AQUEQUS ACI DI C FORMULATI ONS FOR COPPER OXI DE ETCH RESI DUE REMOVAL AND
PREVENTI ON OF COPPER ELECTRODEPGCSI TI ON FI ELD OF THE | NVENTI ON [ 0001] This
invention relates to a mcroel ectronic cleaning conposition suitable for
removi ng copper oxide etch residue and for prevention of copper

el ectrodeposition and a process of cleaning mcroel ectronic substrates
usi ng such conpositions. The conposition and process are particularly
useful for cleaning post photoresist ash, post etch Cu-dual danascene

m croel ectroni c structures. BACKGROUND TO THE | NVENTI ON [ 0002] Previously
m croel ectronic structures enpl oyed alum num alloys with silicon dioxide

diel ectrics fOfA(?ﬁEGfﬁR@iﬁﬁ lvéﬁmf@rlbws HOM €0PRkR ©abE aMiciEs REMII®E OUS
cl eani ng conpositions were devel op d avail abl e for g%#sfactorlly

cl eani ng post eREMONVad; 4B PW&’I%WQH% EPSBER ELEGTRORE ¥Rs in the back
end of the line (BEOL) processing. However, with the need for smaller and
smal | er geonetries to neet the need for incre ﬁg\éspeed and integration
density these al um nuntsilicon dileldy gE T Hﬁt@?@%ﬁ t systenms have been shown

to be i nad@gyatiis ifRREAGHEE fo) micOPEGIond ¢ Rhni ARGOENE Sitblicfor@vinkt h | ow k
di el ectrics have been de eI 0 d and are repl ac tqult he. .al u%rgcnum sj | | con

di oxi de i nf°BPESHifEEfes rog PioRtexraron ¢ odis OSHINELE B PEFH%r connect
st ruct ur esclénane Mr&ﬁ@ﬁbr&dsmsmdtli@ hﬁﬂglﬁmh &mpomﬁomaﬂmmmsu@mdd proodsk sms f or

BEQL cl ],ut
basedcagﬁgfl?% Cé‘g‘fi 1“”8le OI[SL ecﬁ(&gﬁ%epoét g‘gﬁom’ M@&guaelYC%trj)aéﬁg%ggﬁ%ggs?@ gg? 3?e on

a silicon I&u}mtebtame:strame@& and Cu(O—|)2 f| | ms or residues on the surface
are dissolved in the acidi d thus produce |arge
anounts of copper (Cu2+) |%n§k dtLﬁ?Dgol Eﬁ%%ﬁcc@dl ng the follow ng
equat i on. m@mﬂ)@mlgm&@mwm Qtnwtuzdsmpnwhalmewhtailca)fs veitppleron wiogiiei n t he
structure, %1 cﬁn(% rf'mc @%i‘(x)zn%gp ﬁrgt(é;]ilg% Bl%%”ﬁg h:? CxNSJ li‘\ﬂl%k:kogp clfeﬁgfé &)%Qildn@ the
silicon substra occur S|gn|f|cant undesi rab ep03|t|on
(al so cal | edocdpgercdenr ugilen) fohsrtistethaly cdpsme m‘*‘a§mhr@31@1%5‘nﬁ@6‘t 89lito the
electron r i 30 6 BCLNQBRON) FiBkeshiRAGIIRRCARIE @Br esent ed
by the fol ':n%vl;&eya g‘ﬁg{u?%%]ﬁ?g%gtl on ecfuatlleg(% mﬁe Bser@égéi-*C:lJe Sut:h cat hodi c
redeposi t i esd & q@é];lméﬁd praallg gpamgtiphigarger Bppeeddgingreastr treed d|ifpgROR opper
features tQatiexlendfitunl/fidiht 86xidPeGbibomed| @&cfﬁ@llﬁ% wedtl dhgvestd tei N
defects during subsequent processing steps ﬁ gect ed ghat Cu
redeposi t i Bacedraty Cruesgrentip %PH?@F‘“”&S@%“K%@‘F”@WFHSQ’WI]‘&V& Q’FE GOLIR

surfaces aﬁ&el@ﬁfcﬂ%%@ﬁaE@la@ﬂr@@l@hlﬂ&nﬁﬂlis&ﬂdoﬁﬂﬁxﬂdhﬁteﬁ:oﬁ%ﬁﬂs |s present as a
result of the c|eaning proc

i S here |rableto
e bl ot olOBF B s esE P 9 QUBERE FIBHEM P ERE® FiYe eBE b S Rab cr
renoval angkt W]ﬁfﬁﬁie&rsuﬂabmﬁmﬂipﬁﬁ[BUEOQrtlepﬁlﬁg/ﬁﬂissFoﬁBxasmllswmllteﬂaldyylg@hiﬂfm nat es
copper redeposition ne mcroelec e.
[0005] Wt R Weaqb\?ﬁ’\)%ﬂ{] bgsfeg){ll‘ﬁ ¢ SOI%HOSf gr ﬁuce P poﬁtfegcr%c(g}n nec %ﬁscgiesﬁﬂgéﬁ%on of
such inter ﬁ::omﬂéml s{ﬁaﬁ*atalaﬁp(“m(hﬁamgémmlﬂ}ﬂﬁbmd r@fdupsamshmtfamgretdﬁséolwbper with
dielectric i N or [ Is
resul ting %P Spfé fﬁlmn(g emr umlc;]”‘ts‘lsndvagzll\gtl)oﬁléﬂlé% 1%%& mlnglﬁ't‘ﬁ}& Oﬂ)gfsj egdﬁlgtl%mgvm d
t hose pr obk@mnmmhintgh& ﬁ:&cmlmieqsalmr al i gned netal caps that produce
i nproved el ectromagnetic and iy €SSyd Lf elnBse-hyidhe use of, for exanple
CoWP nmet al capping | ayers foF t'he copper interconnects. However it is
i mpor t ant  tihat regufieotdwperyi Midsty b st Sfspiip! vl cayseted dupgh it BRhBECSHr i ng
etch and Sh’hh&%ﬁg o QE@%&%@%YMJHG&Q O Sucud ﬂgwﬁﬁmh‘trJnh@;'imlﬁmélioﬁ'ﬁm @b the
present invention it Is desirable that the acidic conposition for use in
t he copper caixil depret etirupienoviate tRapPisT é&?éﬁ\tﬂéﬁﬁ"r"ﬂ@%l@fhfhéh{@f"&?f‘l yehellidfichat es
copper redgpRsi ti AR RRu@nGHiedUaleiGRIRSGRBAJ 16T B8 lI8IGEQNIBuctib Hatushe al so
be able to maintain the durability of the netal capping |ayer during etch
and stri ppPHgliPr ocesses. SUMMARY [ 0006] I n accordance with an aspect of the
present invention, there is provided an aqueous, acidic cleaning
conposition for cleaning Cu-dual damascene m croel ectronic structures, the
conposition conprising a forrmulation of. (a) from 96.86%to 99. 30% wat er;
(b) fromO0.3%to 0.8% by weight of at |east one al kanol am ne or
am nophenol; (0)fromO0.1%to 2% of at |east one netal chelating agent;

i



(d) fromO0.05%to 1.6% of at |east one tetraal kyl ammoni um fl uoride; (c)
from0.1%to 1.5% of hydrogen fluoride; and optionally fromgreater than 0%
to 1.5% of at | east one non-ionic surfactant that contains ethyl ene oxide
chai ns or ethyl ene oxide/ethyl ene (gpkycal _ghai ns; wherein the percentages
are wei ght percent based on the total weight of the formulation and the
conposition has a pl4 of from4 to 5.5. In accordance with another aspect
of the prégehpdip redenvsitiono! qohear és lighlpwoleiidbld aad pspdic ésleree epppet @wu(evtloopper
etch regig,f HOR é?:?ﬁc \H)Jl “95]1%{!11% 1ca§thn JPO&E afhi§ bu %gg%kocg@ﬂﬁ%&?

m croel ectronic stru ture, erein e process cofip rov drng a
m cr oel Bcipsniceted il Coredengbison EII@CMTIEf)t11Ma>¢$@ﬁ oyhee hlgeb@imerrbcw@d@ surfaces

phot or egiogk, A& e RAThe SRSl Qﬁ,rasﬁ %9?1@?\%1(6&1‘5&&&11“@%1&93 a via
structure electrically connected wt usi on regl f the silicon
substrate, and (b) exposing the post photoresist ash, post etch a Cu-dual
danasceH@OHHC$d®kémthmhhchmbmotMﬂéknopwvwheamﬁﬁgcomnpﬁsmﬁbommasu@b@cIosed
herein. ,Lin. 6¢ 1%9%“9&1 cﬁéin ﬁBPcoﬂi BSIE‘O%P%SJCH{B or #@Saﬁfagiaﬂ%n&p %BBA; there
IS provrded a process d er
photoresﬂaﬁmaemonp@sﬂuéﬂwhmcmmdmabddamasoemennicroeIectronrc structure h
wherein the process conprises (a) providing a nicroelectronic silicon

bst t t t Cu- dual
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aspect oﬁhthempMedenmgkmuemtM@mummhﬁﬁecmsn@moumdedm@n@momeSﬁm§m%umhﬂ@nrng

copper etch rd due fro ofore t ash ost e Cu- dua

pAqiegic 4 Rl SNl S A SR A e e S

pr ocessingonpitilsesie dqabiliprahietapygnplaydr b& oeinedted dmiirg esdhlané aripsinpsbrate. waf er
havi n | east st t ash amascene

ooy ol PhertB3h g WP b PR Bl B ical R ouPrs bBiibiertis TRt R 2TRBSERF usi on
regi on & uidie tigichpreosxidudat eaben] tiachrbaispgsibstaalARy aghahteCcapperatidpésiijon
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accor dampeinpldyby dunog biell amispapingeloctdes. present i nvention, there is provided

a nethod of form ng a conposition as disclosed herein conprising adding 10

parts by weight of water to 1 part ?%ﬁ ht of a fornulation conprising:

(a) from®69.46%to 89. 5% wat er; (b) }dﬁ4 %to 8% by weight of at |east one

al kanol am ne or am nophenol ; (c) froml%to 2% of at |east one netal

chel ati [WBoA9e Adcordbcbe vifitﬂlcémagj e %r iR gilesg?(%%utﬁ)‘il, Jll@i@%pl%&dtdg%{]t%{lﬁk)ﬁlgimmnl um
Y%

fluoride; (e) froml%to of rogen fluoride; and
cieamng;, composition for cicanmg, ; Cu- dual damascene microelectronic structures, the composition

comprising a formulation of:

(a) from 96.86% to 99.30% water;

{b) from 0.3% o 0.8% by weight of at least one alkanolamine or aminophenol;

{c) from 0.1% to 2% of at least one metal chelating agent;

{d) from 0.05% to 1.6% of at least one tetraalkylammonium fluoride;

() from 0.1% to 1.5% of hydrogen fluoride; and

) optionally from greater than 0% to 1.5% of at least one non-ionic surfactant that

conlains ethylene oxide chains or ethylene oxide/ethylene glycol chains;

wherein the percentages are weight percent based on the toial weight of the formulation and the

composition has a pH of from 4 to 5.5.



(1) from5%to 15% of at | east one non-ionic surfactant that contains

et hyl ene oxi de chai ns or ethyl ene oxide/ethylene glycol chains, wherein the
per cent ages are by wei ght based on the total weight of the fornulation. In
accor daﬂci%%ao@ ol FROLRESer %ga?%m@& el d1ei PLASE nﬁcge \éﬁﬂ%@ﬁ‘pa SLAETE clcnify OVi ded
a met hod ormng a comnposit di scl osed reln conprising: (1)adding
10 part&rby ojudirgpirtue élfmlwameimllt)@rcilbipﬁh trof wolubiugtun! damagepomelsicleianc .

conpri singid @?l 1@1'11?1[‘(9 £A0% 089 S% water; (b) from3%to 8% by wei ght of
at |east one al kanol am ne or am nophenol ; (e)from 1% to 2% of at |east one
met al chel at {ahg agewﬂms@(a@k)lcrml@ﬂwawSwfelbsuﬂzqt@%\bﬂficrahawrléelsi@dsuwe post

tetraal kyl ammoni ugg |, %'ihéﬂ pos{ &h éam&ams@cné%mm@wﬁq% file@rd de; and
from5%to 15% of at least one non- Ionic surfactant that contains ethylene
oxi de chai ns or etlhgiiceHis coxpded witlhyNediBuginregipn efihe ﬁ50011\ﬁw§ﬁé1r9rﬁﬂﬁhe
percentages gpe by, Wel oMk Hased, 00k hiep (Iispéiéﬂ @@'d&nt’laigffscénla%l&‘a{l@&lﬁloﬁk' on, and
(2)adding to said rlesuzT ting mxture a reducing agent in an anount of from
0.5% to0 20% by weilghktrdagelagng ecmwositienads dwslogithesin.t he ot her conponents in
the resulting mxture. In exanple embodinents there is provided a highly
aqueous acidic cl eaning conposition for copper oxide etch renoval from

Cu- dual Inderradrenwitivitothsesped pothe Bresant ineentipp shainid PiYEled p Rrocepaforcapivsi t i on
pr event &t SISt AL Ald oG MO £R, p%QQR‘ﬁrCu[(ﬁlQ%%%';crch&ﬁlc%l&h&upj dual
damascene m croel ectronic structure. There is also provided a process for
cl eani ngriewppevhetcetihg metedironrign a post phot oresi st ash, post etch Cu-dual
damascene m g oel g,%mg@,laqma%ay&tomc%nae@«ecrugaamé\bﬁe,n{aeﬁg§§ea@pmarﬂo§es (1)
providing a mcroelectronic silicon substrate wafer havin | east one
post phot or esi st Blsforeshnath, pasciclitiu- Mﬂalﬁféwﬁé‘eti‘?@ll%}tlfr‘fmgthéStwaWiﬁng a via
structure el ectrigaldiyy gg&{ﬁ@&&(ﬁ\gitl\{\ﬁ thlﬁl}srk‘(\ﬂllCEIGh bf t‘H§§1Q&nQ@&'ﬂQ{Q &b the
silicon substrate and exposi ng the post photoresist ash post etch

Cu- dual dana@vdeneumoamo@r:eeql Plniiresis pehy pesipteh § Gu-dnd denessericngcoeRp®sict i on of
this invention fOgmﬁuﬁét%%@ieqlqneé&ﬁﬁﬁs;w@dstalmqa%J,@rrperature to clean the
post photoresist as post et ciﬁ dual damascene m croel ectronic
structure. There is also provided a highly aqueous acidic cl eaning

CONpOSi fn' aganzlﬂl be GRIP Qr%hep)fépgcﬁ 0?1:[11@ B;cE&U&VéﬁtmE rt% Q‘;Br(g%ti a gﬁﬁ@s'é G5 r&ﬁanmg:

m croel ectronic structures having netal capping |ayers wherein that

conposi edrper airbtresiie yropraaveimhstoprissishsvsiptahidhtuabdaniapeeas BT
redeposgtmc&pe19,@11;@%%5%91'% RAGEAE pALGL OghRRLEONi ¢ structure during the
cleaning step b al so prevehts or suBstantl ally elimnates etching of the
met al cappi ng ayenov(dm@hma@clact@mpﬂwn abstesppitpighariag et lyashencingy t he

cl eani ng process iﬁ‘{&lﬁ&esﬁéﬂﬁﬁ) P&¥ akh @@9@11 Bgmlsa%ﬁ%rsl%udaﬁghzgﬁﬁeﬁét sthRwide

m croel ectronic structure | eani ng conposition may conprise a
fornul ati on havi ngle@lglll-]yg@nnﬁtpiginvaib@ﬁt dlﬁfu?ﬁlt weigbolthe ligngneptiaspd haingg,

consi sting essent pglypy,@f R, 1GPNSi sting of the follow ng conponents: water,
at | east one al kanol am ne or am nophenol, at |east one netal chelating
agent, at |ef3t omwosieg ﬁ?aabwh@mmdﬂmwtaew@e dugplamgssepcopeiogsaionig, but
preferably, at |egsl.@ QA0 Corsibshiastantadhat&ontains ethyl ene oxide
chains or ethyl eng1 SXL?cde/ etbﬁyP% OI%SVCO%S T1a(| ns. uh\/ﬁhen such a cl eani ng
conposition is to be enpl oyed to clean such mcroelectronic structures
wher e tRELEhimoPbER Sline? RpbdSr Bb bHEEMGoioNBAAL R nh BB or RIGR,3S @
CoWP i tﬁ1 S esﬁ(’reg ]ﬂ‘qm r)]We for rrm&a i (?neia((j)dl ti olr? 1y ecorlllt ain a redu0| ng
agent t eomiehitibi ts dtcaibdigrof comeisvapiling! A ryeby andhitensbip raderaeieh ois

dur abi I'] ?&fm 11‘1;{1& wg{}%hgtl on may initially be fornulated as a concentrate to
be later dilut additional water for use or may be fornulated as a
ready to use(@dm@épﬁﬁ%ﬂog?ﬁ"oo\m@l and generally preferred, enbodinment the
formul ation ‘ S 6010 gs,;, tduBbind®imin®tr £80shaks of water,

nonoet hanol aﬁmgﬁg,m ‘z@ B ﬁ%i;ﬁ(ggé (%gr#ﬂne r(lao rnggcétql cI zjm d '(CyDTA)

chel at or, t etadmet Ayl @@mlaumat brgonétgeshelptingReemd a pol yoxyet hyl ene

substi t ut ed lo SAEF @t 8 1S WhE YU uIMARS um Allo@RE 1 onal form of a
preferred engdggml(POS)Jo a(ﬁ} gquérrru | at ?éon c)Jg[Arlr?)r(lljisuems1 (():Ion5| sts essentially of,
or consists &) fwa df4 lofnedyiraeel tueiide and | 2- cycl ohexanedi ami ne tetraacetic
acid (CyDTA) chel ator, tetranethyl amoniumfluoride, HP, a pol yoxyet hyl ene
substituted al kynol sur f act ant (Surfynoltm 465), and a reduci ng agent,
preferably ascorbic acid to protect the metal capping |ayer. [0008] The

cl eani ng conposition can be exposed to brought into contact with the
post etch Cu-dual damascene m cr oel ectro c structure for any suitable tine
and at any suitable tenperature for effectively cleaning the structure of
post etch residue without any significant copper el ectrodeposition
occurring on the structure.



DETAI LS AND PREFERRED EMBODI MENTS OF THE | NVENTI ON [ 0009] The hi ghly
aqueous acidic cleaning conposition of this invention is for copper oxide
etch residue renoval from Cu-dual danascene microel ectronic structures

wi t hout si gnid i £ANE%.GOPPELS £ RAKRAS hdd-Bhic AR tdRBt (M e Rhs HNTBRCRNR chains or

m croel ectronic structure. The process for cl eaning copper etch residue
froma post phdtisi@sprsitc/anencgdse! deigh Cu-dual damascene microel ectronic
struct uthgerki tl_@éi&éﬂ{eﬁa%%@ SrcWytWdighbSed AVBOMoLP B cloft F URIBGSSIiowher ei n t he
process conprises (1) providing a mcroelectronic silicon substrate wafer
having at |east one post photoresist ash, post etch Cu-dual damascene

St ruct UnLacb@¥4idgwah YikdheS hdpb@ bEhe pRE@E Ik éikidh | i¥er€ RPASAIEE nlcthoMol for@inb4

di ffusion region of the silicon substrate and optionally having netal

cappi ngOBRTCRYs EselsE g ibrovgBiitEct i ng the post photoresist ash, post etch
Cu- dual (damaggane ofass ek agt bORhie: 15t el by kightoflaiSnal @8R taghreagposi ti on of
this invention for a clegnln% effective tine and tenperature to clean the
post phot or e&¥ st H@W,“bﬁ%@w_ éﬁéﬁﬂgaual_danascene mi croel ectronic
structure. [@H10] cdhesssheanibPgepmasicis 6 ManbllihdcloPMBRbiRAICONPr i ses a
formul ation haV|n? a pH of from about gH 4.3 to about pH 5.5 and is a
formul ati on E%npr1@?n8@“ﬁ%ﬁ§ﬂ§$ﬁﬁ@“@§§ helekifipgagspt; or consisting of the

fol | owi ng commonenbs: 0 ¥ALET 6%ak a I6ABInc0nRR KANRhAM MA@ am nophenol , at

| east one metal chel ating agent, at |east one tetraal kyl anmoni um fl uori de,
HF, and opti Bhal | JOmblif (pt*apbiden utideesdt a non-ionic surfactant that
contai ns et hyth enep@xisdeoqBel dTst 1045t &lchvh e Qxbdal elhyhene c@hkaobxighai ns. In
a further enbodi ment of this inventjon the cleaning conposition conprises a

formul ati on havi n§asgreBY et BicBylsee Prradcgitso about pH 5.5 and is a

f or mul atyh@Bin GRIMRYdeSth RS arc®9 NEkohl bR @SESRLA akipht Fhhe BFmlRRSIHE1 Ng of the

foll owi ng conponents: water, at |east one al kanol anm ne or(gninQphenoI, at

| east offé netddinednstidisHignLayshre 2 fuqingpeent dhen rgonbefi iap et 2 Wby | uori de,
HF, a reeUusitagdag et otaPEgiR Rt ihe DAk dompbitnsik 8kefsalhy miadrel €ast a nonionic
surfactant that contains ethylene oxide chains or ethylene oxide/ethyl ene
gl ycol chains. [0011] The cl eaning conposition of this invention will have
t he f ol Ingiiuppfe anbedimenthihene preprpadadi artaghhedrpor asitis cleaninheo™nepiFon B Fomer fr om
ab out G&iég/et&ﬂ'eﬁwq}m%%ug(ﬁl% YR h O cr ML Bnic §F QM RBAMNELDeis Wl &)nﬂ}aQH_&n 8% by
wei ght al kanol am ne or am nophenol, from about 0.1 to about 2% by wei ght

met al  chievatsoy sulfstapiinliyisbnina@s oBpvsnredeaprdinn op teohbjuajdigiseene st¢ragdedephianmoni um
Fluori dgp £t OFh@0 QU0 robiedd bt cAR Q1R IR PYopHB! i lediie 3R podf}EBRLESENt i N
the conposition, fromgreater than 0% to about 15% preferably about 0.5%
t 0 aboutshimsostehCurdialimaseane aiarenactrpiais ehcomne vhwein greareogesicghpriss (I he

formul aﬁlb@iﬁillg’%‘%ﬂbl%blQéft'r%ldc}éilitc&?su%l%?é‘“'ﬂ& h%ﬁﬂ?@tslbats{ 8 pﬂ'ﬁ%h&@i\éﬁsﬁa@g %@Qﬁh‘t 0.5%
to 20% of at "| east one reducing agent, based on the total weight of the

ot her Eworpddanisseieiradiee hofitan We slowturahestrically epedtedgyidigelt diffgsieryegian par t

of the SARUEhARABE:d @PUGHOG ROBAL phchorBli€S8Nbos Aol DE4GATRASLLLON 1N TS
ready to use (not concentrated) form Al percentages nmentioned in this
appl i camicgslegirenigriughire tpdicatarning aaerpsiinn phisis tiyealionie gheansk etip@ive Binpul at i on
of the gl.eaRing.,comesitd on unless indicated otherwi se. [0012] The at | east
one al kanol arni ne or am nophenol conponent may be any suitabl e al kanol am ne
or am nophenol. The al kanolanm ne is generally selected from al kanol am nes
of from2 to about 10 carbon atons, preferably having 2 to 6 carbon atons,
nore preferably having from2 to 4 carbon atons, and nost preferably having
2 carbon atonms. Mre than one al kanol am ne or nore than one am nophenol s
may be enployed as well as a conbi nation of one or nore al kanol am ne
conbined with one or nore am nophenols. The preferred allcanolamne is
nonoet hanol am ne. The am nophenol is preferably 4-am nophenol. \Wen a

conbi nati on of an al kanol arni ne and an am nophenol is enployed the

conbi nation is preferably nonoet hanol am ne with 4-am nophenol. The anount
of the al kanol am ne or am nophenol conponent will generally be from about
0.3%to about 8% by wei ght of the conposition, preferably from about 0,3%
to about 4 % by weight, and MOM preferably from about 0.35%to about 4% by
weight. In the concentrated fornul ati on the al kanol am ne/ am nophenol
conponent will generally conprise about 3% to about 8% preferably about 3%
to about 4% and nore preferably about 3.5 to about 4% and even nore
preferably about 3.85% by weight, and2bn the diluted ready to use

formul ation the at | east one all canol am ne/ am nophenol conponent w ||
conprise fromabout 0.3%to about 0.8% preferably about 0.3%to about
0.4% and nore preferably about 0.35%to 0.4% and even nore preferably
about 0.35% by weight. [0013] Wile any suitable netal chel ator conpound



1 /00 / 2\ | YET2CH | CH2 \ 1142 ni n OHOH The at | east one non-ionic
surfactant conponent of the conposition when present in the conpositions of
this invention will generally be present in the conposition in an amount of
from grgal gl Ban a@x(yﬂ&pel@}pﬁuHualé%%as&ﬂh@fn@c‘i&b&%oﬁl{ AmcRROUhe@isaotitnaRaut 15%
nor e preferably from about 1% to about 15%and still rore preferably from
about  1hisbbyrencapoistiicdeauisgmpgsitghior cpppet HadcHideRe Rat e WoRMAEETSH of the
conposi Huf?&]écn@n@-gtldc@@étha\ﬂ emElerbaIB}QHL Gy hash ant co‘ﬁ%ﬂﬁ@@ﬂﬂﬁ oMy |plw9ﬁ§1&¥ ally
be present in an anount of from about 5% to about 15% Egeferabl from
about 189stewiallyohmpeecoppareleptsitiyr PR G Abiak CRSHE R ONSBEISH T Sos USHE even

nore pregh&fak deadBQWiep Lt aBYHRY ciEdrGMstandNY ehﬂunaie@@tcﬁﬁ%gﬁ/th& Rctdb&phiag nul at i on
the at | east one non-ionic surfactant Coeronent W | resent 1n an

anount  Byeri(fusHgs eal B girrmedayst) i heclguime rosess sy w&&&tﬁl RPPE t o

about  1p,9ers BRMERN 6f 8¢ AbkdeidlR akoute. 1% to about 1.5% still nore
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wei ght of the total formulation. A specific preferred concentrate

formul ation of this invention will have about 78 parts water, about 3.85
parts rnonoet hanol am ne, about 1.87 parts CyDTA, about 0.77 parts

t et ranet hyl ammoni um f |l uori de, about 1.2 parts HF and about 14.3 parts
Surfynol TM 465 non-ionic surfactant, wherein the parts are parts by weight.
When this concentrate is diluted with 10 parts water per part of
concentrate a preferred ready to use formulation is provided havi ng about
98 parts water, about 0.35 parts rnonoet hanol am ne, about 0.17 parts CyDTA,
about 0.07 parts tetramethyl anmmoni um fl gori de, about 0.11 parts HF and
about 1.3 parts Surfynol Tm 465 nonionic surfactant, wherein the parts are
parts by weight. In the afore-nentioned ready to use formul ati on there may
al so be present about 0.5 to 20 parts reducing agent, preferably ascorbic
acid. The reducing agent nay be added to a ready to use diluted fornul ation
once it is obtained fromdiluting of a concentrate, or the ready to use
formulation with the reducing agent may be fornmed directly by conbining the




[0023] Exanpl e 1 The foll owing exanples are illustrative of conpositions of
this invention (Formulations B, E and H) versus conpositions outside the
scope of this invention (Formulations A, C, D, F, G and I) and their

ef fectiveness in cleaning copper etch residue froma post photoresist ash,
post etch Cu-dual damascene m croel ectronic structure and for preventing or
substantially elimnating el ectrodeposition of copper back onto the
structure. The wafer was cleaned in the respective fornulations at 35 C,
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Redeposition Score A 97.49 0,86 1.30 0, 07 %

copper etch residue from a post phoforesist ash, post étch Cu-dual damascene microelectronic
structure in accordance with this invention is a process wherein the process comprises (1)
providing a microelectronic silicon substrate wafer having at least one post photoresist ash, post
eteh Cu-dual damascene structure having a via structure electrically comected to with a N'
diffusion region of the silicon substrate and optionally having metal capping, and (2} exposing or
contacting the post photoresist ash, post etch Cu-dual damascene microelectronic structure 1o the
cleaning composition of this invention for a cleaning effective time and temperature to clean the
post photoresist ash, post etch Cu-dual damascene microelecironic structure.

[0010] The cleaning composition of this invention comprises a formulation having a pH of from
about pH 4.3 to about pH 5.5 and is a formulation comprising, consisting essentiaily of, or
consisting of the following components; water, at least one alkanolamine or aminophenol, at
least one metal chelating agent, at least one tetraalkylammonium fluoride, HF, and optionalty,
but preferably, at least a non-ionic surfactant that contains ethylenc oxide chains or ethylene
oxide/ethylene glycol chains. In a further embodiment of this invention the cleaning composition
comprises a formulation having a pH of from about pH 4.3 to about pH 5.5 and is a formulation
comprising, consisting essentially of, or consisting of the following components: water, at least
one alkanolamine or aminophenol, at least one metal chelating agent, at least one
tetraaikylammonium fluoride, HF, a reducing agent, and optionally, but preferably, at least a non-~
jonic surfactant that contains ethylene oxide chains or ethylenc oxide/ethylene glycol chains.
{0011) The cleaning composition of this invention will have the following amounts of the
required components in the formulation: from about 68.4% to about 98.95% by weight water,
from about 0.3% to about 8% by weight alkanolamine or aminophenol, from about 0.1 to about
2% by weight metal chelator, from about 0.05% to about 1.6% by weight tetraalkylammoniun
flnoride, from about 0.10 % to about 5% by weight HE, and, when present mn the composition,
from greater than 0% to about 15%, preferably about 0.5% to about 15 % by weight surfactant
based on the total weight of the formulation. Additionally the cleaning composition may have

from about 0.5% to 20% of at least one reducing agent, based on the total weight of the other
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components in the formulation. When a reducing agent is to be part of the formulation the
reducing agent is present in the composition in its ready to use (not concentrated) form. All
percentages mentioned in this application are weight percent based on the total weight of the
formulation of the cleaning composition unless indicated otherwise.

[0012] The at least one alkanolamine or aminophenol component may be any suitable
alkanolamine or aminophenol. The alkanolamine is generally selected from alkanolamines of
from 2 to about 10 carbon atoms, preferably haviug 2 1o 6 carbon atoms, more preferably having
from 2 1o 4 carbon atoms, and most preferably having 2 carbon atoms. More than one
alkanolamine or more than one aminophenols may be employed as well as a combination of one
or more alkanolamine combined with one or more aminophenols. The preferred alkanolamine is
monoethanolamine. The aminopheno! is preferably 4-aminophenol. When a combination of an
alkanolamine and an aminophenot is employed the combination is preferably monoethanolamine
with 4-aminophenol. The amount of the alkanolamine or aminophenol component will generally
be from about 0.3% to about 8% by weight of the composition, preferably from about 0.3% to
about 4 % by weight, and more preferably from about 0.35% to about 4% by weight. In the
concentrated formulation the alkanolamine/aminophenol component will generally comprise
about 3% to about 8%, preferably about 3% to about 4%, and more preferably about 3.5 to about
4%, and even more preferably about 3.85% by weight, and in the diluted ready to use
formulation the at least one allanoclamine/aminophenol component will comprise from about
0.3% to about 0.8%, preferably about 0.3% to about 0.4%, and more preferably about 0.35% to
0.4%, and even more preferably about 0.35% by weight.

[0013] While any suitable metal chelator compound may be employed as the metal chelator
component of the composition of this invention, the at least one metal chelator component is
generally  selected from  1,2-cyclohexanediemine tetraacetic acid (CyDTA), N-
3{trimethoxysilyl)-propylidiethylenctriamine, 1,4,8,1 -tetraazacyclotetradecane;
phthalocyanine, 4,7-dihydroxy-1,10-phenanthroline, neocuproine, cuprizong, 1,6-dimethyl-
1,4,8,11-tetranzacyclotetradecane, 2,2' dipyridyl, ethylenediamine tetraacetic aid (EDTA),
catechol, (dicthylenetriaminepentaacetic  acid {DTPA), polyethyleneimine, N,N,N’,N’-
ethylenediaminetetra(methylenephosphonic) acid  (BEDTMP), diethylenetriaminepentaacetic
acid (DETPA), ethylenediaminetetrapropionic acid, (hydroxyethyl)ethylenediaminetriacetic

acid (HEDTA), aminotrimethylenephosphonic acid, and 1-hydroxy ethylidene- i,1-Diphosphonic
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Acid (HEPD). Preferred chelating agents are aminocarboxylic acids such as EDTA, CyDTA
and aminophosphonic acids such as EDTMP, and most preferably CyDTA. The at least one
meta) chelator component will generally comprise from about 0.1% to about 2% by weight of
the composition, preferably from about 0.15% to about 2%, and more preferably from about
0.17%. to about 1.9%. In the concentrated formulation the metal chelator component will
gencratly comprise about 1% to about 2%, preferably about 1.5% to about 2%, more preferably
about 1.7% to about 1.9%, and most preferably about 1.87% by weight, and in the diluted
ready to use formulation the at least one metal chelator component will comprise from about
0.1% to about 0.2%, preferably about 0.15% to about 0.2%, more preferably from about 0.17%
1o about 0.19% and most preferably about 0.17% by weight.

[0014] Any suitable tetraalkylammonium fluoride may be employed in the compositions of this
invention. Such suitable tetraalkylarimonium fluorides will have the formula {RWN"F", where
each R is independently a substituted or unsubstituted alkyl group, preferably aikyl of from | to
22, and mote preferably 1 to 6, even more preferably 1 to 4, and most preferably 1 carbon atoms,
such as tetramethylammonium fluoride, tetracthylammonium fluoride, tetrapropylammeoniam
fluoride and tetrabutylammonium fluoride salts, preferably tetramethylammonium fluoride. The
at least one tetraaalkylammonium fluoride component of the composition of this invention will
generally be present in the composition in an amount of from about 0.05 to about 1.6%,
preferably from about 0.05% to about 1% and more preferably from about 0.05% to about 0.8%
by weight. In the concentrated formulation the at least one tetraalkylammeonium component will
generally comprise about 0.5 to about 1.6%, preferably about 0.5% to about 1%, and more
preferably about 0.5 to about 0.8%, and more preferably about 77% by weight, and in the diluted
ready to use formulation the at least one tetraalkylammonium fluoride component will generally
comprise from about 0.05% to about 0.16%, preferably from about ¢.05 to 0.1% and more
preferably from about 0.05% to about 0.08%, and still more preferably about (.07% by weight.
[0015] The hydrogen fluoride component of the composition of this invention will generally be
present in the composition in an amount of from about 0. 19% to shout 5%, preferably from about
0.1% to about 2%, more preferably from about 1% to about 1.5% by weight. In the concentrated
formulation of the composition the IR component will generally be present in an amount of from
about 1% to about 5%, preferably from about 1 to 2%, more preferably from about 1% to about
1.5% and most preferably about 1.2% by weight, and in the ready to use formulation the HE

6
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component will be present in an amount of from about 0.1% to about 0.5%, preferably from
about 0.1% to about 0.2%, more preferably from about 0.1% to about 0.15%, more preferably
about 0.11% by weight.

[0016] Any suitable non-iomic surfactant containing ethylene oxide chains or ethylene
oxide/ethylene glycol chains may optionally be employed as the at least one non-ionic surfactant
component in the cleaning compositions of this invention. More preferably the at least one non-
jonic surfactant is an ethylene oxide substituied alkynol compound. Suitable non-ionic
surfactants include, bul are not limited to polyethyleneglycol, tdethylene glycol, tetaethylene
glycol and ethylene oxide substituted alkynols containing from about 2 to about 20 carbon atomss,
preferably from about 2 to 15 and more preferably from about 5 to about 15 carbon atoms in the
alkynol chain, An especialy preferred acetylenic non-ionic surfactant is Surfynol™ 465 of the

following formula.
CH . :
3 CHy (;H3 Cl;
CH3 e CH“_‘CHE (i:““ C= C““"""“”(ij'—CH;)_”"” CH""CH3

0\
Hy CliH

Ciy {y CH, |

OH H

The at least one non-ionic surfactant component of the composition when present in the
compositions of this invention will generally be present in the composition in an amount of
from greater than 0% to about 15%, preferably from about 0.5% to about 15%, more preferably
from about 1% to about 15% and still more preferably from about 1.3% to about 14.3% by
weight. In the concentrated formulation of the composition the at least one non-ionic surfactant
component will generally be present in an amount of from about 5% to about 15%, preferably
from about 10% to 15%, more preferably from about 13% to about 15%, and even more
preferably about 14.3% by weight, and in the ready to use formulation the at least one non-ionic
surfactant component will be present in an amount of from greater than 0% to about 1.5%,
preferably about G.5% to about 1.5, more preferably from about 1% to about 1.5%, still more

preferably from about 1.3% to about 1.5%, and even more preferably about 1.3% by weight.
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in the formulation.
[0018] The water will be present in the composition of this invention in an amount of from about
68.4% to about 98.95% by weight, preferably 76.5% to about 98%, more preferably about 78% to
about 98% by weight. In the concentrated formulation of this invention the water will generally
comprise from about 69.4% to about 89.5%, preferably from about 76% to about 84%, more
preferably from about 76.8 to 80.3% and even more preferably about 78% by weight, and in the
ready to use formulation of this invention the water will comprise from about 96.86% to about
98.95%, preferably from about 97.6% to about 98.4%, more preferably about 97.68% to about
98.03% and even more preferably about 98% by weight.
[00191 The concentrated formulation of this invention will generally be diluted with additional
water in a ratio of additional water to concentrated formulation of from about §:1 to about 12:1,
preferably 9:1 to about 11:1, and more preferably about 10:1.
[0020] A preferred exampie of a concentrated formulation of this invention will have about 78
parts water, about 3.85 parts alkanolamine/aminophenol, about 1.87 parts metal chelator, about
0.77 parts tetraalkylammonium fluoride, about 1.2 parts HF and about 14.3 parts non-ionic
surfactant wherein the parts are parts by weight. Such a preferred concentrate formultation is
dituted with 10 parts by weight additional water to 1 part by weight of the concentrated
formulation to provide a ready to use diluted formulation having about 98 parts water, about
0.35 parts alkanolamine/aminophenol, about 0.17 parls metal chelator, about 0.07 parts
tetraalkylammonium fluoride, about 0.11 paits YIF and about 1.30 pavls noz-lonic surfactant,
wherein the parts arc parts by weight of the total formulation. A specific preferred concentrate

formulation of this invention will have abont 78 parts water, aboul 3.85 paris
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monoethanolamine, about 1.87 parts CyDTA, about 0.77 parts tetramethylammonmium fuoeride,
about 1.2 parts HF and about 14.3 parts Surfynol™ 465 non-ionic surfactant, wherein the parts
are parts by weight. When this concentrate is diluted with 10 parts water per part of
concentrate a preferred ready to use formulation is provided having about 98 parts wafer, about
035 parts monoethanolamine, about 0.17 parts CyDTA, about 0.07 paris
{etramethylammoninm fluoride, about 0.11 parts HF and about 1.3 parts Surfynol™ 465 non-
jonic surfactant, wherein the parts are parts by weight. In the afore-mentioned ready to use
formulation there may also be present about 0.5 to 20 parts reducing agent, preferably ascorbic
acid. The reducing apent may be added to a ready to use diluted formulation once it is obtained
from diluting of a concentrate, or the ready to use formulation with the reducing agent may be
formed directly by combining the components of the ready to use formulation in the
concentrations required by the ready to use formulation.

[0021] The ready to use formulation can be employed to clean copper eteh residue from a post
photoresist ash, post etch Cu-dual damascene microelectronic structure wherein the process
comprises providing a microelectronic silicon substrate wafer having at least one post
photoresist ash, post etch Cu-dual damascene structure having a via structure clectrically
connected with a NV diffusion region of the silicon substrate wherein the substrate optionally
has a metal capping layer, preferably CoWP, and exposing or contacting the post photoresist
ash, post etch Cu-dual damascene microelectronic structure to the cleaning composition of thig
invention for a cleaning effective time and temperature to clean the post photoresist ash, post
etch Cu-dual damascene microelectironic structure.

[0022] The cleaning process can be conducted at any suitable cleaning effective temperature
and time. Generally the cleaning process will be conducted by exposing or contacting the post
photoresist ash, post etch Cu-dual damascene structure to a cleaning composition of this
invention at a temperature of from about 25°C to about 80°C, preferably from about 25°C to
about 45°C, and more preferably at a temperature of about 25°C, and for a period of time of
from about 30 see. to about 10 min., preferably about 30 sec. to about 2 min., more preferably
about 30 sce.

10023] Exampie i

The following examples are iiustrative of compositions of this invention (Formulations B, B

and H) versus compositions outside the scope of this invention (Formulations A, C, D, F, G



>800 B 1.30 11.5 1.05 0.73 >800 [0025] Exanple 3 Bel ow are etch rates of
Formulation B at different phis by addition of TN1AH (25% or ME (0:1). The
same type of wafers as enployed in Exanple 1 were enployed here. This data
in Table 3 shows the optimal pH range of pH 4 to pH 5.5 for low Cu and TEGCS
etch rates and high CuOx renoval rates and denpnstrates the bal ance between
these features for the conpositions of this invention. Table 3 pll Cu etch
rate (Ahnin.) TECS etch rate (A/mn.) CuOx etch rate (A/mn.) 110 <0.10

and 1) and their effectiveness in cleaning copper efch residue from a post photoresist ash, post

steh Cu-dual damascene microelectronic structure and for preventing or substantially

eliminating electrodeposition of copper back onto the structure. The wafer was cleaned in the

respective formulations at 35° C, 200 RPM. The wafers employed were Cu-dval damascene

process integrated ecircuit wafers having front-end devices present, a top layer of Black

Diamond™ dielectric with vias etched in them down to the copper. The wafers contained

copper oxide ash residue on bottoms of the vias and photoresist ashed residne on top of the

dielectric. The results are presented in Table 1.

Table 1

Formu- | H;O | MEA | Surfynol’™ | TMAY | afiF | CyDTA | Redeposition
lation 465 Score
A 9749 |0.86 1.30 0.07 0.11 |0.17 28
B 98.00 |0.35 1.30 0.07 011 [0.17 11.5
C 98.26 | 0.09 1.30 0.07 0.11 {0.17 28
D 98.66 | 0.86 0.13 0.07 0.11 | 0.17 42

E 9917 | 0.35 0.13 0,07 0.11 |0.17 19.5
F 9943 | 0.09 0.13 0.07 0.11 [0.17 26

G 9879 10.86 0 0.07 0.11 {0.17 33
H 9930 | 0.35 0 0.07 011 | 0.17 18.5
I 99,56 | 0.09 0 0.07 0.11 }0.17 37

These results show the effect of MEA and Surfynol™ 465 on redeposition. The redeposition
score number is obtained by looking at 21 vias and agsigning a score between 0 and 2 for cach
where 2 is filled with redeposition material and 0 has no redeposited material and summing
these values for all the vias. Low score is good performance while high score is bad.
Formulations with high (0.86%) and low amounts (0.09%) amounts of MEA produced
unacceptably high redeposition scores high whereas those with 0.35 MEA produced acceptable
redeposition scores. The presence of surfactant (Formulation B) permits the compositions of
the invention to perform better than a composition of the invention (Formulation H) having no
surfactani present,

[0024 Example 2

These following experiments were conducted on (he same type of wafers as employed in
Example 1 and compares the cleaning chemistries of formulations of this inveption to dF
(dilute FIF, the current process formulation empioyed in most fabrication lines for this kind of
CuOx removal process). Jmproved (lower) Cu and TEOS etch rates, and comparable CuOx

cich rates as reported in Table 2 are obtained for formulations of this invention compared to the

10
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dHF formulation. A dramatic decrease in the amount of redeposited Cu was also observed

after cleaning with the formulations of this invention when compared to dHE as also reported

in Table 2.
Table 2
Formulation | Surfynol™ | Redeposition | Cu etch TEOS etch | CaOx
. Score rate rate Etch rate
463 {A/min.) (A/min.) (A/min.)
dHF (200:1) (0 42 6.41 16.97 =800
H 0 i8.5 0.62 0.73 =800
B 1.30 11.5 .05 0.73 >800
{0025] Example 3

Below are etch rates of Formulation B at different pHs by addition of TMAH (25%) or dIIF
(0:1). The same type of wafers as employed in Example 1 were employed here. This data in
Table 3 shows the optimal pH range of pH 4 to pH 5.5 for low Cu and TEOS etch rates and
high CuOx removal rates and demonstrates the balance between these features for the

compositions of this invention.

Table 3
pH Cu etch rate | TEOS etch CuaOx eteb rate
(A/min.) rate (A/min.)
(A/min.)
8 110 <{}.10 114
7 88.7 (.30 320
5.5 1.47 <0.10 =800
5.0 1.37 0.50 =800
4.8 .95 <10 >800
4.3 0.78 7.23 >B00
4.0 1.21 26.00 >800
[0026] Exampie 4

Ready to use formulations were prepared and comprised 100 g HO, 10 g HF (50:1); 040 g
MEA; 0.20 g CYDTA; 0.40 g TMAE; 1.23 g Surfynol™ 465 and the pH brought t0 4, 5.5, 7.0,
§ with Hi¥ or MEA. 30 g of each of the formulations then had added thereto 0.14 g NaCl
(electrolyte) and 0.14 g CuS0O4 and then the pH was readjusted to origimal value with MEA,
The formulations were run i a confalner with an Au electrode, glassy carbon counter
electrode, and Ag/AgCl reference electrode. The formulations were fested by cyclic
voltammetry from -1.0 V to +1.0 V, and the results were monitored for Cu 2+ reduction in

solution. The results at the various pHs are set forth in Table 4.

11



>800 4.0 1.21 26.00 >800 [0026] Exanple 4 Ready to use formul ati ons were
prepared and conprised 100 g H20, 10 g HF (50:1); 0.40 g MBA, 0.20 g CYDTA,
0.40 g TN1AF; 1.23 g Surfynol TM 465 and the pH brought to 4, 5.5, 7.0, 8
with HE or MEAL. 30 g of each of the fornulations then had added thereto
0.14 g NaCl (electrolyte) and 0,14 g Cu804 and then the pH was readj usted
to original value with MBA. 'The formul ations were run in a container with
an Au el ectrode, glassy carbon counter el ectrode, and Ag/ AgCl reference

el ectrode. The fornul ations were tested by cyclic voltametry from-1.0 V

to +1.0 V, and the results were nonitaved for Qu.2+.-r on in solution
The results at the vanlous [pHs ar ePotgatinkfodCuyedustigmpgak 4 Taple 4 PH
Potential of Cu ireducti on peak 4 -0.41 V
55 044V
7 -0.65V
8 -0.68 V
200:1 HE AL

The more negative the potential is, the more difficult it is to reduce copper in the solution.
Increased pH makes it more difficult to reduce Cu2+ in these solutions. At the pH range 4 to
5.5 of this invention Cu2+ is desirably much more difficult to reduce than in dilute HF (200:13,
the standard CuOx stripping chemistry.

0027} Example 5

As an example of the ability of cleaning formulations of this invention containing a reducing
agent in order to protect the durability of and inhibiting etching of metal capping layers
employed with Cu-dual damascene microelectronic structures was demonstrated by subjecting
unpattemed CoWP caped Cu to cleaning with (1) a formulation (5A) of this invention but not
containing the optional reducing agent, (2) a formulation (5B) of this invention containing the
optional reducing agent, and (3) as Comparative Control a 100:1 dHF composition. The
cleaning took place at 25° C for a period of 2 minntecs after which the CoWP etch rate was
determmined. The formulations were as follows. Formulation SA = 0.35 % gthanolamine, 0.17 %
CyDTA, 0.07 % TMAF, 0.11 % HF, 0.60 % Surfynol®, the remainder water. Formulation
5B=Formulation SA with 5% ascorbic acid added thereto. The CoWP etch resulis were as
follows and demonstiate the ability of the reducing agent to further inhibit CoWP eiching,
Formulation 5A inhibited the metal cap (CoWP{ etch rate compared to the dHF control and the

presence of a reducing agent in Formulation 5B inhibited the COWP ¢teh rate even more.

Table 5
Formulation CoWP Eich rate
A/min
SA 6.5
5B 32 i
Control 18




-0.41 V5.5-0.44V 7 -0.65V 8 -0.68V 200:1 HE -0.15 V The nore negative
the potential is, the nore difficult it is to reduce copper in he solution.
I ncreased pH nakes it nore difficult to reduce Cu2+ in these solutions. At
the pHrange 4 to 5.5 of this invention Cu2+ is desirably nmuch nore
difficult to reduce than in dilute HE (200:1), the standard CuOx stri pping
chem stry. [0027] Exanple 5 As an exanple of the ability of cleaning

formul ations of this invention containing a reducing agent in order to
protect the durability of and inhibiting etching of netal cagpping.layers
enpl oyed WOPRRIHhikuHE gumter dae bavre deeiledt PaHE Vi FHEPHF el a{gfs*’lﬁ%ﬁbnst rated
by subj ect ,nghnRAtLER $OMR HaRasteCihal Matle atidIGatbhtzhd fdjatidnsfan beil at i on
(5A) of this invention but not containi neg Etat?e. optional rt%d‘ulci ng_.agent, (2)
a fornul at Made Viges) deppribgfrem haseit PBh OB hIN G Y H &SR CGRETr &t ng
agent, andat3)difgy, SQIRahald t¥ @m&asd d1Dduck chkAgks, Imstitfcatengmd sitidtions thahill cl eani ng
took place at 25 C for a period gé&&,m‘nutes after which the CoWP etch rate
was det er mibthe spEHienf SeptPiAhY BPEIKETE s fol l ows. Fornul ation 5A = 0.35 %
et hanol am ne, 0.17% CyDTA, 0.07 % TMAF, 0.11 % HF, 0.60 % Sur/not, the

remai nder water. Fornulation 5B=Fornul ati on 5A with 5% ascorbic acid added
thereto. The CoWP etch results were as follows and denonstrate the ability
of the reducing agent to further inhibit CoW etching. Fornulation 5A

i nhibited the netal cap (CoWPO etch rate conpared to the ME control and the
presence of a reducing agent in Formulation 5B inhibited the CoWP etch rate
even nore. Table 5 Formulationcli rate A/Amn SA6.5 5B3.2 Control 18



[0028] While the invention has been described herein with reference to the
speci fic enbodi nents thereof, it will be appreciated that changes,
nodi fication and variations can be nade wi thout departing fromthe spirit
and scope of the inventive concept disclosed herein. Accordingly, it is
intended to enbrace all such changes, nodification and variations that fall
with the spirit and scope of the appended clainms. Caims: 1.An aqueous,
acidi c ¢lygani.ng conposition for cleaning Cu-dual damascene microel ectronic
structures, the conposition conprising a fornmulation of: (a) from96.86%to
99. 30% wat er ;A1 b)aqtfeloosn G886 t cleiBo bympedight Gfr a:ﬂcahm@st(,mﬂealal kanetam ne
i om0, 1% to 2% of at. | eas e . met chel ati ng agent;

or am no .h(_an&% é)] 1(t ‘Q
(d) fromGIUE%'Y :E“%‘f‘%”&f’ ¢ CorpapsttiogRempsising B YT Watiohek mfluorlde (e)

from 0. 1% to (§ 5%mfm bydeaasvofibupyhee; and optionally fromgreater than 0%
to 1.5% of at | east one non-ionic surfactant that contains ethyl ene oxide

chai ns or et iyl endrooxPaé¥ @thW)éWeN(gglyEGﬁldl ehsions alkahdprmine arlaenipegrieet ages

are wei ght percent. basegd h f.the formulation and the
conposi tion ﬁ%)s aﬁﬂl @13 /‘f f(r)hnﬁt ﬂ?fnol %”e ]fc Ec%ggt}%’dlé’em(‘510| di ¢ cl eaning
conposi tion gfy cl aiom 8.0 NIk l’dgaﬂci@bﬁ&ieﬁﬁhlﬁﬂla@;ﬁndlﬁ)mfﬂlh@fm@ﬁ 86%to

98. 03% water; (b) from3%to 0.8% by weight of at |east one al kanol am ne or

ani nophenol ; (Pe) f fisw @I%’/ft’@ 1257@@If11é@105@h§¥01&?ed1%t al chelating agent; (d)
f 0.5%t 6% to 1%
Irom .55 o, ool i) ot AgLEEN I AILA LA o Bhud

one non-ionic sur fcantamn etiyhamt ogRietchiins oetthyleanexida/cliglcabalyesl dmimst hyl ene
OX|de/etq¥Iene coI chai ns.
erem the p rcentages are weight percent based on the total weight of the formulation and

the composition has a pH of from 4 to 5.5.

2. An aqueous, acidic cleaning composition of claim 1 comprising a formulation of:
(a) from 96.86% to 98.03% water;
(b) from 3% to 0.8% by weight of at least one alkanolamine or aminophenol;
(c) from 1% to 2% of at least one metal chelating agent;
(d) from 0.5% to 1.6% of at least one tetraalkylammonium fluoride;
(e) from 1% to 1.5% of hydrogen fluoride; and
H optionally from 5% to 1.5% of at least one non-ionic surfactant that contains

ethylene oxide chains or ethylene oxide/ethylene glycol chains.

3. An aqueous, acidic cleaning composition of claim 1 comprising a formulation of:
{(a) from 96.86% to 99.30% watcr;
(b) from 0.3% to 0.8% by weight of at least one alkanolamine or aminophenol;
() from 0.1% to 0.2% of at least one metal chelating agent;
(d) from 0.05% to 0.16% of al least one tetraalkylamimoniuim fluoride;
(e) from 0.1% to 0.5% of hydrogen fluoride; and
H and optionally from greater than 0% t01.5% of at least one non-ionic surfactant

that contains ethylene oxide chains or ethylene oxide/ethylene glycol chains,
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3. An aqueous, acidic cleaning conposition of claim1l conprising a

formulation of: (a) from96.86%to 99.30% water; (b) fromO0.3%to 0.8% by

wei ght of at | east one al kanol an ne or am nophenol; (c) fromO. | %to 0.2%

of at |least one netal el-Mating agent; (d) fromO0.05%to 0.16% of at | east

one tetraal kyl ammoni um fluoride; (e) fromO.1%to 0.5% of hydrogen

fluoride; and and opti onally fromgreater than 0%to 1.5% of at |east one

non- Ionl4C SurAna’thu@ 5«9@% c%%]ﬂ n%' 2}%1}2&1@@1}%@%1(19%'3%}1 Eﬁl‘ tH cRhnf gh%la Qition .

oxi de/ et'hyl ene qI col’ ueous, acil |c c eani n osition

of cl ai Ialtléﬁtlmﬁlz&rye]ommlh&, achaelaangg;_.,@nmpdﬁﬂ ﬁmmﬂaa(ddmtaimad)dny of Gropr O Sestoa?0%

reducin age in the for ation in an amount of fromO. 5% to 20% by

wei ght Dt hesendb ol et 1h e e ol cOPRgenEIEAPEAI AN he

formul ation. 5. An aqueous, acidic cleaning conposition of claim1 or 2 or

3 wherein the formul ati on conpri ses: wat er, nonoet hanol am ne,

t et r anethy| admomjuaenst haidicidiepingreoarnpgsigioln @istanmll ar1Bosdimfhastiatie rEBulatipn/

(1)\ CH1 Cl12 e : otrancetic
COmprises: walter, moneethanolamine, 1 ,2—cyc]ohexanedlamme tetraacetic acid,

tetramethylammonium fluoride, HF and a surfactant of the formula

CH, CH; CH, CH,
CHy ——CH——CH, m(ljmcu—gcm—é——cnz« CH~CH;,
| 7
(’:H2 (l:H
CHy Iy CH,

OiH J)H
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\i 01-1 1, 2-cycl ohexanedi am ne C-Cl12-CH CH3 tetraacetieacid, of the
formula CH3 1 n CH3CHCl-12-C CC 1 /O I C142 "tH2 OH 6. An aqueous,
acidic cleaning conposition of claim3 wherein the fornmulation further
conprises a reducing agent conprising ascorbic acid.

0. An aqueous, acidic cleaning composition of claim 3 wherein the formulation further

comprises a reducing agent comprising ascorbic acid.

7. An aqueous, acidic cleaning composition of claim 5 wherein the formulation
comprises;

(a) 98% water;

(b) 0.35% monoecthanolamine;

(<) 0.17% 1,2-cyclohexanediamine tetraacetic acid;

(d) 0.07% tetramethylammonium fluoride;

(e) 0.11% HF; and

(H 1.3% of a surfactant of the formula

16



7. An aqueous, acidic cleaning conposition of claim5 wherein the
formul ati on conprises: (a) 98% water; (b) 0.35% nonoet hanol am ne; (c) 0.17%
1, 2- cycl ohexanedi am ne tetraacetic acid; (d) 0.07%tetranethyl ammoni um
fluoride; (e) 0.11% HF; and 1.3% of a surfactant of the formula C CH3H3

| GCH2- CH- CH3 o/ CHCH2 OH 8. An aqueous, acidic cleaning conmposition
of claim?7 wherein the fornulation additionally conprises ascorbic acid in
an anount from 0. 5%p 6% by me&g?t based on the %%;al wei ght of the other

conmponents of the fPrnuIation. CH,4 3
I
CHy —CH~CHj, W(EWCECW(EmCHQmCHwCH;,

0\

ﬁ:l‘ig (IJ.H

(lez . CHy

OH J)H

8. An aqueous, acidic cleaning composition of claim 7 wherein the formulation

additionally comprises ascorbic acid in an amount from 0.5% to 6% by weight based on the

total weight of the other components of the formulation.

9. A process for cleaning copper etch residue from a post photoresist ash, post etch Cu-
dual damascene microelectronic structure, wherein the process comprises:

(a) providing a microelectronic silicon substrate wafer having at least one post
photoresist ash, post etch Cu-dual damascene structure having a via structure
electrically connected with a N* diffusion region of the silicon substrate, and

(b) exposing the post photoresist ash, post etch a Cu-dual damascene
microelectronic structure to a cleaning composition according to claim 1, or 5,

or 7.

10. A process for cleaning copper etch residue from a post photoresist ash, post etch Cu-
dual damascene microelectronic structure h, wherein the process comprises:

(a) providing a microelectronic silicon substrate wafer having at least one post
photoresist ash, post etch Cu-dual damascene structure having a via structure
electrically connected with a N™ diffusion region of the silicon substrate, and

{b) exposing the post photoresist  ash, post etch a Cu-dual  damascene

microelectronic structure to a cleaning composition according to claim 3.

17



9. A process for cleaning copper etch residue froma post photoresist ash,
post etch Cu- dual damascene m croel ectronic structure, wherein the process
conprises: (a) providing a mcroelectronic silicon substrate wafer having
at | east one post photoresist ash, post etch Cu-dual damascene structure
having a via structure electrically connected with a NIt diffusion region
of the silicon substrate, and (b) exposing the post photoresist ash, post

etch a Cu-dugl, da ne ¢ .Gl e QN LUcture ‘ ani | o
composi t1 on adcor oy Agrs ') ArARkATEpAZG SEHELYER b BrGLRRR A8, postcie
copper etch residddafhrnammanpasticghofiosesitat lashg pOsWitthekal Cap, dbakin the
damascene mcroel ectronic structure h, wherein the process conprises: (a)
provi ding a RFEFEEI@8YFEhi ¢ silicon substrate wafer having at |east one
post phot or egist ?midiﬁg%t 68ty 31 IR TREGRRE wald USH UL a BEMNEh A p¥dt @
structure electrically connected wth a NH diffusion region of the silicon
substrate, and (byhewpsst agh et golsCuphol dnsgicsne ashclugdstvingt ¢ lyimsiQuteaal

damascene microel ectroni.c structure to..a.cleani ng. conpgesition according to
Crama . 11 A r SEebEd S Wb conp et ERR sl BB iR 6 EHE e
phot oresi st ash, pasihgelWWCuctiahp,dagascene m croel ectronic structure
having a CoWP netal cap, wherein the process conprises: (a) providing a

ni croel ect rofPle sickPessie siiBstoosit ephpifresisthawhngpaat Plébstt driedpidstdamascene

photoresi st ash, . %ﬁ?itoel%gtg&iggt;rlg%&% t? %”cgé;ﬁ%{kg?iﬁﬂogﬁfowa%c&‘.a}ﬂﬁrntgfc‘%%iﬁf @, or, 0,

structure electrically "conn usion regio e ’sil1’con
substrate and haviong. a CoWP netal cap, and (b) exposing the post

phot or esi st ash, post etch a Cu-dual damascene m croelectronic structure to
a cleaning conposition according to claim4, or 6, or 8 12. A method of
form ng 3 conResithdLlr Rimfledl BrhAMR drLie REGhRGiH0 aBahE 30 W8l W mpf
water to 1 part éby V\ng ngj[ﬂ 8’f a“?%rrml ation corrprlﬁlgsi’ln%?1 (zla% f?%im 68.4 ot o
89. 5% wat enter (D) phnt bpmd9sHt of 8%rbwmlaenghtmposingt | east one al kanol am ne or

am nophenol ; (e)from 1% to 29% of at |east one netal thelating agent; (d)
fromO0.5%t o(‘g). 6% 0 ié%é‘a@t%ﬁ%“ﬁa&t‘r aal kyl ammoni um fluoride; (e) from 1%
to 5% of hydygggen gohae] gege;, BPcight of at least one alkanolamine or aminophenol;

(c) from 1% to 2% of at least one metal chelating agent;

(d) from 0.5% to 1.6% of at least one tetraalkylammonium fluoride;

(e) from 1% to 5% of hydrogen fluoride; and

() from 5% to 15% of at least one non-ionic surfactant that contains ethylene oxide
chains or ethylene oxide/ethylene glycol chains,

wherein the percentages are by weight based on the total weight of the formulation.

13. A method of forming a composition of claim 4 comprising:
(1) adding 10 parts by weight of water to 1 part by weight of a formulation comprising:
(a) from 69.46% to 89.5% water;
(b) from 3% to 8% by weight of at least one alkanolamine or aminophenol;
{c) from 1% to 2% of at least one metal chelating agent;
(d) from 0.5% to 1.6% of al least one tetraalkylammonium fluoride;
(e) from 1% to 5% of hydrogen fluoride; and
(f) from 5% to 15% of at least one non-ionic surfactant that contains ethylene oxide

chains or ethylene oxide/ethylene glycol chains,
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(Ofrom 5% to 15% of at |east one non-ionic surfactant that contains

et hyl ene oxi de chai ns or ethyl ene oxide/ethylene glycol chains, wherein the
per cent ages are by wei ght based on the total weight of the fornul ation.
13. A nethod of form ng a conposition of claim4 conprising: (1)adding 10
parts by weight of water to | part by weight of a formulation conprising:
(a) from®69.46%to 89.5% water; (b) from30/) to 8% by wei ght of at |east
one al k 9 t nmet al
one 21 kanal o L ALIRRRSRk R R, A b IRl
fluori dg?) (e)adtimgme M{dhﬁsuﬂ%goﬁlxhydamsgblmnglalgemtnden aaarodm(cﬂfﬁ*cmm% t02%% Yyof
at | east agne _no ic surf at contai ns | ene axj de chains or
ethylené”%gw&@?gi BEHEMQYV% @Héﬁ‘gconmﬁa?é%ﬁ* ﬁ SPEpoHEdes are by

wei ght based on the total melght of the formulation, and (2)adding to said
resulting mxture a reducing agent in an anount of fron10 5% to 20% by

wei ght badsed 4m %tqheousot@hdimiqmng)fwnmem@phevf cﬂﬁmoﬁemimmm thise imesl@ﬂtmnng
m xt ure.

T o el TR Raer Gt AR Saah AR SPERETLEVE T 2 thEhBlaft PRI Bho

0. 5% t 0 (ROLDYveiit ohihclAise do@Poidies dfah@forivaiagibh. of the ot her conmponents of
the formulation. 15. An aqueous, acidic cleaning conposition of claim?7

wherein the fornulation additionally conprises ascorbic acid in an anount

of from1%to, %O{Jé% é’us cﬂ{f& 89‘31?1 Oc%mtplggiug(?tgil NELIRL WBerdiRCaRt Bifhutation

corrponent S O
additionally comprises ascorbic ac1d in an amount of from 1% to 10% by weight based on the

total weight of the other components of the formulation.
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