COWVPOSI TI ONS FOR PROCESSI NG OF SEM CONDUCTOR
SUBSTRATES FI ELD OF THE | NVENTI ON [ 0001] The present

WO Ro0sBi406 rel ates to conpositions for processpOoyus006/002902
nicroelectronic devi ce substrates, including

pre- %‘%‘Jr[ﬁ‘8§ Eﬁé?ﬁ%@sgﬁ%@%ﬁ@ﬁc NERRAAR otg¢§erATEs

post - chenrcal nmechani cal pollshlng cleanlng of
m croel ectronic oF 1 ¥ )CRI PTI ON OF THE

RELATED ART [00021 Nlcroelectronlc device wafers are
0001k oq Ths mespahinvsntiop relttescto cpmpasitions. fo precaesiies ofciisweledionic

devxd@ﬂfoﬁﬁltgwaﬁﬂfdm‘g R}Sﬂmrﬁﬁ&s &sﬁtﬂh&t%ﬁic@ reﬁﬁﬁtﬁn Aste- ?Ilatltdg(b%mg,
| C e r e atter. e or e lon O
P°S“c?p°§‘f°1€?“é‘%% LRRS R ﬁgﬂlﬁﬁ P fgeﬁat}etrp%dwe

wafggm - conducti ve properties. [0003] In order to obtain
the correct patterning, excess material used in
formng the |la ers on t he substrate nmust be renopved.
Further, to £ ER AR
C|rCU|try it is |nportant to have a flat or planar

[0002) Cr QdicRelkEtdRic CdedRE BFafdd! lafaaed €5hret§m integda®d nc%%s aFfie
mictbQedn&ID dgmgnonr o] i sh ertalqbsur aces of
m oroel ect ot @ P8 StFas sushorosifcomati V&IHTh regions are
pattexged ﬁ‘aﬁﬁmhowml@hhmt@als E:hvat’gaﬁSula&\teL @ndicti¥eMPsemidcendactive
propBfti@cess in which material is renoved froma surface of
a mcroelectronic device wafer, and the surface is
pol i shed (planarized) by coupllng a physical process

[000SuCh I Srdadab Sithif) e Wbrkebt pﬁtte@rhﬁé‘rb&@gs nfdfeRl&i %sed ﬁféﬁﬁng&? éary?ﬁs

oxi dati on r chel nost rudi ment ar
on WRSHERG Soide ~SRHD | ey o eyt PRt e blegitait, i 1
impatentalgive afiet @plaat iivecledueni: Siafey sufude. 2 TRG| itSHhétgss@ado
remdvB %Id/cp Pglfsﬁ ceridft saHL %f;aemlgxfoelg trr(pnf% { gv?cleecl' foni ¢ devi ce

waf er to achieve t e reno nari Z4tion, and
pol i shi ng process. IS not desirable for the renoval
[oooQyr p@hbﬁf&hl'}@ecﬁ&gbﬁleﬁ)ﬁslﬁl% &@1&%&5‘(@@1\/@5 1?9{;)?0358 nhwhlch

‘ chenrcal acti on,
et R e d foB o et ol rmiroelseoric, diviet Heler, oo ot i
pohshats(planamrzefdt))bmdupihig‘a@hysmhlrprdcb@ stxoakaﬁ htﬁ@toh@ﬁth@fchénlﬁﬁa@ﬁlro@és@d

I be able. to
such G EMNGPor IR o8 R e B PO o, o
soluqoayaépzsab@zpswp@{rdaqngicm cthemistor toruatwﬂlllralpad that Hulffa the RBingHaé yf a

nucr&he@ﬁ&ﬁc BVt REET0 SRRvAR: @ﬁl&gﬂ" Sﬁganfzﬁfon %H(p %o%gtﬁr?grlvrocess It is

rajin
not dgsua S lt’c;ritlllg?gmovg)lhy’ or. patte g, et

or pohshmg process to be comprlsed of purely physical or purely
chemical action, but rather the synergistic combination of both in order to achieve fast uniform
removal. In the fabrication of integrated circuits, the CMP slurry should also be able to
preferentially remove films that comprise complex layers of metals and other materials so that
highly planar surfaces can be produced for subsequent photolithography, or patterning, etching
and thin-film processing.

[0005] Recently, copper has been increasingly used for metal interconnects in integrated
circuits. In the copper damascene process commonly used for metallization -of circuitry in
microelectronic device fabrication, the layers that must be removed and planarized include

copper layers having a thickness of about 1-1.5 pm and copper seed layers having a thickness
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[0009] The following patents illustrate various formulations for cleaning of
microelectronic device substrates. One type of cleaning formulation that is employed with
copper metalized substrates is described in U.S. Patents 6,194,366 and 6,492,308 and contains
tetramethylammonium hydroxide (TMAH), monoethanolamine (MEA), copper corrosion
inhibitor and water. The disadvantages of such formulations include their susceptibility to
degradation when exposed to oxygen, which in turn results in darkening of the color of the

formulation, “with the result that sensors associated with microelectronic device process tools
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[0014] In one aspect, the invention relates to a composition including (i) alkanolamine, (ii)
quaternary ammonium hydroxide and (iii) a complexing agent, wherein the complexing agent
includes at least one component selected from the group consisting of acetic acid, acetone
oxime, alanine, 5-aminotetrazole, ammonium benzoate, arginine, asparagine, aspartic acid,
benzoic acid, benzotriazole BTA), betaine, dimethyl glyoxime, fumaric acid, glutamic acid,
glutamine, glutaric acid, glycerol, glycine, glycolic acid, glyoxylic acid, histidine, imidazole,
iminodiacetic acid, isophthalic acid, itaconic acid, lactic acid, leucine, lysine, maleic acid, malic
acid, malonic acid, 2-mercaptobenzimidiazole, oxalic acid, 2,4-pentanedione, phenylacetic

acid, phenylalanine, phthalic acid, proline, pyromellitic acid, quinic acid, serine, sorbitol,
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[0018] In a further aspect, the present invention relates to a method of manufacturing a
microelectronic device, said method comprising contacting the microelectronic device with a
composition for sufficient time to at least partially clean residue and contaminants from the
microelectronic device having said residue and contaminants thereon, wherein the composition

includes (i) alkanolamine, (ii) quaternary ammonium hydroxide and (iii) a complexing agent,
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complexing agents, against an untreated copper surface having a roughness of 1.4 nm.

[0031] FIG. 11 is a photomicrograph at magnification of 40,000X of a post-etch wafer

showing residue in vias therein.

[0032] FIG. 12 is a photomicrograph of the post-etch wafer of FIG. 11, at a magnification
of 80,000X, showing the residue in the vias, in greater detail. ’

[0033] FIG. 13 is a photomicrograph at magnification of 40,000X of the post-etch wafer
shown in FIG. 11, after cleaning by spin/spray with a TMAH/MEA/lactic acid aqueous

cleaning composition AA. The residue has been removed.



has been pl ated subsequent to surface preparation wth
an aqueous conposition BA including TMAH,
wa@nioaogt4ho©xyet hanol , di met hyl am noet hoxyet hanoPCT/asz06/002902
oxalic acid. [0027] FI'G 7 is a photom crograph of a
cobal t-plated m croel ectronic device structure that
has been pl ated subsequent to surface preparation with
0034 aqli¥bd4 isephpowictogrph GEhel pogtietebliwafyr FINBG, 13, at a magnification

o 0 (5 a, ! d
A Pk s AR O, 21

Angstronms per mnute, for TMAH MEA conpositions P AA,
[008%] AQFICBTS ls'éEnlﬂll othd'i@Ede R thdpgifickitibh 61 S0 QML g?fdt Bh wafer
n allic aci ctic e an su00|n|c

shof IS, 183 IR AN i gfawﬁ@é?g%ﬂ%ﬁ?@%@m POIS2S cleming
cOH@OﬂEl@OHdJ Qhalphdl@ﬂlaWpﬁlamwed oughness, in nm for various
TMAH MEA conposi tions, showing the relative magnitudes

of the roughness associated with varyi ng conpl exi ng
10038} o1t EIG. d@yizpbgtomisrogmply of the@asteish pafer & FiG-dé cat h mpgnifipation
of 3000EN) Elﬁﬁ/&g@lﬁe réméval$ ithe[pBL3N rebilifein hOvib,Sn T%ﬁ\%t?/%%\l. of

surface roughness, in nm for various
conmpositions, showing the relative magnitudes of the

[0037bu g hRes $7 amgiommram sthmagaifiyationg o AP0 6 g p@gaat Wafer

ihodpa) P 1"“”af**m’1"§?"gpl SIS o' PERAR Bl hOg Rales®

CICaH‘&é Fﬁ"?ﬂoﬁgﬂfﬁ The residuethochreryemeregost - et ch waf er showi ng
residue in vias therein. [0032] FIG 12 is a

ot ogic h of th st-etch wafer of FIG 11, at

[00%51 magﬁ(}f Fégg E‘ﬁOIB‘Frog ?‘O’g poskRighFp{Er A FIO- 1@<t ameetifisatione
of 80,000, stiowingtt@atmeovalhe tha ipdst-etfHYOSBE iFth&ria, 1Bgrbdter detail.

phot omi crograph at magni fication of 40, 000X of the

ost-etch wafer shown in FIG 11, after cleaning by
[0039pi n/Epr &Yyis\inbpomicmsapy WEADNBHITCOTAQI0003 ofl feoprst-ctch wafer
showh @ARIGN1, Oﬂt@fpa&in sprdy itk § SIMIAIE/MIDS,
o r.enoved. ‘{H"\éf %gg’ﬁ:%g photom cr ograggdliﬁgfmaueous
“aBe tEPY erS?‘d‘P g beopgemoyed. 5 g fi cati on of

80, 000X, showi ng the renoval of the post-etch residue

ot 2 t ai 0035 i S
1000 e s BRHERLEh oF B Bln < o Bl Epesifion
of 8 W@PWﬁgMPeﬁ-eghmwelrﬂmﬁm@m mwaaﬁ gesterake@@ni ng by

spi n/ spray WI th a TMAH MEA/ gl yci ne aqueous cl eani ng

nposi.t . The residue has been renoved. [0036
004if & o% #lsls & PRHOIGHOEERRS Magificgtion a{ 40.AYS ofhetostrighetafep
shokl EFIA3,1, fter BnrigRgsn ddaking Witha TMAH/MEA/lactic acid aqueous cleaning

composition AA. The residue has been removed.

[0042] FIG. 22 is a photomicrograph of the post-etch wafer of FIG. 21, at a magnification
of 80,000X, showing the removal of the post-etch residue in the via, in greater detail.

[0043] FIG. 23 is a photomicrograph at magnification of 40,000X of the post-etch wafer
shown in FIG. 11, after immersion cleaning with a TMAH/MEA/glycine aqueous cleaning

composition U. The residue has been removed.



of 80, 000X, showi ng the renoval of the post-etch
residue in the via, in greater detail. [0037] FIG 17

WO 3008/0p130¢ oni cr ograph at magni fi cati on of 40, OBCXUSL006/002902
the post-etch wafer shown in FIG 11, after cleaning

Spi R/ spray, wi t.h a TVMAH
L P e Lk e T )
shofr0 B3BIG. ANl Gaftet Sminsrsian pheaningrivith g THMAR/MEASreinjsoastd. aquedys
. Fl | fkgeation of 80, 000X,
dea}élﬁ%c\%&ﬂ%&lto é@rrgﬂr%\isgﬁ&g%btg%g&%%gf-etch residue in the
via, in greater detail. [0039] FIG 19 is a

[0048]10t QHIG. C?.EQQ:E Ifiﬁbtbnﬁdrogi@)grcbf thi ﬁ@f—d:tﬂnvﬂérfoﬂﬁm MKt a()xﬁag”nh'ﬁatlon
tc G 11, after cleaning by
or sl Syl W5 e e Rk outg i, Bl e AT

cl eani ng conposition CO The resi due has been renoved.

[OOJ\gg]QMHIG @6&1%?&%' e tﬁﬁc}QJ%& P b Gl'élﬁ{gfé@%pé? frafdl % ﬁ@&ﬁm{s&f Gibhe

a magni fication of 80

foll@‘hwﬂﬁ’gmph@f%ylm@tsm Gesi due remaining in the via, in
greater detail. [0041] FIG 2 1 is a photom crograph

catlo of 40, 000X o fer .~
008 o B 7 B oy g beoRRRe et ST S SRT REOH FRpon
FornhiWdh WFA/ | acti ¢ aci d aqueous cl eani ng conposi ti on AA
The residue has been renoved. [0042] FIG 22 is a
phot om crograph of the post-etch wafer of FIG 21, at
[0048] e g PEad ah clefirogonigugpeh ehbnicerirot Hafer ohbisare Ht afigie
imnR@Rh iflotulstRBC¥Ue in the via, in greater detail.

0043] FIG 23 is a photom crograph at rmgnlfl cation
of 40, 000X of the post-etch wafer shown in FIG 11,
[00491 t er FIGNZR 1 iad Bledtlos atidropgapviof Hipat vidddrlidvibkhighrgeghrvefer prior

ueous conposition U The residue has been
to‘re?{'s@l?/ne F%:rﬂﬁlfﬁanklngG 24 is a photom crograph at

magni fi cati on of 40, 000X of the post-etch wafer shown

[OOSUIP/AFI fG. 3dB i QEctrbAHE:SHDR of la QRBVAA PoW vidlbaRrier breakthrough

MEA/ succi ni ¢ aci d aqueous cl eani ng conposi tion
Waf?(@mflfﬁgm?eé%?nd{hg“ﬁ‘a@%’e%% renoved. [0045] FIG 25 is a

photom crograph of the post-etch wafer of FIG 24, at
t.i gn 000X f e
[Oo]glé)st e ‘?esn dlfgmfon c%g\?? ha,gpgwoggréaa‘{%}& %et al oug% it
subfeQ@46) lrﬁnefﬁlorﬁﬁF@ﬂduumeri‘(-es t he thi ckness of the
bl anket ed copper wafer as a function of tine follow ng
imrersion in forpulations CT-CY. [0047] FIG 27A i s
[002] ect FiGn 28 d¢ afyclepPuoticrsaph o &IPosiafashariss pepighrough w o

subscd¥9RY 16 in@ferdiéh in Formulation AC.

[0053] FIG. 30A is an electron micrograph of a patterned post-etch, post-ash Al wafer via

before immersion in Formulation CQ.

[0054] FIG. 30B is an electron micrograph of a patterned post-etch, post-ash Al wafer via

of FIG. 30A after immersion in Formulation CQ at room temperature.

[0055] FIG. 30C is an electron micrograph of a patterned post-etch, post-ash Al wafer via
of FIG. 30A after immersion in Formulation CQ at 40°C.



Formul ation CV. [0048] FIG 27B is an electron
m crograph of the control wafer of Figure 3A after

WO ove/08i4060 i n Formul ati on CV. [0049] FIG 28A PGI/ER2006/002902
el ectron m crograph of a post via-barrier breakthrough

fer Lor .to immersion in Formulation CV. [005
003 " 5RESEL ik SRR PISTPLPR b PACbPoRelEh sateth Sbutter
bong pat dd g refoer immes @k it fooagdtionaler prior to i nmersion in
Formul ati on CV. [0051] FIG 29A is an electron
m crograph of a post via-barrier breakthrough wafer
(007 bs eaf&eﬁ%B fsoan elgsisorsmiseperaph PHR mettermed post-@vh, ppOBRAl WifG
bond B ddfe GTRICR B £ hfed BrrkbridnQl PRIl (R AR (hhReRAL T 1 €r
br eakt hr ough waf er subsequent to imrersion in
Formul ation AC. [0053] FIG 30A is an electron
[0058] cr oBiGapIC &f ancelqadrt microgthplposh patembd p@e&th, psdadhl AMairar
' ‘ i ' 0 ti [0054] FIG
bonl{ 1 I R ER, p IURACE il s P B S | e
post-etch, post-ash Al wafer via of FIG 30A after
[0039MTET BIGORRA R alr Gleéiéh idrQapfer 2bladnRUnl LIRS @'%ﬂe{rre?ched down
ot 0055‘]r I(% 0OC.is an electron mcrograp_h of a
SORPEYHaip Bdere Mrpgssionp EprmylafionQ waf er via of FI G 30A
after inmmersion in Formul ation CQ at 400C. [ 0056] FI G

A | §rael I aph of a pa e

o0ebf . EOZls S b il it 3P p e B DR oo 524
aftef iFpHersion ghForpulgtion FQIa640°6n CQ [0057] FIG 3IB is an

el ectron m crograph of a patterned post-etch, post-ash

r.bond pad edge of FIG 3l A after immersion in

[‘""@5) r \nAﬁllE@t 130is eyleiion pemerahpEt Blasmemtched JHOR water cichgl dogn
to tHesompr sebseaté bedste M A@iAPsmoktich AL t er ned post - et ch,

post-ash Al wafer bond pad edge of FIG 3lA after

imrersion in Fornmulation CQ at 400C. [0059] FIG 32A
[00625 anFIg| ¥dtis emnelertior wipreepiph of a plagplagshel BiGSheder BEER. 33A

afteM¥BhRFsiof indkashideNBQl.AabBe copper substrate before
imersion in Formulation CQ [0060] FIG 32B is an

el ectron m crograph of a plasma-etched TECS wafer of
[00B] G BGA4aE heéledtidiRiicid gedph loNa Fladmilthdéd THORA@ of 408C 324

and 33A after immersion in Formulation CQ at 40°C.

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED
EMBODIMENTS THEREOF

[0064] The present invention relates to compositions that are variously useful in
microelectronic device manufacturing, e.g., for processing of wafer articles that have or are
intended to be further processed to have copper metallization, in operations such as surface
preparation, pre-plating cleaning, post-etching cleaning, post-ashing cleaning and post-

chemical mechanical polishing cleaning of microelectronic device wafers.

[0065] For ease of reference, “microelectronic device” corresponds to semiconductor
substrates, flat panel displays, and microelectromechanical systems (MEMS), manufactured for

use in microelectronic, integrated circuit, or computer chip applications. It is to be understood



[0061] FIG 33A is an electron mcrograph of a

pl asma- et ched TECS waf er etched down to the copper
wanipsisawe before inmrersion in Fornul ati on CQ PEDOSRD6/002902

FIG 33B is an el ectron mcrograph of a plasma- etched

3A aft nmer.si an i n For
thot Mt et i i ot o BYTRERGC oy vt bl P
subgfateathay| veill ppenbiplishlstomTEOBomelicotronist deficGe: mBR¥leairodlic 38s8mbly.
PrefifabBY the MRIRERRic d&VidE %r%}lliséta' s&ch&:@J&tr SIII)c?e. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON, AM RRED
EVMBODI MENTS THEREOF [ 0064] The present i nvention
(0066} | at As ued Iemﬁp%mtﬂl\m&sﬁlﬁbatcoﬁsﬁonﬂﬁfol RAHEleY frUt%QfléJ;Lohklﬂ;tg

slu Q:!n%grl Sc%t 15 c'leg ?o?i&tmgr gaHH r;.glcﬁe%: Lbu rslhﬂc%{?étﬁ%gq P%{P‘-"éesg RIURsEY

mat?féﬁlsmf Cf’@fftwtt\lelr patictss.evspred coppertyanides, euhpg otheemabhalsabd menhe

by-prBdeRSF B EOMrosideh as surface preparation, pre-plating
cl eani ng, post-etching cleaning, post-ashing cleaning
and post chem cal nechani cal polishing cleaning of

[006T] Cr OAk eed kv, Ccoﬁﬁ:}\ﬁinﬁt?s waﬁr@ﬁchd td BOGRIs ;E@Jent@laﬁe cQtfP slurry,

el ectroni.c device respo

] 6L ER0Es oL T Goi s enTefhe Gy s o

theﬁM@rpaetsectronechanlcal systems (MEMB), manufactured
for use in mcroelectronic, integrated circuit, or

nputer chip applications. It is to be understoodthat
1006856 ¢ &1 AN Heretde pegteich prsiduc egrresronds ts matstial prseainingtfellotyéng

gas-phagd pwm@ ewmn@rpyocv@aé g dBEamc ldttl @EmABMe PrPRLAAL Bhel fo8etch
resi uelma e & alﬂfac I% ecol% roel ectroni ¢ device or
m cr R TR TR @Fe?%ﬁﬁ?mmtﬁdmmw for example,
silicg- e@@etlreomt@ni, carhsbe*bascceorgmmnataes aifl ol Fhsredidiie ©dch bs oxygen
and B¥sLrate. [0066] As used herein, "post-CM residue"
corresponds to particles fromthe polishing slurry,
carbon-rich particles, polishing pad particles, brush

[0069¢| oadi I’(lgﬁtﬁdlrlieteﬁt' e‘Somp%ilﬁb PAEeALE 1H@1§d3§ i@k cBfipounds that are
per oxides, and any

t |
SR St Pl 8 et Bt GHEIRGYE BB Elsh ST denth pemain
agenty, odersseqfieSiOBig] agéms. U Sediplhane bgents "vild rﬂl&ﬁbdﬂ@%ﬁbme with or
phy&@ly ﬁ(ﬁ@@t@%etapat&ﬂ gﬂﬁ/& %e 1 ?(?’ Eg{emo Il tursluet gI\/P rgtpomé?% o£ﬂ1§

reaction by-products o e po "sh Ny s
presgjtt fpntignt eri al s that are the by- products of the CWP
process. [0068] As defined herein, "post-etch residue"

rresp s to materjal remaining follow n
[007810 1§ used erein, “about” is intended to correspor% tot5 %of thegstated value.

[0071] As used herein, “suitability” for cleaning residue and contamtnants from a
microelectronic device having said residue and contaminants thereon corresponds to at least
partial removal of said residue/contaminants from the microelectronic device. Preferably, at
least 90 % of the residue/contaminants is removed from the microelectronic device using the
compositions of the invention, more preferably, at least 99%. of the residue/contaminants is

removed.

[0072] Importantly, the aqueous compositions of the present invention must possess good

metal compatibility, e.8., a low etch rate on the interconnect metal and/or interconnector metal
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gas- phase plasna etching processes, e.g., BECOL dua
damascene processing. The post-etch resi due may be

w@e@anspe or ganonetal | ic, organosilicic, or inPCTHERL006/002902
in nature, for exanple, siIicon containing nateriw

b ani h
sﬂlcﬁf@r T q\%&gs gf g%&flstfl cqadte, are [naia)l t ¢ afs ﬁl.rg:\gs e f;@lallt!

as oxy uori
almme@wﬁnemgtamgremd'mﬂldees t hose corrpounds that are
understood by one skilled in the art to be conpl exing
ent chel ati ng agents, passivating agents, and/or
[0073 queSTBOPHYS 24 dlirt @Ventienmnveby srepodigdir 8 Wiflq Yarigbieafispesificy
forn@atatitris) e heeihlifie@moeMyllyidesadidey. hol d t he nmetal at om and/ or
metal ion to be renoved using the conpositions of the
, 7f)resent i nvention. [0070] As used herein, "about" is
[00%4ht enldedl tuoh camposiignsnetherain siscific ofmponents dfathe domgksitien are
dlsc[lsgé?i71;1]reté%ndést§ et ﬁér&ntage%gtcﬁghllu&ﬂé/ Erggl%&érqﬁﬁﬂ i ll be

resi due and contam nants froma mcroel ronlc
undgrstond {fipt sugh gomnorsnifery oA aroeeathr absem awaswvsrse@ceﬁmmbodunents of

the @@ipostHPA that i@ idtande€RBdre A dotrBbnehts Hﬂé?ﬁﬁ:lsing he$ ﬁﬂa}ﬂbe present
ectro evl ce.

Je/c nta nts.fromthe mcraoe

at odgE G SR 3 B Hehenb RS S gt o e ermestion
mWhlshﬂelnmdneﬁltsemenhbym croel ectroni c device using the

conposi tions of the invention, nore preferably, at

| east _99% of the residue/contam nants is renoved.
(00787 2The FFBRopitiofs| §F the HBVeRENTea SRABHD Gempdsitines BEluding ()
alkaﬂﬂa&ﬁﬁhﬂ (11)I qﬁﬁt&iﬂﬁrly Qﬂmﬂhﬁﬁﬁl W&Sﬁ&sﬁxd qepd cHi%ﬁl@)tmg agent, which are
resen(t) € StOX ﬁ%'e pat etCh pate on
PSR ey CSH‘R%& hie &WWWPWE%%?P&%FO%P%&W@F@&
the m@n@dl satface z¢padationodndion tleamggt for whikh dle, cobipbsitiheis M. For
exadlﬂlmhte %Sinﬁogmolpﬁmﬁ&udebgﬁﬂ% Y% alﬁ&gﬁﬁnﬁ,}ﬂ}&% w%l qu’iltergzﬁg

tant al um i um a
ammgpivgn ydigyiden PP%ZW%b@Wmaua@m pnda the bj@ncpawa‘relt y Toé

comﬁcﬂﬂx@ﬁ fnl é)pt%ﬂfréﬂvlérﬁﬂoﬂlﬂﬁx&us AtmikRSE Rk HR ARG Jf Wl Yiution is
pl % M) In all such conposi tions, wherein

greaeb & l?sedlfrqt #RolsBHiWsi ti on are di scussed
in reference to wei ght percentage ranges including a

[0073]er 0 le %\%Edahée% thla tm\)éﬁtlob ttﬁg c er At OOdt & hsgctglugomposmons

nponen S may resen var
mcl*@g%euwaﬁfcov@ rﬁ@@mm@tnsplsct@r franh élec&mpcrsilﬂsnnm of @aiit 4chiatceione

oxinfe B SR SzoB GG R QIBBAS D GRRDRe Jﬁ%ﬂ%ht

b sent . at % entrations as |low a
enzﬁ'é raglg’n enzoffipgl BVt betaine ofimpthylelyghipoe ofumericacidy ﬂ’(ﬁ@ﬁ\“’t qcigin

glutamine, glutaric acid, glycerol, glycine, glycolic acid, glyoxylic acid, histidine, imidazole,

iminodiacetic acid, isophthalic acid, itaconic acid, lactic acid, leucine, lysine, maleic acid, malic
acid, malonic acid, 2-mercaptobenzimidiazole, oxalic acid, 2 A-pentanedione, phenylacetic
acid, phenylalanine, phthalic acid, proline, pyromellitic acid, quinic acid, serine, sorbitol,
succinic acid, terephthalic acid, 1,2,4-triazole, trimellitic acid, trimesic acid, tyrosine, valine,
xylitol, and derivatives of the foregoing amino acids, provided, however, that the complexing
agent does not include citric acid. Other complexing agents contemplated herein include
polyethylene ethers (PEGs), glycol ethers such as diethylene glycol monomethyl ether (methyl
carbitol), triethylene glycol monomethyl ether, diethylene glycol monoethyl ether, triethylene
glycol monoethyl ether, ethylene glycol monopropyl ether, ethylene glycol monobutyl ether,
diethylene glycol monobutyl ether (butyl carbitol), triethylene glycol monobutyl ether, ethylene
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i n which such conponents are enpl oyed. [0075] The
conpositions of the invention are aqueous conpositions
WO p@b/osli4ang (i) al kanol amine, (ii) quaternary aPQDDB2006/002902

hydroxide and (iii) a conplexing agent, which are

stvec R ERA Gy S e AR g gt e En BB oenyt et
propyléik efideldnayil ktere dipropplareadlycoinmetind /cther, @ipemlemg glyesl mefhiylch
e T L o e
trlprqmmlanealwalrlyprawheﬁﬁrupﬁOPW@P 8Pl @-buigl lep,-BRIORY en%lyc n'b“tyl

etherc(ﬁﬁﬁhﬁ)x LpEbpASRYiycotiiblitf1 RBed logyldhe ged] @henyildiiger (phenoxy-2-
nposition in a preferred enbodinent is fornulated so
P“m¥ﬁﬁfm¥ﬁ@‘ﬁﬁﬁﬁﬂ?ﬁ? y of the solution is greater than
.004 mlieqival ents of base per gram of sol ution.
007 ln.ac
0070075 R R SREE AR5 L AT of B ity
dmmMSa@mmmﬂ@mB@ﬁpoﬁEmbw9%4ected fromthe group consisting
of acetic acid, acetone oxine, alanlne
ami not et r azol e , _.anmmoni um benzoat.e, ? lated s
10°7§ls parﬁa&}fﬁlés ef%bgﬁ‘é{’uﬁ’et? dheOmpPSIigRs | ed“a?&ﬁ”& SRIBPISEST e
as tol ﬁtﬁﬁ}tweﬂ?&bﬂprﬁlﬁ codl$istret bgtklstgdsgpﬁnallymf spegifia rcpmpcmcnt:d identified
glutaric acid, glycerol,
]wmga§m tmﬁ$whf émgﬁgg gl yoxylic acid, histidine
|n1dazole |n1nod|acet|c acid, isophthalic acid,

[0079]t aCQBb&taﬁ’tEf' Giieldcfet fn&tex@a@' ﬁ{clu(iu%J WWE, dlélééﬁ’icnﬁlatefm| QALIC as
['i ¢ acid, nalonic

Orth%ﬂﬁ%? @'éift GER i By F5gted e??ié}“? getal pllpy materials, e.g., copper,
tungaexfl Mﬁ@n edé.0oe, thep heicydl@ceaid deviei ae @h@nmbxafna;nd fbg, the

ro in Y [

°°m§<z§1“8n %gﬁcliaﬁ%’qh SBHHRE S o?col)g ucer %Tﬁzh (l:sl %8 Qaél,%gt er eg[ﬁ't ﬁS ?‘ min’
to at@ei 160 A rhin?, mbre prefaaldly ehout k5 Armin'jtq abeutgch @int r i mesi ¢ aci d,

tyrosine, valine, xylitol, and derlvatlves of the

f oregoi ng am no aci ds, prOV|ded howev t hat the
[0088h rrpg’éh? i cqpplEh peellotsEveR &t Tacilifale theeniog @p é“%?ﬁ? afep‘t‘i‘“l%
subsaRBPHL. £ XrhidB cla @0t Fevicd Bibeinds adgfitind@daginaridioe buifles preparation.

polyethylene ethers (PEGs), glycol ethers such as

di et hyl ene gl ycol nononethyl ether (methyl carbitol),
[0081T i etThyl @meosgioys: of theoinen@nhyt aiwishide in ¢hasackey I(me‘)?@da‘}@ol

res1sr£re}% Oﬁ.ﬁé h¥Jsu1 Jsﬁlbr%tolm snnaﬁ YRk ume@&tth%mﬁ,a@&romc

no rop er, ethylene gly

devm wlec_\)ar etmeqsxty ‘tfl“é‘[oﬁiﬂl %ﬁﬂ’éﬁ“@& PE WU GHSE Tt BV fepments

to maRtintheiGRbitylapl dolort 1 €t hyl ene gl ycol nonobutyl et her,
et hyl enegl ycol nonohexyl ether, diethylene glyco
nonohexyl ether, ethyl ene glycol phenyl et her,

[00821 opy$peciﬁc gdn}p@ﬁhonmthiylltheeﬂrbwrsgzopd iop the IyvEmioe vgdicyadm finclude:

o &h Haevgngeutahtyl t{nl gc{sp&ff% {lqnegﬂa}(nﬁﬁl lm B{An @gm cleanmegnoef

mlcg)lely@mhlc rﬂe-plpq) pghstr@qsh @q@m;(ogp@s’g)avmg ut111ty for surface preparatlon of

microelectronic device substrates for metals plating; and compositions having utility for

cleaning of microelectronic device substrates after etch and/or ash processing thereof.
[0083] In various applicatidns, the compositions of the invention may be utilized in a

highly concentrated form, which is taken here to refer to compositions containing less than 20

% by weight water, based on the total weight of the composition, preferably an amount of water
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tripropyl ene glycol n-propyl ether, propylene glyco
n- butyl ether, dipropylene glycol n-butyl ether

W@ DR@B&Mpe t ri propyl ene gl ycol n-butyl ether, pPOPYEEN€002902
gl ycol phenyl et her (phenoxy-2- propanol) and

onbl on 007 n a specgific as ec}
in o RE dRG 20 6o A B PR CEBG pRS 4 (0 % walr,
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pplications, the conpositions of the invention may be
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composition, more preferably in a range of from about 4 to about 45 wt%, and most preferably

in a range of from about 6 to about 35 wt.%, on the same total weight basis.

[0087] The concentration of the alkanolamine in highly dilute compositions of the
invention may be in a range of from about 0.001 to about 6 wi%, based on the weight of the
composition, more preferably in a range of from about 0.01 to about 2.5 wt%, and most

preferably in a range of from about 0.06 to about 2 wt.%, on the same total weight basis,

[0088] Compositions in accordance with the invention also include quaternary ammonium
hydroxide, typically present in an amount of from about 0.005% to about 40% by weight, based
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% by wei ght water, based on the total weight of the
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[00§9%i nt Tif conepetration OBiHG qiafernatyleemonippl iyd@kide mshighlih@ncentrated
conﬁ:@:{M§ bitthcoﬂ%n%n hd¥®e Ir%?ge o?ﬁo up(ﬁOILﬁ) bdu? % ba%edgon

dilute form ere as re
the W&l%ﬁﬁ%m%ﬂgn @@rﬁpafffmhhgmarange a& frory gboyg Q/vhtoabout 20 wi%,

and (i3 grefelably iR rApDs FonDfoM Llo dbbut3 A5 IR tRf saek BB %lgﬁto
bas 99.999 wt. %vater, nore preferably in a range of from
*§7 to 99.99 wt. %vvater and nost preferably in a
range of from98 to 99. owt. %water. Such dilute

npo y
wokprEoes atagate sy Gl g, A o g
compesiRs ﬁfgh@wn@@ﬂaa b@mfama@ effeomsahet § 98003 fo abhs 23 wi%, based
on tBd WéigHt Uf Be cdMpoditi, lﬂér@ﬂ@fefaﬂlg 115&‘1"31‘1@%? foth %ouﬂ?’mg %&h 15

lafin t.i ons for cl eaning of

worf o] R e RRbHit REveii Bt SAVER SEIERE PO e Bepedorl
weighibsstsr at es after etch processing thereof. [0085] The

conpositions of the invention include al kanol am ne,

whi ch can be of any suitable type, and is typically
10093} es e Hte qopcentrpti g casfpleking pesabmay bOaPGibleordontior08%
whidly ﬂl%brﬁ;mxnngbefg&ﬁ s Gftcivao PRVEAID enificelB® of m&& Ipgsgara’aon
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d) | lLustrative al kanol am nes that may be usef ul
an §bg?:ai“1‘“$ °rc"8‘r‘FB Gompestion ﬁ‘E’Itai‘,fH’ég Satge fSHBtﬁ‘ide‘I’ forhetusad; dypically
the emtanoaiohyf te blmiplﬂxmmagbﬁt is N’mfahgé AfioMQBEWD 81001 wt.% to about 20

WLO eth et hanol

)gnié%ggdg%% quér/n Ft‘c%‘t]ag 6\9 g oglno g gmx agent, alkanolamine,
quatﬁ@memamwnbyﬁrme, fiﬂd Wettfrhanol amne, C - C8

al kanol am nes, |-am no-2- propanol, isobutanolam ne,

#LI et iyl enedi am ne, and conbi nations thereof. [0086]
100 CEIEHRHMAS H5romplesing age &1 highishronsentaiedgamgositions of

the mmﬁﬁ@nha’y&k ach x@ﬁyg'ﬁﬂﬁdnﬁz RIS (gfto ibbgt O?JO RN% rUaéeQ Bn ﬂﬁ)&eﬁﬁ of fhe @
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conb R, Sire'ATuaD Fb e Sp ToMfmeton b i I v sn g

pref@*flblj mnErangd ol fromabouh 0.5 MmbbutdSvt%:, o) thamthenaa tvejghtdbbhey. abl y

in a range of fromabout 6 to about 35 wt.% on the

same total weight basis.
{0093] The concentration of the complexing agent in highly dilute compositions of the

invention may be in a range of from about 0.00001 to about 2.5 wi%, based on the weight of
the composition, more preferably in a range of from about 0.0005 to about 1.5 wt%, and most
preferably in a range of from about 0.005 to about 0.5 wt.%, on the same total weight basis.
The compositions of the invention include water in an appropriate amount for the intended end
use of the composition, with surface preparation compositions generally containing larger

amounts of water than is employed in compositions intended for removal of residues,

14



[0087] The concentration of the al kanolam ne in highly
dilute conpositions of the invention nay be in a range
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wei ght of the conposition, nore preferably in a range
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conposition, nore n a range of from about
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[0098] The cleaning solution of the invention does not require a surfactant in the
formulation, however this does not preclude the use of surfactants in cleaning solutions of the
invention, in specific applications where such agents may be beneficial. For example,
tridecylbenzenesulfonic acid (TSA-99) may be added to the aqueous post-etch removal

compositions of the invention.

[0099] - In one specific embodiment, the invention discloses relates to compositions having

utility for post etch removal of residue from microelectronic device substrates; these
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[0092] The concentration of the conplexing agent in
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conBRRInO DS, £ te@dibﬁﬁlﬂgtaﬁﬂ- _[0894] Thede of they o4 wt%; and
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the e e IS P e i SiriGers Y reenen of ghesaiageiion il fa
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ata i cal . v | kal i ni in a
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o 2o BB R A TR SRR St 8 s pmor
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represen a
of2.4 \x;:t).%, with ttile balance of the composition being water.

[00103]  In another specific embodiment, useful for surface treatment of a microelectronic
device substrate for subsequent cobalt plating, the composition may contain 5 wt.%
tetramethylammonium hydroxide, 18.5 wt.% dimethylaminoethoxyethanol, 1.9 wt% oxalic acid

dihydrate, and the balance water,
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striking inprovenent over the inhibitor/ TVMAH MEA- based
formul ations of the prior art, and retain a clear and
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8T8 s LSBT Ly

mate(};)lal %ected from the group consisting o post—CMP residue, post-etch residue, post-ash

residue, and benzotriazole.

[00107]  The compositions of the invention may be prepared as a concentrate of the
alkanolamine, quaternary ammonium hydroxide, and complexing agent components, which are
storable and transportable in such form, for subsequent addition of water at the point of use. In
general cleaning applications, it is common practice to make highly concentrated forms to be
used at extreme dilutions. The formulations in the examples can be made more concentrated for
higher dilution at the point of use. For such purpose, the concentrate may be dissolved in water
at up to 500:1 dilutions, e.g., at dilutions of 20:1, 40:1, or 100:1 of the diluent water to the

concentrate (volumetric dilution basis).
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conpl exi ng agent, e.g. terephthalic acid 0.004 wt.%
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cle:ailiL |§\f£ﬁ gatc‘ff}ggrnitm e.u\%a er. ]hroce?]s%ﬁg lﬁ%rf en&'lateél ?n a Il)'lcgt-Cl\%
res1(§3,{g@@d onigmmarit gleqnmgapphaéﬂvumlle cofup&itidn why Bé used Wlﬂl atlkrge variety
of B 064 cf%ﬁmu‘ié“t@ol? @&Rﬁﬁlg It\}ﬁgéh[ Jﬂfé{l £sbm[: %gléggségf ldrllTy t

- anot her SpeC| ntlon
systeres JaIPS, (doghlessided S?‘@béré)n{a‘ﬁ%qut PBferan @Oisrfézziﬂqglelwaﬁﬁr fsmy rtnh@
ApplieTDmetialo MipORtsaet R BYR AOSST BET LeS MdsBonid BIBh wet

bench systems.

[00112]  In use of the compositions of the invention for cleaning post-etch residue and
contaminants from microelectronic devices having same thereon, the composition typically is
contacted with the device for a time of from about 30 sec to about 20 minutes, preferably about
2 min, at temperature in a range of from about 20°C to about 50°C. Such contacting times and
temperatures-are illustrative, and any other suitable time and temperature conditions may be
employed that are efficacious to at least partially clean the post-etch residue/contaminants from

the device, within the broad practice of the invention. “At least partially clean” corresponds to
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m croel ectroni c device substrates having said residue

t hereon, said conposition including about 60 to about
w@osstw@l kanol am nes, e.g., nonoet hanol am nePCEHDSD6/002902

0.1 to about 5 wt. % quat ernary amoni um hydr oxi de,

{h i um hydr and a cqnpl exin
ot Gndlan of o I BOTERA een O, 86 el i Sl &
desgripectliisoirt: 5 wt. % wi th the bal ance of the conposition

bei ng water. The order of addition of the conponents
is preferably water, al kaaol am ne, quaternary anmmoni um
[00H3Hr ol we of fisFompatisesaiiite mywton fongleaniearpsidtMP yesiduhand
con@MIPERS frbh ARl Srodd@Mbiigdavicts Hal g Ea_ﬁ{e thdddn| BEBFosifn typically is
qa{-@léh Qng/qr Bgstﬁasqg%eil ue from nicroel ectronic
congigd Wil g Bce for a4img PEUp Bt er 5 3bgutd & s greferably about
15 day thriomin) éammperatm'edn @ atngodTdiom dvbart @0PCE6 abodBS0CC. Such contacting
timds %@e&b{‘ Oy B8 PBindr B8 6 AP BlnGer evg& GiFions

havi n Tectric her eon,
mayghep 6@Plpyeéatﬂ@t gqreasf%ﬁoem) to ghdlegd proially e«a@m ;he Coost- GM@
residleldBAtAANM fFonl ¥Be ERIFS, ithif RRBRAA RALEESMIR iNRRANt On said
devi ces. For exanple sai d conposition preferably has
a copper etch rate less than 5 A mn 1 at tenperature
[00114] a Faloging fireaniaknet o2BOEsad chhitihy acdéd) e cor}dIiOG] mdybe
ani o) f n |nv |o
reacﬁ? M%d gheqrcg g)evgncgtltl’inﬁs eﬁg 1ouel E)e %1eé be%gixre%wg

nposi tion
efﬁ‘é‘é‘ﬁ‘fﬁl i8xa Ayegehuse applicaiéoasef ba eotqwmtlelrsntzfr @ze tpamt inwerttion. ,
Pref@dably, RS inddAR1uiBY BELRS deilLEW 8. from the group
consi sting of post-CMP residue, post-etch residue,
post-ash residue, and benzotriazole. [00107] The
[0013 8D OBét bictiies aspéct biithe inveukvatrelaes e iRl aRabRDir@S @vices
0 e, Qf nol am.ne, ternary ammoni
mad BEBIhE b C 08 kiR B IAT 8 BoRafce AL A
mm%@%ﬁ@wFémﬁﬂﬂ transportable in such form for
subsequent addition of water at the point of use. In

neral cl eaning applications, it is conmon practice
00 R T b e B Qi s G Befogs n e
conﬁﬁd}ﬁgea’mlcdjeleb&dnmnﬁvme]'ﬁﬁd ﬁ%ﬁmgoﬂ]%phﬁﬁ@ cdn&cﬁd@QheeﬁﬁﬁfBQlE&l%mc
re trate ut i on at
dov D oA O F R SR 50 S e apfabinpaly Bom
the ppgpyoe eiromcs®mllwbaymgrsalwa¢seiue ad wptammaﬂﬁ)ﬂxefbmdlahdnnmmatmg
said SmiGtoelec®bnill labwidel ﬂﬁ%ﬁﬁfam%fé wherd? sizb: cz)fﬁg?s}tgg n"llclu(ags d&t leaft one

di luent water to the concentrate umetri
amifg.atleast opeReTpisTing ppcuicisast preaugieraasy base, mﬁawat@e desi r abl e

to use the concentrate in a neat, i.e., nondil uted
M1y FOVIg hanced ani ng surface
[Oﬂlgﬁeparlgtfo oW es -F.F,Femﬁrgls'dﬁléstréthvé %t{( l]ﬁventlon and are not

intended to be limiting.

[00118]  Compositions For Examples

The compositions used in the ensuing examples are identified below (all percentages by weight,

based on the total weight of the composition including water).

Composition A: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.2% acetic
acid, balance water

Composition B: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.5% acetone

oxime, balance water

19



of the dilution can be widely varied to good effect,
within the broad scope of the invention. [00109] The

W@ 0vpo8i4é ons of the invention are easily formdBUSINOEH2902
sinple addition of the respective ingredients and

m xi.ng~tQ, honogeneous nditiop. Furthernore, the .
oS B R e pleFa] frpesigeide, 1.8% danine,

si nigfllageepatkage fornul ati ons or nmulti-part formul ations
Cotnb oD Sl ed eSS of nt of use, £ 4g.,
otgbg ndivi dua thg&é)}atggmbf} fék%ne%ﬁ | -Oﬁlg‘rnfhygré’?“rrﬁllastﬁi%n nay

be #xurazple bakmce der or in a storage tank upstream of

CofpRitibOB 9% h&HIdhAblaGe Foiheineihyl ARVRE hyadeRECh78f the
i nvention brIeI ates to a kit including, in one or nore
contBTHEP"2 Pk nore conponents adapted to formthe
CompsitiosT: 0P omsioethanblamink, S¥etitdneihy] apneh@malingxidd, B6%leidinine,
incgaﬁg&swateifn one or nore containers, at |east one
am ne, at | east one conplexing agent, and at |east one
Comppsitiet Gl menpsibanofagyine cisiranieityl ammdnivgettydroxide, 207 esfagtie
or 4chicbap@iditat®f use. [00111] In residue renoval

appl.ication, the conposition is applied in an
Cogfpibt P mRERane BiT o ATy pmspiog Tedivade, 24%etsinpy

Sprialaneegvatehe conposition on the surface of the device

Cotn Che [ PRing (in.a vol f.the .. .
o YR Aoyl e o B e o a
t hebaesgiveer t o be cl eaned with another material, e.g.,
CorfipoRi@iéh J: 9%, nfoh&MiAESansifd, D& MiraRRIN1 m&ggm ﬁ}cﬁmt 7% PﬁBuAcS
satural%ggl wi th the conposition, or by any other
sui FEpTPRISFERHE manner or techni que by which the
Corgmmifiask 19/ 0moriosthinb RS} 5% i ancthMmMBhinG iR Ele, WistityditiR,
devj be cleaned. Further, batch or single wafer
processing is contenplated herein. In post-CW residue
Coraeditiondn O rmianaethanclhmine istigetappthylcatrioninm hiydrexido2qd dinicthgn
MaYeRRinkd S AndMviak; @ | arge variety of conventional
cl eani ng) tools, 1ncluding Verteq single wafer

Corprogifiend¥ii ¢ mgnogihamelatne, L triametyl ceampnripdrogide U Betyloded
Scrdidatiel salancdsedrel | spi n-spray tools, SEZ single wafer

. iapse i ed erials Mrra- a(. .
Corfb e o0 el e W R Ao MGG k% Cere
wetaciddnlhcesyst ens. [ 00112] In use of the conpositions
1 hen.i | b ' {- resi nd
o o by oo 3 O R ABL A N bR, 1 5P
t h&rlasR Walthe conposition typically is contacted with
Corkd8lti6heP! D% enohthaBolithif 5B ftetrbm @R 3RMBiumA By BSGel Lsonpat 20

R L

Composition Q: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.0% glutamic
acid, balance water

Composition R: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.0%
glutamine, balance water

Composition S: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.7% glutaric
acid, balance water

Composition T: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.9% glycerol,

balance water
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2 mn, at tenperature in a range of from about 2Q0C to
about 500C. Such contacting tinmes and tenperatures are
WO bdoassrsad i ve, and any ot her suitable tinme andPCT/US2006/002902

tenperature conditions nmay be enployed that are
effj.cacious to at |east partially clean the post-etch
Compastiig &/ CoRRRTHARRLeF Y ey basproam oy, [OHelisiead

pr detah@eavaf t he invention. "At |east partially clean”

. 0,
ol PR BB ok SR % e P8 6 et
as d@skhtsedtcher ei n. [00113] In use of the
CofiSRRESW! 999 BidndRfhardolihide) 68 BrhBlinyl AhmGHnBRRYaRdiaR Os £i)Rine,
resi %ﬂe and contam nants fromm croel ectronic devices
havia °J4ffe thereon, the conposition typically is
ComyiaitianCX:¢ Mbrobthdnblemile)\sCetrdnthy FantntofBmydbxigén agout 5
Se(ﬁnﬁd%%o%bﬁ’aﬁ‘t 10 .m nutes, preferably about 15 sec to 5
, at te

m n naﬁ%er%teﬁre in a range of from about 200C to

Corpivsitien BG0CnonSeibdnolgwine 564 tetregpethiylmasnoainch Hydmyide, ATUr es ar e

| g oliadeidRia, BaiglccA¥er Ot her suitable tinme and
tenperature conditions may be enpl oyed that are

Corgrosiion: i (hjeonpethagelamiae 39o tefizpethy|amopiia dsidrexide, 8% itaovP
r esdcilpela6@riaeni nants fromthe device, within the broad

ractice of the inventign. [0 4] Following the .
ol B 2P mosP S P RGO, Rt

corpedshiatahervaway be readily removed fromthe device to
Coﬂé}%%ifigh As: 9%%0n3étﬁa¥bl%£,%%qmeﬁﬁmgi %gdrgane 9?% leucine
esired and efficacious 1n a gfven eﬁlal se application
of hahereddihosit | ons of the present invention.
Corffositiers £4119Ys mdnb@hanblngRe, S0 thttatiihyll Rl RSy 864N 59 ysine,
vvatbe{ o [W0t0r115] Yet anot her aspect of the invention
rel AFeS €8 t he i nproved nicroel ectronic devices nade
CorgmsitendA i@ %t monpéfeannietiine,$§s tetfantethel anmogininihgdroaite] 2 4% maleic

Pr odiiGhBnk ¥Rl Ni Ng such m croel ectronic devices.

3

[00116] A still further aspect of (he invention
Corpnopitine’sE: §'% nipaeqtisaelaraine, ¥ricitamethyl mnpgninm hydresids, 28% malic
C O Halaf@ wateft1 Cr oel ectroni c devi ce, said nethod

conpri si contactin e mcraoel ectronic device with
CorpSaBin Ak PP roraify. b ey B O e b % B ee

r esicid belagoadvaeont ani nants from the m croel ectronic
c LGeadayi i isgue and cont am nant s. theyeon,
oo bl s B PP R M

s aitepregptelepdimidaspleelalsinge watae conposi tion i ncl udes at
CoriR&@8dn A ©%AH0nB&hanShming 35 tetARRHh FIAIo B InRYarBHENE 9o, Fhuci

| east .one %’;ater nary base‘,3 andﬁvvat é)r. [gdéll%’] Tﬁe e

foIaFISiHa{;l‘gce Whples are merely illustrative of the
Conipositont ATV mbitbethtin®laffie, 5% tetramethyl ammonium hydroxide, 1.9% oxalic

acid, balance water

Composition AJ: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 2.1% 2 4-
pentanedione, balance water

Composition AK: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.4%
phenylalanine, balance water

Composition AM: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.7%

proline, balance water
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intended to be limting. [00118] Conpositions For
Exanpl es The conpositions used in the ensui ng exanpl es

wae@oiogiand i f i ed bel ow (al |l percentages by wei ghtT/UbRS€0)2902
on the total weight of the conposition including

t. Conposi tion 9% nmonoet hanol am ne, 5%
001&515%@ r?ﬁnfg%m%%%fﬂamnﬁf&r OSWHQY afln@wm@rp@deaép"é quinic

bal aaidctalanetveter Corrp03| tion B: 9% nonoet hanol ani ne, 5%

Cor%%%x[u?ngg(s V%/] mammanolam %%t%}(alng@(}r XL a%ﬁ% &el’ ? Z‘% sgrj,ye

t etbelamstwaiet annonlun1hydrOX|de 1. 896a|an|ne bal ance
Con¥RLifén A30 BN InbduRRolihind %/%riéqulglﬁﬁ maﬁlm%omd% 98 8% sorbitol,
tetraneth I anmoni um hydr oxi de, 1. 8% 5-
nitABEE™ S ol e, bal ance wat er Cbnp03|t|on E 9%
Corﬁpbﬁﬁ@ht@@@d BdtloetRanolditing, 64 tafiRrethyl anRBARAILYIRNIL LM% de,
Zg@cas ar ab%iancewa eaI ance wat er Composition F. 9%
anol am ne. 5%t et ramet hyl anmoni um hydr oxi de,
Con@me%naﬂdig 9Pt rrmoeﬂtﬁablamoe S%eittemetDpmoshitin bpdréxide994 % tartaric
nogggqﬁgaghgg}ne 5% tetranmet hyl anmoni um hydr oxi de,
7% aspartic acid, bal ance water Composition H 9%
Commﬁa%v}@ﬁémaqw%mlm% et itarpethy empmarivn hyssexide - Bxi de,
2. 4Pfohae] Guldne:, widgl ance wat er Cbnp03|t|on 1:

Cm%fg%ﬁ’ﬂlﬁfi DB, 4SNP eg e e,
9@&@h®@ﬁh@nolan1ne 5@6tetranethy| amoni um hydr oxi de
HBCAAR Y &&o%&mu@&%@%i&n‘é@%l%@ﬁ%ﬁ&gh& 3, {d@rﬁ ());;/(llitc&te

%ronoet hanol am ne tetrane I uam hy
2. akrcg #pist ne, bal ance wat er Cbnp03|t|on L: 9@6

Corﬂisaﬂﬁxﬁntm 0% aekAL1anG 6, 198 tloASBRIR AmiR TS ki Bl
%1 ox15re {)al'%xce water.

Composition AW: 21% triethanolamine, 1% monoethanolamine, 0.5% tetramethylammonium

hydroxide, 1.9% lactic acid, balance water.

Composition AX: 21% triethanolamine, 1% monoethanolamine, 0.5% tetramethylammonium
hydroxide, 1.9% oxalic acid, balance water.

Composition AY: 21% triethanolamine, 1% monoethanolamine, 0.5% tetramethylammonium
hydroxide, 2.0% citric acid, balance water.

Composition AZ: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 0.5%
tetramethylammonium hydroxide, 1.9% lactic acid, balance water. ‘

Composition BA: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 0.5%
tetramethylammonium hydroxide, 1.9% oxalic acid, balance water.

Composition BB: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 0.5%
tetramethylammonium hydroxide, 2.0% citric acid, balance water.

Composition BC: 21% triethanolamine, 1% monoethanolamine, 5% tetramethylammonium
hydroxide, 1.9% lactic acid, balance water.

Composition BD: 21% triethanolamine, 1% monoethanolamine, 5% tetramethylammonium
hydroxide, 0.9% lactic acid, balance water.

Composition BE: 10% triethanolamine, 1% monoethanolamine, 5% tetramethylammonium

hydroxide, 1.9% lactic acid, balance water.
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gl yoxi me, bal ance water ConpositionM
9% ronoet hanol am ne, 5% tetranet hyl amoni um hydr oxi de,

wda 2abmetdhe/| ene di am ne, bal ance water Conposi t POTYNS2096/602902
nDnoet hanol am ne, 5% tetranet hyl ammni um hydroxi de,

2. 4% fumaric acid, balance water. 0Si t
Corgiggistigat A B o Fiine, 4, Roa oS ATy HTT R de.
4 3P/nhgk1tl<£;a19w1&,ncbﬁi Bdlamee wadrer Corrp03| tion P;

r 0
oS O ¥ A T i
Cor’rwélsmti% ﬁ‘Vr@cﬁgm%@wﬁﬂﬁ@l am ne, 5%t etranet hyl
@%&1 Eﬁlzhyc{ﬁ%%mné% 19%dbdtaAThihind 6 ¥GotrahiBh ARRoRL ef

Qsition R 9%mnoet hanol am ne,- 5%t et r anet hyl
Aot Ryt efr Bseigrercidgbalagegiaift-ani ne, bal ance wat er
rﬁiﬁb@iﬁ&SBIE zmuﬁmm&%mmemh&ammmnme 5%504rdnestiy B eiohiyin
i de, %516 %0.9) aric acid, balance water
os?“?]l On “Imaﬁlaﬂaﬁlnbél{aﬁano gm ne, 5%tetranethyl .
Commm)m B 1ty thiethmiothaine]0. %@nyieérpmpan%é%ama@eﬂlylarmnomum

wat gjﬁ %%tlh&’i@a&h pAdoRnget hanol am ne, 5%
t et ramet mmoni um hé}grom de | yci ne, bal ance

6%
Corpegition B wlﬁﬂwaﬁlalvne’g hélﬁ%w'aﬁg? o fgramefbylammonium
tetHyaﬂaSEmayIWﬂmﬁeadlamlwaww de, 1.6% gl ycolic acid,

bal anc r. .Conposi 90/ thano ne, 5%
Co%otg@%‘fglr:#@&l/"%é‘?ﬁ%o s hbg’r ox1 de -mﬁ Xg TIPS ) gfmne, i

baltarweﬂmatneloni@ohyxb@mde; fes ) xcucgw;mmmmm am ne, 5%
Co Eﬁlé‘x{TEMhé’ ll% &mlaﬂlme hy/gxﬁ%btgﬁola&un% 04% t@@raﬁiﬁ&?ﬂaﬁmomum

al ance water ConpositionY: 9% monoet hanol am ne, 5%

t et vdiosidegi4”enbthslis agid delpasedveislle, 2. 7% i ni nodi aceti ¢
Coddsiion BRI ANGHlet@blerhine, 1% monoethanolamine, 5% tetramethylammonium

hydroxide, 3.4% terephthalic acid, balance water.

Composition BO: 18.7% dimethylaminoethoxyethanol, 1% monoethanolamine, 5%
tetramethylammonium hydroxide, 1.9% lactic acid, balance water.

Composition BP: 10.6% 2-methylaminoethanol, 1% monoethanolamine, 5%
tetramethylammonium hydroxide, 1.9% lactic acid, balance water.

Composition BQ: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 5%
tetramethylammonium hydroxide, 1.9% lactic acid, balance water.

Composition BR: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 5%
tetramethylammonium hydroxide, 3.4% terephthalic acid, balance water.

Composition BS: 18.7% dimethylaminoethoxyethanol, 0.9% aminoethoxyethanol, 5%
tetramethylammonium hydroxide, 3.4% terephthalic acid, balance water.

Composition BT: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 1.9% lactic
acid, 0.5% 2-mercaptobenzimidazole, balance water

Composition BU: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.5% 2-
mercaptobenzimidazole, balance water

Composition CB: 0.3 wt% monoethanolamine, 0.166 wt% tetramethylammonium hydroxide,
0.003 wt% phenylacetic acid, balance water

Composition. CC: 0.3 wt% monoethanolamine, 0.166 wt% tetramethylammonium hydroxide,

0.003 wt% acetic acid, balance water
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Conposition Z: 9%onoet hanol am ne, 5% tetranet hyl

anmoni um hydr oxi de, 2.7%itaconic acid, bal ance water
w@0p08i406 on AA: 9% onoet hanol ami ne, 5% t et r ane¢y52006/002902

amoni um hydroxi de, 1.9% | actic acid, balance water

Conpositiaon AB: 9% nonoet hanol am ne, 5% tetranet hyl

Comppsition (I Oy etvanqrgethanolamipe. 0 06 WiYetetramethyeopiamdydroxide,
Cormmsht%eﬁmﬁeacl@%lﬂﬁawaémanol am ne, 5%tetranethyl

oxi d 0% | n bal ance wat er
"S‘ i OEW/ Fronegfh aﬁ%‘ Riﬁéow%ww lppmopipg huderide,
amm@hi) mﬁ Wityedl, b&bmieqnetﬁcaﬂ%cm lagiil Gtrimesiccheid)) azldafae @atwat er

Corﬁ&@iﬁ&ﬁbft b 9 %%%onge%a%ﬁ%ﬁ/é B%@'%ﬁg‘xbthglgn}n 1um

anmoni um hydr oxi d I C acl ance

CorfpdSPeG vtk 14, 5-bowereiEstheil asiti(preomeidicreid bamtehydter
Corﬂﬁﬁiﬁdﬂi G@Ol’l}’»ﬁ%a‘éﬁdng&han&aﬁﬁfe m‘s@?i%:te@éﬁ{e% ljglt:ﬁ{gtﬁl?%ﬁ%%}%gfer
ol a %
izl Rydrsie éw 98 ot g]‘é‘f)i‘%‘ﬂe‘ﬁ‘%‘fl‘fﬁ“@&i ol e,
Cormublacmdg{ Wedtvaho r@mmshmolamﬂ 0A6H6 w%mmagrahﬁﬂmbﬁmm@udé%
tety o@ﬁf@{}‘ Y, b-b chéfmx?l\i cﬁﬁ}h%%gcb /aé}:% 06alm‘I & IW%teaC I d,

bal ance noet Ranol ami ne, 5%

Comgpinaa g 4 T A n&mmr%wiﬁ % tetragebisrahangnsnilayide,
ba|0ﬁn¢@t%@t3%ﬁnz§i%m@£i§d zh@aﬁld@o h&dﬁc%(@jﬁélimhﬁ'm ne, 5%
t et. nmonj, u dr ox

Cortp@ib STaiA-b e P Oe%é%M&(srgwmeﬂmmwngbyodromde
no P4 Wwtih bi-henzeredichBoxylet acid mﬁtemahmim,maume Wﬁf O)l\(/ll dSb/

C ter posi t.i 0 6

Congrol RS 810D Oy BRI 1 o8 R Bt B,

3. Pokuse ¥Riche, bal ance wat er Conposition AN: 9%

Conﬁioﬁﬁbﬁ&!ﬂ"' 8,003 ShiunPbhntoRle] IR LBk th HITIRe %ahééq;a% i de,
Composmon%f\/[ Q)I 0%4% phthalic acid, 0.166% tetramethylammonium hydroxide, balance

water

Composition CN: 0.004% phthalic acid, 0.3% monoethanolamine, balance water

Composition CO: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 3.5%
ascorbic acid, balance water

Composition CP: 11% triethanolamine, 3% monoethanolamine, 5% tetramethylammonium
hydroxide, 1.85% lactic acid, balance water.

Composition CQ: 76% monoethanolamine, 2% tetramethylammonium hydroxide, 2% benzoic
acid, balance water.

Composition CR: 77% monoethanolamine, 1% tetramethylammonium hydroxide, 2% benzoic
acid, balance water.

Composition CS: 77.5% monoethanolamine, 2% tetramethylammonium hydroxide, 2% benzoic
acid, balance water.

Compostion CT: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10%
ammonium benzoate, 1.85% lactic acid, 83.90% water.

Composition CU: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10%
benzotriazole, 1.85% lactic acid, 83.90% water.

Composition CV: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-

mercaptobenzimidiazole, 1.85% lactic acid, 83.90% water.
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acid, balance water Conposition AO 9%

nmonoet hanol am ne, 5% tetranet hyl amoni um hydr oxi de,
WQ28%08810é ne, bal ance wat er Conposition AP: 9%CT/US2006/002902

nonoet hanol am ne, 5% tetranet hyl amoni um hydr oxi de,

3.8% sorbhitol, balance water Conposition AQ
Congugitinndal 14 ropnesthanelamims, Ve e ramedy pmaniwrohitomidh Y dPBHli2de

2. %@zawqcslswla‘ct@sdmsswaaae wat er Conposition AR 9%
noet hangl am ne, 5% t e ranet hyl ammoni um h%agrom de,

COI%”W% - pquosthanofanuge, S fetEamgihyl s mmepiH Gxdrex dsn0- A6 1,844

D el Ar10YsarineinmBazbae, 1 3% tdelid acRNgBBLLaAtdY dr OXi de,

[ Slt n, AT o
Conﬁ)O% tgge t% g%lrgo%b%ﬂgﬂ&%%? 5%&&%;11( t]%q omum adroyhdedg {BA) %— e,
2. aogsogptphenzimidisatle Ad @%mmu@bm@m ﬂ Bi:%n laﬁtﬁsr ac@%3 80%
rm%eeg hanol am ne, 5% tetranmethyl amoni um hydroxi de,
1% x | ance wat er osition AV: 21%

o B0 B 5 AR R RS A Tp Ao, O.5% 1.24-
t ett:ﬁaﬂatlb%lb&ijﬂmmwmmw\werde bal ance wat er .

o t.ri et hanol 1% 0
Comcl‘%noet am ne(teh aanang% 21 ?rarre mum?“(ﬂﬁﬁ’"ﬁ‘%?dqs{?ll 48
1. mbla@ﬂ%@e&n'l @rbltblawafrﬁ)&’eWMI er. Conposn tion AX: 21%
Conlpobifidn3H1 94 38nB&han 12D @QQLQ%lﬁlllwﬁum Yd'i‘oéglde, "{a

tetranet hyl anmoni um grom . 9% oxal I c acl
balPFHeRURA¢napate, é@ﬁ{ﬁ@i"g ‘t4°t9n83/9-<°{wat‘21% triethanol ani ne, 1%
Coniposit@ittica mo% aivhdvethandlanBié, 598 tetradiehih yrhual S hydeo ki ZUZ mlzg e, »
20%C|tr ci np03|t|on 0
© di ASTRSP éﬂrlﬁlrﬁuole chq 39‘1{2%?%?0\%6%/”%% noet hoxyet hanol ,
COH@OS%ntQi—‘t 2efratohgetlhaniamine, Atoltepeimeriil demorfiud Sydrexddej €104€2- d
baln@&‘iﬁ BRRL R diardH0 ﬁ}é%'léch@d&d%% én%etzyfgulfom e, 52.9% water.

di net h[}/I anm noet hoxyet hanol . 9% am noet hoxyet hanol ,
Comgposjagn DE: 20% monoethanc a.tmne 5% tetramethyl ammonium hydroxide, 0.10% 2.

mercaptobenzimidiazole, 1.85% lactic acid, 0.5% TSA-99, 72.4% water.

Composition DF: 20% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.85% lactic acid, 0.5% diethylene glycol hexyl ether, 72.4%
water. V

Composition DG: 20% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.85% lactic acid, 20% dimethylsulfoxide, 0.5% TSA-99,
52.4% water.

Composition DH: 20% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-
mercaptobenzimidiazole, 1.85% lactic acid, 0.5% diethylene glycol hexyl ether, 20%
dimethylsulfoxide, 52.4% water.

Composition DI: 9% monoethanolamine, 5% tetramethyl ammonium hydroxide, 0.10% 2-

mercaptobenzimidiazole, 1.86% lactic acid, 84.04% water.

[00119] EXAMPLE 1

{00120] PCMP Cleaning Compositions were employed for post CMP cleaning of PCMP
854 wafers (wafers fabricated with the Sematech 854 wafer patiern). The wafers had dried
slurry and other PCMP residues on their surface. The wafer in each instance was cleaned on a

spin/spray tool with solutions diluted 30:1 (1 part of the composition and 30 parts deionized
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t et ramet hyl ammoni um hydr oxi de, 1. 9% oxal ic acid,

bal ance water. Conposition BB: 18. 7%
wal2oveBb@m noet hoxyet hanol, 0. 9% anm noet hoxyepPtENS1006/002902

0.5% t et ranet hyI amoni um hydroxi de, 2.0%citric acid,

bal ance wat er 03| él on BC 21%tri ethanol anm ne, 1%
wateh At HuEHLRb! almuﬁét %1{’ R Fridh 139 serond ML WeRfRse @i s dry
Pre-lard %pdsBdldaning amblghis hal andel wat Gding CaEAGSbIel IR B&anﬂ)%e
micthle ri et hanol am ne, 1% nonoet hanol anm ne, 5%

P& anet hyl ammoni um hydr oxi de, 0.9% | actic aci d,

bal ance water. Conposition BE: 10%tri et hanol am ne, 1%

[OOIEHn (}eﬁg %ﬁﬂn@gfﬁlﬁcy @agoritgi ﬁyﬂﬂ@&ﬁ%h&%&%&%ﬁﬂﬁg E@Ma%e The

[ actic acid,” bal ance water. Conposition
Pam?‘F? ot e raplersphsiates (s igfered, ma%aﬁoﬁemelsfyem 231-235 intensity.

A Sigatar stae Phyhigegan Ivddﬂh;kb)ﬁ&l &xmé% the%elg/%lk agd F}(ﬁlnﬁlﬂlb Gumber olfo/
0] n otriethano amne 0
pambla g@?ﬁa@a&r{ﬁ\%rgéﬁcﬁ?w@ %W‘fgta? amet hyl amoni um hydr oxi de,

.9% |l actic acid, balance water. Conposition BH 21%

Cleahﬁl EEAEQ?OJ (ﬁﬁ%&? of PRGN @@ﬁtztp aﬂ%@em)ﬂ%st G Objects) x. 100

r amet hyl ammnl(lummygfpgggléggom&@% succini ¢ aci
baI ance vvat er. Conposition Bl: 21%triethanol am ne 1%

00380 R o P vy B ST i O ol (BB 19,

peermnedatvhmn@ham weplein® Ygdntsactl the -idrefionp aNadrious586mpositions as
idengﬁe]fdrh@ﬁéﬁ tdayl ammoni um hydr oxi de, 1.9% | actic acid,
ance water. Conposition BK: 21%triethanol am ne,
0. 9% 2-am no-| -butanol, 5%tetranethyl ammoni um
hydr oxi de, 1.9%] a'tr?h_%l}lgleﬁlmg'gﬂt@ancp wat er .
Coriposi ti on BL: Feumylationt hanofsringe | 0. 9%
2- ani no- 2- net hyl- 1 3%Bpanol | EHIRE fanet hyl anmoni um

hydr oxi de, 1. 6% ! af‘t*‘ c—acid hap_am;q wat er .
Conposition B 9 j Hnel 1%

nonoet hanol a Panmdni um hydr oxi de,
3.4% phthalic fonposi tion BN: 21%
tri et hanol am pe; , 5%

t et r amet hyl anponi —4%{t er epht hal i ¢ aci d,
bal ance wat er

§

£ q

Ha

=)

3R
i

‘D
@ ]

T o
3
D
D

¢
of
9
g

OOOOOOOOOOOONONONOOOOWJ-

BNl <lal=|n w0 |02 & | | = |~

26



Conposition BO 18. 7% di met hyl am noet hoxyet hanol, 1%

nmonoet hanol am ne, 5%t etranet hyl anmoni um hydr oxi de,
wa20%8aeé i ¢ aci d, bal ance water. Conposition BPr/usdh&62902

2- met hyl am noet hanol , 1% nonoet hanol am ne, 5%

t et r amet hyl anponi-um-hydroxige—1.9% | actic acid,

bal ance wat er | —Conpgsi-ti-on-B—t8.7%

di met hyl am nogt hgxyé Pranol 1 0-9% aninoet hoxyet hanol ,
5% tetranet!iyamoaium-hyd oxide 1. 9%l actic acid,
bal ance wat er —Conpgsi-tion R—98. 7%

di met hyl am nopt-hoxyethanol; 0. 9% anilnoet hoxyet hanol ,

5% t et r amet hylamontam-hydr xiﬁd.é,—-;s?4% terephthalic

aci d, bal ance water.AIQe%og o8BS 18. 7%

di met hyl am no thoxyﬁ‘h.ﬁ.aﬂe.l, -0--9 Hnoet hoxyet hanol

5% t et r anet hy Farreri-dm-hydrpx-d8—3-14% t erepht hal i ¢

aci d, bal ancel-water—Conrpes Hoc BTd 9%

nonoet hanol arr‘ﬂe—,%@@%ena.. H‘.yc armwoni um hydr oxi de,

1.9% 1 actic agi 5062 eapoeberzi m dazol e,

bal ance wat er ' : loet hanol am ne, 5%

tetramethyl a ...u..iLu:AR.r er-oxt-des—0 5% 2-

mer capt obenzi pi-dazetC—bal-apee g,ater Conposi tion CB:

0. 3 W % npnoethanrolgtine—01-166 W%

t et r anmet hyl anperi-u yeF-extges g 8063 wt % phenyl aceti c
_ bal acﬁu:e water Ueg;?oc EeRr—Cc—0. 3 W %
=§‘8oreéarqnﬁole gf‘ac 18¢ Vﬁ%ﬁ'?et ramet hyl anmoni um

D766 V\f"% ace aci d, bal ance

vvat er Conposition CD. 0.3 vvt % nonoet hanol at ni ne, 0. 166
[00133105 tTde dadprdonyhahnatathsomplening pasnis sl providrEfestiveslbraing of e

CMPfcsitue £6th ARCELNRL & hERROGhatdrAR Sefimorihm? hydrHde formulatlon
nonoet hanol am ne, 8{9166 Wt % tetr amet hyl anmoni u

CompoRfions PR ming Gysteiey B Shpdeng digmige mz?é‘ﬁ:é&aﬁ@a@%ww geid
(AHBEadCbo()i blbam@ﬁﬁcaa;c ITHY datdstloave Glﬁt Yurheltitio® 1S ttheOsdnipleking
agen?v ?the mVFl‘h R g g ﬁz%nrg?] {lllg lrlnﬁlg]rﬁlredgexsoE g% {%), 366 é4 V\}(ll(fhow that while
some] copplexBg bmzsesndt Stoftae m«b@k yjranuncaa@ldcm( pdr tauteell lagid(AR) acid
havedbdDleanR @ LBDLE tl’[@'éu% Flot $ LnipRRinEigend: 3 W %

nonoet hanol am ne; 0. wt % t et ramet hyl anmoni um

hydr oxi de, 0. 005 vvt % 1, 2, 4- benzenetri carboxylic acid
[001t4)r i mtAMPLE2aci d), bal ance water Conposition CH 0.3

wt % nonoet hanol am ne, 0.166 wt %t et ranet hyl anmoni um

hydr oxi de,
[00125]  Surface Preparation for Cobalt Plating Compositions in accordance with the

invention were employed for surface preparation of microelectronic device wafers, viz.,
Cu/TEOS 854 wafers (TEOS = tetraethylorthosilicate), for subsequent cobalt plating. The
compositions were diluted 40:1 (1 part of the composition and 40 parts deionized water as
diluent) and applied to the wafers by static immersion for 30 seconds at 22°C with a DI water
rinse prior to cobalt plating. Analysis was carried out using a JEOL scanning electron

microscope (SEM).

[00126] A first set of compositions was evaluated, each containing 0.5 wi%
tetramethylammonium hydroxide, 1 wt% monoethanolamine, 21 wt%, triethanolamine, 1.5-2.0
wi% complexing agent and balance DI water, against a corresponding control composition

containing no complexing agent (composition AV). The complexing agents evaluated in this
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0.004 wt % 1, 2- benzenedi carboxylic acid (phthalic

acid), balance water Conposition Cl: 0.3 wt%
woreoveestaacol ani ne, 0.166 w %t et ramet hyl ammoni BPOT/US2006/002902
hydr oxi de, 0.004 wt % 1, 3- benzenedi carboxylic acid

[ hal d wat t :
o P B i, A58 S oo Ot i O
(corhpodiitiok iAXD, Thd)@dntaot Yorpoditidre mﬁedmﬁrwh%x;ehmﬁet}@mmhomum
hyd{o'kﬁg qw&%nb&haﬁglar%e 2?%/«% @rge.ﬁnf}é\l)g%y%?eecggamtc%y wzﬂer

003% anmmoni um benZoat €, ramne ammni um
hydrOX| de, bal ance water Conposition CL: 0.003%

[00 Hﬂ]’m NA Y&BokPRZI3bBposiflond Wad ML RAA oéaaf@oﬁﬁmm%@k%?%q

0Si ti on 04% pht hal i ¢ aci d 6%
09 %} aﬁ’%‘{“ﬂ% PNy rcﬁlgﬂﬂya’.t Grx idigas thy ifaﬁﬂézﬁf&wﬁ%@@k 1520 wt%
comploripy sgehi aud balhce MIGRANH fﬂtﬁd’mﬁbleﬁngsgedts e{fhh&%d in this test were

e RSB EIAAR A O AL BIBE SRR SR R
3. 5% ascorbi c acid, balance vvat er Conposition CP: 11%

[00128] et $:3RVi9 daRCare 31%\VHQH qgiiben el eu AR co o deposition quality is
tetr th 1.85% I actic ac:l&

roxi de,
shoy, n g gho °é?gfapgbﬁg%%¥ lg% ‘d%lﬁt%({}“c"?@%“ﬁ% Aeios Astus R TIGS.
1-7 2»%& e carsjidnydnadti@nden MheypehpEsitiotle confitee hrioud Gorblexing

el FSE SRR 0 B 2

¢ acid,
bal ance water. Conposition CS: 77.5% nonoet hanol am' ne,
2% t et ranmet hyl ammoni um hydr oxi de, 2% benzoi c aci d,
bal ance wat er. Corrpostl on CT:. 9% nonoet hanol am ne,
t et r anet l Riatng Dz MQEJWMEA@MWWN um
benzoat 4, JptoRct %{:‘i“’&y"%’ oQVighkst er | Conposi ti on
U 9% ronoeffalol a WaE ot rlanetAET amfroni um:
hydr oxi de, 0. M% benzot rPﬁanoI e, 1.85% | acfic acid,
83. 90% wat er . ABonpos| ti o@oddV: 9% noroet hapol am ne,
t et rametlhyl aamoni um
AY

5%

5%

hydGepdi de,| 0. 109 2Z2-
Poor 4

Table 3 - Plating Data for TMAH/aminoethoxyethanol/dimethylaminoethoxyethanol

compositions
Complexing Selectivity of Figure
Agent Plating Number
AZ Good 5
BA Good 6
BB Poor 7

[00129]

The data showed that the plating selectivity for cobalt plating in the respective

compositions was good for the compositions containing lactic acid as the complexing agent
(compositions AW and AZ) and for the compositions containing oxalic acid as the complexing
agent (compositions AX and BA). The micrographs showed significantly improved plating
with the compositions utilizing the complexing agents of the invention (FIGS. 2, 3, 5 and 6), as

compared to the composition containing no complexing agent (composition AV; FIG. 1) and as
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nmer capt obenzi m di azole, 1.85% | actic acid, 83.90%

wat er . Conpositi on CW 9% nonoet hanol am ne, 5%
wo edocasabhyl amoni um hydroxi de, 0.10% 1, 2, 4- PCT/HKNE)02902

1.85% lactic acid, 83.90% water. Conposition CX 9%

non i anol am ne, 5% tetranet hyl amoni um hydr oxi de
congaigRa, i SIMAESE OIS S PO O DR BBAROS 1 88 s
respeaivelyc aci d, 83.80% water. Conposition CY: 9%

nonoet hanol am' ne, 5% tetranethyl anmoni um hydroxi de,

0. 10% 2- ner capt obenzi m di azol e, 0.10% anmoni um
[00138h 7 CBXAMPLEZ505 | actic acid, 83.80% water. Conposition

CZ: 20% nonoet hanol am ne, 5%t etranet hyl anmoni um

% ]dr oxi de, O. 5% 1,2, 4- tri azol e, O% butyl carbi tol,
10041 5 0% BaRERALBE QLGS bt h APROTORRPSHIONS 350,
desdribéd amet Rtk mmmlddppeh ytﬂaf:lomh a9 pa&erﬁé?da @u/?E@S whfelsqZBOS ~

w0 98 5y, R AR o T oot
compositipmenhdnerthdsinaized E‘ater]?s gispat), atﬂf’@ foa Sindnut@3VheQeliSem lines
werERRIRRS fof &:Bp@gtchlgg ¥ @Npﬁtd&@x% a&ﬂn@@s LR &nﬁ%}g ?Lgc? %F}y late

ammoni_ um hydr oxi d 10% 2- nmer capt obenzi
was measisod, %é?%SE"faScHeHmmvﬁz Bondnia pesrset ouighpBds 4 helav- DD:  20%

nonoet hanol am ne 5% tetranmet hyl ammoni um hydr oxi de,
Tab 4’][ i‘: |ne[g1d|a ol.e C§5% an ctd
ﬁoet ano am ne e(gg?lel}nlg E

T

hydr oxi de, TTETCH ¥ iy azol e, 1. 85%
| actic acid, %Hg%/ | m}‘}ﬁ% watEeﬂr Conposi tion DF:
20% nonoet | anol(‘&}ﬁ)ne %I@Elrtétf'bet h{A/mimpni um
hydr oxi de, [U"TO%Z- me[ capggoenzimigyazol e, 1. 85%
| actic aci 0 5% diethyl ene glyicol hexyl ether, 72.4%
wat er. Composit B$n DG | 20%4monodt hddbl dni ne,
5% et r amet hyT amggoni uny Nydroxide;,  q.gl0% 2-
mer capt obepzi-mdiazol el 1.85% 1 actic adid, 20%
di met hyl sul f oxi & 0. 5po TSA?99, [52.04% Wat er .
Conposi tioh DH 1320% nmophoet hanol dm g 9% t et r anet hyl
i dr oy N__N094 2
amoni um hy-ek UKBG\,, O-0%2+ g
BH 8.1 1.6
BI 6.2 1.2
BJ 11.8 2.4
BK 94 1.9
BL 12.5 2.5
BM 6.4 13
BN 3.0 0.6
BO 2.1 0.4
BP 7.7 1.5
BQ 3.0 0.6
AZ 39 0.8
BR 35 0.7
BA 2.5 0.5
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nmer capt obenzi m di azole, 1.85% | actic acid, 0.5%

di et hyl ene gl ycol hexyl ether, 20% di net hyl sul f oxi de,
w®2004%8med er . Conposition Di: 9% nonoet hanol amP@EUSER6/002902

tetranmet hyl ammoni um hydroxi de, 0.10% 2-

nmer capt obenzim-diazole,—1-86%lactic acid, 84.04%

vater. [00119] EXAMPLE|1 [ 0%120] [PAW® d eani ng

Conposi tiors weres enpl oyed dor pst ¢CVP| cl eani ng of

PCVP 854 waters—{waf-ers—Fabrtecated—w-thi{the Sematech

854 wafer patte . The waf'ets had ?i?’l eH slurry and

ot her PCWVP residues on their surface. The vvafer in

h [ n/ th .
00E8F " RS ALGTTAES P BN R R B SPher B
etc@@feﬁmﬁesaémmm@ﬂutas diluent) for 1 minute at

22C, 100 rpmvvlth a 30 second DI water rinse and spin

&,3%/ and post - cl eani ng anal ysis was carried out
[00 ng ﬁ@s‘bope Ilia atom c force m croscope.

[00121] The cl eaning efficacy was rated by the

uc fObj cts on.the.s te..The particl
[()Gfﬁ? H}IQIB Can 16.com oesglonv\%gee E glfl gbe?' SeBeq%\%Q/ Idglﬁaf ‘ﬁ)olf
¢ mﬁkéqhs Cdrnpomoz:a&d ‘ﬂH@rts dricgizsd water af\diBieghand SwplayeRifg post CMP

clezﬁmgwﬁcmmsaf@rp Phie&fedknali 'dhédegiunty*aﬁéahé? 'Péﬁdpsfesmgs SHQHAT

he nunber of particles. The particle reduction was
S“rfe%ﬁ dlie Hplergin gach metpnes wpsleapsd: qn@ase*p/sp_ras(tmr%érmawte P22 &
1pnGRiteL BsecontDIieter ke @ SHin GyePR- £ jpEEtiSoning addis(y Bh8sd
out?fin Pr.eCl %grér%o;tgn%tcg)[ e[m(20122 Tabl e 1 bel ow contai ns
he Hoeani ng. dara for°%he foregoing tests, as
performed with various conpl exi ng agents of the

[OOiﬁYeml‘h@aeanﬁn%efﬁ@ar C-,&O QiSra Cfé&) UP&% iré;dlu B o@(?b écg E?ﬂe slﬂ%g'ate The

her ei nabove eani ng, C anl
partiples o dhe SW%S“‘?@MGXW% pgisicrediap a FAneryof péqele' érﬁmél-éﬁ m@a?ety
A Signd B&S H&amsﬁ{éam [0 33kd T B1teH Mot SRMarldNRbint R nidhber of

ex a vv|II row de effective cl eaning of
paﬂfcg Jgfﬁf’e Icécjwaiﬁﬁ? ‘1‘?26 &ibstrate in the

am ne/ quat ernary ammoni um hydr oxi de formnul ati on.

Qﬁ!&@ﬁéaw ORGBARE HeBbBDHXEL MultBeribost SEMGSAR) Hi@M ne
gl Ucarat & { QumSdF PPROIbA Chiee or

cI eai ng efficacy. The data shows that fornul ations

005 Pl i Pl e oy e 3558 ant 14 wi 1

show that whil e
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some conpl exi ng agents such as citric acid (1),

cyanuric acid (J), and tartaric acid(AR) acid have
w@owd/ogl4e@ni ng ef fi cacy, they are not preferreBCT/US2006/002902

conpl exi ng agents. [00124] EXAMPLE 2 [00125] Surface

Preparat i f.or . Cobalt Pl ati Conpgsiti.Qgns in

accor dan é[gl gwst'hd?aﬂ‘@g b %gﬁ? {:%[E %\'/%'i"g&g‘?%"ﬁ‘g}@a f or

surface preparptiomof—mTrogtgrt:ont device wafers,

viz., Cu/ TECS B54 wafers (TECéEth&Pr

t et r aet hyl or t hodermyatioay40:¥ oy Effisaeyquent cobal t

pl ati ng. The cpihposSi gcons wefe dgiuted 40:1 (1 part of

t he conpositi op—and—40 partst deignized water as

di l uent) and appliedBFo t he jaf ePs by| stati c i nmersion

for 30 seconds{ at 228fFwth al DI @ater{rinse prior to

cobal t pl at i ng—Anralysts—wasiearted-pout using a JEOL

scanni ng el ectfon nigﬁgscogg (SEQD. 00126] A first

set of conpositions BAs eval pate® each containing 0.5

W % t et r amet hyfFamonggrrhydroxidg—1 %
nmonoet hanolampne, 2 1 wt% tkiethanollamnne, 1.5-2.0
Wt % conpl exi ngl agent Bend bal anceODl wat er, agai nst a

correspondi ng COMtTORECONMPUS|tTOR Cont ai ni ng - no
conpl exi ng agenL_LcogﬁnsLLan~AML__Iﬂe conpl exi ng
agents eval uatjed in i stest| wer® lactic acid

(conposition AW, 0Oxgki Cc acifd (cenposjti on AX), and
citric acid (clespoesi-tion A} The control conposition
contained 0.5 Mﬁ@bté@%anethylannﬁniu hydr oxi de, 1 wt %

0= n hanolamne, 2 1 wt% triethanol am ne and bal ance
bl 00% apne 1@@?@?@”&&?6@6@ P of conpositions was
PSR FISFERE CI AR 65 MR hing 0.5 Wt % TMAH, 0.9 wt %

am noet hoxyet hanol , 18.7 wt %
[00137hret Fyd dutn shoe ttimo shyet dompasitions] providedOefhat e el geofi thgCMP
resi@@80h, @Ndvdalance DI water. The conpl exi ng agents
evaluated 1n this test were lactic acid (conposition
AZ), oxalic acid (conposition BA), and citric acid
[ooB8pNPESAMPRR sBB) . [00128] Selectivity data are shown
in Tables 2 and 3, and cobalt deposition quality is
shown in the photom crographs of the cobalt-plated
[003PL r oRCME Cleaning: Cenpogidons ior a¢cedrdunee with thé @Sentidn Were \einplbyed
r osi ti.ons_contapning
SRR G pre s ek A s
resigyies g} thr surfage. pHferyegtos it eaghyinstinge Wab Fleaned omm epigspray bl avitk
solutionSlf@t1i inddadt224C0 100 IPRRIAVEAY BTN 1iksk HSpihAR). BreSana

or,

- Plating Data f .
m”W%@FW%%?H@%WW&%?@VWHHEEF695%F%V]aninoethoxyethano

[00140]  The cleaning efficacy was rated by the reduction of objects on the substrate. The
particles on the sample substrates were registered as a range of pixels from 231-235 intensity.
A Sigma Scan Pro’s histogram was applied to filter these pixels and count the number of

particles. The cleaning efficacy was calculated as:

Cleaning Efficacy = (Number of PreClean Objects — Number of Post Clean Obijects) x 100
(Number of PreClean Objects)

[00141] The results of such cleaning test are set out in Table 6 below.

31



conpositions [00129] The data showed that the plating
selectivity for cobalt plating in the respective

W@ 0vp08i4é ons was good for the conpositions coPCHEURIN0E002902
| actic acid as the conpl exi ng agent (conpositions AW
and AZ) and for the conpositions containing oxalic
acid as the conpl exi ng agent (conpositions AX and BA).
The mni crogr aphebl rgive ledningetfornanoepr oved pl ating
with the conposi|ti %gl%@l i Glatilge conpl exi ng agents
of the inventionf( 2. B, Efficaeyd b), as conpared to
t he conpositionlcont i ng ho cOnpl eki ng agent
(conposition AV|_EILGCC) and as®onpared to the
conpositions comtainiGy citfic &id [ conpositions AY
and BB; FIGS. 4{and XE respecti®ely)l [00130] EXAMPLE
3 [00131] Coppen_Attdd of D.180mm Lj nes on a Device
Test Pattern The_conpdsiti ohs a® deskri bed above were
tested for copper_ att@tk onj 8540pattjerned Cu/ TECS
waf ers (TECS = fetraefihyl orthosilicake). Wafer
sections were dijpped ¢Into splutioons diluted 40:1 ( 1
part of the conposition and 40 parts dei oni zed wat er

O HgoodiClegeing, yleanints cBR@yficgrealr thmilft es. The 0. 18 m i nes

Xmécmgwi@@ﬂgﬁﬁcaébpwthﬁﬂéhl ng by AFMto determ ne

changes in Ilne hei ght and etch rate was neasured, in

m nute. The data are set out in Tabl e 4

[""Aﬁ Ther Jpspaping e Rt Aot dbac coppositiany Hieed esslient gleaning
efﬁaetcgrm ned by Change in Line Height, in Angstrons (A),

and Measured Etch Rate (ER), in Angstroms Per Mnute

A/m n)[00132] The data in Table 4 show | ow | evel s of
[00 3ﬂaci@ I¥e6 0. 18mm copper lines, with etch rates

bei ng Iess than 3 Angstrons/mnute. [00133] EXAMPLE 4

CVP Cl eani ng The conpositions identified in

0“;‘33‘8 e Clyiningsalytions CA-@ITwespvalugipd foptheir effect on
coppammsioﬁ.l on and 40 parts dei oni zed water as diluent)

and enpl oyed for post CWP cl eaning of PCMP 854 wafers.

The wafers had dried slurry and other PCMP residues on
{00345k r Cenperf wefer scTtians weefee pbtiired efzoh ai podishad ceppan svafat, ead @
secitids Jere 0 Mt h

s oS R SREgind B8 | ing e ek et & Raf Rt
the GeRPEL WHTRISHORS WFTa Isyhiqetsd \maéFMaﬂx@mlwwe e dejsvrrwg the nature and
exteNETRGEOPBudhknhide. O Fests i@ 64t Butl TAHRFLRRS: [ 00135] The

cl eaning efficacy was rated by the reduction of

objects on the substrate. The

Table 7 Cu Roughening Data

Formulation | Roughness (nm)
Untreated 0.7
CB 0.7
CC 0.7
CD 0.7
CE 0.7
CF 0.7
CG 0.7
CH 0.7
CI 0.7
CJ 0.7

The foregoing data show that the compositions have low roughening, They did not change the

roughness of the copper samples.
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particles on the sanple substrates were regi stered as
a range of pixels from 231-235 intensity. A Sigma Scan
w@e@o®stINGt ogr am was applied to filter these pPEEIUS20861002902
count the nunber of particles. The cl eaning efficacy
was cal cul ated as: C eaning Efficacy = (Nunber of
PreCl ean Objects - Nunber of Post C ean (bjects) x 100
oor4dfuntEanFLI®Y eCl ean Obj ects) [00136] The results of
such cleaning test are set out in Table 5 bel ow Tabl e
5 - Ceaning Data for PCWP C eaning ( ositions O =
[001&j0d Golnpes pdnenisSiyRge) fqiqatzlas;gpn}pgSl@PgEK&N e Fvargted x
r ' u8f hJdERRY ahd aki6 ontdbaiing b the
o d"ta%%%%?eqaf?&pbﬂ?xgtegl JaERRY &

The da how t hat these conpositions provided
compdsitigrstof (g iyeiEighi ng of the CMP residue fromthe

substrate [00138] EXAI\/PLE 5 [00139J PCMP C eani ng
Relako |n accor dan ] t | [ VYL@ 854
[001§§1p| 0 886%% 58! EER/?DW etdl}or 33%(:'\1)@5’ gl%hl%rbfers The

wafaraverfess ftaidatetr w@dths Sematseh éﬁddwszmﬁer@cmw paers e dried glurry
and Oﬁ'l%ll f’Cﬁ#r%sﬁlﬁ% A0S WREE! T ®a&hn iRl Akete Wd§cl€dn9c&6kﬁﬁi

on a s spray tool wth soluti for
spinpey a0 e anleonn oo mimcnd? bt [t £l D St

rins&lind-spi 66 Prald pes-tansllsiais pgfoanal usinf 8 Nagscapaflfa aguhiofetce
.using a JOEL SEM [00140] The cleaning efficacy was

MR by the reducti on of objects on the substrate.
The part| cles on the sanple substrates were registered

[00%§]aa ’B uﬁ% efﬂéaé}elvgs rtit@@w A8 feddclion bfﬂﬁoj%@@ b Yhe sbsiDitq Mhe

st ogram was ‘applied tq fil

partisiex e the ey ccSBRATELRS HEE® FREISESH 2ot rapge of PRI %‘Om?hgg% BRIt g

A ﬁ d S@E YroMaSto S akh Gills abglitd as filtél anipbgls Bhd icowt yhe=number of
urmber of Pr Cleanﬁgo‘{l?gtg - Nunber of Post C ean

P"“@Eﬁ‘ etheglening ofiHaeY G AP Pr e ean bj ects) [00141]

The results of such cleaning test are set out in Table
Eib8-of PRAIA @idcise NehBa bk PosRERIBHIRALL100 =
Cle%)%ﬁif%\% an ﬁlg, 9 &g&gfﬁrclbﬁ%}écﬂsﬁ greater than 75. X
= Poor C eani ng, cI eaning efficacy is |less than 75.

[ 00142] The foregoing data show that the compositions
[00yd0g! derk exBedfls@niclealigaat agset out in Table 8.

Table 8 Comparative Cleaning Performance

Formulation %lfef?;:gf
CK X
CL X
CM X
CN X

0 = Good Cleaning, cleaning efficacy is greater than 75.
X = Poor Cleaning, cleaning efficacy is less than 75.

The foregoing data shows the synergy between the components. When a major component such

as amine or quaternary ammonium hydroxide is not present in the formulation, the cleaning

fails.

[00151] EXAMPLE 8
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efficiency. [00143] EXAVPLE 6 [00144] Copper
Rougheni ng O eani ng sol utions CA-CJ were eval uated for

wo b@e0sahd ect on copper corrosion. [00145] CoppeT/Uszinen02902
sections were obtained froma polished copper waf er,

(0035 o S i R e GRE, CHisolibnt Sprepenatehot
evalbdial foopper etdiafiteper®astitons wer e subj ect ed to AFM
exam nation to determ ne the nature and extent of
surface roughenin The results are set out in Table 7
[00153) oyiorrpaipn eletsh) Ol WHGHse HPtRgRiTat &omeh dafplo péstsoicarpratest Ry

poteamwlmcmtsrﬁemsm@su tsoawsv&bay Bpeh Qi uit YOG b WOscanl RRYor
cha he r ou ess of the co
SR plestodd

025 o 1 ;;Ueﬁfﬁr%mm%§§<%%§ﬁ%PWEfﬂﬁ
InorGmigsloprited inSypmeyr gydﬂf&a’ﬁeﬂo paypadidroatykncbENTIME verking
elec@/c@lv&ég‘hgﬂﬁ& o{jﬁt é Qﬁntgxf eﬁe%&c; gfas QH% ?fa@xﬁ%&/ wire (Alfa

anmoni um I OXI e an am ne on eanl ng
Inorganieploa tthegpigrense clepteods waen Fil‘@hSﬂVFfO{bmgq (samete(t Kehrelenigpde

(PrifcofdR AppHel R&bsarm&p )eimJ Isbyeegosfa%asm@&ce fllléaq{@ée&gh Rodel
icated with the Senat ech

2265 T P Flogian B Ty oiged il o B ies nApH S e SpwaTid o

to thetop@r cirk@\atentizd fodl I @Sur.OFhe fpbtentiod bihic a&e wadihen mﬁf)l@{ed,l afd the

' t.0 Wit h
cale Aty KOS U iRy S RRREE T oRRR 08 R Sopliktot
deteguinestheeoresi@lratat er ri nse and spin dry. Pre- and post -
anal ysi s was performed using a Nanoscope Ilia atomc
force_m crosco 149 The cl eaning efficacy was
[001]5& edThS)'ies'Elﬁérelsg‘Hﬁ‘d’f& o‘?eob"’bj ects on the substrate.
The particles on the sanple substrates were registered
as a range of pk%elgséo intensity. A Sigma

Scan Pro his er these pixels
and count theF(rrumbeon . el cl eani ng
ef fi cacy was L.cu utatyd—as: ) eantng—Hf fi cacy =
(Nunber of eCgapmr—Opjects 'li. f Post C ean
bj ects) x 1p6—(Norber—of—r ef3ean Ebtect s)

\ 33

Y 2.6

AA 3.9

AE 3.5

AG 0.01

Al 34

AN 2.8

BC 0.6

CB 3.2

CC 3.5

CD 1.8

CE 6.1

CF 2.2

CG 2.9

CH 2.2

CI 5.8

CJ 2.3
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[00150] The results of such cleaning test are set out
in Table 8. Table 8 Com arative C eanin Performance O
WwWGe 20008140 eani ng, cl eaning efficacy is greaterPthas208&002902
X = Poor O eaning, cleaning efficacy is |less than 75.
The foregoi ng data shows the synergy between the
conponents. Wen a mgj or conponent such as am ne or
Thecflaieeia Talle ¥ shovrdhat mcmﬂs’msaé apcgrdguse Vith dkecinention hapglow
conmdsmwtca; 1e@ thath WeAﬁiuﬁanm@oﬁmd LY cB@a@rﬁﬁgllethﬁé%l\/&’&ﬁne as a
0015 tch Rat ctyochem stry C eaning
Comgof“n?fl tg‘a\sl\gf cﬁg?séo&meﬁﬁag\fgar“l]r /8% for copper etch
rate performance. [00153] Corrosion (etch) rates were
er gk RARf m Tafel plots generated by
w“%%t ent odyrll'fgrﬁ’oc scans from-150 to + 150mW versus open
circuit potential at a scan rate of 0.25nV/ sec. The

[ooiser ki B _@()z/@h&@ter@d'ﬁ ‘R@ilﬁov@l 5%@&@@&?&51%@9&5 wEto clean C?
a.l norgani olte I.n Xy | nsi de
coptsf S MRS Gt 1 AF PGSR RO oL Toy et St
imnwesida) Fdloeddelet daahizedveidl) Ma@almesingmmo blotve deawhh uik®genTHEhe
sam?@éjafgrg 'E:Ieﬁll §3 o %qgﬁg%%o oL anR: Zaﬁ !Z?%n’ldg‘qug wgtﬁl af36:l second DI

nor gant cs e reference ectr
water |f1n§f‘e'=1ﬂd Spip %fr Applysisrvag doregiging KBS aidn Ra@yly ofdSe c'fhe Gokapositions

wer Bécd e 8 laditioARR B¢ F%@ﬁ&an@ BorfgRkifon) and BO %M%O&e?daizw%@ﬁ as

dil Pri cetog% ed Research Model 2263. The

lu%pﬂ)gafa %‘f’}’B I deWr st oxi di zed at +0. 700V for 5
m nut es and then allowed to go to the open circuit

pot ent i al r nam .C_scan was
then_ Derfrgjrb%el g{e{nﬁﬂ]g mu at | ‘g%s 1P((’ensdone usi ng

Preteggttenid|r@eapingvi d éﬁ’sby CPprien ¢ NitweenApYirogeaCResie)t BTA
Cor por|dioppfatiop g Adgeer ni ne| t he cgrrosion rat |Renfop@ib54]
(+1

The rdsults ard shown in Tahle below Ta

Nong: - pNoge pag 118 The At al $-8 TaHl9%60 shows [t¥eiepplipable

<

BTA 5rmosiNMens i 4 i%cc&ﬁét&naal&\?i h tZ¥_i nvent i |d¥ptApplieablegy

BTP::rT; ;%q ra_t_e_é__]_eg 3. 4-§ Al 1095 (‘nrmnm]tOpon M.

BTA‘UQ_HE Y rﬁé-\gﬁqt hy ilgne 5;_m_ 3 OfQénml QYI n 1:QQQI’JI has
BTA\ \VIQI'\ Oréicl o 4pnf 6011ra 0 n 7 & %

&2

0
155 %ﬁl&,%glg ! enzot ria oI (BTA) .Renov
The Céj gaan ab l'ggls t Lga 1988, fengoye gontgmmatmn e
nitrogen/copper rat10 is equal to the uncontaminated copper sample after treatment with the
formulations. There is effectively 0% BTA left on the samples after cleaning.

[00157] EXAMPLE 10

[00158]  Post Etch Residue Removal Compositions were used to clean post etch wafers

contaminated with residue in the vias. The wafers were cleaned on a spin/spray tool for 45
seconds at 22°C, 100 rpm with a 15 second DI water rinse and spin dry. Analysis was
conducted using a JEOL SEM.

[00159]  The results are set out in Table 11 below.

Table 11 ~ Post Btch Residue Removal by Compositions in a Spin/Spray Application
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copper seed wafer contam nated using a 10 ppm BTA

solution during 1 hour with static imrersion, followed
whyoodesané zed (DI) water rinsing then bl own drRCTMIE1006/002902

nitrogen . The sanples were cl eaned on a spin/spray

tool for 1 mpute at 22C DfLrnm. wi-th a 30 second D

wat er rinse aq*‘&a“g’ﬁ WP&V’ JAnaI§ i8¢ \as| done usi ng XPS

at an angl e|of 1%ntrehik@ cCoONMPOSi Pie¥A6 wef e used at a

di l uti on of [ 30++—<i-—part—e *hcj%e”,w tion and 30

parts deioniized water as d PVe’Data are shown in

Tabl e 10 belfow. ThAAdata | 1 Tahtneveiio shows that the

f or nul ati ong—renov Quuc BT uﬁé,n .dum on. The

nitrogen/ copper ratro is e he pncont am nat ed
copper sanplie aftefOtreat mnnt Wesehtthe fornul ati ons.
There is effectively 0% BTA teft—omttie sanples after

cl eani ng. [00157] EXAMPLE 10 [00158] Post Etch Residue
Renmoval Conpositions were used to cl ean post .etch
[oowar er ﬂaemtmcmdoeammg tdinposiGéndl® whsrm& BeefiidiedBat rdfing the
R R S AT —
comppsition Adyrat ﬂspummmayld-cmmw@qompmnmwct ed using a
JEOL SEM [00159] The results are set out in Table 11
bel ow. Tabl e 11- Post Etch Residue Renobval by
[001€8hp o8XMBRE 1l a Spin/ Spray Application[00160] The
ascor bi ¢ aci d-contai ning conposition CO was not as

ooffel o HE E R Rl GRS ES R B T PLEPR g5 el Vot

conguingted with agsiiuadn the vpesTheiveltsweae cleed Dy catiniimmersion for 2
Al hasenial N Nd oMot 0 % o RE

i 00162] Post Et gﬁl Regll§ ue é;{aélﬁrr\t?vg{y%a %Sltl ongsl%véa?jgm“

SEMised to clean post etch wafers contam nated with
residue in the VI as. The vvafers were cl eaned by static

00' r ion or, 2. m be1 22C, with a 15 second DI

[ er ir??gé”é‘?f& N ﬁ{? € ﬁfo%l s was done using a JEOL
SEM [00163] The results are set out in Table 12
bleal{ﬂg% i’r@spttgh Résidue E%ﬁgval%g E%Eglloﬁs% IE? ¥s nAkfv?{hcatl n

Conpositions 1 n an [mer Yo

Exanpl e 10, the gl ycine-containing conp03|t| on U, the

lactic aci d- cpi@hiR Filfmulation | Residue
Untreated Present

U Removed

AA Removed

AQ Removed

Similar to Example 10, the glycine-containing composition U, the lactic acid-containing
composition AA and the succinic acid-containing composition AQ were efficient at removing

the post etch residue in an immersion treatment.

[00164] EXAMPLE 12
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conposition AA and the succinic acid-containing

conposition AQ were efficient at renoving the post
webr@h/08’sé due in an i mrersion treatnent. [O0016B¢T/US2006/002902

EXAMPLE 12[ 00165] Cbpper Etching The sane conpositions

t di
o3 F5Ap R B TR ot R g e T BT Do ¢ M as o
corgeaprpilieg TN HAYB A tcompositiog @odemice gallict dvid dsethel baﬁﬂlﬁmgr@erm fin
acclojrd%ce %ﬁ %tdlsgl s"u?e of‘?@ Ag Pavgﬁtr@](‘))g%%g wt?ext% ug’edqgn %nlp ﬁsﬁerbhelqg)

PVD copper waters. rons O
coppefeialefe pdRont BP0 otnestinsseof\gapnsy éadol}eep Idsnosited| onvfagse rwafers by
phRRIGsiot 8pbsitidn00166] The wafers were cl eaned by static

i mrersion at increnents of 1, 2, 3 and 4 m nutes at

22C, followed by a 15 second DI water rinse and N2
(00466} . Thé wifere were nieasd besiein irsmandoreat admentd dfh, B 3@521 RemMap

at fZ°@ %ﬁuw ?)9Qq5 sgcggd’]'ﬁ?lvatznﬁlsg Iin%ro}}l %(eﬁuc { COQ ureme S we e

measur eq he conpositions were
ma{i%‘&‘ﬂ*%%@%h4p%l¥t@f@éasur ed for the gal I i c
aci d-contai ning conposition of U S. Patent 6,194, 366.

is.a ra h of etch_ rates, in_ Angstrons
008 3‘1 ¢ figh o SORRSH BEIIE orr&wmmer&rﬁﬁ&ml@ B vrere Les

that G btel rafemgaduive fatitticlgaliie adid-eaniaing XomiwsiaGEITILES. PaEAtlsj194,366.
al | ci.n ( su00| d

RS b k3l bl il S B

conpjopifions comgiping fre slifément mm@g@gqmog)ﬂhc @<nd t(l’»e laempmir (AA),

glySh &by &Ic@imc[z@@léﬁj), %Wﬂﬁﬁa ﬂz?&nj[i&gll,% chlﬁplgcrtlc ac1d with 2-
Rou henln CﬁgP03|t|ons in accordance”wth
“EVH§ Eﬁb@ﬁ?ﬁ@“ﬁﬂm%ﬁ%an pol i shed copper

mafers. The wafer in each i nstance was cl eaned on a

P n/ R?FM? | for 1 mnute at 22C, 100 rpmwth a 30
W0§§10n§ &%ﬁ%r rinse and spin dry. Analysis was

carried out using a Nanoscope EUa atom c force

[000G9F I OBGHRE Rm[@ go ANAY E&rﬁi‘}omgoﬂs Sin aac&)rr@aﬂg thh S En@grﬁf‘lon ere

hness, 1n nm for various onpositio

eml&‘é‘@@ i9 Heay Rofighgst 69@nywaf§lﬁo\ﬁhﬁ gfaiehél ?aéh alsﬁaw wmgi?meé@w
spitdpraly el fop U GHineS & 229 00 Qﬁrﬁdlth/\a Bmsevcalﬂy)m@te@ ﬁ?@laﬁd( !r;];ﬁ’kgdry
An. are 0 an er surrace navil ng
T AP R e e S AT
1.8nm of roughness. Hi gh roughness is greater than
[OOﬂ-'}OiSn ”Fl@r 9 @ug @Ep(ﬁs of surface roughness, in nm, for various TMAH/MEA
compositions described previously, showing the relative magnitudes of the roughness .
associated with varying complexing agents, compared to an untreated copper surface having a
roughness of 1.4 nm. Low roughness is less than 1.8nm of roughness. High roughness is greater

than 1.8nm or roughness.

[00171]  The data in FIG. 9 show that formulations in accordance to the invention have low
roughness. Complexing agents such as citric acid (I) and cyanuric acid (J) previously showed
good cleaning efficacy in Example 1, but these formulations have unacceptable amounts of
roughness. Complexing agents such as cysteine (K) and ethylene diamine (M) previously
showed poor cleaning efficacy in Example 1 and have high roughness. This shows that etching

the surface is not a sufficient method for removing CMP residue.
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[00171] The data in FIG 9 show that fopnulations in
accordance to the invention have | ow roughness.
w@ovplogMneg agents such as citric acid (1) andPCyHaR206/002902
acid (J) previously showed good cleaning efficacy in
t these fornul ati ons have unacceptabl e
00 ﬁg Jf:g‘*%l?l‘ggughness Conpl exi ng agents such as
cysteine (K) and et hyl ene diamine (M previously

[OOﬁggweeoF%QI f{ou%!le%&?i nq}o élﬁ" ¥ ! accoFfé%gp\!vﬁ} %heaﬂge &Y @vere

hat e he surface I's
emphyed & éemfnomhedwopﬁ%tms f é’he weltiipi qagh @Wme was cleaned on a

sp1ﬂ7 Sy W rok D Pkefd at BXANV I FrpidwillODI BlonEPR RBfer FRRY SRERINHy.

nposi t | e‘gns i.n aﬁgcordanﬁe with the invention were
I“'Gi/@ﬂ" 8t SpiRET 90 TPR Gat%ﬁﬁ‘é?e WHHPEPRE: The wafer in
each instance was cl eaned on a spin/spray tool for 1
L, ut t 0C, .. 100. 1 E]@ 3 caond W%Eﬁ!rHME
[00ﬁ4ﬂseﬁgﬁc}02@ ] grgéh o &\%Fa]cwt& Sssqr(l:}rnr‘ %}dvacr)lﬁ?s usi ng aA
conRatiisse oﬁs@nlpqdu erwt@hn @hcfvmm dheriadativs @@s@tudfsogﬂ Titt] rqugi@ess
assoLQteH Sith v%lﬁ@ bonflexill bz Ecoh B3GR SntrebiBd er s&&‘acé/ RivinBYs
MEA conposi ti ons descri bed previously, show ng
f°“$1ﬁ%$59%114a‘t“i‘ve magni t udes of the roughness associ at ed
wi th varying conpl exi ng agents, conpared to an

[OO%E gﬁ ex%ﬁt gﬁfe 10: SH ﬁlce ha altlnowata{?&ié%fagr?oﬁ%l er:llh 1 havrp
lowamgbrreeﬁaﬁ@@ktxmgtamt tamr@ramd ¢R)haaruslpshowerligpad elw.mg efﬁcacy
in ESCRAI £heds ﬁgﬁmuoﬁ ﬁB&tﬁEs'lﬁac@%hGIe%@nts%ﬁMéﬁéé] y showed
good cleaning efficacy in Exanple 1, this
formul ati on produces unaccept abl e am)unt s of
[oorrepghpeamPLEQS176] EXAMPLE 15 [00177] FIGS. 11-20 are
phot om crographs of post-etch wafers, at respective
magni fi cations of 408000X and 80, 000X. FIGS. 11 and 12
[00EFbw FIGS. WHf29r azs phntomégadgeghs |af abdt-ctot hwafersase s respeatdve
maéﬁﬁ{cﬁ{oﬁs i) 6009& z&x@@@goo% FZI’G{?@'l QAdSl@rsﬁ‘(}(N HhOR elf z@runé’e%ted In all

seconds at 100 rpm wi't secon
other ic3gesethy wafe@ pﬁew C&Flgﬁd O @‘/SPFB’ t%p& @r ﬁseswdwttzﬁ‘é? \A%Pr I@m with
a liiﬁefc%ifd TSPt Sifdeaind @ﬂue anl e Bhnd {Dﬁsﬂo@cﬁlé ®afer after spm/spray
n osItl1.on
cteaish S F i Mt baneinp KA Sopritioih A5 s T3 vt Yo
the ghfgcafive spideptagicieamnp FRAAHE WEdine anpmmigt TIMWH/MEA- dGBosition U.

modny & (BARK D Sahe Lk BRASL SREALSRL e GLEA0LALMR ],

the succinic acl cont conposi ti1on

TM#H@?A qapasiEPn 2. SHGW 1P 1ged Zephesy the fvplsy afispipiy'spray glganing with
the £ Q8B hddBcotbatnbhg TMAH/MEA composition CO.

[00178]  More specifically, FIG. 11 is a photomicrograph at magnification of 40,000X of a

post-etch wafer showing residue in vias therein.

[00179]  FIG. 12 is a photomicrograph of the post-etch wafer of FIG. 11, at a magnification
of 80,000X, showing the residue in the vias, in greater detail.

[00180]  FIG. 13 is a photomicrograph at magnification of 40,000X of the post-etch wafer
shown in FIG. 11, after cleaning by spin/spray with the TMAH/MEA/lactic acid aqueous
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t he ascorbi c acid-contai ni ng TMAH MEA conposition CO
[00178] More specifically, FIG 11 is a

W@ bwbosi406 ogr aph at nmagnificati on of 403000X OPCHUS2006/002902
post-etch wafer show ng residue in vias therein.

TN TR

comphgitigmng the residue in the vias, in greater detail.
[00180] FIG 13 is a photom crograph at magnification
of 40, 000X of the post-etch wafer shown in FIG 11,
[00L81] o FIG d4 isiapfiotppicrginty o heaygstiich prafenef FiGBy 2B Arpmfication
of SA@OUK, ARIHE i reREVA] dTEhe GONIPRB tebiti@iin Mdvia, T BreRQIL1a1EL Ch
residue in the via was renoved by the cleaning
conposition. [00181] FIG 14 is a photom crograph of
[00182¢ pOKT. -18tischphatim@rogaibh Bl agnifiBstiombf 40,0080 bf fhi pest-ttoinwatkr
. i . f. - i e
shof ey Sue LA D BB Rl (O BR e B b 3ol
compRtid- dherpstaith ratdugia disivia vaa rameteddy theglegtmconpositive
post-etch wafer shown in FIG 11, after cleaning by

i n/ . Wi the T VEA/ gl yci pe aguequs cl eani ng
008 oo Bt T ol prter S an Pk o b Cch 6 PaSiston
of 80 80, elebwing thehvemavalad Kiie post-ciolnfeaidictin havia [iDQdRG dethil. G 16

is a photom crograph of the post-etch wafer of FIG

15, at_a magnification of 80, 000X, show ng the renoval
[0053] ¢ hBIGy A2 is._agrhetamiceostaplyat agnifipation pEAO.00PK gf e best-cich wafer
sho®l irdFIG. 11,084:84danile} 65 %;lr]s)}zka& WHRROTORHARLLRBRic Atid agueous

magni ficati 40, 000X of the post-etch wafer shown
cleipd Rpespoiion ALy e PER Sih oy Do Yy PO o lesning
comphiidinVEA/ succi ni ¢ aci d aqueous cl eani ng conposi tion

AQ The post etch residue in the via was renoved by

the cl eaning conposition. [00185] FIG 18 is a
[001$8bt oFiGe 1 Hig e aptioraierogripd of 8 posteich welkf of FIGhfl 7./t Gmagifticatitn
of 88,0007 Mowirzaitd r@fovalof B8 pQRLRh reSRRWM tﬂQviL,rﬁ?grEamé‘tﬁ‘. of the

post-etch residue in Fhe via, in greater detal

[00186] FIG 19 is a photom crograph at magnification
[00186] 40FIKH @(is_&fphbigﬁicﬁ)@f_iﬂ; fto@ignifieier ofSI0000X bithdpdst-etdnlwater

ehr~C n i n/spra t C

Sho‘%ﬁMIE/Eiﬁ g‘gl{i:ror arll%g %g?p g S&% é%t&\glec%ﬂﬁ\@%%%gf‘fl Agfgous
cleagigg copppesifienstO.dihe post ee reidue still tefnaineiimihn el after teltmentiby the
cleaﬁqi,%&rm Ligat ment by the cleaning conposition. [00187]

FI 0O is a photom crograph of the post-etch wafer of

FIG 19, at a magnification
[00187]  FIG. 20 is a photomicrograph of the post-etch wafer of FIG. 19, at a magnification

of 80,000, showing the post-etch residue remaining in the via, in greater detail.
[00188] EXAMPLE 16

[00189]  FIGS. 21-25 are photomicrographs of post-'etch wafers, at respective
magnifications of 40,000X and 80,060X, after cleaning of the wafer by static immersion for 2
minutes at 22°C, with a 15 second DI water rinse and N, dry. FIGS. 21 and 22 show the wafer
after immersion cleaning with the lactic acid-containing TMAH/MEA composition AA. FIG.
23 shows the wafer after immersion cleaning with the glycine-containing TMAH/MEA
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of 80, 000X, showi ng the post-etch residue remaining in
the via, in greater detail. [00188] EXAMPLE 16 [ 00189]

Wo-b@s08R06 25 are phot oni crographs of post - et chP@E{82086/002902
at respective nmagnifi cati ons of 40, 000X and 80, 000X5

I f stati.c i nmmersi.
confBbiiin 01 SR, 99t 25415 Ul B i R 46 e iy
aCiCH‘?OytamFlgMI\@Aam@pfgﬁwshﬁw the wafer after inmersion

cl eani ng vvith the lactic acid-containing TMAH MEA
pposition AA. FIG 23 shows the wafer after
(0o 9ﬁher Yognspeqidcail - il iha phaleryproerprbens sngemiBitapgme 40,000X of
the POMOECIMARO SHO@E id FION 11 )aftdr likoRersidd cl@ﬁﬂxg%th&h@%ﬁﬂ\dﬂa@ﬁc

L BT R LR L —
deaypiéeq’mgoglabrh-y, FIG 2 1 is a photom crograph at

magni fication of 40, 000X of the post-etch wafer shown

in FIG 11, after immersion cleaning with the
(00350 FASaR? serphetomiciogragini @5 westeich aafenef FiG b o p magnification
of 800603 Glsowirl tRd Yem@al (HUR pbekRsiliedn W8Siaiff BOMG Y t he

cl eani ng conposition. [00191] FIG 22 is a

phot oni crograph of the post-etch wafer of FIG 21, at

[001592]'ragE1G‘ 28 st 4 phatomferd@Bpl) @@égnisitedion 6A0L006X bEIN® pcaet-etclf wifhe
shomﬁ met 6t JhESiufliRioh ekl Miftne 'rm%ﬁéﬁ.@{yc&et@ s cleanin

%#IG 23 I's a photom crograp n |ca
COHEPSI%@ dseastetahpesidagya theatactss yaeored bgrﬂmhanmg cpm@smm
after imrersion cleaning with the TVAH MEA/ gl yci ne

o 4R B S L T P23,
sho{v(x)mglq IB| &ter 2dmersion clelnditgowitic the gTNAH/MEA/fibgiit hti6 alicow
cIeaQifn§ %Qm;%g% 9\ t’llﬂg QSQ%{CE %sf:dn% ﬁ@i id> h MWE%FE{XC he C n!i%écnmg

er 1 mersi Peani n
“mﬁﬁwwnaqueous cleanlng conp05|t|on AQ The post etch
residue in the via was renoved by the cleaning

osition. [00194 25 is a phaotom crograph of
0BREP ot 2ER amhaist g b o Pepoisach eloLpt i A LB disson
of 8800000 wirghigrbmayaltdfi the pesprestadesidi it heviR @b redd: @dlail esi due
inthe via, in greater detail. [00195] EXAMPLE 17
*[00196 The efficacy of fornul at| ons CT-CY for
[00398hi bEXAMPLEdJBper corrosion (i.e., mnimzing copper
etch rate) was eval uat ed. The deV| ce was a bl anketed
[OOI%QIDpe'["heV\%ffﬁ%a{cy of formulatlons CT-CY for inhibiting copper corrosion (i.e.,

minimizing copper etch rate) was evaluated. The device was a blanketed copper wafer. The

wafer in each instance was immersed in the respective composition for 10 minutes at 50°C,
followed by a deionized water rinse and spin dry. Prior to immersion, the samples were
measured using the 4-point probe measurement technique to determine the thickness of the
substrate as a function of resistivity. A regression curve was generated and the thickness of the
copper determined as a function of resistivity to derive the etch rate of copper in each

composition. The results are illustrated in Figure 26.

[00197] EXAMPLE 18
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wafer in each instance was inmersed in the respective
conposition for 10 mnutes at 500C, followed by a

waledoeos@edl wat er rinse and spin dry. Prior to PCT/US2006/002902
i mrer si on, the sanples were nmeasured using the 4-point

oy R Pk S B o5 ey B
rpm) BgmelstinnglV fou? mawutess 4¢/€n dhepattckneaiwaftrielutii cHSGEad pHl on
a cog%? sGPRPC Syl cfgﬁr[t b 1 ‘%Qe %heaw&tmés' e \fwﬂf 15,4 kv%x‘ \Ahédy anfl©

ve the et raeo I n eac onpos
subnfiffed forsgyining elgptpon nmr%swé‘i@@ |Tﬁe Ficlyigtoef szwper w@e(ie@n}nned to
be 1IDEOWMERBHE 18[ 00198] A patterned wafer having residue
thereon was i nmersed in beaker of agitated (250 rpm
Formul ation CV for 2 mnutes at 400C. The patterned
[00188if erEleatroh itegraghsfeBBe bairdl mﬁ beforeamd: ffepidimesdithfagecsRown in

Flgu%%ﬁ%&a&%ggg&gvee gﬁ'l?@ﬂl belsDS NRTRS MRS b Pf?e%gv We&lm%

bmtted for scanni ng
follqyirg s & spyptes sfigeningrhe et ch rate of copper was
determ ned to [00199] El ectron m crographs of e

ntr waf er before and after inmmersion are shown in
mozﬁ&gur&“ﬁ’;@géﬂd 27B, respectively. It can be seen that
the residue was effectively renoved foll.ow ng just 2

[Ooﬁynmg ?)oéeﬂfia ekc%%glln Lgbrea[k%glg ] aE&gA'\éP ?ed[ 0962 ort{.l%%ltated

barrier bre
(zsq rAmhEelptionCValgh 2 minetes 4t 2@ twmﬁamr@ rPrginathe m-e@/pmmss the

wafdfl QAL ﬁﬁ]e@t@d Y Qnﬁd/ﬁ PG QU K proktdE | HaGhyt B&wiil B5ofideh residue.
process, he wafer was su d&ect ed to a 50% over etch to

S“bi?fl%ﬂ}? g Q‘GHE%S}“’ Fplgetes Fnsep oty REvatpredied gud sulspifieddgi REM. ¢ o

the clean, the wafer was rinsed with DI wat er, dried

bmttedfo 02] m.cr aphs .of
mﬁ%‘e co%cttrf’ 0 Imlcm%ap Sf‘eEtr't\‘/(L’ 5‘%8’ RN IWeavé‘fi‘:s il ‘feglco%g @(ﬁ?ag?r
befopreifmmregsidqnrareshgvioin Hguess 2Bb\and 238, Fispretiely. Z8dtramaicR@Bphs of
the Viff %}QI%P hdavgd Mcave%l @&&Mﬁgﬁ ﬁﬁr%gsqcﬁpapéshggm Enhﬁgu\fése”)ﬁ@fl@ hoB,

and the cleaved via wafer_ after inmrersion are shown i'n
resPRGIYElY-e¥ corgkaie st the &55ideq rerpaiips fallowing fhe eﬂa@éﬁl g qyer-
etchpaREssdsvat subfiantifiysémbyed etk BieaIE &ltheons (e, b RS Figira2a)ch

and overetch processes was substantially renoved from

t he sidewal k of the vias (see, e.g., Figure 29B).
[00208J02 OBXAMRRERLE 20 [ 00204] Proprietary patterned

post-etch, post-ash Al wafers were imrersed in

Formul ation CQ for 5 minutes at roomtenperature, 400C

100296l GRyorsietapotafiesmg st EidhepstpdinAlf wafers Yiere ipessief jnglprmulation

CQ for 5 minutes at room temperature, 40°C and 60°C. Following immersion for the specified
time, the wafer was rinsed with DI water and dried using N,. Electron micrographs were taken
using a Hitachi or JEOL scanning electron microscope. The micrographs were analyzed for

residue removal and substrate damage.

[00205] At room temperature, the aluminum etch rate was determined to be 8 A min™, the
residue removal was determined to be complete and the corrosion of the metal was low. At
40°C, the aluminum etch rate was determined to be 9 A min’, the residue removal was
determined to be complete and the corrosion of the metal was slight. At 60°C, the aluminum
etch rate was determined to be 43 A min™, the residue removal was determined to be complete

and the corrosion of the metal was severe.
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time, the wafer was rinsed wwth DI water and dried

using N2. Electron m crographs were taken using a
woiacaogi4or JEOL scanni ng el ectron m croscope. PATES2006/002902

m crographs were anal yzed for residue renoval and

substrate danage. [00205] At room tenperature, the

al um numetch rate was deternmined to be 8 A mn é’xl t he
(00208 0BG Shbdvad 3lhnwe ducresravhnele paeBe! RAShThe Pos-40R M (RET

v1acaﬂcﬁ E&ﬁ' a4 e, LelRctVBly Aefor@Bnohedién iMFodR{MEon t:Qe FGSLIrE0B Landd

rate was, deter
eyt IR e AT e b
C(I?e@ fdoﬁh&d:rﬁlf&raﬁfre fohemimeteal It canbde Sk kttthe post-c8D GEidug was completely

1@;10 me{:apco{‘rgstloe was determined to be 43 A nmin 1,
ren?oﬁ% YT CHVET was determined to be conplete and

the corrosion of the netal was severe.[00206] FIGS.
[00%% §%c%@3fﬂ &k Qi GRdpSs &f a Iﬂltt&ﬂéd @Em Pesdsh all ehfer,

post-ash Al wafer via and. b ectiv
cespisivesi LALGyHZE SPBFIPTT WMO&?{% Q@% feﬁg e 3%‘“3”8“@%"
30@”&1&1 T[‘CQS a9 rc&[ﬂﬂ@ﬁ FMS sireandaf &rmespediivély, 3S:an BOkemthat tig: pbgt-etch
ow n CQ at room
resfdéﬁﬁésrcg 81? gmmo (?Wlth S%Fﬁt%aﬂ&égﬁpbe seen that the
post etch residue vvas conpletely renoved with | ow
B2 pEkep. [00207] FIGS. 30C and 31C are
c]rograp s of a patterned post-etch, post-ash Al
vvafer respectively, followng imersion in
[062@9 mJ' G5 31AGLY 38A 460 Qplfoﬁlﬁetaﬁy p‘lhsmatemhed TESpeafir aghddldE to

31Cto th 3 0
o SRS e FSB SR AR g s
plases oetuetchvars] sigpifivhne pest-sicly wsidieaemaitied lan §1e{THRE fopreyy The wafer
wa% %{ E&ﬁ& %nerleg%ﬁﬁ]nul% Fr 311n£19&%@%°CF|F%wﬁlﬁqn@ﬁdm for
iy roprietary asm-et ched TFOE etE&:hed
the) saeified tltTﬁe the oypier W§u5‘§?4 Hite DLl e%%’ ectron
m§f6§§§ﬁs el MRS udMRAVEDY sAafiRtdreiigicioscopd) ext en d ed

pl asma over-etch and significant post-etch residue
remai ned on the TECS features. The wafer was

[06218] | cﬁnsyszanm s@ti34 are Braerspls ¢fdke Wwoprietsry HasarsichedsTEQS
waler erotqlow 1 1191‘@45@ dﬂ R l§n*09 @Qfaﬁ’ ElO‘U"I@r > E'ﬁ—’rﬁkeg | @6infakiiEFIGEhE2B

N wat er and

anEI 3éBtt¢> the qqnteql,dgﬁap}% ‘Wér3éAt TERSFIVELY; ﬁg%beﬁé@_ﬂ’gt tglzﬂ?sh*a"h

reSIRGHaE gty RR6RAGom[IROZDS]fedth&S. 32B, 33B and 34 are
m crographs of the proprietary plasna-etched TEGCS
wafer follow ng imersion in fornmulation CQ at 400C

for 2 mnutes. Conparing ELGS_ _32B

[00211]  While the invention has been has been described herein in reference to specific
aspects, features and illustrative embodiments of the invention, it will be appreciated that the
utility of the invention is not thus limited, but rather extends to and encompasses numerous
other variations, modifications and alternative embodiments, as will suggest themselves to
those of ordinary skill in the field of the present invention, based on the disclosure herein.
Correspondingly, the invention as hereinafter claimed is intended to be broadly construed and
interpreted, as including all such variations, modifications and alternative embodiments, within

its spirit and scope.
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and 33B to the control, FIGS. 32A and 33A,
respectively, it can be seen that the post-etch

WO e®@basosvas conpl etely renoved fromthe TECS PERUSI086002902
[00211] While the invention has been has been

descri bed herein in refer e to specific aspects,
features and il lustra ﬁé&%}li ments of the
Wi i\s/fcslgitmiegn‘ it wll be appreciated that the utility of
—h?g-e—r-nvm-rf'on is not thus limted, but rather extends

1. A Sbﬁpgﬁoﬁ G %@ﬁgg Zﬁk{%ﬂﬁfn@ U(ﬁ) &JE&%M% %}ngilﬁrg Hgdromde a]nd (iii)

| catl ternative e
YRRFEIE PeYh avhgrein fasscomp lering agenioihclieg| pigast onsicomponiest selpated
frorfl Hﬁ'gd)u@ﬁonﬁlktﬁlg RF A& cidl B dx@kb, alaﬁ&eﬁ-a@ﬁot‘éﬁ‘ﬁole ammonium

osure herein. Corre p ndi n the i nventio
beuafee PR PP PG R B Sp BOAStsal GITAY befine,
dimegthylsdlyonize, fundric adid rghitetie did, ggutaniind, ghhtarig aeill] glgdamol) glycme

glyé()ﬁg J#ﬂf E@&?hc Whlfsﬁcﬁﬂt i!ngcﬂﬁolg ﬂ’%}l@‘%ﬁ{&@%@ %’;ﬁmﬁﬂk %ild nE

spifit and scopé IS AT e
3014 'S 1a°t1° #idg o IppEiRS, t ilXsie.c oPgitid shaify (alic ahdidan aadarricn eacid( | 2)

merdApRIb iz iadidoRTERIHe UBidD YoH R lRioRd) hhbrylacdtic Badid NPRLS A Be,
erein éhe C leX|n agent i ncl udes .at | east

ent
Ph“&ﬂ‘éa%doi’fﬁ eoTeS }“éé‘f‘ F‘Fd‘ﬁ‘f’tsﬁré“eg?"ﬂ’éfﬁl TSTHAF 8%, fgephipalic
acida .2 ditdazele inthpellitic @t‘,ld),l’tﬁnﬂs)(:laﬁiﬂ tyradisgeNvalife, xﬁrtcﬂ,mnﬂl dérﬁatrvaszaltle

o ARSNGB AP AAPBSAARR PR e

aCI(bllnethyl gl yoxime, rumaric acid, glutamc aC|d
glutamne, glutaric acid, glycerol glycine glycolic

?L%gﬁyllc aC|d hlstldlne
itiuetticlaing, d; herqit eanpoRegisi(es @Hﬂ& <mp ﬁrgd% Affectivecplgtive
propodivis © oa€ hbthed fotiQirfAe@, prépyratichend/omdicahifg GCd flicroBBdtiosic A6iidd,
ﬁmga |.onic acid, 2- mercaptobenzi m diazole, oxalic acid,
x- pentanedlone phenyl acetic acid, phenyl al ani ne,
phthalic acid, proline, pyronellitic acid, quinic
3. The 'c@inpo&g&i HRUair? 97 BithAhe ab%ﬁ‘cQ)(-UOﬂ 'tocab%ﬁt' S wilof Eﬁ%faﬁlﬁlel dbou J

4-triazole, trimellitic acid, trinmesic aci

0.0} isofits 0.4 setersay aspmroui. gk howt SOBPT cpabont 20

wt.% osrilaing ggeatybaaed duabtalSveight dfhelchifipopitiGi si on that the
conpl exi ng agent does not include citric acid. 2. The
conposition of claim1, wherein conponents (i), (ii)

4. Tanebuppsition obelgmi lnwhdrdietht bliaoleina isipveendinGip embind ofrdnoaboute

0.0ARAYAYE biboho w94, E% Fodth&h. h@&ftﬁ’&oﬁxﬂ&i{tf% cleaning of a

m cr oel ectroni ¢ devi ce substrat

5. The composition of claim 1, wherein the quaternary ammonium hydroxide is present in an

amount of from about 0.005 wt.% to about 40 wt.%, based on the weight of the composition.

6. The composition of claim 1, wherein the complexing agent is present in an amount of from
about 0.001 wt.% to about 20 wt.%, based on the weight of the composition.

7. The composition of claim 1, further comprising water.

8. The composition of claim 7, containing less than 20 wt.% water, based on total weight of the

composition.
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3. The conposition of claim1, including about 0.001
to about 90 wt. % al kanol am ne, about 0.00001 to about
wdnosst@guat er nary ammoni um hydr oxi de, and abBOI/US2006/002902
0. 00001 to about 20 wt.% conpl exi ng agent, based on
total weight of the conposition. 4. The conposition of
claim1l, wherein the al kanolam ne is present in an
9. Tirrtohupdsitioh off dlaimT alteitin Watdd Gklprasent ¥ dn @amakn® ot frodOabwdit 9FGwt.% to
) sition. 5. The
abou?a&ﬁ%s‘f? tAi’ %Jr%gd Ow%mgrﬁ)%tﬁe %mgglﬂiéf?t he quaternary
anmoni um hydroxi de is present in an anount of from

10, ﬁ@@&ﬁpogu&ﬂﬁ cMﬁri P/%&elﬁ}ﬁﬁ_tlé%(alﬂ@arrm& u@%da%@%g ef[élsf)é&ﬁes ulwdcﬁmt
he conposi i on e sition of claim
meWh Stei Hothe °8‘6ﬁ‘&gexf’€ rﬂcw %@%‘@@%m Nimethylmifeeiianet
amméthcﬁxy&mnabﬂiﬂ{eth(j)laﬁ&ﬂxeﬂdﬁxy%ﬁlﬁi aiothatolaRihe \N-ndhy ligstanbiine,
S 7. The conposition of
mong‘%ﬁanxgj&igph??%er COW@E&?SF u?aml 8P 8 The conposi tion
of claim7, containing Iess than 20 wt. % wat er, based

11. ’ﬁﬁ ch%@itlorY\@ BB 1 Q;hezteﬂxethé:ﬁﬁﬁﬂ%tainﬁlenﬁn th?&&QéTJ&Q&b& fr&ﬂ
claim?7, V\herel n water 1s present I n an anount of

the fﬂx?ﬂlh &pSistiieg Pt wFhobige, o CHFHergEnyhydids, tpRebyaBROTHR
hydiogiig ht te@dmetlyRm@ORPAS | hydadkide 1 0'tetrhpiOpyldiiiaminhjdskidf - and
comgmgwnst%ém \f,her ei n the al kanol am ne includes at | east
e’species selected fromthe group consisting of

am noet hyl et hanol am ne, N net hyl am noet hanol ,
12. 3 BABIABKYEIRAT Ghovin gammx!@@h&ﬁ@u jsoxyet hanol ,

di et hanol am ne, | di et hanol am ne,

nonoet hanol am ne, triethanolamne, and G - C8
13. "Eﬁek:&ﬁ;ﬂisﬁ&i ¢teRim 1, havidd @ al@B9 Siehtb:ARin 0004 hdlidqivalentybees ik N

hfe uat ernary ammoni um hydroxide is selected fromthe

SRS f’}ghélon& sting of choline,

t et rabut yl ammoni unhydr oxi de, tetraethyl amoni um

I

L g 0 (Y M B 6 retingproporons
fend?%ﬁwmpof@‘m N8 PIOBYE BPXEFRI m 1, having a pH

inarange from9 to 14. 13. The conposition of claim

k ni Iy reater tha

15. o PPe g PEHRE b el orRleti serat aidbh ettt oopypcie
selegt@infiposthd group codsistigaif bacts acidhgyddiersucoimiqoidend sxali¢ gcid. (11 )

and (iii) are in relative proportions rendering the

conposi tion non-darkening in exposure to oxygen.
16. The composition of claim 1, wherein the composition is devoid of gallic acid or ascorbic

acid.
17. The composition of claim 1, wherein the composition comprises lactic acid and MBI.

18. The composition of claim 1, wherein the composition comprises monoethanolamine and

triethanolamine.

19. The composition of claim 1, wherein the composition comprises benzoic acid.
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15. The conposition of claim1, wherein the conpl exing
agent includes at | east one species selected fromthe
w@e@apsaoensi sting of lactic acid, glycine, SuceCTiS2006/002902
acid and oxalic acid. 16. The conposition of claiml,
wherein the conposition is devoid of gallic acid or
0. Fa¢enmpppsitioncf glaimy Iz whergia the GpmRRsitipn Birfhes compprisesiyresidug Aateral
sele(tthiefr@ﬂ ROfdup | cORbisEAY T PoR EMI BSitlbe; patbtch REEuMRst-asll Fesidld)e
and 50 05|{|on of claim1, wherein the conposition
CORPri’d€s nonoet hanol ani ne and tri et hanol ami ne. 19.
The conposition of claim1, wherein the conposition

21, gqmad%@ roP&UZLL micAflebroRid: deatkesuﬁafmé &J:Aowm{aésn%& glhegﬁal

wherein the conmposition further conprises resi
therqfopa Py 1) PreRerecd sURCT PRt Wé’f‘&}eﬁ‘{f’ﬁwc@?ﬁ’ﬁ §‘tb|s‘ﬁ’ée for subsequent
treatﬁﬁgtt Eﬂ\/ﬁlefhs& bam,sm@ Ze&ttacl 2Igcihe rnﬁé‘rbeﬂé&&omd) Bsvice aoHRrite Hitd e,
n en ri azo S a )
cttoFE ABERE OF poshimesfian FaprEnBay ARew Ryl O cuatdins depeuy
hydnogitle pidagiii) tahemekxiogragent, thergin épaomplaxisglageacechabs gdéask one
comParehtO&lBEd rﬁgﬁlll %M% %gmsﬁH%;Bf Aefe gc@({ a§é1!a1%eoqﬂ§emalanme 5-

reat ment, sal ri sing contacting
aminpelpENs, GEROBINIC DeREAtcs cArEining t #PATEERi EIPatip ‘@fdf é)@{tzioweacxd

benZAHREIM (E’fA)@b&Qﬁ@Qﬁh&HyD glys;aﬂprfuﬁlhﬁbga&d wnls@a@a ,ad¥ikiRfine,

INTRRCE N T RSN e
acidj isaphthdesicidt itabcm&;sahdmmac aidyfrocisnlysisg Ineletc @cid fiaticradid) enalonic
ac1dg r Qlﬁ{%rcgﬁgl%hz?&ddﬁgol@ f o%‘iﬁt 'a%1dac bq1 erﬁ&%&g gﬁ%lfl Cetic  acid,
not et razol a ntum
phef@{ia@iwparfélﬂlahsm aglinee pyrqgﬂleﬁot doid, auiniel acid seringj sorbitely shccinic
ac1dbt8ﬂ8§}%a[1b addhe 4(&%}&} atmh@ﬁt@a&@ trifbsiPRlcAd Y rodthey Pfihdl Rylitol, and

cid, C |.ut am ne, I utaric_acid,

de“bﬁ“y"éé’f flbe o orggPie o 30351 y%lgn 41%Pfa\g%1<al aérf%%w g ggqndoes not”
mdestmﬁmﬂe |n1dazole i m nodi acetic acid, isophthalic

acid, itaconic acid, lactic acid, Ieucine, | ysi ne,

mal eic acid, malic acid, malonic acid,
22. th@p@gbgﬁ)%@mqumo@p@gm msocesying | thecmigroeldetronic device substrate to
remeve 4tcR BB 2 kR, oRNGRY BeGhital ?&isﬂmg RhgRHeRKSAI Ne,

phthalic acid, proline, pyronel l'itic acid, quinic

acid, serine, sorbitol, succinic acid, terephthallc
23. Fed ﬂeth&L &, cAaith Qil%ﬁipﬁsingt Prod¥Sidgi the ﬁﬁoﬁﬁiedxonfcrdeﬂaﬁélﬁstﬁ&i 16,
%giige vallne xylitol, and derivatives of the
e90|ng %diri no acids, with the provi sion that the

conpl exi ng agent does not include citric acid. 22. The
24. TRE RAoObe &Jnf?}'zﬁn %n&n&%&e&ﬂé%@%ﬁﬁf@%oﬂg dePi€e substrate to

m croel ectroni ¢ device substrate
prepare it for subsequent deposition of material thereon.

remt%@é

25. The method of claim 24, wherein said deposition of material comprises cobalt plating.
26. The method of claim 21, wherein components (i), (ii) and (iii) are in effective relative

proportions to one another for surface preparation and/or cleaning of a microelectronic device

substrate.
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renmove etch residue, ash residue, or chem ca
nmechani cal polishing residue therefrom 23. The nethod
w@booslosi4ns 21, conpri sing processi ng the m cr oePE@URIING/G02902
device substrate to renove BTA therefrom 24. The
hod of claim 21, conprising. processi t he .
27. F#edp%t&déé £leigh?l Whereip s compasitip ingludes abgup %ﬁ?leto phout 3} wt.%
alkaﬁdlhﬁlﬁd] u&m 006QUQSH bboaN400Wt. NRuErhAY abiedien Rydréde, dtdebout

th I 4 mherel deposi.ti
oo 3Pl G Mg BT B 0SB0 el o1

claim 21, mhereln conponents (i), (it) and (iii) are

28. TIQ: rﬁéﬂ{o@%‘f tm 3E€ lwﬁ&ln}{ %he QE&]&Q&M ABEdds Qlk%%nﬁﬁ% BeImdul of
ace preparation and/or clean

n
froniﬁbevt&@%&'f Fodmfbeutda it %ebaé%iwgtﬂrea\fe@h‘z% ﬂ‘e?ﬂ‘époﬁ’él?fh od of
claim 21, wherein the conp03|t|on i ncl udes about 0.001
abqu alka anlne 00001 to about
2. 78 R ot 26 Sl (o PRyrPE o e, gpmasith
hyd@xi001 @4 atawadidiem Bout M0H o6 tyrbex Hhgt. %gasﬁd on e swighton the
cmﬂﬁ%ﬁm wei ght of the conposition. 28. The method of
alm 21, wherein the conposition includes
al kanol am ne in an anount of from about 0.001 wt.%to

30. “gnglpﬁa Qf M%im%l, m?,s&dm@&ntgli@ldﬁ@icgms dSinpleiify :S‘gemaoztﬁﬂ dloBiit.-
m OSI T On
ot 5 ap L QTeHINE ol 80 Ralrtton B AP o A ot of

from about 0.005 w.%to about 40 w.% based on the
n%'ﬂttod gf lzlulﬂgl %@Eﬁ)ﬁﬁe c!o s1t1§19 cl;ﬁ?igwg@r]t hod of claim 21,

erein e conposition 1ncl u es conpl exi ng agent in

an annunt of frpn1about 0. 001 wt. 96;0 about 20 wt. %
32. DisRehoddf E1RE: IV WwBIdin BE cdnBsiGHTRASIed le@han 38 wi IhRatd¥Bdabtad

21, wherein the conposi tion includes wat er .
°n@§§“6$ﬁggh§fﬂgﬂm “claim 31, wherein the conposition
includes less than 20 wt. % water, based on total

33. aﬁéex?gqmﬁiogf c‘iaiﬂg 39 %Peﬁi &nle Odhpo ch’&?ﬁ’ Jﬁ&de?%@ro ﬁ{ a?lfam(c‘slxrﬁlopfrgr}l

osition i I n an anount of
ﬁmﬂpéwﬂéW©ﬂng§9 Wil tbased prothe waight 9bthe gmpositidiased on t he
wei ght of the conposition. 34. The nethod of claim 21,

n t conp05|t| n conpr.i ses al kanol am ne
b‘h 14 ahergih e spmrasitian §‘§1’Pé‘éﬁseag‘a?‘11®ﬂ?et Reudiretip

leasC @AS i sBdciel gselztted oD @tteh ylogi Radsistisgn olﬂ eatmnoethylethanolamme, N-

metlg}iir%}%@%{é\&?angeot ﬁn 0| g'ﬁl%?e%ltyrlg‘ﬁ(r{ ﬁ Ptganbl diethanolamine, N-

metmm@yplmﬁe@,m@nqﬁﬂamlmne tnethanolamme and Cy -Gy alkanolammes.

35. The method of claim 21, wherein the composition comprises quaternary ammonium
hydroxide selected from the group conmsisting of choline, tetrabutylammoniumhydroxide,
tetraethylammonium hydroxide, ‘tetramethylammonium hydroxide,

tetrapropylammoniumhydroxide, and combinations thereof.

36. The method of claim 21, wherein the composition has a pH in a range from 9 to 14.

37. The method of claim 21, wherein the composition has an alkalinity greater than 0.004

millieqivalents base per gram of solution.
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nmonoet hanol am ne, triethanolarnine, and G - C8

al kanol am nes. 35. The nethod of claim?21l, wherein the
W@ 00p08i40é on conpri ses quat ernary anmoni um hy dPORUSE06/002902

selected fromthe group consisting of choline,

trabut yl.a ni umydroxi de, tetraefhylammonium . ..
58, Ef b et B S B CHpvcB S r s et 0, () and () in
relatiet prepprtioyrbraioningy the kohip ehition hahelarkamink i6 exabuiaioioRyrsn.
thereof. 36. The nethod of claim 21, whereinthe
conposition has a pHin a range from9 to 14. 37. The
39. e hpdof cleimedlnwherein (i eamppsitionisemerisearoniplexingiaghridnchding at
leas@brteabéoith kdlecti GREhe H%%ﬂc&lsi@@ offlabtlcl BRI MARNLR iR SEd REI
raqlof sol ution.38. The nethod of clarm 21, wherein
& %onposi tion conprises conponents (i), (ii) and (i)
in relative proportions rendering the conposition

- i i .0 Q en, . 39. The nethod. of
0 SRS nRERES Ul U058, B UG RO

agent including at | east one species selected fromthe
41. ALOBEIVReladd 2 1NFh&Ein 1h8 EdnlpBsi@nl cBmpribGdsD Geid SAERMI C

acid and oxalic acid. 40. The nE¥hod of claim 21,

wherein the conposition is devoid of gallic acid or
42. aSizombth@l afcéldm 2] whith thetdn®sitich @hptises Zbnodthsdlhine hdae
tricthi S ,tion conprises lactic acid and MBl. 42. The

net hod of claim 21, wherein the conposition conprises
nonoet hanol am ne and triethanol am ne. 43. The net hod

43, Qiu_a fbBddBr &idim 2’1@@5&&9 tht %p@&ﬁ&%%ﬁris@ﬁ:e%%@iﬁs es benzoic
acid. 44. The nethod of claim 21, wherein the
conposi tion further conprises a residue nateri al
44. SHieandiad of clain 2 evigleRUie @apsditihi ffighed EonPaisds-2GMRIue material
selegtgdrs] }%%F r%}e ﬁ%ﬁ%;c?or?sgs%gg BF Eolst% re@ﬁg’g, i)gs%-lgtcﬁ 1r(:)e§’1jd1(';jel,'I gbst-gs?xq'esidue,
and benzotriazole.
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