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WD 2004/ 037962 PCT/ US2003/ 033500 AQUEQUS PHOSPHORI C
ACI D COWCSI TI ONS _ FOR CLEANI NG SEM CONDUCTOR DEVI CES
WG 2004B8P6OF THE | NVENTI ON The present inventi oPCT/@BED&833500

to dilute agueous solutions containing phosphoric
acid and nmethods for cleaning plasma etch residue from
sem conduct or substrates including such dilute
aqueous sol utions. The conpositions and net hods 10
accordi ng f\&WE@USM?Eg&JﬁrAGWQQW%JHQNﬁr ovi de

bot h cl eani pgREELEANEREYSENICONIUCTOR PEVREESDI | i ty.
BACKGROUND OF THE T NVENTT ON Cf eaners are needed during

sem conductor fabrication, and one well-known 15
famly of cleaners known as HDA(r) is available from

EKC Technol ogy. SL{B»ML (ﬁ;ﬁﬁﬁﬁl\j\?ﬁﬁ%@\l Dilute

aqueous sol uti ons ori.c acid In conbi nation

wth al k&ﬂ%rﬁ’éﬁse‘&iﬁiﬁ%ﬂiﬁ§l%ﬁﬁé‘? ilute aqueeus sRIOPH CARMIBHE y
phBsphiesie @ciBQn& hﬁﬁiadspft'oﬁ Sltgﬁuﬁ@ﬂﬁxﬁﬁ Etdhl Ridue (ﬁmng&guconductor
en cq strates eaners are neede
G S R Poch SHRte P s oohte SOpIRRRD g ety
acGdrdiig@e trrifiventiontanadviritietysly proaide Ibbmtdl&nfng@mcﬁﬁ@y and material
Technal ogy. Phosphoric aci |s readi |y avail abl e as

cogpa sol ution of H3PO4 in water. In this
specification concentrations of phosphoric acid are

specified as t i 85%
sol uti on of mWﬁ’%ﬁ?@Pdefgﬁﬁg{'@gﬁé@ﬁhat. on of
about 2%Glearss aprpeeded daming semigbudvctot fab¥icBMCN one well-known
Py ' ed on
PGP Rkt BRGnd HEAGE: LAMRSS R E TehRElcR
supplied as an aqueous solution (e.g., hydroxyl am ne
Is typically supgméﬁ%qumﬁn water). The
present invention involves an aqueous seni conductor
cl eani ng Ribiteiaqueens selytipms anphgsphatw peid) in coapvination 5gth alkaline
coﬁiﬂoﬁﬁcfk%ﬁ}df aéﬂis éa‘ﬁ%éﬁvcﬂﬁﬁﬂ%b@éséﬂ t@&’le%ﬁﬁblgii'ﬁa %ﬁtréé‘idueé oM

about .0.5%tq about 1 wei ght, phosphori c acid;
semngvctwe%@@tr%e Clgagets P'i’?@%‘%ﬁ‘hﬁ’@ﬂﬁﬁ sagicenduglgr fabrigatiopaaid one

wﬂr-wd f&ﬁﬁly&ifbgé&leﬁh?wﬁlﬁmmﬁyaﬁﬂmt 8iffof ER/C Tedtindirgy A
I ox errnyatl v m X 1
ot onal BpoSeas il Fray algheBied S §atoRioR 8F B Quip gater
In@hib §pecifivation compentrations of Ipﬁosfphoﬂi@io@d firle $peci fibel-as et per cénn by
o kano € N

wegiat a5 SRR b P .2k P SHA CHROBA %
eqabalent © abodt b6 lH3PO3 E{Zcﬁlceﬁtﬁtlﬁﬁlﬂdﬂcﬁ&? Qﬁﬁpounds are specified on

2003/
w%ﬁ{é#% e 19%5 g 2ifibouf§ ﬁO&gmﬁﬂg%g@gRﬁ déer i%h (2B
hyﬁrcecgbmm rs tmxcaélmwe poh? Yo selution M&t@r) abo ut 1% by

vei ght . lghe present invention involves an aqueous semiconductor cleaning solution

comprising: at least about 75%, alternately at least about 85%, by weight water; from about
0.5% to about 10% by weight phosphoric acid; and at least one alkaline compound selected
from the group consisting of a quaternary ammonium hydroxide, a hydroxylamine
derivative, an a mixture thereof. Optionally, the solution may also contain one or more
other acid compounds, one or more fluoride-containing compounds, and/or one or more
alkanolamines. Advantageously, the pH of the solution can be between about 2 and about
6.
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anot her enbodi nent, the at |east one al kaline

conponent includes, and preferably is, hydroxylam ne
WwW@erooM0dM6e et hyl hydr oxyl am ne. 5 I n anot her enbPdi/I82003/033500

the at | east one al kaline conponent includes a

quat er nary anmmoni um conmpound present in an anount from

about 0. B6necndivdirnerdthbst leagiingtaikalingcempanientincludes a

hyﬁ@ﬁl%ggzrgerw%tm ;P%Slp tﬁg%fn aﬁ&?nt ?IIOE‘P%HOHFO 2‘9:}8 ngtl% by weight. In

I NC ol 1 ne
anathat dnghodimdnt,dheratieast oecal e eeraponghidnely emoml mpﬁeqbly is,

t and may i ncl ude

hyﬁ’c"ég‘%‘glﬁf&? dlétgylh%&)glﬁﬁﬁgl d, peri )(;dl c acid,
pyr ophos Ethqthﬁr quibadiment, tb@rabbast ion¢ elkaliniecompanent inchudes a
quifehflry éﬂ%?@ﬂﬁ% Gﬁ&ﬂx@ Infin 2R %RHobit FBth Sbout 8384 fo ABLBY, by

citri'c ac nes onic acid, toluenesulfonic
weightIn mether emhe%awn% Hretah jepst ong#lkaling cappapint mekydgs, and
préRRBYIiE chaliiethydasdedy bi ¢ acid, ¢l ucom c acid, mal iC
succi.ni c al lic aci

acid, malonic, ac ac
but yric g‘&?‘%?thetrre peigient dsiopt %‘E'lll grie %@?ﬁe?f}lﬂ agd compounds is
présefy 88 mayAhdleded1aidedchilopic aﬁﬂ,exﬁefcatbidypertddﬁz aude pwopﬂ&phmoeacld

3R 1, S A R o o R b acic

xy@dhbﬂdfoﬁbé&bid?toﬂiﬁndsulﬁoﬁmtabﬂ fonrhid acidy tartaric acid,proplonit acid, benzoic

acf S5 S o i A s mffontinief SR Bt puf3ie,
bwm:g:htd. trifloestticavid, iwenmetwt@aﬂxemﬁtAltqrh@teldM praferebly.ibe epe or
a < ot n% Lc?‘? géﬁﬁg%‘%lgg ﬁ%l\igkig Gnd ﬁ@gpﬂmg Sglgc%h@ %@iﬁeﬂﬁth'a.ﬁbs@lﬁ)mc acid,

Yot 0 about
pyrophiosphoric 2¢id.oxelie avid dadlis@rideortcitrie pel ohbatmthenﬁméodlment the one

M@Beh@leac&‘&'vag lePuor . t Ol HERD. 2% wawuefsw@wgm

anmoni um and/ or amoni um fluorid
one enbodn mtmnoth@mnmmnqt,éhp eniienagl png ﬁémorenf&mm@-caﬁtalmns

co?tféﬂﬁﬁﬁs"is ﬁ&L éﬁ? M ad dn@ft HBARBAL Of (Tl%ﬁa%@ﬂtto f’%ﬂy@v@@ﬁ Uln still
. I'n anot her enbodi nent, g_wggc

éxemboqlmemtu@sgnaﬁr laprgafhwenfaeqwmma  Inchydes, gnd
r@ﬁ&?f}% aﬂﬁh&ldmmmuoﬁdbaﬂmﬂaﬂ%@gmﬁmoﬁm t her : ncl ude a
surfactant. In yet another. enbodi.ment sol ution

can furt ﬁ’éf’n‘? ?feg?iﬁ@e‘gn&w Solutign can f‘g 5?&5’?‘@%&?’1 giganic solvent in an
ariduit Qbﬁt&byuﬂﬁl% &ﬁiﬁ@&ﬂm%ﬁy Wﬁzght IIn another embodiment, the organic
i e e | 2 (2

N, N, N-tr |1ﬁ(aﬂothgtc&mﬁﬁmdmy,lﬂiemmﬁnm can furthemincpdeo bufactast,

g ?K‘l_ Rgt &‘)ge?’ﬁ% gﬁtﬂﬂé L1RIARER Bhrther include one or more

alzaanHammmfma,hl}amon@?@mnbme 2-§bhyrogylethylemino)ethanob 31(2-
arhﬁoectﬁé:{ VetRiHl, NRIN, RUBO@LHTRRkyethylRarRMenia) lsﬁﬁbﬁanolanune 3-amino-1-

kanol"am nes is present 1h an amount from a fg ?etﬁanol

PROpANg M%lwombrﬁ (N-ethylaming)sthanady styfReae
o50thixlir® thefedf, BestiBluRSthenénttdinent, tBeode 62 M 78 alkakiolariinesis present

of the follo t ounds,
incan, 3gyopy %ﬁ%t%rﬁt%%ﬁ%ggwm ¥ kanol ani nes,
hydr oxy| dfialtemaielembatimenass, thesajaivncas be vmnaﬂmﬁedafrom one or

%#L‘E%H@VQ %gfoimd 4O%’Poﬁr?ds &uome-cggt%’ 7c90§l?pounds

alkanolamines, hydroxylamine derivatives, organic solvents, and a combination thereof. In




anot her alternate enbodi nent, the solution can contain
substantially no additional conponents. DEFI N TI ONS
w®200al08s2 ot her wi se specified, all percentagesPCT/US2003/033500
expressed herein should be wunderstood to refer to
per cent ages by weight. Also, the term "about," when
anoferaliemate efmdenad, thosdutianpe coftamahbatantiadhne hdilifienal
ood to refer to either value in the range, or
co#%gg&?{i values in the range. As used herein, the
phrases "contains substantially no" and "substantially
10 free from" in refer NI PI onposi tion neans:
for maj or conponents including other acid conponents
5  (not phodutess ptherwigs sppcifipdlallperserfagss exprossed hersin should be
urlgBi&lodd w&fm&%&m&gygy @ei;%mamw GhetBinf Cfboult®ih fién used in

rgani c sol v am ne and y roxy am ne

refmmqm TABES OftVHb‘e%ﬁb?lé%ﬁ pndsriepdiin referds cihgyyialpe ip the range, or
to%BdﬁJaﬁIe@ﬁﬁmEPm an that the conposition contains |ess

MR MY CENRES ST N, e
10 ﬁéﬂﬁ{mgﬁnm%dcleﬂﬁﬂcomﬁtﬁltfb?fmﬁhs for mnor hcgnrponent s
I nNcl udl n chelatin en cor,rosi.on in
1 or 1 o JeoRuS SHOnEOR RS HiRE et Arid Cotoents (Rt dhpgphori
acld) k;ﬁ)lartobghnﬁd‘s@wéﬁ{e Rddledigein l-edmimdg ab@elg,ndﬂéﬁ btgaﬁic

RYACCTIN (M e T POy i g

bepurdtmstoath ltqmbasthattthamxahmuton @oft@inygesothan hd ‘%s peaferbly less than
15 ab%h@{"? %oreﬁ?&éﬂaﬁg E&s A ?ﬂttﬂelr% oRfifd s FJQdiﬁé 51% t mentloned

2 nant s su as netals or netal 1ons,
thereaftesirent i oned phrases shoul d be under st ood to mean

that the f&qmglskg% G2t d% dh@ﬁﬁnézgﬁts?&%&wﬁ%mﬁgiﬁ,

preferabl ess Pr et er abl

flupridespntainingcompewnss: s%ﬁe@nt&mndéf@shlqesthe g&mem@qi@ned phrases should
b&gﬂgfgﬁoh 't(ﬁﬂeaﬂ BaGRIR RS Ritdon cbRGins REs MaY a6l 69 98 bly less

speci ment i one ther;s ter | eas oes

20 thabbaub 0 her o referalil 1es SHBAPOY 0 095 4n A B EDCEHA FIRER!

mbftfoned RRARertbddect s the efficacy, storability,

usabi lity, regardin neces fe ncer.ns

Stabi | | t JOUFAE FRNEBIABESHa A ek SsiotFCIBE B tReigyed
l@se?ﬁﬁumﬁﬂaliﬁo&mi\ﬁhfﬁﬁe cdmhpasition aonteins tess than tban SO

of ggwgg,q 1 conbi nation with al kaline

%{8 ﬁ‘btl PPN conveniently be used to

cl ean pl &!raﬁraasahwhasoﬁtﬁ‘she‘xfamnemd phuisestipused, the composition
1s§g$1§{ &e?%ﬁsf Qfﬁge Q@%ﬂs gaa ne‘tjlt %p%?llgﬁig' en'{%ggc{ ﬁieltegﬁér &' & 1east does

I nexpensl
natcoyptaindhe aldad elenhentiin @a ainguutisuch th@tubq elymerﬂ@éfaets @etqfﬁcacy,

st§1%§ﬁ gf&agglggk%bfg% iRe h&g@&e AR nlsCSy Ml@%m\é%ﬁﬁlpbﬁﬁon

h cost of conponenhts
contalned -3 WD 2004/ 037962 PCT/ US2003/ 033500

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Dilute aqueous solutions of phosphoric acid in combination with alkaline

compounds and/or acids can conveniently be used to clean plasma ash residues from

semiconductor substrates. Cleaners and residue removers that are dilute and that contain

relatively inexpensive components are desired in the industry, because the cost of producing
35 cleaners and residue removers is largely driven by the high cost of components contained

-3-
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therein. Simlarly, dilute cleaners and residue
renovers are nore easily disposed of, especially if
wo®w/0am96al | conponents therein are rel ativel yPCT/US2003/033500
non-toxic. Finally, dilute cleaners are |ess
susceptible to change in properties fromthe
thereiap Gimtlartyn dibdte sivaicrs apdardiduciremowdrs aremicge casBy Hispesed of,

es§ a‘i‘lgl 191‘?18& OS‘ b c&xﬂl%( $tiehs %rélﬁ an% rglgﬁ‘@é"y @Qf& Fﬁlﬁ'llgutﬁlute cleaners

I on conprising ar SO
arpless ms@pltlyle\mdmnge mmmmqsdm thy ep:momtlog 0§ snald quantities of
vent(s) or mxtures of water and polar organic
sofvent (s), wherein the polar solvent is present at
| east abdupne eEmdindnt Sreriavestion ista dlesaing aap sesidug semoving|

oéltxeﬁ%rﬁ%ﬁs%% enbodi ment at | east about 92% poI ar 10
I'vent r exanple at | east about 94% by wej g
nat @rbolsTARBH oRTF a1 weteh buptionally pelsr orgahe AelvApI{s) gr mixtures

of RHdsTRAE Pbﬁu é&ﬁbxﬂc Slvénfk), wheReRé pbl&r %lx%ﬁﬁiﬁ ?resétﬂ; aﬁréast about

758 tpmatebia s Bt sdorand fgriieired arbadtineat ot S potar
so%eht;fcamm 1% lehist abet 94% by viagghtearerabout 1. 7% t o about

2 bt e, wﬁé%g@rtﬁf‘?%@mé?v%i%ﬂﬁﬁa i s preent

in@f lmﬁuﬁler@ﬁ abadte6.01 Yelte dbdiee 11 @Yenpreferablyefrorh layouti@ol % teabout 6%,

A, B AL RSB AR T8 e

2.5%bgrrwea@ﬁmﬁ85%rphmph&uwdcm 2%to about 5% preferably

{ goafag%g&ﬁz, %b ;Lgam@ c@agﬁma%h ﬂ%% sn&r{omr@@%oﬁ%@as
deseritied parein, apmfehaléy; chipling bydseyideyehelineglsrivatives sush as bis and tris
chehﬁ‘é 3% aﬁmes ﬁ&% wésam FheQblutbs i W a!i’x?d%?ﬁbﬁ‘naaﬁbﬁt‘i‘) 2% to about

I'n _an anount from about

S%mrafwhvly m@bout 9f5&(«f t@rabbut;ﬂ%,rf@mxammfrm abgut é%dsela@ut 2 5% by
. for exanple fromabout 0.5% to about 1% by
ght not. i ncl uding the counterjon of the salt, if

pr eseptionallyyan gkaline pompeund, such asa hydsedamige demvativeprefprably
hﬁk&@[@hﬂﬁbﬂtﬁe@ﬁhﬁ&&@ﬂdﬁﬁd pi&emiin the safutipi &f @1 aldunt AmAbout

o Rl Bt stopresnd pigobt B SR, EOSHATIR o g 05%

tofaboutel¥e, by veeight aohindludihg ffcounteriondf i a¥tifyresengi ght ;
opti onal |

| d d
oPt | LA, S SRR L ERERAE s P S,
pl’éfei‘deUAEﬁa,, presentrintheisohsticntie ae adourt lﬁ!asmbtout ®12%te about 5%,
{ )
Rty Bmeod 90 R B ! GBI ool Ve G ngR % by
weightapl e f rom about 0.01%to about O. 05% by wei ght ;
opt '(gi; aﬁﬁ&ﬁdﬂom@aﬁhﬁ’g @d?ﬁﬁb%ﬂ&‘ @uclﬁié%dﬁ%e@ﬂuonde ammonium

i norgani c -aci g |ike pyroph horlc aclj riodic

flyeridg, ammopipmd BadeQranizires hesrpfamgseat letfaf‘cg ptjqup an amount
ﬁ-smtabb@t 09001% tol aB@ﬁtIOQS"/ﬁ,qiereraBly)ﬁwA hout @005% t@¥tRIuk 0.18%; ifst,

dlt}< 2) ohjc acid, or mxture
oo shou DAt BS54 U 5by walght

optlonally, another acid compound, such as an inorganic acid like pyrophosphoric
acid, periodic acid, or fluorosilicic acid, an organic acid like citric acid, lactic acid, glycolic
acid, oxalic acid, a hybrid acid like methanesulfonic acid, or mixture thereof, present in the
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-4 WD 2004/ 037962 PCT/ US2003/ 033500 solution in an
anount from about 0.05%to about 6% preferably from
W@bauio3Ps2% t o about 4% for exanpl e from aboR€T/0SHE/033500
to about 2% by weight; optionally, a chelati ng agent,
for exanple catechol, EDTA, DTPA, or_ m xtur
solufien ipan ampguas am abputOHS Vs 9l aboRidYes mefambh/rftﬁm ebqu:t 8% to about

4"/9@@1Uéxa tpi'eo/ﬁ&ﬁa&ki@UtS‘ﬁt@abf)@(rZ‘ﬁﬁf%igﬁt 5 from about 0.5%
to about 2% by wei ght: option an_amne (that js

not SRRy dislatiag a@nf FaexomplGrcatgH ol i 1 » GrRiX ices

thérébf! fr8sehPinthé é’(flutid?a iR Bn B ok SHHuB0.94U to Qbémw feRbiiple
20%° for_exanp om gﬁ)out 0.5% to about 4% by

ﬁ%?‘&‘l‘f 0.5%n19 aBB‘Et|2o/h V§ighty surfactant, for exanpie an
epoxptieiily sdn aﬁiﬁn@@ﬁ@ QA hy @by &fiine iderivdtioe oﬂﬁkﬁ@laﬂﬁlhé)ﬂpresent

amunt fro Q1% t.0 0/ f r exa 0
o BT BB AL ST o e BB o
to piscak @%9 woweighatidrent, the dilute aqueous cl eaner

SRR S e Bl B SRR i
soln¢ipy it arpdmenn framabout4)A1Ye tockboint/ 3%, forexampld om isbgut 0.1% to

abg%qﬂﬁ?%g% ; and about 0.005%to 15 about 0.04% by
f T uoride-containi ng conmpound, preferably

ammoni umin pie prgfqrredjeandnmcmethp dilute pqusduesicangt eansists esyeatially
| t laVeo
ofdalb g}ffg@q A{EE%W& %b&%@oﬁié&&‘ bt oyswaboagmtby

a out osphoric acid

we@gls of e by@bwmwﬁwvanmupg#@rabb ha( dueypaag; and abeut 0.005% to
ab&ﬁro 0%, by Seei cgaf 6f L RllaY- oMo ALRRI, pRReitly BmRidaidnd o

about 20 4% by wei ght of a fl uori de cont al ni ng
iflyardsund, pref erably anmmoni um bi fl uori de; and about

0.05%to I@bﬁwpreﬁrr&%xbbbd«hﬁétﬁ Nthe @flutd agudolufeleadE consists essentially

ool 0 S BB o B e ot 1%y

weﬁgﬁ%lf§h§dﬁ§ﬂ@1ﬁiﬂeﬂbﬁ%ﬁv@fpref&bmyﬂ1 dro'i%airmleabwﬂ 0.20 8%t ybout

ht 0 i c .acid; about %.t.0 about
0.8 Bt B EGHinetning cnibPaund. piatergily afROR b Bgride; nd
abbiytd). @59 k@abione).2 ¥rhy vedight bf 8 swtfiotént, prefabiolytn Epdikybpolyamide
co\/\%% hf of a fluoride-containing conmpound, preferably

'um fluoride. In one preferred enbodi nent, the
dil ute aduw emefprre@uebodwnm the dilute agesous clbangr ednsiststessentially

of gt | 8913 Wbutd ff/g;b%\%gﬁﬂ dE¥hofhoRl &3@%&@ % 151abRP PHby
waightiof athwdaeqcylpmmépatﬂnye,tp}@fmkm heldaromamammd @090(5095% to
ab80Y1% b gQNeQ%ﬂ fé‘lé %ﬂe%hwﬁﬁ?%ﬂﬁ&gﬁl, %?eﬁrgﬂgahﬂd?&m fluoride.

conpoun anmoni about 5%
o about 1489 Bylewed @ﬁ?odémelg the Kdiinte AveoHs leansr gaists essentially

ofpilfbflﬁ‘l 39 t‘d aBﬂthfMBy Weighi of phadphytic 8sd; Qibo@tL{L‘S% asaubydo by
w%é}&é)g’agygqon Brine il %’3(;_%[9 %Eﬁ%yﬁ? Ianﬁr{]ee aliout U‘oﬁs% to about

0.1% by weight of a ﬂuonde-contammg compound, preferably ammonium fluoride; and

about 5% to about 15% by weight of a polar organic solvent, preferably an organic acid
alkyl ester such as ethyl lactate.

In one preferred embodiment, the dilute aqueous cleaner consists essentially
of about 1.5% to about 2.5% by weight of phosphoric acid and about 0.5% to about 1.5% by
weight of a quaternary ammonium salt, preferably choline hydroxide.

-5.
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of about 1.5%to about 2.5% by wei ght of phosphoric

acid and about 0.5%to about 1.5% by 35 weight of a
wae@4®esTer y anmoni um salt, preferably choline PCT/US2003/033500

hydr oxi de. -5 WD 2004/ 037962 PCT/ US2003/ 033500 In one

preferred enbodi ment, the dilute aqueous, cleane .

consi st siness preféredd| epnbodiment girrdilptesppeens slssner CQ%‘fE/ essentially

of: %Auq I'1]t5"/0¥0 ;ﬁ&'&&@?ﬁ %& %1g§%t%ho§ﬂglgrnl§ B@Htr aen]gi%bbﬁl 18 dbod 4% by
st o st gl SCDRORS. BBt HLqrEnie d SR B Ba® agid et

amacdlt?ic agih%glgédlﬁ gl Sit\axﬁfxttﬁe fHexdodlr e t her eof . 5 In one

erre i ment ilu eous . cl eaner
consi st sheonsraferzed gmb oemena@&ﬁlﬁi PN AR CoRsists fespatially
of:Preferably between about 1.7%to about 2.5% for

zzmuzls%sm A DR PR BRIt bivasa dhod B, for
exﬁ?prle/‘hl%dﬁt 20084 weidht IF85% csﬂa@spﬁ&ﬂﬂﬁﬂl@ about 1% by wei ght

I rst or anlg acl

i 1 SR Pl SO TEors EIegy g ol {3 tato Bpout 2%, for

exﬂhﬁl}é dbait@% Esbﬂbighﬁbfaﬂ'irﬁ pr@cabrdtﬂam@%mdmr@erpbl&fadlfam%nal
out bd:w @?Qé]t 2% for exanple about 1%

°f$5*§)1°\ﬁ§%‘f;ﬁ?° &f ox2 éceat? (gh %%ni ¢ acid conpound which is

di f bbowe013% twabotlhlt%, thore pteforaln hetweer sbput B Affotarmbout 2%, for

€ [

exgrapelﬁ]-é \g 3}%@&&?@8 %Cs%éogﬁ Ql&aﬁi;:%g@tc%@ }uﬂjd\gﬁfdg g‘su?ﬁcrent than t.he
firstotganj azideanigopnd ereferably aienpofiggtionsdiogauis agidy such f?ﬁp{cacld;

bout 96910, by wei ght of water. Such corrp05|t| on has
Substantially no organic_solvents, bst ant Ig%agg%% for

SARMevelan 2boti §0% and gbait A9F4, memr%fp@ly Fween; ?‘Pt
exﬁr‘ﬁ ;rfg%b&%% %%Eléh%f‘ﬂv‘itéﬁ 'ﬁ%eer@&si&ﬁaﬂa& subksfagtially no organic

osltion contain tween ab ut Q, 1% an
sobenispmbstariialeh SANA 3 bfaHIou CEPERIGERpIT | P toHosion on

SRS 0E, CRhalGOHB Bsthidsiion n&@&&hﬁhﬂaeﬁ&&ﬁmbowﬂd 1% afid about
o%?l?onafl @ggou 5% t% about 6% by wei ght of 85%
1% Rrba phrede tP’iz L Dngb 2%to about 12% nore

pr ]gef er abloa@aﬁmmrqugd@@ utea:&%dsmpcmhm caidiétdessentinnof: of
rst n : o R
i 1 nierehibou B iR e il SR Phdelricpcids,
di hya&battm m@aaauomm mora iprefitralily Between atinuti3 %16 ghoutdp% by weight
t

oty it T BRI G il o BB e oot

j?(&atfe; rst orgam ¢ acid conpound, preferably a. ’

nof unct 6°

opt i ary bt GEA U T4 Bl el B0 6% o abou
12% b eveight v destconborgatioanid congpng whind. isdigtrent thayhgyfirsh preanic
a&%&%ﬁmﬁ & A mBcHR ienA icWBIdNMIHh QX fstric #uid;

o <oty oo A A L o AP b o g 0
aBduP 5% of an ammonium salt, for example ammonium hydroxide, an alkyl ammonium
hydroxide substituted with 2 or 3, preferably 3, alkyl moieties independently selected from
methyl and ethyl moieties, for example tetramethyl ammonium hydroxide, or a mixture
thereof,

between about 80% and about 94% water. Such composition has substantially no
organic solvents, substantially no SARA 3 hazardous compounds, exhibits very little
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met hyl and ethyl noieties, for exanple tetranethyl

anmoni um hydroxi de, or a mxture thereof; between
W@boun3B2o and about 94% wat er. Such conposit i BOT/OSR03/033500

substantially no 35 organic solvents, substantially

no SARA 3 hazardous conpounds, exhibits very little
cortosind op @I o8I EensPONtioslUEY GBEBDSItion wwegﬁ)émwb%\ﬁees?bout

f19F 4R/ sBb 4498 or LBl ARALK of BETROTPOSI Li On mAY contai n
be t ween 0. 1% and about 1% of V): ql atorf %é
as EDTA. mWéE}m*i'GraP@ laﬁqaéwas'aﬂ*é’éﬁ?ﬁawgg o 5Qlufigneof LD, n water.

PP ifidakign c&{ceﬁ@ﬁ’@ﬁs bf‘pﬁt&@ﬁh@hc acill Bretspecifiepacthé péixav‘ehl(lﬁ'

concentrations, of ép oric acid ar ergﬁgec:l f.i.ed the

wetght efan85hs sodutinn; 05 %P INY¥PiE 508 s BFCPUFISR of /‘h‘s

e @b4int tc?alﬂut 1. @V&H;P@iﬂl%ﬂ}%é |_gﬁclt?if:altsrl@;ﬁiﬂftd edficefitrations of other
0

equi val ent to_about PA4, . Unl ess ec |y ..
PRI S SFRAUIY O 10025 SR i the GBI 0 Hipnaiy sufplicd as an

&tﬁgﬁd sfo'hﬁilqu{é]gl ?%b Shine 1§Ety1ﬁ€allyfsu§1f1fed®9 a50%edliition in water).
ordl nari Su gqueous

nyar oyl csereel fypibing B BT e el B foping coluion
compriwirige rat leaﬁuboplr’é@&,raltemmb'm least abont 85%e by aveight watsridrom about

OSS?%J o8 gl'“ig)t/o f}%%em éltd&hp%ﬁdlaé%g{t gg gl&tﬁiug@%onﬂfound selected

fiomi thé gronp censisting of qmtemary@nmm hysisexide, @daydiox
dglgf) gg?or ! ﬂﬁﬁg c0f @ 1c1n§ Ehe%ﬁm@hlﬁfiy a0 ORARPHRGr more

rom e gr oup SIS N uaternary
otirerEnid compomids oing er mardﬂxmndccwmmns 8 coEpouHs; apg/or gpé gr more

aiﬂaé«%l% fhet. hﬁﬁ\%%a ecgﬁ)} ﬁ{éﬁh—i Sthd 2GutRRIckh bOBetWRYn MowP2 and about

con ne or er acid conpounds, one or nore
6Fluorlde contalnlng conmpounds, and/or one or nore 15

al kanol a”CBﬁ&ntr&t(BtﬁBt cycidtupeo PoYecke tdeéul To dléanmg
can_be between abo and ab 6. Concentrat,i 0

{
SpARUBA 5 e PRGTBICL B s T &1 iRugh GonopBaiins g gt 05 tosbout
6B, petetablg aE»&tQ%todebﬁl@WJb@Sve@lt aveipsefémedewhénoonsidering cleaning

Sl oo oncent il 109301 AMOULr R Riteh . @B GMcenifon of

;ihbiffh&ﬁdi adid whg altenasiytbe fiongaboliel¥s tnahoRO8 %ty weight, from about 2% to

bi.] th
B 554 ROt B ooht o CPuERRYy Wl T L i 4 my
al t er nat ellythizsperifieatiobodilutersmeays spotionsdsefjnedes gontaining at least

a%é@ﬂ?é%ﬁ ighP \Lﬁﬁr ?&ﬁblﬁaf’l@ét éﬁ%ht%?)“% 154 Wé@hﬁ k!@tuéxaﬂap@eta@ least

speci ficat1on,

shquiddlisbywt lght ams lepss about |9ﬁ%@ya@l§¥§n¥lmw qaﬁooétmqnéqu
c@&%ﬂ ra &@Rﬁt&ﬁ# ﬂ{étsoﬂﬁ%&{ acocﬁﬁﬁ%% e 'n?{veﬁﬁoﬂ RFTIm SRRYY5% to

or exa east 25 about 90% by
aheutgqs% by watghn dn evothesuRbodiss {he genegmiratiqn ofskater in the solutions

a%eélﬂeg.g & e m\FeBﬁ?j:? RGN Bﬂoﬁf 0% b?fot ABLEI0% By N&ighé
sol utions _accordi invention is from abo
to about ® qﬂg\p&rﬁt t‘m 3#%?96‘?%‘&“%’88 GPHAIRIE ;if-xﬁ%p%onc acid
aosamgte &Iellﬂﬁmﬁén mnbstantmlly free cfabtakive partickes swahdis m;gmtabmetal
Lnvention sfro 'y
%‘?egqj?f asIvER, (e e%at ﬁg‘{%ﬁ 1 u% ghéehglfgggo ution
cont ai ni ng phosphorlc aC|d

Alkaline compounds
Dilute aqueous solutions of phosphoric acid may also contain alkaline

compounds for improved utility as cleaners. Exemplary alkaline compounds include, but
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30 according to the invention is substantially free of
abrasive particles such as typical netal oxide
w@beasswes (e.g., alumna, silica, ceria, zircpel/as2003/033500
magnesi a, and the |ike). Al kaline conpounds Dilute
aqueous sol utions of phosphoric acid may al so contain
ard hk@lirh#&l 13 %&&ﬁﬂ@dﬂdﬁaoﬁﬂm donpoovdshydiroXyldnyineer hydroxylamme

B

used as gualkaine aoypano in athecontpdimerds, amynts qualify mﬂyexs other additive
(ﬁ%(dro gl am ne derivatives, al kanol am nes, and
s thereof. In sonme errbodl nents, an am ne can be
used as dixeaiplay quatcrompremETediun eonepaads inplydelibutene not limited to,

arf oﬂﬁfh kg‘d?clxh{ey IR hnfRidh E&ﬁ'ﬁl})oﬂﬂ@ duk §s mS &ﬁh%mu&

uat er ary anmoni mcorrpoun I NCl ude

h)air@ud@tdlallkyﬂmmwuum hyd@mmwﬂhmmmrmbydramwaﬁ%%m um
teg'gﬂﬁﬁhl %m%&hclﬁ'dfb?%&g %gl {%&Lﬁgﬂlﬁﬁfudﬁhmmfﬂ}‘di%hd@ «choline hydroxide,

ammoni |de trialk

annoni
gty D DHaT R SRR e B R SRD R bylammonium
hidRofide, ah®iHe KB, M lnﬂﬁiﬁﬁéélthmdl)/ dﬁ@iﬂnﬁf&nes tHegdof.NWhile the hydroxide

M:lwefefrpé E‘%f%gé‘?% Sy HriloR %q.ﬂlflgnﬁo Smeialtemate

chinterions e al 58 Bdntéxhplateﬂkﬁcluding bt nditllms?,dtth,ehmnﬁt)e, sulfiitd, sulfate,

m{gnqag g}{t&g& er e Y% ' MV%#& F%F% %% r‘i“r"?}?‘ﬁe H%ﬁ%%agg?{yfates from

ofpfahiglacids fueh raﬁtlﬁse Eaedticeéin,cand tlaarléc_eairslccombmwnm theredf.
Cofippitids SShrpihti 108 or iord f-Edolifin bR e dso kA o as a cleaning

a@:ﬁﬁb@ajﬂtasa chelatinglageidacet at e, organi c car boxyl ates from
or gani c .' lt e \Il % %Ffo'hﬁﬁla:

li ke, an?iéemﬁgyl S ne(ragllcla aﬁbg%a%o&g‘poi%?gs
containing two or nore nlumm)ieties are al so

useful, both as a cleani e and as a

chel ati ng .agent. Exen'pIrY{y hy roxyl i ne derivatives
sati sfy the general X NOR3 20 Y wherein
R3 is hydrogen or a linear, branched, or cyclic

hydrocar bon contai ning, fr to_ 7 ar bon at ons
WS RoAgeor 4 Deats HABTSHRE 9L B APAREGE Rombige Hom 1 107

chibB€ atomsPdndvetiefdin Xaind Yeure) maephmnay; dyyiogerc omd Briaat, iganched, or

chiiaRaesSoinatAgRe e AR ot AR B e e
toetier femel m@ogéﬂ-cﬁ‘ﬂtannngjletﬁxanhﬂ @sCaiingler i vati ves of
o o Erbigp RS et Sr bR DR deBbhairg 6 uhlventih

are in no
indladel tytcireinyb avvylizsited tiethydroxylnminst ﬂyylhy@rqxudmmwb as

) 9&1 R \
SRt o s
I‘éN"dlﬂthdmdmy aminge Mgl aﬁgne, N-methyl-methoxylanune,
N-isopropylhydroxylamine, and the like, and rmxtures thereof. It should be understood that

...s_)

hydroxylamine and its derivatives, as defined above, are available (and may be included in a
composition according to the invention) as above, as salts (e.g., sulfate salts, nitrate salts,
phosphate salts, or the like), or as a combination thereof. In the present invention, these
hydroxylamine salts and their derivatives should be characterized as hydroxylamine
derivatives herein, and not as quaternary ammonium compounds.
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30 N-isopropyl hydroxyl am ne, and the like, and

m xtures thereof. It should be understood that
whyanoxiban ne and its derivatives, as defi nedP@bUsmp3/033500

are available (and may be included in a conposition

according to the invention) as above, as salts (e.g.

sul fat e sAlkasolarmiintd @terdfgltb the mmﬁs:ﬁ) hay Qdﬁiﬁiafg&us@fbettﬁ&e two-

nbination h ent

carbehaom o8 DO baPe e FofSting efichiil Faris

derivatives should be cRdra&keri zed as hydroxyl am ne

35 derivatives hernegin, and rfjot as quaternary anmoni um

conmpounds. -g WO ZR84+0379€2—PLZHUYS2663RHN33500

Al kanol anmi nes acgdrding|to tihe invention may

advant ageously be thoserf{wor,carbon atom |inkage

al kanol am nes having the follow ng structural fornula:
wherrnR,, R/'\R;, Ry',-a0i R, @cR@dergndently in eaeh cR2, hydeogenror Rlinear,

br%c ed '%% cyc.Ff?c hgdﬁ%@ﬁbg})ﬁco‘?ﬁ %ﬁ'ﬂﬁiﬁfﬂdﬁ%ﬂo\ﬁ altcﬁnﬁ %@re‘fr?i gs 3 group

rogen or I hear cli1c
96’81&%? farmylar-(-GhCR Ry cCRzPaa)&.b@nclethm is amhtvle nnmzen feona0 to 3 (i.e.,

wﬂéxﬁﬁao tﬁé%'lﬁ% dHhe bf:tWéEW{h@ -Cﬁ %‘ (ot andq}?g@l{ Qr&lp in 6he formula

} enun‘oer romo0. to
SERHE R Ko B e R e ied s et it
tha pﬁkatﬂ&&rs ﬁ%rmrfmﬂesb PndidtRs E@dv@uixﬂ Qahgve lndeﬁlndelﬁly defiffed in

ende fi ned n eagh t
cah Febes ity T L pach 4 Bt Y gitereQr of BRer; spephorein X
anid'E ae, hﬁbﬁaﬂﬁﬁly&béﬁéﬁ cas%[lﬁ’yc@igéﬂya @,e hskRp eraeRdd, ¥r cyclic

feEca R ok R RE RS formile “CRe TRy R Tefiowih B bl sither -O-R,

oersh,‘, wh&nbelhamdiﬁ’mbﬂ yiniilarlg &eR,, Rask,, Ryyahddyeabove) afll with Z, R,

,'n,'l{‘;fﬁ,g, mﬁ%‘?@ﬁﬁéﬁ as Qﬁo&&%&r@% it ERB& tPgétlh_ertgchphé P

m@pzqmeqontmhet@mcychmm,nmer e R4 is defined similarly

t 0 RI, %ﬁa&glm 1 es'?ﬁ%ﬁ'&oﬁl?t ar?ﬁ]é% IWAJeﬁ tg mzﬁloegaanolarmne,
2- Qwhydmwl@hy lmnmebtha@@le(t hedlehh@mialmne of DEAgezaézemmammxygethanol
RS B0 A AT SREARIL o

or THA), Hopropsiplasting, 9raa4w¢ré)pé@mawdr e.{ n-Propanalaraine on BIPAY hamino-
-ﬁfopmx 'm&oisdpRFARLAAIRO % RIPAPY | 2-(N-mefhylamino)ethanol (i.e.,
dlc%u%ipq tﬁm ne .or m@y
m Y Pthanolamigeiey Fo2-amnosthylapyingiethanol (ie.,
a%moahﬁaxnﬁioamm or AEEAKAhd mlm& &%&ffl am ne, oA
- am no- ropanol anmj.ne oy N ,
2- ani no- @Phg%@ﬁl&(mﬁﬂw drox RO @aﬁaﬁ\e 2°mP°“ndS- In
an d!ﬂeﬁhﬁfe)preﬁrr{:d\bmlmdhyém,m’zﬂﬁ@bhmm cafibe @ preferred alkaline compound.
monomnet min g{x‘g@nﬁ) ldig}Hé Irlme For?%dugds accg@mg to the invention may be

2-(2-am no T am no ano
Prmhméhhwhdmnnmen ham from sheaA).5%dm dbavt §¥6, alesnately fieof about

0. S%Qb hﬂ&t *3%3' [Tians a@@utai'%i td‘%@ﬁ@?‘% ! 1?&11 G601 02 /ffoeibﬁﬁtr £8%, from about
Oz,] {a ouns %r%)at rnate prefe .
{450 A0THE AT, SRR RO I AURBE 154 i SOt 0 o @hgut 1.5%, from
abatiknbdorte aban P, Bifrom about 1.5% to about 2.5%.
In another embodiment, the solution according to the invention can be
substantially free from alkaline compounds. In still another embodiment, the solution
according to the invention can be substantially free from alkanolamines, but may contain
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In one enbodi nent, al kaline conpounds according to the
i nvention may be present in the solution in an anount

wo e@nioatveut 0.5% to about 5% alternately fronmPebost003/033500
30 0.5%to about 3% from about 1% to about 3% from
about 0.2%to about 1.5% fromabout 0.2%to about

QUEGIATY SFAMEFHIR campumiAndlns hydresylaminger Adaxyl @m@%dﬁ%vaﬁves In

y«:fil BRdtherlentiichér®The s%lﬁﬁiéh adeopding & tﬁ@ i}WentM caflilbe fst!i&mntlally free

about 1.5%to about 2.5%_ In anotb er enbodi nent,
framg hygsogsyl aa‘@%qrdqyﬁ@xylgntqqélepyﬁpé(ﬁq, Btymay sentan quatemary ammomum

cﬁmﬁlhamdd%rl aMcaBme@ufeg OR yat mknea emB&diRRL) t solutios hdcbidmg to the

mlegq(}t@'qfqrag %EQ@J@M %rlvgr? p@gisqnﬁgi?gnqllmu%ds %ut may contain
&qdmmaﬁbﬂﬁﬁlro ma&erﬁ;amm iafid/oPalkiDoPONiAé) Id 9&Another

eraﬁ#wﬁr%o%wé’@’gﬁ%cw S R Trse PR A B REDD e o,

quatémay atﬂnmmm‘omdpdmdﬂ gndthydroxglamfinecor hydiomyldining dedvdtives, but

o8 oS AOHRoB,  fnpg o

invertioni can feo attatantislly fmerfmm quatemmy‘pmmmbmrmmiﬁpnunds and

a%%ﬂéoﬁ%ﬂ@ﬁf%#@ﬂﬁ%ﬁ%ﬁﬁ%%@%@%?am ol b 28

arfothpmenba tithe sehation am@mmgentmwmhqsmm%ﬁm free from
alﬂ?rgﬂz%?‘n J}gfdfyxxﬁ%ﬂ{e% W BBk NEm AR deN Fltivie %uﬁﬁﬁ‘f &Intain

yet anot her enbodi nent,
QWYQW@WWGW%OWQSthe i nvention can be
substantially free from quaternary amoni um conpounds
and hydroxyl am ne or hydroxyl am ne derivatives, but
may cont aQhex|aRidsol ani nes. 1n yet another enbodi nent,
the solution according to the 10 invention can be

and- ai kahopkaniags sn A PRGRRt AR Bt scid
C&ﬁmy fc:ilimpmvddautllnﬁhs olemmers] Exgraplaryeavidsisciudentu diraet limited

t sol ution .he. .
R T
pyrgplicsplyéraodcig ﬂuorolslycic eoiyl) saifunieacidrand s lu@sandkvaMWhereof
0%2]”% %«":"&ga&@% %&ﬂﬁra\é @éc?ﬁn ﬁﬂggﬁ&' r}gﬁnic Jaégqcnqﬁ*fc aﬁfd gﬁ:plomc

ou S e E1 ron phosphad
a¢id,Henzwc atxﬂ,szscqbnccacld,cgimmm:;i mhc aup;madenic acid] suwma@md,

e e N
methanesubforic |aelda¥~x1@1esqé@mc@mdctoa@peﬁulfpw @ﬁﬁo@éheﬁaf:@wa?e}dd and the
liké, %ﬁ&&ﬁkﬁ&&&&r&ﬁ*&d:ﬁ%&é%&e@c' d, and the like, and

m Xt ures t her eof ani ¢ acl gS SUCh as oxalic

cjd, .

lactic aclfb‘meﬁ‘lbf’ih@eﬂ thg othey pgif compoynds gegording (0 tﬁ"cﬁ“r‘.fenhon
nﬁfy BB 'p%ééﬁt in 8R! s@lutl&eﬂlzaﬁl afnodfid i?om as&ﬁ 0I5% tordblott 5% dll’éﬁﬂte@ from
ot %D T pop el abezh i th 8oqut B, SRR 2gede abbut 1.5%6, from
abch@ 029% to mohez%mchﬂ blsbufi0. g@k&oa}satt 1&@, ﬁzﬂl mhas%gu lab@nilcs%,

es ci e, Cc aci

ﬁtofn %OH€¥§%Q ouég%or cr’{aa??]"éq #/e% {?EJ Xt ures

t her eof ; ‘&‘hdmnit»fung:ﬁwl tarboxydit acids (1 e., compounds having two or more,
alternately three or more, carboxylic acid functional groups on the same molecule) are
preferred acids.
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to the invention may be present in the solution in an

w@eas7962 om about 0.5% to about 5% alter nat ePQT/U81903/033500
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about 0.5%to about 3% from about 1% to about 3%

fromabout 0.2%to about 1.5% from 30 about 0.2%to

about 2% Infanethepbinbdditied %hé solativmuccdringfto diiakentibn CanIhod
fro about .5% to about 3% or from

t t.1.
S‘é‘%ﬁf‘gﬁg@’. %%t? st Ecid capppon mul ti functi onal

carboxylic acids (i.e., conmpounds having two or nore,

al t er nat eﬁ( t.I&ree or Jmre, car boxylic acid functional
groups on ule) are preferred acids. 35

-10 WO 2004/037962 PCT/ US2003/ 033500 | n anot her

embodi rren'g e dillffe (ﬂeUﬁé s%ﬂméﬁ #b%oﬁQ adill ?aér'&’l’s%'}ﬁdl a fluoride

can be substantia acl oun

cmnn@mdcfer mwdw@bts@svhenm | $}t1@b'§cﬂ§’956% cmqwﬂ%wgluéq, but are

PYRRGO0] £mdl6hifind Mibridk, Shrhdlnh Hfluerifd, wllodeh MEGHAROUNC
I nproved u S bl

cleaners, Suitabl & fluoride
hp@mwgn iﬂH@MRsI eﬂcyémoaml biglyeride, and the like, and msiyres fereof. In
aﬁémafeu%dm%mw R HnfakitRdihg o> thE MvEREH cah |bH QhbsHRtially free from
al kxl ammni um f | uor.i de, al kyl anmoni um bi fl uori de, and

flugadq-congainigg gompoUds-es t hereof. In 10 anot her
enmbodi menin orelgnbdAintnt, Mt fapeide-domtgining dohpourtlie prdsen in the

SR B A s PRt o S8k DR 5 Bt Bl gosve o
abAT0AYHdoi exapiphseoth about 0108% te abauttiod5% by weightrount f r om

about 0.001%to about 0.5% preferably from about
0.005%to about 0.1 % for exanple from about 0.01%

to about Qthé%omponentght. 15 Ot her conponents The
di | ute aqueous sol uti ons of phosphoric acid may

optionally contain additional conponents such as ]
or gani ¢ s@he diluts aquehed saliitiogs efiplosphotie acid mayloptienallycontain

gsabhaﬁm on f; ga} %td}gim@s%mn@qsﬂaﬁﬁﬂ%%%gggn Wosé fotdualifying

ose not uat er nar npounds,

ap pthenaojd mﬁlmnds'), W‘@PWW theise gotd@phfyg;gi ag ggate@pry ammonium

F?lﬂﬂsal?? 6’1‘1@@! Q%mef%féﬁvmves R dlk@fiolamines, as described
su act ants. I n one énbodi ment, additional conpaonent

«palfeg surfagtantso n ong emtodiment additigasl cemppranis Befudigs,hut not
lﬁ’ﬁiéﬁ@o Qﬁ&%@nﬁxﬁexﬁﬁﬁ aﬁ&}elﬁdy% aifedate m@éb‘ﬁlt@n%@ @é}hév'e@t specific goal.

odi nent,  the dil
1 Ssbar b et oSG SHooR S0LHOH Sfot i o Pingiion conains
s&b&ﬁﬁﬁﬁnynahdldimﬁml adﬁbdnemmal conmponents. Organic

f]g'nf’ S glt :w @gamc solv [é may be eﬁfmer pola}] or ngn-;l)oelgf. (%1@8‘19,' n!ox-'polar

organic solvents are not preferred, though high boiling alcohols and the like may be used.

Examples of polar organic solvents for the composition according to the invention include,
but are in no way limited to, dimethyl sulfoxide, ethylene glycol, organic acid alkyl (e.g,
C,-C,) esters such as ethyl lactate, ethylene glycol alkyl ether, diethylene glycol alkyl ether,
triethylene glycol alkyl ether, propylene glycol, propylene glycol alkyl ether, dimethyl
sulfoxide, N-substituted pyrrolidone such as N-methyl-2-pyrrolidone (NMP), sulfolanes,
dimethylacetamide, and the like, or any combination thereof. In one embodiment where
polar organic solvents are present, the boiling point of the polar organic solvent(s) is(are) at
least about 85°C, alternately at least about 90°C or at least about 95°C. Care must be taken
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organi c solvents are not preferred, though high
boi ling al cohols and the |ike may be used. Exanples
W@ooposms2 or gani ¢ sol vents for the conpositi onPCT/US2003/033500
according to the invention include, but are in no way
limted to, dinethyl sulfoxide, ethylene glycol,
bezagpa)in chesabisehca bk yikar{odargings 8d tlibll-ﬂ@ﬁ%r@m esesnis salierdmay be only

ST 1 S A A n BV b e

ingerdjoyl ene gl ycol , propyl ene gl ycol aI kyl ether,

di di et Ey: g%/ grgo(%(ﬂlglmé\'alm%%;l& Edﬁeﬁ? lsq»fés@ffd ih BB R Rediding to

tm|1mnﬂngn la@mamwmfrora ablout B¥% fojakeut lé%, alﬁﬁm%@}w&%%hoaw% to
aﬁcﬁ?{@}g ffronll B8 /%’%Qﬁm% ﬁ‘ﬁﬂlecfb%ut PRYAdboAE B8] Fom about 3% to

sol vent's are present, ling point of t'he pol ar

a‘lﬂ“@b@rﬁ(ﬂﬁﬂ@ﬂ?ﬂ“{@%@é‘?%é?‘%‘at 35 | east about 85C,

al t er nat eAdéoﬂﬁn%(t%Qﬁé pref@vinveifonOdmiabs, patisilaapaikindknines and
Care rrust be H&éﬁm 2004/ 03796

alpeyartigsy amines, ar¢ Wgargﬁ?g}%@ngiare not classified as, a
mlf&ﬁ @ﬂx@r id&hdﬂak}ﬁblarfbegahﬁi solventg as kaovaninwheart, other

%%%Wﬁ@ a8 prg it 8 coparsioTes ol

mvamﬁmt I®#n .xltdmamem‘s:rtﬁmdmtnﬁa bompmltmng)amrdmgm themvention is
TRy A o oAb PGP ergil, 0 0F, L hatel v

f r om abouExabil¢smf chélating ag8ats includen babnuno 88y limitediemono-, di-,
il A G G £ S
hydrexyteleerer( BHEV)e and tha likeror ne;o,mbxpatm thereefs |1y one embo lment the
c@l&gxﬁ Al B Boretatitdx ?cf’&:ln?aﬁxluﬁ% hoY¥1ER) |e‘5‘gC &H as

am nes, are separ rom and are not

e&lylgggilamxgg t@rgacegc aqid (%@}P’g&i’)omcg)arﬁ;tglhg EDA saltscgnddhe like, or a
c&?ﬂx‘n&ﬁdtﬂl}ﬁé c?fﬁ |(§ﬁnﬁ&ﬁ&'§oﬁta§ﬁﬁ z?ﬂ\toscaﬂﬁ)xlﬂ'@m hﬁldhbﬁax@ Ndss

ot her an ose ‘specific xc)] uded, ..can
pepfeseed; @W%r?ﬁ&@&‘%‘??%gyc{'%@'? EﬂJe yii€ A Ficieies Sie yseful in
ofiderdbddihB! wmmw&mdstdamam@mm Eioaps, 226 6ueh asghiophenol;

the invention. is., substant |cg free,.from or,ganic

opFhaxyHG aqids figaangset-&; f predigining; pqlyaicqhgls;
pa yené @ﬁhél @Glyaﬁiﬁes* polyidinesyor icoinbizdtiorothereof) are uselful i m one

b t d
TR G T T
c(:mﬁdrﬁ'tu)n, whed thdf\ﬁxelaluhg agents ame sebavtedfaim groupsddasenitied abeve.
ARE DB Mg Som € BEARE Db erkd L HEAR 1LY %y 8/ meh R
%lﬁﬁﬂénwﬁéMayé?:t 195 40 dard, and it qpngnomss@g/ned U.S. Patent No.
sfk% 572 iukd Se gt ;EQI 39| i§97 160k, kHeRtidcIdsBres BF e&h of which are

onbi nat'| on ounds ‘containin
m,mmam hexua@mefn@p@q .Iegn ali@n3tegmbodimepte FP@BOSIHOH is

muﬁﬁﬁegﬁ%ahahﬁ%@ﬁtb hydroxyl and carboxylic acid

gg :ng Iu ﬁzs T oncica %}Qaﬁ@éqt.rﬁ gﬁli?%%g’ét 1gg1%t§ent ug@s ﬁolgﬁon according to
théinoahiondh an aramm droarpatioan. 1 %oco alstiud $0%pdleenatety from. ayoyt 1% to

u&tglg@bs; Fgl%tpg%)&uﬂ& g‘gl 18 g})&ﬁ ’5%D %JOXI%SW %‘% n%atR)Qllt 3‘9t ﬁwn%gut 0.1%

to labowt 3%4, oatrenubelitllP/otmath@%enbodl ment In one

5 enbodi nent, -one or nore chel ating agents can be used

in one
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25 conposition, where the chelating agents are

sel ected from groups descri bed above. Alternately or
w@odaiosmeal |y, sone chel ating agents are descrP@PUS1003/033500

U S. Patent No. 5,417,877, issued May 23, 1995 to

Ward, and in commonly assigned U S. Patent No.

5, 672, 577n ohs&ibsHisnemnt trlompaitionlREotding té- &R, intdhtion optionally

di scl osur.es of ea ﬂ“ I whi ar i ncor por.at ed, .herei n

QR AT R P RS fhab s of By Sy GRF HGAMifg @nd 18 ot an
alRarigh@sing.| Bxumples3T saehashiaa torapduyidd inelade, bubare dhed svky tighited to, o-

. ] di .chel at i i s "
R s s T
piperazimgIWsubistimtedgimandzite devivatives pinaridi@IN-sabstitutad pipksidine

AT RR) by Eohehieot SRS g fifgithe
tetrhwine, @avhthelike poarabinationghereofadanines3ngy igereasprompsion of certain

schlifge R0 dn Bg%&l?ﬁ%%ﬁ{)%&@g&%e bonpARicR AR §/hetiﬂ€enﬁon is

conposl t1on accor 1€ 1 nventi on Optl 0
substantigliydreg fromnpanchydssiyboentaining mming ceppounds.

hydr oxyl -5 Qpk @hﬁ&d?ﬁzew Amid goxlggmﬁ’xﬁtiﬁ @gseﬁ{ 12RO kMR dtaccording

Exanpl es of such am ne conpoun I nc e, but are in
tothe Wgynqaniql R gmeynt from ghoahP-A¥a abar ép%, alternately from about 1% to
atf(quA lE@mAmh @55&1@ 0% {&Muﬁs%,rmﬁb B?/du% 0.?94{1%&93@@%&&@ about 0.1%
: | perazine, substituted piperazine
t°o°é’PP€&”i‘zF§§fn %PBE{%E‘? E@,‘“%ﬁsubst i tuted piperidine
g eriv ﬁt : Vi one enbddiest) thetcompositish according tc;] thle invention may also
- et eneand nopr,.opyl enedi ani ne, hexant ene,. . .
o & Ay AR B, PRCARY ke W gjed to, sodiom
lafrel adfateysodium Stearats epoxyrpobiamidepndahe tikd, or a sembintiiotethereof. In
als. I.n an alternate.enbadi th it
L S o A S P S

frnmrsutfyﬂMyl -containing am ne conpounds. 10 In one
enmbodi "E%’on@&gﬂé?ﬂi&%?tggt £ Plt {5 DreREd SERE sbiitibi Sccording to the

_solution accordi ng Invention I n an _anount from
inygufion ip an emewunt figrabortod Yeitp ebouy 40%) slternaigly Hiomyaboubl % do about
16R45m 1&98{% 0f 5P BRL% Dot abut 8139440 B3t 306, FBnR REUHE 0.1% to
0.5%to about 30/3 fromabout 0.1% to about 2% or
alyqup AYoapiofiem 2bgut “ete@heutdd%h. | n one enbodi nent, the
conposition according to the invention may al so 15
contain a surfactant. Exanples of surfactants include,
but are iBdno way limted to, sodium laurel sulfate,
sodi um st earate, epoxy-polyam de, and the like, or a
conbi nati.Qn ereof.. In an alterna enbodi nent, the
conpos. t i i RHLSHRA Aty Ao Phe HiiiGan o g spliprc soid iy Vay
caislietabhit fraah biye foraelatién toransthed, and thabptimtn phhean be readily
enbodi nent .surnfaetant .L.S I . ] '
S oy Rt DM R Rl el R e
le@rels 9dnt partidudans diffodpt pH velnesatretsefill mitindififerentt saBsttates abroerte

%. fr.0 0 0 f 0
erbiSairllio e BP0 oo iy itpin bl 15 B 0tY, emiilyhtween
ahout 2 gndshout 4.59between about 1.5 and about 10, between about 1.5 and about 9,
between about 2 and about 6, or between about 1.5 and about 6.

Substrates
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I 25 The pH of the dilute aqueous sol utions of
phosphoric acid may vary considerably from one

wo evoatoBm62 on t o anot her, and the optimum pH caPCh®S2003/033500
readily ascertained by eval uating cleaning efficiency
and material conpatibility at various pH levels. In
par ti cul aThe dilutd muents sphitivad efghosphericiasd ade adivdritageous for

oSO Y g0 a8 S LB el 5 et
staldneemb.)ebqsmu@te\m@s of atetaltsugh aatdngskenyor Metdl stdoks inebrding two or

e
taatadurn, a8d oBieh stetads useful Bsemi@nitardfabkticadqy @@ well as mixtures or alloys
tﬂoﬁ;gf Uﬁﬁ&* 93{1 2913'%3 Qﬂemzﬁ@lgvﬁa{% %%’%g'%tgs ?gﬂrﬁt‘xﬁé% { h'a@zrﬁtsleé% ortlon of

oric a are a | resid

om @rm%ea@etﬁﬂ mptgl pitrides qagfalaxides; mejal %amweémn%@r metal alloys”
with atnhd r&SmpditRls GBicAthan Sletdid (el PhosPh¥ruS Shobbr BhIurPbIUES like).
of netal, such as tungsten, or netal st ‘acks i ncl udi ng
two or nore of titanium:nitride, alum num copper,

al um nun gmg_@rﬁgﬁbbgy, titanium tungsten, 5 tantalum
and ot her netal's useful in sem conductor fabrication,

as well as mxtures or alloys thereof. Additionally

or alt er nEh&dilute dqueosUEbRtibAd 6 piBsphbtic hdid thay e gpplied o die
| east ggo[gorthon of .one or

I l ..
scrvEpTdiEioR s eieperaRofmaRods, FRY il il mey bo s
bithréh sdhichlthosubitratenistshbratrged Alternaeipdhagmeatssotution amy be applied

o 0y ARMBORASH e BEEE B el

ampiwwdves dathctincelytids retpipdn arethteomptien ofthebubstretecandrother

[ For instance,
agdég | cgliﬁ Qimé‘@%%\%‘i;s v%ﬁ‘ﬁg{%‘}ﬁ’ﬁém ch the substrate
i s submer g?bcjlowmoﬂa;ﬂmfethqdnmtheqmquﬁeqeugwmﬁnhomhomycﬁ@emuts

B et ok st ghe s gl

STROE (GEPEHG APRTAGOR ¢ ahont ?%?Fnsw%%mood
cHRbin@florPéf dId¥Ring! léﬁﬁiér@t;md ﬁﬁﬂnﬂ%ﬁnﬁatﬂﬁﬂt@lféﬂ 1968 |ap§lidaﬁ6ns

may be used as is e ar

no n
vol atii | i t yh&Hme FRauie g‘ Procgisde W&E"(S‘F upon the residue to

b RasdRA/ dperadia) fbrﬁiﬁfdﬂrb &nd ﬂﬂeﬂlbd epazfpﬁbatm slrthheisdrom about 5
to a

ik 38 PisBeliorinain fom b Hinglpdog ramus SRR gt fo sbout 15
néihared, fda{aHout ammmmumw feters atioug 5 &daboﬁbl‘ﬂ)nmmtesoﬁomfabout 5

t§ | eap ll%&mutes:3 81! ﬁe-cgﬁ X%%Qg tgfgbo% h@l’mrﬁ?%p%}d' %h {ngScertamed by
epalo@ewlemlxu@ﬁmtmw amtnpetnn@lh‘emp@tgnutwelt yagioup @mesmov ed,
oper at i ng ,GRGy gttﬁgt ﬂxeél'%o@? Bbfﬁg pg{;; etk él(ﬁétlh 9{&: resence of

Typical tine I s from about m nut

phpspberiaacid js tetioved s beiviathe @naﬁtmtof a@mwrmﬂle@ phpmhaﬁe complex,
vaPRHthout btz BBRH to HRory, the presence of a quaternary ammonium or the formation

of a cation through the acid-base reaction may enhance the cleaning ability of the blend. It

is believed that this enhancement may arise through electrostatic interaction between the
cation from the base and the anionic residue phosphate complex.

Furthermore, without being bound to theory, the investigation indicated that
residue removal is probably. not by a proton initiated dissolution mechanism, because of the
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25 mnutes, fromabout 3 to about 20 nminutes, from
about 5 to about 10 m nutes, fromabout 5 to about 15

wWorRomne™e2 or from about 5 to about 20 m nut es, PENUSZA3033500

be readily ascertained by evaluating cleaning
efficiency and material conpatibility at various
pdor ﬂ&%m@%&ltﬂdﬂhiﬂgﬁ $otions Cxmtaiging valy phbsphbric pad tndthe bther acid

d f hor i d.
oo gy o G SEHE fnllvors PG RRORE o s ftioed trenys thac e
clpdnirgpdbiliity of dreprefierred Stiont aospidingib threinnention tusmi'obably due mainly
toftﬁe 816?’(11161% rtﬁa%% & gis&{l tn %Hﬁt}ﬁ#}ﬁlé Xth%r%gc{s]%o oREnt! (eg in

4 ca 1 OR Chrou e aci eact
cmmlynaewhamdephdsleharicelaird) ng abr lity of the blend. It is

bel i eved jhat. %tgé @P{%Qﬁ}ﬁ Qﬁl%%gﬁ' LotWa r foﬁgwts la{e%ighcatlon of the

el ectrostatic catl on rom:t
difye aqueaus sohetionp pEphasphoss jagide Tbﬁagfﬂra@ten@m beywater, alcohol such

ad186pr 631 ARbEol, ¥MvafegraicolRebIRAd, oo b Ridlsd ﬁa&ﬂﬁ%)ﬂeschb&lmUS Patent
mvestrgtatr on |nd| cated that , 35 resi j repova

Ngf ﬁmenggp gqe@,g whichs incergorgf qﬂpy)ﬂcpresls reference
héfBeh W3k o A6 sep éfeﬁé@md&ﬁeﬁ@t%}ﬂe&% flfs¢ material,
PCT/ US2003/ 033%@% poor cleaning results obtained
sol utions containing only phosphoric acid and the
ot her acid conpounds, eEXAMPLES ot her acids that
were very_str ed, .therefor tha
cl eani ng BTG eppodiind SE L PRGtm eenibO e ot Aty
refareridedo tie\foliowing ekamples) waich predueluded taleyemplifys tug not to limit, the
chel fﬁ‘i ?e RLOR&LELES and dissolution ability of the
SCEPRET 5P &’%dﬁboi nt (e.g., in 5 combination with
phosphoric acid). Arinse step typically, although not

EQ! E@gssl_zgol | ows the application of the dilute aqueous

of phosphoric acid. The rinse material may
be wat er , Diliteahedous saditions of phosphonioyrides dedroibed i Table 1and

ng %gagé Q&H%eﬂo%ﬂgn Bﬁgmﬁetfzﬁ f&ﬁu@ﬁ@rﬁ 's@ﬁuc@ﬁdﬂéﬁ)? Qﬁﬂs%{és The

e entire disclosure of
fqmrvm 4@@"?%@% enearﬁ@ofomhémﬁ cppPengHiess reference 10

hereto. Use of a :rinse step is preferred, and water

i s the preferred rinse material. EXAMPLES Exenplary
TMH di nenteamethy REmopRIgEdrgXideant i on wil |l be

CHOpst rat@m,ﬁyhy@f,ﬁa@nce to the foll owi ng exanpl es,

whj ch arel exenplify, but not tolimt, the
Df%i%cope BTf Hfg‘y ygg’é‘ﬁ]lamr"f‘?\/entr on. Exanples 1-28
ABBAIt e aqm-@-uﬁm&e thylaimiiethdnophosphori c acid as

l\&e cribed_i Qh‘omc a&rd Tabl e 2 have been used to

an pla r'e&7Uues from seni conduct or
PBAbst r at epyroﬂtmeph@@a{:ﬁl | ow ng abbrevi ati ons are used

sol utj : TMAH teiranet hyl anmoni um
ydr oxi dewgﬁﬁ% hydr oxi de DEHA
AN N- di et hgtampdivoxfyamdene 25 AEEA
EPA( 2- am ngeh o) et hanol

EL ethyl lactate

Unless otherwise specified, all values delimited in the Tables of these
Examples, with the exception of pH values and corrosion and cleaning ratings, are
expressed in terms of weight percent.
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MSA met hanesul foni c aci d PPA pyrophosphoric acid ABF
AF ammoni um fl uori de 30 EPA

ammoni um bi fl uori de
we@p@p3et yam de
al |

speci fi ed,

EL et hyl

Exanpl es, with the exception of pH val ues and

TeREfosion and cleaning ratings, are
ternms of weight percent.
Epayples28baspbansand TaphlkalineSomne

35

expressed in

-15 WD 2004/ 037962
wed phosphori ¢ @éred

1Al kal i ne Conpound Ot her piapAlg84DEHA 0.94 2 2 AEEA 1.2
532 CHOL 0,99 2.1 4 2 dro>e<zylam'ne 0. 65 ABF 0. 02,
y&gﬁéﬁ

2EPA 0.12 5.22 5 2 Hydrox

0.65 ABF 0.02 5.2 6 3

3Hydroxylam ng 0.75 AF 0. @31 0992 Hydroxyl am ne 0. 65

0.0 5 10 dr.ox
0 6 CHOL éy‘é" DOAF
5@ ycolic 2 25 20 25 HfloxyBimine A.65 WO 2004/ 0316202

?gifdi‘?%‘l%ﬁ‘%-% Phosphor i CA?‘E)'(Q&

AF 0.04: EL %

4AEEA 1 2.8

¢PCT/ US2003/ 033500 T
Acid O her p

7 2

8 2

9 2

10 6

11 6

12 6

13 2

Hydroxylamine 0.65
Hydroxylamine 0.5
AEEA 1
CHOL 2.2
AEEA?2
CHOL 2.2
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2 12

BR8P 0.12

AF 0.04; EL 10.0

Glycolic 2

| act at e Unl ess ot herp@i/g82003/033500
values delimted in the Tabl es of these

2.1
5.2
5.2

2.8



10

15

20

25

30

35

14 2 PPA 3.0 0.8 5 15 2 Fluorosilicic 0.24 16 2

Oxalic 2.0 17 4 Oxalic 2.0 18 6 Gycolic 1.0 19 3
woz@Wi07982 0 10 20 3 Lactic 2.0 21 4 Lactic 2.PCT/RR2083/033500

Citric 2.0 23 4 Citric 2.0 24 3 PPA 0.5 15 25 3

Gycolic 2.0 26 6 dycolic 2.0 12 6 dycolic 2.0 CHOL
Talg2 27 3 PPA 2.0 28 3 PPA 4.0 20 The solution of

Exanpl e_25 s used in a bath application to an
Eﬁ@?ﬂﬁ Péqse P& Yue from %cé%. The residue vva%ét%er pH
13enoved aftez about 8 m rvsas.4mt about 30C. The sane
1z§°| ution cl eaned residue %ﬁg@ tal lines after about

m nut es at“about 30 C. sol uti on of Exanple 3 was

isiIsed in a sp2ay appl i c@#uoossilicic @26em t ool 25 appar at us

o clean plagsma etch resi . Lrom netal stacks. The
lét acks consiaZt ed of ti tan(lg%%%czholot ride-al um nuntf copper
14l | oy-titani4mtitani um rPxalic@® on silica. Process

onditions ipg the tool : ut 30 C, approximtely
! gal | on per@rri nut e (@Mm#clsgﬁvprgate, about 140 or
1%bout 300 re¥ol uti ons perOxaligdi® (RPM), and
o@bplication ginme of aboutypsehoeabout 10 minutes.

esi dues were renoved at both RPM settings at both
2hpplication #imes. No 30 Eafieddi on or pitting was
ofoted at abogt 5 m nutes gifibeagh slight pitting was
noted at about 10 m nutes, ,TE sol uti ons of Exanpl es
2.5 were usefl to clean ne%g}"" 5acks in a Senitool as
2previously dgscribed. Resippas®swere renoved and no

orrosion or_pitting was oted,for either sanple at
28oth RPM set Pi ngs and bo?ﬂ“&gﬁ?w cation tines. 35 -17
280 2004/ 037962 PCT/ US200&1@8R&520 The sol utions of

1 e%n'tplogls 3- Scwer e used i%l;%oﬁ@ﬁﬁy appl i cati oppdy, 32

27 3 PPA20
28 3 PPA 4.0

0.8

The solution of Example 25 was used in a bath application to clean plasma
etch residue from vias. The residue was removed after about 8 minutes at about 30°C. The
same solution cleaned residue from metal lines after about 5 minutes at about 30°C.

The solution of Example 3 was used in a spray application in a Semitool
apparatus to clean plasma etch residue from metal stacks. The stacks consisted of titanium
nitride-aluminum/copper alloy-titanium-titanium nitride on silica. Process conditions in the
tool were about 30 °C, approximately 1 gallon per minute (GPM) flow rate, about 140 or
about 300 revolutions per minute (RPM), and application time of about 5 or about 10
minutes. Residues were removed at both RPM settings at both application times. No
corrosion or pitting was noted at about 5 minutes although slight pitting was noted at about
10 minutes.

The solutions of Examples 4-5 were used to clean metal stacks in a Semitool
as previously described. Residues were removed and no corrosion or pitting was noted for
either sample at both RPM settings and both application times.
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apparatus to clean alum numlines on a tantal um

substrate. Process conditions were the sane as
w@e@dioa1est y descri bed. Residues were renpoved aPdI/ng2003/033500

corrosion or pitting was noted at both RPM settings

and both application tines. 5 The solution of Exanple

3 was usefeishluflofsiifEkaMpRs B Salére Bsddrin a@plﬁﬁhpplﬂ:ﬁﬁ@f iatalBemitool
to cl ean plasm etch residue from rretgir st ack

m
apppFalls te plgaralyminym lings op gdantaym spRstials, $reegop atlons were the
sahrel B PrdviBullyldeiiBed! Mé’@idﬂéﬂv‘éﬁﬁ@xﬂbved and no corrosion or pitting was

ol el sH b o AR B 25 or 35 G
appr oxi nanﬁslsyluﬂloxh beianﬁﬂé 3 wm Ggeden § hﬁw a;fﬁlmmmahan FSI

ol 4B BB 550500 S PR o
staoks comsistedasfitithnien nmdp-alemmdcwpewosctmnmmmﬁm nitride on
s1{ﬂtzp l’ﬁr?% sé’\éotnaltﬂgs £:3h¢ ol Qgre%oﬁ'zg 'i)i' §54°C gﬁ okﬁx?atél?éi‘ﬁf& per

source, tra e rema
mipute ﬂﬂ’éé)eﬂdw fatdl, gboud 40QIRBM, ﬁndnnpbglatwnttmq afragewt 5 or about 10

%‘31- {htg Yt &Wcﬁn t}{é tCsB{%{ r,gbé?&heQ el ooVl #9% °0 3 &fdut 10

romt source residues were
nmenm\mdl nedarresion oopitting Fer thetstasksdfrom gherseeandsontee.frases of

re\éfdhg réﬁ?aﬁrbgl%béyhkl@fy \9&1{1& b@&nﬂb@é&ﬁi’tﬁ %ng@@apﬁﬁ@atmn times; no

solutions o - were used jn a

CQIERSIMA PILERE Wos sk FOF Bmﬁack%ﬁﬁeﬂmtl}% S?‘Hc"r féﬁlﬂ%ﬁ were removed
afidrabom 1emsahuteealb6uﬁembé@ﬂ&d§pmh né t@edsionfor pirting beserved.

sources. within.a
ni nut es. '158? ® B%? eﬁryf){ “ﬁ%ﬁ" Ebapg}l{wg}ongggwt room
e?x%erd@ihr@ W Rfnovd PRsHELh td@idﬁc@ﬁroxﬁm ktaskslffom Hee sdrcemnBesidues

v b e 5ot SO et BBl sbou 2

mfifasgpagne vias and nmetal |lines. Residues were renoved

in proces e s°g‘ﬁ’?’f‘0f fé&% esﬁl'91§0 L %%% ’we?ﬂgseﬁ(?n a bath application

corrosi on
atioomdeniperatuiede dexmmma@mrpm@@s fromrhampegns isseagd metal lines.
R@gﬁ%l v&eé?é %nogéd ﬂﬁgocf, 0! i34 J1abbite- 0 rﬁﬁﬂte@,ganﬁtrfé&ongﬁon or pitting

nparatlve Exanpl e A series of
was hoted. aqueous sol utions of phosphoric aC| d and

chol i ne $ %F‘ iaggve] RSB Procesd e%%nplé@ﬁ&d&r%z%d vaaker (DIW)

shown in ow and“used in a bath application
rinse follawing thegeaning stiponpar at i ve Exanpl e 1 shows the
result of using a dilute 30 aqueous sol ution of

choI | ne hgdrom de VVI t phosphoric acid present.

: Pated on a 0-10 point scale
Wi t h 10 bai segemmnhtetaqueoamwons ebphosphariv aitbandgholineng

h\é\’@ﬁ% ? 1 d 1 faig% %'regp%resdcfg WQ‘EB{?%@%V 884 used in a bath

applidation Q80 3Stssidue. T@\dﬂhmrahve Example 1 shows the result of using a dilute
aqueous solution of choline hydroxide without any phosphoric acid present. Cleaning

efficiency was rated on a 0-10 point scale with 10 being complete removal. Corrosion and
pitting was rated on a 0-10 point scale with 0 being no corrosion and pitting.
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Exanpl e pH Corrosion O eani ng Phosphoric acid Choline

hydroxide 29 1.4 06 2 0 3020102 2.25 3150.5
wQ@a002/037982 32 7 1 8 2 5.5 33 9 4 10 2 8 ConpPCEKS2003/033500

12 10 10 0 2.2 10 Process tinme and tenperature could

be optim zed for the solution with pH fromabout 5 to
Tahlegt 9 to provide both conpl ete cl eaning and

Eaccept abl e ,_COFEOSI on an% pitting AI{1 ?f the line hydroxide

29ater (DIY4 rinsg followgg the cleangng step. 15 ¢

t hough &he present inventjon is described with 29

ef erence“to certain preferred enbodifrents, it is :
3ppparent ghat nodificationi@nd variati®ns thereof man.sg
?e made by thos skilled in the art t hout departi g

romthe spirit dscope f this inveftion as
38lefined b9 the appended clHins. In paricular, it w8
d&ﬁx ckeay {#® thosqgskilled {p the art that 20 the

sent i nvention may be enbodied in other specific

forrrs structures, arrangenents, proportions, and

with othepglg R taRd ¢ ﬁLtﬂu@lcéuld@Q @p&afmm%%ésomnon with pH

wi t hout departln rom e spirit or essenti al
fropeabaut 19 @put%tom&hoth @mplstmclqa@ag iprd ageeptable cogresion and

ﬁﬁhg 6411 8F fhelabdVe-debi@ibedl be‘ééﬁs'eﬁ El@é/ ude8 a\dSRHiz48 WateFFDIW) rinse

fications of materials, and conponents
ffloydngheleanisg stepy t he pract | ce of the invention, which
are particularly adapted to specific 25 environnents
and operative requirenents wthout departing fromthe
principles of the present invention. The presently
di scl osed Aetibqdlithepresentin@erition iedastibed vitharefopans é thevetdin

oSSR et B A PG o S A6 ve
bgpse seitledinthemart witheht degartingfidre thetspiritiaed fcpe ghihixgnvention as
RT3 Pttt b 5 o e pled i the ottt

thierpresputinventive may ba dmbodied ol qhemspgnﬁ@foum, @ﬁumq@ran@ngﬁglents

t 9 0
g S B o e e o
tlae spiritionesseniigh o @pt@'@tl@cvberao r@mﬂqibdgr@epﬂ@ﬁﬂgpmewﬁfg that the

if¥entlon may be used with many modifications of materials, methods, and components

otherwise used in the practice of the invention, which are particularly adapted to specific
environments and operative requirements without departing from the principles of the
present invention. The presently disclosed embodiments are therefore to be considered in
all respects as illustrative and not restrictive, the scope of the invention being indicated by
the appended claims, and not limited to the foregoing description.
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guat er nary ammoni um hydr oxi de; a hydroxyl am ne

derivative having the structural formula: X \N-O-R3
waooyp3mberein R3 i s hydrogen or a |inear, braPches2008033500

cyclic hydrocarbon containing from1l to 7 carbon

atons; and wherein X and Y are, independently,

hydrogen or a linear, briggglggdhig cyclic hydrocarbon

contajning froml to 7 carbon atonms, or wherein X and
Wiatjs glajmeddsy 15 t oget her form a nitrogen- cont ai ni ng

het erocyci.ic Gy Qﬁe&ds@&mc@ﬁ@cﬁ)r Bleshibg SolhiieH @Riprisingd

optional ly one. or aci d conpounds, one or
more fl ucﬂtll‘?ﬂ‘étab%tﬂw h}étdYﬁS?Sunds and/ or one or

mor e al kaisth abdul 6S%UR\ebog 1t)%a:>&wlgmtpmbqihoﬁoaml a: Rl'

R2'" X\ | -C - .O-R3 20 ¥/ | -

R R, st ogs R CombopRekieied et e Rt
quayanarg emnmmnivan hydiexide; a hipdraxydérethe derivative having thestructmiabformula:
containing from1l to 7ycarbon atons; wherein Zis a

group having the fornu -(-QCRR'"-CR2R2 -),"-,

such that mis a whol e nupeerO+e+R0 to 3 (i.e., 25

when m=0, there is no a m between the -CR2 R2'- group

and the -OR3 group in the fornul a above), R, Rl, RZ,

and R2' maybe independently defined in each repeat

W ﬁbﬁm i1§ hymh nVUrtahthar ﬁr hBf bR 1%'h§d1%€£rb<§rpéotnihlﬁlﬂé from 107

ese nol etl s above e_ i hdependent ]y

caglan atems; and Whgrain X@ﬂ%Xtar% m%ﬂpeqdpn%hydre&wr@ ligigqry pranched, or
c)}czﬁéi ﬁﬁﬁ'ﬂé’&gﬁﬂ dbnghrh fromQ-to G fc?]rbblRatoms{:\éidvd NdReln & ade{l axggﬁked

i ndependen each .c dr ogen, a - Cr.
toR AR B SR SO HHInE DT OES U Gt Dl LR e heigof g
havi ng t I“Q)tfoﬁﬁll?-&ﬁ or fadre dﬁleraﬁ%oﬁi%ourﬁs]:one\m&ﬁbré:ﬂm{d&g
CAPFIRRE CREBROUINS, SrilpR O RS SRRV A ige e prucfiral ormlta:
R', R, R2 ansj( R3 deRi'ne®z'as above, or wherein X
and Y are |i nked Noget he}r fdrma nitrogen-containing

het erocyclic C4-C7 NrngC-35C-20-2A0-20647-837962

PCT/ US2003/ 033509/ rle aclueous sem conduct or

cl eaning solution of cl&m R, wherein the pH of the

solution. is between about 2 and about 6. 3. The
wherendRis R e, RgnandR; are, indepenidenglydn eaghi cgse, bydreges onadinear,

bx‘@lga{eﬁ' & é@ﬁc lixéﬂ:@ctarbloﬁ @@Htmﬁﬁg ﬁ%H‘fi{d ‘f‘@arﬁ&f%&ﬂ? 'Wherem Z is a group

H Se oxl'yam ne derivati ve pr esent

h@mgjﬂm foarttb&n(eQr@BanCBQsz-h‘ -aeiuthatl muing “melegwmber fiom 010 3 (e,
when m=0, there is no atom between the -CR, R,'- group and the -OR,; group in the formula

above), R,, R, R,, and R, may be independently defined in each repeat unit, if m>1, within
the parameters set forth for these moieties above, and Q may be independently defined in
each repeat unit, if m>1, each Q being independently either -O- or -NR;-; and wherein X
and Y are, independently in each case, hydrogen, a C,-C, linear, branched, or cyclic
hydrocarbon, or a group having the formula -CR, R,-CR, R,-Z-F, with F being either -O-R;
or -NR;R,, where R, is defined similarly to R,, R/, R,, R;', and R, above, and with Z, R;,
R/, R, R;', and R, defined as above, or wherein X and Y are linked together form a
nitrogen-containing heterocyclic C,-C, ring.
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4. The aqueous sem conductor cleaning solution of

claiml1l, wherein the at |east one al kaline conponent
w@oomps®es hydr oxyl am ne or N, N-di et hyl hydr oxyPEmMusm03/033500

10 5. The aqueous sem conductor cleaning solution of

claim1, wherein the at |east one al kaline conponent

conpri ses a qualeRGhduy seibeHaustr €lemdpkdthtioh@Fs eRim il Jwkdtein the
amunt from about 0, 5%t o about 3% by weight. 15 6.

pH & thg soWEOR Ishehy e sot 25d P Ri ng sol ution of claim

1, wherein the at |east one al kaline conponent

conprises choline hydroxide., 7. The.aquequs . .

sem cond utt or IeSqRENS S%F‘?Rdiuﬁtﬁr ‘&F%W%?OE‘*WP qfifiiapm 1, wherein the
at?@cﬁpédesaﬂ&aliﬂe Sorporl¥at @niPrisey a:c I@ggﬁllqmd iﬁ&dﬁﬂd’ﬁhl i t_iﬁdafbre@gﬁd an amount

romthe gro i sti. 0 ydrochl ori c aci

ﬁﬁﬁ"taﬂ’?‘&tt})a%o}l%é‘,’ gt%é‘??(g’zqycweé@ﬁd, pyr ophosphori ¢ aci d,

fluorosilicic acid, sulfuric acid, nethanesulfonic

actd, oxgic. afileloubdisbldicifiufor AbdridEsohfild of laim 1, wherein the

xyl enesul T'oni ¢ "acid, ol'uenesul fonic acid, formc .
atdeastipnet alaline comperiedt compuiseschydroxaiemine ord¥Nodiethylbydroxylamine.

ascorbic acid, gluconic acid, malic acid, malonic

acid, succinic acid, gallic acid, butyric acid, ]

trifluorageti cTheaghehussemicondarior elsaningsabigion of slagn 1ywherein the

L CORMENGER | Q\hteRry hih ARnfn &riildthd present in an

a@g%?gﬁal%ﬁfge%gﬁg or P#’o@ﬁ%@% acid corrpoundsn?l? S presen
agbynd Stontabeut 5 Yatetahett S¥UPY Weiekt. aci d, pyrophosphori c

acid, oxalic acid, lactic acid, or citric acid. 30 9.

The aqueous seni conduct or, cl gani sol ution cl ai .

1 Cuher et or 1 oo spicanBERE Rl efeh of el hepein the
af¥Ras? B dlkal{ne @BInp bRkt cénpiked cholihohydr&tidy wei ght.  10.

The aqueous sem conductor cleaning solution of claim

1, wherein the one or nore fluorine-containing

conpounds7ar e PheR@bdusisemizonducou olearfing solatbuomudf i 19svhizh

35 about 0.1% by, wei.ght. -2 79 g
CHRRRRRSt s Rl 25 conppinds (RO e Gp consistingor
hgdreehlomigacid nittic acidaferioflia iacid Ipyrepthespdioric a¢id, Munsosilicigranid sulfuric

.l u i - . al [ O ol g lﬂ ' . d
B RERR PR A MR MR BRSSP b i,

uor anmonr um .The .
telyenesulfonioaeid; Sorthic 2cid, tataria Avidprapipuic iaeid, bemzeir apids acorbic acid,

0 GLi i tef fc abia, i) brifluoraceti
I L
agidnandonigticescherepleani ng sol ution of claim 1, wherein

the organic solvent conprises an organic acid ester.

10 14. The aqueous sem conductor cl e.anirl .soltu&i.o ogl .
claimi1, Burt h&he aqueous semiconductor cleaning soluition of claim '/, wherein the

one or more other acid compounds is glycolic acid, methanesulfonic acid, pyrophosphoric
acid, oxalic acid, lactic acid, or citric acid.

9. The aqueous semiconductor cleaning solution of claim 1, wherein the
one or more other acids are present in an amount from about 0.2% to about 5% by weight.

10. The aqueous semiconductor cleaning solution of claim 1, wherein the

one or more fluorine-containing compounds are present in an amount from about 0.01% to
about 0.1% by weight.
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conprising a surfactant. 15. The aqueous sem conduct or

cl eaning solution of claim1, further 15 conprising
woer@40879Dr e al kanol am nes sel ected fromthe grOIYPS2003/033500

consi sting of nonoethanol am ne,

2- (2- hydroxyl et hyl am no) et hanol,

2- (2-am npet hoxpy zﬁfu@&ﬁ%l&mlconductor cleaning solution of claim 1, wherem the
N, N, N-trjs(2-hyd. roxyet hyl)-amoni a, |som%ﬁ?nolam

oge ahmﬂ@ﬂuoﬂ%s%mamngfoeﬁpws COMpHSS AR oride and/or
admioNiuie fitlydiem no) et hanol
2-(2-am noet hyl am no) et hanol , and m xtures thereof.
20 16. The aqueous sem conductor cleaning solution of
5 claiml, whereThe atdl‘leousQEﬁhdaﬁdWreleaﬁlthﬂhﬁm ofxdaiinsl, further

i aips o 0 P o T SRR B PR Wi

solution of claim1, wherein the 25 soI utlon i's
substanti g4y ’i‘%éefc{ fi’ﬁé&ﬁﬂuc?&' % ?&?T)f clglm lT%erem the
agueous seéeni con eanl ng so aim 1
ongvameaotvenmmpmemqmamtsaosdjmantl al I y free from

1o fluoride-containing conpounds. 30 19. The aqueous
sem conductor cleaning solution of claim1l, wherein
the sol ulf.on The @qmgwm@ndgntqnc@@nmgéﬂmtwn of claim 1, further

ASRL 28hRRkemt.20. The aqueous semi conductor cl eaning

solution of claim1, wherein the solution contains
substantially no additional components. 35 -22 WD

2004/ 037962, PCThdIpiR0w semidetluctot Llealing solgtieooiclaim 1, further
senm.conduct or cl soI of .claiml,

15 coperising gRs ofnere Alanaledines s W%frkr%% ﬂﬁ%?ﬁ&ﬁ?&f%@ﬁ Q?m ne
H@iokthatdldbie, 22(22-119{1?@( aoﬁ&mapn@mmfoembmmhml
S5ttt i Sapi oS, i

-hygrpyyethyllsatamgnia,JsQpIoRago é'ar‘\?e N0, i propgpol,
Faidg B-AHnsttdaitino)etimhela2{(aminottiylamino)éthadod amd nixtures
I‘fEI n the concentration of water is at |east about

/°by wei ght. 10 24. A dilute aqueous cl eaner and
20 residue renover conprising: water, optionally in a

m xture wygh O’T“ﬁe uey s%n%h@ﬁct&rc%ﬁing séﬁh&? of @ialm 1, wherein the

wherein the wat er qs present at | east 75

angiogmore glkanojiringsds prshant mansamonm&ﬁma@mut Oér/egcé#houg o &y weight.

anount from about 0.1%to about 6% by wei ght of 85%

phosphoric acid; 15 optionally, a quater nary ammpn

conpound, 13+ es&he aqueonneemicondiqterclqaping solugiai ahelain br‘i‘{hefem the
25 &B@Mﬁ 1@sugs@1ﬁt&11§kﬁ‘35tfro§1/ﬁtﬁé{' a¥RicembourBl i onal 1y, a

hydr oxyl am ne derivative, present in the solution in

an anount

18.  The aqueous semiconductor cleaning solution of claim 1, wherein the

solution is substantially free from fluoride-containing compounds.

30 19.  The aqueous semiconductor cleaning solution of claim 1, wherein the
solution is substantially free from alkanolamines.

20.  The aqueous semiconductor cleaning solution of claim 1, wherein the
solution contains substantially no additional components.
35 |
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fromabout 0.1%to about 5% by wei ght not including
the counterion of the hydroxylam ne derivative salt,
wo toopoe®ent ; 20 optionally, an al kanol am ne, pPEBER1003/083500
the solution in an amount from about 0.2%to about
50ro by weight; optionally, a fluoride-containing

conpound,21pr eSEftagiidbuk BemisekdutiopEleiningsolutimmfiaihiriowherein the
about, 0.001% to. a

_ ) bout . 0, 5% by. wei ght.: optionally, an
sQlutayis sebisEntiy ,mﬁy‘ggﬁmrxﬁn\é\ﬁ?rﬂ@hg%ﬁ' ution in an -
anmount 25 from about 0.05%to about 6% by wei ght;

optionally, a _ghelating agent,, present in.th olution .
in an anoz\./?nt ff}t?rﬂqﬁffﬁ'ﬁ em 9‘1@&? CIERURE soé‘,m?él ng?%:{gﬁ' erein the
s61Ridnap albstantiadllysliéd fasrh afffanicRolee®nNt in the solution in
an anount from about 0.01%to about 3% by wei ght. 30
25. A dilute aqueous cl eaner and residue renover )
consi st i n2g. esSBrtdqabdus seroicordvoter clearBog sautignmnficlaimiysvbgrein the

[ . Of ' e omp,yé- . 5% to about 1% by

t-85 :

c%%%logpfgaﬁigggyfﬁaﬁ%e deri va{%llqve, preferably
hydr oxyl am ne; and about 0.005%to about 0.04% by
wei ght of s T 1 N GG BlefeR Shd 2B RhovEY WnfprRfsY
armoni um 35 b.‘#?ﬁ}g‘réu%ge%gte‘f WO 2004/ 037962 rone
PCT/ US20084e5 9ptonally én a mixfureyith oxng 96 BI9Ee PQlanpiggnic spivents,

WHeRiUE Ma%‘}ﬁéseﬁ@ﬁﬁéa%@ dbogt BSSENvkightsy of : about 1.5%
out 2.5% by

to a wej ght of phosphoric acid, .about 0. 5%
o about WAPBReTeEKLSHl e PRyt SheRes SRR Apont L T% o
a??ﬁ@%l%-@&éﬂf;&fsssmbp&nﬁéafgby vvgi glgt ?f Oa ot

uori de- con ni ng _conpound; .and abou . 0 .
0. 2% by V\Bﬁ’t&ﬁ‘?ﬁ%fa GG campgind, Rreg‘?“i{?ﬁ @‘eg&ﬁ%“ma“
mmnlfallbmoa% wugoﬁﬁ%ﬁyagreighmver consi)sti ng
essentia . Of: ut 1.5%+1 0 ! [
phosphor i Egtéf’@ia@y’ a Y’é@é‘%‘{esvag%g{ﬁm%&? @tﬁg%%(ﬁlt%gﬁ famov..mt
fronhatdoX YVoiabeut &% by weightenot incltligale gountedion of therhydroxylamine
d?ﬁgfgab%& . 005% to about 0.1 % by weight of a

F ¥SMi ng conpound, preferably anmoni um
f1 uori de. optichalt an alkadelaming, pressabindhesobitinarin gp gmount from about

' :qonsi sting essentially of. about 1.5%
(%%Eacg%hﬁyf%&%@c%i ght of phosphoric acid;  about 0.5%
to about optanally.acfiupride-sentaining gPBRUNdnPIGEETY B th selptien inan

9 0lsY h@ht of a fluoride-
R A D g bl ) B vBhe

alning co | to apout 15% b};
wei ght of optignaligransitles aeid camgpoied presegt in the solution 1n an amount

from about 0.05% to about 6% by weight;

optionally, a chelating agent, present in the solution in an amount from about
0.1% to about 8% by weight;

optionally, a surfactant, present in the solution in an amount from about
0.01% to about 3% by weight.

25. A dilute aqueous cleaner and residue remover consisting essentially
of: about 1.5% to about 2.5% by weight of phosphoric acid; about 0.5% to about 1% by
weight of a hydroxylamine derivative, preferably hydroxylamine; and about 0.005% to
about 0.04% by weight of a fluoride-containing compound, preferably ammonium
bifluoride. ' '
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29. A dilute aqueous cl eaner and residue renover

consisting essentially of. about 1.5%to about 2.5%
whyoomesght of phosphoric acid; and about 0. 5% POT/aRIING/033500

1.5% by weight of a quaternary ammoniumsalt. 20 30.

A dilute aqueous. cl eaner and resi due renover

consi st i M- es b AtlutgrAYeoupsleanshydresidupremgvensensisting essentially
oPBdb%‘ttl 5»% @58@@@99@@;@%@11% ﬂ@s abRUcid aﬁ%t@s%l@@aﬁouﬂ%% by

oxal i ¢ aci rate;. about 0.3%to
W&wamf a@edwym%@erkyﬁh\éﬁ ﬁ‘iﬂ%@éﬂ%@% Aegut OQﬂéaW weightiofa
flabyaget coﬂ&%ﬁﬁ% cotistuhd SRUaByut\WI5¢ o a8but\Wedos b t of a surfactant.
optional |y between ‘about 0. 1% and about K%o

chel ator, wherein the fornul ati on contains

sub st antizi.|y AQilee@gidons dearp hﬁd&ﬁéx&uﬁﬁﬂmmnastmg essentially

of SRR C % 45 AR Loy Wit hehr S SB5p D SRR HneRl T b

weipghtiof £hydoxtytansieoddrivativd) preferatdhhydodx yoiingand [ahmmOcDOS% to

o ERE g e e P i Sl s RS Bl Ao

wei ght of a nonofunctional organic acid; optionally
bet ween ut pP..059 9 '
hydr oxi dgg?an “gl agﬁé’ag’%b‘%‘?‘gﬁe%‘é‘ rr‘§§§ m%%%&'ggggt ingg ssentially
ofii ablout2l. 5% t@ abauit Ry5P%6 by weightenf phm@@mdnabqut@@ﬁ%m shbut 1%by .
Welghfd JaYAxgﬁ;&Hn@&é?%Bu@ 'aﬁédt@%OS% éo 9% 6&%@\/ P@ﬁ@&fa;ﬂuoﬁd&
00

optlonally tween about 0.1 % an
cefaining spmpeynd; o Boulive rt@ab?ut 3% by wiekal a8 4 BplarcaseAnig odvent.

substantially no organic solvents and SARA 3 hazar dous

conpounds, 5 -24
P 2. A dﬁute aqueous cleaner and residue remover consisting essentially

of: about 1.5% to about 2.5% by weight of phosphoric acid; and about 0.5% to about 1.5%
by weight of a quaternary ammonium salt.

30. A dilute aqueous cleaner and residue remover consisting essentially
of: about 1.5% to about 4% by weight of 85% phosphoric acid; about 0.3% to about 4% by
weight of oxalic acid dihydrate; about 0.3% to about 4% by weight of a monofunctional
organic acid; about 90% to about 99% by weight of water; and optionally between about
0.1% and about 1% of a chelator, wherein the formulation contains substantially no organic
solvents and SARA 3 hazardous compounds.

31. A dilute aqueous cleaner and residue remover consisting essentially
of: optionally about 0.5% to about 6% by weight of 85% phosphoric acid; z;.bout 2% to
about 12% by weight of oxalic acid dihydrate; optionally about 0.2% to about 15% by
weight of a monofunctional organic acid; optionally between about 0.05% and 1.5% by
weight of ammonium hydroxide, an alkyl ammonium hydroxide substitﬁted with 2 or 3
alkyl moieties independently selected from methyl and ethyl moieties, or a mixture thereof;
optionally between about 0.1% and about 1% of a chelator; and water wherein the
formulation contains substantially no organic solvents and SARA 3 hazardous compounds.
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