13 April 2005 STABI LI ZED ALKALI NE COMPCSI TI ONS FOR CLEANI NG

M CRCELECTRONI C SUBSTRATES BACKGROUND OF THE | NVENTION Field of the

I nvention s This invention relates to conpositions useful in the

m croel ectronics industry for cleaning sem conductor wafer sﬁ)%ﬁpﬁ@%
Particularly, this invention relates to alkaline stripping or cleaning

conposi tions cont ai ni b Z bl f used for cleaning
waf er s havi ng net al I$§@?&W@?§S@§W%nﬁﬁ%ﬁ%ﬂgwsmﬁd organic
contam nati on w t houtCicRARM GIVIOROBLUECUTRONICSUBSTRATES Descri pti on of
the Prior Art An integral part of mcroelectronic fabrication is the use of

photoresists to transfer an image froma nmask or reticle to the desired
circuit layer. After the BAIKGROUWNBGOFITHREINMEMEKINeen achi eved, an

etching process is used to formthe desired structures. The nost comon .
structures forned in this way aﬁe &Etfgﬁ Ili nes,.and vias. is The netal |ines
are used to formelectrical. co ‘r‘?é &' oh& %%?Wégﬂ various parts of the

i ntsegr at ed Tis dwidntibRatldtes th edrhisd 98701 RRtHOMit R CtrdlIes NARIR Rr
hol es that are etched through dielectric |ayers and later filled wth a

conduct iCla2nieg asemineaguctore walsr subsiratgse Bagicularbal thisninaentions rejatesedo
di f f ertical. | f the int t ed. Ci i.t.,A.hal t ai ni
gas | s GuieieetiReinadrd|SeRan il Sulisning Baln sistikind Foeale el e and
vias. Afjset fdreciehsi w&g&g&w@aﬁqeér@genn@@@ioe% Hw?e%blg]gﬁfmétaﬁic apd

photoresist may be renove y eit a chemcal stripper s tion or by an
oxygen [@Irgsme casteminatipnogitiseut dEmeeging theintegral®dcirchidse et chi ng processes
produce highly insoluble netal-containing residues that nay not be renobved

byrcormon chem cal stripper eseiptionds thélPrdor Avt i ng an ashing process
t he nmetal -cont.aj ni ng resi dues are oxi di zed, and pade even nore difficult to
renove, partl diiegraly Pet of emicieelesironicufAtTicRiBRsSd the 18safi photasesists to

i ntegra ' | ) I NQ: i £ .

serm condietsr it ihps FEf SRR GG 53476 den R BLE B Bter the desired.,
an et chiimggeriosesier hasttheeathrivet nenafichivgaprocensds Useanto forhe tididedired
circuit. In this_process, a photoresist coating is applied over a netal
film 5StheHreFagba mestaamanmisictiges fetmed i fis wayearta wetsl lisesans was.
pattern in the photoresist coating. The coating is devel oped to renove

ei ther expodwinatal linesxpreseskto twfameslestricati ependtiimnobetvieen varows pehs of

phot oregj st _.used, ,and produce, a photoresist, on the_retal pattern. The
[ enai ni ﬁbe pHESmiedicicuitdhatimin thersarae firiagtion layer. The vias are holes that are

etched through dielectric layers and later filled with a conductive metal. These are -
used to make electrical connactions between different vertical layers of the
integrated circuit. A halogen containing gas is generally used in the processes used

20 for forming metal lines and vias.

After the etching process has been completed, the bulk of the photoresist may
be removed by either a chemical stripper solution or by an oxygen plasma ashing
process. The problem is that these etching processes produce highly insoluble
metal~éontalning residues that may not be removed by common chemical stripper

25 solutions. Also, during an ashing process the metal-containing residues are oxidized

and made even more difficult to remove, particularly in the case of aluminum-based



at high tenperature to renove solvents and optionally to cross-link the
polymer io matrix. The actual netal etching step is then perfornmed. This
etching step renoves netal not covered by photoresist through the action .
of a gaseous plasma. Renoval of such netal transfers the pat j £y B gqgthe
photoresist layer to the netal layer. The remaining photore5|sﬁ S
renmoved ("stripped") with an organic stripper solution or with an oxygen

pl asma ashi ure The ashi ng. procedure is often followed is by a
ri nsing steggpﬁ@gus'ergu'? RNavit] gQE gtcgt ?ﬂ‘gdw’%| ESiche. I%%W”Céﬁe
stripper sohternaliosalcaugentiby7, deged adkbe, usual ly al kaline stripper
solutions, |eave insoluble netal oxides and other netal -containing -

resi dues on thén etzpgplatctdueh 26 Utthind\PRICBSS isethanpdterfihg iGhetaldmestehamg
process |s th%ﬂg’ﬁlﬁ# E)'!r ni, nP f vias (1nterconnect hales) on an integrated

circuit. s In fiis, proceyse o ROIBEE; FRRtNG Is Agpligsheves@ metd film

di el ect i c fthbﬁn:mhgéu Itﬁi%ggﬂ 4 MR 8UOBr 380 Ko Weldcilbig! & o%esé’l HnV"?r{ Xh&Xpose
a pattern in the ot or esi st Coatlng The Coatlng IS evel o to renove

ei t her expod¥t Qf?s‘HnéS?in@edTmoQQﬁl&l igt deveigradd |t¢ngre@w~teh@ﬂhern@xmsedher
phot or esi st udéiﬁ@%ed%td?é&gy‘a@?%dﬂﬁo&gfhﬁst e oPﬁ‘let 1S¥ELR] ufRat L&k BroadbE

remai ni ng phot or esi st usua ba ed at gh tenperature to renove
sol vents andP BpRipwssist py th@rrtertajsp@ttem n'henkemhlelnpmmes:amsrusmallyﬂhmrdd:akadal

dielectric r T C. e
dielectric ﬁ%fﬂﬂ% Seerrﬁé%@bdré thg‘t%gnrogglsl;g € rou %lpﬁ%nﬂg {&I g%s% rﬁPtrfe g&ggﬁ
pl asna. lDRenﬂvaﬂﬂxo'f'hasaciha!dnelaéetchlng stepaisthen sem‘tbrmqﬁafrhesr etcmlngmqahemoves

Phen'T emoved"prartbubiafl SGReHRC o PR e S AL B aR Readn

oxygen pl asnef ssshh maj;alfi@npfeos&ﬂmﬁtemﬂyqnndl@é byototeisist thiyet ctheimetaldapdrciieel to a

t wh d 1t Al
o T daer ¢ R e B s VL bPaPe RPaR arh alap rRsp gopkioR ™ U
typi ﬁal |y prﬂﬂslatht arabx)tgba phadned éshuajt ﬁ@téd&eb’mmaiaﬂ}g pfﬁd:bﬁtl.lrtb(iﬁaﬂl@‘{) ﬁbllb@?@r ijs
usua 0 expose e un er as e oun
Uhat 1T oo BIER ripftind ol rrae CRBS Bighiok e SLaPRT SO 1 HeveNarrhE SHRPEF ayer

causes titandaiutich® chgentiyneenans ass@dny AkAlineherigiet BbINGokE 3 A @ ofudla®dtdl nsi de
of the via. a/e%en plasnma s ashing oxidizes these via. residues naking them

nore difficuf @Wdé?%ﬁfé“et?h'éoﬂﬁ%’@“ﬁfesﬂ%élanfﬁe §e9rpdrdredh nicrocircuit
cont ai ni ng net films has not always tpc):r oduced quality circuits,

particularly NeEeMPIR RErRChs F’Fn% B8t RIASERY) iSattifviRatiRsnéio \P;SrY'SEus

conbi nat i Ons(mércahrﬁéﬁ’ﬁol‘éfs? aﬁfah\{rﬂe@?%&%' SrcBH AR tAS pAbdsdk NY BhSbresist Egatings Wi t h
nor e electrqﬁﬁﬁltlve metal s such as copper or tun sten Vari ous t¥£ﬁ§ i 0o of

metal cBrros ed &yehaﬁe!eémpcfémdhewm throygh mm@sk dofetiplerig ssfechvely)
lines, have gbRes DphsEdMaH tﬁé'epho?btreé1ﬁac%%tlh§‘ 'ﬂ?éanﬂr% [?eéeﬁ}eldbgd Qb rEH)%véTEt al's

with alkallne strlppers I't has been shown, Proc.
I nterface '8gth ep XPasgy- qmexpmd photgresist, depending on the tone of the photores;st

used, and produce a photoresist on the metal pattern. The remaining photoresist is

usually hard-baked at high temperature to remove solvents and optionally to cross-
25 link the polymer matrix. The actual dielectric etching step is then performed. This
etching step removes dielectfic not covered by photoresist through the action of a
gaseous plasma. Removal of such dielectric transfers the pattern from the
photoresist layer to the dielectric layer. The remaining photoresist is then removed
(“stripped™) with an organic stripper solution or with an oxygen plasma ashing
30 procedure. Typically, the dielectric is etched to a point where the underlying metat
layer is exposed. A titanium or titanium nitride anti-reflective or diffusion barrier layer
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little corrosive action takes place until the water rinsing step that is
required to renove the organic stripper fromthe wafer. The corrosion is
evidently a result of Is contacting the nmetals with the strongly al kaline
~aqueous solution that is present during rinsing. Aluninumrnqékaﬁgbggmn
to corrode rapidly under such conditions, Anbat et alL, Cbrr05|oﬁ Cl ence,
Mol . 33 (5), p. 684. 1992. Prior methods used to avoid this corrosion
probl em enpl oyed internmediate rinses with non-al kaline organic solvents
such as isopropyl alcohol. However, such 20 nethods are expensive and have

unwant ed safigttypic4) ) byl nd, .epvironmental consequences. The
prior art disc %gegeﬁ&%rtgl“ ¥rgelr %%ﬁ?’“ﬁé‘%‘i‘ﬁ'%ﬁ% a ngrg"st EOH‘W&E’)@GIWUSUHHY
phot or esi st ©aledkiiraues tetexhosegtherwiedging theal, fPaize HeeNFSundHha® heB4étion of

5,102, 777 angl-§{ I scl ose phqtoresist strippers conprising various
conbi nati ons. of n%?@égnuﬁg g%l S'Eqﬂ’%m %5% B airjden fRyes | catsrey dleniuay donbe very

effective orNeripeiad ntd theaeahbige residiels s8ime dVitdeO XY 46 P %:@%nfﬁﬁma

described a SO otoresist strippers attenpt to addr
pr obl em%by g@’ﬁﬁ"ﬁg&%%sﬁ?%ﬁ?a‘f'am s FprRiingnthemgaenediifiewtt loseoovenhi bit or  such

as catechol . Sg{fg %n'ggs%hons are disclosed in U S. Patent Nos. 5,482, 566,
5,279, 771, 5, 381°80F, °5 259AN $¥Ippers; 99 misencirsuit gpnigining ametals fildiso hdg hoand i n
WO 30 980024hwaysnpradued itduRs Y add ' LNE xyl ami.ne, is
added as el 43 A0ri | 5008 Sre _ﬂsk,bel of J%ﬂﬁ?yﬁhﬁﬁé’?%ﬁ' S GeRtinng
stripping conpOSrT Yn&rigHs sembinations, oy alieyswef aciMeimatalisesuchlas slefirium oand

heal th ditardum Th@ | taini t .
ammoni L{E?E,ﬁgorfox‘f’%e% e SrafL e S B s BRI GBRS 21
te h

silica ad! BIRlY GQradonssuch asirsrosioni whisktes, aliting motdhing posital s, AEGe
phot or esi st seeh odBk&Th ] bli,sh 12, .1989) and
US 4, 626, ozfﬁ 0Sj t i Vﬂg?%%g '%iﬁo{ﬂ“oﬁg@ijtgtry‘ﬁgsgﬂ?6%3&8‘%5 &%ﬁéclf@{'?%sﬁf'@me
patterned bUlYNBhibNas bser shawn,cry keepetsalr, #rom Imteriscd 18| ppi 1871 48] itRét V2R,
sour ce. Devaeittepes, e d | 0 ing.for. pattern transfer,. 1o the
exposed metal or rﬁasglree%%{%?‘cta%%%garégt %’%ﬁ‘g# é{%{%rt HF?’T‘% s? tRies rgAwred to ;
generated. MY thsnprgenicattringre fuse td wafauAhe conbyioATRNideRlS al fes@f of

i ci Cdiathi s di Lo t " : , g ?
Subst 1 o o5 oy Pl el S St B R e S et bt aresembt ¢ he
T ot Coved ominum oietalas iduen tounont i@aRietlr sPEMAES, 6o
t he use of Z!ng%ét(:égélhgtr%f%i Hijﬁlsfrjﬁrl?ﬁ#@?'t ?@égep 4af®2ary ammoni um hydr oxi de
and water is dj or _u i n. renpoving .plasma etch residues. In US
5,759,973 and Eﬁ%%% P%%PS%éVSPr ﬁ"s cfeagggwgﬁamrsmwgi injermediatean

?m' ne compodinges willy epnaﬂdlig@birmﬁq $olveits Qﬂtﬂﬁ?é %o_pfz{blyﬁ%éﬁégyﬁgg,e{,& di;sc! osed
OF USoas pibiffdds' AP "ekpensive and héwe unwanted %gfety,nchemicai hygiene, and

environmental consequences.

The prior art discloses several organic strippers used to remove bulk photoresist
after the etching process. U.S. Patent Nos. 4,765,844, 2,102,777 and 5,308,745
disclose photoresist strippers comprising various combinations of organic solvents.

25 These strippers, however, are not very effective on wafers that have been "ashed" .
with oxygen plasmas as degérit;ed above. Some photoresist strippers aitempt to
address this problemn by adding additional water and an organic corrosion inhibitor
such as catechal. Such compositions are disclosed in U.S. Patent Nos. 5,482,568,
5,279,771, 5,381,807, 5,334,332, 5,709,756, 5,707,947, and 5,418,779 and in WO
30 9800244. In some cases, the hydrazine derivative, hydroxylamine, is added as wall.



20 9960448, many silicate containing conpositions are described that,
effectively renove netal -containing ash residues w thout causing
corrosion. The use of a quaternary amoni um hydroxi de in. photoresi st
strippers is disclosed in US 4,776,892, US 5,563,119; JP 093%?9%%{28@5EP
578507 A2; WO 9117484 Al and US 4, 744,834. The use of chel atihg an
conpl exi ng agents to 25 sequester netals in various cleaners has al so been
reported in WO 9705228, US 5,456, 389, US 5, 498, 293, EP 812011, US

5,561, 105, JP 06216098, JP 0641773, JP 06250400 and GB 1, 573, 206. The use
of an al kyl anmmoni um hydr oxi de sol ution containing a surfactant capable of
form ng a nonol ayer absorbed onto the sidewall of a patterned netal 30

| ayer is disclosed in US 6,057,240 for use as a post etch residue renover
used in theThefuabpi athodBr prdas@amineflin &riffity QehRetion Gvaiakeavadbud3 Apri |

2005 Phot orgsi vel. rs,containing tetranethyl ammoni um hydr oxi de have
al so been eg\i 'soé Sgg'dgéésm%é‘;gH%aq‘ﬁ%?c&fnsfor renmovi ng post via etch polyners in

US 5,412, 868 Thé et 3 eqtifbs WlidTeortiiila Mlatelidnadffnighidyfloged oses an

aqueous al kal,ine containing c eanlng.soLu [ ]| ctronics
subst r at es FA& el FRmaneD £k ohalsc afidonpliv Hiraiedascheeanyebps i onal et al
chel ating ahetotesisndeleloperyI6if phsitfertode phbtoRBgR Af disdaufesSsuch a0 p I N the

present i nvgpid pH greate an is.required to effect the desired
residue r eﬁrgé/ag? R"Llﬁ%“‘s"? 48‘53!' gg'B{gc#; Eﬂrl’doégs‘f'e;apoﬁgc e‘gs%s'“f’%lmrl?sﬁr\‘?ﬁ”"éﬁt aqueous

al kal i ne clde¥eloners afeoused|tatremnve palternsinbuk mhomraisataéenakposeren®drd um
hydr oxide agduRp@RRbn (LA cREbAL B WBAPRHCP R8I rof Blued £ARIND S!1 i con
wafers. The disclosure of this cleanin r0CeSS IS o %rea ments to
subst r at es 'DEPFEOEA el 5 dinletie pubskpla gihatecnetplic spsidues eeaugansralsdd i s used to

genta(rj attl)oa a'KmafobjEctSwmea:e@oﬁ&Qﬁatérﬁa#?&ﬁﬁﬁiﬁﬂslau_oﬁisiiic;tci&ékﬁk_i ] tﬁnéidiiao%&@? and
wou e enplo efore the use.o ot.oresist for integrated circuit is
fabricati o?l%%g\_gﬂfceos"gﬁ'?n f’ﬂ'\’?8‘5‘??”(Sjﬁt,rat?%w@%r{fe?"%'f’? trfeo?ﬁi?%sg%'ﬁmﬁﬁ‘éc cl eani ng of
waf ers wi_t IPholprgsisyendt red thei necaival of pretadacit pashietth rhsiveestesenpbotretabsi st

coated, et Ghedated WilnRXYABMG cBk ashed. Al though the conpositions
di scl osed.in WD 9960448 ef?ectl vely renove all organic contamnnation and

met al -contai ning residues remaining after a typical 20 etching process,
these conpositions have a relatively short bath life. There is, therefore,
a need¥ or simi Var 668A8821 YS dnBi 71610 rend SR 8RBAGS e lusé ic esqetaremyi ng t wenty

hours.  SUMMRonfd difdeee! AT mmonium hydroxide and water is disclosed for use
' in rerrioving plasma etch residues. In US 5,759,973 and EP 828,197 the use of a
quaternary ammonium silicate, an amine compound, water and optionally an organic
polar solvent is disclosed for use as'é stripping and cleaning compositian. In WO
20 9960448, many silicate containing compositions are described that effectively

remove metal-containing ash residues without causing corrosion, .

The use of a quaternary ammonium hydroxide in photoresist strippers is
disclosed in US 4,776,892, US 5,563,119; JP 09319098 A2; EP 578507 A2: WO
9117484 A1 and US 4,744,834, The use of chelating and complexing agents to

25 sequester metals in various gleaners has also been reported in WO 9705228, US
5,456,389, US 5,498,293, EP 812011, US 5,561,105, JP 06216098, JP 0641773, JP
06250400 and GB 1,573,206.

The use of an alkyl ammonium hydroxide solution containing a surfactant

capable of forming a manolayer absorbed onto the sidewall of a palterned metal

30 layeris disclosed in US 6,057,240 for use as a post etch residue remover used in the
fabrication process of a microelectonic device.
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. 2-methyl-1,5 25 pent anedi am ne, - et hanedi am ne,

It is, therefore, an object of the present invention to provide
conpositions useful 25 in the mcroelectronics industry for cleaning
sem conduct or wafer substrates. It is another object of the present
invention to provide conpositions that renove netallic and Oi%aﬂﬁfz 5
contam nation from sem conductor wafer substrates w thout danmagi'ng ?%e
integrated circuits. It is another object of the present invention to
provi de conpositions that have 30 very long effective bath lives. 5 13
April 2005 It is a further object of the present invention to provide a

met hod for c nin em conduct or wafer substrates that renoves tallic
and or gani o EORPHNA A BIPPer GRMGIUTE SEERITs By BE IR HI R IGHAD RYe (1

i nt egr at ethegh BRElosEd 88 8eRYUsdiu GorlrBRiovgRRIBE Giaddich BEYRIPLINAPD SAALBREES
caused by internediate rinses. s These and ot her objécts are achi eved using

new aqueoldS BaHHE83 End kS §4512618T.i ppi ng or cl eani ng semi conduct or waf er
substrates that contain one or nore netal ion-free bases and at |east one
bath stabil i ¥$nh§+§§340. disgiesasomporquscyasaikdliaepeeniaiing pleaing felutiantfar a

sem cgndu %iefoe%{éé’r'iic§ ;égﬁétl:aﬁéf thay ﬁvgtafngea H Qte?'ﬁ?r?oén r‘ﬁtﬂ:ﬁgf@h g@tﬁrox@é‘c 5:168' ent

to cl ean unwanted contam nants an r residues rate _
surface. Mpdoral atstyl, cheleding agpotsi andissussin tier @ pbhwinge ofebeutnitcal0.ilodhe r ee
bases dis <l .Rewater | LGl ent .a 0 €4 : out 10
o ar eat oP2iedt invelisf b B oy PR E PRAER e REAME B R0 ) 36
to about 3estovsl. wei ght, of at |east one bath stabilizing agent conprising
at . | east one conpound with at |least one pKa in 15 . the range of 10 to 13.
Any sui t abl e UsaSet38e803bdisalmsds i an priveessofigrossingoas axfuebhs salkaiine ntleaning

Preferably,, the base is selected from hvdr.oxi and organi m nost
pref éabl Y O'Ué'é%t top awkaé?ﬁﬁi %Hﬁ?ﬁ&"&%ﬁ”a%‘g?'umﬁﬁ@%fd%?? Iaﬁgﬁa!
di am nes. chelatisgyiahaitsaudatil fos tieahingzsignagefers.chnpdissiosgreodf thts tleardhg one
pKa in the_ran 20,10 to ecorTBPsitio he

e

e q 0 13 be.used .jn th of

Present | RS dR. o iEaEENS tor SUMUAT §eRe g BPSeriPePLradra R M ings
Wiht h at | aﬁ%tli(tjﬁrﬂi @K@eh@obé‘@er@@ﬁ@véﬁérdsl&facé%dﬂs Esgifiniellyrﬁ?c_tonp:ll’n@ﬁ@& fibd e of
t hese conpounds are acetone oxi ne, rogen, peroxide,. saljcylic acigd,
5. sul T osal ANy ot e erARIGh BERreadhc. V5. R) AGRSFF donantegtated dHeuf
hydr oy py rfastiddon B EOpe &R invettiBBl MYdIn@asy, fdcleks ofi dhd Ebahg @kivERrs with

) nt a 1,2 d ; 1, 3- propanedi am ne,
1, 4- but andaiegraterbeircuits presans Mbtrm ArYRbean pbplesesit graisdnetched, and oxygen
1, 7- hept anqgdmah&ag. 1, 8- oct anedi ani ne, . 1, 9- nonanedi am ne, -
1, 10- decanedi am ne, 1, 11-undecanedi am ne, 1,12- dodecanedi am ne,
1, 3-di am nopeihBign aRE nidiftlonsHiRElbsEX ANTIVES 8BNS Refiectively remove all

organic contamination and metal-containing residues remaining after a typical

20 etching process, these compositions have a relatively short bath life. There is, -
therefore, a need for simitar compositions with very long bath lives exceeding twenty
hours.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide compositions useful
25 in the microelectronics indusf-rﬁbr cleaning semiconductor wafer substrates.

It is another object of the present invention to provide compositiohs that remove
metallic and organic contamination from semiconductor wafer substrates without

damaging the integrated circuits.

it is another object of the present invention to provide compositions that have

30 very long effective bath lives.



stabilizing agents with a pKa in the preferred range of 11 to 12.5 are:
hydrogen 30 gernanate, adenosine, cytosine, arginine, benzil-a-dioxine,
benzi m dazol e, benzoyl hydrazi ne, benzoyl pyruvic acid, berberine,

‘bi guani de, 2-butyl-1-nethyl-2 6 13 April 2005 pyrroline, cal @gjptrnazoggr one
azurol S, chrome dark blue, cunene hydroperoxide,

1, 2-cycl ohexyl enedinitril oacetic acid, cytidine, diethylbiguanide,

di guani de, 2,4- di hydroxy-1-phenyl azobenzene, 2, 6-di hydroxypurine,

di net hyl bi guani dels 3 demhyarmbjaarifdie petdunt emehtiguanbeRideh bho® 16 bleaning

ket oxi me, 1- etdpfibardt rroline, 4-fornyl-3-mefhoxypyridine,
guani ne, guanosi ne, 2- E%’%éﬁggﬁgﬁ?ﬁ&é}d@@%ﬁ rfﬁngta”'c and organic contamination

N- (hydr oxyet W@ tilghasubsbated- Witdouamedinb i the, infgRAKETYRERE ank "RRIAIG tRe

I odohi st ami neg P%ngééﬁga%{?yl_enebl s(4-chl or %Ehgnol,) , ] )

2-met hyl - 8- hyaroxy qai o | fee CONSERUBRIAS GRUSEE Ly i eimasiate miases.

1- met hyl xant hi neg enyl al.anyl arginine, silici¢ acid, sparteine, thorin,

t ol uhydr oqui nonihepgr%fjg\ebi ‘??gs ke ARIRYRR Using: BeYna@ieRys eampasitions for
trifluoroet hatttpping of cbdming eeMaiddbuctBy Watki-RebdrAb SRy V7 ' ric
acid, pyrroljidine, diet h¥l ﬂin ne, piperidine, 3-am no.ggﬁtﬁtﬁtcﬂh%(%%ﬁgﬁg?taf‘
di.i sopropyl antne, - “SattBF #h, 233t one bl sapiizing iagent dhasompiobitioys are pieced

L- 3, 4- di hydr dayqohtaebwith & eRiididucr %va@erﬁ‘sﬁtgsfhra?sfp :e%r{;%{ 'timeoghéi %g%g}eg?perature

5- hydroxytrypt am ne, butyl cycl ohexyl am ne, benzi

2- met hyl - 2- bﬁ“ﬁlﬁ]&"ﬁi 18t clezn ngrwgnted - eandpminenisi ehg/odireeidyearfrane, tha Ssubstrate
met hoxypr i disuefacd., 4- di hydr oxy-2, 3,5, 6-tetra nethyl benzene, glutarim de,
mal anonitril e, benzam di ne, 4-hydroxyquinoline, 4,4,9,9-tetranethyl -5, 8-
di azododecane- 2 PdfeHbTHAE corhoSsifiGrea %&@é ] -hept.anedi am ne,. 1, 8-
oct anedi ami-ne, 1.9-nonaned: an ne 1,10- g@?ﬁ%&fgfﬁr%gﬂﬁ ,’%ﬁgﬁgéﬁ%@ﬁ%‘fﬁdﬂe,
hydr ogen hy_pd’?mi““f"’\“?rt 18 suifiend @mannits do mrodutiesal ipHool ebaut 10, o dredte?@nd a bath
cycl ohexyl enesiiizg ek oS0 A%k 1% 169800t 59% by

di et hyl enetri am negent_a(l.ﬁéétéﬁ‘gﬁgfﬁggﬂgég Sé%%a@"é?g PERIX) by Waight.iaf ableast
exanpl es of PAPHaY stebiizing egeairamrismg 4t lasstlonasbmpoeneKith ialeaBEorddpHlin

range anse: | \gd Afigelof 183 qg, 3-am no- N, N- bi s(2-am noet hyl ) propyl am ne,
tris(2- am noet hylg) am ne, 3-(cycl ohexyl am no)- 1-propanesul foni ¢ aci d,

met hyl anmi ne, 25 adi 1 ' cysteam ne,.. 1,.2- et hanedi am ne,
a-al ani ne, 0-al Qﬂ? rlglggéué g%?ﬁqﬁ)'ﬁ%%w%%s|Cgépﬁgjﬁoqsc%tp§i IReEntigp. Jrfefesakline,
1, 3- pr opaneditBfitase is seiateduremohydmeidds andretdgghial amims, - mesoeYsEabRe, -
2, 4-di am nob ' | q, tvlamne, ' 1.4-butanedi am nge, .

2, 3- but anedi %ﬁﬁﬁﬁ?@ﬂ?n&%@wwﬁﬁ%&w&h@mm BV%}'P?‘@E? aRd FMiY8 Sy r ol i di ne,
5- ami nopent anoi ngslitgblebptrogtabititing anent cumprisitignst at feadPone pKa in the range of

I NO- 2 5¢- di gt di et.hyl met hyl am ne, 3-nethyl - 1-but ,
2oty 2. Bk A RBY 58 WERE AP HSe o R, PrESSDl EveRiRga B heth 2

pyT : dih nec'?r b sledildinigyatents reprefuy sblp ¢oinpBNRds WPEORb4tGrRAGHK in the range of 11
cyclohexyl ampgs gld o most preferable of these compounds are acetone oxime, hydrogen
peroxide, salicylic acid, 5-sulfosalicylic acid, phosphoric acid, 2-hydroxypyridine, 4-
hydroxypyridine, resorcinol, 2-methylresorcinol, salicylaldoxime, 2-methyl-1,5-
25 pentanediamine, 1,2-ethanegi_a__rr_|ine; 1,3-propanediamine, 1,4-butanediamine, 1,5-
pentanediamine, 1,6-hexanediamine, 1,7-heptanediamine, 1,8-octanediamine, 1,9-
nonanediamine, 1,10-decanediamine, 1,11-undecanediamine, 1,12-
dadecanediamine, 1,3-diaminopentane and orcinol. Other examples of bath
stabilizing agents with a pKa in the preferred range of 11 to 12.5 are: hydrogen
30 germanate, adenosine, cytosine, arginine, benzil-a-dioxime, benzimidazole,

benzoylhydrazine, benzoylpyruvic acid, berberine, biguanide, 2-butyl-1-methyl-2-



7 13 April 2005 dinethyl pyrrolidine, 1-nethyl piperidine, 6-am nohéxanoic
acid, hexylamne, triethylamne, cresol, 2-dimnmethylam nopurine, _

1, 2-di net hyl pi peri di ne, 1- ethyl piperidine, 2-heptanam ne, heptylam ne,
tyram ne, dopam ne, N-nethyl-2- heptanam ne, octylam ne, 1- b“’ié}”ﬁﬁirii’?bbgi»”e’
nonyl am ne, tryptam ne, d-ephedrine, 5 bornylam ne, neobornyl am ne, '
decyl am ne, undecyl am ne, dodecyl am ne, tridecylam ne, tetradecyl am ne,
L-t hyroxi ne, pentadecyl anm ne, hexadecyl am ne, octadecyl an ne,

4- am nobut ¥4 G Aaci =ani.no- 2- met hy| pr.opi oni ¢ aci d, 3- am nopropionic
acid, et hyﬁ%@ﬁ@a%g'r’?e%é?'r JUeTR; 22use é ¢EBTR)Carnbive, cumene hydraperoxide,

di net-hyl et @fclhekyiendynNritodt@Retdcid, aejtfineTed; ' i,acelic.acid,

2- et hyl -2 %gdfg?g.qylhgm ne, nitrilotri a!ce_t i C ag?l‘gﬁ’@f%@mi t@éﬁ%&é, gﬁﬂ oral,
et htyl acelhids { & e pHBFRReNzen . phenyd EEyIBSHUSNac d,  dimetiyigbangs,

t hi ogl | elhglbiguiadide et i), et ' I he,
| og} ycol ihglbiguiatiide é'lw!el‘i@:!“x@.?a‘?ﬁ%ef.‘n& ggﬁg@}’ﬁ%eéaﬁrigggﬂ'aegygﬁi%(?ﬂr%ri C

tert-ngtyI m ne %ri met hyl am ne, 2

acid, - anﬁ%‘g'ﬂgn 1f?m’r¥ilaﬂﬁi§¢¥my@@n©.d@qae§ﬂEagvartqsir@p)ﬁ-mm@twbhimehyde

et hanet hi obximearNaeH e TV ] hy, i carbonate, amoniumis

bi car bonat _e,lmaﬁmgpﬁ%xggtpg%bﬁgﬁr,n@%ﬁ%Irﬂﬁ\rg%@gbl'g%n@pé’,xae FRBNINSHR fe +

wat er , th‘PQB’HFtﬁE‘,‘”%y&?'o@eth'lyten'eb'qswsmdnaptmncs.aQmaihgﬁs-hgdmﬁmﬁ@ﬁﬁgeQpl ,

4- et hoxyphgephi-8- :nhenpl -hut.oxyphenol and 4: pent oxyphenol .

Addi ti onal exgn%;ﬂ]ggﬁéﬁ i @a?'ﬁg’sP@lhﬁt@’?sﬁg"%%eﬂﬁ?wl?wqﬁ "‘I“?asﬁ*"érge asih in the
12.5- 13 r3ARJ&ings ethosnhyiubygmeumphey t tosisylerginne| GaRPlokeaChbtamidiRne

hydr oger oxgr i Ldi_pe ydrogen,s i de and hydrogen
peroxophosplﬂgofrg.et%%ﬂ&el’ g@%é&eﬁa’gﬁg &y %eé*‘ﬁwgg%gﬂ- %HQ%’FﬂW“BFP-nWlCCMiChi n

ot her conpdfi@lidises digthylamine; |pipaides, Shelnati-net - gani -sol vent s,
and surfacga%gﬁgﬁ Cléed in a[perﬁ?. ar refgraﬁqﬁaﬁa}seé%@laﬂbg#%@h@$ up to
about 2% gi/&\geﬁla ght = 0‘?‘&%‘%@' %B?E@P%rfﬁ@ﬁﬂ?’@m% -dihgdonyphesyletanirien
anount s ups&8.atetratmeBipidyridine, ghs-hylhgywneas ! | d tg clean
substr at esph‘éﬁ lgjg' Lng_i ndt‘%f ra}%ﬁd ciyr cuits or ﬁ%'anodg‘gylﬁgég)c;ﬁ?gath%gean 2
substrates t g h%m Oleg f?‘}ﬁt 1P egpalbiga2 Rty propatrainiol, dihemylaming,
circuists anethopymysiding, t Hes-EmyBRSYI DAEIARERS Al AENt ani nﬁcg‘stég.l\ﬁdtghout

damagi ng t‘{]gl 'b‘gt.{e%rz‘ate circuits. 30 The net Hod for ¢l eani onduct or
waf er subst7ates ot t hECPFRSNdRe. | nfdMirPBauineting. r es 4ha0-teliamethyp®si t i ons
of the preSzmdotecsnatd, PNdRemiR, aC Ofe By 8 13 plible fO02 Wi thoa

seni conductg%‘\gaf er substrate for'a tfngagﬁ at ﬁ%?ﬂeﬁﬂw@%ufﬂﬁapem to
dean unwart"RIeCHEMRAS Tahienansdiamine e/l Gdecanediamind e 1sidbdddeatnediamiace. The

et hod | ndydsigenbot h HgbdRRd SPTEAPRRIEHNTSuroheP! Cal dgy the sybstrate
20 cyclohexylenedinitrilo)tetraacetic acid (CyDTA) '~ and
diethylenetriaminepenta(methylenephosphonic acid) (DETPA).

Additional examples of bath stabilizing agents with at least one pKa in the 10-11 -
range are: lysine, tyrosine, 3-amino-N,N-bis(2-aminoethyl)propylamine, tris(2-
aminoethyl)amine, 3-(cyclohexylamino)-1-propanesulfonic  acid, methylamine,

23 dimethylamine, ethylamine, cysteamine, 1,2-ethanediamine, a-alanine, B-alanine,
azetidine, methylglycine, -cysteine, propylamine, 1,3-propanediamine, 4-
aminaobutanoic acid, 2-methylalanine, homocysteine, 2,4-diaminobutanoic acid,
butylamine, " 1,4-butanediamine, 2,3-butanediamine, 1,2-dimethylaminoethane,
profine, N-methylpyrrolidine, 5-aminopentanoic acid, N-propylglycine, ornithine, 1-

30

amino-2,2-dimethylpropane, diethyimethylamine, 3-methyl-1-butanamine, 2-methyl-
2-butanamine, 3-pentanamine, pentylamins, 1,5-pentanediamine,  2-
pyridinecarboxaldehyde oxime, hydroquinone, pipecolic acid, cyclohexyfaﬁnina, 1.2-

7




exposed to the conposition for the appropriate tine and at the appropriate
s tenperature, rinsed using high purity de-ionized water, and dried. The
conposi tions clean wafer substrates by renoving netallic and organic
contam nation. Inportantly, the cleaning process does not darrqlgg\grwéggsat ed
circuits on the wafer substrates and avoi ds the expense and adverse
consequences associated with internediate rinses required in prior

met hods. 10 O her objects, advantages, and novel features of the present

i nvention wyll Bgﬁycorre, apparent in the follow ng detail ed description of
the i nventi SMeBERYATQliEine DESCrethwinmeridineT HES-aIEREX I heagid, e s akylaminent i on
provi des netNelgieRHS, CO | t1 OnS; LhRRIARY Or4 o i L conduct or
waf er substrﬁt es t hat cg}rﬁ%gii'n %gtn{)e?{yﬁagﬁlébﬁnﬂngl i&r?. p’rngéemy'p@e@%g%s and one
“or nore bat SN¥EPRSAidiNg; ngrhapteneminconritdamigea tytamioendopettingt N-eatityl-gne pKa
I n the rangge 3 erabl he. i nv ' DI OVI . aqueous, al kal i ne
stri pping or %Ié%égﬁpéboggiﬁﬁ@lét ?ﬁ#@yi%@%ﬁ#ﬁ@é&%&ﬁ%rtqﬂ?@u 'lé??'ﬁ%d”ﬁ&t al
ion-frée bBBYEGHRFeNenesbomyamimsoudecyahiheci eurideicglamings] uC @odeSPdtifhieon pH

of about 10 te ref erabl romabout .pH 11 to about pH 13, and
ohe or rmretr@é%yr]\%@gét%f)@ﬁ?%lﬁamﬁgglﬁ{@mém?prP%r?tﬁﬁecé'}aéﬁ‘ﬂﬁo aagwraweq east

one ﬁKa }n Medm@gnmf. ﬁgamihagutg/ﬁ:ef &-rc&fgl yz-ﬁfzﬁdc:}Z%eth pﬂ:pfdﬁ'@oxloe/rﬁckﬁt ibgn‘ by
wei ght o 1%t o abput refera .rom about 0.1%to about
35% In fo?%uﬂtﬁtgf)?ogn?o@q hafCont eﬁq ‘?P&B@W'%%{ﬁtfa%?ﬁ%t F599 t oBPTBhganNé¥- the
pH of the sdimethytethgbmedrinbay Naligpetfcobeia, Smuthy¥enifaiatetiena sl Lﬁﬁx@:niyg-?-

de-i oniozed. mégr . 25 ThF conposi tions ma\F/ al so contain a water-sol tble :
metal 1on- fiPeeY'8f¥N% talotiaceiic aside dmd-liekelR: BYowRbi gihty! sre'aperiete Pbegsli o 5%
and a chel ag-bhena€iBA@bor i £0 Welg hight a 9 about

ap-pheny@abofid aac.%lnﬁ:?&ﬁ%t diRdde tﬁ}zﬂg/lyﬁ?zlﬁﬁ‘ 2efd, %@%nﬁr%%%ﬂ

10% generally from about 0. o about . urther o ohent's
are wat er -.sDIHIBMd% rdpearamine datdutyiemine c tinsdtlamineo r2-tmgrasptagptitylarhinapout

0.1i to ab iR aply.. 1 13 | 05, 30% ,and a

wat er - Sof Ub] ST OVpIeRE o aitiishet Kb aP Bboibd Hnof i phorBBo s 1
% pref er abfthargibiot. Ocarbowict o aaldputteBarbethylEmenaniuposcaribonates aamagnieais
soluti@n c Wl ' , t L]zl ng -agent, .the optional
cOnponfeant_s?HF%bgﬂr’l@,g' %%%? 'Z'r?érgg%ﬁgrgbq%bgﬁ#gqﬁgﬁﬁ??'t aqggni%??f'g%dp W§?F\'K/ater.
?Ey sgi t abl lBresming, liﬂusiroglenubie;ihmspha&eesmousjm iﬁmﬁn?xgihdgbe Mtaeﬁ%ehdﬂyent i on.

1e bases : a yat ernpary ,ampni ym roxi des, such as ‘

tetraal kyl %w&ﬁéﬁ@hgﬁéﬁiyﬁé@”% Fﬂ%f‘lﬁ’%@y%&%xy- and al koxy-cont ai ni ng
al kyl groups Arditednal bvamblekhk i, ’ al koxy
group) and F'%arri rlles. Thae‘ %gggg?% %tée?‘ﬂfe]zri%?dghgﬁ?ﬁgg!eéag} éﬁ?ﬁgwrrg{egﬁ"él s are

tetranet hyl “affRfq 88 nyayesoxyaelirigytosine, oxaloacetic acid, cumene hydroperoxide,
20 diguanidine, hydrogen sulfide and hydrogen peroxophosphate. '

The compositions of the pres-ent invention may contain other components such
as silicates, chelating agents, organic co-solvents, and surfactants. Chelating agents
are preferably present in amounts up to about 2% by weight, organic co'-sblvents are

25 preferably present in amounts up to about 30% by weight. The compositions can be
used to clean substrates containing integrated circuits or can be used. to clean
substrates that do not .contain integrated circuits. When integrated circuits are

present, the co'mposition removes the contaminants without damaging the integrated
circuits.

30 The method for cleaning semiconductor wafer substrates of the present
invention requires that the compositions of the present invention be placed in contact



trimet hyl - 2- hydr oxyet hyl amoni um hydroxi de (choline). Exanpl es of ot her
usabl e quaternary amoni um hydroxi des i nclude: trimethyl-3-hydroxypropyl
amoni um hydroxi de, trinmethyl-3-hydroxybutyl amoni um hydr oxi de,
trimet hyl - 4- hydroxybutyl ammoni um hydr oxi de, triethyl-2-hydr &éyﬁg)t ﬁ%b%
amoni um hydr oxi de, tripropyl-2 1s hydroxyet hyl ammoni um hydr oXi é
tributyl-2-hydroxyet hyl ammoni um hydr oxi de, di met hyl et hyl - 2- hydr oxyet hyl
anmoni um hydr oxi de, di met hyl di (2- hydroxyet hyl) anmoni um hydr oxi de,
nononet hyl tri et hanol anmoni um hydroxi de, tetraethyl ammoni um hydr oxi de,
tetrapropyl .ammoni um hydroxi de, tetrabutyl ammonium hydroxi de, _
t et r aet hanot" ARSI ERRCUBNPE mafércribsimata dort hiyld shebhyl teﬁﬁ@ﬂbw%ﬁnﬁ%ﬁqr oxi de,
nononet hyl tdlddi %Wanted?‘EESFﬁ m %ré}m de, m)nlomet hyl tributyl” "a i‘Bm
hydr oxi de, >mqn;:;qgogeﬁ _hyll érl e %bi it BRY B $RIdHES X rer, theosubsirate  stirfacey The
anmoni um h QY daciudéesriotty | baite tdmpl SBATOEH I 6% diet hyl di but yl
anmmoni um hmEggédjq gad the Like and m xt uﬂr"gés@ﬁé?&%?’% Lﬂegf Sﬂgit@éetlﬁat
will functioh Vn t Re %r EXBARSITGRY dof; tieh aPREIDAae dmeprandmat ARe hyshrapiale.
organi & anitérspersdure; dngedusingMidrAnnRga- as_2-.am noet hanol , 1
am no- 2- pr opa%gl , 1-am no- B?pr opanict))ia?é %?Sﬁgﬁ%'bé?‘ﬁfﬁwet hanol , 2-(2- -
am noet hyl am etdmagitiong - JaROe Q4L N m ne and the |ike, and
! et ¢ basae S Nk 8 Pt BRRaare droanic

ot her st rgggtaﬁ:pﬁ%‘m c] bases such as gua
1, 3- pr opanéedi an fie, - MRPrignta degiFlaating proteSs guastran ddimagiiftegrated circuits

1, 6- hexanednathengvafdr, ¢ nedi; ani Ae. u30 - oct anedi anmi ne;
1, 9- nonanedi_ami. ne, 1%%3:%@ ?gérgo%, ﬂ% f%‘-jg}%d@e nBeesSey Gaasequences

1,1
1, 3- pent anBaTeRA A With iniprmastiate Npseslrequicxtiapedi meinogs, 10 13 April 2005
am nogot hyl pi p@r azi ne, 4-(3-am nopropyl)norpholine, 1,2-diam nocycl ohexane,
tris(& am noPtiff JUfftHeadvaningesy land, movek feataresli afninee prsdn WeRUeH G4 Ne-
Al kal i ne betasé gﬁp‘a.—gﬁmmﬂon&,iggbgkgwg%cagmhsodl um or potassi um may

al so be operative, but are not BINveAtomossi bl e resi dual
metal contam nation that could 5 occur. Mxtures of these additional '
al kal i ne components, p&ARTALERDESGRIATIONOF TRENRYENTIONI th t he
af orenenti on tetraal kyl amoni um hydroxi des are al so- useful. Any , :
sui t abl e bat h''3% &F¥antiinerdige nerovides mesi aguamsompagtﬁds@/if@}gsﬁb?ihga&t one

i he .

Ka i n theclesadi : sed ,n the conpositions o
Br esent i nventg ?oér%?melgﬁghgtgﬂ ﬁ'aéﬁ%%lgﬁ#ﬁgngg@pﬁ@n aﬂ’@ng? B1ose ametel iooresunds
with Bt | BRYESHNS oneponsrersi reth Istsbiliaingeageits kbriphisihg: B coRBBuiPSin B ghg' anl e
I C

of these ceigeus r 0X4 rogen peroxide, salicylic dcid,
5-sul fosa:%}c_y?,i c(ﬂgtcﬁ an §é3@§?1 ?rg@fa&mg‘ﬁ‘ VRINGR\RIQYiHes Rayeous, alkaline
4- hydr oxy pSIfPRING&r desmingccompositngeddmbrisRe Wizl §0h I ofi i :

2- met hy - dpeneghanedi o e, 1 2-eLtirPdg?1ﬂedi o e, 1,°§?$#‘%a‘8§%2‘“ﬁ§§%°ﬁ-3feel,4- |
but anedi am ne, 1,5 hexaned] AMCHEt suTiaent do Aredicara selution bt dbatmubMedrani ne,
1,3 greater, preferably from about pH 11 to about pH 13, and one or mora bath

20. stabilizing agents comprising a compound with at least one pKa in the range of 10-
13, preferably 11-12.5, in a concentration by weight of about 0.1% to about. 50%.
preferably from about 0.1% to zbhout 35%. In formulations that contain more than
about 30% total organics, the pH of the solution should be taken for a 5 wt %
solution diluted in de-ionized water.

25

The compositions may also contain a water-soluble metal ion-free silicate in a
concentration by weight of about 0.01% to 5%, and a chelating agent in a
concentration by weight of about 0.01% to about 10%, generally from about 0.01% ta
about 2%. Further optional components are water-soluble organic solvents in a

- concentration by weight of about 0.1% to about 80%, preferably about 1% to about



15 di am nopentane and orcinol, but are not limted to, those |isted herein
before in the Summary O the Invention section. Additional suitable bath
stabilizing agents having at |east one pKa value of from 10 to 13 can be
found listed in "Lange's Handbook of Chem stry", 151" EdItIO[I'IB iﬁﬁbb@@ 8,
pages 8-24 to 8-79, by J. Dean, "The Determ nation of lonizatio
Constants, A Laboratory Manual" by A Al bert and E. 20 Serjeant, 2nd

o0 1 Ona0 BIeRE el ko eéfz"% 73BNt 7wt (RAQ000 06 S RERLEL 1Y
Li de. A, tpré)ﬁeaablgmrbpuuﬁdkl%\ntm kbatt 0861 one pKa |n the 10-13 range can
al so be found in the conputer software prograns "N ST Standard Reference

Dat abase 4%he dinidosilidr iscah bﬁu%h@%bﬁﬁnoﬁt@mtbirﬁ %@@eﬂa@.@t ﬁn@batméelbmzmg
Conpl exes Dat abase” available 25 from NI ST and the program " ACD/ pKa :

t hat i sag&nti thsloptibnaintadpanertd, ifGreniastd watesy greferably, highcpurdf dmmmaﬂ
Canada g:D/pKa DB also allows predictions of pKa's from structures. The
oun\‘?@ aving at least one pKa in the range of 10-13 useful as bath
stabl |ization agents for this invention are those that when incorporated -

into a confoyisuitahlefbase mayds ugedin teeermagsitionspfdhedresentinvesiion. The

iﬂﬁ;éi?‘f’ﬁ%ﬁo R Rt S R g Sl ol T L Y
stabi | 5ﬁﬁﬁ Qﬂfﬁégxl%ét Hh@lﬁdg{ﬂ Wdrég*-e A1 haikbaiddnzhiRthg GRS grdypde

used. 11 5 Any 'suit e ‘et lon-free Silicate™my be used in
t he congemrellpmﬂ frain tite 4 carbsardtomsviarthe atky! Dalkdty gedury amdedipmifnies.akiiey

RS AR i i i B A LA SR 55 Gt o
L, 4 RO 194G Rl BErTRS oRSbT,

nmetal ion- orrponen moni um silicate
sui t abl quatetmdryl @mmhbaRImgi h*@:@kRjeSoumcIeSe‘f Qﬂme‘hlnyd-S hydm:tytplnommyah'ﬁnonium
generated in-situ by dissolving any one oor nore qof the followi ng materials

in the Ryépexides ﬂz@neth&l -ghydrebutg e mamniuRe RyArexde rte@eﬁ%xléirh roxyBELl

o111 O conEhaMegE bRkt Pan-FheRRReRME . s ighyfa; hYRKe e siERpu2;
sijsi conhpdroxiybirgd- arwﬁicﬁhuml hiy8@Sxide, s tdutfs2-PedroxpatRylasichmeiuen nrwtirbgldus ed

but are ~not recomended due’to the detrimenfal effects of netal
cont ani ﬁtmetbmaihyl 2-hydpxyethyl ci ammqmumhélydmﬁga t |d1m¢tbyldt(aéty|§lr @Q@’i'ﬂyl)

I-nvent i Qn nay. r mul at ed :
conpl exPHES é'm s%é’af%@ ea@@”%@%ﬂ%ﬁﬁ?‘%}" g@ﬂi&}g‘s hgﬁ n@&@s !
metal s bk 0ﬁ¥@r6§udé3 ?ét!‘h%?sﬁvit @nm@ﬁﬂhum;@@oﬂaemtaﬂdmyxremrﬁuﬁenon
the wafer substr Typi cal "exahpl es of chelating agents useful for this
pur posehydrmxide ft@ltrlae\thargaloag'anomuml hydraxita, henonoetnyliicingd eanmenium
(e:atohyl epne(g}or;c'iéél 9 EJStOFnae Cei%rfp(?og CI . ammonium hYdfOdeB, monomethyitributyl
ammonium hydroxide, monoethyltnmethyl ammonium hydroxide, monoethyltributyl
ammonium hydroxide, dimethyldiethyl ammonium hydroxide, dimethyldibutyl

ammonium hydroxide, and the like and mixtures thereof.

Other bases that will function in the present invention include ammonium

[ 2% I
L

hydroxide, organic amines particularly alkanolamines such as 2-amincethanol, 1-
amino-2-propanaol, 1 -amir?ci—3-propanol, 2-(2-aminoethoxy)ethanol, 2-(2-
aminoethylamino)ethanol, 2-(2-aminoethylamino)ethylamine and the like, and other
strong organic bases such as guanidine, 1,2-ethanediamine, 1,3-propanediamine,
1,4-butanediamine, - 1,5-pentanediamine, 1,6-hexanediamine, 1,7-heptanediamine,
30 1,8-octanediamine, 1,9-nonanediamine, 1,10-decanediamine,  1,12-

dodecanediamine, 1,3-pentanediamine, 4-aminomethyi-1,8-octanediaming,

10



(EDTA), butyl enedi am netetraacetic acid,

(1, 2-cycl ohexylenedinitrilo)tetraacetic acid 20 (CyDTA),

di et hyl enetri am nepent aacetic aci d, ethyl enedi am netetrapropionic acid,
(hydroxyet hyi) et hyl enedi am netriacetic aci d(HEDTA), N, N, N N 3 pnl 2005

et hyl enedi am net et r a( met hyl enephosphoni c) aci d( EDTMP), tri ﬁ pf n-etet
ramlnehe x aaceti cacid (TTHA) 1, 3-di am no- 2- hydroxypropane-
N,NNN,N -tetr etic acid ( DHPTA), | i mi nodi acetic acid, 25

propyl eri @Hﬁ‘% '@?ﬁaiﬁ'@eﬁ' '%I‘WP"GPY@ "P'F‘? %c&g diRpmocyHRbRaQe, teis(2-

tris(met h¥h\%§b%‘?r'f5q’ Prﬂ é“ C 2! i}@g%?@med}raﬁnné 1%5%_?_}3 AareelRdodRR A

N, N, N, ,N'"-tetra phosphoni ¢ aci )
nitril ot rs@gmmwmmabng metthummm as sodidm or potassium may also be operative,

di et hyl h honi ' TAR) . . ..

am not 1 (B HE TR BTG RPESSE LS PESOR A A AE A R B R

aci d,s 30 Be&lrhexanPdd ok aRgss rddmidmal %%m@oﬁbmp@ﬁbﬂm particularly ammonium

1, 4, 7 triazacycl ononane-N, N, N'- tris(nethyl enep hosphoni ¢ aci'd (NOTP), 2-ph

0s phonobuhiﬁf@mﬂeZWﬂh the a@rmgmnor@dd@traalkyhammrmmMc!&m@emreoaiﬁqu
citric acid, tartaric acid, gluconic acid, saccharic acid, 12 13 April 2005
gl yceric aci Any @naame beatih d;ahﬂfmﬂgaagenfammprima comppund ﬁmnrd‘el gtdeastiehe

mal oni ¢ ag actic ac |ic,acid,, 5- fosal i d

cat echol , 5§| 'Pltge a&nge o gB E] YeDe lﬁfldoﬁb Forrgxw%qn Q:aﬁ-\engqqs%t and
cyst ei ne. infzsafig. eﬁxe)bawpguélbﬁpzmgge@mat@eqﬁreferablgsmﬁpwn@a:w@lh dtilesdtCoriei d,
sul furic-acid, hydrochloric acid and hydrofluoric acid. A s phosphonic aC|d

or GPDTA eﬁaurathenr@nag@ﬁtﬁutg 18r B Teapp§t @rﬁﬁrap@cp fiRese sﬁ@pOémxsi)@r@i aGedne

t
Ch ot g R ECEE Beldug bl BRI EE o Ec sl dhBgaprecie 80
CyDTA andhyqirb@gmnnﬂmec t&hydro&hﬂrﬂnmmgra@wnd Prmetiefiresdraia] aaixay@ldtgemes are

am nocar bgx |ds such as EDT DTA "io an hosphoni_c aC| ds, ,Many
ani nocar bgiﬁ?hﬂ %ﬂﬁij]?fﬁﬁ'@pho I'£ ﬂ% diEamingt i ng 30 H Cat ast
one pKa i Butalaedib%ulé 1,6HXane§BRliRd,| 18-ReaBaine Al 182 Qbéééanehﬁ\":ﬁn@ hsgh
affinity for the al um’'num containing resi dues téwl cally found on rreta

| i neb anddi@migopgntene pndwrainohdnit @ge not Himieditei Setlﬁieef{i)lhﬁ'%n tgfore fim &l ass

of chel at | | h
“proves. ShEm e Olhe b efiBe s ERAR RIS SARPHEKIRRL Rato P rala
conposi t : ah[ieaef oméngar\mlwa it‘r@me‘rAtEl toom3 {m'ﬁyl bl foanddistead im 'thJaagals HHIIdQOSkle agl e
wat er - so e .or gani solvent s m)n e vari S, Or SOl vent s | {apl e
are al cofdegust ﬂgl y’rﬁc’;"dr‘%ﬁaiwral SEREPR glRﬂQ@ISss %}fj y@oﬂg 2§|'h33r Bear, *he

al kyl - pyr D@térﬁhﬁé’t&ﬁﬁoﬁ?&ﬂzé\&ﬂ\boﬁgwﬁ pﬁ(rﬂatﬁokékbﬂpﬂ?addﬂ}@by A. Albert and E.

1-hydroxyal kyl - 2- pyrro I nones such
hydr @kyet Bgrjgaat, @ndredition, nrahapt(smzﬁ)to @i pageasy7290FamndeheDURC Handbook of

G et o oSBT AL apypiiRlos” S8 BURRR; pSbETYIVIs 7:8)'AB'IHPB(BERS, 8 .
Lide. Additional compounds with at least one pKa in the 10-13 range can also be

found in the computer software programs "NIST Standard Reference Database 46:

NIST Critically Selected Stability Constants of metal Complexes Database" available

25 from NIST and the program “ACD/pKa DB" that is ‘available from Advanced
Chemistry Development, Inc.~of Toronto, Canada. ACD/pKa DB also allows
predictions of pKa's from structures. The compounds having at least one pKa in the

range of 10-1 3 useful as bath stabilization agents for this invention are those that

when incorporated into a composition for stripping or cleaning integrated circuit

30 substrates provide compositions that evidence less pH drop on aging of the
composition compared to an identical composition without the bath stabilization

. agent. Mixtures of suitable bath stabilizing agents may be used.
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These solvents may be added to reduce al um num and/or al um num copper all oy
and/ or copper corrosion rates if further alum num and/or al um num copper
all oy and/or copper corrosion inhibition is desired. Preferred '
wat er - sol ubl e organi c 25 sol vents are pol yhydroxy al cohol s squﬁﬁﬁngbﬁgerol
and/ or 1-hydroxyal kyl -2 pyrrolidinones such as ‘ -

1- (2- hydroxyet hyl)-2-pyrrolidinone (HEP). The conpositions of the present

i nvention may al so contain any suitable water- sol uble anphoteric,

non-ionic, cafhORi; jonic.surfactant. The additign of a surfactant
will reduce ?‘ﬁg‘?g%ﬁbg%erﬁ&gﬁ#rgﬁesfs:ﬁ SHOPMASUSER anthe ApmBositiante ofdbe i ng
30 of the PsessnddrventiobeThe @iRatksPae Hrafdrablr dudieEaY 8 '

of the 13 13wﬁ%ril 2005 conposj tion, The surcfbact ant” may a|i%%ﬁ{eaba dgé&# gn
reduce al G Ay rgEMeRIYmaL Ehcatet (imelieingr hydraxynandcelkonstontainity lilttyl on
s desi r edromaREoFHE Rl S i Phkind A BSISATPORLLL 808 B TLhe oo

present invention l'ude betai nes and su _
bet ai nes, PPN Ratalien diseesiicast kppoheatisitebemating amnshian GRat & iher

sul f obet aj : ] arboxylic acid derivatives such as anphoglyci nates,
anmphopr op%gﬁlggﬁgtg%ﬂ' -eggé/@tﬁastoé'g?esa{ﬁ’ﬂ (iR HEatisn Whh&@éeerata%ﬁ"ﬁﬁm i ds
such as ablksaliigkghy bREMGhaE j 5@?’ L i padiagi ds...am ne. oxi des
such as alkyl ar%< ney oXi deghgﬁlédggltﬁfcg% g.iaglaéénmn%o&@gllé{s%ﬁkthnﬁo&%%ﬂq{yI

sul fonat e “éﬁwefmekﬁlim@rﬁr@@ aekgdalnmsatul o generatidg reilidatesein tHeeeleaher AR

Pr ef bl ¥ali l.e..syrfact ).d | bet ,
cocoam dors e Rates ofeic 4bisE CORID lca. FGRT Fic Br 8B ot pataw form

capr yl oanghslicen opsiivat Elstal afiivatesiosipas BooRA metsRRQATRIAPEORLANBLPare
cocoarrphoné{tdr? @/et t?%l Brggl onate, i sodece/l oxypropyl i m no di propionic acid,
lauryl i mino § %'8‘5\ flat edue doo s dintimepiakretects afdmetalic cootaminatoroxdnde -
and 15 finteyrard @fbukky! anphoterics. Non-ionic surfactants useful in the
conpositions of the present invention include acetylenic diols,

t hoxyl at ed f ] . al kyl _al koxyl at es, .fl uori nat ed
ol Ryl aster s Ty ceiriRsfiofls Uring WO MeifioR ik B0 B8 Yosfiited kifcrus@bler s of
pol YAydr i et |chetating, opoompbexighydenis to imreasdk e 645R05, of RS Y&ﬁ.@%tw{ ghe

yl e

diols, si 2 factants, and al kyl ene gl ycol .
XA O A DSV M
acet y| eni waiir gubstrétel FppRasEtdmsieanr thefeh 'aglyaﬁtstﬁﬂsf‘ef&?ra}’@%é blrBBSe §{1ea{1~h§

present itngen,t ion include car bo_xill ates, aCyl sarcosi nat es ‘
sul f at es, "8 NPPEeRISRGIdR andtheipisomers nphealish (ethylenediditio)tdtrasete apld -

phosphat & ; L.oni G- surfagtants 25 are.netal-free .
sur f act aﬁ(tEst.:r @Cg{lﬁa%\%{%dléﬂﬁ?%gt@%egwu% %'uH'?‘r?YF*ﬁB%Gﬁ%%déﬁ“Fﬁ@r%fa@Pewéc@
pr esént iGQY&?EA)Qndl;ethty!m&riaminepentaacetic acid, ethylenediaminetetrapropionic acid,

(hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), N,N,N",N'-
ethy!enediaminetetra(methylenephosphonic) acid (EDTMP),
triethylenetetraminehexaacetic  acid (TTHA), 1 ,3-diamino-2-hydroxypropane-
N,N,N',N'-tetraacetic acid (DHPTA), methyfiminodiacetic- acid,
25 propylenediaminetetraacetic acid, 1,5,9-triazacyclododecane-N,N',N"-

tris(methylenephosphonic acid) (DOTRP), 1,4,7.10-tetraazacyc!ododecéne-
N,N’,N",N"'-tetrakis(methylen_ebhosphonic acid) (DOTP), nitrilotris(methylene)
triphosphonic .acid, diethy!enetriaminepenta(methylenephosphonic acid) (DETAP),
aminotri(methylenephosphonic  acid), 1-hydroxyethylene-1,1-diphosphonic acid,
30 bis(hexamethylene)triamine phosphonic  acid, 1.4,7-triazacyclononane-N,N',N"-
tris(methylenephosphonic acid (NOTP), 2-phosphonobutane-1,2 4-tricarboxylic acid,
nitrolotriacetic acid (NTA), citric acid, tartaric acid, gluconic acid, saccharic acid,
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am ne et hoxyl at es,  di al kyl di met hyl ammoni um sal ts, di al kyl nor phol i num salts,

al kyl benzyl di met hyl ammoni um salts, al kyltrinmethylanmonium salts, and

al kyl pyridiniumsalts. Preferably, the cationic surfactants are DR
hal ogen-free 30 surfactants. 14 13 April 2005 In a preferred1§q§9?bﬁggt of

t he present invention, the conposition is an aqueous solution contalning
about 0.1-25% nore preferably about 0.1-12% by weight

t et r anet hy hpasapai 10X out _Q..1% to _about, 35% by wei ght
sul f osal i chi_c a(_?:ég?,' %@gﬁ%ﬁiéﬁa i d,a%ﬁgd'ﬁgﬁgnaﬁgr garge'ic ackl draeyisyacidi ne,
4- 5 hydroé&b‘]rﬁcdi,rmlicylé:sacidi, Sodulfusaleynet &l @gé&ﬁémgbmcl&@n%@glr gallate
enbodi nent ﬁf %Pei r'f@ent I pvention, the conposition’is an agueous L
sol ution cBHPIRIS n8~ Gtydginpiing, god eystaine.t doraaien of aompiexing lagdnisxarde
(TVAH) ,  abplubsphatiodcp t 0 DYe WRI ' i_.c.acid or phosphagric
aci d, aboﬁr?’(ﬁ gﬁ 81_— 1% 5%91\‘%%39 t %%@#@ﬁéﬁ:@g Ex@%@ﬁgamdf?fﬁ(?ﬁgécf‘ga&et ic
acid (SQ/ETBZUQSHh@n@nGC l@utCﬂQ'D% blyela&fhgyhtag(mlhisuﬁ@ﬁdggsemﬁﬁoﬁe@z%hen the

t et ramet hy j: lJicate .(TMAS). . ln anpaqther enbodi ment of the present
i nvent i on,ia ﬁie c%%é#tﬁlr@rﬁrl gx'éﬁlnﬁqﬁé%‘gﬁab@%@%?gﬁrﬁ: g6 a5 hydipgapeeroxida.- 5%
by wei ght ¢ia ing Bhg hi_kneghi I 9oel W—s{) : teeQ:01-19 ight
trans-(1, 2-¢c cig‘%,eg | enedi nﬁ??ﬁ%%@a@ﬁﬂ C a%ﬁlgé}% rﬁ%@@ﬂ&)]aé)(g%%ﬂg 3391%
to about 3%%39 RBWC%W shelabampgentsi c acid or phosphoric acid, about 0-1%
by weight (cglculated as % Si Q2) tetranethylammoniumsilicate (TMAS), and

about 0. 5- 30%5{efRsd ghelating paepisyahecayiromaymuxplics acids afueh af| EOTRYGECPHTAI N
anot hgr engpdi ﬁ@g}} priesent jnvention, the copposition is an aqueous
sol upigon cont gi El r};‘é’%gcoéﬁﬁso. a0 @ BN QAT YRV @%ﬂ%hmf%%fﬁmﬁ@%nﬂe
20 ( TMAH) ,agsintsihaOe Lolbastadmal bKAYnbihane| fogRELGNY | | :

phosphor i g_l acid, . bOLg:)t ,0?01- 1& by mie\é\ﬁ?glbt.r'aﬁgb A.éﬁél'aﬁb(é dgefifs i fiis class :
trans- (1, 2%V JI@M Wiaionithe | ymsumgeataining cesldyeasy ypiyally faboditonOmibtate by
wei ght (caineslaald % i g ' i licat.e (TMAS) bout
0. 5300 by mi ot o 2hal Dlareoye i 4B e RIS e B ST spe aling:
of a noni Gteatetypicplint dluieetoreemica dobl agprofiaetent 122%hich aAERIs the
enmbodi nent - resent invention, the conposition is an agueous

sol u'??on gﬂoér}r]%lﬁﬁgogﬁ%‘forﬁi?‘is-‘ f&%?f%@i‘@‘f‘ﬁ”t'ggt r amet hyl anmoni um hydr oxi de

( TMAH) , aboutT 0. 1%t o .about, 3% by wei ght hydrogen peroxide or salicylic
acid, about @_eﬁgrﬁﬁjg%@o%qafdhg présent invention may also contain one or more suitable

) . > . . i . : -10

by wei ghi j:%“f?ﬂPSFZS%#E%@@%éﬁ"éﬂ%@?ﬁw@%‘n?fﬁ“’éﬁﬁéﬁ?f@a&%@%ﬁ‘é@?. e

15 ols, polyhydroxy alcohals, glycols, glycol ethers, alkyl-pyrrolidinones such as N-
methylpyrrolidinone  (NMP), 1-hydroxyalkyl-2-pyrrolidinones  such as  1-(2-

| 20 hydroxyethyl)-2-pyrrolidinone (HEP), dimethyiformamide (DMF), dimethylacetamide ‘
(DMAc), sulfolane, dimethyl-2-piperidone (OMPD) or dimethylsulfoxide (DMSO).

These solvents may be added to reduce aluminum and/or aluminum-copper alloy

and/or copper corrosion rates if further aluminum and/or aluminum-copper alloy
andfor copper corrosion inhibition is desired. Preferred water-soluble orgarnic
25 solvents are polyhydroxy alcohols such as glycerol and/or 1-hydroxyalkyl-2-
pyrrolidinones such as 1-(2-hyd_réxyethyl)-2-pyrro!idincne (HEP). '

The compositions of the present invention may also contain any suitable water-

soluble amphoteric, non-ionic, cationic or anionic surfactant. The addition of a
surfactant will reduce the surface tension of the formulation and improve the wetting

30 of the surface to be cleaned and therefore improve the cleaning action of the
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13 April 2005 In another enbodi ment of the present invention, the
conposition is an aqueous solution containing about 0.1-5% by wei ght

t et ramet hyl anmoni um hydr oxide (TMAH), about 0.01- 1% by wei ght

trans- (1, 2-cycl ohexylenedinitrilo)tetraacetic acid (CyDTA), ?qﬁgﬁ. %oég) to
about 3% by wei ght hydrogen peroxide or salicylic acid, s abou q

wei ght (cal cul ated as % SbQ2) tetranethyl anmoni um silicate (TMAS), and
about 0. 5z r r In
Another oxaaD Aol T bRl Ry U Ko SRORPH (hucl B KollbNER les. e
sol ution uf&ntfmrralurgmaboumrr@sndﬂ BMititiomisi dgstred.et r anet hyl anmoni um hydr oxi. de
(TMAH), about 0.1%to about 3% by wei ght hydrogen peroxi de or salicylic

acid, io aboftnphofEticl ¥ubyctarisghiseful in the compositions of the present invention
trans- (1, 2-cycl ohexylenedinitrilo)tetraaceti¢c acid about 0-1 % by

~wei ght ( cHFkidefetaings a@&@tﬂfzpetaéﬁWraﬂ%! .tame%.amléa@@y'(mm@)es aém ut
0.5 30% by, ipiefliheObnd 'rrﬁaefglk Q6T IamirBRarRROK adld Abribarkits

of a nonionic et oxy te emc surfactant. [n anot her e rrent
of the pr&mehbglwnmatﬂs: c:annpﬁdmoplonptasl amphodlglyamam:mMSampﬁodlprMa)rmTes

t [ t, 0.1- t t I d d
about 0. OTIRSHBCREisTY 25 ARGxV A BSOS o UATHARA 6 A AT ohc d
(CyDTA), ghaws é@rcﬂ%%z%w gHine( Sﬂhﬁé”a%ﬁeﬂlr(ﬁém%os aﬂ@ammbr SXBEL ViASFBBRRL, UM
silicate (TMAS),  about 1% to about 3%Db %/ rogen peroxide of

sal i cyl i csulriadeseanr! Avoinated 51@0831@?0@@%&“%“&“3& h&eobyrr ol i di none such
as 1-(2 20 hédroxyet hyl)-2-pyrrolidinone (HEP), preferably
1- ( 20hydr oxy tefgna)blyz pirer obmgihoberee  HERtantss ane anotdrmideptspyl nibetziog, t he

B! =556 by EOHEHEOP oY e SRR BHror beiA Ry cr BT CoRbR) | BHSER o 59t Afepy "
wei ght tr blan?pl‘@ﬂ‘?dr@?i%ﬁﬁ‘ceenedl dddoahigodimbpianarl i C %ﬁc@arr(o%%@)ona?tbou'f

0-1% by wei g t (cal cul ated as % Si Q) tetranet hyl anmoni um silicate (TMAS),
about 0. 1984 RMwItydsy Yhei RyEPICHRH, odé?ﬁ%‘r%)@fé’éyml”@al Apyppienicacaed,
about 0.5 a h

1- (2- hydrlé)g&(grﬁ§?) 9%0'?%‘%1 ?8%@@"?@ ”j”ﬁié FRe, i jedaigs, Fioeatht of
a nousi omﬁucairtaba@bhsiybdmpaowmlsem c diol surfact ant 30 In anot her

enbodi ment of the present invention, the conposition is an aqueous -

sol uti on conNannomg sapfadtar®s Ls@ful tvythww&ﬁostnehsmmmprmbmvemndsryd-rcmdade 16
13 April 2005 ‘about 0.01-1% Db

rans- (1, SSEylshimdels. elilnted Praiant e liRnatsdieikymafetesdbiningteths ¢ o
about 3% ByleRtdd8! figHdRE@ HotxyEiRfEnd AkaOSMPAEIC aR%H Esters of polyhydric

alcohols, polyoxyethylene 'moncalkyl' ethers, polyoxyethylene diols, siloxane type

20 surfactants, and alkylene glycol monoalkyl ethers. Preferably, the non-ionic
surfactants are acetylenic diols or ethoxylated acetylenic diols.

Anionic surfactants useful in the compositions of the present invention include
carboxylates, N-acylsarcosinates, sulfonates, sulfates, and mono and diesters of
orthophosphoric acid such as decyl phosphate. Preferably, the anionic surfac_tants

(38 ]
i

are metal-free surfactants. _ —-

Cationic surfactants useful in the compositions of the present invention include
amine ethoxylates, dialkyldimethylammonium salts, dialkylmorpholinum salts,
alkylbenzyldimethylammonium' salts,  alkyltrimethylammonium  salts, and
alkylpyridinium salts. Prefarably, the cationic surfactants are halogen-free

30 surfactants.
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about 0-1% by weight (calculated as % Si 02) tetranethyl anmonium silicate
(TMAS), and about 0.5-30% by wei ght of an al kyl -pyrrolidinone such as

1- (2- hydroxyethyl)-2- $ pyrrolidinone (HEP), preferably

1- (2- hydroxyet hyl ) - 2-pyrrolidi none (HEP). In another enbodineié

present invention, the conposition is an aqueous solution co |n|ng about
0.1-2% by weight tetramethyl anmoni um hydroxide (TMAH), about 0.01-1% by

wei ght trans- e enedi t et r.aacet DT, .about
0° 1%t o mhout "B BiETanBR LSRR bk eSS ER o i ol RRa en 18 Bbout
0- 1% by meagueoqscabmubatmt@mmg@&f;cm)owtsl%a mténdrafamﬂyuabéutl 0%RY 2%, HHS) .
abaout 0. 5- 30%“?;? of an al yrrolidinone such

1- (2- hydr o¥§&t yaff fwmfapnlarrhb%cmeﬁjf MAkhce R abeub 0P Ld038east IRy  of
a noni oni cy, aligs di nment
o the.pr oo B ICEG P RRRaft Bhigl A BGe Bhrodde S5y G e
cont aidni nghﬂf@uyp)@!diﬂéﬁ%mcmﬁ@ﬁ rséitylrasietitgll armoni um hydr oxi de (TMAH),
about 0.01-1% by wei ght diethyl enetriarni nepent a( et hyl enephosphoni c

acid), about DB afether efndutindt oy the\piaglht yehtiae the ebmpodaioand @p%ﬁﬁe&]sl% .
by wei ght g‘@HhCUI ated as % Si Ozéé fetranmet hyl ammonium silicate

I n anot her ARIHRINGY (3houbr Bdete |bmvé'+?ﬂ9f3ntetfaf@e@ﬂﬁm@loﬂittm hyd@wde

agueous so d/N

nydr oxi de. {TUALY, TRRRR- P, ARSI 308 o SR vutEetbtic SHEOGT bR,

0.1% to aberit Q%T% hyewg]ght Rah;l-ﬂ‘r aacyply:hexylmdmntrme)h@tchaneﬁpyamd|(®9DTabt)out
1%.hy 25 2-C l, ene | acetic acid

(oyorh), “oalidtole B0 by ot feliniEiba o e, 8100 delema by Rireemy Mh ssaleum

sili cate ((mmsa; .and about 0 0 3% by wei ght of a nonionic ethoxyl ated

acetylenic diol surfactant. In another enbodi nent of the present invention,

t he corrpos1tlpnamcﬁhémem%gdﬁﬂéaﬁ%%éB*eg-‘“hpﬂvé’fﬂ o e BpiBitionts dn ddhicdlys.

wei ght tetramet hyl ammoni um roxid bo
wei ght 2- h§RIEERy pgentaining aatiwt:tOD-S%%blyywmrghtetramethylammomum hydromde

15 o 11 200URHY TR ST il vl YeR S B Ry B R MR RPG R Atk ot o
( TMASE, abimtD'Dﬁ\) %D Y. Meitgaboof 3ROby el sulfesuTRONE dgid arngh@@;shtsnd)aéld?»%
by wei ght oI a}r{:gggt}l oni ¢, ethoxyl ated acetyl enic diol surfactant

anot her en® Iy weight fealaated |3ﬁvérﬁ'pdrimr@'ﬁétrb’éﬁfbmmW'Brﬁl'i@"%uﬁTMﬁéJeous
g "o SPGB A o 0 0 9
In another embodiment of the present invention, the composition is an aqueous
solution ¢ontaining about 0.1-3% by weight tetramethylammonium hydroxide
20 (TMAH), about 0.1% to about 3% by weight sulfosalicyﬁc acid or phosphoric acid, -

about 0.01-1% by weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), -
about 0-1% by weight (calculated as % SiO,) tetramethylammonium silicate (TMAS),
about 0.5-30% by weight of polyhydroxy compounds, and about 0.01-0.3% by weight
of @ nonionic ethoxylated acetylenic diol surfactant.

25 In another embaodiment of the present invention, the compaosition is an aqueous
solution containing about 0.1-5% by weight tetramethylammonium hydroxide
(TMAH), about 0.1% to'about 3% by weight hydrogen peroxide or salicylic acid,
about 0.01-1% by weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA),
and about 0-1% by weight {calculated as % SiO,) tetramethylammonium silicate

30 (TMAS).
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1% by wei ght trans- (1, 2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA),

- about 0-1% by weight (calculated as % S1Q2) tetranethylammoniumsilicate
(TMAS), about 0 io 30% by weight of pol yhydroxy conpounds, and about
0-0.3% by wei ght of a nonionic ethoxylated acetyl enic diol sqéf@ﬁ_ﬁaggs In
anot her enbodi nent of the present invention, the conposition i'¥ teous
sol ution containing about 0. 1-25% by wei ght tetranethyl amoni um 15

hydr oxi de (ﬁmt about 0.1%to about 15% by wei ght resorcinol, about 0-1%
by weight t'P4HENEN BbgMeAkaY henresant inveRtian, the cenmsitiris(4y BEdouabout

0-2% by st : 03, 0 b hyl i i [icate.
(TWS) apont 0 Sos Tty agbet 0 b By LR SRR Rl b i 0
by wei ght{T&#AR). edeLbAIG-1% bpweighkttanset ,Elmidhedy@neEHﬁtfri&gfe@d&%Cegg iy

|

anot her i f~the.present jnventjon, the conposition is an aqueous
sol uti onqgg%ﬁ-l éq'ﬁlgﬁﬂﬂa%gd‘i 1‘8.3%954%%% %W%’Sgt e Qgeer ReTaxidear salicylidacidj de
(TVAH) , atbout 00.% YWyt ' - i.nal ... about .Q-. 1% by
wei ght tra%% Zitfgéé:ll %’ﬁgﬁ?ﬂ%ﬁﬁ%’%?ﬁ i@:m)oﬁ)t2t 8??@%{“3{1 ?@%Oﬁl'ﬁ%( ﬁMg‘t%Ut

0- 2% 25 &} hD- 530 dw wEight efspoyisidozyy campaurdd) yireferaily yycerdi cat e
(TMAS), about.O- 30% by wei ght of - pol yhydroxy compounds, and about 0-0.3%
by wei ght of" anAigier embodinseitoafythatprdserddnyéntion titk ebrpesfiRati8 M addbRaot her
enbodi meggy & nt QS it ' 30

fesent i r]v%n{)i ,, the conposition is an aqueous
sol uti oné_g&n ai Ml 'ﬁ% UG Lpog ! 4703% i WRISN etettarpethylammoniuam hydnogidede
TVAH) , aH)0 aboutt 0.1 t AL |  0- 1% I gh
'Era H) (1 % cty )I ;heoxyl eggg?n?tﬁé? It%e;}t@'t ?}fé%@:@d}g ?%%Igfﬁj%) C}r ag'ﬁﬁxp'g'cﬁ%éém by
wei S@t i 8994 Q&rr‘l/ozit}owe(gbéur@@lsdﬂ&cmmmmﬁinmmm)mmuamm'(@ymA%i cate
TMAS) , abeutt 9309 ' o) 7 C ounds, ang, about 0-0.3%
f)y wei)ght o?ﬁgqr(%ﬁ(%\}r%‘f{gcht\@%lg@%q%fa?géi §M§%#8Wﬁ"@amq’5&['ﬁﬁﬁ (uTé‘M\ﬁ).
anot her 8RB EEI00% by vidishtiwf eoiyhlydioxyasinSundsang ABRRE G100 365 b P e dfUSOUS
sol uti Onoﬁg%ﬁ ni n%qpab ut 0. 1@5% by wei ght tetramethyl ammoni um = hydt oxi de
(TMAH), a grupsdiecetosns dadsyrectanhy dr oxypyri di ne, about 0- 1% by

wei ght (cal cul ated as % Si 02) tetranethyl ammoni um silicate (TMAS), about

0- 30% by Weﬁgﬂreotﬁw POPPHFRH0f the Rieaand dnventionatheucomposigen by aneiqiroust a

t i ogdblotigd h gl | pl I t.h ' t

of Tho progoat CoeRIn Sty boRa% ST waltht Ao BrlRauia  Bironce

cont ai ni hidAbbugb®it10.009t% byweisightt ttats HnRchyib @hét!mitﬂﬂbjjtllét@%éé&ic(g%m :
0-

bout O. A~.0 9 i.ght ,4-hyd i di b

abou @Cy@f@%& &-5|°2 bﬁ'y V\)’?ellght (calc%a{e%x%gygg SIIE)(z) tgtrgr%ethy!ammonium
silicate (TMAS), about 0.1% to about 3% by weight hydrogen peroxide or salicylic
acid and about 0.5-30% by weight of an alkyl-pyrrotidinone such as 1-(2-

20 hydroxyethyl)-2-pyrrolidinone (HEP), preferably 1-(2-hydroxyethyl)-2-pyrrolidinone
(HEP).

In another embodiment of the present invention, the composition is an aqueous
solution containing about 0.1-2% by weight tetramethylammonium hydroxide
(TMAH), about 0.01-1% by weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid

25 (CyDTA), about 0-1% by welght (calculated as % SiO,) tetramethylammohiﬁm'
silicate (TMAS), about 0.1%_t‘o about 3% by weight h‘ydrogen peroxide or salicylic |
acid, about 0.5:30% by weight of an alkyl-pyrrolidinone such as 1-(2-hydroxyethyl)-2-
pyrrolidinone (HEP), and about 0.01-0.3% by weight of 2 nonionic ethoxylated
acetylenic diol surfactant. '

30 In another embodiment of the present invention, the compoaosition is an aqueous
solution containing about 0.1-2% by weight tetramethylammonium hydroxide
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1% by wei ght (calculated as % Si 02) tetramet hyl anmonium silicate (TMAS),
about 0-30% by wei ght of pol yhydroxy conpounds, and about 0-0.3% by wei gh
of a nonionic ethoxylated acetylenic diol surfactant. |In another :
enbodi mrent of the present invention, the conposition is an 29 wﬁ?gas

sol ution containing about 0.1-10% by wei ght tetranethyl anmoni ur3n ydiroXrde
(TMAH), about 0.1%to about 15% by wei ght 2-hydroxypyri-di ne, about 0- 1% by

i ght I % & . | i ]icate (TMAS d
About 01 3004 s ki et LI b SR TP ks R s e et ko ssbsataeid of
L o eqont bt Boou! Lt kb 3%chy e sy SRIdIL) pRossiiRl BUBD.
- abou . 1- 1009 el . tetrane anmmni um r oxi de , about U."1%
E 0 about 1&@2@%@%’?9&&@@% ?aiafﬁé‘oa)ti_éti_ﬁ%{\@ihﬂa%rhggiwmi sglmat% (TaS),

cal cul ate | | Il abo -30%
by wei ght of a_lyhydrog /oeg%npo%ﬁ?sf%wg%wgw{@“glgrgﬁ%%&@I i—(g{}\ydf%elfhy!)-z- |
enbodi Rrent sqyfmémﬁae éHEé).q:freier@fpddﬁdwmbmtmﬁ)-ﬁw&ouﬁinwhbﬁm)gr :

preferably hi gh purity de-ionized water. The nethod of the present
i nvention cl edfi@nether eortthdiment ofetherpresdsttinaéibnbhe SURPVsIBntiB&n aqyeous
or

cont am nat strate.to the c sjtjons of the present I nvention

atinme andesz;%'g'ﬁfé)l?’t & rﬁ?%régglﬂff %m‘%@ﬁt EYOW@f%ntﬂiFﬁ%ﬁ&h@lﬂr@;}n;m In}ayleﬂrsxfdleom
th bst r T faas 6t t4 AV o 1bsbI ' ' A t h,
composi ¢ 23 a’?”‘t ey weight PR oIAL G neRy Eh BB R ETEIT, 8RR
or rinsing Q@@ £, abays 0. t%biotabond Farbyt weighbeulisssticylits atidsor phssttepic acid,

pur posg. -Pr e d_uses._ g or spray application to expose
t he substr(fl fg?f ?g‘ ’ gyﬁ%ggﬁ%gglﬁtjchﬂs /ngatﬁ,ﬂ(;?tr%%[;ﬂw 1B Sllicﬁt%(Wég),
general |y Bbouh@®30% B9 weightitofsan I@ll@ﬂ-@&ﬁ@ﬁd{n&:é”s”déheé%tﬂ 24 H?onxg%ﬁ@a@gat h
or spray cl Sflnknﬁ tegﬂg tures are g)enerally 10C to 85C, &re}yera y to
65C. I redulPidrions dHERs @ndi abautaPO15@3% div yeights of endoniani ethoxtisted at
room tenp@rcggwr@cd;g[gjr% ty 30 seconds to-.2 minutes at room tenperature.
Preferably de-ionized water is used to rinse the substrates. If

i - ovapor at ) on " et (ErERAR 0P I CERFRL N ERSR e prdmasran dey g

2 'eghﬁ}(gﬁgr %;LSQ@ Esen%t&pnsjﬁ&ggéi;?&g | Aisged O.16% BRS WaighY (USRI HNRD
O o T R
substrat es didiaflemeaNambRpRnRI RIS SpHOSBESH BAHTRrteS 150 15 SV G &Y Ey’
weight hydrogen peroxide and about 0-1% by weight (calculated as % Si0,)
tetramethylammonium silicate {TMAS).
20
In another embodiment of the present invention, the composition is an.'
aqueous solution containing about 0.1-25% by weight tetramethylammonium
hydroxide (TMAH), about 0.1% to about 20% by weight hydroxylamine, about 0.1%
to about 35% by weight 2-hydroxypyridine or 4-hydroxypyridine, abduAt 0-1% by
25 weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), about 0-1% by
weight (calculated as % SiOz-)—tétramethylammonium' silicate (TMAS) and about 0-
0.3% by weight of a nonionic ethoxylated acetylenic diol surfactant.

In another embodiment of the present invention, the composition is an

30 aqueous solution containing about 0.1-10% by weight tetramethylammonium
hydroxide (TMAH), about 0.1% to abaout 15% by weight 2-hydroxypyridine, about 0-

1% by weight trans-(1,2-cyclohexylenedinitrilo}tetraacetic acid (CyDTA), about 0-1%
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photoresist, particularly wafer substrates containing a silicon, silicon
oxide, silicon nitride, tungsten, tungsten alloy, titanium titanium
all oy, tantalum tantalumalloy, copper, copper alloy, alum num or

alum numalloy film The nethod renoves 25 unwanted netallic @g%q}ﬁg@ﬂijc'
contam nants but does not cause unacceptable corrosion to the si'l'icon,
silicon oxide, silicon nitride, tungsten, tungsten alloy, titanium

titani um Q t.ant al t gntal.u |10 .o C , ) UM or
ol um num 3t 1A Bk AatiBat 3 Sk 1ebasthnyRRRG ot 2RSS ThURS) AbPDi e
t he speci30% bgvaghte?HolyMHydidde dorvisdiiridenand abonl a3 %oy Weightiofamenionids
woul d be aﬁparent to skilled artisans, various changes and nodifi cations
are possi®nexdnad acetytaie digpsefadani t hin the scope of the invention

descri bed. 5 EXAMPLES The percentages given in the exanples are by weight
unl ess specified otherw se. The anount of al um num or al um num copper

al l oy nmetal cdnrasdther isnbedimeas sfdthas poegdnt piervertitn, nitteal compxssiteomd iasar
general corrosion remark. The general osion remarks given are ver
slight, sPILFRHS PPGH@O RORIGIIAG aARkte Oy LD 0¥ DUEl| (StraTREY M e
corrosi P%i&ﬁidéﬁmﬁ%?%ﬁ&ﬂ%ﬁ%otgbgbdﬂﬂ’ﬂi%‘ HRONERNEBLEY drbRifRidineeaoas ol gned
very slight or slight.” Light, noderate or severe corrosion were considered
t o be unat%bem wkigbt trans-(tReaiahgxpededivitrilodipbaacrticaacidt (CGy8d Aepbewtt &%

using a Hi . Em ssi on, Scanny, ng. == r d on
2 W sual O WER ERLTRT 5 Y P IRRARBAhARARAT i Mg BuBPES
sanples - f 3enbyhesi ﬂt%ff;m@ conl| bhd bake0-tagtapy Weidht ofernionic
conducted in fgge?ﬂ or 1 m%nco%ﬁ gl ass beakersm{)l agﬁ in a chem cal
fume hoodethexyialgdscebtenie giol sutfagtdbin  t enperature without stirring. Large
beaker aging tests were conducted in uncovered 4-liter (4L) gl ass beakers -
pl aced in a chem cal funme hood with stirring done at a rate 20 of 150 RPM
usi ng a magnetincastther bembbdimeh? ofotteo preserd. inviestian) ithercarepdeitiomds nan

tests were all conducted at .t.enperatur Ve room.t.e [ I in
the tabl %%Uq?é’lsoﬁf’ﬂ’%ﬂ”p&f)f‘[%ngf abﬂ‘ét s@iﬁﬂaggd%ﬁith qgt?a@%mﬁ"éﬂ%&g‘& al so
keptysi N ahyd6abE TRAH), kot 6. foRMtoCamRISIP DY Weighh eeserainotataut @-19hBy
aging tests the solutions were placed mtoﬁgoly bottl es then seal e

‘ater pH WeigbhrransrliR-aytisbpmiRnECNHIQKEEBaRREP 40Y (GYBTAhGARIEnAIAb18Y pH
reasur erg HERAIoEES 409 SO ArPRTa AL A A RIS CABou 0 30%
measur enmeby sveiiavol pelyRydere aoshpauna sglead salwmitid-0z8%oby eveightr ofda nonionic
ethoxylated acetylenic diol surfactant, .
20 ' | '

In another embodiment of the present invention, the composition is an
aqueous solution containing about 0.1-4% by weight tetramethylammanium
hydroxide (TMAH), about 0.1% to about 4% by weight 2-methylresorcinol, about 0- '
1% by weight trans-(1,2-cyclohexylenedinitriloftetraacetic acid (CyDTA), about 0-2%

25 by weight (calculated as % Si0,) tetramethylammanium silicate (TMAS), about 0-
30% by weight of polyhydroxy compounds, and about 0-0.3% by weight of a nonionic .

ethoxylated acetylenic diol surfactant.

in another embodiment of the present invention, the composition is an

30 aqueous solution containing about 0.1-4% by weight tetramethylammonium
hydroxide (TMAH), about 0.1% to about 4% by weight orcinol, about 0-1% by weight
trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), about 0-2% by weight
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standardlzed mnth pH 7 and pH 10 buffers. The pH neter was re-standardized
after the conpletion of one set of unaged/aged sol utions (maxi mum of two
sol utions per 30 standardi zation) to ensure accurate pH conpari son
measurenents. 21 13 April 2005 The pKa val ues shown in the tth rp??gy
were primarily obtained fromthe "Lange's Handbook of Chem stry™,
Edition, Section 8, pages 8-24 to 8-79, by J. Dean "The Determ nation of

| oni zati o tS, o Al b nd, E. nt
ond editi &%gﬁ’@?ear%s @ %‘g’bg tgﬁ é&%%’? n%i“?‘"ﬁ flest ﬁmbﬁ‘?;{ﬁ Bt by
Cheni stry \amghPImfsmmsﬂﬁydrd)S,ileoE@der@@. dragesodt D-08% -6y wei§htabe aBT(b%,drf?c
8-55, by D. %g DE s.shown are for roomtenperature (18-2

Exanpl e | %8 %f?d ¢ri@ dichsurtgat@npr epared with 2.4 wei ght percent to

t et ramet hyl anmoni um hydr oxi de (TMAH), 0.1 wei ght percent trans-(1, 2-

cycl ohexyl enedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent of the

Chomi oal s, e i egStber i RfehP of o B8KEN Rushlitn a0 Oty is an
per cent glé;quelou‘s aoltion 9cmﬁlag‘hrt1 pabeento. 181@% Chli We@%ﬂtﬂ tét?@ﬁ@!ﬂ?%‘?ﬁmgﬁlufrh' S
as a pH of abou

sol ution 3’8 ﬂf g% h de- |aon| ‘zed wat er) and

12.5. Aqu Bk Aéoutv%é /p;%aa%mmw wehhe- bmroxémymme about 0-

t et ramet hyje

cycl ohexylyl‘e/ﬁeu ﬂﬂgﬂ }wég{:@ﬂég%éétl C aé) gah?a&%t} g%h@@@gﬁﬂgmgﬂg ntper c£t8t3'8!f‘rf t he

ggn [ on: cO Ql/df b&t\aﬁrghstﬂff%oimVMGW (Campauidst alrmﬂ zND?utPt)eiﬂBlgat béageixght orf] ta
emgal's cial acetic aci wei

perceﬁt glnﬁgregr}%% egﬁzéylg%? a@?téﬁ{‘ ‘%@Pgﬁﬁaﬁﬁr icylic acid (remai nder 019 this

sol ution being made up with de-ionized water) and has a pH of about 12.5.
Aqueous solutign "A3" was gr epared with 1.0 wei ght percent
t et r anet hyl ammoi 8fRtAoT resrbeimenkee) they. prearitginveptier.e tie toammpositione i9 %

cycl ohexylaeaLel seibio! ebraffin Gosit DA by KehyrGhiiheREERRbnEh 1o

non-ioni ¢ surfactant roduct
Cheni cal s,hydnaxige (W@\H/)eaghmt 0.085 teabogl yﬁ%rtm) waight @.-Bydmxygiytndﬁﬁ @bt 0-

watel] and hdd YERRTireIuathe 30 95 SRblaitEnabriarermumshale Ghitar aaow  h
9.2 wei ghto- se%captwe@ﬂt tc@tz,ﬁcﬂg@)am AdiMday Hnax bESul 6%?01 F9 géigmebg%t

percent of the _non-ionic 05 surfactant Surfy
pr oduct ofnoﬂiqn"PﬁWﬂlaéthﬁ@aMm @lél surfacri@nt) 0.9 wei ght

In another embodiment of the present invention, the composition is an )
20 aqueous solution containing about 0.1-10% by weight tetramethylammonium -
hydroxide (TMAH), about 0.1% to about 15% by weight 2-hydroxypyridine, about 0- -
1% by weight (calculated as % SiO,) tetramethylammonium silicate (TMAS) and -
about 0-30% by weight of polyhydroxy compounds.

[
tn

In another -embodiment of the present invention, the composition is an
aqueous solution containing -about 0.1-10% by weight tetramethylammonium
hydroxide (TMAH), about 0.1% to about 15% by weight 4-hydroxypyridine, about 0-
1% by weight (calculated as % SiO,) tetramethylammonium silicate (TMAS) and
about 0-30% by weight of polyhydroxy compounds,

30 '
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percent gl acial acetic acid, 3.0 weight percent glycerol and 0.9 weight
percent salicylic acid (remainder of this solution being nade up-wth
de-ioni zed water) and has a pH of about 12.5. s Aqueous sol ution "A5" was
prepared with 2.4 wei ght percent tetranethylannnniun1hydr0xig§ &Jﬁ?@% 0.1
wei ght percent trans-(1,2- cyclohexyfenedinitrilo)tetraacetic é(j ' ?WA)
0.9 weight percent glacial acetic acid, 3.0 weight percent glycerol and
0.9 weight percent salicylic acid (remainder of this solution being nade

up with de-ibhdk e aatbedment, tasbalapte off 1R8I pb3itiBn i&%%ﬁ%ﬁ@ﬁ% I on

"AB" was M th .42 weight percent tetranethylamoni u
( TMAH) , Oﬁ%?amgpgﬁ?'%gpeg’ e-1qnyZRdkwater2- cycl ohexyl enedinit(lo)tetraacetic

acid (CyDTA)-.0.06 i ght percent of the non-ionic surfactant Surfynol -465
(a product o}-h%\i”?e‘&?mgﬁgéﬁ‘% PegRenCinuventiah cleanscsemic@nduster glafer BEGSRE b

i i e N L

salicylic acid (remai nder o

\gaa ef) a@ timmang @m?otienmmtamrf.&u&icimu%wgaﬁqu&ﬁér?g}%ﬁﬁga@m%ngrﬁ%ﬁ[ gd with
.1 welg e e nmoni um hydr oxi de , 1.1 Wel
percent t rugﬁg?! ﬁ?@facceyccﬁ%f%%ﬂ%éﬁﬁcﬁWEr A8 §)rnseddacerioveabe dorPyElidn .and. 06

wei ght peheamintahinbhg -drRu ' tapt.S nol - 465 .(a product of
Ai r Products, and Chem Eg?scgr%:an@. @%B@\gi%ﬁ%ss gé‘%@ Orgf‘%%i(’%lagéﬁfét iT®eaci d,
3.0 wei gt ﬁgﬁ FRN iepdas usedifod ite itended ptirgaeecent  salicylic acid

(remai nder fgtt’eg‘iagi sol uti orgmbei ng made up with de-ionized water) and has a
pH of about iegablipgtheometreel wsasom HaABbr RpRias ' '

pereent @Shke Lr“ﬂgg pél a ni_ um hydr oxi d2@?')('l\/l&)(l?.l)‘H tg%hlwm%%bgcﬁgqrﬁge\%lég%ate
trans-(1,2 cyclo x%/ e i FRIRY cRiPaNag imes e doerayraia)l, mind# teeBght
percent @hinutes, posferaiV & rShis nﬁWg ngl pd product of Air
Product.s _and Cheni caalfbsw,( | nc. )t,ég(%% (?mtwel g ttéy' %%Rﬁ?‘%%@?%[?'%é@??%f%ﬁa and
1.0 wei giif® PEPREHY 195CiteB5°C. preferablye?@fiOntdeds°cf this sol uti on bei ng made
up with de-ionized water). 23 13 April 2005 Aqueous solution "A9" was
prepared wi hrequredeithatrineer tees ateigeaseilipy] EeBshIEHYSIOX LS étT%’ 0.1
wei ght p?tf]rﬁﬁgfatﬁfea s-fgl tﬁ a?Pycl ohexyl enedinitrilo)tetraacetic acid DTA) ,
0.06 wei ght" parcent OF 3418 oGBSt 2 JRinyiasaak raam flomperates. Paefaratsiyct of

Ai 1 I5Proddetisniaed watemnis ek to inSe the Sufsihgbght s percent glacial acetic

. acid, 6.0 weight percent glycerol and 0.9 wei ght percent salicylic acid

- (remui nder fretjbired, | |RG Ihyde-joni zed water). —Agueous

sol ution_:ALQ" was mmgrgg %}mﬁjt h érﬁgﬁetiéglaﬁ OE‘)@I@&? using any com Pnatlon or
Ir-evaporation, heat, spinning, or pressurized gas. The preferred drying technique is

spinning under a filtered inert gas flow, such as nitrogen, for a period of time until the
wafer substrate is dry. |

The method of the present invention is very effective for cleaning semiconductor
wafer substrates that have been previously oxygen plasma ashed to remove bulk
photoresist, particularly wafer substrates containing a silicon, silicon oxide, silicon
nitride, tungsten, tungsten ailoy, titanium, titanium alloy, tantalum, tantalum alloy,
copper, copper alloy, aluminum or aluminum alloy film. The method removes

25 unwanted metallic and organic’ contaminants but does not cause unacceptable
corrosion to thgz silicon, silicon oxide, silicon nitride, tungsten, tungsten alloy,
titanium, titanium alloy, tantalum, tantalum alloy, copper, capper alloy, aluminum or
aluminum alloy film.
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t et ramet hyl ammoni um hydr oxi de (TMAH), 0.1 wei ght percent trans-(1, 2-
cycl ohexylenedinitrilo)tetraacetic acid (CyDTA), 0.07 weight percent of the
non-ionic to surfactant Surfynol-465 (a product of Air Products and’ '
Chem cals, Inc.), 0.9 weight percent glacial acetic acid, 3.01§g*ﬂﬁ?0

percent glycerol and 0.9 wei ght percent acetone oxine (remainder o0 pﬁis
solution being made up with de-ionized water) and has a pH of about 12.3.

Aqueous sol uti “WAL 1 repared wth 2.3 weight percent, 15, )
t et r amet hyl a%ﬁfﬂﬁbﬁé%r%%h@ef Tﬂ%%?teo&f \?B?rdme ‘%B‘P%@me“f rfnthe fnvention
cycl ohexy kdeserdbed tini fhts tdeicusmente s watid beCapIa¥ent Ao Odkine GHisHar C@é}gau%f
the non-iogpic surfactant Surfynol -465 (a product of Air Products and
Cheni cal s £'f{i@8§ and mogdicghens ges sarsiblgl @I&Eatﬁ camgrpldedaviftin therscope of

phosphori @h@ﬁ‘jv@nﬁét?%%@rﬂgéd of this solution being nmade up with de-ionized
wat er) and has a pH of about 12.2. 20 Wafer #1 sanples with 0.35 mcron

wi de yvia features had been previously WPE?? using a via-first
dual - damascene process with the foll 0\5 rs present: Si wafer base,

copper metal qusilli nitride, fluorinated silica.qglass (FSQ. dielectric,
silicon nitrideetch- ; - t ) | ayers.
_ o TR Ry el ohielin dhpikaimpls erd by evattebiss e

Li t hogr apbtterwistl, THEAMBuMES AanRurP bR glumisletRopbér Ayaheta) &4 Dion is
photoresi st material. Reactive 25 ion etching for pattfern transter- was

L ol | lovved_ BYPBe5EE @Sl pereartimejatloss endwe a gﬁr@aaiio?npnma?rkﬂhaes: duez .
cach of -t Reng EptpH B RS SEBh S E Ve BT s T mofHe EpitEeBien "

de- | Bni zedmaditamouantchfanétalicairbdion thes s copgideréd RUSAWRER. addebRIbIEINMItS T,

t he sanpl e _was inspected on.a Fjeld Em ssipon Scanning El ectron M croscope
(FE 30 semer?ésﬁ@ﬂgﬁﬁméslﬂ% Qf $H@Mt LG%-&‘I‘%%WW&”&%P@N%’&S‘%W@F? of the

copper metghside r I - s iy 2005
Tabl e 1: FE—%EJF@E@aﬁg?%—%%ﬁ% %lgd%gtﬁlﬁg[)éﬁg%g{ﬂagagtﬁﬁj#%#ﬂtr%oi% -eﬁ%?HCopper

Sol ut i onDESIEEI B Fiedth Brmissiph Haagnisgabiettiran Micresesipg (EREBEM) ¥(aD; bagedion a
UsedAgent | dRaPIRRBHAHBA L5l ences between untreated and treated samples from the
15 same wafer.

- The small beaker aging tests were conducted in 100 ml or 150 m! uncovered
glass beakers placed in a chemicat fume hood for 16 or 20 hours at room |
temperature without stirring. Large beaker aging tests were conducted in uncovered
4-liter (4L) glass beakers placed in a chemical fume hood with stirring done at a rate
20 of 150 RPM using a magnetic stir-bar for 12 to 29 hours. The 4-liter beaker aging
tests were all conducted at temperatures above room temperature (noted in the
tables below). A portion of the same unaged batch of solution was also kept in a
sealed poly bottle for comparison. At the completion of the aging tests the solutions
were placed into poly bottles then sealed for later pH comparison measurements. In
25 Examples 1 to 3 and Example 11, pH measurement shown were done using a glass K
combination electrode standardized with pH 4 and pH 10 buffers. In Examples 4 to
10, pH measurements shown were done using a glass combination electrode
standardized with pH 7 and pH 10 buffers.The pH meter was re-standardized after
the completion of one set of unaged/aged solutions (maximum of two solutions per
30 standardization) to ensure accurate pH compatison measurements.
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(at 25C) (% (% Metal Al No silicate content. SalicylicpKa, 12.42488Loss) 1
Acid (very slight) 351003 (very slight) 451003 (very slight) 55J0&% (very
A2AI with 2.4x anmount of SalicylicpKa== 12.445100sli7 bath stabilizing - _
agent Acid(slight) A3Al with acetic acidSalicylicpKa 12. 44510053 mmgggé\ci d
(slight) AAAl with chel-ating agent SalicylicpKai 12.4451004 renbvedAcid(very
ASAl with surfactantSalicylicpKa, = 12.445100slight 7 renovedAci d(slight)

ABAI with 2. a Sal icyl.igpKg2=12..4451005 acetic, aci dAcid(sli ht)
AA with | m%a?ngﬁﬁt%é %a?b%\y i'EE}ES%iE'E.SzPI%%d‘?er@h@Tf@?_ﬂHgoa@émdA_ ot She ght )
ABAl i t h"kangsis HentiBabk of Chentiary, 15 B4A98ISs@ppVe _g%ytosé{.?ghb?{ J
351003 (v s, hé) 451005 A9AI with 2x anmount of- - I cylicpKa =""7.""
12 445100?;%!19 Ti?e etermination of lonization Constants, A Laboratory Manua!” by A. Albert
and E. Serjeant, 2nd edition, Chapters 6 to 9, pages 72-107, and the "CRC
5 Handbook of Chemistry and Physics”, 78" Edition, pages 7-1 to 7-3, 7-6 and 8-43 to .

8-535, by D. Lide. All pKa's shown are for room temperature (18-25°C).

Example 1

Aqueous solution “A1"  was prepared with 24 weight percent
10 tetramethylammonium  hydroxide (TMAH), 0.1 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent of the non-ionic
surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 0.9 waight
percent glacial acetic acid, 3.0 weight percent glycerol and 0.9 weight percent
salicylic acid (remainder of this solution being made up with de-ionized water) and
15 - has apH of about 12.5. '

Aqueous solution ‘A2". was prepared . - with 3.2 weight  percent
tetramethylammonium  hydroxide (TMAH), 0.1 weight percent trans-(1,2-
Cyclohexylenedinitrilo)tetraacetic acid-(CyDTA), 0.06 weight percent of the non-ionic
surfactant Surfynol-465 (a product of Air Products and Chémicals, Ine.), 0.9 weight

20 percent glacial acetic acid, 3.0 weight percent glycerol and 2.2 weight percent
salicylic acid (remainder of this solution being made up with de-ionized water) and
has a pH of about 12.5. '

Aqueous solution "A3" was prepared with 1.0 weight  percent
tetrarhethylammonium_ hydroxide (TMAH), 01 weight percent trans—(‘l,.Z-
25 cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent of the non-ionic
surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 3.0 weight
percent glycerol and 0.9 weight percent salicylic acid (remainder of this solution

being made up with de-ionized water) and has a pH of about 12.5.

Aqueous solution “A4" was prepared with 9.2 weight percent
30 tetramethylammonium hydroxide (TMAH), 0.068 weight percent of the non-ionic
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co-sol vent addedAci d(very ALOA ww th acet one oxi meAcet onepKa= I
12. 245000slight) 6 bath stabilizerOxime(slight) substituted for salicylic
~acid Al Al with phosphori cPhosphoricpKa 12. 345991 acid bath : _
stabilizerAcid(very substituted for salicylicslight) acid 25 Jr§ AQRﬁbegOOS
Referring to Table 1, the data shows the ability of stabilized, dqueous,
al kaline solutigns to successfully renove post-etchlash residues froma
Sraita
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non-ionic to surfactant Surfynol-465 (a product of A r Products and
g e T e Ut O g gy
cal cul at t et ranet a silicate , 0. I'ght”
per cent glqgtcrlgge@@erﬁi’%’”%@? dﬂ'ﬁfrﬁi&c”%ﬁ%%w-peQ-&entNQEthsufpfemti cydiss(B2id
(r emai ndercyslohekyiensdihitriib Ret e (it -Lani.zed water) . .and has a
pH of about %?&i 15 X Aq}gegﬁeggléﬁ?&cmf@“ I’b\i\ggwfb)%aﬁg@eﬂf t#qallaﬁ?@lcght
percent tET - meIGNt Dereas ioleeryl @ndx3. Bevaightpexepnt Salicyieizaht él@ﬁﬁﬁﬂér ¢

(1 3n Al . . o v o
per cont of "t g hon e R Dol Gl RV RlR Ta8E hes S otbbont T o

Prodygts andA ugm’ cals, Jnc.),, 3.0 weight percent glycerol, 0.14 weight
percent (cal COl"ared aSolyfien @A et Watet BjeRRENI With-O 4i2 | casighl TNRBEemnd

0. 8 wei ghttelpane@RlanfnssiLFPS i i rermi nder. qf, this ol.uti on being
made up with de- ?oni z'qglyv\ﬁgt ylyg:l%ddéhﬁ%ﬁp% @H ab@&fgq‘fz. Pgreenhq Jesiga(t.2-

sol uti on 'cY88hexyenaginitsiolatrascetic acial (@yDHA), POECRBIghttrRirE &M &ittAY RAIBRLUM
hydr oxi de Mab), ' ercent_ trans-(1, 2- i '

cycl ohexylsgﬁedl ot ?Qﬁh(\)(}?de%: éa@pgyptco%é‘r?r@@yg?@r}d Shemigeisginc. &t 2 eveightf
the non-i @eraent glacial acetic acid, 3.0 weight percent glycerol and 0.9 weight percent

15 salicylic acid (remainder of this solution being made up with de-ionized water) and
has a pH of about 12.5. |

Agueous solution “A7" was prepared  with 3.1 weight . percent :
tetramethylammonium  hydroxide (TMAH), 1.1 weight percent trans-(1,2-
cyclohexyrlenedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent of the non-ionic . -

20 surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 0.9 weight.
percent glacial acetic acid, 3.0 weight percent glycerol and 0.9 weight percent.

salicylic acid (remainder of this solution being made up with de-ionized water) and |
has a pH of about 12.5,

Aqueous - solution  "A8" was prepared with 2.4 weight percent

| 25 tetramethylammonium  hydroxide (TMAH), 0.1 weight percent trans-(1,2-

cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.07 weight percent of the non-ianic

surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 1.0 weight

percent glacial acetic acid and 1.0 weight percent salicylic acid (remainder of this
solution being made up with de-ionized water).
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25 surfactant Surfynol -465 (a product of Air Products and Chemicals, Inc.),
3.0 weight percent glycerol, 0.14 weight percent (calculated as % Si C2)
tetranmet hyl ammonium silicate (TMAS) and 2.9 wei ght percent

5-sul fosalicylic acid (remainder of this solution being nade g%\ '|t2605
de-ionized water) and has a pH of about 12.1. 26 13 April 200% cﬁjﬁeous
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wat'er ). '

,(A (r:] 5213:12' ggsrdlﬁr:%ﬁgle'ﬁ&a%ﬂ@%?rgﬁ%gg agh%t(ﬁ:y ) @Ww;%g«eﬁﬁﬁcem of the non-onic

t et ridmet hS4rEaalRi Surhinptit68i (denrbBVRH)E AR BroWei ent _trans- (1, 2-

cycl ohexy, initrilo)tetraacetic acid (CyDTA), 0. ht''“peMeeWE! t he
b&Reg N 8@5 (@prod TAP ﬁrow%#’%hén%%%?lé ﬁ‘cé ﬁjc,% igbt

non-ionic  surf gc,atcéﬂluta It §6i6l -U@sveighbmsdoent glycaial ﬁd)cmgt\ﬁdgﬁldpercent

Cheni cal sgceltore dximz bi cent. gl ycerol . 1.0 wei ght percen

(cal cul ateed as, % S O%e\fféétﬁ?éarn%t ﬁ[ﬁ sgdr%(g] ﬁ%{'@dﬂéw MR With Cevigmized walr)handght

percent di2%3 BH of@bout128.d and 0.9 wei ght percent salicylic acid

(remai nder of this solution being made up with de-ionized water) and has a

pH of about ARieBusAqseiatisnSokad {-on .4’ ared w 3.3 . wei ght percent
t et panet um hydr oxi de (TMAIEBA,% Oﬁéevgiegﬁt %g'f ceéls t MRight ( 1percepts -

o
cycl 0'hex3¥‘]é%ggﬁ¥?acr?rinpﬁ9‘{”ét rlRyrexidd atTMAHLY DD . Weidht \Aﬁj&@éntpe{rgﬁgg f the
non- i oni ¢yslghé - - 465_ (. r t Ai r “Products and cal s,
Inc.), 3.0 wel ?ﬁ%@éﬁ'g@é&%ﬁ%?@' r‘ib‘l(",i1 (Q?'@%eq)@%t“’%‘él"béﬁtceotaftmlrameidnies %
SbCp) t etSHEABARY Sarn0i465 (5 iprodut f (TMER d@Re aPdOchEndllls NELGERD e

5- sul fosiyg;.c‘ceylltl A6 d rﬁr pecy n,dﬁr of this solution being & u% Wrsignt
de-ioni zed wat gﬁﬁ ac}{& a@ 2VBENb s Phesphoricacidg (remuinda oftth_Nsolfibn Was
pr epar ed baingimade upeiighle RHiSEMvater) and has a pH of about 12.2,

20

Wafer #1 samples with 0.35 micron wide via features had been pfeviously
pl:epared using a via-first dual-damascene process with the following layers present;
S.I wafer base, copper metal, silicon nitride, fluorinated silica glass (FSG) dielectric

silicon nitride etch-stop, FSG and anti-reflective coating (ARC) layers. Lithographic;
patterning was done using a deep ultraviolet (DUV) photoresist material. Reaciive
25 ion etching for pattern transfer. was followed by oxygen plasma ashing to rerﬁove
organic photoresist residues, but leaving mainly inorganic residues behind. A wafer
Sfamp!e was placed in each of these solutions at 24-55°C for 20 minutes, removed,
rinsed with de-ionized water and dried with pressurized nitrogen gas. After drying,
the sample was inspected on a Field Emiésion Scanning Electron Microscope (FE-
30 SEM) to determine the extent of cleaning and/or corrosion of the copper meta!

features. The results are shown in Table 1. |
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t et ramet hyI ammnl um hydroxi de (TMAH), 0.1 wei ght percent trans (1 2 27 13
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percent of the non-ionic surfactant Surfynol-465 (a product of Ar
Products and Chemi cals, Inc.), 3.0 weight percent glycerol, ?Sréé hest
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made up with de-ionized water) and has a pH of about 12.1. Aqueous sol ution
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"0 silicate (TMAS) and 0.8 weight percent 5-sulfosalicylic acid (remainder of this
solution being made up with de-ionized water) and has a pH of about 12.1.

Agqueous solution “"B3" was prepared with 3.2 weight  percent
tetramethylammonium hydroxide (TMAH), 0.1 weight percent trans-(1,2-
cyclohexy!enedinitrilo)tetraacéti?: acid (CyDTA), 0.07 weight percent of the non-ionic

a5

surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 3.0 weight

percent glycerol, 0.14 weight percent (calculated as % SiO;) tetramethylammonium

silicate (TMAS) and 2.9 weight percent 5-sulfosalicylic acid (remainder of this
solution being made up with de-ionized water) and has a pH of about 12.1. -
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surfactant Surfynol-465 (a preduct of Air Products and Chemicals, Inc.), 27 weight
p-er cent glycerol, 0.10 weight percent (calculated as % SiO,) tetramethylammonium
slicate (TMAS), 0.7 weight percent glacial acetic acid and 0.6 weight percent 5.

sulfosalicylic acid (remainder of this solution being made up with de-ionized water).

15
' | Aqueous  solution “C" was preparéd with 2.5 weigﬁt percent
tetramethylammonium hydroxide (TMAH), 0.1 we'ight percent ftrans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent' of. the non-ionic

surfactant Surfynol-465 (a product of Air Products and Chemicals, In¢.}, 3.0 weight
percent glycerol, 1.0 weight percent (calculated as % Si0,) tetramethylarmmonium
20 silicate (TMAS), 0.9 weight percent g!aciallacetic acid and 0.9 weight percent -
salicylic acid (remainder of this solution being made up with de-ionized water) and -
has a pH of about 12.5.
Aqueous  soluton "D" was prepared with 3.3 weight percent
tetramethylammonium  hydroxide (TMAH), 0.1 weight percent trans-(1,2-
25 cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.07 weight percent of the non-ionic -
surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 3.0 weight
percent glycero!, 0.28 weight pércent (calculated as % Si0,) tetramethylammonium
silicate (TMAS) and 3.0 weight percent S-sulfosalicylic acid (remainder of this
solution being made up with de-ionized water) and has a pH of about 12.1.

30 Aqueous solution “E1" was prepared with 3.2 weight percent
tetramethylammonium  hydroxide (TMAH), 0.1 weight percent trans-(1,2-

27
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addedAci IERSATESHEN! 463! (apeducticl M2 PACRR0ONG @Hérﬁé&% #if) SEUSGRO
percent glyceral, 0.22 weight percent (calculated as % Si0,) tetramethylammonium
silicate (TMAS) and 2.9 weight percent 5- -sulfosalicylic acid (remainder of this

5 solution being made up with de-ionized water) and has a pH of about 12.1.

Aqueous _solution  *E2" was prepared with 3.0 weight percent
tetramethylammonium hydroxide' (TMAH), 0.1 weight pércent trans-(1,2- |
cyclohexy!enedsmtnio)tetraaceuc acid (CyDTA), 0.06 weight percent of the non-ionic
surfactant Surfynol-465 (a product of Air Products and Chemicals, lnc) 9.0 weight

10 - percent glycerol, 0,21 weight percent {calculated as % SiO,) tetramethylammonium
silicate (TMAS) and 2.8 weight percent 5- -sulfosalicylic acid (remainder of this
solution being made up with de-ionized water). '

Aqueous solution “E3" was prepared with 2.7 weight percent
tetramethylammonium hydroxide (TMAH), 0.09 weight p‘ercent trans-(1,2-

15 cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent of the non-ionic |
surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 18 weight
percent glycerol, 0.12 weight percent {calculated as % SiQ,) tetramethylammomum 3
silicate (TMAS) and 2.5 weight percent 5-sulfosalicylic acid (remainder of thns*l
solution being made up with de- -ionized water).

20 Aqueous solution “F1" was prepared  with 4.0 weight percent
tetramethylammonium hydroxide (TMAH) 0.1 weight percent trans- -(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent of the non-ionic
surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 3.0 weight
percent glycerol, 0.28 weight percent (calculated as % Si0,) tetramethylammonium

25 silicate (TMAS) and 1.6 weight percent phosphoric acid (remainder of this solution
being made up with de-jonized water) and has a pH of about 12.1.- |
Aqueous  solution  “F2" was prepared with 2.5 weight percent
tetramethylammaonium hydroxide (TMAH), 0.1 weight percent trans-(1,2-
cyclohexylenedinitrito)tetraacetic acid (CyDTA), 0.06 weight percent of the non-ionic

30 surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 3.0 weight

percent glycerpl, 0.26 weight percent (calculated as % Si0;) tetramethylammonium
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(very -slight) 120/45995 (slight) 120/551005 (slight) 120/651008 (slight)
DCont ai ns5- pKa: 12. 0510/ 251000 silicate.sulfosalicylic Acid 540/251008
(slight) 31 13 April 2005 El Contai ns5-pKa_= 12.05101251000 '
silicate.sulfosalicylic Acid 5401251009 (slight) 620/301002 (i59¥rﬁbbggt
- E2El wi th 3x5-plCa: 12.0540/251001 co-sol ventsul fosalicylic(very P
addedAci dslight) E3E1 with 50%-pKa= 12. 0540/ 251009

si |l i cat esgf: ' [ ight) content andAcid with 6x co- solvent added
et SEWQ SﬁgiqgWﬁémpwﬁobgh@snhodata@ime(remamd@hb) 1193 36RR2A01

FI Cont ai nsPhos
(very sl ilging made up with de-ionized water) and has a pH of 2bout 12,1,

Aqueous solution “F3"  was prepared with 1.5 weight perce'ﬁt
tetramethylammonium  hydroxide (TMAH), 0.1 weight percent trans-(1,2-
5 cyc!ohexylenedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent of the non-ior;ic
surfactant Surfyno!-485 (a product of Air Products and Chemicals, Inc.), 3.0 weight
percent glycerol, 0.22 weight percént (calculated as % SiO,) tetramethylammoniumi
silicate (TMAS) and 0.53 weight percent phosphoric acid (remainder of this solution

being made up with de-jonized water} and has a pH of about 12.1.

1 - Aqueous solution “G" was prepared with 2.0 weight percent
tetramethylammonium hydroxide (TMAH), 0.1 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.15 weight percent (celculated as'%
SiO,) tetramethylammonium silicate (TMAS) -and 1.6 weight percent hydrogen
peroxide (remainder of this solution being made up with de-ionized water) and has a

15 pH of about 11.5. |

Wafer #1 samples with 0.35 micron wide via features had been previously
pl?epared using a via-first dual-damascene process with the following layers preseni;
Si wafer base, copper metal, silicon nitride, fluorinated silica glass (FSG) dielectric, N
silicon nitride elch-stop, FSG and anti-reflactive coatihg (ARC) layers, Lithographic
20 patterning was done using a deep ultraviolet (DUV) photoresist material. Reactive |
ion etching for pattern transfer was followed by oxygen plasma ashing to remove .
organic photoresist residues, but leaving mainly Inorganic residues behind. ‘Wafer #2
samples with one micron wide features and Aluminum-Copper raised lines capped
with titanium-nitride, were previously prepared as follows: (a) a coating of spin-on-
25 glass was applied to a siiicon_vyafer and cured (b) a titanium adhesion layer wés
applied (c) a titanium nitride Ia_lyer was deposited (d) metallization with an aluminum-
1% copper alloy (&) a titanium nitride capping layer was deposited (f) lithographic
patterning using a photoresist material (9) pattern transfer using reactive ion etching
and (h) oxygen plasma ashing to remove organic photoresist residues, but leaving
30 mainly inorganic residues behind, Wafer samples #3 through #6 have 0.35 micron
wide features and Aluminum-Copper raised lines capped with titanium-nitfide, were
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12. 3540/ 251009 | ess bat hAci d(slight) stabilizing agent

620/ 301003 (very slight) 610/351003 (very slight) F2F

40%hosphori cpKar

added 615/301003 (very slight) 620/301005 (slight) 610/351005 (sli g_ht_) F3FI

W th 66%hosphori cpKa3- 12.3540/ 251009 | ess bat hAci d(slight) iéggg géggg
agent added 615/301002 (very -.slight 6201301004 (very slight

slight)
April 200%redeEsly prﬁgpareﬁ Falbtlews; (2)=cating cn’rupwson@asd)wlas b)a?wéd & akiticbged,
agueous, | cate renove

post - et ch/ asg11 Fesl Lcj{%gs(gi ?3@"5‘9%%9%@%6 Wa%\apeﬁead &)ggé%t%ﬂgf iae dayer
range 22 t j%ge%ﬁzf%?i%g%ﬁ wjt“htsé)n @h}ﬂxg@gﬁ] Ita% bbb (8RS tianilg
posited (f} lithographic patternlng using a photoresist

5 material (g) pattern transfer using reactive ion etching and (h) oxygen plasma ashing

to remove organic photoresist residues, but leaving mainly inorganic residues

behind. Wafer sample #7 with 0.3-0.5 micron wide by 0.5 micron deep holes (vias)

through dielectric and titanium nitride layers exposing aluminum-copper alloy metal

at the base had been previously processed as follows (@) metallization with

10 aluminum-copper followed by titanium nitride (b) coated with silicon oxide dielectric
using chemical vapor deposition (c) lithographic patterning of vias using a photoresist

material (d} pattern transfer to the dielectric layer using a reactive ion etching (e)

oxygen plasma ashing to remove most of the residual photoresist, but leaving mainly

inorganic residues behind, were used to evaluate the performance of the solutions,
15 A wafer sample was placed in each of these solutions at 22-65°C for 10-60 minutes, .
removed, rinsed with de-ionized water and dried with pressurized nitrogen gas. After

drying, the sample was inspected on é Field Emission Scanning Electron Microscope
(FE-SEM) to determine the extent of cleaning and/or corrosion of the metal features. -
The results are shown in Table 2.

GCont ai nsHydr ogenpKa= 11 6710/ 451005 silicate. Peroxideslight) 32 13

20
Table 2: FE-SEM Evaluation Results
Bath pKa of Bath | Wafer Sample | Time | Post-Ash | Copper
Solutien | Description | Stabilizing | Stabilizing Number (min.)/ | Residue Metal
Agent Used | Agent Used Tested Temp. | Removed | Corrosion
(at25°C) | (1=Cu-based, | (°C) (%) (%o Metal
2-1= AVYCu o Loss)
‘ alloy based)
Bl Contains 5- pKa,=12.0 2 10722 100 0 -
silicate, sulfosalicylic | |
Acid T
1 20/35 85 0
1 20745 100 4
' (very
slight)
l 20/35 100 6
(stight}
3 20/25 100 15
(light)

30




5 values and still
Exanpl e 3 Aqueous solution "H' was prepared (w thout any bath stabilizing

agent add

0.1 wei ght percent

ed)

mai ntain the cl eani ng effici en'cy of the: SoI'Ut_i on.

with 0.2 weight percent tetramethyl ammoni um hydroxide (TMAH),
trans- (1, 2-cycl ohexylenedinitrilo)tet raace

APRBE s (a

(CyDTA), 0.07 weight percent of the 10 non-ionic surfactant Su
product of--Air _Praducts and Chemcals, Inc.), 3.0 weight percent glycerol
and 0. 14 \weilht |pdHedht i(cal®ul afferkaasi2® b 02)2 t et [ aoee Nyl aggrorT um
silicate (TMAS) (ﬁ"‘éﬁé‘i‘%déiﬂf@#hcrlhl s sol utipn being nmpde up with |degionijzed
water) angl has § PHYY dboufcid2. @. Conparhtive 4L uhcoverfed batHs sy@vg)e-set
up in a chemcal funme hdod with gn is aif-flowratp of dgbout 100 feet |per
m nute (FPM oveér the baths. The |t enperat pre—of—th 2I8/3t'3 WS~ hia ed
by use of | progranmable digital hgt platesfjwith a bafh ferrp_ atLre(v
nonitoring probe. Wafer [sanpl es Were procgssed duripng thg aging ofsli;h)he
sol utions|{so as|to determ ne its]|performapCe BATN-T| Lgas; A OggF TPt brr—df
the solufions psed for [the conparisons is discussed aboje in Eyalgggﬁ I
and 2. A 20 waf pr sanpl @ was pl aged in each ofithesg2s8fUlT ofis at 3p- 53C
for 10-20 i remmved, rjinsed with de-ionized water] and dni efeny t/h
pressuri zed Bi t | B @ﬁ@ac. Afst er | d¥%pimid@0 | he sanpl €] wee2 ifnspact ¢d on a
Fi el d Eniksion Ay |EFEedipdia | M croscope  (FE-SEM to [det er il ngydhe
extent of| clean| ng,: E}d/cr ¢osion of the netal feftured. The batdigadi ng
results art'e sho {#mnrgatl e 3. 25|Table 3:| FE- SEbt Bval uat|i on Regults fqr
Aged Sol'utions [Sol Ut onBat hAnoun{ of Bat hWif er Waf er [Sanpl gBat h Agi ng
St abi | i zi jngBat hjAgi ngSanpl eProcess$ti ne wi t p—Agent A
AddedsSt abji I i zi ngTenp. Nuttber Condi {i onsSuccessful Agelnf° Added(®®) (i n.Y
C) A eani ng of (Meight 9% Sanples (Hours) H I none03520283L3 339T3|Aprg T 2005
El S-Sul fosalicylic 2.93062013028|Aci d Fl Phesphoricll 6
1 20/45 100 5
(slight)
1 20/55 100 7
(slighy)
1 20/65 100 10
(light)
B4 BI with 6x 5 pKa,=12.0 3 60/33 100 | 5
co-solvent | sulfosalicylic | - (slight)
added Acid
BS B! with 7x 5- pKa,= 12,0 3 60/35 100 3
co-solvent | sulfosalicylic (very
" added Acid . slight)
B§ B! with 8x 5- pKa,=12.0 3 60/35 99 0
co-solvent | sulfosalicylic
added Acid
B7 B1 with 9x 5- pKa,=12.0 3 60/35 g5 0
co-solvent | sulfosalicylic
added Acid
C Contains Salicylic pKa,=12.4 2 10/22 100 0
silicate. acid '
1 20135 90 2
(very
- slight)
1 20/45 99 5
(slight)
1 20/55 100 3.
(slight)
| 20/65 100 8
(slight)
D Contains 5- pKe,=12.0 5 10/25 100 0
stlicate, sulfosalicylic
Acid
5 40/25 100 8
(slight)
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Aci d. 35610/ 3529 F2PhosphoricO 97 Acid. 30l 620/3020 F3PhosphoricO 5 Acid.
30620/ 3024 3 Al Salicylic Acid 0.9345120/ 4524 i315-Sulfosalic O 1ic82 y -
. 451 20/ 4524 Acid CSalicylic Acid0 94 . 55120/5524 ( GHydro 6 en g
1.4571014524 Peroxide Referring to Table 3, the data clearly $ i1 586
g ro , 3 _ Al 2085
ability of stabilized, aqueous, .alkaline solutions to successtul'ly rénove
post-etchl gsh residues from sem conductor wafers for a | onger period of
time in an|agBl dpefpaisish.| Thiss t ablpKaclid@r|ly shows d tizt [t heol ack of a
stabi | i zi ng agent| r 85%iet s |swiogligylie h-1ife tHat is unadceptalply shoft. This
tabl e al sojshows |t he abililty 48 supstitute |different lbath stahilifing -
agents and istill 3 4025 | 100
: (slight)
6 20730 100 2
(very
7 slight)
E2 El with 3x 5- pKa,=12.0 5 40/25 100 1
co-solvent | sulfosalicylic (very
added Acid - slight)
E3 El with 50% 5- pKa,=12.0 5 40/25 100 9
silicate | sulfosalicylic ' (slight)
content and Acid
with 6x co-
solvent
added
Fi Contains Phosphoric | pKay=12.3 5 40/25 100 9
silicate. Acid (slight)
6 15/30 100 1
(very
slight)
6 20730 100 3
' ‘ (very
stight)
-6 10135 100 3
(very
stight)
F2 | Flwith40% | Phosphoric | pKa,=12.3 5 40/25 100 9
less bath Acid - (slight)
stabilizing o
agent added
6 15/30 100 3
(very
slight)
6 20/30 100 5
(slight)
6 10135 100 5
(slight)
F3 Fl with 66% | Phosphoric | pKay=12.3 5 40125 100 9
less bath Acid ' {slight)
stabilizing
agent added
6 15/30 100 2
- ' (very
- siight)
6 20130 100 4
(very
slight)
6 1035 100 5
. (slight)
G Contains Hydrogen pKa=11.6 7 10745 160 5
silicate, Peroxide {slight)
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| mai nt a'i n 't he cl eaning effi ci ency of the solution. Exanple 4 10 Aqueous,
unstabilized stock solution "KL" was prepared with 0.18 wei ght percent
t et ramet hyl anmoni um hydr oxi de (TMAH), 0.1 wei ght percent trans-(1, 2-

cycl ohexyl enedinitrilo)tetra acetic acid (CyDTA), 0.07 weight r f
the non-ionic surfactant Surfynol-465 (a product of Air Prodhgﬁgﬁgggog

Chem cals, Inc.), 0.14 weight percent (calculated as % S 02)
tetranet hyI anmonium silicate (TMAS) and 6.0 wei ght 15 percent gl ycerol

(ren?| nger ofRef¢irisy ol Tatioa, bed ﬂgtaTEH@NHﬂhé\ﬂatbhlt)ﬂ@f sedHiERY, ‘é%b%l)s M:n@as a
pH of aboyp g

25.0 ueous, tablllzed sol uti on
pr epar ed ol ‘111‘3’&%608%'&"89 Sﬁt%f% tq UGF?%?{“ ¥ quovqmoﬂ@t@ﬁ/aﬂs fasid\me%‘rcm a
t et r amet hyskaaomiubdr BN 0 5
this solutjion bein mdgﬁuﬁyﬁ%h@gge%gﬁezie n%\%a(?er (f %%4%( (rrhfﬁqup
11. 76 at $80¢e. thaghilygo sw!mbmmez@ﬁesemtmatbmtammhgmagennsepm efiffarehh Kg 6
wei g pe Lk a um 0 wei ght percent of
t he Bgath g%ﬁ%lglafngl Hg%@%‘i” m%"f‘%ﬂ H*%W Beﬁg?'-\;\l@i"ght percent of the

non-ionic surfactant Surfynol-465 (a P of Air Products and
Chem cals, Inc.), 0.12 weight percent (ca cu:? ated as % S 02)

Lot et | AmEBBLTLALIBEHE R e B o g BEUF S5 S0k 206k O°
cycl ohexyMéhdb2 M-ienght lpeydentt lteteameihylanmdn(@y BYé&oxite (T MAH)V@W Ipebberdthi s
sol ution zed, wat er _and has a pH of out 11.90

at 25.0C. t@ﬁé Egglﬁif Cﬁg‘?gﬂ?f‘?@%”'g&?ﬁ??@ﬁ'lt‘o 8@i9 (CYRd Apr @ HZ reeiai Nf centsofitbe ght

t  hehd t
bat h st abi.l zﬁ%ﬁhgg%ent!ipzrg%?%g@% PRI B TSR Bho KRR e
a

non-i oni c3&uM¥ ﬁ?"cﬁfjﬁf@mﬁimﬁ &mZBEQ 4 medghhcpeménm(caléumﬂwt& #BdSi0,)

tcgt(:a Ta(r:rg!t ﬁt h??ﬁemﬁ)th "lcl?q | Ca%ﬂéazt%@?&é)s gh}%‘ C&‘P@iﬁ?@P%f&ﬂ M@denupt he

r emai nderwdﬁ dtehomzeowﬂtem)ranh&tarsga ﬁamfaumumﬂzm de-ioni zed water and has a pH
of about 11,89 at 25.0C Stabilized solutions were prepared by adding a
bath stabi|i ZPRpaEwEt4l: UHQ@(BF@Q batios wiere Iset apone shmicask@.hme ihendatith an

adj ugt i ng 11. 8 .wit 85% ssar Tabl e
4a sﬁsm*rar ?EZ@%??@&#@ ﬁ@o £hEEE Hﬂﬁ‘ﬁ“egéﬁ@ OV:?@T'?\%EP ’F% erBB%%H—t" paf
bat h st abthei bathg \wgemsintitdd dyplee iof HrbgrabdmiBler aigaat hbf p%té@W?‘h a bath
stabili zi gggna%e%has nore than one pKa associated wth it, then only the

pKa in th FRiYering RIRBGN Wﬁfefa‘iﬂrép 25 WerRrpresashdwingthe sgingwhs
done by rrmsgdsiumws?%otﬁ@te'ﬁé%é th% R9 f&rfg%aﬁ%%étﬂ it S€ t{%&P%é’%%gt Le

and corrpare it to the sanme ut| on N an uncovere

beaker f o0 E@ﬂﬁou&éd or Htﬁ)nompeupenanmrdsscussed above in Examples 1 and 2. A -
20 wafer sample was placed in each of these solutions at 30-55°C for 10-20 minutes,

removed, rinsed with de-ionized water and dried with pressurized nitrogen gas. After

drying, the sample was inspected on a Field Emission Scanning Electron Micrascope

(FE-SEM) to determine the extent of cleaning and/or corrosion of the metal features.

The bath aging results are shown in Table 3.

Table 3: FE-SEM Evaluation Results for Aged Solutions

Selution Bath Amount of Bath Wafer Wafer Sample | Bath Aging
Stabilizing Bath Aging Sample Process- time with
Agent Added Stabilizing Temp. Number Conditions Successful
Agent Added O {minJ/°C) Cleaning of
(Weight %) , o o Samples
(Hours}
- H none ) 35 6 20/35 12




35 13 April | 5005 Talb“l'é‘ 4b summari zes fhe results of the snmall beaker aging

test for
If a bath

potenti al

bat h
stabilizing agent has nore

~only the pKa in the 10-13 range is shown in
conpari son was done by neasuring.the pH of the unaged 5 sol uti

stabilizing agents with a pKa'in the 10-13 range.
t han one pKa associated with it,
Tabl e 4b. The pH1

t hen

g:f?@iﬁ«?ROQgi_ng

UsedAgent Agent UsedAgent AddedPHg Agi ng a Scaled (tint. % (at

25" C) Addedt oPREfEZfing 96 al"?c)!@‘@, YEE Bt lc?Ja'FB shov.l?sHithne ggi?i?y of stabilized, aqueous
alkaline solutions to successfully remove post-etch/ash residues from semiconducto.:
wafers for a longer period of time in an aged open bath. This table clearly shows
that the lack of a stabilizing agent results in a bath-life that is unacceptably short.

10

15

ur,s

the solution for 16 hours in an open 150 ml gl ass beaker placed in a

cheni cal fymeEhodds-adifctAaRE Tenpeypt ure—After—+6—hours—the pH of the aged
~solution i$_taken andadéihe pHl drop det ¢rnined.| Table 4¢ suthdri zds t B8

resul ts of {thel snal bhod@gker [agr Mg test—f patenti-al—bath—stahill i zj ng
agents with a pKd in Ade 10{13 range w th and w thout |t hel%Stional Aetal
to chel ati hg Egent pddagid 0 the gpiutions+Hta—bath-stabilizinglagent has
more than pne pKq assogdatef with it,]thén only the pKa i #3he 10-130range
i's shown ip Tabl ¢ dghesprdite pHd coffpati-sed—was—done hy neasufing the pH
of the sollution aged Adqu a $eal €d pol y bdltl ¢ an conpar €% tolthe2éane
sol uti on apedsi N agL;E0H rec—M—rsral—Beaker-fol 20_hourslat room

t enperat urp.is Al Il%%‘t&Seﬂrgl{tﬁi Ll bath sthbi M zi g adent s| wer®4sbt af ned2fr om
either Aldri of Sthbosdlicyllc | Bakegr DI N1 skpm 0T VR T TekT u,\a'} SBa',\ or—Jlnc.The
2- Hydr oxyppridi né andwd hygdr oxypyri df ne used was purchas‘eé from Al &Fich
and used w t Heut | fSstitiiencidplri To.gat 1 on. JAD € da 20Hour ,Ut‘.ccv:red Snal
Beaker Agimg-Fes Sel—Conci- of pKa_ of Agpunt  of Anount FreshzloﬁfbH D‘opP?—‘fti u
BathBathBathBach4.§§%§HeAfterDﬁop on 45 7 10/45 23

St abi || zi ngSt-abt++= ﬁﬁvfab.i_ | Zi 111zi ngfMAHSol utfi onAgin Affer in Agent

This table also shows the ability to substitute different bath stabilizing agents and stili

maintain the cleaning efficiency of the sol

ution.

Example 4

Aqueous, unstabilized stock solution “K1" was prepared with 0.18 w

and has a pH of about 11.78 at 25.0°C.

34

eight percent
tetramethylammonium hydroxide * (TMAH), 0.1 weight percent trans-(1,2-

cyclohexylenedinitri[o)tetraacetic acid (CyDTA), 0.07 weight percent of the non-ionic
surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 0.14 weight
percent (calculated as % Si0,) tetramethylammonium silicate (TMAS) and 6.0 weight
‘percent glycerol (remainder of this solution being made up with de-ionized water)



(grams) Beaker Ki NoneO-.11. 78noAve. = 0. 73 K2Acet one

2.812.26.016. 1811. 80sl i ght 0. 50 Oxi me K3o0Acetone

5.512. 212. 065. 1411. 78sl i ght 0. 39 xime K4Salicyl - - -
2.512.116. 0032. 7711. 78n00. 28 al doxi me ‘5-Sul fo- - : 3 April 2005
K5sal icylic2.712.006.0720. 7011. 80no0 17 Acid. 36 13 April 200% P
K6Resor ci nol 2. 512. 326. 0232. 2911. 63n00. 07 K7Resor ci nol 8. 512. 3235. 10177. 7511

0' 05 83 K82- Msqusaus, umbﬂe@drsﬁlmtmnz'.}@m.mﬁéégfr@aar%d%mwﬁﬁjdg%‘ftQgég_sgllqtifg

6. 4030, 661115114 P85 28 % Vh% teiamelyammopiugn cerbonbte and 0.24g of 34.85 Wi
KI21, 5- pontanc. 3 111 56 A0DT2 DARB0 BRT hads vo wihydesianzssvalen sg hes o
6. 40012. ATHd0f Bhout 11.76 at 25.0°C. Agueous, stabilized solution “K41” was prepared with
5 2.6 weight percent tetramethylammanium hydroxide {TMAH}), 5.0 weight percent of
the bath stabilizing agent 2-hydroxypyridine, 0.05 weight parcent of the nan-ianic
surfactant Surfynol-465 (a product of Air Preducts and Chemicals, Inc.), 0.12 weight
percent (calculated as % SiQ,) tetramethylammonium silicate (TMAS), 5.2 weight
percent glycerol and 0.09 weight percent of the metal chelating agent trans-{1,2-
10 . cyclohexylenedinitrilo)tetraacetic acid (CyDTA) with the remainder of this solution
being made up with de-ionized water and has a pH of about 11.80 at 25.0°C.
Aqueous, stabilized solution *K42" was prepared with 2.5 weight percent
tetramethylammonium hydroxide (TMAH), 5.0 weight percent of the bath stabilizing
agent 2-hydroxypyridine, 0.05 weight percent of the non-ionic surfactant Surfynol-
15 485 (a product of Air Products and Chemicals, Inc.), 0.12 weight percent (calculated
as % Si0,) tetramethylammonium silicate (TMAS), 5.2 weight percent glycerol with
the remainder of this solution being made up \;'lilh de-ionized water and has a pH of

about 11.89 at 25.0°C. | |

Stabilized solutions were prepared by adding a bath stabilizing agent to 200.19

20 of the above stock solution and adjusting the pH back to about 11.8 with 24.85% .

TMAH, if necessary. Table 4a summarizes the results of the small beaker aging test |

for potential bath stabilizing agents with a pKa in the 10-13 range. If a bath

stabilizing agent has more than one pKa assaciated with it, then only the pKa in the

10-13 range is shown in Table 4a. The pH drop comparison was done by measuring

325 the pH of the solution aged in a sealed poly bottie and compare it to the same -

solution aged in an uncovered 100 mi small beaker for 20 hours at room
temperature. | |



KL4Pyrrol i di ne3. 111. 316. 40012. 49n00. 50 K154- Met hyl -
3.111. 236.40012. 36n00. 97 Kl6Saccharin2.711.686.0012. 2511. 80n00. 64
K174- hydroxy- 0.1011.090.210.9911. 94n00. 66 ri di ne Ki84- ‘hydr oxy-

pyridi ne2. 711. 096. 0218. 9611. 80n00. 14 K194- hydr oxy-
6. 011. 0915. 9049. 6411.82n00. 06 ri di ne K204- hydr oxy-
9.011. 0928. 3087. 3011. 84n00. 03 ri di ne K214hydr oxy-
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12.511. 0950. 08beHADAIMMBIZREdtH Bis0es K2h3-sryslr t?e?ker agmg test for potential bath

np0. 61 pyridine 1(232-

0.1011. 62 6611. 89
0. 9711. 62% %’ﬁ% r@ﬁgfrgwab NRKG indnad OKD?tL@!leédrlba)bath stabilizing agent has more

1. 411. 623tHxtbo(S8 bﬂ(a%gggra
y-2.811. 626, 0211.0411.79no

ridine K2 80l

6. 01%. 6214010080 trieh difS 10 s Mo
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i ne K292-

%39 GhmnassisisEmp B 05
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e solution for 16 hours ln an open 150 mi glass beaker placed
in a chemical fume hood at room temperature. After 16 hours the pH of the aged

solution is taken and the pH drop determined.

Table 4¢c summarizes the results of the small beaker aging test for potential bath
stabilizing agents with a pKa in tha 10-13 range with and without the optional metal

10 -

chelating agent added to the solution. If a bath stabilizing agent has more than one

pKa associated with it, then only the pKa in the 10-13 range is shown in Table 4c.
The pH drop comparison was done by measuring the pH of the solution aged in &

sealed poly bottle and compare it to the same solution aged in an uncovered 100 ml
small beaker for 20 hours at room temperature.

I3

Baker Division of Mallinckrodt Baker,

nc.

All potential bath stabilizing agents were obtamed from either Aldnch orthe J. T.

The 2Hydroxypyndme and 4-

“hydroxypyridine used was purchased from Aldrich and used wnthout further

purification.
Tableda: 20 Hour Uncovered Small Beaker Aging Test
Conc. of PKzof | Amountof | Amount | Freshly | pH Dro
. } PH
Solution Bf“_h. Bath Bath Bath 24.85% | Made F After d Drop
Stabilizing | Stabilizing Stabilizing | Stabilizing | TMAH | Solution Agingin | After
Agent Used Agent Agent Used Agent Added pH a Scal’!ed Aging
(Wt.%) | (at25°C) Added to - Poly 20
{grams) Adjust Bottle* Houss
rH in Open
(grams) Beaker
Kl None o - 11.78 no Aves
- : 0.73
K2 Acetone
Oxime 2.8 12.2 6.01 6.18 11.80 slight 0.50
- Acetone
K3 Oxime 5.5 12.2 12.06 5.14 11.78 slight 0.39
- Salicyl- -
K4 aldoxime 25 12.11 - 6.00 32.77 11.78 no 0.238
5-Sulfo-
K3 salicylia 27 12.00 6.07 20.70 11.80 no 0.17
Acid -

(93]
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9.011. 6223. 8039. 5911. 82n60. 02 ri di ne 2- Hydroxy - - -
12.211. 6235. 6056. 9811. 83n00 y- K312- Hydr oxy- 15.011. 6250.0083. 3211, 90n00

K30pyri di ne

ri di ne K32Benzirni d-<3 azol e(saturated)12.311.8n0o0.5 37 13 April 2005 -3
(insoluble r Any pH drop noted in the sealed poly bottle is Ihgqiﬁ“%pg
oxi dation of the buffer and was nonitored over the course of 'Severa gays..
A "slight” pH drop rating corresponds to <0. 10 pH units, which may be
related fo %aoc ar rZatronyerrors: **pH FREFeased h\' 0.05_ which_ would
be expecled_as| vai’E"evap 5ate£| oF32(t Y pi éﬁ?ly WUt 106mK %;wat ar g\@as 5
| ost due twevapggopcgnhpr‘h duyrd ngjun qyer :dpﬁﬁ? agl Frisotubte pite
addi ti onef e aqueous TVAH t 0 achi eve 1) 46} 81§ Haar UIE\QCO%GI ed
Smal | Belak&s Agl“ﬁ’ée'hﬁést ne. O p %4of Fr e BlJyp Af4tlerpH gp_Sof utiomnBat h
St abi | i Zj-ngBathEEENREdeAgi Ny 16Af | na Agent - LL78 | slight 013
UsedSt abji | igi n%ﬁtwdﬂ{yt.l zi ngSol uti on pHHoursl6 Hours it Agent[Agent UsedOpen
Beaker (jas Wt . |YbresbrcindC & ﬁﬂgnatéﬁﬁkl None011. 7711. 190.58 1| 1(40THMA
Car bonat [0 674033+~ L1 AY o QPHDD erring ta Tahlle 4a dnd Table 4b
. '-- ] - . . . ' .
above, ift ¥4 ¢l e@risthaj nat al (_e?nma:ed)Stab“-“ ZIN®Wo6s | 1181 | slighe | o011
K11 roline 29 10.85 6.40 17.62 11.87 no 0.77
K 2-Methyi-
12 1,5-pentane- 31 11.2 6.40 0 ,
diamine ] 1224 ro 0.56
Ki3 Piperidine 31 11.12 - 6.40 ] 1241 na 0.74
Kl4 | Pymolidine 3.1 1131 6.40 0 12.49 1o 0.50
Ki 4-Methy[-
5 piperidine 3.1 11.23 6.40 0 1236 | - no 0.97
K16 Saccharin 2.7 11.68 6.00 1225 11.80 no 0.64
4-hydroxy-
Ki y
7 Dyridine 0.10 11.09 0.21 0.99 11.94 1o 0.66
4-hydroxy-
K18 pyridine 2.7 11.09 6.02 18.96 11.80 no 0.14
4-hydroxy- '
KI9 | ridine 6.0 11.09 15.50 4964 | 1182 no 0.05
4-hydroxy-
K2 Y
0 oyridine 9.0 11.09. 28.30 87.30 | 11.84 no 0.03
4-hydroxy-
Kzl oytidine 12,5 11.09 50.00 149.09 | 11.82 no 0
2-Hydroxy-
7
K22 pyridine 0.10 11.62 0.21 0.66 11.89 no 0.61
2-Hydroxy-
K23 pytiding 0.97 11.62 2.01 4.11 11.82 no 0.19
2-Hydroxy-
K24 oyridine 14 11.62 3.01 5.78 11.82 1o 0.15
2-Hydroxy-
K25 oyridine 28 11.62 6.02 1.04 | 1179 no 0.09
2-Hydroxy-
2 ¥
K26 Dyridine 4.0 11.62 9.03 1645 | 11.82 no 0.65
2-Hydroxy- | ,
K27 pyridine 50 | e 11.70 2110 | 11.82 no 0.04
2-Hydroxy-
o
K28 byriding 6.0 11.62 14.50 26.11 | 1183 no 0.03
2-Hydroxy- .
2 ydroxy "
K29 pyridine 9.0 11.62 23.80 39.59 | 11.82 no 0.02
2-Hydroxy-
K30 pyridine 12.2 1162 35.60 56.98 | 11.83 no 0
- 2-Hydroxy-
K3l pyriding 15.0 11.62 50.00 8332 | 1190 no 0
- Benzimid- <3
K32
> azale (saturated) 123 11.8 no 0.5
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égents with a pKa in the 10-13 range woul d be effective in stabilizing

t hese aqueous
best bath stabilizing agents
f ol | owi ng:

to the air,
woul d evaporate during exposure to the air,

~“than 0.5
choosi ng
-usef ul

K372- Vet Hy| k363 U0sce@icice 1 | dPnei

eri di nei

for puff

sol utions against changes in pH It is apparent that the
are those that are NOT sel ected fromthe

(a) reducing agents that could be easily oxidi zed y&ﬁ

(b) have a low boiling point such that the 15 stabl I'1"z1'ng agent
(c) have a sol ubi I|ty of | ess
on. Tt S atsQg apparent th
a pKa ag low ds 10.3 is st
er Phgyla $ol w3i on aj, @ pH of abofit TT- g Tablje 4a a
ratamect hafinmbit*he cdncen ration K33Cyanuric-1.511
Dipegyhi but y3- - 311 ~25 afri ne(i nsplubl e). K33D rnet
L rPOGKER| o (ysolible’) pfpsémitedKR6Acet anl dire 34 12 {(insol
1sollypl el. K333-jethyl+-307 |11 i

I N agteous akkal T he sol utl
t h

h shebi | il zingoagent ' i ]

SO
NyT -
bl e )|.

ﬁmqlrubl Q/ 2005

i I\"

=11 | etidine(estimted 3S[13 Aprjl

|
SQUI UUI
2\/1:
ehy 10.95

K37 A
piperidine

3-Methyl-

piperidine

(msoluble Y
~3
(insoluble®)

4-Hydroxy- ~3 ~11
piperidine | (insoluble”) | (estimated)

K38 - 11.07

K39

*Any pH drop noted in the sealed poly bottle is likely due to oxidation of the buffer and was monitared over the

. course of several days. A “slight” pH drop rating corresponds to <0.10 pH units, which may be related to pH

10

standardization errors,

**pH increased by 0.05, which would be expected as water evaporated off (typically, about 10 wt.% water was

last due to evaporation durin g uncovered beaker aging).

“ 'Insoluble despite addition of 25% agucous TMAH to achieve pH~12,

Tabledb: 16 Hour Uncovered Small Beaker Aging Test

Conc, Of pKa of Freshly pH After
Bath Bath Made Aging 16
Stabilizing [ Stabilizing | Solution pH Hours
Agent Agent Used
(as wt.% (at 23°C)
Carbonate)

pH Drop
Alter Aging
16 Hours in
Open Beaker

Solution | Bath Stabilizing

Agent Used

Ki

None 0 11.77 1119 0.58

K49 TMA Carbonate 0.67 10.33 11.76 11.34 0.42

Referring to Table 4a and Table 4b above, it is clear that not all bath stabilizing
agents with a pKa in the 10-13 range would be effective in stabilizing these aqueous
solutions against changes in pH. It is apparent that the best bath stabilizing agénts
are those that are NOT select;d from the following: (a) reducing agents that could be
easily oxidized by exposure to the air, (b) have a low boiling point such that the
stabiliz_ing age.nt would evaporate during exposure to the air, (¢) have a solubility of
less than 0.5 wt.% in aqueous alkaline solution. It is also apparent that choosing a
bath stabilizing agent with a pKa as low as 10.3 is still useful for buffering a solution
at a pH of about 11.8. Table 4a also clearly demonstrates that as the concentration

38



of the bath stabilizing agent is increased the pH stability of the:
formul ations are increased. S Table 4c: 20 Hour Uncovered Snall Beaker -
Agi ng Test Conc. of pKa of Metal Freshl ypH AfterpH Drop After

Sol uti onBat hBat hBat hChel ati ng' MadeAgi ng 20Agi ng 20 Hours Apr 2005
StabilizingStabilizingStabilizingAgent Sol uti onHoursi n Open BeaE gent
UsedAgentd?\qﬁQt L% d[Agged’> pH (svi.% (at 25C) Kl NoneOYES11. 7910. 970 82

K412- Hydroxy- bty [fe %‘ESliQ@ﬁl@ gsreaysd BeneH ketabiliy df they forubtibn§ 24N

11. 8911. 84felbed.i dineL Referring to Table 4c, it is apparent that the
presence of a netal chelating agent is optional and has no effect on-the
pH stability of the solution. Exanple 5 10 Aqueous, unstabilized stock
solution "L1" was prepared with 0.79 wei ght percent tetranethyl anmoni um
hydroxi de (TMAH), 0.11 weight percent trans-(i,2 acid (CyDTA), 0.07 weight
percent pf The non-iomc —surfactant—Soriyrol 485 a—product of Air
Product stand Cheni cal s, Tablecic) 20 BodriUnseiegd SmalpRaake@ging gat cul at ed as % $i 02)
t et ranet hyl anmpni um si || i Cakceof( 20dNd 1detd . P FYdh]

hydr oxy| p¥ffutien ( r eRethndgr Bhtht hi %{hut [ ocrhehe:tan Ymdg tfp}ﬁgn{;él [;Bgnmﬁl}gﬁfs:.ed
wat er) apd has| Atapiliiog | Stedilizing | VBilang5. At St Sdditloh 7 tosio! i 0P RSB MEY; €
prepar ed| by adff#gt Bedat hdaspabil Migsrit Herddgadded? of 208 O of the above sfock
SOl ut | on a“d ajj lur‘fl nn t I{E\t%i-l }’,’-16"(2:*6_) dbout 1 95 V\ﬂ 1 h 24. 8% TMAH. Tab| e
5 summarf z&4 t he Iﬁ@sul {s ob thé snall teakes gi Ngot gstipfor| bat hgr0
stabi | i zj ng, AgPIHFd T ap{)Qidllltllc H=—1S—range—H—ra—bat-hrstabilizing
agent hals rej jpyidne one

32

agsoél-@t ed WEH it ,111%8en dhBy fthe pE& in|the
10-13 r SHombkyL | TAbl €[5, _The pH drop [conparijson—was—tofe—by
measur i ?LL??]E Hoofting he sotlti on 5f%fed |i nNR sdal Bd9pgl Y1-botk | e €85 t he|same .
sol ytion aged in an uncovered small beaker for 20 hours at Toom
tenperature. 39 13 ril 2005

Referrmg to Table 4c, it is apparent that the presence of a metal chelating acent

is optional and has no effect on the pH stability of the solution.

Example 5

10 Aqueous, unstabilized stock solution “L1" was prepared with 0.79 weight percent
tetramethylammonium hydroxide (TMAH), 0.11 weight percent trans-(1,2~-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.07 weight percent of the non-icnic
surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 0.14 weight
percent (calculated as % SiQ,) tetramethylammonium silicate (TMAS) and 18.5

.3 weight percent hydroxylamine (remainder of this solution being made up with de-
lonized water) and has a pH of about 11.95 at 25.0°C.

Stabilized solutions were prepared by adding a bath stabilizing agent to 200.0g
of the above stock solution and adjusting the pH back to about 11.95 with 24.85%
TMAH. Table 5 summartzes the results of the small beaker aging test for bath
20 stabilizing agents with a pKa in the 10-13 range. If a bath stabilizing agent has more
than one pKa associated with it, then only the pKa in the 10-13 range is shown in
Table 5. The pH drop comparison was done by measuring the pH of the solution
aged in a sealed poly bottle to the same solution aged in zn uncovered small beaker
for 20 hours at room temperature.



Table 5: 20 Hour

Uncover ed Smal |

Beaker Aging Test Conc.

O pKa of Anount

of Anmount Fr eshl ypHpH Drop Sol uti onBat hBat hBat hBat h24. 85%vadeDr opAf t er
StabilizingStabilizingStabilizingStabilizingTN LkHSol uti onAfterAging 20

Agent UsedAgent Agent UsedAgent AddedpHAgi ngHours in (wt.
aOpen (grans) Adj ust Seal edBeaker pHPoly (grans)Bottl e*

9 (
Non

at
e0l1

=1.84 22-Hydroxy- 5.011.6211. 7023..0511. 96n00. 28 vri di ne F2- Hydr oxy-
11.211. 6232. 7358. 3911. 95n00. 11 pyridi ne L42-Hydro xy-
6. 611. 6258. 0390. 9911. 94n00. 08 pyridine 2- Hydr oxy-

fsgiangs "

22.111. 695. 00134. 2911. 9 0 05 H, drop noted Tm the seal
pol y bot tHe :o Hkely_di %n@ Gg cmer?db%]“ﬁmgﬁnkftf%‘“ggﬁﬁ was moni tored qver
the coufse o mn se eLaI 0"A " s‘ll\lﬂgﬁt AFPENdpopAMEInt NEregdy | epHonf $HIrox(. 10
pH units Sa §ibe a[f‘ed ;% far dj Z#Eton Made of DroRef erdfieng [t 0
Table 5 above Nh ﬁ%mfsf§ B8 4 E?E g S?Um'ieyl %ﬁgg‘e %’B‘I‘I‘f"?i g | Aging20
formul atj on hag S|gn|f|§ ;1 ; epi il tef g gPHThe AsHdi 1 iHBHsoT |a
bath stpbiliz{ng agent to t a@ueoJS aqf[ﬁxy [Jihie- cont p SH‘iI:qg sglPGt i on
dramaticplly {nproved|the pH stability of t f\ﬁ | ation| “Jh¢ }abi’éalso
clearly denonstrates that 10 ag the co1centrat|@ﬁmg,f t he bpghast pbilizing
agent is|irfdrefas thefpH stability of[the Tdrmnul atlons afe T ncyeasey:
Al so, bylextrapal altonlof the data in [rable 5.4 a mni comeent FETI6H | of
about 31f 35;wt | 3i2dthyef oxygqyri ¢li ng Moul d required t j M nat g Yy pH
dr op under—.t..hgjerigﬂgm ronditions fi ove er]?'e[? %'P? liﬁ%u “Peqm roag mhy
be greatler 3f [HEYSBPulion s pH siighi | | zabihpn bahayes i gs an expohent al
rather tfan 15 | Pysidige ranner and may require ds rru@c/h 19%0 2% B
2- hydr oxypysai d ?rg}rgg?’e i Mgt el any,pH drgps undep of Hesg i et nc(,:ondl tjQns
2-Hydroxy-
LS ovridine | 221 11.62 9500 | 13429 | 1194 | no 0.05

*Any pH drop noted in the sealed poly battle is likely dus to oxidation of the buffer and was monitored over the

course of severa] days. A “slight” pH drop rating corre:pords to <0.10 pH units, which may be related o pH
standardization errors.

Referring to Table 5 above, the uhbuﬁ‘ered aqueous, hydroxylamine-containing

- formulation had a significant change in pH after aging. The addition of 2 bath

10

15

stabilizing agent to the aqueous, hYdroxyIamine-containing solution dramatically

improved the pH stability of the formulation. The table also clearly demonstrates that

as the concentration of the bath stabilizing agent is increased the pH stability of the
formulations are increased. Also, by extrapolation of the data in Table 5, a minimum
concentration of about 31-35 wt.% 2-hydroxypyridine would be required to eliminate

any pH drop under these test conditions. However, the actual amount required may

be greater if the solution's pH stabilization behaves in an exponential rather than

linear manner and may require as much as 50 wt.% 2-hydroxypyridine to eliminate
anylpH drop under these test conditions.
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40 13 April 2005 Exanpl e 6 Aqueous, stabilized sol uti on I\/Il was pr epar. ed
with 3.0 wei ght percent of the bath stabilizing agent piperidine, 0.06"

wei ght percent of the non-ionic surfactant Surfynol-465 (a product of Ai r
"Products and Chemicals, Inc.), 0.12 weight percent 5:(cal cul ais%@. ghﬁ 02)
-tetranet hyl ammoni um silicate (TMAS), 5.0 weight percent glyc an he
pH adjusted to about 11.77 at 25.0C by addi ng 0.95 wei ght percent

trans- (1, 2-cycl ohexyl enedinitril o)t Exkam@bebi c acid (CyDTA) with the

remai nder of this solution being nade up with de-1onized water. Agueous,
stabi |l i zed d¥lugobenstablized sohsiopreidvess pletplaré:i Withed ghivelpit gritertfoftihe 1 0.

bath sta ent pyrroljdine ercent of the non-ionic
surf act abcHﬂl‘ éﬁ‘%ﬂﬁ%g ¥(pé°9;5‘rd(‘ﬂﬁacq ngwwp ’Eﬁ?ﬂ o Hgdnendenie Sutagtant, )

0.12 .
0,12 o1 BUpere9ta clegharied:as i hnd ALLATS: DY VRN i L68L°

25. 0T by (5@‘8P'ﬁ§3d18§ Y%ePigh) Leieﬁmemylan(rewmymeﬁb@atm(tTMAS) t 20r waight iperesitd

o1 on 2 ety hao & BERLEADs Gl BbpyEtl Lot ep e Readdiad Geepiiaht naresnts. o
wei ght perareqt, m&ycndsrexymauﬁm%lrbawe @@@Qeyézrﬁztum%ﬂ fHEi 562-{@@9\%1@13%% @‘ ne,

0. 06 wei ght percent of 'the non-"ionic surfactan act of
Al r Prod@eluioghginchesideapswith de-ignizegl waterwei ght percent (cal cul ated as %
Si 02) tetranethylanmmoniumsilicate (TMAS), 5.1 20 wei ght percent glycerol

and 't he pH ddjuestiedstabiliabd gblulidn 8 2atwadpREaked auHi 30 Weikht p\é%eﬂﬂtof%éce”t
(etﬁl en%&l&nl ga” | p)tetraacetic acid EDTA with the remai nder of th

sol 0fi on ageni prrelisinesni0 Wﬁéﬁhérper%ﬁe‘?fug‘e §@aﬁ@mlpzseufa§ban1t| on
S Was SUBRSK e X hodudt dree oélf‘c.’t&%% OlerhBBis, BALE S130ULIH: ML 2G5!

2- met hyl - penta edi am ne, percent of
sur f act ar(@a sujate,dnas %68!(12}1 tepiramletbylao'fmdmmm%hmajet(é” M) Ghonweigh$ pertent)

0.12 t d myo I t
Civesy~ BeeRG ethe SiF e D Bl DT R AT IE T g 1wt perasrte a
25. 0C by (emgieﬂed%tmﬂa)te%heéuc aaaqeetwgemwtﬁaer@ma.ﬁééﬁ ol Erﬁé rs%ﬂﬁ%h' Geig! d
(EDTA) , the remai nder of thi's lution belng nmade de-ioni zed

| vvat & . amade upwith deoiobizedbyates summari zes t he resul t's of the smal | beaker
aging test for bath stabilizing agents wi.th a pKa in the 10-13 range. If a

bat h st abi | iAfuegusgstabilipes seRtien t"mn_»m_e}p ePKﬁecﬁWﬁﬁC?s at @eg\m tdamtént dfhep only
t he pKa 0-13 ran%g i's shown ab The rop ari son -was

~ done by Féﬁéaﬁbﬁgmh%gw Fiefi | foPeARBRR AR, O0GWeight percent of the non-.
. ionic surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 0.12

weight percent (calculated as % Si0,) tetramethylammoniurn silicate (TMAS), 5.1

20 weight percent glycerol and the pH adjusted to about 11.81 at 25.0°C by adding 0.14 -
weight percent (ethylenedinitrilo)tetraacetic acid (EDTA), with the remainder of this
solution being made up with de-ionized water,

Aqueous, stabilized solution "M4” was prepared with 5.9 weight pereent of the
| bath stabilizing agent 2-methyl-1,5-pentanediamine, 0.06 weight percent of the non-
25 lonic surfactant Surfynol-465-(a product of Air Products and Chemicals, Inc.), 0.12

weight percent (calculated as % SiO,) tetramethylammonium_'silicate (TMAS), 4.9
weight percent glycero!l and the pH adjusted to about 11.79 at 25. 0°C by adding 0.44
weight percent (ethylenedinitrilo)tetraacetic acid (EDTA), with the remalnder of this
solution being made up with de-ionized water. - '
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5 sealed poly bottle to the sane solution aged in an uncovéred small beaker
for 20 hours at roomtenperature. Table 6: 20 Hour Uncovered Small Beaker.
Agi ng Test Conc. of BathpKa of BathFreshly MadepH Drop. After Aging '
Sol utionBath StabilizingStabilizingStabilizingSolution pH20 Hq)grl%)ri}go-%en
Agent UsedAgent Agent UsedBeaker (w.% (at 25C Kl None0O1ll.78Ave. ="0.

e L0 0SS 00 S di S R L LR Ll 221 e stag
MA2- et hyl aderfts viild pR3 In 1120189 3naRgaN e aaimﬂam‘zm@ré%@ttr@sﬁe}@tr@na@we,
there is a clear benefit to adding an al kaline bath 10 stabilizing agent

tﬁ these aBfi@@Assosigiaduividh itotfert enlyrtbadiantp thee 18] JFasgeaisseawn éa Twibich 6.
that as "o TE B S Corfb ddftat, B Y BelBiinty M BLEbP e YalRaTARLah .

pH st abi | i sgaled pohebottlertouthatsaens seiution rgedadacsh uhbeverddagrhaly &ckhRet frn@o an
al kaline bath stabilizing agent is that since TMAH has no neasurabl e pKa
(it is ful QUG LGFNIeBASIAN Rater) it |s does not stabilize the sol ution .
that it is in. An al kaline bath stabilizing agent will achieve the desired
pH and al so afford bath pH stability at the same tine with one |ess
conponent added to the fornul ation. Another advantage of using an al kaline

bat h stabill i zi ng agent | SrbRat 2b brelFbheRE::4 SHRI BGLergidg 100 O T €

addi ti onal —bath—rstabi-Hz+rgragenrts—tg Frndarbafh—pH-—stabiHi ty

T Stah: O R oTBah d Pla Rl | el Niade | pELRroh Alier Aging
for aformian o g8 42,13 WOELa60s REAEILE 1 TGRS | et Ceger
s DLEReE" W LT nt”TerT arethyl gigphnt Um
0. g

solution " t izg’lfgwei 9;1 N et
hydr oxi de {( TMAH)}, pef E‘Qt t ra@"%nz ody 2-
cycl ohexylenggimytri 9)[ EtTapcetTT acihd ( CyDTAT,| 0. 06_wer ght—percent of -t he
non-ionic |5 surflct af¥ersur f yhol - 465 (d product df ARF?¥roduct sh4rd’
Chem cal s,| I'pg. )i 02T wWei gh percentj (c ["at{ed O SI|O2)
t et r anet hyll a%nn um B9 Eat e (TIVAS) 0] qﬂ'ﬁéht ppﬁl?'ynt dlycero %and 2 8
wei ght perjcem2 of t herchiditeh S| abi Bbzi ng agent1 5-qul feszdicyl ic ardsd
(remai nder[of—thrs=sol; ‘-f. of—petng-rade—up—wth-ge=tonizedjwater—and—tas a
pH of abdutM21. 04, %%mﬁec 3.0 11.2 1.8t 0.41

ne

Mg | methyl ]S 5.9 112 | 0
pentanediamine : ‘

Referring to Table 6 above, there is a clear beneflt to adding an alkaline bath
10 stabilizing agent to these aqueous farmulations for reducing the pH drop associated
with their exposu're to the air over time. The table also cleérly demonstrates that as
the concentration of the bath stabilizing agent is increased the pH stability of the
formulations are increased. The advantage in using an alkaline bath stabilizing
agent is that since TMAH has no measurable pKa (it is fully dissociated in water) it
15 does not stabilize the solution that it is in. An alkaline bath stabilizihg agent will
achieve the desired pH and also afford bath pH stability at the same time with’ one
less component added to thé formulation. Another advantage of using an alkaline
bath stabilizing agent is that it may be combined with one or more additional bath
stabilizing agents to afford the maximum bath pH stability for a formulation.
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10 Aqueous,; stabilized solution "N2" was prepared by addi ng _

2- hydroxypyridine to stock solution "K1" and adjusting the pH back to it's
starting pH by adding additional = 25 wt.% TMAH. Sol ution "N2" contains: 1.4
wei ght percent tetranethylamoni um hydroxide (TMAH), 0.1 wei 58‘59@25 ﬁt _
trans- (1, 2-cycl ohexylenedinitrilo)tetraacetic acid (CyDTA), O I g t
percent of the non-ionic surfactant Surfynol -465 (a 15 product of Air
Products and Chemi cals, Inc.), 0.13 V\Ei ght $ rcent (calculated as % S 02)
tetranet hyl ammoni um si | i cate (TMAS), SX8MM ght percent glycerol and 2.8
wei ght percent the bat.h spabiljzing, agent 2-hydroxypyridine (remainder
of this sol uti&IFHa: rfgaatr’fg%?é} Lﬁé’lwof‘hnfgé- ig‘fﬂﬁ?' z%"(?P\%ﬁqer‘)’ﬁﬁna%a%elﬁhbl-m%f:ent
about 11. 8GedtmeRfidfmoRRind igst atAred ¢ol ulpikt N3 by
addi ng 4- hydr oxyggjri di_n_e@tn’g\ q@?g?&désoftgﬂ%g’" Igﬁ an&ﬁg\cﬁj D@‘f‘ﬁcﬁﬁi ﬁ'rea(;ﬁgl'a—‘r1 1ck
to it's stdVElgxYenediniitia)tetoanetic ticehéTyD D), WQ8/wENNY. peBednttofane 3 ionic

el gt per caneC R SSUrPRASRY (o SRSt o s PR Bhe Hhemicels el 4 vgjaita)

0. 06 wei ghtpepeerntefoticokatdd@sRNSiGNit6traHefnyindmbnidr fyieat eQgct
of Air Products and Chem cal s, IC%E.), 0. hg wei gﬂit pgr cenei f?@é(sg'ulé?tg @Jg %

1
S 02) tet r AFEEHY IR and 28 weishbperrrnbpf e, hathestabitizipgragent Sgsyiveabtyliand
2.7 wei ghtachelresiat tabi | Lz t, 4- rOXypyridine
(renai nder °of {hi s H%EIO&??%%B elloﬁgb%m @SE%WEHES-'PE?%%%&X %’?é Haﬁ& Pds a
pH of aboutof 8bo80DI hE4 aR350€C, 43 13 April 2005 Aqueous, stabil.ized sol ution
"N4" was prepared by adding resorcinol to stock solution "K1" and

N e e
hydr oxi de @M@Oﬁut@?‘@(ﬁ\@ﬂgjfﬂd}gﬁihgdhe pH back to it‘s'sta_rgng pH by adding additignahl
RS T P RN R A I
Products amyd@xids ¢aMaH)! 1 )wei%l}-&té)bel@inghFa@ﬁi%Bﬁcl&ﬁ@iﬁ%ﬁéﬁiﬁﬂil eét:]/édac?ﬁgz)

tetramet hyl a i silicate (T , 5.0 weight percent ycero
vei ght pert?@m@f’sf]ﬁb B&¥6n waighli perzenly ohgbat ner-danic | swfactardnBurfyecl-485 t(ai s

| ut | i ' iani: pat : H.of, ab 11,78
o0 Daroe PR BRAG RNl e THRRIEAS, MEORULRET betedtl ByoRfd gt
2- hydr oxy pyi®@gi W@gmthﬁamqiqrmﬂhrsiiiazage "(KM';\?M.@@S@'@M perdene gytehaicknd Gz.stz ' 3
tart t - WL % . tion "N5" contains: 2.
werght et SRt oR. Bh e, RBR stk A% G- RYERrRY Giso (smenaindernet daat
trans- (1, 2soltibatteing enesh Ript Rith 0dd-RiniARC flatér) A%l Haé @g}m a%o%f 1&?@@%

percent of the non-ionic surfactant Surfynol-465 (a 15 ct o
Products ark@-Wheni cal s, Inc.), 0.11 weight percent (calculated as %

20 Aqueous, stabilized solution *N3" was prepared by adding 4-hydroxypyridine to -
stock solution “K1" and adjusting the pH back to it's starting pH by adding additiona!
25 wt.% TMAH. Solution “N3” contains: 2.3 weight percent tetramethylammonium
hydroxide (TMAH), 0.09 weight percent trans-(1,2-cyclohexylenedinitrifo)tetraacetic
acid (CyDTA), 0.06 weight percent of the non-ionic surfactant Surfynol-465 (a

25 product of Air Products and Chemicals, Inc.), 0.12 weight percent (calculated as %
Si0,) tetramethylammonium silicate (TMAS), 5.4 weight percent glycerol and 2.7
weight percent of the bath stabilizing agent 4-hydroxypyridine (remainder of this
solution beiné made up with de-ionized water) and has a pH of about 11.80 at
25.0°C. '
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Si 2) tetranmethyl anmonium silicate (TIVAS) 5 0 Wwei ght‘ percent gl ycerol and
6.0 weight percent of the bath stabilizing agent hydroxypyrl dine .
(remai nder of this solution being nade up with de-ionized vvater) and has a
pH of about 11.83 at 25.0C. 20 Wafer sanple #8 with 0.35 mcj rPHI
features and Al um num Copper raised |lines capped with titani um t

were previously prepared as follows: (a) a coating of spin-on-glass vvas
applied to éqtsfﬁd?uscmtem}m‘wrsaiunbmuﬂe’dv.(als)pmphré@by%didb&%ks@ftmdi&ﬁ% o¥RS

lied |1 h
an” ar une R oK LoRd Pellslng e pPYBect Toitarsianing b Bhasring pagepraines
deposi t edtf JTMAH] | eafngroﬂplw BaBITING WELRY corbbOl BiEshel, [H%r%hfa' (9)

gen plATe "59ki ng

pattern reactive 1on etch |n as

nsfer _using
tor ermvEY%Pdgﬁu d Nb‘-}rhb}, dteS ivezightepsraarts trang(t, 2+m{anag:yimedlmrulo)tat@anenc

residues h Th n the al mnu s of thIS

waf es(rj vveragee %TA Cﬁjebﬁs‘ggggﬁtpﬁgcegﬁ %fot £ fn&nnlﬁ &t |SHﬁ]§C§va‘§a Uifynol488s(a han 5
m nut es ptodRBIHOf Aﬂn@reﬂ@d.’tg,antdl‘msem@E%r I RV Wi péRent pEEANARY as?'(%

al um nunggﬁg Si d%‘ﬁf rBetch rates after an extended treatment tine.

Apri | ANiWAY slicatenpiMASE Jdsweiahdtrarcent giyse! arnb:z::

sol uti ong e | whi ch
vas 10" SOy roePt of the et sEyMe Bas i RERARY. 3P RairBRL & 1B, S

conpl et ebleing meste uewith ed-ionizes adter thd thes d pHiof aousy e7gan@sdrdced with
pressurized nitrogen gas. Then the sanples were 5 cross-sectioned

per gendi cul Afuddst B%bﬂizé&%mﬁgo‘f\lsa e g}éf%lred 'b‘}% i t%’ %@Hnd? afed

and then inspected in a m SSi on nni n
( FE- SEM $tockrpelutign S ands pejos ingntheesH nsel to ai mﬁadufgapﬁl‘lly admﬂgtaddfnoaxbum num

| d h d | |
o ol um 2o TMRRS, S80ker o D RoMaIE" 2 Wil Sispat BitFreen Yk mantm o ar o
shown i nhykibkide (TB‘!AI—H)O 0.0 Rekigh é@b@m triﬁ@kﬁZ@onNexg’é@édMﬁhﬁJ Eﬁaﬁ@é‘@d !

o0 o SIS B ues Ghinpeinantu . s oot sirfaciant SurbTohean, (o
15 product of Air Products and Chemicals, Inc.), 0.11 weight percent (calculated as %
S:O;) tetramethylammonium silicate (TMAS), 5.0 weight percent glycerol and 6.0
weight percent cf the bath stabilizing agent 2-hydroxypyridine (remainder of this.
solution being made up with de-icnized water) and has a pH of about 11.83 at .
25.0°C.

20 Wafer sample #8 with 0.35 micron wide features and Aluminum-Copper raised
lines capped with titanium-nitride, were previously prepared as follows: (a) a coating
of spin-on-glass was applied to a silicon wafer and cured (b) a titanium adhesion
layer was applied (c) a titanium nitride layer was deposited (d) metallization with an
aluminum-1% copper alloy (e) a titanium nitride capping layer was deposited (f)

25 lithegraphic patterning using a photoresist material (g) pattern transfer using reactive
ion etching and (h) oxygen p_lésma ashing to remove organic photoresist residues,
but leaving mainly inorganic residues behind. The residues formed on the aluminum
sidewalls of this wafer were easily cleaned by the aqueous formulations above in

‘less than 5 minutes at 25°C. Therefore, this wafer proved . useful for comparing |

30 aluminum metal sidewall etch-rates after an extended treatment time.




| i z Sidewall Addedng E
pHVet al Met al Met al Met al Met a A O e
' |1 Si dewal | Si dewal | Si detvall Agenth tc ( |
g{ gﬁ\-NaRateEt‘ch- Rat eEt ch- Rat eEt ch- Rate 4..at 25 at 30' Cat 35Cat .402Cat - 501C C

‘ i ' ' i "35 JT ~ Acid i 20 :
% (Amin. 5-Sulio- N salicylic2.811.9405 10"3 _ 3 Apr _
f(YvNor?e(()lrln 781111 K2Acetone 2.811.81 Oxinme 26 N4Resorci nol 2. 511. fgyé% ?il i

I N | 2- Hydr oxyr enpoved) pyri di ne2. 811. 800024 K41\. 2pytidine -5.011. 90001 39 |

A section from wafer sample #8 was treated in one of the solutions above for 40

minutes (with the exception of solution N1, which was 10 minute

35 ar 40°C. Once the treatment was co

s) at e_ither 25, 30,
mpleted it was remcved, rinsed with de-

ionized water and dried with pressurized nitrogen gas. Then the samples were
5 cross-sectioned perpendicular to the direction of a parallel line pattern, Pd-Au coatad
and then inspected in a Field Emission Scanning Electron Microscope (FE-SEM).
The FE-SEM inspection was used to measure the amount of aluminum metal
sidewall loss that had occurred during the treatment and calculale zn aluminum
metal sidewall etch-rate for each temperature. The resulls are shown in Tables 7a
10 . and 7b below. '
Table 7a: Al-1%Cu Metal Sidewall Etch-Rate Comparison for Wafar £8 Determined by FE-SEM
Solution Bath Amountof | Solutien AVCu AlVCu AVCu AlCu AVCu
Stabilizing Bath pH Metal Metal Metal Metal Meia)
Agent Stabitiring - | Sidewall Sidewall Sidewall | Sidewall | Sidewalt
Added Agent Ewck-Rate | Etch-Rate | Etch-Rate | Etch-Rate Etch-Rare
Added at 25°C at 30°C at 35°C at 40°C at 50°C
(We.%%) A'min) | (A/min) (Mminy | (dmin) | (Umind
5-Sulfo- _ : .
Nl salicylic 28 11.94 o+ 5 16+ 35
Acid
Ki None 0 11.78 1 1 1 !
Acctone
K2 Oxime 28 11.81 26
>34
N4 Resarcinel 25 1178 (Al lines
removed)
. 2-Hydroxy-
N2 . g 2
N pyridine 28 11.80 0 0 2 4
- 2-Hydroxy-
K4l pyriding 5.0 11.90 + 0 1 3 9
- 2-Hydroxy-
N3 pyridine 6.0 1 I.S—S 0
N3 | SHydroxy- |, g 11.80 0 0 2 4
pyadine
*Eich-rate is based on 2 10 minute treatment since a 40 minute trzaiment completely removed the zluminum
lines from the wafsr at higher temperatures. -
[5




NS2- Hydroxy pyri di ne6. Oli. 83p N34'-'Hy‘.droxy 2.711.80002 ridi py 4 ne
"Etch-rate is basedon a 10 i 15 m'nute treatnent since a 40 m nute
treatnment conpletely renmoved the aluminum |ines fromthe wafer at higher

tenperatures. 45 13 April 2005 Table 7b: FE-SEM C eani ng Eval ngt%pxp BG?UI ts
for Wafer -#8 at 40C Sol uti onBat hAmount of pH at Al - CuMaf er Anmoun noun
St abi |'i zi ngBat h25CMet al Sanpl eAsh. Al um num
Agent St abi I|i zi ngSi deV\@;bllﬂbO 3 o .
AddedAgent E FESE e&ﬁé“‘l’{ Bron Re BELE WA B ¢ 98 (o i dh.)
KI None11. 7§ P804 5oNorE N %gyf‘*fnaurﬁeﬂl SR B042630(SI Pafer AmpayepTok yhmount of
6. 011. 8302098None ‘M,ﬁﬂ B N r%?x@r- escﬁ!ggtso ne%s&yrl dﬁh@lt;;m
Referring to Tabl e gdgbo [ tjai Horle f¥cel ol
than sol utilons K4l and N2 \lktc(a ,%s tomﬁﬂp &3@ ﬁ%a EfCBipe ¢ e
added aggressiveness towar used y |t he*'Dat h stabi l'i zi ng
agent 5 5 § plexing) at 25C | However | -
the al umi ngm Bt ch- None 11.78 ! 20 100 None
2-Hydroxy- _
N2 ; ;r’i phid 2.8 11.80 4 20 100 Slight
2-Hydroxy-
N5 Py{i;;? 6.0 11.83 0 20 53 None
;z | 2-Hydroxy-
N5 mfi{;i‘;? 6.0 11.83 0 40 100 None

I0

15

Referring to Table 7a above, solution “N1” contains more TMAS and glycero!
than solutions K41 and N2-N5 shown above so as to help compensate for the added
aggressiveness towards aluminum metal caused by the bath stabilizing agent 5-
sulfosalicylic acid (due to metal complexing) at 25°C. However, the aluminum etch-

Solution “N4"
utilizes the bath stabilizing agent resorcinol, which is also known to be an effective

rates increase markedly at higher temperatures for solution “N1",

metal cdmp!exing agent and also imparts additional aggressiveness to the
formulation towards aluminum metal. While the addition of more TMAS would help
to reduce the aluminum etch-rate the “process time window" would be reduced as
shown below in Example 8. The addition of the bath stabilizing agents 2-
hydroxypyridine or 4-hydroxypyridine (supplied by Aldrich) to the formulation is
unigue in that the aluminum etch-rate appears to be reduced while stabilizing the
solution to prevent a change in pH during use. Therefore, the 2-hydroxypyridine and
4-hydroxypyridine appear to be acting as aluminum corrosion inhibitors in these
formulations and can be seen as the concentration is increased as shown in Table.’s
7a and 7b. If necessary, the “amount of glycerol may be decreased to raise the

aluminum metal etch-rate and enable residue removal in shorter treatment times.
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rates increase narkedly at higher tenperatures for solution "N ". Solution
"N4" utilizes the bath stabilizing agent resorcinol, which is also known
to be an effective nmetal conplexing agent and al so inparts additional
aggressiveness to the formulation towards: al um num netal . W‘H%?\rptrﬁ]%
addition of nore TMAS would help 10 to reduce the al um num et ch-rat ?ﬁe
"process tine w ndow' would be reduce(éxz@,l I%%own bel ow i n Exanpl e 8. The
addition of the bath stabilizing agent?s L ydr oxypyri di ne or

4- hydr ox riey i Al drigh) to, the fornul.atign is unique, in
Chat “the” Al untsecors HBR YEer Xatnle HBheE rRalRe i Nhrioes Sihesiini SHGAGOR four
sol ution t eojtiensnteraovEthnGitsdd with dalidriigedisaterT etelfl Q18 prbB&urized nifraﬂ?rral um
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Field Em ssion Scanni_ng El ectron 5 Mcroscope (FE-
i nspect i ondA@s Wageavailgbleefer ai particuler dimainthe aiimimsi dnetal esidevedll st rates

al um pum n i I Al hat _h curred  during th reat ments.
A LTS Rl aBure B TP 7 b RS U et he SnouR o et
sanpl e #8 Wwaukboedur Bt ihatupasicalar AN BASHE bALHE &aldulatias 8 MRiiBa it as to
t r eat ment ﬂ‘%lga was avallable for a particular tine, the alum num netal

sidewal | eMBRUEL: 3 a¢repiaide npmeynhiiveichingT el be wxpectad cwas onede camdit e
th t gefi ' : t ' tine. d
LI s ool cut ot D aea T et ScuUaP o Bt e, Tho PR RS ehe SHuRh 1] F8Bie TR0y "

er an accep

et chi ng woutd—be—expectet—was—rade—anrd—asstgred—tor—that particular
treatment tine. The rdsblegz Pageess ThovWindey TatdagsoB forbeifows asRatd e 8a: Procgess
Ti me W ndow Gonqsari son for VAT ér 48 at 40C Process 1T ne at 40CSotuti o]
C eani ng/ Ef cliimgatPe| f or mance by FE-SEM (Pass/Fail) (min.) ICI N K41IN3 (No
Stabilizerd2. 90 . % 5.0 M,_S%Qx_oqcqu%ﬂitchmg Performance by FE-SEM (Pass/Fail) :
Added) 5- 2- ldydfragxypyft i di ned- Hydr oxypyri di ne Sul fosalicylicStabilizer
Added) St abifl i zer Adfged)” ki N1 K41 N3
: (No Stabilizer (2.8 wt.% (5.0 wt.% Q2.7wt.%
Added) 5- 2-Hydroxypyridine | 4-Hydroxypyridine
Sulfosalicylic | Stabilizer Added) Stabilizer Added)
Acid
Stabilizer
Added)
5 PASS PASS* PASS PASS*
FAIL (Clean,
10 PASS but had PASS PASS*
Excessive
Etching) ‘
15 PASS* _ FAIL*= PASS* PASS*
20 PASS* FAIL** PASS PASS*
25 PASS* FAIL** PASS* PASS*
30 " PASS* FAIL** PASS FAIL**
35 PASS* FAIL** FAIL**. ~ FAIL**
40 PASS FAIL* FAIL (Clean, buthad | FAIL (Clean, but had
Excessive Etching) Excessive Etching)

47



Acid Stabilizer Added) 5PASSPASS* PASSPASS* FAIL (d ean, 10PASSbut.
hadPASSPASS* Excessi ve Etching) |sPASS*FAI L** PASS* PASS* '
20PASS* FAI L* * PASSPASS* 25PASS* FAI L* * PASS* PASS* 30PASS* FAI L" PASSFAI L* *
35PASS* FAI L" FAI L**FAI L" 40PASSFAI L"FAIL (d ean, but hadFAIL (gﬁ%d}l 2@\515 had
Excessi ve Etching) Excessive Etch. 47 13 April 2005 *Based on the aiu num
si dewal | e;,}%he-drat known for this solution the sanple would be clean with
an accept abl € BrbUNL™BIm gldewalireshrasd khewaltdr vat €dMiB the "sBRASE Y, QE ol QFE al um num
si deval |~ etcesiablatmuknontmhof sidibiFegqL Ut i on the sanple woul d be- SIFEal" hth
an unaccegtBabcLe amount of al um num Sidewal | -etching. 5 Table 8b: Process
Tenper at ur'éBythdovw: Gomam $QR:f ol YWier, : 20 M nute Treatnent Ti-me
Process TagR-ce Hg@gmﬁg{{gtﬂj on %. egr%ﬁ%ﬁd}mé?@ﬁ% gﬁ“‘ﬁ%ﬁ?&?ﬁﬂﬁ&guxwe FE2nSER for
20 min. KIN Treat INB PP HETY R 9h3§t (5 (No Stabilizer(2.8 wt.%® w %
2

T . N
able 8b: Process Temperature Window Comparison for Wafer #8a for 20 Minute Treatment Time
Process : ‘
Temp. Used Solution % Cleaning/ Etching Performance by FE-SEM
fror 20 min. K1 N1 N2 Kal N3
l‘e‘:tcl:‘ﬂent (ledt;bzllizer (2.8 wt.% (2.8 wt.% (G.owt% (2.‘;“1 %
(°C) ed) 5-Sulfosalicylie .2-Hydroxy- 2-Hydroxy- 4-Hydroxy-
Acid Stabilizer pyridine pyridine pyridine
Added) Stabilizer Stabilizer Stabilizer
» Added) Added) Added)
100%/ stight 50%/ none 90%/ nons 85%/ none
30 i
100%/ slight 95%/ none 59%/ none 90%/ none
35
§9%/ none 100%/ none 98%/ none
.40 .
100%/ none 100%/ light* 100%/ none 100%/ none 100%/ none

*10 mi_nu:e treatment,

Referring to Table 8a above, clearly there is an advantage in using either 2-
h.ydroxypyridine or 4-hydroxypyridine as a bath stabilizing agent added to solutions

10 similar to “K1" to maintain a large cleaning process window. A large process time
window is desirable for flexibility in the manufacturing process. Referring to Table 85
above, there is a clear advantage in adding the bath stabilizing agent 2-
hydroxypyridine or 4-hydroxypyridine in terms of the metal corrosion that occurs

during treatments at various process temperatures.

15 -
. Example 8
Wafer sample’s #7 and #9 with 0.3-0.5 micron wide by 0.5 micron deep holes
(vias) through dielectric and titanium nitride layers exposing aluminum-copper alloy
metal at the base had been previously processed as follows (a) metallization with
20 aluminum-copper followed by titanium nitride (b) coated with silicon oxide dielectric
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(C© Added).. (2 . .% 5-Sul fosalic 2 Hydroxy 2 Hydr oxy- 4- Hydroxy ylic:
Aci d Stabil | zerpyr| d| nepyri di nepyri di ne _

Added) St abi |'i zer St abi | i zer St abi | i zer Added) Added) Added) 25 100%

sl i ght 90% none90% none8594/ none 30 100% sl i ght 95% none99°d| ggj}ﬁ%@%
none 35f 99% nonel00% none93% none 40 100% nonel 00% |ight' ?

nonel00% n@&g&%ﬂé«f none 10 nute treat.-nent. Referring to Table 8a above,
clearly there é@@of”ﬁo%(ﬁ ﬁ'ﬁ"oélf@%? Péueﬂﬁw @kylpyrusmgna pdmntoresnst

4- hydr oXypymathriz (ap pastdrat | i n t tions sini]ar
to "K1" to maint al(n)sg Iﬁ?gtga@?%gﬂr?l llrﬁ‘é %glgggrsésl%%édggg'vg %%%F‘E e b?'b@i&g Ql(ﬁ)s
wi ndow i s d¥&9FALYIEST@ashingo terhbveymiost ofthe masnduia&cﬁhutcms;gmggﬂggvmg%gfnw ng

to Table 8 t dd
St abi | 21 g Sgente B ERRETI 14ek oo VAG i p peramienc of dnarsoiionhe

tal &orrdssempldit
A ety oazer "”f’i“é%aﬁz‘?i‘g%%FE%Egﬁ%i% St RIS EE R 91 18 e

t enper at ur es. a

Iby 0.5 ni cr'ofitd é"e% Fioved rinsgdasih deniaricgd ?etﬂreartd dnecmdtn ﬁtmgum@umtfdgg@]
ayers expqgisn base een

pr evi ousl y%?r o%essg?iﬁgqb %@Rﬁ ?Jgfqﬁ%qeg%qaéﬁ F'r‘?? 5%9” CRAVREERPmer

fol | oved byMiciaseapanFESEMido (deteratias eftk witant @fldlc@é}ﬂng&ﬁ@oﬂbshsgsbh'& #e 13

Apri | 2005 L&% chengcal ?gor dep05| tion ‘(:; | it hographi ¢ patterning of

vias using BBhG SHES; Lie resuitefes havwy inglaiePn’ transfer to the dielectric

| ayer dJSI ng a reactive ion etching (e) oxygen plasma ashing to renpve nost

of tht? r esidual photoresi st, but |l eaving mainly inorganic residues behind,
were used {o eval watie: Fh@i‘.ﬂﬁflJa@iﬁna\r&ﬁxgu&fm“ﬂ?m§ﬁ é‘l'hb?.‘n-:iipe-ﬁ Y i%; pe TTOTT
vafer #7 a[TeG ot TSy Ree H-sol-ution's al ar-4 or_10
0 Amountof | Wafer “r‘fat'er Sample | Amount of Ash Amount of
Stabilizing Bath Sample Pracess Residue - | Aluminum
Agent Stabilizing | Number Conditions Remaoved Metal
Added Agent (min/°C) (%) Etching
Added
(Wt.%)
L1 None 0 7 10/45 100 Slight
2-Hydroxy- . '
L2 yaroxy .
pyriding 50 7 10/45 100 Slight
Li None : 0 9 10/45 100 . Slight
2-Hydroxy-
L2 7eroxy 4
pyridine 50 9 10/45 100 Slight

Referring to Table 9 above, it is apparent that the addition of a bath stabilizing -
agent to a aqueous, hydroxylamine-containing solution has little effect on the
cleaning performance of the formulation, while significantly decreasing the pH

15 change with time that occurs with an aqueous, hydroxylamine-containing formulaticn
(see Table 5 above).

Example 10
Aqueous, stabilized 'solution *N6" was prepared with 1.5 weight percent
tetramethylammonium  hydroxide (TMAH), 0.1  weight percent trans-(1,2-
20 cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 0.06 weight percent of the non-ionic
surfactant Surfynol-465 (a product of Air Products and Chemicals, Inc.), 0.13 weight
percent (calculated as % Si0,) tetramethylamrhonium'silicate {TMAS), 5.5 weight
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. mnutes, renoved, rinsed with de-ionized water and -dried with pressurized.
nitrogen gas. After drying, the sanple was inspected on a Field Em ssion
Scanning Electron Mcroscope (FE-SEM to determ ne the extent of cleaning
~and/or corrosion of the nmetal features. The results are showqgi rigébbglg-
to Table 9: FE-SEM C eaning Eval uation Results for Hydroxyl am ne-Based
Sol utions Sol uti onBat hAmount of waf erwaf er Sanpl eAnobunt of AshAnmount of

St abi l'i zi P&}&h ﬁi | Proaeis esi dueAl umi num '

Agent St a&% Izl ng gﬁ‘@ir BBRAditd ofEiR FTDQ%r&%tjan Aige drgfBnistabilizing) egpet i ng
Added (wh: VG & B 2l BB : - L0 ight . .
oyri di Wb vessiisindc 8&”'??%*&&%’?85’9@“ Pee b Jih 5 "°§*%%?3§-{féﬂ%ﬂﬁdi ne
Ref erri n§38@ AHAKf ab@itddo’®at 23.09G apparent that the addition of a bath

stabilizing,agent.to a aqueous, h%dr oxyl am ne-cont ai ni ng sol ution has

little ef f eCOTBFENWE URPRAREHGLpbathsrwihceagnetionstiringnat a rabe ofwhhd epm

si gy fi candrd \ectleer gasi : 1 e W Nt h ceu i th an

aqueous, hydroxxé alﬁmaﬁeciﬁgmﬁifﬁﬁﬁgﬁ?%@%ﬁa? Wogﬂpﬂ%{s{ergat%a@f ag%ﬁa{)@/ﬁ%?t BS{anpl e

10 AqueoliNuUigt(EBM)iqved thes bhilsi oFhe' f8&iparakire e piae ¢ th MShéinWﬁéH‘bE%éce”t'
- 20

oycl ohexy)l BREIERMARS Yicia hateli e zibpe oriperabisomasitatig pestisenihof « he
non- i oni weightfoich@sbluBon adaalt4&Re (4 PEALISE 19fo 2' %nﬁrtﬂg%{aﬁ )\;f’enm%r’]fﬁﬂ"ﬁfa' S,

Inc.), 0.13 weight percent (calculated as %S 0 tetrame
si | i cat eSPHlpR)beaker andidinban s maspred befo0s apdraftart agihy ties dlatrangt 20°8.

of hi s Sl o081 RO CRRaed uBotN ERIGE. PO ALRTWlTer 34 AHALT RG8Ca LB gp

g?o;t r ;éLreéifmfnatlitgéﬁir ‘ﬁﬁ" deciBRreatiater aavst /& dlappfbiive Watdl 1IBBYNSLdipnatd:r ring
| wafer sample’s #8 and #B8a were placed in each 24 hour/40°C aged 4L bath solution
prior to stopping the aging test, removed, rinsed with de-ionized water and dried with
pressurized nitrogen gas. Next, after 24.5 hours aging, the total weight of the
15 solution, beaker and stir-bar is taken and the total water loss calculated for bath re-
constitution. A sample of the 24.5 hour aged 4L bath solution is then taken and
reconstituted with de-ionized water by weight. Next, the solution is heated back up
to 40°C with stirring for processing for 20 minutes, removed, rinsed with de-ionizad
. waler then dried with pressurized nitrogen gas. After drying, the samples were
20 inspected on a Field Emission Scanning Electron Microscope (FE-SEM) to determine
the extent of cleaning and/or corrosion of the metal features. The bath aging results
are shown below in Table 10. Note: wafer sample #8a was prepared in the same
way as wafer sample #8 with the exception that changes were made in the wafer
etch/ash procedure that made the residues more difficult to remove than wafer
25 sample #8. A minimum cleaning temperature of about 40°C was required by the
aqueous solutions shown in Table 10 for wafer sample #8a. A minimum cleaning

temperature of about 25°C was required for wafer sample #8. '
30
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5 were set up in a chenical
m nute (FPM over the baths.
of programmabl e digital

feet pe
mai nt ai

t enperature nonitoring probe.

;
ned by use

B

fume hood with an ai 'r'{"'j'-’f_l”pwriate of about 100
The tenperature of the baths was
hot plates with a bath

The - wei ght of the sol ution addqag‘& Res4L

beaker is known and the total weight of the solution, beaker I'r-bar
i S neas at-40C___ 10 S
pr ocessjed Thdt B didfeolerorena BafttREFSEMhEiengifomparhged Ubadtilizidso Sugtedilutibdit €d
Wi th de-saniZ¢d Bak er | ARoaebs wirQl |CVaRer al | B&L VA REsiduPSP- Reseel OTRR of
vaf er sanpl e' § s#8iliand) #SuwerlesphAced safpleathagdd haemnéddC aarfdl BaEN
sol ution prior Agetst ofxpbiugpgt ihsursigr Ng Press, | r Eimev ¢d,Nd DNS P @Rabrsh pIgni zed
wat er alnd dri ¢d Adiledh | pressurii zed ni| tGondjéars g @EoursNex tWataf t prvidDI5 | hetdrS
aging, fthe total weightA8fedt he 15 sol @in/GR) [ beakef #ddedst | rMan i|sddedien
and t he | lwater 1os@Vte®) oyl atedifor bath re-_¢onstitubion. Alsanplle of
the 24.55 Kdur agIéTCEF4L bath sdl utfon|i s!%¥en|taken anHESreconsti tLt'édsg/ith
de-i oni ZegWag ety v igibt Nexty—tire gspigut oSt Iocd O‘L’QA‘OUP 187 0C
with stlirringlfor processing {for .20 |m nutes} reno ed,gocylnsed wth
de-ionijzed water theTli dried W th pressurized nit og@an)gas. After dryijng,
the sanpl & wer ene® | jnspact ed onga K elakoEm ssason| Scayont ng Bl eCct 1[0 .50
M crosclope (FE-SEM tl deterine t he extent of cleaning pnd/ or qqirewgi on
of the jmetal featuresi The bath aging resul{s ar¢ shown bel ow in ¥ablle 10.
Note: wafer sanple #8a was prieparediin the $same yway as wafer sarnpV¥er#8
wWth t xceptton—thpt—ehanges—were—rage—Hr—the W@L@h#ash- dure
t hat VTEG ﬂhe re‘\é"lnaues nor e glef fFcullt {Dzmremvg t han waf ey 25 sanple #8. A
m ni nmunp clkaani ngndrenper atgir € jof gboyt 404G was &eqyii T @@ by} the agueouy
sol uti in Table 10 flor wafer sanplé #8a 1A m niplim ¢l eaning
tenperature of about 25C was reqw red for waf er sanple #8. 30 50 13 Agril
2005 Tepr g 10 tegvered—Hat Evi—Chreamn fpart+sonTof
Unstabif i zed t g;{ rééig i zed Soj uti ons Sﬁf uti ()nggt hA Q’E%u f13s
of Vaf er WaTgr Bak eReg P 0 24 YES 1182
St abi | ifzi ngBat h Em_}' Sanpl eAgji ngRent ved?Rem)ved?( 25 93% -(“'.31
Agent Stlabi | i z] ngNunber Process|Ti ne(Ng@ DI (Reconst . Jlean) with
AddedAgent Condgli ti ons(Hour s) erwi t ] DI wat ef Add2§( m nd watet
C) Added)Mater)added) (W . % Kl None0810/400YES11. 78 Kl None0810/ 402CKENQ11. 57
(90% cliean) ,
K41 2-Hydroxy- 5.0 8 20/40 0 YES 11.90
pyridine
K41 | 2-Hydroxy- 5.0 8 20/40 24 YES 11.89
pyridine
K41 2-Hydroxy- 5.0 8a 20/40 0 YES 11.90
pyridine
K41 | 2-Hydroxy- 5.0 8a 20/40 24 YES YES* 11.89
pyrdine (11.88
with
water
added)
K42 | 2-Hydroxy- 5.0 T8 20/40 0 YES 11.89
(™No pyridine .
meta!
chelating
agent
added)
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KI None0810/ 4024N011. 50 (11.47 with water added) K1None08alO/400YES _

- K1None08al10/ 40<8NO N62- Hydr oxy- 2. 88a20/ 400YES11. 85 pyri di ne '
N62- Hydr oxy- 2. 85a20/ 4024NOYES* 11. 82 pyridi ne(98% (11.81 clean)with water
820/ 4024YES11. 89 pyridine K412- Hydr oxy-5. 08a20/ 400YES11. 90 pyridi'ne

K412- Hy grexy-5 0Sa20/ 4024YESYES"11 89 pyridine(11 83 with cater ad )
K422- Hyclro’§§7-5 6§%’9‘7*£00YE§-£1.-89 (Ropylri dPAe et & dhel & Si ng agent addéd)
13 April g@e‘gp K43y dr oxy- 5. 082014024 YES11. g7
chelating N
agent
added)
K42 2.Hydroxy- 5.0 8a 20/40 24 YES YES* 11.87
(Na pyridine (11.87
metal with
chelating water
agent L added)
added)

*Solution bath aged 24.5 hours at 40°C.

Referring to Table 10, the data shows the benefits of adding a bath stabilizing
agent to a solution to extend it's cleaning bath-life to greater than 24 hours. The
5 data also clearly indicates that the efficiency in cleaning (without needing to
reconstitute the bath with de-ionized water after aging 24 hours) and pH control
increases with the concentration of the bath stabilizing agent. Additionally, the data
indicates that the addition of an optional metal chelating agent is not necessary to
effectively clean residues from the wafer samples before or after bath aging.
10

Example 11 _

Agqueous, stabilized solution "01“‘ was prepared with 2.03 weight percent
tetramethylammonium hydroxide (TMAH), 1.56 weight percent stable hydrogen
peroxide and 0.14 weight percent (caléulated as % Si0,) tetramethylammonium

15 siticate (TMAS) with the remainder of this solution being made up with de-ionized
water.

Aqueous, stabilized solution “02" was prepared with 2.13 weight percent
tetramethylammonium hydroxide (TMAH), 1.55 weight percent stable hydrogen
peroxide, 0.11 weight perc-:-e-nt tfrans-(1,2-cyclohexylenedinitrilo)tetraacetic acid

20 (CyDTA) and 0.14 weight percent (calculated as % SiQ,) tetramethylammonium

silicate (TMAS) with the remainder of this solution being made up with de-ionized
water. '

Aqueous, stabilized solution “O3" was prepared by cdmbining with 2.02 weight
percent tetramethylammonium hydroxide (TMAH), 0.12 weight percent
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(NoPyridine netal - chel ati ng agent added) _ ‘ '
K422- Hydr oxy-5. 0Sa20%1024YESYES" 11. 87 ( Nopyri di ne(ll 87 metal with
chel ati ngwat er agent added). added) ' Sol ution bath aged 24.5 hours at 4OC
Referring to Table 10, the data shows the benefits of adding g ngrh2005
stabilizing agent to a solution to extend it's cl eaning bath- ]?'
greater than 24 hours. The 5 data also clearly indicates that the,
efficiency in cleaning (W thout needing to - reconstitute the bath with
de-ioni zed water after aging 24 hours) and pH control increases with the
concentration ofishHensyizmnepeabineihyienepragpootic aAddDETARRILSB, wdidre peb@
i ndi cates t hat graga qqq; L,aneogma.n RPtd. Qn@)emﬂ{etpg,lcergmgfa@gg@g @nt%I f not

e

necessary to ef cl ean residues fromt ore or
after bath agi nﬁ ra"fl’. 'B%rﬁ“"é“ sflicagUd¥as) wih s 1emadges el s @%J‘OGPE'PWas
prepared with 2m8& vpiighic-ipefGeiter aﬁ@ﬁgs@@{mgb@mgg wshydr oxi de ( TMAH) ,

1. 56 wei ght percent stable hydr peroxi de and 0.14 wei ght percent
(cal cul ated® as % B PP @F‘?‘é[ﬁ‘éﬁfg 23 weeH (0 ARChf solptiopntQ {QNBSI2-§5°Elfort he

remai nder of th2® nﬁrﬁ]tést ir&oRel 'ﬂgsnlaaﬁ% U@loﬁ\rvéd" wERr 'aﬁ@'cﬁ%@j withag: @gsunz%gueous

.stabilized solu 02" ared Wt ercen

t et r amet hyl amménr%#\ Wkl %&BC@P ﬁ)&ﬁfmpli""ggm\’i\ﬁc t°”ﬁgF iR f'"sg'P%lﬁFaé‘“ﬁerogen
peroxi de, 0.11 ﬁleﬁgilﬂtmlp'eswaal(FE-SEmsto(dit=ﬁnmg/tnbmhtemwfemefdmgﬁa—tcrdr kendsphr aacetic
acid 20 (CyDTA) qf ght S

tetramet hyI arrrmch\;:‘iﬂérinmgtsalilf%la ié&gésel& C'?@g%§g%f rﬁe%ﬁkg}ékg%ngq%; eorns/q éc@r@ms %Fut I on
bei ng nmade Up . wFit RO deTRATRE@dn s\ﬁa*?@powsaauéwés defEabThie tesulis e0# gradvarin” 03" was
prepar ed by conbabsngawhd M. 02 wei ght percent tetranet hyl anmoni um

hydr oxi de (TMAH), 0.12 weight percent 52 13 April 2005 :

di et hyl enetri am nepent a( met hyt enephosphoni ¢ aci d) (DETAP), 1.53 weight

per cent

Table 11a: FE-SEM Cleaning Evaluation Results for Hydrogen Peraxide-Based Solutions

Solution detal Wafer Wafer Freshly Prepared Solution Selution Aged in asealed Bottle for
Chelating | Sample Sample ) approx, 2 Months at Reom Temp.
Agent Number | Process | Unaged | Amount | Amauntof] Aged Amount | Amount of

Added Conditions |  pHY ¢fAsh | Aluminem | pH/ of Ash | Alumirum

(mins*C) °%H.0, Residue Metal %.0, | Residue Metal
22.5°0) Removed |  Etching 11.5°Cy | Removed | Etching

(%) (%)
o1 None 7 2022 | 1sns | see Non: | -r0.5%e
02 | ¢ypTa.l 7 2005 | 10615 | too Nome | 1714|100 | Very Stigh
05 | DETAP 7 2035 | nsis| 1o Nore | 115714 | 100 None

*100% cleaning is expested for a 20 min/35°C reaiment.

**Aged 1 moath at room temperature ina s2aled poly botle.

15
Table 11b: FE-SEM Cleaning Evaluation Results for Hydrogea Peroxide-Based Solutions
Sclution Met:‘l Wafer ™ Waler Solutions Aged for 13 Manths
Chelating | Sample Sample
Agent ~Number Process ﬁgi‘d pr Amount of Amount ol
Added Conditions | %MH.;0; | AshResidue |  Aluminum
{miat °C) (22.5°C) Removed Metal Etching
' (*a)
O3 DETAP 7 20433 11.87 1.1 109 Light

Referring to Tahles 11a and 11b above, it is apparent that the zdditon of a

X
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st abl e hydrogen peroxi de and 0.14 wei ght percent (calculated as % Si 02)
tetranet hyl ammonium silicate (TMAS) with the remainder of this solution
being nade up with de-ionized water and has a pH of about 11.50 at 22.5:C
5 A sanple fromwafer #7 was placed in each of solutions Oloﬁgiprﬁ‘? 88" 35C
for 20 mnutes, renoved, rinsed W|th de lonized water and dried"w R

pressur n Af ter t he sanple was inspected on a
Fi el d Eﬁﬁggf'g é&ﬁﬁﬁﬁo ot éci{ther?ﬁ‘ ifg utighs: sHopEvED Qtheosoition he

extent @afe & bamremlaammw s Qs Qé\'oxi@ffe atda@drtﬁéﬁlthé bR Sof éﬁ?ﬂ%ﬁ”& son of

freshly eareds |ons to solutions aged to at roomte aturein
seal ed ﬁb‘?ﬂ'@ ?8‘ éatwsr?ewfrh@s Pesdaniteanhindlusnesveni the deihloelss dtabiliand 11b.

Tabl e | SEM P Based
Sol ut oﬁi A AR b e S e b C UMY et o Sl
2 §eaINe§ lgiﬁb’ta%diﬁ.die @htwgltmugSaﬁrnUeﬁatl'Bi:ﬁ&mgﬂ%taI?iﬁﬁ@é@hgﬁ@ﬁ@h oetHR

ent Nu CessS na nou t o e nount Anount o
AgdechHg‘%?Sﬁ&ﬁr de. g’f{ﬂF %ﬁ%%%ﬂfw%%ﬁfﬁaﬁremmw taHincrease the -
Resi durtb ot dbtamPoSiash dnaMe: plossnbeBPY G Hebing 24 BRI SaLASTIAL

(2'5' 0 %ﬁ 01None720’ 2211. 51
020y OTAYPGTISa M Tesiuee shealesnmposivian rate0 Ohewgves) t@wcﬁ)@l@&ﬁ@\’é@%ﬁt aﬁﬂsiafdo

tlrii??re“ﬁ?“%% P IORTRRRR PR PRI e, L RlsE ek et P 15

TaBl e 1miobe smzsmw@,@m grokidal tHat iICYDTRe BHEES oROtheHhetht hAykde- Based
Sol uti o %Bténl\/m al V\afgr Waf erSoI%{tml ons Aced foret 3Mo ﬁ%ﬁ‘g}-‘éaﬁg?gn

Sanpl eS SMrRASEFE PRI by B Agsils HR Anenths the REoUAP did not |ncrease
Added Comdb dM g
Bt chi ngmM %%ﬁ&ﬁp%z%ﬁbfﬁgsﬁéﬁw f&;%&{ﬂsgﬂ?@%?gpsnﬁ%ﬁe%} ‘\{teﬁ‘ llb -

above; ealyircrapped omH byd3 thits.addi ti on of a

15 Example 12

Each of the solutions "01"-“03" were aged for 'up to 13 months at room
temperature in a sealed poly bottle with a portion of each solution taken periodically
for a hydrogen peroxide assay. A comparison of the amount of hydrogen peroxide

remaining for the three solutions over time are shown below in Table 12.

20
Table 12: Hydrogen Peroxide Decomposition With and Without Chelating Agent Added Over Time
C::f;:’ilnc Wt. % Hydrogen Peroxide Remaining After Aging at Room Temp.:
Soluti e )
GuHon | Agent 0 1 2 3 5 6 13
Added Months § Months | Months | Months | Months | Months | Months
0ol None 1.5 0.5 0.2
02 CyDTA 1.5 _14 1.2 0.3
03 DETAP 1.5 1.4 1.3 1.2 1.1
Referring to Table 12, it is apparent that the addition of CyDTA slows the
decomposition rate of hydragen peroxide over a period of several months. Itis also
apparent that the phosphonic complexing agent DETAP is superior to CyDTA over
25 an extended period of time (more than 1 year) at room temperature in terms of
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53 13 April 2005 chelating agent is optional for freshly-prepared
solutions. However, if the solutions are to be pre-m xed with hydrogen
per oxi de added then the addition of CyDTA ore phosphonic acid chelating
agent has a significant influence on the solution's stability 32\ cr@gogg
seen by the hydrogen peroxi de concentration. Since hydrogen p«l\ 4 | S
slightly acidic, the pHw Il increase due to trace-netal catalyzed
deconposi & PwRgdhethyarogadpegaideptacoripgsitionratee Whiel Bydragay dresgeide maesxi de

metal onich Phof JSERT SRS, Sefb o T Sobe8rT csieb S, BCHE Haute &
deconposidacompaattien rdesevier be bisureledathengddig@nbf BHSHxiaktsen-rd¥istafs hidtant .t o

hydrogen per goxi de deconposition. It is also apparent that DETAP is io nore
st abl e to‘gwgénggéﬁe'ﬁer SxiHegehAFreYyOT RlsARS @ eheliteBium i esidye ceraayels.

Wi | ¢ CyRQrh4dnpefe 1. Ll j i-d;

I ncr gase[érfhr?l ”Sﬁr b\@/}gggtdﬁ@ egggngﬁggcrrﬂlggﬂoééggﬁgt t@%fgé-%oﬁ%h@Tﬁ%C%egw?@as ed
sol uti on o@8r. lbtileyhydicgeragedbxide petdippdked helow shislaritRal Esaogiteatity Faoh of
the sol utj - "01"403" were aged for up to.13 nonths at room tenperature
n s sealltd G WhEERE" Hkarcastes EPentias Ot LB AINBIHT dReehRaNOGF o Bal |y
for a hydiraereRe i@ HdSHATIRY soltiSPMRFSER h&bxitiBSs SRBMI aQdich¥AE ¢9Pthe
peroxide remaining for the three sol'utions over tinme are shown bel'ow in
Tabl e 12.litgRigmecarpainiagdrasidiesPeyaix pd dhoeg bonssk in Mafensampémdi7\Vithoat be
Chel,gti ng.Agent Added Over Tine S Metal W. 9% Hydrogen Peroxide Renaining

After Aging at Room Tenp.: | Chelating o Agent 0 1 2 3 56 13
ut i onAddedMont hsMont hsMbont hsMbnt hsMont hsMont hsMont hs

Example 13

Copper corrosion inhibitors were tested in -aqueous, stabilized solution “A1” by

adding 0.1 weight percent of the inhibitor for each test. Copper metal foil was cut

15 into coupons with the coupon dimensions kept constant. The coupons were pre-
cleaned to remove the surface oxide using hydrochloric acid followed by a de-ionized
water rinse and dry. Theses copper foil codpons were then pre-weighed on an -
analytical balance. The capped bottles of test solutions were pré-héa"ted at 65°C for
one-hour prior to adding the coupons. The heated solutions were removed from the

20 oven and the coupons were then immediately added to the bottles containing the test
solutions, re-capped and then placed back into the aven. After 24 hours in the oven,
the coupons were removed, rinsed with de-ionized water and dried. The copper
coupons were then weighed on an analytical balance and the resulting copper metal
etch-rates calculated. The results are shown below in Table 13. '
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01Nonel. 50. 50. 2 02CyDTAL. 51. 41. 20. 3 O3DETAP1.51.41.31.21.1 Referring to
Table 12, it is apparent that the addition of CyDTA slows the

deconposition rate of hydrogen peroxi de over a period of several nonths. It
is also apparent that the phosphonic conpl exi ng agent DETAP H§A§H?§bb§r to
CyDTA over 25 an extended period . of tine (nore than 1 year) at room
tenperature in terns of 54 13 April 2005 slow ng the hydrogen peroxide
deconposition rate. Wil e hydrogen peroxide does act as a bath

"stabilizing" agenfapihhs. PO tat ety pn-thebottteto
deconposi tion needs,f, Jﬁé; uﬁ;}'l k%e Wctr rPé%ﬁﬂi%ﬂ% t.:8("%‘:r‘1”%%'i1 8f{on-resi stant
metal chel ating : gibaLrostop Inpikitors Added; ohi um resi due

removal s enhancdrlhhibMyrdddiepends on a |&PRRYal Metic cRtehaRate | i n or der “for
effective cleaning+te—occur If the hynr(ﬁgéﬁt"@éﬂ%’hm)decormoses bel ow
this critical corjdéme ation then two thiapgs will occur: (1) ekcessive.
corrosion of the g ometat—wHH—ocqur—dtre—to—an—+hRerease{ in t he pH of
the sol ution (hydrSg&RIFEPEXi de is slightl¥ acidic) and (2) th

titani um containi @ME;&E:'!%&aqgg ; as thgsg found Tn wafer sampje #7 will

not be !0 cleandd nple Opper caorrosion _inhibitors were tested in
aqueous, st abi | i &"SBIN@PErO-cAbOXE  addipg 0.1 wei ght percent of the

i nhi bitor for eadl#Cidest. Copper netal fail was cut 15 into colipons with

t he coupon di mengisonsioksRinzeRRsH@Nt . The ggoupons were pre cleaped to renove
t he surface oxi dg—ust+rg—rrdrechlori-c—acid—iollowe -ianjzed water
rinse and dry. Thé&shitiebppaetriszilé coupond®fere then pre-wei ghed| on an

anal ytical bal ance. The capped bottres of rtest sofutions—werepre-heated at

65C for one-hour prior to adding the coupons. The heated sol utions were
renoved frofRe{EN@ G0 olaie atdd it e apparsoh shatethe aHditionmok di abpper eddesioho t he

bottl es at:al. ny st. S0l ytions, re-capped t hen pl aced back into
t he oven%@é;&eg% art?ggrtégisﬁh'wﬂ@ %%ﬁ? e %8%%%;%@3& & $1ehvived aqueqysd
Wit de- Solutiard Thid woudneintthizedanyThewSSBAJoppeP ERMISg Weatewb NG ol 35ed on
an anal y%l IC?| bafl &ge and the resulting copper netal™ etch-rates

cal cul at BRUUGRY BuRiItyre aviales sblvaliowingy the reamtval 10f cobpescaptaining 08t6h Tabl e
13: Coppedsidvisal Corrosion Rate Conparison for Solution "A" with Copper
-Corrosion Inhibitors Added Inhibitor AddedCopper Metal Etch-Rate

D

The invention has been described and illustrated with various i![ustrétive '
10 embediments thereof. It will be appreciated that these embodiments are not limiting
and that various modifications and chariges may be made without departing from the
spirit and scope of the invention. |



An strons! hour None200 Benzotri azol e140 5-M et hyl benzotriazol e30

Benzotri azol e-5-carboxylic 170 acid 5-Chl orobenzotri azol e40

5-Ni trobenzotriazol e80 .Referring to Table 13, it is apparent that the

addi tion of a copper corrosion inhibitor decreases the sol utﬁggﬁﬁ 6hpsat e
on copper netal fpClaamstabilized aqueous 5 solution. This woul nrmze
any unwant ed copper etching that would occur for a solution of this type

while still allowlngntdie-esDumdalins &Wtrm%;ﬁpﬂﬁge&rc&ﬂam%llﬂ@aneiﬁhe
i nvention has been described and illustrated with varirous illustrafive 10

enbodi ment s t hefFSLDRaEs, FBeraver eci ated that these enmbodi ments are not
limting and that vafpious nodificati osgs and c anges nmay be made wi t hout

departing fromthe i P78 UnfNXR opatAIoNHES RBERS i IDN3NSIMPURY A¥fcient iapri |
2005 1, An aqueous, @%@E@%ﬁ%b&mg&ﬁ@ﬁ ?%Ebnﬁ’tpid‘grﬁ[ﬁa‘férea”' ng

integrated circuit substrates etal ion-free
bases in an anount stfad batélnstabrhzmgreﬁhmeeanpmllrﬂfoftdiéeEsirmﬂsbathcstc.blflzmgoUt

10 or greater; (b) a_ bath stabili effective anou oebath
stabi | P2ing agent conaptiarigiand AbBsPanE CompRuiaM ahleat! eas sRa0RdraKa
in the range of 10 fagh Lt 10ah vpter; and (d) fromabout 0.01 to about 5%
by wei ght of the co 03|t|on of a water-solubla netal ion-free silicate.
2. The conposition )eptEmAMdwherein the netal ion-free bases are present

in sufficient amountgs,t,0 pr du H of from abouyt, 10_i,0 about 13. 3. The
conposition of d ai n@i f(ﬁrﬁg teq'ué11 E‘P q%@éﬂg oRE SRIgRt of &’Eﬁ FPE‘PHQ‘*'DBgéfrﬁ
conprises at |east %ﬂ=@%€%@ﬂ1é@éﬂu8mﬁeﬂ'ﬁ?&%‘le one pKa in the range of 11
to 12.5. 4. The conposition of Gaim| wherein the at | east one bath

stabi lizing 2. The composition of Claim 1 wherein the metal ion-frag bases are
present in sufficient amounts to produce a pH of from about 10 to abaut 13.
3. The compositian ¢f Claim 1 wharein the at least ona bath stabilizing

agent comprises at I2ast ene compound ‘with at least ocne pKa in the range of
110 12.5, '

4. The caompasitien of Claim 1 wherein the at least one bath stahilizing
agent is selected from tha group consisting of acetcne cxime, hydrogen
peroxide, salicylic acid, &-sulfosalicylic acid, phosphoric acid, 2-
hydroxypyridine, 4-hydroxypyridine, resorcinol, 2-methylrasorcinel,
salicylaldoxime, 2-methyl-1,5-pentanediamine, 1,-2-ethanediarnine, 13-
propanadiamine, 1,4-butanzsdiamine, 1,6-hexanediamine, 1,8-octanadiamine,
1,12-dodecanediamine, 1.3-diaminopentane and arcinal.

5. The compesition of Claim 1 wharein the at l2ast one bath stabilizing
agent is added to a concantration of from 0.1 to 50% by weight. - -

7. The compesition of Claim 1 wherein the at least one bath stabilizing
‘agent comprisas at least one compound selected from the group consisting of
.'{-hydrcxypyridine. 4-hydroxypyridine, resarcinol and 2-methylresarcinel,

8. The composition of Claim 1 wherzsin the composition further contains
one or more chelating or complexing agsnts and the concentration of
chelating or complaxing agzsnts is from about 0.01% to zhout 10% by w=aight.



agent is selected from,'he group consisting of acetone oxinme, hydrogen
peroxide, salicylic acid, S-sulfosalicylic acid, phosphoric acid, 2-

hydr oxypyri di ne, 4-hydroxypyddine. resorchol. 2-nethyfresorcinol, -
salicytaldoxirle, 2-methyl- 1, 5-pen ta nedi am ne, 1,2-athan?§k§%32§9 1. 3-
propanedi a m ne, 1.4-butanedi am ne, 1.6-hexanedi am ne, 1,8-0cC | ge,

1, 12- dodecanedi aniyn 1, 3- di api nopen n Ci B, ¢ hti.an of
Gaim 1 wherein tRo 5e FanopSRE BEHARE B P8 Whereh ¢ SR SRR e
concentration gPe;ﬁterminr dnopSr8¥idanseinghihelating Tdrecanaptpeisg taigent 1sf selbatiedh |
wherein the at |east one bath stabili zg' r‘tq as%s t__conprise %i_ | east one .-
conpound sel ecfad fFBMAPIEP gFRRISHENFTs tlil AgCiHo” 35’%9&?8%@&" Arnelc ac

4- hydr ox-ypyri gt§IsTAY £S5 PR} rfddcids Mot hyl resorcinol. B. The conposition

of Claiml V\heghe"l n tyhe cgrr%%@hion further contains one or nore chelaring
or conpl exi ng agengsTrmdombesidono¢Qaiat 8 ameoéin todh chelating opcorplenpigageny
agents is from about O. Ol%to‘,about 10% béi wei gh%. .V 57 13 gorirl‘.d_ZOOS 9. -
The conpositi ol REIMHEnFord RaiHPED WERRESING K&t IRMINCSRRNKYIC i #d 98 g@Rd i s
hydr ogen per oxj : hel ating or ccnplexing agent is selected from
the group conspggslpr?\‘%g‘b% Qf“i.gz- cyci oheryl enedinitrilo)tetraacadc acid

( ﬁ\/lDTtA_) and phos ppm.mj'ree é@ﬂné@fiﬂi@rﬂ aTtI@limJ%m.g&;géihm ﬁmelﬁim‘ or ﬁombf%?igagé?ﬁ
chelating or conplexin agen IS selected.1r e I’OU‘_ OSISJ,I’] 0 _
ar ni nocar boxy| iscSelgrtes’ &ran 1phEPHBNENLHINGs °?T§&‘)'IQF%Q‘%8W§EEE’??F%*F %F"{a ai m
8 wherein the g% ﬁé’.ﬁ%ﬂne?@wfé%%éﬁeqac@:ﬂe@a‘e_thcwéqe%amﬁﬁr@ﬁeiéﬁ@nb@cw.r QR

et fy rilo)t

consi sting of enedi ni etraacetti ¢ acid,

di et hyl enet ri adiamipedtrexyproaanatN. NiN'N'Hetraaeatist r ami dsithxaacetN. N MeiNd,

1, 3 di am no- 2- hydy [ 8- I\ eticaci dygNaN, N, N - o 4 4

et hyl enedi ani n3%&#%?%@&%?%@%@'%&“%&@%?, cis-1, Cziac'%) cis-1,2

eycl ?heﬁl Fnedb{d]rbh&éﬂy@dﬁrﬁi&?ﬁtﬁ(t%cggbd, adiﬁ, Qis,gitﬁmwclodddale@gmgﬂ;m.m-, N -
tris(me enephosphopi ¢ aci , P) , - zacyc cane- N,
N NN et r akETRBYIRTeERESRbTRoRPE) AT REbOT T Rr A5 P CB AR S e
triphosphoni c gaich- ]t abiakisheithyRALBRDSIHAACTBEIRY (BOTP) OsRileRistmatyiBne)

am notri (et hyl enephosphoni ¢ aci d). 1-hydroxyethyl ene-1, 1-di phosphoni o

aci d, bis( hexakfiegpReRTt racith ndigynaspsigaminaaane(Mety!eneriospheqiel ordAhne-
ct hyi ened am nermaArrERRERERLCARAIC (AT hvdomyetiiane:d . diphosghony
- acid, bis{haxamethylene)triamina phosphonic acid, 1,4,7-triazacyclononane-
N,N',N"-tris(methylenephosphonic acid (NOTP),
ethylenediaminetetra(methylenephosphon‘;c acid), 2-phosphonobutane-1,2.4-
tricarboxylic acid and trans-(1.2-cyciohe5<y|enedinitrilo)tetraacetic acid.

12. The ccmpos'ltibn of Claim 1 further comprising one or more water-
" soluble organic co-solvents. '

13. The composition of Claim 12 wherain the concentration of water-
soluble organic co-solvents is from about 0.1% to about 30% by weight. 5

14, The composition of Claim 12 wherein said 'water-solub!'é organic co-"
solvent is selacted from the group consisting of 1-hydroxyalkyl-2-
pyrrolidinones, zlcshols and poiyhydroxy compounds.

15. The composition of Claim 12 wherein said watar-soluble organic co-
solvent is glyceral.

18. The composition of Claim 1 further containing one or more water-

soluble surfactants.
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tricarboxylic acid and trans-(1.2-cycl ohexylenedinitrilo)tetraacetic acid.
12. The conposition of daim1l1 further conprising one or nore water-

sol ubl e organi c co-solvents. 13. The conposition of Caim1l2 wherein the
concentration of water- soluble organic co-solvents is from a}i)gg‘émpzé%to
about 33% by weight. 14. The conposition of Caim 12 wherein sai

wat er - sol ubl e organic co- solvent is selected fromthe groug%consi sting of

1- hydr oxyal kyl 1Z- Ther cotripgisiiones’ CGiaigbR8l Wharsin Pk yFRrReaXsHe! RIoWRHR: 15.
The conposi tgbﬁ.@lé’%%@%%ﬁ%ﬁ‘éfﬂ%ﬁb@é 6l (Bdpit 694 BPLRigigani c co- sol vent

is glycerol. rtion o faim 1 further” containing one or nore
water- sol ubl € urtackanbasiiad rChthI{ vARREnRs Bave poeBlReled. frompthd ai m
15 wherein the concentration of water- solublé surfactants is from about
0.01%to abgusupeonsistivg giftydragdeTaod Copaus RTIRRE-of C aim 1 wherein the

base is selected-fromthe - group consisting,of hydroxides and.orggnic
amines. 19. Thd%dmgoenpentien obiGaim 18 “Odﬁ%f%éﬂ h”% ﬁésﬁéégefég?%ﬂgffeﬁ from
the group | std.ng; quzyt € %ﬁ"o inHIBAET O 8lagide8 MR HBRiU .
hydr oxi des, %g% or‘%ﬁg‘.s@@m ?fes&ug{%n e %orrpoéi ti ony of Icleal_ m 1 whe‘rgil n the
base is sel égtiekidamentegagcamineansi sting of choline, tetrabutyl amoni um
hydr oxi de, tetranethyl ammoni um hydroxj de, nonpnet hyl {ri et hano amnani um
hydroxi de, moR&ndirey LOMPesHign AMBAINM W@F%Rﬂgé.?a i ée‘@ﬁ%dakﬁ?ﬁhi fm

hydr oxi de, ngg%aprg%i&r%oni %T hygﬁﬁ?&iege, Feﬁ'hb@@llé?gf'?\‘éhﬁﬁﬁmm A rBdeOXi de.

2- met hyl - nt an anrne, 2- et hanedi am ne, "1, 3- propanedi‘am ne, 1, 4-
but anedi ani tst-arhefhylenianih aytroxide, Metmpoathydlsthenelammaniumdpydia¥ideani ne,

1, 8- oct anedi am ne, 1, 9-nopanedi arni pe, 1, .10- Iam he .

1, 11- undecafaRpcmethyltrigtny -“HBG@‘H%eﬁygﬁ?"ﬂg"aﬁ%§§%§§EWH%emdarﬁé'.de' © 21,
The conposi tipshhyGhithani@mhpdreiite! keiragarol smimaniemigtiadxid o 2-fredbyl-
silicate is selected fromthe ?roup consi sting: qf ammoni am Sili catﬁﬁ and
quat er nary dnPrpgntanadiamiog: es. T.20etn3RRIBEVRRSI ¢ il o PEAPAREGIARIASwher BF N t he

wat er - sol ubl -1 eq 5.8EhizmbmmiRe! ot I ATBliaYeAETRAINGD Si | itate. 23.
The conposi t@éﬁ@@%}m 1 ?bsn?abni ng from about 0.1-25% by wei ght
haptanediamine, 1,8-octanediamineg, 1.8-nonanediamine, 1,10-

dacanediamine, 1.11-undecansdiamine, 1,12-dedacanadiamine and 13-

diaminopentane.

21. The composition of Claim 6 wherein the water-sajuble metal ion-free
‘silicate is selected ‘from the group consisting of ammonium sllicates and
quaternary ammonium silicates. '

22, The composition of Claim 1 wherain the water-soluble metal len-free
silicate is tetramethylammonium silicate.

23. The composition of Claim 1 containing from about 0.1-25% by weight
tetramethylammonium hydroxide and about 0.01-1% by weight of
tetramethylammonium silicate. _ L -

24. The composition of Claim 23 further containing from about 0.01-1% by .
weight trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid.

(a) 25. A composition of claim 1 wherzin the bath stabilizing agent is
present in the composition in an amount of firom about 0.1 to
about 50% by weight of the composition. | '

25. A method for cleaning semiconductor wafer substrates h_aving
aluminum, copper or alicys therzof present, comprising:
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t et ranmet hyl ammoni um hydr oxi de and about 0.01-1% by wei ght of

tetranet hyl ammonium silicate. 24. The conposition of Caim23 further

cont ai ning fromabout 0.01-1% by weight

trans- (1. 2-cycl ohexylenedinitrilo)tetraacetic acid. (a) 25. hhdk ON
of claim1l wherein the bath stabilizing agent is present i nﬁ%gﬁﬁ?ﬁb%

conposi tion if,an. iﬂﬁﬁ’ﬁém@cnﬁﬁemr&@@m sQbdtrdte hairue So9xtdate swiiate farat he
conposi tion. 2'8. A od for cleaning sem conduct or g/%{)?r ﬁ%ﬁgﬁf?tgéd
havi ng al unitmenandopper tasrperahugssuffigetbio HERLHIWAE PEIERG ] 13
April 2005 contact i.n i C W béRE Adlinagcemposiidnat e
surface for z{es‘fjﬁ%’éf‘&%‘a%gfaeglﬁ‘gﬁgr%ﬁﬁc%ﬁ?fai?‘giggnt to clean unwgnt ed
cont am nant's @mshrigirggi dues from said substrate surface with an aqueous;

al kal i ne conposition conprising: (a) one or nore.nmetal_ ion-fr . in
an anmount suffici en)tane protece meidH iBh-TEReDasRHIL; 3 @,{H%Lfﬂtlﬂ-lefﬁfiggfgét er

(b) a bath stabilizing eff ' : Be bath stabilizing
agent conpri sing atp’lagﬁg? ag”ﬁi%m@%@%‘haaﬁé?ggﬁ&one pKa in the rangy
of 10 to 13; and (by, %ﬁh’st%i‘iﬁ‘ingfﬁf&'ﬁ%’immaﬁ aeastione sRhistabiliziog or
waf er substrate has gﬂ umnum or alum num al | oy gre, en& the conposition

al so contains from agenitcom@isingat kisstiens@REPOBH WHIN 81 12ARECIR RP3INBn of
a water-soluble netal lo -freelra_%inl icate. 27. The nmethod of Caim25
wherein the sem con@iéf Pl &0fstrate is in contact with the .
conposition for frespwleet 1 to about 30 m nutes. 28 The nethod of Claim2

wherei n the sem conductor wafer substrate is in%ontaﬁ% VM%’% tage .
conposition ayitmtheprovisa that vater tharsabinendueior Waie58dRairaasids adminyQ
‘method of daim,z25.furt | Rl ey BHhtaind BEm@bost 0101 38. The
met hod of C a‘?rn?x%"mra@gk #ﬁgg@o%o%rﬁ?%%ﬁ@oﬁt&gi ns netal ion- free_bases
in suf ficientassmussshy veichtiefeha pbimpbsitionrofadoustersolublamrial ion-ireg: .
The nethod of Claim 26 wherein the.at | east one bath stabilizing .
sllicate,
27 The method of Claim 25 wherein the semiconductor wafer substrate is
in contact with the compasition for from ahout 1 to abeut 30 minutes.
28 The method of Claim 25 wherein the semiconductor wafer substrate is

in contact with the compasition at a temperature of from about 10°C to about
85°C. | |

59, The mathod of Claim 28 further comprising a rinsing and a drying
step. |

30. The method of Claim 26 wherzain the compaosition contains metal ion-
free bases in sufficient amounts to produce a pH of from about 10 to about 13.

31. The method of Claim 25 wherein the at least one bath stabilizing
agent comprises at least one compound with at least one pKa in'the range o7 ,
1110 12.5. |

32 The method of Claim 25 whersin the at least one bath stabllizing
agent is selected from the group consisting of acetone oxime, hydrogen
paroxide, salicylic acid, 5-sulfosalicylic acid, phosphoric  acid, 2-.
hydroxypyriding,  -4-hydroxypyridine, resorcinol, 2.methylresorcinal,
salicylaldoxime, 2-methyl-1 5-pentanediamine,  1.2-ethanadiamine, 1,3-

60




agent conprises at |east one conmpound with at | east one pKa in'the range of
11 to 12.5. 32. The nethod of O aim 25 wherein the at |east one bath
stabilizing agent is selected fromthe group consisting of acetone oxineg,
hydrogen peroxide, salicylic acid, 5-sulfosalicylic acid, phg@g@gﬁ b@ogci d,
2- hydroxypyrldi ne, 4- hydroxypyri di ne, resorcinot, 2-nmethylre ;

.sal i cyl al doxi ne, 2-methyl-1, 'pent anedi am ne, 1.2-ethanediamne, 1,3 60 13

April 2005 pro anedi am_ne,
L1 | 2005 o gpancdl amnc o b faukaned A “?"%’Eﬁéﬁﬁ%i’)ﬁﬁﬁ?ﬁg’ﬁ Inesinol
33. The met hotk-abssdaismaaingharBizntihepaitaheast codocbat h stabi | i-zing agent

is added to a concentration of from0.1 to 500/a }j ?5 he .nmet hod
of O aim 26 whdBeiThat methed |efaSlaimndd peiaieis: s A ?%‘% g’?;rg@ﬁ n statiligingt e

From the o QUeFRINALIAY alnderhuegarigi 018 50% Byuignypy 1 di ne.

resor ci nol thyl resor cl nol . . The meth d Aim 26 wherein the
conposi tion furstah%acm&mb@%fonmlmoza rtms&emhﬂ-tam rigasiromrinptmxtatgha@@nt s in

t he corrp05| tion and wherein_ the concentratio corrpl exi ng
agents is frearrhpsuBelRARds EMDGSE 90 ‘B%’F%%F@nto §7€ydfﬂ%’
according tq @L g%r’@n&hﬁe@ranbhﬁwd@rﬁetﬁylmc}rmmng agent s hydrogen

peroxi de and ating or conplexing agent is selected from the group
consi sting of (3B, Tneynéivicekyfl Glaidi2bi wintrieln theteorapesition Alingr caiBinNg onaind

ggg;?gg?:_\g %S:Jﬁ%el %e[g%n%&qecc?bx?ﬁggkgq nEE %tH@E{)ﬁI Bs{hgﬁ aﬂ?}%ﬁé#e“ﬂ 1R

group consi am nocar bOX lic
aci ds- and phmsxphﬂm‘tnn ofctlasating or Iumpmirtgomems & &pm Ss:uuﬁleﬁ‘@rormtarb@ut

chel ati ng a R, is selected from the group consisting of
(et hyl enedi n%t}f PV(%E'[’@?’T aacetic acid, diethylenetriam nepentaacetic acid,

triethylenetet r@mméhﬁéﬁ%eéb&raﬁiﬂta @iaftn 35 wherein the bath stabilizing agent

di am no- 2- hydroxypropane- tetraacetic acid,

NN, N -
et hyl enedi an$ ﬂéﬁ@lgﬁa(mhkﬂae&@%ﬁ&ﬁh%‘ﬁ%g SE camplexiag @S"Qt is Selected from
cycl ohexyl engd d?')s‘iﬁwcgag?E{ts]'ﬁc%gér%xxibnédﬁﬂﬂd)&%@%)ééﬁ&QQQEF@PBTN) NN

‘trls(nethylen honic a 4.7.19-tetraazacycl ododecane-
N, N, N, N I'!9?4{5|'F's‘§19ﬁ’t_fy‘tElllﬁwif%nephosphon| c aC| d) (DOTP),

PR T ——
-am not ri ( netsaydsed Hoos pie Proupcodsistidg bi/dnmwhmélnaddslam phosqd?rmmc
' acids.

39. The methad of Claim 38 wherein the chelating agent is selected from
the group consisting of  (ethylenadinitrilo)tetraacatic acid,
diethylenetriaminepentaacetic acid, triethylenetetraminghexaacetic acid, 1,3-
diaming-2-hydroxypropane-N,N,N' N'-tetraacetic =~ acid, NN NN~
ethylenediaminetetra(meathylenasphosphonic acid), cis-(1,2-
cyclonexylenedinitrilojtetraacetic  acid, 1,5,9-triazacyclodedecane-N,N',N"-
tris(methylenephosphenic acid) (DOTRP), 1,4,7.10-tetraazacyclododecane-
N,N',N",N"-tatrakis(methylenaphosphonic acid) (BOTP), nitrilotris(methylens)
triphosphanic  acid, diethylenstiaminepanta(imethylenephosphonic  acid),
aminotriimethylanephosphonic  acid), 1-hydroxyathylene-1,1-diphosphonic
acid, his(thexamathyleng)triamine phosphonic acid, 1,4,7-triazacyclononane-
NN N"-tris{methylensphosphonic acid) (NOTP),
ethylenediaminatetraa(methylenephosphonic  acid),  2-phosphonobutane-
1,2, 4-tricarboxylic acid, and trans-(1,2-cyclohexylenedinitrile)tetraacetic acid
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aci d, bis(hexanethylene)triam ne phosphonic acid, 1,4,7-triazacycl ononane-
N, N, N'-tris(net hyl enephosphonl ¢ acid) (MOTP).

et hyl enedi am net et r aa( met hyl enephosphoni ¢ aci d), 2-phosphonobut ahe-
1,2,4-tricarboxylic acid, and trans-(1, 2-cycl ohexyl enedinitri JI:?)%)?F Q@@get iC
acid 61 13 April 2005 40. The nmethod of C aim 26 wherein the cOnMposItTion
further contains one or nore water-soluble organic co-solvents in the

conposi tion. 4L4p, The pRthede laﬁhaﬁﬂ-ﬁgreﬂlf‘ﬁee&dhﬁ‘gﬁ%}? %%ﬁbt%ﬁ%

wat er - sol ubl e organi c co-solvents is from about

wei ght . 42. STHROMPsYAWd-sefux® arganiDcavselvents is dhelcaapesitisnl ubl e or gani ¢ co-
solvent is sele te&%rom t he group consisting of 1-hydroxyal kyl -2- -
pyrrolidincres 4l BIaines @ Kdaivh ¢dr wisrai g gaacantzetion ifewaterssoliblé < ai m
40 wherei n gpkghivabed 5oL r 0. ' l.ycerol. 44. The

met hod of Cl%glfm 26 ﬁ%?‘é’l‘?\@tﬁoeﬂco”nﬁ%gﬁfé%a?gﬁlﬁ% %@H?‘g%hs one or nore

wat er - sol ubl e <4Qr fred FAESoGN e QR ¢ 47 . d im 44
further vvhere'l n the conc%r?turgﬁ_ @%ﬁgm%raﬁsséﬁugﬁgﬁ;ﬁ%‘gt%ﬁggﬂ go'from :
_about 0. 01 $PVENhb#ut sglemasy feirghthe 4grouPheconsisting obf Cli diyarcdgakdepei n t he

base in theggggpg]ﬁéﬁégrhzé&clsghﬁ%&%@;ﬁc}q&gﬁﬁ%p consi sting of

hydr oxi des organi c' am nes. ® ai m 46 wherein the base

in the conposi UROTHS mepbBCtEH L iRULaIg ORS LI O o Juaternary
ammoni um hydr oxi des, anmoni uﬁ%ﬁéﬁfo@g g'g‘g,%lgng lgr g%?ﬁﬁ’cslog%lge%ggﬂ'ﬁ. C&he

met hod of CP@ivANbis alpesrel.n the base in the conposition’is selected from
the group consi ol.ine. tetrabutyl ammoni um hydroxi de, tetranethyl

t i ! f N . )
anmmoni um hydr oﬁ?djgggrﬂgﬂﬁc ohHIEm 88 Ndeseiathe sompositisndirtbier, contains one
nononet hyl t g gy Wi -Qﬁleezﬁ(ﬁfa%rﬁ& ﬁgtgq@ﬁ}&mmni um hydr oxi de,

t et rapr opyl anmoni um hydr oxi de, tetraet hanol amioni um hydr oxi de, 2-nethyl .

1. 5- pent anedi a4Bi Mhe ImdiHedhemEmimr 44 'F.ﬁth]er?wﬁ)érgf?\aﬂﬁ;di:@r‘iﬁf%_ti&n ‘6F water-

Egt anedi amﬁ, bl1, 5-rg’€qrgt anedi am ne, 1, 6- hexanedi an ne, _
pt anedi antFEC'E BIrGAtaHeH Hamroout 801Gk deebpuiht %ehy weighhed! ani ne,
1, 11-undecanedy@mple, itey AP IRAER2HE bads & T 28:‘%‘33&%33 'Is
selected from the group consisting 'of hydraxides and arganié amines.
47. The msthod of Clsim 48 wherein the base in the composition is
selected from the group consisting of quaternary ammonium hydroxides,
ammonium hydroxides, and organic aminss.

48. The method of Claim 25 wherein the base in the compcsitioﬁ Is
selected from the group consisting of choline, tetrabutylammoenium hydroxide, |
tetramethylammonium hydroxide, monomethyitriethanelammonium hydroxide,
monomethyltriethylammonium  hydroxide, tetrasthylammonium hydroxide,
tetrapropylammonium hydroxids, tetraethanalammenium hydroxide, 2-methyl-
1,5-pentanediamine, 1,2-ethanadiamins, 1.3-propanediamine,. 1.4-
butanediamine, 1,5-pentanadiamine, 1,8-hexanediamine, ' 1.7%
heptanadiamine, 1.8-octanzdiaminz, 1,9-nenanediamine, 1,10- .
decanadiamina, 1,71-undecanadiamine, 1,12-dodecanadiamine and 13-
diaminopentans.

49. The methad of Claim 25 wherain tha water-salubla metal ion-frea
silicate in the composition is szlactsd from the groug consisting of ammonium
silicates and quatzrnary ammonium silicates. o
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49. The nethod of C aim 26 wherein the water-soluble nmetal ion-free
silicate in the conposition is selected fromthe group consisting of
anmoni um silicates and quaternary anmonium silicates. 62 13 April 2005
50, The nethod of C aim 25 wherein the water-sol uble netal io1r13fri,~|f: 05
silicate in the conposition is tetramethylanmoniumsilicate. . P@ %%e

thod of Claim 2 okl QR RON R 24). ir-f2¢° P
et hod of Oai m 28ouiTReciByidieor a2kl ARERAR 1AL NRakt QB AR Weialid AR OY

wei ght i etranethyl ammoni um hydr oxi de and about 0. 01-

t et r amet hyl amm¥iitattizthe eempositon isTatrametihdemotontiraisiicsle. wher ei n t he
conposition furthgi.rcont a’ikns 0.01-1% by weight cf a chelating or .
conpl exi ng agent &6t BEICHH GBEN gRoMRreng eamprilian contains from about -

(1, 2-cycl ohexyg e o i Kb it kL | v 1ol Ii' | id- .23, A
met hod of cl aidzn.?mei 3{'! rhig"'(%né“ r[é@mr e a?ﬁ@?ﬁ%&ﬁgﬁo%&éﬁ@@'@r B¥ent
i n the conposiw¥eignt obieacwdnglammaniuramiitata.of from about 0.1 to about 50%

by weight of the conposition. 54. A nethod of extending bath-life of an ,
aqueous, al kal i né@&onp@danethed cff iaimt £1 pharginotha ceapiosicnniueeatoedttaihg cui t

substrates wh h Ny o5 @ | Ld Q0 | N { ne o[ nore netal

ion-free base?'lalg\qa%%g(rjrwoﬁgﬁp@u% %%?@ﬁS{Tgér{'@%%@gca?eg?ﬁﬂeog'ﬁ@”ég;ﬁégﬁ‘ﬁi on
of about 10 orcqgsfsaingluf((.H)cy@ldbﬁ&?leﬁéﬁihitﬁlbfté@gaﬁtﬂ‘c%ﬁd M?a%‘ﬁ%aﬁorﬂé a@k\.l east
one bath stabilizing agent conprising at |east one conpound th at Teast

one pKa in the r&hgemsthad of olald; 2y whamn éhe oaadr (Wrsf baimstIing a@&nt 0
about 5% by wej he_co ition of a water-soluble nmetal ion-free
Sl cace sai Prosendh thd FpFRIRREh dhBeat B ahRahabbRm evbul thhtm sbout
stabi | i zi ng ef5i0et biyweighteIunRe cBpakitbgast one bath stabilizing agent
conprising at | east one conpound having at |east one pKa in the range of

10 to 13. 55. Th&4mé medhod of Eatamdiyg bilerlifz of aai ahugouspalialing Lokmsdiition

stabilizing . nprises.a cqnmpound wWith at |east one pKa in the range
of 11 to 12. 5?‘9@%?5%%‘” THBE B‘f*'ggﬁagécﬂ?'w PERIPSneredt said gompssitianat h
stabi |l i.zi ng agentprisessel ected fromthe group consisting of acetone oxine,
hydrogen peroxide, salicylic acid, 5-sulfosallcylic acid, phosphoric acid,

2- hydrcxypyridine, (8} lydr oxypyrd distel iorefes diasel, in2aneamyure 2OFBIdH to
procuce a pH of the composition of about 10 or greater;
(b) a bath stabilizing effective amount of at lzast ona bath stabilizing
agent comprising at least one compound with at 12ast one pKain the
range of 10 to 13:
(e) water; and
(c) from about 0.01 to about 5% by weight of tha compasition of a
water-sciuble meatal lon-free silicate,
said method cemprising adding to said compasition a bath stabilizing effactive
amount of at least cne bath stabilizing agent comprising at least one
compound having at least cne pKa in the range of 10 to 13.
55. The meathod of claim 54 wherein said at least one bath 'stébiiizing
agent comprises a compound with at least one pKa in the range of 11 to 12 5.

56. The mathaod of claim 54 wharein said at least onz bath stabilizing
agent is selectzd from the group consisting of acetons oxime, hydrogan
peroxide, salicylic * acid, S-sulfosalicylic acid, phospharic acld, 2-
hydroxypyriding, 4&-hydrexypyridine, rasorgingl, 2-methylresorcinal,
salicylaldexime, 2-msthyl-1,5-pentanadiamine, 1.2~éthanediarnine, 13-
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sal i cyl al doxi ne, 2-nethyl -1, 5-pent anedi am ne, 1, 2-ethanedi am ne, 1,3 63 13 .
April 2005 propanedi am ne, 1.4-butanedl arnine, "1.6-hexanedi am ne,

1, 8-oct anedi anm ne. 1, 12-dodecanedi arni ne, 1. 3-di am nopentane and orcinol.
57. The nethod of claim 63 wherein said at | east one bath sta IAlro;ll Eg%
agent |s added to a concontration of fromO0.1 to 50% by wei ght o

conposi ti on pr&ﬁan’ﬁlﬁarﬁﬁfehqdd olitFleidm 53 Wheksh&as fidd, 1 gac?:ttaﬁ@cﬂa ﬁrﬁsb,

st abi li zing 13%5 is selected fromthe group consisti‘ng
2- hydr oxypyr'® ﬂ%ecwequnexyéy@arm@pm@n shdloreindl. 2- rret hyl resorcinol .

59. The net hodzef Ia| m.57 ald at | east one bath stabilizing
;agent is addeda? 2 Birkiag Wgéag Wirgigin said gt gﬁ%tbgna/@p@mst@bmmg

conposi ti onagédt is added to a ccncen.ratlon of from 0.1 to 50% by weight of the
compesition. o

58.The method of Claim 53 wherein said at least one bath st.abilizing
agent is selectzd from the group consisting of 2hydroxypyndtne 4-
hydroxypyndme rasarcinol and 2-metnyl resorcinol. ‘

§9. The methad of claim 57 wherein said 2t J2ast on2 bath stabilizing

agent is added to a concantration of from 0.1 to 35% by weight of the
composition.




