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ALKALI NE, POST PLASMA ETCH ASH RESI DUE REMOVERS AND
PHOTORESI ST STRI PPI NG COVPCSI TI ONS CONTAI NI NG

METAL- HALI DE CORROSION INHIBITORS 5 Field of the

I nvention [0001] This invention relates to
conpositions useful in the mcroelectronics industry
for cleaning sem conductor wafer substrates.
Particularly, this invention relates to alkaline
stripping or -cleani ngégonposi tions_ cont ai ni

ot al - HHKAMNEPOST POASHA B IRH/ASHTESIDHE REMEVERSY 1 or
cl eani ng vvan‘wt subwk&s:smmpbimemmb_ dsﬁﬂsnby i
removin S resi due allic
andor gaRPRTAURING MELAL ALK cRRRaiONINGEAPRE"
corrosion and wi thout any significant damagi ng of the

integrated circuits. The conpositions are al so

sui table for strippi pgidlsaheifR fromthe wafer
substrates. The invent |l°gn aPé’g‘%rngi ates to the use of

t he conpositions for renoving 15 post plasma etch and

s oot S b RN el ki Bboronics

isdugiry fforc eleanidg segicogdutort wafer amlmgaaasfedPardd:ularw, ttisis dmnention
. r ra :

B! 6 DR PABKEAES) hodp " SHBpAES] ABPIGE iy race

qespsionfnhibitorsotbateare used for tlebning stafers hadng metal imesodnd vias by

SABHRS 5513 9t DRSSl R SRLIASR IRE aminaior

withsedeerdi melglcariosian fapd witheutizey signtinend\athaging o thehintegrated

HERELS Fhb SoMe&stiche afeoélﬁ? E@%bg%ﬁétﬁ;ﬁﬁngs b G sEEfom ﬂ%ewafer
t In thi's wa a

npst commpn_structures forne y are net _
yuppiEates. 2 Ehe iyentjonsalsq (states tothe uge ohthel Gompesitiprs {ps semeving
poRt BlaehRCetch Gkl sshnrgRILE Gihd Relaweedhd ¥ybhie WonBaitdtioRf with
thelntefgaLated_c:lrc:lt,that I|,e+nthe same .
redyfed et FOITasi} angvithgutaany sipafigant damaging ofy the dptegried
dirbuitsLegial tdis@ippin phototediEfrém #iwafai fibsfrates.ed with a
conductive 30 metal. These are used to neke el ectrical

connections between different vertical 1 |ayers of
the integrated circuit. A halogen containing gas is
general |y used i n Ppecription of the Prior Art

[0002] An integral part of microelectronic fabrication is the use of photoresists
to transfer an image from a mask or reticle to the desired circuit layer. After the
desired image transfer has been achieved, an etching process is used to form the
desired structures. The most common structures formed in this way are metal lines
and vias.

[0003] The metal lines are used to form electrical connections between
various parts of the integrated circuit that lie in the same fabrication layer. The vias
are holes that are etched through dielectric layers and later filled with a conductive
metal. These are used to make electrical connections between different vertical
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processes used for formng netal |ines and vias.

[ 0004] After the etching process has been conpl eted,
the bulk of the 5 photoresist may be renoved by
either a chem cal stripper solution or by an oxygen
pl asma ashi ng process. The problemis that these

et chi ng processes produce highly insoluble

nmet al - cont ai ni ng resi dues that nmay not be renoved by

D

gﬂgoo'? tﬁ&ﬁ%qugtg%i cﬁ&flt' Reﬁral gglltm gblbltlgﬁ%g ggssig L?ggé’r’glrlyggsé%nm the
prﬁﬁssédsemf@r fmm@g@wﬁai |'ﬁ@ﬂr@%\(lﬂsf i cuI t to renove,
particularly in the case of 10 al um num based
integrated circuits. See, 'Nhnaging Et ch and | npl ant

Resi due, ' Sem conduct or Int ti onal ugqust 1997,
BORAC 'S5 amer iso Sl iha, ot PES ety afrelRied: dhe ik of the
pmcn@resm gy bbeeRaiddeynaithgr afcherical stlippeesolution @by an oxygen

d h ‘a3 ph i ,
CBSA 38 PIRF dhe plAIerh s ufifes elondl HOAIARRE plobon pionly
inboloblg metalrmatairing residues that oag elotbe renadveddymesenen chemical

gtﬂéﬁﬁq s%ldt QnsI hQs® rb%lﬂ%g §ﬁln€§r%é§§ghe T %Sﬁttaing% d‘bsﬁdues are

renove
pkidized @@dsmadeleﬁplendlinn@ d\ffouhetomﬁ@vef pawéulahbﬂrbrﬂe%u@ﬁe of

#ﬁ%un‘?ﬂgsegr ﬂ%gﬁaged RS HeeS "‘ﬁlﬁnéq?ﬁgt Bfch 4 implartBicdidue,”

e remalinin toresi st 1s usual har d- baked at
ﬁegvrcon@m#yrlafpmaéom% A@Hﬁ\ﬂ@%da@éﬁ?@‘ and optionally to
cross-link the polymer 20 matrix. The actual netal
et chi ng step is then perfornmed. This etching step

i@? n of teglg@glgtg%o%gérﬁgtcﬁﬁ%ﬁwé%rl gll#eséadéeﬁﬁiﬁgg?{;rpggﬁines

bh ansiitegratediutropintin thisprocess) d pleotrasistosoatingsis appljesiovena metal

T 40 Peosd Kippan e o Teod o BHRERER T Dhes 8 SatEh in ne
photeiesist axvating/ geTheplcasting iss Heveiopedotee demeve vh@eragmqsgd or
%8@%9&{ ﬁhdtérgglfs,{ ﬁg%én%r?%ﬁe toneld¥ trfé ﬁHdﬁ?rb%_i% U%ES parfd"kﬁéduce

tripper solution
sthhiofnRsist pgtsermqndhg metatr he remainiag Phgipresistis @ﬁ!@'b’ hard-baked

at lfwglh' t’é?n Feftur@pt%rreﬁfa\/é‘tsb%ﬁs dnBadtiohAROlUSLEs-KAkt mb polymer
oxi des a ot her netal -containin

imatagThe @etUél meta) etching gigp]is t&ﬁepﬁ%?m@ﬂaﬁfgwseete'?m% BleR repoves
%éfé’l'nﬁgc&k%o?%ﬁpt?&orbélﬁ tﬁ@hétﬁfh@la@ﬂor?éf a/gmouﬁtﬁiasma Removal
rconnect _'ho| es) .on .an rated circ
b Bicbutetalagstaro e phusm B h ghploresst il e molafelet e
dérﬁélmlﬁg rplhﬁtof'eshsmlst then remegad“stiippedt) twith amsrlgamc strippercéaiution
el ecti vel

to?w%h an oxygen FXasma ashing procedure. The ashing procedure is often followed

by a rinsing step that uses a liquid organic stripper solution. However, the stripper
solutions currently available, usually alkaline stripper solutions, leave insoluble metal
oxides and other metal-containing residues on the integrated circuit.

[0006] Another example of such an etching process is the patterning of vias
(interconnect holes) on an integrated circuit. In this process, a photoresist coating is
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expose a pattern in the photoresist coating. The
coating is developed to renove either exposed or
unexposed photoresi st, depending on the tone of the
phot oresi st wused, and produce a photoresist pattern
on the netal. The remai ning photoresist is 5 usually
har d- baked at high tenperature to renpove sol vents and
optionally to cross- link the polynmer natrix. The

9{5;2: ﬁalovgf' 8| FALEHE fifeh ﬂ% P‘egéda fhré h: HeThsR e f Q{)c'@ﬁ: sdlBitRely

st ep renoves rlc covere
BYR9EH raeef}’tgn i F@u@??@rﬁgs':a‘@?t"aﬂ’ﬂ dhe goatifgda &gyelgp%{g fparemove

a@{aa\éa osel of UmBxsHsB PRbtoteRist, rdéﬁ&fom{gSoﬂ R t8Aé bethe w?@sust
otoreS|st | ayer to the dielectric |aye

Pé%.aﬁﬁ’ REP Hﬁ%?d’h@tﬁf istipattqrp R theamsipbd T '1?)’9("%@'?9 B'Eféafef'st Is
\Msliahly aardc:ﬁaaxaala@ h@hrtemp@ratu@{oubmme 86lvants Bn@ o ﬁbﬁﬁﬂ)efb cross-

Aot M 6 bbb e e s
etchmg estep v%ntdvbardielmm:r ndticbegredi by phbtoresist through the action of a
BOteows eeid o Bnthoxgl o, S0 ARllc, Fhngi@éClhg biltorn from  the
iﬁhmtereblsmamnrtp thegietecirie layenaThe renaining ghotoresisy s then removed

2&1 * Wﬁh u{l“fj %réééﬁcn %tnﬁgéra%]olut’oh &a |tlk?tea‘?1tn g%ﬂdplggﬁé ashing

on o rough t
prqcawramTrypvpaliyd ghe digleetrie ms@@dttptaamm}rwheme #fee underlying metal

dgEPiE @%&te@d Al thdfurh t&?tl@ﬁlgm Mteldd Sst-AHeSive oF BRUsibMBarFEr layer
the vi a. ﬁég\er{@ﬂtﬁasm ashing oxidi zes these via

isclypigalyProgant Wgiglactes Pwr@am this P%‘Hﬂﬂ?@’ layeso ppually
’é{@ﬂewaﬁo@h taldpréenﬁe %haérrymgrrﬁetan A ¥eh FeuHd that the action of
5 tai m@?g,h X filnms has al vvaysqkﬁgroc{ﬁ%_t o bo
feRingt {hr cd?% §' anaﬁ?t?rcmaaww “\Aﬁien DEE CUWEEH HAHET
incbrmratéwnﬁ@ltm a@hmbum;mm ﬁfmdc&lﬂsmesofctﬁﬁblld]a@x@g@ plasma
ve_net c as or._titanium
BRI feeShete Vi Fidles ekl i mBt B o dhmbie o
tungsten. Various types of netal corrosion, such as
corrosi on whiskers, pitting, notching of netal l'ines,

E@(ﬁk been TF?? vSé ‘&eﬂk%h'\@ strgg?tls %‘ﬂ%lcf'o@lr&ﬁiréonta‘irﬁng{ Fefal ﬁl% has

e netals wt Ine strippers her it
ek alyeayh BREVred Byalite cirayitsg particplady. whem, gpevéth gwtal films

RBntainthd 7aldiunt BﬁVaﬁtﬁl%yc&ﬂﬁﬁakn&1§@( émﬁflchﬁ‘ RAiVeé Pfotilakeash as
place until the water rjnsin isre

Pl 06 t'iaﬁ@"bwa%moee §ieptr<¢9§nger IS pish @5 efePofeangsten.
Vafitustypes iof midl chfrbbiyn, such esldoirosibn Ganiskens, ipitting, Metching of
P e b SR e o5 R b e At v
latkalime stdppees. r Baither dHad] been shiewn, by tlee e3@l.,cRmodi Infedass ‘89, pp.
ﬁgg-gﬁg,%at"’\}e'ry 1t o8I achsh BRES plat® untit e (Walter riRsing 8Rp that
is required to remove the organic stripper from the wafer. The corrosion is evidently
a result of contacting the metals with the strongly alkaline aqueous solution that is
present during rinsing. Aluminum metal is known to corrode rapidly under such
conditions, Ambat et al., Corrosion Science, Vol. 33 (5), p. 684. 1992.
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3 [0008] Prior methods used to avoid this corrosion
probl em enpl oyed internediate rinses with
non- al kal i ne organi c sol vents such as i sopropyl

al cohol. However, such nethods are expensive and have
unwant ed safety, chem cal hygiene, and environnental
consequences. 5 [0009] The prior art discloses several.
organic strippers used to renove bul k photoresi st

EUOD&I thePﬁﬁrChiéﬂﬂ)dﬁf%&ﬁSco Hori thRt 8Bfrodiks - pr&berQS’e%%ﬂwyed
102,.777 an ﬁ‘s 3 lg45 di scl ose phot or esi st
@f%rmﬁg'@ﬁes”’bs&ﬁﬂ’i" PeRjalsaline Rreanie, saiveris iSYRR asf iserrgeyiiaicohol.

Sohevent suchl mestodst BieD RRPENSIVEOURY Have Alirfvdhfdd \s8feYy, chemlcal
t hat have been 10 "ashed” wth

t n
%g%hé enQ/ @m%\@a@@gﬁ?q”ﬁ@?sabove Some phot or esi st
strippers attenpt to address this problem by addi ng
addi tional water and an organic corrosion inhibitor

S th gﬂieeﬁl\rgl?art ?&ﬁg&zggs%gﬁl' &Jg%é .ﬁi?ﬁerg %&h%gg%n&\}]e bulk
5’%%@382@ dhey glghingeprocssy.0d.So Patent Ngs54,769,844,95, 162077 and
m@m&éﬂesd ﬁh&&%st%ﬁfb@rs éohﬁurign)ﬂﬁ "\/Qﬁcﬁféecoﬂﬁﬁd# iBhd Sforganic

y|l is 15 as wel

%%‘fegfsh hege swpa‘?rax@ﬁr%% arq nptyenyiafipetivg arovafersithatdiawe been
‘gehexts with 6@ygen piasnasUas eRYErbed aalél . sené %tﬁbtoré’sﬁéli ?tnppers

cer an aqueous so] ution

S, 055 R ) o GBS bl
inibitasrsuah yas axatawholinSsaet tomposttiohs aie disgclbsbddin B'Sf)F‘atent Nos.
Sk 8 D eE oy A0 554 8 SRR ARV
g 'ﬂlW@S@OOGMLbIIm §nme delgs, 15 hi@8Ahe dadvdtite, Raidesxylaidine, is
a”dd@& 8s 08B ThOSd 6fvc%tetc9913)r hg‘{i}g)t(ﬁa[]n‘?iﬁé B stqu& nda‘f | o3itidhs gives

used to renbve patterne or esi
risgSd¥arious ef‘ﬂ@i”@@t%@lafeﬂ agd heaﬂhapncmnsour ce.

Devel opers are used prior to etching for pattern
transfer to the exposed nmetal or dielectric substrate

[%Lﬂ{]e ne I I |Sc rfeS| dues are ﬁﬁ%%ener ated. The obj ect
he us@edteofAILAAYEPYR FOWHRR FPTIRINGY & aatemary @p@onlum
hydiodide randtmquatebnanyl ansroitiuh Salt of pmcw acdit digmypﬂldéfé Rés been
[ enpv sol u
"g@% 35 PRUBRSIL BRI frbRe i prbfersal i Fgpaies s =
120892 tpublishied May 12r 889) iand UIS PatératiNGs u[B2B/028 e SPositive tone
dﬂbfopt%‘létt dEHeRIare Usb @R RRhove patterned bulk photoresist after exposure
to a solublizing radiation source. Developers are used prior to etching for pattern
transfer to the exposed metal or dielectric substrate where metallic residues are
generated. The object of the use of a quaternary ammonium salt of silicic acid in
this disclosure is to prevent corrosion of metal substrates while removing the soluble
bulk organic photoresist and not the removal of metal-rich post etch residues present
on metal substrates without causing corrosion.
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6, 465, 403; 6, 020, 292; and 5,817,610 and EP 829, 768
the use of a quaternary ammonium silicate, quaternary
amoni um hydr oxi de and water is disclosed for use in
renoving plasma etch residues. In US Patent No.
5,759,973 and EP 828,197 the use of a quaternary 5
ammoni um silicate, an am ne conpound, water and

motipnal | iy @s Rat@armdsd Bsylga,em;so,bw,azs;i @cttgﬁ,mi; ﬁ@%@f and
a | na cleani ng conmposi t| on.
388037 End R P8 06 s oh 8 BARR X BBl Sifeste, apatomary

amroniube tydrbxite eintiewater ¢ disclbssw e wet & rerooviry PlaB@a etch

BRRue WS PRISHORY! arRRrdani e 820087 e iropor cuplgmary
ammopiper silicdte, al swiines edmpoundSwatereartd djotonakl, & Coréhilc polar
y 4,834, [ P..09319098 A2: EP
BIRRE oSl g 096 2% sl e BoafiRd gl g T wo
LW B X MapY atficates covtainingueenrasitions aare described dhat effectively

] L; 705228, US
e 5o e e MR Gl Tos, s

15 06216098, JP 0641773, JP 06250400 and GB 1, 573, 206.
[0013] The use of an alkyl ammoni um hydroxi de sol ution
[Bot2]ai ni ritheausesefrd quternary eaimadien Gf droRitigiimphdtoresist strippers

TOF . i f t .
ARG I 2 BEBRENBE L orp g8k She 3 R3S, 256 in P
PI31908% ARs EP [E7860% 1A WOs Dtirds4 241.r e asse usfe chdlatinghand
e f ! . R
S s @snloNeioudl mitalt AR EEE B SR bt fehiitec
IRyWCo R7 @228 &iFe 5466 388cbh 81488293 P 8120¢1,ngSUS681U105, JP

i S - ian US Patent Nos.
O A g S D 52| b

US Patent No. 5,466, 389 di scl oses an aqueous al kal i ne
contai ning cleaning solution for m croelectronics
[6018]t r at eThé hmb coahadlkg amMuALEAr Rpdrxidé NSBUMbK NBontaining a

j tional tal chel ati agents anpd i
%ugfgﬁtgﬁf %%g?ag %{)ﬁ?m‘ngﬁd'go aygb%ttﬁoﬁ@%to&ﬂg@_e%lcpewall op a pat?erned
metal layer is disclosed in US Patent No. 6,057,240 for use as a post etch residue
remover used in the fabrication process of a microelectonic device.

[0014] Photoresist developers containing tetramethylammonium hydroxide
have also been disclosed as being useful for removing post via etch polymers in US
Patent Nos. 5,412,868 and US 5,597,983 and EP 540261 B1.

[0015] US Patent No. 5,466,389 discloses an aqueous alkaline containing
cleaning solution for microelectronics substrates that contains a quaternary
ammonium hydroxide and optional metal chelating agents and is useful for a pH
range of about 8 to 10.
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5 [0016] US Patent No. 5,498, 293 di scl oses a process
for using an aqueous al kaline cleaning solution that
contai ns a quaternary anmoni um hydroxi de and optiona
nmetal chel ating agents useful for cleaning silicon
waf ers. The disclosure of 5 this cleaning process is
for treatnents to substrates before the presence of
integrated netal circuits and is used to generate a
waf er surface that is essentially silicon dioxide
free and woul d be enpl oyed before the use of

peeser esi 9§ Bant NA g5edg3dqisdiésedid pfoabss fbatu‘sfh@ anl8queous
resent i nvention, in contrast, focuses on th

elk@@ﬁ. Figaning Relplen; titt sontainse g rduetainary raénm%urar'@@éwde and

Bhtionkl ﬁa;éﬁctb&ﬁiﬁg ﬁb@m@ rue@rtllgrbr c_:ll_é&ufg)ﬁidbd ,wa@értg Eerde d&ﬁldsure of
asn asne er 1S a I

sy YRanBe O Bresma by i, rertmols 8° pubsiBien befbrendig Peegnoe of

hezpated hmsamvaiutstanandbeéd &Sdbneme d weafdrrsunface that is essentially

8|E$opo§|io>8ﬁe fl ee %ﬁf ot %" é:tahgﬁlj{)lgyeda ﬁ%i’ogég g%n% fdfcgﬂ{ytoreswt for
thtegraged rcircuit wrwai@hur'élse pesadt iovertibesio cmtrastp iehusesoon the

@fﬁgrﬁﬁ ‘of W@%r}qﬁté@'ﬁ]@b '}%ﬁh{g' Ssdrli Qiidn hbyd Sbeen photoresist

erefore resent 1 nvention
peaied, @@cheg,mrdmw nlamasj@df ul in the
m croel ectronics |ndustry for cleaning sen conduct or
waf er substrat es. is another feature of the present

Lpveption_to prov I tions that

:[1‘&12 lic MMdge 'lsg%nfﬂghed'oﬂ?n%n %F%?PSFPB% @%W@oﬁal‘}c{ Opmore
‘éﬁécﬁf/elﬁ UIbsm bhtsm% emt énw:tr admrwwegrdrﬂn Semisbredyctr @afers without
& idnificant E eatour<§ oeft It hed $ gi Po the dielectric
Bisite PRIt PR oL iR SeEr e AR AR SREEEIE e,
f@tmmfcpi@bmﬂmesemfcomcﬂﬁmmmfer substrates. It is
a further feature of the present invention to provide

a nethod for cleaning sem conductor wafer substrates
that renoves netallic and organic contam nation from

such substrates WsUMMARYOFHHEWVENTIONt egr at ed
circuits and avoiding the expense and adverse

consequences caused by internediate rinses. These and
ot her features are achi eved using new al kal i ne

?gﬂﬁ?s' tipng, Pgre@ﬁ@eraalféé‘tur@q%? 8 pREf! iM@ntion to provide
nmposi ti ons or stripping or cleahing senm conductor

compositions useful in the microelectronics industry for cleaning semiconductor
wafer substrates. It is another feature of the present invention to provide
compositions that remove metallic and organic contamination from semiconductor
wafer substrates without damaging the integrated circuits. It is another feature of the
present invention to provide compositions that are able to remove photoresist from
the wafer substrates. It is a further feature of the present invention to provide a
method for cleaning semiconductor wafer substrates that removes metallic and
organic contamination from such substrates without damaging the integrated circuits
and avoiding the expense and adverse consequences caused by intermediate

rinses. These and other features are achieved using new alkaline compositions,
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waf er substrates, which al kaline conposition contains
one or nore netal halide <corrosion inhibitors. The
conpositions are placed in contact with a
sem conductor wafer substrate for a tine and at a
tenperature sufficient to clean unwanted 5
contani nants and/or residues fromthe substrate
surface with reduced or elimnated netal corrosion

0
g@ﬁjerglg) '?c?lf%o82@?3!#?2&?%5@?8&9&5@%?@&9@ & éﬁ r‘ébf gemlconductor
M@femsubﬁtmﬁes, rdichh glsaline esmpasiion Woﬁi%o‘l’ﬂﬁeef mprwei?' haiide

ot dsidh iﬁﬁlblttﬂ&m Wﬁb%oﬁ@o&fléﬁiuéié phited 19 cantictlviithea Qélmcaﬁuhctor
prefera |y a pH of about 9 or greater,_nore prefera

Rl iRsite bt e b dt PIPEaiG. ST oog e gAted

icﬁlﬁtbliﬁiﬁfglagbnﬁf& %‘sﬁdu\ég fr@ﬁﬂhétslubéll%lt[@ﬁmfabd wtltﬁlb@dﬂch leS gB%rﬁnﬁated
A east one netal - halide

6’6"? GQV%?'PW%NV%"%Q%OQ E?I‘FE'Bftrnd conprising at |east one

nmetal halide corrosion inhibiting conmpound sel ected
fromnetal halide conpounds of the fornula: 15 WZMXy

W@g Mi ?R@aﬂ?ﬁr%l c&ﬁ@o%ﬁ&%%ofn[aﬂgbﬁé‘ﬁhr%@%lseﬂ pr%rabl?rﬂnetal
gm‘eff@f aaﬁe;s gener@' dlgspol\aqldmsmaterxlq guffl\raepntoq;ncgmtse& ggpduce an

afkgme': C%‘nd Efer a I[:)H d?ra%ﬁﬁtr &6t yreEter Wléré ﬁ@fe%lye@l‘ from pH
from H a or al kali ne eart or a

aBput; 9 é%ah%r@x.aae BEetal Fairetion m@@ﬁ@e. PFS)’ea?f“Q‘r‘moﬂ?'lﬁW"y
Qbolited. 5983 Kudut @o%% waiGhta 6 A e debbtl Mefi- hMldeSco&oﬁidmm&iltmg

of from4 to ndln { tal halid
BRSBTS #l Tozst ohg mﬁ@%ﬁﬁ% &B"%S'%gﬁ“m gémpound
$eRbted frofrAetaDiglios bﬁmﬁdiuhdebf fhbifermuiaavent i on.

Preferably, the base is selected from hydroxi des and

organi c amines, nost pref@kMly quaternary ammni um
hydr oxi des, ammoni um hydr oxi des and di_ani nes.

oerroNi is iagnetaheslecteshiiop the aoupiSj GRs,Sre BhtFaith /’éhéf Qﬁ Cr, Ti,
T iR, qwsﬁd 25, ferkiPRASI, GRNBOARINGES X b%lld&éé!ébt&wfrorﬁqi Cl, Br

i'mted to co&{l)onents such as for

A MATECONTE & SRR Hy ah P el FAIING R P iRy meta

G HyabxREE bse md‘étyO@sﬁ@m rmmamﬁonml bic aétealkyl(C1-Cq)
addi tional netal corrosi

upf act ant
O GruB 4B TSI TR 4?@ )i, they gt halide; and z
S§ abhumel 61, 20213t SAnymdtable;alsa kay b8 Qs¢din20d carhpositienk otithis

e MHOBAT b BREK 4 BhedRLTErm RbIRLE R byl amnes
trhmst prefeeably iqnatemiaino amineoniinadydroxides, ammonium hydroxides and
diamines. The compositions may, and preferably do, contain one or more other
optiona| components, including but not limited to components such as for example,
water, organic solvents and co-solvents, metal chelating or complexing agents,
fluoride compounds, silicates, additional metal corrosion inhibitors, surfactants,
titanium residue removal enhancing agents, bath stabilizing agents, and the like.

[0020] The method for cleaning semiconductor wafer substrates of the
present invention requires that the compositions of the present invention be placed
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7 in contact wwth a sem conductor wafer substrate for
atinme and at a tenperature sufficient to clean
unwant ed contam nants and/ or residues fromthe
substrate surface. The nethod includes both bath and
spray applications. Typically, the substrate is
exposed to the conposition for the appropriate tine
and at the 5 appropriate tenperature, rinsed using

*H Qgthéir\MWa%‘:é liRbd& ubs?rgfé f3F 'aelﬂne LR9%tla Eferature

onpositions c ean wa stra es renovi ng

ﬁﬂrﬂa'pm o slean vawpnied C@@ﬁmmﬂﬁa@ndjﬂr rerﬁ'ﬁspﬁtfa?mr the gybstrate

%hﬁa”d&# NFhEARRSS ifdRASs BBth Qé’tﬁeeg\% sﬂr%@ﬁﬁl%ﬁﬁﬁﬁsc' Wpid:dll? the
e wafer substrates and avoids t

éH'?/%’iaéFe Is' RrPessAs by ifien CREPRRItAR: foit ba RAPP ni‘mreangtaé the

labpiophaté Epér@ldré Ang¥dl L@ingMRiH RS, ddlbridéd-waleRiahiaried.] ON
OF THE I NVENTI ON [ 0022] The present invention provides

new al kal i ne conpositions for stripping 15 or
cl eani ng sem conductor wafer substrates that contain
@m%r o Tee pswositionsr oban atsfer subskates byoemovieg melelic and

er ney. Or COH A0
e
\mﬁeeretem crI@u@s ﬁ%tﬂéﬁ w@éqre%rbétéatrsr and aneidy tha gxnginse @nd agjyerse
ansecc’ruer%es/é‘dsoéafted \%\ rngrmea— hte nngé)s %ﬁwre'abln phfer S,

preferably Si, Ge, b; IS hal i de sel ect ed
fromF, d, Br and I, preferably F; Wrs sel ected from
H, an al kali or alkaline earth netal or a metal -

on-Tree hydepellePARScRON o pAE HkiYiofn ammoni um

or tetraal ky Aoni Um gr oup; I's a nuneral
of from4 to 6 depending on the net al halrde and z
is a nurreral of 1, 2 or 3. The conpositions may, and

%‘ézjrabl cont ai n, ot her, 25 op?:q@ﬁnal co one?ts,t. .
di ng thr"rﬁ?f‘ NYFAUPR Brovisies BEY. 'E%C%’I}% HoQs f¢y Stripping
Q)X&ﬂ?ﬁrmhg lsmtcﬁhduotﬂrg\aﬁlﬂeﬁ sEIbStrrey Shaincbnta:cm smeventnsgre bases,
net.a e co

BRitpianfiicmote] Pugp o6 Btk AR ahg on gt Flokg figtat corrosion
iimHibiting mweta] halide tampaumds of theiferemaum r esi due r enpval
enhanci ng agents, bath stabilizing agents, and the

like. 8 [0023] Any suitabl WzMése may be used in the

conpositions of the presen
whrérr)e M is a metal selected from the group Si, Ge, Sn, Pt, P, B, Au, Ir, Os, Cr, Ti,

Zr, Rh, Ru and Sb, preferably Si, Ge, Zr and Sb; X is a halide selected from F, Cl, Br
and |, preferably F; W is selected from H, an alkali or alkaline earth metal or a metal-
ion-free hydroxide base moiety, especially an ammonium or tetraalkyl(C-Ca)
ammonium group; Y is a numeral of from 4 to 6 depending on the metal halide; and z
is a numeral of 1, 2 or 3. The compositions may, and preferably do, contain other
optional components, including but not limited to components such as for example,
water, organic solvents and co-solvents, metal chelating or complexing agents,
fluoride compounds, silicates, additional metal corrosion inhibitors, surfactants,
titanium residue removal enhancing agents, bath stabilizing agents, and the like.
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i nvention, generally in an anount of from about 0.1 %
to about 30% preferably from about 0.15 to about
10% and nost preferably about 0.1%to about 5% by
wei ght based on the wei ght of the conposition. The
bases are preferably quaternary 5 ammoni um hydr oxi des,
such as tetraal kyl anmoni um hydr oxi des (i ncl udi ng

hydr oxy- and al koxy-contai ning al kyl groups generally

ngOZE ;) m 1@‘18 sﬂut&b‘fi'é BQ&rﬂ'faW@e L€k ,?lethalcé\‘rl @anﬂbkﬁ‘?éy present

an ilam n nost prefera
fivketionn genesellyrin ah amauat oftfiom @lmyt Ayife tenatont 30% hRrafessllyiiom

t h o
gﬂﬂ.glq" i %t%o?oygﬁ@pbbgtt ﬂé%re LI e 19y €5 apsbdB%, by weight

es o e quaternary
ﬁ$ﬁ§hp0 ﬁymlgl'xt. ofcthe| pripnagition.; fhe bases are preferably quaternary

BHInBRiURY hydtoRoéy, QW%HéaIWmmoHﬁth&ddéé%ncludmg hydroxy-

trimethyl=3-hy drox

o O PN AL BSRHRPI S RHRDATA T 8¢ 2htpgn atoms i the ally
Tof bRbiWéro@p rﬁfﬂlfd)a?ﬁlﬂéél)/’fhe ABBITEferably of thedelsikaline materials are

qt;q%{ﬁ%@f( qlf‘i)/‘('fl‘ %et% & "Uﬁ\l %%dr oﬁniygaéhmomum hydroxide

Gehotihd)y IEabimples 2efhygitien xxymldn yduatenreoy |ammomlyrd r ydrakides include:

ﬁfﬁﬂnﬁh%%&dsﬁg%ﬁg n%lr@}ﬁl\%m% iy dr Igyﬁ'r(g?butyl am onlum
@Wm"“e’m‘mdhﬂﬂ-mérwmwlapmcrwlunamydmx@m tﬂ%‘bY"(?xhy@ényethyl
hydr%yhy&&ﬁ&“ t beldi %&eth&lefahﬁw%rhﬁﬁ‘oh RETAT +Butyl-2-

ammoni um hydr oxi de,

ydroxyatihyy | tamperiyy| fyﬁf%ﬁﬁumd'mgﬂwlqswaehydroxyethyl ammonium
fﬁ%}%ﬁﬁé hMinﬁeﬁhMﬁmydWﬁyl)u Hﬂnh%ﬂfuﬁ% h?&omde monomethyltriethanol

EHORTNT | Yarods) | (oA BRTIOPD (DAIXCE JEaRPRY ATpPTium

WRMHW&%bU?{(Waﬁ?ﬁhdﬂﬁJm ChyaRiidy) dltehr*abbﬂanaﬂﬁmmoumn hydroxide,
hydr oxi de,

m. xtures th 0024
aanometdtiethyln s amgoplunt UM"%‘H% n Ma98™Mg Il ?PJ' Sifhonium
lHWI@RiHeOmohdrﬁétblszlﬁlbu@mmbmUmhwdroawedmonaatlganmtrammmsnlum
F5KkEH. S SR i, ARCAYRI mmonir
y(dxian] dimethyitibujyéainencoium Broxide, and the like and mixtures thereof
2- (2-am noet hyl am no) et hanol ,

2- (2-am noet hyl am no) et hyl am ne and the I | ke and

ot her strong organi c bases such as ani d
109243 ¢ hanéaggmmges thag. wil r %llangﬁe present invention include

Janﬂn&%rﬂnﬂ?dréﬂbé‘eorg%n@ Bu@iﬁfeanﬁﬂil@lﬁrwealkanolammes such as 2-

ngﬁqul)e(an 1 gﬁr{n}gz prfp@qgoﬁgt ane:ghﬁ%rn%no? 2-(2-aminoethoxy)ethanol,
12 @Cbrdﬁﬁaﬁﬁ&nmmeﬂfanol R-(2Z&aminckticyeraidojethylaenine and the like, and
DSBS e 0T e O 2R R, 15
Ipr@patiediaimires; yic4-bitenedieaning,r 1,5-p2ntanediamine, 1,6- hexanediamine, 1,7-
heptanediamine, 1,8-octanediamine, 1,9-nonanediamine, 1,10-decanediamine,
1,12-dodecanediamine, 1,3-pentanediamine, 4-aminomethyl-1,8-octanediamine,

aminoethylpiperazine, 4-(3-aminopropyl)morpholine, 1,2-diaminocyclohexane, tris(2-
aminoethyl)amine, 2-methyl-1,5-pentanediamine and hydroxylamine.  Alkaline
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am noet hyl ) am ne, 2-nethyl -1, 5- pent anedi am ne and

hydr oxyl am ne. Al kaline 9 solutions containing netal
ions such as sodi um or potassium nay al so be
operative, but are not preferred because of the

possi bl e residual netal contam nation that could
occur. Mxtures of these additional alkaline

corrponent s, particularly ammonium hydroxi de, with the

S0BICHTSEIRyho| AR o MBI oY Bl 7 356 68 cpfravc
b@n@rau motgrvefeged fscauseeefathe de?'B@l reRiduginmetgl contgminatien that
Balid dccGP P MiRGRsObr tthedel QddidrAl \/gﬁMﬂ!‘e é&nwh@h@ Ma'rtfcu%rly

ggltm%lpw?nelbfd%)%je f\nvfﬁ?\%é gfpre%mqtlgm tgwaallgb amm’ogfv.m gﬂ:{rg)(lcgs are
&eo udsfuand Sb; X is a halide selected fromF, C, Br

and |, preferably F; Wis selected fromH, an al kal i

or alkaline earth netal or a netal- ion-free hydroxide
base noi ety, especially an amoni um or

{e92bhal kyT<toraagsitioasbihisiimmegtienugontain pee ar mareenetkl ggfrosion

| halid d 15 i
IR e e YA B ATRRRBE |2 g corrosion

i nhi biting conpounds can hg,mxput is not limted to,
conpounds such as the foll ow ng: H2SIi F6, H2GeF6,

(whkte) 1 G B Gnetalritifcled fritirthe drogin BOIGEHBRT B, ®, BHATI F60s, Cr, T,
N R T
ahHY pEEerably , F; W Ishéb)deted, frofriNHid ok aficar a(l;umz@ &irthFbetal or a metal-

Eﬁ‘ﬁ{% g‘yd%%%‘%e%ﬁﬁ gipé’é%l'g G%WG?\'HE%EZIKVI(CM

BRZORBIM §RABI(1i6 a nuNag| irgra 4 to @(dgpg)dm@ qsihg(metal halide; and z
(
gﬁﬁﬁ%%z‘ T PRSI H Saogidspon be
s @pt Imtwetpacpormnﬂun@r%s%raﬁé@ @Howmgn F@r HzG@s%m@er,
IE%F&TEH@H,h‘ElSn@? q:'epmSI l@ﬁlpenRNhk)Ed)gms,Cmg}mgrs, NH4)3|I’C|6,
ener al be present conposi tion i Q gﬂgg o
He) alr&h aﬁ%@z%%% (th)a%éﬁj@ Ndﬁ)sﬁ@ﬁéef eNAgfRubien 25nCls,
Feo @%‘)ﬁﬂbqwm)@%e aﬂsirmp][ ams%% e HaPiBY;, f HAMBrabELIECH,
a 0

%B%B%% QNP e iy iz Ciadmae. (nH3ezres,
ﬂdmpN)aleGo((CHh)ENMFg N€CH3)4N)2GeFs, (CH3)sNSbFg, HaCrFs, (NH4)3CrFe,
H2CrFs, (NH4)2CrFs, and (CHs)4sNBF,4. The preferred metal halide corrosion inhibitor
is H2SiFs. The metal halide corrosion inhibiting compound will generally be present
in the composition in an amount of from about 0.5% to about 10%, preferably from
about 0.5% to about 6%, and more preferably from about 0.5% to about 5%, by

weight of the total composition.

[0026] The composition is preferably an aqueous solution containing the
base, the metal halide corrosion inhibitor compound, and water, preferably high
purity de-ionized water, and the optional components, if any. The water may be

10
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base, the netal halide corrosion inhibitor conmpound,
and water, preferably high 30 purity de-ionized

wat er, and the optional conponents, if any. The water
may be 10 present in the conposition in an anount of
from about 0% to about 99% preferably fromabout 1 %
to about 99% and nore preferably from about 25%to
about 98% by weight of the conposition 5 [0027] The

SHERE 0058l B S5 L BB e
drontabosib I e @Bout B9, snd werd grefenablicitem abbwted5is torapul@s %, by

Q,&éfg‘}ﬁafthée t @smrrpole on in an anmount of fromO to
about 90/(;;0 Bréferably fromabout 0.1 %to about 80%

and nore preferably fromabout 1% to about 30% by

' t b the tot t
$0H, o 7 B8 soireRats b ke PHavRat yeRiin, By heq entain ore or
anage ahitaﬂlmWater-pthb)adgalwscm}eDtslml D-solleyis0| Bhe §dlyeh®d and co-

PR 3, 9 iRl 8 e o g By ryrom, 0 to about a0,

errgbiydrq:mﬁb@.:tght% tasabout 80%, and more preferably from about 1% to
HE
Jalbérgttégi"/fj V@Wéi%‘lﬂzﬁa%eg Bﬁ%ﬁ.é Raltdél ﬁlﬁ@ﬁté%ne t,g%nb 1 tepaKigy's organic
Solvenss a’eﬁ@ CogpiypRtR pui @Jq)aqseawo@@hepfwwpwy@icohols glycols, glycol
e, Wyﬁ;b&}rfoﬂéﬁh%s(%% N mﬁ%yﬁaldm&m WY, ’FlﬁYcﬂsl)%Fiyl-Z-
0 reduce a I s and/ or mnumcogg
P BIobSs B 250 PRSP B2 PYFOIKiNonR iR, simefhyiformaide
ammpr?.aiemynaautﬁnmwmama |@Molaﬁ@|g &meﬁ@pt E-fbipeﬁ@éﬁél‘éIDMPD) or
it i rre erese
PR dreos SRBERY Thaen shlembyovaPe cisied oy mage aluminum
@hg/oe abiminuamdodpper lailbycbndboy&bhpdr coOrogibh OJateél in GureRer SLBRinum
L ngne EP) ... 20, .
Fih ARASHEE s Y S ey e e
fgre@wambs@ummanloom\fmseare golyhydroxy. aldthels slighcast @ycerol

%ﬁ&(/opel WERJ)@%IE? o é}frrtohcﬁn IPG k! 592%{%)?1 @]gfﬂglz tp?&oltsiw

from about bout /o prefer

By by wei ght of the conposition. and a netal
chel ating or conpl exing agent in a concentration by :
wei ght 25 of about O. 01 %to about 10% generally from

i&b%gt . t i ip]%ctopnp%glp ions ma atQ/o contglgtaowater-so?uble metal ion-free
silicate. The silicate may be employed in the composition in an amount of from
about 0 to about 5%, preferably from about 0.01% to 5%, by weight of the
composition. and a metal chelating or complexing agent in a concentration by weight
of about 0.01% to about 10%, generally from about 0.01% to about 2%, by weight of
the composition.

[0029] Any suitable metal ion-free silicate may be used in the compositions of
the present invention. The silicates are preferably quaternary ammonium silicates,
such as tetraalkyl ammonium silicate (including hydroxy- and alkoxy-containing alky!
groups generally of from 1 to 4 carbon atoms in the alkyl or alkoxy group). The most
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[0029] Any suitable netal ion-free silicate may be
used in the conpositions of the present invention.
The silicates are preferably quaternary ammoni um
silicates, 30 such as tetraal kyl ammoniumsilicate

(i ncl udi ng hydroxy- and al koxy-contai ni ng al kyl groups
generally of froml to 4 carbon atoms in the alkyl or
al koxy group). The nost 11 preferable nmetal ion-free

Rpisksi e U TR Hioa PERORTTl Moy anBpun sy otrer
suiitalgle inrelad iari-foee sioatdsougeasdorahie dnvientian may by generated lin-siflgby

e Ceri .
(ﬂ%%hm@ear&k é{éocargm(gr eoiﬁ%fo%@ﬁﬁrﬂ%rﬂ% |ﬁrtﬁ$h%h${%1ﬂ{anﬁe cleaner.
Suiteblei mptal ipodteel materlalgeheﬁuhfqr iggneriating: ailieates in thieecleaner are
&Jll@%ﬂﬁén Wa?er% Sifdid ? Lig) & llSlB é’i‘@faeﬂﬁnedséll bE aff bﬁhe[)lsu:table

| Ca, | Ca or any er sult
fpm' ﬁf %!'fcoauor pilies Meta‘ssmca@a suwe@wodw F@bﬁs@gatglmv kpsused but

e dol ?@d&iﬁin%ﬂdled @8k Qo MRY dOmeRRefidtts ofFRtdMRt contamination on
recommended due to the detrinental effects of netallic

ipisAratEH ‘Hr&i:"FSOn on integrated circuits. 10 [0030] The
conpositions of the present invention nay al so be
fornmulated w th suitable netal, chelating or

[’fég?ﬁriu exi ngh@gzgﬂﬁ)&?ﬁo%s' Hhé %?gsehp ﬁvﬁﬁ[ﬁﬂcﬂngg agsfot %@ Formulated

lation to I'n SO
\@Hhalntabletmetaljclpéaﬂngtqrcmmfexngtaabhtsdo inasedsd ibe copaditiief the

Mﬁﬁlﬁétloﬁutg%faﬂf Rretalsy %tloﬁmhﬁpgﬁﬁe‘:tﬁ%l @géoﬂgloﬁ‘%? Metallic

usef ul pur pose are oW ng organi
rgsidyes %@em&rﬁupgmrypﬁﬂe@mp‘@ of icgelatmg agents useful for this

duppdee! eneditd t folibvahg e'bfg%ﬁféetdcﬁsacérﬂ (tﬁgﬂ_/‘\)somers and salts:
| enedj am net et r aacet| g
@Wf{eaﬁ‘a&'m@ﬁ&aﬁ?ﬁ“ﬂP?'%)(E&T aEléMe e%iemtﬂ‘ete@;?ﬁﬂ%c acid, (1,2-
@bﬁhwea@&hnm@mtnﬁtamma&ﬁp(fayD:rA;ngndthy|enetnammepentaacetuc acid,
neal netetr.a | O
%ﬁ%e&m?ﬁ%%?w%ﬁaaﬁanﬂ?*x%fwem? inylengdiamingiriagsfis, acid
, W, NN N-ethyledediaminetetrt (naxingdriephesphphiol pauithi (EDTMP),

‘?‘%ﬂ\ﬂ @{J@%@ex%éneg& gy Lﬁ\yg fggﬁ‘ﬁg‘b " eP? SRHif- 5 $y@6kybropane-

INNNN'NY'-tedraacetio aacecidc aci(@BHPDMPTA) , methyllmlnodlacetlc acid,

S TREAL o, oo SRR

tris(rathienephasnbelios pRddl ¢ (ROTRP)( DOVRR)10-tetranzacyrlododecane-

0N RE, NW%‘R&%&F’&] B?phonlc acnd) (DOTP), nltrllotrls(methe;lene
osphoni ¢

N, N tetrak
tHP*ﬂqSPhQﬁlq ,aglgngigqrq&iqlé%g)amqupiebﬁggghﬂgpqphggqmmc acug) (DET)AP)
amabthyhamérrdpaasphaﬁienta%(dljrethu}@@@em%ﬁaam-@pﬁ&dpﬁémc acid,

tglgzﬁexan}ethylene)tnamme phosphonic acid, 1,4,7-triazacyclononane-N,N',N"-
tris(methylenephosphonic acid (NOTP), 2-phosphonobutane-1,2,4-tricarboxylic acid,
nitrolotriacetic acid (NTA), citric acid, tartaric acid, gluconic acid, saccharic acid,
glyceric acid, oxalic acid, phthalic acid, maleic acid, mandelic acid, malonic acid,

lactic acid, salicylic acid, 5-sulfosalicylic acid, catechol, gallic acid, propy! gallate,
pyrogallol, 8-hydroxyquinoline, and cysteine. Examples of complexing agents are

12
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25 am notri (et hyl enephosphoni ¢ acid),

1- hydr oxyet hyl ene- 1, 1- di phosphoni ¢ aci d,

bi s( hexamet hyl ene)tri am ne phosphoni ¢ aci d,
1,4,7-triazacycl ononane-N, N, N'-

tris(methyl enephosphonic acid (NOTP),

2- phosphonobut ane-1, 2, 4-tri carboxylic acid,
nitrolotriacetic acid (NTA), citric acid, tartaric
pleisghoriyl actd mitdc acid dsulfsrax:adkaﬂ'iydroambﬁb aci@ bu@ aycureﬂm»b@c'd A

C
BRI Akt o XA SoBialE; ptohy cle BTy sFRHONR, inen the
gompesition abitaipk ian osidizihg batit statiliding ageht, isacteas lkdrgpeapgtoxide.

I [ I L ne

Soosgen 40, EPA s IUHAHR AN BB T2 @B 25 OyDTA and
lph?@@lmm aqid alael@tmgragemtm acid, sulfuric acid,
hydrochl oric acid and hydrofl uoric.acid. A phosphonic
acid or CyDTA chel ating agent is preferably enployed

t he sition contains an oxi di zing bath
BBEE | ' PRl d snoie G aenls g A EH N6 2hgs Such as EDTA or
CyizTAabndphagphohik &idsh MSn)EEH"uﬁuoeairﬁoXWé aﬁlﬁﬁfahN ph@sphonic acid

Rl oS B 20 850 PeFBD 13 e e oEhig i BRpE of i
cass kavera highbaffipityi for #ei alsminuckhcantairiny festdues @tﬁ&éﬁy douwhd on
rﬂE@ nér?d ﬁgé fer %@#X aéghﬂl G\Bk%\%ﬁé V,ethgfd Fq'us glass of

oni c acli |ng gents eas
?Mi@t'm agRets 1pPigaly riegige. oréhpKaiof mgpragieately 42 thati impiyes the

SerPRaktR\S 1 wnq#%sﬁyré& é/ln(/émloﬁhe al um num cont ai ni ng

resi dues typlc oun netal |ines and vias

after plasm ' ashlng In addition the pKa's for this
class of chelating agents typically i ncl ude one pKa
[00321ppr oxrrmabewosmnts heft thepresy@sintéittion PREY Oenéﬁa 26taidf any

h
8 FRRE LT SpiknolsPES - oPin, artart, ohaRpeales Brstant Fhe
gioitionsefi & ahirfactaat @ill- edLeshittee aanfduvet @nsion d‘liothelfonmulatlon and
I%F(*Vgr”\& 9{'{[ V\g'a &Q'sgrfg&r E%%tcmﬁw dZﬂ@ he?&gﬂe ulnggnv the cleanlng

surtactan uce the sur ace enS|on
gogemof the eampasition T swractant maytaisonbe efdadhio rfedu@aelemirmm

&ﬁro&bﬁ 34ed |1afﬂﬁhérr§lﬁrﬁlf1gﬁ1ecdrrﬂ'gﬁﬁ\frﬁuﬁl @lo%?i?édm T%C%Jr%etant

he COﬁpOSI | ONn e surftactant SO b
w% gﬁwa%b%mﬁﬁmmﬂmcmqsﬁen dman afr@slni of fram abeyt O to about

5% Urb R EByCRdr 866110, 1 tBIRBRIbY Waihht &f tﬂ@ébrhséémoﬁhe
surfactant will generally be present in the

conposition in an anount of from about O to about 5%
preferably fromabout 0.1 to 3% by weight of the
[0838)osi t iAmphoteric surfactants useful in the compositions of the present

invention include betaines and sulfobetaines such as alkyl betaines, amidoalkyl
betaines, alkyl sulfobetaines and amidoalkyl sulfobetaines; aminocarboxylic acid
derivatives such as amphoglycinates, amphopropionates, amphodiglycinates, and
amphodipropionates; iminodiacids such as alkoxyalkyl iminodiacids or alkoxyalkyl
iminodiacids; amine oxides such as alkyl amine oxides and alkylamido alkylamine

13



10

15

20

25

[ 0033] Amphoteric surfactants useful in the
conpositions of the present 25 invention include
bet ai nes and sul f obet ai nes such as al kyl betai nes,
am doal kyl bet ai nes, al kyl sul fobetai nes and
am doal kyl sul f obet ai nes; am nocar boxylic acid
derivatives such as anphogl yci nates, anphopr opi onat es,
anphodiglycinates and anphodi propi onat es;
al koxyal k nodi aci ds or

SER IR *HfiRedPa conse Mlipiee alfyagmBtieasane eiures
ﬁmmmé OXIdeS and al kyl ami do al kyl ami ne 13 oxi des;
fluoroal kyl sul fonates and fl uorinated al kyl
anphoterics; and m xtures thereof. [0034] Preferably,
b@ﬁ ?nphoterlc surfactants are cocoam dopropyl

4 Prefergblyattiedeppluisric Hriretents| amewosparaidopropyl betaine,

QGMWWVDW&I% [ OXpotaind, t a'cB@oamidopropa/l | oIr11ydroxy sultaine,

%@'&’é odi 8 gl onat e, cocoam dodi

ORGP Bitbe, | CoSesHRIRARBRIRY et FRAcoamphopropionats,
pomrrmnefhmoxyswlecwdoﬁmméopmbadwmsayp%m.mmoonmsroe@h@ acid,
ll% I|mno di op|onatg oani dopr o am ne oxi de

a W“ glﬁ{oﬁg)ng v FRCAY 6qr Ipl%tOé@ a$) pocoamine oxide and
ﬂmrhletesralltyisammﬁbt{etﬁIBSS] Non-ionic surfactants useful in
the conpositions of the present invention include
acetylenic diols, ethoxylated acetylenic diols,

fluorinated al ky I al koxyl ates, fluorinated
H08y] est eNen- Qi sHrfaete wrsfuf olky heh eoenesitioricanb| the present

aivénﬁxla;at in@ludéwédéty%ﬁceBﬁJlsOfetlﬂﬂle?aﬁdéééiyléﬂn Qﬂ% Sflthorllnated alky!

g%%ia@/ FJy ene ‘nonoal kyl ers ene
| fUbsiagled @iylesiers fuermpted polymerely Pem'@ngISy@btPhatlc
a‘m Oadshr 5 oft hpgighydiie efaﬁfoﬁ&lsy rbl?@(yﬁth‘?leh@ ni rﬁonoalkyl ethers,

BlLoGRLRRRS o Sk fponiieBtss AP lFRS Seek onpal

Bﬂnersccﬂrpfesa’biy, dhs rwh-ibhie spifedans dré\aestyiedit didld bmethdgd@ated

es, N acyl sarcosinates, sulfonates,
éﬁ%tggéigb{a}sand nmono and diesters of orthophosphorl c

acid such as decyl phosphate. Preferably, the anionic
surfactants are netal -free surfactants. [0037]

foaBepPNi C Anibhid LRGNty 68fulin tHa ddiposRBRLSH the PRsseRl inddhBon
Rcluag néartlmnx\)lllgtes ol{l]-acylsarcosmates sulfonates, sulfates, and mono and
diesters of orthophosphoric acid such as decyl phosphate. Preferably, the anionic
surfactants are metal-free surfactants.

[0037] Cationic surfactants useful in the compositions of the present invention
include amine ethoxylates, dialkyldimethylammonium salts, dialkylmorpholinum
salts, alkylbenzyldimethylammonium salts, alkyltrimethylammonium salts, and
alkylpyridinium salts. Preferably, the cationic surfactants are halogen-free
surfactants.
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25 include am ne ethoxyl ates, dial kyl di net hyl anmoni um
sal ts, dial kyl norpholinum salts,

al kyl benzyl di met hyl ammoni um sal t's,

al kyl tri met hyl ammoni um salts, and al kyl pyridi ni um
salts. Preferably, the cationic surfactants are

hal ogen-free surfactants. 14 [0038] Exanpl es of
preferred surfactants include dinmethyl hexyno

f I i
lf@fﬁ] ; %SIE@@@% cﬁtcd?&?}f @‘Pac})a‘r?ngsre tﬁ‘lﬁﬁfjgﬂkm&ﬁﬁm%oﬂ&ﬁynm
@11t ctyqpyieted| eranetleyl ( Zmﬁdl@SKﬁurf}Z'@\ﬂﬁ& Fqlvigicafugreethylene
Mt&g%gﬂ&ﬁﬁ?élﬁgﬁpk§ﬂé%o ! #SH gﬁ@ @Heahlie\/ PReder Qﬁlﬁaétahtg will

about r ef er abl
gevetlly Be pesatdy an AMPLet qﬁ&ﬁ*p&stptapaw \F*{'{ erﬂﬁ& 01 0 abut 3

@f%tomg%om%g;noﬁt abilizing agent conprising of at |east
one pKa in the range of 10 to 13 nay be used in the

conposi tions of the present invention. The bath
stabilizing agents are preferably conpounds with at
j003s]t oneAmKsuitabletbath stabiljzing egerft comprising 2f Bt lepskormBita in

f I
ﬁﬁg??%e 1§ 0 31)3( F’rgsgsb l%%ﬂ'ﬂpﬁﬁg %m@()ﬁtlﬁ% Orgién:ﬂgwentlon The
bath dtabijliniog pbents grqametgrab,bt CQWUWWWW pﬁlpﬁg one pKa in the range
& IW%O ?/ I‘I'hg' M&st ﬁr%ﬁe?%ﬁ?% '?)@'the% H&%Mﬁd@s%cbé&bne oxime,

salicyl a ent ane

e LBl e e s,
PWr B, 'ﬁhyd?ox@pﬁ@mea'ﬂ@é&@fﬂl nE—melhyﬁreétﬂ'Kiaﬁledala:yiamexlme

7- hept anedi am ne, 1,8 is octanedi ani

Z @WMWﬁg\mq 1@ 2epdhanediaming n e % -propanediamine, 1,4~
Eut&ﬂedﬂé}ﬁ‘xﬂé aﬂﬁﬁbeﬁfﬂneﬁammb 12-tbdrastareide, ahi septanediamine, 1,8-

di t I
SHEaTInRg | SRR RS | JORee RS e f o iReaneBhhe,
af12dbdécantdiamiray o, 3- ngd\imgentanegendmnmoda @U@h@iﬂmﬁels of bath

n
e T e
lgegrmlatede adéndsirtey | cftosing,hydrgifingo pgnzi-otdieximec apgmgmg@zole
ﬁ?'&ﬁogﬁé %%lr"%rebénzf%ggcycl 0 éxy%}e%g’ﬁl %ﬁﬂﬁgage?ult% 1ar2?tgyl =
pytrolienealmapits, optdsiey azurpld®, chipme aieri bluep cumene hydroperoxide,
3 d;ag[?ﬂé)éﬂe]nedﬂnﬂgéﬂeﬂé Oﬁﬁ Z%ﬁﬁhnez &emylhwdélﬂdé/ p'dfguﬁﬁide 2,4-

I guani

uani de, | ene |gtﬁa]B & e
@:Hygnoxy\fémhgmylae@bmen@ 1 e% |y@wmuﬁw 2- y'pigganice,
‘étﬁlxi%‘ogmhudé r@ﬁ)réﬁ@ﬁ@ﬂbhlaé Nesthyl URBHYE , keddiANE)S | 1Rethyl-2-methyl-2-

oxybenzal d g
pyrrollne 4—formyl-3-methoxypyr|d|ne, guanine, guanosine, 2-hydroxybenzaldehyde
oxime, N-(hydroxyethyl)biguanide, 2-hydroxyquinoline, hypoxanthene, inosine, 5-
iodohistamine, 2,2'-methylenebis(4-chlorophenol), 2-methyl-8-hydroxyquinoline, 4-
methyl-8-hydroxyquinoline, 1-methylxanthine, phenylalanylarginine, silicic acid,
sparteine, thorin, toluhydroquinone, tyrosylarginine, xanthosine, acetamidine,
trifluoroethanol, trichloroethanol, pyridine-4-aldehyde, hypoxanthine, uric acid,
pyrrolidine, diethylamine, piperidine, 3-amino-3-methylpentane, diisopropylamine,
saccharin, 2,2,4-trimethylpiperiding, dibutylamine, L-3,4-dihydroxyphenylalanine,
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25 oxi me, N-(hydroxyethyl)bi guani de,

2- hydr oxyqui nol i ne, hypoxant hene, inosine, 5-

i odohi stam ne, 2,2'-nethyl enebi s(4-chl orophenol),

2- met hyl - 8- hydr oxyqui nol i ne, 4-

met hyl - 8- hydr oxyqui nol i ne, 1-nethyl xant hi ne,
phenyl al anyl argi nine, silicic acid, sparteine,
thorin, toluhydroquinone, tyrosyl argi nine, xanthosine,

| uo ch 2.
2Pk, SISO by g,
pbynylodriziidazoledi et hy2~m¢tfwb2 bpﬁap@tm& ne, -methyl-2-propaneth|°|
oi'u %WZH’?’ 3" ”e'rﬁb?( Akg, di g&ocmﬁmds!yam,ametraﬂ@tﬁhaémne
rimeth eri di ne, | am ne
g_utaxrzudq,. mglgntmtty (HEw}z;a ydrorgqumollne '4,4,9,9-tetramethyl-5,8-
oEa Fd f\ Efﬁlﬁ?érﬁmé pi neer-h@kan@diarﬁmbydrqu\bpmpemme 1,8-
utylcyc

LIS SIS A ———

Reysy | am ﬁ;ﬁ)onfﬁﬂé hoxy Wﬂﬂodylétﬁme-N N-disulfonic acid, (1,2-
4-di hydr 0x

et ranet hyl benzen
%’Flﬂf‘%ﬁyﬁeﬂ?ﬁ@@'tr}{??étrﬁhﬁ'f’t rile, BENzani di ne?CyDTA) and
dlethyldmamuemta(methyﬁndpf&sﬂhdrmacwhéDEWA)s, 8 s
di azododecane-2,1 1 -di am ne, 1, 6-hexanedi am ne,
1, 7- hept anedi am ne, 1, 8- octanedi am ne,

éb?@nggggﬁqﬁa@r‘gnﬁawgﬂeg %%gfrﬂgﬁ%dﬁlﬂmgnégents W|th at least one pKa in
thig dr0exy IrangenareNJyising| Mb#nmenazarampd\l (bls(g-amlnoethyl)propylamme.
VLA RAbBRAR L bl s St mgarne
d@EWl%)mnel,Oetnmum pyaﬂeamlmai 2ethangrigring; opalppine,’ f-alanine,

gfgle,'az'npeqw@@me‘? V\%};s ! 58PeriRe, Pi4oe-brapasdiariif 114
smfmnbmtencw; Nadid, s@zngtlmla{@@@my hyrppgyﬁgﬁlrmm %g-dlammobutano:c acid,

@ut}llﬁi(n?r] am1r1zP§lStQa(éd) 8€, 2 3-butanediamine, 1,2-dimethylaminoethane,
ohexyl am no) - 1- pr opanesul f o

et sl a5 B, P PR rfine.

émt T élleméihﬁ&b;sb&.et ar&{mtﬁﬁamﬁeﬁemtmmmmmm , -methyl-
met hyi' gl yci rie stei ne, propylan ne, .
2; bgta@aﬂmem%ﬁ? gnamine, 5 nj RS@%’:‘?E’H‘& ¢ at? 8entanedlamme 2

§yﬁm{é&wbakmme oRiiE) Gydrogqiinene, Elpéemlceaum@bdolmmlamme 1,2-
glngetWyérﬁE%peam I gietlaylé}peg Err‘gtn ﬁqﬁ' agﬂ]hé\gee %{% e amd T\exxlamme,
Micidmyih@yr reksdali ne2- dﬁa@mlalmpm\man,m cl atgimethylplpendme, 1-
SHORRAOR BB vl i, oparir. Nz
hemnminelouuraaimm1rwtylmpmwmozwammuttrawgm"}?e d-ephedrine,
%o&?@?fﬁﬁ@m REobdRfHnh&M Beyidmine Peingsgstinane,ne dodecylamine,
tridecylamine, tetradecylamine, L-thyroxine, pentadecylamine, hexadecylamine,
octadecylamine, 4-aminobutyric  acid, 2-amino-2-methylpropionic  acid, 3-
aminopropionic  acid,  ethylenediaminetetraacetic acid (EDTA), NN-
dimethylethyleneamine-N,N'-diacetic acid, methylaminodiacetic acid, 2-methyl-2-
propylamine, nitrilotriacetic acid, 1,2,4-triazole, chloral, ethtyl acetoacetate, phenol,
p-phenylethylboric  acid, nitromethane, thioglycollic acid, ethyl mercaptan,

16



10

15

20

25

pyri di necar boxal dehyde oxi me, hydroqui none, pipecolic
acid, cycl ohexylamne, 1,2- dinethylpyrrolidine,

1- met hyl pi peri di ne, 6-am nohexanoi c aci d, hexyl am ne,
triethylam ne, cresol, 2-dimethylam nopuri ne,

1, 2-di et hyl pi peri di ne, 1- ethyl piperidine,

2- hept anam ne, heptylam ne, tyram ne, dopam ne,

N- net hyl -2 25 hept anam ne, octyl am ne,

cé/ané%iﬁlgp 'dB@JéyQtrﬂ% 8. BUt BIMe ’tnﬁét}‘lP\Eﬁ‘lmen 9-mercaptoethylamme

rnne ) neobor nyl am ne, y am ne,

@ﬁa@pyalam aeid, d@a@mamﬁl,nbydm&qn. f@@e@péﬁn wnopmpﬂmorpholme

ERARASIBCY | @idaR bcnﬁhyl’cé%nf&hyléiﬁﬂbﬁdﬁCYE&HbMe ammomum
hexadecyl am ne, octadecyl am ne, am nob r cid
beR e+ water,

bicalRPRAIC. CAMBICRIM S PONAR. cchseﬂeu b'CQLbOBﬁtPnB
meédﬁuneehwwmﬂioaﬁasaﬁétetéaaaﬁmel mmm&qﬁﬁﬁA»Tethwhe%ﬁl 4-

di net h | ene ac acid

H’QPWSYIP qid%'?‘ﬁ@@’??%mgﬁmhypﬁn ﬂ’@fpﬁ9"°2 propy! ani ne,
nitrilotriacetic acid, 1,2,4-triazole, chloral, ethtyl
acet oacetate, phenol, a- phenyl et hyl bori c aci d,

o4 pnet hﬂwtiorfahéxwipjﬁscﬂflbiam ﬁﬁblﬁklng’iédey\ls with' atdpasiione pka in

docosyl apin ter
TR TR AT, 58! ne R BPEhPGRRG, DRE0ag8, oRel o Shimere
hydroherdxideyidiynphidine] hydiogen sgjéade anqdwdmgen e),eroxophosphate
anm nopr opyl nor phol i ne, et hanethiol, carbonic acid,

t et ramet hyl ammoni um car bonate, ammoni um bi car bonat e,
amoni um car bonat e, chol i ne bi carbonate, carb

(0421 de +Adgditienal suitablg bathi stabilizingy AgRHs hanwa;ﬂﬁdsﬁmf@ PKa
A& eﬁfr&ﬁ 1o4o "f@fcgﬁ’l% ma%ted% Q.fahgé«y plagdsdok ofrChemlstry" 15%

e Sekdion 81 dawep Scbedidt B By B, ‘Lo BrBrY R R onization
w??]éta?g XA eatsdhrataiza\{lm?glby A. Nbiertbgdﬁ sarjtmwdmdemn Chagateri
R b P B e DR o BB By et 7

BEyitlongeigep Fr0oPB0EH laat 8-43 ©08135, bikddi LtideonAtiditierial agrhpounds
gﬁﬁ y %ﬁ?t%le'tpi{aq%t et Lfraggé( k%g?ll%s PL g&ﬁiﬁ ll‘?ﬁl% o‘BHf?:uteY 2bttifare
beogcyooWIST StirelaicsRefgrencd Batabasei#G:iNJBT Oxéieally %‘?'Q@ted Stability
PRA&SNE Fm %tgl %o%giex@é’ Détaxgﬁ%navallgmg Rt ﬁig‘? %ﬁ@l it pﬂfgram

I"onr zat'i on bor at ory Manual

by A
MEGRipKapR' that s eyaiiable, fram Advaneadoghemisiny Qavelopigepty . of

ﬁ@%&) C?an%@g /ﬁfﬁéplké‘@B %aﬁ@ﬁ@?@él&tl&fs Qhﬁ@ §trodh Strdbtures.
Physi ¢s™, d lto

3ha porpoyndss hawg o Iaestiond Ra; taﬁarﬁn%hgaer?as“sef“q as bath
stabilization agents for this invention are those that when incorporated into a
composition for stripping or cleaning integrated circuit substrates provide
compositions that evidence less pH drop on aging of the composition compared to
an identical composition without the bath stabilization agent. Mixtures of suitable
bath stabilizing agents may be used.
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with at | east one pKa in the 10-13 range can al so be
found in the conputer software prograns "N ST

St andard Reference Database 46: NIST Critically
Selected Stability 20 Constants of netal Conpl exes

Dat abase" avail able from NI ST and the program

"ACD/ pKa DB" that is avail able from Advanced Chem stry
Devel opnent, Inc. of Toronto, Canada. ACD/ pKa DB al so
[ﬁbhﬁ]"\’s Prfl ‘Uaﬂp'%?ab@iﬁmﬁ'%eﬁt flﬁé’ymgéﬁérﬂlﬁf %eémplo;@tj3 in a the

onpounds having at _|east” one p
W%'t'egé'? an aa%otwapﬁfrorgta&sm 9@&9@6’1@”‘&6@@{ Bref%‘l‘b'if ﬁP%‘ about

0.1Y%0abeut 3B by Wbt bftAé corigdsitioRcor porated into a 25
conposition f or stripping or cleaning integrated
circuit substrates provide conpositions that evidence
| ess pH drop on aging of the conposition conpared to

po44)dent IWA cORBSidrs 6N thé til@wtiort fmaybatsb contain other metal

StabJ|IZ onaent Mxture of s abl e
%‘%"QBPPNQ 'P@SrFBS/ SYANRIR "2‘1’73 ?St'ﬁ*ﬁ%} Bﬁ‘ﬁ?‘"az"'es
suchbiab i 54nmgwmamtnmbe gefsvatichyl, [B4-aiRpdroxyeendolt acidhes-tert-

R e
dwhycgdmyberizoaiee alWcﬁsdnhydmxyb@z()ﬂéﬂZE]IkyTI’E,é-dhmdmxsbemzmtes and
%&lﬁgé%éﬂ %ﬁﬂ:ﬁég%t&?ya@l Sﬁall%@@%%ﬂcﬂ 0% hrﬁ%th?ﬁﬁél%le, ethylgallate,
brepyigaliaieaans bytylgalate, i pyrmgaliblband, gallid andJ ey bsuemplayed in an

v ' to 2 wt9
%“ﬁﬁﬁPﬁtﬁﬁg%’%‘éﬂé%‘%aﬁﬁ%ﬁﬁm ?Jt1y cg,tt/é’chol
aromatic esters such as al kyl 3, 4-di hydroxybenzoat es,
al kyl -2, 4- di hydr oxybenzoat es, al kyl

fogsidi hy driex ydeanirgatcempositidng| n&yGa&bf yftiamaihb econtedrt effuoride

Etpe® e P 1T A8, @i eyl Plffronium

ﬁmm‘dauite;trlagaﬂylaammmqnyrfmgndel cdnd amd"layajm ifluodds. d, Othey dviable

ﬁﬁggpg%/ gg?l Fn é;%g'hﬂ ! &Bﬁro 5r9§5 %}%b?@%ﬁ'&t}w /ﬁuoroborates

elummmnnkyemﬂmmms tanbmsnyrﬁqpnd¢ oud thetlikenEid fuoside cempenents wil
| Uto811% S8 $%, b

L4 ity S SRURELR 0 08 B R S o o

welghtaﬁdteﬁomﬂwﬁomm fluori de and ammoni um f | uori de.

O her suitable fluorides include, for exanple

fl uoroborates, tetrabutylanmoni um fl uorobor at es,

o¥g] num ?ﬁ{@f)#ﬂﬁ itloflE ©f trﬁ-ﬁﬁ%ﬂ?i‘&){ rféy“&é& dptichafy LdHRain one or

I'ke. The uori de corrEonen ]
more titanium residue removal enhancers, such as for example, tetraalkylammonium

fluoride, ammonium fluoride, HF, peroxide such as hydrogen peroxide (H202),
ozone, and hydroxylamine. The titanium residue removal enhancers may be
employed in the compositions in an amount of from about 0 to about 30%,
preferably from about 0.1% to about 20%, and most preferably about 1% to about
18%, by weight of the composition.
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be present in an anmobunt of fromO to 10 % preferably
fromabout 0.1%to 5 % by 20 weight of the
conmposition. [0046] The conpositions of this invention
may al so optionally contain one or nore titanium

resi due renoval enhancers, such as for exanpl e,

t et raal kyl ammoni um fl uori de, amonium fluoride, HF

per oxi de such as hydrogen peroxide (H202), 25 ozone,
[@Uld] hy dr gy crREhiRG compesifidnsaithisninvestictiualsa eptinally contain an

oSHgiia sast F Drrvaisoti e bBtestih, OTo8 MORT cqeeSan, A fibum.
cafmu:tn 0. ARy tsmt&tﬂm @Md&ﬁ% agent] inadgding roet enoabwem@mydmm

é%g é{'ﬁlillg?g(@ ;er%é Rgﬁéspﬁte‘éoﬂﬁ&hl%)flfgg ani'j8th& ARt flay
bempoyad Ilrytfeomaaunm mmpoemorm ofithig inygetan. themrgﬂsarra@ oxidizing
@&ﬁt& rh‘?é hﬁ&r%hﬁr?tp'emhd@g gﬂ&% AP emoaht o éshdiilh@ lagent

orros Sul tab i zing agent, includin
elmpdoyn@wwll gqmeta@m be &n amwawg@ﬁfmrp @r/b%i’ tpeabayt 9%y P'ieé%f%%y from
ﬁ%&tpﬁ Qé%hfbt E@out fé%)oﬁ\'é}é bﬁe?éablmfw beuti 6.6% @NE%, hkd most

In the c onposi tions of
FeSTpEs bl PEm Ao 0.0 ADP kL% oy VRIS % PR GOMRBRRRY o o
hydr ogen peroxi de and hypochlorite. The anmount of
oxi di zi ng agent enployed will generally be in an

[g%jtn t ooé‘gf /g o?hgé oﬁ?t@w%ﬁ%ﬁ&n@e@u g:@%ﬁ %’%rﬁélﬁ]&g B?or wafer

b&Patess b Uxpasitg rtbstcontanmiaéect\bulgstrhta)m aﬁlnm @pmooe%rISoof the
pf%se“&eribﬁﬁtﬁ E:)F t eh\%héncpta taht%rrfggmﬁé'stu'ffﬁént 10 dddR4dwanted

presen i nvention cl eans
metaminant door theasubstrata, Befacar EptipRalléx fiss py\l@strp]@e is rinsed to

r‘éf?\m/@ B %rﬁﬁioéﬁbtﬂsérgdﬂr?e LhtdrhiRarR MaRa SdriddolSreffove iy excess

resent 1 nvention a time and

Soenisa enging a0eie e SHAHAISREN UHESHACSN 1 FPBTY pHiPose
substrate surface. Optionally, the substrate is rinsed
to 15 renove the conposition and the contam nants and

@élg-ﬁ? St o#ﬁg\@g S%%wgfﬁggzﬁ?sné %Y\e&ts eagr%prgh&?ibﬂ% expose the
Subbatd esitheLoopposition. [E3 6] splffasecﬂm times are ogperAby! minge to
?Ooba{f]‘gtegr %‘% lﬁ@'@ﬁ?ﬁgg o 19 ﬁﬁtﬂﬁé&e BA& o UGSy aéleaning

|on or spray cleaning tines are
geperahireg ark genaltallye1®°@ to 85°C, preferably 20°C to 65°C.

[0050] If required, the rinse times are generally 10 seconds to 5 minutes at
room temperature, preferably 30 seconds to 2 minutes at room temperaturs.
Preferably de-ionized water is used to rinse the substrates.

[0051] If required, drying the substrate can be accomplished using any
combination of air-evaporation, heat, spinning, or pressurized gas. The preferred
drying technique is spinning under a filtered inert gas flow, such as nitrogen, for a
period of time until the wafer substrate is dry.
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20 30 mnutes, preferably 5 mnutes to 20 m nutes.

Bath or spray cleaning tenperatures are generally 10C
to 85C, preferably 20C to 65C. [0050] If required, the
rinse times are generally 10 seconds to 5 m nutes at
roomtenperature, preferably 30 seconds to 2 m nutes
at roomtenperature. 25 Preferably de-ionized water
is used to rinse the substrates. [0051] If required,
drying the substrate can be acconplished using any
conbination of air-evaporation, heat, spinning, or

00523 S ur i md rféthod Brleth@rpaésehr edentwnyrsngery e;ffenur\@uier icteaning
[ t OW. sSuc
SRR el shigyos, et BaveeenReiarisb updib Aae pshed o
rémb@d balk EpthJreisr ist, pérﬂcdlﬂQS\ﬂéferT bebstrates czbntinindia ilices esiticon
Bt b L 51645, 480, Heftplfongam sy,
tantaluincalisy ycopryy €nppEr sao alustirun poaluminisy ellayfin. Trre .method
.—QH&R% %?I{N§J1ted pﬁ'fe?éllfé“'a%l érg‘éﬁEeForﬁémﬂéﬁl@t Bt B ahdt! BEuse

1 Con, Icon nitride tungst en
unapegptabie Gﬂrrosran o iﬂeaﬁﬂlcemsﬂm e silipn BYide; ¢ bgsipR, fyngsten

JII?)Et oA *tQﬁf umCQl‘itﬁlertamtﬁl%l‘?ioetbnt@luhméxlloﬁlI BHp P ey CI)er alloy,

m num al I'm” The nmethod renoves unwante
ar@nlaumrorabrﬁmwgw ffMcont ani nants but does not cause

unaccept abl e corrosion to the silicon, silicon oxide,
silicon nitride tungsten, tungsten alloy, titanium

DU 2, Pl i, 44 4, G0 of
|hmma|} d'ébﬁrbbelrthusn@wmanP@swomldlm appagent tye slflledi arfigans,
\%Eg ﬁ%n’bte Yt Mﬁgf%&ﬂég&%reob"os@%%h{%ﬁ tohtbMbRted within the

arent to ed artisans,
scape otrtbemantynedﬁnubeﬁodl f| cations are possible and are
contenplated within the 15 scoEe of the invention
descri bed. EXAMPLES [OOSEH‘AM EEPest procedures f or

t he exanples were as f OWS. Alumnum Et ch- Rat e
9884 ni gTheotﬁSt %?‘r‘qdﬂgesg‘?r the BRAMRIGH WYYP12S %@@ 8% pur e,

Rrufinfth i fbak E@&ﬁRaﬁ%&Eﬂﬁrﬁdﬂéﬁ %‘mp% BNl €411, (9D18% pure,
was cut 1nto strips 50 %ﬁ hen cIe ned 83 0mm x
P 8EmoVIbIckases BUTCHISH T %maz"é%n "Iﬁs was s%r §ies

RhAén 8B8ned as follows: rinsed with de-ionized water, |sopropyl alcohol and
then acetone followed by drying in an oven. An initial weight was recorded using a
5-decimal precision analytical balance. The foil was then added to the apparatus
comprising a Teflon capped 100ml Teflon PFA bottle filled with the test solution and
equipped with a Teflon stir bar, with the cap having a hole for a Teflon temperature
probe. The bottie is set upon a digital hot plate stirrer. The aluminum foil was placed
ion the solution in the bottle for 60 minutes at 45°C with a Teflon-coated magnetic
stir-bar stirring at a rate of 150 rpm. After the treatment was completed, the foil was
removed, rinsed with de-ionized water, isopropyl alcohol and then acetone followed
by drying in an oven. The final weight was recorded using the precision analytical
balance. The weight loss in grams was used to calculate the metal etch-rate in
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then acetone followed by drying in an oven. An initia
wei ght was recorded using a b5-decinmal precision

anal ytical bal ance. The foil was then added to the
apparatus conprising a Teflon capped 100m Teflon PFA
bottle fitled with the test solution and equi pped
wth a Teflon stir bar, with the cap having a hole for
a Teflon tenperature 25 probe. The bottle is set upon

A@\lggtkcgiaé pbr Hﬂtulflé) |u§ﬁ1§ t?é ifdlloRing &imau@i U{[[(Q::cai’ﬁsf igtohoss@isé (grams
aced _ion the ution or m n
Bt (s o etpss g L e b AT (AasBpétinnty < Breh
Redté inrAngstrérths perrminateof 150 rpm After the treat ment was

conpleted, the foil was renobved, rinsed with
de-ioni zed water, isopropyl alcohol and then acetone

fiﬁhln@ﬁ\‘i@atalbﬂtcﬂ[ﬂﬁﬁg ‘bété‘rnﬁﬂatmﬁe Fritarilf, foll lr(Qé oyl §ikte, BvB85mMm

recorded usin reci st on anal ytical 30 bal ance.

thipknes® whap FompAlfE Apsar.ias) W§§&”tt iptocstrips pOpR % pRmm and
th&T Bdnt & KA todH 80 bégred@n @@gm ITRvagaRertiBatied asSfollgvst fiksed

Vgt?\[acl}qg-oq\émﬁlggw e l!SgF? oltaﬁﬁ dhens gge%;ngz cﬂlm&gc[s g{fﬁ{y}pg} in,an

dvéi 18K ndmsfergmwémecomeﬁmhg aFadeimal phedsanr amayticairbalance.
A8 e AP st R fBU il B, PR, b ¥ oston wes

merhedited ¢al 4610 n & been’fos approkimately wmes howrt prionte adding e foil.

'Ijﬂﬁnfml wa%%g@dagﬁg thak %ol §8ba 'oR né?lgle fank tha F%p Io@@&? ﬁﬁed on the

was then clea
Mtttehfod@4|hmrsz(éd44®ammr) atl‘@&%rlrbmel OV&nco‘iﬁﬂlthaﬁqurﬁ@ﬁt agltated

cﬂﬁlﬁg méetréa%éﬁ}% 2%1&' el t%trhéhtgsﬁs B Bleted \the fBiI Waéﬂemoved

was record usi ng a eci mal preci si
rinsad! yith Glationizgidawater, ispproryhaiephel arpﬁoihyetaﬁ?qoeﬂ Jollowed by drying

|W' aﬂeo\m% UtThebfal b@lgﬁPWE\é“réHoﬂﬁdtd%ﬁlgStﬁb wewoﬁ Qnd?ﬁlcéletﬁlaiﬁie
pre-heated to 45C in an ovei_' %g;) chlr\n;@ L{é
Bmwmimos&rm gramsovasisier 4o sHelgte | e mete} iCh-Eat In Rugsirergs ger
@Irhﬂega%ﬁngﬁh@ fdnewlng&;qe@ﬁbn@ r{[[@%ﬁs ﬁﬂd:se)rlve(gm étma@bvy)] (mm
r urs
foh et/ T s4tdrminhe (RHPSARGROIBIE) & Fertipiel Ahpdits

pere@hutent tinme. After the treat msnt was conpl et ed t he
foil was renoved, 15 rinsed with de-ionized water,
i sopropyl al cohol and then acetone followed by drying

FE.SEM E)(@rﬂpleIhWJférnﬂmﬁl&i VaitH otk RCRINE Gfébtu&'s raﬂ\dtdlLanum-
preci sion anal ytical bal ance. ﬂ)@ege 3@ & g
erPRRkralsed linee GaRRpACHIN: irgim-nitrde & 8Pt preyfoush) prepare
Mﬁ)‘ﬁé\&@"(‘a‘) lﬂéfalhzﬁﬁdﬂltm&\ Qlﬁmﬂﬂnﬁzf@péméllov\ﬁblwwmyduamm nitride
éo[) llgh%granﬁlc patternlng usnng (ag pﬁé{s reS|s ma eri%l W) aelttern raNefer using
reactive ion etching (d) oxygen plasma ashing to remove organic photoresist
residues, but leaving mainly inorganic residues behind were used to evaluate the
performance of the solutions. A wafer sample was placed in the solution at 45°C for
20 minutes, removed, rinsed with de-ionized water and dried with pressurized
nitrogen gas. After drying, the sample was inspected on a Field Emission Scanning
Electron Microscope (FE-SEM) to determine the extent of cleaning and/or corrosion
of the aluminum-copper metal features.
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foil thickness / 2)] / 1,440 min.} * (1x107
Angstronms/ mm) = Etch Rate in Angstrons 20 per m nute.
FE- SEM Exanpl es: Wafer sanples with one m cron w de
features and al um num copper raised |lines capped with
titaniumnitride that had been previously prepared as
follows: (a) netallization with alum num copper all oy
followed by titaniumnitride 25 (b) |ithographic
patterning using a photoresist material (c) pattern
transfer using reactive ion etching (d) oxygen plasnma
[OR5hg t oTheeamvent@f gluminunp oo tlomirsinstoppee allajumstal tortosion is
c S 0
5{?}’?1’%%? h&hypér g%ﬁ&hﬁlclgésgﬁxh@*%% &%ﬁ%r@? c)éﬁ&sioﬁl?%#a& The
gmléomorpteaw@ giventare vewIslightosiight light,anédarate20d severe. A
Eﬂan\J ﬁ\ﬁuntro? BRYGSUIm "cbr'i’%%ﬁ c\’%ﬂn%ﬁer%@ th ‘BB'vﬁfﬁﬁm %&Eﬁi’abl@nﬁmts were

dried wth ressurlz ro en
Pﬁ%gf@éri’ﬁryeS'kﬂBtsor sHghte bigBY nmﬁieeaterewe@fw@msm vwarvﬁnﬁ@ered

% 6@tdnﬁébeMa‘BfeOmoﬂ@arﬁd@Eal%E%rrés‘ibnd&étﬁréﬁtﬁla% fdieratEd @Bing the
cl eani ng_and/ or_corrosi on

Pl EMfsBion pening =60 e T ReoB G FTOERD MR B visual

mltetﬁnerauam oppifierenedd Isstweai antreatdr el tmta@samw oA dib &sme
corr

Rated, Be aucic 7 Ao ESeitl Ao B PeiEpe Mgy GardiuBaty e
ske gﬁth;e |8Hub|gin$ of thiggimventivade damenstratedsinviExamples 5 amded.| The

i Cgﬁ&tn ] tlt ﬁulfﬁnc&?'&go%orra{eo\ﬁftho&eclggsdf de! %ﬂllbhgrﬁq}? 6 tridbition is

were  assigne
Qemgmﬁtratadugﬁt(amplederate or severe corr05| on were
considered to be unacceptable. Al cleaning and
corrosion data entries generated using the Field

Enmi ssi on Scanni Panﬂl%ﬁﬂh%?é@ﬁ\c% I6&- SEM was
based on a vi sual i nter i on of fferences

[0O56ken uAguesas esblation f‘Ab”aM@d preppleds with o f36h aveighirepereent
ct, Lau d

by ERmOiaH byl FrMRLACR N0 RIGHE" BURRROPRSS-(1.2-

gyclqmp(ﬂenqdmtnlpbt@traacgtmm (RMDTAY) end i1 H4mveight Ipescent effrydmgen

-é?r%xndé %gbn% \gﬁ]{‘thle r?erh?lh | 44RiS QSIGHRM Hkhg" dﬁ-%n%é Rateh §nd!J A& a

ltors o is invention Is denonstrat ed
PH ahaheyt &3.3: Aqepqusrsalitan i'OAswetprapyesd win B02nyeight percent
E&Qﬁfe}h é%mémnsq\lyuﬁok@e "AMAHWAS0.IpT eRRighE efdand. Bans-(1,2-

cycloqwexylgned|n|tr|Io)tetraacet|c acid (CyDTA) and 1.64 weight percent of hydrogen
peroxide added with the remainder of this solution being de-ionized water and has a
pH of about 11.4. Aqueous solution “B1” was prepared with 3.35 weight percent
tetramethylammonium hydroxide (TMAH), 0.11 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 1.64 weight percent of hydrogen
peroxide and 0.23 weight percent of dihydrogen hexafluorosilicate (a product of Alfa
Aesar, Inc.) added with the remainder of this solution being de-ionized water and
has a pH of about 11.5. Aqueous solution “B2" was prepared with 4.83 weight
percent tetramethylammonium hydroxide (TMAH), 0.11 weight percent trans-(1,2-
cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 1.64 weight percent of hydrogen
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t et ranmet hyl ammoni um hydr oxi de (TMAH), 0.11 wei ght
percent trans-(1,2- cyclohexylenedinitrilo)tetraacetic
acid (CyDTA) and 1.64 wei ght percent of hydrogen

per oxi de added with the remai nder of this solution

bei ng de-ionized water and has a 20 pH of about 13. 3.
Agqueous sol ution "A2" was prepared with 2. 05 wei ght
percent tetranethyl ammoni um hydroxide (TMAH), 0.11

wblghé aﬁ@ll)QBIWeldhlt t@@l%lelﬁt]of Zithydroger; hexafluorosilicate (a oduct of Alfa
clo LLri rgaceti c._ac
§45r (155 558 i resedingin o 3 soustt beine e vatar and

hdmear;ﬁ-ﬁrmfrarbent mf 51 chsecmelsuutnen ‘BeT ngs (repaned it 504 @veight

g&g p@ gggwtﬁﬁlalgﬁnggﬁathécﬁ?m%ee ;)5115 \9v|enng; percer% tranwaé 2-
cyelahexyereginitrin)etraaceticy deid AC@ITA}FI\ANM welphl Jpevesing lof hydrogen

g%[)gg%a/%f&)ﬁ%veig}% ﬁervc\:g%{tg ft%ﬁmg %b&ﬁﬁglaﬁhéﬁogli&a\é il b RAGE ok Rira

pesasxinge adred @/Ithsheweemndqnenf dm solfort béigal degonized water and
f

A5 P B, 5l iy 00”9 ot

percei iptrarpetidammogiye hmgxl%e OHVA), Dobluweight Bercﬂafuféamw 2-

%%bkﬁ&edﬁ&rnlo)ﬁ&%a@étﬁpﬁéléOkC‘QD‘i'ﬂlr“‘r &8 w@g roet B‘F‘rl'@ﬁr'?oben

ameth?s ni um r0|deé|h w&g
PRIPEEH ANY P L weight Eem@%‘&féﬂww B%Pf%fm'P?rP?'l'%ﬁ‘? radict of Alfa
Acsal, (n@)la'ﬂééd with GHe Yﬁmﬂﬁderpﬂﬁme Bbiubdn bsrdg @g%hlzélﬂwater and

4 h
RS, Br9HI5r BBP L e Alis, STRERO Boimes Prgiey i .61 weiont
perderd Mramem%ﬂmnﬁmﬂyﬂroﬂde (TMAH)scﬂ 1t weighbpencgnt trans (1,2-

8BRS AL Lttt BAd (€yBTARL 65 Htiant hoRbenf B Ftioen
peroxidered. 6y Iweight receenh gt dibydragen mmmqroexlme \i®ipgdduct of Alfa
R@éﬁ?elﬁgx%ré% (Vi rtﬁTar ent ammonium ﬂuorld? gd?ag the rema 4nder

enedi ni tetraacetic ac

thish soliianc being sle-ienizacoweter andrhasi adHhel abowo!Wei ghgueous

B&GtRNtCPf v@shY)FHpQ%n \AhtﬁxafdQUWe%‘ﬁl |bé?élatn? t@ﬁfali% Hﬁ'ﬁnd?ﬁum
Alfa_ Aesar, Inc.) t he remai nder of

BysireMde, AT G- HeW?'S'Fﬁ %@Pr\héqaes (h#gyclohexylgnedinitsfo) ts%éﬂetlc
adid @Cydmeoet» weRht/bdrééht’ OBP:Idr%ﬁn PUr IR ﬁﬂj 1ND(0 e 3 rcent of

ent tetranet ni um h
iR digen fremupaaumanal S

Vilt he gemain ero ﬁ'\lls sol tlon bH?ng de-
yiizko vatey bad hal & pHIof hiBgut @t 5aaembous stiLitidn (€Y Wah) prefarédiwith
1 R SRS B R BT 0AF 50 W e
thhrisa(1,2Aeswhexylenedinitrilotedchavetichadith  CyRTY), ot weight hpescent of
ﬁﬂré’éénoﬁe%ﬁh@%ng%.jlg r\}s'/e‘?rgeﬁ?i p‘g?ée‘ﬁ[ of"‘%ﬂmonium hexafluorogermanate
(99.99%, a product of Alfa Aesar, Inc.) added with the remainder of this solution
being de-ionized water and has a pH of about 11.5. Aqueous solution “D1" was
prepared with 3.80 weight percent tetramethylammonium hydroxide (TMAH), 0.11
weight percent trans-(1,2-cyclohexylenedinitrilo)tetraacetic acid (CyDTA), 1.64
weight percent of hydrogen peroxide and 0.65 weight percent of hydrogen
hexafluoroantimonate (V) (a product of Alfa Aesar, Inc.) added with the remainder of
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has a pH of about 11.5. Aqueous sol ution "B5" was
prepared with 9.61 weight percent tetranethylammoni um
hydroxi de (TMAH), 0.11 weight percent trans-(1,2 15
cycl ohexyl enedinitrilo)tetraacetic acid (CyDTA), 1.64
wei ght percent of hydrogen peroxide, 0.69 weight
percent of dihydrogen hexafluorosilicate (a product of
Alfa Aesar, Inc.) and 2.04 melght per cent anmoni um

{gmtsuéyldtge | gﬁ%-l%&& Wher 5ﬁ‘dTﬁé EH of%oﬁthHSS SA Mdu@ Solution

ein i zed ter and about .
R0 Presed v SO waight peERr SerarRetRy AT DO hydroxide
W%m 0t1 ‘?t fw%f&ﬁi hydradRT0 RraHEN REL ctysHerylbriiirithidAbtraacetid lacid

(S, R85 Somiint sesept oh EuApen PRIgYSR a2 88 (Relohi egeent of
6@{&;%) hex&ﬂ@&}omw&hhtep(% 3@ prodatt aydlraogegarpmng xidded auittl the

AR o e B o EEH B P P B JIRAr 11

Aquscue dolvadretE 1awds brpacedwithal, S(H\baght pblceﬁt tefkgmethyEmmonium

ﬁ%"{" 5%#&9%%90"%3@9@@% g%tmaﬁm ﬂiﬁ?&olﬁ@k@n&dlrﬂﬁl[?ﬁt%%acetlc

peid ¢y TA)51.64 weight percent of hydrogen peroxide and 0.75 weight percent of

%E@%ﬁgénl h%(ag%g o2 n:%ﬁ%ﬁ]ee@r ce&f& (o? @l#1 . Kﬁig‘g}ﬁt I'Bg %)‘E(Iltigd with OIthe

Ban%ndﬂélcgmmp@itﬁlentbemg dmnmeqrwaierxamd eﬁ@geHn%tn%H%lt 1.5.
ggec%% |uﬁo E?% gpat@dﬂﬁt#@ﬁmgh%&enﬂ@@rﬁﬁilemytah\rﬁé}ﬁijm

mal nder OUtIOﬂ bei n

hm@roadep HMAHA%Ut weighispergent deang-( gatcm'?wy*emd'"'w@e"aaceﬂc
ae;e @@ym Wi loh m%ag%@géveemm hmbg@ﬂperbmé ANEE1 BY MRIgND pércant of

d
abizsen “2§aéweﬂz%'m9ieeﬁewpﬂv%t ety added win the
(Ardtdor, of]ihf§4solwahgféingoﬂé-ﬁt&iiﬁedofvatbydnmgea g eHoaf aisouard .5.

ey sofion i 565 ReparoRs i s Y e Oft st AR thhium
hysdraxm@l €TMAH), @81 tveight sex‘celmtl tomst{¢2roycldesxylsnedivitiilojtetrancetio
B9 1A B iy Sy im0 00 vl o
Itgtmﬂooa'pm;lc gelMis-roduxt pi S;ggnaghlprlgaﬂ@ce)wdded w@(\ the remalnder of
2@%%@ el r@ﬁdfe'-ueﬂfﬁ’\k&@ﬁé’dﬂatsrd ;BHPH SloLppeeti ¢ acid

wei g percent of hydrogen peroxi de and
2.58 weight percent of s hydrogen hexafl uoroanti nonate
(V) (a product of Alfa Aesar, Inc.) added with the
remai nder of this solution belng de-ioni zed water and
leds7h pH dhe alihydiogén heéxaflugrggermanatsosraplpyed in the fagmylation C1

RRERY Gs Wrdpareh iRAndRaidlingRRamRAt AnCLduaBES, AR RRRt Péfcent
solution of dihydrogen hexafluorogermanate solution was prepared by combining the
following in a Teflon 125mi bottle (there was some heat generation on mixing): 50.00
grams de-ionized water, 9.51 grams germanium dioxide (99.999% Puratronic Grade,
a product of Alfa Aesar, Inc.) and 22.23 grams of 49.1% hydrofluoric acid (Finyte®
Grade, a product of Mallinckrodt Baker, Inc.).
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hydr oxi de ( TMAH),

(CyDTA),

0. 11 wei ght percent
trans-(1, 2-cycl ohexylenedinitrilo)tetraacetic

acid

1. 64 wei ght percent of hydrogen peroxide and
0. 75 wei ght percent of 10 di hydrogen

hexaf | uorozirconate (a product of Sigma-Aldrich, Inc.)
added with the remainder of this solution being
de-ionized water and has a pH of about 11.5. Aqueous

solution "E2" was prepared with 6.38 wei ght percent

t et ranmet hyl ammoni um hydr oxi de ( TMAH),

0.11 wei ght

percent trans-(1, 2-cycl ohexylenedinitrilo)tetraacetic

acid (CyDTA),

and 1.51 wei ght percent of 15 di hydrogen

hexaf | uorozirconate (a product of Sigma-Aldrich,
remai nder of this solution being

added with t

he

[6953']oni zed water and has a pH of about 11.5.
solution "FI" was prepared with 3. 17 wei ght percent
0. 11 wei ght

t et ranmet hyl ammoni um hydr
percent trans-(1,2-cycloh

aci d (CyDTA) .,

BofBie

{4MAH),
edinitrilo)tetraacetic

1. 64 wei ght percent of hydrogen peroxide

Inc.)

Aqueous

1.61 weight percent of hydrogen peroxide

aritakle 67Alneiigum Mesaldioil Etch-Rate Comparisens: (wevage values ofa

roduct of Signma-Al driet¢h rakescgiverldded with th
renSolotien off pHhis soAltion bEong. de-i ddanced ywAleminimg
has a pH of |about| Tbr@®sidrO) B¢ inhibicordi sniakBEeN Metal
hexaf | uor oger nanaf elnbiflooy ¢d 1’v*'i.g\l,?}1e f crsnieh i prEtch-Rate
and C2 was gr epar g d in the|foll oW ng myppey) \n (A/min.)
SYATRT-VaTRT-S— L Ta -- O i st
dlhédﬁbgen rei%§l orU@@?nanate Qol utf on Qas ptepatttP
H?“m ng the followinglin a Tefljon 125l bottle
l“. DItg S one__nhea cgenel-d 2 IRV I aYa A N0 E)OO
granBA%e |or|2§6 Aﬁt@'"eQ 51 gr%ns ge rnap|un1d|o§ﬁ4%9
(9dB ?Qm)ﬂsﬁ rlatron{c Grade, | a product of Alfal|Aesar,
H phiblatitho3 53 gt ans of 49. 1% hydrof | uoric agid
(F?'ﬁggjgftleﬁj Grade _a produgt of Mall}nckrodt Baker,
[ ﬁnl: | - A .
T L= A~ Ay = O afpTT T A Al U Ul
Vet al Bioi | 13%5 Rat e %%ﬁbarlso%§3(ANeradézval es b#o
et ch Bates di ¢&A) | SoHa8iFon |pH M46Conk. Qetc. Al udd:hln
B3 11.5 H2SiFg 0.60 0.59 31.7
B4 11.5 HoSiFg 0.69 0.68 25.0
B5 1156 H2SiFg 0.69 0.68 2.2
(B4 with 2.04%
NH4F added
and pH
adjusted)
C1 11.5 H2GeFs 1.00 0.99 67.6
C2 11.5 | (NH4)2GeFs 3.75 3.14 611
D1 11.6 HSbFs 0.65 0.65 3,950
D2 11.6 HSDbFs 2.58 2.56 2,895
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5

Corrosion of Inhibitor of Inhibitor Metal [Inhibitor
(wt. %9 as Anion Etch-Rate (wt. %9 (A/mn.) A 13.3
None O O >4,170 (B4 mnus inhibitor) A2 11.4 None O
0 >4,170 (B4 minus inhibitor with pH adjusted down)
Bl 11.5 H2SIF6 0.23 0.23 4,110 B2 11.5 H2SiF6 0. 46
0.45 >4,170 B3 11.5 H2SiF6 0.60 0.59 31.7 B4 11.5
H2Si F6 0.69 0.68 25.0 B5 11.5 H2SiF6 0.69 0.68 2.2
(B4 with 2.04% NHAF added and pH adjusted) Cl 11.5
H2GeF6 1.00 0.99 67.6 C2 11.5 (NH4)2CGeF6 3.75 3. 14
g&%% DI 11.6 HSbF6 0.65 0.65 3,950 D2 11.6 HSbF6 2.58
B 2,895 25 [0059] Exanple 2 Solution pH Ti Conc.
Conc. Titani um Met al

Example 2
Solution pH Ti Conc. Conc. Titanium Metal
Corrosion of of Etch-Rate
Inhibitor | Inhibitor | Inhibitor (A/min.)
(wt. %) as Anion
(wt. %)
A3 11.5 none 0 0 9.8
(A2 at
slightly
reater pH)
B4 11.5 H,SiFg 0.69 0.68 5.4
D1 11.6 HSbFg 0.65 0.65 7.4
E1 11.5 HzZrFe 0.75 0.74 0.4
E2 11.5 HaZrFs 1.51 1.50 0.2
F1 11.6 HBF,4 0.67 0.66 5.9
[0060]
Example 3
Table 2: FE-SEM Evaluation Results
Solution pH Al Conc. Conc. Post-Ash | Aluminum
Corrosion of of Residue Metal
Inhibitor | |phibitor | Inhibitor | Removed | Corrosion
(wt. %) | as Anion (%) (% Metal
(Wt. %) Loss)
Al 13.3 none 0 0 100 100
(B4 (severe)
minus
inhibitor)
B3 11.5 H2SiFg 0.60 0.59 100 4
(slight)
B4 11.5 H2SiFg 0.69 0.68 96 0
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Corrosion of of Etch-Rate Inhibitor Inhibitor
Inhibitor (AAmMn.) (Ww. % as Anion (WM. %9 A3 11.5
none 0 0 9.8 (A2 at slightly greater pH) B4 11.5

H2Si F6 0.69 0.68 5.4 D1 11.6 HSbF6 0.65 0.65 7.4 E
11.5 H2ZrF6 0.75 0.74 0.4 E2 11.5 H2ZrF6 1.51 1.50
0.2 F1 11.6 HBF4 0.67 0.66 5.9 5 [0060] Exanple 3
Tabl e 2 FE- SEM Eval uati on Results Sol ution pH Al
[(@gqgl' ﬁe blﬁ@éﬁloﬁsﬁals”dé@hnblgécngéﬂ rQs Qustritedf with svatiogs

b I nhi b d
|l|@swrat|ve/¢enwgqutn?s|rqthgm@f (lt:));/l%paﬁ%pquciﬁt(eé’ %a%e{m $& mgﬁﬁq H%@lsé}et
0 nidybbe gnade Bihou
?Pﬁ@mﬁaoar@ &S@Qero&Bﬂwoﬂlﬁﬁéﬁ%h@C;ldIrfdg{]atn)gesm {2 5071|_?2 SeI B8
depating)freyg thesspiyit and scope of he inve
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26 [0061] The invention has been described and
illTustrated with various illustrative enbodi nents
thereof. It will be appreciated that these enbodi nents
are not limting and that various nodifications and
changes may be made wi thout departing fromthe spirit
and scope of the invention. 27 | Caim 1. An alkaline
conmposi tion for stripping or cleaning integrated
R Cidibn: substrates, conprising: (a) one or nore
bases; and 5 (b) one or nore netal halide conpounds of
he fagr t;
%he éﬁoéuﬂp#"@% cr:]%rNI %stéql%ng %\?s%rstﬁ)lﬂﬂ 6rscl%nfﬁng |ﬁtbgl§?dde&rtcﬁﬁsutfsﬂﬂles
Cs, ©€PMprsing: Zr Rh, Ru, and Sb; X is a haI [ de sel ect ed
from S ing of F, A, Br and I; Wis
sel eé%) %efo? ég‘%r‘ gﬁép consi sti ng 10 of H, an alkali
or al(baaqnemen@sa metahialidp Colanwr‘alsmétwfoﬂmﬂ free
hydr oxi de base noiety; y)@ nuneral of from4 to 6
dependi ng on the netal haI| and z is a nuneral of

from lyhere Mis 8-metal sbleeRATRA ﬂ\b(yﬁolﬁﬁ&méﬂiu@oﬂ 8i, ealSH) t, P,

wherein th t|o is_an e 5 al kal i n

conpodt t”r”o?f 8§n8"l" ﬂ%%smh%ﬁa%? S£ H‘?E’ e\fisisciad fe?'ﬂéhe

base W@i&tlr@éf H $3l Briaridd] W isrseletied drorathesgreultcdnsisting
he co 03| ion_in

b
outti o then aigh of Bihie SPERREH Rl o leipleRTRE Mupine poe
about nidlety,oy ialacwimets of #6m4. to Bruependimmen theonetalfhalliigiand 2 is

wher ei \}r\%‘? WPl IR S, et al halide conpounds is
present 1n he conposi tion an anount of from about

0.5%to about 10% by weight of the conposition. 25 5.
% he _‘AO sftnbﬁ% ?&dlﬁﬁl}% Ralm WA tHhdBorhietsiRioh GSBA2R06ous,

'S ecte
alkalme composition.

3. The composition of Claim 2 wherein the base component (a) is a metal ion-
free bases and the base is present in the composition in an amount sufficient
to produce a pH of the composition of from about 10 to about 13.

4, The composition of Claim 2 wherein the one or more metal halide compounds
is present in the composition an amount of from about 0.5% to about 10% by
weight of the composition.

5. The composition of claim 1 wherein the base component (a) is selected from
the group consisting of ammonium hydroxide, quaternary ammonium
hydroxides and diamines.

6. The composition of claim 5 wherein the base component (a) is a tetraalkyl
ammonium hydroxide containing alkyl groups of from 1 to 4 carbon atoms.
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t he group consisting of ammoni um hydroxi de, quaternary
anmoni um hydr oxi des and di am nes. 6. The conposition

of claimb5 wherein the base conponent (a) is a

tetraal kyl 30 ammoni um hydr oxi de contai ni ng al kyl
groups of froml to 4 carbon atons. 28 7. The
conposition of claim2 wherein Mis selected fromthe
group consisting of Si, Ge, Zr and Sh. 5 8. The
conposition of claim4 wherein Mis selected fromthe
group consisting of Si, Ge, Zr and Sb. 9. The
€onpddeicpmposifioncdfziaim @ witeseie Mis kelected Epedhe droup sansisting of
groug; e gty 8g. of Si, Ge, Zr and Sb. 10 10. The
conpositi'on of claim7 wherein the netal halide is
selected fromthe group consisting of H2Si F6i H2GeF6,
é(CI—B 4N) 2GeF6, ((CH3)4N) 2Si F6, NH4)f28i FG and -
NH4)TPespmpositomaf claim & ! 16 selRCted TemAnerpEpURicansisting of
the mt@d, Zrahd 8B, i s selected fromthe group

consi sting of H2Si F6, H2GeF6, ((CH3)4N) 2GeF6,

((CH3)4N) 2Si F6, (NH4) 2Si F6 and (NH4) 2GeF6. 12. The
onNpPGg.t . Cl.a] Sk N i L Seiti
8ol barie gopaflerfor iy d MR e sbEeBE Bl (RFighdH dofsisting o
H2 Ge =8, G4, (ZCABY BN) 2GeF6, ((CH3) 4N) 2Si F6, (NH4) 2Si F6

and (NH4) 2GeF6. 13. The conposition of claim 10

wherein the netal halide is H2Si F6. 25 14. The

ﬁggpggiet édfgao@[tl_iﬁmo@icmirﬂ]? Wheref %hetl’lﬁ@t_arfﬁélﬁie i adeleted ffom the
i F6. . The co ition of c re .
met al9"PH4 i??@s'ﬁté"mm.g'gwwﬁ.ﬁﬁﬁ@%%}gi 0«8%“%)%28”:6'
cl ai nMNM,)eSIHE dndoiil,).BeEQNPri si ng one or nore additional

conponents sel ected fromthe group consisting of .
organi c solvents and co- solvents, nmetal chelating or

GRTPIG% MnpRRBA Df it € #hEin HeURblaf Ralided Aeidcittrom the
group consisting of H,SiFs, H2GeFs, ((CHs)aN)2GeFs, ((CHs)aN)2SiFs,
(NH4),SiFg and (NH4).GeFe.

12.  The composition of claim 9 wherein the metal halide is selected from the
group consisting of HySiFs, H.GeFs, ((CHas)sN)2GeFs, ((CH3)N)2SiFs,
(NH,4)2SiFg and (NH4).GeFs.

13.  The composition of claim 10 wherein the metal halide is H2SiFs.
14.  The composition of claim 11 wherein the metal halide is HzSiFeg.

15.  The composition of claim 12 wherein the metal halide is HzSiFs.
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metal corrosion inhibitors, surfactants, titanium

resi due renoval enhancing 5 agents, oxidizing agents
and bath stabilizing agents. 17. The conposition of
claim2 additionally conprising one or nore additiona
conponents sel ected fromthe group consisting of
organi ¢ solvents and co- solvents, netal chelating or
conpl exi ng agents, silicates, fluorides, additional 10

@t alng Qfoﬁﬁ%blﬁf{h b i&fapﬁ t105c§jlt|o§HI rf @&ﬁ]ﬁl’é‘  orfd Bnaﬂi'o\%“addltional

residue re enh anci ng OXI Zln @en S
and @amﬁorsq%wle%%gowgfémgsoupl@nsm efo‘?Fga@PtSP gntgrand co-

cl ai Bolerd %&fapwdtm? ©P BB PISXiAE agiites, %ﬂlcéfeﬁ Gflu%ﬁdést, iaadindnal
conmponents sel ect ed

romt s|stin
or gafiedel s‘?ﬁl"'\?é‘ﬁf‘é"'ﬁm?r%osu"f’i‘@ag'g U@H‘P eﬁ@i’ﬁl reg}%ﬁ"a‘?qhﬁacmg
Or  CRiBhEXdIxtlizimpedting aridl Hatic&thisizing a\g&ﬂfst des, additi onal
netal corrosion inhibitors, surfactants, titani um

reS|due renoval enhancing agents, OX|d|2|ng agents

al %%6‘:0 %,gfltl Ii%lf giy @%ﬁg@m cw%ﬁ/a Wﬁﬁé 'oPpr]o?é additional

t r ansompongris Selegtecu Goaxipk cned mrtsrstlmg)pt @ﬂgawa@et\/ieets and co-
aci d.oueog f%! %ﬁ%ﬁ%@corﬂbl@%ﬁ%%@@rﬂ% S|I|cates fluorides, additional

hexaf T Uor 65| | cate mposi ti on of
cl ai rmetal enivasiog iBhipkPref sw@g'@ﬂtslitaglunggespye rgmoval enhancing

CONMPQRbhis ObkidinFAGn drf K BBbifinPadepts. amet hyl ammoni um
hydr oXi de, trans-

(1, 2- cyclohexylenedlnltrllo)tetraacetlc aci d, hydrogen

38" °ine “samiealinh 23 e £ AdoaRS HEDPIRY B %%‘jﬁ‘@%%%’m"a'
11. 5.conpon@is 2&lectéd donpthei groumcorfsrshhgmhpmenlccﬁwaﬁn@ ang co-
(3 5 RS, ROV Bhaldind e cBibpRfing GbEHS, siicates, fordes, additonal
per oxnete), ccamsmm inhibitdrexsiirfagtantsg éutammsld}mre\mvek enf}?ncmg
1 T STJagg@O@aahgagé},f@;n&w BaBifzifigheres. @ PH of about

or cleaning sem conductor wafer
substrates, conprising: contacting a sem conductor

waf er substrate havin substrate rface
19. A composition of claim 1(%l comprLlePng tetrametﬁ)ﬂammomum hyd‘?oxnde trans-

(1,2-cyclohexylenedinitrilo)tetraacetic acid, hydrogen peroxide, dihydrogen
hexafluorosilicate and water.

20. The composition of claim 19 having a pH of about 11.5.

21. A composition of claim 16 comprising tetramethylammonium hydroxide, trans-
(1,2-cyclohexylenedinitrilo)tetraacetic acid, hydrogen peroxide, dihydrogen
hexafluorogermanate and water.

22. The composition of claim 21 having a pH of about 11.5.
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time and at a tenperature sufficient to clean unwanted
contam nants and 10 residues from said substrate
surface with a conposition conprising the conposition
of claim1l. 26. The nethod of claim25 wherein the
conposition is a conposition of claim2. 15 27. The
nmet hod of claim 25 wherein the conposition is a
conposition of claim3. 28. The nethod of claim 25

\@/ger %] BorhFesition IGP Bfgint ﬂ@BomﬁrlsmgQ ; arﬂﬁ\oﬁi.lrrplhyti\!h'dﬁd% trans-
erein e conpos|tion
a con‘agsqy{‘ﬂf’ﬁ?f(y@f"eg'f‘gf %{ggaaceél@ agd. B FPXE‘P é’\"ﬁ]“?ﬂ'”m

25 whexafiiuordgeemaapand waten i s a corrp03|t| on of claim
6. 31. The nethod of claim 25 wherein the conposition
is a conposition of claim?7. 25 32. The nethod of
ehal Ma%oMass E]I(ppg osition of
claim 8. o3 @ ﬁ%‘aﬁrﬁ%m?ﬁgta f@o%@%‘?n t he
conposition is a conposition of claim9. 34. The

thog 'MJfa rP25, wherein the conpgsition is a

npo imet Of cleanipg,serpcondygtonwate sHaEeRPMNSREA m

25 gt i i i ti '

13, "Gl D3RSI e pRrp AR BBl SR o o
conpdi€ia bt af & BMPSAiYS; wffisienbto clean nwantedscoptamingnds and

et hadsi@lesC franMs@ subSHAL NsurSe GRRPA SddngdRitibs é@)mpnsmg the
conmposition of claim13. 38. The nethod of claim?2

wher SCAPPREOR B RRFi ki on is a conposition of claim 14.
10 39. The nethod of claim25 wherein the conposition
is a conposition of claim15. 40. The nethod of claim
26. whkheanethodef daimbsitidreim tHecoampositigroisiat doomposition biglaim 2.
16. 41. The nethod of claim25 wherein the
conposition is a conposition of claim17. is 42. The
Pl hoﬂwe%etﬁ&@?fﬁlﬁﬁ RN tﬁerk%nﬁﬁgﬁ&? s &)ﬂ}do§llt|@n of cjaim 3.
conmposition of claim18. 43. The net aim 2
wherein the conmposition is a conposition of claim 19

%g 44'298 gﬁaptgc:l)‘a OZfS Cf'm%w 5C0\gl‘§)%gl nlst ne Con@OSI{ ?'%4'

25 V\,herel n the conposition is a conposition of claim
21. 46. The nethod of claim25 wherein the
e8mpddietmethod ef daim@prdrein the compobitiomis28z:omposition of claim 5.

30.  The method of claim 25 wherein the composition is a composition of claim 6.
31.  The method of claim 25 wherein the composition is a composition of claim 7.
The method of claim 25 wherein the composition is a composition of claim 8.
The method of claim 25 wherein the composition is a composition of claim 9.

The method of claim 25 wherein the composition is a composition of claim 10,
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25 47. The nethod of claim 25 wherein the conposition
is a conposition of claim?23. 48. The nethod of claim
25 wherein the conposition is a conposition of claim

24,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46. .

47.

48.

32

The method of claim 25 wherein the composition is a composition of claim 11.
The method of claim 25 wherein the composition is a composition of claim 12.
The method of claim 25 wherein the composition is a composition of claim 13.
The method of claim 25 wherein the composition is a composition of claim 14.
The method of claim 25 wherein the composition is a composition of claim 15.
The method of claim 25 wherein the composition is a composition of claim 16.
The method of claim 25 wherein the composition is a composition of claim 17.
The method of claim 25 wherein the composition is a composition of claim 18.
The method of claim 25 wherein the composition is a composition of claim 19.
The method of claim 25 wherein the composition is a composition of claim 20.
The method of claim 25 wherein the composition is a composition of claim 21.
The method of claim 25 wherein the composition is a composition of claim 23.
The method of claim 25 wherein the composition is a composition of claim 23.

The method of claim 25 wherein the composition is a composition of claim 24,
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