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This invention relates to amoni a- frqe cl eani ng conposi t s n@: é@gm ng
m croel ectronic substrates, and particularly to such cl ed c?rtr% tions

useful with and having inproved conpatibility with mcroel ectrom C
substrates characterized by sensitive [owk and high-x dielectrics and

copper metal li zat i on. - The iygQid PREEOAPKACINEMIEROEL ECTRONIE® Of such

cl eani ng conposi tions for |pp| ng photoresists, cleaning residues from

plasma gene rq?ﬂgﬂ{c? @Q%g@ﬁ%ﬂ%@iﬂ INFREVED slﬂ’éﬁi‘ﬂm‘ﬁ COMPATIBIE YN

cleaning res narrzation processes, such as chemn cal .

mechani cal polishing (CW), 'as well as an additive in planarization slurry -
resi dues. L5 BACKGROUND TO THagl B\GRTHENNVENTIOROt Or esi st strippers and

resi due renovers have been proposed for wuse in the mcroelectronics field
as dowdstream or back end of the manufacturin | i ne cl eaner In the

manuf act uri ng procdhis meriuonmrelateaiq)ammmtaofr%tpg@ﬂlﬂ&%ﬁ%ﬂ%}f&'ﬁ%% waf er

substrate, and en.cir Wi n
baki ng, the "HWB'BIP&PW? fg%w,ﬁi% ei%dgéhrpélrl%r!?g}egucgﬂdwﬁﬂ%% e@?tl?h%g\%ﬂjgper X
The resul t Wit antiigeing Smprioeed torapativdity with mmeiectmmmubﬁtrafgs ehareetedzed whi ch
o Shon cal burkensiite Bk g dHigie e, 47 RheCRERILEIC TR ifikfifbrdaces
sol utigns selRcidlaed Yo mé 6K of hech Tieinrgocempositions oo strippiag phaleresists; he
substrate. As a result of the plasma et %gl n lBrocess %g%tor{f@?% tchl ng
gas and etcwmnmt@sndaes isanp PlagMma gengrat ﬂ%@!‘ e QragDOmetall|C 71X q.?lgd or on
the sidewal | H'Ip A [18 r&fé&n@@‘?ﬁéﬂﬁ& ﬁ&ntdﬁ\aﬁ%tﬁinr;ﬁb&ssééchubh Qsc'mbmlcal
erm na

fol | ow ng t I8 Ion o e etching step, the resist must be
removed fr omédnanicakpolishieg (GME) aswellias M@PWQ i plaparizatien ;lpmﬁ[esgfugs ‘Decenber
2005 flnlshlng operation can take place. This can be acconplished in a

pl asma ashing step by the use of : SU|tabIe plasna ashlng gases or wet.

chem cal strippers. 'BACKGROUND TO THE INVENTION

Many photoresist strippers and residue removers have been proposed for
use in the microelectronics field as downstream or back end of the manufacturing*®
line cleaners. In the manufacturing process a thin film of photoresist is deposited on

20 a wafer substrate, and then circuit design is imaged on the thin film. Following

baking, the unpolymerized resist is removed with a photoresist developer. The

" resulting image is then transferred to the underlying material, which is generally a

dielectric or metal, by way of reactive plasma efch gases or chemical etchant

solutions. The etchant gases or chemical etchant solutions selectively attaok the

25 photoresist-unprotected area of the substrate. As a result of the plasma etching

process, photoresist, etching gas and etched material by-products are deposited as
residues around or on the sidewall of the etched openings on the substrate.

Additionally, following the termination of the etching step, the resist
30 mask must be removed from the protected area of the wafer so that the final



Fi nding a, suitable cleaning conposition for renpval of this resist nmsk
material wthout adversely affecting, e.g., corroding, dissolving or
dulling, the metal s circuitry has gl so proven problematjc. As

nmi croel ectroni.c fabrication integrat i%on | evel s have i ncréa@%%?% 2005
patterned m croel ectonic device dinensions have decreased, it has becone
i'ncreasingly conmon' In the art to enploy copper netallizations, |owx and

i gh-k 10 di effiglipd GerafiB 86n EXTPIAcH. STHE tan Beoiedinplisieddh bl sha séiing enges
to find acceptable eaner conpositions. Many process technol ogy
conposi ti ons steptbyhthee ubeai suitablei plasing ashing gpses PHwet hgmieal cﬁ%’éﬂp‘?"s@r

"conventional . sem caonduct or devi t Al nj , i , >i

St uot ur s caRROPOE SUiFe oAt GoripofH fr SeiBydlof WisEoltt Maskiiatonat™
di el ectric stwithdutr adverbsly sffextinge e.dy comodingyridissolvinge @r i dulling, | hpemetst
resi due renover Qongggitions are slucc ssfully used for cleaning devices-
with Al Fet al Firculfy bagalsp provenProRlsmai| |y unsuitabl e for those with

copper netallizations. Simlarly, many copper netallized! |owXx strippers
are not suitable for Al netallized devices unless significant adjustnents -

In the conpositions are pade. 20 Renobyal, of, these etc d/ a L dues

following the etch af§/ chmﬁgﬂr%c tﬂl‘@i‘@" Hateg '8028" ?%%ﬁgdéf'lgége‘{:gﬁ ure

to conpletel yphpdus Microfiedtomit| dévicd ifendisnd taes deereaseduitt has bebame

absorption of noisture and the formation of undesirable _m1t erials .t.hat can
il,?zsgtlo% rysi};[

cause corrosi inereasingiecommen is the,attip £MPloshEoRAer MR feyneand highex
cor roded, by ¢ geidiHiSS habd MalBiia b présiadf litofial heNenabs B Mitateptable 25

the circuitry wring an ndesirabl eI ncreases 1 n-electrical resistance.
The current baisanemdompesitionss Many progesk technglegy compapitionsy that (have, hegn

certain, sensitive dielegtri ol LZal . ngy t

unaccept abl e P?V'%E’g?’ﬁﬁ?q?%"g iﬁ%@@%&/ bﬁ/a%/rwc%ﬁ hotn%g %J@fﬁgﬁ&gatrr ?%"ES%Z or
resihdue cl eane@ﬁtagﬁr?g_ mi%gefwwm% stmadl\eanczmit;)t.2 rbﬂe_ewhyedtwlﬂntceléweil S
such as. porous and | ow x dielectrics.3. cenmher - .
v al [ zati ondnotaliac Py GURISISNT sEycRieey Foh 8 LSS RRIfe based
enpl oyed,ar e Qyfipky o¥@SkiIA8 Périéver QORIpBSItIeNY resudtebsiulywset fondeanigg devices -

dielectrics cleani ng conpositions contain organi c, | vents t hat.,show poor
product st abi Wity Al gg\gg\rirl})zaticpq;, aput are practica{l unswta%?e fgr those  -with oopp&

metallizations. Similarly, many copper metallized/ low-« strippers are not suitable for
Al metallized devices unless significant adjustments in the compositions are made. _

20 Removal of these etch and/or ash residues following the etch and/or
ashing process has proved problematic. Failure to completely remove or neutralize |
these residues can result in the absorption .of moisture and the formation - of
undesirable materials that can cause corrosion to the metal structures. The circuitry
materials are corroded by the undesirable materials and produce discontinuances in

25 the circuiﬁy wiring and undesirable increases in electrical resistance.

The current back end cleaners show a wide range of compatibility with
certain, sensitive dielectrics and metallizations, rariging from totally unacceptable to
marginally satisfactory. Many of the current strippers or residue cleaners are not
acceptable for advanced interconnect materials such as porous and low-x dielectrics



s higher pH ranges and at hi gher process tenperatures. BRI EF SUMVARY OF THE
| NVENTI ON There is, therefore, a need for mcroel ectronic cleaning

conpositions to suitable for back end cleaning operations. which
conposi tions are effective cleaners and are applicable f%so%qem%ﬁﬁ?ﬂ%s

phot oresi sts, cleaning residues fromplasnma process generated organic,
organonetallic and inorganic materials, and cleaning residues from

pl anari zati o pr such W hmh@n@m& clRahinghsdigtionsd t he
like. This i%@£n®%§gﬁr@%§@°ﬁ% céang'ousitl'og?that are effect in\?e in .

stri ppi ng 15 epipyed awe xaverly aggreasive dowarda mormyssand lewnc aed dighsy dielaaies ang
structures wt ood . co i bl 11y W % AN o] _ hhal s -
such as poro@QngﬂdOQWi @%%’&gh%sgh‘- W’E‘.’e 'ecf T |§csolf a{rﬁg%oggéfrhg -ra?a‘ﬁlhb

met al | i zat i ogempbiitibrRscdrtain ofjanitosulvents thathaosmnpan ipeoduni-Babitity.cespecially at

ammoni a- deri ved bases 20 suagg. S ammoni um hﬁ%O I de and ot her salts (NH4X,
X= OH, &ar bomigher pHgangesand EE‘BIQTOEFSS&FEQS rﬁé /corroding netal s such as
copper through conplex formation. Thus they are poor choices to be used in
.sem conduct or cl eaning fornul ati ons when conpatibility of lowic :

dielectrics. (i.e., au valu r | felal Lel ectrics (i.e., a
x val ue of 20 or greater) an%‘ﬁ%ﬁ%ﬁh”ﬁérmgﬁgq’@requi red. These 25
conpounds can generate amoni a through equilibrium process. Amonia can

Lo L R, S 0 bbbl omotors

corrosion/ di ssol uti OW ng equations. NH, X++
NH3+HX {gEquatsiitablé YorBack ehd Nidaning>opefations M)Wsﬁomwmgq@ﬂﬁwat i on

2) 4 2 Decenber, 2005 Thus,. amqoni u roxi '

o ovi de. - muc P PBPIERE o SropE Phpbirs el UBaAd veIPS i pdend plsss
equi | i bri um pyepeRfisd orgkRis; o metalfis| ead iirongahic patarialsy bad icleaningresidirs
bases such as ami nes and al kanol am nes, are add%ji.. I t.gﬁ ﬁgﬁ gﬁdﬂe
oxygen, et alf&on pianagzationopreeess-Hep stich;as el EE"I”B%'?J , % conmpl ex
“f'or mation. wi tiearfRgi fvedtfondfeiatdsP 98 Eompdaitionsi at 2areSieffactivein estripingrat i on
can further shitt the equilibrium (Equation 1) to the r#_ght an.q,‘ royide -
nmore amwni a, photeresisty; Preparingicieaning semicondusion putaces ARd Fiufes with

: compatibility with advanced interconnect materials such as porous and lowx and

high-x dielectrics and copper metallizations.

It has been discovered that ammonia (NH;) and ammonia-derived bases

20 such as ammonium hydroxide and other salts (NH,X, X= OH, carbonate, etc.) are

- capable of dissolving /corroding metals such as copper through complex _formation._

Thus they are poor choices to be used in semiconductor cléaning formutations when
compatibility of low-x dielectrics (i.e., a x value of 3 or less) or high-c dielectrics (i.e.,

a x value of 20 or greater) and copper metallizations are required. These

25 compounds can generate ammonia through equilibrium process. Ammonia can form

complex with metals such as copper and result in metal corrosion/dissolution as set

forth in the following equations.
NHX < NH; + HX (Equation 1)
Cu+2NH; - [Cu(NH,).]' —[Cu (NH;):F* (Equation 2)



General ly, sensitive lowrc dielectrics degrade significantly under strong
to al kaline conditions. Amobnia and ammoni a deri ved bases al so show poor
conpatibility with sensitive dielectrics, such as hydrogen sil sesqui oxane
(HSQ and methyl silsesquioxane (M) . Again, they can prRRAea®eR i a
and/ or other nucleophiles, and thus |lead to reaction/degradation-of
sensitive dielectrics. is It has been discovered that non-ammoni um
produci ng strong ba al kal i ne cl eani far [ g

non- nucl eophi |l i c, &th v@Wngz’HH}og@Sntaggu %&E@ &itg %ﬂ provide
teL r gal kyl ammrdeuphuluc ranﬂoﬂnﬁ'anbheléﬁr?gt amcmhh:j (NH3) tHrﬁWg!’tb ltrmequumniuhnopmass

i nhi biting arm or, ety show much. i oV c ility wt Si t

por ous or Iov@%cﬂl?g)é'&t q”@@”&ﬁd/?ﬁ”% P’"ﬁﬁ%t‘glpn? 88 /4 8/"'I' Pﬁ'feé

sol vent 20 ”%Ikérfﬁmﬁé@afeeefdd%&alﬁtthé BreSERGYSE oRYde, iefal€ Sl ad éﬁ]ﬁer&rﬁbé 0
stark; hindrance effects and/or low or no reactivity tq nucleophilc

reactions (widi \@ﬂmﬂpd% thisuol e formatian awith paiBRRIge a8 oescribed &
P o e O & Eldtof o€ SRAdoBipleimiation A ikl i HeFEAibrGSEbBathen) 1 Sence

of undesireab Ies P the conpositions 1ty with
copper met al | theaighiy and prmrcdeu resrednMyyonja, leading/to higher otfetal énssaluhorﬂ@rrosron
copper-conpatible or "corrosion inhibiting" solvents. These conponents-can
be fornulated into sem -aqueous to practically non-aqueous (organic

sol vent based) <cleaning solutions or slurries. 5 2 Decenber 2005 DETAI LED
DESCRI PTI ON OF THE | Gehbfllfoéenbitiven bovei dieleari@ndegrammgnﬁcanﬂmwmer i&b‘m@f ‘
this inventio rlse gne. ofr. re of an .SU

pr oduci ﬁ st r%\hédnaaggn ?ﬂsal W&nﬁoﬁngoﬂﬁ]mo@@p Y%d b%%g?t{ﬂggl W rged _
counter ions esmpatibiityowitiesrsitive cmsctﬁw, badﬂ &5 Mrogymtsilsescﬂﬁﬂmna fe8Q) and ong
al kal i ne condi tiops,and havi ngMg et al ér osion in

sol vent conpoleHY! glisgsguioxane; IMSHY, é\gﬁ{@n f aorBY’a?i Lﬁm’ﬂﬂ'q?t ?'g‘}{ar l?g?és

cont ai ni ng NORgdLPhes, Bl tisus Iéélﬁb%él&bﬁld@b@ﬂﬁm S eERdiVe diglastries!i t abl e for
use in:the cleanlng conpositions of this Invention there may be nentioned . .:

10 tetraal kyl anmoni um hydr oxi des or. salts of the formula [(R).NLP [XI,
where each R is independently a substituted or unsubstituted alkyl,

preferabky alkyl of fjirgps 'bebﬁ &&bove?éifj 4B RorPARMBARI! Yrdduohgb stréig ase at oms
(R* H); and X=0OH or a suitable sal
alkaline cleaning formulatlons containing non-nucleophilic, positively charged
counter ions (such as fetraalkylammonium) in solvents that contain at least one
corrosion inhibiting arm or moiety show much improved compatibility with sensitive
porous or low-x dielectrics and/or copper metallization. The preferred soivent
20 matrices are resistant to strong alkaline conditions, due to steric hindrance effects
~and/or low or no reactivity to nucleophilic reactions (with respect to 'n_udeophile‘s N
such as hydroxide ions). The Improved dielectric compatibility. is partially achieved
due to the absence of undesireable nucleophiles in the compositions. Good
compatibility with copper metallization is achieved by selective use of certain
25 copper-compatible or “corrosion inhibiting” solvents. These components can be
formulated into semi-aqueous to practically non-aqueous (organic-solvent based)

cleaning solutions or slurries.



éni on, such as carbonate and the like; p and g are equal and are integer of
from1l to 3. Suitable strong bases also include KOH and NaCH d eaning
conposi tions is containing the non-apmoni um producing strong base

cont ai ni ng non-nucl eophilic, positively charged counter I%”@W%ép%c-h

i nproved conpatibility with porous and lowu dielectrics and copper

metal | i zati on. Amoni a-fr,ee tetraal kyl ammoni um hydrOX| des (TAAH) are very
strong bases, yet they lﬁpﬂ RPN iﬂ% urprisingly-
inproved conpatibility Qmé?‘ﬁll'por oﬁgband Pﬁ?éﬂ? ctri g‘i conpared to 20

cl eani ng conpositions w th anmoni um hydroxide. Especially preferred are

t'et ramet hyl anmoni umTiedsavel biek angt claening cempasitionrof Hiyid iaventdien aviiticempisene

nave ol veqnee P of i SaBIlchAfof AUl sl S Sseilaing ! o

I nhi bi tisg cmmpl@upldm: pasitielycchafgedzunien ook @and Biig or aiore of anyi suithblelsolvent

trat 2% h d d.th ted,
S ont 11 cant ISR Va4RE Arole kgltis canditnge 2pg Bevinga SRRl aTrT BhniRg S5 °
‘provided to tiftheCddhdit BmSRIRBOCAMDhG B® SfitablBindniafvasHia pfbdubmg stroAg besesrmr e

-"corrosion inhibiting solvent [ , a solvent co un l@hha% has .a east
two 30 si te@oamm BOlbﬂU‘éiQﬂPbI"@xPQF@VﬁMWaﬁﬁdaq?Om?rggﬁﬁ F isgydn. :
2005 Preferregy POSIfGhS! OBf | TSI rvBAHO! YeS A C 8BPOHoRRY O
two or nore si tes capagl conpl exi nmetal and havi ng one of the

two . fwol | ovetnapligdaremaniumdydioxides @sa?t@gmammad(muﬁpm whergjeach R 10

T 60T ™ el ot o oAU et A 128 O™

-N, -NHR, -dddliidre pidferaly -IRo 6,Nfarbéi @ont? (R« IP()Qnd X=0) oD auithble salt
;)Eéozjr(ar?)rze Xiges I aI K {?n%éanc}/t?le?ﬁé kaan c?ar%requgf cf‘l 5 rlltggr;‘eer&%tmaﬁ Y
3. Suntable strong bases also include KOH and NaOH. Cleaning composutions
15 contalnmg the non-ammonitim producmg sfrong bases containing non-nucleophillc,'
positively charged counter ions show much improved compatibility with porous and " -
low-x dielectrics and copper metallization. Ammonia-free tetraalkylammonium
hydroxides (TAAH) are very strong bases, yet' they have been discovered to provide
surprisingly improved compatibility with porous and low-x dielectrics compared to
20 cleaning compositions with ammonium hydroxide. Especially preferred . are
tetramethylammonium hydroxide, tetrabutylammonium hydroxide and choline

hydroxide.

While previous attempts to control or inhibit metal corrosion have involved
25 careful conirolling of pH and/or using corrosion inhibiting compounds, such as
benzotriazole (BT), at relatively low concentrations of < 2% by weight, it has been
discovered that unexpected, significant improvement in controlling copper metal
corrosion can be provided fo the cleaning compositions of this invention when one
or more “corrosion inhibiting solvent”, i.e., a solvent compound that has at least two

30 siteé capable of complexing with metal is employed.



selected fromO, S, N and P atons, and aryl ene or arylene containing one.
or nore hetero . atons selected. from O S, N and P atons; each R _ R .
and R2 are each independently selected from hydrogen, alkyl, C kyl or
cycl oal kyl  containing one or nmore hBtero atoms sel ect edﬁ#ﬁ’?ﬂ&ér%& and P
atons, and 20 aryl or aryl containing one or nore hetero atons sel ected
from0O, S, Nand P atons; each of nl and n2 is independently an integer of
fromO to 6; and z is an integer of froml to 6 when X is al kyl ene, -

cycl oal kyl ene or arylene; and z Is an integer of fromO to 5 when X is
cycl oal'kyl ene cont-aijlia : e @g% , N .
and P atons or aryl n{’ﬁg%ﬁ% §isﬁh‘1§8 %ﬁseialgﬁrﬁ{r'r@trmega% é? gﬁ%@ﬁ%ﬁ%&%@t@d from
-0, S. N and toxdronere sfies sapabileof erinplexing with a Betal Bnd havingrnenfithe t ect ed
from hydroge | - ORS, Ig“gg%ﬁ and SR5; each of R3, R4 and R5 are each

i ndependent I@!%‘@PQQFE BSur ogen, al kyl, cycloal kyl or cycl oal kyl

cont ai nighg one or nore hetero atons selected fromO0, S, N and P atons, and
aryl or aryl containing one or re_heter el ected fromO, S, N and
P 30 atons; mis an integer dwq&%ﬁgﬁl'ﬁ‘&m%ﬂzi s an integer of froml
to 6. In the above definitions alkyl and al kylene are preferably of froml
to 6 7 2 Dec#&vber 2005 carbon atons, nore preferably of froml .to 3 carbon
atoms, cycloal kyl and cycl oal kyl effel(fRefRds4bl y contain from3 to 6 carbon
atonms, ®nd aryl and arylene preferably contain fromabout 3 to 14 carbon

atons, nore preferably fromabout 3 to 10 carbon atons. Al kyl is
bor ef er abl y mewtiere W ahdh Yl arereaph independéntlyl setestedsframsiQu-0Ry {@xRy| ene,

2t hyl I ' | ' ' f bl
honyl ene: - hGPEpb. SR SIOM PO R PO ER P LIS N L E 0l
and pyrrol i di-NR,R,,ai-0I0)-R, 0-NRBS(O )RS, e P(@)y |-P(G)-PRe fandabP(Op{ORN K/1is Sone
For oxahbl o, Doons, SYRGRIVRP & PRI REGIEE PS £ ooy LRETS Srgp .

glycerol , di eididiédfrom °H, NliaRBtI \atorRis,Nad affid1ebh anRgéraTcontaining one or
di et hanol.ami ne,  triethanol'am ne, N; N-di net hyl et hanol an ne. s
1-( 2- hydr oxy emprel heterqogtomsi seleatesh §om O, S M aad & plarms;| §3rb BnBi. AL R are
R i
' containing one or more hetero atoms selected from O, S, N and P atoms, and
20 aryl or aryl containing one or more hetero atoms selected from O,S,Nand P
atoms; each of n1 and n2 is independently an integer of from 0 to 6; and z is an
integer of from 1 to 6 when X is alkylene, cycloalkylene or arylene; and z is an
integer'of from 0 to 5 when X is cycloalkylene contaihing one or more hetero
~ atoms selected from O, S, N and P atoms or arylene containing one or more
25 - hetero atoms s'eleétedffom 0, S, N and P atoms; T s selected from -O, -S, -N
and -P; Z Is selected from hydrogen, -ORs, -N(R;;)z, and -SRs; each of R;, Ry and
R; are each independently selected from hydrogen, alkyl, cycloalkyl or cycloalk_yl
containing one or more hetero atoms selected from O, S, N and P atoms, and
aryl or aryl containing one or more hetero atoms selected from O, S, N and P

30 atoms; m is an integer of from 0 to 6 and y is an integer of from 1 to 6.

In the above definitions alkyl and alkylene are preferably of from 1 to 6



I's (2-hydroxyethyl) succinimde and 3-(di et hyl am no)-12-propanedi ol. The
cl eani ng conpositions of this invention containing the non- ammoni um
produci ng strong bases can be fornul ated i nto aqueous, semni -aqueo or
organi ¢ sol vent - based conposi tions. The non-annnniun1pro§ﬁ%¥ﬁa3 5?6%%9 20
bases contai ni ng non-nudeophilic, positively charged counter ions can be -
-used with corrosion inhibiting solvents alone or in conbination with other

t abl e. | | ingt ant
Lo ot s ong_ baccarbon dibfs hithe Yor8fRfatly dFGmPPIB!3 AN G, daIkyf Ena! 20

to strong bases an i nde nucl eophi’l es, "such as

di met hyl sul f cyclastkyiabemeferahly icohtaire fropshtg 6 canon atems: andiangeandianieneThe

cl-eaning conposkti . ' I LN..Q ' H I C
aci do. or of or BR1Sye A SOREIE A AR V8. 14 eirnoff AL, mBlOGfarérapl raibAR! ©
hi nder ed al kagabalt eabonaatdmisi nAtkyeis preferablyl methyt sethilher prelpyhiraliydene is
conpositions cap al so contain other netal  .corrosi.on i.nhipitors, si S
benzot ri &zol ePr Gl"!r'p‘?tﬁglﬁﬂﬁo?fﬁﬂgnﬁ(951"5‘?9%“‘?{!?' v sfon H{ﬁf%mgi Qﬂe"&’{agﬂg'ﬂepg,
where R is abll'éYéreBIP_ %ﬁé‘ngleﬁé? hhetrd-stibstitatal coyckaligt e , praferapiyl | dibkyl,
resorcinol and the liKke. 2 Decenber 2005 The cl.eanin OrTBOSI t.i.ons may
al'so contai n mephalinylandyseliding: and betegorgubstituted aryl s, '??g?r@ lyinyadiny
hexynol (Surfynol-61), ethoxylated tetranethyl decynediol (Surfynol-465),
pol yt etraf | uor oet hyl ene cet oxypropyl bet ai ne (Zonyl FSK), (Zonyl FSH) and.

the like. 5 Any suitable tal ion-free silica NoT-a '

conposi tions o?‘/ t he snet?glpmﬂpjegrﬁre?:hgucg} #O&OE%§H§P'!E€%?%}%&%WG'

?!Jat Fr gfiroy ﬁﬁdfﬁinéxai’ﬁpléaijbdtfa’feeﬁot ﬁmit?d asléﬂajlelﬁlgllypbl, amtbylénengtydo:.cgiytfnrc;l. L
i ncl udin roxy- and al koxy- contaiping a ro eney, of. from
Lo car bon adisiens | ayoal kylmgint " siebry TEMRSHfENORRANGD o Cigthatelfiae,

met al i on-f r egiedidnbfmiife, CRIMEMSthylbthandi@hirdef-{Prhydioxyeityl)iR-pyrdiginbre, 4% her

suitable netal ion-free silicate sources for his i nvention ma

b
gener at ed i n- §3-hydroxyethydmerphalige.a2rymelivlapingjethanel 2@1'@“012(11'_‘9%%6"1%3?@'(1 al's

in the highlyys hne.cl ' ) : O [ iqalsiaf ul
for generati ng‘ljaalsnlLﬁ ﬁ#‘?% @gﬁi%ﬂéwg%ﬁ%ﬁﬁﬁﬁ%bm ﬁgla F@Zgﬁwm%%ﬁmdéslﬁlql cic
aci d, i siscol | (2-Hpdrogyethytisuctinimide and B-ddiethylamiyo)et.2propanediabl e f or m of
silicon- or silica,-Mtal

The cleaning compositions of this invention containing the non--

ammonium producing strong bases can be formulated into aqueous, semi-aqueous

~ or organic solvent-based compositions. The non-ammonium producing, strong

20 bases containing non-nucleophilic, positively charged counter ions can be used with
corrosion inhiblting solvents alone or in combination with other stable solvents,

) praféfably one or more polar 6rQanic sotveﬁts resistant to strong bases and_that do

not contain unhindered nucleophiles, such as dimethyl sulfoxide (DMSQ), sulfolane

(SFL), and dimethyl piperidone. The cleaning oompositidn may also optionally

25 contain organic or inorganic acids, preferably weak organic or inorganic acids,

hindered amines, hindered alkanolamines, and hindered hydroxylamines. The

cleaning compositions can also contain other metal corrosion inhibitors, such as

benzotriazole, and aryl compounds containing 2 or more OH or OR grbups. where R

is alkyl or aryl, such as for example, catechol, pyrogallol, resorcinol and the like.



silicates such as sodiumnetasilicate nmay be used but are not recommended
due to the detrinental effects of netallic contam nation on integrated

circuits. The silicates nay be present in the conpositi nt of
fromabout O to 10 wt. % preferabl§ in an anount of fr%ﬂ?%ﬁ?@ ergﬁqg

about 5 wt. % 20 The conpositions of the present invention may al so be
formulated with suitable netal chelating agents to increase the capacity

o Lhe. 1o MihalddinCcorhiistions HidyPaiSo dBnfall Hhy SiliaBlisirfackifiia Beh b3 %or

di ssol ution g PMES er’ substrate. The chel ating

agent wi || geramplel \dithethplr dmplmdl |(}Smrl‘wol}61)coaﬂ)owlatedntﬁmamﬂwl aderyhedigh from |

o Typical oAapmebe8h RbilahtyoRFbie’ RO RE. R, £Sh [2ost 1

foll owi ng or GFmM)&ndemelikeand thel r isomers and salts:
(ethylenedinitrilo)tetraacetic acid (EDTA), butyl enedi am netetraacetic

acid, (1 2- cyclohexylenedinitrilo)tetraacetic acid (Q/DTA)

di et hyI enet ri am nepentaacetic 9 2 Decenber 2005 acid PA) ,

et hyl enedi ani net etr aﬁnyospuitablednatw]on -fresy ailicate sy bg us Iﬂetﬁ@@mﬁoﬁ@ﬁ’% gtetic -

d (HEDTA dl d.
Ebtvey T e loPentliayePhi. SRS STERRS! Sid Y8R aGRUARRN i bniur
1, ?hd: ami nod%alh,htﬁsp)suﬂﬁ @Bamraélk?l amriiqnhlim tftctam(md:lutldmgd‘lydrO(XDHBM)alkoxy-

e i m nodi acetic a ene ne aace

ni t r)cl)l ot ri ac&PnRIRRY A ‘? ?'??'E' 8?1(5"‘3"{3 { ? rb@lggdrﬁlsglmu Aoy
saccharig achéikoxg' YFSUP)C B tnostX preferaiid dnemhtubainree aflicdte wahmponentads d,
irandel i ¢ aci mal oni ¢ add | actic acid, sal iﬂca’ﬁﬁ(i at.echol ng%I lic

add,  propyl {guamathyl ammwwaqcateg Qe suiizl thés s856 e

Pr ef erred chqh tl'notgntlo?l ﬁ.%g ﬁﬁ ?@D%ﬁ Bg)ﬁ{édd;wﬁd: |aq§ @-@C@,— piord-laf Ahe CyDTA
and am nophosphoni c aci e | eaning conpositions ma al so
optional |y cdoliawing mateniadlslin tmmwﬂwa&gllmmchWnSHﬁﬂfd@ml'@ﬂ ge matenalas 1 or

o R SHTRBUAT A V7 Bt A BTG Ly s, and
f | uor obgg at escollbitkal sitica,yfumedostiicanof aoy othes rsuitatsle form ‘of silicon-or s;l:ca -Metal- :
silicates such as sodium metasilicate may be used but are not recommended due
to the detrin;lental effects of metallic contamination on integrated circuits. The
silicates may be present in the composition in an amount of from about 0 to 10
wt. %, preferably in an amount of from about 0.1 to about 5 wt. %.

20

The compositions of the present invention may also be formulated with
suntable metal chelating agents to increase the capacity of the formulation to
retain metals in solution and to enhance the dissolution of metallic residues on
the wafer substrate. The chelating agent will generally be present in the

25 compositions in an amount of from about 0 to 5 wt. %, preferably from an amount of
from about 0.1 to 2 wi. %. Typical examples of chelating agents useful for this
purpose are the following organic acids and their isomers and salts:
(ethylenedinitrilo)tetraacetic acid (EDTA), butylenediaminetetraacetic acid, (1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), diethylenetriaminepentaacetic



.aI um num hexafl uorides, antinony fluoride and the |ike. The fluoride
conponents will be present in an anount of fromO to 10 wt. % preferably

fromabout 0.1 to 5 wt. % 20 Thus, wi de range of proc i ngl,.0 ing pH
and tenmperatures can be used in effgctively_'r enmovi ng angﬁ%‘:& .eﬁgb‘%

phot oresi sts, post plasma etch/ash residues, sacrifical |ight absorbing
materi al s and anti-reflective coatings (ARC). It has also found that sone

of this typeyd®rnul ati gpeTPAg, Parti cudthyleedampetdteprdpionitean ver wacld,
difficult sanples which contain tantalumin their it rﬁﬁéyr e, y@m@i
tantal um 25hydrgxyethybethylanedleminetiasstioar r i @¢ld| aye(BFRARMt ant &Y 1de.
The cl eanin ' ' E;R,R& hehel iy Wil g ally conepTspe)f rom
about 0. 05 %ﬁggﬂ%b@ W ﬁ&%@lﬁgnéﬁdgﬁbmump%ci ng st tr‘(Eng -ba)se;
from about Hietylemetdtimmingis@scetic: asidf (FRHAYor 1.3 Siamine-2HHYSFOXYREPPAHPY ent
conponent; f 10, er 5 abguut 0 a i~ . % wagqer or
ot her o?gani@%—'@é@@(ﬁg%@rom%g@out M%Pﬁ% M%%hg@ﬁip?@a |t}$dere gfn’ nes,
al kanol ani nepropylehydiamindtetraavetic agl utitrdlotriacetit adid (MFAhratini acidirtartate gani c
acids; about Q.tq 40 ,w. % netal carrqgsion |nhibitor., . as '
benzotri azol %?'d-céi'%?c'gnﬁ“?h@"q pRd. aY?%aé’BﬂSf‘alﬁz ?cb&weg?guﬁ%g%? ant, s
from about Oadi@, handélic 368, mamlalcascid,lactD &l Walibylic aickl, vhtechiolc balliataiciag . .
agents, and fromabout 0 to 10 wt, mu ride congé)undg,. I n l[]h {agllowi ng
portions of P1ePYl galiate, regatiol Behydspx W?g“%ttﬂﬂdews IR, Erefpie é’ﬁﬁ 02d to
desi gngpe th i RRQ@ \, CyDTA and aminophosphonic
HEP=1- ?g hyd?%%(d}gtaﬁilhﬁq\dgyr r thlg;éiﬁ(s)ﬁgm 'IQE/EI—?:T%S% t1<;t r amet hyI%m"rgni um
hydr.oxi de Bacidesuch as$ EBIMP. DVSO=di net hyl sul foxi de TEA=tri et hanol ani ne
1.5 CyDTA=trans-1, 2-cycl ohexanedi am ne tetraacetic acid SFL=sulfol ane
EG=et hyl ene gl ycol CAT=catchol EDTMP=et hyl enedi am ne tetra(nethyl ene
phosphoni ¢ aci d) '
-, ~ The cleaning compositions may also optionally contain fluoride

compounds in cleaning composition, such as for example, tetramethylammonium
15 fiuoride, tetrabutyiémmohium fluoride, and  ammonium fluoride. Other suifable
fluorides include, for example fluoroborates, tetrabutylammonium fluoroborates,
aluminum hexafiuorides, antimony fluoride and the like. The fluoride components will
be present in an amount of from 0 to 10 wt. %, preferably from about 0.1 to 5 wt. %.

20 ' Thus, a wide range of processing/operating pH and temperatures can be
used in effectively removing and cleaning phot.ore'sists. post plasma - efch/ash
residues, sacrifical light absorbing materials and anti-refiective coatings (ARC). It
has also found that some of this type formulations are particularly effective to clean
very difficult samples which contain tantalum in their structure, such as tantalum

25 (Ta) or tantalum nitride barrier layers and tantalum oxide.

The cleaning compositions of this invention wil generally comprise from
about 0.05 to about 30 wt. % of the non-ammonium producing strong base; from
about 0.5 to about 99.95 wt. % of the comosion inhibiting solvent component; from




20 DVPD=di et hyl pi peri done TMAF=25% t et r anet hyl ammoni um f | uori de
BSA=benzenesul foni ¢ acid TMAS=10% t et r amet hyl anmoni um si |l i cat e Exanpl es of
these types of fornulations are set forth in the follown 25 Tabl es 1A,
1B, and 1C in which the amounts of tAR conponents are indac,[?ﬁcéﬂ‘bﬁﬁ 200%r t 5
by wei ght. TABLE 1A COWPOSI TI ONS COVPONENT112 Decenber 2005 | HEP H2O
TMAH BT 7 8 32 12 90 DMSO 90 15 16 16 1.6 24 8 5 TEA 10.8

about 0 to about 95.45 wt.- % water or other orgénic'co-é,olvent; from about O to 40
wt.% steric hindered amines, alkanolamines or hydmxylamineS' about 0 to 40 Wi. %
organic or inorganic acids;- about 0 to 40 wt. % metal corrosion inhibitor compounds, :
such as benzotriazole, catechol and the like; from about 0 to 5% wi.% surfactant,
5 from about 0 to 10 wt. % silicates, from about 0 to 5 wt. % chelating agents, and
from about O to 10 wt. % flucride compounds.

in the following portions of this application the following abﬁreviations are
employed to designate the indicated components.
10 HEP=1-(2-hydroxyethyi)-2-pyrrolidinone
TMAH= 25% tetramethylammonium hydroxide
BT=benzotriazole
DMSO=dimethyl sulfoxide
TEA=triethanolamine .
15 CyDTA=trans-1 ,2-cyclohexanediamine tetraacetic acid
SFL=sulfolane
EG=ethylene glycol
CAT=catchol
EDTMP=ethylenediamine tetra(methylene phosphonic acid)
20 DMPD=dimethylpiperidone

TMAF-25% tetramethylammonlum ﬂuonde :
BSA=benzenesulfonic acid
TMAS=10% tetramethylammonium silicate
Examples of these types of formulations are set forth in the following
25 Tables 1A, 1B, and 1C in which the amounts of the components are indicated in
parts by weight. '

TABLE 1A
COMPOSITIONS



16 16 24 -

10 -2.7 .0CyDTA 0.1116 16 16 40.3 0.11 SFL 0.2 0.2 2410 EG 16
1640 CAT EDTMP - DMPD 15 _aOTABLE1B COVPOSI TI ONS COVPONENT1K L HEP 5454 32

32 H20 TMAH4536 4 16 25BT DMSO 3636 J(? 15. TEA

2 December 2005

COMPONENT A B - C D 'E E- G H
HEP 90 80
H0O 7 8 32 16 12 -8
TMAH 108 15 16 16 - 16 24 10 27
5 BT 0.11 : 0.11
DMSO 16 _
TEA 16 16 16 24 10
CyDTA 0.2 02 0.3
SFL 16 16 24 24 40
10 EG
CAT
EDTMP
DMPD
15
L _ - TABLE1B
20 - "~ "COMPOSITIONS
COMPONENT | J K L
HEP |
H.O 54 54 32 32
TMAH 45 36 4 16
25 BT ‘
DMSO
TEA 36 36 16 15
CyDTA 0.4
SFL
.30 EG 54 54 48
" CAT o : 6 '
EDTMP " 0.36 0.36 0.4
DMPD 16
35 in Table 1C there afe described variations of Compositions D and F of Table

1A with additional added optional components.

TABLE 1C



CyDTAO. 4 30SFL 5454 48 EG CAT6 EDTMP 0. 360.36 0.4 DWPD16 35 In Table 1C

there are described variations of Conpositions D and F of Tabl e 1A wth
added optional conponents. TABLE 1C 122 Decerrb 208@

. COMPCSI TI ONS COMPOVENTMN- 0- EQR2 Oon’b%smlonDlOOlOOlOOlOO ef 23

addi ti onal

F100100 1100 -

STMAF2. 52. 6 TI VI AH222 H20101010 BSA22 H2SO40. 50. 50. 5 10WASI

3.5 The interlayer dielectric (ILD) etch rates for Conpositions D and F of
Tabl e 1A and Conpositions Mt hrouqﬂ? Fd ? 1C agai nst various
e l'owi ng te

dielectrics

were evaluated by th

st procedure. The fil m

t hi ckness of t hCOMP@MENTcesM s mdasu@d ufi ng & RudRiph8 Interferoneter.
The wafer

tenperature for

drying

10

15

20

25

30

TMAH
H,0
BSA
H,SO,
TMAS

Table 1A

plece ited on silicon ers) were
i mMersed:in the 8%\%3953’9?5 clgg(ﬁtiﬁ{goco. Si ] gnsm t I\rI@ cated -
S,

folégwed by ri ng -ioni zed water and

2 2 2
10 10 10
2 2
0.5 0.5 0.5
1

The interlayer dielectric (ILD) etch rates for Compositions D and F of
and Compositions M through S of Table 1C against various dielectrics

were evaluated by the following test procedure.

The ﬁlm thickness of the wafer pieces is measured usmg a Rudolph

- Interferometer “The wafer pieces (with ILD material deposned on silicon wafers)

were immersed in the designated cleaning cemposmons at the indicated

temperature for 30 minutes, followed by rinsing with de-ionized water and dryrng

under nitrogen flow/stream. The thickness was then measured again following »

the treatment and the etch rates were then calculated based on the change in

film thickness, which are produced by the indicated treatments. The results are
set forth in Tables 2, 3, 4 and 5.

TABLE2 . .
Dielectrlcs Etch rates (A/min) at 45 °C (30m!n)

Composition | CDO | Black SiLK | Coral |FSG | TEOS |FOx | SiN
Diamond -16
D 2 7 <1 <1 | <1 <1 e | <1
F 2 7 <1 <1 <t <1 —— | <1
TABLE 3

Dielectrics Etch rates (A/min) at 55 °C (30min)



20 under nitrogen flow stream The thickness was then neasured again
following the treatnment and the etch rates were then cal cul ated based on

the change in filmthickness, which are produced by the i

treatments. The results are set- fori‘ﬁ in Tables 2, 3, 4 gﬁ%c%%tbggzgq}s
TABLE2 Dielectrics Etch rates (A/mn) at 450C (30m n) Conpositi onCDOBl ack
S| LKCor al FSGTECSFOx Di anond 1-16 D - 1~~7<1<1<1 F217 1<1l <11<1 1<1 TABLE3

Dielectrics Etch rates (A/mn) at 55 OC (30m n) 13 2 Decenber 2005..

Conposi tion :‘.“'“ Pe C =1
F22534<14- - - - | SPMPOFitiaiE i R TG (SKF;];\ Y FE§ (:Ej ok )
T - PLNL )
Corrp05| tiont 5 _ S —Ql( SEN-DI u<.1|u..u < ‘
F 2|25 13[4 [<1 e | <1
5 _ TABLE 4
Dielectrics Etch rates (A/min) at 65 °C (30min)
Composition | CDO |Black | SILK | Coral | FSG | TEOS | FOx- | SIN
: Diamond 16
D 2 42 5 9 | <1 1 e | <1
[F__ 2 |40 5 8 <t |1 <
TABLE 5
10 - Dielectrics Etch rates (Almln) at70°C (30mln)
| Composiion | CDO | SILK | Coral | TEOS
M 5 <1 12 3
N 5 <1 14 3
0 4 2 12 2
P <1 <1 5 1
Q <1 <1 3 <1
R 2 <1 2 <1
S <1 <1 <1 3

In Tables 2, 3,4 and 5 the dielectric are as follows.
15 CDO=carbon doped oxide;
| Black Diamond™=brand of carbon doped oxide;
SiLK™=organic polymer;
Coral™=brand of carbon doped oxide;
FSG=fluorinated silicate glass;
20 TEOS=tetraethylorthosilicate;
FOx-16™=flowable oxide (HSQ type); and




D24259<11---<1 F24058<11-<1 TABLE 5 to Dielectrics Etch rates (Almn) at 70

C (30m n) Conpositi onCDOSI LKCor al TEOCS Mb<1123 N5<1143 042122 P<1<151

Q<1<13<1 R2<12<1 S<1<1<13 In Tables 2, 3,4 and 5 the dielectric are

follows. is CDO=carbon doped oxide; 18l ack Di anondTMebr an@ Qﬁce&'li’iebgﬂoﬁjoped

oxi de; Si LKTM=or gani ¢ pol yner; Coral TM=brand of carbon doped oxi de;

FSG=fl uorinated sildicate glass; 20 TECS=tetraethylorthosilicate;

FOx- 16Tnm=f |l o Le.oxide.(HSQ type); and 14 2 Decenber 2005 Si N=silicon
FRFUE B -

nitride. The anples illustrate the excellent Cu conpatibility
as corrpared to the relatively poor Al conpatibility of the corrp05|t|ons of

this s invention. S presente rrp05| ns, D_and f  Tabl e .

1A and ' Conposij ti onhfh%l?b%ﬁ'ﬂ?%l exampigR, q@ﬁgﬁt@% greg’ Iﬁﬁk ?PHHF%’PB?PW’@Y or

cl eani ng CO”%?ﬁﬁdr@GStothet kélatively ilﬂﬂrbowigfatidﬁtvobﬁtth@tm;i@!htlbiw oftthls rate

data in the followi ng_Tables 6 and 7. 10 The etch rate gfale %ned
C

utilizing thdnyentioaw hae st isprreentedcior Sampositigns Dalaﬂ i £ oi |
of approm rrat@&ﬁt‘pag"ﬁn PQt fabl@ge enpl oyed. The

The copper and aluminum etch rate for cleaning compositions of this .
invention are demonstrated by the etch rate data in the following Tables 6 and 7.
10 The etch rate was determined utilizing the following test procedure. Pieces of
aluminum or copper foil of approximately 13 x 50 mm were employed. The
weight of the foil pieces was measured. After cleaning the foil pieces with 2-
propanoi, distilled water and acetone and the foil pieces are dried in a drying

oven. The cleaned, dried foil pieces were then placed in loosely qapped bo‘trtlas.‘

15 of preheated cleaning compositions of the invention and placed in a vacuum oven -
for a period of from two to twenty-four hours at the indicated temperature.
Following treatment and removal from the oven and bottles, the cleaned foils

were rinsed with copious amounts of distilled water and dried in a drying oven for »
about 1 hour and then permitted to coo! to room temperature, and then the etch

20 rate determined based on weight loss or weight change.
TABLE 6
‘Metal etch rates (Almin) at 55 °C (24 hours Study)
Composition Cu Etch rates Al Etch Rates
D <1 131,000
F <1 >1,000
25 '
30 TABLE 7

Metal etch rates (A/min) at 65 °C (24 hours Study)



wei ght of the foil pieces was neasured. After cleaning the foil pieces with
2- propanol, distilled water and acetone and the foil pieces are dried in a
drying oven. The cleaned, dried foil _pieces were then placed in | |y
capped bottles is of preheated clean®g conpositions of t%i’qcﬁ(}'@ﬁfggqs‘?eand
pl aced in a vacuumoven for a period of fromtw to twenty-four hours at
the indicated tenperature. Following treatnent and renoval fromthe oven
and bottles, the cl ¢ganegdfoiis ' ( ; » punt s of
distilled water and 'grbﬁg)(?s'ﬁﬁha'd and then
permtted to cool t oo tenperTigiure, and—t ig:{loo'dlc etTir—2p rate ,

det erm ned based on|wei ght | oss |or wei ght chande.” TABLE 6 Mptal etch rates
(Almin) at 55 C (24 .”I‘L.ours Stoey H-Corpest-to atesAH Et ch Rates
D<1>1000 F<1>1000 2%"30 TABLE 7 al etchr 65 C (24 hours
Study) 15 2 Decenbel-—2005—Conpositi-onrCu—Etc ht es D<1>1, 000
F<1>1,000 L1 The ad\&nt age of havt ng the corfosion inhibitiphg solvents of
this invention predent in.the cdonposition ik deppnstrated by the fol |l ow ng
exanples utilizing various corrosion inhibiting solvents, with conparable
data for two s conpagy | &S 1M\ &%}H | gl Qs ligant
present. The Cu etcﬁme?%ta g&?tg@? %Q%Q‘Jf:c}ﬂgte |sﬁﬁ]t ﬁ@‘ﬂémgﬁgﬁﬂ% %’gémfe’ :
descri bed heiimientioe fpoesenhind theheompasitioint is demeonstratetidoy thei foliowiby examplesBLE . 8

utilizing various corrosion inhibiting solvents, with comparable data for two

5 comparison examples with no corrosion inhibiting solvent present. The Cu etch
rate test was conducted in the same manner as described herein before and the
results are set forth in Table 8.

' _ 0 . TABLES -~ L
10 _ Cu etch rates (Ashour) at 70-75 °C (oven temperature) {24 hours test)
Composition | Inhibitor Identity Inhibitor wt % | Cu Etch
Components Rate
Parts by Weight : (A/hour)
22:32 . | None 0 220
25%TMAH- :

DMSO _
22:16:16 2-(methylamino)ethanol 30 <10
25%TMAH-
DMSO- 2-
(methylamino)
-ethanol - . -
22:16:16 { N,N-dimethylethanolamine |30 =~ <10
25%TMAH-
DMSO- N,N-
dimethylethanol
amine ‘
22:16:16 3-(Diethylamino)-1,2- 30 <10
25%TMAH- propandiol
DMSO- 3-
(Diethylamino)-
1,2-propandiol

32:15:7 None 0 220




10 Cu etch rates (Al hour) at 70-75 C (oven tenperature) (24 hours test)
Conposi tionl nhibitor Identitylnhibitor wt % u Etch ConponentsRate Parts b

Wei  ht Al hour

22: 32None0220 25% VAH-

O

22: 16: 162- (et hyl ani no) et hanol 30<10 28vaMaH DVSO- 2- (meftRABMBE57ORR hanol
22:16: 16N, N-di nmet hyl et hanol am ne30<10 25%MAH- DVBO- N, N- di net hyl et hanol
am ne 22:16:163- (D et hyl am no) -1, 2-30<10 25%'MAH pr opandi ol DMSO- 3-

(Di ethyl am n
TMAH-H O 16:

a Fay|

22 15 7Naona220
T s T T TwWJ

i

T O

hnol am ne30<10

B A—A~ g —y —a~

U DO CTTTY

2+—2005—PM50- 25%

.16:15:7:16

| DMSO-25%

TMAH-H,O-
triethanolamine

Triethanolamine

<10

16:15.7:16
DMS0-25%
TMAH-H,0-
diethanolamine

Diethanolamine

30

<10

16:15:7:16
DMS0-25%
TMAH-H,0-
monoethanol-
amine

Monocethanotamine

{30

_ l_.<10 .

16:15:7:16
DMSO-25%
TMAH-H,0-
HEP

HEP

30

.<1(}

24:15:7.8
DMSO0-25%
TMAH-H,0-
triethanolamine

- Triethanolamine

115

<10

24:15:7:8
DMSO-25%
TMAH-H;0-
diethanoclamine

Diethanolamine

15

<10

24:15:7:8
DMSO0-25%
TMAH-H,0O-
monoethanol-
amine

Monosthanolamine

15

<10

24:15:7.8
DMS0O-25%
TMAH-H,0-

HEP

HEP .

15

<10

Similar Cu etch rates test were conducted with a formulation containing
TMAH, DMSO and H,0, with and without a corrosion inhibiting solvent and the
etch rate data is presented in Table 9. .

TABLE 9
Cu etch rates (A/hour) at 70-75 °C (oven temperature) (24 hours test)



DVSO- 25% TMAH- H20- tri et hanol am ne 16: 15: 7: 16Di et hanol am ne30<10 DMSO 25%
TMAH H20- di et hanol am ne" 16: 15: 7: 16Monoet hanol am ne30<10. DVSO 25%

TMAH H20- nonoet hanol - am ne 16: 15: 7; 16HEP30<10 DVSO- 25% g%ﬁéc} 6—6%P
24:15: 7: 8Tri et hanol ani ne15<10 DVBO- 246 TMAH H2O- tri et han8l er2

24:15: 7: 8D et hanol am nel5<10 DMSO 25% TMAH- H20- di et hanol am ne

24:15: 7: 8Monoet hanol am nel5<10 DVBO 25% TMAH- H20- nonoet hanol - am ne

. -7 |~k Wa
24: 15012 BHER, 15 o Tdentity | Inhibitor wi % Cu Etch Rate
. . . . (A/hour)
None ‘ 0 ‘ 140
2-amino-2-methyl-1- 30 . - 1<10
propanol '
1-amino-2-propanol 30 <10
2-(2-aminoethoxy)- 30 <10
ethanol .

Another series of Cu etch rate studies was conducted with a
formulation of SFL and TMAH with and without a 'coi'rosion“inhibitihg"solvent' '
present in the formulation. The data for such test is presentéd in Table 10.

TABLE 10

Cu etch rates (A/hour) at 70-75 °C (oven temperature) (24 hours test)
Parts by weight Inhibitor Identity | Inhibitor wt %. | Cu Etch Rate
Composition - 1 R : - | (Avhour) . - f
components N o .
10:50 None 0 ‘ 30
25%TMAH- SFL .
10:40:10 TEA 17 <10
25%TMAH- SFL-TEA

10
The following eicample demonstrates the superior compatibility of the
non-ammonium strong bases of this invention, e.g. TMAH, in comparison to the
ammonium bases, e.g. ammonium hydroxide (NH,OH), with sensitive low-x
“dielectrics, such as hyd'rogén‘ silsesquioxane '.(HSQ)' type FOx-15™ flowable
15 oxide. The test procedure is as follows. Wafer samples coated with dielectric
films were immersed in a magnetically stirred wet chemical solufion (stirring rate
300rpm), followed by isopropanol and distilied water rinses. The samples were
then dried with a nitrogen stream before IR analysis

20 Transmittance IR spectra were obtained with a Nicolet 740 FTIR
spectrometer using a deuterated triglycine sulfate (DTGS) detector. Spectra were



DMSO- 25% TMAH- H20- HEP 5 Simlar Cu etch rates test.were conducted wth a
formul ation containing TMAH, DMSO and H2O, with and w thout a corrosion
inhibiting solvent and the etch rate_data is presented i Tabl% 9 (')I' BLE 9
Cu etch rates (A hour) at 70-75 C (oV8n tenperature) (24 KREEMPEELY0S7 5 2
Decenber 2005 Inhibitor Identitylnhibitor wt % Cu Etch Rate (A hour)
None0140 2-am no- 2--nmet hyl - 1- 30<10 propanol 1-am no-2- propanol 30<10

2- (2- ami noet hoxy) - . 3Q<10 ‘et hano| _Anot her series of _Cu etch rate_studies was
conduct ed wit ?reql(wl &ETP'QFPSQL‘“SFI?“ rRveiaged QrerisZ seang. tiovrer 1 Bsi on

i nhi bi ting Sok&fe (FPIRG 2ABHsis ?ﬂvﬂﬁsfﬁﬂ‘bﬁhbﬂfbﬁnﬁh@e SiaicurbPéhangédlof 19Sh | S
presented In Table "10. "TABLE 10 10 Part’s by wei ght I nhi bitor - -
| dent i tyl nhi bilipleetrigs. dEheuinfrared aksoeption haddi assignments of Jyricainsiepesited HSQ

. films are as follows.

Assignments of infrared Absorption Bands of HSQ Dielectric

Absorption Frequencies (cm™) Band Assignment
2,250 ' | SFH Stretch -
1,060-1,150 Si-O-Si Stretch

830-875 H-Si-O hybrid vibration

The content of Si-H bonds in HSQ films can be determined by

measuring the peak areas of Si-H absorption bands at 2,250 cm™. The use of

10 the silicon wafer's inherent absorption at 650-525 cm™ (from Si-Si lattice bonds

i and Si-C impurities) as the internal standard/reference resulted in'quantitative 1R
analyses with good precision (relative standard deviation: 2-5 %).

TABLE 11
15 Compatibility with FOx-15 HSQ Low- Dielectrics
Parts by weight % Si-H Remaining % Film Thickness

Composition components | after Treatment (by | Remaining after
- | FTIR measurement) | treatment '

90:8:1:0.11; HEP-H,0- 20 T |98
NH,OH-BT
90.8:2.66:0.11; HEP-H,O- [92.5 100
TMAH-BT

Original film thickness: 4,500 A.

The cleaning capability of compositions of this invention is illustrated in

20 the following tests in which a microelectronic structure that comprised a wafer of
the following via structure, namely photoresist/carbon doped oxide/silicon

nitride/copper with the silicon nitride punched through to expose copper, was



10: 50None030 25% I MAH SFL 10: 40: 10TEA17<10 25%0MAH SFL- TEA Cu etch rates
Al hour at 70-75 C oven tenperature) 24 hours test) The foll ow ng exanpl e
denonstrates the superior conpatibility of the non-amobnium st rong @ases
of this invention, e.g. TMAH, in conp@rison to the ammonPHAETOEEZ0
ammoni um hydroxi de (NH4AOH), with sensiti ve | ow-x dielectrics, such as
hydrogen sil sesqui oxane (HSQ type FOx- 15"" flowable is oxide. The test

procedure is as follows. ‘Vafe ”Pl es coated with dielectric fil {I'r% wer e
i mersed in Emegedin elaamywplqﬁpea ardbe idicated termparature and fime, werg thed: o

300rpmy, fol \lvat@?qmgx%'&ﬁ&u RGN ﬁ@cl@éﬁhb'de@&nﬁﬁé&byrsm% znelamn sapgl es
were then dried wth a nitrogen streambefore IR analysis Z0 Transmttance
| R spectra wesgltbareesetfertninFabde f2col et 740 FTIR spectroneter using a
deut.erated triglycine sulfate (DI GS) detector. Spectra were 18 2 Decenber
2005 acquired with 4 can-' resolution and averaged over 32 scans. Fourier
Transfoem Infrared (FTIR) anal ysis provrlkaLEmay of -noni tori ng the

struct ura' r\h:\nnno of LI Al

assi gnnent s , \tiEEIa“g\eéﬁﬂg‘ﬁseamﬁg@"QPq M2PEe as fol | ows. 5 ASSI gnfrent s
of Infrared S =r06 e$
(cm')Band ASompestian F2 7586 - H HI0% Clern; Reseevedialighe FR (uiky @P h
830-875H Si {@0Mbri d vi bration ﬂnardemd pelymgricvia callarfence’) HSQ fili can
be det er m néGoppositiondliTi5aG, t he| H0%k Cleani Resnoved all tha &R thulleR@élﬁds At
2,250 cm . TRBmirse of : 10 t he_s|hardenedypobwmerid ‘viscealiat/f |
at . 650- 525 ¢ Gomgosition B, 75°C| at t | 1@0% @ien; Remow&id-all thetR (hulIeERamd the
i-nternal st addmird/ r ef er ence r esphdrddnéd) pplyndrid “aid codlat/fénce”)

: o Al .
Ib i ||| F-afea—anSor pL ot Uallu

14

The same cleaning test was conducted on a microelectronic substrate
that comprised a wafer of the following line structure, namely
- photoresistltantalum nltndeIFSGioopper Two prior art commercial cleaning
15_ products were also tested for comparison purposes. The cleaning results are set"_
forth in Table 13.

TABLE 13
Composition and Cleaning Performance Substrate
Process Condition Compatibility
Composition F, 75°C, | 100% Clean; Removed all 100% compatible
20min the PR (bulk PR and with TaN and FSG
hardened, polymeric “fence”) '
[EKC-265™, 75°C, . | Not Clean; Removed bulk
20min PR, but hardened, polymeric

“fence” remained
ATMI ST-250, 30 C, Not clean; nothing is

20min changed
(a fluoride-based
stripper)
15 A similar cleaning test was conducted on a microelectronic structure

that comprised a wafer of the following via structure, namely photoresist/carbon
doped oxide/silicon nitride/copper without the silicon nitride punched through to



anal yses with good precision (relative standard deviation: 2-5 % . TABLE 11
‘i's Conpatibility with FOx-15 HSQ Lowic D electrics Parts by vvei ght% Si - H
Renmai ni ng% Fi | m Thi ckness Conposition_conponentsafter Treat

(byRenmi ning after FTIR neasurenent ftreat nent 90:8:1.0. 1% ?4@51%80%96 NH
OH BT 90: 8:2.66:0.11; HEP-H20-92. 5100 TMAH-BT Original filmthickness:

4,500 A. The cl eaning capabi i ty of conpositions of this invention is

illustrated e fo tests croel ectronic structure
‘that conpri seed(pég?/\gI el-of el’ﬁ cﬁr?éﬁﬁ Hﬁah\ﬁ]!% *ure, nanely

phot or esi st/ car bon doped oxide/silicon nitride/copper with the silicon
nitride punched through to expose copper,_vas 19 2 Decenmber 2005 i mrer sed
in cleaning solutions for the indicated tsﬁﬁbﬁa‘l"ure and tinme, -were:=then e

wat er rinsed[ cdm hen 1N med by SEMTISpectign. The
results are $ ﬁgﬁ&gﬁabl e %ﬁhﬁﬁgg&ﬂgﬁﬁéﬁ%ﬂ‘ osition and
3 NOS Q094

Processd eani ! _—1~Ya 3
NP EIPVQB@N'P%PR(!M%PB EB‘l’I ar/ fence"

Renoved al | {f v
Conposi ti on nZOﬂwr 100% O ean; mamm pplymems "yvig colianfenesd) and

20m nhar dened, polyneric "via col | ar/ fence" Corrp05| tion B, 75C 100% C ean;

Removed al | the PR (R Wirkiidrbidiing 958t WY dshfifbted ?hé’d*ﬁ{érﬁele}ﬁr@mc structure. ..

collar/fence") The sane cleaning test was con m croel-ectronic
substrate tHbhat ccoomprised aa wewafer of oft hihef olfbllmmmg INime sttuchreur samedyrel y

pTEOS/Coral/SiN/Coral/SiN/copper. The results are set forth in TABLE 15.

Table 15

Composition and Cleaning Performance | Substrate 'Compatibility
Process Condition
Composition B, 65°C 20 100% Clean; Removed | Compatible with Cu metal,
min all the residues - : dlelectncs and etch

10

With the foregoing: description of the invention, those skilled in the art »
will appreciate that modifications may be made to the, invention without departing
from the spirit and scope of thereof. Therefore, it is not intended that the scope of

15 the invention be limited to the specific embodiments illustrated and described.



photoresist/tantalumnitride/ FSG copper. Two prior art commercial cleaning

i 0o products were also tested for conparison purposes. The cleaning results
are set forth in Table 13. TABLE 13 Conposition andCd eanij :

Per f or manceSubstrate Process Conditi8hConpatibility Corrpoéi??elCSWbﬁf 298¢, 100%
Cl ean; Renoved al | 100% conpati bl e 20m nthe PR (bul k PR andwi th TaN and FSG
har dened, polyneric "fence" EKC- 265 , 75C , Not C ean; Renoved bul k 20m nPR,
but hardenpgigimo! yneric “fence" .remained ATM ST-250, 30 C, Not clean;
nothing I's 20m nchanged (a fluoride-based stripper) is A simlar cleaning
test_was conducted on a mcroelectronic structure that conprised a wafer

of the fol Lowi ng Ji.a; -y ) [ St
oxi de/ sili b:"o"h niﬂfﬁagle'ﬁ:%d&g%drﬁt\%n tfﬁﬁﬁﬁélﬁﬂgn@%@@%ﬁ# %%&SU%@ES%EP mgough to -
20 expose coppecomdsitiorecomprising:e set forth In-TABLE 14. TABLE 14 2
Decenber_ 2005 Conposi ti Iag. . Per e P L4 on
Composi 11 on b, 706, T0baBe oS AR 0%k bRt SR ortite TRR affAbhiur
20m nhar dened, produciayistrond bage comthining romamicleophific positively ohlarged cogntegst was

conducted on a mcroelectronic structure... that conprised a wafer of the
fol lowing via s®PP8cture, nanely pTEOS/ Coral/Si N Coral/Si N copper. The

resul ts are setfort ydh abboBld:5 18 about 99.95% by weight of one or more corrosion-
inhibiting solvent compounds, said corrosion inhibiting solvent compound

10 having at least two sites capable of complexing with metals;
' from about 0 to about 99.45% by weight water or other organic co-
solvent;
from about 0 to 40% by weight a steric hindered amine or
_‘ alkanolamine; . o o o
15 " from about 0 to 40% by weight an organic or inorganic acid;
from about 0 to 40% by weight of an other metal corrosion inhibitor
compounds; |
from about 0 to 5% by weight a surfactant;
from about 0 to 10% by weight of a metal ion free silicate compound;
20 from about 0 to 5% by weight of a metal chelating agent; and
~ from about 0 to 10% by weigﬁt of a fluoride compound.

2. Acleaning 'compOSition of claim 1 wherein the non-ammonium producing
strong base is a tetraalkylammonium hydroxide or salt thereof.
25 ‘
3. A cleaning composition of claim 2 wherein the tetraalkylammonium hydroxide
or salt is a compound of the formula
| [(R) NI
wherein each R is independently a substitured or unsubstituted alkyl group; X
30 is OH or a salt anion; and p and q are equal and are integers of from 1.to 3.



Tabl e 15 Conposition andC eani ng PerfornmanceSubstrate Conpatibility Process
Condi ti on Conposition B, 65C, 20100% Cl ean; RenovedConpatible with Cu
nmetal, mnall the residuesdielectrics and etch stop/barrisr | ayers &9 Wth
the foregoing description of the i nvéAtion, those skilled2i3FEHRELL05 v |
appreciate that nodifications my be made to the, invention w thout
departing fromthe spirit and scope of thereof. Therefore, it is not

i ntended that the scope of is the invention be limted to the specific
enbodi nents |llustrated and described. 21 2 Decermber 2005 | Claim 1. A

cl eani ng CHNPOA kleBRingLonficRRidh Y clEirh 'PRh&EIN'R'K Gn IWYP ol ontAfihg 1abeani ng
conposi tion conprising: s fromabout 0.05%to 30% by wei ght- of one or nore
non-annoniun1_gﬁbﬁﬁbﬂmgk%msﬂmbxmagﬁgcontaining non- nucl eophilic, positively
charged counter ions; fromabout 0.5 to about 99.95% by wei ght of one or
nore corrosion - inhibiting solvent conpounds, said corrosion inhibiting
sol vent scoBpountl cleaoingasamppsitionl of plaimt 4whereire R isasaslky gsour offivend ty6wi t h
netals; from abg [Q %ﬁggbout 99. 45% by wei ght water or other organic co-
solvent; froma "40% by wei ght a steric hindered am ne or

al kanol am ne; is fromabout 0 to 40% by wei ght an organic or Inorganic
acid; fromabout 0 to 40% by wei ght of an other netal corrosion inhibitor
conpounds; fromabout 0 to 5% by weight a surfactant; fromabout 0 to 10%

by weight gf a ARictning®eofbesitieh lof Chif & owstEiRdthe corrosion inhibiting solvent

10 compound is a compound selected from the formulae:
W=(CRR)ut-X-[(CRiR2)nz Y]
as Cor S '
' B T-{(CRsRy}m-2],

where W and Y are each independently selected from the group consisting of
20 =0, -OR, -0-C(0)-R, -C{O})-, -C(0)-R, -8, -S(O)-R, -SR, -S-C(O)}-R, -S(0):R,
-S{O),, N, -NH-R, -NR4Ry, -N-C(O)}-R, -NR,-C(O)-R;, -P(0), -P(0)-OR and
_ -P(O)-(OR).; X is selected from the group consisting of alkylene, cycloalkylene
or cycloalkylene containing one or more hetero atoms selected from O, S, N
and P atoms, and arylene or arylene containing one or more he_tefo atoms
25 seiected from O, S, N and P atoms; each R, R, and R, are each
independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl or cycloalkyl containing one or more hetero atoms selected from O,
S, N and P atoms, and aryl or aryl containing one or more hetero atoms
selected from O, S, N and P atoms; each of n1 and n2 is independently an
30 integer of from 0 to 6; and z is an integer of from 1 to 8 when X is alkylene,
| cycloalkylene or arylene; and z is an integer of from 0 to 5 when X is
cycloalkylene containing one or more hetero atoms selected from O, S, N and



20 fromabout 0 to 5% by weight of a nmetal chel ating agent; and from about
0O to 10% by wei ght of a fluoride conpound. 2. A cleaning conposition of .
claim11 wherein the non-anmoni um producing strong base is a

t et r aal kyl ammoni um hydr oxi de or sal t 28hereof. 25 3. A cl e&H8EMEERPER i on
of claim2 wherein the tetraal kyl anmoni um hydroxide or salt is a conpound
of the fornmula [(R-4 N1PI X') wherein each R is independently a substitured

cqusl and ar o TheRES ar Gyienp seniaintg afe Smere Bt 1oy 89eeA TR Ghtng *
conposi tion of Nqhad P aoMBET & sbidtted fram thé GuptioneiztiAg Bf 2D,USI N hntiop;22

carbon atoms and X i-s. OH. 55.-A cl eani ng conposition of claim4 wherein Ris
an al kyl- group i®melectes) fromdhe geaumeensigtioaol hydragen, cQRsntN(Rehp®d R of

Cl ai m 1 wherei EnC Rl I RSI bnhiRi LR Wo) d ¥ehrh Sthi ound
selected fromt atghf%if Iﬁ:é}@‘l F&%{E& édri? - b%‘?or@i :Qél.llsrj“‘;t%)ﬁgsn'll-a[@‘g ;

R ) nrZ] y wher e dahaistingrofihydregerh alitiegycloatkyl orycysinatil eantaining one ofimarg
TG L fbehoaf RGeS i e
F(C)l)k I—P(O) - O%rwn‘fl lmarla(l'@)er()%rﬁs sidebtied&lfeheOt SdNIarphF_’iatmngrmlimanmnegeﬁtitng
of al kyl ene, cycl oa ne r c oa ene, contai ning one or nore hetero
atons sel ect ed qcfﬁ'z?m §,¥° i "ﬂlﬂ%lﬂﬂ)('ﬁe%ﬁr(?ﬁé?maﬁ@ ryl ene or aryl ene containing
one or nore hetero atons 25 selected fromO, 8 N and P atons; each R, R

and R2 are. each independently selected fromthe group consisting of
hydr oge¥, & kylA cleapindogempesiian ef Slaim) & yyhesein: e Farepsiane nbling: sohRiiter o

at oms sel ect ed dgrhifd is Scoblpiith St ron?iRE fémilla@r aryl containing one

or nobre hetero atons

i . W’(CR1R2)n1'x‘[(CR1Rz)n2'Y]z
.. 15 : o R
or
T-HCRR)erZ],

20 where W and Y are each independently selected from the group consisting of
=0, -OR, ~0-C{O)}-R, -C(0)-, -C(O)-R, -8, -S(0O)-R, -SR, -S-C(0})-R, -S(0)rR,
-§(0),, -N, -NH-R, -NRR;, -N-C(0)-R, -NR,-C(O)}-R,, -P(0), -P(0)-OR and
-P(0)-(OR),; X is selected from the group consisting of alkylene, cyclqalkylene
, or cycloalkyléne containing one or more hetero atoms selected from 0,8 N
25 and P atoms, and arylene or'aryléne containing one or more hetero atoms
selected from O, S, N and P atoms; each R, R, and R, are each
independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl or cycloalkyl containing one or more hetero atoms selected from O,
S, N and P atoms, and aryl or aryl containing one or more hetero atoms
30 selected from O, S, N and P atoms; each of n1 and n2 is independently an
integer of from O to 6; and z is an integer of from 1 to 6 when X is alkylene,
cycloalkylene or arylene; and z is an integer of from 0 to 5 when X is



selected fromO, S, N and P atons; each of nl and n2 is independently an 30
integer of fromO to 6; and z is an integer of froml1l to 6 when X is

al kyl ene, cycl oal kyl ene or arylene; and z is an integer qf fromO 5
when X is cycloal kyl ene containing &ffe or nore hetero at %r%e%emrgg&zégsfrom

0, S, Nand 23 2 Decenber 2005 P atons or aryl ene containing one or nore
hetero atons sel ectted from O, S, N and P atons; T is selected fromthe

i St f.-0 -S . :=Nand -P, Z | | ect .
donsrsting. of "SslrlsyBho cSeieigind Rfef mofe hrBrE SRS Siected fhn'G, S e oo
e?ﬁ hl i ndepfndfkrw:amrﬁs%bﬁswl le{(dolhmmihg! ofl& @ Pnore hetereiatchmslﬁettabteuyfdmt s,

a , cycloa or. cycl oa contai njng one or .nore hetero, a ;
sel Z_ct ederom N and H\?téﬁﬁi'ﬁisagﬂﬁ%tﬁd qm the m%?%%%gcmféi %'ﬁﬁ-ﬁﬂa%’ or rore
hetero atonms seleejdlibd erIgi} lﬂ? g?ouﬁ\'caﬁﬁstﬁgabf;ﬁﬁig\og?ﬂ.s-m. LNReRICaNnd O8RS T om O

to 6 and'y is an I nteger romlto 6. io 7. ¢l eani ng conposi tion of
O ai m 2 sher ei neacheot &R Hai and Rshansi eachy indepeadentlyc seigeigddirer@ thecgvPBuNnd

| d f : TAR-RY i
2Ty 50 wher o w Shgisghg bt Adroted. Shot Eltoaty of Efiiosiky eihifg She brlrdeSR)
consi sting of hdlero-a@Bms-sBletted fretn O CBON-and KalymK, andsaryl ¢ ayReontaining
S OO-R -S(O2-R - 2 N - .- = R “R2,
RO - PO - RO moreigieaps sleded g S p Flathng; i itkad T

of al kyl ene, cyeffrmh B\t 6rend yois anyinteged dffforme ta8nt ai ni ng one or nore hetero
atons selected fromO, S, N 25 and P atons, and arylene or aryl ene
cont ai nthg one or nore hetero atons selected fromO0, S, N and. P atons;

each R R gand Riuiédriing @6Mpobifisie Rf TIGRT BYwREERE trRd chrresion ithilgtimgisolvent.
consi sting of hydrogen, alkyl, cycloalkyl or cycloal kyl containing one or

nore hetero at of@meAingds acompeund selegtedffosm therfoppdiag: and aryl or aryl
containing one or nore hetero atons 30 selected fromO0, S, N and P atons;
each of nl and n2 is independently an

s e W-(CR R XHCRiRo ) Y

or
T-[{CRR}w-Z]y
20
where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(O)-R, -C(0)-, -C(O)-R, -8, -S(O}-R, -SR, -8-C(O)-R, -S(O)rR,
-S{0),, -N, -NH-R, -NR;R,, -N-C(O)-R, -NR-C(O)-R;, -P(0), -P(0)-OR and
-P(0)-(OR),; X is selected from the group consisting of alkylene, cycléalkyl_e_ne
25 o cycloalkylene containing one or.more hetero atoms selected from O,'S, N
and P atoms, and aryiene or arylene containing one or more hetero atoms
selected from O, S, N and P atoms; each R, R, and R, are each
independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl or cycloalkyl containing one or more hetero atoms selected from O,
30 S, N and P atoms, and aryl or aryl containing one or more hetero atoms
selected from O, S, N and P atoms; each of n1 and n2 ié independently an
integer of from 0 to 6; and z is an integer of from 1 to 6 when X is alkylene,



integer of fromO to 6; and z is an integer of froml to 6 when X is

al kyl ene, cycloal kylene or arylene; and z is an integer of fromO to 5
when X is 24 2 Decenber 2005 cycl oal kyl ene cont ai ni ng one nor e @gero
atoms selected from0, S, Nand P a2 %ms or aryl ene cont a?rqeﬁ@mgﬁ"e mor e
hetero atons selected fromO, S, Nand P atons; T is selected fromthe
group consisting of -0, -S, -Nand -P, Z. is selected fromthe group

consi sting of hydrogen, -ORS, .-N RS2 d -SRS; s h o R4 apd. R5 are
each i ndependené“ipag@’r% 8H QWISHé't ﬁ'édg"rg%ﬁ" @%@Fs‘ﬁaﬁ é tﬂy%lr"gt? 2 R kyl,
cycl oal kyl or Caﬁm&yﬁﬂe@m&.ﬁmgldﬂﬂd?mﬁoremetmb%torhehaé@teatfmmmsl Naingd from
0, S, Nand P atons, "and aryl or aryl contai nlgée one or nore, hetero atomnms

sel ected from O. @NN%M’W%WW% ong efimpie: hejero atogs selegted)irerp 2ind y
| s an integer of di®ubnid 165 sbRofed ffork 156G &f-tm-@f-ngrﬁmi

wherein the corrosion 1 nhibiting vent ﬁpoun a conpound seél ected
from t hes f or mul mese!ﬂ;ﬁed/\fr(t)ﬁRtmmouP-oor[S(sﬂm Rﬁmdlﬁpeno@m [N 2ndr-3Ryi 20

wh W d Y t ISt s f
20" g 75, o ey ORI S G iy 1 o
-S(O 2, -N, -Nl-btﬁ‘n stitvg, dfkhydrddefi( R cyelbirkyi@r@yBalkyP¢dntaining (oDe- @Rnaned
P((O)z(CR)Z; X i sstlallggtedyf: Qky rcye léyG(r Sti n;yo allk IafanZa‘L

cycl oal kyl ene ZEe tero ﬁp"lﬁlﬁ?lﬁ‘gﬂli;mghg %oﬁ{a ‘ﬂf” Ofi=20¢ ary i[grymgplgﬁlgmgt ons
sel ected from OpnéSor Moréfételd amseleaéd ﬁbmlens nranarwbtems apistaniinteggr one
~or nore hetero atons selected fromO, N and P atons; each R R and. R2

are each® | ndepehBR0 tp Gandyissn F‘FQQWPF]@O'BF'O'G@ -consi sting of hydrogen,

al kyl, cycloal kyl or cycl oal kyl containing one or nore hetero atons
selected from0O, 30 S, N and P atons, and aryl or aryl containing one or
mor e .het er &. at oAscleaning coptpaisitiom of, Clajm ¥ aherein dbe woTrosign Hnkibiting salvenh2 | s

' lndependent 'Y ampound is a compound selected from the formulae:

15 '. )
W'(CR1R2)n1‘X'[(CR1R2)n2‘ z
or

T-l(CRsR )2},

20

where W and Y are each independently selected from the group consisting of
o , =0, -OR, -0-C(0)-R, -C(O)-, -C(O)-R, -8, -S(0)-R, -SR, -8-C(O}-R, -S(0)R,

-S(0)z, -N, -NH-R, -NR;Rz, -N-C(O)-R, -NR-C(O)-R;, -P(0), -P(0)-OR and

35 -P(OMOR)y; X is selected from the group consisting of alkylene, cycloalkylene

or cycloalkylene containing one or more hetero atoms selected from O, 8, N

and P atoms, and arylene or arylene containing one or more hetero atoms

selected from O, S, N and P atoms; each R, R, and R, are each

independently selected from the group consisting of hydrogen, alkyl,

30 cycloalkyl or cycloalkyt containing one or more hetero atoms selected from O,

| S, N and P atoms, and aryl or aryl containing one or more hetero atoms

selected from O, S, N and P atoms; each of n1 and n2 is independently an



integer of fromO to 6; and z is an integer of froml to 6 when X is

al kyl ene, 25 2 Decenber 2005 cycl oal kyl ene or arylene; and z Is an integer
of fromO to 5 when X is cycloal kyl ene contai ning one or at ons
selected from0O, S, N and P atons o?saryl ene cont ai ni ng 3%‘78?‘ ﬁ’b%&’net ero
atons sel ected fromO S. Nand P atons; T is selected fromthe group
consisting of -O, -S, -Nand -P; Zs is selected fromthe group consisting

of hydrogen, e

I ndependent | y gﬁ&%“t"%?@r’%%@ aj‘?%b“ ancgﬁééegtolf ng o fil%g%dg\gﬁ% S‘kﬁl@ﬁ@

cycl oal kyl or cygéloakishe Cmna@lelnan@ndnz: i9ranninteger haft from Atton§s whﬂrea(t isd from
0, S Nand P ato nd ar or .ar cont.ainin one 0 e h Q atons .-
‘selected from Ocygalkfl #@m&m T ore heterp Igc%ldq%"bﬂ %t ﬁ) and y
i's an integer ofp itHRi¥ or ér?leﬁe cBntalhing 676 b BIOROABIBRI AfoRTs SiedtbdifrBIONBET ei n
the corrosion inhibiting solvent conpound Is a conpoun # equf( the
formil aes 15 W N#0d Rafems. T [selegted f"OE‘-tFQQB?UPZ‘@“ Qﬁg‘@l '};?" e

‘and Y are each wgf\%?ad%@thé@r&ﬁe §i§tﬂgéff}f§dﬂfg%\=lp-@%‘5mﬂ Qarﬂf-S%O

-OR, -OC(O-R,
-S(0 2, - N - NHeRgh -afRRR2R, andc&-:))araz eadkRindependently o@d fro @%e @OWhd 25

P(O) - (CR) 2; Xis
ai kyi ene, cycl oﬁ%’?@%& %‘F&%&f IO%& I(S)‘J%':tS I Nl r@f 8?1“etammg o orhren?reer
atoms sel ect ed thietero @torfis shlecﬁaddrd?n@cﬁrw and P atoyiseaadarylaxr;andmenmb'tingal ni ng

[ h I d f ) , d
R2 are GAch | n@BRERASNEINPIS AT PRGN CgPoli e 1081 S gl

al kyl, 30 cycl o@ffgm ®@fo 6%t §as ki intégerictfrombtoodle or nore hetero at oms
selected from0O, S, N and P atons, and aryl or aryl containing one or nore

_hetero atons selected from QO S, N and P atons; each of nl and n2 is
I ndependent{y am cleaning composition of Claim 5 wherein the corrosion inhibiting solvent

compound is a compound selected from the fon'nul_ae;

i5

W-CRR2)n-X-{(CR{R2)z-Y):

or
20 T-{(CRsRy)m-Z],

where W and Y are each independentiy selected from the group consisfing of
=0, -OR, -O-C(O)-R, -C(0)-, -C(O)-R, -5, -5(0O)R, -8R, -S-C(O)-R, ﬁS(O)z-R
25 -3(0)z, -N, -NH-R, -NRR;, -N-C(O)-R, -NR,-C(O}-R;, -P(0), -P(0)-OR and
' -P(0)-(OR),; X is selected from the group consisting of alkylene, cycloatkylene
or cycloalkylene containing one or more hetero atoms selected from O, S, N
and P atoms, and arylene or arylene containing one or more hetero atoms
selected from O, S, N and P atoms; each R, R; and R, are each
30 independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl or cycloalkyl containing one or more hetero atoms selected from O,
S, N and P atoms, and aryl or aryl containing one or more hetero atoms



26 2 Decenber 2005 integer of fromO to 6; and z is an integer of froml to
6 when X is al kylene, cycloal kylene or arylene; and z |Is an int eger of
fromO to 5 when X is cycloal kyl ene 7cont ai ni ng one or %ﬁ) het
selected from0, S, Nand P atons off aryl ene cont ai ni ng @C’Bﬁn het ero
atons selected fromO, S. s Nand P atons; T is selected fromthe group
consisting of -0, --S, -Nand -P; Z is sel ected fromthe group consisting

Chaependont |y Sarste bR G st Rband BatomESEncle AT anf R ndRbeRbgpb
gydsoalNké IndOL g?tggged:ﬂﬁdm@m & andg istwQégemvf fromh ¢ tte Bowhdro Xds alltyleneed from

d t 0 hes -
atoms sel ect ed WF'BW?-"% &rNga’llﬁ!'ePar oﬁgon*?ﬂa#r@lgﬁ% (%Tnfr&&:po{ go ‘F’E%’?n%?strg 6.

and y is an i ”tcﬁg@é!k%nércgmainiﬁfo& oﬁﬁoreﬂhétér%aélbrﬂg sBRERRAINdrh @) NN sARi M 5
wherein the corrosion inhibiti sol vent conpound is a onpound sel ected

fromthé fornulPaatomssongaryteng, jiing sne prporgbetere atpms %ﬁlec@@ reo] OcR3R4) m

e L choms e il
: gg 3 r CRR zzaﬁd S $))‘5electe|d gromkma  grolyRemasisting- af(hgdragen, MERs, GN(Rs)Rand: 18§Rg) |

al kyl ene, cycl 03% ?f( % ﬁd é&‘{/? %Pk%ci’hg\fd%ggﬁ%mﬁyggge?on%é:g&%n;tbée%@%ro
atons sel ected o‘onsmuﬁg oShdeogemOhllEyl mmlkyaadcymtoﬂlghgogtamwbmer ugre gi n;zg

one or nore hetero atons

R2" ar e ach 30 OB USRI ST G FhaOg o B0 cBY| A ey on iing
hydrogen, al kylgne &Yﬁét@a{éﬁ% A6mS ¥eleerbfiom 098! Ri dhd afdives; @ is8N intdyer er o
atons selected from90, N and P atons, and aryl or aryl containing one

or nore heteroCﬁtf@ﬁ%oiqﬁzﬂnééldéﬁﬁémeW@f@m tia®d fromo, s, Nand P atons;
each of nl and n2 |Is independently an

- 11. Acleaning composition of Claim 10 wherein in the definition of R through R5__t‘he
18 alkyl group has from 1 to 6 carbon atoms and the aryl group has from 3 to 14
carbon atoms.

12. A cleaning composition of Claim 1 wherein the corrosion inhibiting solvent is
selected from the group consisting ofethylene glycol, diethylene glycol, glycerol,
20 diethylene giycol dimethyi ethér, monoethanolamine, diethanolamine,
triethanolamine, N,N-dimethylethanolaminé, 1-(2-hydroxyethyl)-2-pymolidinone,
-4-(2-hydroxyethyl)morpholine, = 2-(methylamino)ethanol, 2-amino—2-methyl-1- |
propanol, 1-amino-2-propanol, 2;(2-aminoemoxykeﬂ1anbl, N-(2-hydroxyethyl).
acetamide, N-(2-hydroxyethyl) succinimide and 3-(diethylamino)-1,2-
25 propanediol. |

13. A cleaning composition of Claim 2 wherein the comosion inhibiting solvent is
selected from the group consisting of ethylene glycol, diethylene glycol, glycerol,
diethylene glycol dimethyl ether, monoethanolamine, - diethanolamine,

30 " triethanolamine, N,N-dimethylethanolamine, 1-(2-hydroxyethyt)-2-pyrrolidinone,




integer of fromO to 6; and z is an integer of from1l to 6 when X is

al kyl ene, cycl oal kylene or arylene;. and z.,is an integer of fromO to 5
when X is cycloal kyl ene containing one or nore hetero atgons selected from
0, S, Nand 5 P atons or aryl ene cong&ining one or nore héCSCEMREHARDS
selected fromO, S, Nand P atons; T is selected fromthe group consisting
of -0, -S, -Nand -P; Z is selected fromthe group. consisting of hydrogen,

OR5, -N(RS)z %%&@l?gethg i hQIfneBs.o 2 ﬂﬁﬂeyuy%nﬁé)%oﬁacﬂah{mﬂwwm y

sel ected fromt st1ng rogen, alkyl, 'gﬁcl oal kyl -or
cyc¢l oal kyl contpeopanoly bamin-24poopandp 2rid-aminoathox-ethansht db(2rhydraethd) N and

P atons, and aryl, or aryl,- Wy 0 L r e terggﬁétﬂﬂg‘ mitR)-eet ed

fromO, S, N ar?\ée'lgn}ﬁ%ns;NW%ﬁgpeggﬁc%T@rom -0 6.and 'y |2.’an' Co
i.nteger of fromprdpdnediel. 11. A cl eaning conposition of C aim 10 wherein in
the definition of R ,through R5 the 15 alkyl group has from1l to 6 carbon

atons ard the aryl group has from3 to 14 carbon atonms. 12. A cleaning
conposition of Claim1l wherein the corrosion inhibiting solvent is

sel ected f1pm tAeleaniyRcopgisition iof Claifres wierein thé yombsionliishibiting: selveityisol
gl ycerol, 20 diethylene glycol dinethyl ether oet hanol am ' -

di et hanol ami ne,se‘qcilqdéf%%gﬁpﬂé?"ﬁt'ﬂé@f ﬁ%‘ylﬁw g&oﬁéﬁngpg‘ﬁeﬁggrﬂcﬂ?glyoeml, o
1- (2- hydroxyet hydthdemey ' 'fifcolli ithéthyl “ethér, hyflorosttdrdidmine, pdigthamelamine,

2- (et hyl am no) et hanol , “Z-ami no-2-net hyl -1 - pr oE)anoI , l-a ';Po- 28{ oRanoI ,
2- ( 2- at ni noet hdrgthanolamioe, NNcimatyethapalamine 1- M@MGHB’,ES" -pyrrolidinens, -~
N- (2- hydr oxyet hy},). L ad. 3- 4.6l J"m%é‘ﬁ , 20.2RinB2oRsmhedi-ol .
13. A cl'eani ng %Lﬁmegiﬁwﬁp@%m Zﬁ&hgtpg?én t he %r(t)c.r},r 0Si o_nnl nhi bi ti ng
solvent is selmoparblf leamihd-2-propanol, c 3+2aminasthaxy)-ethanole M-(2shydrexyethyl)

di et hyl ene gl ycol l,ycerQl | en .  di hy i .
nonoet hanol am n%",e"‘ﬁﬁﬂ%/-har&(%'ﬂ?’%@ew)t i gstugéﬁ%ﬁ%em ngﬁH 3-(@fHflamino}1,2

N, N- di et hyl et hsioparstiohe, 1- (2- hydroxyet hyl)-2-pyrrolidi none, 28 2 Decenber
2005 4-(2- hydroxyet hyl) nor phol i ne, 2-(nethyl ani no) et hanol , IR |
2- am-no- 2-methyl - 1= propanol, 1-am no-2-propanol, ’

2--(2-am noet hoxy) - et hanol, N-(2-hydroxyethyl). acet am de, ]
N=( 2- hy gy oxget hxl dednitRC tdtnpasitonasfdClaing di whénginathienadriosion. inhibiting solvent is

selected from the group consisting of ethylene glycol, diethylene glycol, glycerol,
diethylene glycol dimethyl ether, monoethanolamine, diethanolamine, -
triethanolamine, N,N-dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone,
4-(2-hydroxyethyl)morpholine, 2-(methylamino)éthanol, 2-amino-2-methyl-1-

20 propanol, 1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl)
| acetamide, N-(2-hydroxyethyl) succinimide and 3-(diethylamino)}-1 .25
" propanediol. S 3 ' :

16. A cleaning composition of Claim 5 wherein the corrosion inhibiting solvent is

25 selected from the group consisting of ethylene glycol, diethylene glycol, glycerol,
diethylene glycol dimethyl ether, monoethanolamine, diethanolamine,
triethanolamine, N,N-dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone,
4-(2-hydroxyethyimorpholine,  2-(methylamino)ethanol, 2-amino-2-methyl-1-
propanol, 1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl)



propanediol. 5 14. A deaning conposition of Claim3 wherein the corrosion
inhibiting solvent is selected fromthe group consisting of ethylene

gl ycol, diethylene glycol, glycerol, . _diethylene glycol dinethyl e ,
monoet hanol am ne, di et hanol am ne,  t #Pet hanol ani ne, 2 Becdibef 2063

N, N- di met hyl et hanol am ne, 1-(2-hydroxyethyl}2-pyrrolidinone, 10

4- (2- hydroxyet hyl ) mor phol i ne, 2- (et hyl am noj et hanol , 2-am no- 2-nethyl -1 -
propanol, 1- am 04 rop - (2-.am noet hox et hanol hydr oxy-et hyl )
acet ani de, N- (22 ‘Fﬁ'z%?'@%yeta'ﬂ%'?y ’gﬁﬁ"?ﬁrﬁm a%'%Hﬁée(dPB‘? hy?é‘maﬁm ringHe,2-
propanedi ol . 15prbpanediot! eani ng conposition of Caim4 wherein the corrosion
inhibiting solvent is selected fromthe group.consisting of ethylene
-glycol, diethylene glycol, glycerol, diethylene.glycol dinethyl ether,
nonoet.hanol am ne, diethanol am ne, triethanol am ne,

N, N- di met hyiyet hﬁ.lﬂiﬂaﬁﬁglﬁ:@mpbsﬁ&l Bkl ebrpROIngAwater bt I6AS1@NS other o anic

4-(2- hydroxyet h hol i ne, net hyl am np) et hanol , - 2- am no- 2- net hyl -1 20
propanol® 1-am ébg'cgy'ﬂ\? étQa SrRUR.RANSISHRg of ditaetby!, sqﬁoﬂgehﬁlﬂb@ﬂ9et hyl )

acet am de, N(ZE,{w@iﬁ,gﬁWﬂy,heméucm ni m de and 3-(diethylam no)-1, 2-
propanedi ol . 16. A cleaning conposition of Claim5 wherein the corrosi on
inhibiting solvent is 25 selected fromthe group consisting of ethylene
gl ycol, diethylene glycol, glycerol, diethylene glycol dinethyl ether,

monoet hanokgyi ”Rcléﬂnﬁfgh&ﬂﬁ’bo%{ﬂoﬂeof dcléifn' Gtoﬁﬁmpﬁéigﬁ”vﬁr?? r or. at least one other co-

N, N- di et hyl et hanol am™ne roxyet
4- (2- hydr oxyet hsalyenbsgiacted fiom me(greumwmismn)oétdimetbw suh‘onde rmlfa!anexar;d -] -

propanol, 1-am 2- (2- am noet hoxy} et hanol, N-(2-hydroxyethyl)
29 2 De!(L:enber %&g@fgéiﬁlﬂ@é N- ( 2- hydr oxyet hyl ) succi ni m de and

3-(di ethylam no}l 2- pr opanedl ol. 17. A cleaning conposition of claiml
conprising water or at |east one other organic 5 co-solvent selected from

the group ggnsi tél&%rg 096138&.@{1' of %’airg)quomsﬁ'siﬁm iter or a'f'qeast one other .

dlnethylplperl one.
‘organic co-solvent selected from the group consisting of dlmethyl sulfoxude

sulfolane, and dimethylpiperidone.
15 |
20. A cleaning composition of claim 16 comprising water or at least one other

organic co-solvent selected from the group consisting of dimethyl sulfoxide,
sulfolane, and dimethylpiperidone.

"~ 20 21, A cleaning oomposntion of claim 1 comprising tetramethYlammonium hydroxnde
tnethanolamlne trans-1 2-cyclohexanediamine tetraacetic acid, sulfolane and
water.

22. A cleaning composition of claim 1 comprising tetramethylammonium hydroxide,
25 1-(2-hydroxyethyl)-2-pyrrolidinone and water.



18. A cleaning conposition of claim6 conprising water or at |east one
ot her co- solvent selected fromthe group consisting of dinmethyl sulfoxide,

sul fol ane, and to dinethyl piperidon 19.. A cleaning co sition i cl-aim
11 conprising water or at |east one g?her or gani c co-solgE%Feggﬁégﬁi% from
the group consisting of dinethyl sulfoxide, sulfolane, and '

di met hyl pi peri done. 15 20. A cleaning conposition of claim 16 conprising
wat er or at_|east one other _organic¢c co-solvent selected fromthe graup

consi sti ng oF dAnEeINg cmPpesitiancor claimy t sprpdsing tlrameatiiammenier hydpdde.2> o
21. A cl eani ng g isifidkie? trietahoBming 8APWaRIrNg t et ranet hyl ammonl um

hydr oxi de, tri éthanol am ne, trans-1, 2-cydohexanedi am ne tetraacetic acid,
sul fol ane and  -water. 22. ‘A cl eaning conposition of claim1 conprising
t et ramet hyl anmoni um hydr oxi de, 25 1-(2-hydroxyethy2-pyrrolidi none and

water. 30 2 cey; i i | beltd ' L Si ng
tetr anet'hylzadr?ieiomgnéq!u d%ﬁgf@ ‘gi net h@#@gﬁ?@iﬁﬁwgﬁhﬁm@h ne géh’d'
water. 24. A cl &igthanglapingoethyiens ghfcob | ethylenedissnipe i tetragmethyleaerphagpheniconi um
hydr oxi de, 5 ”a'bﬁtatﬁa'a@t@rm ne, ethylene glycol, ethylenediamne

tetra(net hyl ene phosphoni¢ . acid and water. 25. A process for cleaning a

m croel ectronic substrate having at |east one of a porous dielectric, a
lowic or high-ic dielectric and copper netallization, the 10 process

CCTPY LS00 573 ikl . ALY Fihhodin SO FRIRGSHLBBR, b ofa 11
conpri ses: frompalzust ditlethigy BoloBAgodryhighgtibleofricoand aopper enetallizationptheum
produci ng strong, 338 cSABihy el PU-EeRMle vai & Bitg Yoot fPS
time sufficient to clean the substrate, wherein the cleaning composition
compriseS: | .
from about 0.05% to 30% by weig_hi of one or more non-ammonium
~ producing strong base containing non-nucleophilic, positively.charged counter
15 ions; '
from about 0.5 to about 99.95% by weight of one or more corrosion
inhibiting solvent compounds, said corrosion inhibiting solvent compound
having at least two sites capablé of complexing with metals;
from about O to about 99.45% by weight water or other organic co-
- 20 solvent;
from about 0 to 40% by weight a steric hindered amine or
alkanolamine; - . ] | '- o
from about 0 to 40% by weight an organic or inorganic acid;
from about 0 to 40% by weight of an other metal corrosion inhibitor
25 compounds; '
from about 0 to 5 % by weight a surfactant;
from about 0 to 10% by weight of a metal ion free silicate compound;
from about 0 to 5 % by weight of a metal chelating agent; and

from about O to 10% by weight of a fluoride compound.



fromabout 0.5 to about 99.95% by wei ght of one or nore corrosion

I nhi biting solvent conpounds, said corrosion inhibiting solvent conpound
having at |east two sites capable of conplexing with net aé : frgm t O
to about 99.45% by wei ght water or ofher organic co- 20 s Iaﬁéﬁ't“,.e'f about
0 to 40% by weight a steric hindered am ne or al kanol am ne;- from about O
to 40% by wei ght an organic or inorganic acid; fromabout 0 to 40% by

wei ght of an other- netal corrosion inhibitor 25 conpounds; fromabout 0 to
5 % by weight a surfactant; fromabout 0 to 10% by wei ght of a nmetal ion
free silicate -conpound; fromabout 0 to 5 % by weight of a netal chelating
agent; ang fro : 9 s W ) Jluori.de conpound. .31 2
Decenber r2%005 %?&Rk%orfgcéie@sésgﬁg%é%e %gh\ﬁﬁlenr@?ﬁmt PR ﬂﬁ%ﬂg gﬁﬁ%ﬁﬁfﬁ]%? oduci ng
~strong base i ¢eteaalkyamaminkirh iydoxideotsalt theref. or. salt thereof. 27. A
process of claim26 wherein the tetraal kyl ammoni um hydroxi'de or salt is a
conpound of the formula [(R)4 N7o[ wherein each R is independently a
substig ut2d orApnsdasbsodf dlaitred6 alhleydin greaetpaalkylarn mobitim hydroxadet oragaltania and p
and g are equal and are integers of from1l to 3. 10 28. A process of claim
27, wher ei n, Rep@paHnd pkife fgrAuld containing 1 to 22 carbon atoms and X Is
OH or carbonate. 29. A process of id i,qg erein Ris an al kyl group of
froml to 6 carbon is atons. 30. Fgfo ss*of Claim25 wherein the )
corrosi on i nhisbetéingasio IR isrindepenuianty a substitutedmrundubstitetséddikir grouphX

formilae: . 2:05 OH or a salt anion; and p and q are equal and are integers of from 1 to 3.

10 o _ _
| 28. A process of claim 27 wherein R is an alky! group containing 1 to 22 carbon
~ atoms and X is OH or carbonate. |
_ 2_9. A pro'ce.;s of claim 27 wherein R is an alkyl group of from 1 to 6 carbon
15 atoms.’ ‘ . e '
30. A process of Claim 25 wherein the corrosion inhibiting solvent compound is a
compound selected from the formulae:
. 20
W-(CRR)ni-X-{(CR{R2)nz- Y]
or E o
, T{(CRR}n-Z]y
25 o
where W and Y are each independently selected from the group coné'isting of
=0, -OR, -0-C(0)-R, -C(0)-, -C(0)-R, -S, -S(0)-R, -SR, -S-C(0)-R, -S(0)-R,
-5(0)s, -N, -NH-R, -NR;R,, -N-C(O}-R, -NR,-C(0O)-R,, -P(0Q), -P(0)-OR and
30 -P(0)-(OR),; X Is selected from the group consisting of alkylene, cycioalkylene

or cycloalkylene containing one or more hetero atoms selected from O, S, N
and P atoms, and arylene or arylene containing one or more hetero atoms

31



W(CR R2),,,-X[(CR R2)"-Yk or 25 T-[(CR3R4),a Z)r where Wand Y are each
i ndependent |y sel ected fromthe group consisting of =0, -OR -OC(O-R
-C(O-, -C(O-R =S, -S(O-R -SR -5CO-R -S(0O02-R ;902 -%O-NH-R,
NR R, -NC(O-R -NR-C(O-R2, -P(8, -P(O-OR and 30 -%ES-%)"L-'(“BQ 0% s
selected fromthe group consisting of alkylene,.cydoal kyl ene or

cycl oal kyl ene contai ning one or nore hetero atons selected fromO0, S, N

and P atons, an epe Ol aky | ANe.GORt ak i ng r rLeqhgt exa 31
32 2 Decenber Zgﬂg&éélfe}@?‘eé)’fr%mﬁo?né; pN%gdrtheg orr@’t ehé dR,R’ Fé'%a%%iagg are
each i ndependeimdepersienty t seleCtedmficine theogroup neonsisting of hydiogene nalkyll kyl |,

cycl oal kyl or cycloal kyl contai.ning.ane or nore hetero,atons selected from
0/ & Wana ¢ Sl B RPN SoRAiRG 0B cERisrn Belste Sihs PSR SOt o -
s sel ect.e‘]gl ;rorrsg,N Sndmamind §, ahormyl eaaryl %nt?hi@dné%ri mgfmdema;l(dm y an

i nteger o romQ to 6; a i s an_integer rom1l to, en S

W kylones  cyol SPRPAAIET G Srly Aol lbias;oach s ADA Gt isdndenesrpElian s
when X I's  cycl gidder!of ant 01b #; lind% RNéh MiedB?'o? 1R §7t8 PAER XS8! Migiend, f rom
0, S, Nand P atons or arylene containing one or nore hetero atons :

sel ect ed from ocyeipalkviene gharpeacorpd 7 Is ansintegareef froamo: e Sgwhep X Is

ST ot Bl e b OER ST e

i ndependent | y sPlatomedrfarylene hentginingpone ongiose hatgrohitdmsiselgetad fronk (L S,

0" s " Ninap. aNGHETP Bldng s Yslbclit AR RE ol eeniBudr o R shires O

at gms sel ected fy Qéle(ﬁfed ?’pnNﬂ?drﬁéﬁbgllﬁﬁtRm dfshyﬁlmdsm} eOR;, -ngﬁ,rmm BRpH ﬁ
an ylS an I nte r rom t . . Focess o I m ereln the
o Lt on 't bEssih g7 Ry URu andy iy AR P4 IfdephRUR SEre (Tain {hg, GTPPR

fornul ae: consisting of hydrogen, alkyi, cycloalkyl or cycloalkyl containing one or more |

7 hetero atoms s_elect_ed from O, S,Nand P atoms, and aryl or a;yl-cqntaining a
15 - one or more hetero atoms selected from O, S, N and P atoms; m is an intsger
of from 0 to 6 and y is an integer of from 1 to 6.

31. A process of Claim 26 wherein the corrosion inhibiting solvent compound is a
compound selected from the formulae:

20

W-(CR;R)n-X-{(CR|R)r2- Y]

o ‘ R |
25 : T-{CR:R)w-Zy

where W and Y are each independently selected from the group consisting of
=Q, -OR, -0-C(0)-R, -C(O}-, -C(O)-R, -S, -S(0)-R, -SR, -S-C{(O})-R, -S(0)R,
30 -5(0),, =N, -NH-R, -NRR;, -N-C(O)}-R, -NR,-C(0)-R,, -P(0), -P(O)-OR and
-P(O)-(OR),; X is selected from the group consisting of alkylene,
cycloalkylene or cycloalkylene containing one or more hetero atoms selected



20 W(CR R2),,,-X[(CR R2)" -Yk or 25 T-[(CR3R4)m Z) Y where Wand Y are
each independently selected fromthe group consisting of

=0,-0R -0 CO-R-C(C,-CCO-R-S,-5(0-R-SR -S-C(O-R - S%&R 38 S(O)2
‘N, -NHR -NRR2, -NC(O-R -NRL-CB®)-R2, -P(O), -P(O)- 005
-P(O-(OR)2; Xis selected fromthe group consisting of alkyl ene,
cycl oal kyl ene or cycl oal kyl ene contai ni ng one or nore hetero atons sel ected

containng. one Tt O 8NP Soff sha e of Mpdle s6MEnHy Bhe B Mg, .
each R, Ri and hegeraratorss sklectaddeqra @] 8)tN an&é’laiorhe;obafmditn RiehdfRpame each

t . al Lo I'Qal kyl | Ik |
more netoro at diiereRRgRy, Sefddied UG 3R (itonl' 65U, o nGIRYEN oA o1 © "
cont ai ni ng one cyuoamyboﬁlgicﬁfaﬂ(yabmfﬁlmr@&ir@éraﬁoﬁfm@ at&ns Ne%&tédﬁr@hm

each of nl and p2.is endent | ~integer of fromO to and z is an
i nt eger %of fro INt*U' &W'Sx and éﬂ’iﬂ %W'(?Pﬁ)éqnﬁy?reﬁ@f%rhegﬁ"w@ﬁ@s and z

is an. integer gafectddfrof OO NERA F><atoﬁ1s %éeﬂ. QRhi EnaN®2 &OIMk #Hd&aupaﬁ or

nmore hetero atoms sel ected from 0 S, P atons or aryl ene
cont ai ni ng one 'Bﬁegﬁbﬁfeﬁmtfbtcbsaﬂm l%ene!@t’ﬁﬂﬁ' ofrfeam d, to whenahis atkdensrs: T

s selected fr u t 0 4.S ect ed
fromthe gr oup%rggﬁ'&?‘%g&o% ﬂﬂéﬂﬁ oég@ z fs(ﬂg,int:eﬁf ng@ﬂgnd?q é&” eﬁeggf% of
R3, R and R5 alyeloeﬁwlenemmn@nneprsmkehem &toms sebectend from Oc®yNianti ng of
hydr og al kyl 0 al kyl onta ng. - One of Jre | S, hetero
at ons glgl ected '?ra @ﬁ%&aw&me #@%‘388% or ?fewmégorﬂ? ?F[ee{?ﬁt |q1§ one
or nore hetero NandP atehscﬂ”dﬁséleo@d@ronﬁthe%r&mﬂcﬁlsﬁtlﬁgmf -0) is; -Hrandnpeger  of
from0t06andy| aﬂlnt er of froml1lt ﬁg&%sof Cllgém27
wherei n the cor' §€I851P4 FTAMLINE; 9TguB Sepeiating. g Pﬂﬁﬂ- sORs bnBbdine
sel ected from teiehf oF Ry &G af FRafRbach Mnddpefidérly: seiddted from the group
' consisting of hydrogen ‘alkyl, cycloalkyl or cycloalkyl containing one or more
15 hetero atoms selected from O, S, N and P atoms, and aryl or aryl containing
one or more hetero atoms selected from O, S, N and P atoms; m is an integer
of from O to 6 and y is an integer of from 1 to 6.

32. A process of Claim 27 wherein the corrosion inhibiting solvent compound is a
20 compound selected from the formulae:

W+{CR{Rz)urX-{(CRR:)or Yk

25 or
T-[(CRR)wZ],

where W and Y are each independently selected from the group consisting of
30 =0, -OR, -0-C(O)-R, -C(0)-, -C{O)-R, -§, -8(0)-R, -SR, -8-C(O)-R, -S{0)-R,

-S(0),, -N, -NH-R, -NRR;, -N-C(0)-R, -NR-C(0)-R,, -P(0), -P(0)-OR

-P(O)-(ORY),; X is selected from the group consisting of atkylene, cycloalkylene



25 or T-[(CR3R4A)m Z]r where Wand Y are each independently selected from
the group consisting of 30 ) '
=0,-OR-0C(O-R-CO-,-C(O-R-S,-9(0-R-SR -S-C(O-R, : Oc)eZ-R -S(0) 2,
‘N, -NHR -NRIR2, -N-C(O-R -NR-CB®)-R2, -P(O), -P(O) -&recerbe208R) 2. x
Is selected fromthe group consisting of al kylene, cycloal kylene 34 2 '
Decenber 2005 or cycl oal kyl ene contai ning one or nore hetero atons sel ected

fromO;, S, N and P atonms, and arylene or arylene containing, one_or npore
hetero atons s@l @daalkylenseantainingongror rporg: higtero alaws selected fram RpSalNe

cach. | Lndependany by afflse GhArienddr iy he WBntaRii) phi B9 Aére/WeleRIBRmS? KV

s cycl oal kyl or cycl oa | “contal ni ng one- or nore hetero atons sel ected

fromO0, S N aselegledt Bom Qind. aNybendrP aatpms; cgachi M.nR:oand dR: @pe eeaght er o

naependent 1y aRCepRdbnay spefRd o AR offR" sSheBthe W Bealoben. et 1

6 when X is al keyoloatkyl or gydioalk whetaining ore ¢ mors heterd atoms setedted frgmrO,of
fromO to 5 whe i s cl oal kyl ene cont ai, ni one or_nore hetero atons
sel ected from 0,§' E’ apd ;[%@fa/rp,s,a@%ﬁérﬁroraqryq Q{B&E@at%ﬂ%f"ﬁd“?fﬁeh%?mrrﬁ MShetero
at ons tsgal ect]tcad (é)éléﬁg&froﬁa O.?.ﬂg@mﬂ FaFam’ms';le'Ecitn%f$?|@ﬂ£tﬂﬂié Erﬁmp‘eiwerﬂlycawt)_
consisting of -0, -S, -Nand -P; is selecte romthe groyp consisting
of hydrogen, - dinteger of figyp0 tﬁrﬁ’dagég;'s @dﬁwgﬁf? om | to gr%hgqﬂ?%%@ﬁ‘éféﬂﬁf"

i ndependent | y S@M&Eéll@ﬁerfer M drPengr aH® Z1 B aRNRtedll B Adm Y 4b0g 8ihernXKId

cycl oal kyl or-cycl oal’kyl containing one or nore hetero atons selected from

0, S, Nand P afysieglkyigne egnjainipg aneyar mwateiese alpmeseleeted fione On & Brandat ons
selected fromO ‘ S sl f d S
an i nteger of 1 PoRonS o B ELaTEnl irk & inbfY oo aibhys' B i °811 ¥
corrosi on i nhi bNtanddgP atdims; Tt is selgotaditorn sheagroop wposistingsefl -€; +8d-N andnf; e

f Qr‘_m“ ae: W ( CRlsRszglé]ctéc%( fJo?ncﬁieR%}duE)adns%tr’mé) of hydrogen, -OR;, -N(R;);, and -SRs;
7 ' eaéh of Ry, Re.and R; are each i_ndependently selected from the group -
15 consisting of hydrogen, alkrylr,.cygloaikyl__or_cyc‘.l_ga!kﬁl_'containing one or more
hetero atoms selected from O, S, N and P atoms, and aryl or aryl containing
one or more hetero atoms selected from O, S, N and P atoms; mis an Iriteger
of from 0 to 6 and y is an integer of from 1 to 6.

20 33. A process of Claim 28 wherein the corrosion inhibiting solvent compound is a
compound selected from the formulae:

W—(CR1R2),.,,-X-[(CR,R2),,2- z
25
or

lT'[(CRBRdl)m' y

g’ where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(O)-R, -C(0}-, -C(O)}-R, -8, -S(O)-R, -SR, -S-C(O}-R, -S(O)-R,
-8(0)z, -N, -NH-R, -NR;R;, -N-C(O}-R, -NR;-C(O)-R,, -P(0}, -P(0)-OR and



| Tf[(CR3R4)mZ]y 30 where Wand Y are each-independently selected fromthe
group consisting of =0, -OR -OC(GOR -C(O-, -C(OR -S -5(0O-R -SR
-S-C(O-R -S(O02-R  -S(0O2, -N -NHR NRR2 -NC(O-R R2,
_P(O, -P(0)-OR and 35 2 Decenber 2088 -P(O)-(OR)2; X is ZD%PEPFCéO%ﬁom
the group consisting of al kylene, cycloal kyl ene or cycl oal kyl ene
containing one or nore hetero atons selected fromO . S, N and P atons,

and aryl ene or b§.lQ©R§ n§(a||§n Bgle%@ Yomfife d}SIt-II?r a@nt&y S'éﬁ%c g rom

0, S Nand P atoms eaCh are each™ s fed
fromthe group cyAlealkylieng Obpyﬂgdksdmcoraammg onecgrcmoea hqﬂermatoma:selem&cyl

t t n and -
oyt “or By " confor. s Wi haHE, A% A b e edfralinBind o hRE,, 20
P atons; each ofhetdroatems gelested diapEn8eNtdnd laatoms;teager ﬂ,dwﬁd?gﬂeteaclﬁ and
t t0o,.6 | k I
2 1920t e i bl e e, St BB B

cont ai ni ng one a@ycloakgl dreiyelbelkyltwﬁitalﬁﬁd;@ﬁé%ﬂrﬁdr@ﬁ‘eféro atorht 8dtdcted fﬁim)(ﬂ? or
aryl ene cont ai ngqgone grﬁ' nor e hgt ero atoms selected from0, S, N and P
t

atonms; T is sel End Bratems, anrd A8yl o atvk coRigining oge argnoreyhgleso atoms | 5

sel ected from t heleatetPoRMSESNI il Platée! st of n B n FNéFfﬁa endBAitly %> 1S
each of R3, R4 and R5 are eac |ndependently sel ect ed romt e gron :

consi sting of hyeleaefesf frcanwlo 6,8l Dig &y integer of Hlosul itg 16 when X isialiylanee or
nore hetero at 0, d; o, | W

cont ai n?ltr?g oneqﬁ'géloaﬁ(&lgﬁ%et er %[aﬁtbbr?gﬁsel ec dﬁ?@r S?Sfm@pﬂNﬁ;% wﬁ&g%r{%

i's an integer ayclaksyede contéininglone orsmare hetemgaiomsfsefectadftomd)$ Nand4. A

D L oot P AP b AR50 B BT HBkeRIRETS, = °

N and P atoms; T is selected from the group oons_lsnng of -O -S Nand-P:Z
is selected from the group qonsistirjg of hydrogen, -ORs, -N(Rs)., and -SRs; -

15 each of Ry, R, and R; are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl or cycloalkyl containing one or more
hetero atoms selected from O, S, N and P atoms, and aryl or aryl containing
one or more hetero atoms selected from O, S, N and P atoms; m is an integer '
of from O to 6 and y is an integer of from 1t06.

20
34. A process of Claim 29 whereln the corrosion inhibiting solvent compound isa
compound selected from the formulae:
25 W'(CR1R2)n1'x'[(CR1Rz)nrY]z
or
T-(CR:R)w-Z),
30

where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0)-R, -C{O)-, -C(O)-R, -8, -S(O)-R, -SR, -S-C(O})-R, -S(0)-R,



6r T- 1(CR3R4)m Z)y where Wand Y are each independently selected fromthe
group consisting of =0, -OR, -OC(O:-R -C(O-, ~-C(O-R -S, -S(O-R, -SR,
-SSC(O-R -S(0)2-R 36 2 Decenmber 2005 S(O2, -N, -NHR

“NCO-R -NR-C(O-R2, -P(O, -P(F°CR and -P(O) - (m)zzfyecﬁg%éé?%%ﬁed
fromthe group consisting of al kylene, cycloal kyl ene or cycloal kyl ene
containing one or nore hetero atons selected fromO0O, S, N and P atons, and

SN and P acoecpb R WRRE Rl Bl e pRlSk (G 0B At e £ om
the group corXOH(ORY,; of is RERCREETom Sh&Yloup CohslsBAYy Whl@f&nﬁ%ﬂd’é’é!l@i&ne

contai-ning one or nore hetero atons selected from atons, and
;aryl or aryl cceypiealiadens mmawgmommbeﬁﬁmmomsaeam@ﬂﬁbm& S, N5, N and

P-atons; eac f 8N t 0.to 6;
and z is an ?n@gggtronﬁ’]%fn n'M%nP éé"?f%'a@'ﬂké,)'F ﬁt%gylﬁts (}Tﬂ]"é%e or
aryl eme; andselectedafromntGyg&; Nf ahdth @tdmsSe\abhnRX Rs amly Roarkybsdie

containing o e heter toms selected fromO, S,.N and P atons or.
aryl ene cont @?ﬁ?ﬂb"%ﬁ% §eletts e M thg ArekR %%ﬂséﬁ,t{"&dq? bydrggen, alkyland p

atoms; T is epjicatydar bydsalkoftafiim éﬁél%rﬁid 8% Zis
S sel ected e)rﬁdom t)ﬁe gyroupwgonm sting o rroeg%ro a?%n%sﬁelec?i- ':ndzsa)nd SR5;

each of - R3, & MNaand F%aénf@se@m]anfldup@uhﬁﬁméwrsmm@t@rqur@rhtha glomsp
t |
conoi st 19 OkelBida 48R 0,3 N lnaH Shaeh orly &Y SAAH SR MY BT
cont¥i ni ng lﬂt@eolof]fro;reo rheﬁelnda:tiera(ijl intdgec tof frolm drto(d wﬁe?l\x mdlkﬂeﬁéoms m
t to 6 te 11tg 6. 35. A
processof chueidiating, of Ervleh: Snd i e IGaeropl Hom bt Mbem& B Ko
group has féWlDallgWéheﬁcmﬁﬂQ oﬁb@ﬁn&amdt&a Hbins sHetigd figm OF SINBne 14

carbon atons 6. A process of O aim25 wherein the corrosion |nhibiting

sol vent is s2lalemear AndeRe eontaigingugnecem@ipes helgre ptass peleateddrarndD, S,
di et hyl ene QN%@P a%h%ﬁc?ragkeiegie‘atf% ¥ group consisting of -0, -S,.-N and -P; Z

15 is selected from the group consisting of hydrogen, -ORs, -N(Rs)2, and -SRs;
each of R;, Ry and R; are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl or cycloalkyl containing one or more
hetero atoms selected from Q, S, N and P atoms, and aryl or aryl containing
one or more hetero atomé selected from O, S, N and P atoms; m is an integer

20 of from 0 to 6 and y is an integer of from 1to 6.

35. A process of claim 34 wherein in the definition of R through R5 the atkyl group has
from 1 to 6 carbon atoms and the aryl group has from 3 to 14 carbon atoms.

25

36. A process of Claim 25 wherein the corrosion inhibiting solvent is selected from
the group consisting of ethylene glycol, dlethylene glycol, glycerol, diethylene
glycol dimethyl ether, monoethanolamme dlethanolamme triethanolamine, N,N-
-30 dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrro||d|none. 4-(2-



gl ycol dinethyl .ether, nonoethahol am ne; diethanol am ne, triethanol am ne,
N, N 30 di net hyl et hanol am ne, .1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2 37 2
Decenber 2005 hydroxyet hyl) m)rphol i ne, 2-(methyl am no) et hanol

2-ami no- 2- met hyl - 1=propanol ,  1- ani n8f 2- propanol , 2-( 2- angﬁ%?&eﬂ’gﬁﬁ%(%%anol,
N- ( 2- hydr oxyet hyl ) acet am de, “N-(2- hydr oxyet hyl ) succi ni m de and,
3-(diethyl amno)-1,.2-propanediol. 5 37. A process of Caim26 wherein the
corrosion inhibi t| ng solvent is selected from the g roug consi sti ng -of

ethyl ene gl ycol ydgetyherphglige S-(meinyjanainglethanple 2iamiegr 'm%jhﬂ'dd?mﬁﬁ“ﬁbt hyl
ether, nonoet ha‘i‘-%hﬁrm-ﬂ?ro(;%hﬁlt -E(Q-% %_hﬁﬁ&l%%ﬁg& )';é‘oetamlde,

di met hyI et hanol am ne roxyet pyrrol

hydr oxyet hyl ) moNE-dytiosyethiyl) sceciminid man Be(diethylamino)-1 2-propaned|ol

2- ami no- 2- net hyl - 1- pr 6panol , 10 1-ami no- 2- pr opanol ,

2- (2- am noet hoxy) - et hanol , N-(2 hydr oxyet hyl ) acet am de,

N- (-2-'hydro>ééet hx-. ) succinimde and 3-(diethyl am no&@l 2-propanediol. 38. A
process ©f 30 ai fprocess &f &igim; 2fwhelein riogien inhibifng selvent i selected fremt ed

L om e 91 s el of BRe ke honfll YA BB oo
triet Eagol am nﬁglywl Nlmethylﬂmw] mbhmtbamhmlee, diethanolamine, triethanolamine, N,N-
1-(2-

2 (et ant no) SreiRthadiado"s: | St fin EERANEhANBIERIR, O "5 | 4001
R (o bydrony 2%“‘?"“’"‘“"*2". g el Al e il T
A procé;% 01}/ c a%ni %‘%@BP&@QH‘M‘WH [}Y?' i;l—hbdrg)megyﬂt qega@g?'ect ed

from the groupnge ﬂxy éu&trrmidé%ﬂdm(méﬂ{ylandh@tmbﬂﬁﬁn@dnmcol gl ycerol,
I me hy

di et hyl ene gl ycoI et her, nonoet hanol am ne, di et hanol am ne,
triethanol am ne, N, N- dinethyl et hanol am ne,
1- (2- hydroxyet hyl } 2- pyrrol i di none, 4(2 25 hydroxyet hyl) norpholi ne,

2- (met hyl arggno) Rtdrackak.of Tiaim 2P whefthi he cdrroBfoﬁ%ﬂlSlhng sélvé}mls"‘@elé’ct&! ﬁBr’h”O'
2- (2-'am-noet hoxy)-‘et hanol, N-(2:-h droxyI ﬂ acetamd
)@pﬁ i

N- ( 2- hydr oxyet h )grgueaonslﬁmeotaﬁ yiene @1 eifwlens glygofpglxsqﬁba#%mylenss 2
Decenber; 2005 4§|yco§d§}ﬁ&ﬁnflse‘ihé?f michBétharolariRE! GibMahdSming! tiéfHaRBiaity, RiN' N9

sol vént |s sele
dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2-

hydroxyethyl)morpholine, 2-(methylamino)ethanol, 2-amino-2-methyl-1-propanol,
1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl) acetamide,
N-(2-hydroxyethyl) succinimide and 3-(diethylamino)-1,2-propanediol.

20

- 39. A process of Claim 28 wherein the corrosion inhibiting solvent is selected from -
the group consisting of ethylene glycol, diethylene glycol, glycerol, diethylene
glycol dimethyi ether, monoethanolamine, diethanolamine, triethanolamine, N,N-
dimethylethanolamine, 1-(2-hydroxyethyl)-2—pyrrolidihone, 4-(2-

25 hydroxyethyl)morpholine, 2-(methytamino)ethanol, 2-amino-2-methyl-1-propanol,
1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyi) acetamide,
N-(2-hydroxyethyl) succinimide and 3-(diethylamino}-1,2-propanediol.



t he group consisting of ethylene glycol, diethylene glycol, glycerol,
di ethyl ene glycol dinethyl ether, nonoethanol am ne, -

di et hano) am ne, , , trl et hanol am ne, N, g% di et hyl et hanol am E 2005

1- ( 2- hydr oxyet hyi } 2- pyrrof i di none, 43¢2 s hydroxyet hyl ) mo E%‘F&PE“RSf

2- (met hyl am no) et hanol, 2-am no-2-nethyl-1-propanol, 1-am no-2-propanol,
2- (2-am noet ho>§.y) -ethanol, N (2-hydroxyethyl) acetam de, o

N-( 2- hydr Quy et W bioddde 6f Eaith 28 ifbirt e eotdBibhAitifig! sclvdlft 3P 88EtbA lironi' L A
process of clai _ erein the cleaning compositi conprises water or at
i 0 | east one othee graspgenrisisting -of ethylene glydok adiethlylénenglycdie glycero disthyléngt i ng of
di met hyl  sul f Q] . | ngd -di.met hyl., pi peridong. .42. . A.pr- ss of
claim 29. wher gwﬁg fﬂ@%ﬁi%ﬂg’%@ﬁ%g?@?‘m’ ‘E'Bﬁﬁﬁﬁ%@@%ﬁ-‘f’glﬂ%'?"ﬁ% *éast one
ot her co-sol veriimethylethandlafinein t he gi-ghydroxyethylyiqgmelididone;t hyl  4g2- .
sul f oxi de, sul fol.ane d djnethyl piperidone. 43. A process, of claim 35
wher ei n°the cl @Xﬂﬁoﬁ)‘ﬁé@ﬁm*‘%ﬁni gﬁ%ﬁﬁ@@?‘?}%ﬂ@f'%ﬁm’ﬁg‘ ‘W‘@i‘é"rP'B'f?@aB‘?lher
organi ¢ co- sol vesthingesiepaishl,| 292aiitefioRPtsaids | N{2-ApdrekyctylEAddthmide, .

sul foxi de, sulfol ane, and di met hyl piperidone. 20 44. ‘A’process of cl ai m 40
wherein the cl dif7-hiresriwhisucdrimideand Siiethvlanino)sh2-gropanedisk one ot her
organi ¢ co-sol vent selected fromthe group consisting of dinethyl

sul f oxi de, sul fol ane, and di nmet hyl piperidone. 25 45. A-process of claim25

wher.ei n the cl eani ng conposition conprises tetranethylamonl un hydroxide,
tri et hanol4i nd\ Piocgsssoficlaim: 2% whRkein hedsieaningecomposition sempasescwater uat ol ane

and water. 39 ZoddeGRdBfr 3@9&04:9;58@?215 n%ﬁ%ﬁ af@“m ﬁ‘{e?ﬁ&[}fy@ﬁ%ﬁé@ b iyl

cl eani ng conposition conprrses r oxl

1- ( 2- hydr o) yet Isylfgxide, syifolane, dndh dimethyhpipeddome: 5 47. A process of claim 25
wherein the cl eaning conmposition conprises tetranethylamoni un hydroxi de
di met hyl sul foxide, triethanolam ne and water. 48. A process of claim?25
wherein the cl eaning conposition conprising tetramethylanmoni um hydroxi de,
tri et hanol4hi né process einaaini 2% eiherein the cleaning composition comprises water or at '

led@st one other co-solvent selected from the group consisting of dimethy!
15 sulfoxide, sulfolane, and dimethyl piperidone.

43. A process of claim 35 wherein the cleaning composition comprises water or at
least one other organic co-solvent selected from the group consisting of dimethyl
sulfoxide, sulfolane, and dimethyl piperidone.

20
44. A process of dlaim 40 wherein the cleaning composiiion comprises water or at.
least one other organic co-solvent selected from the group consisting of dimethyl
suifoxide, sulfolane, and dimethyl piperidone.

.25 45. A process of claim 25 wherein the cleaning composition comprises
-tetramethylammoniun hydroxide, triethanolamine, trans-1,2-cyclohexanediamine
tetraacetic acid, sulfolane and water.



| 10 et hyl enedi am ne tetra(nethyl ene phosphonic acid and water.

46,

48.

1¢
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A process of claim 25 wherein the cleamng composit:on ‘comprises
tetramethylammomun hydroxide, 1- (2-hydroxyethyl)-2—pyrrohdmone and water.-

A process of claim 25 wherein the cleaning composition compnses

tetramethylammomum hydroxide dimethy! sulfoxide, triethanolamine and water.

A process  of claim 25 wherein the cleaning composition comprising
tetramethylammonium  hydroxide,  triethanolamine, ethylene:  glycol,
ethylenediamine tetra(methylene phosphonic acid and water.



