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5 Thi s i nwenisioesosel ates t o ammoni a-free cl eani ng conposi thRaamssokar37s!l eani ng
m croel ectroni c substrates, and particularly to such cleaning conpositions
useful w th and having i nproved conpatibility with mcroelectronic
substrates characterized by sensitive |oWK and high-K dielectrics and
copper netallization. The invention 10 also relates to the use of such
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cl eani ng r ep ENNING COMPOBIBONS WH |MP1@GV s B %ﬂ%ﬂﬁPﬁﬁBluw

mechani cal polishing (CW), as we as an a tlve in planarization slurry
residues. is BACKGRQJND TO THE | N\/ENTI ON Many photoresi st strippers and
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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



step by the use of suitable plasma ashing gases or wet chem cal strippers.
Finding a suitable cleaning conposition for renoval of this resist mask

mat eri al wa a3woevs adversely affecting, e.g., corroding, dixSosenEer
dulling, the netal 5 circuitry has also proven problematic. As

m croel ectronic fabrication integration | evels have increased and
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copper netallizations. Simlarly, many copper netallized/ |lowK strippers
are not suitable for A netallized devices unless significant adjustnents
I n the conpositions are nade. 20 Renoval of these etch and/or ash residues
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with Al metallizations, but are practically unsuitable for those with copper
metallizations. Similarly, many copper metallized/ low-k strippers are not suitable for

Al metallized devices unless significant adjustments in the compositions are made.

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

25 the circuitry wiring and undesirable increases in electrical resistance.

The current back end cleaners show a wide range of compatibility with
certain, 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-¢ dielectrics



and/ or copper netallizations. Mreover, nmany of these al kaline cl eaning
conpositions contain organi c solvents that show poor product stability,

especi al | woadsnogsobi gher pH ranges and at hi gher process t amerabdirs. BRI EF
SUMVARY OF THE | NVENTI ON There is, therefore, a need for mcroelectronic

cl eaning conpositions 10 suitable for back end cl eaning operations which
conpositions are effective cleaners and are applicable for stripping

phot oresi sts, cleaning residues fromplasma process generated organic,

or ganonet and icopperd metaligatiors. nedAdditienally, el typicalnalkgline stleaniag golwions
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suclr as aﬁlﬂﬂﬂri@ﬁﬁ’imscﬁﬂcgét *Ha‘aercﬁrﬂ‘é‘?s(sgﬁﬁsf Wi8%x, X= OH, carbonate, etc.)
are capable of dissolving /corroding nmetals such as copper through conpl ex

formation. Thus they are poor choices to be used in sem conductor cleaning
formul ati ons when conpatibility of loWK dielectrics (i.e., a Kvalue of 3
or less) or high-K diel ectBRl!%céUNHWARYapRT\Hﬂ INVENTIONoOr greater) and
copper netallizations are required. These 25 conpounds can generate anmoni a
t hrough equi li brium process. Ammonia can form conplex with nmetals, such as
copper and resul tThere riet Hierelere. odi raedd s sMiqieelesiryc sdeaning rgomRasitions

foll owi ng j ++ . + ti . + -
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Thus, amamnd are dppiicabkleder strigpiagmbiotaresists) tleaning residuésifromuslbsalprédessand

net al - chel ati ng ammonj a (NH3) through the equilibrium process described in

Equat i on gengsaied; ¢rgeRic pragnameialie andaisergasisc matarialey e claadindalegidiBani nes
ar e addedso Ny bAgiAiBR EH6EeSd sRH¥ISHh T8 RbMIGH THedTarf idlishiAg 2h8 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 complex formation.

Thus they are poor choices to be used in semiconductor cleaning formulations when
compatibility of low-k dielectrics (i.e., a k value of 3 or less) or high-x 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 + 2 NH; — [ Cu (NHa),]' — [ Cu (NHa)]** (Equation 2)



5 di ssol ved/ corroded through conplex formation with ammoni a, as descri bed
in Equation 2. Such conplex formation can further shift the equilibrium

(Equat i onwb) oslgassot he right, and provi de nore ammoni a, | eadidigudee,2iy7gher
nmetal di ssolution/corrosion. Generally, sensitive | owK dielectrics degrade

significantly under strong 10 al kaline conditions. Ammoni a and ammoni a
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i nproved thegighttandprovidpansrei armmpnias lgaging tel higheranétel digsoldiien/corresien.absence
of undesireabl e nucl eophiles in the conpositions. Good conpatibility with

copper netallization is achieved by selective use of certain 25
copper-conpati ble or "corrosion inhibiting" solvents. These conponents can

be fornul ated i ncengray, -seAuiliod Sow Bisisdtlicatibyradersigsifieamily under stron
(organi c-sol vent based) cleaning solutions or slurries. - 4 WD 03/006598
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i nhi bi ti ngueleaphiles, anbtheisleachio reastrnidenradatiniyofiselsiive dige@rieon- anmoni a
produci ng strong bases containing non-nucleophilic, positively charged
counter ions suitable for use in the

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-¢ 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.



cl eaning conpositions of this invention there may be nentioned 10

t et raal kyl anmoni um hydr oxi des or salts of the formula [(R)4N+]P [ X~'],
wher e eacWwaR3/mes9g ndependent |y a substituted or unsubsti t wcadusakkRyd7s
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 the |ike;
p and g are equal and are integer of from1l to 3. Suitable strong bases

al so include KOH and NaOH. C eani ng conpositions 15 containing the

non- anmoni um pr oduci REBALERDESSRIPTION OmMTHE INENTIONophi | i ¢,
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d | di el ectr tal lization. j a- f
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and lowF, dielectrics conpared to 20 cleaning conpositions wth anmoni um
hydr bxi denuceppfiic pogitivelyfabargad couatertiens ama: ohg loammse iofiany guitailé delyent
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benzotri azol e_S(OBT)n, a’:@rgl at i vglsgl)_ I owlconcgﬁ??gt?gﬂg%gf < /?B%@z%ﬁs it
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conpos t 1 BRRTBB": B ons: R Bl odaveBpRmiesrecomiaki o 1 APBidesh
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of conpl exi ng with netal 1Is egl oyed. - 5 WD 03/006598 PCT/ US02/ 21375

Pr ef er r edisdBdepgndently ecyibstitutesmeninsubgtitutadvallyls preferablyratiod fisomat tng2t wo or
o o e BB 6.0 D gy A RO E ffabiedt
T- [ ( CR3R4amiBhysuch as carbonate and the like; p and q are equal and are integer of from 1 to
3. Suitable strong bases also include KOH and NaOH. Cleaning compositions
15 containing the non-ammonium producing strong bases containing non-nucleophilic,
positively charged counter ions show much improved compatibility with porous and
low-¢ dielectrics and copper metallization. Ammonia-free tetraalkylammonium
hydroxides (TAAH) are very strong bases, yet they have been discovered to provide
surprisingly improved compatibility with porous and low-x dielectrics compared to
20 cleaning compositions with ammonium hydroxide. Especially preferred are
tetramethylammonium hydroxide, tetrabutylammonium hydroxide and choline
hydroxide.

While previous attempts to control or inhibit metal corrosion have involved

25 careful 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.



10 where Wand Y are each independently selected from=0, -OR -OC(O-R
-C(O-, -O-R -S, -S(O-R -SR -S-C(O-R -S(O02-R -S(O2, -N, -NHR
-NR R2, - Wd3dhedss -NR -C(O -R2, -P(O, -P(O-OR and - P(Opdi@o2i213%51 s 15
al kyl ene, cycl oal kyl ene or cycl oal kyl ene contai ning one or nore hetero
atonms selected fromO, S, N and P atons, and aryl ene or aryl ene containing
one or nore hetero atons selected from0O, S, N and P atons; each R, R and
R2 are each independently selected from hydrogen, al kyl, cycl oal kyl or

cycl oal kyl containing one or nore hetero atons selected from0O, S, N and P
atons, and 20 aryl or aryl containing one or nore hetero atons sel ected
fromO0, S, N and Preferreses segbicoposion inhibiting salvenis epe campoupdahavingeger of

f : N ' f.f ' | kyl ,
cyel oal kPR PreslsR harld G ESinoiand {ifh Bqhftel i aing Snf'bftedliBy | <
cycl oal kyfbpowingYdnaralifogna@ae; or nore hetero atons selected fromO, S, N

and P atons or aryl ene containing one or nore 25 hetero atons selected from
0, SS Nand P atons; T is selected from-0, -S, -N and -P; Z is selected

from hydrogen, -OR5, -N(R5) F SRS, of,,R3, R4 and R5 are each

i ndependent |y sel ect ed from%/Mﬁ:i[}ggéﬁ‘,&é[@eﬁz)féy@F oal kyl or cycl oal kyl
contai ning one or nore hetero atons selected fromO0, S, N and P atons, and
aryl or afyl containing one or nore hetero atons selected from0, S, N and
P 30 atons; mis an integer of frif@RRe-dyand y is an integer of from1
to 60 In the above definitions al kyl and al kyl ene are preferably of from1l
to 6 - 6 WD 03/006598 PCT/ US02/ 21375 carbon atons, nore preferably of

from1 towhereVpandat a@eaﬂymmbhdémgndele@mwfﬂﬂhlﬁﬂ,eﬂm,p@i}@@?ﬂ,y contain
from3 to 6 carbon atons, and aryl ene preferabIKjbcontaln from

Bbott 3§ oS0 cdr BOR oS OBy 5By 61 B0 -PrahRoSID)= 3k NHdRcar bon
pr of or abl 3 Ry PUTLO R INECK-BE o Qb PIEHBR, PG LFEPRPRIZ Xnf
aryhene i ailkypsres, efyelda!/kyrbélwxiredfy&lodﬂqﬂ@ﬁ@c@pmmthFcbtﬁeed)rcmké)&i_eke'rb atdms
preferably dioxyl, norpholinyl and pyrrolidinyl; and hetero-substituted
aryl is peefestehfrpnpi @i Nyand 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 0 to 6; and z is an
integer of from 1 to 6 when X is alkylene, cycloalkylene or arylene; and z is an
integer of from 0 to 5 when X is cycloalkylene 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 -0, -S, -N
and -P; Z is selected from hydrogen, -ORs, -N(Rs)2, and -SRs; each of R;, R, and
Rs 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
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



Some suitabl e exanples are of such corrosion inhibiting solvents include,
10 for exanple, but are not limted to ethylene glycol, diethylene glycol,
gl ycer ol , wodisaoéspsene gl ycol dinmethyl ether, nonoet hanol amaTays02/21375

di et hanol am ne, triethanol am ne, N, N-dinethyl et hanol am ne, 1-(2-hyd
roxyet hyl)-2-pyrrolid i none, 4- (2-hydroxyethyl)norpholine,

2- (met hyl am no) et hanol, 2-am no-2-net hyl - 1- propanol, 1-am no-2-propanol,
2-(2-aninoethoxy?-ethanol, N ( 2- hydr oxyet hyl) acetamde, N is

( 2- hydr oxgasbap| ftosags cmereri piefesally 301 fpet Hylad earbon atgnspandaatyl ande
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bases containi ng non-nucl eophilic, positively charged counter ions can be
used wi t h3 teot® @eirben iatempi t Ayl soprefatablyuinegtbybrethy] @optRRvAt alkilenrtis ot her

stabl e sol v I b r r 0 . 0 ' t | St ant
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di met hyl greréreblyde phBMache; Shétepdb-80BstiilubEd) cyaldikgi MRt hpkeferabty | divigl, The
cl eani ng conposition may al so optionally 25 contain organic or_inorganic
aci ds, pr@ospheliny apdyaelidinylcand hetaspramstiuied ag/l is Mﬁ?@i’@bb’cp)éflﬁ'%és,

hi nder ed al kanol am nes, and hi ndered hydroxyl am nes. The cl eaning
conpositions can also contain other netal corrosion inhibitors, such as
benzotriazol e, and aryl conpounds containing 2 or nmore OH or OR groups,
where R is al kylS@nestijable exampigs arerof sughppeosiadnutiting splyesiganelade,

conpbe 11 BRSPS, b Eog ot Irmich I8 RS e, Bbfderd Lyl oA "

exanpl e ddiegiyerie heyglyosl (dimethynol efiler, etrppsginahedniigs,r angitinahokesiygedi ol
(Surfynol -465), pol ytetrafl uoroethyl ene cetoxypropyl betai ne (Zonyl FSK),
(zonyl Fesjhaneiprmine, IN.Redimptivigthgivlaating id2Alydraxiethyb=-pymoligiianenedr be

dint L o : . _ o

or ot er abi {7 A PRrRRHYaTBlne. -G BFREheleME 28mide R RblyF P idedich,

silicate {iangihod-p@panel x@-ardimdetioxg)gthanol, N-(2-hydroxyethyl) acetamide, N-
15 (2-hydroxyethyl) succinimide 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.



cont ai ni ng al kyl groups generally of from1l to 4 carbon atons in the alkyl
or 10 al koxy group). The nost preferable netal ion-free silicate conponent
is tetraweld@ywoedgONi UM silicate. Qther suitable netal i gefo®e2gsi cate
sources for this invention may be generated in-situ by dissolving any one
or nore of the followng materials in the highly al kaline cleaner.
Suitable nmetal ion-free materials useful for generating silicates in the
cleaner are solid silicon wafers, silicic acid, is colloidal silica, funed
silica or Thecleshing cemppsitibes maynaled contdin anycsuitablel surfactantal suaki 8$ &eft es
such as sodi um net.asi.licate y be.us ut ,are no co ded due. to the
detri nment g¥argplpe(§:{|@eh}yl rrg%bl'qm?c @W&nggt FH?PWI?@% L"‘Sr gﬁchidr%gwﬁ?déql The
silicates S B Sichbt ' m@bayt O to
0 e o o R L BRI ot 8 20
The conpoBEBHi)and tlog likehe present invention may al so be fornmulated with
suitable netal chelating agents to increase the capacity of the formulation
to getain metals in solution and to enhance the dissolution of netallic

residues on the wafer substrate. The chelating agent will generally be
present in the 25Ampsyitatle invetal ion-fege siticatatmay bler usadindbe d@mpositions. ofg

ferably f t of _ f bout 0.1 t Ww. % Typical I
b “chel at 15y HgERs TGN 1 Shot ATRASB DS BrePEthh e RP Y g e GTe
aci ds andsfiipstes, SEERTSSS tetrthIRAl dnimonfuph wlc@ﬂggin@idonﬂd R HRI 23Rt hikoRy d

(EDTA), butyl enedi am netetraacetic acid, (1 _
cycl ohexytentaifiing talkyl roeps agenerally ek from( Ay or &) carbon atoms in the alkyl or

BT i K RO
(hydr oxy etdidmehiy hemsshian Sttt 20MdrCsiagiblb Hﬁ?;%?%%‘é MibbteNsources for

et hyl enedi am net &t ra( met hyl enephosphoni c) acid (
tri et hyl ethis dnventionemayabe eganeraied dn¢sirHpY , digsaviog sanh ong- oy hask y¢fr heane 5
N, NN N,N

:tetraaceti ¢ aci TA),, ..net hylim lLacetl cl .
propyl enezﬂtngm'r}%["@ﬁ?%%{_ﬁé@ ﬂlé @QFB',glh?lmep‘it’%?'??rardéi&?@%a@!‘agal ?%Fﬁ?e r@?tfaf'?'é acid,
tartaric yasfuffordhetfesratisg aficatesSinabBadléandiCard, sdlidysikcdre waferd, sifisial agidaci d,
phthalic acid, maleic )
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



acid, mandelic acid, malonic acid, lactic acid, salicylic acid, catechol,
gallic acid, propyl gallate, pyrogallol, 8-hydroxyquinoline, and cysteine.
Pr ef er r edwahssloatsong 10 agents are am nocarboxylic acids swdres2EDrd, CyDTA
and am nophosphonic acids such as EDTMP. The cl eani ng conpositions may

al so optionally contain fluoride conpounds in cleaning conposition, such
as for exanple, tetranethylammonium 15 fluoride, tetrabutylammoni um
fluoride, and anmoni um fluoride. Qther suitable fluorides include, for
exanpl e f Boigr obor at e DETEA).abut yI amedhylenediaminedeisapnopionic al uni nuracid,

hexaf | uor j,g i fl wori.de .and.the |jike. Th id ts will
e pr esenf ot e et BiriiRgARENC 0 866, rRRiER) 7 cVEERAR'S. 1 o
Sw. % 8@1(¥Téné§jiarﬁinﬁe§iﬁa(ﬁ@ﬂ%ﬂeﬁépﬁﬁéwéﬁﬁﬁ) ng/ oper agtigg pH and (FEP@PRt ur es

can be wused in effectively renoving and cl eani ng photoresists, post plasna
et ch/ ash triedkyleneieiranuinehexaasetic | @eid aEbiiA),ngl Fedigniire-2-ayiroxypropane-

For ol at 1 BRONPLRERGR S kit o BRI 01 cololiPfhafBRRid | il 20
whi ch conpaipyldristiathietdtraddesit 'acd) HloWteacatieChcias(NERY, aikie adld, (aFericor

tantalumnitride barrier |ayers and tantalum oxide. The cleanin _
conposi t i 8ai¢, gfuconicadichaascharic @cid, glysede gcidy oxalip aride phthaiic agishbumaleicos t o

o about 85 S GAGRE THABTRT A, BletE Sl Ay RIS C e chRE SRUR Y, oy
VD 03/ 006BRSPGHIAE0RYAING, SihpdroxPglinolties enddEysiBine . PhefoRvarCrelathigher

organi c co-solvent; fromabout O to 40 w_. %steric hindered am nes,
al kahol anPaestsrergninggarhaxylie acidspelich as €O T/ GyDTA ang gatinephasphaBicgani c

aci ds; abgqui Y metal corrosion inhibitor conpounds such as
benzotri agglltdg?su§ﬁta§é.§10 M nd the like; fromabout 0 to 5% w.%surfactant, 5

fromabout 0 to 10 wt. %silicates, fromabout 0 to 5 wt. %chelating
agents, and fromabout 0 to 10 w. % fluoride conpounds. In the follow ng
portions of this application the follow ng abbreviations are enployed to
desi gnat e t he i ndTloat ekbaomgpocmmpasitidd® may also optionally contain  fluoride

HEP=1-(2- EX%B%GX&& Y Ic?eé%i-npgy <r:cgr(r)1}3ci)g|{i8|% "Such as for example, tetramethylammonium

15 fluoride, tetrabutylammonium fluoride, and ammonium fluoride. Other suitable
fluorides include, for example fluoroborates, tetrabutylammonium ﬂuorbborates,

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



TMAH= 25% t et r anet hyl ammoni um hydr oxi de BT=benzotri azol e DMSO=di net hyl
sul foxi de TEA=triethanol am ne 15 CyDTA=trans-1, 2-cycl ohexanedi am ne

t et r aacet wo @moes9s SFL=sul f ol ane EG=et hyl ene gl ycol CAT=cacaim02/21375
EDTMP=et hyl enedi am ne tetra(methyl ene phosphonic acid) 20

DMPD=di net hyl pi peri done TMAF=25% t et r anet hyl anmoni um f | uori de
BSA=benzenesul fonic acid TMAS=10% t et r anet hyl anmoni um si | i cat e Exanpl es of
these types of formulations are set forth in the following 25 Tables 1A,

113, and 8oyt ihabeut YA mbuttwatsr of pther srganie sosoleat;; frm @posl 0itd 40par t s

by wei ght .d, P 9o
COVPONENTVR 4 A%EB@%@E%%”B@”%\Q&%X&%%%%% g%ﬁgﬁ{ %% 5 16
16 16 24 dfyadic/obinBigahicldcids; bboubDYE&4D6w(T BAmihal orrbeioddnAbitoddsmpodhds 0. 2
0.3 SFL 16 16 24 24 40 10 EG _
such as benzotriazole, catechol and the like; 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 -



CAT EDTMP DWMPD 15 TABLE 1 B 20 COWPOSI TI ONS COVPONENT |

J KL HEP H20

54 54 32 32 TMAH 45 36 4 16 25 BT DMSO TEA 36 36 16 15 CyDTA 0.4 SFL
30 EG 54 &4 dbBocdodT 6 EDTMP 0.36 0.36 0.4 DVPD 16 35 I n piabi@2Gsther e

are described variations of Conpositions D and F of Table

addi ti onal added opti onal

conponents.

TABLE 1 C

1A with

11 WO 03/ 006598

PCT/ US02/ 21375 COWPCSI TI ONS COWPOMENT M N OP QR S Conposition D 100 100
100 100 Conposition F 100 100 100 5 TMAF 2.5 2.5 TMAH 2 2 2

10

15

20

25

30

35

COMPONENT A B € D E FE G H
HEP 90 90
H,0 7 8 32 16 12 8
TMAH 108 15 16 16 16 24 10 27
BT 0.11 0.11
DMSO 16
TEA 16 16 16 24 10
CyDTA 02 02 0.3
SFL 16 16 24 24 40
EG
CAT
EDTMP
DMPD
TABLE 1B
COMPOSITIONS
COMPONENT | J K L
HEP
H,0 54 54 32 32
TMAH 45 36 4 16
BT
DMSO
TEA 36 36 16 15
CyDTA 0.4
SFL
EG 54 54 48
CAT 6
EDTMP 0.36 0.36 0.4
DMPD 16

In Table 1C there are described variations of Compositions D and F of Table

1A with additional added optional components.

TABLE 1C

- 11 -



H20 10 10 10 BSA 2 2 H2SO4 0.5 0.5 0.5 10 TMAS | The interl ayer
dielectric (ILD) etch rates for Conpositions D and F of Table 1A and
Conposi t i woso3Mosdes ough S of Tabl e 1C agai nst vari ous di el edwusns/2135er e
eval uated by the follow ng test procedure. 15 The filmthickness of the
waf er pieces is neasured using a Rudol ph Interferoneter. The wafer pieces
(with ILD material deposited on silicon wafers) were inrersed in the

desi gnated cl eani ng conpositions at the indicated tenperature for 30

m nutes, followed by rinsing wi tﬁO(WOShTIE)@tSwat er and drying 20 under
mtrogenflo he t |ckn agapn follow ng the
t r eat ment ar\&ﬂhﬁs, -FI at -! e L3 oF—t-he change in
filmthi ckneggmwgm@h e pq@@lucqaglo by d)te i ndi cat ed treat memts. The results

are set for g Es 2, 3, 4 and 5 2516' BL Dighectrics Etch rates
(A n15n) at 4$ 3°’ m n) Corrp§|5t|on CDO Bl a Coral FSG TEGS FOx Si N
Di anbnd - 16 7 <1 <1 <1 <T7---;5-- <l F <1 <1l <1,------ <1 30
TABLE 3 Di el cs Etch rates (Afin) at 5 C( - 1% WD 03/ 006598
PCT/ US02/ 213 Conposi ti on CDO Bl ack S| LK Goral OS FOx- SiN Di anond
16 D ----- 2BS&1 6 <1 1 ------ <1
H,SO, 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 | e—— <1
F 2 7 <1 <1 <1 <1 | e <1

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

- 12 -



F22534<14 ------ <1 5 TABLE 4 Dielectrics Etch rates (AAmn) at 65
OC (30m n) Conposition CDO Bl ack SILK Coral FSG TECS FOx- SiN D anond 16
D2 42 5 Qogibiobesog---- <1 F24058«<11------ <l TABLBR&G/déhikectrics
Etch rates (A/mn) at 70 C (30mn) Conposition CDO SiLK Coral TECS M5 <1
123 N5<1143 042122 P<1<151 Q<1<13<1 R2<12<1 S«<il
<1 <1 3 1In Tables 2, 3,4 and 5 the dielectric are as follows. 15
CDO=car bon doped oxi de; Bl ack D anondTM=brand of carbon doped oxi de;
Si LKTM=or gani ¢ _pol yner; Coral TMebrand of carbon doped oxi de;

FSG=f | uor i h€oetpositidnc aiGD@| eBlack20 TESHHK et Car! hASIB t| AEODSI |dedrs | SiN
FOx- 16 TH=f | owabl e oxi de (HSMiarsnd and -| 13 WO 03/006598 &T/ US02/ 2[L375
Si N=silicoppnitride. [ne._Tols®W ng exXaqpl esgl 1T UsIraf e the |excellleqt Cu
conpati bi | FEyas—conpared (A the Telgrivel y pogr A [gonpat| bi tT 10t 1 he
conposi ti ors—ef—this

5 TABLE 4
Dielectrics Etch rates (A/min) at 65 °C (30min)
Composition | CDO | Black SiLK | Coral | FSG | TEOS | FOx- | SiN
Diamond 16
D 2 42 5 9 <1 1 | - <1
F 2 40 5 8 <1 1 | e <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
O 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 -



5 invention. The data is presented for Conpositions D and F of Table 1A and
Conposition L of Tablel B. The copper and al um numetch rate for cleaning
conposi ti wos3@mievBi S i nvention are denonstrated by the etrdr/vsteidata in
the followng Tables 6 and 7. 10 The etch rate was determ ned utilizing
the follow ng test procedure. Pieces of alum numor copper foil of
approximately 13 x 50 nmm were enpl oyed. The weight of the foil pieces was
measured. After cleaning the foil pieces with 2- propanol, distilled water
and acet oR@N=EHiCONHAtridsi. | pieces are dried in a drying oven. The cl eaned,
dried foil pieces were then placed in |oosely capped bottles 15 of
preheat ed cl eani ng conpositions of the invention and placed in a vacuum

oven for a peri ogthedffolildviiRyt ¥karhSles WROSYatbOtHe XebRert CUNBoMPELiSHECBSs
tenperature. Follow ng treatnment and renoval fromthe oven and bottles,

t he cl eane@Mmpaiads to vilee relativalyl paarhAk sempaiibility wft theofcodipositionsdofivdhisr and
dried in ' ve ot abo hour and..t hen_.permtt ol _to room
termer a URKE T HHE P e plretiast ol BonieSi R A s ob Tohlk O anbcs or
wei ght chgpgmositidRUECSTABIcAIB. et ch rates (A/mn) at 55 C (24 hours Study)
Corrpositiong%J Etch rates Al Etch Rates D <1 >1,000 F <1 >1,000 25 30

TABLE 7 Metal etch rates (A/mn) at 65 C (24 hours Study) - 14 WO
O o OBl der SRS BTARL A e f eB o SBr A SR g
sol vent s iplebtidrs 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 -



I nvention present in the conposition is denonstrated by the foll ow ng
exanples utilizing various corrosion inhibiting solvents, with conparable
data for Wweosmoevspari son exanples with no corrosion inhi lBHdT/vsy22a79ent
present. The Cu etch rate test was conducted in the sane manner as

descri bed herein before and the results are set forth in Table 8 TABLE 8
10 Cu etch rates A/ hour at 70-75 C (oven tenperature (24 hours test)
Conposition Inhihitor ldentity lnhbibitor % Cu Etch Conponents Rate
Parts by Weight (&ompasitiorp2: 3L uNGtoh rates20 | AL RGMVRALEVEO  22: 16: 16

2- (met hyl am no) ethanol 30 <10| 25%MAH DMSO- 2- (nethyl ami no) et hanol
22:16:16 N, N-di ngbhyl et hanol ani<ie 30 <10 25%008H DVSO- N, N
di mret hyl et hanol |am ne 22:16: 16 3-(Di ethylam no)-1,2- 30 <30 25% MAH
propandi ol DMSO | B- (Diethylamao)- I,2- ro>amfeol 3271577 |None 0 220 - 15

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 (Alhour)
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 -



WO 03/ 006598 PCT/ US02/ 21375 DVBO 25% TMAH- H20 16:15:7:16 Tri et hanol am ne
30 <10 DMSO 25% TMAH- H20- tri et hanol ami ne 16:15:7:16 Di et hanol am ne 30
<10 DVSWv@bB3m0bM8H H20- di et hanol ami ne 16:15:7: 16 Mnoet hanokendiaes 30 <10
DVSO- 25% TMAH H20- nonoet hanol - ami ne 16:15:7:16 HEP 30 <10 DMSO 25%
TMAH H20- HEP 24:15:7:8 Triethanol am ne 15 <10 DMSO 25% TMAH- H20-
triethanol am ne 24:15:7:8 D ethanol anine 15 <10 DMSO 25% TMAH H20-

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

DMSO0-25%
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,0-
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
DMS0-25%
TMAH-H,O-
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 (A/hour) at 70-75 °C (oven temperature) (24 hours test)

- 16 -



TMAH H20- nonoet hanol - am ne 24:15:7:8 HEP 15 <10 DWVSO 25% TMAH H20- HEP
Simlar Cu etch rates test were conducted with a fornul ati on contai ni ng
TMAH, DVS@edndosie, Wi th and without a corrosion inhibiting@oyaissand the
etch rate data is presented in Table 9. 5 TABLE 9 Cu etch rates (A/ hour) at
70-75 C (oven tenperature) (24 hours test) - 16 WD 03/006598

PCT/ US02/ 21375 Inhibitor Identity Inhibitor wt % Cu Etch Rate (A/ hour)
None 0 140 2-amino-2-nethyl-1- 30 <10 propanol 1-am no-2-propanol 30 <10
2- ( 2- ami noe Holxipiter B@NtY0 et hapwhibhoowiet seri|egsu BfchdRate ch ratle st udi es
was conductled with a fornulatipn of SFL and TNAA/uh and withqut a
corrosion inRbRet! ng sol vent pregent 1n the fqrmg ation. The data for such

test is presQrgrgi Tb@@ t dABLE 10 Cu efjclygates (Ahour) at 70-75 C
ur's es

oven tenper t Parts by weijght Inhibitor ldentity

| nhi bi tor 1 amlnoLZ+ Bropaﬁt:h 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-i«
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 -



Composition (A/ hour) conponents 10:50 None 0 30 25%MAH SFL 10:40:10 TEA
17 <10 25%'MAH SFL-TEA 10 The foll owi ng exanpl e denonstrates the superior
conpat i bi Wig os/00ésohe non-anmoni um st rong bases of this i pEanideeniz7€. 9.
TMAH, in conparison to the ammonium bases, e.g. anmoni um hydroxi de

(NH4OH), with sensitive lowY, dielectrics, such as hydrogen

si |l sesqui oxane (HSQ type FOx-15TM fl owabl e 15 oxide. The test procedure is
as follows. Wafer sanpl es coated with dielectric filns were inmersed in a
magnet i caB¢quiEad withct e ¢$ﬁﬂ1ﬂti§m aed)layeraged( gvén 82 sganat EourBoT fampform

f ol | owed and d| |1 ed ter rin | es r t hen
ari ed wi ¢ Iz O DREARaVRB R Vdes ot TheT g 58 sticical EPRadie S0 ect 1 a
wer e obt abierétidst h TheNhiatet afstPpfidd Band %ﬂgm@rofqgmaﬂ de bérﬁSQd
triglycine sulfate (DTGS) detector. Spectra were - 3/ 006598

PCT/ US02/ fimgrare asciglibwad with 4 cm' resol ution and averaged over 32 scans.
Fourier Transform Infrared (FTIR) analysis provides a way of nonitoring
the Structural changes of HSQ dielectrics. The infrared absorption band

of I nfrared Apsch i agheRRAIh A BRerblbTBaPLS AR IR cquenci os

(cm') B ndsjbm@ugﬁrm u&o?&()(cﬁrrl H Stretc SI-O-SI Stregch
830-875 H Si - O hybri ng brati on The (ontéﬁ?&p%%gqﬁrﬂéagnds in HSQ fi|ms can
be deternm »negoby Si-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 resuited in quantitative IR

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

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

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

90:8:1:0.11; HEP-H,0- 20 96
NH,OH-BT

90:8:2.66:0.11; HEP-H,O- |92.5 100
TMAH-BT

Original film thickness: 4,500 A.

The cleaning capability of compositions of this invention is illustrated in
20 the following tests in which a microelectronic structure that comprised a wafer of
the following via structure, namely photoresist/carbon doped oxide/silicon

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

- 18 -



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

| attice bomdssoaemdsSi -C inpurities) as the internal standargfmedoernense
resulted in quantitative IR analyses wth good precision (relative
standard deviation: 2-5 % . TABLE 11 15 Conpatibility with FOx-15 HSQ LOW K
Dielectrics Parts by weight % Si-H Remai ning % Fi | m Thi ckness Conposi tion
conponents after Treatment (by Remaining after FTIR nmeasurenent) treatnent
90: 8: 1: 0. imenserd—iﬁlzmearﬂﬁg g6lutidihel n-tBE indicgteal. tetpratire BiEE-tineD -WeR. themoo

TMAH BT Qi |naI Il m t.hic ess 4 500. A. . The cle a L lity

conposi t i YAS" I Sﬁqr §jm? \/@Ffi( FIPPUE‘Qr%@HﬂF}?dﬂBﬁw Bﬁ?‘f"g\ﬂnngﬁ‘gsts in
whi ch a meguggb?@gépwﬂ% in tand qge that conprised a wafer of the follow ng
via structure, nanely photoresist/carbon doped oxide/silicon

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

was - 18 WD 03/006598 PCT/ US02/ 21375 .EA Igffd I n cleaning solutions for
the 1 ndi cated tenperature and tine, wer wat er rinsed, dried and then

t he cl eah = 7 results are set ftor in
CBHwap%‘% tEfn&%ﬁl?F’réBés? %Ibéﬁlﬂ%ﬁfér%“rma'rf&%

Tabl e 12| Bl ! Corrp05|t|on a Process d eam ng Performance

Condi ti on 4 p IJ\/ ") cou rvcnu at |t o and
40ni n harggﬁﬁéﬂ ﬁr%i’c ﬂm?% (qi ?FF. Z dé@ﬁi E!E(:b %Rai?c 100%
d ean; Elbl_au__t_he_ER_(_bL | a
col | ar/ f pheswppsition 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 Iline 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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Conposition B, 75C, 100% C ean; Renoved all the PR (bulk PR and 40mn

har dened, polyneric "via collar/fence") The sane cl eaning test was

conduct edw@ysmogdegr oel ectroni c substrate that conprised gpwai®s20fst he
following line structure, nanely photoresist/tantalumnitride/ FSG copper.
Two prior art commercial cleaning 10 products were also tested for

conpari son purposes. The cleaning results are set forth in Table 13. TABLE
13 Conposition and Cd eaning Performance Substrate Process Condition
Conpat i bi dxpoge coppeos iTheaesHlis areGet fIQMH4rCTARLE Ménoved al |l 100% conpati bl e
20mn the PR (bulk PR and with TaN and FSG hardened, polyneric "fence")
EKC-265 TM 75-C, Not C ean; Renoved bulk 20m n PR, but hardened,
polymeric "fence" remained ATM ST-250ppABPgCi4 Not clean; nothing is 20nmin
changed (a fluoride-based stripper) 15 Asimlar cleaning test was
conduct eq GQumposition@eldect r on| ClezningParfermaheg conprised a wafer of he

fol | ow ng progess om’uuro@, nanely phot oreS| st/ car bon doped oxi de/siligon

BIB,; E)iogggs% “%L”gﬁ%b' ex Jlégg%l "”B‘! u‘i g#?@ggﬂ"?ﬂgth in TABLE

14. TABLE ,_rlnm(‘nrmn':l tion_and &L QVEG, M- CAAMAITHNCEL o
Conposition D, 70C 100% d ean; Rem)ved al | the PR (bul k PR and

5 A similar cleaning test was conducted on a microelectronic structure

als alala a

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

1

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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20m n hardened, polyneric "via collar/fence") 5 A simlar cleaning test was
conducted on a mcroelectronic structure that conprised a wafer of the

f ol | ow ngwa @/m6398ict ure, namely pTEQGS/ Coral/Si N Coral / Si Waaopsper1373he
results are set forth in TABLE 15. Tabl e 15 Conposition and C eaning
Performance Substrate Conpatibility Process Condition Conposition B, 65C,
20 100% O ean; Renoved Conpatible with Cu netal, mn all the residues
dielectrics and etch stop/barrier layers. 10 Wth the foregoing

descri ptGlaim:of the invention, those skilled in the art will appreciate
that nodifications may be made to the invention w thout departing fromthe
spirit and scope of thereof. Therefore, it is not intended that the scope

of 15 the imé@éhiirgﬁc&ﬁ biifibh &6 darihg nsiBREIddtforfieTBaIBktFaRBS Ssdid bleshit ed and
described. 20 WD 03/006598 PCT/US02/21375 | Caim 1. A cleaning

conposi t i on dosnpesitemrcagpisiigoel ectroni ¢ substrates, said cl eaning

conposi tion conprd sing: f t,. 0. 05%.t0 30% by wei ght ane or nore
non- anmoni um pr %‘l@l#&@pr%%pt@g@% B%H{eé‘#{ﬁicﬁé’”ﬁo?{-'ﬁa'@ 'é(g(b'ﬁm%%r,“ngbsi tively
charged courgrefucihgR¥rong iBeddMtainPighdrenadlesphifd; Vally ¥RargBd celintgie or
nore corrosion inhibiting solvent conmpounds, said corrosion inhibiting

sol vent conpod$id 10 having at |east two sites capabl e of conplexing with
S AAR-r MR e e T R e R e
al kanol am negphibiting solvent compounds, said corrosion inhibiting solvent compound
10 having at least two sites capable of complexing with metals;
from about 0 to about 99.45% by weight water or other organic co-
solvent;
from about 0 to 40% by weight a steric hindered amine or
alkanolamine;
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-ammonium producing

strong base is a tetraalkylammonium hydroxide or salt thereof.

25
3. A cleaning composition of claim 2 wherein the tetraalkylammonium hydroxide
or salt is a compound of the formula
[(R)s N, 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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15 from about 0 to 40% by wei ght an organic or inorganic acid; fromabout O
to 40% by wei ght of an other netal corrosion inhibitor conpounds; from
about 0 twdMdaysowei ght a surfactant; from about 0 to 10%ge/webaidsof a
metal ion free silicate conpound; 20 fromabout O to 5% by wei ght of a
nmetal chel ating agent; and from about 0 to 10% by wei ght of a fluoride
conpound. 2. A cleaning conposition of claim1 wherein the non-anmoni um
produci ng strong base is a tetraal kyl ammoni um hydroxi de or salt thereof.
25 3. A cleaning conposition of claim2 wherein the tetraal kyl ammoni um

hydr oxi,de r,salt is a caonpoupd of fhe formul a 4 N X-.gl . wher.ei n

ehch R4 1 ArREaerrge R IR Pl chiBeredh Fiscen elvLaredn songhithT & "o
is OH or a saldgrisdh afbmaBadX & dHY are equal and are integers of froml to
3. - 21 WO 03/006598 PCT/ US02/ 21375 4. A cleaning conposition of claim3

wherein Ris an al kyl group containing 1 to 22 carbon atons and Xis OH 5

5. A cleeaning_ ,compasition.of cl.aim4, wherein,R 1S al kyl gr.oup ,0 rom |
Lo & “Earbof dpgRY emaSeiian b Mk EndR T ph Ry rE U T 1 e
corrosi on i ghidint ataghssol vent 10 compound is a compound selected fromthe
formulae: W(CR, R2)nl1-X-[(CR, R2)n2-Y]z 15 or T-[(CR3R4)m Zly where W and
Y are each independently selected fromthe group consisting of 20 =0, -OR
-0 C(O-R -C(O-, -CCO-R -S, -S(O-R -SR -SCO-R -S(0O2-R -S5O a2i
-N, -NHR -NRR2, -NC(O-R -NR-C(O-R2, -P(O, -P(O-0OR and

- P( IO) - 'Gg?l) 2 Kebhirke beripitiohost TUmdn OMRe e hé tddiebsidn aHibitiedSolvent
cycl oa ene
Y 10 Y compound is a compound selected from the formulae:

W'(CR1 Rz)m "X"[(CR1 R2)n2'Y]z

15 or
T-[(CRsR4)m-Z],

where W and Y are each independently selected from the group consisting of
20 =0, -OR, -0O-C(O)-R, -C(O)-, -C(O)-R, -S, -S(0O)-R, -SR, -S-C(0)-R, -S(0)-R,
-S(0),, -N, -NH-R, -NRR;, -N-C(O)-R, -NR;-C(0)-R;, -P(0), -P(0)-OR and
-P(0)-(OR)y; 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 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
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or cycl oal kyl ene contai ning one or nore hetero atons selected fromO0, S, N

and P atons, and arylene or arylene containing one or nore hetero atons 25

sel ect ed WoodBdsso®, N and P atons; each R, R and R2 are qaainso2/21375

i ndependently selected fromthe group consisting of hydrogen, alkyl,

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 30
i nteger of fR atorostos adylenadontaisingrorienoregere bktdro@atomst seléctati dronx Q, S,

when X 15 dYEra BTBReT BoRREREHTBAES BoURr SRS o -o8s SEREcFed 11 om
0, S, N andj se%teéf‘@d?ﬁ’tﬁ@%’?%@ BB 15 oqdh AOKE N(RELVAGIESR
ons sel ecte

cont ai ning one or nore hetero a? S’ N &Ad P atons; T
i s sel ect ed daohmof Hes, gRoandc bhis e ieagh oihdepende)tly- Nekeoted Fronz thesgrmlpect ed

f h f h h of
Ra. Ra and ROMSRENG A adeR AIET FYeakia e/ o aRYY ¢RI, 080 CEIETE | ng
of hydr 0gen heableyhtonsy Sbiseld¥froRf OF B NEHK X oG, A BE1 QR caPRRinghet T 0

atons selected fromO, S, Nand P atoms, and aryl or aryl cohtaining one
or nore het @ne altmmsehetafotaémsraaiﬂ(med an‘i\OanI\Paladd?natoma ing isaan infeggrer  of

fromO to 6 d i,s an_integer. of fr 1 10 7. A cl eaning

conposi tion %&r@&tﬁléamgr'ﬁgﬁ "t"ﬁ?@%Bf?%@itﬁ’ gnhl biting sol vent conpound
is a conpound selected fromthe fornulae: W(CRL R2)"1-X-[(CRL R2)n2-Y]Z

15 or T-[(CRBR4)m Zly 20 where Wand Y are each independently selected from

t heigr oip cohgileaning Qﬁmpc&btion OR Claiy @ ®heRrein- lxb(eo\;errosiql nhiRjtingSsolveito) - R,
-SR, -S-C(O NR1 -NC(O-R
-NRi - ¢ O)C( R)20° ‘édo @p@&%ﬁlec’cq’}(f@m%ﬁﬁrm a5’ sel e(c::g ezzl fromthe

group consi sting of alkylene cycl oal kyl ene

W-(CR{Re)u-X-I(CRiRo)r-Y1,
15
or
T-[(CRsRy)n-Zl,

20 where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0)-R, -C(O)-, -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(0), -P(0)-OR and
-P(0O)-(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, 8, 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,
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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or cycl oal kyl ene contai ning one or nore hetero atons selected fromO0, S, N

25 and P atons, and arylene or arylene containing one or nore hetero atons

sel ect ed WoodBdsso®, N and P atons; each R, Rl and R2 are qaqinso2/21375

I ndependent|ly selected fromthe group consisting of hydrogen, alkyl,

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

30 selected fromO, S, N and P atons; each of nl and n2 is independently an
i nt eger of fqyolmatb(ytecme&orﬁaimryg oBe an nmate dgéaroaftomsosealacted foOmisrd, N asd

whon x 15 P36 o815t sehlalid s v iofe rRARAeleed BN R one

or nore hetwana@aﬁm@m@tﬁﬂe&téemo% the gmuﬁ%ns%tmb%’f&@rsarwbﬁaep Z
containing one or nore hetero atons selected fromO, S, and P atons; T

i s sel ectedis$ rselectecbfr@nouﬂpe @@msp sonsigting of hydragen, NORy - NER5 Z and-Sk}ect ed

f h hyd 5 5 h of
R, R and. 5onr 8 Beciy BodoBadein Po0h dngERandantsns ket Goh e wBlti ng of
hydr ogen, a'cbhélstlﬁy of Q%W%rpralﬁwcb@éﬂ@l &nyc?dd!kﬂ%dh@&n% R 8r ndrgker o

atons selected fromO and "aryl “or aryl cContaining one
or nore het é\eberataiﬁmsgelecteddrﬁmdme Nsandleaaimrrs @noharyl or iasylaaeniainiager  of

f Oto 6 d t A cl

composi t  on F &P BRGHEPETRE eRlocldst iRz Onsi Mt Pialgmes B nisdBound
i's a conpoung freed @Qb%ﬁcmra BAMtEgeNaH fRshn 1&66N(CR R2)n1-X-[(CR R2)n2-Y]z
or T-[(CR3R4) m Z] ere Wand Y are each |ndependently sel ected from

t hel@roup consisting of =0, -OR, -OC(O-R, C(O) -C(O-R -S, -S(O-R

) ES )C(O) %lqu% C%th%snai(a]?lalm 3 whrdmn thS Corrdsmn lr% Q?tmg solvent

compound is a compound selected from the formulae:

15 W-(CR{R2)n-X-[(CR{R2)n2-Y:
or

T-{(CRsR)m-Z]y

20
where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0)-R, -C(O)-, -C(O)-R, -S, -S(O)-R, -SR, -S-C(0)-R, -S(0),-R
-S(0)y, =N, -NH-R, -NRR;, -N-C(O)-R, -NR;-C(O)-R,, -P(0), -P(0O)-OR and
-P(O)-(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, S7 N and P atoms; each R, R, and R, are each
independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl or cycloalkyl containing one or more hetero atoms selected from O,

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

selected from O, S, N and P atoms; each of n1 and n2 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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-P(O-(OR)2; Xis selected fromthe group consisting of alkyl ene,
cycl oal kyl ene 25 or cycl oal kyl ene contai ning one or nore hetero atons

sel ect ed {(vg¥eso®, N and P atons, and aryl ene or aryl ene@anKidhiy7;eg one
or nore hetero atons selected from0O, S, Nand P atons; each R R and R2

are each independently selected fromthe group consisting of hydrogen,

al kyl, cycl oal kyl or cycl oal kyl containing one or nore hetero atons
selected from0O, 30 S, N and P atons, and aryl or aryl containing one or
mor e het er o QCloaikylans octanyleneprard] zSjs lanaimegerabbrfmmeacﬂm &6f whenaXdisn2 i s

6 whon X 1's PRpIRE CSttaing o o gtssadisten Berdeass Q.o MiPEne or
aryl ene; ancg atdniis 3R ahﬂéﬁ@%npémlhg%ﬂeooﬁ PoRe w/gfé?oétbﬁ;s sféfééteg'fm @nes

cont ai ni ng one or nore hetero atons selected fromO, S, P at OITB or
aryl ene conthiand fyatomes;olr isrsalecthdtfiano the grosipsednsisting ¢fr-€m-8, -I$andNPadd P

T f h f d Z 5
Ser Rt ed 11 dneeREEt s The Hofh woReROg of shBfodinaedRe NNE Bl SRers . | °
each of R3, dthasd R P@J %maapég éﬂéd%QEHC#ﬁﬂébé/no%thl?%?I@cfé Wdrﬁethergr%gﬁe o

consi sting of hydrogen al kyl ;7 cycl oal kyl ‘or cycloa containin
nore het er c€oasisteg swélm'drmﬁrf railnylogycﬂpalkylamdc;ml@albymorﬂaimrw ghe or naongl

cont ai ning ,one or, nore het ed fromO, S d P.ato

o "an 1t sqdPrerochigTY SeifFls ol Ang. B BSOS G 8 o Gl oaiAEnGo, A
cl eani ng corgesdrirnere Rétetd atdm4 sehets] fomh®, SON A% Prlatbmy lmts' AYint&herent
conpound is a conmpound sel ected fromthe fornul ae: CR R2)nl-X[(CR

R2) B@- Y}  orof frop GrgR4gnd yiiy an Jutegheokiramdnio 6 ar e each | ndependent |y
selected fromthe group consisting of =0, -OR, -OC(O-R -C(O-, -C(O-R
-8, -S(0-R -SR -S(O-R -S(02-R

9. A cleaning composition of Claim 4 wherein the corrosion inhibiting solvent

compound is a compound selected from the formulae:

15
W"(CR1 R2)n1'x'[(CR1 R2)n2‘Y]z
or

T-{(CRsRy)w-Z]y
20

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

30 cycloalky!l 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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-S(O2, -N, -NHR -NRR2, -NC(O-R -NR-C(O-R2, -P(O, -P(O-0OR and 25
-P(O-(OR)2; Xis selected fromthe group consisting of alkylene,

cycl oal kylwengnogdogcycl oal kyl ene contai ni ng one or nore hetRHEuabomss
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 independently selected fromthe group consisting of hydrogen,
al kyl, 30 cycl oal kyl or cycl oal kyl containing one or nore hetero atons
sel ect ed frdnteger offrom &nie & andads amintegeylofdromrlyto Bowmben X isgalbylener nore

het t lected f 0, S nd P at : h 1 2,
ndependent I5/CRIIENES or\ aigties siabes” Be-An 819991 ST aTomnDelied BN Bnifo to
6; and z is ARIJaMyRIRS cOhtalimibhe (P n@%ﬁé@?%%% tgrqf& wbétré%,frcfrg;t?, le@hHene or

9
arylene; and“z is an integer of from X1s cyc kyl ene
cont ai ni ng dnatams woEsyleee eootainingsorsedrnoeel hbtaym domS, séleetrd fram &,d%s or

I i_ni . h I d f VS, d P
o T 1 s et afpsiohis FeSgRa P S Pty of & S Namd B s
sel ected frqgdelatéd P GREYrdtip Qﬂ)n@fstihg@f%?@g[zerg?@Ré, r'\lm)%,éaﬁ@dsnaé%:

each of R3, R4 and R5 are each independently selected gr oup
consi sting cfachydf dperRs @ndyRs axec leagh kiphependsrdlyo stlegted dranai thengrovipe or

nore hetero atonms selected fr 0, and P at nd.aryl or aryl

cont ai ni ng ﬁ?%ﬁgngro(?rnyrcﬁo%%?’e&ggllaf:}ﬁ‘ﬁgalg)éll %rc?%o?lggan%ﬁa@n%#%@rlm%%om; m
i's an integaeter®f atohysOlebRdOr@MAOY S, N aRd IMLRERS, &d Efﬂ'ﬂr%r%l?ccﬁﬁaiﬁﬁg A

cl eani ng conposition of Claimb5 wherein the corrosion i'nhibiting sol vent
conpound i s anecomporthbetssd ateorvd selanied frent Or HulNaand Psaton(sCR) isRan integer ( CR,

R2) n2-Yh or T R4y m Z].,... where. W are each independently
selected fr o%%&% Og}i(’)g?%ncﬁrﬁ Pbt'?ﬁ?&eﬁPFfr%?PEOci -0C(O-R -C(O-, -C(O-R
-S, -S(O-R -SR -SCO-R -S(02-R
10. A cleaning composition of Claim 5 wherein the corrosion inhibiting solvent
compound is a compound selected from the formulae:

15

W'(CR1 RZ)M'X-[(CR‘I RZ)nZ'Y]z

or
20 T-[(CRsRs)m-Z]y

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(0)-R, -SR, -S-C(0)-R, -S(0)-R,
25 -S(0),, -N, -NH-R, -NR;R;, -N-C(O)-R, -NR;-C(O)-R;, -P(0), -P(0)-OR and
-P(0)-(OR),; X is selected from the group consisting of alkylene, 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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25 -S(0O 2, -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 alkylene,

cycl oal kyWengoogdogcycl oal kyl ene contai ni ng one or nore hetlRroubomss
selected fromO, S, N and P atons, and aryl ene or aryl ene containing one

or nore hetero atons selected from0O, S, N and P atons; each R, R and R2
are each 30 independently selected fromthe group consisting of hydrogen,

al kyl, cycloal kyl or cycloal kyl containing one or nore hetero atons
sel ect ed fr eelegted EonNCarD, B andFsatomsl eachl ofon1 angl n2 isirdependeotyeaor nore

het t - WO Q3/ 006598 PCT/ USD2/ 21375 | ect ed f S, N and
B et ons. - onintegpf it a0 16 4 b ads Andatgef oL fom ok Witan KIS lkyte . ang
z is an integeloaldyldneobt |arf/Rng; VRN zXid %nain%é‘néf frop CO 0Bl KYWRBR Rfis
arylene; and z is an integér of fromO to 5 en X is cycloal kyl ene

cont ai ni ng ®yeloaikylaneccadaiging ane os nre deterd dtoms slected framd,55,MN andns or
aryl ene contaiping one or nore.hetero atons sel ected from dP
Stor: T 1 s Foaluey eharighe FREGTE et Rl s seieclkd Fom et | s
sel ected froyahd® Sohid TCRNISHEAIrodh tHY GloRfibnsistiRgiof - E@{ N apfdp; ZR5;
each of R3, R4 and R5 are each independently selectéed fromthe grou

consi sting d8 selegteshiam e groupr gonsiating lof dydmgsirnoalORs -tgRs)ai andheSBsie or

Contai ni ng. S50 0 Tt REHcRe 4Pohecadnatedfitniynigtted Worhdke doufs!
I's an int egebnsifing PMydrddgerd a?l%ﬂﬁydl@alﬁﬂdr%y@ﬁkﬁfcohtélmné érie Br ke A

cl eani ng conposition of Claim erein in the definition of R through RS

t helo 15 al kyietgfocaipmsaseleetesh fiomdO 6Sc i aeh Pagtoms, and anyk onagyl apnéaipingas

the.corr osi SR AHNBI: FHERE B En e OB R B e R bRloBiss I Rl ro "
of et hyl ene gfyrom 0 teli6airtyy fnan witkgel of fedniciero®.. 20 di et hyl ene gl ycol
di mret hyl ether, nonoet hanol am ne, di et hanol am ne, triethanol am ne,

N, N- di met hyl et hanol anmi ne, 1-(2-hydroxyethyl)-2-pyrrolidinone,
4- (2- hydroxyelByhihTRbRHRSIRA of €14 WhBRIN Rt RARkion oF RHthARigh REhEY! - 1-
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, 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)
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,

- 27 -



propanol, 1-am no-2-propanol, 2-(2-am noethoxy)-ethanol, N-(2-hydroxyethyl)
acetam de, N (2-hydroxyethyl) succinimde and 3-(diethylamno)-1,2- 25

pr opanedi @lp 03036598\ cl eani ng conposition of Caim2 wherei rpdingsosa{379si on
inhibiting solvent is selected fromthe group consisting of ethylene

gl ycol, diethylene glycol, glycerol, diethylene glycol dinethyl ether,
nonoet hanol am ne, di et hanol am ne, 30 triethanol am ne,

N, N- di et hyl et hanol am ne, 1-(2-hydroxyethyl)-2-pyrrolidinone, - 27 WO
03/ 006598 PET(R_JnareyEdRS)Marplging, dr 2xyethwanino)gihandlne 2-amino-2-methyl-1-

2- (met hyl am no) et hanol .. 2-am no-2: mgt Qyl -.1 - prapanol -8/, na- 2- propanol ,
(2 am nooPHORb e FEAE 2RISR oPderingrpBRRaRael B RSBl

N- (2- hywOX)é%bféYﬁigBe,_SUCNl(QlHCIVdﬂﬁ(y@ﬂﬂllﬁ‘ (sliceinividam nend 1. 3-(drtgpanpd)ala- 5 14.
A cl eani ng conposition of aim 3 wherein the corrosion inhi'biting sol vent
is sel ect e@propanedighe group consisting of ethylene glycol, diethylene
glycol, glycerol, diethylene glycol dinethyl ether, nonoethanol am ne,

di etshanol am ne, triethanol am ne, N, N-di net hyl et hanol am ne,

1- (2- hydr oxyet hyl ) - 2- pyrrol i di none, 10 4-(2-hydroxyethyl)norpholi ne,

2- (et hyl amejeshihgnedmpadsifioh BP-Claif® Bhwhedein i RaRekionlnAitingr dolkémpignol |,
2- (2-am noet hoxy) - et hanol , N-(2-hydroxyethyl) acetam de,
N- ( 2- hydr ox@@te@aq fremdbe grenpieonsidfing-qfatiayieng aivraloyiethyiengglypalnelycemol, 15

15. A cl eanig osiitiaon o i erel si on 4.nRLRLEL NG
solvent is drsﬂegp@(gﬁ%d |¥(160?n tﬁ'fcraneéar‘@ugb @g\rﬁgi ﬁé@g&ﬂﬁo@%ﬁ@%ene&]at{h%él%%ﬁé?
di et hyl ene gfligthaholadine eNMN-dimethglethdnerzeniak y dof2-tslidrekyuthyipRistrolidinone,
nonoet hanol am ne, di et hanol am ne, triethanol am ne,

N, NLi net hy|4e&2hlayctso>afﬁtmé)imqrpb9ﬁr}wdr aa(mi@maming)%lyamqh i ca-amif&-Z-methyl-1-l
- (2- hyd i - i 2- A, N0-2- -1 20
or opanal 1 ioaiol o Ao S Broenel > 2t BTGk kA Ranal” RSB et hy )

acet ani de, MNcétanhigdr oxNgRMydroxsedsini ndueininide3- (shdet hgl@mstmgamihod-1,2-

pr opanedi ol . .
propanediol.

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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16. A cleaning conposition of Claimb5 wherein the corrosion inhibiting
solvent is 25 selected fromthe group consisting of ethylene glycol,

di et hyl engvqdsywegdos gl ycerol, diethyl ene glycol dinethyl aidyaise221375

nonoet hanol am ne, diethanol am ne, triethanol am 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-(net hyl am no) et hanol, 2-am no-2-nethyl-1 -
propanol , 1-am no-2-propanol, 2-(2-am noethoxy)-ethanol, N-(2-hydroxyethyl)
- 28 WD 03aceapide, PCM-(Bhgt@xgethyl)ac euaainimide N- (ahdhy d8ddigéyiarnino)-1,2-

succi ni m de_and 3-{) i ethyl am no)-1, 2- propanediol. 17. A cleaning

conposi ti Onpg}pa@p% 1 conprising water or at |east one other organic 5
co-sol vent selected fromthe group consisting of dinethyl sulfoxide,

sul fol ane, and di met hyl pi peri done. 18. A cl eaning conposition of claim®6
conprising water or at |east one other co- solvent selected fromthe group
consi sflfng éfcleaniag Bompesition of gleimslucdraprigirg wated or 2 lefistonaatherpzrganione.

othdr or garp eolBTE SPlbise B fecl P SR g s B utPrB P TRt
sul f oxi de, gAY ldirpétApRIpediaengdi met hyl pi peridone. 15 20. A cleaning
conposition of claim 16 conprising water or at |east one other organic

co-sol vent selected fromthe group consisting of dinmethyl sulfoxide,
sul f ol ane, and di net hyl pi peri done. 20 21. A cl eaning conposition of claim1l

{r ans. 180 c0CPERAG ETERHEL O, Pt & pOfrsh AP AR A Tea% ope gt o0

cl eani ng cosploent selected fionaitie grouppsrisidting dfefimatiBl BuFeMid® dulfsldmedandi de,
25 1 -(2-hyd roxyethyl)-2-pyrrol id i none and water. 29 WD 03/006598
PCTYoUS02/ 21 dimsethyipiperidone.

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, trans-1,2-cyclohexanediamine tetraacetic acid, sulfolane and

water.

22. A cleaning composition of claim 1 comprising tetramethylammonium hydroxide,
25 1-(2-hydroxyethyl)-2-pyrrolidinone and water.
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23. A cleaning conposition of claim1 conprising tetranethyl anmoni um

hydr oxi de, di nmet hyl sul foxide, triethanolam ne and water. 24. A cl eaning
conposi t i @ @Gfoogdogi m 1 conpri sing tetranet hyl ammoni um hydregxie®2/2155

tri et hanol am ne, ethylene glycol, ethylenediam ne tetra(nethyl ene
phosphonic acid and water. 25. A process for cleaning a mcroelectronic
substrate having at |east one of a porous dielectric, a lowK or high-K
di el ectric and copper netallization, the 10 process conprising contacting
t he sulSt r atheCigianingacampasitiangoicdaipd Ji edraprising teframetibylsomoumnydroxide.ean
t he substrat rein. the. ¢l eani ng conposjtion conprises: from about
0.05%to 30&?@9%?@‘%”& ﬁ@ﬁ@wa'ﬂ&e@%‘ﬁggmm um produci ng strong base
cont ai ni ng non-nucl eophilic, positively charged counter 15 ions; from
about 0.5 to about 99.95% by wei ght of one or nore corrosion inhibiting

sol vent conpounds, said corrosion inhibiting solvent conpound having at
| east e siA eleapigatsinepasitiatoaiptiaion Agcamprising teilamethylammapium lydrexiddout

oy vi ght a aeapr e St olBbd; By Bishing NeltSthehIehg, BroitiRisoos oy
wei ght an orggihaed @Batgrnor gani ¢ acid; from about 0 to 40% by wei ght of an
other netal corrosion inhibitor 25 conpounds; fromabout O to 5 % by

wei ght a surfactant; fromabout 0 to 10% by wei ght of a nmetal ion free
silicate conmpound; fromabout O to 5 % by weight of a nmetal chelating

0% 006205, PrFIRASR s e & cHBlEonf s fifer 8 e o 7 1O

non- anmoni uipopssl wislegrist aolog-Rase high-a 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-ammonium
producing strong base containing non-nucleophilic, positively charged counter
15 ions;
from about 0.5 to about 99.95% by weight of one or more corrosion
inhibiting solvent compounds, said corrosion inhibiting solvent compound
having at least two sites capable of complexing with metals;
from about O to about 99.45% by weight water or other organic co-
20 solvent;
from about O 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 O to 10% by weight of a fluoride compound.
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t et raal kyl ammoni um hydroxi de or salt thereof. 5 27. A process of claim25
wherein the tetraal kyl ammoni um hydroxide or salt is a conpound of the
formul a [(iddbobedos[ X- 1] wherein each R is independently a mubgdobbuiyed or
unsubstituted al kyl group; X is OHor a salt anion; and p and q are equal
and are integers of from1l to 3. 10 28. A process of claim26 wherein Ris
an al kyl group containing 1 to 22 carbon atonms and X is OH or carbonate.
29. A process of claim27 wherein Ris an alkyl group of from1l to 6 carbon
15 atons. 30. A process of Caim25 wherein the corrosion inhibiting

sol vent_ conpound is a conpound selected fromthe formil ae: 20 W (CR

R2) n, - X5 ( CR\ Prenass-oyplaigr24rwheteies g RepammoRiufhet UGS G eSS ik

i ndependent | : isking of =0, -OR, -OC(O-R,

| ptependent raBh SRR TIABERRARIRIGH 10 o 20 TG S0 00R,
-NR R2, -NC(O-R -NR -C(O-R2, -P(O, -P(O-OR and 30 -P(O-(OR2; Xis
selected fromthe group.consisting of alkylene, cycloalkyl.ene ofr.

cycl Dalddyl erfe PEQﬁﬂSgiq{iCF?c‘!f"c%éWBPW’ﬁ%F'ée F%EB@X‘S'?%[PB\?@Y%R%‘{%HS? RN
and P atons, | ene containin het t -
31 o 03 osse BT HMAL °Cel cored from o, S, N and P atons. each R
R, and R2 are each independent!y [0 NI from the group consisting of

hyd ,al kyl, . | oal kyl | oal kyl.. i ni h
a oms sl ccrbheiein vt R i Mapamnabiy o mstig srynsubs Bifad BT At one

or nore het §HRiPBsalt 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 R2)n1'x"[(CR1 R2)n2‘Y]z
or
T-[(CR3R4)m-Z]y
25
where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0)-R, -C(O)-, -C(0O)-R, -S, -S(0)-R, -SR, -S-C(O)-R, -S(0)-R,
-S(0),, -N, -NH-R, -NRR;, -N-C(O)-R, -NR-C(0)-R,, -P(0), -P(O)-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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5 selected fromO, S, N and P atons; each of nl and n2 is independently an
integer of fromO to 6; and z is an integer of froml to 6 when X is

al kyl ene, waasmoe®k kyl ene or arylene; and z is an integer dicthransso 5
when X is cycl oal kyl ene containing one or nore hetero atons selected from
0, S, Nand P atonms or arylene containing one or nore hetero atons
selected fromO0, S, 10 N and Patom; Tis selected fromthe group
consisting of -0, -S, -N and - Z is selected fromthe group consisting

of hydr ogensele@RB:i froinRS),2 S, aNd aneRP alests) 6aCIR3R, R, aantl FB, aaré €&eh

i ndependent Ly, sel ected fr.o o] consi sting.,of hydroge al k

cycl oal kyl d d%&ﬁ%y?‘alg‘g%rﬂd;?fﬁ‘%ﬂ L{@%egBQUprm(foé'S%ﬁ'Qger gﬁ%geg]el S‘ﬁ%d from
0, S, Nand c9c|@ta Ky® or émba?}kl\?nlcdwtalﬁrnvgl OB iR RBteED ROMsYelEREEQ flRh €,0
atons selected fromO P atonms; mis an integer of fromO to 6

and y is an§, nlNe@@d Pofatcfmsmamdtafybor:aryl mrﬁamgnafou@ore} beteim atens t he

hj bi t | d_f.rom th
For il ac. 28SEHSRIS PhiS N (TR Hhe: S ST 3OS Rskintofy mire w
and Y are emageﬂdﬁn@ﬁﬂeﬂéla/mﬁé eff nﬁfeg@r"ohﬁoﬁf 9uB & WHEnsKIig@lifiens,O

-OR -0 (O O O-R .S O-R
-S(0) 2, C( N, )CVNHHFK%GH)GRORECI;(WS%QBC@N- R, is- NR intstgey - NZfFOITP(Q))tO 5P(VtD?( cﬁé isnd

O gy SRR B a1 AR b P N 208 e
32 WO 03F08RHNS oPGHIGEDEbALTEY oo RorcShol@atbris Sewiied Mot @ )3, ene or

aryl ene containing one or nore hetero atons selected fromO, S, N and P

at ofs; each NRan®kP atensxd Iaﬁ@l@é@%frqnmb”@p@rmmwsﬁ@gé&r@d $r6\lraﬂdePgZoup
consi oLt 19,9 sBHENR0FA ¥ Hrogn GERESBIEY KRErHE, LY INERIL e ©
contai ni ng eaehoof R €R4h§h§rR5 areMeach 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
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-(CRR2)n1=-X-[(CR1R2)n- Y]

or
25 T-[(CRaRe)mZly

where W and Y are each independently selected from the group consisting of

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

-P(O)-(OR),; X is selected from the group consisting of alkylene,

cycloalkylene or cycloalkylene containing one or more hetero atoms selected
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selected fromO, S, N and P atons; each of nl and n2 is independently an
integer of fromO to 6; and z is an integer of froml to 6 when X is

al kyl ene, wocosoemB kyl ene or arylene; and z is an integer dicifusmen750 5
when X is cycl oal kyl ene containing one or nore hetero atons selected from
0, S, Nand 10 P atonms or arylene containing one or nore hetero atons
selected fromO0O, S, Nand P atons; T is selected fromthe group consisting
of -0, -S, -Nand -P;, Z is selected fromthe group consisting of hydrogen,
-OR5, - N(R5fmM A4S, dkand Ratemss arg, arpengner atylenee cedlgining dX|se AE EMEy

oyctoal kyl | Bt AP et tiohh 0 W a0 AF s Rl REHo P e ana
P atons, anGh@spend@htipr Bbleett afrdvinnGhe OQEoF mnsﬁastlmgt asfo riyﬁﬁc?ers,_ﬂaﬁ(yﬂ,ed

fromO, S, Nand P atons; mis an integer of fromO to 6 and y is an
i nteger of fayelealkvi er eyclealkylcontaipmgsong ocmaresmheierardeeisnsaleeted drama$?.on

i nhi biti I d_j .sel ect f | ae:
W(CR | royn SxT TR TS FBSHE  ohd Ay, B SYMROMANIGS FS) GF mORThbRtn RO, 2°

h ind R t@dNT ssdrEt : 1 Sini of dentl
T O R ) I A G T R O R SR s g2,
-N, -NHR -mjrgrpiof fnqn”c@(bp-aa,and\p,ls enonterer ofpﬁ(ooy 1 toFf@ @yhemq |S|:qlbjler(@q) 2: X

03/ 006505 PP LRI 78 SyBRES Al 221 anC et RfF 3008 fBFn XeRer o

atoms sel ectggdidalignernd céntaiNingfode Br aigrathetadatame sikected ferony IGBr®, Nemidai ni ng
one or nore hetero atons selected fromO, S, N and P atons; each R R and

R|2k3a<|P e each Fl’ B O @sYlens coalaining @ner Phinore hglesa sterpa selestad fom Y B.ogen,
.5 cycl i pi 0 h :
it o oY gl gkt udio YR QALK HeRRYAL BN IRGHITTS, 18! 1 Ay

selected fr o] or aryF cont'arhing one’or nore
hetero at onmis sefdcted doni tieengPou.cohkistidg fof dtyanegers aORH-N(R )8 nahd 2SRs;

i ndependently an ]
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-(CRR2)n1-X-[(CR1R2)n2-Y1,

25 or
T-[(CRaR4)m-Z]y

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

-S(0),, -N, -NH-R, -NRR;, -N-C(0)-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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integer of fromO to 6; and z is an integer of froml to 6 when X is

al kyl ene, cycloal kylene or arylene; and z is an integer of fromO to 5
when X i swbfsapedeeal kyl ene cont ai ni ng one or nore hetero gtaanmssoseizst ed
fromO, 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, -Nand -P; Z is selected fromthe group consisting of hydrogen,
-OR5, -N(R5)2, and -SR5; each of R3, R4 and R5 are each i ndependently
selected fr @mctybl@aﬁfydmpa tentainirg enemy mOrelmdieogahomalsle}eqtedjmm&) k§J Nor

cycl oal kyl co i Nng one, or nore tero atans sel ected f N and P
ot ome. and 2091 PRy 12K AT F SRRES GO PRSh SR 06 TPSHEEE PR 1rom
0. S N and Batadsiom G, ) NILAGEP Slonid:0@aeh! R ORAMNY RS @@ idddpger of
from1 to 6. 20 33. A process of Caim 28 wherein the corrosmn i nhi biting

sol vent corrmriemendgnay celestashdraral dbe egrdumncmnmstfr@r ofl dydroggrcRalkyl,
R2) n,

e e 1yoBaIRE e bvai R aobtajhing:ones At Flofe Rter Kibs septted S48 G R

®) , S s :
%9, -Gk and 2 Bnd S P{%Tﬁ@%ht%mrg(o@)ezoﬁm%re 8ty o%“é‘sggH R

PCT/ US02/ leeBactedD(ﬂ@)n @ 2N a0d P a’@ln’m‘;teathf ofond taind 2 dai pndepesidentin@nof
al kyl ene, cl oal Qor..c oa Ie e £ talnln ne or . nor etero
St oms oel ectligust phifogt 048 2R SoREGeE g1 o8 ihell 3R ASHE Al ni ng
one or rmrecgbl%bﬁ{ Ve @FSagRINGE tRfd fzr %maﬂ m‘@egé\‘ andrdmab aBs5 ®ABA R sk and
R2 are each i ndépendent | y sel ected fromthe group consisting of hydrogen,

al ky¢ , cyclcyeloriKylane @miauslms:kqme obmaie rlnaﬁ@fo@t@rr@rsaimted iiksne Gy SitN@nd
het or o at ot 20Te.r & FPe seoBi S graid Bols bRleSlenS RGBT € ™ ¢

i ndependent INyaa8 P atoms; T is selected from the group consisting of -O, -S, -N and -P; Z

is selected from the group consisting of hydrogen, -ORs, -N(Rs)2, and -SRs;

each of R;, R, and R; 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-[(CRsR4)wZ],

30° where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0)-R, -C(0)-, -C(O)-R, -S, -S(0)-R, -SR, -S-C(O)-R, -S(O)-R
-S(0),, -N, -NH-R, -NRR;, -N-C(O)-R, -NR;-C(0)-R,, -P(0), -P(0)-OR and
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integer of fromO to 6; and z is an integer of from1l to 6 when X is

al kyl ene, 10 cycl oal kyl ene or arylene; and z is an integer of fromO to 5
when X i swocps@boedg kyl ene cont ai ni ng one or nore hetero at gieg/swhecized 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, -Nand -P; Z is selected fromthe group consisting of hydrogen,
-OR5, -N(R5)2, and -SR5; 15 each of R3, R4 and R5 are each independently

sel ected frof(OdQRuUpX denselectaty Bomhytieoggnoppal doyisistingclafal atiylene,

cycl oal kyl cont aj 'n one Qqr re hetero atons_sel ect d fromO, .S and P
ot ome. and SVgioalieR B Euealtfibfe cOBHNBE S o AR eGHOMSPUEEEH from
0, S N andf,%n@t@ng NNghdl Arhtbiseaad ar?fenferema%/lér‘?e RofAtthidgi heBr iniérager  of
froml to 6. 20 34. A process of Claim29 wherein the corrosion Inhibiting

sol vent conpeiere atems sejectpd drn k13 AW endfP? atorneedalr RuRasnd &y are each

SaeE ) nabpelaHan ety o selitad oot dhgr St mordiSstiity o Tydgoudpralh ©

-0 0 -R  Bhtieyl of Ioakyre%ntaﬁ(r@ or'fé or ﬁ%re I"%té%@toﬁﬁs s&@aa‘f%m 0, 35
WO 03/ 006598 PCT/ US02/ 21375 N, -NHR -

-NR, - C( O - RS, Npai@y) P e, eRdaardl orpa(rm) coma)rﬂng >ones osmn@r@t betefrm (ﬂtomse

group consi st f. al C | en r,cyclo ai_ni ng
one or nore ﬁlﬁcg?‘gf%gi Seﬁe%'?%g ?&’gﬁﬁl 1%@]# peg g ¥ Flene or
aryl ene configegbnaf @dén O to"® shd2tie R laﬁéy&o'ifﬁﬁhemcﬁd WHeH™XUs afkyl®h@nd P
atons; each R, 'R and R2 are each independently selected fromthe group

congd sting @vclmﬂwdgmw oragameane; angclzoid lapl irdegery of dearkyd tooht Whﬁhn)j ine or
gg;te aih ﬁlt ﬁgoé:‘g{tgl%gﬁ( Mee&tﬁ%dg{]rigog?e%% mdre%eaclero aF%oirar%so éctegqr )6 § 'NEMN l

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;, R, 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 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-(CRR2)n-X-[(CR1R2)n2-Y],

or
T-[(CR3Ry)m-Zly

30
where W and Y are each independently selected from the group consisting of
=0, -OR, -0-C(0O)-R, -C(0)-, -C(O)-R, -S, -S(0)-R, -SR, -S-C(O)-R, -S(0)-R,
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selected fromO, S, N and P atons; each of nl and n2 is independently an 10
integer of fromO to 6; and z is an integer of froml1l to 6 when X is

al kyl ene, waasmoe®k kyl ene or arylene; and z is an integer dicthransso 5
when X is cycl oal kyl ene containing one or nore hetero atons selected from

0, S, Nand P atons or arylene containing one or nore hetero atons
selected fromO0O, S, Nand P atons; T is selected fromthe group consisting
of -0, -S, -Nand -P; Z 15 is selected fromthe group consisting of

hydr ogen, - O{O), NNRSINBI: RafNRfFERB\J C(eadh -dIR FB(ORR,,aR(OREPEDEQFaand

I nd dent | f t

eycroalkyl oP QROEhRR I EaeT Ahb R ro0P Grista & ekl rea ey eiodiieney ¢ om

0, S, Nanddgp %ﬁ?kyléﬁ@c@hbﬁlnlﬁé o%yér (e ﬁberBQatoH@esé?éct RO, e50Nat ons
S

selected from P atons; mis an integer romO0 to 6 and y
is an int eg@meP aiioasms |ancb aeylerys ormr;nleoeemmtalhlrrg anma%zrnmmehetemfatomsabout

0Oto 10%by tal .ion ee silicat ound nd from about O
to 5% by V\BI%&%(? oﬂ;btqe ghel\]ll a"{’r?chg Qtfgﬁ? e[aﬁg g)rr% @'P%u%Z hﬁ%ef 1to
6 carbon at ghaepdHHMG Aeldctéd offBmhaRef IfPHlip 28omksibtthgl 4ofC af gia%g 136 A
process of C aim 25 erein the corrosion |nh| b|t|ng solvent Ts sel cted

from the grayaloadiwrh@r@ycmgllwrcmtamingwen@bymnre ftateltd'@'tbmﬁesgjeqtedlfrorgl(?,cerol
di et hyl ene col et.her . nonoet hanol.am ne, di et haR l m ne
- %I ,%5 %o n&ngyzfué( ﬁémgﬁpﬂ mmg ONEé of more hetero atoms

tri ethanol a

1- (2- hydr ox ydidBted 'f?crﬁXDrQ NdbR@ Peatding; 2each §ﬁn1\%ooﬁé9§)@§%e%@£hﬂ§% 21375
hydr oxyet hyl ) mor phol i ne, émet hyl am no) et hanol

2- afb no- 2- manteger of b rrqu@nm and zri$ mlgtqgaﬁpﬁﬁmm 1 to 6 when X is alkylene,

2- (2- th ethanol , N (2-h th
5 (5 e oy RIS Ot prdSits? A IRl My RS0 oo BanbanoX iss a7,
A process ofcyelcaikplefe vheRiiny bﬁ@oﬁ‘ﬁﬁdr@%é@érd aohly éél@aeaq}dfﬁr@ SSN%moect ed

from the group consisting of ethylene glycol, diethylene glycol gcerol
di et hyl ene RyEy@ns afiandeng|costadieing m@em@a@dilleiﬁfprﬁpnﬁlmIMﬁ@Ifmm &, S,

i I( Y E?g%iﬁ%ﬁ% ) ¢ %’Bgrfﬁﬁ %‘%?ﬁ%ﬂi‘%%@? WP PR PN RrBndtand -F: Z
2- (met hyl amig @eidiéd drom 2hagrogp ofBishbid -of-dRegee! -OR;, -N(Rs),, and -SRs;
each of 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; m is an integer

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

35.  Aprocess 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 alkyl 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, monoethanclamine, diethanolamine, triethanolamine, N,N-
30 dimethylethanolamine, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4~(2-
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10 1-am no-2-propanol, 2-(2-am noethoxy)-ethanol, N-(2-hydroxyethyl)
acetam de, N-(2-hydroxyethyl) succinimde and

3- (di et hylv@ydsnagsed, 2- propanedi ol . 38. A process of C ai m »cmwhepeiirst he
corrosion inhibiting solvent is selected from the group consisting of

et hyl ene glycol, diethylene glycol, glycerol, diethylene 15 glycol

di met hyl et her, nonoet hanol am ne, di ethanol am ne, triethanolamne, NN
di et hyl et hanol am ne, 1-(2-hydroxyethyl)-2-pyrrolidinone, 4-(2-

hydr oxyet hy lhyataxyeti)merphelinee24iyketiyiarone)aibandl, 2-amino-2-methyl-1-propanol,

o 2 B R 2 AT LRIBRE e sooamice
N ( 2- hydr oxetnldrosyesy isTbeladslad 6LRMARHNA)> brcpebaprnedi of . 20 39.

A process of aim2 érein the corrosion 1nhi I ng solvent is selected
from the group consisting of ethylene glycol, diethylene glycol, glycerol,
di ethyl ene glycol dinethyl ether, nonoethanol am ne, diethanol am ne,

trieth | arg j LNE: et .

(55 byl o BEReys BT o BT OR W YBifeion innibiing sqiventis sefegied from

2- E met hyl amtl?]l@)gﬁd))mmhsisﬁngirnf Eahhﬂer(rjmglypbh hhi?lhyleaeoglycocll,lgl&oémb-@ietbiymmenoI :
2- (2- am noet hoxy) - et hano|, N-(2- r oxyet hy, acet am de, .

N (- hytir ox By imeiac herenosiEnoatine: Helharoksnng, BeleopiamiaedlNa7  wo
03/ 006598 P +A40. A prQgces W 0 ih the cofyssion
i nhibiting ?I#\E/Eﬁ/fétlg%@%%%f ed froﬁn ﬁ@%éﬁé@&??gr%g&o{ et hyl eég\?

gl ycol , di ethydrexyetiyl)yrewpholipey 2€methylainisblsthamal, 2-giyico2-detgl-thprogeriody |
nonoet hanol am ne, di et hanol anine,. trj et hanol an pe,. N, .

0 a8 ot halmeMEier AEToRETOh. Ay 2PGIGRAthGT oM ety BE(2dhyeirm/etin) scetamide,

hydr oxyet hyIn_m ' T ] 1 2. i

D a2 OO 08y 126 ) S5 o 1.2 propancaol

2- (2- am noet hoxy) - et hanol , N-(2-hydroxyet hyl) acetani de,

N ( 2- hydr oxyet hyl ) succinim de and 3-(di ethylam no)-1, 2-propanediol. 41. A

process,0of ¢l ai m25 rei nthe cleani ng conposition conpr.ise r _or at

0" ead ond: BiHERS & darine 22 MEPOGRE CEioBRIE MR SR i S RehRbiam ng o

di nethyl  suyhé Qrbals .copdisting dethydekb dlyeet fibtnPleRer digeneglyéerol, AdiBrgfepres of

claim 29 wherein the cleaning conposition conprises water or at

15 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) 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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| east one ot her co-solvent selected fromthe group consisting of dinethyl
I s sul foxide, sulfolane, and di nethyl piperidone. 43. A process of claim 35

wherei n tHWe @loeédgng conposition conprises water or at | gqagtuwpe1:sher
organi ¢ co-solvent selected fromthe group consisting of dinethyl

sul f oxi de, sul fol ane, and di net hyl piperidone. 20 44. A process of claim40
wherein the cleaning conposition conprises water or at |east one other
organi ¢ co-solvent selected fromthe group consisting of dinethyl

sul f oxidde, Aupfastesaenl Glain @Onehergin thiepeariasioneinhittingssolvendrie sekestast fromai m 25

wh i h I ' i ti ' . hyl i un. I de,

{1 et hanol alf GOV SHESSNG. ot ANYFES aaa e el Peay Sic SbPBrhHBTHETS of ane

and water. )l dWROJ ARER HoficHarRAALIdRhRiarfin! ARARNORIMPEININ25

wher ei n the ¢l eani ng conposition comprises tetranethyl ammoni un hydr oxi de,

1- ( 2- hydr oxydimethyjetRapglamiria, di none la(@dhydioxyethy)-2pyrralidinensi ng compd2i ti on
f claim 25 i Si t I ' d id di net hyl | f gxi de,

Cri ofhanol afRERINEREPNORS: 245 SR BLe RN es8her Ry FEOEFEini ng

conposi tion 1C9ﬁi¥(d-23ﬁ9par§cﬁ,t DADRIAINOSAABRY). i dN-Bfdrokydtef ) aieetaamtae.

et hyl ene glycol, 10 et h?/l enedi am ne tetra(nmethyl éne’ phosphoni ¢ acid and
wat er. 49. 3(2-hydroxyethyl) succinimide and 3-(diethylamino)-1,2-propanediol.

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 dimethyl 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 dimethyl 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.

- 38 -



10

46.

47.

48.

49.

WO 03/006598 PCT/US02/21375

A process of claim 25 wherein the cleaning composition comprises

tetramethylammoniun hydroxide, 1-(2-hydroxyethyl)-2-pyrrolidinone and water.

A cleaning composition of claim 25 comprising tetramethylammonium hydroxide,

dimethyl sulfoxide, triethanolamine and water.

A process of claim 25 wherein the cleaning composition comprising
tetramethylammonium  hydroxide, triethanolamine, ethylene glycol,

ethylenediamine tetra(methylene phosphonic acid and water.
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