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speci-fically, the present invention relates to cleaning fornulations for

renoval of inorganic pRESSHEFERBRUCE IO REDAERS WPPLa{@hNscont ai ni ng del icate
copper interconnecting Structures. Descriptron of the Prior Art Various

chemi cal f ofhif aeqniinpstionrie-prrbefeh Priont aippljcationdN o PR3 11537 fileddwgust 205 1W8e and
| f f ol j | i .St hi t.ep. e of th 1. cal
SEICLARIATHER GRS e

tetraal Kyl femRenbed I3y ODNidARBifyiMAhEUniRNSaRE asARGnated Slakent s, and chel ati ng
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The present invention relates generally to chemical formulations that are useful in
semiconductor wafer fabrication and particularly to .chemical formulations that are utilized fo
remove residue from wafers following a resist plasma ashing step. More specifically, the
present invention relates to cleaning formulations for removal of inorganic residue from

semiconductor wafers containing delicate copper interconnecting structures.

* ) Description of the Prior Art

Various chemical formulations are conventionally employed to remove residue and clean
waferls 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.




~“additives typically have det rln%ntal—effect s on the cleaning process—-.. . ...
~~because such additives interact “wirth.-the residue and inhibit di SSOU‘\LI@\L%%

‘__'_}r;of such resw(ibu@msm;t he cl eani ng fI uid. Further, conventpb@%gh,@gﬁl
~not easily rinse off copper ‘surfaces-after corrpl etion of the cleaning

'process and their presence results in contamination of the integrated

circuits. Cont amrﬁwf sl f&lfnulatwﬂgerhﬂ]&yem ﬁpinﬁbifuﬂ'ﬂdam&‘s b dprgs}eﬁ%géﬂégﬂcgeous I'y

increase the electrical resistance “of cont'am nat ed areas and cause

unpr edi ct abdopet MralleGikdsidg diraig tielc@SniNg ﬁrbéeﬁk HB@ever Edabtintidndl colrbsidnSinflili@gef or e an
obj ect of the present invention to provide chemical fornulations that

ef fecti vel yaddiives wypicaidys havu eletfiokdta viffegs an niesélahing pocess bedaesp . sudi addgivanot her
object to provide wafer cleaning fornulations that do not attack and

pot ent i al | yinteraqj il éheresidue andainhikit dissolytioneftsucheresidub it thaelernime dluid. tRyrtheanai n on
the wafer. It is yet another object of the present invention to provide a
waf er cl earFPW’Q“‘PB% Refitiyes dpnot F‘Fitl)r Tiere Rl capper #ptesy alter comniation ohthe gleist or f or

protection of co structures on the ., semnm conduct Qr substrate, in a
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enbui ng di SaTANRRYAE "Q%B%H’é’ %ﬁ‘“ e AR R o 2 8 U
005 WD 02/057513 PCTIUSQO /47289 The present invention relates to

“sem conduct or ik @rerefireandbiegt dfakiapresht ipveatidaay pidgide theibchll frultioss dani ng of

sem conductor wafers, e.g., in post plasma ashing sem conduct or

fabricati onffecnwlyamovawémfoﬂmanrcsweashm@sten elates to a nethod of renoving

resi due froma wafer

1t 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




~fol owing a resist-ptasma—ashi ng step-on such- wafer; - cmﬁ&ngﬁcgnjm,tznb@ .
the wafer with a cteani-ng fornulation, including (i) an organi ¢ am ne, .
(ii) water, vdibdoprses.ni. trogen-containing carboxylic aci §c@rsaluzisyi ne, (iv)
a 1, 3-di carbonyl chelating compound, (v) a polar organic’ solvent, and
optionally (vi) at |east one other nmetal chelating agent. Another aspect of
the invention r?b@&u@e%ntt fvetiBfeRles b SR Huc? I Ahdadfly rialatil Bhidg ) an
organic amne, (ii) water, (iii) a nitrogen-contalning carboxylic acid or
an imne, (itilly for lledningdiof anieuiyilctos NRdFaS, | I} MOPROYRASa bifhingAscRfb@iucts gani ¢
solvent, and optionally (vi) at |east one other nmetal chelating agent. In
a further alpeaton. t he invention relates to a seni conductor wafer cleaning
formulation for use in post plasma ashing sem conductor fabrication,
conpri si ng the notne@diceigthe densativartelates fona trigtod ef wewtiag)ecsidye Wemghwaférbased on

~the total wejght of the fornulation) ranges shown: organic am g'gés) 2-98%
wat er 0- 509HoWing ajresist PSR, fshing $50 Gf duch efeat SomBrisigsartaciing thsowafer 3dliat i onal
different chel.atin ent (s) 0.25% ni t.rogen-containj.ng carboxyli¢c acid or
i e 0. 5- A0S PR Chne i G et S5 G AE: QB REST SRS, | ons of
t he present,,d Is f i r i | c resi.dues especially
netal hali cfgﬂbg%gp%r%‘?grl 5{){??? é(lyglé%it?ucg%&\élﬁgIcﬁegd\’}mﬂgg&gpoﬁfd:’iéﬁaa gcgﬁri i é'l?"sct ep. Such
3 JUN 2005 solVé:, @l dpfiohaiy3viy e 1adt bildihdd ik @Ponbitingigeat | ons al so significantly
reduce undesirabl e corrosion or renoval of copper netal structures on the

-_M}em' conduct or weidother aspett dfGhelif@hifon W&Res to a wafer cleaning formulation, including (i) an

organic amine, (i) 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%
| k additional different cheléting agent(s) 0-25%
i 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




- ~Hhe-fermH-at+ens of -t-he-present i.nvention.additionally leave less g g 2005 -
cont-ami-pation after the residue-renoval process.:and therefore i owy
quality of ' twees@sssting nicroel ectronic device. productg. dhessfeatures
and advantage's of the present invention w [ be fromthe ensuing
di scl osure and appended cl ai ns. BRI EF DESCRI PTI'ON'OF THE DRAW NGS Fi gure |
I's a schemafdrGulitRRY 88&RigAtitally Addu@ GRIRGGHE SRS & FRALIRSIroR ﬂe? hiehi tor
useful in the broad practice of the present 1nvention, which forms a
protective htayeres @rhd semicagdppervafehaing their uger event corrosion. Figure 2 is a
schematic representati on of the copper-specific corrosion inhibitor being
rinsed away frofhe feenuasipisef the prefeatisvdntionchalditionail g thawciése contaDinbidn 4REY the
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention relates to
f or mul at i onsigusAEmeyplcprosess paththereforsrimproys pslitypfitheoeyliing cnicreiebemnicrdesiceues
arising fromcpi h-density plasma etching foll owed by ashing w th oxygen-
cont ai ni ng %f’a?g s. The fornul ations advant ageously contain 1, 3-dicarbonyl
conmpounds and/ o I el at.i agent s, .nitrogen-containi.ng
car boxyl acids gtrhglii %ﬁt&rg@?ﬁﬁﬁ?ﬁ@?,ﬁ g’%éﬁl%ﬁrtegppwé%?'hg?l?%ggf%ﬂ? DY i nary
i ngredi ent aﬁscﬁsmw,dgxg,@@ed%m/ 057513 PCT/ 11S01/ 47259 The preferred
formul ati ons conprise the foll ow ng conponents in the percentage by weight
(based on the total weight of the formulation) ranges shown: organic
‘am ne(s) 2-98% water 0-50%

‘ BRIEF DESCRIPTION OF THE DRAWINGS

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 corrosion,

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
water 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 carboxy) acids or imines, amines, and water or other

solvent as primary ingredients,




-*4, 3- di-car bonyl --conpound chel-ati-ng--agent 0.1-60%..addi tional di ffeg-__egqum_gg[]ﬁ
[ 'chel ating agent(s) 0-25% nitrogen-containing carboxylic acid or iL.mmne..’:.
+.0.5-40% polveg px@egani ¢ sol vent 2-98% TOTAL 100% The cQupRRGERLSs Of the 3
~formulation as descri bed above can be of any suitable type or species; ds -
wi || be appreciated by those of ordinary skill in the an. SpeC|f|c
il lustrative anghe férafedsdrRtladdnt Sinalel 5@% he

i ngredi ents of the}m]E orrmul ation ar gﬁggeﬂgcr}?]fbb v %1\}5[9\%6 g{:lfygl C
conponent s weghnbasedaithe fotabaleipit bithd Bfiulatioh) Sngds GRAnM . %0 concent rations in
the forrmulation, on the total weight basis specified above. Preferred

am nes include: pentanethyl diethylenetriam ne (PVMDETA) 5-95%

tri et hanol am neOYGWEA)ﬂine(SB 95% O her am nes .t hat a#8%hi ghly advant ageous

i ncl ude: nonoet hanol am ne di gl ycol am ne di azabicyclo (2.2.2) octane

di et hyl enet ri anVH& 3 3'-imnobis (N, N-di nethyl pr 8#9¥ani ne) s mg JUN 2005
- WD 02/ 057513 g#a‘ 47289 N net hyl i m dazol e tetraethyl enepentam ne
triethyl enetetr Ieatl ony 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 components of the formulation as described above can be of any suitable type or
species, as will be appreciated by those of ordinary skill in the art. Specific illustrative and
preferred formulation components for each of the ingredients of the formulation are described
below, with specific components being identified with their preferred wt. % concentrations in

- the formulation, on the fotal weight basis specified above.
Preferred amines include;
pentamethyldiethylenetriamine (PMDETA) 5-95%

tricthanolamine (TEA) 5-95%

Other amines that are highly advantageous include:
monoethanolamine

diglycolamine

diazabicyclo (2.2.2) octane _

diethylenetriamine

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




tri et hoxyet hoxyet-hyl-am-ne. . .di-et hanol.am ne . met hyl.di.ethanol am ne JUN- 2005 -
tetranet hyl hexanediamine N, N-diethyl ethanol ani ne Speci fl c_pref ef r%d
1, 3-di car bomyd)ommapund chel ati ng agents include: 2,4-pgy h@ %Iisgne 2-90%
N, N- Di net hyl acet oacet'am de 2-90% nmethyl acetoacetate 15-70%

" di met hyl mal onate 10-48.3% Qther 1, 3-dicarbonyl conpounds that are hi ghly

“‘advant ageous i N®l.H&BimidddiEt hy| acet oacet am de acet oacetani-de nmal onam de
The preferred nitrogen-containing carboxylic acids or imnes include:

i m nodi aceti c aeimktiyicnepinthfiine gl ycine 0.5-2.5% nitrilotriacetic acid.
0.5-2.5% 1,1, 3,3-tetramet hyl guanidine 0.5-2.5% 6 6 JUN 2005 WD 02/057513

PCT/ USOL/ 47289 @ethmenqtﬁitrambgen contai ni ng carboxylic acids or imnes that
are highly advantageous include: CH3C(=NCH2CH2OH) CH2OQ( O N( CH3) 2
CH3C( = NCI—IZCHZOOHE’SI%QWW@(@PM CH3) 2

diethanolamine
methyldiethanolamine
tetramethylhexanediamine

N, N-diethylethanolamine

- Specific preferred 1,3-dicarbonyl compound chelating agents include:
2,4-pentanedione 2-90%
N,N-Dimethylacetoacetamide 2-90%
methyl 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%




C}-BG(ﬁNH)Gn‘zC(O)G-B ( CH3CH2) 2NC( NH) N( CHB@HQ}QLMZN( CHB)Z gns
HOOCCH2N(-CH3) CH2000OH The preferred sol vents. i nclude: water 50% e@ h‘witrg
gl'ycol 0-74%o asethyl pyrrolidone (NWP) 0-49% sulfol anQCQfU@,ﬁ%str ef erred

'secondary or alternative chelating agents optionally utilized in sone of
the formul ations of the invention include: amoni um

pyrrol i di nedinehiigar @mﬁlﬁca%ozﬁ%mm&@a&:ﬁs R RadliplondincREETONT UM
oxal ate 0-15% anmoni um t hi ocyanate 0-15% ammoni um t hi osul fcat e 0-15%

trifluoroacetic acid 0-12% 7 JUN-20- WD 02/057513 PCT/ USO1/ 47259 The
utilization of fornulations containing 1, 3-di carbonyl conpounds and/ or

ot her metal - ch&H{EFNGHLHPH)SHRGOPUAH:at i on with anmines and a sol vent
enabl es uni que inprovenents of the art to be realized. The inventive

formul ations pr W HNGECHGCHERIQIPCHL(EMNEHrmance and | ess  corrosivity
t han convention r_stripping formul ati ons containi ng catechol, am ne,
and sol vent. a{;C= I%Cch(O)(P}P ? J

(CH3CHR),NC(=NH)N(CH;CH,)2
HOOCCH,N(CHa),

HOOCCH;N(CH;)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%




- -The addition:of -nitrogen-cont-ai-ni-Ag--carboxylic acids or im nes-..j.s._.ajﬁ&hﬁg o
- advant ageous i nprovenent of the present invention. The nitrogen-c:'o.ﬁt dsly 5
- ‘carboxylic & @ssef i mnes contain functional groups tBatyddfarspecifically.
- attracted to free copper atoms. As shown by Figure 1, the copper-specific
corrosion inhibiting agent C, which contacts the copper surface during the
resi due-r enoval TRIAGRES of Wrnhlaiht &mhidi 11308cRRRT Sompotiid a5 for MG fpim &
protective layer to prevent the copper surface being corroded by cleaning
agents A ashelatiig ages ire@undination Svith aowes arldya sbiveitl Eablds unsqu€ neoRpeds gmeci fi c
corrosion-inhibiting agent C can be easily rinsed off by deionized water
or ot her ria¥ste baewlized.arfle inventied formsulbtiony providebejted stripping pedortnanve amt lesn on t he
copper surface after the cleaning operation is conpleted. The fornulations
of the i nveREPHHY Hhg) comertirad waley Sg@l’lﬂarﬁ’@%"}ﬂ“@fs cop/pipiag teatechok garitiecandani nes,
chel ati ng aglenis, and ni trogen-containing carboxylic acids or imnes, other
than those *$P&cifically exenplified. Particular 1,3-dicarbonyl conpounds

d related . sui tabl.e ch ter..include th f the f | a:
SCORY wher of o Rn Y i bbie B0 QRN ol Pt AT PRenelfl, e g.
Cl - Cs al Ky limpréVedknt of 3heK 5%kt inPdnfion. The mg%x-c%ﬁtginfn %af%%c %uél'dsto :E)rp ﬂllui . erent

fromone another, and are functional groups contain y-ef)onded
noi et i es Wbt hR@ohd Frodhd MG ANVEREHENP RRfLEEL D, r@SoffRF 28X SowiPENH2,

o
CONHR , CONR R, CN, N2, SOR, or SO2Z, in which nd R' are sane or
. gifferent &igdeerlehe esppatspeific, coffssionl ikhibitigy spem @ RhicE coRptLhie Bipperaiicher at om
““or group, e.g., hydrogen, halo or C -Cs alkyl. 8 8 JUN 2005 WO
02/ 057513. durinpdFirisd@treagabgrogeidivill agachlto the toppgemfcontidomi agotesivdlapey| i ¢ aci ds
having utility in the broad practice of the invention include those of the
formul a: to prévent the copper surface being corroded by cleaning agents A" and X°. Moreover, as shown

by Figure 2, suéh 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., C-Cs alkyl, ary],
alkenyl, etc., X and Y are the same as or different from one another, and are functional groups
containing multiply-bpnded 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, e.g.,

hydrogen, halo or C;-Cg alkyl.




" GOOH CHs- NRR' - -wher ei-a—each of-R-and-R is.independently. selected:f :BSM.EUDE

group consisting of -hydrogen, alkyl, aryl, and carboxylic.acid. Cart _
salts and dived kyk®id hi ocar bamat es ot her than those specighipgall,sgenti oned

her ei nabove may be used as chel ating agents in the'br'o‘ao]l)'”pract'l ce of the

i nvention. Various other polar organic solvents may be used, e.g., alone or

m xed with wat e&dditi&@&i&d@éﬂ%&@ﬁin@@a“rbdi{'lisctati@s ﬂaoi\égﬂﬁlitﬁﬂ ﬂfé@%&a&?@g«%uké’oﬂ?%y- al so

i ncl ude such conmponents as surfactan stabiTizers, corr on inhibitors,
buf f eri ng aiyemntis, inchided thost-of b Yoomdla, as useful or desired in a given end use
application of formulations of the invention. The formul ati ons of the
present invention ak®0BEH-¥RR'arly useful on wafers that have been etched
with chlorine- or fluorine-containing plasmas foll owed by oxygen pl asma
ashing. The resi dud&crgiagrsch af RepdBy istiddependopfieseclsttepfran ths giomgeohsisiing efl | y
contain netal oxides. These residues are often difficult to dissolve
conpl etel y W??F&Pﬁ“yiéﬂéia a@B’F”S‘B%‘i“’on of netal features required for

are mor e fui 1y RO AR B nileier P R o R rERioned) EXAVPLE 1
Copper - spegufi [ | Bhi bi . ] ina.ei ther ni.trogen-containing
caerBoxyI !OC%Jg{gn?ogg&g{ﬂriﬁ%&ﬁgiﬁ%@g%@’&eggd&%rﬁﬁ \R%n%fio?&%lr"é’%tm?'ypes of al kal i ne

cl eani ng f or mul rib@bther Wildr BrghrdiesolvErdd W Dgka CYUTRRASHix AN GARE aCt er i st cs.
TABLE | 9 8 JUN 2005 WO 02/057513 PCT/ 1JS01/47289

) The formulations of the invention optionally may also include such componénts 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
foliowing components and characteristics.

TABLE 1




- Conpenents—Fenp. - pH Copper Etch Rate (Almn)—Fornulation.l. .. - =8 JUN 2005 -
Di met'hylaCet oacetam de, [ Ami ne, and Water 70.6:2 17.4 Fornmnulation 2
Ammoni um Fl way d2i€rs13Tr i et hanol ami ne,  pent anet hdi-et hyl engbfigadiisnge and 40
8.6 7.5 "Water The copper etch rate was det erm ned by a standard four-point
probe technique. Addition of corrosion inhibitors in accordance with the
present inyention SigpiticanidohpsleMVed dOWT Ui, COPPRH  ©f Wppeikkn |2S Shown
by the follow ng tabl e, and effectlvel y pregvent ed indesi rabl e , corrosi on
during the cl eaning pfocess: TABLE2 Copper {Reducti pn of T Ao ul at i on
Concentr at | diorithtiod 1 Ef ch Ehehylmb&emﬁmerosi on Inhipitor u) Used (%9
solution Rate (% (Amn) n?gg etlc Agi d %021d65 1-§,4-73.3--86.7
Gycine 4002 1.5 9.2 e |tr Iotrlctcetlc AL %10 "8.2i3.6
-52.0 1, 1,[3,Formudatipmdre| hyI g‘trammrmmn@uottde,z 1.5 8.7 3.4 -54.7
CH3C( =NCHZCH2COH) CH2  O) N( Gfﬁgﬂgmmnge 24 1049 6.2 -b4.4
CH3C( =NCHZCH2 OCH1 CHz CH) C((1 CH3)3 70 1 36 10.{7 0.32 [ 98.2.
pentameth ie ylenetn amine, and 40 8.6 7.5

Water

The copper efch 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 °C) Used (%) solution Rate (%)
(A/min)
Imincdiacetic Acid 40 2 1.5 8.0 1.2 ~73.3~86.7
Glycine 40 2 15 9.2 3.6 -52.0
Niltrilotriacetic Acid 40 2 L5 8.2 3.6 -52.0
1,1,3,3-tetramethylguanidine 40 2 1.5 87 34 -54.7
) : CH;C(=NCH,CH,0H)CH,
C(O)N(CHa)2 70 1 24 109 6.2 -64.4
CH;C{=NCH,CH;QCH,CH,0H)
CHC(OYN(CH;); 70 1 36 10.7 0.32 982
CH,C(=NH)CH,C(0)CH, 40 2 13.68 7.9 4.4 -413

EXAMPLE 2




~CH3C(=NH)CH2C(O)CH3 40 2 13.68.7.9.4.4 -41.3 EXAWPLE 2 10 JI NN-..2Q0 nﬁ é‘%w 200%
- 02/ 057513 PCT/USQO /47289 A contam nation test is carried out on for

2 cont ai ni ngyd @lekedi acetic acid inhibitor. The sem condugtel MRfer to be
cl eaned contai ned copper and silicon filns. After the conp etl on of the '
cl eani ng operation, the wafer was rinsed by deionized wat er at 25C for.-

about 15 mnutﬁscontlrnﬁaﬁﬁq&@%asa)ﬁ.éd%t Sr%ﬁ% b YR ,5 g obtai ned

are as follows: Cu (atons/cn (atons
Uncl eaned i&#igiter Thﬁs%l'qODd“S“’BW?f“l‘O bey qleaged| gpniain @P@aﬁ@ﬂs ﬁélms rxhelo 5.1 X
1013 1.5 x chfpltdon Dhae tlemigopdgion, el dis wadidwed $adeiohiBl vk Rers°©Ot guCuxO has

b ffect hecl b
cont am nat 1 S RRSH B eRien bAE e By SR PO RnE = 6P BPon 1 nni bi tor

in the cleaning fornulation, has been gr eatly reduced. Wiile the invention

has been desTTTbed Nef @] Gilbiti? T TF |ack: wieatd spgcts, and
enbodi menﬂs, it wll pe (ngrem at gdt&?lat thebdd *\?Ig%] Ih S %’P usilimted.
The i nvent|iumleinbEWefeof € MaY 10'€0r esperxcmﬁgl Y en;bpﬂl(eﬂ i a wqgle vaii ety of
conpositig f Ag-v-aatbahs -rgredi-pnt s——and-—end- use
applicati cnse.‘?m Re i nvient P3R4 P her ef oPd* lg to be ]usr?bl 3;tood aslgnco bassi ng
all such variations, nodifications and alternative enbodi nents, wthin the
spirit and scopge ffe Bh reki Y Sk (B f yi=Te) 005 WO
02/ 057513 PCT/ 5 RhcsbHE kSR 04 e BopB R U 1S b Wibbivdly il o]

} the cleaning process, while carbon contamination, which is mamly caused by the organic

corrosion inhibitors in the cleaning formulation, has been greatly reduced.

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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~What is clai med-is:—t-~A-seni conduct or waf er cl eani ng—formul.ation fiar§ ulli 2005
in post plasma ashing .sem conductor fabrication, conprising:the follow ng
conponent s iwo t3va7sper cent age by wei ght (based on the teeglgspabght of the
formul ati on) ranges shown: organic am ne(s) 2-98% water 0-50%"

1, 3-di carbonyl conmpound chel ati ng agent 0.1-60% additional different

chel ati ng agent (s) 0-25% ni trogen-E@RiCRiAMIBG car boxylic acid or imne

0. 5-40% pol ar organi ¢ sol vent 2-98% TOTAL 100% 2. The cl eaning

formul ation as described in claiml wherein said organic am ne(s) conprise
a conpound sEkasistchiinddissm t he group consi sting of:

pent anet hyl di et hyl enetri am ne (PMDETA) 5-95% triethanol am ne (TEA) 5-95%
3. The cleaning formul ation of claim1 wherein said 1, 3-di carbonyl conpound
chelating Rgenh eaNPhiRRs WafGONBAMRd fsaliarhet: f 0Mnt Re: ONAHR ARSI sting

of . 2, 4-Pent anedi one 2-90% N, N-Di net hyl acet oacet am de 2-90 % net hyl

acet oacet atsemit&ndi@ofateicavies, Ryipraing tiat follcdh@reddmpdaents In2the perceBlagblly W8GR VO

02/ 057513 PCT/ US01/ 47289 4. The cleaning fornulation of claiml wherein
sai d ni t r ogbasedrtheadtaliveightodhb xmpllition)awsiges sbewn:

A —

organic amine(s) 2-98%
water 0-50%
1,3-dicarbonyl compound chelating agent 0.1-60%
addi;ional different chelating agent(s) 0-25%
nitrogen-containing carboxylic acid or imine 0.5-40% polar
organic 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%
tricthanolamine (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%.




"i m-ne-conprises a conpound sel ected.fromthe greup.consisting of: -.§ JUN 005
i m nodi-acetic acid (1DA) 0.5-2.5% glycine 0.:5-2.5% nitrilotriacetic acid
(NTA) 0. 5- 2.v68@obwsls 3, 3-t et ranet hyl guanl di ne. (TAG) 0. 5- M%Olﬁnghe

cl eani ng fornul at i on of claiml wherein said polar organic solvent
conprises a solvent species selected fromthe group consisting of:

et hyl ene gl ycol The débing Nr®iibY bidydid @12 ail NYFaen QoA GibbiyBik Ao 0- 10%
6. The cleaning formulation of claiml| wherein said addg tional different
chel ati ng agent (Bihe @opied S@mpouiPpetices frae the gloawkohdining she group consi sting
of : ammoni um pyrrolidi nedithi ocarbamate 0-25% amoni um car bamate 0-15%
anmoni um oxal ate 0-15% ammoni um t hi ocyanate 0-15% amoni umthiosul fate
0-15% trifluoroacetic acid 0-12% 7. The cl eani ncb; formul ation of claim!]l
wherei n sai d or gamdgcarrddy)) conprise a species 04@I%ted fromthe group
consi sting of. rmnoet hanol am ne 13 WO 02/ 057513 PCT/ USOl/ 47289

di gl ycol ani ne pB¥t'%ret hyl di et hyl enet ri ani ne ( PNDEFAP->?

nitrilotriacetic acid (NTA) 0.5-2.5%
- 11,3 .3-tetramethylguanidine (TMG) 0.5-2.5%.
3 5. The cleaning formulation of claim 1 wherein said polar organic solvent comprises a

solvent species selected from the group consisting of:

ethylene glycol 0-74%
N-methylpyerelodone (NMP) 0-49%
sulfolane 3-10%.
6. The cleaning formulation of claim | wherein said additional different chelating agent(s)

comprise a species selected from the group consisting oft

ammonium pyrrolidinedithiocarbamate 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




~“tri-et hanol ani ne (TEA) di azabi-cyclo (2.-2.2) octane.. dlethylenetrlwmQMQUNfﬂmﬁﬁ,
3,3 -imnobis (N Ndinethyl propylam-ne) N nethylimdazole _
tetraet hyl enepemisasai i ne triethyl enetetram ne tr|netho&Mﬁhﬁgﬁﬁgghylanlne
di et hanol am ne, digichwrhidé et hanol am ne tetranet hyl hexanediamne N, -
N-di et hyl et hanol ami ne. 8. The cleaning fornulation of claiml| wherein said
1, 3-di car bonyl eenpetmidicthienataming (PNDET) conpri ses a conpound sel ected from
the group consisting of: 2,4-pentanedione nethyl acetoacetate
di met hyl mal onat &iethRpaiastitefTidlet oacet anmi de N, N-Di net hyl acet oacet ani de
acet oacetam de nal onamde. 9. The cleaning fornmulation of claiml, wherein
sai d nitrogen- cOAtAFIIHG2MHB%yl acid or imne is selected fromthe group

consi sting of: %émﬁmeN 2005

triamine
3,3"-iminobis (N,N-dimethylpropylamine)
N-methylimidazole
tetraeihylenepentamine
triethyienetetramine
trimethoxyethoxyethylamine
diethanolamine
methyldiethanolamine
tetramethylhexanediamine

N, N-diethylethanolamine,

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
methy] acetoacetate
} | dimethylmalonate
N-methylacetoacetamide
N, N-Dimethylacetoacetamide
acetoacetamide

malonamide.

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

imine is selected from the group consisting of:




WD -02/ 057513 PCTLUSO1/-47289 i mi nCdi-acetic acid (1DA) glycine g JUN 2005
nitrilotriacetic-aci-d (NTA) 1,1, 3,-tetranethyl guanidine. (TM3

CH3C( =NCH2 Chigi i @HRC( O) N( CHB) 2 CHBC( =NCH2 CH2 OCHR CH2 OH) ?@é@@%gﬁ) 2
OHBC( =NH) CH2C( O) CRG. ( CHBCH2) 2NC( =NH) N( CHBCHR) 2 HooocHB (S

HOOCCH2N( CH3) CH2OOOH.  10. The cl eaning fornul ation of claim|l wherein said
organi ¢ ani ne( sy R 8 @PAk onpound sel ected fromthe group consisting
of : pent amet hyl di et hyl enetri am ne (PVDETA) 5-95% triethanol am ne (TEA)
5-95% sai d 1, 3-¢i Car bonyl conpound chel ati ng agent conprises a conmpound

sel ected from the, Q4.0 i ﬁﬁgi sting of. 2,4-pentanedione 2-90% N,
N- Di net hyl acet o‘acet aamHgémg- 9 )% nmet hyl acetoacetate 15-70%

di met hyl nal onat g D:148m3¥i18atide @Fhigyogen- cont ai ni ng carboxylic acid or imne
conprises a conpound selected fromthe group consisting of: imnodiacetic
acid (1DA) 0. 5-&H,604NGH,ZRIOIBCAC0)R(E)?2

CH;C(=NCH;CH,OCH,;CHOH)CHC(O)N(CH1),

CH;C(=NH}CH2C(O)CH3

(CH3CHa):NC(=NH)N(CH;CH:);

‘} HOOCCHzN(CHJ)Z
HOOCCH:N(CH;)CH,COOH.
0.  The cleaning formulation of claim 1 wherein said organic amine(s) comprise a
compound selected from the group consisting of:
pentamethyldiethylenetriamine (PMDETA) 3-95%
triethanolamine (TEA) 5-95%
satd 1,3-dicarbony] 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%
dimethyimalonate 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%




"15-0-:JUN-2005- WD 02/.057513 PCT/ 1JS01/.47259 nitrilbtriacetic acid gr\ﬁﬂN 2005 —
0.5-2:5% 1,1, 3, 3-tetramet hyl guani di ne (TM3) .0.5-2.5% and said pol _

or gani ¢ _sol wembz/@aapri ses a sol vent speci es sel ect ed f r eipriREyGE9UP

consi sting of ethylene glycol 0-74% N rmethyl pyrrol odone (NWVP) 0-49%

sul fol ane 0-10% 11. The cleaning fornul ation of claiml conprising a

chel ating agent dalpiriacptit el NFAjrul a: t X-CHR-Y in ohieh R is either
hydrogen or an aliphatic group and X and Y are functional groups contai ning
mul tiply bonded lwbhEteiramsthhilgyandipe TG r on- Wi t hdr avi.ag5%r operties. 12. The
cleaning fornulation of claiml | wherein each of X and Y is independently

selected from CONH2, CONHR , CONR R', CN, NO2, SOR, and S@Z in WnichR

d R | 3. Th |
an are, sgl)f olm%éc %vemygm rges a 5olven¥ S emees ﬁf:lf:%&ﬁ%gpﬁheﬁmg 5&1@%&{%%? ¢ acid

formul ati on“of cfaim wher el I Sai
has the fornula: COOH CH2-NRR  wherein each of Rand R is independently

sel ected from t keygfequpoiconsi sting of 5 hydrogen,-abkyl, aryl, and
carboxylic acids. 14. A nethod for fabricating a sem conduct or waf er

i ncl udi ng the stepshydmynpedose @)P) pl asma et ching aomewal i zed | ayer froma

surface of the wafer;
sulfolane 0-10%.

L. The cleaning formulation of claim I 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;

16




—'pl-asma ashing a resist- fromthe-surface of the.wafer;.. 16 ~~1P1.29058 Ju¥ 2005
02/ 057513 PCT/ US01/ 47259 cl eaning the water with a sem conduct or V\féfe;_r_;-.‘,;. B
cl eani ng f oryBu@kisgn conprising the- follow ng conponentgrjarise PEr CENt age
by wei ght (basediefimgthewhot @hn WRL BN ndGkor tifer fRETMY REL BRI 8 g wrhown:
~organic am ne(s) 2-98% water 0-50% 1|, 3-di carbonyl conpound chel ati ng
agent 0. 1- 68%wiagainbérenain tdipbtelganby efigh alaicddn RAYRAI ¢Eht Of BSMmulation)
ni t rogen-containing carboxylic acid or imne 0.5-40% polar organic sol vent
2-98% TOTAlanZ9ddsn: 15. The net hod of claim 14 wherein said organic
am ne(s) conprises a conpound selected fromthe group consisting of:
Pent anet hyl di et hyl enetri am ne (PMDETA) 5-95% Tri et hanol am ne (TEA) 5-95%
16. The met hod #B*™I281H14 wherein said 1, 3-di car58%§1 conpound chel ati ng
agent conprises a conpound selected fromthe group consisting of.
2, 4- pent anedi on&?2-90% N, N Di net hyl acet oacet ami %80/2- 90% et hyl
acetoacetate 15;7Q%. di nethyl mal onate 10-48.3% 17.,,The method of claim 14
wherein said ni ‘t‘rogen-%on'?%l ning carpoxylic acid or 1M ne

additional different chelating ageni(s) 0-25%
nitrogen-containing carboxylic acid or imine 0.5-40%
polar organic solvent 2-98%
TOTAL 100%.

I5.  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%.

16.  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 2-90%
N, N-Dimethylacetoacetamide : 2-90 %
methyl acetoacetate 15-70%
dimethylmalonate 10-48.3%.
17 The method of claim 14 wherein said nitrogen-containing carboxylic acid or imine

comprises a compound selected from the group consisting of:




conprises a conpound-selected fromthe group consisting of.. 17 nﬁﬁlgwqm5
WO 02/ 057513 PCT/USOL/ 47259 i m nodiacetic acid (I1DA) 0.5-2.5% glycine -
0.5-2.5% niwotdetsud acetic acid (NTA) 0.5-2.5% . PCTIUS01/47289

1, 1, 3, 3-t et r ametimbgidaniadi ngAf TM5) 0.5-2.5% LB }§.;sthe method of claim 14
wherein said polar organic solvent conprises a solvent species selected
fromthe group gomst sting of ethylene glycol 0-74%;s.0Negret hyl pyrrol odone
(NMP) 0-49% sulfolane 0-10% 19. The nethod of claim 14 wherein said

addi ti onal diff etdonacetvekid{i g agent (s) conpri sesod-2cenpound sel ected from
the group consisting of: amoni um pyrrolidinedithiocarbamate 0-25%

ammoni um car bamat! - 30cUpBedyigimding Um%xal ate 0-15% 0&t2ffoni um t hi ocyanat e
0-15% ammoniumthiosul fate 0-15% trifluoroacetic acid 0-12% 20. The

met hod of claim 14 wherein said organic am ne(s) conprises a conpound

I fromt onsji st i af ., n hyl di et hyl enetri am ne
sel ect ed f© tIjﬂee maﬁo%qu? C|%!% Ffl W terepngsal(a polar g'gamtcas'(r)rlggm om%rises a%olvem species

( PMDETA)
selected from the group consisting of:
ethylene glycol 0-74%
N-methylpyrrolodone (NMP) 0-49%
) : sulfolane 0-10%.

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

compound selected from the group consisting of:

ammonium pyrmolidinedithiocarbamate 0-25%
ammonium carbamate 0-15%
ammonium oxalate 0-15%
amumoniuni thiocyanate 0-15%
ammonium thiosuifate 0-15%
trifluorcacetic acid 0-12%.

20, The method of claim 4 wherein said organic amine(s) comprises a. compound selected
from the group consisting of:

pertamethyldiethylenetriamine (PMDETA)

monoethanolamine |

diglycolamine

triethanolamine (TEA)




-'-nﬁﬁﬁe*chanofam ne di-glyeol am ne-- tri et hanolam-ne--(TEA).. 18 8 .JUN 20Q5 %2005““’*
02/:057513-PCT/ US01/ 47289 di azabl cyclo (2.2.2).-octane diethylenetri %n‘lI

3, 3'.-i ni.i nobieoxeysiy di met hyl propyl ami ne) N-methyl i mi daz@hfsor/arase

t et raet hyl enepentagiicido (2L212) edday| enet et ratni ne trinmet hoxyet hoxyet hyl am ne

di et hanol am ne net hyl di et hanol am ne tetranet hyl hexanedi am ne N,

N- di et hyl et hanoldayiaeria@dibe The nmet hod of claim 14 wherein said

1, 3-di carbonyl conpound chel ati ng agent conprises a conpound sel ected from
the group consi $8i-mynobik (N.B.dimqeyhrepibddingne N, N-Di net hyl acet oacet ani de

met hyl acetoacetate dinethylmal onate N-nethylacetoacetam de

acet oacet ani de N-methylimidazole

tetracthylenepentamine
triethylenetetramine
irtmethoxyethoxyethylamine
diethanolamine
methyldiethanclamine

} tetramethythexanediamine

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

methyl aceicacetate

dimethylmalonate

N-methylacetoacetamide
} ' acetoacetamide

malonamide.

22, The method of claim !4, wherein said nitrogen-containing carboxy!l acid or imine
comprises a compound selected from the group consisting oft
iminodiacetic acid (IDA)

glycine




“mal onami de.. .. 22. The nethod of. claim 14, wherein_said ni troge_n-..CQ,ml,ﬁi._i@%@@
car boxyl aci d or in1 ne conprises.a. conpound selected fromthe group .

consi sting & podi acetic acid (1DA) gl ycine 19 _. _ 5 V\D

02/ 057513 PCT/IﬁﬁF ARS8 N | otriacetic acid (NTA) relshi >

1,1, 3,-tetranet guani n\t ‘CH3C( =NCH, CH2CH) CHZC(O)N(CHB)Z o

CH)C( NCHZCHZOCHgg:[—@g;De N(CD )2 CH3C(=NH) CH2C( O CH3 ( CH3CH2) 2NC( =N

H) N( CH3CH2) 2 HOOCCHZN éCHZN(CHS)CHZCCDH. 23. The

met hod of cl ai rra:ﬂféj(wzeﬁgo;gaugt(@p\g@m); am ne(s) conprises a conpound

selected fromthe group consisting of: pentanethyl diethyl enetriam ne

(PMDETA) 5- 95% CHyO-dthGB]G0H, 0, OHIEAC(GNEEY, said 1, 3-di car bonyl conpound

chel ating conprises a conpound sel ected fromthe group consisting of.

2, 4- pent anedi on@L:2QOVCHIGONHDI net hyl acet oacet ami de 2-90 % net hyl

acet oacetate 15-70%
(CH;CH;):NCENHIN(CHCH, )

HOOCCH;N(CH);

HOOCCH;N(CH;)CH;COOH.

) } 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 |,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%

20




—di-met hyl mal onate-10-48-3% -sai d ni.t.-rogen-cont ai ni ng. carboxyl.i.c. a_c’ij*_"da__ o'lllmmﬂﬁ ,
i mne conprises a compound sel ected fromthe group consisting of: -
i m nodi acet iygp @@ | DA) 0.5-2.5% glycine 0.5-2.5% 20,3 %%%95 WO
02/ 057513 PCT/ UgRhbALLr2ciihifA) otriacetic acid (N[A), Q, 52, 5Y

1,1, 3, 3-tetranet hyl guani dine (TM3 0.5-2.5% and sai GF polar ~organi ¢ sol vent
conprises a comggndé;&ab,&pgﬁﬁkdmmnd)he group consigstigig of :  ethylene.

gl ycol 0-74% N- nethyl pyrrol odone (NWP) 0-49% sul fol ane 0-10% 24. The

met hod of claim 14 wherein the formul ation conprises a chel ati ng agent
having the formula: X-CHR-Y in which Ris either hydrogen or an aliphatic
group and Xendswed pelan prganfia saiyent ommpriseg r camppourgiopitaddriionghagnbupicplisigtiigefided noi et i es
havi ng el ectron- withdrawi ng properties. 25. The nmethod of claim 24 wherein
each of X and 1¢thyleseghigpbpendent |y sel ected from @OM2, CONHR , CONR R,
CN, NO2, SOR, gnd SO2Z in which R and R' are alkyl and Z is hydrogen,

hal o, or al kyl . NFEHYPHEIar{8H ot clai m 14, conprP8¥%hg a

ni t rogen- cont ai Qliﬁr)]gwcar boxylic acid having the f&rlgg%ll a:

24. The method of claim 14 wherein the formulation comprises 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 propetties.
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 is
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 independentiy 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 formulation, including (i) organic

21




-‘-"€H*NRR‘ “wherein each of R and-R-is—i-ndependently selected- f§r iyt pi§5-- -
~groupconsi sting of 5 hydrogen, alkyl, aryl, and carboxylic acids. 27. A
et hod . of . r ew@w/sEs1F esi-due froma waf er fol l oW ng a resistphasm ashing
step. on_sai dmirea, i), waenpi) 5i- mgarhb@fltca)&ipbd’r\g chh@inpater, W tnlirogenGhRAMhANY

formul ation, including (i) organic 21 JUN 2005 - WO 02/057513

PCT/ USQ1/ 4728@0\ahcomrai( &) imirei [v) pwart enggniq sqlwe)t inBemiosatly Wan ydditwostplitengd:

chel ating agent, (iv) nitrogen-containing carboxylic acid or imne, (V)

pol ar organiC atipg 48 and optionally (vi) additional different 10

chel ating agent(s). 28 A wafer cleaning fornmulation, including (i) organic
am ne(s), (ii) water, (i ii) 1, 3- di car bonyl conpound chel ati ng agent, -(iv)

ni trogen-co al boxyl i ¢ acid ar org anj.c sol vent,
and opt i onaFI ?\ » fercCJI nf“lg‘o VR f‘%c “éjr{'?n(]é’h%rﬁi{ﬁﬁ %\'@'"‘ggeﬁ'f)(‘%‘ i) bg
dicarbonyl compound chelating agent, (iv) uitrogen-containing carboxylic acid or imine, (v)

polar organic solvent, and optionally (vi) additional different chelating agent(s).
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