*167167* WD 03/006598 PCT/ US02/ 21375 AMMONI A- FREE ALKAL CTRONI C
CLEANI NG COVPCOSI TI ONS W TH | MPROVED SUBSTRATE COWPATI BI L “N@MEM@F THE
I NVENTION 5 This invention relates to amoni a-free cl eant e I ons

for cleanin i croel ectroni c substrates, and particul arly td%ich cl eaning
conposi tion Oﬁg@ﬁfﬂ% wi th and having i nproved conpati bil il%/CQ'/W%/H”S

m croel ectroni c substrates characterized by sensitive |owK and hi gh-K

di el ectrics and copper netallization. The invention 10 also relates to the
use of such cleaning conpositions for stripping photoresists, cleaning

resi dues from plasm ge”ehﬁﬁ\@‘ﬁ\lﬂ{-?ﬂﬁﬁﬁ ﬂgﬁ%@%‘?ﬁ%m organic

conpounds, and cl eani ng residues tfrom planar I'On esses, such as

ST TIPSR eSS PR AR

phot oresi st strippers and residue renovers have been proposed for wuse in
the mcroelectronics field ag o TBETNOENT end of the manufacturing
l'ine c%eaners. In the manufacturing process a in filmof photoresist is
deposited on 20 a wafer substrate, and then circuit design is imged on the
thin film Fol | ow hbis inygriiangelatasco anpodniades cedning sosiposionsfisneledningt h a

phot or esi st . e ' i ls.then. transferred to.the
under | yi ng nggf%eﬁ%égrﬁ)ﬂfcm@gﬁatleé érl‘eﬁn%)rbgﬁwﬁﬂzqg&?‘]g? &LEFH"@ %?m%%sﬂth?f‘? L[i?f y of
reactive plwitnanadbavingjiagpesvedrconipeatibilitpwithindtvaslectrerid substates chamactirigbant

ases or chem.cal.. et.chant lutiQns selectively atfack. the_ 25 ,
ghot oresi st- uﬁ%?% VEJPU 3’?‘2@'95?3 &ﬁgc@ﬁﬁﬁnpg\t{)@& e%?l;z@gqn.t Tﬁ? IPYROUN asma
etchi ng praiseselateshiot the aresdf, suthChiéaiing) 26mposticisClor Strippirky pRdtolfdkrsRy, oduct s

are deposi t(?d as re idu&s{aar ound or on the sjdewall of the etched openings
on the subst¢HtE r%‘ﬁ'qui IRIgsMg genefatasy orgaBic; SrgAnAmetallic and dnEganieni ng

step, the r@whsdundsCar®Bedarféstosifed FOM'HsharzauBN! e i¢h the
waf er so that Ftﬁdrlf,e final - T ~TTEH 117114 AU HBoqs8} ilch s ErphicH
mechanical polishing (CMP), as well as an additive in planarization slurry residues.

15 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 etch gases or chemical etchant
solutions. The etchant gases or chemical etchant solutions selectively attack 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

*G00002*



*000002* WD 03/006598 PCT/ US02/ 21375 finishing operation can take place.
This can be acconplished in a plasma ashing step by the use of suitable
pl asma ashi ng gases or wet chem cal strippers. Finding a suitable cleaning

conposi tion, far val of this resist mask material wt versely
af fecting, ng.()g??/?(g%%lr)rodi ng, dissolving or dulling, the ne %Soggl@ﬁcui try

has al so proven problematic. As mcroelectronic fabrication integration
| evel s have increased and patterned m croel ectonic device di nensi ons have
decreased, it has beconme increasingly common in the art to enpl oy copper

netal | i zati fiishing eperation @ahitahe add Thiekees beidesomphe Nt Radm4 ashiny e
presented additional challenges to find acceptable cleaner conpositions.
Many proces8eP¥hHn 88§ Fothiiebler plapaatashinangasespeke wvet rhemieal StNPRgE el oped
for "traditj " T | - ' I [ AT (Te)
AT 02 or B TR ] S R LBl or &5 PR magpen!

met al | i zed Withew adverseli- ffetitivpeetg.i cosediog.t dissslvingoor eduling, ehe metal

hydroxgl am Bﬁcuﬂgﬁf% él§o ﬁ]"chjeﬂﬁ)g&c)]gﬁ"»a{ifg due renover conpositions are

successful | y us or “cleani eévicés with Al netallizations, but are
practically unsuitable for those with copper netallizations. Simlarly,
many copper netallized/ |owK strippers are noet suitable for Al netallized

devi ces unl ess si gRpLf| t ' y i . CO |t 20
Renoval of these e}t&%hhgﬂ%l%&%gﬁ?ﬁ@%t?Ge@téé‘ggﬁ'%‘wﬁr%% hé\?%t%r&(ﬁégs&gf %ﬁd ashi ng
process haspatteonetl rpicaielentatic adevicei Hinredsioas Cltave! deeleysednivieasobecmnér al i ze
t hese residues can result i.n_the absorption of Isture and the formation
of undesi r BFRESHEVIANGn im1he T4 i SER OB JBPBlZRtNS Pl Nafttict ur es.
The ciipcui t diglectiies. eThedesmateiale dave prederiyd hidtioHaf eisdlleAde Lot ettadtsblend
produce discontinuances in 25 the circuit rx}gwi ri ng and undesirabl e

| ncr eases iﬂe@]%&wwftiof‘%si %’P&Y]d&?ce?ﬁé?@'lﬂo Mt ?%m@it'@ﬁa t@ﬁ%aﬁ‘@r begmow a
w de range &Evaeeémaaé\}atdpfbayfdwt *tlt&giti;éﬂl’t 3 “‘con%f‘é?\ﬁ?ﬁeél"’(;%eﬁii@dn‘aﬁétbi lQ)%vi%Qéj

metal | i zations, ranging fromtotally unacceptable t mar gi na
sat i sf act or§ontaiging AYSiOheorc MEEHBIOs tatiuplgeass camnat eleg darepleyesi méth scapper not

accept abl e %Q%HEQH AR Ar Higre! GRIMER rTBLRS! Hob eXUAPI Ry RBkIMRindBlsb W K

di el ectrics
15 stripper or residue remover compositions are successfully used for cleaning devices

with Al metallizations, but are practically unsuitable for those with copper
metallizations. Similarly, many copper metallized/ low-« strippers are not suitable for

Al metallized devices unless significant adjustments in the compaositions 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 circuitry wiring and undesirable increases in electrical resistance.

The current back end cleaners show a wide range of compatibility with
c_ertain, sensitive dielectrics and metallizations, ranging 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-k dielectrics



WO 03/ 006598 PCT/ US02/ 21375 and copper netallizations. Additionally, the
typi cal al kaline cleaning solutions enployed are overly aggressive towards
porous and lowr, and high-K dielectrics and/or copper netallizations.

Mor eover, many of these al kaline cleaning conpositions contain organic

sol vent s t O 0&p§§?8poor product stability, especially at PE/FROYHEIS 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 10
suitabl e for back end cl eani ng operations which conpositions are effective

cleaners apd asphePRRbiafiabidhst OTARIOhART Mk MNEN ARAIPEScleShifR Boorisesi dues
fromplasm process generated organic, organonetallic and inorganic

mat eri al s, eRloyadearsi ougry caggmasive Pwaids RosHs andiaven gidobigBs deIBFECS such as

chem cal i ol.i_shi dt i K i ntj e to
conposi ti E)nralag1 %ﬁga‘f} %ﬁeg Lé'ﬁ%f(': | S@Qi n “Q?FF ?‘}p""{n ﬁ‘da’pg Oghlct)@égets%”%? réer él@én‘?r?g
pr epar i ng/ cdoeguositionsseontain ndgartiosolgents thetshcanpoartproditcl sebility, espegziyl at

conpatibility with advanc interconnect materials such as porous and
| ow-r,° and h‘%egnhkaw %@?&irﬁi}‘eéﬁf?cﬁf‘fptﬁ@pe {'5F1i zations. It has been
di scovered that ammnia (NH3) and ammoni a-deri ved bases 20 such as

anmoni um hydr oxi de and other salts (NH4X, X= OH, carbonate, etc.) are

capabl e of dissolving /cor ﬁ% t hrough conpl ex
formation. Thus they are FEW@&%@P@E%@XM‘S&m conduct or cl eani ng
formul ati ons when conpatibility of lowK dielectrics (i.e., a Kvalue of 3

or |ess) or high-Kyleliecipt&srel iaaﬁeeﬂ]fé?‘ RicYSHiaEroRic 3|@aﬂh%woﬁ%§1ﬁénsand

copper netallizations are required. These 25 conpounds cah generate anmoni a
t hr ough equiuitalie farrbagk eod steaningmperationawhich compositipheareviifientiveegleanerssuch as

ol Powi ng. Gs SRuRaRB sifind B ephs  dedting BistieS Fom pfhé'plopess]
(NH3) 2] + - xgenefated didaniz] drganbqeddlicoand2inorganid mieriald/ aoé sEENIAGTEEROR 21375
Thus, amo i'o%mpt%grrizoa {ogeprgge%sas%jp?sr,"sldc 3§ Ic gm%%Pn%ERgriﬂgﬁ polishing and the
like. This invention relates to compositions that are effective in stripping
15 photoresists, preparing/cleaning semiconductor surfaces and structures with good
compatibility with advanced interconnect materials such as porous and low-x and

high-« 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 t:omplex formation.
Thus they are poor choices to be used in semiconductor cleaning formulations when
compatibility of low-x dielectrics (i.e., a x value of 3 or less) or high-« 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.

NH,X <> NH; + HX (Equation 1)

Cu +2NH; — [ Cu (NH,),)' — [ Cu (NHa)** (Equation 2)



nucl eophilic and netal -chel ati ng ammonia (NH3) through the equilibrium
process described in Equation 1, particularly when other bases such as

am nes and al kanol am nes are added. In the presence of oxygen, netals such
as copper can be 5 dissolved/ corroded through conplex formation with

ammoni a, aswdegewsdsed i n  Equation 2. Such conpl ex formatAG@USeEH3T5ur t her
shift the equilibrium (Equation 1) to the right, and provide nore anmoni a,
| eadi ng to higher netal dissolution/corrosion. Cenerally, sensitive | owK
di el ectrics degrade significantly under strong 10 al kali ne conditions.
Ammoni a and anmoni eri e S RRGF

sensitive dielect rml% gﬁ@ﬂ) g‘gﬁh?}] @1883% %ﬁplsesqu?rggﬁg%?th a é(w'&rf%t hyl

si | sesqui om&o@hﬁ@)andAgeﬁahchdidmg aramopiaoHik traoughnite equilibsiumo prasess

nucl eophil e nd, th ad to reaction de radati on of sensitiv

di el ectric esfgbe?q lrhﬁqugg 1d|%36m’%1ﬂ|¥ ﬂﬁ%ng?ﬁﬁ%ﬁ?%aﬁr 3N 3%t r ong

base al kaldjkghodr9ped a@ ddaeduh aid @agemrﬂf@kmmgn@mm s amimpbr aan be
positively charged counter ions such as tetraal kyl anmoni u ol vents

that cont aidisspivedeggpdeshdhroggh rQS’ﬁiP('ﬁi( TOTATaEPR i Wil) BFTRQSY. 8% Thuch

' rfproved ¢ bRl ¢ %hg|e§ma&.bﬂean Rﬂh@%l@fhe'éﬁ%@nurﬂ'(éh@éﬁoﬁﬂﬁo and/ or
copper ta |zat| on. referred solvent 20 matrices are resistant to

strong aI k &hé nightc endi pravisia snorel aeneania; tegding taibigheametal dispelglian/casragior | ow or
no reactivity to nucleophilic reactions (with respect to nucl eophiles such
as hydroxide ions). The inproved dielectric conpatibility is partially
achieved due to the absence of undesireable nucleophiles in the

conposi tions. GoodGeneafyatsebsitivet ipwink tdielentijssedegndeasionifieantiyrinder sEpieved by

Sl ot v St SN, FmBARACEAS SRR, Seflied SASLOUAN S Bobt no”

sol vehts. nent ' can of nul ated I nto se
practical l ycdmmahaqtyemttsse(mmgadleﬁectmbvm dsdwmgencsilmquwgam)(ldﬁﬁlbm or

slurries. 006598 P 02/21375 DETAl L T, E

| NVENTI ON fﬁ%t éiﬁeSBQB’@“&né%ag é??fa Z'bﬁ¥p8%’? tp'%E"l?a gﬁﬁﬁ&g’ ‘%{‘%rtcﬁ%‘gﬁw N
conprise  OfRIedphiley, andfhug Madt réttibe degradationn sersitive elibledtiigs. st rong base
contai ning non- 5 nucleophilic, positively charged counter ions and one or

nore of any suitable solvent
15 It has been discovered that non-ammonium producing strong base
alkaline cleaning formulations containing non-nucleophilic, positively charged
counter ions (such as tetraalkylammonium) in solvents that contain at least one
corrosion inhibiting arm or moiety show much improved compatibility with sensitive
porous or low-k dielectrics and/or copper metallization. The preferred solvent
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 nucleophiles
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.



stabl e under strong al kaline conditions and having a netal -corrosion
inhibiting arm in the solvent conpound. Anong the suitable non-amoni a
producing strong bases containing non-nucleophilic, positively charged
counter ions suitable for use in the cleaning conpositions of this
invention tWEP¥EE be nmentioned 10 tetraal kyl anmoni um hydTGPHES™or salts
of the formula [(R)4N*]p [X~], where each R is independently a substituted
or unsubstituted al kyl, preferably alkyl of from1l to 22, and nore
preferably 1 to 6, carbon atons (R# H); and X=0OH or a suitable salt anion,

such as carbonate and UmlLqugggcmpd-mN@;pTﬁgqﬁvEm-;bﬁre integer of from1l
to 3. Suitable strong bases also include KOH and NaCH d eani ng

COfT'pOSI ti ons 15 cont ai ni %@t he non-anmmoni um pr oduci ng st rong bases
cont ai ni ng non- nucT & pAyelitack eﬁ6§leﬁﬂ'ﬂgl%?"tﬂﬁ’§hﬂg@d>f(t,*b%mVéﬁthndMB coOmpYiseruch

i mproved cogpRab lﬁbrle' (SfyaryrstulﬂaﬂgrnBH% |u Wiclﬁcmg @ﬁg%:elgesé’r?%@ RHORL

met al | i zati on. Ammoni a- tetraa ni um are very
st r ongs bas eyicleppilic, Wltlhalye:hbl@ed cqurﬂemvm atl one tprrmmiedﬁ anyg suitablessahvginy

i nproved co W t or ous,.and I W K dielectrics., co ed to 20
clrrganl ng cog%[ﬁé ?'d ?‘Ip%{ﬁﬁc?ﬁp %V&g 2 FAgRleORoN ér}gr%rgi are
L e:j r ameéI hyl mmtrmsnlwnt hmpoumdie\mdr@tth@butableanml mnmmrayhp}gm@u@estmg babed i ne

r oxi de. revi ou o control ar jnhi COorrosion
nave | nvol veamad agpartoRbli: PR RYEG GO CaMiPL NG SRS B isei Bine

I nhi bi ting @Wn%m;ﬁjémbnﬁs ofbeﬂié)t rmmb@ (B&)e  ahay el | Wednfioh&y
concentrations of < 2%b i en discovered that unex ect ed,

t
si gni £? cant eﬁ"‘?ﬁi‘ﬁ%’@%ﬁt‘-"ﬁ hy(’é’%@qso Pr s3it§ Qf(%g@fm\dr’@t[@ N'& O Flowherg qagh
provi ded tqg H&%B&l\cfe?ﬂ'ﬂy %%u%@ﬁﬁl%ﬁ Iof hﬁ’é?ﬁosﬁ’tf.:tetdhell |,/ B bl féllg)f’@ﬁﬁj?rﬂ 8o 297 rmr €

"corrosion inhibiti geso vent', 1.e., solv nt conp has at | east
two 30 sitans mapabr r@blycmeexanbgnthms (Bi=al); |a@de>ﬁ=r£Dldmca suitable yet

03/ 006598 U t I t
are. compourdiorh g pargonste Sha el 33 ad S an el Shd B GRS TR rorar
and havi ng dn&uitéble redrongbasks|dlsminolgde &¢GH aindf Ma@H| a€leahing compositions

15 containing the non-ammonium producing strong bases containing non-nucleophilic,
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-¢ 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 controlling 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 to the cleaning compositions of this invention when one
or more “corrosion inhibiting solvent’, i.e., a solvent compound that has at least two

30 sites capable of complexing with metal is employed.



W(CR R2) 1-X-[(CRR2)n2-Y]Z or T-[(CRBRA)mZly 10 where Wand Y are each
i ndependently selected from=0, -OR -0-C(O-R -C(O-, -C(O-R, -5,
-S(O-R -SR -S-C(O-R -S(O2-R -S(0)2, -N, -NHR -NRR2, -NC(O-R
-NR -C(O-R2, -P(O, -P(O-OR and -P(O-(OR)2; Xis is alkylene,

cycl oal kyl ewe oato6s9sc| oal kyl ene cont ai ni ng one or nore het BEGUSRAIES
selected fromO0O, S, N and P atons, and arylene or arylene containing one or
nore hetero atons selected fromO, S, N and P atons; each RR R and R2 are
each independently sel ected from hydrogen, alkyl, cycloal kyl or cycl oal kyl
contai ning one or nore hetero atons selected fromO, S, N and P atons, and
20 aryl or aryl containing one or nore hetero atons selected fromO, S, N

and P atoms; each p?éfenédaae%ueﬂ cbﬁos.aﬁﬁmmﬂﬁ@d%rﬁ@aﬂerwﬁsdun% hatiag 0 to 6;
and z is an integer of froml whe I's al kyl ene, cycl oal kyl ene or

aryl ene; artwonorinorasites parajle owomml@wﬂo vmtb aanmaéand(hawngwe@éthe}wene

cont ai ni ng atons selected fromO0O, S, N and P atons or
aryl ene corf?l%'ﬂgag@érgl fg’?’%%rge 25 hetero atons selected fromO, S, N and P

atons; sT is selected from-0, -S, -N and -P; Zis selected from hydrogen,
-OR5, -N(R5)2, and -SR5; eac RR,are each independently

sel ected from hydrogen, alkyﬁwqugﬁéﬁ Uﬁﬁﬁﬁ 3@?oalkyl cont ai ni ng one or
nore hetero atons selected fromO, S, N and P atons, and aryl or aryl
coptainipgtBHe orfn?re hgtfro6atog§®éﬁle t P IromO,fS},c N agdtP 630|atfﬂs;
mis an integer o rom o 6 an b nteger o rom 0 6. In e
above ldefinitions alkyl and al kylene are preferably of from1l to 6 - 6 WO

03/ 006598 PCT/ US02/ 21375 carbon atons, nore preferabl éeof fromlto 3
car bon atonwhetﬁ/wwxﬁfeﬁﬁ@ 'W@@Mflﬂyﬁ@'ﬁéteﬁﬁ@ﬂérﬁ’br@ dAHEPHRirom 3 to 6

g:; 382 Ztggc Caore p gf ?gg@yﬁom ‘a o@@r%bégoggv gcgon amﬁswu;\l iylt OI 24
preferably sHRB4 ,-NeC)-Ror-Nbtepd):Raal RYORneP(03-OR and -P(0)-(OR),; X is
15 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 hetero atoms selected from O, S, N and P atoms; each R, R, and R; are
each independently selected from hydrogen, alkyl, cycloalkyl or cycloalkyl
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, 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 cycloalkylene containing one or more hetero
atoms selected from O, S, N and P atoms or arylene containing one or more
25 hetero atoms selected from O, S, N and P atoms; T is selected from -O, -S, -N
and -P; Z is selected from hydrogen, -ORs, -N(Rs)z, and -SRs; each of R;, Ry and
Rs are each independently selected from hydrogen, alkyl, cycloalkyl or cycloalky!
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



s preferably nethyl ene, ethylene or propylene; aryl is preferably phenyl;
arylene is preferebly phenylene; hetero-substiituted cycloal kyl is
preferably dioxyl, norpholinyl and pyrrolidinyl; and hetero-substituted
aryl is preferably pyridinyl. Sone suitable exanples are of such corrosion
i nhi biting ‘§8I°?/%1}§%/9§ include, 10 for exanple, but are notPGT¥0¥EH} o

et hyl ene glycol, diethylene glycol, glycerol, diethylene glycol dinethyl
et her, nonoethanolanine, di et hanol am ne, triethanol am ne,

N, N-di rri et hyl et hanol am ne, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-

(2- hydr oxyedafydn @erﬁ@ohioﬂae,pr&en@w WA ﬁolcﬁtshé‘érﬁbn atoms, cycloalkyl and
2- am no- 2- net hyl - 1- propanol -am no- 2-

2- (2-am noéﬂﬁl@ﬁgkyle@ﬁrma@rabwrﬁawjmm@@t6191ar)boac?é@ram ard afyl apd arylene
(2- hydr Oxyg;r@eé'rabl WGt t,ﬂeabamﬂs 35 49i SHEH FBHRONioke ﬁréfé% Aredihbout he

cl eaning c oSl t ons of i'S Invention contalning e non-" anmmoni um
pr oduci ng S ta)r‘iQ trabes atems.bAlkyrisnprefieeably meih)elqathtyhsr psepyil- aljyleogids or

organlc sol ve -.hase onposi tions. T N- aln ' Cj.n ng 20
bases cont aqrﬁeﬁ%bt?%g???m%qrge)c?aw}i?qec?r %85?‘?8%&@%2#’5%gﬁ%?%raq?lgﬁé Iégan be
used with p?@ferétﬂyorphbnﬁéﬂiétirregersadu%enttﬁecal onslodlkyli ns C prisfierdly odiowylt h ot her
st abl e sol vents, l(ijpreferabltsjy ﬁne ar re pol ar org IH% agglvents esi st ant
to strong BBY®EOUMNapd gyTRisiny (ﬁ”d&%?rglsh’bﬁwm‘%ﬁ’c%yl 4] 8Y) such as
di met hyl sul foxi de (DMSO), sul folane (SFL), and di net hyl piperidone. The
cl eani ng conposition may also optionally 25 contain organic or inorganic
aci ds, preferably

hi nder ed al kanol améﬁigg sﬁﬁ%?%ﬁr%?éé%% %p(&)ﬁc adrrsﬁ%e'nhlgﬁflﬁg%Ig etgrrpcﬁﬁﬁ

conpoxi t i orfisr eaamples dut and aioh llutﬂaértonethallenecglyoolslabethylahe kdlyaol, sglyeanclh as

benzotriazg and aryl .co S cgntainin mare OH,. roups,
where R sdeiw&ne org&?‘gjl ngﬁ%ﬁﬂ ex'gﬂ%?eéh ﬁné'gﬁ‘ol ,d'%b?@%’ﬂln I,
resorci nol tietHatdi@minek eN,N- mnnéthyMGaﬁaléﬁﬂﬁﬁ93(P5Wrbi§‘éﬂ'{y33235ﬁrohaﬁnen@| gani ng
conpositions nma ' sui t abl e surfactant h as for

al so_contajn C
exanpl & di netHGioKRyhBIPane: FbelyamneetERgh 2ramne 2 e ProPaBR ned ol
( ;ur f lynO::S4|6§t)1mg@Ebbb§ﬁél ablmtamémx@pstheﬁélOW(@tr%wx?ewl) NRelafRBy,| NFSK) ,
( onylS H%-h(;i/(rj]rox;[/ethyl) succmlmlde and 3-(diethylamino)-1,2-propanediol.

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 inhibiting solvents alone or in combination with other stable solvents,
preferably one or more polar organic solvents resistant to strong bases and that do
not contain unhindered nucleophiles, such as dimethyl sulfoxide (DMSO), sulfolane
(SFL), and dimethyl piperidone. The cleaning compositon 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 groups, where R

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



Any suitable netal ion-free silicate may be used in the conpositions of
the present invention. The silicates are preferably quaternary amoni um
silicates, such as tetraal kyl ammonium silicate (including hydroxy- and

al koxy- contai ning al kyl groups generally of froml to 4 carbon atons in
the al kyl oWO®0eSkoxy group). The nost preferable netal PEHUIREBTE| |icate
conponent is tetranethyl amoniumsilicate. G her suitable netal ion-free
silicate sources for this invention may be generated in-situ by dissolving
any one or nore of the following materials in the highly alkaline cleaner.
Suitable ne r f I t n the
cl eaner ar ehz%dlegﬁiglb &)ﬁg{& &le?éeﬁiﬁ alébslé‘cf:dli‘égng‘@h%ﬂi ﬁ%ﬁé F?‘gla@tg é@ ?S(S:gjr f umed
silica or awgamnle.edmmihylahenyrfobrGﬁuo‘f/n@ﬁm céthaxylatsd iterametbylaldecyiadidat es

ngrl ?rénfg? g.d@/ect S éif bﬁ@{e‘?rlaﬂ@%fo%g% %&%ﬁbg‘b%h Z‘Z& ed CI fcgl rﬁlys t'(I)'htehe

silicates nB§Hpangthedikat in the corrp05|t|on I n an amount of fromabout O to
10 w. 9% preferably in an amount of fromabout 0.1 to about 5 wt. % 20
The cospositions of the present invention nmay al so be fornmulated with

sui table nmetal chel ati ng@b gents to ' increase the capacity of the

formul ation to refaysuiehlametaiiongeesilisateanay be usaddmthe eamepasitivssiafit i on of
netal lic regjd f S I e

gonor al |y e asshf ek, Bhe SaldsRre Aieferdlf, ShathdfRhotim, . 4 o
5 w. % prsﬁcaatw)ls,uchrasntestraadkybammmﬂumfmlmteabodudlﬁgJhytdooxéy \wngd alkoxpy pi cal
exanpl es of chel atl ents usef r t | pur ose.are.the f QW ng

or gani o aci HOMERG0: ARy SRULS aPDEay ot diard Y T aPSHPER ST of e R Plcer ¢

aci d @EDTA)alkéxyt ydrems)di e neiost rprefertbles metad |o(1=’|fre%r silicate component is
cycl ohexyl enedinitrilo tetraace lc.acid

di et hyl enet ¥ffameduh maguem %“C by'%@@ Pdan-liep sllisateapuregs; for

(DETPA), ety pREAIGHTHRRL BS IGPERIP M-St AB) dissolving an one or more of the
(hydr oxyet he/l ) et hyl enedi am r?%?rl acetic acil/d (HED'Ig Y N, NN, N -

et hyl enedi aml%matm%teﬁ@lﬁwtf@rwamgﬂfﬁmﬁ elpangr; guifabiermefal ion-free materials
triethyl eneb&diaB BEREHAAG Shibhted T thel didbiar ard s31id sfiBbA WaferSy STiGX WRIgOPane

15 colloidal silica, fumed silica or any other suitable form of silicon or silica. Metal

silicates such as sodium metasilicate may be used but are not recommended due
to the detrimental 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
suitable 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 wt. %. 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



5N N N, N-tetraacetic acid (DHPTA), nethylim nodi acetic acid,

propyl enedi am netetraacetic acid, nitrolotriacetic acid (NTA), citric acid,
tartaric acid, gluconic acid, saccharic acid, glyceric acid, oxalic acid,
phthalic acid, maleic acid, nmandelic acid, malonic acid,_|actic acid,
salicylic atPd¥¥Bechol, gallic acid, propyl gallate, KOG

8- hydr oxyqui noli ne, and cysteine. Preferred chelating 10 agents are

am nocar boxyl i ¢ acids such as EDTA, CyDTA and am nophosphonic acids such
as EDTMP. The cl eaning conpositions nmay al so optionally contain fluoride

conpounds i#&igl eani ng(DBTPASI tion, sdifylersdidrinettpRdfonit et r anet agidanoni um
is fluoride, tetrabutyl anmoniumfluoride, and ammonium fluoride.  her

| | ) ,

suitabl e fl(yeroxuethyiiRihylgeediaminelriaghiit e 1 a@9 obor AHERTA)et r abNAN moni um

f I uor obor at Jileq i ti mony fluoride an i ke. The
fluoride coﬁpﬁgﬁg%@mﬂéﬁnﬁ@gmxﬁghgﬁﬁﬁn%ﬂ anount % fromO E{gﬁ}gﬂm %
preferably tietyleabtatraminahexeacetiot . agidl  Z0THAS, 1,3-didnsisoraygisoxyipropane-

oo hg o ENaHAENB Rt or cBFBr o (g T asmanel BfioofieCoty 3, BB
sacrifical proghienedisanetetgaceticacl sitridrizotic -ackd (RTA), veitricoadid, nigeafaARC) . | t
cfeotive e LTS/, ROPHTE RIS ST EH PAlc st AR TAT% « hei
structure, &di€hmasddigrichl, uhaloRb acith)actit dcRiNalidyiit akid! cdRchall game atidyer s and
tant al um oxi de. The cl eanin ggg@om tions of this invention wll agener ally

conpri se frIRPYLGate: oyingatle, foxyguipplineyapd qygteincon PrefrBed Shelgiuci ng

st rong, basezgdntoBle AARBEaPoRyllcCadiOblicd8s BPTIM ng ah @ anfsgHBShihic
i nhi biting solvent component; from 9 WD 03/006598 PCI/US02/ 21375 about 0O

to about 952cids such axBRATMP. or ot her organic co-sol vent; from about 0 to 40
wt. % steric hindered am nes, al kanol am nes or hydroxyl am nes; about 0 to 40
w. % organic or inorganic acids; about O to 40 wt. % netal corrosion
i nhi bi tor compounds such as benzotriazole, catechol and the Iike; from
about O to 5% w . %TBer tieahiagt compbsitionsalraay 8isd 0 opflonsllly Yostaini dabede from
about 0 to 5 w. %cheg ati ng. a enrt.s an f'{om aboFt 0Oto % wt. 9% fluoride
conpounds. compounds in cleaning tompositioh, such as for example, tetramethylammionium
15 fluoride, tetrabutylammonium fluoride, and ammonium fluoride. Other suitable
fluorides include, for example fluoroborates, tetrabutylammonium fluoroborates,
aluminum hexafluorides, 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 photoresists, post plasma etch/ash
residues, sacrifical light absorbing materials and anti-reflective 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 will 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 corrosion inhibiting solvent component; from



In the follow ng portions of this application the foll ow ng abbreviations
are enployed to designate the indicated conponents. 10 H EP= 1 -(2-hyd
roxyethyl)-2-pyrrol id i none TMAH= 25%tetranethyl ammoni um hydroxi de
BT=benzotri azol e DMSO=di net hyl suifoxide TEA=triethanol am ne

CyDTA=t r ans¥? 9%%%5¥ ohexanedi amine tetraacetic acid SFL= &TI"?SB?/QHE

EG=et hyl ene gl ycol CAT=catchol EDTMP=et hyl enedi arnine tetra(nethyl ene
phosphoni ¢ acid) 20 DWMPD=di et hyl pi peri done TMAF=25% t et r anmet hyl ammoni um
fluoride BSA=benzenesulfonic acid TMAS=10% t et ramet hyl ammoni um silicate
Exanpl es of aidue 9etotappasonds ivhrgwandr aprtherrorgsid cd-edlvdntj frorhabolind kodd ng 25

Tables 1A, 1B and I.C in which the amounts ofth onponent s are jndi cated
in parts bytetigi Dindeted emins, “FP%RB“V Aroxy mlﬂ)%p@ng %’9@""{ A
PCT/ USOZ/ 216 ?;énch%%‘gac‘l‘dsBaSblﬁ d:ton'Wt %e?a@c&@osdﬁ?ﬂ\ht& comnpdindg 8
TMAH 10.8 15716 16 16 24 2.7 s BT O 11 DMSO 16 TEA 16 16 16 24 10
such as benzotrlazole catechol and the Ilke from about 0 to 5% wt.% surfactant,
5 from about 0 to 10 wt. % silicates, from about 0 to 5 wt. % chelating agents, and

from about 0 to 10 wt. % fluoride compounds.

In the following portions of this application the following abbreviations are
employed to designate the indicated components.
10 HEP=1-(2-hydroxyethyl)-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% tetramethylammonium fluoride

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

- 10 -



CyDTA 0.2 0.2 0.3 SFL 16 16 24 24 40 10 EG CAT EDTMP DWPD 15 TABLE 113
20 COVMPOSI TIONS COVPONENT Il J KL HEP H2O 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 6 EDTMWP
0.36 0.36 0.4 DWD 16 35 In Table IC there are described vari ati ons of
Conposi t i onWOD3aedIs of Table 1A with additional added opEl/G§9aR1375
conponents. TABLE IC - 11 WD 03/006598 PCT/ US02/21375 COWPCSI TI ONS
COVWPOMENT MN OP- C3 RS Conposition D 100 100 100 100

COMPONENT A B c D E E G H

HEP 90 90
H,O 7 8 32 16 12 8
TMAH 108 15 16 16 16 24 10 2.7
5 BT 0.11 0.11
DMSO 16
TEA 16 16 16 24 10
CyDTA 0.2 0.2 0.3
SFL 16 16 24 24 40
10 EG
CAT
EDTMP
DMPD
15
TABLE 1B
20 COMPOSITIONS
COMPONENT I 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 6
EDTMP 0.36 0.36 04
DMPD 16
35 In Table 1C there are described variations of Compositions D and F of Table

1A with additional added optional components.

TABLE 1C

- 11 -



Conposition F 100 100 100 5 TMAF 2.5 2.5 TMAH 2 2 2 H20 10 10 10 BSA 2 2
H2SO4 0.5 0.5 0.5 3-0 TMAS 1 The interlayer dielectric (ILD) etch rates for
Conpositions D and F of Table 1A and Conpositions Mthrough S of Table 1C
agai nst var Lelectrics were evaluated by the follow

procedure. ‘?(&@H@S il mthickness of the wafer pieces is \Arrf\’eéa]tlglﬁg'rog hassi ng a
Rudol ph Interferoneter. The wafer pieces (wth ILD materi al deposited on
silicon wafers) were imersed in the designated cleani ng conpositions at
the indicated tenperature for 30 mnutes, followed by rinsing with
de-ionized water and drying 20 ugBMPOSITIONS! fl ow stream The thickness

was then neasured again_follow n the treatnent and the etch rates were
t hen cal cul at SOME ENTLThFML_h.a.&ﬂ_LQ- fiBmtfcknds  $hich are produced

by the indi categnbs PR BNt S- 10he fgpsulipg are set forth hpgTables 2, 3, 4

and 5. 25 TABLd, Zolauegetrics Etch rates (ﬁédﬁ gl)Oﬁt a@@ ,Cd(S%n' n%) ) 7 <1 <1
| amond - <1 <

<]l <1 <1 <1 "---- <1 3% AB 3Die|e§trics Etch rates

Conposition ack SI LK Cor FSG TEGCS
<l <1 -- <1 TMA
(AAmn) at 55 d@om n) - 12 WO 03/ 0065981d3CT/1 802/161375
2
BSA 2 2
H,SO, 0.5 0.5 0.5
10 TMAS 1

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

were evaluated by the following test procedure.

15

The film thickness of the wafer pieces is measured using a Rudolph
Interferometer. The wafer pieces (with ILD material deposited on silicon wafers)
were immersed in the designated cleaning compositions at the indicated
temperature for 30 minutes, followed by rinsing with de-ionized water and drying
20 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.

25 TABLE 2
Dielectrics Etch rates (A/min) at 45 °C (30min)

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

30
TABLE 3
Dielectrics Etch rates (A/min) at 55 °C (30min)

_12_



Conmposition CDO Bl ack SILK Coral FSG TECS FOx- SIN Dianond 16 D ----- 29

<l16<11------ <l F22534<14----- <l 5 TABLE 4 Dielectrics Etch
rates (A/m:n) at 65 oC (30m n) Conposition CDO Bl ack SILK Coral FSG TECS
FOx- SIN Dianond 16 D2 425 9<11 ------ <l F24058<11----- <1

TABLE 5 10 WO#PBEE8 cs Etch rates (A/Amn) at 70 oC (30m nPCT/ToaRBsEs t i on CDO
SILK Coral TEOS M5 <1 12 3 N5<1143 042122 P<1<151 Q<1«x
3 <l R2<12<1 S<1<1<131In Tables 2, 3,4 and 5 the dielectric are
as follows. 15 CDO=carbon doped oxide; Black Dianond'"'=brand of carbon
doped oxi de; SiLK"' "=organic polyner; Coral TM=brand of carbon doped oxi de;

E&@fl'e#?é'f Poté‘gmgbé'{'wl ?%c?aﬁﬁd*ﬁn%gﬁf ?g'%?l/\ﬁégé 5'89?58'1:@3& 5802/|21375

—— <1 6 <1 {1 |-
F 2 25 3 4 <1 4 ------ <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 (I <1
F 2 40 5 8 <1 1 —— | <1
TABLE 5
10 Dielectrics Etch rates (A/min) at 70 °C (30min)
Composition 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

- 13 -



SiN=silicon nitride. The follow ng exanples illustrate the excellent Cu
conpatibility as conpared to the relatively poor Al conpatibility of the
conpositions of this 5 invention. The data is presented for Conpositions D
and F of Table 1A and Conposition L of Tablet B. The copper and al um num
etch rate 8P %¥P%Mi ng conpositions of this invention ard&¢d&EASTY ated by
the etch rate data in the followng Tables 6 and 7. 10 The etch rate was
determned utilizing the followi ng test procedure. Pieces of alum num or
copper foil of approximately 13 x 50 mm were enpl oyed. The weight of the
foil piecessiNasiliogaaitiged. 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 |oosely capped
bottles 15 of pre l; | It O iV .on-.and, pl aced
'n & vacuum oven 1ot QGHAT HARpRATRASAEORS BlodiBft I BRRARIAD e 2

i ndi cat ed tcompared Upethe Faldtivelyi pgort Abatompatibitityd of déhevaimfasitions hef thven and

b | es, . ils. ' i t h..copi fadistilled
vater and A theitolhp B5Hbl IR CoblnbouBRE 4 Bhanbicrm vita 1o
cool to rodompogitioral of TablenB. t hen the etch 20 rate determ ned based on

wei ght | oss or weight change. TABLE 6 Metal etch rates (A/mn) at 55 OC (24
hours Study) Conposition Cu Etch rates Al Etch Rates D <1 >1,000 F <1

>1,000 25 30 TABLfhe/ cHfsier| art Sliminaihe8tch/Yatd for déarfify Ebmbédtidtaussthgl udy) -
14 WD 03/ Q06598 PCT/ US02/ 21375 Conposition Cu Etch rates Al Etch Rates D
<1 >1, 000 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-
propanol, distilled water and acetone and the foil pieces are dried in a drying
oven. The cleaned, dried foil pieces were then placed in loosely capped bottles

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 cool to room temperature, and then the etch

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

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

- 14 -



F <1 >1,000 L 1 The advantage of having the corrosion inhibiting solvents
of this invention present in the conposition is denonstrated by the

foll owi ng exanples wutilizing various corrosion inhibiting solvents, with
conpar abl e ‘géta} for two 5 conparison exanples with no corrosion inhibiting
sol vent pres@it®Me cu etch rate test was conducted in ¥HESENE vanner as
described herein before and the results are set forth in Table 8. TABLE 8
10 Cu etch rates Alhour at 70-75 C (oven tenperature (24 hours test)
Conposition Inhibitor Identity Inhibitor wt % Cu Etch Conponents Rate
Parts by Weight (4 ositiof: RCONEeh @BtedZ0] AP R HPVBO 122: 16: 16

2- (met hyl am no) et hanol 30 <10 | 25%MAH DVSPOD- 2- (net hyl am{no) et hanol
22:16:16 N, N-di nehyl et hanol apgpe 30 <10 | 2pw@yAH DVEC- N, N-

di mret hyl et hanol am ne 22:16: 16 3-(Diethylam no)-1,2- 30 €10 25%MAH-
propandi ol DVBO- 8¢ (Diethylan ap)- >1,000

L 1

The advantage of having the corrosion inhibiting solvents of this
invention present in the composition is demonstrated by the following examples
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.

TABLE 8

10 Cu etch rates (A/hour) 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

- 15 -



1,2- ro andiol 32:15:7 None 0 220 - 15 WO 03/006598 PCT/ US02/ 21375

DVBSO- 25% TMAH- H20 16: 15:7: 16 Tri et hanol am ne 30 <10 DVSO 25% TMAH- H20-
triethanolam ne 16:15:7:16 D ethanol anmi ne 30 <10 DMSO 25% TMAH- H20-

di et hanol am ne 16:15:7: 16 Mnoet hanol am ne 30 <10 DVSO 25% TMAH- H20-
nonoet hanol WO4%&816: 15: 7: 16 HEP 30 <10 DMSO 25% TNVAH- HSB/USIERI3D,: 15: 7: 8
Tri et hanol am ne 15 <10 DMSO 25% TMAH- H20- tri et hanol anmi ne 24:15:7:8

Di et hanol am ne 15 <10 DMSO 25% TMAH- H20-

DMS0-25%
TMAH-H,O
16:15:7:16 Triethanolamine 30 <10
DMSO0-25%
TMAH-H,O-
triethanolamine
16:15:7:16 Diethanolamine 30 <10
DMSO0-25%
TMAH-H,O-
diethanolamine
16:15:7:16 Monoethanolamine 30 <10
DMSO0-25%
TMAH-H,0-
monoethanol-
amine
16:15:7:16 HEP 30 <10
DMSO0-25%
TMAH-H,0O-
HEP
24:15.7:8 Triethanolamine 15 <10
DMSO0-25%
TMAH-H,0-
triethanolamine
24:15:7:8 Diethanolamine 15 <10
DMSO0-25%
TMAH-H,0-
diethanolamine
24:15:7:8 Monoethanolamine 15 <10
DMSO0-25%
TMAH-H,0-
monoethanol-
amine
24:15.7:8 HEP 15 <10
DMSO-25%
TMAH-H,0-
HEP

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 (Alhour) at 70-75 °C (oven temperature) (24 hours test)

- 16 -



di et hanol am ne 24:15:7:8 Mnoet hanol am ne 15 <10 DVBO 25% TMAH H20-

nonoet hanol - am ne 24:15:7:8 HEP 15 <10 DWMSO 25% TMAH H20- HEP Similar Cu
etch rates test were conducted with a formulation containing TMAH, DVMSO
and H20, with and without a corrosion inhibiting solvent and the etch rate
data is prewonsewsisn Table 9. 5 TABLE 9 Cu etch rates (A/BQISP2/2B75/0-75 C
(oven tenperature) (24 hours test) - 16 WO 03/006598 PCT/ US02/21375

I nhi bitor Identity I nhibitor wt % Cu Etch Rate (A/ hour) None 0 140

2- am no-2-met hyl -1- 30 <10 pro anol 1-am no-2- ro anol 30 <10

2- (2-am noet hyo etirat ser at t udi
was conduct eg m%“";ﬂ’%"gﬁm ati cwhh'ﬁﬁgﬁ'ﬂ%{ﬂ d Tl@f{bh Eéztign:jc\r/]m '[IHoﬁt Sau s

corrosi on i nhibrti-rg—selvent—present—n—the—fol .miu.. Fhe—tlata for such
test is preserhTQnﬁun Table 10 & 0 140

2-amino-2-methyl-1- | 30 <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 corrosion inhibiting solvent

present in the formulation. The data for such test is presented 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 (A/hour)
components
10:50 None 0 30
25%TMAH- SFL
10:40:10 TEA 17 <10
25%TMAH- SFL-TEA

10
The following example 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 hydrogen 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 solution (stirring rate
300rpm), followed by isopropanol and distilled 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

- 17 -



TABLE 10 Cu etch rates Alhour at 70-75 C oven tenperature) (24 hours test)
Parts by weight Inhibitor Identity Inhibitor wt % Cu Etch Rate Conposition
(A’ hour) conponents 10:50 None 0 30 25%MAH SFL 10:40: 10 TEA 17 <10
2590 MAH SFL- TEA 10 The fol |l owi ng exanpl e denonstrates the superior

conpati bi | i wp 03bo6s98e non- anmoni um st rong bases of this iPVEBIRRITS e. g.
TMAH, in conparison to the anmonium bases, e.g. anmoni um hydr oxi de
(NHAOH), with sensitive loWK dielectrics, such as hydrogen sil sesqui oxane
(HSQ type FOx-15'r"" fiowable 15 oxide. The test procedure is as follows.

Waf er sanpl t | ri | ' S L} tically
St rred wt e \afh gt Seihids, aldradih BGYCod SRS FOulidh FrafBoRA

i sopr opanol ln&ateddingR Iam&smmrwd%l awey of mbmtcs'lagnﬂleasirum:rel chah@es rafrHiSQ with a
nitrogen str.e bef al ransm ttance [

Obt ar ned v RBBIIE. i FaBRraisiof hah oAl f, bR Staddet Fida
triglycine ﬁmbfaaégs&mb@) detector. Spectra were - 17 WD 03/006598

PCT/ US02/ 21375 acquired with 4 cm' resolution and averaged over 32 scans.
Fourie$ Transform Infrared (FTIR) analysis provides a way of nonitoring

asei gnmont s of ¢y B aa bz bR ARSbpA Bab g of ASHNBRA S Asc ! gnmont <

of I nfrareq Alzooptiun Freqiderviks (on‘n"IﬁSQ O el EQE&%@Slgﬁ?ﬁ&ftpt i on Frequenci es
(cm') Band Assignnent 2,250 Si-H Strie

2,250 Sl H 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
and Si-C impurities) as the internal standard/reference resulted in quantitative IR

analyses with good precision (relative standard deviation: 2-5 %).

TABLE 11
15 Compatibility with FOx-15 HSQ Low-x 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,O- 20 96
NH,OH-BT

90:8:2.66:0.11; HEP-H,0O- {925 100
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

- 18 -



1,060-1,150 Si-OSi Stretch 830-875 H Si-O hybrid vibration The content of
Si-H bonds in HSQ filnms can be determ ned by neasuring the peak areas of

Si -H absorption bands at 2,250 cm 1. The use of 10 the silicon wafer's

i nherent absorption at 650-525 cm' (fromSi-Si lattice bonds and Si-C

i npuriti es)WaIMHEY nt er nal standard/ reference resulted i PCHUSMARIXNAtI ve IR
anal yses with good precision (relative standard deviation: 2-5 % . TABLE 11
15 Conpatibility with FOx-15 HSQ Low K Dielectrics Parts by weight % Si-H
Remai ni ng % Fi | m Thi ckness Conposition conponents after Treatnent (by

Remai ni ng gk Sdrsed il BedE; narati@: ahb tirhlERA 0 96
Nevort BT o amsesed i o dFRg SofiEE: %5%ﬁ§ﬁ§g§%1‘%ﬂ-§@”%ﬁi tirp st ther

t hi ckness: wateo0inged, Tdriedc hrd themgthe aghedriing tipteohinednpoSEM imspedtiont hiTke
invention is_ illustrated in. .20, t1he followng tests in which a

m cr oel ect r%ﬁﬁ“ks trﬁgﬁﬁ'nﬁﬁgfel nprised a wafer of the followng via
structure, nanely photoresist/carbon doped oxide/silicon nitride/copper

with the silicon nitride punched throug]P b&e ose copper, was - 18 WO
03/ 006598 PCT/ US02/ 21375 immersed in cl@ 'Enig(zosol utions for the indicated

t enper at ur ECaRBo&itioR anWPrEcds5 S TledMhEPefibmeste dr1 €d and tThen the ¢l eani ng
det er m ned| Bynddd | nspection. |The results are set forth in Table 2. s

e N A e T

n

Composition D, 75°C, 100% Clean; Removed all the PR (bulk PR and
20min hardened, polymeric “via collar/fence”)
Composition B, 75°C, 100% Clean; Removed all the PR (bulk PR and
40min hardened, polymeric “via collar/fence”)

The same cleaning test was conducted on a microelectronic substrate
that comprised a wafer of the following line structure, namely
photoresist/tantalum nitride/FSG/copper. Two prior art commercial cleaning

10 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
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40m n hardened, polyneric "via collar/fence") Conposition D, 75C, 100%

Cl ean; Renoved all the PR (bulk PR and 20m n hardened, polyneric "via
collar/fence") Conposition B, 75C, 100% C ean; Renoved all the PR (bulk PR
and 40m n hardened, polyneric "via collar/fence") The sanme cl eaning test
was conduct¥®@ 0gp06s98mi cr oel ectroni c substrate that conpriN8U¥W2¥@Ter of the
followng line structure, nanely photoresist/tantalumnitride/FSG copper.
Two prior art commercial cleaning 10 products were al so tested for

conpari son purposes. The cleaning results are set forth in Table 13. TABLE

13 Conposit r ; Process Condition
Conpati bi | |é€(983%0%g5| ti %Egﬂﬁg%%%gﬁgg%@gg%%‘gmved all 100% conpati bl e
20mn the PR (bulk PR and with TaN and FSG hardened, polyneric "fence")
EKC- 265M 75C , Not C ean; Renoved bul kTAégglﬂ PR, but har dened, polyneric
"fence" renmi ned ATM ST-250, 30 C, No nothing is 20m n _changed

(a fluoridg d@ﬁﬁmlt@hrarﬂperj | Glednifg PleHafm@ﬁ@anl ng test was conductied on a
m cr oel ect | pp@cgésgtg@@ttwne that corrprl sed a waf er of the follow ng vi a

structure, aet S ed U opper

: onD), 7 l all fhe }( PP

o thout ¢ SRR G LRl S BRI D T GRRRAR ™ 17
14

5 A similar cleaning test was conducted on a microelectronic structure
that comprised a wafer of the following via structure, namely
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 dielectrics and etch
stop/barrier layers.

10

4

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.
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Composition and C eaning Performance Process Condition Conposition D,
700C, 100% O ean; Renoved all the PR (bulk PR and 20m n hardened,
polymeric "via collar/fence") 5 A simlar cleaning test was conducted on a
m croel ectronic structure that conprised a wafer of the follow ng via
structure, WIMEPYS®8pTEOS/ Coral / Si N Coral / Si N copper. The Prcgél{?f’%’?%r e set
forth in TABLE 15. Table 15 Conposition and C eani ng Perfornmance Substrate
Conmpatibility Process Condition Composition B, 65C, 20 100% Cl ean; Renoved

Conmpatible with Cu netal, mn all the residues dielectrics and etch sto
Ibarrier |lop@es. 10 Wth the foregoing description of the invention, those
skilled in the art w | appreciate that nodifications nay be nmade to the

invention without departing fromthe spirit and scope of thereof.

Therefore, it,i J : i i i e
limited to tha @%@?4 f’@%’gﬁﬁg‘%} 'tr?gglzegﬁ'ﬁg|”3§'?r8%t°gé"'Sﬁgb%t@%%'%é%'é@%&m
03/ 006598 PCTewigpagitdrazdmptisidai m 1. A cl eani ng conposition for cleaning

about . 059% 10 3008y eEbROSH EsRr B ety SEERE B nel nP ek ng st r ong
base cont ai ni p@dooingratioingdaibe lcortainimsndn-nedigoptilia; pesitivebuchiaeged caurter from

about 0.5 to about 99.95% by wei ght of one or nore corrosion inhibiting
sol vent conpol¥fds, said corrosion inhibiting solvent conpound 10 having at

| east two sites capghlabont 05a8RbEX 92005% by wetgiRoF oné P Mo® Bstrodior © about
99. 45% by wei ght water or other organic co- —~
inhibiting solvent compounds, said corrosion inhibiting solvent compound
10 having at least two sites capable of complexing with metals;
from about O 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;
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 weight of a fluoride compound.

2. A cleaning composition of claim 1 wherein the non-ammoni@ 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): N'L[X]
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.
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solvent; fromabout O to 40% by wei ght a steric hindered am ne or

al kanol am ne; 15 from about 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 wei ght oVoas/pwessl ion free silicate conmpound; 20 from@HHAY2107% 0 5% by
wei ght of a netal chelating agent; and fromabout 0 to 10% by wei ght of a
fluoride conpound. 2. A cleaning conposition of claim1l wherein the

non- ammoni e produci ng strong base is a tetraal kyl anmoni um hydr oxi de or
salt thereof. 25 3. A cleaning conposition of claim2 wherein the

t et raal kyl anmoni um hydroxide or salt is a conpound of the fornmula [(R)4
N+] P[ XI | 4wher/Aicleaainghcdfpasitiandefprainieh wwhgrein Buib sini alkyl exowy cemainibgt i tout ed

al kyl group; ﬁo 3% istO—I or %.s anion; and p and q are equal and are
integers of froff 1oF gtofns ang KIS N 03/ 006598 PCT/ USD2/ 21375 4. A cl eani ng
conposition of claim3 wherein Ris an alkyl group containing 1 to 22
carbon atonms and X is OH s 5. fA cl eani ng conposition of claim4 wherein R
i s an %l Ryl ot 6§FNEI9 serBpRsitianoofeclaipyt péigTelR bis. ars alk grobRmf IgMebip&si ti on
of Cdaiml whersbiatdngs. corrosion inhibiting solvent 10 conpound is a
conpound sel ected fromthe fornmulae: W(CR R2)r,,-X-[(CR R2)n2-Y]Z 15 or
T-[(CRBR4A) m ZIly where Wand Y are each i ndependently selected fromthe
group consi sting of

6. A cleaning composition of Claim 1 wherein the corrosion inhibiting solvent

10 compound is a compound selected from the formulae:

W-(CR{R2)nt-X-[(CR1R2)ez- Y],

15 or
T-[(CR3R¢)m-Z],

where W and Y are each independently selected from the group consisting of
20 =0, -OR, -0-C(O)-R, -C(0O)-, -C(O)-R, -S, -S(O)-R, -SR, -S-C(O)-R, -S(0);-R,
-S(0),, =N, -NH-R, -NR;R;, -N-C(O)-R, -NR;-C(0)-R,, -P(0), -P(0)-OR and
-P(0)-(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 hetero atoms
25 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
selected from O, S, N and P atoms; each of n1 and n2 is independently an
30 integer of from 0 to €; 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 containing one or more hetero atoms selected from O, S, N and
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20 =0, -OR -O0C(O-R -C(O-, -C(O-R -S, -S(O-R -SR, -S-C(O-R
-S(O2-R -S(0O02, -N, -NHR -NRR2, -NCO-R -NR-C(O-R2, -P(O,
-P(O-OR and -P(O-(OR),; X is selected fromthe group consisting of

al kyl ene, cycl oal kyl ene or cycl oal kyl ene contai ning one or nore hetero
atons sel ecwodsMoseam O, S, N and P atons, and aryl ene or BIyUSsme13zHnt ai ni ng
one or nore hetero atons 25 selected fromO, S, N and P atons; each R, R
and R2 are each independently selected fromthe group consisting of
hydrogen, alkyl, cycloalkyl or cycloalkyl containing one or nore hetero
atons sel ecte ni ng one
or nore heter%% %@&ar@l? %ﬁgg{é&@@%@g@moﬁ?ﬂe%’% %S Qéllélétgﬁﬁ g’fb "and n2
i s | ndependentN gndR abmsyT egesiecéd fromrthé)gtm:pﬁcormrsﬂng oi‘ D a8, Fhedel; Df from

1 to 6 wh X, | kyl | oal k t
of from 0 to & SHEHSK T thy BFou RNAIBI asduaoneny ORe BRar il o at ome
sel ect od 11 0megon B Ry 3R am R YA PSSP L8032 1RF5 e oo of

aryl ene contai ni ng, one or re hetero atons selected fromO, S,
atoms; 5T i s sEPesE ‘Pfr'b\fﬁf%\%“ Folryeleakylsen eislasikyl gontaining Rn%ﬁamore z is

selected fro chQ SR5;
each of R3, &Egﬁ%%{ arsglgg%'grs]ﬂqnﬁg%@énhgéﬁ(g@g%n] %cfr}dror%ﬁ%'ﬁogngdﬂﬁ

consi sting of ong®r oisea hetaelrwtqm@y@lectad krpm @r Schﬂr@dP la;qm%GmSaaminte@eone or
nore hetero . atonms, and aryl or aryl
cont ai ni ng oﬁzﬂgﬁ Oﬁrigﬁ&?é%éﬁmt%%g%fﬁ%cte from0O, S, Nand P atons; m
is an integer of fromO to 6 and y is an integer of froml to 6. io 7. A

cl eaning gonpgsition of C aim 2 el he .cqr rosi on. |nh Ltin solvent
ooty 7o A RBSTR e dbBigot BRI hanetsif e ESrBicammhiia Sy
R2)r,2-Y]Z 1gombolnd (sEredpourd sel@fedhemand\fantiaé: are each Independently
sel ected fromthe group consisting of

W-(CR1R2)n1-X-[(CR1R2)n- Y],
15
or

T-[{CRaR )2y

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

25 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,
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 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
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=0 -OR -0 O-R -Q-, -O-R -S -S(O-R -SR -S-Q-R -5(02-R
-S(O2, -N, -NHR -NRR2, -NC(O-R -NR-C(O-R2, -P(O, -P(O-0OR and
-P(O-(OR)2; X is selected fromthe group consisting of alkyl ene,
cycl oal kyl ene or cycl oal kyl ene containing one or nore hetero atons

sel ected fremodpoe8 N 25 and P atons, and aryl ene or aryl|RIEUSO9YRBE ni ng one
or nore hetero atonms selected from0O, S, N and P atons; each RR, R and R2
are each independently selected fromthe group consisting of hydrogen,

al kyl, cycloal kyl or cycloal kyl containing one or nore hetero atons

selected fro P. at | i or nore
het ero atorrsnk)gﬂosaé (la%'{ge ?lglr?gd)%%r l@}gﬁgi%bgﬁ)nr}g?&ggg%%@h%%m n2 is

i ndependent | yPatoms mr eggena tortaminglortecorémorenioeterd atoans seleetge froof Of Bpm 1 to
6 when X is alkyl ene cycl oal kyl ene or aryl ene;. and {S.an,in of
Fromo 1o & whalnohP ploms s SRS indindobe Rt BIbof 1~ BT ene
contai ni ng ong s¥ledi®d roRCHRY GratipOfBhsREh@ of &fdioger) LOR ,,-N\&RggobndP-snsprrs or

aryl ene containing one or nore hetero atons selected from0O, S, Nand P
atons;5T is seR@tOER% rRmaA Ry @R Pashadenandgntly setpcteds fronythggrowp z s

selected fro St r s SR5; 5
R R Ty BRTENS LIk cRCio Bkl 35Bioa Rontaliriare of Adre

each of R3, R4 an ' Q
consi sting of heigtyr atges seleied frooy O, SalNcgind Bratems| aad iy of @yl dontainindne or

nore hetero 'h%”% ; yl
cont ai ni ng ogéé)gf mﬁgér g&%gcf%{oo a eg%%éjsfé%g?’g%ﬁ}l r%hranr%?togﬁqu?gsyna{d] lB(Gg? [r)ms; m
i s an integer of fidmfOrtord and pisGarainteger obfrem litatbeger of from1 to 6. 10 8. A

cl eaning conposition of Claim3 wherein the corrosion inhibiting sol vent
corrpoﬂ]ﬁd is a conpound selected fromthe formulae: 15 W(CR R2)

1- X- [ (CR8R2) , A2el¥dring @ombosiioRRCKING]3y whékin the corrosion inhibiting solvent
compound is a compound selected from the formulae:

15 W'(CR1 R2)n1'x'[(CR1 Rz)nz'Y]z

or
T-{(CRsR)w-Z]y

20
where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0)-R, -C(0)-, -C(0)-R, -S, -S(O)-R, -SR, -S-C(O)-R, -S(0),-R,
-S(0)z, -N, -NH-R, -NRR;, -N-C(O)-R, -NR;-C(O)-R., -P(0), -P(0)-OR and
-P(0O)-(OR),; X is selected from the group consisting of alkylene, cycloalkylene

25 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
independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl or cycloalky! 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 is independently an
integer of from 0 to 6; and z is an integer of from 1 to 6 when X is alkylene,
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where Wand Y are each independently selected fromthe group consisting of
=0,-OR -0 C(O-R-CO-,-CC(O-R-S,-50-R-SR-S-C(O-R-S5(02-R -S02,
-N, -NHR -NRR2, -NC(O-R -NR-C(O-R2, -P(O, -P(O-0OR and
-P(O-(OR)2; Xis selected fromthe group consisting of alkyl ene,

cycl oal kyl eW® 2806598 cycl oal kyl ene contai ni ng one or nore MEVEYY2BIDNS
selected fromO, S, N and P atons, and arylene or aryl ene containing one
or nore hetero atons selected fromO, S, Nand P atons; each R R and R2
are each independently selected fromthe group consisting of hydr ogen,

al kyl, cycl O%B&af%%n%ﬁ' Qrglelé%a A" 3 ’Hnn%rt%b‘?oér?f’ ggn{ ? REChReR

sel ected from tons, and contai ni ng one or
nore hetero atcwiealkyde:heec@midlrﬁrrg)m@qr rﬁpreNlmerd d?om’ssmcteﬁhird)mdb SINandl n2 is

i ndependent |y Lger of m0t06 a | s, an integer, of froml to
6 when X is aIFﬁé}Pgﬁ aq’y'eﬂi COQ\% 8’6%3@@0%%%56390?1%?% E‘z%“&?gr RyPene or
aryl ene; and N asl Rratoms DB selctéd fomahé grd’mpMﬂﬂ@skhg of -0y, ddlaky LRNE

contai ning one or, nore hetero atons selected fromO, S ons or
aryl eng cont aihPHGCIEATBR the GEoYRcansisting Rldvdeaen; é@Rﬁ'r&uﬁé @“r ﬁﬁsand P

atoms; T is S%b@wtcﬁdRJrRmatnaeRgra?apeéaﬂnmaééémnﬂp se@ecte§ frdrh\' tﬁ@dgroﬁ’p Z5 s
sel ected fromthe rou consi sti ng rogen, - N(R5) 21 and - SRS;

each of R3, R@omﬁtlrﬂso dhyslregesh alky eoaélﬁa%viwrycyf,bla&yt eentpingte omogm@
consi sting of ,aydy agen, s@llegt\é#j frdml %g'r\kﬁ t%&' Qﬁb‘%Yé cgoé}gac}o'ﬁ'td”\% ne or
) an n

nore hetero atoms sel ecte rom at ons or a
contai ning oneeor mue betesd etamaseia@eeé*b&n@eﬁ i raonch B ataB;s; anrm ﬁtmoms m

is an bnteger ?‘Htotig@g gqﬁ‘m%?gfqbr%1a{aénteger of fromlto 6. 9. A

cleanlng conp05| ion he™“corrosi on inhibiting sol vent
conpound is a conpound selected fromthe formulae: 15 W(CR R2).1-X-[(CR

R2)1,2- ngZ or Iegrglng corgpos@o% of Claim 4 wherein the corrosion inhibiting solvent

compound is a compound selected from the formulae:

15
W~(CRRg)as-X-[(CR1R2)n2-Y1:
or

T-[(CRsRy)m-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, -S, -S(0O)-R, -SR, -S-C(0)-R, -S(0),-R
-S(0)y, -N, -NH-R, -NRR;, -N-C(0)-R, -NR;-C(O)-R,, -P(0), -P(0)-OR and

25 -P(0)-(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 hetero atoms
selected from O, 8, N and P atoms; each R, R; and R, are each
independently selected from the group consisting of hydrogen, alkyl,

30 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
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20 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 -S-CO-R
-S(O2-R -S(O2r -N, -NHR -NRR2, -NCO-R -NR-C(O-R2, -P(O,
-P(O-OR and 25 -P(O-(OR)2; X is selected fromthe group consisting of

al kyl ene, yePyep®§l ene or cycl oal kyl ene cont ai ni ng one R§I/UBYH3I et er o
atons selected fromO0, S, N and P atons, and aryl ene or aryl ene containing
one or nmore hetero atons selected fromO, S, N and P atons; each R, R and
R2 are each independently selected fromthe group consisting of hydrogen,

al kyl, 30 CyCinP@de'ﬂb'f fr‘aFn chiG “0%539 |s%9ﬂhf€§r@bpgfr891‘31 ‘P§ 6"Rhén KAk &igieRkOs

sel ected from O, at ons or aryl contalning-one or nore
het ero at ons ka)@(yd&!w for cmyléne,SanN zied aP intages ; ofefiom Of tond wheh R id s
i ndependent |y

6; and z is a ?Qﬁ“g'éei'\ﬁ %4/%'8%/910(1 g’%op%ghésrg(%éé%ggglﬁf: ge er&g gg"f"ff{}]l gnteoor

aryl ene; and P dtsmarr amlmtomfamfrfgomd)ortmo@dmem Aoh®s salysted fblkyOe8e
ecte rom.QO,

t h N P at
Syl e cont aRaig Blene T aplsti Rard T GeP SN SEREOR IS0 8nd €1 and P
atons; T is spl&gdaed fropMmiiegraiib %Hhs%ﬂﬁ@'&hy&%g@ﬁ (§’R5, ﬁ g aHad s Z s

sel ected fromthe ?roup consrsting of hydrogen, - and - SR5;

each of R3, REAGNhET R dreabddhs |arﬁj@@§hde¢@ne@d§eﬂxe@pwtedr PNt Hiiee @D
consi sting of cé}'ys‘fia’tlﬁgel eg@ dé}éb Flc9%bglKYlanch§>%a 8%&*&%@”&%{ 5 l'ﬂgrep”e or

nore hetero atons , . and~ar or ar
cont ai ni ng 10hetaew atomspsaledied énom & Smi and Batemsf angdragy] OS,anN cantalrﬁngat om; m

is an d nteger,, {)I On%&&fo atgn%r%né/ téc?fr (5 g q@%hdgalrolf'r%h%s ah lﬁtegép A

cleanlng conp05| erein hé corrosi on rtrn 0l vent
conpound i s aoftfompOuad arel wistardinfagenot fremfido®ul ae: is W (CR R2) s - X[ (CR
R2)n2-Y] Z or
10. A cleaning composition of Claim 5 wherein the corrosion inhibiting solvent
compound is a compound selected from the formulae:

15

W-(CRR2)m=-X-[(CR1Rz2)nz- Y1

or
20 T-{(CR3Ry)m-Zly

where W and Y are each independently selected from the group consisting of
_ =0, -OR, -0-C(0O)-R, -C(Q)-, -C(O)-R, -S, -S(0O)-R, -SR, -S-C(O)-R, -S(0)-R
25 -S(0)s,, -N, -NH-R, -NRR;, -N-C(O)-R, -NR;-C(0O)-R,, -P(0), -P(0)-OR and
-P(0)-(OR)2; 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 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
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20 T-[(CRBR4A)m Zl r where Wand Y are each independently selected fromthe
group consisting of =0, -OR -OC(O-R -C(O-, -CCO-R -S, -S(O-R -SR,
-S-C(O-R -S(O2-R 25 -5(02, -N, -NHR -NRR2, -NCO-R

-NR, -C(O-R2, -P(O, -P(O-OR and -P(O-(0OR)2; X is selected fromthe group
consi sti ng P 0&Pee§8ene, cycl oal kyl ene or cycl oal kyl ene RSTENHPIAY one or
nore hetero atons selected fromO, S, N and P atons, and aryl ene or

aryl ene containing one or nore hetero atons selected fromO, S, Nand P
atons; each R R, and R2 are each 30 independently selected fromthe group
consi sting of qY. l i one or
nore hetero a?%'ﬁgéggmgdgyﬂg gr%dcy%h%ﬁg Igélch a%odr)rgbw'd}ég ?émy]cg‘ryl

cont ai ni ng onisteger wbfremh@tte 6o and anis an-m@@er WFMIDGBG%MIIMSMVGB&,S?S

selected fro a h end tly an
i nteger of f%?ﬁﬁ%% gpn%yg'I'?”g%eﬁafﬁ 35 lPH&gFl’fO? ot°6 ip
al kyl ene, cycycﬂxﬁlwérfmmrMImag)dnerm maetheterd atonms seﬂé@t@drfrdni o ISQN éfhdt 05

when X is cy aI Kyl ene cont ai .njing one or e hetero ato sel ected from
0.8, "N and” S istns s SBfer GhrABINGET T T OO e MG TS A o

sel ected fronNGnd$ atdhhsarrds ReRb@itronT tHeSgréﬁﬂ) eehSstirly’ IO, bs, B avp-FeoNsi sti ng
of -0, -S, -N and -P; is selected fromthe group consisting of hydrogen,

-OR5, - N(R5) 2 %ﬁﬁptedsﬂam t"@a@ﬁ’uafcqqalsﬂmOﬁhmr%e%r@%acN(RM@@én%t | y
sel ected roneddie TOUR, GRIRSBIISaeh ifucHeAgEmtly dbitkled FYRI ‘@gdu

cycl oal kyl contai ning one or nore at o ecte fro
P atoms, and egngistiog ofhydragent alkyli ngzloailn,é Oonymlhylrc@tnmlmngtammsorsrebr@ct ed

fromQ, S, N i at Lo is an

i nt eger of fr@&gﬁ?éhg%ﬁ&éiﬁgﬁggmghg co dn%%i r{1 éHcg?gngaF%P%B W@lgel nin
the definiti oonebr xﬁotdwme;tagmta&stsietectétﬁfr@h I 1S, N i Preismist s &ntittegercar bon
atons and the aryl .graup has fr.o t rbon atons. 12. A cl eaning
conposition o?faf@ﬁépa?%%qe‘f'élaﬁ 'P{‘?g %RFO(S%M%%I nhi biting solvent is

sel ected fromthe group consisting ofethylene glycol, diethylene glycol,
gl ycer ol

and

11. A cleaning composition of Claim 10 wherein in the definition of R through Rs the
15 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 glycol dimethyl ether, monoéthanolamine, diethanolamine,
triethanolamine, N,N-dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone,
4-(2-hydroxyethyl)morpholine, 2-(methylamino)ethanol, 2-amino-2-methyi-1-
propanol, 1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethy!)
acetamide, N-(2-hydroxyethyl)  succinimide and 3-(diethylamino)-1,2-

25 propanediol.

13. A cleaning composition of Claim 2 wherein the corrosion 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-hydroxyethyl)-2-pyrrolidinone,
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20 di et hyl ene gl ycol dinethyl ether, nonoethanol am ne, diethanol am ne,
tri et hanol am ne, N, N-di net hyl et hanol am ne,

1- (2- hydroxyet hyl)-2-pyrrolidinone, 4-(2-hydroxyethyl)norpholine,

2- (met hyl am no) et hanol, 2-am no-2-nethyl-1- propanol, 1-am no-2-propanol,
2- (2- am noe¥A@3YPr3%8t hanol , N-(2- hydroxyet hyl) acet ani de,PCT/US02/21375

N- (2- hydr oxyet hyl ) succinimde and 3-(di ethyl am no)-1,2- 25 propanedi ol .
13. A cl eaning conposition of Claim2 wherein the corrosion inhibiting
solvent is selected fromthe group consisting of ethylene glycol,

di et hyl ene gl th 1 t 1.
nDnoethanoIaﬁ?ﬁ%hwg?%tggﬂgkgﬂrﬂgé 38 ?@?1&%%%§%g§bﬂg U&émﬁbﬁﬁhemw1

N, N- di met hy| epreRasariareino-L-greparnyar @x(?armm@thwbszthaodm dN+{2hpdroxyetiy) WO

03/006598 P 137 : rp in

2- (et hyl am né#%ﬁ@%ol ﬁ£2ﬁ¥§r%)éy@ﬁﬁbn'g CQ%‘"%%gr)opg J(j:)l %1(d'ert‘nyr?5" %0 pr’%panol

2- (2- am noet hmpanmdhanol N ( 2- hydroxyet hyl) acetam de,

N- ( 2- hydr oxyet hyl ) succi ni ni de and 3-(di ethylam no)-1, 2- propanediol. 5 14.
A cl eaning conposition of aim3 wherein the corrosion inhibiting sol vent
is selected fromthe group consisting of ethylene glycol, .diethylene

gl yC(ﬁ| lgl;4yceAc11leamr@i enrm)ds@ttma ofl @laivh wwmmﬁﬂhfeatdnmslonn‘ﬂh!b&mba;Weamsne,

i et hanol am ne et hanol am ne t hyl et m ne,

L (o Py oxy exligAtad BoRI5e GrtR REsietMowe D eseiapEP b AFUBARTS b abcer,

2- (et hyl am rkﬂétﬁglbﬁ@mglyo'é’r argirethgt metHay,| - %on@étﬁﬂ%l‘é}hmel iethghotariihe@panol ,
2- (2-am noet hox et hanol I\I-(Zgwédroxwwi acet am de,

N- ( 2- hydr oxy efiRlpRolamke; AN N dige yspxyetty - 2rpwclidisanel . 15
15. Acl eani ﬂafﬁﬁyﬂ?&@etHy%oPého%@' ”Qf'm ?Eﬁilﬁb&éth?ﬂ&o” éhﬂB-%-rﬂthPH' ng
solvent is selected fromthe group consistin ene

di et hyl ene glRreranol.glyanein@i2;propansl.h gt aﬁmr@eywy%dhmlhw %hmmxyethyl)

nonoet hanol a et trig) m ge
N, N- di et hyl regt ganoﬁ%m ﬁ@‘f%%cyr)oxye%ﬁﬂlﬁﬁ % yr r ol I glﬁgwlarmno)-1 2
4- ( 2- hydr oxyeproganediol.phol i ne, 2- (et hyl am no) et hanol 2- am no- 2- et hyl -

15 15. A cleaning composition of Claim 4 wherein the corrosion 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)ethanol, 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)-1,2-
propanediol.

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-hydroxyethyl)morpholine, 2-(methylamino)ethanol, 2-amino-2-methyl-1-
propanol, 1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl)
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20 propanol, 1-am no-2-propanol, 2-(2-am noethoxy)-ethanol,

N- (2- hydroxyethyl) acetam de, N-(2-hydroxyethyl) succinimde and

3-(di ethylam no)-1, 2- propanediol. 16. A cleaning conposition of aimb5
wherein the corrosion inhibiting solvent is 25 selected fromthe group
consi sti ng Wo o¥eagBene gl ycol , diethyl ene glycol, glycerdCT/usdvastsyl ene

gl ycol dinethyl ether, nonoethanol am ne, diethanolam ne, triethanolam ne,
N, N- di et hyl et hanol am ne, 1-(2-hydroxyethyl)-2-pyrrolidinone,

4- (2- hydr oxyet hyl ) nor phol i ne, 2-(nethylam no)ethanol, 2-am no-2-nethyl -

pr opanol , ) 251 am ) - an roxyet hyI )
28 WO 03/ 00%?8%@% %ggg)ﬁﬁé Q}f?,ye)t an%rejgahhﬁgg @/&(;r O)Q(;dle%/fafn R%S‘C?nl m de
and 3- (di et hydrapanedjol.1, 2- propanediol. 17. A cI eani ng conposition of claim
1 conprising water or at |east one other organic 5 co-solvent selected
fromthe group consisting of dinethyl sulfoxide, sulfolane, and

di met hyl pi peridone. 18. A cleaning conposition of claim®6 conprising water
or at | ebkt dheleamihgacompesim afe:lulms‘bd:cﬁangfwatm orhat lgpst ope othes bedanieg  of

di met hyl squOX| ne, ,and 10 di ri done cl eani ng
conpoSiti on &M fl’nfn %?Ctggf&ﬂm &%gf%at%%"s'a ”gag 85%2‘93" (fHB ﬁ?%e?“'ﬁaf‘%am c
co-sol vent S@nﬁ(dirﬂéthzlprpﬁh(ﬂdﬂﬁ group consisting of dinmethyl sulfoxide,

sul f ol ane, and di et hyl pi peri done. 15 20. A cl eaning conposition of claim

16 conprising water or at |east one other organic co-solvent selected from
the group consisting of dinmethyl sulfoxide, sulfolane, and

di et hyl 8. perA éraging 2mpbsitién oF @RIt B c6APIRTY Walh *fatabadtBre GREPES-SI NY
t et ramet hyl anmpni um hydr oxi de, tri et hanol am ne,

trans- |, 2- cySPyRBkeRiedech FPmeihe areupensisingof dimesiul suffaxide. sulolanmasd. 22, A
cl eaqbng CONRAfkthiBpefidore @i m 1 conprising tetranet hyl anmoni um hydr oxi de,

19. A cleaning composition of claim 11 comprising water or at least one other
organic co-solvent selected from the group consisting of dimethyl sulfoxide,

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 composition of claim 1 comprising tetramethylammonium hydroxide,
triethanolamine, frans-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.
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25 1-(2- hydroxyethyl)-2-pyrrolidinone and water. 29 W) 03/006598

PCT/ US02/ 21375 23. A cleaning conposition of claim1 conprising

t et ramet hyl anmoni um hydr oxi de, di et hyl sul foxi de, triethanol am ne and
water. 24. A cleaning conposition of claim1 conprising tetranethyl anmoni um
hydr oxi de, W8 08/968¥8hanol am ne, et hyl ene gl ycol, ethyl enedPGFV$9&/21375
tetra(nmet hyl ene phosphonic acid and water. 25. A process for cleaning a

m croel ectronic substrate having at | east one of a porous dielectric, a

| ow-K or high-K dielectric and copper netallization, the 10 process

conpri si coRpt {s Ster at: 1 ; i :m 4t atine
suffici e?tg' t oﬂc?géidr% %%[ﬂg%%ts‘b{ﬁ r%cﬁ%ﬁ%ér@ﬁsuﬁﬂ%ﬂ%h%& i ng gﬁ"&@om@%\e'

conpri ses: fr dimathydsulfaxidestictrmndGihy andwgler. of one or nore non-ammoni a
produci ng strong base contai ni ng non-nucl eophilic, positively charged
counter 15 ions; fromabout 0.5 to about 99.95% by wei ght of one or nore
corrosion inhibiting solvent conpounds, said corrosion inhibiting solvent
conpound 24hav Amdearting easpoditivn idasm t apraptisingfetramepiyonmgnivnt hydmetidd, s; from
about 0 to abput, 99 45% b i gh ter or other organic co- 20 sol.vent;
from about 0 T8 rRieRye,eStaMEnS tolf hyiFiesinif SAHEREE pasheli e,
from about O teid4@dozyervwei ght an organic or inorganic acid; fromabout 0 to
40% by wei ght of an other netal corrosion inhibitor 25 conmpounds; from

about 0 to 5 %by weight a surfactant; fromabout 0 to 10% by wei ght of a
metal ion free silicate conpound; fromabout 0 to 5 % by weight of a netal

chel ati ngsagent proesss for et Midreelddinieysueirgidt hafing ot Lt iche sfoapound.
porous dielectric, a low-x or high-x dielectric and copper metallization, the
10 process comprising contacting the substrate with a cleaning composition for a
time sufficient to clean the substrate, wherein the cleaning composition

comprises:

from about 0.05% to 30% by weight of one or more non-ammoni&
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 capable of complexing with metals;
from about 0 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;
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 0 to 10% by weight of a fluoride compound.
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- 30 WD 03/006598 PCT/ US02/ 21375 26. A process of claim24 wherein the
non- ammoni a produci ng strong base is a tetraal kyl anmoni um hydr oxi de or
salt thereof. 5 27. A process of claim25 wherein the tetraal kyl anmmoni um
hydroxi de or salt is a conpound of the formula [(R)4 N+]p[ X-"] wherein
each R is iwdepenshdnt |y a substituted or unsubstituted alBRGAUYIIF X s
OH or a salt anion; and p and g are equal and are integers of froml to 3.
10 28. A process of claim26 wherein Ris an al kyl group containing 1 to 22
carbon atons and X is OH or carbonate. 29. A process of claim27 wherein R
is an al kyl group of from1l to 6 carbon 15 atons. 30. A process of Caim
25 wherein the corrosion inhibiting solvent conpound is a conpound
T CORBRAY I 2y e et tan Y A, eath depindent Iy el eeted [rom th
- m ere Wan are i ndependent|y sel ecte romthe
group consi stF%@agqylammgnlgr@-\k}ydfqy@@gaﬁﬁﬁt@l@@%_, -(O-R -S, -S(O-R -SR
-S-C(O-R -S(0)2-R -S(0O2, -N -NHR -NRR2, -NC(O-R -NR-C(O-R2,
-P(O, -P%O)-CR and 30 -I?(CZ))_-(CR)_Z; X is selected fromthﬁ groq . _consi sting
of al kyl @fe, A&yrperssiaficiaia Z5onharginl tha telaadtyanp R MO HR b?aﬁ‘é@e het ero
atons sel ecte m!qu P atons, and aryl ene or aryl ene containing
one or nore hg?lfgpgmédt)gfﬁe@l WO 03/ 006598 PCT/ US02/ 21375 selected from
0, S, Nand P atons; each R R artRRN'HXE]l each

wherein each R is independently a substituted or unsubstituted alkyl group; X

is OH or a salt anion; and p and q are equal and are integers of from 1 to 3.

10
28. A process of claim 26 wherein R is an alkyl group containing 1 to 22 carbon
atoms and X is OH or carbonate.
29. A process of claim 27 wherein R is an alkyl group of from 1 to 6 carbon
15 atoms.
30. A process of Claim 25 wherein the corrosion inhibiting solvent compound is a
compound selected from the formulae:
20
W'(CR1 RZ)n1'X'[(CR1 RZ)nZ‘Y]z
or
T-[(CRsR)w-Zy
25
where W and Y are each independently selected from the group consisting of
=0, -OR, -O-C(0)-R, -C(0)-, -C(0)-R, -S, -S(O)-R, -SR, -S-C(O}-R, -S(0)R,
-S(0)z, -N, -NH-R, -NRR;, -N-C(O)-R, -NR-C(0)-R,, -P(0), -P(0)-OR and
30 -P(0)-(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 hetero atoms
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i ndependently selected fromthe group consisting of hydrogen, alkyl,

cycl oal kyl or cycl oal kyl containing one or nore hetero atons selected from
O, S, Nand P atons, and aryl or aryl containing one or nore hetero atons
5 selected fromO, S, N and P atons; each of nl and n2 is independently an
i nteger of WOOMWGSBo 6; and z is an integer of from1 to HHEH2IXS s

al kyl ene, cycloal kylene or arylene; and z is an integer of fromO to 5
when X is cycloal kyl ene contai ning one or nore hetero atons sel ected from
0, S, Nand P atons or arylene containing one or nore hetero atons

selected fro NN a S ctedpf 1 tlhe o]
consi sting o;g&%Ct@d f]-S)II]NOS g HH) E@B?s;?gﬁec‘t%% Forﬁ{t gﬂr%ouegécgﬁcsr} sting
of hydrogen, deEendeN(lRSwectaddfro&?EIhe gratip @bnﬂstlng?mfarwdmearealﬁﬂch

i ndependent | Q C
cycl 8al kyl o)r/ @f&@ﬁﬁ% Ocac!)rg}{‘ g?’#%ﬁ@%’ée g'n'%f)rﬁe t&grﬁe%tgn%édge?&ﬁéd fra{nect ed from
Oi S, N i’indt P%a]yoaﬁdOFaacbnas"Nyénd)aryarquarszlommammggorﬂéoormorerh?ta][oeatm?)e[o A
atons sel ecte ro LS, er o 0
and y 5s an isfﬁ'%ﬁéiq]f’i?f“ ar(ﬁn[\?‘af‘e PGaQﬁ'is e@"b@i@? d(:f‘fgf qﬂpﬁﬁd%ﬂ%@r@ n the
corrosion inhpj lr'agfrgm (m\b aﬁwqg%.h@gar ofPooLitle SeierCKasl afliyrme! he
formulae: 20 W(CR R2)nl-X-[(CR R2)n2-Y]z or 25 T-[(CR3R4) where W
[ (CR L{ .

and Y are eac® Qﬁﬂ@‘ﬂﬁ!ﬁdéhtame%l ad & i pBintager §f ST corisi §tW'P®P is =Q,

] g(? 0 20 _C(NO) ﬁl_c'_oaﬂ@ne %%r@}ll\lg@{n 0$1mor§ﬁ19er§?to)n§'?sele§e@(f@n BP(SOﬁ%?dzaEd 30

-P(O-(OR) 2; X atems eF aotient ¢¢niamtn§eor@rQrupowdmer@tatﬂ@mdelegtaq/fremeo S,

oY o8 7 e BT b BB B oOREoRlal Y § LELET R g 2 ect o
ar yI ene cont ais reetected doonr theogmup Feainsisting bb hgdregér cQRE, FNERa)H) ,an8, -SRsand P
atons; each Rach o?q-ftj, F?)% rqc? F?sa%pe each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl or cycloalkyi containing one or more
hetero atoms selected from O, S, N and P atoms, and aryl or aryl containing
15 one or more hetero atoms selected from O, S, N and P atoms; m is an integer

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-(CR1R2)n1=X-[(CR1R)n2- Y]

or
25 T-{(CRR)a-Z]y

where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0O)-R, -C(0)-, -C(0)-R, -S, -S(0)-R, -SR, -S-C(0)-R, -S(O),-R
30 -S(0), -N, -NH-R, -NR4R;, -N-C(0O)-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

- 32 -



i ndependently selected fromthe group consisting of hydrogen, alkyl,
cycl oal kyl or cycl oal kyl containing one or nore hetero atons selected from
0, 5SS, Nand P atons, and aryl or aryl containing one or nore hetero atons
selected fromO, S N and P atons; each of nl and n2 is inde ndently an
integer of YP8MG¥o 6; and z is an integer of from1 to 6”@%@%”

al kyl ene, cycloal kylene or arylene; and z is an integer of fron10 to 5
when X is cycloal kyl ene containing one or nore hetero atons sel ected from
0, S, Nand 10 P atonms or arylene containing one or nore hetero atons

sel ected fronr@m @, s |Nl and PPafiniyIBnd TaryReng edregiyiefle fdoRtRiniRG dieosidmo/nsi sting
of -0, -S, -N and - is selected fromthe group consisting of hydrogen,

-OR5, - N(R5) zhe@matom@elevé%dcfﬁor@foé; N pad fhatorss: gaeh BaEhandfesen8asit | y
sel ect ed ffOWnHBﬁewémgnséae&ébefﬂoﬁg tﬂ% 1@ %Hmst?ﬁdwéﬁ @g?égré@' ké(lkys N a

cycl oal kyl contal ni ng e or nore 1 atoms sel ect
P atons, and eydoalkyl oacydloatiyhcantaining ormer moreTbeterchatoasoseledied frioml Oct ed

ntegel of 1rgmyapdE Mo by Al B S5 Logrinina IR B fios RERL sl
i nhi bi ti ng soéslected frompoyr8] N ana P 2tbnesyrqachrad rdedrat h2ds findepehdentlycamul ae:

Sach T ntamondBiAgE o Gobh 0 1061 apfha R @ngPisaeT ohRRTLT 10 Wifen ° ayende <

-0-C(O-R - CefdoalkyléieObr %rﬁeﬁ% aif Q) 15R,an ger of Gtdh- & to- S(Wheh KX is S( O 2,
-N, -NHR -NR R2, -N(C(

NR, - - Qm% i\log @gm)z X
i s sel ected fPM‘?Q"ﬁb@ef@r eﬁfﬁa'@aagngtqrrﬁ@ormheéﬁrmt Seleg;*éﬂdgﬂnm
03/ 006598 PCT| bté}‘é%é%%ﬁer% C&M&hmgld%l §M¥RofePidtaiotBf s Weéd fBEONSE er o

atons sel ected atons, and arylene or arylene containing
one or more hblandd atamss T is selestasdram dhe grous consiating of -8, ofis-N 8adtPi€ R and

R2 are each  [SnggaRH A heo§loh! GlsiiRgTor A5 hHP-CHRIISNERD] rd -gRygr 0gen.

nd

each of R;, R, and Rs are each independently selected 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 0 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{R2)n1-X-[(CR1R2)n2-Y:

25 or

T-{(CRsR)m-Zy

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

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

-P(0)-(OR),; X is selected from the group consisting of alkylene, cycloalkylene
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5 cycl oal kyl or cycl oal kyl containing one or nore hetero atons sel ected
from0O, S, Nand P atons, and aryl or aryl containing one or nore hetero
atoms selected fromO, S, N and P atons; each of nl and n2 is

i ndependently an integer of fromO to 6; and z is an integer of from1l to
6 when X iswalokydesase, cycl oal kyl ene or aryl ene; and z i Pcarvsprieger of
from0O to 5 when X is 10 cycl oal kyl ene contai ning one or nore hetero atons
selected from0O, S, Nand P atons or arylene containing one or nore hetero
atons selected fromO, S, Nand P atons; T is selected fromthe group

consi sting of - - : I ' I d cengj sting
of hydrogen, gr&g]oaﬁ&ﬁ% g(?hq%"rq]' g_oéﬁ.c%rsmér%ctﬁe%ﬁ ﬁghggfﬁ&?%@kgHg?é%éych

i ndependent | yarsk Peatoets, fandnar‘ylleae @r cuyledsd contatiing ong cvfmdnednetgenatomky| |

cycl oal kyl or I akI ont n|n ne, or nor eero tonms _selected from
0, S, N.and Pgei%/‘%ﬁ@ r‘é%dcg gt y‘lq 2OA1Sa; 7 Be%}aa ERefdb at ons
sel ected frOWh@ep@ndéNtl?”QelE’ct@HOffﬁm Mthé S gRflp! f@:bfig@fng odf hyamgent CalRyiand y is
an integer of froml to 6. 20 A process of Claim28 wherein the

corrosion i nh¢Y;§1Qﬁ|% oséy%ailfyl é@fﬁfﬁkﬁlmﬂdoﬂesmamofﬁ)miémog@l%(&ﬂ freEn®Pt he
for mul ae: é:Rhl B8 P at %ﬁ @?)orr J{%&\talaﬁ Obnel of Qrg?éﬂw@tg?ozkﬁbn@ wher e
eac ent =0,

Wand Y are I ndepen | ecte romt group consi sting

-OR, -0 CO- R;lected:(fl@)n O, -&(N)pnGzP apms; sach -oRn1- a_ml, n2 $ m(depemdentls(am) 2-R,

3481 O%/\?) OE%/ 006%@%’&%/‘%&?@ 9'?’?&'“?@% gf(pégnﬁgtossel e%e)é $§ﬁ2 r%eaggohp

consi sti ng ofcyldajytere, or aygengl &yd enis an mgegboa:ifkfpdmrmtooﬁltvmani h@mne or
nore hetero ato

| . f
T et cont SRIGRIR B < Vainhl Sk et gitse Refe abooft 8fButef RERTH! SSNa® g p
atons; each R?a&amgmlaFSRerweorﬁ@mhg%nemiaﬁ@r@dmédoyatambes@te@@bdfr@mmhs group

consi sting Ong gr toms qJIS selected from the group consisting of -O, -S, -N and -P; Z
is selected from the group consisting of hydrogen, -ORs, -N(Rs)., and -SR;
each of Rj;, R; and Rs are each independently selected from the group

15 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 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'(CR1 R2)n1'X'[(CR1 Rz)nz"Y]z
25
or

T_[(CR3R4)m'Z]y

30° where W and Y are each independently selected from the group consisting of
=0, -OR, -O-C(0)-R, -C(0)-, -C(O)-R, -8, -S(0)-R, -SR, -S-C(O)-R, -S(0),-R
-5(0),, -N, -NH-R, -NRR;, -N-C(O)-R, -NR;-C(0)-R,, -P(0), -P(0)-OR and
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cycl oal kyl or cycl oal kyl containing one or nore hetero atons sel ected from
O, S, Nand P atons, and aryl or aryl containing one or nore hetero atons
selected from0O, S, N and P atons; each of nl and n2 is independently an
integer of fromO to 6; and z is an integer of from1l to 6 when X is

al kyl ene, 1Wo®gel6%l kyl ene or arylene; and z is an integerCTafsodziemm O to 5
when X is cycl oal kyl ene contai ning one or nore hetero atons sel ected from
0, S, Nand P atons or arylene containing one or nore hetero atons
selected fromO, S, Nand P atons; T is selected fromthe group consisting

of -0, -S, -N wZ viS.S d 0 he. grou i.sti.n dr ogen,
O NCRe) 2 P RAORIE, X 35 SSRERT oh? Thel Cocl o R lenfl ot s
sel ect ed froncydiealkylenmor cysisdligliénegcartaihindrargesr, matekiydterocytohaddigdtedr

cycl oal kyl copt ai ig ne (r)’g nor e tgjgte{o atons, selected fromO0O, S, N and P
atonms, and ar JPMoy: ﬁ?a@S ? AP PNDAYIEEE HopRlang: AnPIRng ANes® B %d from

0, S, N and PhatefdTBion $8e@Bd FBinedes, N&ndfP afbnts; leack RaR] add IRg afd ebétt eger  of
froml1l to 6. 20 34. A process of alm 29 wherein the corrosion inhibiting

sol vent conpoiidarerdentlyc saisstedd fog elbee @royronsansisting r afli| hyerogen, alkyl,
W (CR R2) n1- Xaf yl%ﬁb@%b%k?l coﬂfairﬁ%é S%R@o% fibtro QQn’(()%‘&flgcéw ﬂ%& ¢, are

each independently sel eCte rom-t roup consisting X
-0 (O -R, - GBON and(® @forRs, a8} and(ap) ar coiSRiNingSoBE O -rpre- BEteY@ aRms - 35

10,93,009555 BELLURAE S 3: kP Spbionllith FuZieindbhhntian o
group consi st integenfof dtdny Detnes; aoyl @ isadrkintegyee of Gonmcy ¢d Galtier Xrig atkylene| ni ng
R O e P
atons; each Roydiballnénd@orbiinga®@ or more hetero atoms selected from O, S, N and

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

N and P atoms; T is selected from the group consisting of -O, -S, -N and -P; Z

is selected from the group consisting of hydrogen, -OR;, -N(Rs)., and -SRs;

15 each of R;, Ry and Rs; are each independently selected from the group
consisting of hydrogen, alkyl, cycloalky! 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 0 to 6 and y is an integer of from 1 to 6.

20
34. A process of Claim 29 wherein the corrosion inhibiting solvent compound is a
compound selected from the formulae:
25 W-(CRiR)n-X-[(CR1R2)nz- Y],
or
T-[(CR3R)m-Zly
30

where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0)-R, -C(0O)-, -C(O)-R, -S, -S(0)-R, -SR, -S-C(0)-R, -S(0)R,
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I ndependently selected fromthe group consisting of hydrogen, alkyl,

cycl oal kyl or cycl oal kyl containing one or nore hetero atons selected from
O, S, Nand P atons, and aryl or aryl containing one or nore hetero atons
selected fromO, S, N and P atons; each of nl and n2 is independently an 10
I nt eger of WPOM©@SBo 6; and z is an integer of from 1l to PETWMHEH2IXS S

al kyl ene, cycloal kylene or arylene; and z is an integer of fromO to 5
when X is cycloal kyl ene containing one or nore hetero atons selected from
0, S, Nand P atons or aryl ene contai ning one or nore hetero atons

I d f
o <o U NI AE ReERETRIGONS AR O R HOL R EDR g Ons! ot N
hygrogeg thREP(Ol NOR); %lsmhﬁc;eﬁ%m tm@bcgﬁboﬁ?st:]@ofakwm ayceloaih)ldhne
i ndependen se rom.,the drou i Sti
cycl 8al kyl o)r/ c%‘i ﬁﬂ?ﬁe EHRINGi ‘grn@ ?rtSFoe %Hé?%‘g%&ﬁggr‘?gﬁ Qeléch ed from
0

S, N and Paad @Tatonﬁs?darwr NylePe @ratylend Woatdming oneng rﬂbrdfﬁél%rch%tcﬁﬁ@ at oms
selected fromQ, S, and P atons; mis an integer 20 of fromO to 6 and y

is an Pnt egerS@FCtﬁfjoﬁPT & & Nsang By glossy 88ciOIRi B138ndnRr 3R PRGN about
0 to 10% by V‘%UEBéndtfnt@ %Efe@ied' @Bm fthee ghddy @hSish QPW@drd’ﬁE‘i'x félQ?]OabOUt 0

to 5% by weight of a netal chelating agent. the al group has f
6 car bon aton@ycai@ﬁikxlmcmlwlkx@rcgqulmome@hmozqshgtetmatpm%w%ﬁd&pﬁh@ 36. A

f d ted
P;g(r:nes;shg gro%i)mcéﬁsreﬁtﬁhg % Wr& Atglﬁlr}% %rﬁﬁ%\éeﬂétgco , g ;C/cgrol,

di et hyl ene g!sqledleddromtO]ﬁ I&tdmdrP atm’tmaambmflramamrands mdwandenﬂyrm

triet hanol am |,et.hanal am_ne ( o) r2-pyrrol
i “nohe. a- (Btead el iy B GHu S AT EBE P TR P R B YD ol | ne,
2- (et hyl am nq)cﬂxhdn g oZ-amliene- andred fy lan linpggepadgiofrom (Q.-tand nghéh P¢ gpanol ,
2- (2- am noet hox hano 2- hydr ox acet
N (- hyclr oy R AT SoltaNaE SR ST U ety it 6 oetes g Pafed 10 5 37,
A process of Rlbms 2 dMlene conthiNRghe e1sherd hatBicPatbibefteEtbmi O, sel ect ed
from the group consisting of ethylene glycol, diethylene gI’\}/coI gzycerol ,
di et hyl ene  NandP atoms; T'is selected from the group consisting of -O, -S,-N and -P
15 is selected from the group consisting of hydrogen, -ORs, -N(Rs),, and -SRs;
each of R,;, Ry and Rs; 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 ary! containing
one or more hetero atoms 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 1 to 6.

35. A process of Claim 34 wherein from about 0 to 10% by weight of a metal ion
free silicate compound; and from about 0 to 5% by weight of a metal chelating
agent. the alky! group has from 1 to 6 carbon atoms and the aryl group has from

25 3 to 14 carbon atoms.

36. A process of Claim 25 wherein the corrosion inhibiting solvent is selected from
the group consisting of ethylene glycol, diethylene glycol, glycerol, diethylene
glycol dimethyl ether, monoethanolamine, diethanolamine, triethanolamine, N,N-
30 dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2-
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gl ycol di nmet hyl ether, nonoethanol am ne, diethanol am ne, triethanol am ne,
N, N- di net hyl et hanol am ne, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2-

hydr oxyet hyl ) nor phol i ne, 2-(net hyl am no) et hanol

~2-am no- 2- net hyl - 1- propanol , 10 1-am no- 2-propanol,

: 2- (2- am nowOdM8sF8et hanol , N-(2- hydroxyet hyl ) acet am de, PCT/US02/21375

N- (2- hydr oxyet hyl ) succinimde and 3-(diethylam no)-1, 2-propanediol. 38. A
process of Claim 27 wherein the corrosion inhibiting solvent is selected
from the group consisting of ethylene glycol, diethylene glycol, glycerol,

di et hyl ene ﬁy&bw%ﬁn@ﬁa% ‘t%g ﬁylaﬁﬂﬁgﬁ%’ﬂQ—%B&-mgf-hﬁlt-ﬂﬁ%%ﬁgﬂ ne.

tri et hanol am ne

1- ( 2- hydr oxy ef{aphine-2-prgparm, |25K|2Fammﬂoethe)(y2-ethhy|dlr Nx(2etydnoxyethyl picdtamide,

2- (et hyl am ng) gt.hanql . 2-am no- 2- mstg%/ = 1-propanol., 1-ami po-2-propanol,
2- (2- ani noet h@i&@}h-@f%ﬁww SRE?WWCW’Q -@{eﬁvﬁgmlﬁg)éﬁgmr%nemon

N- ( 2- hydr oxyet hyl ) succinimde and 3-(di et hyl am no) -1, 2- propanedi ol . 20 39.
A process of Caim 28 wherein the corrosion inhibiting solvent is selected

o oThyt 032" SRR el o6 B FRoHER ol RL el Bttt v

tri et hanol am the, grksiubl—ccxdnisusmglpf emlylanelgﬂyuoheilethylene glycol, glycerol, dlethylene

1-(2- hyd lid 2 d t hol

2. (et ! am n@y ey SRe egosRandir e daiénaRtie. HerappRBze Nhhanol
2-(2- thdm)b)thh amind: ( 2- hy dr- -(2-
N-gz ﬁ)r/ndpggyet ¥ Wéétu??:?nrlmr% dt(a é 3?2‘%)&?@%}?%%)&{6&@20@0 anedl"'o(2 - 37

WO 03/ 006598 /')EREF?'EP""%(? ("Eﬂaf'%fe@gieﬂaﬁnotﬂa@fﬁmw mﬁ@vld -prapaecl,
corrogjon i nhiRidihdg- p?@déﬂél‘tz Fzﬁarﬁﬁb@lﬁbﬁﬁ eftﬁzmasl tlag2 ay e‘?rﬂ@sééétfrﬂgleo‘c

et hyl ene gl ycol, diethyl ene cerol, diethy l yco I et hyl
et her, nonoet Ndﬁdwdfﬁm@thylds@qqmn@e@ ﬁdd'eﬂ‘r)’iaémlh@)nbﬂf&l‘ﬁnﬁiéedlol

di et hyI et hanol am ne, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2 5

hydr oxyet hyl ) nor phol i ne, 2- (et hyl anmi no) et hanol ,

2-am no- 2- et hyl - 1- propanol ,  1-am no- 2- pr opanol

2- (2- ani ABet W BygcessHA Kdaim RZ mewyummnoa@n)lnmlmeamlwt is selected from
hyd 41. A
N-(2- hy roxyeﬂhe rérbuﬁ%ﬁb@ﬁ 1 ?ﬁetﬂggné gﬁbletdliﬁfn%)géﬂ ﬁlg é BPW%% e

process of claim 25 wherel |ées or at
15 glycol dimethyl ether, monoethanolamine, diethanclamine, trlethanolamlne N,N-
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 dimethyl ether, monoethanolamine, diethanolamine, triethanolamine, N,N-
dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2-

25 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.
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10 | east one other organic co-solvent selected fromthe group consisting of
di met hyl sul f oxi de, sul fol ane, and di net hyl piperidone. 42. A process of
claim?29 wherein the cleaning conposition conprises water or at |east one
ot her co-solvent selected fromthe group consisting of dinmethyl 15

sul f oxi de, wQP¥6He, and di met hyl piperidone. 43. A prod88Us8321815ai m 35
wherein the cleaning conposition conprises water or at |east one other
organi ¢ co-solvent selected fromthe group consisting of dinethyl

sul foxi de, sulfolane, and dinmethyl piperidone. 20 44. A process of claim 40

wherein ihe ChHoidis FAUTRATH ‘\A}P\@r tHe! éo?Fo%ioY‘ﬁHﬁBiti% ﬁgﬁ/%?tl iﬁ?éﬁﬂg%:%;ﬁlﬁro% her

organi ¢ co-sol vent selected rom € group consi st
sul f oxi de, sulhograde,coanisting ot ethylengigikeol, dietbylens giysol, Alysert; edisthgenel ai m 25

N . ] o : . . . . | de.

{r1 et hanol am COHEREST RS, b BbeRlBbRE ok BhO BT, BB NG T ol ane

\zmd wat e[ - iﬁﬂwetMﬂbtﬁﬁvﬁcﬂ@ﬁﬁ&? PCT/ Lﬁ(mhﬁﬁ@@?tr][yﬂ@-pﬁrdﬁdmcﬁés of ﬁ"‘ﬁ"zm zg
erein e Cl eanin OSIUI O rse etr a un r oxi de,

1- (2- hydr oxye@f‘f@?’jye’g'wmqh S eélpanoéaQaqmmg %Wq‘%‘ “HE"PBRPosi ti on

of claim 25 coapihGpiBodaol, aqreztwhaemeﬁy)lémdmdrrm(m?drox@uw Bdtarmidel OXi de,

tri et hanol am ne _and wat er . process of wher ei’'n the cl eaning
conposi tion cHr{Bﬂygrqwethvléﬁvwm|aaﬁ1$dﬁ|e£hwqwa@)ok2d>é0patnfemet hanol ani ne,

et hyl ene glycol, 10 ethyl enedi am ne tetra(nethyl ene phosphonic acid and
water. - 39

41. A process of claim 25 wherein the cleaning composition comprises water or at
10 least one other organic co-solvent selected from the group consisting of dimethyl
sulfoxide, sulfolane, and dimethy! piperidone.

42. A process of claim 29 wherein the cleaning composition comprises water or at
least one other co-solvent selected from the group consisting of dimethyl
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 dimethy! piperidone.
20

44, A process of claim 40 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.

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

5 47. A cleaning composition of claim 25 comprising tetramethylammonium hydroxide,
dimethyl sulfoxide, triethanolamine and water.

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