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POST- CHEM CAL MECHANI CAL POLI SHI NG CLEANI NG
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[ 0001] The present invention relates to al kaline

9 it r_cleanin ost-chem ca
COﬁ%ﬁﬁ%&?ﬁ?g%ﬁ@ﬂ%w, R LR OIISTINGHANING
and/ or conta 'h F PQQJ@QPr USE devi ces,
wherei n t he aqueous cl eani ng conpositions

ef ficaciously renove post-CMWP residue, post- etch

resi due and passi t géhﬁgﬁﬁiﬁéﬁonnect materi al s

wi t hout danagi ng ﬁﬁgﬁ%gﬁﬂg erial on the

m croel ectroni c devi ce. DESCRI PTI ON OF THE RELATED ART

[0002] As sem conductor device geonetries continue to )
10001 ¢ prert e i ' Al 2G¥69%" OmpRYLGNS fonglsaningoppst-chemical

| aced. on | oved interconnect structures to mnimze )
mechanjoal politing é{?@ﬁ A ugnpst-ptRioyesiiup apdlor cayiymipanyy Sem picroelectronic
devi niﬂinize interc?nnect del ays incl ude inprovin )
evices BRGUR H2APOUS foleapae icAPResiion stiraciously) oY Fgjdue, post-
the djelectric constant (k) value of the dielectric
etch Tesf‘{’;i% 8?%1?33%":‘3 gt priere Satqrals wihgph dgageing loyk dielectric material
ih LﬁglacenE t for conventional alum num as the
on the 1pigr0elPCIoMSdEYichet al i n advanced devices. Copper is
nore conductive than al um num (thus reducing
resi stance-capacitance tinme delays) and also is |less
subj ect to elBESCRINTIOA OP THHRALATEPOARY t O

conventional Al netallization. [0003] Tn the
manuf acturi ng of deep subm cron sem conductors, the

opper damascene process is used to forma conductive )
[0002] g‘aﬁg‘aﬁmﬂ‘%“ﬂef 1P [RECPSTRICORHIYL & $hrink 1o lejtethan @xh@ pm, more emphasis

i nportant step of the danmascene process is copper
has been. Hlaghd OF MPRO¥HLIHICERNSSHITUSTHICA { PaPize fesistanprcapativiesl (RE) delays.
.excess copper above the dielectric |ayer surface.
Strategipsy aUpiiHNEeNchidYs MoHs ImRYving cendygiidrcpLit Mteraegnast metal
41 thin f&gﬁ substratf of ,the sem conductor _device
and lowgrne the, diclecig constagh (i) syeluspinhel dislaieic eyt r &p1 expmple, copper has
ressure and tenperature in the presence of CW )
emergedLge i ipplacementyor Sorproga ADBHEAR AS 48 FRISTORIH RS TR pdyaaged devices.
C chenicah‘ﬁdd'tins_as @@Pr%@Liate,to the _specific CW
OPPET [5PRE B SRR, eh@ﬁﬁ UPEHEhE S TREPIPS U g toH@PasRIs igedslays) and also
. ont am nants consi sti ng of arti.cl fromthe
is less i3 GRREOLBiPY et wfftests Lo Chitktions A FERUIERy,  and
0003 eacti on. by-. rog cts of the WO 2006/ 127885 . _
[0003] gscdbe e o0 9 CeP SYPTSHR SgmiceRduelprss the. sapper dsaigpaser Bigcess is

the wafer surface. In_addition, the polishing of a
used o cthB’ﬁb@rcPP Ve PRPEC g I gsﬂg‘tf%nfllelﬁ%% Y& bl§e dmeprtant gigp of the
waf er often generates carbon-rjch particles that
damasogdg propest i (OBP fhem gl o etk priishings (ML tor thes ek ofseeqss copper
abwemr%%&eﬁ%&%é%%%#agé to any‘further steps in the

[0004] The CMP process involves holding and rotating a thin, flat substrate of the semiconductor

P

device against a wetted polishing pad under controlled pressure and temperature in the presence of
CMP slurries. The slurries contain abrasive materials and chemical additives as appropriate to the
specific CMP process and requirements. Following the CMP process, contaminants consisting of

particles from the polishing slurry, chemicals added to the slurry, and reaction by-products of the



device fabrication process to avoid introduction of
defects into the device and degradati on of device

woeblcabisssty. O ten, particles of these contanP@&MS2006/020214
are smaller than 0.3 m [0005] Conventional wet

... techniques use fluid flow over {he wafer surface to
 polishing Gy e ik BAHHEA e VHRTGT R clR MNPy LERPI gL gl S pepperiow

) limted by the thickness of the boundary, | ayer .creat.ed
dilectrip GOriat FARGHRIOD F FAIGER HRIGE P P LA IOBh R o SIS Entothe
boundary | ayer

er, e.g., sub-0.3.m is shielded.fromdth .
water gy Sl copaligaty G BLbeRIPHE B B p Rl of B Bt Aecronc
. remins on the f.er surface.,. Additjonal. adhesi . du .
deviee Sgtgicabigresses o AP HFERCBIION B GHEFA GO 1S APHes aﬂ?o%ﬁﬁ%?%“é’%l 3] devies
__.the cleaning capabilitjes of m§%¥%{eﬁgin t echni ques
reliabiligy, @ften, ngrticter ebthese GontapnrRYS arg FRalisf g r'r@g of these

processes for renoving smaller sized contam nants. .
[0005] Conestion peicteshnigues e flow oner theiwales sutags 1ofgoYE sontaminants
cleaning solution, e.g., alkaline solutions based . on X
and as swohthéin affiiporyon iliited jbs the HaRRess io6 hevionpdasy Fger Grasdgpy the fuid
brushing, jetting or ultrasound. Aqueous_ _cl eaning .
flow. Aspirtinls siler barthe beundamy daven igh ant-8-3 1o, i shisddert Agm; e physical drag
waf er surface or reacting with the contam nants .
force oftthé finid ané Hwmyeforg rentrinschinsthe tgtsd swiae- aAdlditional aghegpr. tdye to chemical
waf er. Di sadvant ageously, sonme of the contam nants
and hydwegen fhenditgs firthat tomplicates the wleahing carabilitien ofi wry cleaping teghnigpes and
t he aqueous solution. For exanple, carbon-rich .
significpmilytrédncasshanfiidtnemptibsepeessseofer topoping guelles sized walrineps:
the wafer may not be easily renoved by the chem cals
[0006] iTypichity, thgreo teshmiquearnésry asptays Ploming ©OWPh, ebpdleding sadutions based
may be used in conjunction with these conventional wet
on amsffogimhriiygreailet io cormbigatiohivithrsoiny forechi briskhing j¢orans afigaseuide Adueous
t hi ckness. However, it is still not sufficient to . i
cleaning fsblutidreneyve the moveminabts (hy3attacking st wafer isefase of reasiing avith the
waf er surface. [0008] The use of |owk dielectric
contamfnhterbefowrctmengthe Bisldgrdpodtaitanie sromrthe palini Rispdveptageppsly, some
dual damascene integration has added a further i
of the cohtaininenigmay be phesticatiyfnes! te i chermical ipgTpdientoi|the agyets gelption. For
based chem stries are used. These:filnms as well as CWP
example,t @pbonaigb merticlss o chesuied] [rpaction brpisrierts atigohgdcigrihe wafer may not be
nitride, and silicon oxynitride, are very hydrophobic
easily remelvetl &ni the cheraicals itheaguecus sleanipgielifioph wat er - based
cl eaning solutions.. In addition, because the carbon '
[0007] ¢ egusonist ey heputedt imeenjvfctipe uvith|these - cgayeatienal syl feplhwiques to
have a potential opposite to that of the copper. . .
significauityf mduce thh boupdrtydnver ithipkngesr t Hevevsr 4 & Fill R@F yutfigient o \ggiciently
2006/ 127885 PCT/ US2006/ 020214 attach to the copper
removestub-08qey siprdqaicien fromdik wafonsutfagur f ace defects. [ 0009]
Anot her resi due-produci ng process common to .
[0008]TIer @Rl Ecibwaniielecsv ifites rathuiactrbmidoged oxidel wesrganic films in dual
gas- phase plasnma etching to transfer the patterns of
damasd@fy Blapptidn hixodddeds ifethec clalllbmg o ost{ P clemdes inywiigh only agueous-
| ayers, which may consi st of hardnask, interlevel
based dhielsats aiecuséd. LT)ese filngh aatveddil a3 tCMP btagy &ayers, such as silicon carbide, silicon

nitride, and silicon oxynitride, are very hydrophobic and hence are difficult to clean with water-based
cleaning solutions. In addition, because the carbon atoms within most types of neutral-to-acidic

slurries have a potential opposite to that of the copper surface, the carbon-rich particles are likely to



Post - gas phase plasma etch residues, which may include
chem cal elenents present on the substrate and in the
WQResHErsgases, are typically deposited on t he BEEKSWAE020214
of the line (BECL) structures and if not renoved, may

terf b t tact
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constant & %Og&ifgnlﬁ Vi ce manufacturing.is the flln}llke
P B81T At IF H¥®n the seni conductor device

oot PS8 el #wa%;@%%g SIS,

f not t hese resi dues can caus
°°mp03%8%§°é the, reiyal BT oM R B RgL e e RS ”ﬂﬂeﬁﬂe&ﬁﬁaﬁmﬂ of
oor adheS|on,

semiconfigyp "éé‘%h%%awg Ei e semPost s Ry P dp-solvent and a

o 55FEY gﬁaév FeSPATIE Lo BT AR ik

e RN o Sl e
dlelectnggl\:/i Qreegshe tﬁer&wlgc%-tlcp ! OVI §a|;|$<51 S%Fc %,?tue us

t 1 ORS H*cl eani ng
[0011] gsg? r"%o%;?nbozlgérE gllﬁg{} gxﬁé%? e%wf oc{gglfcg gr?gﬁtfﬁea a“glpp film-like residue
that renfg SR\ o o%ucﬁe %‘nd/ SlanGS ye%ré'e , %ta [5%1 o%ﬁg'g gh@gér?)%%% F i Lidue may
include gis&%!)g%senesur@ace Wﬁtg%goggqﬁgré@ggfam PR ke ﬁz?glamez 3 canse
I y%@t%%zs'gﬁp@w%am%a S it

nat RY OF, THE | NVI NTI O\I
o e 5 SeTRCE B AP S HEAIVETL LIS o coper
metalhz@t?olﬁeﬁcﬁﬁﬁaﬁggzs lalto'bpemgtz and Clr,]c?v%eglsrgf é:r cﬂ;%l/e:e %Qn cguse poor electrical

resi poSs

pmﬁnmgﬁggﬁgkggﬁg?S&£ﬁg&ﬂh&ﬂpelectronlc devi ces having said

resi due OF CONt anm Nant's t her eon, mhlle
[0012] ft' Ml& B0 lﬁ’é \‘Q/’a{n\ég 1t_n| e artQO prov1c% nnproved aqueous compositions for

post-CMP and/or post-etch cleaning of microelectronic devices, for the defect and scratch-free
removal of CMP residue, post-etch residue and/or contaminants from the surface of said device.
Preferably, said aqueous compositions effectuate substantial residue and contaminant removal from

the surface of the device and passivate the exposed interconnect materials, e.g., copper, without



i nterconnect materials on the mcroel ectronic device
surface. [0014] Accordingly, in a preferred

weptsdrTeemt , the fornul ati ons of the present i RUBHSRF020214
conprise at |east one am ne, and at |east one

dmm@ﬂgﬁﬁéyﬁkk&&cﬁﬁgg%n and the bal ance water. In an

terative odinment, the fornulations of the
present invention conprise at |east one am ne, at
| east one passivating agent, at |east one reducing

agent and the bIUAMBMARMOSITHE INVENTHRN alternative

enbodi nent, the fornul ations of the present invention

at l.east o n t..l east one passivating
‘”"13]0&[% 24 mr’%ﬂgg? i q@ﬁ%&ﬁ%ﬁﬂ‘ﬂ%"p?%ﬂﬁl foprapitpns fag protess for
and .t he alan

deanmgﬁ)%ts tLer ar g‘%eﬁg’f) %lteg‘:heﬁﬁg%ﬁ ?@?%{Sﬁ%?%t%wghe}fm devices

i 38 {éﬁx@%ﬁ%@g‘ve BB o

4 %ﬁ pat | eas one educing agent, and the
interco anac%mvf/a oe VS I581°° 8T8 nat i ve enbodi nent ,

t [ Latlo S nventlon conpri se at
(00141, A olaBfl) P eﬁﬁiﬁﬂﬂf’%@ﬁ@ (R MmulaorR e hicse vedion comprise
base at | east reduci n

s teast SR foRE Sl Ao O PRaSE echpents vt i BRATCS e g on aleratve
- e?’lﬁi"“’a@%@% ShiTRoReset et rﬁﬂ“&{l? oSl opgine, at least one

one amn

s TS TR L85, 2l R RIE "
By P e L R 2 o
e L
In yet aﬁ&kér%ﬁé%ét}(re %B:.b{;cﬁmént o gogggtl:a{xg%: ?ﬂlﬁ’ grelsrglt et bogézpm@l—i,sg at least one

one quat er naty _
amine, gtgg%t Sﬁ(é gag d@agﬁlé ageri(t) gatri]; gegggt\?\cllgile q;aa 1616111 Sétsq %Qﬁo%gg gc&gﬁg Jout paducing
d f f '
~ agent, érﬂg %gﬁé\i/%g% gﬂ%g S??%Z'éﬂh } gﬁag{a% %fmé)odmrlgné | tgs 801'%% aﬁ%ncg %ﬁg present

1nvent1cﬁ1Q:01]n?)136 Jt 'ﬂe%stro%@ g?ma%f atzl%’]i! 81% %wa\%%% a %1(& %tzle?sgone C_\[{lgteltngry base, at

conpl exi ng agent presen

least on§ gédgt(‘.@\g/ ng;h(t) t(&hﬁlly ra#g fégst gﬁ«? ?ﬁ'ﬁ'a talzl‘_[r %\% T%% 8%1?150537@@%6&118; still further
altemaﬁ%gﬁmgﬁ/ tgg%é]latléu oL te gxrege?ﬁ‘ﬁwntloﬁ e{xégnse i st %a{q'lgn]é at least

; t he range o or amn

one pasﬁ%g bt Yt RAS &6 huat BasP ro%ﬁ ?% al Radk %nt o 2 %talg%u and the

and the range of ratr r am née

ﬂnCCt em 0 OO
bal vﬁhtéi»‘ rIﬁ agh andh &) bQM\ﬁﬂ)%Ht A Al %l(?%éf]( éq é)? senst)m entl n q;ﬁxg)nse at

and t he bal ance wat'er. aspec

least onk RM@R! hOBast @ﬂe%a@ﬁvétiﬁg @Qanﬁloga%)ﬂaﬁﬁ aPRE GHS SIﬁ‘l‘agtaﬂt }ﬂmnal y at least

conp05|t|on conpri st ng east one am ne,
one quafeif 810yaddallg 2RG8R0 bne B |
q qua%'}g‘?ﬁﬁaro)}? b ;Sga opt IIgnaPl#ﬂeQﬁ ah ‘% tlgﬁﬂzta % one reducmg agent,
and the BASRE wa@Pd wat er, wherein sald alkallne aqueous
cl eani ng conp05|t|on is suitable for cleanlng resi due

[0015] 8oL Q04 631 el N X 9581%!9 GELLEQIE amﬁexg(ls) relaP 1840 pgsswatmg

said residue an
agent(s) is (2 to 25).(0.05 fo 15); the range of ratios for amine(s) relative to complexing agent(s)

(when present) is (2 to 25):(0.001 to 25); the range of ratios for amine(s) relative to reducing agent(s)



contam nants thereon. Optionally, the al kaline aqueous

cl eaning conposition may further conprise at | east
woneregarssact ant. Preferably, the al kaline aquebds/US2006/020214

cl eani ng conposition conprises at | east one reducing

conen 3535 19 @B Y b1 2%&@%9%@835@8%2&@%@@%%&%&8 SHRISBHY base(s)
(when é:rgs!eages to 25 (§ hé} 13) g@b@%ﬁg“‘%ﬁ’% or Apunel. SP\ éelaéwe to surfactant(s)
(rten k) lsng}é‘fﬁfv‘)@g?bc P POEE Hatetr oup consi st ng. of

e. am nhe, .at | eas ne passivating agent
[““1618% ol A5 oD RS relto Ao Slommipg Lorasary camprising
¢ Teast | east. on ?du0|n ent, and o tl?nally wat er, and
e P S g R PP veSie Becia OPePRlY Fiichst oab BAterREY Regctignally ot
least ning c 85|t|o SUIt&B for cleaning material
eas °‘Frf8 °513%ﬁi’$ (';% éf‘@{% ge1g & e@a %?@P@“ﬁ clepmng,garanosizipn fsgsuitable
consi,stin

for clefiite’ fsile tcoata@m% ?Eowamo%?c?r A gePies haviae ssidgresidue end

o 58 B A i e S s
Preferabl .the alkaline

one rf
least °“§ 33‘3‘%%3 of g“ﬁ?"iﬁ %?ﬂi&ﬂgﬁeﬁ%‘??“ﬁs & ERIIROPItipR, Samprises, at least one
and  sai d. reducj gent conprises
Rﬂumnégg %%%ﬁ% QmFﬁéﬁﬁfuTQF%?EFc h%gﬁ aspect, the
nt invention relates to a nmethod of cleaning
[0017) ?% TS 2 SRRl REHES raiesip & kiog O f GHof More containers
ice h V|n sai d resji due and contanm nants_ thereon,
one or 5%0% R G0 TEBTBF (2] TG MG AeHe TR Beetsd oy 6r more
n al kal j ne agueous cl eanin nposi tion
reagenty o?fi 1Pk PhsPhod st BHIRNT of, Sy ety Ghn pesaEivg agent,
optionali& ue and cont m nant.s m t he n1croe|ectron|c
pionafly 3 e 84 L ORI ORTY; RS 8?11%{141% at ]5qu 8T REARPPgand optionally water,

| east at | east one

and whert 2?‘%3%53 Rieled °nn8ﬁ?fk81ﬁ]§| 9P Sl oo R B ey osning
matenapf?(?rga ng%ﬁll gf]" ) Yol a&%'ﬁv & B¢ fnﬁtgnglgggeg% 3 ﬁgo%% consisting of
e AL A i o e i, o
aucalmeF%Séo% BBl ctoﬁﬁﬁoﬂl%%@ %@%ﬂ ggr%l;%usg aglﬁ?s Ok GRS blBlutiy, the
o A O SO A BRI i S

Sgggsgﬁdnanufacturlng a n1croe|ectron|c devi ce,
d et od conpr|5|ng contactlng the m croel ectronic

compns@%

al kal i.ne aqueoys cl eani osition

00131 SEVCHpBEL ReRD 08 e Ry SR C I F Tl ease and
conamipy ?ﬁ‘gh?@%qﬁa&%% AT aR e R My S preon, i
ot SRR PSR BRCRORS-ARTBE A FEP RETRIRE v
compos AT mRit AR b % Mono Dy APt PR Ry teminans fom the
mmroeléc%ri& d{1€e, wherein the alkaline aqueous cleaning composition inclades at least one

amine, at least one passivating agent, optionally at least one quaternary base, optionaily at least one

reducing agent, and water. Optionally, the alkaline aqueous cleaning compositions may further



quat ernary base, and water. Preferably, the al kaline
aqueous cl eani ng conposition conprises at |east one
WO eahd12718gs agent , and sai d reduci ng agent conprPERES2006/020214
ascorbic acid. [0020] Yet another aspect of the
.inantion | ates to i nproved. m croel ectronic devices,
comprisg ﬁH 36%1 SRR Srectagty E’Eﬁfeﬁ%hhétﬂpwdk BRBIICARTRIca0 e Smpeseion comprises at
1 ds of the invention conprising cleaning of
cast ong ?&Fﬂ%ﬁgﬁﬁ‘dw S rRTPEAAcE! PFERFCRECORILIHE] ect roni ¢
evi ce having said residue and contam nants thereon
[0019] {py &, furthis aSFRR, BESPIESTEN Fveptinm sdates dhe drsthod] pbdnanufacturing a
herei n, and tionally, incorporating the
mlcmel?ﬁ’e%eq’eé%r fﬁff doethgd \foRwTising &Oataﬁt%d@étnncmbmqmco@ﬁ‘é@e with an
, %ects features _and_ advantages of the invention wl|
alkalinegucays o Iqaning pompositioanfor seibiciephme d ghilsg pArdally peaneresidue and
and ppended clalns BRI EF . DESCRI PTI ON. OF THE DRAW NGS

contami rﬂ?eg}w@e getronie levipnbaving said 16vidns o qoniinanis fherpeny Wherein
nd lifti f mechanismfor_ the renpval of post-CW
the alkafiaregqyees &ﬁgm%?ﬁna’ﬁ%wglﬂéﬁsme@ﬁ@n% eFRiRg.ab legft oge passivating agent,
el ectropic device. [0Q023] Figure 2 illustrates

°Pﬁ°nalﬁn & fort o ciBe ag% wtiopalbt @lorss ABe sufastagh opgonglly at least one

ECtIO of ti nF ?Ilomnn imersion in fornul ati ons
quatem% “Fdﬁé"‘&] Preletine ths Alkaline,auepus cloagpg FRTBROsiPR pPmRssepat least
nt r ol fer hefore imersion in:Fornul ati on AC.
one 1 ed‘fcf?@?gfm’ﬁ\gg G reSEsTERgh CoTREies B1ORiCAKgr aph of the
ontrol wafer of Fi ure 3A after immersion in
[0020) gt Fgthat 4587t althe [oeBiop relpteip dmmiaypdsmistoelerieasi davices, and products

m.crograph of a post via-barrier breakthrough wafer :
incorporgfingy Faticy Mage Ying 8’66%%%‘ IeCEVextion GempnTiE| geaning of residue and

in Formul ation AC. [0027] Figure 4B is an
C°n"amﬂéﬁﬂé3cf§ ﬁleﬁ’PErP‘?iﬁ‘itfaﬁﬁ da‘PC%%la&ngavéa@s %@nd\ﬁoata@mam gereon, using the
bre kthrou Mﬁ; prior to _inmersion in Formulation
methods,gsid iigng feseribad pereinn apd optiqngly: nineqrengatighibe figroelectronic
d ]$ V|a barrler br eakt hr ough waf er subsequent to
svice tﬁﬁ@? @n in Fornul ation AC [0029] Figure 5B is an

ectron crograph of a post_via-barrier breakthrough
[0021] é?spg%rf wd edvantagesett dhoorvenior dithbs mefedhllynepparent from the

E %Pﬁ% ure 6 illustrates the surface energy and
ensuing di ¢ Qli’eé‘ @fdﬁ“s ‘wat er on various treated and

untreated copper surfaces. [0031] Figure 7 illustrates
the mass of a copper electrode of a quartz crystal

m crobal anc g Mk SCRIPTION OF THE DRAWINGS
[0022] Figure 1 illustrates the proposed undercutting and lifting-off mechanism for the removal of
post-CMP residue and contaminants from the surface of a microelectronic device.
[0023] Figure 2 illustrates the thickness of the blanketed copper wafer as a function of time following
immersion in formulations AA-AF.
[0024] Figure 3A is an electron micrograph of a control wafer before immersion in Formulation AC.
[0025] Figure 3B is an electron micrograph of the control wafer of Figure 3A after immersion in
Formulation AC.

[0026] Figure 4A is an electron micrograph of a post via-barrier breakthrough wafer prior to



imersed in DI water at natural pH as a function of
time. [0032] Figure 8 illustrates the nass of a copper
webkastendes of a QCMinmersed in a 0.058 w. % F&EUS2006/020214
solution at pH 5.8 as a function of tinme. [0033]
) Figure 9 illustrates the open circuit potential (OCP)
immersigngp Farmpdptige ACe| ectrode inmersed in a 0.058 wt. % TAZ
solution at pH 5.8 as a function of fine. 34] .
[0027] Higyye AB isln qlectron picapssaphiof @ clegwed pgft ‘%a-{é%ﬁﬂéﬁfi ‘&‘E’P gl prior to
of a QCMimrersed in DI water adjusted to pH 11.5 as
immersicp ih FpenulaiondC.t i ne. [0035] Figure 11 illustrates the
OCP for a copper electrode i mersed in a_0.058 ¥\1 %
[0028] Figte SAlisen electrop misragmph 5f a st yizrbamasr; bagakiyough yater subsequent to
[0036] Figure 12 illustrates the OCP for a BTA-treated
immersigoip Fermudtopthbde i mersed in a 0.1 w. % TAZ sol ution
at pH 11.5 as a function of tinme. [0037] Figure_ 13
[0029] Fiktre SBriate slettnm mmgraph ofia poypyia-bastiercreakiEough wafenesequent to
for a BTA-treated copper electrode inmmersed in a 0.1
immersiont in Fognfdationdi@t i on at pH 11.5 as a function of tine.

[0038] Figure 14 illustrates the nunber of defects on
[0030] Eigmpe i|lusHa@S theGurfade casndy Bhdiodati araimof DF wpieron wagious treated and
post- CMP cl eaning according to two different cleaning

untreatefredppadotfags.es. [ 0039] Figure 15 illustrates the nunber
of defects as a function of tine for a bl anketed
[0031] Bigmeer ilMstfatss thd mhis@iarvgprer eleptswlelnfaf queltiz crygak mistobpjpnce (QCM)
buff step with a 10:1 dilution of fornulation BF (wWth
immersddlin DY wii€r 20t gH a85TRGThISENe6/ 020214 wat er)
foll owed by post-CWP cleaning in a brush box using a
[0032] BQuik HiThdtiated heafiastofopen tleat@i of ¢ QEDO smerewd it A Whds TAZ
4. 7% TMAH, 20.6% TEA, 3.3%gallic acid, 11.2% ascorbic
solution@€pH 58nd atfltiobefltarce water. [0040] Figure 16A is a
m crograph of a CMP contam nated Senat ech 854 contr ol )
[0033] WRheY 9 Atusi-ites BEQpen cifcudl porndhl {ACPhtoren napger fleatmild tmeyged in a
30, 000x. 100411 Figure 16B is a mcrograph of a CWw
0.058 wE O radissiatiarkt pmet safubdn ofdime. ol wafer at a randonly
sel ected bond pad at a nmagnification of 6,000x. [0042]
[0034] Figied B ifidirates (R nlisesgoppd ekbiraleGVR QD tiamemed igdDL water adjusted
Semat ech 854 control wafer at the center of a bond
to pH 1P8ds @fmaidwageidki cation of 30, 000x fol | owi ng spin/spray
treatment in a 60:1 dilution (with DI water) of
[0035] Traguna!] 1BdiibteBhefGUP 602 sQPendlecid infriO#d]in FOHES wt. 17 BAZsolution
- ~a mcrograph of a CVMP contam nated Semat ech 854
at pH 1€68% 4 et gl t he edge

[0036] Figure 12 illustrates the OCP for a BTA-treated copper electrode immersed in a 0.1 wt. %
TAZ solution at pH 11.5 as a function of time.

[0037] Figure 13 illustrates the mass of a copper electrode of a QCM for a BTA—treated copper
electrode immersed in a 0.1 wt. % TAZ solution at pH 11.5 as a function of time.

[0038] Figure 14 illustrates the number of defects on copper, TEOQOS, Coral and Black Diamond
following post-CMP cleaning according to two different cleaning methodologies.

[0039] Figure 15 illustrates the number of defects as a function of time for a blanketed copper wafer

following a rinse-buff during the CMP buff step with a 10:1 dilution of formulation BF (with DI



of a bond pad at a magnification of 30,000x follow ng
spin/spray treatnent in a 60:1 dilution (with DI

wowatosn)7sed fornul ation BH for 60 sec at 22C. [ BOW@E2006/020214
Figure 17Cis a mcrograph of a CVP contamnm nated

Y LIRS S p——
oo R SR 11 2 S0 Bl it o e

Figure 17D is a mcrograph of a CVMP contam nat ed
tech 854 control wafer at an area of the O. 18m

ttern at ication of 6000xfo||ovv|
[0040] S35 E@}’éﬁ AR A 8 Moo SSBRY S5 onHO oI t ho adgo
of r[rul BH for 60 sec at 22C. [0046]
Ofabori%ﬁ?e? n‘ﬁ‘cl%ﬁeﬁg(a‘raph of a CMP contani nat ed
rrate h 854 control wafer at the center of a
(0041 ¥igpre, J68) itraghicrIsERki e SMBGoBIDRaES | Semicey 8%.0@@5 repfer at a
ina 60:1 dilution (with DI water) of
rando Y&Fﬁﬁ@‘?%ﬂéﬁaﬁtaﬂ‘aﬂgn’é'@a%é’ T800%C [0047] Figure 18B is
a. m crograph of a CVP_contani nated Semat ech 854
[0042] Figwrs A 358 uerograph ofa @ég Sontgypingfed gﬂ:@at?pg(jﬁgpmgrol wafer at the center
magni fi cation of 30, 000x follow ng spin/spray
ofa bO%drPééﬁfrPelﬁ%gﬂ}fwa%Pnerf 39,0894 ioHlP BiAE ERi/srFaDreatment i 4 6Qa$ dilution (with DI
rmul ation Bl for 60 sec at 22C. [0048] Figure 18Cis
Water)%f?ﬁnt‘:"faté%%ﬁo P0sgc &P (cont ani nat ed Semat ech 854
control wafer at a randomly selected bond pad at a
[0043] Figyrr YiBcis e imserogepls oD ONPf eoniamitiateg Ssmintetls Brdasentrelowaferah the edge
ina 60:1 8 W 2006/127885 PCT/ US2006/ 020214
of a bong Haé £ agpagnificetiporat S080@y fplloring srinfray irgtratt if H¢0: bdikien (with DI
at. 22C.. [00491 Figure 18D is a m crograph of a CW
water) of SormyleiionBR dors8mes 828°®B54 control wafer at an area of
the 0.18pmline pattern at a magnification of 6,000x
[0044] FaureohiGhds 8 prisrosprphyoft @ S Breentaminated Semateeh BEd icomtrol wafer at a
(wth DI water) of formulation Bl for 60 sec at 22C.
randompow@etrd peysupad 4 ganpgiGeatiancelog P HoBTWing @pp/spray treatment in a 60:1
cont am nat ed Sermat ech 854 control wafer at the center
dﬂuﬁoné‘r‘ﬂﬂa%aﬁsﬂ ShfpryplatiomBl fr6) serat 83Cof 30, 000x f ol | owi ng
spi n/ ay treatnment in a 60:1 dilution (wth DI
[0045] Fggres 7%0‘? a oierpgrRiht of@rCER consmigged Semagech B3 EcontioDBafer at an arca of
Figure 19B is a mcrograph of a CVMP contam nated
the 0.1 PeFrrBap %wﬁ%11°Wf£(?OOatfoﬂtOWélgé@gwéspraaftreatmsem 2§84 dilution
. nification of 30,000x follow ng spin/spray
(WlthDW@%&) ﬁ%ﬁ%fmlrlﬁioal?ébfqﬁaﬁqcaf 2BR (with DI water) of
formul ation BJ for 60 sec at 22C. [0052] Figure 19Cis .
[0046] Figyreck3éip apticregraph CvCIB nerdariinaied BeoSterh 86¢ horg®lwafer at the center
control wafer at a randomy selected bond pad at a /
ofa bonﬁla)@@a pif4 pagnifisationfof §0.00Wdoloring suin/sprayiresiment i 60 editution fmth DI

a 60:1
water) of formuiatlon BI for 60 sec at 22°C.

balance

[0047] Figure 18B is a micrograph of a CMP contaminated Sematech 854 control wafer at the edge
of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
water) of formulation BI for 60 sec at 22°C.

[0048] Figure 18C is a micrograph of a CMP contaminaied Sematech 854 control wafer at a

randomly selected bond pad at a magnification of 6,000x following spin/spray treatment in a 60:1



dilution (mth DI water) of fornulation BJ for 60 sec

at 22C. 100531 Figure 19D is a mcrograph of a CW
w@omsbarisssat ed Semat ech 854 control wafer at anP@F/E&2006/020214

the 0.1 Spin line pattern at a magnification of 6, 000x

~ .. _tollow ng,spin/spra reatnment _jn a 60:1 dilution
dilution (ypith ﬁw‘ﬂtgﬁﬁﬁgﬂﬁ%’mé&&?ﬁﬁ%éﬁ%#@g for 60 sec at 22C.
0054] _Figure 20A is a mcrograph of a CWP
[0049] EighiedAPrisd wiyraszpaoée fMES gyl Sepateeh 836 coptigd veadsiabn area of
of a bond pad at._a magni fication of 30,000x follow ng .
the 0.18m;line pHjery Ate magpifispiion;of 6 90¢pTollowing spipapray fpatmerhyin a 60:7 dilation
.. .wat eg%{ of for nul%ri on BK for 60 sec at 22C. [0055]
(with Dipyaler} of forymiation BI ar 60 8353 #hCof a OWMP cont ani nat ed
Semat ech 854 control wafer at the edge of a bond pad
[0050] Eiguzs 194 4% wiceograpyof 8 CMR cantrmsingtes) $f‘€%@g’~‘ﬁ}g 834 onfralyader at the center
treatnment in a 60:1 dilution (wth DI  water) of )
of 2 bong gadyi} |2 zigesificativn £H 0.4 xfellovins spindsprayvotssmenitn g $0d digiier @vith DI
m crograph of a CMP contam nated Semat ech 854
Water)ogg’l‘i‘i’}‘léqmn\}@ff@rﬁoagﬁcﬁzzgndomy sel ected bond pad at a
magni fi cation of 6,000x follow ng spin/spray treatnent
[0051] Figuzs 18B:is a migregranbor 2(GHEP wommwaﬁeg Symaiechi &5 wontend wgfer Biche edge
for 60 sec at 22C 100571 Figure 20D is a m crograph
of a bong padsat @pasaifeatianioh 30 M0x Selasties igmaydeatest mwd0drdilgtionwith DI
area of the 0.18mline pattern at a magnification of
water) offopgpgtiqndil ferorsge &32%-spray treatnent in a 60: 1
dilution 9 WD 2006/ 127885 PCT/ US2006/ 020214 (with DI
[0052] Higuwsr J9Cois ¢ srieropraph of apRMPoponbaninaed Semgtonty 8§400mgpl wafer at a
Figure 21A is a mcrograph of a CVMP contam nated
random!gspigetect bord3ud @b a mpaghifigetioar of 000K dollowrngespin/erayairgsipat in a 60:1
. . pad at a magnification of 30,000x follow ng spin/spray
dilution {wighPheaier) 9%0@11%@1.013 Blifporif0isehat@diG-h DI water) of
formul ation BL for 60 sec at 22C. [0059] Figure 21B is
[0053] Bighied PB4t apivragiaph of MEMBD erniaminatedeRtstenin B#ctonBelavafer at an area of
control wafer at the edge of a bond pad at a '
_the 0.18pmdime pittert 3t ¢rnagnifisgicn0d 2,000t follaiving seipispray peaiment in a 60:1 dilution
 _treatnment in a 60:1 dilution (wwth DI water) of
(with Divepten) plformpiptipp Bf §1r 68gccsd@2’st 22C. [0060] Figure 21C is
‘ a mcrograph of a CWP contam nated Semat ech 854
[0054] Eignrer28R ivmmisrogzaphaaf a CHHR) emitaminastdetamatech 8Fcoptol verferat the center
magni fi cati on of 6,000x follow ng spin/spray treatnent
of a bonfl pacyat g @ragnifigatiop ©f 3NHCQURifelkowing spiywryy tehtnfest imal 6Qtli dtigl (with DI
for 60 sec at 22C. [0061] Figure 21D is a m crograph
water) opforgulatigm REofor 80r89¢44 &8CSemat ech 854 control wafer at an
area of the 0.18mline pattern at a magnification of
[0055] Bigoe(@RBfivt misspgiephsyfiarf B cagtaminatad FematedhrB54 co@rol wafer at the edge
dilution (with DI water) of fornulation BL for 60 sec
of a bong padgt@magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI

water) of formulation BK for 60 sec at 22°C.

[0056] Figure 20C is a micrograph of a CMP contaminated Sematech 854 control wafer at a
randomly selected bond pad at a magnification of 6,000x following spin/spray treatment in a 60:1
dilution (with DI water) of formulation BK for 60 sec at 22°C.

[0057] Figure 20D is a micrograph of a CMP contaminated Sematech 854 control wafer at an area of

the 0.18pm line pattern at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution



[0062] Figure 22A is a mcrograph of a CWwW
contam nated Sematech 854 control wafer at the center
woboos/1bmasl pad at a magnification of 30, 000x fPRCT/W82006/020214
spin/spray treatnment in a 60:1 dilution (with DI
. water) of formulation BMfar 60 sec at 22C. [0063]
(with Dlyaies) gféﬁﬁﬂ?@n@ﬁﬁ%?%ﬁf\céﬁ? f a CWMP cont ani nat ed
Semat ech 854 control wafer at the edge of a bond pad
[00538] Figure 2dgin p mieragreriypf §1CMR comingted Samatesh 8aheontralpyafer at the center
treatment in a 60:1 dilution (wwth DI water) of
of a bond g ah anagsficeiianial £0,6¢0xfaldovapg spiesprasioragenting fi0d dilation vith DI
a_m craograph of a CVP_cont ani nated Semat ech 854
water) of fpmplgionBE & 68ecqt 2FGndonl y sel ect ed bond pad at a .
magni fication of 6,000x follow ng spin/spray treatnent
[0059] Figuge 28 is a miprogrephoef 4 (Y Preompminated Spmetechs Hvireante iwafer Bhe edge
: for 60 sec at 22C %OOGS Figure 22D-is a m crograph
of a bong fpad atavpegsdisation of 30,6ePxJe £ fpigsptaxcionatonest iniefOdr dilgtionatwith DI
area of the 0.18mline pattern at a magnification of
water) of foymplationyBl. Swith gecep?AiCspray treatnent in a 60: 1
dilution (with DI water) of formulation BMfor 60 sec
10060} Higueo2iC [ip@asirroBiagyod 228MR sondaminged empkebosdaca@ipl wafer at a
cont am nat ed Sermatech 854 control wafer at the center
randomligfselgctpd hendopad 4@ ragnifigaficn of4.00k follovgte aowsprdsoiréatmgntdn a 60:1
. spin/spray treatnment in a 60:1 dilution (wwth DI 10
dilution {yitlpBbwaten) pERenHainBi o6 F2eba2AC. wat er) of
formul ation BF for 60 see at 22C. [0067] Figure 23B is
10061} Rignieck1Bhjs a phicrogranph «(ERICMD pentamiinaiedSenBearh 824 ¢pnBBl4wafer at an area of
control wafer at the edge of a bond pad at a
the 0.13nmdvefrriéem plormeghifRata0dHe,006% Fdlniving spinispray preaigrent in 2 60:1 dilution
__treatnent in a 60:1 dilution (wth DI water) of
(with D¥ waten) pefornoHation Blor @seg o2284¢. 22C. [0068] Figure 23Cis
a mcrograph of a CVP contani nated Semat ech 854
~ [0062] Figntera2A iva frderographeof 21CAMMR oritamissbdBdneatech 8fticapirdl vedferat the center
magni fi cati on of 6,000x follow ng spin/spray treatnent
of a bond pachatgQragnifigitiontaf dHhOG0Ri folhovidhe syin/snrdy wratnfent imal 6tli dimtiBR with DI
for 60 sec at 22C. (0069) Figure 23D is a mcrograph
water) of forgpulghien Birferifi saaatdd®Semat ech 854 control wafer at an
area of the 0.18mline pattern at a magnification of
[0063] Biz0G(32Efip k2 ntwogrgrhsei alMPreaytatninatzt fembte¢n8Sed c6airal wafer at the edge
dilution (with DI water) of fornulation BF for 60 see
of a bond pad @ migpifirefonRif §0PIxLallowisg spimfsrasoigratugint infa 69: 1GNRtion (with DI
cont am nat ed Sermatech 854 control wafer at the center :
water) of forguladerdBMdor Gtsemat@@Whi fi cati on of 30, 000x fol | owi ng
spin/spray treatnment in a 60:1 dilution (with DI
[0064] Hegresr 232G fis Roninsigaph off BBRMPb Forffnissted StmB2E. 3J400%kbpl wafer at a
Figure 24B is a mcrograph of a CVMP contam nat ed
random]@enigtted ho8bkd o atmaghifiseticer ofat, 000k olbeigeg spin/spray treatment in a 60:1

dilution (with DI water) of formulation BM for 60 sec at 22°C.
[0065] Figure 22D is a micrograph of a CMP contaminated Sematech 854 control wafer at an area of -
the 0.13pm line pattern at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution:

(with DI water) of formulation BM for 60 sec at 22°C.

[0066] Figure 23A is a micrograph of a CMP contaminated Sematech 854 control wafer at the center

of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
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of a bond pad at a' magnification of 30,000x follow ng
spin/spray treatnent in a 60:1 dilution (with DI

WORewr12788% fornul ati on BN for 60 sec at 22C. [ BOT/@$2006/020214
Figure 24C is a mcrograph of a CVP contan nated

mat ech ntrol. wafer at a randomy sel ected
water) %g%ﬂugﬁ%?é?ﬁ’é%ﬁﬁe@rﬁ?h ggt ion of 6, 000x fol>ll owi ng
00671 8 B RS i S ot o e h e
Fi 24D, 1S, ' h of cwP t an nat ed
ot on L Bt S B BB B o ek i ot

l.i.,ne patt a ification of 6,000x follow ng
Watef)°§81”ﬁ?§5?“a§'%?°é3{’ﬁe€ﬁf%qﬂ- a 60:1 dilution (with DI
teréﬁ)é)f formul atjon BN for 60 sec at 22C. [0074]
2

[0068] \é?g@{fr dsna micrograph (S it VT eomtaminnied Sematash Bk eqntrol wafer at a
Sen“IBt e¢ 854 control wafer at the center of a bond
rendomly sgleted bondbpad; 4t iacaeniicatimm ofch,9m tolaing minEpraspirentment 4y a 60:1

R A nt in.a 60;1 dilution (wwth DI water) of
dﬂ“"wnﬁwell?ﬂéf‘g?fﬁaﬁf@éﬂ?lemﬁﬁ oB60 sge a8, [ 0075] Figure 25B is
a mcrograph of a CVP_cont ami nated Senat ech 854
[0069] Eighie, 23D 158 pgrogrerh of @ QAR eontasginated 3pmatesh 854gontyol wafer at an area of
magni fi cation of 30, 000x follow ng spin/spray
the 0.18{ingige Rufeem ek TRempificaticn 9 1908 follving spi/spray trgtyment in a 60:1 ditution
. 2006/ 127885 PCT/ US2006/ 020214 water) of formul ation
(with Dlyygter),pf fgpnudation BF fongt ses #@2¥]- Fi gure 25Cis a
m cro%raph of a CMP contam nated Sematech 854 control
[0070] Figpisr22Adis 3 migragraphafy R eqntaminateshtpmstegh §54 epntrol wafer at the center
magni'fication_of 6,000x follow ng spin/spray treatnment
of a bongl padyatggnagui figatianaf 36,090k o ilovring spin/eray tesptnient imal 681l dti@Gwith DI
for 60 sec at 22C. E‘_&OOW] Figure 25D is a m crograph
water) of forulatigs BY for SRissreat é¥Csenmt ech 854 control wafer at an
area of the 0.18mline pattern at a magnification of
[0071] Bigong@éBris p mictrerapisef a B castamingtad FematedhrdS4 codrol wafer at the edge
dilution (wth Dl vvateg&s? of formulation BO for 60 sec
of a bond padai@ m gjonpif 30,PQxAellowing winipeaystpetasht ibfa 64: 1@Umtion (with DI
ontam nat ed Semat ech 854 control wafer at the center
water) ng"nﬁulﬁ%‘ﬁ’cﬁ%%6§§e“aﬁtﬁ%\°§ni fication of 30,000x follow ng
spin/spray treatnment in a 60:1 dilution (wth DI
(0072} Tigruer 34Cofs £ Grigioemph of apPMPopontninged Sematond, 854007ep! wafer at a
Figure 26B is a mcrograph of a CMP contam nat ed
randomlSé%ﬁft%hD@wd@é Atpagnifigatioarof £.000n dollout sri/spaaybiematingpbién a 60:1
. . at_a magnification of 30,000x foll ow ng spin/spray
ditution f‘}’%?h%%?ﬂ phfoggafiop Bl for 69 eps at28°¢h DI water) of
formul ation BP for 60 sec at 22C. [0080] Figure 26Cis
[0073] Bigwe2ABgt apirresranh (EREMRermiamirmedcttmBisnin b Bodon@& dvafer at an area of
control wafer at a randomy selected bond pad at a
the 0.13yg dinp patiemn at@rmasnificatyoeK 610804 Hllpwige spinfiprayp ireapment éma Hhtlilution

) in a 60:1
(with DI water) of formulation BN for 60 sec at 22°C.
[0074] Figure 25A is a micrograph of a CMP contaminated Sematech 854 conirol wafer at the center
of a bond pad at a magnification of 30,000x following spinfsPray treatment in a 60:1 dilution (with DI

water) of formulation BO for 60 sec at 22°C.

[0675] Figure 25B is a micrograph of a CMP contaminated Sematech 854 control wafer at the edge

of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
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dilution (mth DI water) of fornulation BP for 60 sec

at 22C. [0081] Figure 26D is a mcrograph of a CW
waotbanisahit ed Semat ech 854 control wafer at anPEr/Es2006/020214

the 0.18mTine pattern at a nmagnification of 6,000x

f.Ql | ow. n i n/spra eatnment in a 60:1 dilution
water)o{&ﬂ“ﬁla ng%é?%%)sgc‘fa%%%ul ation BP for 60 sec at 22C.

0082 igure 27A js .an optical imge of the contact
100761 SiZgieot35] 5 ITERAPh i SO ROBEEHeh Saprde B34 Gontol water at a

e AR ot R S B S IBPoml o 604
L. dielectri urface. 084] Figure 28 is an atomc
dllutlong\gﬁlkgfmtf&rs 8%%83‘93?%’-;“% ?qr ﬁﬁg@ ah$2’4- Semat ech 854 waf er

efore_and  _after cleaning the wafer with formul ati on
19077) Etgnesr2>Priva prcsegen of ik povrmipgeshinmatnch §34contjol waferpt an area of
i mge of a Sematech 854 wafer before and after

AF

the 0.18pum g paifer # Prgnificatipn of 6,008% fallowingspinfspray reatrment ik a §@sh dilution

.. i nventjon. 12 006/ 127885 PCT/ US2006/ 020214 [0086]

(MthDHﬁﬁF%%fg’énqlﬁq‘)H%éfggsqcﬁbz%:t rogen to copper ratio,
and hence the rel ative thickness of the copper

[0078] Bigure; 26415 # rigrograph qf &GP pastaminated Snmgtesh 85heongsplaafertat the center
invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON, AND

of a bondpadet prpagnificriion ol ARG fellgrripgrin/ poryg ertmerbing G9gledifution (with DI
i.nvention relates to alkaline aqueous conpositions

water) of fgpulafion BP 19569 seewb236si due, post-etch resi due and/ or
contam nants froma_ mcroel ectroni c device having such

[0079] Fiereer 2081 & yrierprpinef 2 CMR|cantawingisd Semasech §54\eoriep! Wagh at the edge
selectivity for the residue/contam nant material while

f
of a bondipad #taRrgBHisPn 95 AL8PArpaTeng spin/spEvATetment intaci0dhiden (with DI

terials, e.g., copper and cobalt, on the
water) %ﬁ%%@%@$?@ﬁ%%“ﬁé@£§@: [ 00881 For ease of reference
“m croel ectroni c device" corresponds to sem conduct or
[0080] Fignest 205t sssa mipepgraph Hf e CNPs ponggyrinatedh §ematech 854 control wafer at a
i croel ectromechani cal systens (MEMS), manufactured
randomby selegiechbond paghiag @ geagaificating; of 6,000k dejfostingisnin/praa) treatmpnt in a 60:1
.. . conputer chip applications. It is to be understood
dilution {yith D} yagery %?%’m‘ﬂ?ﬁ%rﬁi’e@ééq $8AI 2 @evi ce” is not neant
to be [imting in any way and includes any substrate
[0081] Figute 20P\i3 a misyegmeniaf oy MR eantaminated Sematecl 874 evmirel whduriat &n area of
or mcroel ectronic assenbl .350089] As used herein,
the 0.18uy5 dine petigpt %té@%ué%awqféélﬁéh owisg spiptsprey treatiensiin ¢ h1 dilution
. olishing slurry, carbon-rich particles, polishing
(W“hDﬁﬁﬁﬂ%%m¥¥%ﬁ%@@E%W%%ﬂ“ﬁ%ﬂé%ﬂ?ng particles, equipment
materials of construction particles, copper, copper
10082] Bigngd A inFmioniiyl imesreaf thranostertzingle oh difuted Bormhlation BR on a dielectric
- by- products of the '
Surrace.

[0083] Figure 27B is an optical image of the contact angle of diluted Formulation BS on 2 dielectric

surface.

[0084] Figure 28 is an atomic force microscopy (AFM) image of a Sematech 854 wafer before and

after cleaning the wafer with formulation EC of the present invention.

[0085] Figure 29 is an AFM image of a Sematech 854 wafer before and after cleaning the wafer with

formuiation EF of the present invention.
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CWP process. 10090] As used herein, "contam nants”
correspond to chemcals present in the CW slurry,

WO eaisti2m385 by- products of the polishing sl urryPCHONG20214
other materials that are the by-products of the CWP

rocess,.. [ 009 As defined herein, "lowk dielecirjc
[0036] e .ﬂ%ﬂsﬁ%@ tooCoRRST TR el dendgthe relivg thickaess of the
dielectric . eri,al in | ayered mcroel ectronic
COPPET PRRRALRS B P opuigions bt BERESVA M e oct 11 ¢ const ant
| ess than about 3.5. Preferably, the lowk dielectric
materials include owpolarity materials such as
DETAIL EDOSERCRPTION DN Y HE WEVENT 1N PREFERRED EMBODIMENTS
sil1con-contai ni ng hy nic/inorganic materials,
organosilicate glass ( - 0SS, fluorinated
silicate glass (FSG, silicon dioxide, and
car bon- doped oxj de (Cl:)éi)%1 glass. It isto b .
[0087) Tha praseptipisaption relates i@ alkalineadpequs semppasito (HERP HOFREMP residue,
post—etclp'@ﬁh av_ed A ?Wg denazlltst %&g??’?{gmsé‘%@v%t e\gigg W]'Z?SS-% Raterial(s) thereon,

h resi due" .corres

) defi.ned herejn, "post-et onds. t 0
s conppgp R R AR PRSI PR G CoTmSS! By O fgecnsly
oot SRR e T o oSBT SRS 11 i

organosjljicic, or inorganic_in nature, for,k exanple,
[0088] Roreasef refignos TiRtgelestinnes device” eoresRomdsia Segicpdyaier substrates, flat
material, and etch gas residue including, buf not i
panel  qigniavee dintl o MIGRRIRFEAmEChARIcH Fytivme. (MIPRR) 1 masulptwgd for use in
. herein, "about". is intended to _correspond to_ 5 % of
smicroel qeHRiG (S{FEBRIOA HCHE: Of POHBEPF chip apRlicrinRsy di fo beynderaigpd fhey the term
s or cleanipg residue and contani nants from a X
mcroe#%ﬁf%&e? BAPLRCHB ) bolpe YR aYaY 4ng Shapsles gRisubstrate that will
ont am nants_thereon, corresponds to at |east partia
oventuafScip Rt 2 BHeeleEonic Sioq PE PSR SHPHE AT Y o t he
m croel ectronic device. Preferably, at |east 85% of
[0089] (i} b AoEiGrME eFIdH <Comssioasto e Betkislesnitpethe polishing shurry
m croel ectronj c devi ce _using the conposjtions _of the
carbon-rjGh, paskiqlesn Polisaing Rsfeipagticles; \prush 46@5%1% PEUFlepy einRFRE materials of
referagbly at |east 95% and st preferably at |east
constru 9’%’?5?‘3‘?% OPPE s PURET TY ’a?ﬁ%r?aﬁf’ o5 watpraly hatpre fhsdrygrodagts of the
defined herein, "conplexing agent” includes those
CMP prig§ifhounds that are understood by one skilled in the

rt to be conpl exing agents, chelating agents and/or
10099] géaﬁrééoﬁ@m ﬁ@%gff%g CQ%?%B?@%P ﬁbemi%%wg%en%nﬁhe CME shurry, reaction
chem cally conbine with or phychaII¥ hol d_the netal. .
by-prodigiy it BAdy PY: 8 2% Ot WRiEHHY dut 8% they by mepducts of the CMP
conpositions of the present invention. [0096]
PIOCESS.| mportantly, the aqueous conpositions of the present

i nventi on nmust possess good_net al . ) )
[0091] As defined herein, “low-k dielectric material” corresponds to any material used as a dielectric

material in a layered microelectronic device, wherein the material has a dielectric constant less than
about 3.5. Preferably, the low-k dielectric materials include low-polarity materials such as silicon-
containing organic polymers, silicon-containing hybrid organic/inorganic materials, organosilicate
glass (OSG), TEOS, fluorinated silicate glass (FSG), silicon dioxide, and carbon-doped oxide (CDQ)

glass. It is to be appreciated that the low-k dielectric materials may have varying densities and
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conpatibility, e.g., a low etch rate on the
i nterconnect netal and/or interconnector netal
wobosaees material. Metals of interest includeCT/HB2006/020214
are not limted to, copper, tungsten, cobalt,
. alumnum tantalum titanium and ruthenium [00971
varying pBRPESi t i ons of the invention may be enbodied in a
w de_variety of specific fornulations, as _hereinafter
[0092] fp defined, herpingepopiratahaepiduperysFronds te|materigh remainingdoliaiegmgas-phase
wherei n specifi¢c conponents of the conpgsition are,
plasma efphipg, Brosepsesn o2y SEH ofitab dupasGenie grpcepdiee ¢ FicapRst-¢tah fraidue may be
including a zero Jower |imt, it will be understood o
OTganic, prgan ic, (EEATOEGS sOTIRPrasRIc e Salte, JPr SKAwe. $ilicon-containing
_.varjious specific enbodi nents of .the conposition, .and
materialy gpghonrhased; organihateTighudeetedy 835 et Jpdning, Fpiongs digdtsd to, oxygen
they may be present at concentrations as |ow as 0.001
and fluogime-\\0 2006/ 127885 PCTI US2006/ 020214 wei ght per cent,
based on the total weight of the conposition in which
[0093] Agused bengipe rrbRetS isintandsd ) eoperpond oy Y4mf ghe sitsdivalye
Renoval Conposition [0099] In one aspect, the present
[0094] Apwsadt henyin,r“ghitabiity ™t for clnandng mssides pulseontamidants iy @ gnicroelectronic
removal conposition useful in renmoving post-etch
device hawing daid résidumand pentangedngsctherorr eornpenandetored Veaigpatiap cosmmatal of said
netal and nmetal alloy naterials, e.g., copper
residue/¢omtaginsnisn diors . tha heiceasieploeriie | davicac c oPmiferaylnt oatodrast 85% of the
enbodi ment conprises at | east .one amne, and at | east
residue/eomianypzatsi ¥ aeavrdaljemtthe mictoeléntronigl denice wiag dhe comrositient of the
in the followi ng ranges, based on the total weight of
inventiop.tyaore Prgierably iableast G8pp ovea meorepisjeraidy gihieast A3 randshostibrstprably at
0.001%to about 25% passivating agent(s) about 0.001%
least 99%@f His sepidusvpnigrpinesis Szampve@ [ 0100] | n anot her
enbodi ment, the aqueous post-etch residue renoval :
[0095] Aedefinsil hesiv, Coomplekivigszat” indadss thase eoraproiinds, thed tare vedgrstood by one
one passivating agent, at |east one quaternary base,
. skilled ip e ashigl Yeycomplekiag sgentsn ehelatiogypganisi ang/on sprangsieriag dgentye Complexing
bal ance water, present in the follow ng ranges, based
agents Wil ¢hemiqaly gpmbjef gtith of physiellycbold gbe me@g atogp pyderemetabjon to be
by weight quaternary base(s) about 0.001% to about
removediping thgormosiionstod the pes@O Imysatinabout 25% passi vati ng
agent (s) about 0.001%to about ‘5%
[0096] Importantly, the aqueous compositions of the present invention must possess good metal

compatibility, e.g., a low etch rate on the interconnect metal and/or interconnector metal silicide
material. Metals of interest include, but are not limited to, copper, tungsten, cobalt, aluminum,
tantalum, titaninm and ruthenivm.

[0097] Compositions of the invention may be embodied in a wide variety of specific formulations, as
hereinafter more fully described.

[0098] In all such compositions, wherein specific componenis of the composition are discussed in
reference to weight percentage ranges including a zero lower limit, it will be understood that such
components may be present or absent in various specific embodiments of the composition, and that in

instances where such components are present, they may be present at concentrations as low as 0.001
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conpl exi ng agent(s) O to about 10% water bal ance
[0101] When the conposition conprises conpl exing
wematfsys t he anount of conpl exi ng agent (s) i SPCT/HS206/020214
range from about 0.001 %to 10 wt. % based on the
total wejght of the conposition. [0102) In the broad
weight pgpegpty lvaeé Brths otal wirightAf s Fomperiiion b whiG SHiSpmRereps are employed.
resi due rennval conposition my conprise, consist of,
Post-Eteh ResidueRe HPROSIon of anjne(s), passivating
gent(s), ti onal quaternar base(s), optiona
[0099] E’oﬁ%ﬁ asgIcHly tﬁfg@rﬁsw) mygntongelales to\ aneAgiERYSsy BISietch egidne removal
broad practice of the invention, the_aqueous
composifieR useitl il TE@eYiaR FortEHYIaHdORMB A Wi %9“1% SfYifg beying exposed
consi st_of, or consist essentially of quaternary
metal apd, gtk pllow, makeaipls) e.gpLemey a%tﬁrﬁ@nnaﬁ@nt%)com@a%lil%éﬂwdmg to one
conpl exi ng agent(s),. and water. The water is
embod%?né PERRIISES At a%qsb(mezagane F’Eﬁl‘(‘f é?ﬁStp}Déﬂ)éﬁSg’B"L%g agepjeand the balance water,
nponents in the concentrated aqﬁeous post - etch

Presentané%qfa%ﬂ%%w basedopigiorl Brishh A thsceweetion ¢ he

!1 3 0 oo
PCT/&ﬁﬁéI@B/ 020214 0.01 taboaﬁﬂ;ﬁﬂtl"/ltﬁ%maﬁ“ér nary

basepasjivatingegengislesent ) , ablout 0.0019% toxbaltddt  15%
am neftsy , about 0.001% to aboubaldde passi vati ng
agent (s), about 0.01% to about 5% conpl exi ng agent (s)
[0100] fvaSiher dXIRARIHN), therkiBbdubifosbatiRGiGuddemvpd @5mpdsib ddupies at least

conposi tions of the present invention nmay have utility

one aminB, &PRAst Gat ipRS/ating it NG, leddt bnd Qhaterhdrf it dponally at least one
post-etch residue renoval, surface preparation,

compled@iSdgeit] Aklithobaldneaihies) pﬁﬁlﬁt PAaEd ofdiAng embelBased &IMBY &ltal weight of
[0105] Inportantly, the dielectric material, including

the compé¥itfols. di el ectric material such as OSG and the
exposed netal and netal alloy materials, e.g., copper,

coba&gﬁmhgﬁgsten al um num em@by“@@hﬁhe'

Pref]&[sﬁ‘a‘}é’cﬁlga éh?(j”:” e it BRRE T, JBB, - S i1 a

rang O 5—A MmN OAmn 1,
nor E—O?Béélyélr}.gga éf)[l{t gtuuut O-5—A |||t;z|5bsi& g QUUUL‘ 5Amn
[01 He—rerrevah

conpositions of the invention are preferably devoid of
[0101] WRieo B DedyERgeiGnpsisaitonplegial hiat(gche atmeht as chtigdixing agent(s) is
acid. Wth the elimnation of said oxygen scavengers,
in a rangdrophatoxi @M es pvewit YnRisédbonaltotbreigittos e usep@iiioal e to
redox reactions, the formulations have an extended

[0102] pOthe Hréaa phdile bEHE MAmtat, itNadbodsevRvalh REtfOfMAN &omposition
The copper surface is passivated by the passivating

may co@&8] doBistiof] drRensif ueOURIPOSImieH ONpdsesatiiy @ gért@)) Rtional quaternary
conposi tion thereby

base(s), ophonal complexing agent(s) and water. Altematlvely, in the broad practice of the invention,

the aqueous post-etch residue removal composition may comprise, consist of, or consist essentially of

quaternary base(s), amine(s), passivating agent(s), optional complexing agent(s), and water. The

water is preferably deionized.

[0103] Preferably, the components in the concentrated aqueous post-etch residue removal

composition are present in the following ranges, based on the total weight of the composition: about
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m ni m zi ng copper roughening, and | owering the copper

etch rates and concomtantly the copper corrosion. A
wWQeusndmwsy advant age of the aqueous post-etch PEBUELUNG6/020214

renmoval conpositions of the present invention is the

o0t ety R0 el e SV 6 B L2l o
oaoird B HGHE Y%ﬁags?v%ﬁ%%%c'sfﬁgwbhﬁfa%ar B e ) vben
pnmmﬂL ‘F@ﬁgﬁ?%ﬁéggﬁgH range of the aqueous post etch

conposition is greater than about 11,
in a ra e fron1about 11 to about 15.

{
[0104] 5 Gegoopyions; ih dereapoarten sy e Wlmrayplaaaﬁ%e@fﬁaiang, but not
it BB B S ST £ Bl R s

cem agm’ndethylethanolamne N—nethylanlnoethano
wnnoethoxyethanol di et hanolam ne, 1 -
am no-,2- noNnoi sQpr opanql am n
[0103) II?BWLWHHGE%‘%&FF@"C J@Qtenalwc]&ﬂlgg}ﬂ% léme]@g@c matenal such as OSG, and the
ene m ne, d conbi nati ons t hereof .
exp%eivfﬂé?ﬂi% A i Bt crBl o1t FOREE #0R loagsien, ahiminum, etc, o the
JJonoet anolan1ne 16 WO 2006/ 127885 PCT/ US2006/ 020214
microe 6@] ‘Pﬁf‘eaff BPhGOTREERiged e agpenes Poé%et%’@ﬁfd‘llﬁe‘ieéioﬁal cp@posmon

substance Wit h

hat t
Pr“"f"‘m‘?IY etﬁ%gfg‘bﬁi?g‘?frggfﬁgf GabriSh e opse s é‘apﬁlgg(é p’im Hp ﬁb?qt A min?,
more prkRgR abest Drsch i /5 S0 Aty 1 o agent | the.

ueous post tch reS|due r enoval conposition of the
[0106] afﬂeéﬂie?‘&f?"m COHSF PRV RomBPSh o 6 SRiSHIeEe Dreferably devoid of

| udi n or e nple tr|a ol es such as
oxygen f""?"“’ﬂgefsr iﬂ‘ﬁg & éaﬁlw; ang|. agops %fz?ﬂl%s Withy e fthﬁrtn&ﬁlow qfpaid oxygen

substituents such as C -Cs- al kyl, am no
' S"a"engﬁ’i?r ‘Eéfﬁ]? Frdize0vH me A FRYIEp s WF‘ESPBH@ Foofﬁiiﬁ‘ Teicueﬁsa the formulations

I I h - I
have axg%nt]%%) glpg)ﬁﬁg(ﬁqﬂ? gez%lxggglgt%%oofe removgl ];?en onnan?:g nZ'Io'l:Eer Lo?:fagr seurface is

passwatid g}:nthﬁ éJaiSIVf $11t§=2 61} e%q{]%yb? ég%%, %@hﬁ%‘fi?‘? mp@ composition thereby
entyl ),-.benzotri azol e

mmxmlzflggcopﬁer by u%to egmg, le}vgnnglthg'ﬁo%r §t°héi‘tﬁsy pud concomitantly the copper

3-triazol e
corrosio n*%rsé‘?é’si‘a“y fd‘?h"zilg% B it Bt bﬁ%&ﬁi}‘ﬁuﬁw@%l (SPROEqms of the
present ?‘ﬂ"ﬁlﬁﬂ) nma c?nn 5 Eeioju% er?gﬁtf{fzﬂg‘fa? IBS nffng 1&51%1%50{13'2\%611 as a copper

passwatkcﬁx %ﬂehﬁ t is eas%ehtoarsmév%ﬁ%an aa?%&a qge% gec%lc%nrgnth%%%gt o? ownership,

nmer.capt obenzohi azol e

[0207] ng ?ﬁgﬁg%%% <he & 1mea§§rb'\/%&)p}é1%ngreqfé%emq5efqﬁl§ Bosheich éemdue removal

oo RN D A A
I azi ne razol e,
[0108] ﬁ%alaﬁnﬁﬁ?mun m% Pliﬁ?ﬁ@daq auines and are selected from the group

e anet nete %? phen 5 nmer capt otetrazaol e,
consisti ﬁég Fing AIMEA 5) aminoethylethanclamine,

rca ben2|n1daz
N-methy, rp@{a 4H— 1 %ﬂlﬂoﬁqugﬁz%@@l »3- t hilisthanolamine, 1-amino-2-propanol,
di.azol e- 2- th|oI benzot hi azol e,

mono1sotpmp€16qlwm%hés§)8wgla iamqn?n $azol ke Cs |ar]11'6ﬁn3123@}n53 é@@hylp}?ﬁlaﬁ@}e and

combma%ons tﬁg‘gofa E’regerga%% %heva?ntnllenc%m%gl?nrgit1§cludes monoethanolamine.
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for the aqueous post-etch residue renoval conposition
i ncl ude carboxylic acids such as benzoic acid and
WQneosf127883 benzoat e. Preferably, the passivati nBCHEE2006/020214
i ncludes TAZ, MBI, and conbinations thereof. [0110]
ases, contenplated herei n

e tional uaternar
[0102] Jiﬂfémg Bassygiing EAEEPL 55 %}?T%bs ipignded f e/ R anGHBtgeacts with
R nma e the sane as or different from
the ﬁesgn@%%%“? ge %rﬁ'(f e Q. OPPH (B il A9 IPgsstalee OF @EPtecholhe copper-
ou 0 |st|n dr ogen, stralght chail ned or
°°ma’mB$ jﬂ%’ﬁ ‘6‘% %ﬁ\ ‘&%ﬁ%ﬁ‘ o ihe SOHSOES PoYtstehtgidue removal

roups. Quaternary

compos{igh pERB AP P%E?‘/’]EFB s B pr e compotedts ehuding for example triazoles,
o S P S ST, s,
thiol, miSRGEY NG, é{f‘ agcghlné% B0 sy %@ga & QoS ehaele” Y phenyi-
benzonis i, L b B 0 0L °%'§%ier&p%”§?£%1 RO oIy Haaole,
o T RS LR, B SRALE T gosets
s B, S A »
phenymggle!{“a%g?a%gf ,ﬁg?' s hineles i ”ﬁl ﬁeﬁr %@S éﬁﬁ%azole and the like, as

art C aC|d b taln dlne

e oSSREHIS, bS5 B s g téﬂ?ﬁe such a5 2-

mercaptg%: Ut at aiz%lgglc:ldg\/l_%by ?r ol Ffséagob% H’(ﬁff’%c)e/go' | C(ljlgp eylimidazols, 2-

mercaptP'figaE% i abl e mo {r%z'gd %ﬁ%@ C3 %glr%dxaz'qgczt C JE? gézla%}s%l 1.3,5-
4

i 2 A PR, 5 B oS

pentame%ié)le%bth?%aﬁ ! pggr}yg’j n?e?c ol?qtra%ocfe c!lé%rnabmgtnrc agme lggilegbhne thione,

mercapt?yélglﬂl&%leval 4 H]@ﬂl@f(fg[—k—ll tQOA—ta]ago? ﬁ%\{h{:}t I veg aOf tP? 4:fth1a a%ohe—z-thml,

regol ng anlno a i'nat i ons L hereo
lexin
benzoth{ag:ﬁ? S %B;‘g#) gago% eragglo é-#: e%uﬁ%xe céod:lé %Ep?a%e asswatmg agents

for the ég;g%%g?&!t-@fcﬁ FIGE P’élrbg’%‘ ﬁtnﬁn% é é{a* en g l;/hgro ch as benzoic acid

e | ): ' y —
and e SBHGHRE %te tpg&éra& ehd ﬁixs?g%fe&g alt Qo) lﬁcfr?% G ;@E%ﬁ%@?&mm
thaﬁoftriethylene gl ycol nnnoethyl ether et hyl ene gl ycol

nonopr opyl ether, ethylene glycol nDnobutyI et her,

[0110] %@t&;ﬁ!}ﬁw ugée [3Jo bggapoc%%{)%ﬁ re&]b gﬁﬁ yc ﬁtb'a}elo'?%t imited 1o,

nono | ene™g
2 t 5 | t
o 3%% ﬁﬁ%&%iv? ﬁhe%a%g%% ﬁ@%g&g i Rl e

is mdepgxfdgﬁ‘tgr sei%lctgc?] ﬁP}¥ éﬁ{%cr) %’D&%}Egeotf%¥ %“2 -glb oreg ﬁy %ﬁxgcglefi Ci-Cro
alkyl grgllr'pg €nd s sﬁ{u%y § U ugéti’flﬁgcl 1? leu%{epneaa/ﬁ)a(seDsp con Felr@lﬁted inchude

propylene glycol n- propyrene

choline, n’té?;‘é&)‘c&zlaﬁlﬁﬁﬁﬁmh?dx@ﬁ&? y eﬁgﬁhﬁaﬁn&lmrﬂ hydroxide, tetramethylammonium

hydroxide, tetrapropylammoniumbydroxide, and combinations thereof. Preferably, the quaternary

base includes tetramethylammonium hydroxide (TMAH).
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butyl ether (DPGBE), tripropylene glycol n-butyl

et her, propyl ene glycol phenyl ether (phenoxy-2-
W@eapedemsB) and conbi nations thereof. Preferabl pCTARE06/020214

conpl exi ng agent includes lactic acid. [0112] The

R T e AT
et SR 050t B S R B
et BT L Shch G b b bl
e L A SRS RS el ARl SSTRORLAL P05
i B35 S S0 SRS B B, B A i
i e ST LA L A TRABERE s Bt
e, O A T i
it bSO g T D s s
e S R G OB 00 BB s
e s 46 B ) P B
contemyfefl BB RS CBOREShCRER) o WEn oo oy, sbeol
s, a5 S, ST RO 0 B 1, B
monoeﬂgfg ie&%??otﬁ%{'l%}éea%%qd@g%o%ﬁgé%og%}rﬂe%; %fg?olarg%tgg%g/?%%ther, ethylenc
glycol gg%q%b?ge%h%g @35@3}0%% %#:&ﬁ‘o %%Hé&% eﬁ\rﬁlcg)%yl %ﬁ&%(%}%%rlene glycol
s 5 R0, A 02 8, v
slycol %N&'i' %ﬁé@?@‘%ﬁl{ﬁ%ﬁ gla?l(g? ?@%ﬁ‘f%ﬁ}gﬂy%?e ?gcglﬁ%%@ggé’g)%%}\@ﬁmpﬂmg
o R SR 0 IO A 3 e

(DPGPE), tripropylene glycol n-propyl ether, propylene glycol n-butyl ether, dipropylene glycol n-

butyl ether (DPGBE), tripropylene glycol n-butyl ether, propylene giyco! phenyl ether (phenoxy—Z‘—
propanol) and combinations thereof. Preferably, the complexing agent includes lactic acid.

[0112] The aqueous post-etch removal composition of the invention does not require a surfactant in
the formulation, however this does not preclude the use of surfactants in removal solutions of the
invention in specific applications where such agents may be beneficial. For example,
iridecylbenzenesulfonic acid (TSA-99) may be added to the aqueous post-eich removal compositions
of the invention.

[0113] In addition, the aqueous post-CMP cleaning composition may further include oxidizing

agent(s), co-solvent(s), etchant(s), defoamer(s), additiona_l pH adjusting ageni(s), etc. Co-solvents
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Formul ati on Al amoni um benzoate 1% MEA 9% TMAH 5%
lactic acid (85% solution) 2% DI water 83%
wo-ooooakmss on AJ MBI 0.1% MEA 20% TMAH 5% | aPCT/US2006/020214
(85% sol ution) 2% DI water 72.9% Fornul ati on AK MBI
0 1(‘? 20% DMSO 20% TMAH 5% lactic acid (85%
maybe%"éF Pi%%“fgz%cfﬂstm*’& 52.9% Formul ati on AL MBI 0. 1%
MEA 20% TMAH 5% TSA-99 0.5% lactic acid'(85%
10114} éb‘raumlw; odimgnts te e AREEHS FOSt-2loh TEH R4 TPRETA FOTRNISIVER igyforpyylated in
20% . TMAH 5% di et hyl ene gl ycol hexyl ether 0.5%
the foﬂq“a%& Fomulgtiong 48495, seimne my whiph s, orefprregeand some ofywhich were prepared
Formul ati on AN MBI _0.1% MEA 20% DMSO 20% TMAH 5%
for comyazison) guigosss, hegdr all psEcFRiages B5pY% BFight, Q?Ffd?%thﬂm%héffe&ht of the
52.4% Fornul ation AO MBI 0.1 % MEA 20% TMAH 5%
formulafina hyl ene gl ycol hexyl ether 0.5% lactic acid (85%
solution) 2% DVSO 20% DI water 52.4% 19 WO
2006/ 127885 PCT/ US2006/ 020214 Fornul ati on AP MBI
0.10% lactic acid 1.86% NMEA 9% TMAH 5%

Dl wat er
F—Jga—wormﬂ &%gfmm bengpai¢ O 10y %%o%wché%%ﬁ% sehtion)qtéo HEA 9%,
TMAH 355cbl wateh83- 8% due renoval conposition of the
i.nv t|on incl ud nonoet. h lam ne, TMAH, | actic aci
FormulaiguRey 1 BE5e} T 1500 ore Cath Bt ROt e OGS 1t water

83'90%post-etch reS| due renoval conposition conprises at

L RVt S L NN VRGP LT —

83.90%pase, optionally at |east one conpl exi ng agent,

romn S| Va8l LSS PSSO oS AR, o1 e

68.90% i ssol ved and/ or suspended in the rem)val conposi tion

Formul f he | nvent| on 0117 gjlbggpn%éza{g % {?]tetlg({eﬁggggéyéﬂpmn) 2%,

LG
MEA 9%, ‘ﬁ'@ls EJ{ ?eé § gnificantly | ower surface tensi on

Formulation |ve 1o deion \{Vab %, IS ? hapces tH? Ps (yn) 2%,
ﬁg&?—& ke nolens Féggg@’fg S M FRRVBRET aiid FaPE by 2

and cont am nant s fromthe device

Formula?:gg%u ! f gcte r at 2%%%215 J&MR gg%{%ﬂﬁ : {;L].?Oé ﬂ,@n@eﬁ{ Wa?ter’ 64850%
FormulahiS RES i 01?. /é%)fﬁ%%gga nggfﬁ%f?’ élae%hyq carggt(ﬁgo&ff)l \lilrg’teer 6%, 50%

val ut |
Formulation AT ammonium benzoate 1%, MEA 9%, TMAH 5%, lactic acid (85% solution)
2%, DI water 83%
Formulation AJ MBI 0.1%, MEA 20%, TMAH 5%, lactic acid (85% solution) 2%, DI water
72.9%
Formulation AK MBI 0.1%, MEA 20%, DMSO 20%, TMAH 5%, lactic acid (85% solution)
2%, DI water 52.9%
Formulation AT, MBI 0.1%, MEA 20%, TMAH 5%, TSA-99 0.5%, lactic acid (85% solution)
2%, DI water 72.4%
Formulation AM MBI 0.1%, MEA 20%, TMAH 5%, diethylene glycol hexyl ether 0.5%, lactic

acid {85% solution) 2%, DI water 72.4%

Formulation AN MBI 0.1%, MEA 20%, DMSO 20%, TMAH 5%, TSA-99 0.5%, lactic acid
(85% solution) 2%, DY water 52.4%

Formulation AQ MBI 0.1%, MEA 20%, TMAH 5%, diethylene glycol hexyl ether 0.5%, lactic
acid (85% solution) 2%, DMSO 20%, DI water 52.4%
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conposition, or "concentrate," advantageously permts

a user to dilute the concentrate to the desired
wWaR0e/2ZI8ks and al kalinity at the point of use. NOF/EB2WE§)20214

the concentrate of the product has a.longer shelf

Eommulatig 8811 o S 005 ekt Sk Ea@PrEh 3%2?”‘3% P A e gl
erein the cleanin

rom 1:1..to a
[0115] f;“o %JBJF?% Frpedigegty, B:l?da"é‘t"""dri"]sbg idar gomal compgsition of the

. ,mit sol ven i zed wa Preferably, the
inventiof giaigR PR neT st MY A G Ro B VBLal | uted Ih a
range fraom about 5:1 to about 50:1. [01191 An
[6116] Hﬁ&gthpfaﬁﬁ bofligenty fig agfeopROkElHRIsHINGFERP VA FRIRPOSIIER grpgprises at loast
Jenmoval conposition of the invention is that the
one amipg, gt H-'aﬁ BT BAssiype; Aeelnpast-pteTh Ebsidisy optiqually ptdleast prsy qualerngry base,
Qsition in smal

are pr sent in the conp
optionalfy o PRscomglRging gty oRisadly 4 Harrstats tatenio By Sehalaree water.
Importaji\tg'”ﬁ:‘ylé)l%s ??gq#%gg$q%r%q% %?@Gﬂﬂvsasgltgg? Qﬂdﬁ:ﬁ g%g@gn el I: ?e%c;vglecomposmon of

h econom cally, which is of inportance since post-etch
¢ IVeRtion: que renoval conpositions are used in |arge

uantities. Furthermopre, because the  renpval
[0117) ﬂewﬁagti fhg aayeguspostrichysside rempi! sasmositen efdhpsesent igyeation has a
of the invention are nore easil dIS osed of . 20 WO
significasfly) dovies AREcepens WSERES @6919%% a2 é’%ﬁ@o@% ability of the
post -etch _residue re conp03|t|ons of
aqueous; "ﬂ%ﬁ?tf%r?f Hhedovegiion ig o nF’Eﬁ‘ hePatath spdue wﬁpq%t%ams ifgrn the device
the respective ingredients and m xi ng to honpbgeneous
surface.condi ti on. Furthernore, the aqueous post-etch residue -
r enoval conp03|t|ons may be readily fornul ated_as
[0118] In AR émb%tﬂ%é) the) APNEREQT &ngonﬁffntrﬁtgg {2uGeYY post-etch residue removal
fornulatlons that are_m xed at or before the point of
composqgg% is é'man ded that can, ¢ \dilptsd) fob 35 @s §f remezal gl l%qonp aft concentrated
fornul ation may be m xed at the tool or in a storag

COTOPOSIEigh,|Or fjﬁ%le?ﬂéfa% agyaniayeousygrermifg sttt diltierths suptigte '8 g desized
tlve r.edi ent be widely varied in
sﬁmﬁh@ﬁi@?ﬁ ¢ ?ﬂfﬁ oL 856 M Veadla?evea%en & PLiBe pyqdyct bps janger shelf

r.enoyva nor e igﬁt or nore

I
tife and G HRer o SHALRPA H1e oﬁ’éluﬁ%%% PaRcURRlEd Gfeaig CPRASHIOR gy be in a

R R
o i AP BRI LY, T 82 OISl s

di scl osure hereln [0121]
marﬂ%&%&%"ﬁt&t %/to %ﬁ‘gtsﬁ aspect of the -invention relates
01191 38 b b e e R SO S, o0 o
the i nventi ferabl he kit includes, in one
that the i agPos Gons Rt G St b e e BAPL Pecagiposivon i
st R HBY P RS 20 By SRR, UL B 2L e o
ettt AR5 oD 1% A s g SRS LS of st s

assivatin ent tionally at |east. one
post—etcﬁ) rem&ue remogal c%mposmong are used % large quant}tles Furthermore, because the

removal composition is water-based, the removal compositions of the invention are more easily

disposed of.
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conpl exi ng agent, and optionally at |east one

guaternary base, for conbining wwth water at the fab
woroostimespoi nt of use. It will be appreciated RyI/GpRI06/620214

skilled inthe art that other conbinations are

nt enpl at ed here In. addition to an a
10120) 6 SARPR PoreihEehg ol CQJ?B?SéH"é‘a O B smon g ceg orulated by
simple ngl?le 5 ugtpg %Ssélagt%}r ch es | %)g mlégggc;/ I?ngo(ggz}rgggsféoﬁhggns ﬁru?t%ermore, the
aqueous&%? -etgh Jes B I %Lgalinlg%ds p\%laptgqs) majf el nd].!taé] Sgllfni\é St %ggle -package
formula %éroele tron() @anufﬁ%@urlggﬁﬁpérgp ed$é2ﬁ@gg$3§%s?g the
t 0Si t n{-&+
GRS 0 o SR i B b v
e .si mul taneou as ivatin net a
of the ﬁ°ﬁ‘[ eﬁﬁ%ﬁﬂ%{mﬁ%ﬁ aﬁsspe%\%dg Bfieats may @ﬁ%’v‘?@é i specific

enti on do not .damge

ey 3 O %ﬁ%ﬁgﬁmﬁﬁ% PF 51 S o9 fPEEeSHPy 1% g dive or more
concensfi B mbod BT P fﬁh 'f%f%ﬁ%’&?ﬁt?eﬁ Pl s B350 post-
tch res 3%5%03’%' P iS3E S s Per YD ey Fommitg, consist
o e {nggﬁo%a@aﬁ.gf%r%g‘g%&ggm oAy

oo 28k 2> B el RPPRL iefolpah IoMORPE: Brinor more
oo ;S BpAE IENES éér%c@?%aémes%ﬁﬁ%j o tﬁ% ingelPho Bregerbly
the kit e iﬁgﬁﬁsﬁgﬁﬁfﬁ%ﬁ%t tﬂ%ﬂ Rt o5 o Brsb P Re ST DB Aot o
combml%lgﬁ%b %B%ﬁagf’f@ﬁh)%f Chige RO HERE G iha g nctude, in
one or IR Eatabice. pTERT pindur Hdren effehx%s%lﬁ Pt Qs Ry et one

d h l e
W fmﬂf ST a1 R i Dls e WG BRI e o o
the poiffof Lgsgl RV ek Ol SROLIOROP L BLC HEPLANE Ll OMhicns ar

" uepus post-etch reS|due renoval conposition
cmlﬁmﬁg |6%§?y is contacted with the device for a tine of

[0122] E[bg({n t1 C{Ut %guef’)&‘{ solufios f Lt éS%OCﬁlqgng gﬁzé ge% t;:;ﬁ &ﬁ%b%‘%‘sffﬁs posi-etch
b 50C,
residue %emovgloc IRition iy, ﬁ)suﬁm%n&:lg?é \%s(;: %oa ,dI’ogs ﬁu%(‘tnﬁlgé}l or sugegg}ugal fluids

era res are

(e, wh‘éreﬁ-?th?#iivemenﬁ%r % rffe%?o \Iy%t{lggns may be enpl Oyed t hat

I cacl ous eas artlaIIy cl ean the

o1 S o AR e ORER st e
pa rti ean" corr onds

removal Birpp it of uE kst BRESRAANS bl Binple Sl Upal e isp rgidue from

the surf:lic% of ?l%el nql%leoe thI'On\I/CaAG’VngD \arzhelle%{n%ﬁi%{lg)?lh pBSSIVElt%JagStLG metal{?c interconnect
materials. Importantly, the removal compositions of the invention do not damage low-k dielectric
materials on the device surface and preferably remove at least 85 % of the residue present on the

device prior to residue removal, more preferably at least 90 %, even more preferably at least 95 %,
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even nore preferably at |east 95 % and nost preferred
at least 99 % [0126] As applied to mcroelectronic
waonendfiarsBiir i ng operati ons, the aqueous post - et BET/US2006/020214
resi due reanaI conpositions of the present invention
re_us | oyed to clean post-CMWP residue from
andmos?ﬂrgfegﬁ&?tg e‘(ytphe m croel ectroni c device, while

i mul t aneously asslv tin e netallic ipterconnec
[0224] Fpost-ot %?mor'ﬂﬁa licatien, 916 g %VEQFWW@H &Soﬂ?ﬁg"sq ipjagy, suighle manner

the inpventign not damage | owk diglectric
to the d%“teé?F flgang %&Y&@Wg %F‘F‘é‘@ﬁgoﬂﬂf’%‘P’éP’éFh&WCFé’ﬁ%éeme to

St 85 % of .t he si due present.on th devi
be cleﬂ&?f‘a ingoin g vo! qﬂ@wrv'i? ‘?ﬁ@ oHPRISHioR) Ry ‘getwcF éaéf»‘ %ned by
0
S— @%é%%g%‘“ S PR R 4 S ——

and ontan1nant cl eani i cation,
clement] g ' B “ﬁ%stﬁe RG] PRBRARD. PR XBS Tl Pk dpaer or
techniql.l% :J‘ghelgl gﬁ%%ﬁ%f#go J\E/lgza %s %‘@gf %%\égg%ogééﬁﬁbe %e de'gce to be

cteanca Bl BE] or STk G b @%’%ﬁ%@%@%@%f 690214

10125] [ 8. ofuM (PeabIRoBs | ol Biey P G FloRHeH RO gt residue from
et b 1 A MRS ] A S i
typically, oL e P o L1BS é%%ygw?u? é?ﬁ o 304, 20 mippcspreferebly
* abont 2 it GG %“rg%% PR sbit B § oo ST B sopieting faes and
tempere A H e § fef&u %%3 *%gﬁ?wotgxtawég%ﬁ%g?%ﬁ? smay he ggrployed
thet arel IR 1 FOISE PREEINE Qo Be BPRIACh STy R oA/ ogt Hgsdevice
witin G4 baPiagerch IF mgﬁ%vetaf?%p ?%\??egfr}?a?%ﬂﬁ?b?ﬂeacgffessgfﬁsq%ﬁﬁ sgmoval of a

due/ cont.am nan

teast 85§ B e i %éhebf[ealgd%?é%%wé%e PO irk gt st 90 %
even mc[r? %re?el'abgoat lletgvgl 039, taﬁhg m3g Hre? n%ggﬂt ffs%% yhe desired

€ous” pos %1re3|due
01261 7R g%&’r@ﬁ%@%@%&?meﬂ%agﬁe By L s i
ed and. efficacio

removal crgépos&té({ S]pretscﬁl mg«a%lgg &reuse ;{'ﬁ%y %Jf\pgl‘?)%g\(o Faé'spé’ﬁftuéﬁp residue from
the sm'fI ace ?%el molnroe {;tgorn?c %g}c hlf;e]e ; I eousﬁg gggs}v%g%ge@% me{j ﬁ’é’ interconnect

I oni ze

lna’terialgJ \fm ort nﬁ%/ d’?% 61]951{?%51 colﬂlsﬁlo%q onglo rﬂ%gmven%;)n %H él% anéaﬁ%/ low -k dielectric

er aspect 0]

matenaf:s‘ on%e fevic tuﬁgtﬁa a%n%)t?%fe%bhrznr%nrn? a‘te ?eastogljl & s gsfc’iue present on the

accordi ng t°0 fnvention an

device %f gé"fegiue en:to%lfn %P%ﬁzéfgrgbélg' {egs% foﬁ G}ﬁ ro mo%ep\fef%r%glglat }east 95 %,

I'nvent

andmosttgre@?}eﬁgﬂéas%g granuf acturing an article

[0127] In the alternative post~-CMP residue and contaminant cleaning application, the aqueous post-
etch residue removal composition may be used with a large variety of conventional cleaning tools,

including Verteq single wafer megasonic Goldfinger, OnTrak systems DDS (double-sided scrubbers),
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conprising a mcroel ectronic device, said nethod

conprising contacting the mcroelectronic device wth
wanRimqessis post-etch residue renoval conposi t PONUS206/020214

sufficient time to clean post-etch residue fron1the

s B R L RS ) A AR s et
e R R rtiele e

o AR b2 SR e e Bt S i,
o B e IR SO, o g

rln an.artjcle risi.n

composfin BREABCE pepteFadih e dovih ?farfmqféf%#ﬁm Gigp abotk 1D mimtes,
Pfefefabﬁfom éﬁséﬁgwe@%a"é"@f t?%me' e 8 g'ﬁ%ége o o G BRI L. Such

ost-etch residu

contactft e, o bR eR e IS o G5 2 OB (S, P B, tomperature
°°nd1“°%3%%a'ﬂ25%§%5 S e Boar Boniots Sak, 1By prfianl Qegn the postoMP
residue/ Gl A4 %@?%&2%‘%?%5059 Br%%%cgeiﬁa@ﬁév%%%%‘ Phcitel

[0129] Eﬁ@s' Va'ﬁ}ﬁt wishereyt of Meldilred derbing Shon. BF f%q%%"@ bORkRE residue
removala@awe%ﬂont e SF sy FHOGH: FOR T Pt s oy Bha htcRummely been
appliec, B ey gw?%g A SRR o BV GHimg R avERBo R R of the

present gAY, OPefebfic i R PR Afods Ao ey Feleing g rise
t d t he hal t toi
posss RSP SR ot o i
Onent % about

0130 ge tg%fﬁ)e% %S%Q%ait@wntﬁagéﬁ%w i pgroird B5Cradlesiions dgges made
accordm(gi)t? tglp ués c%' nﬁ%?n?il ? E% Oc}]?gf.}a.é}uil{ggsﬁ nOtcrcEeﬁ.thromc devices.

(0131 R gﬁﬁ'arn%%é: ohitns %P@%ﬁtreta@'f 5§ chod e Bapiinmigg an aricle
compris iR s HE= Bt S5 EcuRlrhot HEraPE 8&??\%*%%@@%&5@%0 device

with an 8@1&3@%&:@5& E.‘t;[(% regsguegremovafl cér&?osﬂmn rosici mentn time ?onagarﬁepgsvetgh residue

from the microelectronic device having said residue and contaminants thereon, and incorporating said
microelectronic device into said article, wherein the agueous post-etch reéidue removal composition
includes at least one amine, at least one passivating agent, optionally at least one quaternary base,
optionaily at least one complexing agent, and water.

[0132]) A still further aspect of the invention relates to methods of manufacturing an article
comprising a microelectronic device, said method comprising contacting the microelectronic device
with an aqueous post-etch residue removal composition for sufficient time to clean post-etch residue

from the microelecironic device having said residue thereen, and incorporating said microelectronic
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am ne(s) about 0.001%to about 25%
agent (s) about 0.001%to about 5% surfactant(s) about
W0 2001%888% about 5% reducing agent(s) O to abPUT/USBU6/020214

wat er bal ance [01351 I'n yet anot her aI ternative

. .enbodi t t ti
device m?% 300 PRl yhekelE e haon® P Btn Rsich] FenfihS iﬁ??ﬁlpssaﬁve“ slhge gt least

passi vati ng

om0, e SR A BB i el s s
p in F?e foll owi ng ranges, based on the total
onequatv\%f“@’ﬁ of e WG conposi tion. conponent % by wei ght

Caboutno 001% t o about 25%
B 001% t o about 5%

001._% t o about.25% reducin
[0133] @@3@@(‘%@% (R4 PR SRR 1A B B

PCT/ US2006/ 0202 a furt ern
Tor el 2 Rt gpgReTs ey miwpeﬁ{r%% TG HAHE e resdne
ssjvati ngvatmg

and cont opr | east one
5

s %‘iﬁre%%eéf g%%@%%a 3%'%11?@%§|e1ﬁ%ﬂ °’b°p?ﬁ“’&ﬁa¥q§/asat’“e pas
egent, o} O AAFS vBIEE RSl 8 oA ety 2= o B el preigeot the

Wit o
%ol | owi ng ranges, based on the total wei ght of the
COmpost %Ihp03| tion. % by wei ght am ne(s) about

out 0.001%
'ghtﬂ 001%.t 0 about
T 259

passi vati ng
quat ernary base(s)

%ﬁszgcg éﬁ/ﬁ‘)cle%nﬁg composition

corrponent

furt eiie_al_teratlve errbodlnrent baﬂﬂheeforrrul ati ons of
the present invention conprise at |east one am ne, at

[0134] %Zagé&er%pgﬁugcgét%ln%%ﬁgﬁ ‘r%g ?@mﬁlaﬁons o?%sétpreggn% e nr%%?fse at least

one retu
one amine, at least one passivating agent, at Ieast one surfactant, optionally at Jeast one reducing

agent, and the balance water, present in the following ranges, based on the total weight of the

composition.
component % by weight
amine(s) about 0.001% to about 25%
passivating ageni(s) about 0.001% to aboui 5%
surfactant(s) about 0.001% to about 5%
reducing agent(s) 0 to about 20%
water balance

[0135] In yet another alternative embodiment, the formulations of the present invention comprise at
least one amine, at least one passivating agent, at least one quaternary base, optionally at least one

reducing agent, and the balance water, present in the following ranges, based on the total weight of

the composition.

component % by weight
amine(s) about 0.001% to about 25%
passivating agent(s) about 0.001% to about 5%
quaternary base(s) about 0.001% to about 25%
reducing agent(s) {Q to about 20%

water balance
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agent, optionally at |east one surfactant, and the

bal ance water, present in the foll ow ng ranges, based
wWoroshe7ssdt al wei ght of the conposition. conmpoPERUSHNEY20214

vvei ght ani'ne(s) about 0.001%to about 25%

[0136] B R Mol &B?tﬁ% R %ﬁ@m; fovprgi somgHse a
20%

least ong %%é%%leasﬁ%&a%w 0 58 P o st i GHofT 4] teast one

surfacta:@ g@.wfx?ﬁ% agf ¢ h(% Itqn\éiiegpz{%-gogds% O%E t? qg ousx%%gtprwm g f the following

ne(s), passivating agent(s),

|
ranges, bggﬁdsogﬁgﬁtgég %#tfqglh)égaf%%QStsOf opt i onal quat er nary

i . 4] £k
pr ef mrﬁﬂimi(s}n a ranqe from Qbm]:putlabouté‘%about 12.
[ 014@ateTiaey pé(s)e _conpounds nedtokbowpBi%ary or secondary
am negterand are sel ected from t hemlajeeup consi sting of
nonoet hanol am ne (MEA), N-nethyl et hanol am ne (NVEA),

[0137] gxﬂ? L h oot h?f‘g%l?r&:gqeuét tﬁgmﬂng%l am e%)pegerx]lt invention comprise at

ropanaqQ noNoi Sa%ﬁb anol am ne

least onf: %’( gr}sqsgpﬁen%assx‘(a}ng agent, at nciurqtggmy base, at least one reducing
di 2006/ 12788
agent, opoR OB % BT At S S S (e BFEF I o Sty gnees based

e agg %ound i ncl udes nonoet hanol am ne or
j Psé‘tlrc?“ne It is also conten‘pl ated herein

cont@ﬁwnmtaedltGShcl ude butabautél Oﬁd% tbabmtté@%t 0,

tri esuniaciadt@i ne, net hyl di et Aanaboaindbog, 5% t ri et hyl ani ne,
N, N- etataret hyl gl ycol am ne, N, N- di baddday| di gl ycol am ne,
and pentanet hyl di ethyl enetriamne. [0141] The term

o) 552,50 A2 AEalEE et g el S
compns%r coﬁm]slgtt %ta gg/c?)%% Xelg%béﬁgf 8’;0 g}%mre(s hpagsrfratmg] atggntp optlonz}l reducing

agent(s), optional quaternary base(s), optional surfactant(s) and water, as described hereinabove. The
wlater is preferably deionized.

[0139] In the broad practice of the invention, the pH range of the aqueous post-CMP cleaning
composition is greater than about 9, most preferably in a range ﬁom about 10 to about 12.

10140] The amine compounds may be primary or secondary amines and are selected from the group
consisting of monoethanolamine (MEA), N-methylethanolamine (NMEA), aminoethylethanolamine,
N-methylaminoethanol, aminoethoxyethanol, diethanolamine, 1-amino-2-propanol,

monoisopropanolamine, isobutanolamine, C, - C; alkanolamines, triethylenediamine, and

25



containing |ayer. Preferably, the passivating agent in
t he aqueous post-CAP cl eani ng conposition of the

WO peN2IssH may conpri se one or nore conponent SPCT/US2606/620214
enuner at ed herei nabove. Mre preferably, the

combinR@RS | Wb 9 qg@f@ltabiy,s the 2 afhide’ ic@ﬁlﬁ&_ﬁd [iQh#ed hBfoethanoclamine or

aqueous post-CAP cleani ng conpositions may optionally

monoisjéﬁ}gfyaﬂglﬁmﬁﬁd Ulf kA A0 M ted BELBCHAGAiRGMrkiRG BEPYP added to the
onsi sting of ascorbic acid, L(+)-ascorbic aci

L SQR L 5ing Gl | &icB6 rdg¥dtih W Smo@d |floktabout 0.01
s FESERS AL RIS Y 80 Koo g Wb
wt. % ﬂ%@&?eb WO 34, - LR M FRITDOSY chdrP Rd/BrR3kcéHdbtyORahd ¥ present.

I ncl quat'ernary bases including, but are not

TertianLimHiin L EnfeRplatelRAERIRG LfhomMigied &) iicfRenoldiand RekiiipAdietBdholamine,

e the sane as or different fromone another and each

triethylirSinb Ndepentanhitis liRel8Mnd r oM t heNafiRUBylBRREbSEMIRY Of  and
§ yhy]grogen, straight-%ﬁained or branched %]-Clo al kyl

pentam@h PR fylcAdfamaOST i tuted or unsubstituted aryl groups.
Preferably, the aqueous post-CWVP cl eani ng conposition

[0141]3%%&3%@@ ing SRR aOREd HitEh S B e HRan &R} Shbstance that reacts with

uaternary base preferably 1ncluding

the freliELEAEELELATHDE BEHDYH COpyer Shih THWAHD. pds@idtdl] or ThiBtect, the copper-

aqueous post-CWVMP cl eani ng conpositions may optionally

containifpAhyet CpeifbRCtha RhSivatifiPagesiih bRGL AL ﬁcﬁ;t-@lvﬁ’f Béallg\oRpition of

surface active agents ich assist wt

the invElitRR &S ORI SRE BS ISR colmB¥RhistEumérhtedihéleifiatiol@ CRlore preferably, the
tensi ohs, and | owering surface tensions between solids

passivaBiglagebsll 83-1ridAdleaddi tion, it is hypothesized that the
surfactant(s) also act as a surface nodifying agent,

[0142]@%{1 5 SbRGhokteViB SERRS YonBositibRembP Bﬂﬂiﬁnay anidece@Ring agent(s)

ng sheer stresses placed on the wafer.

selectePHbihatd r?&}g(c%)lsﬁﬂg LemRbBicerdid, DEY-BicBroid el dl Bascbic aBiiascorbic acid
not limted

to, nonionic surfactants, such as

derivatived! %519@!156/ | 8:5%1}: AQabifationd heMF 2006/ 127885
PCT. USZOOGF 20214 pol yethyl ene glycols, polypropyl ene

[0143]82’]?&38 gci(u)gl?l}sgﬁﬂsé[@my LIERSnL EorRs RO B ecfﬁﬁoxgshl%f Cigbn@t G@ktdmary bases

acid salts, dodecyl benzenesulfonic acid

includibPRROAL HF 1i8fd &, heRSR AL Wae R RY & RAI RYBHaS be the same as or
drnonyl phenyl pofyoxyethylene, silicone or nodified

differest frdnf SREMBALIYAE kfoh i8HAEPEh&RNG sElbRldSrod thH@ﬂi_u% lcBkisting of hydrogen,
acetylenic diols, and al kyl ammoni um or nodified

straighf b2 ORI RRS &l-Ls, alkiyd P@K}i\/s‘?tam’ |sGwstitukldose ndsaBituted aryl groups.
35,000 MA, hydroxypropylcel lul ose (500-35, 000 MA,

PreferéIT\S&I méla%)fééﬁ@ﬁdépcpﬂwl%ﬂg%ﬁﬁ@si’cﬁ&%m@ﬁse@ @1cadMie quaternary base, said

TROSOL(r) 250 hydroxyethyl cel | ul ose, KLUCEL(r) EF -

quaterf P REYRIRBNI if@hditd 108 AnetBBaniBbliud hydr6AMDIIMAIINNS

conprising at |east one of the foregoing surfactants.

[0144]A‘ll"ﬁe,e EMB&SVEAdCMPh Blestltls BGhARnTBYy PRoBNY Xkt sRfactants. The

anionic and non-ionic surfactants. In a preferred

surfac . r I yhi @Bibs, lowerin
BN (MR L Qe oAb s i

| liquid adgict iteﬁﬁonsE A& RAUSSROSInGHR velvRan taldis GRINMQSHY. | BMddition, it is
may further 1nclude chelator(s),

hypothesized that the surfactant(s) also act as a surface modifying agent, increasing the viscosity of

the formulation thereby reducing sheer stresses placed on the wafer. Surfactant(s) contemplated

herein include, but are not limited io, nomionic surfactants, such as fluoroalkyl surfactants,

26



etchant (s), defoaner(s), pH adjusting agent(s),
t hi ckener(s) such as water-sol ubl e hi gh nol ecul ar
wowogit7sgsonpounds, etc. [0146] Inportantly, tHECTAUS2006/020214

dielectric material, including owk dielectric
) 12 B6hybHRenett PO RSB @boxyli
rtefi 3Bl R i 50y s PP 1 s oy

acid sa@%ﬁpﬁir)%ﬁ]’geengéﬁésulfo R bhe (lﬁbﬁéﬁflcﬁcgd'lt@n{h%regfevb&?acﬁlﬁe nﬁ&lymers

e aqueous post-etch resi due tenpval

dinonylpqg]% ?)fﬂgfﬂ:y%&ylcng sRc6iAR! Iﬂodlﬁe!?l%ﬂ%ﬁé"%cﬁ%ﬁ&s QfetfIORP &lols or modified

Is’in range from about to about

0 uny's e -
acetylc d1§ls rggﬁ &ﬂt?;‘la%l{n'aﬂlfxgl S Aty AR D saks "hyﬁioﬁ?etﬁﬁc ltulose (500

147] Pr eferab y, the conponents in
Bilbsel (800-35,000
s ), AL AL RO VTS a5 s

ntbs [ se, a
MW), I\fﬂgﬂﬁwg 1 0/%1 &Gﬁl‘:@ﬂ 0 WO OIS B thy @R AeEyR I8, as well as

bout 25%r educi ng agent (S), about

com'bméﬁrogggaﬁ‘ldmging Qﬂb‘gst e %ﬁi’e‘é@:ﬁ% Ql?fa%ﬂﬁt@t ASmat®RBAthe sQefAtbhts may

% quat ernary base and t he bal ance

be a mwﬁﬁ@ bt mh%é%d hbn-RoRr &EGEHAH mqﬂéfe@m embd¥n UM WEirfactant is

ost - CVP cl eani ng conposition of the invention

dodecyl}yéh%ﬂégtﬁﬁmﬂgag%mgg@ﬂ@%d/o@ﬁﬁﬁd?h@ acid, and TAZ
I'n a particularly preferred errbodl ment, the

[0145] 34 Y&SHoh RRSE utgil\%) é)%LteéWlP rl@eaﬁﬁg%ﬁlbgélﬁlfﬁ Rby Etiﬁler include chelator(s),

inventi on in nDnoet hanol am ne, ascorbic acid,

| slcR BRRkRRBIuble hi lecul
etchamgﬁ defogm?fgspdg/H erred enbodl ﬁ%@ tche aqueou;:l © high molecular

‘&‘ﬁﬁ?‘“‘?yp gl eani ng conmposi tion of the invention
weigh es nonoet hanol ami ne, gallic acid, TMAH, and TAZ.

[0146] %%Bé@gn@%é &4 %@émﬁgﬂl Lﬁ@ﬂ&%ﬁ% R &%1ec1£19 1oddrial bl 8§ DSBSand the

nts, agueous cl eanlng COﬁpOSItIOﬂ

exposed ‘?hefa?r ?le \%tta? dyby rﬁal't‘&xa} of ngj OWLRG, Eéyaﬁui'uﬁédtéﬁn %111%&'}4 etc., on the

ch are pre erred and sone of which were

mcrocl@&tt%ﬂﬁrd%gicé BE noLAIRREhSQ b PHE RARESs podhQERIeRid@ femoval composition.

percent ages are by wel ght”, based on the total weight

R 2t 1 MBGh ‘WA ..
Prefmﬁg c%?gtf}%{a%{:@éb *%?*“’SE‘?F Fﬂéi %%%ﬁﬁ%ﬁégﬁgm 0 0% D min’

morepz’é@}a%[ya%éutﬁ%fﬁﬁﬁ'%%%@@w 7.2% TNAH 4% ascor bl c
acid™1.6% TAZ 1% ogallic acid 2.8% EDTA 0.01% DI

344% e
[0147] ‘ﬁ@étgrfabﬁ g aoﬁgzﬁgg{%%bgel CI%%%J gl%gg%@ W%Aﬁﬂgnga}& %@bﬁ in th

/ FL a
followxﬂ%fagées%%%o&f; At%é {SHg%IQJEia | Ioi?@g E@gpoz t 311@ byt 190%0 a%ﬁﬁclﬂt% &mine(s),

about 0.005% to about 25% reducing agent(s), about 0.005% to about 14% passivating agent(s), about

0.001 to about 25% quaternary base(s), and the balance water.

[0148] In a preferred embodiment, the aqueous post-CMP cleaning composition of the invention
includes monoethanolamine, a‘scorbic acid, and TAZ.

[0149] In a particularty preféxred embodiment, the aqueous post-CMP cleaning composition of the
invention includes monoethanolamine, ascorbic acid, gallic acid, TMAH, and TAZ.

[0150} In another particularly preferred embodiment, the aqueous post-CMP cleaning composition of

the invention includes monoethanolamine, gallic acid, TMAH, and TAZ.
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EDTA 0.01% DI water 74.4% pH 10.3 Fornul ati on BE MEA
8.8% TMAH 4.9% ascorbic acid 3.43% TAZ 1.96% DI
wW02008/127889. 91% For nul ati on BF I\/EA 4. 5% TMAH 2P8RGIS2006/020214

ascorbic acid 1.75% TAZ 1% wat er 90.25% pH 11.4
0151 FBWEHB@ o aiRieniYERe homidus HORL LifoRR -
e R b 258 L?P\/\glf/aenﬁ Ul R fgtified in the

0
follow:EQ F%ﬁgg%@g@%% /E\)? 1431116%1}0 Dfrégrecgﬁ%g%%mecof Q\ﬁﬁéﬂ vJer@ I{f’epared for

com a§s7e 0 4
p angfsﬁHg@nggl gll ?Erc%%%_ ,&1238/ b: % Dl?{@gec%%% %ﬁ%’ 't&ala@éxglt of the
formuiys@her 75 9% Formul ati on BJ MEA 7.2% TMAH 4% ascorbl c
acid 1.6% gallic acid 2.8% carboxy BTA 2.2% EDTA
Fornuliéhldh DI viakgrr 82, ﬁﬁ’AﬁQf kB0 R PR WLl £18 2. é’%“thA 0.01%,
DI watd’®.485corbic acid 1.6% gallic acid 2.8% carboxy BTA
11. 8% EDTA 0.01% DI wat er 72.6% Fornul ati on BL MEA

Formul&tit?BB TVAH MP ASG0TI AT 494, Gisdortidtaci Al 4ok CTAZI 18y, Zgaﬁr@ acid 2.8%,
EDTA A.bfesl DPVater 31AVA O. 01% DI water 83.2% Fornul at'i on

MEA 7.2% TMAH 4% ascorbic acid 1.6% gallic aC|d
Formuldii@?BC ATA GviliXo 7.2% DT A1 Q3Q0asédbivatiar 608, BAZ 3% allic acnd 2.8%,
EDTAE@'I%UDBﬁat@ﬂma%NEA 9% TMAH 2.5% ascorbic acid %

TAZ 1. 0% DI water 84.0% Fornul ation BO MEA 4.5%
FormulIdNB13. 5% MBAOCY DYC TR 436, 4306rbid AGd - 4% TAY At £aﬁl1c acid 2.8%,
EDTA 801250 whier mubgbiom 380 MEA 9% TMAH 2.5% ascorb

acid 3.5% TAZ 5.0% DI water 80.0% . For nul atlon BO
FormulMih 996 TNHMEA5§/*8%3MHI £9RC ashombicd Yhid BABR- DAL 6%, DI water
g0.91vat er 81.5% pH 11.6 28 WD 2006/ 127885

PCT/ US2006/ 020214 Fornul ati on BR MEA 9% TMAH 5%
FormulaS&OBIDI C _acVMBA2%%, BV AHC. %] fhcatbio Yeid 14892 Y ZOOBIA water 90.25%,
pH11.49.11% DI water 78.39% Formul ati on BS NEA 9% TMAH 5%

ascorbic acid 2% gallic acid 3.5% TAZ 2%

FormulbobIBOL ( r )MBACL 14, 1A BI2. 598t BEortiB ad01 %, gallic acid 1.75%, TAZ 1%, DI
water 89.25%, pH 10.8°

Formulation BH MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, BTA 1.6%,
EDTA 0.01%, DI water 82.8%

Formulation BI MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, BTA 8.5%,
EDTA 0.01%, DI water 75.9%

Formulation BJ MEA. 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, carboxy BTA
2.2%, EDTA 0.01%, DI water 82.8%

Formulation BK MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2. 8%, carboxy BTA
11.8%, EDTA 0.01%, DI water 72.6% .

Formulation BL MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, ATA 1.2%,
EDTA 0.01%, DI water 83.2%

Formulation BM MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, ATA 6.1%,
EDTA 0.01%, DI water 78.3%

Formulation BN MEA 9%, TMAH 2.5%, ascorbic acid 3.5%, TAZ 1.0%, DI water 34.0%
Formmlation BO MEA 4.5%, TMAH 2.5%, ascorbic acid 1.75%, TAZ 5.0%, DI water 86.25%
Formulation BO MEA 9%, TMAH 2.5%, ascorbic acid 3.5%, TAZ 5.0%, DI water 80.0%
Formulation BOQ MEA 5%, TMAH 5%, ascorbic acid 3.5%, TAZ 2.0%, DI water 81.5%, pH
11.6
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Fornul ati on BT MEA 9% TMAH 5% ascorbic acid 3.5%

TAZ 2% NATROSOL(r) 250 0.1% DI water 80.4%

WE06112788% on BU MEA 9% TMAH 5% ascorbi c aci drGI/B32006/020214

TAZ 2% KLUCEL(r) EF 0. 1%, DI water 80.4%

Fornul ati on BV MEA 8.82% TMAH 4. 9% ascorbic acid
Formulgtich3¥8 TAZ MER6%, TVIAT BESGbibic 3%5102%1 ﬁ%cf%m@b’ SYRTAY 2%, DDBSA
011%151‘,&&%7§ngu| ati on BW MVEA 8.82% 4.9% ascorbic

acid 3.43% TAZ 1.96% NATR(B(l(r) 250 0.50% DI

FormulM@dress 80. 3NE K09 U MM AR NI XadWEAIB add %%, T. 4@18% 5% TAZ 2%,
NATROSODORES0.2%, D1 watd3?049§ AZ 1. 96% KLUCEL('r 0%

DI water 79.89% Formnul ati on BY MEA 8. 82% TMAH 4 9%
Formuld§&Bhi ¢ aqfHA DA IIMATAEY] o R6MHic &Q&&J@E% Az B, Ba180s0L® 250
01%,mlwa@atgem%80 39% For mul ati on BZ MEA 10 9% TMAH 5. 71%

ascorbic acid 4.00% TAZ 2.29% KLUCEL(r) EF 1.14%
FormulblionV® er _ 7 6viBA %ok, crviniiadoh, Gicdhic MEA 33%, m%pmw@ﬁm EF 0.1%,
DI wate3.80%% TAZ 2% dodecyl benzenesul foni ¢ acid 0. 11%

wat er 85.39% Formnul ati on CB NMEA 8.82% . TMAH 4. 9%
Formulas@BWi ¢ aquiBA3.$83%, TIMAM. 9684, ascorbic acid 3.43%, TAZ 1.96%,
NATROSCE® 2Eb e.0es Biswiéragisovaci d 0. 11 % DI water 80.78%

pH 12.0 Fornmulation CC 9 w. % Monoet hanol am ne, 5 wt.
FormuldtickeRWanet EANMBEYA MINMAHOX.9%, @cSrbicWacid/0 E0RT BILZ  1.96%,
NATRASOU® 28R0.50% DI Watetd0 36y nul ation CD 9 w. %

Monoet hanol am ne, 5 wt. % Tet ranet hyl ammoni um
Formulay@h BIXi de, MEA 8.3u%, THIEH 4.9%, Acbllic il D4Wh, TALZ HRS%, KLUCEL®
EF 1.0050,/Dilibadr i7089%E 9 wt. % Mbnoet hanol amine, 5 wt. %

Tet ranet hyl ammoni um hydroxide, 3.5 w. % Gllic Acid,
Formul236nBY, 4- TIMBAE.82%, SMATIWM.9% YascdGicheId3143%, TAZ CB6%] K1 UCEL®
EF 0.50%,. DBoaler R0BOMG- 2- propanol , 5 wt. % Tetranmet hyl anmoni um

hydroxide, 3.5 w. % Gllic Acid, 2 wt. % Ascorbic
- Formul&dinBZ 78. 5 MEA 19@BZOTMAHYE 8%] #torkicadid /0%, FAZ 2.29%, KLUCEL®
EF 1.14%, Aviiwater 26.07%pauol , 5 w. % Tet ramet hyl anmoni um

hydroxide, 3.5 w. % Gllic Acid, 2 wt. % Ascorbic
Formul&tdandCA 2% 1,MEA 9%, esnieacid/H5%, TRZ 29%) ddGyfenradtatftnadidD.11%,
DIwatef 82.38%. % Monoet hanol am ne, 4 wt. %

Tet r anmet hyl anmoni um hydroxide, 2.8 wt. % Gl lic Acid,
Formuldtidh G . % AIEAr H.R2YACITMABA . M19%4 . astorbi2Oacid  3.43%, TAZ 1.96%,
dodecylbenzenesulfonic acid 0.11%, DI water 80.78%, pH 12.0

Formulation CC 9 wt. % Monoethanolamine, 5 wt. % Teiramethylammonium hydroxide, 3.5
wt. % Ascorbic Acid, 82,5 wt. % H,O

Formulation CD 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5
wt. % Gallic Acid, 82.5 wt. % H,O

Formulation CE 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5
wt. % Gallic Acid, 2% 1,2,4-Triazole, 80.5 wt. % H,O

Formulation CF 11 wt. % 1-Amino-2-propanol, 5 wt. % Teiramethylaromonium hydroxide,
3.5 wi. % Gallic Acid, 2 wi. % Ascorbic Acid, 78.5 wt. % H,O

Formulation CG 11 wt. % 1-Amino-2-propanol, 5 wt. % Tetramethylammonium hydroxide,
3.5 wi. % Gallic Acid, 2 wt. % Ascorbic Acid, 2% 1,2,4-Triazole, 76.5 wt. % H,O

Formulation CH 7.2 wt. % Monoethanolamine, 4 wt. % Tetramethylammomum hydr0x1de
2.8 wt. % Gallic Acid, 1.6 wt. % Ascorbic Acid, 84.4 wt. % H,O

Formulation CI 7.2 wt. % Monoethanolamine, 4 wt. % Tetmmethylammonium hydroxide, 2.8
wt. % Gallic Acid, 1.6 wt. % Ascorbic Acid, 2% 1,2,4-Triazole, 82.4 wt. % H,O
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Formulation CI 7.2 wt. % Monoet hanol anine, 4 wt. %
Tet ranet hyl ammoni um hydroxide, 2.8 w. % Gllic Acid,
WO 2@601278880 Ascorbic Acid, 2% 1, 2,4-Triazol e, SPCHUHR006/020214
H20O 29 WD 2006/ 127885 PCTI US2006/ 020214 For nul ati on
Formuledo®CM . % Mt oghibadetlatliie, Dwill, Téamethylammonium hydroxide, 3.5
wi. % Agoftad Rty beBaRoidrold) gus et WeL,03. 5 W . % Ascorbic
Acid, 1% Benzotriazole, 81.5 wt. % H20O Fornul ati on CK
FormuRtivd CK% Monoet. banphestiaaclamme)s wi. % TedtamaiiphintoaOitiide, 3.5
wt. % Oyltle Axid O Benzbtriavdle, 835Gl 6iIL0ACi d, 1% Benzotri azol e,
81.5 wt. % H20 Fornmulation CL 11 wt. %
FormulbtiéCD 0- 2- PIioP@Ro] - AnfnoAR -profanbl 5iva % tHadadiRahidSAium hydroxide,
3.5 wt.lvy GaixiAdR, 2 wB 95 AvborbidnGa| 1% BeMotrihzole W5 . wit%sAB00r bi C
Acid, 1% Benzotriazole, 77.5 w. % H20 Fornul ati on CM
FormuBtit CM% Mon®et. hanphéesthanclammeVs wt. % Tedlafatiplfytoaiy oA de, 3.5
wi. % Gylile axiddewt. % Ascoithc A%, G Bédzowiazolk, 785 W..% ¥h@scor bi c
Acid, 1 % Benzotriazole, 79.5 wt. % H20 [01521 It was
di scovered by the present inventors that the particle
[0152) B Ry disc@kfcd WyahRe }zﬁre@éﬁﬂ HfVeRaR  that tElehREdle FeRidOMAfficiency and organic
abilities of al kaline aqueous conpositions containing
defect R@MEVaY adbilitgs aFealkalh@S aquebi@n cbhSoaRibhy cOitSRhe! pdsfiddling agent was
- correspondi ng conpositions devoid of passivating
signifi@giy freatbrQhane8Rofding éonhpositiPisROSi@ of Pediwitilg hiat. Bdd@xample, it is
presence of passivating agent in the post-CWV cleaning
proposedhiga¢if itHat O pASEics bS paskifating @ gére FDIKA post VBT de | dobhpbsition assists
typically a conponent of CMP slurries and tends to
in the feptomalaf BTAC kvhichio Bypitally @ lcofpdnend STUMK BaSRE atDRE& to form a thick,
surfaces during the preceding CMP process. [0153] For
non-unéfsanfilreon @posdd seppssSwefaded ditigy thamkgtay ClIofrodcse
invention, BTA is a conmponent of many CWMP slurries
[0153)aFst ekahl€)\ak BBcSssdh Elel LABkgDdunt RE 1HeMR RS BFA, is @ component of many
non-uni formfilmof BTA remains on the exposed copper
CMP shirfi¢sGhd FRiswing@bhplstiog ofGMPCIMH frosBT Aok @iitoinFIAGT BTA remains on
slurry, the exposed copper surface of the
the expts&l @pbactiianes Hellwisy CHMPCOIH aBTA RN Surdy, Blfexpddd copper
filmas well as particles from the slurry (see left
surfacesofdbe micrdelegintc device Foddnemiimgedt vieth 4 BTACH Gilia @9 weft adiparticles from
post - CMP cl eani ng conposition including passivating
the sluag Gt lefiistde oS Figastlil Bblkaviidhe inkbéncBdPefG@post-@Y® cldating composition
undercut and lifted-off, wi thout" etching the
includisg pastivaing agdng divis postidatbd thek the PAAIIW ddykinig uadpent adUified-off, without
| ayer (see right side of Figure 1). The resulting
etchingsthe febsieate, deanipg ibejpind kipessatingveest-Gie lyyee@sd tight s{d bB#ikure 1). The
| mportantly, the aqueous post-CWMP cl eani ng conposition
resultingfsutfive ighyéophitic bl eett vonedsdlg a  significantly | ower
surface tension relative to deionized water. This
[0154]chiyartiaely, tHeeagadiiuk ipoyt-CI¥IP tdning GoROOERIcROFPINGS ipkdsed iBfention has a
the invention to clean the post-CWP residue and
significotht fovienantse ftemsionthlatived ®vddenigdréa@e. This enhances the ability of the

aqueous composition of the invention to clean the post-CMP residue and contaminants from the
device surface.

[0155] In another embodiment, the aqueous post-CMP residue removal composition comprises at
least one amine, at least one passivating agent, post-CMP residue, optionally at least one quaternary

base, optionally at least one reducing agent, optionally ai least one complexing agent, and the balance

30



[0155] In another enbodi nent, the aqueous post-CW
resi due renoval conposition conprises at |east one
wanv0sH27883 | east one passivating agent, post- GEI/US2006/020214
_ residue, optionally at |east one quaternary base,
water. Obportaatly, Whellpodt CASE residie! RHUBE AsAgANind/@ HubeAddd ¥ Ak removal
: | east one conpl exi ng agent, and the balance 30 WO
compodiQOd fiEEABRRIRCT/ US2006/ 020214 water. Inportantly, the
post- CMP residue may be di ssol ved and/ or suspended in
j0156] Beyet EAFNER bmbERRBRASThE aQikot pdsREMPYEHal @Ompdsiiba @bmpiikes at least
yet anot her enbodi nent, the aqueous post-diP r enoval
one anGiBE]ROSHHiE QBIdCANBAst $8S paksivhi@aSdgent) BRIcAAMNN S, lea@$ ©aE RiuBernary base,
acid, at |east one passivating agent, optionally at .

optiond 1538 leaQ e dEEfi RN RYciNAGERnt, adP @ Whér¥inahidl MaShe Sf4Bous cleaning
addi tional reducing agent, and water, wherein said

compogititzplsisHbROGE Slusming RN cORBRBEIE FOR d SictdeldeRBlieddvdk having
cl eani ng resi due and contam nants from a

said refTthe 208 b@EdnkifdhCtheteot. PeefbraMiy/1Be clédhiabudo@spattle M emoval composition
contam nants thereon. Preferably, the clean aqueous

is devodDsita-fludd imeY,ah oRia@gtit GRd/ot sbrdR¥ @iatkriafl a fl uori de
source, an oxidizing agent, and/or abrasive material.

[0157] Bload bmbdHiR&e ol Gl AR a Sdncénh@ict BYRBES [8-CRIP cleaning composition

-concentrated aqueous post-CWVMP cl eaning conposition is

is proRdd@Vihstesin thRadileANfob &isélad WtdAnke sokEieh. a9 oreh@AMI@mposition, or
solution. A concentrated conposition, or

“concenBNEC BdViafitddeBusly PEHHAE h AGRQUS ICHIDHOLEEsE Engdhetl§ &F dilud tlle cdabifirate to
process engineer, to dilute the concentrate to the |

the desites btreRgth Shd ARYInky andle dbikpdfiusd. tMoRbvel,NEe @RbdHira®fof U&Qroduct. has a
Mor eover, the concentrate of the product, has a

longer IshetRfe 280 @ dasikd foeshgNshd sfor€ aPiletiont oF 1B tddcaifEted teaing composition
Dilution of the concentrated cl eaning conposition nay

may bd 4 fange f@n geoult 1 ANoabeutt200:1,Iwkedein BRUlleadB cdmpodithgs tiluted at or
the cleaning conposition is diluted at or just before

just béftre the @dol Writhh ssiedny,edg., deiogized GHeleONiPzefekabif ee. concentrated cleaning
Preferably, the concentrated cleaning conposition is

composltibrits futedina rimgs den dboi sawwuboub 51t 0 about 50: 1.
[0158] An inportant feature of the aqueous post-CW

[0158)c AR anpodgntCoe S tHeGuahs péteCMPV@dihing RomBositivatof thei@vention is that
non- aqueous constituents (the constituents other than

the noafiebys EhaithesErt conftithdhe @haMhal Witah atrdpresiinl the composition in
quantities, often |ess than about 30 % by weight. This

small dpmnidties, oafen dess chadabatt 3008 By we@hianThie i AC tdonemi! ARmitdrg since an
conposition can be fornul ated nore econom cally, which

effectivesclerhiniz p@p dsitivmecas iba f@mupadimdd/Eednbaially) gvidenp @f idhpodasce since
are used in large quantities. Furthernore, because the

post-ChPederning coepngiisis taro Nseld Sn Wage tudadsad, Furthernelr«€ drtduge the cleaning
conpositions of the invention are nore easily di sposed

composition is wWakbBgsed g dgumgusmpeiibaCiffhccheaniomge oonpasiytdigosd of.
of the invention are easily formulated by sinple

[01S9pTEE hduesusOfost-CRIPT €lsqpapt dovotitighs el B irsredtivtl 4t debdlly fofinulated by
honogeneous condition. Furthernore, the aqueous :

simplepdditiod theclegactive gnEali@@Sint! indrifg 1dymbgene@adbhdition. Furthermors, the
formul ated as singl e- package formnul ati ons

aqueous post-CMP cleaning compositions may be readily formulated as single-package formulations

or multi-part formulations that are mixed at or before the point of use, e.g., the individual parts of the

multi-part formulation may be mixed at the tool or in a storage tank upstream of the tool. The
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or multi-part fornmulations that are m xed at or before
the point of use, e.g., the individual parts of the
wonowei127888t fornul ati on nay be m xed at the t oBCT/OB2006/020214
a storage tank upstreamof the tool. The 31 WO
concent# b PSR ihiDeIbted ABPE:IWidels SReRITh Ebifionsul@fiestdfthe aqueous
respective ingredients may be widely varied in
post-CHIP@dahib€ cotbildsitibh,G%., dloré BRute GHR6K TonRaGited MPHe beddipigdtice of the
conposition, i.e., nore dilute or nore concentrated,
inventib) dnf&it RiDaR HPpaciated bl the NQuecu HERIANIP cleatlitly | ompbditions of the
be appreciated that the aqueous post-CMWP cleaning
inventi6® BROKHbsBhd QfterhitBrelyl dOMBHSd, OdhsiBS c6Bsidt @bkBhtjallgtdg any combination
alternatively conprise, consist or consist essentially
of ingréfien®y tnSssib iviR tHe Al clogire hadgihedi ent s consistent with the
di scl osure herein. [0160] Accordingly, another aspect
[0160]CAcdofingly) B RhérORpER | ALURS ifdventinKielates 116 | IRk BELludidk, GM@nlor more
nore containers, two or nore conponents adapted to
contairle] d d¥endtd maagﬁhéﬂtgmp@ﬁ 1d foRm itie/ @iipoSfons O eleSihdatiyn. Preferably,
the kit includes, in one or nore containers, at |east
the kitOREluds] Meonedbr MBASEonRiM@r) A6 MaMdbreNgniag e tlcast 0P pashting agent,
at | east one quaternary base, optionally at |east one
optiondi F a6asPbile, quARKaBNBAsk.Y oftiondIBagtle@Nne RLAGRK GpiR@eI} at least one
: for conbining with water at the fab or the point of
reducitSeddent| for WnibiniREw AP HERE htakeb Bythe Peint fidse.| B il Be ipeechibdd by one
that ot her conbinati ons are contenpl ated herein.
skilled [[0the Ak that ot dbrhbifdtiohOard BordétbifAetbhepdh .Ut i on, it is al so
contenpl ated herein that the aqueous post-CWP
[0161 C1nRRBBE 1oCAMHARut bhtfonRYs 29 Joﬁfeﬂi}aﬂaﬁﬁ%_@reﬁﬁt‘h_ﬁt@ﬂé@queous post-CMP
fogs, subcritical or supercritical fluids (i.e.,
cleani b#itidrd @naObe/ Blttnulated Gelfoarfld, Gogs, iitetitad odfsuyadricyl. fluids (ie.,
0162] In yet another enbodi nent, the aqueous post-CWP
wherei lIRRBIVED isATPES ] nktedd difwatde | nvention nmay be utilized
in other aspects of the m croel ectronic device

[0162 BNk afdihdr | RBoMRAE B aguSius PSHTUNP cleakiR® cOEBRAILE of the invention
post - CMP cl eani ng conpositions may be used for a

may bP@Rled B0dAhdr asetB B e nhieBN@roaRRl e maMThdinRigNGocess. For example,
particul ates fromdielectric regions w thout renoving

the aqidd®s SRSCIEGILMAA LémpYsAohBlapBslusedMfdriaitht-cbdam glesiOtotrifove cobalt-
dielectric material. In addition, the agueous post-CW

contaifihe® pAtiAGat&0fPASditle@nc @égiors withoie Seivirignthe ndekiedd eobylt Rfating and
used to renove post-etch and post-ash residue as well

withouB SanbbEag tebidia@ricmatbitidl f Indaries shodqueouCybtOMP slbinivg composition of
tool. [0163] In post-CM residue and contam nant

the presé alveiPn aRP| e G8dd 10 RemdRPostithcHad pprath fehifucdsasdll Based during a
conposition my be used with a |arge variety of

buif proeRy e NP gbliskingdsvl.ng tool s, including Verteq single
waf er negasoni ¢ Gol dfi nger, OnTrak systens DDS

[0163] Hopd-EMPi rekedhesal BBNSRBInt cleadih bpplisRion; BP haytoud PRE-SMP cleaning
SEZ single wafer spray rinse, Applied Materials

compotibh aad/es astwitRellhgX iy aittyldd cRefehataDelednkabNbols, ditdiding Verteq single
Megasoni ¢ batch wet bench systens.

wafer megasonic Goldfinger, OnTrak systems DDS (double-sided scrubbers), Laurell spin-spray

tools, SEZ single wafer spray rinse, Applied Materials Mirra-Mesa™ /Reflexion ™/Reflexion LK™,

and Megasonic batch wet bench systems.

[0164] As applied to microelectronic’ manufacturing operations, the aqueous pos.t—CMP cléam'ng
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[0164] As applied to mcroel ectronic manufacturing
oper ati ons, the aqueous post-CMP cleaning 32 WO
wQROm6/1478F885 PCT/ US2006/ 020214 conposi ti ons afCT/t§2006/020214
present invention are usefully enployed to clean
compos% 3 of e %%1\? YveRtAch ar%p{igeﬁﬁ%q 16veli B MUERE pSICIEE Gestfue and
& M croglect ront ¢ devi ce, I I'e "si mul t aneousl y
RARSEVR NG Ahbe LietioRo GeG RN NAHe SHBUIRLLRLE passivating the
contmnar?psofrr?ng%ﬁ s&rﬂaﬁ%f ’%Ftélglr’%{”ﬁg‘ﬂé’onpgg‘. t’i ons %@ﬁt he f passivating
ic ALENLLON 40 R0t BiRY b Qbfpditdns RURE ifkSicA o not
metalhctlﬁgc }é%/e?tcgigésgﬁ%i 'achen%an g’r{e}l? &%ﬁ@% renove gt | east 85 %0 "

damage?&e%@gﬁlez’cﬁﬁ%ﬂ&fal§)§lleﬁ1§ vi&nsu}#]age SR GE R rQhovleQit 163§t 88U of the

nore preferably at least 90 % " even nore

residue gg@%%? 51? %é%e?{cf: h)%f‘ fo %gdls{% redddFal " Rde }B‘E@faﬁfy; &Sﬁ%ﬁ o ©2%Ven more

use o e compositions O

preferaﬂlfﬁ?&gtbg% .04 m?itg:%}él{& apﬁ?sft oédP residue and
cont am narits rom m croel ectroni c devices having sane
her e - [ iLi -
[0165] 5458 e cbosiie Ot e RSl (E; GLERRH30. GAPRARM Al contaminants
fr j i i
O

’cypicall{.'1 %s?ﬁ@ztgﬁ%&%i %Cc: dePicd ) .létti.nioocf: froﬁi‘%upf’ .86 bbdtd 10 biifRs, preferably

eratures are illustirative, and any other

| t.akl g t] i $io & Such .
o U8 4 iAo PSR S35 L0 55 o

times a@ g\g/ﬁﬁlgeé&a\% '{‘l‘ﬁ Iﬁfu’s’c Vel dnd g%u&ﬂ&gﬁia@m AR tdlRPAdrB Bonditions may be

n the bro practice of the invention.

employ%ig\%hﬁt! SRk E{?Ltl 1¥as§f)a€'§ﬂi§ e the%é?tséﬁﬁ trks@ue/cBimRMRhnts from the

correspond to at renbval of "at | east 85 % of the

device, Rv%ﬂnqﬁﬁeor&fﬁgﬁ%ﬂ&e Sind ﬂ@i:rﬁgf(.i 68 10k pﬁftia.tlj? cle&®128¥ esubstantial removal”
renoval , r

e preferably at |east 90 % even nore

| 2530, AL QG RERRES 86 dadice HRASH residu
both co%ﬁ%}o&{?gg% fin@%zo?aher qénbodi msnte,lﬁt he aqueouswIL resene

remova%%&ré (AR AhPANLAY 06 ORI hb@ 'bréf&aﬁlﬁ taf RANSBD,! dtB&t preferred at
tep "Il plraten before or during the buffing process,
least 99 %€- » before or during the reduced platen downforce,
wher eby t he aqueous post-CVP cl eaning conposition
| d}BendltRPadubodsbe: Ty Ei¥ APSIiSInSs infrodiicBto the Step
[0166]%%133&123?@%?% %ee St e%dul ?%P sl ur r@lﬂ%ﬁtgmﬁt r11e sfjrf ace of
Rl & REiE Tl M Vis€ § edthefoRtCorddifits @red@tked Hh€n downforce,
leateétrbe{) Il CI\/PEpr ocesgg. Q?Ofé?]e_ Fgl | owi ng tghe achi evenment
Wherebgfthet AfeodE5bst BHCLIEARNGmPES A isplad8 BEISEH WSCHAD SluriMird assists in
| eaning “conposition nmay be readily renoved fromthe

the ren%@é’[i ¢ Dol AP dibrrnPBSm RV R hehiEERRERInicCbvicast thRWack-end
e-desi reéi) and efficacious in a given end use

of the SR CRBLrQRsOf the conpositions of the present
Invention. Preferably, the rinse solution includes

(01678180 %GR %\%](e%l":mex{t%% de¥Bla é@a%ﬂgeicﬁﬁﬁ, RRCiquebust JA&-CMP cleaning

i nvention ates to the 1 nproved m croel ectronic

compolgﬁcyﬂ 85 TeRy ra&RH GoRdnd &vidfo WRERNAUSs BEvibG been applied, as may

nvention and to products containing such
be desitddGh @ EHESEuO M £0i96VeA8Re application of the compositions of the present invention.

Preferably, the rinse solution includes deionized water.

[0168] Yet another aspect of the invention relates to the improved microelectronic devices made

according to the methods of the invention and to products containing such microelectronic devices.
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33 WD 2006/ 127885 PCT/ US2006/ 020214 [0169] A still
further aspect of the invention relates to nethods of
wWOamef12T888ir i ng an article conprising a m cr oePETASL05/020214
devi ce, said nmethod conprising contacting the
1 CJ. ctroni I G 1t q - | . -
1016913 SER % Rt o spitle, Fyel; ATEANE B Hepfbliwing an arice
.post - CNP. 1 esi.due .and ..cont ani nt: L.Om: . . .
comprifife BIEICREHF 2580 Sid SR Th8H hlPlie miorosletronio device
-2 . contamn her.eon i ' ' 5 .
with en LA PRGN ISR o, D SREBEAA] G ont OMP pesidue and
aguequs post.- | eapl iLdan 1nc d
conam S AR, BE Seller BT IS nGRTRES AR A coilfints teroon, on
. at. | t..on Lhe . .one i i .
mcorpoaart]]ag \%%? g]ﬁ?m%l%%gg.{s qeglgé E.Iltoe Qaﬁ artlglg, wh& tlYe?qui Q%Jﬁ}%&[&w cleaning

one am ne, at | eas

oo s 5B st 6580 O R RS0 i, ot s
one pasg ga?n%ﬁagﬁr%%}glt Qf?%rggaﬁ i Iea&tonl: gﬁﬁl%,gat QLG c?ﬂér]%%%‘;aiﬂﬁ% agent, at least one

ohe reducin agent,

reducing gg&ﬁ] ?n?c} fﬂ@tbgfance(\?atergfc) LERSE oG A GeastBdne ﬂg&%ﬁngoih%nt, at least

Si'vat i ng agen I'east one quat er nary “base,

one surgag:tégtg@g:iohﬁh?att léagtﬁogte (eggi&é% %@h’t‘? L Gn 288 e walkf éctl)taltﬂ ‘f‘easttone arnine, at

wat'er , east one am ne, eas

least o%[beafzs@v%ﬁﬁé X%BL QQI&% Qht qu Jrj‘? Bk, PRbnAtY 3t Fahidnk reddBSE egent, and

east- one 'reduci ng "agent, optionallTy at |east one

the bal%fst% fgfgt%}, a:itﬂg ée) apeLaliNGe Qﬂr@p&ﬂeaw&{pasgi\%ﬂg hgdof) 2ARRYRBE quaternary

present I nvention rellates t0 an aqueous

; | QRO A £ Qbiter.
s R AL ) 0o RS il e G

[0170}%%&Eer%egtr thg Ege%cfn% ofl 'relzatgketo R §%ﬁeo§$ﬂ?)3§b@§@léﬁ&n§ Ig]oemposition

ositrons ose erern may pe ayed onto

used as\gg%algéfﬁps%mug td ﬂ?@te&t&%{%}y&& OP{he el%&}cgic%(fﬁE _wtaf‘ér.t R& example, the post-

ing plat'en an t he post-CM residue renoval

CMP d raféﬁ%ig ?c;tglrd;i’h%?% aRLHRB h§1%[nl&98j ﬂ%%aygﬁ QASARE Gafer Ahlng the transfer of

€ aqueous post - cl eani ng conposition

i U8 o8 A b i

3 . y )
megasc%[lEblg,l & apFLD AR ﬁgi&? E@@-@ﬁ/l}oéleénﬁlfg éoﬁfb%ﬁﬁbxpﬁ LR WRthSwvater in 2

y illustrated e follow ng non- limting

range fFORPAIRLED:1 WRBERT DRI pridk @S dpfayRizdnRaRSRALAGEs are by
wel ght, unl ess otherw se éxpréessly stated. Exanple 1

(0171 B Btk Snclal A ALY o Othe LOEAHh atel R8S Y- ifMisebRE by the following non-
i nhi b (i

I't1ng copper corrosion .., mnimzing copper
hm1t1n§ Lab feg’,tvﬂ%eréﬁ@ﬁlr%\f@ |aﬁ’(?ﬁe@&nta§é§%r%%&%t,%s@otﬁér@ﬁ% e R6ksly stated.
oppgr wart er . e warer 1n each’instance was 1 nmmersed

Ekmm¢@;the respective conposition for 10 m nutes at 50C
| oned by a deionized water rinse and spin dry.

[0172]??%6%2{1:‘1&519}’ bR RLRRs AIEE ?&Miﬁﬁn%ﬁ%@%ﬁ%ﬁ[ﬁ ﬂ.eH ?ﬂiﬂ_ﬁlizing copper

pol nt probe neasur enent technique to determ ne

etch ra‘FeZ %iag {J\jaﬁl.lﬁ{éﬁ.s § 29 Ilev‘ié%%va% H%&E@co@ﬁeﬁﬁé}n athk YR in each instance was

sistivity. regression curve ~was generated and the

immerled i€ ]ﬁn@.qés?e y'fvcta E&g'%o%ﬁﬁg &6r l@qﬂiﬁg’cgﬂ. ﬁ;ﬂi"@%blﬁwkﬁ%tai Rndkd water rinse

resistivit rive the et

and spin dry. Prior to immersion, the samples were measured using the 4-point probe measurement

technique to determine the thickness of the substrate as a function of resistivity. A regression curve

was generated and the thickness of the copper determined as a function of resistivity to derive the etch
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WD 2006/ 127885 PCT/ US2006/ 020214 rate of copper in
each conposition. The results are illustrated in
woRapane7sgs Exanple 2 [0173] A patterned waf er PEWUAZH06/020214
resi due thereon was i mersed in a beaker of agitated
’ 6H, 1RGd Bhstatedie@s 2at 40C. The
rateOfcé}%g{lmegdg&Oﬁng?&M a“hl 9% § a FSSG k?ond %?3 on a copper

rface. Subsequent to the clean, the wafer was rinsed
'-}ﬁm]—mgmzth DI water, dried and submtted for scanning

[0173] % ept%&érké’d’wg?e %ggol%&d&es.ﬁ n %Qsem%&kbdﬁﬁtaeoee&er%@rag&tedveaﬁo 1pm)

€rm ne m n- 174] Electron

Fonnulam‘n? RPILAP Bfinfls z&hl@“(f: Ofilef EterYi@cf *@Efepﬁlf:ﬁﬁgdséiFQG 3bh®pad on a copper

I'Mmersion are shown in gures 3A and 3B,

surface.” ?ﬁ@s@@eﬂl Ye didanCai \pﬁersﬁﬁnnﬁs@@tm{hhﬁl wfel, d8RAVAS submitted for
e ec

I'vel'y renoved follow ng just m nut es of

scannin%!:lgﬁ{é > o%gﬂ’-l@a 3 ThOddPlatedf B «Si%%r %éﬁie&}ﬁﬁe@@%llelﬂ& min™

er was | mersed in beaker of agitat ed

[0174} ﬁ?eétgonr BiRogrdpRE BEHERThRFbl Aafel BEfore Ak nidrsié0@8shown in Figures
nperature.” During the via-etch process, the wafer

3A and \Qﬁs re\;s\galémre@ft fkah De @ee'iqgl/ﬁt QNEFesiBhE rad SFREGN) d@ndve@¥dllowing just 2
pol ymer residue. Subsequent to the clean, the
t v(\ﬁiglg as rinsed wwth DI water, dried and submi tt ed
ot [0176] El ectron m'crographs of the control
32 vvafer and a cl eaved control via wafer before
E!ﬁ'@m\lﬁr'n*rery on are shown in Figures 4A and 4B,

[0175] Exeﬁcl&ﬁﬁta'evc@ Mhrrice bRakHRB gl vedf@ O A g e d tiIhBea‘kbr&)fVﬁgftﬂéd (250 rpm)

the cl eaved via wafer after i mersion are shown

Formulétf&n FA@ S5 mptut@&N4 108n t6R%RRGE] \Rirke thd viafchCpreded, Yhebwafer was
seen that the residue remaining followng the via etch

subj ecteﬁqg a Q¥R ovaldh tB P Gﬁlﬁ\éﬂgwﬂum&ﬁ&trbsﬂdey Sulbsedqueiietd the clean, the
fromthe sidewalls of e vias (see, e.g Fi gure 5B).

wafer wa¥ 2Rk &t Tt Qhief laribd endcaphded fasghe for DI water on
treated and untreated copper surfaces was determ ned.

[0176] HiQtro® QRBREraghY bRAGR ¥Rafoliaekael kol hedeavad lcyntetd pas wtaked before
copper material having a DI water contact angle of

immersioR arZshéwiid Figtis 4.4 @ad M tspectively EEBRceappetogahs bitheva eafer and
in a variety of conpositions, as enunerated

the cleaR8d-@h Wt OWr iiimdRidh @relshovdin Ri)g“ttBes(SlA) anli 5B te@pectivahs eltican clearly be
with DI water, dried with nitrogen and the contact

seen thain@k Qeﬁuetx’éﬂaiﬂngmnﬁﬂngl geevitietoh dand Tdver-etels phdcessasr @as substantially
tabulated in Table 1. Table 1: D water contact angle

remove@ froln tRedidsh 8B of thotie@tcdgcBigpersB3ur f aces.  Cont act
Angl e() Control 72.52.2 0.1 wt. % BTA 49.81.5

Example 4

[0177] The contact angle for DI water on treated and untreated copper surfaces was determined. The

copper surface was an electrochemically deposited copper material having a DI water contact angle of

72.542.2 without treatment. The ECD copper was immersed in a variety of compositions, as

enumerated hereinbelow in Table 1, for one (1) minute, rinsed with DI water, dried with nitrogen and
the contact angle of the DI water determined. The results are tabulated in Table 1.

Table 1: DI water contact angle on treated and untreated copper surfaces.

Contact A;nge(")
Control 72.5£2.2
0.1 wt. % BTA 49.8+1.5
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35 WD 2006/ 127885 PCT/ US2006/ 020214 0.01 wt. % CBTA
33.43.2 0.2 wt. % TAZ 12.51.7 0.1 wt. %ATA 16.41.3

w0 2006/m27883 on BQ (diluted 10:1) 12.51.0 [0178] RGI/US2006/020214
addi ti on, ECD copper was treat ed with a

pasy. 09 THearm Mg §oNpo r—fohlowed by 0.1
wt . Oeiga;t{;t%/::{,éﬁffeu and—dr¢d-: |%gﬁi _icat € copper

sur Ta “contact anghe—oty %j 56-60. When this
tr J“I.Eﬁi‘j fae s—HFFRer—-gnersed in
f ored nB @F?—Wtd 1 1) 1.;%*:bal and dried, the

contact angle dr opped 12. 5- 11 6. [ 0179] It can be seen
[0178] Bﬁ%idﬁoge@ﬁ@% or bR gg h"% 8tpa§§hv6’f0é g c}gw r'tla%iyi%ﬂowed by
0.1 wt. 2B Vesle&' ﬁc?g?e h‘g'gﬁa%ea‘iel(ae otgée?aswg%ej@{ Sfpjcl apgle of about 50-60°.
S Ao B BRSPS ) s
wassdg SO G T L, (e ol e
[0179] Tk Sl QTR S %&Aazwpfgl 1?4’ Qgﬁp%%{nﬁ@”lggﬁ oL BIrA bad a

er decreas 0 abolt

Ty X -
o ol 3658 AU A LI e g s%g'e%éféa@rﬁgm

15°, md&gl‘ijﬂ %%rtﬁes@&%ql sgg‘ac%% s%%&ro fid. gﬂltf os[né%y, er g dtlgffﬁ]tre%tad copper

and untre er surrac

e e S e

o PR 0045 S R, A TBSSE e af g o 91 o
(i) adsofbe@do H MRA-8QF Lirk0 {012&1 )08 El%eﬁl thé’ﬁ‘r%do‘h? I‘ﬁ?ee ﬁ {rigkt teaving behind

imrersed in 0.1% rietary nodi
TAZ-cgonposi tion Cu20 ECD Cu treated with a conposition to
convert surface CuO to Cu20 Cu-CBTA ECD Cu i mersed
Example® & 0. 01 % CBTA solution at natural pH Cu-TAZ ECD Cu
rmmersed in a 0.2% TAZ sol ution at natural pH

101801 The contact angle and corresponding surface energy for DI water on treated and untreated

-t

<,
Eic

N = 4

Y

ﬂ

copper surfaces was determined and iflusirated in Figure 6. The surfaces examined are summarized

below.,
ECD Cu Electrochemically deposited copper (control)
Cu-BTA ECD Cu immersed in a 0.1% BTA solution at natural pH
Cu-2MBI . ECD Cu immersed in a 0.01% MBI solution at natural pH
Cu-4302 . ECD Cu immersed in 0.1% of a proprietary modified triazole
composition
Cu0 ECD Cu treated with a composition to convert surface CuQ to CuO
Cu-CBTA ECD Cu immersed in a 0.01% CBTA solution at natural pH
Cu-TAZ ECD Cu immersed in a 0.2% TAZ solution at natural pH
Cu-5ATA ECD Cu immersed in a 0.2% ATA solution at natural pH
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Cu- SATA ECD Cu inmmersed in a 0.2% ATA sol ution at
natural pH 36 WO 2006/ 127885 PCT/ US2006/ 020214

WO We1227885 nany of the tested sol utions, the aPET$2006/020214
copper passivator dissolved therein was dictated by

o1 B g Okt R B o B
s Bl S 5409 ORRBE BB

(0182} Frat RShid AR o£rt°ar Jhehge ﬁzgwstaa:g] g&dpglzﬁsgga@{}??g%fpg%&é&é& Sy by

experi nents. exanp

measu.riiﬂ‘@ h&ft’ac@ Ql@%}[ra@%étﬁ% ?e%rgyg%n ahﬂlaﬁ%e%}{ﬁlg %n& g&ﬂgﬁﬁ)%l heé;periments. For

"wetting™ o thereby 1 Acreasing

examplel{, 6GbdultO At nicH ‘é‘o;%%%%t&é %@gdg ?Jre &%%t Q{%}etiﬁﬁ%ﬁo?itﬁegsurface

0 penetrate 1nto high ~ aspect ures

thereby f?ﬁ’&éa‘s%& ijfél'iﬂéodaﬁﬁteﬂ@ gglgegggeggaé%%gsoﬂm&ii% Yoik % E%?g%}g lixéto high

wat er “spots” on t er surfaces.
3 | ! S >3
S s B R D PR VARt R B BB el s on the
exposed®lofer 6RfeON @ quartz crystal mcrobal ance (QCM was
plated with copper and immersed in DI water at 23C at
ExamoR 6PH of approximately 5 for 360 seconds. The results
of the acidic control experinent are illustrated in

[0183] Th@hdsBrphion SIPAY, Bhto RofHes S METw IBRRrhACd AR Ridic and basic media.
approximately 1.66 ji'g en at 300 sec, due to

An elecBdAG & GRarBNGysBY Ai@bdLROIOERSF $58 ﬁla{eg 1441 co}_ﬁ% almli] inamersed in DI

copper-plated QCM el ectrode was then i nmerSe

water af @hed! kO pEOBE 'ﬁbﬂﬂa@y%%r;\éeo%ec&ﬁé a%‘heollésﬁts&)hf(ihg Qeidic control

natural pH of the soldtion). The results of the

experim@xRes IR Hked B F@%ﬂr@?ﬁhmg an BhBrvedl kdabiSihEBdsE Ar hfprEBMES 1.66 ng
8, showi ng an observed nass increase of approxinately .
cm? at $03&;, BueiBioxaidn 238 By ffon protBiseh corresponds to a TAZ
filmthickness of approximtely 26A. Figure 9 _
[0184] The UsHpk@bIRSd (JTM cROKJIRSRATEINNEIRPLY i€ b s6Miidn RRALSMI Bb5S wt.%
(OCP), relative to an Ag/Agd reference el ectrode,” for
TAZ at pHi 58 (18X ReitalBAtof itk JoifioR | THeGrediRE b thel dkpdbnP B REBNmedia are
that the potential for the adsorbed TAZ, having a QCM
illustratéEih gtk 18, Ghéing ki 65Erved mARNFQXdsEBE SlptoxEnatdy DG83 QF%matat 300 sec,
300 sec, corresponds to approxinmately 0.18 V. 0185]
which coh@sper@etd AETAZVES: tegaadsest Ryproamel 20A.t NBgure 9 illustrates the
- copper-plated QCM el ectrode in a basic D water
correspaliding t dpe cibditc Boté@ial QOCRS réishive Qo Rl AJARCU Sdf@encE MMdirodd) Gor this
‘results of the basic control experinent are
experimedilitigie beitie Anddiz. B @b beseth thaStiepbtagiabfor e SeiovRd TAESBaving a QCM
i ncrease of approximately 0.44 jig cnR at 300 sec.
determifjed 13 EGneEE apopritbtel| 0caBag c@CH: Bl0aRt lcotespw@s td ipproximately 0.18 V.
imersed:in a solution containing 0.058 w.% TAZ
[0185] Abl¢ evgpettlediovgs Hepbdted by Shmersihy e copha-pldd QESIEcHo@f int A hsic DI
experinment in basic nedia were
water solution which was adjusted to pH 11.5 using TMAH. The results of the basic control

experiment are illustrated in Figure 10, showing an observed mass increase of approximately 0.44 pg
cm? at 300 sec.

[0186] The copper-plated QCM electrode was then immersed in a solution containing 0.058 wt.%
TAZ adjusted to pH 11.5 using TMAH. The QCM results of the experiment in basic media were

inconclusive however, Figure 11 illustrates the corresponding OCP for this experiment in the basic
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i nconcl usi ve however, Figure 11 illustrates the
corresponding OCP for this experinent in the basic 37
wWO\BBABEL 27885 PCT/ US2006/ 020214 nedia. |t cREI/H8006/020214

seen that the potential for the adsorbed TAZ in the

moti. §750 50} B B HRAE . SEAPRIE SHLE B Yl 108 ol
appromn\:}a??lybég A s g%{}]:l?ﬂfnge Detiec Aﬁe%ﬂres 3 i? {ﬁggg’:ﬁxtc ]IﬁlzastoluLAg and the

expose copper surface

basic T‘A;f %2 rtg)lﬁtesic’lg%% %a&téﬂ%ﬁﬁm c%%sét&%lgf as%'a rap Lk os:reg f;%}g)&? ?urfaces regardless
of the pﬁ %%ﬁhéslqs 1'e:f’laevXn‘ﬁil c%ﬁ% g's au\%ﬁetg %? dig%%nt sharries having

urry O en con nates

a varie I eaﬁf-lnvqal e%oarﬂaoﬁl' ijegalu%}:tdwg rsg%%ye oh{:]:ﬁ cgﬁgm:ﬂla_!eé) oéttaﬁvﬂ) cleaning

I'ng conposition e paSS|va

composi %gs(%\%’ alﬁaﬁn& ex§ﬁ§?g‘1§ gér%ffiﬁé %s“ﬁheﬂé %aql{ ‘%Qeaﬁagixfah& aﬁgorbs to
exposcd B A ARARY ALL A PRI ¢ ugerrébg,lﬁrgldelagatﬁg SPPREGRY of the

. ed in a basic nmedium An electrode on a
Cleamng%h?{;ézﬁogryst al mcrobal ance (QCM was plated with

Exmmﬂggpper and inmmersed in a 0.2 w. % BTA sol ution
ving a neutral pH at 23C for 300 seconds.

o 2588k .Y o OB st TSR0
AT, SictiiG el

in 2 0.286 *S82A LhiRhn il%\%lﬁﬁéﬁlg.{ ?1‘1 '&ﬁ 2 CRE BO6! SeclR! Qﬁter the BTA-

evi.denci ng di spl acenment o e heavier BTA wo cu

treated {oggg é‘%a%glgunn%fse ;uf‘a Qi)wid¥s & FQ sbiuﬂgﬁ ﬁémﬁfg@ ffoclfelci%I £P 300 sec. The

The resu hi s "‘experi nment

|
resuits og Hﬁ :ét[glrtg?Mt %&%{s r?lft’)el zggszrtaiggﬁh PEleglantcﬁ% ?2651-85'613 s 8pect1vely It can be

seen thafhd &Ha?s Jetnd Libdashd @Jcﬁ%e& @1&9&1@ diEpHATRRE OF th@ b R4 ?BTA molecules

remal ni ng on copper, Coral "and Bl ack Di anond

(MW 11(93%1111%1% B I&ﬁ’clsxl PG, ﬁglet:ﬁ@s @blof ¢rentcheaa Pésﬁlg; of tlns experiment
odol ‘ogi es. Conpass defect analysis tool

suggest HAEH 148 a%H{&l om@ BTWTD 8kpIded 8¢ TiRAAY. guld. @ Si ze
greater than 0.1 pmon each surface. The first

Examplgégeani ng net hodol ogy is a conventional one used in the
art whereby subsequent to CWP, the wafer is immersed

[0188] F&uﬁ 19 i{{istrEite @t €t AhMbdr QP dFEL RFudbheGn@BHRE THUS) Caral and Black
cl eani ng conposition devoid of passivator, in this

Diamon& @EB) AurFOdX SIS whih R0l ddrétfl cREhiMEMethd: iesASCObMp:Bs AFbcl analysis
and DI water. The second cl eani ng nmet hodol ogy

tool wad ERE@to/@sint thE miniBEe bSdcfRisAhvih 8 sie bRhtcSURSS.U e dn dabh SMBce. The
in Fornulation BQ followed by brush cleaning with

first clehlifs abOOAITBHL i ANRevdAasHI ¥t Med fih @8 £ #BETYOsubsequent to CMP, the
: conposi tion.

wafer is immersed in a citric acid solution and brush cleaned with a cleaning composition devoid of

passivator, in this case a composition including MEA, TMAH, ascorbic acid and DI water. The
second cleaning methodology involves the immersion of the wafer subsequent to CMP, in
Formulation BQ, followed by brush cleaning with the aforementioned passivator-free cleaning
composition,

[0189) Referring to Figure 14, it can be scen the copper cleaned according to the first methodology
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[0189] Referring to Figure 14, it can be seen the

copper cleaned according to the first nethodol ogy 38
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nunber of defects, nostly organic defects possibly due

e g 25 Bl B Gy e
t Seco ce i

SIS v T i
methodo By R (R G 1 e S AESPER Sl B A4 Bolnhiation BQ),
e mueclh ARG §Fersn REReRAPAn HGR BP Py EAp SO it the BTA i
N T A i T
oo o 475 P PR o U 2o 587 Ul B lsdp B ety of

theovm?fnqlacplgagtg‘gnge‘%ts and particle defects as a function of

Ime Anket ed copper wafer follow ng a
ébnse-buff during the CWP buff step with a 10:1

Example? | Ution of fornulation BF (with DI water) fol | oned by

- | i ' . : ,

o E504 0§ B PR B o
_ A t . 0 ! . _
s 0 53 TR P s S v
o | f . . _
N T -
-1 afriél i i i Y ¢ aci
o bl S BT oo e sbin i
11.2% a&gpoli'@éci@gndttgﬁeba%éee&&& It E%&%@Jeﬁn élgt tLQxégz}lJer 5t it IBAd Particle

a sca graph of a Se

nni ng electron mcrogra mat ech 854

and totalg?&%%?%loagﬁaft}sﬂ e@%?ea d. Q‘hpﬁr}gsuﬁgi}%é%% 1t I %Elb&g&ds%cessary,

rein the wafter resi due an

preferab?hfglr :%Xea %tsﬁé‘gg&af&tﬁnm;eqrsﬁ%&ﬁaﬁx&ﬂﬁﬁf HaBeksisan SEM of

emat ec 54 contro fer at one randomy

ExamolS$h €Ct €d bond pad at a magnification of 6,000x.
“——JLFSIQZ] The Sematech 854 control wafers were cl eaned

[0191) Fehidd6d idRkhRlile SRk, &R&?@faﬁh%% s\@ﬁlatt%chfksﬁ Qorkrol Qkifthetuéﬁllgesfa bond

(wwth DI water) of the cleaning fornulations o

pad at LhESRRatibN WERD.DEUX, fWBEreROMS GPaf@ had XBP 1dkiihd Ihd KR¥ry contaminants
Figures 17-26, which correspond to a clean with

t‘nereon.; B8 EoRSERbBM sdfatdn 45 PNnBE walféxee? BRChAd68tY selected bond pad

Igure Ais an SEM of the wafer follow ng spin/spray

manm%hﬁﬁahﬁgmgﬁgggthe center of a bond pad at a
magni fication of 30,000x, figure Bis an SEM of the

[0192] ‘RS gémd‘té'&h' BB ob RafkSRER Y 1dhh RIS Lakell dphespR98ol0Fitiaa 60:1

bond pad at a magnification of 30,000x, figure Cis an

ditution BEM Bf whtBs oPRE BEark}! th@WIAGns SESWreRABNvehiGPlNEI e al 228C.
randomy sel ected bond pad at a magnification of

10193] Boi080xes BNSL, FihGBrrédpbrid B clean with formulations BH-BM, BF and BN-BP,

respectively, figure A is an SEM of the wafer following spin/spray treatment at the centér of a bond
pad at a magnification of 30,000x, figure B is an SEM of the wafer following spin/spray treatment at
the edge of a bond pad at a magnification of 30,000x, figure C is an SEM of the wafer following
spin/spray treatment at a randomly selected bond pad at a magpification of 6,000, and figure D is an

SEM of the wafer following spin/spray treatment at an area of the b.l8pm line pattern at a
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SEM of the wafer follow ng spin/spray treatnent at an
area of the 0.18mline pattern at a 39 WO 2006/ 127885
WOAUSBIDNG6/ 020214 magni fication of 6,000x. [PUBYI2006/020214
Figures 17 and 18, corresponding to wafers cl eaned
e Wt h F | ati ons conprising BTA (fornulations BH and
nmgmﬁ%%%uﬁgg%g%tively), evi denci ng that post-CWP cl eani ng
03k t,| ﬁﬁ D% vAFAs HBnddOkits YorkARlSnst @mpkisRe BTA
W19”3$§%§%Z i%?q§b§| (hgﬁg contam nants. [ 0195] Figurékag,

(formulaﬁgl{srlfﬁ Qf{’c{ﬁ %%%v@@“@s&@cﬁg:?% ﬁﬁpﬁ(ﬁt—mrbléaﬁﬁ% tQhpPahidhd Qhprising

conpri si ng oncen tion of CBTA (fornul ation

BTA are%& Sugjai!alla %%ﬂe@gﬁ&ai HGessdRSh@BnkAindngOVal of post-CWP
resi du

e and contami nants. ‘However, Figure 20,

[0195) %igﬂn:%e?é’%gﬂs%%ﬂﬂhﬂg%% VahGfer Chepae dittd (B foRBulfinnttniidsRB a low

risin concentration of CBTA (fornul ation

concentr?@ﬂ off CIJE%']H@ thidfuBfioh B?)a iRk anOfublihGiaMRn8val 6PHEEMPAEQEue and
ornmul ation a

renovi ng the residue and contam nants.

i hougl, Ff%lﬁ 01900 cbiResPndiROUNG R¥fet RRGHA, withitBe formulation
eon |é%inct€§?$ e ence’fs fgought to be due to a bal ance
compris{ﬂgtawﬁ%ﬂ & nRARS HOEBTA ARFmulahsn BN ENGAR ARE Mikird Bf the more

tRe formulation. Hi gh concentrations of passivator may

Qi i30he SARRD Iahd bhRsmiaintd. harhepRHonwishing to be
mﬁmmm%%?ég ]%%%%fggﬁgﬁhgndeZZ, corresponding to mgfers

bound b?l ]?e%% ehiiitihe! AFERARL BSehE QY dus k18 bAdde between the passivator and
gor 'ati ons BL and BM Trespectively), illustrate a
chﬁ‘gyn s RERAYRElaSdn Y ik cdrRerfREdns(df pssivatbi @Y R&ibit k8 cleaning
ﬂ]‘emhegm O),Smhereby ?he Iegg concentrated ATA conposition
ﬁmdﬁﬁggﬁﬁhgq&&ﬂﬁ*%mfennved the residue and contaninants
but the nmore concentrated ATA conposition did not. It
[0196) Ff]guﬁéé rihgla P0tefehhffingid Whitts appeaned foamadnas bobgrising ATA
the surface of the wafer for both conpositions
(Forrmul SP BY Sh8 BM) [QpediOS$), Dlu¥irAleI € clbhing WBaior@hnitst tACBTA (i.e., Figures
_ passivator |evel causing uneven particul ate deposition
19 and 80), WREPAMS 143 LMHcEntRRMAT A RoBSRARE . substAiAR] relbgudrite RBidue and
corresponding to a wafer cleaned with a fornul ati on
contamiB P bhiSth8 Shote onCéiafdll | ALA 0bmpdsftion did hetstlr &tfeshdrheted that a film
substanti al renoval of post-CMP residue and
appeared MARBIbAG He Surfdc 4D8¢ whiepfok BotB ompusitpapantrisigs AT Aapossibly due to
waf er cleaned with a fornulation conprising TAZ
too high $fQ¥ gikeiakdr Qdvel Bding vnkveubitiablas depsition bithapdssivdtors emto Vel copper.
of post-CMP residue, however, a film adsorbed to the ‘
[0197] FHESLR coddspdratigwd eafetltitined withe fathmition f@d@Bibe FiAg(fasmulation
25 corresponding to a wafer cleaned with a fornul ati on
BF), il16s0iaRRE the Isttgtadited rdnhovalnaflpadtiOMIP reSidis aridichatsmimattes t he
renmoval of the smaller post-CWP residue nmatter _
[0198] TOMRY 24 cortdssonliiag raHd Rtfenticanad withn dodraiation remmpisiag (A& (formulation
| arger particulate matter fromthe surface of the
BN), iIMatf£4s.thd $ubbtsntBDie@dvdl bpost-hbIPBEsiddephonrvet, b Gilm dilsgrbed to the surface
substantially renove all post-CWVP residue matter and
of the ve@8it@Ahg @B tigad. r om proprietary

f0199] Figure 25 corresponding to a wafer cleaned with a formulation comprising TAZ (formulation
BO), illustrates thc;, removal of the smaller post-CMP residue matter however, the formulation was
unable to remove the larger particulate matter from the surface of the wafer. X is noted that the BO
formulation did substantially remove all post-CMP residue matter and contaminants from proprietary

wafers (not shown herein). This suggests that the usefulness of all formulations is dependent on the
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wafers (not shown herein). This suggests that the

useful ness of all fornmulations is dependent on the 40
wWODE0eBE1 27885 PCT/ US2006/ 020214 nat ure of tPEI/US2006/020214

materials on the wafer as well as the nature of the

nature dFHRGRAENS: JVR AL 28 Brell &@&Qgémléio?&% ﬁre%&mo%cgglpgﬁmndi ng

to a wafer cleaned with a fornmulation c Ing TAZ

[0200] (g?@%%%ﬂt, QrdPondfl Eéo a WhieH8b4u84 H5n b @&mﬁﬂﬁ%@%}%ﬁﬁ 'flrﬁﬁ‘{i’o%'nulaﬁon

resirdue and contam nants.

BP), ill&s@ﬁl@@-ﬂas ThBtahON bRl 2190 BbL.COIP %5&};% a%g coftiriiihd | ONs BR

and BS on dielectric nmateri a et er m ned.

Fxampleofimul ation BR was diluted to forma 2.561 BR 97.839
DI wat er sol ution. Fornul ation BS was diluted to form
[0201] Ahe cHBadBInglOdf tﬁlﬁte@lfofﬁﬁiaﬁlﬁnssﬁk 4hd 88-on %écﬁﬁ:%nét%g G3s %ermined_

t he observed contact angles are shown in Figures 2

Formul#{e BR Bas B@SPIoSrom? 2 L0 Hr: 19v0338 i1 AGYsoRkion. Formulation BS was
formul ati ons BQ CC-CG and CJ-CM for cleaning post-

dituted fofreintlh'@. 58 BE: 9LONbEMAGABEoL. F OPcA! iFh&ds QEIHE ohdeRRH Gontact angles are
devi ce havi ng sane thereon was eval uated. The device

shown s 2pALLesed Semat ech 854 wafer which had dried
Archl K CWP slurry and ot her post-CWMP residues on the

Examplunf ace. The wafer in each instance was cl eaned on a
spin/spray tool for I mnute at 22C at 100 rpmw th

[0202] tiihe <EREGH bf fordifank B, CUIOGSInk @ICH fobbRshide post-EMPekidue and
cl eani ng conposition to x parts deionized water),

contamih@tt @R BirledPoniCtd heah® MrfBcdR Bs &valtaRd ATl SRIR was a

dry. Pre- and post-cleaning analysis was carried out

patterned Befigtoch $AATGHIRLMR] AHQNACH IO CRPHIuGSARE OBE oA residues on
[ 02031 The cleaning efficacy was rated by the

the surficd TGt inafer Of caBlbjneahd vl clelfbabShiRbRY tobld &rAakihbte hES1C at 100
on the sanple substrates were "registered" as a range

pm witf thei spedific tleaiha 3dmpb3fioh HIBREILY (1 Phtk Cha@ifg %om&démoﬁ% X parts
AFM i mage correspond to white species on an otherw se

deionizediowd<erl) dolkoged b € 30 LecthDddionbeed Waldh Bnsehih& B8 B MPYRSnd post-cleaning
applied to filter these pixels and count the nunber of

analysispedstolieie sut uiihiga B cdpe Yleitbhiaeye miviscaRI(ARMat ed usi ng
equation (1). cleaning efficacy = # pre - clean

[0203] (Tae tleadigSefficatty @hs fard by theGb@RfoPaiidbjetts @8 thékOBkthik) Thép&ficles on

, pre -clean particles [02041 Table 2 includes the

the samplestubiiMids ol eaffepigteefl? e aayndeadUitds fiomh A304PPO Shtbds@Swhich on a
BQ CC-CG and CJ-CM described herei nabove at the

typical ATl imagesbridipoud fooviste sgealat en 2 othawise GMR bhgicl® A!3¢hma Scan Pro
contam nant cl eaning efficacy of the conpositions of

histograpdreasappBeind filtemiesa pixel’ .and count the number of particles. The cleaning efficacy

was calculated using equation (1).

# pre - clean particles - # of post - clean particles y

cleaning efficacy =
Y #of pre - clean particles

100 (1

[0204] Table 2 includes the post-CMP cleaning efficacy results for compositions BQ, CC-CG and

CJ-CM described hereinabove at the indicated dilutions.

Table 2: Post-CMP residue and contaminant cleaning efficacy of the compositions of the present
invention,

Formulation Dilution Cleaning Efficacy/%
BQ 30:1 99.0
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Formul ation Dilution Ceaning Efficacy/% BQ 30:1 99.0

41 WD 2006/ 127885 PCT/ Qs2006/ 020214 CC 30:1 70.0 CD
W@ee/19788% CE 30:1 99.7 CF 30:1 98.0 CG 30:RCHUSI06/020214

Cl 30:1 0 'CK3010 CL 30:1 0 CM3010[0205] It

I 29 L oY 'Y A WA=
ah—Re—seeh—tret | ul,% 3 [cammmean; 1=y SIIGV\I? qu 70T TP ovenent
Lor 0" adn

n_ ol [aY il a¥s Mo\ VF=Y4 1ot i aon CcC. whi
=TT Ty T AT ot A a0 Tt

ormPlati ons_contai n#® BTA as a passfvating agent,
speci@® cally CJ, Ck30:L1. and CM have extrenely poor

cl eafling due to the 2MHiti on of parti@les during
cl eagivhg. Exanpl e 13:}]0206] The copp@r rougheni ng of
bl anket pol i shed copper wafers In the presence of

[0205] hQEATHE sdeh GRS fiBilaARIBCOGhORs 188% iRyriveiadn® th clEREng\&fef Fointilation
each instance was cl eaned on a spin/spray tool for 1

CC, whibh Bébs@ot cobfaindBE caperlfdsiv4ify \akdnh Thize addatfong CElRaWG ghow 2%
conposition diluted x: 1 (1 part cleaning conposition

and 1% bfiprovenfRAl, FSpadBvely) iy Sleandid @fe} forintlationsID Md CF, 3thickeduoisd contain
dei oni zed water rinse and spin dry. Pre- and post-

the coppet gAs4tigs ageat YAT.S Foidilfidhy corthiring BDA aog pasiNamggapespecifically
I1la AFM The roughening was rated by the Root Mean

CJ, CK, 8y adeCM Highdxasaels poaralaating tectolthe dibicobi\aszics iaigg cleaning.
The results are tabulated in Table 3 hereinbel ow

Exampléabl e 3: Copper roughness using the conpositions of
the present invention. Formulation Dilution RVB

[0206] Thikgppe saifheniy) of Olatkel pOlshedtopP&: lafdrs #Ahe presence of formmlations BQ

and CC-CE was evaluated. The wafer in each instance was cleaned on a spin/spray tool for 1 minute
at 22°C at 100 rpm with the specific cleaning composition diluted x:1 (1 part cleaning composition to
x parts deionized water), followed by a 30 second deionized water rinse and spin dry. Pre- and post-
cleaning analysis was carried out using a Nanoscope IlTa AFM. The roughening was rated-by the
Root Mean Square roughness as calculated by the AFM software. The results are tabulated in Table 3

hereinbelow. '

Table 3: Copper roughness using the compositions of the present invention.

Formulation Dilation RMS roughness%
BQ 30:1 1.01
CC 30:1 1.42
CD 30:1 1.14
CE 30:1 1.17

[0207] The data shows that the addition of a passivating agent to the cleaning compositions of the
invention, i.e,, formulations CC and CE, does not adversely effect the copper roughening due to the

formulations.

Example 14
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CD 30:1 1.14 CE 30:1 1.17 [0207] The data shows t hat
the addition of a passivating agent to the cl eaning

W@ 2e6a27883 ons of the invention, i.e., fornul aPCEHHE200%020214
and CE, does not adversely effect the copper

10208] ;%O%?%gggg&é%ﬁﬁ 2006(;%’8‘8%%%8%@?%%%& I cacy g@ue and

contamixga%{s% int@tﬂ‘é&l mgaewg:ha S%ﬂlg ﬂgre }A%as %]v:ﬁﬁ'a@éc{‘ OThe device was a

post - resi due and m nant s

paﬂeme%&ﬁﬁ&h%% {V%} ﬁlggﬁﬂédcﬁeﬁ %&ﬂgKﬁ@F SIW %&Q sﬁﬁ@a%ﬁ ’!ébg Zvafers were

uat ed evice was a patterned Senmatec

e SSNG  S ALCS]  ACLBLUL 98408 e

was cleddell AH ﬁwﬁy Sl G § Qﬂmi%t At38ci ARG fi‘h]?anﬂﬂ- b g@eéﬁcocleanmg

In eac nstance was cleaned on a Sp spr ay t

corapositiof i Ex: f‘&l ut@;lé:éuk% p?mn% fdx %Q‘E RRELE bGtep! ?cﬁ'l@%@@ by a 30

conpositio 1 part c¢leaning conposition

second &e@bn’[‘zeﬁ’ 1Sngs%'aﬁ@ %}Wai’x%[ ind p&h- él@éfﬁ% aml‘.lyés 3/93 cHREPO using 2

dei oni zed wat er nse and Spl n ry re-

Nanosco%aiﬁ[a Et'oﬁﬁ%fég nﬁ&@éc\ﬂﬁé B e Eléa%ﬂlg%ca%ﬁ WQ:Qra?ed accordmg to the
noscope | Ha atom ¢ orce m croscope ( AF

method Gf Eﬁ%&p@lfﬁﬁ'cﬁl@ﬂ)&e%§n§ @t&lﬁgoxf"?ﬁ QEAinBEbvE O 'ﬁl@ ?esulfﬁeirp Bflfutated in
Exanpl e 12 and cal cul ated using equation (1)
Tﬂﬂe4ﬂ§&§&m§pove The results are tablulated in Table 4
her ei nbel ow. Tabl e 4: Post-CWVP residue and contam nant
cleaning efficacy of the conpositions of the present

Table 41 POSOENP Residul LAY t:éﬂtéz&ﬂar@‘ Addhin réﬂ@a?aﬁ‘ 88 cgﬁé_c'isﬁﬁﬁy o 4he i:rresent
inventiokC 30:1 92.6 CD 30: 46. 1 30: 86. 30:1

L"FOPM htigh - 9] [UAUB] ‘ oqlan oe S@Egnl{l I‘ﬁc ) /W ati on

rere of

a1a-o ». A A i) P
U V A U » .' o Ch
- A h A j

A O

[LO210
L =\J

<
)

(P‘I @)

(A
BEoanmi-a 1
- A\~ -

i S—Tage
I

Cl 30:

[0209] k& can be seen that formulation CI, which includes TAZ, shows improved cleaning. of the
shurry and BTA contamination compared to formulations without the TAZ passivating agent.
Example 15

[0210} The efficacy of formulations BQ and CC-CG for cleaning BTA residue from a copper surface
was evaluated. The copper surface was blanket seed wafer which had been treated with 10ppm of
BTA for 2 hours by static immersion. The wafer in each instance was cleaned on a spixﬂspx:ay tool for
1 minute at 22°C at 100 rpm with the specific formulation diluted x:1 {1 part cleaning composition to
x parts deionized water), followed by a 30 second deionized water rinse and spin dry. The wafer was
then exposed to H,S gas for 2 minutes. Discoloration caused by exposure to the gas indicates the
level of BTA contamination remaining on thie BT A-treated copper surface, whereby the BTA removal
from lcast to most corresponds to orange < red < pink < purple < blue. The results are tabulated in

Table 5 hereinbelow.
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was eval uated. The copper surface was bl anket seed
waf er whi ch had been treated with | Qopmof BTA for
WaW964278§5 st atic i nmersion. The wafer in each P?}'QU&W@@OZOZI“
was cl eaned on a spin/spray tool for 1 mnute at 22C
at 100 rpmwith the specific formulation diluted x:1
Table % 1L4vr 4f BTA bkt AGincNRSkihing Foll ving rslhdiS Wi 1B be6iffc formulation
and expdBrefo)H,Sfpas.| oned by a 30 second dei oni zed water rinse
and spin dry. The wafer was then exposed to HZS gas

Corltéthinaliol NU €S. FhinfdoR! at I[00oRAMESR exgi¥EXposure to the
gas indicafes the level ¢f BTf g@usan nafion

rRem NI NG pn The Nghé- (T ealed CrppeBneUr 1 ape, whereby

10 Val  Nop®Mm I eagt 10 ccorresponds to

10 PO < pipk < purpie < Dpjgg. The [esults are

10

n Tabhe 5therqginmbeto e 006/ 127885
Jggtﬁmpozozmc})lable ¥ teve%?iﬁﬂ' BTA

10

Cont am nati on
10 ﬁﬂBITIA llg Or' 1T OW C‘E Lrealt b‘llt I

pci fic
10 dll UT1 dllu EF[JUbUI c t

IlCI C

At am nati on
10/ I LAJI Ul
RTA

all 0 as None
\'%i:':llg ot pl efBtue P IIIDIf 0 m BTA CC

[0211] The

Pi nk

sur ces C

| O m BTA BQ Bl ue

?mlflaces cl ann}l Rk th%F

eane

& A2 ééﬂJa

passi va ing a

'ﬁatmflor mJ
CE, anéi v Qvte}eoxﬂoﬂerhg#’xfmﬁtgr (E];Aé%

formula%Ifmgsn 'd&ka%%%%

é%Q?§¢§§§§

O m BTA CD Plnk
BTA

VBIIIOIIII‘J.
| ons o

a1 scor ored

lfegll

resu

10p m BTA

uo?x}%elp& 1sl)ec1gcally BQ,
lo Sdo?gl tfaxlr:& cls&/ mgn%can

A remov%than the
enced

%\f?l Fﬂ? tﬁisz‘ Vf%{zgulations

ebdlefhls

%%p&)tort Qlﬁe theory

%S sup

g L GBS SR IR
that ihf.t H)?mﬁlgt?&g Yof f&%ﬂ)&rl fie

h I SI ng ace&{%&aﬁéﬁqﬁ ?afce %:B'g%r ace 0]
t e

mafer Exanple 16 10212] Varlous enbodi ments were
fornul ated, wherein all percentages are by weight,
d on the

ace of the
wafer.
Examphaaﬁie
[0212] Various embodiments were formulated, wherein all percentages are by weight, based on the

total weight of the formulation. Some formulations are preferred and some were formulated for

comparison purposes.

Formulaiion DA 9 wt. % Monoethanolamine, 91 wt.% H,O

Formulation DB 9 wi. % Monoethanolamine, 0.1 wi% 2-Mercaptobenzimidazole, 90.9 wt.%
H,0

Formulation DC 11 wt. % 1-Amino-2-propanol, 89 wt.% H;O

Formulation DD 11 wt. % 1-Amino-2-propanol, 0.1 wt.% Carboxybenzotriazole, 88.9 wt.%
H,0

Formulation DE 11 wt. % NMEA, 89 “;t.% HO

Formulation DF 11 wt. % NMEA, 0.1 wt% S-Aminotetrazole, 88.9 wt.% H,O

Fozg}nﬁat(i}on DG 11 wi. % NMEA, 0.1 wt% 5-Aminotetrazole, 1 wi% (40%) Glyoxal, 87.9
wt.%
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total weight of the formulation. Sone fornulations are
preferred and sone were fornulated for conparison
WO 0632885 Fornul ation DA 9 wt. % Monoet hanol B&I/H82006620214
W . % H20 Fornul ation DB 9 wt. % Monoet hanol am ne, 0.1
Exampld PP 2- Mer capt obenzi m dazole, 90.9 w.% H20
Formulation DC 11 wt. % 1- Am no-2-propanol, 89 w. %R0
[0213] Fofnulbiint OA-DB vhdre Wyaluedl foEbhiRr 2tch k&P.AMRE sutltrdte was a blanketed
Wt . ¥%Car boxybenzotri azole, 88.9 wt.% H20 Formul ati on
copper Wafed. 1Thetwaf&Oiibch\ insGAcomyasombiéfded oY thtHefbde@ve dampdsktiottfor P minutes
NMVEA, 0.1 wt % 5-Ami notetrazole, 88.9 wt.% H20
at 22°CHar450 |rprh) Dllovd Byl a\30. sealbibAiAed Watdr tMs@0and nitrogen dry. Pre- and post-
5-Ami notetrazole, 1 wt% (40% dyoxal, 87.9 w .% HO
cleaning 4nalRis206¢atre48$H0 ublad b 2 004/ 2P 3didt pro¥atddierhihe[iDdhdds of the
Formul ati ons DA-DG were eval uated for copper etch
copper. dthe.etchh@teSHERS tof abppenrds tie Plestiteebfthe PARPATonYME calctlied using
waf er in each instance was imersed in the respective
equatioft (RYPT5d variencelfofthe bhmata istcalouladil udR eqabiichg8). r pm
foll owed by a 30 sec deionized water rinse and
ni troggln dry4-—Bye- and post- cleaning anal ysis was
carri ¢ BRT using a Res Map four point probe to 2
determ ne thickness of the copper. The etch rate (ER

f. in e _prese of the f.oryyul.ations S, .

where 8t B8R el bR REERE Bt Snglofin 18 AR B Wfgakness of the

. . 1S cul ated. usi.ng .equation (3). Cu ER = AT
Subswa%%?%)ﬁ%‘gfog pﬁl%f éor%shdgn llsg%nné’gesmg‘fml' e substrate before
i mrersion in Ang/si-ri@ns,_z—B is the thickness of the
subst r&{@gﬂg}r e S on Angstrons, and T is the t(i3£ns
in mnutes ER Eyror= SA2T SB2 (3) where SA =
vari ance of the thickness of the substrate before

where $A atdrRAte bMthATBISkINSE thSBubstrate R ford HeatRBRCin OhngdsfiGins, SB is the
t hi ckness of the _substrat_e af_ter i mrersion in
variancO\B0EE h@RBess 8MNHe fubktbatd ARr InhA@sibA i AdYek &8s, and Q¢ &8 himE Meminutes.

results of the etch rate determ nation experinments are

[0214] SthETFesitg 66 thie NetchalateedetEmaRton’ expfhemt alh@hRianizdd 'R BRled 6 and 7
solution of DA and DB represents the 20:1 dilution of

below, WAerdithRD:1 Bollion WEDAIand DB represents the 20:1 dilution of DA and DB in DI

=t

water.

Table 6: Copper thickness and etch rates following immersion in Formulations DA-DG.

Formulation DA DB DA DB DC DD DE DF | DG
: 20:1) | (20:1)
Thickness prior to 7643 | 785 | 769.1 | 737.1 | 790.2 | 797.5 | 779.1 | 750.7 | 779.8
immersion (A)
Thickness 636.7 | 783.4 | 506.7 | 724.3 | 478.3 | 685.9 | 630.6 | 627.9 | 6933
subsequent to
immersion (A)
ER (A min™) 12.8 0.2 26.2 1.3 | 312 | 11.2 | 149 | 123 8.7
Table 7: Variance of copper thickness and variance of the eich rate.
Formulation DA DB DA |DB | DC | DD | DE |DF | DG
(20:1) | 20:1)
Variance prior to 2.6 1.7 1.6 | 4.7 1 09 1 15 3 1.4
immersion (A)
Variance subsequent | 12.1 1.7 525131 117.61 94 | 268 62| 25
to immersion (A)
ER Variance (Amin” | 1.2 [ 02 1.3 (061 1.8 |09 | 27 107 | 03
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Tabl e 6: Copper thickness and etch rates foll ow ng
i mrersion in Formul ati ons DA-DG Formul ati on DA DB DA
W28 DE DF DG (20:1) (20:1) Thickness prPCFUEW06/020214
764.3 785 769.1 737.1 790.2 797.5 779.1 750.7 779.8
[ | mrer si o (A) Jhicknpss §36. 7 78374 506. 7 V247 B 4/§ 3
685.9 630.6 627.9 ©693. 3 subsequent to immersiom (A ER

[0215) (IAczm BY sebrd it the 2ddifior oft thd phdsivatind agenl b Rrbdlationd I7.B DD, and DF

le 7: Variance of co er thicknhess and vari ance

contnbllitb&toeé flicH B{vEr etdHOfafBina ibws v%ar@@nptﬁe 25, EipragEof%e %p}e than

(20:1) (20:1) Variance prior to 2.6 1. .7 1 0.
formulatioRs BALDE, addMEH S, Q‘Hmﬁﬁimﬁéa\hﬂﬁﬁ%e ﬁé&g§ﬁﬁ1§ %Eént)l 2I'h11: a&dlgon of the
52.5 3.1 17.6 9.4 26.8 6. . to i mrersion

reduciny 3fdn® B 6xal # Binthlaliod D& ﬁlrtiier%ec@m@:l the StcBrafe agldzhcovaﬁazgze %f the copper
45 WO 2006/ 127885 PCT/ US2006/ 020214 [0215] It can

etch rat6 €&fipatd¥ab fduhGladiehd DHE A0 DH (i (Dghr%nﬁﬂﬁtﬁn\d Aol GRBhe b nt)
formul ati ons DB, DD, and contributed to a nuc
Exampleomer etch rate and | ower variance in the copper etch
rate of the sanple than fornulations DA DC, and DE
[0216] (Sam@les of PérilaBbls R EM ARR14t thd %&ﬁ@ée\ﬂ@ﬁhﬁ&s %gﬁzﬁfaéd below, were
The addition of the reducing agent gl yoxal
preparefOr mul ati on DG finther reduced the etch rate and t he
vari ance of the copper etch rate conpared to
formul ati ons DE and DF (i.e., fornulations devoid of
reduci ng agent). Exanple 18 [0216] Sanpl es of

FormulEBAMUI i S Mofebhidlankiay, isRe. %h%ﬁﬁﬁ&ﬂﬁ%myﬁuﬁﬁg&%ﬁé, g*}gﬂr&. %
. %

Ascorbidesdd, BDe et oy, were prepared. Fornul a
Monoet hanol am ne, 5 wt. % Tet ranet hyl anmoni um

Formul\EBI OXi W% 1,5 Tihzole)00 WG ¢ Acid, 82.5 wt. %120
Formula EBI w. %1, 2,4-Triazole, 99 w. % H20

‘Formula EC  1.75 wt. % Ascorbic Acid, 1 wt. % 1,2,4-Triazole, 97.25 wt.% H,0

Formula FD 2.5 wt. % Tetramethylammonium hydroxide, 1.75 wt. % Ascorbic Acid, I wt. %
1,2,4-Triazole, 94.75 wt.% H,O

Formula EE 4.5 wt. % Monoethanolamine, 1 wt. % 1,2,4-triazole, 94.5 wt.% H,0O

Formula EF 4.5 wt. % Monoethanolamine, 1.75 wt. % Ascorbic Acid, 1 wt. % 1,2,4-triazole,
92.75 wt.% H,O

Formula EG 2.5 wt. % Tetramethylammonium hydroxide, 1 wt. % 1,2,4-triazole, 96.5 wt.% H,0

Formula EH 9 wt. % Monoethanolamine, 5 wt. % Teh'amethylammonium hydroxide, 3.5 wt. %
Gallic Acid, 2 wt. % Ascorbic Acid, 2 wt. % 1,2,4-triazole, 78.5 wt.% H,0 :

Formula EI 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5 wt. %
Gallic Acid, 2 wt. % Ascorbic Acid, 1 wt. % Benzotriazole, 79.5 wt.% H,0

Formula EJ 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5 wt. %
‘Gallic Acid, 10.9 wt. % Ascorbic Acid, 71.6 wt.% H,0

Formula EK 9 wt. % Monoethanolamine, 5 wt. % Tctramethylaﬁ:monium‘hydroxide, 35wt %
Gallic Acid, 10.9 wt. % Ascorbic Acid, 2 wt. % 1,2,4-Triazole, 69.6 wt.% I,0

Formula BL. 5.5 wt. % Monoisopropanolamine, 1.75 wt. % Ascorbic Acid, 1 wt. % 1,2,4-triazole,
91.75 wt.% H,O

Formula EM_ 7.75 wt. % Aminoethoxyethanol, 1.75 wt. % Ascorbic Acid, 1 wt. % 1,2,4-triazole,
89.5 wt.% 0
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Fornmula EC 1.75 wt. % Ascorbic Acid, | w. %

1,2,4-Triazole, 97.25 w .% H20 FOHTLH a ED2.5w. %
WFaeeda®8hy| anmoni um hydroxi de, 1.75 wt. % AscREBHUB2006/020214

Acid, | wt. % 1,2,4-Triazole, 94.75 w. % H20 For nul a

FormulEBENA - 55, 5wt "/OMMNQ&%F@W NEs wk. Wascobit ALiatod 79 SRhEO
 94.5 wt.%H20O Fornula EF 4.5 wt. % NMonoet hanol am ne,

Formuld EOS 4.5 wloSeRddRiatolfting, 1.75 Wi % ﬂ@c&pb% Aid 98 820t &, 19,0
T 9275 wt. % H2O Fornmula EG 2.5 wt. %

Formuld 8P aned B, ANSRSEHARS MR B WE 06 Ascbhbic Abid, 22wtdost 113 870k e, 85.5
wt.% H0.5 W . % H20 Fornmul a EH 9 wt. % Monoet’hanol afi'ne, 5
W .. % Tet r anet hyl ammoni um hydroxide, 3.5 wt. % @Gllic
Acid, 2.wt. % Ascorbic Acid, 2 wt. %1,2, 4-triazol e,
Exampl&19 758196 wt. %120 Forrmula EI 9 wt. % Monoet hanol am ne, 5
% Tet ranmet hyl anmoni um hydroxide, 3.5 w. % Gallic

0
[0217]%3%%0%0%&%}?% @g: E?Q%@{I\Fﬂ- a‘é}? I\]%%%dert ot O% g%@ﬁgjﬂe residue and

contamWants Hoed H ARV ANIRRE 'éé'ﬁtgﬁ‘ﬂ% RehBerech was¥valuddd. Gf’ﬂel deice was
Acid, 10.9 w. % Ascorbic Aci 71.6 w. % H20 Fornul a

a patterald Qeﬁtech%mtm&rﬁﬂéﬁ CMP ‘éfun-y %nd other %ast-CMP res1dues on the

Tet ranmet hyl ammoni um hydr oxi de,

surfacel Q‘h@wﬂ&r ina S8 QAL Gad\Gbded dn %pmﬁs/ﬁrgry %0141‘01]_ { ks £ QZ"@gat @OO pm

. % H20 Formula EL 5.5 wt. % Monoi sopropanol am ne,

thth&- eRifibtcleatifn HRitie: émwd :h ¢ Gontlok
wi ¢ i}? 715 vﬁt e 4 ag%@;{: & rt n?,ll A tEMx7 (!7\%311 éib&m@g JobiéiPloBs parts deionized

water), ASTI08R8 b @0 &L Qbionided ARt éMrinsd Qnﬁss%ﬁ{ ct}y CPRC hifd pokt-ManinFoanalysis
1,2, 4-triazole, 89.5 wt.% H20 46 WD 2006/ 127885

was carled bHISRARE/ 02020 IaAAKIRL orbnfrdic The cleaning effi
Mbnoi sopr opanol aﬁnﬁ ne, 1.75 wt. %A"Q’So‘?‘%ﬁi“% AT GG facacy was

rated bytheYeddddn FQibj¥dls @n B dbSraid as cﬂ%’@oﬁﬁ%&%@{r@dﬁﬁ%ﬁ c&-lmﬂgted using
wt. % Ascorbic Acid, 93.75 wt.% H20 Fornul a EP 9.

equatiof@Ypnoet hanol am ne, 3.5 wt. % Ascorbic Acid, 2 vvt. %
1,2,4-triazole, 85.5 w.%H20 Exanple 19 [0217] The

[0218] effableCREVIOEs thOpoRLUBE QemiBGrhidaly FsultsHer 80tEpEMuAOBG, EA-EG, EL

cl eani ng post-CMP residue and contam nants froma
and EMde8¢bRll B&Eh v EatdieMhGt&iuabddi Ng same thereon was:
eval uated. The device was a patterned Sematech 854
waf er which had dried CVWP slurry and ot her post-CM -
residues on the surface. The wafer in each instance

Table 88aBostOBEM AGidON 1 SitaMireRl AadiQOFHERY of 1KY dHdpBsiBéns 22 Ghe present
inventi@l. 100 rpm

Formulation Dilution Cleaxiing Efficacy/%
EA 10:1 79 :
BG 5:1 100
EB 5:1 -4
EC 5:1 -2
ED 5:1 -3
EE ' 5:1 -42
EE 5:1 99

. BG 5:1 -2
EL 5:1 99
EM 5:1 90

§

[0219} Tt can be seen that formulation EC (TAZ and ascorbic acid) and formulation EE (TAZ and
monoethanolamine) did not clean the post-CMP residue and contaminant from the wafer surface.

Unexpectedly and surprisingly, however, when the components of formulations EC and EE were
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with the specific cleaning conposition diluted x:1 (1
part cleaning conposition to x parts deioni zed

WOQ36A27885 ol | owed by a 30 second dei oni zed wat RET/PP98@020214
and spin dry. Pre- and post-cleaning analysis was

combined fof ol fopdhlatitshl BYNTAZNMHIOSRABR, bl RiahdHhise) B 6Raning efficacy was
m croscope (AFM. The cleaning efficacy was rat ec?

nearly 100e%/ exthe @ﬁlbﬁﬁng)gff&bis%ﬁ&r Aistriied HUBSIEAILarfiSod %ﬁféﬁ 'r@iféient the

her ei nabove and was cal cul ated using equation (1)

" AFM 824 8f thd piel shdSokiidali deisg toRauIRGsHs FEMRd @FeﬁEBeelgveﬁrf il GAGY clearly
results for conpositions BG EA-EG EL and

scen thet@o@ful 66 EDae nh 3iQY 6n 8 nhifiBeriof it @ e Jivhind 4 épe@,? eleaned from the
Tabl e 8: Post-CMP residue and contam nant cl eani ng

wafer sifideCwllile foimildiRn GPrEpRSEibisBGebd tHe Svallr 8S@RE. Similarly, formulations
invention. Fornulation Dilution Ceaning Efflcacy/ %

EL and®N Hdd abledfing 8Gcavy bf dddfly 160%.5° 1 -4 EC 5.1 -2 ED 5.1
"3 EE5:1-42 EF 5199 EG5:1-2 EL 5199 EM

[0220] Fuith QDo 4 Rdns IFA &RABd @emaeshtitNFblidwak Egm.la ﬁm&&d%@uﬁ&%e 10:1
and ascorbic acid) and fornul ation EE (TAZ and

and 5:1EESetivel) Ok itinhe @xcegiich tAf foreduBaitn El?keﬁv&%{rm@w’pésﬁ%tﬂg' ﬁgent The
and contam nant fromthe wafer surface. Unexpectedly

results Suggesthaiabsbraligh Ygent) @VEH Rise TWIE Rotl daBy A0 QA efdcBivoetal passivator,
fornmul ati ons EC and EE were 47 WD 2006/ 127885

but alscRERANISADOAENRZDT the poTUNIPRGIdbParki@bimhRasy| at i on EF
(TAZ, ascorbic acid, nonoethanol am ne), the cleaning

icacy was nearly 100 % The surprising effect is
Exﬂnf%igther illustrated in Figures 28 and 29, which

represent the ' AFMinmages of the pre- and post-clean
[0221] (idk rifickoyr ofufoatilaivas EE adBERr desing post\ENIY residue @ad) cdiaminants
clearly seen that fornmulation EC had no effect on the
from a migrbedectrofiic davitd anizénig saene, thardtint veassvalustyd. c Thadwite fwae M patierned
the wafer surface, while forrmulation EF efficaciously
Sematedl] #edrneafert wiachnaddalried (MPadery Sidnithe mpbstCM® rezidhat dnohs surface. The
wafer in each instance was cleaned on a spin/spray tool for 1 minute at 22°C at 100 rpm with the
specific cleaning composition dituted x:1 (1 part cleaning composition to x parts deionized water),
followed by a 30 second deionized water rinse and spin dry. Pre- and post-cleaning analysis was
camried out using a Joule scanning electron microscope (SEM). The cleaning efficacy was rated by
the reduction of objects on the substrate as described hereinabove and was calculated using equation
(.
[0222) Table 9 includes the post-CMP cleaning efficacy results for compositions EA and BG

described hereinabove at the indicated dilutions.

Table 9: Post-CMP residue and contarninant cleaning efficacy of the compositions of the present
invention.

Formulation Dilution Cleaning Efﬁcacy/%
EA 30:1 80
BG 30:1 98

BG 10:1 98
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EL and EN had a cleaning efficacy of nearly 100%
[0220] Further, formul ati ons EA and BG were identica

W@ 300639788F t he indicated dilutions (i.e., 10: 1PCHEHBR006/020214
5:1, respectively), with the exception that

[0223]fmfpﬁninay,l Bfindph YR 8erflRN@dich @it tRASHMM FREnBORR nay MiCubstantially
results suggest that passivating agent, in this case

diluted WABoutROhproflsingaBé Sledinp i@ty 6thé MEaniBldpHisunl IRlsas the benefit
but al so enhances the cleaning of the post-CW residue

of reduaing tHe @bk BfdwiRhD peEwa@Pliandd [ 0221] The efficacy of
formul ati ons EA and BG for cleaning post-CWVP residue
Exampégh contam nants froma m croel ectroni c device
contai ni ng sane thereon was eval uated. The device was
[0224] aTlpaéficdcped foSanmioas LA GRS ahd WK &t Hastind! ) (ﬁﬁcmpglg:ﬁldue and

slurry and other post-CWP residues on the surface

contarmivixhi® fromh BidfBlet RGN Re \Vo:Rai6ing SHRAh&8oPw S UvALSBI. A¥he device was
tool for 1 mnute at 22C at 100 romwi th the specific

a pattethe@® ahaIghBINPRS:tv1GEh Bid dite@ CMP sinfr} aR@ bthe£ hRAOMIresidues on the
conposition to x parts deionized water), ol | owed by
surfaced THO waRecractoiaiaite Haslclogice bn b spi6Epray ot Nikkiie at BR€ at 100 rpm
and post-cleaning analysis was carried out using a
with thd Gptcific Sivaiing BenRIsitioh dikitedrkq (0 980 PRadiEMmpodifien &) 2 pdHisMionized
- efficacy was rated by the reduction of objects on the
water),shlkstedctiyea a8 sebead deibsiged@ited Amda0me spdirpa Posidlldating tagdlysis was
usi ng equation (1). [0222] Table 9 includes the
carried potsisingNapbse oy g atinfic GacymicRStpt SAFNY. TIRNMAGInE bARScyEAs rated
and BG described herei nabove at the indicated
by the dbduationooiSobjdoahbe 113 suBgisdte @iVRescbdddhgeimibove ant aa3 BaAdHlated using
cl eaning efficacy of the conpositions of the present
equationfi)ent i on. Formul ation Dilution Cleaning Efficacy/ %
EA 30:1 80 BG 30:1 98 BG 10:1 98 48 WD 2006/ 127885
[0225] PIEbleUS20:06LORO Ddst-CNID 212 3ing papiinld anhl rgsultEfarepinposiiidns EA, BG, EJ
denonstrates that the effective formul ati ons may be
and EKsdebsibertlteraabyve atl iicutdichtedidilingans. conmpr om si ng t he
cl eaning efficacy of the cleaning conposition. This
has the benefit of reducing the cost of ownership per
waf er cl eaned. Exanple 21 [0224] The efficacy of
Table 10pPastCPiresiviie EleaniBCEfHigady asive G cogpositioasnofitiegpresostinEhdn.

r eEoxadugationd Dilution Particle Count
EA 30:1 o 2104
BG 30:1 217
BG 5:1 158 1
EJ 30:1 1546
EK’ 10:1 270

[0226] Example 21 forther illustrates that the alkaline aqueous cleaning compositions of the
invention preferably include a passivating agent such as TAZ, as indicated by the lower pe;rticle
counts associated with cleaning with formulations BG and EK.

Example 22

[0227] The efficacy of formulations EH and EI for passivating copper on the microelectronic device
having same thercon was evaluated. The sample wafer included a copper seed layer. The wafer in

each instance was cleaned on a spin/spray tool for 1 minute at 22°C at 100 rpm with cleaning
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contam nants froma m croel ectroni c device containing
same thereon was eval uated. The device was a

WQaesde788% Sermat ech 854 waf er which had dri ed RAUS2006/020214
slurry and ot her post-CMP residues on the surface.

composiiigis MRdted 30: (1934 Rlckdifd 0GR sINBS tocI0GAAL LI BHzed waRhN{cHBW&Y by a 30
tool for 1 mnute at 22C at 100 rpm with the specific

second GbiBHM I \Gat&NBOSdtshRreli AUt 18 pm (BT A BEdm&t @ANAEhireated sample
conposition to x parts deionized water), followed by

were aifly28d $&@CRhParth6h. 0 MndBsls Wak Glond LASEXRO At SRl SIT16° to 90°. Table 11
Post - cl eani ng anal ysis. was carried out using a
includeNBROGBHR PadstviaBorttetilis fof CIrRElalidEIKES GRPEBI {offiVd to HaGstatic BTA and
cl eaning efficacy was rated by the reduction of
untreatéla@fles on the substrate as descri bed herei nabove and
was cal cul ated using equation (1). [0225] Table 10
i ncl udes the post-CMP cleaning particle count results
for compositions EA, BG EJ and EK descri bed
Table 1NECeHpBRaARtiad usidg&hé éaﬂip@ﬁh@fé ot tlelptdséd aventidbl € 10:

‘

SO N TR A T S RN %

formul ati '1EmLe_22_£é§il}_lhe_eifixzugp

of formilation20°FH and FI5%hy passi v it 9nn r‘nnnpr0 o
the m croel ectroni c device haV|ng sane thereon was
eval uated. The sanple wafer included a copper seed
[0228] | Bhpeptrogpm o oapperrralie indicgien thenarpcant of RB4 arothsn essiyafing agent (ie,
spin/spray tool for 1 mnute at 22C at 100 rpmw th
azole) E?F’éﬁlllﬂgn‘@l Em@ow Sobginpsest pEibe dopodsion oginthe wafer surface.  As
onposi tions diluted 30: part cleaning cogP03|t|on
expectefioths Gtafia Blé @gmé?ﬁozl@&dwawsaﬂon fovhighingludss BT Aolefiqetbigkdayer of
dei oni_.zed water rinse_and spin dry. A static 10 ppm
BTA opthg Wafes sirfastt Fomplation B vieish élalué%ﬁﬁli% lefigthin I%‘\‘ﬁ%Y%V%% lpyer on the
conparj.son. Anal ysis was done usjng XPS at angl es
Surface&? thegvaes, wjch r?aﬂwaétas?ous perepsgdliEny passpaisisdiims aespyigitp gpmove in
results for formil ations EH and El relative to the

subseqlgefrraqrpq?ssgqeRs gyl yesult in fewer organic detects.
[0229] The results of Table 11 are further illustrated in Figure 30.

l

Example 23
[0236] The etch rate of cobalt in the presence of formmlations EA, BG, EF, EL, EN, and EO was

' tested compared to a typical industry citrate-based cleaner (10 wt. % diammonium citrate in water).
The wafer samples had 100 A of cobalt plated on polished copper. The wafers were immersed into
the formulations at an agitation of 700 rpm. The samples remained in solution until the cobalt was
. completely removed, which was judged visually by differentiating the color between copper and

cobalt.
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untreated sanple. Table 11: Copper passivation using
the conpositions of the present invention.

WE0061i27883 on XPS Angl e Copper Nitrogen N Cu PETESRN8E020214
15 95.4 4.6 0.048 90 98.5 1.5 0.015 BTA 15 32.6 67.4
2.07 90 63.3 36.7 0.58 EH 15 82.6 17.4 0.21 90 89.3

Table 120Cdbafd <R usiEh cobbodiBerd of fhe hrodedSvadtioh 42. 9 0.75 [0228]
TREPiAHRIEN BiRtibR NP Cimhadid® | N0T L BImkle gnount  of

BTA or ot hel -passi at$iag (@88 Elch Rate (ARGR) €
FEMBERI Ng O TJR% CYPPEr 250 ToWMg cofif act™ of| the

TormgHat i on| Wiighy THe VEyloRe+ Suff ace<(ﬁ§9* expgct ed, the

stat BTAToOr |d[|0r5q§g' mutaty YOI whi ch
IﬂCIEEEb BT %gLel‘lfl a Li,liio(sﬁld et U|<gj¢y—\ t he waf er

surfaGe. FU 1 o B s Th et s—TAZ{ left a

t ||| |E}§aba| v ot :vﬂg:f ayet x:{;jl the suii%fngiﬁtl Zt ;Mri].f er,
aeédhﬁmfu'aP 9#““”° uit:uac HIHHC puoolvocesg

* The sTEw ettt e PR PR e AL Hrebpigsorhe sple.

results of Table 11 are further illustrated in F| gure

[0231] :é{f)%ag é)rle?é%cn%a? the%ﬁ%qgéf’n? pr%ge]t gh L%-_tgz fgegto%% raéﬁ %%Ql% and that
ar e Lca naus

the torffffjorh ST U R A Bt (3 W ﬂ@)@raYeﬁ%ﬁvea#;cTﬁde@ e et
°lea“efoni’po s lgp%e%%%e SR R BRE o n P 88 the o o e
compomt%n@éér@%esotﬂ oL hlaageto?t L0 g &7)00 arpm The sanpl es

N SO "on un Wt was conpletely

ved, which vvas judged visually by differentiating
Fmﬂﬁ?é‘ocol or between copper and cobalt. 50 WO

[0232] ﬁlglg ?}ﬁigf’?cfe%ﬁég ng/ cﬁ%%?gtt%zu%%%%orm fi‘ak%:ons tap%%%a%or postt ‘E,JR/JZP residue

esen Inve

and cor lEq LA ﬁat']!'hg Qv&%@r s&glﬂl%q”érmgﬂk%{eﬁ r&oﬁfép {Ngfé}s r;rnlrietvleously porrIE shgc{n m% a CMP

N—r

-+
.

tch
slurry. The wafer in each instance was cleaned/buffed on the third platen of an Applied Materials

Reflexion ™ tool for 15 seconds at 22°C using variable speeds and 1 psi downforce with the specific
cleaning composition diluted x:1 (1 part cleaning composition to x parts deionized water), followed
by a standard post-CMP cleaning process for the Reflexion™ tool. Post polish and cleaning analysis
was carried out using a KILA-SP1 surface defect analysis instrument having a defect bin size setting of
0.2 pm. Table 13 includes the defect density results for compositions EA and BG described

hereinabove at the indicated platen speeds.

‘Fable 13: Buff cleans using formulations of the present invention at various platen speeds

o Average defect
Platen Speed density
Formulation Dilution (rpm) (defect/cm®)
EA 10:1 63 3.9
EA 10:1 107 . 2.4
BG 5:1 63 2.9
BG 5:1 107 1.6

[0233] It can be seen that Formulation BG, which includes the passivating agent, lowers the defect
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EA 40:1 22 4.5 BG 20:1 >1080* <0.09* EF 20:1 >1080*
<0.09* EL 20:1 >1080* < 0.09* EN 20:1 45 2.2 EO 20:1
WQ 2008/12788E i trate solution 40:1 5 20 * The. sanPpUHUSH86/620214

renoved after 1080 min, even though the cobalt still

density@8@ idtEtiANcdnPRios Pl pRred 1 QéPdditiddELaN be seen that the
di ammoniumcitrate cleaner had the |largest etch rate

Exappléngobal t, and that the formulations of the present
Invention are a vast inprovenent over the traditional

[0234] CTHeI Rt IdAAS @fﬁcﬁé)e@&etésted: W B mul ARAPBAI A8 BG for post-CMP residue
formul ati ons EA and BG the "additi on of the passivator

and corft@nibii®s. THRRQS Isirh18s #&6 Bﬁﬂ&?e% cb ftr VEhER pbﬁéh%d%vﬁha CMP
|l ess than 0.5 Amn |. Exanple 4 [ 023 The "buf f

slurry. CHRARMERN RhdH BREMWAS cleBSdafAl bt b glef J‘?ﬂaﬁh'o@@ﬁ %Jérﬂrlqatenals

BG for post-CMP residue and contam nan The wa

ReflexiSa MP toRE fof@ b Bedahdy vt @b &Sl atGORREK %ﬂé@d 6f B7RPAVENE '+§(|1%le downforce with
polished with a CMP slurry. The wafer in each

the clebiiifd dbEosiRdEs GHtaRipbsfi¢ @ttan %Bﬁp&éiﬁdnddﬂﬁhﬁ @1 @af p&@D cleaning
Applied Materials Reflexion T%/I tool for 15 seconds at

compos2izda tH i fags Maibhiadd WatSf) BlSvaAN alstzﬁﬁ[brd%WMP Q:fcaiﬁhé Prot:&@ for the

specific cleaning conposition diluted x: 1 par

" Reflexi6h™a661 Gost @BRMSINE icRAnh©Oan41y8R8 Wa§ cAREDAL %@iﬁg ﬂ@@l@[ $P1 surface defect
followed by a standard post-CWP cl eani ng process for

analysi$ BStniRRht Bkl Mt 8ln siRAskinp 6f 6.3 Bnﬁnﬁabfé ﬁﬁﬁblﬁﬁés the defect density

analysis was carried out using a KLA-SP | surface
results ﬂﬁfz&ﬁﬁosxﬁﬁ@s‘ e hﬁi B@ a&gcﬂsm%renﬁwve Gt tﬂe felceeh ainrorkbze
setting of . I ncl udes the defect
density results for conp03|t|ons EA and BG descri bed
her ei nabove at the indicated platen speeds. Table 13:

Table 18UBdf QLIRS OlRA i R BEth&bre@ASinAintib S vRFiGR B force pressures

[TAVentTon af various platen SpeedsSp.Avahausy defiect

Pl pirafa@Re ] Siafvh {YD&RIRL @5 QN D (atkdi9Bmi" PM
(defed/cn?) gy 10T 63339 BEA 10T 4p7 24 BG5:1
63 Z K BG 9. Ljolp7 {16 i 29

EA 10:1 1 2.5

EA 10:1 2 3.5

BG 5:1 0 3

BG 5:1 1 1.1

BG 5:1 1 1.4

BG 5:1 2 0.6

[0235] It can be seen that Formulation BG, which includés the passivating agent, lowers the defect
density under identical conditions compared fo composition EA.
* ik ook

[0236] Although the invention has been van'ousiy disclosed herein with reference to illustrative
embodiments and features, it will be appreciated that the embodiments and features described
hereinabove are not intended to limit the invention, and that other variations, modifications and other
embodiments will suggest themselves to those of ordinary skill in the art, based on the disclosure
herein. The invention therefore is to be broadly construed, as encompassing all such variations,

modifications and alternative embodiments within the spirit and scope of the claims hereafter set
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[0233] It can be seen that Formulation BG which
i ncl udes the passivating agent, |lowers the defect 51
WQEeae®si1 27885 PCT/ US2006/ 020214 density undBE€T/US2006/020214

i dentical conditions conpared to conposition EA
Exanpl e 25 [0234] The buff cl eaning efficacy was

forth. tested using formul ati ons EA and BG for post-CW
residue and contam nants. The wafer sanples were
bl anket ed copper wafers previously polished with a CW
slurry. The wafer in each instance was cl eaned/ buffed
on the third platen of an Applied Materials Reflexion
TMtool for 15 seconds at 22C at a platen speed of 107

-rpmand variable dowmnforce with the cleaning

conpositions with the specific cleaning conposition
diluted x:1 (1 part cleaning conposition to x parts
dei oni zed water), followed by a standard post- CVP
cl eaning process for the ReflexionTMtool. Post
pol i sh and cl eaning anal ysis was carried out using a
KLA- SPI surface defect analysis instrunent having a
defect bin size setting of 0.2 pm Table 14 incl udes
the defect density results for conpositions EA and BG
descri bed herei nabove at the indicated downforce.
Tabl e 14: Buff cleans usin fornmul ations of the present
i nvention at various down force pressures Defect
Density Formul ation Dilution Downforce (psi)
(defects/cm EA 10:1 0 4.4 EA10:1 1 2.2 EA10:1 1
2.5 EA10:1 2 3.5 BG5:103 BG5:111.1 BG5:11
1.4 BG5:1 2 0.6 [0235] It can be seen that
Formul ati on BG which includes the passivating agent,
| oners the defect density under identical conditions
conpared to conposition EA 102361 Although the
i nvention has been variously disclosed herein with
reference to illustrative enbodinments and features,
it wll be appreciated that the enbodi nents and
features described hereinabove are not intended to
limt the invention, and that other variations,
nodi fi cati ons and ot her
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enbodi nents will suggest thenselves to those of
ordinary skill in the art, based on the disclosure
W 0ei127885The i nvention therefore is to be broallfT/US2006/020214
construed, as enconpassing all such variations,
nodi fications and al t erppgd ¢vengdrbodi ments within the
spirit and scope of the clTains hereafter set 52 WO
2006/ 127885 PCTI US2006/ 020214 forth. 53 WD
2006/ 127885 PCT/ US2006/ 020214 THE CLAI MS What is
clainmed is: 1. An al kaline aqueous cl eaning
What isG@ip€bist | on, conprising at | east one am ne, at | east
one passivating agent, optionally at |east one
quat ernary base, optionally at |east one reducing
agent, and water, wherein said al kali ne aqueous
1. oleaRhiig £REREdahBl dofpsitidraRbRpfiske 6l R8AI W8 amine, at least one
post -chem cal nmechanical polishing (CW) residue and
passivati et BRvhalyf 4 QAT EHA8AS GhdeOBptions RVt fedst DAY rd¥bcif@bbnt, and
resi due and contam nants thereon. 2. The al kal i ne
water, Wlg#60 UsidCANRdinE Ague6A MMy &ilnpokitich & Blitkble FOREdnigNEhst-chemical
the at | east one reducing agent. 3. The al kaline
mechangll BEli4Bing ((CRIP) REkidae ARO ShithiRamé fohd Micdecl&ROME 3BV having said
- ascorbic acid. 4. The al kal i ne aqueous cl eani ng
residue ee@AGdidAR tefeoa) ai m 1, wherein the at | east one
passivating agent conprises a species selected from
the group consisting of 1,2,4-triazole (TAZ),
2. y %%bc%%éeﬁaéﬁéo%? Pﬁﬁ%hgo%osﬁgﬂ‘ 2P41hi? YoSiprising the a least one reducing
3-am no-5-nercapto-1,2,4-triazole, 1-am no-1, 2, 4-
triazol e, hydroxybenzotriazole, 2-(5-am no
pentyl)-benzotriazole, 1-amno-1,2,3-triazole,
1-am no-5- nethyl-1,2,3-triazole,
3. J'hg pikpline pa@ons ¢leaning epmposBiomed clajnt 2-cbinPrising as¢albzio heid.
3-isopropyl-1,2,4-triazole, 5-
phenyl t hi ol - benzotri azol e, carboxybenzotri azol e,

4. habonhenzoheds 2RhAS BRLE bBZRN Bwhedein the at | -
mer capt obéglnziurri daz o% géh?ﬂl\/%l{n) , 2-nercapt o%réﬁzeoart}i ?gto?ng ,Passwatmg

agent cnpRENY pedePRRBMN FoIdRL Qxloﬁp cisistiEY FARRLREAZ O A A olyltriazole, 5-

5-am notetrazol e (ATA), _ o
phenyl-Ber@biiRRicl, F-fird-BiBoHaZK, €-RarhibBlmerdapfh-Ob Ai0O16- 1-amino-1,2,4-
met hyl -1, 3,5-triazine, thiazole, triazine,
triazole/BidROKly b @ 51AZRI L 2—(5—-&1&11@%651%1 WenztdiFb1d a7 Sthin€li1 PONBiazcle, I-arnino-5-
: pent anet hyl enetetrazol e, 1-phenyl-5-nercaptotetrazole,
methyl-0R 3RS Bidd 1, A2 iiole] SRARMLIINCA-EREQR S isdbropyl-1,2,4-triazole, 5~
met hyl -4H 1, 2, 4-triazol e-3-thiol, _
phenyliBoPbenb@ridzo’, 4- tborgbedZAtifoR; t NhOb-beRORZRARI azQRthotriazole,  2-
tritolyl phosphate, imdazole, indiazole, benzoic
mercap@bérdimiddFIRNI (WBDENZDAbRaptahsl-GRBRIId) At i-aRyI NBE&8fimidazote, 2-

agent.

mercaptothiazoline, 5-aminotetrazole (ATA), 5-amino-1,3,4-thiadiazole-2-thiol, 2,4-diamino-6-
methyl-1,3,5-triazine, thiazole, triazine, methyltetrazole, 1,3-dimethyl-2-imidazolidinone, 1,5-
pentamethylenetetrazole, 1-phenyl-5-mercaptotetrazole, diaminomethyliriazine, imidazoline thione, 4-
methyl-4H-1,2,4-triazole-3-thiol, 5-amino-1,3,4-thiadiazole-2-thiol, benzothiazole, tritotyl phosphate,

imidazole, indiazole, benzotc acid, ammonium benzoate, and combinations thereof.
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54 WO 2006/ 127885 PCT/ US2006/ 020214 5. The al kal i ne
aqueous cl eani ng conposition of claim1l1, wherein the
WQRON6HASWBS one passivating agent is present i nPGRHUS2006/020214
anount effective for a copper.static etch rate of
5. aheUlkafindadhedis tlehnink QodpdiHon b2 cBim M1 ﬁhérein@llle ih@azst one passivating

al kal i ne aqueous cl eani ng conposition of claim2,
agent i pHdehNGh af ARBdL SHTEGvEtor b 8dphr- SR etcRFSE bf 38! 0.5 RAMET Rihbout 10 A
agent. 7. The al kal i ne aqueous cl eani ng conposition of
min?, claim 1, wherein the range of ratios of am ne(s)
relative to passivating agent(s) is about
(2-25):(0.05-15). 8. The al kal i ne aqueous cl eani ng
npQsi.tion of claim6, wherein the ra of rafjos of
6 HerAde SHafus Bt copPaohett A Ry 2 gBRer Sy st one
... -25).: (0.001-25). 9. The al kal i ne aqueous cl eani ng
aéhum%iﬁ%ﬁé?é?&ﬂ#'of claim1; wherein the at |east one amine
conprises an am ne conpound sel ected fromthe group
consi sting of nonoet hanol am ne, N nethyl et hanol am ne
7. (T inceani:erme tleytiigy doanpodidonvaie]aioh ymelidnsih thetrange bhane of amine(s)
1-am no- 2- propanol, am noet hoxyet hanol ,
relativedo paskizaidigaptai@) is aAbbowd (25Z)(OERND] ani ne, i sobut anol ani ne,
C2 - C8 alkanolam nes, triethylenediamne, and
combi nations thereof. 10. The al kaline aqueous X
8. Che AR L0000 §fe£dn%’ 5091%859 6N Jpci?zﬁu %,%lrlepe%g the %[S{%é k’f’lﬁg&o"? amine(s)

tertiary amne sel#ect rom € group co

; ' 1 . Vb G gkam ne, triethylam ne,
relahvekl? hﬂlg@ %?&%ﬁ?é%&%(ggw@%@g% net hyl di gl ycol am ne,
and pent anet hyl di et hyl enetriam ne. 11. The al kal i ne
a%Heous cl eani ng_conposition of claim®6, wherein the _
9. dihe| alkedipe Gareoyy ¢lepning spmpasiign i nijaig bnvhereinghe gbdeaginone amine
.acid selected fromthe group consisting of isoascorbic
comprises j 4 ARWE ofPBRROuR iseleciqd gt@mi t PR cogmting cofgmpepethgpjamine, N-
conbj nations thereof. 12. The al kal i ne aqueous )
methylethanglaming (NYHYs fpinesibbthanplamipe) N-npetfroniaoothyaely bamgino-2-propanol,
. | east one %uaternary base, wherein said at |east one
aminoefigxyefhapoly | dipthenclagifhy | BEROORIIPRYTREIRNG, OHsokpfaplamie, R2, -  Cs
R3. and. R .may be the sane as or different from one
alkanolarpines, bijethylrgediataine, a0d popfaprlinptAe St sel ect ed from t he
group 55 WD 2006/ 127885 PCTI' US2006/ 020214 consi sting
of hydrogen, Cl-Cl10 al kyl groups, and aryl groups. 13.
10. The ailtaked aqreodOileing compasitidngyfobig G5 iflirtten cabprizingi anfeddry amine
wherein the range of ratios of
selected from the group consisting of triethanolamine, methyldiethanolamine, triethylamine, N,N-

dimethylglycolamine, N,N-dimethyldiglycolamine, and pentamethyldiethylenetriamine.

[
11. The alkaline aqueous cleaning composition of claim 6, wherein the at least one additional
reducing agent comprises an acid selected from the group consisting of isoascorbic acid, ascorbic acid

§
derivatives, gallic acid, and combinations thereof.

12. The alkaline aqueous cleaning composition of claim 1, comprising the at least one quaternary
base, wherein said at least one quaternary base comprises (NR1R2R3R4)OH, where R!, R%, R? and R®

may be the same as or different from one another and each is independently selected from the group
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amne(s) relative to quaternary base(s) is about
(2-25):(0.001-10). 14. The al kal i ne aqueous cl eani ng
WQ 621883 on of claim 1, wherein said at | eastP@HES2006/020214
quaternary base conprises tetranmethyl ammoni um
consistiy 6f 9xkdden, (CT N Hikyl broups gl Abkadupe aqueous cl eani ng
conposi tion of cl a|n1g further conprising at |east
one surfactant. 16. The al kal i ne agueous cl eani ng

tion of clai.m 15, wherei.n the range.of ratios
P, Cayeors gl STbPoElien 6 AR (9 Tl g ange of ratos of

. 2-25 001- 7. .The queous cl eani ng
amme(%fiﬂ‘é’d%h Bt l&ﬁ %\é}ffibo Wgsia)r{jotlﬁg)am croel ectronic
device conprises an article selected fromthe group
consi sting of sem conductor substrates, flat tpane
14.  ditsplikalis; aguechs rleaniog kenpasitior ofi elaint & wisysih e4i8 af Whv/Bhe quaternary
18. The al kal i ne aqueous cl eani ng conposition of claim
base cofnprifes titmagethylemoniua yarogele {TMAHRbout 9 to about 12.
19. The al kal i ne aqueous cl eani ng conposition of claim
1 mherein t he post CWP residue and contam nants
r e:g
15, SRR MBSE ek cRb@lion ULHC1 CRAUE: ERNTLEY Reast one
mnﬁwmgﬁesent in the CwP pollshlng slurry, reaction
py- products of the CMP polishing slurry, carbon-rich
particles, polishing pad particles, brush del oadi ng
particles, equipnment materials of construction
16. p%e alkeafine aqesgpy Sleaning gorarpsisien of elaimaslS, Fhereit theatanes hetios of
gueous cl eani ng conposition of claim1, wherein the
amme(séfel?t’é%& sugfagtamesdisiabent (HeP):(@8UM- conpri ses TAZ. 56 WO
2006/ 127885 PCTI US2006/ 020214 21. The al kal i ne
aqueous cl eaning conposition of claim1, wherein the
17. Clihealkiahg: &eRRsiidahil dofmpostion Wretith N, ¥heRI0Be iattiaent device
5:1 to about 50:1. 22. The al kaline aqueous cl eani ng
compri®® MpOSEtidle Gele@itd Godl thelgrofet@ck@g: bf et HRgHO Wibstrates, flat .panel
consi sting of Fornulations BA-CM wherein all )
displayf endeftiaipesonsdhatiyal wRtegR (VEMBSed on the total weight
of the fornulation: Formulation BA MEA 7.2% TMAH 4%
ascorbic acid 1.6% gallic acid 2.8% EDTA 0.01% D

18. A gﬁ‘iﬁéo?ﬁl{gfﬁ%ﬂ%?@% 05%101’1'\/%9&1511 éaﬁawn%bf 41% A5s gout 910

aﬁmﬁl&@ter 83. 4%

19. The alkaline aqueous cleaning composition of claim 1, wherein the post-CMP residue and
contaminants comprise materials selected ﬁ'om. the group consisting of particles from a CMP
polishing shurry, chermicals p?esent in the CMP polishing shury, reaction by-products of the CMP (
polishing slutry, carbon-rich particles, polishing pad particles, brush deloading particles, équipment

materials of construction particles, copper, and copper oxides.

20.  The alkaline aqueous cleaning composition of claim 1, wherein the at least one passivating

agent comprises TAZ.
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Fornmul ation BC MEA 7.2% TMAH 4% ascorbic acid 1.6%

TAZ 3% gallic acid 2.8% EDTA 0.01% DI water 81.4%
WEEMGIRE8s on BD MEA 7.2% TMAH 4% ascor bi ¢ acPCI’isy0e/020214

TAZ 5% gallic acid 2.8% EDTA 0.01% DI water 74.4%

21. pﬂe]@iaﬁnfﬁyu%ﬂsaﬂéa@iﬁg BEmPEaiofd -08 Yaind MAhefeil We AR RS osmon is
acid 3.43% TAZ 1.96% DI water 80.91% Fornul ation

dituted MEAraflgD¥om JN6:2 todMoutesperor bi c acid 1.75% TAZ 1% DI

wat er 90.25% pH 11.4 Fornul ati on BG MEA 4.5% TMAH

2.5% ascorbic aci d 1% gallic acid 1.75% TAZ 1% D

te 9. 25% 10.8 Foryul aji.an B 2% TMAH
2B lies ipeous Eleening Sompogtis PO 1y oo fist Ale g onsisting of

Formulgike, M, UG Gl Er st G Y aiee S0 g0 pAVeight of the

fonnula8}105% EDTA 0.01% DI water 75.9% Fornul ati on BJ NMEA
2% TMAH 4% ascorbic acid 1.6% gallic acid 2.8%

carboxy BTA 2.2% EDTA 0.01% D water 82.8%

Fornul ation BK MEA 7.2% TMAH 4% ascorbic acid 1.6%
FormulgmgM aci AMBAZZ%., TN NHHEYs, BlobrbicldeidBL4% FEATlR 43id18%%, EMTA 0.01%,
DI wateneddfo 72. 6% Formul ati on BL MEA 7.2% TMAH 4% ascorbic

acid 1.6% gallic acid 2.8% ATA 1.2% EDTA 0.01% D
FormuleiineBB 83. 2 WEAr hitaTVOYH BM, MEodrbic 28d 1THVRHFE 4261 % setlichicl 2.8%,
EDTA aQi%, DI wawr8gals ic acid 2.8% ATA 6.1% EDTA 0.01% DI

wat er 78.3% Fornul ati on BN MEA 9% TMAH 2. 5% ascorbic
FormulagdnBG. 5% MBZX 712%WITMIH vk, escotbic 68 1R0s, AR B Ealo acid 2.8%,
EDTA VENADB%sterBVABL 2. 5% ascorbic acid 1.75% TAZ 5.0% DI

wat er 86.25% 57 WD 2006/ 127885 PCT/ US2006/ 020214
FormulgionBID at i orMBO NVEA, TMAH NI, lasdrthd/acidd @306, 0TAZ &84, baBicShd 2.8%,
EDTA §AP5DDwater 4% pBr1080. 0% Fornmul ati on BO MEA 9% TMAH

5% ascorbic acid 3.5% TAZ 2.0% DI water 81.5% pH
Formulatios@BH-or nmu|MEA 08 BRIV H04%,T MaptbBYacid SciBld) i TAZ LW YR T water
80.291%al | ic acid 3.5% TAZ 2% DDBSA

Formulation BF MEA 4.5%, TMAH 2.5%, ascorbic acid 1.75%, TAZ 1%, DI water 90.25%,
pH 11.4

Formulation BG MEA 4.5%, TMAH 2.5%, ascorbic acid 1%, gallic acid 1.75%, TAZ 1%, DI
water 89.25%, pH 10.8 ’

Formulation BH MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, BTA 1.6%,
EDTA 0.01%, DI water 82.8%

Formulation BI MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, BTA 8.5%,
EDTA 0.01%, DI water 75.9%

Formulation B] MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, carboxy BTA
2.2%, EDTA 0.01%, DI water 82.8%

Formulation BK MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, carboxy BTA
11.8%, EDTA 0.01%, DI water 72.6%

Formtlation BL MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, ATA 1.2%,
EDTA 0.01%, DI water 83.2%

Formulation BM MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, ATA 6.1%,
EDTA 0.01%, DI water 78.3%

Formulation BN MEA 9%, TMAH 2.5%, ascorbic acid 3.5%, TAZ 1.0%, DI water 84.0%
Formulation BO MEA 4.5%, TMAH 2.5%, ascorbic acid 1.75%, TAZ 5.0%, DI water 86.25%
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0.11% DI water 78.39% Formul ati on BS MEA 9% TMAH 5%

ascorbic acid 2% gallic acid 3.5% TAZ 2%

WORAIRAS™Br) 250 0.1 % DI water 78.4% For mul aPCHHSEV6/020214

MEA 9% TMAH 5% ascorbic acid 3.5% TAZ 2%

NATROSOL(r) 250 0.1% DI water 80.4% Fornmnul ati on BU
Formulbvfih 806  TMAAER s, T3LAH Di506, a&othicdacRi.59, %2%%@%&( £010%

EF 0.1% DI water 80.4% Fornul ati on BV MEA
FormulatiiB@. 9% MEA0 TMAHI 3%, 32 adidd.5%, 96% 2. 0%, DI water 81.5%, pH
11.6 NATROSOL(r) 250 1.00% DI water 79.89% Fornul ati on BW

VEA 8.82% TMAH 4.9% ascorbic acid 3.43% TAZ 1.96%
FormulbdiREIGOL ( r ) MBAGY%) 1208 58, adtaibe acRiof %ﬁﬁﬁ%ﬁy I584 1 'I‘QB 2@%( DDBSA
0.11%,\/BAva8r8298% TMAH 4. 9% ascorbic acid 43% TAZ 1.

KLUCEL(r) EF 1.00% DI water 79.89% Fornul ati on BY
Formulbfioh 185 82% NNAH%, GMARSSI0r bicerbas held 304384micT Adia 13 98 %TAZ 2%,
NATR(KS@DELZSO))]%EEIQatEB%AWDI wat er 80.39% For nul ati on BZ

MEA 10.29% TMAH 5.71% ascorbic acid 4.00% TAZ
Formul2i@h KLUQHEAr 9%, BHAH 3%YascBivio\adi® B 598 1220, NATROSOL@ 250
0.1%, IMovanetisamibion CA MEA 9% ascorbic acid 3.5% TAZ 2

dodecyl benzenesul fonic acid 0.11% D water 85. 39%
Formulitom®RI at i orMER WEAMAB %, atddiic 4ci8 %595 9907 B CKBOCHL® EF 0.1%,
Diwat3.803% TAZ 1.96% dodecyl benzenesul fonic acid 0.11%

DI water 80.78% pH 12.0 Fornmulation CC 9 wt. %
Formulbfirad®V hanol MBAN€R, 8286, MTMAGI T e4.9%8Tedsbyrbia ekl WR3%, TAZ 1.96%,
NATROJOL.® 250 &.00%, Bl wardr. 7989%scor bic Acid, 82.5 wt. % H20

Formul ation CD 9 wt. % Monoet hanol amine, 5 w. %
FormuldtatnBiffet hy | MEADIE.8200, hyIOEAKI 0E9%.3. dcorbi. oGl 4306 AU Z, 1.06%,
NATRGROER®RE60 0.50%20 wapdrd038%i on CE 9 wt. %

: Monoet hanol anine, 5 wt. % Tetranet hyl anmoni um
FormulieB¥ i de, MES 8.880%, TMAH14.9%, Acirtic a2 3143%,4rAZ i135%, ELUCEL®
EF 1.0036). 19 water 79890 Formul ation CF 11 wt. %

| - Ami no- 2-propanol, 5 wt. % Tetranet hyl anmoni um
FormuliosB¥Xi de, MBAR.8884, TO4AH|4.9%, adcirbic a2idvit 43980 ST 09BY¢ KLUCEL®
EF 0.50% 18 wa®8 8639%. 9% H20 Fornulation CG 11 wt. % 1

- Am.no- 2-propanol, 5 w. % Tetranet hyl ammoni um
Formul%m[fﬁﬁq de, MEA 10. 29%, TMAH 5.71%, ascorbic acid 4.00%, TAZ 2.29%, KLUCEL®
EF 1.14%, DI water 76.57%

Formulation CA MEA 9%, ascorbic acid 3.5%, TAZ 2%, dodecylbenzenesulfonic acid 0.11%,
DI water 85.39%
Formmlation CB MEA 8.82%, TMAH 4.9%, ascorbic acid 3.43%, TAZ 1.96%,

dodecylbenzenesulfonic acid 0.11%, DI water 80.78%, pH 12.0

Formulation CC 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5
wt. % Ascorbic Acid, 82.5 wt. % H,0O

Formulation CD 9 wt. % Monoethanolamine, 5 wi. % Tetramethylammonium hydroxide, 3.5
wt. % Gallic Acid, 82. 5 wt. % Hy0

Formulation CE 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5
wt. % Gallic Acid, 2% 1,2,4-Triazole, 80.5 wt. % H,0 '

Formulation CE 11 wt. % 1-Amino-2-propanol, 5 wt. % Tetramethylammonium hydrox1de
3.5 wt. % Gallic Acid, 2 wt. % Ascorbic Acid, 78.5 wt. % H,O

Formulation CG 11 wt. % 1-Amino-2-propanol, 5 wt. % Tetramethylammonium hydroxide,
3.5 wt. % Gallic Acid, 2 wt. % Ascorbic Acid, 2% 1 ,2.4-Triazole, 76.5 wt. % H,O

Formulation CH 7.2 wi. % Monoethanolamine, 4 wt. % Tetramethylammonium hydroxide,
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3.5wm. %G&llic Acid, 2 wt. % Ascorbic Acid, 2%

1,2,4-Triazole, 76.5 wt. % H20 Fornulation CH 7.2 w.

woRMsAd®Bhanol ami ne, 4 w. % Tetramet hyl anmoni BGT/US2006/020214

hydroxi de, 58 WO 2006/ 127885 PCT/ US2006/ 020214 2.8
2.8 wt. % Galtfe eid] 1.6 WGk Ascolbi® AW, 84% HSoPife ¢ Acid, 84.4 wt. %

H20 For nul ati on a 7.2 mﬁ..96hbnoethanolan1ne,.4 w. %
Formuldedsr @et hy | 205, Mbhbdhenshie, 4 e, % TéMame fRoh BT bxide, 2.8
wt. % Galle Akid, 1%6 W6 9PARHiALHE 29200 3-Toiadsld B AZR! H1,82. 4 W. %

H20 Fornul ation CJ 9 wt. % MNonoet hanol anine, 5 w. %
Formuldgdn @Tet hy | aaomienchabiashsl %1wt.3%51‘eh%16t}'%%ﬂ§8ﬂﬁﬁ'h9droxide, 35
wt. % ANebiic AQE, BonBaksiian®, 1.5 8L obrh . % H20 Fornul ation CK

9 wt. % Monoet hanol anine, 5 wt. % Tetramet hyl ammoni um
FormulBteh @R i de, Bwb 9% MonocteRdlhrhitie, AGH 0y, TeHBRBEAbheAitnSydroxide, 3.5
wt. % GhllidAng, 19/BERofmidmRI kas e, Blo1l w. %

1- Ami no- 2-propanol, 5 wt. % Tetranet hyl ammoni um
Formulb@/CIXi de,  113w5%t-Amifo rl%pa@ol,As il % BectmetRPIAREMHRA Rydroxide,
3.5 wt. ACGallic A%dBERE 0 Abdzsd Beid, 1% Bedbbiriadfd2PsRkarww,et i on CM

9 wt. % Monoet hanol anine, 5 wt. % Tetramet hyl anmoni um
Formulbyehr @M de, Bwh % Monoeliekaldhing, SARI %, TefaMbihyl ¥ ASKiBM By Eroxide, 3.5
wt. % @MlicAcid, 2638y ebibica¥d, 8% Berdritble, 9B M. 2,0 Ki t

conprising, in one or nore containers, one or nore of
the follow ng reagents for formng an al kaline
23. 34 ReOtmpeikiaNinGhe GRS ichitfiflers,SéHelorOMBre OJf tH® Ffllowing reagents for
reagents selected fromthe group consisting of at
forming @Paikalin® @quRbhs WeaniAf; cdBRSition)REIARAS & Marde ir&idedIfMNcied from the group
optionally at |east one quaternary base, optionally
consistif of #ta&kt caBama@itlidaivat pdssithitiz Afen8 BpAbnallR BeRPédeQAbindry base,
water, and wherein the kit is adapted to formthe
optionadly kiblleash enetiditiond rednciag bfRgt, eQNRABhALyOPat@f arll vitiePdinlthe kR4 adapted
The kit of claim 23, wherein the al kaline aqueous
to formaheeAkiling aQ@opaahing ContpoRF6n SRfei@tl1l) east one reduci ng
agent, and wherein said reduci ng agent conprises
ascorbic acid. 25. The kit of claim 23, wherein the

[ Lt [ ed jn.a range.from abou
2. HEHPAEEIR OBk T ARl b RS ol Bk PR g RS tostone
: i . j roni c. devi ce having
roduciof e U AL AL MR Bl BT b S T e o
conprising contacting the mcroelectronic device with
an al kal i-ne_aqueous cl eani ng conposition for
25, Jhefkitef glaim 23, yeherein the cleadingcopmpsition s yliletbd e rapgedfrom about 5:1 to
resi due and contam nants fromthe mcroel ectronic
about Sdyj ce, wherein the al kaline aqueous cl eaning
conposition includes at | east one anmi ne, at |east one
passi vati ng agent, optionally at |east one quaternary

26. %t&f‘;hod QPlcieamiad ktidad adde@elan@DBts R & IBroR88Rhic RPFe having said
residue and con:caminants thereon, said method comprising contacting the microelectronic device with
an atkaline aqueous cleaning composition for sufficient time to at least partially clean said residue and
contaminants from the microelectronic device, wherein the alkaline aqueous cleaning composition

includes at least one amine, at least one passivating agent, optionally at least one quaternary base,

optionally at least one reducing agent, and water.

27. The method of claim 26, wherein said residue and contaminants comprise post-CMP residue
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27. The nethod of claim 26, wherein said residue and
contam nants conprise post-CWP residue 59 WO

WQeBe11B¥B885 PCT/ US2006/ 020214 and cont am nank&€I/US2006/020214

sel ected fromthe group consisting of particles froma

and cofiMringtl isBIBéED HRUE YaroupCEREEER! & PABI& ok TV (MBhing sturry,

polishing slurry, reaction by-products of the

chemicBl® lpkeadi MY the! AVIP Ypolist QQFy, rréa%ﬂorf’@j‘-%u@oﬁﬁc@§ of ﬁlgldhﬁﬁnégl%hing shrry,

pad particles, brush deloading particles, equip

carbon ek Qakidles, ﬁflishjﬁg gﬁ@ flﬁﬁﬁfcie&nbrﬁﬁf tidi6ddesy p&gags?\r/\eﬁléi?%igrﬁ materials of

copper oxi des. e net hod of cl alm 26,

construbiiinGbaftioRRb,26h iR Gndl Soppd dxid@dl out for a time of from

28.

about 15 seconds to about 5 mnutes. 29. The nethod
of claim 26, wherein said contacting is carried out at
e of from about 20C_to about

t erat.ure. in ran ¢ ¢
e meged of g FEEOR s S§7YcHBe 15 gaatedi ot foe tmecef fromeabout 15

ugo ¢l eani ng conposition conprises at |east one
seconds?tg aﬁc&lfl ﬁ

-29.

§2¥&nt. 31. The method of clai m 30, wherein
the at | east one reduci ng agent conprises ascorbic
acid. 32. The nmethod of claim 30, wherein the al kaline
e enetindaif ehith 26, wisngo siid caBactonBrdaftizg oat at tb@FRGAN@H€a range of
addi ti onal reducing agent conprising an acid sel ected

from abioniA9PE toeaboutFOTC.consi sting of i soascorbic acid,

30.

ascorbic acid derivatives, gallic acid, and
conbi nations thereof. 33. The nethod of claim 26,

\Fglglg ;n?é&%df (ﬁgcleruglg%ﬁ t“%fg)je{n?%é g%glgx{e a?;r&ngogag §°§%ﬁ5§ g?rtflg%/s.%mtg %Pmpnses at

kaﬁoﬂgggugﬁéagg%of claim 32, wherein the range of ratios of

31.

32,

am ne lative to total reducing agent(s) is about
(2-25):(0.001-25). 35. The nethod of claim 26, wherein
the at | east one am ne conprises an am ne conpound

Jée gethed of ¢laim %@h@pﬁgw at leath epesteflypipergent comprises ascorbic acid.
nonoet hanol am ne, N net hyl et hanol am ne ( NVEA),

am noet hyl et hanol ami ne, 60 WO 2006/ 127885

E(E}'/Iﬁéﬁﬁﬁ(lﬁl 2 23504 whiteiBhé MikalibeNRAER8 RB¥haning composition comprises at
am noet hoxyet hanol , di et hanol am ne,

least ode addifidal rdnEpA RNt co@ﬂﬁﬁ%@ﬂr&mﬁl@é}éo@dﬁi f§6m the group consisting of

i sobut anol anmi ne, C2 - C8 al kanol am nes,

isoascotbiid idyscabRdc@BeReativea shiliCRMDbdidoBRStisR KR, and

33.

wherein the at | east one passivating agent conprises a -
speci es selected fromthe group

The method of claim 26, wherein the range of ratios of amine(s) relative to passivating

agent(s) is about (2-25):(0.05-15). _ '

34.

The method of claim 32, wherein the range of ratios of amine(s) relative to total reducing

agent(s) is about (2-25):(0.001-25).

35,

The method of claim 26,

wherein the at least one amine comprises an amine compound selected from the group

consisting of monoethanolamine, N-methylethanolamine (NMEA), aminoethylethanolamine,
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consisting of 1,2,4-thazole (TAZ), tolyltriazole,

5- phenyl - benzotri azole, 5-nitro- benzotri azol e,
W@2af12/88%5- ner capt o- 1, 2, 4-t hazol e, PCT/US2006/020214

l-amno-1,2,4-triazol e,

W%ﬁ&ﬂéﬂﬁf&éﬁaﬁ&r{d aZ Qlnfnckiiokperiibi) O- BRMaYd1Amn#ENZ Of RAH68rapanol,

1-am no-1, 3thazo|e 1-am no- 5-

'ﬁinhﬁé&prapagol%n}ng afs@ﬂnﬁanoﬁmﬂg r9- ch’aﬁsahélhxﬁﬁlgé Qriethylenediamine, and

3-nmercapt o- 1, 2, 4-t hazol e, 3-isopropyl-1, 2, 4- triazole,

%bﬁhﬁm@ngmeﬁbf Q&pzot ri azol e, car boxybenzot riazol e,

hal o- benzotri azol es, naphthotriazol e,

2- mer capt obenzi m dazol e (mMBl),

2- mer capt obenzot hi azol e, 4-net hyl - 2- phen dazol e,
a’ﬁt%t Fﬁs%\%? P?Félva@ﬂai‘ﬁeﬁbf‘é?ﬂfﬁisoii éP‘EGA?}; Lccted From the group

5amn013 t hij adi azal e- .

SORITIH o0 ARy 11425 MY&WH@ Srahgpibgnzotriazole,  S-nitro-

riazin methyltetrazole, 1,3-dimethyl-
%’ ‘gﬁl i di noMEANHOS: ‘B"e’ﬁ‘tpé‘?ﬂatz’ﬁﬁ’gﬁ@t et r az o @mino-1,2,4-triazole,

AT R LA A R Zfe%‘?a%izg%?%%” ramino-5-
t“?‘?%i‘m&ﬂl’?rig’ %‘F\%?g h%? Sl ?HZZE’ ‘ét Q'H?Flaﬁaafgghni? tﬁftﬁ}’lé £0 ,3dsopropyl -1,2,4-
1 dlrhea : ﬁ‘ﬁ%”“aw@a”d Cﬁayhgq%h%‘%‘n %QFF Shénzotinzotes,

YBE“ TBWPteﬁf?Zg}ﬁ S sl S hiadiazole-
%637‘ R -~
f°“cffz«f1g§n%g?ﬁ;nn LSt Py
oSG PR (ione el RalEe L Samino-
Fte%@%a%f 8%%12‘3“ e R RBE e lﬁﬁ?fz%“%ﬂ%ﬂ’%%‘zﬂm scid,

r-.oel e tr devi C?hIS of an article selected
benzoa ) combma 10115 efof
rom roUp consisting of 'sem conduct or

substrat es, flat panel displays, and
m cr oel ect r omechani cal systens (MEMS). 40. The nethod
36, dihe ghethodh @ laith A6 whereiotip alkslizegaquedus tremeyal hempdsitioh icowprises at
aqueous cleaning. conposition with solvent at or
least onp ghasreary base Wheradt saidsas leastione Thrsernasy hasd comprisea{VR RERR')OH where
. ., Werein said solvent conprises water. 42. The method
R', R, Bf and Rajmpay D theviprae o or difffsentifrioment eratlien miteadleisiindspendently selected

conprl sSes copper-cont ai ni ng nmat erial .
from the group consisting of hydrogen, C,-C,, alkyl groups, and aryl groups.

..4

37. The method of claim 26, wherein the range of ratios of amine(s) relative to quaternary base(s)

is about (2-25):(0.001-10).

38. The method of claim 26, wherein said composition has a pH in a range of from about 9 to

about 12.
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43. The nethod of claim42, wherein the al kaline

aqueous cl eaning conposition is present in an anount
wW@LH06ar7i88% for a copper static etch rate of abR&/USR086/GR0214

mnl to about 10 A mn'. 44. The nethod of claim 26,

39.  WhehRtHA LN ElaGOTY, Mt Ih AP REIQ AR GES SO RCeREted from the
fromthe group consisting of. spraying the cleaning

group ERNPERR bi QBmieshdaciSH khtRGeeH  fldt hgnBl Gfsﬂgﬂrs?%ﬁ Oicfoelectromechanical
device; dipping the mcroelectronic device in a
systemsqWHNIS). ent vol une of cl eani ng conposition; contacting
a surface of the mcroelectronic device wth another
material that is saturated with the cl eaning

0. GRTREN R SRR 6. PP SRR (e Es IS AP sapsous cleaning

The t hod o | ai m 26 urther conprising rinsing the
°°mP°S}H°8ng§'138’3??*8{1?@3%&% %oém\ﬂﬁ?sr?' dei oni zed water follow ng

contact with the cleaning conposition. 46. The nethod

of claim 26, wherein the mcroel ectronic device
41.  Jbaprihod of dailmad0f whetdin saidh eolvamt bregbrinés wedteri m 26, wherei n

t he post-CMP residue and contam nants conpri se cobalt.

48. The nethod of claim 26, wherein the al kaline

r I i & | §€ i1 . -

9. TU IR GBAA 267 VISR b Mo AHobR Revfts GRS hinBloonsining
materiaBA" CM wherein all percentages are 62 WO 2006/ 127885

PCT/ 1JS2006/ 020214 by wei ght, based on the total .

wei ght of the fornulation: Fornulation BA MEA 7.2% '

TMAH 4% ascorbic acid 1.6% gallic acid 2.8%_ EDTA )
43.  (ho pyghod of clyim &3, vhareimthe aikplineadrenys BRaniRAcompesitionTikREgsent in an

4% ascorbic acid 1.6% TAZ 1% .gallic acid 2.8% :
amount efiyokive fay 2 coppepftatietcbiratg of abopirhd Aumiat foohowd0NEmin?. 204

TMAH 4% ascorbic acid 1.6% TAZ 3% gallic acid 2.8%

EDTA 0.01% DI water 81.4% Fornul ati on BD MEA 7. 2%

44.  TAbedft otslgial 6, haeindhd cdd¥ctidddoniMsesgAirbdess RLetdd FoB%be group
EDTA 0.01% DI water 74.4% pH 10.3 Fornul ati on BE MEA
consistiflg 8fosprijhgithd .cB¥ainf saRdeitidn @6 iatuFactIFothe i¥érotledeiic ddvice; dipping

wat er 80.91% Fornul ati on BF MEA 4.5% TMAH 2. 5%
the micRskoFduicdeaizt th dsuffhdent Téma U clBdningedotihodiibn? Biftactipdh dulfade of the
Fornmul ati on BG MEA 4.5% TMAH 2.5% ascorbic acid 1%
microelgohiccdeaet dvith. abbMer hA¥rid1%hatDk satertedr willD thd S¥eantdll cddp&ition; and

contacting the microelectronic device with a circulating cleaning composition.

45. The method of claim 26, further comprising rinsing the microelectronic device with deionized

- water following contact with the cleaning composition.

46. , The method of claim 26, wherein the microelectronic device comprises cobalt.
47. The method of claim 26, wherein the post-CMP residue and contaminants comprise cobalt.
48. The method of claim 26, wherein the alkaline aqueous removal composition comprises a

composition selected from the group consisting of Formulations BA-CM, wherein all percentages are
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Fornmul ation BH MEA 7.2% TMAH 4% ascorbic acid 1.6%
gallic acid 2.8% BTA 1.6% EDTA 0.01% DI water

W@2008927188% nul ati on Bl MEA 7.2% TMAH 4% ascor BEBUS06/020214
1.6% gallic acid 2.8% BTA 8.5% EDTA 0.01% D

by weigll iREed 02 R AfDR At AF ihe forBdlalbA 7. 2% TMAH 4% ascorbic
acid 1.6% gallic acid 2.8% carboxy BTA 2.2% EDTA

0.01% D water 82.8% Forrrul ation BK MEA 7.2% TMAH

u@@;m% o e RS o SRR B o1

water 817 ThvaH 4% ascorblc aC|d 1.6% ogallic acid 2.8%

Formu 2% é;? atg%irrBle K é: ;g),amgt)&cgaglc acid 2.8%,
EDTAB. f%D ‘P‘ﬁl‘e %  EDTA 0. 01% DI wat er . 3%

Formu é)at | o%%@?g’? WW&S?H?%&%C Co C) 'ﬁ@cﬁlﬁ,%ﬁ%cﬂd 2.8%,

EDTA 1513?3’%}“ Brbic acid 1. 75% TAZ 5. 0% DI water
Formulaercaiy’ -or a@b

P B B g e

EDTA D) 7o I W %P ]s‘?éorm c acid 3. 5% TAZ 2. 0%

lgonnulaﬁl%( #%Isi g(; A; Y ﬁii‘g% gg‘!( at | o /c aﬁa .ﬁ}?}% Bﬁgg;béé”’ DI water

091%"11% DI water 78.39% 63 WO 2006/ 127885

.Fﬁn??lpﬁ% #E 2006/ %QZ%;A%’QM g"t& @g%; J,'?(ﬁ A%%Z WAF% water 90.25%,

TROSOL(r) 250 0.1% water 78.4% Forrrul ation BT

% 3% W%ftﬂg?ﬂ%w e Fmect)Z 1% D1

H 5% ascorbic acid 3.5% TAZ 2% KLUCEL(r)
% uEornul.ati o
EODHFXIE!: DBIJI @ { %Eﬁa} /nt‘%lg%&li-g 4 2%;'5}131c|.%2c!1 l ga!':l'ﬁc ac1§ % 58%, BTA 1.6%,
W oy 3@0 1.00% D vvat er 79.89% For nul ati onBW

FormulE Br 82% JAH 4o, 9981435 ﬁ%, RlGRCLe 3643 Lnid A%a b:898%1A 8.5%,

EDTA 0.01%, DI water 75.9%

Formulation BY MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, éallic acid 2.8%, carboxy BTA
2.2%, EDTA 0.01%, DI water 82.8%

" Formulation BK. MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, catboxy BTA
11.8%, EDTA 0.01%, DI water 72.6%
Formulation BI, MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, ATA 1.2%,
EDTA 0.01%, DI water 83.2%
Formulation BM MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, ATA 6.1%,
EDTA 0.01%, DI water 78.3%
Formulation BN MEA 9%, TMAH 2.5%, ascorbic acid 3.5%, TAZ 1.0%, DI water 84.0%
Formulation BO MEA. 4.5%, TMAH 2.5%, ascorbic acid 1.75%, TAZ 5.0%, DI water 86.25%
Formulation BO MEA 9%, TMAH 2.5%, ascorbic acid 3.5%, TAZ 5.0%, DI water 80.0%
Formulation BO MEA 9%, TMAH 5%, ascorbic acid 3.5%, TAZ 2.0%, DI water 81.5%, pH
11.6
Formulation BR MEA 9%, TMAH 5%, ascorbic acid 2%, gallic acid 3.5%, TAZ 2%, DDBSA

(.11%, DI water 78.39%
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NATROSOL(r) 250 0.50% DI water 80.39% Fornul ati on BX
MEA 8.82% TMAH 4.9% ascorbic acid 3.43% TAZ 1.96%
WORWeHEBEY EF 1.00% DI water 79.89% For nul at PGHUERP06/020214

MEA 8.82% TMAH 4.9% ascorbic acid 3.43% TAZ 1.96%
FormulliddBd (1) MEACOBOUMAM 3@| Qfcoftfe 3880 F0r gah@tabﬁ%% TAZ 2%,
NATR@’EAL@@SB@%%,ME‘@@@@% ascorbic acid 4.

2.29% KLUCEL(r) EF 1.14% D water 76.57%

FormulbBe Wi} at i OrMEA MEATRUH a%( asdoitse aad 3:58, 504z I%}Z«Q@ROSOL@ 250
0.1%, Dbgaerdolenzenesul fonic acid 0.11% DI water 85.399

Fornmul ati on CB MEA 8.82% TMAH 4.9% ascorbic aci d
Formuldtigh38%] TAZ MEAGH, TMdadesy heigienagul ot g%| ﬂL@IC:‘El,%EF 0.1%,
DI wat@igowed er 80.78% pH 12.0 Fornul ati on CC 9

Monoet hanol am ne, 5 wt. % Tetranet hyl anm)nl um
Formulby@ Y| de, XER 8)82%,%0 80N 04,9 ACkdorbB2. R2idM 3. 439% HXAZ  1.96%,
NATRGS@D@IQADum%Cﬁ\Qatww g¥bnoet hanol ami ne, 5 wt. %

Tetr anmet hyl anmoni um hydroxide, 3.5 w. % Gllic Acid,
Formul@@ortBWt . % MB® Fsaw)| atven GRof), Wiscorte acid 3.43%, TAZ 1.96%,
NATROBOD@LEA0SHBMDNeaterB0\WHY% % Tet r amet hyl anmoni um

hydroxide, 3.5 w. % Gllic Acid, 2% 1,2, 4-Tri azol e,
Formul8forfBXM . % MBE® S:W/&UIMAHOQ9%Fas];6rbiM acid8.43%, TAZ 1.96%, KLUCEL®
EF 1.006,Ali wderZ9ompanol , 5 wt. % Tetranet hyl anmoni um

hydroxide, 3.5 w. % Gllic Acid, 2 w. % Ascorbic

FormulddondBY 78. 5 MEA £42% ANEAHNMIYB] hsuirbloGeiils 1%, PAZ 1.96%, KLUCEL®
EF 0.5, AbiwwterR0ppwpanol , 5 wt. % Tetramet hyl anmoni um

hydroxide, 3.5 w. % Gllic Acid, 2 wt. % Ascorbic
Formul&iin3Z 2% 1, MEA-10120%z TMAH 3.61%, storbi¥tatid @069, mulzak 1994 1 GHICEL®
EF 1.1426,Dwbater 6 Mo¥soet hanol am ne, 4 wt. %

Tetr anmet hyl anmoni um hydroxide, 2.8 wt. % Gllic Acid,
Formuldtidh QA . % AIEAI9B4, ascArbichcidi5%, TAZ 2% ddARyitenraibatfban adill 0.11%,
Di watéf 82.30%. % Monoet hanol am ne, 4 wt. %

Tet r anmet hyl anmoni um hydroxide, 2.8 w. % Gllic Acid,
Formulatich G2 . % AdEAr H.82%AciTMARNY%419%, dasddrbiaz akid, BHBW WAZ %1.96%,
dodecylHe@efasnifonicdcidinl 104 TH water 807 8®ndethanol anine, 5 wt. %

Tet ranet hyl ammoni um hydroxi de, 3.5 w. %Ascorbic
Formul#find(C 19Berfret % MowlethanBdmite, ftwt. Wi2Eukabyuhabtihion g#koide, 3.5
wit. % AgcorbBnAvibh 826 WavoHa®i ne, 5 wt. % Tet r anet hyl ammoni um

hydroxi de, 3.5 64 WO 2006/ 127885 PCT/ US2006/ 020214
Formulation CD 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5

wt. % Gallic Acid, 82.5 wt. % H,O

Formulation CE 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5
wt. % Gallic Acid, 2% 1,2,4-Triazole, 80.5 wt. % H,O

Formulation CF 11 wt. % 1-Amino-2-propanol, 5 wt. % Tetramethylammonium hydroxide, |
3.5 wt. % Gallic Acid, 2 wt. % Ascorbic Acid, 78.5 wt. % H,O

Formulation CG 11 wt. % I-Amino-2-propanol, 5 wt. % Tetramethylammonium hydroxide,
3.5 wt. % Gallic Acid, 2 wt. % Ascorbic Acid, 2% 1,2,4-Triazole, 76.5 wt. % H,0O

Formulation CH 7.2 wt. % Monoethanolamine, 4 wt. % Tetramethylammoniurn hydroxide,
2.8 wt. % Gallic Acid, 1.6 wt. % Ascorbic Acid, 84.4 wt. % H,0

Formulation CI 7.2 wt. % Monoethanolamine, 4 wi. % Tetramethylammonium hydroxide, 2.8
wt. % Gallic Acid, 1.6 wt. % Ascorbic Acid, 2% 1,2,4-Triazole, 82.4 wt. % H,O

Formulation CJ 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5
wt. % Ascorbic Acid, 1% Benzotriazole, 81.5 wt. % H,O

Formulation CK 5 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5
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w. %Gllic Acid, 1% Benzotriazole, 81.5 w. % H20
Formulation CL 11 wt. % -Am no-2-propanol, 5 w. %
Waaeeda8hy| ammoni um hydroxi de, 3.5 wt. % Gal PCEUS106/020214
2 W. %Ascorbic Acid, 1 % Benzotriazole, 77.5 wt. %
wt. % GRG: Beid/nh Bbhomiakdit, 81 8twt. Foronoet hanol am ne, 5 wt. %
Tet ranet hyl ammoni um hydroxide, 3.5 w. % Gllic Acid,
Formuldtitd CI.% ASCDI i % Paintho-AfeoBaidE Otviti BZRkSmetdBarm¥inm Wdroxide,
3.5 wt.l8 Qallie Acid, 2 wt. % Ascorbic Acid, 1% Benzotriazole, 77.5 wt. % H,0

Formulation CM 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxids, 3.5
wt. % Gallic Acid, 2 wt. % Ascorbic Acid, 1% Benzotriazole, 79.5 wt. % H,0
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