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BACKGROUND OF THE I NVENTION Field of the Invention The present invention
rel ates gengpalchbdpt@oRReERPARG cHarcmhat comsNmkat 3-aarB@efiudoMPRUSRST conduct or
waf er fabrication and particularly to chem cal fornulations that are
utilized to renove residue fromwafers followi ng a resist plasm asking
.step. Mre specifically, the present invention relates to cleaning
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P AtV h | f | at '

Fermove 1 cBiitiaa %H&épgwc&m@?@g?%qatw{s%%ﬁb?aé% @‘é?@%&“’?fge%g%%‘ 89040

th h

o ameibon oed Sheihe S widii o7 @t AR pAGTEARICAANG IR BUSOTES AT, nes
chel ati ngs 30801 befzbcﬁeg%f&iggbﬁ] &g%&@e{&am&%amﬁmm@ks whi ch i ncl ude

unwant ed renova ulCfator |ayers and the pronotion of
corrosion of desirable netal |ayers, particularly copper or copper alloys
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Description of the Prior Art *G00002*

Various chemical formulations are conventionally employed to remove residue and clean
wafers following a resist ashing step. Some of these chemical formulations include akaline
compositions containing amines and/or tetraalkyl ammonium hydroxides, water and/or other
solvents, and chelating agents. Such formulations lhave associated drawbacks which. include
unwanted removal of metal or insulator layers and the promotion of corrosion of desirable metal

layers, particularly copper or copper alloys features.



i ncluding an i nproved corrosion inhibitor for protection of copper
structures on the sem conductor substrate, in a conpositional formthat is
easi |y riweadnosfsisby water or other rinse nedia after the RIHPIBHTBA of the
resi due-renoval process) thereby reducing contam nation of the integrated
circuitry on the wafer substrate. Qther objects and advantages of the
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chelating agent. In a further aspect, the inyention relates.to a
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It is another object to provide wafer cleaning formulations that do not attack and

potentially degrade delicate metal structures that are meant to remain on the wafer.

It is yet another object of the present invention to provide a wafer cleaning formulation
including an improved corrosion inhibitor for protection of copper structures on the
semiconductor substrate, in a compositional form that is easily rinsed off by water or other rinse
media after the completion of the residue-removal process, thereby reducing contamination of

the integrated circuitry on the wafer substrate.

Other objects and advantages of the invention will become fully apparent from the

ensuing disclosure and appended claims.

SUMMARY OF THE INVENTION



TOTAL 2-98% 0-50% 4. 1- 60% 0- 25% 0. 5- 40% pol ar 100% The fornul ations of the
present invention effectively renmove inorganic residues, especially netal
hal i de angonghels1pxi de residues) follow ng a plasma aski ngETEPI4BEh 3
formul ations also significantly reduce undesirable corrosion or renoval of
copper metal structures on the sem conductor wafer during their use. The

formulations gf. YRSRr E5&Rbn | BNER b WanABblR A cleBAE tbRfsuieRd hamhgat i on

after the resi renoval process and theretore inprove quality of the
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clainms. BRI EF, DESCRI PTION OF THE DRAW NGS Figure 1 is a schematic

Jyepresen africglipror copper-specific corrosion inhibitor useful in the broad
practice of the present jnyention
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etehing fcgll'tJog)\:\l'lﬁ:dacti) ozrisaglitr'}l?ne\fm(ltvp aoi(,x%?cgrbonyl chelating compound, (v) a polar organic
solvent, and optionally (vi) at least one other metal chelating agent.
Another aspect of the invention relates to a wafer cleaning formulation, including (i) an
organic amine, (ii) water, (iii) a nitrogen-containing carboxylic acid or an imine, (iv) a 1,3-
dicarbony! chelating compound, (v) a polar organic solvent, and optionally (vi) at least one other
metal chelating agent.
In a further aspect, the invention relates to a semiconductor wafer cleaning formulation

for use in post plasma ashing semiconductor fabrication, comprising the following components

in the percentage by weight (based on the total weight of the formulation) ranges shown:

organic amine(s) 2-98%

water 0-50%

1,3-dicarbonyl compound chelating agent 0.1-60%

additional different chelating agent(s) 0-25%

nitrogen-containing carboxylic acid or imine 0.5-40% polar
organic solvent 2-98%

TOTAL 100%

The formulations of the present invention effectively remove inorganic residues,

especially metal halide and metal oxide residues, following a plasma ashing step. Such



contai ning plasmas. The fornul ati ons advant ageously contain 1, 3-dicarbonyl
conpounds and/or other netal chelating agents, nitrogen-containing carboxyl
aci ds or wgigaessigm nes, and water or other solvent as priRaryso1Agsedi ent s.
4 The preferred fornul ati ons conprise the foll owi ng conponents in the
percentage by weight (based on the total weight of the fornulation) ranges
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concentrations in the fornulation, on the total weight basis specified
above. PPRWESeq am nes | ncl ude: pentanet hyl di et hyl enetri am ne ( PMDETA)

5-95% trietha oI a 5% Ot 1.0 d geous
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N- met hy| idisclpsyrsiead ?F&EP%F&C%'P%nepent am ne triethyl enetetram ne

tri met hoxyet hoxyet hyl am ne di et hanol am ne net hyl di et hanol anm ne

t et ramet hyl hexanedi am ne N, N-di et hyl et hanol am ne Specific preferred

1, 3-di carbonyl conpound chel ati n agents include: anedi one 2-90%
N, N- Di et hyl acet oacet anmi deBRIEADISEE 1QNL R Hh e ¢ hyl mal onat e
15-70% 10-48. 3% Ot her 1) 3-dicar bonyl conmpounds that are hi ghly

advant ageous i nclude: N-nethyl acetoacet am de acet oacet am de nmal onam de

Figure 1 is a schematic representation of a copper-specific corrosion inhibitor useful in
the broad practice of the present invention, which forms a protective layer on the copper metal to

prevent cosrosion.

Figure 2 is a schematic representation of the copper-specific corrosion inhibitor being

rinsed away from the copper surface by deionized water.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to formulations that are suitable for stripping inorganic
wafer residues arising from high-density plasma etching followed by ashing with oxygen-

containing plasmas.

The formulations advantageously contain 1, 3-dicarbonyl compounds and/or other metal
chelating agents, nitrogen-containing carboxyl acids or imines, amines, and water or other

solvent as primary ingredients.



The preferred nitrogen-containing carboxylic acids or imnes include:

i m nodi acetic aci d0.5-2. 5%l ycine0.5-2.5%itrilotriacetic

aci d0. 5- 2wo%t047533 3-t et r anet hyl guani di ne0. 5-2.5% 6 WO (P/ORT31239

PCT/ USQL/ -t 7289 Ot her nitrogen-containing carboxylic acids or inines that
are hi ghl y advant ageous i ncl ude: CH3C(=NCHZCHz OH) CHzC( O) N( CH3) 2

O =NCHZCHZ aheR
( CHSCHZ) ZNC( —WW%Jth%ﬁ%r N( AT e Y

preferred s I coI 0-74%
N- et hyl pyr%cil rb%é%"ﬁ%’ t?ﬂ\/ﬁ%rg }ﬁrs‘euf&{'ﬁﬁanesg%% % Pr ef erred secondary or

alternative chelating agents optionally utilized in some of theformulations
,of the i nventr on incl u amoni um pyrrolidinedithio mat e0- 25%amMmoni um
car bamat e0- 159%&HSAMI §xa| at e0- 15%nmmoni um t hi ocyanat e‘b 15%rmoni um

t hi osul fateO0-15%ri fl uoroacetic acidO0-12% WO 02/ 83’6 13 PCT/ 11501 /-t
7289 The util ™4fion of fornul ations contai ni ng 1,3-dl car bonyl conpounds

and/ or ot her t hel atin S in conbi nation m nes and a
sol vent enabl g‘é %Fﬂ ﬁ‘ﬂ'@(‘ g(}‘g%b"?ﬁ"ggﬁ nfhe art to be 2 Pized. The
i nventive for a pr ovi de bett r stripping per nce and | ess
corrosivity tgg wﬂ@@fh ranbehy at'ﬂ&f‘%er“ tripping for wlogs%ns cont ai ni ng
catechol, am ne, and sal vent, The agdr ti.on of nit ro% (gpnt ai ni ng
carboxyl i ¢ aciEoBsR-conisipiag crrboxyliserid of W% nt ageous %‘? Yenment of the
present invention. The ni trogen cont ar ning carboxyli C @;r ds or imnes
~contain funct iPSRERIE : ; *2®d to free copper
atons. As shown by Fr gure |, the copper specrfr c corrosion inhibiting agent
C, which contacts the copper surface during the resrlgb}; removal process,
rve

will attach tJQWcopper surface and forma protect | ayer to prevent
the copper surface being corroded by cleaning agents A+ and X-. Mbreover,

h b fi hi
oS hON Y, A Eppenghicl GERBSRIRS 4 kel 90 L b B B RS o 2"

| eaves very tittl e, contam.na C Ssyrface | eani n
oper at i OI‘ISI%%‘esC@w E;gappr?ﬂgtegs &vi Satﬁé’ﬁ@“%?p?ﬁé“ﬁ%'ﬁt i %f?cﬁfﬁ)) IVS?raﬁ‘(Jed%ﬂa °
wi de variety of sol vents or anr c a chel.atin

ni trogen- EFS%FS?’ formylation Gemrpen Bts o5 &¢ 8?%1°n'f‘$f8§'°ntot°ﬁg}°g§ ‘ﬂmf%'o*g% described
specifically exemplified. Particular, 1,3-di_car bony ds and rel ated
conpoundsbe@w.swith spsciicemparants bsing: 1dgrffied ithethgir pf‘?f%" n@hﬁ&“"k‘“@m!‘ﬁ?‘w

the formulation, on the total weight basis specified above.

Preferred amines include:
pentamethyldiethylenetriamine (PMDETA) 5-95%

triethanolamine (TEA) 5-95%

Other amines that are highly advantageous include:
monoethanolamine

diglycolamine

diazabicyclo (2.2.2) octane

diethylenetriamine

3,3’-iminobis (N,N-dimethylpropylamine)



wherein Ris either a hydrogen atomor an aliphatic group, e.g., C--C8
alkyl, aryl, alkenyl, etc., X and Y are the same as or different fromone
anot her, wod2assi$unctional groups containing multiply-borRIIUMBHEBPes with
el ectron-w thdrawi ng properties, as for exanple CONHz, CONHR, CONR R, CN)
NO% gSCRI)kOIr SQzz, mgzv\hich R and R' are sane or different and represent
a C, - al ky HRifAidsofe " EPT €SENt'S anot her atom or group, e.g., hydrogen,
halo or C -C8 a %yﬂl g WO 02/ US7513 PCT/ USOL/. 17289 Additi onal

ni t rogen- cont %Qé‘”ﬂe'ﬁﬁé %ﬁl’i c acids having utility in the broad practice
011: tRhe |dnvent|on I'nc e those of the fornula: COOH CHZ- NRR wherein each
o] and R is.] ly selected fromthe group consisting of
,g_ydlr(lzgleg_, ﬁl k?/rfel}ﬂyg%{%?grgﬁé carboxylic acid. Carbamate salts and

i al kyl di t hi ocar hamat es_ ot.her .t han those specifically nentioned herei nabove
\r;ay_ be useﬂ ag‘"}}?@?’%{%ﬁ%ﬂ °§’g‘{§aﬁ’%‘§$i n the broad practice of the invention.
Vari ous ot her ar. organi c solvents may be used, e.g., alone or mxed with
wat er. The fopﬁ'ﬁ]aﬁ?]F'BWg of the invention optionally may al so include such
conmponents as surfactants, stabilizers, corrosion inhibitors) bufferin
agents, and c&eg'ﬁ'lﬁ‘sgfﬂ"??a"ﬂge useful or desired in a given end use )
application of forgg'h‘ati ons of the invention. The formul ations of the
p_rte;s]en':1| i nyent“’r‘fi‘ﬁ‘ef eXAetip®iNCar |y useful on wafers that have been etched
with chlorine- or fluorine-containing plasmas followed by oxygen plasna
asking. The ré‘biNjﬁ'ég’)’Gﬁ’_ﬁﬁ?le"é‘ﬂ by this type of processing typically contain
et ﬁl oxi des. These residues are often difficult to dissolve conpletely

wi t hout causjng corrosion of nmetal features required for effective device
per f or rrarﬁ%.c'ﬁ?ﬁé"%?'@_&tler"r'g‘ﬁarg?fﬁ'l 8?19%9‘1‘?&8’5!“‘85 R 'f‘ﬂ%‘gehti on are nore fully
shown by the follow ng non limting exanples. EXANP?GE?H% Copper -specific
corrosion i nhiZft-peancdin®g udi ng ei t her nitrogen-cont & /hg car boxylic acids
or imnes were tested in two different types of alkaline cleaning

formul ati ons, NWNtRimethylacetopesianide conponents and charka®@ristics. TABLE 1 9

methy] acetoacetate 15-70%

dimethylmalonate 10-48.3%

Other 1, 3-dicarbony! compounds that are highly advantageous include:
N-methylacetoacetamide
acetoacetamide

malonamide

The preferred nitrogen-containing carboxylic acids or imines include:

iminodiacetic acid 0.5-2.5%
glycine 0.5-2.5%
nitrilotriacetic acid 0.5-2.5%

1,1,3,3-tetramethylguanidine 0.5-2.5%



WO 02/ 0~7~13 PCT/ US111/.t7289 Conponent sTenp. pHCopper Etch Rate

(A/m n) Fornul ati on 1Di net hyl acet oacet am de) Am ne) and

Wt er 706. R H24Fmnsul ati on 2Ammoni um PCT/US01/47289

Fl uori de, Tri et hanol am ne, pent anet hdi et hyl enetri am ne, and408. 67. 5Water The
copper etch rate was determ ned by a standard four-point probe technique.
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table, and effectively prevented undesirable corrosion during the cleaning
process: TABLE 2 Corrosion Inhibitor Tenp. (C) Fornul ation Used

go;?ge?g/g ?H ﬁggf*ﬁf@g%ﬁ;c@@ﬂ&h%ﬁ%a)ﬁ ch Rate (A/m n)Reduction of Etch
Aci d4021. 58. 01: 2- i -H52. ONitrilotri ti
Ag: d4021 . 58. 2§%C%§§%%§%F§6§@ﬁ?éﬁ(gﬁ3gl he4021. 58. r?ééﬁ-e5l4?7cn430( =NCH
1 CH20H) CH- A QN Rie&o)c;

(CH3CH2)2NC(=NH)N(CH3CH2)2

HOOCCH;N(CH3).

HOOCCH;N(CH3)CH,COOH

The preferred solvents include:

water 0-50%
ethylene glycol 0-74%
N-methylpyrrolidone (NMP) 0-49%
sulfolane 0-10%

Preferred secondary or alternative chelating agents optionally utilized in some of the

formulations of the invention include:

ammonium pyrrolidinedithiocarbamate 0-25%
ammonium carbamate 0-15%
ammonium oxalate 0-15%
ammonium thiocyanate 0-15%
ammonium thiosulfate 0-15%

trifluoroacetic acid 0-12%



t 24 10.9 6.2 -64. 4CHaC(=NCHzCH OCHzCHzZOH) CHzC(O N(CH3)~ 70 | 36 10.7 0.32
- 98. 2CH3C( =NH) CH~C( O CH~40Zi 3. 687.94. 4-41 . 3 EXAMPLE 2 to WD 02/ 0S7S13
PCTI USOl/w@aB@sAizont ami nation test is carried out on for MATAS0bH723Y
contai ning i mnodiacetic acid inhibitor. The sem conductor wafer to be
cl eaned contai ned copper and silicon filnms. After the conpletion of the

cleaning oper hé oiligatidio 12t carhSiRg 1 BYdi koA doRshonRdsaindRf oiRBGnétslr
about 15 m nutes. e Secondary lon MasS Spectronetry data (SIMS) obtained

are as f : . .
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. a
,effectlver[y renoved by the cleanling process, white carbon contam nation,
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_ : een greatly reduc e invention has been
-descri bed erein w th reference to specific features, aspects, and
_?_Lrbogjl mer??_ M thWI I :c be appreciated that the invention is not thus limted.
e invention erefore corr ondi odi. ' ] i of
conposi ti ons, FH‘EE‘H} plu é%edal'cr?ﬁg\i"gnr% %W% %{cg |%ng§gnda|s gsntg%d,még%gly@%%%e
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Spirit anc%ngglogx%ct?gna} rg1reoui)sn \t/h?lp %}eog)egﬁcaqglr zﬁgggtc:edr toc*"rgé ggp%‘er %t%ms. As shown by
Figure 1, the copper-specific corrosion inhibiting agent C, which contacts the copper surface
during the residue-removal process, will attach to the copper surface and form a protective layer
to prevent the copper surface being corroded by cleaning agents A" and X". Moreover, as shown
by Figure 2, such copper-specific corrosion-inhibiting agent C can be easily rinsed off by
deionized water or other rinse media and therefore leaves very little contamination on the copper
surface after the cleaning operation is completed.

The formulations of the invention may include a wide variety of solvents, organic
amines, chelating agents, and nitrogen-containing carboxylic acids or imines, other than those
specifically exemplified. Particular 1,3-dicarbonyl compounds and related compounds of
suitable character include those of the formula:

X-CHR-Y

wherein R is either a hydrogen atom or an aliphatic group, e.g., C1-Cs alkyl, aryl,
alkenyl, etc., X and Y are the same as or different from one another, and are functional groups
containing multiply-bonded moieties with electron-withdrawing properties, as for example
CONH;, CONHR’, CONR'R’, CN, NO;, SOR’, or SO,Z, in which R’ and R" are same or

different and represent a C;-Cs alkyl group and Z represents another atom or group, €.g.,

hydrogen, halo or C;-Cg alkyl.



WO 02/ 0s7S13 THE CLAIMS What is clained is: PCT/USUL/~7289 1. A

sem conductor wafer cleaning fornulation for use in post plasma asking
seni condugp@p/okas i cation, conprising the follow ng conporRGi/ESHIH728e
percentage by wei ght (based on the total weight of the formulation) ranges
shown: organic am nes) water 1, 3-dicarbonyl conpound chel ati ng agent

addi tional diff C 1 Riat; I\ [ fthe aci d
or imine or g;ra*.d§_{:§8%'f§%%@&@%?%E&iﬁs§%}£‘%%‘. O o530, B 405
o pol.ar 2. . i | ation as described in claim1l wh i
( X _ erein
said or gdﬂY"E ‘%"n{"ﬁ@gsc g%?%s%ggﬁ%onpound selected fromthe group consisting

of : pentanet hyl di e g ne (PVDETA) 5-95%tri et hanol am ne (TEA
5-95% 3. The cl eaFWﬁ%#ﬁ?ﬁi on of claim1 wherein said 1, 3-di E:ar bz)nyl

conpound chel ating_agent conmpti s i@ .
consSting o 2 fw%%mngeaga%afﬂg? 5:8%ﬁﬁﬁ@%@?ﬁé‘?‘%ﬁfﬁ?&@i@%ﬁﬁa‘%ﬁ

. - o di l.mal onate 10-48.3% ~ WO 02/

PCT/ Usm/byﬁ%é“’f.?kﬁﬁé‘ﬁcﬂ“ a?ﬂ&’ﬂquﬁ?}(('ﬁul at i oneof cl ai mol vvfler ein sai 357813

From the or oug eedelmipaseicy fiitraanalh BeCRIThoRAPedraRTRRASeac! ot oc
0 S 2. 59 orenabossiney i vy ehelativg gyt e Pree Gy YT BPERRT ar on o
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\-methyl pyrrol ’I(‘)h(lofgr?nu(lal}m.f Lf tgé ﬂ\%g/gti%lrjl lo];)t?(lm%n)? mgi' :!a'l% ?n'clude such components as
surfactants, stabilizers, corrosion inhibitors, buffering agents, and co-solvents, as useful or
desired in a given end use application of formulations of the invention.
The formulations of the present invention are particularly useful on wafers that have
been etched with chlorine- or fluorine-containing plasmas followed by oxygen plasma ashing.
The residues generated by this type of processing typically contain metal oxides. These residues
are often difficult to dissolve completely without causing corrosion of metal features required
for effective device performance.

The features and advantages of the invention are more fully shown by the following non-

limiting examples.

EXAMPLE 1

Copper-specific corrosion inhibitors including either nitrogen-containing carboxylic
acids or imines were tested in two different types of alkaline cleaning formulations, with the

following components and characteristics.

TABLE 1



6. The cleaning fonulation of claiml

Therein said additional

di fferent

chel ati ng agents) conprise a species selected fromthe group consisting of:
ammoni um wereekisds nedi t hi ocar bamat e0- 2S¥%ammoni um car banmat d§-TVUSKEPFAONI um

oxal at e0- |1 S¥%nmoni um t hi ocyanat e0- |
t hi osul fateO-1S~otrifluoroacetic aci dO-12%

S%anmoni um

7. The cleaning fornul ati on of

claiml
group c@nsisting of :
di gl ycol

wherermsai d

am ne pent amn

organi Ccaml
nonoet hano

bOeads CONpr |

amne 13

RempEC
02/057

ethyldlethylenetrlan1ne?%%~4DETA

tri

espgel €
513" PCT/

et hlaR8

CiCfpdr B 1
us01/ t 728

e 4himip)

he

AN

AV

(TE. ~) dt+s

(N, N- di ffet ﬁw}s‘%ﬁ

enet et ram ne

triethyl

P N RER U ATIADY |

trlneUhmnyeh&&kathylan

triam’nr
tetraeth
i ne78i et

y| ene

3,0 -

pen

han6l2ami jne

n1nobls
am ne

17.4

\AIIUI

mathyldlmF
The cl eani'i®

2, 4- pent
N-net | ~I
mal onamij|de.
ni t rogen-cont ai ni ng

acet oacet am

III lt

S“?%? a
-chel ating agent conp
anedi one net

9. The ¢

LULT

i on

A
acC e

j@emam@

Car hnxvl aci

i

A Chl CUI Attt
miT MH%FEIH
i ses aTﬁamnmunﬂwselecte
H ate di net
RYFABBEFEE o
eani ng fomnmakati on of c
Lmne s -selecte

d_or

| NN
me—N)

consisting of: is

WO (12/07513 t mmMOd~aceUC aci d (1DA) egC|ne

N
said 1, 3t
d fromt

n%hona

Ialml

Hethyttrtanotamn
di car bonyl
ne groupj consi sti ng

conpou

,etgéket m'de7'5
) | wherein said

r‘lfrnm hn ar-oun
g7

) of :

A= >

The copper etch rate was determined by a standard four-point probe technique. Addition

of corrosion inhibitors in accordance with the present invention significantly slowed down the

copper etch rate, as shown by the following table, and effectively prevented undesirable

corrosion during the cleaning process:

TABLE 2
Copper | Reduction of
Temp. | Formulation | Concentration | pH of Etch Etch Rate
Corrosion Inhibitor ) Used (%) solution Rate (%)
(A/min)
Iminodiacetic Acid 40 2 1.5 8.0 12 -73.3~86.7
Glycine 40 2 1.5 9.2 3.6 -52.0
Nitrilotriacetic Acid 40 2 1.5 8.2 36 -52.0
1,1,3,3-tetramethylguanidine 40 2 1.5 8.7 34 -54.7
CH,;C(=NCH;CH;OH)CH;
C(O)N(CH3), 70 1 24 10.9 6.2 -64.4
CH;C(=NCH,CH;OCH,CH,0OH)
CH,C(O)N(CH3); 70 1 36 10.7 0.32 -98.2
CH;C(=NH)CH,C(O)CH;, 40 2 13.68 7.9 4.4 -41.3

EXAMPLE 2
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ni-ctrilotriacetic acid (NTA) 1, | ,3,-tetranethvlguanidine (Tl 1G

CH C( =NCN~CH~OH) CHZC( O) N( CH3) 2 CHi C( =NCH~CH~OCH~CH~0OH) CH~C( O) N( CH3) ,

CHs C( =NH)Wbhgp&s3+ ( CH-CH~) ~NC( =NH) N( CH~CH=) Z HOOCCH: N( CHJFAUS01/47289
HOOCCH~NI CH, ) CH~COCOH. PCT/ USOL/ ~7289 10. The cleaning fornm ation of claim
1 wherein said organic am nes) conprise a conpound selected fromthe group

consi sting of y t negsr 12ti6h \t PEnkaifthe Shidmtdiacet id
tri et hanol am nepwgﬁ?%{gmtga%ﬁ% Slgt ?ﬁ(&‘ﬂﬁonly{l corrp?)lung chel aatcf ;fgacellgent
conpri sesnlabnmnﬂwwedu@edi@mremhférrtorbctcmnﬁgirmpmdwgl’m andysiigon films. After the

2, 4- pent aned t t

cet bacerApEefOrThpEk s SRePER L REHARATHAT dGomRydas oS, for sbous
.car boxyl i16 neifintes. The Sémndarﬁmmasscspe@romtmdamcslm)@btaedd freasfelloavsgr oup
consisting of: imnodiacetic acid (1DA) glycine 0.5-2.5%0.5-2.5% ~s WO
U2/ OS7~13 nitril ' otri aceti c acid (NTA) |, |,3,3-tetranet hyl guani di ne (TM5
.0. 5-2. 5% 0.5-2.5%P §93ﬁ13‘/3r339 @@tm'ydﬁ?pol aC (atogafint) so| veltu,@okpri ses a
sol vent |species selected fromthg group consi $ting of: ethylene glycaol

0- 74% N-[raicheshqywafer )dorle6>(INNP’) o- 49%3&ul|01”0| ape O}iﬁ)%)”l I . Theucl eani ng

f or mul atp-gh—of—claln CORPH-§Hn e ﬂfw' Rg1agen o+ 16 +he—farAtta
X- CHR- Y liGleansd Wafer j ¢ elwi(grlohydroge‘ﬁf ﬁ) an ali ph % (wgroup and ];2 and Y are
functi onal—groups contai ni ng nul t1 ply bonded noieties havi ng

el ectronwi t hdrawi ng properties. |2. The cleanin forrrul ation of claimill
wherei n each Jhe foregaingyresultsishons thah hesopRer gxide Cudd has bsen efsgtively by
CONR R', CN, NOz, SOR, and SOzZ in which R and R' are alk andZ|s
hydr ogen, thhalegning)rprqqeqs@/|while30arbmecqp|t@amtwg mhichuls amnpinky %ﬂ“sﬂyh}’ ¢ OrgARiEr ei n
said nitrogen-containing carboxylic acid has the fornula: COOH CHz-N RR
wher ei n eachsiod inRibitox ilRtheickeaning Eyenlation, hgs kren greatdyiretiveseth t he group
consisting of 5 hydrogen, alkyl, aryl, and carboxylic acids.

While the invention has been described herein with reference to specific features, aspects, and
embodiments, it will be appreciated that the invention is not thus limited. The invention therefore may
correspondingly embodied in a wide variety of compositions, with corresponding variations of
ingredients, and end-use applications. The invention therefore is to be understood as encompassing all
such variations, modifications and alternative embodiments, within the spirit and scope of the invention

as hereafter claimed.
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14. A method for fabricating a sem conductor wafer including the steps
conprising: plasma etching a netalized |layer froma surface of the wafer;
pl asma aswongosrsiesi st fromthe surface of the wafer; 16 PONUSRHOI?SL3
PCTI USOL/ . 17289 cleariing the ~~ afer with a sem conductor water cleaning
tbrtnul ati on conprising the follow ng conponents in the percentage by

wei ght (based on the total weight ¢fijgdeaimsmul ation) ranges shoe n:

organi ¢ am ne(sj 2-98'0 water 0-SO¥% I, 3-di carbonyl conpound chel ati ng agent
0.1-60,'0 additional different chelating agent(sj 0-25%

ni trogen- ﬁﬁnattai g;iggdqia;_r boxylic acid or imne 0.5-40% pol ar oceani c sol vent
2-98ro T ~—U. ~, The nmethod of claim 14 wherein said organic

.am nes) conprises a conmpound selected fromthe group consisting of:

Pent anet hvl di et hyl enetri am ne (P(\-1DETA) 5-95i0 Triethanol am ne (TE, A)
5-95,% 16. The seetitvaducdr ovaiérmclbdningefoenwatian dorl, e dirc apdsbrigismgo it d
-chel ati ng agent conprises a conpound selected fromthe group consisting of:
2, 4- pent aR@boadeto?-fAMicatidd, cdmplisirgt thy |falivetiog catpmee i tig0peyésniare hy weight

acet oacetate 15-700 di net hyl mal onate 10-48.3% | ". The nethod of claim 14
wher ei N s@igdd Bh tHeQ@ENw &GN bAINRIfBTubsioDaAde shosat d or i mine conprises a
conpound sel ected fromthe group consisting of: WO 02/ 0S7513

i m nodi acetic acid (I1DA) glycine nitrilotriacetic acid (NTA 1, |

, 3, 3-tetramet hylguaifg® (T11G PCTI USOL/: L7289 0238% 5 0.5-2,5%0.5-2. 5%
0.5-2.5i0, 18. The nethod of claim 14 ~~~herein said polar organic sol ~~ent
conprises a sqQlzsent species selected fromthe group-spensi sting of:

et hyl ene gl ycol 0-7?4i o0 N nethyl pywol odone (NI "-1P) 0-=19% sul fol ane 0- |

0% 19. The nmetNgaBbnytkathfBund cherdtil @hdhe sai d addi ti onagosli fferent chelating
agents) conprises a conpound sel ected fromthe group consisting of:

I
arrunoni um pyrard?ilﬁio ' Q%%@E%ﬁ?%&@o' 25%nmoni um @askbamat e0- |

SYoanmmoni um oxal at e0- | SY&anmoni um t hi ocvanat e0- 15%ammoni um

t hi osul f at e0- 15% reMcU&%%g%%tb%gyli@%iqgr 8% 20. The gstywg of clai Holar G

wherein said organic amn nprises a conpound selected fromthe group

consi sti ng’rggr];i:c solvent 2-98%
TOTAL 100%.
2. The cleaning formulation as described in claim 1 wherein said organic amine(s) comprise

a compound selected from the group consisting of:

pentamethyldiethylenetriamine (PMDETA) 5-95%
triethanolamine (TEA) 5-95%.
3. The cleaning formulation of claim 1 wherein said 1,3-dicarbonyl compound chelating

agent comprises a compound selected from the group consisting of:

2,4-Pentanedione 2-90%
N,N-Dimethylacetoacetamide 2-90 %
methyl acetoacetate 15-70%

dimethylmalonate 10-48.3%.

12



pent anet hyl di et hyl enetri am ne (Phl DET. A) nonoet hanol am ne di gl ycol am ne
triethanolamne (TE, A) is WO 02/ OS7S13 PCT/ USOL/ ~7289 di azxbt cycl o
(2.2.2) osbapesdiet hyl enetriam ne 3,3'-imnobis (N, N di methgI/googyasan ne)
N-met hyl i m dazol e tetraethyl enepentam ne triel hvl enetetram ne

tri met hox~~et ho~~~et h~~l am ne di et hanol am ne net hyl di et hanol am ne

tetranet hyl he*ﬁ@?@dén@r&% ReEmMidN dici iy efehan ol @B gen- cdhtainlEcBINREa@d o€l @i m

14 wherein said [, car bonyl compound chel ati ng agent conprises a
compound sel e} a0 dBIttd DeonfHoBhPsckRRATSh Rz lp cchsaedtt anedi one N

N- D net hyl acet oacet a@nme rrenﬁ{?wl Seacet oacet a%e %(I: rgét rlly mal onat e

N- et hyl acet oacet am de acet oacet am de mal onam de. 22. The nethod of claim
14) ~t~herein said nitrogen-containing carboxyl acid or imne conprises a
conmpound selected,.fromth roup consisting of: imgpediacetic acid (I1D. A
gl ycine 19 %"6‘57%@%@1%8%9‘9“ | otriacetic acid (NT@Q?S%;

- 1,3, -tetranmet hyl guani dine (TRIG CH3C(=NCH, CH~CH) C{g{g(sg% N(CH; )2 CH

C( =NCHZCH~OCHE CH~C(O) N( CH3) Z CH;, C(=NH) CHzC(O CH, ™’
(CH3CHZ) ~NC( =N -1 ) N( CH; CH~) = ,HOOCCH=N( CH, ) HOOCCHZ i g CH~COOH.

PCT/ US01/ ~728§'”21§?“a2ﬁ$; aﬁ'gt(hgé)of claim 14 wherein ggil [ '%?gani c ani ne(sl
conprises a c ound sel ected fr he group consi sf | o0 :

pent anet hyl di et'hy '@Hé‘f‘?ts‘h'ﬁi‘%édl?%ﬁjﬁﬂ-q)DET, ~) ~-95/0 té'?'re}?sﬁ&nol ani ne (TES)
5-95'0. said | ,3-dicarbonyl compound chel ati ng conpri ses a conpound
selected fromthe group consisting of: 2,4-pentanedi one2-90i oN,

N- Di met hyl acet oacet am de2- 90net hyl ~acet oacet at el di et hvl na] onat €10- ~g~3'
sai d ni t regenTherteaning figmuatepafisadmal aesi $aH A2 BTEARIF S8 T OFMNSTnY
selected fromthe group consisting of: imnodiacetic acid (1DA) glycine

0. 5- 2. 50450!vEnt3pecgs sgjected trom the group consisting of:

ethylene glycol 0-74%
N-methylpyrrolodone (NMP) 0-49%
sulfolane 0-10%.
6. The cleaning formulation of claim | wherein said additional different chelating agent(s)

comprise a species selected from the group consisting of:

ammonium pyrrohdinedithiocarbamate 0-25%
ammonium carbamate 0-15%
ammonium oxalate 0-15%
ammonium thiocyanate 0-15%
ammonium thiosulfate 0-15%
trifluoroacetic acid 0-12%.
7. The cleaning formulation of claim | wherein said organic amine(s) comprise a species

selected from the group consisting of:

monoethanolamine



WD 02/ 057s13 nitrilotriacetic acid (NTA) 1,1, 3, 3-tetranet hyl guani di ne
(ThiG PCT/U SO 1 /-47289 0.~-Z.5%0, 5-2, S% and said polar organic

sol vent cwoprioseasa conpound sel ected fromthe group consiEtl/ug167289

et hyl ene gl ycalgi®olafieN- met hyl pyrrol odone (NhtP) 0-49% sul fol ane 0-10. b.

24. The nmethod of claim 14 wherein the fornulation conprises a chelating
agent havi ng phRarh@ryik@iledetGitmnd (PMDEYAL11C11 R is either hydrogen or an
al i phatic group and X and 1' are functional groups containing nultiply
bonded noi eti gedi@vihRtegTE&Iron W thdrawi ng properties. 25. The nethod of
claim2:1 wherein each of X and ~' is independently selected from CONH~,
CONHR' ) CONR' Riakatid\Nk1oN®2,2) e and SO Z in which R and R' are alkyl and Z
is hydrogen, halo, 'or alkyl. 2G The method of claim 14, conprising a

ni trogen-cont gi{em NMeGiamhaxylic acid having the fornula: COOH CH, - NRR
wherein each o and R is independently selected fromthe group

consi sting of ,5.F _ I b.i@Rd carboxylic acids. Z% A nethod of
renovi ng resi age%%%ggq\}ﬂ\a@g%%ﬁ%r%hmﬁ@a resi st plasnma ashing step on said
waf er, conprigj £ ng the wafer ~~~ith a cleaning formnul ation)

i ncl udi ng (i)"?*'o?%‘é‘ﬁ‘ﬁ"ﬁ'd?&t'é WO 02/ 057S13 PCT/ US(11/-t 7289 amme(s), (ii)
water, (m 1, %e- lqiel%e‘l%pe%gm%m grrpound chel ating agent, (iv) nitrogen-contammy
car boxylic aci 3o TR kcnv) pol ar organic solvent) and optionally (vi)
additional diff f&ent, 0 chelating agent(s). 28. A wafer cleaning

formul ation, M I)uﬁjler?ém?]ﬂe organic amne(s)) (iil water, (iii) 1,3

di carbonyl conpound chel ating agent, (iv) nitrogen-containing carboxylic
acid or inine} 'Tﬁ"/‘;‘]%(%\“a?-‘%*})&g‘?ﬂ‘ sol vent) and optionally (vi) additional

di fferent cheld?et“%aggla%%eent(s). 15 zz

methyldiethanolamine
tetramethylhexanediamine

N, N-diethylcthanolamine.

8. The cleaning formulation of claim | wherein said 1,3-dicarbony! compound chelating
agent comprises a compound selected from the group consisting of:

2,4-pentanedione

methyl| acetoacetate

dimethylmalonate

N-methylacetoacetanude

N, N-Dimethylacetoacetamide

acetoacetamide

malonamide.

9. The cleaning formulation of claim 1, wherein said nitrogen-containing carboxyl acid or

imine is selected from the group consisting of:



. AS. A9. A& A9. AA&. Au&. A& A. 9. A9. A8&. A9. AA& A{9. A{ & A9y. A9. A{ & A{9. A9. A{ & Ah.
A9 fH} ,. t|wnmhc\Wca
U] cMa] ca]we]weaj=al ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] cTa U] c’r(1ceq0ad]284] cTa
U] cMa U] c”a] ca] ca] ca Ul c”a] ca] caU] ca

at. ™l _e: ’P@\Bzu \q 4@§¥caU] cal ca] ca] ca] ca
U] c~a] ca] ca] c@] &a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] cal, &\n|, LNQRST~}xr mhc”~Yke [ V] c] ca] ca] ca] ca] ca] c*a] ca] ca] ca] cal] ca] cal] ca]
c/éa]‘gj:a]I g?} ??] cj&}‘&'éU] cg] ga] ca] ca]calca U c”a]ca] ca]ca]ca]ca]ca ~?h
9 + = Hit#H# 984 ))) . *+zupkf a\ ca] cal] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] caU] ca]"HdP‘(‘i‘é}%‘&]ﬂ&'ém&T a] caU] ca] ca] c\z;\]”:a] I:a] I:a] I:a] I:a] I:a] Lau} ca} ca]! ++
A4++-,U,¢,,,3---+...%/i00003111111112+333
4yt oj e [ V] ca] (‘:é]3cé?}fé@f‘éa‘ﬁ%‘}%%ﬂﬁﬂéé@ca] ca] ca]calca

2]42’82]682] 8217;:3 Jg{wcltlcal-l, &)@ézﬁ( )N(]Cca ca] cal] ca] ca] ca] caU] ca] cal

Y<<==) =/ =5= >’7zt01 e ZU e [ L&ﬂ ca] cal ca] c™a] ca]calca U c"a
})ﬂog’;ig%}lﬂ ca] 65]:@3]1\6&] éféi]z EHpe@PtsdBa] cal] ca] ca U] c”a] ca] ca] ca
CCCCD8DGD\ DDDNEMEEIEGB@EL‘F(IEUZJ@& HHHi | { upkf a\ W] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca] calcal]ca]calill
L1111 JJIsJIIKLMABNIMNROCRRPH PRRUGCRRRR&SSTzuoj d_ZU] ca] ca] caV] ca] caU] ca] ca] ca]
cal] ca] ca] ca] ca] c”a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]
ca! TAUW7VAVRKHOOCAZO(CHOY B\ HV K\ \\a] ] 1\ "t "8 _% ~ " " azupkf [UU] ca] calU] ca] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
U] ca] ca] ca] caHasEe b ZECO00 B\ H\ K\\\a] ] ]\ 2"t *8 % "~ " “azupkf [ UU] ca] cal]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca] ca]ca]caUcal]c
alcalcalcalcalcalcalca fH K-9nl0% u& ()-1"10% u& ()-"10% u& () -

10% u& ()-f@0% u& ()-"1"S10% & ()-&10% u& ()- }hl*L!'"10% u& ()-*

10% u& ()ro&" 1G% Udedaing iPHaldgor( Jof #IEA6 U&ivhgrein@AEs digarli9 -adAQ9p vdhrir)se a

bCL!' 10% u& " 109k ()- 910%a&' ()-910%a& ()- 10-u 10-u

10- u. " 10%;Kodnki-se &8 Hémhe group consisting of:

dEbCL!" 10% u& " 110%e& () - sflocy@ ()-I10%@& ()--10%a& ()-s10%a& ()-f" 10%@& (
)-3 pentamethyldiethylenetnamine (PMDETA) 5-95%

triethanolamine (TEA) 5-95%

said 1,3-dicarbonyl compound chelating agent comprises a compound selected from the group

consisting of:

2,4-pentanedione 2-90%
N, N-Dimethylacetoacetamide 2-90 %
methyl acetoacetate 15-70%
dimethylmalonate 0-48.3%

said nitrogen-containing carboxylic acid or imine comprises a compound selected from the

group consisting of:

iminodiacetic acid (IDA) 0.5-2.5%

glycine 0.5-2.5%



t dYNCL!' 10% u& 10@ 10@ 10@@  10%@&' () - SL3

10%GE () -1 . 210%G& ()- S, 10%@& ()-f#" 10%@& ()- " adEYNCL!' 10% u&

L0%GK () - WOLDHER1E) -1 10968 ()~ M " L0YG& ()1 810%6E () - 910MGBUEYATIEVNCLY
10% u&'

10968 ()-" 10938 () - " 10%6& () - s10%G& () -y" 10%6&' () - s10%G& () - "dEYNCL! ' 10% u&
') 1096 () - ! 100IStrifceti VAT A) - " mMLOYEE! () - 0.5-2.5%

" 10938 ()- 10%5& () -1 edEYNCL! ' 10% u&

- 109%63& () - Y&10DA8 3 (1) trableddizfuakiimé LOUGE () - - 10%K () - ©5-2.5%

109638 () - : <=>?@&nbCL! ' 10% Uu&' Lloél/e&' ()- 10G 10G 12)@9, ;

MLOYGE' () - 6" 10%GE' () - A10%UGE () - 110%GE () - @B, dENbCL!® 10% u&' s" 10%G& () - LY
10068 () - 10968 ()- " 109G ()-1"910%K () - S: 10%&' () - &aBnbCL!' 10% u&" 104G
() - 10%GEnd(shid obRiVEEeahik s81% il YWalprisks a bolHipeliks defecib@B@&hé group consisting of:
NAAEMDCL! ' 10% U&, " 10048 () - 5* 10UCE' ()- Y &S LOUGK' () -" LOUGE () - s

10%G&' () - S1OYUGE () - h| , LNOPQYNCL! ' 10% u& 10G 10G 10G@  10%G& () - 4

10938 () -2 10%a81éne-ghedDUE& () - . 0-74%
10%6&' () - QSTaBYNCL! ' 10% u&s10% &' () - 10%& ()-9ys10%& ()-!L
10%z& () - 3" &iféudsfyrrolob@f@&iNgpy r ~{\ =2C 10z9S; 0-49%

"10%& ()-S,:10%J& ()-S,:10%& ()-!L"10%E& () -
L" 10%@8 () -) ! &ili3R%E2& () - 2] KC 1029S; " s10%& ()-s 1a04@h () - ! Ryy10%& () - 9sZ
1. The cleaning formulation of claim 1 comprising a chelating agent having the formula:
X-CHR-Y in which
R is either hydrogen or an aliphatic group and
X and Y are functional groups containing multiply bonded moieties having electron-

withdrawing properties.

12.  The cleaning formulation of claim 11 wherein each of X and Y is independently selected
from CONH,, CONHR’, CONR’R”, CN, NO;, SOR’, and SO,Z in which R’ and R”

are alkyl and Z is hydrogen, halo, or alkyl.

13. The cleaning formulation of claim 1, wherein said nitrogen-containing carboxylic acid
has the formula:

COOH-CH,-NRR’

wherein each of R and R’ is independently selected from the group consisting of

5  hydrogen, alkyl, aryl, and carboxylic acids.

14, A method for fabricating a semiconductor wafer including the steps comprising:
plasma etching a metalized layer from a surface of the wafer;

plasma ashing a resist from the surface of the wafer;
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10%@&' ()- 910%a& ()- 10z 10zN h

~ G COL0%& ()-y 010%& ()- 010%G& ()-s- 10%&& ()- $n0% & ()-! QBMLO%& () -

| 31 xA2C OWOU@BIAUG () - 010%G&' () -y 010%@& () - 010%@ () -BCOUSH@E2SY) - #! $! %
P& (1) 1*1 +1 9! gfelmiAd QRN akP %0 10! & &erfukorkdtd O MWhEdr oSe@ng OmRil{t)on comprising the

V" 81094 & ()-" 0L10%GR' ()-y9! 111 ("="]""|[:sfE 010% 10% >! : & ()-! 10% >!: & ()-
9 " 10% : &M0winf cSmpokits il th&pdrientdde B0WEQEH (bhased ob )he total weight of the formulation)

3" 810% > : & () - " ##4] #O#1#UHOWE 01#10% >! - & () - @10% >! : & () - #10% > : & () - @
H10% >! - &fges 8HEOY > © & () - UK #\ #ORUBVHHHSWE 01#10% >! : & () - #10% >! : & () - @
10% >1: & ()-#10% > : & () - @L0% >! : & () - #t#H###H#XXCEE 0L@FL0% >! : & () - #10% >!
L& ()- @10% >1: & ()-#10% > : & () - @HH#E#####pcV] 01101 10! 10! LS,

L10% & ()~ #10% ahicp{le F10% >1 & ()-#10% >1: & () - #9358 994 | [ 01

"10% & ()- LI 1088 ()5S 10% & ()- LLLO% & ()- " 910% & ()-

910% & ()- ((Hagk-*1[:cVI 01 , 109 & ()- & 10% & ()- §56%0% & ()- & 10% & () -
$9110% & ()- STT006 & ()- . *++++t++-, VUL s 10% & ()- "910% & ()- L10%

& () y1om & (7 VI RGBT ' Tone @ ()0 IO U 1w
¥ SN ()8%@%0(?&%)%%%%9?@ fiephg ST0% & (- @O ()| 00003111 [+ vUs"

510% & ()- 3"1 Y10% & ()- (10% & () - &10%

E o0 A B g Onstii €020 10 1

; 0 - ©S 0 - _oV /

Py e#&+ #10% x! © & () - x&H{ #1090 x! " & () - X&H #1096 X! " & ¢ )X &+ #10% X! " & () - X &+

#10% x! & () - =352 = =%y .

pye#%&+f #10% x! ~ & () - xf &+ #10% x! " & () - x&+f #10% x! ~ & () - Xx&+f #10% x! " & () - X&

+H #10% x!* & ();9¢AgRRU2Y2"2_2nmRU9* &+f #109&+f #1096 X! * & o) - X) ?

pye#&+f #10% x! & 1) - X&H #109% x! ~ & () - x&H #10% x! * & () - X&+f #10% x! * & () - xnR2

22222aE* &+f #109&+f #10&+f #10% x! " & () -X) ?

e
0 X: - !

pye#&+f #1006 x1 " & () - X&F # 9% X! & () -x&H #10% x! * & () - x&+f #10% x! " & () - x222

D% 2900+ g 1O DR GEse ()-x)?

pye#&+f #10% x! ~ & () - X&*H #109% x! ~ & () - Xx&H #10% x! & () - x&+f #10% x! * & () - x222

2222aF* &+ #10%R+E #1O0RHE#100%h X1 * & £33} 95%

pye#&+f #109% x!@&{aﬁ%{ﬂs{@fﬁ'ﬁﬁﬁ ')é?""g'(%%@fﬁf)#m% X & )2t #1006 x1° & () - x2+3
2§13%L%‘?szf HIQRLSUETO%RES () - &10%#& ()- & 10%%&s() - & 10%#& () - (

& 10%#& () - 4" 4( 4. A3444@gCF &+ #1098[ <[ <U#10%#E& () - [ <UHL0%DH#& () - [ <u#10%#
& () - [ <u#10%#& () - [ <U#10%#& () - [ <U#L10%H& () - GHEAFATAXAYA 4gGH &+ #109%&[ <[

<U#10%#& () - [<u#10%#& () - [ SUBLOYH& () 1 [ <SUBLPYH#E () - [ <u#10%p#& () - [ <u#10

WH& ()- fﬁzénmﬁ‘ﬁ}‘lf%?f g}%ﬂﬁbﬁ?gagﬁ%ﬁl@@ﬁ Eﬁ’#?%%‘%%‘[e'(a;{“% E o O-1<

u#10%#& i(j?& SURTOUDRE ()0 [ <U#TOMDHE () - 4444444 * [ <U#10%HE () - [ <U#10%D#&

1 () _ [ <U#1 &&‘S(Q)C_O[IWHd electe rom the gro consisting ol

ZRr #[ <u#10%#8&' () - [ <u#10%#&' () - 44444441 - * [ <u#10%#& () - 5W

ZRr #[ <u#10%#& ‘H‘e +§1%§i10%#&' () - [ <U#10%#& ()- [ <u#1QUp#& () - 4444444 _2*[ <u#l

0%#[ <u#10%#& [FETLGHb# () - [ <u#109%#& () - [ <u#100B%% () - [ <u#109B#& () - [
0 ' _ * 0, ' - 0, ' - 0, ! - 0,

;pa(#)lf)[ﬁgﬁﬁl(() gmﬁﬁ%ﬁgwy'a [Sutt100m#e () - [ <U#L0%#&! () »[guftl0%#& () - [ <u#10%#

ZRr #555575: 5<5m\vt * [ <U#10%#&' () - [ <U#L0%#&' () - [ <U#1Q%#&' () - 5W

ZRr ##] <u#10%#‘@/6>)"[af°é%?ﬂi‘6%#&' () - <5@D5H5NSOBC5I - * | 36/%0’0/&0#&' ()-5W

ZRr #[ <u#10%#& () - [ <u§%0%o#&' () - [ <U#10%#& () - [ <u#185@1§§'0 () - €505p5s5t 5v5W62

5gK+[ <u#10%#&PSOTIERIESHLE () - [ <u#10%#& () - [ <u#10988&7() - [ <U#10%#& () - [

<U#10%#& () - [ <U#10%#& () - 25{555555| L+[ <u#10%#& () - [ <u#10%#& () - [ <u#10%

#& () -[ <u#l0%#& () - [ <u#l0%#& () - [ <u#l0%#& () - [ <u#10%#& () - 55555551 R6+] [

<u#10%#& () - [ <u#10%#& () - [ <u#109%#& () - [ <U#109%#& () - [ <u#10%H#& () - 5W

ZRr #55555b655gK-heypathodhalecleym [|4ushenuh AR (U HELEETDNIBL2 P} LD IHARINE) - b[ <

U#L109%#&' () - [ <u#10%#&' () - [ <u#10%#&' () - 55555551 R2+[ <U#10%b#&' () - [ <U#10%b#&

' () - [ <ut1o9anrged coamppypnd selected from the group consisting of:

ZRr #[ <u#10%#&' () - [ <u#10%#&' () - 55556661 . +[ <u#10%#& () - 5W

17




ZRr #] <U#10%#8' () - [ <U#10%#&' () - [ <U#L0%B#E& () - [ <u#10%#& () - 6666666. 66vU4[ <
& "10% & ()-yZ & "910% & ()- & 10% & () - 10b#10b#10b# &@ 10%#& () -

&6- 10%h#&V0) 1268 AT 77cOVUA[ < &' "1 p#10% & () - @ p#10% & () @n#smwm() @
P#10% &' () - @ P LQYLE 6 hei@ RS 10% & () - 777777722 VU2, 8, p#10% & () -

p#10% & () - @ pHLO0% & () - @ p#10% & () - @ p#10% & ()- @ ? 6>Yo#7788

8+8-827: vUU[ < & %10% & ()-@p#10% & () - @ p#10% & ()@ P#10% & ()- @

p#10% & () - @ ¥6>Yo#- 8. 8/ 888) 99y X7TvUA[ < @ 10% & ()- @LO% & ()- @

"10% & () - 91@}/‘(3% a(c%ucfg@]@%(,)% ()-@7? 6>Yo#9; 4,7, 8; 95.0. 6 R vUA[ < L10% & () -

$10%&'|E) iLJg[ ) 10% & () - ""10%&'()-st u;

<o<<=|[:V . ST <109 () - p'<l0 & Y" &10% & () -

D GLO% &' () - =) ﬁ/l B ‘&8[{%% 2 M%@’%b% & ()- F $F 109 &%) -() $F" 109% & ()-(3&
10% & ()- , ,10% & ()- 10% &' () ->222222222vU4[ < /slo%z#&' ()

F@Z"10% & ()- 92" 109%&& ()-10' 10' 10' f:10% & ()- 73. G 10%& ()-?

@O AL R Sphidt A G S Pl O b B

UG 10% & ( 1oC10% & () - %G 10% & () - ' B-B. BCBLBMBOB] BsWI4[ <
UG 10% & 5(”“6 JEEOT8E &HOPR CONESHREH 00s & () - %S 10% & () -

ethylene glycol 0-74%
N-methylpyrrolodone (NMP) 0-49%
sulfolane 0-10%.

19.  The method of claim 14 wherein said additional different chelating agent(s) comprises a

compound selected from the group consisting of:

ammonium pyrrolidinedithiocarbamate 0-25%
ammonium carbamate 0-15%
ammonium oxalate 0-15%
ammonium thiocyanate 0-15%
ammonium thiosulfate 0-15%
trifluoroacetic acid 0-12%.

20. The method of claim 14 wherein said organic amine(s) comprises a compound selected
from the group consisting of:

pentamethyldiethylenetriamine (PMDETA)

monoethanolamine |

diglycolamine

triethanolamine (TEA)
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3,3’-iminobis (N,N-dimethylpropylamine)

N-methylimidazole

tetracthylenepentamine

triethylenetetramine

tnmethoxyethoxyethylamine

diethanolamine

methyldiethanolamine

tetramethylhexanediamine

N, N-diethylethanolamine.

21.  The method of claim 14 wherein said 1,3-dicarbonyl compound chelating agent
comprises a compound selected from the group consisting of:

2,4-pentanedione

N, N-Dimethylacetoacetamide

methy| aceloacetate

dimethylmalonate

N-methylaceloacetamide

acetoacetamide

malonamide.

22.  The method of claim 14, wherein said nitrogen-containing carboxyl acid or imine
comprises a compound selected from the group consisting of:
iminodiacetic acid (IDA)

glycine
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23, The method of claim 14 wherein said organic amine(s) comprises a compound selected
from the group consisting of:
pentamethyldiethylenetriamine (PMDETA) 5-95%

triethanolamine (TEA) 5-95%

said 1,3-dicarbonyl compound chelating comprises a compound selected from the group

consisting of:

2.4-pentanedione 2-90%

N, N-Dimethylacetoacetamide 2-90 %
methyl acetoacetate 15-70%
dimethylmalonate 10-48.3%

said nitrogen-containing carboxylic acid or imine comprises a compound selected from the

group consisting of:

iminodiacetic acid (IDA) 0.5-2.5%

glycine 0.5-2.5%
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Os' 10%@n@Hy 6aid pOsr Ir@dMic soldent comprises a compound selected from the group consisting of:

ethylene glycol 0-74%
N-methylpyrrolodone (NMP) 0-49%
sulfolane 0-10%.

24 The method of claim 14 wherein the formulation comprises a chelating agent having the
formula:

X-CHR-Y in which

R is either hvdrogen or an aliphatic group and

X and Y are functional groups containing multiply bonded moieties having electron-

withdrawing propertes.

25.  The method of claim 24 wherein each of X and Y is independently selected from
CONH:., CONHR', CONR'R", CN, NO;, SOR’. and SO;Z in which R" and R™ are alkyl and Z 1s

hydrogen, halo, or alkyl.

26. The method of claim 14, comprising a nitrogen-containing carboxylic acid having the
formula:

COOH-CH:-NRR"

wherein each of R and R’ is independently selected from the group consisting of

5 hydrogen, alkyl, aryl, and carboxylic acids.

27. A method of removing residue from a wafer following a resist plasma ashing step on said

wafer, comprising contacting the wafer with a cleaning formuiation, including (1) organic
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