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NANCELECTRONI C AND M CROELECTRONI C CLEANI NG

COVPCSI TIONS FI ELD OF THE I NVENTION 5 [0001] This
invention relates to methods and cl eani ng conpositions

for cleaning nanoelectronic and mcroel ectronic

substrates with supercritical fluid conpositions, and
particularly to such cleaning conpositions useful with

and having inproved conpatibility with nanoel ectronic

and m croel ectronic substrates characterized b}/: 10

silicon di oxi NANOELESTRONIG AND-MIGROELERFTRONI

di el ectrics and copper, tungsten, tantalum nickel,

gol d, cobalt, pall adcLBANNGCOMROSEHONS um

rut henium rhodium iridium hafnium titanium

nol ybdenum tin and other netallization, as well as
substrates of Al oFIELWRQ OfTHEREINYENTION ons and

advanced interconnect technol ogies, and particularly
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oISt oo REpR eSOy Al if ke (s, antatum,
pﬁié@hi/qtgd,(ggﬁ)t_ ggﬁg%ﬁnd{ a Idﬁﬁl\lf[r)ﬂ’?&r?'ﬂlizm?'amh?ﬁ%h\lj mmgiu?, iridium,
slurr I qui ds. ( \
Wﬂiﬁmﬁgan@msmowwmmr@ %08@5 mElizATRh, 86 &Ieﬁaf\geéu*’sffates
becfanPro?pﬁgéﬁ% rh&alizitdnk Natd) dvhréRe liftsfcopnédts tchndidgies, and
as downstream or back end of the 25 manufacturin
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BACKGROUND TO THE INVENTION

[0002] Many photoresist strippers and residue removers have been proposed
for use in the microelectronics field as downstream or back end of the
manufacturing line cleaners. In the manufacturing process a thin fim of
photoresist is deposited on a wafer substrate, and then circuit design is imaged 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
generally a dielectric or metal, by way of reactive plasma etch gases or chemical
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30 generally a dielectric or netal, by way of reactive
pl asma etch gases or chemcal -1 etchant sol utions.
The et chant gases or chem cal etchant sol utions
selectively attack the photoresist-unprotected area
of the substrate. As a result of the plasma etching
process, photoresist, etching gas and etched nateri al
by-products are deposited as residues around or on
the sidewall of the etched openings on the 5

s udietiant tselutib® 0Bhe Astehdrit ol Yor dheimiati é’tﬁhérﬂféﬁhﬁtﬂinb 05e1ect|vety
of the etching step, the resist mask st be reno
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acconpl i shed in a plasma as step y e use o
sfepasited 2% sesidbessaongd gus%tr@rsnwallcﬁeﬂnecetphed openings on the
stdblpges. Finding a suitable cleaning conposition

for renoval of this resist nask material without

adversely affecting, e.g., corroding, dissolving or
duIIing t he net al circuitry has al so proven
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[ atlon eve Ve Rereasad an ed
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(%Vélrséwréﬁ&tlﬁ?de 130 NedMYdES JdisRBR &*Uullmgfj'tﬁéﬁﬁétbl 6ifouitry has
These materials have present ed additional chall enges
t @59 RiavarLeoplematic. c| eaner  conpositions. Many process
technol ogy corrp05| tions that have been previously
devel oped for "traditional" or "conventional"

sen conduct or devi ces containing Al/Si02
ALBRAH SWE§2m'Cf8P|eR¥rPW§/ febtigatioprintegiation lexal§obavs increased and
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cobal t, pall um p at Inum c

rummélnﬁr umodur:ltm'du ufmcurwanuu ang thfrei genenatioannangelectronic and

n%l%%gﬁﬂﬂgﬁl OQ rﬂﬂ:%na{.&SF d.g?lc%gl ddth&ngt rAso%th & fiat panel

hlg-lcdeFec?rlcsructures earrpF,

hyisptayg) dmhas ecoatk snm:repaﬂglyou:ommon in the art to employ copper

metallizations, low-x (both porous and non-porous) and high-« dielectrics. These

materials have presented additional challenges to find acceptable cleaner
compositions. Many procese technology compositions that have been previously
developed for “fraditional” or “conventional” semiconductor devices containing
Al/SiOz , AI(Cu)/SIO, , or Al/Mo/SiO. structures cannot be employed with copper,
tungsten, tantalum, nickel, gold, cobalt, paliadium, platinum, chromium, ruthenium,
rhodium, iridium, hafnium, titanium, molybdenum, tin and other metallized, and
low-x or high-x 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
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resi due renover conpositions are successfully used for
cleaning devices with Al netallizations, but are
practically unsuitable for those with copper and ot her
2 netallizations. Simlarly, many copper netallized/
|l ow-K strippers are not suitable for A netallized
devi ces unless significant adjustnments in the
conpositions are namde. 5 [0005] Renoval of these etch

and/ or._ash resj S | owi ng._the. pl / :

2 S Rlepee SRS plebl R HhPE e tHlipBOCRs S e itk sutabie
C S AR triitallized noawicesr unigesu bigaificart ddesteenisindhe scoogpositions are
result in the absorption of noisture and the fornmation
ofM3ffdesi rabl e materials that can cause corrosion to

the netal structures or electrical defects to the
integrated circuitry. The circuitry materials are

corroded by 10 the undeshra |l e terla S

d. d
GilQRQHTt | rRAMERS of heskeeien andiardphysesidiigs allpwing the piasma etch

U%@ﬁir AR ﬁrBEés%%pﬂoOe@ 'p%ﬂlémﬁﬁd Fﬁﬁ.lrétt@%@mpleﬁly Jemove or
l'em I's al so especi al evident in renovin

S |r@@|txali21e theqﬁ)rgﬁ[dggs paid fasult 4y the ahsordign @f BWisiyg and the formation
ST RairdkIE qﬁﬁ'i{éﬂal@ ML usEaE&‘?&%’n Y ethé Ombldl structures or

radlalon reactive ion etc or ion Inplantation
prednmrmédefeﬂséo the istegrated a;qu:ultmbl the oircuitaniaterigls are corroded by

h

o5 Shesibe Peef i Ersfce HEGndHiERose B dhouity wiring and
opmdesighle imméasé’sng eieétﬁcahﬂeslstambm cThin mobleneis alsd especially
SRSl T demoiige SEPWED, AR ROt of dfyiod” 3Rt surtece-
S ¢apddnied pifbieresist hardenéd dugetoalV i rédiah@ﬁlSr,eaCWegiongetémmmor ion
total ly unacceptable_to 20 margl n ati sfact

Vimplapfation Preeasseht  JNEIG[Sepiso Gt pibler i TerBuG olgrgsist and
Sme?'cn%%ﬁé@ﬁhérp éhéﬂ‘é?é‘crﬁgsérﬁtlﬁré}ﬁjwﬁéﬁ HERirRyr highSaspect ratio

orous an di el ectrics and copper
mpammga,amlweg diffirlt submigrerygroppes aRGHNAEW SIEVISEEne
cl eaning solutions enployed are overly aggressive
t owar ds por ous and | ow 1C and hi gh-K dielectrics
and/ or copper netallizations. Mreover, nmany of th

all®@06]ne ee@mamg bask eaﬂﬁm‘eﬁoﬂp\ﬂbaw @r&egﬁrﬁqsnpaﬂblhty with

S%ﬁﬁlﬂagerﬁsﬂagr anges X rgté H. r.m§t Fﬁﬂglngtﬁbm RIRKUMALESptable to

t e\tmgnallwsaisfactory Many of the current stnppers or residue cleaners are not
acceptable for advanced interconnect materials such as porous and low-x
dielectrics and copper metallizations. Additionally, the typical alkaline cleaning
solutions employed are overly aggressive towards porous and low-x and high-x
dielectrics and/or copper metallizations. Moreover, many of these alkaline cleaning
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
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[0007] In an attenpt to at |east partially address

these problens, it has been proposed to enpl oy
supercritical fluids to renove such organic and

inorganic 3 residues fromsuch substrates. Exanples

of such proposals are found in the disclosure in U S.
Patent Nos. 6, 242,165B1, 6, 306, 56481, 6,500, 605B1 and

6, 653,236B2. In these patents it is proposed to clean

subst r at s with supercritical fluids such as carbon
direSHLRS a%éwpih sugﬁtﬁt%s Examples efasustn proposals darg fauod in the

i @l%fosﬁreg"ﬁe@ S UBLefS Nt | aéﬁel' | 415hg BE48Y . 85A0B05B1 and

éoton and xenon, and arfl cu car'
| 16 53,336650 Jothess patpmteyt is ppeposed to clebn BlLibstritesivith eupercntlcal

e, % ST S Sy S Bl Gagece, na e

sglasemslml‘l(as SitrogeB Otelitiod Bépn, srgoh, daypion addoxnes, aﬁ‘ﬂarncularly

t 605B1 Ho
o Pl Adh 3t Bitbresed 8 emiRb SRR T GAIUIgR o6 o with various
s g€ rmbdifiefs, féLId:hdés aixmih%r@r(U@tBZHEQ(BSBWP' %rbon dioxide with
modi fj e|r§s have novi ng

pRideBica Q!,Ye"é%ﬂJ S ﬁﬂpé éﬁlei)oaB% Rarben ﬁlqa@ﬁaag emineardla solvent
Tﬁz i5d 8o &fﬂ@ﬁ SHW@V%\‘ ﬂ:e ?Enlh%énl%sl gn@ Q%?Qﬂ)ihtles of the

re is, theréfore, a need
hé‘#ﬂﬁj@ﬁ@ébﬂwd% aloae of thh &l simplet rBOdlﬁared'laweibeen limitech éh removing

ook BRpFosict 2t HEdRe e COTRES e AT Feni
cl eaning operations with supercritical fluids, which
conpositions are effective cleaners and are applicable

for stripping phoBRIESSUMMARY OH TREINVENTRONUeS from
pl asma process generated 20 organic, organonetallic

and i nor%anl c conpounds, |eaning residues from
pl0GABL i z&heren ipr Snseforss, a sordd for Cadsonahbly whiblhy bamopeneous

SRS Aot Fikod B gl o

| are suitabteo farusersicenductarmarnd flat panetkdisplay alehningobpérations with

A A e o B, s Bl e L hppicavie

rfet atrippmgt plmtore%&tsaalgﬁ Dleafﬁing r)esudnéen frofy ﬁhﬁm‘aqwbéess generated
of of less) or

\R.{Pﬁfébyof‘”a%ﬁ%vefel"ea@@ﬁ’) Ingraanice ccompoURgS, m@fqan@g fewdygs from
feMinatizaBon Pock@BYS NéUcANA CMP, and which can be used for advanced

interconnect materials employing 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,
and porous or non-porous low-k { i.e., a x value of 3 or less) or high« (i.e., 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-« dielectrics.

[0009] It has been discovered that effective nanoelectronic and microelectronic
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devi ces, such as those wi th al um num or

al um nun(copper) netallizations containing silicon

di oxi de, low x or high-K dielectrics. 30 [0009] It has
been di scovered that effective nanoel ectronic and

m croel ectronic 4 supercritical fluid cleaning
conpositions for cleaning mcroel ectronic substrates
under supercritical fluid conditions, and particularly

cl_eani ions_ usef uyl i t h, and havi roved

C stiasebaf AR BlethREs cafistiors dhf Sehier Fidrigebfiic Lhbstrates

c hpdacsperatidabiiuid i dohailbng]iamdi m-ncmmys tleaiifig Id@VhpoKmens useful
v@h ic dielectrics ang gsten, tanta

Rel andyohaving o iprove aICPE@?W?H“V pl "!951 n mﬁro%'ﬁ%?ﬁ"b msubstrates
r %é}ﬁﬁter@ad b? RaoH 'Hzokldé SeHERive Rk lﬁ?ﬂhléﬁ-k %Iét&hcs and copper,

denum in and her metal lizati on,

s@meteat tantalpmanickel, wlqagbahmadlamuzratnlamyrmﬁhroaruvraneélaamum
| B Lﬁﬁnﬁﬁﬁfﬁfq, ﬁ?ﬁl‘]ﬂﬁ'tﬁ%lﬁﬁ m@g@d@ﬁlﬂﬁ' ﬂﬁ%nay?tﬁé*rcmetalhzatlon as
st'abl'e, honobgeneou

reasonab supercritica
naededse csubsdrﬂtes aofd Ahice r AlETuwc metaliizations @amdngdvanced interconnect

¢ BERA bRy e BkioBl By GEER ol B ot el B Slfbrcrtca

h etztey) A aGEBIEciDMRES 0K n1i¢roelbctmrm1 elemnge:bmpbsmums trabdre generally

I ti
Rl CHeanas Gy ety SoTbodevine Gell | Baspnaby, stabe.
ahofmidgerietiist Sﬁﬁércﬂ‘tﬁiaﬂ statd| ﬁarfdé%‘dfrbﬁﬂ: and Uﬁﬁﬂr@éleétrdhﬁ cleaning
fluid state at nperature of 250C or |ess a

p PRIBRESIEONST 0%@'65 H%YQE“'BF JreJyoyidesh by gompositians gg]rB@?s’ng (1) a
aQGbefr tlcﬁﬁmﬁln]fﬁj Fé“agﬁiﬂg F&%ﬁeal ﬁufﬂ%‘i’étfe'a% temperature of 250°C
ect | owi n or nul ati ons:

formulation se

apr less @nchA Rressurecefia @arﬁ@r legs (5R2 i aﬂgrn P78génpsi), and (2) as a
er&:rnd?I i %rﬁB&nY%rrﬁ@%ﬁdﬁtsee‘Ped f?gr‘nttng fcﬁlbmhgl formulations:

consit s ones I'enes enones

aapl a RAhURASE CorEtY: 3h oRIIEIMPAGER4A bBlaP bRfinic solvent selected
onponents; b) a silicate free formulation conpri Si

afrﬁ'ﬁ'l e rgemi eonsintipane! 2a1idRs, eBHtaNsH spliolenes. gF%'GBOf?eS and

CoRBtatbd gﬁoﬁélsaéﬂdjﬁﬁtsorélf* B@n@?émm Shértgnes and
saturate cohol s rong al allne base; and

ob} Basilcats free Hormeltigo sempEsing:) a pofasrerapaici seivent selected from
C%pn%ﬂoﬁb nslstif nﬁl}o@%‘?ﬂﬁ&e sgnrfo/ﬁéé) soferiomés YO Sty te@%%ohols a
of “nore" Non-anroni-um

ucind strong base contal ni
nstrengualkaimetbdsec ang optlmnauye biher 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 99.85% by weight of one or more
corrosion inhibiting solvent compounds, said corrosion inhibiting solvent

compound having at least two sites capable of complexing with metals; 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
99.95% by weight of water, organic solvent or both water and organic solvent;
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charged counter ions; fromabout 0.5 to about 99.95%
by wei ght of one or nore 25 corrosion inhibiting
sol vent conpounds, said corrosion inhibiting sol vent
conmpound having at |east two sites capabl e of
conplexing with netals; and optionally other
conponents; d) a fornmulation conprising: from about
0.05 to 20% by wei ght of one or nobre non-anmmoni um
produci ng, non-HF producing fluoride salt; from about
5 ang cpfienally @berg@mws WiHght of water, organic
bot h wat.er

o0 Bl bR A B HE0 o LU i o or more
c mprammlumf el lstrEn® 8450 caMYinig n Wﬁ#ﬂtﬁfeo?ﬁ:ll@ NBositively

non- anmoni um rodu0|n strong base con al ni ng

nBHa'iQG | GOUPIGT | Pns: fmﬁbpvtewo Ht §8.85%0 by waight g pne or more
f %@%We@ahﬁe%@ntsg%ngwtﬁﬁaw%tﬂ co?rﬁpo%ﬁ SO;MGF@rP‘?eferably

5 steric hindered am de sol Vents opt’i ona
c gl ieasanablb stablg, ehemageneous uwperqﬁusdnal@tey renagleetronic and

hAIBEEIRERSHC BILBRAT ré&rﬁ;‘fc%khoﬁg i ﬂn%‘ ﬂg\%ﬁ (ﬁgﬁoﬁ' Ellgé ©ndBf supercritical

m croeFectronl C E‘Pean
i ﬂuiqundmonsnarmpmwdadeby smpmmomlamhprlsmgu('kj a superciitical main

R e AT bk, SBTLA. PR Y b o e

S pméerabiytétcmtenﬂﬁelatdxr@ bfitl 50°W oBlek s Ry a;pvéﬁutb‘ o2600Cbars (592 2

78 5] S ek BT B s, Bl €55 or e

‘ ph’@i‘@bﬁéférﬁb@ PprRESUreLFBD043R% @@BSI AP 4351. at;fs'l) o'?fl?éé% 5nd (2) as

| ess, nore preferably pressure of

i)
( Qggcqndé\(yﬁlwq,%moglﬁggfqmylatxpr@ §g|ectgﬁ @'D(T’Q}hqafgllovgng formulatlons
S luid, a nodifier formilation selected from
%) %fwgﬁp%l@ﬁ% CTOB?WFQH ons: a) a fornulation
conpri si ag oxitizi a@e(ntdl zing agent; polar organic .
sol vent sel ecte m t he g uEO consi st ng of am d
leptedd P

sul f onesPol §DPFQ§'I“ verg g m e Qravp capsisting of amides,
al ceUibriss, SMFoIONSd, @E@nbﬁe@ﬁﬁd S4turtéfarebhdige fol | ow ng

conponents: an acid
and optionally one or more of the following components:
an acid;
an alkaline base;
a corrosion-inhibiting co-solvent;
a chelating or metal complexing agent;
an oxidizer stabilizing agent;
a corrosion-inhibiting agent;
a metal corrosion inhibitor;
a fluoride compound;
a surfactant; and

water;

b) a silicate free formulation comprising:
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20 an al kaline base; a corrosion-inhibiting
co-solvent; a chelating or netal conplexing agent; an
oxi di zer stabilizing agent; a corrosion-inhibiting
agent; 25 a nmetal corrosion inhibitor; a fluoride
conmpound; a surfactant; and water; 30 b) a silicate
free formulation conprising: 6 polar organic solvent
sel ected fromthe group consisting of am des,

sl Tones: 35 OSREOREE, AT M SOHD i Bopmces

the diMonew erfdhEs aiMaYatirated aAcbhdld; @inda
corrosi on-inhibiting co-solvent; a chelating or netal

conpl exi rﬁgjs'@%?lka“f&'bﬁi di zer stabilizing agent; a
_corr é‘t‘ dr[éh{/?rné '0P9n 8fthe foﬂc&ylﬁg EBhPbn&MEs 0Si on

i nhi uor | corrpou a surfactant; and
wat er, 1Eﬁn:a0|d formul at i on conprising: from about

o e o R B S0, 1o e S
posi ti vely cldlafirgeor metahtmmplexmg agent;

an oxidizer stabilizing agent;

a corrosion-inhibiting agent;

a metal corrosion inhibitor;

a fluoride compound;

a surfactant; and

water;

c) a formulation comprising: i

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 w}eight of one or more corrosion
inhibiting solvent compounds, said corrosion inhibiting solvent compound
having at least two sites capable of complexing with metals;

from about 0 to about 99.45% by weight water or other organic co-
solvent: ' ‘

from about 0 to 40% by weight a steric hindered amine or
alkanolamine;

from about 0 to 40% by weight an organic or inorganic acid;

from about 0 to 40% by weight of an other metal corrosion inhibitor
compounds;

from about 0 to 5% by weight a surfactant,

from about 0 to 10% by weight of a metal ion free silicate compound;
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ions; fromabout 0.5 to about 99.95% by wei ght of one
or nore corrosion 20 inhibiting solvent conpounds,
said corrosion inhibiting solvent conpound having at
| east two sites capable of conplexing with netals;
fromabout 0 to about 99.45% by wei ght water or other
organi c co- solvent; fromabout 0 to 40% by wei ght a
steric hindered am ne or 25 al kanol am ne; from about
0 to 40% by wei ght an organic or inorganic acid; from

about O tfeorfi Qo0 V5B By wéightofe! mefal BRélating agértsana
i nhi bitor, conpounds; from about 0 to 5% by weight a

sur f act aftem#Bopt O fR 40%6by weight of soflusjidgeegipoupd. a
nmetal ion free silicate conmpound; 7 fromabout O to
5% by weight of a netal chelating agent; and from
aldo 2 fagmudatipoogasipriséigght of a fl uori de conpound; d) a

for mul at i, GRRTE ) B5 920 R R G T
wei ght of oné or nore non-danmohi um produci ng, non-
pr oderofinging, non-Hegreduding fluarideatadut 5 to about 99. 95%

of gani ¢ Ju0aHBUEY 1o MHalBBhE=RF bY Whiastor waRr oy AL E saA or
of ebottwatercanid oganie solviehbi ting 3.0 solvent; from
o oy o SepyLA B SEP wRLhr B A i

or gadoieer@r i norganic acid;, fromabout 0 to 40% by

wei ght of an other netal corrosion inhibitor .
- from about 0 to 40% by weight a steric hindered amine or

alkanolamine;
from about 0 fo 40% by weight of an organic or inorganic acid;
from about 0 to 40% by weight of an other metal corrosion inhibitor
compound; ‘
from about 0 fo 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

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;

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;

from about 0 to 40% by weight an organic or inorganic acid;
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15 conpound; from about O to 5% by wei ght of a
surfactant; fromabout 0 to 10% by wei ght of a netal
ion free silicate conpound; and fromabout 0 to 5% by
wei ght of a nmetal chelating agent; and 20 e) a
formul ati on conprising: fromabout 0.05%to 30% by

wei ght of one or nobre non-amoni um produci ng strong
base contai ni ng non- nucleophilic positively charged

el ght - of o apafit o 5% B9 Aot ok G BN melR CorsRi ppipitor
f r orposkUNde; t o about 95% by wei ght water or other

organi c f,rom ab 40% by wei ght a
steric h?’%&i%éﬁg#ﬁonse/ szpﬁﬁﬂav'éﬂaﬂ 30 from about
0to 40%fmyn mmm toald %rlgmeugnw d mefamam fﬁe@gnébte cofhpound;
from abouyt an oth

O%
Corrosio P’hﬂP‘EHt g %’otwp‘ﬂ%'ﬁafs"f § mghal 56%'69“9)39@“59% by
vei ght  afigk ém&t@% 10 S WAGRNLE aOanﬁdé%o% n¥ei ght

%arretal ion free S|I|cate conpound rom about O
t 6hg uz;eeg?om[sgmonmnsgs the yse effsa mangelggt@qmlc apd gnicroglactronic

agiadhing c%%p%gm%hg’?(o ¥BLA Wanﬁ Ie&ofulc%?lﬁ'srﬂlj‘ého%mm&dsubzﬁgtes.

invention al so conprises the use _
nanoel ectroni c and m croel ectronic cleaning
it nanoelectonic and

t s to clea »
HfUHBE o Cheomi creaspaabiv; ostabieg [emegenmrEse PeRRIBNiNG| y State

SﬁM&dhﬂ@@ﬁ%lé&%ﬂfﬁlééﬁ:ﬁ@&orﬁb@éﬁbns of this invention provide
nanoel ectroni ¢ and m croel ectroni c cl eani ng

chperad arh superiar gleaning,and Bloapipg oxhotmemst and provide for organic
and inorganic residue removal with surprisingly good compatibilities with many

sensitive substrates, under elevated temperatures and pressures that are required
for many common supercritical fluid operations. Such reasonably stable,
homogeneous supercritical state nanoelectronic and microelectronic cleaning
éompositions of this invention provide particular advantageous capabilities for
nanoelectronic and microelectronic cleaning applications, residue removal,
cleaning residues from planarization processes, such as chemical mechanical
polishing, and for use as additives in planarization slurryfliquids.

[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
improved compatibility with microelectronic substrates characterized by silicon
dioxide, sensitive low-« or high- dielectrics and copper, tungsten, téntalum, 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
cleaning compositions of this invention are particularly suitable for cleaning difficult
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I mproved and superior cleaning and stripping

phot oresi st and provide for organic and inorganic

residue renmoval with surprisingly good conpatibilities

with many sensitive substrates, under el evated
tenperatures and pressures that are required 15 for

many common supercritical fluid operations. Such

reasonably stable, honbgeneous supercritical state

nanoel ectroni c and m croel ectroni c cl eaning

c sappies jcontainimg tvens stubbemn | plasmpa osficl eaprhrashc msidues and also

R RTRERE AR Retaeh] KSR 87 S51e1@Py fp B manutacturng

I erosess, for prauinggCaksw-duasi highi flelstaioszsttuctunes. The cleaning
Processes sgg,lh as cheni cal, nechani cal 20 ggl i.%hi ng, .
afgMRgsItighs of dnis, fyeptane@ay bestisathlpDe of GRUPled with other cleaning
slgeitivhsi qui ds. [0011] The nanoel ectoni c and

m croel ectronic cl eaning conpositions of this

invention are suitable for stripping photoresists and

cl eaning residues from plasma process generated

organi c, or gBEPAHIED DESCRIBTION OFaTHE INVENTIONIS, and

Cubst rat s char ARB TEERERRED EERPRRAERE (O ©

sensitive lowx or high-K dielectrics and copper, )
t 10QE2len, Theaieaaonably sliablee homogenepuscsiipararitical stata diameelectronic

Pl RiitFoelBB R WRarfrd ;&gygﬁﬁg&rﬁoﬁ{gﬁ' #8 ifyehiibrBre provided by
mepedplositiabs comprsingiél) a asparutitival miairsfiuid resiching a sugedoritical fluid

[ Li ion n nec int.ercon t
C St Bgr LB IR 23T BS e Al @RS of goo bars or ess (5022
C @87 02.3 psi), @indt(D) ss & BecsHidapnfidit.ca madifiecfdiraulation selected from
su t?ble,fo |l eaning difficult 9 sanples containing
ve&’? QHAYMLIOAMWAEANSA et ch and ash residues and al so

DS e R TSP S0 O i s

Ciroimovihe grdphcgisistindi ef earidies,s selfonest usulfelengbe selenones and

PR lRe Bk o el ORRSE o1 e ons.
Dby Al tikEatPEREHRMhLItIb comidrsingVaNIdl&Norgahie sdRkdritRidiédted from

ENBODI MENTS 10 [ 0012]. Th | t abl e,
1R GEM R Gt o e SWTRs. SERRUIAS RN pturated 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
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
98.95% by weight of water, organic solvent or both water and organic solvent;

- 10 -




10

15

20

25

30

and m croel ectroni c cleaning conpositions of this

i nvention are provided by conpositions conprising:
(1) a supercritical main fluid reaching a
supercritical fluid state at a tenperature of 250C or
| ess and a pressure of 600 bars or less (592.2 atm
8702.3 psi), and (2) as a secondary fluid, a nodifier
formul ation selected from 15 the follow ng

o%rggzoqltohglgyéetﬂ ccﬁnsd}[ar adh on conprising: an

'organi ¢ sol vent selected

f 19 fdnRutiay Eoﬁnﬁﬁﬁhé’t frotfl abouB0I0B9Sto %fmﬁélght of one or more
sul fol enes, sel enones and saturated al cohols:

omoncmmpplum gpdusinign 6#BNg sbase) cantaining: £108- Ciilggphile, positvely
F’\E}qu%lté té?%’lg% dehnﬁ‘%boat BAbMb Rt 99V5% §9|Wék§ﬁt of one or more

e group conS|st|ng of “am es
s letérm‘rfusdere@ benidmsnivents] andt opticnally etheoersnponaats. sMpisrigreferably

R
wehighieleztronioe ofganingr econmnsitionso rof uthipr dentiony arer gmgvided by
o GamoRtBh omPrg 4Bb s siemrarst mal Rl e £ M Gficar e

ofstRBat & teifipefatdfe SOZFMCI Grlesd) fprbﬁe‘rabngasaltmapdarature of 150°C or

At i preaTe CBOS PABL(SORBTS 002351 Bierergo A precsure of

| | GBS YosiP P RssC AIBRS pRMSrably @ pressure of 300 bars
??Pﬁu g??%%%%%rl sing bs?rom about 8 05 tg 2'(3)%

R 26m, 43561 b psior 695 A (a5 & SSRPRAA IR A moRRC fgpulation

I bout 5 t bout 30
oAb e IR muaiaB S ot vent or - both

V\@)Eéf@}ﬁfh]éﬂoaaabm ﬁgh?ent - 10 and optionally other
conponent's; and ornul ati on conprising: from

about 0. @3"/9’6'6'2@'9%989”\@ ght of one or nore
non- ammr‘bd{ﬂ,: chQﬁ*H %bﬁ%ﬁéélé’cﬁ@d h@ﬁﬁhé g&hﬁd &oridgsting of amides,

non- nucl €ophi ositively ch arPe count er i ons;
f r onsulfones, Sllfptelﬁﬁfﬁﬁleweg?ﬂﬂtﬁﬂt% HalckPlsne or nore

5 steric M%gﬂoﬁgpf*&;@sr SBkY 61 fmmgaasrgﬁmrity. ot her

conmponent’s erabl'y such reasonably stable,
honogeneaarsacidper cri ti cal state nanoel ectroni ¢ and

an alkaline base;

a corrosion-inhibiting co-solvent;

a chelating or metal complexing agent;
an oxidizer stabilizing agent;

a corrosion-inhibiting agent;

-a metal corrosion inhibitor;

a fluoride compound,

a surfactant, and

water,

b) a silicate free formulation comprising:

- 11 -
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m croel ectroni c cl eaning conpositions of this

i nvention are provided by conpositions conprising:

(1) a supercritical main fluid reaching a

supercritical fluid state at a tenperature of 250C or

| ess, preferably at a tenperature of 150C or 10 I ess,

and a pressure of 600 bars (592.2 atm 8702.3 psi),

preferably a pressure of 400 bars (394.8 atm 5801.5

psi) or less, nore preferably a pressure of 300 bars

(296. 1 atpolark@anit sobient seledted frpmethe of G!-)P eansisting of amides,
ifie L at i sel ected from

the. Palow TR A et el o o

conpri si ngstromdalRalifexbaezi Ng agent; polar organic
sol vent selected fromthe group consisting of am des,

sul f 8Régptianally onepEsorg of tksRldviaa GomReTPEEed

al cohol s,anagadoptl onal ly one or nore of the foI | owi ng
conponent s: an acid; 20 an al kali ne base; a

corrosi or@ Femesipn-inkipiting ewpolent: a chel ating or netal
conpl exi n l'izing agent; a
COr r OSi ongf:ﬁ(%lggiﬁq P%@Egééengpﬁﬁ@g%aﬁ{ét al corrosion

i nhi bi t oran osidizeustabiizing@ageotind; a surfactant; and

~water; 30_b) a.silicate free fornulation conprising:
i pf

pol ar- org%ﬁ Lo~ 'ed fromthe group

consi st i ngnedtalasirdemn inisibitdrones, sel enones and
sat ur at ed ﬁlco ol s; and, a strong al kali ne base; and
opt i onal | % TUOMAGEOMRRUND ¢ ¢ he fol | owi ng component s:

a surfactant; and
water;

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
inhibiting solvent compounds, said carrosion 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;

fraom about 0 to 40% by weight a steric hindered amine or
alkanotamine; |

from about 0 to 40% by weight an organic or inorganic acid;

from about 0 to 40% by weight of an other metal corrosion inhibitor
compounds;

from about 0 to 5% by weight a surfactant,

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

- 12 -
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5 an acid; a corrosion-inhibiting co-solvent; a

chel ating or netal conplexing agent; an oxidizer
stabilizing agent; a corrosion-inhibiting agent; 10 a
nmetal corrosion inhibitor; a fluoride conmpound; a
surfactant; and water; 15 c) a fornulation
conprising: fromabout 0.05%to 30% by wei ght of one
or nore non-amoni um produci ng strong base contai ni ng

From abodtergesbft B3 vsiedaita MEE ERYAY apertine
mor e cor rfamh aboutdDtol T0% iytweightsdlavitotide coppoadd;, sai d

corrosion inhibiting solvent conpound having at | east
two sites capable of conplexing with netals; from

alpyus f@miufatisR @YmpPBing>% by wei ght water or ot her
organic co- solvent; fromabout 0 to 40% by wei ght a

steric hiffemeaBeUtAdNE 30% bySveioRASNg AT RS MOFrAMABENIUM
aboc 20 Y SR PP, T oral cor rosi on
i nhi bi t orfront sb@utidntesabdut 9h9%&Boby weighbom%sy axganjpsolyent or
oo A5h e s AL BB (0, 0% O O 8
t o 5% by frum gboutdf tocabrett 80%cheweighhaf aagetal comasion inhibiting
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
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 O fo 5% by weight of a metal chelating agent; and

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;
from about 5 to about 99.95% by weight of ane 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;
from about 0 to 40% by weight an organic or inorganic acid;

- 13 -
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fromabout 0 to 10% by wei ght of a fluoride conpound;
d) a fornulation conprising: 5 fromabout 0.05 to 20%
by wei ght of one or nore non-amoni um producing,

- non- HF producing fluoride salt; fromabout 5 to about
99. 95% by wei ght of water, organic solvent or both

wat er and organic solvent; fromabout 0O to about 80%
by wei ght of a metal corrosion inhibiting 10 solvent;
fromabout 0 to 40% by wei ght a steric hindered am ne
or al kanol am ne; from about 0 to 40% by wei ght of an
organi ¢ or inorganic acid; from about 0 to 40% by

wei ght o $%80t ;bgtgd %t%tlt\%e(f /0 ac'rl &Henj rﬁ{&imfof'rgélon ﬂ'lﬁlbltof

conpound
sur f@otpangds; f r om about 0 to 10% by wei ght of a netal

i on H eeFréHdb‘ééttcﬁtom?%@htaauﬂﬁhcia’nom about 0 to 5% by
wei g 0

f or mul at ff B% @ngh%} S t(op gy %ma‘%%%?ta'dmbfé% ?"'calﬁ)®mb°°und
wei ght ofrosnboot 0 1008 % byoveightofaninetal chelatioagend andr ong
base co Nt g}nnétggg gnmn,}a %ggfég;m %fl acﬂuoﬁgéwrﬁabﬁha char ged

counter 10ns; to about '99. 95% by

wei ght of one or m)re steric hindered am de soI vents;
from about O to about 95% by wei ght water or

or@amiic dbesolreasapably rﬁﬂ?‘%boJ‘P"‘%Q?’@%ﬁ% B'ﬁ’% ﬁﬁt gate
st gdrioGlebirdHite bedl midrbélectmhic addninyodampasiions 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 aboul. 20%, by weight of the
secondary fiuid modifier formulation component (2) based on the welght of the
supercritical main fiuid 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 (592.2 atm, 8702.3
psi), preferably a pressure of 400 bars (394.8 atm, 5801.5 psi) or less, more
preferably a pressure of 300 bars (296.1 atm, 4351.1 psi) or iess. Any suitable
material meefing this supercritical-fluid-;:riteria may be employed in the
nanoelectronic and microelectronic cleaning compositions of this invention. Such
materials include, but are not limited to, carbon dioxide, ammonla, argdn, butane,
carbon disulfide, chlorotrifiuvoromethane, 2, 2-dimethylpropane, ethane,
flucromethane, hexane, hydrogen sulfide, methanol, nitrogen, nitrogen oxide,
pentane, propane, sulfur dioxide, trifluoromethane, 2-propanol, dichloromethane, -
sulfur hexafluoride, nlirous oxide, carbon monoxide, and inert gases such as
nitrogen, helium, neon, argon, kryﬁtori’ and xenon. Carbon dioxide is generally
preferred sincs it forms supercritical fiuld readily with critical temperature of 31 <C
and critical pressure of 73.77 bar (72.8 atm, 1,070 psi).

- 14 =
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30 fromabout 0 to 40% by wei ght an organic or
inorganic acid; 13 from about 0 to 40% by wei ght of
anot her nmetal corrosion |Inhibitor conmpounds; from
about 0 to 5 % by weight a surfactant.; from about O
to 10 % by weight of a netal ion free silicate
conpound; 5 fromabout 0 to 5 % by wei ght of a netal
chel ating agent; and from about 0 to 10 % by wei ght of
a fluoride conmpound. [0013] The reasonably stable,
honobgeneous supercritical state nanoelectronic and

m croel ectroni ¢ cl eaning conpositions of this

| [ee18]i onnMibinhulatiéh G)eﬁﬁmcﬁlhﬁqnenb(z)rdfﬂ@ ﬁleanhghmu’tpo@itiﬂ:ﬂ(s of this
to about 50% &ggf er abl K’l from bout ? 2 01%

arfveRdPR. Hie g 98§ 0568{5?” 343N & a‘BBYJ izing agent
Vel ke %r ddein ﬁmléiﬁbﬁlcfdnﬁlrﬁlcf]ﬁéﬂhoﬁﬂoﬁﬁ (fléHrl'ﬁd 8brnpdsitions. As

component £2) based on the wei
s @pamplast of afuchaionidiang @geraiﬁptls-ﬁ@nm@n)be iraentioned, forngxampie,
S ol | e [

SRR B4l e ) Rl s 5050 e
orframe bygrogere percxisies amd cayamdsrrpmcmwha@taie ang@Ezogompeysds, e.g.,

53, 0 A s Mg 1 erores
pgigeémgmgdm (MwDH), hyare§er mgzifswqo pem;ifg?s @hd :ﬁ]](gldmn afides, for
avainpis HALOET - il Berbip otnpois e b fich Fhctions,gf HeO:

b%nﬂ'ﬁ?@&ﬂ@ﬁwdébutds&nawﬁé efipRyéd bui aredess m‘efenedl &ampiesanclude
cl eani ng. conpositions of this inventi Such

melkyinesgidasy Jparasyacisis: daaca!r PEEONdes; RY Ketone. pepyides.  Similar

dighy [EQUIEN BusHh 88 bk lfuric acid,
chl g?%ﬁ?ﬂ%g?%tﬁg ﬁg%g\ﬁ)ﬂh ﬁa?aﬁﬁlmrr%t hyl pr (l)jpaneIp fdiﬁsu fic acl

f Inoeyk e b ameployesk Ahe oxeizinggent is emnleyed 'H@%mtﬂﬁwulaﬂm a) in an
Nid QK g%f {rﬂ}rt 5688 2o %Sout%gx WeR pﬂ%ﬁ]«raw GBANSbout W.1 W about 5

dioxid uor onet hane
divg, arghetdsh peeferahly ﬁmranhanaamtu@fr from ahoutr bUe ahaulid wt% of

CHRERtERCEE Te Shr R baRRRGS aT4 s rqBbbd iBide (H:09),

dipreferhbly empileped a$ b3 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-methyisulfolane,
n-propyl sulfone, n-bufyl sulfone, sulfolene (2,5-dihydrothiopene-1,1-dioxide), 3-
methylsulfolene, amides such as 1-(2-hydroxyethyl) —2-pyrrolidinone (HEP),
dimethylpiperidone (DMPD),  N-methyl pymolidinone  (NMP), and
dimethylacetamide (DMAc), dimethylformamide (DMF), and saturated alcohols
such as ethanol, propanol, butanol, hexanol, ethylene glycol, propylene glycol,

- 15 -
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preferred since it fornms supercritical fluid readily

with critical tenperature of 31 C and critical

pressure of 73.77 bar (72.8 atm 1,070 psi). - 14

[0015] In formulation a) of conponent (2) of the

cl eaning conpositions of this invention, the

oxi di zi ng agent of fornulation a) nay be any oxidi zi ng
agent suitable for use in nanoel ectronic and

m croel ectroni c cl eaning conpositions. As 5 exanpl es
ofghgieed), and Héxéﬂugnmgﬂwmpaﬂbherﬁenwgaduesawnnﬂcongﬂmeﬁtwanrndude

exanpl e, e[ oxi des, parti.cul arl dro

mECe! BPreL gt SountE @i el SreseRb i HpdeaguAton &) in an
pearn%urm esframdaw 4Gb GboulH9.9 WY, pAsterablydn %ﬁ%rﬁé@*rt of from about
comnmpoun odi um per car bonat e, sodj u

péroof@re&pré%% wg%memcr mest al@f&rreiarmrbgn ampyng of frm BePUl Hxsto 80 wt%
P&f RIntS). gﬁ@%{@ F.olbé!r%%g@rr‘e ?ﬁt“iof Qtt,lﬁé ar[r]rgll alkaline conditions

persul tates an hal | des,
t emcml nobbhrdrthpemd@n@ egmidmwghﬂlw mAgdlbemallvuthemare capable of

f b
AR P00, 2009 4 ASGHL SR, Py foming sl
aldompimaesxhrdagh mlmachqmsuoﬁas hydggh bpadrngr des and

ket one peroxides. Simlar substitution products of

H22wi t h i norgani ¢ nol ecul es, such as peroxysul furic

acid, nmay also be enployed. The oxidizing agent is
er[oo'bued Watelr beanf log rpnésdn‘t dm tid formudatiohSa)aoh compoheritr@jmof the

S5 e oS Bor EL SR 7 238 Bt i

f fdh?ﬁ@b@fdfronﬁ %bbuﬁbqub aﬁadtat % Gft%, preferab@tin @R amount BEfrom about
rertrerre oxidrLzin agen IS r en oXI

gﬂ@f torahout 6 Qﬁ‘ﬁ%y'@‘gﬁt efgrably iy %%ﬂ%&ﬂ@gﬁéoea 5%% sout 50

Q?%Gﬂaf the fcfrﬁﬁ.ﬁﬂirbﬁtd) Ofheatef c&PH@ Breaght é@bart b e idRiCportion

ent 1s a polar organic solvent wth hydrogen
b@ﬁma@heraqmmqnen;s i agitiosalrddedaratss. or
non-reactive wth the oxidizing agent. Such organic
sol vent's i ncl ude ani des, sul fones, sulfolenes,

sel enones, and saturated al cohols. Anpbng the preferred
sdP8lt s thﬁeﬁﬂsa"ﬂﬁapa% isnbreseshag aulopgenalebut generally preferred

g:SHp%H&q uﬁ?ﬁ‘rnuf‘a‘trg)n aé of E?rﬂébr‘?%)t Azeﬁofgﬁ% ?)élaéwgfé?:ln?db%mons of

one
( mrsrmlreht}cm otte alsgline-base- Qandr)er piesent B thedommyulatianf iclagramount of

? . gfﬁ 8 UedufSo %&t‘/.%'p%%{fa%)fy B LY laouft BY K67 ASBRYE to about 10
wt%, rnost preferably in an amount of from about 0.1 to about 5 wi% 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 metaliized 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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di net hyl pi peri done (DWPD), N-nethyl pyrrolidinone
(NMP), and dinethyl acetam de (DMAc),

di met hyl f ormam de (DMF), and saturated al cohols such
as et hanol, propanol, butanol, hexanol, ethylene

gl ycol, propylene glycol, 15 glycerol, and

hexaf | uor oi sopropanol . The organi ¢ sol vent conponent
can include one or nore of the solvents and is

oM Mo 5§ Usclold AR, 245 SRpftet B b Bifbmmonia

acerved bésds thersabraytbe frigntionetb tatiaal@iamrfioniamohydpstides such as

pr.ef er Ln_a .. of fromahout. 30 to 80 w % 5
DR e {efmalh, RORE oMassp ARG ol dnensietii & gibstituted or
agheusstifutet alkifiagrouss, ertchably &3 to22Cafbdr atdfis didNHorelfeferably
oxi di zing agent too tightly. Additionally, they are .
cdgaut €ai5pn alems; |AmPRg) thengorsammonia getdypshalkaliig hasgs useful in

hlﬁg Oﬁﬁlﬂu@lﬁbﬁxb e Te) oﬁé}{tmtﬁ@. Stl’ﬁ ebec t@ﬁ@é P I
t hr ough interac?i gnlblguch as h)?droggn bo?]gﬁ]g_ 10 or example,

[ teiremethviaramoniuin b hysraxddent terrablyiaromenium | dydepxider  choline
c t ) the LN i ti0 RS ;
ARARAS, ond) ot IS0, VCrGRAL agsa RO 4e 16 Shatnble® potassium
ahpdnokidef sddilgmhgtiroxide @nd thelikebroay aldd bet ed @sdiiecalkblng base.
in an anount of fromabout 10 to about 60 wt% npDst
preferably in an anount of from about 15 to about 50
wt % of the formulation a). The water can be present as
pEG19bf Hindndigated kefqrey the dormuldtionf a)t dfecontpioaent (2} of the cleaning

TrRRBPET RENBierftEn TR Al B eriHoVss: ek peicialy Shaitons and
gemesaitdbje ait:iefog)mpedf entocammmh | employed tirh ¢hef @?qwsawiammml sufficient
O] component .(, 0] e Ccleanlng co SITI OoNn S
IRATREBE A SeHc b oy the Gorma o Ruglh s e sxaple t igkar HE

fornmul ation in an ampbunt of 20 fromO to about 30 w %
preferably in an anount of from about 0.1 to about 10

o4 S r ef er apl in an anmount _of _from ahout 0.1 to
od0aol B B igaR bt GRAMBGHENt AL oF et AERrng CRAPPSILN may
baige dptivndlfy MicRIdeY&sk iof mM@eNEdridsidinBibitRG ddSolvdritani Pyéferred
conpositions. The base is foreferabl y annoni a h%plr_om de
ofOrERsiRBiRItiRg Fo-sRlYENtS Weef| in the forawlatian ) offhis inMention are

Cihe3E bfhe %ﬁ'r&m[h of this invention is 25 intended
to be used to cl ean copper netallized structures the

base is preferably a

W-[CRsR2J-Y

where Ry 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 SO2Ry; n is a numeral of from 2 to 6, preferably 2 or 3; W and Y are
each independently selected from OR3;, and SOzRs4; and Rs and R; are each
independently selected from H, alkyl, preferably alky! 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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non- anmoni a derived base and when the cl eaning

conposition of this inventionis intended to be used

to clean al um num contai ni ng structures the al kal i ne

base is preferably amoni um hydroxi de, a ammoni a

derived base, or a non-ammonia derived base in

conbi nation with a corrosion-inhibiting co-sol vent

and/or corrosion- 16 inhibiting agent, as disclosed
hereinafter. As exanpl es of suitable non-ammonia

d edvich egomeaier-inhihiling ;m;soblgntaemer@n@gy be mentioned, for example,

fgértlﬁlﬂ%ké(éﬁ@%% LA g ﬁﬂasql@éfﬁ aag@e g]ﬂ)(?l IP he:t rl%ﬁmred polar

S wirganit sbenbcomporseriisf theufoedulakibry la) o mtmssatpraéda atebhg! within
0 22 Ci?.r bon.atons and nore fera

f.

o dPb BB uE SHRTIORAD A SHE SAVUAISY lEp o CHPPR BIdREt as a o

bmnuserﬂ-.tél cd- @%lvéﬁte nﬁaywbaégeaﬂ {rﬂitheomrftﬁﬁmm a) ire & amount of
e nentJl one [ etrane

A B, 0t ST BPRBRP U oaRbRA. o ABPRED W%, most

yslERKSIP roANEha il SrpRARERobERES Such as for

exanpl e potassi um hydroxi de, sodi um hydroxi de and the
i ke may al so be used as the al kaline base. 10 [0019]
Am i ndi cated before, the fornmulation a) of conponent

aI 00 ?Iget orfufaiohng) ofcmitTieht @) o thbrﬁléadlﬁb’ %Bh'p@@itu‘iﬁ*s!n of this

npl oyed under acid pH conditions and any
sinveatipe mey dalse nprniaint otbem cerrosiRptiRlyibiing nagefds, preferably aryl

n%ﬁﬁ'ﬁﬁﬁﬁé‘s %gﬂﬁé{ﬁmilﬁv | ff I rfete ?HO dﬁ&\é@%%@ﬂs 7&@5 ﬁ%‘bonded

€ CcO such as fol exa
[ doecdy t’r‘!nmef anomatiatringn whereoRe,cidnpod a;tare Zachfindepgndently alky!,

B SRTE T oy o8B, AL o o

Cdm csmbon-atomisbi Ak ngkabpleso bf entis prefefretl ¢omdsium-inhibiting agents

9 rmp“a{fa\t{cggrm rgﬁ:le@tdh ﬁjggl\éeﬂgtol_g? Iaaglllctarz]:l%s resorcmgf 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 wi% 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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where R, and R2 are each independently selected from
H alkyl, preferably alkyl of from1l to 6 carbon
atons, aryl, preferably aryl of from3 to 14 carbon
atons, 25 OR3 and SO2R4; n is a nuneral of from2 to
6, preferably 2 or 3; Wand Y are each independently
selected from OR3, and SO2R4; and R3 and R4 are each

i ndependently selected fromH, alkyl, preferably alkyl

ar e oGt n sy B o to sl pSiety pteterably from

17abcui O woaibvans 2owt% ohfolmtiliatign a)p- Metal ehelatingier eomplgxibg agents

gF é‘ff:{gqor%ﬁ% &f&%eéﬁ(ﬁg Lsﬁ@ht%%%@?di%é’% léétyﬁ@%%ﬁ%ephosphonic
POAGH) (EDTOMPY EffGrOnME imtovaSabilizationt dfethé Qfeaningt campdsitions of

is not a saturated al cohol within the above-nentioned .
f othegleaning, sAMaogitiensr at ke KVERIRS CORIPINEg Pridizingagggis,at acidic
c ifi sent in the

o I ol A e e “about. 20

w% preferably fromabout 1 to about 50 wt % nost
preferably fromabout 1 to 30 wt% of formulation a).

[ FopRdr 2kt QRBARE YeeMmleyed |
co a%:i]i ti%ﬁﬂgro%iataﬁizg}s % i%nventl (r)gr]geﬁrgs;/ d&?IF'S,_t()jaﬁ"g’ont ai‘n‘mgye_ "_1
ot foemulgtion ek iobcomphngtt(2hef theeeleaning cempesiions af fhis invention if

d Wy .
SOTRRHT° TrEenSBhlat s erimdBYE b b, GhnIR0RS fom 0 o about
whil et?R6prefetablydrdi® aboet @Adb 5 wite md iolemtatipnaa)k Ekamples of such

or SR e B e e sS apapiieR o flhnes préfeldbly meral

© eXjamilee ssilidates slickp e Rtraslkylsmramiumm -silichiesi (inchglirg dytdoxy- and

15 there may be ntioned catechol r ogal | ol Il

2k Aol BlauRS) WA TR @] Gioup. Bistaaly RaRtaIs fro 3 to 4 carbon
CO4th@S! OAmidhg! Sidn BiicASE RS téfactiforioafieste, istramethylammonium
formulation a) inan anmount of fromO to about 15 W %

prailicaten tatipkis(Ehydme@thyd, orthogilicaie gnd fiee e,  nost
preferably fromabout 0.5 to about 5 wt % of
formulation a). 20 [00221 Organic or inorganic
chel ating_or netal conplexing agents are not re

equj r ed
i 0Pflnul Gthesnmefal o ForEasiRso BNPitqTS:) Suplyt a1 payzotriaole, may be
S ' i fey i ' v bout 5
o 2Bge i ioRANRA B0 ofi¢pipBRent (2 (B bt bIROAVG Yo sbou
wit%, preferably from about 0.1 to 2 wt% of formulation a).

[0025] Formulation a) of component (2) of the cleaning compaositions of this
invention optionally may also contain surfactants, such as for example dimethyl
hexynol (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 wit%, preferably 0.1 to about 3 wit% of formulation a).

- 19 -




10

15

20

25

30

conpl exi ng agents include but are not limted to

trans-1, 2-cycl ohexanedi am ne tetraacetic acid

(CyDTA), ethyl enedi anmine tetraacetic acid (EDTA),

stannates, 25 pyrophosphates, al kylidene-di phosphonic

acid derivatives (e.g. ethane-I-hydroxy-

1, 1- di phosphonat e), phosphonat es cont ai ni ng

et hyl enedi am ne, diethylenetriamne or

triethylenetetram ne functional noieties [e,g.
et[oqzﬂned?czm‘iuta!loh ai)raf(cmmﬂmdeemem ohﬂﬁpblémlng gohhositions of this

(EDTMVE di et h am ne enta met Ny hosphonic .
L araton maycainy pefell PR indua cREIRUN B SRR Genpositon.
agueh asT&eeﬁh%I@tté!ﬁQnéiWﬁhMbrhbm%onde ]tgtraﬂlﬂﬁétﬂmon'imn fluoride,
the conposition in an amount of from O to about 5 wt%

peBfle @mNENiynilucsigayt  Qther suiiallat fipogigdes, dnclude, for example

f %HP‘Hb@HtQ@ aie‘traﬁ@&l@hn‘&nﬁurﬂt ' ﬂl%r@ﬁorﬁfé'gpl %glnﬂﬂurﬂgeﬁé%ﬂuondes
vari ous nates, such as et hyl enedi am ne

t@ﬂh@pnﬁtﬁmr@ﬁeaMdbphkm cThex diugide Ewmmeoﬁf will fagc present in

[ C N

5@%@@[&6 ﬁgéﬂcé%gsﬁfﬁgonréqu Hcﬁ%ﬁ/ %ré%@ﬁgﬁgsﬂrédn%%u{’m to 5

cm%wfrfommiahomh)m ng agents at acidic and al kaline

conditions and thus are generally preferred. [0023]

O her stabilizers for oxidizing agents can al so be

enployed in fornulation a) of conmponent (2) of the

c[@027] ng Eampdes t dforfernufiatiam sa)i rwend::inponérﬁ (A0 of the cleaning

desired.. The st abi zers e

Fo e e phisThiiih A Serdhih FomgBloiE plPuBBons in fables 1

altmgt inQvhiich thebaréuiit of &fecﬂdmﬂc&fehtymé)mdlﬁt@dﬁh' tsdy weight of the
abi I |zer include but are not |imted to acetanilide

13%0Bat es, preferably metal ion-free silicates
such as tet raal kyl ammoni um sil i cates (i ncluding

hwﬂ@wo@hg Ta%lelﬁQﬁél aabﬂewlatlehQ Eﬁ?)oy)éﬁ%rr@ a$ dtlodsky |
group, prefer contains from carbon 15

O one ki duahydinyetyeg-piiidinons

tetraeth a] ﬁgf{)m um

silicat eyﬂl\?‘g@rgﬂ' r?é"tﬁﬂﬁmﬂ)rﬁ%@?ﬁﬁ;{&fb osilicate and
the like Tl\ﬂ@léatqtrameiwammqmumiﬂwm on inhibitors,
such as 9*%'5‘05{5&?@?‘!‘86 may be enployed in fornmulation

a0 of conponen in an anount of fromO to about 5
20 wt % @yEA=ainne-1,2ayciahexinedlidmine tetrasciioacid

f | at F I t f t (2
of the clERSHPERIREERIRLeS; T @ ' orenen (2

DMPD= dimethylpiperidone

SFL= sulfolane

TMAS= tetramethylammeonium 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
NH4OH=ammonium hydroxide

- 20 ~




i nvention optionally may al so contain surfactants,

such as for exanple dinethyl hexynol (Surfynol-61),

et hoxyl ated tetramethyl decynediol (Surfynol-465), 25
pol yt etraf | uor oet hyl ene cet oxypr opyl bet ai ne (Zonyl

FSK), Zonyl FSH and the |ike. The surfactant wl |l
generally be present in formulation a) in an anount of
fromO to about 5 mﬁ@b preferably 0.1 to about 3 W%
of fornulatlon a) [0026] Forrmul ation a) of
conponent UE?h@FEﬂW@QEMQanlng conpositions of this

I nventi OrWﬁé/r‘ado%ﬂloﬁﬂtWé%Q%\»éf ViREN fRdrh aﬁhé‘@ué Qﬁutlon of
conpounds in cleaning conmposition, such

exanpl e, tetraneamgangntfoni um fl uori de,

te I [ oW
ES R rBATARG f B YR foli ot ETER AT pEM e 101
f Irafer dd theafollewing eompbsitighsaimwinich thef listext cropanards are present in

AT R ) 02 2, (e

f or NMRASENSEL (B00)AWatergpE), 26% TMAR (5], CYDTAA2S8)

o’ [ Sews SR A ohvetesiabl 28l 7 BoRHaRE 03]

of tRR- ‘Féﬁ‘SFD%S(?OWéf&'(GGJ)OQﬁ‘VPTMIAH (37'5)VEDTNW(185)9EG (30)
set forth in the l owi ng fornul ations in Tables

to 9, in which the amount of the conponents are
indicated in parts by weight of the formulation. 15
In the foll ow ng Tabl es the abbrevi ati ons enpl oyed are
as follows. HEP=1-(2-hydroxyethyl)-2-pyrrolidinone
TMAH= t et ramet hyl ammmoni um hydr oxi de TMAF=

t et ramet hyl ammoni um fl uori de ACA= acetanilide 20
CyDTA= trans-1, 2-cycl ohexanedi am ne tetraacetic acid
TECS= tetraethylorthosilicate DMPD= di net hyl pi peri done
SFL= sul f ol ane
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TMAS= tetranet hyl ammonium silicate 25 EG= ethyl ene

gl ycol CAT=catechol EHDP=

et hane- 1- hydr oxy-1, 1- di phosphonat e EDTMP=

et hyl enedi am ne tetra(nethyl ene phosphonic acid) 1 N
HCl =1 normal hydrochloric acid 30 NHAOH=anmDni um

hydr oxi de -20 CH=chol i ne hydroxi de Water= addi ti onal
wat er over water from aqueous solution of conponents.
Also in the follow ng Tabl es the fornul ati ons XM 188,
XM 188A and XM 191 5 referTABLEHe fol | ow ng
conpositions in which thE i skﬁd conmponents are
present in the parts by SEMYR"IRdi cated in the

par ECohfsorfent M ASBF L[ (O0)[ VBteq (B), [ 25 TVAHG
(25}, —CyDTA (2 3) XM 188A= SE| (15Q) Vatel (60) 25%

oy

TMAHHED?. 5)] " B3P {308) [ 3% 1p3& SFI| (150) | B%at er

(GOW Bha ER3VP (58, 6 (30) g 21 TABLE
| :%?nu ations_ Co ghsenJZA B CZD E FZQG HEP530 3(1‘5?0

30 PACAS% TMAH @22. tDZ 2|2 55 ACA (.2 0.2 CyDTA|O. 2

0.4W

02 T 0.4 0.4

TEOS 1

DMPD ' 30 60

SFL

EG

CAT

60% EHDP

EDTMP

TMAF

10% TMAS

29% NH4.OH

30% H20: 26 |25 (25 2.5 25 5 5

Water 15 16 |15 15 15 30 30

XM-188

XM-188A

XM-191

1N HCI

20% CH
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SFL EG CAT 60% EHDP EDTWMP TMAF 10% TMAS 29% NHACH
30% H202 2.5 2.5 2.5 2.5 2.5 55 Witer 15 15 15 15 15
30 30 XM 188 XM 188A XM 191 1IN HCO 20% CH - 22
TABLE 2 Formnul ati ons Conponent HI J KL MN HEP 30
25% TMAH 1 10 8.8 4 3 4.9 ACA CyDTA 0.92 0.35 0.24
TECS DMPD SFL 120 50 30 37 EG 10

TABLE 2
Formulations

Component H | J K L

HEP 30

25% TMAH 1 10 8.8 4

ACA

CyDTA 0.92 0.35

TEOS

DMPD

SFL 120 50

EG 10

CAT

60% EHDP

EDTMP

TMAF

10% TMAS 1

29%NH,CH

30% H202 2 10 8.8 2.5 4.2

Water 15 60

XM-188 40 40

XM-188A

XM-191

1N HCI

20% CH
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CAT 60% EHDP 0.24 0.29 EDTMP TMAF 10% TMAS 1
299NHAOH 30% H202 2 10 8.8 2.5 4.2 2.5 4 \Water 15 60
9 XM 188 40 40 XM 188A XM 191 IN HC) 20%CH -23
TABLE 3 Formul ations Conponent 0O P QR S T U HEP 25%
TMAH 5 20 4.4 7.8 ACA CyDTA TEOCS DWD SFL 200 37.5

42.5 EG 10.3 15 CAT 60% EHDP 1.5 2.6

TABLE 3

Formulations
Component o P Q R S T U
HEP
25% TMAH 5 20 44 7.8
ACA
CyDTA
TEOS
DMPD
SFL 200 37.5 42.5
EG 10.3 |15
CAT
60% EHDP 1.5 (26
EDTMP 0.68
TMAF : ’ 2
10% TMAS
29% NH,OH
30% H20- 19.2 [18.7 4.8 5 4.3 5
Water 20 70 225 106 |35
XM-188 200 | 40
XM-188A 57.4 40
XM-191
1N HCI
20% CH
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EDTMP 0.88 TMAF 2 10% TMAS 29% NHAOH 30% H202 19. 2
18.7 4.8 5 4.3 5 Water 20 70 22.5 10.6 3.5 XM 188
200 40 XM 188A 57.4 40 XM 191 1N HCI 20% CH -24
TABLE 4 Formul ati ons Conponent v WX Y Z AA BB HEP
25% TMAH ACA CyDTA 0.39 0.39 TECS DWD SFL 50 50 50
50 40 EG 15 15 CAT.3 3.5 3.5 1.5 60% EHDP EDTMP 0. 6
0.6 0.6 TMAF

TABLE 4

Formulations
Component v w X Y
HEP
25% TMAH
ACA
CyDTA 0.39
TEOS
DMPD
SFL 50 50
EG 15 15
CAT 3
60% EHDP ‘
EDTMP 0.6
TMAF
10% TMAS
29% NH4OH 1.4 1.9
30% H20, 64 |58 55 7.2
Water 12.5 20
XM-188 40 40
XM-188A
XM-191
1N HCl
20% CH
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10% TMAS 29% NH4OH 1.4 1.9 1.4 1.9 2 30% H202 6.4 5.8
5.5 7.2 6.7 6.7. 7.6 Water 12.5 20 12.5 20 30 XMm 188
40 40 XM 188A XM 191 |IN HCl 20% CH -25 TABLE 5

For mul ati ons Conponent CC DD EE FF GG HH Il HEP 25%
TMAH 2 ACA CyDTA 0.39 TECS DWD SFL 50 50 60 60 EG
50 CAT 60% EHDP EDTMP 0.6 TMAF 10% TMAS 299%NHAOH 1.7

2.2

TABLE 5
Formulations

Component cc DD EE FF GG HH ]

HEP

25% TMAH 2

ACA

CyDTA 0.39

TEOS

DMPD

SFL 50 50 60 60

EG 50

CAT

60% EHDP

EDTMP 0.6

TMAF

10% TMAS

29%NH,OH 1.7 2.2

30% H20, 7 7.3 5 5 5 6.2 |25

Water 12.5 20

XM-188 | 40

"XM-18BA 57

XM-191

1N HCI 1

20% CH
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30% H202 7 7.3 5 5. 56.2 2.5 Witer 12.5 20 XM 188 40
XM 188A 57 XM 191 IN HCI 20% CH -26 TABLE 6

For mul ati ons Conponent JJ KK LL MM NN 000 HEP 25%
TMMH 5 5 6 56 ACA CYDTA TECS DWPD SFL EG CAT
60% EHDP EDTMP TMAF 10% TMAS 299%0N\NHAOH ' 30% H202 7

7.5 6 2.5 7 6 Wter 5

TABLE 6

Formulations
Component JJ KK LL MM NN 00
HEP
25% TMAH 5 5 6 ' 5 6
ACA
CyDTA
TEOS
DMPD
SFL
EG
CAT
60% EHDP
EDTMP
TMAF
10% TMAS
29%NH,OH
'30% H20, 7 75 6 25 7 6
Water |
XM-188 80 40 80
XM-188A
XM-191 62.5 64.5 62.5
1N HCI . 1
20% CH
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XM 188 80 40 80 XM 188A XM 191 62.5 64.5 62.5 |IN HC
20% CH -27 TABLE 7 Fornul ati ons Conponent PP QQ RR SS
TT UU W HEP 25% TMAH 25 25 20 25 17.5 17.5 2.5 ACA
CyDTA 3 3 2.5 1.5 0.23 TECS DWD SFL 300 300 300 300
150 150 30 EG 5 40 20 15 CAT 3 60% EHDP EDTMP 1.8
1.8 TMAF 10% TMAS 29% NHACH 30% H202 36.8 37.3 36.7
37.2 26 24 5.8 Water 35 45 45 45 50, 50 7.5 XM 188
XM 188A
TABLE 7

Formulations

Component PP QQ RR §S T | UU

HEP

25% TMAH 2% |25 |20

ACA

CyDTA 3 3 2.5
TEOS '

DMPD

SFL 300 | 300 300

EG 5

CAT

60% EHDP

EDTMP

TMAF

10% TMAS

29% NH,OH

30% H20- 36.8 [ 37.3 36.7

Water 35 45 45

XM-188

XM-188A

XM-191

1N HCI

20% CH
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XM 191 1IN HC  20% CH - 28 TABLE 8 Fornul ations
Component WV XX W ZZ AAA BBB CCC HEP 25% TMAH 3.1 7.5
ACA CyDTA 0.39 0.39 0.28 1.2 0.8 TECS DWD 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% N HAOH 1.4 1.9 1.4 1.9 30% H202
6.8 7.6 6.4 7.25 14.7 13.6 14 Water 12.5 20 12.5 20
40 25 25 XM 188 XM 188A XM 191 [N HC

TABLE 8
Formulations

Component ww XX YY ZZ | AAA | BBB

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% NH,OH 14 1186 114 |19

30% H20: 6.8 76 (64 7.25 | 147 |136 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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20% CH 12 -29 TABLE 9 Fornul ati ons Conponent DDD EEE
HEP 75 25% TMAH 6.25 7.5 ACA CyDTA 0.6 1.2 TECS
DWD SFL EG 75 CAT 60% EHDP EDTMP TMAF 10% TMAS
29% NHAOH 30% H202 13.4 13.6 Water 25 25 XM 188

XM 188A XM 191 [INHCI -30 [0028] In fornulation b)
of conponent (2) of the cleaning conpositions of this

TABLE 9

Formulations
Component DDD EEE
HEP 75
25% TMAH 6.25 75
ACA
CyDTA 0.6 1.2
TEOS
DMPD
SFL ‘
EG 75
CAT
60% EHDP
EDTMP
TMAF
10% TMAS
26% NH,OH
30% H:0- 13.4 13.6
Water 25 25
XM-188
XM-188A
XM-191
1N HCI
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i nvention, the polar organic solvent is a solvent wth

hydr ogen bondi ng capability and which is mnimlly or

non-reactive with the oxidizing agent. Such organic

sol vents include am des, sulfones, sulfolenes,

sel enones, and saturated al cohols. 5 Anpong the

preferred solvents there may be nentioned sul fol ane

(tetrahydrothlopene 1,1-di o)ide), 3-nethylsulfol ane,
Brgg sul fone, n-butyl sulfone, sulfol ene

( 208281 hya femulatinmb) af, companenti®) of shersleaying wonwasiiens of this

Qf@%ﬁion %Qmﬁpcﬂrgéﬁlf %én e f%ﬁ:g’l’éﬁ_‘%ﬁgm‘{;ﬁbérﬂ b8y capability

pyandoWhldln ri® mein{ndiR) or BoTdredictiest mth dbetoxidizieg @PR#ic) Such organic

< ONel iR s Sufore! suihedy SR, S SBfide aiconos.

gIAmmg mﬁ@pyﬂarefw'egl ysallentg! yibereol mayndbe mentioned sulfolane

ofteRahifTPRRBReC) FOcP e SRl EPiGPYE pgatone,  r-bulyl

S GUIfEY, Ss@f@!éries (2, 99M8RdtHIvpetees idfioxide) t B&nétﬁﬁlﬁ!ﬂfo?érieon amides
in an anount of from about 1 to about

99 wt %
pzseﬁl@ aadHg-hydrapet choyeelidinane Gl d'mfhyépl%&f&?ﬂe $BMPD), N-
mgr(ethﬁggrm&.hoﬂé (RMP) ERAP 'd)fn%}ﬂylﬁébtéméngmﬁﬂcf ) R BRRIAamide

W % of formil at1 on ol vents are
r §BMEY),aand t saturatet @lcohdlsabieh |aﬁee’thenqh tarepanohnbutanel, hexanol,

DS bl R RS kb bldoropang, The o
arselveniocdmpraenivot forraulatioroh)ziandncligdzone bemoer af thapalisérds and is
RSl prfseRP i i et &9 it Plrouo B i3 0U T 898B0ut o010
I P\f(tﬁlr q;ﬁéﬂef)ﬁblyﬁ Lif hanf aﬁuoa]at tbt/dﬁoﬂgehobpnolmgabout[maﬂ%, Hma most
al kal i ne base In for ation 0

t RETRIalininngN anrHnd of of fonh 0o 37 8D WER G daigion ). These
DVSSWSH& are AssistEmURL a8fict 4tMafkalind @oRdits 3Rd Wil %ot bind with
preferably in an amount of from about 0.1 to about 10

\A@%Fwﬂgsagqm%mtmbﬂy Additienaiy, whesuthe fermylation efdbigdnvgntion are
a%fﬁ?l e V@Q\é\% 69#% zw{g geHt ?\E;/ %Es Qarpa}tﬁ!‘bff ft%‘t%lili gzz oxjdizing agent,
csugfvas hydrogen @Ercm@ by demiingystablergeseplexesrbrooy urﬁe@cﬂon such
| g\éeﬂgénggn b‘lc;ngmﬁase is preferably amoni a hydroxide or

an Al a

on-anmoni a derived base. Wen the
cl eani ng conposition of this invention is intended to
be used to clean copper netallized structures the base

| f0029] 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
wt%, preferably in an amount of from about 0.1 to about 10 wit%, most preferably
in an amount of from about 0.1 to about 5 wt% 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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30 preferably a non-amoni a derived base and when the

cl eaning conposition of this 31 invention is

i ntended to be used to clean al um num contai ni ng

structures the alkaline base is preferably ammoni um

hydr oxi de, a anmoni a derived base, or a non-ammonia
derived base in conbination with a

corrosion-inhibiting co-solvent and/or
corrosion-inhibiting agent, as disclosed hereinafter.
Asineardiop| issintendedi tbalkd aisednioneleamcaiuminder costdiniras 8Buctures the

o RkAing Hasdds FErtetabl Ao TR (oA enAcs BBty gged Base, or a
i ﬁﬁiﬁpﬁﬂﬁ‘@ﬁtd Mem/edsldélﬁst irt BbABinafior! MHQSbbﬁ'MlﬁiilrﬁlHﬁHg co-solvent

ou r ef er ahl | to 22 carbon atons and

?f rys'pntlwsm¥%ﬁm a3 disglosed harginaiey. rﬁﬁﬁmﬁ?ﬁ @f suitable
deﬁdnvmln@hiaalderﬂved b@ﬁ% Ltﬁ&{eulm% deh @n&%ﬁ@él {et@8fkylammonium

there may be nmentio for exa

t ydemidessushpsithess ofythe fommuda Rehé) :QH éﬂb‘@f%/ﬁ%ﬁmBrlﬁ independently a
Y LeHufR: or iy b&ﬂuteayﬂ%iﬂﬂﬁ%ﬁ)as gfbg%éﬁlﬁ d ke Zdi Eglrbgﬁr?alt&ns and

bases such as or exa r oxi
hyrdorexpreterabiyg 1t toed catbenratymal s'kmmg mgmbramt'dwna derived alkaline

e aBs il 15E COMpERRGS (DFF e e SreteRp or exampl,
cdewmemylam@isumhl Rydroxige} i mtrendylmmmnms eidrexide, becholine
pr.esent r?ﬁtpa unt of from about 0,1 to about
I

"%d% ®an BREANC HESP FHCH L% for 1RXEMP ?e potassium

Foxie, $odumTaifoxtiecad ®allike nibyadlsciudid & the#MEline b
ag‘gﬁt 15 t o about 050 w %a ofefory?rdu”S [ ati on b). The Ine base.

wat er can be present as part of the aqueous portion of
the other conmponents and/or as additional added water.

2Gob8831Iwakse §éi1955%' B%s‘éﬂﬁﬁﬁ%%@lﬂtlﬁ B)hl:nS cbﬁfﬁ%ﬂbhpm) of the
can al'so be e under acid pH conditions an

s (Fleag: compasi ngmﬁa@ﬁmﬁ inveRtiofe aarhepcRresent can be Present in an
T ofralnlof ﬁmeél?cRnft OCORPARR b8 sk, %Fefén%ﬁly% SAHMGunt of from about

conpositions o this invention i he necessary
arﬂaﬂm about B0cvEmtmoss meievahisem ae amouot of fgemtabouhé5 to about 50

ol AR=g B Toe R e pSBRABh e bt B e aque8tBlrton of

C dingp othiet cmnpomﬂ.n’ts hnd;lor 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 aiso optionally inciude one or more corrosion-inhibiting co-solvents.
Preferred corrosion-inhibiting co-solvents useful in the compositions of this
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i nvention may al so optionally include one or nore
corrosion-inhibiting co-solvents. Preferred
corrosion-inhibiting co-solvents useful in the
conpositions of this - 32 invention are those of the
general formula W[CRL R2]r,-Y 5 where R and R2 are
each independently selected fromH, alkyl, preferably
al kyl  of fron11 to 6 carbon atons, aryl, preferably

aryl of fro 14 car OR3 and S02R4;
ig'x'gnﬁ F10 %ﬁ?@er{agf%gnalﬁr eferably 2 or 3: Wand

Y are each |ndependently sel ected from OR3, and
SO02R4; and R3 and R4, are each independently selected

fromH alkyl, preferably al 1 to 6 carbon
10 atons, and aryl, preferabh%)gﬁ§ﬁﬂb from3 to 14
carbon atons. As exanples of such
corrosion-inhibiting co-solvents there nay be

nmenti oned, for exa et hyl ene I
GheE RadgTy a8 eRohdepRRIdNt Selted Fun B R g Sferaby alky
p%’f Hom 9183 E&HER YRS, m%%féfﬂblypéryt HEfrdArany 4 icambo) atoms,

is not a saturated al coh within the above-nentio

f @RuBad SCwfa; B is atnm@rébomr@mm Rapreferaplyez ane: ¥4 a&g Y are
C%a?:ﬁ |ﬁ?éﬂ§ﬂ%ntly Q@Ieﬁfédsf%h‘zeﬁh? IRy SRR SSERG Ak R'}eare each

onposi I'n"an anou om0 to about 80
pnmasnesmtibytlyf selactedofiom1 Ht @lkyh oprefesablyit Ayl nafstrom 1 to 6 carbon

0.O4f

55555 SRR oy i B oA BT Mt s apes o
cguople Sd:dr'rdﬂm-inhibﬁh%szo—?ﬁlventseﬂtetr@ rmay\bea hEntiooed,afar example,
ot cor i on-i nhi | nt.s

S5 S Sl S A5 R GEE UL Mg poer
g fd?g’eﬂﬁc B@Wéﬂdconibdrﬁﬁt bﬁ/mbcfohﬁﬂaﬁ@mb’ﬁi‘slmt ai smrawdealeohol within

and R6 are each i ndeEendent I %Cﬂljé/ p‘P er ab%{%/)‘1 i
a|ﬂr@ rbgye-megtioned forpulas sieh e afo), aVSiﬁel?féﬁ 3s aco
arsﬁhleﬁf f'lfh@r%cﬁsdl\‘iéntﬁ‘né‘qﬁbé%“reé’érﬂﬂﬁ thé\TofpBBIbA SN &in amount of

such preferred corrosion-inhibitin %ents 25 there

nﬁlganbé) terabosihdld witoe deferally fseml akaut Hde aQOLEc?QJ,WAu most
‘g?&%%@ﬁ#mﬁ%ohfﬁé 84 Wi ot46fn@

rrosi rnhibrting agents may %e present in
formulation b) inan anount of fromO to about 15 wt %
preferably fromabout 0.1 to about 10 w %

[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 andlor SO;Rs 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 wi%, preferably from about 0.1 to about 10 wi%,
most preferably from about 0.5 to about 5 wt% of formulation b)
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nost preferably fromabout 0.5 to about 5 wt % of
formulation b) -33 [0033] Organic or inorganic

chel ating or metal conpl exi ng agents are not

requi red, but offer substantial benefits, such as for
exanpl e, inproved product stability if present in
formul ati on b), of conponent (2) of the cleaning
conpositions 5 of this invention. Exanples of suitable
chel ating or conpl exing agents include but are not
limted to trans-1, 2-cycl ohexanedi am ne tetraacetic
acid (CyDTA), ethylenediamne tetraacetic acid

( H0023] sOsyanit es,ingrganiphcrsiidtmpesr, radtaly corplesing agents are not

cvRAHES T 55 aSiEntal hanelRomis Es fopiasapRn dmBtoved produc

C ahRiitD iif e fnh ﬁﬁﬂdlaﬁﬁh B§ of %ﬁﬁéﬁén@'{@tdﬂtﬁ@b%n% dbhpositions

triethylenetetram ne functional npieties [e

etquhlén@cﬁr@ﬁn n@xame&(q&sum*@ ﬁaelawmgo@rpq:mmiex'ae aggnts include but
g B MRkt t r | et 11er%%11 Qiﬁh@"t@fﬂé‘adé‘ﬂes aEien'(eyDTA)

enet et ran ne hexa net hyl ene phosphonic
acetuylenadwnmaetpﬁaacmjlcm(EWN smnatgsespgmphp:aphates alkylidene-

f b

p?%%sghpgefr%cfﬁ na@%‘ﬁ@ .1 o abou n%qu}ﬁ B%M 15d|ﬁ5\‘ioébhonate)
f phosphdnates b) . cofdaiminge hel ethylegediaminenp! exiathylengdigngine or
15, hqQs t t hyl i anj
ti@@%ﬁ%ﬁ@ H% Sﬂ‘g@ﬁﬂ n?ridle%%f:gg §> %e%&?ﬁ:b? ntFErgﬂ'nethylene
i @fo@pﬁn%'n@ LG L), {E{EﬁFWIPP rmne!ﬁylémmﬁrmhmpbata(metﬂy)emfmspﬂmyc acid),

are conbi ned w oxl dj zi n

eV RBe GBI e EAYee gﬁgﬁ—@m&a@ |T9"9 ﬁ?P@?BQ pgent will be
2%&&9134& féa%!aﬁaﬁld)xn @.Hheﬁoamtoalfroﬁpo RO bR 5 WIYED| Pt'eﬂér%b[y from

such as benzotri azol e ed in fornul ation

b)akeut Bdntechent 2 wife @f’rfomujawbm M taif ehglating ProRRImRIexing agenfs

R A ik ] iy iyt rosi

Sacid) QEOTT MR)roffeIr anaimimproveid siebmmﬂentof (g fasmuiation b) when they

Cl%@gpg%l%egwgf hmé%l}]\ﬁaag{eg#t étsa%ddg Hta'l ?é) géh&ﬁ?ﬁé and thus are

~ digeethally prfexsdiol ( Sur fynol - 61), ethoxyl at ed

tetramet hyl decynedi ol (Surfynol-465),
pol yt etraf | uoroet hyl ene cet oxypropyl bet ai ne (Zonyl
FSK), Zonyl FSH and the |ike.
[0034] Optionally other metal corrosion mhubltors such as benzotriazole, may

be empioyed 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
wi% of formulation b). ‘

[0035] Formutation 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),
polytetrafiuoroethylene cetoxypropylbetaine (Zonyl FSK), Zony! FSH and the like.
The surfactant will generally be present in formulation b) in an amount of from 0 to
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The surfactant will generally be present in
formulation b) in an anmount of fromO to - 34 about
5 wm% preferably 0.1 to about 3 wt% of formrulation
b). [0036] Formul ation b) of conponent (2) of the

cl eani ng conpositions of this invention may al so
optionally contain fluoride conpounds in the

formul ation, such 5 as for exanple,

t nium
! BLBAELON R ORR O UObl ek 1 PRI ARICD)
fluorides include, for exanple fl uor obor at es,

t et rabut yl anmoni um f | uor oborates, al um num

h | h ||

r FE3RY o Foltilanaf bl Wy kbt @F ehie slePBingseinpeniiags of tis
i mvantummmwalsmf opt(f)dham Boritain dond compeliedsail thie ffcﬁrﬁrmlatlon such
e Sl b Shot e b v e, n

camm&uam queridd, 1dther shipRNMibdPides I, SPELAMA Ie'fﬁ[oroborates
%r{rbl nati on with oxidi zing agents. Such formul ations

agyiytagmoniwy flyerahoratag algmnungbexaﬂyp@d% antieny fluoride and
NROKEEFhé ﬁu%rﬂe%xpdﬁeﬁfs%il?)ﬁiﬁré’%n? lrF# PANREN by an amount of
conmposi tions oxl | zZl ng r} g‘
t fieine) teelP wido, eeferabietiomiaboutddch i M%mfrf@mwm@n b).

particul arly hydrogen peroxi de, nolecul ar adducts of
peroxyhydrates from hydrogen peroxides. and oxyaci ds,

zi rconyl acetate and azo conpounds, e.g., sodium
pEI082} bohemmlatisdbunf cpmpbrentt(@) of the slehhingscompositions of this

t 4 t
PR S0 W b o BEPE AL Ad d suon
f tormutations eant cabtedCiany @xﬂmng&(@;epbagtahlecforrpw mﬂlsarfoelmtromc and
t t f 02, and or gani ecu). es

IO tonl o8RG ERpBHionE, A Sxampls ofpl ez agents
i hghali d?ydé(méﬁwmﬂl, &ﬁsexan'mllﬁ q;éymetés tpafticammy mgfdgtéh (Rfoxide,
an et one, pero S. ar. substitution oduct s
ciPolasa” RadCtE 0 BERMNBRES 1Bk glRgsnaBerowdes ‘and oxyacids,
pﬁfc@ﬁ?ﬂs abbtdtd QrRiCisdo AMpalLAdS, bsg eréahmmedperw%nétae sodium
f ormul ati ons b@ of this invention are conbi ned W t

Perogiatesy iasgwalhean peredaies dIQxiln gethpsates, ﬁemgﬂmte& EMnO4)
l'iﬁlrég%?\udetrédﬁa E@r‘%kﬁ&es %@H’H bh‘l‘%ﬂ? Va%rfeg/kaﬁ'ﬁé;‘nf‘huéhi. Other

f rom about W% TPprefe
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 H,O2 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 soiution.
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about 0.1 to about 5 wt% and nost preferably in an

amount of from about 0.5 to about 5 w % of

formul ation b). The preferred oxidizing agent is

hydrogen peroxide (H202), preferably enployed as a 3

to 30% aqueous solution. - 35 [0038] Exanples of

formul ati ons b) of conponent (2) of the cl eaning
conposition of this invention are set forth in the
following Tables 10 to 13, in which the anmount of the
conponents are indicated in parts by weight of the
formulation. 5 In the follow ng Tables the

alfien3s}i atEixemplesnafofermulationasbf odfl eampongmpi2) 2gfothe cleaning
T . i I j . P=1-1{(. . .
. %&g@?ﬁ%{ﬂ? Bgﬂgjﬁ%#@hf&gg r.?gf_(i'o%ﬁ nb/{#%{/g&m&lﬁaﬂbles 10 to 13, in which
t taanamaurd-of jhe cdmperends are indicated iraparés bycweightdof t/feEmulation.
di met hyl pi peri done SFL= sul fol ane EG= et hyl ene gl ycol

T TR Ry % i SRR b A e
hydroxi de Water= additional water over water from
agueous Sl ULl 0By GO DO Nent S oniih hidroxidd ~ 38 TABLE

HEP=1-(2hydroxyethyl)-2-pyrclidinone,

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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Conponent A B CDEF 25%MAH 25 17.5 10 2.5 2 9 HEP
SFL 300 150 30 50 CyDTA 2.3 0.9 0.23 0.19 1.15 EDTMP
1.8 DWD 120 EG 30 15 200 CAT 3 29% NH4OH 20% CH H20
75 60 60 7.5 12.5 TABLE 11 5 Fornul ati ons Conponent
GHI J KL 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 DWPD EG 5 30 40 20 CAT 29% NH4AOH 20% CH H20 35
45 45 45 50 50 37

TABLE 10
Formulations
Component A B c
25% TMAH 25 175 | 10 25
HEP
SFL 300 | 150 30
CyDTA 23 0.9 0.23
EDTMP 1.8
DMPD ‘ 120
EG 30 15
CAT 3
29% NH,OH
20% CH
H0 75 60 60 7.5
TABLE 11
Formulations
Component G H | J
25% TMAH 25 25 20 25
HEP
SFL 300 300 300 300
CyDTA 3 3 25 1.5
EDTMP
DMPD ,
EG 5 30
CAT
29% NH,OH
20% CH
H.O 35 45 45 45
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TABLE 12 Fornul ations Conmponent MN 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 15 CAT 3 3.5 3.5 29%
NHAOH 1.4 1.9 1.4 1.9 20%CH H20 7.5 12.5 20 12.5 20
40 5 TABLE 13 Formul ations Conponent ST UV 25%
TMAH 7.5 17.5 6.25 7.5 HEP 75 SFL 75 CyDTA 1.2 0.8
0.6 1.2 EDTWMP DWD 75 EG CAT 29% NH4ACOH 20% CH 12

\ TABLE 12
| Formulations
Component M N @) P R
25% TMAH 25 3.1
HEP
SFL 30 50 50 50 50 74
CyDTA 0.23 | 0.39 0.30 0.28
EDTMP 0.6
DMPD
EG 15
CAT 3 35 35
29% NH4OH 1.4 1.9 1.4
20% CH _
Hz0 75 | 125 20 12.5
TABLE 13
Formulations

Component S T U

25% TMAH 75 17.5 6.25

HEP

SFL 75

CyDTA 1.2 0.8 0.6

EDTMP

DMPD 75

EG

CAT

29% NH,OH

20% CH 12

H.0 25 25 25
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H20O 25 25 25 25 -38 [0039] Fornul ation c) of
conponent (2) of the cleaning conpositions of this
invention will conprise one or nore of any suitable
non- anmoni um produci ng strong base contai ni ng

non- nucl eophilic, positively charged counter ions and
one or nore of any suitable solvent stable under
strong al kal i ne condltlons and having 5 a

gﬁﬁ&ﬂcor 0Si noéﬁl QE ngglﬂké)nOft {E‘ﬁu‘ﬁ%ﬁ% Bam@pﬁgons of this

Sﬁﬁ@ﬂﬁo@@ﬁlﬁ%o%ﬁéé“dﬁb”& R W%r@oﬁmablec nonﬁlﬁﬁin‘idﬁhﬁhyproducmg
charged counter ions suitable for use in the cleaning

c 6ifpag ibap §eniginingh nen-nkgleerhilisn Popityaly CWFEQQOH@W{ idgeand one

t - - _ .
[ ?’km%?gwﬂ%gyg{t%lﬂgan?@ slftﬁJ dgpen lind E nc‘jlgér@"érﬁi having
s aypetat gorasian inbiiting stntin thexiselyent Icgrrpoema rﬁmgg the sitable non-

o 45 M oA St oy e

armbamter mmrsmableafbbuaairetmdeaduag Icokposifiomndf thisameention there

kb Mgt R REmSion i BidroxBed ar sally of e LB RN,
C WPthré)é@ch@ i iRdSperaeaif & Qﬂbﬂmégbﬂwﬁ?lbétltuted alkyl, preferably
and cont ai ni

f I
GRIESHIT 0116 520 308 MRS DIETBAELSES, R ATR GRrdA). 2ad X=OH
”%Fb%@:ﬁﬁblé'sﬁu aRiR £udh%§’c&9&5£8@n8Qh@ﬁl@ 'é?ﬂ § ual and are

much 1 nproved conpatibility wth porous an
d.tré«pgﬁ,rt efi fremahdocéppeuitabia SrPng hases alsminskide- Kpéleand NaOH.

{ SR AR BIE ek e ool 2 55miRién S B Bmponent

ave peen scover rovi
s (R)pamct |cngﬂawngmreomenl-atrmnmmbprbdugmgmstrbn@ bases cantdining non-

B T R N S Ty
t mithapatoluyl ﬁmrdbwrifnndwﬂdstﬂ?s @Lgetcep%%rgg’tejélml urAmmonia-free
Bl eroes (L ABE vy 0ty briatsYGlthehneve been

l Gléemiére@ t6 Qﬁé\ﬁdél sOffFisidglyi| ove“epf:érﬂpaﬂv'hty W’thkbdrbm and low-x
sol vent", i a sol vent 5 conElound f hat has at

| gielactricio CQFP@EGdcatBalS’Pe@“S'E COMRoskionsy Witk hampEtogium g hydroxide.
e-b@dﬁ@ prA&GHSR 'RE 1BfarmEPlIaRfthéMSORydraXid)] tetaButylammonium

sol vents are conpounds havi ng
hydroxide and chaline hydroxide.

- [0040] Formulation ¢) 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)nz- Y}
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two or nore sites capable of conplexing wth a netal
and having one of the two follow ng general fornulae:
30 W(CRIR2) n1- X-[ (CR1IR2) n2-Y]z -39 or
T-[(CRBRA)m Zly 5 where Wand Y are each

i ndependently selected from=0, -OR -0C(O-R
-C(O-, -O-R -S, -S(O-R -SR -SCO-R
-S(O2-R -S(O2, -N -NHR -NRLIR2, -NC(O-R
-NR1-C(O-R2, -P(O, -P(O-ORand -P(O-(OR)2; Xis
al kyl ene, cycl oal kyl ene or cycl oal kyl ene cont ai ni ng
e or nore hetero atons 10 selected fromO, S, N and
P atons, and aryl ene orT-HCR;RpR-ZPnt ai ni ng one or
more hetero atons sel ected fromO, S, N and P atons;
each RR R, and R2 are each independently sel ected

fIERe N CH RO Bre éédehde;féHél'eﬁﬂglr kyibcted f@w Egalcb&ul -O-C(O)-R,

cont al ni r&g one or nore atons sel ecte fromO,

SC(R)-arfe(P-Rit-SrsS(Qiriv SBr ﬁ C&@) B Y3 (o ﬁ@)thoﬁﬁ*&

het @r RMBNRE ok aqel P
g?f 3 egc(g(c% nlNgﬁE:%&ﬁg @épeé?&nt 'y an 31(5) %OR)Z' X e
cﬁikylemn ¢yciazliéerenar zyqi@almene gortgéining one eranrét bero atoms
n X,i.s _al e ¥C [k
58ty 5507 )8 ISP SO T Bt B IO il S or
Qﬂateahéﬂeﬂg aﬁmﬁ eelemad draneiers) N andr® atehs aaestd RrBmagd R; are

e PRrdbT sl S oSS ARy e BRATP', gy

s®Inesihing cfrfeOBi* mdre hStero Mtotfs a8kéctdd; fremi O, SeNemicEﬂ’ stooms, and

hydr ogen, -OR5, (R5)2, and -SR5; ea
F@'yla@rea@ééﬂ"ﬁaﬁﬁf&@ﬂ%lé’ﬁf’l‘%{eéﬁt@@t%tﬂn'!sr%ﬁq? Ffeg%ﬁ §Nana P

alikls; eSUTbPAY ¥k n@rlf ?i')&‘elpeﬁ#léﬁ%iy arPiPn‘Pég%‘r'&v'f R8P0 %o 8 and z is an

nore hetero atons sel ected romOoO, S, N and P at ons,
an@geaof/rfrom 14p\A wa@h?(dsmlh@ertﬁw@yélpamlﬁee 96 @EYlenetanifsZ is an

3BIBEH 7 o670 b 5 I 208 itoBhoRe B ol BORGrgheter
%oaisose}ecteﬂlfmm |O;;rs, Hland Paatdml alyaarlmemt@n@gecpmpy more
q{etélroogfolnst é,)elec’cegl fr%%noatsorﬁsand P atoms; T is selected from -O, -S, -N
and -P; Z is selected from hydrogen, -OR3, -N(Rs)z, and -SRs; each of Ra, Ry and
R5 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, Nand P
atoms; m is an integer of from O to 6 and y is an integer of from 1 o 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. Alky! is preferably methyl, ethyl or propyl; alkylene is preferably
methylene, sthylene or propylene; aryl is preferably phenyl; arylene is preferebly
phenylene; hetero-substiituted cycloalkyl is preferably dioxyl, morpholiny! and
pyrrolidinyl; and hetero-substituted aryl is preferably pyridiny!.
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nore preferably of froml to 3 carbon atons,

cycl oal kyl and cycl oal kyl ene preferably contain from

3 to 6 carbon atonms, and aryl and aryl ene preferably
contain fromabout 3 to 14 carbon atons, nore

preferably fromabout 3 to 10 carbon atons. Al kyl is
preferably nmethyl, ethyl or propyl; alkylene is

preferably 30 nethyl ene, ethylene or propyl ene; aryl

is preferably phenyl; arylene is preferebly

phenyl ene; hetero-substiituted cycloal kyl is

pref erably dioxyl, norpholinyl and yrrolidinyl

h§041D- s Some tavitablea eyamples pater 6f o3 swq%ﬁmynh'bﬂmaosolvems
[ I f 1

| e R BARRLS & EREENC( of ing et coftiogRons of tris
cmvpnﬂmmnow)e ddr exaenme ebutl arg rmirfm’adt moetbylame tghﬂcgl diethylene

{ | ud
e&elno )éclleyrllﬁlor di %tf‘%l?ﬂﬁ gﬁi B\%&I‘rﬁr t@%’ér $Bﬁ5&ﬂar§cﬁamme,
gugﬁaﬂoﬁmnsl meqiand{aﬂﬁhaym hemhmthyletnamammpne(mhydcoxyethy[)-z-
| e anol am ne e ,y i . .
prailmﬂ%wd?%ﬁw hey drEiMaryinglegnancl, 2-amino-2-
th'iétﬁ’s“'1d;erB£‘|‘i‘ol 4- G%nmi@q?fuﬁéﬁwl ) nzl(zlbmlno@moxy)-ethanol N~(2-

yl am no) et hanol am no- 2- net h
1haﬂﬁ0mthylbﬂ@$tamﬂe oD IR A B CRTYEino)1.2-
h)bﬂs yI) acetam de, N-(2-hydroxyethyl)
succli ni m de and 3-(di ethylam no)-1,2- 10 propanedi ol .

[0042] Formul ation c) of component (2) of the cleaning
conpositions of this invention containing the

nng‘ﬁng BBl 8|‘2|Lb§'6f o?l@ﬂt @S&Sthéaé!eéiﬁ'ld ebimpbgtictd of this

eous, sem - aqueo s or an| c sol vent - based
c mwputwrl omtalnlnghbe non-amqmmr qmgﬁimgrb@se% ganbg formulated

T2 BRl SEFeg R BG GiRpHlc sfvertabid KBmbofBAsICFhe non

S @mfﬁmaemq:iro@mng, strong badssnaintaining non-nudeophilics paajt:\gely charged

<SpiaRt Brp B LeL ke B el ieBB Sy 3ng or i pombinaton

c%adtﬁ%ﬂﬁthblé%lv@ﬁtm lp]?éfiet@alyl drsor raoehpaiar mi'gtamclisplvents resistant
oxi de sul f ol an . ]

o i sironsopses A1l thef dr Nk GoBI pnighter3d AR BRUIRE. gush agydimetnyl

t@ﬁw&h@ﬂbmsm QiiBfanki (SRE), hd Hhh@thylrmsﬂ?ﬁbnél Why farirsiation c) of

opti ona contaln organi ¢ or, 1 norganic ac i ds i I
prcen“@pagmty(zm@émap@anm composiipemAf l%envegtlon may also optionally

" contain organic or inorganic acids, preferably weak organic or inorganic acids,
hindered amines, hindered alkanolamines, and hindered hydroxylamines.
Formulation c) of component (2) of the cleaning compositions of this invention can
also contain other metal corrosion inhibitors, such as benzofriazole, and aryl
compounds containing 2 or more OH or OR groups, where R is alkyl or aryl, such
as for example, -catechol. pyragatiol, resorcinol and the like. The formulation ¢) 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), polytetrafluoroethyiene
cetoxypropylbetaine (Zonyl FSK), (Zonyl FSH) and the like.
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hi ndered am nes, hindered al kanol am nes, and hi ndered
hydr oxyl am nes. Fornul ation c¢) of conponent (2) of
the cl eaning conpositions of this invention can also
contain other nmetal corrosion inhibitors, such as
benzotri azol e, and aryl 25 conpounds containing 2 or
nmore OH or OR groups, where Ris alkyl or aryl, such
as for exanple, catechol, pyrogallol, resorcinol and
the like. The fornulation c) of conponent (2) of the
cl eani ng conpositions of this invention may al so
contain any suitable surfactants, such as for exanple
di [A0dBl| ABX pHiEADIE gmtaiynmfree_s)lgcateemamm|®eddn the formulation c) of

po#é’ﬁé%*ll( L)g?gg{é %Hg& %%{"Y’g@éx%g’?é ?/I"E) etngo'ﬁeTP%osHWteS are
Fampfergﬂpmyllateﬁ&m aemmmhm bilieates,-suth aq @rddkylAmymonium silicate
Sl B0 50 i eiog oY Gk REefdly Hirom 1 t0 4

coa:arbsm tatoms i the Alkgl bmMuIRO%Y GROUP).ITEhE IlosE @Feﬁ‘éra@l& metal ion-free
er abl niumsilicates, _suc

{
ItO Lﬁ% I991\4' gﬁ%%ﬁ'irsM%memwr@?‘wﬁc?'lﬁﬂtﬁgoﬂﬁr%‘kt?b'ea'ﬁ'&ta' ion-
aI e ¥t Bl Qoraﬂhhyhv&ﬂ%ﬂﬁaﬁ BB Qjeﬁle}éfed)fn MLPQ1 distBlving any

carbon atonms in the al é{ or_ al y group)
mﬂ’te BF S1ate ] tbe fpliawing gnaterials lnsﬁhm '@thﬁ alkatbenelaangrs Suitable

U gheq ?ﬁﬂjﬁée m%lyﬂs@ful'fSta;;SnergﬁH@rsuﬁH{eEqwtﬁer@éé\#er are solid

ion- free silicate sources vention
geﬂi@atwer&w sHicicuadig; aglleidal silicey fumed silica amanm‘thercﬁuatabie form

18 805 ARSI o AL, FROFUAR oy g o
f caregwh mrcamimendsd dusatoctheidetrirhental effovts ofmetaiiinl ¢ahtamination on
SiieBfFted ks, nIeChfiodlt dnalihe Fefeinti e gorilton o of
S |ddmnehﬁ(cz§t bf thel digaaings c@ﬁpdsmms&ggmy (ijﬁvgﬁfcgﬁw arf afdunt of from
ma reconmen u
Gl R 30 Wk P relesAliit 2 AOES Bt EATYRRALR. bfp about 5 wt. %

| rgreRe RrAdiatibh@yi ts. The silicates may be present in
the formulation c) of 15 conponent (2) of the cleaning

conpositions of this invention in an anount of from
about 0 to 10 wt. % preférably in an anount of from

gOOM]O TrHeofont 9IHE|0|5 cyf co%pdh@ni % of %%ﬁﬁd?&brﬁﬁasmms of this

044 The formul ation c) of conponent
cl"?e‘éﬁﬁ‘ p@ ferriated wﬂ1§U|table metal ¢ elatmg agents to increase

the capacity of the formulation to retain metals in solution and to enhance the
dissolution of metallic residues on the wafgr substrate. The chelating agent will
generally be present in the formulation c) of component (2) of the cleaning
compasitions 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)ethyienediaminetriacetic acid
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20 invention may al so be fornmulated with suitable

nmetal chelating agents to increase the capacity of

the formulation to retain netals in solution and to
enhance the dissolution of nmetallic residues on the

waf er substrate. The chel ating agent wll generally

be present in the formulation c) of conponent (2) of

the cleaning conpositions of this invention in an
ampunt_of fromabgut 0 fo 5 . %, preferably 25 fro

o PERTA: N IS sogeinineagmelevegiosphinic add (EDTIP),
fqriém}/@hé@fraﬁ?meh&aa@éic @éi@ﬂm?ﬁA?zf £h2lahih62-MERBkypropane-
useful for this purpose are the follow ng organic . .
adi.BigN'IN detraagatic; songgid and(BHRTA): methyliminodiacetic acid,

| éﬁ{@%ﬂ%ﬁﬁélﬂinﬁétk%&% Egﬂg %gtoﬁ%fﬁﬁégic( I AT A), citric acid, tartaric

am netetraacet| ) _
( Iackt, gjudoaleagid, saecharictadid, gycetic aside bxalicaecidl phirefioaed, maleic

T TR R, BRGT SRR o Heid, sbiEAE Bbia, Btechol, gatlic acid
Emrdps)ﬂ)gaﬂaby Ipyeigh ol B¢ droxyadinolires eindocyatzire.  Phgferred chelating
HEDTA) , . . . .
NGB f6°. AmRpPRREUIS AR SHSTHERTA GHETAL SN aRIRgPhosphoni

agciis(fRMR EDTMPI et hyl enet et r am nehexaacetic acid
(TTHA), 1, 3-di am no- 2- hydr oxypr opane-

N, NN ,N -tetraacetic acid (DHPTA),

met hyl i m nodi aceti c acid, propylenedi am netetraacetic

004 65 i) f e art ompostons of s
gligveation naeni also optivrially montajn funridel coppaeinds imtedpanulation, such
b , e . . ) e _
5o A 8o P A, L o, s
g Edniftmbﬁiugpﬂtﬂmr?ﬁt | Other &uha!lfle diprideshiviclude, for rmklampia fugreborates,
re rr chel a n a nes, ar.e a nogcar.nox L..C adCl, (S, .
G AR AR R Bdtob RS R, A SR E iR Brogs apteR e ana
EGHRikel OTH GHidlidel dmiptingstitsa wilp rbeC Jpréient anpibige fdrmbiRtion ¢) of

of the cleanin npositions of this .invention na

Co ¥ .
alCOmRGPENTorIof &%ﬁrﬂnm cempesitions Qfdhisdnveaion ﬁ“taﬁ"é"d‘/ﬂ_" of from 0
96 %'v@é %‘PFrefél‘dglgtfry abhUt 0SFRIPWE % bffofrAdBEdY E)amoni um

fluori etra ammoni um fl uori de, and anmmoni um
fluoride. Oher suitable fluorides include, for

exanpl e fl uoroborates, 15 tetrabutyl amoni um

]f:[ggﬁaggflg;@%’ foftbwiRh MPABIES XRE FOIRiWikLE BbbRVfatioREare 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#etherne glycol
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the like. The fluoride conmponents will be present in
the fornmulation c) of conponent (2) of the cleaning
conpositions of this invention an anmount of fromO to
10 wt. % preferably fromabout 0.1 to 5 M % of
formulation c). 20 [0046] In the follow ng Tables the
foll ow ng abbreviati ons are enployed to designate the
i ndi cat ed conponents. ,
HEP=1- ( 2- hydr oxyet hyl ) - 2-pyrrol i di none TMAH= 25%
t et r ggtsichemoni um hydr oxi de BT=benzotri azol e 25
DVBO=di net hyl sul f oxi de TEA=tri et hanol am ne
Cy DT samMvmsetiyiéndtlihinb eatalip@iryiene hbspHoneadidc aci d
SFL=sul f ol ane EG=et hyl ene gl ycol -43 CAT=cat chol
EDT VB hydipegiphEnaend et r a( met hyl ene phosphoni ¢ aci d)
DM PD=di net hyl pi peri done TMAF=25% t et r anet hyl amoni um
f 1 uoriier=25%PatahrtrmtenshiliaMuernasi d TMAS=10%
tetranet hyl ammoni um’si | i cate [0047] Exanpl es of the

- 5 typeBSAFbenzendsatferioacid of conponent (2) of the
cl eanj _00 iti.ons of this..invention are set forth
't AR e R ety e un Biials 16 1 10 whi ch t he
anmounts of the conponents are indicated in parts by
wei ght. TABLE 14 Fornul ations Conmponent A B CDEF

G [bh4ﬁEP @%n%ges 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

10 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 80
HO : 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

15
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HZO 7 8 32 16 12 8 TMAH 10.8 15 16 16 16 24 10 2.7
BT 0.11 0.11 DWMSO 16 TEA 16 16 16 24 10 CyDTA 0.2
0.2 0.3 SFL 16 16 24 24 40 EG CAT EDIMP DWPD 15
44 TABLE 15 FORMULATIONS 5 Conponent | J KL HEP
H20O 54 54 32 32 TMAH 45 36 4 16 BT DVSO 16 TEA 36
36 16 16 CyDTA 0.4 SFL 16 16 EG 54 54, 48 CAT 6

TABLE 15
FORMULATIONS
Component ] J K L
HEP |
HO 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.
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EDTWMP 0.36 0.36 0.4 DWPD 16

In Table 16 there are

descri bed variations of Conpositions D and F of Table
conponent s.
45 TABLE 16 FORMUJLATI ONS Conponent MN O P QR S
Conposition D 100 100 100 100 Conposition F 100 100
100 TMAF 2.5 2.5 TMAH 2 2 2 H20 10 10 10 BSA 2 2
H2S04 0.5 0.5 0.5 TMAS 1 5 [0048] The fornul ation d)
of conponent (2) of the cleaning conpositions of this

13 with additi onal

i nvention will

non- anmmoni um pr oduci ng
salt (non-ammoni um qu

added opti onal

10 15 -

conpri se ofABLE A®re of any suitable

uci ng fluoride
ium fluoride

FRR AR,
[Nt Agong t

sa ui fjab 30 Sui fabl e
no_-ém. rp?ﬁprwuwng', AoR-HE —pr dduci-ng—fue idR° S
sa| Cemphsitien Bay BE0Nent10dned t180r gal kyl amoniium 100
fl garj : 1§ the flormulal (R 4N¥ Enyn WO 2 I'S
in § w&géﬂ&ﬁg a' substlituted r('\r)lm 1|lr399itn?§x§ gilcb@y! i
pr eTRARDl y al kyl 25 fifrom 1 (o 22, |ari5nmgre preferably
1 carpon [atoms [( , such as
teflxl%hylam'rrniumflu ide_and fpfrﬁhlfy?nn niunz
flpdgdde salts; as well asjfluoragbot@tes,10 10
te égkm yt-ammori urm fifuorobo[at §S, jaruminum 5
H2S0, 0.5 05 0.5
TMAS 1
[0048] The formulation d) of component (2) of the cleaning compositions of this

invention will comprise one or more of anhy suitable non-ammoniur_n producing,
non-HF producing fluoride salt (non-ammonium, quatemary ammonium fluoride
salt) in a suitable solvent. Among the suitable non-ammonia producing, non-HF
producing fluoride salts there may be mentioned tetraalkylammonium fiuorides 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-x dielectrics and copper metallization.
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 copper/llow-x
compatible “friendly” solvent is also advantageous. Any suitable solvent free of
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ao

hexaf | uori des, antinony fluoride and the like. 15

[ 0049] The non-ammoni um produci ng, non-HF produci ng
fluoride salts show significantly inproved
conpatibility with |lowx dielectrics and copper
nmetal lization. Tetraal kyl ammoni um salts, such as

t et ranmet hyl ammoni um f |l uori de (TMAF) can be bl ended
and dissolved in water, certain anhydrous organic

fn%gr\éﬁgf éu %ergbl gﬁz 0 n?‘&i:] o ngﬂ%c(g éla rSeCWa% amines, is

&%Fdﬂlyp%bloyeé Omafenial %ol'\fehtsﬁﬁﬁhot inflode e@nhindered! mualeophiles,
a vant ageous. "Any suitabl e sol vent

stananigokide | febsHAMmpls, 6B ASaSIMATM ﬁ&E%fge B&Mﬁé?)y syffolane (SFL),
eq%@ﬁ’]?r y 8@)@”885? | §. l}g%&?ﬁ:@tﬁh)tz %Wblﬁﬂr‘ftﬁre PrEpy, r eﬂ-319thy|-2—

VEn e’ un ered” nucl eophi I es,
| nuyrrotidindrer amgk dmtby!a@j@hldagang.th%tlkm Pelaf hifjilg-gentaining solvents,

i DS?,/EP% a?%{gfwg{u%{} g?ééﬁbw? SHH gfetlil}%'e %ﬁ?é%ﬂg advant%geous

pyrrolidinone and di net hyl acetam de and the |ike.
Polar nitril e-containing solvents, such as

| i ’ b

SR bRk A B ot e praciay
anﬁstmﬁmelslnammn Urga‘hiwca;blvdatst sn pearttadisiinction, |t¢§'galh!da@momum
t &“PQ; a,ﬁ%ﬁ ﬂ?ﬁ(# ¥ e T"Bl?r{] gg‘\yfa?{lrﬁé{ggﬁﬂ flleride (TMAF), can
emlbﬁdéd?hﬁ@@hiﬂét@?‘ﬁmmmnﬁ brganicosoleTgABLch @arfor &xample 1-
ghgphggd@xggt?\y&%%%&e@ ng ! ?Ijlglg)ved .thrhsor garUe(r:y Sgllm\f) ent %bmpletely

rm?yéfo%éyw 'e?fean@vrfbmulahdhoa? dfHERnpofdnts (2)aof ethg cleaning
sinple

conpletely anhydrous, and effective

fmmpq;ttlpuﬁ qf) thisf Ir@/@ng@h@pﬁ clpglylng,fphoffgeggtegﬂqi r?éh residues from

gqﬁ oﬁ‘éettg%; gi?ﬁgr% d %‘ﬁr X ?&Hc(’?né (Hofgbleﬂﬁétﬁmzatton can be readily -

rom substrat es havi nr%
a prepared. dinedxample of such cuppletslyashydnous Sermiation ) gk component

ol o e SRR Fon S P Coffrabl i so P B efpe e anao

| ByoveighoTMAF) ons of this invention is 50 parts by
\NEI ght HEP and 0.8 parts by weight TMAF. 20 [0051]
Addi tionally, while not required by the fluoride
sal t-contai ning fornulation
[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 solvenis 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-Y1z

or
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d) of conponent (2) of the cleaning conpositions of
this invention, it may in some instances be desirable
to optionally include in the fornulation d) one or
nore "corrosion inhibiting solvent”, i.e., a solvent
conmpound that has at |east two sites capable of
conplexing with netal is enployed.. Preferred as such
corrosion 25 inhibiting solvents are conpounds havi ng
two or nore sites capable of conplexing wth a netal
and havi ng one of the twh[{OR:RemtZlg general fornul ae:
W(CR R2)nl-X-[(CR R2)n2-Y]z 30 or -47
T-[(CRBRA)m Z]y where Wand Y are each i ndependently
se\lvﬁértaw afndoﬂhrélaaclmde éPro%@) séfect%d *fl@h@):O -eﬁ‘( Q)»o?b)-

NGRR SRS, SO sﬁ %0518 5er E, W

-P oL i | Iy _

c %ﬁ)gﬁ I eng?g chlgo@a(é?( r{(eng(%)gnt alszlar?g %?1% gro)n&OR)Z' X is
heaiéﬂeﬁiatczyﬁbalw&r@cpe@yq:i@ajhylewe SontRinig OReaglomere Agtero atoms

o SRy Ronf /1€ B PtBRD aRd BrilEne BPyIBRE Shfitgining one or

amjonazhaem atmmeaseiechedefpnrmdl:rs |y apd| R atards;feanim R, Ry and R; are

oYedO HuepBhitaity. Sach iom Hucddar ooty RG], BriBycloaiiy

atmlnuaigubnte:nérydg:ogé hetefb admns aeletF:)teg fm(s)m @r Smsrh ar(x)c?l?tatbms, and
' :

o Ao s SorEiBiIaIahe oy Taere! g aRtone Sakries Togt £, By and P

z at§m§neadhnéﬁﬁrﬁ én@fn2f 13 %ebeh@erﬁlyﬂiﬁﬁté@ér of #lokV D @98; and z is an
cycl oal k fV)f ene or arg ene; z'is an 15 integer of

f r'B‘i?Q@r eifromyh é Bl é@@l%@leﬂﬂ sveoalsyene rﬂ"ﬁgy'@% ghd z is an
t‘S?QIeBPFrB aLes wiRlretie y&!ﬁ@ﬂ%lgnﬁ%onﬁlﬁﬂg dhePbOf®re hetero

| ene ntalnln one O eteroeg
seat@vs gelactegnfiom ©, $) NrandPP atoms : orTarylengetantainingf ongror more

et zeotls ARl rof b 57 RLGR BabhB I LR rof . 5.

i raiﬂpé’nﬁemlsblyec’mll femrnehydfagem 10RY, ed@s)z, andlyBRs; each of Rs, Rs and
L 98 B RBl SHbeBR R AR A, S cvcom
contammg 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. 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
about 0 to about 80, preferably from about 0 to about 50, 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 fo 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
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aryl or aryl containing one or nore hetero atons
selected from0O, S, Nand P atons;. mis an integer
of fromO to 6 and y is an integer of from1l to 6.
Such corrosion inhibiting solvents may optionally be
present in the fornmulation d) of conponent (2) of the
cl eaning conpositions of this invention in an anount
of from 25 about 0 to about 80, preferably from about

t..50 nd nost ,prefe from about 5 t
Abdu Q@g}-’ar%‘if’ el A B rstaranl metivt B/ P0 @SRy alkylene. i
t hgrabm%gr wethyliriel, ftfyletekot! p rabgeﬁé kéf&ﬁg%r%ﬁably phenyl; aryiene is

carbon atons,

pr ef ?EV of froml to 6
pr B¢, phenyigng 1 hetlera-substiftiteda: @Yﬁﬂoa%%lcll%alpl’@fera@hd dioxyl,
30%&%&%&%&6%?% BlhstGon Pﬁéﬁ}g{e@l%ﬁ? gféﬁgf"?? né}?l@hnyl.

atons, and aryl® and ary ene prefera
about 3 to 14 carbon atons, nore preferably from about
- 48 3 to 10 carbon atonms. Alkyl is preferably

rrefﬂri])ﬁlti] eSbyrie @llutatlilépmkampﬂégl)/ér@n@f §u§h éﬁrﬁi‘sﬁfn?mmbltlng solvents
ne en en ene; refera
ph'é"ﬁgjld Bor ?’?ﬁ%plﬁs %“ i ¢ Eﬁweﬁrfen %xlﬁee glycol, dlethyzane glycol,

hegigterols Lﬁ!&hylbhét @ch?ydih@ﬁ'lyi( %thérs n%rﬁfeﬁﬁa?ﬂ ifd Oméltl'aanolamme
5/,gt?"lln and yrrolldln ; and hetero-su st
ar

thagogmi %r'él ﬁlﬂpﬁtmylwﬂwamme[ de(@d]ydmthyﬂrﬁt-raﬂmo{;dmone 4-
|
reEeBtnRoptitine o) | | eheyisfilidiehils, 00! EEfiazamety-1-

gI W@Bﬁ"ddl dtamine2eprgpanad| | 2-(Zramingedhoxyjiathahgll e iNe(2-hydroxyethy!)
é‘e}‘t:éa no gﬂsnt(%)é'tlydl%wst[-nwg %%Wh%an% ks (Hler}ﬁyiammo) 1,2-propanediol.

N N- di net hyl et hanol am ne,
1- (2- hydroxyet hyl ) -2-pyrrolid! none, 4 10

(Z[Dbgﬁf Xl %‘yél%U?[lg hé}téggﬁglt% &on@:rﬂhyl amhﬁh‘%ﬂ'g@ corfosion have

2-invohead rrmefubxc;c)mthhgnof pH+ éﬂd/@yduﬁngebtﬁw)corrosmn inhibiting

2 EOHEL A sMch 57 BERSEIR e Sirelabysyplo cangengations of < 2% by

prvesighiudt diak ebpérs discoverr €Hat OlindxXplkiabi! fiebint tmprovement in
orr ave 15 |nvolved careful caontraolling

aﬁ&ﬂﬁ?"'@%.%%‘t Imstal; GPFRRIon Fannbe hrevided hyothﬁomrtrwlatlon d) of
s éehpateeRy of m@aebﬂ /() %&moﬁhoiseb%lsvrﬁ{/éhdgﬂ‘%ﬂhout the need for

concentrations_of < wel ght

diSEERD FRTesion lﬁ'&lb'tmmﬂuéds Klowaver, i dasirechsuavaemesioniimhibiting
. 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
example, catechol, pyrogallol, resorcinol and the fike. 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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control ling copper netal corrosion can be provided by
the fornmulation d) of conponent (2) of the cleaning
conmpositions of this invention w thout the need for 20
such corrosion inhibiting compounds. However, if
desi red such corrosion inhibiting conpounds nay
optionally be present in the formulation d) of
conmponent (2) of the cleaning conpositions of this
i nvention. Exanples of such other corrosion
| fO038]t i rfg'ne:fmrmulzmhdrs d) ubctamtmrfeat Exﬁtmﬁl @leaning compositions of this
benzo riazole, and ary unds t ai ni ng 2 _.0r
\EPRD GPavsdsst GOpE STECANE. Sct 75 Top eagle eyt hexynol
a?Sﬁﬁ%no?-@Eé@u Ileedcat ecphmetiyl 0gal Id@byndmor ci n8Lrfynol-465),
uch other nmetal corrosion ,inh €$ L
c eotrirafivormaidene eatanypiepyibefaing eonyt FSKk (4ANYHEFid 3%3 the like.
of conponent (2) of the cleaning conpositions of this
i nvention an anDunt of from about 0 to about 40 % by

o, AL S Do BT Tt ln

t ofpohBNE (B)i dfnthEBcleaﬂnﬁg)c@mFbﬁncﬂnasuf froe irahtion. skhehsilisates are
for exanple dinmeth

(SRl 3 Sbale AT QYT S UaatessuRy S Jekgak g monium sicate
FRCLMY g«ﬁ%)q! amP bikbRy- E&fth%@f@&kgwbﬁﬂps generally of from 1t0 4

. cetoxyprop

Z FSK
| icREhon stqnumma}haeg!;ylgﬁgéw@orﬁﬁpm heotost e@f@?Phec'aF@' ion-free
”%ﬁlcgﬁegﬁrﬁﬁghéhtt |Qe:eﬁ'£}h5ihgﬁh?1?ﬁ§]rﬁ&m°§|hca?@r@ﬂ’\@z?%hlté@é rRétal ion-

the C conposi tion I'S 1 nventl on

 sifteecsilicate aoercep ferfthisdbvantiqnanay heggneateshinsitu by dlSSOlVlng any

oG e B g NS LK WTRDHERT i ey sl

geﬂmlaﬁidnyfr@é nhaterfals usefud fmogemr‘amngb;sthoatesur theecl@rieylare salid
or ,al kox The referabl e,.neta

oreRe e R Al ol Al it SRR gy e sgtable form
O efliceH idr alfica. W@tﬁ'sﬂicﬁt@s §Ucﬁ%sssd:d|@rﬁtrﬂe&©mcate3népbe used but
this invention %ql generatedln S|tu§¥ldlsso énﬁ i
aije ngheecommendedAus tadhe siefripntgl sfiacts phnetaliy qopimination on
h'u&% ?cg use%"@ C"I’ﬁ@”ﬁﬁcat&“ﬁté@'lfb predatt ihothel F@fhulation d) of

mat e for generating silicates in the
clcorponenl @) thhedclqmng corapesitignsaf ¢his inventignzinzn gmount of from

Cblof 82 10/ Wd. %4, pretiiEly H bh Ghdint BfHof At O toPdut 5 wt. %

of formulation d).

[0057] The formuiation d) 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 fo 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 d) 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 formulation d). Typical examples
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of silicon or silica. Metal silicates such as sodi um
nmetasilicate may be used but are not recommended due
to the detrinmental effects of netallic contam nation
on integrated circuits. The silicates my be present
in the fornmulation d) of conponent (2) of the

cl eaning conpositions of this invention in an anount
of from 20 about 0 to 10 wt. @6 preferably in an
amount of from abo

F o selaenaraas Pos,forthe PR 28 iF N p———

(%P.eupf fsBFhe% eaghdd §éﬂf§@08Léthyﬂéﬁedvrﬁutrué)tetraacew@nta@dl (EDTA),
al so f or nul at ed swtablenFa

t al
a@@ml@acbammt%aa@eﬂqs atite cpheyqighey eﬂﬁ@'nftﬂ'.obﬁﬁ fa?‘?%‘éﬁ acid
gﬁ‘rﬁbn et al §|e{H” ei?.%kr}é‘hhﬁ fﬂé’ade%cenham%dd?e (DETPA),
d| S ;X’ ues

ol ut'i on of IC resi on the wafer . .
sLdﬂsylermaam‘ﬁﬁh‘ettapebmommgacaq;eﬂwdmwpthy@@ﬁhglﬁaﬁﬁl;\rrbléetrlacetlc: acid

BB RAIE A Ry iAo o)

Oftrléthsiléhamutmﬁeltaxaécaﬂc aeid p(ETIARDI 1,3-diaroimoedrhydrexyropane-

%w& ateg'ggc |c1 c L g Fé{:l:mn g ngg—&Df@r Lrg le?rh%afﬁglgq r}oﬁ-@é@h& al acid,

ptﬂr@@ﬁ@@di&ntdé@etfardcbﬁwm@ itaAdtiiacetici atid ANTA)t bitria acid, tartaric

'(Sé\%%e&;g?uc%gdm ;q%.:%&pé\@eﬁq]h%qug? d m : “@I gzg?@tgc&llc? HihSic e maleic
" gﬁ%&ﬁdﬂﬁ%’%&@ nR&bhictddd, Qédti%tddtﬂ(‘s%})gﬂlc%idi catdaholl Aallic acid,

enetri am nepent aacetic. aci d 2
etm9ll>5dr@éla@mpwmﬂlalaﬁrhygmqyg@mam% and cystéine. Preferred chelating

t hosphonic
N A . afinRabeiRestiay s be EERA CEFH/ani chidphosp
acaiciﬂs(éil})ﬁlﬂ%)EDTMFl et hyl enet et r am nehexaacetic acid
(TTHA), 1, 3-di am no- 2- hydr oxypr opane-
N, NN ,N -tetraacetic acid (DHPTA),
met hyl i m nodi aceti c acid, propylenedi am netetraacetic

. aqo@ssINi LTI RIrmuRAiSh id§ oﬂ@drdpdd&ﬁNZ) of Itﬁer ¢leardng dompositions of this

tartaric io acid, gluconic acid, ,sacchari

gligantipa cg@’qaﬂ\mg)ﬂwg W%“%IBW&“‘UB}]WHQP?'EQ aang F Rﬁq@cgig salts can be
%Hnul??éﬁdﬂd Go@sduss, sEﬁh-@&héon.@,Cbrdordaﬁiét smvei'ﬂ-lbésed compositions.
IC

I cy acl d,” catechol, gallic acid n%y
gérheanen-apyn@gum grodugnﬂ,ya%klfqemﬁlyplnae‘sal’fa ﬂc%tlé‘-ieﬂ with any

su ?&tﬁﬁia%@b %\%}5@ Ap[gﬁegﬁﬂgq%n@ro‘? gﬁfa? 'dpganid 5Eivarts fssistant to

strong bases and that do not contain unhlncﬁared nucleophiles, such as dimethyl
sulfoxide (DMSO), sulfolane (SFL), dimethyl piperidone, HEP, 1-methyi-2-
pyrrolidinone and dimethylacetamide and the like. Polar nitrile-containing solvents,
such as acetonitrile, isobutylnitrile and the like, can be especially advantageous.
The formulation d) of component (2) of the cleaning compositions of this invention
may also optionally contain arganic or inorganic acids, preferably weak organic or
inorganic acids, hindered amines, hindered alkanclamines, and hindered
hydroxylamines, such as triisopropylamine, and other corrosion inhibitors.
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aci ds' such as EDTMP. 15 [0058] The fornul ation d) of
conponent (2) of the cleaning conpositions of this

i nvention containing the non-amobni um produci ng,

non- HF producing salts can be fornulated into
aqueous, sem -aqueous or organi c sol vent-based
conpositions. The non-ammoni um produci ng, non-HF
produci ng salts can be used with any 20 suitable
stabl e solvents, preferably one or nore polar organic

Sqbysg)t S hahb FoWing TabRt TOHE Bbbresiatlurt émployed toaesignate the
cont ai'n unhi ndered nucl eophil es, such as di net hyl

s indigated soppReyts atgas Bllawe (SFL), di met hyl

i per,iLdo HEP, 1-nmethyl - 2-. pyrrolidi none and
8 i Pre%'h%fggafryﬁf%‘%M’# ﬁ‘grcf%'fng%e%l ar
ni t r TMAFCOI0%itetrargethglavendrsium fhiotideas acetonitrile,

i sobutylnitrile and the Iike, can be especially
advaBi FHeRN18Z98 The fornul ation d) of conponent (2)

of t Bfisbedmiend sQfaxfd tions of this invention may
al so optionhII% contain organic or inorganic acids,

pr ef CEABTEt MiNBani ¢ or inorganic acids, hindered

am ngs,, i red al kanol anj and hi ndered
hydriéﬁfaﬁ"?@ﬁ"& ﬂmgém”% iﬂgi%qeopyl am ne, and ot her

| FrolifUsiioh 'of this imvéntidrPave¥et fdiH iRehd RIIlb@ingBable 17, in

#gg{pﬁlﬁoh@gggbgﬁmﬁ Ionsncle_rrp?% ed to designate QITE%
wihiati the taswbunb oftbe componets ase miqaéﬁgn partspy weight of the
fr&%%ﬁg\r oxyethyl)-2-pyrrolidi none TNAF= 20%

q ‘ﬂl thyl ammoni um fluoride 5 BT=benzotri azol e

DVSO=di net hyl sul foxi de THEABLE1&t hanol ami'ne TBAF=75%

t et rabut yl ammoni um f | uog{)Wﬁ of conpositions
of this invention are s [ he foll ow ng Tabl e
17, in to which the anbunt of the conponents are

i ndi cat efcoMPONENTOY Welght df thg fofnulgtion] C
HEP 90 45 54
H-O 16 15
TBAF 5.75
TMAF 15
ANHYDROUS TMAF 0.8
BT 0.11 0.4
DMSO 15
TEA 15

[0060] The 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 mare 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 compasitions of this invention there may be

mentioned tetraalkylammonium hydroxides of the formula:
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TABLE 17 FORMJULATIONS 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 DwWsO 15 TEA 15 15 [0060] The fornul ation
e) of conponent (2) of the cleaning conpositions of
this invention wll conprise one or nore of any
sui t abl e non-anmoni um produci ng strong base
cont ai ni ng non-nucl eophilic, positively charged
counter ions and one 20 or _nore of any suitable steric
hi ndered ani de sol vent stdBM'hX#Er strong al kaline
condi tions. Anong the suitable non-anmonia producing
s W paskf s TEPANRNY o URsiENied T WisypSiiuerl Akl preferably
| I
for&uﬂl m y&‘&% %{kyl @'?@gﬁg('g&n g%taﬁ‘-n(j{giére%?wébl ji‘?oG cgarbon atoms (R=
cdrib@@thRﬁH opf sultable salvenlonmuchiasmrbmpteomd tinerikemrmljp and q

5
ﬁd@{%&n@% gps}égf: ﬁé&d%u?gr%%ﬁfg?ﬁié{géﬁaﬂso l%clude KOH and
sdﬂa@Ht utFednulatiom &) b t gampoma@nbl( Ky bf, ther eibamiad|lcompaisitiphs of this
" ipgeriloR g B copefiimgaidte Bpie bases GaRathing non-
saiaclewphma,, pagnﬂhiw&h@@ébmh@raa@b shew! mh@h irAprdved ddehpatibility
and are integers of Ito 3. Suitable

g P ioe S S opRa R BlzatRD. ABmaniake tetaslyammonium
te?]hiygbmmmﬂ) Gre vBfy Shénd lbRsed Ngst CRBP IRive | B8Eh Afscovered to

provide surprisingly improved low-x compatibility compared to cleaning
compositions with ammonium hydroxide. Especially preferred are
tetramethylammonium hydroxide, tefrabutylammonium hydroxide, choline
hydroxide and tetramethy! ammonium carbonate.

[0061] While previous attempts to control or inhibit metal corrosion have
involved careful controling of pH and/or using corrosion inhibiting compounds,
such as benzotriazole (BT), at relafively low concentrations of < 2% by weight, it
has been discovered that unexpected, significant improvement in controlling
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 e). 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
amides of the formulae

R1CONRzR3

and
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i nvention containing the non-amoni um produci ng strong
bases contai ni ng non- nucl eophilic, positively charged
counter ions show nuch inproved conpatibility wth

| ow-x dielectrics and copper netallization.

Ammoni a-free tetraal kyl ammoni um 3. 0 hydr oxi des ( TAAH)
are very strong bases, yet'they have been di scovered
to provide surprisingly inproved | owx conpatibility
conpared to cleaning conpositions with , amoni um
hydroxi de. Especial ly preferredCR.g)-——

t et ranet hyl ammoni um hydr oxi def tetrabutyla ni um

hydr oxi de, choline hydroxide|land tetramethyl anmoni um
carbonate. 15 [0061] Wile previous attenpfs to
control or inhibit netal corrpsion have ifnvol ved
careful controlling of pH andfor using corifosion

i nhi biting conmpounds, such as gQryz@aNRgo! e (BT), at
relatively | ow concentrations of < 2% by weight, it
has been di scovered that unexpected, significant

i nprovenent in controlling 20 copper netal corrosion

Ca‘th(@ PIs0y hdekrdl of fbm 1 & 22!l Réfepibie) t&5; sr%fn?rﬁ,{‘tRa(ﬂz Rs, Re,
t he cleanlngﬂconp05|t|ons of this invention

ong{7 ofNthdie AR PR Hﬂmnéantlyaﬁﬁ@é@olfﬂﬂéhtm §"@hp(lsbl95i@-lted or
| NuhQUbEHhUEEd) Oﬁre?érab!ﬁrb)lka@ B fr@rlﬂl £ f é%éfb%nhétﬂl‘iim@r Sﬁ? 95)1 gseubstltuted

sol vent nay np eani ng
of Of lﬁn%lbﬁhiutﬁﬁil),u I8 erahﬂeam @fe‘tbm asto éé@arlmmtomsrwmuﬁleqmwso the

cyal FaSCOE Tt RERE o 16 o, b BB R Fonitr ancBa i nos

( Omghagen. - - - - - CR5R7CO\IR5 5 where n is a numeral of
froml to 22, preferably | to 6; and Rl, R2, R3, R4,
R5, R6, R7 and R8 are each independently sel ected
fromH, alkyl (substituted or
[0062] Some suitable examples of such steric hindered amide acyclic solvents

include, for example, acetamide, dimethyl formamide (DMF), N,N’-dimethyi
acetamide (DMAC), benzamide and the like. Some suitable examples of steric
hindered cyclic amides include, for example, N—meﬂ1y|-2-pyrrol|dmone (NMP}, 1,5-
dlmethyl-z-pyrrohdmone 1 S-dlmemyl-z-plpendone 1-(2-hydroxyethyl)2-
pyrralidinone, 1,5-dimethyl 2-piperidone and the like.

[0063] The formulation ) of component (2) of ﬂ1e cleaning compaositions 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 steric hindered amide solvenis alone or in
combination with other stable solvents, preferably one or more potar organic
solvents resistant to strong bases and that do not contain unhindered nucleophiles,
such as dimethyl sulfoxide (DMSO), suifolane (SFL), dimethyl piperidone,’
- diethanolamine, triethanolamine, 2-(methylamino)ethanol, 3-(dimethylamino)-1,2-
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unsubstituted), preferably alkyl of from1 to 6 carbon
atons, and aryl (substituted or unsubstituted),
preferably aryl of from3 to 14 carbon atons, with the
proviso the 10 at |east one of RI, R2, and R3 and at

| east one of R4, R5, R8, R7 and R8 is not hydrogen.

[0062] Sone suitable exanples of such steric hindered

am de acyclic solvents incl ude for exanpl e,

acet am de, dinethyl fornmam de N, N -di hyl, 1 :
aprepanedial Frivke) leebeﬂ'banfpﬂélﬂamﬂ Fh@f FPWQO"@H@S & 'the Cleaning
sui tabl.e ex e C RSor inorganic
 FRmbeRiong o i iy BhicH Ty b oAl CHertaln garie ey inorg
1ac§ds dipreseeiraaiyty - \ﬂeworgjmumncnwganlc ac1ds hindered amines, hindered

di et h ¢
p§u<p|a,qlalgrg|q¢ ngnd ﬁr@g dﬂ@(cﬁwj@'& ée%éﬁ{i%n% &Bﬁg%%n sn‘nbltors such
295 beR&HiazbRe cfaté[cﬁdﬂ gtycfemti ﬁa)thwénecglymi reedtthe dike.ofTherfermulation
cleani ng co Sitlon S Lnven i
t h)eofmﬂ?ngﬁ&ﬁg&%ﬁﬁ 1|51|a |r}ggco§rmq%|§n5 g@@i&g%’ﬁ}[g}% rﬂb Hiso contain

flétgg sdéf%f&n&q feHSas ?r&{lr“ﬁxé?:ﬁplleodlmeﬂﬁyl dheggnolc (Surfynol-61),
ased conmpositlions e
petmwateg atremﬁwp%as@@ye@wa. TSWMALAE . IRQpRFuprosthyiene

S Kt d with

PR ok GRRE #hy) ORI SEn) FBH) &R tReikesed wi

s alone or in 25
conmbi nation with other stabl e solvents, preferably one
or nore polar organic solvents resistant to strong

bgﬁﬁﬁgand r%@itasie rﬁ?’tfbl mgtefa glnmmwds}efewslaumtl?e rBOme_ﬂj,lon e) of

S sul f oxi de ol a

dlcnmpnv%ntpﬁzbaf oo cleaning @M&%&%ﬂ s, véito n?f"ae)n?“ﬁ%atels a:e
{ tet)aalky? anfidonium silicate

n rpgpanéw @\1 Qﬁ%ﬂ} Eﬁﬂ%murﬁ -diihatER! biérags rehaslkyla

ke e formyl ation e
C gimpiurdingt hs(dmxyefarldhajklene%ﬁntﬁglngc%\%ﬂc%’@lﬂﬁ%H@g‘%ﬁaiw Rf fom 1to 4

JUVEIRES a9y fetaple metal onfree
R B Aoh 8 Ry o3 TheTnosamsirane e
agiidste bompenea is tetramethiil ameosium silicaieo| QHHehH SY! abg dneta' ion-

hi nd d. hyd ]
i ',f;r%eﬁqﬂfc@,t% goérg%( #(g'qhines\ée%@gP %4}9\5? ggﬁécrgtﬁgglﬂ situ by dissolving any
gldﬂéebxoh'tor@tdﬂth@ ﬁ@llo@hu@ ehaterials tihdhe |H@1Iy "aH@Ime cleaner. Suitable

f | at .
cgﬁg%g Mfgé]% n@ter@q# élsgﬁﬁggrt g%rs.grﬁ%yg il oe% Oﬁfiglla nrlﬂeane)l/' are solid

Selg)l(lfc%tglﬁakféﬁér Eiﬂﬁg %_%Ioﬁ colitiai siifeal imex silipd er dnyrotieyisuitable form
of silicon or snhca Metal sulicates 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 e) 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 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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et hoxyl ated tetranethyl decynedi ol (Surfynol-465),

pol ytetraf |l uoroet hyl ene cet oxypropyl bet ai ne (Zonyl
FSK), (Zonyl FSH) and the We. 10 [0064] Any suitable
netal ion-free silicate may be used in the formul ation
e) of conmponent (2) of the cleaning conpositions of
this invention. The silicates are preferably

guat ernary anmmoni um silicates, such as tetraal kyl
annoniun15|llcate (i ncl udi ng hydroxy- and

éﬁ@tﬁl tpé WSrrﬁthiﬁ]n & ﬁ(ta'iﬁ rg@m{ E;I $olutidn Bindnto lenhance the

on atons I n e a or a

asomtnen of anp@lipgesidupy anrthaavater pibSALE g@??pg'#éﬂ‘fnﬁ ggent wil

t ath !
g%ﬁ&%ﬁie 2 Félygﬂp \The | foirhd ﬁ"on %Qﬁrco‘iﬁbdr@ﬁl 2RI e cleaning

€ sources IS I nventlon w¥
genmpasmdns of thist luventlounssolammgﬂ ahffomahoubP tady Wi gp, “preferably

cromgn P bR 4eBEp Tl d it 2h Flohmitiph ) Typical examples

1 oONn- ee nateri als use
genehalating agehiscasefal fon thibepurpesanare thecfoliowing grganic aCIds and

silicon wafers licic ac coll ai. d

stheica §PMER, o‘i"'fds 1St ab 3%%1%'"%&%6”?%%? At (EDTA)

S'bhhﬁéhed}é?hﬁlete‘iﬂabtétﬁ esacmucm;:LScmnheuylenemasmlb)temaseuc acid

rraéé 5 used but are not recormendﬁd due to _the (DETPA),
¥

'r‘féht al ef fdiethylepetriaptingnantaacshic ami nat 261 on
t%& ﬁéfe‘h‘ég;&plorﬁ@eac‘?d | ingaiRgetifyethplenediamnietiacetic acid

ormul ati o conmponent (2) of the cl.eani

C HBBEIA)] ok NN ftylerierliagainetgHai et eBRRIRRPNERICE A, SHTMP)
f bl
E%#bylgnéf%{ré%lrﬁé gca/%cé\ﬂce @l@ f(‘)”'l[l’-l)ﬂ) any @-H%ho@f-?idr@k%propane-

ormnul ation e)
TmﬁNfN'rNLEe’aaacamce) ohicid onpoliHRTA)2) ofmethylirainediacalc acid,

RS ehd B0l i, AT e 43 (R0 0 s
t RRid; }hsdonicyackd, sabehdriv avid, aflycaric \oidr exdlcractcbtpﬁlﬂ@hp@md maleic
f’%&fchhgé‘nqaﬁ?ﬂgﬁc% : S&‘é%w@?m@ea;;‘%féﬁ&gﬁ% 8 %‘iihifa':c’a:d
W pyIQ_ﬁﬂSfea bbfg folP BERARSxyLdinblire, fapdroysteineon Pegferred chelating
O oot Schl s SR L e

preferably 5 froman anount of fromabout 0.1 to 2 wt.
% of fornulation e). Typical exanples

[0066] The formulation e) of component (2) of the cleaning compaositions of this
invention may also optionally contain fluoride compounds in formulation, such as
for example, tetramethylammonium fluoride, tetrabutylammonium fluoride, and
ammonium fiuoride. Other suitable fluorides include, for example fluoroborates,
tetrabutylammonium flucroborates, aluminum hexafluorides, antimony fluoride and
the fike. The fluoride 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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of chel ating agents useful for this purpose are the
follow ng organic acids and their isoners and salts:
(ethyl enedinitrilo)tetraacetic acid (EDTA),
but yl enedi am net etraaceti c acid,
(1, 2-cycl ohexylenedinitrilo)tetraacetic acid (CyDTA),
di et hyl enetri am nepent aacetic acid (DETPA), 10
et hyl enedi am net et rapropi oni ¢ aci d,
( xyet hyl ) et hyl enedi am netriacetic acid (HEDT
W#ﬁ Eximes ok dhesn fepest f forrayl ﬁ?‘l’%éblﬁ’&%mﬂ‘?ﬂelﬁ (2) of the
a%léiarﬁ@c?&éﬁbesmdﬁs' S thig! sﬁ{?@ﬁtfoh rAE1sRE ARCHE! BilcHAhG Table 18, in

(TTHA) , di am no- 2- hydr oxypr opane-
N, Vil ﬂp@ _qn@qqnga}fethe ccanpanenisHereAjndicated in parts by weight of the
b O h Ad G096 aIghRAPRBAMAHE B BLIP A6 Hdiate the
acid, nitrolotriacetic acl (' , criric acid,
5 t yatiaus comporwntsl, gl uconic acid, saccharic acid,
glyceric acid, oxalic acid, phthallc aci d, mal ei ¢
aci dOMBRRAMeBYLRIPEIYGRS oni ¢ aci d I actl c acid,
sal i PMaHE £ ot | | pr opy!
gal | ate, pyrogalﬁéﬁﬁ%ﬁgEﬁLm%’gfgér(]yH no | ne and cyst ei ne.
Pr efﬁﬁé@'emﬁ@pmin@ agents are am nocar boxylic acids

? g(r: %ﬁ?ggﬁﬁ' cg ﬁ%g%en-wﬁgf%g?é%%gé]gfégﬁl ng

10 corrpSEHsulkaanef th| s invention nmay also optionally

cont | und i.n formulation, such as
for @‘;Bn‘ﬁﬂ(g?' ?’g’?}’%‘ﬁ@%ﬁ\féﬁr‘lﬁ'ﬂf’ﬁ% fluori de,

t et riNWIP=-methyhpyrrolidinemei de, and anmmoni um f [ uori de.
Qt her_suitable fluorides include, for exanple

f | udrlabiPretylenediaming mt;a(mﬁimlﬂmhqsubmb@cw es,
al um num hexaf | uori des, antinony fluoride and 25 the
i ke. The fluoride conponents will be present in

formul ati on e) of conponent 52) of the cleaning
15 conpositi ons of this invem th anount of fromO to

1 % f ly f 1 % of
Ow. % pre eraby @QWORS to 5wm. %o .

—an-.a) R J’\QCQ t vhes_— o

;8 éﬁ@i’ﬂbﬁbﬁé) of ¢ nﬂbo bt Dhe Ecl éa?ﬁrn_g' G | H
]tc:gf_egﬁ@l ons of thI’S Lﬁwrédnf?n?ﬁﬁaigﬂ ffﬂ 1f |h2 ey | 16
coppledent s are indi cht3@d|i32 paB2s| by wei ght jof the 32
;?- mﬁml on. In TaP] 3] 1& t@e\ T %T DV d1g zfm‘r:(:/iélt U | 16

TEA 16 = 15

CyDTA 0.2

SFL 16 30

HEP 50

NMP . 50

EDTMP 0.4

[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 fiuid modifires/
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10

15

20

25

DMPD=di nmet hyl pi peri done TMAH= 25% t et r anet hyl anmoni um

hydr oxi de TEA=tri et hanol am ne
CyDTA=trans-1, 2- cycl ohexanedi am ne tetraacetic acid

10 SFL=sul fol ane H

EP=1- ( 2- hydr oxyet hyl ) - 2- pyrrol i di none NWP=N- net hyl
pyrrolidi none EDTMP=et hyl enedi am ne tetra(nethyl ene
phosphoni ¢ acid) 15 TABLE 18 FORMULATI ONS COVPONENT
ABCDEFGH DWD 32 26 26 20 50 16 H20 32 32 32

32additites foif the nifn $0peroritiddl A9d J;Gm(gfﬁﬁénﬂ@l %b'i suély Bp8sitlons and
SFL_ 16 50 EDTMP 0.4 [0068] The

30 HEP 5 N
af BF%P&H‘PB)’]E@“?@&&JXE@SF ormul ations a) through e)
e )..of . the nanaoel ectronj.c . and
i o) 47 2o o AR el ithie N B 25 SGpeie 10 together
i nvetithothecraaintseipstedities fifid|coynposent (4 supercri ti cal
fluid nodiflres/ 57 additives for the main
suBkgopdt siabllityf (o dmirdmpineeactivd’) QhdSruehpsRIMRS| pre@fifes and
and t&%éovi ﬁ'ﬁ many benefits, such as: A) the ability to
f or m'T 8REE B?'y st abl e, honbgeneous supercritical

fl M ther.. ... .
Hf %038 ggomga{tiblhtles with supercritical construction materials {e.g. stainless

sieel;
D) improved cleaning performance and good substrate compatibilities;

E) superior solvating strength, mass-transfer, with little or no surface tension , and
diffusivity over the tradifional “non-supercritical” technologies, and are
particularly useful for cleaning structures with high aspect ratios or porous
materials, ‘

F) enables lower consumption of main supercritical fluid component (1); and

{

G) elimination or minimization of required drying steps.

[0069] The cleaning capabilities of the compositions used in supercritical fiuid
technologies described above is further illustrated by, but not limited to, the
following cleaning examples employing nanoelectronic and microelectronic
cleaning compaositions of this invention wherein there is cleaned an etched via
sample with photoresist/carbon doped oxide (PR/CDO) structure. The results of
the cleaning of said structure with the cleaning compositions of this invention are
set forth in Table 20. The cleaning process was conducted in a 75-mL cleaning
vessel filled with giass beads to fill most voids (space). The cleaning of the etched
via sample with photoresist/carbon doped oxide (PR/CDO) structure in the vessel
was accomplished by introducing into the vessel separately, but simultaneously, by
separate lines, a flow of the component (1) main supercritical fluid (CO;) and a flow
of the component (2) formulation modifier/additive at the flow rates, temperatures,
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with the main supercritical fluid conponent (1); 5 B)
good stability (or "mnimally reactive") under
supercritical pressures and tenperatures; C) good
conpatibilities with supercritical construction

materials (e.g. stainless steel; D) inproved cleaning
performance and good substrate conpatibilities; 10 E)
superior solvating strength, mass- transf er, with

little or urface, tension ffu5| ver .
¢ RBY et g Rdicate] m@tﬁs@%sﬁ.cpn@spns ?cae*wnaf Sgb s Seanerein
are arti I fu or clean tures with
thg‘j’Ff'rl @B%# —afq%gluéﬁ EFLI!'!?O @ﬁa@-@ Bﬁ enabl es

r?H%H'éﬁ z “ﬁﬁih?"{?lg?'é?sif’s‘%ir Bhot z'ﬁ%f‘b\AAH“%lSWfaﬁ%wd

ste

5@@,%

require
capf%fBN'alt'PF
fluid technolo
i Whegs r

Clogf
m croel ectronic 20 cl'eaning co

PESUES

0069é

The clea

SnECu2a% TMATEG @Fe-r

i es descrlbed above is furth
amart, n&CMC!wadJasmnﬁhéetrme\ﬂewaﬁ'g EDTMP=

Giaﬁﬁﬁérigu%s(nﬂmléhé AbsPRAE lagfet S?Ek%uﬁélﬂne EG = ethylene

HDOSItIOHS

itical

i gienk THNHRHletramathylrsanaoniymdydeaxide and blzcazhlé@ydmen peroxide.
sanpl e wi th photoresist/carbon doped oxide (PR CDO

structure. The results of Tahie

returae ywith tha ol aani Re—c-o4
Mmoo T UOUr O vur < 11 L 2 w1 WOATTT

20.cani ng of said

'hr\elflr\ne nf fhlo

hGompositiomse seand ort hPm:esab

?ﬁ(gﬁi sconductedina75-n
ed Wth glass beads to fill

|<‘eleaoi.ngThe cl eani

(space

vessel

rRubstrate
C)tompatibility

e SPETaR Avehh 2l s o |

n&w esste] Modifieaclormplatisne dsy

CETuoR AT k! L

ﬂbwl ((t8) amessuré! owgs00f Balaeﬂ

prmul ati on rmdl fol er/ addi tive g
- hpaperatires 100 °Gg Ryfy dtimpg:e 69
[ AfifeEss, condi t.i ons col utm of T4

brmul ation #1 17:26:1.5:0.5 SH

ELEA
(B o Bl

PR tamed tmjghg“skmit’)o

eouslr%?bﬁbbtzqJ separ

cr@aa@éserbo(%»

t the flow rates,
res indicated in
bl e 20 and wher ei
L- H20- 25%VAH- Cy [

eNoI %‘DO étch

t he
ate
it i cal

t he
n:

TA

Master (Main) solvent: CO; at 15 g/min
flow rate; Modifier: [8:1 Formulation
#2:30% H:0y], at 2.25 g/min flow rate;
Pressure: 188 bars; Temperature: 100
°C,; Run time: 60 minutes

Remove all PR (bulk
PR and tough “skin”)
and  stubbomn
residues (100 %)

via

No CDO eich

Master (Main) solvent CO; at 15 g/min
flow rate; Modifier: [8:1 Formulation
#3:30% H,0.], at 2.25 g/min flow rate;
Pressure: 200 bars; Temperature: 100
°C; Run fime: 60 minutes

Remove all PR (bulk
PR and tough “skin”)
and stubborn
residues (100 %)

via

No CDO etch
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Formul ati on #2 = 150:60:17.5:1. 8: 30 SFL-

H20- 2590 MAH EDTMP- EG and Fornul ati on #3 =
300: 35: 5: 25: 3 SFL- H20- EG 25%MAH- CyDTA; s where CyDTA=
trans-1, 2-cycl ohexanedi am ne tetraacetic acid; EDITMP=
et hyl enedi am ne tetra (nethylene phosphonic acid; SFL=

. sul fol ane; EG = ethylene glycol; TMAH=

t et ramet hyl ammoni um hydr oxi de and H202 i s hydrogen
per oxi de. Tabl e 20. Conpositions and Process C eaning
Substrate Conditions Performance Con'pati bility

B ML B O] T o BTV SRS o e

[sBeé;ﬁEBnﬁUﬂlmém& hthésdoif,nit \wilFbe mﬂpaemaned#tmae obanges? modification

Lo g SR b Bind o o8 GBRUGR ie of o

GRemtive! Rhce FPtl\méissec( Warein. Sﬂcﬂcbﬁfﬁgly,QOZs ateddedytoriembrace all
Renove al |

CDO et ch

Sach chargRR, mackieabien ANd VaRRAPe-GR A VARG BoATE BashpE0ng of the

ow rate; and stubborn via Pressure: 188
%gﬁg?géldgﬁpgﬁ%ture 100 residues (100 %9 C, Run tine:
60 m nutes Master (Main) solvent: CO2 at 15 g/mn
Renove all PR (bulk No CDO etch flow rate; Mdifier.
[8:1 Formul ation PR and tough "skin") #3:30% H2Q2], at
2.25 g/mn flow rate; and stubborn via Pressure: 200
bars; Tenperature: 100 residues (100 %9 C Run tine:
60 m nutes -59 [0070] While the invention has been
described herein with reference to the specific
enbodi ments thereof, it will be appreciated that
changes, nodification
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and variations can be made w thout departing fromthe
spirit and scope of the 5 inventive concept disclosed
herein. Accordingly, it is intended to enbrace al

such changes, nodification and variations that fal
with the spirit and scope of the appended clains. 60
I daim 1. A cleaning conposition suitable for

cl eani ng nanoel ectronic and m sroel ectronic
substrates under supercritical fluid conditions, said
conposition conprising (1) a supercritical main fluid
reaching a supercritical fluid state at. a s

enFé{%ure of 250C or less and a pressure of 600 bars
S$7°(592.2 atm 8702.3 psi), and (2) as a
secondary Al déahinga comgositiopr stitbieuiffart clepning:| AnpelgCtRoNismand

t he midiBofil NS Sitltdddurfifer s%ér&\gbél OnutcC EdRdltiBhd, sk c&hp@sltton

I on conpri sing an o0x Zln (i " t
or  aamarsng! U8 RppieEabEan b eGP perEiie) B0 Hetg pt 2
s Sul femiFatursUbT ZH0BD @6 lesahd e basane f 600 Gacpor lBrmi(392.2 atm,

H%H;]g{% Ré?gﬁg E%Patgf (%lgc%fﬁﬂu? i, | 'nq iffer c{ng\??ﬁeéglr %%ﬂg%ﬁ'f% the
gro@m‘m@“&"'s‘“gn@hw'@fwwgn%nd sel enones; a strong

al kal i ng hasy, wﬁpﬂsagr LpBalbitg B3R RRTBRARRIBIveRsoRcred

1%t on conprisin 005%to 30% dy
W€I dilom Be gooup eansigiinacot sudonessUfRIvBRS: GRY 57 Smsnﬁn optionally

mstr%g,rlaa% rg‘ép,fg ai ni ng non-nucl eophilic, positively

cha co n | on rom u

Sl o ] DS P e B o
corrpbmrgdmp msudtmmofr auffouss pwthi $sileriongs: Fostirngt 2l %@ﬁﬁ’é‘ﬁﬂdaﬂd
havi Doy bggggo‘wgp,eﬁgt es capabl e of conplexing with

ta Iy of
et i B, RSy g o
1svei gitdn-animeniem oprodaming stnmg baneoeANiAiNipg G‘QU@PPIQOPM@nPHF‘“Ve'Y
pr Odéh% gq}g chHter ioﬂ@ ﬂ%?rl bbout BB %B&Mtsgfesﬁfoooya»bagﬁt of%ﬂe Qb Hore

r ani ¢ sol vent or bo
or g a?ﬂ”@s@ﬁl v@Mﬂng solven compounds, said corrostion n |§I ing golvent

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

, optionally other components;

20 d) a formulation comprising: from about 0.05 to 20% by weight of one or more
non-ammoniumn producing, non-HF producing fluorlde salt; from about 5 to about
99.95% by weight of water, organic solvent or both water and organlc solvent,
and optionally other components; and

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

25 non-ammonium producing strong base containing non-nucleophilic, positively
charged counter ions; from abouf 5 to about 99.95% by weight of one or more
steric hindered amlde solvents; and -optionally other components.

2. A cleaning composition according to claim 1 wherein the second fiuld
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and optionally other conponents; and e) a fornul ation
conprising: fromabout 0.05%to 30% by wei ght of one

or

nore 25 non-anmmoni um produci ng strong base

contai ning . non-nuci eophillo, positively charged
counter ions; fromabout 5 to about 99.95% by wei ght
of one-or nore steric hindered anmi de solvents; and
optionally other conponents. 2. A cleaning conposition
according to claiml wherein the second fluid nodifier
conprises a formul ation selected fromthe group

consi sting of the fO||OMAng formul ations: a) a

for mil akd,0 iR ﬁsec Buigudt sgl&:tﬁde o 439 Sup. . SorlRRlY of the

organic So

om 't group conS|st|ng of

sui fbmﬂgfowlﬁtbﬂénes and sel enones; and optionally

one
al kal'l

ra%} %Ia%ntcléﬁgﬂ £J#owi ng conponents: an acid; an

ase rosion-inhibiting co-solvent; a

chel atl ng cﬂnqa@mgaﬁ@ | exi ng agent; an oxidizer

stabilizi ng)o%%Fﬂanlc&o‘n’iérﬁtfs@&bﬁﬂfr‘oml‘thé)gltohﬁgorm@ pf sulfones,

net al O'HOSI on \ﬁg g is a fluoride conpound; a
s e

surfacf

enegnaH\d S

b) a silicate free formul ation

conpri si ng:and®@pperially orsy ganere of hejeligwingCoaperalis.r om t he
group consigfddyy of sulfones and sel enones; and a

strong al kal i

10

15

20

25

30

an g]kalxrqg gaée

a corrosion-inhibiting co-solvent;

a chelating or metal complexing agent;
an oxidizer stabilizing agent;

a cormrosion-inhibiting agent;

a metal corfoslon inhibitor;

a fluoride compound;

a surfactant; and '

water;

b) -a sillcate free formulation comprising:
polar organic solvent selected from the group consisting of sulfones
and selenones; and '
a strong alkaline base; _
énd optionally one or more of the following components:
an acid; '
a corrosiqn-lnhlbﬁing co-soivent;
a chelating or metal complexing agent;
an oxidizer stabilizing agent;
a corrosion-inhibiting agent;
a metal corrosion Inhibitor;
a fluoride compound;
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and optionally one or nore of the foll ow ng
conponents: an acid; 25 a corrosion-inhibiting
co-solvent; a chelating or netal conplexing agent; an
oxi di zer stabilizing agent; a corrosion-inhibiting
agent; a netal corrosion Inhibitor, 3D a fluoride
conpound; 62 a surfactant; and water; c) a
formulation conprising: 5 fromabout 0.05%to 30% by
wei ght of one or nore non-amoni um produci ng strong
base contai ni ng non- nucl eophilic, positively charged
counter ions; fromabout 0.5 to about 99.95% by

wei ght of ng& Hpé&jcorr03|on “inhibiting sol vent
conmpounds, said cofrosion inhibiting solvent conmpound
10 havi ng &@‘Feast two sites capable of conplexing
with netals; fromabout 0 to about 99.45% by wei ght

vvate '?crr?:hﬁﬁénggngpah% .co- solvent; from about Oto

400/ SRS hi ndered ani ne or
Fal kanol ani fem about 9.88%40 30 by welghtiefaneyr mergyhan-ammonium

or gani groBiicind & cthg babe asritining hHhRRBBAIIIS pBQItIM/&rEYged counter

wei ght, of an other netal corrosion Inhibit
conpouﬁ’ag'; from about 0 to 5% by weight a surfact ant ;
from about fi®nt abob0Os y abesi 89185% by aveight af onlean nforeeorrosmn

si |1 cajRinhiRgRAYEH compounds, said comosion inhibiting solvent compound
10 ‘having at least two sites capable of complexing with meials;
from about 0 to about 99.45% by weight water or other organic co-
solvent;
from about 0 to 40% by weight a steric hindered amine or
alkanolamine; |
15 from about 0 to 40% by welght 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 éurfactant;
from about 0 to 10% by weight of a metal ion free silicate compound;
20 from about 0 to 5% by weight of a metal chelating agent; and |
from about 0 to 10% by weight of a fluoride compound;

d) aformulation comprising:
~ from about 0.05 to 20% by weight of one or more non-ammonium
25 producing, non-HF producing fluoride sait;
from about 5 to about 99.95% by WEIght of water, organlc solvent or |
" both water and organic solvent;
from about 0 to about 80% by we|ght of a metal corrosion inhibiting
solvent;
30 from about 0 to 40% by weight a steric hindered amine or
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5

e

‘15

20

25

30

20 from about 0 to 5% by wei ght of a nmetal chel ating
agent; and fromabout 0 to 10% by wei ght of a fluoride
conmpound; d) a fornulation conprising: from about
0.05 to 20% by wei ght of one or nore non-anmoni um 25
produci ng, non-HF producing fluoride salt; from about
5 to about 99.95% by wei ght of water, organic sol vent
or both water and organic solvent; fromabout O to
anglé_ugg% by wei ght of a nmetal corrosion inhibiting
solvent; 30 from about O to 40% by wei ght a steno

hi ndered amne or 63 1705 US P. al kanol am ne; from
about d4kaholadfis by wei ght of an organic or inorganic
acid; from.about, 0 ta 40% b i ght of an other netal
corrosi on fp?l iPRPi sy to 4@3%%’ ,t\ggar?‘?rg?ﬁ'%\ﬁrdﬂ?rgﬂm? 8C180 by
wei ght of #omabdadktadD% Hyrveaighh bbart otBertrostalQrrbsionimhipitbr
of a MBhabuhdn free silicate conpound; and from about
0 to 5% by i ght of a netal chelating agent and 3.0

e) a for rruf"%’f‘ezagﬁ“t@otﬁﬁ?/? Y Mjahtof BsrasEIE 0. 05% t o 30%
by wei ght @©émabeutdrtormOteby weldht aMaTmBialiith fiRE @Mbatt B8mMpound:
strong basg,gontai ni ng non-nudeophilic, positively
charged counter _ions; fromabout 5 to about 99.95% by
wei ght/™o8T aRavk0 & Siedy aveighb el ampiahehelating agentamdde
sol vents; fromabout O to about 95% by wei ght water or
Ot hel LbAtoreBmpaligt:
from about 0.05% to 30% by weight of one or more non-ammonium
producing strong base containing nen-nucleophilic, positively charged counter
.ions; - |
from about 5 to about 99.95% by welight 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; | :
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 O to 5 % by weight a surfactant.;
from about O to 10 % by welght of a metal ion free silicate compound;
from about 0 to § % by weight of a metal chelating agent; and

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

3. A cleaning composition according to ¢laim 2 wherein the compasition
comprise from about 0.1% to about 50% 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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fromabout 0 to 40% by wei ght a steric hindered am ne
or al kanol am ne; from about 0 to 40% by wei ght an
organic or inorganic acid; 20 from about 0 to 40% by
wei ght of an other netal corrosion inhibitor
conpounds; fromabout 0 to 5 % by weight a .

- surfactant.; fromabout 0 to 10 % by wei ght of a netal
lon free silicate conpound; fromabout 0 to 5 % by
wei ght of a metal chelating agent; and 25 from about 0
to 10 % by weight of a fluoride conpound. 3. A
cl eani ng conposi tion accordi ng to claim2 wherein the

conmpEsi ti oR cle8RRG i %ﬁﬁy&?fﬂ acgoHéugp 3l w%éFeﬁh ahe utt,o %gr{?pggltlon

wei ght of the secon

conpoReRte {2y %S@W@WW%@%F@WW&W@?@%% rbd r"l’?‘gfttaﬂf the
mai rseténdagy fiukd modiipofoentiatich) confpénert . (2 babetadh thg weight of the

Conps?xﬁér%t nq;m ulgl%;gn_@ r\\/pyE{ra(tlﬁl n the co conposition

om abou ably from about 3% to about
525% by wei ght of the secondary fluid nodifier
formul ati on conponent (2) based on the weight of the
supei.cri ti Aakleasing édmpcditiomngiociaint 4 Wherdin 3he Aco composition

cl el Ads eCfPSmQa?b'oH ?r@fe?%bl;g#&h %béut"%ert 'aIE:o {“Ecw‘i By weight of the

conmposi tion m about

5% ieemﬁisarufiu'dzewﬁyr mgﬁkonocforrtpﬁeenté@cwarqn theyyveight of the

modi dupetriticalrmalh adid eompsngpent (2) based on the wei ght

of the supercritical main fluid conmponent (1). 10 6. -
1°A cl eani ng conposition according to claim1l wherein

t he upercrltl cal main fluid conprises carbon

di o de. 77 FERVEFATRESUBHAEDING P SRiTHt d‘fhl‘-’r@""t e csuperttical
6 V\h'eaieﬂmnd t:d:mprsaesoarum giofideui d

7. Acleaning composition according to claim 6 wherein the secondary fluid
15 modifier formulaton comprises a formulation of sulfolane, water,

tetramethylammon‘rum hydroxide, trans-1, 2-cyclohexanediamine tetraacetic acid,
and hydrogen peroxide.

8. A cleaning composition according to claim 6 wherein the secondary fiid
20 - modfiier formulation comprises a formulation of sulfolane, water, ethylene glycol,
tetramethylammeonium hydroxide, trans-1, 2-cyclohexanediamine tetraacetic acid,

~ and hydrogen peroxide. |

9. A cleaning composition according to ¢laim 6 wherein the secondary fluid

28 modifier formulation comprises a formulation of sulfolane, water,
tetramethylammonium hydroxide, ethylenediamine tetra (methylene phosphonic
acid, ethylene glycol, and hydrogen peroxide.
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is nodifier formulation conprises a formulation of
sul fol ane, water, tetranethyl amoni um hydroxi de,
trans-1, 2-cycl ohexanedi am ne tetraacetic acid, and
hydr ogen peroxi-de. 8. A cleaning conposition according
to claim6 wherein the secondary fluid 20 nodifier

- formul ation conprises a formulation of suifol ane,
wat er, ethylene glycol, tetranethylammonium
hydr oxi de, trans-1, 2- cycl ohexanedi am ne tetraacetic
acid, and hydrogen peroxide. 9. A cleaning
conposi tion according to cl aim 6 wherein the secondary
fluid 25 nodifier formulation conprises a fornul ation
of suifolane, water, tetranethylamonium hydroxide,
et hyl0enedi Amroress édr cieating tmehesiectrphio 2p hidodlect@ticGubstrate of

et hylhgffeset éflcr@lslduéariﬁe %Qés%%ﬁg@%ﬁggﬁn%%g?g(sée suBstrafts for a time

process for cl eanlng ‘

i crAEPhePrEHTic! Wighsendiipas with a pleaning eesIpesitien ofaiairn dusyfficient
st he tprioarets setyfatel Si Ng contacting the substrate for a
time and at supercritical fluid conditions with a

cl eani ng corrposi ti on of cI ai m | sufficient s to clean

t he ubst ra %*@E r cl eanin

nonoel ectr or’i’r %098? f% B'B‘F @C'TOFB Froglg l5’§f']“g?‘°ée‘b"i°”'° substrate of
photrbpletsisist oroesidess itnkprocdssecompisiresentatioy iheisabstrate for a time
contzng fat %eﬁcﬁﬁ‘ca?ﬂ{m%r@ftﬁng fith @cl&érﬂf? coﬂ'!gzlgsiﬂén of claim 2 sufficient

supercritical fluid conditions wt
n‘g%EIFT tBﬁs‘d)‘?Str@‘eal m2 sufficient io to cl ean t he

substrate 12: . A process for cleani ng a
nonoel ectroni c or mcroel ectroni ¢c substrate of

photfar esi stA @focéﬁﬁodbl@aniﬂd‘@ néHole&tfch i&&@?ﬂ&béib&ﬂ:mc substrate of

cont or a.tinme

sup&l ?Q{PH%Q c$ﬂg?'§&b§% c%ﬁgﬁsﬁ%ﬁ’gnwgt Wn?c‘@ngegﬁlsit@strate for a time

C om?&g At suparedcatiivid eangitiong withed deaning eompositidreefilaim e sufficient
15 SUb 4 tladrethe dubstedtepr oCcess for cl eani ng a nonel ect ronic

or mcroel ectronic substrate of photoresist or

resi due, the process conprising contacting the

substrate for a tine and at supercritical fluid

condPt i ons™ RFIRSHTE CleaRNG § NopeRiRAPRiF §F misrosleddionic substrate of
suf fohatoesist or residue, the process comprising contacting the substrate for a time

and at supercritical fiuid conditions with a cleaning composition of claim 4 sufficient
20 to clean the substrate.

14, A process for cleaning a nonoelectronic 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 of claim 5 sufficient
25 to clean the substrate,

15. A process for cleaning a nonoelectronic of microelectronic substrate of
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20 to clean the substrate. 14. A process for cleaning
a nonoel ectronic or mcroel ectronic substrate of

phot oresi st or residue, the process conprising
contacting the substrate for a tinme and at
supercritical fluid conditions with a cl eaning
conposition of claimb5 sufficient 25 to clean the
substrate. 15. A process for cleaning a nonoel ectronic
or mcroel ectronic substrate of 66 photoresist or
resi due, the process conprising contacting the
substrate for a time and at supercritical fluid

Con(iihb!oﬂi@%t ¥ feBidde, %ee b cBR) édn%tlr? thels ﬁ!ﬁ%ﬂggés gor a time

suffi %Hﬁ e subs

f or o0 &LrPRET e %‘aqn@@%ma GFanaPEBRan Siiam © sufcent
subde clagrethebubgirhtet or esi st or resi due, the process
conprising contacting the substrate for a time and at
supercritical fluid conditions with a cl eaning

sitio 7 su nt to clean the -
5 SubaPt at e Afoesss R salile nepetdpa i fFalecustic susstate o
nongheletesishproregiduaritay pretessteomniisingsesptacting e shibstrate for a time
PhotfB @ suplerchfical Rl EHRitiohd\witPs Q&Y é&ﬁ'ﬁﬁB&iié‘l &F&laim 7 sufficlent
ontacltln_ﬁ%8 q) ﬁbstrate for atimé and
upd? BPF R8P d conditions with a cl eanl ng
conposition of claim8 sufficient to clean the

substrate. is 18. A process for cleaning a
nondgl ect r Apracess foricieaning @ichedkdtrofit B8 hiidbdleddionic substrate of

phmp%t%ﬁésg g‘%sﬁ&% Sl?%ﬁ@g&#%o&é%{fn%{én&%r fg? 'strate for a time

contacti ng
supéngat wpe@nﬂqal Hidcansitians Wigra cleaning complositien efplaim 8 sufficient

CONM®Gikdn B8 s@stréteai M 9 sufficient to dean the
substrate. 20 25 67

18. A prdcess for cleaning a nonoelectronic 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 of claim 9 sufficient
to clean the substrate.
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