12 -AUG 2005 WD 02/ 065538 PCT/ US02/03-122 -1 POST CHEM CAL- MECHANI CAL
PLANARI ZATI ON (CWP) CLEANING COMPOSI TI ON FI ELD OF THE | NVENTI ON The R AgENt
invention relates generally to the field of post chem cal - mechani ca‘f

pol i shi ng WPA¥P6SEWP) cl eani ng operations, and nore specifi cedT/ysexnpzest - CVP
cl eaning solutions 5 for copper-contai ni ng m croel ectroni c substrates.
BACKGROUND OF THE | NVENTI ON The present day fabrication of sem conductor
devices is a conplex, multi-step process. The Chem cal - Mechani cal Pol i shi ng
(CWP) process is now a well-established-enabling technology used by nost
advanced sem conductor operations for planarization of various 10 substrates
for producPP8h CHEMIGAIcMEGH A NIGHHs PHANGRSAATIAN: CMP) CEEANINGCOMIOSHT QNN
The CMP processes invol ve hol di ng and rotating a thin, flat substrate of the
sem conductor nmaterial against o] h| n surface under controlled
chem cal, pressure and tenpera IELD égf{ I‘l)r@lﬂ Nheni cal sl urry cont ai ni ng
a polishing agent, ch as alum.na or si t he ive
marerial T addi i1 ohe FREm TR ek Rlp regAl an s il SneitiredePRRRaIE 15
whi ch et cipolshtnigqpest-EM F)ateasing fopérhuéons, uimﬂtmxcaé epedifiic11ygto posra@E B cieg ning Belutions

conbi nati gn of nmechani ca renoval of material during polishing
resul tgg |nOr coB%rrlcorrl dmlménalﬁogggf%]ﬁc Sg?& f8 surface. The OWP process, however,

| eaves contam nation on the surfaces of the sem conductor substrate. This

contam nation is conprised OﬁAéR@@U’I\ﬁ)W?HEﬁﬁﬁEN‘[@@Nt he polishing slurry,
whi ch may consist of alumna or silica wth reactive chem cals added to the

polishing 20 slurry THefbrégﬂ'dtay %nczldaﬁ of Ui SdHUMASH delv R¥ETs aMBRYnpRR MRYultS Gep
reaction products of the @% ish |2F?qls ur{(?/%Fand the polished surfaces. It is
1}

necessar y 5e¥ent &hemiak MseaHCARTA FHpIGP) Rigecstissioyiieell eﬁ?b&é@s‘i“ﬁﬂ”‘éf t he

se(rjn conduczécméowgybh fkd By ﬁlglstl’hd%’rﬂ&f ?ehﬁk:oamﬁidi d\%ﬁgflcﬁﬁc’fb% @ma:naatdmvdf@e?dstﬁl iability
and to. avo t oduct.ion o € i ch reduce manuf act uri ng
procesy yi tsza[esl'ﬁ)uf c{’)’ﬁtéor“ oél%v'ceél“@g'ﬁ{ ng" §%q"3ft“i‘e8r?£?%%1§'é“bgjgr{mﬁ@\?el oped to
cl eanse the substrate surface of CVP resi duum 25 Al kaline solutions based

on anmoni um hydr oxi dﬁler@fﬁlppo estlﬂ@nﬁ b Aol gé] U&ﬁﬁ%h%ingjﬁ% 'q@lgg(e%lf%”i-”g

applications. To date cat| have Deen
al umi num semiagluetar magnklAgalnst aawmteén@l&émeémfw HN¢RS conirdligd semipgweiessure ashper

i's increasifighaubeemifidd. A fRkRA ﬁurrPéon@‘ﬂhﬁ@pblﬂhhﬂ%g&ﬁOﬁk'ﬁtak Qﬂmlﬂfor silica,
i nterconnects in sem conductor fabrication. Copper i$ replacing aluni num as

the netal 'bfsedps ERAPREVTF Matigh Ip a8 'Qf’at‘riecfﬁ‘eméﬁlrﬁ}é Pt FQBFRARS SSl587Ed d\ﬁﬁ“ﬁ?lbc esses
ar e i padegihhetdhofarioh£amfia@ of the substrate during processing. The combination of mechanical

and chemical removal of material during polishing results in superior planarization of the surface.

The CMP process, however, leaves contamination on the surfaces of the
semiconductor substrate. This contamination is comprised of abrasive particles from the polishing
slurry, which may consist of alumina or silica with reactive chemicals added to the polishing

20 slurry. In addition, the contaminant layer may comprise reaction products of the polishing slurry
and the polished surfaces. It is necessary to remove the contamination prior to subsequent
processing of the semiconductor substrate in order to avoid degradation in device reliability and to
avoid the introduction of defects which reduce the manufacturing process yield. Thus, post-CMP

cleaning solutions have been developed to cleanse the substrate surface of CMP residuum.

25 Alkaline solutions based on ammonium hydroxide have been traditionally used in
post-CMP cleaning applications. To date, most CMP applications have been directed to

aluminum, tungsten, tantalum, and oxide-containing surfaces.

However, copper is increasingly becoming a material of choice in the production
of interconnects in semiconductor fabrication. Copper is replacing aluminum as the metal of

30 choice in such fabrication. Conventional post-CMP processes are inadequate for cleaning



12 AUG 2005 WD 02/ 065538 PCT/ US02/ 03422 -2- surfaces containing copper.
Copper, copper residue, and the slurry particles are the contanlhbmﬁ 2006 hat
exi st on the copper and ot her exposed surfaces followi ng this CVP process.
The copmas oz/@wessgam nation diffuses quickly in silicon angaiiseadsdi oxi de
and other dielectric materials. Therefore, it nust be renoved from al
exposed surfaces including the backside-of the wafer to 5 prevent device
failure. Post-CMP cleaning solutions that are traditionally effective on
alum na and silica- based CVWP processesg.are not effective on
copper-contai ning surfaces. Copper is easily danaged by these cleaning

sol ut i ongfac¢scoatddiing apperc | Eeppem goppef residas, an thie siutey paraciesdre gmston@mhaollseani ng

sol uti o, fag op%rtog ﬁﬁ' o&@?&@%@dasmf?ces Nﬁ’@m? ??&cé’é}t ?pe$63’ 344,

di scl oses a cleanin ution for sem con es cont al ni ng

tetr arreFWilmla?ﬁ?Brﬁillfﬂth@@xl”oFe“COa@é‘i picaacdieKidesand qmﬂr ételecwwenﬁmalﬁ i on

pr ef er althyrefoRNt@hME b refmvea‘r%m ol xgsge@ s@facBé ﬁt:n'uemg@ﬂe%am.&eeéfru@ams#ewo »
ammoni um hydroxi de ranging fromabout 1 to about 50. Ward, U.S. Patent No.:®

5, 597, 4PEVEdeHeRRBYean aqueous stripping conposition 15 useful for
cl eani ng organi c and i norganic conpounds froma substrate that w II not

corrode or dissol t circuitry in the ubstra The di scl os aqueous
conposi tion cont a*ﬂ%r@wgfc&a%‘ﬂ? f?omuﬂg‘ {5t 5 5)0%{3{ %@ﬁ‘&ﬁ&“&%%‘&a E\ S‘lé
corrosi obased ﬁMFbprboasseaxtareabmuffecﬁlthofe{ocemhc@rx;amnag satfagks. Coppeogaabit] damaggial lic
aci d. [ ion
cont ai nehares s ablhnd On sl g SHREC AR uf oSSBT ORI

fluori déOlUtamslhvmeem provheupAscepfablehe sol ution is greater that 8. The soI uti on
may further contain a corrosi on i nhi bitor such as gallic acid, catechol,

pyrogal l ol . Hardi et al. ent No. 5,466, 389, discloses an aqueous
al k¥ i ne cl eani ngNagp|si %‘HC“F(I)‘{O élgééﬁf‘ﬁgd‘?ﬂ%?%@é@ﬂ“rgcﬁ‘?f‘@oglstsFF‘éﬁoé%“C“’The

cl eani ngew@k Wbitfhing @ttagieth§] AniBiiddn umefdeeﬁe:Z&aad kaali war ccma%lemn such as a

guat er na roxi.de (u ni oni.c_.s ctant (up to
255 - Pt Bale] LKA E cboRentte 25itdh eremBeal fngiify R BE e he o
w t hi n filoen abaumgletoabo8 500 10. Schwart zkopf et al., European Patent No.
0647884A 1 discl oses photoresist strippers containing reducing agents to
reduce netal corrosion. This patent teaches the use of 30 ascorbic acid,

gal lic acid pyrogadYargl Usndagnonel.89% 420, diselotes an paleons strigniag carenosigigh on i n

al kgl I useful for cleaning organic and inorganic compounds from a substrate that will not corrode or
dissolve metal circuitry in the substrate. The disclosed aqueous composition contains preferably
70 to 95 wt% monoethanolamine and a corrosion inhibitor at about 5 wt% such as catechol,

pyrogallol or gallic acid.

Ward, U.S. Patent No. 5,709,756, discloses a cleaning composition containing
20 about 25 to 48 wt% hydroxylamine, 1 to 20 wt% ammonium fluoride, and water. The pH of the
solution is greater that 8. The solution may further contain a corrosion inhibitor such as gallic

acid, catechol, or pyrogallol.

Hardi et al., U.S. Patent No. 5,466,389,discloses an aqueous alkaline cleaning
solution for cleaning microelectronic substrates. The cleaning solution contains a metal ion-free
25 alkaline component such as a quaternary ammonium hydroxide (up to 25 wt%), a nonionic
surfactant (up to 5 wt%), and a pH-adjusting component, such as acetic acid, to control the pH
within the range of 8 to 10.

Schwartzkopf et al., European Patent No. 0647884A1 discloses photoresist
strippers containing reducing agents to reduce metal corrosion. This patent teaches the use of
30 ascorbic acid, gallic acid pyrogallol among others for the control of metal corrosion in alkali

containing components.



cont ai ni ng conponents. WO 02/065538 12 &U6 7005 PCT/US02/03422 -3- U.S.
Patent No. 5,143,648 to Satoh et al., which is herein incorporated]pmuqlmm
referencex di scl oses novel ascorbic acid derivatives as antioxidants her e
is a need YOPY¥3 st - oVP cl eani ng conposition for copper- cFRHPRPH+22
surfaces. Such a post-CWP cl eani ng conposition nust effectuate substanti al
particle renoval 5 fromthe target surface and prevent corrosion of the
copper-containing substrate. Such a post- CMP cleaning conposition nust also
refrain fromattacking the process equi phent used in the post CVP process.

Such a post-CWP cl eqp [of0) Id al sQ, b conom ca Kk
effectively through 4a V\faﬂ%‘ ?G)rr%el %"([% %??aor?geéa Rlite Eéseh%es' "@Woﬁ't\,\@h’( ng

conposi t i oefershaeudidciales noveb escasbif aciid damivativesas argiowidadits.zi ng al um na or
silica-based slurries. to SUWARY OF THE | NVENTI ON According to the present
i nventi on aqueous cleaning solutions for cleaning copper containing mcro
el ectroni ¢ substrat dhegonsnead fof a posgGMRelpaning compositiomfangdprexicdeainingpol ar

organi c a@hr’%es as&ﬁrarﬂa&l@MP'cMhanE%p&ﬂi@n@ﬁis%f&%@te%ﬁs@a[nﬂa%%l@k&n@ﬁ! d by a
wide margin is the nost effective corrosion inhibitor whe used i n an

al kal ihe é@mﬁpr Griet &4rface aachprateit BUERSIONCS W&Oﬂ?%@oweweﬁuaﬁ% r§‘t9h§tﬂ9§‘f r at es.
Ve have f gupl cntemﬂg aﬂqiohn@ﬂmoix aRb reff GA oM adaikihg @e Groces3lehiipmam wbed i thbiese

t LI fi th
oot veRBsS B oitEastel hes S g e oBR Py E ot A e SIS PR some
appl i cat i effearelyshrovegh iesle tenpraneacddarige oSudfa pat-CMP edeinthg @ntbositioh siznwidnso
corposi Ll Syl T BRaRACREOe KT b Da2aCl AL NO, SOl utlon Fof ¢l eani ng

copper -cont ai ni I'C substrates conprising a quaternary
anmoni um hydr oxi de selected fromthe group consisting of tetraal kyl amoni um

hydr oxj de, where the al kyl coggmmﬁgg(ﬁinpﬁg INvEperiefy froml to 10, and
conbi nations thereof; an organic am ne selected fromthe group consisting of

monoet hanol ani ne, anideetd Bt efelprarehianienton MNub@isydaning BO6lidH Tod cleamng copper
am noet hoxyet hanol geadl et hanol am ne ri et hanol am ne %d anol am nes,

and conbi ATRIBIG MitEEksoniGbsEaIey ‘ioi)s‘éfr?tfaﬂf‘ﬁ%\rﬁi’%' aé'lﬂ“ﬂ““'@ “’é‘gFi 1Rolafci d: and
a corr osi efganichintinet, arcosadi@cinkititdrr achdeiosizeggt warpr. consi sting of ascorbic acid,
L(+)-ascorbic acid, isoascorbic acid, ascorbic acid derivatives, catechol,
pyrogal | ol , resorcinol, hydroqui none, benzotriazol e, and conbi nations

t hereof . The al kal i miscgrbigfaciditiyer wigk margim isj the goyatleetivelrarrogommBibitor when

m i ‘?ﬂm \{@Jdexﬂtaﬁ aRAGR sBfatiod fdtEleaning copper containing microelectronic substrates. We have

found that addition of an organic acid, e.g. gallic acid to these compositions can improve the
cleaning properties without sacrificing the effectiveness of the ascorbic acid as a corrosion
inhibitor. Thus in some application users may desire an addition of gallic acid to the cleaning

composition.

20 The present invention is a cleaning solution for cleaning copper-containing
microelectronic substrates comprising a quaternary ammonium hydroxide selected from the group
consisting of tetraalkylammonium hydroxide, where the alkyl contains C atoms numbered from 1
to 10, and combinations thereof; an organic amine selected from the group consisting of
monoethanolamine, aminoethylethanolamine, N-methylaminoethanol, aminoethoxyethanol,

25 diethanolamine, triethanolamine, C2-Cs alkanolamines, and combinations thereof, optionally an
organic acid, e.g. gallic acid; and a cotrosion inhibitor selected from the group consisting of
ascorbic acid, L(+)-ascorbic acid, isoascorbic acid, ascorbic acid derivatives, catechol,
pyrogallol, resorcinol, hydroquinone, benzotriazole, and combinations thereof. The alkalinity of

the solution is greater than 0.073 milliequivalents base per gram.

30 According to the invention an effective cleaning solution for cleaning copper-

containing microelectronic substrates comprise a) tetramethylammonium hydroxide, b)



30 According to the invention an effective cleaning solution for cl eani ng
copper- containing mcroel ectronic substrates conprise a) 12 AUG 2005
t et ramet hyl anmoni um hydr oxi de, b) 12 AUG 2005 WO 02/ 065538 PCT/ US(12/ 03422
-4- nonwé&hantBam ne, c) gallic acid, d) ascorbic acid, agd/ubermizzed water.
The alkalinity of the solutionis greater than 0.073 mlliequival ents base
per gram Preferably, tetramethylanmmoni um hydroxide is in the cleaning
solution in an anmount in the range from about 0.15 wt%to about 1.25 w%
nonoet hanol amine is in the 5 solution-gn an anount in the range from about
0.2 M%to about 2.25 wt% gallic acid in an anount in the range fromO.1
W % t o awseathapolamineys) gatles asal @ Bicerbircicil, jagd fejonitpd veasgrut Theralkahniyof tgvount i n
the " aNgGlufdr T RERH AR 03 Willleh QvaliNasOpdt e bal ance dei oni zed water. A,
concentrate conposition for a cleaning soI ution for cleaning
copper-containing mcroelectronic substrates is also provided. The

concentrate C0WpOEP'réfbr@BlyCfoﬁﬁxht&?l%mﬂn@nfhﬁﬂfyﬂf’@rﬁd@% mmaremmdmmrd@ in an
anmount in the ran e from abog}w % (V t ? W}f/ monog t hanol am ne’
in an afBAHE M ‘rtr‘etr F%eborr XihBup 28Uy (V" o"é?BB'ﬂPa”? MR NGal 1ic  acid
i n an asslutivn in An kmeuntamge radgeFront §6ou00. ab\a%t:ozhme%s wst,grablicacddndni n an

anount i o&n@?n {hgr?%%e rornP(Snl%qu{o a%mg O\M \@% an% ?rg)trtarg’gug é"fno{?le s%ﬂ.ﬁrﬁh hr?arpal ance

dei oni z& e use of the
concent uaeap@tumthamarmmﬁmm ahont@ he M%ﬁgebdur@rﬁ \aﬂoubtalamcesde\mmed@/atew 12.5 wt %
diluted with deionized water. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure | is
an atomc force mcroscopy (AFM scan at 10 pmx 10 pin area of a partially
pol i shed el ect r ocHefAnEeNTaE HMSEHOMEP A §lepring aﬂutepnsfarbesqnatgecopurqrgertemzls| s an

atom c fnﬁér@@edaﬂoﬁrccsas@@rés (s"1éd prociady. arhel&nwmrxtekempdauarnean@f.sets he 20 wafer of
Fi gure tre%ted with a solution accordln to thei}fﬂ e%?dl%ﬁo ntllg Fi gure
*th

3 |é° an PO PGIERITHINT YU iBy M CRERA! '%8‘3 ange fqy
waf er i i gron&trianblaemteed amviatnhurd i ik wdrige firoacaondl. 0 gvt oo tabeut P7 Ssari, galhc

nvent | QO i FLO i fe AReRbPTER PGS, THGERS R AEM, 8630, Alin h BfRX 10

pm area 0O In ur e r eat a so Ion according to the
pr esent fiomadant loh wt%ao Bb@md .95v(%s angh ﬂmb@hlinee ¢°@ﬂfktzéd mamroéc@wlr(g/spw}lorwan at

10 pm X ol iRECEhEEsi mé‘useVéfélhé)Edn%nuTae ih b 3nBEM Gin Mk trihef QRPSHOLI £B vagGer di ng
to the present invention. Figure 6 is an atomc force m croscopy (AFM scan

at B0 pr® & fitted with dioniztd WaKta of Figure 5 after treatnent with a
solution according to the present invention. 12 AUG 2005

BRIEF DESCRIPTION OF THE DRAWINGS

Figure | is an atomic force microscopy (AFM) scan at 10 pm x 10 pm area of a

partially polished electrochemically copper deposited on a substrate.

Figure 2 is an atomic force microscopy (AFM) scan at 10 pm x 10 pm area of the

20 wafer of Figure 1 treated with a solution according to the present invention.

Figure 3 is an atomic force microscopy (AFM) scan at 10 um x {0 um area of the

wafer in Figure 1 treated with a solution according to the present invention.

Figure 4 is an atomic force microscopy (AFM) scan at 10 pm x 10 pm area of the

wafer in Figure 1 treated with a solution according to the present invention. . ‘.

25 Figure 5 is an atomic force microscopy (AFM) scan at 10 um x 10 um area of a

via prior to treatment with composition according to the present invention.

Figure 6 is an atomic force microscopy (AFM) scan at 10 pm x 10 um area of the

via of Figure 5 after treatment with a solution according to the present invention.



WO 02/ 065538 PCT/ US02/ 03422 -5- Figure 7 is a representation of data
illustrating particle count neasurenents on wafers before and afqgmBEQmBnlng
with a cogposition according to the present invention. Figure

particle Hﬁmﬁégsurenents on wafers prior to and after dﬂgﬂﬁ$kﬂnﬁ¥th a
solution according to the present invention. 5 Figure 9 is a scanning

el ectron mcroscopy (SEM image of a via structure prior to treatnment with
a conposition according to the present invention. Figure 10 is a scanning

el ectron mcroscopy (SEM inmage of a viadstructure after treatnent with a

sol ution according F%upehﬁlsgrr ?rg_ﬁﬁ] LY llnaa'[a Masufrdd bdrfle DERCRlEsht R Fon THE

| NVENTION to A cleanlng sol ut or eaning ¢ er-contai ning

m cr oel ecwfensibefosebnsh aftgr elsaningvito dicogp@NPn BreoEdags forilie peesqst WPIU@G d eani ng
copper-contai ning substrates following CMW processing is generally referred
to as "Post CMWP copger cl ean". A "copper- contalnlng m croel ectronic
substrate” is under ERBBP Kamartsle (upReAsIERenss an WalersRrior 4o, AadAfieT RERIRGCt ur ed

for use with M@iml LEIHARIE the ipidsegnimte@tonCi rcuit, or conputer chip
applications, wherein the substrate 15 contai ns copper-contai ni ng

conponents. Copper-contai ning conponents may include, for exanple, netallic
i nt erconnects that HBigered sdcmmitgellectron pieoscopy @EMYpmage ofl d ay struchure prior

under st 0o so be conposed of
semcondu[(czzl'["(géll?l%B %ng?&%&%ﬁ%ﬁ%&&ﬁ@hil M%é%§$f6§égﬁ%opper di ffusion barrier
nmetals and silica or other dielectric materials. Generally, a

copper - cont ai ni Ng NEGLACIES b @A g SHRE6S ﬁﬂc?os@&ﬂt(gENﬁ iagt A Vid ﬁﬂ!&ﬁn@%m of
Cu, including the 20 copper |nterconnects The "cl eani ng sol ution of the

‘i nvent | ontrSREETE Mifh a8 PR ARCPEING 9 theRfeseR) IBYEHIAY  operation during t he
fabrication of mcroelectronic substrates, such as seni conductor wafers.

Most notably, such clea formations and
post - CMP processes. g“ﬁ%ﬂﬁ?@%#ﬁgiﬁﬁﬂiagE&gﬁﬁgéﬁgi%gﬁhﬁbonductor waf er s
entai| s many steps |r| r i 0 he [ of
resi ddal pr oduct fréhﬁ% “g gﬁ%fﬂ@akgﬂﬂ 8£8ﬂ%%n&9*#@%%(§gﬁrgmcsu pggon of
t he i nventollowing SifP pmsssmgququargleammmm cqnspdnws‘wet,ra@rfoldmgamCMPam ne,

an or gani grocR&ihglis g@n@rglw Q%A b A RYst kP c'ap&rfc@n ‘Dah apG e M@ lining NE
guant ernary ammoni_.um hydroxide is selected fromthe group consisting of

tetraal kyMEFORMSHPRIFSUGITAE 015 uddersied BereiRdo Eafaryip 2 SWhFITAR hurfece IRaaHECRHERITRT ed

from| toustGn m’doa&W@hmatnte@med ARLEOdr. coﬁ@ut@ﬂﬁ;ﬁiﬁ@ﬁ&%oﬂﬁ@ﬂk&ﬁﬂh@)édtﬁs&%ilede IS
present in the solution in an amount_. from about 0.15 wt%¢to % AVG 2005 WO
02/ 06%538(:(1581*756%[ Ggg&@mg components COppCI‘ containing components may include, ror

example, metallic interconnects that are predominately copper or a copper alloy. It is understood
that the microelectronic surface may also be composed of semiconductor materials, such as TiN,
Ta, TiW as copper diffusion barrier metals and silica or other dielectric materials. Generally, a
copper-containing microelectronic substrate contains a significant amount of Cu, including the

20 copper interconnects.

The cleaning solution of the invention may find application for any cleaning
operation during the fabrication of microelectronic substrates, such as semiconductor wafers.
Most notably, such cleaning applications include post-Via formations and post-CMP processes.
The fabrication of conventional semiconductor wafers entails many steps requiring planarization,

25 followed by the removal of residual product from the planarization process.

The cleaning solution of the invention comprises a quaternary ammonium
hydroxide, an organic amine, an organic acid, a corrosion inhibitor, and the balance water. The
quanternary ammonium hydroxide is selected from the group consisting of tetraalkylammonium
hydroxide where the alkyl contains C atoms numbered from 1 to 10 and combinations thereof.

30 Quaternary ammonium hydroxide is present in the solution in an amount from about 0.15 wt% to



-6 about 1.75 wt% The polar organic amne is selected fromthe group

consi sting of nonoet hanol am ne, am noet hyl et hanol am ne, nethylan1hﬁﬁiﬂmhol
am noet hoxyet hanol, di et hanol am ne, triethanol am ne, C2-C5, al kanol am nes,
and comwamet/ewsss t hereof . The polar 5 organic ami ne is preegargoziosybhe
solution in an anmount from about 0.25 wt%to about 27.5 wt% The organic
acidis gallic acid in an anount in the range fromO0.1 W% to about 0.4 w%
The corrosion inhibitor is selected fromthe group consisting of ascorbic
acid, L(+)-ascorbic acid, isoascorbicgacid, ascorbic acid derivatives,
catechol, pyrogallol, resorcinol, to hydroqui none, benzotriazole, and

conbi natbangd.7Shvafeeof . Corrosion inhibitor is present in the solution in an
amount fromabout 0.1 wt%to about 1 wt% It is desirable to obtain the
optimal anount of corrosion while effectively cleaning of the wafer surface
in such way that flhe peleppeanic paiieduseieaisd fionnbe crayacansistiag iobn are renoved

fromt h%o‘-ﬁldétﬁaihsﬁmm-l%h%ﬁ%&hﬂemﬁﬁbﬂanﬂﬁg ln@lylﬂlﬁ&maﬂ&‘ amH&@th&Ey@@l@r%ﬂ usual l'y
i nduces a sl |lglpt anpunt o at the wafer surf intains *

the 15%AMREIFIEE “'5?‘6‘b’é%Tlf‘%s‘P?o€51ﬂ'8“9\%‘F‘ 3 a'?ﬁéo'EP‘R%ﬂ‘qnﬁldieVOBf QF%B&H &l ution

I S g eatoeganichaine(s PreSentrid dhe @gjutionaih @m ol S mpdbugy. 25nwt A6 adot 27.actéb.and its
derivatives have been used extensively as antioxidants in food and '
medi ci ne. They have al so been found to be successful corrosion inhibitors
for netals or netlak osdaniwyesidax galic anyl inranamoagiie thesrange fsoh Vvt maboonment  as
reveal eq j joyarious patent literature. 20 Ascorbic acid and other conponents
of the i nvent| on are readily available commercially. An inportant feature of
the cleaning solution of the invention is that the non- aqueous constituents

(the constituents gt fa@:rmstlmmhwrag del@fel RIeHE BouptohdlQing O Hch@it dct,snal |
quantities. This is an econom ¢ advant age since an effective cleaning

sol ut i of{EAASBRG 2inifPAtQRPIC ARif ScarG AT derhyafiess. Fadechp!. |Pﬁﬁ’§?l{°érf6§”%'f‘?1lce such
posto CJVIHyd:ﬂo@.HﬁUnlgbeS@bttlﬁzcﬂm ndt@nbiseidng thedeaf g;eorro%&nqnnﬁnr&drm gr@sent it thae

enbodi t |nv ntion n vi ded .t hat
can be nl mfn' a" %m & ?Dodrth @érﬁq vtgﬁéougtlcvf ot eggqu? i O%tap'}&%goﬂ[&ra’ﬁt rated

conposi tarm)nnt®f chm;nom whﬁbmfﬁecxivelymleahmgnf:élntm&treﬂrfacadwamhamohm Ihe qoepeti t s a
Cwp prO(f@s?(ﬁg?ﬂl]g'kgﬁ?Eontglﬁglat%aa'?g)le%ovéé)frorq'tllle%?faéeheﬂﬁ-Q %nrfc{r%bglaSIQ:léaFf?gdem red

strength an . A concentrate also permts she life,
easi er Sl ppReAgUsHAllY @ﬁ%‘le%t@é“@f apeunt p eopRRtLosS BQ‘MU@@G@E&‘\FDWZV‘%EBBS‘C

PCT{sUSO %‘e@@éﬂ%rop@rtles of the wafer.

The alkalinity of the solution is greater than 0.073 milliequivalents base per gram.

Ascorbic acid and its derivatives have been used extensively as antioxidants in
food and medicine. They have also been found to be successful corrosion inhibitors for metals or
metal alloys existing in an aqueous or solvent environment as revealed in various patent literature.

20 Ascorbic acid and other components of the invention are readily available commercially.

An important feature of the cleaning solution of the invention is that the non-
aqueous constituents {the constituents other than water) are present in the solution in small
quantities. This is an economic advantage since an effective cleaning solution can be formulated
more cheaply, which is of importance since such post-CMP cleaning solutions are used in large

25 quantities.

In one embodiment of the invention, a concentrated composition is provided that
can be diluted as needed for achieving a cleaning solution. A concentrated composition of the
invention, or “concentrate”, advantageously permits a CMP process engineer, for example, to
dilute the concentrate to the desired strength and alkalinity. A concentrate also permits longer

30 shelf life, easier shipping and storage of the product.



A concentrate of the invention preferably conprises TMAH in an amgunt in the
range fromabout 1.8 to about 12.4 wt% MEA in an anount in the ﬂgnﬁﬁ 0% m

about 2.0Q,; Q) 27.8 wt% gallic acid in the range fro out 4.0
wt % ascgv ?gﬁgg?% in an anount in the range from about 1HEQ#§02§§%? 10.9

wt % and the bal ance water (preferably deionized water). 5 Additionally, the
concentrate of the invention can also contain a chelating agent for further
preventi-on of deposition of undesirable _netal contam nants on the wafer
surfaces. Well-known netal conpl ex agéﬂrs for zZn, Cu, NI, Fe, etc. can be

I ntroduced into the, oAl :bptﬂi: g{lvfremioﬁ p?éfée?rlgggee@rge@mmqn IR AbuRiPIHeCt i On

;
capability of the corrosion in ors'in cases is assocliated wth the
conpl ex fi@raei frR phaypb:Sitp adousfl 2.t v %o Mfarh I ancamsine - ho rares fompagowlef tasabont
contce ng azvesl a%pgamcrwidlt if [ﬁeltm_@ngew%ﬁbl 136_ab&ugrcp¢v@/_e ,aézg&bséltalcut aﬁq{l faf?,bltjﬁse tfen

post - cl eaning applicatio addi ng dei oni ze rounti e

concent r af2B2e; fEorp alpyy g@dﬁﬁb%‘.‘ 58\'5?1"0}(%’0 Snggﬁgﬁl?mf?.“ %erv(lf’fﬁ’}\%?ﬁ¥ Aglopre %3ten-

cl eaning solution. The cleaning solution of the invention nay be enployed
for cleaning mcroelectroni c, substrates at. tenperatures ranging.from anbi ent
condi 1 ons 05 1o Aottt f RSy aitiod FIRSL el drhir A Bunt R0

i nproves fasfurbeqerantoeof depositémad undesieatdd afal crintapnindntst dreths whfer sufeces gr eat er
than 0.07 elﬂkhdwneﬂ%l"c%h@eﬁk?&tgﬁgi%éQ‘égc&rEa‘, Fe, {0 &nRE MR ino e 2l kalinity

of the solution 1s grea 1 ml|iequivalents base per  gram An
al kal i ni tfprilatipnelitielsq kngwnohay 18 mefalpeetecsion £3pabiitooft thg FOTECSHRagRIPIAES jtet a

pot ent i al mgHy chi8 is SYSSAGEW ] tht REmSILP Flrihk Prépesticl BE the @nR db%p[é&?fbirﬁi‘ﬂ%v ates
durlng the cl eaning operation. 20 The cleaning solution of the invention

neet sVgen$f™f 1y accepted industry cleaning performance standards for
post - CMP applications. A common industrial cleaning target is a particle

count on the substrate fer of Jless than 20 partdic|es.. ter than ﬁ
mcrons in size for/{ilaCon m@%%nd%fdlénrg, to\f\ln]et'ﬂveé'g%"m%pée aréil)léxdélﬁ%gﬁ%rnl{sefh%osctf ggpni ng
sol uti on dfaninpepplivaeens bpaddogdeiorotedrvacaniunal the sencémteaintfrommatione!l .528% to

formul ati gy, "OWeYEs of he $rélake c[é%ingﬁc%lowj@rh}: m%iaﬁin?@ﬂutiid?l StREECItdion may be
The cl of on nm

appl i cati ons. eaning solutio t he i nvent Tay be used wth a
| ar ge var§RAIyehfor dnRE MIFTORERIRICSHPIAGS ROBIMBSTAuFRS Irenfineg T /B MBI NSToRgitensraf er
megas@ni CroGabud 709Tgert is fndraBK repstiRUBhat BOMidHigippb s 8 dafemtirt MBRASS, SEZ

singl e wafer spin wash and negasoni c batch wet bench systens. 30 The
cl eaning solution of the invention may be used successfully on surfaces 12
AUG 2005 WO 02/ 06j 5B dalihlgS02:hé selZibn-iBgreater than 0.073 milliequivalents base per gram.

More preferably, the alkalinity of the solution is greater than 0.091 milliequivalents base per
gram. An alkalinity of greater than 0.073 is necessary to obtain a negative zeta potential on the

surface of the substrate and the remaining particulates during the cleaning operation.

20 The cleaning solution of the invention meets generally accepted industry cleaning
performance standards for post-CMP applications. A common industrial cleaning target is a
particle count on the substrate wafer of less than 20 particles greater than 0.2 microns in size for a

200mm wafer, with a Smm edge exclusion.

The cleaning solution of the invention does not require a surfactant in the

25 formulation however this does not preclude their use in specific applications.

The cleaning solution of the invention may be used with a large variety of
conventional cleaning tools, including Verteq single wafer megasonic Goldfinger, OnTrak
systems, DDS (double-sided scrubbers), SEZ single wafer spin wash and megasonic batch wet

bench systems,

30 The cleaning solution of the invention may be used successfully on surfaces



cont ai ni ng copper, tungsten, and/or silica. As noted, via cleaning is one
application for the cleaning solution of the invention. Vias arg] hid &85
etched in mcroelectronic substrates to provide a conduit for connecting

met al | MEPRP6SBBchi ng the substrate surface with a gaseolRETEERAAI22f or B
Vias. The substrate is 5 coomonly a dielectric material, such as Fluorinated
Silica Aass (FSG. The residue remaining on the substrate surface and Vi a
wal I s nust ‘be renoved followi ng the etching process. The residue is often
referred to as "side wall polyner", as8it is also found on the vertical

wal l's of the Via. Etching re5|due may al so be | ocated at the bottom of the
Via, onCeANing cQPREr. FEBHED. apAOr sikifeani ng sol ution of the invention does not
react with or affect the exposed diel ectrlc materlal 10 The fol |l owi ng _
Exanpl es are nere illustrative of th 0 and are. noﬁr i ntended to
be |t ng. ExanfaoreraerEuE s Sos ety Fohedertine B ERE%F dear ve

cl eani ninvpeioh oMiancehaés q:lmti-queroed:dce'amc ngpsgatesitol ppoadod caralniy fergcoomarposi ti on. .
C eanin o] scorbi ¢
aci d or Maf Pl CBRYAE I, BRERRE RDY W ool SR Ams FiakE TR M e, o
N- nﬁnoeﬁmlhﬁﬂﬁ@ylrlcwr@d}rﬁydsﬁiFlwlf@fedtsﬁéa&@pﬂ%él) chECafmlﬁ{f rsmamrigons is

set for bfmk Quoka uikace ARl VMW RRSHRS: B4 re@rWE@fdll%Qﬂ\g tﬁe/@crﬂﬁgibrbtéapaml eani ng
solutions were prepared: Solution Kwas 1.7 wt% NHAOH in deioni zed wat er

and Sol Wid%'spfmgefaﬂ@ @S "Hiflg P@D‘E“HZEF it *mésopﬁwﬂfoneta%her&?aéaﬁllh@ 9%l ution
was rreas'uhr @lemzé)resnlau@n{aﬁsts§ be mmed @tQﬁkdbkﬁfoﬂdoﬂ-tﬁd Vi, Bh @opCdtQEd'\[ﬁétalFl Biieer

12- 550- ng{ﬁas}sy Fg‘ ‘Jr? . In ttan f(t) g} @ Q‘fg gtures Ll di ps
were un8EFTBICERIPHP é‘é(‘?m'o" N H%{ﬁfﬂcéal P A5 RS EFROSSY QP EEHE MK ™yl e
slide was first dipped into a CMP oxide slurry (U traplane P-1500), then :
di pped into 250 pry (11

di | @tl on of Ut rggf‘gﬁéwf\?%%/\‘/z%%ﬁ@%?éﬂé gmjcfer?@}r%l dzfglﬁf '\nggtnﬁ)wdégﬁ slide was
t hen di pyraded watbe lipBdngri dei oni zed water, 25 then into the subject cleaning
solution. Each slide was then dipped |nto 100 M deionized water, then

di pped i nto anot her separate dei oand wat er bath. The slides were hung to

air dry under anbient conditions each test, all deionized vvater
bat hs were repl ac Dried

& ‘?H g ner e % il ¥l erya ua}ed for egl%g\g?
o ni ng. OV si uRFYS e SORTERTR IR (e R 8 PRI Re EuEeaF ved on
t he sl i dieaninghslutipnseef \&kym@a)nms:eorcoﬁwammglscambns 3@rer mepaeet By mixidgedeionz&d wor st .
VWO 12/ 0GRRAEMAN, WG bR SMu 0P o RNiE a8B M odebr BARL Smihe cJARRfad (MEA,

hydroxylamine, or N-monoethanolamine). The composition of the prepared cleaning solutions is

set forth in Table 1. For purposes of comparison, two additional cleaning solutions were

prepared: Solution K was 1.7 wt% NH4OH in deionized water and Solution L was 1:2:10

NH40H:H702:H2O. The pH of each cleaning solution was measured.

20 "Dip tests" were conducted using pre-cleaned Fisher 12-550-10 glass microscope
slides. In the following procedures, all dips were undertaken for 5 sec., and handled with plastic
forceps. A sample slide was first dipped into a CMP oxide slurry (Ultraplane P-1500), then
dipped into 250 ml of deionized water, and then into a W-CMP slurry (1:1 dilution of Ultraplane-
MC W CMP base and deionized water). Each slide was then dipped into 250 ml deionized water,

25 then into the subject cleaning solution. Each slide was then dipped into 100 ml deionized water,
then dipped into another separate deionzed water bath. The slides were hung to air dry under

ambient conditions. Between each test, all deionized water baths were replaced.

Dried slides were visually evaluated for evidence of remaining CMP slurry, as
evidenced by the degree of cloudiness observed on the slide. The dried slides were compared and

30 ranked from best to worst.



COVPARATI VE DI P TEST 12 AUG 7005 PCT/ US02/ 03422 Titration TMAH Am ne
Ascorbic Gallic Alkalinity Relative Am ne(wt% (wt% Aci d Acid Meq)l die 288ank
(W% (w9 sl ution | MEAO. 50. 90. 2-0. 1911 2MEAQ. 50. 90. 35+ MEAO. 50
9-0.350.1 23&%NW%§0.50.9-0.350.1544 5MEAQ. 50. 9- 0. 10. 1965 Fefushifsod

6HAO. 660. 3- 0. 2330. 2356 7HAO. 660. 6- 0. 2330. 2847 8HA0. 330. 3- 0. 4670. 1228

9HAO. 330. 6- 0. 4670. 1719 10----0.48510 11----NA1l The results indicate that
preferred enbodi nents of the invention performed best 5 (solutions 1 and
2). Al solutions of the invention perfofned better than cleaning solutions

of the prior art (g9 vdshenge 4bvand thdk.1. Exanple 2 O eaning sol utions (A
through H were evaluated for the tendency to corrode

TABLE I
COMPARATIVE DIP TEST
Ascorbic Gallic Titration
Amine TMAH Amine Acid Acid Alkalinity | Relative
(wt%) (wWt%) (wt%) (wt%) Meq./gra Rank
m of

solution
1 MEA 0.5 0.9 0.2 — 0.191 1
( 2 MEA 0.5 0.9 0.35 — 0.182 2
3 MEA 0.5 09 — 0.35 0.182 3
4 NMEA 0.5 0.9 — 0.35 0.154 4
5 MEA 0.5 0.9 — 0.1 0.196 5
6 HA 0.66 0.3 — 0.233 0.235 6
7 HA 0.66 0.6 — 0.233 0.284 7
8 HA 0.33 0.3 — 0.467 0.122 8
9 HA 0.33 0.6 — 0.467 0.171 9
10 — — — — 0.485 10
11 — — —_ — NA 11

The results indicate that preferred embodiments of the invention perfornied best
5 (solutions 1 and 2). All solutions of the invention performed better than cleaning solutions of the

prior art (solutions 10 and 11).

Example 2

Cleaning solutions (A through H) were evaluated for the tendency to corrode
copper. Solution A consisted of 0.9 wt% MEA, 0.5 wt% TMAH and 0.35 wt% (L)- ascorbic
10 acid. Solution B consisted of 0.9 wt% MEA, 0.5 wt% TMAH and 0.18 wt% (L)-ascorbic acid
and the balance deionized water. Solution C consists of 0.5 wt% TMAH in water. Solution D
consists of 0.9 wt% MEA, in water. Solution E consists of 0.9 wt % MEA, 0.5 wt% TMAH and
0.35 wt% gallic acid and the balance water. Solution F consist of 0.9 wt% MEA 0.5 wt%
TMAH and 0.18 wt% gallic acid and 0.18 wt% benzotriazole and the balance water. Copper



copper. Solution A consisted of 0.9 wt% MEA, 0.5 W % TMAH and 0.35 wt % (L) -
ascorbic 10 acid. Solution B consisted of 0.9 wt % MEA, 0.5 wt % TMy6=085 0. 18
wt % (L) -ascorbic acid and the bal ance deioni zed water. Solution C consists
of 0.5 WMOA2PEEH8Ii n water. Solution D consists of 0.9 wt YCAEAS02/0M2RAL er .
Solution E consists of 0.9 wt % MEA, 0.5 Wt % TMAH and 0.35 w%gallic acid
and the bal ance water. Solution F consist of 0.9 wt% MEA 0.5 wt% TMAH and
0.18 wt%gallic acid and 0. 18 wt % benzotri azol e and the bal ance water.

Copper 12 AUG 2005 WO 02/ 065538 PCT/ U302/ 03422 -10- strips of uniformlength
and wi dth were obtained froman entire piece of electrochemcally deposited
(ECD) curipeef uneforar lepprhand siidtly waesl dbgined fron snegntied piececbfietec@odhemically t he sanpl e
cl eani ngeposiel YECB N cIppEr Watth @uaﬁﬁy Pmrshedst:h&ms&dws@f mPOhE Ymiobhdihgons. The

copper waf er strips were er eaf removed frogmthe cl eaning sol ution,
ri nsed %"t‘ﬁ“(ﬁ%‘l%’é‘ﬂ’é&?s\m&héF"“%dﬂdﬂl ambirabePnditiory . Thy cARRETCASHEIRAYEE stri ps
were Vi gehftet rériG e GioRttht Qleasing SulutRANERE wath deloftfed vafterghBitrofat dtiear e

evi denc of corrasion. ese treate S. were sybjected to °
AV oxa D eP P ety s e L gy e P Ribr fines it i St e s 451 * e
cor r osi evidenesaefl dogrosipe  Teése treated copperTakitestdips. wPEIUH SR 16 N2 e Xamlnihaioh Kfor

Corr osi %m %}@?@Ba Conposi ti onSubstrat eTest Met hodResults Cu (ECD,

parti al R =0.8 polishedslight pitting after polishing Solution ACu
(ECD, partiall yAFMRVS= 1.0 polishedm nimal pitting mninmal Cu attack

Sol ution BCu (ECD, partiall yAFMRVS= 1.1 polishedm nimal pitting mniml Cu
attack Solution CCu (ECD, partiall yAFVMRMS=0. 9



pol'i shedslight pitting noderate Cu attack Sol ution DCu (ECD,

partial | yAFMRVB=3. 4 pol i shedslight pitting, noderate Cu attack SAIutUbdBlSECY
(ECD, party V5=3.5 polishedslight pitting noderate ol ution
FCu (ECD, up(glrdt/(ly«glk:%AFl\/Rl\/S:I\lA pol i shedsurface modified by B%@%@ﬁ’?éz al)Cu
(ECD, partiall yAFMRVS= 1.3 polishedm nimal pitting, slight Cu attack
Solution H(2)Cu (ECD, partiall yAFMRVMS = 3.8 polished)slight pitting,
noderate Cu attack *RMS = root nean square roughness via AFM (1) Buffered-
HF Solution (2) 1.7 W% NH4 OH in water 5 The data in Table It indicate a
preferred enmbodi mentrhetortdi®on BMMBhIQR: oRREMTAHONA) performed very well in

ternms of copper corrosion protection. Solutions A and B differ in the 12 AUG
2005 WO ,?l 065538 - 12 amount of corrosion inhibhitor concentration

PCT/ US02/ 03422 Exanpl es of AFM scansTalelh RVS roughness data are shown in
Figures 1-4 wherein Figure 1 isCetiesiamfaseBatad el ectrochenical |y depdsited
(ECD) copper-wafer,Frgure 2c1.5. anm 1T aentTra ferexposed;to,_sotutijon A
Figure 2|is %%m@éﬂoﬁlafe' exp%)usbér“(fgljt o sol uti OR" Eé&'&ﬁd 5| Fi gur SYY's an |ECD
waf er exposed to a sol uti@nmEomspastdiggd| of 0. Apy % MEA] 0. R %oTdvAH, | 0. 35
wt%galljc acid, balance wat gglgsg%arrpl a 3 A series of C'sﬁf}{?ipﬂﬂngsﬁle?“ ons

were prepared to evaluate th tionshi p between -
polishing
Solution A Cu (ECD, partially AFM RMS=1.0
polished minimal pitting

minimal Cu attack

i’ Solution B Cu (ECD, partially AFM - RMS=1.1
polished minimal pitting
minimal Cu attack

Solution C Cu (ECD, partially AFM RMS=0.9
polished slight pitting
moderate Cu attack
Solution D Cu (ECD, partially AFM RMS=3.4
polished slight pitting,
moderate Cu attack
Solution E Cu (ECD, partially AFM RMS=3.5
polished slight pitting
moderate Cu attack
Solution F Cu (ECD, partially AFM RMS=NA
polished surface modified by
BTA
Solution G(1) Cu (ECD, partially AFM RMS=1.3
polished minimal pitting,

slight Cu attack

Solution H(2) Cu (ECD, partially AFM RMS = 3.8
polished) slight pitting,
moderate Cu attack

*RMS = root mean square roughness via AFM.
(1) Buffered HF Solution
(2) 1.7 wt% NH« OH in water

5 The data in Table Il indicate a preferred embodiment of the invention (solution A)

performed very well in terms of copper corrosion protection. Solutions A and B differ in the



TMAH, MEA, and ascorbic acid in aqueous cleaning solutions. C eaning
solutions were to prepared by conbining TMAH, MEA, ascorbic aci{d, AEnTA05

dei oni zed water such that the concentration of TMAH wt % was 0.5 w % and

t he conw@nizrnaiBgn of MEA varied fromO wt%to 0.9 w% trloa/onoentrati on of
ascorbic acid varied fromO wt%to 0.35 wt% and deionized water is in the
bal ance anmobunt. These test solutions were prepared as set forth in Table
1. The prepared cleaning solutions were eval uated for cleaning
performance according to the glass sl-ilde 15 dip test procedure set forth in
Exanple 1. The results are shown in Table Ill. Table |11 Conpositi onABCDEFG
TMAH ( VTt obgrorosigx nhitos senesntigtign-\wai ght 99 00. 9X0. 9X0. 90. 9 Ascor bi ¢ Aci d
(Wei ght 99 XX0. 35X0. 350. 350. 35 Water (Wi ght

99 99. 5099. 1099. 6598. 6099. 1 . 7598.. ositiogn Al kalinity

0. 0550. 147- 0. 02008%@8‘?5003‘ "M seapg w ég‘%a@%g?ﬁéﬁ‘?ﬁ a‘?o“lﬁﬂ‘f’f‘b‘h%{‘ﬂ“ﬁs'}‘é‘st‘

Rat i ng* @b&8hHigutd | 35 @eantreatd elediroche mivdilp depopied (ETD® cometibafer | Figure&tie ab hat

t he sol utions that perforned best. as,cl|eapi ents _i,n the. di est

(oot ut1 Rt RER SilioryE A 883 % ST BB ARG Sectly {ffign B ok

contsai nFiggread i apECROwaheexposesittd & selntien ainsistngtof Bt Wk MBEA, WeIWt% TMAH.esul t s
suggest0;35gg%egagjcsd;:fd(‘:bmrg@ma&g. effect is present when TMAH MEA, and

ascorbic acid co-exist in a cleaning solution, particularly in the
preferred amounts. WO 02/00/38 - 13 Exanple 4 12 AUG 2005 PCT/ US02/ 03422 A

cl eaning solution according to the %ﬂ was prepared having a
conposition of 10.0 wt% TMAH, 18.0 W % , 7.0 wt% ascorbic acid, bal ance

water. A partial | n setiehsfdtleaning sovafias wsespreparer ®etaluite ity @ladonstip etweeh 70C
N2 bl owt WPt TE AL e 5B aEioh kgt B T alonk, g Nl Ferer ey on s 24
vi aloon piepared bygéanattining T 8A K UMEAC escotheaadk piné dppwtked watef suchéhaviha i s about 400
nm concentration of TMAH wt% was 0.5 wt%; and the concentration of MEA varied from 0 wt% to
0.9 wt%; the concentration of ascorbic acid varied from 0 wt% to 0.35 wt%; and deionized water
is in the balance amount. These test solutions were prepared as set forth in Table III. The
prepared cleaning solutions were evaluated for cleaning performance according to the glass slide

15 dip test procedure set forth in Example 1.

The results are shown in Table III.

Table 11
Composition A B C D E F G
TMAH (Weight %) 0.5 X X 0.5 0.5 X 0.5
MEA Weight %) 0 0.9 X 0.9 X 0.9 0.9
Ascorbic Acid (Weight %) X X 0.35 X 0.35 0.35 0.35
Water (Weight %) 99.50 99.10 99.65 98.60 99.15 98.75 08.25
Composition Alkalinity 0.055 0.147 | -0.020 | 0.202 0.035 0.127 0.182
Megq./gram of solution
Dip Test Rating* 3 5 5 3 5 5 1

*1 = good, 3= fair, and 5 = poor

The results indicate that the solutions that performed best as cleaning agents in the
dip test (solution G) contained TMAH, MEA, and ascorbic acid. Solutions not containing all of
20 the constituents did not perform as well. The results suggest a synergistic cleaning effect is
present when TMAH, MEA, and ascorbic acid co-exist in a cleaning solution, particularly in the

preferred amounts.



Cross-sectional view of these vias clearly indicates that a significant
anount of the residue polyner is |left after the etching. Figure @2%!]@‘?@5'[ he
AFM sect i gvr}ﬁ% Q%I ysis of the sanme type of 1 mcron size vias 10 af
treatment "W 'tha above sol ution. Cross-sectional views off¢HEXE/ W2

reveal s that they have a very shallow depth profile (on the average 80 nn).
The contrast of the depth profile of the via before and after treatnent is
due to the renoval of the photoresist |ayer fromthe wafer surface, which
is estimated to be about 300 nmthick. e rectangul ar profile of via bottom

(Figure 6) also indicates that the Siﬁgﬁﬂh pol ymer was renoved by the
above solution. These results suggest t the preferred enbodinent is

useful conposition for via cleaning and photoresist stripping. Exanple 5 Two
sol utl ons vvere testmléz%gﬁ RORtiofARofdimab itHedindddRbh Gad preparedSRAvig p&brﬂxpo(sﬂo{flS

w50 VA, 2T, T Sl bk sk R UE S e el e

bal ance watievaferwess émmsged fnothisolBGorcaFaANC g I0erainuwsi then @nséid bvita-DIcGiatfat i on on

TEGCS fer Lor .t n f.ter i | urr It|on
Fi gur \gg 72 umemut[%ce%blbogpreg i ?Iﬁezebé%“’ltjﬁ?y ﬁg‘gg Igr wgasﬁlo\REDI Seﬁ%ﬁ? [Srae"ﬁg?'gx O?lﬂlnglt r ument
fr om waf emicrerd sizendal onthelprigalaliwaignsurfaged TBodapth mqﬁll:lof thet via & abbetafhO0 nrhat

Sol uti on ElossGectibfa? RY FIh&LOVRO S PRIRKEOHEY ﬁ&grﬁﬁca&hﬁnéuw%b Mdidue
denonstrates a superior cleaning capability. Exanple 25 Concentrate

sol ut i ons Pel¥Pef el afteq theptching33 ™ 2 5 and 5 wt%respectl vely were prepared
and evaluated. A partially pI anari zed ECD copper wafer piece was subnersed

in these stirred s lutl S nutes at t di fferent _tenperature
condi ti ons (22C and gqlf’ he %g‘\ﬁe%‘%"@baé‘ahé'égﬁp‘éﬁgﬂff gpg 8FE§HH‘BBP Size vias
resi stoanceﬂwmmdeulometabﬁ&&opmemes:rq:wsmlomab viend ofiftiesy vid hesdls diar thajz hamet S.
Copper etch_r r.t al gul 10.0
ut 5630 ThARE ShE) ftpp 21008 ik A0S AKERE i BhEdh of BERE i Ot ik
Concent r abefo aind aft€r. teayn®n0 3/d8 5538 rquO\ﬁUG (RO DEDOTBC /1 4¥80 P G3HL Yafer 1urfam Y%
TMAH, 18 i MErimded td’\ﬁeo/ﬁtﬂﬁé 300 @ik ’ﬁEQCétm:‘qu?-bl%'ﬁfeeot‘W} %tton@@%ﬁ@

reported in _angstrons mnute are set forth in Table

Concent r afk° GSI%‘S% thes §a S‘A%ﬂhwm%{t‘%aséﬁ‘ﬁﬁvﬁg|ti|”EFnabBV‘UtPr\‘Hé’Ht e et SEEE At

15 that the preferred embodiment is useful composition for via cleaning and photoresist stripping.

Example 5

Two solutions were tested for post CMP cleaning application. Solution I (0.45
wt% MEA, 0.25 wt% TMAH and 0.175 wt% gallic acid, balance water) and Solution II (0.45
wt% MEA, 0.25 wt% TMAH and 0.175 wt% ascorbic acid, balance water) were used for a
20 cleaning test using a Cobra-Vc§ station on TEOS wafers prior to, and after dipping in Olin Arch
10K slurry solution. Figures 7-8 show the particle counts measured ﬁsing a KLLA-Tencor
instrument from wafers cleaned with Solution I and Solution II. It is clear, that Solution 11, a

preferred composition according to the invention, demonstrates a superior cleaning capability.

Example 6

25 Concentrate solutions diluted to 1.25, 1.33, 2.5, and 5 wt% respectively were
prepared and evaluated. A partially planarized ECD copper wafer piece was submersed in these
stirred solutions for 30 minutes at two different temperature conditions (22°C and 50°C). Four
point probe measurements for sheet resistance were made on these pieces prior to and after these
treatments. Copper etch rates for the solutions were calculated. Concentrate A is 10.0 wt%

30 TMAH, 18 wi% MEA, 7.0 wt% ascorbic acid, and the balance water. Concentrate B is 10.0



Etch Rate At 50 Etch Rate At Etch Rate At 50 wt %22CC22CC :
1. 254.5223. 3522. 0588. 39 1. 6659. 2423. 5819. 66118. 91 2. 50. 5524. 682&1.23@ﬁ%q§9
50.0013.9127.82234.20 It is clear fromthe data in Table IV that rate
conposi WOd/085BAs superior 5 corrosion inhibition propepCrasoyos£2hat of
conposition B. Exanple 7 Two concentrate solutions were nade in the manner
of Exanple 6 and diluted to 12.5 and 50 wt % respectively. A partially

pl anari zed ECD copper wafer piece was subnersed in these stirred solutions
for 10 m nutes at constant tenperatura4(-22C). Four point probe 10
measurenents for sheet resistance were nmade on these pieces prior to and

after tW&sEMARalE IR MEA ShBatt%rgalicacidnend bhbalenss wares. RepdstrerPried it | | i ohns

per  cenddgRInQlped BRIt areRerBRh ¢ MableTABLE V Sheet Resi stance Change
Concentrate wt % Concentrate Conposition AConcentrate Conposition B
12.5-0.00150 1742 50-0.09940 3307 1t is clear fromTable \ that concentrate

conposijti on A has superior corrosi ohABLEHVbi tion properties to that of

concentrate CONMpPoS| T OTF Fcen eg(&i%sd’ogﬂi GONPOBT T Q@) A A C IR RERREST T at es an

unexpedqted result fn that ther ecreasp in sheet resistance WO |
0211163538 - 15 E‘Glf‘ﬁ%!gﬁaﬁel\]% Auﬁﬁ%%@ KRG US0Z1 03842 A SEIEESRAL 395@6"' ng
sol ut i qrisonpentrtepr epar e show the reglationkhip gf.;ascorpic a and

gal l'i c |ai%d combi nftionS with tlhe TMAH and MEA coricéntratjons hel d constant
at 0. 25 H-prd—0—45— WS ivEA—T L,tEva'y‘ —A—at i
sol utian. nggprepared ghsgl eani|ng solutl ons Were evalUated fo

per f ormancel .6 set|forth.24n Exanpl e 23.58The prepared wl&ani ng sol utgoms were

n
d far than andoneyv, t A clareada ~AnAr Md.‘ th 1t Aot
o—1OH Wt

eval uat 2.5 LAY bllu\aldtlgs LA A A A I | qu4'él8uppbl T C 28‘;‘%’ 161.39
5 0.00 13.91 27.82 234.20

It is clear from the data in Table IV that concentrate composition A has superior

5 corrosion inhibition properties to that of composition B.

Example 7

Two concentrate solutions were made in the manner of Example 6 and diluted to
12.5 and 50 wt% respectively. A partially planarized ECD copper wafer piece was submersed in
these stirred solutions for 10 minutes at constant temperature (22°C). Four point probe
10 measurements for sheet resistance were made on these pieces prior to and after these treatments.

Sheet resistance changes are reported in milliohms per centimeter square in Table V.

TABLE V
Sheet Resistance Change
Concentrate wt % Concentrate Composition A Concentrate Composition B
12.5 -0.0015 0.1742
50 -0.099%4 0.3307

It is clear from Table V that concentrate composition A has superior corrosion
inhibition properties to that of concentrate composition B. Concentrate composition A also

15 demonstrates an unexpected result in that there is a decrease in sheet resistance.



forth in Exanple 2. These variances are shown in Table VI.. TABLE VI
Corrosion and Dip Test Data Fornul ati onAscorbic Gallic Aci dRMS [FW; fﬂﬂf‘
RVS [Rgq] 30 _rmi.n Dl__ Aci ddi pdi pTest Bl ank Cu001. 167X PO. 17501. 7361

Q0. 13] 0. 04%P. BE8>38781 Ro. 0880. 0881. 9567. 6791 SO. 0440. 1312. €§Z§J%Hﬂi‘2ﬂ| of
t he above fornul ati ons exhi bit acceptabl e cl eani ng performance. The 10
corrosion inhibition in fornulation R and fornulation S is margi nal. Exanple
9 Two concentrates (A-10.0 wt% TMAH, 18 wt % MEA, 7.0 wt % ascorbi c acid,

bal ance water; B 10 wt % TMAH, 18 wt%I\/EA157 0 wt%ga]lic acid, balance

wat er) and di I uted to 50 wt % Copper g;’(a%ﬁer pi eces were subrrersed in
these solution at 50C for one mnute 1 he prior to and after sanples
wer e exam ned by scanning el ectron microscopy to determne the |evel of

cl eaning and for cor %Os%hé’s”ofcimﬂgs&lQu&n@%e?eUﬁ}éﬁaﬁéitt%sshthﬁe ﬁ%ﬁgﬂ’sﬁlptdfcﬂ&o‘ﬂhéh
concentrate A showed conpl ete cleaning and no evidence of danage

subst r at esaiihaidegpdlic %@rﬁﬁﬁ%’i"@l‘% Withe the EMAdEard MEA qenegngrarions @W@?'@Iaﬁlo 8? ean
t he cont amyrgtiNgAHfhe mﬁshawwmr resﬂ%bgmyem ina§uebh£cmmgs§onumhu Me Peporiedt O

treatrrent nd . FI e 10 ill str es t ani ng of concentr at
composBt | of TR UG Ve SuNAT of SEiieAEr P OHra paes SIS AT 0s e A
cl eani ng spilepiredtledring lutiaind were avaagqaefior themetnaem'y ng connddegroppe dvithi irscatatseaf t er

chem cal a i U ng of said integrated circuit,
the cl eagl%%ﬁ;lJﬂ RIE%'JP?%% g@@ée;\ﬁg?# g%.sg@hﬁ%#o\ﬁm 4 Wt % a quaternary
anmoni um hydr oxi de sel ect ed from the qgroup consisting of tetraal kyl ammoni um

hydr oxi de,| where the al kyl contains C aA8kE Vinunbered from 1 to 10, and
conbi nati ons t hereof, Corrosion and Dip Test Data

: Formulation Ascorbic Gallic Acid | RMS [Rq] 5 min RMS [Rq] 30 min Dip
Acid dip dip Test

Blank Cu 0 0 1.167 X

P 0.175 0 1.736 1.290 2

Q 0.131] 0.044 1.996 2.578 1

R 0.088 0.088 1.956 7.679 1

S 0.044 0.131 2.634 8.804 1

All of the above formulations exhibit acceptable cleaning performance. The

10 corrosion inhibition in formulation R and formulation S is marginal.

} Example 9

Two concentrates (A-10.0 wt% TMAH, 18 wi% MEA, 7.0 wi% ascorbic acid,

balance water; B 10 wt% TMAH, 18 wt% MEA, 7.0 wt% gallic acid, balance water) and diluted
1o 50 wt%. Copper via wafer pieces were submersed in these solution at 50°C for one minute

15 and the prior to and after samples were examined by scanning electron microscopy to determine
the level of cleaning and for corrosion damage to the substrates. The composition with
concentrate A showed complete cleaning and no evidence of damage to the substrates whereas
composition with concentrate B did not completely clean the contamination from the wafer.
Figure 9 is the via structure prior to treatment and Figure 10 illustrates the cleaning of concentrate

20 composition A diluted to 50 wt%.



0.2 wm %to 27.8 wt % a polar organic am ne selected fromthe group

consi sting of nonoet hanol am ne, am noet hyl et hanol am ne, AUG 2005

N- et hyl am noet hanol, am noet hoxyet halgol , di et hanol am ne, triet hanoq am ne,
C2 -C5 al kanol am nes, and conbinations thereof, 0.1 wt %to 4.0 wt % of an
organic acid being gallic acid 1.0 wt %to 10.9 wt % a corrosion inhibitor
sel ect ed fWbahis pleinggdoup consisting of ascorbic acid (Vitamin C),
L(+)-ascorbic acid, isoascorbic acid, ascorbic acid derivatives, and

conbi nati ons thereof, bal ance deionized water and; wherein the alkalinity of
the solution ig, W(ﬂédrﬁ’ri édmmbxpfoﬁaamﬁhghbw\caﬂl@imﬁﬁg inkagRedEikcudt e 2. A

cl eaning solution for % eani ng copper-caontaining mcroel ectronic

subst r at eshemicel-gieetanicalpelishing dringangiuifacturg of said gitegated cirouiy thg %

t et ramet hy . 2. 0.2 to 27.8 wt % nonoet hanol am ne; 3. 0.1
to 4 wm %c%‘% '[Lrlég gﬁgﬂiogw@%gﬂg to 10.9% ascorbic acid and 5. deionized

wat er, wher ei n o0fewaddtal 1208 Wy %0d qudi@naglattinieiur hygroxédeeselectedrfrdin (hé3

m | 1iequival ents base p 3. The_ cleaning solution of claim?2,

wher ei n t 1#oUR JeapisHng 9f t@tra41%éat§moat%hy¢r§m dg,rehre thealiay contging C atoms

m | 1iequiyghi ng solution of claim11, wherein
sai d corrosi oﬁ;eian ?ttg}%lgs é)élr%at@né"ﬁf’e@?om the group consisting of
ascorbic acid, (12%%#0&%8 ot Pela polaoagamblanmmiadtmlrfcbmalmcgbbpc aci d

derivatives. 12 A 2005 5. A cleanin oI ut on f ost - CMP cl eani ng,
consi st i nFOBYEg awegm@la@@wmﬂ%eﬁa apelagine N glet faﬂgpwyﬁfim@m um

hydr oxi de, b ol SBiHandlati! riclfanBRARRL, tg0eL & ﬁ@gﬂ& fhel, fd %to 1 wt %
gallic aciag{;} ﬂ)({j&xg about 0. y Wte %n ascortbtﬁc Aci Iance water. 6. A

via cl eanicnglbsmhunsﬂmreoﬁn5| sti ng essentl ally of 1. 8 W %to 12.4 wt %

t et ranet hyl a wt. %.t <[)b8abou wt % nonoet hanol am ne,

de, 2.0
0.1 w %to 4 J% Wé&?ﬂf%?r@awa@}d INga %aﬁ orbic acid, balance
water. 1.0 wt % to 10.9 wt % a corrosion inhibitor selected from the group consisting

of ascorbic acid (Vitamin C), L(+)-ascorbic acid, isoascorbic acid, ascorbic acid
derivatives, and combinations thereof,

balance deionized water and;

wherein the alkalinity of the solution is greater than 0.073 milliequivalents

base per gram.

2. A cleaning solution for cleaning copper-containing microelectronic
substrates, the cleaning solution comprising:

1. 0.05 to 12.4 wt % tetramethylammonium hydroxide;

2. 0.2 to 27.8 wt % monoethanolamine;

3. 0.1 to 4 wt % gallic acid;

4. 0.2 to 10.9% ascorbic acid and

5. deionized water,

wherein the alkalinity of the solution is greater than 0.073 milliequivalents

base per gram.

3. The cleaning solution of claim 2, wherein the alkalinity of the solution is

greater than 0.073 milliequivalents base per gram.

4. A cleaning solution of claim 1, wherein said corrosion inhibitor is selected



7. A cleaning solution for cleaning a copper-containing integrated circuit
after chem cal - mechani cal polishing during manufacture of said i W%G%lﬁd
circuit consisting essentially of: frgnl.5 Wt %to 12.5 w % of
concentrate consisting of 1.8 wt %to 12.4 w % of quaternary anmmoni um
hydr oxi de wherein the al kyl contains one of C, through Cl O atons or

combi nat i dren tHe groug domeisgihg 6F &3catbinacid,d.-Bscotbidadid, i8das€orbic &iddnda pol ar
organi c am ne sel ect ed from the group consisting of nonoet hanol anmi ne,

am noet hylaé‘Eoﬁ GFYHCR¥AYES et hy| ani noet hanol , ami noet hoxyet hanol ,

di et hanol am ne, triethanolam ne, C2 -C5 al kanol ani nes, and m xtures thereof;
Ow % to 4w %of gallic acid 1.0 Wt %to 10.9 w % corrosion inhibitor
sel ected from tSha clmrimg)sodutirm’ fot pog- @ME@Idahng gomfstiagcssshﬂiailyam’iOCDS(M tam n

C L(+ ascorbhic cid yatives, and
chbl ﬁla% i 62)r"l 23?’@&1’? tetﬁ*greém : P’é‘lfn hy! ?fﬂdeg)i‘zc \éto%% iﬂt %gg :%:/dZi oni zed
water, w tdibﬂo@ﬁlaﬁ&lﬁﬁﬁﬂenbtlwp% tb hewts%'gdilic%m Bd 09095 888R10.9 Waw, 0. 073

m|liequival ents base per gram 8. cl eani hg solution for cleani ng
copper - corasairbicragidybalpael vweaten: oni ¢ substrat es, the cleaning solution
consisting of 1.5 w %to 12.5 Wt % of a concentrate consisting of 1.8 to
12.4 wt % tetranet hyl ammoni um hydroxide, 2 to 27.8 w % nonoet hanol am ne

0.1 to 4.0 W % gadihcleanitisdothtiBn tonslting ewenP{mmr@w % 1.4 Rakgnce water,
and 87.5 to 98.5 Wt % dei oni zed water, the solution having an alkalinity

great er ttﬁemm@hﬁmmmmrm bydrowidech st B/aseahost 278 arh Yo mongrthanalamine,
0.1 wt % to 4 wt % gallic acid; 0.2 wt % to 10.9% ascorbic acid, balance water.

7. A cleaning solution for cleaning a copper-containing integrated circuit after
chemical-mechanical polishing during manufacture of said integrated circuit
consisting essentially of:

from 1.5 wt % to 12.5 wt % of a concentrate consisting of 1.8 wt % to 12.4 wt
% of quaternary ammonium hydroxide wherein the alkyl contains one of C; through
Cio atoms or combinations of C; through C;o atoms, 2.0 wt % to 27.8 wt % of a polar
organic amine selected from the group consisting of monoethanolamine,
aminoethylethanolamine, N-methylaminoethanol, aminoethoxyethanol,
diethanolamine, triethanolamine, C, -Cs alkanolamines, and mixtures thereof, 0 wt %
to 4 wt % of gallic acid 1.0 wt % to 10.9 wt % corrosion inhibitor selected from the
group consisting essentially of ascorbic acid (Vitamin C), L(+)-ascorbic acid,
isoascorbic acid, ascorbic acid derivatives, and combinations thereof, balance water;
and,

87.5 wt % to 98.5 wt % deionized water, with the alkalinity of the solution

being greater than 0.073 milliequivalents base per gram.

8. A cleaning solution for cleaning copper-containing microelectronic
substrates, the cleaning solution consisting of 1.5 wt % to 12.5 wt % of a concentrate
consisting of 1.8 to 12.4 wt % tetramethylammonium hydroxide, 2 to 27.8 wt %
monoethanolamine 0.1 to 4.0 wt % gallic acid 1.0 to 10.9 wt % ascorbic acid, balance
water, and 87.5 to 98.5 wt % deionized water, the solution having an alkalinity greater

than 0.073 milliequivalents base per gram of solution.



