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" Jagm niene 5 BACKGROUND [00011 In the fabrication of seniconductor

devices such as integrated circuits, nenory cells, and the |ike, a series
of manufacturing operations are perfornmed to define features on to

sem conduct or wafers ("wafers"). The wafers include integrated circuit
devices in the formof multi-level stfhuctures defined on a silicon
substrate. At a substrate level, transistor devices with diffusion regions
are formed. In subsequent |evels, interconnect netallization lines are

patterned ri t L i define a
desired i n@éﬂg‘{l‘gg%Whéﬁﬁaﬁﬁelf@iﬁgﬁﬁﬁggfﬁﬁmﬁ? #gyer s are

i nsul ated fromother conductive layers by 15 dielectric materials. [0002]
To build an integrated circuit, trabn IstRks are first created on the

surface of the V\‘a‘cﬁqsl\Fas]feTlseEu enﬁlsgloqh TafiSt4 1?1153'1&9 dr}ﬂlﬁ?ﬁhrﬁgmﬁﬁe%et hen added

as mul tiple t HHRE ‘a series manut actdri ng process
steps.” Typically, a first layer of dielectric (| nsul ating) material is
deposited on top of the forned tragngheéRHenpSUbsequent |ayers of netal
(e.g., copper, alumnum 20 etc.) on top of this base |ayer,

et ched t qogyIpat Be Hieicanddednmivendhdtmedevickaduclc ar integiated ciraﬁemcmwgis and t hen

filled W|th dlelectrlc terial. to createth S in tors between
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seed anY%Em{cE\)l\@cQﬂvafe@ﬂ {r@ued"). e aafead mﬂtuﬂe(miegﬁa&:d clreyiedevicEGR t]@j))rm of
el ectrol ess chem stries are under considerati og 1 3’3 as .a 25 Cu
r epl acenarlti-leygst@gares 4glined pas sEigon 9pAle nly su ﬁmger 5t A %eawgﬁ &ttrol ess

copper d%m%i&n'reé]o&adﬂe fohHsd. bR sktseshehtQeVly, Interédn@edt aRpdIzati@NEhts tieon | i nes.
During el ectrol ess copper deposition electron teﬁgf?qe@s%mf erred froma

reduci ng pa@@md angd elegBicalbpionrectedia thefrapptorddsyiges pifsdipios et he
deposi ti qn af dév?c@%?ﬁ% FARRRE of Ot elat Ensuised ﬁsﬁothw@nﬁmﬁw lgtisep of the

el ectrol eSs” copper Ing solution i's optim zed to neximze the electron
t r ansfser dpm@d:tmateimlm nvol vi ng the copper ions in solution. 100041
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of manufacturing process steps. Typically, a first layer of dielectric (insulating) material is
deposited on top of the formed transistors. Subsequent layers of metal {e.g., copper, aluminum,
20 etc.) arc formed on top of this base layer, etched to create the conductive lines that carry the
electricity, and then filled with dielectric material to create the necessary insulalors between the
hines,
[0003] Although copper lines are typically comprised of a PVD seed layer (PVD Cu) followed
by an electroplated layer (ECP Cu), electroless chemistries are under consideration for use as a
25 PVD Cu replacement, and even as a ECP Cu replacement. A process called electroless copper
deposition can thus be used lo build the copper conduction lines. During electroless copper
deposition elecirons are transferred from a reducing agent to the copper ions in the solution
resulting in the deposition of reduced copper onto the waler surface. The formulation of the
electroless copper plating solution is optimized to maximize the electron transfer process
30  involving the copper ions in solution.
[0004] Conventional formulations call for maintaining the plating solution at a high alkaline pH
(i.e., 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



copper deposition are non-conpatibility with positive photoresist on the
waf er surface, longer induction times, and decreased nucl eation density
due to an inhibition by hydroxylation of the 2 copper interface (which
occurs in a neutral-to-al kaline environment). These are limtations that
can be elimnated if the solution. is nmaintained at an acidic pH
environnment. [00051 In view of the forgoing, there is a need for inproved
formul ati ons of copper plating solutié@ns that can be maintained in a | ow
acidic pH environment for use in electroless copper 5 deposition
processes. SUWMMARY [0006] Broadly speaking, the present invention fills

t hese neeggpdpiht@raey (weliittgodcnrs troymahtraltoratiualind ¢nvirsnmintlc G prsrarlinaitdtiegs 8 ut i ons

that can be maintain in an acidi_c. envi.r.onpent . use in electrol ess
copper déppBs eligRatsd %%Es@@?“istm@wglﬂggatﬁ% S P celnéltrgelﬁ(et" hat the present is
i nvent i onfo&RYN ob Qi Bt @EEREEE g, therd Usrameets foramproved Grmdiationsas @ppetiiabidgand a
chemi cal ~ solution. Several Inventive, emhadi nents of the plie%ﬁ_&ggs Jopygntion
are descrplssensibplgian be mrrainghinghie™eaeEinPH SOVIERISRT RENE M eP et Pl ess

copper; plalidehnSPlddide@n i s disclosed. The solution includes an aqueous

copper salt conponent, an aqueous cgbalt salt conponent, a triamne based
conpl cxi ng agent, and a pH nodifyi nce. |In another enbodi nent, the
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[00081 | Nogeihehe aspphiy afibddrecrtanesitdroless eopretmiuisiseltio sshsclosg akhe

el ectrol ess copper, platin solutiop i I scl ns h t hAvRhy es
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first mxture. The aqueous cgbalt salt conponent t hagegiupf, the
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m xture are conbi ned.” DETAI LED DESCRI PTI ON o balt salt
another embodiment, the electroless copper plating solution includes an aqueous cobait sa
component with a concentration range between about 0.001 molarity (M) to to the sall
solubility limit. In still another embodiment, an electroless copper plating solution includes a

20 complexing agent having a triamine group with a concentration range between about 0.005

molarity (M) to 10.0M.
[6008] Tn another aspect of the invention, a method for preparing an electroless copper plating

solution is disclosed. The method involves combining the aqueous copper salt component, a
portion of the complexing agent component and the acid component of the plating solution into

25 a ﬁrsf mixture. The aqueous cobalt salt component and the remainder of the complexing agent
is combined into a second mixiure. 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
30 solutions that can be maintained in an acidic pH environment for use in electroless copper
deposition processes. It will be obvious, however, to onc skilled in the art, that the present

invention may be practiced without some or all of these specific details. In other instances, well



100091 An invention is described for providing inproved fornul ati ons of
copper plating 30 solutions that can be maintained in an acidic pH
environnment for use in electroless copper deposition processes. It will be
obvi ous, however, to one skilled in the art, that the present invention
maybe practiced wi thout sonme or all of these specific details. In other

i nstances, well 3 known process operations have not been described in
detail in order not to unnecessarily @bscure the present invention. [00101
El ectrol ess netal deposition processes used in sem conductor nmanufacturing
applications are based upon sinple electron transfer concepts. The

pr ocessegnbvay plovas pjmaiiomg have nbt ipmee descetebdSeddtaibimcnder ot toafieecessmily an

el ectrol ess neEaI ? ?1 solution bath then inducing the netal ions in the
sol ut i on °PH IR Bt BEY %ﬂs froma reducing agent resulting in the

deposi t i pgu10pEicticicdsattind debosition brootis® ustibin semicaslactof mumdaohaingr . The success

of the electroless netal deposition pracess i.s n the
vari ous @PRISARpS aehaged unop gigpleglypign “g‘? SEer FOTE RS- @ﬁ%ﬁ?%s {}Nf} g pfamﬁgg
reagent s prhied beridbRABbLEN SfeOintd Meldetralbdsng:ta platihg solutiohdathabeh thélrcmgnhe a
reduci ng to agent is an elenent or co oun i.n an oxi atl .0 dUCttI on
react i on mekphions éyihe suBHIP Aesept %??Hﬁ’ﬂﬁf%“ H?Wt reyiing 4% e
reduci ng AL Rt P&HAEE SN hE bixfde offifi@ivates Tliehﬁco%@dﬂ@ie%ctrﬁ@&ﬁﬁetals an

el ectron donor that donates an electron to the coggound or el emI:1 bei ng

reduced. defpa@divn prosessaniily Kdersrdey pronthe wariousplpigt dr-&- BRPERIISFCAGhgent ) is
any chemg swﬁgg?()}r)ﬂ n@ggeﬁ@%tpfpmﬁﬁétérg aﬁﬁe pietikER6RAish DAY ubdid Meretr) 2 GFIAEINAS

and el enen ma conplex. A salt is any ionjic 15 conpound conposed of
posi tiovelagent Fraangsehanbori compoyng ig an GW@PH{%@&“&U()H rgredion Shtervest st ged

ani ons, so that ot Ql%mgﬁtogl’rj&& ﬂl%lllécfu@llng Q«%Qt WcBB@%Xlﬁzé@tThﬁh@rtH@rediﬁuﬁg} npl e

salt is ﬁﬂv %med peci es contarn“only one kind of positive ion (other
than t he o tscngeﬂectromdﬂmr t&hai dimstast ansglectran tacbprpirepousd px elemeng hging dicedpeci es

Lhat Con R Bt PR ekt ALl R oot BRI s nbraghed L0

one oOr ng er ecu y "a corrp I on consi sts
of a 20 nmtgddlt eeva;tqmmmnd ma:mipom&hmmmmmmafmnedmm@mrA pedirie any ionic

el ectron-donatin +€

pr ot o¥ii z BB glﬁaoﬁeg Oe“tiv%@ g?‘fﬁ%d ceca)tc](gce % dEé ha(?i?o engiﬁ%é%?&géq . H to
forma cQppyeslthal thé pRdi@ts maghitany emhdjlaragxet ch@@@l%lmpic sphie lanspsahtSngas
solution for use in electroless cop on_applicati

di scl osedhasernsain oniy eng iR Bﬁ%‘ﬁ %’eﬂﬁn(gﬁﬁr tﬂgﬂﬁ{; %‘%‘k Ot elglgm(?g%pel%? 1A) salt, a
cobal t (I 'o})mﬁﬁk kalt i288Y @n%éecm Ity B ridind ARl xaop thaxis ngdageot 2 metmllio fm

exenpl ary enbodi nent, the copper plating solution is ared u |ng
de- oxygentiabed 10 aja PH@OWL%"@T@F“%@“B& PokRRES dryipfc&& ﬂg‘n’%lﬂ%s‘tog ST

elim At §S.tatlic atom or ion to which is attached one or more electron-donating molecules (e.g.,

Cu(II)ethylenediaminez+, etc.). A protonized compound is one that has accepted a hydrogen ion
(i.e., H" to form a compound with a net positive charge.
[0012] A copper plaling solution for use in electroless copper deposition applications is
disclosed below. The components of the solution are a copper(Il) salt, a cobalt(If} salt, and a

25  polyamine-based complexing agent. In one exemplary embodiment, the copper plating solution
is prepared using de-oxygenated liquids. Use of de-oxygenated liquids substantially eliminates
oxidation of the wafer surfaces and nullifies any effect that the liquids may have on the redox
potential of the final prepared copper plating solution.
{0013] In one embodiment, the copper(Il) salt is a simple salt. Examplcs of simple copper(il)

30 salts include copper(Il) sulfate, copper (II) nitrate, copper(II) chloride, copper(Il)
tetrafluoroborate, copper(Il) acetate, and mixtures thercof. It should be appreciated that
essentially any simple salt of copper(I) 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,



oxi dation of the wafer surfaces and nullifies any effect that the |iquids
may have on the redox potential of the final prepared copper plating
solution. [00131 In one enbodiment, the copper(ll) salt is a sinple salt.
Exanpl es of sinple copper(ll) 30 salts include copper(ll) sulfate, copper
(I'l') nitrate, copper(ll) chloride, copper(ll) tetrafluoroborate,

copper (1T) acetate, and m xtures thereof. It should be appreciated that
essentially any sinple salt of copper(ﬂl) can be used in the solution so
|l ong as the salt can be effectively solubilized into solution, be

conpl exed by a pol yam ne-based conpl exi ng agent, 4 and OX|d|zed by a

r educi ng aa@ enﬂ;zembﬁmreémmg agestriv an avidie ptvitoomens daifesult in dgpgssipntofl §1s refucedhe
reduced $F g? riI fgyrf ace of the wafer. [0014] In one enbodi nent,
the copp&PPHF P8 g Y8x salt with a pol yanine el ectron- donatlng

mol ecul e ajm&hﬁfé eh(boﬂlhﬁmt;dmmep}(ek‘([ﬂ) sdldma ccﬁmlmpdaaesmmfa MWIWI@@pper (1)
salts |ncI ude 5 copper h i.am
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at t ached digheylopeigaie fE @é‘?ﬁ BEHABEC AR & LOIUETOR "§6 T ong as
the resulg, @bégd Trec@a@ém tha c&@hﬂﬂl&'ahyzﬁﬂnﬁléﬁﬁlt osaippér(mmta@edwmmlmﬁbto a

pol yanmi ne ased conpl exi ng agent, and oxidi zed by a red h@%dplg agent in an

aci di ¢ enmdlecyiman be igsdiptha selution spdpREsAstRRsUHNS A car“eb&lfff onto the
surface qQf 1ut1fn§‘%e\é@rixﬁl%xed[tQQ%cﬁ%dmﬂeg%d%ﬁfﬂﬁl@* iR Bifent, bitoxi QDG A ﬁﬂﬂc@@ of the

copper (R "sal t ‘conponent o he copper plating solution is uﬁ{l ed at a
concent r aemim of ackii¢ owanmaEeY (R reenlDpEeEPasiicd of thy rf(dlwe%‘?ﬂpetr Rato ‘g% B9

limt of tﬁ%\ prl ous copper(ll) salts discl osed above. I n another exerrpl ary
15 enbodi the concentration of the copper(ll) salt co onent of the
copper pl[a0iS)dn st entbiogiment, therpancentritivachf the coBROHER FAllATEPERERt DHBRFIREF 10.0 M

I't shoul d be under st ood t.hat Iahd gl t
conponen tpl?ﬁ?]gtsﬂ‘l@tl%nolﬁ Sg”?nm‘ﬁlegdﬁt %\ Q&ceﬁﬂﬁﬁg ﬁ% léngFr]éeﬂe-l;& ggjrt\ toltdg@1 g@gggf d\?] ucsl ted to

any val ueouilitplidh Gfﬁl@ Iveodus |cbgpei'([[ma1ts disclosed aboysp &t Egfhes g¥MPXEY | ong as t he
Coppet® orrmponaih VB PresBleciel iy Yo Pn S| GERHAREoEhEEREE aRaERaR 1o o
process. i} Mtelinddt BitRe@EbOCiOEHIN and h&0 Mﬂedhwm by uederstoadghat the npl e cobal t
Cobai t (1 19pnesmainS oanrd pis comepal 8t 8 st e PRfeh pr e SHADARC
cobal t (H),ieeha Sy @R uflodhuEasbililyaiaost the toppéral salt beloupaehs tesditing hat
copper plating selution can effectuate electroless deposition of copper on a wafer surface during
20 an electroless copper deposition process.
[0016] In one embodiment, the cobalt(ll) salt is a simple cobalt salt. Examples of simple
cobalt(]I) salts include cobalt(IT) sulfate, cobali(IT) chloride, cobalt(IT} nitrate, cobalt(II}
tetrafiuoroborate, cobalt(Il) acetate, and mixtures thereof. It should be understood that
essentially any simple salt of cobalt(Il} can be used in the solution so long as the salt can be
25  effectively solubilized in the solution, be complexed to a polyamine-based complexing agent,
and reduce a cobalt{1]) salt in an acidic environment to resuli in the deposition of the reduced
copper onto the surface of the wafer.
[0017] Tn another embodiment, the cobalt(II) salt is a complex salt with a polyamine electron-
donating molecule attached to the cobalt(Il) ion. Examples of complex cobali(If} salts include
30 cobali(l) ethylenediamine sulfatc, bis(ethylenediamine)cobalt(Il) sulfate, cobalt(1L)
dietheylenetriamine nitrate, bis(dietheylenetriamine)cobalt(Il) nitrate, and mixtures thereof. It
should be understood that essentially any simple salt of cobalt(ll) can be used in the solution so

long as the salt can be effectively solubilized into solution, be complexed to a polyamine-based



essentially any sinple salt of cobalt(ll) can be used in the solution so
long as the salt can be 25 effectively solubilized in the solution, be
conpl exed to a pol yam ne-based conpl exi ng agent, and reduce a cobalt(l1)
salt in an acidic environnent to result in the deposition of the reduced
copper onto the surface of the wafer. [0017] In another enbodi nent, the
cobalt(ll) salt is a conplex salt with a polyam ne el ectron- donating

mol ecul e attached to the cobalt(l1) ioh. Exanples of conplex cobalt(l)
salts include 30 cobalt(I11) ethylenediam ne sulfate,

bi s(et hyl enedi am ne)cobalt(I1) sulfate, cobalt(ll) dietheylenetriam ne

ni trat e, chhpl¢digbgrey hehetvdearmepe) @ bal in @ kjidinervienmentadmeswli Wtthe es t her eof .
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sol uti on tan essenti al be adjusted to any value up to the solubility
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sol ution n f trol ess deposition of copper on a wafer
e

surface an a uring an electrol ess copper deposjtion
process. [(0091Lin9jne kmbotimeantbo dplremning-bated coroplpxing prenbia 6 dNERIRIMPRIKY agent i s
a diam ng_conmpound. . Exanmpl | @ : 1B8gMkk]el zed for
the sol uErBHPPRaRaan ey RRURE R o RNEes RFRE MR Ror gl afy Batiki:
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pol yam ne-based, conpl exi ng agent i.s a triam .

triardt nep@Bﬂﬁﬁ'ﬁﬁsfHB?Iﬁg]fx‘g%ﬁ&B@S3ttril nimzleelc;fgn?ﬂélrug ‘he"'s ?éé{& ?E)nn | ncl h@gur%fs

di et hyl engt édnddiuiBzeddbpheplitneididrdialieyleretrayliren diprapylopsttiemiet. eitairnne, and
m xtures thereof. It should be un to t hat es tially.an | amne or
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the solution (i.e., copper(ll
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20 and cobalt(Tl) metal ions}), be readily solubilized in the solution, and be protonized in an acidic

environment. In one embodiment, other chemical additives including levelers (amine-conating
compounds such as the azo dyes (i.e. Janus Green), accelerators (i.c., SPS, sulfopropyl
sulfonate) and suppressors (i.e., PEG, polyethylene glycol) are included in the copper plating
solution at low concentrations to enhance the application specific performance of the solution.
25 [0020] In another embodiment, the concentration of the complexing agent component of the
copper plating solution is maintained at between about 0.0001 molarity (M) and the solubility
limit of the various diamine-based or triamine-based complexing agent species disclosed above.
Tn one exemplary embodiment, the concentration of the complexing agent component of the
copper plating solution is maintained at between about 0.005 M and 10.0 M, but must be
30  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(l)-cobalt(Il) redox couple). In one exemplary embodiment, an



environment. |In one enbodi nent, other chem cal additives including |evelers
(am ne-conating conpounds such as the azo dyes (i.e. Janus G een),
accelerators (i.e., SPS, sulfopropyl sulfonate) and suppressors (i.e

PEG pol yet hyl ene glycol) are included in the copper plating solution at

| ow concentrations to enhance the application specific performance of the
solution. 25 [00201 In another enbodi nent, the concentration of the

conpl exi ng agent conponent of the copper plating solution is naintained at
bet ween about 0.0001 nolarity (M and the solubility limt of the various
di am ne-based or triam ne-based conpl exi ng agent species discl osed above.
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and 6. 4. et anot enbodi ment, an acid and/or a bufferjng agent is
added16 o rwizz]tmmctchmnepﬂamg sohwionhave meRy ercraienyladymmipges Avenalkelipalayng |

one enbodi heantbRid @spect i ve
anionic s g‘@}(’gs“ﬁl ‘tltﬂ{ye(?maﬁe ?‘?ﬂeﬁé%oﬁ; rgit%g@t% Qpﬁi@fga t CI(;al :)neﬁtpf of the
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speci es do not haﬁﬁ 1%ellmalt 15re&19ce£98§%11?:1‘%ﬁ{s$h% gg}g{ntpg&;pt)&qaﬁp{hgttlgons

have manyP@feV it gigs ages over ine platin uti‘ons when
utilized &@o@ifbd%&l&lﬁﬁmﬂamﬁa@ompﬂherfmlmﬁquooncra)ﬂﬂﬁlm ecdtm@nmpmea@r:m c copper

| ati ng sol ution_ can .inhibit the gner
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reduces V?ﬂogleﬂf ob@éi%dﬁﬂtlﬂﬁlkilﬁ:e RBgpeoplating ioh:&loﬂﬂ]hp&@ tﬂeigimatlmhaﬁhyﬁsﬂyidepom t ed
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20 acidic copper plating solution helps improve selectivily over the barrier and mask materlals on
the wafer surface, and allows the use of a standard positive resist photomask resin material that
would normally dissolve in a basic solution.
[0623] In addition to the advantages discussed above, copper deposited using the acidic copper
plating solutions exhibits lower pre-anneal resistance characteristics than with copper deposited

25  using alkaline copper plating solutions. It should be appreciated that the pH of the copper
plating solutions, as disclosed herein, can essentially be adjusted to any acidic (i.e., pH £7.0)
environment so long as the resulting deposition rates of copper during the electroless copper
deposition process is acceptable for the targeted application and the selution exhibits all the
operational advantages discussed above. In general, as the pH of the solution is lowered (L.e.,

30 made more acidic), the copper deposition rate decreascs. However, varying the choice of
complexing agent (i.e., diamine-based and triamine-based compounds) plus the concentration of
the copper (II) and cobalt(If) salts can help compensate for any reduction in copper deposition

rate resulting from an acidic pH environment.



| arger grain growth and increased surface roughness. Still further, for
applications such as direct patterning of copper lines by electroless
deposition of copper through a patterned film an 20 acidic copper plating
solution hel ps inprove selectivity over the barrier and nask materials on
the wafer surface, and allows the use of a standard positive resist

phot omask resin material that would normally dissolve in a basic solution.
[00231 In addition to the advantages di‘scussed above, copper deposited
using the acidic copper plating solutions exhibits |ower pre-anneal

resi stance characteristics than with copper deposited 25 using alkaline
copper pl[8834h@n s anttiodivsent, klic cohmuphtibescdygipnecinsinathed bt tembealpieibebfeet he
copper pl qu drgglo aj] y..be adjusted
o any acpardrersys tgR S GyasuraRaaiE Ghbl gRRER Bl ot e P, T
deposi t i QRedplaBSentodappeic cxdprgsar pgnhgm)h&ioaoet mmhmmd ethipmperatdemﬁ@ettmcm

rocess i s accepta for. t et ed a tion lLutio
gxhl bi t s 3Pt 20% cglbogpéi[upgmﬁrp gg?fg?‘ff 8‘@}@5 ﬁ‘&%&" g\l/Egehtgl’elldsb(g Bétremg[?d
the pH ofpdihenseedtbitiipactsshé Rubsaesh ddnsisy andﬂ@pdmdemmﬁomrﬂnm)lty thhe copper
deposrtron rate decreases. However varyé@_ he ch0|0ﬁ:o %%ﬁ% |ng agent
(i.e., dimeicpionsssnty 2ad denositianiairalisqaeys %ﬂ URORFMIRLIQ YRS ™ i at i on
of t he o Q‘esﬁxfﬁdeld}ln%'%p%&%bosﬁﬁdﬂ The iégosianrdieihipaaoiipaildake dfdie any
e

reduction 1 n copper posr tion rate resulting . from an aci ﬂj
envi r onnersulting copgro Faypr qnf ﬂ%?rfté‘“’éﬁ‘t?@dieﬁ%tﬁtlmp%citﬁe"“&%i?ﬁ uston W@P%t ionis
mai ntai ned,af 43 o ﬁ%@rt MaSdhaioRR the BRRY 1ayBs Itl'ﬁzltkiﬂer(y@g FRekr Ftridur i ng an

el ectrol ess coppe osition process. In one exenpl ar% enbodi nent, the
copper pnateraﬁgesm mnpmatmcsemgﬁfoarmeepw Platlt%ﬁ?ﬁ)éwatdulﬂ%% ¢ elsgialgss FPPPEhout

206 and_ 706t Mkeld ol G&{sfrtﬂtlgeﬁ% BRAREHERAct hRfeaREPERSndlfogshoul d be

appr eci at ‘t“rPa enper at he nucleation density and
deposi ti Qi&pdiéiﬁ(ﬁl fbﬂomogtmmuélnmonlptlaset)ﬁéle balirclepesitionrio eRtinaire the sPRPSHeposi ti on

rate of c S 0 or i enperature) to the wafer

sur f ace d§$$ IEB%%%W: vﬁ§§Pt|§% e%Ltp%srtron rate inpacts the thickness
of the r[ee28] tThixgneapmeill mﬂhamddammdrh;obﬁmcm thetcfaBowing pxgapdasgn voi d
space, occl usion n the 0 and adhesi on of the
coppels | aypdle 1t’8“ht"lfkt %@FYWﬁEﬁj 5Pft% B%?‘rgné n{{%f{;i{g'nTher efore, the
tenperature settrngs for the copper plating solutron durrng the el ectrol ess
copper S—W A O~

nucl eati on and controlled deposrtro '35Eﬂomnng the nucl eat i on phase of the
bul k depesitienr—to—optifrze—the—copper—deposTitT oM rare to acnl eve copper
filmthickness targets. [0025] This invention will be further understood by
ref er encepih@ngd Y6lnfih Aqpirraspxanpl es in  Plating Solution A Formulation

20 0.05M Cu(NOs)2 11.2 miHiliters (mL) [H,0O]
0.6M Diethylenctriamine 1 mL [Cu{NO:); 1M]
0.15M Co(NO3)> 3.5 mL [HNQ; 5M]
1.3 mL [Diethylenetriamine 99%]
Argon Gas
25 3.0 mL [Co(NO3); 1M]
Plating Solution B (pH=4.6) Plating Solution B Formulation 0.05M
Cu(NO3); 11.7 mL [H;0]
0.6M Diethylenetriamine 1 mL [Cu(NO3); 1M]
30 0.15M Co(NOs) " 3.0 mL [HNO; 5M]
1.3 ml. [Diethylenetriamine 99%)]
Argon Gas

3.0 mL [Co(NO3), 1M]



15 Table 1, which include several enbodinents of the present invention.
TABLE 1 Plating Solution A (pH=4.3) Plating Solution A Formulation 20
0.05M Cu(N03)2 11.2 mlliliters (m) [H2Q 0.6M Diethylenetriamne 1 nL
[Cu(NO3)2 1M 0.15M Co(N03)2 3.5 nL [HNG3 5M 1.3 m, [Diethylenetriam ne
9994 Argon Gas 25 3.0 nL [Co(NGB)2 1 I\/] Plating Solution B (pH=4.6)
Plating Solution B Formulation 0.05M Cu(N®3)2 11.7 nL [H2Q 0.6M

Di ethylenetriamine 1 nmL [Cu(N®B)2 1M 830 0.15M Co(N03)2 3.0 nlL [ HNO3 5M
1.3 M, [Dethylenetriamne 9999 Argon Gas 3.0 M. [Co(NO3)2 1M 8 Plating
Solution C (yH=5.4) Plating Solution C Fornmulation 0.05M Cu(BF4)2 13.2 M
[ H20] 0.6M Di ethyl enetriamne 1.0 nL [Cu(BF4)2 1M 5 0.15M Co(BF4)2 1.0 nL

HBF4 S 1.3 Di | t 990 BF4 > 1
[ HBrd SMeadi: b €liybenet 11 am ne. 999y 385 Granif(BH0) 2 1M

Cu( BF4) 2 pl3MTuBF,,H20] 0. 6M Di et hyl enet r iladimle[fLQ) nL [Cu(BF4)2 ||v| 0. 15M

goggFﬁ{Z[o(&ggn&& yr%MmSmI\Q 1.3 nL [ D ethyl qq)etil[%@& %%% 15 Argon Gas

S 0.15M CO(BF4)2 1.0 mL [HBF4 SM]
1.3 mL [Diethylenetriamine 99%]
Argon (yas

3.53 mL [Co(BF4); 1M]

10  Plating Solution D (pH=6.15 Plating Solution D Formulation
0.05M Cu(BF4): 13.47 mL [H20]
0.6M Diethylenetriamine 1.0 mL {Cu(BF4)2 1M]
0.15M Co(BFa) 0.7 mL [HBF4 5M]

1.3 mL [Diethylenetriamine 99%]
15 Argon Gas
3.53 mL [Co(BF4): 1M]

20 [0026] As shown above in Table 1, in one exemplary embodiment {i.c., Plating Solution A), a
copper nitrate/diethylenetriamine plating solution is disclosed with a pH of 4.3 and including
0.05M Cu{NOs),, 0.6M Diethylenctriamine, and 0.15M Co(NQ;);. In another embodiment
(i.e., Plating Solution B), the copper nitrate/diethylenetriamine plating selution is disclosed with
a pH of 4.6 and including 0.05M Cu(NO3),, 0.6M Disthylenetriamine, and 0.15M CoMNOs),. It

»s  should be understood that the concentrations of the Cu(NQs),, Diethylenetriamine, and
Co(NO;); components of the copper nitrate/diethylenetriamine plating solution can be adjusted
to any value up to the salubility 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

30  Solution A Formulation) of Plating Solution A is disclosed. I 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



20 [0026] As shown above in Table 1, in one exenplary enbodi nent (i.e.,
Plating Solution A), a copper nitrate/diethylenetriamne plating solution
is disclosed with a pH of 4.3 and including 0.05M Cu(NG3)2, 0.6M

Di et hyl enetriam ne, and 0. 15M Co(NO3) 2 I n anot her enbodi nent (i.e.,
Plating Solution B), the copper nitrate/diethylenetriamne plating solution
is disclosed with a pH of 4.6 and including 0.05M Cu(NG3)2, 0.6M

Di et hyl enetriamine, and 0.15M Co(N®B)22 It 25 should be understood that the
concentrations of the Cu(NG3)2, Diethylenetriamne, and Co(NO3)2
conponents of the copper nitrate/diethylenetriamne plating solution can be
adj ust ed abtw 1adyn af waen(pl2©ptotah eprroprisily sized contpiner foflowdidbysbmpddemb of so | ong
as ther t] sol utiaq f t e I per deposition
rate for%méugﬁg est{)h%ﬁré’ a@?uctt% h%emggﬁsiﬁi%}ﬁ@ ?gjgiggﬁgf%%gﬁ;g%go?rpl ary enbodi nent
of the prashyitndiangnt (99%). Ahthismimmid ht fomulatiorethe B 10gs reBBseBo) thei on A

Formul ati f Plati Sol utio 1,S -di | osed.. | l.d..be . reci at ed
Fhat ™ ne Cibads combtim S Splesaf vip bR IR RE R iRind hoBARY S pREniSRRE °°

sol ]tht is0N ThE %s}?ﬁi%ﬁ%ﬁiﬁﬁeii@?fm a@ixp(:lt,&lft_tea @sﬁngl aﬂjp'tﬁﬁ_t gas sl esfmg&rgap irarbtiuegd to 20
errornmance 0O e resul.tl ol utl on. n 1S exe ar .e | , a

ﬁ1 |1 |t dhe mupgyre B%?réﬁa‘g‘#“ %N% selyfiqr to grvRthe H“EW%E‘F&’F@&“‘E@HZ’D@% “trglgah y
addi ng 9 ¢ieaRads e AN,), *bluneH. &t sHotlR@: uh@ergbodxpaAapsr @ hybsdeiedednt ai ner
foll owed by about 1.0 nmL of 1M Cu(NOG3)2 solution, a out‘}3n.5 nL of 5M HNC3
sol ut i on teadIxgBeEHNgany Cﬁﬂmﬁfciaibia?é%lffmee%ﬁ%wg&}ﬁSﬁ%e'(‘%gﬂ’g NCEME point in
the for 'e:ﬁx}citrcﬁﬂn%mcifé Bhtitle® RSdeb B RRISH e MixilR80 tHoWh 2vegppasent are

W

conpl exe the D ethylenetriammne nolecules in the mxture, 5 The

r esul i nglesirxlessicepos denvaitionl enphigajiona fishould bagpregsiaaddhat ofpsEtyBesof ingd 88 gon gas
i ntroduced,t ' ;e 5l | 4365 e (PR} 2wt lelceiolbQ copRy ent  t he
prematurZg%’kllQ{i'tIé%tiCitb(;ecr‘rﬁ“[;n(h)l?(B y{]%eggiglﬁ% Bsotgiél rredr%t of the C}g NCGB) 2 sol utci&f)pﬁ. It
shoul d beepnitonyrwes. Finatly,Abgsd.0gnk of Ge(Nek):delufivieisagdaddo thepax®sdPur e usi ng

any commgﬁ%hl%%{#?%\é%lgg&lo%% ggﬁ{ig%ﬂg systemso long as the gas is

del i ver ed i'crent qua I'es deoxygenate the m xture to the
requi r ed [b@EegCofthtuitgheith Tablel, étmoticessbaippeds thelporlitioni s dipingSatution. | t

should b reci at hat, orhey .t f 1 08 b SRent ( i (g8 C-) can
al so Be &@%@ﬁf’@ﬁgg? g %%1“{5%{%% %igo%%?oﬁso ' Ilnr'#] er%‘er e W ‘t{ﬂ?‘?}]e Ut > ol ess
copper  GeRRsSF Pleiy Sulaedsis fEimddtddby iaitiellt adding ahtutdf.7@d( MNOS)E (BleDLtbi on i s
added to the m xtyre to co %)te he .f or.mil at j Pl at i S han A
[0028] SR FPHOPHAE TeH SPaBREr oo RpReh Bssdy heut Orpraigr abith e B0,
(i.e. Pl aii BEsnseiNG,isOlutiod BndEabbet 1intof DigthydéneRlaatina(§9Bp| Thei resultBigi s
disclosed. In this enbodinent, a 20 m|liliter ém_ bat.cht 311; Pl at i n
Sol ut | on nExiues if BlerF o BeRai5y Usine Ardamps wiTaRigT IsBeE e prins todpe Aidieh o ooy
tO 59  about 3.0 mL of 1M Co(NOs): solution to complete the formulation of Plating Solution B.

[0029] In one embodiment, an electroless copper plating solution is prepared by first pre-

mixing a portion of the complexing agent component with the copper salt component, acid

component, and water into a into a first pre-mixed solution. The remaining portion of the

complexing agent component is pre-mixed with the cobalt salt component into a second pre-

25 mixed solution. The first premixed solution and second pre-mixed solution are then added into

an appropriate container for final mixing into the final electroless copper plating solution prior

to use in an clectroless copper deposition operation.

[0030] Still referring to Table 1, in one embodiment (i.e., Plating Solution C), a copper(Il)

tetrafluoroborate/diethylenetriamine plating solution is disclosed with a pH of 5.4 and including

30 0.05M Cu(BFy}s, 0.6M Dicthylenctriamine, and 0.15M Co(BF4);. In another embodiment (i.e.,
Plating Solution D), the copper(il} tetrafluoroborate/diethylenetriamine plating solution is
disclosed with a pH of 6.15 and including 0.05M Cu(BF;)z, 0.6M Diethylenetriamine, and

0.15M Co(BFa)2. Tt should be understood that the concentrations of the Cu(BF,),,



an appropriately sized container followed by about 1.0 nmL of | M Cu(NGB) 2
solution, about 3.0 nL of 5M HNG3 sol ution and about 1.3 nL of

D ethylenetriamne (99% . The resulting mxture is then deoxygenated using
Argon gas introduced to the mxture prior to the addition of 20 about 3.0
mL of I M Co(NCB3)2 solution to conplete the fornulation of Plating Solution
B. [0029] In one enbodinent, an el ectrol ess copper plating solution is
prepared by first pre- mixing a portionfof the conpl exi ng agent conponent
with the copper salt conponent, acid conponent, and water into a into a
first pre-m xed solution. The renmaining portion of the conplexing agent
COWDOHGnt{)ieﬂay[ﬁﬁ&nﬁhkﬁdandﬁ(ld@ﬁ@ommdntscézehetcopmponent into a second pre 25
m xed sol ution. The i rst prem d Seco r ol ution
are t hen BHeETehRFe/d ﬁﬁl?ylglﬂ)%'?ad'ﬁp? @?té gtﬁ?ﬁ{ngn rc%lr 8lru51fs| Aal 9%%)1(1?11%%%?0 t he
final el eghuditgHsmiCmRaiompbainissg lﬁiglaldthe&ésullﬁugtsblutlmrocausﬁ’eqﬁmtam mkeptabiol ess
copper dep03|t| on _oper at i t&ﬂ}&ootbqg] ﬁ&”{ referring to Table 1, in one
enbodi mentopper dspositngate 5y 8eEHE ayne sglatigsner (1 1)

tetrafd uojghnrions SheddinbRNES forilatieh (pb Fliiting Seikivi CHormslatiting of Risiagk wi th a

H of 5.4 [ uding, 30 0. 05M Cu ct d
0. 150 Co{ SR C rsissiestihdn enBBERdRD 130G misre e o Spogh g™
copper (H s u?;Ité&Hgf lﬁiﬁgﬂa@&(ﬁé@aﬁ&hxh@r}ﬁs b UThATEL, O] 18lah AEproially zed S

di scl ose

i ncl udi 0. 05M Cu(BF4) 2
Di et hyl eneml:mmfoi@weéhmabcm lle@f(lﬁﬁ@}l@Fg)Ztso@H%F?P“Béozﬁd%'%%\?%ﬁ % hat the
concentr at |1 ]%ns 03 181 SUBED i l]\]:IQetn%ﬂBlﬁE fggb Nehé jeaNitlemixaRelis@anBr4) 2

conponent% fhe copper tetrafluoroborate/diethyl enetrian ne plati
sol ut i@n @@mygmatadpmg Atgoh gasinyodnagd fe thagmixgire préor 12 e gition gf PPHAIGEL L he

conponent s @gwgfgf@g b{18of § H%%h&gthéﬁzjﬂﬂﬁfaﬂc?hﬁ%tﬁ%fsﬁﬁhb@be an acceptabl e

copper de settin sol ution [0031] In one
enbodi menfyp32)ecrhiingivith Table ¢ in enotﬁﬁrambngnﬁoﬂa theifermulatipe firpuP latingPplutsm

Plating Solution 0se i iter
(mL) bat ch E W‘Fifa‘é‘m?ﬁtﬁ %B’P%ﬁ?hghong) 5 dlSC og%d?ru H?P%m{;ﬂ%n%wr?it tall i %Q} rgfﬁalg%i;tgb about
13.2 L ofar¥Rd fEflatin %)uub@DamfmpTa&ﬁrbyamMLy asldmgdbom:d)h&hmh@rf wist (IR P by

about 1.0 niL of 1MCu Q t. 1 laut 1 on
and abbut anapprepriatsly ﬁegfﬂ‘g)?‘ﬁﬂétl? Pf@‘g?"gg %mL%gﬂdr(glgB ﬂg“lty: Jr?bulﬁgéxatbﬁl?g‘f s then
10 deoxyggpajress Hfﬂmgolﬁﬁ&%dga@tll BtrﬁDdﬂD&dlyleﬁemhmmm(S&"/ﬁl)r ghprésuitingo t he

addi tion of about 53 nL of 85M Co(.BF4 olutioQ .
f or nul at i mitede 1Pfhan ﬂ%y@g{ua@ p%lilg @gt){l 5@3\%\2? %’@?‘fi ermx %ﬁnoﬁtq(gpn ‘i&&n&b&

anot her e Qg)%g;; QFH{L, ofio M Qﬁdmt;)@bdl@tﬁbn(th cBmplElealid ﬂogmﬁatliamtuf d?tatmg)SﬁghwulDat i on)

of Plating ion Di1s disclosed, Inthlsenboﬂ glflllter
() {0033] Although a few embodiments of the present invention have eerl deerf ed in detai

20  herein, it should be understood, by those of ordinary skill, that the present invention may be
embodied in many other specific forms without departing from the spirit or scope of the
invention. Therefore, the present examples and embodiments are to be considered as
illustrative and not restrictive, and the invention is not to be limited to the details provided
therein, but may be modified and practiced within the scope of the appended claims. In the

25 claims, elements and/or steps do not imply any particular order of operation unless explicitly

stated in the claims.

What is claimed is:

30



batch of Plating Solution Dis fornmulated by initially adding about 13.47
m. of water (H20) to 15 an appropriately sized container foll owed by about
1.0 nmL of 1M Cu(BF4)2 solution, about 0.7 nL of 5M H BF4 sol uti on and
about 1.3 nL of Diethylenetriamne (99%l The resulting mxture is then
deoxygenat ed using Argon gas introduced to the m xture prior to the
addition of about 3.53 nL of 0.85NI@§§§@?@2 solution to conplete the
formul ati on of Plating Solution D Al t hough a few enbodi nents of
the present invention have been described in detail 20 herein, it should be
under st ood]. by tmodectrofespratipenpipting sélhtion, kemprisiagpr esent i nventi on may be
enbodi ed in nanﬁgother specific forms wthout departing fromthe spirit or

scope of the i AWAHIGODHCOPPREFAF PO e bresent exanpl es and embodi nent s

are to be consi dgrgekods cotlaltl sl ch@pbyeant;and not restrictive, and the
invention is not to be limted to the details provided therein, but may he
modi fi efl and pr aspinpkeding agkntthetris 2 séupiae spmppendsgpdnded clains. In the 25

clains, elenents d/ of..st e ' j cul opde

operation unl esé é@ﬁﬁl?dgyﬁ%g&g?a g’tcgﬁgi %%ugﬂqé?ﬂﬁsa&b@gtﬁél? gﬁalélﬁ(g%‘)lfsg .30
11 CLAI M5cdppefpl8ing Gblutibe asidity pibercin|the pHensdifying substanoersrsekicted:frovan
ol exi ng SRErROTERARE PE AL dtbra Boro R e BB TP SBY: ance
in an annugéa§H£Licient to make the electroless copper plating solution
acidic, wherein, the pH nodifying substance is selected froma group
consi stiong of sulfuric acid, nitric acid, hydrochloric acid, fluoroboric

acid, and _acetic agid. 10 2. The el ectyal ess co r. plhating solutign, as
recited in2claiﬂﬁ@,éﬂH%W§?ﬁPpPﬂépaﬁﬂ%éB@ﬁoﬂbB%é?gggﬂp %gﬁbghgﬁFm?%’gglected
froma groyp,Qfis CBPRE sal bipoh QR4 8d1EAH Fom & RRPrdfl doppertdaltaiconsigignst (11)
nitrate, coﬁ%er?l I?&?ﬁ?ori%%? copper(ll) tetrafluoroborate, and copper(ll)
acet ate. 1Bopper(Il) sulfate, copper(Il) nitrate, copper(Il) chloride, copper(ll) tetrafluoroborate,

and copper(1I) acetate.

15

3. The electroless copper plating solution, as recited in claim 1, wherein, the
aqueous copper salt component is selected from a group of complex copper salts
consisting of ethylenediamine copper(Il) sulfate, bis(ethylenediamine) copper(II)
sulfate, diethylenetriamine copper(1l) nitrate, and bis(diethylenetriamine) copper(1l)

20  nitrate.

4. The clectroless copper plating solution, as recited in claim 1, wherein, the

aqueous cobalt salt component is selected from a group consisting of cobalt(li) sulfate,

cobalt(1l) nitrate, cobalt(II) chloride, cobalt(II) tetrafluoroborate, and cobalt(Il) acetate.
25

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

triamine compound is seclected from a group consisting of diethylenetriamine,

dipropylenetriamine, and ethylene propylenetriamine.

30 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.

7. An electroless copper plating solution, comprising:



3. The el ectrol ess copper plating solution, as recited in claim1, wherein,
the aqueous copper salt conponent is selected froma group of conplex
copper salts consisting of ethylenedi am ne copper(ll) sulfate,

bi s(et hyl enedi anmi ne) copper(11) sulfat¥ diethylenetriam ne copper(ll)
nitrate, and bis(diethylenetriamne) copper(ll) 20 nitrate. 4. The

el ectrol ess coppghgidodt Bhes QhlUtbRPoncAS hiBhs b @EnddntrelicH PerkeetRsue 01001t he
aqueous cobalt salt component is selected froma qroup consi sting of
4

nmponent i
cobal t (I'1) mnldritx() to & slability hmitdpt thg eaucous bepnef Faly casppaente, cobal t(11)

tetrafl uoroborate, and | £ {1 ate. 25 5. The el ectrol ess copper
pl ati ng sol uti oﬁl,la%%eo}l%gllgﬁgtdgtalﬁﬁw&pgﬁﬁt’l, wherein, the triamne conpound is

sel ected from aagomplexanglest thads afridhet Rympoaid; aadi ne,

di propyl enetri am ne, and.ethyl ene propylenetriam ne. 30 6. The el ectrol ess
copper Pl ating doplmneshfying splsgancedni 3t @MQUAY i‘}ﬁﬁ)ﬁé"’ &9 rﬂ‘g@ gﬁ @F““ﬁ??é

el ectrol es - pl.at ks L Ut ] Wg@‘ﬂé) 6. 7.
An el ect ro?%@ssw@gz{t)%grsgp lggiaﬁfgll%o }%ﬁl%ﬁt}eb@gnpr |1 i g%ﬁbi%ngeaﬁ%gheg{eégulﬁgonggpper
salt conpogsntp dvavistige af sdficensdditnioi oed,Wweenochbwict add, uorotirer adids a¥) to a
solubility limt. for the aqueous copper salt conponent; an aqueous cobalt
salt conpoAEHitc; a4 conpl exi ng agent that is a trianine conpound; and 5 a

pH nodi fyi ng substance in an anmount sufficient to make the el ectrol ess
copper plating solution acidic, wherein the pH nodifying substance is

sel ect a8l f Bom a Thgrelagprolesnsépper plptiog sslutibuyr ascregitgddin ¢lainy 7cwheres, the pH-

hydr ochl ori c id | uor obori g. acj.d,. and .aceti ¢ acid. 10 Th

el ectrol es ?Ogi%ﬂkgrsubftﬁﬁeﬁﬁai%&ﬁ’i Efdélflﬁtmggh § eélg(lﬁ{oéecfs icﬂpl%:elrglla%ﬁng,%m\}\lﬂ(enr?& %pﬁhe pH
nodi fyi ng $abstaBs ghdus 48 ddfabent ¢4lj usting the el ectrol ess copper plating
solution to a pH of between about 4.0 and about 6.4. 9. The el ectrol ess

copper plating solution, as recited in claim?7, wherein, the 15 agueous

copper salt, co e i e ed f. qro i:std f r el )

Ul Fate, - GoppordPioecloss ReBBboRslhe T hudhr P G335 Lath 1 \ARRRR e

t et r af linor aledoat eopprndalcapmgonehd i selacted dfoen a group consisting of copper(Il) sulfate,
copper(Il) nitrate, copper(If) chloride, copper(ll) tetrafluoroborate, and copper(ll)

acetate.

10.  The electroless copper plating solution, as recited in claim 7, wherein, the
20 aqueous cobalt salt component is selected from a group consisting of cobalt(II) sulfate,

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

11.  An electroless copper plating solution, comprising:
an aqueous copper salt component;
25 an aqueous cobalf salt component having a concentration between about 0.001
molarity (M) to a solubility limit for the aqueous cobalt salt component;
a complexing agent that is a triamine compound; and
a pH-modifying substance in an amount sufficient to make the electroless
copper plating solution acidic, wherein a pH of the electroless copper plating solution is

30  between about 4.0 and about 6.4.

12.  The electroless copper plating solution, as recited in claim 11, wherein, the

aqueous copper salt component is selected from a group consisting of copper(II) sulfate,



10. The el ectrol ess copper plating solution, as recited in claim?7,
wherein, the 20 aqueous cobalt salt conponent is selected froma group
consisting of cobalt(ll) sulfate, cobalt(ll) nitrate, cobalt(ll) chloride,
cobalt(I1) tetrafluoroborate, and cobalt(l11) acetate. 11. An el ectroless
copper plating solution, conprising: an aqueous copper salt conponent; 25

an adueous.ialah Sk, AERANANTIFNLN dofhAONCRTETAtBaRe RC SRt 0. 001

nmolarity ( imt for the aqueous cobalt salt conponent; a
conpl exi ngaagmat that is a triam ne conpound; and a pH nodifying substance
in an anount sufficient to nake the el ectroless copper plating solution
acidic, wherein a pH of the electrol ess copper plating solutionis 30

bet ween abeyt 41flc andialedcopet pldidig Gt estecitdsh clapperl, Whrtdingthe
solution, as recited in cIa|n11f) wherein, the aqueous cop

component. reuess soigalompangi @W%@%ﬁ@% wgows cembeEe FyOLUIY aléte 13
Il
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recited in claim1l, wherein, the 5 aqueous cobalt salt component is

selected froma group con5|st|n of cobalté sul fate, cobalt(lIl)
nitrate, coébal t @ electoless F‘EEPCTE (ag 8QLPHgN. CBMPEFINg O obor at e, and cobal t (11)

acetate. 1l4. Ap, h@&hg% Pl on@htat' ng sol ution, conprising: an
aqueous copper salt conponient; 10 an aqueous cobalt salt conponent; a

conpl exong agenhnh@amuksdmﬂMmhauﬁmenmmnpound wherein the coaneX|ng agent

has a concentration %étween out 0..005 nol a V(’ﬁ% Q2 lox O\/‘L: "
pH- nmodi fyi ng suB<CHREZINEAEAt DDA triafng ?ﬂnél?ﬂlm%{’o 8 P%%OIEP gcltng enss
copper pl aphhg ca@eh%t% b%ﬁi/&:'ncaboﬁ\ff‘(ﬂ)@ﬂ RoBiribHM] tof AbOue] RO ehdss copper
plating solution is bet ween about 4.0 and about 6.4. 15. The

el ectrol ess coppepHﬂmahfyrr@ substariconin as ameght sefficient |t ke theplesteqless t he
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t he aQQ§OU$mﬁﬁ£@@bmﬁahjmﬁﬂﬂ@aﬂﬂﬂnent, t he pH nodi fyi ng substance, and a
portion of the conpl exi ng agent; and

15.  The clectroless copper plating solution, as recited in claim 14, 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
20 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.

16.  The electroless copper plating solution, as recited in claim 14, wherein, the
25  eclectroless copper plating solution is prepared by sequentially combining the aqueous
copper salt component to a volume of water, then adding the pH-modifying substance
to the aqueous copper salt component/water combination, thereafter adding the

complexing agent, and lastly adding the aqueous cobalt salt component.

30 17. A method for preparing an electroless copper plating solution comprising:
combining an aqueous copper salt component, a portion of a complexing agent

and an acid as a first component;

combining an aqueous cobalt salt component and a remaining portion of the

complexing agent as a second component; and



the second m xture consists essentially of the aqueous cobalt salt
conponent and a renainder of the conplexing agent. 16. The el ectrol ess
copper plating solution, as recited in claim14, wherein, the 25

el ectrol ess copper plating solution is Brepared by sequentially conbining

t he agueous copper salt conmponent to a volune of water, then adding the
pH nodi fyi ng subsi.apc t 0 / @lin a

conbi nat i on, thgﬁég ﬁgF % %fﬁgm?ﬁgﬁ %%hp e§§%8§g%%ﬁ§?£§ﬁgﬁPg§%?§ addi ng t he
aqueous cobgldsitbaldpedoponent. 30 17. A nethod for preparing an el ectrol ess
copper plating solution conprising: conbining an aqueous copper salt
conponent, a portion of a conplexing agent and an acid as a first
conponent ; {gombipg; ingORAIbctiAbds ® gig anckich, a8 rBdifeking
portion oflghe q@%ﬁ%?%ﬁ%ﬁgqgggﬁF%as ;Esecond ggﬁg%neé%; and 14 mxing the
first cenpohentlBnehirkia, She aqueas npwpen salpraoomponentuisesalepted figapds BEUBN

operation. 18. The t hod f.or preparin n_.electr I

sol ution, SLOSLLE Q]g%PPPerg{)c Wi ar#?’l??p“fﬁéﬁe]inﬁr? %t h°88é%§®o§fsm§ g%’pglr)ﬁéeg@
conponent i §r9I6h@Ghatk, Bh@BdpbeflioUpetateonsi sting of copper(I1) sul fate,
copper(Ill) nitrate, copper(Il'l) chloride, copper(ll) tetrafluoroborate, and

copper(1l) acetate. 19. The nethod for preparing an el ectrol ess copper

plating solytion, as fecited |n. L a 7 i Aadeausgcabal t
sal t corrporllght &E‘Gsf%"r e%‘fgoé é%re%%ngl%r glﬁg&&%%ncgp ti lgﬁ% Sé(izlo %I’t (I'") sulfate,
cobal t 4b!) chiihr &t,ewheebal thé | dgueals oohalte salc abaipbfidrt)is tedtatel fwor ebgreape, and

cobalt(1l) acetate. 20. The method for eparing an ectrol ess co r
pl ating solorsigieg &5 sabe]tiby SP]rfateiEFOgF {}1 f‘f’fat%ﬁ‘%?é‘l”hﬁﬂ,l) t orhfg’np‘foi’ﬁfg‘ﬂg agent
s atri amt&&ﬂ%fl}%}ﬁ?é! and cobalt(Il) acetate.

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

15  claim 17, wherein, the complexing agent is a triamine compound.



