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Field of the Invention

The present invention relates generally to chemical formmlations useful in semiconductor manufactring
and particularly to chemical forﬁﬂaﬁom 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 interconmecting

structures.




Description of the Prior Art PCT/US02/ 33280 The prior art teaches the
utilization of various chemcal formulations to renove residues and cl ean
wafers following a resist ashing step. Sone of these prior art chleM442006
formul ations include al kaline conpositions containing am nes and/ or
tetraal kyl ammoni um hydr oxi des, water and/or other solvents, and chelating
agents. ‘Still other formulations are based on acidic to neutral sol utions
contai ning ammonium fluoride. The various prior art fornulations have

dr awbacks t hayobosbugde unwanted renoval of netal or insul@dmesezsageer s and
the corrosion of desirable netal |ayers, particularly copper or copper
alloys features. Sone prior art fornulations enploy corrosion inhibiting

addi tives t pespritivedtithepiidesitr abl e copper netal corrosion during the
" cl eaning process. However, conventional corrosion-inhibiting additives

typically have detrinental effects on the gleanin rQcess such
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tmlgsten interconnect materials, includes slury removal and residue dissolution components that
accelerate the physical cleaning process. However, these conventional additives typically have
detrimental effects on the metal surface by increasing resistance and corrosion sensitivity.

‘) Tt is therefore one object of the present invention fo provide chemical formulations that cffectively
temove residue following a resist ashing step, and which do not attack and potentially dggmde delicate
strnctures intended to remain on the water.

| Tt 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 cotrosion infiibitor, which is easily rmsed off
the subsirate by water or other rinse medium after the completion of th¢ 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.




O her objects and advantages of the invention will becone fully apparent
fromthe ensuing disclosure and appended clains. 2 21/04/2006 WO 03/ 035797
PCTI 1 JS02/ 33280 SUMMARY OF THE | NVENTI ON J The present invention #%{®4£2006
generally to chem cal fornulations useful in sem conductor manufacturing
for renoving residue fromwafers following a resist plasma ashing step. In
oné aspéct the invention relates to a nethod of renoving residue froma
wafer following a resist plasma ashing step on such wafer, conprising
contacting theowabdsrerwith a cl eaning formul ation, incl udrmgus(om}sm fluoride
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. Another aspetiMMARY OFPTHRUNENTIEONT el ates to a wafer '
cleaning fornulation, including (i) a fluoride source, (it) at |east one
organic amne, (iii) a nitrogen-containing carboxylic acid or an im ne,

(iv) water, and optionally at |east one netal chelating agent. In a
further aspBetpeschiisveitiovelaits gomsaliet alteaialtfpmelatives v Fcerits U REBHaET 8 ni ng
fornul ati onfo;,g,;mvg?gm&;gﬁagﬁgfmQﬁmgauﬁaphﬁga@aga@onduct or fabrication,
conprising the follow ng conponents in the percentage by weight (based on
the total weight of the fornulation) ranges shown: a fluorjde source, e.g.
armoni um f | Tnond aEsctatielvsntion avldtes 4 4 wethod of emeEGPsidte §uos walghipv@e 245 (s)

20- gO% | a rylgs,ﬁﬁg@mgusp SOEHRO REEY, cplian! @ttadiiOie Waker elfen ctpmm?gmuh@n, o)
car boxylic .aci.ds .a e Edn oAl i@ agent (s
0- 21% TOTAlil_cuf 662) uondeso.lr%T u?ﬁ%eaé%x@or%ggﬁm@&i)ggl%f)nven?{mg% I’elﬁgt 55 (o a

f of mul at i orer adEing Vg 1’968&“%"'@5‘1“% Hf“tgé?en pol i shing (CMP) cl eani ng,
whf ch is a dilute version of the wafer cleaning fornul ation outlined

Another aspect of the invention relates to a wafer cleaning formulation, including (i) a fluoride source,
(i) at least one organic amine, (iii) a nitrogen-containing carboxylic acid or an imine, (iv) water, and

D'LL

optionally ai least one metal chelating agent.

In a further aspect, the invention relates to a semiconductor wafer cleaning formxﬂa‘tion 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:

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

organic amine(s } 20-60%
a nitrogenous component selected fiom nitrogen-containing

carboxylic acids and imines 0.1-40%
waler 20-50%
meizl chelating agent(s) 0-21%

TOTAL 100%

T a still further aspect, the invention relates to a formulation useful for post chemical mechanical
polishing (CMP) cleaning, which is a dilufe version of the wafer cleaning formulation outlined”
‘hereinabove, wherein the dilute formulation comprises:(i) a fluoride source, (i) at least one orgamic
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

andfor CMP step.




her ei nabove, wherein the dilute fornulation conprises:() a fluoride source,
(ii) at least one organic amne, (iii) 70%to 98 % water, and optionally
at | east one netal chelating agent and optionally a nltrogen conbf M MY 06
carboxylic acid or an imne,. Such fornulations of the invention
effectively renove inorganic residues follow ng a plasm ashing and/or CW
step. 3'21/04/2006 WO 03/ 035797 PCT/ US02/ 33280 Such fornul ations al so
effectively renove netal halide and netal oxide residues follow ng plasna
ashing, and wbheesisvel y renove slurry particles of al umwumusexysdsss and

ot her oxides remaining after CM (chem cal nechanical polishing). The
formul ati ons of the present invention provide better stripping performnce
With | ess Ceich ffibtidny aifoldfiatively einovd ntvtal In1i agiowetabixidh regjdues follvamng plavrBni um
fluoride Orfsg{.qg #n%ﬂ,%nﬂc Q& o ditldr klA& renafMin@H¥et ON al so
provi de better gﬁﬁgwf kgﬂh%% orna#%gégﬁg%%ﬁgr processi ng tengeratures t han
convent i onafMP fornulatlons The fornul ations of the

i nvention utlllze a chelatlng agent, which may be a singl e- conmponent

chel ating ﬁgmmﬁsmafm}&anmmnﬁaﬁdew@ sitppikhperfon@td withloss crivigritan et al

corrosion a ncrease effectiyv Y& and
advant ages ?m#ﬂ %??gﬁ' %@%ﬁ@?ﬂmﬁme$ & ?@ﬁ?gﬁgﬁ%ﬁgﬁﬁﬂ di.scl osure and
appended cmmmmmmm@mmﬂmmwme%ﬁe V{IHORR Schemat i c

repr esent atadnfie-cekaindhg GMP@ens.speci fic corrosion inhibitor useful in the broad
practice of the present invention, which forns a protectlve | ayer on the
copper netal to prevent corrosion; FlGJRE %H% a.S¢ mat i ¢ & %§§entat|on
of\ t he copp@s® ?¥ﬁ@wE%WFH§W8ﬁaﬁﬁﬁ?§F?¥ﬁw Fﬁb“?l EHEUEY “Fr6m t he
éd%per sur fag@sor Dyltlemndne delatingages tp priveGoRE cBragdioping ingreass FHPHy conponent s of
the presentglpygation interacting wwth a surface; FIGURE 4 illustrates that
formul ati ons of the present invention maybe used to renove residues and
particles;

Other features and advantages of the present invention will be from the ensuing disclosure and appen_decl
claims.

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 corrosior;

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 § provides 2 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, highdensity plasma etching followed by ashing with oxygen—con’;aining plasmas.  Such
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FIGURE 5 provides a SEM representing results obtained froman i nmersion
process; and FIGJURE 6 illustrates the material etch rate on interconnect
mat eri al s. DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS The 21/04/2006
formul ations of the present invention are suitable for stripping inorganic
waf er residues deriving from high-density plasma etching foll owed by
ashing Wi th oxygen-containing plasmas. Such 21/04/2006 WD 03/ 035797

PCT/ US02/ 33280" formul ations, in dilute form are also suitable for
removi ng sl urweepastycl es of al um num oxi des and ot her ord®fes2/83390i ni ng
after CVMP (chem cal nmechanical polishing). The formul ati ons advant ageously
contain (i) a fluoride source, such as ammoni um fl uori de and/or _

deri vat i ve( St HaBtk: B, hde diss suthble fif rempvimprsluayyiarticlesnf alpmimpnyexidesnd eflief nes,
(i) anitry Q-g@g I I GordGded Or imne, (iv) water, and,
optionally gﬁggpre %@%Py?g?v ég%%m%%mﬁgéghﬂetal chel ating agents. As used
herein, a fluoride source refers to a conpound or a m xture of conpounds
that in theTioienlsms eheegonly doorim atfueide sue sbises fammopipm duogds BHET The

pr ef errefl f@e‘}i{vgtﬁhé?ss Iop;aéﬂoﬁift;aﬁ ARQEL, (ﬁ)t&_r'hnﬁn@mpﬁ&urd drcamfhe (iﬁhﬁnﬁrﬁéei% f
conponents I n e percen e | as o]

t he- f or mul afPgRye ?“%r?@&“sﬁ‘gmgxﬁ%tigﬁ}éy éno@fcge%blgg}')g%gio{:ggﬁhﬁ%?dg) a

ni t r ogenousagesaponent sel ected from nitrogen contai ning 1-35% 20-60%
-carboxylic acids and imnes 0.1-40% water 20-50% netal chelating agent(s)

0-21% TOTAL, 100 TNSuBHCIAEL Sl PL Bihithd 3SRl oRESou Bahh B8RARG T NCI ude
the followng conponénts 1 n the percentage by weight (based on the total

@ ght of toanisederpiition Aeyilys PUgFg &Y% hown;

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%
anitrogenous component selected from nitrogen containing _
carboxylic acids and imines ) 0.1-40%
water ‘ 20-50%
metal chelating ageni(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 containin

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 fornmlation
components for each of the ingredients of the formulation are described below.




fluoride source organic amne(s) a nitrogenous conponent selected from
nitrogen containing 0.1%5% 1% 15% carboxylic acids and i mnes 0-10%

wat er 70% 98% netal chel ating agent(s) 0-5% TOTAL 100% The conpbeth/s2Qt6
the fornul ati on as descri bed above can be of any suitable type or species,
as wll be appreciated by those of ordinary skill in the art. Specific
illustrative and preferred fornmulation conponents for each of the

i ngredients of the fornulation are descri bed below. 21/04/2006 WO 03/ 035797
Particul arly woef®smed am nes-include one or nore of the Ifcqh}s@ygg,m :
di gl ycol ami ne (DGA), nethyl di et hanol am ne (MDEA),

pent anet hyl di et hyl enetri am ne (PMDETA), triethanolam ne (TEA), and
triethyl eneﬁunﬁmir@ﬁref&ﬁ%}m HAuithe @oReBhdhiRingr € hi ghly advant ageous

i ncl ude: hexarrg"t ‘)ﬁl’l ene{‘%Aﬁam ne, 3, 3-imnobis (N, N-di nethyl propyl am ne),

nonoet hanol am ne am no) et hanol , 4- ( 2- hydr oxyet hyl ) nor phol i ne
4- ( 3- ani nopr opy Myt I\ N-d| met hyl - 2- ( 2- am noet hoxy) et.hanol .
PCT/ US02/ 3328llpentameﬁlyldiethylenemamme (PMDETA), _

triethanolamine (TEA), and

triethylenediamine (TEDA).

Other amines that are highly advantageous include:
hexamethylenetetramine,
3, 3-iminobis {N,N-dimethylpropylamine),

J 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 fleoride, and
ammonium biftuoride
Other fluoride sources that are highly advantageous inchude:
. triethanolammonium flucride (TEAF); .
s diglycolammonium fluoride {DGAF);
D methyldiethanolammonium fluoride (MDEAF)
tetramnethylammonium fluoride (TMAF); and
triethylamine tris (hydrogen flnoride) (TREAT-HF).

Specific preferred nitrogen-containing carboxylic acids and imines inchide one or more of the following:
iminediacetic acid (TDA);
glycine; -
nitrilotriacetic acid (NTA);
1,1,3,3-tetramethylguanidine (TMG); and
hydroxyethyliminodiacetic acid
ethylenediaminetetracetic acid (EDTA).




Fl uori de sources useful in the present invention include any conbination of

ammoni a gas or ammoni um hydr oxi de and hydrogen fluoride gas or

hydrof l uoric acid. Specific preferred fluoride sources include, Zut04t2006
not limted to one or nore of the follow ng. anmonium fl uoride, and

ammoni um bi fl uoride O her fluoride sources that are highly advant ageous

i nclude! triethanol ammoni um fluoride (TEAF); diglycol amonium fluoride
(DGAF) ;  net hyl di et hanol anmoni um fl uori de (MDEAF) tetranethyl amoni um
fluoride (TVAFR)p3masve triethyl-amine I'ris (hydrogen fl uorima)us¢zEREBAT- HF) .
Specific preferred nitrogen-containing carboxylic acids and i m nes include
one or nore of the followng. imnodiacetic acid (I1DA); glycine;
Nitrilotri ag®dinfro@sbditalnhy Mttioxylid adds 3y Briee tdvaumedotniyl wiliable @i faewbtoRf;theand

hydr oxyet hyl | m nogi cetic acid ethylenediam netetracetic acid (EDTA).

21/ 04/ 2006 NFBEFE%E797 PCT/ US02/ 33280 Ot her ni t r ogen- cont ai ni ng car boxyl i ¢

acids or imnes advantageously utilizable in forrmulations of the invention

i ncl ude: CH3C( =CIGHASHBOH)MEHZGCONCEN3) 2 _
CH3C( =NCH2 CH2 OCHR Gk Q. DCHP@N@EEBC(=NH) CH2C(O) CH3
( CH3CH2) 2NC( =NI—?:HI§ S zé(S)CH, 2N('CH3) 2 HO OCCH2N( CH3) CH2COCH

(CHLCH,),NC(=NH)N(CH,CH,)

HOOCCH,N(CH:),
HOOCCH,N(CH;)CH,COOH

g.) Specific preferred metal chelating agents include:
acetoaceiamide;
* 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 triffuorcacetate;
tetramethylthiuram disulfide (TMTDS);
: * trifluoracetic acid;
‘D _ lactic acid;
' ammonium lactate;
malonic acid
formic acid,
" acetic acid,
propionic acid,
gamma-butyrolactons,
methyldiethanolammonium trifluoroacetate, and

irifluoroacetic 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 Iess) provides better stripping
performance with less corrosivity than formulations containing either ammonium fluoride or amines
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Specific preferred netal chelating agents include: acetoacetam de;

anmoni um car bamat e; ammoni um pyrrolid nedithi ocarbamate (APDC); di net hyl

mal onat e; met hyl acetoacetate; N-nethyl acetoacetam de; 2, 4- pen@%ﬁé‘wé@l@@
t et ranmet hyl ammoni um t hi obenzoate; 1,1,1,5,5,5-hexafl uoro-2, 4- pent anedi one
H(hfac); 2,2,6,6-tetranethyl-3,5-heptanedione H(thd); tetramethyl ammoni um
tri'fluoroacetate; tetranethylthiuramdisulfide (TMIDS); trifluoracetic
acid; lactic acid; amonium|lactate; malonic acid formc acid, acetic
acid, propi owWp@3esst9d, ganma-butyrol actone, " met hyl di et hearabsazzsesoi um

| rifluoroacetate, and trifluoroacetic acid. The conbi nati on of anmmoni um
fluoride or a substituted fluoride source, as described above, with an

ami ne (ot heploreh Znadgitiona i reelting alicelinetsolgionscaresaffedtiuecat 2oer Proqeseipg IHPRSEMT G€- 1% or

| ess) provi gesoRehiRbuvedibdRRinnGunRRg batuaBase W th | ess corrosivity than
fornmul ati ons containing either amonium fluori,de or am nes 7 21/04/ 2006 WO

03/ 035797 . . .
The presence of nitrogen-containing carboxylic acids and/or imines enables formulations of the invention

to be remarkably effective in stripping residues from semiconductor substrate surfaces containing
delicate copper structures. -

The nitrogen-containing carboxylic acids or imines provide functional groups that-are specifically
attracted to free copper atoms. As shown schematically in FIGURE 1, the copper-specific corrosion
-, inhibiting-agent C, which contacts the copper surface during the residue-removal process, will attach to
\) the copper surface and form a protective layer to prevent the copper surface being corroded by ¢leaning

agents A" and X,

Moreover, as shown by FIGURE 2, such copper-specific comosion-inhibiting agent C can be easily
rinsed off by deionized water or other solutions and therefore leaves very liitle contamination on the

copper surface after the cleaning operation.

The use of 1,3-dicarbonyl compounds as chelating agents znd to prevent metal corrosion is a preferred
feature of the inventive formulations, to increase their effectiveness.

In various prior art formulations, amines are present in amounis of 1% or less of the formulation as

surfactants, or otherwise are not utilized as formulation ingredients at all.  Additionally, the prior art

formulations are acidic (pH < 7) in character. In preferred formulations of the present invention, the

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 exernplified. Particular
substituted amrnonium fluorides of suitable characier include those of the general formula, RyR,R;RNF
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 grovp 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.; C1-C; 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




PCTI US02/ 33280 al one. In addition, the resulting al kaline solutions are
effective at | ower processing tenperatures (e.g., 21-40C) than
conventional anine-containing formul ati ons. The presence of 21/04/2006
ni trogen-cont ai ni ng carboxylic acids and/or imnes enables formnul ations of
the invention to be remarkably effective in stripping residues from

seri conduct or substrate surfaces containing delicate copper structures.
The nitrogen-contai ning carboxylic acids or imnes provide functional
groups that aveeygswrfically attracted to free copper atmImasi¥s2®hown
schematically in FIGURE 1, the copper-specific corrosion inhibiting-agent
C, which contacts the copper surface during the residue-renoval process,
Wil | at t achfot @emdlh@ONFRPPRNHRS GNf N@eSCRir S8 Znin avhish Bt reeesmipe Grky &b 18%pr event

t he copper %ff&h bG at6R b REL e RYdrseS 844 2 €, -Cagant s A' and X Moreover,
as shown bjﬁg? REtg?bgﬁch cgggﬁrggﬁecific corrosion-inhibiting agent C can
be easily rinsed off by deionized water or other solutions _and therefore

| eaves ver yother thelaingaesnit spavies aafill iprihecspmiropitions ef g davpniian jpqude itF FVPOFRRS | eani ng
operation. ofie gths@l kmik, BRAIRGHrBOURin eEspand the Rprafsct diipadentipelesl and to
prevent metal .corrosi I feepr Al &rcOf the inventive
fornulatioﬁ%?hr%mf%%$%&g%§?ﬁg?%£é$ é@g¥$%§essF%Fn various prior art
formul ati ons, am nes are present in anounts of 1% or |ess of the

f or mul at i offhé Sormslativisactt & inseutioproptdnkly Miys dsoainghidsorchygompeusi asa @GRl at i on

i ngredi ent el cherofeitniliBR Bhiedng 438, 20 boMolvels as uder S Hsedii givemend uarci di ¢ (pH
< 7) in character. In preferred.formul ations of the present invention, the
am nes ar e @E%ﬁfﬁggmﬁﬁfgﬁmggﬂgﬁhents of the fornulation, are highly
effective in stripping action, and vyield fornulations of a basic pH
charact er fgiaiatbhs in TRGdhel a ple@Snvaftiod fre pdrtvvledytusai omrergfers haihenddeen Wi de
vari ety of QLOGM Gl BfeSLEhbl Hieh, AITRA by By philia008, TR dides

ni trogen-contal ni ng carboxylic acrds, Other t arn h Q%% %9%%£Eh%ﬁh+y

exenpl i fi egrerpeltytayyReof refoag YRIGRR AR TSH} THIFr PHBFTHEE "o 8 i t abl e

charact er il creoplehlyseithaft ciokieg grendmadt thatal pad BianifRl FiiRS RS T ch each
of the resgRGhb ¥&icRoesBiificE SAloSmdtd) SERAAAGRb 3idS SlluBhiBlesirénafiin yitke OMBN and

al i phatic groups. ui tabl e, nltrogen-contai ni. Cc acids include

t hose of t}%%@Wg{%ﬁ@%&fﬁﬂ%ﬂ&%yﬁ'&m?ﬁﬂﬁﬁ“ﬁ% %%\wﬁ&gnd R are each

i ndependently selected fromthe group consisting of hydrogen, alkyl, aryl,
and car bory kshiGreadmil shivifitio® bf tRSaverGol draidrefuligshawn be He folldwinpgromdipaifings | ncl ude
1,3-dicarb conmpounds of the general structure X-CHR- Y. In conpounds of
such formla, Ris either a hydrogen atom or an aliphatic '




group, e.g., Cl-C3 alkyl, aryl, alkenyl, etc. X and Y may be the sane as or
different fromone another, and are functional groups containing

mul ti pl y- bonded noieties with el ectron-wi thdrawi ng properties, as2®/04/2006
21/ 04/ 2006 WO 03/ 035797 PCT/ US02/ 33280 for exanple CONH2, CONHR , CN, NO2,
SOR , or 502Z, in which R represents a Cl-C2 alkyl group and Z represents
anot her “atom or group, e.d., hydrogen, halo or Cl1-C8 al kyL Ot her chel ating
agent species useful in the conpositions of the invention include am ne
trifluoroacetwbesosspl the general fornula, RLIRZR3RF 02CChzactnikewbdzeoh each of
the R groups is independently selected from hydrogen and aliphatic groups,
e.g, G-Qalkyl, aryl, alkenyl, etc. The fornul ations of the invention
optional Iy may al so i ncl ude such conponents as surfactants, stabilizers,
corrosion inhibitors, buffering a d co-solvents, as useful or
desired in a given end use appligggég%ggi formul ati ons of the invention.
Fornmul ati ons in accordance with the present invention are particularly
useful on wafers that have been etched with chlorine- or

fluorine- conta|n| l.asnma en resi dues
gener at G@PPetif ?%“ tmﬁf‘“ﬁlb“gi%%ei‘tﬁ%g’(‘%\%" ‘?ﬂg'm" 05 oxi'des. Such
reS|dua&wamemﬁfmﬂhﬂﬂnﬁkseﬂmmmhnd&dhgﬁ@hmbnﬁmnpﬂe&eWﬂhwﬁgW@mﬂm€§u§#

corrosi G%Lﬁﬂgtal and titaniumnitride features required for effectlve
devi ce pertornance. Al so, netal oxide and silicon oxide slurry particles
remaining after CMPP will also be effectively renoved by fornulations in
accordance wth the present invepABoR1 The features and advantages of the
invention are nore fully shown by the following non-limting exanples.

217 04/ 2006 WO 03/ 035797 EXAMPLE 1 PCT/ US02/ 33280 Copper-specific corrosion
i nhibitors |nclud|ng ei ther hydrogen-contai ning carboxylic acids or imnes
were tested T two [difTerTenthRas 0f al Kal ITepgljeaning |f Gopped Eithi ons, with

the foll pwi ng conmponents and characteristiCS.%: Rate (A/min)
Formiulation 1 dimethylacetoacetamide,
amine, and water 70 6.2 174

Formulation 2 ammonivm fluoride, triethanolamine,
‘pentamethdiethylenetriamine, and
water 40 8.6 735

. The copper etch rate was determined by a standard four-point probe technique. Addition of corresion
inhibitors in accordance with the present invention significanily slowed down the copper eich rate, as
_ shown by the following table, and effectively prevented undesirable corrosion during the cleaning

Process:
TABLE 2
Cﬁpper Reduction of
7 Temp. | Fornmlation | Concentration | pHof Etch Etch Rate
Corrosion Inhibitor | (°C) Used (%) solution Rate (%)
(A/min)
Tminodiacetic Acid 40 2 15 8.0 12 | -73.3-86.1
Glycine 40 2 15 9.2 3.6 52.0
Nitrilotriacetic Acid . 40 2 1.5 8.2 3.6 -52.0
1,1,3, 3tetramethylguanidine 40 2 1.5 8.7 34 | 547

10




pHCopper Etch CRate (A/m n) Formnul ation

1di net hyl acet oacet am de, am ne, and water706.217.4 Fornul ati on 2ammoni um
fluoride, triethanol anine, pentanethdiethyl enetriami ne, and wat erd0&/2E6
The copper etch rate was determi ned by a standard four point probe

techni que. Addition of corrosion inhibitors in accordance with the present
i nvention significantly slowed down the copper etch rate, as shown by the
following table, and effectively prevented undesirable corrosion during the
cl eaning prowessssHABLE 2 Copper Reduction of Corrosi on porhistyissgss Tenp.
Forrmul ati on Concentration pH of Etch Etch Rate (C) UsedNGCsol uti onRate (%
(A/ mn) Imnodiacetic Acid4021.58.01-2-73.3-86.7 dycine4021. 59 23.6-52.0

Nitrilotriacetic Aci d4021.58.23.6-52.0

TABLE 1 ConponentsTenp.,

1,1, 3, 3- tmngg@@zl Omep024—p8—73A=54—F
C(OMN(CH;), 70 1 24 10.9 6.2 64.4
CH;C(=NC:I'12CI'I20CH2CH20H)
CH,C(OMN(CH:), 70 1 36 107 0.32 982
| CH:CENH)CH,C(O)CH, 40 2 13.63 7.9 44 413
EXAMPLE 2
) A contamination test was carried out on Formulation 2 containing iminodiacetic acid inhibitor. The

semiconductor wafer to be cleaned contained copper and silicon films, After the completion of the
cleaning operation, the wafer was rinsed by deionized water at 25°C for about 15 mimutes. The
Secondary Ion Mass Spectrometry data (SIMS) obtained are as follows:

Cu (atoms/em®) | F (atoms/om®) C (atoms/cm?) Cu,0 (A)
Uncleaned Wafer 1.6x 10" ' 3.3x10% 7.5x 107 42
Cleaned Wafer 8.5x10° 5.1x 10" 15x 107 15

The foregoing results show that the copper oxide Cu,O 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 ahkuninum 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 Euo:ide 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 4. 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




10 21/04/2006 WO 03/ 035797PCT/ US02/ 33280 CH3Q( NCH2CHzZCOH) CH2

7012410. 96. 2-64. 4 C(0) N(CH3) 2 CH3C(=NCH2CH20CHZCHZCH) CH2C(O) N(CH3) 2
7013610. 70. 32-98. 2 5 CH3C(=NH} CH2C( O) CH340213. 687. 94. 4- 41. 3 EXAMPRRE/$4£2006
contam nation test was carried out on Fornulation 2 containing

i m nodi acetic acid inhibitor. The sem conductor wafer to be cl eaned
cont ai ned copper and silicon filns. After the conpletion of the cleaning
operation, the wafer was rinsed by deionized water at 25C for about 15

m nutes. The VYEERUETy | on Mass Spectronetry data (S| MS) pobiusizneme ar e as
follows: 1Cu (atons/cmF (atons/cnR)C (atonms/cm ) CuuO (A) Uncl eaned
Waferl.6 x 10103.3 x 10137.5 x 1042 Cl eaned Wafer8.5 x 105.1 x 10'1.5 x
101315 The foregoing results show that the copper oxide CuxO has been

ef fecti vaiwe edzssvm cmmmzua&@maﬂesmawaﬁﬁme@aﬁe thEatleRERAGros BRvaTRAL | ON,
ani c corr05|on |nh| itors in the cleanlng

which is caused b
folrrrul :at |r%%l ég’eﬁ'ﬂéﬁa@?”é%fjﬁmﬁ’é RE gnd ngglenxidesand oxvy ]é'ﬁfl on enpl oys dilute
al kaline fluoride in conpositions for post CMP cl eaning of S|I|con OXIde
I I
or alum ?&mufai{dng%ﬁgﬁré b %ﬁn{]% %E”eﬁé%h% ih cﬁan%agrr&?dﬁ?&d%}ﬁﬁjg p%?clgshe i esen )

tungsten. Fl GURE Icts cl eanrn
i nvent i offrRe BB ELVe PH Falvea s snes G om duld al] )P‘It tryiqhrimve pH galpss betgeep hat

Al ka |OI in eaﬂghm?d sheut30 TRedfoaki®kiss qga@ma;g@mqseoaesoxldh@ﬁ mhwoagnsﬁ B GhddddoGre®)Xi de
resi dues .CESS St 1 ,
e 2Bl o 001 BORBERr, o et BB e

f or mul at | on
source and/or a denvatwe thereof as about 0.1 to about 5 0 % of thc formulation, whercm the fiuoride

) 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;

anumonium fluoride,

ammonium bifluoride;

triethanolammonium fluoride (TEAF);

diglycolammmonium flucride (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),
- friethanolamine (TEA),
triethylenediamine (TEDA),
hexamethylenetetramine,
3, 3-iminobis (N,N-dimethylpropylamine),
monoethanolamine.
2-(methylamino)ethanol,
4-(2-hydroxyethyDmorpholine

4-(3-aminopropylymerpholine, and
12




residues 40 and particles 42 for a copper surface 44. In FIGURE 4 particles
42 and residues 40 adhere to netal surface 44 as well as dielectric
surface 46. Particles 42 and residues 40 may remain foll owing a 121/04/2006
21/ 04/ 2006 WD 03/ 035797 PCT/ US02/ 33250 CWVP process. The chem cal sol utions
of the present invention degrade the attractive forces between the residue
and the'surface as well as dissolve copper and tungsten oxides and
oxy-halides. Formulations that have been found to be effective in cleaning
resi due and swonsyssparticles fromnmetal surfaces may haverudetbsysl ue in a
range for fromabout 3 to 11, but typically have pH val ues between about?
and about 9. These fornul ati ons generally are aqueous sol utions that
conprise a fluoride source, an organic am ne, and netal chelating agent.
The i ndi vi dual ti s.typically.,constitute a fluoride source and/or
a derivative th@ﬁgf?ﬂégsg%%ﬂT%@QT% Sx%bout 5.0 % of the formnul ati on,
wherein the fluoride my_ be one of many such f%uo[ioe ogﬁﬁgs Fggxn to
those skFhHemitpesmausicpraPogptt of thpisreigigironprisi te apput 10 %08 Mg WETon of
anmoni a @asitreendisBaipontm Ryythe@xd diemam duch yithogegen chiipoomt cercgalgown to those

hydr of | ugpL c. aci d:; DN oride, ammoni um bifl uoride;
triethaﬁbugﬁﬁgﬁf%%¥$gﬁgg%§gh% F); diglycol amonium fl uoride (DGAF);

met hyl di et hanolimiadissetisneid ((R6)i de (MDEAF) tetranet hyl anmoni um

fluoride. (TMAF)glycind,r i et hyl ami ne tris (hydrogen fluoride) (TREAT-3117). The
organic amne or mxture of two amnes typically conprises between about 1
% and about 15 "B5lgfiaceyqagid | ation of the present invention, wherein the
organi ¢ am ne dpdroxyehdimgodificeiieadyl, such or gani ¢ am nes known to those skilled
i/ the art inchydi gemenfibShdsotmegne (DGA), methyl di et hanol ami ne (MDEA)
pentanethyl(lie&hyl‘netrlantne &EyBETA),

ethylenediammetetracetic acid

CH;C(=NCH,CH,OH)CH,C(O)N(CHs,},,
CH,C(=NCH,CH,OCH,CH,OH)CH,C(O)N(CH,),,
CH,C(=ENH)CH,C(O)CH;,
(CH,CH,),NC(ENN(CH,CH,);,
HOOCCH,N(CH.,),, and
HOOCCH,N(CH,)CH,COOH.

The metal chelating agent or mixiure 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: '

acefoacetamide;

3 ammonium carbamate;

ammonium pyrrolidinedithiocarbamate (APDC);

dimethyl malonate;

methyl acetoacetate;

N-methyl aEetoacetamide;

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);

teiramethylammonium thiobenzoate;

tetramethylammoninm triflnoroacetate;

 tetramethylthiuram disulfide (TMTDS);

trifluoracetic acid;
13




tri ethanol am ne (TEA), triethyl enediamne (MY, hexanethyl enetetram ne,

3, 3-imnobis (N, Ndinethyl propyl am ne), nonoethanol am ne.

2- (met hyl ami no) et hanol,  4-(2-hydroxyet hyl ) nor phol i ne 21/0472006

4- ( 3-am nopropyl ) nor pholine, and 12 21/04/ 2006 WD 03/ 035797

N, N- di et hyl - 2- (2- ami noet hoxy) et hanol . PCT/[1S02/ 33280 The nitrogenous

conponent of the mxture typically conprises 0 to about 10 % of the

m xture. wherein the nitrogenous conponent nay be one of many such

ni t rogenous owomanent sources known to those skilled in fdiaserd2sy ncl udi ng

~one or nore of: imnodiacetic acid (IDA), glycine, nitrilotriacetic acid
(NTA), hydroxyethylimnodiacetic acid, 1,1,3,-tetranethyl guanidine (TM3,

et hyl enedi anunetetracetic acid (EDTA), CH3C(=NCH2CH2OH) CH2C( O) N( CH3) 2,

CH3C( :NCHZCHéﬁH%CH OH) CH2C( O N(CH3) 2, CH3C(=NH) CH2C(O) CH3. (CH3CH2)

NC( =NH) N( CH3CHAX"® 2N(CH3) 2, and HOOCCH2N( CH3) CH2OOOH. The net al

chel ati ng agentammonimh Jettete;e of chel ating agents typically conprises about O

to about 5.0 %Qfnic acid

formic acid,

acetic acid,

propionic acid,
gamma-butyrolactone,

methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

Several representative examples of formulations are:

i4

Triethanolamine 45 %
Ammonium Fluoride 0.5%
Waier 95 %
PMDETA 3.845%
Ammonium Fluoride 0.5%
2, 4-Pentanedione 1% '
Water 94-94.7 %
. TEA 1.7% B
) PMDETA 15%
TEAHF 2%
Iminediacetic Acid ¢4 %
Ammonivm Bifluoride 0.5%
Water 93.9%
TEA 3.5%
PMDETA 15%
2, 4-Pentanedione 1.35%
Ammonium Fluoride 1.2%
Water 9245%




the formul ation. Typical nmetal chelating agent may be one of nmany such
nmetal chel ating agents known to those skilled in the art including:

acet oacet am de; ammoni um car bamat e; anmoni um pyrrolidi nedithi oca%tfaﬂﬂ%o%
(APDC); dinmethyl nmalonate; nethyl acetoacetate; N-nethyl acetoacetam de;
2, 4-pentanedione; 1,1,1,5,5,5-hexafluoro-2, 4-pentanedi one H(hfac);
2,2,6,6-tetranet hyl -3, 5- hept anedi one H(thd); tetranethyl amoni um

t bi obenzoate; tetramethylamoniumtrifluoroacetate; tetranethyltbiuram
di sul fide (TNW®By03s579trifl uoracetio acid; 13 21/04/2006 WRGA/SGBBRI7 | actic
acid; ammonium |l actate; nmalonic acid formc acid, acetic acid,

propi oni c acid, ganma-butyrolactone, nethyldiethanol anmoni um
trifluoroacetate, and trifluoroacetic acid. Several representative

exanpl es of fornulations apg Triethanolamine 4.5 %y,

PMDETA 3%

2, 4-Pentanedione 2.7 %
Ammoniun Fluoride 24%
Water 84.9%

‘Wafers can be immersed in chemical solutions or chemicals can be applied to the wafer surface by spray

or through a brush scrubbing system. FIGURE 5 depicts a SEM representing the resuits obtained with a
) standard immersion process. Specifically FIGURE 5 depicts Tungsten plugs after alumina shury CMP

and immersion in formula ¢ for 10 min at 30 °C. Furthermore, selectivity to exposed materials may be

illustrated by etch rate data. FIGURE 6 and table 3 illustrate the material eich rate on interconmect
materials including an electroplated copper film.

Table 3
Material Etch Rate, A/min for 21°C @ 30 min
Copper ~1
Tantalum Nitride <0.1
Titanium <01
Titanium Nitride 1.0
Tungsten 0.2
:) TEOS 1.5
“ BPSG 45

While the invention has been described herein with reference to specific features, aspects, and
embodiments, it will be appreciated that ﬂle 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 altemative embodiments, within the spirit and scope of the invention

as hereafter claimed.
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Ammoni um Fl uoride 0.5 % Water 95 % PCT/ US02/ 33280 PVDETA 3.8-4.5 %

Ammoni um Fl uoride 0.5% 2, 4-Pentanedione 1 % Water 94-94. 7% TEA 1. 7%
PMDETA 1.5% TEAHF 2% | m nodiacetic Acid 0.4 % Ammonium Bifluoride 0.5 %
Water 93.9% TEA 3.5% PMDETA 1.5% 2, 4-Pentanedione 1.35 % Ammoni um
Fluoride 1.2 % Water 92.45 % 14 21/ 04/ 2006 WO 03/ 035797 TEA7% PNMDETA3% 2,
4- Pent anedi one2. 7 % Ammoni um Fl uori de284 9% Wat er 84. 9 % PCT/ US02/ 33280
Wafers can be i mmersed in chemnical solutions or chemcals cad 48 2¥plied to

t he waf er T%Erld@ie by spray or through a brush scrubbing system FIGURE 5
depicts a ]ﬁ[ﬁesenti ng the results obtained with a

1. A post CMP cleaning formulation comprising an organic amine, a fluoride source and
from 70% to 98% water by weight, based on the total weight of the formulation, wherein
the pH of the post CMP cleaning formulation is between about 7 and about 9.

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% fluoride source by weight, based on the total

weight 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

hydroflueric acid,
ammonium fluoride,

ammonium bifluoride,

triethanolammonivm fluoride, (TEAF),

_ diglycolammeonium fluoride, (DGAF),
tetramethylammonium flueride, (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 by weight, based on the total weight of

- the formulation.




standard i mrersion process. Specifically FIGURE 5 depicts Tungsten plugs
after alumna slurry CN9 and imersion in formula ¢ for 10 mn at 30 C
Furthernore, selectivity to exposed materials nay be illustrated by etch
rate data. FIGURE 6 and table 3 illustrate the material etch rate on
interconnect materials including an el ectropl ated copper film Table 3
Material Etch Rate, A/min for 21 C C3a 130 nmin Copper-1 Tantalum Nitride< 0.1
Titanium< 0.1 Titanium Nitridel.0 Tungsten0.2 TECS1. 5 BPSGA. B AppiPY t he

i nvention_has en d rjbed herein with reference to, specific features,
aspects, &nd 6\ ‘ﬁ%ﬁfkf‘m‘?gtgg%‘fﬂ“"’bé""ﬁ‘ﬂﬁﬂgé%ﬂ%’e’d whersin Sglﬁé’fﬁaﬁﬁé‘i‘t:?‘?b% i s not
thus limted. Sdeeted fiyaniidgauptchelseéligsre may correspondi ngly enbodied in a

wi de variety of conpositions, with correspondi ng variati ons of

i ngredi ents, and end-use applications. The invention therefore is to be -
under st ood as éslyeipuaiss(Digh)al | such variations, nodifications and
alternative enbodi nents, within the spirit and scope of the invention as
hereafter cl ai melyldighanpbnimegMBEA)NS: 21 April 2006 1. A post CMP cl eaning
formul ati on conprising an organic _am ne, a fluoride source and from 70%to
98% wat er by m@w&hyﬁﬁwhnww@m@mmi ght of the formulation, wherein
the pH of tha}gjo%t CWP cl eaning fornulation is between about 7 and about 9.
2. The post cpmelamined TESk mul’ ati on according to claim1, wherein said
formul ation further conprli a netal chelating agent. 3. The post CW

cl eani ng f or muf'§ ?’Sr}?dlﬁ‘@ggr(‘ "1f§°to claim 2, wherein said fornulation

hexamethylenetetramine,

I

3, 3-iminobis (N,N-dimethylpropylamine),
monocthanolamine,
2-(methylamino)ethanol,
4-(2-hydroxyethyl)morpholine,
4-(3-aminopropyl)morpholine, and

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

8. The post CMP cleaning formulation according to claim 2, wherein said formulation
comprises from about 0 to about 5.0 % metal chelating agent by weight, based on the

total weight of the formulation.

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

agent is selected from the group consisting of?:

acetoacetamide,

émmonium carbamate,

ammonium pyrrolidinedithiocarbamate (APDC),
dimethy! malonate,

methyl acetoacetate,

N-methyl acetoacetamide,




further conprises a nitrogenous conponent. 4. The post CMP cl eani ng

formul ati on according to claim1, wherein said fluoride source conprises
fromabout 0.1%to about 5.0% fluoride source by weight, based on the total
wei ght of the fornulation 5. The post CWP cleaning formulation according to
claim1l, wherein said fluoride is selected fromthe group consisting of:
any conbi nation of ammoni a gas or amodi um hydroxi de and hydrogen fluoride
gas or hydrofluoric acid, amonium fluoride, ammonium bi f|3dPHFE0

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

t et r amet hyl anmBAPEHIEHERs i de, (TMAF), net hyl di et hanol ammoni um f | uori de

, (MDEAF) and riethylamne tris (hydrogen fluoride) (TREAT-HF). 6. The
post CMVP cl eanﬁ’rlnd’ £ '%&PTO%‘{'EWB?%‘?‘Wﬁ'P%C)CI aim1, wherein said
formulation ¢ rises fr bout .. 1% 15% organi ¢ am ne by wei ght, based
on the total mg?%ﬁfte%ﬁelhyﬁgg‘g%’?%%&e?‘%ﬁ.d)’17 21 April 2006 7. The post CMP
cl eaning fornu 1 on.accor di to claim1, wherein said organic amne is
sel ected from {e ‘Iieﬁ“gh (l)allfﬁnoclznourr{lsﬁﬂ%?ffnﬁ%a?e(bf . diglycolam ne (D&A),

met hyl di et hano{eg%%a%tﬁgy§%%%t hyl di et hyl enet ri am ne ( PVMDETA),

tri et hanol am ne enedl am ne (TEDA), hexanethyl enetetram ne,

3, 3-imnobis {NMNudiFaLBGRIRPYHTHEES)

trifluoracetic acid,

lactic acid,

ammonium lactate,

malonic acid,

forntic acid,

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 by weight, based on the

total weight of the formulation.

I1. 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,




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 . 8.
The post CWP cl eaning formul ation according to claim?2, wherein said

formul ation conprises fromabout 0 to about 5.0 % netal chel ati ng agent by
wei ght, based on the total weight of the fornulation. The post CW

cl eaning formul ati on according to clailth2, wherein said netal chelating
agent is selected fromthe group consi sting of: acetoacetam gl 2 ni um
carbamate, a ni,um pyr.r i ocarbamate (APDC), dinethyl nmal onate,
met hyl acet o;ngg’t gttgt Pfﬁlﬁ@y?%?% fe (iﬁaéf}mcet am de, 18 2, 4- pent anedi one,
1,1,1,5,5,5-he e H(hfac),

2,2,6,6-tetrane éﬁéq%gg'%g%ﬁﬁacgtg%égl one‘Qﬂ(t hd), tetranethylammoni um

t hi obenzoat e, H@(Lﬁ@ﬁ%bﬁm@ dﬁf@((tlf'i?fl uoroacetate, tetranmethylthiuram

di sul fide (TMI'DS rifluor ace I'c ac | actic acid, ammonium]| actate,

mal oni ¢ acid, cHRIONEHRH,ICHRGBOHSCIASIEWN(CIL),,

CH,C(=NH)CH,C(O)CH,,

(CH;CH,),;NC(=NH)N(CH;CH,),,
HOOCCH,N(CH,),, and

HOOCCH;N(CH3)CH>COOH.

12, The post CMP cleaning formulation according to claim 1, wherein said formulation
comprises the following components in the percentage by weight shown, based on the

total weight of such formulation:

triecthanolamine 4.5 %,
ammonium Fluoride 0.5 %, and
water 95 %.
13. The post CMP cleaning formulation according o claim 1, wherein said formulation

comprises the following components in the percentage by weight ranges shown, based on

the total weight of such formulation:

PMDETA 3.8-4.5 %,
ammonium fluoride 0.5 %,
2, 4-Pentanedione 1 %, and
water 94-94.7 %.
14. - The post CMP cleaning formulation according to claim 1, wherein said formulation

comprises the following components in the percentage by weight shown, based on the

- total weight of such formulation:




propionic acid, ganma-butyrolactone, nethyldiethanolamonium
trifluoroacetate, and trifluoroacetic acid. 21 April 2006 10. The post CWP
cl eaning fornul ation according to claim3, wherein said formrulation
conprises fromabout O to about 10 % nitrogenous conponent by wei ght, based
on the total weight of the fornmulation. I11. The post CMP cl eaning

formul ati on according to claim3, wher8in said nitrogenous conmponent is
sel ected fromthe group consisting of: imnodiacetic acid (IZDAPI20¢ yci ne,
nitrilotriacetjc acid (NTA), hydroxyet h%/tl)i ni i nodi acetic acid, 19
1,1,3,-tet ranet iyl guanidine (TM3, et h’y énedi ami net etracetic acid (EDTA),
CH3C( :NCHZCHZC@,I%/?( O N(CH3) 2, CH3C(=NCH2CH2OCH2CH20H) CH2C( O N( CH3) 2,
CH3C( =NH) CH2C( ., (CH3CH2) 2NC( =NH) N( 2) 2, HOOCCH2N( CH3) 2, and
HOOCCH2N( CH3) Go0H 21 April 2006 12. ,4he post CWP cl eaning fornul ati on
according to cldima1, wherein said fornil"dti on conprises the follow ng

conponents in {he percantage by weight ywn, based on the total weight of
such fornul ation: tr{uet%nanol amne 4.5 (%%w’annoni um Fluoride 0.5 % and

ammenium bifluoride 0.5 %, and
water 93.9 %.
15. The post CMP cleaning formulation according to claim 1, wherein said formulation

comprises the following components in the percentage by weight shown, based on the

total weight of such formulation:

TEA 3.5 %,
PMDETA 1.5 %,
2, 4-Pentanedione 1.35 %,
ammonium fluoride hl .2 %, and
water 92.45 %.
16. The post CMP cleaning formulation according to claim 1, wherein said formulation

comprises the following components in the percentage by weight shown, based on the

total weight of such formulation:

TEA 7 %,
- PMDETA 3 %,
2, 4-Pentanedione 2.7 %,
ammeonium fluoride 2.4 %, and
water 84.9 %.
17. A semiconductor wafer cleaning formulation comprising the following components in the

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




water 95 % 13. The post CWP cleaning formulation according to claim1,
wherein said forrmul ation conprises the follow ng conponents in the

per cent age by wei ght ranges shown, based on the total weight of such
formul ati on: PMDETA 3.8-4.5 % amoniumfluoride 0.5 % 2, 4-Pentanedi one

| % and water 94-94.7 % 14. The post CMP cl eaning formul ati on accordi ng
to claimi1, wherein said fornulation %onprises the follow ng conponents in
t he percentage by wei ght shown, based on the total weight oﬁ@ﬂ%m

formul ati on: Zguc;I;l e10. 7(13/0 PMDETAL. 5% TEAF2% i m nodi aceti c Aigﬁsq/o 4 %

amoni um bi f 1 uofTd88° 5 % and water93.9 % 21 April 2006 15.°"The post CMP
cl eaning fornu |- 00 - ording to claiml, wherein said f Jation
conprises the %‘%H‘%mﬁ Sjconponents in the percentage by chl%’oéadlé shown, based
on the total ' f f et 9 9 2,

4- Pent anedi oneX\%'.tng% %)/Lg coélywtrﬁr%nr{i 58%1% %%drl ?1 gge%%t%nﬁg%%bdi% -(gir%is é&u‘.ﬁﬂl’ﬁeﬁﬁa 16.
The post CMP cleaning formulation according to claiml, wherein said
formulation conprises the follow ng conponents in the percegpage by wei ght
shown, based on the

water 20-50% and
metal chelating agent(s) 0-21%
TOTAL 100%.

18. The cleaning formuiation 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),
tetramethylammonivm 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(s) selected from the group consisting of:

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

triethanolamine (TEA),




total weight of such formulation: TEA 7% PMDETA 3 % 2, 4-Pentanedione
2.7 % ammoniumfluoride 2.4 % and water 84.9 % 17. A sem conduct or
waf er cleaning formul ati on conprising the foll owi ng conponents in the
per cent age by wei ght ranges shown, based on the total weight of such
conmponents: 21 21 April 2006 fluoride sourcel-35% organic am ne(s)20-60% a
ni trogenous conponent, selected from it rogen-contai ni ng carboxylic acids
and i mines 0.1-40% wat er 20-50% and netal chel ating agent (s) -12P3h2¥TAL100%
18. The cleaning forrmul ation of claim 17, wherein said fluoride source
conprises a fIE%FW@@ﬂwgﬁﬁéf%@A%elected fromthe group consisting of: any
conbi nati on of, ammoni.a gas .of ammoni um hydr oxi de and hydrogen fl uori de gas
or hydrofluorwﬁmﬁgﬂ%?w gﬁﬁﬁ%iun1bifluoride, anmoni um f | uori de,
tri et hanol amogium f | ugr i TEAF) ., di gl ycol ammoni um fl uori de ( DGAF),
U, ohs %W@g&?\%ﬁéﬁlﬁmmﬁb

tetranethylannﬁnr,m t hyl di et hanol ammoni um f | uori de

( MDEAF), and L ine tris (hydrogen fluoride) (TREAT-HF). 19. The
cl eani ng fornu%afgo%%%gﬁ%$ain1l7, wherein said organic am ne(s) conprise an

2-(methylamino)ethanol,

4-(2-hydroxyethyl)morpholine,
4-(3-aminopropyl)morpholine, and

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),
ethylenediaminétetracetic acid (EDTA),
CH;C(=NCH2CHZOH)CHZC(O)N(CHQZ,

CH,C(=NCH,CH,O0CH,CH,OH)CH,C(O)N(CH,),,

CH;C(=NH)CH,C(O)CH,
(CH;CH,),NC(=NH)N(CH;CH.),,
HOOCCH,N(CHs),, and

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?




am ne(s) selected fromthe group consisting of: diglycolam ne (D&),

nmet hyl di et hanol am ne (MDEA), pentanethyl di et hyl enetri am ne (PMDETA),
triethanolam ne (TEA), 22 triethyl enedi am ne (TEDA),

hexanet hyl enetetrani ne, 3, 3-imnobis (N, N-di nethyl propyl ami ne),

nonoet hanol am ne, 2-(nethyl am no) et hanol,  4-(2- hydroxyet hyl) norphol i ne,

4- ( 3- ami nopropyl ) nor phol i ne, and N, N-4i rret hyl - 2- ( 2- am noet hoxy) et hanol 21
April 2006 20. The cleaning formulation of claim17, wherei P SRii 006

ni t rogenous con oneg‘mc%orrprl ses a species selected fromthe group

consi sting of: tetic acid (IDA), glycine, nitrilotriacetic acid
(NTA), hydroxg(,ﬁ;l ILIIIIQ”I];]a(I)n%{ acetic acid, 1,1,3,-tetranethylguanidine (TM3,
et hyl enedi am net FAcer e ati d (EDTA), CH3C(=NCH2CH20OH) CH2C( O) N( CH3) 2,

GO0 RARRARAMBIR RS Y TSI o

dimethyl malonate,

methyl aceloacetate,

N-methyl acetoacetamide,

2,4-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.

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

selected from the group consisting of:




21. The cleaning fornmulation of claim17, including at |east one netal

chel ating agent selected fromthe group consisting of: 23 acetoacetam de,
anmoni um car bamat e, anmoni um pyrrol i di nedit hi ocarbamate (APDC), di net hyl
mal onat e, nethyl acetoacetate, N-nethyl acetoacetam de, 2, 4-pentanedione,

1, 1, 1,5,5,5-hexafl uoro-2, 4-pent anedi one H( hfac),
2,2, 6 6-t et rammet hyl - 3, 5- heptanedlone M thd), tetranethyl amonium
t hi obenzoat e, tetranethylannonlun1tr|fluoroacetate t et r angt A 9P ur am

di sul fide (TMIDS), _trifl tic acid, lacti.c ' nium | act at e,
mal oni ¢ acid, form cy %’(r:l}b ,a & @ HIEoLIA g or aIB’FlB?WIBﬁV‘{'f ‘i‘ia&m ydrogen fluoride
ganna-butyrolaaﬂbméwmnﬂmmmad¢acetlc aci d, nethyl di et hanol anmoni um
trifluoroacetate, and trifluoroacetic acid. 21 April 2006 22. The cl eaning
formul ati on of cl ai smypniupfleprden said fl uori de source conprises a species

sel ected fromthe group consisting of.
ammonium bifluoride,

triethanolammonium fluoride (TEAF),
diglycolammeonium fluoride (DGAF),
methyldicthanolammonium 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,




24 21 April 2006 any conbination of anmmoni a gas or ammoni um hydroxi de and
hydr ogen fluoride gas or hydrofluoric acid, amoniumfluoride, anmmonium
bi fluoride, triethanol amonium fluoride (TEAF), diglycol anmonium fl uoride
(DGAF), net hyl di et hanol ammoni um fl uori de (MDEAF), tetranethyl anmoni um
fluoride (TMAF), and triethylamne tris (hydrogen fluoride) (TREAT-HF);

sai d organic amine(s) conprise a speci’ds sel ected fromthe group consisting
of : diglycolam ne (DG, nethyl di et hanol ani ne ( MDEA), 21 April 2006

pent anet hyl di et hyl enet ri.ani ne, TA), triethanolam ne (TEA),
tri et hyl enedi ami ne ‘(‘?Eﬁl@ceﬁcaﬁ’élig thyl enetetramine, 3, 3-iminobis

(N, N- di net hyl propyl.am ne).. ,. ronoet.hanol am ne, 2-(net hyl am no) et hanol ,
4- ( 2- hydr oxyet hyl ) r’rl%}'rwf)oﬁﬁ%lfy}ll@nogﬁ?e%l%?% i nopr opyl ) nor phol i ne, and

v ot o o o gl o 1 ogehos Comonent com s
glycine, 25 nitril ofghRceihife@fbdiceMI (BpTA),

CH3C(=NCH,CH,0H)CH;C(O)N(CH),,

CH;C(=NCH,CH;0CH,CH;OH)CH,C(O)N(CHs),,

CH;C(=NH)CH,C(O)CH,,

(CH;CH,),NC(=NH)N(CH,CHa),,

HOOCCH;N(CHs);, and

HOOCCH,N(CH;)CH,COOH; and

said formulation includes a metal chelating agent comprising a species 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-pentancdione H(hfac),
2,2,6,6-tetrammethyl-3,5-heptanedione H(thd),

‘tetramethylammonium thiobenzoate,
tetramethylammonium trifluoroacetate,
tetramethylthivram disulfide (TMTDS),
trifluoracetic acid,

lactic acid,




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( =NCH2CH2OCH2CH20OH) CH2C( O) N(CH3) 2, CH3C(=NH) CH2C( O CH3, (CH3

CH2) 2NC( =NH) N( CH3CH2) 2, HOOCCH2N( CH3) 2, and HOOCCH2N( CH3) CH2COCH;, and 21
April 2006 said fornmulation includes a nmetal chel ating agent conprising a
speci es selected fromthe group consiZting of. acetoacetam de, anmoni um
car bamat e, anmoni um pyrrol i di nedithi ocarbamate (APDC), di net!HWyT ¥l onat e,
nmet hyl acet oacetate acet oacet am de, 2, 4-pent anedi one,

N- rref h%l
1,1, 1,5, 5, 5- hexaf | USPBI 2888+ anedi one H(hf ac),
2,2,6, 6-tetranmet hyllnélg’ i55 Qéapt anedi one H(thd), tetranethylamonium
t hi obenzoate, tet rAHet Fly(i anmonium trifl uoroacetate, tetramethylthiuram
disul fide (TMIDS), gtLiflyoracetic acid, lactic acid, 26 anmonium | actate,
mal oni ¢ aci d, ’

acetic acid,

propionic acid,

gamma-butyrolactone,

iminodiacetic acid,

methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

23. The cleaning formulation of claim 17, wherein said fluoride source comprises a
compound having the general formula R;R,R;R4NF 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 muitiply bonded moieties having electron-withdrawing properties.

24, The cleaning formulation of claim 23, 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.

25. The éleaning formulation of claim 17, wherein said fluoride source comprises a
compound having the formula R,R,R;R4NF 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;R;R:N" "O,CCF; in which each of the R groups is independently hydrogen or
aliphatic.

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

compound having the formuia:




formc acid, acetic acid, propionic acid, gamrma-butyrol actone,

i m nodi acetic acid, nethyldiethanol ammoniumtrifluoroacetate, and
trifluoroacetic acid. 21 April 2006 23. The cleaning formulation of claim
17, wherein said fluoride source conprises a conpound having the general
formul a RIRZR3RANF in which each of the R groups is independently selected
from hydrogen atons and ali phatic growds, and wherein said fornulation
includes a netal chelating agent of the formula: X-CHR-Y, irrRlvViicHOR is

ei ther hydrogen or an aliphatic group and X and Y are functional groups
cont ai ni ng mul FPRYCBONRRY noi eties having el ectron-wit hdrawi ng properties.
24. The cleaning formul ation of claim 23, wherein each of X and Y is

i nd dent | | t H2 R | , SOR | nd, SO2Z. i n
L ePeRen Y eS8y of BOmg T o Petanyy saied it oBoterARSSTELT g

formul ati on of hplregemalkyl, arph) evrdesabosdic deidld. uor i de source conpri ses a conpound
havi ng the fornmula RIRZR3RANF i n which each of the R groups is hydrogen or
al i phatic, and wherein said formulation includes a netal chelating agent of
the fornmuba, RIRERE fkpbricatp@rri¢ondustir vhfepaehprsingt he R groups i s

i ndependent|y hydrogen or aliphatic. 26. The cleaning fornul ati on of claim
17, wherein said nitrogenous. conponent includes a conpound having the
formul a: 27 CoPrmegshiygrmeslizodayer rogggurfseridhsvdsich of R and R i s

i ndependently selected fromthe group consisting of

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:

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%.
28. The method of claim 27, wherein said fluoride source comprises a fluoride speéies

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,
| tricthanolammonivm fluoride (TEAF),

' diglycolammonium fluoride (DGAF),




hydrogen, al kyl, aryl, and carboxylic acids. 27. A nethod for fabricating a
sem conduct or wafer, conprising: plasm etching a netallized |ayer froma
surface of the wafer; plasna ashing a resist fromthe surface of the

waf er; and cleaning the wafer by contacting same with a cl eaning

formul ation, conprising the follow ng conponents in the percentage by

wei ght ranges shown, based on the totad® weight of such conponents:
fluoride source 1-35% organic anmine(s) 20-60% a nitrogenous?icWijsfent

selected fromni r%%gﬁ-?ontaini car box lLic acids and imnes 0.1-40%

water 20-50% MSET ‘éﬂ%‘%‘?‘f‘?ﬁ%@g’ﬁgi 3D196 TOTAL 100% 28. The nethod of

claim 27, wherein i.d fluorjde .soyr caonprises a fluoride species

sel ect ed fron1fﬁ%m%ﬁ%ﬁ%n%ﬁﬁ%P%?@ﬁ@RQ@S’3ﬁy conbi nati on of ammoni a gas or

anmoni um hydr oxj nd .k f I as.or hydrofluoric acid,
5108 AL RHER ool (hREATE.

ammoni um f | uori uori et hanol ammoni um f | uori de
(TEAF), diglycol ammonium fluoride (DGAF), 28 nethyl di et hanol anmoni um

fluoride G&DEA)e meth&d 6801H Y] @ﬁ@?@ﬁ'kﬁ@bﬁgﬁi@_ﬁ&ﬁl@@( %ﬁge arPdifine(d)'skiededly | am ne
tris (hydrogen fluoride) (TREAT-HF). 21 April 2006 29. The method of claim

27, wherein saffemiegEmp consisitgenfs) conprise an anine(s) selected fromthe
group consi sting 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,

30. The method of claim 27, 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),




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

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

triethyl enedi am ne (TEDA), hexanethylenetetramne, 3, 3-imnobis

(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 met hyl - 2- ( 2- ami noet hoxy) et hanol .2930. The nethod of claim 27, wherein
sai d nitrogenous component conprises a species selected frdh*PRE'Yr oup
consi sting of: di aceti c. aci , glycine, nitrilotriacetic acid

(NTA), hydr ox?‘h’fmﬁgﬁf‘%nﬁtﬁ&ﬁc&%@ﬂdﬁé A? 1,1, 3, -t etramet hyl guani di ne (TM3),
o
hpr 11 2006 1. (NG Settoaroor RIS R i 1o ot I ehst oo netal
chel ating agengpgelegicetdcfoyem,t he

(CH;CH,),NC(=NH)N(CH;CH,),,

HOOCCH,N(CH,),,

HOOCCH,N(CH;)CH,COOH.

3L The method of claim 27, 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,
tetramethylthiuram disulfide (TMTDS),
triffuoracetic acid,
lactic acid,
anmmonium lactate,

malonic acid,




group consisting of: acetoacetam de, amoni um carbamate, amoni um
pyrrolidinedithiocarbamate (APDC), dinethyl malonate, nethyl acetoacetate,
N- net hyl acetoacetam de, 2, 4-pentanedi one,

1,1,1,5,5, 5-hexafl uro0- 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 obenzoate, tetranethylamoni umtri3fluoroacetate, tetranethylthiuram
disulfide (TMIDS), trifluoracetic acid, lactic acid, ammoriérvli28¥t at e,
mal onic acid, 30 formc acid, acetic acid, propionic acid,

ganmma- but yr ol abraiRecid, i nodi acetic aci d, nethyl di et hanol ammoni um
trifluoroacetate, and trifluoroacetic acid. 21 April 2006 32. The net hod
of claim 27, wifEee sai d fluoride source conprises a species selected from
the group consji st.in any conbi nati on of ammoni a gas or ammoni um

hydr oxi de and ?{y%?%gaé;h f1uori de

gamma-butyrolactone,
iminodiacetic acid,
methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

32 The method of claim 27, 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 hydroftuoric acid,
ammonium fluoride,
ammonium bifluoride,
triethanolammonium fluoride (TEAF),
-diglycolammonium fluoride (DGAF),
methyldiethanclammonium 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),
tricthanolamine (TEA),
triethylenediamine (TEDA),

hexamethylenetetramine,




gas or hydrofluoric acid, amoni um fluoride, anmonium bifl uoride,

tri et hanol anmoni um fl uori de (TEAF), diglycol amonium fluori de (DGAF),
met hyl di et hanol amoni um fl uori de (MDEAF), tetranethyl anmonium fl uoride
(TMAF), and triethylamne tris (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 aine ( MDEA),

pent anet hyl di et hyl enetri ami ne (PMDETA), triethanol ani ne ( TRAypril 2006
triethyl enedi am ne (TEDA), hexanethyl enetetram ne, 31 3, 3-imnobis
(N, N-di et hyl pr opy! ariiHEpbis WY krestimenyiafing, 2- (met hyl am no) et hanol
4- (2- hydr oxyet hyl ) nor phol i ne,  4-(3-am nopropyl ) norpholine, and

N, N- di et hyl - 2- ( 2- dﬁ?‘ﬁ?}g’[‘“ﬁ ‘et hanol ; 21 April 2006 said nitrogenous

conponent conprise ci.es sel.ected fromthe group consisting of:
i mi nodi acetic aci dsz(&ﬁiggmé?@%h & nitrilotriacetic acid (NTA),

hydr oxyet hyl i m nomtﬂ&%‘ix‘ﬁx%x%ﬁ{yﬂmmpﬁol%e?” -tetranet hyl guani di ne (TM3),
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,OH)CH,C(O)N(CH3),
CH;C(=NCH,CH,OCH,CH,OH)CH,C(O)N(CHj3),,
CH;C(=NH)CH,C(O)CHj,
(CH;CH,),NC(=NH)N(CH;CH,),,
HOOCCH;N(CH3),, and

HOOCCH,N(CI1;)CH,COOH; and

said formulation includes a metal chelating agent comprising a species selected from the

group consisting of:
acetoacetamide,
" ammonium carbamate,
ammonium pyrrolidinedithiocarbamate (APDC),

dimethyl malonate,




et hyl enedi am netetracetic acid (EDTA), CH3C(=NCH2CH2OH) CH2C( O N( CH3) 2,
CH3C( =NCH2CH2OCH2CH20OH) CH2C( O) N(CH3) 2,  CH3C( =NH) CH2C( O CH3,

(CH3CH2) 2NC( =NH) N( CH3CH2) 2, HOOCCH2N( CH3) 2, and HOOCCH2N( CH3) CH2COOH; and
said formul ation includes a netal chelating agent conprising a species
selected fromthe group consisting of: acetoacetam de, anmonium

car bamat e, anmoni um pyrrol i di nedi t hi odarbamate (APDC), dinethyl mal onate,
32 21 April 2006 methyl acetoacetate, N-nethyl acetoacet amiZdépril2006
2,4-pentanedione, 1, 1, 1,5,5 5-hexafl uoro-2, 4-pentanedi one H( hfac),

2,2, 6, 6-t et r anmet hyPeyl8edmeathedi one H(thd), tetramet hyl anmoni um

t hi obenzoate, tet rﬁmet h?/l anmoni um trifluoroacetate, tetranethylthiuram
di sul fide (TMIDS), ] 155PAERTIE acid, lactic acid, anmmonium | actate,

mal onic acid, for rgg_pea}lgaingdion%ceti c acid,

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,
'methyldiethanolannnonium trifluoroacetate, and

trifluoroacetic acid.

33. The method of claim 27, wherein said fluoride source comprises a compound having the
general formula RiR,;R;RNF 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,




propi onic acid, gamma-butyrolactone, imnodiacetic acid,

nmet hyl di et hanol ammonium trifluoroacetate, and trifluoroacetic acid. 33.
The net hod of claim 27, wherein said fluoride source conprises a conpound
havi ng the general fornmula R RZR3RANF in which each of the R groups is

i ndependently selected from hydrogen atons and al i phatic groups, and
wherein said forrmul ation includes a n#al chelating agent of the fornula:
X-CHR-Y, 33 21 April 2006 in which Ris either hydrogen or &t 4afiZi#fatic
group and X and Y are functional grou cont ai ni_.ng nul tltp| y. bonded

noi eti es havi n§ BHECR ioihH WH@EAITHE 2 wa@b“esq%@d 2and Y fHetiperd SeoPPc| ai m
33, wherei n eacdht@fingfnaiyly donked halSRPRAGRIH dciforSRiRERRE prépeiies. CONH2, CONHR',
CN, N2, SOR, and SQ2Z in which R is alkyl and Z is hydrogen, halo or
al kyl . 35. The method of claim 27, wherein said fluoride source conprises a
conmpound Bévi nfhd method ofnluﬁkra3RIvF!2:RaRédHE afriX \whd thiseiadﬂperm‘éntlyh@leaegrfmmps i's
hydr ogen or al i C net al

chel ating agen?Bﬂ?{ @NI‘?%]%%YES ﬁ%ﬁa n q |§%e%g HOEP t he R
groups is indepdngeatily hydrogen or aI i phatic. 36. The met hod of claim 27,
wherein said nitrogenous conponent includes a conpound having the fornul a:
COOH CH2- NRR wherein each of Rand R_is independently selected fromthe
group consist i i withedipl gyl wherpiyiid fluerde sousssomprissy & gemroupthaysg ts7. A
net hod for fabfpimad RYGRR,NEMh GARGUEIR lor WRS |r grbﬁgﬁhyqty&ggetm HpRAKS, and
conprising: pl asma ag{i%h' ng, a . netallized |ayer froma surface of the wafer;

pl asma ashi ng RS °PI’R$ lodesy & metal Gplangeasps phthe formula, RiR,RRN
0O,CCF; in which each of the R groups is independently hydrogen or aliphatic.

36. The method of claim 27, 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.
37. 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%




cl eaning the wafer by contacting same with a cleaning fornulation,
conprising the follow ng conponents in the percentage by wei ght ranges
shown, based on the total weight of such conponents: a fluoride source;
1-35% at | east one organic am ne; 20-60% a nitrogen-containing carboxylic
acid or imne 0.1-40% water; 20-50% 34 21 April 2006 at |east one netal
chel ati ng agent 0- 21% TOTAL100% 38. THé& nethod of claim 37, wherein said
fluoride source is selected fromthe group consisting of. @YPEFAY nation

of amoni a gas or a ni um hydroxj de and hydrogen fluoride gas or
hydr of | uoric acid, %?ﬁ%ﬁﬁ?‘ﬂﬁ? lichgptingagent apmoni um bi f 1 uor | dé’,‘ﬂﬁ’

triethanolannomlﬂn{#tﬁ#ide ( TEAF) , diglycolannnniunlfluori&% ( DGAF) ,
met hyl di et hanol amo fluoride (NDEAF), tetranethylannﬁﬂ m fl uoride
(TMAF), and triethylamne tris (hydrogen fluoride) (TREAT-HF). 39. The

t hod of ,¢l ai .3 i i - | ] | e r ro
R T L T
pent anet hyl di ethsistisaefri ami ne (PVMDETA), triethanol anine (TEA),

triethyl enedi am ne (TEDA),
any combination of ammonia gas or ammonium hydroxide and hydrogen fluoride gas or

hydrofiuoric acid,

ammonium fluoride,

ammonium bifluoride,

triethanolammonium fluoride (TEAF),
diglycolammonivm fluoride (DGAF),
methyldiethanolammonium fluoride (MDEAF),
tetramethylammonium fluoride (TMAF), and

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

39. The method of claim 37, 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-hydroxyethylymorpholine,




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

nonoet hanol am ne, 2-(nethyl am no)ethanol, 4-(2-hydroxyethyl)norpholine, 35
4- ( 3-am nopropyl ) nor phol i ne, and N, N-di net hyl - 2- (2- am noet hoxy) et hanol . 21
April 2006 40. The nethod of claim 37, wherein said nitrogen-containing
carboxylic acid or imne is selected fromthe group consisting of:

i mnodi acetic acid (I1DA), glycine, ni3érilotriacetic acid (NTA),

hydr oxyet hyl i mi nodi acetic acid, 1,1,3,-tetranethyl guani di né! APHZ0s

et hyl enedi am net etracetic acid (EDTA), CH3C(=NCH2CH20OH) CH2C( O N( CH3) 2,
CH3C( =NCH2 CH2 Cefbiiparppebpesplylivg.er) 2, CH3C( =NH) CH2C( O) CH3,

( CH3CH2) 2NC( = . )2, | Hﬁoccqu( CH3) 2, and HOOCCH2N( CH3) CH2COOH. 41.
The net hod of %Mé‘%@%éﬁ@?‘&e o5ttt al chel ating agent is selected from
the group consisting of: acetoacetan de, ammonium carbamate, ammonium
pyrrolidi he di tﬂ'l&tﬁ%ﬂ%%%ﬁtl?ﬂl (39‘,P\Ef}1ce)réin saq& %E}E%l—co%h%rg] ac‘:gr%bxylic acid or imine is

sclected from the group consisting oft

iminodiacetic acid (IDA),
glycine,
nitrilotriacetic acid (NTA),
hydroxvethyliminodiacetic acid,
1,1,3,-tetramethylguanidine (TMG),
ethylenediaminetetracetic acid (EDTA),
CH;C(=NCH,CH,OH)CH,C(O}N(CH3),,
CH;C(=NCH,CH,0OCH,CH,0H)CH,C(O)N(CHj),,
CH;C(=NH)CH,C(O)CHj3,

- {CH;3CH,);NC(=NH)N(CH;CH,),,
HOOCCH;N(CH;);, and

HOOCCH;N(CH;)CH,COOH.

41. The method of claim 37, wherein said metal chelating agent is selected from the group

consisting of;

acetoacetamide,

ammeonium carbamate,

ammonium pyrrolidinedithiocarbamate (APDC),
dimethyl malonate,

methyl acetoacetate,

N-methyl acetoacetamide,




acetoacetate, N-nethyl acetoacetam de, 36 21 April 2006
1,1,1,5,5, 5-hexafl uroO 2, 4- pent anedi one H( hfac),
2,2,6,6-tetramet hyl -3, 5- hept anedi one H(thd), tetranethylanmoni um

t hi obenzoate, tetranethylanunoniumtrifluoroacetate, tetranethylthiuram
disulfide (TMIDS), lactic acid, anmmoniymlactate, nmalonic acid, formc
acid, acetic acid, propionic acid, gamm-butyrolactone, { Anri

met hyl di et hanol amoni um tri fl uoroacetate, and trifluoroaceti @ A&f'd%%642.
The net hod of clZ&4-penBidediodaerein said fluoride source is selected fromthe
group consisting of: any conbination of ammoni a gas or ammoni um hydr oxi de
and hydrogen f| ubhl.885-hgedluod-2aydneidisns g d, amoni um fl uori de,
anmoni um bi fl uoride, triethanol amonium fluoride (TEAF), diglycol anmoni um
fluori de (DGAF) 2.2hetdghethdSiSenpthadivonilam)f | uori de ( MDEAF) ,

t et ramet hyl ammoni um f | uori de (TMAF), and
tetramethylammonium thiobenzoate,

met hyl
2, 4- pent anedi one,

tetramethylammonium triflucroacetate,
{etramethylthivram disulfide (T MTDS),

lactic acid,

ammonium lactate,

malonic acid,

formic acid,

acetic acid,

propionic acid,

gamma-butyrolactone,
methyldiethanolammonium trifluoroacetate, and

trifluoroacetic acid.

42, The method of claim 37, wherein said fluoride source is selected from the group

. consisting of?

any combination of ammonia gas or ammonjum hydroxide and hydrogen fluoride

gas or hydrofluoric acid,
ammonium fluoride,
ammonium bifluoride,
triethanolamimonium fluoride (TEAF),
diglycolammonium fluoride (DGAF),
methyldiethanolammonium fluoride (MDEAF),

tetramethylammonium fluoride (TMAF), and




37 triethylamne tris (hydrogen fluoride) (TREAT-HF); 21 April 2006 said
organi c am ne(s) conprise a species selected fromthe group consisting of

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

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

triethyl enedi am ne (TEDA), hexanethylenetetramne, 3, 3-imnobis

(N, N- di et hyl propyl ani ne), nmonoet hand’ani ne, 2-(nethyl am no%{et hanol ,

4- (2- hydr oxyet hyl ) mor phol i ne,  4-(3-am nopr opy! ) mor phol i ne Agrit 2006

N, N- di net hyl - 2- (2-a oet hox thano enous conponent conpri ses
a speci es sel ect ed %a?lﬁletg?# Jpeeh @Fg% (ﬁ%ﬂ%ﬁ H 'mi nodi aceric acid (|DA),
glycine, nitrilotri acetl c acid (NTA), hydroxyethylim nodiacetic acid,

CHo( ot Cro o) B TR st AR DR ARl o N Gy 0,

CHBC( =NH) CH2C( O) CHa ity & BHBRHBLANC =NH) N( CH3CH2) 2, 38 HOOCCH2N( CH3) 2, and

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

tricthylenediamine (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)ethanoi;

~ 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,OH)CH,C(O)N{CHa),,
CH;C(=NCH,CH,OCH,CH,0OH)CH,C(O)N(CHj;),,
CH;C(=NH)CH,C(O)CH,,

(CH;CH,);NC(=NH)N(CH;CH),,




HOOCCHZN( CH3) CHZCOCH, and 21 April 2006 said formnul ation includes a netal
chel ati ng agent conprising a species selected fromthe group consisting

of . acetoacetam de, anmmoni um carbanmate, anmmoni um
pyrrolidinedithi ocarbamate (APDC), dinethyl nal onate, nethyl acetoacetate,

N net hyl acetoacetam de, 2, 4-pentanedi one, 1, 1,

1,5,5, 5-hexafl uoro- 2, 4- pent anedi one H(3ﬁf ac), i
2,2,6,6-tetramet hyl - 3, 5- hept anedi one H(thd), tetranethyl anfroRiLATe

t hi obenzoate, tet rgg@bﬁq niumtrifluoroacetate, tetramethylthiuram
di sul fide (TMIDS), tior étl ¢ acid, lactic acid, ammonium | actate,

mal onic acid, for ”Héo@%ﬁ%(gﬁg)%ﬁféo@ﬁ' Hdq Propionic aci d,
ce

gama- but yroI act one I'm ho e aC| met hyl di et hanol amoni um
trifluoroacetate, and 39 trifluoroaceti c acid. 21 April 2006

said formulation includes a metal chelating agent comprising a species selected from the

group consisting of:
acetoacetamide,
ammonjum 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-tetrammethyl-3,5-heptanedione H(thd),
tetramethylammonium thiobenzoate,

- tetramethylammonium trifluoroacetate,
tetramethylthivram disulfide (TMTDS),
triflnoracetic acid,
lactic acid,
ammonium iactate,
malonic acid,
formic acid,
acetic acid,

" propionic acid,
gamma-butyrolactone,
iminodiacetic acid,

methyldiethanolammonium trifluoroacetate, and




43. The nethod of claim 37, wherein said fluoride source conprises a
conpound having the fornula R RZR3RANF in which each of the R groups is
hydrogen atons or aliphatic, and wherein said netal chelating agent has
the formula: X-CHR-Y, in which Ris either hydrogen or an aliphatic group,
and X and Y are functional groups con%gining mul ti pl y-bonded noi eti es
havi ng el ectron-wi t hdrawi ng properties.””44. The nethod of claim 37, wherein
said fluoride source conprises a compound having the f or mul 2! APEZPISRANF i n

whi ch each of the R ghrgitpRedcSicfaydrogen or aliphatic, and wherein said
metal chel ating agent has the fornula, R RRR3RAN - Q2CCF3 in which each of
the R groups is hydrogen or aliphatic. 45. The nethod of claim 37, wherein

sai d nitrogen- cotndivl BOclGa370%Yrdif sadCidrifdSulcdEom BQJS%!)I%%OU%#IH - NRR
wherein each of R @ﬁﬁféﬁ jnqgﬁendentlﬁ_selepteﬁ fromthe grou
consi sting of ﬁ?%’?"o LR Ap whichiegeh of he R o iskydrpgen atoimg or dlhatia, axdt hod of
renovi ng resi duehddinsmidanaad tiedlathghdeaitianghe Boria@si St pl asma ashing step on said
waf er, conprising contacting the wafer with a cleaning fornul ation,
including (i) a fluoride source, (ii) at |east one organic amne, (iii) a
ni t r ogen- cont ai ACHE-Xar boxylic acid or an imne, (iv) water, and
optionally at |east one netal chelating agent. 47. A wafer cleaning
formulation, including (i) a fluoride source, (ii) at |east one organic
amne, (iii) ahichb§encitisnhuirogengr voatiphaty leiawp.aoil & ad Yaareifmictieal groupy  Wat er
and optional |y combiningskipRHndR hdictieBlA kl@&roﬂ%tﬂgmw%{gg{ogéﬂest he pH of the
a .

wafer cleaning fornulation is between about 7 an 40 21 Apri
2006 48. A sem conductor wafer cleaning formulation conprising the
fol I owi ng 4onpdhenicthod of dldia 37 petietRniaalifioRie Weicd BmfrRAIES PO haviAGEd ON

the total wei f RﬁﬂgPon nts: fluoride sourcel-35% organic
ami ne(s) 20- 6009/0'?&11913 RHGH, nWhich ach of the K groups is hydrogen of aliphatic, and
wherein said metal chelating agent has the formula, R R;R3RN* "0,CCF; in which each

of the R groups is hydrogen or aliphatic.

45, The method of claim 37, wherein said nitrogen-containing carboxylic acid has the

formula:
COQOH-CH,-NRR®

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

hydrogen, alkyl, aryl, and carboxylic acid.

46. 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,

47. A water cleaning formulation, including (i) a fluoride source, (ii) at least one organic
-aming, (iii} a nitrogen-containing carboxylic acid or an imine, (iv) water, and optionally
at least one metal chelating agent, wherein the pH of the wafer cleaning formulation is

between _about 7 and about 9.




]

a nitrogenous conponent, selected from nitrogen-containing carboxylic acids
and i mnes 0.1-40% wat er 20-50% and netal chel ati ng agent (s) 0-21% TOTAL100%
wherein said fluoride source conprises a conpound having the formul a
RIR2ZR3RANF in which each of the R groups is hydrogen or aliphatic, and
wherein said fornmulation includes a netal chelating agent of the formula,
R, RRRBRAN" "02CCF3 in which each of t#ie R groups is independently hydrogen
or aliphatic. 49. A semniconductor wafer cleaning fornul ati orfléeiFPisi ng t he
foll owi ng ¢conponents in th ercent age by wej ght ranges shown, based on
the total 4§vei ghtepicondycier ‘E"g‘?‘fﬁgﬁ%‘%&fgf:m g PoreREisigs e ddlp R opBpagss & the

am ne(s) 20- 60%eiceniate BRI Fan GO SRS Eed cnheabhBkifht OMuel domPaRA.CoNt ai ni ng
carboxylic acids and imnes 0.1-40% wat er 20-50% and netal chel ating

agent (s) 0- 21% TOTAL100% wherein said nitrogenous conponent includes a
conpound havi nfjuaridesdugenmul a: COOH CH2- NRR' 41 21 April 200&s%herei n each of
R and R is independently selected fromthe group consisting of hydrogen,

al kyl, aryl, afrdaneeanboxs)| i c aci ds. 20-60%
a nitrogenous component, selected from nitrogen-containing carboxylic acids and imines
0.1-40%
water : 20-50% and
metal chelating agent(s) 0-21%
TOTAL 100%,

wherein said fluoride source comprises a compound having the formula R;R;R3R4NF 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,RsRN* "0,CCF; in which each of
the R groups is independently hydrogen or aliphatic.

49, A semiconductor wafer cleaning formulation comprising the following components in the

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

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

wherein said nitrogenous component includes a compound having the formula:

COOH-CH,-NRR’




41
21 April 2006

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

hydrogen, alkyl, aryl, and carboxylic acids.




