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TI TLE OF THE | NVENTI ON: AQUEQUS CLEANI NG COWPCSI Tl ON
AND METHOD FOR USI NG SAME BACKGROUND OF THE | NVENTI ON
[ 0001] Nunerous steps are involved in the fabrication
of mcroelectronic structures. Wthin the

manuf acturi ng schene of fabricating integrated
circuits selective etching of different surfaces of
the sem conductor is sonetinmes required. Hi storically,
a nunber of 5 vastly different types of etching
processes, to selectively renove material, have been
successfully utilized to varying degrees. MNbreover,
the sel ective etching
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Mcﬁfééséﬁﬁeldé-bﬁﬁnédwn Fﬂt&mmhw @65alt. PTHRSRIE mcéssctypamt@smves a
ash cl eam%‘%lﬂl eayves tion of res

fesidLa defiye %p'@dwg? g}qt g}aé/ uagucée re- §pé1§tp5ﬁgaqmd% material as well as

&b/t matériis fréml Wdr&ﬁsﬁ@’ﬁ%ﬁtl%fﬁﬁlﬁ%ﬁmg maitdrls used to
pl asma etch rel ated l)é rodugts su%ﬁas oxi des -1 :
lﬁ'aogfaphlaeély d@fm? theafiag, mete E‘ﬁ%lﬂ” o treRfStstytes-al s

Bendln on the plasma etch
[0003] Pos RI or other etch processing, plasma photoresist residue cleaning is

typically conducted by ashing the patterned photoresist with a plasma containing a
reactive agent typically activated reactive gas(es) such as, without limitation, an oxygen-
containing gas for oxidative processes or a hydrogen containing gas for reductive
processes. Like the RIE process, plasma etch or plasma ash cleaning leaves a
combination of residues including organic materials (e.g., residual photoresist,
antireflective materials, and the like) and plasma etch related byproducts such as oxides
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chem stry and substrate being treated. [0004] It would
therefore be desirable to provide a selective cl eaning
conmposition and process capable of renoving residues

such as, for exanple, residues resulting fromb5

sel ective etching using plasmas and/or RIE and

oxi dative ash or reductive ashing processes.

Moreover, it would be desirable to provide a selective
cPrehaifesyoidianieai eanpar, osrriated srials depensling wpQst thediasmengich

r GRnfSBSarkt G bsRateWefly thétéd)d ashing residue, that

exhi bit's high selectivity for the residue as conpared
L@odH! allt %oulﬁ't%e@r@b@ %élta‘blect%rb%\%ﬁ a s@le%&rblgar)mg composition and
materi al s : materials havin dielectric
db’ﬂ@ﬂsérﬂapghié@? mqwealdmgs siah| a&:tm L£example; residuge resulting from
@Eﬂa{c%e bﬁf‘nﬁg é‘ﬁ ? aplé:E S%Hct{%lﬁ%erdxﬁfaﬁré 28! Hrdr'eﬁgcﬂv@\’&shlng

dielectric mat eri a
rﬁi@@qsrsa$ sMaeagver it avadi cbbeadesmabled@ pEeviga a B@lggtmemﬁmng)composmon

OXI es SEh@dbaﬁre%f‘Pé O\LI Resldi@l sde JQ&S@ Pyg irb&due, that

at m e expose to t eanl
Eshbide hlghca&iecwtyvt@ma rmdtwe@s ¢cama;ed & ps\etals déghedielectric constant

&Wtﬁ'ﬁ ials\Blg., i ﬁéﬁ?ﬂ%h%%d%lé&nf‘ skér?'gréﬁeﬂlﬁﬁﬁtﬁ) silicon,

sensi t I've ow k or*porous . .
sdicidgandies interiayiet didlectoic nﬁeﬁgﬁsﬂm@émgdcws!@iﬁmmmtant (“low k")

h
il (26 e 98 P s b P AMENRay o5 o
Tesedhqn 30} aahrga dspohibad q»umttbau might alga b expesaddotthe cleaning
S, U RS 5l SyRARRR a0l in an
kan he vaed witly su@hmmttwe Ty BRr poerogsivaRfiingrsuph@s, but not limited to,

YR b ae Py uaAadaRSoE RES. R BLACK DAMONDT™
ﬁlmmiamgatnts@ddlyeﬂmhe% NMena}a irmand TEﬁJSdtelreathybdbosilicate). In
@ﬁt%@to%& gb \ﬁeo ﬁ'iovo ESH%B[E%r 5 %8f'ng§§g?é feh%mg%qeuﬁ?us-based S0

e WL hout & 0 an

that thie, disposakthengof wdlswl bamkthe aiwdcblmnem gh k dielectric

materials that m ght also be exposed to the

conposition. In 25 addition, the conposition disclosed

herein may exhibit mnimal etch rates of certain

di el ectric mat er iBRIEF SUIMMMARYSOF TEENINMENTHON  net al

lines or interlayers including copper. The cleaning

1980%losThe aqueodedasedeampesitiindissiesest heseiaris capable ofrssdectively
[ ,

Binchihg a8t SidiFL fund o BoEpBymd bicr, BBt sh. or ofher resice

frave a S@bstrateﬂmtbmmteat'@hklpg to anyourdesiyed etd;ent metad, 10w k, porous low k,

e e I
gddiion athbynnmmyrtlamrdlselpsed hérgilr may eznibi musuajat eichnptes oticertain
T
Themperanigy corpdsdions dlesrtrlbedchemm are sutistardiatly inbe: DEamadddueorganic
s@&?@féﬁl‘g:&ﬁ ? v!:ssth%us%%tlgorhtdhc anu a%tuoré tS'rd ugéj Srdga% c%vgétg and the
cost of ownership. In one aspect, there is provided a composition for removing residues
from a substrate comprising: water; at least one selected from a hydroxylamine, a
hydroxylamine salt compound, and mixtures thereof; and a corrosion inhibitor provided
that the corrosion inhibitor does not comprise a water soluble organic acid and wherein
the composition is substantially free of an added organic solvent,
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[ 0006] Al so disclosed herein is a nethod for renoving
residues including etching and/or ashing residue from

a substrate that conprises contacting the substrate

with the cleaning conposition disclosed herein. In

one aspect described herein, there is provided a

nmet hod for defining a pattern conpr|5|ng coating a
photoresi st _onto at |east a paortion 5 . . .
S19806T Rlso dclones Psssin .4 metnadioniemgviagd ﬁ'?wﬁ"ww gtohing
PAHRI & d%ﬁlr?tresﬁﬂé\ﬂﬁrfneﬁ SifratetRat dAigrieed combetingtthé ealsétrad?e with the

portion of the substrate; etching the pattern into t
mqga@@nﬁ@rtiopﬁﬁl%egm%gngbowp eescrllégggla tr{eﬁ%ls provided

PRfefoATEr ééﬂhﬂgré‘b&térﬁ) c@ﬂﬁpﬁﬁﬁg ek & pRSIbIAERt 9BB atﬂéast a portion
renove at ast a ﬁortl on of the photoresist

rj?f g sidbsly a;e@ gﬁhagl@p icaly dedining & Bat{% on gl&pi&q}greﬁ?‘tj transferring the

%&Eﬂ%ﬁt@ Gt lRSt PPbrki6A Bﬁﬁe%ﬂbﬁétéﬂﬁcm? et ithi]bstrate to
onprising: water; at 10 |east one selected from

H'?@? 8-pgftamed @ubgrqfq? dPERYING Heratiemed fbspaigia an a@vﬁavated reactive gas

"fb YHbRSat 1684 %\%Urtionaéf%é‘pﬁﬁbfe%ﬁst aRd prkdidaid :‘é@ldﬁéoélhdjl%ﬁ]ovmg the
that the corrosion inhibitor does not conprise

vasidie By rempetingitha paiteraed gubsi@ie il 8icAmpRBtie ﬁ?mgf'ﬁm% fvater; at
'léas‘? BRe B@IBEﬂe@'fr‘o)h & h?&o?{daﬁ\ﬂ\e awer@xﬂéﬂﬁﬂ@ é‘aftsc@mﬁi‘ﬂhd and mixtures

’]e anot her aSpect, there provi de

ftmree Aok RFGTRESN inhistor pisyiced thatgha,Sarrosian g B#ﬂ?ﬁ %9%%@01 comprise

%CWét@Pédlt'ilge oRfankURH bAd Rh¥kdihtg coRipBstoh Isoéhbstantlauy free of an
onprising: water; at |east one selected froma

Wé?%ﬁ&ﬂaéiﬁwenb hydr oxyl ani ne salt conpound, and
m xtures thereof; and a corrosion inhibitor provide

{90071 ; e apethetRsReRt. thate i RroYVida seaethed fas sampPYiae resgduesqrom a
\WabRfate QJ)erhﬁn r&ﬁ@cﬁn@ﬁe@uﬁgﬁat%% corhptitioATRAprsin Bwater at

i S substan free of added organi c sol vent.

b@wr&wlm@:ﬁ@mﬁ mirenrfameel mmmm{r@@@ﬁ]comound and mixiures
?‘%‘rt'@cgef'nd@%ﬁ éi@ﬁ"ﬁ’ﬁ?ﬂstb n@'&vﬁi@é tﬁ'ﬁ%@éﬁrf‘d&fﬂ%hﬁtbﬁ& cﬁﬁ@‘hot comprise

ectlve vi ng residues such

avvaign wlubile @@@9@. awgd are%wh@r@m thg @ﬁmagﬂtl%rslr%@ﬁ‘r@u&@!v free of an
g&&}g{@@gﬁ,c%w@ﬁphl ng such as, without linmtation,

reactive Ion etching, plasma etching, 25 and plasna
ashi ng. The cl eaning conpositions disclosed are
aqueous based and are substantially free, i.e., have

1 %or less orDQTEi{cEﬂDES@ﬁmﬂo@:éFm INVESTIONN an

added organic solvent. The cleaning conpositions are

(0005} | Ah AquESTRNAdNY d&PﬁHo@Fﬂ%ﬁ Pl mé’f‘l‘ic?d“édiﬂpnsnfbsﬁﬁrﬂélfor%électlvely

ot he processin residues froma substrate w t hout
EHViNg rﬁgnduﬁ%s , 1Qr exgmpiea PEgceseing residuas such as iy fesidues

% Ated %P%tém%do&cﬁ‘%%u Wtﬂ&fttltﬁﬁlaﬁé’ﬁtreél%w@%ﬁétéﬁh@ ﬁlé{sma etching,
m nat e hee or an ad organi ¢ Sol vent
%We%mﬂﬁéhlﬁge The slpaphgremposiings d@ﬁlﬁﬁqa%ermt@pus gased and are
ded }PF?% ol yd slor@ o &th #ided
cor {;agglxﬁ é]ﬁﬁfablhtag? qér%'aléyeﬂm ﬁ% or?% Corr os%ﬁss
grganipisplventd dhe gleaning compositions are useful for removing photoresist, etching,
ashing, or other processing residues from a substrate without corroding the underlying
metal, dielectric, or both layers and while reducing the cost of ownership by eliminating

the need for an added organic solvent.

[0009] The cleaning compositions comprise water, a hydroxylamine or a hydroxylamine
salt compound, and a corrosion inhibitor provided that the corrosion inhibitor does not
comprise a water soluble organic acid. In certain embodiments, the cleaning
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conprise a water soluble organic acid. In certain
enbodi nents, the cleaning -3 conposition consists
essentially of water, a hydroxylam ne or a

hydr oxyl am ne salt conpound, a corrosion inhibitor
provi ded that the corrosion inhibitor does not
conprise a water soluble organic acid, and other

conmponent s pr.ovi ded t&at t hese ¢ ents do Cpot .
lgprg} cgrgigts essentialy of; \ﬁ}phe I'gﬁ%&g@m ?]rga hydroxylamine salt
Rk Uﬁ@@@orﬂfmd{ﬁﬁh@mimwmed)tmﬂmé o'érrdaﬁﬁgmimtbedoes not comprise a
underl ing substrate aurface i ; moonents do
NI ATHIIR oroepiceaced &ae otg" °8'6'RB'6‘°§1‘§ iRt i dhesegomponen
\fﬂ@i Qcﬂver@el@ﬁﬁé&)fﬁé SApPIRg ahd alehkig @éﬁb@rﬁﬁn@@ cﬁﬂdetcomposmon nor

cor03|on|nh|b|to 6) t hat F"l?o'
@amasslt%unq’wvmgtwsfa@%urfe‘fe cBr?H P gigiEnts, fRgyfiganing
S?Bélﬁoﬁécbt%lsté GO Etkr, |a‘h3§1$6b@laﬂ||nne BAl4 ﬁ?ﬂi@xﬁ@ﬂnwfel sitsompound, a
ainin

éamﬁ%u@%lt@rprox ldghn%?f?ﬁ;t:o fesin Hplor @@%%lé?i o ater soluble

ofjeRiccainect netals, such as copper which is commonly

used in the manufacture of integrated circuits. It is

$0U10Y | $ri §Eneran) dqlibtRis ROREIBAS b&ﬁhmh@&yﬁl’d&@ﬁm hydroxylamlne sait
osi tions disclosed herejn can

EPBROHS BLPOIP &P BM"F#SFﬁdsQM%“B'Pé/g?‘ 'ng%"a?ﬂgﬂe&‘arasuch as

VbR Whidh tglcbﬁ‘iﬂd?iy $3&dan thd Maniffactdiecbiapfeliatéd cifouits. hﬂﬁs surprising
for those enbodi ments wherein the substrate conpri

appyesxpecied that 1he gleaning coBIRGBLPRS YRS rein can remove post
Hlaérﬂhle%rpéﬁ&ﬂsﬂ R3IHuES frofm é@@#&ﬂe@,gnémduﬁ WwithSitainitalion 08 and low k
ddition of a corrosion inhibitor. ﬂJ I na cl eanin 80
dglerbies; FuBhen fﬁgt@qfsﬁm%ﬂ%ee@Mreﬂme belrgle GORATGRS Eopper, the
Q@Xﬁiﬁ& %omfpbé’ o rﬁ‘ﬂxav&%‘aﬂh@ﬁa’é@ r&:fRults BAPYARINCU Lhieddisieby the

for eXa organi ¢ conpounds such as etched and/or
%@qﬁ'f&!‘ ?fr?o‘?Qil’C@Qns't"h'hﬁQferl al , ashed photoresist residue,
UV- or X-ray 20 hardened phot oresi st, C- F-containi n&n‘l?'
991 Yhelnea cfpamnathcbnvwnne@upﬁfa%vwﬂf forgicRriedronic fpvices,
@brﬁ&trregiﬁg@@iocb@ FerhoveB halLiRslude, TeF &éﬂﬂhpﬂe GRgaae! B&ﬁF&mﬁ such as

oxi d ceram’c artl cles from chem ca

?fé'i‘ﬂb@miﬁ'l aﬁﬂeﬂrF&'\OIOZ%?lﬂdﬁateWs@dmi%sugwasngg%éw- or X-ray-
Hd?'@ér%bﬁot&’é@ﬁt rCePchH&'ﬁ'und@él%ero Wéﬁtl Righ Wﬁ&ﬂmd\feight

such as organometa 1 ¢c residues met al organic
RebipRIENARY OlhgRPIgaRIEtebIRsIdPs; ln@rgﬁﬂfC&ﬁmpﬁemaﬁg ch as metal oxides,

delfh rt?clés!ﬁs %en%ﬁ:a?ﬁ‘%ﬁh&ﬁcal PRinakiEtRn c}@m’)'sﬁﬁﬁéélﬁﬁcﬁother

mat er| | nc I Ng part I cles gener ate by processi n?

laquﬁma@tqh resisupganetahcantainiag crmMPgUptBUchAsorganprogtgllic fesidues

RAThiEr Enfér&ﬂgﬂoﬁﬁ&g iori€ §h&I Hﬁétral rlfgi‘i?&ﬁtﬂj héé\@ morganlc (metal)

processi g resi dues SUC ose eat ed reacti ve

spesica: ropishue, @dasmub!emﬁiermjs ingheting p@mlalgﬁaea%rmeﬁigbv processmg
|

L8 PiehH et phABasal o o PR Breiment st

rembyechare pIocessing nesidueesieth a those craatechit @artivedon at,enmg, plasma

efching, Shaf¥ Pilidhfa adhfiig0s' t ed

[0012] The residues are typically present in a substrate that also includes metal,
silicon, silicate and/or interlevel dielectric materials such as, for example, deposited
silicon oxides and derivatized silicon oxides such as HSQ, MSQ, FOX, TEOS and spin-
on glass, chemical vapor deposited dielectric materials, and/or high k materials such as
hafnium silicate, hafnium oxide, barium strontium titanate (BST), TiO,, TaOs, wherein
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silicon oxides and derivatized silicon oxides such as
HSQ MsSQ FOX, TECS and spin- on glass, chem cal vapor
deposited dielectric materials, and/or high k
materials such as hafniumsilicate, hafni um oxide,
barium strontiumtitanate (BST), Ti 02, TaCb, wherein
-4 both the residues and the netal, silicon, SI|ICIde
interlevel dielectric materials, |OMIk and/or

' K
hegtheihe spsidyes andthawetal, siligans sHicite tinteriayel Qe&eg}ncdaat nals low k

GPERP Pighl IORateliBR wilf BOREH sdrfdkt WA tﬁ@&l@@ﬂtnﬁ b§|ﬁb@§ﬁiﬂ1 The
herei nprovide for selectively renovi

Eoewedtiemand mefiostdisgieged drereis pPrryide fguﬁefa@!ew removing the post -

%W\Te@ra‘ﬁal&bostséﬁ%d l@@lﬂufeé Euoh ﬁ"ﬂ*{di’éregisp Bﬂﬂ@ﬁ §bf3 &ill, and/or
resi dues w thout significantl ¥( at t ack ing et

al
$1qe88ng @tqlqeédﬁtf@ubswra&canﬂm apHing, e neg é'b é-'B‘f% giloon dioxide,
rfﬁ%ﬂaf'e%lélecir@%é‘ie@&ﬂgl A L e Ber@é?r'i bﬁl‘delmentS the

ment s substrate may contain a metal, such
adbstigig rnamcomiam a egtal osuch @splawt nog [ypﬂ,@q toa FPRRES copper alloy, titanium,

Eliahfﬁwl Hmde Eén‘aﬁu%uﬁhwlﬁrﬁ'nﬁﬁde tt@’fb‘sf@nu thlbaﬂhﬁlhh‘%hngsteril afloys. In

tungst en, /or titaniunm fungsten a
@nfe e@#@@ﬂraﬁa ribe C@MEW!W%Q"%WQW'Q @@g@jsm@b@u faf %thrafes
rates 10 containing sensitive |ow
Q&F?#h§§QT§B&Q?M§ﬁ@ﬁ%Enpos|t|on di scl osed herein may
i t %
gdaguf fhé E%Egégﬁ?“ diélo éa ﬁé}em m&?c@rﬁé{n O &Yt a tct &ISTt 99% by

75 to 95% ht ‘or from about
uaxsbt orgBIH BHout #Si tgwbowf PE rwetgftt o¢ femabopt %%@rﬁbout 95% by
@pﬁ@mﬁbﬂ b} @aﬁ‘n Fe ﬁ%%@ﬁnﬁa&er&{n ﬁg‘oﬁ E%@hﬁmhﬁethéwaments such

or exarrp , ahn aqueous SO risin
aﬂy@r EXymplei aeaguedus sehtion @omﬂ@ﬂg e @@p@wﬁmn?or ibeafebe added

rétbl?‘u@o% SOHRARRiA eQém wiaﬁe‘? J}éﬂﬁit %ﬁ&%ﬂgﬁ%ﬁter ultra pure

I'tra pure ter,
»datgt.udlstlﬂeld watae;qom?iy distilies M@é‘ﬂ‘ ordeionized walgr aa\r"aﬁ\ﬁ R gletal
fnt. [0014] The conposition disclosed herein may
contain from about 1 to about 30% by weight or from

OO0 o B By AT it 0
weitlytchr dsogn almut 5 tO abpytcRSH by weight ostipm @Qﬁb@tﬂ'@oub F‘l@" % by weight
cg"aﬂe‘érsﬁénééﬁ &84 roﬁ’?ﬁﬁr@%lé?ﬁmgyg f‘lgd%k i) i'ﬁ@%ag '&ﬂt‘npgﬁd and

used In t eanl onposi ti cribe
mintiresithetaodr Exa}malms oé hyn‘roarl&rylnes that mayhecuseddn thesgleaning
c%tn d)ogtlg%{ gj%gér%alea elkin B )%I%?H be bt gﬂfﬁw %hbg’tﬁutgﬂ SkiVates of

hysimxylamu}e wablcamtl‘ld@y ilméatm digihMMdeiaa‘ere Hydaxylamine salt
e
vithhet ’IMIBEIIDdsnith)aEICb selfurisfadid dmydmhlam: aedsmqspbmmm geother
oL, B DA s PR st
m@ﬂomyladmonlum dnmylkqdmyhmmmmhaihesphqt@lrmmxalmﬂnium chloride,
h%rto%%%mo%?udm togﬁa hﬁdm@fﬁﬁlpﬂ% PR gﬂg{e‘?ﬁnd the like. Further examples

of hydroxylamine salt compounds include alkyl-substituted derivatives such as, but not

limited to, diethyl hydroxylammonium salt and the like.

[0015]) The composition disclosed herein also contains from about 0.1 to about 15% by
weight or from about 0.2 to about 10% or from about 0.5 to about 5% by weight of a
corrosion inhibitor provided that the corrosion inhibitor used herein does not contain a
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of hydroxyl am ne salt conpounds include

al kyl -substituted derivatives such as, but not 30
limted to, diethyl hydroxylammonium salt and the

i ke. (0015] The conposition disclosed herein also
contains fromabout 0.1 to about 15% by weight or
fromabout 0.2 to about 10% or from about 0.5 to about

%\é’tg'yso% ar% id Gl(llurertgﬁﬁ %ght%rr%ﬂﬂlé g@;aﬂfc(b\éﬁcﬁ ﬁ{:rgbfé% cgmpounds

e corrosion rn |b|tor used herein
cBniairgg a LDQWI er carhaxyl grampi dny Therosien inhibitat kmovgoinube art for

3L bgplﬁﬁi c9ns 98&1‘3&& ﬁ‘u%ge GROBOAAS. J.SoBat ?1'0”5 '197%77% is

or car COrrosion
trlverpaorated berelrsbyndfa'ene@piay batuseds Cosrus:hn aﬂmttmot}smay be for

%%%rﬁ# %g? glt"té I #r ? érlaﬁz%t) #%rénreesn%ﬂ aﬁ;&éla\@gbﬁgsei%ﬁ inhibitors include
Grileioanhyaride,pHbhdlio raslhymdeb bena‘otrrazBledBfo‘plresoranplhenol
Q%rﬁg@fben%tp?%oé? Ef‘é&ﬂﬁ #&ﬁr&&la y%ﬁcfjtgg cgg gisén%ncnnc acid salts
thehgod rardicthe hﬁlzﬁmnhamhmpklbfmrmmunhbmm’s that may be used include
CARERL ARG AT Bhe S B BB sl comosion
InhibéorsHreltdesiructaseyphrasoridm d,lmosx.m‘ateoand tetraipethytgaiatidite. In certain
B ol HoRER i A B3 by bt scr
ax) bubsotdimited to rﬂqmbrdaptcs&nmh)mlmbnzfmndazabs and armencapiothiazoline. Siill
S AT o B I PP P o g compouncs
whicie hpiena Hydroryl geaippomong side wpthertd ©r Supbsitiarsof thelicompound.

S5 Sl Bl o T St R PSR HRF £ S hecil (i
aisu "eﬁ@"fmma%hhibgtyeml)l B2-eshinophen/plo) 2gtyakgxymEneatan, 135(2-

ds, . h h h d f
SRRy hia S, bi’sﬁw?%ﬁpﬁw Sttt oS G 1 o ©
| f th d o
GO o65e B S RREBAN St fecosLnprpinaey bhproomprise
ane drimarg lagdigional %cort?ponents ﬁr gddltwes providr-:d that g'eesg additives do not
en thio)-_2- I OX rca a, - -

iR ER ARG RIrpPS A iR ST R Res, B e Solrpgsition nor damage
the uﬁdm@mgtslmegmélsuﬁﬁgé. ﬁExdrﬁpié§bt thbse addihadisrimaltice, witheut limitation,

C osition | SCI 0Se er e 0 ri one , ...
SREGERE SO0 o G HE MRS ek DIbIaos HagTaR atfer additives
i Bibuith P ao adétal biveLE %0 By walyhesh/isaseelon thé ftcﬁtaltwé:blet of the

stri gﬁl ng and cl eani ng performance of the conposition
CREWO ‘?ﬁage the underlyi ng substrate surface. Exanples

tive ncl t hou i 0 . .
@171 £33 SrBedimants woemin (8 chmeos T ineufe heupRiine only (.e.
dtda@ﬁottlﬁc?@d‘é ﬂhfésh gamra&rm/@géteéornﬁwhtnﬂy/ MES coﬂaﬁoéiﬁﬁﬂﬂda&l?%d herein
0. .a total of abou % % based on a
e B HhALrAnSeRToR) 200 8 o BBp B ST TR e ot 1o. In

em&eamdhté wﬁe@mme%bhp@sﬁowmbmds ayefcstahiine S&it €dthpound only
es not include the hydroxyl am ne salt

('@o rﬂ?&ﬁ fas mcluﬁ% theoyssriarping). éheseq o8 isclpsed herein may have a

pH that ranges from about 3 to about 7 or from about 3 to about 5.

[0018] The compositions disclosed herein are compatible with low k films such as,
without limitation HSQ, FOx, MSQ, and SiLK™ (which is manufactured by Dow
Chemical, Inc.), and other films., The formulations are also effective in stripping post-
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may have a pH that ranges from about 8 to about 12 or
fromabout 8 to about 10. In enbodi nents wherein the

conmpositions include a hydroxylam ne salt conpound
only (i.e., does not include the hydroxylam ne), the
conpositions disclosed herein may have a 30 pH that
ranges fromabout 3 to about 7 or fromabout 3 to

TS A1 PRA P ROl e BRstre Bier Ry Sferasfanic
Iregigidest omnbﬁ?alligo@sidm&ign_oagwl ICSIIEBMEE% (mbtgmb okidles, for lphOtOl'eSlSt
t an er filns
TREBIGES o G Sesiafueg PO iR et PG sbin S0 e o tng e supstrate
sﬁchﬁas Iﬂ@dzcandﬁe) thq@esubstsdtesl c@hammg&?pséus timndinploasoth. Moreover,
t residues suc ani c es, )

cERRTARRIEIF Ree Sagh el B feth SEloAS B oy and igh
me}ma or photoresist conplexes at |ow tenperatures
with relatively | ow corrosion of the underlying

§0019] r Bueing tHichamsfacthiong roassy, @, phbh:@s&stsam isr (a:ta@:l on the
cant aj ni,ng_copper, titanium or r.eo

SB 1 Png PGt odrp R pitSess A Paevis Ao ph Hrsgpligioresist laer
hasedtaih érabodimenigdthbipgtesned rmbﬁesiétf"aye[r Wec&ﬂﬂo%ﬁlﬁ&eteh such

S B Which 2 Bt Everr ket 6% mitsveafi T sl Phgtoresis
Bagértie theni ?ib”dgé‘" Bﬁ@beﬂﬂaédﬂ&alnhéﬁr&r@gkﬁtﬁry ﬂa)n@cival pr’obesses {e.g.,
enpno S, e erne tor I, st [
PesheltocPaR e Gep oL GeeTes WEerR FIEYS Ugeftofanster the
pareripantd Qﬁ@smﬁ‘strhte’;lmef &bﬁ eébudtréstda@ Nélﬁtel’dé}:irﬁr tonnet chem:cal and/or

attern hotor |St er ist
TR PrHBERSet Tire ubs e syt aﬁ?%%éﬁ%b@ﬁ@ég g fesidues to be
mmﬁi@téam etéh fed%@eatahd pa?tob%sfég}esudmbts?nb@mbﬁtemtﬁrt]s where the
ere | S 0] ranst er er (0] e
WEkdieani ashed Becriin stsidhiedo b HaguRa i athes PR such as
ashbd phetasiits andlerh reslitives iPaPyRth sRipPgedRascted.f t he

substrates are not ashed, then the nmain residues to be

[0620]| exreatethbe deséribeatrersi Aflybesondietet b9 tcon@stigg a substrate
resi dues. | n enbodi nents where the, substr%t es . are
having @ meteh oFgaNic PrIBeiReanis relpREganic saltagyidey hydroxide, or

cb&@léiltﬁ%oﬁ'!bﬁﬁﬂaﬁ the?6digiedtind o aqiﬁh oF FoshiLd, QAth Irher GsscHbas
if an_etch st eﬁﬁll s conduct ed. 0020] The net hod

CHBBEIGY T e RahA CRRHBES. e EEIRBLAIINP. o 816, SaRpng on the nature

aﬁ@lth?é thitkBesd\6i\thé ositiudR @ be r@h&@Y. AnYensRd, ahe Qim%téls contacted
I norgani c salt, oxide, I}édrom de, or

OE S'Régi iptQ,R VEsFR) CARLAINBTY the cPEBPSpR akmieraperaturg 'laﬁgl'i'ﬂ from 20°C to

85 idi em 2@°motd€)@0d&&f‘dm BaC 6AHBOT.t TEleal TR pﬁﬁ)bléﬂ‘or exposure
condi ti ons, tenperature time, etc. depend

en
ot 1B SHBSITAS to KiRFOmASSIRN ANAYIEEY® from, forexamalfed. Tt BGdninutes, or 1
td SO RAes, bP 19898 hithuted NANSHEHHAG Whn e EARbASHA nedQubktrate may

di pped into a vessel containing the conposition at

be Eﬂ?%’r gd then dgadi Rgying @ﬁvmeaﬂytcgrr@s@utémdﬁ@fhﬁnsa@@n?%mere In
céififin eRbodiffifts3 AdeidHizeeMater NieCH rirlsk BBnfafinPdSiohi®éd water with

exposure
other additives may be employed before, during, and/or after contacting the substrate
with the composition described herein. However, the compaosition can be used in any
method known in the art that utilizes a cleaning fluid for the removal of post-etched

and/or ashed photoresist, ash or etch residues and/or other processing residues.




10

15

20

25

30

25 of the substrate to the conposition may range from
for exanple, 0.1 to 60 mnutes, or 1 to 30 m nutes,
or 1 to 15 mnutes. After contact with the
conposition, the substrate nay be rinsed and then
dried. Drying is typically carried out under an inert
at nosphere. In certain enbodi nents, a deionized water

rinse or rinse containing i oni water with other

additives may be enpl oyed %@ﬂgﬁgu“ ng, and/or after

actin he substrate 30 with t tion "
%ﬂu bTe’H?g'H ving, exapRles are P’PH@%MHBQ‘?& (%?( aﬂa‘he FeMRe¥fen and

| MethBY ded®bBa %el"eerV\Ebcdnﬁbléeh@f thé Var‘idl@texuiﬂp!aryl esmpositions along with
cl eani nﬁgfl uid for ther val of ost - et,

©3p@Bles @nd REte 2h efRmion FaiRipb B et foth i

FORBATH
PIBEESS SinEbie afl H@@unts%r lBfeightQsddnt he aﬂ@ ktb Vit OQ weight
exanpl es are provi urt her |IIustra e the

ded
FEFRSH T%PP*EPQF'“%PH‘SH’S%E%ﬁeffb‘@ﬂrer%?%?rﬁd EQURY Hie gpmponents

ttds@w@frm AR sEN AR EnperR@R] UntiPalSsolil® Hﬂvé/\dlbiblved In the examples
onparative exanples and pH | evels for ea

@s%gr&qe&wmwat@oawe@omed%@ns & aQaoMs |SH'”§°'1%%}|3:5"‘?'9”"

|téfnﬂ_é}'5{u?e | Th@bub%@&e BbSted Witha pdsitBirg&st tﬁ&fvﬁﬁﬂeveloped
dd up to 100 ght percent. The coq

&tc@eﬂ @§6@sh@¢ efigr t%m%r%ﬁéh%eowmﬁ'% 1Y tﬁ@?ﬁow'ng tables, “N.T.”
festt@get her in a vessel at roomtenperature
unti | aII SO|IdS have di ssolved. In the exanples

2Q¥V Tabled ?ﬁl@étfﬁté&ﬁhé QFSCtBhESS B ribksd ébﬁanﬁ:ﬂ’a@%bﬁ@u@tnons for
sol utions at anbient tenperature. The SUbS{Qr%t Yve
£ g TRsidyes raBsiicoD wvalerdpalisupHEAtesa Ehe Wo B%(ﬁ owy g sificon
sile&%anﬁ%@mnﬁﬁ.cﬁ rab % dr@ar%ém@éié rgshstsqoetaq if9 BPISR tLKcmm og™

In the foll"ow ng " ‘indicates not tes

ed.
perone M filres PPvdeg 95#& @5 @H@arwm Sitfide, BEBL ayer: & copper

H@fau%ﬁoma?ap laasm@ @Hyep%nblaopsmér@@st ﬁmwnm WRSicleRE and ashed
fromsilicon wafer tést substrates. The wafers had a

Keing R Plasma elshing and gsbing REAERST-nine sybRratesvere than processed by

5
grgr?%‘ggﬁ'thé Q?ﬁﬁra% ﬁfa?)\(/afr@dq k;sgbhwglR c&rﬁ&éﬁﬁsl Wﬂns proéédure one

P meredesuoraafﬂsemere @;E@ed ina 68 Mﬂltemlhwwath% ﬁonta*y@? 400 mis of
cﬁ'ﬁgﬁﬁ? ﬁﬁagtléh pﬁ%éﬁ(ﬁ%l %a%ﬁf&ﬁbprnﬁﬂtﬁ@ af8fch stir bar that
et che

asma etch I Ng and ashin

fotased ak400merolkytions ;eessltngautwe Ffee ENEMPlaNLeXBRASHIONS hawng the wafer(s)
AIRER& PRrdily %e?ér'fﬂ%ﬁ hehfdidR i RS bRd !@n?ﬁer&%?é‘ﬁ'o@ﬂw in Table il

conpaosi t1ons IS proceaure, one or nore tes
Altgir @xBosuse &0 fhiecaxempiaty gorapositan, the waleris) were finsad éwth deionized

witef afP ey ﬂﬂ?ﬂ%@%rgb% Othez«aa@?scﬂer@@m% Ity provadeaan edge and

conposi tion er further include
thm axarined pgingtsisanning elealrerimigrosnopy (25M) an orgetyof pre-

ifed lggﬁw%%h@%fé? ﬂfénlte'sgﬁ‘ssoﬂﬁgb gnﬁwgﬁxg%frﬁérfc%)and
ai ne erern were then heated at t
ctamqgertattme enqerlyingdisteriayerrtieleetric (ILDDware wsuallytgaretet @nd coded
% Q%Lféz%%ﬁ%ﬂémb MhnneP or@SHidg 1R irdidatdiibidetient, “++"
mdlcates good; “+" indicates fair; and “-* indicates poor and for ILD damage “++”

indicates no damage, “+" indicates little damage, and “-“ indicates severe damage .

[0023] The summary of etch rates on bianket silicon wafers containing copper or
densified, doped tetraethylorthosilicate (TEOS) are provided in Table lIl. In alf of the
following etch rates, measurements were conducted at 5, 10, 20, 40, and 60 minutes of
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water and dried wth nitrogen gas. The wafers were

cl eaved to provide an edge and 25 then exam ned usi ng
scanni ng el ectron mcroscopy (SEM on a variety of pre
determ ned | ocations on the wafer and the results of

t he cl eaning performance and danmage to the underlying
interlayer dielectric (I1LD) were visually interpreted

Eo&f?g% te r&[u%vshfé?\%lé & 2-55@ 50°d, ahd@ 58 | [Wblﬂgess measurements

ner cl eaning "+++" indicates excellent, "++"
e @latee@lrgd@d eachmme infervaltang grapired uping'a Yeast gfearee §t” model on

ersaggfcfr Qb {a&n@%&% ng'ﬁ&tior?’oThé‘ eéIELﬂ%il 2 ed:ﬁ“ﬁ?&“?east squares

cates S sever

ditirmaerde! of eam@Mmppsition Lﬁmarrgsutbtanbet@m rate peyided i aa@ﬁ&@msfmmute
TATAEETp R0 AL P ReBALREK e o EDS e adiors ac
blankei layer df adnowh dhicknsisk depesitediuphn itafFes Cureselsiaie thaniniial
YRR BA tvfag ordbas? eta'l’g'lln%?u& Vg}he E %&%@%&g%&f’ Pofit Probe.

exposure a npera ure
8¢ datainaiking $hke initiabthickness:, test wafess WQthlﬂTﬁWTé@ld mtthe gxemplary

Eénﬁg?éuﬂér%” er ﬂv@mﬁ{xﬁ%‘ﬂ%tﬁéﬁ dhef wéuﬁ?ého?&&%:ﬁ%é {st solution, -

e res or ea
mheeddal tueeminites wiledeibnigdrbwates aed cerqnlet@ﬁdned wndevmd@gen The

|
rick ckﬁ@%q%f:%@gﬁdféﬂtv?% n@??ﬁldr?]%? 53@” %\?&Eaﬁ}tﬁ? R'P tﬁg?e  was repeated on
thettestiwafére &wﬂﬁ@s eich nate ohe injtial TS ees was detesmineldassing a FilmTek

AR SORPrfiocbl Mty erBhiomef LU MAIT 280 mi of atet

dmutmlnnmplatﬁed ihe 2G6f rol baaksr with stiming edd beated, it regues: to the

e BIE Tgrﬁéeljéﬁﬁé P%h ogt rv\?é%é vrv%% d ﬂ%@ééﬁgﬁb&ﬁauﬁﬁg solution a

auaamp Meafgr wasqmnmi ib thoniseakaf.t Afterffiveaninites essch testovaferswas washed
V] 45045 el PR b e LG A0, Xl wor
then bakechater temriperadgreraf 1T0C far mpploxipsately f1 Oeviotitesa Measuresnents of
i f t he ted
R RSB BB BRA P O
b K
iy R bR RE R PPl B i febls werg opteined
f@@0Ovariaisailican waddr subsiratés bavinga layea obuhdoped ap8 @ienslfled
B Ml TSl Aol it Sy ALyt Aghlicyrec o
Noweltush Gak,ethemm beide i Tax) swiiakt is rargmencl oxidy ﬂmpemha&m from
f

VAP 8. LGRS, il ket 57 apRE b, ana s
Lﬁfﬁmmaé% mmh igl alpecfbusrrdem%rleilsteqof@m?n% (ICI;PI?Q;S filvs mantfastuet by JSR of a

t hen erature, 0 or r.o

ey Bss. i ch s e Bt Paine Uimo d FREFACRPTRELY
Spéctmeﬁﬁéﬂlﬁpsbhﬁtdimedbmr @R theegimaé pabce@sbsvidra4ised e for the

eiedien donsctllfatthrndiesiicats{Eas GhemicRed ahii.app the excepton
ofStblb Substites havimdg Tax ffily &he elibstRtePRerexnen BaKed &t e@mperature of
110°C for approximately 10 minutes. Measurements of each wafer were taken and if

necessary the procedure was repeated.



(FSG ,

t her mal
pur chased from WaferNet,
manuf actured by Applied Material,
which is a porous nethylsilsequi oxane (M5Q film

tetraet hoxysilicate (TECS),
CORAL TM fil m manufactured by Novell us,
oxi de (Tox) which is a generic oxide film

I nc.,

fluorosilicate gl ass

I nc.,

BLACK DI AMOND film

and JSR 25 LEB-043Tm

manuf act ured by JSR of a- nop}n th| kness. All etch
rates were determned usi®y a“BIPRFEY'2000 SE
Spectroscoplq ElTI psorreter/rﬂi&fdxelammmr and the sane
processes were used as fqr HydrexylaminkeSedi f i wrroslope
t et EXANPLA or t Hiwiinized Wtater (| TEQSYomeund oned alhbibitor With pH
the exception of the suljstrates havi ng|armskcePi m
t heExampleth at s wer@ t hen hHMﬁP‘YJﬁmlﬂﬁ @ 8¥mper atlk e o l 30_9.02
0
110C for appjom mat el y i? r}g)&ng‘l\’/gﬁ *%Y‘P?gfg"gijure 8.7
\A/ass_y‘regfsa;{ -9 Table |: ‘E’fﬂj@ﬁfg opihr I—-Elé"rg#?/riﬂ 1ine 4gs
Ot ||y\.u UAylullllc oAt Hd -%holl érslu ]
Shm rzpou nd Ingi-gl tor h gjcer o anpl e 1 i geg
C rém,el am e {1 nl Ugl yc,r0| EXanpl e Z
éé;n % % | afi ne dgldy) (2) k@dr%]ylanWéj(BoﬁS)’ anTipgieUm 8.46
m@&gwtgtgg,m Exanple 3 91.5 Sulfate (7.p) (1) 3.8p
Hy Example@moNi um 360! ¢ anyakoxsmmpiEs)d| 91.Monehl of i de N.T.
(7C&ppdrative 3. P8 Conpar at fve Exanple 1 95.25 H drok
| arixamplé3. 75) Nones58. 46 | Odydpanylamined1 Fix anplNeng 921 5 H N.T.
dr@ompagativee [ 7.5) None N| THydra@gapewaitinve Exanpl e B 85
H dxempbdni ng (15§2-&one N T SulstefdH at i e None
tispmoni um _ Exanpl ¢ Hydegxylemmgnipgt e (7. 5) Nohe 4
CofexampRle bue Hudr 098P anmohi wfghloride (7.5} None 3.88
Comparative i 7 Hydroxylammonium
Example 6 85 Chioride (15) None N.T.
Comparative Hydroxylammonium
Example 7 70 Chloride {30) None N.T.
Table II: SEM Results for Cleaning and ILD Damage
Cu/JSR Cu/pJSR
CwosG LKD-5109™ LKD-5109™
Temp. | Time ILD ILD ILD
(°C) (min.} | Clean damage | Clean | damage | Clean damage
Ex.1 |50 5 N.T. N.T. +++ ++ +++ ++
15 ++ ++ 4t ++ 4+ +
30 +++ ++ +++ ++ ++ -
Ex.2 |50 2 N.T. N.T. +++ ++ - ++
5 4+ ++ +++ ++ N.T. N.T.
15 +++ ++ 4 ++ +++ ++
30 N.T. N.T. N.T. N.T. +++ +
Ex.3 |50 15 + ++ - ++ - ++
30 + ++ - ++ +++ ++
Ex.4 |50 15 - +4+ - ++ - ++
30 - ++ - ++ - ++
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Exanple 5 92.5 Chloride (7.5) None 3.88 Conparative

Hydr oxyl anmoni um Exanple 6 85 Chloride (15) None N. T.

Conpar at'i ve Hydroxyl ammoni um Exanple 7 70 Chl ori de

(30) None N.T. Table I1I:
| LD Damage Cu/ OSG Cu/JSR Cu/ pJSR LKD- 5109TM

LKD-51091 Tenp. Tine ILD ILD ILD
damage C ean damage C e%b@ﬁaéﬁh%teé 50 5 NT. NT.

+++ ++ +++ ++

15 ++ ++ +++ ++ +++

+++ ++ +++ ++

SEM Results for C eaning and

(© (mn.) dean

|++ BxAMPIE0 2 [N.T. N T +eu+ ++ ++ 5 ++ ++TE|GS-(dttrfrsd,\|p'Bope)
N~T. 15 F+FF N "o*. I\I. I r. :
++ + Ex 3 HB( 1%5 + SEC+ + é|- - +-]§0J?‘.I2y 65°C
50_1EEX+L 4+ 445 -11'|:g§p II_E:;Etr-h g
Rat e X ANPLE densel p-Bope C 50C-65C-2
%@9-3%6 _ ok eNadg  FNE. o | <1
Ex'JL"e 5§ Ex9425§'69.’\l‘PNL:‘NT =
pimparafive - ' 280, o < " N.T. .T.
6m araﬁ'e, %9 _‘C’ 5% adh U|\| 128”!;\' T I\'erlr:r N.T. N.T
afive EX. 3 [ ) 342 I _NT N.T. N.T
b’BMﬁé" i =X i 42 TR N T.<1N. T N.T. NT
Comparative Ex. 5 >220 <1 N.T. N.T
Comparative EX. 6 42 N.T. N.T. N.T
Comparative Ex. 7 42 N.T. N.T, N.T
Table IV: Oxide Etch Rates
Etch rate A/min
CORAL™ Jsoié'%&
. (5KAon | Tox(1KA (5KA on
T(°C) low on 8-12 low
resistant chm BLACK resistant
silicon) silicon) | DIAMOND™ | silicon)
Ex. 1 50 <1 <1 <1 <1
Ex, 2 50 N.T. N.T. N.T. <1
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Conparative Ex. 4 192 >224 >225 <1 N.T. N T
Conparative Ex. 5 8 160 >220 <1 N.T. N.T Conparative
Ex. 6 1427 42 NT. NT. NT Conparative Ex. 7 12 24
42 NT. NT. NT } Table IV: Oxide Etch Rates Etch
rate Amin JSR LEB- CORALTM 043" |IFSG (1 OK (5K A on
Tox (1 KA (5KA on T (C TEGCS A on 8-12 low on 8-12 | ow
(undoped, ohmresistant ohm BLACK resi st ant

densified) silicon) silicon) SAINM®n) D AMONDT"'
silicon) Ex.1 50 <1 <1 <1 <1 <1 <1 Ex. 2 50 NT. NT.
N. T. A.nfethdd for defining blpdtief Wierely dompredsS or defining a

pattern wherein conprises: coating a photoresist onto
a subsddting e phoidreSieosme i tdbiratedef i ning a pattern on
the photoresist; transferring the pattern onto at

| eastiithographically definingea patiesh bAtR phatdiebisPy the pattern
into the substrate to forma patterned substrate;

exposargfdriity Pt fatieheentd & fddshh Poitidn AP R DY RARY
reactive gas to renove at |least a portion of t he

phot aietihg theaitient M B subsRAedd forml £PENEAE Slltrate;
residue fromthe substrate by contacting the substrate

Wi t h eXposiRgitespdticnieCaURR L 1B%n a\ﬁ%&éd rédctil€gas to%ﬁqove at least a
sel ect ed from a hydroxyl am ne, a hydroxyl am ne sal

c RRSBRME t 3HH°W9&‘?§@§‘§ Rravdeafresidd® a cor r osi on

i nhibitor provided that the corrosion inhibitor does
not conp ngélna theatesiduedtonbthe subgrate %y@@hfécﬁ?@th\é‘%‘ébgﬂrﬁe with a

‘ t%mﬁ@&fﬁ&?}: g&lﬁgi 2\%%’ LARLL A eYselocfs f(r)gm E3rl]1ycfzro§iq(lamme a

organi c so
hydroxylamine salt compound, and mixtures thereof; and a corrosion inhibitor provided

that the corrosion inhibitor does not comprise a water soluble organic acid and wherein
the composition is substantially free of an added organic solvent.
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