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entirety, by this reference. BACKGROUND [ 0002] This

invention pertains to fabrication of electronic

devi ces such as integrated circuits; nore
specifically, this invention relates to nethods and
formul ati ons for cl CROSSREFERENCES having cap | ayers
containing at | east one of the chemcal elenents
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aces having th ayers suc

minanp@yedéwu$mdnnmemabntbﬁﬂnmgﬁﬂmamtron|c devi ces. For

el ectroni c device fabrication, surfaces having filns

around 20 nmthick need to be cl eaned whil e avoi di ng

degradati on of the surBACRGROUND and thickness of

the films. [0004] In & Specific case, a netal cap is

applied to copper interconnects that are enbedded in a

ne net al

ctric.structure
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eakdown voltage and tine dependent dielectric
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particuld®Y dueC@PsiffafoPhRh & forSHeRc@StHAPRR) Lubj&PRE! dorrosion and such as

surfaces having different corrosion rates for the heterogeneous compositions. The problem is

greater still for surfaces having thin film layers such as layers used in fabricating electronic
devices. For electronic device fabrication, surfaces having films around 20 nm thick need to be

cleaned while avoiding degradation of the surface quality and thickness of the films.

[0004] In a specific case, a metal cap is applied to copper interconnects that are embedded in
a dielectric structure to form a damascene metallization layer. In order to provide good electrical
performance such as low leakage current with good yield, high breakdown voltage and time
dependent dielectric breakdown, the surface of the metal cap and the surface of the dielectric

area are preferably cleaned so as to remove contaminants and defects. During this treatment, the



al l oy, cobalt-nickel alloy, nickel, and nickel alloy.
In addition, defects such as particles and residues
wh200e/0823be renoved fromthe entire wafer. [O00PSI/UTIVE3/€87878
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cl eani ng substrates that can be used to fabricate
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or illustrated in the drawings. The invention is capable of other embodiments and of being

practiced and carried out in various ways. In addition, it is to be understood that the phraseology
and terminology employed herein are for the purpose of description and should not be regarded

as limiting.

[0008] As such, those skilled in the art will appreciate that the conception, upon which this
disclosure is based, may readily be utilized as a basis for the designing of other structures,
methods, and systems for carrying out aspects of the present invention. It is important, therefore,
that the claims be regarded as including such equivalent constructions insofar as they do not

depart from the spirit and scope of the present invention.



DESCRI PTI ON [ 0009] The present invention pertains to

i nterconnect netallization that uses an electrically
w@ondg28ve netal with a cap and a diel ectri c POF/OBI9g8/e87878

damascene netal lization structure for electronic

devi ces such as integrated circuits. Mre preferably,

the present invention pertains to interconnect

netallization layers that include a dielectric and a

nmetal, such as copper, having a cap conprising one of

the chen caBREERDINCRAPPAIN GINYHE DRAWINGS:! ectronic

devi ces. [OUIO] The operatron of enpbodi nents of the

present invention will be discussed below, primarily
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circuits. The netalllzatlon | ayers for the integrated
circuits include copper for nmetal lines with
el ectrol essly depositeBE P ising at |east one
of the chem cal elenments cobalt and nickel or their
all oys forned into damascene or dual damascene
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for fabrlcatlng el ectroni ¢ devices according to one
enbodi ment of the present invention. Process flow 20
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rovide a eanlng sol ution,
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may conprise two or nore am nes and | east one

other thamecrhiwonductaroyaderam nes i s capabl e of ra|S|ng t he pH of
the cleaning solution to a value in the range of 7 to
13 and all values and subranges subsuned therein.

[0011] Reference is now made to Fig. 1 where there is shown a process flow 20 for
fabricating electronic devices according to one embodiment of the present invention. Process
flow 20 includes providing a substrate having a metal and dielectric damascene metallization,
step 25. Process flow 20 also includes using electroless deposition to deposit on the metal a cap
comprising at least one of the chemical elements cobalt and nickel, step 35. After step 35,
process flow 20 includes cleaning the substrate with a cleaning solution comprising an amine to
provide a pH of 7 to 13 for the cleaning solution, step 40. More specifically, the amine is

capable of raising the pH of the cleaning solution to a value in the range of 7 to 13 and all values



According to a preferred enbodi nent of the present
i nvention, the pH of the cleaning solution is a val ue
W0 e@aosd2dut 8 to about 11.5. [0012] Numer ous cREPUSIIF087878
are suitable for use as the ami ne in enbodi nents of
the present invention. A list of suitable conmpounds
for am nes for enbodi nents of the present invention
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mixed AEf196H SikatSELEATINARHLS RiraRfctyBiafl @Rk o§$hﬂﬁﬂe@ Bnd Sombinations
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thereof cymirgninakeatlss fisuahly thase sher geneenl dormuhe Rs ulSEt mdieee, Rnp rdiydrocarbon

ar.t,i larly, the surf.ace of the cap and ,surface of the
and 0 <G5, SR pa eV Byt RS R8 EeE b BE o hits presen

in the ctdagim@i sB@ti%ﬁ'iﬂfahféﬁnﬂs&ar?h Gbf0atAt Agrdd pet BRAtd Msdbut 100 grams per
) surface of the cap and the surface of the dielectric )
liter (At KA weqiPiirest Bmbodimest Bk thenpricsant ynveation ifdudes sejomizeg gvater in the
. ' ss of the cap. Preferably, the thickness of the
Cleamn%g%ﬁ'!féﬁreduced by less than 15% as a result of the
cl eaning. More preferably, the thickness of the cap is
reduced by less than 10% as a result of th% cl eani ng. )
s Iquﬁs removing
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contam%glatlg:ér% StLQ %érf%q%n%fghgs %?tgq,tg,;%l%r gaﬁgﬂhﬁ§z ?ﬂ]ealsurface of the cap and
surface of the dielectric. More preferably, the composition of the cleaning solution is selected so
as to clean the surface of the cap and the surface of the dielectric with negligible or substantially
no reduction in the thickness of the cap. Preferably, the thickness of the cap is reduced by less
than 15% as a result of the cleaning. More preferably, the thickness of the cap is reduced by less

than 10% as a result of the cleaning. According to one embodiment of the present invention, the

thickness of the cap is reduced by less than 1.5 nm.



enbodi nents of the present invention, the cleaning

sol ution further conprises one or nore conpl exi ng
w@y®wanss2and at | east one of the one or nore coP@I/EX1008/087878

agents is not an am ne. For the present disclosure,

the conplexing agent that is not an amine is referred

to as a non-am ne conpl exi ng agent. The am ne

conpl exj.ng agent i s defined. here as a chepni cal . .
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i nvention includes, but is not linited to, carboxylic )
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nore conpl exi ng agents present in the cleaning

solution in anmounts ranging fromabout 0.5 gram per
[0015] i tﬂmé@u@@&ﬂ%or}@gs Qfeagfﬁtagﬁrfolr Lils cd %)911 ’%getﬁg] in embodiments of

option, sone odi nents of the present |%v ntion as
the pregpnesertech.i A Fstgol donmeyxing ekerde fars¢migpdameite anfiithey present invention

: sol uti.on at. al] so contai.ns one or nore corr.osion : :
includef by ot Gt SHOPRII 2piior SEUORHGTGRHLE Pt amino. acids,
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solution.” As indicated above, preferred enbodi nents of '
Some enthedimnanssenf the myesant wmertroa ivelpddbac of more aemplgxingeigents present in
bstrate.w th Li gi bst anti al | :
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corrosion inhibitor conpounds may be included in
enbodi nents of the present invention for that purpose..
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PUPOSGhai n al kyl am nes; tetrazol es; orthophosphates;

[0017] Numerous compounds are suitable for use as corrosion inhibitors in embodiments of
the present invention. A list of corrosion inhibitors for embodiments of the present invention
includes, but is not limited to, triazole and its derivatives such as benzotriazole, methyl-
benzotriazole, carboxy-benzotriazole, hydroxybenzotriazole; thiazole and its derivatives such as
mercaptobenzothiazole;  polyvinylpyrrolidone;  polyvinylalcohol —and its  derivatives;
polyalkylimines; polyethylenimines; long chain alkylamines; tetrazoles; orthophosphates;

metaphosphates; phosphites; phosphonates; silicates; alkylphosphonates; alkoxysilanes, nitrites;



nmet aphosphat es; phosphites; phosphonates; silicates;
al kyl phosphonat es; al koxysil anes, nitrites;
wher@yosabexyl anmonium nitrite; and conbi nat i onBCT/US2008/087878
t hereof. Some enbodi ments of the present invention
i nclude one or nore corrosion inhibitors present in
t he cleaning solution in anmounts rangi ng from about

ram I|ter to out r liter
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rangingdiong ebou dblegrgmrpee biep bustpst 2@ graewpeelitr ssol ved oxygen
fromthe cleaning solution. Mre specifically, the
oxygen scavenger provides a | ower concentration of
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scavengﬂbngor di ssol ved oxygen. More specifically,
ONC or MYYE X A% G€nt is selected so as to provide a
function other than scavenging for

[0020]  As an option, some embodiments of the present invention as presented in Fig. 1 may
include using a cleaning solution that also contains one or more reducing agents. The reducing
agent is selected so as to be substantially incapable of scavenging for dissolved oxygen. More
specifically, the reducing agent is selected so as to provide a function other than scavenging for
dissolved oxygen in the cleaning solution. A primary function of the reducing agent is to

minimize unwanted anodic dissolution of the cap. This is done by the introduction of reducing



di ssol ved oxygen in the cleaning solution. A primary
function of the reducing agent is to mnimze unwanted
W@ ewdiogs2di ssol uti on of the cap. This is done bRCT/H82008/087878
i ntroduction of reduci ngagent in the cleaning
sol uti on. Depending on the type of reducing agent, the
oxi dati on of these conpounds is energetically nore
vor abl e t an t OX|dat|o and g olution of th
agent llbglﬁ c e[amjlgﬂo qun@ag‘ﬁal} 5108 TeqHCgHFEant 6li1e ol atlé)gl of these
compoun@l #CnBEbcABARL rﬁoﬂerfa%mg HREBNAS oA HattdhCanl @38 Mkion of the cap.
invention. A’list of reducing agents for enbodi nents
of the present invention includes, but is not limted
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but is njop ligrisd rie.sbaram gprfginineorpdagipg agonts. hypaphqsehitds; tlé@swlféie aldehydes

and corﬁpﬂ%on"soth BfF sBﬁwr ét{ﬂt)&{lmel[ltg %%Zdl '%lses@lﬂ ﬁ’l%ﬂt{%[ﬁ §@H§ one or more
enbodi nent's of “the present Pnvent ron. as presen

reducingiagentsl piegont imthle mtbanmglsn@man dn ﬁﬁﬁmmgreﬁlginlgtﬂr(ﬁﬂ abfiat0. lagram per liter
contains one or nore surface active agents. The

to about |y graps PSEte agent is included so as to provide
adequate wetting of the substrate during the cl eaning.
Preferably, the entire surface of the substrate is

[0022] adetpuat eibt;onv\mmedmbyditmatsojfehmpmgem ahveniion aspre‘sehmetd inl“t?dg 1 may
dielectric. areas. of .the substrate are wetted and .t

include Qigieag eleanige sohgion, fhat plse contams, Qe YgmofoEFEee M&H?é? geaats. The

surface GRARO UGS @E&hfdéutsabisetof@&wa@ QdEfuaRULERRE AChb \WBbstrate durlng the
agents in enbodi ments of the present invention. A I

cleaningf Psefefabbe the entite %lgfecﬂ of ther SIé)ﬁ@@tdllmdftcsla@ﬂy queted by the cleaning

SOluthIP 0I %ﬁ? {heI ecr%}ﬂ% glge%% Pvéle 58@.?,‘][ ate argéYeit%ﬁtand tlllﬁ, ?aé)c reagcqfl tl\}ee substrate

are wet@gent s, nonlonlc surface actlve agents, anphoteric
surface active agents, and conbi nati ons thereof. Sone
enbodi ments of the present invention include one or

[0023] 7 lﬁﬁgﬁé‘i‘éﬁ@&&nfﬂogﬁlh%’ GroRGRANS FRNRE %‘E {s‘agt Calg%ﬁ‘t@'lﬂ gmbodiments of

ron In S rangi hg from a gram p
the predent aveiitionabAdist 3f guréaes ap&Ve hdenesr for Enﬁbéma:lntsyof thé ptdﬁen[temventlon

are two or. nore surface active agents then each _of the
includes it g goh dimifsd oy tasG SUTHCE SIHYC jageRtrecaiopiniipfjice active agents,

nonionie oéui"f*abeo Refiv Qg@lwténﬂl{o%ca@f% Qicl¢e QLR PEId bohGhafishs thereof.
about 2 grams per liter. T an-opt’i on, sone

Some cenbbdidiamendfshopreséng ipreeten tnclualv eme oo moas syrfags ectivechgents present in

the clearﬁ{n%' soililtiror%){n amounts ranging from about 0.02 gram per liter to about 2 grams per liter.

Preferably, if there are two or more surface active agents then each of the surface active agents

is present in the cleaning solution in amounts from about 0.02 gram per liter to about 2 grams per

liter.

[0024]  As an option, some embodiments of the present invention as presented in Fig. 1 may
include using a cleaning solution that also contains one or more water-soluble solvents. The
water-soluble solvent is included so as to perform tasks such as to help remove organic

contaminants from the surface of the substrate. The water-soluble solvent may also be included



i nclude using a cleaning solution that al so contains
one or nore water-soluble solvents. The water-sol ubl e
we 009081231 s i ncl uded so as to performtasks suRtiI/HS200$/087878
hel p renove organi c contam nants fromthe surface of
the substrate. The water-sol uble solvent nmay al so be
i ncl udedso as to performtasks such as to help
di ssol ve one nore a ives |nclud(g¥|n t.

S0 as to-pe '@s]gs(ﬂu& Iaéﬁo helpy di d VO ARFOLMPER AQSHTVES 1n§uded in the cleaning

solutior fathhby BARMH loSAUrURithduliicibit shRbATty il R8RP] Numer ous
conpounds are suitable for use as water-sol uble

sol vents in enbodi ments of the present i nventi on. A
wat er - sol,ubl e SQ

g
[0025] plr é\ilgﬂ?rop%%ogﬂmu&ﬂs aﬁecq {% g%rbﬁste 43 W%g]‘t sqq?bgé(élgeqq% in ernbodlrnents

of the pfe@mrmva{tmhomllstssp NAERI Y uBIC OI0LEs fbEkinbadinents of the present
al cohol s, golyols ethylene gl ycol, dlnethylsquOX|d
by

inventiqsy welyides duhisHwh dmited dacpravii aahplsnsecopdane gicohdpigrtiary alcohols,
e of

polyols %ﬁlgl gfgl&g'oslbld&lgptgyfsgg é}éﬁ% b%}ggféé%c?ipodng hteég@l gcgﬁblﬁgtlons thereof.

Some eabbdinads ofitha pedsaitSinyentigh ngclﬁd@meadmubrelsﬁatgtr gmmh:le Bolvents present
liter to about 100 grans per |iter. [0026%

in the clggping yolugipn it ABOWHH FIEHENEM 3Poytnd rRBgRRTiter Y é\?ﬂl}tdﬂo grams per

as presented in Fig. 1, cleaning the substrate with

the cleaning solution, step 40, can be performed using

a brush to apply the cleaning solution to the

substrate her enb dlnents Pf t he ﬁresent i nventi o

[0026] ., {\yn B%ta% A DO HRI 8 s AIrieRG I Ao @amﬁ%?ateﬁ in Fig. 1,

cleamng PhU §iRRade Owiith eneS HBSTIR ALEIUMHE, N 4@8&5&%@13&%&%(1 Lrgﬁfgea brush to
Specifically, the cleaning sol ution may appl i ed by

apply thﬁeqlmag salietionate thié mhstrgtet l¥herudpshadaments nf thetm@sent invention can be

perforrnegl 1n 1 g% talé%)lltygn% ﬁbcs?anlr%ges&%tlc}/& g o h}%hsegstra%% lvg/ﬁﬁat ﬁng a brush;
more s@@iﬁéﬁmp RhdisleiGn@sdHitod My Ye BFkd HyGaaiddsuer ksl tipgingQhe substrate
preferred enbodi nents of the present invention as
into thepleaping wiution, pich. assprayie the glsepiagspitips onfeethe srbstigp, and such as
strate with a cl eaning
apmymgﬁﬁﬁ$ﬁ9mngks%gpgggbg§4§%ﬁn the range from about 5C to
about 900C. Preferably the tenperature of the cleaning
solution is controlled. As an_qgption the tenperature

[0027] o Agarding, & PrgfEreqemUodimeHs PBrheéaesepbelsttlcrﬂrae@f@fﬂ?e@&F in Fig. 1,
e | n

the tenfERAGL BN RrfBimi el ABCRIeah B ARL B8Pl RGP KiEMi solution, i

preferalgdy 1mﬂleera1g¢cﬁfdm ‘a‘mmtéﬁ@ fto alsoud 90YN - Brefareblg dlqibmpenaglragémt cleanmg

solutory el i” AtAseSonor 4 ner bt of st SRy Be conrled

liter.

[0028] Preferred embodiments of the present invention as presented in Fig. 1 use a cleaning
solution that also includes one or more additives such as a non-amine complexing agent
substantially as described supra, a corrosion inhibitor substantially as described supra, a surface
active agent substantially as described supra, an oxygen scavenger substantially as described
supra, a reducing agent substantially as described supra, and a water soluble solvent substantially
as described supra. This means that additional embodiments of the present invention are

described by combinations of these additives provided in the cleaning solution for the process



active agent substantially as described supra, an
oxygen scavenger substantially as described supra, a

WO 2@ao862g1 agent substantially as descri bed supPEI/Us2vd8/687878
wat er sol ubl e sol vent substantially as descri bed
supra. This neans that additional enbodi ments of the
present invention are described by conbi nati ons of

t hese_ad | ves provided in the clean o)
flow ShEYE I F e bw S1TE P LU e VG SEPEoaRRRT P Rdifiles produce
cleaning REILGEAL hiViBS ARINEANRIMM:itRRS (Rt &é?ﬁleadiﬁjélﬁﬂléﬁe%bodlments of the

produce cl eaning sol utions having dissimlar ' '
inventigropngssiad onggt hatA Hefafradddionsli pricfeancd entypdsitrent of déanigsolutions

i nv nt| S ed in Fig. 1. Alist o
for prefg i iR o SEE: mhenbitendim Ahgr St iEREE o Mlides but s no
limited &r@l%%ucﬁ;@ingm@ﬂmg@amﬁoﬂ the present invention as

presented In Fig. 1 includes but is not limted to the

f ol | ohi Adeclasamgrigluionuresspisd in Figrdeingludingi angpra@ing of epmplexing

[ C/ an amount of conpl exin
b e%?ma%gatg&rfogco‘%osll% 1ll:lgfrii)lrlt?)]gl on i nhibitor. 2inhe °
CI ean2n@hs @ﬂdahill(grsohl‘[ﬁﬁqmésﬁdted fin Fig.1 ihclutiblglai digowan of complexing

amount  of conp EXIH g agent and an anount of oxygen
38R %Pram%untf’ 8xyc8anivyg8<ol uti on presented in Fig.

1 inchudi l;
am)un? AR N on e A B0 el of comploxing
p@ﬂ$emtadmnmmﬁw@ﬁﬁmmmg@gudlng an anount of coaneX|ng

agent, amount of corrosion.i itor,.and an ano

o7 o Sl bis ot o8 el in b g e R0 AT of Complexing
RERS eaﬁta%uhﬂofdo@rOSI%nllﬂﬁbw Bl AarAGTRYBF o?;fgeﬁ QBRRXIrNY

agent, an amount of corrosion inhibitor, and an anount

of r eélu cT ha glmmngtsohalonmwnﬂeé an lFrgg lsmbluthn@rﬂnm@m pégdomplexing
agen ag J[’]Cflcorro 1 nnl?hl I‘Emrugﬁ a arnou dﬂ% eem' an

dﬁb un geh o8 aveng et (%dlan a uﬁi fEfedlci ng

agent 6. The U@nﬁ‘ﬂg%ﬂi‘d&ﬁ Iﬁr@eﬁﬂed QR FRY. asi@blu@ihgl 4h drh@uint bf complexing
i ncl udi ng an anount of conpl exi ng agent, an anount of

B3aPG e ATOADEAYEY ECTHPCRAPRASHTENG RN AEPYES fgedusane agerhd an
amoung q'fhe CC?JaBQ%e gﬂlltfr?ﬂ Ir@sjeht%a n % gmﬁcﬁhﬁl@runnﬂn?unt fof complexing

sol ution presen i ng an-anmoun
eguip | @xamauna gé bkygarscamlgaﬂ; aﬁfanttmnt oftreducing hpkitt &ad an amount of
and an nﬂ%unt of surface active agent.
corrosion 1 1tor

8. The cleaning solution presented in Fig. 1 including an amount of complexing
agent, an amount of corrosion inhibitor, and an amount of surface active agent.

9. The cleaning solution presented in Fig. 1 including an amount of complexing
agent, an amount of oxygen scavenger, and an amount of surface active agent.

10. The cleaning solution presented in Fig. 1 including an amount of complexing
agent, an amount of reducing agent, and an amount of surface active agent.

11. The cleaning solution presented in Fig. 1 including an amount of complexing

agent, an amount of corrosion inhibitor, an amount of oxygen scavenger, and an amount

of surface active agent.



9. The cleaning solution presented in Fig. 1 including

an anount of conpl exi ng agent, an anount of oxygen
waeavesgar, and an anount of surface active agegi/Us2008/087878

The cl eaning solution presented in Fig. 1 including an

anount of conpl exi ng agent, an anount of reducing

agent, and an anount of surface active agent. 11. The

cl eani 9.8 ol uti.on resented i n. Fi.g. cludin

o rount Lo e sirniae sy Ea e hingigh el Tt S8 g of complexing
btk Rint @houn® Bf BEMRAn RhiRY, IRNMSGAY 8P8RIucindMPe@Nand an amount of
anount of surface active agent.12. The cl eaning

swiagt foiiveprgestented in Fig. 1 |nclud|ng an anount of
an amunt |nh|b|tor

amount ot 15 Saaurh P RGERER i i YD Bis gl Gl o Bhmpleing

a€dnk, Vi BEAIME of b3ygchh@atdn@am iaf GnfRhtbf RIAuEhe 288Hteshd &h amount of
1 including an anount of conpl exi ng agent, an
&ﬁg@ﬁﬁdeﬁfﬁﬁygen scavenger, an anmount of reducing

cPeant o ioFBr PR il pRet AR RE 1 R AR iy arh B omplexing

agenunin amoaapf exydeg sgediiger, adh ampuntt ofofedoiyigedgent, an amount of
scavenger, .an anount of redu0|ng .agent, an anount of
EQFGsHE} BhbitARRRT £BAMOUR P ARTaGFHGHYS 835 ur f ace acti ve

agent 45 15p. IfigniGh AN I%Qéﬁﬂéd AFiRr PR ?iI‘paIEd)lgIt of ?omplexmg

i ncl uding an anount o npl exi ng~agent, an anount
egnt,egiaounndli deirtosion ign bit@m amhaouarhowift oﬁva/aEr—sslubl@tsbb/ent.

solvent. _16. The cl.eanin nted in Fi 1 )
ol ol nReHeANEe TR PSR b i An drtonn O omptexing

DN HIANENU e v aiheR fH‘ﬁH b aﬁ{ouﬂ@amat&osloqw@solvem
solvent. 17. The cleanln sol ution gresented in Fig. 1

i ncl udﬂ n@henleamog: mlubcbn pl@ﬁqﬂtfei(mr@g metudingranagroeimt obfomplexing

red
i o gF e @8 AR IREER o PoulRr Sl G R sotyany,
| nC| Udi$ NFh@ BlcadTBg BbluBdn FrREIEKINTY g a0 B udirf arbdBoUH; oﬂﬁomplexmg
corrosion inhibitor, an anmpbunt of ox¥ gen scavenger,
Az L0 aRaNRA PT eRrregianehibHPY MnERyNy ehexygen . scam@ger and an amount

8%@@@# Pﬁgg&kkan_presented in Fig. 1 including an
0

anmoun conpl'exi ng
19. The cleaning solution presented in Fig. 1 including an amount of complexing

agent, an amount of corrosion inhibitor, an amount of reducing agent, and an amount of
water-soluble solvent.

20. The cleaning solution presented in Fig. 1 including an amount of complexing
agent, an amount of oxygen scavenger, an amount of reducing agent, and an amount of
water-soluble solvent.

21. The cleaning solution presented in Fig. 1 including an amount of complexing
agent, an amount of oxygen scavenger, an amount of reducing agent, an amount of
corrosion inhibitor, and an amount of water-soluble solvent.

22. The cleaning solution presented in Fig. 1 including an amount of complexing
agent, an amount of corrosion inhibitor, an amount of surface active agent, and an

amount of water-soluble solvent.
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agent, an anmount of corrosion inhibitor, an anount of
reduci ng agent, and an anount of water-sol uble

wa009081231 20. The cl eani ng sol ution present ed PCI/BF2908/187878
i ncl udi ng an anount of conpl exi ng agent, an anount of
oxygen scavenger, an anmount of reducing agent, and an
anount of water-soluble solvent. 21. The cl eaning

Compl 831 KB SGebS ot bhR s Mokt ob R LA Ao 4 complexing

AU N @fouh PG R8N 808 Bhgerah MIRMALT QfrfeOBERRI £2Bnt, and an amount
inhibitor, and an annunt of water-sol ubl e sol vent. 22.

qﬁwm@tsthﬂgdg@Mutlon presented in Fig. 1 including an

amoun conpl.exi COrrosion
i it orhé RBRE RSP F ey AR T reRiggBioty SN ghcomplexing
assaunih @iouneberedsdhi Bb@nt, sl Medint Bsurfdee a@ﬁx%adgeﬁg and an amount of
solution presented in Fig. 1 including an anount of

vetepiselblgolrgdht , an anobunt of oxygen scavenger, an

e YL AR5, R 0 RLBIR Iy o comici

pgeas,@rmt gfoun oficgrrosion ndlibicbrngn amoamoaMdxygén S@Wﬂl@x,l aigamount of
nt, an anount of redu0|ng agenh an anmount of
%RI acq A8 VEAZEYle A ahamo N @F Bigteamelyhle s9fveRht er - sol ubl e

sol vens. Tﬁéclegﬁlﬁ%gét)lﬁtgéﬂ g&np Ll 90 PLRRR éﬁaql érﬂodﬂtgf ?(Jmplexing

i ncl uding an ano exi ng-agent, amount
@gﬁnt osi emoimthofbdrorsionamhirmungn emoonty gé nedslcmgeawer, ,anagmount of

unt of surface active amount of
SR e rn. BETvbmnous o e 5o B PRsmlor tt i on
presepty ethd Bichhify séluh&?bﬂégétﬁé]i RAFIAMHRIudHe HLIMEEX b eomplexmg
agent, an anmount of corrosion inhrbitor, an anount of

a@nucam gmag@tnof omygeanwvarengof, anupfaer @fctqduemaga@nnt agngmount of
urfa tlvea nt & (?arl %910“9 & wa 9er uBI S ?Ven fThe cl eani ng

§ Fﬁ? pﬁgsen? d R 6 9 ﬁ%ﬁ glﬁg 4h amount of

conpl 28' THe aQ&iihg s@lﬁtlé\rﬂpﬂé@ént&f InaX¥ 9ethchdaieiffhoun®Bf complexing
anmount of reduci ng agent, an anmount of surface active

aefBht 2N AMQURINOK ABYAPY WRVEIRER rals aMawteofs pidyeing  agent, an amount of

corrosion inhibitor, an amount of surface active agent, and an amount of water-soluble
solvent.

29. The cleaning solution presented in Fig. 1 including a corrosion inhibitor
present in a concentration between about 0.01 g/L to about 10 g/L and an oxygen
scavenger present in a concentration between about 0.05 g/L to about 10 g/L.

30. The cleaning solution presented in Fig. 1 including an amount of complexing
agent, a corrosion inhibitor present at a concentration between about 0.01 g/L to about 20
g/L and a reducing agent present at a concentration between about 0.1 g/L to about 10
g/L.

31. The cleaning solution presented in Fig. 1 including an amount of complexing
agent, an oxygen scavenger present at a concentration between about 0.05 g/L to about 10

g/L, and a reducing agent present at a concentration between about 0.1 g/L to about 10

g/L.
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28. The cleaning solution presented in Fig. 1

i ncl udi ng an anount of conpl exi ng agent, an anount of
W@0pg@8s23cavenger, an anount of reduci ng agent PCHES2008/087878

amount of corrosion inhibitor, an amount of surface

active agent, and an anmount of water-sol uble sol vent.

29. The cleaning solution presented in Fig. 1

i ncl udji ng cqorrosion i.nhibitor present in .

concent+ ate et R RSN ) 11180 | aliGlidingo agy gmount of a

BaHpRRINGXY&R N &ﬁ‘ﬁﬁéﬁdﬁgﬁﬁib%@%@%t h'h @neHEi0h hedwRh about 0.01 g/L

bet ween about 0.05 g/L to about 10 g/L. 30. The

tol &t AQ 2dolantxyaepscasengee drasent it g concentretierdbetgeemabout 0.05 g/L

un f conpl exj ng agent, a corrosion i.nhibitar

Braihi O 3R RS e Rrl e SRS bRt eyt 01 g 0

ahawt0gd.9/L and a reducing agent present at a

concentration between about 0.1 E/L to about 10 g/L. )

31. The dheslsrpige selution drespited dntied liipclmligg an amount of non-amine

. p 0 ing. agent '

OGS0, BTRHOU I SATBUE A A Gl SLYBER: acive asnt

Bn @moghtloft axygbo Wtavefeed/ An amodntaofrredutiidggedg e 4or @s@nt of water

at %Vconcentration bet ween about 0.1 g/L to about 10

§ﬂﬂb82§V¢He cleaning solution presented in Fig. 1

i ncl ugﬁ.”@h@@le%ﬁﬁ%‘ Qbufbn BreSARTY BRI ﬁ%&g%\gleaanﬁ @Et?f‘écﬂl'aentration

inhibrtor present at a concentratron en abo
GofilabgiiL] po. ot RO gl and te deepgersobt@ueaigenclpdieg enlcast one of:

at a congentrat.i on bet ween about 0.05 L ta abqut. 10
g7 E@OMQO%&OP@&HE? AYRIGEME 48Fs %%f‘mavntﬁ/&swe@ﬂ? ﬂfg}lu‘i”&{ » an amount
betwern a@@%lﬁ%e%t,langérhoﬁtﬁ G?Qﬁyéetﬂ-&agér%er,?’a}r anl&\ént of reducing agent,

cl eaning solution presented in Fig. i'ncludi ng an
ambamamaeint o waenseleblesabreixi ng agent, an anount of

corro§50@h|nh|b|tor nmoun ace,acti.ve

.an_a . of. surf ,
Coent S amnsRotbd SRy pER ey gel b ARE URAINE gy concentration

frefhlgbiond 1 %gsfbt aboando@p/ L aaUAE cRhninaselutis® B ligluding an amount of
solvent. 34. The cleaning solution presented in Fig. 1
ARIVAMEICt (RENRIRTIRG agenta ag dmosAt PRCPBESION drhikiksuan amgupt of surface

Igﬁlc\%g Irlltg laglga@élgg?&g%gég? Céc%@e%&g a‘ﬁoiﬁfsdn? rbfalleagcing agent, and an
amount of water soluble solvent.

36. The cleaning solution presented in Fig. 1 having the amine at a concentration
from about 1 g/L to about 100 g/L and the cleaning solution also including at least one of:
a non-amine complexing agent at a concentration from about 0.5 g/L to about 50 g/L; a
corrosion inhibitor at a concentration from about 0.01 g/L to about 20 g/L; a surface
active agent at a concentration of 0.02 to 2 g/L; an oxygen scavenger at a concentration
from about 0.05 g/L to about 10 g/L; a reducing agent at a concentration from about 0.1
g/L to about 10 g/L; and a water soluble solvent at a concentration from about 10 g/L to
about 100 g/L.

37. The cleaning solution presented in Fig. 1 having the amine at a concentration
from about 1 g/L to about 100 g/L and the cleaning solution also including a non-amine
complexing agent at a concentration from about 0.5 g/L to about 50 g/L; a corrosion

inhibitor at a concentration from about 0.01 g/L to about 20 g/L; a surface active agent at

12



an anount of non-am ne conpl exi ng agent, an anount of

corrosion inhibitor, an anount of surface active
WwW@g®ang62an anount of oxygen scavenger, an anmouPCT/U$2008/087878

reduci ng agent, and an anount of water sol uble

solvent. 35. The cleaning solution presented in Fig. 1

havi ng the am ne at a concentration fromabout 1 g/L

to about .100 nd t he cl eaning solution al so .

b refsattiaar Cpalt oo 2o o SRR eaptek i ub pation from about
BOBUNL tPHboki© D QFL: Aelhii DidRF at AR REREMon HorS HERAE /L to about
active agent, an anount of oxygen scavenger, an anpunt

09 gilednd pngtagehble sehgntat caneutretiof framtabouis) gblte about 100 g/L.
sol veR . .36., The cl.eani ng sol uti.on esented i.n Fig. 1 )
povt ras BB alsfiEe SoRa0 Bt SR8 PhFERY e Sitifle Sy fhontentration
fromadpeut 1 EA0totHbouaNdD) §/Deing lteairhing is lettd dOfraltBOgroup consisting of
includinﬁ:at.least one of: a non-am ne conpl exi ng

ageaty atlkylagursensewndon felbprmiest Grisary/ (alkdammeyt quaternary

e DR D PP I6 iy Pl SRR A Plim g uaternary

aitylaAnife) C aminioalid, O priafar®d. BlRahdadings, L ;scesmdaxy gdkanolamines, tertiary

scavenger at a concentration fromabout 0.05 g/L to . i

%J@m&la%le@/ pthanplamapnge idigghangémping: tipthagqlans.afhadmes agmes with
L alRy1tarfl Hichid! 3004 Fon IR/ ‘:étraﬁf%%gfﬁu%fdﬁ{e S84 ll'l?/hlg)éaltamine; and

sol vent” at a concentration froma 10 g/L to’a

teClghlng s8llitioThbochdading gt Isadt ohe ofh presented in Fig. 1

having the am ne at a concentration fromahout .1

o abQGPEOmg ALt R CITRH FYRabP UL b ¥ Laloegouti0 gL selected
ol Hdi HiouR BRI &ec&@&%iu%xacm, g8k y@rbékylic acids, amino acids,
concentration fromabout 0.5 g/L to about 50 g/L; a

plospbeiio acid nptiybiceoid, and ergeoneeds waetieda K oo fodlbodit 0. 01

g/L to abaut 20, .a/L; surface .actd ve en t

doncehtPBHEn 18p B0l g Phe g tohd BEGOR AT AL to about 20 g1

SASNEN R ahe Bre@Ncondistald of R, abeiibiriz0R, Ghdthfihenzotriazole,
about 10 g/L; a reducing agent at a concentration from
eyberty-bengotgiagoleo  abBwlioxgnggtriazadpd athigaelsr s slcgsptobenzothiazole,

B0y PhUSSRE BB AL AP ARt SlschiB1ARRMEs. tpne chain
hikylangndshectarotee, akthaplasplac, r atiaphoshham, aplaisphilesg/phosphonates,
L and . the amne.is selecte

t&ﬁefta}%? g%ﬁq%gm%gafsﬁ absapred %e%IWF%ﬁWé%QYCS@%g{ﬁQH{ng’%mm nitrite;
al kyl g 8% adtiek b@ftat &l (oAb ABAER of QU BRI Y o/L selected from the
group consisting of anionic surface active agents, cationic surface active agents, nonionic
surface active agents, amphoteric surface active agents, and combinations thereof;

an oxygen scavenger at a concentration from about 0.05 g/L. to about 10 g/L
selected from the group consisting of hydroxylamine, diethylhydroxylamine, methyl-
cthylketoxime, carbohydrazide, L-ascorbic acid, D-ascorbic acid, derivatives of ascorbic
acid, chlorogenic acid, hydrazine, hydrazine salts, derivatives of hydrazine, caffeic acid,
phytic acid, luteolin, and sulfites;

a reducing agent at a concentration from about 0.1 g/L to about 10 g/L selected
from the group consisting of boron containing reducing agents, hypophosphites,

thiosulfite, and aldehydes; and
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al kyl am nes, primary arylam nes, secondary arylam nes

, tertiary arylam nes, quaternary arylam nes, ammoni a,
w@eios@saz3al kanol am nes, secondary al kanol am neBCT/US2008/087878

tertiary al kanol am nes, ethanol am ne, di et hanol am ne,

triethanol am ne, choline, amnes with m xed al kyl and

al kanol functionalities, tetranethyl guanidine, and

hydr oxyl am ne; ~and t he cl eani ng sol ution al

| hel Ui e RS SEIVERTGH df COnseRBINSkI gibalet el teyabout 100 g/L

SARSQNEH AL thO BrdupPRARAY UlcoBoR, Scbndy @RGHEIs Hrtii-alcohols, polyols,

I

sel ected fromthe group consisting of carboxylic
eibiyidas ghygols dmlasrlhdfo;ilid?ec POy ¢sscagirnats, ard wisxtures thereof.
phosphoni ¢ acid, phytic acid, and organi c aci ds where
g Kfor CoL > 2; a corrosion inhibitor at a
[0029] conceat d(S}ﬁIanEBr SreTeabstlincRs QF tig predont aRention?dl @presented in Fig. 1,
sel ected fromthe group consisting of triazole, o
any of t}h@,@k@pm‘g@gb}tl@p Cﬁ@pﬁ%}tlomﬁe At 35 the 6 caning solution compositions presented
f I . b 1 azo [ -
supra, c(égrbggfé%;% e%itg{: ﬁiﬂ%‘fﬁt}&%?%&éﬁy iﬂgie?tﬁa%ﬁ'\q@iﬁb %@ of fik: %fe%hﬁ‘l’g solution
compositidng véuay lagltieoéiedning sdlyadik ydrhpasitems ppsskiyted Byprendam beespplicd to the
| ang chai n al k m nes, razol es, orthophosphat es,

I t ;
substratgehyaPRGSHh athes ¥hagﬁb“§}ﬂﬁ‘ P@E_, - pheprigtpicas’or pmy cgroggiments of the
present ?1!1\1&1{1@2 E%\%@fég@ﬁtgc? in ﬁ%k?,xa)ﬁ?'df WESica r1 %gdlﬁt‘%ﬁl cd\?@i)sitions, such as the

bi cyc moniumnitrite; a surface acti agent
cleaningolatico nemposigdnsomresshted. Dragchn bo uBedgitltempbmotredinf thomange from

the group . consisti of anionic surface active agents,
aboutscgtt?gﬁ‘?%ggueft‘éﬁ ay is\‘}gs%?é%nts, noni oni ¢ surface

active agents, anphoteric surface active agents, and
conbi nations thereof; an oxygen scavenger at a '
[0030] conemresantiednsupramabeonns IGHing isolugombwumposiiogs Lare suitable for
embodigqleeé ﬁ?t/fle tgl)e/ Eﬁrrgsgb{ gnre%e%t[ieoonlfl ﬁt@%ﬁ@@é{%}%ﬂng é)t?eféf)e({r}é@ re%%'d&”e‘n? BFf the present
inventidh2lsRPhYEIr aZindey tHe- ABCERIE] & ReEfotmedusing A&intngASdiGkion compositions
_derivatives of ascorbic acid, chlorogenic acid, . o
describeg shpa priethe iggricat piien afdisselved Oxyga invbe clginipg golgtipmis maintained

at less o faﬁduff la@é'{ei%e%rﬁ‘gi{ﬁd.nq 'ﬁﬁk %eahyth%f) k&rrhng%?g%eswlgc%%d‘iagﬁnﬁng solutions

reduci ng a concentration fr out
for embiodinadnodidf the pesentaeventioedit iy @ofcitoé tigit chepdissoivsidsixiypeh adncentration
[ hosphi tes,

) oron cont ai ni ng reduci ng agents, hypo g )
in the Ctt')?ﬁn&%wﬁ%zn léﬁaalataa@ﬁyadgg%s tgﬁbl éb‘WétlePa‘g BriupyiEon gyhea pleaning the
substraf@t @ concentration fromabout 10 g/L to about 100 g/L

[0031] Another embodiment of the present invention comprises a method of cleaning a
substrate for electronic devices. More specifically, it is a method of cleaning a substrate having
copper and dielectric damascene metallization. The surface of the copper has a cap that includes
cobalt, cobalt alloy, nickel, nickel alloy, or cobalt-nickel alloy. The method comprises applying
a cleaning solution to the substrate to remove defects and/or contamination with negligible
dissolution of the cap, the solution comprises one or more amines, at least one of the one or more
amines provides a pH from 7 to 13 in the cleaning solution. According to a preferred
embodiment of the present invention, the pH of the cleaning solution is a value from about 8 to

about 11.5.
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selected fromthe group primary al cohols, secondary
al cohols, tertiary al cohols, polyols, ethylene glycol,
walewensseBsul f oxi de, propyl enecarbonate, and m RECTOE208/087878
t hereof. [0029] As an option for sone enbodi nents of
the present invention as represented in Fig. 1, any of
the cl eaning sol ution conpositions, such as the
cl eani ng sol ution conpositions presented supra, can be
applied to the substrate using a brush. Alternatively,
[0032] @n¥oRfthd BerpebeantHRGre@ht tiseRsGeNPeslih ARSsubstab iRGuddi&emoving
cl eani ng solutlon conposi tions presented supra, can be
contammgpﬂSJ e@rno‘ang hécfedihs br acmobipgmreeitormantshend thmavingi defeets.  The

{ tj.on.f ' f t
compos S e ottty SRUUET it BredBNTR G IR B Mgyl BF deegls andir
contamimh B Nkdif tBOlstitfh@NofC RPASbikdt®NSoreS phiticdsrly Mike Shr@RB1 dTOthe cap and

sol uti on compositions presented supra, can be used at
surface 0§ thseigleciries Maie prrécrabligic Copnpsabeiuel the glcanigg aplation gpselected so
as to cl&g thg s&tjfaec@%f ttﬂe ag%gattﬁe%u?fac& gp%g]dleﬁéctﬁé Sadn gﬂglﬁf&pcfr%ubstantlally
rons are abl e

no reduﬁmsn &mae dnalarets§oibn11e tchie Preésebly, thivkasdsiodnhe &geisretiuogd bp less than
ferred enbodj nent g; t he present invention,

St
15% as ,gges 4 o 4hg ﬁl@aql% Mogspre @ﬂy,I the H@?l?n@?sfﬁefc} 163y 1reduce((ie Ey less than
10% asCd $&01T HO lc}étah?Q C&&BFcﬁh ®Rfc %ﬁﬁ)%ﬂinbeﬁ@ o? Lﬂl?er e@églﬂ ihfétion, the

concentration of “di sso oxygen in
thicknessadfuhd cap is seduaéchbyalepettiamtl.Sies.s t han about 1 part per
mllion. This neans that for any of the sel ected
cl eani ng sol utions for embodinents of the present
[0033] | NVigBfe}ON erﬂbbdﬂrr?enpsr@fft% medhddét clbdifng g@o%ﬁlaeéeqs@mee%ﬁmg solution
concentration in the cleaning solution is maintained
that alsatlnqle@Q omham redyo lﬁﬂdllle‘aﬁltChpﬁéra earhplexing wﬁent scgb@@zmadig as described
bst nbadi

supra, & ? I’I‘Oélﬁ)tn | i tﬂ]i 19,1[br§tan1gL All A :ilssciegcnbe E)ad a osf'lrfa(fee%lcr%II ﬁ ag%lnt substantially

as descslu@@tsﬁ@tae ah WxyebiLGtdveng diBVtah@ily Mdescsipes lsﬁp@ahlﬁéducmg agent
it 1s a method of cleaning a substrate havin

substanfiplly as dpsseibed suriantistdeteretodubile selvprnsubstpeti ]er qESa@eécebed supra.
|
This méaaF‘F 19 Qgcﬁ{lﬂrbaﬁ’%nﬁ)logﬁgenttg;@f the rﬂ%s&gﬁﬁ &1?1{83 ake ﬂ&?ﬁg%cf ‘tglyeomblnatlons

ni ¢ oy, of co -ni cke

of thesd h?eldnﬁib!n gaovddepiin sks chapingi sudutionc| ederic ngpesidilcally, othe t aalditives and
the substrate to renove defect? and/ or, contam nati on

combingfiqng ¢fg P.aérimves arosygs gleapipeorolytioas haping esiagit eqrappsitions that

define GQ5MRIilaf SRR GHs rB‘Prtﬁe "’Hﬂ:tﬂ&is ’of &lledn f—’r‘?gftsu&ﬂ%tegf The BRBination of

or nore am nes provides a from7 13 in the
additives| apd rinmginssod fuhe edditiAescare delnqecﬂ 00 ghapitlef eeargul solution is effective for
cleaning the substrate without significantly reducing the thickness of the cap. A list of additional
preferred compositions for preferred embodiments of the method of cleaning substrates includes

but is not limited to the cleaning solutions described supra for embodiments of process flow 20.

[0034] Another embodiment of the present invention is a cleaning solution for an integrated
circuit substrate. The cleaning solution comprises an amine at a concentration from about 1 g/L
to about 100 g/L to provide a pH for the cleaning solution of 7 to 13 and all values and subranges
subsumed therein. More specifically, the amine is capable of raising the pH of the solution to a

value above 7 and less than about 13. According to a preferred embodiment of the present
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enbodi nent of the present invention, the pH of the
cleaning solution is a value fromabout 8 to about
wWa2009/082082] For the purpose of the present di BCT/US208087878
cl eaning the substrate includes renoving contam nants,
renovi ng defects, or renoving contam nants and
renovi ng defects. The conposition of the cleaning
sol uti is selected so as to f C|I|tat f .
inventiciog b bl i EEATOHCAHITAM S o aorhebRi Beout | e The solution
also inchidRS b [RA® on&RIBiRAJN dcfldl fBdrh Yhd 16u S b lsRERg 6f: the cap
and surface of the dielectric. Mre preferably t he
conposinpieming carplexingapén gt s shutantations frewl abotied S gl 4 about 50
g&jclean the surface of the cap and the surface of the
electric with negligible or substantially no
reduct céfodich iAbifoh hickeusent@itioh Mdnt @but BI@ TR abhiout 20 g/L;
t hi ckness of the cap is reduced by |less than 15% as a
resul & sefacetgstivg wﬁf H conﬁ%rap%pé? 8B trhe/Lé hi ckness

of th ' :
the ofbaftsh SABHMATE s BRI SBS R0 Sy LG Hbdu b o1
pr eseatredurientpan, at tah eoﬁcbnm:dmﬁsﬁromf alidue OcRp/Il So rabdutc é@l g/L, the
|l ess than 1.5 nm 9033] Preferred enbodi nents  of
fqﬁiémﬁéraa?m haying substantiglls n ek yesnes€avraging PEQRSAHiShgnd
sol ut I I t
e B G R S o P oI Pl o8 RHET.
As an aitstplaal,ve,athemiﬂrammgamlutrdn lse amclwdebsit derst avd pddisives selected from the
scribed supra, a surface active agent substantially
goupcﬁ@“ﬁ@@é&ibed supra, an oxygen scavenger substantially
as deg %hlaﬁﬂnesemﬁlﬁexﬁg edH Gt RYoRLBRiGHRSIAINoLAD b Y/BSo about 50
descri bed supra, and a water sol ubl e sol vent
s@bstantrally as descri bed supra Thi s means t hat
addltlonal s _of £se ent
descr R RBRTR AT eebreRIBE Do PT AL BPufhfager
i n thesgifeankhie %huitla%ncé\ﬁfaﬁoﬁ pee.0P igaatd yg/1t he
addi tives and conbi nati ons of the additives produce
cl eanPh@¥¥EsN SE4VEALCTIHAY pwgﬁemr%%qmﬁrwrarab@lar?&%g/ it aBoytHAte/L;
defin 0 h t
ol eant g EHLpaf £ PO B o bt S CERIPH abowt 10 elL. the
eddncing agaft huviag adsitdnitiuks na bEy@al seateagding @rdsﬂwiest faad
cl eani ng solﬁhkon is effective for. cl

subst # 3REr W RsEEIVENRidrsoRgs{TRoR Eraﬁl&%?r@t %tﬂglrtﬂ PbRH 98 /L.
As anof@fr LIREnRRR,; tl@ Jléaﬂ rgoécohﬁfdﬁ' Jlédjﬁll@%lldgg &f _hdt %6% addlth%S sc?lected from

conposi tions f eferred ment s of
the growgf capbisamg ol substrates includes but is not limted to

th I [ | uti d bed nbodi t
of pr BOBEETFRSETHIC B 8EHT AhGENET MDD oh S o about 5
esent invention is a cleaning solution for an

' nt egr at ed
a corrosion inhibitor at a concentration from about 0.01 g/L to about 20 g/L;

a surface active agent at a concentration of 0.02 g/L to 2 g/L;

an oxygen scavenger at a concentration from about 0.05 g/L to about 10 g/L;

a reducing agent at a concentration from about 0.1 g/L to about 10 g/L, the
reducing agent having substantially no oxygen scavenging properties ; and

a water soluble solvent at a concentration from about 10 g/L to about 100 g/L.
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circuit substrate. The cleaning solution conprises an
am ne at a concentration fromabout 1 g/L to about 100
w@20090862pr ovi de a pH for the cleani ng sol uti onP@F/US200%/087878
13 and all values and subranges subsuned therein. More
specifically, the amne is capable of raising the pH
of the solution to a value above 7 and | ess than about
rdln a preferred e Odl
For sttt ol HRRSROBRIOD FC e M nE: BBt dovopdiveg selected

from th¥ 8dd® bhas t 8 to about 11.5. The solution also
i ncl udes at 1east one additive selected fromthe group

consi smprgmofic camploning@izend at o wphesxiraigomfremt abaut @5 g/L to about 50
g@gcentration fromabout 0.5 g/L to about 50 g/L; a
rosion inhibitor at a concentration from about 0.01

g/ L t@codedidn dBlittok at aacoslu&ﬁ@@lan affotm ¥isouRg@ntg/Rto dout 20 g/L;
concentration of 0.02 g/L to

an oxy
scaveﬁg@facﬁtac‘%\"%%ﬁ@@’éﬁtarc@ﬂ?%Waflial@)ﬁf QB%@%L gg/lg/ L to

ot 4 Syisefish a0 B Rlortho BGERL B Gl 10
havi ng rsdisigangdnaldtya bencontygn foavstgi gl RYOperbbes10 g/L, the

and a water soluble solvent at a concentration from
EYBEINS $EON H2WBB SHOSTG ALY RO ORKICRHORICDENERIRFELICS; i

cl eanj, 'Ek%te? %l%le%lv%htsé% al d&ﬁééﬁ%ﬁoﬁfrohl%%ht IO"Q/L"J}Q %Mt"l% g/L.

sel ecte romthe group consisting of a non=am
coaneX|ng agent at a concentration from about O 5 9g/L

00351 O, BRRKY: 2ol Fing B SBLARH0 BB b Ml i or g imerared
circuit mﬁa@ e Bel dIViRPSNLtGH cSnFORS YRt drdht 8 prlvid: @ %HJ fds the cleaning
an oxygen scavenger at a concentration from

L;
solutlombgd to0 195ng/ 4ll W@luaﬂa@ud smbragm swsmre@m chargnagetpmplexing agent, a
corrosmn b rl]t raf | on graom en{ an, ox g 1 ta(\)fena 1Que¥ e Q i%/ lﬁgergthgnd a water
UCI enatc RSN ngg il ?aﬁ "o "OXY 8Rms
soluble %61&&1@” @a@ﬁl oP feRRktpofents ofithd salutidh @ﬁd s@buiik ©f sahwIMhe édmponents
a concentration fromabout 10 g/L to about 100 g/ L. As

are inclydest peras 4p trazkeathic vidcaningesadntiaim PHigrtiye| fot iclsanigp $Be integrated circuit
substraﬂenCA&{H&&a‘?tde%c?ﬁﬁBn %P 'i)?o%eﬁfjeglatnh %ﬁlp%ﬁﬁ(?scfo?%oﬁl'bgﬂgnttﬁgf the solution

group consi s
for ernbodlrnents of the present invention are presented supra.

[0036] Reference is now made to Table 1 where there is shown a summary of solution
compositions for embodiments of the present invention and results for seven experiments using
the solution compositions. The solutions were used to clean substrate surfaces having a cap layer
comprising a cobalt tungsten phosphorous composite. The cleaning step was done at about room
temperature. The surfactant Triton X-100® is a registered trademark of Union Carbide and has
the chemical formula (C,4H,,O(C,H,0),). The etch rates of the cap are low and meet the

requirements for manufacturing operations.
[0037] In the foregoing specification, the invention has been described with reference to

specific embodiments. However, one of ordinary skill in the art appreciates that various

modifications and changes can be made without departing from the scope of the present

17



a non-am ne conpl exi ng agent at a concentration from
about 0.5 g/L to about 50 g/L; a corrosion inhibitor
wa@roogogscent rati on from about 0.01 g/L to aboRE€T/BS2008/087878
g/L; a surface active agent at a concentration of 0.02
g/L to 2 g/L; an oxygen scavenger at a concentration
fromabout 0.05 g/L to about 10 g/L; a reducing agent

inventiqan}j%sa%eg 1 e%trhg%g?‘r?]s If]?rg irvr\}ng o(g}tsgi?lgért ; 4 quiggilﬁggt% Oﬁ&{reLs’ are to be
regarded GRYE NAUsAGHIRY RRRY tHa8S: resBoByv@sBE, 9hd 20! ubh frodt MBHRs @t intended
~a concentration fromabout 10 g/L to about 100 g/L. For
to be ingluil¢d wthintthescoak pétheairéseat invéndionl eani ng sol ution al so
includes at |east four additives selected fromthe
group consisting of a non-anmine conplexing agent at a
[0038] CoB@Bfifsabthenadvhmar@abont sdhutionghd-piodleaktil c BBerfddscriBed above with
corrosion inhibitor at a concentration from about 0.01
regard {g/gpe¢ifc spbadinxmtsy/ Howgvasythe heacfystgdyantagrsnsolations to problems, and
n [.on [L; e
any cloRRETIAEhP e Bap Refil hbafiee, o S RYY BEBeny o pecome more
pronourdled uke A6t tg/bke;coastrued us iangit@gle Mquartd,coransuneial featur®or ElE@Bmnt of any
bout 0.1 g/L to about 10 g/L, the reduci ng agent
or all thg {AIME subst antial |y no oxygen scavengi ng properti es;
and a water sol uble solvent at a concentration from
about 10 g/L to about 100 g/L. [0035] Another
[0039] enmbadisedierand, thhérms ésempriseny’elvbmpnsing,”’d'irclheteri' igrcluding,” "has,"
w . SPLution for..an integrated.circuit substr . The .
havingg] i aREonsgT it Tty OB PEEROL LR e HUTSRE go GRY<E apqn-oxclusive
inclusiohO'Fok E?arﬁlblg,a@brﬁges%,oﬂn%b@,rhrﬁél_e]orta%pa]{%tu@ kght _%anﬁ%slhel%t of elements
' and subranges subsuned therein, a cpnPIeX|ng agent, a
is not neegssaydly dimitadhdmy tathose cmenticlut anayi neludgether cbamantsypatrexpressly
ised o REAPE s LS HOMBE B, BL Rt Bl Bl B sty s
to the cQRRLNAL"Sr' Olef@a@ andhcltifiec 6PAFIONR RS Sn &BudiviCdrl BRel cenAs, a condition
to make the cleaning solutjion effective for cleani ‘ngf
A or Btipgatishicg dwatrerconsi ofclie foldemsiaer af ds tragdpt pispent) and B is Talse (or not
eSG6 i - s 0
presentf 38 bite (30 Bl pREGRF ahd K, EFTRAURE sl ChoENRARTNER true (or
present).nventi on are presented supra.
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[0036] Reference is now nmade to Table 1 where there is
shown a summary of sol ution conpositions for
wepivomsaent s of the present invention and resuP@BEUSING/ 087878
seven experinments using the solution conpositions. The
solutions were used to clean substrate surfaces having
a cap layer conprising a cobalt tungsten phosphorous
conposite. The cleaning step was done at about room
tenperature. The surfactant Triton X-100(r) is a
regi stered trademark of Union Carbide and has the
chem cal forrrul a (Cl4|—|22CXCZIFK}39H) . The etch rates of

A olvent pH CoWP
Examp ) agf i o egoY ng ™ eten
speC|f|ca£h@n the invention has been described wi th in30min
referencepHo speC|f|c enbodi nents. However, one of A
7 Ot UI2 AN T%Hl H—n—theart appr eciates that vari ousoy 1

no@jdrdxat i ons and changes can be nade w t hout
depamitd Ng from the scope of the presentinvention as

2 set Srt FMAH t he cl ai'abbdsel ow. Accordingly, the 107 3
sp@@WPﬂCatlon and figui®¥s are to be regarded in an
|II@% I atj g rather tpap,a restrictive sggse, andqakl
sug@mﬁgdl I cations aremmntended to be imw@hwded W thin
t heasigope of the present invention. [0038}@ Benefits,

4 ot heLadvematages, citiend sol uti @¥s to probl ens have b¥len
dedieihirded above it h regar&AF6m§peC|f|c embodi nent s.

 HoweV8 | the benefits, advanf%ges, sol utions to

5 proky ;errB,Tmp,d Vit errent(s)ggt,Lhat may cause amgr 11 1
begmhinkl, advant age, or sol wiAsé@mict 0 occur or bseone
nor emipe onounced are not to bembonstrued as a e¥pltical,

w

—_

reqU|red or essenti al feature or ment of any of, 3
allfﬁﬁe clalns [0039] As %%- m eg &y, the terms
“cd ses," "conprising,’ e" "including, "
" has, e "having," "at | east one Ofbmmﬁr any ot her
7var i onTMArergoGlycolr e 19/int ended t o coverd-sgl 10.7 5

nodieesrel usi ve i reslusi banzotiFor exanpl e, 'FT cess,
nmet ABBe article, or apf¥¥ratus that conpr a list of
el enments is not necessgﬁ?ly limted only to those
erements but may | nclude ot her el ements not expressly
TMAH -itegrhredhyammbridmdwdedde t 0 such process, nethod, articl e,
or apparatus. Further, unless expressly stated to the
contrary, "or" refers to an inclusive or and not to an
excl usive or. For exanple, a condition Aor Bis
satisfied by any one of the following: Ais true (or
present) and Bis false (or not present), Ais false
(or not present) and Bis true (or present), and both
A and B are true (or
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present). TABLE 1 Exanple Am ne 1 Am ne 2 Conpl exi ng

I nhi bi tor Oxygen Reduci ng Surfactant Sol vent PH CoWP #
W@ e@agest scavenger agent etch adjust in 30 nPET/P5H008%087878

1 2g/L TMAH 10 7 1 hydroxylam ne 2 5g/L TMAH 1g/L bone

10 7 3 diethanol- acid amne 3 5g/L TMAH 1g/L boric

Cbg/L 10 7 3 diethanol- acid Triton Xam ne 100(r) 4

59/L TMAH 2g/L citric 2g/ ].Imdi et hanol - aci d
L- Ascor bi c am ne acid5§-J&/AL H 2g/L citric 2g/L
10g/L 11 1 diethanol- acid L-Ascorbic isoproam pe
acid panol 6 5g/L 2g/L 1 2 g/L 10 7 O di ethanol -

What is|clagediwi ¢ Di met hyl ami ne acid ami ne borane 7 5g/L TMAH

2g/L Gycolic 1g/L 0 5g/L 10 7 5 diethanol - acid
benzot p- Triton Xamre

1. A method of cleaning a substrate having copper and dielectric damascene metallization, the
surface of the copper having a cap of cobalt, cobalt alloy, nickel, nickel alloy, or cobalt-nickel
alloy film, the method comprising:
applying a cleaning solution to the substrate to remove at least one of
defects and
contamination
with negligible dissolution of the cap, the solution comprising one or more amines, at least one

of the one or more amines providing a pH from 7 to about 13 in the cleaning solution.
2. The method of claim 1, wherein the pH is from about 8 to about 11.5.

3. The method of claim 1, wherein the cleaning solution further comprises one or more

complexing agents, and at least one of the complexing agents is a non-amine complexing agent.

4. The method of claim 3, wherein the cleaning solution further comprises at least one corrosion

inhibitor.

5. The method of claim 3, wherein the cleaning solution further comprises at least one oxygen

scavenger to provide a lower concentration of dissolved oxygen in the cleaning solution.
6. The method of claim 3, wherein the cleaning solution further comprises at least one reducing
agent; the at least one reducing agent being substantially incapable of scavenging for dissolved

oxygen.

7. The method of claim 4, wherein the cleaning solution further comprises at least one oxygen

scavenger so as to lower the concentration of dissolved oxygen in the cleaning solution.
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azol e-5- 100(r) carboxylic acid TMAH -
t et ranet hyl ammoni um hydr oxi deCLAI M5 What is clai ned
WO 2009286281 net hod of cl eaning a substrate havi NnBCTURIHES/087878
and dielectric damascene netal lization, the surface of
t he copper having a cap of cobalt, cobalt all oy,
ni ckel, nickel alloy, or cobalt-nickel alloy film the

5. The TELRCbERTRT) gy BPLLDG, Such SRRl g, SOLULEon L0 08 educing
agent; A0Rf RAL Ak BluMd RycRe8éihgishbarfiafy Mhddpan® oPhcdvBEsif@Por dissolved

the solution conprising one or nore am nes, at |east
oxygenone of the one or nore amines providing a pHfrom?7 to

about 13 in the cleaning solution. 2. The method of

claim1, wherein the pHis fromabout 8 to about 11.5.

9. The Bcthddof BRIMGAwAErel @k Bchningheh@bA flifieer eb@BAsdR®ne or more reducing
solution further conprises one or nore cpaneX|ng )
agents; fherAns, ohAeorgt refeciBg agaris obcingh subyaiiadlyi ganelnog scaveaging for

. -am ne conpl exi ng agent. 4. The nethod of claim 3,
dmyﬂv%ﬁ%?g?% the cleaning solution further conprises at

| east one corrosion inhibitor. 5. The nmethod of claim

3, wherein the cleaning solutjon further conprises at
10. Thg angthod,) 9k c&%gnw %%]@ee Icle@@ngrmt@@ r’;h@gvggmpnses one or more

onaESnbLfat i on of dissol ved oxygen in the cleaning
COHDSlsgﬁgt?oﬁ. 6. The method of claim3, wherein the

cl eaning solution further conprises at |east one

reducing agent; the at |east o reduci ng agent bein
1. ThergBe0 AP RRY ) 1 hERBaBF clGrne sa0Gah ot SPma e o More surface
active a@¥ME8Nas t6-prd e BRGNS vRbtifd &Y tHe dubsiiier ei n the cl eani ng
solution further conprises at |east one oxygen

scavenger so as to |lower the concentration of

di ssol ved, oxygen in the,cleani ng.s ion.8.. The
12. The it %8%1 og Flag{lé\ii’ Pﬁhﬁfel%hgrcé?aﬁuighsé)ﬂ%l[oélg#f‘#%g Qpfhrises,Pne or more water-
soluble kolvEdkter conpri ses at | east one reducing

13. The method of claim 1, wherein the concentration of the one or more amines are from about

1 g/L to about 100 g/L.

14. The method of claim 1, wherein the one or more amines are selected from the group
consisting of primary alkylamines, secondary alkylamines, tertiary alkylamines, quaternary
alkylamines, primary arylamines, secondary arylamines , tertiary arylamines, quaternary
arylamines, ammonia, primary alkanolamines, secondary alkanolamines, tertiary alkanolamines,
cthanolamine, diethanolamine, tricthanolamine, choline, amines with mixed alkyl and alkanol

functionalities, tetramethylguanidine, and hydroxylamine.

15. The method of claim 3, wherein the at least one complexing agent concentration is from

about 0.5 g/L to about 50 g/L.
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agent; the at |east one reduci ng agent being

substantially incapabl e of scavenging for dissol ved
wo@2009086230. The net hod of claimb5, wherein thePCl/E820081087878

solution further conprises one or nore reducing

agents; the one or nore reduci ng agents being

substantially incapable of scavenging for dissolved

0. The nethﬁd of claim9, wherein

oxygen.
16. ThegHUHRT i 8 dr bfTcmdRt Rolest o BRI BRASHH indiigeted from the group
consisti\f;l\% ot Q‘_ﬁfﬁ%ﬂﬁl‘l@ hEiR tl@ﬁ?oxy@érbo;ﬁf‘c R achiff a&lii pPRodphonic acid, phytic
' erein the cl eanln? sol ution further conprises one or
acid, andmrgansyadidsc whacstlgkelagohts2so as to provi de adequate
wetting of the substrate. 12. The nmethod of claim 1,
wherein the cleaning solution further conprises one or
17. Th&Bfethod@f @lasal 4 hlherss0theaRiBsiod sahilike oREMaaLS isUedld®n.01 g/L to
wherein the concentration of the one or nore anines
20¢/L.are fromabout 1 g/L to about 100 g/L. 14. The nethod
of claim1, wherein the one or nore am nes are
sel ected fromthe group consisting of primary
18. Thﬁhk:ﬂiodm'f Rism 45 edondathy calrsyibamhileisr it elddtal fyom the group consisting
al kyl am nes uat ernary al kyl amj nes, pri
of tﬁazg}ey%gﬂqqqlégzoles greg Yilal?VZ‘gtF]?F%{%ﬂ R oxy-l?eéligt)mét,z?}e hydroxybenzotriazole,

thlazoleglr ﬁ%eﬁ%ﬁip%%mzo%@icﬁé n ar g #ir% rr’i Wﬁﬁalc&ﬁdl%&yalkyhmmes

am nes seco terti ar
polyetha]lekmuindbsa nmiamgs chainh aﬂqyllmncfe tatiiaeelbgn otthathEphates rnetaphosphates

Iri I th
PhosDILfy o BPVPISHRER oA s 4 EEPREORY PyLaHK O AR g s, and

bwydom¥g&g%ﬁbﬁﬁhnﬁﬁué5 The method of claim 3 wherein the
| east one conpl exi ng agent concentration is from

about 0.5 g/L to about 50 g/L.16. The nethod of claim

19. Thg éﬁl\M}ﬁ (F 8p fltflgnr?n S?tﬂxfge%?zu 6olnagsnélng?olx%en a e Ir}scle%tration is between

Qosgﬂaﬁjﬂﬁﬁqhydroxycarboxyl|c aci ds, am no aC|ds
phosphoni ¢ acid, phytic acid, and organi c aci ds wher e
lg K for CoL > 2. 17. The nethod of claim4, wherein

20. Thég ﬁ%tht%groggﬁ%ﬁré, bvﬂ&'eﬁ{ fhQ'%t fegﬁ%ﬁgtoi'(%ein%@a\ieﬁga% WaER P13 the group
consisting of hydroxylamine, diethylhydroxylamine, methyl-ethylketoxime, carbohydrazide, L-
ascorbic acid, D-ascorbic acid, derivatives of ascorbic acid, chlorogenic acid, hydrazine,

hydrazine salts, derivatives of hydrazine, caffeic acid, phytic acid, luteolin, and sulfites.

21. The method of claim 6, wherein the at least one reducing agent concentration is between 0.1

/L to 10 g/L.

22. The method of claim 6, wherein the reducing agent is selected from the group consisting of

boron containing reducing agents, hypophosphites, thiosulfite, and aldehydes.
23. The method of claim 1, wherein the cleaning solution further comprises a corrosion inhibitor

present in a concentration between about 0.01 g/L to about 10 g/ and an oxygen scavenger

present in a concentration between about 0.05 g/L to about 10 g/L.
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18. The nmethod of claim4, wherein the corrosion
inhibitor is selected fromthe group consisting of
W@ pioangd281 benzotriazol e, nethyl -benzotri azol ePCT/US2008/087878
car boxy-benzotri azol e, hydroxybenzotri azol e, thiazole,
mer capt obenzot hi azol e, pol yvi nyl pyrrol i done,
pol yvi nyl al cohol , pol yal kyl i m nes, pol yet hyl eni m nes,
| ong chai n al kyl am nes, tetrazol es, orthophosphates,
nmet aphosphat es, phosphites, phosphonates, silicates,
24. Thedh&ibP BPSIRRO Bl BSrcindthK aXMaitl AR RSrrodlbit (Hhiffr c8f@ntration is between
bi cycl ohexyl ammoniumnitrite. 19. The nmethod of cl aim
about 091 gihér diout 26/l euisthe onleash vy radusing weengepncentration is between about
oncentration is between 0.05 g/L to 10 g/L. 20. The
0.1 g/L Fﬁgglgﬁy%1ain15, wherein the at |east one oxygen
scavenger is selected fromthe group consisting of
hydr oxyl am ne, di et hyl hydroxyl am ne, o
25. Theiaethofl 08 clayin 18 tdieravi thec@iryigem yervanecl €ongeatadebiscoehween, about 0.05
r i [ C.OF
oL to FAEFORT, i Bletoa il b\ KRR BRGR bohetibbar 0.1 ¢ to sbout 10
g/L. derivatives of hydrazine, caffeic acid, phytic acid,
luteolin, and sulfites. 21. The nethod of claim®6,
wherein the at | east one reduci ng agent concentration
26. The! rﬁet\t}ﬁ& BEQin? -ﬁé, \Qﬁééeih%él&r&!s{on iﬁl%bita—{‘@on@&gﬁ?i% Qf baﬁbvééﬂbout 0.01
6, erein the reducing agent Is selected fromthe
g/L to apoou0 gdnshesitilagpt ohe boygen scavengemiomgenteius inbetegenalsmut 0.05 g/L

hypophosphites, thiosulfi.te, and al dehydes. 23. The
to aboupXIRB R ot & et ORhER etinE P GpRSSAITALOS B VG About 0.1 9L t0
abmnlﬁgﬂgher conprises a corrosion inhibitor present in a
concentration between about 0.01 g/L to about 10 g/L
and an oxygen scavenger present in a concentration
R T L S S
active dgBiti frtdeat irCH BERhAidnOsY ibdube RN t@ st 20g/0 fofbdchtoF the at least
about 20 g/L and the at |east one reducing agent
one surfagpadiverageiton i s between about 0.1 g/L to about 10
g/L. 25. The method of claim9, wherein the oxygen
scavenger concentration is between about 0.05 g/L to
28. Thabwttiodld¥ diifiln Brwchcidie thiced cmimgsagdont fuethacamiprases anlcass one surface
active %?g%%l‘évgeilgng_p %rfétrq,, ﬁoléq, 1&90%1'1_% c%pglsigggg t@§ ?'a(%ngr{i%ﬁp élg%fa(;eh gctlvmgt ali]goeglt, cationic

surface CRBGEMIAL | Rhidic RAIMEERAROULel; Qhphoteric surface active agent, and

combinations thereof.

29. The method of claim 1, wherein the cleaning solution further comprises at least one water

soluble solvent present in a concentration from about 10 g/L to about 100 g/L.

30. The method of claim 1, wherein the cleaning solution further comprises at least one water-
soluble solvent selected from the group consisting of primary alcohols, secondary alcohols,
tertiary alcohols, polyols, ethylene glycol, dimethylsulfoxide, propylenecarbonate, and

combinations thereof.
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g/L to about 20 g/L, the at |east one oxygen scavenger
concentration is between about 0.05 g/L to about 10
w@2109/08m28 t he at | east one reduci ng agent concRCE/D81008/087878

Is between about 0.1 g/L to about 10 g/L. 27. The

met hod of claim 11, wherein the cleaning solution

further conprises at |east one surface active agent

res a _concentration of about /L to ahou .
31 The geyh S aen TopTewar e PorkenTERg wuipst&aeiig 1 the cleaning
solutm@fé@&*stha%& 'H;]e rret hod of claim 1, wherein the cleaning

sol ution further conpri ses at Ieast one surface active

agent sel ect ed fromthe group consisting of an anionic

2. TROBER S i 0 o B LR o R BRI AR g Py AR the substrate

withoutaChruMe agent, and conbi nati ons thereof. 29. The net hod
of claim1l, wherein the cleaning solution further
conprises at | east one water sol uble solvent present

' ! t : t /
Tlgegm%tﬁf]ia %"f%&qﬁlglt Fﬁl@he{r ggﬁmlp%gﬁ%qag%&lﬁ thﬁ c‘?ea?ﬁ%ustoll%tgg tg tﬁe substrate

with a tgedhut i on further conprises at | east one watersol uble

sol vent selected fromthe group consisting of primary

al cohol s, secondary al cohols, tertiary al cohols,
4. THEBIIBS Y208, 1 B U LK S, e g soluion
Mammﬂ@amhudnome¢MdehﬁnahhﬁﬁéCnunﬁeut%hﬁentration of

di ssol ved oxygen in the cleaning solution is |less than

1 ppm 32. The nethod of claim1, further conprising

35. A ommn\gl %gltfoheoﬁéﬁm fbgecﬁa{deﬁﬂ SQBsdéa@e édaﬁp@sﬂ{gst rate
w t hout a brush § [laim1, further

eonrheicrgningsb y)rmdet heHcfbletan |0l¢gn1$19|sqlmt1@1m of Bta heand all values and
wi t.h a brush. 34. The method of claiml1,

subranSUbSh:,?rr%tegth 1
Furthe or?p?l sing cleaning the substrate with the

@ﬂle@,mbm@ﬂlbleim%ag@ﬁ a tenperature in the range from
about 5 0C to about 90 0C. 35. A cleaning solution for

alrlcashPRYPAITAsPICPRIBUPE substrate conprising: one or
e a pH for the cleaning solution
g@%%t%’é %Egé gCtg{el \g/a ues and

at least one oxygen scavenger to lower the dissolved oxygen concentration in the
cleaning solution to less than 1 ppm;

at least one reducing agent having substantially no oxygen scavenging properties; and

at least one water-soluble solvent.
36. The method of claim 35, wherein the pH is from about § to about 11.5.

37. The cleaning solution of claim 35, wherein the at least one complexing agent is a non-amine.

38. The cleaning solution of claim 35, wherein the concentration of the one or more amines are

from about 1 g/L to about 100 g/L.
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subranges subsuned therein; at |east one conpl exing

agent; at |east one corrosion inhibitor; at |east one
waeebage3ncti ve agent; at | east one oxygen scaR€n{jg2008/a87878

| oner the dissolved oxygen concentration in the

cleaning solution to less than 1 ppm at |east one

reducing agent having substantially no oxygen

0. oS GEYERPL TG SRS B B SRS R TS0 Bl aines

from a‘tfdu@m @poldt aiBut 20@RAVGNd I onBbr M€ afliRBNIrBGcROLHITA the group
of claim 35, wherein the at | east one conpl exi ng agent

conmstms QBf pnmawhfalarmaes ﬂ@eortﬂlaeaﬁlhy@ar@@tmttpﬁnrbfaﬂmlanmﬁ%quatemary

alkvlapiber el n the c chntrg% 9 of t e.one or pore ag;nes Laterna

Y mé‘?é fWrng Ny | SIS IO 1. $E D EYEATEERY nY Y

arylamifi@d, dhin@hif)fprighaay B1k3BolattiiRs eictoddaey ERALSIhIRS, toftiaBf alklamines,

one or nore amnes are fromabout 1 g/L to about 100

cthanolggpineq i tERlagHes. GrctRBRUAIRG n kb1 adics oridh i Fshikreand alkanol
funct1019a]rl1g E? tG Py ét@l%l%?}tlcﬁ{le Rhl F\E&%xﬁl}a i j@am nes, secondary

am ne quat ernary
alkylan1nes primary arylan1nes secondary aryl am nes

tertiar aryl am nes, uat er nar aryl am nes, ammoni a,
40. Themlqaﬁgygysomywa Plémlééswh%é@otﬁa afrly?g%PR%%%lﬁlﬁéggem concentration is

ﬁnn1d&ﬁ{65%ﬂYuﬁh%ﬁP§5§@]nes et hanol am ne, di et hanol am ne,

tri et Wanol am ne, “chol i ne, amines with nixed al kyl and
alkanol functlonalltles t et ramet hyl guani di ne, and

41. The dr OX l mlgﬂz)tf aggé hglhérle@gﬁﬁ P@lﬁsﬁ: l&rl{%la%ﬂ]elg(mglag!cnrpcggcentratlon 18

a value (}Rﬂﬁ %B&l[teﬂ 5 QL kS abdu@ B0 PO UindOthe afhdastt &ea&ﬁ%leﬁg% gééﬂt is selected

he cl eani ng sol ution of claim35 wherein t
from tht g@sap con@stmgmﬂ cesbionyliagadi, hpdmsesarbaylioacids aanmatmés phosphonic

acid, phéf?]lg a%I g{gamc gmésn w%ereblouf{ for%eogf L, and the at |east

ng ag ect from the group
conS|st|ng of carboxylic acids, hydroxycarboxylic
acids, am no acids, phosphonic acid, phytic acid, and
42. Th@ plgalwng salafiens ofiRlate 3pgwherpisr thoserresion Hﬂuﬂoltmrﬁ@m‘@n%tmmlg between
spl s ,pn of claim35, wherein the corrosion inhibitor
0.01 g/C . .
concentration is between

43. The cleaning solution of claim 35, wherein the corrosion inhibitor is selected from the group
consisting of  triazole, benzotriazole, methyl-benzotriazole, carboxy-benzotriazole,
hydroxybenzotriazole, thiazole, mercaptobenzothiazole, polyvinylpyrrolidone, polyvinylalcohol,
polyalkylimines, polyethylenimines, long chain alkylamines, tetrazoles, orthophosphates,
metaphosphates, phosphites, phosphonates, silicates, alkylphosphonates, alkoxysilanes, nitrites,

and bicyclohexylammonium nitrite.

44. The cleaning solution of claim 35, wherein the at least on oxygen scavenger concentration is

between 0.05 g/L to 10 g/L.

45. The cleaning solution of claim 35, wherein the at least one oxygen scavenger is selected

from the group consisting of hydroxylamine, diethylhydroxylamine, methyl-ethylketoxime,
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0.01 g/L to 20 g/L. 43. The cleaning solution of claim
35, wherein the corrosion inhibitor is selected from

w0 b@gs@sp consi sting of triazole, benzotri azoP@&/US2008/087878
met hyl - benzotri azol e, carboxy-benzotri azol e,
hydr oxybenzotri azol e, thiazole, nercaptobenzothiazol e,
polyvinylpyrrolidone polyvinylalcoho

carboh;é’iquggcf E,]ar?g%r Pc? %:luil glg agei‘g} 3[:' hg]gﬂvglzlﬁe%? eagcor?)?cl a{]cid chlorogenic acid,
hydlraz1ﬁ@t E’ﬁfﬂ%ﬁ‘ 3h18S . dcAPRBRE1 JreRydrPHRS PHPRAL 88d, %h%i& ati@S luteolin, and
yl phosphonat es, al koxysilanes, nitrites,

ﬁﬂﬁwalcycIohexylannDnlun1n|tr|te 44. The cleanlng
solution of claim35, wherein the at | east on oxygen
scavenger concentration is between 0.05 g/L to 10 g/L.

46. Thé2lcaling s6lugidioN@lan@l 35l WhBreaf thel AileRsBonc WaRsiRE Bgdnd@olentration is
| east one oxygen scavenger is selected fromthe group

betweer Bkt Hy2df hydr oxyl ami ne, di et hyl hydr oxyl ami ne,
met hyl - et hyl ket oxi ne, car bohydr azi de, L-ascorbic acid,
D-ascorbic acid, derivatives of ascorbic acid,

47. The fbll@hﬁg&im)llwtloacabelalhyﬂ:ﬁ axhdrein thy deduzingeagsad isSs,elected frorn the group

. derivatives of hydrazine, ﬁffelc aci d, phy%

consisting OEBPOR Co%tﬁ’cﬂmé%ﬂefiﬁ“t“é% agents, hymphesnbitas. tpiosbits ﬁ%ﬂé?hydes
claim 35, wherein the at | east one reduci ng agent
concentration is between 0.1 g/L to 10 g/L. 47. The

48. Theodl eam gngpligwinuificbmmoys, whafetin 81, at Whstr @iercottosion élliliblitcvrgs present in a

concentéagmlat?e&]\fsfe%egrbggtﬁ %ﬁ F%lt qhggzlg 6”8 §%iq gti légs% one oxygen scavenger is
present‘irhh @&iﬂeﬁﬁzﬁmn%%é@n%ﬁﬁﬁ?% 8t0 abb& 1 gani ng sol ution
| ai m 35, wherein the at | east one corrosion
|nh|b|tor IS present in a concentratlon bet ween about

49, Theocl Oa:}'nl%gsl‘ohtlti)on IC}Oclllalrn 5, %herem gghe all}%eals ? e%o%%og?orﬂem ﬁ@gofﬂncentratlon

resen concen ween a

is betw@enoﬁoogf b.otl %E heubodtR004/L. ardiSthe Thas @RMNcMgLiSO bk @Bn@htration is
cl ai m 35, erein the at | east one corrosion inhibitor

betweer ghpsé Atlrgdk itoribpet Wet/leen about 0.01 g/L to about 20

g/L and the at | east one reduci ng agent concentration

IS between about 0.1 g/L to about 10 g/L. 50. The
50. The(dl@ahigmglmiohuifichhn 36, whatimtBSat ledpevet oxjighe satvehgrsbncentration is
ne ogy en scaven er concentration is between about

betweer apat 05> £4- SbET 18 g 1andibe ehisash oncedtcipn aeqid d Ganaqgtration is
betweeRGEIHE 09QPE LB 1Y/ S

51. The cleaning solution of claim 35, wherein the at least one corrosion inhibitor concentration
is between about 0.01 g/L to about 20 g/L, the at least one oxygen scavenger concentration is
between about 0.05 g/L to about 10 g/L, and the at least one reducing agent concentration is

between about 0.1 g/L to about 10 g/L.

52. The cleaning solution of claim 35, wherein the at least one surface active agent is present in a

concentration of about 0.02 g/L to about 2 g/L for each of the at least one surface active agent.
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bet ween about 0.1 g/L to about 10 g/L. 51. The

cl eaning solution of claim35, wherein the at | east
W@a@908280si on i nhi bitor concentration i s bet we@€nUsi»o8/087878

0.01 g/L to about 20 g/L, the at |east one oxygen

scavenger concentration is between about 0.05 g/L to

about 10 g/L, and the at Ieast one reduci ng agent

53. Thegﬁga%lergzsro lslti?gan: ciaé Zt},? glg gqastccﬂlg %eaakl)c%%% Iaéglﬁ 1S an anionic
surface taréﬁv@ta%én% a§5t109[b951§r5hrc5 %ﬁv@ﬁgén\f enGUSME suffaly §cstﬁz'ét ageﬁt Gmphoteric
concentration of about 0.02 g/L to about 2 g/L f
surface geftve agent, hecambihatzss themeofsur f ace acti ve agent. 53 The
cl eaning solution of claim35, wherein the at |east
one surface active agent is an anionic surface active

54. Thea@&ing sféﬂitioﬁrbf‘éla%ﬂ%aﬁ/ﬁe@ﬁi thy @t REEBhe WAGRIsORbE BWhAEresent in
active agent anp hoteric surface active agent or

aconce@@#blnnfmm@h%uttll‘?eg/]eé? aboys 100r@-- ¢l eani ng sol ution of
claim 35, wherein the at | east one water sol uble
solvent is present in a concentration from about 10

55. Thektleating ablatibn ﬂ)ﬂ@lagﬁ B35, Whereihhte at Rastiong vedruolubie @flvent comprises
clajm 35 wherein the at | east one water sol uble

primarys oplgabels.c obRsPRdEy Gokalsy Aol 8lcokals onkplys)s: “ethylene  glycol,
dimeth AL 3R bR YRhgehol s, polyols, ethylene glycol,
e }3% net ﬁdyef grul?]?%il de, 1ror pr opyI enecarbonate. 56. The

cl eani ng sol ution of cI aim 35, wherein the

concentration of dis gld 0X en in the cle

6. THE Gl g e AR  CORCETURAAT 1R Splifst gppveen in the
cleamné Mlu@dh 1sMEL IRt BFbf] rCUI t substrate conprising: an
am ne at a concentration fromabout 1 g/L to about 100
g/L to prow de a pH for the cleaning solution of 7 to
57. A c}?an fig asgﬁltlgﬁ efa 0L nef?lteagpa %ds %}}rﬁua[ g%ﬁsstra%f %(nlilf}r:rgs%%gﬁtr elal? aand
eI dtal ¢cﬁi@eﬁtfa@ﬂa§h&’ﬁﬁﬂtab&1t5l g//LJ_tot £boab 000 gA0tdprevide a pH for the
corrosion_ inhibitor at a concentration from about 0.01

cleaningpolutien efbbier 1 xmdgitl valugs snd peluangss sulsamad diprcigt and
COREeRLL gt ion of 0.02 g/L to 2 g/L;

a non-amine complexing agent at a concentration from about 0.5 g/L to

about 50 g/L;

a corrosion inhibitor at a concentration from about 0.01 g/L to about 20
gL;

a surface active agent at a concentration of 0.02 g/L to 2 g/L;

an oxygen scavenger at a concentration from about 0.05 g/L to about 10
gL;

a reducing agent at a concentration from about 0.1 g/L to about 10 g/L, the
reducing agent having substantially no oxygen scavenging properties ; and

a water soluble solvent at concentration from about 10 g/L. to about 100

g/L.

58. A method of fabricating an integrated circuit, the method comprising:
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an oxygen scavenger at a concentration from about 0.05
g/L to about 10 g/L; a reducing agent at a
w@owees28ati on fromabout 0.1 g/L to about 10 BETL/PS100&087878
reduci ng agent having substantially no oxygen
scavengi ng properties ; and a water sol uble solvent at
concentration fromabout 10 g/L to about 100 g/L 58.
r.ated circuit

d qf |cat|n anl
lﬁﬁaﬁﬁfgkﬁﬁ@mg AT ﬁ?fa%%e%w%}lzaﬂ%m?r
ﬁﬁﬁi gl'e@tllr(ﬁ6§srdeﬁoﬂ%@%ﬁ@sﬁﬁib@ﬂahﬁ@lgl e @Y QT cap %bﬂ@nsmg at least
electroless deposition to deposit "substantially on
one of thethdmigaledgmenthpri si ng at | east one of the chenical
el enent s coq{h gnd ni ckel ; cleaning the substrate
af ter depo§T¥T'dfi f the cap with a cleaning solution
conpri si ngni@Relam ne to provide a pH for the cleaning
solution of 7 to 13 and all val ues and subranges

slgpygnthy subsFase aftersdepositien e thsowporitl p &loanse, solgtien epmprising an
amine tB %Fovcféiee gr thE lcf&u’nﬁg 8&1[1 161?8 fgjegﬂdsaﬁls\{a]&;&% 284 sﬁ'ﬁﬁlﬁ%ﬁs esubsumed

gent's one o e one or
thmenlcoaneX|ng agents is a non-amne. 60. The nethod of
claim59, wherein the cleaning solution further
conprises at | east one corrosion inhibitor. 61. The

59. T}%e ﬂl@docff 851%{ '31853/'her\@?€'ﬂ€e' Bcddig %Bl%ﬁ@h TertRQ! Wb ﬁes one or more
ur e e

r conprises at ast one xygen scavenge
complepingwgeles, antl etenst oon ot roat oomood calmEsohy egenoxiy gemmamme.
the cl eaning solution. 62. The nethod of claim59,
wherein the cleaning solution further conprises at

60. Tﬁeeﬁ1%¥ho‘an@f BB GINGyIRESAtthe Ict@ningasilutRdRerui ey %bﬂﬂ@rlﬁﬁeﬁt least one
eln%lsubstantlafly i ncapabl e of scavenging fo

corrosiafi isBivitoed oxygen. 63. The nethod of clai m 60, mherein
the cleaning solution further conprises at |east one
oxygen scavenger so as to |lower the concentration of

61. ThélmSeRl\6Edlatx ygewhérdint the clehEag klgtisouthiePEomprises at least one oxygen

scavenger to provide a lower concentration of dissolved oxygen in the cleaning solution.

62. The method of claim 59, wherein the cleaning solution further comprises at least one
reducing agent; the least one reducing agent being substantially incapable of scavenging for

dissolved oxygen.

63. The method of claim 60, wherein the cleaning solution further comprises at least one oxygen

scavenger so as to lower the concentration of dissolved oxygen in the cleaning solution.
64. The method of claim 60, wherein the cleaning solution further comprises further at least one

reducing agent; the at least one reducing agent being substantially incapable of scavenging for

dissolved oxygen.
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64. The nethod of claim60, wherein the cleaning
solution further conprises further at |east one

WO e@oo8G2g1 agent; the at | east one reduci ng agePCT/b8i008/087878
substantially i ncapabl e of scavenging for dissolved
oxygen. 65. The nmethod of claim 61, wherein the
cl eaning solution further conprises one or nore

reduci ng ents; the one or, more reduci agent s. bein
65, THe HEaR O Dhc BT fi CleERUE ARG HOR G GO ingy one or more
reducin@%Y&RE th&ne IBRoBENREh O pchis MeMoGabWaRTaBly IndaB&ble of scavenging for
' cl eaning solution further conprises one Or nore
dissolvasbexygei.on i nhibitors to protect the cap or retard the

di ssolution of the cap in the cleaning solution. 67.

The nmet hod of clains 58 wherein the cleaning sol ution

66. THeUfketh®l STOFMRIi $8S wWABRID EhTBIEShifE kbRAEEn SGithdtEcorgRIIES 08O or more
as to provide adequate wetting of the substrate. 68.

corrosiophihipEprsde PETLed [t ¢rpm8 retofdehe figsalwéoncofdhn Fayindbt eledrapg solution.
further conprises one or nore water soluble solvents.
69. The nethod of claimb58, wherein the concentration
67. Thef mtthed afi dlemisS5& nadterdbalid cleagihk sotutidhofutthdiObrgprises Ble or more
The met hod of claim59, wherein the amine is sel ected
surface petyyR a2RREs §P B4 [P EHEF sfsgicoretiing %@9 sahsigtean nes,
secondary al kyl am nes, tertiary al kyl am nes,
quat ernary al kyl am nes, prinmary aryl am nes, secondary
68. Thametladiafekim I8 mhicwny thardjdaamgreelitioq daitlear mamyrises one or more water
aryl am nes, ammoni a, primary al kanol am nes, secondary
Sombhé?&gﬁﬁlanines, tertiary al kanol am nes, et hanol ani ne
di et hanol am ne, triethanol am ne, choline, amines with
m xed al kyl and al kanol functionalities,
69. Thetra¢thedvef ¢lying 6%nvitireie theagracenpeition v thei anaine Bifroriabout 1 g/L to about
lOog/Ln”ethod of claim60 wherein the at | east one conpl exing
agent concentration is fromabout 0.5 g/L to about 50
g/L. 72. The nethod of claimb59, wherein the at | east
one conPIexing agent concentration is a value from )
70. Thegpethed of laign £9+ whagpighe sming/ip sclagied fram the gravgsqongpigng of primary

e S 003 5L R BB 340 i

arylamiaed, dscofpdadg prglaiminaci dertiahy targamadied, qaadrmaryganylemaesdsammonia,
) where |g K for Col. > 2.73. The nethod of clai m60, )
primaryyt kel cé?qoaéwn AP MRS, CHEER: AKATQIAMIngs,  cthanolamine,

diethan@l%ﬁl‘{ﬁae’? %Qh%leﬂﬂi’ne, choline, amines with mixed alkyl and alkanol functionalities,

tetramethylguanidine, and hydroxylamine.

71. The method of claim 60, wherein the at least one complexing agent concentration is from

about 0.5 g/L to about 50 g/L.

72. The method of claim 59, wherein the at least one complexing agent concentration is a value
from about 0.5 g/L to about 50 g/L, and the at least one complexing agent is selected from the
group consisting of carboxylic acids, hydroxycarboxylic acids, amino acids, phosphonic acid,

phytic acid, and organic acids where Ig K for CoL > 2.
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to 20 g/L. 74. The nethod of claim®60, wherein the

corrosion inhibitor is selected fromthe group
w@oengis2sng of triazole, benzotriazole, PCT/US2008/087878

met hyl - benzotri azol e, carboxy-benzotri azol e,

hydr oxybenzotri azol e, thiazole, nercaptobenzothiazol e,

pol yvi nyl pyrrolidone, polyvinylal cohol,

73. Thgwoléiﬁgfjﬁ.‘léénmn&&vylg‘g%% zliehgqlgfogipgpiﬁgégﬂ%? . er(lzt?aa‘gorﬂ is between 0.01 g/L
tozog@ptaphosphates, phosphi tes, phosphonates, silicates,

al kyl phosphonat es, al koxysilanes, nitrites, and
bi cycl ohexyl ammonium nitrite. 75. The nethod of claim

7o, TS Bt Wb o0 S R S R B P e o
consistifig, ‘oher giaddoliche BonyaEazsl6av enayl-béhzsRlagsieed dakuRyttRazotriazole,
roup consisting of hydroxyl am ne, ) ) )
hydroxlgq e@gcﬁyg@g}@ rtblﬁ;(plg,nmﬁ@gptﬁbqq@mmegp}w PRIy Binyerolidone, polyvinylalcohol,
y ' |- asC | C | d r Qi i.d,
polyalk RS o BREReni i S THERL Lol SRS JbaBf™ othophosphates,
metaphbyptin@z,i phesphised) plrdspleoraads) silicaey; iallalphosphonhitchyakamisiienes, nitrites,
.caffeic acid, phytic acid, luteolin, and sulfites. 77.
and bicyqleheyylagROEMANEiisn 62, wherein the reduci ng agent
concentration is between 0.1 g/L to 10 g/L. 78. The
nmet hod of claim 62, wherein the reducing agent is
75. Thewletotled claromlt Wwhergmabp oxygesissévengerafonbmtation oritegweanhoS g/L to
log/Lreducing agents, hypophosphites, thiosulfte, and
‘al dehydes. 79. The nethod of claim58, wherein the
cl eaning solution further conprises a corrosion
i nhi bi tor present in a concentration between about o
76. Th@mgthog/of clazm &hhowhereid the oxyped seaveogsrgeselestedy/izorgdhe group consisting

resent in oncentration he e bout Q.05 L.to .
of nyafsSRFM' GrfyiSBT St MslShPREaRRTS, Sl feL-ascorvic
acid, DakcdrBidsdcid deri eaivied 8f Adtotbihbéitlf eHlorogeieatidahyddnzihg hydrazine salts,

_ between about 0.01 g/L to about 20 g/L and the at
deﬂVath@%@;fthYéF?éll}ee@ﬂfﬁq“h@clag@ﬁtlc egaclarrolintandulfdeshet ween
about 0.1 g/L to about 10 g/L.81. The nethod of claim
65, wherein the oxygen scavenger concentration is
77. Théetedmerofaiimt 620 whbreid thetrodwiapigehOcgickntentbntihidetween 0.1 g/L to 10
reduci ng agent concentration is between about 0.1 g/L
gL to about 10 o/ L.

78. The method of claim 62, wherein the reducing agent is selected from the group consisting of

boron containing reducing agents, hypophosphites, thiosulfite, and aldehydes.

79. The method of claim 58, wherein the cleaning solution further comprises a corrosion
inhibitor present in a concentration between about 0.01 g/L to about 10 g/L and an oxygen

scavenger present in a concentration between about 0.05 g/L to about 10 g/L.
80. The method of claim 64, wherein the at least one corrosion inhibitor concentration is between

about 0.01 g/L to about 20 g/L and the at least one reducing agent concentration is between about

0.1 g/L to about 10 g/L.
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82. The nethod of claim66, wherein the corrosion
i nhi bitor concentration is between about 0.01 g/L to
wW@bwunsa281 g/ L, the at | east one oxygen scavengeCT/US2008/087878
concentration is between about 0.05 g/L to about 10
g/L, and the at |east one reducing agent concentration
i s between about 0.1 g/L to about 10 g/L. 83. The
nmet hod of claim58, wherein the cleaning solution
further conprises at |east one surface active agent
81. Th@fn%ﬁf‘oﬁtof e BONRERIT @k 'oQ?gé?lfschgEr nlénttibn iPbAROY about 0.05
2 g/L for each of the at [east one surface active
g/L to ahgeni0 gdandtheatducargsageoheorsantiaime iadeiwaesn agewft0.1 ¢/L to about 10
oL ani oni c, cationic, nonionic, anphoteric, or mxtures
" thereof. 84. The nethod of claimb58, wherein the
cleaning solution further conprises at |east one water

ubl e sol vent Eresent in a concentration from about
82. Thqmeélpd of slain @ét whepinghe corswonnmblbmr pRIGCRIFation s hetwgen about 0.01

g/L to a}’M&S{ ?(5 @Lt tﬁ?e t lg??s@' Bi%gé %&r éotﬂgéntr%%g}? A l?eletﬁzg% about 0.05 g/L

eas er so jIrven I'sing
to aboudlll 0 Q0| #hd &e @0 st (yneaﬂed@ch@g Sgerit ebhcteatrytl@i isollsw\tvsen about 0.1 g/L to
ol yols, ethylene glycol, dinethylsulfoxide, or
abmﬂlﬁ &dpy| enecar bonate. 86. The method of clai m 58,
wherein the concentration of dissolved oxygen in the
cl eaning solution is less than 1 ppm 87. The nethod
83. Th@ﬁlediodiotﬁ\c&&n SBuwhérem tbonjernisg ngluampfurihegcdrhpriseh etleast@ne surface

olution to the substr Wi ut a brus
active 3G RIEHEBH ch APHCBEE R Al et {%B?r@ﬂr & ﬁm%pe/ﬁ Ay St the at least
one surPa!c@ ABHNDaal Md fhré dt QedsNEn SHURRLE Ak Mdeht B RSN B8onic, nonionic,
he nmethod of claim58, further conprising cleaning

amphot@‘lh@ og uhstureatteero@ft h t he cl eaning solution at a
tenperature in the range fromabout 5 0C to about 90
0C.

84. The method of claim 58, wherein the cleaning solution further comprises at least one water

soluble solvent present in a concentration from about 10 g/L to about 100 g/L.
85. The method of claim 58, wherein the cleaning solution further comprises at least one water
soluble solvent comprising primary alcohols, secondary alcohols, tertiary alcohols, polyols,

ethylene glycol, dimethylsulfoxide, or propylenecarbonate.

86. The method of claim 58, wherein the concentration of dissolved oxygen in the cleaning

solution is less than 1 ppm.

87. The method of claim 58, further comprising applying the cleaning solution to the substrate

without a brush.

88. The method of claim 58, further comprising applying the cleaning solution to the substrate

with a brush.
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89. The method of claim 58, further comprising cleaning the substrate with the cleaning solution

at a temperature in the range from about 5 °C to about 90 °C.
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