NANOELECTRONIC AND MICROELECTRONIC CLEANING COMPOSITIONS FIELD OF
THE INVENTION [0001]This Invention relates to methods and cleaning compositions for
cleaning nanoelectrortio and microelectronic substrates with supercritical fluid compositions,
and particularly to such cleaning compositions useful with and having improved compatibility
with nanoeleLtionic and microelectronic substrates characterized by 10 silicon dioxide,
sensitive low-K or high-c dielectrics and coEPer tungsten, tantalum, nickel. gold, cobalt,

R Mﬂlﬁ N&thﬁ%ﬁhﬁﬂ , molybdenum,

palladium, platinum, chromium,NﬁMQﬁi'a '

tin and other metallization, as well as su ’t éo I‘fléﬁj llizations and advanced
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interconnect technologies, and particula s having high aspect ratio openings,
including difficult is subrnicron crevices, grooves, trenches and vies The invention also relates
to the use of such cleaning compositiong|fqr StOPPHERNNYERESON, and cleaning residues
from plasama process generated organic, organometallic and inorganic compounds, and
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manufacturing process a thin‘film of photoresi osited on a wafer substrate, and then
circuit design istaTageib ity téhramaelerEnBimiagh aNRBS BETeRjSosBBSYSHRS ORI BSRIRY
resist or the UnexRESEAMAIHOBRIHRNBEALR FRSHSE ieRBAYeANitbopRhotarRRishd exriner,
The resulting image is then transferred tg the u@rl inggmatetlai, Wr}'ﬁh 5 sogfém rally.a .
dielectric or mef?;ﬂ%‘ﬁ]z WalforrbAtLRaliRdim, o r@@e PSP ST T SO HE T
etchant gases diathrmictizgiohannstibtiensmelicavelptutackeatadiphtioorexssivalhprosebdthtes

area of the substratg. As It of the plasma etchi st ' S
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openings on thepatiimstrty. Y003 AstaiesatipyingldVghgeapeshalih epennaschnslding diFftcult
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operation can ta ace. This can be accomplished in a plasma ashin séaa by io the use of
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suitable plasmatgermh§usiselsasingsnerftionsi e Ping ARG SRR Alpg residues
composition for fgmyaéebipiecesishanaskisapsegialiv/itigahaseestie nadfeninggnie. gompounds,
corroding, dissolving or dulling, the metal circuitry has also proven problematic.. W, i
microelectronic ﬂg%!ﬁﬁBW%f%ﬂpé’(ﬁ?nﬁg%@ '8%35%‘%?3%6 Sa%?g'rﬁg(f E}%nr?ge ectér%ﬁ?g 'gﬁld
microelectonic gelistrdjri@sipascasadtitvesseglématizativoslionpfiosidtirrent and future
generation nanoelactronio and microelectronic semiconductor devices and other items such
as fiat p&hel displays, it has become increasingly common in the art to employ copper

metallizations, lovv-K (both porous a”%g%&@@%%‘%@m‘fﬁﬁ These materials
0 Tind acceptable clean

have presented additional challenges er compositions. Many process
technology compositions that have been previously developed for "traditional” or
"conventional” semiconductor devices containing AlISiO? Al(Cu)/Si02 , or Al/Mo/Si02

structures canr_lm(tozpm pm_yﬁpl pﬂm&gggegtaﬁmg@qq;dammuml rm)‘el beebattoposed
ey e o e T SR MR TSR
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cleaning devices iy <P RIILAALRGE oh'h lGHEY QEHGRE! BRURIP LREIRRRAIH L RiRRRE on
the thin film. Following baking, the exposed portion of the positive resist or the
unexposed portion of the negative resist is removed with a photoresist developer.
The resulting image is then transferred to the underlying material, which is

30 generally a dielectric or metal, by way of reactive plasma etch gases or chemical




metallizations. Similarly, many copper metallized/ low-K strippers are not suitable for Al
metallized devices unless significant adjustments in the compositions are made.
[0005]Removal of these etch and/or ash residues following the plasma 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 or electrical defects to the integrated circuitry. The
circuitry materiai@ant swbdiedsoyThe wictesitabsesaterisraicd! petchare diskintisussicedaty
the circuitry wiri ' é ir in,electrical resi . This problem is also
especially evide%?t?31(!?(%'—#5{.'[1 vﬁr%s?sé) is\;vqéﬁﬁﬁfg?)%gst%da [FJ ao?ﬁg%ig%' %%q%isldues%ﬁe bt {ﬁe pﬁasma
surface-hardenci P RERISEHaftrietesigh totthngadistiondreichne loatetEity-praducts are
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when they are present in structures having high aspect ratio openings, inclu ult
submicron groo%@%‘ﬁ&enarrow crevices. [00061The current back and cleaners show a wide
range of compatibility with certain, sensitive dielectrics and metallizations, ranging from totally
unacceptable to 20 marginally satisfactory. Many of the current strippers or residue cleaners

are not accepta ad QRW- 3' r ' P ow-K dielectric
and copper metgﬁfl?zéﬂons%\ A dltlogygfl)?? F@@g&%ﬁ@@éﬁﬁeﬁi%@ﬁﬁ%é 'ghnglgefé% g}gs‘?’k
overly aggressiVBUsvP&rdepeYedSramd iba mainatetgrresdéiberwaianamthasgperfinal finishing

metailizations. MgeratisH, dBA@S Hhese athaling8a B ARFRARPHIQ PREAMARIRRGANS by
solvents that Sh(SQBV% p%(?)réﬁrod,uct stabiiity, especially at higher pH ranges and at higher process

temperatlires. [ SRR ©la3mna A5hig-a9s8 PEYeetheRerpicl lfirprRasiading a
prorﬁ]oseg to emmmapﬁwﬁ;ngl ﬂr?idpdgmerwe fmbfrﬁiaégnéémrem;'la hestslugsiresut
such substrates, e uch proposals are found in the disclosure in U.S. Pateni Nos.
o242, 16561, 6 S0 STO3 bkl B Lo g SN AT e BR TR e
clean substrate@hethrovpeeinkianfigdids such as carbon dioxide, ammonia, nitrous oxide,
carbon monoxide, and inert gases such as nitrogen, helium, neon, argon, krypton and xenon,
and particularly carbon dioxide, It is proposed to employ supercritical fluids alone or with

various simple ifiers, such.as oxidizers (US. 6,242,26581), carbon dioxide with chemical
oot (U5, QL5 P BB o R AH A RSAAIPA doXP 1EYe, eoEragene
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display cleaning operatigns with supercritical fluids, which compositions are effective cleaners

and are?QpplicalIE R EetRsin BriofiBiferaHs andhRfPsiRIRMINgPrsifissticesdhese
glenerated 20 Wﬁa‘@rgavﬁ”ﬁ@é@hwd@@ﬂﬂﬁh@ C@Ibﬁﬁn@ngdwf, eledinig dgéﬁim drafieaner
plariarization pr such.as CMP, an ich_can be used for agvanced interconnect
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discovered thatI effective nanoelectronic and microelectronic i )
ow-k or high-« dielectric structures. For example, hydroxylamine based stripper or
residue remover compositions are successfully used for cleaning devices with Al

metallizations, but are practically unsuitable for those with copper and other



supercritical fluid cleaning compositions for cleaning microelectronic substrates under
supercritical fluid conditions, and particularly cleaning compositions useful with and having
improved compatibility with microelectronic substrates characterized by silicon dioxide,
sensitive lovv-K or high-K dielectrics and copper, tungsten, tantalum, nickel, gold, cobalt,
palladium, platinum, chromium, ruthenium, rhodium, iridium, hafnium, titanium, molybdenum,

tin and other metalizasian, s wellanubsita'es sl aLAlca) el Grisas and Advanssle

interconnect technologies, are provided by suc y sta omogeneous
supercritical staferrﬁhm@dﬁzgdi@lavisaﬁi@fd@@caigniﬁaa@bﬁﬁigstmmﬁéém6?\@ fanResi e aily
effective cleanegfgg cleaning such devices. Such reasonably stable, homogeneous
supercritical state nanoelectronic and microelectronic cleaning compositions of this invention
are provided by compositions comprising: (1) supercritical main fluid teaching a supercritical
fluid state at a temperature of 250C or less and a pressure of 600 bars or less (592.2 atm,
8702.3 psi), and{apsk a Feseowidsfiyhibsil cdamadifiar fasimutsiidiescleleihfrdhe thiasotiavetich
fomnulations: %:%P8F@Hh%;§%&%@b‘§”ﬁﬁ‘sgop%b85' FBRAGREL RARI R IBRBIERNPRImove of
isting o e

selected from the group co ] of amides, sulfones, sulic.fienes; seienones and saturat
alcohols; and optsisizothesetradons s respit indie alespadisn f IMAIBH e ANY e rangingr

organic solvent selgaiRd i 20MerRIIeUMSOREISIBSREABHHBSIORH IONBS $REUNOBREAIES or
saturated alcohols; a.strong alkaline base; and optionally other. components; o) a formulation

¢ ) ; lat
comprising: frorf'8BHIGRNEERRII R, BIPAIEER: FHE or B YRR AT GRtRrRY bY
strong base corganingésiraie aesphiie, anbipraiichaigeohtauaniee sonsthisociraitouiidand

about 99.95% by weight of one or more 25 corrosion inhibiting splvent nds, said _ .

corrosion inhibitﬁ\'@%#f@éﬁq &B%%%&ﬁd'ﬂa?i% rg“talegles?l%\"flg %%esiﬁga%qg%g%%pqqesgn%s\%ﬂally
metals; and optevidéptotheraroovirgnaidewalld deffosited atibatessigtismgrepisiiesb st DBfase-
20% by weight gf P&&ggg%ﬂgi%gé%éﬁ'ﬁé?%&%‘é@ BURANFIDG: PRitakn PradBfR0iI o WEGEbr ion

from about 6 to a%out y welight of water, organic solvent or both water and organic

solvent; and optitianiatienePeseisatents! @ 5 alesAurBBISPoRi SRy INtoRMeloseR Bt @5%h

to 30% by weigakipdoRes RILBO RRHIAN TRBYM AU BreeRiUGINgtRlEANE D ase pRN GHN@spect ratio
non-nucleophiiic, positivegwcgargegigﬁounter ions; from about 5 to about 99.95% by weight of
i

one or more steCHIRERr RRUPEHE A SRR AL PR RS SHRYIEE SMore
preferably such reasonably stable, homogeneous supercritical state nanoelectronic and
microelectronic cleaning compositions of this invention for use under supercritical fluid
conditions are pigydgd Py 150 TRASH IR URE EpelS) h SRS ICA P a brfistehpRABNIROMh
supercritical fluid state at a temperature of 250C or |less, 10 preferably at a temperature qof
150C or less, a8 Rheisliver doleeiHrs EEWZ'Q%W@%‘E':E ?5@5?%?&5?5%@% ?@ggapé%}e to
400 barsd394. 1% avigih G Salsailopy. lebmry arthseserally stippssuoe nistfhdear@asaratnot

4351.1 psi) or less, and (2) as a secondary fluid, a mqdifier farmulati le 0 €1
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alkaline base; a corrosion-inhigiting co-solyent;d ating or metal comPIexmg agent; an
oxidizer stabiliziigleefgins aneir eslpeinriligaligan:; Moreover, many of these alkaline cleaning

25 compositions contain organic solvents that show poor product stability, especially
at higher pH ranges and at higher process temperatures.

[0007] In an attempt to at least partially address these problems, it has been
proposed to employ supercritical fluids to remove such organic and inorganic



25a metal corrosion inhibitor; a fluoride compound; a surfactant; and water; polar organic
solvent selected from the group consisting of amides, sulfones, selenones and saturated
alcohols; and a strong alkaline base; and optionally one or more of the following components:
an acid; a corrosion-inhibiting co-solvent; a chelating or metal complexing agent; an oxidizer
stabilizing agent; a corrosion-inhibiting agent; 10a metal corrosion inhibitor; a fluoride
compound; a surfactant; and water, isc) a formulation comprising: from about 0.05% to

30% by weight SFEREESr Hadhe SHSh- svhsbatesn prrantileg fcsurbasmposatsining found in the
eight of Ohe O TepReaaadn SO et 2oes  Seout gl oSO Rgoe ah
ohvent compou NSO 2 ICAAC RIS EREE e SR BRERAREIAAD SHBSHRIERAN Smearorbesl
0 to about 99.45%ds\suetighs vatssrodioiiwy, eigaRIfiOrMARNSKide, carborfiABhaRakt 91Q HaK
by weight a sterig findered Mﬂ?ogé%, é‘ﬁ%ﬂq?iﬁé“chF Argon, krypton and xenon, and particularly
carbon dioxide. It is proposed to employ supercritical fluids alone or with various
simple modifiers, such as oxidizers (U.S. 6,242,265B1), carbon dioxide with
chemical solvents (U.S. 6,306,564B1), and carbon dioxide, an amine and a solvent
(U.S. 6,500,605B1). However, the cleaning efficiencies and capabilities of the
10 supercritical fluids alone or with the simple modifiers have been limited in removing

bulk photoresist and difficult-to-remove plasma generated residues.

BRIEF SUMMARY OF THE INVENTION

15 [0008] There is, therefore, a need for reasonably stable, homogeneous
supercritical state nanoelectronic and microelectronic cleaning compositions that
are suitable for semiconductor and flat panel display cleaning operations with
supercritical fluids, which compositions are effective cleaners and are applicable
for stripping photoresists and cleaning residues from plasma process generated

20 organic, organometallic and inorganic compounds, cleaning residues from
planarization procesées, such as CMP, and which can be used for advanced
interconnect materials émploying copper and other metallizations, including but not
limited to tungsten, tantalum, nickel, gold, cobalt, palladium, platinum, chromium,
ruthenium, rhodium, iridium, hafnium, titanium, molybdenum, and tin metallization,

25 and porous or non-porous low-x ( i.e., a k value of 3 or less) or high« (ie., a
value of 20 or greater) dielectrics as well as useful for cleaning conventional
devices, such as those with aluminum or aluminun(copper) metallizations
containing silicon dioxide, low-x or high-x dielectrics.

30 [0009] It has been discovered that effective nanoelectronic and microelectronic



from about 0 to 40% by weight an organic or inorganic sold; from about 0 to 40% by
weight of an other metal corrosion inhibitor compounds; from about 0 to 5% by weight a
surfactant; 30from about 0 to 10% by weight of a metal ion free silicate compound; from
about 0 to 5% by weight of a metal chelating agent; and from about 0 to 10% by weight of a
fluoride compound; d) a formulation comprising; 5from about 0,05 to 20% by weight of one or
more non-ammanium uging, non-HF producing fluoride salt; from bout qto aﬁﬁ
99.95% by weight ot watal e(j ﬁ%‘é%nélc 2BI0R YRR %9%73 ér f? 8?5%@? ironic (YRSUBIGS
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organlc or morganlc acid; from an other meta corrosion in
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or

agent; and 20 e) a mulation com risin from about O. 05% to 30% by weight of one or

more non-ammBMaiiBr SifikMg %@%aﬂ%&’ﬁ%ﬂuﬁ'ﬂ:c@bﬁﬁﬁ’i@tﬁ%|fﬂﬁ$ﬂ}"éﬁ5‘?§eés
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solvents; from ah to. about 95% b %ggt v%ateer or o ?rg%nlﬁ CO- s%lt\{ent from ab uth
to 40% by weig Gelinolodies, afe broy 'ﬂ)é%}i uchr asona sta omogeneous supercritica
state nanoelectronic and microelectronic cleanmg compositions that are generally

10 effective cleaners for cleaning such devices. Such reasonably stable,
homogeneous supercritical state nanoelectronic and microelectronic cleaning
compositions of this inve_ntion are provided by compositions comprising: (1) a
supercritical main fluid reaching a supercritical fluid state at a temperature of 250°C
or less and a pressure of 600 bars or less (592.2 atm, 8702.3 psi), and (2) as a

15 secondary fluid, a modifier formulation selected from the following formulations:

a) a formulation comprising: an oxidizing agent; a polar organic solvent selected

from the group consisting of amides, sulfones, sulfolenes, selenones and

saturated alcohols; and optionally other components;

b) a silicate free formulation comprising: a polar organic solvent selected from
20 the group consisting of amides, sulfones, selenones and saturated alcohols; a

strong alkaline base; and optionally other components;

c) a formulation comprising: from about 0.05% to 30% by weight of one or more

non-ammonium producing strong base containing non-nucleophilic, positively

charged counter ions; from about 0.5 to about 99.95% by weight of one or more
25 corrosion inhibiting solvent compounds, said corrosion inhibiting solvent

compound having at least two sites capable of complexing with metals; and

optionally other components;

d) a formulation comprising: from about 0.05 to 20% by weight of one or more

non-ammonium producing, non-HF producing fluoride salt; from about 5 to about
30 99.95% by weight of water, organic solvent or both water and organic solvent;



alkanclamine; 30from about 0 to 40% by weight an organic or inorganic add: 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;
from about 0 to 5 % by weight of a metal cheiating agent; and from about 0 to 10 % by weight
of a fluoride compound. The invention also comprises the use of such nanoelectronic and
microelectronic cleaning compositions to clean nanoelectonic and microelectronic substrates.
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cleaning and stripping photoresist and provide for-organic and inorganic residue remo
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reasonably stable, homogeneous supercritical state nanoelectronic and microelectronic
cleaning tompdaRIEhAIFERS ATUdRiSARNBRd sk ARIABR ARSI RIBRR ERbabIHeER Repferably
nanoelectronic snchmisseelediipnitatiRanigrpplicaiensufrsitisede gl nalesaRarspRd ues)

from planarization progesses, s ch as chemicg .mechfa
micro

3 ical 20 Plis ing, and for use as .
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compositions ofithds cimdiinium ane uivided toy stippasiigiotaepiknan(l pleanipereasisilesain
from plasma pr %ﬁ?ﬁ t ' JO [ | m and have
improved comp%ﬁtﬁlﬁy wit %?goge ect%%%ﬁ@%ﬁ%h%%&%@gﬁ%&éi%ﬁ%%e?q rfess,
sensitiviEllow-x BrEfRiPRY dib R daTapaiatte 90 AmgstiassiaandkE preattiel of 61A0 dutral(592.2
palladium, platighf s7URmpaY, preRGaLINaHRALITS SN L TiYRe Han e 1 )

tin and other metallizaél?zgfaziywell as substrates of Al or Al(Cu) metallizations, and advanced

interconnect te A& & aRiBFRSRH 8T AT -eBrh 38R 1ot 178 ARERRORNSE2) as

particularly suitalsedardzesfing diffiedificsaorpiaReomtRisted fonsitHeonwiasg fornflititianst
ash residues and also hardened (e.g., polymerized) photoresists that are generated in the

manufacturing BloBJSEIa I LCHMEPESIME-K and high-r dielectrics structures. The cleaning
compogigions of this inveataxitiaihgeagsae alone or coupled with other cleaning solutions,

DETAILED DESCRIPTION,OF THE,INV,ENTION égf? PRE%EEEtRRED EMB D”\élfNTg
0[0012]The reasonably s?%?@,oﬁ%%%ﬁﬁﬂ%ﬂg%ﬂﬁ iffe S5 gUR AR ER 9S8,
microelectronic clesutiogeso pinitivrs stlio nescamid sauegbed\adtahblg;,compositions
comprising: (1) a supercrific, Pb' ' i qﬁl}“}% rerit ' temperature of
250t or less and a pressure of‘[gcf)al(fII é!'ysg érgless Saéﬁz* Fz‘a%r#r %%lﬂgg%‘?%ﬁ@ ) as a
secondary fluid, a modifi@f8fiflulation selected from 15the following formulations: a) a

formulatipn comprising: aih @xidifHaOREeNt; a polar organic solvent selected from the group

consisting of amides, sulfones, sulfolenes, selenones and saturated alcohols; and optionally
other components; a corrosion-inhibiting co-solvent;

a chelating or metal complexing agent;
an oxidizer stabilizing agent;
a corrosion-inhibiting agent;
25 a metal corrosion inhibitor;
a fluoride compound,;
a surfactant; and
water;

30 b) a silicate free formulation comprising:



b) a silicate free formulation comprising: a polar organic solvent selected from 20the group
consisting of amides, sulfones, selenones and saturated alcohols; a strong alkaline base; and
optionally other components; c) a formulation comprising: from about 0.05% to 30% by
weight of one or more rion-ammoniuni producing strong base containing non-nucleophilic,
positively charged counter ions; from about 0,5 to about 99.95% by weight of one or more 25
corrosion inhibiting solvent compounds, said corrosion inhibjting solvent compound having at
least two sites capable of %@ﬁf Wﬁ&%‘?ﬂéﬁﬁ&%@fj&?ﬁ‘o{ﬂ&u rBH‘?e?%’ﬁrﬁ&lgﬁﬁm'd%ﬁ'a
formulation comprisingofikssnsaiendrizand 28Urdtgdvsigitiadé;cmedor more non-ammonium
: ] . : _ 0 .
producing, non HF produ%n#{gHoréﬂ(eaﬁﬁétbfégén about 5 Fo about 3099.95@ by weight of |
water, organic solvent or both water and organic solvent; and optionally other components;
and e) a formulatioarcboitsiaty froencabaeretod8% felldoddbhgantighenisone or more
non-ammonium producingaﬁté%ﬂg base containing non-nucleophilic, positively charged counter
ions; from about 5 to about 99.95% by weight of one or more stet hindered amide solvents;
and optionally other compdfeR@sitoiiEng setydveAtieasonably stable, homogeneous
supercritical state nanoelggm&iﬂggmmmgmw compositions of this invention
are provided by compositions Qo%isin‘%ié&) a supercritical main fluid reaching a supercritical
fluid state at a temperaturB"bP985650 FAUENY 298/ b1y at a temperature of 15000 or :to less,
and a pressure of 600 bars ¢ofdsioatinhibitiiyagseit; preferably a pressure of 400 bars (394.8
atm, 5801,5 psi) or less, morrneﬁ %rleggrr'ao%%gi%?bs??grr_e pf 300 bars (296.1 atm, 435_1,1 psi) or
less, and (2) as a secondary 1uid a modifier formulation selected from the following
formulations: a) a forradilatidteceompising; 15an oxidizing agent; polar organic solvent
selected from the group cgngistiaeff-apipes, sulfones, sulfolenes, seienones and saturated
alcohols; and optionaily one or more of the following components: an acid; 20an alkaline
base; a corrosion-inhibitin§@8!solvent; a chelating or metal complexing agent; an oxidizer
stabilizing agent; a corrosion-Inhibiting agent; 25a metal corrosion inhibitor; a fluoride
compound; i .
il'5 c¢) a formulation comprising:
from about 0.05% to 30% by weight of one or more non-ammonium
producing strong base containing non-nucleophilic, positively charged counter
ions;
from about 0.5 to about 99.95% by weight of one or more corrosion
20 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-
solvent;
from about 0 to 40% by weight a steric hindered amine or
25 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

compounds;
from about 0 to 5% by weight a surfactant;
30 from about 0 to 10% by weight of a metal ion free silicate compound;



a surfactant; and water; 30b) a silicate free formulation comprising: polar organic solvent
selected from the group consisting of amides, sulfones, selenones and saturated alcohols;
and a strong alkaline base; and optionally one or more of the following components: an acid; a
corrosion -inhibiting co-solvent; a chelating or metal complexing agent; an oxidizer stabilizing
agent; a corrosion-inhibiting agent; 10a metal corrosion inhibitor; a fluoride compound; a
surfactant; and water; isc) a fomtulation comprising: from about 0.05% to 30% by weight
of one or more non-ammdreomaprd icin$ ¥tinngdightadantagtal gnelatingcdgephikndositively

charged counterons; _ o EA A0 05,8 A0KHO3 A EIghy f e or more

corrosion 20inhibiting solvent compounds, said’corrosion inhibiting solvent compound having
at least two sites capable of complexing with metals; from about 0 to about 9945% by
weight water or gtherigamnaso &atusingom about 0 to 40% by weight a steric hindered

amine or 25alkanolamine; from about 0 to 40% by weight an organic or inorganic acid;
5 from about 0.05 to 20% by weight of one or more non-ammonium

producing, non-HF producing fluoride salt;
from about 5 to about 99.95% by weight of water, organic solvent or
both water and organic solvent;
from about 0 to about 80% by weight of a metal corrosion inhibiting
10 solvent;
from about 0 to 40% by weight a steric hindered amine or
alkanolamine;
from about 0 to 40% by weight of an organic or inorganic acid;
from about 0 to 40% by weight of an other metal corrosion inhibitor
15 compound;
from about 0 to 5% by weight of a surfactant;
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; and

20
e) aformulation comprising:
from about 0.05% to 30% by weight of one or more non-ammonium
producing strong base containing non-nucleophilic, positively charged counter
jons;
25 from about 5 to about 99.95% by weight of one or more steric hindered

amide solvents;
from about 0 to about 95% by weight water or other organic co-solvent;
from about 0 to 40% by weight a steric hindered amine or
alkanolamine;
30 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; 30from 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; d) a formulation comprising: from about 0.05 to
20% by weight of one or more non-ammonium producing, non-HF producing fluoride salt;

f bout 5 to about 99.96% ' ter, organic solvent or hoth water and organic
srglr\?eit;ou from about 0 %og ﬂ%ﬁ%%%o@%?@h?’S@%@%ﬁ‘ 85%%%‘?3#5%[9%’ Edﬂféh%or
from about 0 to 40%PBYPANGISE a steric hindered amine or alkanolarnine; from about 0 to
40% by weight of an orgag&wgﬁwgg%%%gf@%ﬁp%%}%g&g%% by weight of an other

to 5%

metal corrosion inhibitor 15compound; from about y weight of a surfactant; from

about 0 to 10% by weight ARl foi? 18k iy ateigiaiaf sunatalirenifere siicateCwisiuog;

weight ofsa metal cheiatingoagemi @ wtd® @) BfBIYHLAH GROMIIHRGiting JHRK koYt 0,05%
to 30% by weight of one qQr morﬁ noré-ammonium producing strorFl%base containirtg

non-nuoleophilic, positivel}’Eh SR raansweidht G Adhs t‘EPHH&H'@b,QS% by weight
of one or more Stenntémdiered|sonidenpaibentise fremailsadhthimabiedtr 8RNy WalgbE IMaiRI

e S SRR R R B e SR L
10 [0010] These reasonably stable, homogeneous supercritical  state
nanoelectronic and microelectronic cleaning compositions of this invention provide
improved and superior cleaning and stripping photoresist and provide for organic
and inorganic residue removal with surprisingly good compatibilities with many
sensitive substrates, under elevated temperatures and pressures that are required
15 for many common supercritical fluid operations.  Such reasonably stable,
homogeneous supercritical state nanoelectronic and microelectronic cleaning
compositions of this invention provide particular advantageous capabilities for
nanoelectronic and microelectronic cleaning applications, residue removal,
cleaning residues from planarization processes, such as chemical mechanical

20 polishing, and for use as additives in planarization slurry/liquids.

[001'1] The nanoelectonic and microelectronic cleaning compositions of this
invention are suitable for stripping photoresists and cleaning residues from plasma
process generated organic, organometallic and inorganic compounds, and have
25 improved compatibility with microelectronic substrates characterized by silicon
dioxide, sensitive low-x or high-« dielectrics and copper, tungsten, tantalum, nickel,
gold, cobalt, palladium, platinum, chromium, ruthenium, rhodium, iridium, hafnium,
titanium, molybdenum, tin and other metallization, as well as substrates of Al or
Al(Cu) metallizations, and advanced interconnect technologies. Additionally, the
30 cleaning compositions of this invention are particularly suitable for cleaning difficult



from about 0 to 40% by weight of an other metal corrosion inhibitor compounds; from about 0
to 5 % by weights 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 oh:elating agent; and from about 0 to 10
% by weight of a fluoride compound. 0013] The reasonably stable, homogeneous
supercriticalstate rianceleotronic and microelectronic cleaning compositions of this invention
wiil xc generally comprise from about 0.1% to about 50%, preferably from about 3%, to about

25%, and more PREEISBICRUAINIMbUEY, BHRBSI J0esnty wisiyhatl tAskc@sidues fand also

modifier formulatignisasw@ gnbtirherssipprbrreish!hteessyoRErstEerMMN HSffacturing
component (1). is 0014%The su ercrltlc@']naln Auld component (1) Is one reachin
cig

a
supercritical fluid'St5¢& {9 B ’PXVSG(?BF'IQ@,'&Q@%W%\@%HE&&&@%P@@@Q
or less, and a presspasiibGe@bts (A0 BaimH702.3sesi)alpreiainbbupledesktretat HOR ARy
(394.8 atm, 580&&@%}9 less, more preferably a pressure of 300 bars (296,1 atm, 4351.1
psi) or less. Any suitable ' material meeting this supercritical-fiuld-criteria may be employed in
the nanoelectronio and microelectronic cleaning compositions of this invention, Such
materiais Include, but are not limited to, carbon dioxide, ammonia, argon, butane, carbon
disulfide, chlorotrittuoromethari¥; PAREDDESGRIBHLON GFHAE, INWENTIENane, hexane,
hydrogen sulfide, methanol, nitrogeﬂ'ﬂﬁfﬂ%&@ﬁﬁ%tﬁ%lﬁ?&ﬁi@léﬁ?@‘me’ sulfur dioxide,

ur luorl

trifluorornethane, Spropariol, dichloromethane, su exa e, nitrous oxide, carbon

monoxide, and i se h_as nitrogen, helium, neon, argon, krypto xenon. Carbon
dioxide(lis?’ genergﬁiﬁp?gferﬁrﬁéj i?na%? ri}a}(’)&?n%agg%ebgm%%ﬂﬁﬁ& e 8@%\%&91%{%& ?@}ﬁ%@ gic
of 31 i5C and critithl picesiestshia, ziedringr Z8anositg0F 0obsihis[OoSlioforarel apoosidpdf by

component (2) Qfo‘i%é‘éﬁﬁﬂé‘%iﬂﬁ?@ﬂﬂ?i?’f)sa‘?éG&E‘rg?ft‘lﬁglﬁﬂﬁiﬂ%ﬁ?g%ﬁ@%@%ﬁgﬁmriﬁcal fluid

formulation a) may be any oxidizing agent ‘suita or use In nanoe

microelectronic SeéhHPdEMpeattaLf 28N amhlessard apsasiHin §LERM Rarsers ers/(582.2
mentioned, for exaMmBRODE Y Iesd PRV ieWAhcBHERP ANIRSA MR iEr RiRFRtiad Lafrel from
peroxyhydrates ggrg Iir\é?mgs%r’] ‘%e oxides and oxyaolds, zircortyl acetate and azo compounds,
e,g,, So fum per 703 (RN Borates, as well as periodates (104), perborates,

permanganatesdfyimabnhveteacaifprisiieannaiRtintes e %”&d@ﬂé}gﬂﬁﬁéismeéﬂ selected

example t-BuOCI. Other peroxy compounds from substitution reactions of H202 and organic
PR GBS

molecules may B8 BMPRYSPHt SPEIRLNG  &e AT IR RIOS Ficl RIS ersRigBENes and
peroxyacids, disafupssrkaleshaty] detonetipatdyidéseiStormposehstitutian products of H202
with inorganic mglec ugh a roxysulfuric acid, may also be employed. The oxidizi
agentis emplog&gd%ngtlﬁe orrﬁ%?af%Pn Qﬁﬁoﬁncﬁ“&'}'\%ﬂﬂt 8¥ o abou '%EXF Aot %B%\i‘%'%m
preferaBBly fromtABogtap gragising oftwnides nsiiqnesesaigponas anteatuwateshaikioholst

about 5 wt% of Wéﬂﬁ'%ﬁi@liﬁé-bﬂ%@;%ﬁ@&%ﬂé@@ﬂ%@g&ﬂ ' grogen peroxide (H202),

preferably employed as a 3 to 30% aqueous solution. 20[0016]In foquIatiqn a) of component
(2), the organic Yo/ EMTeIation SosrgHRiRe: JeemaRrHiRBRedR BBy eiphbmtcaRPImers
is minimally or mem-aeiyeiwihoiRGuicizigonge bla s Joedans sRIMaSIEYPHIR, 2pHdRRely
sulfones, sulfolenes, selenones,, anq(fatura ed Eg%mls, A o&y the preferred solvents there

may be mentiofed %nﬁéf% F8mi8b8H : Eﬂcﬁ&?@ R L RO RNR. SFdpgre
sulfonez8-butylcsutiosienseahibiti(®) 5-shifwehb tiopmeenids; disaide c@vosievISoliibiting, asoldest

such as 1-(2-hy D,-2-pyrrolidinone ). dimethvipiperi MPD), N-methyl
pyrrolidinone (V\ﬁ\‘ﬁﬂé?%sr% ir%‘é%l%ﬁ%%gg\gg%%)%%r%&%yﬁ%#%ﬁqﬁéﬁn&ﬁ@, %‘Ir?ga @{ and
saturated alcohemrdignahy=ghanapmppreptsiol, butanoi, hexanoi, ethylene glycol, propylene
glycol, glyceroly arid exRiRIQISORIGRIAG!- iR Qiﬂﬁﬁiﬁ.%"fs.rﬁ(f%;*qu%h‘f%f B AP fdfe

or more of the solvents and is generally present in the formulation a) in an amount of from

about 1 to abotBYFWHRM IR RIRBIGIHY aRcantdT Pred weng Auslitecad dh aerwidh tfasgout
most praferablyom esraBeURsighfremaiiaytcid dai8 SuriknebionvmaliarAhnthefgasmivesient;

are resistant to acidic and alkaline conditions and will not bind the oxidizing agent too tightly.
Additionally, they are capable of stabilizing the oxidizing agent, such as hydrogen peroxide, by
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[0018]The alkaline base is present as an optional, but generally preferred component of the
formulation a) of component (2) of the cleaning compaositions of this invention. The alkaline
base can be present in the formulation in an amount of 20 from 0 to about 30 wt%, preferably
in an amount of from about 0.1 to about 10 wt%, most preferably in an amount of from about
0.1 to about 5 wt% of formulation a). Any suitable alkaline base may be employed in

formulation a) of e iaspiny sEPesHighseriedirse is preferably ammonia hydroxide or an
ammonia or non ammonia derived base. When the cleaning composition of this invention is

25 intended to b&) @sérmuletiem eoppasingetinreabout SRS the3pisdYsWrisiergbigne or more
non-ammonia dgrxeshRASRIGRY ¥OGEIRG %%H&‘%‘é@? Pﬁtﬁ%&iﬂﬁﬁﬁ thisimRigphifintsssieekip

be used to clean aluminum containing structures the alkaline base is preferably ammonium

hydroxide, a amPHBFIEHERVBEEL L4, JFAMBRMN M &hikesh RS ae i Lot L e vATh2oTe
corrosionsinhibitifgriechRlues antersepsasioandnbitithalnees esntlisslontd Moeinatrraply

examples of suitable non-ammoni rived bases there may be mentipned X
tetraalkyliammoPish ﬁ?ﬂ?BQéQ@é s%%ﬁ s%&%%f‘ﬁ?é’?oﬁ%ﬁ%ﬁﬁﬁ%?—e WIAIRSISE ORI and
independently arsighstiketadris unkangigutedrapoditivaspsofpréfisrablyenfiibio 2Pecaphovicedmiy

and more preferagl %éﬂiéf%aé%”r%% 3 DGR ARG ﬁpqea'béﬂé'r%mﬁuw

useful in the formulation a) componen e may pbe men or exam
tetrarpethylamnsiataratry desxesatiearabafiienaidarsmitigtaeiiatcadanwaialveRiat 12Rt s

like. inorganic b : ' 162 SPEMIMpRYTaKige edhadiks
may als[éqge us&jg?s %ﬁg %@%ﬁi&éﬁg@oﬁﬁmgﬁ ?Z%??ﬁz formulatign %:}: %fé]o at&?&s

component (2) SAALBEAIPHE 8PP NS S hDATERTSRGHE BRFSTE

pH conditions aggbaly stwiaipis AhigPorRess RirkR(RpescayHoyadaly fhadecnestidey famalation
sufficient to providlgﬁthe a*cidictﬁHéﬂlthe COP[?‘?Hijat%m such as for example Ha or HF. 15
(0020]The fotmi& &t?g) 5o % 8?4“["(9)% Pé-gning composition may also optionally
include one or myre, ¢8FHAMRLH RibHIpEsitySolvents. Preferred corrosion-inhibiting co-solvents
useful in the formulation a) of this invention are those of the general formula 20

W-[CR1}R2]1-Y where R1MHHRF LS ;independently selected from H, alkyl, preferably
alkyl of from 1 to 6 carbonpalamaganit; sukfenabblentddfrénonha golp carsistinmaiansieliz

and 802R4; n is a numeral of t [ . . each independently
selected from OR%qur@r‘gaZiuﬁ%%cf%ag %%rg @fsgrgeh éagcarﬁ%ﬁ] e&p%%(ﬁﬁilg;i selected from H,
alkyl, preferably alkyl of fremdopsienedereromsrand the fopeuiagsRmagNerttom 3 to 14
carbon atoms. As exampleg, %igych corrosion-inhibiting co-solvents there may be mentioned,
for example, ethylene glycol, propylene glycol and glycerol and the like, If the required polar
organic 38lvent componerfiTbP#RIRSARRGtion a) is not a saturated alcohol within the
above-mentioned formula gs¢sfoaisatintitetinglcohsbivemt; be present as a co-solvent, The
co-solvents may be present i% ?t]hﬁformula#op a}nin an r?mo%lp]tt_of from 0O to about 80 wt%,
preferably from about 1 toHBGUR %&%ﬂ %scfopr erab%/q?om’about 1 to 30 wt% of
formulation a). [00211Forranlexidizer) stabilizipg@gen(2) of the cleaning compositions of this
invention may also contai gE rosl %%m.orients, preferably aryl compounds
containing two or more Oﬁ,% éﬁgﬁ(ﬁﬂ% 7 groups bonded directly to the aromatic
ring, wheke Re, R7 and IRBragsab&eroRtRsERENINY alkyl, preferably aikyl of from 1 to 6
carbon atoms, or aryl, prefefpBidanébRifERINE to 14 carbon atoms. As examples of such
preferred corrosion-inhibiting agents there may be mentioned catechoi, pyrogalloi, gallic acid,
resorcinol and the like. SuBRF'YTREIHYon-inhibiting agents may be present in formulation
a) Man amount of from O t@atbgut 15 wt%, preferably from about 0.1 to about 10 wt%, most
preferably from about 0.5 to about 5 wt% of formulation a). 200m2210rganic or inorganic
chelating or metal complexing agents are not required in formulation a) of component (2), but
offer substantiald)eadditicate fieasdondatiomptemppsingd product stabiiity. Examples of
suitable cheiating or compiexing agents include but are not limited to
trans-1,2cyclohexanecliamine tetraacetic acid (CyDTA), ethylenediamine tetraacetic acid

- 11 -



present in the composition in an amount of from 0 to about 5 wt%, preferably from about 0.1
to about 2 wt% of formulation a). Metal chelating or complexinc agents of various
phosphonates, such as ethyienediarnine tetra(rnethylene phosphonic acid) (EDTMP) offer
much improved stabilization of the cleaning compositions of the cleaning compositions of this
invention containing oxidizing agents at acidic and alkaline conditions and thus are generally
preferred. [0023]Other stabiljzers for oxidizing agents can also be employed.in formulation a)
of component (2) of the c|88lﬁﬁa r@@ﬂﬁ&&ﬁ&ﬁ% #ﬁr{éﬁf‘ﬁ%ﬁ%ﬁ ﬁ@é‘&r%?ﬁsfﬁ&%oit%mé%ﬁs
may be employed irsaifoass vetenmgizgatidrediutatabaltdidlst%ngreferably from about 0.1 to
5 wt% of formulation a). E e ch,stabilizer include but are not limited to acetanilide
and silicates, preferably m%%ﬁ%i?%g llgqﬁc%%gg 'such as tetraalkylammonium silicates
(including hydroxy- and egiioryaiikghgroupsre/hbtectfrelakpbromp oprstrably contains from 'l
to 4 carban isatoms. Among, %‘éﬁi’, silicates are tetraethylorthosilicate, tetramethylammonium
silicate, tetrakis(2-hydioxyethyl) orthosilicate and the like. [0024]Other metal corrosion
inhibitors, such as berizotPSYOSRAMHELIING BArPMbREH: in formulation a0 of component (2) in
an amount of from 0 to abghaid@W4%r RiefsrabivpiamaageRe.1 to 2 wt% of formulation a).
[0026]Formulation a) of component 612% f,g;he cleaning compositions of this invention
optionally may also contaiﬁ%ﬁﬁ'g&ﬁ :‘%Uéwgésﬂ&ngxample dimethyl hexynoi (Surlynol-61),
ethoxyiated tetramethyl dexyoadisiotSintibdiibageRf polytetrafluoroethylene

cetoxypropylbetaine (Zany! . 5{? e like. The surfactant will generally be
present i%\gz‘ormulation a) ir? a’?r‘?a@hc%?r%' rol;r‘ﬂ E’Ebout 5 vot%, preferably 0.1 to about 3

wt% of formulation a). [00281RsitstatipPENdf component (2) of the cleaning compositions of
this invention may also opg@‘ﬁ.}%@é}maéﬂéluoride compounds in cleaning composition, such
as for example, tetramethylammonium fluoride, tetrabutylarnmonium fluoride, and ammonium
fluoride. Other suitable flu¥fd®s include, for example fluoroborates, tetrabutylammonium fl
uorobora te. s, aluminum hexafluorides, antimony fluoride and the like. The fluoride
components Wi”%e rgese%ormulatlon a) in an amount of from O to 10 wt%, preferably
from about 01 to V&%’H{ DI&HW%?!WH(OOZ?lExampIeS of formulation a) of component
(2) of the cleaning compoditioma duhiz: 05% riti &0 %r bserighthoihothe dolfowra gdoranmmtiongrin

o BT S RS A O 28 O

formulation. 15in the following Ta ns emplo are as follows.
1-(2-hydroxyethyl)-200rolidinone TMAH= tetramethylammmonium hydroxide TMAF=

tetramethylainmcinium flugyigs Ade0reasetraile 99059 Iy wdrih-df iy dpheranatesiie
tetraacetic acid N . L
20 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-
solvent;
from about 0 to 40% by weight a steric hindered amine or
25 alkanolamine;
from about O to 40% by weight an organic or inorganic acid,;
from about O to 40% by weight of an other metal corrosion inhibitor
compounds;
from about 0 to 5% by weight a surfactant;

30 from about O to 10% by weight of a metal ion free silicate compound;

- 12 -



TEOS= tetraethylorthosilicath DMPD= dimethylpiperidone SFL= sulfolane TiVIAS=
tetramethylammonium silicate 25EG= ethylene glycol CAT=o0atechol EHDP=
ethane-1-hydroxy-1,1-diphosphonate EDTMP= ethylenediamine tetra(methylene phosphonic
acid) IN HCI= 1 normal hydrochloric acid 30N FLOW-ammonium hydroxide CH=choline
hydroxide Water= additional water over water from aqueous solution of components. Also hi

the following Tables the ferspulationspilsbas, didiSes anretdych8biraiRfpaairlowing

compositions in which the listed components are present in the parts by weight-indicated in
the parenthesis. XM488= et a80u§ QA ¥rBY, weightrai Aflus)e COBHPRYEIZ) XM-188A=
SFL (150), Water (60), 25% ThAAH (17.5), EDTMP (1.8) SFL (150), Water (60), 25% TMAH

(17.5), EDIMP (1.8), EG 302, TABLE, 2 Formulations Componen HEP 25% TMAH
d) a formulation comprising:

5 from about 0.05 to 20% by weight of one or more non-ammonium
producing, non-HF producing fluoride salt; ,
from about 5 to about 99.95% by weight of water, organic solvent or
both water and organic solvent;
from about O to about 80% by weight of a metal corrosion inhibiting
10 solvent;
from about 0 to 40% by weight a steric hindered amine or
alkanolamine;
from about 0 to 40% by weight of an organic or inorganic acid,
from about 0 to 40% by weight of an other metal corrosion inhibitor
15 compound,
from about 0 to 5% by weight of a surfactant;
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; and
20
e) a formulation comprising:
from about 0.05% to 30% by weight of one or more non-ammonium
producing strong base containing non-nucleophilic, positively charged counter
ions;
25 from about 5 to about 99.95% by weight of one or more steric hindered
amide solvents;
from about 0 to about 95% by weight water or other organic co-solvent;
from about 0 to 40% by weight a steric hindered amine or
alkanolamine;
30 from about 0 to 40% by weight an organic or inorganic acid;
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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;

from about 0 to 5 % by weight of a metal chelating agent; and

from about 0 to 10 % by weight of a fluoride compound.

[0013] The reasonably stable, homogeneous ‘supercritical  state
nanoelectronic and microelectronic cleahing composiﬁons of this invention will
generally comprise from about 0.1% to about 50%, preferably from about 3%, to
about 25%, and more preferably from about 5% to about 20%, by weight of the
secondary fiuid modifier fbrmulation component (2) based on the weight of the
supercritical main fluid component (1).

[0014] The supercritical maln fluid component (1) is one reaching a
supercritical fluid state at a temperature of 250°C or less, preferably at a
temperature of 150°C or less, and a pressure of 600 bars (692.2 atm, 87023
psi), preferably a pressure of ‘400 bars (394.8 atm, §801.5 psi) or less, more
preferably a pressure of 300 bars (296.1 atm, 4351.1 psi) or léss. Any suitable
material meeting this supercritical-fluid-criteria may be employed in the
nanoelectronic and microelectronic cleaning compositions of this invention, Such
materials include, but are nat limited to, carbon dioxide, ammonla, argdn. butane,
carbon disulfide, chiorofrifiuoromethane, 2, 2'-dimethylpropane, ethane,
fluoromethane, hexane, hydrogen sulfide, methanol, nitrogen, nitrogen oxide,
pentane, propane, sulfur dioxide, trifluoromethane, 2-propanol, dichloromethane, -
sulfur hexafluoride, nitrous oxide, carbon monoxide, and inert gases such as
nitrogen, helium, neon, argon. krypton and xenon. Carbon dioxide is generally
preferred since it forms supercritical fluid readily with critical temperature of 31 <C
and critical pressure of 73.77 bar (72.8 atm, 1,070 psi).

A e
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[0015] [n formulation a) of component (2) of the cleaning compositions of this
invention, the oxidizing agent of formulation a) may be any oxidizing agent
suitable for use in nanoelectronic and microelectronic cleaning compositions. As
examples of such oxidizing agents there may be mentioned, for example,
peroxides, particularly hydrogen peroxide, molecular adducts of peroxyhydrates
from hydrogen peroxides and- oxyacids, zirconyl acetate and azo compounds, e.g.,
sodium percarbonate, sodium perborates, as well as periodates (104), perborates,
permanganates (MnOQy), hydrogen persulfates, persulfates and alkyloxyhalides, for
example t-BuOCI. Other peroxy compounds from substitution reactions of Hy,O,
and organic molecules may be employed but are less preferred. Examples include
alkylperoxides, peroxyacids, diacyl peroxides and ketone peroxides. Similar
substitution products of H,0, with inorganic molecules, such as peroxysulfuric acid,
may also be employed. The oxidizing agent is employed in the formulation a) in an
amount of from about 0.1 to about 30 wt%, preferably from about 0.1 to about 5
wt%, and most preferably in an amount of from about 1 to about 5 wt% of
formulation a). The preferred oxidizing agent is hydrogen peroxide (H:Oy),
preferably employed as a 3 to 30% aqueous solution.

[0016] In formulation a) of component (2), the organic solvent is a polar organic
solvent with hydrogen bonding capability and which is minimally or non-reactive
with the oxidizing agent. Such organic solvents include amides, sulfones,
sulfolenes, selenones, and saturated alcohols. Among the preferred solvents there
may be mentioned sulfolane (tetrahydrothiopene-1,1-dioxide), 3-methylsulfolane,
n-propyl sulfone, n-butyl sulfone, sulfolene (2,5-dihydrothiopene-1,1-dioxide), 3-
methylsulfolene, amides such as 1-(2-hydroxyethyl) —2-pyrrolidinone (HEP),
dimethylpiperidone (DMPD),  N-methyl  pyrrolidinone  (NMP),  and
dimethylacetamide (DMAGc), dimethylformamide (DMF), and saturated alcohols
such as ethanol, propanol, butanol, hexanol, ethylene glycol, propylene glycol,
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glycerol, and hexafluoroisopropanol. The organic solvent component can include
one or more of the solvents and is generally present in the formulation a) in an
amount of from about 1 to about 99.9 wt%, preferably in an amount of from about
10 to about 90 wt%, and most preferably in an amount of from about 30 to 80 wt%
of formulation a). These solvents are resistant to acidic and alkaline conditions
and will not bind the oxidizing agent too tightly. Additionally, they are capable of
stabilizing the oxidizing agent, such as hydrogen peroxide, by forming stable
complexes through interaction such as hydrogen bonding.

[0017] Water can be present in the formulation a) of component (2) of the
cleaning compositions of this invention and when present can be present in an
amount of from about 0.1 to about 98 wt%, preferably in an amount of from about
10 to about 60 wit%, most preferably in an amount of from about 15 to about 50
wt% of the formulation a). The water can be present as part of the aqueous portion
of the other components and/or as additional added water.

[0018] The alkaline base is present as an optional, but generally preferred
component of the formulation a) of component (2) of the cleaning compositions of
this invention. The alkaline base can be present in the formulation in an amount of
from O to about 30 wt%, preferably in an amount of from about 0.1 to about 10
wt%, most preferably in an amount of from about 0.1 to about 5 wt% of formulation
a). Any suitable alkaline base may be employed in formulation a) of the cleaning
compositions. The base is preferably ammonia hydroxide or an ammonia or non-
ammonia derived base. When the cleaning composition of this invention is
intended to be used to clean copper metallized structures the base is preferably a
non-ammonia derived base and when the cleaning composition of this invention is
intended to be used to clean aluminum containing structures the alkaline base is
preferably ammonium hydroxide, a ammonia derived base, or a non-ammonia
derived base in combination with a corrosion-inhibiting co-solvent and/or corrosion-
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inhibiting agent, as disclosed hereinafter. As examples of suitable non-ammonia
derived bases there may be mentioned tetraalkylammonium hydroxides such as
those of the formula R4N+Ol-i' where each R is independently a substituted or
unsubstituted alkyl groups, preferably of 1 to 22 carbon atoms and more preferably
1 to 4 carbon atoms. Among the non-ammonia derived alkaline bases useful in
the formulation a) component there may be mentioned, for example,
tetramethylammonium 'hydroxide, tertrabutylammonium  hydroxide, choline
hydroxide, and the like. Inorganic bases such as for example potassium
hydroxide, sodium hydroxide and the like may also be used as the alkaline base.

[0019] An indicated before, the formulation a) of component (2) of the cleaning
composition of this invention can also be employed under acid pH conditions and
any suitable acid component can be employed in the necessary amount sufficient
to provide the acidic pH to the composition, such as for example HCI or HF.

[0020] The formulation a) of component (2) of the cleaning composition may
also optionally include one or more corrosion-inhibiting co-solvents. Preferred
corrosion-inhibiting co-solvents useful in the formulation a) of this invention are
those of the general formula

W-[CRRz}w-Y

where Rq and R, are each independently selected from H, alkyl, preferably alkyl
of from 1 to 6 carbon atoms, aryl, preferably aryl of from 3 to 14 carbon atoms,
OR; and SO3R4; n is a numeral of from 2 to 6, preferably 2 or 3; W and Y are
each independently selected from OR3, and SOzR4; and Rs and R, are each
independently selected from H, alkyl, preferably alkyl of from 1 to 6 carbon
atoms, and aryl, preferably aryl of from 3 to 14 carbon atoms. As examples of
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such corrosion-inhibiting co-solvents there may be mentioned, for example,
ethylene glycol, propylene glycol and glycerol and the like. |f the required polar
organic solvent component of the formulation a) is not a saturated alcohol within
the above-mentioned formula, such a saturated alcohol may be present as a co-
solvent. The co-solvents may be present in the formulation a) in an amount of
from O to about 80 wt%, preferably from about 1 to about 50 wt%, most
preferably from about 1 to 30 wt% of formulation a).

[0021] Formulation a) of component (2) of the cleaning compositions of this
invention may also contain other corrosion-inhibiting agents, preferably aryl
compounds containing two or more OH, ORs, and/or SO2ReR7 groups bonded
directly to the aromatic ring, where Rg, Ry and Rg are each independently alkyl,
preferably alkyl of from 1 to 6 carbon atoms, or aryl, preferably aryl of from 6 to
14 carbon atoms. As examples of such preferred corrosion-inhibiting agents
there may be mentioned catechol, pyrogallol, gallic acid, resorcinol and the like.
Such other corrosion-inhibiting agents may be present in formulation a) inan
amount of from 0 to about 15 wt%, preferably from about 0.1 to about 10 wt%,
most preferably from about 0.5 to about 5 wt% of formulation a).

[0022] Organic or inorganic chelating or metal complexing agents are not
required in formulation a) of component (2), but offer substantial benefits, such as
for example, improved product stability. Examples of suitable chelating or
complexing agents include but are not limited to trans-1 2-cyclohexanediamine
tetraacetic acid (CyDTA), ethylenediamine tetraacetic acid (EDTA), stannates,
pyrophosphates, alkylidene-diphosphonic acid derivatives (e.g. ethane-1-hydroxy-
1,1-diphosphonate), phosphonates containing ethylenediamine, diethylenetriamine
or triethylenetetramine functional moieties [e,g. ethylenediamine tetra(methylene
phosphonic acid) (EDTMP), diethylenetriamine penta(methylene phosphonic acid),
triethylenetetramine hexa(methylene phosphonic acid). The chelating agent will be

- 18 -
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present in the composition in an amount of from 0 to about 5 wt%, preferably from
about 0.1 to about 2 wt% of formulation a). Metal chelating or compiexing agents
of various phosphonates, such as ethylenediamine tetra(methylene phosphonic
acid) (EDTMP) offer much improved stabilization of the cleaning compositions of
the cleaning compositions of this inventiori containing oxidizing agents at acidic
and alkaline conditions and thus are generally preferred.

[0023] Other stabilizers for oxidizing agents can also be employed in
formulation a) of component (2) of the cleaning compositions of this invention if
desired. These stabilizers may be employed in an amount ranging from 0 to about
10 wit%, preferably from about 0.1 to 5 wt% of formulation a). Examples of such
stabilizer include but are not limited to acetanilide and silicates, preferably metal
jon-free silicates such as tetraalkylammonium silicates (including hydroxy- and
alkoxy alkyl groups) where the alkyl group, preferably contains from 1 to 4 carbon
atoms. Among such silicates are tetraethylorthosilicate, tetramethylammonium
silicate, tetrakis(2-hydroxyethyl) orthosilicate and the like.

[0024] Other metal corrosion inhibitors, such as benzotriazole, may be
employed in formulation a0 of component (2) in an amount of from 0 to about 5
wi%, preferably from about 0.1 to 2 wt% of formulation a).

[0025] Formulation a) of component (2) of the cleaning compositions of this
invention optionally may also contain surfactants, such as for example dimethyl
hexyno!  (Surfynol-61), ethoxylated tetramethyl decynediol (Surfynol-465),
polytetrafiuoroethylene cetoxypropylbetaine (Zonyl FSK), Zonyl FSH and the like.
The surfactant will generally be present in formulation a) in an amount of from 0 to
about 5 wt%, preferably 0.1 to about 3 wt% of formulation a).
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[0026] Formulation a) of component (2) of the cleaning compositions of this
invention may also optionally contain fluoride compounds in cleaning composition,
such as for example, tetramethylammonium fluoride, tetrabutylammonium fluoride,
and ammonium fluoride.  Other suitable fluorides include, for example
fluoroborates, tetrabutylammonium fluoroborates, aluminum hexafluorides,
antimony fluoride and the like. The fluoride components will be present in
formulation a) in an amount of from 0 to 10 wt%, preferably from about 0.1 to 5
wi% of formulation a).

[0027] Examples of formulation a) of component (2) of the cleaning
compositions of this invention are set forth in the following formulations in Tables 1
to 9, in which the amount of the components are indicated in parts by weight of the

formulation.

In the following Tables the abbreviations employed are as follows.
HEP= 1-(2-hydroxygthyl)—z-pyrrolidinone
TMAH= tetramethylammmonium hydroxide
TMAF= tetramethylammonium fluoride
ACA= acetanilide
CyDTA-= trans-1,2-cyclohexanediamine tetraacetic acid
TEOS= tetraethylorthosilicate
DMPD= dimethylpiperidone
SFL= sulfolane
TMAS= tetramethylammonium silicate
EG= ethylene glycol
CAT=catechol
EHDP= ethane-1-hydroxy-1,1-diphosphonate
EDTMP= ethylenediamine tetra(methylene phosphonic acid)
1N HCI= 1 normal hydrochloric acid
NHsOH=ammonium hydroxide

- 20 ~



20% CH 0.23 Component HEP 25% TIVIAH 1 ACA CyDTA 7/TEOS DMPD SFL EG CAT |
60% EHDP | EDTivIP TMAF | 10% TMAS 29% NH4011 30% H202 Water XM-188 XM-188A
XM-191 1IN HC1 1 20% CH Component HER 25% TMAH ACA

CH=choline hydroxide
Water= additional water over water from aqueous solution of
components.
Also in the following Tables the formulations XM-188, XM-188A and XM-191
5 refer to the following compositions in which the listed components are present in
the parts by weight-indicated in the parenthesis.
XM-188= SFL (300), Water (75), 25% TMAH (25), CyDTA (2.3)
XM-188A= SFL (150),‘Water (60), 25% TMAH (17.5), EDTMP (1.8)
XM-191= SFL (150), Water (60), 25% TMAH (17.5), EDTMP (1.8), EG (30)
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TABLE Formulations DOD 6.25175 ? 9175 CyDTA 11.2 TEOS DMPD SEL EG

TABLE 1

Formulations

Component A B Cc D E F G

HEP 30 30 30 30 60

25% TMAH | 2 26 |2 2 2 ) 5

ACA 0.2 0.2

CyDTA 0.2 0.4 0.4

TEOS 1

DMPD ' 30 60

SFL

EG

CAT

60% EHDP

EDTMP

TMAF

10% TMAS

29% NH4.OH

30% H202 2.5 25 |25 2.5 2.5 5 5

Water 15 15 15 15 15 30 30

XM-188

XM-188A

XM-191

1N HCI

20% CH
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| 75 CAT 60% EHDP EDTMP TMAF 10% TMAS 29% NH40H

TABLE 2

Formulations

Component H | J K L M N

HEP 30

25% TMAH 1 10 8.8 4 3 4.9

ACA

CyDTA 0.92 0.35 0.24

TEOS

DMPD

SFL 120 50 30 |37

EG 10

CAT

60% EHDP ' _ , 0.24 | 0.29

EDTMP

TMAF

10% TMAS 1

29%NH4OH

30% H20. 2 10 8.8 2.5 4.2 2.5

Water 15 60 9

XM-188 40 40

XM-188A

XM-191

1N HCI

20% CH
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Formulations

30% H202 [13.4 6 Water 125 26 XM-188 XM-158A XM-191

TABLE 3

IN HD!

Component

P

Q

HEP

25% TMAH

ACA

20

4.4

7.8

CyDTA

TEOS

DMPD

SFL

200

37.5

42.5

EG

10.3

15

CAT

60% EHDP

2.6

. EDTMP

0.68

TMAF

10% TMAS

29% NH,OH

30% H.0,

19.2

18.7

4.8

4.3

Water

20

70

22.5

10.6

3.5

XM-188

200

40

XM-188A

57.4

40

XM-191

1N HCI

20% CH
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(00281in formulation b) of component (2) of the cleaning, compositions of this invention, the
polar organic solvent is a solvent with hydrogen bonding capability and which is minimally or
non-reactive with the oxidizing agent Such organic solvents include amides, suifones,
sulfolenes, selenones, and saturated alcohols. Among the preferred solvents there may be
mentioned SUIfolane (tetrahydrothlobene-1,1-dioxide), 3-methylsulfoiarie, n-propyl sulfone,
n-butyl sultorie, sulfolene (2,5-dihydrothiopene-1Adioxkle), 3-inethyisulfolene, amides such as
1-(2-hydrox.yethyl) --2-pyrrolidinone (HEP), dimethylpiperitione (DMPD), N-methyl
pyrrolidinone (NMP), and dimethylacetamide (BmAw)latiershylformainide (DMF), and

saturated alcohof ﬁﬂi g{anot, propagol, [ouigne’} hexanol, ethylene glycol, REoRyBRe
xa |

glycol, glycerol, an uoroisopropanol. The organic solvemnt companent of formi )
can include one pHfBre of the solvents and is genera‘lly present in the formulation b) in an
amount of from abad Hrjaalpout 999 wt%, preferably in an amount of fiom ab%vut 10 }o about

90 wt%, and most 15 preferably in an amountlof from @bout 30/ to-80-wi%-of f ion-b),
These solvents 3ré®ésistant to acidic and alkaline conditions and will npt bind {with oxidizing
agents too tightly: nally, when theyfggmulation of this invention afeo@gnbined with a

oxidizing agent ti -@f.sta’futyng-the oxidizing-agent,-sueh-as-hydrogeniperoxide,
by forming stable §Iexes through ipteraction such[20as hydrogen bjonding [0029]The
alkaline base In {gnmgigtion b) of component (R) of thg cleaning compositions ¢f this jnventipn

can be present in-ap-ameunt-of-from-011-to-about-30-witdo, preferably-in gy amountof fram
about 0.1 to abo Ffé‘wt%, most prefer;%qg/ 25 in an amount of|ffom abau?o,l to about 5 wi%
of formulation b)| gy suitable alkaline pbase matbbe emtoyed in formulation b)) of component
(2) of the cleaning-campositions-of-thistinventiog—Thebaseis plefeldbiyg.lglm g hydrgxid
or an ammonia dr fion-ammonia derived base! When the cleaning composition of this
invention is intendg@PAdabtDlised to clegn copper metallized strdctures the basg is 30preferaply
a non-ammonia (eriyedipase and when theclganing gompositiog gf this “inventig is|igignded
to be used to clean aluminum containing structures thée alkaling base is|preferably nr?mgaij,.m
hydroxide, a amméMAmerived base, of a non-ammonia derived base irf combipation jwith a
corrosion-inhibitiiigdz%-?m\;@n and/or cprrosion-inhibiting agent, as disc osed hereinafter. As
examples of suitable non-ammaonia defived hﬂqesmaamayﬁ_mentio ed
tetraalkyiammon L@ﬂ%;}&ﬁyﬁ?&bs such gs'tAose of the formula RiNFFOR WEé‘re eal:ﬁ R ig
independently a sghsfiiyies] or unsubstjtgted alkg/Bgroumsspreferaldy of (1618 22| @rbopzagons
and more preferably-1 to 4 carbon-atoms_Amang-the-hon-ammania-detived-atkaline-bases
useful in the conpd&tfdns there may be tf tipned, for example:f,2 0 tet';%'ey{h ?acrjnin D%pum
hydroxide, tertraboiaragionium hydrokide, chodide hyddaxide, and the |ike, Ingrganid bases

such as for exanple-petassivm-hydroxidesoditm-hygroxide-and-thelike - may alsobgused|as

hacaoc

C

the alkaline basg. 1003 ter can be present|in formulation b)| of component (2) of the is
cleaning compoditXmsiéfithis invention|and when presgnt can ke present in anjamount of from
about 0.1 to abouit; 98y, preferably-ipranamount of ffromabqut 10 tojabout 60 Wt%4, most
preferably in an amount of from about 15 to about 50 wt% of formulation b) watdr can be
present as part %ﬁ%@ﬂeous portion pf the ther componentg and/or as additional added
water. 20 [0031] Fhecleaningcompuosition of this invention can &S0 be employed under acio
pH conditions and any suitable acid component can be employed in formulation b) of
component (2) of the cleaning compositions of this invention in the necessary amount
sufficient to provide the acidic pH to the composition, such 25as for example Ha or HF,
[0032]Formulation b) of component (2) of the cleaning compositions of this
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invention may also optionally include one or more corrosion-inhibiting co-solvents. Preferred
corrosion-inhibiting co-solvents useful in the compositions of this invention are those of the
general formula W-[CR1R2]-Y where R1 and R2 are each independently selected from H,
alkyl, preferably alkyl of from 1 to 6 carbon atoms, aryl, preferably aryl of from 3 to 14 carbon
atoms, ORa and S02R4: n is a numeral of from 2 to 6, preferably 2 or 3; W and Y are each
independently selected from OR3, and 802R4; and R3 and Rei, are each independently
selected from H, alkyl, preferably alkyl of from 1 to!/é\B&#B&n a atoms, and aryl, preferably aryl
of from 3 to 14 carbon atomS' As examples of spghfAMAGIAR-INhibiting co-solyents there may

be mentioned, for

required polar orgah

within the above-me
solvent, The co-sol
80 wt%, preferably

formulation b), [003

invention may also
containing two or
where R5, and Re

or aryl, preferably 3

corroslon-inhibltin

ethylene-ghycal-propylene glycol and glyce

oland t

e like.

If the

IC soR/%“? mp

:gﬁpof tf%e @Pnuw

atlgrEb)

is a

safgfate

d &ltbhb

hidhed formula

such a saturated

Sition-in

alcohol 1

An-amol

nay be |l

resent g
nt.of fro

1S a cd
O to

as

about

SB6 FIKEC P

ffom about 1 to 3

sentin-th

about 50 t1.1%, mo

5-cOMpPo

lzprefer

Ably fror

N about

1 to 30

Zﬁﬁd’r_mulatlon b)

of compo

PP U T

nent (2)

KWikhitihaoa

of the clﬁaamng c

DMPOSIt

wW(% of

ons of

S

other-—cot

. OR and

ore

or

2R groups bonded (

i IH ME

\TaYaldadl aYs
LEA=S I =)

ferablv
TOT m']

lirectly t

arvlico
ahyt |

D the ar

pound
pmatic 1

ing,

his2¢

Af&B4Th independently alk

yl, prefefably a

Iky

y| of fron

ainh nraf

n1to6

carbon

atoms,

ighpbfom 6 to 1
agents 25 there

iy Cdal Iuun
may be m

+ Ao
AtOMS, A eXal

entioned

G,

catechgl, pyrog

ac afc
Co Ul Oy

Crirppret

allol, gai

rred
LA™ |

ic acid

resorcinol and the |i

b) man amount of

Isuch other g

defosion-i

hbihifing

agents I

N&Y be

resent i

At g

hgormu

lation

re O to about' I

b5 Wt%, pre
\tit% of f

I
Ol au

 b) [00

ferabtyf
rmulatio

-4~
LU. LU

33]Orga

Jutl L

hic or in

nurin
LAALSH

Drganic

preferably from ab
chelating or metal
for example, impr

i VegpEHDF stab
cleaning composi%em@?&iw&n%m,
include but are not to trans-1,2-cyclohe
DTA), staf

ethylenediamine tq

ot oo

.gl‘ﬁiglexmg agent

S are not

required

but offe

r subst

ntial ber

nefits, s

£\ ~f

uch a

+tha

nost-|

lity if pres

Exa

ent in formutatio
nples of suitable

fyof
chelatin

nponet
or com

t(2)ot
lexing

LT

agen

-;?af?}edie

rnine tet

raacetic

add (Cy

DTA),

tTdAAEtic acid (E

+thanao

VAV |

\nates, pyrophos

|

acid derivatives (e
ethylenediamine, ¢

{ II_\y\JI
heg:ylenh@ ﬁarnln

A =T d‘!pllgsph'c
e or 10 trigthylenet atraminq

nates,

IRyfider
ates co

edipho
Ntainin

sph

osphor
o -
functior

al moie

ies Ie,q

ethylenediamine tg

=t23(miﬂxﬂéhe pr

ldsphonic

&) (E

tatramid

IMP),

lethylen

Plriaming

C

bhonic

penta(methylene
The cheiating age

—

l cacid);t

Wﬁl b2 5resen1

inthyvlan
cinyrcn

in formulatio

LILASZAN A Y

n amg

arrm

b) ir

.

e-hexalh

ethvle
A 9 | I] LA~

pint of fi

he nhost
lepn

ot Oth

Bt

preferably from ab

oMater to about 3

2 Va% of f

p@fiulatio

tal chelg

jting or @

thyviana

ompiex

hosb.

agents 15 of vario
add) (EDTMP) offg
combined with oxi

d?ﬁM‘d %ﬁnts at

Jxmn-f,g@hondu-:b

er much improve

suchas
stabiliza

L s
:tl IyTel Ic:lJla.l e

tion of the formJIation b)

atralm
o u.\l LI}

(1] IyIDI A>3

when th

LILASASd =4

ey ar

ing

eI40

acidic and

alkaline cbiditio

s and th

us are g

a=znla

enerally

sakalVi

preferred. 20[0034
employed in formu
amount of from O

Iatemally othe

metalTo

rosiominhibitors;
of the cleaning c

h o
SULIT AS

DMpositi

han=zate
uCTiZol

pns of th

aZo1e;

is invel

ntion &

1 luy—be

N

o BdH 5 wtoe, a

nt (2)
referably

from about 0.1 to

2 wt% d

f formul

afion b).

25POWFormulatic

D
optionally may alse—eemam—suﬂacln

2&¥afgomponent (2) of T

'l‘Q SUcC

€ Cleanimgcomp

Sitions

Y PN LR
IunsT

ventiot

exynoi

(Sorlyn

0i-51

as far example

imethyi

ethoxylate,d tetramethyl decynediol (Surfyn01-465), polytetrafluoroethylene
cetoxypropylbetaine (Zonyl FSK), Zonyi FSH and the like. The surfactant will generally be
present in formulation b) in an amount of from 0 to about 5 wt%, preferably a Ito about 3 wt%
of formulation b). [0036]Formulation b) of component (2) of the cleaning compositions of this
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invention may also optionally contain fluoride compounds in the formulation, such as for
example, tetrainethylammenium fluoride, tetrabutylammonium fluoride, and ammonium
fluoride. Other suitable fluorides include, for example fluomborates, tetrabufyiammonium
fluoroborates, aluminum hexatluorides, antimony fluoride and the like. The fluoride
components will he present in formulation b) in an amount of from 0 to 10 wt%, preferably

from about 0.1 to 5 wt% of formulation b). to [003H\Fé|£%1
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Water additional water over water from aqueous solution of , components. 20 r 30
Component 25% TMAH HEP SFL CyDTA EG CAT A 2517.501502.3 00.230.191.1515 3

29% NH40H

TABLE 7

Formulations
Component PP QQ RR SS T | UU | VvV
HEP
25% TMAH 25 25 20 25 175|175 |25
ACA

CyDTA 3 3 2.5 1.5 0.23
TEOS '
DMPD
SFL 300 | 300 300 300 150 | 150 |30
EG 5 40 |20 16

CAT 3

60% EHDP
EDTMP 1.8 |18
TMAF

10% TMAS

29% NH;OH

30% H202 36.8 | 37.3 36.7 372 |26 |24 |58

Water 35 45 45 45 50 |50 (7.5

XM-188

XM-188A

XM-191

1N HCI

20% CH
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20% CH | H2060 7.512,5 TABLE 11 Formulations -37 - TABLE 12 Formuistions
Component 25% TMAH9.5 HEP SFL

TABLE 8

Formulations

Component ww XX YY ZZ | AAA | BBB | CCC

HEP

25% TMAH 3.1 7.5

ACA
CyDTA 0.39 0.39 028 (1.2 0.8

TEOS

DMPD 7.5

SFL 50 50 50 50 74 75

EG

CAT 3.5 3.5

60% EHDP

EDTMP 0.6 0.6

TMAF

10% TMAS

29% NH4OH 14 1.9 1.4 1.9

30% H20, 6.8 76 (64 7.25 (147 |[13.6 14

Water 12.5 20 125 |20 40 25 25

XM-188

XM-188A

XM-191

1N HCI

20% CH 12
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TABLE 9

Formulations

Component

DDD

EEE

HEP

s

25% TMAH

6.25

7.5

ACA

CyDTA

0.6

=2

TEOS

DMPD

SFL

EG

75

CAT

60% EHDP

EDTMP

TMAF

10% TMAS

29% NH,OH

30% H.0,

13.4

13.6

Water

25

25

XM-188

XM-188A

XM-191

1N HCI
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[0028] In formulation b) of component (2) of the cleaning compaositions of this
invention, the polar organic solvent is a solvent with hydrogen bonding capability
and which is minimally or non-reactive with the oxidizing agent. Such organic
solvents include amides, sulfones, sulfolenes, selenones, and saturated alcohols.
Among the preferred solvents there may be mentioned sulfolane
(tetrahydrothiopene-1,1-dioxide), 3-methylsulfolane, n-propyl sulfone, n-butyl
sulfone, sulfolene (2,5-dihydrothiopene-1,1-dioxide), 3-methylsulfolene, amides
such as 1-(2-hydroxyethyl) —2-pyrrolidinone (HEP), dimethylpiperidone (DMPD), N-
methyl pyrrolidinone (NMP), and dimethylacetamide (DMAC), dimethylformamide
(DMF), and saturated alcohols such as ethanol, propanol, butanol, hexanol,
ethylene glycol, propylene glycol, glycerol, and hexafluoroisopropanol. The organic
solvent component of formulation b) can include one or more of the solvents and is
generally present in the formulation b) in an amount of from about 1 to about 99.9
wi%, preferably in an amount of from about 10 to about 90 wt%, and most
preferably in an amount of from about 30 to 80 wit% of formulation b). These
solvents are resistant to acidic and alkaline conditions and will not bind with
oxidizing agents too tightly. Additionally, when the formulation of this invention are
combined with a oxidizing agent they are capable of stabilizing the oxidizing agent,
such as hydrogen peroxide, by forming stable complexes through interaction such
as hydrogen bonding.

[0029] The alkaline base In formulation b) of component (2) of the cleaning
compositions of this invention can be present in an amount of from 0.1 to about 30
wit%, preferably in an amount of from about 0.1 to about 10 wt%, most preferably
in an amount of from about 0.1 to about 5 wi% of formulation b). Any suitable
alkaline base may be employed in formulation b) of component (2) of the cleaning
compositions of this invention. The base is preferably ammonia hydroxide or an
ammonia or non-ammonia derived base. When the cleaning composition of this
invention is intended to be used to clean copper metallized structures the base is
preferably a non-ammonia derived base and when the cleaning composition of this
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invention is intended to be used to cleah aluminum containing structures the
alkaline base is preferably ammonium hydroxide, 2 ammonia derived base, or a
non-ammonia derived base in combination with a corrosion-inhibiting co-solvent
and/or corrosion-inhibiting agent, as disclosed hereinafter. As examples of suitable
non-ammonia derived bases there may be mentioned tetraalkylammonium
hydroxides such as those of the formula RyN"OH where each R is independently a
substituted or unsubstituted alkyl groups, preferably of 1 to 22 carbon atoms and
more preferably 1 to 4 carbon atoms. Among the non-ammonia derived alkaline
bases useful in the compositions there may be mentioned, for example,
tetramethylammonium  hydroxide, tertrabutylammonium hydroxide, choline
hydroxide, and the like. Inorganic bases such as for example potassium
hydroxide, sodium hydroxide and the like may also be used as the alkaline base.

[0030] Water can be present in formulation b) of component (2) of the
cleaning compositions of this invention and when present can be present in an
amount of from about 0.1 to about 98 wt%, preferably in an amount of from about
10 to about 60 wt%, most preferably in an amount of from about 15 to about 50
wt% of formulation b). The water can be present as part of the aqueous portion of
the other components and/or as additional added water.

[0031] The cleaning composition of this invention can also be employed under
acid pH conditions and any suitable acid component can be employed in
formulation b) of component (2) of the cleaning compositions of this invention in
the necessary amount sufficient to provide the acidic pH to the composition, such
as for example HCI or HF.

[0032] Formulation b) of component (2) of the cleaning compositions of this
invention may also optionally include one or more corrosion-inhibiting co-solvents.
Preferred corrosion-inhibiting co-solvents useful in the compositions of this
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invention are those of the general formula

W-[CR¢RJ-Y

where R; and Ry are each independently selected from H, alkyl, preferably alkyl
of from 1 to 6 carbon atoms, aryl, preferably aryl of from 3 to 14 carbon atoms,
OR3 and SOzR4; n is a numeral of from 2 to 6, preferably 2 or 3; W and Y are
each independently selected from OR3;, and SOsR4; and Ris and R4, are each
independently selected from H, alkyl, preferably alkyl of from 1 to 6 carbon
atoms, and aryl, preferably aryl of from 3 to 14 carbon atoms. As examples of
such corrosion-inhibiting co-solvents there may be mentioned, for example,
ethylene glycol, propylene glycol and glycerol and the like. If the required polar
organic solvent component of the formulation b) is not a saturated alcohol within
the above-mentioned formula, such a saturated alcohol may be present as a co-
solvent. The co-solvents hay be present in the composition in an amount of
from O to about 80 wt%, preferably from about 1 to about 50 wt%, most
preferably from about 1 to 30 wt% of formulation b).

[0032] Formulation b) of component (2) of the cleaning compositions of this
invention may also contain other corrosion-inhibiting agents, preferably aryl
compounds containing two or more OH, ORs and/or SO2Rg groups bonded
directly to the aromatic ring, where Rs, and Rg are each independently alkyl,
preferably alkyl of from 1 to 6 carbon atoms, or aryl, preferably aryl of from 6 to
14 carbon atoms. As examples of such preferred corrosion-inhibiting agents
there may be mentioned catechol, pyrogallol, gallic acid, resorcinol and the like.
Such other corrosion-inhibiting agents may be present in formulation b) inan
amount of from 0 to about 15 wt%, preferably from about 0.1 to about 10 wt%,
most preferably from about 0.5 to about 5 wt% of formulation b)
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[0033] Organic or inorganic chelating or metal complexing agents are not
required, but offer substantial benefits, such as for example, improved product
stability if present in formulation b) of component (2) of the cleaning compositions
of this invention. Examples of suitable chelating or complexing agents include but
are not limited to trans-1,2-cyclohexanediamine tetraacetic acid (CyDTA),
ethylenediamine tetraacetic acid (EDTA), stannates, pyrophosphates, alkylidene-
diphosphonic acid derivatives (e.g. ethane-1-hydroxy-1,1-diphosphonate),
phosphonates containing ethylenediamine, diethylenetriamine or
triethylenetetramine functional moieties [e,g. ethylenediamine tetra(methylene
phosphonic acid) (EDTMP), diethylenetriamine penta(methylene phosphonic acid),
triethylenetetramine hexa(methylene phosphonic acid). The chelating agent will be
present in formulation b) in an amount of from 0 to about 5 wt%, preferably from
about 0.1 to about 2 wt% of formulation b). Meta'l chelating or complexing agents

of various phosphonates, such as ethylenediamine tetra(methylene phosphonic

acid) (EDTMP) offer much improved stabilization of the formulation b) when they
are combined with oxidizing agents at acidic and alkaline conditions and thus are

generally preferred.

[0034] Optionally other metal corrosion inhibitors, such as benzotriazole, may
be employed in formulation b) of component (2) of the cleaning compositions of
this invention an amount of from 0 to about 5 wt%, preferably from about 0.1 to 2
wit% of formulation b). ’

[0035] Formulation b) of component (2) of the cleaning compositions of this
invention optionally may also contain surfactants, such as for example dimethyl
hexynol (Surfynol-61), ethoxylated tetramethyl decynediol (Surfynol-465),
polytetrafluoroethylene cetoxypropylbetaine (Zonyl FSK), Zonyl FSH and the like.
The surfactant will generally be present in formulation b) in an amount of from 0 to
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about 5 wt%, preferably 0.1 to about 3 wt% of formulation b).

[0036] Formulation b) of component (2) of the cleaning compositions of this
invention may also optionally contain fluoride compounds in the formulation, such
as for example, tetramethylammonium fluoride, tetrabutylammonium fluoride, and
ammonium fluoride. Other suitable fluorides include, for example fluoroborates,
tetrabutylammonium fluoroborates, aluminum hexafluorides, antimony fluoride and
the like. The fluoride components will be present in formulation b) in an amount of
from 0 to 10 wt%, preferably from about 0.1 to 5 wt% of formulation b).

[0037] Formulation b) of component (2) of the cleaning compositions of this
invention can be employed in combination with oxidizing agents. Such
formulations can contaiﬁ any oxidizing'agent suitable for use in nanoelectronic and
microelectronic cleaning compositions. As examples of such oxidizing agents
there may be mentioned, for example, peroxides, particularly hydrogen peroxide,
molecular adducts of peroxyhydrates from hydrogen peroxides and oxyacids,
zirconyl acetate and azo compounds, e.g., sodium percarbonate, sodium
perborates, as well as periodates (IOQ, perborates, permanganates (MnOy),
hydrogen persulfates, persulfates and alkyloxyhalides, for example t-BuOCI. Other
peroxy compounds from substitution reactions of H,O, and organic molecules may
be employed but are less preferred. Examples include alkylperoxides,
peroxyacids, diacyl peroxides and ketone peroxides. Similar substitution products
of H20, with inorganic molecules, such as peroxysulfuric acid, may also be
employed. When the formulations b) of this invention are combined with an
oxidizing agent the oxidizing agent is employed in the resulting cleaning
compositions in an amount of from about 0.1 to about 30 wt%, preferably from
about 0.1 to about 5 wi%, and most preferably in an amount of from about 0.5 to
about 5 wt% of formulation b). The preferred oxidizing agent is hydrogen peroxide
(H202), preferably employed as a 3 to 30% aqueous solution.
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[0038] Examples of formulations b) of component (2) of the cleaning
composition of this invention are set forth in the following Tables 10 to 13, in which
the amount of the components are indicated in parts by weight of the formulation.

In the following Tables the abbreviations employed are as follows.
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TMAH= 25% Tetramethylammmonium hydroxide
HEP=1-(2hydroxyethyl)-2-pyrolidinone.

CyDTA= trans-1,2-cyclohexanediamine tetraacetic acid
DMPD= dimethylpiperidone

SFL= sulfolane

EG= ethylene glycol

CAT=catechol

EDTMP= ethylenediamine tetra(methylene phosphonic acid)

- NH4OH= ammonium hydroxide

CH=choline hydroxide
Water= additional water over water from aqueous solution of

,components.
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TABLE 10

Formulations

Component A B o D E F
25% TMAH 25 175 | 10 25 2 9
HEP
SFL 300 |150 30 50
CyDTA 23 0.9 0.23 0.19 1.15
EDTMP 1.8
DMPD 120
EG 30 15 200
CAT 3
29% NH,OH
20% CH
H20 75 60 60 7.5 12.5
TABLE 11

Formulations
Component G H l J K L
25% TMAH 25 25 20 25 17.5 17.5
HEP
SFL 300 |300 300 300 150 150
CyDTA 3 3 2.5 1.5
EDTMP 1.8 1.8
DMPD
EG 5 30 40 20
CAT
29% NH4OH
20% CH
H20 85 45 45 45 50 50
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TABLE 12
Formulations

Component M N o) P Q R
25% TMAH 2.5 3:1
HEP
SFL 30 50 50 50 50 74
'CyDTA 0.23 0.39 0.39 0.28
EDTMP 0.6 0.6
DMPD
EG 156
CAT 3.5 3.5
29% NH4OH 1.4 1.9 1.4 1.9
20% CH _
H.0 7.5 12.5 20 125 |20 40
TABLE 13
Formulations

Component S T U \'

25% TMAH (£ 17.5 6.25 7.5

HEP 75

SFL 75

CyDTA 1.2 0.8 0.6 1.2

EDTMP

DMPD 75

EG

CAT

29% NH,OH

20% CH 12

H20 25 25 25 25
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EG CAT 153

[0039] Formulation ¢) of component (2) of the cleaning compositions of this
invention will comprise one or more of any suitable non-ammonium producing
strong base containing non-nucleophilic, positively charged counter ions and one
or more of any suitable solvent stable under strong alkaline conditions and having
a metal-corrosion inhibiting arm in the solvent compound. Among the suitable non-
ammonia producing strong bases containing non-nucleophilic, positively charged
counter ions suitable for use in the cleaning compositions of this invention there
may be mentioned tetraalkylammonium hydroxides or salts of the formula [(R)sN'],
[X™], where each R is independently a substituted or unsubstituted alkyl, preferably
alkyl of from 1 to 22, and more preferably 1 to 6, carbon atoms (R# H); and X=0H
or a suitable salt anion, such 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 of this invention coritaining a formulation c) as component
(2) and containing the non-ammonium producing strong bases containing non-
nucleophilic, positively charged counter ions show much improved compatibility
with porous and low-x dielectrics and copper metallization. Ammonia-free
tetraalkylammonium hydroxides (TAAH) are very strong bases, yet they have been
discovered to provide surprisingly improved compatibility with porous and low-«
dielectrics compared to cleaning compositions with ammonium hydroxide.
Especially preferred are tetramethylammonium hydroxide, tetrabutylammonium
hydroxide and choline hydroxide.

- [0040] Formulation c) of component (2) of the cleaning compositions of this

invention contain one or more “corrosion inhibiting solvent’, i.e., a solvent
compound that has at least two sites capable of complexing with metal is

" employed. Preferred as such corrosion inhibiting solvents are compounds having

two or more sites capable of complexing with a metal and having one of the two

following general formulae:

W-(CR1R2)n1-X-[(CR1R2)n2-Y]:
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or
T-{(CReRe)m-Zly

where W and Y are each independently selected from =0, -OR, -O-C(0)-R,
-C(0)-, -C(O)-R, -S, -S(0)-R, -SR, -S-C(0O)-R, -S(0)=-R, -S5(0)z, -N, -NH-R,
-NR4Rz, -N-C(O)-R, -NR;-C(0)-Rz, -P(0), -P(O)-OR and -P(O)-(OR)zi X is
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, Rj 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
aryl or aryl containing one or more hetero atoms selected from O, S, N and P
atoms; each of n1 and n2 is independently an integer of from O to 6; and z is an
integer of from 1 to 6 when X is alkylene, cycloalkylene or arylene; and z is an
integer of from O 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
hetero atoms selected from O, S, N and P atoms; T is selected from -O, -§, -N
and -P; Z is selected from hydrogen, -ORs, -N(Rs)2, and -SRs; each of Rs, R4 and
Rs are each independently selected from hydrogeh, alkyl, cycloalkyl or cycloalkyl
containing one or more hetero atoms selected from O, S, N and P atoms, and
aryl or aryl containing one or more hetero atoms selected from O, S, N and P
atoms; m is an integer of from O to 6 and y is an integer of from 1 to 6. In the
above definitions alkyl and alkylene are preferably of from 1 to 6 carbon atoms,
more preferably of from 1 to 3 carbon atoms, cycloalkyl and cycloalkylene
preferably contain from 3 to 6 carbon atoms, and aryl and arylene preferably
contain from about 3 to 14 carbon atoms, more preferably from about 3 to 10
carbon atoms. Alkyl is preferably methyl, ethyl or propyl; alkylene is preferably
methylene, ethylene or propylene; aryl is preferably phenyl; arylene is preferebly
phenylene; hetero-substiituted cycloatkyl is preferably dioxyl, morpholinyl and
pyrrolidinyl; and hetero-substituted aryl is preferably pyridinyl.
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[0041] Some suitable examples are of such corrosion inhibiting solvents
employed in formulation c) of component (2) of the cleaning compositions of this
invention include, for example, but are not limited to ethylene glycol, diethylene
glycol, glycerol, diethylene glycol dimethyl ether, monoethanolamine,
disthanolamine, 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.

[0042] Formulation c) of component (2) of 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 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 dimethy! piperidone. The formulation c) of
component (2) of the cleaning compositions of this invention may also optionally

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

hindered amines, hindered alkanolamines, and hindered hydroxylamines.
Formulation ¢) of component (2) of the cleaning compositions of this invention 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. The formulation c) of
component (2) of the cleaning compositions of this invention may also contain any
suitable surfactants, such as for example dimethyl hexynol (Surfynol-61),

- ethoxylated tetramethyl decynediol  (Surfynol-465), polytetrafluoroethylene

cetoxypropylbetaine (Zonyl FSK), (Zonyl FSH) and the like.
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[0043] Any suitable metal ion-free silicate may be used in the formulation c) of
component (2) of the cleaning compositions of this invention. The silicates are
preferably quaternary ammonium silicates, such as tetraalkyl ammonium silicate
(including hydroxy- and alkoxy-containing alkyl groups generally of from 1 to 4
carbon atoms in the alkyl or alkoxy group). The most preferable metal ion-free
silicate component is tetramethyl ammonium silicate. Other suitable metal ion-
free silicate sources for this invention may be generated in-situ by dissolving any
one or more of the following materials in the highly alkaline cleaner. Suitable
metal ion-free materials useful for generating silicates in the cleaner are solid
silicon wafers, silicic acid, 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 formulation c) of
component (2) of the cleaning compositions of this invention in an amount of from
about 0 to 10 wt. %, preferably in an amount of from about 0.1 to about 5 wt. %
of the formuiation c).

[0044] The formulation c) of component (2) of the cleaning compositions of this
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 formulation ¢) of component (2) of the cleaning
compositions of this invention in an amount of from about 0 to 5§ wt. %, preferably
from an amount of from about 0.1 to 2 wt. % of the formulation c¢). 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 (DETPA),
ethylenediaminetetrapropionic acid, (hydroxyethyl)ethylenediaminetriacetic acid
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(HEDTA), N,N,N',N'-ethylenediaminetetra(methylenephosphonic) acid (EDTMP),
triethylenetetraminehexaacetic acid (TTHA), 1,3-diamino-2-hydroxypropane-
N,N,N’,N'-tetraacetic acid (DHPTA), methyliminodiacetic acid,
propylenediaminetetraacetic acid, nitrolotriacetic acid (NTA), citric acid, tartaric
acid, gluconic acid, saccharic acid, glyceric acid, oxalic acid, phthalic acid, maleic
acid, mandelic acid, malonic acid, lactic acid, salicylic acid, catechol, gallic acid,
propyl gallate, pyrogallol, 8-hydroxyquinoline, and cysteine. Preferred chelating
agents are aminocarboxylic acids such as EDTA, CyDTA and aminophosphonic
acids such as EDTMP.

[0045] The formulation c) of component (2) of the cleaning compositions of this
invention may also optionally contain fluoride compounds in the formulation, such
as for example, tetramethylammonium fluoride, tetrabutylammonium fiuoride, and
ammonium fluoride. Other suitable fluorides include, for example fiuoroborates,
tetrabutylammonium fluoroborates, aluminum hexafluorides, antimony fluoride and
the like. The fluoride components will be present in the formulation c) of
component (2) of the cleaning compositions of this invention an amount of from O
to 10 wt. %, preferably from about 0.1 to 5 wt. % of formulation c).

[0046] In the following Tables the following abbreviations are employed to
designate the indicated components.

HEP=1-(2-hydroxyethyl)-2-pyrrolidinone

TMAH= 25% tetramethylammonium hydroxide

BT=benzotriazole

DMSO=dimethyl sulfoxide

TEA=triethanolamine

CyDTA=trans-1,2-cyclohexanediamine tetraacetic acid

SFL=sulfolane

EG=éthylene glycol
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CAT=catchol

EDTMP=ethylenediamine tetra(methylene phosphonic acid)
DMPD=dimethylpiperidone

TMAF=25% tetramethylammonium fluoride

BSA=benzenesulfonic acid
TMAS=10% tetramethylammonium silicate

[0047] Examples of the types of formulation c) of component (2) of the cleaning
compositions of this invention are set forth in the following Tables 14, 15,.and 16 in
which the amounts of the components are indicated in parts by weight.

TABLE 14

Formulations
Component A B c D E F G H
HEP 90 90
H20 : 7 8 32 16 12 1 8
TMAH 10.8 15 16 16 16 24 | 10 | 27
BT 0.11 0.11
DMSO 16
TEA 16 16 16 24 | 10
CyDTA 0.2 0.2 _ 0.3
SFL 16 16 24 24 | 40
EG
CAT
EDTMP
DMPD
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H20 12,520 12,520 40

TABLE 15
FORMULATIONS
S i
Component | J K L
HEP '
H,0 54 54 32 32
TMAH 45 36 4 16
BT
DMSO 16
TEA ‘ 36 36 16 16
CyDTA 0.4
SFL 16 16
EG 54 54 48 |
CAT 6
EDTMP 036 | 0.36 0.4
DMPD 16

In Table 16 there are described variations of Compositions D and F of Table 13 with
additional added optional components.
10

15
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TABLE 16

FORMULATIONS
Component M N o P Q R S
Composition D 100 100 100 100
Composition F 100 100 | 100
TMAF 2.5 Zi5
TMAH 2 2 2
H20 10 10 10
BSA 2 2
H2S0, 0.5 0.5 0.5
TMAS 1

[0048] The formulation d) of component (2) of the cleaning compositions of this
invention will comprise one or more of any suitable non-ammoniur_n producing,
non-HF producing fluoride salt (non-ammonium, quaternary ammonium fluoride
salt) in a suitable solvent. Among the suitable non-ammonia producing, non-HF
producing fluoride salts there may be mentioned tetraalkylammonium fluorides of
the formula (R)4N* F~, where each R is independently a substituted or unsubstituted
alkyl, preferably alkyl of from 1 to 22, and more preferably 1 to 6, carbon atoms (R«
H), such as tetramethylammonium fluoride and tetrabutylammonium fluoride salts;
as well as fluoroborates, tetrabutylammonium fluoroborates, aluminum
hexafluorides, antimony fluoride and the like.

[0049] The non-ammonium producing, non-HF producing fluoride salts show
significantly improved compatibility with low-« dielectrics and copper metaltization.
Tetraalkylammonium salts, such as tetramethylammonium fluoride (TMAF) can be
blended and dissolved in water, certain anhydrous organic solvents, or water and
one or more polar, water miscible organic solvents. Selection of a copperfiow-«
compatible “friendly” solvent is also advantageous. Any suitable solvent free of
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strong nucleophiles, such as unhindered primary or secondary amines, is
preferably employed. Preferred solvents do not include unhindered nucleophiles,
and include for example, such as dimethyl sulfoxide (DMSO), sulfolane (SFL),
dimethyl piperidone,  1-(2-hydroxyethyl)-2-pyrrolidinone (HEP), 1-methyl-2-
pyrrolidinone and dimethylacetamide and the like. Polar nitrile-containing solvents,
such as acetonitrile, isobutyinitrile and the like, can be especially advantageous.

[0050] Moreover, whereas anhydrous ammonium fluoride is practicallly
insoluble in most organic solvents, in contradistinction, tetraalkylammonium
fluoride salts, such as for example tetramethylammmonium fluoride (TMAF), can
be blended and completely dissolved in organic solvents, such as for example 1-
(2-hydroxyethyl)-2-pyrrolidinone (HEP).  Thus, a very simple, completely
anhydrous, and effective formulation d) of component '(2) of the cleaning
compositions of this invention for cleaning photoresist and ash residues from
substrates having a low-x dielectric and copper metallization can be readily -
prepared. An example of such completely anhydrous formulation d) of component
(2) of the cleaning compositions of this invention is 50 parts by weight HEP and 0.8
parts by weight TMAF.

[0051] Additionally, while not required by the fluoride salt-containing formulation
d) of component (2) of the cleaning compositions of this invention, it may in some
instances be desirable to optionally include in the formulation d) one or more
“corrosion inhibiting solvent’, i.e., a solvent compound that has at least two sites
capable of complexing with metal is employed. . Preferred as such corrosion
inhibiting solvents are compounds having two or more sites capable of complexing
with a metal and having one of the two following general formulae:

W-(CR1R2)a1-X-{(CR1R2)n2-Y ]2

or
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7.517.56.25 0,80,61.2 75 1 29% NH40OH 20% CH12 H202525 i [0039]Formulation c) of
component (2) of the cleaning compositions of this invention will comprise one or more of any
suitable non-ammonium producing strong base containing non-nucleophilic, positively
charged counter ions and one or more of any suitable solvent stable under strong alkaline
conditions and having a metal-corrosion inhibiting arm in the solvent compound. Among the
suitable non- ammonia producing strong bases containing non-nucleophilic, positively
charged counter ions suitable for use in the cl@af{ibB:&aimpdgitions of this invention there may
be mentioned tetraalkyiammonium hydroxides or salts of the formula [(R)4NIp [Xi, where each

R is independently a substituted or unsubstituted alkyl, preferably a o. alkyl of from Ito 22, and
more preferably Woesp 4rBod Xt@fﬁ@ﬂ)@l’gmwe@efﬁlyzﬁ@@i@ﬁﬂ({ rean R0 Budh-aéatbnate
and the fige; p al@Rrec@aany A)IRICRT RGOS SLERE SRR DRSCAIAIRD

include KOH and Na leaning compositions of this invention containing a formulation ¢) as

component (2) antReBataifinfe PlethonfirfdRlaReprddRingrEbrighased i@t konX 115
nUSI?Oph”ig_’ [I)OSQW @ah@y@%ﬂ@m't@”r@rk?yé%\my@ﬂ@_ 'dfﬂmmﬁg %W'Mﬂb&vﬁgﬁl@grﬁtﬁns
and low-x dielectrics and copper metallization. Ammonia-free tetraalicylammoniu roxides
(TAAH) are verysgfﬁﬁt%dbg%&%eﬁth aﬁ&[bég b%@ﬂ’ﬁ‘i%@rré{bef@p%\ﬂv eé'l?rrﬁgn%l'lg}' pc?%?/ecg

compatibility witimpes dusterodaliomsc sileteid dsoporop@ el tand dauaitogneo repdsitioris aith R, are
ammoniyi vcrgxide. ARERRRAAbY PIRIRHRY HRIF RBRGUE IR BORAS: cycioaiy
containing one or more hetero atoms selected from O, S, N and P atoms, and

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

atoms; each of n1 and n2 is independently an integer of 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

15 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

hetero atoms selected from O, S, N and P atoms; T is selected from -O, -S, -N

and -P; Z is selected from hydrogen, -ORs, -N(Rs)2, and -SRs; each of Rs, R4 and

Rs are each independently selected from hydrogen, alkyl, cycloalkyl or cycloalkyl

20 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. Such

corrosion inhibiting solvents may optionally be present in the formulation d) of

component (2) of the cleaning compositions of this invention in an amount of from

25 about 0 to about 80, preferably from about 0 to about §0, and most preferably

from about 5 to about 40%, by weight of the formulation d).

[0052] In the above definitions alkyl and alkylene are preferably of from 1 to 6
carbon atoms, more preferably of from 1 to 3 carbon atoms, cycloalkyl and
30 cycloalkylene preferably contain from 3 to 6 carbon atoms, and aryl and arylene
preferably contain from about 3 to 14 carbon atoms, more preferably from about
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hydroxide and choline hydroxide. [0040]Formulation c¢) of component (2) of the cleaning
compositions of this invention contain one or more "corrosion inhibiting solvent”, La, a solvent
25compound that has at least two sites capable of compiexing with metal is " employed.
Preferred as such corrosion inhibiting solvents are compounds having two or more sites
capable of complexing with a metal and having one of the two following general formulae: or
T4(CRaR4)m-Z1 I\gheéé nd Y are ea’g mdependently selected from O, OR, -0- CﬁO )-R,
-C(0)-R, Sc- -8(0;/3 2DEoRIMB 0¥ 1% @RerRbINReYINRINK 01 RIeRY)-RIkylene. is
-NRI-C(0)-R2, 4' (ﬂ)ef@@)&@ﬁémwbﬁoéff@ﬂ%)ﬁxr@mby@ﬁ@ %ugl@aﬂfﬂe?@gr ﬁu?mﬂgﬁaeﬁe is
containing one o elected fro nd P atoms, and arylen

arylerie contalnlngp%)(i;é(fe (?r m %W%ﬁr‘oaatoﬁﬁser %@3?\“5# lﬂaﬂﬁl P'Satd?ﬁ% %'P( R,dﬁfy'-
and R2 are eachW@béh’d&émﬁdswﬁdaﬂﬂybmﬂdyﬁetgemtmkytutgd:WKylm‘efBjabbyllmfﬂdinyl.

containing_ one or more hetero atoms selected from 0, 6, N and P atoms, and aryl or aryl
containing one or more hetero atoms selected from 0, 6, N and P is atoms; each of n1 and n2

is independently ﬂsﬁegeﬁsBHEO’Etﬁt %lg %an%ﬁreger oftg fcg‘rom 1roglo VS ﬁnglk%éyl%nts

alkylene, cycloallcylene or arylene; and z is an | b SWReITX iS cyclo
containing one of ¥lbAe h&ErBXaIBRIS, sBidcase froin lonited\ tanethyisterenglveciryiiathytemeaigliug|,

one or more het ﬁﬁnscﬁ@ﬂ%ﬂ%fr OW:QI §m1|\!3ﬁ'lw Btﬁépmﬁoﬁdétﬁﬁmgﬁfmg)”Bl%ha%lo'lgln%ge

and -P; Zis sele 1;eg‘a am dro R5 4NiR5 d -9R5: each of R3

each independenti§'dd ﬂé’éﬁgé ﬁ‘?/&‘l’ﬂ'lf‘éﬂwﬁ R?P‘?:(?HP&%WI Q’BW@&WP%M%CBF\@P@( 4-

hmore hetego atomm?twﬁwm&p&%hgénd P atm&hﬂa%ﬁfdjémﬁﬁl cogt@raﬁqmﬁremsm-
etero atoms selgct ato an.int rom 0 to y

integer of from 1§&§9n6ir)he ggmbo?i‘e' BERAng T\ gﬁg’ g Bf’éfergfig%wm?ﬂ'ﬁﬂ?%')

6 carbon atoms, aaetenprtsfelayhytifromrethyt) Suraibiomics amd m@mam«mm-ampmpamol.

preferably contain from 3 to 6 carbon atoms, and aryl and arylene preferably contain from
about 3 to 14 carbon atoms, more preferably from about 3 to 10 carbon atoms, Alkyl is

preferably meth | or kylene is preferably 30 methylene, ethylene or propylene;
aryl is preferabl pﬁé \R[TBE?y 8B Wéﬁﬁ@nﬁombrﬂrsmlﬂ%uf@ﬁ%ly&%m& have

preferabll;&dioxylirmjvpdolmgrbarld pyntadidiiny |; efnp Hetarrtdubsigintp daardris qieieiaRlyinhibiting
pyridinyl. (004 |G oR SHIE NG R AR RS AR 2 B T O AN YR B RN ns of < 2% by
weight, it has been discovered that unexpected, significant improvement in
controlling copper metal corrosion can be provided by the formulation d) of
component (2) of the cleaning compositions of this invention without the need for
20 such corrosion inhibiting compounds. However, if desired such corrosion inhibiting
. compounds may optionally be present in the formulation d) of component (2) of the
cleaning compositions of this invention. Examples of such other corrosion
inhibiting compounds include for example benzotriazole, and aryl compounds
containing 2 or more OH or OR groups, where R is alkyl or aryl, such as for
25 example, catechol, pyrogallol, resorcinol and the like. Such other metal corrosion
inhibiting compounds may optionally be present in formulation d) of component (2)
of the cleaning compositions of this invention an amount of from about 0 to about
40 % by weight of formulation d).
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employed in formulation c) of component (2) of the cleaning compositions of this invention
include, for example, but are not limited to ethylene glycol, diethylene 5 glycol, glycerol,
diethylene glycol dimethyl ether, monoethenoiamine, diethanolamine, triethanoiamine,
N,N-dimethylethanolamine, 1-(2-hydroxyethyl)-2- pyrrolidinone,
11-(2-hydroniethyl)morpholine, 2-(methylamino)ethanOl, 2-amino-2- methyl-l-propanol,
1-ernino-2-propenol, 2-(2-aminoethoxy)-ethanOl, N-(2- hydroxyethyl) acetarnide,
N-(2-hydroxyeth§@pS&L cinifiieldoamaBtiahiethgfenmppnedt (Fophineditsa[dng 2iFapasniiatsrot fris
component (2) GLIRHRAMAY SBPestigns bz RCrUIAn CANRINIBEINGId MA)P ol

producing strong bases can ormulated into aqueous, semi-aqueous or organic

solvent-based c6Bupbysialbnt). athextateds amnieiameisdducingletrvrgidases cOPEivnay465),
non-nucleophilic, HOsitMAIFHRIHRSHEAUIRY B RS ORM W its kR 2SIANFEMPENG the fike.
solvents alone or in combination with other stable solvents, preferably one or more polar
organic sglvents resistant to strong bases and that do not contain unhindered nucleophlies,
such as dimethyl suifoxide (DMS0), suifolane (SR.), and dirne,thyl piperidone. The formulation
c) of 20 componEIR5@) of Mhey SEERRMS FEiabisItiErR TltRis imarkeN$RdynIaE fimufalion d) of
contain organic ebm:%ﬁéﬂ'tc(éyiéﬁ'tﬁéeBPéaﬁWg\/\‘ﬁﬁh{UﬁﬁBi% asfinekganieraicils Thinddlestes are

ro

¥

e P s e Penss SRl st

inhibitors, such gistledijriazriexansharlizigaoptainidg adqﬂagrmgaﬁ_gemm&y@ﬂ woOR to 4
o e e e s It AR SRR s P YRR L ETaHe R o e

like. The formulaOR L component INng compositons of this invention may
alio C()lnta?fanysﬁmwwnﬁgnﬁﬁt@ s‘satfl,‘;f?:twi imnmwmnwchW| guitrbladneagal ion-
ethoxylated fetr t N SRIIRY9HK Ity by dissolvi
SOcetoxypropylgggir?gﬁl ‘(:%Egn))é/rlé@g% %Z%fnﬁ F‘S/%%%arﬁ@rxig #&%23043#03’/%&&;?: ?n\g?% at:y
ion-free.s.ilicatefﬁ’mfz_eé IELE) iﬁ;gm _;@W%mt%m@éﬁdhﬁ igheal @"&%ffﬂ 'sé. HILEBIS
compositions o ANYSHRS SIS I@SRIP fore Ntitidgatacaesaminentisasgrcatessolid
such as tetraalkyl| ammoni#lm silicate (includi digyxy- and alkox -containiﬂ,gealklﬂ roups
generally f fron? 1SR 5n %?8%?%&%%%&%?' ol rﬂ%%ﬁﬁc%h%r oSt prefesrefb%) hetal
iqlr_l-free silicate cf:cbrsigpq&rdrisﬂmammybﬁmsm_hsﬂ:smi(D_mmlei_aEtﬂibtﬁe‘rmmn lnyeed but
silicate sources for this inventi t -Sj ]

QL5 &%ﬁ}%@&%@%@?&ﬁ{s SERIRR L AR AAM OB REAIEEAN on

the following matenials in t hig] ne cleaner. Suitable to metal ion-free materials
useful for generéiegtéifedtaimitie clEhnesiligatsslimaichs wirseNsidngidoramsing Sicef

fumed silica or agypiBRERHEARE dBiIed s eBrRpsitandistalisilicairgori aasesastimiof from
metasilicate may be used but are not recommended due to the detrim nﬁ%l rq?ﬁfjeéts of bE)P talgc%

contamirtdtion oRRRIERR] Qikduite: PHRISIARNLL FRABRUN TP %9 P o W
component (2) abtisrelarilitg gempositions of this invention in an amount of from about 0 to
10 wt. %, preferably in an amount of from about 01 to about 5 wt. % of the formulation c).
[0044] The formulation c) of component (2) of the cleaning compositions of this 20 invention
may also be formulated with suitable metal chelating agents to increase the capacity. of the

formulation to rel@fpletaiShe Sommiaiian dretsnmpeaant()QidirislearinkeanPrstians Sbiis

the wafer substrad@arhits thalAHRS d@ABHWHlasd i s bitaplesABtdNdhsI BN insics &) ibicrease
component (2) of the cleaning compositions, of this invention in an amount of fr, n abput 8 tthie
wt. %, praferablyPoRRBASHA S APERBRYAER0S, I‘%"@ M%'&f%ég&ﬁqﬁlﬁfﬁ? d) e?ﬁgf&a?

examples of chelisigagentst mﬁ@fallﬁprébbmrmsmerwﬂﬁafeumﬂmeoﬂjmicmmﬁbgaagenbwvill
isomers and salts, (ethylenedinitrilo)tetragcetic aci TA), but laminagte ti '

(1 2-cyclo hexyl&?é&ﬁﬁ?ﬂ%?etﬂig%%ﬁg 'ar?c?}(ﬁ ?C@W%%t@jie%ﬂ%ﬁ%%@% (E((Saft‘%ﬁgc%léﬁmng
(DETPA), soethylemedisititinetet this dpientoadil ath paroxpé viyietnybaedihinihdulidée fieierably
(HEDTA), NNNrﬂm%Hyé%mWﬁﬁ#ﬁé %W%B%MSWBFWBHQ@PJEA |T\m)ical examples

triethylenetetraminehexaacetic aci . I ,3-diamino.2hydroxypropane’
N'-tetraacetic acid (DHPTA), methyliminodiacatic add, propylenediaminetetraacetic acid,
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as for example, tetmmethylarnmonium fluoride, tetrabutylarnmonium fluoride, and ammonium
fluoride. Other suitable fluorides include, for example fluoroborates, 15 tetrabutylarrimonium
fluoroberates, aluminum hexafluorides, antimony fluoride and the like. The fluoride
components will be present in the formulation c) of component (2) of the cleaning
compositions of this invention an amount of from 0 to 10 wt. %, preferably from about 0.1t0o 5

wt % of formulation c). 20[0046]In the following Tables the following abbreviations are .
employed to deSfgFazEtnNg iﬁ&é’&&%d‘%%%ﬂip@ﬁé%&HHE%Qé?ﬁﬁ%ﬁ?o??ﬁé’t‘ﬁwz‘i'b%/ar%‘h&%'gﬁea“d
Tl\fﬁH_g 25% tetrpyipethgemenoniuandydrside Bethelenetliaitole)2Ba¢iSio=diavithyl (EDTA),
sulthxide TEA={riethanolamine CyDTA=trans4,2-cyclo. iatnine 4 ic.acid: :
SFLzsquanneEE';iﬁ&h %@'aﬁfgﬁﬁ?%"ﬂ%ca?&‘% E #T%'%E@tﬁ%ﬁgﬁ(ﬁéﬁ?@ ?gettrtga(igr{tsgt{hc Ier?gld
ohospgonlc aciqC pPMRD=dirnethythtbyidontianinenersassstiamethylar@fidnium fludfitel PA),
BSA=benzenes ﬁ ' id T =100 i i ili
Gt rameihyiameRn HleyRIRRATIRampesofdbe
types of f?)rmula%o?cﬁgﬁcompqneﬁéﬁé%@tﬁe crearg{r?g cg’(rwnﬁl og{zm of this inventjon r_F “ﬁst
forth in the follo@HTPTANEY, N1 oA I S TBHIS AR BRGNS DTV ).
indicated in partslneighdtrhiftdnddabosuladians (TTHA), 1,3-diamino-2-hydroxypropane-
N,N,N’,N'-tetraacetic acid (DHPTA), methyliminodiacetic acid,
propylenediaminetetraacetic acid, nitrolotriacetic acid (NTA), citric acid, tartaric
10 acid, gluconic acid, saccharic acid, glyceric acid, oxalic acid, phthalic acid, maleic
acid, mandelic acid, malonic acid, lactic acid, salicylic acid, catechol, gallic acid,
propyl gallate, pyrogallol, 8-hydroxyquinoline, and cysteine. Preferred chelating
agents are aminocarboxylic acids such as EDTA, CyDTA and aminophosphonic

acids'such as EDTMP.

15
[0058] The formulation d) of component (2) of the cleaning compositions of this
invention containing the non-ammonium producing, non-HF producing salts can be
formulated into agueous, semi-aqueous or organic solvent-based compositions.
The non-ammonium producing, non-HF producing salts can be used with any
20 suitable 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), dimethyl piperidone, HEP, 1-methyl-2-
pyrrolidinone and dimethylacetamide and the like. Polar nitrile-containing solvents,
such as acetonitrile, isobutylnitrile and the like, can be especially advantageous.
25 The formulation d) of component (2) of the cleaning compositions of this invention
may also optionally contain organic or inorganic acids, preferably weak organic or
inorganic acids, hindered amines, hindered alkanolamines, and hindered

hydroxylamines, such as trilsopropylamine, and other corrosion inhibitors.
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901612 81624 27 0.11 2410 0.3 24

[0059] In the following Table 17 the abbreviations employed to designate the
indicated components are as follows.

HEP=1-(2-hydroxyethyl)-2-pyrrolidinone

TMAF= 20% tetramethylammonium fluoride

BT=benzotriazole

DMSO=dimethyl sulfoxide

TEA=triethanolamine

TBAF=75% tetrabutylammonium fluoride

Examples of compositions of this invention are set forth in the following Table 17, in

10 which the amount of the components are indicated in parts by weight of the

15

20

formulation.
TABLE 17

FORMULATIONS
COMPONENT A B C
HEP 90 45 54
H20 16 15
TBAF 5.75
TMAF 15
ANHYDROUS TMAF 0.8
BT 0.11 0.4
DMSO 15
TEA 15

[0060] The formulation e) of component (2) of the cleaning compositions of this
invention will comprise one or more of any suitable non-ammonium producing
strong base containing non-nucleophilic, positively charged counter ions and one
or more of any suitable steric hindered amide solvent stable under strong alkaline
conditions. Among the suitable non-ammonia producing strong bases containing
non-nucleophilic, positively charged counter ions suitable for use in the formulation
e) of component (2) of the cleaning compositions of this invention there may be

mentioned tetraalkylammonium hydroxides of the formula:

- 52 -



24 40 TABLE 15 FORMULATIONS In Table 16 there are described variations of
Compositions D and F of Table 13 with additional added optional components. 10 15 TABLE
16 FORMULATIONS (0048)The formulation d) of component (2) of the cleaning compositions
of this invention will comprise one or more of any suitable non-ammonium producing, non-HF
producing fluoride salt (non-ammonium, quaternary ammonium fluoride salt) in a suitable
solvent. Among the suitable non-ammonia-producin non-HF producing fluoride salts there
may be mentioned tetraalkylanrirnonium fluoridé HeXdrmula (R)4AN+F, where each R is

independently a sybstituted ofpunsubstituted al|kyl preferably alkyl of fro to, 22, and more
preferably 1 to 6 CATbON %‘%nﬁ Iﬁ)!‘%djéa? Baﬁ'ﬁyaﬁé‘ﬂ&/?&?ﬂ%%arﬁﬁ/rﬂwgﬁr%té}ﬁﬂda%kﬁ' preferably
tetrabutyiamrnoraikyi Cﬁlubytdi\e?gaa&ybgf\fvemastﬂlRﬁpmn_(atmetmemnnammhaWbm atoms (R#
fluorobcrates, a'@'gmﬁf%ﬁgmg?&@%ﬁ%woéﬂ%ﬁ 00 dhs ks t&?\ A RS and pand g
non-ammonium producing, non-HF producing fluoride salts show significantly imptrove

compatibility witA®wdiaicaediaes iatrgesppel ihealfritable Teanmhesamalninaigs!is Qddend

as totramethylarREopiunF-brerigiaish Ao ceshp Risrdes aneheisSeAMmhItYRBIIEEREIRS this
anhydrous organic solvents, or water and 20one or more polar, water miscible organic

solvents. SeIecthK%F'Q’E(ﬁ?BE%BWRhe non-ammonium producing strong bases containing non-

nucleophilic, positively charged counter ions show much improved compatibility

with low-x dielectrics and copper metallization. Ammonia-free tetraalkylammonium

10 hydroxides (TAAH) are very strong bases, yet'they have been discovered to

provide surprisingly improved low-x compatibility compared to cleaning

compositions with  ammonium hydroxide. Especially preferred are

tetramethylammonium  hydroxide, tetrabutylammonium hydroxide, choline

hydroxide and tetramethyl ammonium carbonate.
15

[0061] While previous attempts to control or inhibit metal corrosion have
involved 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 controliing
20 copper metal corrosion can be provided to the formulation ) of component (2) of
the cleaning compositions of this invention when one or more steric hindered
amide solvent is employed in formulation €). Any suitable steric hindered amide
solvent may be employed in the cleaning compositions of this invention. Preferred
as such steric hindered amide solvents are hindered acyclic and hindered cyclic
25 amides of the formulae

R1CONRzR3

and
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compatible "friendly" solvent is also advantageous. Any suitable solvent free of strong
nucleophiles. such as unhindered primary or secondary amines, is preferably employed.
Preferred solvents do not include unhindered nucleophiles, and include for example, such as
dimethyl sulfoxide (DM30), sulfolane (SFL), dime.thyl piperid one, 1 -(2-hyd
roxyethyl)-2-pyrrolid i none (H EP), 1 -methyi-2- pyrrolid inane and dirriethylacetamide and the
like. Polar nitrile-containing solvents, such as acetonitrile, isobutyinitrile and the like, can be
especially advantageous. (0050]Moreover, whereas anh@igugs-awnenium fluoride is
practically insoluble in most organic solvents, in contradistinction, tetraglkylarnrnonium
fluoride salts, such as for example tetramethylammmeonium fluoride (TIViAF), can be blended
and completely dissolved in organic solvents, such ag for example 1-
(2-hydroxyethyi)-2-pyrolidinone (HEP), Thus, a very simple, completely janhydrous, and
effective formulation d) of component (2) of the clean ggcﬁ%ra%)%am f this invention for
cleaning photoresist and ash residues from is substrate | -x dielectric and copper
metallization can be readily prepared. An example of such completely anhydrous formulation
d) of component (2) of the cleaning compositions of this invention is 50 parts by weight REP
and 0,8 parts by wieighhTdAhurRIRD D IsiAifaRaly, whils ) rersesivRheiugridy, R, R,
salt-containing fo@?#ﬁgg%g) of component %% of the cleaning compositions of this invention,
it may in some insta A& 50 'BREBRAHGTHE REEFISHe Formurhtici) daddstied or

"corrosion inhibitimgssbtitntt'd), epreferabigriliogrop@rond that aarbbleassivo siessaRaeQiited
complexing with i oyed. Rreferred as such corrgsjon 25 inhibiting solyents are
compounds haviﬁg%t@éou%gtﬁn@%e Si é‘gféraapg%%r@ éscé#r%ﬁ X‘i?l With °H1S{8F};ﬁ~.§’ﬁa 995?1\ﬂs(9fthe
the two followingadreshicoenaiilFae; Wa(@RIFR) bsidka GRER 2| 2BBer RE;4ReR3Rad- Ry is not
where W and V @éﬁj independently selected from =0, -0R, -0-C(0)-R, -0(0)-, -C(0)-R, -S,
-3(0)-R, -SR, -S-C(0)-R, -3(0)2-R, -S(0)2, -N, -NH-R, -NR1R2, -N-C(0)-R, -NR1-C(0)-R2,
-P(0), -P(0)-0R and -P(0)-(0OR)2, X is alkylene, cycloalkylene or cycloalkylene containing one
or more hetero atoms selected from 0, S, N and P atoms, and arylene or aryiene containing
one or more hetfI8&2bmsSeree wuittiolm E=inpleancl Buatosisrie dnhderdd laandeRbpekctedasits

independently s fr r , al oali lkyl contajning o ¢ mor
het-era atoms sgﬁgggg"frggrﬁ %%%mdaé%?ﬁn&s,’ar@% f?vﬁ%%%%ﬁlg&]F%ni g ore gma‘?élmeﬁhw
hetero atdms seRS@@EMNRs{BMAY henzamidmencatie die. abne isiitdblec avampjesnof steric

integer of from (hiadradd it AMRIRIRIFEOB L MBBERhSRIKYIBORoRIFGRKHANRIY 5.
aryiene; and z is,an 5¥L%nt_e?%rr of from O to 5 when X is cycloalkylene contalnl?%g one or more

hetero atoms sefdlf@ TAIHPANR P atorhs-BimeieRIBRIFANRY one drifdrdrRneiy)2-

atoms selected prpmolidome and-Qisising, Tppetderieddtdmeke3, -N and -P; Z is selected
from hydrogen, -OR5, -N(R5)2, and -3R5; each of R3, R4 and are each independently
selected from hydrogen, alkyl, cycicalkyl or cycloalkyl 20 containing one or more hetero atoms
selected from 0, 8, N and P atoms, and aryl or aryl containing one or more hetero atoms

selectecdtfrom 0[8068hnd Fhatérimaulatiarne intcgamrseoh(d & tharmiepninarcpmagsitonearhitais
to 6. Such corropientiHiERRMES HoaYRARtBARIN BRBIRERNEIHHR B WAHUE ddPhulated

component (2) of the cleaning compositions of this invention in an amount of from about U to

about 30, prefer3ty FHIRUS o ROAIHEAHE 0P REBRTE SRVRNIEBRP R R UBReF EABSandiR Non-
4oryfo, b;kg lwei?fhtalhtherﬁunmnpmhm' idly, %ﬁaﬁgBas&se?@htgfllﬂi@?bﬁi@m@laﬁfpﬁm@aﬁww oEged
preferably of fro 6. carbon atoms, more, preferably.of from 1 ta 3 carbon atoms .
cyclloalk%}lr afnd 3@ c@%ﬁ%&l%ﬁgﬁ%ﬁ%%z%ﬁﬁ nbf?“ic 3 '8?)35 ?bgmé%)gle\éﬁarﬂ;md; n
arylene Freferalspraainetiarn ceo) toptefaradnly [ drempalzsubrginic
10 carbon atomsoUeih RRISISTER AR LM AN SR LRERIEALM EbARRE:,
ethylene or propylene; aryl is preferably phenyl; aryiene is preferebly phenyiene; o

hetero-substiitufd$y @ atipnaiife eiipKdgoxM&pheutivieasd pyhaldidipmedmd piperidone,
hetero-substituigr b dfapiRier aRbtifidEMine, 2-(methylamino)ethanol, 3-(dimethylamino)-1,2-

- 54 -



[00531Some suitable examples are of such corrosion inhibiting solvents include, for example,
but are not limited to ethylene glycol, diethylene glycc.)!, glycerol, diethylene glycol dirnethyl
ether, monoethanoiamine, diethanolamine, triethanoiamine, N,N-dimethylethanciamine,
1-(2-hydroxyethyl)-2-pyrrolidinone, 4- a. (2-hydroxyethyl)morpholine, 2-(methylaminc)othanol,
2-arnino-2-methyl-1propanol, 1-amino-2-propanol, 2-(2-aminoethoxy)-ethanol,
N-(2-hydroxyethyl) acetamide, N-(2-hydroxyethyl) suocinimide and .
3-(diethy|amincprmp@mﬂ@iphra@didne[dms\xﬁ(méqfrevﬁ%waﬁ)eﬂip?g’%%ﬁ%ﬁ%?r fibs fieaging
corrosion have J5inyolvedcarefHicnEaling RipHerdigstissiaty ctbetaborcogairitiitrganic

compounds, such as benzotriazole (131), at relatively low concentrati f < 2% by we it
has been discoeeisd PraferRBYp&GaY, Ligaeatt .Wfﬁﬁﬂ?&%éﬁ&“?sn c@ﬁ?r%ﬁﬁﬁgac@p‘)%gf rﬁ‘eﬁa e

corrosion can bgpeMisiamey thedfaiudaivnydroftamipeseantd 2)wticerasiingiotapbsiiehs

of this invention without the need for 20such corrosion inhibjti : e ilati

desired such ccﬁ?ot%?&ﬁqrfmﬁwﬁ'gc?‘%ﬁf\%%é}ﬁg ’r%{a;‘?{g %gna %@s@rﬁ?ﬁ%h%mulaﬁoﬂ%ﬂ

of component (2) of toeplaait@rofiipesikamingfaprerpsdinte el Egt&mﬁ?éﬁ'% SRy, Feresontal

corrosion inhibiting csc%r%i) éjréq]i,'j&cw_ﬂg fgkgﬁa&p%pgggmﬂ@zgm‘éﬁﬂ FHykgash (Sumysol-61),
or

containing 2 or fBre groups, where R is alkyl or aryl, such as for am
catechol, pyrogeﬂnﬂxydated;in&faamﬁﬂyllik@%ﬂﬁ%erQ%\é@(m!)'ﬁ%g?on i ﬂ)ﬁzﬁ?ﬁgfégﬁ%ﬁy}%]se
may optionally i desmu Q‘Jﬂ% Dt cerpgnestiZaref the likeaning compositions of
this invention a%%%%gwﬁrom abkout to ag;ut 40 % by weight of formulation d).
(0055]Thg formulation d) of component (2) of the cleaning compositions of this invention may

also contain surfactants, such as for example dirriethyl hexynoi (Su rlynal-
tetram ethyl ded96dbl (M‘%Wﬁ@bt@ﬂ'&fﬁﬁ)ﬁmgﬂ%ﬁ% %t%?(%/%rlgggil Eég'?r‘:ée“%ﬁé\rngﬁ) of

FSK), (Zonyl FSidhamdhe (et @5 elamisyitanipositiasont ftels sificatiomay e siicates the

formulation d) of component (2) of the cleaning co itiQns,of this.invanii ihsaigsat
are preferably gRERERARY 9 H%%@m%‘@%&@%sé é(t%r‘?a'%ll g?ﬁr%n@ﬂom&giﬁgﬁg o °

(including hydrogicladihalkgayorpntaidiraabylogriainingePdyall dmFo APIRERLY OTEpRe 0 4
atoms in the alkyl ar alkoxy group), T. r j filisaiblearmanni-ie
R Rl e e :

tetramel’rﬂ/l am inMcate. er sul lon-free sijlicate sQurces fqr él?is inv, priiorq_
may be generatsﬁi¢ateitcohypdtwail\iﬁ1g§e§m’ﬁléyblamquhé'mé%ir%tq?ﬁﬁt%ﬁ‘%? i (R&Righty
alkaline cleaner Suliafle elatian faayiaiavialsaiseiu) foe qamerating iatsy dissalvieg ney

are solid silicon waters, silicic acid, colloidal silica, fumed sjlica. or.any._qthg ' OBEL:
silicon or silica. M@aPEiRARLEIRA @'Qmﬂﬁ%ﬁé%c&e{ 2‘9}%@%3&? E’Eﬁ?r%ﬁ Siglole

recommended dyadq tae-dekineriabaifecsfaf foegdiematingmilicalen ém the glaseg cREs;aolid
The silicates may_be present in the formulati MRARE thehcleameR@uitable form
compositidns of THEY \%ﬂ%&?\‘i ﬁ%caﬂﬁ'c()jur?togf) rorr(1g g%%bout 0 t(t)s ﬁ%ﬁ _04),§]\'preferabrill ?n glaob ¢
amount of from albaillcdr. ¢o sibcait Metal Elisatemaueli@s GoTs eiasHiSHRILMh é%?e u

component (2) of the i siipng ahthifstRvrsHianemaxtalsonhetdtiontdatathinition on
suitable metal cﬁé?aﬂ%?ggen S ?ﬂr%?rease the capacity of the formulation,to r tﬁm‘ éﬁls |
h fo @ﬁe e5n of

solution and to dntegretethectipstisiutiorher FIEEaIRS rdRURE R RREW D, Slbstrate: .
chelating agent wil-gegiaoPeriiesaBiig edaipaslasis of) tofsciovgrdioerin(a) G A HiRg

compositions of this invention in an amount of from about O to 0% far. At %
amount 86from @saut ©.19d9 Wk %P7 igﬁﬂa.alr%}’c%%l %ﬁ‘i&n?)lége[ﬁ BIF Y Bt

of formulation e).

[0065] The formulation e) of component (2) of the cleaning compositions of this
invention may also be formulated with suitable metal chelating agents to increase
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of chelating agents useful for this purpose are the following orgarc acids and their isomers
and salts: (ethylenedinitrilo)tetraacetic acid (E:DTA), butylenediaminetetraacetic acid,
(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), d iethylenetriarninepenta acetic acid
(DETPA), ethylenediarninetetrapropionic acid, (hydroxyethyl)ethylenediaminetriacetic add
(HEDTA), N,N,NN'-ethylenecliaminetetra(methylenephosphonic) acid (EDTMP),
triethylenetetraminehexaacetic acid (TTHA), 1,3-diamino-2-hydroxypmparieN, N, N'-tetra

acetic acid (DHREAYg yifnm&agdianatithadd, riapy eresininisetatiamastit tciehhance the
nitrolotriacetic acid (NTA), cifric acjd, tartaric lo acid, gluconic aci r id.. gl Tog
acid, oxalic acitﬂ'ﬁﬁ%%naefdpﬂﬁlgﬁic rgéfgf"ﬁ‘?aﬂﬁe%gg é%?(% rmséjla%%%g %%ﬁ“%c%ca %gggéa‘é%%g .
acid, catechol, gesieratig, iy opysealiaire, thgrdgatiolagenyejorfcuinuipnen@Lyeteife. cleaning
Preferred chelating agents are. aming yiic.aci oy,
aminophosphorﬁe%egl%&%nc%%sﬂ%q?ﬁ%agé lgo%%ﬁﬁigﬂtﬁ)%%u éﬂ.'ﬁ(ﬁ]gbc%ﬁg‘é:%%—n%gﬁer{t' (%eg?rﬁ]tély
cleaning sompdisiforancathisiibeéfiten abatkifindatfeWo e ahABRNAIGH Suclig G sramples
producing salts ﬁgﬁ)quffé%@ﬂ?sirageﬂﬂ%wﬁisssmigagge&e&ﬁ% snBHingUvgatbansds and
oni -

compositions. The non-a um producing, ncin-HF producing salts cap be useéi wi%srllx
20 suitable stablesiolvels@Npreferabl on%ﬂﬁhor@%fﬁ%?‘ﬁ%i‘@ggﬁ‘@ﬁg IesisBit to strong ),
bases and that gogplfemahERitadessd nusirephile-spsbrasylisnetinitsidfmtdad@i SGid
sulfolane (SFL), dimethyl piperidone, HEP, 1-methyl-2- pyrrolidinone ang dimethylac i
and the like. Po(ngrIF?tT'rﬁicontaininﬁ'%ﬁﬁgﬁ‘é"%ﬂgﬁegégfgﬁﬁ?iIe, isobu%??#:;ile and t %ﬁ%iﬁ‘?'
can be ggpecialbagdvastigemstefaptbpitnindaidion(oydrbrpetindiedny enegiandnatiasnlc acid

compositions o&@ggﬂ_\@nwﬁ rnaN%ﬁ%ﬁ@%ﬁﬂé{n%ﬁg@m@i@ﬁéyﬂagﬁqeﬂie?a&iﬁ@,(EDTMP),

preferably wea c’or Ihdrganic a red am indered alkanolamines, and

hindered hydroxylethjtesstetraminehixepasigiaranie, {AddNer dorra@SMNNAMERALOX|RHRBRARS-

the following Ta Y itions Joyed (joiglesignate thadninaigddiataicnentsawid,
as follows. H E&?%%Zﬁytgegé%% i (igy oy

I roxyethyl)-2-pyrrol i no ne TMAF= 20% fe thylammoni .
fluoride BT=ber@enyignednmineehnrestc §9%>&&5°‘P§J@9&¥E’t%‘£|m' %ﬁﬁé‘ﬂg%gha”"
tetrabutylarnmopisien Juriife deinBmiensicanipasinis elcitjoialienicd, aretseitaddimaizic
following Table 17, in to which the amount.of t onents_are. jindi ' L

of the formulatio"h‘."?AE‘l?@df;q: UE&H& ﬁ@%&%ﬁﬁ\é %g?'%ﬁlﬁagt%%dg)%ﬁt{)&?ﬁ %rﬁi%%'
of the cleaning qnmpﬂs@kﬂa&pb&rﬁghﬂdnﬁehwﬂbmmnﬁammémmw aRyesarad shelating
non-ammonium gr%(rjﬁ'sc %) aminocarboxylic acids such as EDTA, CyDTA and EDTMP.

20- [0066] The formulation e) of component (2) of the cleaning compositions of this
invention may also optionally contain fluoride compounds in formulation, such as
for example, tetramethylammonium fluoride, tetrabutylammonium fluoride, and
ammonium fluoride. Other suitable fluorides include, for example fluoroborates,
tetrabutylammonium fluoroborates, aluminum hexafluorides, antimony fiuoride and

25 the like. The flucride components will be present in formulation €) of component (2)
of the cleaning compositions of this invention an amount of from 0 to 10 wt. %,

preferably from about 0.1 to 5 wt. % of formuation e).
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strong base containing non-nucleophilic, positively charged counter ions and one 20 or more
of any suitable steno hindered amide solvent stable under strong alkaline conditions. Among
the suitable non-ammonia producing strong bases containing non-nucleophilic, positively
charged counter ions suitable for use in the formulation e) of component (2) of the cleaning
compositions of this invention there may be mentioned tetraalkyiamrnonium hydroxides of the
formula: KR)4N1p[Xr. where each R js independently a substituted or unsubstituteci alkyl,
preferably alkyl ﬁ@drox&éﬂ@f’fﬁ%@mb?ﬁ?ﬁf)ﬁﬁ& SEHIRIERHE) PEFBMRAMIH ARrRE the

(Ri6 H); and X=Clkbalng sidtapisitelisabfanissisleasopashorateraiel ihendesirndng ardig as in
equal and are integers,of 'lto 3. Spitable strong bases also include KOH and NaOH..
Formulation e) Ov]ﬁfg 6%%&1"{] nﬁf@i@ﬁeﬁ%ﬂ%"@&ﬂﬁo@ﬁﬁow '81%%?5 AR %rI:éXoWFa\%Bé’ftﬁQe
non-ammonium fproddaiiog.strinJ alise 4 & dhenifahgwirmm raldienpdiibaspasitivelydchangditate the
counter i%ns shq)grmgfdme%ﬂgﬁgscompatibiIity with low-ic dielectrics and copper

-fre

metallization. Ammonia thireaikylammonium 10 hydroxides (TAAH) are very strong
bases, yet. they haidviitigndinssibye poetddpravide surprisingly improved low-K compatibility

compared to C'ea”i?ﬂnﬁ}]?mp?ﬁ}é‘?&fafﬂ%hﬁmﬂ%ﬁ% WQ%&IQS Especially preferred are
etra ro

tetramethylarrirnonium hydroxide, utylerninonium hydroxide, choiine hydroxide and
tetramethyl ammonilrietieibaamam8p061]While previous attempts to control or inhibit metal
corrosion have invqﬁmﬁgqugq@_r lneh ek RhL aRMUNUSIRg £Yfiesigly inhibiting compounds,
such as benzotriazole (ET), at relatively low concentrations of < 2% by weight, it has been
discoverdt that unéfp'ef?é’éf?@@ﬁificant improvement in controlling 20 copper metal corrosion

can be provided to HEFelalignR)RhppRMRINHRI the cleaning compositions of this
invention when oneg, gr mqre stsric hindered amide solvent is employed in formulation e). Any
suitable steno hindm% T'a'f?ﬁs“éﬁ\%ﬁﬁ@{?%eemployed in the cleaning compositions of this
invention. Preferreqegsrmretesgiichbiigeing estrisienselyeite prosirdeiedaayclic and hindered
cyclic 25amides of the formulae RICONR2R3 (CReind)ir CRiIBR7CONRS8 where nis a
numeral of from Ito 22, preferably 1 to 6; and RI, R1 R, R4, R5, R6, R7 and Ra are each
independently selected from H. alkyl (substituted or unsubstituted), preferably alkyl of from 1

to 6 carBén atoms, and aryl (substituted or unsuJARKENS preferably aryl of from 3 to 14
carbon atoms, with the proviso the 3.0at leastesraBATIORISINd R3 and at least one of R4,

R5, R6, R7 and R- rggen. {00521Some ableexamptes of such stericgin d
amide acyclic solj in ??nr example, a(‘ptﬁm dp&gf ethy for%qrjicdﬂil') ME], ’ﬁ
14,NP-dirnethyl gdetdRide (DMAc), benzandigle|aBd the2ike| Some s@able exz'a\qp s pf16
Merle, hindered cyiqL@)amiares include, for|examplgy N-mgihy1-2-pyrrolidinpne (NMP), 1,5
dimethyl1-2-pyrrofid-thane—1;34tmethyl-2ipiperidone - -(2-Rydroxyethyh)2-—pyrofidinonge;
1,5-dimethyl 2-pibém%ﬂe and the like. 201.0663]1%% fortRulatidf e of omp&‘éemt@ df ffe
cleaning compositipRa, of this 16 15

CyDTA 0.2

SFL 16 30

HEP 50

NMP 50

EDTMP 04

[0068] The aforementioned types of formulations a) through e) employed as
component (2) of the nanaoelectronic and microelectronic cleaning compositions

20 of this invention can be successfully used as supercritical fluid modifires/
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invention containing the non-ammonium producing strong bases can he formulated into
agueous, semi-aqueous or organic solvent-based compositions. The nhon ammonium
producing, strong bases containing non-nucleophilic, positively charged counter ions can be
used with stedc hindered amide 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 dirnethyl sulfoxide (DMSO0), suifoiane (SR), dimethyl

pipendone, diethaaloiéivein éotribtharaitesnire catcaejdecoinpletbancl) 3f(giiae tuAapEMnk. and

propanediol and é}%\%g lﬁgﬁr}[(ﬁgﬂglﬂ iogu%%cgscomponent (2) of the cleaning compositions of
this invention may also optionally confainorganic or inorganic acids, preferably weak organic

or inorganic acidgyhtheespiitarionesrhisgdespeakanslantiprfbbHiRIQIBE YA RS her
and other corrosion inlft}i)bi ors saLljanuas benzoltrﬂ'azf)le, catecho ﬁllycerol, ethylene glycol and
the like. The formulafion 6{31)1 0 compo%%rﬁf't&? ecgfﬁﬁ?ﬁﬁt‘j‘ positions of this invention

may also containgan it fagtan RH%] sé r example dirnethyl hexynol

(Surfynol-%l), eth@xéﬁgda%fgr%ﬁr%{ét@?dec%e ||3?i1 (r %ﬁ@%%f—f@g%rpgluﬁé{% ﬁﬂ\ggﬁ)g{ﬁ??euﬁ%s and
cetogpropylbetaine (2BAEEKSS(Zonyl FSH) and the like. 10 [0064] Any suitable metal
ion-free silicate may be uysed in the formulation e) of component ‘E‘%of the cle_anin? '
compositions ofrt?ssgﬁ\? N O RAD L RSy Wi, rRURRSRSIIASH, CRAEHSHAN aMAierHin Gifcasiainless
such as tetraalkyl arstaeinium silicate (including hydroxy- and alkoxy-containing alkyl groups
generally of from 1 to 4 carbon atoms in the alkyl or alkoxy group). The most preferable metal
ion-free silicate deinphaprones ceraing thsifanmaoreandsg mataubsats vialpetiviiiatjon-free
silicate sources for this invention may be generated in-situ by dissolving any one or more of

the followihg mafeli SR IPESAYAlNaIRERREtRI caAss-tenRian cvil litionr Mecshitasr Aesisafuand
for generating silicatgiFieitity Cloanertate srlishRsMicoRoNaigseranidgcidcRRURIGRLSISAY are
fumed silica or any other suitable form of silicon or sjlica. Metal silicates such as spdium
metasilicate may be ﬂ"gﬂyallésﬁ R FABINSe ST S HWI R (iR ASP P FRERS RleRAlRUS
contamination on integtatedscircuits. The silicates may be present in the formulation e) of
component (2) of the cleaning compositions of this invention in an amount of from 25about 0
to 10 wt. %. prefEpaSRARIeHIeWRsINSHMBPAIS 0T supatwiice Wtidcofornanb(itnad
[am]The formulatign el%lof component (2) of the cleaning compositions of this invention may
also be formulated G EREQBIS UM RGN Y requiies @riRgei8rs the capacity of the
formulation to retain metals in solution and to enhance the dissolution of metailic residues on
the wafer substrate. The cheiating aoent will generally be present in the formulation e) of

component (2) ofdhggglearifig GRIA 't'@éb%%ﬁiﬁéié B?%@@Jlﬂ@/fé{)?@%%&&fiﬁ %ﬂh?Pc?h‘iE?l Rurd

wt. (1/0, preferably from an amount of from about 0.1 to 2 wt. ation e). Typica

examples of ehGHMPIRRRs dreatipest @beYririSodertars tlusbatrdinbYorguhipeidimied theithe
isomers and salt@liindenaishniio) Bisaaselic agmiyiAgAhi¥lepesinningietraaceiifatishic
(1 ',2-cyc|0hexy|ened|n|trllo%tetraa§etlc %I%SCYDTA , dlgi%lenetnamm,epentaacetlc acid ]
(DETPAS 10 etr/RALEL SIR8TERRS o %xdm’,e(#&ﬂi} tRn iR R GiSANRE ARCBiRhediyia
(HEETA), KNI, Nsaviple-etithl epnedonesi ‘sﬂbamt(melgnédIWQSP?ODQMM&&HMWB results of
triethylenetetram ] I 1.3-diamino-2-hydroxyprapane- N, N, .
N tetrancetionddll FERING ot Shhhusiile Wift T GRaB M COmRAR ol ol rvggtion are
nitrolotriacetic a&fek (I iifFrbiid afbeicleaniiy piacesscveasdcaadyctatinaaidsahicelimning
acid, oxalic acid FRCIG K el i ' IC.ACH ' ' icyli
add, catechol, ggﬁlgcg%%% proptﬁl @éﬁgg%ﬁ ?&%ﬁﬁgﬁ%@&%&ﬁ éﬁ‘ggcgy@tﬁgr?f&l bc)-ﬂ‘&wed
Preferre®Pchelatftdy SRJERIS ﬁ’f@t%?@éﬁ?fko&bﬂﬂpgd cSP?(g? KRR St Bpthensssel
20[0066]The formssaiid@IAERMBP MRILLIR thR @M&S&%@Wﬁ@}%gf SHSURBRSBIAN, by
S

may also optionall contjin fluoride compounds in formulation, such as for exam

_ |
tetramethylammeTHar fHuUbkde 2ERRI ﬁrﬁm%WI&Urm@[%wgmm@ﬁlmqlﬂgf%@@ﬁépw
suitable fluoridesfitictuderooresrtn@)dditniahoratesdifitivabidiilanamtpie fovl veed) aeatesratures,

aluminum hexafiuorides, antimony fluoride and the like. The fluoride components will be
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Cy0TAdrans-1,2-cyclehexanediainine tetraacetic acid SR=suifolane
HEF=1-(24iydroxyethyl)-2-pyrrolidinone NMP=N-methyl pyrrolidinone
EDIMP=ethylenediamine tetra(methylene phosphonic acid) 15TABLE 18 FORMULATIONS
100681The aforementioned types of formulations a) through e) employed as component
(2) of the nanaoelectronic and mioros-lectronlc cleaning compositions 200f this invention can
be successfully used as supercritical fluid mares/ additives for the main %_ ?rcritical fluid

u
component (1) AR RFFERHTRLIRSRLES R ik 0Iasssm AYNSHIRs R SOMER g5 ﬂp el aneheersing
reasonably stable, ho engou reritical fluid t ith, the main supercritical fluid
componerﬁ (1); E%BB%?&%Q ility Tﬁ#ﬁéiﬁélyb%%?gﬁjyéﬁﬁgymal prl?assures and
temperatures; Cpgoqd grmpatibiiges it suneritisal canstaiianmateinti gesiaipless
steel; 0) improved cleaning performance and good substrate compatibilities; toE) superior
solvating strengtRromagstisaRser soihdtie DN RuUHaceHensn TIMAH difnsiuity over the
traditional non-supercriticar technologies, and are particularly useful for cleaning structures
with high aspectwhéies oCyidTéus natesid)s, 2-cyclbhetaiddiatoiwer detraaogtitoraoidmaEDTMP=
supercritical fluid component (1); and,is limination or minimizatign of ire ' S.
[0(5)591The clear%n5@5%%’1'6ersees)tg?rt?]émc%m%ns?tié}ﬁgsaggaI?nagbdsggﬁc%lﬁfpﬂ%éc nﬁ%@sﬁe%e
described abovelgchirFdiAHesteiardatyylbotroniimitaditoxidresoldiibgislbydivgcararpide.
employing nanoelectronic and microelectronic 20 cleaning compositions of this invention
wherein there is cleaned an etched via sample witﬂi‘ﬂ&t fasist/carbon doped oxide

(PR/CDO) structyre, Theresultsof the cleanming_of said stryucturg with the ctearni g
compositions of|t RHRASHBASre set?fth in T?ﬂf%cf&e"l'}é 'ﬁﬂwg process wa EBﬁHﬁ(tfed
in a 75-ra cleanjr@ovelitiehtiled with glass beads to fill mBBevﬂids\@;mce). The cl8anipaibbifity

etched 25 via sample-with-photoresistloarbon-doped-oxitle (EFR/CDO)-structure-{n-the-vessel

was accomplishddastantidainirsgivaoteQratdPsgfrairatdReraveinliiERetutky) No Sd)arateh
Ones, a flow of e gorpRane Rl ddgralformpRIfERCald!yitl RO Rs oW Tjfe component
(2) formulation modifier/additive at the flow rates, tempefatures, .

.| Formulation #1:30% HO.], at 1.8 g/min | and ' stubborn  via
flow vrate; Pressure: 150 bars; | residues (100 %)
Temperature: 100 °C; Run time: 60

minutes.

Master (Main) solvent: CO, at 15 g/min | Remove all PR (bulk | No CDO etch
flow rate; Modifier: [8:1 Formulation | PR and tough “skin")
#2:30% H,0;), at 2.25 g/min flow rate; | and  stubborn  via
Pressure: 188 bars; Temperature: 100 | residues (100 %)

°C; Run time: 60 minutes

Master (Main) solvent: CO; at 15 g/min | Remove all PR (bulk | No CDO etch
flow rate; Modifier: [8:1 Formulation | PR and tough “skin”)
#3:30% Hy0;], at 2.25 g/min flow rate; | and  stubborn  via
Pressure: 200 bars; Temperature: 100 | residues (100 %)

°C; Run time: 60 minutes
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and pressures indicated in the process conditions column of Table 20 and wherein:
Formulation #1 = 17:26:1.5:0.5 SFL-H20-25%TMAH-CyDTA Formulation #2 =
150:60:17.5:1.8:30 SFL- H20-25%TMAH-EDTMP-EG; and Formulation #3 = 300:35:5:25:3
SFL-1120-EG-25%TMAH-CyDTA: where CyDTAIrr trans-1, 2-cyclohexanediarnine totraacetic
add; EIDTIVIP= ethyleriediamine tetra (methylene phosphonic acid; SFL= sulfolane; EG =
ethylene glycol; TMAH= tetramethylammonium hydroxide and 11202 is hydrogen peroxide.
Table 20, Compositions Conditions andProcess CleaningSubstrate Compatibility Master

(Main) solvent: tku&/rma fiaveritish Magliliriforaadtaiinm [ﬁééﬁ@rmmatsferéﬁow% the
H202], at 1.8 g/m |nf ow rate; Pressure: 150 bars; Temperature; éo%l%t\ﬁ un time: 60 tes

Remove all PREPSGIR %’@w@@%ﬂﬁ:ﬁ%{ﬁa tdﬁdﬂ" o8 5’%&?&'@{& %’é%‘?&ué‘?& )‘3”
aster (Main) seiviantafisdid e bé:gmmwermahmdiapar[ﬁig frormtriatispird : 8680ddape]phthe

2.25 g/min flow rate Pressure; ars; T, m erat e; n_ti t

(Main) solvent! Qi’ X,? 1%08%%1 ﬁ S ?af‘{ d %2?01 %’nat%:on %ag wo%ﬁ%gg i

g/min flow ratesmwamezomodmmmuanaﬂm matefmlwté the apiiRRs! scope of the
appended claims.
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[0070] While the invention has been described herein with reference to the specific
embodiments thereof, it will be appreciated that changes, modification and variations can be
made without departing from the spirit and scope of the inventive concept disclosed herein.
Accordingly, it is intended to embrace all such changes, modification and variations that fail
with the spirit and scope of the appended claims. A cleaning composition suitable for cleaning
nanoelecisgypie: and microelectronic substrates under supercritical fluid conditions, said
composition comprising (1) a supercritical main fluid reaching a supercritical fluid state at a
temperature of 250C or less and a pressure of 600 bars or less (592.2 atm, 8702.3 psi), and
(2) as a sécondisigaing, camnssitien foftabiRtisesairsdtbnesiectienig angd BuriorigAGooiceNbaliates

formulations: %aépmaémﬁacrqmar@namansom&wgmbramh@ng@amip §C§M§é}bﬁﬁ¢%ﬂiﬂﬂin
from the grouwnssthnrg of sulfones ? se en nes; Pﬂi Eallnle base of

formula RINI+HB2 (FRSHIR LaRPR TGRS epen y A LBERNE L b7 uar%su a0 ‘WGSSW% of
of 1 to 22 carlRfiP deerasoviers; (3R éhélaﬁ?‘@?& ﬂ@)ba?@dn@)eﬁﬁh@ eﬁj@ﬁﬂdmcﬂétﬂ franmgrifier

group ConSiStiRﬂrﬁuIHﬁJiﬁsélé’ctSWnl@Hﬁhé(ﬁm@éfﬁﬂ@e&iﬁ@l@ﬂlﬁgﬂmﬁktmbnediamine

tetraacetic acid (E annates rg]) rophosphates ethane-|-hydroxy-1,1-diphosphonate,

ethylenedlarnl ula eonné S gphonlc acid) (EDTMP), diethylenetriamine

penta(methylene @rhgspizmﬂ@aettﬂ) and triethyienetetramine hexa(methylene phosphonic

acid); and optiona]lydieoridmeré RbHadrlkadhe FamPeReRiss RéIsARK oAb OBuIRER Gind
co-solvent; an oxidizer s}ablllzmg agent: a corrosion-inhibiting agent; a metal corrosion
inhibitor; a fluoride compounoe and a surfactant: b) a silicate free formulation comprising: a
polar organic sohamntakdoee ddsemothéhgrdapredmsiiNiQIof svitkeneirs, eadfolBnéss énsigpendently a

selenones; and a strongalaHae HasR G MRS WEIRBPAGHE IS

mdependently a substituted or unsubstituted alkyl group of 1 to 22 carbon atoms; water; and
q chelating or met4t8bAMexing agent selected from the group consisting of trans-1,2-
cyclohexadiaminetehalatieg oaciet{yDipk)iedadentskiatient ftetndhecgrowgcmiBiElRS of trans-1,2-

stannates, pyrophosphgies, Siagemstuiiseetd  LgiPhey BHW)]atQt’h?féWéﬁ%qmn@ﬁé%@lc acid
(methylene phosphonlc acrﬁg.'(EDTMﬁe dlethylenetrlamlne penta(methylene phosphonic

acid), and triethylenetéf3iithe REXNARTHyIBHONISEHRN S atiBgne-1-hydroxy-1,1-diphosphonate,
ethylenediamine tetra (methylene phosphonic acid) (EDTMP), diethylenetriamine

penta(methylene phosphonic acid), and triethylenetetramine hexa(methylene
phosphonic acid);
and optionally one or more of the following components:
an acid,;
a corrosion-inhibiting co-solvent;
an oxidizer stabilizing agent;
a corrosion-inhibiting agent;
a metal corrosion inhibitor;
a fluoride compound; and
a surfactant;
b) a silicate free formulation comprising:
a polar organic solvent selected from the group consisting of sulfones, sulfolenes and
selenones; and
a strong alkaline base of the formula RyN*OH™ wherein each R is independently a
substituted or unsubstituted alkyl group of 1 to 22 carbon atoms;

water; and
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and optionally one or more of the following components: an acid; a corrosion-inhibiting
co-solvent; an oxidizer stabilizing agent; a corrosion-inhibiting agent; a metal corrosion
inhibitor; a fluoride compound; and a surfactant; c) a formulation comprising: one or more
non-ammonium producing strong base of the formula KR)4NI[X-9], where each R is
independently a substituted or unsubstituted alkyl of from 1 to 22 carbon atoms; and X--.0H or

a suitable salt ani%mlﬁg%rdr@@r%&ﬁpnakm@cagéatieémdm&mhé deodp @eﬁswt|ﬁg>6etrans-1 2-

g souesabiaRauItspalGor azien VTG SalVERL SRR aNAg Al
least two sites capable complexing wi als and ected from roup consiat Ing of

ethylene glycol, diethyl&kd §lycottailpatas|, disteiesahgipsol drthatsy! miaxy -1,1- drphosphonate,

monoethanolamine, diethﬁaﬁéammnaetf&tQme{aﬂ&né HNoBbHBﬁi@tB&il@ﬂoaDWMP)il’tﬁethylenetriamine
1-(2-hydroxyethyl)-2-p a rknone 4 %}@th C%Hmr rh]é)ll ne ? Iamln%)\eth

2-amino-2-methyl-1- pfopario rqetfyé?rr]\m opano (2-2nineth %ﬂ'g b thelhyiene

hydroxyethyDacetam|d@°RPb2ﬂ*ﬁ/éF¢9)yethyl) succinimide and 3- (dlethyla no)-1,2- propanediol;
and optionally oner spasaif hesfeH awaeEORRMBRIHS comiInehither organic co-solvent; a
fsteriq hindered amine or a(lfanolamine; an organic or.inorganic acid; an other metal cprrosion
inhibitor compounds; a surfactant; a metal on free silicate compound; a metal chelating
agent; and a fluorideZ&HE8GAdN P EITS GaweiNeR.comprising;
an oxidizer stabilizing agent;
a corrosion-inhibiting agent;
a metal corrosion inhibitor;
a fluoride compound; and
a surfactant;
c) a formulation comprising:
one or more non-ammonium producing strong base of the formula [(R)sN"],[X"], where
each R is independently a substituted or unsubstituted alkyl of from 1 to 22
carbon atoms; and X=OH or a suitable salt anion, and p and q are equal and are
integer of from 1 to 3;
one or more corrosion inhibiting solvent compounds, said corrosion inhibiting solvent
compound having at least two sites capable of complexing with metals and
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)acetamide, N-(2-hydroxyethyl) succinimide and 3-(diethylamino)-1,2-
propanediol;
and optionally one or more of the following components:
water or other organic co-solvent;
a steric hindered amine or alkanolamine;
an organic or inorganic acid;
an other metal corrosion inhibitor compounds;
a surfactant;
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one or more non-aminonium producing, non-HF producing fluoride salt of the formula
(R)AN'F31, where each R is independently a substituted or unsubstituted alkyl of from 1 to 22
carbon atoms; sulfolane, dimethyl sulfoxide and 1-(2-hydroxyethyl)-2-pyrrolidinone as organic
solvents; and optionally one or more of the following components: a metal corrosion inhibiting
solvent; a steno hindered amine or alkanolamine; an organic of inorganic acid; from about 0 to

40% by weight of an pthetamsaialeeosipsiencmibiiag compound; a surfactant; a metal ion free

silicate compound; and frtom ﬁltpyt 0to 5% bg weight of a metal chelating agent; and e) a
. . .ametalc ealnl%ar%ant an . -
formulation comprising: 6ne or mo n-ammonium producing strong base of the formula

[(R)4N1p[X-0], wheré 8aeHdR semuependently a substituted or unsubstituted alkyl of from 1 to
22 carbon atog)s a¥oemit@idAtehprisiigable salt anion, and p and g are equal and are integer
of from 1 to 3; one or n;lorgrgt%ic_g]indered ami ebsolventﬁ_l%elegged.fro utrr1|§ E%H%%%ns'stingl
of acetamide, diment%ﬁ formani e'ﬂﬂ?\ﬂ?}’,"ﬁﬂp |lrJn'er1$1'y Aetad eu&ﬂgl c?, enzami e‘,e ormtia
N-methy1-2-pyrrolidinéRBNRV Pyherms- ereleiRyis indepeotientisresubstituipsesn pnsubstistribaky! of
1-(2-hydroxyethyl)-2-pisiglickhoneapsish hionsimethyl 2- piperidone; one or more ther organic
co-solvent selected from the group consisting of dimethyl sulfoxi DMSO).. sulfolane (SFEL), .
and dimethyl pipes'rllJI 8%@?%%988 i haﬁvﬁjgﬁ@%r "F%Jre%&%&%‘fﬁvﬁﬁ@bdWﬁ%}rl{@rq{)sr?ea S Seric?rg?anlc
hindered amine or alk&aRiitfine: an organic or inorganic acid; of an other metal corrosion

inhibitor compourg; epeemtNgtand oRrdeslitHe IR Wil aishimaasnd; a metal chelating
agent; and a fluoride conlglound. 2 Ai%%a}ﬁin C gnrR_osition of claim | wherein the composition

comprise from aboutfU's pu%?ﬁr@%dﬁy V\(elgﬂ sPthe secondary fluid modifier formulation
component (2) base@ s¢thdidecat amine giplkroatdeaingiain fluid component (1). A cleaning

composition according tergiaie Jf orisHictheigunehe itk nan 409 BPraRIFROE/MGMher metal
dioxide. corrosion inhibitor compound;
a surfactant;
a metal ion free silicate compound; and from about 0 to 5% by weight of a metal
chelating agent; and
e) a formulation comprising:
one or more non-ammonium producing strong base of the formula [(R)sN*],[X], where
each R is independently a substituted or unsubstituted alkyl of from 1 to 22
carbon atoms; and X=OH or a suitable salt anion, and p and q are equal and are
integer of from 1 to 3;
one or more steric hindered amide, solvents selected from the group consisting of
acetamide, dimethyl formamide (DMF), N,N’-dimethyl acetamide (DMAC),
benzamide, N-methyl-2-pyrrolidinone (NMP), 1,5-dimethyl-2-pyrrolidinone, 1,3-
dimethyl-2-piperidone, 1-(2-hydroxyethyl)-2-pyrrolidinone, and 1,5-dimethyl 2-
piperidone;
one or more ther organic co-solvent selected from the group consisting of dimethyl
sulfoxide (DMSO), sulfolane (SFL), and dimethyl piperidone;
and optionally one or more of the following components:
a steric hindered amine or alkanolamine;
an organic or inorganic acid;
of an other metal corrosion inhibitor compounds;
a surfactant;

-63 -



4. A cleaning composition according to claim 3 wherein the secondary fluid modifier
formulation comprises a formulation of sulfolane, water, tetramethylammon um hydroxide,
trans-1, 2-cyclohexanediamine tetraacetic acid, and hydrogen peroxide. 5. A cleaning
composition according to claim 3 wherein the secondary fluid modifier formulation comprises
a formulation of sulfolane, water, ethylene glycol, tetramethylammonium hydroxide,

trans-1,2- cyclohexargamag]im triEaasadie astshaund;hydrogen peroxide. A cleaning
composition accordlnng m 3 Wherelqrthe secondary fluid modifier formulation comprises

a formulation of sulfd t'f&r%ﬁﬁ mmonlum hydroxide, ethylenediamine tetra
(methylene phosphoﬂlﬁuacitﬁ eaneh@dglycol and hydrogen oeroxide. 7.A process for
cleaning a nanoelectronic or microelectronic substrate of photoresist or residue, the process

h b | fluid d
Cloaning oy BRI SLr e LUBBIERS A r BT e A AR

INg comp05|
comprises (1)@9@&%@1:&4@9&@%@ gecueiay Huid pm@fhc@lrmsﬁlatm@manem porbases oh

250C or less aneheRIassF® SF0RRER AEIAGIARRRRIHE B702.3 psi), and (2) as a

secondary fluid, a modifier formulation wherein the second fluid modifier comprises a
formulation selected from the group consisting of the following formulations: a) a
formulati@ncofplésinigs emmpaeltian geagetinapoleimotgertteiolve supetedicd fram this gavogrises
consisting of sfpslegioxdiolenes, and selenones; an alkaline base of the formula att\I'OH.
wherein each R is independently a substituted or unsubstituted alkyl group of Ito 22 carbon
atoms: water; and g chelating or metal complexing agent selected from the group consisting

of trans-#.,2- éycisaeith adiansitiortresoediondhl (YD TA)wbegiendeiasanradatyaduistidneasidier
(EDTA), stanrfamwmemb@wf&maaﬁoﬁ -Bysigxns LodiRROoRmARAS IRt MdRRAddiyBIbRAde,
tetra(methylenerp\) isg r}ﬂ DTM% dlet lene rlangg %Fentaagmeth Iene phosphonic
acid), and tr e K iEnetettS eﬁm'@% gﬁgcﬁ %gﬁ' oIt adl f9§H S'axbnally one or more
of the following components: an aC|d a corrosion-inhibiting co-solvent; an oxidizer stabilizing
agent; a §OITORIileiMiHytiBehRERM6R MAFLGRITESIABIRNIBIQH A OHEe LRBIRRIM KA ddbdifier
surfactant; b)P Slllﬁatﬁ free formulation c Hanrlsl r}.% a po ar organic solvertlt selef.ﬂ1 from tli1 |
group conS|st|ﬁ YN SE RSB ardd TI8HERes? ancisu SIS Eter ylene — glycol,
tetramethylammonlum hydroxide, trans-1,2-cyclohexanediamine tetraacetic acid, and

hydrogen peroxide.

6. A cleaning composition according to claim 3 wherein the secondary fluid modifier
formulation comprises a formulation of sulfolane, water, tetramethylammonium hydroxide,
ethylenediamine tetra (methylene phosphonic acid, ethylene glycol, and hydrogen
peroxide.

7. A process for cleaning a nanoelectronic or microelectronic substrate of photoresist or
residue, the process comprising contacting the substrate for a time and at supercritical
fluid conditions with a cleaning composition sufficient to clean the substrate, wherein the
cleaning composition comprises (1) a supercritical main fluid reaching a supercritical fluid
state at a temperature of 250°C or less and a pressure of 600 bars or less (592.2 atm,
8702.3 psi), and (2) as a secondary fluid, a modifier formulation wherein the second fluid
modifier comprises a formulation selected from the group consisting of the following
formulations:

a) a formulation comprising:
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a strong alkaline base of the formula KIN'011- wherein each R is independently a substituted
or unsubstituted alkyl group of 1 to 22 carbon atoms; water: and g chelating or metal
complexing agent selected from the group consisting of trans-1,2- cyclohexanediamine
tetraacetic acid (CyDTA), ethylenediamine tetraacetic acid (EDTA), stannates,
pyrophosphates, ethane-1-hydroxy-1,1-diphosphonate, ethylenediamine tetra(methylene
phosphonic acid){FEXIdéiny digthtylenetriamine penta(methylene phosphonic acid), and

triethylenetet ' thyl hosphoni id); and optianall f thei
T e PS50 SRRl S e

corrosion-inhibiting ageeier@maetal corrosion inhibitor; a fluoride compound; and a surfactant;
¢) a formulation campfisifie BRSO INAH NBRHABMRNUGHP QALY SHHRVGSERIdbEndently a

formula [(R)4NI[X-9], where each R is independently a substituted or unsubstituted alky! of
from 1 to 22 carbon atoPREIWRS R7 ueyRsiitytsdialbaanrfid Ao 2AGFANAPTE equal and are

integer of from ltov@tesnandr more corrosion inhibiting solvent compounds, said corrosion

inhibiting solvent maatpdPHARG & iﬁW%g?éﬁ‘ﬁ%@%%W‘?r%%H‘BﬂSéﬁ‘@oﬂéf&iH&&?'ﬁa"f\@l 2-

selected from the group consisting of ethylene glycol, diethylene glycol, glycerol, diethylene

glycol dimethyl ether, GIR8E¥ARBRRING: R D RHIHE YRiEhaROMRRFaN R tetradcetic acid
—dimethyiethgnolamine(ED'(A)hy(ktanyetégcl)-mphﬂmﬁhame, 4§M3mneb(ydrw9mqjlbhﬂkm\,onate,
2'(methy'am'”0)etha”Qihﬁé%%%%'é‘}%%(hi’eﬂﬂﬂgﬂé“moépﬁéﬁI@%‘%dcﬁ @%‘I\W#B diethylenetriamine

;
2-(2-aminoethoxy)-ethanol, N-(2-hydroxyethyl) acetamide, N-(2-hydroxyethyl) succinimide and
3-(diethylamino)-1,2-pPEPREK e BRaRRTERICoRS Bk n78F: BIEth ?Bﬁé”ﬁ{ﬁ"&%ntu‘ﬁéﬂ@?ﬁg?y'e"e

water or other organicpwsgiueistaciditeno hindered amine or alkanolarnine; an organic or
inqrganic acid; arg,q&fwﬁg}%q gﬁér&sm&é'rg}img](oﬁam,p@gm%mfactant; a metal ion free
silicate compound; a metal chelating agent; and
an acid;
a corrosion-inhibiting co-solvent;
an oxidizer stabilizing agent;
a corrosion-inhibiting agent; a metal corrosion inhibitor;
a fluoride compound; and
a surfactant;
b) a silicate free formulation comprising:
a polar organic solvent selected from the group consisting of sulfones, sulfolenes and
selenones; and
a strong alkaline base of the formula RyN*OH" wherein each R is independently a
substituted or unsubstituted alkyl group of 1 to 22 carbon atoms;
water; and
g chelating or metal complexing agent selected from the group consisting of trans-1,2-
cyclohexanediamine tetraacetic acid (CyDTA), ethylenediamine tetraacetic acid
(EDTA), stannates, pyrophosphates, ethane-1-hydroxy-1,1-diphosphonate,
ethylenediamine tetra(methylene phosphonic acid) (EDTMP), diethylenetriamine
penta(methylene phosphonic acid), and triethylenetetramine hexa(methylene
phosphonic acid);
and optionally one or more of the following components:
an acid;

a corrosion-inhibiting co-solvent;
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a fluoride compound: d) a formulation comprising: one or more non-ammonium producing,
non-HF producing fluoride salt of the formula (R)4N'F31 , where each R is independently a
substituted or unsubstituted alkyl of from 1 to 22 carbon atoms; sulfolane, dimethyl sulfoxide
and-(2-hydroxyethyl)-2-pyrrolidino e as organic solvents; and optionally one or more of the
following components: a metal corrosion inhibiting solvent; a steno hindered amine or
alkanolamine; an giganie & IRBIGARGaEH:; from about O to 40% by weight of an other metal
corrosion inhibitor compaund, a surfactant; a metal ion free silicate compound and from about
0 to 5% by weighfd°X @fﬁf'ﬁﬂ%f&%@ggﬁtent; and e) a formulation comprising: one or more
non-ammonium paddei@inepsasing ibbibédawf the formula [(R)4N-]p[X-c], where each R is
independently a sygiidieeaipynatbstiguted alkyl of from 1 to 22 carbon atoms; and X--t01-1
or a suitable salt anion, and p and g are equal and are integer of from 1 to 3; one or more
steno hindered arﬁiﬁﬁgg%tnts selected from the group consisting of acetamide, dimethyl
formamide (DRIF) fauniationethiyipsisitairnide (DMAC), benzamide, N-rnethyl-2-pyrrolidinone

(NMP), 1,5'0'imEtBMé'c?r'%F@R@ngﬁﬁnén?ahﬂﬂ%%%fkgﬂeﬁéiﬁ%@of the formula [(R)sN"I,[X ], where

2- piperidone; one or more other organic

1-(2-hydroxyethyl)-2-pyrrolidinone, and 1,5-dimeth ]
co-solvent selected frdfAh gibIRFEBRRISHYY 6f ﬂi')(?ﬁ SsAeRRIPF NI Pl IRl RS9, 22

and dimethyl piperidorriaord atpienatly Xaeioomosaitdhibes il nidngacadrpemtentseaegtehand are
hindered amine or alk%gbaépm%ﬂpﬂrcggnic or inorganic acid: of an other metal corrosion

inhibitor compounds; a surfactant.; a metal ion free silicate compound; a metal chelating
agent: and one or more corrosion inhibiting solvent compounds, said corrosion inhibiting solvent

compound having at least two sites capable of complexing with metals and
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)
acetamide, N-(2-hydroxyethyl) succinimide and 3-(diethylamino)-1,2-propanediol;

and optionally one or more of the following components:

water or other organic co-solvent;

a steric hindered amine or alkanolamine;

an organic or inorganic acid;

an other metal corrosion inhibitor compounds;

a surfactant;

a metal ion free silicate compound;

a metal chelating agent; and

a fluoride compound;

d) a formulation comprising:

one or more non-ammonium producing, non-HF producing fluoride salt of the formula
(R)4N'F*' , where each R is independently a substituted or unsubstituted alkyl of
from 1 to 22 carbon atoms;

sulfolane, dimethyl sulfoxide and 1-(2-hydroxyethyl)-2-pyrrolidinone as organic
solvents;

and optionally one or more of the following components:
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a fluoride compound. 8.A process for cleaning a nanoeledronic or microelectronic substrate of
photoresist or residue according to claim 7, wherein the composition comprise from about 5%,
to about 20% by weight of the secondary fluid modifier formulation component (2) based on
the weight of the supercritical main fluid component (1), 9. A process for cleaning a
nanoelectronic or microelectronic substrate of photoresist or residue according to claim 7,

wherein the supeigHtigal (AR IHiIthARMRYIsedRrbon dioxide. 10. A process for cleaning a
nanoelectronic or microeb%:élr??nic substrate o;bg{hotpresist or residue according to claim 9,

wherein the secoRdaR/fl 8RB a3 ECdRSorises a formulationof sulfolane,
water,letrarnethylammrgaiienhydnoxideitr sl fPeroy el Xarie dairey teteigit colc aTiditemndmetal
hydrogen peroxide. 114\ BERGERRiFNOFIGHMNRERNanoelectronic or microelectronic substrate

of photoresist or residye according to claim 9, wherein the secondary fluid modifier

formulation Compﬁ§é’§¥%ﬁ8?ﬁ1ulation of sulfolane, water, ethylene glycol,
tetramethylarnmoaimetilydrotide  sifeats] 2aoyetoingx and diamiraboetrQace fithaoydweistithgt rogeatal
peroxide. 12 A procesghlglepaiaatadpanoelectronic or microelectronic substrate of
photoresist or%ﬁid{;{? aﬁcordmég to claim 9, wherein the secondary fluid modifier formulation
comprises a fo BB BFY 1RE Water, tetramethylamrnonium hydroxide,

ethylenediamine tetesofmetteytencapitosphoniccdaiting irdeg e agy aditherfdrhydad N B [¥xidehere
13. A cleaning composifl 18] ' ising;. e [ rid
sulfolane, dimethyl su%%ggeﬁ;%%l%gi%%%{y gr%ﬂ?gg{ug%&{dﬁ%rﬁ%%ﬁﬁgﬂq gpg@eusfg%wi 22
cleaning a nanoelectrdrite8P AR RSl s abatraielip rbBrseBY RaL R AeRARhgRE are

claim 9, wherein the sastegdany fiieiel 1medifier formulation comprises a formulation of
L?:%Tg;:g;immogﬁlé”bﬂWéigestéHgoA%g&”é%m YRR N Fr I ARy sbrsisting of
acetamide, dimethyl formamide (DMF), N,N'-dimethyl acetamide (DMAc),
benzamide, N-methyl-2-pyrrolidinone (NMP), 1,5-dimethyl-2-pyrrolidinone, 1,3-
dimethyl-2-piperidone, 1-(2-hydroxyethyl)-2-pyrrolidinone, and 1,5-dimethyl 2-
piperidone;
one or more other organic co-solvent selected from the group consisting of dimethyl
sulfoxide (DMSO), sulfolane (SFL), and dimethyl piperidone;
and optionally one or more of the following components:
a steric hindered amine or alkanolamine;
an organic or inorganic acid;
of an other metal corrosion inhibitor compounds;
a surfactant.;
a metal ion free silicate compound;
a metal chelating agent; and
a fluoride compound.

8. A process for cleaning a nanoelectronic or microelectronic substrate of photoresist or
residue according to claim 7, wherein the composition comprise from about 5%, to about
20% by weight of the secondary fluid modifier formulation component (2) based on the
weight of the supercritical main fluid component (1).
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10.

11.

12.

13.

14.

A process for cleaning a nanoelectronic or microelectronic substrate of photoresist or
residue according to claim 7, wherein the supercritical main fluid comprises carbon

dioxide.

A process for cleaning a nanoelectronic or microelectronic substrate of photoresist or
residue according to claim 9, wherein the secondary fluid modifier formulation comprises a
formulation of sulfolane, water, tetramethylammonium hydroxide, trans-1,2-

cyclohexanediamine tetraacetic acid, and hydrogen peroxide.

A process for cleaning a nanoelectronic or microelectronic substrate of photoresist or
residue according to claim 9, wherein the secondary fluid modifier formulation comprises a
formulation of sulfolane, water, ethylene glycol, tetramethylammonium hydroxide, trans-

1,2-cyclohexanediamine tetraacetic acid, and hydrogen peroxide.

A process for cleaning a nanoelectronic or microelectronic substrate of photoresist or
residue according to claim 9, wherein the secondary fluid modifier formulation comprises a
formulation of sulfolane, water, tetramethylammonium hydroxide, ethylenediamine tetra
(methylene phosphonic acid, ethylene glycol, and hydrogen peroxide.

A cleaning composition according to claim 3 comprising:
tetramethylammonium fluoride, sulfolane, dimethyl sulfoxide and 1-(2-hydroxyethyl)-2-
pyrrolidinone.

A process for cleaning a nanoelectronic or microelectronic substrate of photoresist or
residue according to claim 9, wherein the secondary fluid modifier formulation comprises a
formulation of tetramethylammonium fluoride, sulfolane, dimethyl sulfoxide and 1-(2-
hydroxyethyl)-2- pyrrolidinone.
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