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Field of the Invention

The present invention relates generally to chemical formulations useful in semiconductor manufacturing
and particularly to chemical formulations that are utilized to 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.



and chel ating agents. Still other formulations are based on acidic to
neutral solutions containing amoniumfluoride. The various prior art

f or nul at iwo93/33r7e7 dr awbacks that include unwant ed renoval PefT/user/ad2sor
insulator layers and the corrosion of desirable netal |ayers, particularly
copper or copper alloys features. Sone prior art formulations enploy
corrosi @sckigiddUrlbd1Fiofdgi ti ves to prevent undesirable copper netal

corrosi on durirng the cleaning process. However, conventional
corrosion-inhibiting additives typically have detrinental effects on the
cl eani ngh@l:srcwaﬁﬁachmsﬁmmcbfvamis themizgl fomtultiens to winpe resiiuesapdilesn &afsrd

i nhi bit ssol utio f s t i rBQNRY ,
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surface ,5¢p U&Mmé Qgegﬁ Cétﬁlaaﬁg foﬁrﬁ@tl&ﬁ St baskd) of QBHR N Miitta0 Boltfond Etﬁtahlmigegl’ at ed
circuits. Contam nation of the integrated circuit can adversely increase
the el eciprpyp fpgidest ance of contanminated areas and cause unpr edi ct abl e
conducting failure within the circuit. The formulation of post CW cleaners
for advanced. i nt eg ed ChI i yngst en

i nter cog[ﬁ‘égatn rlé)rl al omlulatmn?ﬁ‘gé %gl%ﬁﬁét lr‘i{é’h‘g%‘é‘f%%d ?e?gg?gpﬁgtg?gglglﬂﬁtt i on
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surface by I ncreasing resist anc%loand corr05|agn sensi. tivit per efore
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effecti WeYdetrﬁﬁHﬁV&febt@%hdlbbecléaﬁhg piotaagbaaause sic tadditives igerst eph thancidahireh do

not attack.a ot e rade del r et LQny emai n
on the \Rﬁ’f‘kt@tr&s?l tlon °?%{lﬁ€ Hef otg R 4%%1&%?682% ncp E‘%eﬁt\{?g%ta?dgé\ﬁ{]% r épa a}{:e
convent i rousedff thdchppqrw@cwftehcmldlwmf @we@a@@ﬁrm@éfﬁo fuchjaddiiivss thereforedemad ot ect i on

of COPP&{e s’%;fgclé g&d’éﬂﬁ§ bé)aeatngﬁa arﬁier@guﬁgf \IehRhtioS @bﬁg irdpRited letreuits ()@ﬁlﬁﬁ]ﬂzﬁion ij ect
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t he
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conpl et i @pre@Etatid@niREnotuitnd WitAYVEE cipiiocess, thereby reducing contanination
of the integrated circuit. OQther objects and advantages of the invention

wi |l becone fully apparent fromthe ensuing disclosure and appended

cl ai n5. The\WEMGIBH@3IB FSTCPETIURBIH3EZBGd iStaAtiRcrmappfacipgEpe2p P dbr esent
i nventi gt{}n Stgljl %t&%nggcp%a%nlalx hlglu&laesmr@a[jemf)\g[ rﬂtﬁ Q@slcﬂé]%lsbtﬁlﬂfoh”coﬂnﬁbnents that

sem con manuf acturin rendvi ng residue fr fers | | owi ng a
resi st Fﬁc@qqaé_e é.%ehiphi@lc%lt élﬁa.mng process However, these conventiona ad 1fives typlca y have

detrimental effects on the metal surface by increasing resistance and corrosion sensitivity.

It is therefore one object of the present invention to provide chemical formulations that effectively
remove residue following a resist ashing step, and which do not attack and potentially degrade delicate

structures intended to remain on the wafer.

It is another object of the present invention to replace conventional additives with an improved corrosion

inhibitor for protection of copper structures on the semiconductor substrate.

It is another object of the invention to provide an improved corrosion inhibitor, which is eagily rinsed off
the substrate by water or other rinse medium after the completion of the residue-removal process, thereby

reducing contamination of the integrated circuit.

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

appended claims.



In one aspect, the invention relates to a nethod of renoving residue froma
wafer followng a resist plasnma ashing step on such wafer, conprising

cont act i ngotod@3smafer with a cleaning formul ati on, i ncl udiPeg/yso)/3asd | uori de
source, (ii) at least one organic amne, (iii) a nitrogen-containing
carboxylic acid or an imne, (iv) water, and optionally at |east one netal
chel ati ng agent. Anot her aE‘s@ﬁ,ﬁﬁAﬁﬁ(dﬂ‘}ﬁ{]i‘mﬂ[‘NTm relates to a wafer

cl eaning fornul ation, incl u_cﬁ_nﬂ—r_f' uoride source, (ii) at |east one
organic amne, (iii) a nitrogen-containing carboxylic acid or an imne,

(iv) water, and optionally at |least one metal chelating agent. In a
further_aspect ent i on f d@ani ng

f or mul at® esF‘?fﬂnvﬁlg nfeﬂa BFE ?5 0 Che&u%a fﬂr&uﬂh@g%e%gn%%%duﬁbﬁg%t i o%

conpr i sfdﬁ@rrtohmgfestﬂxheommgaf@efwﬁ@mm@Slﬁnlaﬁmﬁeﬁﬁpw%nt age by weight (based on
the total weight of the fornulation) ranges shown a fluoride source, e.g.,
anmoni um fl uori de and/ or derivative(s). thereof, %5% Oif%af?h naggl s)

20- 60% Irongi qsmee@éﬁo%nt@a rpEpciA ReEPU S E AR FegEnY ey

car boxy a&n@gs!h s8R onl ficl &&ifed)- ébm%ﬁ%g vaitaeting2fe 508 witt alcleating @mmmjloagent (s)
0-21% TOTAL

a still r he Ve, to a
f or nul af‘icBﬁm&Qé? fi‘l‘onfl%?”urﬁ?)’s(’(l) % ﬁé%%%?rgamc dw""% (hgta%o?& %M? cgr%x?l?:@%gm ng,
whi ch i Sr331iﬁhinle,L(tv@wmefresud@ptlooﬁllytahbamfeetretauhelatmgﬁgﬂﬁ ornul ati on outlined
her ei nabove, wherein the dilute fornulati on conprises: (i) a fluoride
source, (ii) at |east one organic am ne, IHQ 70%#? g % wat e Sdurcg}nd
opt i onaIAInytha‘tasneetagﬂheGWémF?étfé?teSctﬁél"ﬁlﬁr Alganingdorulatiop BREY f fuopiee
nitr 0geny)y %%ﬁ'oﬂé BiGarfcPdna R i) @nﬁ;@gdﬂ cOtitaiflifig bdﬂboﬂﬁxc acﬁumfanﬁlolﬂlﬂlﬂvhmtgmsndof t he
i nvention effec ively ve inorganic residues follow ng a plasma ashing
and/ or Rl easé"“?\ﬁ“*@@%@%“ﬁd/ US02/ 33280 Such fornul ations al so

effectively renove netal halide and netal oxide residues follow ng plasna

ashi ng, an?ur&x cé Mlg lu%eétﬁ)mé‘fﬁesstl) yr, &Qﬁc&@ﬁc‘o'r Qvlaﬁlscl%m@f&ﬂhﬁﬁéﬂ E%hsd@ﬁpo@iﬂd
ot her OXI es re (c em cal _nmechani cal shin

f or mul atpleems a&bﬁlgtswcwﬁ@%@rfﬁbficﬁk?éﬂ‘i"%ﬂsutﬁ 8% if‘@@W‘B%tcP‘B?m%r{t 7 R °e§‘)§%ef %’r mance

with | e%l@%ﬁ@@bnvﬂlétﬁtai t off 1R BRihuBkibI0) g Qlikv@i Ni Ng ei t her amoni um
fluoride or am nes. Fornul ati ons in accordance with the

a fluoride source, e.g., ammonium fluoride and/or derivative(s) thereof 1-35%
organic amine(s ) 20-60%

a nitrogenous component selected from nitrogen-containing

carboxylic acids and imines 0.1-40%
water 20-50%
metal chelating agent(s) 0-21%
TOTAL 100%

In a still further aspect, the invention relates to a formulation useful for post chemical mechanical
polishing (CMP) cleaning, which is a dilute version of the wafer cleaning formulation outlined
hereinabove, wherein the dilute formulation comprises:(i) a fluoride source, (i) at least one organic
amine, (iii) 70% to 98 % water, and optionally at least one metal chelating agent and optionally a

nitrogen-containing carboxylic acid or an imine,.

Such formulations of the invention effectively remove inorganic residues following a plasma ashing

and/or CMP step.



invention also provide better stripping performance at | ower processing

t enperatures than conventional am ne-containing formulations. The

formul at iwo30857phe i nvention utilize a chel ating agent, wairaisonssesbe a
si ngl e-conmponent chel ating agent or a multiconponent-chelating agent, to
prevent netal corrosion and increase stripping effectiveness. O her

f eat ur eg, AR AEANRAD LIRSS REly tRRVOREas@Rlideitiadail ogide miilides Dilokingpletrae ensui ng
di scl osure and ended crains

( apr . . BRI EF .DESCR] PTI OF. FI GURE 1
is a schbipgrand s ‘feb(%’ﬂﬂ"ﬁfli“%pa(‘itfdeéa}:agﬂﬂ%w %‘ggﬁ?’fii c el&%{rld}%gfngﬁé g\%l%?gl t or
usef ul cwPt(BiRmbaioRdhanfpslgotishing). of the present invention, which forns a
protective |layer on the copper netal to prevent corrosion;, FIGJRE 2 is a
schematic representation of the copper-specific _corrosi J) i nhi bi tor bei ng
rinsed dWefprnuflationsof fhepretspiiaventiquPreyide betpr Wanpg P FRse BHb lops e B8 i ¢t s

cl eani ng, coNRONERLSMmE bitldh SnRsRRE MortiNotamine FotniilAioRh hdgrduict Ritahs ur f ace;
FIGURE 4 illustrates that fornul ations of the Qresent i ny tchRr@ntﬂFaYbe used
0

to renpielien plspREavidehetter sHpRifeReRmanep a4 Jpjer BrogesHle perAure it C R St i ng
resul t s .@ltabmadnd fo@adonsi Ner si on process; and FIGURE 6 illustrates the
material etch rate on interconnect materials. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCDI MENTS The fornul ations of the present invention are

sui t abl @hé rmdationsngite duverion uidlise & Chsfies aepbSThirh &Y Bt FRE5EPIPPIBIHFIHFER- densi ty
pl asma | | RYatiaS e Oro Phel dht XM @6RosoA Blidihdéasgstdpagas. Such 4
WO 03/0 %%g%q%n%#%&é%%g%ag%%r%u ations, in dilute form are also

sui t abl &ffecHreneSnovi ng slurry particles of al umi num oxi des and ot her oxi des
remai ning after CMP (chem cal mechanical polishing). The formul ations

e

and/ or nmoni um 1 uori an amne or m xture of

am nes, cleilis ) a nitrogen-containing carboxylic acid or imne, (iv) water,
and, optionally and preferably, (v) one or nore netal chelating agents. As
used herein, a fluoride source refers to a r a mxture of
conpounds that in the adiRIBEDESCRIBHONOY Lty @g‘;—%r ovi des fluorine
anions. The preferred fornul ati ons for post etch renoval include the

fol I ow r.1:9(;}61(21';1%oirs]eansE:llsernlatri]c ;[elr)]r%segteatrio%e(;}taacg)%pep-gpeciﬁc 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;
FIGURE 3 depicts cleaning components of the present invention interacting with a surface;

FIGURE 4 illustrates that formulations of the present invention maybe used to remove residues and

particles;
FIGURE 5 provides a SEM representing results obtained from an immersion process; and
FIGURE 6 illustrates the material etch rate on interconnect materials.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The formulations of the present invention are suitable for stripping inorganic wafer residues deriving

from high-density plasma etching followed by ashing with oxygen-containing plasmas.  Such

4



wei ght (based on the total weight of the fornulation) ranges shown:
fluoride source 1-35% organic am ne(s) 20-60% a nitrogenous conponent

sel ect ed Wom@3108579T ogen cont ai ni ng carboxylic acids and i mpPeaaS02/33240%

wat er 20-50% netal chel ating agent(s) 0-21% TOTAL 100% The preferred
formul ations for post CMP cleaning include the follow ng conponents in the
percent gl%uthYO X‘@Mfﬂ& fgrRa&ggls@ﬁltimaefo; @ﬁlﬂmg@ﬂiﬁg brti6lés df ARmiramotidet andbtherr anges
shown: tori de source 0. 1% 5% organl ne(s) 1% 15% a nltrogenous

c onpone Axides areainingditer (AR @P%@%@Wh%?ﬂ%ﬂlfﬂ“% carboxylic acids and imnes
0-10% water 70% 98% net al chel ating agent(s) 0-5% TOTAL 100% The
conponent s .of the fornul at i bed can bl e
type or Tlé?)éﬁ“&@“"“&élgwtﬁeo‘ﬁ gﬁuﬁlr g)g 80 80818?2053 %f am&%né?wgﬁ :&Ih(li/@fl n the
art. Spaeivhiie(s) lof aahersin \ﬂgorahd(np)raefaémeeqﬂ rmmmfamn@ﬁ (llﬁmﬁ?ﬁé?fﬁ@tw each
of the in a e bl oE€drObre MeMEHIB(HE35797
PCT/ USOﬁ?ﬁ%g‘i)gcuf:’%rﬁngh{?‘?r‘%&g&rﬁ g? %aﬂrtﬁr&(l{ahcltllSﬂ;l<'§tl§n(11 ﬁ‘gfs%ﬁl I'ry1bﬁ€;ﬁde one or nore (1)1% t he

f ol | ow mgentsdi gl ycol am ne (D&), rnethyl di et hanol am ne ( MDEA),

pent anet hyl di et hyl enetri am ne (PMDETA), tri et hanol am ne (TEA) and

triethyl enedji am ne am nes that
i ncl udg.AS ST, ﬁ%‘ﬁ%f‘%’fﬁﬁéﬁﬁg’ a cogpound ard o FW%d y?%%ggéﬁsam ne),

cleaning formulatlon provides fluorine anions.

The preferred formulations for post etch removal include the following components in the percentage by

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

fluoride source 1-35%
organic amine(s) 20-60%

a nitrogenous component selected from nitrogen containing

carboxylic acids and imines 0.1-40%
water 20-50%
metal chelating agent(s) 0-21%
TOTAL 100%

The preferred formulations for post CMP cleaning include the following components in the percentage

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

fluoride source 0.1%-5%
organic amine(s) 1%-15%

a nitrogenous component selected from nitrogen containing

carboxylic acids and imines 0-10%
water 70%-98%
metal chelating agent(s) 0-5%
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.



nonoet hanol am ne 2-(net hyl am no) ethanol, 4-(2-hydroxyethyl)norpholine
4- (3-am nopropyl ) nor phol i ne, and N, N-di net hyl - 2- (2- ai ni noet hoxy) et hanol .
Fl uori de wowsmeouseful in the present invention include &ay/usorbdze@ti on of
ammoni a gas or ammoni um hydroxi de and hydrogen fluoride gas or
hydrof l uoric acid. Specific preferred fluoride sources include, but are
not |im fl d d

19 RS @ kiR SR odeBEmbRbE @¥NGwin@mmONi um f | uori de, an
anmoni %@%ﬁggrl ee Q her fl u%rl de sources that are highly advantageous
i ncl ude: t rHighepainedRF6hi um f | uori de (TEAF); digl ycol anmoni um fl uori de
(DGAF);  nethyhgiiehianairDPAYM f | uori de (MDEAF) tetranet hyl ammoni um
fluoride (T 1 ris (hydrogen fluoride) (TREAT-HF).
Specific prelfeé‘%af“g%nlﬁiewl(%negﬁmﬁlg tal %”%’g carboxylic acids and imnes include
one or nore ofthtrdodnfig(TBA% ang: i mi nodi acetic acid (I DA); glycine;
nitrilotriac Qlafhid Q‘E‘E@A. 1,1, 3,3-tetranet hyl guani dine (TM3; and
hydr oxyet hyl ?lrﬁ’lﬁlgle% acetic ac)i d ethylenediam netetracetic acid (EDTA). 6 WO
03/ 035797 PCT/ US02/ 33280 . Ot her h‘ agen-contai ni ng carboxylic acids or
i m nes SdirarpagdhEr lghlﬁ’f“‘f"ﬁ‘?%\gﬁ?“é“fc % ormul ations of the invention include:

CH3C( =NCH2 CHRQh EHREEEMIGB) 2 CH3C( =NCH2CH2 OCH2 CH2 OH) CH2C( O) N( CH3) 2
CH3C( =NH) CH2C(Q) (886 ol SRR e diamhilE), N( CH3CH2) 2

monoethanolamine

(<]

2-(methylamino)ethanol,
4-(2-hydroxyethyl)morpholine
4-(3-aminopropyl)morpholine, and
N,N-dimethyl-2-(2-aminoethoxy)ethanol.

Fluoride sources useful in the present invention include any combination of ammonia gas or ammonium
hydroxide and hydrogen fluoride gas or hydrofluoric acid. Specific preferred fluoride sources include,
but are not limited to one or more of the following:

ammonium fluoride, and

ammonium bifluoride
Other fluoride sources that are highly advantageous include:

triethanolammonium fluoride (TEAF);

diglycolammonium fluoride (DGAF);

methyldiethanolammonium fluoride (MDEAF)

tetramethylammonium fluoride (TMAF); and

triethylamine tris (hydrogen fluoride) (TREAT-HF).

Specific preferred nitrogen-containing carboxylic acids and imines include one or more of the following:
iminodiacetic acid (IDA);
glycine;
nitrilotriacetic acid (NTA);
1,1,3,3-tetramethylguanidine (TMG); and
hydroxyethyliminodiacetic acid

ethylenediaminetetracetic acid (EDTA).



HOOCCH2N( CH3) 2 HOOCCH2N( CH3) CH2COOH Specific preferred netal chel ating
agents include: acetoacetam de; ammoni um car bamat e; amoni um

pyrrol i diwedBiwbizotar banmat e (APDC); di net hyl mal onate; netrkyivsarai2e@cet at e;
N- net hyl acetoacetam de; 2, 4-pentanedi one; tetranethyl anmoni um

t hi obenzoate; 1,1,1,5,5,5-hexafl uoro-2, 4-pent anedi one H( hfac);

2,2, 6, 6phgt ﬁiﬂB’%LJab{rltanﬁnéaa*f& 1RNEEE ONhidd dhtageokisBi tipaIchyi| famutations f the
trifluoroacetate; tetramethylthiuramdisulfide (TMIDS); trifluoracetic
aci d; | eetien @elpdp  anmoni um lactate; malonic acid formic acid, acetic

acid, propionic acid, gamma-butyrolactone, nethyldiethanol anmoni uin

trifluoroacetate,. [ tic acid. The conbi nati on of ammoni um
fluoride or gﬁﬁcgﬁg@%&%%bgfﬁgiﬁgg%ource, as descri bed above, with an
am ne (ot her CHIGrANGERCROCHRCHrADEHIC@N(EHgur f act ant in an anmount of 1% or

| ess) provid et ¢pping performance with less corrosivity than
formul ati onséﬁ%cgt alltlﬁji’ ﬁé(bgi ther anmoni um fl uoride or amines 7 WD 03/035797
PCT/ US02/ 33268LCHNBENIDNGS6F): on, the resulting al kaline solutions are

ef fective atgbowet,Wcagessi ng tenperatures (e.g.,
HOOCCH,N(CH;)CH,COOH

Specific preferred metal chelating agents include:
acetoacetamide;
ammonium carbamate;
ammonium pyrrolidinedithiocarbamate (APDC);
dimethyl malonate;
methyl acetoacetate;
N-methyl acetoacetamide;
2,4-pentanedione;
tetramethylammonium thiobenzoate;
1,1,1,5,5,5-hexafluoro-2,4-pentanedione H(hfac);
2,2,6,6-tetramethyl-3,5-heptanedione H(thd);
tetramethylammonium trifluoroacetate;
tetramethylthiuram disulfide (TMTDS);
trifluoracetic acid,;
lactic acid;
ammonium lactate;
malonic acid
formic acid,
acetic acid,
propionic acid,
gamma-butyrolactone,
methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

The combination of ammonium fluoride or a substituted fluoride source, as described above, with an
amine (other than an amine present as a surfactant in an amount of 1% or less) provides better stripping

performance with less corrosivity than formulations containing either ammonium fluoride or amines



21-40C) than conventional am ne-containing formulations. The presence of
ni trogen-contai ning carboxylic acids and/or imnes enables fornul ations of
t he i nvenwDma/033707 be remar kably effective in stripping re®CHIEs2/83260m

sem conductor substrate surfaces containing delicate copper structures.
The nitrogen-containing carboxylic acids or imnes provide functional
groups LiBRl 1ara8diSee Gk idselfidd Alkalind sIquﬂGﬂsefb éffoctive @ElowePpBRSSAE CIP LTS §HwWN
scherratl caI I n FIGURE 1, the con eC| fic corrosion inhibiting-agent
C, which %HW"‘EVH‘@OE%E}B‘@? C@lﬁl?e?%e ur?nﬁ‘g t he residue-renpval process,

Wil | attach to the copper surface and forma protective |ayer to prevent

the Com r sur f a etrbeeL—n t n?rgc%ggrhpé(cufsl @Sljuﬂgles &Q%Tfo%nﬁﬁu&a@@ftﬁe inMaf@over,
(6]

as sho , SuUC S eC| Ic corrosion-inhibitin ent C can
be easi ltoybe rrmsl@ulyoerffectby UGiéif’@WF& é@ldm fipm semigendisior sYPstee GHEaCsh “?‘%%‘igef ore
I eaves WfYie kidptdsGud@ft am nation on the copper surface after the cleaning
operation. The use of 1, 3-dicarbonyl conpounds as chelating agents and to
prevent netal corrosion is a preferred feature of the inventive

f or mul atrhe Iﬁﬂnogérpcohtaiﬁﬁugasleoiyhe|a61dsefm‘ anihdsvigonddss fundtianal axqups ¢hap pije gypeciffoplly
formul ati ons nes_arge res n t o} g rrosion

f or mul afiBHchEL géseucr()?per Eine % o IS‘%%I?I @ %rpgé?]ﬁo]?ol u{hle c?@yghﬁg%ﬁ@&) | ation

i ngr edi enftstirgtaget IC, wmammiadﬂéllelcwpelt%aosldpw t%PrfFSIduFﬁrni‘ﬁYPlePF‘icéﬁﬁ’swﬁra ng(’i‘i dic
(PH < T)d c%p&pglfrﬁget b fon&n@ RS 1hyRA o RV iRt dogaSsufhce bBiag PirRaaTdy cleavent i on,
the anmines are present as mgjor conponents of the fornulation, are hi ghly
ef f ect i weenisrA ' op¢ pping action, and vyield fornulations of a baS| c pH
character (pH > 7). The forrrul ations of the invention may include a w de

variety of or gani.c ar bstit . il

ni t r ogen-TBHt'a aﬁf@?&nd;}ﬁ@%{/ﬁ :ic Suatciél §%D%1ds£tg ﬁmr) rﬁé&n %%g%é gg%gvclcgé ?Igg? Iea; Y
exenpl i fringd. ofPay teiquided watersartriter salutios andribavefornldares g dite epntaifatiopymgthe
charact e[, ep&kfd&%ﬁé%ﬁ‘eaﬁﬁgép@ﬁn&enerm formul a, RIRZR3RANF in which each
of the respective R species is independently selected from hydrogen and

al i phatic groups. Suitable nitrogen-containing carboxylic acids include
those ofTnt he @arpedicdbosyl cbiiound amatdﬁewgemmd, to pwheat metal Rrragieh iRa peferedach

i ndepen entI el ec g of hydrogen, alkyl, aryl,
and car BW?/ ‘Eﬁﬁnhvegoméflwengqo 9r QQ&% “%Fésghel ating agents incl ude

1, 3-di carbonyl conpounds of the gener aI structure X-CHR-Y. In conpounds of

such fOFEQJFf?o of8hioR, ByAEOge ?élpfma%[ mﬁa ﬁi%@h&d@fﬁl@lf@m@moﬁ af.
Cl-C8 aII us:%‘nsarp <en>tlllo, etc. X a Bre ) be. as.or. different

nd Y
from oneﬂuﬁﬁt?Wﬁe?r othegyige &9 Botfughzed ieh FPé‘P“lét}"B dT%EdE?Btﬁ ta%fﬁ]m %gﬁlﬂﬁﬂap}f BI85 A ed

moi et i eSpoMhdidtion £ L&QN A ¢ MOmanhriger P 11O pefetrbd HrmasionsSof W H8¥Q3678ion, the
PCT/ US02/ 33280

amines are present as major components of the formulation, are highly effective in stripping action, and

yield formulations of a basic pH character (pH > 7).

The formulations of the invention may include a wide variety of organic amines, substituted ammonium
fluorides, and nitrogen-containing carboxylic acids, other than those specifically exemplified. Particular
substituted ammonium fluorides of suitable character include those of the general formula, R;R,RsR4NF
in which each of the respective R species is independently selected from hydrogen and aliphatic groups.
Suitable nitrogen-containing carboxylic acids include those of the general structure COOH-CH,-NRR’,
wherein R and R’ are each independently selected from the group consisting of hydrogen, alkyl, aryl, and
carboxylic acid moieties. Suitable metal chelating agents include 1,3-dicarbonyl compounds of the
general structure X-CHR-Y. In compounds of such formula, R is either a hydrogen atom or an aliphatic
group, e.g., C;-Cs alkyl, aryl, alkenyl, etc. X and Y may be the same as or different from one another,

and are functional groups containing multiply-bonded moieties with electron-withdrawing properties, as



for exanple CONH2, CONHR , CN, NO2, SOR, or S@®2Z, in which R represents a
Cl-C8 al kyl group and Z represents another atom or group, e.g., hydrogen,
hal o or CGYo@3/03d7RYl . Ot her chel ati ng agent speci es usef ul PCA/tSaz33280
conpositions of the invention include am ne trifluoroacetates of the
general formula, R RZR3RAN+ "QRCCF3 in which each of the R groups is

I ndepe nﬂ?a{amef(ﬁm%t €6NHRY ON) Rpgs08ER: 305, @ wmham ieprgetsl p$;-Ceally! graa - C8

al kyl , al kenyl , etc. The fo | at i ons (9f el_l nvention optionally may
al so i nad @’r‘%sﬁ‘&ﬁm‘@@ﬁ‘ﬂ&%%tg?“%§ gsﬁ%é&? AP ECr@@E0i i zers, corrosion

i nhi bitors, bufferlng agents, and co- solvents as useful or desired in a

gi ven e&g ilglatmgta ! C%Elés%@efﬁf Ihg 6@0@{1&8 %?thgtnvgrﬁ@n hﬁﬂ&%ﬂ&%ﬂﬁﬁfa&t&te@tl ons

in acco °f BRS presen tron are particular]l ef ul waf er s
t hat havsfehdgemeral @mﬂ@dtlwtw*cm@@ﬁsn@wh@h e3ch 96 M%ﬁtSdP%Pwée“ﬁ‘V gl?ggg

fol | oweg by &;&gm a}%@gg?oﬁglglgngh -CJime)1188]a0ke88, etcgener ated by this type of
processli ng ¥ ypi cal contain netal oxides. Such residues are often
difficult to di ssol ve conpl etely w thout causing corrosion of netal and
titani umndifdrinbideonk Qﬂttﬂé’ @fvertion Wptiedllf any abf iscldey eicki svipamene as orasiiee. Al so,
metal oxi.de and si.li.co S| S, i ah § eferCFuseW | |

al so beSEIAEE FOFRISP é%%?édlgﬁamgf g%thT%frlﬁ%r tgglgénfsnasggécﬁgro g%égn%eg Wi tgi h the present
i nventi @phcaﬁtneoﬁfetatulmesomldmmﬁ%t ages of the invention are nore fully
shown by the following non-linmting exanples. 9 WO 03/035797

PCT/ US02/ 33280 EXAMPLE 1. Copper-specific co ion.hnhi di ng
ei t her FRymmbten- asednss Wik £5 PSR nv@tl%?rﬁgarﬁ?u?air TR %;Sq?azgwggleéﬁ

di f f er egkhdaywa@SchRfined |okﬂ1|ldrlﬁeecoﬁiaﬁajglpﬂ@nﬁsofomwﬂth}’(wgen erasmta ashiee. f Blelrepidoerg
conponents a charact er.i st| e H, Gerpeto Etch
C Rate BEFHS H%y AR PR RIS ER™ ?‘}gt EA‘%%‘S{&@%%? agnkﬁ(r'-:elﬁt?igrghmnee()@t and water 70
6.2 17. 4lssoﬁter¢m1ptctel1}0 thQouanmng unmqsioumf i gl ol tiA AN BifTide fepgures required fo

pent aret H«%hgééucg ﬁ@g rlﬁso ABd i Ghd ko ofide shﬁry pﬂﬁ@le&ﬁ@@ﬁ:ﬁg efiee lkMPat e was

determ ne ar f our - poi nt probe techtl[l] que ition of corrosion
will also be effectlvely removed by formulatlons in accordance with th present 1nvent10n

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

examples.



inhibitors in accordance with the present invention significantly slowed
down the copper etch rate, as shown by the follow ng table, and

ef f ecti vewg opssrent ed undesi rabl e corrosion during the cl @amiusg2/328®cess:
TABLE 2 Copper Reduction of Tenp. Fornul ation Concentration pH of Etch
Etch Rate Corrosion Inhibitor (C) Used (% solution Rate (% (A/ m n)

| m nodi acetic Acid 40 2 1.5 8.0 1-2 -73.3-86.7 dycine 40 2 1.5 9.2 3.6
-52.0 Nitrilotriacetic Acid 40 2.1.5 8.2 3.6 -52.0

1,1, 3, 3-t et ramet hyl guani di ne 40 EXAMPBEY 3 4 547 10 WD 03/035797
PCT/ US02/ 33280 CH3C(=NCH2CH2ZOH)CH2 C(O)N(CH3)2 70 1 24 10.9 6.2 -64.4
CH3C( =NCH2CH2OCH2CH20H) CH2C(O)N(CH3)2 70 1 36 10.7 0.32 -98.2

CH3C(=NH) CH2C(O CH3 40 2 13.68 7.9 4.4 -41.3 EXAWPLE 2 A contam nation

e ik el higdr6 @t aﬁtﬁiﬂﬁi@ hrbbxydid edsatr iroinescwete
kS (B):ﬁ?rgsp&ﬁﬁ%éo%s@ﬁlﬁlh%of S i teltRn hidregntc e

sem conductor wafer to he clea talned r,_and
si | kgehinf Wwomgdiffermnt sipey RE atkalifs) denta BroYHiEns: oY) gh% féﬂ oper T cgllgatg ﬁé‘@mf er

wasyl.osed by deionized water at 25C for about 15 minutes. The Secondary

| on” WASS pectronetry data (SIMS) obtained are as follows: Cu (atons/cnR) F
(atonms/cnR) C (atons/cnR) CuO (A) Uncl eaned Wafer 1.6 x 1010 3.3 x 1013
7.5 x 1013 42 deaned Wafer 8.%9ARrEQ9 5.1 x 1013 1.5 x 1013 15 The
foregoing results show that the copper oxide Cu, O has been effectively
removed by the cleaning process, while carbon contam nation, which is

mai nly caused by the organic corrosion inhibitors in the cleaning

i e he presert—i-avents A .
i kal [a6 f1uoride | n composCoPBHENT or post VBT ednt it of | S PPRgE | 1€
°C Rate (A/min)
Formulation 1 dimethylacetoacetamide,
amine, and water 70 6.2 174
Formulation 2 ammonium fluoride, iriethanolamine,
pentamethdiethylenetriamine, and
water 40 8.6 7.5

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 (°C) Used (%) solution Rate (%)
(A/min)
Iminodiacetic Acid 40 2 1.5 8.0 1-2 -73.3~86.7
Glycine 40 2 1.5 9.2 3.6 -52.0
Nitrilotriacetic Acid 40 2 1.5 8.2 3.6 -52.0
L1 ,1,3,3-tetramethylguanidine 40 2 1.5 8.7 3.4 -54.7

10



oxi de or alum num oxide particles fromnetallic surfaces such as copper or
tungsten. FIGURE 3 depicts how the cleaning conponents of the present

i nventi orwor®s3er with the surface. Specially, FIGURE 3 Pd#fisor/3328hat

Al kal i ne Fluoride 30 and chel ati ng agents 32 di ssol vi ng i norgani ¢ oxi de
residues 34 after a CMP process. FIGURE 4 illustrates that the

formul ati ons taught by the present invention may be used to renove
nar as—42 frlr a2 _~ann rJurfa_en 44 ln-FI GIJRE 4 nar‘fi

resid etes -G OPPRI—SH . 2 rticles
42 anﬁaﬁ%Ng émzqg)cgdhere to metal surface 44 as well as diel ectrrc
sur f acdOMECHBar ti cl es 42 [and@0r gsi dues 40 ma% r emai niof%l | ows.hg B 624WO

03/ 03mmam CvP—process. [the chemtal—sotytions—pf—the
prese(f’}* @)é\?ntl on dzegra e the dttractive forces bhetween|the rpsidue and

the surfH Ylel | as dijssé?va codper fand tungstent®xi ded38nd| oxy3Ral i|des.
For mul Gi,CEeNB)amha)timve belen4d oynd t20 bel efized i vé 1 mocl ¢ama.ng [ esisgye and
sl ur r'y—partietes—fromreta——sdurfaces—raythavre—a'pHyval-bet+n-a-rangefor

fromabout 3 to 11, but typically have pH val ues between about 7 and about
9. These formul ati ons generally are aqueous solutions that conprise a
fluoride source, an organic am ne%mm chel ating agent. The

i ndi vidual constituents typically f e a fluoride source and/or a
derivative thereof as about 0.1 to about 5.0 %of the formulation, wherein
the fl nysuc ori.de. squrc kno 0se

skil | eydggd&?ﬂaetggﬁ%st?%ﬁg Icgrr ?én §¥o? n%F%nrnu tl?neE SPHALRG T ]iaﬁeélfl \gﬁ “E}TIOb ffﬁn@?ﬁ a gas
or anrsomicomiuttyd wafer @ebanklaﬂwd:pmgmm tdpparindesilpas fikhs. Afedrtief toupletion aﬁlt}d:

amoni a numblfluorlde trieth fluori
(TEAF)C%%I% %ﬁ&&tﬁ%&%%m R GBPSCaY fl TR, at?ﬁs?th%% §| g)?ngﬂ%ﬁg] Rt
fl uor |S§e<>n@w®hﬂ\)lasstsg¢crhameth@dt=a¢&m&) abmaifeld acerds ddlowEMAF) ;  triethylanmne tris
(hydrogen fluoride) (TREAT-HF). The organic am ne or m xture of two am nes
typically conprises between about 1% and about 15 % of the fornul ation of
the present inventi pfy (admeven’h t heengani’s arfiGatesrnBe ofe ofu0®AY such

organi ¢__am nes knoin to those skilled in the art including: diglycolamne
(D& , | Unelednpd SNaddrhanol aék 0@’ ( MDEA) 3.3 x 10 75x 10" 42

Cleaned Wafer 8.5x10° 51x10% 1.5x 10" 15

The foregoing results show that the copper oxide CuO has been effectively removed by the cleaning
process, while carbon contamination, which is mainly caused by the organic corrosion inhibitors in the

cleaning formulation, has been greatly reduced.

The present invention employs dilute alkaline fluoride in compositions for post CMP cleaning of silicon
oxide or aluminum oxide particles from metallic surfaces such as copper or tungsten. FIGURE 3 depicts
how the cleaning components of the present invention interact with the surface. Specially, FIGURE 3
depicts that Alkaline Fluoride 30 and chelating agents 32 dissolving inorganic oxide residues 34 after a
CMP process.

FIGURE 4 illustrates that the formulations taught by the present invention may be used to remove
residues 40 and particles 42 for a copper surface 44. In FIGURE 4 particles 42 and residues 40 adhere to

metal surface 44 as well as dielectric surface 46. Particles 42 and residues 40 may remain following a

11



pent anet hyl di et hyl enetri am ne (PMDETA), triethanol am ne (TEA),
triethylenedi amne (TEDA), hexanethyl enetetramne, 3, 3-imnobis

( NN- di mretw@lopoay79T ami ne), nonoet hanol am ne. 2- (et hyl am ®aratSazszBg

4- (2- hydr oxyet hyl ) nor phol i ne  4-(3-am nopropyl ) nor phol i ne, and 12 WD

03/ 035797 PCT/ US02/ 33280 N, N-di met hyl - 2- (2- am noet hoxy) et hanol . The

ni trogenous conponent of the m xture typically corrpri ses 0 to about 10 % of
the m xture. wherein the nitrogenous conponent of ANy S such

ni t rSY@roesssse Ehpdamicel sobitiprsedf %H\‘?\ﬁmt’ﬁvecnﬁ%@gméﬁmi %&?CW? foes BYeR B i ng

One kid tl%fsurféc'glamgl AGhbIGe &k ahll Bdpsten @tidgs ilioxyhiakides| ot ri acetic acid
A’% ﬁ%}{/ roxyet hyl i m nodi acet&fﬁg aci 5&& 1,1, 3, -tetranet hyl guani di ne (TM3),

et hyl enedi am netetracetic acid (EDTA), CH3C(=NCH2CH20OH) CH2C( O N( CH3) 2,

CH3 meta
q‘orhgggﬁl %@&%ﬁ%ﬂ%% Ok fo@'fﬁ} Zn cledaiaGe S':M'd) w%ﬂq@)ﬁ'ﬂﬁzles from metal

rret asuriapes|nagtyi hawe aglé relue in fieRed ﬁ@fn *ﬂoﬁétl 3a{° 1ﬁgb“§@5‘ﬁ"ta Y 95 pggﬁ‘gfggzt‘r?ﬁ?ni ées

ab OU% bolli § Shd aa?QLHb Tnle %rHlﬁllau&ﬁegeﬁé?ﬁlmﬂr@&du&ﬁs soltin€ &lat dm{palbe zcﬂlﬁrﬂé saugreagent
e one o such netal chel ating qents known, t hose suomljed in
a

t he a1r OTZRNE RIIE, rﬁgd mgted cheiatiag agﬁnHeThe 1nd1v1du constituents typically constltute a
source and/or a derivative thereof as about 0.1 to about 5.0 % of the formulation, wherein the fluoride

may be one of many such fluoride sources known to those skilled in the art including one or more of:

any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or
hydrofluoric acid;

ammonium fluoride,

ammonium bifluoride;

triethanolammonium fluoride (TEAF);

diglycolammonium fluoride (DGAF);

methyldiethanolammonium fluoride (MDEAF)

tetramethylammonium fluoride (TMAF);

triethylamine tris (hydrogen fluoride) (TREAT-HF).

The organic amine or mixture of two amines typically comprises between about 1% and about 15 % of
the formulation of the present invention, wherein the organic amine can be one of many such organic
amines known to those skilled in the art including:

diglycolamine (DGA),

methyldiethanolamine (MDEA),

pentamethyldiethylenetriamine (PMDETA),

triethanolamine (TEA),

triethylenediamine (TEDA),

hexamethylenetetramine,

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

monoethanolamine.

2-(methylamino)ethanol,

4-(2-hydroxyethyl)morpholine

4-(3-aminopropyl)morpholine, and
12



amoni um car bamat e; ammoni um pyrrol i di nedithi ocarbamate (APDC); di net hyl
mal onat e; nethyl acetoacetate; N-nethyl acetoacetam de; 2, 4-pentanedi one;
1,1, 1,5, 5wb-ohe3xzbT uor o- 2, 4- pent anedi one H( hfac); PCT/US02/33280
2,2,6,6-tetramet hyl -3, 5-hept anedi one H(thd); tetranethylamoni um

t hi obenzoate; tetramethylamoniumtrifluoroacetate; tetramethylthiuram
disulfide (TMIDS); trifluoracetic acid; 13 WO 03/035797 PCT/ US02/ 33280

| actic acid; ammnl um | actatg pl c acid formc acid, acetic acid,
propi oni ¢ aé‘{H meihve(2 13EHRAE P’é)@gg met hyl di et hanol anmoni um
trifluoroacetate, and trifluoroacet ic acid. Several representative

ex am{eaﬁtr&genwrcamb@iehtaﬂsheaﬁmuratypemnmpams 0o dbdmt W YApirtbainixtore|vhsteinde 0. 5

% 0 9
. %% g;trogglog)ﬂpe?n%;%n%y e4on§c/) m%m&h%%oéeﬁjogg compo%ex% sHies Bioki &I one 1

skilled in the art including one or more of:
iminodiacetic acid (IDA),
glycine,
nitrilotriacetic acid (NTA),
hydroxyethyliminodiacetic acid,
1,1,3,-tetramethylguanidine (TMG),
ethylenediaminetetracetic acid (EDTA),
CH,;C(=NCH,CH,0H)CH,C(O)N(CHa),,
CH,C(=NCH,CH,0CH,CH,OH)CH,C(O)N(CH;),,
CH;C(=NH)CH,C(O)CH;,
(CH;CH,),NC(=NH)N(CH;CH,),
HOOCCH,N(CHj;),, and
HOOCCH,N(CH,)CH,COOH.

The metal chelating agent or mixture of chelating agents typically comprises about 0 to about 5.0 % of
the formulation. Typical metal chelating agent may be one of many such metal chelating agents known
to those skilled in the art including:

acetoacetamide;

ammonium carbamate;

ammonium pyrrolidinedithiocarbamate (APDC);

dimethyl malonate;

methyl acetoacetate;

N-methyl acetoacetamide;

2. 4-pentanedione;

1,1,1,5,5,5-hexafluoro-2,4-pentanedione H(hfac);

2,2,6,6-tetramethyl-3,5-heptanedione H(thd);

tetramethylammonium thiobenzoate;

tetramethylammonium trifluoroacetate;

tetramethylthiuram disulfide (TMTDS);

trifluoracetic acid;
13



TEA 1. 7% PMDETA 1.5 % TEAHF 2% | m nodi acetic Acid 0.4 % Anmmoni um
Bifluoride 0.5 % Water 93.9% TEA 3.5% PMDETA 1.5% 2, 4-Pentanedione
1.35 % AwoonjossTeFl uoride 1.2 % Water 92.45 % 14 WO 03/ @®8FASH2/33280

PCT/ US02/ 33280 TEA 7% PMDETA 3% 2, 4-Pentanedione 2.7 % Amoni um
Fluoride 2.4 % Water 84.9 % Wafers can be imersed in chem cal solutions
or chem cals can be applied to the wafer surface by spray or through a
brush scrubbi ng stem FIGURE 5 depicts a SEMrepresenting the results
obt ai ned w tla‘vtlaacugt andard imrersion process. Specifically FIGURE 5 depicts
Tungsten p|lé hjgcté%um na slurry CMP and imrersion in formula ¢ for 10
mn at 30 urt ernore, selectivity to exposed nmaterials may be

il ustratedrlllﬁ}on@t9(\‘,51’611 rate data. FIGURE 6 and table 3 illustrate the materi al

etch rate o 1anggglgdconnect materials including an el ectropl ated copper
film Table % Materfial Etch Rate, A/min for 21C @30 nmin Copper - 1
Tant al um Ni tag¢tigecidé 0.1 Titanium< 0.1 Titanium N tride 1.0 Tungsten 0.2

propionic acid,
gamma-butyrolactone,
methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

Several representative examples of formulations are:

Triethanolamine 4.5 %
Ammonium Fluoride 0.5%
Water 95 %
PMDETA 3.8-45%
Ammonium Fluoride 0.5%

2, 4-Pentanedione 1%
Water 94-94.7 %
TEA 1.7 %
PMDETA 1.5%
TEAHF 2%
Iminodiacetic Acid 0.4 %
Ammonium Bifluoride 0.5%
Water 93.9 %
TEA 35%
PMDETA 1.5%

2, 4-Pentanedione 1.35%
Ammonium Fluoride 1.2 %
Water 92.45%

14



TECS 1.5 BPSG 4.5 Wile the invention has been described herein with
reference to specific features, aspects, and enbodinents, it will be
appreci atwo oi0a3791 he i nvention is not thus limted. The i meaniSopss2sher ef ore
may correspondingly enbodied in a wide variety of conpositions, with
correspondi ng variations of ingredients, and end-use applications. The
invention therefore is to be understood as enconpassing all such

vari ations, nodifications and alternative enbodlnent; wWithin the spirit
and scope of the inventit#* as hereafter clai ned. WD 03/ 035797

PCT/ US02/ 33280 THE CLAIppDWHAT |S CLAIMED | S: 1. A:pﬁst CWP cl eani ng
formul ati on conprising an organlc am ne, a fluoride fzgrce and from70% to
98% wat er. 2. The post CWA-Een@asHMg f or mul ati on accoThg to claim 1,
wherein said fornul ati onafnlhiigFludRBPri ses a netal zhed ating agent. 3. The
post CMP cl eaning formul ation according to claim 2, %pg&eln said

fornul ation further conPfies a nitrogenous conpone 4. The post CMP
cleaning fornulation according to claim1, wherein said quorlde source
conprises fromabout 0.1%to about 5. 0@6of the f The post
CVP Wetesrdan §e fremersadan shsmicabRoBIiansey chemicsissambs 2Priif gP&F ‘lﬁ’i sd‘rff“iet?é{ Pré% is

sel eglie@udd PHusH LRLERLHBreMOPSIURE 516ep(ilfts a @M r@ﬂﬁ@mﬁgt}le o¢subd obwiflmmra ag as or

amoni um hydr oxi de and hydro en fluori gf %% éOf uon

anmotindamdrimmsrsicaeroces mpAtHiFADLT IR %F@lcts “Pﬁséet“r?é P ?ﬁ?&iﬁ‘? ‘f%or I de,

( TEARM inSHeEHohGR kiR B ird# 0 fnkitl @ Jodte, F(n@@ﬁﬁ()re, selbﬁiv[tﬁl sEdxbydea mamribls maf beior i de,
nmet hyl di et hanol ammoni um 1 u triethylamne tris

E hycpﬂlégfgaﬁdfhy@@ﬁhﬁj@ﬁlat% -{(El_q':a}ld table 3 ﬁ)lustrate the matena'I: tcl?rage on interconirect

materials including an electroplated copper film.

Table 3

Material Etch Rate, A/min for 21° C @ 30 min
Copper ~1

Tantalum Nitride <0.1

Titaninm <0.1

Titanium Nitride 1.0

Tungsten 0.2

TEOS 1.5

BPSG 4.5

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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6. The post CMP cleaning fornul ation according to claim1, wherein said
formul ati on conprises fromabout 1%to 15 % organic am ne. 16 WO 03/ 035797
PCT/ US02/ 8828035797 The post CMP cl eani ng fornul ati on accomrdirnigo2/s3280 ai m 1,
wherein said organic amne is selected fromthe group consisting of:

di gl ycol am ne (D&), nethyl di et hanol am ne ( MDEA),

pent anet hyl di et hyl enetri am ne (PMDETA), triethanolam ne (TEA),

triethyl enediam ne (TEDA), hexanethylenetetramne, 3, 3-imnobis

(N, N-di net hyl propyl ani ne), nonocEBB&&AIMS e, 2- (net hyl ami no) et hanol

4- (2- hydr oxyet hyl ) mor phol i ne 4-(3-am nopropyl ) nor phol i ne, and

N, N- di net hyl - 2- ( 2- am noet hoxy) et hanol. 8. The post CMP cl eani ng fornul ati on
accor diXMHATNISCIABNMBD ISher ei n sai d formul ati on conprises fromabout 0 to
about 5.0 % netal chelating agent. 9. The post CMP cl eaning fornul ation
according to claim?2, wherein said netal chelating agent is selected from
the group consisting of: acetoacetam de; ammoni um carbanmate; anmmoni um

pyrrol idixngdi ém%éﬁﬁg%ﬁlaﬁ&:@@)pﬁsmg bATBEohNL af¥Ble ONAICRIde BREdbYInd &oRE TOAE et at €;
N-nmet hyl acet oacetam de; 2, 4- pent anedi one;

1,1, 1, 80 88% wagskaf | uor o- 2, 4- pent anedi one H( hf ac) ;
2,2,6,6-tetranet hyl -3, 5- hept anedi one H(thd);

2. The post CMP cleaning formulation according to claim 1, wherein said formulation further

comprises a metal chelating agent.

3. The post CMP cleaning formulation according to claim 2, wherein said formulation further

comprises a nitrogenous component.

4. The post CMP cleaning formulation according to claim 1, wherein said fluoride source comprises

from about 0.1% to about 5.0% of the formulation.

5. The post CMP cleaning formulation according to claim 1, wherein said fluoride is selected from

the group consisting of:

any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or
hydrofluoric acid,

ammonium fluoride,

ammonium bifluoride,

triethanolammonium fluoride, (TEAF),

diglycolammonium fluoride, (DGAF),

tetramethylammonium fluoride, (TMAF),

methyldiethanolammonium fluoride ,(MDEAF) and

triethylamine tris (hydrogen fluoride) (TREAT-HF).

6. The post CMP cleaning formulation according to claim 1, wherein said formulation comprises

from about 1% to 15% organic amine.
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t et ramet hyl anmoni um t hi obenzoat e;
tetranet hyl t hi uram di sul fi de (TMIDS);
trifluorawetmmo3xet d;
acid, acetic acid,

| actic acid;
propi oni c acid,

met hyl di et hanol ammoni um tri fl uor oacet at e,
The post CMP cl eaning formulation according to claim3, wherein said

formul ati on co
pospos

11. The

ri ses., from about

and

tetramet hyl ammonium trifl uor oacet at e;

17 WO 03/ 035797 PCT/ US02/ 33280

anmoni um | act at e;
gana- but yr ol act one,

mal eaTasar3xso f or m c

trifluoroacetic acid. 10.

.tqg ab 0 % ni. .
e PRI B8 A BBY i St GBI T B B o o

ni t r ogeniise cRUPORRRENnd & selected fromthe group consisting of:

i m nodi acetic acid (IDA),
hydr oxyet hyl i m nodi aceti c acid,
et hyl enedi amigdoBintin€ @G L), aci d (EDTA),
CHSC(=NCH2C}QC%$ZCH2
( CH3CHR2) 2NC(yife

gl yci ne,

pentamethyldiethylenetriamine (PMDETA),
triethanolamine (TEA),

triethylenediamine (TEDA),
hexamethylenetetramine,

3, 3-iminobis (N,N-dimethylpropylamine),
monoethanolamine,
2-(methylamino)ethanol,
4-(2-hydroxyethyl)morpholine
4-(3-aminopropyl)morpholine, and
N,N-dimethyl-2-(2-aminoethoxy)ethanol.

nitrilotriacetic acid (NTA),
1,1, 3, -tetranet hyl guani di ne

(TMg),

CH3C( =NCH2 CH2OH) CH2C( O) N( CH3) 2,
CHOG( OV N(CHB) 2, CHBC( =NH) CH2C( O) CHB,
e PN( CH3) 2,

and HOOCCH2N( CH3) CH2COCH.

8. The post CMP cleaning formulation according to claim 2, wherein said formulation comprises

from about 0 to about 5.0 % metal chelating agent.

9. The post CMP cleaning formulation according to claim 2, wherein said metal chelating agent is

selected from the group consisting of:

acetoacetamide;

ammonium carbamate;

ammonium pyrrolidinedithiocarbamate (APDC);
dimethyl malonate;

methyl acetoacetate;

N-methyl acetoacetamide;

2,4-pentanedione;
1,1,1,5,5,5-hexafluoro-2,4-pentanedione H(hfac);
2,2,6,6-tetramethyl-3,5-heptanedione H(thd);
tetramethylammonium thiobenzoate;
tetramethylammonium trifluoroacetate;

tetramethylthiuram disulfide (TMTDS);
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12. The post CMP cl eaning fornul ation according to claim1, wherein said
formul ati on conprises: triethanolamne 4.5 % 18 WO 03/ 035797

PCT/ US02/\88230357ammoni um Fl uoride 0.5 % and water 95 % P8T/UBaz3est CVP
cleaning formul ation according to claim1, wherein said fornmul ation
conprises: PMDETA 3.8-4.5 % amoniumfluoride 0.5 % 2, 4-Pentanedione 1
% and water 94-94.7 % 14. The post CMP cleaning formul ation according to
claim1, wherein said formulation conprises: TEA 1.7% PMDETA 1.5 % 12.
TEAHF 2% rifiuppestiseeidi c Acid 0.4 % anmmoniumbifluoride 0.5 % and water
93.9 % 15.,The;apst COWP cleaning formul ation according to claim1, wherein
said fornul ation conprises: TEA 3.5 % PMXETA 1.5% 2, 4-Pentanedione
1.35 % anmOWORHAEE de 1.2 % and water 92.45 % 16. The post CMWP

cl eani ng foppighitd@n according to claim1, wherein said fornulation
conprises: TEA 7% PMDETA 3 % 2, 4-Pentanedione 2.7 % anmmoni um
fluoride 2. Progcagifld 19 WO 03/ 035797 PCT/ US02/ 33280

acetic acid,

propionic acid,

gama-butyrolactone,
methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

10. The post CMP cleaning formulation according to claim 3, wherein said formulation comprises

from about 0 to about 10 % nitrogenous component.

11. The post CMP cleaning formulation according to claim 3, wherein said nitrogenous component is

selected from the group consisting of:

iminodiacetic acid (IDA),

glycine,

nitrilotriacetic acid (NTA),
hydroxyethyliminodiacetic acid,
1,1,3,-tetramethylguanidine (TMG),
ethylenediaminetetracetic acid (EDTA),
CH,C(=NCH,CH,OH)CH,C(O)N(CHs),,
CH,C(=NCH,CH,0CH,CH,0H)CH,C(O)N(CH,),,
CH,;C(=NH)CH,C(O)CH3,
(CH;CH,),NC(=NH)N(CH;CH,),,
HOOCCH,N(CH3;), and
HOOCCH,N(CH,)CH,COOH.

12. The post CMP cleaning formulation according to claim 1, wherein said formulation comprises:

triethanolamine 4.5 %,
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water 84.9 % 17. A sem conductor wafer cleaning fornulation conprising the
foll ow ng conponents in the percentage by wei ght ranges shown, based on

t he tot alwaeBgst79pf such conmponents: fluoride source 1-35%CTArSg2BE2680

am ne(s) 20-60% a nitrogenous conmponent, selected from nitrogen-containing
carboxylic acids and imnes 0.1-40% water 20-50% netal chelating agent(s)
0-21% TOTAL 100% 18 The cleaning fornulation of claim17, wherein said
fluoride source co s a fluoride, species selected from the group

consi sting GfAMORHRM ﬂ‘Benatl on of a r{eﬁ gas or ammoni um hydroxi de and
hydr ogen fl ugfidrde gas or hydrofl uori ®5a&i d; anmoni um bi fl uoride; anmoni um
fluoride, triethanol amonium fluoride (TEAF) , di glycol anmoni um fl uori de
(DGAF), tetranethylammonium fluoride (TMAF), nethyl di et hanol amoni um

fl uori dg. tAYcAFMBORanihg foehiityticarticveditig to $la( ¥ dwiggemsaid foarilston céripses - HF) .

19. The cleaning fornulation of claim117, wherein said organic am ne(s)
conprise an am ne selected fromthe group consisting of: diglycolam ne
(D&, net fmh]dEEAhanol ani ne (MDEA) 3.8-pgfd, amet hyl di et hyl enetri ani ne

(PVMDETA), triethan ne (TEA), 2 5 03/ 035797 PCT/ US02/ 33280
triethyl enecﬁ“ﬁ‘?ﬂnﬁﬁng“f‘iﬁ ®), hexanet hyPeffet et r ami ne,

2, 4-Pentanedione 1%, and

water 94-94.7 %.

14. The post CMP cleaning formulation according to claim 1, wherein said formulation comprises:

TEA 1.7 %
PMDETA 1.5%
12. TEAHF 2 %,
iminodiacetic Acid 0.4 %,
ammonium bifluoride 0.5 %, and
water 93.9 %.

15. The post CMP cleaning formulation according to claim 1, wherein said formulation comprises:

TEA 3.5 %,
PMDETA 1.5 %,
2, 4-Pentanedione 1.35 %,
ammonium fluoride 1.2 %, and
water 92.45 %.

16. The post CMP cleaning formulation according to claim 1, wherein said formulation comprises:

TEA 7 %,
PMDETA 3 %,

2, 4-Pentanedione 2.7 %,
ammonium fluoride 2.4 %, and
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3, 3 -imnobis (N, N-di nethyl propyl am ne), nonoethanol am ne.

2- (et hyl am no) et hanol ,  4-(2- hydroxyet hyl ) mor phol i ne

4- ( 3- am nwproafpg37ymor phol i ne, and N, N-di et hyl - 2- ( 2- am no@Cirasgd/a2k@nol .
20. The cleaning fornul ation of claim17, wherein said nitrogenous
conponent conprises a species selected fromthe group consisting of:

i mnodiacetic acid (1DA) glycine nitrilotriacetic acid (NTA)

hydr oxyet hyl i m nodi acetic acid 1,1, 3,-tetranethyl guani dine (TM3

et hyl enedi awhteet et raceti ¢ acid ( EDTA$H9 #-BC( =NCH2CH2OH) CH2C( O) N( CH3) 2
CH3C( =NCH2CH2OCH2CH20OH) CH2C( O) N( CH3) 2 CHSC( =NH) CH2C( O) CH3

(CHBCH2) 2NC( =NH) N( CH3CH2) 2 HOOCCH2N( CH3) 2 HOOCCHZI( CH3) CH2 COOH, . The
cl eani by A cemidoaducton xmferctlaanmglfpmlﬁ@pu@iﬂwgﬁas the fallowiitge CHRAORTS e t| ng

agent %rce%%gﬁg%tvglgm rafigd€'s O@@@%s&%?ﬁeﬁ&t‘aﬂﬁelﬁt of ALEE t@gi de;  ammoni um

car ba I nedi t hi ocar bamate (APDC); di nethyl mal onate;
et hyl acet oacet at e; 21 WO 03/ 035797 PCT/ US02/ 33280 N-net hyl
acet oacet a”hg&ide%oééé)ent anedi one; 1-35%

organic amine(s) 20-60%

a nitrogenous component, selected from nitrogen-containing

carboxylic acids and imines 0.1-40%
water 20-50%
metal chelating agent(s) 0-21%
TOTAL 100%

18. The cleaning formulation of claim 17, wherein said fluoride source comprises a fluoride species

selected from the group consisting of:

any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or
hydrofluoric acid;

ammonium bifluoride;

ammonium fluoride,

triethanolammonium fluoride (TEAF),

diglycolammonium fluoride (DGAF),

tetramethylammonium fluoride (TMAF),

methyldiethanolammonium fluoride (MDEAF) and

triethylamine tris (hydrogen fluoride) (TREAT-HF).

19. The cleaning formulation of claim 17, wherein said organic amine(s) comprise an amine selected

from the group consisting of:

diglycolamine (DGA),
methyldiethanolamine (MDEA),
pentamethyldiethylenetriamine (PMDETA),
triethanolamine (TEA),
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1,1,1,5,5, 5-hexafl uoro- 2, 4- pent anedi one H( hfac);
2,2,6,6-tetrammet hyl - 3, 5- hept anedi one H(thd); tetranethyl amoni um
t hi obenzoaD®3/0337e1 r arret hyl ammoni um tri fl uoroacet ate; tet PamatSayB32Ré ur am

disulfide (TMIDS); trifluoracetic acid; lactic acid; ammonium]| actate;
malonic acid formc acid, acetic acid, propionic acid,

gamma- but yr ol actone, i m nodi acetic acid, nethyldiethanol anmoni um
trifluoroacetate, and, trifluoroacetic acid. 22. The cleaning fornulation
of clai m 17,ri¢thdensdigming (FEPAdori de source conprises a species sel ected
fromthe gr %&Wgn%{rg}gm@’f: any conbi nati on of ammoni a gas or amoni um
hydr oxi de and hydrogen fl uoride gas or hydrofluoric acid;, amonium
fiuoride; ahdowingls BNN-diseihyeroryemingt hanol amroni um f1 uori de ( TEAF);

di gl ycol ammapideambdoeesihde (DGAF), net hyl di et hanol anmoni um fl uori de
(MDEAF) ; tetramet hyl anmoni um fluoride (TMAF); and triethylamne tris
(hydrogen f|%Grqthydamipopeianpl.iFy . 22 WO 03/ 035797 PCT/ US02/ 33280 23. The

cl eani ng formu@td}& etRfrfdrpiidlind 7, Wherein said organic anmine(s) conprises
an am ne sel|lected fromthe group consisting of:
4-(3-aminopropyl)morpholine, an

N,N-dimethyl-2-(2-aminoethoxy)ethanol.

20. The cleaning formulation of claim 17, wherein said nitrogenous component comprises a species

selected from the group consisting of:

iminodiacetic acid (IDA)

glycine

nitrilotriacetic acid (NTA)
hydroxyethyliminodiacetic acid
1,1,3,-tetramethylguanidine (TMG)
ethylenediaminetetracetic acid (EDTA)
CH;C(=NCH,CH,0H)CH,C(O)N(CH;)2
CH,;C(=NCH,CH,0OCH,CH,0H)CH,C(O)N(CH3),
CH;C(=NH)CH,C(O)CHj;
(CH;CH,),NC(=NH)N(CH,CH,),
HOOCCH,N(CH3),
HOOCCH,N(CH;)CH,COOH.

21. The cleaning formulation of claim 17, including at least one metal chelating agent selected from

the group consisting of:

acetoacetamide;

ammonium carbamate;

ammonium pyrrolidinedithiocarbamate (APDC);
dimethyl malonate;

methyl acetoacetate;
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di gl ycol am ne (D&), nethyl di et hanol am ne ( MDEA),

pent anet hyl di et hyl enetri am ne (PMDETA), triethanolam ne (TEA),

triethyl ewodsasi’ae ( TEDA), hexanethyl enetetram ne, 3, 3PCHUSODBERS0

(N, N-di net hyl propyl am ne), nonoet hanol am ne. 2-(nethyl am no) et hanol ,

4- (2- hydr oxyet hyl ) nor phol i ne 4-(3-am nopropyl ) nor phol i ne, and

N, N- di net hyl - 2- ( 2- am noet hoxy) et hanol . 24. The cl eaning formnul ati on of
claim 17, wherein said nitrogenous conponent conprises a species fromthe
group consi S\msdylAcetosseiapils acetic acid (IDA) glycine nitrilotriacetic
acid (NTA) Jwge.exygddyl i m nodiacetic acid 1,1,3,-tetranethyl guanidine
(TM3 ethyl enedi am netetracetic acid DTA)

CH3C( =NCH2 CHa o Shexadiriec- s pentanesigrg Hiead cHp ocH2 CH2 OH) CH2C( O) N( CHB) 2
CH3C( =NH) CH20K €5 RidmmieEHBCH BRI ANCHDEHNGOH3CH?) 2 HOOCCH2N(CH3) 2.
HOOCCH2N( CH3) CH2COOH 23 WO 89}%/ 035797 PCT/ US02/ 33280 25. The cl eaning
formul at i on efFamethyjapmeniumyfhiobenzqateai d f1 uori de source conprises a species

sel ected fremndaflthOaRintRiMsbdhdeRge; of any conbination of ammonia gas or
ammoni um hydr oxi de_and hydrogen fluoride gas or

tetramethylthiuram disulfide (TMTDS);

trifluoracetic acid;

lactic acid;

ammonium lactate;

malonic acid

formic acid,

acetic acid,

propionic acid,

gamma-butyrolactone,

iminodiacetic acid,

methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

22. The cleaning formulation of claim 17, wherein said fluoride source comprises a species selected

from the group consisting of:

any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or
hydrofluoric acid;

ammonium fluoride;

ammonium bifluoride;

triethanolammonium fluoride (TEAF);

diglycolammonium fluoride (DGAF),

methyldiethanolammonium fluoride (MDEAF);

tetramethylammonium fluoride (TMAF); and

triethylamine tris (hydrogen fluoride) (TREAT-HF).
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hydr of l uori c acid; ammoni um fluoride; ammoni um bifl uoride;

tri et hanol anmoni um fl uori de (TEAF); diglycol ammoni um fl uori de ( DGAF);

met hyl di ewbanoszemoni um fl uori de ( MDEAF) tetranet hyl amomicaisb/sa2se de
(TMAF); and triethylamne Iris (hydrogen fluoride) (TREAT-HF); said
organi c am ne(s) conprise a species selected fromthe group consisting of:
di gl ycol am ne (D&), nethyl di et hanol am ne ( MDEA),

pent anet hyl.di et hyl enet r.i am PMDET, ._tr.i.et hanol am ne (TEA), .

PrT et hyPhrith dratine PreisEn Sl Trniiusin bt FPRm RIS gbrhirdle gy amine

(N, N- di sebdctey Ifipethy gratp dvadistingfinoet hanol am ne. 2- ( net hyl anmi no) et hanol ,

4- ( 2- hydr oxyet hyl ) nor phol i ne, 4-(3-am nopropyl ) nor phol i ne, and

N, N- di et hyl - 2- ( 2- am noet hoxy) et hanol ; sai d nitrogenous conponent conprises
a speci es setightdemine @GAN)e group consisting of: imnodiacetic acid (IDA),

glycine, nitrilotriacet.ic Ldy (NTA), hydroxyethylim nodi acetic acid,
1,1,3,-tet ra’l’f‘g{hﬁ@f%ﬁ%ﬁ@&flﬁg&?%) , ethylenediam netetracetic acid (EDTA)
24 WD 03/ 035@&hfant@iyldidBd2n88RMte (BMBETANCH2 CH2OH) CH2C( O) N( CH3) 2,
triethanolamine (TEA),
triethylenediamine (TEDA),

hexamethylenetetramine,

3, 3-iminobis (N,N-dimethylpropylamine),
monoethanolamine.
2-(methylamino)ethanol,
4-(2-hydroxyethyl)morpholine
4-(3-aminopropyl)morpholine, and
N,N-dimethyl-2-(2-aminoethoxy)ethanol.

24. The cleaning formulation of claim 17, wherein said nitrogenous component comprises a species

from the group consisting of:

iminodiacetic acid (IDA)

glycine

nitrilotriacetic acid (NTA)
hydroxyethyliminodiacetic acid
1,1,3,-tetramethylguanidine (TMG)
ethylenediaminetetracetic acid (EDTA)
CH,;C(=NCH,CH,0OH)CH,C(O)N(CH3;)2
CH,C(=NCH,CH,0CH,CH,OH)CH,C(O)N(CHj,),
CH,C(=NH)CH,C(O)CH, ‘
(CH;CH),NC(=NH)N(CH;CH,),
HOOCCH,N(CH;),
HOOCCH,N(CH;)CH,COOH
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CH3C( =NCH2CH2OCH2CH20OH) CH2C( O) N(CH3) 2,  CH3C(=NH) CH2C( O CH3,
(CH3CH2) 2NC( =NH) N( CH3CH2) 2, HOOCCH2N( CH3) 2, HOOCCH2N( CH3) CH2COOH; and sai d
fornul atiwo 03/08379tdes a nmetal chel ati ng agent conprising aPSpas0z3328e! ect ed
fromthe group consisting of: acetoacetam de; ammoni um carbanat e;

ammoni um pyrrolidinedithi ocarbamate (APDC); di nethyl mal onate; nethyl
acetoacetate; N-nethyl acetoacetam de; 2,4-pentanedione; 1, 1, 1,555
- hexaf | uor o- 2, 4- pent anedi one H(hf a %;. . . : .

2,2, 6, G5t Shg HAEHGIIRIEN ROTHE BRSNS Hfride PR SOTRRTISGH SIRRER Soifrted

t hi obernzfalR grou @&ﬁ@ﬂ@gﬂylannnniun1trif|uoroacetate; tetramet hyl t hi uram
disulfide (TMIDS); trifluoracetic acid; lactic acid; anmonium]l actate;
mal onic acid formc acid, acetic acid, propionic acid,

gama- but yr olngCo@BRation! 6T AAQEAL £dsi 6 AdGhdhiuniBydiylidt fidHigrdeleamftosridengas or
trifluoroacetate, and _ trifluoroacetic acid. 25

hydrofluoric acid;

ammonium fluoride;

ammonium bifluoride;

triethanolammonium fluoride (TEAF);

diglycolammonium fluoride (DGAF);

methyldiethanolammonium fluoride (MDEAF)

tetramethylammonium fluoride (TMAF); and

triethylamine tris (hydrogen fluoride) (TREAT-HF);

said organic amine(s) comprise a species selected from the group consisting of:
diglycolamine (DGA),
methyldiethanolamine (MDEA),
pentamethyldiethylenetriamine (PMDETA),
triethanolamine (TEA),
triethylenediamine (TEDA),
hexamethylenetetramine,
3, 3-iminobis (N,N-dimethylpropylamine),
monoethanolamine.
2-(methylamino)ethanol,
4-(2-hydroxyethyl)morpholine,
4-(3-aminopropyl)morpholine, and
N,N-dimethyl-2-(2-aminoethoxy)ethanol;

said nitrogenous component comprises a species selected from the group consisting of:
iminodiacetic acid (IDA),
glycine,
nitrilotriacetic acid (NTA),
hydroxyethyliminodiacetic acid,
1,1,3,-tetramethylguanidine (TMG),

ethylenediaminetetracetic acid (EDTA)
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WO 03/ 035797 PCT/ US02/ 33280 26. The cleaning fornulation of claim17,
wherein said fluoride source conprises a conpound having the general
formul a RYBIRGBDF i n which each of the R groups is indepecadrsot/g32sel ect ed
from hydrogen atons and aliphatic groups, and wherein said fornulation

includes a netal chelating agent of the fornula: X-CHR-Y, in which Ris
ei ther hydrogen or an aliphatic group and X and Y are functional groups
containing nultiply bonded noieties having el ectron-w t hdraw ng

properties. GHBCERHLHLMTECEONGH AL i on of claim 25, wherein each of X and

Y is indepe 4 hgg@ H,0emeH CHOONHR , CN, N2, SOR, and SQ2Z in

whi ch R isrtgﬁgglmalﬁzg IS hyzdrgzaéen, alo, or alkyl. 28. The cleaning

for mul at i on GECEMIDAIFAO)Her ei n sai d fluoride source conprises a conpound

having the femthsNYEIRRRENICH,), Whi ch each of the R groups is hydrogen or

al i phatic, and wherein_ said fornulation includes a netal chel ati ng agent

of the for mHROCRHRHRERIN+ 02CCF3 in which each of the R groups is

i ndependent lyphydnggen; eH,@boRMad c. 29. The cleaning fornulation of claim

17, wherein said nitrogenous conponent includes a c_ong%‘uggeg ha\E/iengr t he
fieyErg

f or mul &aiddompylation mghides a\iApleihRla g ASCEE COTRIITEE @ SREUSy riah & ect ed
from t hgngti@ppr:consi sting of hydrogen, alkyl, aryl, and carboxylic acids.
30. A nethod for fabricating a sem conductor wafer, conprising: plasna
etching a neCHPIEPBYE) ayer froma surface of the wafer; plasma ashing a
resi st fromgheonsii éaaemaf the wafer; and cleaning the wafer by contacting
sane with a cleaning formnmulation, co ising the follow ng conponents in
t he percent éﬁénwmﬁ@m?géﬁﬁ’éggﬁﬂﬁmn sed on the total weight of such
conponent s: @@eWADnfn@d5797 PCT/ US02/ 33280 fluoride source 1-35% organic
am ne(s) 20-60%_ a nitrogenous conmponent, selected from nitrogen-containing
car boxyl i ¢ dB§'E 2¢f{R3°9%HF nes 0. 1- 40%

N-methyl acetoacetamide;

2 A-pentanedione;
1,1,1,5,5,5-hexafluoro-2,4-pentanedione H(hfac);
2,2,6,6-tetrammethyl-3,5-heptanedione H(thd);
tetramethylammonium thiobenzoate;
tetramethylammonium trifluoroacetate;
tetramethylthiuram disulfide (TMTDS);
trifluoracetic acid;

lactic acid;

ammonium lactate;

malonic acid

formic acid,

acetic acid,

propionic acid,

gamma-butyrolactone,

iminodiacetic acid,

methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.
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wat er 20-50% netal chelating agent(s) 0-21% TOTAL 100% 31. The nethod of
claim 30, wherein said fluoride source conprises a fluoride species

sel ect ed Wooai083187 gr oup consi sting of: any conbi nati on of pammsa2/as28@s or
ammoni um hydr oxi de and hydrogen fluoride gas or hydrofluoric acid,
ammoni um fl uoride; ammonium bi fluoride; triethanol ammoni um fluoride

( TEAF) ; diglycolannnniunlfluoride ( DGAF) ; nethyldiethanolannnnium

fluoride tetr th mro fluorl  and. trieth m ne
o g e ceahing ey on PREATE i Wherstn S Mioetie St o@ngsed BsStiitRe 1
said Orﬁlﬁrﬂngh@@bﬂ’é&( %GETMRQE&W irawhiole esoB| of GHecll gfdupimist inepegtentlypsetoredi st i ng

AL S GO M AT = R —

tri et hydepeditafongild TEDA), hexanet hyl enetetranmine, 3, 3 -iminobis
(N, N-di net hyl propyl am ne), nonoet hanol am ne. 2-(nethyl am no) ethanol, 27
WO 03/ 035797 PCT/ US02/ 33280 4-(2- hydroxyet hyl ) nor phol i ne
4- ( 3-am nopr gpoimpswr phol i ne, and N, N-di net hyl - 2- (2- am noet hoxy) et hanol .
33. The nmethod of claim30, wherein said nitrogenous conponent conprises a
speci es selected from

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.

27. The cleaning formulation of claim 25, wherein each of X and Y is independently selected from
CONH,, CONHR’, CN, NO,, SOR’, and SO,Z in which R’ is alkyl and Z is hydrogen, halo, or alkyl.

28. The cleaning formulation of claim 17, wherein said fluoride source comprises a compound
having the formula R;R,R;R,NF in which each of the R groups is hydrogen or aliphatic, and wherein
said formulation includes a metal chelating agent of the formula, R{R,RsR,N*"O,CCF; in which each
of the R groups is independently hydrogen or aliphatic.

29. The cleaning formulation of claim 17, wherein said nitrogenous component includes a compound

having the formula:
COOH-CH,-NRR’

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

aryl, and carboxylic acids.
30. A method for fabricating a semiconductor wafer, comprising:

plasma etching a metallized layer from a surface of the wafer;

plasma ashing a resist from the surface of the wafer; and

cleaning the wafer by contacting same with a cleaning formulation, comprising the following
components in the percentage by weight ranges shown, based on the total weight of such

components:

26



t he group consisting of: imnodiacetic acid (IDA), glycine,
nitrilotriacetic acid (NTA), hydroxyethylim nodi acetic acid,

1, 1, 3, -t ewpa®s3Tyt guani di ne (TM5, et hyl enedi am net et r ac@Cirawsaysasq EDTA) ,
CH3C( =NCH2CH20H) CH2C( O) N(CH3) 2,  CH3C( =NCH2CH2OCH2CH2OH) CH2C( O) N( CH3) 2,
CH3C(=NH) CH2C( O CH3, (CH3CH2) 2NC(=NH) N( CH3CH2) 2, HOOCCH2N( CH3) 2,
HOOCCH2N( CH3) CH2COOH.  34. The nethod of claim 30, including at |east one
nmetal chel ating agent selected fromthe group consi 5%40”9 of .

acet oacet ani #9Tide g¥tBni um car banat e; ammoni um pyr r ol ith"hedi t hi ocar banat e
(APDC);  di nghyd anm?é(gznat e; nmethyl acetoacetate; N2edoyl acetoacetam de;
2, 4-pentanedione; 1,1,1,5,5, %}‘h afl uroO 2, 4- pent anedi one H( hfac);

2,2, 6, 6-t et raiRgCRHS SYMEANRRE Hte @g?'BWémﬁ(gF%ﬂ‘Wal Bt r anet hyl ammoni um

t hi obenzoat esarbokPicadiaBhddimaEoni um tri f 1 uor oacet at e;0.280%0 03/ 035797

PCT/ US02/ 33280 tetramethylthiuramdisulfide (TMIDS), 5tro) fluoracetic acid,
| actic aci d;Water 20-50%

metal chelating agent(s) 0-21%
TOTAL 100%

31. The method of claim 30, wherein said fluoride source comprises a fluoride species selected from

the group consisting of:

any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or
hydrofluoric acid;

ammonium fluoride;

ammonium bifluoride;

triethanolammonium fluoride (TEAF);

diglycolammonium fluoride (DGAF);

methyldiethanolammonium fluoride (MDEAF)

tetramethylammonium fluoride (TMAF); and

triethylamine tris (hydrogen fluoride) (TREAT-HF).

32. The method of claim 30, wherein said organic amine(s) comprise an amine selected from the

group consisting of:

diglycolamine (DGA),
methyldiethanolamine (MDEA),
pentamethyldiethylenetriamine (PMDETA),
triethanolamine (TEA),

triethylenediamine (TEDA),
hexamethylenetetramine,

3, 3-iminobis (N,N-dimethylpropylamine),
monoethanolamine.

2-(methylamino)ethanol,
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ammonium | actate; malonic acid formc acid, acetic acid, propionic acid,
gamma- but yr ol actone, i m nodi acetic acid, nethyldiethanol anmoni um
trifluorowoesmss7 and trifluoroacetic acid. 35. The net hedTafSozbasm 30,
wherein said fluoride source conprises a species selected fromthe group
consi sting of: any conbination of ammonia gas or ammoni um hydr oxi de and
hydr ogen fluoride gas or hydrofluoric acid; amonium fluoride, ammonium
bi fluoride, triethanol ammonjum fluoride (TEAF), diglycol ammoni um fl uoride
(DGAF),  neth@acerpehdnemisiicum f 1 uori de (MDEAF), tetranet hyl anmoni um
fluoride (TMARLamia®Hopyl)mbShbiregaridne tris (hydrogen fluoride) (TREAT-HF).
36. The nethod. of claim 30, wherein said organic am ne(s) conprises an

am ne sel ectlgﬁl"lhfr’@w]r%@'anﬁ’i‘??ﬁt?x@ﬁﬁﬁoiti ng of: diglycol am ne (D&,

nmet hyl di et hanol am ne (MDEA), pentanethyl di et hyl enetri am ne (PMDETA),
triethanol am ne (TEA), 29 WD 03/035797 PCT/ US02/33280 trieth 1I eigi am ne
(TEDR) SR PRk alab 36 PRSI B OBt RO SIRELE REPIT SR SR ne)

the group consisting of:

iminodiacetic acid (IDA),

glycine,

nitrilotriacetic acid (NTA),
hydroxyethyliminodiacetic acid,
1,1,3,~tetramethylguanidine (TMG),
ethylenediaminetetracetic acid (EDTA),
CH;C(=NCH,CH,0H)CH,C(O)N(CHa),,
CH,;C(=NCH,CH,0CH,CH,OH)CH,C(O)N(CHa),,
CH,C(=NH)CH,C(O)CHj,
(CH;CH,),NC(=NH)N(CH;CH,),,
HOOCCH,N(CHj;),,
HOOCCH,N(CH;)CH,COOH.

34, The method of claim 30, including at least one metal chelating agent selected from the group
consisting of:
acetoacetamide;
ammonium carbamate;
ammonium pyrrolidinedithiocarbamate (APDC);
dimethyl malonate;
methyl acetoacetate;
N-methyl acetoacetamide;
2,4-pentanedione;
1,1,1,5,5,5-hexafluro0-2,4-pentanedione H(hfac);
2,2,6,6-tetrammethyl-3,5-heptanedione H(thd);
tetramethylammonium thiobenzoate;

tetramethylammonium trifluoroacetate;

28



nonoet hanol am ne. 2-(nethyl am no) et hanol, 4-(2-hydroxyethyl) norpholine

4- (3-am nopropyl ) nor phol i ne, and N, N-di net hyl - 2- (2- am noet hoxy) et hanol .
37. The nwohe@3zh7 cl ai m 30, wherein said nitrogenous conp@aaniSOTasIpr i ses a
species fromthe group consisting of: imnodiacetic acid (I1DA), glycine,
nitrilotriacetic acid (NTA), hydroxyethylim nodiacetic acid,
1,1,3,-tetranet hyl guani dine (TM5, ethyl enedi am netetracetic acid (EDTA),
CH3C( =NCH2CH20H) CH2C( O CH3C( =NCH2 CH2OCH2 CH2OH) CH2C( O) N( CH3) 2,
CH3C( =NH) CHEtpmpthsl hlura(“(é-@’tﬁﬂ?f §}’\IH) N(CH3CH2) 2,  HOOCCH2N( CH3) 2, and
HOOCCHZN( CH3) fieddedeetid hoid; 38. The nethod of claim 30 wherein said fluoride
source corrprl ses a species selected fromthe group consisting of: any
conbi nat i on l&sfic agifroni a gas or ammoni um hydroxi de and hydrogen fluori de gas
or  hydr of | ugflomivdciagtateanmoni um f | uori de, amoni um bi fluori de,

tri et hanol ammoni um fl uoride (TEAF), 30 WO 03/035797 PCT/ US02/ 33280

di gl ycol ameRAlams 39dior i de (DGAF), et hyl di et hanol ammoni um f1 uori de

(NI DEAF) ,  tsifi@ned hyl ammoni um fl uori de (TMAF), and

acetic acid,

propionic acid,

gamma-butyrolactone,

iminodiacetic acid,

methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

35. The method of claim 30, wherein said fluoride source comprises a species selected from the

group consisting of:

any combination of ammonia gas or ammonium hydrdxide and hydrogen fluoride gas or
hydrofluoric acid;

ammonium fluoride,

ammonium bifluoride,

triethanolammonium fluoride (TEAF),

diglycolammonium fluoride (DGAF),

methyldiethanolammonium fluoride (MDEAF),

tetramethylammonium fluoride (TMAF), and

triethylamine tris (hydrogen fluoride) (TREAT-HF).

36. The method of claim 30, wherein said organic amine(s) comprises an amine selected from the

group consisting of:

diglycolamine (DGA),
methyldiethanolamine (MDEA),
pentamethyldiethylenetriamine (PMDETA),
triethanolamine (TEA),
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triethylamne tris (hydrogen fluoride) (TREAT-HF); said organic am ne(s)
conprise a species selected fromthe group consisting of: diglycolam ne
(D&, newbyBdszphanol am ne (MDEA), pentanet hyl di et hyl en@Cmitesn?/se280
(PVMDETA), triethanolam ne (TEA), triethyl enedi am ne (TEDA),

hexanet hyl enetetram ne, 3, 3-imnobis (N, N-dinethyl propyl am ne),

nonoet hanol am ne. 2-(net hyl am no) et hanol, 4-(2-hydroxyethyl ) norpholi ne

4- ( 3-am nopropyl ) nor phol i ne, and N, N-di met hyl - 2- ( 2- am noet hoxy) et hanol ;
sai d ni t r ogtirtudencdimpiva €D pri ses a speci es sel ected fromthe group
consi sting S 1 ¢ Lacetic acid (I DA), glycine, nitrilotriacetic acid
(NTA), hyd‘rﬂ%%nglf fﬂ%%&%gg%’aceti c acid, 1,1,3,-tetranmethylguanidine (TM3,
et hyl enedi afi herisetia@bNidimelbylpropstaTRAg);  CH3C( =NCH2CH20OH) CH2C( O) N( CHB) 2,
CH3C( =NCH2 t OHCH2C(O) N(CH3) 2,  CH3C(=NH) CH2C( O) CH3,

( CH3CH2) 2NC( =NH) N( CH3CH?2) 2 HOOCCH2N( CH3) 2, and HOOCCH2N( CH3) CH2COOH; and
31 WO 03/ 0337erthplamingdbang3280 said fornul ation includes a netal chel ating

agent conpri4§(izﬁlgdlgxm§ph§g{eect ed fromthe group consisting of:
4-(3-aminopropyl)morpholine, and
N, N-dimethyl-2-(2-aminoethoxy)ethanol.

37. The method of claim 30, wherein said nitrogenous component comprises a species from the

group consisting of:

iminodiacetic acid (IDA),

glycine,

nitrilotriacetic acid (NTA),
hydroxyethyliminodiacetic acid,
1,1,3,-tetramethylguanidine (TMQ),
ethylenediaminetetracetic acid (EDTA),
CH,C(=NCH,CH,0H)CH,C(O)N(CHs),,
CH,C(=NCH,CH,0CH,CH,0H)CH,C(O)N(CHs),,
CH,C(=NH)CH,C(O)CH;,
(CH;CH,),NC(=NH)N(CH;CH,),,
HOOCCH,N(CHj),, and
HOOCCH,N(CH;)CH,COOH.

38. The method of claim 30, wherein said fluoride source comprises a species selected from the

group consisting of:

any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or
hydrofluoric acid,

ammonium fluoride,

ammonium bifluoride,

triethanolammonium fluoride (TEAF),
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acet oacet am de; ammoni um car bamat e; anmoni um pyrrol i di nedit hi ocar bamat e
(APDC); dinethyl malonate; nethyl acetoacetate; N-nethyl acetoacetam de;
2, 4- pent awedBosw97 1,1, 1,5, 5, 5- hexaf | uro0- 2, 4- pent anedi on@®CH(Us$0283280
2,2,6,6-tetramet hyl - 3, 5- hept anedi one H(thd); tetranethyl anmoni um

t hi obenzoate; tetranmethylamoniumtrifluoroacetate; tetranethylthiuram
disulfide (TMIDS); lactic acid; ammoniumlactate; mnmalonic acid formc
acid, acetic _acid, propionic acid gama- but yr ol act one,
nethyldiethaWﬁb&ﬂﬁﬁﬁpﬂﬁmﬁ?¥wWQQQQﬁﬁéetate, and trifluoroacetic acid. 39.

The nmet hod ofehRicMaadlambBSitRIfMoS® MDHAR) | de source conprises a conpound
havi ng the general . formul a R R2R3RANF i n which each of the R groups is

i ndependent | {FraastadpagonipgHuayds YY) #éns  and al i phatic groups, and

wher ei n Saidﬁﬁ@@ﬁhﬁﬁhﬁpﬂw&ﬁg&uﬂﬁﬁd@(ﬂﬂ@ﬂhHGme|ating agent of the fornul a:
X-CHR-Y, in which Ris either hydrogen or an aliphatic group and X and Y

are functional groups containing multiply bonded noieties having

el ect roﬁai&\i)\?ﬁl_ﬁu’ A EE) RIPASY 4 dpBies sdct B ABHRIRH CoRSTALSO2/ 33280  40. The
met hod of claim 39, wherein each of X and Y is independently selected from

CONH2, CONHRBYC@AMInREIGASOR | and SO2Z in which R is alkyl and Z is
hydrogen, halmehyRietidh¥hine (MDEA),

pentamethyldiethylenetriamine (PMDETA),
triethanolamine (TEA),

triethylenediamine (TEDA),
hexamethylenetetramine,

3, 3-iminobis (N,N-dimethylpropylamine),
monoethanolamine.
2-(methylamino)ethanol,
4-(2-hydroxyethyl)morpholine
4-(3-aminopropyl)morpholine, and
N,N-dimethyl-2-(2-aminoethoxy)ethanol;

said nitrogenous component comprises a species selected from the group consisting of:

iminodiacetic acid (IDA),

glycine,

nitrilotriacetic acid (NTA),
hydroxyethyliminodiacetic acid,
1,1,3,-tetramethylguanidine (TMG),
ethylenediaminetetracetic acid (EDTA),
CH;C(=NCH,CH,0OH)CH,C(O)N(CH,),,
CH;C(=NCH,CH,OCH,CH,0OH)CH,C(O)N(CH,),,
CH;C(=NH)CH,C(O)CHj;,
(CH;CH,),NC(=NH)N(CH,CH,),,
HOOCCH;N(CH,), and
HOOCCH,N(CH;)CH,COOH; and
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41. The nethod of claim 30, wherein said fluoride source conprises a
conpound having the fornula RIRZR3RANF in which each of the R groups is
hydr ogen wo talosybati c, and wherein said formulation incl edearsaz/sesal

chel ating agent of the forrmula, R RZR3RAN+-02CCF3 in which each of the R
groups is independently hydrogen or aliphatic. 42. The nethod of claim 30,
wherein said nitrogenous conponent includes a conpound having the fornula:

COOH- CH2: NRR V\/ner each nde endent selecte d m t he

o o Cob ORGP R oA haRF secny pTersict SRERD sob € LR B el

met hod doasisthhgof:i cating a sem conductor wafer including the steps

conpri si ng: gl asna %:chl ng a netallized |layer froma surface of the wafer;

pl asma ashi A§°82FREE from the surface of the wafer; cleaning the wafer by
contacting S@rﬁﬁoﬁﬂrﬁbarbanﬁdt@ani ng formul ati on, conpri si ng the follow ng

conmponents in the erc b nges shown, based on the total
wei ght of sUEHOE 91 ‘1¥1T ﬁ%’?tgéépﬂ@mce; 1-35% at | east one organic

am ne; 20- GQB{metaylnnetldsmgaen cont ai ni ng carboxylic acid or imne 0.1-40%

wat er; 20-50% e} Ieastt one metal chelating agent 0-21% TOTAL 100% 44.

The nethod oF°PY4FHY% S wherein said fluoride source is chosen from the
group consi sKimtthybicetoaceyantiderbi nati on of ammoni a gas or anmoni um hydr oxi de
and hydroge %I urg%\ierg.e %as or hydrofluoric acid, 33 WO 03/035797

PCT/ US02/ 33 © MPGm f 1 uori de, ammoni um bi fluoride, triethanol anmmoni um
fluoride (TEAE)S5,5 Sdlileghﬂma) -2 peninediohd Hiuficle ( DGAF) ,

et hyl di et haf?%gmg)ameﬂmn] g SLh tane%io(’l%cg,) ’
tetramethylammonium thiobenzoate;
tetramethylammonium trifluoroacetate;
tetramethylthiuram disulfide (TMTDS);
lactic acid;
ammonium lactate;
malonic acid
formic acid,
acetic acid,
propionic acid,
gamma-butyrolactone,
methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.
39. The method of claim 30, wherein said fluoride source comprises a compound having the general
formula R;R,R3R,NF in which each of the R groups is independently selected from hydrogen atoms
and aliphatic groups, and wherein said formulation includes a metal chelating agent of 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.
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t et ranmet hyl ammoni um fluoride (TMAF), and triethylamne tris (hydrogen
fluoride) (TREAT-HF); 45. The nethod of claim43, wherein said organic

am ne i s weleoswd7 from t he group consisting of: diglycol 2aTnEso0t/Ex28) ,

met hyl di et hanol am ne (NMDEA), pentanethyl di et hyl enetri am ne (PMDETA),
triethanol am ne (TEA), triethyl enediamne (TEDA), hexanethyl enetetram ne,
3, 3 -imnobis (N, N-dinethylpropylanine) nnnoethanolanine

2- hyl h | hyd
PRREARA Gl AR HoF BbP: e oy oSk A R Spds it selesti By SV Bno!

46. Th econﬁhq@mﬁ\rcg! SOMN, 4eth SOMAEH @hidh B 8ds el atnﬂ agenymgah Aalvi, xguligar boxyl i c
acid or imne is selected fromthe group consisting of: imnodiacetic acid
(IDA), glycine, nitrilotriacetic acid (NTA), hydroxyethylim nodiacetic

aci d, 4. ThSmeth&d sERHNRY] @htadth eHid ﬁudrfa'a/@),lrce cefnbfjslee uedhpmm Rivatgrihciotrinda aci d

&%)&A)_ r\bem —NCJ-|2CJ-IZC%|)_?§3( %% Oeﬁt?@‘ﬁo w/ 03 %573 Fql/d Us02/ 33280
( CH3 CH2jhn 21NEels = NGkt abld et of m&mgﬂam QULF, HOSRGIHEAh GHE) RI2EPOH.

is independently hydrogen or aliphatic.

42. The method of claim 30, wherein said nitrogenous component includes a compound having the

formula:

COOH-CH,-NRR’

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

aryl, and carboxylic acids.
43. A method for fabricating a semiconductor wafer including the steps comprising:

plasma etching a metallized layer from a surface of the wafer;
plasma ashing a resist from the surface of the wafer;
cleaning the wafer by contacting same with a cleaning formulation, comprising the following

components in the percentage by weight ranges shown, based on the total weight of such

components:
a fluoride source; 1-35%
at least one organic amine; 20-60%
a nitrogen-containing carboxylic acid or imine 0.1-40%
water; 20-50%
at Jeast one metal chelating agent 0-21%
TOTAL 100%

44. The method of claim 43, wherein said fluoride source is chosen from the group consisting of:
any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or

hydrofluoric acid,
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47. The nethod of claim43, wherein said netal chelating agent is selected
fromthe group consisting of: acetoacetam de; ammoni um carbanat e;

anmoni um wormsoBsi7ai nedi t hi ocar bamat e (APDC); di net hyl nal ecatusp2/seshy|

acet oacetate; N-nethyl acetoacetam de; 2, 4-pentanedione;,

1,1,1,5,5, 5-hexafl uroO 2, 4- pent anedi one H( hfac);

2,2,6,6-tetranet hyl -3, 5- hept anedi one H(thd); tetranethyl amoni um

t hi obenzoate; tet r aret. eyI anmonium trifluoroacetate; tetramethylthiuram
di sul fide (TOFBE"™ Y% acid: ammoniumlactate: malonic acid formc
aci d, aceti cameoym bflvogdgni ¢ aci d, gamma- butyrol act one,

nmet hyl di et ha f%!har'ﬁ:ﬁ‘ r.‘.i.,c‘fn%&qhiu&'i eﬂﬁ“ﬁ etate, and trifluoroacetic acid. 48.

The nethod of ccralm 43, Whereln €ai’d fluoride source is selected fromthe
group consi sdiglycplafmoniamyfluoddd(DGE),on of ammoni a gas or ammoni um hydr oxi de
and hydrogen_f ' .de .gas or rhc acid, 35 WD 03/035797

PCT/ US02/ 332§6t111%§‘%!%1?ﬁ]u rr'l"??"ﬁnﬁrt{lﬁ g%eqlgmm%rﬁ’um bi fl uoride, triethanol ammoni um
fl uori de (TBE&FEImethylammonium fluoride (TMAF), and

triethylamine tris (hydrogen fluoride) (TREAT-HF);

45. The method of claim 43, wherein said organic amine is selected from the group consisting of:

diglycolamine (DGA),
methyldiethanolamine (MDEA),
pentamethyldiethylenetriamine (PMDETA),
triethanolamine (TEA),
triethylenediamine (TEDA),
hexamethylenetetramine,

3, 3-iminobis (N,N-dimethylpropylamine),
monoethanolamine.
2-(methylamino)ethanol,
4-(2-hydroxyethyl)morpholine
4-(3-aminopropyl)morpholine, and
N,N-dimethyl-2-(2-aminoethoxy)ethanol.

46. The method of claim 43, wherein said nitrogen-containing carboxylic acid or imine is selected

from the group consisting of:

iminodiacetic acid (IDA),

glycine,

nitrilotriacetic acid (NTA),
hydroxyethyliminodiacetic acid,
1,1,3,-tetramethylguanidine (TMG),
ethylenediaminetetracetic acid (EDTA);
CH;C(=NCH,CH,OH)CH,C(O)N(CHs),,
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di gl ycol ammoni um fl uori de (DGAF), nethyl di et hanol anmoni um fl uori de
(MDEAF), tetranethylanmmonium fluoride (TMAF), and triethylamne tris
(hydr ogerwDloawsi7de) ( TREAT-HF). 49. The met hod of cl ai m 42CTwise?/83280 sai d
organic amne is selected fromthe group consisting of: diglycolam ne
(D&A), nethyl di et hanol am ne (NMDEA), pentanet hyl di et hyl enetri am ne
(PMDETA), triethanolam ne (TEA), triethyl enediarnine (TEDA),

manoet hanol ARt Re- S EE BT B SRR I 2Tyt Gy bt hyt ) ot bho i ne
4- ( 3- am nopr gpyC=MENEHat(ONEH,; and N, N-di net hyl - 2- (2- am noet hoxy) et hanol .
50. T_he et h (gfﬂsg%{ cﬁ@%ﬁ ﬁ% in said _ni t.rogen-f:o.nt fai ni ng car boxy! acid
or imne is g 2)57- ( € ﬁoup consisting of: imnodiacetic acid
(1DA), gl ycHOSCCHMN(CHYL sridacetic acid (NTA), hydroxyethylim nodi acetic
acid, 1,1,3,- idine (TM3, ethylenediam netetracetic acid
(EDTA) , %@%@#% N(CH3) 2, 36 WD 03/035797 PCT/ US02/ 33280
CH3C( =NCH2CHZOCH2CH2OH) CH2C( O) N( CH3) 2, CH3C( =NH) CH2C( O) CH3,
(C3CH2 )4?% ?n'é"&podN g%gﬂ %Vherein said metal chelating agent is selected from the group consisting
oft

acetoacetamide;

ammonium carbamate;

ammonium pyrrolidinedithiocarbamate (APDC);

dimethyl malonate;

methyl acetoacetate;

N-methyl acetoacetamide;

2, A-pentanedione;,

1,1,1,5,5,5-hexafluro0-2,4-pentanedione H(hfac);

2,2,6,6-tetramethyl-3,5-heptanedione H(thd);

tetramethylammonium thiobenzoate;

tetramethylammonium trifluoroacetate;

tetramethylthiuram disulfide (TMTDS);

lactic acid;

ammonium lactate;

malonic acid

formic acid,

acetic acid,

propionic acid,

gamma-butyrolactone,

methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

48. The method of claim 43, wherein said fluoride source is selected from the group consisting of:
any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or

hydrofluoric acid,
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HOOCCH2N( CH3) 2, and HOOCCH2N( CH3) CH2COOH. 51. The nethod of clai m 43,
wherein said fluoride source is selected fromthe group consisting of: any
conbi nat i WP 08/03FATIONI @ gas or ammoni um hydr oxi de and hydr egerusbt/sx2sé de gas
or hydrofluoric acid, amonium fluoride, anmmonium bifluoride,

tri et hanol amoni um fl uoride (TEAF), diglycol ammonium fluoride (DGAF),

nmet hyl di et hanol ammoni um f | uori de (MDEAF), tetranethyl amonium fluoride
(TMAF), and triethylamne tris (hydrogen fluoride) (TREAT-HF); said

organi ¢ am n@@@“%é&%‘i‘flex‘ romthe group consisting of: diglycolanine (D&),
met hyl di et haﬁﬁ}h@mlﬂglfﬁlB%A) pent anet hyl di et hyl enetri am ne (PMDETA),
triethanol am ne (TEA), .triethyl ene%r am ne (TEDA), hexanethyl enetetram ne,
3, 3-im nobi @eféw%rram%%ymﬂ $Eak% ne),  nonoet hanol ani ne.

2- (met hyl am gy, ﬂmﬁ&humﬂéo&&(bm@xyet hyl') mor phol i ne

4- (3-am nopr op phol i ne, nd thyI 2- (2- am noet hoxy) et hanol ;
said nit rogeﬁeg ﬂ‘?n%?lﬂﬂlﬂ’&“%‘&‘r“ﬁ VF@M@%& 'or imne is chosen fromthe group
consi sting O{etramdﬂmlgﬂﬂdbrﬁﬁﬁﬂhgnc&qmmaﬁa 37 WO 03/ 035797 PCT/ US02/ 33280

| ycine, nitrilotriacetjc acid
gy triethylamine treils (hydrogen ﬂu%Me) (TREAT-HF).

49, The method of claim 43, wherein said organic amine is selected from the group consisting of:

diglycolamine (DGA),
methyldiethanolamine (MDEA),
pentamethyldiethylenetriamine (PMDETA),
triethanolamine (TEA),
triethylenediamine (TEDA),
hexamethylenetetramine,

3, 3-iminobis (N,N-dimethylpropylamine),
monoethanolamine.
2-(methylamino)ethanol,
4-(2-hydroxyethyl)morpholine
4-(3-aminopropyl)morpholine, and
N,N-dimethyl-2-(2-aminoethoxy)ethanol.

50. The method of claim 43, wherein said nitrogen-containing carboxyl acid or imine is selected

from the group consisting of:

iminodiacetic acid (IDA),

glycine,

nitrilotriacetic acid (NTA),
hydroxyethyliminodiacetic acid ,
1,1,3,-tetramethylguanidine (TMG),
ethylenediaminetetracetic acid (EDTA),
CH,C(=NCH,CH,0OH)CH,C(O)N(CH3;)2,
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hydr oxyet hyl i m nodi acetic acid, 1,1, 3,-tetranethylguanidine (TM5,

et hyl enedi am netetracetic acid (EDTA), CH3C(=NCH2CH2OH) CH2C( O N(CH3) 2,
CH3C( =NCHRROH2Q8312CH2OH) CH2C( O) N(CH3) 2,  CH3C( =NH) CH2C( O CIH8T/US02/33280
(CH3CH2) 2NC( =NH) N( CH3CH2) 2, HOOCCH2N( CH3) 2, and HOOCCH2N( CH3) CH2COOH; and
said netal chelating agent is selected fromthe group consisting of:

acet oacet am de; ammoni um car bamat e; anmoni um pyrrol i di nedit hi ocar banat e

(APDC); dinethyl nal gnate; t etate; N nethyl acetoacetani de;
2, 4- pent aned¥ TNCHZ,Cﬂ@pﬁZ@ﬁgQ}B&Ia&%S&&%)& 4- pent anedi one H( hfac);

2,hZ, 8 6- t et r gneiEvind,Bidnept,anedi one H(thd); tetranmethyl anmmoni um

t hi obenzoate; _tetranethyl iumtrifluoroacetate; tetramethylthiuram
di sul fide (W%)ZN%WMH”lammni umlactate; malonic acid formc
acid, aceti CH@QC@HZN@I-QHiaﬁ@i c acid, gamma-butyrolactone,

met hyl di et h | i
yl di aﬂ8oggﬁ?Nn€C rséﬁzbfolotifroacet ate, and 38

51. The method of claim 43, wherein said fluoride source is selected from the group consisting of:
any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or
hydrofluoric acid,
ammonium fluoride,
ammonium bifluoride,
triethanolammonium fluoride (TEAF),
diglycolammonium fluoride (DGAF),
methyldiethanolammonium fluoride (MDEAF),
tetramethylammonium fluoride (TMAF), and
triethylamine tris (hydrogen fluoride) (TREAT-HF);

said organic amine is chosen from the group consisting of:
diglycolamine (DGA),
methyldiethanolamine (MDEA),
pentamethyldiethylenetriamine (PMDETA),
triethanolamine (TEA),
triethylenediamine (TEDA),
hexamethylenetetramine,
3, 3-iminobis (N,N-dimethylpropylamine),
monoethanolamine.
2-(methylamino)ethanol,
4-(2-hydroxyethyl)morpholine
4-(3-aminopropyl)morpholine, and
N,N-dimethyl-2-(2-aminoethoxy)ethanol;

said nitrogen-containing carboxylic acid or imine is chosen from the group consisting of:

iminodiacetic acid (IDA),
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WO 03/ 035797 PCT/ US02/ 33280 trifluoroacetic acid. 52. The nethod of claim
43, wherein said fluoride source conprises a conpound having the fornul a

Rl RRR3RANWOIo/0sdTPTh each of the R groups is hydrogen at on®carusat/sybati c,
and wherein said netal chelating agent has the fornmula: X-CHR-Y, in which
R is either hydrogen or an aliphatic group, and X and Y are functional
groups containing multiply-bonded noieties having el ectron-w thdraw ng
properties. gis.. The net hod of claim43, wherein said fluoride source

conpri ses a &6Mfound having the formula R R2ZR3RANF in which each of the R
groups i s hydiribgescetirackdd (NI#95 i ¢, and wherein said netal chelating agent

has the fornul.a R3RANt. 02CCF3 in which each of the R groups is
hydr ogen or%gfoﬁﬁ?%f%ngr}ﬁgafnﬁg’ met hod of claim43, wherein said

ni t r ogen- cont, B Aetrgnatigidvaniging (TMG),d has the fornula: COOH CH2- NRR  wherein

each of Rand R is in enden | ected fromthe group consisting of
hydr ogen, al l?nedlﬁ?wgggcﬁgc %cé&r@%) yYic acid. 55. A nethod of renoving
resi due fronCi;GENER,CHIOMEHNYOMN(KCES)h,st pl asna ashing step on said wafer,

conprising contact ' ning formulation, including (i)
a fluoride sﬁﬁ%@%ﬁ%}?zgﬁﬁﬁ@@%@n@%ﬁi c anine, (iii) a

ni t r ogen- contRAQHENE)WR0)CH:j ¢ acid or an inmine, (iv) water, and
optionally t QN el ating agent. 56. A wafer cleaning

fornmul at i on?(tcldﬁéﬁaé}rérﬂ(gw&ghfgﬁf}bri de source, (ii) at |east one organic
am ne, (iii)HOQCOHN@IERa0dnt ai ni ng carboxylic acid or an imne, (iv)

wat er, and olgbb%@ﬁzﬁ&}%c}l[z%m%g netal chelating agent. 39

said metal chelating agent is selected from the group consisting of:
acetoacetamide;
ammonium carbamate;
ammonium pyrrolidinedithiocarbamate (APDC);
dimethyl malonate;
methyl acetoacetate;
N-methyl acetoacetamide;
2,4-pentanedione;
1,1,1,5,5,5-hexafluro0-2,4-pentanedione H(hfac);
2,2,6,6-tetramethyl-3,5-heptanedione H(thd);
tetramethylammonium thiobenzoate;
tetramethylammonium trifluoroacetate;
tetramethylthiuram disulfide (TMTDS);
lactic acid;
ammonium lactate;
malonic acid
formic acid,
acetic acid,
propionic acid,
gamma-butyrolactone,

methyldiethanolammonium trifluoroacetate, and
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trifluoroacetic acid.

52. The method of claim 43, wherein said fluoride source comprises a compound having the formula
R;R,R;R,NF in which each of the R groups is hydrogen atoms or aliphatic, and wherein said metal
chelating agent has 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.

53. The method of claim 43, wherein said fluoride source comprises a compound having the formula
RiR,;R;R,NF in which each of the R groups is hydrogen or aliphatic, and wherein said metal
chelating agent has the formula, R;R,R;R,N""O,CCF; in which each of the R groups is hydrogen or
aliphatic.

54. The method of claim 43, 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 hydrogen, alkyl,

aryl, and carboxylic acid.

55. 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) a fluoride source, (ii) at
least one organic amine, (iii) a nitrogen-containing carboxylic acid or an imine, (iv) water, and

optionally at least one metal chelating agent.
56. A wafer cleaning formulation, including (i) a fluoride source, (ii) at least one organic amine, (iii)

a nitrogen-containing carboxylic acid or an imine, (iv) water, and optionally at least one metal

chelating agent.
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