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[0005] Recently, copper has been increasingly used for metal interconnects in integrated
circuits. In the copper damascene process commonly used for metallization -of circuitry in
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copper layers having a thickness of about 1-1.5 um and copper seed Iayers having a thickness
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Angst rorrs per mnute, for TMAII / MEA conpositions P,
[oozﬁA PG, A@g ;I%Immﬁﬂ%aﬁpof%%aﬁ @ﬂﬁa%a&bél{c%n%‘&ew‘éé’g}&kt%x sl

gents g ic acid | act
has lsepcle}?fm ubsqent to sElprpreRagion, Yithe %umpmosmﬁﬂ itlading

TMAH) @2 3etlich @ thaflol] dmelhylhddinmolychistof, afRidioagness, in nm
for various TMAH MEA conpositions, showi ng the
relati ve nmagni tudes of the roughness associated with

[0028]ar y FKY 8 i;osmgfaelx iofigtchgant &, ABGaénS peraminutal foeMIB\/IEA

9{?&1‘3&) 2!

com}ﬁ 10 |sﬁ%&g %Adrk?hsur ace r%%tﬁ é’ies[é’g%%em ¥4 %’

1““%\‘11 %WEWWI%WEYPIH Qﬂﬁ@oppﬁmbﬁtfﬁ@ the relative
magni t udes of the roughness associated wth varying

agents, i nst _an untr eat ed copper surface
o020 VPR e GRS Bt Goty oA cseonh THATMEA
compositiane,nihowing ribgpelative magpitudes mﬁttheo rougiinest OasEHOEXd Gfithavarying

e %@sft rein.
comp@é% g %ﬁi&h& 1 ﬂng%g&gp tom&%%g%?ng aqoug*‘l? ? °£tﬂgé‘mt -etch
vvaf er of FIG 11, at a magnification of 80, 000X

(003 howrig fohe 4 embKlLbe shrﬁm& RSugheds  in | i, FOL HrBig A
rograph at magnl fication

3
comploRe) BOURE I THEveDBEPEE P Vi BB Ao (e v
compleiking pgeots ogrinshgn Unleatp) coppapudyte Wiving adoufhddkd d¥EALMhAct i C

aci d aqueous cl eaning conposition AA. The residue has
een renoved. 6 WD 2006/ 081406 PCTI US2006/ 002902
f0031[1 0034JG-Filds a plwotgngcreergrh ot ovgrifictimgM0H0X bita posdtcheyafi

showﬂ@fe@fduélﬁvﬁtﬁbre1ﬁ3 at a magnification of 80, 000X,
showi ng the renoval of the post-etch residue in the

via, in greater detail. [0035] FIG 15 is a
[0032phot BIG. I ﬁg@m&m&bgrﬁﬁhgﬂ ik peREkIORated of 45, QD0 ﬁﬁgr&ﬂ%am

of 80 B@O%E sl eo%v?ng the remdl;le in the vias, in greater detail.

[0033] FIG. 13 is a photomicrograph at magnification of 40,000X of the post-stch wafer
shown in FIG. 11, after cleaning by spin/spray with a TMAH/MEA/lactic acid aqueous

cleaning composition AA. The residue has been removed,



shown in FIG 11, after cleaning by spin/spray with a
TMAH i A/ gl yci ne aqueous cleaning conposition U The
wOonRewiigL®6 has been renoved. [0036] FIG 16 is BCT/US2006/002902
' phot om crograph of the post-etch wafer of FIG 15, at
a magni fication of 80,000X, show ng the renmoval of
the post-etch residue in the via, in greater detail.
[003ﬁ1003ﬂ[G A @3 = pipiomicrogragh of throst-atlireafii oBRIGH g A of hazaification
of 30000% shSAEXhOferrlo oS ostekch ResiiBd 8 fthe vﬁ,r%aﬂefﬁeﬁha 11,
after cleaning by spin/spray with a H MEA/ succi ni c
aci d agueous cl eaning conposition AQ The residue has
[0038leen HE@ riﬁussd phofi58@8grapk laCnaghfication af PHEIDHIGE deQ@staph w@fer

howa!l nificati

shov R EREN. Sl B gty i s pa i RN i o

GOWOﬁlﬁWé Thp aeSIdvqhagb@ateépquet a|I [0039] FIG 19 is a
phot omi crogr aph at magni fication of 40, 000X of the

ost - wafer . sho FIG .11, after cI eani ng by
mm’@pi nfgb(ig)‘f R igmipr m??ﬁ\‘?%&"étse%r"ﬁfe&" 1 Saghpawgaiiication
of 80l0e8,shovgnribeqeasvd bitte 1o etcll Rsidteia id v, 1 afeatiaRRilr enoved.
[0040) FIG 20 is a photom crograph of the post-etch
wafer of FIG 19, at a magnification of 80, 000X,
003 howiFHy 1¥ ez ﬁmw@@amh ebmiatifieatioe 0BHHI0AY of fhetphss-eteh srafei n

shov@ll iR HE 110 8k leanih DB %%n/s’gzé}a@ withla TRIAR/MPRLRTnf! Q1 ﬁg{ﬂjgﬁtn

nificati of 40, of the post-etch wafer
CI""WW%%SIH?L& 8%6‘?‘“@%8‘%@ Eﬁ‘P"E?deam ng with a
TVAH MEA/ | actic acid aqueous cl eaning conposition AA

he | heen .
[003% hot gﬁ? é? l’é% gtﬁrmcfo glt'aﬁh of the Sp{os e{cﬁi wa%é%feﬂ: JZT %7 éla@aglﬁgcau%
of 8000 gty Ile@nval @ffthe@@st@@meszdmme Mg, i peatersieilal  of

the post-etch residue in the via, in greater detail.
{003%004 S a photom crograph at magnification

%dé)& aolf?ho{f’ﬁ@r%@’e alpRepifiation PT 4000839t fos prst-eich water
showafit EIC. | Iyrefkes ichaminy Bospingrapiviilh ATTHINIVIBMSAGbY GcRquecns

e 5 8 B O 5 = 006/ 002002 [ 004d]

FIG 24 is a photomicrograph at magnification of

(004040, 0BRXo@1s atph@cotﬁﬁﬁ;tgra 51{ & t&w"b@é’c %{ch %Qﬁm . 15' &Pa ml:%%f ididne"
rsion cleaning wt VEA/ succi ni ¢ ac
OfSOQgﬁgG}i‘?&m Echsnqstreiry r?f@ﬁ?)‘é’é‘i“ﬂf‘%ﬁ ﬂRQ‘a’ nfgeeafepddfallue has been
removed. [0045] FI G 25 is a photom crograph of the

ost .G, 24, ..a tion
004830 S 31 i B onScabl o il oAU pE B eibrearaire
shows i FlRel ly pfier lmmergmeelt@mg cih ai TMAH/DIEARctiE bl a@Bous cleaning

compbéltl.ldﬁsﬁlﬁf 3hER3siklRBad ik of the bl anketed copper
waf er as a function t| following i Mmersion in

formul ati ons CT-CY. [0047] FIG 27A is an el ectron
Ioemn cr Em aph a@ﬁot&n@:@@ﬁﬁhqk 1HeRbREch RLL & AER! S h RAgdifkation

of 80 Oed}{njllowmg?he removal of the post-eich residue in the via, in greater detail.

[0043] FIG. 23 is a photomicrograph at magnification of 40,000X of the post-etch wafer
shown in FIG. 11, after immersion cleaning with 2 TMAH/MEA/glycine aqueous cleaning

composition U. The residue has been removed.



[0048] FIG 27B is an electron mcrograph of the

control wafer of Figure 3A after imersion in
WOROM/MBIWEI on CV. [0049] FIG 28A is an el ectr 84T/US2006/002902

m crograph of a post via-barrier breakthrough wafer

ri - rsion in_For ' 8B
P g e
showw jim FEGar Y1 efterbimaacksidnr deaging wikhf & IMAH/MEA{succinign i jaghigoysn
cleanfnf EdRH@EnD). Pe reli@R N bebdl Gnok@A IS an el ectron

m crograph of a post via-barrier breakthrough wafer

subsequent to imrersion in Formulation CV. [0052] FIG
[004529B FIS. 231is @ bRgéniiangraphoot dg pagpeicvafer fEKEE. 2¢, a2 agnificetion

B s
m crograph of a patterned post-etch, post-ash Al wafer

[0046?0% FIREA PRt BTRE MlcRibsd &tﬂé@[aﬁ%bke?%@& waBr af DBAibn bl thae

0B Is an el ectron m crograph of a patterned
followipg immstsion in jgpetatigesCIfYvater via of FIG 30A after
imrersion in Fornmulation CQ at room tenperature.

005 G. 30C.is an.electr icr . o
o 058 543, 0 Sy e 581 PRSI b i
Form8@iongf™. er i mrersion in Formulation CQ at 40C. 8 WO

2006/ 081406 PCT/ 1JS2006/ 002902 [0056] FIG 31A is an

el ectron m crograph of a patterned post-etch, t-ash
[0048))  \\BlGe 27B dh @R SR BdRTIseph PE the FF L iWiqﬁ%Q%‘féﬁg«?éﬁﬁfon

immdedn ih Bdthidnl¢®. 31B is an el ectron m crograph of a
patterned post-etch, post-ash Al wafer bond pad edge
of FIG 3 IA after imersion in Forrmulation CQ at room

[0049] e P BIGA 284 &.an [cREEB|miftb@aphIf b Gost wia-darries| becgkthegngh wafer prior

1| F atterned post-etch, post-ash Al wafer

‘°méﬂ8§%{?%§gﬂ‘g‘é&§té“gypm G 31A after imersion in
Formul ati on CQ at 40C. [0059] FIG 32A is an el ectron

[005071 CI ORY. 2BB iOhn dlediold DiTBoLiBNEd: cldatdd puafl Gi-batieeckiious
to, the copper substra before i mMmersion in

Wafe%’r“ﬁﬂl’%‘??’:g%'&&' BOTYYFIG 32B is an el ectron
m crograph of a plasnma-etched TECS wafer of FIG 32A
ftegd rsi | F i i breaRRhin FhiG

[OOSQSA ?Isd e?gs e eagtr13 }%ﬁo?m%%%gﬁgopf%aﬁﬁ%gﬁgiet che%lh TECS

subsepdnbie inmerserin FommplatipCY he copper substrate before

imrersion in Formulation CQ [0062] FIG 33B is an

| ec i.crograph of a asma- et ched . TEOS waf er o
o0sfy & Ve B8 R etk Pler GreBh AT Rt apes "G vl
subsdqO6® JimintriFon 8 Fommlagion ACect ron m crograph of a

pl asma- et ched TECS wafer of FIGS. 32A

[0053] FIG, 30A is an electron micrograph of a patterned post-etch, post-ash Al wafer via

before immersion in Formulation CQ.

[0054] FIG. 30B is an electron micrograph of a pattemed post-etch, post-ash Al wafer via

of FIG. 30A after imumnersion in Formulation CQ at room temperature.

[0055] FIG. 30C is an electron micrograph of a patterned post-etch, post-ash Al wafer via
of FIG. 30A after immersion in Formulation CQ at 40°C.



and 33A after imersion in Formulation CQ at 40C

DETAI LED DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED
WOBMB@OBIHENTS THERECF [ 0064] The present i nvenPCHAIS2066/002902

relates to conpositions that are variously useful in

cr ron| evi ce ufact
10056, ocggsﬁﬁ% of" ‘?I ar "B oY %imeﬁg\% e‘iﬁg p&f’té’gh Al wafer
bondipad esgeleafore mlmunfmmai}mndl‘IEssed to have copper

netal lization, in operations such as surface

reparatlon pre-pl ati ng cl eani ng, post-etching
f““55| eaklh P 1B ibet electiop AECregrek f Agaiiamied @eetetch,metrwltéll wafer
bondifad fiRObfEG. 3pAlafisiigsiel BFGRGHe] COMGEReRSdas] C

devi ce wafers. [0065] For ease of reference,

"“m croel ectroni c device" corresponds to sem conduct or
[0058ubs FIG3dE is & eltctpmmidrogiiph pif a\rettersed ghost-eich, post-ash Al wafer
bond'f%‘a&éd%@!;% AORERGEan ﬂ%ﬁﬁaﬁm{&@ﬁbe manuf.act ur ed

use in mcroelectronic, integrated circuit, or

conmput er chip applications. is to be understood 9

[DOSMD 2 eR/A08 3&%@13%%5/ Iﬁi&g@gﬁt_/ & Q%&Qﬁa—et&ﬂaiﬁq‘{@@ gfafefaétéﬁetti down
roni.c_devigc meant to be linmiting
o the B O R R Fom o8 hReT vt e Chat wi 1]
eventual | y becone a m croel ect roni c device or

o068} CT @Rj 96k Es%ﬂ'ei%ctgﬁsrﬁb”’fﬂgr}{ph offa! ?aﬁrﬁi atttex TEOS Sater er o FIG. 324

m croel ectroni c device sem con
ﬁe‘%‘?ﬂd@@m{”@wQ%&O@sed her e| n "post - CVP r esi due”
corresponds to particles fromthe polishing slurry,

arb tlcles |ISh n articles, brush
005f1c] QR A B Eleti-Rerami e R et {0 S Vi eiched o
fothmmstmﬂtatedmfmpammmbmFormqtqneﬁCQcopper oxi des, and any
other materials that are the by-products of the CwP
rocess. 100671 As used herein, "contam nants"
mMﬁor r 5 3R] istap elepieorimperparanhrol o olsma-¢icheh EEQH Mafst off HIG, 33A
after f@AedidnaN FynpiA@Ed g0%ef the polishing slurry, and any
other materials that are the by-products of the CW
process. [0068] As defined herein, "post-etch residue”
[0063 or r KD 34 éhsin telpetromtogicibgrhphr of mplasdhingced TEOSIwagr ofFISS pi2AS e
anu@mﬁm&atmgo&ﬁﬁ&%ﬁtﬁ%g , BEQL dual “damascene
processing. T ost resi due may be organic, -
organonetal | i c, organ03|I|C|c or inorganic in nature,
for exanple, silicon-containing material,

ﬂﬁ{mtj@ g ﬁr C materlal and etch asreS| due

i'-
herein, "conpl ew QLEI,_NTSTHE S those corrpounds

that are understood by one skilled in the art to be

[oeﬁﬁonptrl@( b %:29601R, £REL % c'él& &%‘8@5 B S§ Qsﬁ' NSeri
nd/ or “sequesteri ng a Sip T Sg¥nts

T o Ton e TR BNED o FiPEdseseng opafsi i Jhohbivg e

mtendmtt@be BN pRIEEAN to WBYeAopheP helafizdtfen,if TPAALnRLIN G5 {iGee

n&aosn tions of . the present inventian.
prepaxatto pre-platmg cleaning, post-ctching cleaning, post-ashing cleaning and post-

chemical mechanical polishing cleaning of microelectronic device wafers.

[0065] For ease of reference, “microelectronic device” corresponds to semiconductor
substrates, flat panel displays, and microelectromechanical systems (MEMS), manufactured for

use in microelectronic, integrated circuit, or computer chip applications. It is to be understood



[0070] As used herein, "about" is intended to

correspond to 5 %of the stated value. [00711 As
wouswsdshosei n, "suitability" for cleaning resi BUBUaH6/602902

contam nants froma mcroelectronic device having

o B2 “ERA GRS RO A NS oL HEHEON JLOLL ESRONAS LRy

art renD a anm na
substraiey Wﬁ‘t‘ﬁ’@ q’f%%ﬂﬂ:é b@em ® mmroqipéwm@devmp of ericdslegtronit asserréh*st

PrefeMb1y/41@ MidrbbRck Gt dHE S RpsA Y sems,mt& siizRyed fromthe
m croel ectronic device using the conpositions of the

i nvention, nore preferably, at |east 99% of the
[0066lesi duekaiintdnRarTdP mdue"mys@ahds kORuAR]es IpOhS Aotishig

r i nv.ention nust
sty B BAHEO R AAT RO BCeids Bl B35 RNAR, BliPi?
materigls @f qopsimpfisn pﬁﬂ@%cm@ppmovadles,md{ ﬁ@roﬂnen tetetdnthaateghe
bypﬁ&&@bfml@km@ﬂ%&QG/081406 PCT/ US2006/ 002902 -sui ci de

material. Metals of interest include, but are not
limted to, copper, tungsten, cobalt, alum num
[006T)ant alstsed hérkih Andnttiamst” dottbspel tbl menﬁcale Br%élenﬁﬁ R BTt ShidfyS

oy , ) h

WA

the pdedsed. [00741 In all such conp03|t|ons wher ei n
specific components of the conposition are discussed

in refer e to weight percentage ranges including a
(00681 o A5 (P Forq. {posk Fe eich” SEmrestonle o dRairal eSS g ving

gas-phasphaesn tishinpyolSeP e gs BEDL QfiaaladafBddtne] phocksing.O Ule post—etch
onposi t.ion, and, that

rrbod iren
residfP B bt Sra SR Bt e Crppinliie 9 Heceae L hwEe
Sﬂw%@om@semtenaétcarb@rm@ﬂ mgatw mﬁtsnaésandf oo gsrefd@Gichae mg@tn
and tRGfment , based on the total weight of the conposition
i n which such conponents are enpl oyed. [00751 The
conposi tions of the invention are aqueous conpositions

00691 ncl udi degnddi hereid| camslb:aay BGent”( inkhded UBsse rda,awunadﬂmmawn
B0 Lo b 0 O 0 S AL i

3genti5=n’1ald40t |swge3tegna hgsnie.o rfpowlering mgets el deticelbnembikowith oh e
phymlcdﬁy S0t Iﬁéﬁlfa@ﬁﬁnﬁi’ﬁﬁﬂéﬁ %ﬂ 8be ARIAQY sﬁllg %%ﬁgosfhgﬁs HMeh

thé conposition is used. For  exanple osition
presepiBveptipg) yde 0. 001- 90 wt . % al kanol ani ne, 0. 005- 40 Wt %

quaternary ammoni um hydroxi de, O. 001 20 wt, %

mpl dt bI
ﬂmﬂﬁg gﬁ%&%ﬁgggﬁﬂm %3?%@? : anc EPE&?%gﬁUFHFed so

that t he alkallnlty of the solutlon is greater than

004 | At |
ot 0058 b BtE) 08087, BRG] U5 o
microglsefronis,devier keyinn said residuecind sontpuigints thereon donshede® atleast
partiah RAMYal OF Saif REBRREHmiS RS fhe flﬁasglécl?&mg&ewp BRRASLEL LY

acetic acid, acetone oxIne

feast §5 YL st BT SN AT em bristoclsptigninideidce using the

compasitias afihs ervedisNatfidré PreREDF, at 1081999} 6f A6 kidue/contaminants is
wmg%ﬁnzotrlazole (BTA), betaine, dinethyl glyoxine,
umaric acid, glutam c acid,

[0072] Importantly, the aqueous compositions of the present invention must possess good

metal compatibility, e.g., a low etch rate on the interconnect metal and/or interconnector meta}

10



glutamne, glutaric acid, glycerol, glycine, glycolic
acid, glyoxylic acid, histidine, imdazole,

WOi2fof8tH0acet i o aci d, isophthalic acid, itaconPETAGRWS/002902
| actic acid, |eucine, IyS|ne mal eic acid, malic

sihcl&cﬁxgenaﬂaivﬁﬁis Gr ﬁﬁér%t mglucfée 5 Pﬁxﬁﬁéd% d&o@?e? | t&ngstgﬁ( acl)ﬂaﬁ,

acl d, - pent anedi one, eny acetl c
aImﬁH‘éﬁW“é%ﬁlWﬁBﬁf‘ﬁ‘&PP@ acid, proline, pyronellitic
acid, quinic acid, serine, sorbltol _succinic acid,

oo SBULSGRR, A i o} B BB VB bk oAk
formylationy atlievegmitgimordfiellf dssoelbrdi ng ami no aci ds, provi ded,
however, that the conplexing agent does not incl ude
. citric acid. O her conpl exing agents contenpl at ed
0074 o1 efmall sch samposiignsy sbergin sprsitis(chmpenegtPBliie, copbysision are

discugsbd @ &feﬁdﬂ&‘&lto%e@it g&be)d{ag@ ﬁn&ls mﬁ%@%ﬁfﬁgﬁﬂoln@%’ E@ﬁrﬂl be

It | t
endefy B sy Bl iy St vnak At s RPRY e
the cqghppeitién, ﬂmlrtbe:@tryhstaatds edhere afch wMﬁnglamﬁéseMWMaﬁ Py bresent
at cox’tactsmﬁons &l ﬂ% a? B%P géé/%ﬁ%g Fer%gﬁpg c¥1 th t&a??{v?;ght gi’ %E‘ {:%JA esr}t‘ia’on

. nonobuty but'y carb trie ene
mwhgwwcmﬁmwmy%r, ethyl ene 11 WO 2006/ 081406
PCT/ US2006/ 002902 gl ycol rmnohexyl et her, diethyl ene

lyc nonohexyl ether, ethylene coI nyl ether
00758, ¥ S TRGREN ofilirpientt 2. S SyPeRBn fRpbgiE
alkanpleining,| (iipquatermaryt atmqmninpyﬂydmmdg hgdc@l)larmhiﬁlekmghibef which are
- o o r.Q et .o ne
P eseﬁt?% %ﬁ%@(% ?aﬂ?eh tjﬁ‘&%ﬁ')?g to B%é con&;os%ox? aennegg oy vg%sgl
the “E?Déﬂf&/?“ff@?%@‘ﬁpﬂqﬁl% mﬁfﬂe g/ €00 |whith -the) egripositidreis, used. For
examﬂl; Iﬂliél:lghﬁb&;ﬁﬁn ?’ ﬁl@lludem d@‘l’-by byt, %%gctgxﬁ)garn(ug; ﬁﬁ)ﬁﬂ e’wlf]t.;/a uat;:(-:n(a)xl'y

il Pl D DA e comelistng st e B valbon

compbditennem b pre[f@ea Bﬂabddnneat is ffemilhied sompand alkdlihiey a&moéoﬁmwg
geaem%omeﬁsaé% P BaR0r il | 2dditionally ~does

not contai or ascorbic acid. (00781 In
vari ous enbodlnents the conpositions of the invention

[0076iBY REactoadmy @t@%@ﬁm&&l e @i@@hﬂ@%geﬁ?hysueﬁm oSiflons

or consi st e fﬁntl ally .speci fic conmponents

inclu e.a é‘hfﬁ’s% pug companent 3¢ rﬂgdgr@m cgmgqtmg (@€ Reetic acid, acetone
oxime; ahpns | i-armﬂ&etra[zcﬂ@ 7£imohﬂfﬁlﬁdfehﬂ% | ytginlé, @sﬁ&igiﬂecasﬁ&ﬁcﬁ kdidl
benacl ol Ot A S0, B TP 860 a6, e it
glutarpipg, gfutagic |agig smsleh ighitige, gyedjic acid.giypaylic actduhighlirenimidazole,
meo@ijaéé[ﬁ M Nsoftktatio acﬁinlta'i:m LA LEE tlJu&H% ?ysgg VoG8 ag{d em{iigt

d romsdb onposi tion, Pre
acid, frglote i Wptﬁ%?f%wd&@l% i B B rRdi e IS A

acid, pﬁdﬁylalaﬂtﬂs hthatlc &, Arolfhd) pyOBEEHP R, Q{uﬁﬁﬂ Xc;clﬁtb%ﬂe g)rﬁtolt
exin en

S““"“m"rh fer h‘%b‘%cﬁ‘ﬁ i {gﬁéﬂaaﬁl% éfﬂ%%&w&%ﬂ oo @F@% PHn
xyhtobfand @gmgsaifelge foxegqmg, amiocicids, lpeeided Ihbﬂevdf,‘ﬂ-lacﬁe complexing
- n or )

& t%gge}’srg? gclﬁlg?} Wf%d %h%‘l]h&%{é&qu%s etqmocr?'sl oF latte?i oo R on
polye Yléﬂeéﬂﬁﬂfsé? B{bs). el et pugh pedicthyleng glyea xiodemstiyhether (methyl
carbltdilﬁ Sme‘ﬂiy&ﬁé BlycofSnoRorke@S il ther, didMS1cRO BT Hoh&ﬂl?i Qer ttltiﬁhylene

% Qf can be tllllzed in the mcroeleéctro
giycol monoe 1 ether, ethylene glycol monopropyl ether, ethylene glycol monobutyl ether,

diethylene glycol monobutyl ether (butyl carbitol), triethylene glycol monobutyl ether, ethylene

11



device fab wi thout the necessity of nitrogen

bl anketing, or vacuum or other inert environnments to
WO Ri6MBHEI0A their stability and color. [00821 SPebUF1086/002502

conp05|t|ons within the broad scope of the invention

e ST S P i i
propylefe ghywplomaiefl ether dIPFQPY}G@VﬂYF@l methyd tefhsh, @@I’OP@EHPp 5@?05 Im(?ﬁ’§
ether (&‘?@Mﬁ Pfé{)]'{léﬂetgﬁrc&‘%tpr&ﬂ#f s thﬂfp?ﬂw g’i&cbl&l’-}prﬁﬁyl ether (DPGPE),

croe rofi ¢ devi 0

wipropghep GISRHBRPPY Gite™ RO e VF?‘%‘*“’ gt ﬁ‘&p‘h ol

ether (‘IBPGBEE kpedpylend glycdbenburg ethet ptopydne glyadi tphenybethdn (RhaepxsP-
$ tl|r11g“;}ereof [ 00831 In various

P“*“Q@ﬁ? gﬁP%ﬁ% tHhe conpositions of the invention may be

utilized in a highly concentrated form which is
[uomt ﬁk S 3 %Fe&ﬁc &Qeci, %Ie%mﬁlamfg%m&h;t HeORsmBRN kaihr ingdilianty

g ht water, based on the total weight
&m“@FmWWé%@BﬁﬁﬁgFPW icagif-of erabl y an anount of water 12

WO 2006/ 081406 PCT[ US2006/ 002902 in a range of from?2
{0078% §In F#F5 ¢ atel tents, rtﬁré) Lo 89&%&?&‘”‘[@ e} narniyalfé%nrmateﬁ rs@m

era In aran
as to ﬁ][eﬁﬁm&lyt @n@nw gon%t\mtcgqsmt @@pgpp.llg @ﬁ@gqﬁﬁcap@aonents identi od ©

hereinS mggﬁ!%ﬁté &Q&hqgﬁposﬁaﬁsﬂ cularly useful for surface
ration of mcroel ectronic device wafers and for
very difficult to renove photo etch and phot oresi st
[9079] esi ]ﬁi;l&&nﬂ)} t?i&lbdtﬂlc Bﬁteﬁzﬂp i:emdxag dalv-k hditledtnie gmisgelasuch as
eanln i cations S, QIR
°rﬂ1°ﬂﬁlf°@rﬁl%/” Shtanty %‘%3 3edrr%let%l ange usgj(lll(g’r E&Eﬂéé)%eretgonecﬂpdéﬁ
tungst@i,| albitews, eEhenf Ge rikmtipaypric jdaviesh areeal noERNissth fyethe

compge%%g gx%f[ Fabgotﬂg fafl gop&:&rma@nﬂhf—‘fn a 18ligk WomQBod 0.5t in™

0084 %%atnons t he
maﬂ@bﬂb%§$ti%mgpﬁ rably ?%@% f@%ﬁD%@@ ™tilized in a
hlghly dilute form which is taken here as referring

[008% r ef ’gi?:p% elgtﬁg %ﬁ%u E%rgels rlu r}g:flf’i‘aEe clga%%tg a%é {wa?tpgparauon of

substidBs, 9 @9 mivkaeleclanixtdeyige sn@rreesmcefﬂeg elbﬁnylg Orémfaawepaﬁfm
from97 to 99.99 wt. % water, and nost preferably in a
range of from98 to 99.9wm. % ter Such ut.gti
{0081 0Bl empRsitions f dher Jyentems e yAirEalle i hgpctisp, oxidation-
resisthteP %%%bilﬂ, f conﬁbsﬁ%foﬁﬁd;f&&btﬂiﬂﬂbﬁ calehei utikized tinr the imre@tectrdnpr
r eno

e fr the
devicg lfa‘b%@?}g gae neciﬁmq.' 8 u ﬁtmg,ssr v cul?tﬁ br er'i:l@ﬁ environtetis

aces for subsequent
to madltet theigstabiliy atiicams as mell as for cleaning of etch

resi dues fromthe surface of mcroel ectronic device
substrates after etch £r00e55|ng t her eof . ﬁg% Ipe
[0082] o N Srcitic @prapasitionstyeithime AordsonerRE [t daveRtiqay fdude:

compiitliGR nvith Betityfor FOY.chefilital Abdhhidal/ Plenacisafion (ECN[B)mle@mhg yf

present 1h an anount of from abo 0 OOl@’to a %
e ee BAGEE GRIDRET P G 6. Lot o

micrddidetddiic’ advicy Sulsshriead adr amtahseglatﬁﬂgahnd’raynﬂgatlm éfauhg utility for
specific co Si.ti LN on,
e e e
anmi noet hoxyet hanol , d|nethylanlnoethoxyethano

[008%‘)&t haogl, rﬁﬁca‘uglﬁs %QM&%%W@&' ﬁ%nﬁﬁx may be utilized in a

noethano am ne, triethanol am ne, CE
1ugh]g|ckxazgrgqa§ﬁ-iqu@8whlg_h ig fAkepohete.to refer to composxtlons containing less than 20

% by weight water, based on the total weight of the composition, preferably an amount of water
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propanol , isobutanol am ne, triethyl enedi am ne, and

conbi nations thereof. 10086] The concentration of the
woapesasodoam ne in hi ghly concentrated conposit POBAIS06/602902

the invention may be in a range of from about 2 to

. 9 d ht of t "
o o QY A R e g0 S PR
and mpgstprefemidy mstngpo@oar ?abISywt % watar. rSachgpencoefirdted @ongdaiticnds a6
parh@u@arlg%éﬁi 8P sibaces reﬁh?aﬁu{' f &geﬁéc d%eqpatf P%&d %(H veﬂfl

Concentratl on o anolamne 1 n
difficylt fq femoveAipi &ick prshibolsresistfesidupsy \/Iémui bsripprasjatedethst n aeneral
cleanht’grﬁglﬂlcﬁlfons‘ it QoA tpradti A Ad e IBRBHon&nivdicd BrmsRe 66 fhe @B

ek G GBI SR L SR S SR
dilﬂﬁm@ﬂ@maibtgfusen a range of from about 0.06 to about 2

.% on the sane total weight basis. 10088]
npositions i.n accordance with the invention al so

1008‘11 ncl Bb(éheq epRtietionsythe comppviionno! thaiaveatianaeay be piiizecin|ahighly
dllutﬁfoﬁﬁ&ﬂﬁchllﬂtaﬁdﬁ lﬁﬁ%?&fmﬂ:ﬁ bre @ﬁ%tcoﬁaﬁg %01LR: SPQULat 0%

06 PCIT/ US2006/ 00 902
prte gty £t o REE P o m%f?ﬁb% 0% ik i perpaTebly o
a rangaafomdihtd$aioon i evaen mcbmosoﬁremaylym taadel of froph 98 1o 99.9wt.

9 e t SIO! e L) ts
% wpi | SHPE NS SUBLRIIAS e RN T HORE Pt

micrqelepffonis P, ST foeremping QYA Essidumitem fhasipck hlhcitruoture,

or fot lepaniag bt)ffa@éﬂ'ri&mubﬁ@hueﬁﬁ’ ﬂﬁtﬁé'oﬂ&aﬁoﬁ@ﬁi ROEL N TR 1 Bkch
nhydrOX|de and

s B s TG LSOO GOBITHE 0 RGAFRERACIAL { ho

quat er nary anmoni um hydroxide in highly concentrated

0] L. a
o0 e PG of 8 dhBMER ol MaoREsle” et 226 &
suitably types @ndoie kipésalivt Rresent inen empyme plfranb Hiypul thQaI%r tarageut §9%fbyom
weighbassll of) thd weightalp @iétcoﬁlg)s%ﬂ TiusRhe ARSdolarfiRE BheRiVbeluln

of from ab . about 5 w.% on the sane
in SR Fopoylics Dadie, 1 ato) EpRton, o ABER R Rt A
meth)dﬂma'ﬂceﬂlmt yangaoeiboviyeshankly diiroetiytheniioathddyethdnyl, dielhdbdamine, N-

iyt BPAShAhin Pl Al range of .

e ﬁr om a%r[“!ﬂt Q%n%’g]@%l toemg%&l'tﬂk V\}t%a%aal?e oyey  4re-2

propap@l; igphwtanefaming driefesisediiming and mbleaqgn@h@wébl y in a range
of from about 0.0005 to about 1.5 w"/o0, and nost

referably in a_range of from about 0.005 to about 0.5
[008sfy % Fonckairation pE i apolanmips i9 fehls geyegniraed gapppsitipps of the
invengmnogyrieriakirage of frtth abad rm.b @ddung) AR HaselBY tﬁbewag}u of the

compiatoh 3oty 4 850 ol o ¥R P i o

mafﬁﬁﬁ@}f&ﬂ@@b@% toabfdlﬂﬁrwtéﬁ,@ameﬁgna‘tunl welightlhms he con‘posn tion
containing sane is intended to be used. Typically the
concentration of the coniol eX|n ent is in a range of

10087 | o AhS SBRenE o of it Y wglamisg i TR A cpvsownort e

invenficatnily bei ghbgealf foMebaw m@ﬁtotab&ﬂi 6 (VAR dnNE: REBRLS the

al.kanol a
composmon more pre?erably m a range of from about 0.01 to about 2.5 wi%, and most

preferably in a range of from about 0.06 to about 2 wt.%, on the same total weight basis.

[0088] Compositions in accordance with the invention also include quaternary ammonium
hydroxide, typically present in an amount of from about 0.005% to about 40% by weight, based
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quat er nary ammoni um hydr oxi de, and water). [0092] The
concentration of the conpl exing agent in highly

WOogordsisat ed conpositions of the invention REJ/US2006/402902

a range of from about 0.01 to about 20 wt% based on

t It b LR
o Bl o R Ll OG0, PPLTS L
type.Jhesfretivg paferpany W@iﬂgﬂé\?@@iﬂ@&rﬁt ahvbstusgulin speciBdbegpodions

inchigé, O/Qnrﬂﬁt?lt tl?xﬁtaﬁ&ﬁ%h&lﬁr% alteﬁ!ﬁb%ﬁm&ﬁﬁlh?dm){t&o %gtgaeti{ Smmonjum
centratlo

, exrn ent y. dilute
hyh@% oé???ﬁwgaﬂ?w?ﬂg %ﬁg& e o %’ %§H§@=oﬁn
comBimagipnsaizoaef. 0. 00001 to about 2.5 wt % based on the

wei ght of the conposition, nore preferably in a range
of from about 0,0005 to about 1.5 wt% and nost
[008%; of dhe pengenization of the geatesiary Fromeniis bydride OGhighly edrountratg] 5

compikitidls 0P the idEhtidRRBy $e0h AlanBdrdidtn a@é\ﬁ b:81 to aBER 40 wi%%, based on
i %ﬁ tions of the invention include water in an
¢ ”%?&3? 511? SOMBROSIRB e Prferably an 2 R Samehept 04 duabgpt 20 %,
and wospeSrdblydin a rivigh bf Sahi HRQE0.P hefBted W, GIOHPSSie bt REeight
asigdeneral ly containing larger anmounts of, water than is
enployed in conpositions intended for reanaI of
resi dues, 14 WD 2006/ 081406 PCT/ US2006/ 002902

[009{5]3” |Tﬁé“o€ﬁc%§traﬁ6]ﬁ oPtRe fuablGaty Moﬁlﬁrg rﬁyhﬂaﬁdé lﬁpshﬁﬁgrt Hilute
&g Eleane The water is preferab %h“’ ei onl z

e BV SREOR B b5 induraRes of %@}n ehout G-90pH1tp aheut 25 Wit Basedon
on tha mdighirof @i Ranpositien, fro@ plelfepddly i0 P emad éfTHdm, absi@ 00003 \h ﬂﬁuﬂrs

R G e

gtdesied to produce a conposition optimzed for the
|ntended end use. In general, the pHw Il be basic,
. 9. greater than 9, with conpositions preferably
10094] v’ B praeggiation of the qomplexing agems ey e eneruiily cogeeaiation at
which li@rcohPlexifig aefiiiS bRl erpa@hae dnmncaneﬁmfgae 5k RERRtionl 0

f f
e S e e L ool Sl ol et o B sl Pl
the cefcelthheom of {herspioplpring 4909 §)in T vege oifiposabbut @091 ot %tth ebout 20
wt.%! BYLDtdnOMe BN RbigR femd Q:Bﬁyésﬁfoﬁd(c&%i §rﬁ,eglk 8f'3mme

alkalrnrty characteristics . ntrate
*mwgﬁ@ﬁFPEPmﬁﬁyéﬁﬁ¢%mﬁﬂmﬁfkaI|n|ty in a range of from
about 0.9 to about 3.5 milliequival ents base per gram
ution 0 Copposi tians, Qf the invention are
(0055, 5 P o b OR co BB heens 0 il i e Sharior
the ingyéntipihmay eip Biabgerof TotviahduME D senit F00rtPa, badd nis: vadght dfehe
compBMt(er nﬁ[’é‘pry@féﬁ ?enang% OJFPLP&A fJoQ:p % 1% eab?&t 0L A%, She BloGe

hout | oss o fi cacy re
Pfefe@kly Feiapssaf %%eroutd’égt? du’a'tﬁ ‘m%, Os@etsmﬁ tot@rvee;ghh@yls be used
in anbient air environnents, wthout darkenlng and
0oss.., of ef ect|¥ﬁness For theSﬁ reasons,

[""ﬂéonp&% TOPGALANGR of i cypRlee2arT e Aighls dilyte ﬁ?lesoeﬁrnsaf the
inven§ér mkyi tregin i R OVIBETHbO@\IENN001NS abdahi.b intoo) rHaéléMthﬂib’EAléaa&eg
I art I an
the e flolbnd b B 115 ot ) e MHos SR B Bt
preferghly drom ragge GHipregront OAE t gbpwd). gesté.sonsthrcdama gotal iweight basis.
The cbMpdsiiBhd R 'ﬁ@mv@rﬁfé)ﬁ‘ B Rdd VRRL G A a%pﬁ&ra%ughx{tﬁltfe intended end

Cf‘ eronent S,
use o composition, w1th surface preparation compositions generally conteining larger

amounfs of water than is employed in compositions intended for removal of residues,
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conpositions of the invention may be recirculated in

batch or single wafer processing tools. [0097] In
Wwozdetvasies t o not changi ng col or over tinme or BPBAIS2006/002902

exposure to oxygen, the conpositions of the invention

parEHAL LG SR SORR Sond RS e 908l e GLBRT Birably

and
dewmé@ﬁ water gy |be mnalp@éttardssﬂlat@s, ﬁ{h@msgndfﬁh @th@ﬂ paificatign

oper&i@nt td 28vi@f an LA Rols G 1S e LBBSos RO, hﬁ%&p?r@prﬁte character.

surfactant in the fornulation, however this does not
precl ude the use of surfactants in cleaning solutions
[0096F t Hizhe pHroW tha borapsitions nBPECatitdto pRidhde@abinpaBioMbifized BE N

) L. E |
e FORRN SR DR Buevomric v SO0 iy i compsivors
Pfef?rﬂ%V Ia’é{l&é ot sregign thancd. b moreamfieralily greaterims 10, aph go prefambly in
a rangdViRdRd 5wt 10l ROB&: 1k ri)e:i@%1 Bsefi§ ChibloGede P QP M paratiBte and/or

i i.nventigon d| scl osef ates to conpositi ons avi ng
cleatfps P FReGiLE BROQELEES 8 t1;3*h“‘?“*@ﬁ‘ﬁ{i‘vaI of residue from

m croel ectroni c device substrates; these 15 WO

005300538 406, REI/ UR00HIA0R90 oEOTRIRELIPAS, R Yol
ﬂkﬂémmhmfwcag@ua Coamtrﬂtddechbalbfam et @ra]kailuntytlhea range of

fromf @bt 0¥k BHo RS @Hﬂﬁfetﬁdﬂfﬁﬁnts BB Rl AR Bt -
nmonoet hanol am ne % quaternary anmoni um

hydr oxi de, e.g. tet ramst hyl amroni um hydroxi de 5 wt. %
[0096Jo | Cenipoxifiong 8 the in@enflon draGihble madhiaﬂcter, dndHoWMot Yegrad16h hdre

| ht t |
el BOGE MESEEABAEL Beskd Gonklafiots, B HECPED e g toe
comogii g Gre thmwmﬂ*pe mthcplé bis§ pLeffedon dindrpesistant doeoxjgen-ardibtah
degrd Bl &hdt Bref ﬂﬁPQeSdséd i Qﬁbtgﬁ\% ngnrotlﬂﬁénlts' &rMhochfaerr?éé andt s

m)val of Tesidue from surface preparation of
of clfieilyegnpc FOF BRIECTHEY: e GO@R%@?I:«Sa&féhe pltewefs@v%@m@sqeqemoms

striking chpictemant Ioeamcel mm:wrmmn@ewoaﬂmmwm P ¥, dfd

retanf QQF%\%)[(:% § C §hafac evgxll ﬁ%ﬁﬁ 8f nC & Vr}(%és?i% to Io:ngEanh 3; oXygen-
CODIRRIREORPIS A fﬁmrn dughegnaxt, beausedrae @ mavyidizshinrvigonents, the
compYidédR bf ﬂ@mv&ugn mdye b RGN kn RIRPL; A %rp%és %tg(&; 004

Wt.0 conpl exi ng agent, e.g. tere I c acl
.% and the bal ance water, wherein the wei ght

[0091]er CaNbAPRE t6motdttanGRNREA %ﬂérsnrﬁ ot Bfon CRFRAS I 'o%%ert Gl

compo%%ona opthe glvené%ne%;gng%%g]cc)@e anggt\gcp r gifg’é:l I AN ERES g?ﬂd@TA
remom!,\ﬁlﬂd:eoodvgﬁg@tk and est-bsh resdnonemovabdiadioesstitdier ef rom  sai d
conmposition including 9 w. % al kanol am ne, e.g.,

monoet hanol am ne, 5 wt. % quaternary anmoni um
[009%]y i &k @leaning splution of itheniaveniprm el rrequity dr oxbdey imid a

formﬂ&gig,l m&%}ﬁ ﬂ@é}ﬁ&t noﬁbk@dhd@%eh@é%ﬂ sreREh in ULnAB RN of
invention, spec c gprph‘%my rh%rel Srl]lCh agents may be beneficial. For example,

tridecylbenzenesulfonic acid (TSA-99) may be added to the aqueous post-stch removal

compositions of the invention.

{0099] - In one specific embodiment, the invention discloses relates to compositions having

utility for post etch removal of residue from microelectronic device substrates; these
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an amount of 2.4 w.9% or succinic acid in an anount

of 2.4 wt% wth the balance of the conposition.
woBederdgiaat er . [ 00102] I n anot her specific enbBETHEHI06/602902

useful for the cleaning of mcroelectronic device

comﬁis‘fﬁ&{srnﬁhﬁ§ alk oo Vaateln iﬁﬁﬁm%%?% Lid ontldjegtmg agent, and

onposi tion may contai n ano am'nes
thebsla%FW@tF‘i’rﬁ‘ﬁ]EF@IFP&‘ﬁ%ﬂcaWP%é‘O’étnd 11 wt. % tri et hanol ani ne "5

Ma]ﬂ/mmu@ﬁaere@a;ﬁymamﬂamnm hydr oxi de, e.g. -9 wt%;
tetr net XI de, .and a ¢ agent
?as I%’gf’ “8“15‘3%&’“‘@/ eérﬁm%f%ﬁ‘ﬁ?m‘ﬁ‘fm g%‘i%ﬁ °’gr

glmphemgﬂge@mamwmldof 2.4 w.% or succ:| ni ¢.9aabal in

and @€ bzﬁﬁ@é’@ﬁter Q ergn ﬂw\%elg%? pe%%gla%) gfalfc%hg thte h:g Cpolsmon

conposi tion being water er Speci
total Bt Hent , useful for surface treatment of a
m croel ectronic device substrate for subsequent

o2 o P 5 S T A

utility] tfm&mﬂ yWiMithremowd] [0 xepidten o Isurfa&e Brepu oD xEhictocRettdilic device

i 1 h er 006/ 081406
b
s Stg"!ﬁy 2036’?%%9%’%28"1?‘840 nteaﬁo‘% e"#y?ﬁé%"ug Hdiorthe,
compleg aesie d the halapqg|watep fin the foloydeg qompesitivant  of a
alkarﬂlaﬁ]hﬁ%lgeﬁlbﬁcﬁiﬁhdblanﬁﬂw ce substrate for Subse(ﬂdiﬁm

cobal t the ¢ ition contain
A R P I AT S
compixingagent, et haepbthaiiacid, 5 wt. % quaternary agmOanwtM) and
the bRAYAE QXL : mmonl um hydr oxi de. and. a
° c:orrp]seexr ?ﬁ%eregﬂgtg%?e@ﬁ%% %} om e %ge FRPAN ﬂﬂcitaqgf
100 vt. % .% or glycine |n an anDunt of 2 4 Wt % or

succmlc acid in an anount of 2.4 wt.% wth the

| a ce of . the ¢ sition being water, [00105] In
011, Bt R P oG RTao ceRes phpiteiegtme devc

substghics & reseve rdsidnes |tmraﬁeinadaﬁ3:om@sm&ommg 9 9175 alk@iolafghe, e. g .\

j for_t vaI st eI ch and/ or st
mon#%é‘%og&ae/ﬂef rgovrtn }1% Croe rglclamrlflgg1 O0% & SRS ﬂgfgaémf'?ﬁ\'ﬁnn g
hydrogide.ng eeqmplysing peeplangh as baﬁmdwléanp@mmmmf 1i8h ot Udérmiyciabmut

an at@fnd 6F 220QLL, &QuéMmco/Qcﬁ' K IR YUnARE BES4 vs@%g with the balance of the
thanol am ne, about 0.1 to about wt . %

i)
oM G OPREY Y Tammoni um hydr oxi de, e. g.,
t et r amet hyI anmoni um hydr oxi de, and a conpl exi ng agent

00103} oo S Bl B dinent, Rl (TR Bhop R o s i
substigiss Rgepgye eqSIduéF tierefoacthe Gﬁnpa@tmntmaamomm i het. Yatpobeidcs,
e.g, 3 ﬁiﬂ&%@é’ﬂﬁ%l%ﬂfﬁ@%ﬁ'l wt@Jﬁ Kﬂﬁ’x oMjifAes wqyar%ug{eﬁ%%nomum

v @gom um h I‘OXI , and exi n?
yAroRS it é‘f&é'aﬁ I%Inm%n@ hyel@ﬁﬁaﬂé ? e w.asngt el 2 lagjic paig,

in an br@mt ETITES &kt %0 br RS HdnCHmoRT tdt D4 WP%%I'SQ&BE)J a?ﬁ'n?#i@alrrlfoﬁ&m
rnoni c. devi ce. su rates are substantially

°f24dw gthﬁ‘f’gﬁanaec’f ‘“-‘1"3?}???81015%&8 'echol . Mbreover, said
conp03|t| ons may be used on mi croel ectronic devi ces

[ﬂﬂlﬁbla\” 8% tﬁé@"s&cﬁk %Jn é&% tSeHﬁ‘tfo% %ﬁrg% Erf%l 1eh oiaa ng 8%’08% e

OSI | cate rea
devm%usabﬁr% rfpr mswﬁ@ﬂam to plaigngp dleer coypitosiiom snagr ewiint Sowt.%

tetran@ hlyHmlenth:E BfiroxiiR] 188X AP Bethylfhifo BRTRASAJL | 199 oxalic acid
dihydrate, and the balance water.
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preferably has a copper etch rate less than 5 Amni r

at tenperature in a range fromabout 20C to about
WwO02006/08]90106] | n anot her enbodi nent of the pr BEE#4H2006/002902

i nventi on, the conmposition includes at | east one

[OGI%Fan?ﬂ angﬁler sBec c eglggfluﬁ&%s&gltn gsu%%g rt!r%dﬁnez Tl, %?croe? tro c

ternary
devic r whstiat efog rsubaﬂu@e reobaltt pltipgofthep g@tpom ne:s iodutein 22 wt%

alkangﬁﬁﬁneset £ heqi ‘ﬁh‘i@noeﬂ%ianﬁu%h amdr 951 glig, m@ﬂlﬁ%olamﬁle 5 wt%

benzotri azol e. p‘]ﬁ npaosi ti ons
quatarqw'eﬁtlmehmhwr%ee perS'e» tﬁé&%@mam%ﬁ ddrp¥ide, @ndp cpmplexing
ageniBultoR McadTaciiRin 6] Uabei BAL.F5 RIS ighyBhé3ncih Gxbae of AN &ht.%, or

sueciff 8 o PABF Pt SR B MPE SRR P on of

wat er at the poi nt of use. In general cleaning

[001PP! k£ ?étlasq&ﬁer shlcificS en%mtaﬁt rateaﬁtén&&l tlgam ﬁertth ths o

concen ated forns use extrene dilutions.
comppgigions diying ity fer thﬁ ‘teﬁevaéﬁériaﬁ?te‘%"hc #19/% ePoptgie rttﬁ‘fle from
xmcr&me@mdémeeﬁbs&&és haVihaRIrestling thbde@t) s cobrB&sitid indludiaf avdsie .

ur, t he conce terra dsolvdg,
60 o, ou 5 4 BRIt o GRS ghout 1l i ey
quateR@ryl amk@iudn hydroxiti€lOe.4l, bﬁmﬂeﬂeiauhmomthymné« atd atChprlexmg

(=1 01 al { ) L=RY)
s AN S BB i et

compjopidqnabringswatiry  Fagyorts of edilifiohplothp somrasenthés prefrblyt e
aﬂcanblﬁxrr]tﬁle r@gt:m?y ail@monilf ﬁydr@idt%ey&ﬁd:mfaﬂéiﬁg dgéntP [AGVant@eously, the
enhan C ni or surirace pr a | On a
compPGlF SR “HRY e €1 R it RPTGR e A &g MR
rmcrctetgectgmaddeelbé eubbtyatasi apeh substintielb doatl Gdppexdimitd _and catecl_lol
Moraott\f %&h' %ﬂ?tn@%g %ﬁ Sn G tr&n!lc %cefha&ttgzow&ataaftn
ormul at e

matetwé élﬁf{f‘@ti’l wyduding priefilispie §1a§n@sg'5) »éneh go e} 15D GerpRsle @iminum
wiring ORdiod b@Per Faktérhd sfeteaf 8n shib Qteﬁeaap OBdrt dx@RSle, SRY cd¥osition

profefyi i 25aper Py A o o A P o BPGSS LAt o R 3G

to abtuth60°poi nt of use, e.g., the individual parts of the
mul ti-part formulation may be mxed at the tool or in
a storage tank upstream of the tool. [00110]

[001098¢ ¢ o Fronpirypmbeditsinh ef thepipreet imptiqnhike compepitionoiciydes aitlesst
one dnfined akledst blﬁacdoﬂ'lgle agefit, Qnease bne maeﬁa@%teawaet $ud fe¥iBueOr
n%re %331?:0 nts apted % {3 hdte conpogl tldons of
matefi) §elpc %g“’“l’P?" igng 8t Post-¢ME Tgsidpc: ipReHTR £510UT RodAd
residiy; andbeeottigmkai ners, at | east one amine, at |east one

conpl exi ng agent, and at | east one quat er nary base,

for conbining with water at the fab or the point of
(00107 e. TheOOO3itiaqng of dli Buentipre moy dk tagppled catal epmcentrite of the

alkanﬁﬁ%@%h&t&zﬁ@y hrimGHARY h J%Fi;xidg aﬁ&‘&’on?p%&@%eﬁt &Hﬁ%ﬁts wiknbRe

devi ce to be. cl eane g
storable, g Sansperighle pugh farm mrﬁ%le%luet atdrtéma Njater @t thepqig of use. In
generel @anieglapphiyatichis Pipistgminbd pactiée tolfidke afghmenoeﬁma Fbrink @ 0e

the device t %e kﬁ‘kaned by contacti t he
wsed S S o CoalaB R P oo e ot mpre op ot for ©
highef dibntions tlegribboftuscaPplsichatuppse, the concentrate may be dissolved in water
at up to 500:1 dilutions, e.g., at dilutions of 20:1, 40:1, or 100:1 of the diluent water to the

concenirate (volumetric dilution basis).
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element, that is saturated with the conposition, or by
any other suitable neans, manner or technique by
WORhe6dl8140he conposition is brought into renovaPCEamseepe002902
with the device to be cleaned. Further, batch or
ngl f 04 e Iate herein
009 R L OE B3P W Bk BCOIEPL ALY £l 1L on
dﬂutgbfpm’:, doprpade, enhaheed clompaor surfaee myram agtmd "ﬂw ratyrezand extepe
of thY @tiEh dan 59%(1919 el td RBPderet] R MPLHRGkSHe ohﬁé?ﬂn%h&g
Verteq single wafer nmegasonic Gol dfingér, OnTrak
systens DDS (doubl e-si ded scrubbers), Laurel
[00169)i n -T&p b@i}pomﬁcﬁzls of thShdentiomngt easﬂﬁf‘oﬁﬁulﬁ&f@ysi:ﬁﬂw&ﬁ}ﬁrm of the
Ref | exi on

terlals ra- Mesa on T
resp{oeR B A R LRt R MR RS R e it
may bp rqaélér i@ftmtlah@ as singlopickdzo fgmokticnh er imitigat fomnulitons that are
me@la\.e@rb'eﬁga ROkt 6168 el Be %@Qﬁpm@meqmmgm Mlﬁa@m may

roel ect roni ¢ devi ces havi ng same t her
em&a d’éﬁ*?qlewnwaﬁaewypﬁﬁgame%ta@t ed with the deV| ce
for a tinme of fron1about 30 see to about 20 m nutes,
ef er abo at_tenp ratur n range of
oo & AeRbeiterd Btk aipedoF e el BRI it Pt G 81,
moret eoptaiaerattye elsmtap eompiohantstadaptddite formriige camyosibimeof telinteatiine
Pr<=,ff,trelbﬁ'513 s GRARK! Al &{eeorcxﬂ&g | ohheRks, rﬁmfeageo e %eoﬁteﬂas'i Rad

are efficacious to at | east parti al ean t

compiexing agentingd dsag grg EBisTmaRb ﬁ%n{z’éc‘?ﬂlibé\ﬁg Vithavatra gt fhesfab or the

poinMdftdel N the broad practice of the invention. "At |east
partially clean" corresponds to 18 WO 2006/ 081406
PCT/ US2006/ 002902 at renpval of at |east 90% of the

[001t1gsi duzssigwearsraovel applicative, te vorgmsipor Eﬂp}ﬂl@i mesy chiteble emmna |

e f
to th@&-wcg fotfe 1&91%51 ? Bﬁé;)?ayml n% the[cglg#gﬁtla Qﬁﬁfa&a of w&%evw

np03|t|ons (0] ent | eanln E
cleafae‘é@wdtpemaﬁla a velywe ahihe aevenesitiony ﬁherﬁeﬁﬁeofe ibe glezteth by cerdagtiog s

the dedi¢é BOLS AlbRed AL Q@AdIher tnhtﬁsnﬁl? RROS fall OB £iBtisCdibbt abﬁhcator
atime rom about

oG bg: S g’ ff stmeeion B bt Bl —ehe St & s
techniqug by a’thwﬂle}menmosutroa i$ broaght amg) enefal foommi sitb ulie RVIC: toobe
e O30 ot UF B0 W RE bR o ABed BE! 3 YESENRY ©

ustratlve any her 3Suita
resi wwﬁ eonipniffegt c@elﬁ@a pplisation, fagompesitanmaype bsed wah a laygg variety
of ccﬁflefnh&ﬁpcﬂ&uﬁg toRls Aihctha@aSVere@ kihkla bk LR EMRIRRS!

ofvik
ont fromthe devic wi thin the br oad
sytelyf DD eub PR i oo et o R Pl Yoy s
Applizd Rilgoriglyevitra- Ofesd™ éRafledion BER eflesian iTREM, antl iMERasoit ®atch wet
bendl® sition may be readily renmoved fromthe device to
it has previously been applied, as nmaybe desired
and efficacious in a given end use application of the

[001122”139%5‘3'&% RlpbsiRP b bt B &0ing bl 8LR LARLY aoa
e rinse solutlon i ncl udes dei oni zed water. [O aﬁ

contaiiants FOWRFrodR G deyioes lging spehirens. e Fapreiacyrindy 1
contalctmpwmhlﬁd device Foelime bfrﬂcum aboﬁtea Is€5 aboENleniR S C}:fr@ibrﬁlﬂy itdut

fetf. gfetrart]u%j & §(’)"£I‘ﬁé O front AbS tZO‘QLnto %]out §OQC péucg contactmg titaes and

temperatures are ﬂlustratwe and any other suitable fime and temperature conditions may be
employed that are efficacious to at least partially clean the post-etch residue/contaminants from
the device, within the broad practice of the invention. “At least partially clean” corresponds to
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m croel ectroni c devices. [001161 A still further

aspect of the invention relates to nethods of
WOraMBa6uri ng an article conprising a m cr o8C&3ISni0g2902

device, said nmethod conprising contacting the

at remo?a? Qe Ltqgats{ §H% Gr thg ?e¥1|d&e %@eﬁtt}m% e %E:OS]I:I rI 8 rlles}cdue removal ag

i clent resi and
desc%‘@ﬁ?ﬁ?ﬁhnant s from the microel ectronic deV| ce having
sal d resi due and contam nants thereon, and
cor or at | sai.d mgr oel ectroni ¢ deV| ce into said

001 836 ? eRotoes @ i depitiop dor; dikening aest-GMP) residue aph e
contamlams Jfroat micmalsttronin devi@nfdvingisiigle theredH, the @bmpcRitiod typidaly is
contlhd Vi B Y86 Rl B srdg b (G N e
15 S@&r’f@S Aé at thmpesae it atr@ngbef frdomitont2§°C {oGbdut 8)°CCEmhositictions
timedR0 tmﬁ&emuﬁ@m g|091@153u“§b%ﬁenanhlfk ngiﬁllélcglgimons
V\E es (géﬁaéldentlfled el ow allargqercenta by
2y e ;&Pﬂi’ oye d¥Bn e L1 atwdrghpardillyt Hlsanc d’g’?tiql"g’n
residih@htaginags fvarh the Heviceorifichd breid pAeti@ W BPReGtRANO0! am ne,
5% t et ranmet hyl anmoni um hydroxi de, 1.2% acetic acid,

bal ance water Conposition B: 9% nonoet hanol anmi ne, 5%
[001343t r Fnkowing theyrehisyemarnof hd desicedideanihg Bétom dlet compositiox inaebe

readiBabAiVe® ﬁ%%ﬂeﬂtﬂ% 1Y ¥hidDPRh 91%31619,@ vl Jpé‘l%a%gt rag Igr%‘t% d and

H’ROSI tion C. 9% npnaget hanol am ne,
efficagipt ffl @ riYeY o P applicgtiony o, s Hopgositions gh e Rigrers rmvenuon

Prefopblypihs fiiise sotutlon idMdeaeiaricd aant am ne, 5%t et ramet hyl
anmoni um hydr oxi de, 1.8% 5- am notetrazol e, bal ance
wat er Conposition E: 9% nonoet hanol am ne, 5%

{00135t r Yntanpilér asneetof the nvéngior whaied o, ﬂ:@mﬁﬁzﬁremptaelwgpmedmces

madebakcam@ WALERS HCRAROSH (e wémé,e"/arreav @g%&&e&olc&m&ﬁg o

tramet hyl amoni um hydr oxi Yo ar gl ni ne
micrg PLEaRc eW%P(Ser Conposi tion G 9% nonoet hanol ani ne, 5%
t et ramet hyl ammoni um hydroxi de, 2. 7% aspartl c acid,

‘ | anc er 90/ et han am ne,
01, *ASE A& aar TP RS oty g S DR B Gravile
comppiginep wieRtaskerid davice, said Sgethod @emﬂmmu Icatmcn@ th5 Sicroelectronic
devick 4th Q@Fxﬁﬂ?ﬂ&o@ﬁ%ﬁhﬁéﬂﬂ theds %&nq)%st—eﬂ:h Qeé?dﬁ%gnrd cbnt@fihdles ﬁ;g}%

bal ance jwat er nposi| tion J: % nonoet hanol am ne,
the “P@?‘ileéﬂ%‘t‘%%"wﬁr?ﬁﬁ?ﬁ ith My 5Rd e@taﬂzn@%thﬁmnwﬁ dncomporating

said microelectronic device into said article, wherein the composition includes at least one

amine, at least one complexing agent, at least one quaternary base, and water.

[00117] The following Examples are metely illusirative of the invention and are not
intended to be limiting,

[00118] Compositions For Examples

The compositions used in the ensuing examples are identified below (afl percentages by weight,

based on the total weight of the composition including water).

Composition A: 9% monoethanolamine, 5% tetramethy] ammonium hydroxide, 1.2% acetic
acid, balance water

Composition B: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.5% acetone

oxime, balance water
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aci d; bal ance water Conposition K 9%

nonoet hanol am ne, 5% tetranet hyl amoni um hydr oxi de,
WOZ2088t4p8t ei ne, bal ance wat er Conposition L: PEBRUS2006/002902

nonoet hanol am ne, 5% tetranethyl amoni um hydr oxi de

Conég%gfoe £ %rlg %I%%%e % bal %;Wﬁngh%%n%,%s é} alanme,

hy &#lenes weter 1. 2% et hyl ene d| am ne, bal ance wat er
ConfebdiRAD: §%%ﬂ&!~tba§§fﬁ:ﬁ§9@ %%J&%B&h M&uunﬁ%(ﬁhﬁ‘@&{eaf@} byl

ammoni um hydr oxi d 2. 4% fumdric acl ance wat er
Coﬁ‘B’&%tF‘faiZ?}\% anc@%ﬁ?bnoet hanol am ne, 5%t etranet hyl
COr@mmraum higabietdli@nined 593 Uirghdio A i Shinm DAt e 2 MaAt er
%ﬁ ﬁ P wadb nonoet hanol am ne, 5%t etranet hyl
n roxi de, 3. 5%gallic acid, balance water
COHWI#?Q§ 3% w@%mﬁétenamﬂtyaﬂnmmﬂ%dmeﬁe,am dngihine,
arrm&wm@ydr oxide, 3.0%glutamc acid, balance water

c aﬁ&f{on R 9% nonoet hanol ani ne, 5% t et ramet hyl
°“QPﬁTFE*H 6 FppReipQiemines 556 defrargetip! appnepium Broxide 2. TWassartic
Conmdgsm:iceﬁat& 9% nonoet hanol am ne, 5% tetranethyl

X ic .acjd, balance water
N e TR A R
anhﬁmwmthydr oxi de, 1.9% gl ycerol, balance water 20
Co b
"Iongetnanalamne- S5 oot e AR o RIS S0l
V&% ne, bal ance water Conp05|t| on V: 9%
cmpmmu mmlﬁem@emﬁ%s@awaamymmaﬂm&u{mm 6% Q¥
1. 6/ ? %col i e aci d, bal ance water Conposition 9%
nmonoet hanol arme, 5%t et r amet hyl anmmoni um hydr oxi de,
ComBosiive Ki ¥6 mdmerélanoldna'rhaai% etramdtign arGoonhos bytdicakie X 5998steine,
mopastdhapal am ne, 5% tetranmet hyl ammoni um hydr oxi de,
1.4% i mdazol e, bal ance water Conposition Y: 9%

C°“’HQ§H‘8’é{~’rf’a(h’éiP%’ﬁﬁhﬁ@fam§%fte’eleiﬂalw&yh%mm@md@mdhydﬂ’mml
2. &%oxithdybdxek wa@t i ¢ aci d, bal ance water

Composition M: 9% monoethanolamine, 5% tetramethy! ammonium hydroxide, 1.2% ethylene

diamine, balance water

Composition N: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.4% fumaric
acid, balance water

Composition O: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 4.3% glucarate,
balance water

Composition P: 9% monoethanolamine, 5% tetramethyl ammoniom hydroxide, 3.5% gallic
acid , balance water

Composition Q: 9% monoethanolamine, 5% tetramethy! aromonium hydroxide, 3.0% glutamic
acid, balance water

Composition R: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.0%
gluiamine, balance water

Composition 3: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.7% glutaric
acid, balance water

Composition T: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.9% glycerol,
balance water
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Conposition Z: 9% nonoet hanol am ne, 5% tetranet hyl

anmoni um hydr oxi de, 2. 7% itaconic acid, balance water
WO 8s406i on AA: 9% nonoet hanol am ne, 5% t et r BEER{H106/002962

amoni um hydroxi de, 1.9% | actic acid, bal ance wat er

CorgRHIRE B} 4ok RondelEenolpsi DO AR RS BB e

Cohqimq\tfat@n AC. 9% nonoet hanol am ne, 5%t et r_arret hyl
o . Wat .
m@iﬁmﬁw %ﬁ%%%%%mnoﬁrﬁéﬁﬁﬁ%m@?ﬁ PR o
WO oxi de, 2.4% naleic acid, bal ance water
mﬁéﬁmﬁ)w b%mn&&ancﬁ%lﬂ@ B%eéula.ﬁsaﬁﬁamnaﬁum Bfdrd@del BB hidine,
a ni um, hydr oxide, 2.8% malic acid, balance water
BETY8n AF: 9% nonoet hanol ami ne, 5%t et r anet hyl
Comawmm Kuath tupehedaiotherine 2592 %rmdthhmnonam liydrokidk,diée wat er
CopR@siit bQlhcAGite )% NONOEt hanol am ne, 5%t et ranmet hyl
ammoni um hydr oxi de, 3. 1% 2- ner capt obenzi ni dazol e,

Compogftign & e @m@eﬂl@}?}%@» % tshamgthyl anyngnisnlsdoRidnadl 74 ne, 5%
teﬁ;ﬁaﬂﬁedﬁyﬁc@m%wmmydr oxi de, 4.2% nucic acid;

v e

bakddbadaneetatr Conposition AJ: 9% rmnoet hanol am ne, 5%

Comb&hioR HB! dJ‘/y bo iaﬂ{i‘ﬂeh%d [eg&%tgm&ﬁ/ Iyotﬁ)xi&%_l.%/%}oacﬁc

pentane one, bal ance MposI _
o PABPROYET ne, 5% t et r anet hyl amoni um hydr oxi de,
Compostt¥a Aarmmb@kwommeb@t BRESHYRShonfr ARk, Qr’refﬁéﬂcme Yo

rm et hanol am ne, 5% tetranet hyI ‘anmoni um hydr oxi de,
ASTTi ne, bal ance water 21 WD 2006/ 081406
Coﬂlﬁ@ﬁbwm@@%&ﬁlanﬁamﬁirmﬁemﬂ aihonBi hydroxide, 3.0% lysine,
MoRRGE | am ne, 5% tetranethyl anmoni um hydroxi de,
4. 0% qui nic acid, balance water Conposition AC 9%
Conpasitige A Redtomenpethanclasinet 3% tesmstiivammaominoHivdrexs, driboanalec
2. 29, shtduter bal ance water Conposition AP: 9%

nonoe | am 5% teframet hyl anmoni um hydr oxi de,
Comg)sgg)n é‘%%b/o oetganola.tmn% 5%1: tetramethyl ammoniurm hyd.roxldgi 2.8% malic '

acid, balance water

Composition AF: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.2% malonic
acid, balance water

Composition AG: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.1% 2-
mercaptobenzimidazole, balance water

Composition AH: 9% monocthanolamine, 5% tetramethyl ammonium hydroxide, 4.2% mucic
acid; balance water

Composition Al: 9% monoethanolamine, 5% tetramethyl ammoﬁm hydroxide, 1.9% oxalic
acid, balance water

Composition AJ: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.1% 24-
pentanedione, balance water

Composition AK: 9% monoethanolamine, 5% tetramethyl ammoniom hydroxide, 3.4%
phenyialanine, balance water

Composition AM: 9% menoethanolamine, 5% tetramethyl ammonium hydroxide, 3.7%

proline, balance water
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bal ance water Conposition AQ 9% nonoet hanol am ne, 5%

tetranet hyl ammoni um hydroxi de, 2.4% succinic acid,
wopalsatwowat er Conposition AR 9% nonoet hanol BERES2H9402902

tetramet hyl amoni um hydroxi de 3.1 %tartaric acid,

Comg P8 P Sl 7 P g o A i

baﬁmba&anvmw Conposi tion AT 9% nonoet hanol ani ne, 5%

e G

t ebal@pRsYayl anmoni um hydroxi de, 3.1% xylitol, bal ance

COmmiueﬁ ALOIYPRASHobth@BladiMe, 5%l ¥ rdnicthl ARy Exidel Y% sorbitol,
et hanol am ne, 0.5% tetranmethyl ammoni um hydr oxi de,

ba‘i’ gaﬁ‘ﬁee At er. Conposition AW 21%tri et hanol ani ne, 1%
Conpsitioe A Q2376 inaniethaiolabuir 24%4 etramatint Anthaimmhyiionide, Dyl oxi de,

1. 9%;hastd GaRed P P2l @ance water. Conposition AX: 21%
r%etulhanoq aaniﬁnevgaef% nonoet hanol am ne, 0.5%

Comm%lﬁ%ﬁ%t %y maneribtvolamine, Y eliesaethy] ammopidweiokide, 24 Yodartaric
badcmw%nm Conposition AY: 21%tri et hanol ar ni ne, 1%

nmonoe | am 5°/tetra t hyl a ni,um hﬂroxide,
ComigRiias A D0 R otain Sk At eR D R
18tyr2r%aejbﬁaichwtam noet hoxyet hanol , 0.9% :

o4 t h Nk UM,o, o
rgtg%&‘ I(}@%(%&)W IQ éi/aa%tlragr? {hgga[r\%r onXlln 0x1de, EQM: valine,
Cobﬁ?@%ﬁ“ﬁfeén BA: 18. 7% di met hyl ani noet hoxyet hanol , 0.9%
om%ﬂﬁh@@ﬁU@%M@ﬁo@ﬁﬁﬁiamn@ - 9 hetrdnRlHy PORA R ARRBRHL 5 9% xylitol,
y

oxi de 9% oxal i ¢ acid, balance water.
&A% BB: 18. 7% di met hyI ami noet hoxyet hanol , 0.9%
Commlmoﬂvm%}kﬁéﬂmﬂﬁlhme 0%5ﬁ6nbﬂlidh€lﬁiﬁﬁ1é] ]MSWf&ﬁﬁiethﬂbmmomum

ggl%d%ﬁd?%ma&%%(%c' tric acid, balance water.

I I on 21%tri et hanol ami ne, 1%
Comprsitiond Waish ainfmelamis, h“fewtan’émwnamﬁﬁ‘}’b ginmethytimawnide,

L. 9tk o8 188 thia, BaLianeReat er. Composi tion BD: 21%
tri et hanal am ne, 1% monoet hanol ami ne, 5%

Compositipn, A X+ H A testhapplrtine: [ Hyprogsthagelamine, §944 t%‘tlﬁe@ﬁ%ﬁ“@mm
b atiydrgide, MtiatalicGaidybalanck natr. BE 10% tri et hanol am ne, 1%

I %¢.etra tIg)ldromde
C
orndBRRRERE A0, Al g R SRS
PG‘WI!LGSQ@ 06%G03BR, balance water.
Composition AZ: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 0.5%

tetramethylammonium hydroxide, 1.9% lactic acid, balance water.

Composition BA: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 0.5%
tetramethylammonium hydroxide, 1.9% oxalic acid, balance water.

Conmposition BB: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 0.5%
tetramethylammonium hydroxide, 2.0% citric acid, balance water.

Composition BC: 21% triethanolamine, 1% monoethanolamine, 5% tetramethylammonium
hydroxide, 1.9% lactic acid, balance water.

Composition BD: 21% triethanolamine, 1% monoethanolamine, 5% tetramethylammoninm
hydroxide, 0.9% lactic acid, balance water.

Composition BE: 10% triethanolamine, 1% monosthanolamine, 5% tetramethylammonium

hydroxide, 1.9% lactic acid, balance water,
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Conmposition BF: 1% tri et hanol am ne, 1%

nmonoet hanol am ne, 5%t etranet hyl anmoni um hydr oxi de,
WORIGHeSIMG6t i ¢ aci d, bal ance water. Corrposi t i onPEGUS2b6402902

tri et hanol am ne, 1% nonoet hanol am ne, 2.5% .

t et thyl. ' .

Conpyiiah BE Y FaPr BBl PSR B tetm%e&xgn Raihe, 106
nodetdiaiciyaiattinecid, ¢adce tmiagret hyl ant oni um  hydr oxi de,

- Com 0845({% ﬁécﬁb%ﬁgi% q@d rﬁ&ﬁ&h e, zm%leth&ﬁﬁmahumzl %

anol ‘monoet hanol anne, 5%

tehﬂ@*ﬁ’ﬁﬂyﬂ%ﬁ?%ﬁ?&rhﬂwa’%&l de, 2.2% mal oni ¢ acid,
gﬁﬁ] BE: m@x@m@m@a% th&ﬁetﬁaﬁola@ﬂa%%ﬂelﬁﬁﬂ&l fpahatRe,
% 1- 0 5% t et r anet hyl amrmoni um
hy@\"ﬁ‘ﬁi‘f g‘gfgs"@ %\"DCEF MEYH™ pal ance wat er .
Comfissition Bi: 21 % rridBidnol 236, 1% nehdrthawmllarinan %) te@aBdhbylammonium

i_wc{}%&ﬁﬁﬂ}ﬂa&%ﬂ%ﬂs@&%&%ﬂ hyl ammoni um hydr oxi de,

I'C acl ance water. Composition BL: 21%
Compgsition BY ﬂé%almth@eolmwﬂ@ 0% rAniRS-2prpRenth % fergmedylepgenivgo,
t ey mm&wmmhu%ﬁ%dmw de, 1.9%lactic acid,

N T L

3. Hfdrqxhienaa%mcta:camd,bahmlematee wat er. Conposition BN 21%

Comfmslftl%}l n%"‘/almetﬂgmlaﬂ'uﬁ% W%ﬁhlﬂ%g%g&l- g ro;én(Bi

anmoni um q% oter epht hal i c
ac tettam%ladlaaqmmmdwérpmd Afpdastic %ceslnba@@ee W7 0/

beitRh YL 219 RRehRERMRL P8 H@ﬁoeman&m&oﬁk haasdiafai@ninm’o
et r amet hyl annoni Eédr oxi de, .9% | actic aci d,
baP!é’ﬁf&‘éi éPhthahEﬁ% 4065 BHeTBP:; 10 6%

Comgositﬁh B 20 Ristbdoiatie, l‘mﬂﬁnmﬂhmtahamm?’ammthyﬁ%nomum

i 0
T
Comgipsition Bk 7% éwﬁmlm@dﬁmrﬂthanc& 19@@@1%%@1%%%& hanol ,

S WetrhrRleh Jax.ham:aﬂa@ Erbméiﬁ@aaadsalanae W] actic acid,
bal ance vvate En BR: 7%

Congesition Y| ]é’rﬁ[yh%E‘FtﬁﬂW@? 1% ’B“”Q@)é‘a&ﬁ]?’ﬁl?%tSI{bxy et hanol ,
5°/¢etrh1ﬁéﬂi}mmﬁdh§uhﬂf}ﬁiﬁﬁﬂd,l oYiyatioacidiealande Widert er epht hal i c

Comggslmop ﬁ?& E?‘ﬂ'} 8 ?%m%g}g%&%%,tdfﬁmﬁ%em%ﬁye&ﬁoi 5% ﬁ anol |

amm noe am noet’hoxyéf
5%¢rsnmmmummmxm H%dactmwwebalaacwlﬁtﬂer epht hal i c

ConBGditfhr BRI £ Qin'}éﬁgrl%moetlgafm%l ol Mm%]_oethgx%ﬂmnol 5%
noet hanol am ne, 5% tetranet h anmo um hgdr oxi de,

1. bipafaiquamongyay hydrogjds; 3% tﬁmh@al&taﬁ*& %0l e,
Con@adztﬂ;ﬁm W@am@ﬂmethbmmaul 09% mmb:tyamioaa%ne, 5%

h
o AT B PURSLe Y A el flignsaer  on ca
Con@oéﬁmﬂ% 9t6 noedethanmidnsnri 176 fetr@neli§Banundtium hydroxide, 1.9% lactic
U el LAY N AR LR YL, 83kl water

Composition BU: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.5% 2-

metcaptobenzimidazole, balance water

Composition CB: 0.3 wi% monoethanolamine, 0.166 wi% tetramethylammonium hydroxide,
0.003 wi% phenylacetic acid, balance water

Composition. CC: 0.3 wt% monoethanolamine, 0.166 wt% tetramethylammonium hydroxide,
0.003 wt% acetic acid, balance water
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0. 003 w %phenyl acetic acid, balance water Conposition
CC. 0.3 wt % nonoet hanol am ne, 0.166 w %

WOoreevsads hy | ammoni um hydr oxi de, 0. 003 wt % ac@CTaISaue4)2902
bal ance water 23 WO 2006/ 081406 PCTI US2006/ 002902

% nmonoet hanol am ne, 0. 166 w %
C"“‘P‘é*t%&ﬁ@t %iw%fngﬁ?ﬂ%ﬁ? Sk IS8 ey RS e | o
bab.afloeetmeic aGd habadetiann CE: 0.3 wt %

o R AR v L ool 15 4 bR e By o

ac?ﬂlﬁi 0¢003 W%bﬂé-bm@)marb‘mymd (waeds acltﬂ](bﬁbms iwafeon CF:
Com?osrouoﬁ\t% Um@)ﬁhmgﬂin@mnﬂ@ 0.186 Jv@@te%n(é’thylammommy hydroxide,

d?Egéb’é/i oni um hydr oxi , )
h péfe ez LRl acideyrgmelitcasidd balpmop water
Comm‘smdl) CGbal @6 momaiherolane IS i %L%ylé@ﬂ:gonwydmmde

|
g 100 A i G e B B R TR N BB ¢ i o
Commsﬁrpwﬁ}ll Q.3 Wit melitoat)ﬂmbaﬁrarfbléﬁm m@mmdmwrhy@dm@ 3

Wt a/emqm%?ehm 11 hm@h{%& .«%;ammm um
c é Sg 0.004 wt % 1 enzene ar oxy ic acid
omg% “%0(‘3

.ff&’)mﬂlaa‘?laaﬁe*‘e Mo t%@xlﬁmm@nm@ydr@ds, %
nommmh%nczu&meaehca&o@ﬁsam@pﬂﬂaw A1, bhha RN um

\ i di car boxyl
conf 0% e Bl B SS T AS A RGE
wt @Q%n‘ﬁ%ét%mh@mhexyh@acm&rﬁnh%lt etidabanbeaammoni um
CormptéibPEK AL0036) Mﬂ%%é&oﬁe, quﬁ{éﬁgﬁeﬁ@{ }{llnlncﬁ & A]%K

&
(terephthalic acid), balance water nposi t ?on
0. b iffoni um benzoate, 0.166% t et rarret hyl ammoni um

CompopiiooGL: @903 % balnamics baasas, 0.5 MRasHHahdMinikd. baldc OO
ConBHT AR el AR5 AR AT e S

t evatanet hyI amoni um hydr OXi de, bal ance water

m;gé’i'ﬁBP@N 19, déﬁl%%lhaﬁ% agg %%M&%&Sbﬁ%o Ci)alalgde Mer

nonoet hanol am ne, bal ance on CO 9%

ComposiHat PR eophanolamte, 5% *ﬁ%ﬁbﬁwmmmmymrﬁy 36%xi de,
3. e@%buﬂﬁﬁlolsalmneemérd bal ance water Conposition CP. 11%
m.ne,, 3% noet | am pe, 5% .
Comg%w lrnarre? E‘J" Seeahaniins. Qﬂ a"“‘le’ %g%“ﬁﬁﬁxlm?ﬂ“&‘,
bdiydnoide, Mﬁ%ﬂacﬁmrﬂpby@nmmr CQ 76% nonoet hanol am' ne,

Com;%#ﬁngrﬁtl(ﬁ @%%LMM%QX%%&%/&%@&% euzoic

bal ance water. Conposi'tion STRIRE,
19 RalBeeat8) anmoni um hydr oxi de, 2% ben20| c aci d,

Compoéitich e 7% n®hesthanolamine, 1% tetramethylammonium hydroxide, 2% benzoic

acid, balance water.

Composition CS: 77.5% monoethanolamine, 2% tetramethylammonium hydroxide, 2% benzoic
acid, balance water.,

Compostion CT: 9% monoethanolamine, 5% tetramethy! ammonium hydroxide, 0.10%
ammonium benzoate, 1.85% lactic acid, 83.90% water.

Composition CU: 9% monoethanolamine, 5% tetramethy! ammonium hydroxide, 0.10%
benzotriazole, 1.85% lactic acid, 83.90% water.

Composition CV: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-

meréaptobenzimidiaz‘ole, 1.85% lactic acid, 83.90% water.
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Conmposition CS: 77.5% nonoet hanol anne, 2%

t et ranet hyl ammoni um hydr oxi de, 2% benzoic acid,
wopalest@owat er. Conpostion CT: 9% nonoet hanol BGT/AE2006892902

tetranet hyl ammoni um hydroxi de, 0.10% anmmoni um

benzoate, 1.85%/ actic aC| d, 83.90% water. Conposition
Comyosjtionfo 45 BlaRshARSTaHAre S % Stpmeshl aiprmemim hydrerrida; 010V 1.24-
hy;ﬂﬁ;,gapej 0852 Betit Q8Md, sbetiz @htei, azol e, 1.85% | actic acid,

conf SRS B R e RS0 BT 5%

mmpxmwgmmmmme 1185%E84t awit, BE808Gwalsr. 83. 90%
mﬂh@&w%@e%ﬂ&&&@ﬁ%&@%ﬁ%&%ﬁ(&% Q2de, 0. 102

Conposi tion Yo monoet hanol am ne tetranet
arfvFPhsoRitiaseledel 0 %pmppyim bpnzgate, ﬁﬁ%i@lﬂfeaﬂdﬂ%@%
| agdidrc acid, 83.90% water. Conposition CX: 9%

I 5% t t ' h i de,
Comlayswﬁ?@é"?ﬁ%agoz ¢ S e P DR L 1 soe
| agtzole, HWe4 tohiyl &Iﬂalﬁl)%mwater Conposition CY: 9%
m@(l);@mg,%%}%{e%%%g %@% %B/ | az o{ﬂgll é}lhg&bﬁxe?grgn%lﬁa;-
beF¥9k 2% metlghoarhitgh 64-50%whter: 83, 80% wat er .

ComgoRiiROSB twmommgﬁﬁﬁm@mmgi ARoRRm dkigd, iamet hyl
amoni umhh 03 gg %:% t— triazole, 10% butyl
caPBIRB vegREd s Tcgf act B84 i on DA 10%

CompositioeD G200 nenbatienolabing, Svotarmethyl lamawmion hypdrotided. 0084 2le,
0. rﬁe@a}m@ﬁmﬁa{zmeﬁoés%gac%géeﬁi &Xlw garbitol, 64.50%

Aonioet Aanol am ne, 5%

ComW?%t%Q;ﬁl mogpeikaRpleming yirtesemgiayl ammeonizenhpdpride, H&HE dat e,
1. rﬁé@épdo@&ﬁdr&‘dm%@lb d.85&AWRLE Be% msmiom@ 599‘9/ w0

| am 5% t et r amet amon dr OXI de
Comg gD 30 s norsnins. ST BUR ampoRgn e
7%@%%&@315{1@5%&@%@0 SZROBAFONTRel el am ne 5%

h o
+ ComBH SR DK o AR YR VR sl oot v
di rﬁ%‘t‘f‘h‘?‘l’%ﬁ#%@@é 85%dactiogaich f 6%, dleﬁﬂ\‘mﬁrﬁ@mh%ﬂ eE:; 720390
nogaet hanol am ne 5% tetranmet hyl anmoni um hydr oxi de,

enz d| azole, 1.85%!| actic acid,
C‘M-‘t?ﬂ%%ﬁé&oge (6 R SpoREm Bt sy . 10% 2-
: num&pfh&nninaimﬂa 1. 85 %Iicﬁb ﬁo&iﬂﬁl‘}h FilnedpemPkidenosydrsaxixle,
0.4 éq'@\ga nmer capt obenzi m di azol e, 1.85% | actic acid,
% di e{h | ene glycol hexyl ether, 72.4% water.
Cm}@@tﬁ%ﬂ%ﬁ tZD%nnmthaQ@%lm ¥dettraniby aminoeinm Bydroxide; &% Dy |

arRRAbE RN, 4 B5%0ackOd20.5% diethylene glycol hexyl ether, 20%
dimethylsulfoxide, 52.4% water.

Composition DI: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.86% lactic acid, 84.04% water,

[00119] EXAMPLE 1

[060120] PCMP Cleaning Compositions were employed for post CMP cleaning of PCMP
854 wafers (wafers fabricated with the Sematech 854 wafer patiern). The wafers had dried
shury and other PCMP residues on their surface. The wafer in each instance was cleaned on a

spin/spray tool with solutions diluted 30:1 (1 part of the composition and 30 parts deionized
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mer capt obenzi m di azol e, 1.85% | actic acid, 20%
di met hyl sul f oxi de, 0.5% TSA-99, 52.4% water.

WOQBIIBE406i on DH: 20% nonoet hanol am ne, 5% t et PERAISREHH/0602902
amoni um hydr oxi de, 0.10% 2- mer capt obenzi m di azol e,

1. 85% lactic acid..0,0%diethylene glycol hex et her,
waterg i) e i e 10 PR 5T SR arat DI G A
Pre- 844 postclednii@nalalysis mas 3fied et asieg hyNamasoopn llimatomic force
micro@éégé.OXi de, 0.10% 2- mercaptobenzi m di azole, 1.86%

'aCtic acid, 84.04%water. [001191 EXAMPLE 1 [ 001201
PCMP O eani ng Conpositions were enpl oyed for post CW

[00123] ea1111'1er1cgemc1>i£%1 BEMEy wiDrdtedVBY BiE SedGot3h 6f dbjckBBh ieatiatai ik
854 wafer, pattern). The f %d dri ed

.the Senmat ec p ers. h
Pm"‘iﬁl’ﬂ?ﬁ&? s Ybirales weRperEed 4te g eipker °§?&3?'& e
A Siguadf S¢anifio dabpramnegt apdied wadilted hesn gtked ind cosp it/ wypdbery of
. e ' ' d 30:1 (1 part of the
pm“%“%‘%ﬁ‘?%%%ﬁéﬂ ‘g%%ﬁglrlét%gag'ei oni zed 25 WD 2006/ 081406
PCT/ US2006/ 002902 water as diluent) for 1 mnute at

Clean@g@ffick&0= MNafbiMof Pre@leadOL5RE OMEimbbr ofBdsEllednl OHRAOFIOS PI N
dry.. Pre- and poplumbdr ofPieClem@bktysi S was carried out
usi ng a Nanoscope Illa atomc force mcroscope.

01 | eani ng, efEi6acy. . rat ed by the
[GOIZEZEd u% |eog1-m§%°%o%ojn£é)‘c gs!h eo%& ecq%umgfa Ptg?i{e)r. gl?hféregoﬁnagr fels 1 %s
perforsppdt wigh Saiepd eomplasing ragendss ofvthe einyenting tie vertpus sompositipmgeaso f
identiBbdRkedabdv@m 231- 235 intensity. A Sigma Scan Pro

hi st ogram was applied to filter these pixels and count
the nunber of partjcle The _particle reduction was
cal cul ated as: ; E HedEs (Nunmber of PreC ean

kW —_

bj ects - Nu BFects) x 100 (Nunber

of Pred ean @bjeetd)4-001231—+48Fe bel ow cont ai ns
t he PCWP cl eantng—tdgta—Fof *fheo 8+egoi ng tests, as
performed w ..ﬂ/afi( oS con"ﬁ‘l exthAg—eagents of the

i nvention, i p—var+ofs—conpesttiphrs—~as identified
her ei nabove. TabT'cf] —Chegqni-rg—Bata Fornul ati on
G eaning (301 —FEfErecacy—m-6- 94 CO0 DO

OOOOOOOOOOOOMONONOOOO%PQ

i S EH et el S (2 Pl foT A Tl P B Gl e
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AEO AFO0O AGO AHX AL 0 AO

AC

2 i B 2 B E R e B (B[

lellellellollallal{e][e]llolla]lo] [oll-H el (o] [a}{a]{e]

AU
0O = Good Cleaning, cleaning efficacy is greater than 75.
X =Poor Cleaning, cleaning efficacy is less than 75.

[00123]  The daia show that not all complexing agents will provide effective cleaning of the
CMP residuc from the substrate in the amine/quaternary anunonium hydroxide formulation.
Compositions containing cysteine (K), ethylene diamine (M), glucarate (Q), and mucic acid
(AH) had poor cleaing efficacy. The data shows that formulations utilizing the complexing
agents of the invention cleaned the CMP residues. Examples 2, 13, and 14 will show that while
some complexing agents such as citric acid (I}, cyanuric acid (J), and tartaric acid(AR)} acid

have good cleaning efficacy, they are not preferred complexing agents.
[00124] EXAMPLE 2

[00125]  Surface Preparation for Cobalt Plating =~ Compositions in accordance with the

invention were employed for surface preparation of microelectronic device wafers, viz,,
Cw/TEQS 854 wafers (TEOS = tetracthylorthosilicate), for subsequent cobait plating. The
compositions were diluted 40:1 (1 part of the composition and 40 parts deionized water as
diluent) and applied to the wafers by static immersion for 30 seconds at 22°C with a DI water
rinse prior to cobalt plating. Analysis was carried out using a JEOL scanning electron
microscope (SEM).

[00126] A first set of compositions was evaluated, each containing 0.5 wi%
tetramethylamnmonium hydroxide, 1 wt% monoethanolamine, 21 wi%, triethanolamine, 1.5-2.0
wi% complexing agent and balance DI water, against a corresponding confrol composition

confaining no complexing ageni (composition AV). The complexing agents evaluated in this
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AKO AMO ANO AOO APO AQO ARO ASO ATO

ALT 0 0 = Good O eaning, cleaning efficacy is greater
WOot2aeans¥®s X = Poor O eani ng, cleaning effi ca®gTius2006082902

than 75. [00123] The data show that not all conpl exing

ents. wll provide effective.cleaning of .the | .

st B8 e i PR O SV S i oGP A7l iy i

(componitioni 4. hyie ooohtdd dompesitiontaonained €6 NP itdtiamptsylammonium
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efficacy. The data shows that formulations utilizing

[00127he GnEpPhew: agmmamlrah@w@ filsd tgzﬁluﬁtéﬂé sﬁa,h bﬁiﬁnﬁﬁgﬁﬁﬁﬁ@t ‘EM{QH
resl es. a S ¢, n W Q a
09 M BSReShES ey B oy b BiiEnosdottendle Tad G Yty

complsringeint achathn¢eI D] waterd Therdnalixing agine( ARpatatindhis Rstwesre

1 » i i 3 a 5 ]

o320 8 A LIS o S AN PSS,
Preparation for Cobalt Plating Conpositions in

[00128¢ COSelagioRy Witd bretshGvn i'fnrmh_ﬁla& bQRd WekR &BRt QébﬁﬂﬁJn‘H'u?ﬁtyr is

show\rs} ILxlx{Z Ih’g %}?oéﬁ-ggﬁﬁ%ﬂ% Igg{ﬂe\gcrb glprpglgt%#%@% _gtz%rrlllc Cde%? evslir?icetur\elzv?n FeIEJ‘rg 5

17, wéh teetotrgspandtive Setwemathe pomgositions whisinjug i @AfAlcomplexing

agents lmﬁfthé}ﬂotom?ogra?f?m @ftis! i-?gé:g@{o%t ig"[géﬁs%nég 1 (1 part
of the conmposition and 4 arts deronized water as

di luent) and applied to the wafers by static imersion

for 30 seconds at 22C with a DI water rinse prior to

Co bRl gl B RO bRt "2 £, V5
0 Yormilaion | Sclechyityof .| oo Fig A

set of co%’%‘&‘f Bhs [wadechyitiof o eglggé‘ h dontaining 0.5

wt % telrane '\/) ammni Ul tﬂl)gdr() i dfe"myer\yt o v

monoet hanol aftthe, 21 wt #Po% ri et hanof ani ndg, 1.5-2.0

wt % conpl exi AV agent] anéofhl ance DI 2wat er], agai nst a

corresppndi nghXontrgl cGmebsitjon gontaijning no

conpl exj ng agant (conmpooéd on AV). ghe cgnpl exi ng

agents evaluated i n this 27 W 20067081406

PCTI US2006/ 002902

Table 3 - Plating Data for TMAH/aminoethoxyethanol/dimethylaminoethoxyethanol

compositions
Complexing Selectivity of Figure
Agent Plating Number
AZ Good 5
BA Good 6
BB Poor 7

{00129]  The data showed that the plating selectivity for cobalt plating in the respective
compositions was good for the compositions containing lactic acid as the coinplexing agent
(compositions AW and AZ) and for the compositions containing oxalic acid as the complexing
agent (compositions AX and BA). The micrographs showed significantly improved plating
with the compositions utilizing the complexing agents of the invention (FIGS. 2, 3, 5 and 6), as
compared to the composition containing no complexing agent (composition AV; FIG. 1) and as
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test were lactic acid (conposition AW, oxalic acid
(conposition AX), and citric acid (conposition AY).
WORh®/@dH6r ol conposition contained 0.5 w %  PCT/U82006/002902
tetranmet hyl ammoni um hydroxide, 1 wt%
hanol 21 w'./OQ triet
comi 3 bl SR ARpE o i O CenSHEFRS A 0 BRI #idns
respagiielyal so eval uat ed, each containing 0.5 w % TMAH,
vvt % am noet hoxyet hanol 18.7 wt %
di met m _noet hoxyet hanol , 1.5-2.0 wt% conpl exing
(001304 o £ Xéﬁﬁ’ ¥l ance DI water. The conpl exi ng agents
eval uated inthis test were lactic acid (conposition
oppc ] and Ci‘}ﬁlrlc acj.d
T B Sié S Y 8 CORESIEGHS G
descriibad m&: essrezesend (foquopm dttawb loa 864 plaqmsd Cu@BOf walkdrd (TFDOS =
totractoctlatl) 7o QLI GLASARE uecbon iR LIRRR 46 1?173%

m'cr oel ect roni c device st In

compopiioncagd AR Rass deienieed walet waldvendiné 275’8@;0%@11% SheHim lwpsn g
were lafiy2¢@ For thp%exce@iﬁmg | AT too@RRhife @HAskel erime helght and etch rate

hot Gl O 7 bein in Tables
was eaﬁ‘ﬁ%m ﬁ%ﬂ{ﬂg eém“ﬁ‘;t éﬁs‘}?&aﬁé’?"a"#ﬁ& Eeg‘?%o& tions
Fornmul ati on Sel ectivity of Figure (40:1) Plating

TablW ”%Bg%e;d MaEEBQB 1 8 e DAL Rkt Prmin Dy 2 e B it EGR i 4

Angskeiad An
gs I—?Agmunoet hoxyet han@lR gtmﬁ gr%hrqlggﬁe %’xygt hanol
COI n ositi o%rhgmgb@&n@emﬁgt VIEN Fi gure Agent

Pl ati ng Nynmber Ghod 6 BB Poor 7
[00129] THe d&ft%1ks d Beight (A) hp (Mmi®) hg sel ectivity

for cobaltf plaitaQng rnfthe BESPELTT YR conposi ti ons was
good for t - n'nn lactic acid as
t he conpl gxi ng ent (con‘ﬂ)osit on% AW and AZ) and for
the conpogiti o containing oxalicr@cid as the
conpl exi ng—agegi—ee Pass'TBt' orst+Ax—ardi BA). The
m crographs_sh d signifi t?antl i mproied pl ating
Wi th the ¢donposBii ons{uti l2i9zi ng{t hies coppl exi ng agents
of the inyentt kﬁG(F: 5235 anf}éﬁ) as conpared
to the conposition coihtaini'ng np conpl gxi ng agent
(conpositifon ABHFIG |1) &dd asy 286 WJ 2006/ 081406
PCT/ US2006710629§2 % 12 :

B} 11.8 24

BEK 9.4 1.9

BL 12.5 25

BM 6.4 1.3

BN 3.0 0.6

BO 2.1 0.4

BP 7.7 1.5

BQ 3.0 0.6

AZ 39 0.8

BR 35 0.7

BA 25 0.5
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conpared to the conpositions containing citric acid
(conpositions AY and BB; FIGS. 4 and 7,

WOoRps8t06vel y) . [001301 EXAMPLE 3 1001311 CopP€T/UARG0HE42902
of 0.18 m Lines on a Devi ce Test Pattern The
conposi ti ops—as Wucsu —bet ?uuv' were—hyested for
copper attpck on 854 [atter hed M/v)?ﬁos waf ers (TECS =
tetraethylprt hoB8l i catle). Wafer jsechi OfS were di pped
i nto sol ut foms—gituted40— 5t par{;oft he
conposi tiopn_an Q_padts deloni 4ed Wwat ér as dil uent),
at 22C for 5 mnutes. The 0.18mlines were anal yzed

moliz;r COPRAS iCTARI NGB0k Yor B &%ﬁn%@@lw 6 1hdy, blape

ght an%@gtch rate ~was measured, in gstroms per
GEChFﬁ“ﬁ Pig lesfiian 4 APSUYPYMEME out in Table 4 bel ow. Table 4
Copper Attack on 0.18 pmLines, as Determ ned by

ange, J } pe Height, in Angstrons (A), and Measured
{Oﬂlgi i%é‘%]h in Angstronms Per M nute (Al mn)

Formul ation Delta Line ER (40:1) Height (A) (A rin)
[mnﬁug 1%0%@701ea§$E A1k c%mpt%@iogs Jiefﬁlﬁaﬁﬁ T§b195 Qelﬁw “@2% d?m%d %
(1 pag of the cempopifionjapd %0 @““5 del‘meé W&teflas §11“°B‘RP@ GB‘P b’yﬁl forgostSMP
clearfhpdof PBNIY 54 wifels. TR QvalerOhdd. ddied Merydand oflerPCMBResddis &h their
sw:faa.céA 'ﬁle wa.%r it eac% mstance was cleaned on a spin/spray tool for 1 minute at 22°C, 100

rpm with a 30 second DI water rinsé and spin dry. Pre- and post-cleaning analysis was carried

out using a Nanoscope Illa atomic force microscope.

[00135]  The cleaning efficacy was rated by the reduction of objects on the substrate, The
particles on the sample substrates were registered as a range of pixels from 231-235 intensity.
A Sigma Scan Pro’s histogram was applied to filter these pixels and count the number of

particles. The cleaning efficacy was calculated as:

Cleaning Efficacy = (Number of PreClean Objects — Number of Post Clean Obijects) x 100
(Number of PreClean Objects)

[00136]  The resulis of such cleaning test are set out in Table 5 below.
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[00137]  The data show that these compositions provided effective cleaning of the CMP
residue from the sybstrate.
[00138] EXAMPLE 5
{00139] PCMP Cleaning Compositions in accordance with the invention were employed

for post CMP cleaning of PCMP 854 wafers. The wafers had dried slurry and other PCMP
resi_dues on their surface. The wafer in each instance was cleaned on a spin/spray tool with
solutions for 1 minute at 22°C, 100 rpm with a 30 second DI water rinse and spin dry. Pre- and
posi-cleaning analysis was carried out using a JOEL SEM.

[00140]  The cleaning efficacy was rated by the reduction of objects on the substrate. The
particles on the sample substrates were registered as a range of pixels from 231-235 intensity.
A Sigma Scan Pro’s histogram was applied to filter these pixels and count the number of

particles, The cleaning efficacy was calculated as:

Cleaning Efficacy = (Number of PreClean Objects — Number of Post Clean Objects) x 100
(Number of PreClean Objects)

[00141] The results of such cleaning test are set ont in Table 6 below.
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Bl 0O BK O BMO 0O = Good O eaning, cleaning efficacy
is greater than 75. X = Poor C eaning, cleaning

WOoghfeii8a®y i s | ess than 75. [00137] The data sREWUSH®E/002902

t hese conpositions provided effective cleaning of the
CWP residue fromthe substrate. [00138] EXAMPLE 5
[00139] PCWMP_Cl eani ng Conpositions in accordance with
t he i nvent i omatige. L onipprpiiyg Spaning RerfarmapceC\VP ¢l eani ng of
PCVP 854 wafers. Fhsuaher § $aaudei &d slurry and ot her
PCMP residues |ontheir sudf Fdleacyrhe wafer-in each
i nstance was clleaned®®n_a 4pin/&pray tool with
sol utions for L minde at 22C 900 fpmwith a 30
second DI waterlrins®and ¢pinQry {Pre- and
post - cl eani ng dnalyst® wasicar@ed put using a JOEL
SEM [00140] THe—cle®hing effihcy fas rated by the
reduction of objectsCBn thé suktrate. The particles
on the sanple duhstr@es ware fbgisfered as a range of
pi xel s from 231-235_Chtensilty. O A-Slgma Scan Pro's
hi stogram was dppliedto filltel@these pixels and count
t he nunper of particles. The cleaning efficacy was
0= 31"2 pagingpleguing efficagip srgetefipp dhcy = (Nunber of Pred ean
X = ey & Clrgyipg sticyy isdsE hat{ean Obi ects) x 100 ( Number
~of PreCd ean objects) [00141] The results of such

o0 DR TR BB a0 o raRe YET- Rl Sine

effic@neyani ng Performance | C eaning Formul ation Efficacy
cBO CCO CODO CEO CFO CBO CHO

[00143] EXAMPLE 6

[00144]  Copper Roughening Cleaning solutions CA-CJ were evaluated for their effect on

copper ¢corrosion.

[00145]  Copper wafer sections were obtained from a polished copper wafer, and the
sections were treated according to the cleaning test procedure of Example 5. After treatment,
the copper wafer sections were subjected to AFM examination to determine the nature and

extent of surface roughening. The results are set out in Table 7 below.

Table 7 Cu Roughening Data

¥ormulation | Roughness (nm)

Untreated 6.7

' CB 0.7
CcC 0.7

CD 0.7

CE 0.7

CF 0.7

CG 0.7

CH 0.7

Cl 0.7

CJ 0.7

The foregoing data show that the compositions have low roughening. They did not change the

roughness of the copper samples.
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G 0 CI 00 = CGood deaning, cleaning efficacy is
greater than 75. X = Poor O eaning, cleaning efficacy
WO 2904/@8346t han 75. [00142] The foregoi ng data $EHWS2&002902

the conpositions yielded excellent cleaning

efficiency. [001431 EXAMPLE 6 [00144] Copper

Rougheni ng Cl eaning solutions CA-CJ were eval uated for
[o01d6hei EX&MPEEY on copper corrosion. [001451 Copper

waf er sections were obtained froma polished copper

wafer, and the sections vvere treated din
[00147] ¢ aGemnesitigGomponeabSNETaY oFle4Bjng (AP S‘%"“iﬁ{g&%efe%ﬁﬂ%ﬁt
to debelBin€ BB REGct WR kifiterkSE binffuriaydroddebjnd cirih droclédink in the

exam nation to determ ne the nature and extent of
cornpgyiiqns, Fhe RNERIORN ng. The results are set out in Table 7

bel ow. Tabl e 7 Cu Roughenin Data Formul ation

[001@2 e&%;_&% U@}npo%%;ﬂs %I’e%%gd ﬁBpC‘JQt Evip Ceafing offd?ﬂossl
wafeldeW@g@ Fabicatd tvith eciRmatacht 85¢ atee BB | Iﬁeaw? ‘%’%ﬁ‘?é‘“f"&i‘z‘m
and &R PR Rfdues’ B@mwdl shtitel Tebaageid feh insantg e saef ot e

spuﬂ{p%%%rnﬂ%ﬁ@h f%:\glrﬁxgqg / J(ZA'qQ({ rppggh Saz’gbos@éog? %%egter

rinse SYD@ingly. Cree armli pogt- malyps wis ferformeOrsiEN mo$0M$ gemie doreet o
mcrcgsgg grm ne the effect of quaternary amoni um hydroxi de
and ami ne on cleaning in the conpositions of the

i nventi on.
[00149]  The cleaning efficacy was rated by the reduction of objects on the substrate. The

particles on the sample substrates were registered as a ratige of pixels from 231-235 intensity.
A Sigma Scan Pro histogram was applied to filter these pixels and count the number of

particles. The cleaning efficacy was calculated as:

Cleaning Efficacy = (Number of PreClean Objects - Number of Post Clean Objects) x 100
(Number of PreClean Objects)

[00150]  The results of such cleaning test are set out in Table 8.

Table 8 Comparative Cleaning Performance

Tormulation %l:tf::al:;
CK X
CL X
CM X
CN X

O = Good Cleaning, cleaning efficacy is greater than 75.
X = Poor Cleaning, cleaning efficacy is less than 75.

The foregoing data shows the synergy between the components. When a major component such
as amine or quaternary ammonium hydroxide is not present in the formulation, the cleaning

fails.

[60151]] EXAMPLE 8
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[00148] The cl eani ng conpositions were enployed for
post CMP cl eaning of PCWP 854 wafers (wafers
WOoRaewisted with the Semat ech 854 waf er patt e PRY/USTINE/002902
wafers had dried slurry and other PCWP residues on
ei e . wa
1001421°! oSl BAF Ruto D0 otk CRfulhibd SHADE S el HONG
evalugied, fpr eopagr etplpiate pefmpsen wi th a 30 second DI wat er
ri nse and spin dry. Pre- and post- analysis was
rrredu a Nanoscope |I1]s, atom c force
ool & B ?E“ngi‘&b]“’%e bruad e tRfet gt wgreerptsd y
potednydymhﬁlc s@okufdn als0 of + omm& vase ppénh@rcdtfadntid taea schh @ate of
t es_wer ered
OZSMJC C’f’hg fo%g éﬂi r N 2531%9 ?%glgbar %og%er rrt)ed (95 %XS} Pure
Iﬂor%e%ﬁh pwteé ithj Fpmo gnsléﬁpﬂ\aé‘"eﬁcptp Ippbrtﬁtmfbw#opthxlw ttise Slhe pwi@&
elect@iwHiQitRed bR tWABIPARE. 185 coRRF bibdab&Swas 1 BmGIEAGh Bete (Alfa

efficac was cal cul ated as: C eaning Efficac
o Wbrﬁ‘édr%%f FPRECHEHPIECHS S Eersilygy fi o GRmEdGY desiode
(PrinédojnephBed ResedoR Coth Nub poteibsidmach Hﬁﬁetﬁl&ﬁﬁ&ﬁieséa&ﬂ%}l
2263 118 Bt Bodlead MG SO DO0RPRLs Blnbier Sl s bl TR ©
to thqimem#cait pasential fag) léaam Hep BfehiiciammicGkenivas Gen perfo@vdXand@ X
calwgums%a&%@ R Lt barc PRI DOPRELS ﬁ{?p){ed Eos@f R AofpbrakillRR
d = Poor C eaning, cleaning efficacy 1s I'ess than
ete“?’é'eth?ﬁ@mf“ﬂ’i‘@%| ng data shows the synergy between the
components. Wien a maj or conponent such as amne or
at gr Nary, Anponi 4 xi de i s not present in the
[00134 | Theleuks 2R n cﬁé‘%%q “fails. 100151] EXAMPLE 8 33
WD 2006/ 081406 PCT/ U82006/ 002902 [00152] Copper Etch

Rate by El ect rqgﬁ@gn Sdpb¥ FdnGaRIRAGS0! Uti ons were

prepared, a evarugt ch rate
per f or mance FP’G'M@Q! e?)"r"gpﬁ%ﬁm eekcf rates were
determ ned fromgal elf pi ors ggnerared] by
pot enti odyn&imM CygCanyg rrom -{o0 to + 150nV versus open
circuit potegntigr at [a scan gate of 0. 25mv/ sec. The
wor ki ng el e¢TTOGE Wag~ a S ghaneter gopper rod
(99.999% pure,AfFfTa 2.6 '

AA 3.9

AE 3.5

AG 0.01

Al 34

AN 28

BC 0.6

CB 3.2

CC 3.3

CD 1.8

CE 6,1

CF 2.2

CG 29

CH 22

CI 5.8

CJ 2.3
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I norgani cs) potted in epoxy inside of a Teflon(r)

pol yt etrafl uoroet hyl ene tube. The working electrode
WOREEs/@IMsned prior to each use. The counter ePEFUS3YE/002902

was a Immplatinumwire (Al fa |Inorganics) and the

reference el ectrode was a silver-silver chloride

e AR bl B B R e
corrdsies erales; HesdVbibal 7 AIRB3. Cinposttiop (Jér cothininy retigusndinider Bt a
com;gé%u%' g&?hﬁta véiig hléﬁ) 9 Yro£18{ raé a@:ﬂh 7 n.L hen alloved to

e open-circurt potentra ™1 hour. The
potentlodynanlc scan was then perfornEd, and the
(00155} cuixaivpeso Wer e done using software provided by
Princeton Applied Research Corporation, to determne
t he corr05|on rate. [00154] The results are shown in
[0015@ bl d 3 A R egno@al CoCleanidg aimp%ﬁcms Reghskd to clean a

70N : 5
oG SO RORE a2 OHATTR Gsl '
immexgiprp fellowpdby dgionigd @ watewainging thegrhlawmgdry GHthGuittogerCF The 2
samplldo wereleafidd of a%piu/@rayaetﬁ for@hnigutd ar38°C, 100 1pm with a 30 second DI

water rinse and spin dry. Analysis was done using XPS at an angle of 15°. The compositions

were used at a dilution of 30:1 (1 part of the composition and 30 parts deionized water as
diluent). Data are shown in Table 10 below.

Table 10 — BTA Removal by TMAH/MEA Compositions

Preireatment | Cleaning XPS j Copper | Nitrogen | Nitrogen/Copper | % BTA
Formulation | Angle Removed by
Cleaning

None None 15 94.1 5.9 0.06 Not applicable
BTA None 15 28.0 72.0 257 Not applicable
BTA U 15 95.2 4.8 0.05 100

BTA AA 15 95.7 4.3 0.05 100

BTA AQ 15 94.0 6.0 0.06 100

The data in Table 10 shows that the formulations remove the BTA contamination. The
nitrogen/copper ratio is equal to the uncontaminated copper sample after ireatment with the
formulations. There is effectively 0% BTA. left on the samples after cleaning,

[00157] EXAMPLE 10

[00158]  Post Etch Residue Removal Compositions were used to clean post etch wafers

contaminated with residue in the vias. The wafers were cleaned on a spin/spray tool for 45
seconds at 22°C, 100 pm with a 15 second DI water rinse and spin dry. Analysis was
conducted using a JEOL SEM,

[00159]  The results are set out in Table 11 below.

Table 11 — Post Etch Residue Removal by Compositions in a Spin/Spray Application
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WD 2006/ 081406 PCT/ US2006/ 002902 The data in Table 9

shows that the conpositions in accordance with the
WOi2p6€081406n have | ow corrosion rates, |ess thBAT/ES2006/002902

Al'm n. Cbnp03|t|on M cont ai ni ng ethylene di ami ne as a

conpl exi ng @& yetfry—high-cor+9si on rate,

greater tha étf?"f‘%grnﬁ’m‘”r“{i‘b1551 LE|9 [00156]

Benzotri azdl e (BEayatienoval CW&aﬂﬁng Lonposi ti ons were

used to cl gama—tgpper sged FEfFLg cont am nated using

a .10 ppm BTA solution duning 1 Mth static

i mer si on, {f ol | owdd by delonl%@mwﬁbl wat er rinsing

t hen bl own {@Ty W T NI TTOYEN RembR&d s(nples wer e

cl eaned on a—sanéﬁfLay tgol -for 1 mnute at 22C, 100

rpmwith a|30 secé DI Jat ed™f¥se and spin dry.

Anal ysi s was done using XPS at an angle of 15. The

conpositions were used at a dilution of 30:1 (1 part

of the conposition and 30 parts deionized water as
[0016f] | udhe gscorbin bcd-emizingigeampdsitiod €0 ves 4G ab efficiont afltaiobving e -

i I T

C°‘“Hﬂ8P?ﬁﬁ%?‘i %ﬁfw@? eidﬁ@n%weacwoel : ng None None 15
94.1 5.9 0.06 Not applicable BTA None 15 28.0 72.0
57 icable BTA U 15 95.2 4.8 0.05 100 BTA AA
[“‘"‘%% §w 05 100 BTA AQ 15 94.0 6.0 0.06 100 The
data in Table 10 shows that the fornul ati ons renove

[00162?‘9 BJS?‘E&Q %@&ﬁe&@erﬂwﬂ cmg%slfm L99604160 aeﬁ;%ogtae&ah%!f&s

uncont ani nat copper sanp

confaﬂwé?fl ﬁ’éﬁt rewute Ho theeviast Fhenvialers mwScieaIrwelrsemte immpision ifr e y

minu@¥atBEA, kah b 19 BecbIDISARPHRS i M.y, AhAFR ¥ dm{tegﬂréz IeoL

SEMEXAI\/PLE 10 [00158] Post Etch Residue Renoval
Conpositions were used to clean post etch wafers
contam nated with residue in the vias. The wafers were

for 45 seconds at 22C,

“mu?g ?%ﬂ?ﬁﬁsﬁ §E?E secgﬁé&% ‘water rinse and spin dry.
Anal ysis was conducted using a JEOL SEM [001591 The
TBEUL L Pod E&H RBEidR Rembval bialtnostfonDRlaf Wnmdk bl Spplidetion POST
Et ch Resi due Renpval by Conpositions in a Spin/Spray
Application 35 WD 2006/081406 PCT/ US2006/ 002902

Cleaning Formulation Residue
Untreated Present
U Removed
AA Removed
AQ Removed

Similar to Example 10, the glycine-containing ~composition U, the lactic acid-containing
composition AA and the succinic acid-containing composition AQ were efficient at removing

the post etch residue in an immersion treatment.

[00164] EXAMPLE 12
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Cl eani ng Fornmul ati on Residue Untreated Present U

Renmoved AA Renoved AQ Renobved CO Present [00160]
WORR/4806r bi ¢ aci d- cont ai ni ng conposi ti on CO Ra¥/idh06/442902

efficient at renoving the post etch residue as the

[(}OIggllyg' %g%{f%f&%mﬁlg s&ﬁm %)%ﬂhoﬂgf%estylﬁ éxgtﬁuélé q1,. as well as a
corrgspprding df Mmcm qomatnmz\@alhqmeﬂme EWF?LUB degnt in

accdr&ﬁ&de@taﬂh RO&dclobdre B{‘ B@f Pﬁéﬁ% fFﬁﬂ sy a«»Jlemct%%3@5(:'1?{5&1 gxﬂ)%hétﬁﬁtf PVD
use 0 st _etch_wafers ed- w
copEg St PRI T TS R IP GG e Bt ety s b o
physigheperidemosifior. 2 nminutes at 22C, with a 15 second DI
water rinse and N, dry. Analysis was done using a JEOL
SEM [001631 The results are set out in Table 12
[0016@) o\fhe Yafsrsavenexleaneddy staifrimpersion ptdasecnRatsol/ G R, 3apd 4 minutes
at Zﬁ@m&befdllﬁ&sl 51 f3coAB DI RARF fhse Rnd VP iy CBEKARs U@sﬁﬁﬁbﬁgwere
mad H‘guélgikl Ees &Untreat ed Present U Renbved AA
R& es%"é’ﬁﬁ‘g@ ®Similar to Exanple 10, the
gl yci ne-containing conposition U the lactic

[001@‘?]' d- “The %ﬁh@s %9 cogg&%)e eﬁ'tg ég%\rl\@nsqno% Exlémcllteqll were less

i d-cont al I on Fe eificren

thmﬁ‘@m&vb Wﬁgmeafqﬁ@ fBUhQ 8?@10@#(115@%41@@@0@908&“11 e rReteonts, 194,366.
N 08 002003 " [ o0 Lan ” Conmge %EQ%&-%%&%MA
p chin e sane

°°‘“B°c§ GO BHE ‘é%g‘%gﬁétecamlﬂﬁx%%ﬁ?%f ﬁE‘f ac’é wadofic agd SAA),

glycine r(Up speiviti agd TADY/2MAcapiobeneisidaiold (mgnglm ﬁbﬁbga@:ﬁlwhﬂl}] Q-
accordance with the

mer%ﬁ!gﬁ osu%%ﬁégﬂg%g% stgggati% 366, were used to

cl ean unpol i shed PVD copper wafers. About 1000

[00168)0S tHxWPI 1 0pper had been deposited on these wafers
by physical vapor deposition. [001661 The wafers were

cl eaned by static imrersion at increnents of 1, 2, 3
[00169]d A oppen Ro@shening  Compositions in accordance with the invention were

employed to clean polished copper wafers. The wafer in each instance was cleaned on a

spin/spray tool fpr 1 minute at 22°C, 100 rpm with a 30 second DI water rinse and spin dry.

Analysis was carried out using a Nanoscope IIa atomic force microscope.

{0017} EIG. % is a graph of surface roughness, in nm, for various TMAH/MEA
compositions described previously, showing the relative magnitudes of the roughness .
associated with varying complexing agents, compared to an untreated copper surface having a
roughness of 1.4 nm. Low roughness is less than 1.8nm of roughness, High roughness is greater
than 1.8nm or roughness.

{00171}  The data in FIG. 9 show that formulations in accordance to the invention have low
roughness. Complexing agents such as citric acid (I) and cyanuric acid (J) previously showed
good cleaning efficacy in Example 1, but these formulations have unacceptable amounts of
roughness. Complexing agents such as cysteine (K) and ethylene diamine (M) previously
showed poor cleaning efficacy in Example 1 and have high roughness, This shows that etching

the surface is not a sufficient method for removing CMP residue.
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at 22C, followed by a 15 second DI water rinse and N2
dry. Thi ckness neasurenents were nade wth a CD
WORSeHEH04 poi nt probe. [00167] The etch rat es PET/US0£P2902
nmeasured for the conpositions of Exanple 11 were |ess
{0015% Ec rate nmeasured for the gallic
-containing conposition of U S. Patent 6,194, 366.
FIG 8 is a graph of etch rates, in Angstrons per

[Oﬂl‘m]nut%ppef Q{om]hplﬁni eS@&ﬁﬁdSM@ﬂSTM&%G Whﬂvb&ﬁﬁ Were
cont ali ni ngq he di ffer ent conpl exi ng agent ‘g@%gal l'ic

emplgyed fo clsyn polished! jopppsr Ffers e Wagr it pack ipstafice W aprdcon &
spin/@8iyCtodl A6 1, miduterer 2281t 100 g with 6 3¢ edcehd (W ater @ifst dnd &pin Gry.

acid w i tobe ol e. (BT on the
Analf o ekt o A FORNERE I BB LSy b 160) Copper

Rou eni na Corrp05| tions in accordance with the

[uo1mvem on) Wes Grapk B! YRL bbned€an R0 fod %@Lug Oﬁmrmm

fers. The wafer in_each instance was cl eaned on
°°m@&uwséﬁsﬁsbe Foviopdy showing e r%lﬁuvzzreﬂgnﬁé@e (9 fP‘I‘%h%FS%O

assodaeionith alyingRbiiflexidgngents BBt o AnitreateARAIpYISuEFabREYing a

£Ou aegsrolf?gl Qut using a Nanoscope Il1la atom c force
mcroscope 100170] FIG 9 is a graph of surface
roughness, in nm for various TMAH MEA conpositions

mowb?sc rhb88 Rrigs QUBLY that ﬁgeﬁmagmg lﬂeacéo%aase' £ S TR dUAES
t he rou%hness associ at ed varyi ng compl exi ng

low ropgbgss Co @wtwcmﬁbaﬁﬁwswm‘@ﬁ s%qslr#eafe@s qf%wshg

in Ex@mple 0L H@hie Sfmelhtich pfbdiidesinadcOMabi AR HRES Foughnek£SS t han
1.8nm of roughness. Hi gh roughness is greater than
1.8nm or roughness. [00171] The data in FIG 9 show

[00176hat EXAMRIFALS ons in accordance to the invention have
| ow roughness. Conpl exi ng agents such as citric acid
%’I and cianurl c acid (J) previously showed good

[001 3eaﬁf F8Q cye yohoiprpsiagisphe of ngefteloh haefrs optnupsagctivhs

magrl’iﬁdé.@onb' pEdbmemt &l 50,0000 UFIES, 1afand (PR RRSEfer SOWHRERX MYall

oG0S S S ENE o b NS USRS A R My

a 15 aﬂvdndlﬁl/'eattn ripke #ndsgin less SFIGEh] sargHe \wowt thatwalet eftdr spin/sirkye

AR i el TS B R 8, 1

the wafen g @I&fmmewa b Hiselycmegeipimaan EMEHAERS cemrepigor H-
FIGSACT QB 6w Mot Wafdr hﬁeﬂ dgm?lay eleanm%rvﬁth BORIcANiE Aoill LorfdiR@d

AR S A M5 Clsbing 1 e e B e 5 "o

the ascpibic\atit-bongair®iy BvEEMEADlompesitivn COL Nse and spin dry.
Anal ysis was carried out using a Nanoscope |lls atomc
force mcroscope. [00174] FIG 10 is a graph of

10017 r f Yowe spesifishllyeBISE. 11 is ayplptoaisrogspplr 4t ougniffuerion Wi0,000X of a

post-GEH P skowdSesilias ivial @reR €Vi Ously, showi ng the
rel ati ve nmagni tudes of the roughness

[00179]  FIG. 12 is a photomicrograph of the post-etch wafer of FIG. 11, at a magnification
of 80,000, showing the residue in the vias, in greater detail.

[60180]  FIG. 13 is a photomicrograph at magnification of 40,000X of the post-etch wafer
shown in FIG. 11, after cleaning by spin/spray with the TMAH/MEA/lactic acid aqueous
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associated with varying conpl exi ng agents, conpared to
an untreated copper surface having a roughness of 1.4
WOr96/0814060175] The data in FIG 10 show t hat PCT/US2006/002902
fornmul ations in accordance to the invention have |ow
: [ R
e o A s o -t Bpiofs 3ohtled Bl clspine
°°mﬂmﬁ@%t thls formul ati on produces unacceptable amount s
roughness. [00176] EXAMPLE 15 [00177] FIGS 11- 20

tom cr.ogr aphs ost-etch wafers
f““‘?iéspglé% U & Rl PSS SO0 S5 8 mgpiasion
of 8(FY0GS, shiwing the refridval hithe doktestohvadskine Msheviil hephetdetadin al |
ot her cases, the wafers were cleaned on a spin/spray
tool for 45 seconds at 22C, 100 rpmwith a 15 second
001831 Gy 153 p ghotegrierogpphmt @p@lﬁcmo@f 4@@)0&1:@ ﬂib@ostﬁtvh/wafve

showhdh B1G. af tagér c&ﬁiulg/ b?@ @‘E)Eaf\r\ a%ﬁséch.sccleanmg
ta|n| |on Fl 15 and
comtgtig e ppi edigpague by @gﬂl%fr ROLRHE FRFPRFNY- ¢ he

gl yci-ne-cont ai ni ng TVAH I\/EA conposition U  FIGS 17

d e in
o1g1C 3o I8 s 8 b os R B B B By
of 80G0EXK, shqwingtheirepgvad pighe Hﬂ#@tohmselrw iafiteara, i gieattistaily
cleaning with the ascorbic acid-containing TMAH MEA
np t| -AN .00178] More, specificall FIG 11 is
I"“Ig‘ﬁph M7 d B f%ﬁpﬁabwwf@att%ﬁ%?%éio%éc@xstcvch gyafer
shownas FIGt 1¢ haftwa fleming m@mplﬂ@rﬁj.eﬁriﬂdthe mmmafsﬁmﬁceécm aqueous

et BOL1h 4800 1By B VLD 1SRN, QBB PRI ST

compopigoR-ng t he resi due |n the vias, in greater detail.
[001801 FIG 13 is a photom crograph at magni fication
001@{) 4%OOOX of the post-etch water shown in FIG 11,
[00183 ¢ o FIGE| 18 d RRGromiFrogiptho fin Dogt-alh i rater AF I HI MR ERi Seatipre
of 806000, shapispitiSrem3ti MitheFOQ 610 Eetidbin BT UD2RAE/ @R 902
cl eani ng conposition AA The post etch residue in the
via was renoved by the cleaning conposition. [00181]
[001§5) G, FiG 17 4s mphotvoticsreraph etyragpiiicgion 00,0905 tof d obst-viall enfeof
showhiBrIGh 31, fer @eamg 98 ikl ity B TROEDARKos SRR

r enoval etch residue in e via
ﬂﬂg}géa’e’%*?sma%% The Pf’% elelprspidys) sl r%mpfémahemmf@ﬁﬁr@mmﬁhe
cleanéti comgmaitibn.cat i on of 40, 000X of the post-etch wafer
shown in FIG 11, after cleaning by spin/spray with
t he TMAH MEA/ gl yci ne aqueous cl eaning conposition U.
[0018Fhe BHS R0 staghotpmisiogagh dfthetpog-cich svafsns RI@ Oyt d nhynifidagon
of 80}
R e e Rk Bt (5
a magni fication of 80,000X, show ng the renoval of
[0p188he EXAMMEIECEs resi-due in the via, in greater detail.
[00184] FIG 17 is a photom crograph at nagnification
of 40, 000X of the post-etch wafer
{00189]  FIGS. 2125 are photomicrographs of post-eich wafers, at respective

magnifications of 40,000X and 80,000X, after cleaning of the wafer by static immersion for 2
minutes at 22°C, with a 15 second DI water rinse and N, dry. FIGS. 21 and 22 show the wafer
after immersion cleaning with the lactic acid-containing TMAH/MEA composition AA. FIG.
23 shows the wafer after immersion cleaning with the glycine-containing TMAF/MEA
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shown in FIG 11, after cleaning by spinispray wth
t he TMAH MEA/ succi ni ¢ aci d agqueous cl eani ng

WO@B8E406i on AQ The post etch residue in thePGTASHHE002902
renmoved by the cleaning conposition. [00185] FIG 18

comﬁo&tl@n Qh QN 28095280 e 1A 2RAShnELHN CMQJ;ﬂ%rWiﬁ)lfﬂlé: ulinic

a _nmagni fication of 80, 000X, show

ac‘d‘f’%m%ﬂ PHeLstop AR residue in the via, in
greater detail. [00186] FIG 19 is a photom crograph

(01, A et 118 3158 e romeplt R ey o R, of
the Ploﬁ@tcﬁmﬁvr VSN EHT. bﬂ,@ﬁammeaqlu@twalgng wiﬂemg TR H/MEA/lactic
acid Qm%lewﬁco%osxﬁm%ﬁp Q8L pdet %511 {eﬁ@eq:gﬁxg 3/%: v%ala ooV l[}etge

the via after treatnent
%fﬁfagw%n [00187] FIG 20 is a photoni crograph of
the post-etch wafer of FIG 19, at a magnification of

0 sho t he tch.resid remai ni n
o1l © 305220 o e n e Pos i T ORI B et Btsey)
of 80g00Q35, shin@ the mmevab ishaquiteich guseiphia tefviapin gteatet dehilwaf er s,
at respective magnifications of 40, 000X and 80, 000X,
after_cleaning of the wafer by static i mersion for 2
00151 utFlE 2Rtis p piptonyijregierh 2t Bagificivg oHI0AGK F theipagstel refen?

showdruy FICFH@&&eZﬁmn?Edﬂmﬁfeaﬁﬁ@Wtﬁ hlg M@m@ﬁ% %mrcﬁaﬂﬁh
e.lacllc acCl C
°°“‘P°Sl§rp°“2ﬂs’f]‘t%] e B st e i 8 st il e efnggepppon

I mersion cleaning with the glycine-containing

/ 002902
B 28 B OB e gt e
showi pdilGi b alprelmpmcrsipn\gleaning it Shrc VAR E lsicedaic camdaaqmomg
cleanﬂ%dln?f&?ﬁoﬁm Ot JoR Mot Qesidu@ A R LviMUNaE rResd &y ﬁt@lc![e)(umg

60 Itcli 21 is a photom crograph at negnification of
TERFIG00X of the post-etch wafer shown in FIG 11,
after inmmersion cleaning with the TMAH MEA/ | acti ¢

j0019%¢1 d FRAYS &511%18 oﬁ%‘gﬁ S&%{Eﬁyg&'e%h%afef@mg hbﬁ Q%aémﬁcaﬁo

resi
of 30 98%% @équ%the rem@wﬂzp pPyteich woidgegn éw pladt ewiterdefgil.aph of
the post-etch wafer of FIG 21, at a magnification of

, 0 j ng the renoval of the post-etch residue
[OOIg%g t%géwé‘fboWn greater detail. [001921 FIG 23 is a
phot om cr ogr aph at magnification of 40,000X of the
st r_inmersi

R PRt e v s T e
minirgigig 6RAPEY Qi 1eE) VRS evabisisd. @hq:@vxcem@anknted h:@p&rlvafewa%he
wafed IRMEHstRYe WRCinfleRaNINNG fégﬂg&%'ctjﬁl ition ?% %ﬁ%xéég lapS(% 84

ot qmi_cr ogr aph at |ca ion O

f"“"‘f‘l‘?ebypggt“"m&%eé g iBte 20d [SBAEY. n Prigrcto impmersign.the sampiee efeon
measmrkd asthg e \M-pbﬁt prbae ﬁédé\iriéxﬁﬁﬂe b Getding RAMBIONS of the

subsiGl-G R0 FAROSI LY OB oggﬁw DI aofitaidd ah B Bitfndel ol n”
copper determined as a ﬁmctmn of resistivity to derive the etch rate of copper in each

composition. The results are illustrated in Figure 26.

[00197] EXAMPLE i8
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conposition. (001941 FIG 25 is a photom crograph of
the post-etch wafer of FIG 24, at a magnification of
WOg0s8oM6 showi ng the renoval of the post - et cRCFE§2WEE02902
in the via, in greater detail. [001951 EXAMPLE 17
[00191!P0 1%%3‘&6&@ w@fef HavRf Xasx@tte tﬁé?éo@%a@fxﬁxﬁé}éd %e&%r &% itated (250

I'tin opper corrosion Imzi.ng copper

tpra) E@réﬁlam% fop & iies pid8iGe dLhe M@msféwferén%léd P Gonk adery
a cop@&maﬁﬁcemwuwequems theVkfafl thé araﬁawhs fik¥sd % O Wakr, Idnpeaaed

he re ctive co 10 .m nutes . at 50
s o S RSB L ol oh el S P T o o
belPhimin’.t 0 i nmersion, the sanples were nmeasured using
t he 4-point probe nmeasurenment techni que to determ ne
the thickness of the substrate as a function of .
(00199 5 Klestion pjcrognephetd thesentghwelgy heforqgad aligs epasiagerashera He
Figurbd i 70K3@ 958 QfespEdﬁeely CRREEVe {6l Bht it RGGueATas JEEMALS FeRidveaal
followiES] sél vH%O}%@nrlve the etch rate of copper in each
fesults are illustrated in Figure 26.
[001971 EXAMPLE 18 40 WD 2006/ 081406 PCT/ US2006/ 002902
01 §[Qgﬁ, terned wafer having residue thereon was
mﬂ{Oﬁ'marﬁse in E)eaker of agitated (250 rpm Fornul ation
CV for 2 mnutes at 40C. The patterned wafer included

[en203] FS& ﬂa&mh AaCha0Rr brRalCRIBRGY witH §RGRAmersMDS %%utemf atg&tédh e

cl was rinsed with DI water, ied a
@30 iy ﬁ?"f“f‘{?ﬂ"“feg‘? ;05%%1% QLR EH Fri ng@awﬁ %Efwess %ﬁe
waferetved sutgdced 0b o S{fp arvewaish de tpasvidenieavit sideviadi daldneA residue..
I r
Susqglht 8 e i ol Tt AR B pfler 108 SPRbR PR,
and 27B, respectively. It can be seen that the residue
[ooz(w{as Efeétﬁ:ﬁtxbl&@ 1§ SIPY @6htrof Olal @mrrhad Jahdaved dohittl toRSw L
eani,ng. EXAVPLE 19 OOZOli*A post-via etch
beforg, mpmqreion 35 WH#‘%@?SMF‘% PRSP SEIEPUom MisEopRaehs ot
the viagvatfen btithe C12081 vip W)ifeﬂ:aﬁ'eﬂiiﬁrﬂﬁm@j’lar&ﬁoﬁvﬁﬁn FiguresRotaemd aB,
rosol B0 HEUPALAL W o SNkl Gl B SHEIRSE0S, f Gve

was Ssu to a yover
etch eegspes veps a@mﬂlallyg@nwéﬁom deisidenealls oisma\wcq%mg ftgulte AEB).
clean, the wafer was rinsed with DI water, dried and
ubmitted for SEM [00202] El ectron mcrographs of
mz‘é’ne ESAMELE 2D a wafer and a cl eaved control via wafer
before i mersion are shovvn in Fi gures 28A and 28B,

spgctive El.ect.r m.cr,o e . Vi fer
[oozegﬁ d ?x% ne}:[alry atteraed \})ost—e post-agtf er;&h rf,n,r%r? émxge seg ﬂ%ﬁcgzﬁm@la on,
CQ fFiSquinuies aPQAw taner298, 40°¢ esii®0q.i Eadlbying intmersion foi tbaspbg'ﬁdde
time, aﬁ%e} aagnnfséawm laflidanki RHRY J&h@@%f ﬁu&a%pgu g%;ﬁs a/éréfgfén

u I a

an _Over- et ch processes _was S st ant enove
usingfe, Iitpelion TEQT esfrfiecelegon Hisrogops croga@s wepsj gplyzed for
residuBoval and substrate damage.

{00205] At room femperature, the aluminum etch rate was determined to be 8 A min™, the
residue removal was determined to be complete and the corrosion of the metal was low. At
40°C, the aluminum etch rate was determined to be 9 A min’, the residue removal was
determined to be complete and the corrosion of the metal was slight. At 60°C, the aluminum
eich rate was determined to be 43 A min™, the residue removal was determined to be complete

and the corrosion of the mstal was severe.
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[00203] EXAMPLE 20 [00204] Proprietary patterned

post -etch, post-ash Al wafers were immersed in
WORBioMiI®Ei on  CQ for 5 ninutes at room t enper BETE20040¢902

and 60C. Follow ng i mrersion for the specified tine,

the wafer was rinsed with DI water and dried using N2.

El ectron ph t
oy 508, OSBRSS B e A0 Bl BAAGH ot
via aﬁarbencaymal ez cbsf:aonvelys befire uremtremomaffonaﬁ@floglﬂ%t lglﬁﬁemB and
3184 o rmgr\%%' S;[hg Q22 A 31? Ael afoﬁmrl% 8L Hﬂl@wm Hﬁne%wm mmmmh

et erm ne

cQ atemvfamp%@-’e &b @F’Pﬁtqqe@ capde pren 8’6%? 1%’F‘eﬁt ?f“f‘ﬁ Has Completely

rem&;ag{;;,gﬁb%@glc&a,@mﬁmt al was low. At 40C, the al um num
etch rate was deternmined to be 9 A mn-, the residue
renmoval was determned to be conplete and t he

[OBZDG)]r r OR38300f antt BEC metsitrogvehs of # giternediposs@d), peskrash Al wafer,

resp{:cﬁlgeq%( eSIoaJugn%erLrsfaBFl ot g&t@(ﬁ 994@@fo§§’nﬁﬁteﬁlscﬁnﬂﬂn[g FIGS.

renova etermnped to be co g z%\r}1
30Ctané 3 Wbtortlepsionirel JRGE- RBA it HA. (hepsciively el ean by fochat the post-clo
rem@u@%é QB3RS BRdWIAR AUhQRbED Betrosibhl0206] FI GS. 30A and
are m crographs of a patterned post-etch, post-ash
AI vvafer via and bond pad edge, respectlvely, bef ore
[oozoser BXAMPILE Hor nul ati on CQ FIGS. 30B and 31B are
m crographs of the wafers of FIGS. 30A and 31A
following imrersion in formul ation OE% room
[00208hp e FIGS U326 nd B35 shepiapropgctary plagmaeighed wilprgfohpdflgwn o

the n@j?gr Lbibe R ﬁle ezcéﬁﬂd%la@tvﬁls )ﬁeavﬂ? AaReH iMetth ah exended
COrrosi on.

plasav gl ﬁﬁ%S‘@?ﬁcémﬁ’Sﬁe@i‘ 1?&18“668@?"‘6 ﬁ‘lﬁd{a%;sﬁe%‘gg A et
wadWaftiedlly immesqass Fommlayion €Q lfdr@nhingfed st | Koflowing immersion for

fOf%ﬁ tio O a,f‘t %soﬁn{ea’ i g}@aﬂ%ﬂd GREP it 81, F 1R tron

e con 30A and 37TA,
micragsgpectere/takep using a HEE Sb?éﬂ@é‘éwhf’%@tchsﬁ@e-p ost-etch
resi due was conpletely renoved with sli ght net al

i on. [ 00208 MPLE 2 209 32
005 Rl 1R rs TS bt R PR e cn g Tros
waﬁﬂﬂyﬂovtn@g ﬁﬂmlmﬂ fetmuistidnlQ ait40°C foh@meiutest fempaipp EIGS. 32B
dé#%s oﬁ;)g a},/iA Xnddﬁﬁa?eg %ﬁr Etc\lsax?ge g‘e?éﬁ %gﬁlg post~etch

and signrficant “post-etch resid
resﬂmamsmexwlctciytdn@véﬁm theBiQfy leguwesthe waf er  was
statically inmrersed in Fornmulation CQ for 2 mnutes at
40C. Following imersion for the specified tine, the
waf er was rinsed wth -B—water- and dri ed usi ng N2.
El ectron mcrographs were taken using a JEOL scanni ng

[oo'ihjct e 'ﬁle%g&gﬁpﬁas bé&%;@len%egéﬁbed%ﬁm 335eRnd 18 4peite

rographs roprietary plasnma-e

aspagtf, émhltﬂglab@muﬁrgﬁi’%@?w ?fnth? ’&?"H‘E}P‘htlﬁ h%wpé‘i“a%&af the
utifty B B ifRntic QR Itk Gnn'i_tkﬁut 13@8 ex@Adh 13 3R brRotnfeses numerous

oﬂjggga}qlggclw&t nf%q%abcgg t/;\n # ?::1%\'% ertbo &%gttsl :}./sevlvﬁi suggestctﬁé?rlsgses to
those of ordinary skill in the field of the present invention, based on the disclosure herein.
Correspondingly, the invention as hereinafter claimed is intended to be broadly construed and
interpreted, as including all such variations, modifications and alternative embodiments, within

its spirit and scope.
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resi due was conpletely renoved fromthe TECS feat ures.
[00211] While the invention has been has been
WORee 81 H€ed herein in reference to specific a®pddisg006/602902
features and illustrative enbodi nents of the
invention, it wll ted that the wutility of
the invention is not%¥ﬁ§s*$ﬁ%§ted, but rather extends
wWhit® BRFeqgliCONPasses numerous other variations,
T nodifrcations and alternative enbodi nents, as wl|l
1. A&biﬁﬂ@ﬁbn $oPAER (Walah damihd) G eqﬁien@fy%ﬁﬁhmmsdymbmé Maldag

field of .t sent i nventi on, _based on
a compleXEiepRte @r?é% f complexine ageth gl % ! ploast e FW@?ﬂ“’f ot
fromhtby goupabistingxdf acatie deid, acetant eﬂﬂie,dlahme Bewdidot@aiole, ammonium

benz‘aﬁg Sz:trélﬁ‘h?ed Mn%‘é‘é n:IS§ atcr gctlc? q:'enzgﬁ: Flg grg/t)iggmﬁl {%I‘%g Cge

varla I ond a lIve e ,
dimegyy} Byprime, famagigjapidy glatﬂmws%@palutame Vit Bosid glvend, glycme

elycHehElSRORM Q82 30ddind HRd4ebi) iMBMKRLic dcfl, ﬁ&@ﬂﬁﬁ‘cdacidsﬂacamc A

03|t|o conpr.i Si n ) al kanol am ne, (i
amdqﬁqgﬁrﬁﬂ?y 3ﬁﬁﬁnﬁﬁwphy@&8ﬁlGg’aﬁﬂmflPP? %ﬂ@ﬁhp?%&lﬁg
mercagtelrtzimidiagiie i axatich ecid, 02@dpean ediona,g phivhylacaiid lade,Splahylklaﬁ&t
phthgm %cl&%p&?igg g{%mélﬁ%c a%}de%mug ac?dms Re soc%l%y puc%%ﬂ:%cx L n rth

~acetic ac e e T S v L
acidJ efiripzale: trimellitnsidetrimayiepicid; ﬁ@smas@ap,a@htnleandaﬂsmMes of the
foreg@d Grmird QA0 Ivith akd SlovilGNAALthd @&r%ieﬁmF a%eﬁ) doeb ﬁ&ﬁh&ﬁi’e citric
di met hyl gl yoxinme, fumaric ac am c acid
‘glutam ne, glutaric acid, glycerol gl yci ne, glycolic
acid, glyoxylic acid, histidine inidazole

2. ergo{ﬂ:?&ln%& Sf é’lg a1C lwglerem Sc?lggm I)h% gal:lcg (uglce}treac Q E;lgc%v% regagvé
PMPWQW@ﬁ?@wa@mmﬂﬁ@ﬁNﬁ%?E@@W@b%ﬂ@hnﬂﬁmag@fenmmwﬁ*WQn%mnub
substgitd- pent anedi one, phenyl acetic acid, phenyl al ani ne,
pht halic acid, proline, pyronellitic acid, quinic
acid, serine, sorbitol, succinic acid, tereplrthalic
3. Tiaosipositip? pfleldithi 12 &6luding tohfRY01i b loungl ek, %taudaﬁ?@hﬁe, asohel,
I e a | a e
0.00 0¥ t@?ﬂoﬂt 40 \¥t ) ik ac%%o %.%’rnim ﬁ‘{h‘ge%g,ragéla%ou\éﬁﬁ{!@é h'%t 20
%@eﬁﬁpyeua aaglt,évgseﬁpn fé@b@e@@@f thepolnpedgiogi tric  acid. 2. The
conp03|t|on of claim1, wherein conponents (i), (ii)
id.1) in effective relative proportions to
4. %ﬁ%ﬂ%ﬁ% i), veipin Sl AitokgTaRe At RIEHNt bl Aourtiof e ARgUlof
0.00lawit % Brabak 800190, based detht Geight 3PS tdnbsition3. The
conpoesition of claim1, including about 0.001 to about
90 wt. % al kanol am ne, about 0.00001 to about 40 wt.%
5. Thgwomposition 9f claimd nivkemiththe nonenchey; anaomaivarhigydtoxBe GAHGnt iroan
amo@ B om3out WSENAOPRIEE RE A BRkd oD BS R 9;;&9{0%0&@' ght
of the conposition. 4. The conp03|t|o
wherein the al kanolam ne is present in an anount of

6. ThHe rc&@o&ﬁ&tlﬂf clafha 0Osdhedn B6 Joﬁmﬁ?iﬁgl heeRQs Pesellbin RASRAONT Hohie
abou%s d09 wtt %% abo&%(}%% 19 dt on the weight of the composition.

acid.

7. The composition of claim 1, further comprising water,

8. The composition of claim 7, containing less than 20 wt.% water, based on total weight of the

composition,
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5. The conposition of claim1, wherein the quaternary

anmoni um hydroxi de is present in an anount of from
WORBeMS196005 wt . % t o about 40 wt % based on t RETNSRYH002902

of the conposition. 6. The conposition of claim1,

wherei n the conpl exi ng agent is present in an anount

of from about 0.00 1 wt.%to about 20 wt.% based on
9. The pranpeifioglef claf 7 WeereinpieisF pressh in gt antphya of Gem ehopt 551 Yolp
about@bapgnnlo,e bhdddi b BE whigBE hStdnGodner . 8. The conposition

claim7, containing |ess than 20 wt.% water, based

on total weight of the conposition. 43 WO 2006/ 081406

10, THRGHhISRON 6 D2 9 Ghereth. theldilondlanipomtlideos: ladt oad geaks Eslected

re|n vat er prese} nt f 95
rom 5 kSl D18 Pt BT, Rl
mw@nmgmmoa,dmeﬂny@mm@omﬁm.dm&@npl@ﬁmm Natingthyldicthgneleming,
monoEﬂ&oM%étﬂHblﬁﬁmé B&d ¢ deS athnolaB@Ss. OnNE speci es

sel ected fromthe group consisting of
ani | noet hyl et hanol am ne, N net hyl am noet hanol ,

i1, Moﬂ@aﬁtﬁﬁ wmubanﬂlze:endﬂﬁﬁwbyﬂamﬁnmﬁ;bﬂwmhm gdlected from
diet h Y d" t nnnunlnhyﬁpoﬂ%? eh‘aeﬂx(gflsammonlum

the  FOUR) e ﬁsgsr% a‘%eﬁlé&ll_n Pr |t% 10l a
hmh%mkan@MaWNM@mmmmmnlTﬁuﬁomﬁposkmwamﬂmﬂmQWamwﬁmwdmheméun
combidiBond a6 Nary ammoni um hydroxide is selected from
the group consisting of choline,
t et rabut yl ammoni unhydr oxi de, tetraethyl ammoni um
12, Ty cinipeia, of claiingll Kaamg b PylhpdRmRifiem oty t4. oxi de,
t et rapr opyl anmoni unhydr oxi de, and conbi nati ons
thereof. 12. The conposition of claim1, having a pH
13. Thecogpesitivg ef dlaire h @ving arl Akalifig, gréflve therohd siillipgivelens base agrm
ng an alkalinity greater than 0.004
graJn%fio}h@e%lvalents base per gram of solution. 14. The
conposition of claim1, wherein conponents (i), (ii)
14, Tﬁd’&am@bdxtioh ofldan i1 ,I’WHefélnﬁdom)b@leﬂlﬁ QR @) khd(0F are irBERel pRgotibg
osi tion nong%?r eni |n exposure to oxygen. 15.

“m&?ﬁ% Qo R n%gg, T WEEl'n the conpl exing

agent |ncludes at |east one species selected fromthe

15, THL 9 Sdf % Cg \Qﬁerelu?&‘é' En%;ﬂ&&n%’a Qﬁ%ﬁiu@é?vat %H&Q %#@ép@cms

aci oxa aci d 03|t|on arm 1
selectggh &pra Fhﬁ gqoﬁxecoemgﬁ lectigy ﬂcui, lvefasy efceinip peidand |°¥ft!w a8f-d or
ascorbic acid. 17. The conposition of claim 1,

16. %‘%gecg%?gmt hﬁfﬁgagilmlfi E:e'g?@u& F%IIHLJF% ﬁ%elg\ﬂéér?ié oﬁ gﬁl C ac% or ascorl}:t/l%

acid. conposi tion conpri ses nonoet hanol am ne and
triethanol am ne. 19. The conposition of claim 1,

wherein the conposition conprises benzoic acid. 44
17. The composition of claim 1, whetem the coraposition comprises lactic acid and MBL

18. 'The composition of claim 1, wherein the composition comprises monoethanolamine and

triethanolamine.

15. The composition of claim 1, wherein the composition comprises benzoic acid,
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WD 2006/ 081406 PCT/ US2006/ 002902 20. The conposition

of claiml1, wherein the conposition further conprises
WO0p6d81480e material selected fromthe group Bﬁggisé‘loiﬁﬁ@902

of post-CMP residue, post-et ch resi due, post- ash

| . e 0 nethod of b ng

20, G Sk S E R T SRR o ra i AP TSP Bl R R RERPC
selectadh fromi the growrhensidting of pst-€MMP pmipa rpestatck mrsidpg posthshgeidye,
and bEGh@&LCt roni ¢ device substrate for subsequent

treatnment, said nmethod conprising contacting the

m croel ectronic device substrate with an effective
21. Aaiiertist ofQrocassing BTG bdldoRghicC duvias issbisti@e oirdmavk indesited Afiareial
ﬂlere%%mh% %%’egarreg g;s}{r[ﬁacguﬁ é?g r:?ﬁcrh t% %%%_g?evéc% nsﬁbs&%‘% é%ﬁ s%bsequent
ireaﬂmmt;lsmd aecthatl chwprssing snufactis #pamemle@emede\e@ substrate tvrith an

effec@re%u&q&% &mpmmﬁfcoﬁﬁ%tﬂg%)aﬁﬁaqomﬁ@ t@n@a@eﬁ onium
al ani ne, 5- am not etrazol e, ahmoni um benzoat

hydrogjdgjepd i) o srspplerig iesrat, whergiarths compleriag agahinglpdes ickeast one

compbﬁiz @dld’cteazﬁiiareﬂn(e Bttt , colsting BE acellt WEID,h3ebtodd y@osé, BBanine, 5-
nar,l C_acl

utamc .acid | ut ami ne tari.c .
ammote aaole,gfmm liIIil %enqo?/ i ﬁgl’nm&,l %sg%ﬁ e, ﬁ;i:aatfc &‘79{, (L;W‘folmc acid,
benzwuﬂzgle (B4}, ibdiine, ditaetiyd ghokise, fumariodeidcglttimic agidi gptamine,
glutaﬁcsée{ahwé%dt (‘glyaﬁé %15«:61&. aGe féiy‘axﬁie 'agd, hlsé:fx{.é Eni@ohd mjh@d&&b&e

acid, go%a&mdo%%q deiaﬁlféflé, Ie%%§|lysge,égqleecn;c1% mﬁl% Iac1d, malonic

acid, 2,2%@@@@@@6@@& pcik&liby' aadt |294 &ﬁﬂaﬂdmné}h%ﬁéﬁb@éeﬁﬁl REid,

phensfse W ace B e B S i i ror D it

acid, mmpbithalrt 284 4:24 trizzple) temeltitid aviel, trirsicacal; iyhsing, Ivhlive siylitolaaddd,

d | | I

<SSR o sy e A S A e

includesitit #99d ng agent does not i ncl ude citric acid. 22.
The nmet hod of claim 21 conprising processi ng t he

t.r.onj c devi.ce substrate.to, reno
2. TR, B0 5F SR P CooPRte WP it A1 HECHOHR Ge5iee BUPFLhiong
removeashlesitue, Ia@ngtduc; oy chg@ical Tirwehanies!ipolibhio resithe tinardibm.
conpri sing processing the mcroel ectronic device
substrate to renove BTA therefrom 24. The nethod of
23. The giethpd of cleimnddy PastpRsing proecssing the mideslasirenicodavise syborte to
remoEVTCBeratdgt rate to prepare it for subsequent
deposition of material thereon. 25. The nethod of
claim 24, wherein said deposition of materi al
24. Toonmpihdd eSciamlid| tonpkisitg pgcesdhy thd fcroviicthait debice bubstrat2th,
and (iii) are in
piep ai’éﬂ gcétuﬂs\?@%ﬁ%l%hg ﬂg&fcﬂarﬁgalgiF ’6ns to one another for
surface preparation and/or cl eaning of a
25. THY 1h4tRR1 L QOB vheRR\bil BepoSiitdsr hrdfeSal c&@n\.!@c@&ﬁ??fa%lmfi
PCTI US2006/ 002902 27. The method of claim 2 wher e| n
t he conposition includes about 0.001 to about 90 w.

26. Tat kinihed anilae, 21a{aﬂeﬁm GmﬁlQﬁQﬂs 6P (iphed tm)4&e W efféctive relatwe
propo(rjtl%%g E:rorx]lg %ﬂ&%? surface pr%grrat?o)ﬁl anSbt c?eanmg oto a microelectronic device
substrate.
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0. 00001 to about 20 wt.% conpl exi ng agent, based on
total weight of the conposition. 28. The method of
WOPYY0$4¥¢ wherein the conposition includes PCT/US2006/002902

al kanol am ne in an anount of from about 0.001 wt.%to

27. @%ﬁk‘&ﬁ] ‘ °£‘i »Q@éﬁl e%m%%%oﬂ’%cﬂlﬁés a%&ﬁ%@l &%RR%M%

e conp
ﬂkmp%mao?ésutmwr fabut A0 HbYH RieORRY drgIonivE hyﬂm&ﬁe, a%@hwt
0.00001 tofaﬁ&ﬁh@md%oﬁ;ﬁg% a¥dnt, YasbDorAb@UteighOo e cHopdamsed ON

the wei ght of t conposition. 30. The net hod of
claim 21, wherein the conposition includes conpl exing
28. Tagmpthod of chiim ahowhetein tiof cofpasitioa retutlesGuli@Ndarmibe Boab amalnoof
B R ion. 31.
o it 004 OB B8P B L] Gk Qliak RS RTBORIR! O
i ncl udes water. 32. The nethod of claim 31, wherein

29, %@egﬁmgﬁef%mp A1, Rkl %df Lo?%%m%dgaﬁgia&s V\'.fuate/ﬁl taeﬁmmum
S |
by R o oo o S i S S S UBR T bl i e

compogiic@r i n an anmobunt of from about 95 w.%to about
99.999 wt % based on the weight of the conposition.
34. The nethod of claim 21, wherein the conposition
30. Thomphddes slaint Kawbireinrtsn comnesifiendhelulencompleaing pesiie angreaie s
of froRFbeR 0901 1R bk 20 mpoagéa%ﬁ 'th%tvdeﬁ;gt d?the composition.
am noet hyl et hanol am ne, met hylami no et'hanol,
am noet hoxyet hanol , di net hyI am noet hoxyet hanol ,
31. THd iadtivdrotiaim meWheNin thedohpdsition ideRB&vart ne,
nonoet hanol am ne, triethanolam ne, and C, - Cs
al kanol am nes. 35. The nethod of claim 21, wherein the
32. Thompsrsi oficim &l mbereis & copupesiéomiarlydea tprothan A wifty detexbagel
on tofaBk gkt §idnd LRPddte group consisting of choline,
t et rabut yl ammoni unhydr oxi de, tetraethyl ammoni um
hydr oxi de, tetranethyl ammoni um hydroxi de,
33, Thetrremm}r omimmrpwhmmme ﬁ:&xﬂ)cdﬁon ﬂlﬁﬂdﬁ@ Gfﬁhh:mk rdn ﬁﬁﬁnht of from
re| n the
aboutgtg $q°tabogﬁ99h9wm | n a ra e ‘reo?ﬁl 8" 14. 37. The
rret hod of claim 21 wherein the conmposi tion has an

34, ThE KRhbA bt Ma&rﬁa%ﬁ&eﬁ tﬂﬁrbogle%%n c%rlséseﬁlkaﬁﬁhﬁlﬂé ﬁmfﬂﬁﬁg at

per gram of sofl ution 2006/ 0
leat (9t PEFOOBABES Bt Srop ewﬁ%%ﬂﬁsmofoemfe?%hﬂ?#mol% & n

methylitfinaaR Shhih@hogyR i, SESiett ittt g thido), , didthandlardif€ N-
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The nmet hod of claim 21, wherein the conposition

35. 190 Wditlod &5t %Mg@ggﬁ] qgf mmgaoglﬁénugd se@t adeﬁﬁ? a]u%nmm

speci es sel ecte roup co ISt ng o i

hydm&@ﬁ creleqjedy Epmethe grrup j qapsisting: ol chglige, tﬁs@m@mawmmmdvh e

tetraeﬂ@tamdm% cl ai myyddbxigyher ei We&ﬁ%ﬂﬁrﬁﬂﬁ{éﬁhﬁﬂ on i SpyReNRIkd
al I|c aci d..or ascor bi c%tg 41. The met hod of

tefrap&qu E’F‘g?ﬁ“ REPEHIBLEETon conpri ses |actic
acid and MBI .

36. The method of claim 21, wherein the composition has a pH in a range from 9 to 14.

37. The method of claim 21, wherein the composition has an alkalinity greater than 0.004

millieqgivalents base per gram of solution.
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42. The nethod of claim 21, wherein the conposition
conpri ses nonoet hanol am ne and triethanol am ne. 43.

WOPHS/08E0Rod of claim 21, wherein the conposit PERUS2006/062902
conpri ses benzoic acid. 44. The nethod of claim 21,

38. T‘ﬂ@&étﬁédrblfhgﬁl O&H&ﬁh @hr Omp‘ti)ﬁﬁéntl% t%gm%l? fee ﬂ) {@?ﬁéj(‘dﬁm

sel écte rou p co
relatipyyprortors erdstipg fae cqmpesitioa perhda zj@@xms@stw&%ﬂr esi due,
and benzotriazole. 47

39. The method of claim 21, wherein the composition comprises complexing agent including at
least one species selected from the group consisting of lactic acid, glycine, succinic acid and
oxalic acid.

40. The method of claim 21 , wherein the composition is devoid of gallic acid or ascorbic acid.

41, The method of claim 21, wherein the composition comprises lactic acid and MBL

42. The method of claim 21, wherein the composition comprises monoethanolamine and

triefhanolamine.
43. The method of claim 21, wherein the composition comprises benzoic acid. -
44. The method of claim 21, wherein the composition further comprises a residue material

selected from the group consisting of post-CMP residue, post-ctch residue, post-ash residue,

and benzotriazole.
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