2 | MAY 2005 NON CORROSI VE CLEANI NG COMPGCSI TI ONS FOR REMOVI NG ETCH RESI DUES
5 BACKGROUND COF THE I NVENTION 1. Field of the Invention The present 7 MAY 7008
invention relates to a novel cleaning conposition for 0 use in 21 MAT L
m croel ectroni cs manufacturing. Mdre particularly, the present invention
relates to a non-corrosive cleaning conposition for renmoving plasnma etch
resi dues formed on wafer substrates after plasma etching of netal |ayers or
dielectric material |ayers deposited on the substrates. 15 2. Brief

Descri pti on of NPNeC PRROSIXEICLEANHEG GRVPRSI TONDFOR BENQYING EICH
photoresists are used as an interneggaj Egsk for transferring an original
mask pattern of a reticle onto wafer Subsfrates by nmeans of a series of
phot ol i t hography and plasma 20 etching steps. One of the final steps in the
m crocircuit manufacturing process is the renoval of the patterned
photoresist films fromthe substrates. In general, this step is affected by
one of two smetBWCUKGROUNDEINGHE INVENHONA wet stripping step in which the
phot oresi st- 25 covered substrate is brought into contact with a photoresi st
stripper solution that consists primarily of an organic solvent and an

am ne. Howevery  SFidiPpetheSAlaHtioans cannot conpletely and reliably renove
the photoresist filnms, especially if the photoresist filnms have been
exposed to UV radiation and plasma treatnments during fabrication. Sone
photoresist filnms hREORBseHR| HVthéNré?ét@§$déﬂlS@é1 c@énﬂ&&b%ﬁ@s@ﬁdﬁ@s and are
more difficult to dissolve in the stripper solution. In addition, the

cheni cal s ised'senn frHeroelechaniesn Maowiacturingt Mareinepigwervetitorieseite soneti mes

| nef footive T Qb ERYLBRSIES AR XM Bt 0L ATRATL AblibG T oS dua

materials formed during the plasm st chin or oxI ers with
hal ogen- cont aipasige gb;ﬂ;essldues formed on wafer substrates after plasma etching of

metal layers or dielectric material layers deposited on the substrates.

5 2. Brief Description of the Prior Art

In the manufacture of microcircuits, photoresists are used as an
intermediate mask for transferring an original mask pattern of a reticle onto
wafer substrates by means of a series of photolithography and plasma

20 etching steps. One of the final steps in the microcircuit manufacturing
process is the removal of the patterned photoresist films from the

substrates. In general, this step is affected by one of two methods.

One method involves a wet stripping step in which the photoresist-
25  covered substrate is brought into contact with a photoresist stripper solution
that consists primarily of an organic solvent and an amine. However,
stripper solutions cannot completely and reliably remove the photoresist
films, especially if the photoresist films have been exposed to UV radiation
and plasma treatments during fabrication. Some photoresist films become
30 highly crosslinked by such treatments and are more difficult to dissolve in
the stripper solution. In addition, the chemicals used in these conventional

wet-stripping methods are sometimes ineffective for removing inorganic or



An alternative nethod of renoving a photoresist filminvolves 5 exposing a
phot oresi st-coated wafer to oxygen-based plasma in order to burn the ng Mgﬁ
filmfromthe substrate surface in a process known as plasma ashing. Z
However, plasma ashing is also not fully effective in renoving the plasna
etching by-products noted above. Instead renoval of these plasm etch

by- products must be acconplished by subsequently i o exposing the processed
metal and dielectric thin films to certain cleaning solutions. In a typica
process, an anvga%mﬁé©wpwgﬁ@@dﬁﬁﬁg”@&BH”E@(EKWQﬂG{EPSW@Bﬂ@WB@OSC|ence) is

Spi n coat ed or}{,. Ied@g@é&ggg itH ”a'B%éﬁ,éitgﬁh“@f n, 15 baked. A photoresi st

filmis then app I'n coatin e antireflective coating
and is then pre-exposure baked. The photoresi st is pattern-w se exposed
using ultraviolet r

di,atiqn, QSur. e ba eloped in a
di l ute aqueous al kfl %%r V&Irg%tgpd ut| o %HES%E%%QE&{%& OIY Srinsed with
de-ioni zed ﬁ\l\atcﬁd’pnaind esmtmer@eiced@ntmmada\xelo@m B@aq@qﬂaﬁna in Srdeh&ﬂ
transferred by gﬁtlvelon etc ‘F |nt ers of th
0

substrate's fil LERISHR T BTG f’tgelte éHga(fe el Woﬁ SHGYLPT ect ive

coating are reipstasd abing! a@m&v@smarsgnat@&hmg Busso ndimwanéfesttivesi dues  renmain
on the substrate as a result of the plasna ashi ?ﬂ%o\rocess 25 Met al

substrates ar dCTONVEIGHNE plasqsceishingIby- WBd‘&S? peier Eotnsteadyehival dubst r at es

such as al um nygye Egeﬁ%retc@bytmuuascrapwe Qc!clo%hshédltﬁ'%§ul§‘é?eqﬂbﬁtw de, and
other netals and netal nitrides will readily corrode usi ng ‘conventi onal

cl eani ng cHen ®thopEg thaprosepsednetal gne Iﬁ’@'?ﬁ“@htrﬁ] R’ﬁ]sltﬁlqeyta'n(ﬁ'eftq@
conventional clgapj-ag solutions. 30 Therefore, there remains a need for new
types of cleaning conpositions for renoving plasma etch residues from
substrates. Additionally, there remains a need for such a cleaning

conposition that 2 In a typical process, an antireflective coating such as DUV 30

(Brewer Science) is spin coated onto a damascene thin film stack then

15 baked. A photoresist film is then applied by spin coating on top of the
antireflective coating and is then pre-exposure baked. The photoresist is
pattern-wise exposed using ultraviolet radiation, post-exposure baked, then
developed in a dilute aqueous alkaline developer solution and
subsequently rinsed with de-ionized water and spun-dried. The developed

20 patternis then transferred by reactive ion etching into the lower layers of
the substrate’s film stack. The photoresist and remaining antireflective
coating are removed by plasma ashing techniques. Unwanted residues

remain on the substrate as a result of the plasma ashing process.

25 Metal substrates are generaily susceptible to corrosion. For
example, substrates such as aluminum, copper, aluminum-copper alloy,
tungsten nitride, and other metals and metal nitrides will readily corrode by
using conventional cleaning chemistries. This is due to the high alkalinity
of the conventional cleaning solutions.

30

Therefore, there remains a need for new types of cleaning
compositions for removing plasma etch residues from substrates.

Additionally, there remains a need for such a cleaning composition that

2



2 MAY 2[105 does not deleteriously affect the substrate. Further, there
remai ns a need for such a cleaning conposition that is aqueous-based, " MAY 7005
non- hazardous and wll not harmthe environnent. Al of these concer%é #ré ;
addressed by the cleaning conposition of the present invention, which is

not only non 5 corrosive, but is also capable of effectively renoving fresh
and aged residues froma substrate. SUMVARY OF THE | NVENTI ON i n The present

invention is dlrected to a non-corrosive cleanin conposition that is
aqueous- based, %m%&@@ﬁ%&j@'ymcwhleISUH%tfa‘ﬁarFHﬁf‘ﬁretheéﬁ\??mé'ﬁ‘ﬁéﬂeeé’nd i's

usef ul primarifoyshH CRARMHGD s ioh tRst s AqckRQashsed! @&nﬁdzeatr@&srgf»?d dues from

a substrate. The conpositi conprises (a) water; and (b) a synergistic
conbi nati on of Wil ot Artio X @WIF@@mﬂhr/M' efdhdExgIncemsargdddresssaiyribg | v,

hydr oxyl amm”'ﬁ 8@98&%?93@%0@% tﬁéog?’ﬁgehﬁb% %;chC:QrﬁBPﬁhity'n%H The present

invention is Trec refoving etc residues froma
substrate. 5I'heCQfE§ISh®d bobisEissemablecof sffepty ebf re@mvumr@’roew@agﬁgi a substrate

with etch resi acting the substrate wth a cleaning
conposition co%ﬁ“ggﬁér‘{mﬁ%@g&at%d a synergistic conbination of

tricarboxylic acid and carboxylic acid. 25 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON Ref e er el | ues can be found in the chem cal
literature SUC%S%’?égRQ(é}E?nW%Im&@f Chem stry, 151h Edition, 1999
publi shed by MG awHiIl, Inc. 30 The term"fresh substrate”, as used

herein, refers to substrates that have been stored at anbi ent tenperature
for no lond®r than PGREREN IPVFTTIBRIHY G 91 HARRCAEPT Ry ClsrOREss. 3

composition that is aqueous-based, non-hazardous and will not harm the

environment and is useful primarily for removing both fresh and aged

plasma etch residues from a substrate. The composition comprises (a)

water; and (b) a synergistic combination of tricarboxylic acid and carboxylic
15 acid. Optionally, hydroxylammonium compound may be included in the

composition.

The present invention is also directed to a method for removing etch
residues from a substrate. The method comprises the steps of (a)
20  providing a substrate with etch residue; and (b) contacting the substrate
with a cleaning composition comprising water; and a synergistic

combination of tricarboxylic acid and carboxylic acid.

25 DETAILED DESCRIPTION OF THE INVENTION

References herein to pKa values can be found in the chemical
literature such as Lange’s Handbook of Chemistry, 15" Edition, 1999
published by McGraw-Hill, Inc.
30
The term “fresh substrate”, as used herein, refers to substrates that
have been stored at ambient temperature for no longer than 2 weeks

following the plasma ashing process.



2 MAY 2005 The term "aged substrates”, as used herein, refers to substrates
t hat have been stored at anbient tenperature for |onger than 2 weeks, qnﬁ .
typi cally about 30-45 days follow ng the plasma ashing process. One g/ MAY 1003
skilled in the art will realize that such "aged" plasnma ash residues are
particularly difficult to renove. The present invention provides a cleaning
conposition that effectively cleans both a fresh netal substrate and an

aged netal substrate to without pronoting corrosion of the netal substrate
because of its weak acidic formulation. The cleaning conposition of the

present invention iﬁggy[‘%r?ﬂgg gu?%,%héglggu%@g%#ﬂ? e{??rrs%%bgtr& mapatl on of

at |least one tricar avi ng bel'ow an | east one
car boxyl i c aci dave béerasipkad Madrutmentrtamgemqlrbrforrﬂnagérdhén IﬁaNﬂahig bog mJI a (1)

bel ow. (CR1 R2)" 1 )~R9 ( CR7RB) gCO2H
(11) 20 wherein | i PH? ?‘r]aggwaaopéggg)@)@é%%nt eB'@%’g‘aﬁ? 88 (S yPanging from 1
to 6; q i ssanqkméceg\etheraatngnlﬂ@a!‘fzémm&ublm ‘djedRplasina &3, reEiBueRareRS R6, R7,

and R6 are each i ndepe r}ge tly selected fromthe group consisting of

hydr ogen, hydPBQ'}?P'a”Qré’ PR I8."8mPYyclic or cyclic thioethers having 1 to 6
carbon atons, |ower al koxy groups having 1 to 4 carbon atons, |ower
branched or 25 | i near al kyl groups having 1 to 4 carbon atons, cyclic alkyl

groups having 3 to!Be PESEBhTHEDIE, PrRKERYP Cleaning, cofirassioan@thal ogen: and RO
is selected framcihig &é%&ﬁ%&*éh'nﬁ&a@ub@%g{e%an ﬁ%é(pﬁ%}’é! isGh@fdtd

hydr oxyl , mercapt o, Ic or cyclic thioethers 1 to 6 carbon
at ons, | owep amibgyt prgrrmjp@Chrawm;onth@maab%mbbﬁtedzmsse Db'WeWeth anched or

linear alkyl gLoupso4nulation.

The cleaning composition of the present invention is an aqueous
solution with a synergistic combination of at least one tricarboxylic acid
15 having formula (1) below and at least one carboxylic acid with a pKa value

ranging from 3 to 6 having formula (I1) below:

(CR'R?),,CO,H
R—C—(CR’R?),,CO.H

(CR°R®),CO,H 0 RE—(CR'R%),CO.H (N

20 wherein n, m, and p, are each integers independently ranging from 1 to 6; g
is an integer ranging from 0 to 6; R, R', R?, R* R*, R*>, R® R’ and R® are
each independently selected from the group consisting of hydrogen,
hydroxyl, mercapto, alicyclic or cyclic thioethers having 1 to 6 carbon
atoms, lower alkoxy groups having 1 to 4 carbon atoms, lower branched or

25 linear alkyl groups having 1 to 4 carbon atoms, cyclic alkyl groups having 3
o 6 carbon atoms, phenyl, aryl, nitro and halogen; and R?is selected from
the group consisting of hydrogen, carboxylic acid, hydroxyl, mercapto,
alicyclic or cyclic thioethers having 1 to 6 carbon atoms, lower alkoxy

groups having 1 to 4 carbon atoms, lower branched or linear atkyl groups



27 MAY 2005 having 1 to 4 carbon atons, cyclic al kyl groups having 3 to 6
carbon atons, phenyl, aryl, nitro and hal ogen. Suitable tricarboxylic aqmggnm
having formula (1) include, for exanple, 5 tricarballylic acid,
beta-methyltricarballylic acid, citric acid, nltronethanetrlsproplonlc

acid, and 2-(carboxyl nethylthio) succinic acid. Preferred tricarboxylic
acids include, for exanple, citric acid, (carboxylnethylthio) succinic

acid, and tricgrball I|c |d 10 Trlca&box C, aci present, in the

cl eani ng compof7TYTen 1Bf RPN HPESeRClt AlEH" ?48‘?1 ?1\”591 3&&&Mb%@‘8£“50 01 wt.

to about 10.0 whedd, dhasado EOT ﬁgjnggetpot al weight of the conposition.
Preferably, the tricarboxylic acid is present in an anount about 0.05 w. %
to about 3.0 wt.% and nore preferably about 0.1 w.%to about 2.0 wt.% 15

It has been found t@@tatﬂé‘@ncﬁ%xﬂfc &idd RAFlg PRBUBANANYLE Gorstdheth a pKa
bet ween about 3 to about in the cleani nposi'tion of the present

i nvention eff ebicriRsllylicad, squ?qutf@éﬁHW@aa'hgﬂl%@s CHHIAGE, el i mi nates corrosion
on metal subst a%%ma’f%u%ﬂréam.ea%r BRx ¥l ¢ Wnﬁtétr@wbﬂgué&ﬁ,%k@ (11)

i nclude, for exanple, formwc, acetic, pr opl ornii € val eric acid,
trimethylaceti BrefE@mHIC@rb%yhc audginaiuge, f@éemslac@irm @Cld glutaric, suberi c,

glycolic, lact &’rb@m&%@“‘?eﬁﬁgﬁ cﬁéd &3@ ﬁtrhé/aq{)%(yyp pél’l c, malic, citramalic,

tartaric, etho yace , rahydro-'3-turolc ycollc
mer capt osuccinic, thiolactic, cyclohexylacetlc dlcyclohexylacetic,

1, 1-cycl ohe anedi ac tléac Pr] ef err.ed @1‘%’ )l c _.acids ha g) or mula (11)
i ncI ude, exanpl éE%’iy ' aggl'ﬁpresﬁf](/ Eeﬁﬁ'Pa,CofT}P&S é , succinic
aci d, mal | c aCIpCbsehBJht/amtldh iaahmaurd abeltlcoNive Yai £bou3A0.0 wt.%, based

on the total weight of the composition. Preferably, the tricarboxylic acid is
present in an amount about 0.05 wt.% to about 3.0 wt.%, and more
preferably about 0.1 wt.% to about 2.0 wt.%.

It has been found that the use of at least one carboxylic acid with a
pKa between about 3 to about 6 in the cleaning composition of the present
invention effectively and significantly reduces and/or eliminates corrosion
on metal substrates.

20

Suitable carboxylic acids having formula (1) include, for example,
formic, acetic, propionic, butyric, valeric acid, trimethylacetic, isovaleric,
'succénic, methylsuccinic, glutaric, suberic, glycolic, lactic, 2-
hydroxyisobutyric, 3-hydroxybutyric, malic, citramalic, tartaric, ethoxyacetic,

25  tetrahydro-3-furoic, diglycolic, mercaptosuccinic, thiolactic,
cyclohexylacetic, dicyclohexylacetic, 1,1-cyclohexanediacetic. Preferred
carboxylic acids having formula (ll) include, for example, acetic acid,
glycolic acid, lactic acid, succinic acid, malic acid, tartaric acid, and
gluconic acid.

30

Carboxylic acid is present in the cleaning composition of the present
invention in an amount about 0.01 wt.% to about 10.0 wt.%, based on the

total weight of the composition. Preferably carboxylic acid is present in an

5



Carboxylic acid is present in the cleaning conposition of the present
invention in an anmount about 0.01 wt.%to about 10.0 wt.% based on the
total weight of the conposition. Preferably carboxylic acid is presentt i
5 2 1 MAY 2005 anount about 0,05 wt.%to about 3.0 wt.% and nore
preferably about 0.1 wt.%to about 2.0 wt.% It has been unexpectedly found
that the conbination of tricarboxylic 5 acids of formula (1) and carboxylic
acids of fornmula (11) in the cleaning conposition of the present invention
provi de a syneagishi @oceft DS wr Bsulabboig3. D wt. %erdranoec: sletaabipgbpoioperties to

t he conposition, ,conpar to . conpositions having only tricarboxylic acid or
carboxylic aci Wt'é‘i @%Oufg’oﬁ?"e("er ably, the ratio of tricarboxylic acid to
carboxylic acid present in the conpositions is about 1:5 to about 5:1. Mre
preferably the ratio is, about 1:3 to abouyt 3:1. Mst preferably, the ratio
is about 1:1. As suthes PRen HP%’&?ﬁcf?@%@Hﬁgg’ﬁi“l?nc%?b‘f‘ﬁ%orb?feté'é?ﬁbo%‘lﬂ\?enti onis
15 capabl e of p@tis eMoymefd @cddv&lioXyaiByiieef forash (18§ Buesedrim a net al
substrate, it is effective at renpving aged residues froma netal substrate,
whi | e not cor r 6MAGSIHEOMEE Rresamb SIVERIY Provige @ wnREgisicelscopsuttingdn ar e
illustrated and,siHREBdZEhd | 0 er is present in
the conpositi oﬁnof t h(—é-:lI pr esdeﬁrto-gi@ﬁi\lﬁ/ag?\? ?]gn i nﬁbgﬁﬁhégn%mégreg\g%ut 80 wt.%to
about 99. 98 wt compEsitdrs ling onatrézarhaxyle egdor camoxyliv agbaleneabout 90 to
about 99.98 wt.% More preferably, water is present in an anount about 94
w.%to about 99.98 wt.% and nost preferably 96 wt.%to about 99.98 w.%
25 Optionaliby, at |eed¢rablyetieydiioxyiraarorylicracdiopaurhdxytiamactiepresardlinuded in
the conposi tio fo%o@é“oe%tfgggggﬁ%mi% sl 5N ol SRt TP compound,

for exanpl e,

MAY 2005

about 1:3 to about 3:1. Most preferably, the ratio is about 1:1.

As such, the cleaning composition of the present invention is
15 capable of not only effectively removing fresh residues from a metal
substrate, it is effective at removing aged residues from a metal substrate,
while not corroding the metal substrate. These enhanced properties are

ilustrated and summarized in Tables 3 and 4 below.

20 Water is present in the composition of the present invention in an
amount about 80 wt.% to about 99.98 wt.%. Preferably, water is presentin
an amount about 90 to about 29.98 wt.%. More preferably, water is
present in an amount about 94 wt.% to about 99.98 wt.% and most
preferably 96 wt.% to about 99.98 wt.%.

25

Optionally, at least one hydroxylammonium compound can be
included in the composition of the present invention. The
hydroxylammoniurﬁ compound, for example, may be a hydroxylammonium
salt that has the formula (1H):

30

r(NR1°R11R120H)+ <) iy



salt that has the formula (I11): 30 r(NR1ORLi R120H) ()(,r) (Il1l) 6 27 NMAY
2005 wherein R10, Rt1l, and R12 are individually selected from hydr Ogﬁ“MAY 005
| oner al kyl groups having 1 to 4 carbon atons, |ower al koxy groups having %
to 4 carbon atons, hydroxyl and hydroxyl-substituted | ower al kyl groups
having 1 to 4 carbon atonms, with the proviso that at |east two of R70, Rl11
and R12 5 are either hydrogen, |ower alkyl group or |ower al koxy group, and
wherein X is an anionic noiety that forns a water-soluble salt with the

hydr oxyl ammfvﬁ'anamd:af’iR)ﬁsarm:rR ¢ érdiddyallarsetauiachireattydmsgenatodver is t he

valence of X addlmolialid 48 2o SHidaRl & oyl aarpRum coRROUnds

that can be i eani g conposi I'nvention
i ncl ude, for e>ealvm1 apmshwﬁroxwaammmaxmwstsm eoSluwleramyhglrdupxyda\ammm um

Lo ae HAS), G X PARAIE BHDS B, MRl GRy FAMAORY o CATOR) o, 15

hydr oxyl anmoni argeaxed mﬁqunydﬁ@fwk&mnp@mmdrraa&c&,v crdsw;drawwaamam um
fluoride, N N l et h%[m%dr oxyl ammoni um sul f at e, et hy| hydr oxyl anmoni um

nitrate, and GBI thatderanta “’\‘?’\ﬁéﬁoﬁ@éﬁdsﬁ“hwtﬂhg‘ec%% tion of the

present 'nVentérﬁMoanﬁca%@nQ)é@'EqQét)éh@é’r'gerr‘rUﬁuﬁﬁEB%HLd ahd ri¥ @%8ferice an amount
bet ween about 0.001 % to about % based on the total weight of the

conmposi tion. ®redrdiaBIon 1¢@8. hydr oxyl ammoni um conpound is present in an
anount about 0.1 w.%to about 0.5 wt.% and nost preferably about 0.1 wt.%
to about 0.25 wt.% 25

10 Suitable hydroxylammonium compounds that can be included in the

cleaning composition of the present invention include, for example,
hydroxylammonium salts, such as hydroxylammonium nitrate (also referred
to as HAN), hydroxylammonium sulfate (also referred to as HAS),
hydroxylammonium phosphate, hydroxylammonium chloride,

15 hydroxylammonium oxalate, hydroxylammonium citrate,
hydroxylammonium fluoride, N,N-diethylhydroxylammonium sulfate, N, N-

diethylhydroxylammonium nitrate, and any combinations thereof.

When used in the composition of the present invention, the
20 hydroxylammonium compound is present in an amount between about
0.001 wt.% to about 10 wt.%, based on the total weight of the composition.
Preferably, the hydroxylammonium compound is present in an amount
about 0.1 wt.% to about 0.5 wt.%, and most preferably about 0.1 wt.% to
about 0.25 wt.%.
25
The present invention may optionally include at least one base
compound. The base compound may be, for example, an amine or
quaternary ammonium hydroxide. Amines that can be used as the base
compound of the cleaning composition of the present invention include
30  hydroxylamine and other alkanolamines such as monoethanolamine,
diethanolamine, triethanolamine, diethylene-glycolamine, N-
hydroxylethylpiperazine, and the like. Quaternary ammonium hydroxides

that can be used as the base component of the cleaning composition of the

7



The present invention may optionally include at | east one base conpound.

The base compound may be, for exanple, an amine or quaternary anmoni um .,
hydr oxi de. Am nes that can be used as the base conpound of the cl eangrﬁdv‘AY 1003
conposition of the present invention include 30 hydroxyl am ne and ot her

al kanol am nes such as nonoet hanol am ne, di et hanol am ne, triethanol am ne,

di et hyl ene- gl ycol am ne, N hydroxyl et hyl pi perazi ne, and the |ike. Quaternary
anmoni um hydr oxi des that can be used as the base conponent of the cleaning
conposi tion of pmdsentﬁn@nToNlirmmaezeﬁsaIkyiaesmmﬁum ﬂn\yémid@n Hanglgudethyl,

t et raal kyl ammo havin | | utyl,

hydr oxyet hyl, Q{hg%%?/ q?@ A EGHE! h[%h éh%/ %OT%' ”O—{S rg}z:i):)r{r)é%gl anmoni um

hydr oxi de (her mtmafeﬁrenamefoenmdydiroxuas (HevRBirgfter rtefﬁrrajetbha)sl H‘vmcblr)n um hydr oxi de,
trimethyl hydr e | ammoni um 5 hydr oxi th dr oxyet hyl

amoni u)r/n hy)ér o%)g%i’g Ny PgNIu{Hy; W?$YEW% %H?}{LR)HWgQ de, )t/)enzzl )

tri met hyl amgonhydrokiyelr raxingetri an@}ow@hhlmmnm;dhwn@n@lel petra@ conbi nation of
anmoni um hydroxi de with one nore quat ernary ammoni um hydr oxi des may al so

be used. 10 W& RENYH W°@6W§f9’i'% bgp2y HénﬁWé@EHPO”'HWéM’f% ©the base

conpound i s prgsgie IikB). andaﬂ@hwy Q%M%t,ab@uémﬁwo@%war%dd@ Aloste 1 W . %
based on the total weight of thé conposition. Preferab t he base conpound

is present in QhMRFOIHRICABHLEMONWOI Wdroxides at@dmlswb%umd % 15 The cl eaning
conposition of the present invention may, optionally, include one or nore
solvents. Suitable solvents include, for exanple, polyol conpounds or

gl ycol etheps. Suitéhes yset ybthecmmmhids ofigefksém intemdioprtbedatei nvent i on

ol ude any L n B IL LR E A BBl B LS LE6AT i BOLYb pgrpOUNd s

neant a conpound having "two or or & oups. By way of exanpl e,
sui t abl e pol yoMtéernaeemds tmmtdtzmdeangﬂtlophmtacmnpq@mopolPretemmiﬂy,rtde bsseh as

(C2-C20) al kanedi ol s, gubstd tut ed (GGt 0.002 wt.% to about 0.5 wt.%.

15 The cleaning composition of the present invention may, optionally,
include one or more solvents. Suitable solvents include, for example,
polyol compounds or glycol ethers. Suitable polyol compounds useful in
the present invention include any that are miscible with water. By the term
“polyol compound” is meant a compound having two or more hydroxyl

20 groups. By way of example, suitable polyol compounds include aliphatic
polyol compounds such as (C2-Cyp) alkanediols, substituted (C2-Cap)
alkanediols, (C,-Cy) alkanetriols, substituted (C,-Cy) alkanetriols, and any
combinations thereof. Suitable aliphatic polyol compounds inciude, for
example, ethylene glycol, propylene glycol, diethylene glycol, dipropylene

25  glycol, triethylene glycol, tripropylene glycol, 2-methyl-1,3-propanediol,
butanediol, pentanediol, hexanediol, glycerol, and any combinations

thereof.

When used in the composition of the present invention, the solvent
30 is presentin an amount between about 0.1 wt.% to about 30 wt.%, based
on the total weight of the composition. Preferably, the solvent is present in

an amount about 0.5 wt.% to about 10 wt.%.



al kanedi ol s, (C2-C20) al kanetriols, substituted ('02-C20) al kanetriols, and
any conbinations thereof. Suitable aliphatic polyol conpounds includ ﬂgf F2005
exanpl e, ethylene glycol, propylene glycol, diethylene glycol, dipropyl # :
25 glycol, tiethylene glycol, tripropylene glycol, 2-nethyl-1, 3-propanediol,
but anedi ol , pent anedi ol , hexanediol, glycerol, and any conbi nat i ons

t hereof. When used in the conposition of the present invention, the solvent
30 is present in an anount between about 0.1 wt.%to about 30 wt.% based
on the total ME|ghﬂ*@ﬂ”@ﬁﬁ“dwﬁﬁwyiﬁF@ﬁUﬁW%@ﬁ@#QﬁWWB0&%@“%@¢W@ﬁﬁ is present

in an amount ghopte G fob A1l Whehind 2o The present

invention may further 1nclude one or re a ves. Sui tabl e agdl tives
i ncl ude, for @C@M@E@?ﬂ@hmmﬁnm@hemﬁmrﬁﬂf@cm&ﬂwﬁi)fatf@ comdsitenagjdme s t hat can

enhance the eff, Sg&?‘ﬁ%‘%ﬁ% ﬁwfre %%ﬁﬁl%te%%dg n‘%fﬂgmc B&Exéﬁﬂﬁa&té‘}’r%ﬂ]“ on in

removi ng particulate an 19 ¢ont am nant er surface.
Addi ti ves, fsudheaaferfswfaegaﬁiﬁﬁmyem@mtmas dosexdragle amtrsonic andactettabl y

O 0 o A P B P RSB AL BELRE R 25, S5

i nvention. 10 ANvem wea 1®nwthh>a |§0@naamr¢|elo,rta\@ﬁlablberqm BaGm canvenise@n, the one
or nore additives are Present in an anount between about 0.001 wt.%to
about 10 wt. % "BB&BESEA' PKE8t al wei ght of the conposition. Preferably,

the one or nore additives are present in an amount about 0.005 wt.%to

about 1 w.% 15 The cleanin nposition of the present invention has a pH
about 1 t @& about Q’Vh?‘f‘éﬁ%‘?@%wco‘ﬂ“ﬁ@ﬁ”b@l’ Bfth?rpée%WﬁUﬁ‘f‘?'bﬁh?W%l%ut 1.5 to

abo]yt 4b| NbLemra,F@Z,@dmésyareth&eaHnla% #ROWt bhtwedPaBRAW 0 whAdomDSt
refera about
P Y about 10 wl.%, based on the total weight of the composition. Preferably,

the one or more additives are present in an amount about 0.005 wt.% to
about 1 wt.%.
15
The cleaning compaosition of the present invention has a pH about 1
to about 5. Preferably, the pH of the composition is about 1.5 to about 4.
More preferably, the pH is about 1.5 to about 3, and most preferably about
1.8 to about 2.5.
20
In a preferred embodiment of the present invention, the present
composition for removing plasma etch residues formed on a substrate
comprises (a) about 90 wi.% to about 98 wt.% water; (b) about 0.4 wt.% to
about 1.5 wt.% lactic acid; (c) about 0.5 wt.% to about 1.6 wt.% citric acid;

25  and (d) about 0 wi.% to about 0.25 wt. % hydroxylammonium sulfate.

The cleaning compositions of the present invention may be
effectively used at a wide range of temperatures, such as, but not limited
to, up to about 80°C, preferably from about 20°C to about 60°C, more

30  preferably from about 22°C to about 45°C, and most preferably from about
23°C to about 35°C. An advantage of the cleaning compositions of the
present invention is that they may be effectively used at ambient

temperature.



1.8 to about 2.5. 20 In a preferred enbodi nent of the present invention, the
present conposition for renoving plasma etch residues forned on a su stwt@ﬁ
conprises (a) about 90 wt.%to about 98 w.%water; (b) about 0.4 w.

about 1.5 wt.% lactic acid; (c) about 0.5 wt.%to about 1.6 wt.%citric
acid; 25 and (d) about 0 wt.%to about 0.25 wt. % hydroxyl ammoni um sul f ate.
The cl eaning conpositions of the present invention may be effectively used
at a wide range of tenperatures, such as, but not limted to, up to about
80C, preferably froﬁ‘smdbdyxtcl@@mgﬁma@oam v&YCvenamaed Stangeefepeabling drr om about

22C to about 4 ?{qulémﬁ e ef %ﬂ}%%lélmgigferq. ﬁ\g/ﬂgé'pgégﬁﬁ\lgtlg a?itf%%eé%g An

advant age of t I'ons nvention Is that
t hey may be efbmcm i\xpelgroussesdaamambwmge|stferrpeairap!ereptc9akiotﬂ 49AY 7005

Simlarly, cleaning tjnes can vary over wi de range .depe on .t he
particul ar cl e??ﬂuﬁ% n‘épﬁ%ﬁm@?’rﬁ%&ara&ﬁ?ﬁ RUEN E}'gisr{ro B ggﬁ%‘ﬁ bat ch
type process, @ &ddut ab|nﬂnut@§lgﬁ msre prefer@¥aapdeior Gbdich g@@tﬂroée‘%s ign nutes. A
preferred range for a batch pe process is from about mnute 5 to about

30 minutes. A W@b@%mwas %ﬁ@@tf?@rmlau}s’ét c%mpﬁb@efﬁrw@e@ggﬁéora rom about 3
mnutes to abogiicRQJE @é‘érﬁn% cBBS s SR hBSLEAMARGE f Moul 15 PAhGR st YPe

cl eaning process is froma out 5 mnutes to about 15 mnutes. C eaning
times for a sihiflaeingdirees ioF aceaie Wﬁiﬁfr%?@ésmwaa@@upmﬂbo@é@onds to about 5

mnutes. A preg&rorngg t&gﬁ&qlﬂlrﬁg&?ﬁ%8{8&%@%&%@8% ELQ s (?‘Pé‘ﬁéﬁer”ay range

from about 15 seconds to about Perre aning tine
for a singlle wafosespmeyessgamgmramoyge’$ 5©¢nr@bdmab@l5t2me'mb$ﬂjsﬁxtrmrabout 1

e A DSt pRatS! Ged i SR B0a LI (9fer Brotelhity RIS HOR AR5 ™Y Tange

from about 30
seconds to about 1 minute. A most preferred cleaning time for a single

wafer process may range from about 30 to about 45 seconds.

15 The present invention is also directed to a method for removing both
fresh and aged residue from a substrate, such as copper or aluminum. The
method includes the steps of (a) providing a substrate with residue; and (b)
contacting the substrate with a cleaning composition comprising water; and
a synergistic combination of tricarboxylic acid having formula (1) and

20  carboxylic acid having formula (l1). Optionally, at least one
hydroxylammonium compound having formula (111) may be included in the

composition.

The substrate can be contacted with the cleaning composition by
25 any suitable method, such as by placing the cleaning composition into a
tank and immersing and/or submerging the substrates into the cleaning
composition, spray rinsing the composition on the substrate, streaming the
composition on the substrate, or any combinations thereof. Preferably, the
substrates are spray rinsed with the cleaning composition.
30
The present invention also includes a cleaning method used in
combination with the following photoresist stripping processes, which are

typically conducted prior to the present cleaning method. Any suitable dry

10



15 The present invention is also directed to a nethod for renoving both

fresh and aged residue froma substrate, such as copper or alum num Zhg\/‘”ﬂ%
met hod includes the steps of (a) providing a substrate with residue; an Lkb‘)
contacting the substrate with a cl eaning conposition conprising water; and

a synergistic conmbination of tricarboxylic acid having formula (1) and 20
carboxylic acid having fornmula (I1). Optionally, at |east one

hydr oxyl anmoni um conpound having forrmula (I l\lpgg may be included in the

conposi ti on. THEPRIUGEIGCEES Cerhe seddnt adibe B2 Washa agied €aANA§aBonposi ti on by

25 any suit abl @ JiBlRQEmeSUARoRS B¥shb 86hM%EH Nt ¢l,8RRING  FEMpPOSi tion into a
tank and i mmersing and/ or subneryg the substrates into the cleaning

in
conposi tion, sEEayitEdrgithy. ‘PﬁeN@oﬁﬁg&ﬂﬂ?émomf@tﬁé hetgig iy aeiérensed.eam ng t he
conposi tion O”aﬂmeﬁi%’?trﬁ@gp‘?%e?%d t@ﬁ%pgﬁgpb&%'i@@?{g?a@ﬁ{aeé’gmn referably, the

Substrates are spray rinse ani ng conposition. 30 The present
invention also includes a cleaning nethod used in conbination wth the

ol Low s, ot oot AL B SRR L £ MR ag oD o

stri ppi ng procedisacangdnic wsestripping medhaty A% q@inasntioras bigagjc wwatone gas
phase-treat nent

.t i I t t t, hot, H2 . t d i bed
Phts, pa ngreng el iE BoR BERstd ARLd Tbion st sy Tp ErorbHBEN e AHA (o | | Ke.
The preferred stahoppe g PIcE e oSy WeEsiEeas Thagrefbrred waddiippeg, the

cl eaning met hod can al so be us.ﬁﬁ i n feonbi nation wth a %rgfmi ¢ wet
stripping et hB@Ceshly UEGHDEM Y Bhedogagana e \W/ectomtgrf‘?tioﬁﬁ’l"ﬂbtg S can be
used and a per&@fipsdiidr &dné Brddeat avéntedulTthubahalkleinidomethoawe tide

appropriate or%anic wet stripper. The preferred wet strippin .
invention can be used to replace the organic solvent-based post-stfip rinse.

This is preferred because the cleaning composition is a non-
15 corrosive, weakly acidic aqueous solution that will not harm the
environment, Furthermore, the cleaning compositions used in the present
cleaning method may be disposed of in a regular drain system for aqueous

chemical wastes.

20 To illustrate the present invention, the following examples are
provided. It should be understood that the present invention is not limited

to the examples described.

25 EXAMPLE 1
1000 grams of a cleaning solution was prepared by dissolving 5.68
grams (0.0555 moles) 88 wt.% aqueous solution of lactic acid, 15 grams
(0.781 moles) citric acid in a mixture of 7.83 grams (0.0143 moles as
100%) of a 30 wt.% aqueous solution of hydroxylammonium sulfate and
30  971.49 grams deionized water. This solution was used, as is, in

subsequent testing.



10 process is treatnent with ozonated water in conbination with the cleaning
conposition of the present invention. Thus, the cleaning nmethod of th3
i nvention can be used to replace the organic sol vent-based post-strip?*r

This is preferred because the cleaning conposition is a non-

weakly acidic
Fur t her nor e,

the cl eaning conpositions used in the present

aqueous solution that wll not harmthe environnent.

may be di sposed of in a regular drain systemfor aqueous chem cal
20 To illustrate the present inventiBNANWhéEIollomﬁng exanpl es are
provided. It shouldwﬁﬁ under to d t hat thedggesent vent%ﬁan %t limted

to the exanpl es describé geojutpy

rgﬁgre yaOl(S;

MAY 7005

15 corr03|ve,

cl eani ng net hod

wast es.

ean?ng sol ution

was prepar ed bgradws(@oﬂmlmgle@ 8wt .oy aqmo(© 365155n bblset) a88, 1 glbnagjueous

acid g itric.acid in a mxture of
"o hp s abichEloe bril s T Shus bisids s pon of
hydr oxyl ammoni mn%ybffaagemwa&ﬁbo%zlsoﬂﬁxogroanﬁdrdew@mhmfw@b%te ahai s sol ution

sol uti on of
7.83 grans (0

was used, as i s subsequent testi_ng
of a cleanlng %@?ﬁiﬁ

88 wt. % aqueosishsealiehtieqif lactic acid, 10 grams (0.0521 nol es)
acid in a mxture of 7.83 grans (0.0143 m)les as 5 100% of a 30 wt.%

aqueous sol ution of hydroxyl anmoni um sul fate and 970.81 grans dei oni zed
water. This solution was used, as iSgxhmpigipsequent testing. EXAMPLE 3 io

1000 grans of
10

20

25

a cl eani ng solutlon was prepared by dissolving 17.05
1000 grams of a cleaning solution was prepared by dissolving 17.05

grams (0.1665 moles) 88 wt.% aqueous solution of lactic acid, 5 grams
(0.026 moles) citric acid in a mixture of 7.83 grams (0.0143 moles as
100%) of a 30 wt.% aqueous solution of hydroxylammonium sulfate and
970.12 grams deionized water. This solution was used, as is, in

subsequent testing.

EXAMPLE 4
1000 grams of a cleaning solution was prepared by dissolving 11.36
grams (0.111 moles) 88 wt.% agueous solution of lactic acid, 10 grams
(0.0521 moles) citric acid in 978.64 grams deionized water. This solution

was used, as is, in subsequent testing.

EXAMPLE 5
1000 grams of a cleaning solution was prepared by dissolving 6.67
grams (0.111 moles) of glacial acetic acid, 10 grams (0.0521 moles) citric
acid in a mixture of 7.83 grams (0.0143 moles as 100%) of a 30 wt.%
aqueous solution of hydroxylammonium sulfate and 975.5 grams deionized

water. This solution was used, as is, in subsequent testing.

EXAMPLE 6
1000 grams of a cleaning solution was prepared by dissolving 8.44
grams (0.111 moles) of glycolic acid, 10 grams (0.0521 moles) citric acid in

a mixture of 7.83 grams (0.0143 moles as 100%) of a 30 wt.% aqueous

12

citric

MAY 7005 EXAMPLE2 1000 gramns
N VEQIOPIZED 41P&R - HV”UV%@BVVW%@“%%’@6'5d?ans (0.111 nol es)



grans (0.1665 noles) 88 w. % aqueous solution of lactic acid, 5 grans
(0.026 noles) citric acid in a mxture of 7.83 grans (0.0143 noles as ”WDS
of a 30 wt. % aqueous sol ution of hydroxyl ammoni um sul fate and 970. 122dr -
dei oni zed water. This solution was used, as is, in 15 subsequent testing.
EXAMPLE 4 1000 grans of a cleaning solution was prepared by dissolving 11. 36
grans (0.111 noles) 88 wt.% aqueous solution of lactic acid, 10 grans 20
(0.0521 noles) citric acid in 978.64 grams dei oni zed water. This sol ution
was used, as i 80ufign efulyserpvéanempeis $itfateEROAVIELE BorenTDdejpairgd wated- cl eani ng
sol ution was pr,rﬁig%ﬁqupyvagl Ssel g}g} 9% Bequet Wsang. (0. 111 noles) of glacial

0. 0577 “hol &s)

acetic acid, 10 grams ( citric acidin a mxture of 7.83 grans
(0.0143 noles as 100% of a 30 wt.% aqueous sol ution of hydroxyl ammoni um
sul fate and 975.5 grans dei oni zed \A%;(g\prl_@i,s solution was used, as is, in
subsequent testing. 30 EXAMPLE 6 1000 grans of a cleaning solution was
prepared bysdi ssol vidly @ads ofgr desnidsddibrmwdegiepefedghydiesalcingddd8 10 grans

(0.0521 noles) citric,acid, i a_mxture of 7. a 0..0143 nol es as
1009 ot o 30 aieris WG EShEieDon Bl B onsiBegh MiRe A ulE it on: um
sulbf ate atndt 97t37iﬂ6regffamwgfn®a;{0g@lihg\ggéle£ asTbD%)sDialat)ival_r?/o\m]se?@fd, as is, in
subsequent testing. ans cl eani.ng sol ution was
prepared by di §§'Hﬁ?ﬁﬂ ¥ ﬂ?’@’gﬁmﬁ‘r‘)ai’fﬁ‘ %f%&‘ﬁ”dn%‘it’%g? gEﬁm?Tﬁ?’gE'ZEEi‘“@}erio gr ans
(0. 0521 nol es) TaistdolBioBGds ideddas M8, ¥t dibee@lent t&&lingr ans (0. 0143 nol es as

1009%9 of a 30 wt.% aqueous solution of hydroxylammoni um sul fate and 967. 29
grams dei oni®zed wat er.

EXAMPLE 8
1000 grams of a cleaning solution was prepared by dissolving 13.11
grams (0.111 moles) of succinic acid, 10 grams (0.0521 moles) citric acid in
a mixture of 7.83 grams (0.0143 moles as 100%) of a 30 wt.% aqueous
15 solution of hydroxylammonium sulfate and 969.06 grams deionized water.

This solution was used, as is, in subsequent testing.

COMPARATIVE EXAMPLE 1
1000 grams of a cleaning solution was prepared by dissolving 20
20 grams (0.263 moles) glycolic acid in a mixture of 7.83 grams (0.0143 moles
as 100%) of a 30 wt.% aqueous solution of hydroxylammonium sulfate and
972.17 grams deionized water. This solution was used, as is, in

subsequent testing.

25
COMPARATIVE EXAMPLE 2
1000 grams of a cleaning solution was prepared by dissolving 20.06
grams (0.15 moles) DL-malic acid in a mixture of 7.83 grams (0.0143 moles
as 100%) of a 30 wt.% aqueous solution of hydroxylammonium sulfate and
30 972.17 grams deionized water. This solution was used, as is, in

subsequent testing.



This solution was used, as is, in subsequent testing. 10 EXAMPLE 8 1000
grans of a cleaning solution was prepared by dissolving 13.11 granms (Q. &é,l”
mol es) of succinic acid, 10 grams (0.0521 moles) citric acid in a m xtuf 1005
of 7.83 grans (0.0143 noles as 100% of a 30 w. % aqueous 15 sol ution of

hydr oxyl ammoni um sul fate and 969. 06 grans dei oni zed water. This solution

was used, as is, in subsequent testing. COVPARATI VE EXAMPLE 1 1000 grans of
a cleaning solution was prepared by dissolving 20 20 grans (0.263 nol es)
glycolic acid in a m xture of CO&PARANVE(EXAWMI E®I es as 100% of a 30

wt . % aqueous sol uti of hydroxyl ammoni um sul fate an 972.17 qr

dei oni zed wat er, Th@rsbos%m%ioéﬁ NEE ',Jtlogswzfssy?repﬁre %’éﬁq}}éﬂ?%pg&fi ng. 25
COVPARATI VE EXdWRIsE02 310001eg) amatpic z@idheanixige 90783 grameqs qaugpar ed by

di ssol vi ng 20. 06 garaﬁoo}o. 15 moles) DL-malic acjd in a mxture of 7.83

grams (0.0143 MBICESS W75 3Gt % aayerts op'HbRie8LRYE BT BIPNEM

hydr oxyl anmoni ifesibh@be2 andramd? 08ibRizéd WG ke QDG edaYaLEd -asT8l S sol ution
was used, as is, in subsequent testing. 13 2 "1 MAY 21]05 COWPARATI VE

EXAVPLE 3 1000"gHaRRIusMt d%ingani ng sol uti on was prepared by di ssol ving 20. 03
grans (0.134 noles) L-tartaric acid in a mxture of 7.83 grans (0,0143
nol es as 100% of a 30 wt. % aqueous sol uti on of hydroxyl anmonium 5 sul fate

and 972.17 grans deioni zed wat ePMPARATIVE EXAW’L\éé used, as is, in
subsequent testing.7436 grams of a cleaning solution was prepared by dissolving 31.31

10 grams (0.076 moles) 45-50 wt.% aqueous solution of D-gluconic acid in a
mixture of 5.82 grams (0.035 moles as 100%) of a 30 wt.% aqueous
solution of hydroxylammonium sulfate and 706.43 grams deionized water.

This solution was used, as is, in subsequent testing.

15 COMPARATIVE EXAMPLE 5
1000 grams of a cleaning solution was prepared by dissolving 20.02
grams (0.17 moles) succinic acid in a mixture of 7.83 grams (0.0143 moles
as 100%) of a 30 wt.% aqueous solution of hydroxylammonium sulfate and
972.17 grams deionized water. This solution was used, as is, in

20 subsequent testing.

COMPARATIVE EXAMPLE 6
1000 grams of a cieaning solution was prepared by dissolving 20.03
grams (0.33 moles) glacial acetic acid in a mixture of 7.8 grams (0.0143
25 moles as 100%) of a 30 wt.% aqueous solution of hydroxylammonium
sulfate and 972.3 grams deionized water. This solution was used, as is, in

subsequent testing.

COMPARATIVE EXAMPLE 7
30 1000 grams of a cleaning solution was prepared by dissolving 22.72
grams (0.222 moles) 88 wt.% aqueous solution of lactic acid in a mixture of

7.83 grams (0.0143 moles as 100%) of a 30 wt.% aqueous solution of



COMPARATI VE EXAMPLE 4 743.6 grans of a cleaning solution was prepared by
dissolving 31.31 io grans (0.076 noles) 45-50 wt. % aqueous sol ution Zf._, Y 7005
D-gluconic acid in a mxture of 5.82 grans (0.035 noles as 100% of ’3% '
wt . % aqueous sol ution of hydroxyl anmoni um sul fate and 706. 43 grans

dei oni zed water. This solution was used, as is, in subsequent testing. 15
COVPARATI VE EXAMPLE 5 1000 grams of a cleaning solution was prepared by

di ssolving 20.02 grans (0.17 noles) succinic acid in a mxture of 7.83
granms (0.0143 molres/larasiobRa¥gultfie an806WMi4 Yraqs éoinsized wHteonTos

hydr oxyl ammoni um sul fate and .972.17 grans _dei oni zed water. This sol ution
was used, as i3 UTN ¥Ry Uik &Gt St‘%se%'* URQLte ARATI VE EXAMPLE 6 1000 gr ans
of a cleaning solution was prepared by dissolving 20.03 grans (0.33 nol es)
glacial acetic acid in a mxture of 7.8 grapns (0.0143 25 noles as 100% of a
30 wt. % aqueous sol ution of hy@PWﬁ%ﬁﬁB% EXAMELHE &t e and 972.3 grans

dei oni zed water. Th®oIPhMkIRD NEMHiME&IutiRSwaSprebBredHRSEMBIGRE 16@ST 1 NG.
COVPARATI VE EXAMPLE 7 30 1000 grans of a cleaning solution wasS prepared by

di ssol vi ng 22. 92MsgPeltd Molespol qisiiesydad) - Moramatlitaugols) Gitioacidin | acti c

acid in a mxtypeyafe of77-.§§89§n"i‘é7150.®9430r%6%s%@!1@@%‘5}% 100%t Afafiedls W - % aqueous
solution of 14 2 7 I~ A 2005 hydroxyl ammoni um sul fate and 969. 44 grans

dei oni zed wat ePQlUtHI & Nygrawlasmmarismusdale e 9217 arasmdeiguiend weést i ng.
i ssol ving 10, 0 gruem e et AR e Eadiingd Y1070 grame (0 052
noles) citnpc acid in
COMPARATIVE EXAMPLE 9
1000 grams of a cleaning solution was prepared by dissolving 20.0
grams (0.222 moles) of oxalic acid in a mixture of 7.83 grams (0.0143
moles as 100%) of a 30 wt.% aqueous solution of hydroxylammonium
15 sulfate and 972.17 grams deionized water. This solution was used, as is,

in subsequent testing.

COMPARATIVE EXAMPLE 10
1000 grams of a cleaning solution was prepared by dissolving 20.03
20 grams (0.095 moles) citric acid in a mixture of 7.83 grams (0.0143 moles as
100%) of a 30 wt.% aqueous solution of hydroxylammonium sulfate and
972.17 grams deionized water. This solution was used, as is, in

subsequent testing.

25 COMPARATIVE EXAMPLE 11
1000 grams of a.cleaning solution was prepared by dissolving 10.0
grams (0.111 moles) of oxalic acid, 10 grams (0.0847 moles) succinic acid
in @ mixture of 7.83 grams (0.0143 moles as 100%) of a 30 wt.% agueous
solution of hydroxylammonium sulfate and 972.17 grams deionized water.

30 This solution was used, as is, in subsequent testing.



a mxture of 7.83 grans (0.0143 noles as 100% of a 30 w. % aqueous

sol ution of hydroxyl amoni um sul fate and 972. 17 grans dei oni zed water. . @‘iy‘ﬁ(ﬁ
solution was used, as is, in subsequent testing. 10 COVPARATI VE EXAMPLE

1000 grams of a cleaning solution was prepared by dissolving 20.0 grans
(0.222 noles) of oxalic acid in a mxture of 7.83 grans (0.0143 noles as
100% of a 30 wt. % aqueous sol ution of hydroxyl anmoni um 15 sul fate and

972.17 grans deionized water. This solution was used, as is, in subsequent
testi ng. COVPARATI VE EXANMPLE 1QOWEPRRATINEEAMELEl Bani ng sol uti on was

prepared by dissolv 2 I 0 QL n a

m xture of 7.83 gr allrr(gﬂ)(é(%a?fnI an%?%g%gg()iw%\g/?s g?ép§§%b8¥\ﬂs‘§/gl\/ﬁ@eou2 sol ution
of hydroxyl anmgrans{Osl f aibkesantoxic 2ciH7 1 gBamBarde@mi ZGdala\Q)t&&wt %hi s sol ution
was used, as is, in se nt. test.i 11 1000
grams of a. cl 8AKTHY Sggﬁﬂlﬁnﬂgﬁaﬁéécﬂ"ﬁﬁq?'éér%ﬁ?}z ?%?mlsﬁa%lﬁ Vi Eﬁﬁ?’rs (0.111
nmol es) of oxal 100%¢bUa 3DAVYL BB d@s &Bdﬂonrmlhesr)oxslummoma@mdte ag a m xture
of 7.83 grans @2{)% 43 nol es as 1000/? f % aqueous . sol ution of

hydr oxyl anmoni QI DS dgipdizgdavatel. g %%OIH%Q%WI'S‘%HEG SgP.'M 30 This solution
was used, as |gubgd¢u§ﬁb@§%nt testing. 15 MAY 2005 COVPARATI VE EXAMPLE 12
1000 granms of a cleaning solution was prepared by dissolving 10.0 grans
(0.111 noles) of oxalic acid, 11.36 granms (0.111 noles) 88 w.% aqueous

solution of lactic acid in a ngEgMEARRTIVE B9aMPES140. 0143 noles as 5 1009
of a 30 wt.% aqueous_sol ution of hydr oxlyl ammoni um sul fate and
10 1000 grams of a clean:ng solution was prepared by dissolving 20.00

grams (0.095 moles) citric acid in a mixture of 7.83 grams (0.0143 moles as
100%) of a 30 wt.% aqueous solution of hydroxylammonium sulfate, 0.094
grams of a 25wt.% aqueous solution of tetramethylammonium hydroxide
and 972.072 grams de-ionized water.

15

WEIGHT LOSS METHOD FOR THE DETERMINATION OF COPPER
AND ALUMINUM METAL SUBSTRATE COMPATIBILITY WITH
CLEANING SOLUTIONS
20
Substrates used in these tests were obtained from WaferNet, inc.
The substrates used in these tests were 4 inch silicon wafers that were
blarket-coated with approximately 5056 Angstroms copper or 4515

Angstroms aluminum.

Approximately 800 mL of cleaning solution was placed in a 1000 mL
glass beaker. A 3.7 cm long magnetic stir bar was introduced into the
beaker. The beaker containing the cleaning solution and magnetic stir bar
was placed on a RET Control-Visc $1® mode! constant

30 temperature/constant speed hotplate/stirrer (IKA® Works, Inc.). The
temperature of the cleaning solution was adjusted and maintained at 23°C.

The stirring rate was maintained at 200 rpm.



970. 81 grans deionized water. This solution was used, as is, in subsequent
testing. COVPARATI VE EXAMPLE 13 10 1,000 grans of a cleaning solution was,, ..
prepared by dissolving 20.00 grans (0.095 noles) citric acid in a m e 1003
of 7.83 grans (0.0143 noles as 100% of a 30 w. % aqueous sol uti on of

hydr oxyl ammoni um sul fate, 0.094 grams of a 25w . % aqueous sol ution of

t et ranet hyl ammoni um hydr oxi de and 972. 072 grans de-ionized water. 15 WEI GHT
LOSS METHOD FOR THE DETERM NATI ON OF COPPER AND ALUM NUM METAL SUBSTRATE
COVPATI BI LI TY W TH Tt 5Nt M SSb AT G N2 ppksldaabe oS anutes im@se tests

were obtained from feryet, Inc. The substrateg u&ed in these tests were 4
inch silicon wATRPE Pl TRemEeCBnftkaeeEonted wPE N BirbFeXP Hat@PY 5056

Angst rons coppefrdemini AL bate ANESL drRIIEN Al stk MPnit AP P eBEESMNE00 m - of

cl eaning solution was placed in a 1000 niL EI ass beaker. A 3.7 cm|long

magnetic stir B&FARRI PAlerowassleited Re O BEaIr WiThd Np&t®i® Wiht ai ni ng t he
cl eani ng sol ut inifle@Bd iTREANEd LIl dAbr 18Rk aeelcphapRRT THant rol - Vi sc

\

S1(r) nodel constant 30 tenperature/constant spee'dr hot pl ate/stirrer
(1 KA(r) Wor ks, Yater yastirn remegysdranduinsed forthainglasaniangiresdn at iresh was adj ust ed

and a0t ai neds b2 CnaicINInBLIAIE! AobaldReuaRBDk ) Dededin 400 TP 162 7

MAY 2005 Test substrates were ultrasoni caIIyr recl eane r 5 mnutes in an
acet one bat h. ThHegdpr ethewawtt phtherdsiederecesiek vefeis Mas®neoBigels anmount

determined to + 0.01 mg (“Wy"). The etch of the metal substrates was then

10 calculated using the following equations:

Copper Etch Rate (Angstroms/min)= (137662.1983) x (W-W()/15 min
Aluminum Etch Rate (Angstroms/min)= (457020.7403) x (W;-Wy)/15 min

15 Etch Rates per Mole of Acid that are summarized in Table 1, were
determined as follows: Aluminum (or Copper) Etch Rate/(moles of acid per

1000 g of cleaning solution).

Table 1
Copper Etch Aluminum
Rate per mole Etch Rate
Acid acid per mole pKa1 | PKa2 | pKa3
(Ang/min/mole} acid
Comparative HOCH,CO,H 17.8 12.7 3.83
Example 1
Comparative HozccH2$HCOZH 24.07 2.02 3.48 5.1
Example 2 OH
Comparative (?H
Example 3 HOZC?HCHCOZH
OH 31.5 0 3.22 | 4.81
Comparative OH ?H 35.79 3.86
Example 4 HOCH;(l:HCH(!:HCHCOZH
OH OH




of deionized water then dried in a streamof nitrogen. The weight of the

precl eaned wafers was determned to 0.01 nmg ("W"). The wafers were § _

imrersed in the cleaning solution for 15 mnutes 123(-'/200 rpn). The £ il FGOS

was then renoved and rinsed for 5 mnutes in a streamof fresh deionized

water. The water rinsed wafers were dried in a streamof nitrogen. The

wei ght of the dried processed wafers was once again determned to 0.01 ng

("W'"). The_etch of the netal substrates was then to calculated using the

fol | ow ng equations:] Copper Etch Rate (Angstrons/mn)= ((137662. 1983) x| (W

-W)/15 min PoAb;uguvaum b gdedRatie oL ANg'st r oms7am n) = (457020. 7403)) 584 (W )/ 15

mn 15 Etch )@?@r& per Mole of Acid that are sunmmarized|in Tafble 1, were

determ ned|a | ows: Al um num (or Copper) Etch Rate/(noles jof acid per

1000 g of c,IC@mnarntgesol ut i 6H)CO.Aabl e 7 Copp® FEtich Arani rum76gate pger nple
o

Etch Rate Ackghnpeisd per nol e pKal PKa2 pKa3 (Ang/ m n/mole) id Conparative |
HOCH2OO2H 181271383 Exanpl-e-1 OFPALH at-i-veHORCCHI CH 2407202
3.48 5.1 BANBIE"S (oHBEHIRFA YR i EXanpl e B HOPECHAHCERH OH 31.5 p 3.22 .
4.81 Conpar &dmpe’O4 OH 35.79 3.86 1/ 1 Exanpl e 4 HOCH2QHCHCHCHCOZH OH OH

Comparative HO,CCO,H 84.08 14.85 1.271 [ 4.272

Example 9

Comparative <|:H2cozﬂ

Example 10 H0~?C02H

CH,COH 26.08 8.75 3.128 | 4.76 | 6.39

The data contained in Table 3 show acids that having pKa values
less than 3.0 are very corrosive to copper substrates and are unacceptable

5 for use in the present invention.

POST ASH RESIDUE CLEANING EFFICIENCY METHOD 1

10 Patterned and etched dual damascene copper and low k wafers
obtained from Sematech International were used for these tests. The

damascene thin film stack is described in Table 2.

Table 2
Film Layer Description Thickness
(Angstroms)
SiCN-SiC Capping Layer ~2500
Porous MSQ | Inter-layer dielectric ~3000-4000
SIiCN Trench etch stop ~1000
Porous MSQ | Inter-layer dielectric ~3000-4000
SiCN Via etch stop ~1000
Copper Metal ~4000

18



17 2 7 MAY 2005 Conparative HOR2CCH2CH2CO2H 14.79 0 4.21 5.64 Exanple 5
Conparative CH3CO2H 20 58 2.74 4.76 Exanple 6 Conparative CH3CH( O )CSZ?—LY 2005
18.77 14.98 3.66 Exanple 7 Conparative HO70002H 84.08 14.85 1.271 4

Exanpl e 9 Conparati ve CH2CO2H Exanple 10 HO- 0002H I CH2CO2H 26.08 8. 75
3.128 4.76 6.39 The data contained in Table 3 show aci ds that having pKa

val ues less than 3.0 are very corrosive to copper substrates and are
unacceptable 5 for use in the present invention. POST ASH RESI DUE CLEAN NG

EFFI CI ENCY NEmr@sépgP@ée%@rnmﬁgnﬁggn@EﬁQﬁgtr%aAreQ!@ f &RRPgr and Iow k

waf ers obtained from Sematech I'nternational were used for these tests. The
damascene thin filmstack is described in Table 2. Table 2 Film Layer
Description Thickness (Angstrons) SikCN.SjC Capping Layer -2500 Porous MSQ
Inter-layer dielectric -3000-4000 Si CN“Trench etch stop - 1000 Porous VEQ

Inter-layer dielectric -3000-40BARG CN ViBaeeechUstany {1000
Photoresist: Shipley Uve® |
Etch Chemistry: C4sFs RIE
Ash Chemistry: No/Ho> Ash

5 Etched via dimension is approximately 0.25 micrometers in diameter and

etch trench dimension is approximately 1.5 micrometers.

Approximately 800 mL of cleaning solution was placed in a 1000 mL
glass beaker. A 3.7 cm long magnetic stir bar was introduced into the
10 beaker. The beaker containing the cleaning solution and magnetic stir bar
was placed on a RET Control-Visc $1® Model constant
temperature/constant speed hotplate/stirrer (IKA® Works, Inc.). The
temperature of the cleaning solution was adjusted and maintained at 23°C.

The stirring rate was maintained at 200 rpm.

Post-ash, test substrates were cut into pieces. Individual pieces of

the test substrate were placed in a 6.7 cm diameter, polypropylene basket.
The basket containing the piece of test substrate was then immersed in the
cleaning solution for 15 minutes (23°C/200 rpm). The basket was then

20 removed and rinsed in a cascade deionized water bath for 5 minutes. The
water rinsed pieces of test substrate were dried in a stream of nitrogen. A
thin fayer of gold was sputtered on to the dried piece of test substrate. The
relative degree of removal of post ash residues was estimated by
examining the gold-coated piece of test substrate at 30,000x to 100,000x

25  using a Hitachi Scanning Electron Microscope. The results are

summarized in Table 4.



Copper Met al

-4000 18 2 MAY 2005 Photoresist,
chem stries are described in Table 3. Table 3 BARC. Brewer -
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The results are

Mgcale:

-t_%&élahi\ple%’ AT 119 fEi ectrpn—M-croscop
Example 3 3
Example 4 2
Example 5 3 1
Example 6 2 1
Example 7 2 1
Example 8 3 1
Comparative | Excessive attack
Example 8 on copper
substrate
Compareative 5
Example 10
Comparative Exceséive attack
Example 11 on copper
substrate
Comparative | Excessive attack
Example 12 on copper
substrate

1 = complete removal of post ash residue.

5 = no removal of post ash residue.

The data contained in Table 4 show that, for demanding substrates

(i.e., “aged” substrates), the biend of a carboxylic having pKa values

ranging from about 3 to about 6 with a tricarboxylic acid are superior in

cleaning efficiency to a formulation containing only a tricarboxylic acid.

20

Additionally, comparison of the results obtained for Example 2 with the



summari zed in Table 4. 19 27 Vii A

Substrates "Fresh" Substrates Conparative 2 Exanple 7 Exanple 1 4
2 1 Exanple 3 3 Exanple 4 2 Exanple 5 3 1 Exanple 6 2 1 Exanple 7 2 1

Exanple 8 3 1 Conparative Excessive attack Exanple 8 on copper
Conparative 5 Exanple 10 Conparative Excessive attack

substrate Conparative Excessive attack

20

25

30

results for Comparative Example 7 and Comparative Example 10 clearly
demonstrates the superior performance realized by the blend of a
tricarboxylic acid and a carboxylic acid having pKa values ranging from
about 3 to about 6 of the present invention, compared to compositions

containing a single acid component.

For less demanding substrates (i.e., “fresh” substrates), the blend of
a carboxylic having pKa values ranging from about 3 to about 6 with a
tricarboxylic acid is efficient enough to obviate the need to use an

hydroxylammonium compound.

The formulation of Example 2 was also tested for post ash residue
cleaning efficiency using Methods 2 and 3 below. The results are reported
in Table 5.

POST ASH RESIDUE CLEANING EFFICIENCY METHQOD 2

Method 2 is identical to Method 1 above except for the following.
The temperature of the cleaning solution was varied as described in the
Table 5. Wafer pieces were placed within the prongs of plastic tweezers
and immersed into the cleaning solution for a specific time as noted in
Table 5. Cleaning was accompanied by high agitation in the following
manner. The wafer portion was moved in a forward and upward motion,
followed by a downward and backward wrist motion at an approximate
frequency of 60 to 100 times per minute. The plane-of the wafer piece was
positioned in a 90° angle to the plane of the motion. This method was
employed to mimic in a beaker the high agitation found in a single wafer

process.

21

v

2005 Table 4 Rel ative Degree of Relative
Degree Post Ash Residue of Post Ash Renoved (1) Residue "Aged" Renoye

M;zgo‘j

Substrate
Exanpl e 11 on copper



Exanpl e 12 on copper substrate f'fScale: 1 = conplete renoval of post ash
residue. 5 = no renoval of post ash residue. 5 The data contained in Te}vb\l &5
4 show that, for demanding substrates (i.e., "aged" substrates), t he 8l élt):d'L
of a carboxylic having pKa values ranging fromabout 3 to about 6 with a
tricarboxylic acid are superior in cleaning efficiency to a fornulation
containing only a tricarboxylic acid. to Additionally, conparison of the
results obtained for Exanple 2 with the 20 2 7 MAY 2005 results for

Conpar ati ve Exanpl epésanflsHorpsimiE ce ERnaNBl ErrdtieiegsigTdeOmest rat es the
superior performance realized by the blend of a tricarboxylic acid and a
carboxylic acid having pKa values ranging from about 3 to about 6 of the
present invention, HOIRAREH ERpRREB AR £4AMSoPECARLANMNGiR S BEbR acl d
conponent. For |ess demandi ng substrates (i.e., "fresh” substrates), the

bl end of a can@éﬁEWQ‘chﬁa@i”Ngl Wwalgrsvas dessribethii Metheedm Hisbptocgss waabout 6

with a trigarBoxkhih 86l bohSerSlfl 6f £t enRUELLdR, OONIAH Rob Bfonegd, to use an
i o hydroxyl ammoni um conpound. The fornulation o anpl e 5 was al so tested
for post ash réswauer thelvwaiei algp &ew rae ©hdH0 udilitey/ Wsmtmlds 32 seednds.bel ow. The

VETHOD 2 Vet hog e R RS o Bl SRR e BB SR Ve oui no.
20 The t enper atiisecofd pdreodc| Banimag (aowetiibgra dwmsnizedivedteasnskeocbbbed i n t he
Table 5. Véfer sgicoen%gsanm gn meavggt%r\\’w“ag gbﬂn Erquopﬂggggon%fs aql1%abir8m'¥ weezers
10  Wafers were cut into pieces, sputtered with a thin layer of gold and
inspected on a Hitachi Scanning Electron Microscope as described in

Method 1. The result is given in Table 5.

Table 5
Cleaning Time Resuit
Temperature
Comparative Method 2 23°C 2 minutes Not all residue
Example 13 removed
Example 2 Method 2 23°C 2 minutes No residue
Example 2 Method 2 40°C 2 minutes No residue
Example 2 Method 2 40°C 1 minutes No residue
Example 2 Method 2 40°C 30 seconds No residue
Example 2 Method 3 21°C 30 seconds No residue

The data in Table 5 illustrates that the prior art cleaner (Comparative
Example 13) does not completely clean in a two minute period. The
cleaning composition of this invention with the combination of a carboxylic
20 acid with a tricarboxylic acid completely cleans post ashing residue in 30
seconds. Cleaners employed in single wafer tools have a requirement of
short (less than 2 minute) cleaning time to be commercially viable, and the

compositions of the present invention meet this demanding requirement.

22



and imMmersed into the cleaning solution for a specific tine as noted in
Tabl e 5. d eani ng was acconpani ed by high agitation in the foll ow ng 7 MAY 7005
manner. The wafer portion was noved in a forward and upward noti on, o8 [ MAT
foll owed by a downward and backward wi st notion at an approxi nmate

frequency of 60 to 100 tinmes per mnute. The plane of the wafer piece was
positioned in a 90 angle to the plane of the notion. This nethod was

enployed to minmc in a beaker the high agitation found in a single wafer

pr ocess. 30 21 2 MAY:00Bhe BRETs3d (RASh ke QL FANLYGIHBRICHENCY VETHOD 3

Thi s net hod enpl oyed the Sem Tool Equinox MTIlennium a single wafer too
with 8 inch wafles&ityg ohecreped nveriet hyaraus Atesnphesesd madiicaiopar ri ed out

at a tenperat ugg, gt 4@k bg%selsﬁﬁea ngm%,olntummt\e@ ar%h%@r‘&?rdthteo | ow over the
wafer at a flowrate of 2 liter/ mnute for conds Subsequent vy,
the cl eani ng stVefidon Aresrdiedpvibe etesenbinyeMeniafréendrst iorignracq sllsecond

period. This m@§+quhgmgg bxn&!ggmhggkzgdq£@%§r rinse for 55 seconds and
then the wafer was spun seconds 1800 rpm to Wafers were cut
into pieces, sputtered mnth a thln | ayer of gold and inspected on a Htach
Scanni ng El ectron M croscope as described in Method 1. The result is given
in Table 5. Table 5 Ceaning Tine Result Tenperature Conparative Method 2
23C 2 minutes Not all residue Exanple 13 renoved Exanple 2 Method 2 23C 2

m nutes No residue Exanple 2 Method 2 40C 2 m nutes No residue

23



Example 2 Method 2 40C 1 mnutes No residue Exanple 2 Method 2 40C 30
seconds No residue Exanple 2 Method 3 21C 30 seconds No residue 1S h’j\/ 2005
data in Table 5 illustrates that the prior art cleaner (Conparative H%Ig
13) does not conpletely clean in a two mnute period. The cleaning
conposition of this invention with the conbination of a carboxylic 20 acid
with a tricarboxylic acid conpletely cleans post ashing residue in 30
seconds. (Cl eaners enployed in single wafer tools have a requirenent of

short (I esgvﬁﬁgﬁszc\ngMéE’)'sél eaning time to be comrercially viable, and the
conpositions of the present invention neet this demanding requirenment. 22 2
7 MAY 2005 It should be understood that the foregoing descriptionis only
illustrative of Athen-poessne cleaneny composiiion caspabingt nat i ves and

nodi fi cati ons n be devjsed by those skilled in the art w thout departing
fromthe i nvenf‘”i' o‘ﬁ‘?‘tehc%lflr dingly, the present invention is intended to

enbracesal | 5 syugha a)AdtgRaEICHADINIRSH b SAbaNBHeANSabRKRNSEE.and2] 2 MAY 2005
WHAT | S CLAIMED I'S: 1. non- corrosi ve cl eaning conposition conprising: (a)

water; and 5 (bjeastopacrgiawiie agshbi nation of at |east one tricarboxylic
acid and at | e%%r&ﬂ%a?&‘éﬁﬁé@s‘ﬁﬁ c%%d?m%}%eﬁ%'aﬁb gﬂbgsfé’ﬁ‘@h?éa%é yEonbi nat i on
of said at |east oné tricarboxXxylic acid and sard at |east one carboxylic
acid i s present acil sal shid@tpesst tonercarboxydic weidghtpresgnton shidadmupositién t o about
5:1. 10 in a weight ratio of about 1:5 to about 5:1.
10
2. The composition of claim 1, wherein said composition removes an etch

residue from a substrate.

3. The composition of claim 2, wherein said etch residue is a plasma etch

15 residue.

4, The composition of claim 1, wherein said synergistic combination of
said at least one tricarboxylic acid and said at least one carboxylic acid
provides an enhanced cleaning composition compared to a cleaning

20 composition having only tricarboxylic acid or carbexylic acid alone.

5. The composition of claim 1, wherein said at least one tricarboxylic acid

has the formula:

(CR'R?),,COzH
R—C—(CR’R?),,CO.H

(CR°R®),CO,H
25
wherein n, m, and p, are each integers independently ranging from 1 to
6; R, R', R?, R3 R* R® and R® are each independently selected from

the group consisting of hydrogen, hydroxy!l, mercapto, alicyclic or cyclic
24



2. The conposition of claim1, wherein said conposition renoves an etch
residue froma substrate. 3. The conposition of claim2, wherein said egﬁ§70%
residue is a plasma etch 15 residue. 4. The conposition of claiml, &ﬁ in
sai d synergistic conbination of said at |east one tricarboxylic acid and
said at | east one carboxylic acid provides an enhanced cl eaning conposition
conpared to a cl eaning 20 conposition having only tricarboxylic acid or

carboxylic acid al one osition of claim1, wherein said at |east
one tricarboxyl ihioeipe s h%‘%g t1 He qn%r’%” gtor@%@ww?m@@gro%waw@@gm) mCO2H

(CRSR6) PCO2H 23 c‘é!ﬂ%r?ét’&rﬁb I&eﬁ‘t@r@n@he@b?h@@&r@lﬂgﬂE‘g&%sshéﬂﬂﬁﬂ%d@m|y
ranging froml to 6; R R2, R3 , are each i ndependently

sel ected from CW@OQraig!pj\SCOYﬁﬂcﬁikﬂ@f@ipwaraﬂgéﬁO theatbex promaepleet.o,
alicyclic or cy i éé ﬁ 20115 t hi oethers having 1 to 6 carbon atons,
| ower al koxy gr %s “ ¥4 carbon atons, |ower branched or |inear

al kyl gsoups haWhé@oﬁnptdEltl%n sfadl&ians aviosrein candlatmeﬁtbyib tdcarbpsylaaditg 3 to 6
car bon at ons, p enyl ar nitro aq(ij hal ogen. The corrp05|t| on of
claim5, wherei haﬁawasﬁ fqr@é’@ Isypaeqte ES%WVPHP&@PG'S“H%\WW said formul a

bot a ot hyl £ 11 o BarT g o oA B e et 1 spr opi oni o
acid, and 2- (cantbr@xr}éthanatytbpmmx)msacm and 2-@artthxylmethylthio) succinic
acid.
10
7. The composition of claim 1, wherein said at least one tricarboxylic acid
is present in said composition in an amount about 0.01 wt.% to about

10 wt.%.

15 & The composition of claim 1, wherein said at least one tricarboxyiic acid
is present in said composition in an amount abcut 0.05 wt.% to about 3
wt. %.

0. The composition of claim 1, wherein said at least one tricarboxylic acid
20 is present in said compositicn in an amount about 0.1 wt.% to about 2
wt. %.

10.  The composition of claim 1, wherein said at least one carboxylic acid
has a pKa between about 3 to about 6.
25
11.  The composition of claim 1, wherein said at'least one carboxylic acid
has the formula:

rR2—(cr'R%),CO.H

30 wherein g is an integer ranging from 0 to 6; R’, and R® are each

independently selected from the group consisting of hydrogen,
25



10 7. The conposition of claim1l, wherein said at |east one tricarboxylic
acid is present in said conposition in an anount about 0.01 wt.%to z}bow\{ 7005
10 wt. % 15 8. The conposition of claiml1l, wherein said at | east one '
tricarboxylic acid is present in said conposition in an anmount about 0.05
w.%to about 3 wt. % 9. The conposition of claim1l, wherein said at |east
one tricarboxylic acid 20 is present in said conposition in an anount about

0.1 wt.%to about 2 vvt % conp cl ai , ~Wherein said at
| east one car boRYdT&EYa ﬂqicaﬂt&sagcyr?ﬁ%%@fa}@éh'o& ?"@V't”&nmlfbﬁtcaébor% 11. The
conposi tion of §io@h§nléwe%&6§%@r&ﬂjs%aaﬁnd €3Sk AMBok AfRAXYbivEr acid has the
formula: R (CR RS erein IS an integer ranglngfrom0t06 R7,

and R8 are eachbraﬂ%éﬁéﬁd'@ﬁﬁr?5k§kﬂlr@épébafﬂﬂérﬂ1 tore CaranmpAtetiss pyeliongfkdf
hydrogen, 25 2%.7 ugé'é"trgaqgﬁgcg:%%%r% bn a%ﬁ&ﬁwteﬂg\ 3 ICX‘ﬁJo'éhoOﬁ:ﬁ8§8N§

t hi oet hers haV| on a roups 4
car bon &t ons, selbrciichad the glrmwmmnsuétlny_;l ongymiu@gBmmrhmg(yllic ta@|d4 car bon

and-hal ogen: abk%' o TEEBap G P o1 el e Eemuni: T RS Gprogh ogen.

carboxylic aci datorﬁ@/%@éyhmoafgﬁﬁms%amg ¢ Y& Uicar®én 6¥drhd Qowbi oet hers havi ng
1to 6 carbon atons, |ower a r oups haV|%glto4carbon atons, | ower
£

branched or | i neeanchkdyar IIQEBUPKYI‘@[@M@ hgvmg Utocheptenaterms, crgii alkylal ky|
groups having 3,10, 25091 185U HnoR BN prRRY!, anl! hitd AhhiaLegen:
10
12. The composition of claim 11, wherein said at least one carboxylic acid
having said formula is selected from the group consisting of: formic,
acetic, propionic, butyric, valeric, trimethylacetic, isovaleric, succinic,
methylsuccinic, glutaric, suberic, glycolic, lactic, 2-hydroxyisobutyric, 3-
15 hydroxybutyric, malic, citramalic, tartaric, ethoxyacetic, tetrahydro-3-
furoic, diglycolic, mercaptosuccinic, thiolactic, cyclohexylacetic,

dicyclohexylacetic, and 1,1-cyclohexanediacetic.

13.  The composition of claim 1, wherein said at least one carboxylic acid is
20 present in said composition in an amount about 0.01 wt.% to about 10
wt. %.

14.  The composition of claim 1, wherein said at least one carboxylic acid is
present in said composition in an amount about 0.05 wt.% to about 3
25 wt. %.

15.  The composition of claim 1, wherein said at least one carboxy|_ic acid is
present in said composition in an amount about 0.1 wt.% to about 2
wt. %.

30

16.  Canceled.

26



10 12. The conposition of claim1l, wherein said at |east one carboxylic

acid having said fornula is selected fromthe group consisting of: fzgg%@ﬂmm
acetic, propionic, butyric, valeric, trinethylacetic, isovaleric, sucéi'nc,*
met hyl succinic, glutaric, suberic, glycolic, lactic, 2-hydroxyisobutyric, 3
15 hydroxybutyric, malic, citramalic, tartaric, ethoxyacetic, tetrahydro-3-
furoic, diglycolic, nercaptosuccinic, thiolactic, cyclohexylacetic,

di cycl ohexyl acetic, and 1, 1-cycl ohexanedi acetic, 13. The conposition of
claim1l1, wherein said at |east one carboxylic acid is 20 present in said

conposi tiog in-an amount. 1 9 -lagmg - 9% 14 . The
conposi ti gﬁ of T%I“al m ‘g‘f’g'mﬁggpﬁg‘%gr gwg{e{%tggxst ongg%g? Bégﬁq?m"%méc?fd IS
present in sai dagbapesst dentricarzoxyédicauidtarabeaitl =0 |8t wheXattoogtiowtidd 25

w.% 15. The conposition of claiml, wherej aid at | east one carboxylic.
acid is preset Pi§7e8hIS? r?ﬁBbqqsir'pl%‘ nR ‘ﬁﬁ‘ghﬂﬁiﬁ’tdaagi%'“g?tfﬁ\?@%%% about’ 2
w. % 530 16. Canceled. 26 MAY ?1i05 17. The conposition of claim]l,
wherein said synergistic conbination of said at |east one tricarboxylic acid
and sai d dt8.| edde emepesitivoR)tiatm demirerein spidesynargishic sampiredwpodi tion in a

wei ght ratio of X . . sition.of claiml,
wherein said sfﬁgc?éﬁé?%fcg%%%%ﬁg%ggaép %sdigﬂdg???agsgs 80%E6$9fi“§§|95}0xyl iC
acid and said a pleast irossid canipoetidntnacwdight satjer elsedutitm . sai d conposi tion
in a weight ratio of about 1:1. 10 19. The conposition of claim1, further
conprising at |east one

10 19. The composition of claim 1, further comprising at least one

hydrovvlammonium compound having the formula:

r(NR'R"R?0H) ()

wherein R'®, R“, and R are individually selected from hydrogen, lower
15 alkyl groups having 1 to 4 carbon atoms, lower atkoxy groups having 1
to 4 carbon atoms, hydroxyl and hydroxyl-substituted lower alkyl groups
having 1 to 4 carbon atoms, with the proviso that at least two of R0 RY
and R'? are either hydrogen, lower alky! group or lower alkoxy group,
and wherein X is an anionic moiety that forms a water-soluble salt with
20 the hydroxyl ammonium cations or quaternary ammonium cations, and r

is the valence of X and is from 1 tc 3.

20.  The composition of claim 19, wherein said at least one
hydroxylammonium compound is at least one selected from the group
25 consisting of: hydroxylammonium salts, hydroxylammonium nitrate,
hydroxylammonium sulfate, hydroxylammonium phosphate,
hydroxylammonium chicride, hydroxylammonium oxalate,
hydroxylammonium citrate, hydroxylammonium fluoride, N,N-
diethylhydroxylammonium sulfate, and N, N-diethylhydroxylammonium

30 nitrate.
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hydr nvv aanmmoni um conpound having the formula: r(NRLORL1IR12CH) ()(-r)
wherein R10, R', and R12 are individually selected from hydrogen, |o EI“%?U%
al kyl groups having 1 to 4 carbon atons, |ower al koxy groups having 1 /tg '
carbon atons, hydroxyl and hydroxyl -substituted | ower al kyl groups having 1
to 4 carbon atons, with the proviso that at least two of R1I0, R° and R 12
are either hydrogen, |ower alkyl group or |ower al koxy group, and wherein X
is an anionic noiety that forns a water-soluble salt with 20 the hydroxyl
anmoni um cations or quaternary ammonium cations, and r is the valence of X

and is from1l tonscorPositibh FAMmAsid iviereh sdidiamebt onberein said at | east
one hydroxyl ammoni um conpound is at | east one selected fromthe group 25

consi sting of. RyAPEXFMaRPIHINLEATBEPY Y, WREY IR§ R ahGHIY APMPOE IS, is

hydr oxyl anmoni u t i Bydr oxyl anmoni um

chl oride, hydr o@ﬁiann@In?enu?n%%é?é%@Wﬁ@hm’gr@%@%@t}ﬁ)mwct:'i/%l'r at e,

hydr oxyd ang®ni uihé lcoorpiodigionNyfdaich tfasthdrycbropydiagnan idastosalbiate, and N,

N-di et hyl hydr oxyl ammoni um 30 nitrate. 27 2i MAY 2005 21. The comnposition
of claim 19, whé‘?rBPﬂU%%i d at | east one hydroxyl ammoni um conpound, when
present in said conposition, is present in an anmount about 0.001 wt.%to
about 10 wt.% 5 22. The conposition of claim1, further conprising at |east
one base 2¥npolhecoa@ositive fegiosid,ivdrerein sgidiiatriezst onhdrse cosaialindt | east

b . q . = £ ;
one  Dae COTPOUNC o8 315 bk LU RLAl BB BRI A TGy
conposidi on of kydrbrid22anuzeyeiomisaatibnatthéeast one base is present

24.  The composition of ciaim 22, wherein said at least one base is present

in said composition in an amount about 0.001 wt.% to about 1 wt.%.
15 25. The composition of claim 1, further Corhprising at least one solvent.

26. The composition of claim 25, wherein said at least one solvent is
selected from the group consisting of: polyol compound, glycol ether,
and any combinations thereof.

20

27.  The composition of claim 25, wherein said at least one solvent is
presentin said composition in an amount about 0.1 wt.% to about 30
wt. %.

25 28. The composition of claim 1, further comprising at least one additive
selected from the group consisting of: chelating compound, surface

active agent, and any combinations thereof.

29.  The composition of claim 28, wherein said at least one additive is
30 present in said composition in an amount about 0.001 wt.% to about 10
wt.%.
28



in said conposition in an anmpunt about 0.001 w.%to about 1 w.% 15 25.
The conposition of claim1, further conprising at | east one sol vent. Z§¢”ﬂqgﬁ
conposition of claim25, wherein said at | east one solvent is selected %rom
the group consisting of: polyol conpound, glycol ether, and any

conbi nati ons thereof. 20 27. The conposition of claim25, wherein said at

| east one solvent is present in said conposition in an anpunt about 0.1
w.%to about 30 wt. % 25 28. The conposition of claim11, further
conprising at | east one additive selected fromthe group consisting of:

chel ati ng soNpommbn-cartdshae cleaningvi@ngedition nde@bying@idsmatgtemsedidier eof . 29.
The conposition of claim28, wherein said at | east one agditive is 30

present in sai d°¢EMESIRIOATRTEAI SR 2Xbe YO IV SRMABEORRbut 10 wt.
% 28 2 i MAY u_%@@éaC%Oand%m%&@,rweéaevr?s&ib%gﬂb@st&%mﬁﬁ;ntahen ok 8firid €Movi ng
pl asma etch residue on a substrate conprising: Water; and a synergistic
conbi na i on of atida@nddaalitd dcidnis peisent & sa dpmplositionnn saveighy ragicgdfst i ¢

conbi nation of cj trié:_1 5 ﬁCi&%nd | actic acid is present in said conposition
in a weight ratfPYr 14888 317 to about 1:3. 31. The conposition of claim
30, wherein said water is present in said conposition in an anmount about 90
w.%to about 99.98 wt.% 10 32. Cancel ed. 33. The conposition of claim 30,
wher ei n saP# syhe gesaositiesmaficlrif 30 wherel said wadei ig papsentdesptd acid is

present in sai d;GARBOSLAHOn g LMEILBNE 9b iR to 1Bof 0B8N oh: 1-

10 '
32. Canceled.
33.  The composition of claim 30, wherein said synergistic combination of
citric acid and lactic acid is present in said composition in a weight ratio
15 of about 1:1.

34.  The composition of claim 30, wherein said lactic acid is present in said

composition in an amount about 0.4 wt.% to about 1.5 wt.%.

20 35. The composition of claim 30, wherein said citric acid is present in said

composition in an amount about 0.5 wt.% to about 1.6 wt.%.

36.  The composition of claim 30, further comprising at least one
hydroxylammonium compound present in said composition in an
25 amount about 0.001 wt.% to about 10 wt.%.

37.  The composition of claim 36, wherein said at least one

hydroxylammonium compound is hydroxylammonium sulfate.

30 38. The composition of claim 37, further comprising at least one base
compound in an amount about 0.001 wt.% to about 1 wt.%.
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34. The conposition of claim30, wherein said |actic acid is present in said
conposition in an anmount about 0.4 wt.%to about 1.5 wt.% 20 35. Thez MAY 7005
conposition of claim30, wherein said citric acid is present in sa '
conposition in an anmount about 0.5 w.%to about 1.6 wt.% 36. The
conposition of claim30, further conprising at |east one hydroxyl anmoni um
conpound present in said conposition in an 25 anount about 0.001 w.%to
about 10 wt.% 37. The conposition of claim 36, wherein said at |east one
hydr oxyl anmoni um conpound i s hydroxyl ammoni um sul fate. 30 38. The

conposi ti opg of ‘Fh@bmr?g)?)suti%ﬂrdffwlnﬁmwe&bﬁgsaﬁ@ at Rast oﬁé‘%ab.é%%mﬁ&maound in
an anmount about 0.001 wt.%to about 1 w.% 29 2 MAY 7005 39. The

conposi tion of EltairAMethylamerivndydedde | east one base conpound is

t et ramet hyl anmoni um hydroxi de. 5 40. A nethod for renoving residue froma
substrate conprising the step of contacting said substrate with a cl eaning
conposi i oad.conprmsthng fwarceemovm@mhnaue;gmer:gsebstmtemﬁmm&hmg)me)éte@tofl east one
tricarboxylic am%gfnd at ast on oxx%l C _aci (? wherein sai

C
synergistic conb?Hat S Strf"?a‘%‘?hé REANVIE SPBRRSItioe comrrsiigwelfry at

| east one carboxyd b%yﬂ@tgﬂstﬁc’sc&ﬂbiﬁ%ﬁéﬁm at l'éa§iabr‘i’e %Wylhb%xd And ayei ght
ratio of about 1:5 to about 5:1 wherein said residue is renoved from

sai d substrat e. least ok earaeHiRIagiE, whaterw 30id syner@stic eamnbinalibstafate i s a
fresh substrat €195+ or%'tr?c%?go Bo%tﬁrcﬁér?d 5315 a‘HeasT%?\er%trlb" ll fac% i m 40,

wherein said cl eani ng nposI‘t nperature 0O out 20C to about
60C. 480 The rrepdménbn‘h sduacmrﬁﬁsltwmm elwengai mtmmfmmhassmmc&arﬁ.ng ti me of

20 about 10 seconds to .about 30 m nutes.
and wherein said residue is removed from said substrate.

41.  The method of claim 40, wherain said substirate is a fresh substrate or
an aged substrate.
15
42.  The method of claim 40, wherein said cleaning composition has a

temperature of about 20°C to about 60°C.

43. The method of claim 40, wherein said method has a cleaning time of

20 about 10 seconds to about 30 minutes.

44. The method of claim 40, wherein said substrate is contacted with said
cleaning composition by a means selected from the group consisting of:
immersion, spray rinsing, streaming, and any combinations thereof.

25

45.  The method of claim 40, wherein said method is conducted in
combination with at least one photoresist stripping process selected
from the group consisting of: dry stripping, O; plasma ashing, ozone
gas phase treatment, fluorine plasma treatment, hot H, gas treatment,

30 and any combinations thereof,

30



44. The nethod of claim40, wherein said substrate is contacted with said
cl eani ng conposition by a neans selected fromthe group consisting of;- 2005
i mrersion, spray rinsing, stream ng, and any conbi nations thereof. 45.

The met hod of claim 40, wherein said nmethod is conducted in conbination
with at | east one photoresist stripping process selected fromthe group
consisting of: dry stripping, 02 plasma ashing, ozone gas phase treatnent,

fluorine plasma_treatnment, hot H2 gas treatnent, 30 and any conbi nations
thereof. 3652 7Thamethgdof clegn ‘*ﬁmev?wmrﬁ@a'domem% i odugiestigi n sai d net hod

| s conducted i ”cc?rﬂgf?via%wg{h %&J&Qs@&né q gﬁic éf{Figﬁighgx&‘@éss?t ripping process.

47. The nethod o aim erein's at leas organi c wet stripping
5 process is treatnment with ozonated water. 48. The conposition of claim 40,
wherein sai g synerqisti opbi ngtion of said at | east one tricarboxylic
heid and odid at iF 2ahof ol S et crl e 8t o ot el s EREIR ng o
sai d supstrate pgpEeas eirbatndelvEtnbAhaldy ameosi tion having only
tricarboxylic acid or carboxylic acid alone. 49. The conposition of claim

40, wherein said at |least one tricarboxylic acid has the fornula: (CR R2)

| ntegers | AepordBneT Y E LR w1 b s ey BogdBeflon @ TECE,

are each i ndepenrgidrdtligast enedtiedrbbigiin adidhendrsaiupaclensi sie ogrooiyliy deidgen,

hydroxyl, ercapt 9y Al Lavelie 9t Yo ¢ LRSI SDaNg okt PO

10 composition having only tricarboxylic acid or carboxylic acid alone.

49, The composition of claim 40, wherein said at least one tricarboxylic acid

has the formula:

(CR'R?),.CO,H
R—C—(CR’R*),,CO2H

(CR°R%) cO,H
15
wherein n, m, and p, are each integers independently ranging from 1 to
6; R, R", R% R? R* R® and R® are each independently selected from
the group consisting of hydrogen, hydroxyl, mercapto, alicyclic or cyclic
thioethers having 1 to 6 carbon atoms, lower alkoxy groups having 1 to
20 4 carbon atoms, lower branched or linear alkyl groups having 1 to 4
carbon atoms, cyclic alkyl groups having 3 to 6 carbon atoms, phenyl,

aryl, nitro and halogen.

50.  The composition of claim 49, wherein said at least one tricarboxylic acid
25 having said formula is selected from the group consisting of:
tricarballylic acid, beta-methyltricarballylic acid, citric acid,
nitromethanetrispropionic acid, and 2-(carboxyimethylthio) succinic

acid.
3



20 4 carbon atons, |ower branched or linear alkyl groups having 1 to 4
carbon atons, cyclic al kyl groups having 3 to 6 carbon atons, phenyl, rﬁ&&ﬂ}WS
nitro and hal ogen. 50. The conposition of claim49, wherein said at Igésf '
one tricarboxylic acid 25 having said formula is selected fromthe group
consisting of: tricarballylic acid, beta-nmethyltricarballylic acid, citric
acid, nitronethanetrispropionic acid, and 2-(carboxyl net hylthio) succinic
acid. 31 27 MAy"1005 51. The conposition of claim40, wherein said at |east
one tricarboxylic acid is present in said conmposition in an anmount about
0.01 wt.% about 10 wt. % 5 52. The conpositjon of claim40, wherein said
ot least oRG tribsrRERRFtEraftimmi40. Shes e ok ol bo B Bic M can amount
about 0.05 Wt . %steadfuh s3id ¥mpdsitidPindah afeneape@si bl ot Bftc ebalim 40,
wherein said at | east one tricarboxylic acid is present in said conmposition

in an amour+ ab®@wtd>1 wt.%to about 2 w. % 54. The conposition of claim
40, wherein said at | east one carboxylic acid 15 has a pKa between about 3
to about 6. 55. The conposition of claim40, wherein said at | east one
car boxyl i c52ci dThéasmiploeitiodrsfdiaim ARY WHERFIRGICER dasPOnavér=ebaxydiciagidan

integer ranging fromO0O to 6; R7, and R8 are each indepe ntly sel ected
fromthe group ‘é&ﬁ@?%‘fti'ﬂ&aﬁ# CHPRPHERMIN a'h?mob‘%??oﬁ’rfqugff{]ﬂ," @ E%{ai c or
cyclic thioetheggoghaving 1 to 6 carbon

10  53. The composition of claim 40, wherein said at least one tricarboxylic acid
is present in said composition in an amourt about 0.1 wt.% to about 2
wt. %.

54. The composition of claim 40, wherein said at least one carboxylic acid
15 has a pKa between about 3 to about 6.

55.  The compgcsition of claim 40, wherein said at least one carboxylic acid
has the formula:
rE—(crR'R%),COzH

20
wherein q is an integer ranging from 0 to 6; R’, and R® are each
independently selected from the group consisting of hydrogen,
hydroxyl, mercapto, alicyclic or cyclic thiocethers having 1 to 6 carben
atoms, lower alkoxy groups having 1 to 4 carbon atoms, lower

25 branched or linear alkyl groups having 1 to 4 carbon atoms, cyclic alkyl
groups having 3 to 6 carbon atoms, phenyl, aryl, nitro and halogen; and
R® is selected from the group consisting of hydrogen, carboxylic acid,
hydroxyl, mercapto, alicyclic or cyclic thioethers having 1 to 6 carbon
atoms, lower alkoxy groups having 1 to 4 carbon atoms, lower

30 branched or linear alkyl groups having 1 to 4 carbon atoms, cyclic alkyl

groups having 3 to 6 carbon atoms, phenyl, aryl, nitro and halogen.
32



atons, | ower al koxy groups having 1 to 4 carbon atons, |ower 25 branched or
i near al kyl groups having 1 to 4 carbon atons, cyclic alkyl groups ayMpng
3 to 6 carbon atonms, phenyl, aryl, nitro and halogen; and RO is sele ted ~
fromthe group consisting of hydrogen, carboxylic acid, hydroxyl, mercapto,
alicyclic or cyclic thioethers having 1 to 6 carbon atons, |ower al koxy
groups having 1 to 4 carbon atons, |ower 30 branched or |inear alkyl groups
having 1 to 4 carbon atons, cyclic alkyl groups having 3 to 6 carbon atons,
phenyl, aryl, nitro and halogen. 32 Z 7 Vii AY 2005 56. The conposition of

clalm 56, uher efg. Sap ol Caslne: CHOGINE PEES DAY AR aNdatar Tl a 1S

sel ected fromthe group consis I‘oni'c,” butyric,
valeric, trinmet h@’\hageblct:formsmnalseﬂaod:ed ﬁumﬂ\aigroJﬁanSibyhgutdonnm glutaric,

suberic, glycolic,, lacti.c, dr oxyi sobut % drox ri.c, malic,
citranal i ot ar Fice Prafiz, GOV crelerd (UM Bogtcr SPGB Uiy ED] | .
Mer capt®succi ni gpet Hﬁé@c‘%ﬁ&' @utaﬁbé E&H@?&Yb%@ﬁd @achc@%r@i@,ﬁ%%ﬁé ix, and

1, 1- cycl ohexanedi acet i c. he conposition of cl’ai m40 erein said at
| east one car bo&wrpaytaﬁydc mshcproetmahq rtarwlt:deﬁmmasetm,da’tralmy@n &nmount about

ai loast one at T esstSyhertgran e REaTaCEC ReekiBy Brele: o compos: ti on

in an anmount abgiyclBhORylavétiaihnd ﬁb@ytloaemnéma@@rc The conposition of claim
40, wherein said at |east one carboxylic acid is present in said
conposition in an anount about 0.1 w.%to about 2 20 w.% 60. Cancel ed.

61. They CORPOSI TrheRoATp IR TBAla i ehdlefPddld %Y@sgbﬁé'c‘érmb%H on of at
25 | east one tricar boxyl ic acid and said at | east one carboxylic acid is
is present in said composition in an amount about 0.01 wt.% to about

10 wit.%.

58. The composition of claim 40, wherein said at least one at least one
15 carboxylic acid is present in said compaosition in an amount about 0.05
wt.% to about 3 wt.%.

59.  The composition of claim 40, wherein said at least one carboxylic acid
is present in said composition in an amount about 0.1 wt.% to about 2
20 wt. %.

60. Canceled.

861.  The composition of claim 40, wherein said synergistic combination of at
25 least one tricarboxylic acid and said at least one carboxylic acid is

present in said composition in a weight ratio of about 1:3 to about 3:1.

62. The composition of claim 40, wherein said synergistic combination of at
least one tricarboxylic acid and said at least one carboxylic acid is

30 present in said composition in a weight ratio of about 1:1.



present in said conposition in a weight ratio of about 1:3 to about 3:1. 62.
The conposition of claim40, wherein said synergistic conbination of 2L MAY 7003
| east one tricarboxylic acid and said at | east one carboxylic acid is 30
present in said conposition in a weight ratio of about 1:1. 27 MAY 1005 63.
The conposition of claim40, further conprising at |east one

hydr oxyl anmoni um conpound having the formula: r(NRLORL1IR12(r)H) ()Cr) 5
wherein R10, Rl11l, and R12 are individually selected from hydrogen, |ower

al kyl group3 halhagomRastionefraim 49 Jrehel exmprisnt stieast Gs having 1 to 4

car bon atons, h@%‘?ﬁﬁ”“*‘j&%ééﬂfﬁﬁé%?”ﬂig%rm@r al kyl groups having 1

to 4 carbon ato e provi at a east two of R10, R71 and R12
are either hydrogen, |ower al k')‘l o | owe | koxy group, 10 and wherein
X is an anionic noiety that f merqigl)l déf@ salt with the hydroxyl
ammoni um cations or quaternary anmmonium cations, and r is the valence of X

and is from1l to 3. 64. The conposition of claim®63, wherein said at |east
one 15 Hiydr oxy| amesin i\’ ceipandR'? sraindiddsilyarte ted doteHyd rogrant avegr oup

consi sting of: hydroxyl anmoni umsalts, hydroxyl a iumnitrate,
ydr oxyl ammoni uRIQUIFRPS. P bIS F SRR BN SRET RO BRHPSHA MDA um
chl oride, hydroxyhaarmiH 4o alak qand/@lpwynammwga%%aémyg roups

hydr oxyl anmoni um fl uoride, N,N"20 diethyl hydr oxyl anmoni um sul £ 1z;llnd N,
N- di et hyl hydr oxpedradniouhramionraipes, 88h tirperadspost et trasstwe lodRm.68, wherein

said at least o y grﬁwm' , LN d
conposition, i sgﬁﬁg‘p%éés)éﬁ{‘ i a%b'é;ﬁﬁé’»&??’g@gm%’gg%T&ﬁ%reé}i(?%y gg@lﬂ 10 wt. %
34 10 and wherein X is an anionic moiety that forms a water-soluble salt with

the hydroxyl ammonium cations or quaternary ammonium cations, and r

is the valence of X and is from 1 to 3.

64. The composition of claim 63, wherein said at least one
i15 hydroxylammenium compound is at least one selected from the group
consisting of: hydroxylammonium salts, hydroxylammonium nitrate,
hydroxylammonium sulfate, hydroxylammonium phosphate,
hydroxylammonium chloride, hydroxylammonium oxalate,
hydroxylammonium citrate, hydroxylammonium fluoride, N N-
20 diethylhydroxylammonium sulfate, and N, N-diethylhydroxylammonium

nitrate.
65. The composition of claim 63, wherein said at least one

hydroxylammonium compound, when present in said composition, is

25 present in an amount about 0.001 wt.% to about 10 wt.%.
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