiatel) and sippozsaps (ind P R agiolysthyldne glydol)i az@mcfmjlpd tiththe copper plating

solut lopyFPessaiei i et ieahel SRRy Pesies Prripiace offe solution.
(0020 TRAHOHRS eliBBaiaRt, thd conlenlfioR @ HRAVLTSGAL hdrat com%onent of the

essentially any di ami ne or triam ne compound can

coppeupletingsolutien r@@wpm@mpﬁ gt kajwean gbonut §. ﬁ@Obmatanmg(Mbm thp golubility

limit Cﬁg]ilf‘a}’arﬁ)élﬁ glap}{n?—ﬁ%sng daingiﬁg Pgse%ogl?ie% e :ﬁeFE spe{: ?? fhsclosed above.
In one XBfmpaiRdedbbEhich, the ddiﬁbéiitratlsﬂﬂ 8] thekempihg dgent component of the

coppe;g]:agng; lscllét?o% 1|s rllnefnlgtgmgc? lattulgeltvggen a%rc])gt (l):) SO Ir\/?glgdn{()z 8 %/I Ibrlll‘[ must be
greater than the total metal concentration in solution.

[0021] Typically, the complexing agent component of a copper plating solution causes the
solution to be highly alkaline and therefore somewhat unstable (due to too large a potential

difference between the copper(IT)-cobalt(Il) redox couple). In one exemplary embodiment, an
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environment. In one enbodi ment, other chem cal
additives including |evelers (am ne-conating conpounds
waa@h/1388t he azo dyes (i.e. Janus Green), acCePET/aSmNF068691
(i.e., SPS, sulfopropyl sulfopate) and suppressors
(i.e., PEG polyethylene glycol) are included in the
copper plating solution at | ow concentrations to
enhance the application specific performance of the
acid soadseil om the[pdgng]solution mo sufé cicntindvediltigsrie maki éhe solution acidic with a

o SRS R P8 SBET SRR o i
withQ (19 QTabBTd G4t b to( Vv eid BhdnBes SahdRkhltihy pHidTitke @futiddefier

various di am ne-based or triam ne-based conpl exin o
adjustyyent. padiaasthar enbebimantapoiad and/oonbuiftiagaesitys added to maintain
i nent. C [ f i e -
e RO SR bR QAR S RTS8 108 SR SRy H g i

a bufitribeigaeR aadado 1aifm ik pHbLIIR: SlMonubetwesh abeut 4.3 and 4.6. In
greater than the total netal, concentration.in . . _
one gmbediment, thegmgonyc epice af thy acidiBatehasphesesnagtiygapnic species of the

C i i :
conrg AR Bon Bl el SBRROn S 2] OcRIcblRll SURES oGt 1y should be
appredlsted thae tHecméorti©spieoi@s dangehave pomatchi al di fference

bet ween the copper(p)-cobalt(l1) redox couple) hi e. .
[0022) ww@pp@ﬁ%@nmwmﬁ ¥§ By Opgygfinpal aﬁ’@ﬁ%g%ﬁ e %Sahne plating

. t he
oA Qo2 REhc Uiyt bS8 pKALLRS i o
plating béletiomcaraighibit the gamthtion to§ Hyak thetdepperdDutobak({IR e¢dhixgeaction takes
with a pH <.about. 6.4 and.to prevent. changes .o th :
placy wtin R gP BT iR BT A SO o TR Gepner layer hac i
deposithd bn ARALAIEN supEBO AR FRRE, an@BidaCdopparnslatiiig lbhfigihbdi@s the

agent 1s added to maintain the pH of the solution_ at,
adhdsinved éire rabanet] capiEer agns thatare dapogidad anibe Mafer Spideng: g is often a

S R T b L L

termbrlat QNG oGP BMIBTRAS thetnelegtiiroRh@iodRad cessigd retiitedamicBation density,
mat ches t he respective anioni c spegijes of

. he .
largez @raing(ayth and ncsrsasd fushace gughpessp il rﬁ%réhe&ff%’f %&’1’66%@ (Such as

. plating sol i [AT=Yo¥
s R Ao BN s UL, HEHRRIEI ot i
acid®Gogh& ptappeblupbahiipg irmplovt seadivitgnosenthn paive mat noskamnaterials on
advant ages over al kal i ng plati 8 sol uti.on ﬁ\(@enk . terial that
the wafpr suriage.igpd alows hetsep %%tﬂféfgfﬁ% PSIGEGEIF RGP Mask resin material tha
Wouﬁfﬁﬁﬁ?ﬁgblvéﬁl A6l SrgpAper plating solution can

e generation of H2 as the _ , o
[0028p pP&Iditidn wahahdvahiapes disorsededoré, onppekleposgid oginpiteticitic copper

the solutionp. This reduces vojd or, occl usi op formation .
platipg squgor@(fﬁg&lts I%err?—ﬂ%qea ]?S]&Elﬂg%?]{&é&&?%ﬁf%@l%ﬁt copper deposited
using kafaﬁ?eecopgé't" P186 e sohtiAs] Hisho@laMRappiRtiatcdBat 318 pHl i@ the copper

nproves the adhesion of the reduced copper ions that
platiag eoldBpos it dsklovedthioei mahie esssutiflychs. adfustes tp gnpagidig (e, pH <7.0)

.probl em obseryed with al kal.i ne.co | at.
co B B B D RSB Bhprgs come
depdRftRMRRocekIRiabédptable fob henbipkratpplicatieaand dre sahmionaukibitgall the

reduced nucl eati on densi tﬁ’]’ . .
operational advantages discussed above. In general, as the pH of the solution is lowered (1.e.,
made more acidic), the copper deposition rate decreases. However, varying the choice of
complexing agent (i.e., diamine-based and triamine-based compounds) plus the concentration of
the copper (1I) and cobalt(II) salts can help compensate for any reduction in copper deposition

rate resulting from an acidic pH environment.
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| arger grain growth and increased surface roughness.
Still further, for applications such as direct
w@atwas41i8ng of copper |ines by el ectrol ess deppST/UEINT/068691

of copper through a patterned film an acidic copper
plating solution hel ps inprove selectivity over the

barrier and mask materials on the wafer surface, and

all ows the use of a standard positive resist photomask

[0024]eki ancreatbexdina¢nt thatoppoupldtimpsatetidnyis diasgaihedat atemperadire between

i.on,,~L 00231, additio 0 t he advant.ages
abouf R EEE O Bt 2 B in bl Racr e bR Bbogse, In one
exerdpPiP @mbBliRtdnh GhSQIppki FBEn NI tInti S mafiEhedddt-taRPealure of between
resi stance characteristics than with copper deposited

abouty39Goansl 105Ci dvaing dppdectislass Fenpesdengsition rocess. Ihhguil hyeappreciated
i . tj .
that tgglg%&%fug% iﬁg%:gﬂgé nlt,l{lgatfg)gl %I‘mé}lhﬁl,d %gg&%{onnxja% df%?ﬁ)]g/er lgrélamly, the

I'sclosed her n essentl a
nucldflbyl dt@stytagd deposaidindhte of copper isptitestly pfdporiovalrto nerepdratare) to the
Iong as the resultin degosition.rates of %%pggr
wafegsirfasy durHeS eanper depoalienc dppdsrogiion ate iRacht B ugkness of the

resulgﬁog g@)ltpg—:g iagc)a( ha?lrgi t?é‘ﬁ%ﬁq%‘ﬁtgﬁh%i R 5&?@?@ @%&@%&hﬁion formation

e operational advant ages

withiditsetgpedlagsowel adhosige nbthalcoppes ldyhetoght ofderlymgdaimirringaterial.

is lowered (i.e., .nmade re acidi.c), the coppe
Thergfefso é}lettF@H?rﬁﬁ‘F"eseé‘é‘lﬁsga% g Pomv@_@sp,& SQ)&Q% diyafhe elegiredgss copper
depo%l{im‘f %%E&W&ﬂd 8Y8Pimizkd & prodide WAl -Bps@husRakion and controlled

riam ne-based conpounds) plus the concentration of

depotitien 6slfoweng (heliuckatbropliat of the pukkalepssidemntorgtipiize the copper

canpensate. for any reduction jn copper deposition rate
depO%leg'Erit? %acp}egﬁ]cgpﬁéég-‘frai Clﬁ]—el_ssei?ﬁeﬁsmnpnt .[0024] In one
(0025006 iR Afion ¥ NEbERPMBY utleAtdADySelerint b 1he felkiwihgerables in

at a tenperature between about 0°Celsius (0C) and 7Q0C
Tablalurvingh insluslesevardl| cathodmapyee! the pessentidieniedcess. I n

one exenpl ary enbodi ment, the copper plating solution

is maintained at a tenperature of between about 200C

and /00C during the el ectro{gpsp jcopper deposition
process. It should be appreciated that tenperature

Inmpacts the nucleation density and deposition rate of

copper (mainly, the nucleation density and deposition
Plati 1 r43% directly pr opoﬂiﬁt'ﬂﬁépl‘*i@ﬂA ormulation

11

t ure) to the wafer surfac PEIH.O
O'OSB&:(IE){ES{(QZOW The deposition rate ﬁﬁ%glgfthgg?ﬁgﬂtﬂc r%ess
0.6Mg_f)iet}{3/ﬁenét_&>ﬁuiiﬁé ng C_ogper | ayer alnljni_U[é?uﬁNOb)eaM]on -~

ensity inmpacts void space, occlusiqn on within
0-15Mr@®§{v3ber | ayer, and adhesi on &'Spﬁe[}%ﬁ@ggﬂ]l ayer to

the underlying barrier material .1.3'%?51%@6115@%1116 99%]

tenperature settings for the copper plating solution

during the el ectrol ess copper depgentiasn process woul d
be optim zed to provide dense copper [ and
control | ed deposition follow ng :’tpﬁgﬂh@gqiggﬁzoﬁ%hase
of the bulk deposition to optim ze the copper
deposition rate to achieve copper filmthickness

PlatihgSabition B qJP54.61Thi s i nvent i on RlatingSofutiond Formulation 0.05M
Cu(Nl&%_er stood by reference to H.“Fm‘l"['}iz%‘j“ ng exanples in
0.6M Diethylenetriamine 1 mL [Cu(NO3)z IM]
0.15M Co(NOs), 3.0 mL [HNO; 5M]
1.3 ml. [Diethylenetriamine 99%]
Argon Gas

3.0 mL [CO(NO3)2 IM]
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Tabl e 1, which include several enbodi ments of the
present invention. TABLE 1 Plating Solution A (pH=4.3)
we@k@uiisgssol uti on A Formul ati on 0. 05M Cu( NO3) 2PA1/1/82007/068691
milliliters (m) [H2Q 0.6M L ethyl enetriam ne 1nL
[Cu(NGB)2 IM 0.15M Co(N®3)2"3.5 mL [HNGB 5M 1.3 nL
[Di ethylenetriam ne 999 Argon Gas 3.0 nL [ Co(ND3) 2
IM Plating Solution B (rH 4.6 Plating Solution B
Formul ati on 0.05M Cu(N®3)2 | nL [H2Q 0.6M

Di gﬂzlenﬁtgr' ggﬁe InmL [ Cu(NGB) 2 Ig’ . ggggﬁ! .

Plati 20 ti h 1.3 nL [Di et hylPla goﬂu‘rEMn ?atlon

0.0588Cu@FY), "L [ Co(NCB) 2 | M Pl ating 8o} wili[@HOT (pH=5.4
Plating Solution C Formulation 0.05M Cu(BF4)2 13.2 nilL

0.6M Pizgylaneginpiet hyl enet ri ami ne 1. &P #L [@PBra 1M M

. (BF4)2 1.0 nL [HBF4 SM
O‘lsw(g(yﬁﬁenetri am ne 99% Argon ég%@Bﬁsybo(BM)z
IM Plating Solution D pH 6.15 Pl.amingiSalyl¢hetomamihe 99%])
Formul ati on 0. 05M Cu(BF4)2 13.47,nL %Qq 0. 6M
Di et hyl enetri ami ne LOTL [ Cu( BF4 2'2°MC4%. 15M Co( BF4) 2

0.7 nL [HBF4 5M 1.3 niL [Di et hyl e8ehfli /I§(BE Al gon
Gas 3.53 ni [Co(BF4J2 | M BHShill RIB(BE,)9 2]

Plating Solution D (pH=6.15) Plating Solution D Formulation
0.05M Cu(BF4)2 13.47 mL [H;0]
0.6M Diethylenetriamine 1.0 mL [Cu(BF4); IM]
0.15M Co(BF4)2 0.7 mL [HBF, 5M]
1.3 mL [Diethylenetriamine 99%]
Argon Gas

3.53 mL [Co(BF4); IM]

[0026] As shown above in Table 1, in one exemplary embodiment (i.c., Plating Solution A), a
copper nitrate/diethylenctriamine plating solution is disclosed with a pH of 4.3 and including
0.05M Cu(NOs);, 0.6M Diethylenetriamine, and 0.15M Co(NO3);. In another embodiment
(i.e., Plating Solution B), the copper nitrate/diethylenetriamine plating solution is disclosed with
a pH of 4.6 and including 0.05M Cu(NOs),, 0.6M Diethylenetriamine, and 0.15M Co(NO;),. Tt
should be understood that the concentrations of the Cu(NQs)s, Diethylenetriamine, and
Co(NO3), components of the copper nitrate/diethylenctriamine plating solution can be adjusted
to any value up to the solubility limit of the components so long as the resulting solution can
effectuate an acceptable copper deposition rate for the pH setting of the solution.

[0027] In one exemplary embodiment of the present invention, the formulation (i.e. Plating
Solution A Formulation) of Plating Solution A is disclosed. It should be appreciated that the
order in which the various chemical components of a plating solution are mixed during
formulation impacts the copper plating performance of the resulting solution. In this exemplary

embodiment, a 20 milliliter (mL) batch of Plating Solution A is formulated by initially adding
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[0026] As shown above in Table 1, in one exenplary
enbodi nent (i.e., Plating Solution AJ, a copper
worawasaszi et hyl enetri am ne plating sol uti on PET/US2007/068691

di scl osed with a pH of 4.3 agd i ncl udi ng 0. 05M
Cu(NG3J2, 0.6M Di et hyl enetridm ne, and 0.1 5M
Co(NGBJ2. In another enbodinent (i.e., Plating
Sol ution BJ, the copper nitrate/di et hyl enetri am ne

aboupl la2 migoté\mtalt (FoR) ite anlippeopineay sizechcantarerdpllaws! ynabout 1.0 mL of

1 OB Ree st 17 oY BT hLE Theot *™
Dletlff,fﬁiﬁ‘léﬁﬁhﬁﬁé {9975 oft thib@ofat{iNG: dodmulditioh filyd @ppbr ivadidl@sed by the
Co(NC8J conponents of the co
Cu(NﬁMerQP@taﬁ%/Fféﬁ@Fﬁda‘mth@eﬁ?la‘ﬁ‘yﬁ’gﬁ%‘mm@l ragle@es 1gdhe mixture.
e AU R D AR B 5, 80 M Ll bl e

the mettheoiritatte a@hng@ﬁﬁ%ﬁp kcﬂu@@ﬂbqire“éﬁﬂhs iptenture ak&lafion of the cobalt
t he Hsettlng of the ol ution. [0027] In one
element eHIedr Y NOlscaftioRt | O‘tﬂﬁé’eﬁflé%fétﬁf’d 13y SrgangHs cpimBe delivered to
e PR Oy 2Pk e R Ao
delivapgiregiffitiect duaatitidshie dem:@&genatmthwhmmhlm tvethy aaguoed level for the
chem cal orrponents of, a plating sol ut.ion are.m
dongh B bt

cloctigifet HPPRBATRIPHORGRPHRHEE Biucisgedteh et §BEs of inert as

(e.g., @%r ét@') ENSISo BE uﬁéaeas r] stthé"&s%le&'ﬁét(iﬂteffeltemﬂ% fsenRldleYs copper
mbodi nent, a [1iTiter (nmJ batch of Plating

depossndarupnooesSAFlrSillﬁfmh@ut Abed bgzcm(szozaﬁolltywadsj ptgd o the mixtgre to

f ter.. t O a opriately sized container
compfigs s B B bR o BBPATR a( Nk 2. ool ut fon,
[002 Qgﬂﬂtmﬁlné with PAb1&M iNELGet éiﬁlb&ﬂnéﬁtdth@b‘@ﬂﬂﬁuléudﬁ (lil’b Blhting Solution
hyl enetriamne (99%. At this point in

B Fomlmqnatof Blating Sobwipp & isidsslpseds| ladhis @rr@ydwt @?(W@lyﬂzfer (mL)
batchgpgrpgag gs 15 Ps%rrﬁltlla%g b\fy'ﬁillnaltl)bfdd%%eéﬂ@(x PR8I B RE: (H,0O) to

n emx ure Xxture'is

an appRopHa@BOst We@lﬁjﬁ)ﬁta&ﬂsr sliowgday aboet 1.0 gﬂSOiSlM HC oS! Oé}zgolmtlgﬂ,mbout 3.0
|ntroduced to the mxture prior to adding

mL o§ MANGh selytipr aydiftont he 1k ehiisidensliidaing 67 %} ¥1rf»‘eresultmg
mlxtucrg %‘Eﬁlé 8 te(afus}r% Arggs 5 anﬁé@ﬁc&ﬁ kOfhe thikuFh BHbldtol%ﬁe addition of

ers oo l1vered to
aboutrB & lr &f 10 |GmgNé)@)¢ soknmm tcc¢cml11i1yte ah/eafohab]aaog aﬁP]spag §ohgon B.

stem so |.ong as iIs | iver in sufficient
10029 R £ BUiTSt 3B £ FE BB P TUAETP Bon Tt RGPy fes pre-
mlxnlgea pﬁm&%f fhb %oﬁb%‘ﬂﬂg‘%ﬂg@ﬁ%oﬁﬁ@ﬁﬁ{t WABRAS bdhRP salt component, acid

catiron. It shoul d be appreciated that other types
compoﬁentmﬂtwag@rsn(oex igio a firsepre-tixedsolatisn bhe L@Slwllag Pbmf?g of the
g%the as does not interfere wth.the e eciro
comp

BEIOOPYHS PregiBed Witk the priplt S&E&B’Plpﬁnﬁl {18 gsecond pre-

mlxe&“é&l{}&%) 2riotirst promided sBREeH ah@sdcbRd Proxhiied sbiuticA AR tBkieadded into
the fornulation of Plating Solution A [0028]

an apm@pnatn worigings fon fmalbmixing infmthgfwehelectigiess gpprsy plating golution prior
glc%l on B Formul ation) of

to useﬁPé’Pl Leé %%FS ‘{01)8 ogﬁ] %%osed In this enbodinent, a
[00303@5‘{1'1‘[1 refelin t@lTa!b[H_]) ubaﬁffihnbtﬁdulﬁleﬂtt(h agPRahy SobmioB ()sa copper(ll)

tetraf](ugé%uplra?%glethy enletrrllla¥11|111ae| Il:al%tu?gdgolh?tlgonal? ?ilusglo%g'd \Z/lﬂr‘lna p%{ o%l\_‘? El and including
0.05M Cu(BFy4),, 0.6M Dicthylenetriamine, and 0.15M Co(BF,),. In another embodiment (1.,
Plating Solution D), the copper(Il) tetrafluoroborate/diethylenetriamine plating solution is
disclosed with a pH of 6.15 and including 0.05M Cu(BFj);, 0.6M Diethylenetriamine, and

0.15M Co(BF4);. Tt should be understood that the concentrations of the Cu(BF.),,
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an appropriately sized container followed by about 1.0
nmL of I M Cu(NGB)2 solution, about 3.0 nL of 5M HNOG3
wa@odoatidaas2 and about 1.3 nlL of Di et hyl enetri am PeT/S9%§/068691

The resulting m xture is theg deoxygenat ed usi ng Argon
gas introduced to the mxture“prior to the addition of
about 3.0 nL of IM Co(NO3 solution to conplete the

formul ation of Plating Solution B. [0029] In one

Dietytbxaiiareine, aralniCe(B&e) canpssntsoldtler cqppeit i ng sol ution is

B S S B S Y R R B0 Bk gy vl p o e

solu&ﬂ ﬁ@fth@&ﬂnﬁaoﬁ@tﬁ@%‘%ﬁ as @lt0eN@i solitfod can efft@uate an acceptable
first pre-mxed sol ution. The remaining portion of the

copp@odymemongatgg‘@lﬁhe pHmptiwemf thesﬂomt@nm xed with the
1t salt. i .
10039} B o SR, SR R 1o s AT ERSRHRE € P 84804 AR Plaring

SoluSieh @t ik ‘d[bcﬁfs@d th&hbs @ﬂﬁedmleﬁht Q 2r03apfiliber (mlebatdnd fdilagérg Solution C
for final m Xxi g(%i nto the final el ectpgl ess copper

is fopn@}ateﬂ@yé@irriakly ing ahout {32 mleot Walgh(FelCB & pinpRIYSPRA Y sfed
contilngliotﬁ) lé\ﬁ/g@ g%%d&?til nrpL ()[f Q%@Lﬁ%‘é 2 shlu‘i O%%PQ%OC@J Jﬁﬁhﬂi{ BF,

soluﬁ&p@fﬁi 4bol) 1.8 el af Dictryddetrainehel (99%Dy | Téve e suiltany msture is then
pl ati solution is disclosed wth a .pH of 5,4 . and
deorbaenaiel s ATESRIEES PPy eEd To T3t AYbleabs R FEST apggt 3.53 mL
hatin
of 0. gS& (?W@Elu}lﬁré tdg%ong;g%%foﬁﬁpﬁgbﬂgﬁplaﬁhg Solutifh &t | ng
[00312]9Rbﬁ:|fainmg wbh flable/id iredriofhce pebodiarenh @hqofoavuhgo@ tleuPlaging Solution

Famtatiep) oF 55684 il Pangistoash A s R op0 e 28 hitiier omt
batcﬁ:gf ﬁ:ﬁ)lé Sofuhoﬁ irol |f&nﬁﬁatb@%§ﬁﬁﬁ£%¢hdﬁﬁﬂtabbﬁ\ﬂ3 47 mL of water (H,0) to

concentrations of the Cu t hyl enetri am ne, and
an afprOBra g2 SIZ@d'pomtemt:sfoﬂf)wp by ebmihd 0 mL oflM Cu(BF,)2 solutlon about 0.7

o 4L bLCEIRROEh BGRB8 o et

mlxtlukénstthéhfdehﬁﬁgeﬁﬁ’tw Qﬁﬁgmgﬁpgdsﬁﬂigocﬁ&ed feethe eswtutd pripr to the addition of
sol ution can effectuate an acceptabl e _cop

abou piGsnLiof A8 @o@ﬂﬁ4)ztsnbltlsmt% @Qmplﬁtf th# TarRistaign of Plging Solution D.
|

ov3a) iy O PERRERLIRL e CBTHPRRTs bigRissria g coal

herelrS it&h&€l @S @€l derbtdod [Hyshesed drdinary skidl, ﬂﬁt 08 préseht ihv¢ndlon may be
(L) batch of Plating Sol ut| Cis | at.ed f1h

embpdhied irampyy ehen wsclﬁsé%nswt@ CRA NG ‘é‘i“ FoR ?fﬁ%e ot the

iP5 PE LB e, SETALDRY ARG B oo

illusEetive arﬂmoaméua:h@es,tanal 1% imkergfon e@thy Ibe rhmltqdatmtheede@aglgwowded

The resultlng re i.s the ed us

thorgjadh maw&a@a@a et BB SO ea o ST o the
Ve B arﬁ&iléﬁdr@é} df@peatiph ahless explicitl

olauﬁ*ﬁ% ornu g{qrosﬁz%%fgogl ating Solution C [oog ’ 4
stateBémdienilaigiswi t h Tabl e 1, in another enbodi rrent t he

formulation (i.e. PI ati ng Sol uti on D For mul ati on) of
WhaPksaldingd ®0! ution D is disclosed. In this enbodinent, a

20.0 milliliter (mb)
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batch of Plating Solution Dis fornulated by initially
addi ng about 13.47 nL of water (H20 to an

wappraprisat el y sized contai ner foll owed by aboPCT/USBOMI68691

of I'M Cu(BF4)2 sol ution, abomiﬁ)| 0.7 nL of 5M H BF4
solution and about 1.3 nmL of Diethylenetriamne (99%.
The resulting mxture is then deoxygenated using Argon
gas introduced to the mxture prior to the addition of
about 3.53 nL of 0.85M Co( olution to conplete
the fornmulation of Plating Solution D. [0033] Although
a few enbodi nents of the present invention have been
descri bad eetrdesacdppheslaing solitiohhoarhphidhes: under st ood,

by those of ordinary skill that the present invention
may be #FhHUEPRUCIPR® fOB]PH’é‘?nspem fic fornms wthout

depar ti Rgafd-0iR ¢dba1t SRt EdhpHenSCOPE Of the invention.
Therefore, the present exarrpl és and enbodi nents are to

be consi d@npktxmg ap et glsat nsod tmmxmw@mmlund,%ldrl ctive, and
thelnveniilonls not to be limte

pr ovi deBPUHBPdnE Biefes Fuse st cfieiipldo FikELieCespiroless copper

nglgtlﬁlgga&}&p&ﬁ)(ﬁcof t he appended clains. In the
claims, elenments and/or steps do not inply any

parti cul ar or der of oper ati on unl ess explicitly stated

in,t heoﬁées%l %rol%sg rco%tfer Fatmg SO t1?n D ol re%l'te(h [\{Fclglm ﬁnwherem

el %ct r conprising:

aqueousthe QRixaius Séper @alfm@ﬂi}ﬁiﬂ%m ia @elaﬂeteﬁum @bay bf @@bér salts
conponent; a conplexing agent that is a triamne

c oerpsishing oberppar(f-sukbis: £9nnsEll3 ot cerperiD shlogdesapper(lD
suf %ﬁﬁo%ﬁorﬁt%i %%K%Pb\%ﬁle)eﬁlcﬁﬁw ol ess copper plating

i on acl ectrol ess copper plating
solutlon as recited in claim1, wherein, the aqueous
co per salt conponent sel ect.ed from

] f )
per '5hg ¢lectenrs Fgwneﬁafaapg EIPpe@F F‘?Clt&@ frpelgit 1, Wherein,

copper(
tetrafl H&%?%@g}lg@ eﬁ} Erlgpco pef‘Eﬁt if Eélg%%‘gg?g%o%%%&“&nplex copper
eI @ttt colstssmg ob pﬂngtenpdlammg;oppﬂr(ﬁy salfatealsts&eénfiqngdlame) copper(IT)

”érg%eeale*v]y% gé%%g%pigr%ﬁgﬁfgqage;%ﬁ li)g a%rl]l%e colp?)er(ll)
Collﬁ ghgting of et hyI enedi am ne copper (u) sul fate

bi s( et hyl enedi am ne) copper(l1) sulfate,
di et hyl enetri ami ne copper(ll) nitrate, and

b i3 (di e{" llgcQI'e ersls %c%p%?}nla% E Qc‘)elu{ion, as recited in claim 1, wherein,
the aqueous cobalt salt component is selected from a group consisting of

cobalt(II) sulfate, cobalt(Il) nitrate, cobalt(IT) chloride, cobalt(Il) tetrafluoroborate, and

cobalt(Il) acetate.

5. The electroless copper plating solution, as recited in claim |, wherein, the
triamine compound is selected from a group consisting of diethylenetriamine,

dipropylenetriamine, and ethylene propylenctriamine.

6. The electroless copper plating solution, as recited in claim 1, wherein, a pH of

the electroless copper plating solution is between about 4.3 and about 4.6.



10

15

20

25

30

nitrate. 4. The el ectrol ess copper plating solution,
as recited in claim1l1, wherein, the aqueous cobalt

wa@adr/1sasponent is selected froma group consiBCT/NG2007/068691

cobalt(p) sulfate, cobalt(ll),nitrate, cobalt(ll)
chl oride, cobalt(p) tetrafluoroborate, and cobalt(l1)
acetate. 5. The el ectroless copper plating solution,

as recited in claim1, wherein thetrlg e conp oud
i s7sel egh&ﬂe@]eeptfcgfaﬁsgogpeé@&ﬁtl@gﬁgl}l’g@m ﬁ@rqﬂte in claim 1, wherem the acidic

lene
prﬁﬁpiy*?{%“ﬁ@ﬁ%“%@ﬁ@% ig SRS OPHLANELE Iggesrfg%u%%afﬂs&fuﬁ%slagfa nitric acid,
S ohyirbeioricscid, dotaboric mcid| ﬂ’ldl’RCﬂ:t,lC sdir ei n, a pH of the
el ectrol ess copper plating solution is bet ween about
4 3 and about 4.6.7. The el ectrol ess copper plating

uti oRy ARirbREd (t,oz)ﬁell ﬁlaﬁﬂgaé,o'fﬁhlm Yhehidy: the acidic

p modi fyi ng substahce is selected froma group
consi st amngﬁusmdppw sab cauipdnen having a genagnirtyay istweasr gbeut 0.001

aci d obor| acetic ac

o etarisy DAL RS Goit R SR b G SBhg saftealMoneny
aqueousyg 84 &ﬁhﬁsgpaﬁﬁﬂﬁﬁhthaVIng a concentration
bet ween a%gﬁt % 001 nolarity (M to a solublllty limt

for theaa@u&b&@g@agﬁéhﬁs%ﬂﬂ“@bﬂ%@ﬂ@mﬁm-dﬁlaqueous
cobalt s a%lt C@Eﬁo nseurf)tstémce &#Mﬁp&fﬁgg to trrlih%{a tljxesel@ctroless copper

triam n% yin stance

anpldiihg §gﬁﬁ@pmﬁm§ to nmake the electroless copper
platlng solution acidic. 9. The el ectrol ess copper

plating solution, as recited in claim@8, wherein the

e;_go di f hg 96&%@5& %B%[Fe :pfatﬁg Qb’l]fu{ﬁﬁ Rl '11{‘&31{111{‘9 whereln the pH-

tro ess cop uti'on to a pH bet ween
abgigliffin® sx’ﬂikdalﬁbmﬂ bifffed adjh@tmthlhe ekCealessoloppsr l:d@tmgaolunon to a pH
pl ating solutlon as recited in claim8, wherein, the
aqeihatigeheut 4-9and b Shent is sel ected froma group
consi sting of copper(H) sulfate, copper(ll) nitrate,
copper (H) chloride, copper(H) tetrafl uoroborate, and
copd.er (Thy clacsdlesseopyet plaTimg selugion,ragresdtsd do plpam Bpivhercivg

cobal t *Bisieaoessmsbnnsal SrugEh s gty G5us uRike of
ggg‘ilipt%{(w gilf%‘fte %Qﬂ%f(tlﬁ) Infittar® L&)f)?éfgl) chdrde! t(dpbbr(ﬂ) tetrafl@oroborate,

) chl'oride, cobat( tetrafluoroborate
anghd copper(ll) acetate.

11.  The electroless copper plating solution, as recited in claim 8, wherein,
the aqueous cobalt salt component is selected from a group consisting of

cobalt(IT) sulfate, cobalt(Il) nitrate, cobalt(I) chloride, cobalt(II) tetrafluoroborate, and

cobalt(Il) acetate.

12.  The electroless copper plating solution, as recited in claim 8, wherein, the pH-
modifying substance is selected from a group consisting of sulfuric acid, nitric acid,

hydrochloric acid, fluoroboric acid, and acetic acid.

13.  An electroless copper plating solution, comprising:

an aqueous copper salt component,



10

15

20

25

cobalt(ll1) acetate. 12. The el ectrol ess copper plating
solution, as recited in claim8, wherein, the

w@bkbhods41y2 ng substance i s sel ected from a groupCT/US2007/068691

consi sting of sulfuric acid, pitric acid, hydrochloric
acid, fluoroboric acid, and acetic acid. 13. An

el ectrol ess copper plating solution, conprising: an
aqueous copper salt conponent;an aqueous cqbalt salt
conponetit agusRHsTgbalt sdrasmongRtihging dropBesitatien bety egpabout 0.001

i ¢ ' Rl el S
cap IV A RuBIaFHHL to T shlflds bl LRAABEENS
tri am necoapipaugdgenaticlt & qpHambei coyipogngulndt ance in an

amount sufficjent to make the el ectrol.ess co r

pl ati ng 1“&&4”3?{‘%%'&}%‘?@ 1§ A0 amQuNtSIEIGIGTY It‘ég’é‘?gg?ﬁﬁéqﬁmless copper
pbﬁﬁﬁﬂg&oﬁﬁhﬁﬂ&ﬂaﬁ_ as recited in claim 13, wherein, a

pH of the el ectrol ess copper plating solution is

bet ween about 4.0 and about 6.4. 15. The el ectrol ess

copper plating,solution, .as recited in claim )

W oi rhe e R SR E B ES . FOmSUHERC I Gl geiy 2 PH of
f rtQé%i%ct%l@ééQ_o?ﬁéﬁilé‘tﬂg@Giuﬁfm SORPREN! dbbusdb aAd Ebout 6.4.
copper(ll) nitrate, copper(ll) chloride, copper(Ill)

tetrafl uoroborate, and copper(p) acetate. 16. The

el.ectrol.es opper pl ating soel.ution egl.ted, | .

ol 5 m 2 s PR CorEali STt Bier PELFETERES Whspein. e

| agE@hBebpstrishioBdrapaieatis selefsd Soimgglp comadtinglof Fopper(1l) sulfate,
sulfate, cobalt(ll) nitrate, cobalt(Il) chloride

c seaper(ll) nitratgs GoRpei(B) SR eorpsHl) icyBHperopetptes aid capper(D
1%@&@@ el ectrol ess copper plating solution,

conprising: an aqueous copper salt conponent; an

aqueous cobalt salt conmponent; a conpl exi ng agent that

is a triam ne conpound,, wherein the conpl exi.ng agent .

haé- o CHICMHIOLS RPPEER ARSI, FOreEBe! Wl LiR 2" %?lmem, the

i i .

BB o Qoo By SO 4,9 SRS ARt o) sl
plcabalt(l]) svtatd, icoal@ld) chilaride] Bobalhid) telrafitarobiarsts, andmobali(fl) acetate.

plating solution, as recited in claim17, wherein, the
el ectrol ess copper plating solution is prepared by

mMpsi NG & blkiddleddicbpb §latink RoRtiSRCORPRInt Ur e, wherein,
an aqueous copper salt component;
an aqueous cobalt salt component;
a complexing agent that is a triamine compound, wherein the complexing agent
has a concentration between about 0.005 molarity (M) to about 10.0M; and
a pH-modifying substance in an amount sufficient to make the electroless copper

plating solution acidic.

18. The electroless copper plating solution, as recited in claim 17, wherein, the
electroless copper plating solution is prepared by mixing a first mixture with a second
mixture, wherein,
the first mixture consists essentially of the aqueous copper salt
component, the pH modifying substance, and a portion of the complexing agent; and
the second mixture consists essentially of the aqueous cobalt salt

component and a remainder of the complexing agent.



the first m xture consists essentially of the aqueous

copper salt conponent, the pH nodifying substance, and
wa@2@ans4ien of the conpl exi ng agent; and the sePONUS2007/068691

m xture consists essentially .gf the aqueous cobalt

salt conponent and a remai nder of the conpl exi ng

agent. 19. The el ectrol ess copper plating solution, as

recited in claim17, wherein, the el ectrol ess copper

plating solution is prepared by sequentially conbining

t heyaqu t .
o2 SR SARRRL B AR, BTN 2, yirein
aqurouslessappper Haldg sotnioaneppmad By seaaitiallgtcombining the aqueous
t hereafter adding the conpl exi ng agent, and | ast

Ly
ad @PRRST SHECURRAISHSIO doloaimee ey aier: Siepandine _.th@zmﬂ-rw%%ﬂrrwbstance to
f OthdU B LA Bpd2ar? L&GhERnEREteE Q&Hﬁﬁatmlﬂﬂegﬁﬁ%&!ﬁﬁé’ﬁe

conpri’si ng: I ni Nng an agueous copper s
coopapkering agempparntd lastlyofddamgabepherungpbaly eslt cenporent.aci d

as a first conponent; conbi ning an aqueous cobalt salt
conponent and a remaining portion of the conpl exing

agepnt as Ach6l %%gar&%?iﬁg R RlcctraiRsh dBpyiiatidiSohitioflcomprising:
conmponent and the second conponent prior to use in a

deposi t canbiop® atdquaeus2opperiselt pempetnt, @rpoptapra qegnpaexing agent
el ec rolegs C er plating solution, as recited in

cl AihiThf! am%ﬁgﬁﬁ?nﬁwgn queous copper salt conponent

is sel e@&rﬁﬁinfxfgodﬁ‘ LEHRUBLAP S &nipddefang app@hintde portion of the
sul fate, copper(ll) nitrate, copper(H) chloride,
coromapleking agentraa f [serondisormppesntand copper (11) acet ate.

22. The_pethod f09 e ' .

o at 1 ng SRracioi Sl cBVRBRN Y AR EparkIgieg ERRRTss g
aguenidiioa®patatiosal t conponent is selected froma group
consisting of cobalt(ll) sulfate, cobalt(ll) nitrate,
cobalt(I1l) chloride, cobalt(H) tetrafluoroborate, and

cobal t (Hn35&hat for p ariﬁ-ggn gl%%tp&gssfcgf)pd?rp%?ﬁ’i@sﬂﬂltiﬁﬂ, as recited in
el éctrol ess copper "pllating solution, as'recited in

cl alatm 20, whdreinei n, the conpl exing agent is a triam ne
compound. . .
the aqueous copper salt component is selected from a group consisting of
copper(Il) sulfate, copper(ll) nitrate, copper(Il) chloride, copper(Il) tetrafluoroborate,

and copper(II) acetate.

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(Il) sulfate, cobalt(II) nitrate, cobalt(Il) chloride, cobalt(Il) tetrafluoroborate, and
cobalt(Il) acetate.

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

claim 20, wherein, the complexing agent is a triamine compound.



