El ectrol ess Deposition of Cobalt Alloys BACKGROUND 100011Fi el d of the

i nvention 100021The invention is in the field of sem conductor

manuf acturing and nore specifically in the field of manufacturing

mul tilayer structures that include copper. [0003]Rel ated Art

[0004)Di el ectric barrier layers including Cu-Si C or Cu-Si 3Nd are comonl y
used in sem conduct or devices. For exanple, these dielectric barrier |ayers
may be incorporated withi E adv&nc d back-g&%— o]f - Il' ne (BECL) netallization
structures. It has been f&lfgHoERPeRATEIoN O (oLl ALSYS 3" cobal t-al 1 oy cappi ng
| ayer deposited between the copper layer and the SiC or Si3N4 | ayer results
in inproved adhesi on between the 3*%195 Di nproved el ectro-m gration and
copper diffusion characteristics. The cobalt-alloy capping |ayer can be
deposi t edO@H] coppield dfyheinzentionl vapor deposition (CVD) or by el ectrol ess
deposition. [0005] El ectrol ess deposition of cobalt alloys such as CoWBP or
CoWP on q6§2¢r hEHs ineamioddsimtit fetdodt. seidoppuatad mapfacieding arsl oreuse a cobal t
salt, a tungsten salt, a hypophosphite reduci ng agent, a borane reducing
agent sugpecificaliyBthecdiol®bhmbaifatafing nk)layed Beludues Mt exiuig ceggst in a

hi ghly al kal i ne environnent. For exanple, deposition usually occurs around
a pH of Qou3jaborgaredin the cobalt alloy is to be used for adhesion

i nprovenent purposes only, the tungsten and phosphorus nay be unnecessary
as these nts; - . 7o | ¥ | - i copper
diffusio %@ﬁt ul?%e?e%glét%g}l%ggg?rg?dﬁn@g%%ﬁ(ggr gﬁgrl:’rqg“ Jé?‘?\%ﬁlrg? e ie{ln%nati ng

Qi diff u%!ar%ﬂ:or?@l}cposr'devices. For example, these dielectric barrier layers may be 'incorporated

within advanced back-end-of-line (BEOL) metallization structures. It has been found
that the inclusion of a cobalt-alloy capping layer deposited between the copper layer and
the SiC or Si3Ny layer results in improved adhesion between the layers and improved
electro-migration and copper diffusion characteristics. The cobalt-alloy capping layer
can be deposited on copper by chemical vapor deposition (CVD) or by electroless
deposition.

[0005] Electroless deposition of cobalt alloys such as CoWBP or CoWP on copper
has been demonstrated. A typical approach is to use a cobalt salt, a tungsten salt, a
hypophosphite reducing agent, a borane reducing agent such as DMAB
(dimethylaminoborane), and a complexing agent in a highly alkaline environment. For
example, deposition usually occurs around a pH of 9 or above. When the cobalt alloy is
to be used for adhesion improvement purposes only, the tungsten and phosphorus may be
unnecessary as these elements are included principally to improve resistance to copper
diffusion by stuffing the Co grain boundaries and reducing or eliminating Cu diffusion

paths.



10006. 1El ectrol ess deposition can be inhibited by the presence of a thin
copper-oxi de | ayer on the copper. This copper-oxide |ayer forns when the
copper is exposed to air or other oxidizing environnment. Further,

contam nants on the copper and dielectric surfaces can cause
pattern-dependent plating effects such as pattern-dependent variations in
the thickness of the cobalt-alloy capping |ayer. There is, therefore

need to | th f nat 0, r .oxi de on er

b ior o IS FickBORR d@Rspn AEH *zfr rn8§}> BBES P Pipes of 4 SRy oxite

pr ocessi envi ronnment j.s control] to limt this oxide formati on, and
also to n‘ \?8 %ﬁﬁfpesfpdé‘rls B%Pﬁboéﬂa ey frms WheR theHORRFR 1S SXPRsEd &R/ AIBAT t he
copper surface Unfortunately, the use of highly alkaline solutions in the
el ect r ol e¥her@ajiiaing pevrapmest bElmhe&l coptpgingids omthe igeppsriand diglactrigpsustrpeses
rather than limts the formation of copper oxides. SUMMARY [0007] Vari ous
enmbodi merfay cafsephéernrdependenhplating effiests sueh as pattsin-depepdengarietigns ihélss t han 7,
formul ation for the deposition of a cobalt alloy on copper. These

f or nul at i tbicknese nthe sebalf-alloyecuppingdayer. Théralid, tisadfore, a naed fodgait tigont ai ni ng
conpl exi ng agent, a pH adjuster, an optional grain boundary stuffer, and an

optional foffltiving na@edoppbOSadd diy te@appet layeR BriiSt8 depositid¥f tlﬂHcMH]th' ation
results in a reduction in copper oxide formation prior to cobalt

deposi ti qilioy EAikERY&L "l%l&ily b%c@%sﬂ?éé&u@hﬂleﬁ% Ebrﬁr&f&ﬂft@ﬁﬁn?ﬂhﬁa may

result in inproved grain norphol ogy because fewer -OH groups result in a

more uni fg fgrﬁatﬁns;ragaqggrggfﬁ@%lvg P odpel BRACEROS AR IR Alnap i fgpOS! L e

netal is a to notre er sur ace uch,

th I f th t to.fact h
topoor 11 o Fe¥apBlrdit ﬁ%iafura{‘ryoﬁf qssfgh@fyﬁgﬂ%gﬁh hufigns,in Sc ore SHERn
concentra i on urt one enbodinents, the use of a lo

f or mul at i fgfseﬁ %aflérgnaf feRedf allgys. a8 i fi‘@é’“&&?‘i"\l%i?meffsﬂ%thﬁg‘h%!‘ Eertarlrﬁr c

metal such as, palladium (Pd). 100091l n various enbodi nents, use of the
i nvent i orforadignof corper pxidgs-at ed circuits



havi ng i nproved adhesi on between copper and dielectic barrier |ayers,

| nproved advanced back-end-of-line (BEOL) netallization structures, and/or
i mproved el ectrom gration performance, as conpared with circuits of the
prior art. 100101Vari ous enbodi nents of the invention include a solution
conprising a cobalt salt, a conplexing agent configured to deposit a cobalt
| ayer on copper using the cobalt salt, and a pH adjuster configured to
adjust a pH of the solution to beI ﬁ%ZBQ§§ 00111Vari ous enbodi nents of the
i nvention include a nethod conpr|S| ring a solution configured to

deposi t alt_la havi n bel ow 7.0 and rising a
cobal t (| ﬁ?@& ‘Aar% phagIRGHS GE e ThYRHoR rrﬁgidath 55,5 2Q) PEe nPegf» oups,
and a pH adj ust er confl gured to adjust the pHto below 7.0; inmmersing a
copper s d’f"‘f“a?}efo‘i"ﬁﬂ @)“Q"hf@r the|dgpesation africehaBaYpy pmeorperobhgse farmugtionsyer on
the copper surface using the sol ution. 100121Various enbodi ments of the
i nvent i osompeibeder exagwhi, e gnbhltsalt g nitenges eontainingaomplexdngisgeny afié net hod
di scl osed herein. BRI EF DESCRI PTI ON OF THE DRAW NGS.

adjuster, an optional grain boundary stuffer, and an optional reducing agent.

[0008] Typically, the use of a low pH formulation results in a reduction in copper
oxide formation prior to cobalt deposition. The reduction of OH-terminated dielectric
surface area may result in improved grain morphology because fewer —OH groups result
in a more uniform grain structure as seen by the deposited metal. The deposited metal is
able to more directly interact with the copper surface. As such, the morphology of the
deposition becomes less sensitive to factors such as deposition rate, DMAB
concentration, temperature, and solution concentrations. Further, in some embodiments,
the use of a low pH formulation eliminates a need for surface activation using a catalytic
metal such as palladium (Pd).

[0009] In various embodiments, use of the invention results in integrated circuits
having improved adhesion between copper and dielectic barrier layers, improved
advanced back-end-of-line (BEOL) metallization structures, and/or improved electro-
migration performance, as compared with circuits of the prior art.

[0010] Various embodiments of the invention include a solution comprising a cobalt
salt, a complexing agent configured to deposit a cobalt layer on copper using the cobalt
salt, and a pH adjuster configured to adjust a pH of the solution to below 7.0.

[0011] Various embodiments of the invention include a method comprising preparing

a solution configured to deposit a cobalt layer on copper, having a pH below 7.0 and



[00131FIG 1 illustrates an el ectrol ess deposition system according to
various enbodi nents. 100141FIG 2 illustrates a nethod of depositing a
cobalt-all oy layer on a copper |ayer using the systemof FIG 1, according
to various enbodi nents. 100151FIG 3 illustrates a dielectric including a
copper layer, a cobalt-alloy layer, and a dielectric bather |ayer as may be
produced using the nethod of FIG 2, according to various enbodi nents.

DETAI LED | PTI 161Fl G il lustrates. an gl ectrol ess deposition
system SOREMArEy aRutiPie crimionaaseh Ay PolsuRed fvo Sritne iRt and thi <
system cq ises a ntainer. . 110 configured to hold a Sol ution 120.

Cont ai nera%?fgf'ﬁerocﬁf‘ ‘%‘Hﬁ‘b [Q2adip thepfl é‘ljg"flﬁwﬂéﬁ ATEICFIh? ERRPSHSUERSE Mo eact i on
tenperatures between 0 and 100 C, and in one enbodi ment between

appr oxi ”élfeeq()g,utm, gyleppsiting a cobalt-alloy layer on the copper surface using the solution.

[0012] Various embodiments of the invention include a semiconducting device

manufactured using the method disclosed herein.



10017] Sol ution 120 is configured for deposition of cobalt-alloys on a
copper substrate. In various enbodi nents, these cobalt-alloys conprise
cobal t -t ungst en phosphorus all oy (CoWP), cobalt-tungsten-boron all oy
(CoWB), cobalt-tungsten-boronphosphorus alloy, and/or the like. In various
enbodi nents, these cobalt-alloys are configured to inprove adhesi on and/ or
copper diffusion barrier characteristics between copper and a dielectric

| ayer such as SiC or Si3N4. [0018) Solution 120 is characterized by a pH

| ess than 9. For exanple, in various enbodi nents, Solution 120 has a pH

| ess than 7.5, 7, 6.5, r.5. 0. 100191Sol ution 120 conprises a cobalt
salt. This cobalt sa|t<§%93%§ﬁ§933%9%8%§ﬁ%fh kaA“Hw(é&anple CoSOM4,
Co(N®3) 2, or the |ike. This cobalt salt may conprise a _conplex salt, such
as [ Co( 11PPhHi neflG righpstrates ameaqirelfss depositon syster, accprdingio) yagous

[ Co(En)21SMX4, [Co(L))31S™4, row enWNCB) 2, [Co(Dien)2] (NG3)2, or the Iike, -
wher e En @mbodithgiéhiedi ami ne and Dien is diethylenetriani ne. The cobalt salt
may be included in a wi de range of concentrations. In one enbodi ment, the
concent r d00b4} i SFIG.2 illQstrdwscr me#hsd of {€dMinGal dobaloalldyRyénsrt hesppephayei ses a
conpl exi ng agent. Typically, the conpl exi ng agent conprises an am ne group,
however , wifignhé gysesntoOFKET, sdcdRlify toOFagidis EmBAAiARAtsand pol yam nes may be
substituted in alternative enbodi nents. For exanple, the conpl exi ng agent
may Conpripess|aMPLE. 3, illhAd diefecHic 31MEng A dobidr MYeP @ BRRAHIY Rryed,n Vari ous
enbodi nents, the conpl exi ng agent conprises ethyl énedi am ne,

pr opyl enedj; am: di. et ri.anm - I ham :

Fr1 61 hyl anan oy e by b A oot Thibt RERERBTOERIO, 2 socordine, o i nes,
and/ or 0%@%&&1%' ningg. I n various enbodi nents, the pol yam nes conprise
tetra-am nes, pe 33”?5@%, cyclic diamnes and/or tri-amnes. These may be
of the general formR'-NHR - RNHR " or R'"-NHR -NH R-NH 12" or, nore
generally, R'""-NH-[R -NEIMR - NH ,n-R-NHR ". [00211ln various

enbodi ments, the conpl exi ng agent conprises aronatic



pol yam nes such as benzene-1, 2-di am ne, and nitrogen hetrocycles such as
pyridine, dipyridine, and nitrogen hetrocyclic am nes, and/or pol yam nes
such as pyridine-1-amne. In some enbodi nents, the amne is protonized in
acidic nmedia to forman amne salt. Wiile the concentration of the

conpl exi ng agent can vary widely, in sonme enbodi nents, the concentration is
selected to optim ze cobalt deposition and filmcharacteristics. The
concentration of the conplexing agent is typically greater than that of the
cation of the cobalt salt. 100221Sol ution 120 further conprises a pH

adj ustor. The pH adj ustor may, I for npl e, acetic acid, sulfuric
acid, nitric acid or other i%ﬁﬁ%ﬁhﬁsgyﬁgﬁggﬁﬁsNacids dependi ng on the

ani on regﬁired. In. some enbodi nents, the pH adjustor conprises a buffer.
The concdfi8ht i ofilhil HIH#rase anflassoless deposifion suster), geapmbly desigoated WW@ve a
desired pH of Solution 120, such as a pH of less than 7.5, 7, 6.5, 6, 5.5
or 5.0. 3FOUdPEVaausembRdinauts. oFins systeucemprises o foniaies 140 grafignrbdtondar y
stuffer. This grain boundary stuffer may conprise, for exanple, a tungstate
(W04-2) dalda Salbtier h20.i Uentaineralddi it bptialallg canfigireditodasiytant 8élhdos 12@at al so

i ncl ude phosphorus-based conpounds, but others will be apparent to those of

or di nary redetibh teinipekdiarea betwed® 0244 $00 UL, 04 id 3Re EMbddiMenCIRELSES an
activator or a reducing agent such as DVMAB. The activator is configured to

acti vat e aphroximReI94osnaf7ace. prior to deposition. Qther activators include
ot her am noboranes, such as NaBH4. O hers types of am noboranes that nmay be

el U0ed s U U Sl OB 088 O L gptery Sk 11 i

the art. 100 I ous el nments, I on _ fur conpri se
o, e ok B A PO AR S BB SR SRTRCTL e
i A e e T

phosphorus alloy, and/or the like. In various embodiments, these cobalt-alloys are

configured to improve adhesion and/or copper diffusion barrier characteristics between

copper and a dielectric layer such as SiC or SizNj.

[0018]  Solution 120 is characterized by a pH less than 9. For example, in various

embodiments, Solution 120 has a pH less than 7.5, 7, 6.5, 6, 5.5 or 5.0.

[0019] Solution 120 comprises a cobalt salt. This cobalt salt may comprise cobalt(Il),

for example CoSO4, Co(NO3),, or the like. This cobalt salt may comprise a complex salt,

such as [Co(II)[amine]som 1 103]* [anion(s)]), e.g., [Co(En)]SOs, [Co(En)>]SO4,

[Co(En)3]SO4, [Co(Dien)}(NO;),, [Co(Dien),](NO3),, or the like, where En is

ethyenediamine and Dien is diethylenetriamine. The cobalt salt may be in‘cluded ina

wide range of concentrations. In one embodiment, the concentration is 1 x 10 M or less.

[0020] Solution 120 further comprises a complexing agent. Typically, the

complexing agent comprises an amine group, however, ammonia and other simple



10026] I n one enbodi nent, Solution 120 conprises CoSO4 at a concentration
between 0.01Mto 0.05M Dien at concentration of approximtely 0.015M DMAB
at a concentration between 0. 1M and 0.4M and CH3COOH so as to adjust the
pH to approximately 5.5. 10027] Solution 120 is optionally prepared using
de- oxygenated |liquids. 100281FIG 2 illustrates a nethod of depositing a
cobalt-alloy |ayer on a copper |ayer using the systemof FIG 1, according
to various enbodinents. In sone enbodinents, this method is used in the
manuf act (T82TH¢ 2INHee ghdplyamines fay He subshitited jnpliomasiae embadifientsn Ferep 210,
Solution 120 is prepared. The preparation may occur in Container 110 or in
an ext er rixemples el compdaningagent Bay cempiselaompriat WHHeor digming and ttiai ner 110.
[0030] I n an I nmerse Substrate Step 220, a copper surface to be coated with
a cobal t -angih¢ cympeunidsbr wetbus amBodiutentsnthe 20mpxengapepeconguistace i s
optionally part of an integrated circuit and/or may be di sposed on a
sem condughyd¢nediiheine, propylenediamine, diethylenetriamine, 3-methylenediamine,

triethylenetetraamine, tetracthylenepentamine, higher aliphatic polyamines, and/or other

polyamines. In various embodiments, the polyamines comprise tetra-amines, penta-

amines, cyclic diamines and/or tri-amines. These may be of the general form R”-NH-R’-

R-NH-R’” or R”-NH-R’-NH-R-NH-R"” or, more generally, R*”-NH-[R’-NH],;-[R’-

NH]-R-NH-R”.

[0021] In various embodiments, the complexing agent comprises aromatic

polyamines such as benzene-1,2-diamine, and nitrogen hetrocycles such as pyridine,

dipyridine, and nitrogen hetrocyclic amines, and/or polyamines such as pyridine-1-amine.

In some embodiments, the amine is protonized in acidic media to form an amine salt.

While the concentration of the complexing agent can vary widely, in some embodiments,

the concentration is selected to optimize cobalt deposition and film characteristics. The

concentration of the complexing agent is typically greater than that of the cation of the

cobalt salt.

[0022] Solution 120 further comprises a pH adjustor. The pH adjustor may comprise,

for example, acetic acid, sulfuric acid, nitric acid or other inorganic or organic acids

depending on the anion required. In some embodiments, the pH adjustor comprises a

buffer. The concentration of the pH adjustor is typically selected to achieve a desired pH

of Solution 120, such as a pH of less than 7.5, 7, 6.5, 6, 5.5 or 5.0.



100311l n an Apply Layer Step 230, the cobalt-alloy is deposited on the
copper surface through chem cal reactions between the copper surface and
Solution 120. 100321l n an optional Deposit Dielectric Step 240, a
dielectric is deposited on top of the cobalt-alloy. This deposition may be
performed in an el ectroless plating solution, through chem cal vapor
deposition, and/or the |like. 100331FIG 3 illustrates part of a
sem cond deyi c it formed on a.wafer, inc di Copper
aver 310005 b platon Faforsalty Sither iiboseop et DpyidepbaTEr Ly @Ama50 as
may be produced using the nethad of FIG 2, according to variqus
enbodlneﬂ¥§“f?hémgébQPYCQWPBV’@§V§Pm8E93ﬂ§gﬂﬁFK8ﬁ%1)9ﬂ§u6§FQHFY%qu t hi nner
than the Copper Layer 310 and the Dielectic Barrier Layer 330. In sone
enmbodi neradditiond greindebndary stufarsaen elsp 2edudsyphosghonisebhsad hempeoyndscidieen t he
Copper Layer 310 and the Dielectric Barrier Layer 330 and/or reduced Copper
di f f usi orothers will beappaeing o1 those Haordinery dkill/ mrth83@, rel ative to circuits of
the prior art. 100341Several enbodinments are specifically illustrated
and/ or d¢ge024]bedsbiatien 120 fdeiver &smprides ¥h hdtivagdr app kalucigegentiath aodi fi cations
and variations are covered by the above teachings and within the scope of
the appe@ﬂ@@'ﬂid‘%ti%tbhﬁ%nﬂ%ﬂ@ﬂ td AGivhieQRR EdpPeSiiirfaté pAGIKhol dEhesE&H Sscope

e s

t hereof. For exanple, while t ystens and mnet hods descrlbed herein are

present echingy R1icABKNLILAL offbl ftinbb AU BRHUS RBHICHEY s 8BP! 1 o0 10 the

manuf act ure of ot her ypes of devices the so 1ons discussed
herein n%lpoeoo?&%gcﬂﬁlgt may POMCRAES RS reducmg agents will be apparent to those of

ordinary skill in the art.

[0025] In various embodiments, Solution 120 may further comprise additives selected
to optimize Solution 120 for application specific performance. These optional additives
may comprise nucleation enhancement additives configured to produce grain growth of
reduced size, nodule growth suppressors, surfactants, stabilizers, and/or the like.

[0026] In one embodiment, Solution 120 comprises CoSO4 at a concentration
between 0.01M to 0.05M, Dien at concentration of approximately 0.015M; DMAB at a
concentration between 0.1M and 0.4M; and CH3COOH so as to adjust the pH to
approximately 5.5.

[0027] Solution 120 is optionally prepared using de-oxygenated liquids.

[0028] FIG. 2 illustrates a method of depositing a cobalt-alloy layer on a copper layer
using the system of FIG. 1, according to various embodiments. In some embodiments,

this method is used in the manufacture of integrated circuits.



100351The enbodi nents di scussed herein are illustrative of the present

I nvention. As these enbodi nents of the present invention are described with
reference to illustrations, various nodifications or adaptations of the

met hods and or specific structures described may becone apparent to those
skilled in the art. Al such nodifications, adaptations, or variations that
rely upon the teachings of the present invention, and through which these

t eachi ngs have advanced the art, are considered to be within the spirit and
scope of 09701 pr ebelreparpeluipn StepfelPe Solutip §20 i @senargst i Beprenniatimanphgs
shoul d not be considered in a limting sense, as it is understood that the
present ioggwriniContainer il h0 aoineayextérnaltvessel Gommhich Selubob d20 eetransferdel ¢t r at ed.
CLAIMS What is clainmed is: |I. A solution conprising: a cobalt salt; a

conpl exi Mgpnageertl 100onfi gured to deposit a cobalt |ayer on copper using the
cobalt salt; and a pH adjuster configured to adjust a pH of the solution to

g §L?¥ver7 Q0030] The &OImthdreSEstrateat8p 220, blbobHed suGRIEH beichfted withal dobRlRUNdary
| alloy is immersed in Solution 120. The copper surface is optionally part of an integrated

circuit and/or may be disposed on a semiconductor wafer.
[0031] In an Apply Layer Step 230, the cobalt-alloy is deposited on the copper
surface through chemical reactions between the copper surface and Solution 120.
[0032] In an optional Deposit Dielectric Step 240, a dielectric is deposited on top of
the cobalt-alloy. This deposition may be performed in an electroless plating solution,
through chemical vapor deposition, and/or the like.
[0033] FIG. 3 illustrates part of a semiconductor device, e.g., circuit formed on a
wafer, including a Copper Layer 310, a Cobalt-Alloy Layer 320, and a Dielectric Barrier
Layer 330 as may be produced using the method of FIG. 2, according to various
embodiments. The cobalt-alloy Layer 320 is optionally substantially thinner than the
Copper Layer 310 and the Dielectic Barrier Layer 330. In somé embodiments the circuit
is characterized by improved adhesion between the Copper Layer 310 and the Dielectric
Barrier Layer 330 and/or reduced Copper diffusion into the Dielectric Barrier Layer 330,
relative to circuits of the prior art.
[0034] Several embodiments are specifically illustrated and/or described herein.
However, it will be appreciated that modifications and variations are covered by the

above teachings and within the scope of the appended claims without departing from the

spirit and intended scope thereof. For example, while the systems and methods described



3. The solution of claim11, further conprising an additive configured to
enhance small grain growh, a nodule growth suppressor, or a surfactant. 4.
The solution of claim1, wherein the solution has a pH below 6.0. 5. The
solution of claiml, wherein the cobalt salt conprises a cobalt(ll) salt.
6. The solution of claim1l1l, wherein the cobalt salt conprises an am ne
group. 7. The solution of claiml, wherein the cobalt salt conprises an

i .in the f m [ Co(.l | i , to3f i 2"...S, . T [ uti
o or ar PP\ AT b & GO AP i Fauts. el Atan JeseRlicy tefEn) o] Sou

Co(En) 3] SH4,. [Co(Di NO3) 2, . Co(Di 2] (NGBh. 9. . The.sol uti f
E:| ai( mn)l, ]W@Lwegﬁ%&g%%ﬁe@é? %glcgéeﬁttﬂf%mg? %@%ééoraﬁhsmsr%% he%rﬂf)%aﬁ ?0210 10.

The solution of claim9, wherein the am ne conpound conprises a diani ne.
aqueous or non-aqueous.

[0035] The embodiments discussed herein are illustrative of the present invention.
As these embodiments of the present invention are described with reference to
illustrations, various modifications or adaptations of the methods and or specific
structures described may become apparent to those skilled in the art. All such
modifications, adaptations, or variations that rely upon the teachings of the present
invention, and through which these teachings have advanced the art, are considered to be
within the spirit and scope of the present invention. Hence, these descriptions and
drawings should not be considered in a limiting sense, as it is understood that the present

invention is in no way limited to only the embodiments illustrated.

10



11. The solution of claim9, wherein the am ne conpound conprises a
triamne. 12. The solution of claim9, wherein the am ne conpound conpri ses
a polyamne of the formR'-141-1-R -R NHR ". 13. The solution of claim?9,
wherein the am ne conpound conprises a polyam ne of the form
R'-NHR-NHRNHR'. 14. The solution of claim9, wherein the am ne
conpound conprises a polyam ne of the form
12?"-NH V-N1-11,112'-NH] . -R- NHR'". 15. The solution of claim9, wherein
t he am ne conpound is aromatic. 16. CHYMDI ution of claim 1, wherein the
reduci ng agent conprises DMAB. 17. The solution of claim1l, wherein the
sol ution Wgatﬂﬁ eldareddsusi ng de- oxygenated |iquids. 18. The solution of claim
1, further including a reducing agent. 19. A nethod conprising: preparing a
sol uti on lednfolyfinednipoisthgposit a cobalt | ayer on copper, having a pH bel ow
7.0 and conpri si ng:

a cobalt salt;

a complexing agent configured to deposit a cobalt layer on copper using the

cobalt salt; and

a pH adjuster configured to adjust a pH of the solution to below 7.0.
2. The solution of claim 1, further comprising a grain boundary stuffer.

3. The solution of claim 1, further comprising an additive configured to enhance small

grain growth, a nodule growth suppressor, or a surfactant.
4. The solution of claim 1, wherein the solution has a pH below 6.0.
5. The solution of claim 1, wherein the cobalt salt comprises a cobalt(Il) salt.
6. The solution of claim 1, wherein the cobalt salt comprises an amine group.

7. The solution of claim 1, wherein the cobalt salt comprises an amine group in the form

[Co(IN)[amine], , 3]* [anion(s)]*"

8. The solution of claim 1, wherein the cobalt salt comprises [Co(En)]SOa, [Co(En);]SO4,

[Co(£n)3]SO4, [Co(Dien)](NOs3),, or [Co(Dien);|(NO3),.
9. The solution of claim 1, wherein the complexing agent comprises an amine compound.

11



a cobalt(ll) salt, a conplexing agent including at |east two am ne groups,
and a pH adjuster configured to adjust the pH to bel ow 7.0;

i mersing a copper surface into the solution; and depositing a cobalt-all oy
| ayer on the copper surface using the solution. 20 The nethod of claim 19,
further conprising depositing a dielectric |ayer on the cobalt-alloy |ayer.
21 The nethod of claim 19, wherein the solution has a pH below 6.0. 22 The
nmet hod of claim 19, wherein the cobalt salt conprises a cobalt(ll) salt. 23
The met hod of claim 19, wherein the cobalt salt conprises an am ne group.
24 The metthdtie sdlugdmofivldith 9,Wiedr€ih the digine oompeuididnigeed a damyid. Ses an am ne
conpound.

1'1. The solution of claim 9, wherein the amine compound comprises a triamine.

12. The solution of claim 9, wherein the amine compound comprises a polyamine of the

form R”-NH-R’-R-NH-R’”.

13. The solution of claim 9, wherein the amine compound comprises a polyamine of the

form R”-NH-R’-NH-R-NH-R’”.

14. The solution of claim 9, wherein the amine compound comprises a polyamine of the

form R*"-NH-[R’-NH],-[R’-NH],--R-NH-R"”.

15. The solution of claim 9, wherein the amine compound is aromatic.

16. The solution of claim 1, wherein the reducing agent comprises DMAB.

17. The solution of claim 1, wherein the solution is prepared using de-oxygenated liquids.

18. The solution of claim 1, further including a reducing agent.

19. A method comprising:
preparing a solution configured to deposit a cobalt layer on copper, having a pH
below 7.0 and comprising:
a cobalt(Il) salt,

a complexing agent including at least two amine groups, and
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25. The nmethod of claim19, wherein solution further includes a reducing
agent. 26. A sem conducting device manufactured using the nethod of Claim
19.

a pH adjuster configured to adjust the pH to below 7.0;
immersing a copper surface into the solution; and

depositing a cobalt-alloy layer on the copper surface using the solution.

20 The method of claim 19, further comprising depositing a dielectric layer on the cobalt-

alloy layer.
21 The method of claim 19, wherein the solution has a pH below 6.0.
22 The method of claim 19, wherein the cobalt salt comprises a cobalt(Il) salt.
23 The method of claim 19, wherein the cobalt salt comprises an amine group.

24 The method of claim 19, wherein the complexing agent comprises an amine

compound.
25. The method of claim 19, wherein solution further includes a reducing agent.

26. A semiconducting device manufactured using the method of Claim 19.
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