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WO 2008/ 002737 PCT/ US2007/ 069762 PLATI NG SOLUTI ONS
FOR ELECTROLESS DEPCSI TI ON OF COPPER by I nventors:
w@emdiooDerdi, WIliam Thie, Algirdas Vaskeli s, PCT/US2007/069762
Eugeni j us hbrkus Jane Jaci auski ene and Al dona
Jagmi ni ene 5 BACKGROUND 100011 The fabrication of
sem conduct or devi ces such as integrated circuits,
PIRTONY SOILGIIGNS FORELEGEROLBSS DEPOSANT0NE OF COPPER
manuf acturi ng operations that are perforned to define
features on seniconducﬂwﬂFWHWErs ("wafers"). The
‘9’?;(1? b%fdtl,%}lﬂﬂﬁ Thﬁt g%‘rﬁ&s sﬁ% ﬂg\]qo?}ﬁﬁ jaﬂe }£ﬁu§kqgn@and
0 il 17 - Fevel structdres defimed on a silicon
substrate. At a substr@hemthgmhummran5|stor devi ces
with 10 diffusion regions are forned. In subsequent
| evel s, interconnect mBAtKGRAQUNDN |ines are
patterned and el ectrically connected to the transistor
devices to define a desired integrated circuit
[006 @ The ExbriditRa of Wlé(&lﬁﬂﬁ& dzoinelath mantegyRd sirauis, memory cells, and

insulated fro r conductive | ayers b ectric
the Tk WyplxF a scrjep g i““?%f%il?ﬁloaefa?f’“r” H%éﬁaf é?i’}/’k?fl @ﬁﬁel catures on
semichAdiRios WafeSs @ efefsi'). Sithe @a8nd iQ6lu@dintebR ettt @ceves thBe form of
wafer. 15 The mnrlnq and insul ating structures ar
|

multifhesis] Appgeers d&tinfgioniagiicon HDHIFG-| M3 WPErle evr-JrgHsgr Jovices with

diffiisfnl r@@onsodfre RO, A6 GEMsE QBN NEREL iiter&InBRS melYIaGa fidks ark
first”layer of dielectric (insulating) material is

pattefegsosidielegirispllt eopnesteditp hefgpsiger devigesip defhies desiigkiagemied
c1r01%19(¥c%f glso?%[ﬂ%lne& g?” gctggg"gy@ﬁrarc 1§1LLHJIE({]H5?1‘1 otte} Qonliu@ffv@ layers by

or e | ayer, etched to create the
dielegsoduatiiale Ilnes that carry the electricity, and then

[OO(I]%L ITI %qllwa}l hnt ?[La(? ‘Eltrr.rlfl Eﬁ%ﬁs‘?&é Q}%’] ﬁrgo a%ég &h Ih@%urface of the wafer.

cessary insulators I nes. The process
The wgsup sfrxdnnspiamdgl stm:gircscqy@élbn hdd@éss msltxpéftbmrfeldl layerathreugh a series

of nbang%aglﬁggg ?I%ﬁ?sg SHE ﬁsyg ‘call ally. & efﬁrstI fa nocfhcgglgcgﬁcg I(Ilﬂ)%l%&%% hﬂtcrial is

depdsited fetop o€ ﬂmﬁeﬁnedttmnmﬁaﬁ &bemutxadztyetsmfhﬂmeal ingecdppemgluminum,
netal |ayer usI f or e ed

e ) Y IR PB DTS R oo AR AFE o Lo Rt R T Sy e

clectrRP \uadhen lfi@iaY Wi dORRR mdtdtial hﬁ:ré‘dt@l&e aétﬂssafy‘ 1@5\11:1&613 between the
only. 25 [0003] Al t hough COP Ilne ?

linese &Pﬁrnr%cééﬁ pd BT prodefgs Gaper 1 ébso@ ferieg ip w@&% é’élasceﬂe process,

whetea¥@Ehek hreffonnea\{lpa %harfcaﬁfbﬁﬂ\ﬁ did¥trRNayet, 86dsaePloah&pin the trenches
| ayer (i.e el ectrol ess chem stries are

to OpRIBFOREHHS e lazﬁeéwns et} dpyen rexiopyn fermede gnd capghis deposited
everﬁ@%r@ ésls HenEiERafred @RLBGAEE Rimoved), %ﬁﬁ§%§ C}ﬁ?'lﬂ 8 vias and

ectrol ss copper deposition can thus be use
trendhig$ rdy-t he copper conduction lines. During el ectrol ess

W“"?Egﬁ@fuﬁg %2‘8’%%1 %ihe:%%re &hiealy QAo AR LG Db ABBPVD) seed

layer (i.e., PVD Cu) followed by an electroplated layer (i.e., ECP Cu), electroless chemistries

are under consideration for use as a PVD Cu replacement, and even as an ECP Cu replacement.
A process called electroless copper deposition can thus be used to build the copper conduction
lines. During electroless copper deposition, electrons are transferred from a reducing agent to

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

reduced copper onto the wafer surface. The WD
wQee8/0@02737 PCT/ US2007/ 069762 2 formul ati on PET/URM07/069762

el ectrol ess copper plating solution is optimzed to

maxi m ze the el ectron transfer process involving the

of BP%1eckA0Q4] &AL sORAbn {sO8pIHLRAL BNRaGAlE tﬁ@a !
fonﬁrrlg?t@a? ntl(ﬂng etck og]t@[)b esg g II at | rfg ﬂgg ution %\t a% hi eemon
trangflekprlotgse inyplv{nig. ﬂee 00pp¢¥| ins9) to enhance the overal |
[Oﬂtgﬁ %béﬂtﬁﬁalrfgﬁrﬁllat-ggsecalllfm ﬁ'l?ﬁlfa ﬂ% El@ct %59 Iat1F%£Hl&lUnyat a high
I ne copper I at ing solutl or e

alkarhnp pelr (idepbst 0) cmexﬂume:ertkm ewfb@ﬂpwbtldm taje. \MF hehlipdstions wath using
h1gl‘ﬁ¥ %@(glrl escr?ﬁlt’%g’ca}l@ solV\{aorﬁia Cai)reca cI rgiﬁgs c %?g/osgloqu?et no% compatlblhty
with pﬂ'sltbrletphmtﬁreblyt duyttle @xfpt airfacs) lcmgertlhdhcﬂmpmﬁEs amd Mcfeasrel nucleation

oS5 ISR S S KB PR LAPFOLRY i e

to-afk@lintd l&:ﬁ)ﬁrohﬁlent@)ﬁl Théde N2é liafitaBbnsatihidet PHeRRinated N solut10n is
One prom nent F_/E)ntatlon found wi.th

e. ,
maiyaingd e EC SR VOIS ot 7ol HF AGTBIIGEHEOT ©und with

usingNRLdi€ @Ik Rb18ssSddppdr dﬁlﬁtﬁlgséﬂlﬁti%ﬁﬁ% U ChrtAS substbifcadudites, such as
nitride (TaN), ten et oxidized readily in an

tﬂntfdP’R‘aFHTf#i? Dy BRfeAt get zﬂ?f&@‘?ﬂ reafilyedy &h aﬂ?aBB‘F ERYrgagient causing
adhés}ﬂﬁ ﬂr@ﬂ&ﬁ? @or(iﬁ)é)fé@ﬁceﬁ %ﬁw& 'rééﬁ’l‘ﬂh%1 iPhBlcaNYlaBh@bh NG PIN §8ices of
surfaces of the wafer orts to counteract this
the Waﬁmr tBiffortsrio bgnnéeé@é gl imiysion AN seading ke EaNvur fcesaitfoypgious metals
sucﬂ@s lﬁdlur?l Flﬂ%'lﬁ@é %l%qn %Blﬁﬁi‘ ;lel‘}gi‘s %?gﬁccés%?{ rﬁa%%f due to
nlnal eve s of success prinari due
lnamncp%msbnwkﬂﬂmaellne reS|stance [0005] In view of the
0l N t
[096‘5859 VleWg f t@:g%rgo ?@ 9 %f %'or quhx%\ggcg }”T(Ianl(?l%[&ai%)rﬁse Jo&ﬁpa nplatmg
soluamsdﬂhe:t q:alnl tmnmamtatmﬂénn aﬁ@mdunglemvledxrmmr tiress iceppaeless copper
d & S|t|on processes. SUMVARY 20 [0006] Broadly
eW?B ARTHG Y he present invention fills these needs by
prOV|d|ng i mproved forgUMMARE of copper platlng
solutions that can be mintain an a
A A A TR A e et

fornfil RGBS SRBpper blaSh WI6lioAe thaPihee inflir@sinédiatan E&Gm@iHi‘éﬁﬁbnment for
i nventi on can be |nglenented i N numer ous
use jith¢legErlay WEPH FRPPHOY! Rresseschénthoald be gppievigid that the prosent

inverGMEEA bé R¥ERMbMEd emgiﬂwasem“s& Of int118inP 148 SL MetHoB VAL 4 @Remical
are described below. 25 [0 In one exenpl ary

solutorh StV erahinyeniiye en'mrmtfeefehwwefrmmna@v AG GwTHIRd v s
{ooo@igﬁ%&%ﬁ%%ﬁﬁﬁemb%gln&m QR eleeﬁ&esq%p&@ pﬁ@iH&@&ﬁn&ﬂB raesaosed The

, an agueous cobalt 'salt conponent
solup@i yamdﬁﬁearbaslee@ummﬂeemlhgomwnm ap agheaw gabalt salt component a

polerH gelae(,rom%?e%%n%g}m aatﬂlgm?capbl’lﬁgg{et %blﬂgonem and a pH-modifying

substance. In another embodiment, the electroless copper plating solution includes an aqueous

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

includes a complexing agent having a triamine group with a concentration range between about
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substance. I n another enbodi nment, the electrol ess

copper plating solution includes an aqueous copper
wa@ ados/oeyaponent with a concentrati on range bet MEENS2007/069762

about 0.001 nolarity (M to the salt 30 solubility

limt. In yet another enbodi’ment, the el ectrol ess

0 [N I [

0. O(fS ﬁ%?l% gp n‘LI\?)t %JO%IP 1 ]glog% ﬁ@g Itht(rjat Iﬂ%ﬂ errngﬁdgglgﬁ aft %Rﬂr&less copper
plata]lga;ulutlﬁu O0L:dend drerm«;al brightdner cantpobére vatl atcosoﬂnm‘@ildm fapge between

oyt po [ aBhiy MBI EROPTRC Ldes. & conpl exi ng. agent

[0008\h Bgat&rtaﬁpea!mfhﬁe gratiipnyd nkthed ﬁmm@mhlfﬁtﬂ' e tolrge@pper plating

oS A0 Y LGS 0020, B 200 092108 o componc.»
portﬂﬁobh e @fﬂﬁﬁlé‘}hﬁ@ RAEent %n@b%ﬁ r.'!)kﬁﬁﬁlcﬂomltenep |caﬂi1pdi’rgnt a halide
solution includes a ch bri ght ener anent %ﬁ
conaowh@éﬁﬁl%eaw%?wp&ﬁ@fé % &%@@H@ safbiign e pdppematice. The aucous
cobﬂpl‘»@tr éotzﬁfJoflM ah® tlﬁt}@ﬁiﬁm@er% 1 ccfrﬂﬂ@@ﬂg :ig@ntaﬁ %Hﬁfne@&‘nﬂs%t second

of the invention, a nethod for preparing
mixire cRriop s i @rppiéqtroéﬂsa@qm@r desossttﬂﬂmp?laﬂor} éheoﬁ%fclwé@lé%jand second

mixt ?@armtégt%ied B%Qhé’ﬁﬁalg%ﬂéf {uaﬁ}% dbfigoRaueous copper sal t

conponen a portion of the conpl exing agent

component, & gRei HALCRIHIBNICTHEHIBATRGLy a hal i de

conponent, a ating
solution into a first m xture. The aqueous cobalt
- r
(0063F ghe BRTAEE Bl yh bp Bl RLBABER0A B ke IOISKAIPUEN Descrgion in
conjunictian eitle che otcespaiygp drawiregposnd ilibn refoenet nomgralshéesignate like
fir H n1¥ture and second 10 mixture are integrated
SH“?W?ga?ﬂgl%lnal copper plating solution. BRI EF
[001DES(RteMITis @‘ﬂlo@rch'ﬁfﬂlﬁf PRAWONGS [r&aa084d aéiectpieas entper plating solution,
i nventi o erstood by the follow ng

i g BRRT et A PSR e RS REEGh o t h € he

acconpanyi ng dramn s, and like reference nunerals
desi gnate |ike stéﬂ%&&k&gjﬂﬁﬁﬁﬂﬂ$9515 [ 0010] Figure

1is a flowchart of a nmethod for preparing an
el ectrol ess copperiplatlng solution, .in ac ordance

[001}) AR imsicatieanip dercriis fObRroYIRBE FRRQEsH oM Sheleqhieteat ppprr
pIath%Ii(P M}g\be[nqgwmtﬁﬂed 1B\éﬁ atiiepH t% wRERG %lk@ﬁﬂ: Jn@fronment for use

ovi |ng |nproved ornmul ati ons of el ectrol ess COF
in elmtwdqsmgop@m depPsoiin Nrergesee alh WHbbhelvitiis heegverntogie llled i the art,

that 81 tregemllﬂfonq{l%%é %&tl@é&’\bﬁmme §rah o?ﬁlgsc s%gcﬁ@ detaﬂs In

ctroless coppe ep03|t|on I ocesses.
otheoinvtamgs, wehldmwe we process operetiais |hh\reert§>t bwntdh@rléﬁd in dehlétm tnhiér not to

unneDCFSSilrhn%bE}Cqu\é%B #rg&n{'ﬁyenplﬁ pr aCtI Ced WI t hOUt some or al l
Sé Specl eta S. In other instances, well

{OOIRhEqudtmm demsman poosssésaeal inatmben;hmMQtamhf@@driligw
applg:gtgoa}lls lare base% upon smrlpie etlectron transfer concepts. The processes involve placing a
prepared semiconductor wafer into an electroless metal plating solution bath then inducing the
metal ions to accept electrons from a reducing agent resulting in the deposition of the reduced
metal onto the surface of the wafer. The success of the electroless metal deposition process is
highly dependent upon the various physical (e.g., temperature, etc.) and chemical (¢.g., pH,
reagents, etc.) parameters of the plating solution. As used herein, a reducing agent is an

element or compound in an oxidation-reduction reaction that reduces another compound or
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unnecessarily obscure the present invention. [0012]
El ectrol ess netal deposition processes used in
wa@esmsoamiduct or manuf acturing 25 applicati ons aP€T/bsamen069762
upon sinple el ectron transfer concepts. The processes
i nvol ve placing a prepared *eni conductor wafer into
e ek fiesSRlditteli OPhR AL Mhete
cler@&& &M gﬁéﬁéeatﬁgﬁél%ns £ 0 t?fccepte el ect ror?sgﬂegl%agem B an
eleqtredl ldQlllm' ghaa g@mes ;) shgtttqnng theombeund @p olsineit dpingfredubed.
ced
[00{3300%03111 )%HE% %eento( heﬂ Oéi(gycir}é?tﬁg ageelxtgg Wél%?ﬂﬁ?alg ent that can be
ut1lhecgdolrva@lﬂ9 hihd rod cctmm)nndshmd vlamcnwm ﬁohlys coaple.eAgalf is any ionic
ratur etc d che ( " 30 ..
conogrsniponghod P e EtEeeE Esh v Sl ngdeptvely chagged
amdhs%d f10:5 ﬂ%lljﬂoduat ik eclinal fg vagenta resclarge. &l :&mip]’&tsah) fs any salt species
npoun xi dati.on-redyction react.ion
that BB S VB T EETRGURICHE: (5 B6daigas a5 in deifSats). A

contplek/skiSRQAY éﬂﬁs@;@@é’s th#t cBh@RBAtomp18k DR IHAGIs$fhde WP OF a metallic ion
redu0| ng agent becones oxidi zed. _That is, the reducing

attaghyd i onecor giore elpctonrdgpatingmsiecilss TYREY 8SOBRICR f@CEPYHs Of 8
metﬁl‘ﬁc Lidg &%mg WSEHAS a@lc BRI oPRLRE BN 88 Hting FOI3hled e, g?i

onpl exi ng agent (i.e., chelators or chel ati ng agent
Cu(llbetlafﬂwle@h@me “hletcalg enprotopized eonrpogied is gng thptheg agegpted a hydrogen
IKP# me' RASAMRARPERIREhghem™ENt S to form a
lon{:% ° F‘qm}s any | on?%lt con‘%ound conposed of
lﬂﬂbkb@; ctqpp@rl pgfatmﬁ aolyéen forbseamsleqteleys copperaleposiitas, apphigagons is
e
dlscﬂ)% réé an J%ﬁ'[p%ﬁfglts (glﬁ!}]egs::aﬁlélﬁlz ?rgéar&%&)e}@lzpﬁ{ Qq tl‘{(]fll)zsalatl a
chel_sahltbrxgpeoq:re:smpoﬂtat, ax;dmpdy&mloq:}bgse@rmnpdemmg f@gemp dsiong wmplary
embégiﬁgﬁgihlggzém%e? aﬂltl}%bs%hﬂ% @' aéff eussmlg@g to%%%n?t%!i Elgaigs.%se of de-
oxygaapl m{uldﬂmbtthatally ShimmdieS prdamfon af e twalfdriserfacenand nullifies any
attachdto on re.electro nat i ng nol ecul es. .
ettt i i g e P B ULt dRe ot B ORP e B
solu@bn.| Adné OmYGHiGEnt] Be aéﬁpalcﬁlﬁdlg(éﬁlﬁn@f fuAéreincludes a halide component.
el ectron-donati ng nol ecul.e

Exaeple? Pl BOHS MEREUIATRES e gpeutds i, chleride, brprridhyapbisdice
[001'5}3 IPOR cufbdbinfeas ﬂﬁ%ﬁﬁ@rj s@t WY MmQIEest. Efnfles 6F sumﬁi’é):oﬂ;@r(ll)

forma conpound with a net positive char&@ [0014
saltscipgprercoppay Dﬁglf%|Cemnebﬂl)fn¢ffat%§@)Hef{1%1ﬂéere F‘é%’gr(gbpper

tetraHGDRB Akl %pﬁ&ﬁb' Ae@he O nliRtured kiRedoP SR Shdied Mpp@@ﬁited that
conponents of the solution are a copper(I1) “sal a

esseploblalany $1rnpl®altpf cappadilcdan i esed 11bﬂ1|eghltlb<me~°r0 1@@3ﬁ§dh‘éwﬂt can be
|
effecaehsrgl%p Pig?g/i}é%esg%ﬁﬁ q)e%gﬁgfeg%i lg/ga ﬁ%@i%ne Egaged) plexr11ngI %gent,

I ment l'ati ng so
and pridiped Bk 1ediamg aentoR yiy enidit envitongaitds resws e dyposi@on of the reduced

e ate ubstantially elimnates oxidation
COppefX‘?ﬁrhe va aecfgogﬂjreggaé%s and nullifies any effect that

[0016hEn dnie Gonibddimaaty theavgped(il) tzhes R edopde;pﬂﬂtemh fapoly;efmmhelectron-
sal uti.on

dona&x:qgg{? fﬁgl%lgt% %%‘&)gtg%gogpgr dPII] a&ﬂleﬁ of 8?{11]‘;Iu)§ fcﬁ)gf:r(ﬂ) salts include
coppeR Bl brb@snedidndhd ﬁﬁafépﬁrﬁ(@ﬂh?mhedmmme)copper(II) sulfate, copper (II)
dietheylenetriamine nitrate, bis(dietheylenetriamine)copper(II) nitrate, and mixtures thereof. It
should be appreciated that essentially any complex salt of copper(1l) attached to a polyamine

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



10

15

20

25

30

20 Exanpl es of halide species that can be used include

fluoride, chloride, bromde, and iodide. [0015] In
wor@semyetdi nent, the copper(ll) salt is a sinpPEr/E81007/069762

Exanpl es of sinple copper (I Is) salts include

copper(l1) sulfate, copper (11) nitrate, copper(ll)

sohﬁgh q;e cgﬁlple‘;( )F(obJa}nne EJdQ:%{;anéfn:ﬁQg ecxad gg@ﬁ@& ﬁ)l 4 )educing

cetate, res t er eo
ageatpp Readidic emvuohement te gselhin dgbosyticamy tl@urwbllch eoaber opfo the surface of
o ?er(ll) can be used in the solution so long as the
“can be 25 effectively solubilized into solution,
[OODH o onpérebeelindy, the @otonamtiime iesedpa@hpélesimmynagehthe copper
pi bR bt v B PO afBER ik BP0 g ana e

sohfbﬂnfb Gmitnthe vhﬁ@lsfcupﬁeﬁ(ﬂ@ sdifis dishlﬁsdd&b&xf& Ifl @&Hﬂﬁﬂr etd’m}ﬂm
nbodi nent, the. co gBﬁ’T) ﬁalt is a cop&{)ex sal Pt
et A s BB St ! srtraBo B Be £aReR gy solton
is ralHRai £RIRP Bétvbdn) abb @, ooEmam £6 Mbr EONDIENy GaRP af dbhii be
salts include 30 cogtger (I'1). ethyl enedi am ne sul f at e,

undgisiood thal ihe ARP RS ‘bffé’upffﬂll) sa&ﬁ?l?la?r@m A hsFepPYr PlAfing

sohﬁbﬁhﬁheéékﬂ%ﬂﬁw et 3Rd B dnfy@hRie up to the solubility limit of the copper(I) salt
bi s(di et heyl’'enetri am nejcopper(ll) nitrate, and

as loriges theggsulthgcapier Plating sohpsign ealb%ffe& (e slocweless depesition of copper
on a%ﬁ@rnstﬂ‘f%el chrlﬂQ QIQJ{R) egg(cc%ﬁlelideﬁtﬁsnﬁﬂﬁ)?ﬁegsl ) attached to

a pol yam ne ecu be Used i'n the solution so
{0018 owrmwélrm@smetmh@t(gmadt igasimple cobiluditl Exeaplpneismpge

cob%gﬁ‘g a(i)tg?n7 l?the E&;E t@ﬁé%&é le%ﬂtg[e) dchﬁ)rﬁigl cl&)él&ﬁ) mpr%e cobalt( dI)

exed am rie conpl exi ng” agent
tetrafiubrhbziet, mbahﬂlr) echnm rgd magens thergofarit shoildibe ueéﬂmto@mﬂretnt
essen? al

| & t

o 8 5P Bl UG cOBET 0019, LD

effectbvatyesotubdizbdin thd soﬂthlen,d&prpmp(ekd:@ togiglotyasdrepmsehtonglexityeigent,
I
and SRR ebafB i O aB St i eistTio moab & e finefiign e sgdeed
cop%eli*@ntlo$1§13|%lﬁhébeldfyhe|\1/mﬁ of the various copﬁgrgl 1) sal ts
i scl osed above. In ano enbodi

lﬂﬂk%ﬁb@wﬁ}cafmwra?nttth%cc@a{s@ﬁﬁlt lﬁ)acgla%%}f &9 %H@B %ﬁlm?ﬁ ciron-

donﬁ&@mecﬁle%wﬁd &%y&dban(n)h&l B i R Bﬁ‘@bnﬂilex%biﬂf{ﬂm salts include
about 001 Mand 1.0 Mor the solubility lim

cob@%mtwlwdlawméﬁgetw&@%@Wﬁéﬂ%@?@é‘ﬁw sl cehﬂltﬂﬂe
dlet&g'[%ggtﬁgiﬂﬂn}: nfifkd bﬁ@%ﬁ:ﬂétm%m‘éﬁﬁbﬂﬁgﬂﬁfratgl Al I %ud thereof. It

l'ution can essenti al be adj ust to any val ue up
shouldbe tralersisiod iat ms«;malimrty sohple ﬁ@t @f@pbéﬂkll ¢ap b§a1|sqd in ghe solution so

lon ea??& St c&tn?e e{f@&ﬂje 3} St o whﬂfohg% HJXE(P{(]) aﬁﬁ%@amme -based

tuate el ectrol ess deposition per
complekiag agant,fand eddeera qmgpaﬁl)ehlemanoilceissenwpxpmt thenpodl it ithen

depcgmon SE thee r%d(l)lc c%)g#)e{} og{(ﬁ{x %gé SR wof%pgi ?r&bgl t(ll) salt

I's™a si e co l'es
[0020D bainte(eh’ib))dlmhﬂ; the Icmn:lemtkmon@lﬁﬁietc()lbdit)(llﬁs sdlf @trgonent of the copper

platis g Dtittchid dua G 2w SQABLL 0! dob1 Mot ARY Gy £ARR Lofdbliley timit of
the various cobalt(Il) salt species disclosed above. In one exemplary embodiment, the
concentration of the cobalt(II) salt component of the copper plating solution is maintained at
between about 0.001 M and 1.0 M. It should be understood that the concentration of the

cobalt(Il) salt component of the copper plating solution can essentially be adjusted to any value
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15 tetrafl uoroborate, cobalt(ll) acetate, and m xtures
thereof. It should be understood that essentially any

wa@posploa273al t of cobalt(l1) can be used in the BCI/US100T069762
so long as the salt can be effectlvely solubilized in
the sol ution, be conpl exed to a pol yam ne- based

up 15 ‘ﬁ{%oﬁfﬁﬂﬁ LiAE R e colHte) &6 Fé:l%n%asctﬁ@@sﬁlﬁﬁé do tpﬁ@rlptlating s@tion can

C en Ironment to resu ep03| 1 on of
effectmelia cledtrolesspippasitonvbedapher aaurfdersudicetahean aasnsable @ durmg an

elec}mgsﬁ COQl?&ﬁ%F Sgtgsﬁm%g;godl ment, the cobalt(ll) salt is a

pol yam ne el ectron- donating
[0021) |IE oud @miztdinaanh ek Mmtchﬂar@bbaéﬂc@mpynmtmorkmhm| thsfilof layer to

con%?lnl_f‘g%)]geﬁx g'%%gﬁ(ﬁ!o’tﬁél Ig%ﬂl?srgictggﬁc | evgl JIll(qjeebrlg‘ﬁ?env:r texgds tg be attracted to points
of hkgh%(l@trhgpb&nﬁm taxﬁpdra)lgiq)bc&hﬁg(thd Jresatldffatceng cogieatd depbiit elsewhere

dieth tr
n t}B% ‘g?laﬂ%é{? & e gmrﬁ%ﬁtet%@gtl 3 (s?(in) as Ijil?et (}egi)Sé’[ ie\éelllsd the local point of

mgm@séﬂﬁmﬁsatpb@&mﬁ thel Brigh®h&hitts beay N6 ehisdhemerstiftabit the normal
essentially any sinple salt of cobalt(ll)_ can be used

tendERE R A SBPHE PORIE LS ' Bielprensiep ot grees beesteniaVhich
woue&f fn@malb}yerl:gﬁlﬁ@ l‘ddlgh |dug %th@t By 8&iHhdRR, m&en LRIl X88ack Owith

ol yam ne- base | exi ng agent, and reduce a
the J@élgﬁﬁbmtfmh;ﬂ baghteneps (alﬁo Q&r@ﬁéo srivel R mEsYENttee fogagiion of fpree

copﬁel? erydaROS |k Ak l'g%qegtfiﬂ)%ssﬂﬁgb%ﬁﬂg QERRF LI Qﬁﬁlpeqhﬁ%cﬁ&wtﬁg e,

the waf er. I n ohe enbodi nent
nuclwmeenhmwm@m) mhlch Irsultsoip alsmopth glossyl hlglt@wﬁblﬁ@ﬁpp%ﬂenowon in

P
o BRI LB BR W 0 R RSB S i
(SP$OhctvhaaveN amyi smaél m@iballlar (elght sidut cpeuneengiosadsobadnerease the
platmg retaﬁtlon b bcg Tp?a(cerﬁ)é)%n ﬁa ed cgl?gﬂ Igagf H%Ftic{nﬁg th%%gq%%ﬁltrr{ﬁﬁ{sldg&nbed
hereo| It bn@mlmhn‘rmt rthatdneeiltxaﬁon dfehm&emcabbnghte(ﬁemmpwhm 4

meigfpined s betosatieet 1 oot olaghaBRent Sl LRUREBERG & bhiener

In aftiad eMBod k] Ilh@ Bhe(i-’lﬁfhl Bﬁ@lﬁéﬁer adrhponbe hadi tsicedration afbetween

IR R A R A R

a coh@aidtiond@ aSRPR&Weddl (RO00MA $1nd bhb&id 00802826¥ f BGhetad Be appreciated
el ectrol ess depositiaon of copper on a wafer surface at

that gy capeeaiptiion |obthe ghemigy] drigkfengs cOBPUIERY Y |UELOPRS Pdips solution can

esse&%ﬂ?%b bt RePloQaE S8ne HPBAelsol Uil EmAIP ALt KBRLcal Brid@iener as long
chem cal” brightener conponent works within the film _
as the aydeatiop enigingipg Pliomrtlwgg@rchs@pf@émahmerdﬁ Hamﬁmmddg dsppslting

copdoegmgﬂlmg%sxnﬁob id ARLSBRL sﬁﬁagﬁltytdengede@sﬁtrﬁ%tf @@bpkpoma Qb fer

l'ectro-potenti al enmporari |y packing the
surfgeea and forcing copper to deposit el sewhere in this

looz?EPOd' %ﬁ&%lmlertlt r‘ﬁhg%?xﬂﬁ% b%&@rc&%h ﬁg éé?ﬁ?‘f]s aacﬁarﬁﬁ?en un

eposi ever e local
Exardpl@saﬁfphaammse emmbouhis thntlcghbee.néuecﬂfolr ﬂte$ohwua1y1,nc]udecthylenediamme,

ht eners i g t he nor nal F f th
popglee RS it P B aRErsa hGO B el SR8 PR AR gke
polyfinebhdedkompliegiBg agent is a triamine compound. Examples Of triamme compounds
that can be utilized for the solution include diethylenetriamine, dipropylenetriamine, ethylene
propylenetriamine, and mixtures thereof. In still another embodiment, the polyamine-based

complexing agent is an aromatic or cyclic polyamine compound. Examples of aromatic
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1o would inevitably result in rough, dull plating. By

conti nuously noving between surfaces with the highest
w@oaosvizat , brighteners (also referred to as | ROBUS208Y/069762

prevent the formation of Iarge copper crystals,

gi ving the highest possible’packing density of smal

pol)\%ﬂﬂﬁ%ﬁﬂmﬁﬁ&é?ﬁ(ﬁld% bhzefe-1, 2-NMGIE HyHidie AIMRAE §PRRIE -+ 1-amine. It

ch results in a smoot’h, glossy, high ductility
showld bp erdegrégroighat egsantiaty aphiiEmBREEAn IR ArgHEc plERping cympound

L B T
compleixfwith tb@ﬁefamctalngnson ﬂpcsuhdsn (ihatODPanH)alastel ipheandbbeli(ipmetal
IOHS§ 3}8&'%adq SOtiXbIF% %plll £ S@gtl&n r&gg%e n 3?] gmdl@%}{vqonmente In one

ddser erern
embedinett, ohat chehival aininnremmciatinng acoeferdtdre (mh euﬂfcqaatpyl sulfonate) and

b t t
s 00 ThST AP EY TS558 A BB ieey PR RORpblon
condhir@ivng ivdnhanck theapplidagsn atiadpertinandelog thehenitical

bri ght ener copponent has a.co ntra i on of between 2
10023 S8 155 B0 BRI o HEIC T BN © LIRS BN AP O the

copiBREhFRIMtiontiNBaieReRH eBetiiech Ghdue 0800 N@A8lari (M) and the solubility
concentration of about between 0.000141 M and about

limipofghpyeagipug giaminebasgsd tﬂlaﬁgleéhﬂfﬁd @dafng(é)aptlcpﬁ gyclic pglyamine

com?f%ﬁﬁ:xg reléén@@ﬂe@fés 8ifc1bdeg a6hRMuERe e%ﬂqﬂ%%%ﬁdlﬁﬁﬁp 01e@BhceRfration of
he copper plating solution can esSentially be

the epejplesingcheens campongal aféhagerpe platiag sdptigsiis maiptaimegdiat begpeen about
0.005 A2 2SN FRbulHhlsPHe @@ﬁ& tAsh thému 8 L MEbS Al doRfon.

enhanci ng properties of the chemcal brightener is
[0024h Tmmaalkyetite icompleing egeal cammgna otopperr pltagisplgticotausdsdhe

solugtﬁn b g%{éiyge[rlka%gg %({a ﬁgéﬂeﬁ%%%ﬁ{;ﬁﬁggglg tté) {'6'8 1;9% g?cﬁ@rﬂfal

diffqpeicy beriveer tbasggertBrpibeliln gedag emtpld)s rpomdi eacmpiery embodiment, an

..conpo ou
e i RPSBies TR SR (o B, A RSB HORE e O i i
H patopyé. € nEdinatiit: nenbod innaat, kybuEeréd @mtneaddamda makettb @$ution acidic
P

_.ther eof ot her enbodi nent, the ased
witn itk a5en i ai Pt SR s et on o TesaRbEERE
adjulthleAIMIA il CAMPRtaESodirhdhdtanGaid ab&otid bdffeilﬁg afat istai@ed to maintain

sol ution include diethylenetriamn

the rd[ BhiBpIANSIRB A PeFAEDO LA e TR PRI hodispe an apig andior

a buffkﬂqglhr & id ahﬁf:@f@)fmalﬁtﬁmstﬁé PH oPRO @K onBadeERMout 4 Nérd 4.6. In
pol yam ne-based conpl exing agent is an aromatic or
one grylddiraensdhsameniespeeiapefihtiacidnalaiss e rgfpealEratonts spgics of the

copp%Rﬁ?érgl%gﬁ?(H?gt/ C%Q&JI‘SQ}@% Q:%ppc? pﬁﬁhé/ S%Ht[b% Wgﬁp dRuld be

benzene-1, pyridine, dipyrid
appreyateithatehd aroHiqEpecipy do Imb@ﬂedo butohin deyes powsberickpdiment, a pH

modlggfig %}Irlr)isa}lé%s FARed gd dﬁgﬁ%eg;ﬁe %tht ot (fgﬁg : alnz?er, 9.5'?:{1 fél?( io?] Iéass than about

ne compoun e use e conp
8. agent for t he platlng solution so |long as the conpound

the fr n % Lyti.on,. ..
[002%]21 R(‘éldlc cQ pp glaﬁlg 301ut10{|s ﬁmvlg gnnaély g Pﬁatlo% Isﬁdv?r]t g)eg ﬁiﬁ% grf(aiu?e plating
solutions when utilized in an electroless copper deposition application. An acidic copper
plating solution improves the adhesion of the reduced copper ions that are deposited on the
waler surface. This is often a problem observed with alkaline copper plating solutions due to

the formation of hydroxyl-terminated groups, inhibiting the nucleation reaction and causing
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5 ions), be readily solubilized in the solution, and

be protonized in an acidic environnent. In one
werisdiarent , ot her chem cal additives includi NnBCT/US2007/069762

accel erators (i.e., sulfopropyl sulfonate) and

suppressors (i.e., PEG pol yet hyl ene glycol) are

redl g higS8oh Rerds S 1508 gﬁo%%m I&Q%ayéd sgﬁa&tmﬁglwess Still further,

concentrations " to e e app I cation spem
for gaplifasionasish abtﬂquch@ttsmmgtqf ovppef B2 81 elpﬁftdmﬂh@ﬁltlon of copper

mgg?n%g g?@h,f@tm% £RYS %@%Jrg ahﬁ%foglgt}oang,%i og&a%)g@;gelﬁguﬂg%r the
barnimiand maskedaterialbet the enlcaboiate, GuddBwE thmlsapf 4 star(deoyd ramidive resist
e sol ubi ne- based,

ou
pho{omag]fﬁeﬁm e terlaYthat W(a,llé norma{ glsso?ve I a pasic sorlntlo

ased, aromati c or “cyclic pol'yam ne

[0025) M hdKdidngo ﬂ@e:ﬁtfalﬁzrgecdhmss(éd Sb:dv@ﬁc@@pﬁbleptelted Uiy Re acidic copper
0] Cenérat

platglgﬁgligg%Sﬁéﬁgb%lmvelb%ﬁﬁwgﬁrtes%t?ncg [+ r%céfasg?s t zrna\Prh%(éopper deposited
usu@@.l]dzlhh@ébppér pleing t@litied Rishdutd beppreatatdtthat Ql@Q)@EOﬂ%ﬁt’t@per

but st . be .greater t e total
pfat@a ﬁ%’@ﬂ?’lsai‘su Tomeq e t"FIb??S@‘TéP&M tefyy %Yaﬁcr{{f (UepgH <7.0)
enveSHIRNE 108 AABNHesiQAERPEIH onOhteRoLRPRE duith@ihk BBctroless copper
sol ution causes the solution to be highly alkaline

depesiipntmRecetip pecripble i se wingedrpdcytignand ets%'Bfl‘Pna‘fX@é’“é all the

0 exﬁg&ﬁpgdv@htagg'ﬁ&@é%@v@ e[h‘@%?e@altaﬁ@he pH of the solution is 10wered (e,
copper (i I)-cobalt(I11) redox couple). I'n one exenplary

madequﬁm the gpppen p@sm@n mifdisercasss-t Hevplenrpnieshs ehoics ot

com%ﬁ%(ﬁlg fggéng ﬁeé!,t dé%gia? %%sfeﬂﬁﬁaﬂlfﬁe "EQ&% aﬁ@?g%h%{k: @tg.') 91u§ the

I'n anot er e
condsofritmniof theageer (I)sind deuti(loalraden belpsompingate dor age radivgtion in

nt changes to
op Qegdeprotcselgl 8%3?‘# eSUTtﬁ?gq?q{l ﬁgaédlﬁﬁgle%ﬁmgl %XF adjustnent. In
[00251 Id d:neambmhmane tftwdppeeplaunmhamnds randvhmcd at mmbemuregbetween
o t 0 .mai nt a n sol ut i
aborf R B 180 e e Uetro k5 afbs fnehn Bt Rl
exerﬂlﬂa@%hﬂoaﬁﬂh@ﬂle capptiplagiig smgmag eﬂ’iﬁalmﬁlnaiﬂiﬁt&dem;iemfﬂrd’ttfathWeen
the pH of . ution at bet about 4 . 6. .
abory (- g 0 BTN SIe S SAPGH PSR st Tt e Ghpreciated
that tmip@ﬁaﬁe infyRcts BfRRcTh R daﬁ\sh@ﬁh@ d&eitibe fatddf copger 215am1y, the
pper(11) and cobalt(1l) salt_ conponents of th

nucleaéllgﬁ gﬁnsﬁy ang qlf@og%qxqﬂa}e(ﬂf‘ cOppSUS Gl ECtviProEnngl tBéemperature) to the

waf@@‘ma%e H@itlr?gdc Fﬁ@tdeﬁdgﬁwﬁn TROIGoSRAEIARS Qctmte t}hé’léﬁ@sstcﬂ’ the
mat ch anot her enbodi ment fying

resuligg gmﬁz:léyqrénwa aycleasiopdusity ﬁépa;f;@lvmqp S@hcwﬂasgpn formation
Wlth%xI th@édg@@r laye:r Gnd aéhteUn of thle @é}ﬁ)e; H?& 15 lﬁ&ldergﬂng[&% J'naterial

per atlng sol utions” have many operatlona
Theraf$vea ﬁteagelserm rsetan%etbr tlhe ceripat plegng sglitign Huritigohsclogietess copper

il i [

depogltrt)18+1 Fféog S (\)J%u%;bﬁ%gglﬁlg c;'?r§v18é) Q«Q@{ o&?%cfe t%llx and controlled
depoisnmpn Gollpsirtgbe mcbﬂmﬁbmphwf oﬂth@btrlle dcw@adom @yxp)etmlzedhs cdpipert
depositi az S ﬁ1gveco I?'J? th erstg’rutratfsace This is often a

p 5’?8% COBLETVERPM TR TATKETS e Copper pl ati ng
[0028Figiire OniSa flowe chat oﬂahﬁetﬁmﬂ ﬁﬂiﬂpnepann(gfan lelediralxagicoprer platiag @dhition,
in ac%%g%% ’g/}tb ggé/%i}éc}g%%?rb g% %?el(ﬁ%g%%gtlgne ?\&ethoocp 1 O%%%gl%g yv?th ng
operation 102 where the aqueous copper salt component, a portion of the polyamine-based

complexing agent, the chemical brightener component, the halide component, and a portion of
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S reduced nucl eation density, larger grain growth and
i ncreased surface roughness. Still further, for
wa@ppkioeasT ons such as direct patterning of coppPer/UBi00®86869762
by el ectrol ess deposition of copper through a
patterned film an acidic c@pper plating sol ution
the R154 Po?mﬂdﬁgﬁt%\fﬁle%gf)&?%ﬂaﬂﬁgt 61 x&arekbﬁbm@@fn&d Slirs PRtk 8BS Kpe
materials on er sur ace, and [ ows t he use of
methodstO@nmwe@Idspmgo ppeyationd 84 wherg tl}srh@m@rmg u@mrtl@s phthareeplesing agent

and R38R e ol R e e ol PERLEL SRLME, Alkne e
embzodmnar, tltdae;}bsﬁ thegtcorsl migturdie adiostell © tb@plpreaecowlrmﬁmas an acidic
pH. Sl;t:shou 15 'pgliég Iag%d% at éhg\’\@vaﬁtg%e oﬁ{eep“:i‘ O%the gg’coﬁé Al (1‘51‘1%1'3 acuhc is that this

arac oSited ng
will&kedathe Dﬁ)ahQHpﬁran pttdteiforgn. Sﬂielmtdtlmdsl 00 tltenShm‘tuiuds dmeto operation 106

appreciated th the pH.of the c f i
wheBfB s Ftons o sreGu e eréiromBBRT e B B tBppas glating
Soluﬁgﬂl yﬁéﬁduieqﬂawppaﬁbidﬂncgo(p'braaon pH < 7.0) to envi ronrrent

as the resulting deposition rates Qf [of0)

W‘”c?u |IIF ?l'be Wd@e@& thedirgiaad ﬁf)cé’f“d MPEVES E SEFed gF 6¢& l?egmanent
store CERth AR @rib Ot iftBBati Al UBE petmARRk k6 Akt SdhtaRds bdi: designed to

solution exhibits all the operational advanta

provéfediFapsRasipng hengdern) Hogenedrthy firstand sepond migpreg H’émgllﬂyl?fq gy to

be chRbinOYBELHe €ihal@opper PRAE; IRFBn.A&hHHPL of pBatPPREMge container
deposition rate decreases. However, varying the choice

maydfe usedTORREs Hlf cRpieHer 1@ @oxgreactmeaﬁﬁhrp@y l9h He gomponents of the first and
a . § i ttﬂ!:eadlél f
e e oy 8 o AT B S sk P Py Wy s
forngidating e Inpre gatde peppeepldting selbtjor batuedlinghplata oudﬁrypiér resultmg in the
0 ' froman acidic pH

redugﬁ(\% &61?]&”03) P&?{)‘%@E%%gtb%%é enbodi nent, the copper
[0030] Fhis mgresmﬂnman ba furthemmidexsmbth axdte@tenge todimpmpket luwkeich describes a
samgfa go&npg]ng% gp COBB%S@E?&na% E)(%Sl)%tig({nf gnac%c}roe%lg% gh’l"{{l longer%bodlment of the
pres@ éiehttory enbodi ment, the copper plating solution is

mai nt ai ned at a tenperature qf between 20 about 20C

and 70C during the el ect Eé?—‘%@@—copper deposi tion

process. |t shouirsle-Bgscapphne PRtiggForkuddiohpnper at ure

i npacts the nucleation density. and depositjaqon rate of
l003éﬂ§p‘éss emPasiEmet 2 pitate-hisrd f@larml%iwwéH@.@ppeéﬁﬁt%%‘&m%n

dlsc]'b%demﬁica SOBPEY, d c%ﬁge‘r %ﬁﬁﬁé CuNQO 3?9 chrh&ﬂ@AUoh%f 0.05M, a cobalt nitrate
erat UrE) to t waf er surface uring cop

(Co@é)pbbmnpmaﬁqlh@ Hepbsneibylsnpdigraing ﬂﬁaétaémwbawﬁpm@ggg agent)

conchfltrattlgﬁ of 6.66UkL Htlncgac(ffp(@ﬁﬁ_f)g) Ic@ﬁé@ﬁtra%@ﬁ‘ of B879MC ﬁﬁésk:ﬁﬁ‘l bromide
nsity | npacts voi d space, occlusion formation

(ie. \lwahctn qwnmheen@opp@qmrataylaf 3 maihinclatite 6nid. 2ofl 2(SRE (b%mb@iﬂlcal
brlgl{ %}é%tco}l&le’l{rrg} olljllr{)gggtwete%q %%gp(?ﬁddlg lé/fT%ltgea%b@tl qogt{slihﬁ%defﬂé ?esultmg
m1xt3mlmﬂhemdueodugqnmgd thieg etwo @n@%@gklccdlpmetenud époké ¢apper plating

SS _wou e optim zed to provide dense copper
SOiutﬁ notf)g Ofngnoxgﬂzfgcont rolled deposition follow ngpt he
[003mmd)reﬁtling withaamphfl, toheme kamlbkdldaemomemumm basecbﬁitmniﬁz@ of the
co q i EE!‘{ deposi tdI e b 3EEnAS rm E\iltleoncsgg that mvolves re-
ppFIh[? %H}ges 1{)% fipgre using a pré-mixing rormu gy P

mixing a portion of the ethylenediamine with the copper nitrate, the nitric acid, and the

potassium bromide into a into a first pre-mixed solution. The remaining portion of the
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15

30 [00281 Figure 1 is a flowchart of a nmethod for
preparing an el ectrol ess copper plating solution, in
wa@ewsiosate with one enbodi nent of the presentPCT/US2007/069762
i nvention. Method 100 begins with operation 102 where
the aqueous copper salt conﬂ%nent a portion of the
conﬂ:@é %ﬂg@ﬁ BAPEknt £ PAREXH G/Qh @rﬁ%ﬂgalt &t %oﬁaﬁﬁhﬁﬁ oa second pre-
bri ghtener conponent, the de conponent,
mixgé selirenn. Jne it pEOBrUGRIREM @@W@SQ 0B7NoEd ?céu}longirtt lhen added into
f |
an g#%ﬂgtg ﬁ%ﬁ% fglo r|1a? Qlt%(l rﬁo )E(l?ﬁ?ee ﬁrlla#hlgag)rlr%? kﬁ%eﬁ@gﬁ{gesolutlon prior
to upe mcaeebhstroinssmopprp derasitiomogkdetionnds distlnedrabore thisyge-mixing
strapegﬁg?s tﬂc a({v ntage o:fo:}nl %e rli]t?g% nsggble %)n g%rtpéaﬁmggglglg %n that will not
mabxmn&euménnmnax enbodlnent the pH of the second

e.is ad st
[00@& Li](? gl {giw rl%l'i) ?5 d)f g-lg péeﬁebl} %vegttmél}av%fien dﬁscnlgec? inWetail
heraﬁi\iwhbﬂgee aﬁdd@ﬁm a;gthbﬁeaf@aﬁmﬂsmﬂ Xliad (e passkmtiigvensort faf be
th| wil | F e. cobal t gll in_an active form &pe
embodied dumamtotheTs e - oTRU Ry departigp SR tPOPI Y ScqRs &Of

invdnkien.f THedfordl thb yfeee@sﬁnidm@ aBEGARSHIMRN 4 & B @naodral ned
into the final copper platjng solutjon prior, to use

illugtrative %ﬁlﬁ@ﬁstﬁp%\fq ﬁréi tg%@y%ﬂnpaﬁ nof wdEdunijed toyihe details provided

therSMDRE B BE modfRd ahd SractRBE withd 1REEOR MhodpPERRd 8falns.
stored in separate permanent 10 storage containers

WhRGd QbindeQid- Nt egrati on. The pernmanent storage containers
bei ng designed to provide transport and |ong-term
storage of the first and second mi xtures until they
are ready to be conmbined into the final copper
pl ati ng solution. Any type of permanent storage
container may be used as long as the container is
non-reactive with any of the conponents of the first
and the second mixtures. It should be appreciated
that this pre-m xing strategy has the advantage of 15
formul ating a nore stable copper plating solution that
will not plate out (that is, resulting in the
reducti on of the copper) over tinme in storage. [00301
This invention can be further understood in reference
to Exanple 1 which describes a sanple fornulation of
copper plating solution, in accordance with one
enbodi nent of the present invention. 20 Exanple 1
(Nitrate-based Copper Plating Fornulation) [00311 In
this enbodinent, a nitrate-based formul ati on of the
copper plating solution is disclosed with a pH of
6.0, a copper nitrate (Cu(N03)2) concentration of
0.05M a cobalt nitrate (Co(NO33)2) concentration of
0.15M an ethyl enediam ne (i.e., diam ne-based
conpl exi ng agent)



25 concentration of 0.6M a nitric acid (HNO3)
concentration of 0.875M a potassiumbromde (i.e
whalos@e276bnponent ) concentration of 3 m || i nol BET/U$2007/069762
(mVM, and a SPS (i.e., chem cal brightener)
concentration of between abbut 0.000141 M and about
0.000282 M The resulting mxture is then
deoxygenat ed usi ng Argon dd8nmso reduce the potentia
for the copper plating solution to becone oxidized.
30 [00321 Continuing with Exanple 1, in one
enﬁodlnﬁnwfmtﬁemmDMEapbnmasbGOﬁ@Dmmhangon of the
copper Iatln soluthon i S ggepared using a pre-m Xxi ng
f or mul at SHELPCIREST T REPOI Aol ves pre- mixing a
portionam&ykbscehhmhﬁn@ﬂp@mnme with the copper
nitrate, the nl% aci.d,. and the potassi um bromn de
into a fRYEAANFPEEE CUPRISHPS RS ol uti on. The remai ni ng
por t i ong eflentié® bR HIOSMHIAE3;/anBCT/ US2007/ 069762 10

conpl exi ng agent conponent is pre-mixed with th

cobal t &BImMHS Y a“F%’P&“émé’E‘btdhfg] ISP W#%gﬁe?ectmless copper
SOb ki@ SolutibAGatd 4 §1 oPle@thasetbotcd. Ut i on and second

pre-m xed solution are then added into an appropriate

container for final mxing into the final electroless

copper @ﬂ@élécﬁgléﬂoﬂbér%&tlﬁ k@htiont £ MSRAIMCI&Mh 1, wherein,
el ectrol ess copper deposition operation. As disclosed

above, thhpeucprecoppstistlgcanpone iesgleclsd SFomHesradn atiaige o
f or leRfI Qﬂﬁ S g&(l?)tlﬁ'tpeltg CG%%P(% clmn%é %p%@il%lr%ot[m}ate

Wi | not ut ‘over t I n st ora e.
Al térpegH) @;efwtérﬁbmduanmm ewppér(Ihisolige, ésséﬁhylmei@mlm@mper(ﬂ)

hav%ﬁ?eoodﬂgﬁé %%ﬁﬂchP&§¢@nhmkbereln it should be

unders 0S€ O inary skill, that the
present invention nmay be enbodied in many ot her

speci fi rms, W t hout arting fro ([
Seape ofbq e hpamelRE S e raT i Bl Ll
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butoyARYT) REetA®, cattfyneaed@ﬁﬂle pbmtmmpfam Hlﬂttﬁyléﬁ'dala&ﬁﬁﬂ)&)b@ft(ﬂ)
t he aggended clai

2068 gv@yW@B%EW%@&} @é?atet, fmddd eétpﬁlﬁnea&lmembalt(ll) nitrate.

el ectrol ess copper plating solution, conprising: an

aqueous copper salt conponent;
4. The electroless copper plating solution, as recited in claim 1, wherein,

the polyamine-based complexing agent is selected from a group consisting of a

diamine compound, a triamine compound, or an aromatic polyamine compound.

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

methylenediamine, ethylenediamine, and propylenediamine.

6. The electroless copper plating solution, as recited in claim 4, wherein,
the aromatic polyamine compound is selected from a group consisting of

benzene-1,2-diamine, pyridine, dipyride, and pyridine-1-amine.



an agqueous cobalt salt conponent; a pol yam ne-based

conpl exi ng agent; a chem cal brightener conponent;
wa@r@s@aobt nodi f yi ng substance in an anount sufPCTUSI7/069762

to make the el ectrol ess copper plating solution have

a pH of less than about 8. 2* The el ectrol ess copper

plating solution, as recited in claim1, wherein, the

aqueous copper sal t conmponent is selected froma group

corisi st iThgeloftrolese pppe(Hlatingsalufien, es reeigqsipe clein ). wiariat e,

copper (LI . t

copper (P Ot ABRE Rl sl Rk SUOEARBORUD and about

sulétd@at e, bi s(et hyl enedi am ne) copper(11) sulfate, and

di et hyl eneam ne copper(11) nitrate. 3. The el ectrol ess

copper plating solution, as recited in claim 1,

wher ei N The tlo@rodesl egiper Iﬁzﬁbnglsbluﬁcai tis momalom elatm il swherein,

selecte fr rou conS|s cobal t

Sl  at o heBBEPROTTS ST ERATE FEBRAP TG SR ! sulfri ecd
cobgkit adill )hytiethiafit sed, ahefoBbri: acid; efpdck(d dcjd. acet at e,

et hyl enedi am ne cobalt(ll) sul f at e,

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

trigs( et hyé spaRIRItPRGIRRL kolutidn, aStetikadtif cladid, further including a
di et hyl eneam ne cobalt(11) nitrate. 4. The

el deligeqioapgnegbpper pl ating solution, as recited in
claim1, wherein, the polyani ne- based conpl exi ng agent

is selected fron1a group consisting of a diam ne

cortfoundhe deqtroleantapperaditipe seldlionp ps wpitedrin plgink 8, wherein, the halide
|
gglcu.gpld%‘ﬁt £QURAHA aél%n thO«%er?Ab%gM ggn %Eqi&ﬁ?ﬁﬁag%gﬁﬁt'm.

as recl claim erein I 'am ne
compound i s selected froma group consi sting of 3-

or éEyl e?ﬁdllgcrgopess‘. CO%}J(Q’YP:}}ES ggol ion ? re%&% in claim 1(? v¥herem

ylenedlan1ne 'ec ess copper
soI ut i Othe halideroemipbmeait ismeledted mma gwdup rensmxsting bfusatassmm bromide,
YR SRy Ao COTRRUBf hs el ROLG T AT AL MRaonium
dl mwmld@ amafedivgy flicdide end amdrbiiem i0He2008/ 002737
PCT/ US2007/ 069762 12 7. The el ectrol ess copper
plating solution, as recited in claim1, wherein, a pH

of 1phe ‘ﬂl@&&dﬁ@le@&ﬁ)pﬁ&mﬁlg pdiafidnNgs 26itadtin ORink 5, iekaie &R
about 4.0 and about 8. The electroless cop

pl skgmigpl dpplienes ﬁom%f%‘e‘?té%Plﬁ StrsylipprapyDisyindgdiseding i salt (sps).

13. An electroless copper plating solution, comprising:

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

an aqueous cobalt salt component;

a polyamine-based complexing agent;

a chemical brightener component; and

a pH-modifying substance in an amount sufficient to make the electroless copper

plating solution have a pH of less than about 8.



the pH nodi fying substance is selected froma group
consisting of sulfuric acid, nitric acid,
whyasoedBori c acid, fluoroboric acid, and acetPCT/as10d7/069762
9. The el ectrol ess copper plating solution, as recited
inclaim1, further includihy a halide conponent. 10.
The el eqhL Ole&fstest Qﬁﬁglrplﬁln%tsb]ﬂgorﬁ Qb Mtk cRf 18 Gk incRding
claim9, wherein, the halide conponent has a
concent paelidsreopepnesbn about 0.0001 nolarity (M to
about 5.0OM 11. The el ectrol ess copper plating
solution, as recited in claim210, wherein, the halide
conponerdn destrsledseopred pltingodutignomemposingi st i ng of
pot assi uym. brom [,j thium chl oride, potassium
i odi de, %ré ‘iugrglilsncgg?ﬁiraaol{rcloglg, nean%‘m)ni um chl ori de, amoni um
br om de an aqmeows cobalf dalt compencatidvagremagntratod ibeisveed Zhout 0.001

The el ectr.o| ess r.plating solution, as recited in
ol SR Cpr e hotRe g e e gt G PR nent | <
bi s- ( 3- 3F;bl@r@;ﬂrnle+byée)icdﬂnplukiﬁg lﬁi@ndi sodi Ium salt (SPS).

13. An el ectrqless copper plating solution,

conpri sPRgEM Eﬁbﬁalﬁ‘é"t?ﬂ%gﬂﬁ%‘ﬁ‘gra@al t conponent having a

concent g 3R HeHWESandd Miin atholftlsu (MFR Ao idke (1 eldc@oRss copper
solubility Iimt for the agueous copper salt

coRpFERE frittiogaxgyBld 96 leeBa #0841t conponent ; a

pol yam ne- based conpl exi ng agent; a cheni cal

bri ght ener conponent; and a pH nodi fyi ng substance in
anl gm) uhbe gegoless eappertndativg Reluitie aleaitedrip Plaigy 13 Sy including

pl gt %f?&c%ﬁi ytd.pn have a pH of less than about 8. WO
20 §'00273‘? PCT/ US2007/ 069762 13 14. The el ectrol ess

copper plating solution, as recited in claim13,

f h [, ngludi -1 : .15, An
ur1t7. er @féctlfcqugg?pp%f Q?’Jliﬂr%ds%luﬁgm%&ﬁﬂ& :

n .

el ectrol ess co g solutio c%rrprl sing: an
aqueousarcgppars cspret saliooppment;; an aqueous cobalt salt
conponearl}} haalisrggbaisg angznotnr&t_i on between about 0.001
mol ari t§" (R ESTE <61 aBiT ity linit for the aqueous
cobal t spdlfamtiospasaé némplexippigearanag basaantcainnlbexveag about
39505 mofarifh &1 § 2ol 10 G0 ner component; and

a chemical brightener component; and

a pH-modifying substance in an amount sufficient to make the electroless copper

plating solution have a pH of less than about 8.

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

a halide component.

19.  Anelectroless copper plating solution, comprising:
an agueous copper salt component;
an aqueous cobalt salt component;
a polyamine-based complexing agent;
a chemical brightener component having a concentration between about

0.000001 molarity (M) to about 0.01M; and



a pH nodi fyi ng substance in an anount sufficient to

meke the el ectrol ess copper plating solution have a
w@Rh08M01785s t han about 8. 16. The el ectrol ess POPPE2007/069762

plating solution, as recited in claim15, further

i ncl udi ng a haI i de component. 17. An el ectrol ess

copper Ql MBéthﬁe irCATR o sﬂﬂi‘cgnﬁf@) ke B ectroless copper

copper $& nent; an aqueous cobalt salt

compminemiptlwfpt@t ythOﬁ@Sb'é@e@OGb&rpl exi ng agent having a

concentration between about 0.005 nolarity (M to

about 10.OM a chem cal brightener conponent; and a

pH2todi Tye dgctsﬂﬂast@pwlitmgamum svecigdfif cleine b, ferthenakiding

the el ecﬁ?1 ess cop ’i pl ati ng sol ution have a pH of

less t hAd"&5SAYPE™"18. The el ectrol ess copper plating

sol ution, as reci ted in claim17, further including a

o AOMBERER! e LA, SRSl B

conponepdmbifing af B@RUE: opikakilt @aponde, I’mﬁﬁ&ﬂtaf a@omplexing agent,
pol yam ne- based conpl exi ng agent; a che

br .agh%r@ﬁ%l rl(sla%eaﬁ@wpowaw ﬁ@hda CRIBPRIERY ?f&ﬁ%ld&ém@ﬁmure

about  Q,IARA0 in BRleas coVall il cbBpaRAitnd @ réAaiMng dREioN\EF the

2008/ 002737 PCT/ US2007/ 069762 14 a pH nodi fyi ng

suEeMBIAEBE PEFNEFF LIRS YFS pid ent to make t he

el ectr o n@%o&a%ﬁe ﬁra@m&m@ AnB Rk WcoRDmave t@e@ﬂe& Pork®8S ina

t han about "8 el ectrol ess copper plating

sobmpeoﬂﬁposgorrqmqﬂem inclaim19, further including a

hal i de conponent. 21. A nethod for preparing an

el ectrol ess copper plating solution conprising:

c oﬁhi ni ﬁl@ methadjive puparogppelecgelts coppvpplaerd solwioporstrédind in
almg{mw xi.ng agent, a chem cal brightener

onént” g hal i de conponent, and an acid as a first
m Xt ur ethe amdouemopgeraait agueoes icelralet froal 4 grognpomentg of
on_ of

angop%er(ﬁ%ltg ncgopB (I‘i) nitrate, colt)per(II) chloride, copper(Il) tetrafluoroborate,
copper(Il) acetate, ethylenediamine copper(Il) sulfate, bis(ethylenediamine)copper(Ii)

sulfate, and diethyleneamine copper(Il) nitrate.

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

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

sulfate, tris(ethylenediamine)cobalt (1I) sulfate, and diethyleneamine cobali(Il) nitrate.

24. The method for preparing an electroless copper plating solution, as recited in
claim 21, wherein the chemical brightener is bis-(3-sulfopropyl)-disulfide disodium salt

(SPS).



conpl exi ng agent as a second m xture; and

i ncorporating the first m xture and the second m xture
WO o@ebass7 pri or to use in a copper depositi onPCT/US2007/069762

operation. 22. The nmethod for preparing an el ectroless

copper plating solution, as'tfecited in claim 21,

whegei n S e ed.

from s arbnEnagNERp.ARHIec AL ST PAEH iRl aEhed

coppen 2I] whandin thetsecond oyprene (hhd gn ashdicopti.de, copper (1 1)

tetrafl uoroborate, copper(ll) acetate,

et hyl enedi am ne copper(l1) sulfate,

bi g26et hy“h@metﬂbdiﬁjrmﬁ:)bmdlmwre(ebl@Iesssuﬂ)ﬁeapb‘;inmtion as recited in

di e r. itra t hod f
b S e R R e

I egélb@el fréin ac‘gk@pmbxzslsung\laez gibMine thepagueorismaekahposal ér an
conmponent is selected . froma group consisting of
coBEMAEF PYLYRINE §PBPOYEhal t (11) nitrate, cobalt(I1)
chloride, cobalt(ll) tetrafluoroborate, cobalt(l]I
acetate, ethylenediamne cobalt(ll) sulfate,

bi s( et hyl enedi am ne)cobalt(I1) sulfate,
tris(ethyl enedi am ne)cobalt (I1) sulfate, and

di et hyl eneami ne cobalt(I1l1) nitrate. 24. The nethod
for preparing an el ectrol ess copper plating solution,
as recited in claim21, wherein the chem ca

bri ghtener is bis-(3-sul fopropyl)-disulfide disodi um
salt (SPS). WD 2008/ 002737 PCT/ US2007/ 069762 15 25.
The nmethod for preparing an el ectrol ess copper plating
solution, as recited in claim?2l1l, wherein the second
m xture has an acidic pH 26. The nethod for preparing
an el ectrol ess copper plating solution, as recited in
claim 21, wherein the conplexing agent is a

pol yam ne- based conpl exi ng agent selected froma
group consisting of a diam ne conpound, a triam ne
conpound, or an aromatic pol yam ne conmpound.
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