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sol ution i n°96§?9é#b) itY.The present invention involves an. aqueous seni conduct or
cl eaning solution conprising: at | east about 75% alternately at |east

Bhosphor ¢ aui - and at. & e RACRRRUIAD OF BB IRYEFHAE et od Trom the group
consi sti tng of a quat eClhaifeys awmdﬁdtdmhyﬁmmondmtordaﬂmaﬂmgdmt nelldagswivat i ve,

an a m xtur contain one or nore
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or nore al kanol am nes. Advant ageously, the pH of the solution can be
bet ween about 2 and about 33UMMARY OF THE INVENTION
Dilute aqueous solutions of phosphoric acid in combination with alkaline

D

compounds and/or acids can conveniently be used to clean plasma ash residues from
20 semiconductor substrates, Cleaners are needed during semiconductor fabrication, and one
well-known family of cleaners known as HDA® is available from EKC Technology.
Phosphoric acid is readily available as an 85% solution of H,PO, in water.
In this specification concentrations of phosphoric acid are specified as the per cent by
weight of an 85% solution of H,PO, in water, e.g., a concentration of about 2% is
25 equivalent to about 1.7% H,;PO,. Concentrations of other compounds are specified on
100% basis, even if the compound is ordinarily supplied as an aqueous solution (e.g.,
hydroxylamine is typically supplied as a 50% solution in water).
The present invention involves an aqueous semiconductor cleaning solution
comprising: at least about 75%, alternately at least about 85%, by weight water; from about
30 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
35 6.
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2- (2- hydroxyl et hyl am_no) et ha - am noet hoxy) et hano
N, N, N-tris(2- hydroxy@ﬁ?ﬂ%@m%‘m@%g‘ﬁ%%lﬂnﬁﬂﬁ@m@wtmbropanol

2-am no- I-prceﬁpcnﬁhsm%r&%ﬁmmmﬂtﬂ&&asdﬂmoi%t&war@m Qeipht. aistp) et hanol ,
30 or a tur of. In still ot her enbodi ment r nore
S kool S abier elhBhEBicat, 1 ohé i mord AR E TR A8 SOB0US RSB EE S0t by

wei ght . preferably is, ammonium bifluoride and/or ammonium fluoride.

In one embodiment, the solution can further include an organic solvent in an
amount from about 5% to about 15% by weight. In another embodiment, the organic
solvent includes an organic acid alkyl ester.

25 In another embodiment, the solution can further include a surfactant,

In yet another embodiment, the solution can further include one or more
alkanolamines, preferably monoethanolamine, 2-(2-hydroxylethylamino)ethanol, 2-(2-
aminoethoxy)ethanol, N,N,N-tris(2-hydroxyethyl)-ammonia, isopropanolamine, 3-amino-1-
propanol, 2-amino-1-propanol, 2-(N-methylamino)ethanol, 2-(2-aminoethylamino)ethanol,

30 or a mixture thereof, In still another embodiment, the one or more alkanclamines is present
in an amount from about 0.5% to about 5% by weight.

In alternate embodiments, the solution can be substantially free from one or
mote of the following: other acid compounds, fluoride-containing compounds,
alkanolamines, hydroxylamine derivatives, organic solvents, and a combination thereof. In
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In alternate enbodi nents, the solution can be substantially free from one or
nore of the follow ng: other acid compounds, fluoride-containing conpounds,
al kanol am n yl am ne derivatives, organic solven nd a
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alternate enbodl ment, the solution can contain substantially no additional
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contains le ferably less than 15 about 1% nore preferably
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| ess than abo € specific elenent nentioned thereafter; for
m nor conponent s i nclAsNsedherein) the phrgses trontains substantisiyan” amhfsbbstaptisily

fluoride-gp @lﬁggj, m@@& fnﬁﬁﬁﬁﬁfs and the like, the aforenmentioned
phrases shoul d e understood t rrean that the corrposltlon contains |ess
t han about 0. 1% preffemapycmger@m@n@ng@tbwm @ommmmsmmpﬁpbqirer ably |ess
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cont ai n t he tlzagehfer; el enent in an anount such that the el enent affects the
efficacy,

for minor components including chelating agents, corrosion inhibitors,
fluoride-containing compounds, surfactants, and the like, the aforementioned phrases should
be understood to mean that the composition contains less than about 0.1%, preferably less

20 than about 0.01%, most preferably less than about 0.005%, of the specific element
mentioned thereafler; and ‘

for trace contaminants such as metals or metal ions, the aforementioned
phrases should be understood to mean that the composition contains less than about 50
ppm, preferably less than about 10 ppm.

25 Preferably, when one of the aforementioned phrases is used, the composition
is completely free of any added element specifically mentioned thereafter, or at least does
not contain the added element in an amount such that the element affects the efficacy,
storability, usability regarding necessary safety concerns, or stability of the composition.

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 cleancrs and residue removers is largely driven by the high cost of components contained
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storability, usability regarding necessary safety concerns, or stability of
t he conposition. 30 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

D | ute aque L,ons of phosphoric acid in conbinati 1.th al kaline
conmpounds an lzgﬁﬂ%zéﬁ s can conveniently be used to cl eanﬁ)%’ﬁgzrorg’mgésrqﬂresi dues

from sem conductor substrates. Cl eaners and residue renovers that are
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residue renovers are nore eaSily disposed of, " especia nost or all

conponents ™#fein are relatively non-toxic. Finally, dilute cleaners are

| ess susceptible to CRINGEmbIdiPBR HveRtfon(i§ PBkinile AY ARSI smal |
quantities of water. 5.l.n one enbodi ment the invention is a cleaning and

resi due renSVPRFUDSAPBEIRE on conprising: a polar sol vent, preferably water,
but optionally papelar ohganpreferablywesér( it optionsltygioldr @fganiafsolwerit@) ommitnpesl ar

or gani ¢ sol I n I vent i sent .at, | east  about

75% alter né? g%t;%lséﬂd H\Mé]‘gé%uél %oﬂfengg%ﬁ ﬁear%g h}eﬁ’ o%: %"i‘é‘*?‘éﬁ#’é“'&"’%ﬁ%‘cﬁﬁ?ﬁ%"ﬁf at | east

about 92% pdF%s altemnagaly stdenst aboui85%y anvdin e peeferted swboditvonttat Bastabyut G ghlar wat er ;

phosphor i @ 3gikeht ¥or 5ah %eta?ﬁmgg%lty@gggwmt&hosphor| c acid or salt thereof
. 0

is present 1n an a rom apout to about 10% preferably from

about 0.1%to abpRpsplewis aciger salttheseal, whersin the phosalnsigtacidor salt thersefis mogent or
exanpl e bet \egalaridi@brorh 2606 DO1ARO Mout F096 Frdlrap rSflaboilt 09334beRYIR! | ¢ aci d;

15 optionally, an_al kaline conmpound, such as a quaternary. anmoni um conpound
as descri h&PreEekrably éﬁ%?@“&%? &981 1% OWE@B‘EgH@{e%MP%@%d%PI?‘\%t i ves such
as bis and R9%by @bight a185%phodphetidicRls t hereof, present in the solution in an
anmount fr aboug toogé% t (;al?igﬁut 5(;’/ d’pr (ﬂ)eraabl t¥ fromabout 0.5%to about 3%
for exanple fronm& Y §B8 E{otiy "% 595 €§7 IBW;“%%?%?‘P&’W 8 an
al kal i ne condpssthel] hegein, preferatdy tholinohydraxidenehotine derixgtives suchre bis madirig
hydr oxyl am | le NG ' ' ' anmount
from about %8?1%5}6 &51% gg%éﬁ@é g“[%?’)%érs erer af) F@ﬁtﬁ?%ha%ou#pg?g%% Ioa %)il? '?’ b%&; for
exanpl e fr odapfratdy om abent 8156 fo about 3%y fonexagtple fiwm abaut | Bdp abput B8%dvunt er i on
of the salt Jdigppresent;
20 optionally, an alkaline compound, such as a hydroxylamine derivative, preferably
hydroxylamine or diethylhydroxylamine, present in the solution in an amount from about
0.1% to about 5%, preferably from about 0.2% to about 3%, for example from about 0.5%
to about 1%, by weight not including the counterion of the salt if present;
optionally, an alkaline compound, such as an alkanolamine as described herein,
25 preferably ABEA, present in the solution in an amount from about 0.2% to about 5%,
preferably from about 0.5% to about 3%, for example from about 1% to about 2.5% by
weight;
optionally, a fluoride-containing compound, such as hydrogen fluoride, ammonium
fluoride, ammonium biflouride, or mixtures thereof, present in the solution in an amount
30 from about 0.001% to about 0.5%, preferably from about 0.005% to about 0.1%, for
example from about 0.01% to about 0.05% by weight;
optionally, another acid compound, such as an inorganic acid like pyrophosphoric
acid, periodic acid, or fluorosilicic acid, an organie acid like citric acid, lactic acid, glycolic
acid, oxalic acid, a hybrid acid like methanesulfonic acid, or mixture thereof, present in the
35 '



optionally, an al kaline conpound, such as an al kanol am ne as descri bed
herein, 25 preferably AREA, present in the solution in an anount from about
0.2%to abo 5‘V referably fromabout 0.5%to about 3% for exanple from
about 1%t o 035’%%% by weight; optionally, a fluori d&TBHOEYHIN
conmpound, such as hydr ogen fluoride, amonium fluoride, ammonium
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gl ycolic ﬂ‘o Blesent n EF litiog ‘%WQ!‘“E@?IB abqut 8- 1iiip Bhowt 8% fos sxamplei d, or
m xture whe&&mfabommfbtabbﬁt 248y weight; 4 WO 2004/ 037962 PCTI US2003/ 033500

solution in an a fr om.abgu % t 0, abouj .6% erabl,y from about
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t her eof , %sa@gl%tdqpb);%g&?p%&%i on in an anount from about 0.1%to about 8%

for exarrpl e % to about 2% by weight; optionally, an am ne
(that is not hyceRéiepslivng sustaetant; forexamplein cpony-poliamiderrompoyndepresent inithe t he

sol uti on 10nsoiﬂm§fimiﬁ'ﬁmﬁwﬁbﬁt&9bﬁt 0190k ouR DA or BpId 6m BHGAFDIS b O about
0.5% to ab and optionally, act ant or exanpl e an

gt?ut 4%
epoxy- pol ya dﬂﬁﬁ@ present in the 10 sol ution in an amount from
about 0.01%to about I3 Yhe preferréeiifoliBneht, ﬁmdﬂb@tshu&ué-&reél& coaa@:ytassgmﬁ?{ by

weight. In o | ment., ute a aner con5| sts
essenti al | y° Pgl?d%t 28? g ng;%t/db g’}?%q’b‘? ﬁig""ﬂ?“&%%/b PEdE B aci d:
about 0.5% m:ghtﬁumyd%xﬁmmﬂemhhv@ﬁre&rdwm nmmemﬂabomatoos%topr ef erably
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fl uori de-contal ni ng prefera uori de. In one
preferred ehidgatideent, the dil ute aqueous cleaner consists essentially of

about 1.5% o about 2n 336 ¥ @ibodien RATRIIRab feoBEbiEhne ARk sl aboUt
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; about 0.005% to about
20 0.04% by weight of a fluoride-containing compound, preferably ammonium bifivoride; and
about 0.05% to about 0.2% by weight of a surfactant, preferably an epoxy-polyamide
compound.
In one preferred embodiment, the dilute aqueous cleaner consists essentially
of: about 1.5% to about 2.5% by weight of phosphoric acid; about 0.5% to about 1% by
25 weight of a hydroxylamine derivative, preferably hydroxylamine; and about 0.005% to
about 0.1% by weight of a fluoride-containing compound, preferably ammonium fivoride.
In one preferred embodiment, the dilute aqueous cleaner consists ‘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; about 0.005% to about
30 0.1% by weight of a fluoride-containing 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
35 weight of a quaternary ammonium salt, preferably choline hydroxide.
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wei ght of a hydroxyl am ne derivative, preferably hydroxyl am ne; about 0.005%
to about 20 0.04% by wei ght of a fluoride-containing conpound, preferably
anmoni um bi {"I‘)%W&Z and about 0.05%to about 0.2% by wei ght of a
surfactant, pre & %Fy an epoxy-pol yam de conpound. | n REEUSR0EKESIS0ed

enbodi nent, the dilute aqueous cl eaner consists essentially of: about 1.5%

to about 2. 5% Dby el gfinelerdGRBOEEn 5L i RAUb QO AROMLendi Y, 25

wei ght of droxylamn eriva ani ne, hd about
0.005% t o qib%e % 49 Bpuldp §rweight quhtrsa@ﬂcaeldcm pui Wgtodbmﬁd&(-rhv

preferably \ﬁéﬁﬁi’Gfﬂfﬂtﬁérl&@iﬁ'cgﬁpounh”pr@f@ﬁblp'&ﬁf)@ﬁﬁl@%@ BRAGL Bﬁﬂfcacﬁ’lhﬁctg' lute
aqueous cl eaner, consjists' essentiglly 0O about 1.5%to about 2.5% by wei ght

of phosphor‘?"t‘,i %%mccf‘“daﬁléﬁﬂw(?c‘é%rta@“&we@% by weight of a hydroxyl am ne
derivati e, prefer abhyoﬂahseb'famlmmgmgah@mhutaaﬁﬁa%cq@n@%ﬁsts .%gengaﬂly % by
wei ght of a fluoride-containing conpound, preferably amoni um fluoride; and

about 5%t ®fbout 15% by wei ght of a polar organic solvent, preferably an

o;gagl c acid alaléc)dtlﬁ% worabout @, amrepréfably detwaétabolt . Phao lﬁllfoaf E.S'%%,eﬁrb

enbodi nent, ner, consi,sts essentially of about 1.5%
to about 2. Wﬁv (%%#B%%by °1%ﬁ8§%? OFPOBE 8% about 0. 5% to about 1.5% by
35 wei ght of a gbeut 83MHatoyaboutddh mom meferiably betaeen abioht/0.5% b abvat 24cdboxi de. -5 WO
2004/ 03796 W5aR ,,,@9@.@@ ilute
aqueous cl ?gﬁﬂecons?g{@sﬁ%%goﬁgff&ﬁ g.ﬁaboftﬁ’g to a odllﬁﬁlgﬁf y wei ght of
phosphor i ¢ %8s ackl, suchi3s axali E%lflélhﬁ%fﬁi 41/6 by weight of an other acid
conpound, pref eraa&im Mto%s@m: nibed ﬁeﬁﬂdﬂ?b&&c&%i’dohﬁo §%it8labouf®h| for aci d,

citric aC|d | i [ or .a m xture, t hgreof I.n .on r'ef rred

hbodi nont CreEibapet 194 g of & ebonarEio o SoRpRudILR Fiffrest SmBB Lt 1. 506
to about 4°/ﬁrstrmgﬂ1q)fcﬁif®hﬁ:bhr)d prefersthin miamiinctionéPorghiedid) such aE%mﬁﬁcld; exanpl e
about 2% by, \ael ght of 85% phosphoric acid; about 0.3%to about 4% nore

preferably Tt ween about 0.5%to about 2% for 10 exanpl e about 1 % by
wei ght of a fir detweemabout9Qi6 anfl abovt8Unthorepreferablabbtyveen sholit @8cand §8%) for or gani ¢

et ween aboitiBiEAphu 8% By RBH fhtr. S biniberdih b i ho SR, P20 Coond
organi ¢ aci ¥lvenisebstientialy shS W@l Waé‘?%‘ﬁ?omﬂ?&ﬂﬂ% prchibits very litle corrosion on
ST formulations. Optionally the composition may contain between about 0.1% and about
20 1% of a chelator, such as EDTA,
Other dilute aqueous cleaner compositions consists essentially of:
optionally about 0.5% to about 6% by weight of 85% phosphoric acid;
about 2% to about 12%, more preferably between about 3% to about 10% by weight
of a first organic acid compound, preferably a difunctional organic acid, such as oxalic acid
25 dihydrate;
optionally about 0.2% to about 15%, more preferably between about 6% to about
12% by weight of a second organic acid compound which is different than the first organic
acid compound, preferably a monofunctional organic acid, such as formic acid;
optionally between about 0.05% and 1.5%, more preferably between about 0. 5% to
30 about 1.5% of an ammonium salt, for example ammonium hydroxide, an alkyl ammonium
hydroxide substituted with 2 or 3, preferably 3, alkyl moieties independently selected from
methy] and ethyl moieties, for example tetramethyl ammonium hydroxide, or a mixture
thereof,
between about 80% and about 94% water. Such composition has substantially no
35 organic solvents, substantially no SARA 3 hazardous compounds, exhibits very little

-6-



first organic acid conpound, preferably a nonofunctional organic acid, such
as formc acid; 15 and between about 90% and about 99% nore preferably
bet ween abo%Q% @Bgﬁe%% for exanple about 96% by weight of water. Such
conposi ti on e ¥ antially no organic solvents, subsPaRUPHPI{E3F6 SARA 3
hazar dous conpounds, exhibits very little corrosion on ST formulations.

tionally t : bl | ks 19 t 20 1%
of & chel at oo RPSE B, KHELAD EIBRNAINY colul b ANeaBRAY, | 2O 16
consi sts ess®iiaad tapubt¥ ofpchalaen suph atBITA0. 5% t 0 about 6% by wei ght of 85%

phosphori ¢ acid; abouphehdrik @iaasiteadiBivailiBleQs B 8996 kalblion &191,pOCH vAReUt 3% toO
about 10% by '

ight.. of a first,organic_acid, conpound, prefeerably a
di fi ncti onal Iﬂ‘éﬁ@%?ﬂ@%ﬁ&?“@ﬂ%ﬁlﬂgggfgﬁ,baqphglcg&ddﬂgggmgp%ﬁﬂlgp@;cexgﬁy i onal |y
about 0. 2% t weigih@Pin 54 GolotuncofIH,POSih akaley, ofph \wesentdioniof 806Ut 2%adout  12% b
wei ght of 's ?gg ntg r %Oig Qj o ounﬁimm@] r}ps different than the f(i)r}s/t
organi c aciﬁl“l:vﬁﬁ’b ﬂﬁ%‘g‘ E’rjéf%rcpl 19101@&87? cp %TF%H%’FWB? R efolery  such as
L ormc ac Ld ; comypbiuais atel spedifi¢d/ wnci90%dbasit, eden(bfife asrdpcuing % ordinaly gipplied alhy
et ween abou, 9 DY . e Umsal L, for exanpl e
anmoni um hyd#qg%ugélﬁtgor? é’%&;ﬁ?&gi lé?\‘?etﬁr%%h% %)? ’d%‘l %ﬁl@?ﬁ ﬁotlﬂtlgﬂ IW%&WSTB or 3,
preferably 3, al kyl nihepretest inmention involves ap agudonsseacdndugtor akeating solutiogt et hy|

moi eti es, 10 0fonGKsaR! & 188E RUELOY, lalt SRR itUR it ®S b 8y walghfwitert frbiinGbodt Ner eof ;
bet ween abou@rgg% and]sq?}ggut 949%_ wat er.. )%%gph (o} ositjon has substantjally no
35 organic stPPdpgkout Y Whtshtahosphatic agpdiandat leastang glkalinesopwawdselegisti bi t s
very little frof thé@ralPRAdAIAS 62 REaldiBP AR BER hRRoxiaq WHYaioRadhe ST

formul ati ons Cﬁtg’l onal | ) thﬁl coEpé%%i t"i11 n, my .cont ai(?ﬁl bet ween about 0. 1% and
about 1% of SprTpeeA A miise fheceok Hnanally e saliof malialsg cpRIAInCRAPTRIOE, o | abl o
afs aﬂ 85(;? S obthiériacid compiinas oh?lomblemorri]dekoﬁtbﬁhﬁlgmphﬁﬂdﬁ,ah%ﬂoﬁmfﬂﬁﬁﬂat rations

0 0s i g,.acid.are ecifje en..ce wei ght 5%

S0l bt on' 35" BBl RhARRGRIEEIER, B8 phr fuR EluGifitan B vl by oo BP0
to about 1.766 H3PO4. Unl ess specifically stated, concentrations of other
corrploungs are specifi @Qn&ﬁ?&m%m@@oﬁ@éﬁ{jhﬂtﬁ 1P%%;&ﬁ§sa@m}¢1eja§n lr dinarily
D s g i riaytosof s vestio, sthongh Shacemiatons ofaobbt 4% 0arsti”P! | &

6%, preferably about 2% to about 3%, by weight are preferred when considering cleaning
20 ability, material compatibility, and cost. In other embodiments, the concentration of
phosphoric acid may alternately be from about 1% to about 8% by weight, from about 2% to
about 6% by weight, from about 1% to about 4% by weight.
In this specification, dilute aqueous solutions is defined as containing at least
about 75% by weight water, preferably at least about 85% by weight, for example at least
25 about 90% by weight or at least about 95% by weight. In one embodi:ﬁent, the
concentration of water in the solutions according to the invention is from about 75% to
about 95% by weight. In another embodiment, the concentration of water in the solutions
according to the invention is from about 80% by to about 90% by weight.
In one embodiment, the dilute aqueous solution containing phosphoric acid
30 according to the invention is substantially free of abrasive particles such as typical metal
oxide abrasives (e.g., alumina, silica, ceria, zirconia, magnesia, and the like).

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

35 compounds for improved utility as cleaners. Exemplary alkaline compounds include, but
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The present invention involves an aqueous sem conductor cleaning solution
10 conprising: at |east about 75% alternately at |east about 85% by wei ght
water; fromabout 0.5%to about 10% by wei ght phosphoric acid; and at |east
one al kal i nevesipeitsyd sel ected fromthe group consisti ngc%sﬁﬁg&ggo rnary
amoni um hydr oxi de, a hydroxyl am ne derivative, an a m xture ereo
Optionally, the solution nmay also contain one or nore other acid conpounds,

one or nore fl H&rh'nﬁt%d waa@érﬁurpgmﬁﬁmﬁl%ﬁ'@oun@p%%xmﬁmeIb: r&ac lafine
al kanol am ne Advant ag ?ousl the pH o sol utlon can be et ween about 2

and about  eleriEgfreR alkaarlirpings gpd raﬁagﬁﬁmoé Gepge Gpbedmenis, RaERECAR BE £ or

cl eani ng, asedistinritkalige ddapopid. 18 bileosntoliniehis SantifiesapibliHonlyals bherg@iditive
concentratlo&ﬁ]? %bout 0.5%to about 6% preferably about 2%to about 3%
by weight are ISJ Fer red when consi der i ng cleaning 20 ability, materi al
conpati bi Pity, and coExemnlaryqudtenmgahoﬁmnmmbmpomﬂdemblde,dmt aranptiimite to,

phosphori c ' % wei ght, from
about 2%to%g'gout gg/& ’§&é\/]vg¥kg rom out ﬁ%fi’ta%h@Bgﬁ?ﬁ%ﬁ}%éy%u ght. In
thi s speci fildroxise, di moaqméwé@xwm@ncﬂmmcmuméwmwem @bnt ai ni ng at
| east abomte&ﬁ%ym‘rm‘ﬁﬁ cﬂ‘@@i&% 6 /Qrﬁfrﬁﬁe’l‘lﬁ‘lﬂmﬁ&mﬁrﬁﬁ ro®i8) ¢holfie Wdyxi¥ei ght

for exanple

east 5%
wei ght. In o‘ﬁé,; IHERRIT }qlfme @mEB‘HE@ ’f‘ Sg# Wté‘? &'iy Wﬁ@%"ﬁ‘f“%ns
accor di ng 1€ chydrexidepandnii« like, ard nbixtunas aleedof); afd%hikmres depedt. Wafitelthe hydtogide . | n

£ the i mverduibs e Rhbst Bl he? aBlieh obilpdels, Sher pieRlFe, OCCOT <1 10
ermbodi nent, duetedmnsmlsqua'@mslaw lacludm&bmmalmtmomwﬁhmﬂﬁte.anhfﬂe. 30
accor di ng t Onifrb F mt?iYeegﬁds Eho'%gﬂfet @a?ﬁdn?tk't?iﬂﬁ&r@&eﬁfe t?liﬁﬁtﬁéba‘f I%feE ﬁSﬁleS such

as typical neta zirconi a,

magnesi a, anefgitigadidsisegh w&qsalxstmmmmgkmdﬁ@mm@ube@@ﬁ ut i ons of

phosphori qsaebﬂ;l dﬁ&&bﬁﬁnngq%%kﬂm?é d@hdniEn AoieRYPOMH S ot RaQleesn O%t ility
as cl eaners. enpl a | Kal i ne compounds include, but -7 WO 2004/ 037962
PCT/ US2003/ O@@W@m‘b?sé“itiﬁ‘f‘mﬁ%‘fted to, quaternary anmoni um conpounds,

hydr oxyl am ne or hydr Gxsthlany hedrogidarhivaderiveiives sdtismid generabformalmd m xt ures
thereof. In some enbodi nents, an agi ne can be wused as an al kal i ne conmpound.
I n ot her enbodi nents, am nes quali y\only as other additive conponents.

N——0—R;
20 ' Y/

wherein R, is hycrogen or a linear, branched, or cyclic hydrocarbon containing from 1 to 7
carbon atoms; and wherein X and Y are, independently, hydrogen or a linear, branched, or
cyclic hydrocarbon containing from 1 to 7 carbon atoms, or wherein X and Y are linked

25 together form a nitrogen-containing heterocyclic C,-C, ring.

Examples of derivatives of hydroxylamine according to the invention
include, but are in no way limited to, hydroxylamine; alkylhydroxylamines such as
N-methyl-hydroxylamine, N,N-dimethyl-hydroxylamine, N-ethyl-hydroxylamine,
N,N-diethyl-hydroxylamine, methoxylamine, ethoxylamine, N-methyl-methoxylamine,

30 N-isopropylhydroxylamine, and the like, and mixtures thereof. It should be understood that
hydroxylamine and its derivatives, as defined above, are available (and may be included in &
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

35 derivatives herein, and not as quatemnary ammonium compounds.
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5 Exenpl ary quaternary ammoni um conpounds include, but are not limted to,
anmoni um hydr oxi de; al kyl ammoni um conpounds such as monoal kyl anmoni um

hydr oxi de, woaio})(_‘yd qsﬁggnl um hydr oxi de, tri al kyl anmoni um gg&lo@ﬁ, 3 d/ or

t et raal kyl amroni um roxi des (e.g., tetranethyl anmoni um roxi de, choline
hydr oxi de, di (2- hydroxyet hyl ) di met hyI ammoni um hydr oxi de,

2y oot ) TR TR BTk e b BB 1 1
for these qifateraenylinkeamkuseoiepoaringshe following strcgralfomulsount eri ons are

al so contenpl ated, incl udi ng but nRf Irmted to, bisulfite, sulfite,
sulfate, nitrate, nitrite, %:(pha e, phosphite, carbonate,
trifluoroacetate, organic cargﬁ &es. .n.o.az_o.r.ga.n.Lﬁ? aci ds such as those
listed hefein, and the like d co tions thereo 15 Conpounds

cont ai ni ng two or nmore ammonyum rmlgb g are al so useful, both as a cleaning
additive and as a chel ating agent. ary hydr oxyl am ne derivatives

Isat i sfy L he vjensin B|, R pRy R} 2and wmmwen@m%aw@hydr@nma linedr, ogen or a
i near, bra thon rom on

at ons; and %r%fe}edhggfyw@ C%gr[ ?0?11? : %3&1%0{ ? %ju’ (’}g’r%ﬁ’&% W&ﬂfegli sr?@é?“l’
branched, o rhavigg giei feW&GR&'FC%:Bﬂ t)ah slich @at momt whole nimberfivond i e, or
wher ei n Xl@f%ﬁhc}{ n%‘(ﬁtﬂefe’ll‘ﬁ‘@atmﬁ%eﬁa@&f&?@ﬁﬁR froc QQQﬁg,rﬁ&i}:tzﬁ'tﬂyfﬂ&

eri | ve oxyl.am ne according

het |
tg te Lgc?/(r:\v:arfpi’m% ﬁcﬂr}gd@%‘x%lﬁwi’ﬁéﬂwnﬁep ﬁqurw fach rqpeat “Wdf B4 EHiRe:
ﬁ' Kﬁ/ljhyd [ ﬁx lxthapuimd er8 et forfisfor th%z‘ﬁidfbﬂes ﬂmdé Q:{d/Q&ﬁﬂyﬂﬁ independently defined in

| et Ny roxi{gﬁﬁ{g@lﬁgp gjpdependen and wherein X
N N-di et hy| e, B ond R
N- net Ih§ | - )r/retdndkydre,rmdupgndaﬂlyl\h ewh‘;élmyidfugeh, m(;{-ln(.%?irnm bramehed, becyblike, and
R S R A L

conposi ti on AcBsRi where By isdefined signlatly o) R a8, Ra R an@B; dave.and withZ, Rgul fate

salts, nitragergat,t &ndRmﬂﬁw@h&vsadr%emmxmlamﬁmedﬁgetﬁ&f@mp@nbl nati-on
thereof I n the Bresem; nven@hg these hydroxylam ne salts and their
]

deri vat i ves MHR&S @ﬁ@“ﬁﬁgﬁﬁ’@? s§7 888 hydr oxyl ami ne 35 derivatives herein,
and not as quat er nary Exsmmaty icuiluiinesisifude, hug adeo2RiHdd08, idéndethanolamine,

PCT/ US20034 Q23:(?251(1)},(%1'0):311etliylamino)ethanol (i.e., diethanolamine or DEA), 2-(2-aminoethoxy)ethanol
(i.e., diglycolamine or DGA), N,N,N-tris(2-hydroxyethyl)-ammonia (i.e., triethanolamine
or TEA), isopropanolamine, 3-amino-1-propanol (i.e., n-propanolamine or NPA), 2-amino-
1-propanol (“moncisopropanolamine” or “MIPA”), 2-(N~methylamino)cﬂ1andl Ge,
monomethylethanolamine or MMEA), 2-(2-aminoethylamino)ethanol (i.e.,

25 aminoethylaminocthanol or AEEA), and mixtures thereof.

Choline hydroxide and hydroxylamine are preferred alkaline compounds. In
an alternate preferred embodiment, an alkanolamine can be a preferred alkaline compound.
In one embodiment, alkaline compounds according to the invention may be
present in the solution in an amount from about 0.5% to about 5%, alternately from about
30 0.5% to about 3%, from about 1% to about 3%, from about 0.2% to about 1.5%, from about
0.2% to about 2%, from about 0.2% to about 1%, from about 0.5% to about 1.5%, from
about 1.5% to about 3%, or from 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
35 according to the invention can be substantially free from alkanolamines, but may contain

-9.



Al kanol am nes according to the invention nmay advantageously be those two-
carbon atom | i nkage al kanol am nes having the follow ng structural formula:

R~ R X/ N liwd2nfrd RB3 Y R k wherein R" R', R2, R CSR@zﬁg’,’Oﬁg
i ndependently I n each case, hydrogen or a |inear, branched, or-eye

hydr ocarbon containing from1l to 7 carbon atons; wherein Zis a group
having the f quaramhary dmQofiRmRjomptid R d/gr ydrosylariine beliydroxyRminewhrivsivesiber from

e’ o ot otes MR R et BELSdch oorbED RERVERPn bl iy sk OuP 2
i ndepe nde nt | §mrdéwdrnéadamme eah:rdrm]@mate dgrivatives, putymay, connammumtenmy@nmmnmm ers

set forth foeonwaﬁﬁfs dﬁ@)o?&lk&‘rﬁﬂﬁﬁﬁl%em ROShofeFBb Ml AGORNERA bbbrdiRf b itfd 1N
each repea5 unit, eac bei'ng i ndependent|y elther -0- or -NR3

and wher ei’n %V“Iﬁ’r?a °‘V‘ g‘é‘bs ﬂgﬁt?%%ﬁ°ﬁ‘3§’é°mﬁ9‘6‘rd6d’é‘hmaiémém”c7 ’
| i near br anBMylaﬂiln@MQiyd&xﬂﬁxﬂnydétﬁﬁﬁfdﬁ@ﬁd/oﬁ]kaﬁoﬂm%@ o aﬁﬂthta:heFf ormul a
' el ere F~ is
defl ned sim F%cf@m?% l&;fcﬁﬁwﬂ 5352 ea{ﬂ‘éfn&? %&Géubsgﬂl:ﬁ%qeﬁ pm R, Rz,
R2', and R3 Mﬁnmylammoailummmpamdmbmirlgdmxﬁamnﬂ oirhyirexylamifedbrivatiyes,fber f or m a
t
el ude b i Bt BERIRGHE, uFyel ikl bt IS Rlon ThcSRAAL @O
2- (2- hydr di@yhecntxoylcmbmﬁmmﬂnfree(fmmquatmm dramohiami compomdDER) |
2- (2- am noet Shhanailt ma(j'coﬁiam h?d:giﬂaﬁrﬁﬁ%rmy&% ﬁﬁmﬂ%lmvahvcs In

N, N, N-tris(2-h r efh )-amopia (I ;e tri et hanolamne or

i sopr opanol aff# %f’rW‘ﬁ'Hs the splefion aeRording ta the ipvegtion ean e srstratially fWPﬁE)"m

2-ami no- 1- pélmmﬂmés dﬁﬂhﬁr&@%ﬁﬂﬂft@b&ﬁkﬂﬁnmeﬂemﬁh% but may contain

2- (N- et hyl am no) et hanaol nononet hyl et hanol ami ne or MVEA),

2- ( 2- ani noet AYA Br)'lﬁioﬁ'élﬁb PPUS- " 55 ami noet hyl ami noet hanol or AEEA), and
m xt ures tHjereof. Choline hydroxi de and hydroxyl am ne are preferred al kaline
conmpounds. In an al t iR sreferred enbodi ment, an al kanol ani ne can be a
preferred al kal i ne corrpovngL— I n one enbodi nent, al kaline conpounds
according to the invention nmay be present in the solution in an anount from

about 0.5%to about 5%inaé &@e&mﬁhm& bp,sﬂo@%ﬁub acid thal eRYricRidab@btacid® from
about 1% to about 3%?0 Iromegt?lgﬁ ch%;gso a 1%.5 {%1 ? about %&A)to
about 2% f r GORAYBHs fonimaprpYed UL 6t Cleanersy PXTPRIES 3¢ ORI S5, f 1 om
about 1. 5%0t @, aihetinorgdic a¢idd sucinasdigdrothldricid, nitikdmid, pétiddidacid,
pyrophosphoric acid, fluorosilicic acid, sulfuric acid, and the like, and mixtures thereof;
organic acids such as oxalic acid, lactic acid, citric acid, formic acid, tartaric acid, propionic
acid, benzoic acid, ascorbic acid, gluconic acid, malic aéid, malonic acid, succinic acid,
gallic acid, butyric acid, and the like, and mixtures thereof; other hybrid acids such as
25 methanesulfonic acid, xylenesulfonic acid, toluenesulfonic acid, trifluoracetic acid, and the
like, and mixtures thereof; and mixtures thereof.
In one embodiment, the other acid compounds according to the inveation
may be present in the solution in an amount from about 0.5% to about 5%, alternately from
about 0.5% to about 3%, from about 1% to about 3%, from about 0.2% to about 1.5%, from
30 about 0.2% to about 2%, from about 0,2% to about 1%, from about 0.5% to about 1.5%,
from about 1.5% to about 3%, or from about 1.5% to about 2.5%.
The multifunctional carboxylic acids (i.e., compounds having two or more,
alternately three or more, carboxylic acid functional groups on the same molecule) are

preferred acids.
35
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I n anot her enbodi nent, the solution according to the invention can be
substantially free from al kal i ne conpounds. In still another enbodi nent, the
sol ution 33v@emsbegd to the invention can be substanti om

al kanol am nes, but may contain -9 WD 2004/ 037962 PCT/ USZSE?%B%@?@B&EJO

guat er nary anmmoni um conpounds and/ or hydr oxyl am ne or hydroxyl am ne

derivatives. In yet qneﬁaﬁér eﬁimﬂibﬁiemi: soldt aé;&lrdifié fBrih@ﬁ%Htﬂhgr fh g0 the

i nvention can be substa |aI{] free from hydroxylamne or oxyl am ne
derivatives, SHftentally ftsg Hheg asif &PARAYPdSa nmoNni um  conpounds and/ or

al kanol am nes. In yet anot her enbodi ment, the solution according to the 5

I nvention can be substantially fre from guat er nary anmoni um conpounds, but
may contain hydroxyl m&ﬁ%@yl am ne derivatives and/ or

al kanol amifhes. In yet another enbodiment, the solution according to the

| nventi on can be substARLeludleRkbADE gga«gh&imwm@m%maﬁa giRgynds and

hydr oxyl am ne or édroxy am n erivative aln al ano am nes.
In yet anot h&PMRIYHd frimproved wiity as clpanes %eiziﬁGil?iyietcempwmdwciuﬁ%éntqr@n can be

Bu?st anti al Itmffmﬁ&dfw QiintHARING fEGHAY, agﬁﬁmn%mminﬁ&mowwgtea%n&" kanolt am netsh

ut may con anj ne o rox am pe deyriyatives, |In yet another

enmbodi ment , 1% “th ’(ﬂ“@’hﬂx g“‘? ﬂ%‘%ﬂlﬂ@aﬂ‘dﬁ%‘ xras dhessofi Iy |y

free from l0akksthekmbbdipentaihd sbtytlonostrding tgahmvénﬁdﬁ wwﬁclémn_ﬁligrﬂree&ow es, but

may contain ﬂgh&g&w{] peui conpounds. 15 OQther acids Dilute aqueous
g

sol uti ons of al so include other acid conpounds for

i mproved utility as cIIe&neﬁmbod@m@ﬂwndw@@mmtmnlmumbutpnamnmht: limted

20 to, other sblﬂ@&ﬁﬁ'ﬂhﬁm@ﬁdt‘ﬁ%msd% ?%IWS‘E%‘&N) 9%l et"b g'&&h[ai;du% 863%l10
phoric acl ,

periodic acid, p orosi | ICI aci sulfuric acid, and
the |ike, andbout ﬁtlvﬁp@getrmle&pm @#Q&h/odoahquag 08% by weighbxal i c acid, lactic
acid, cit r13: acid, formc acid, tartaric acid, propionic acid, benzoi C
aci d, ascorbic acid, gluconic acid, mal i c acid, mal oni ¢ aci d, succi ni ¢ aci d,
gallic acid, butyric Ather i ke, and m xtures thereof; other hybrid
aci ds such as 25 nethanesulfonic acid xylenesulfonic acid, toluenesulfonic
acid, trifluoracetic nd t he .|ke U and m xtures
thereof. I n one enbodi dtlmfa AHE8 ﬁ’ginoﬁs ?fd’ﬁ s@%%%%d%”’%c@d‘?ﬁ‘ﬁﬁﬁb?tﬁmt he

i nvention nu.slditi@abcmsmnts such heorgayiia solverts,ichelalingagents (e.g rthose abloqualifping % t o

about 5% & LEebMatHldookipBMds), amines (e.g., those not qualifying as quaternary ammonium
compounds, hydroxylamine or hydroxylamine derivatives, or alkanclamines, as described

above), and/or surfactants. In one embodiment, additional components including, but not
limited to, those enumerated above may be added to the solution to achieve a specific goal.
In another embodiment, the dilute aqueous solution according to the invention contains

25 substantially no additional components.

Organic solvents may be either polar or non-polar. Generally, non-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.,

30 C,-C,) esters such as ethyl lactate, cthylene glycol alky! 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

35 least about 85°C, alternately at least about 90°C or at least about 95°C. Care must be taken
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about 0.5%to about 3% from about 1% to about 3% from about 0.2%to about
1.5% from 30 about 0.2%to about 2% from about 0.2%to about 1% from
about 0.5%to about 1.5% fromabout 1.5%to about 3% or from about 1.5%
to about 2. 5% 20tam3myed tifunctional carboxylic acids (i.e.pora@RRMeds having
two or nore, alternately three or nore, carboxylic acid functional groups
on the sane nolecule) are preferred acids. 35 -10 WO 2004/ 037962

PCT/ US2003/ 0B850%, in kire ahsenthef allemblastinve and, the lie, sataintargmnicasobentdhaypetoolyt he

i nvention ca ' c . ori de
conmpounds 5 %]F#ﬂﬂ%lﬁ%tﬁ%a‘g%%%%t%teg éftﬁ? L%%msgjb&ghm?c glrsﬁgﬁgglg‘gg?%i)g tE:[Hs%o I ncl ude
a fluoride #¥@BOONd for inproved utility as cleaners. Suitable fluoride

conpounds i ncl ude, buty gkLembsaim trgh;, b eblved R oum
bi fluori d:T %dr ogen fl uor |Héie én 1ﬁ\aggmn‘in%l‘(Jmm@ﬂﬁFHS&H{‘E"TM}IQ lk gr%mnl t

bi fluorid daveption ip pa amayy Hﬁ&bm’t@sf" torRBow 45%, 4ligmptelyfiomp “t v di rrent
t he sol uti onasme W/Gl,lm itout $%6 té mntzwmoﬁmma%msbmsmhbm abb@8%ftbom

fl uori de-con nbodi ment, the fluoride-containing
conmpound i s %?Délgiedrw %9840/1’ abS'Eﬁa “an armunt from about 0.001%to about

0.5% preferably fromﬁa;bﬂmdmg@ol’ll@$%s¢nbmvenﬁouimﬁnels%articutarlgmﬂqmmnihes:mniabout
0.01% to abo -] t Us
9 g %gé;r XoWo?&ﬁlar wa J@g&&@% Eﬁ dag% Lc’i

sol uti ons of C acl my O ti ona ntain | ona corrponent S
such as or‘@an‘iﬂ@' fggﬂmpesnb@m chqraddlﬁgnabg@mosgap@ sejvents 3sdaewnin thgedlatifepi ng 20

as other aci ﬂxaﬁﬂﬁ%@cﬂﬁéally%ﬁ&lﬁ&a éaﬁaﬁo be ﬁé&@ﬁﬁh@éﬁmﬁgﬁbhwﬁ@greﬁéﬁ quat ernary
anmoni um co ounds drlt%@ét'&%g& or drox&/J am ne derivat,ives, or

al kanol am ne %{'E’“dgb SLig pesepding te the ipveghen nhodi nent |
addi ti onal cmmmﬂyﬁeeﬁommgamg:sohruﬁtswdeﬁnédhtrcﬁred to, those enurrer ated above

erod mont .t he di | u; S*ank S0 etheBil ks RBERA A Bo 4P mited D BB one i ns
25 subst arkSi at inyltinhydsexybenzeneetypeeonyporsiss exg., such as catechol, resorcmol butylated
hydroxytolnene (“BHT"), and the like, or a combination thereof, In one embodiment the
chelators include three or more carboxylic acid-containing moieties, e.g., such as
ethylenediamine tetraacetic acid (“EDTA”), non-metallic EDTA salts, and the like, ora
combination thersof. Compounds containing a two carboxylic acid moieties are less
20 preferred. Compounds containing both hydroxyl and carboxylic acid moieties are useful in

one embodiment. Aromatic compounds containing thiol groups, e.g., such as thiophenol;

amino-carboxylic acids; diamines, e.g., such as ethylene diamine; polyalcohols;
polyethylene oxide; polyamines; polyimines; or a combination thereof, are useful in one
embodiment. In one embodiment, one or more chelating agents can be used in one

25 composition, where the chelating agents are selected from groups described above.
Altemately or additionally, some chelating agents are described in U.S. Patent No.
5,417,877, issued May 23, 1995 to Ward, and in commonly assigned U.S. Patent No.
5,672,577, issued September 30, 1997 to Lee, the disclosures of each of which are
incorporated herein by reference. In an altemate embodiment, the composition is

30 substantially free from chelating agents.

In one embodiment, a chelating agent is present in the solution according to
the invention in an amount from about 0.1% to about 10%, aliernately from about 1% to
about 10%, from about 0.5% to about 5%, from about 0.5% to about 3%, from about 0.1%
to about 2%, or from about 1% to about 3%. '

35 '
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Organi c solvents may be either polar or non polar. Generally, non-polar
organi c solvents are not preferred, though high boiling al cohols and the

| i ke may be w§efansmeanpl es of polar organic sol vents fo&c&ﬂﬁgﬁ%ﬁ ition
according to the invention include, but are in no way |limted to i met hyl
sul f oxi de, ethylene glycol, organic acid alkyl (e.g., 30 Cl-C6) esters such
as ethyl lactate, eth s her, \i : yl
ether, triethylene g%@%ﬁer@logwtét e‘é:%#mp@sﬁt(f)b%ﬁ(g)?}déﬁég{?&;%ﬁﬂ?exgiro)é‘6 Oenﬁié)kgl ycol

al kyl et her , cafaisapminecgmpeynddbat inpas a 1‘9’9&81’@@1?}?8 pBinegphes LEh as N

net hyl - 2- pyr giRbrothadife. (ENMRbies S£ubARMNE SompdhhdEhdlrd iRt lar Th $8 wag Bichifed®, b4 ke, or
any conbi nat |d.on.tFereof. n.one enbgfj ment \é@ﬁr (E:i_%ﬂgo .ar, organi ¢ ,§ol vents are
present,  t he BBITOPEeREop HismiobREns O araposii e tylshedinpine { ADASy a¢ 35

| east about BH&aziad, Nesubstiteled piptratieaddrivatdes,ipif@AdingN-aibstitardipiprbdine 95C. Care
nmust be takep,_..- / : o \1_the absence
of al kanol amﬁ%nevgﬁ“nﬁ%tﬁg%%itﬁé%%g’%@% Iggfglgglgérqgg%gg%ﬂ‘& %Frgéja%(tah %Jﬁfy slightly
m sci bl e wi t fetraminegard e 1ie, arcombinedenstheseads Amires may dncgeasotamosion ofesttaindi ng t o
the inventi ghsiil@meRR. SQMLABR mbaMnRAORE Lensbiive Mootding o WEiRlentibn fs e

sol ution according_.to the I nyention | n an,amunt from-about 2% to about

5
15% al t er nafibsipnially fea Fommondydroxylcopfaining sminecompewREH Ut 8% to about 12%
from about197% t o aboutiy dRdémbodiiBne R bthind ¥erhoundAPrdsert @Y the@blufibratecardpt 4%t o

about 13% According, to the present in tion, L nes, rticuyl ar ‘

B Rarol arm ne® Ghvedion i LAt Fom sbow oato puet . Wiginal G ot %o

separ at e fr oahoush@sdicen stout @5%3s edueslopfom aboull 5% ad aroub3%afiora asait 04% . O her

addi ti onal p?clﬂa tqﬁg)phgms&%q{q%%aggmlga}om in the art, other than those
Fud&d, “can al so i

speci fically exc 6 be uséd”i n the conposition of the present
i nvention. In an al t edmeneenhodisesntnbiiecomppriticdapgsading todhe nyventiosimay alse t he

| nventi on 55 eorfis sitfbail IBkabRE of ARG, BRLLIA LS va AL REGbAR of N

Exanpl es of chel ating agents 1 nclude, but in no way limted to, nopo-, di-,
15 or nul ti - IaWRFS LR EdHEHEea 3P RBHRANHAAY, ard the Likesora rombinaipnbrrspl I
resorcinol, B hlenaitednbolinttn® el cdmpsdifon dctlitling to thetivédtion id substartiallpfree |
conbi nati on éherg‘gp‘. In one enbodi nent the chelators include three or nore
car boxyl i c aliPHS e ng noieties, e.g., such as ethyl enedi am ne
tetraacetic acid ("EDWAbYs enmboxdiment, alshifectaBOF presaat inghe solgtiontagcdrdikgto the a

conbi nati ogp f. o) 16 R hGhAR 16 1Rt i es are
| ess 20 pref tggr%{ggﬂ %‘%@@ﬁ‘gg@@éﬁ%m‘i%@ %‘tﬁlh %@’a&%@& ﬁ)%lté\rg car Itl)g"x l'1c acid
moi eti es ar e 10%efrom abgut 0.5% to about 5%, from about 0.5% to about 3%, from about 0.1% to

about 2%, or from about 1% to about 3%.

pH
25
The pH of the dilute aqueous solutions of phosphoric acid may vary
considerably froni one formulation to another, and the optimum pH can be readily
ascertained by evaluating cleaning efficiency and material compatibility at various pH
levels, In particular, different pH values are useful with different substrates. In one
30 embodiment, the pH of the solution is between about 1.5 and about 5, alternately between
about 2 and about 4.5, between 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
35 '
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one enbodi nent. Aronmatic conpounds containing thiol groups, e.g., such as
t hi ophenol ; am no-carboxylic acids; diamnes, e.g., such as ethyl ene

di am ne; pol yal cohols; polyethyl ene oxide; polyan nes; polyimnes; or a
conbi nati on woewewiyssar e useful in one enbodinment. |n ongr@ibesiasns . one
or nore chel ating agents can be used in one 25 conposition, where the

chel ating agents are selected from groups descri bed above. Alternately or
addi tional ly, some chefrhd difwge zﬁlgecrm"s solatians de;ﬂmﬁﬂhbﬁdadlmalﬁa&anag‘émtform

No T ary, 5 R N o Oag o Pl Suect R TSN RgepBRRnEn T open of
whi ch are i rsbostpes aaptie siewpleiphugs pf methbsm&hmetungsum;m mdtiletaolad iacledibgtvaent , t he
conposi tion 'rﬁorﬁgf SRaat b bfnidded %o%f quﬁ‘mﬁl]:%cgaggruatﬁgg%&mn Bgné: %n

enbodi ment at1 ng ageﬁt 'S pres n-acco t he
i nvention 7 n taralumpmdkother mefalsseful in samiconguetbifbrication, agiwelbasmaixgirgs drlaﬂtmsabout

f1% to bab?ug %%f Wd@ﬂbﬁﬁgﬂbg/ aﬁlaré‘iély %@éﬂ@«ﬁu&ﬁl/ /1{151%1(39 Opd at %aﬁ%ﬂoal&&%ut 3%
rom abou 0 ou t. froma 0 A 0.,

2004/ 037962 %?P%ﬁﬁgy"b‘é 8% 9‘!4‘?3 ?‘r‘g mitel mﬂf@ﬁ@&ﬁ(ﬁbsw@dwogccor di ng

t o t he i nventwidnataps orawoeipbynds othbﬂimsmetmlsém.nﬁoﬁphbm,wncbri Suddfur, o3 tiRdiken
hydroxyl - containing amne and is not an al kanol am ne. Exanples of such

am ne conpounds include, but are in no way limted to, o- diam nobenzene,
p- di am nobthzene, I\I—(ZQMEMS!!M) - et hyl enedi ami ne ("AEEDA"), 5 piperazine,
N-substituted piperazine derivatives, piperidine, Nsubstituted piperidine

derivatives, diethylene triam ne, 2-methyleneam nopropyl enedi am ne,
hexant hyl ene t et r ar ni kB¢ diliterauenus solrtéons of phespherip reidimabe anpliedisithe Ani nes may

I Rcr ease cor rs@ﬁﬁd&ﬂd&forﬁﬂis&ﬁbﬂu%@ﬁmﬁdsvrﬁ:tm af*osmsdgﬂceaﬁp phikdtRh ewbodl nment,
t he conpositi ac ng,to.the.invention is ubst anti

non- hydr oxy! -4 g’n‘f‘ 3’r'1"'ll"% e Wﬁ?ﬁ lqrgatelys %ﬁ@%ﬁﬁﬁh@‘}h’?ﬂw F‘W‘ﬂ]e
conpound i 5 psaspny directédte tl&ahmceoﬂma@ﬂmrde rmwmcﬂhgnwmman&asomcuﬁd an anount
fromabout 0.1%to.about .10% |.t er nat. rom abou 1(V 10% from
Hbout 0. 506 ¢ JRSRBHE ek phE ShmaeF GRS ¥ i FoROS i bt B Sberl 0, ¢ o
about 2% or afdditionaﬂlstnpsmﬁ?/betlme(hmmvem%omndtmtenbodl ment , the conposi tion

according to the inven lgiamanﬁwmﬂaﬁrﬁqaq%o&naw@mﬂamB&m&,ﬁé of

surfactants include, but are In
igh operating temperature, e.g., up to about 90°C or higher, of the cleaning process,

20 although “room temperature” operation of about 20°C to about 30°C provides a good
combination of cleaning efficiency and material compatibility for most applications.

The time required for the cleaning process is dependent upon the residue to
be removed, operating temperature and method of application. Typical time is from about 5
to about 30 minutes, altemately from about 3 to about 30 minutes, from about 3 te about 15
25 minutes, from about 3 to about 20 minutes, from about 5 to about 10 minutes, from about 5
to about 15 minutes, or from about § to about 20 minutes, and can be readily ascertained by
evaluating cleaning efficiency and material compatibility at various times.
Considering that the removal of the post etch residue in the presence of
phosphoric acid is believed to be via the formation of an intermediate phosphate complex,
30 but without being bound to theory, the presence of a quaternary ammonium or the formation
of a cation through the acid-base reaction may euhance 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
35 residue removal is probably.not by a proton initiated dissolution mechanism, because of the
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| aurel sul fate, sodium stearate, epoxy-polyanm de, and the |like, or a
conbi nation thereof. In an alternate enbodi nent, the conposition according

to the invenjigPRodirssybstantially free from surfactant S'P(;'QU%&ME pdi ment ,
a surfactant is present in the solution according to the rnventiron in an

anount from about 0.1%to about 10% alternately from about 1% to about
10% f r om abqyby GemYipts s,tD Obthind ol o RIBoRARRIHg Aok e Sih@RDOUL
0.1%to abo(l?t‘5 IZWg olﬁ;grgsr om a%lgg(??ll%to abogﬁg 3% Plﬁoggg#%gﬁ% e{:)?&{ﬁhig dilute
aqueous sol utPBHRIUNSSFHER BRes tber apilefhpraers ey stropgnl Asruraised; therefre.dlias the

for |mJ| fl_tl on ltdlbaﬂi_ﬂghﬁiﬁﬁ of b r&ﬁﬂeﬁgmﬁﬁi‘tﬂﬁh@rﬂiiﬁgw tb@itn&%ﬁﬁhliypml?&@&fuk Haipd Hby
eval uating cl egni efficiency an er,i. mpati bi.| i at varioous p
levels. In pdf ﬁl%ﬁ%ﬁ?‘}g Qf?l?efté"tsé‘ﬂ‘?d‘ H\‘;‘&‘F %Pé@yaf@w 8@'5? i?l“{ W“%/Hﬁm tkl‘?ge’rlﬁnt
substrat ess |combineti@Dwitliplodpiaristacid. he pH of the solution i s between about
1.5 and about 5, alter 89;1 t n about
1.5 and about 10, bet \Agg‘%n%g%tgﬁﬁﬁ%ﬁgpgﬁ%p o&?‘ ,’f%@%gmghgépéécgufn%nd about
6, or bet weerfiliisgdueons solutinns gbphesphotic Gidy sthe ringe matrial yey\he watnslobgigech

PCT/ US2003/ 03@%@&0})@&0@&, B Wt AERL RO A rirRB faftialB GSRRBEd iR URDatbnall ©
advant ageous for, cleani ng resi romyvjas of varying aspect ratios and

d f
frommetal sthedP98h434, thyatipdi 0%‘?@Pfﬂ ks decomopatedthessinby expEstBEISre net al |

such as tubQesto. Vde oTRL ftse Slep (ePefbrtd) didiwager isRe Srefere®fifise@hatdrial, ani um
nitride, alum num copper, alum num copper alloy, titanium tungsten, 5

tantalum and other netals useful in sem conductor fabrication, as well as
m xtures or alloys thereof. Additi onEXAMRBIES ternately, the substrate may

i nclude (e.g., t | i el _ ate ray
v el oxt dee. ' metar oxoxppiityaahbd Buebr Gl inlen VAV filedRligy O 111 des
conpounds ot Heferenpgite thefollpwing examplespwlisipare inglidedigraxpmplifyy) trug pot t imitye | i ke) .

10 O eani nQs NG5t telfRbschl ihvnBomgueous sol utions of phosphoric acid may be
applied to the ™ sem conductor substrate through various nethods. For

i nstance, application may be as a bath in which the substrate is subnerged.
Al ternately, Efgphdyegus sol ution may be applied

Dilute aqueous solutions of phosphoric acid as described in Table 1 and

Table 2 have been used to clean plasma etch residues from semiconductor substrates. The
20 following abbreviations are used for solution components:

TMAH tetramethylammonium hydroxide

CHOL choline hydroxide
DEHA N, N-diethylhydroxylamine
25 AEEA 2-(2-aminoethylamino)ethanol
MSA methanesulfonic acid
PPA pyrophosphoric acid
ABF ammonium biflucride
AF aramonium fluoride
30 EPA epoxy-polyamide
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
35 expressed in terms of weight percent.
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15 as a spray directed to the surface of the substrate. Mechani cal

agitation, ultrasonic and negasonic waves, bath circulation, rotation or

ot her noti onwajdoles76dsbstrate, and other additional steppcimyifodsed as is
wel | -known in the art. The low volatility of the dilute aqueous sol utions of
phosphoric acid permts high operating tenperature, e.g., up to about 90C
or higher, of &E@ cl eani ng process, 20 although "room tenperature" operation
of about 20C ?o a%out 30C provides a good conbination of cleaning

ef fi ci ency anBxampier | Biosphomgacidbi | | AlkalingCompsundappl i cat i onOtherj e ti npH
required for fhe cleaninggrocess is ggpaneent upon the residue to be
renoved, operating tenperature and nethod of application. Typical tinme is
from about 5 %to about 30 4 nut es, ajtéﬁ%%ﬂély fromabout 3 to about 30

m nutes, frsongabout 3 to about 15 25 WHOU®E from about 3 to about 20

m nutes, from,about 5 to out 10 m,nutes. .fr about t.,15

m nutes, or from about 5 '?g about deﬁfo ,O@nd can%gi@agpgylgsc%?tai ned
by evaluating cleaning efficiency BridoxyhmaeiOf5 conpat i biABF 9.0at var$.8us
times. Considgring that t renoval . etch resi 4" the pyesence
of phosphorig acid is beFfeved to %§E$§gﬁ% e formation o%wgﬁhinternggiate
phosphat e conpl ex, 30 but2 wit hout Bedroxylaméngdefst o t heo®F, 0.9 ELIPEsende of a
quat ernary @ngoni um or the formati ofy@bh 6.9n through the aci d-base
reacti on may enhance the cleaning ability of the blend. It is belieyed that
thi s enhancengnt may arisélthrough eleégﬁgﬁ atic interaction between?fhe
cation fromtie base and téhe ani oni c regpuaR phosphate conpl ex. Furthernore,
wi t hout bei ng gound to thqyry, t he invgﬁ%ziﬁL tion indicated that 35 residue.
removal is pré ably. not by a proton inirtiated dissolution mechani sm
because of thé2 -14 WD 200%/ 037962 PCICHORGE3/ 033500 podilywliedni ng results
obt ai ned sojsuti ons containing only phosphoric acid and the other acid
conpounds, even those other acids that were very strong. It is surm sed,
therefore, that the cleaning ability of the preferred sol utions according
to the invention is probably due mainly to the chelating properties and

di ssolution ability of the other acid conponent (e.g., in 5 conbination with
phosphoric acid). Arinse step typically, although not always, follows the
application of the dilute aqueous sol utions of phosphoric acid. The rinse
material mey be water, alcohol such as isopropyl alcohol, a water/alcoho
blend, or a rinse material as described in US Patent No. 5,981, 454, the
entire disclosure of which is incorporated herein by express reference

25

30

35
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10 hereto. Use of a rinse step is preferred, and water is the preferred
rinse material. EXAMPLES Exenplary enbodi nents of the present invention
will be illusvoadedsiy: reference to the foll owi ng exanple '

i ncluded to exenplify, but not to limt, the 15 scope of ﬁjtcﬁ)em%@gg%?l@

I nvention. Exanples 1-28 Dilute aqueous sol utions of phosphoric acid as
described in Tahée | and Table 2 have been used to clean plasma etch

resi dues fronbsem' congduct or, sugst rates. The 20 follow ng abbreviations are
used for solu rwl%oﬁﬁm@wpg?m MAH t et r £ hyl anmoni um hydP8®r de  cHM

chol i ne hydroxide DEl; A N2N-di et hyl hydyigxyulggm ne 25 AEEA

2-(2-am noem)‘ am no) et ha:iol MBA et h%?gﬁ‘. fonic acid PPA pyrophosphoric
acid ABF a ni um bi fl uori de AF amonrtim™ | uori de 30 EPA epoxy- pol yam de
EL ethyl |dctdfe Unl ess otherw se sRheirdsilizit,0.24 | val ues delimted in the
Tables of thegge Exanples, with the exg 155%” of pH val ues and corrosion and
cleaning ratings, are 35 expressed in terfis of weight percent. 15 WO

2004/ 037962 PETI US2003103%500 Tabl e 10%liad®l e Phosphoric acid Al kaline
Compound O hetgpH 1 2 DEHA 0.94 2 2 %Eé\icl}.@ 532CHOL 0.99 2.1 4 2

Hydr oxyl am ne_0. 65 ABF 0.Q2, EPA 0.12 5.2 5 2 Hydroxylam nc 0.65 A13F 0.02
5.2 6 3 Hydrokylanmine 0.75 AF 0.04 5 xalic 2.0

10 20 3 Lactic 2.0
21 4 Lactic 2.0
22 3 Citric 2.0
23 4 Citric 2.0
24 3 PPA Q.5

15 25 3 Glycolic 2.0
26 6 Glycolic 2.0
12 6 Glycolic 2.0 CHOL 2.2
27 3 PPA2.0
28 3 PPA 4.0

20

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 2 Semitool

25 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

30 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.

35
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7 2 Hydroxylamne 0.65 AF 0.04; EL 10.0 5 10 8 2 Hydroxylamne 0.5 5 9 2
AEEA 1 2.8 10 6 CHOL 2.2 11 6 AEEA2 12 6 CHOL 2.2 dycolic 2 15 20 25 30
35 -16 WD 2004/ 037962 PCT/ US20031033500 Tabl e 2 Exanpl e Phosphoric acid
Acid Other pH 13 2 MSA 1.47 14 2 PPA 3.0 0.8 5 15 2 Pluorosilicic 0.24 16
2 xalic 2.0 24939 alic 2.0 18 6 Aycolic 1.0 19 3 BKAWUSR0HFSW 20 3
Lactic 2.0 21 4 Lactic 2.0 22 3 Citric 2.0 23 4 Citric 2.0 24 3 PPA 0.5

15 25 3 Gycolic 2.0 26 6 Gycolic 2.0 12 6 Gycolic 2,0 CHOL 2.2 27 3 PPA
2.0 28 3 PPA 4.0 The solutions of Examples 3-5 were used in a spray application in a Semitool

apparatus to clean aluminum lines on a tantalum substrate. Process conditions were the
.same as previously described. Residues were removed and no corrosion or pitting was
noted at both RPM settings and both application times.

5 The solution of Example 3 was used in a spray application in an FSI
apparatus to clean plasma etch residue from metal stacks from three sources. All of the
stacks consisted of titanium nitride-aluminum/copper alloy-titanium-titanium nitride on
silica. Process conditions in the tool were about 25 or 35 °C, approximately 1 liter per
minute (LPM) flow rate, about 400 RPM, and application time of about 5 or about 10

10 minutes. For the stacks from the first source, residues were removed at 25 °C at about 10
minutes with no corrosion or pitting. For the stacks from the second source, traces of
residue remained but these likely would be removed with longer application times; no
corrosion or pitting was noted. For the stacks from the third source residues were removed
after about 10 minutes at both temperatures, with no corrosion or pitting observed.

15 The solutions of Examples 4-7 were used in a bath application at about room
temperature to remove plasma etch residues from metal stacks from three sources, Residues
were removed within about 5 minutes. No corrosion or pitting was noted after about 20
minutes.

The solutions of Examples 19, 20, 23, and 25 were used in a bath application

20 at room temperature to remove plasma etch residues from champagne vias and metal lines.
Residues were removed in process times of about 3-15 minutes, and no corrosion or pitting
was noted.

All of the above-described process examples used a deionized water (DIW)
rinse following the cleaning step.

25
Bxamples 29-33.and Comparative Example 1

A series of dilute aqueous solutions of phosphoric acid and choline
hydroxide, Examples 29-33, were prepared as shown in Table 3 below and used in a bath
application to remove residue. Comparative Example 1 shows the result of using a dilute

30 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.

35
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20 The solution of Exanple 25 was used in a bath application to clean plasma
etch residue fromvias. The residue was renoved after about 8 m nutes at
about 30C. THR) 20580¥99630! Ution cl eaned residue from netal di) NS08 38540 2boUt 5
m nutes at about 300C. The solution of Exanple 3 was used In a spray
application in a Sem tool 25 apparatus to clean plasma etch residue from

metal stacks.t e,_,{ stacks consisted of titanium nitride-alum nundcopper
aIontltanlum anlumnltrlde on S|I|ca Process condltlonsnlnthe t ool
wer e about 30=X3mpig ; RANINg b e uneAyaroxXide out

140 or aboutyg300 revoljytions gper m nutGe (RPM angj appl ication ginme of
about 5 or about 10 m nut es. Resi dues vvere rem)ved at both RPM settings at
bot h appl i catibn tinmes2 No 30 &orrosi ofr pitti ng was noted at &out 5

m nut es al shogagh sl i ght5 p| ttings was notigd at about2 10 mi nutes. %Re

sol utions of @arrpl es were1 used to cl ean netal 2stacks inasS r}ntool as
previ ously destri bed. Resi dues were refoved and noZcorrosion or S tting was
noted for eidher sanpl9% at both RPM sdtings and Both applicati&n tinmes. 35
-17 WD 2004/ Oéglﬁg ,ﬁPQ:T(IQSZOOBIIQ,SBSOO Tae solutiong of Exanples 355 were
used in a spra Ication in a Sem tool apparatus to clean alumnumlines
on a tantal um substrate Process conditions were the sane as previously

descri bed. jfesi dues We'P@ooEﬁﬁﬂé%ﬂd&%eﬁﬁx&&fulmd@ﬁuﬂedmﬂtﬁd%ﬁm%%thbﬁt ed at
bot h RPM sett glgs angﬁboth pI|

tiqQn ti he,sol uti.on of le 3
nos et i o aBAagh 350 Ao oovide boh socpleis deming Hid AeEP G TRSIORSRE, ot ch
resi due from ﬁuingl ASltcﬁ'Qlk&bﬁ*reGdﬁbﬁdbwpmmklémlesAkdd aafeiohized waten@RW)einmsi st ed
of titanium ngoilrl d dﬁ ?Li nur’q copper alloy-titaniumtitaniumnitride on
silica. Proce $9BRYET Pt he tool were about 25 or 35 C, approximtely
1 liter per mnute (LPM flow rate, about 400 RPM and application tine of
about 5 or qjgbout 10 10 mi nutes. For the stacks fromthe first source,
resi dues were renoved at 25 C at about 10 mnutes with no corrosion or
pitting. For the stackslthoughtheprescatinyrntianisdessribed witheefesmmee tocsrtaile r emai ned

but these i k?ekﬁé@h‘n‘nﬂo&?ﬁeﬂt@ 'ifqyﬂiéaﬁéhlttﬂatlnﬁﬁﬁﬁﬁtuﬁs%h 'v&i’éhb%&rbéﬁﬁay HaPnade
corrosi on or 1ttin was not ed stacks from.the t I[‘d souyrce

resi dues wer eb¥ ed i the art wisheut ‘HR?“H’E ¢ spinifAsd feope AHBISIRYFRER 83 t h no
Corrosi on or pifired By theREFMIIIaims. In particular, it will be clear to those skilled in the art that

20 the present invention may be embodied in other specific forms, structures, arrangements,
proportions, and with other elements, materials, and components, without departing from
the spirit or essential characteristics thereof. One skilled in the art will appreciate that the
invention 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

25 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 imited to the foregoing description.

30

35
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15 The sol utions of Exanples 4-7 were used in a bath application at about
room tenperature to renove plasma etch residues fromnetal stacks from
three sources. Residues were renpved within about 5 m nutes. No corrosion
or pitting was noted after about 20 mnutes. The solutions of Exanples 19,
20, 23, and 25 were used in a bath application 20 at roomtenperature to
renove plasma etch residues from chanpagne vias and netal |ines. Residues
were renmoved in process tines of about 3-15 m nutes, and no corrosion or
pitting was noted. Al of the abovelREeEEAIMSEd process exanpl es used a
dei oni ze t. DI\W. rinse followi ng the cleaning step. 25 $xam pl es
29- 33. a%%‘ghﬁdﬂ/e Exanple | A series of dilute aqueous sol utions of
phosphori c and. ancqaéuak séicolyudtoniedting biand lesing% @8betwaee 1 Saapanad as
shown in Table 3 below and used in a bath application to renove residue.
Conpar at | SPEPERREpl e 1 shows the result of using a dilute 30 aqueous sol ution
of choline hyda‘i%ét@%%"ﬁy‘&@igﬁt @Y,- phosphoric acid present. C eaning
efficiency was rated or a 0-10 pdint scale with 10 being conpl ete renoval .
Corrosi on and frqm 0 5Py Masby weight phesphodic BOidpoi nt scale with 0 being no
corrosion and pi.tting. 35 -18 2004/ 037962 PCT/ US2003/ 033500 Table 3
Exanpl e DH @r(ﬁ’gg?%w%@egémoﬁegm GEBHESPIPRUIEE 4 Chol i ne hydroxide 29 1.4 0 6
20 3020 1Q)p3012a1% one 3t mordfidoride-céntdinthg cdhpbuddsBad 5.5 33 9 4 10 2 8
Conmp. Ex. 1 12 10 10 0 2.2 10 Process time and tenperature could be
optinized for affestone atkpbne cdmpoupgdiseleatesfrem thetgroun ¢onaisong o t o provi de both
conpl ete cl eani ng - on and pitting. Al of the
above-descri bed pr%c g@ﬁ%%%rgﬁégnu&;{g@?%x eionized water (DIW rinse

a hydroxylamine derivative having the structural formula:

X

AN

N—-O0—R;

/

Y

wherein Rj is hydrogen or a linear, branched, or cyclic hydrocarbon
containing from 1 to 7 carbon atoms; and wherein X and Y are, independently, hydrogen
or a linear, branched, or cyclic hydrocarbon containing from 1 to 7 carbon atoms, or
wherein X and Y are linked together form a nitrogen-containing heterocyclic Cs-C5 ring;

one or more atkanolamines having the structural formula:

1! Rzl

R

wherein R1, R1’, Ry, Ry’, and R; are, independently in each case, hydrogen or a

X
p
Y

A—C0—2

1 2

linear, branched, or cyclic hydrocarbon containing from 1 to 7 carbon atoms; wherein Z
is a group having the formula -(-Q-CR R’ -CR2R;’-)-, such that m is a whole number

from 0 to 3 (i.e., when m=0, there is no atom between the -CR;R»’- group and the -OR;
group in the formula above), Ry, Ri’, Rz, 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 -
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followi ng the cleaning step. 15 Although the present invention is described
with reference to certain preferred enbodi nents, it is apparent that

nodi fication and variations thereof may be made by those skilled in the art
wi t hout departing fromthe spirit and scope of this invention as defined by
t he appended clains. In particular, it will be clear to those skilled in the
art that 20 the present invention nmaybe enbodied in other specific forns,
structures, arrangenents, proportions, and with other elenents, naterials,
and conponents, w thout departing from the spirit or essenti al

h terist . ' i WL ' hat th
Cvent on my BeMhge e piTef e il ieblftcRt ntais BRALBRALG CAE L0
conmponent s  lofele bneledusad clithidrecapiorcdi £groop havieg the Yeraiul /TR, Rivi-CR,Rar-e

particul arly_adapt to specific 25 environnents and operative requirenents
wi t hout depaﬁ' Wgh ?%Gmgteﬁ et5A-Repiph e RoherreRs lﬁﬁsgmsmﬁv@h ifonRt The

presently digelHagd 85R0GIRM 2, R R, LRSI R OnA R, QYehBe £FAMDLAE LEAhERIn R |
respects as illustrative and nof restrictive, the scope of the | nvention

bei ng i ndi candd’ @y linkérktoggtherfdan a olteiges-cordmdingdieteracythieds-Coringre f or egoi ng
description. 30 35 -19 THE CLAIMS What is clainmed is: 1. An agueous
sem conduct or cl eaning solution having a pH between 1.5 and 6 and

conpri si ng: AtTht aqfouy &HibIhdMEloDEkani@d Shiticho® dalin 2%vhéreihQfe P ofieght
phosphoric acid; optionally one or nore other acid conpounds; optionally
one or RHONfis bRAWPAEZ @H-ai ni ng conpounds; and at |east one al kaline
conpound sel ected fromthe group consisting of. a quaternary anmmoni um
hydr oxi de; a hydroxyl am ne derivative having the structural formula: X
N-0-R3 Y 3. The aqueous semiconductor cleaning solution of claim 1, wherein the at least one

alkaline component comprises a hydroxlyamine derivative present in an amount from 0.3% to

1% by weight.

4. The aqueous semiconductor cleaning solution of claim 1, wherein the at least one

alkaline component comprises hydroxylamine or N,N-diethylhydroxylamine.

5. The aqueouns semiconductor cleaning solution of claim 1, wherein the at least one
alkaline component comprises a quaternary ammonium compound present in an amount from
0.5% to 3% by weight.

6. The aqueous semiconductor cleaning solution of claim 1, wherein the at least one

alkaline component comprises choline hydroxide.

7. The aqueous semiconductor cleaning solution of claim I, which comprises one or more
other acid compounds selected from the group consisting of hydrochloric acid, nitric acid,
periodic acid, pyrophosphoric acid, fluorosilicic acid, sulfuric acid, methanesulfonic acid, oxalic
acid, lactic acid, citric acid, xylenesulfonic acid, toluenesulfonic acid, formic acid, tartaric acid,
propionic acid, benzoic acid, ascorbic acid, gluconic acid, malic acid, malonic acid, succinic

acid, gallic acid, butyric acid, trifluoracetic acid, and mixtures thereof.
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wherein R3 is hydrogen or a linear, branched, or cyclic hydrocarbon
containing froml to 7 carbon atons; and wherein X and Y are, independently,
hydrogen or a linear, branched, or cyclic hydrocarbon containing froml to
7 carbon atonms, or wherein X and Y are linked together forma

ni trogen-contai ning heterocyclic C4-C7 ring; one or nore al kanol am nes
having the structural formula: R' RXz NI-1-Z-OR3 Y R RZ wherein R,
R1', R2, R2', and R3 are, independently in each case, hydrogen or a |inear,
br anched, or &ﬁbth@ehmmwommmh@immﬁmﬁimﬁmﬁerciartllmoarquawsrrs wher ei n

is a Vil the t.h inis a
whol o auitsBeRap AninlSoh oo et et She ot hbne ofSE Actd chfbowrils Sledtibliom o
- CR2R2' - glg¢odid pcidlethireesulfdie add, gyﬂ)phﬂsﬁhbﬂc il roxh e @M aic aRl, afdliitricReid. and
R2' may be independently defined in each repeat unit, if nmr 1, within the

paraneters set forth for these noieties above, and Q may be |ndependently

defined in eaeckrgé \Aﬁfé@ﬁs %ﬂ&éondg&o Aean :f‘gias%gn@n%?blg Bﬂgﬁ&&ﬂ‘?ﬁé‘%ﬂa%oer%dﬁé‘er - - 20

O or -NR3- ereln an ependen y In eac ydr ogen,
a G - C7 othérraeds arelpresantisdn amnuniyfuimﬁzﬂ(mrﬁ%hy beight.or a group having the
formula -CR1IR1' -CR2R2' - Z-F, with F being either -O-R3 or -NR3R4, where R4
is defined simlarly to Rl, RI', R2, R2', and R3 above, and with Z, RI,

Rl', R2, R2',j0amge f@e&%fdeﬁn%naﬁct&b%éﬁmg(%blu%ﬁbﬁélﬁ'in?(l \ﬂ{Hﬂel?(tﬁéra‘%]uédL@ked
toget her form a nitrogen-containing heterocyclic C4- 'C7 ri ng. 2. The aqueous

sem condigptiendedtersnigantpgsolution epmpyiscs bag o more\ivering-pontpaingiqompownds presentut i on
i s bet mﬁ%n%w%ﬂﬁ f?qmﬁOl/oht% Oaﬁ)éﬁi“fe g%lem conductor cleaning solution of claim
e at e ‘al'kall

1, wherel'imt east “on € conponent conprises a hydroxl yam ne
derivative present in an anount fromO 3%to 1% by wei ght 4. The aqueous
sem conductor_ c] eaning solutiqn of cla wherein t | east one

fnioh tlevote\Fl

al kal i ne conpldnéhg a%?&ﬁ'ﬁ"’@é%"“ﬂ%ﬁ”cﬁ&?ﬁl“ ié’f ?‘Hf}lfrf’&%?/‘?“ém ne. 5.
The agueus con@iUGARIM oo lufiof @6 se§8]1é'&‘ ﬁ&eqfuoﬁh@bmt%mnga%gbﬁhdfshe at | east

one al ka I ne conponent” conpri se a quat ernary anmoni um conpound present in
an anountonfprisimg ammonium bifluoride and/or ammonium fluoride.

12, The aqueous semiconductor cleaning solution of claim 1, further comprising an

organic solvent in an amount from 5% to 15% by weight.

13. The aqueous semiconductor cleaning solution of claim 12, wherein the organic

solvent comprises an organic acid ester.

14. The aqueous semiconductor cleaning solution of claim 1, further comprising a

surfactant.

15. The aqueous semiconductor cleaning solution of claim 1, wherein the at least one
alkaline compound includes one or more alkanolamines selected from the group consisting of
monoethanolamine, 2-(2-hydroxylethylamino)ethanol, 2-(2-aminoethoxy)ethanol,
N,N,N-tris(2-hydroxyethyl)-ammonia, isopropanolamine, 3-amino-1-propanol, 2-amino-

1-propanol, 2-(N-methylamino)ethanol, 2-(2-aminoethylamino)ethanol, and mixtures thereof.
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0.5%to 3% by weight. 6. The aqueous sem conductor cl eaning solution of
claim1, wherein the at |east one al kaline conponent conprises choline

hydr oxi de. 7. The aqueous sem conductor cleaning solution of claim1, which
conprises one or nore other acid conpounds selected fromthe group

consi sting of hydrochloric acid, nitric acid, periodic acid, pyrophosphoric
acid, fluorosilicic acid, sulfuric acid, nethanesul fonic acid, oxalic acid,
l actic acid, citric acid, xylenesulfonic acid, toluenesulfonic acid, formc
acid, tartari dGaBimb,quecpxscphtmh@cmricttpnibgmloiiam caﬁjdlaim B sdherdn theacledst ogt uconi ¢

acid, malj.c.acid malonic acid, succ aci d, l.ic acid

trifluor ACRHIPECepRoynd h’dﬁ‘f’ QRYQrJRoTE ﬁhﬁag@?mmeﬁf% e'ﬁf@ aﬁ&ﬁ’@Bﬁtstb ?%S&Cﬁ?ﬁ&t or
cl eani ng @Q&@gﬂton of claim1l, wherein the aqueous sem conductor cleaning
solution conprises one or nore other acid conpounds selected from glycolic
aci d, methanesul fonic acid, pyrophosphoric acid, oxalic acid, lactic acid,
and citric aci i Ia|m8
wherein the or%g %l?e ar%%- s%gﬂﬁ%&ué:?:o? eggggg&PgénentC?iﬁﬁ] g%@%‘)ﬁ{rﬁlegﬁ lru g%ﬁ‘ 2% to
5% by meughmmnﬁmyﬁihﬁomqﬂ&mu&dsempmmmﬁuctor cl eani ng sol ution of cIa|n11,
wherein the aqueous sem conductor cleaning solution conprises one or nore
fl uori ne-contai ning conpounds present in an anmount fromO0.01%to 0. 1%y
weight. 11. The ﬁ%’&;ﬁb&:s%@rﬂlc@%\ﬁ'&tﬁ%%mﬁh‘é‘é\ﬁh&%ﬁ%xhﬁtl WheRin HedbMidn sWher ei n
the aqueous sem conductor cleaning solUtion conprises one or nore

f I uor i ne-sobstanialy frge fromdtnonide-comainmgicompgurdsmoni um bi f | uori de and/ or

ammoni um fl uoride. 12. The aqueous semn conductor cleaning solution of claim
1, further conprising an organic solvent in an amunt from5%to 15% by
wei ght. 13. The, BelmesusSemicondist icisanial ealntictgouditht 1, Whetdin teabhnidRis wher ei n
the organic solvent conprises an organic acid ester. 14. The aqueous

sem condd&?%?nt'élllégﬁ?ﬁ@msaé‘fa@?}aﬁh‘le@f claim1, further conprising a
surfactant. 15. The aqueous sem conductor cleaning solution of claiml,
wherein the at | east one al kaline conpound includes one or nore

al kanol am nes ZQeTlmcaqaebdsrsermwh@ognmlqanimglslhﬁm oftcldm 1, vweoat thersoludon ne,

2- (2- hydr oxyl et I am noéﬁe noI (2- am noet hoxy) et hanol
N, N, N- t r i €GPSy 33?9%[% h?"énp(’inglgﬁropanol am ne, 3-anmino- | -propanol,
2-am no | -propanol, 2-(Nnethylam no)ethanol, 2-(2-am noethyl am no) et hanol

and mi xtures thereof . _ _ . _ . o
21. The aqueous semiconductor cleaning solution of claim 1, wherein the solution is

substantially free from hydroxylamine derivatives.

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

substantially free from organic solvents.

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

of water is at least 85% by weight.

24. A dilute aqueous semiconductor cleaner and residue remover having a pH between

1.5 and 6 and comprising:

a polar solvent selected from water, or a mixture of water and one or more polar organic
solvents, present in an amount of at least 75% by weight;

phosphoric acid or salt thereof, present in an amount from 0.1% to 6% by weight of 85%

phosphoric acid;
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-22 16. The aqueous sem conductor cleaning solution of claim1, wherein the
at | east one al kaline conpound includes one or nore al kanolam nes is
present in an amount fromO0.5%to 5% by weight. 17. The aqueous

sem conductor cleaning solution of claim1l1l, wherein the solution is
substantially free fromother acid conpounds. 18. The aqueous sem conduct or
cleaning solution of claim1, wherein the solution is substantially free
from fluoride-containing conmpounds. 19. The aqueous seni conductor cl eaning
sol uti on of claalenstbpe vhide éllowihgalkdingtcomponaits: gudiemanytanahdniuthrhgdrokidem

al kanol a The aqueo seni.conductor, cleaning solution of claim1,
iy 8 $1Rand 4

i nes., 20.
wher oi n (AT POV SIS AV e AEETAN BRI VRGRRERNR €. 21
The aquegitssefSRitieOdlitioh O arc h@iit RBnS®buith 3% Bf weikiY: thelydMX§lafiifk dd®adrl iyt i on
is substantially free from hydroxyl am ne derivatives. 22. The aqueous

seni condutessnt ig thessefutign dnamament donch. ot §% whweishtnot instuginaihe eppntesion of
substanti . . hC: NhS. . ] ctor

ol eani ng Dol RpE SRKOERG RN R sl IR, PERI T BEEARFHERCT

| east 85%nimymindeorgi0t2% BRAS%Aydvdigite aqueous sem conductor cl eaner and resi due
remover having a bef wee 1.5 and 6 and conpr.ising; a polar solvent

sel ected f rom%?‘gﬂ?” ) ”‘H‘%W@F%“%?OWQ , PEgSENIJA EheoOluiiopdn paraeurs f9ah ¢

sol vent s,o @1958.5% Byakigount of at |east 75% by weight; phosphoric acid or
salt thereof, pr_esenel in an amount fromO0.1% o 6% by wei ght of 85%
phosphori c aciogtionallg, an otherasid compowid, preserftin thewplutjominkanl anmaint opdhedth &

quat er narﬁﬁ/ gm&on' pm hydr oxi de, hydroxyl am ne derivative, or al kanol am ne,
wher ei n tHe “quat rnary anmmoni um conpound is present in the solution in an

anount from 0,03feially S2eHeyating iagéit, prédent iRyl Rintoa it Readedrt ieshi 9.6% 16 8%Pbesent
in the solution in an amount fromO0.1%to 5% by wei ght not including the
count er i OFIgH andhe hydr oxyl ani ne derivative salt, if present; the

al kanol ami ne iy }i?ﬁaﬂ??&‘%qr?a@taﬁ@ gre&%“d{ i@ RolkflorPfh anaaﬁﬁ)&iﬂf frbi 018 .u?%%tbg v?&’@l@.y.
wei ght; optionally, “a tluoridé-contalning conpound, present in the sofution
in an amount from
25. The dilute aqueous cleaner and residue remover of claim 24, wherein the cleaner and
residue remover consists essentially of: at least 75% water; 1.5% to 2.5% by weight of
phosphoric acid; 0.5% to 1% by weight of a hydroxylamine or hydroxylamine derivative; and
0.005% to 0.04% by weight of a fluoride-containing compound, and wherein the cleaner and

residue remover is substantially free from surfactants.

26. The dilute aqueous cleaner and residue remover of claim 24, wherein the cleaner and
residue remover consists essentially of: at least 75% water; 1.5% to 2.5% by weight of
phosphoric acid; 0.5% to 1% by weight of a hydroxylamine derivative; 0.005% to 0.04% by

weight of a fluoride-containing compound; and 0.05% to 0.2% by weight of a surfactant.
27. A dilute aqueous cleaner and residue remover consisting essentially of: at least 75%
water; 1.5% to 2.5% by weight of phosphoric acid; 0.5% to 1% by weight of a hydroxylamine or

hydroxylamine derivative; and 0.005% to 0.1% by weight of a fluoride-containing compound.

28. A dilute aqueous cleaner and residue remover consisting essentially of: at least 75%

water; 1.5% to 2.5% by weight of phosphoric acid; 0.5% to 1% by weight of a hydroxylamine
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0.001 %to 0.5% by weight; optionally, an other acid conmpound, present in
the solution in an anobunt fromO0.05%to 6% by weight; optionally, a

chel ating agent, present in the solution in an anmount fromO0.1%to 8% by
wei ght; and optionally, a surfactant, present in the solution in an anmount
from.01%to 3% by weight. 25. The dilute aqueous cl eaner and residue
renover of claim 24, wherein the cleaner and residue renover consists
essentially of. at |east 75%water; 1.5%to 2.5% by wei ght of phosphoric
aci d; 0. BiEivetivess. 095 %o @H%b}fwalghwdradlwhdcmmalomgmynhpoww and fi% tdéfYadat i ve;
and 0.0 % ht of a fluoride-containing conpound, and

wher ei n Sﬁe/%ﬁtlogg gé ‘P%“‘WE Fue remover is substantiall y free from
surfactants. 26. The dilute aqueous cleaner and residue renover of claim 24,
wherein the cl eaner and residue renover consists essentially of: at |east
75% wat er: 1. 5% Adlilgtezgnenys semigardusior clepess gndrasidu empvepcamisting essmialliei ght
of a hydrgxyl Vjako tzo 0

fluoride- dgo%tl%?an’{sﬁ/gﬂg{)ehpﬁj}%gzg%d&pgé%&)ﬁ%hgfbgw%?ﬁmﬁng@fs ,8}0 gsé’ ubryfwelg

27. A di ladinguastgmegusnobeamealtand resi due renover consisting essentially of:
at least 75% water; 1.5%to 2.5% by weight of phosphoric acid; 0.5%to 1%
by wei ght of a hydroxylam ne or hydroxyl am ne derivative; and 0.005%to

0. 1% by wei ght300A ddtufel a4@¢édud Qtea i and msmee&mym}swa eseeﬂiahyfo@ 10584 @O,
cl eaner and residue renpver consisting essenti al | east 75% water;

1.5% t o 2y5ueigly o8P GhhogrthoppaegHbstedo 4% by: wclglﬂ%ftoesallmcbydlhedrguqt 0.3% tg 4%
hyd I 9
f ?/U(r)(r):q(;e on?q%l}tr?i%g n%%f‘u\ﬁ%t%g?brg%aggg’}dt /igq’ % %y \Q?%lﬁ?%‘g?te%i aBoPpolt Ongpbani c

sol vent . tR8BveeA 0dli% mitcel %qﬂa@uslatsg mrhemdwetfmmmdtm Refitaihil duwmndubencn engamer

consi sting, essentially at least 75%water; 1.5%to 2. 5% ht of
phosphor i VAR gh 5?160@05"5)95 fisted @?%W\}éia%@“s@m&o%toért%f ‘#{ﬁ) ‘gﬁ"l salt.
30. A di I agghueous cl eaner and residue renover consisting essentially of:

1.5%to 4 y wei ght of 85% phosphoric acid; 0.3%to 4% by weight of oxalic
acid dihydrate; 0.3%to 4% by weight of a rmnofuncti onal organic acid; 93%
to 98% by vvei @htAcaﬂilumaaqeequsalcdnmand ms'ailuhyem(b/et mrstlﬁ)g dskeratatly b¥oanfeast 75%

col vent s e e aeiiveim e Srat alvahis ik asstp davk e aebthiaetiedhe 1111 ng
date of tdhyirar@Riptibkayi (9% to 15% by weight of a monofunctional organic acid; optionally
between 0.05% and 1.5% by weight of: ammenium hydroxide, an alkyl ammonium hydroxide
substituted with 2 or 3 alkyl moieties independently selected from methyl and ethyl moieties, or
a mixture thereof; optionally between 0.1% and 1% of a chelator; and water, wherein the pH of
the cleaner and residue remover is between 1.5 and 9, and the cleaner and residue remove
contains substantially no organic solvents and no compounds listed as SARA 3 hazardous

compounds on the filing date of this application.

32. A dilute aqueous semiconductor cleaner and residue remover consisting essentially
of: about 1.5% to about 4% by weight of 85% phosphoric acid; about 1% to about 4% by weight
of glycolic acid; and about 92% to about 97.5% by weight of water.

33. The semiconductor cleaner and residue remover cleaning solution of claim 32,

wherein the solution is substantially free from: alkanolamines, quaternary ammonium

compounds, hydroxylamine and hydroxylamine derivatives, other acid compounds, fluoride-
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31. A dilute aqueous cleaner and residue renover consisting essentially of:
at least 75% water; 0.5%to 6% by wei ght of 85% phosphoric acid;, 2%to 12%
by wei ght of oxalic acid dihydrate; optionally 0.2%to 15% by wei ght of a
nonof uncti onal organic acid; optionally between 0.05% and 1.5% by wei ght

of : ammoni um hydr oxi de, an al kyl anmoni um hydroxi de substituted with 2 or 3
al kyl noieties independently selected fromnethyl and ethyl noieties, or a
m xture thereof; optionally between 0.1 % and 1% of a chelator; and water,
wher ei n tdiraiping @dmpduids,drgaiesolvone, Aieshylliexyl-eoMmYiing nike! Waddtink.aBedfldnd, and
t he cl eaner and residue renove contains substantially no organic solvents
and no cé‘fff?@@ﬁ@s | isted as SARA 3 hazardous conpounds on the filing date of
this application. 32. A dilute aqueous seni conductor cleaner and residue
renover consisting essentially of: about 1.5%to about 4% by wei ght of 85%
phosphori c ac3¥ A diboeisqueets smadrmdoctdéldmpenmidgbtidueotmglereohsigingessintiahd about

92% to abpui 97,5% ight o er., 33. The.sem copduct or ¢l eaner an
Fesi due PLABREYERaR T BYmstanbA e photphprisieid gt dPrioahauicip BY eretT e
subst ant Rt dcidand ALt 92 kAR IE RS Wik bERWARE.Y anmoni um conpounds,
hydr oxyl am ne and hydroxyl am ne derivatives, other acid conpounds, fluoride
-25 cont ai ni ng conpounds, organic solvents, non-hydroxyl -containi ng am nes,
chel ati ng age . i . Sern ctor

cl eaner and ri;é"%s:iSP ﬁgé}ﬁlecﬂ%c\*/hre%()?g%%'geﬁéw ﬁeéidgégegﬁ#% F%’%%%ﬁmzlb(glﬁfa ?rgg/oﬂ,[ 0 about
6% by wegbleinahe &36fiqnie sybzaintisllyakecfrokinohinified, qiavathary Ymmyoniven ght  of
glycolic acid; and about K 92% to about  96% by, wei ght of water. 3& The

seni cond&RRAUndY. Bxsroxylaminerasd; dﬁr@xﬂéw&eﬂzﬁté@ﬁi%rg@}ri&tbmaﬁurtsiﬁ, osidfy 34,

wher ei n - i ' il Ly £ Jo Ok ?ﬁﬁ,ﬁ ] , ary
anmoni umb%%gﬁhﬂgg&rﬁ;%ﬁ g%?/‘f ?rﬁérlllg;’ lé%“dﬁ%‘gg’?’g@@%ﬁ{ e gés?\%%??@gsag&g%’%gg acid
conpoundsyrfdctantr i de- cont ai ni ng conpounds, organi c sol vents,

non- hydr oxyl - cont ai ni ng am nes, chelating agents, and surfactants. -26
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