ALKALINE, POST PLASMA ETCH/ASH RESIDUE REMOVERS AND PHOTORESIST
STRIPPING COMPOSITIONS CONTAINING METAL-HALIDE CORROSION INHIBITORS
Field of the Invention 160011This invention relates to composifjons useful in the
microelectronic's industry for cleaning semiconductor wafer substrates. Particularly, this
invention relates to alkaline stripping or cleaning compositions containing metal-halide Is

corrosion inhibiors thg} Aje 1RECHEG T BRAGRA'BIRSH IRV RBFTRE AFLYSS by removing
0

post plasma etch and ash residue and metallic and organic contamination with reduced metal
corrosion and without any SYRFEHRATORFSSA S SRIRE NG GRMRANMIIAYSThe compositions

are also suitable for stripQINTAINKS ErAcAADD B ZoRAGSIONGNHIBE ORSNtion also relates
to the use of the compositions for removing 15 post plasma etch and ash residue and metallic

and organic contamination with reduced metal corrosion and without any significant damaging
of the _yﬁtegrated circuits and to strlpplngp?el'lgtgﬁﬁas} nf‘r,%n i'%hne wafer substrates. Description of
the Prior Art 20

[0001] This invention relates to compositions useful in the microslectronics
industry for cleaning semiconductor wafer substrates. Particularly, this invention
relates to alkaline stripping or cleaning compositions containing metal-halide

10 corrosion inhibitors that are used for cleaning wafers having metal lines and vias by
removing post plasma etch and ash residue and metallic and organic contamination
with reduced metal corrosion and without any significant damaging of the integrated
circuits. The compositions are also suitable for stripping photoresist from the wafer
substrates. The invention also relates to the use of the compositions for removing

15 post plasma etch and ash residue and metallic and organic contamination with
reduced metal corrosion and without any significant damaging of the integrated
circuits and to stripping photoresist from the wafer substrates.

Descriptlon of the Prior Art

20
[0002] An integral part of microelectronic fabrication is the use of photoresists
to transfer an image from a mask or reticle to the desired circuit layer. After the
desired image transfer has been achieved, an etching process Is used to form the
desired structures. The most common structures formed in this way are metal lines
25 and vias.

[0003] The metal lines are used to form electrical connections between
various parts of the integrated circuit that lie in the same fabrication layer. The vias
are holes that are etched through dielectric layers and later filled with a conductive

30 metal. These are used to make electrical connections between different vertical
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10002]An integral part of microelectronic fabrication is the use of photoresists to transfer an
image from a mask or reticle to the desired circuit layer, After the desired image transfer has
been achieved, an etching process is used to form the desired structures. The most common
structures formed in this way are metal lines 25and via s. [00031The metal lines are used to
form electrical connections between various parts of the integrated circuit that lie in the

same fabricaigariayeind hﬁéga;@r%.wﬁs mﬁsw‘eﬁtemqlﬁmel&g figlsrbisiirysss anchiater

filled with a conductive BO%e hese ar(i used to, make electrical connections between
different verti¥QrISy&rSH %rlr?f@BPgtgl?t@ 05 AAAI8Fen containing gas is generally used in

the processes used for forming metal lines and vise. [00043After the etching process has
been completed, the bulk of the photoresist may be removed by either a chemical stripper

solution or byowo4ixygen ptasntacashiohthgreeessssT hagproddancisiipietdiesrectotitngopriveesses

Cnemical sTTB S e e et

oxidized andFASERR SFEHGRIRSSAHCNE & FEIRTBE L1 SR AP e eaasoes Produce highly
insoluble metal-containing residues that may not be removed by common chemical
stripper solutions. Also, during an ashing process the metal-containing residues are
oxidized and made even more difficult to remove, particularly in the case of

10 aluminum-based integrated circuits. See, “Managing Etch and Implant Residue,"
Semiconductor International, August 1997, pages 56-63.

[0005] An example of such an etching process is the patterning of metal lines
on an integrated circuit. In this process, a photoresist coating is applied over a metal

15 film then imaged through a mask or reticle to selectively expose a pattern in the
photoresist coating. The coating is developed to remove either exposed or
unexposed photoresist, depending on the tone of the photoresist used, and produce
a photoresist pattern on the metal. The remaining photoresist is usually hard-baked
at high temperature to remove solvents and optionally to cross-link the polymer

20 matrix. The actual metal etching step Is then performed. This etching step removes
metal not covered by photoresist through the action of a gaseous plasma. Removal
of such metal transfers the pattern from the photoresist layer to the metal layer. The
remaining photoresist is then removed (“stripped”) with an organic stripper solution
or with an oxygen plasma ashing procedure. The ashing procedure is often followed

25 by a rinsing step that uses a liquid organic stripper solution. However, the stripper
solutions currently available, usually alkaline stripper solutions, leave insoluble metal
oxides and other metal-containing residues on the integrated circuit.

[0006] Another example of such an etching process is the patterning of vias

30 (interconnect holes) on an integrated circuit. In this process, a photoresist coating is



10aluminum-based integrated circuits, See, "Managing Etch and Implant Residue,"
Semiconductor International, August 1997, pages 56-63. [00051An example of such an
etching process Is the patterning of metal lines on an integrated circuit. In this process, a
photoresist coating is applied over a metal film then imaged through a mask or reticle to
selectively expose a pattern in the photoresist coating. The coating is developed to remove

cither exposefiUnRKROSBiLRRRIC AR shale RRANACBIP JORBH theaRUAEesintisper and

produce a photoresist pattern, on the metal. The rema|n|rl%p hotoresist is usually hard-baked

at high temp&rEfiie fo %@s@ﬁ&%t%ﬁﬁ%d?&qﬁﬂy DN ErG8LNIN B aSNBIORTE: 19 1 RYAX.
The actual meiteéetehiragdtepusckrs sk dorinedisT, s ptoting stdperdone s haglad oasigvered

by PhOIOVGS'%QHO&%‘&%@6&'9%9&@@@%?95&9%3&?}% ﬁ%PVﬁ*thréHﬁ{%m&%ch&%%T?tf wthe
pattern from the phaotoresist layer to the metal layer. The remainin otore&sg;ys then
H el

removed (st T@Wﬂli’%h‘f’gt@tal?fﬂf‘stﬁ[ﬁﬁ%rf"%%f?o??@ﬂ\fﬂtﬁoé‘f‘% A8fiFRys-
procedure. Tlik dshipgymecechirix.is TfteactoHbuielddijcastihBig st s thanusesoantiegsidTdiganic

stripper solutigghikipuey %rﬁ'&@e%”&@é?@étﬁ@'HHP@&;SI-E&%V')SWG%&%?tﬁi%H@Hytﬁéké‘&% gfigper

solutions, leave insoluble metal oxides and other metal- contalnln% residues on the mteﬂrated

circuit. (OOOG?ﬂﬁ%CEHar RgsHible STEURKAPEENAg PPRUS Lapi B dbihiRgts bidem ¢
30(interconn@bbtuntsist dayantintee ditdettriccaitein Ting mweiisg piptotesissist theatmayed

appliegoover agiglactfic im tgwrb@me@tﬁyﬁmgoﬁ,mﬁsbroovrmﬂ@e &?&é‘ﬁ%\ﬁ%@%ﬁﬁ‘gﬂ

pattern in the hot resist coatin coating is d ed tQ remove gither expose
unexpo;ed ph lérgtl ﬁwgﬁlﬁn@%ﬁ‘m%c{éﬁésl (ﬁiﬁ ?‘%%?85\%{’”{}?\5/% E%H'E@gﬂ&rg&al
photoresist platteris giitbeerh eﬁatlta'mwmmh’dﬂnwphm@ﬁmwwwalm Kiiiesionsuriar iger
temperature {9 f@RaNe ek taand %&Rﬁéﬁ!&?&%‘éﬁf&éﬂy therppbanRaaRAIE er IBeAGNA

dielectric etchin en erform d This etchin removes |eI otc vered by
photoresist tfﬁ%ﬁ ?ﬁﬁ' ngt@n 6(P838a ?ﬂé{'&%ﬂ‘ \'73?&659 g(ﬁg’{ (P?rg é?grgﬁhe
patterrifrom ﬂidwmgottbnreyg;ln |aher t@mmmed(mmemlfﬂﬁe ryrRiindag gsisotiradiot 14othed

removed (" stﬂ%ﬁsbaavmh.% QBRI NRSIIEBYHREH Wua P gabIasass Biasma
procedure. ca y the di eCtI’IC IS etched to tW eret erlying meta ayer is
d T¥§ Ily, the di d %ﬁg h hcm{j I')ég Il
eo

exposed. A ti ’Xllsj tftah ﬁ??ffﬁcfgséLf Feective it d%rselgr'w Arrier ayer Ts typically

present at the metal/dielectric boundary. This boundary layer is usually etched through to
expose the underlying metal. It has been found that the action of is etching through the
titanium or titfI0TR nitrid& tey esealisbsliitasitippéoshm imiogpinaié ddnigining etelalfimedidsies

formed, inside, of thexia. CRouaRDPIASINE 2SHNAONARAIIAG SR resislasmakiag hems

more difficult to remove 0007 The use of alkaline stnﬁgers n microcircuit comalmn metal
films has containing aluminum or various combinations or alloys of active meta

aluminum or titanium with more electropositive metals such as copper or tungsten.
Various types of metal corrosion, such as corrosion whiskers, pitting, notching of
metal lines, have been observed due, at least in part, to reaction of the metals with
25 alkaline strippers. Further it has been shown, by Lee et al., Proc. Interface '89, pp.
137-149, that very little corrosive action takes place until the water rinsing step that
is required to remove the organic stripper from the wafer. The corrosion is evidently
a result of contacting the metals with the strongly alkaline aqueous solution that is
present during rinsing. Aluminum metal is known to corrode rapidly under such
30 conditions, Ambat et al., Corrosion Science, Vol. 33 (5), p. 684. 1992.



20 not always produced quality circuits, particularly when used with metal Sins containing
aluminum or various combinations or alloys of active metals such as aluminum or titanium
with more electropositive metals such as copper or tungsten. Various types of metal
corrosion, such as corrosion whiskers, pitting, notching of metal lines, have been observed
due, at least In part, to reaction of the metals with 25 alkaline strippers. Further it has been

shown, by Lo}, Propriiteragadd, used 1% - M8ty oyt s O BRI iRA S
place until th rrinsi ep that Is required to remove the organic stripper from the
wafer. The cc?}%@{l]%g ,%s@ez\a%é%r%ﬂ?fvgﬂrggﬂfta oﬁéj:'g%tgr&ﬁ%ctﬁg&ﬁa%lg%haﬁwésgﬂré?ﬁéllfm%ﬂi'ne
aqueous sol TiRMeRat i84sFeJBAt@ERNgransHRgNAkemEmMdmhaMstalinsvRN YN SEfetyrratienmipidly

under such 3fepecitians eAvioaineheall defQRieRc&sience, Vol. 33(5), p. 684. 1992.
[0008]Prior methods used to avoid this corrosion problem employed intermediate rinses with

non-alkaline organic solvents such as isopropyl alcohol, However, such methods are
expensive a HJ& e unwanted safety, chemical hygiene, and environmental consequences,

[00091The phor att discloses I BPG9RRS SFFR5Rr S9aBIE I TRRREY #3RTIRp FRIEONESRSia fter
the etching ppbetesesicl. Sfteratiamettbingt pre6e84.4) 5 102127 Nuwd 8, B8R EA45 §is0oBEr and

photoresist s&uETe S RS shyIesS CHPBINELSRH ALINEIAMG SR ﬁaﬁa%ssff?ﬁfégsﬁﬁfs’
OX asmas as

however, aresgf\)lié vV ryﬁﬁectlve on wafers that have been tri "ashed" wit np

: ge
described above: Some protorBeRPs é@’&?&%lﬁ’ﬂit@%\ﬁ@?@%&etﬁ%‘ﬁ%k%ﬁwadﬁ Agn
additidfal warshafd withorysedn coresiem ashitktorilsert tabsveateBbole Spidicresiypasitipassare

disclosed in BkSmpeieatiess BASHaHibnD Z%d?r?glaédﬁ%%é?%t&%ﬁr’?’éﬁ%@aﬁ@%ﬁ@sion

5,707,947, and.5.419.779 and in 9800244, In some cases, the hydrazine derivative,
.mngitor such as ca%eé{ycﬁ). guch compositions are disclosec}/ in U.S. Patent Nos.

hydroxylarnine, Is
5,482,566, 5,279,771, 5,381,807, 5,334,332, 5,709,756, 5,707,947, and 5,419,779

and in WO 9800244. In some cases, the hydrazine derivative, hydroxylamine, is

15 added as well. The use of catechol or hydroxylamine in stripping compositions gives

rise to various environmental, safety, and health concerns.

[0010] The use of an aqueous solution containing a quaternary ammonium
hydroxide and a quaternary ammonium salt of silicic acid or alky! silicate has been

20 used as photoresist developers for positive tone photoresists in disclosures such as
JP 1120552 (published May 12, 1989) and US Patent No. 4,628,023. Positive tone
photoresist developers are used to remove patterned bulk photoresist after exposure
to a solublizing radiation source. Developers are used prior to etching for pattern
transfer to the exposed metal or dielectric substrate where metallic residues are

25 generated. The object of the use of a quaternary ammonium salt of silicic acid in
this disclosure is to prevent corrosion of metal substrates while removing the soluble
bulk organic photoresist and not the removal of metal-rich post etch residues present
on metal substrates without causing corrosion.

30



15 added as weii. The use of catechol or hydroxylamine in stripping compositions gives rise
to various environmental, safety, and health concerns. [0010]The use of an aqueous solution
containing a quaternary ammonium hydroxide and a quaternary ammonium salt of sillcic acid
or alkyl silicate has been used as photoresist developers for positive tone ohotoresists in
disclosures such as JP 1120652 (published May 12, 1989) and US Patent No. 4,628,023.
Positive tone [BAbtdresist el dpetesitouse90, 870105/ 6458Es N 6 b5 koph etopeishatial
exposure to T b : loper S rigr to etching for. pattern
transfer to th?%?(m?ggdggnée%?gﬁ;@gﬁ% ﬁ%ﬁg&ﬁvﬁﬁg%ﬁ IR oS dsE {greqﬁ%t 8idrated.
The object oﬁWE%’%‘&'Bf ygipxiden R atfisb ifLdissiased SEiEsecia iretpyiaEdNesme ieted
prevent corrosigidues métalsuBstiate slw e 58,07 g thEe sieple7bik aapicaphRiggesist and
not the gemo =it ost.e s S metal substrates withqut causing
corrosign. BO%Org%ﬁf]ﬁﬁabr%E%gte%h I\él%@{%é%%%?%% %@gaggesogtg@gs&agﬁgafﬁ pgi?&
5,817,610 ant’ EB'85D TBEARIEN dS8 A riERPEE i GieRsincaroreRREANary lArHEDNiUM
hydroxide an@9%@dé8 isrdsnlositicater usetamiiemovingppiasiazpichisesibeas thatUsEairiy No.

5.759.973 and R BRARENSIHAE 0L BUAIRL AR ATEABT Sigie, an amine compound,

water and optionally an organic polar solvent Is disc se as a Stripping and cleaning
composition, In WO 9960448, many silicate containing compositions are described that
effectively remove rnetal-containing ash residues without causing corrosion, 1010012]The use

of a quiterndfAP EhmoniuFihyaroRidearairioaycrRmenippdrsloditiossmioreiB Patepeos,
4,776,892, 5i66GisbSeand U B3¢ Nd 1738 89319988 A2, ERPIA A2 WP PL1p484

Al, The use nggqu@@ Qn%&p% ' g t ster metals In various cleaners has
also been reported in \%0'9 05 %qfs%?' 2@@8%38%?}9{3,Zgéh,eEﬁsglﬁbﬂ‘?@@&@@f,105,
JP 1506216688'PieXH8 £0PPS ipsepvetianmalals (evarisws deaners has also been reported
in WO 9705228, US 5,466,389, US 5,498,293, EP 812011, US 5,561,105, JP
15 06216098, JP 0641773, JP 06250400 and GB 1,573,206.

[0013] The use of an alkyl ammonium hydroxide solution containing a

surfactant capable of forming a monolayer absorbed onto the sidewall of a patterned

metal layer is disclosed in US Patent No. 6,057,240 for use as a post etch residue
20 remover used in the fabrication process of a microelectonic device.

[0014] Photoresist developers containing tetramethylammonium hydroxide
have also been disclosed as being useful for removing post via etch polymers in US
Patent Nos. 5,412,868 and US 5,597,983 and EP 540261 B1.

25

[0015] US Patent No. 5,466,389 discloses an agueous alkaline containing
cleaning solution for microelectronics substrates that contains a quaternary
ammonium hydroxide and optional metal chelating agents and is useful for a pH
range of about 8 to 10.



[0013]The use of an alkyl ammonium hydroxide solution containing a surfactant capable of
forming a monolayer absorbed onto the sidesvali of a patterned metal layer is disclosed in US
Patent No. 6,067,240 for use as a post etch residue 20remover used in the fabrication
process of a microelectorilo device, [0014]Photoresist developers containing
tetramethylammonium hydroxide have also been disclosed as being useful for removing post
via etch polymers in US Patent Nos. 5,412,868 and US 5,597,983 and EP 540261 61. 25
(0015]US Patent No. 5,466,389 discloses an aqueous alkaline containing cleaning soiution for
microelectronjes1sjibstratels tPatadntains, 49§ 208 raiscjoassnopiocadsy firoxideyaard apieanal

metal Chda“%%é\ﬂw%”ﬁe%ﬂﬂés EHHA: péérft%ﬂ%eéﬁcfﬁgf%%oé&m&ﬂ%ﬁ? %!&&F&? TBO:

5,498,293 discloses a process for using an a?ueous alk eanlng solution that contains a
quaternary arﬂﬂ%%lﬂ%di‘&%ﬁf@&ﬁ@%éﬁ YhistlepringipilicapdrrSirsefherdisclesiimgf
silicon wafersthiEhelehstigsprecekthis cfeartiagtpestess is ibstratatmesisro ihebpteaiascdelfore

the presence; Eaég(g r IS LIS

essentially sﬂﬁgﬁg xide féggg%%v%g bneg?a?n% §%%Q%g%%re ti?ﬁﬁ@gg ﬁ'{%@%&sﬁgﬁtﬁlly
integrated C|rélﬁ'ﬁ%b‘?l%ﬂ@nfr‘?ﬁeaﬁpeé’ié‘?\’c'%\?@nﬁﬁ}ﬁ’ GHecoRGise fheusss (95 PRI o6¢
wafers with inteeyetted aiircultsigeisatidnyhithehpnadreeinvehtbareisistdotrastethcateisedn ahel
oxygen plas”@e@ﬁ#ﬂﬁdof wafers with integrated circuits present which have been photoresist

10 coated, etched, and oxygen plasma ashed.

[0017] There is a further need for compositions that are able to more

effectively clean plasma etch and/or ash residue from semiconductor wafers without

causing significant corrosion of the exposed metal and damage to the dielectric
15 features found on these semiconductor wafers.

SUMMARY OF THE INVENTION

[0018] It is, therefore, a feature of the present invention to provide
20 compositions useful in the microelectronics industry for cleaning semiconductor
wafer substrates. It is another feature of the present invention to provide
compositions that remove metallic and organic contamination from semiconductor
wafer substrates without damaging the integrated circuits. It is another feature of the
present invention to provide compositions that are able to remove photoresist from
25 the wafer substrates. It is a further feature of the present invention to provide a
method for cleaning semiconductor wafer substrates that removes metallic and
organic contamination from such substrates without damaging the integrated circuits
and avoiding the expense and adverse consequences caused by intermediate
rinses. These and other features are achieved using new alkaline compositions,



[00171There is a further need for compositions that are able to more effectively clean
plasma etch and/or ash residue from semiconductor wafers without causing significant
corrosion of the exposed metal and damage to the dielectric 15features found on these
semiconductor wafers, SUMMARY OF THE INVENTION (0018)lt Is, therefore, a feature of
the present invention to provide 20compositions useful in the microelectronics industry for

cleaning semicnRALCIALIAIEE SHRSIFRIGDNDISRBRLNGE RHBEM YT SPRIBERRRNEENRBHEGIr
prowde composmons that remove metallic and organic coniamlnatlon from Semlgﬁnﬁﬁﬁg‘
ent

h . I d orgar
wafer substrat8eyEHBEH2IEPn A1TY RSAIRE FARPRHRIROHALS SO¥h & 18
invention to provigdnodniinition$thatoarpasiiiento awnpiace i enrisist Witdna 28 thieondietor

substrates, ItisRfusthet-ieatue of the PiRgeRt DVERidRRrAvideichnahadder saaniag
semiconductor wafer substrates that removes metablllc and o{i%éanlc_@ont min tlorhfr?m SniCh
g W gos%e

substrates wifiRBIATYARN, AN A SRR LY LR RS AR S ERPETEE AR
consequences@alisetbbipiraetdaetiage tindiesciivese and other features are achieved using
new alkaline compositions, generally aqueous, alkaline compositions, for stripping or cleaning
semiconductor wafer substrates, which alkaline composition contains one or more metal

halide corrosmgribitor%t?éﬁgkca%ﬁéoe&%géﬁr%% B!ﬁ‘fﬁﬂ BhEOnRGVIL A SERBICRIM ROk

Wafer substr a time and at a temperature sufficient to clean unwanted contaminants

and/or residule8fisa PREesuRaratal dissRVRAHN eMieE do P iifitRL AT HBE RoPFOSHST H%d
damags to dielesfiriepHOahA]letcedkiylina Hoohposittch sogetin, onere pretemidaséStmederably

metal ion-free, pases. @eRRA SlistiVe oMY HSHIBIGH TiFIBRhEBREENR LRIGMHHCEHrally
about 0.5% to about 10% by weight, of at least one metal-halide corrosion inhibiting
compound comprising at least one metal halide corrosion inhibiting compound
selected from metal hallde compounds of the formula:

15 W MXy

where M is a metal selected from the group Si, Ge, Sn, Pt, P, B, Au, Ir, Os, Cr, Tj,
Zr, Rh, Ru and Sb, preferably Si, Ge, Zr and Sb; X is halide selected from F, Cl, Br
and |, preferably F; W is selected from H, an alkali or alkaline earth metal or a metal-
jon-free hydroxide base moiety, especially an ammonium or tetraalkyl(C4-Cy4)
20 ammonium group; y is a numeral of from 4 to 6 depending on the metal halide; and z
is a numeral of 1, 2 or 3. Any suitable base may be used in the compositions of this
invention. Preferably, the base is selected from hydroxides and organic amines,
most preferably quaternary ammonium hydroxides, ammonium hydroxides and
diamines. The compositions may, and preferably do, contain one or more other
25 optional components, including but not limited to components such as for example,
water, organic solvents and co-solvents, metal chelating or complexing agents,
fluoride compounds, silicates, additional metal corrosion inhibitors, surfactants,
titanium residue removal enhancing agents, bath stabilizing agents, and the like.

30 [0020] The method for cleaning semiconductor wafer substrates of the

present invention requires that the compositions of the present invention be placed

7



to alkaline pH, and preferably a pH of about 9 or greater, more preferably of from pH about 9
to about 13, and a metal corrosion inhibiting effective amount, generally about 0.5% to about
10% by weight, of at least one metal-halide corrosion Inhibiting compound comprising at least
one metal halide corrosion inhibiting compound selected from metal halide compounds of the
fOrMUla: 15W,M; where M is a metal E.:elected from the group Si, Ge, Sn, Pt, P, B, Au, Ir,
Os, Cr, Th ZryRib it 0. SURISIARS afor s BUESRD of 1 A nRelnciodfpiain . Br

and I, preferably F; W is selected from H, an alkali or alkaline earth ine met on ree
hydroxide ba§!=.‘%'ﬁlﬁ@?y, e%%laﬂ&'?‘%“%ﬁBH‘ﬁW’@r"f@trﬂé‘?@ﬂ(@f@ﬂ??ﬁgmrﬁ%ﬂ

is a numeral efiffaca.4 ihé degierdliingladeshbathetsithadite saray zam)mamneraﬂ'(wwawmlﬁa Any
suitable basesﬁ@t’r@fé qéegﬂﬁb‘;}é‘a %nlneswnﬁ»ogﬁ.ﬁnsmvw%d’ Ffﬁiéb{)fnéh%ﬁlﬁsﬁ ithe

selected from hydroxides and organic amines, most prefera ernary ammonium
hydroxides, a?ﬁﬁ{Bﬂﬂ?]tﬁ IRIOPGIRILE: éﬁﬁ%ﬂéﬂﬁiﬂ%g"rﬁ r%ﬁ?p@éi%‘aagv RISy 28 ¢ dterably do,
contain one or more other 25 optional components, including but not limited to components
such as for example, water, organic solvents and co-solvents, metal chelating or complexing
agents, fluoriggoeempoundaesiisapesitadditinenal metal sobedsits inhibitaosjreunfattditsand

titanium residg&gﬁmog&llt%ﬂn@é}%ng ﬁgﬁe r Sua thtﬁéab%@z%]ﬂgu gﬁ%tées%n%géQ like [Qggpga'@e

method for cleahing semiconductor wa trates o resent invention requires that the
compositions g8 presEsHitREh fiem Walglkstates istUliRNbeSEBRRb ARt ANEISP
substrate for adiguyanttaes aserviparaiite istdfiianatoritieenramirrdtecodontastiindsts andlor
residues from the substrate surface. The method includes both bath and spray applications.
Typically, the substrate is exposed to the composition for the appropriate time and at the

appropriate temperature, rinsed using high purity de-ionized water, and dried. [0021]The
compositions clean wafer subBEFARIEEY RESGRIRTHNANR Hid INVENTION

[0022] The present invention provides new alkaline compositions for stripping

15 or cleaning semiconductor wafer substrates that contain one or more bases,
preferably a metal ion-free base dissolved in water, and one or more metal corrosion
inhibiting metal halide compounds of the formula

W, MX,

where M is a metal selected from the group Si, Ge, Sn, Pt, P, B, Au, Ir, Os, Cr, Ti,
20 Zr, Rh, Ru and Sb, preferably Si, Ge, Zr and Sb; X is a halide selected from F, Cl, Br
and |, preferably F; W is selected from H, an alkali or alkaline earth metal or a metal-
ion-free hydroxide base moiety, especially an ammonium or tetraalkyl(C1-Cq)
ammonium group; y is a numeral of from 4 to 6 depending on the metal halide; and z
is a numeral of 1, 2 or 3. The compositions may, and preferably do, contain other
25 optional .components, including but not limited to components such as for example,
water, organic solvents and co-solvents, metal chelating or complexing agents,
fluoride compounds, silicates, additional metal corrosion inhibitors, surfactants,
titanium residue removal enhancing agents, bath stabilizing agents, and the like.



organic contamination. Importantly, the cleaning process does not damage integrated circuits
on the wafer substrates and avoids the expense and adverse consequences associated with
intermediate rinses required in prior methods. DETAILED DESCRIPTION OF THE
INVENTION 10022]The present invention provides new alkaline compositions for stripping or
cleaning semiconductor wafer substrates that contain one or more bases, preferably a metal

on-free basergipived niteqnabd 98 CRPIR St feiraslom ARG srefd bl

COIT]pOUI’ldS 0) ormula WzrviX where'M is a metal selected from the grou&y& Ge,

Sn, Pt, P, B, Ryeitomgenprally J szp oyt ol HepB oG RRIIP SPWE 39 RGOV KoM
halide selectedbdrdro. i @, dBoandolprefenably prerablyedbotedftétmidiaboutbicali oy adighine

earth metal op & et QR SR NG g bansOaieh. ARSEIRlY AR2MEAINI Qlatormary

tetraalkyl(Grat) ammonium group; y is a numeral of from 4 ependldg on the meta halide;

and z i'a nuRErRPYH T QVGF%'d?ﬁeSESW%%t:ﬁHBﬂQ‘W"WN@ﬁ@f’%@eﬁ NireKy-
optional compodexitsxyratnthiminbut kb yhooiie ddaccalinpd frents! sachcasbior amampidhwallan

organie solvepis aad iy ehiumIFALEnSHu RG & semplK RO AEs B s cap AN ds.

silicates, additional metal corrosion Inhibitors, surfactants, titanium residue removal enhancing

agents, bath &HBMSHAY 2gEReSIURSYARYKE. af@dﬁ@ﬁw 2iiistrsiad AP BT BT E
compositions(cfithieepréSartpwentfonthge nesatily inwtearayu atrofidroumabpdiolides ochimmut

30%, peferabl-Eem-atgut i d ok W@é%ﬁé%ﬁ%?@ﬁ%@u%y%ﬁrﬁ&ﬂ%5%
by weight based on;the Weight of the composition. The bases are {)referab ﬁcvﬁternartg]yl

ammonium hY¥PEXiss, SieRtay f’éﬂ%fﬁW%MmBWﬂﬁ?W%r&%ﬂf%‘ citigh AR
aikoxy-contaiamgatkyhgroygusxips, e tagivopylfPomydtaxy dtind risomznoiws ihydeoxsids) drilzikd:ay
group) and ilﬁgareﬁgetmz r@ﬁﬁﬁmﬁﬁraﬁlﬁd%ﬁestse auﬁ@&memﬁtér &8 e&ﬁvuammémum |
ammonium hydroxide and trim roxyethyl ammonju roxi es
of other usab é&%‘%&l@ﬁ?ﬂﬁ% e ?ﬁaee%ﬂl?ﬂ!ﬂ’é" yg]m)é[ €. mon ?hﬁ?ﬁe%l?\(anop

15 ammonlum hydroxide, tetraethyl ammonium hydroxide, tetrapropyl ammonium

hydroxide, tetrabutyl ammonium hydroxide, tetraethanol ammonium hydroxide,
monomethyltriethyl ammonium  hydroxide, monomethyltripropyl ammonium
hydroxide, monomethyltributyl ammonium hydroxide, monoethyltrimethyl ammonium
hydroxide, monoethyltributyl ammonium hydroxide, dimethyldiethyl ammonium
20 hydroxide, dimethyldibutyl ammonium hydroxide, and the like and mixtures thereof

[0024] Other bases that will function in the present invention include
ammonium hydroxide, organic amines particularly alkanolamines such as 2-
aminoethanol, 1-amino-2-propanol, 1-amino-3-propanol, 2-(2-aminoethoxy)ethanol,
25 2-(2-aminoethylamino)ethanol, 2-(2-aminoethylamino)ethylamine and the like, and
other strong organic bases such as guanidine, 1,2-ethanediamine, 1,3-
propanediamine, 1,4-butanediamine, 1,5-pentanediamine, 1,6-hexanediamine, 1,7-
heptanediamine, 1,8-octanediamine, 1,9-nonanediamine, 1,10-decanediamine,
1,12-dodecanediamine, 1,3-pentanediamine, 4-aminomethyl-1,8-octanediamine,
30 aminoethylpiperazine, 4-(3-aminopropyl)morpholine, 1,2-diaminocyclohexane, tris(2-
aminoethyl)amine, 2-methyl-1,5-pentanediamine and hydroxylamine.  Alkaline



10 trimethy1-3-hydroxyprc.)pyl ammonium hydroxide, trimethy1-3-hydroxybutyl ammonium
hydroxide, trimethy1-4-hydroxybutyl ammonium hydroxide, triethy1-2-hydroxyethyl ammonium
hydroxide, tripropy1-2-hydroxyethyl ammonium hydroxide, tributy1-2- hydroxyethyl
armnorilum hydroxide, dimethylethy1-2-hydroxyethyl ammonium hydroxide,
dirnethyldi(2-hydroxyethyl) ammonium hydroxide, monomethyltriahanol ammonium hydroxide,

tetraethyl am@apiHRg BYSEGRIE nSERRIRAYGIRTIONIKM BVP&%%@M%HQ;PHM BEGRRIME,

hydroxide, tetraethanol ammonium hydroxide, monomethyltriethyl arnmonium ha/s roxﬂ] ,

y h
monornethyltARFGH51 B REHRIRChHEFEYRTe OhBRPREHIN R BB R SR RYUPENRTE et
monoethyltdneetityl acenmoniuvixhyesoxitiethrsen edthitjdinid uttkalimen aionpohgolis xipksticularly

dimethyidiethy} ARMGA Ik IROR e URRINIINEY BFNBRN UMYX HursRddoarike

and mixtures thereof [0024]Other bases that will function in the present invention include
ammonium h§HDdY lf'organic amines particularly alkanolamines such as 2- aminoethana,
1-amino-2-propanol, 1-amino-3-propanol, 2-(2-aminoethoxy)ethanol, 25
2-(2-anlindethylarnino)ethanol, 2-(2-aminnethylarnino)ethylamine and the like, and other
strong organifob2sgs suchies @uariginghsloteithanadiamioatalndnpropamoesliastiheorrosion

1'4'bUtan8diqﬁTﬂiiBﬁih%'&&Sm%ﬁ%?ﬁﬁ?%&n]dfb?m?ﬂlﬂ?ine' 1,7- heptanediamine,

1,8-octanediamine, nonane 1,10-decanediamine, 1,12-dodecanediamine,
1,3-pentanediamine, 4-aminomethy1-1,8-octanegigmine, 30aminoethylpiperazine,
4-(3-arninopropyl)morpholine, 1,2-dlarninocyclohexane, tris(2- aminoethyl)amine,
2-rnethipl-1,5WherkaMdaiarmiaielaaieaias depaerE Mk Ainees SutiBhFeShtathiHg Asefal idhs
such Sls sodi(tjzn that?éﬁm%w@m;ﬁsi,cm@,lrgtiuﬁd It XIRs @qxéut@;@e@dt&mause,m?,tm
ossible residu etal cqntamination that could gccur. Mixtur { iti ine
Eom ponents, %’ﬁtlbﬁ@?}?%r#arﬁn%m?nsﬁ%?%d;5°er? ﬁnﬁ’lﬁé“%‘ oorre?”r?g(rqhgr%sﬁo r%{éﬁ&?éa&gr%hium
hydroxides areraferpusutlipide26prRe eipliosttondaly A8 irremesioritaitesaaliolFrote)

metal corrosi@fmmonium group; y is a numeral of from 4 to 6 depending on the metal halide; and z

15 is a numeral of 1, 2 or 3. The metal halide corrosion inhibiting compounds can be,

but is not limited to, compounds such as the following: HzSiFs, HoGeFg, (NH4).GeFs,

HSbFs, HPFg, LiSnFg, HaPtCls, H2TiFs, (NH4)20sBrs, (NH4)2PtBrs, (NH4)slrCle,

(NHa)2lrCls, (NH4)20sCls, (NH4)PdClg, (NH4)sRNCls, (NH4)2RuCls, (NH4)28SnCls,

(NH4)PFs, (NH4)2SiFs, (NHa4)2TiFs, HolrBrs, HzOsBrg, HaPtBrg, HalrBrs, HalrCls,

20 H2PtCls, HAUBr4, HAUCI4, (CH3)4NPFg, HBF4, NH4BF4, HaZrFg, HoOsCls, (NH4)2ZrFs,

((CH3)4N)2SiFs, ((CH3)aN)2ZrFs, ((CH3)aN)2GeFs, (CH3)aNSbFg, HzCrFe, (NH4)3CrFe,

HaCrFe, (NH4)2CrFg, and (CHs)sNBF4. The preferred metal halide corrosion inhibitor

is H2SiFg. The metal halide corrosion inhibiting compound will generally be present

in the composition in an amount of from about 0.5% to about 10%, preferably from

25 about 0.5% to about 6%, and more preferably from about 0.5% to about 5%, by
weight of the total composition.

[0026] The composition is preferably an aqueous solution containing the
base, the metal halide corrosion inhibitor compound, and water, preferably high
30 purity de-ionized water, and the optional components, if any. The water may be
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Inhibiting metal halide compounds of the formula INN Xy 10where tvl is a metal selected from
the group Si, Ge, Sri, Pt, P, B, Au, Ir, Os, Cr, Ti, Zr, Rh, Ru and Sb, preferably Si, Ge, Zr and
Sb; X Is a halide selected from F, Cl, Br and I, preferably F; W is selected from H, an alkali or
alkaline earth metal or a metalion-free hydroxide base moiety, especially an ammonium or
tetraalkyl(CrC4) ammonium group; y is a numeral of from 4 to 6 depending on the metal

halide; and z | X [ ion,inhibitin ds can
e, but 15 ot e e o coreslor i B e B R S S R e,
HSbF6, HPFE" CL'ES%?%%? 5P RRUH PP andNmpss R isreb o) 2best 5 1aABHE 38%, by
(NH4)21r016 Wb J OsCdBy gt PdC16, (NH4)3RhC16, (NH4)2RuC16, (N1-14)2SnC16,
(NH4)PFO0, (NH4)2SIF6, (NH4)2TiF6, H2IrBr6, H20sBr6, H2PtBr6, H2IrBr6, H21rCI6,
H2PtC16, HAuBr4, HAuC14, (C1-13)4NPF6, HBF4, NH4BF4, H2ZrF6, H20sC186,
(N114)27r17d00RTH3)4N)DSi RO IB) AN YT AHEC (SR L )4d)RB efey (S$d3)6NShFthe or

L-IECIFE, (NHAI3GUiEbi afotbiosdNbIgIAGERR. GIVAAL! P ANGIVERR e THERIRA M et balide

corrosion inhibiﬁori H2SiF6. The metal halide corrosion Inhibiting compound will generally be

; TOSIC g P
present in thes PO RSSO 61PBSE 0D 23 Atacanbat Tom dierbarPa%m
about 0,5% tcPegierabboomdlmidre préftr athigurGovatmdt B5% traibaitbionyheighiokihe

total compositigau{@es] itign,j 0 ' ini
20ITPovsRMARtian i REC{ARY A YIS OUSRALTRD rﬁﬁﬁ*@*&é?#‘ﬁ@ﬁg

base, tpoe metac;ht\ear{{de 9 rrosiqn inthibit %gr:\orgtpound, and water, preferably |
de-ionized water . andthe Sptiohal Cothpone ,‘?I’QQW.'STR@WXE&P’%%‘FBB°'§@§@?!%QN&°'
composition iftBeraratihesratieimcanes wuokas dipwit @egao ive@ra{yiiem jakaliodskg-about

10027 TThe Conp e s T e

e co itions of the present i jon also contain one or more suitable
water-solubleﬂg')ﬁreé‘;@r‘wichs"c')(f(\%/{'ayrr\1 g%?'&')a o@ﬁgﬁ)Tﬁ@%é(}%nﬁ"ﬁﬁ@ﬂ&&%ﬂ@?ﬁaﬂ@: HeQEnt in
the compositiBihaisdfaddat VB0 Toessoaroaus, preyeksbigdderh tiboed :d %ltmaloout

80%, and mosedicefanabliieababaubide khakeWopR%, drvgighthased RRtle Mialinum

composition, g rious organic solvents and co-solvents suitable are alcohols,
polyhydroxy 5’(@%&5%%%}@@, %ﬂ%o eﬁ18¥s,%]E{ﬂfpfror%ﬁ’l%ringﬂggsé%h'1&"“0" 3 desired:

N-methylpyrr6iERGRS RIeESoly ererpiaicalenty fslidmdriesostotcabals such as glycerol
-(2-hydroxyetiwt)e?-pyhialidijang Eipme dimsibyifaiamide (BMdrotiasinasaiaiidsne
(DEMO, sulf 'ﬁ@g) dimethyl-2-piperidone (DMPD) or dimethylsuifoxide (DIVI30). These
solvents may be added to reduce aluminum ]5 and/or aluminum-copper alloy and/or copper
corrosipn rates if further aluminum and/or aluminum-copper alloy and/or copper corrosion
inhibition is desired, Preferred water-soluble organic solvents are polyhydroxy alcohols such
as glycerol af®0881 -hydrdkgalkempasitivotidirianesssuchnéain 42watdresojaiiey ljrBtplyivalidieone
(HER). silicate. The silicate may be employed in the composition in an amount of from
about 0 to about 5%, preferably from about 0.01% to 5%, by weight of the
composition. and a metal chelating or complexing agent in a concentration by weight
25 of about 0.01% to about 10%, generally from about 0.01% to about 2%, by weight of

the composition.

[0029] Any suitable metal ion-free silicate may be used in the compositions of
the present invention. The silicates are preferably quaternary ammonium silicates,
30 such as tetraalkyl ammonium silicate (including hydroxy- and alkoxy-containing alkyl
groups generally of from 1 to 4 carbon atoms in the alky! or alkoxy group). The most

11



20 [00281The compositions may also contain a water-soluble metal ion-free silicate. The
silicate may be employed in the composition in an amount of from about 0 to about 5%,
preferably from about 0.01% to 5%, by weight of the composition, and a metal chelating or
cornplexing agent in a concentration by weight of about 0,01% to about 10%, generally from
about 0.01% to about 2%, by weight of the composition. [0029]Any suitable metal ion-free

silicate may B?efé?ﬁ&é’]ﬁ&‘él‘i&?ﬂ-‘#&esi%iﬁé‘a%e%&ﬁ?g&{&éﬁ?‘té@é%@%Jﬁe Srmﬁ%t&ﬁc%@. Rigigrably
quaternary ammonium S|I|_cates, SU(_: as tetra: . arr_lmonlum Slicate (InC udlng 'ydr.oxy- and
alkoxy-contafimiRP R Ky Gt deipEeseriicaly Sfam TPEdS (aYBRIPABAIIA asaaimlordr-alkoRy
group). The miestitihg preferabler meotal b esl silipgtenaRMueNe MdsHigHamRENbasa@I UM

silicate, Oth jtabl tal iQn-free silicat S is inveptian m e erated
sty by diso T S e e SR T SRR o,
Suitablg met8Pignsiiee sieru siliderarior sriniskitvitcaiituned iflipre elctinephier suitaddicon
wafers, siliciccaciaf citoitlal sikiea, fusngdisticesuanyoidaius tahisifcar elfsilieonsed silica.

Metal silicateg syl Pe%a%ﬂﬁanaéee&aa?'{S%e'naxf%%&{éﬁgfi&ls%? @%&%@%"ﬁ@t‘ﬁ%‘%ﬂ&“&m the

detrimental effects of metallic contamination on Integrated circuit e compositions of
the present iHVEHRPAFHEH E¥s0 be formulated

10 [0030] The compositions of the present invention may also be formulated
with suitable metal chelating or complexing agents to increase the capacity of the
formulation to retain metals in solution and to enhance the dissolution of metallic
residues on the wafer substrate. Typical examples of chelating agents useful for this
purpose are the following organic acids and their isomers and salis:

15 (ethylenedinitrilo)tetraacetic acid (EDTA), butylenediaminetetraacetic acid, (1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), diethylenetriaminepentaacetic acid,
ethylenediaminetetrapropionic acid, (hydroxyethyl)ethylenediaminetriacetic acid
(HEDTA), N,N,N',N'-ethylenediaminetetra(methylenephosphonic) acid (EDTMP),
triethylenetetraminehexaacetic acid (TTHA), 1,3-diamino-2-hydroxypropane-

20 N,N,N',N'-tetraacetic acid (DHPTA), methyliminodiacetic acid,
propylenediaminetetraacetic acid, 1,5,9-triazacyclododecane-N,N',N"-
tris(methylenephosphonic  acid) (DOTRP), 1,4,7,10-tetraazacyclododecane-
N,N',N",N"-tetrakis(methylenephosphonic  acid) (DOTP), nitrilotris(methylene)
triphosphonic acid, diethylenetriaminepenta(methylenephosphonic acid) (DETAP),

25 aminotri(methylenephosphonic acid), 1-hydroxyethylene-1,1-diphosphonic acid,
bis(hexamethylene)triamine phosphonic acid, 1,4,7-triazacyclononane-N,N',N"-
tris(methylenephosphonic acid (NOTP), 2-phasphonobutane-1,2 4-tricarboxylic acid,
nitrolotriacetic acid (NTA), citric acid, tartaric acid, gluconic acid, saccharic acid,
glyceric acid, oxalic acid, phthalic acid, maleic acid, mandelic acid, malonic acid,

30 lactic acid, salicylic acid, 5-sulfosalicylic acid, catechol, gallic acid, propyl gallate,
pyrogallol, 8-hydroxyquinoline, and cysteine. Examples of complexing agents are

12



with suitable metal' chelating or complexing agents to Increase the capacity of the formulation
to retain metals in solution and to enhance the dissolution of metallic residues on the wafer
substrate. Typical examples of chelating agents useful for this purpose are the foliovving
organic acids and their isomers and salts: is (e,thylenedinitrilo)tetraacetic acid (EDTA),
butylenediaminetetraacetic acid, (1,2- cyclobaxylenedinitrilo)tetraacetic acid (CyDTA),

diethylenetriaphirspberitaaziefioiticidciethyd BmediaidiredisaptoRiani¢ aa hydrofluoric acid. A
(hydroxyethy eRediagingri J'ﬁ_\ag ( T, ;
NeN,1\1‘,N-e%w%aediaminetetra%ﬁngth Ieﬁgp%\%gpﬁ%%)lgc%e{gﬁyﬁ W?rlfgﬁgll%hg?eytr%?n
inehexaacetiCHLRPEHPIANEINS A Be A ER)[FIBp ageot. such as hydrogen peroxide.
N,N,111,1\11Cettatimgptigactd EHPISNE DT Byimnodimbetisakidation resistant as CyDTA and

propyleglediagﬂgg‘;ﬁgﬁ@%%gg:@ﬁgaﬂi@,g- [agacyclociodecane-N,V,N"-
tris(methylenephosphonicacid)(DOTRP),14,7,1 O-tetraazacyclododecane- N, N',N",

N'"-tetrakis(methyle nephosphonic acid)(DOTP),niirilotris(rnethylene) triphosphonic acid,
diethylenetriaminepenta(methyienephosphonic acid) (DETAP), 25

aminotri(meth9fd phospResireradien e etingresyistaiRatiainacaimodpBoisie susld as EDTA or
bis((hex?]n]etwwwwﬁmmﬂilﬁfﬁwgbi@sacﬁaﬂ%ﬁnﬁﬂ%&é@&&ﬂméﬁg\'bh{%phon&c acid
tris(methylen i id (NQTP),,2-phosphono -1,2.4-tricarboxylic aci .
nitrolotriaceticgzgéligg'%(ﬁgg%%%%:&g%-\:e%% g}% E%' %Snl’ftb:q Egitrf,'h%%c aﬁ%tén aa,'gg?l?(/ige(?fcﬂ%{%id,
oxalic #tid, pHAFHiEHEER Mdher fandhe aleralsrmrmenttininacrasidorsctipigelty, Batisyio acid,
5-sulfosalicylineagidineatesoligatitepgids pEOradigadate ByERdN]ahSPralEomaMisaling and
Cysteine, Exaéngtﬁﬁlafé&ml?ﬁ%%ﬁ/gﬁgﬁdaer%ne pKa of approximately 12 that imb’roves the

performance of the compositions of the invention.

15 [0032] The compositions of the present invention may also contain any
suitable water-soluble amphoteric, non-ionic, cationic or anionic surfactant. The
addition of a surfactant will reduce the surface tension of the formulation and
improve the wetting of the surface to be cleaned and therefore improve the cleaning
action of the composition. The surfactant may also be added to reduce aluminum

20 corrosion rates if further aluminum corrosion inhibition Is desired. The surfactant
will generally be present in the composition in an amount of from about 0 to about
5%, preferably from about 0.1 to 3%, by weight of the composition.

[0033] Amphoteric surfactants useful in the compositions of the present
25 invention include betaines and sulfobetaines such as alkyl betaines, amidoalkyl
betaines, alkyl sulfobetaines and amidoalkyl sulfobetaines; aminocarboxylic acid
derivatives such as amphoglycinates, amphopropionates, amphodiglycinates, and
amphodipropionates; iminodiacids such as alkoxyalkyl iminodiacids or alkoxyalkyl
iminodiacids; amine oxides such as alkyl amine oxides and alkylamido alkylamine
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phosphoric acid, nitric acid, sulfuric acid, hydrochloric add and hydrofluoric acid, A phosphonic
acid or CyDTA (Slating agent is preferably employed when the composition Contains an
oxidizing bath stabilizing agent, such as hydrogen peroxide. Cheating agents such as EDIA
are not nearly as oxidation resistant as CyDTA and phosphonic acid cheating agents.
[0031]Preferred chelating agents are aminocarboxylic acids such as EDTA or CyDTA and
phosphonic agj nocarboxylio acids.and ?o phonlc acid chelating ggents have at
least one pkgsi%g?g%@gr]ﬁge&[ Tﬁlg |Sng"°"z!1%]eﬂ31l gné% ﬁ?z algqs APaHigh aitVPSPWI%
aluminum-corft&iffg residues typically found on metal lines and vies after plasma "ashing". In
addition, the pka's for this .lass of chelating agents typically include one pKa of approximately
12 that imProves the performance of the compositions of the invention. is[0032]The

compositions[ohHag prese;n.tei@ygs]ypﬂqglg)hg}me%rgg}fbagmgg@b%wgpﬁﬁéﬂ el teric,

non-iongc, catjonic or. nioniq sur:ﬁ]actw{ The addition of a surfactant will reduce the surface
di

tension of the oLl SUB AN BP6V&the B5RINSy of RECEMERRBYhe LY antiiakigfore

improve the cféaniiegraptietinsp Bienatem positimeaTinodipripitantanay atsodaenpisiedionaidyce

aluminum 20 esssampROAI@S BTherREpaikuE Ci%fé&éiﬁfbkp ;anlﬂ%deﬁiﬁf%igm% sgg&ctant

will generallylgﬁ fr%nent iinrtohe %opposition Lg an amount o rgm about 0 to about 5%,
preferably from o0, 7196 B W S P AREORE TP Bt B 0BR3 ARR PHBIRRI O ¥R R nts
useful in the YRTIESATOHISYbRERRNBedEMt 25 invention inciude betaines and sulfohetaines such
as alky] hetaines, amidoalkyl betaines, alkyl sulfobetaines and amidoalkyl suitobetaines;
-aminocarboxylic acid derivatives such as amphoglycinates, amphopropionates,

amphodiglyci and Ta]golol! . imipediaci u Vidmi jds
or alkoxyalkyﬁﬁ)diapiagﬂtr‘r?iﬂig (%g(l%?és%%h rtggseg{ilj(?ﬁ aﬁiﬁegmgw:ﬁfylgﬁ i(?ggggH

aikylamine oXURLIGHL SIELKIS | QERHIPHE TR FRIBAMARRS aAGAYRRIh Stoke TRt AL Ay
thereof. 00343axtdpdgsly fiherinaterh cyle Sarfadlanisaaed cutaaytthyimep\d katalsealiphatic
acid esters of polyhydric alcohols, polyoxyethylene monoalkyl ethers,
15 polyoxyethylene diols, siloxane type surfactants, and alkylene glycol monoalkyl
ethers. Preferably, the non-ionic surfactants are acetylenic diols or ethoxylated

acetylenic diols.

[0036] Anionic surfactants useful in the compositions of the present invention

20 include carboxylates, N-acylsarcosinates, sulfonates, sulfates, and mono and
diesters of orthophosphoric acid such as decyl phosphate. Preferably, the anionic
surfactants are metal-free surfactants.

[0037] Cationic surfactants useful in the compositions of the present invention

25 include amine ethoxylates, dialkyldimethylammonium salts, dialkylmorpholinum
salts, alkylbenzyldimethylammonium salts, alkyltrimethylammonium salts, and
alkylpyridinium salts. Preferably, the cationic surfactants are halogen-free
surfactants.
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cocoa mid op ropyid [methylhetaine,cocoamidopropylhydroxysultaine,
capryloamphodiproplonate, cacoamidodipropionate, cocoamphopropionate,
cocoamphohydrwojethyl propionate, isodecyloxypropylimino dipropianic acid, laurylimino
dipropionate, cocoamidapropyiamine oxide and cocoamine oxide and fluorinated alkyl
amphoterics, 10 [0035]Non-ionic surfactants useful In the compositions of the present

:CInverjtion(ijncI .gaqcetylfgggémﬁi% %tﬂﬁlgg@(@;gﬁ QI ﬁmiﬁﬁ}@ iﬁa@i@f'tﬁﬂﬂ_ﬂﬁ\}ﬁ%e&%dl e@ﬁmfgyia{tﬁs,h
uorinated alkyiesters, fluorinat olyoxyethylene alkanols, atic acjd. esters ythic
alcohols, poIgg%ye?m@fk%t?éoﬂ%ﬂ&}?éﬁ(e&?%aﬁa&yg%ﬁgﬂgﬁg% ,sﬂ‘g‘%{aeﬁ%‘ Lf/%rgés{hﬂ%%%ants,
and alkyiene agiigopbromytioddiys dhoosd. FETerably, FRE! rand-iteidikeirfddests avdastwtiAaHit
dials or ethoxydatedAeetylesinidiakn SRBRAIAPIRMFCIY PSR eia it epesitons of

the present invention 20 include carboxylates, N-acylsarcosinates, sultanates, sulfates, and
mono and th@g(érgfél?%?ﬁ%‘b?%’soﬁhoric acid such as decyl phosphate. Preferably, the anionic
surfactants are metal-free surfactants, (0037]Cationic surfactants useful in the compositions of
the present invention 25 include amine ethoxylates, dialkyldimethylarnmonium salts,
dialkylmorphgdigaen salts Aalkginiesiyiditie thybiingorgent saftwprialkyltoinaétiepisiraneopiiminsalts,

and a'ky'pyriﬁ#li{givgqg%a&}ﬁé’f&f%@né\y 1Re CalIANIRSLETASIRAIHa1S: RlquessfaReHiaLtants.
ples o1 pre

LOOMExam erred surfactants include dimethc}/l hﬁﬁyaq% égtucg%ngka in the range

10 of 11 to 12.5. The most preferable of these compounds are acetone oxime,

bath stabilizing agents are preferably compounds w

hydrogén peroxide, salicylic acid, 5-sulfosalicylic acid, phosphoric acid, 2-
hydroxypyridine, 4-hydroxypyridine, resorcinol, 2-methylresorcinol, salicylaldoxime,
2-methyl-1,5-pentanediamine,  1,2-ethanediamine,  1,3-propanediamine, 1.4
butanediamine, 1,5-pentanediamine, 1,6-hexanediamine, 1,7-heptanediamine, 1,8-
15 octanediamine, 1,9-nonanediamine, 1,10-decanediamine, 1,11-undecanediamine,
1,12-dodecanediamine, 1,3-diaminopentane and orcinol. Other examples of bath
stabilizing agents with a pKa in the preferred range of 11 to 12.5 are: hydrogen
germanate, adenosine, cytosine, arginine, benzil-a-dioxime, benzimidazole,
benzoylhydrazine, benzoylpyruvic acid, berberine, biguanide, 2-butyl-1-methyl-2-
20 pyrroline, calmagite, chrome azurol S, chrome dark blue, cumene hydroperoxide,
1,2-cyclohexylenedinitriloacetic acid, cytidine, diethylbiguanide, diguanide, 2,4-
dihydroxy-1-phenylazobenzene, 2,6-dihydroxypurine, dimethylbiguanide,
ethylbiguanide, ethylenebiguanide, ethyl methyl ketoxime, 1-ethyl-2-methyl-2-
pyrroline, 4-formyl-3-methoxypyridine, guanine, guanosine, 2-hydroxybenzaldehyde
25 oxime, N-(hydroxyethyl)biguanide, 2-hydroxyquinoline, hypoxanthene, inosine, 5-
iodohistamine, 2,2'-methylenebis(4-chlorophenol), 2-methyl-8-hydroxyquinoline, 4-
methyl-8-hydroxyquinoline, 1-methylxanthine, phenylalanylarginine, silicic acid,
sparteine, thorin, toluhydroquinone, tyrosylarginine, xanthosine, acetamidine,
trifluoroethanol, trichloroethanol, pyridine-4-aldehyde, hypoxanthine, uric acid,
30 pyrrolidine, diethylamine, piperidine, 3-amino-3-methylpentane, diisopropylamine,
saccharin, 2,2,4-trimethyipiperiding, dibutylamine, L-3,4-dihydroxyphenylalanine,
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61), ethwcylated jtetrarnethyi decynediol (Surfynol-465), polytetrafluoroethylene
cetoxypr_opylbetalne (Zonyl FSK), Amyl FSH and the like. These surfactants will generally be
present in an amount of from O to about 5 wt%, preferably 0,1 to about 3 wt%, of the
composition. [00391Any suitable bath stabilizing agent comprising of at least one pKa in the
range of 10 to 13 may be used in the compositions of the present invention. The bath
_srtr?:mzm? a@?mﬁe?f&r?iﬁég{@piye@@m@oumwmﬂwmlﬁge pbat;mmmugenmﬁ 11 ® 12.5.

most pre erati e o0 compou£ to e, hydr lic
acid, 5-sulfoBREY R?%IH' ﬁ%’?phorlc gﬁ«‘yﬁgg, lé)xypyrl ine, 4- thﬁé} gﬁggﬁrcmol
2- methylresmhbm(ylasmm@.ylalddnﬂﬂwxypyﬂd'ne 1,4-dihydroxy-2,3,5,6-te ramethy'benzene

igﬂgtehrﬁe %ﬁﬂﬁeéli'g@]mﬁo&.ﬁgmﬁ%mme41r@dzaqumeuammg,sa, -Butametinrsise,
ne ex iamine, eptanediamine
1,0- noﬁarleﬁﬁﬁﬂq@dfcfﬁed%ﬁ]rgé Rfine, ligl}i' faae(?a edi amlr?l? qi{é%gé%gyﬁ cé%eema;‘n?ﬁe
1,3- dlammopmtaaeélamni@rdvﬂahdban@d'@mnﬁpléﬁ Bideasiediamizamg hb%q&dﬁﬁﬁ'i‘%dm'\ﬁ y the
Brginine bomaat ﬁz"?m’*?’droge“ég’mﬁmmmwm“@ymm e
enz razine, berizoylpyruyic acid, b bi uanlde
2-butyl-1- meﬁXﬁI&?ﬁeW?ﬁﬁm@t ﬁéﬁ fqu{;@ hrome azu¥o|ds chrome (gefgfﬁ}e gcJ:umene
hydroperox|dbemﬂeoyMGm)@ﬂen@dmwml@aﬁmﬂ@ﬂ@méD@EWb|guanlde diguanide,
2,4-d l|{r}1yd roxy-1-p henylazebenzene,2,6-dihydroxypurine,dimethylbiguanide,

[0040] Additional examples of bath stabilizing agents with at least one pKa in
the 10-11 range are: lysine, tyrosine, 3-amino-N,N-bis(2-aminoethyl)propylamine,
tris(2-aminoethyl)amine, 3-(cyclohexylamino)-1-propanesulfonic acid, methylamine,
dimethylamine, ethylamine, cysteamine, 1,2-ethanediamine, o-alanine, B-alanine,
15 azetidine, methylglycine, cysteine, propylamine, 1,3-propanediamine,  4-
aminobutanoic acid, 2-methylalanine, homocysteine, 2,4-diaminobutanoic acid,
butylamine, 1,4-butanediamine, 2,3-butanediamine, 1,2-dimethylaminoethane,
proline, N-methylpyrrolidine, 5-aminopentanoic acid, N-propylglycine, ornithine, 1-
amino-2,2-dimethylpropane, diethylmethylamine, 3-methyl-1-butanamine, 2-methyl-
20 2-butanamine, 3-pentanamine, pentylamine, 1,5-pentanediamine, 2-
pyridinecarboxaldehyde oxime, hydroquinone, pipecolic acid, cyclohexylamine, 1,2-
dimethylpyrrolidine,  1-methylpiperidine, 6-aminohexanoic acid, hexylamine,
triethylamine,  cresol,  2-dimethylaminopurine, 1,2-dimethylpiperidine, 1-
ethylpiperidine, 2-heptanamine, heptylamine, tyramine, dopamine, N-methyl-2-
25 heptanamine, octylamine, 1-butylpiperidine, nonylamine, tryptamine, d-ephedrine,
bornylamine,  neobornylamine,  decylamine, undecylamine,  dodecylamine,
tridecylamine, tetradecylamine, L-thyroxine, pentadecylamine, hexadecylamine,
octadecylamine, 4-aminobutyric  acid, 2-amino-2-methylpropionic  acid, 3-
aminopropionic  acid,  ethylenediaminetetraacetic acid (EDTA), N\N-
30 dimethylethyleneamine-N,N'-diacetic acid, methylaminodiacetic acid, 2-methyl-2-
propylamine, nitrilotriacetic acid, 1,2,4-triazole, chloral, ethtyl acetoacetate, phenal,
p-phenylethylboric  acid, nitromethane, thioglycollic acid, ethyl mercaptan,
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ethylbiguanide, ethylenebiguanide, e,thyl methyl ketoxime, 1-ethyl-2-methyl-2- pyrroline,
4-forrny1-3-methoxypyridine, guanine, guanosine, 2-hydroxybenzaidehyde mime,
N-(hydroxyethyl)biguanide, 24hydroxyquirioline, hypoxanthene, inosine, 5- iodohistamine,
2,2'-rnethylenebis(4-chlorophenol), 2-iriethy1-84iydroxyquinoline, 4-
methyl-8-hydroxyquinoline, 1-methyixanthine, phenylalanylarginine, silioic acid, sparteine,
th.oailn, t0|Uhhy€VWﬁmed3¢®§}dﬂﬁgé?i?]mmmaﬁﬁﬁé¢,tﬁﬁfé&ﬁ%&ﬂiﬁfé, tl_agtuef@(?ﬂbﬁﬂlqhamine,
trichloroethapa ine-4-aidehyde oxenthine, uric,aci rrolidine, diethylarnine
pipericine, 5 SR B g ot SR B S N e e,
dibutylarnine$thasaiitnhy drergptienyhsignindetrametiglaairapnistny IpRgeprnate,  ammonium
irir?,5'f;gdf0>;ﬁ.%ﬂﬁiﬁilﬂiéﬁ@’Mﬁ)ﬂ@lhﬁlgheébﬂérl?éilé,ez&oliﬂe_ téicarbonate,hqalrbon dio>iide + water,
phenylbenzimidazole,2-methyl-2-butanethiol,2-methyi-2-propariethiol, dihoxylamine
methoxsypyri%ﬁ%?TQi’%ﬁ)&%?ngﬁ}fgfg%{&g raitiel oy 'g(gh%'éﬂee%f%ﬁ%\'?%?gef% a o‘?ﬁ{‘r‘ﬂ'e,“'
benzamidineP@REaRhengl.Jtviiaerhengl 9net=iaetepirb@aliazododecane-2,11 -diarnine,
1,6-hexanedamhie | 7-heptanediarnine, 1 ,8- octanediarnine, 1,9-nonanediamine
140-decanecliarnine, 1,12-dodecanediarnine, hydrogen hyponitrite,
hydroxylamirj@eMiiN-disuliadiitiantal, daZpley b betk wiabiidindt el tesradib eti daaket (GhdDIkS) &nd

diethylenetriaganapasimetiydengnosh)aria AR RS éu%e%wdéﬂéf&nabﬁe@wpies

of bath stabilizing agents with"at least one p he 10-11 range are: iysirte, txrosme,
3-amin®-N,NBELRRINE IR IR ST RISEMTRSsHiReroxophosphate.
3-(oyclohexylamino)4-propanesulionic add, methylamine, dimethylamine, ethylamine,
cysteamine, 1,2-ethanediamine, aralanine, p-alanine, azetidine, mettlyiglycine, cysteine,
propylamine [084appaneiganioralds @rine batansishaeitly 2agmetisy elantn et heszo aysiefiies
2,4-diaminoRuIgRoLs f?&r'rq’1BL{P'I1E’:J“§?'}$b%’é’ﬁn‘ﬂqp?ed%W‘g&ﬂ?g'ﬁ%ﬁﬂggf@@?ﬁe Istry’, 180
,2-dirnethylaminoethane, proline, N-me hépg;rrm Ine, S-arhinopentancic add, -ﬁarpyllglycme,
ornithine, 1- &AL Secirnctuprsienared, QistiYiRkwthyRaniviel RRiRetRyNINHpA Ak AMeation
2-methyl- 20 Cobetavtarainabdraenianaiidithpeniyimisiel B-petant diaidiierk-Chapters
pY”d'”ecarb%‘?é_d&h}%gﬁ]e%xﬁﬁzot)}’_ [ inone: PIREGONC Addy YRORERVIAMIN B efis, 78"
Oimethylpyrrolidine, 1-methylpiperidine, 8-aminohexanoic acid, hexylarnine,
Edition, pages 7-1 to 7-3, 7-6 and 8-43 to 8-55, by D. Lide.” Additional compounds
with at least one pKa in the 10-13 range can also be found in the computer software
programs “NIST Standard Reference Database 46: NIST Critically Selected Stability
20 Constants of metal Complexes Database” available from NIST and the program
“ACD/pKa DB" that is available from Advanced Chemistry Development, Inc. of
Toronto, Canada. ACD/pKa DB also allows predictions of pKa's from structures.
The compounds having at least one pKa in the range of 10-13 useful as bath
stabilization agents for this invention are those that when incorporated into a
25 composition for stripping or cleaning integrated circuit substrates provide
compositions that evidence less pH drop on aging of the composition compared to
an identical composition without the bath stabilization agent. Mixtures of suitable

bath stabilizing agents may be used.
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triethyiamine,cresol,2-dimethy:aminopurine,1,2-dimethyipiperidine,1- ethylpiperidine,
2-heptanamine, heptylamine, tyramine, dopamine, N-rnethy1-2- 25heptanamine, octylamine,
1-butylpiperidine, rionylamine, tryptamine, d-ephedrine,
bomylamine,neobomylarnine,decylamine,andecylarnine,dodecylamine, tridecylarnine,
tetradecylamine, L-thyroxine, pentadecylamine, hexadecyiamine, octadecylamine,

4-aminobutyrgoadyl, 2-aming-24ne, &%ﬂﬂﬂiﬁoﬂt}"eﬁ?'%a@f enerally be employed in a the
amlnoproplonlcad I}/Ienedlamlneﬁet acetica

dwnethylethyfené)arnlne NN G 50%@6&13}&(@?1% %%Lf 5gc{i’d pﬁefﬁ'@?{%fﬁom about
propylarnine Oré/PI&M@é&@ﬂv@@hﬁ@z@%c@mmatlmh|y| acetoacetate, phenol,
p-phenylethylberic acid, nitromethane, thloglycollio acid, ethyl rnercaptan, 13 cyanamide,
docosylainine, tert-butylamine, trimethylarnine, 2-mercaptoethylarnine, 5-aminovaleric acid,

etrarneiny At oL Bor R S G e RLATGE e, SNriB e SLAoATE, e
bicarbonate, ¢drpgipndivhdeliors, e BtHes sriareplry hegehizanphodpitituteds hecastriazoles
4-methoxyphanrel, 4setbmypBER ofttazole, pyrocatechol, 3,4-dihydroxybenzoic acid, 4-fert-
butylcatechol, aromatic esters such as alkyl 3,4-dihydroxybenzoates, alkyl-2,4-
dihydroxybenzoates, alkyl 3,5-dihydroxybenzoates, alkyl 2,6-dhfydroxybenzoates and
10 alkyl 2,5-dihydroxybenzoates, alkyl gallates such as methylgallate, ethylgallate,
propylgallate and butylgallate, pyrogallol, and gallic acid, may be employed in an
amount of from 0 to about 5 wt%, preferably from about 0.1 to 2 wt%.

[0045] The cleaning compositions may also optionally contain fluoride
15 compounds in cleaning composition, such as for example, tetramethylammonium

fluoride, tetrabutylammonium fluoride, and ammonium fluoride, Other suitable

fluorides include, for example fluoroborates, tetrabutylammonium fluoroborates,

aluminum hexafluorides, antimony fluoride and the like. The fluoride components will

be present in an amount of from 0 to 10 %, preferably from about 0.1% to 5 %, by
20 weight of the composition.

[0046] The compositions of this invention may also optionally contain one or
more titanium residue removal enhancers, such as for example, tetraalkylammonium
fluoride, ammonium fluoride, HF, peroxide such as hydrogen peroxide (H20,),

25 ozone, and hydroxylamine. The titanium residue removal enhancers may be
employed in the compositions in an amount of from about 0 to about 30%,
preferably from about 0.1% to about 20%, and most preferably about 1% to about
18%, by weight of the composition.
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propoxyphenol, 4-butoxyphonol and 4-pentoxyohenol, [00411Additional examples of bath
stabilizing agents with at least one pKa in the 12.5-13 range are: 5-hydroxymethylcytosine,
oxaioacetic acid, curnene-hydroperoxide, diguanidine, hydrogen sulfide and hydrogen
peroxophosphale. [0042]Additional suitable bath stabilizing agents having at least one pKa
value of from 10 to 13 can be found listed In tange's Handbook of Chemistry"”, 15th Edition,
Section 8, pigd3]8-24 td Be/Pednyirl) ExeaposTivaDutthiminetitivnalonizplioralb oladtaits, A

Laborat " b ' itan, t , 2-107,
and he ~Cr e Shhe MOBOAD ﬁ"ﬁg%‘?’é&%ﬁ?ﬁ?%?ﬁ“%éitﬁﬂ?ﬁfﬁﬁ‘?ﬁ%ﬁ% and

d
8-43 to 8-559%5??9?‘1-ide:°‘ﬂ¥1ﬁﬁg&éc@yfﬁg@%@g?%h"ﬁwgﬁot?‘rg BRETMIRE - THFRAYL can

algq be foungbiodbte, qmmsplittsss gfenzresphagranhgpdsilEie Staypiznhl dliefe mnt ¢hD ditebesy 46:
Nist: Griticalty Srigeles Safdiheanganin.elimeabGpmRiesaratakasRiaraisiadkem NIS

and the program Ka DB" that IS available from Advanced Chemistry D,%velopmerlt, Inc.

of Toronto, @SRIHEIArACYIE DR KIKH 2R HPOGINEHRs of Bk AT L AHIHAY, 358
compounds dmaping atWiiaginensp Kea im dherange o b Duse tol s wdfos tasitraiiv frergents

for this Invenfign, aie, k9056 Al WHRR, MG FRIELURIGBM aBemPe SO B iy riRRINGdH

cleaning integrated circuit substrates provide compositions that evidence less pH drop on
aging of the RISMREEM M BRARLPRVR SoAPRIE IR % Y HBI9LRIANRIBOSIRIHEDath stabilization

agenthixtures of suitable bath stabilizing agents may be used, [0043]The bath stabilizing
agent may generally be employed in a the

[0048] The method of the present invention cleans semiconductor wafer
substrates by exposing the contaminated substrate to the compositions of the
present invention for a time and at a temperature sufficient to clean unwanted
contaminants from the substrate surface. Optionally, the substrate is rinsed to
15 remove the composition and the contaminants and dried to remove any excess
solvents or rinsing agents. The substrate can then be used for its intended purpose.

[0049] Preferably, the method uses a bath or spray application to expose the
substrate to the composition. Bath or spray cleaning times are generally 1 minute to
20 30 minutes, preferably 5 minutes to 20 minutes. Bath or spray cleaning

temperatures are generally 10°C to 85°C, preferably 20°C to 65°C.

[0050] If required, the rinse times are generally 10 seconds to 5 minutes at
room temperature, preferably 30 seconds to 2 minutes at room temperature.
25 Preferably de-ionized water is used to rinse the substrates.

[0051] If required, drying the substrate can be accomplished using any

combination of air-evaporation, heat, spinning, or pressurized gas. The preferred

drying technique is spinning under a filtered inert gas flow, such as nitrogen, for a
30 period of time until the wafer substrate is dry.
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composition In an amount of from about 0% to about 50%, preferably from about 0.1% to
about 35%, by weight of the composition. [0044]The compositions of this invention may also
contain other metal corrosion inhibitors, such as for example, benzotriazole, substituted
benzotriazoles such as 5-methylbenzotriazole, pyrocatechol, 314-dihydroxybenzolc acid,
4-tertbutylcatechol, aromatic esters such as alkyl 3,4-dihydroxybenzoates, alky1-2,4-
dihydroxybenzoates, alkyl 3,5-dihydroxybenzoates, alkyl 2,6-dhfydroxybenzoates and to alkyl
2,5-dihydroxybenzoales, alkyl gaflates such as methylgallate, ethylgallate, propylgallate and
butylgallate, M@ allol, aftegeledead, Aialhe@sgibyaeniah Envsontedierim oS
wt%, preferafly-feontahierivBidriouBsiies[fA hhleasippivadRmpRRgEEmplaaa akieed to
optionally contain fl or'ﬁe 5compounds in cleaning compasition, such as for.exam
tetrainethylarrﬁ’rr’ﬂ%‘ﬁefﬂbrﬁj | u%%_? _%r,etse%?aigﬁ@%ﬁrll on l?‘r% H@#r e,e.sémC @%%%ﬂ%‘lﬁgﬁfié?éﬁ&?her
suitablé fluoridisieinglisen, fbridsatHpustrnoriyperise it dianamiienium mieYoldiales.
aluminum hexatiaridaryantipperycispedaisnckibeilie dhaldpride apyppReTe wibtbed
fg:ii%”og%g‘%%%‘éé‘t OfIrompsq onthir: PLgEe 8 EORLARRM 20 B2t dBeBY #WEkRE Of
unabceptable corrosion to the silicon, silicon oxide, silicon nitride, tungsten, tungsten
alloy, titanium, titanium alloy, tantalum, tantalum alloy, copper, copper alloy,

10 aluminum or aluminum alloy film,

[0053] The following examples illustrate the specific embodiment of the

invention described in this document. As would be apparent to skilled artisans,

various changes and modifications are possible and are contemplated within the
15 scope of the invention described.

EXAMPLES

[0054] The test procedures for the examples were as follows.

Aluminum Metal Etch-Rate Determination: Strips of Aluminum foil (99.8% pure,
0.05mm thickness, purchased from Sigma-Aldrich, Inc.) was cut into strips 50mm x
20 13mm then cleaned as follows: rinsed with de-ionized water, isopropyl alcohol and
then acetone followed by drying in an oven. An initial weight was recorded using a
5-decimal precision analytical balance. The foil was then added to the apparatus
comprising a Teflon capped 100ml Teflon PFA bottle filled with the test solution and
equipped with a Teflon stir bar, with the cap having a hole for a Teflon temperature
25 probe. The bottle is set upon a digital hot plate stirrer. The aluminum foil was placed
jon the solution in the bottle for 60 minutes at 45°C with a Teflon-coated magnetic
stir-bar stirring at a rate of 150 rpm. After the treatment was completed, the foil was
removed, rinsed with de-ionized water, isopropyl alcohol and then acetone followed
by drying in an oven. The final weight was recorded using the precision analytical
30 balance. The weight loss in grams was used to calculate the metal etch-rate in
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[0046]The compositions of this Invention may also optionally contain one or more titanium
residue removal enhancers, such as for example, tetraalkylarnmonium fluoride, ammonium
fluoride, HF, peroxide such as hydrogen peroxide (H202), 25 ozone, and hydroxylarnine. The
titanium residue removal enhancers may be employed In the compositions in an amount of
from about 0 to about 30%, preferably from about 0.1% to about 20%, and most preferably

6:1b0ut 1% toWﬁ%‘%aﬁfﬁﬁﬁi@h%@%@%@%ﬁ%qu&%?1ﬁﬂ§r§+ﬁ§ﬂmgl@wﬁp©@iﬁms of
this invention also optignally contain an oxidizing agent tq provide: further protection inst
metal, espeﬁﬁ@n&dﬁlﬁ]uﬁ%ﬁéﬁs‘aﬁpﬁ?ﬁf glzj#%aé)l oxXidr ingﬁ é‘é}j';]#‘ ?rsr’g?ﬁ(glr}lsg}{% &ﬁt nc?t%?mited
to, hydrogenRaéednideggermsl fesipgmhosphates, hyposuifites, hypochlorites and the like
may be employed in the cleaning compositions of this invention, The preferred oxidizing
agents are hydrogen peroxide and hypochlorite. The amount of oxidizi%%agent employed will

generally be TitaiuamblateloEtebriReb Determbstionds] irakeraf (Sh94ahobte254 out

6%, more prgfeials iaircpRad fdfoAradkesanthalpsakprede iatolyfipsnsabont258ntosabout
1.6%, by weight of the ¢ osition, .10 0048]The.m f INVERERE. Heans
semiconduct@re {}v%?é]? énuﬁagt}%%as%dee%%%i?\n { 'eq(-:r(])% anﬂ?ﬁgtte%igﬁﬁ%% ft?)qu'(g%(g)'rﬁpositions

of the presentifhvinienizesr watrndsamiony haleahebrad tBesuarSionerirbrgd Byuirpggin an

oven. An initial weight was recorded using a 5-decimal precision analytical balance.
10 A 125 ml polyethylene wide-mouth bottle containing the solution to be tested was
pre-heated to 45°C in an oven for approximately one hour prior to adding the foil.
The foil was added so that the foil stood on edge and the cap loosely fitted on the
bottle for 24 hours (1,440 min.) at 45°C in the oven. Solutions were not agitated
during the treatment time. After the treatment was completed, the foil was removed,
15 rinsed with de-ionized water, isopropyl alcohol and then acetone followed by drying
in an oven. The final weight was recorded using the precision analytical balance.
The weight loss in grams was used to calculate the metal etch-rate in Angstroms per
minute using the following equation: {{[(grams wt. loss) / (grams starting wt.)] * (mm
foil thickness / 2)] / 1,440 min.} * (1x10” Angstroms/mm) = Etch Rate in Angstroms
20 per minute.

FE-SEM Examples: Wafer samples with one micron wide features and aluminum-
copper raised lines capped with titanium-nitride that had been previously prepared
as follows: (a) metallization with aluminum-copper alloy followed by titanium nitride

25 (b) lithographic patterning using a photoresist material (c) pattern transfer using
reactive ion etching (d) oxygen plasma ashing to remove organic photoresist
residues, but leaving mainly inorganic residues behind were used to evaluate the
performance of the solutions. A wafer sample was placed in the solution at 45°C for
20 minutes, removed, rinsed with de-ionized water and dried with pressurized

30 nitrogen gas. After drying, the sample was inspected on a Field Emission Scanning
Electron Microscope (FE-SEM) to determine the extent of cleaning and/or corrosion
of the aluminum-copper metal features.
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contaminants from the substrate surface. Optionally, the substrate is rinsed to 15remove the
composition and the contaminants and dried to remove any excess solvents or rinsing agents.
The substrate can then be used for Its intended purpose, [00491Preferably, the method uses
a bath or spray application to expose the substrate to the composition. Bath or spray
cleaning times are generally 1 minute to 2030 minutes, preferably 5 minutes to 20 minutes.
Bath or spray cleaning temperatures are generally 10C to 65C, preferably 20C to 65C.
00501If required, the rinse times are generally 10 seconds to 5 minutes at room
temperature, [B@@ably 30hecrpadst f 2lHTHHES AteBIYEHTeERSILPE0Y SIRtatSRipsgion is

de-ionized wawr@s@eddmansgék&ﬁuhﬁtateésa(oﬁﬁﬂéﬁ reqignech| dEyesihie amsikatenean be
o eme ) et BN A0 AP RE AL BRESe A 0=

The preferre INng technique IS spl nlng under-a fitered ner Tfow, stich as ni rogen for
a soperfod of%i3é amgrHehriastrwpstRtesiarppnsidered to be W|th|n acceptable limits were

assigned very slight or slight. Light, moderate or severe corrosion were considered
to be unacceptable. All cleaning and corrosion data entries generated using the
Field Emission Scanning Electron Microscope (FE-SEM) was based on a visual
interpretation of differences between untreated and treated samples from the same

10 wafer. The reduction in aluminum and aluminum-copper alloy corrosion rate with the
use of the inhibitors of this invention is demonstrated in Examples 1 and 3. The
reduction in titanium corrosion rate with the use of the inhibitors of this invention is
demonstrated in Example 2.

15 Formulations employed in Examples

[0056] Aqueous solution “A1" was prepared with 5.35 weight percent
tetramethylammonium hydroxide (TMAH), 0.11 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA) and 1.64 weight percent of hydrogen
peroxide added with the remainder of this solution being de-ionized water and has a
20 pH of about 13.3. Aqueous solution “A2" was prepared with 2.05 weight percent
tetramethylammonium hydroxide (TMAH), 0.11 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA) and 1.64 weight percent of hydrogen
peroxide added with the remainder of this solution being de-ionized water and has a
pH of about 11.4. Aqueous solution "B1" was prepared with 3.35 weight percent
25 tetramethylammonium hydroxide (TMAH), 0.11 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 1.64 weight percent of hydrogen
peroxide and 0.23 weight percent of dihydrogen hexafluorosilicate (a product of Alfa
Aesar, Inc.) added with the remainder of this solution being de-ionized water and
has a pH of about 11.5. Aqueous solution “B2" was prepared with 4.83 weight
30 percent tetramethylammonium hydroxide (TMAH), 0.11 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 1.64 weight percent of hydrogen
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[0052]The method of the present invention is very effective for cleaning semiconductor wafer
substrates that have been previously oxygen plasma ashed to remove bulk photoresist,
particularly wafer substrates containing a silicon, silicon oxide, silicon nitride, tungsten,
tungsten alloy, titanium, titanium alloy, tantalum, tantalum alloy, copper, copper alloy,
aluminum or aluminum alloy film. The method removes unwanted metallic and organic
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alcohol and thas acgitbé ébbowed.hy duyirgus aolutien ‘Bitevisabrepbt wathro@irdetghsing

the precision aalicRtramethylammonium hydroxide (TMAH), 0.11 weight percent trans-(1,2-
15 cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 1.64 weight percent of hydrogen
peroxide, 0.69 weight percent of dihydrogen hexafluorosilicate (a product of Alfa
Aesar, Inc.) and 2.04 weight percent ammonium fluoride added with the remainder

of this solution being de-ionized water and has a pH of about 11.5. Aqueous
solution “C1" was prepared with 4.09 weight percent tetramethylammonium

20 hydroxide (TMAH), 0.11 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic
acid (CyDTA), 1.64 weight percent of hydrogen peroxide and 1.00 welght percent of
dihydrogen hexafluorogermanate added with the remainder of this solution being de-
ionized water and has a pH of about 11.5. Aqueous solution “C2" was prepared with

6.24 weight percent tetramethylammonium hydroxide (TMAH), 0.11 weight percent

25 trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 1.64 weight percent of
hydrogen peroxide and 3.75 weight percent of ammonium hexafluorogermanate
(99.99%, a product of Alfa Aesar, Inc.) added with the remainder of this solution

being de-ionized water and has a pH of about 11.5. Aqueous solution “D1” was
prepared with 3.80 weight percent tetramethylammonium hydroxide (TMAH), 0.11

30 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 1.64
weight percent of hydrogen peroxide and 0.65 weight percent of hydrogen
hexafluoroantimonate (V) (a product of Alfa Aesar, Inc.) added with the remainder of
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sobalance. The weight loss in grams was used to calculate the metal etch-rate in Angstroms
per minute using the following equation: (i,[(grarris wt, loss) / (grams starting wit.)1 6 (mm foil
thickness 1 2)] 1 60 min,) (1x107 Angstroms/mm) Etch Rate in Angstroms per minute.
Titanium Metal Etch-Rate Determination.. Titanium foil (99,94% pure, 0.025mm thickness,
_purchased from Ma Aesar, Inc.) was cut into strips 30mm x 25mm and then bent in half to a

90 degree anglg.sbigidaibyiag Heeprieanpsaasainllausarised awdhide-Bnizgdesdiailigrpropy!
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treatmeht time; %ﬂ%rn[ 5 éi'%oa 'Wag % pﬁ ?8% Clott Wad remove |)|nse
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features. 21 Aqueous solution “F1" was prepared with 3.17 weight percent tetramethylammonium
hydroxide (TMAH), 0.11 weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic
acid (CyDTA), 1.61 weight percent of hydrogen peroxide and 0.67 weight percent of
20 tetrafluoroboric acid (a product of Sigma-Aldrich, Inc.) added with the remainder of
this solution being de-ionized water and has a pH of about 11.6.

[0057] The dihydrogen hexafluorogermanate employed in the formulation C1
and C2 was prepared in the following manner. An aqueous, 21.0 weight percent

25 solution of dihydrogen hexafluorogermanate solution was prepared by combining the
following in a Teflon 125ml bottle (there was some heat generation on mixing): 50.00
grams de-ionized water, 9.51 grams germanium dioxide (99.999% Puratronic Grade,
a product of Alfa Aesar, Inc.) and 22.23 grams of 49.1% hydrofluoric acid (Finyte®
Grade, a product of Mallinckrodt Baker, Inc.).

30

24



[0055]The amount of aluminum or aluminum-copper alloy metal corrosion is expressed as
both percent metal loss and as a general corrosion remark. The general corrosion remarks
given are very slight, slight, light, moderate and severe. A small amount of aluminum
corrosion considered to be within acceptable limits were assigned very slight or slight. Light,
moderate or severe corrosion were considered to be unacceptable. All cleaning and corrosion
data entries generated using the Held Emission Scanning Electron Microscope (FE-SEiV1)
was based on a visual interpretation of differences between untreated and treated samples
from the same 10 wafer. The reduction in aluminum and aluminum-copper alloy corrosion rate
with the use of the inhibitors of this invention is demonstrated in Examples 1 and 3. The
reduction in titanium corrosion rate with the use of the inhibitors of this invention is
demonstrated in Example 2. Formulations employed in Examples W0561Aqueous solution
"Al" was preﬁ@ riNlth 5.35 weight percent tetramethylaminonium hydroxide (TIMM), 0.11
weight percent trans-(1,2- cyclohexylenedinitrilo)tetraacetio acid (CyDTA) and 1,64 weight
percent of hydrogen peroxide added with the remainder of this solution being de-ionized water
and has a 20 pH of about 13.3. Aqueous solutio .l \f('/as prepared with 2.05 weight percent

tetramethylaﬁmwmﬂmmwrmm trans-(1,2-
cyclohexylenecil@Bifo et Mat bl EQ@W%&@H?WB@WﬁeHOXide
added with the BIHO-R=OR Lw water and has-apH-ofabout 11,4,
Aqueous soliiti p8PCent tetraﬁ?é}ﬁ lar m
hydroxide (T e ariidp ft erraas %ﬁ 8Id
(CyDTA), 1.6 ogen perOX|e aWs %b3 e ﬁm en
hexafluorosili ar,inc.) added with thelre ‘?{Fnd@r ithis §Q|Utl0n being
de-ionized water andhas a pH 4. ab but Nose Aqueous Solution "62" vas prepaFrédWith 4.83
weight 30percen(§%tg¢itﬁ#t;§"thyl mmonjum hydroxide (TMAH), 011 weight percent trans-(1,2-
inhibitor
A2 114 None 0 0 >4,170
(B4 minus
inhibitor with
pH adjusted
down)
B1 11.56 HzSiFs 0.23 0.23 4,110
B2 11.56 H2SiFg 0.46 0.45 >4,170
B3 11.5 H2SiFg 0.60 0.59 31.7
B4 11.5 H2SiFg 0.69 0.68 25.0
B5 1156 H2SiFe 0.69 0.68 2.2
(B4 with 2.04%
NH4F added
and pH
adjusted)
C1 11.5 HaoGeFg 1.00 0.99 67.6
c2 115 | (NHq)2GeFg 3.75 3.14 611
D1 11.6 HSbFg 0.65 0.65 3,950
D2 11.6 HSbFs 2.58 2.56 2,895
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cyclohexylenedinitrilo)tetraacelic acid (CyDTA), 1.64 weight percent of hydrogen peroxide
and 046 weight percent of dihydrogen hexafluorosilicate (a product of Ma Aesar, Inc.) added
with the remainder of this solution being de-ionized water and has a pH of about 11.5.
Aqueous solution "33" was prepared with 5.04 weight percent tetrarnethylarnmonium
hydroxide (TMAH), 0.11 weight percent trans-(1,2- cyclohexylenedinitrilo)tetraacetic acid
(CyDTA), 1,64 weight percent of, hydrogen peroxide and 0,60 weight percent of dihydrogen
hexafluorosilicate (a product of Alfa Aesar, Inc.) added with the remainder of this solution
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i5 dihydrogen hexafluorozirconate (a product of Sigma-Aldrich, Inc.) added with the remainder
of this solution being de-ionized water and has a pH of about 11.5. Aqueous solution "FI" was
prepared with 3.17 weight percent tetramethylammoniurn hydroxide (TMAH), 0,11 weight
percent trans-(1,2-cyclohexylenedInitrlio)tetraacetic acid (CyDTA), 1.61 weight percent of
hydrogen peroxide and 0.67 weight percent of tetrafluoroboric acid (a product of

Sigma: Aldrigpdap.) addeganifdiudemeisdecef thissegbsitprebdinguseatmizedtivaterieusd has
a pH of about 11.6, [0057]The dihydrogen hexafluorager itk tion

Cland C2 mﬂgsﬁ'@gﬁrgﬁ’ﬁﬁ‘{]‘q&e@ﬁyﬁﬁ@@ %E%E#GA?P Eﬁ%%hsaﬁ Eﬁ,%%%&&mi@gﬂﬁon of
dihydrogen mexaitoitinggenthahatevetitusomerdiicatieparaad ghasiemsiniAgyRe fonedany eyt

Teflon 125%Bgmﬁg(§r@ﬁqﬁg%§;ﬁpm BesoenaEateenasnmixing): 50,00 grams de-ionized
water, 9.51 grams germanium dioxide (99.999% Puratronic Grade, a product of Alfa Aesar.
Inc.) and 22,23 grams of 49.1% hydrofluoric acid (Finyte Grade, a product of Mallinckrodt
Baker, Inc.). 30 [0058] Example 1 25 [0059] Exampie 2
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3[60601 Example 3 [0051]The invention has been described and illustrated with various
illustrative embodiments thereof. it will be appreciated that these embodiments are not limiting
and that various modifications and changes may be made without departing from the spirit
and scopectditige invention. 1. An alkaline composition having a pH of 9 or greater for
stripping or cleaning integrated circuit substrates, comprising: (a) one or more bases; and (b)
0.05% to 10% by weight of one or more metal halide compounds of the formula: W,h4Xy
where M is a metal selected from the group consisting of Si, Ge, Sn, Pt, P, B, Au, Ir, Os, Cr,

e

hydrOX|des afge Mol o{" p"sllg mera (')"f%% %8G
numeral &Ph‘lﬁ"ﬁolnf%"gs o} the 58W&|%N)§C%B‘?B‘?lm l%aci%?m f o%%’(?sfﬁf}ﬂﬁg"ﬁr?f S,

aqueous GEkHIiIRS BobapYsitiH; it hAsRBRpditet ¢als i helire aelsoisdrisenh s orcassisting of F,
base is pfadranid tH isoripuetitanrtbseseno sansistfisiehitierprtvalics akplno patd stabosidermetal
of from ahowuirdOHyr alailetlibSe Boittye cbrmpositiahafficiais to G/Hependitipeobdbe metnljatidat{ad z is a
is selectegfiera BFeraPuR e@Bsisting of ammonium hydroxide, quaternary ammonium
hydroxides and diamines, 4, The composition of claim 3 wherein the base component (a) is a
tetraalkyl2amoorpiositidryairoxitiegcortaimingvatigl roriuupsvgoiition f5c A asudnas, alkatise ®Mpoeeition, the
compositifeeafoatpdnedtvyhiaseimbtdsiss ik etasheo amtheh @ basp icpraisting dicSio@positioana &tamount
sufficient to produce a pH of the composition of from about 10 to about 13.

3. The composition of claim 1 wherein the base component (a) is selected from the group consisting of
ammonium hydroxide, quaternary ammonium hydroxides and diamines.

4. The composition of claim 3 wherein the base component (a) is a tetraalkyl ammonium hydroxide
containing alky! groups of from 1 to 4 carbon atoms.

5. The composition of claim 2 wherein M is selected from the group consisting of Si, Ge, Zr and Sb.

6. The composition of claim 5 wherein the metal halide is selected from the group consisting of H,SiFs,
H,GeFg, ((CH3)aN).GeFg, ((CH3)aN),SiFs, (NHa4)2SiFg and (NH,),GeFg.'

7. The composition of claim 6 wherein the metal halide is H,SiF.

8. The composition of claim 2 additionally comprising one or more additional components selected from
the group consisting of organic solvents and co-solvents, metal chelating or complexing agents, silicates,
fluorides, additional metal corrosion inhibitors, surfactants, titanium residue removal enhancing agents,
oxidizing agents and bath stabilizing agents.

9. A composition of claim 2 comprising tetramethylammonium hydroxide, trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid, hydrogen peroxide, water, and a metal halide compound
selected from the group consisting of dihydrogen hexafluorosilicate, dihydrogenhexafluorogermanate
and ammonium hexafluorogermanate.

10. A composition according to claim 9 having a ‘pH of about 11.5.
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6. The composition of claim 5 wherein the metal halide is selected from the group consisting

of 1-UiF6, H2GeF6, ((CH3)at4)26eFe., ((CH3)4N)2SiF6, (NH42SiF6 and (NH4)2GeF5. 7.

The composition of claim 6 wherein the metal halide is ii2Silt, S. The composition of claim 2
additionally comprising one or more additional components selected from the group consisting

of organic solvents and co-solvents, metal chelating or complexing agents, silicates, fluorides,
additionahmetaheido FacisdtivigosentiorHagiantsatidpRiairsesidesisinayatentbangnosasfidSductor
oxidizing @aRRty IR R RIRP iH Rt A08 Mo GRRARRAILOR RF AN CRMBESING clean unwanted
tetramethaﬂmmmm@x@&m&@&&w&.&%&s&m%nﬁgyéemﬂm'mw&w&ﬁ@&'ﬁagwgdsw& 9 or

peroxide, water, and a metal ?I e com nd select ou cqnsi
dih drogéh ﬁtte%xa ﬂ(g(r)m a&'égé ﬁngorm ?fuoro errnanaea \B ‘m ﬂhegcompos't'on effone

hexafluor%g%a?fﬁf% rl ¢ H?BSW&?&& 8 B ISR zfﬂl—fo?afﬁ%'ﬁ'tfi'?te‘ﬁmm the group
method fGPRIEHMR] LeRsictm Bt Gt frdy Qensutids Ptﬁbmbﬁg ) dondlivg selsstartbrebgsroup
wafer sutssfresEng8fifg @ Rirniaed s fspiecter &Qm@arsdoapa;qempesaamé soffidnetalsidian earth
unwantedretritandia amits bino-fresibiyrbexiderhasain detystrate rsumtasbofiitbras talkaleperctimp pasthitometal
haying a patfidef 9ndrzgreaien@atbeaBiprnsing:{a) one or more bases; and (b) 05% to 10% by
weight of the composition of one or more metal halide compounds of the formula: W,MXy

where M is a metal selected from the group consisting of Si, Ge, Sn, Pt, P, B, Au, ir, Os, Cr,

Ti, Zr, Rh, Ru, and Sb; X is a halide selected from the group consisting of F, Cl, Srand I; W is
selected frorf) PRIAAFFRINESARAIN AL aheminiing QransE YLt mAsuacwn dleHetspTRnsiden, the
hydroxidd3sasemporayt (alds: matrdiandrerdises mné e hasrlingrosethénrtheasbmuigisioarial anisrmount
humeral efifficentl,2cor Brod&.eA methivd atcahdingdmmiaitiorl 1 efhdren thebcompidsitian istant  13.
agueous, alkaline composition, the base component (a) is a metal ion-free bases and the

base is pIeseRt N8 CemARtarWReAsRhe pleStdfiient {0 (By adiecr P Hd the ERIMPOSHRANg of
of from am%%m abo%c}r%m&e?’ Theqm%bwf C'aémr{’:&nYMhPre'” mgrgﬁﬁgscom%em (acHﬁunes

selected from the group consisting of

ammonlumh¥HrOX|qﬁbcaugfte fnary m}onlumnédﬁr;fg%g%%%g{%ﬁnﬁ ?5::1 ?2?%%%8 ﬁe[hhé)%r &mclﬁ¢mox|de

13 wherein the base component a)wlserefet
groups of SASATE4E hyl:%fﬂi’d?ﬁ bR 1 14 §HBIREMBE of claim 12 wherein M is selected from
the group consisting of Si, Ge, Zr and Sb.

15. The method of claim 12 wherein M is selected from the group consisting of Si, Ge, Zr and Sb.

16. The method of claim 15 wherein the metal halide is selected from the group consisting of of H,SiFs,
H,GeFs, ((CH3)4N),GeFs, ((CH3)aN),SiFg, (NH,),SiFs and (NH,),GeFs.

17. The method of claim 16 wherein the metal halide is H,SiFs.

18. The method of claim 12 wherein the composition additionally comprises one or more additional
components selected from the group consisting of organic solvents and co-solvents, metal chelating or
complexing agents, silicates, fluorides, additional metal corrosion inhibitors, surfactants, titanium
residue  removal enhancing agents, oxidizing agents and bath stabilizing agents.
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16. The method of claim 15 wherein the metal halide is selected from the group consisting of
of H2SIF5, H2GeF6, ((CH3)4N)2Ger6, ((CH3)1N)2SiF6, (NH4)2SiF6 and (NH4)2GeFg. 17.
Themethodofclaiml6whereinthemetalhalideisF12.Si F6. 18. The method of claim 12 wherein
the composition additionally comprises one or more additional components selected from the
group consisting of organic solvents and co-solvents, metal chelating or compiexing agents,
silicates, fluorides, additional metal corrosion inhibitors, surfactants, titanium

d h t hs! 1 t
2?2.'m“f£eé?;°va‘ﬂi.”ﬁ%‘$%%ag Qir%?n“’éi'ﬁpa%g@ﬁ THE e ARG RO dBE P 2
|

CyCIOheX)?IYa {'éf (t’ Eag%tbc Rl oﬁer)P oxl %ténrlataerr],d %lmrjnet rrlﬁtal halide compound
compountf SsfeddEert i %F%‘@r%"ﬁ'%&% iff Mﬁﬂya?&jléﬁfﬂ@kgﬁraoﬁgafﬂa&@hexaf'umeermanate
dihydrogéftharameidrspesrativriegeamanaimonium bexafluorogermanate. 20. The composition

of claim 19 wherein the method has a pH of about 13.

20. The composition of claim 19 wherein the method has a pH of about 11.5.



