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TITLE OF THE | NVENTI ON: CLEANI NG FORMULATI ONS
BACKGROUND OF THE | NVENTI ON [ 0001] The present

i nvention provides cl eaning conpositions that can be
used for a variety of applications including, for
exanpl e, renoving unwanted resist filns, post-etch
and post-ash residue on a sem conductor substrate. In
particul ar, the present invention 5 provides cleaning
conpositions that conprise a urea derivative as a

cl eani ng agent. [0002] The background of the present
invention will be described in connection with its

use in cleani ng apptircataPNREIRVENTION: t he manufacture
of integrated circuits. It should be understood,

however, that the ygeapfiNGIFRORMESATIONSVENtion has
w der applicability as described hereinafter. 10

[0003] In the manufacture of integrated circuits, it

IS sometimes neqEASRGROUNEOHTHEINVIEENTEOMNT ot her
geonetries in a thin filmdeposited or grown on the

[odiﬂ!)f frﬁetpeésle%t In{vémrbn préadés @a@mmwasmpl@imqnsam ,caoreatsedfor a

Sstrate ocated on an in focess I nte

vangiy of SRIERIETR NI 0 PAFER CHPRGNG HENEAOR TR it gt eteh

an& Bé&t a‘s'ﬂereélhbéfPHQ s%ﬁﬁ?ﬁ?ﬁctbﬂs@strﬁﬁﬂh@éhutcetac the gresgetinvention
renove portions O e I m e particul

prcazwﬁtclqa@w CERIGER UL AR R {2 §piefifg abén.

[OQSI?&)SS' ﬂz,b;ﬁl?gr}ptggc? g&ﬁ%ﬁ%eg{ aﬁ\éerglpe wlﬂbe Igg%c%j@)e Ca@@@%cﬂé’mmth its
us@%l@éﬂnh’?’ébﬂlcéﬁérﬁ |B\I'dnvm%me?ﬁ§mf@étum of rmbgratddu airguitd. i It should be
i cal uori| c acj

uneersidod, beveaTetiBa DG of e PHESeb GuAT a5 e qepHEabift as

deSS el hetdimditepnl y desired portions of the filmare
renoved, a 20 photolithography process is used,

[oddfslj Ethe}’VﬁaMf?@uﬁ&gtnﬁé@&atéﬁ @rcomsmtus E?mtdiri]méi eebqsbanyao etch
is transferred to g 0 e
OPIaES QEADBESRATtHE I e dapedfsast aroMiEon Ine ugeg of sitcon,
gam{n‘h ér@erﬂﬁe fgﬁs%céﬂ ?tﬁéﬁsdb@tﬁ@télfmateﬂmma@m precess istegratekdreuit
otoresist materia

walfsn Bresdrd mediasial otgiig Sust & e b et e egoseelp 2

ch@hfcﬁ”étbhun@@bérﬁt th RerfoVe pdHidns dhtad fint XTrasgati¢utarhdt¢iiing agent used
intensity radi ation, proj ectedthrou%rltr}ggﬂm '%ﬁ e of an

to pgRQve T"F%O@'QB%%T&'%'F"‘ ARESSIN IR PRI PSR njthe case o

oxBS I‘Plﬁﬁ‘ FoPExahbl Hhe @Qjﬁﬁ@sdgfehpmay b& hyﬂMﬂU@rﬁd adid.dintre kasalof a
devel opers, qg whj ch

poyslbwmf@mu vv'hlve'cailsa%hv PofioRe 2541 S A B AP ngu&cmq nd acetic

acireventing etching in other areas. Positive-type
resists, for -1 exanple, have been extensively used

[0G0A] T Kidas tdBdstifd thlaborlp déSitddRAMichsA thestilmsare feroved, a
photolithagraphy process is used, through which a pattern in a computer drafted photo
mask is transferred to the surface of the film. The mask serves to identify the areas of
the film which are to be selectively removed. This pattern is formed with a photoresist
material, which is a light sensitive material spun onto the in-process integrated circuit
wafer in a thin film and exposed to high intensity radiation projected through the photo
mask. The exposed or unexposed photoresist material, depending on its composition, is
typically dissolved with developers, leaving a pattern which allows etching to take place
in the selected areas, while preventing etching in other areas. Positive-type resists, for
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substrate that, when etching occurs, will becone vias,
trenches, contact holes, etc. [0005] Increasingly, a
dry etching process such as, for exanple, plasm
etching, reactive ion etching, or ion mlling is used
to attack the photoresist-unprotected area of 5 the
substrate to formthe vias, trenches, contact holes,

exa‘?‘{lﬁ? hdve. b%eﬁ%%élntsw@g Jses a@'n@ﬁmg rﬁét@halﬁga @éltma‘&mattems ona

oresist, etching gas and etch
sultsyrafe et sthen atenEEpESTS, o b%@meeﬁﬁsdﬁr@gc'&?soﬁﬂ@a%trh%‘?? ete.
the sidewall of the etched openlngs on th bstr

[00DBD0 B1er@AsTgIvIAydrE EEINGCPTRFRSS GBS SR S5 dP ST AT IR JF Slefing.
rea{gﬁ\%j foh etta'ﬁnd &F n&tmﬂ'ﬁiﬁ‘ﬁs Gedd t%@t'agk i ;flrfdtd‘relélét drnprotected @rea of

rrg ex sem conduct or devi ces ﬁ fﬂ* as
thecabipatiatedd 1ar) HRAMS aeches grantard hiplegsetf 145 FHiAsult gf e Pasma
etclnﬁégréce%f Bﬁcﬁgregﬁg eltdrﬂas%eg add@t@tﬁ&ﬂﬁﬁ@ﬁhl -froBGsts are deposited

I'VE i etc I's used produce vi as
as résiduegtarotm @mrethleamwaﬂ ok thecatehed QR?“"}SP@%“&% S%W‘la}fct
bet ween one |l evel of silicon, silicide or netal wr n%l
[0606] t 1Seich vy etchingpragessed alsgypicalieender the res)s rpagh §xtrentely

dlfﬁ@f{ﬂqg fo ﬂe uﬁL giamﬁ*é niéomgh é%erﬁ@on&[ﬁ%r dé\dcb§ 8lictP4s &dvanced

i Cl exanple, a silicide

DRAMSG snd ﬂquq de\mﬂsumrbmuktlgbdwe & W@O#Qleedﬂm% e%@f%"‘é%{\?@%t wiring,
rea]cﬁvé ﬁ) &Hﬁné’ IE'S‘ %hdsré\fl% ﬁﬁﬂiuﬁf-‘ DRk "tt?rbﬁgr?ﬂ’iénﬁtbﬂam dielectric to

for exanp

prcrw;iescmmmé beuveg;m ang lenel g%l siligon, gbq:n%@r( mgta,lrytr@g,tg the next level of
w1rﬂﬁr 'ﬁ%@e v a%qgﬁ Qﬁ!tyeetxgaféﬁ? Alél]{j%u OfigARI ¢ f ”'PéN? Isiligbn bf 8Wlicide

e resi S neate e VIaS
sugtdlas, tforexalmple, « silididawiiyngsten, titanim gt cehalte fThe FIEQregass deaves a
reslﬁe%%nefggﬁ? R u%§irr%ﬂté e‘%ﬁ% dsnﬁp ohfpﬁé)ﬂtﬂ%r?’gfét Snt})heytlmgude for
examplef iensputizoed oxmue;mateguab p@lymelng matenial dareeddrese the atgh gas, and
orgﬂaﬁb R?te?%ﬁ?&ﬁ Wi lelt LsbPtolefnddie i ltd)0" step by the

pl'asma ashing gases. This typically

[O%g ré%d%g)nglhg %IIB@@%éWéﬁnﬁﬁtlo?foPﬁe%f&"@nﬁe atFI@‘;f:ﬁotoresmt and

converts nost o Ic residues to
etohobsiduésmusiazteswved drom bapseteglediaren @fﬁh@ wafes l§9§li!atél®%fma'

fnn?hnﬂ@%&?fﬂtlaﬁ%h ¥aHe’B?£6{ba I‘Fséia‘%slbé]I ,@1 fed sh%%lé%ﬁﬁa “ashing” step

remai ns on t ace of
by mw.er eftsy;tauetpla,snmsmmg g@eae Twéltmcanls ogeurgiah bighremperatures,
for@Xm@% QCASAsﬂ r{gec%Hl/érts Aok drt nfggnn% YOS G B Solatile
te ed Wl cl'eani ng conposition

speqjgs, tat legveseb@umdaqn the substate|a prademisanilyipprggnic residue. Such
res?é“éﬁg% hél\yoﬂgg\aﬁ o?%ﬂ&eon d;ﬁ@@u#é&%ﬂh%%hﬂrﬁfét thea%éjHﬁ inside walls

e "su a Sul
of dvasrphas maydre presantr émwasulbfash-itfeeted@@bmew'tetﬁtﬁn treated with a

BRSSP et Y Q0 R o et comor

theptmighly adhenent reSiiuk froe the subst[ﬂte,t Eln;zhng@mﬁeblerclewlng composition

o DAL AR TR ot ) SRR o

duléhegahe metdl crremtrﬁhwaleo prd@a {rotiernatic. dfailuset toigopiphately remove or
negtmmgsﬁ?qt:}egp uerz:%\ﬁ ?es'u %lscor’\tln]:.sgﬁces nq r'}pe ? rcuﬁr‘})wnﬁﬁ@g% ¢

undesirable increases in electrical resistance.

[0008] Prior art stripping compositions have included, for example: (a) organic sulfonic
acid-based stripping solutions that contain an alkyl benzenesultonic acid as the main
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aci d- based stripping solutions that contain an al kyl
benzenesul fonic acid as the main -2 stripping
conmponent; and (b) organi c am ne-based stri pping
solutions that contain an am ne such as nonoet hano
anm ne as the main stripping conponent. Such prior art
stripping conpositions for renoving the etching

str@%ﬁﬂg%ﬁr%%ﬁte Bnd ("b}‘(#g’é?ﬂc arfwrr@nmed Btrfppmrﬂnlutndnaﬂdahc@ﬁaln an

heir use tends erode co W
arrmq)@.g@casdﬁomcpfghm amipe as5th8fmq)n stripging gon‘l%gg Suth prior art
str?Bmg o‘éﬁn@ﬁé’ﬁir%rﬁjﬁﬁn@ﬂ@tétblﬁlh@ﬁbsﬂimﬁyi haweVeaxnirokua significant

re used w del for remgvi ng residue
dravicson HOLeXAMRIREeF B8 endpiEo TG %PP%“O S the bottoms

of §1H'ﬁo?el%| e for such applications because it is highly
olar, which makes it an excellent solvent for

[ %ar@lﬁarﬂ:‘?& WME iti ntﬁlﬁ’é Sitheins béé’tbhﬁiéo(mmretused widely

poi nt, IS wat er 10 ‘é’ aibl for
forarerrmwnws@dlss trom S@ﬁupqudup'@f F'&SH?IG@eRM B%’ﬁ% ¢y suniable
subﬁ%gélfcgﬁﬁ?%%cgyﬁél’é@’ﬁ mly pEAGhieh MlaResit Bh %dcéll&nﬁscﬂ\mﬂlt for

nlted ‘States and in

organ Gresicgs: BMAR/ACINESIRDRERaHEE RS A BTIFogpoa i hpwater
S0 u&ﬁa ¥PES & @'\E&b&f}r gﬁé‘h id Feldtﬁe@%xb&nsn@@Slgﬁf@ﬂdnétblyoh@be\rer

skin. Toxicit | so sug

es
DMCMﬂ%iJQQ@Sha i matengLjn poth 8 lited %e%e%m%umze I this
regérﬁcﬁMh@ﬁ% érﬂNﬁFﬁ\%ﬁgﬁFﬁmp%ﬁ 2%‘?:9%%8 ir@nd@(ésethat 't/ls easily

utiny int es an [

absoied |timr@u9f®thecsl¢m dlrxiqity datagiso §m¢ﬁtsethaww%r{e@v B% ah
n%ri&ﬁ%ﬂ %nf oﬁgiélﬁz'ht it Us°e ﬁﬁ?ﬁeéﬁ@é&&&%d@%&u%&% has received

ore, need In the art for a cleanin

extam;yegsptutlovl in tlngtUmtgd rﬁiﬁes ard aS|aapP@ arasuit dhﬁghapgpw mgdustry, for
exh ﬁ\lpfen Wlancft %ﬁ 2 fe%fg?%nﬂo@@ﬂh{ﬂma? pefuaé Dvkc. ncl udi ng

i st an asma ash residue such as,
S e itfmRASES non-toxic
roaf ?‘%%% ehRR B mb%’&é}?’a'%*[%% B e
andreqwitenroents it frlgndlwéorthapg-ené sleapipg ppetatians ipckyding stripping
phoRfEGSt aln'dgﬁaéﬁ?é%%{ resRiue sUETRY 189 afiiél YSode gMerated by plasma
sem conduct or substrate conprising, in effective
predesses.ng 25 anounts, water, at |east one urea
derivative as the cI eani ng conponent, and a fluoride
source. The conposition according to the present
i nvention includes ogtl onal ly other materials such
as, for exanpl eBREFRSHMMARE Qff THEWNVENTIRN G bl e
organi c solvent, a buffering agent, and a corrosjion-

[001Hi bihediresqrd inventionsatistiesnisormeadeaytProvifiag graogpesition useful for
rer?mBVlﬁg e SaLePiroh 'ads‘aeﬁ'u@orfb‘a%P Shdstate J&Eldgs in &%ctiﬁ@élébnlng

enovi ng resl froma sem conductor substrate
amgntsapnater, @tdﬁgﬁnoggyrea @erivative as the cleaning component, and a fluoride

source. The compasition according to the present invention includes optionally other
materials such as, for example, one or more of a water-miscible organic solvent, a
buffering agent, and a corrosion- inhibitor.

[0012] In one embodiment, the present invention provides a composition which is
useful for removing residue from a semiconductor substrate and which comprises, in
effective cleaning amounts, water; at least one compound of formula (1) which functions
as a cleaning agent:
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effective cleaning anmounts, water; at |east one
conpound of formula (1) which functions as a cleaning
agent: -3 Rz R3 | N(I) R/yY\C R4 1 | O wherein,
R1 and R3 are independently hydrogen, d-C4 al kyl, or
Cl-C4 alkylol; and R2 and R4 are independently Cl-C4
al kyl, or Cl1-C4 alkylol; and a fluoride ion source;
and optionally: a watergm scible organic solvent; a
bufferi agent; and a cprrosion-inhibitor. 5 In
preferrpd enbodi nents of| the cl eaning conposition, the
conpound of formula (1) s selected fromthe group
consi st ng of 1, 1-di netRylurea and 1¢I3- di net hyl urea
and ‘#LQQLLde [ ouree.d s anmoni um fl uori de.
13] In ano €nbodi ment, Rhe present invention

rovides a neth d for renoving unwanted residues from
a substrate such as, for exanple, a seniconductor
substrate. 10 [he net hod includes the steps of
contacting the gubstrate with a conposition according
to the present invention, rinsing the cleaning

wrFe?%\Hoﬁi E\h&’?i[afafrgrﬂde?Snééiﬁ\?th LatoBen @ﬁodrarkyngnr a1he4 alkyiol; and R2
strate

osiLtion

andrRde are @ﬁen@we@ﬂb et tGhalky) @ra%‘!ﬁj‘ %‘?V&le?'}q %@UO’I‘E‘" iof gQyrce; and

opﬁ@ﬁ‘éllg a MathrlRisEBlrGANE E&Wfﬁné Bhﬁéﬁn@%@%ﬁi ahtia dohallon inhibitor.
sitions that are currentl 15 bel%%_.use

In peaibicehembo@mentsca dhe Glearnipg Eompbpsifien, £ eRGHN @v@%&‘?a () is
seﬁc@éﬁrcﬂf -@'ﬁp bReMhditng c{fqolléi}neﬁ@‘ﬂibéén@ﬁ 4 Himetrifured and the
eani ng conposi tions Wlt in the scope of the pr esent
fluprige ionisenregrie agmangim dueride,e conposi tions are

illustrated in the acconpanyi ng draw ngs

i ch .
[0t silaanethet ﬁ@bp@meawmfgpqeﬁgmrn@@nh?@gmdep,agxupt\ggé for removing
un\rJf%ﬁ{e‘édr%§|d§@4r 4 QisaRRSURh ad! fof @;Ea?ﬁ]Sle f@ﬁéfh?:bﬁdﬂdt&%bstrate

sem conduct or substrate wth unwant ed residu

Thermethod includes dzgstaps efraniadtig the supstrate withya p@mgosmon according
to gr;?gﬂég&ﬁ inventt %%@9\@49%%19%m5 cbinBb&Hidn M75E Thd s @sstdatd) and drying

sem conduct or “substrateé after cleaning with a
the pelatiat®y conpositi on according to the

[0014] The composition of the present invention has excellent cleaning properties, is
less toxic, and is more environmentally acceptable than compositions that are currently
being used in the semiconductor industry.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0015] Results of the use of cleaning compositions within the scope of the present
invention and of comparative compositions are illustrated in the accompanying drawings,
which consist of the following Figures:

[0016] Figure 1 includes SEM photographs at different magnifications of a
semiconductor substrate with unwanted residue prior to a cleaning operation,;

[0017] Figure 2 includes SEM photographs at different magnifications of a
semiconductor substrate after cleaning with a cleaning composition according to the
present invention;
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25 present invention; -4 [0018] Figure 3 includes SEM
phot ographs at different magnifications of a

sem conduct or substrate after cleaning with a cl eani ng
conmposition according to the present invention;

[0019] Figure 4 includes SEM phot ographs at different
magni fications of a 5 sem conductor substrate after

[Od?llsfarﬁdﬂﬁ? Yidduddiesem fﬂh@ﬁalgtam av tiffSamp anaghifivatioBs afpl e

semiconavaion SUPRHWEIAGAC PREOAYING SRR BBRe e epiciao e

pr%&hﬁhvéﬂt%ﬂm ng wwth the conposition of Conparative
C. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[061@2%] quiB @ iREIGSRNSEMPreRigrahsht diteckrs neagoiinptisistdl an

se conponents are pre t
se@ﬁqoeéwt%&gbﬁrém&ef F@éf‘@lé‘"ﬁg’ tbﬁw"%’"?%@?’}%\f ‘g Arptive Example A;
fjor exanple, a semi conductor substrate. In
appl i cati ons concerni ng sem conduct or substrates, such

[Odﬂiﬁ | Higfe i5NREILGES SERIpHOIGYIZINS at RitRtent mmﬂlcamscbj as,
resi dues and etch resi

semjconguelor substratecaltes gl@ewgwgytgs&ws&f CHRSK ‘?%!ﬂ??{a“"e Example C.
Moreover, a sem conductor substrate al so incl udes
met al silicon, silicate and/or inter-level dielectric
terial h it il [ ich will
also 'cimfi“ﬁp@%ﬁfﬁ@%&ﬁeﬁﬁw%‘?-“r@éhﬂﬁéwﬁf%_‘ési {i on.
[0Q3 e ArSsAntvaBIoT GOy PR ComERERP TP Piedrch i s Bresentin

am’%iums thu?wewbap réthove regitug flopya slbistratd suwhiasgfo? @xample, a
nposSiI U1 on of

o R oh . 1 B Siat oSN IR s, v

re@l&S’és‘lhcldu@|f§ﬁé>fdn€pl@tp?htdréél§t re$i00ss? hsf rasidues paridngich residues
conposi tion of the reseai}yl nvent i on gueous- based

sughas. fehexampleJepiy reqqlive on %}F'&@n Or4RY&htd on,

seWﬁ’édﬁHuétBF‘é‘;ﬁbs‘Prﬁfe 4180 WRldes ﬁnétﬁ)@h@ﬁp&ih@‘ie afidyor interdevet diglectric
o di ssolve one or _nore solid nﬁ@ ents of . t he

m%tenqi@gpm a8 Aepesited siigen pypeswh SOSRFHBIR ontagt Wity the

cle%hmg:tdbrﬁﬂb%%ﬂbﬁ ”Wﬁihal%elbi%?nél@@é &Sﬂﬁer a;&pper\allw aBartiym, titanium
ier o 0sitio

it e a1 AEMATOP, SHITOTLAIRY STy he cleaning

coﬁfb@@i%h bt 98 pgréseheinventiichad cofpatibieivth suftDMarialstas they exhibit a
lieved that, for nost applications, water wll

'0‘%61%?“3@@/0’1"&'90@’%%?&3& from about 10 to about 90% by
ter. Oher preferred e

[0d423 e S ia RSN I PTESSTTEaIET oot Dasecand. thus,
cortipAbs WAMKr DI the prédfentilvitionY RateP fhelions in various ways such as, for

example, to dissolve one or more solid components of the composition, as a carrier of
the components, as an aid in the removal of the residue, as a viscosity modifier of the
composition, and as a diluent. Preferably, the water employed in the cleaning

compaosition is de-ionized (D1) water.

[0023] Itis believed that, for most applications, water will comprise, for example, from
about 10 to about 90% by wt. of water. Other preferred embodiments of the present
invention could comprise from about 18 to about 90% by wt. of water. Yet other
preferred embodiments of the present invention could comprise from about 35 to about
60% by wt. of water, Still other preferred embodiments of the present invention could

-5-
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preferred enbodi nents of the present invention could
conprise fromabout 35 to about 60%by wt. of water.
Still other preferred enbodi nents of the present

i nvention could -5 conprise fromabout 12 to about
25% by wt. of water. Still other preferred enbodi ments
of the present invention could include water in an

coﬂ?ﬁé@ﬁoh%b@ﬁm EMeadone25k Dyvadomeatght Stzllpnheremefe(rbd elrdodiments
I ngredi ents. [0024] The cl eanin B&)’é rH @éel‘ '%E weight

of thecpresant Bveniian o BRIVES wemré%@ﬂ amoyp 3

peFJ%ﬁ %f.ftﬁé‘ﬁfﬂe?ﬁ@ré%ﬂerﬂsd eani ng agent that principally

Izes or aids in solubilizing organic residue

#J;j\t drnty Yorfib HeSresdre i Bhﬁﬁremﬂﬁxbr)s,es tanaurem derivative
f0d |vgt§|0\?ée I's a Sttn%glﬁld ofr :TFBII é%) ﬁ? t"
that \nctioRs @s R clean@gpagen\ that @mc\mgy soIHbilizes o §48 Sgjubilizing

| By, 166 UE4a dérvatiod is a
R e aname o ot 3 P et

codipodad al fleynd (DThe al kyl noiety of the Cl-C4 al kyl
group or the Cl1-C4 al kylol group can be straight-chain
or branRped-chain, for Rxanple, a methyl group, an

et hyl gloup, a propyl grpup, an isopropyl group, and a
but yl roup. Preferably} the alkylol noiety is
non-gemnal, that is, not nethylol OQ 1-al kyl ol .

Typi c corrpounds of-N Ia (1) ?e solids at room
t r at )uLhw\ Prefe urea derivatives

Rgccording to fofmla (1) |nclude 1, 1- di met hyl ur ea,
1,3-dinethylureh, 1,1, 3- trlnethylurea
1,1,3,3-tetranethyl urea, ethyl eneurea, 1, 3-bis(2-
hydr oxyet hyl ) ut¥ea, and 1-nethyl, 3-(2-hydroxypropyl)
urea, and nixtuF%s thereof. The nost preferred urea

derivative is 1, 3- dlmet | urea. li.e
whergin, R 8Rd s eredprencaspniby Ryoragsa, Gtttk on G 1s RIS and 2
an@EFM \é?é ln\ﬂspéwdénﬂy 29-CPERYI % € 1ECHEIKBR Uthe2a|m rﬁﬂlétytoi #H2C1-C4
i t he” conposition. Pref erﬁ ﬁ)h E hain. f

alky, aro\uatqrw %ﬁﬁ‘ra"%@ oo RaER g Prans e phain, for

ex)ﬁﬁ%o@“h rRdlyl d[?@@d aﬁreﬁﬁ pRRbYa Ffd@l@roﬂb%ﬁns@ﬁ(@ 2] g%uwtand a butyl
% by wei g he ‘conposi tion 27] The ure ol

areusy | Rrstarakly ftbe alksyl@l mRieth r\?Brﬁ?B!!“Q‘a that igg nat Hée"af'%'s% Aralkylo

TyblRYRN cbAPolifds of formula (1) are solids at room temperature.

[0025] Preferred urea derivatives according to formula (1) include 1,1-dimethylurea,

1,3-dimethylurea, 1,1,3-trimethylurea, 1,1,3,3-tetramethylurea, ethyleneurea, 1,3-bis(2-

hydroxyethyl) urea, and 1-methyl, 3-(2-hydroxypropyl) urea, and mixtures thereof. The

most preferred urea derivative is 1,3- dimethylurea.

[0026] itis believed that, for most applications, the amount of the urea derivative will
comprise from about 2 to about 75% by weight of the composition. Preferably the urea
derivative comprises from about 5 to about 70% by weight and, most preferably, from
about 5% to about 67% by weight of the composition.

[0027] The urea derivative for use in the composition of the present invention is
relatively non-toxic compared to conventional organic solvent-based cleaning agents
such as, for example, DMAC or N-methyl pyrrolidone and they have excellent cleaning
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relatively non-toxic conpared to conventional organic

sol vent - based cl eani ng agents 25 such as, for

exanpl e, DMAC or N-nethyl pyrrolidone and they have

excellent cleaning -6 properties. In preferred form

they are highly polar, have high solubility in water,

and are biodegradable. [0028] The cleaning
pro@@ﬂ'@@sld breferadd folm, theparrighty pelat,iname highs ingeafer, and are

ne qr, nore sources of fluoride ion. Fluoride ion

bmpﬁﬁ@ﬁ?qﬁs principally to assist in removing inorganic

dues fromthe. .sub tipat
roa3ah T cleaning el siah oL it Esepl KRbfftn ARTEAHBSEs Mlor more
soﬁrBé’@Gft ﬂ@cbh(ﬁr ien hﬂdnbﬂiﬂé loprfucctiaas dnmlplalkyab assistrie .r@m@vnng inorganic
el na f
rosESioI e SHBGHS, JyPAL PRy Ou o D tovfleis AULe o Sl
acécﬁéihgb@btrﬁé G gﬂ*@hﬁdama)rrel Iﬂdroﬂhbnmamd andisalty thereof, ammanium
fluoroboric aci
flugndsy anrigtien aaicsivrs fudes slrE ARl A ple tetametylgmmonium
flubrdéodricttetraBltiiafbhariura flucdide) ha:bmbonatesnﬂmgrobammdjar y or
tetéq%{g%ylpagqra plgmnte %ﬁmbwgts e&mglor euég H& ugﬁtgb %ﬂsgea fil¥ride salt

of arm diipHatit plimary, eBesrRRN: oHelanparifd-cad oealsied) fogexample, an amine
ypl caIIy the total nunber of carbon atons in the

of g forlany Ry groups is 12 carbon atons or |less. 15
0029] | f d enb he fl d
gourc%a [ Qaaﬁ;rgn?lrj:nefl 5or?%&ﬂﬁg)rﬁ;\x;vgr, \l/Jvlgcraln Zn;rgﬂi um
fluorid d, . referghbl e '

whesi RS ﬁﬁrﬁ"ﬁﬁ'&'%t"é‘ﬁby aPtesstLA of i€ TG Ry FordUE> Hybtaiy, the

totalaRMTEYr ios Batoh vtcrhd iavhe RS R6 apddifagredpsisal@mantpn atoms or less.
conposition to stand at roomtenperature for a | ong

(mﬁf_l | oela@hefeirs® enibbdmmrthaﬂs@ndeeon seuros iscarbiyiohiaat flutgide;
the solution.

{
roWPYR, W R or ShaeLe e B 1o Apiegf Bl SpflonllaFions
frovmtﬁbfs?ﬁtem Almouglhl eh|§o?r; beaawndéplushmkliy aliowirg thesweparad cleaning
tg affe adver se
copBpRfor Rt trar earare 16 Bn Baliod SGie i oo be
rerRbRITE Feating ife $dlesurnce of sodi umor calciumions in
t he cl eaning conposition can have an adverse effect

[OUMHI htﬁ?séléétfr@ome @burt:b of ﬁeﬁln?rid% |oa5ct[>r€§iﬁétat|dntshoald be given as to
t t
whefies G eithe Apurcp Meul B KEPeaRS e B ol tend dreet
adﬁ&ﬁ@?ﬂié smfacw HeLng dlé:{nsﬁg EFoﬁesamytalpphlomnngmmlcmTqucios elements,
t.0_abou 9 ,
R ESR BB A B it e Corfpditiohieahiffave an acverse

effeiopthe aofacadithe pleafent.abl y, from about 0.1 to about
2.5% by weight. It should be

[0031] Itis believed that the amount of the compound used as the source of the
fluoride ion in the cleaning composition will, for the most applications, comprise, about
0.1 to about 5% by weight. Preferably, the compound comprises from about 0.1 to about
3% by weight and, most preferably, from about 0.1 to about 2.5% by weight. It should be
understood that the amount of fluoride ion used will typically depend, however, on the
particular substrate being cleaned. For example, in certain cleaning applications, the
amount of the fluoride ion can be relatively high when cleaning substrates that comprise
dielectric materials that have a high resistance to fluoride etching. Conversely, in other
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under stood that the anount of fluoride ion used wll
typically depend, however, on the 30 particul ar
substrate being cleaned. For exanple, in certain

cl eaning applications, the anount of the fluoride ion
can be relatively high when cl eaning substrates that
conprise dielectric materials that have a high

apﬁlﬁ;ﬁhéﬁﬁaﬂ%ﬁaﬁ@uﬁtl daf %bﬁ’dé i6h shbug be(?@law |©l~yfor Ieaamphewhen

ications, the anmount of fl uori i on F
cleaelnatsubetra,tess that comprisgdiaigriac matesials E\%Bﬁ‘f%‘%’ﬁﬂs aé‘FSé"
ﬂuMH%te _r| se dielectric materials that have a | ow

resis an e to fluoride etching. [0032] The cl eaning

[Otﬁ?ﬂj 8‘@1\3&8 é:lg%réiﬁ% cBHBoQQ@r?@f"the brasgAt nh@éhtﬂﬁbbﬁétﬁllywmudes one or

"0 e water-mscible or tg
mase wakartrsiscible araanio galventsol Yasipus egbogdine %s g present invention,

mé&é‘l‘f?@% bR rt’he ?llngsttr%ie I&BIESIﬁ/ éi&afe'WhétHQsé waleRligdmie @}da‘mc solvent is

ter-mscible or ganl c sol vent
useg.efor mmmmarmrmluwﬁ@m lileg @rer BrESENT LA av%stfﬁieeé%?or&?f"a"on of

wa?er%Hoﬁ{jg jort \Dlﬁ t)&ﬁ{gﬂk EFHG ote gttc@}]the \Hﬂfn‘ﬁmr?hn m%dhﬁmﬁlﬁzmems the

h
use mbwdtammssbietdn@nms@vaiﬂ caasignifigarityi redces if gghpliminate, etching of
alﬁﬂhﬁr‘ﬁnt can significantly reduce, if not elimnate,
etching of 10 alum num [0033] Exanpl es of

[odﬁyl%iégﬁ:?é é;/fg%aﬁérgrg[égg &hxﬁetséggmttq@%ag B8 ggs&lﬁgéétﬁylene

glycol, prapylenergiyogl, iebbutapediol tr@towlene;ﬂlxsgymew ethes, peapylene
gl@é%byg%ﬁﬁﬁyme&gﬁr@é&@&% ‘athéi' (th % eﬁng?dlly @Qaifkble under the

h
trape wWasighatim,) DoW@m}ﬂB)yI}?mql;gyymn:)yl;mne poly(ox;feesth gr?e):ilgrr]nme
dlrﬁ&b}‘l ﬁ)epﬁértgﬁsa%hﬁfﬂ Elg:loi'mél gny@rBh?élcéH{)lE Oﬁliﬂﬁdes or mixtures
theredff cB(e@esﬂ soWenisﬁtre a@gholsmwleocpr mirtusessiheessf. sMostareterred

so@[e 3l & Bgﬁg hdds to? ex%plg} @%gp:@ﬁeh fesieor . Most

erre ST\EAt S CAr e suc for exanpl e,

[Oﬁdg Py |§%§I:&Je‘é|“tﬁ%1t for ﬂ%ﬁ%pﬁh afichsOfle! ﬁ&%#ﬁ@éter-ﬁ%cﬂ@ﬁgamc

catrons wat er - e organ
sowenwmpomprusse {rommabioyts ta thfle &y oneighs of memmn@yltlﬂm Frafebly, the

I o
sob 5 GRS LEASLE 0 O BT af e b s o
abbutdina by wei@of the cabwgsitien o by wei ght of the

conposition. [0035] In addition, the cleaning
[ooasap ¢ addition.dhe Cleanipg eompositiorveithe oresept invendion pptionally includes

a Buﬂ‘é N@.‘?@enﬁo Q%tfo? 'il’le]n;?-l aﬁﬁﬁtcotrﬁ:ogﬂaﬁ tgﬂlcéllgg? %@% {hGe of from
abamidmo #oubb abd,umol@ tapndallyntnom abppt Taltd 9bou°t|5g5n Hiareareavaious
cobfRal i o 8y B N 85t hd08 R 83 e mporan:
Foeexamplei insomepapplications, prbdriftgameause significaneand undesirable
vaﬁ#&lgé ﬁfé\l%ﬁ’@ﬁg aRi'sGbdiiste ERAINGPH SEmRAQUEOLL iMdedWhtaining stripper
at pH of 4.75 may not etch copper significantly, but at pH of 7.5 or higher, the stripper
may severely attack copper, causing unacceptable loss of a device critical dimension.

[0036] Buffering agents for use in the present invention typically comprise a weak acid
and a solubie salt containing the conjugate base of the weak acid. For example, the
buffering agent can comprise a weak organic monoacid and its conjugate base such as,
for example, acetic acid and ammonium acetate. In other embodiments, the buffering
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vari ances in cleaning and substrate etching; a
sem - aqueous fluoride-containing stripper at pH of
4.75 may not etch copper significantly, but at pH of
7.5 or higher, the stripper mnmay severely attack
copper, causing unacceptable | oss of a device critica
di nensi on. 30 [0036] Bufferlng agents for use in the

ag rﬁtiﬁ?f%qné&\’s%r%d &gn ta¥ Bl ik aY\ cCtSHEBrlﬁ E6mBiIndEFKwWAE hfl org%rmd: diacid.

ainin e conj ugat e base of
Exmaiesaﬁsdltatﬂbbamsamjm@ arrmonnmmy@r,opqqlg @f@@ﬁﬁ q{gjfguaternary
Y K ' atfe b t
a érrﬁurg gﬂr%g@@g @#%ﬁg&@%@gﬁ&u@ﬁ% (|:t||§ Ere’Fé?FHgnlgD e base no
inctudietradtel iohs, fot mammm’@odnunemctpotawrbmmw%@eyéefszf@nt

rd on didxide and
ol BT o dacianed Bhesd Hediintn i Thtdide o
mdidietrabblantias MdEANC] ude: ammoni um hydr oxi de, ami nes,
and quaternary amoni um hydroxides. |n seni conduct or

[0GaM})| iThetpHbokthe icteanigmoetpesition camvary @ngwhergdrompabout 1 1o about 7,
or TR e B e B SRR s ol
chbseaf and iedefterties bafferingramnge. Lmtahysl.rfowwméh@re defined by two pKa
h i
wBRSEH R ol s B g A it gon
pKar , ngﬁkanprppgxeqdﬂ valuestfouma®nis acid afeqid1=8. &Janm&rﬁd? n@ne can
t he cific

L
beméermglsma VBimilkidy, e p¥évalees tonddipictacid ane pke —g&mdapPK%S 5.
Sllﬁﬁ%r S‘& g%?sé%vgréo,@ig@‘fq%ﬂxéegb ﬁb‘?lﬁﬁa{a%q‘:e &a g@::@é&’&'ﬁh between

thopHis2f 8.78mdB@5-5. 7. One can then expect malonic acid
to act as a buffer between the pHs of 2.05-3.55 and
[oeas]i nt is helisveeirthat fOEmbstApplicitions,dheé buffering agent ailLeaanpprise from

adj pj,C,_aci t
ab F@jgl b@‘i%bgave'&f’ﬂg@?%@% \sliob' fgﬁ% 'trclfgi‘ng?(r |‘§Q§ from
abadi Mb¢o abd:ui 3'0% betvaighty masbpreferalplyisfrant aBot3). &tujatmuz 88% by
qu(}ﬁ ﬂ'] ﬁ'?’l ieved that for nost applications, the
w 1° n‘ij’"&oé)é M will conprise from about 0.2 to

g ot B 58588 e 2185 SHESAN ot a

coposxbﬁﬂahbyor fTherosalod atcofrosion-inhithiton is pIeFErrbg whggn@g]coroposmon is

QS| t.i 0
ushd fo PARE There 0 sukelale” coetmelei o SO PROR RO Rl b8 rcthati
hyd@ixyladmpaunds) FEcktylemic ala'chmls,l sarbokyl graup-candaining jorganid caynpounds

rred he cO onis used to clean a
a"ﬂ@PBY‘ﬁf“@%ﬂ%’?%ﬁF% "%9'8&8 'g ‘corrosi on-inhibitors

e aromatic rox I

10041 tputiath Bisarc Ry PtsHsP ogfieiiY Mg oe BEENS! Edhdinvene
pyrocatechal, resarcinol, hydroquinone, pyrogallol, 1.2.4-benzenetriol, salicyl alcohol, p-
hydroxybenzyl alcohol, o-hydroxybenzyl alcohol, p-hydroxyphenethyl alcohol, p-
aminophenol, m-aminophenol, diaminophenol, amino resorcinol, p-hydroxybenzoic acid,
o-hydroxybenzoic acid 2,4-dihydroxybenzoic acid, 2-5-dihydroxybenzoic acid, 3,4
dihydroxybenzoic acid and 3,5-dihydroxybenzoic acid.

[0041] Exemplary acetylenic alcohols include 2-butyne-1,4-diol, 3,5-dimethyl-1-hexyn-
3-ol, 2 methyl-3-butyn-2-ol, 3-methyl-1-pentyn-3-ol, 3,6-dimethyl-4-octyn-3,6-diol, 2,4-
7.9-tetramethyl-5-decyne-4,7-diol and 2,5-dimethyl-3-hexyne 2,5-diol.
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and anhydrides thereof, and triazol e conpounds. 25

[ 0040] Exenplary aromatic hydroxyl conpounds i ncl ude
phenol , cresol, xylenol, pyrocatechol, resorcinol,
hydr oqui none, pyrogallol, 1.2.4-benzenetriol, salicyl
al cohol , p- hydroxybenzyl al cohol, o-hydroxybenzyl

al cohol , p hydr oxyphenet hyl al cohol, p- am nophenol,

[ooghﬁgg é%béﬂﬁg}@s%ﬁ@%mg o doﬁﬁ:@[:ﬁdimmhd anhydrides

ydr oxybhenzoi c ac

the?edhrdjlddﬁdbomy laeinz ataticasid Propicnigiagie M&‘Pl?é‘fdz sobutyde amd oxalic
acngcmalon %L@%E%Piﬁo Iﬁta"ﬁﬁ'a@ Fhfklek §C|6' fhmdh@ambemmnbm acid,

acety enl ¢ al cohol s |n8| I d citric
ht?lahw&éi@e‘r 2Sfbemzehetn&rse)qﬁhnecnnyglyq:ohﬁ@;@%1ac§c aqd, paléic aci

aCIg @c%lpmhé}r stsc%}ﬁy@a%ﬁ’fjrg: ZD?JItyn 3-ol,
[002%32 fﬁetﬁ%‘%ﬁy P@za%@ﬁ@@ﬁgs inéf gb%'en?(flﬁazole o-tolyitnazole m-

EX
tolﬂﬁfab@léyb-t@yltrla;zeleocﬂrhoxymgz@rlgmﬁ c1 d %%‘ )
e AN SrioptaeLEsroRaRg, UL E. Zg.ed' © vl 1t
[Oﬁ]gli’crn%&reg |r(fl? tejlf%g? SUGELHR, aﬁiE'aElrd %dﬂoﬁféz@leasyldgallol 4-methy!

aci d, enzo

cafehél, futhadc 36|U$mdmnyihyxhomympdD§HM |t |§ |pqu@,r|r¢c£th55pra inhibitor

otrﬁﬁ@%{fp%g g{mn% | ﬁﬂg%gﬁdl%e{d ’f%%%%‘fﬁ"é%eﬁﬁﬁgy@ copper because

behkbtazedie hao apendetsy tmhlhd tecepperot ri azol e,
o-tolyltriazole, m tolyltriazole, p-tolyltriazole ¢
[oom]bammwdthatzfor mostlappiigatiopRythe §2BeFiIPRrinktitor will comprise from

abf)gé@ﬁ? trg:sa/égy %ﬁﬂq{ﬁg %EY:Q eé’l@%@@\‘ﬁ@%ﬁﬂg é?rﬁ%@gglfrom about

0. @ﬁfozandun a%mewemr owst pmtferatalymrnyboutﬁﬂtd@% R% by We'ght of the
fumar.i c acid and di et hyl hydroxylam ne (DEHA); it is
COMAMEPPed that an inhibitor other than benzotriazol e

d . wh |
IOB&];S réoth%r:&p}@pgla&rgﬁlgﬁwgélb%&n{tg% ggggﬂ{éo&% O@@&ﬁ@ﬁsmon is a
metaperatatiigpesl; ftaanitandiontanctsashie sapacipathe composition to retain

mgiggq.‘\p %ﬁ@h&? gad Eﬁgl?l‘%%g%(ﬂ’ﬁi{ &gsb}iltgﬂb'nmf h‘:l—*{'%aim lle|S|d98§'pl" VipRQl examples

of@nmaﬂsg hgents upefalfor thi purposa:anerihe wgwmmamroeﬁ'ds aeg their

01 to ahol t ti
'S%'Bﬁrl?ta"ﬁ s(# (ﬁmﬂénggﬁ)n‘@ﬁbaéﬂa%@% %cu? ﬁéﬁ?Aﬁn&ylen@P%ﬁimete raacetic
adn&QlﬂQ}cyémemenemnmtmmuaacgm?am@ (GyDTA) digtylenetrigginenentaacetic

ni tal chel ati ng agent;

aq"?w uﬁﬂ-&le{)\%&?%ﬂe&%@%&gﬁ}@ﬁ ggg'apac:l ty of the
(hgm@ahw)eunylérwdiamuaemacetmtaﬁct(HEDml Nt N, Mind to

ance th di. ss dues. Typi cal
etaﬁﬁ IBIng et '@I(mgﬁéﬁggéé}ﬂ)&g&%ﬁ@t% &ug@ﬂ?ﬁ or this .
riBthyRASRrandHaradastit auidr(§THAY 8- diaeinaie-hydwxyprepane-N,N,N N
tetraacetic acid (DHPTA), methyliminodiacetic acid, propylenediaminetetraacetic 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, catechol, gallic acid, propyl gallate, pyrogallol, 8-hydroxyquinoline, and
cysteine. Preferred chelating agents are aminocarboxylic acids such as EDTA, CyDTA
and aminophosphonic acids such as EDTMP.
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isoners and salts: (ethylenedinitrilo)tetraacetic acid
(EDTA), butyl enedi am netetraacetic acid,

(1, 2-cycl ohexyl enedinitrilo-)tetraacetic acid (CyDTA),
di et hyl enetri am nepentaacetic acid (DETPA),

et hyl enedi am net et r apr opi oni ¢ aci d,

(hydroxyet hyl ) et hyl enedi am netri acetic acid (HEDTA),

[Ddﬂ«-?%NIt'\E beféved 2at, for most applncatlons the chelating agent will be present in

DR & B SHTSH AL SRSRESEBIARE oy g mer

f frord a‘i‘)b@ﬂ@) A Qo 2o AENE MDdeQIﬁ@B@'nbbéﬂldH N - tetraacetic
© aec):l (DHPTA), m'et hgl i m nodi acetic acid,

[0d¥8Y pﬁtﬁéﬁ%ﬁnﬂﬁbﬁ]ﬁkﬁéﬁ@@@rﬁb@ﬁer@s@h asrdfes,oblod:ldesaetet ¢an be

acid (NTA), citric acid, tartaric aci dh },u%c))( “p;ﬁ ?Hauntsup
inciuglediin tecCieaning CMRRSIANIN caryeqtiona) motints. 1o 5 192
to Q%tgi of HBbE § walghtlo. Gransledmposisord, mal onic acid, lactic

30 salicylic acid, catechol, gallic acid, propyl

o) atrR. cldi nhﬁdsatioadﬂwrsrém irvehiioreis tgically prepared by
cstelne Preferred chelatlg%a ensare

muyn«g mﬁmnﬁsctoggmggms%\@ﬁs ngre yntil all solids have

d.s.%mve&s}h@r%rya«aeb@s Badedsmadigh, as EDTMP. -10 [0047] It is
beli eved that, for nost applications, the chel ating

[oé’aﬂ NtTHY diéarmﬁ_) FErRsetionidh thd preser ifveatién can wum amemove from

2 SURSIERE urgesiadiopiba i robaleved B BF Emgfl caf 8 Used t

paﬁ%ﬁl&% 'gbb@ %dvér%)d’esl}\ cfddnfig @é&ﬁ?@ﬁhdﬂckd"r@wstmﬂbn rhidrsresidue is
such dy bioci des etc. cl ude

de@P@tﬂﬁil Qﬂ do Elﬁ%’é'ﬂﬂ imProgRessIRY WP@H"&F'”Qﬁﬁ'ﬂf?f’gg”‘i‘t%'r&ev'ces’
ex&?ﬁﬁl@@'o‘? SURADELIdSe iHBludé %sﬁ*st'b@ﬁw bsifidnsAh ehe foﬁn\mnm’ﬂi (b%rqﬁosutwe

he conposition 0049]. The c eani n
antﬂ megaiel and eﬁW&f{ﬁP&)ﬁ'tg formed Auing W%ﬁ%ﬁﬁ) ﬁﬁiﬁ“ﬁ?@"v
dep%ee PENTRAL STHOUSS Bthe bamfaosﬁﬁ@ﬁielpa&tcura@w Bfective when the
erature until all solids have , dissolved

t he
reg@m‘g@@ eEovad ifoa rasat it andiosa) etehipg depasit ony2 Isemnconductor

suBS&tFEe ﬁh&lh& B rRétaf fHR-dHpBSE Suridas e '&hﬁble@@ﬂ siisstratethaocan be
renmove from a substrate undesired resi

clagapd by ege ohthe GOMPosiinp egthteuPé?ﬁ%wvs'é“%ﬂs‘@ﬁ‘qubaﬁackmg the

sub&fdtbs 3ﬁfs'eWe9%ﬂjo%qﬁétHFﬁ.%§tra@s Gop@i eaalumlnum
sem conduct or substrate on wh resi due is eposi

titagiurp/ignastend alumine/slices; @&@@gumlﬁr'm%(ﬁfeﬁ%tﬁ}mi g’x 265 i
mtﬁ&’é“a‘hﬁ'b@ﬁﬁ?r%rs%&é C88¢h s@éﬁﬁ@s%«iﬁl?%&ﬁﬁd 1R5idde€ comprising

I nclude resist conpositions in ormof filnms (both
phpigsesisty and/or Berl eHEHAPOSES: and et chi ng deposits for med
during dry etching, as well as chem cal |

[00543; Hxammiesof rasigt cgg@ogmorpqq@abgqpplagef{qc@ﬁéy gemgved%y use of the
cfe@ﬁfng' C%Hp%‘sitliﬂn of fh%cﬂrééé@lt mSﬁlndnhﬁc!udeeﬁh&t#l%sfsfs éiﬁltdiﬁﬁ@\égtérs or

resist filmand/or an etching deposit

ortb@ma@maeqwnmes angravelakdynelingeys anﬁ@haﬂmcal'sr ﬁmewﬁ?@sreﬁ!sts
cortdiniRfBlocket TRy aroR)styréRe bf Bogolyrhdlabf BaIPhRRoxystyrene and
photoacid generators. Examples of commercially available photoresist compositions
include Clariant Corporation AZ 1518, AZ 4620, Shipley Company, Inc. photoresists,
$1400, APEX-E™ positive DUV, UV5™ positive DUV, Megaposit™ SPR™ 220 Series;
JSR Microelectronics photoresists KRF® Series, ARF® Series; and Tokyo Ohka Kogyo
Co., Ltd. Photoresists TSCR Series and TDUR-P/N Series.
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cl eaned by use of the conposition of the present

i nvention w thout attacking the 20 substrates

t hensel ves include netal substrates, for exanple:

al um num titaniumtungsten; alum num silicon;

al um nunm'si | i con/ copper; silicon oxide; silicon

nitride; and galliunfarseni de. Such substrates
[0052Di dxaaugmmmtd heig effartive wber uae fosiempve sRwistSinag aager etching
res&cgq% ¥ 8% |08 grevpé?éll havi 48@%055&@0@&&%@%&@%1&1 the

can be efftectivel renoved

cleahiag c@ﬁwmsman usn@p@onﬂsoslf@qtm when ﬂ'ﬂﬁémﬁfaéﬁ'«ﬂhis magﬁ‘e?hqoeﬁef ora

i ne e | r -dielectri
B e
filne iseunsediadsl an |arqnllayér| |e$11|atmg| fiims Ancyamm ﬁw@frﬂgCQi-‘lpéb gllqy containing

cof PR T B8R GRS Pt pppacanc

otrmr@idm?éﬂta fphmtammalm P@oMgoBll,tGmﬂ's Sm ammjd&rtgeath@wetals have

fﬁﬁ%é@%%oﬁ%g%g%&é%%@éh}g@ E%:ﬂa 03| t ve %ﬁk’}vuta\?/%easuy

dISSOEIBU iov eoribhiiéd Byechepucals, The Smmrr@a@'esQnopg@es ofjte composition of

M | t ts KRF S ARF
therEsHt 'ﬁ%@gwﬁwﬁaﬂé@f%;ios L ta. Phot or esi st s
OGS T AR 8 e o 8 o, oo
orgammncamdfgamcateshueg as weli ad pelymnc aesidugsdam g@m@pnductor

I

subiRisits G R LT IR B BT By SortoeiTe el ThBTcicefing
complosition shonid be mppkedtd the ppéacedor apem:pq:fettmaaiol spificient to obtain
i SEARHSPBRE! T S Iy ORI R ac&ncing,
fori exawipté, ithg nhiufenof the residugthe terhperatuoppkthe alelanylg composntlon and
e GGy At oG BRPaiforl (¥es! T dhrRIERE Ebanind SRposition can be
used cfoeetasmplé dry eontagting theSsubstgte dvig, tetiperaloe offromSibouti2sf C to

ool 8 AR R i o L IR R oot

rmeuagltlhef cledning cnbmpdsntwn fromrtoel subdtratecdrehdnymigshe sistrate.
‘non-corrosive" properties of the conposition of 10
(0054 rilfrmmmtaatmg stepican bercarrigdyout bl @ap suitdbdd BRNT bech as, for

cl en nin Qsi tion e
et LT GRAE Soreyy A B Sl WABF olsfes AL roBRat it il =
liqaig fona‘emai af phewrebistsash arratcredeposiisl and/or cordarbipantstoas be used.
at relatively low tenperatures with little corrosive

[0@85] e Clthe rifisingcstemisi cagiedoautby ainy isoitabidmebos, fer exapiples dinsiog the

subgifass With BeSiahi2h BaRERY Bimlsid Sespldl, BEhdasl Th gidlerred

embadimetep ehel ringing stepusreartiad otnmmmowng iamoikiuck ofggje-iohized water and
a \tyﬁgp&@}mt H%a@%#%fgpf ?"Pfﬁ? agnﬁJrSe'xgnulSIet ]ggproS{ﬁpa‘fJo%W e of

[0056] The drying step is carried out by any suitable means, for example, isopropyl
alcohol (IPA) vapor drying or by centripetal force.

[0057] It will be appreciated by those skilled in the art that the cleaning composition of
the present invention may be modified to achieve optimum cleaning without damaging
the substrate so that high throughput cleaning can be maintained in the manufacturing
process. For example, one skilled in the art would appreciate that, for example,
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the particul ar cleaning conposition used. |In general,
the cl eaning conposition can be wused, for exanple, by
contacting the substrate at a tenperature of from
about 25 Cto about 85 C for a period of tine ranging
fromabout 1 mnute to about 1 hour followed by 20
rinsing the cleaning conposition fromthe substrate

mm‘hf[d:anknqa toghe Amoyntssy seme.or phobITE COMPORBHE MAY, t??gméf’% pepending
upéﬁgﬂrgpc[%n‘f&rs rﬁcg@?)gf’ ‘f’Héetnsl.mét|'§f&yoe'f'rgir Elgﬁle% %rg%mgheg?mdﬁé o be
removak a8¢ ttmgammtamrocesatpammetemeé liquid for

renmoval of photoresist, ash or etch deposits and/o

[0058)t sthnagh Hequesent inveation haseess] Prinkpally %Cﬁee%v*éﬁ”ﬂgd'on with
Fr ntion can be
B i icifio e SRt B oA Somp ik SFicinyenti
emp!mdslo oleaoranysubstrate tat inglusies organis ardineiganic residues.
enbodi nents, the rinsing step is carried out enploying
a mixture of de-ionized water and a water- miscibl e
organi ¢ sol vent such as, for exanple, isopropyl
al cohol . [0056] The dryln@XAMEbESs carried out by any
sui tabl e means, for exanple, isopropyl alcohol SIqu
[ouamorTmlrfynovgn@ exebyp!ee ate prowided fardhe purpgse piforirer ifystrating the
I art that
ot P BT BT o Hesh e BREGEE0 IR AEEAME, 201 on rmy
be nmodi fied to achleve optlnun1clean|ng wi t hout
: " goughput
cturing

B BN A, i oo gt e
byaniging 5609 of sxatariabin aaﬁmormtt beaier withaoti Fieflon-eagted stinkare For
co&%@%ﬂgﬂ&%\%t (%U? %%ét?@mo&?f&bgéﬂgéhlgga%ntt th% fﬁé&t}ﬁétbﬁélea Sg %the

evresi enmoved,
betker v deicnitedt (DJ) wates s Djmaethyleres, svhichds hlqnl}(m]bie in water, was

<o BHE ARl R AR BN 1

recgumraendeadibat mlaeDMlU bartiddgd totinpoter amtsiS(srﬂrreﬁ enillnb%ﬁwemls

oo o1& FRBrAE MK B By el

préfetredoidey ausedliethegresent exaniplésfis(1)tacetipacigo@pammonium

o585 oSS ARl PR o, Pt e
oS bR 3 S PR SO B Ppgmosto

is mhedaststdied apbws butthe spivepiosust as1ior byamplej proppetgglycol, is

orfBlephiioetiy fre iRl A6 B aiftgtPy3uga 1 Wikgdied Y The fesuiting
solatigawillitake b bitnanget ketufn cleér simdecthe areasid dietlag soltlble in propylene
glycol as it is in water.

Compositions of the Substrate

[0062]) Each substrate used in the present Examples comprised an organosilicate glass
(OSQG) dielectric material with a titanium nitride capping layer that was deposited on a
silicon nitride substrate. The OSG was etched by reactive ion etching (RIE) to leave
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beaker was deionized (D) water. D nethyl urea, which

is highly soluble in water, was added next. When

using relatively | arge anounts of solid dinethyl urea

(DMJ), it is recomended that the DMJ be added to the

water as it is stirred until the aqueous 20 sol ution

is clear. The remai ni ng conponents can_then be added
behind D8G tinekecappied withitiganiym eitede. eBoloming RIEa the subgtrpiesyre

esent exanpl s, | et ' S51958Y dHMhe substrate

neBle ARSI EBAEN ah Brorbfes BT RBreF e Rt radiiaey o
pribORGldankirey. conpositions that include a water-mscible

organi c solvent, the conposition is mxed as stated

above, but the solvent such as, for exanple, propylene

glycol, is 25 preferably added to the water before the
Protessin\donditieasi s i nt roduced. The resulting solution

will take a bit longer to turn clear since the urea is

not as soluble in propylene glycol as it is in water.
[0653] Cliparsng testswer ruhasisg 366 mit of the oganingsempesitians itat00mL

oty Lol £ LT ST e dling smgsiors wer

hetitddato ithoesitediteraperappe inglidatgdbelow an atket Pl b speessanh Wafer

siligcon nitri ybst.rat. .
sefinapfpeR R ERcR: R i [ s wpliFiriifs8 b E8fPoiHons under the
followhegssetap pentditiortsh titani umnitride. Following R E, the
substrates were treated in a plasna to ash the
photi@rremutes. @2530re 1 shows the residues on the
sub<0rrainetesp@ia®®Ct o cl eaning. 5 Processi na Conditions
[ 0061B| miduesn@r8p°Cest s were run using 305 nL of the
cl ea20i mputesn@@SRCi ons in a 400n. beaker with a'/z"
round Teflon stir bar set at 600 rpm The cleaning
[00838]p GRHet segneenteewere theratisskdtfor 3 minulesinraell watepeverflow dath and

sSSP Lo BTS2 B0 Bt

usingrSEM emicrioscdgye conposi tions under the follow ng set
of conditions. 10 mnutes @259C 20 m nutes (c) 25QC
10 mnutes (c) 35QC 15 20 mnutes (c) 350-C [0064] The
segnents were then rinsed for 3 minutes in a DI water

EtchvBafel MeasheehentRiocedupg equent |y dried using filtered

nitrogen. They were then anal yzed for cleanliness
[0065] Coupons of the blanket Al or blanket Cu watfers were measured for metal layer

thickness by measuring the resistivity of the layer by employing a ResMap™ model 273
resistivity instrument from Creative Design Engineering, Inc. The coupons were then
immersed in the composition at the desired temperature for up to one hour. Periodically
the coupons were removed from the composition, rinsed with de-ionized water and dried
and the thickness of the metal layer was again measured. A graph of the change in
thickness as a function of immersion time was made and the etch rate in Angstroms/min
was determined from the slope of the curve.
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usi ng SEM m croscopy. 20 Etch Rate Measurenent
Procedure [0065] Coupons of the bl anket Al or bl anket
Cu wafers were nmeasured for nmetal |ayer thickness by
measuring the resistivity of the layer by enploying a
ResMapTM nodel 273 resistivity instrunment from
Creative Design Engineering, Inc. The cougeons wer e
[0068]n T2blé fridenties the colpooentp of theicompasitioh testrskandigierenced
enperature for up to one hour. Periodically the
be, pons were renoved fromthe conposition, rinsed with
de-ionized water and dried 1t he thickness of the
et al Iayer was agai n neas — A graph of the change

Comeore® Jiexemeied EXARAIS m A U omp.
sl ofde of the?Fr xanlaﬂ [ H E: et m% Example

fromthe anl e D
i dent i fid .

Dlmemw ef er | 86:95Ta aI e 1 Con
(‘nrrp (‘nrrp 1
d A B C D 1D f8t3hyl
Ureacl i c Olea 73.9 Jrea 35 B5 36,95 | Waias 619535 0| 36.95
waterU 60 95 8998 Proggdeng 3@536 3p. 9560Gﬂcol 6&cet ilc_25.0
PrapviEnd- 0 J0- © U. 5 V. a6, nrum 0. . . .4 36.95
Gl bgﬁorl de |JAg. Sol .} 40% Ampnium 0.2 0.2 0.2 |0.2
Acetic A 0.5 0.5 0.5 0.5
Ammonium 0.4 0.4 0.4 0.4
Fluoride Ag.
Sol. (40%)
Ammonium 0.2 0.2 0.2 0.2
Acetate
Gallic Acid 5
Cleanability | Excellent | Excellent Poor Not Poor Not
Soluble Soluble
5 = 1,3-dimethyl urea
b = 1-(2-Hydroxyethyl)-2-imidazolidinone (75% aqueous solution)
[0067] Tables 2 and 3 summarize etch rates of Examples 1 and 2, respectively.
Table 2
Formulation of Example 1
Etch Rate
Substrate | Temp. (2C) { (A/min)
Al 25 409
Cu 25 1
Coral 25 <1
Coral 35 <1
TEQS* 25 1
TEOS* 40 2
TEOS™ 25 2
10 TEOS* 40 7

* = Undoped, Undensified
= P-doped, Undensified
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Gllic Acid 5 Cleanability Excell ent Excellent Poor

Not Poor Not Soluble Soluble 5 a = 1,3-dinethyl urea
b = 1-(2-Hydroxyethyl)-2-im dazolidi none (75% aqueous
solution) [0067] Tables 2 and 3 sunmarize etch rates
of Exanples 1 and 2, respectively. Table 2

Fornul ati on of Exanple 1 Etch Rate Substrate Tenp.
QC Amin Al 25 409 Cu 25 1TaBlerdhl 25 < 1 Coral 35 <1
TECS* 25 1 TEGS| 40 FBrmalEmeoiZEiaQiEm TEQS** 40 7 =
Undoped, Undensi{ile = - doped, pPEtbrRaté|ed - 15

Tabl e 3 For mul af iSubstpéte x&megcg E{AfininRal e Substrate
Tenp. QC A/nin) [A Ab 14 25 PT 12u 2p 2 Cu 35 3
5 [0068] The compost arony of agxanpl eeil ahd 2 are

cl eani ng conposi ffronsuacqordizeg t9p the pfesent

invention wherei j diggthyl umea 1§ tha clpaning agent.
Figures 2 and 3

[0068] The compositions of Examples 1 and 2 are cleaning compositions according to
the present invention wherein dimethyl urea is the cleaning agent. Figures 2 and 3
illustrate that the compositions of Examples 1 and 2, respectively, are cleaning
compositions that are effective at removing etch and ash residue from the surface of a
semiconductor wafer. Table 2 demonstrates that the compositions of Examples 1 and 2
effectively clean without etching the metals on the substrate.

[0069] The composition of Comparative Example A is similar to that of Example 1
except for the urea derivative component. In this regard, the composition of
Comparative Example A employs a cyclic urea such as, for example, the kind disclosed
in U.S. Patent No. 6,423,480, as the cleaning agent. Figure 4 illustrates that such cyclic
ureas are ineffective at removing etch and ash residue from the surface of a
semiconductor wafer.

[0070] Comparative Examples B, C, and D compare the cleaning performance of
compositions disclosed in the U.S. patent application Publication No. 2001/0014534 (“the
534 publication”). Figure 5 shows the result of cleaning a semiconductor wafer with the
compasition of Comparative Example C, which employed urea at 35% of the
composition. A Comparison of Figure 5 with Figures 2 and 3 demonstrates that the
cleaning compositions of the present invention are more effective at removing etch and
ash residue from the surface of a semiconductor wafer. This result is consistent with the
teachings of the 534 publication, which relies on N-methyl-ethanolamine as the cleaning
agent.

[0071] The compositions of Comparative Examples B and D were prepared to analyze
the cleaning performance of urea. The composition of Comparative Example B consists
of urea, gallic acid, and water and was prepared to evaluate composition 2 at Table 1 of
the 534 publication without the cleaning agent, monoethanolamine, to see whether the
urea would clean. The composition of Comparative Example D is simitar to Exampie 2
except that the urea derivative component of Example 2 was replaced with urea. Neither
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10

illustrate that the conpositions of Exanples 1 and 2,
respectively, are cleaning conpositions that are
effective at renoving etch and ash residue fromthe
surface of a sem conductor wafer. Table 2
denonstrates that the conpositions of Exanples 1 and 2
10 effectively clean without etching the netals on the

of Clobarative ExpOTHS] B DhD aseiissevalusied ecavspal &1 Inpeomponents
wﬁ%gpéoefutﬁ%w?th%'%&h@ﬁ to that of Exanple 1 except for

urea derivative conmponent. In this regard, the

10FPAR ko oy e R B B g ehould

beRakemas mbstramngzmtmohams lirmiting thespresrnt dpyeAtion a$ gefined by the

oAy By B b0k B i Pt o apfd iy er e
festarascsen ththt aboveaén be qnmmqlntrwngwmlmg/%orgxmpqe@gntgnvqgtlon as

re t
sef BFbga it DAl LSRRy 6{ PRERBEESH ocparure from the spirt
arluizbpe at fherinvemtio,:0W ICLEE Jarigtions @re Beanded s B@ ndlusied)within the
result of cleaning a sem conduct or
5QW&?§ t‘fﬁ'ﬁlﬁ?lﬁ’b@m%GI%Eﬁcorrpos|t|on of Conparative Exanpl e
C, which enployed urea at 35% of the conposition. A
Conparison of Figure 5 with Figures 2 and 3
denonstrates that the cleaning conpositions of the
present invention are nore effective at renoving etch
and ash residue fromthe surface of a sem conductor
wafer. This result is consistent with the teachings
of the 534 publication, which relies on
N- net hyl - et hanol anmi ne as the cleaning 25 agent.
[0071] The conpositions of Conparative Exanples B and
D were prepared to analyze the cleaning perfornmance
of urea. The conposition of Conparative Exanple B
consists of urea, gallic acid, and water and was
prepared to eval uate conposition 2 at Table 1 of the
534 publication wthout the cleaning agent,
nonoet hanol am ne, to see whether the 30 urea would
cl ean. The conposition of Conparative Exanple Dis
simlar to Exanple 2 except that the urea derivative
conponent of Exanple 2 was replaced with urea. Neither
-16 | of Conparative Exanples B or D could be
eval uated because all of the conponents were not
soluble in the solution. [0072] The foregoi ng exanpl es
and description of the preferred enbodi nents shoul d
be taken as illustrating, rather than as limting the
present invention as defined by the

-17-



10

16

20

25

R, 1-di met hyl ur €

5 clainms. As will be readily appreciated, numerous
variations and conbinations of the features set forth
above can be utilized w thout departing fromthe
present invention as set forth in the clainms. Such
variations are not regarded as a departure fromthe
spirit and scope of the invention, and all such
variations are intended toChAINBc| uded within the
scope of the following clains. 10 -17 CLAIMNS 1. A
conplosi t i Abporpesitian tﬂ&ﬁgulrf@rfﬁm'owgg resifduR Eom @gyamiconductor

SR PR ARG 1T ARl CCaRTBGNS 1) T one

contmumateaf forrmula (1): R2ZR3 (1) NC Il O

wher.gi n, j neently hydrogen, C -C4
al k)ﬂ%,é}(%?;g(':,o-ﬁ%%ogﬁfz@lﬁ%?ﬂfggﬁkggu and R4 are

i ndepenfgntly C,-C4 al kyRy or Cl-C4 alkylol; 10 c) a
fluoride ion source; d) ¢ptionally a water-m scible
organic|solvent; e) opt{onally a buffering agent; and
f) optignally a corrosiop inhibitor. 15 2. The
conmposifjon of claim1 QngE the cédpound of fornul a
(1) A5 se€ ted fr the g consi sting of

1, 3-di net hyl uf ea,

1,1,3-trinethyIE ea, 1,1, 3, 3-tetranethyl urea,

1, 3- bi s(2- hydroxyet hyl) urea, 1-nethyl,
3- (2- hydroxypropyl) urea, and m xtures thereof. 20 3.
The conposition*bf claim2 wherein the conpound of
for o ) is selected fromthe group consisting of
1, 1-dimethylurea and 1, 3-

R, and Rs are independently hydrogen, C,-C, alkyl, or C,-C, alkylol; and

R. and R, are independently C,-C, alkyl, or C,-C, alkylol;
¢) a fluoride ion source;

d) optionally a water-miscible organic solvent;

e) optionally a buffering agent; and

f) optionally a corrosion inhibitor.

2. The composition of claim 1 wherein the compound of formula (1) is
selected from the group consisting of 1,1-dimethylurea, 1,3-dimethylurea,
1,1,3-trimethylurea, 1,1,3,3-tetramethylurea, 1,3-bis(2-hydroxyethyl) urea,
1-methyl, 3-(2-hydroxypropyl) urea, and mixtures thereof.

3. The composition of claim 2 wherein the compound of formula (1) is
selected from the group consisting of 1,1-dimethylurea and 1,3-
dimethylurea.

4. The composition of claim 1 wherein the fluoride ion source is selected
from the group consisting of hydroftuoric acid, tetramethylammonium
fluoride, tetrabutylammonium fluoride, fluoroborates, fluoroboric acid,
aluminum hexafluoride, methylamine hydrofluoride, ethylamine
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di met hyl urea. 4. The conposition of claim1l wherein

the fluoride ion source is selected 25 fromthe group
consi sting of hydrofluoric acid, tetranethylammoni um
fluoride, tetrabutyl amonium fluoride, fluoroborates,
fluoroboric acid, alum num hexafluoride, nethylam ne
hydrof | uori de, ethylam ne -18 hydrofl uoride, _ )
pr opy| anihgerdfiydridsf, propyladenehytirefiudriderand @ fiugrigde salt ghan aliphatic

al i phatic . prinar t [ ' i
he't or mirARs NPraahESABREY aineBhingdhd (RFLBCRIRILIF,
r epr esentwhgnelih A dRadnd/RHeach rep(estriindividlai H ogadGpCamalkyl
5. The conposition of claim4 wherein the fluoride ion

source | $"%fhoni um fluoride. 6. The conposition of
claiml including a water-m sci bl e organic solvent 10

which is _selected fromthe, grou i Sk f : :

propy| end N§I§PaMoSItion ang@gb?/%@ﬁg&@ﬁ&gyoﬁ%ﬁyﬁu&%ggﬁ monium

1, 4- but angdti@d., propyl ene glycol propyl ether,

di et hyl ene gycol n-butyl ether, hexyl oxypropyl am ne,

pol y(oxyet hyl ene) di am ne, tetrahydrofurfuryl alcohol,

and g1 xt UrHescdnftisrioh of dainY 1 indhelirpapatirinissibleforgdrad solgent

wherein the water-m scible org‘gni c.ﬁs{ol v?nt IWhi %p cic:rc'

pr opy| endVHieR Sselected tam e JrBER FeRFINg ©T RIoRYIRNG 9'ycol

ignclTEdi nQri@obyltéﬁ@Qiy&? nRgiRY! totten 4 ibkitan@dial, pddpytane. ghgl propyl
: e conpositio

agent whigercHiRRY Fegggyg‘l?;{%ié?rpl‘ré eé'l?ﬂr}gll’é&l?r’]‘%ﬁ%ﬂaﬁﬂ%r '

acet at e. pbiy(oxdethyRmedignineprtrahydrbfarfaryl aicol! uatidrgixures thereof.

corrosion inhibitor selected from 25 the group
consi sting of aromatic hydroxyl conpounds, acetylenic

al cghol s, TheCatnisdsition @F Blkin 6 Whefdim tHrowate gmiscible organicrsdtvent
and anhydri des t hereof, ﬁrlazole conpounds, and

mi xt ur es WHeh Baropyiene oRol-conposi tion of claim 10
wherein the corrosion inhibitor is selected 30 from

t he@gr oup, consi Su _ng o?f caﬁ ?n%tl]u%ﬁg 59 gtl.lgfér%gaa%iegf comprising a

pyr &gal | oihe CRmROspN of claim
diacid.
8. The compasition of claim 1, including a buffering agent which comprises

acetic acid and ammonium acetate.

10.  The composition of claim 1 including a corrosion inhibitor selected from
the group consisting of aromatic hydroxyl compounds, acetylenic alcohols,
carboxyl group containing organic compounds and anhydrides thereof,
triazole compounds, and mixtures thereof.

11. The composition of claim 10 wherein the corrosion inhibitor is selected
from the group consisting of catechol, gallic acid, pyrogallol, 4-methyl

catechof fumaric acid, diethylhydroxylamine, and mixtures thereof.

12. A cleaning composition useful for removing residue from a semiconductor
substrate comprising:
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catechol fumaric acid, diethylhydroxylam ne, and

m xtures thereof. 12. A cl eaning conposition useful

for renoving residue froma sem conductor substrate

conprising: -19 a) from about 10.0% by w. to about

90. 0% by wt. of water; b) fromabout 2.0% by w. to

about 75.0% by w. of a conpound of formula (1): R2

R3 | C \a)(irpm aront 10% by \@. teakps P8i0Fe bWt DAWaLES: ar e

i ndependegt 1090 by Gt~ ¢4 BmpOuAk of
L i RALPE80: b %?%d?gs.ogby% dPa QoA

and R2 are rndependen , - C4 al kyl,

fomhg kil ; c) fromabout 0.1% by w. to about 5.0% by

wt. of fluoride ion sogyrce; d) optionally from about
10. 0% bf2wt. to about 75,8% by wt. of at |east one 10
wat er - mfsci bl e organic s¢lvent; e) optionally from

about 0J2% by wt. to aboyit 30.0% by w. of a buffering
agent; land f) optionall¥ from about (§. 01 % by w. to

about 8N8%% by wt. of ion inhi'bitor. 15 13.
ggéilt\lon. S

conp ¢l aim 12 wh&gei n the conpound of
formula (1) is el ected fromthe group consisting of
1, 1-di methylure 1, 3-di met hyl ur ea,
1,1,3-tinmethylunea, 1,1, 3, 3-tetranethyl urea,
1, 3-bi s(2-hydroxyethyl) urea, and 1-nethyl,
3-(2-hydroxypropyl) urea. 20 14. The conposition of
cl aiwhdrdinnher ei n t he conpound of formula (1) is

R, and R; are independently hydrogen, C,-C, alkyl, or C-C, alkylol; and

R. and R, are independently C,-C, alkyl, or C;-C, alkylol;

¢) from about 0.1% by wt. to about 5.0% by wt. of a fluoride ion source;

d) optionally from about 10.0% by wt. to about 75.0% by wt. of at least one
water-miscible organic solvent;

e) optionally from about 0.2% by wt. to about 30.0% by wt. of a buffering agent;
and

f) optionally from about 0.01% by wt. to about 5.0% by wt. of a corrosion
inhibitor.

13.  The composition of claim 12 wherein the compound of formula (I) is
selected from the group consisting of 1,1-dimethylurea, 1,3-dimethylurea,
1,1,3-trimethylurea, 1,1,3,3-tetramethylurea, 1,3-bis(2-hydroxyethyl) urea,
and 1-methyl, 3-(2-hydroxypropyl) urea.

14, The composition of claim 13 wherein the compound of formula (1) is
selected from the group consisting of 1,1-dimethylurea and 1,3-
dimethylurea.

15.  The composition of claim 12 wherein the fluoride ion source is selected
from the group consisting of hydrofluoric acid, tetramethylammonium
fluoride, tetrabutylammonium fluoride, fluoroborates, fluoroboric acid,
aluminum hexafluoride, methylamine hydrofluoride, ethylamine
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selected fromthe group consisting of 1, 1

-dinmethylurea and 1, 3- dinethylurea. 25 15. The

conmposition of claim12 wherein the fluoride ion

source is selected fromthe group consisting of

hydrof luoric acid, tetranethylamonium fluoride,

tetrabutyl ammoni um fl uori de, fluoroborates, . ,
f | uor oborthydraftiodde, prbpyidminmhydsoditorider anfia flyasideysalief A aliphatic

hydr of | uor i ' 5 ; [

propyl am é’gﬁﬁ%g&g ?‘ﬁ%g]'°3§e”é£ng agr¥ &T( ﬁ%‘b%@eggﬁm%ﬁ 5’5'1%“5’“7':’
al i phat i cwhereinnRy; R, asd b redaln individuady tepsesent i ata (arGahglkyl
the forrmul a REN(R6) R7F, wherein R5, Re and R7 each

i ndi vi dua9rp§)p'represent Hor a (Cl-C4) alkyl group. 5

16. The conposition of claim15 wherein the fluoride

or "o T o SRR By kB SR rmoniom

10 sel ectffubrideom t he group consi sting of propyl ene
gl ycol, tripropylene glycol nethyl ether,
1, 4- but anedi ol , propyl ene glycol propyl ether,

di et W/ enthe gumpdsitiontoficidim dRheoiuditig 2 Watenrpisciblel crganie solvent
rfur

ol y(oxyet hyl enge) di,am_ne t et r ahydr of | . gl.cohql
Pod” i ! (e EBIRE ot cen Skl W ting Gl AiiBEke aiveol
17 V\,hler ei mefH?Beflmﬁ, erémtﬁnédkbl,epmpgm glyecfn Ipvclm_l eihig diethylene

ro ene C . e conpos|ti.on of cla I
ok vl ngRolBh Phgr. REMESBRRM e soyxBlrglheciamine,

di aci d. 2etrafydrdtafuybalpetsol tandminfured thiersol.2, i ncl udi ng
a buffering agent conprising acetic acid and amoni um
acetate. 21. The conposition of claim 12 including a

Cor r1igsi onmhentirmpdsitions? lcRiirh ad vilieesh thtbwitesmiscibM organic solvent is
consi stin aromati ¢ hydroxyl conpounds, acetylenic

of
al cohol s,ProRYeRRAYEO!yr oup cont ai ni ng or gani ¢ compounds
and anhydri des thereof, triazole conpounds, and

m xtures fhereof. 22. The m0Sj.ti o f.claim?2l ..
el o i Eimasitfoniot Fitm 2 iuding Buleringpdent comprising an

organic diacid.

20.  The compasition of claim 12, including a buffering agent comprising acetic
acid and ammonium acetate.

21, The composition of claim 12 including a corrosion inhibitor selected from
the group consisting of aromatic hydroxyl compounds, acetylenic alcohols,
carboxy! group containing organic compounds and anhydrides thereof,
triazole compounds, and mixtures thereof.

22, The composition of claim 21 wherein the corrosion inhibitor is selected
from the group consisting of catechol, gallic acid, pyrogaliol, 4-methyl

catechol fumaric acid, diethylhydroxylamine, and mixtures thereof..

23.  The composition of claim 12 consisting essentially of;
a) from about 18.0% by wt. to about 90.0% by wt. of water;
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30 fromthe group consisting of catechol, gallic acid,
pyrogal lol, 4-nmethyl catechol fumaric acid,

di et hyl hydroxyl am ne, and m xtures thereof.. 23. The
conmposition of claim 12 consisting essentially of: a)
fromabout 18.0% by w. to about 90.0% by w. of

water; -21 b) from about 5.0% to ab 67. O%
by wt. oft)tiremebapdudth Ryt WW}/ﬁ?pr/‘) by wi. 0? ﬁlﬁﬁ

fo,PnU']a/%Py wt to about 2.5%by wt. of a fluori de |on

10

15

fromabout 0.5% b .. Lo about /g/

wt. of aQ)ufrﬂ@ranlt @dé(ﬂWWSt%ﬁ@‘éﬁh"’@%"ﬁb‘?flﬁ“@“@id Mpypurce;
W. to apgu ahéu S\t 2RoR By Wil thiMering agent;
24. The (k:bgnggétl OEMO?‘ ¥§|§rtn§3§ wher ei nyt he conpoun%l o
of formula @ is selected fromthe group consisting
of 1,1-di L3y ol TR Sof a’GorrobidR inhibitor.
conposi t| Ergﬁéq%%%gg %\r}% ﬁ?gédr{?fgl%lbzfa cherraotl ng
agent. 26. The conposn tion of cI aim 12 consi sting
ess tial ) - ftd.',)m@ tis

%} We cggr?po]sﬁoﬁ of cLa?H?Q %ﬁwteo%éngibu 0 Qom
about 67 s@lectad from thd group COWMQ! 1ot dlﬂfeé'ﬂ)ﬂlﬂrﬁa ao¢)1 3-c)
from abOLg Qh&lﬁ’f@é’ wt. to about 2.5% by wt. of a
fluoride 1on source; d) fromabout 5.0%by w. to
about 67.0% by w. of at |east one water- 20 m scible
org i C

by e StposTbnide SFIrR a8 frtfer éhBng'y preidhibaihr,

O 01 % by w. to about 2.5%by wt. of a corrosion
i nhify tor L L: j 6 further
i ncl™udi ngThae %’r?ne%) twﬁ%?g%@ﬁﬁ@%h@#&&g%sts EJ&@"PO? renovi ng
resi due fajofrora abobist2.0%dy wihto ateuhdsl0%obypwi. of watert he

oo A OAABPILIRS SUREE B B e ey

formulafiput 90. 0% by wt. of water; b) from about 2.0% by

20

25

30

O

W to abc‘?u$ror7nsa0@o%¥0.‘q/‘% b;?flvt.?o 8868%%% b9fmf&rﬂUo?ide ion source;
d) from about 5.0% by wt. to about 67.0% by wt. of at least one water-
miscible organic solvent;
e) from about 0.5% by wt. to about 28.0% by wt. of a buffering agent;
and
f) from about 0.01% by wt. to about 2.5% by wt. of a corrosion inhibitor.

27. The composition of claim 26 further including a chelating agent.

28. A method for removing residue from a substrate, the method comprising
the steps of:
contacting the substrate with a cleaning composition comprising:
a) from about 10.0% by wt. to about 90.0% by wt. of water;
b) from about 2.0% by wt. to about 75% by wt. of a compound of formula
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R,fhe nethod of TCai m 28 wherein

(1): -22 R RB RO\ (I) R4 11 O wherein, R and R3
are i ndependently hydrogen, Cl1-C4 alkyl, or C1L-C4
al kylol; and R2 and R4 are independently Cl-C4 al kyl,
or C,-C4 alkylol; 5 c) fromabout 0.1% by w. to about
5.0% by wt. of a fluoride ion source; d) optionally
fromabout 10.0% by wt. to about 75.0% by wt. of at

| east ppe water-m sciblR, organi c solvent; e)
optionajTy from about 0.2% by w. to about 30.0% by
wt . of buffering agenf; and 10 f) optionally from
about 0§01 % by w. to apout 5.0% by w. of a

corrosipn i nhi bitor; riNgsi ng the cl dani ng conposition

r e trate; d Er\]xnﬁ the substrate. 15 29.

the substrate is a

sem conduct or ubstrate. 30. The nethod of claim 29
wherein the co und of forrmula (I) is selected from
the group consi sking of 1, 1-dinethylurea,

1,3-dinethylure® 1,1,3- 20 trimethylurea,

1,1,3,3-tetranet hyl urea, 1, 3-bis(2-hydroxyethyl) urea,

and 1- rré'fe}?ﬁf?',n’ 3-(2- hydroxypropyl ) urea. 31. The

met hod ofRcArad Ay afs Iwdeperidentiybydrogen h<C ik, ari@itGy glkyfol; and
Is sel ected omth ro cansj St f )

1% 1561 et e i e B AL Br Gy st

met hod ofc)cliRinmaBAUNITEY dywit foeabioliti®.0%disy whof a dluoride ioe source;
sel A gf{)go@,ﬁiﬂ%@ S oot A0 byt 8 abOU ¥ 0 13 Wt of at least
t et rabut yl agn® watePrhibeibieioiganid Solegrapor at es,
fluoroboric acid '

e) optionally %rl#gb%ﬂ%z% by wt. to about 30.0% by wt. of a buffering
agent; and

f) optionally from about 0.01% by wt. to about 5.0% by wt. of a corrosion
inhibitor;

rinsing the cleaning composition from the substrate; and

drying the substrate.

29, The method of claim 28 wherein the substrate is a semiconductor
substrate.

30. The method of claim 29 wherein the compound of formula (1) is selected
from the group consisting of 1,1-dimethylurea, 1,3-dimethylurea, 1,1,3-
trimethylurea, 1,1,3,3-tetramethylurea, 1,3-bis(2-hydroxyethy!) urea, and
1-methyl, 3-(2-hydroxypropyl) urea.

31.  The methed of claim 29 wherein the compound of formula (1) is selected
from the group consisting of 1,1-dimethylurea and 1,3-dimethylurea.

32.  The method of claim 29 wherein the fiuoride ion source is selected from
the group consisting of hydrofiucric acid, tetramethylammonium fluoride,
tetrabutylammonium fluoride, fluoroborates, fluoroboric acid, aluminum
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-23 hexafluoride, nethylam ne hydrofl uoride,

et hyl am ne hydrofl uoride, propylam ne hydrofluoride
and a fluoride salt of an aliphatic primary,

secondary or tertiary am ne having the formula

R5N(R6) R, F, wherein R5, R6 and R7 individually
represent Hor a (C -C4) alkyl group. 5 33. The nethod
of cl ai mheRafieidei methiyanfinaibydroffuaride, etbylamine; hydrofluoride,

anmmoni umo Saidhind Sy dtbaudiifs ARt Gk RE <alt3f i BRndRe Rirary,

t he conp In es a er m sci bl e org ‘
sol vent secendary of tediary Amingrimyingdbe rgwianidsNiRs) R;F, wherein Rs,

I I | L I I her,
D bt anedtey 5 e B Gh 8 TG CT e e’
di et hyl ene gycol n-butyl ether, hexyl oxypropyl am ne,

I hyl di ami {r . l. .
B it e Eia o a2 whEleh Bl o sLycd i A5ffonium
wher ei n tfluerid@t er - m sci bl e organi ¢ solvent is
propyl ene glycol. 36. The nmethod of claim?29 wherein

the conposition includes a buffering agent conprising
an @4ganiThednatbiod of 28in8Z9 whbeimbielvochpasitioh aichad2d a water-

wherein the . osi.tign includes a huffering . n

Conpr 1 o1 sabBrgait Vet delerieiiretn i crpla GohsisAGH propyiene
met hod ofglﬁgﬂitmrﬁﬁylmgmm lntdwwl gn}ﬁnoﬁl-bgtanedim; bropytena glycol
corrosi on nhi bitar sel ect romthe grou :

cons: st | RioBR el sehiens Byl vt bR SoR Garuip.

al cohol s,pohdtyemylengidiaminepiatrahydrofarforydalootwol, arawixtures thereof.
and anhydri des thereof, triazole conpounds, and

m xtures thereof. 30 39. The nethod of claim 36

wherggi n tihe methodsf claim B4ivhedein thewaa@tmaistioRk drgamt sbivent is
group consi s(iejcr}r)?g of catechol, gallic acid, pyrogallol,
4- et hy| PERYRNEAYCY-unari ¢ acid, diethyl hydr oxyl ani ne,
and m xtures thereof. 40. The nethod of claim29

wher.ei n € COo sjtion_copsists essentjally of: -24.
o BBom JGITINRS b 28 whetsmBe comensiioy Bpudes agufiering

wat er;  agent comprising an organic diacid.

37.  The method of claim 29, wherein the composition includes a buffering
agent comprising acetic acid and ammonium acetate.

38. The method of claim 29 wherein the composition includes a corrosion
inhibitor selected from the group consisting of aromatic hydroxyl
compounds, acetylenic alcohols, carboxyl group containing organic
compounds and anhydrides thereof, triazole compounds, and mixtures
thereof.

39.  The method of claim 36 wherein the corrosion inhibitor is selected from
the group consisting of catechol, gallic acid, pyrogallol, 4-methyl catechol

fumaric acid, diethylhydroxylamine, and mixtures thereof.

40.  The method of claim 29 wherein the composition consists essentially of:
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b) from about 5.0% by wt. to about 67.0%by wt. of the
conpound of formula (1); f) fromabout 0.1% by w. to
about 2.5%by wt. of a fluoride ion source; 5 g) from
about 0.5% by wt. to about 28.0% by wt. of a buffering
agent; and h) from about 0.01% by w. to about 2.5%
by wt. of a corrosion inhibitor. 41. The nethod of

cl ai m 40 ahéom abouha8.6%npouh to about SPATk by M. )of water;

171 i et B Mol 88B 40767 HP (G BRSHT7 R0 63 of e compound o

foofiulal(lxi m 29 consisting essentially of: a) from about

12. 0% by : t.o % § E(Wh? ; :
about 5. Oe% 6@9Wmf988§1a%§&9v(£%8%%§/gﬁ 0 Biﬁgﬁorfdeqa?! Souree;
conmpound gf frobbabautBA% by Wt to@bofit 2h0%Hyuwt. of a buffgringragent;
to about 2.5%by w. of a fluoride ion source; d)

from about E?.ng% by wt. to about 67.0% by wt. of at

| east onehwdtoan abant £ 196 by ert.gamboutshbbdaytwt. efja Eoroesion inhibitor.
about 0.5% by wt. to about 28.0%by w. of a buffering
agent; 20 and f) from about 0.01% by wt. to about

2. 5%hy Wrhe nfettodosirctaieid@rwhiendin theé compout@l. of Tdrenutee{i hie delected

oL St e i Db g DB Ao urd {Limiryren
1,1-di nethylurea and 1, 3-di nethylurea. 25 -25
42.  The method of claim 29 consisting essentially of:
a) from about 12.0% by wt. to about 25.0% by wt. of water;
b) from about 5.0% by wt. to about 67.0% by wt. of the compound of

formula (l);

¢) from about 0.1% by wt. {0 about 2.5% by wt. of a fluoride ion source;

d) from about 5.0% by wi. to about 67.0% by wt. of at least one water-
miscible organic solvent;

e) from about 0.5% by wt. to about 28.0% by wt. of a buffering agent;
and

f) from about 0.01% by wt. to about 2.5% by wt. of a corrosion inhibitor.

43. The method of claim 42 wherein the compound of formula (1) is selected
from the group consisting of 1,1-dimethylurea and 1,3-dimethylurea.
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