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TI TLE OF THE | NVENTI ON: COVPOSI TI ON FOR REMOVAL OF

RESI DUE COVPRI SI NG CATI ONI C SALTS AND METHODS USI NG

SAME CROSS- REFERENCE TO RELATED APPL1 CATI ONS [ 0001]

This application clainms the benefit of priority under

35 US.C 119(e) to earlier filed U S. provisional

patent application Serial No. 60/693,205, filed on

June 23, 2005, the disclosure of which is

i ncorporated herein by reference in its entirety. ~..

5 BACKGROUND OF THE | NVENTI ON [ 0002] The present

i nvention provides cleaning conpositions that can be

used for a variety OfTLEQFiTEHE INMENTION: udi ng, for

exanpl e, renoving unwanted resist filnms, post-etch,

BARP QAT IPNFROR REM@EAD OF RESHUESDMRRIGINGICATIONIC SALTS AND
substrate. |In parti cuMBTHOD® USINGEAMEOD i nventi on

provi des cleaning conpositions that conprise a salt

selected froma guanidiniumsalt, an acetam di ni um

salt, a for GRAISRENERENCE TOREMTED APPLIGRTIONS as a

cl eani ng agent. [0003] The background of the present

[06Vd ntThimapslicatianeclaios dhne benefit of prioniteundes 35 W. $4ﬁ3 i§t K19(e) to eartier

I f e
45 AT BT o I a0 A0 O A s,
teodisclesure o whichligingsmpotsted h@emwsrefﬁremqwe is eoliretyas
wi der applicability. [0004] In the manufacture of

integrated circuits, it is sonmetimes necessary to etch
openi ngs or other geonetries in a thin filmdeposited
or grown on the EKERYNIZ QR Bdn INVIBMTIANIM ar seni de,
| ass, or other substrate |located on an in-process
[ Qﬂ?éng@lGéXﬂe!iﬁni wentionpiedes eeaniegeompasitinns thatcas benisag for a

oﬁa;}ﬁlﬂcﬁﬁ rthﬁlucﬁn%t?&teia 14, 'rérﬂb@ EPRANEE rés‘?stﬂ%rgﬁo post-etch,

etc t to renove |ons of the
BHI%J pod pﬁ:aitasarreanwm@ sa@mndmferdsubstbatﬁe froRartiear, the present

w?x%ﬁﬁérpﬂg)wtﬂés bBS&nihy c?h&gg%g%stgé‘tp@?r{ﬂn@.@ ]a'l%it‘ééfécféfd e =

e case 0 exa
geamtinign sajean aselpntidinibindsadf & nfmmamldamum salltnamdwmlwgé thereof as a

icon film it will typically be hydrofluoric
C%@P@B()aéagl m xture of nitric acid and acetic acid. 25

5
(AP Imb BB 8 135 Bt ARG G R PR Ao win s
upg inueleaning appiiagfionatinvolving tbatmanufaqtme af ttagpated cirewitsf tleghould be

ﬁ@?fgf&o%e w% tﬁaﬁ the @&S&qflé skﬁt |ﬁ\%€ﬁ1h§Hh£9&f‘d ?fap{)IE:%blllty

serves to |d areas o
AT, o A5 6L, LRt
opg¢njhgs @eqimrtgewmemmsen adhin &ijm deprsited phgrown-qar the sgdace of silicon,
gélﬂﬁrﬂ%rréén?d%, ﬁiagg,%rtother substrate located on an in-process integrated circuit
wafer. Present methods for etching such a film require that the film be exposed to a
chemical etching agent to remove portions of the film. The particular etching agent used
to remove the portions of the film depends upon the nature of the film. In the case of an
oxide film, for example, the etching agent may be hydrofluoric acid. in the case of a
polysilicon film, it will typically be hydrofluoric acid or a mixture of nitric acid and acetic

acid.

[0005] In order to assure that only desired portions of the film are removed, a

photolithography process is used, through which a pattern in a computer drafted photo
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wafer in a thin filmand exposed to high intensity

radi ati on projected through the photo 5 mask. The

exposed or unexposed photoresist material, depending

on its conposition, is typically dissolved with

devel opers, leaving a pattern which allows etching to

take place in the selected areas, while preventing
dbshisnensferedhe theasuese oPB@ifiirhy Thé yrmkrsemes tt6 idehbify the areas of

I h t
GRS whict 416 T BF FrledieRamoteds Y55 balalp Bl itz ghotoresis
mherfiak Walvhng atightgedsitivé latdriad opomn otitashe Jhnﬁmd%emtegrated circuit

iRl AR 4 s oSSl sALBe s eger Dty he photo

bsk. THLexpos6® Bhinrtdxp6sdEshdibriekist @atrial Meperiting on its composition, is

overco u | s as OCJated W

i & dsoeciwift Sayefonat; FeRgnd S RRBIWhER elens,gicbig to take place
|b@ie?§léle&b@ aﬂfaﬁ \{ofﬁu’dxzrebémlngbw@ matheatralteasr e—‘vdsﬂmbuy@ resists, for
coatl n ot Ol | IS .a Sli I approa

PR, Dave Rebn BrEnial Sreicas meSiia Melina deiheats patiéims on a
dubbirgtetthatnwhén bicBiRl octws) Will BBLYME Slak edriches,optdct RbIes, etc.

Two 15 del eterious effects of back reflect|V|ty are

[0006] fTHeWerd towhrIsans miradrizatiohest tevRon@iaidr cnglces B fead to the
n Crlt ca

fil terferenc sults i.n change

dsb it sHE Va0 5y cOae TS dsropried with such

rhlﬁfaﬂlrlzbtugmudhrﬁseﬂﬁle&&m{)lé thoee hSﬁzUS:{e}ld‘w | '{'he-?lﬁsd Sfehighly absorbing
resi.s ari ati on

AniERa e ORI MR AR P D rRIMEa] AeprPaRh 15 st

prétRes aip resmustonbsadn r@ﬂéﬁﬂéﬁ &f fgm fiofd ﬁlQIﬁI%éffé@Wéjﬁdbstrates Two
cont r ol defi ne S 2el11D

a
Bl et srigis g b@%ﬁ?e@w&?m\;ﬁw IRinteHie P pid JEABFiNG notching

TheshilgtihfetBrenea reduits &1 ém.ges libcrituéaltnhewrdef dj.ﬁféhbréhé ¥ausd by
the resist/substrate interf ais the res

vefiRtiopgIin Hiedaiahlight intensity in @Ieé?ﬁ'St film @Slﬁh‘? g"qkﬁﬁss ?f thgresist
ch ngTéén thlbw&?ﬂwe\ﬁi@tﬁ @ ppopdrticRA tedb | 'sWﬁmgCrQﬂé l(S‘)Qa?nd therefore

functio ﬁ absorbi ng the radjatio used

"éé?bgg I"H@'"t’%‘é’ fﬁh'?ﬁt'@f Revdgth qOHHgI ri0g ratig 'PSEfﬂWGI QSMB J{ )26,

unneﬁng RGhé Reficetvity Gt Eridt leSist/ail6r rBsil/@p lcoMEinleAhEd)iF)ds the reflectivity
cones severe asS the hotoreS|st IS atterned over

a&hhﬁé' ??'é‘t’%@sgfé‘ﬁt"ﬁﬁﬁﬁ‘??g Gt'%H@g'P%IE’rﬁ’FE'&?' abeawpegoefaﬂe%and Dis the
fime Hidk@esd i ght t hrough t he phot oresist film | eading
to linewwdth variations, and in the extrene case,

[tiomln mttbmgmrraﬂaunw céétm@b @@H@;f@buod B\PSbsorbify tH aMiation
yed top anti-reflective coatings reduce the swn

UF?R fos ewosa'&j@s.memﬁeﬂst e rRUERg %@@P.t?@emgedyﬁl@g the swing ratio.

ReR&tBInothingasechfles ls8dra gk 'tN@phCﬂ&@élSﬁl@ Cﬂ)a&@ﬁn@& @J%%b%@ates
characteristics, such as absor |n%vvave eng

coHaBINgG; teRograpitieR features catishggajter lig .tfgrowftwﬁrp@omr%eé@n leading

t@lﬁﬁa@uﬁﬁ vafiftion8 XaHiih the Bt@RFBCRLCRIMB re§|8ﬁ§\tvltl¥ BormpPRte resist
n mlling is used to aftack

et
'Oﬁﬁgﬁﬁlgﬁvgéxe{s’ﬁma a%&f@eﬂvgrf@at'@ss redyes &‘GM%WO {0y redicing Re,

whBR trk 8atirlg f%?s%@%ptnrﬁ@l%%& f&?‘?lef?&ctuv@'ilﬁex ana aBshipash t
plasma -2 etching &nocess hot or esi st ,

of the
C'@reﬁpﬁﬂcgawcaﬁ a@ﬁe@w\w& oth anglinfensiiict s ar e
osited . as residues around or on_the sidewall of
[qq?}g] ei@ﬁ‘é&?"@b’e ﬁ.%g%tctmgtprf&eéﬁ 4G} 3. for example, plasma etching,

reactive ion etching, or ion milling is used to attack the photoresist-unprotected area of
the substrate to form the vias, trenches, contact holes, etc.. As a result of the plasma

-2.-




[ 0009] Such dry etching processes also typically

render the resist nmask extrenely difficult to renove.

For exanple, in conplex sen conductor devices such as
advanced 5 DRAMS and | ogic devices with nultiple

| ayers of back end lines of interconnect wring,

reactive ion etching (RIE) is used to produce vias

dtthing pioce s photoesdisiyetching gasand eichedmatarial byteradontsce deposited

ARG BRind BB v s %‘h@%@@eﬁ‘a@ s Fbplas
[gﬁ)sﬂ e%l.éch %Ah:ﬁlgmg p@%ersgéiglgp ,t\)llél,lc I%IE }h%' rjeéigf)rﬂag{ eﬂremely

diffiogstoaamoté.t Bor exanple, Gmb:ahplex iera:cahwqmrataerk:gs lseelvas advanced

A8 A5 B Y L 15T B4 R oot wt,

reaetwp ldrt etckidg ORIE)és nsetdeto ipadduce glag itienouigh thet interlayer dielectric to

5004 BTN G AL O BE BB ndfe o
wiiot. t Trossel Vias, typiohllyoadpose, tAleAICar Gu ik Tibin Taf TaMesilieor i agilicide

S;hﬁ g?'ef%’F W@%%%@%@%&f t& genet |&%%FEA\R§oboarlt %@%E bprocess leaves a

residuy enl tHer involvelbsublsratercotreisiad acooamplef mixhee Wadt enaysiociude, for

et?(ﬁfantgl t E&]esf egé:%‘f{’)’lﬂ‘gﬁl’ ﬁ%heg%l pﬁﬁlg%pg%}g%r@? gé ke% f%r@{f]ﬁepetgh gas, and
driemicisateibl ornitisdiesisp Lsethte detihéatg thegdaes . Th| s

typically occurs at high tenperatures, for exanple,
[abt0]e AMdRGnalls fidllogingdthe vermirsation sf thefetdhirg steg.ahe photoresist

(AR ol LR A oS B P2 il 88 B o
tlﬁfﬁnoﬁbmed %rréa ohtHeywafenso that thetfinalfinjshing G@rative canrtalecace. This
of .the su i NSi

Bh e S BB st ARsmalaging'Buer By 18 B of SulRbye'HBSna ashing

gaBes t This Q@lcany:‘oc&msfeft mgtem{rméramuels far ekampibmj:ovg 200°C. Ashing
t n M M .

SRV L LIRS uRT bsidued 1 fig0e SBadSs, Byhleg MR feting gn the

suBstralela prédominanity mrbsmc pdsidueliSugh mglmeslyphally remains not only on

1 FiEioe o1 HIRAPEERS. BB drGe R wglt of s 5l gy Be present. As

rswtsawtré@g@ eu@uﬂdtes'rge olftbne tm?kaIW|mlafctearltlmg/cdsrapoﬁimayﬂaauy
ro e al l ure cO et.ely. e e 0 .
rBleited i 58 o diing comBietians e temaxe e gk BRlgeRlissidue from
theliﬁsdt{}.ﬁafe! lfFGMIuﬁg | smltdbléléleamdg umdsasuﬁomkfbemmmeasms régidue without
elecirica resi st anc r t str
aeﬁ?fa%g.a?f%tﬁg ﬁ&vé’orrﬁg'f‘%u‘{é o o, éi&*ﬁﬂﬁa‘r@ "a%{?f @Fﬁa@ﬁ.f‘és also
pmuehwmthergaﬁd CFd)Iaﬁeﬁfcé ca)hrpldwy PEMOR Mtﬂe@ﬁéllztehaf residieadan result in
an a enzenesu oni.c ac mal N Str
ABIERESS B0 St 8 ndreiratls itetes Jo oAl fesistance.
G B0 PSP B iR RO i
a8idriaeed REippGIRRRItbhOthat Esntain eﬁlmdyhlgartzbaeaﬂfchncmld as the main
om s

resj due suffer ver, cant ra cks, .
SkbprgyampeRer ae 1) Gnicaieoas & HHasifg soufors ha CShtain an
aﬂﬁrﬁwm asnnbﬂftﬁetmu ahe ABfthy maiatigsng cc&n[)@ﬂahﬁ] Such prior art

her ef or e, S a.ne cl eanin

sglgﬁwgsqompgﬁmpl& %Bmov%tﬁe eitchlng resﬁue sui?er OWeVer, r}rorrgsigniﬁcant

drawbacks. For example, their use tends to erode copper wire exposed on the bottoms

of via holes.
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cl eani ng operations including stripping photoresist

and plasma ash residues that is capable of

sel ectively renoving such residues w thout etching the
underlying and exposed substrate. The underlying and
exposed substrate includes, for exanple, 5 netals,

hi gh dielectric constant materials (referred to herein
[0812]hi THeréfode, treré iscmneedsinlthe ad for ansiednimg compoditiondbr back-end

e R e e S T
crglppblzidf %eleotiuearmfe_mlOHSQ Sbb“é g%@@%#und@;ing and
ac [ n [ .

quﬁ%s S rg{?a _hewﬁ%ﬁ:@@ gkﬁ,q‘ xample,
}&@EShigﬁﬁhEI&‘{mcmjstQMmatﬁrw (o=fexiedh tor legrainies “biabmlai@), gilicdn, silicide
Bt el oL B i g5y s St e s roterec
tﬁhélﬁeéﬂ ad ‘]ilow-rkb)/, such ésmp@at ; itéq:?xiMSe His&l fiIm:g:iMﬁQt)fdimsstgfilms, black
g ro subst r.at e. ' in 0 an
‘ﬁﬁ"&%ﬁ@a %rﬁ %H?eﬁglpgﬁc’)sﬂfc\gﬁﬁ ﬁ%{’éﬂ&iﬁ:. C, gand/ or ’

high-k dielectric materials that m ght also 15 be

exposed to the conposition. In certain enbodi nents,

h L . . Vel
e comosit 1o MR SORRECR EMVERTRR LveLY
(P e B SBRB b el b0 ARGt g rosides
socke _ag,rfbr é);amme,i pmmqge?stggmrsfila Béﬂ(t:imm/mrj ajherfpmlyrmeu‘imm:aﬁegal, and/or
i ues,.froma subs :
A Rl GO TP BRI By TR SR BRAH Wy
undesideal ekterit uatal plotv-k dieleotrinpariddoriighvk dielectricanaterials that ewght also
oA oS bthoRd, IR A e e e Bl decoec
heredre maly eﬂactmelyﬂ"emwe BMRC mesfdues from aah:b_sﬂ'iatee:/lpbrptrb\ddieg minimal
ther venti on

0015] .1 t, th

chBVP%@stﬂg%ggw&q @?@ﬁ%&?f’tt’?@%@@?’i§Q5°P'8€‘%- dues from a
(G548 15 SR 280 DRs N arel bR BictisRE a B EBR Ly Pt
rfsicgmrf:rc(ﬂj@h a!sumtmdla,tthe amgpm_ﬁcmﬁoﬂinpnisimm aa?it selected from a

. . t the - : !
o AR PR i, SR i oo
mtdtmb (| arﬁdwq:)tmmt;oat ( Ji/vbiem Bclaiubieforgx?li@éolm&,ngaidmftha&?mﬁ composition is

rasive parti s. ln_ certain enbodi nents, e
fr%Sﬁ’EBQPf"P%ﬁr ?rﬁfFﬁ@e L GRIFSIVEPEMUAES) cast one sel ect ed
h | 1 owi ng: t ' .
(0RT, e G o AR R AR PRy poving
remdtaxsifd:nsalsgbsﬂm? ewrhprishty A@Gm’o_mpasi:ng;h fmgn abbtﬁtdh(Z‘c%atoiabout 40
{, e a corrosion_Jnhibltor.. -

oFBoSeph b 3 5t skstsibond srldtiag Sph2tlafeligoith s =
fanawidisiamesanpadbcidures thensf] water; imed ogtiarsallg awatérssahgble organic
oS SR RO B0 ol 4 ShBsBbSRRE. 1
cedip esibbuinterits) #he congusitoasurtfer comphbisast atleddiofé selectbd from the
following: a quatenary ammonium compound, a fluoride ion source, an amine, a
hydroxylamine or an acid salt thereof; an organic acid, a suifonic acid or a salt therecf, or

a corrosion inhibitor.
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40 % by weight of a salt selected froma guanidi ni um
salt, an acetamdiniumsalt, a 5 formam di nium salt,

and m xtures thereof; water; and optionally a water

sol ubl e organic solvent provided that the conposition

is free of an oxidizer and abrasive particles.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0017] The

[00t8]enin vehamotherasppctothedresant aoepti proddesva owsthod for removing

FIBRLCTE LR & sHlastele OB 8 fjegiid fEfeElotmprsig:
cmntamng gtermbst'ate vaihizs corapasitionrthatompciaes: ainmm atonut 8r1i %do about
DL psPY S eb 8 T b (9l By, BE P e, o
fﬁnm\émldhmmt salt, andimiktafdsabéneot; watert amtbogtiBAR) a water sbluble organic
I ' i al Q. o F- i:Di .
BRI R g Sicimecd fois e pERRRIGy e s Ebaitcies
processi ng residues such as 15 the residues generated

by etching and ashi ng processes, inorganic conpounds

such as net aqu,ng:__et?l g%%rwbp?u:ﬂ% ﬁ@\/élﬁ'@ A hem cal

nechanlcal pl anari ries her

b e qrgée%l? vaisiql&\ur?rﬁgg&g% glr)re %8%]{«% \R}h&% & 9@%91% are present in

suc eV resi A
annumts tbageffact:vely) rqnmmcfesnddmfronmea subistdiersech as, for example, a

%ﬁh{,t %@osg?%o rIl‘%I @ghcgﬁor‘sh&:neéﬁﬁ%r%éﬁi&yn%ﬂaop Buttfates, such

| cu I efovi
resnﬂ uesdnelodm tfar ananmala,aﬁolormtsi (haﬂde‘ned or atheesmise)o gap i, dottom

AR b Sop LR M R W Spd bR b B £5RBing

I'na su
psiymecs tlew and high mariemlare/umghtd:ohmﬁrs)randlammnesalhg rasidues such as

firesliles GEATEIeR vy SHOUH ailoding Sidkesslty ATBae Compoynsigsuch as
meetal oxjoies; ceramigl m&les:ﬂ‘mmnahlcuhpea:han\&qabﬁlanm;tatlon (CMP) slurries
A BUEF fokStie e tbidien; el ek RouP i fusdidlorof efaimple,
olymnbmetalic resit uesarid matmo@ama%)npomn@ in oﬁa@fnbadfmr&; n
PR8Il ASH AR A el o eyl Grempoving

siliedrecorddisingi BARC casidues froona aerhiconductdrisabstratani ng
conposition. The conpositions according to the present
[001‘8]3 nThe meadmes-ermuoaw presentin ambktratatfmt hidysnamtte metal, silicon,

b Q Lvel
s}igtF S096° i ValfegdRe Hitetilaeh 257 fob SXert faRbSipa sicon
oribesy and dervatzdd silc@nldxidearsubryaat-nsm; IMS@, RO, TBEOS nd spin-on
il silicon di gx |nt d|e
ok < eical Fhnsh SRPogte slei R B oSl flscanog gh-+
mabdriath suehtas, hafriam silibster iadfaiumpyxide badum sgontinatitanatedBST), TiO.,
, hut not limte 5 co - .
TE0% it Boir it st e S8 Rttty SRR, g ietectrc
miaterials iw-k an@'st kigh-kanatekails will donrd mrdohmgwmetheadléamwg
C rﬁgésﬁthngn H%ngg%ﬁo g(‘:iqg?(ﬁ {ﬂdtbggrese {)1 {95%% E:ompatnble with
sy hakelials andrtheneyore,ohtntbecmnbloymimwmtwdlwmtmca/d\resudwés/such as,
: af f ect S 111 T
or example, those escn ove, WIthOUt significantly attacking the metal, silicon,
silicon dioxide, interleve! dielectric materials, low-k and/or high-k materials. In certain

embodiments, the substrate may contain a metal, such as, but not limited to, copper,
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5 cleaning ability of the conposition or damages one

or nore surfaces of the underlying substrate. Exanples
of oxidizers include, but are not limted to, hydrogen
peroxi de (H202), nonopersul fates, iodates, nagnesium
per pht hal ate, peracetic acid and other per-acids,
persul fates, bromates, periodates, nitrates, nitric
cppesalldyl titaniued, titaniune nitride, samitdlem, taktalyrh hitjde, Mimgsted) and/or

tgnd ’ %%%%P Sl?l ts, silver salts, Cu salts, chrom um
gipgyiu '#' %951 ts, 10 hal ogens hypochl orites and
' th f.. EX . i . t| -
BpEoB% s tonA ERRE o he BRERH MR e 15 pran oxaizer,
ataadivelparticles, Loriang addiiona camposentitinat adwerselyiafects éise stripping and
Pl B 5 BB ER S R o k)5 TR R nceryin
substraten Fiam'gltdsidi ﬁﬁwﬁeﬁdhdnd@ it tén_recrmt dﬁfvﬁe_ cr)tco hdmgh. ey perokide
refera t hat e _conposi tion.disclosed herejn
(H0p, BenGir S, el mESRBRI RS BL ARG, RISy otrer
w¥r-aclae, paresitnés, ibroreates, rriedateq qiteates iteis acdids,ritn saltsiscerium salts,
i AL RV 3 i Qs P2 5. it orpllf B, g s,
I&E]ﬂgeea thypechtbritesdntemixiges thereof e E?ahira]lés obalrasiea particfes include
he ¢ ition a . carrier of .the_gonponents
dimafEPaTOEn e BeiA) axidgh. Honet. sartiies: akginr. peti aas Sjjca and
rﬁigtgj;éisi mlélt’eo_@.f Iribdbe(ta[rmmt gl’nitelﬁtlg1c themdmtssiﬁoldis!usedto repfibve residues
.is believed. s far . applic ns . .
SR 8 hisivecaangece st i GME Sl gt EMAEPRgessing. tis
préfersbldihd thy coripabition tistlbsed herpinds free bf sudhhmirticles.
preferred conpositions according to the present

[0020] ntTherconspBRitiors of the preseativdntion aad aqiecSWabyd ard,ghas,

of water. Yet other preferred, c sitions accordin

cBiperie welags Ik heiheent R o HeieE St Jatol o R as, for

exbepile, 29 Hosalentiogidsove onator nord Sollddbdajonghis ofitiectomposition, as a
esent venti o be. present.

compopent of the pr t . n . -
CPHEF QbfE Somponents, ax e rosaet hedPailic s @ Wgegpity modifier
oftnef SUmpsABA] &nd @80a aillemeus sol ution conprising the

fluoride ion source or quaternary anmoni um conmpound,

[oafmi]t melb_eb@eadﬂagfos o3t ai;ﬁba[‘;:ons,l‘hétef witfi ﬁommgsexemtaamte, from
er Lnc el onl z ter ultr ure yr

RavieF Voot 556 o etk SF s raponiat Ptgh Plelerbsd Sagppositons
ag@érfarmgzgdme/we@%ntmwehﬁ@w Gom;;QWeffﬁinﬁbbmﬂ ntteabout 75% by weight of

re , the water I1nt o ostion,conprises .
WSl PInéf pesdarechemetits ies escaries T8 SRyt PYPRipe Somprise
floFre SNt 1it6 MBOtiS0R, BPWRIghSEf viatéral t sel ected from group
consi sting of a guanidiniumsalt, an acetam di ni um

{m%z? , fmefvfatmnwdnbﬁmm?ﬁ br,e_semmd/eﬁ'ti?ri ?a;]reltse pd@_ee.etqﬁciﬁ&haly asa
Sa n ons, as e e I n agen a r.nNcl pa . .
c@PansTt o} elber gleienis: auch 35 b PRATIP AN RAUEPYSFPHIGETRTis g the
flubride ibf sﬁuﬁr@f@@ﬁquﬂ_@rﬁamammmﬁa&cﬁnpoﬂnesa O:sedrt tsehaadmmbarately.
ne qf the ow .catiLons re nte t he .
BBt Garesion. P eAtgh ot SeighEcd (L1 waeh i pUS vpater disted
waiteNdslibaistiled avaterf oF deichirddwatepha iy a w el eontentniPueferably,

ion ivel
tﬁeaJvat%r in thg chr%ggstio% c%inprises DI water.

[0023] The compositions according to the present invention comprise a salt selected
from group consisting of a guanidinium salt, an acetamidinium salt, a formamidinium salt,
and mixtures thereof. The salt functions as the cleaning agent that principally solubilizes

-6-
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wherein mis 1 or 2. + + N-12 H+ N-12 5 [H2ZNNH2] m
[ HZNNH2 "L' M H3C "J~NI-12 M (l) (I1) (111) [0024]
Exenpl ary anions to formthe salt include but are not
l[imted to halides such as d-, Br-, F-, I-;

sul fides; sulfites; sulfates, carbonates, nitrites,
acetates, and other anions know to those skilled in

dr ki sain isolubitizidg @ogenieresidae shad id presert londhe sulsstriates | Thisse salts

ﬁ%bgﬂ"ié'?%ﬁﬁbei ’.054""{Hn§?ggg§ quﬁ%é@b?é@&% ] glg‘lgifprrﬂulas () through (Il

vatichdis the glanfidivmusatias,i fdrmadinisml gation, ioc aaeﬂamlduﬁlomﬂfa]tlon respectively,

Pr ef. ts for use in conpositions according to
"W?é ﬁf@%d%?f ‘nvention include, but are not limted

t o, guanidi ne hydrochl ori de, guanidine sulfate, am no- +
uani di ne hyd hl oride, guanidine aceti¢ acid,

uani diWé car bonat e, [guani difne nitrlate, 15 NH;
ormani m de, flormam di nesulfinic adid, f rmam'jg‘i’tK
ceta ni noguani d{ ne ¢ ate, | am ngg
HeNonat e MYdlaehl or LéeN " or maniVdi daa chi F‘e@ and N2 Im
m xtures thereof. [0026] It is believed that for

nost ggplications, the amount @f the salt wi I (H1)
conprise from about 0.01 %to about 40% by wei ght of

[0d224] Cc Exeapidry aﬁuonEtcﬂfoahalm ¥alt ihdleds Blittare ﬁﬁﬂﬁﬁlteﬁﬁ& rfardrm such as

ut 0. 01 00 ut o and, nore r.ﬂfera
o Bt Fo o 5o SRS, aiGHes S Bt T fEso o aHes. and Other anions
KAOWT® fokk ekilled BARE ]artTlmmmml it baisy mmrm:rrsgnéladémxt are not
present invention.o ri ses. at st ope, .
e i v Onc S0 R i aRIc A AR TuorS Sric rafigBppharic acid,
sOipRGriobs Bci bhsulgHuBE ackdn  vari ous enbodi ments of the
present invention, netal lines on the substrate

[otml C @réfgrred sgtsabﬁuymgtdaﬁfpoa.tum gdcordirkfiothe peseanindention

s | vent is used, For exa | e, naIumnm25I|nes
e b6 potimiteddnauanid hstqﬁ%ch‘quws' graARe Siifaj @gpino-

gaé}ddlh@hy%chleﬂdd\ﬂdubnfﬂh‘@'aﬁ:@hé Ncid, tfﬁﬁhdtrfé ®irtsdhatd) Quanidine nitrate,

In such e e
fq}iﬁ'?@'f“'a? R "tﬁ‘@d'BPﬂé{E{?E ac'gcfﬁv‘@@m'dm@cgtaéﬁwewnwne carbonate,
am@tfbgbanidine cAfjonale WidRsdhRuride! feRhatgidie chididieama mixddeSihereof.
Exanpl es of water-m sci ble organic sol vents i ncl ude,

[0D26] alt$s Béllevbd tHat,&6r mbst a dimt’bhy |tis® Sina OM S thDM‘P{GanII comprise

N- net h %/ ﬁ)rr0|d|nc3ne haj di met hyl sul f oxi d
fremasept 0-01% tgahaviffl’ By weighd el thricampRsiion nfﬁfﬁ"a'éy' the salt

corapmeEifem a@cbdmt(m% tozaHBuPQO%@Pﬂem()%@)erabi from about 0.01% to
tetrahydrofurfur al cohol, glycerol, ethy ‘ene gl ycol

aborl 29vd Ry weighid eﬁ?’EB?ﬁb"F%‘ or sul f oxi des, or

[agﬁrﬁ'of Eﬁ? g%hgggtllon%%r}ggrﬁg}%st@giﬁ%%ggén%myegﬁ&xgptlonaﬁy compnses at

Ie&@ﬁcﬁfe—dl‘gélﬁb bbleerﬂf JaBioRgaifd StVENS is! prefettbly Miselble wilflwater. In

% noug %odlments of the present invention, metal lines on the substrate typically
dictate whether a water-miscible organic solvent is used. For example, when aluminum
lines are present on a substrate, the combination of water and halide ion will typically
tend to etch the aluminum. In such embodiments, the use of water-miscible organic
solvent can significantly reduce, if not eliminate, etching of aluminum.

[0028] Examples of water-miscible organic solvents include, but are not limited to,
dimethylacetamide (DMAC), N-methyl pyrrolidinone (NMP), dimethyisulfoxide (DMSO),
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5 as (C2- C20) al kanediols and (C3- C20) al kanetriols,
cyclic alcohols and substituted alcohols. Particular
exanpl es of these water-m scible organic solvents

i nclude propylene glycol, tetrahydrofurfuryl alcohol,

di acetone al cohol and 1, 4- cycl ohexanedi net hanol. In
certain enbodi nents, the water-m scible organic
dimethytiormamsigie é-natBGormivRideafodhamidetidiettiyr&-piperidone (DMPD),

ﬂé@é d?é?hﬁ&gpélﬁo eforll S&h%ﬁr‘fg §¥| ol ard ?h&dan]ngeéba‘?c\/cﬁ'nols or

be use two or
s;ﬂfbmém or n{meqnonai compounds, suelf as hmombmsmammgfalcohols

J?ﬁepé)?a?ﬁnpgés bﬂ“gq}a't%ls&p% dﬁ‘@ﬁrﬁé él&%:_gllc&ldFldlolg %Q@Bb@ols such

rse
a3l (Ceo Cz&)tah(anedloiscandc(@s-efibhy Bldxaeetng‘a yayelic amimissam' bubstituted

agf%o;}g F%W&La%%g(ﬁlgllp}/e% of tﬂ&g(%ﬁatt%}gﬁiggib‘%ec%g?ﬁ% F%’#lé%rﬂg Iim:lude

rEohdene @yctoynemmygrqumryﬁmmmy Idiae:’etwe anmuhletar;d tirfe

SRS SO sl BincrEhiNhE TR EBbe oy sovent

mlzia)ebé@m& P@‘VII?,CMd/WMA@O ﬂ'lhep\;dterenlselb=e thamhyblwrds enumerated
18 May B e I erap o T D B8 sstventsy

l@%bioﬂn T

oegdrm: solvant metytopimenise gl giyool etﬂemﬁﬂayrhplﬁ dfeglycol ethers mclude ethylene

S SPRYSA A By SIS BT e oo

emdnydztbyienegglycaﬂ [dimethyratthdryéth@ehe glyeol eiezth)d etfmtr h;leﬂayﬂene glycol

rlrkfnTBIE S buds R B PERE Rl i FohGiony

efhreo pdibtapieng blycal mah aissiphydyl ethhle uletWIerreyglmme n’@hybmiyl ether,
SRR S PO B A B oo BB B
gcylatimethyhethen p;elthymd&@ycoddlpmp@than megiyienel glycol monomethyl ether,
et Gt e B RAE SRR BPR iy pgh dtnviene aveol

nitiyyd ethyhethertridilylieres diyaol efhylen‘etglmum@ndméthyl @Ither acetate, ethylene

o e aCSte. pioeYRhe SboarRRY ANl e, ooyl aiveol

rﬂdnorr&tl’qﬂéblhek/ @opylieaie, ghfcor dimzstiyl atbpr, lpecqimmsglydohmoaamuyltether

Pipylifeghistl FonabGeTisioey fioudishs Syt mendieBy eites ibGpviene
gheelfresiapropyl &iher, Wiirepylenesgydal mmabumpylmrdlpmykne monobutyl

ofte8lruBeend S50 eR oY Asy iprogHiehe g horormetiy eler, 1-

MRE9<D-butaol, 2- &eﬁfﬂﬁ?—h}b@iﬁh@ﬂfetf@ﬂﬁQ&ﬁé@y!ﬁuiﬂgom @,1t he

A TR ST 22 %
SRR N LR p—

sth@rtilesornprisefadne ahouty) %noabout lmefmmweugdisofftm corapogiton.
Pﬁ%@@ny W ?ﬁ%%%@%r I(l)\ﬁgbtﬁﬁaérﬁlﬁ%avr%ﬁga rt‘c\)/ S out%‘g‘yaéy weight

and, more preferably, from about O to about 50% by weight of the composition.
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formula [ NR RZR3R4] +OH'wherein Rl, R2, R3, and R4 are
each independently an alkyl group of 1 to 20 carbon
atons. The term"alkyl" refers to straight or branched
chain unsubstantiated hydrocarbon groups of 1 to 20
carbon atons, or from1l to 8 carbon atons, or from|l
to 4 carbon atons. Exanpl es of suitable al kyl groups

[oaghpd @om‘pbbiﬁbns é&oﬂhrﬁb’ to the bf&%ﬁéht inVé?rmbh @mﬂ optionaly compnse a

and tertbutyl, essi 0 | ower a refers
R an BB CorRasnd. Jeahvesh Bieeaubist gy AsagFim compound

fintlicialte agsistin thnleynovalsiryHRic anPRURAaic residlisgle
t et ramet hyl ammoni um hydr oxi de ( TMAH),
[wBEPeEkafhﬂﬁﬁBﬂqmﬂMﬁlfa?ﬁmdﬁlum dophpouhgs Idralﬁﬁm‘ﬂ(:chmposmons

h%/q%hg)(i tg%TBA%%&%}{Qs%% E@g@w énlﬁlmon fim compodnds having the
foanhmqlumqmmm!"bm wmtehu R R Laﬁdmwr@éademdéaeriu%nuy an alkyl

h drox th rieth mmnl um hydroxi d

Go0RhT B eApPD Bl JB LS fF1oRyd ssaiohor branched chain
Unsub e hGatdd h?cmébs\rbbh BRIupY bR M0 babBY dioid, @€ from 1 to 8 carbon
et hyl t ri met hyl ammoni um hédrom de

"E?P@Fh‘}’l framd it ﬁl‘@FHﬁS‘rﬂtﬁﬁﬁ n G@@R’?ﬂ@f siitgble alkyl groups include methyl,
Y’IZM{obYI' ISBprdy 1PN ahwrterdbm@r ORhelexpréddibn3iover aligt” refers to alky!

bel | eved t for l'i cat] ans, the amount
Qrﬁlépﬁq?faﬁ @r‘ﬂcﬁr 9°%t05lﬁmséﬁ ashhsY gt Fmé&h%’i"r'?@'“m gPounds
inblIogs t&a%enrcylaaﬁmuh.uﬁm{edbc)kudueomm)ofetrbemylaﬁﬁm@hmymxme

Pr ef er abl guat er nary anmoni um co oun r| ses
tetrahHYR 0“!3”" '%!qf 8xig 6 RAAb &tiapronyiagipo nﬁE\
tﬁﬁ@fr@r@mammﬁhmm dd) (2-A &@%éﬂyyr)wahylaﬁﬁndﬁmn hydromde (2-

nposi t'i on OSI i ons accordi ng

BBy DO By EEO PORONSR a2 By ESeay g ey iAoy
HYAFoxidel f- hﬂﬁok@%pﬁﬂ)wn%lhyla—rhﬁioﬁluﬁpﬁydi'@md@ %tﬁ)}l’tﬂﬁfetr@%momum

princi pal to assist in ving " i norganic residues
Glehelemyts&.mﬁté\v@mmtgwaawdr@as'ﬁﬁ@uﬁ@gnaﬁtamqﬁ}y&mraemam

Hydkidede ion source according to the present

invention are hydrofluoric acid and salts thereof,

ecm;]m !Mﬁ‘b%hé{féﬂ'tﬁ'ﬁ; foil Hﬁsﬁambaumelamm lslpthé @ﬁéteﬁﬂﬂ‘
for exanple, tetranethyl anmoni um fl uor |

W?@B@t‘%‘i’%ﬁ’%‘ﬁ Wilksamnsise |fr<§’€‘ alquf, 8 /0%?%%50%3‘0’ welght of the

colipRERBR! Prefétab thb%b@?ﬁﬂ bARABAUNY Bdmpound compnses from about 0
tetrafl uoroborate, and al um num hexaf | uori de

% tQ8bquy d0%y W@Sh%ﬁﬂdam% areferabyy i frasm ?bo%@d@@@a"r '_93’ Wﬁlght 0f the
cbfipbbi@by, am ne can be used, for exanple, an am ne of
the formul a RSR6R7R8NF V\,here R5, R6, R7, and R8 are

Gd?ﬁ#%%ﬂﬁﬂ? BEédfdlh % %eﬁeseﬁﬂln@éﬂftﬁ:ﬂ%aﬁb ib?na!lfébmprlse at

aI koxy group, an al ou or m xtures t her'eof
Ie3gh ARt Bdoride '@‘bé‘wr% 'dPI'R!] f@ﬁ@'%ﬁ?ﬁﬁ?'eﬂﬂwm@éﬁlﬁﬂé removing

it A RIses fr@ﬂ“l"iﬁ@'si:lﬂétfdté‘ OWFQ&I cérﬁbélﬁﬁfsrlbfét b Wldride ion

flUoride, tetrabutyl amoniumfluoride, an m Xt ur es
spuise @seordingite they RIEe inventignoare hydrofluericagidiand sajts thereof,

apRHEAER flubiide! dBatehidpy Qmﬁ{dnmnaﬁu&hdes BYEH &Y, ot Uxamps 1 d

| uor oborates, fluoroboric acid, tetrabutyl anmoni um
tqt@m%{hylmrr@g@p‘aﬂt@nde and tetrabutylammonium fluoride, fluoroborates,
fluoroboric acid, tetrabutylammonium tetrafluoroborate, and aluminum hexafluoride.
Also, a fluoride salt of an aliphatic primary, secondary or tertiary amine can be used, for
example, an amine of the formula RsRsRsRsNF where Rs, Rg, R;, and Ry are each

independently hydrogen, an alkanol group, an alkoxy group, an alkyl group or mixtures

-9-



5 al um num hexaf |l uori de, and choline fluoride. In
still further enbodi nents, the fluoride ion source is
a fluoride salt of an aliphatic primary, secondary or
tertiary am ne can be used. [0035] In a preferred
enbodi nent, the fluoride ion source is an al kyl
fluoride such as, for exanple, tetranethyl anmoni um

thereol.i Bxamples bbaichydorgumads inolutié aoimanhiym fladrideh tatyamethyl

SRRt o S g o5 ekSFRhb s,

reixtusesi thepddf 0 Btils usthedeseenges effluatdé ion solrdeb drichate fluaroboric acid,

iiforf et 6 bk RS, hulrdtor 328, ARuYBrEhlH lpdfiBrboorate

aiummmhmeﬁapu@ide_aahm ghcﬂiae‘:ﬂupnrdh.l chatill _&irh?lﬁembodinbhis, the fluoride ion
resence, of.,so or, cal ciumions in the,cleanin

LR prareg it o Arcigh e hniiark Sephdary OF IS4 aulfh sanbe used.

he el enent. 1 0037],. 1t is, helieved.that,t .
i G R0 s sTbstiRE fubh MutrielEh SHBE s Af i foride such as,
fot exampks, tetpamethyltamemoniemrfluogde datpsethyl aomonidrh flubride, téteabuty!

' ise.from about O to about 10%

t . ' t .
agﬁ'%%'ﬁ luﬁogﬁfélrag'%psﬂp'@g%lhﬁwﬁ't he conpound conpri ses

b .0 b % el gh f .
1BhT.an eFlertng 8 AR et e ThoutE ot deieten oyl given as to
wifethdrlon aot #ie soorte waestl tend lto tejgziseddrisywiticipwoold teadievafect
B35 R Ol B R o g mens
tiod pitelsendd ofaodilen orodalciwraliorsdn thd adanie] gorfpaitiontvan have an adverse

eani sybstrates, that conprise dielectric materials
fis °nlﬁg\§5#%cen?ﬁﬁe PlEg1e™ ance to fluoride etching.

(T T IEIE byl atiTeE aBhu &t e, &iqund o8 RS Ble seliee of the
flobrde ioh l@famiertgea‘nhlu’fgsddmiosﬂioh Mt fordh&mhﬁ@%ﬂ}:&tloﬁs{j d¢oniprise from
te al. s av W Iesl sta eto upri ae,
2Bt fotabouk T s aeTerd e breBsiabaBS chfmaUitbCqrigises from about
Orto @bent5% by alight of lhi&)cfoﬁfpbbiiﬂml Iésh@.wt bé uR@ersfood et sthe amount of
on m ne (0] ounadg. e oye e anln CcO oyn .
R BB NEed BTVRICs  dehend MoBval: ob M edsmaiar SUPYGHIE Being
crefaﬁira]diu Bér @dfaﬂ'iblé}&?n cdrtdin elsanng applm%%fggmaﬂm bf lhef‘-l'udg@e ion
Su a r exa e,. resjsts. A 0 oun
B B selpvenon S53F Rlephint Shbsiiales AL oRrss delestin Rt that
hevagpigh, re?igténaé temerideetphg. gidfwbrsém m@hedr@gpliéeiﬁons, the amount
n-aronati C m nes, C ounas r resent ed, e
of frariab S paskIEe Fialive S AT SRS e Eoaaing subsistes that
comgageigrblic n@effs thathdveanoWesiseines b Maiige stdhirg. of
H, aliphatic group, ether group, alkylnmonoam no group,

[ﬁdsylt djo&rﬁoﬁiﬂpnﬁééddﬁdingi{d@ib brés.%m' iﬁ@er?ibﬁ Whiay cﬂ:ltitdniﬂly cotmprise at

eterocyclic rou 0 1 0 contal ni n at | ea .

IR BB FPTPEHAT. R e RlaySds b TR P SHCIRGS B it the

rerod\ail 61 der@irodrgbhic Cesidis Suti aé,Her éxaftple, dRghnidpdiAhetigsidae such
oundﬁ. Q040] In preferred enbodi nents of the

E%SEEWH% $#%Fon, the amine compound is an

[0039] Amine compounds suitable for use in the present invention include, for example,
alkanclamines, alkyl amines, cyclic non-aromatic amines, compounds represented by
the formula NRgR xR wherein Rs, R and Rq1 are each independently selected from the
group consisting of H, aliphatic group, ether group, alkylmonoamino group, alkyldiamino
group, alkyltriamino group, and a N-heterocyclic group optionally containing at least one

e
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al kanol am ne. Preferred al kanol am nes incl ude the

| oner al kanol am nes which are 5 primary, secondary and
tertiary having froml to 5 carbon atons. Exanpl es of

such al kanol am nes i ncl ude N-nethyl et hanol am ne

(NMVEA), nonoet hanol am ne (MEA), di et hanol am ne,

nmono-, di- and triisopropanol am ne,

édc(tbmhhete&t dtginaselectad fedrh diveogrou corfsistingiaf Ok Chand/$ in the ring, and
etb anol . trieth noI am ne, and the like. O her

‘b B APIE FOIIRCHRSS i el ude cyclic non-aromatic am nes

e e ™
b B U B For 0SBRSBI g or e

dlleprobmaings MCWeMmetrmﬁmdmideWA) \nmmthanelm’nneRG\ﬂEA)

- and R11 are .each.i.ndepe ected, f

JBaiamite: T, AR AT B 2 SElgEY ey Mhanol, 2.

(2&@naihéathoxy) eﬂmnob trmthwmlanah«,)drdltlaemkm Otheupreferred amines include
Itrlamno eterocyclic .group . ..

St birkr RS et sns 36 kbl ihS iy SiSpigprisine lower

aitytamises ecdresk butglammiries love afkylene diznsiheguohfasithersendiaine, and

¢ the ring, and ot her am ne conpounds. Exanpl es of

b%g am nes i ncl ude, for exanple,

[gﬁ%ﬂ r@eﬁhﬁli §?$|UCht§LP§ﬁaeg1%rgggﬁt rRXelanr{ er\]é) lar'npn% compound
mmcnmpbhryd! ppesendisy. théWermulelBsRpR A Whreréuln eadbR;, Ry and Ry, are
B TP s TR T okt tardisud ol A aPadld §1085. diner grou,
aj}«ryﬂuman&h«kgi@pﬁal@};ﬂxumo @gkp’ retkyltAsming gmil;éi ﬁad ke heterocyclic
Su ltute t her rou

o iRl Sainiay ALlat st adiibyaitiststh 2tqrp saGtef frRithhe group
00ﬂ$|ﬁlm?g @ftmrtli:]andisammeemgofanﬁottmw afinercogipoupds. aExamples of such
nmet hox 0 ut o i so
FURBUEHG. AT BoPhles,Rych Ay PRy feorpholine
ang @lnmbanﬁnpm%mrazin?s?@amrdn?mhﬁpmetazrﬁel awum mferaﬁ@a t@Sthe

S | er a am no
PlStreafp amifl fumpouTasTIR euteb el EE 6 R st or
bednchbBe chsih I&ﬂ(lyDg)ﬁD@SJ mkyleﬂetgi‘@pépﬁlkﬂfd brytD Haryudillyl aﬂl@l -aryl and
| Ca r.om . apo
SupSe8 5o Blpuss EHET SroupR e ashur ks picai bhiig from 1 to 12
ctal&l?n?tt)@rﬁ@ caxan@ht wsctf @t@ﬁﬁ@ réé@@rddp@f@r@lf&@tﬁog? &‘hm phvpgky tbutoxy
% wel erce an r r era m abou

ORI ORY AP o FC SOOI Y] AN Sisvias (NRGe FEadY.
sBéurriary atdertiagy aminak la¥ well aefhegier bRyldniiab Ginctidrality such as di- and

branched chain unsubstituted hydrocarbon groups of 1
“’tammscar bon atoms or from1 to 10 carbon atons. As

19852, 5 Bifevett Wit i aTourt ok e aming SmpaL iR She eormposition wil, for

tHeyHosicpbheions, WoRmpriky nbmadtiout @%/tonaboat 2% %ywergm f the
the term "ar

atons. As U ectHhe 3
CRRBRYR Frelaraty. e T ine FogTRRU P RFSRE (50 DG S fdo about 10%
weijnt percnttahd, more preferably, from about 0 to 5% by weight of the composition.
[0043] As used herein, the term “alkyl” refers to straight or branched chain
unsubstituted hydrocarbon groups of 1 to 20 carbon atoms or from 1 to 10 carbon atoms.

As used herein, the terms “alkenyl” and “alkyny!” refer to straight or branched chain
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12 carbon atons in the ring portion, such as phenyl,

napht hyl , bi phenyl and di phenyl groups, each of which

may be substituted. Exanples of sone nonocyclic

het erocyclic 5 groups typically contain 5 or 6 atons

in the ring and include norpholino, piperazine,

i sot hi azol e, im dazoline, pyrazoline, pyrazolidine,
|nsaturaigd mgdrqwmnlgnmpsAgplcmlgdlahmgeﬁ tn,8 carben atems As used herein,

%&%‘éﬁ‘%ﬁl’}% rP % F‘%Jhgﬁ)égﬁ: er l?iz:)gcﬁlg aFo?nzﬁﬁul'?ﬁyAca o@#@wpsol?aving 6to
1tthearbomatomsAs tluasmb partien,rsuch he phemyln naphtigt, ibipheey sadydiphenyl
Sipug 435h CVAER et 3 Ebtect, P8y pRiriongliBltheffrocyete
droups slpinally ¢antain § o BcRoras irethkying and liredudeunexbhaliroy Iplperazme
b IR s, MRS I M, S s soa nren
thé kermo\akglkydl dedtaliaylbyk yrefessioram, arylegrkw bonded, directly to an alkyl group,
si{cﬁ!g iﬁeﬁ%&ﬁﬁ?ﬂﬁe‘?hyﬁx?&al k¥d he%ﬁc ﬂgat ﬁij:‘sa%%ﬁfgge%aérbly lor‘ “substituted
diietiayld cafelsda e rayl goul drydligtaryl@rouphsublstitutdddyy, fdriexample, one to
fgygl g)g{itt@é?t%%ygh ag gﬁ(%lgrﬁ%\(iﬁb% g\kﬁr %agé,f}lriguodronqleﬁ'lrogy, trifluoromethyl,
radkaxyy alkaxyp agitio, c%loalkyly)ky hietmocycmoxy tdikamogl, alkanoyloxy, amino,
S AR R RTE QBB ek, o,
dyyldalaylymlr&i hpiero@blcam}no diajkylandngd) hiok, akgldn@,rqyblpalky!thio,

b LBy oL on S E Sy oy,
atiyiteiond, Lary!tlmmo afkgisultorgtslLifonamige, airylbdyeargr thefike.| Tisé substituent
oy e fr ST et iy TR i oot BRRREE a1,
stpstititbt aidyi ormaralR{l. W3l 828 hetdis ithé eml“substitted ner&ple ¢éfbfstto a

g RB GroLpot R AYUEE o B Ve e BB 1B gPaCif Sbstiuted
alrylV Fhéseodefimtlone RpHIY the)g?% I(t;lé? ag&;\ ustddt&hﬁiughﬁlﬁ this specification,

Bl Sfeavie R Es e distatieusitet Brkidua, Ssaar of a arger

corr03| on i nhi b|t| on of copper. Exenples of 25
hydroxyl am nes for use according to the present
[umw} ntGoptipdshiohs decatiing iy ihaydeseny Invemtion mandotionally esrhprise at

aci dcitric acid s ts there

55 pas B BRIAMIR EOIRBIAR on S Saly BeESED! L RMAeYEdnbBund

hy@rokfllﬁmlrféqﬂﬁﬂfﬂnb It@ésSMt hﬂ thefcﬁ[)roil?ﬁf wlﬁ!ﬁﬁon&iﬂdopﬁ@'t IBS(@E‘anes of
rom a o abou

P RSHET eS0T PeErEa 0 Ve RS eI iEO8 heyimidroeviamine

ahll tieatiay£id and BitrRGitRY sate3hdreefn about 0.1 % to about
5% wei ght percent of the conposition. [0046]

[mspowils F@mﬁeam s dﬂﬂodirﬁ of fre M&ﬁ@ﬁhiﬂ@&cﬁﬁﬁﬂﬂ inlsr?r;e

opt 1 Qna A 0 ri | east one o anil Cc '
BRspaamil, R TR st Appiaias crepre Lonabguftit lhabgHt 5% by
WeIdTN(tj bi the {cgmpﬁﬁlflﬁm' Breferablgané ﬁy@tﬁk}d@ﬂlnﬁcdomuﬁd t|fr employed
acCl n ranit. |

comprises e aboutiOT gy a@PeP%e Wgiar BREETES 1S BOmBesity | ¢

[@0%6? do?n%sﬁlor?s Iagco'?‘dc to tRIé] tpqueasentC mventl%h may optionally comprise at
least one organic acid. If employed, the organic acid functions as a corrosion inhibitor.
Exemplary organic acids include citric acid, anthranilic acid, gallic acid, benzoic acid,
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and lactic acid. [0047] It is believed that the anount

of the organic acid in the conposition will, for the

nost applications, conprise fromabout 0 %to about

10% by wei ght of the conposition. 5 Preferably, the

organi c acid conprises fromabout 0 %to about 2%

wei ght percent of the conposition. [0048]

ralspiRSicid, eidfeiacia) flirgictagid, DA-PaRSSHA, iscphemiliceiRidTpithalic acid,
i onal Ia/ conprise at |least one sulfonic acid. If

%1%? I9-the sulfonic acid functions as a cl eaning

b s e Bl S B lan ST gRfostion v, o e

mostepplications) domgnud lﬂ']?ﬁ‘r dbguve Bﬁ&wfwn f Wf)a@i weight othhe composition.
al en | oni c Cl - et en Su
T Ol aIng PIE0E St Farmalises ToRT 40qUL 0 % 1o, Shaus 2o weighfpercent of the

ibhenzenesul foni c acid, cunensulfonic acid,

met hyl et hyl benzenesul foni c acid, isomers of
[8948IN eCothpeutiohs acterditgdo tﬁdﬂp'reﬁémrmnmsrdnﬁg opﬁd)rieﬁly @bmprise at

ezh paeuionicagd frerniRied. weRdliGiieAna Mgions as & Sleaning aid and as
aOCeriswﬁﬂm‘iblltdrO EXBMpRIBCT sulfehid@didy suitablel fuinuge ihthe present invention

Il&(gl'lcr I:IJ]%{G%B ttg'gq; ?él.'g c1a§ nthtﬁglgggcﬁ%LﬁQOﬁlrctain 4-ethylbenzenesulfonic
AR RAHHEIUITBBIC aaudaamllmt@umnaa@ﬁ, durletylbérizeRbsdlfohie efd,

GBIk, el RBRC SRR dsereeral wieneselfinc acd ang

tn@mpbh@mg whltd of th@Bulfdhf: adidSlisteidove aEb(QMiélesQﬁ) 8RS Sfulfonic

f r om % t o about %
488 shandaanana m olnsbulietn Hiehandamgniven o
t$|n&msatv@1ate OThe b@fonitadid 36086 dirrespd 9 riliig s, caa @el’ﬂ?éﬁant in the

r ef er.abl fromabout 0% to about 59
g@ﬁﬁ%&‘?’tﬁ S'PS’G@?]C’ SR o MBI O%l%t!fef"&uaﬁtﬁist% cppgsponding salts.
[&L@ ggf:@ bglil%gh Itf?ﬁq tfgq}a%g rtitl-ﬂz g’lwoglg r;‘glr | g;ehegéqr@,qpesftion will, for the

ma3 !aﬁblic@l‘ oris$ ceh S fr&fl awtﬂﬂ) %h@ ab@&"ﬂ@% by W@@;ht §f tblé %Smposmon
corr

netalljc substr
|“?fﬁﬁ9ﬁ’u g’leﬁ”'fPﬂ'EIaGkﬂ’é:"&?Pé'ﬁﬁﬁ emm,bew yﬁ! tO@&ﬁHB%@QV We'ght and,
nife bifeably, RorBARBLISO% ¢ EBEUE B, 8tRE Bompadifdri Ny 25
organi ¢ conpounds and anhydri des thereof, and triazole

[mﬁpombﬁﬁ)os{h@%éﬂ:co@iﬁ@m tﬁé)pre%feﬁﬂiﬁﬁéﬂ;oh%ypéfmionally comprise at

ounds i ncl ude phenol cresol %Heno

e&ﬂ QIEQsHAN inhi alasr o h g ofg GPERRIPHIBALItONS PERfaIredwhen the

cdmpodtidreie Iﬁéé@td d:l@én a &fﬁtélﬁd’éub@iré@h Q‘ixan@tesf&f EoRENER MAlblitors
dr oxyphenet hyl

Icohol 0- h r ox nz al cohol ¥
ingludg r?é?ma %ﬁ?ﬂb%?\'@ " sﬁ%’%ﬁ é?f?ﬂ s, carbenyl rﬁiﬁ'l’féFRﬂta'"'"g
fyﬁhmmﬁmh@s a&d anrnfdhuéig Db raithazdfd ébmp?&mds

0- hydr oxybenzoic acid 2, 4- dlhydroxyben20|c acid,

[Gh5%1 dEhyretpmwmﬁmc Bydrekd cou%péund%l .mm@M@n éﬂés%l acwleﬁm
and 3, dr ox nzoic acid. - é ry
PHS@@?F’&MF@S&F@%%}’ OGWBP%QY@QB'LH'yh 41bemZ%r'%'r'°' Sa"CY' alcohol, p-

hﬁdr5xyi!ieﬁﬁfl Iéildohélt B&P&Ml@)x l?er&iltl aI&h&BIpWrixybﬁ%dé’fhﬂsa%bgo! p-

en I me octyn
a@:@pLeXoI m- Jommoalhenol dlamlnop?nenol amm% resorcmoiyp hydroxybenzmc acid,
o-hydroxybenzoic acid 2,4-dihydroxybenzoic acid, 2-5-dihydroxybenzoic acid, 3,4-

dihydroxybenzoic acid and 3,5-dihydroxybenzoic acid.
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7,9-tetranet hyl - 5-decyne-4, 7-di ol and

2, 5-di net hyl - 3-hexyne 2,5-diol. [0053] Exenplary

car boxyl group-containi ng organi ¢ conpounds and

anhydrides 5 thereof include formc acid, acetic acid,
propionic acid, butyric acid, isobutyric acid, oxalic

acid, malonic acid, succinic acid, glutaric acid,

[0852] cEsemplaryfacetyldnic alcohbls inelude i2ebubyried] 4-didht haddirgethyl-1-hexyn-

Ry e E LI R e T
adtstohmetbylfhdecyabidci Hiotarxt 2,8-difmethgid3-h&xwmer s, a-dipl.

triazol e conpounds include benzotriazole,
[6053] yExemplanylcarbaxyl group-conthiningawgdni; campaingstand anbydrjdes

L
4o plorie atidy suediniadidiglutaric anid: mealeie ahidl fumgpaiclacid, benzbjc acid,

tr . 4 . [, f.u Oy e
AT SR AR Ro D BBt Pyt Sl B ) Rl ol BBl facid i
dcithacealic antydtide and salicieradichan benzotri azol e be used

when cl eaning a substrate conprising copper because
[0654]e rizxemplary dliazoleaconapauadsl inctiye thenbitriazdley octolyfidazole, m-

It LS helie t ' ' t he
(ROl b buEbleb K floh{tRhafibndiE S ARBOE R RER, ')
rithahenz&viaimle and dJihydrokyprbpylbenzpotieizoleon; preferably it
conprises fromabout 0.01 to about 4% by wei ght, nost
[p035] e rRrbleyred finhibitcadb anet catedhid!, gbllicaci8Ybdnzotriarzglat pysbgallek 4-methyl
| . . I |+ . e
SUERBTUaAE 2o At ot S BIARE GERAR R 1S Bref Ml ahadrFinnibitr
otter dhareberzptriseole deruisad ethen CBaNNG a Kibstraiernomprising eopper because

oB e Bk tre 8L 85 Rnts LR GRoRBRE! 0 arryaride

(0 3y Splveg 08 PR DBRRENRE s B ERFion b s o
abautrban hxm:tcfut S%di)dmei_bhtrmmwdxanmﬁm epmfératdy’l it comprises from about
o] BHERLRED 5 O RHE OE a0y sopysapr it of o

comppsior.i on nmay al so i ncl ude one or nore of the
follow ng additives: surfactants, chelating agents,
[@05F1n Eaéferred coirasian intiipiers docordingds thegpresentt lirvention include organic

S 5T B Ul e B o
aahydzice, plitealstanhyridey catedhal) mawgatigl, astets dpf)ggtbfb acide

3 -
RIS, itk Blos e SRl oy
imiabdiacaticacid, dimdthyacttoacetangjtie, tihydadgbesdene, dibydroxybenzene,

SR Sra AL ool f0 e B o
035035 S5l hed b A O AR e
swfadtaps.ehelating agentsdittetriicatsodifietsy dges, bveidgs earidother additives.
ABUEAOlSy BO S0l AL L PR S ERrndf bk BRbviadl bt does not

n="1'on
adversely affect the stripping and cleaning ability of the composition or the integrity of the

underlying metal, silicon, silicon dioxide, interlevel dielectric materials, iow-k and/or high-
k materials. For example, if the composition if used to treat a substrate containing
copper, the composition does not include additional additives that would increase the
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sel f-emul sifiable acetylenic diol surfactants) and
derivatives thereof, alcohols, quaternary am nes and

di -am nes, am des (including aprotic solvents such as

di met hyl formam de 5 and di net hyl acetani de), alkyl

al kanol am nes (such as di et hanol et hyl am ne), and

chel ati ng agents such as bet a-di ket ones,

mnpar eehoatei of dw carapdsition| i&onmcéxm;plembﬂ repreaentdtivesadtlitives include

t %I ﬁbl a'RQ%S va‘ﬁ;&? tz u?[i%lsa(ﬂgn lonlc alkoxylated and/or
h h( ’i ar am nes

er eo ARd
seiﬁemulsaabiemety[emmq:l slurfadaats)aammaennanmsﬁwe:elmé qino@gbnquaternary

.rﬂl g tah .rc]il-ar% s i t(mElUHnﬁ ta Bick I%llltg%cﬁ & |m thyl formamide
EBEPF s Amts Ry naldnd ahiohe b B gty

1on ng re ues troma Su

a:rmqhnieﬁiyhgcetalﬁmg; alkyhelkenoiaroipies i(such asdniharmletgylamm and
%eel?agl&g gggm;? E:ﬁ as ggénq gﬁqﬁ’(‘%f %gtg%eg&é]hn%gt%r dc ac:|ds mallic acid

aal tartadc &cd basedlestersrandalidsteramdd deu\tajwesthelmfmrfct terhary amines,
ter nally a water soluble organic sol vent. :
c\{ua Fégﬁgf'aéﬁ?ﬂsgu ments, the conposition further
rise I .
RS R Rt B et Bvehfict W Faeeheifofth pbvices =
compEsition foraempuling xedidwesfeonoa sabsteaté dorgptisging a BARhfthe aemposition

PRl foiritinoBt 087 % t At 0% By RBlh fAEietockb flom

ghammmmackah,eiremetammrlmm gait, farformamidmiuk® saif, and niklores3hereof;

welafs o opBinatl Saseh soulele poafissoleab 'n Eofigl el Fents, te

qongaitien fuother E&nmlsesraj lddseomnsgdacted fremttbe édlibeingt a qaatenary

DRSOt TRTIAR 10 Srult ahaiten = SR or an acia sa

tﬁ‘a&pban torgamdc abld;,cduﬁemd lalmd rouka arsamumremfnnm cdrtasion mt'!bltor The pH
t r at OW- C S ,

Ry Sditcgion chish Pabifay reride ToAS d2 g’ BORE I PiRyof from

e5td12u8ri de. The conpositions are also effective in

stripping photoresists including positive 25 and
[0@60]t i The qbéwﬁr[y esnisitioan thel mesemt étvehtiords Mm@y preparesby

c res anonet II|c resi dues
PR Mooty PecBerREPEs b irh Reetie if a8l pave
diggoivee imbeaiquecdss-vaded iediym) ow corrosi on of copper,
and/or titaniumcontaining substrates. Mreover, the

[0@B1) 0 Tdnmposiioas disckmswnériehmm/icbimmtnuamtbtsybstfatmad:carltaining low-k

T a4 2«'1‘83&'%3&?8)‘? MeBSER: ed'ﬁq{} I Flosf Iow-K§ rff%%gwgining a
fidoriden g ht *tcemtﬁﬂﬁi%mwrdlsrmgaﬁecmaa Strlppqugfp;io?ﬂl&ast;tts] nndummg positive
ot ol 1 0] C

[ d h

P segabe bbbt ani SRR dln il SudieR Gonbipagia

ok@mmetélhﬁ'd tesﬁltjée, limeegamd cdstfues, rﬁétalllamides Sortphumresmt complexes at
ecte 0

3 et i) e Rulistibeizh of Sl #fiker Bfbrki BghiSining
sgbsietes. el’donebvérh thecdoaipositiegeare coﬁ*@a%afwmfa vdniety of metal, silicon,

@g%sa@%hgsﬂéaevel dlelectr%csméatrt]a\r/laelgtlbgv cﬁore}m rheﬁ' m\g?érla S. Sone
[0062] During the manufacturing process, a photoresist layer is coated on the
substrate. Using a photolithographic process, a pattern is defined on the photoresist
layer. The patterned photoresist layer is thus subjected to plasma etch by which the
pattern is transferred to the substrate. Etch residues are generated in the etch stage.
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Wien the substrates are ashed, the main residues to be

cl eaned are etchant residues. |If the substrates are

not ashed, then the main residues to be cl eaned or
stripped are both etch residues and photoresists. 5
[0063] The nethod descri bed herein may be conducted by
contacting a substrate having a netal, organic or
Semalof thegabstratps Ligedkin, this imvegtion aresashed while deme are not ashed.

\g’égé ?@ﬂl gﬁnjstrg{es ard ee“?f,( \t&%{ rﬂgfqgéi&?ési tg%eté(gbeingg%nﬁ%%?ﬁ?lgﬁ]rgsidues. If

or T esidue, hé descri be _
fibsubstraied areavod ashexh $henthg main resjppleesatabe cleanedor sitipped are both

d dth hi ck f th
P B3 ABGBRL G 2t he LI skness of the
GBS kel oot AR O o S RLB B Bl e
lwvirty 2 meRD,®ryanié 0Onetal-ofganio [ROMeminor0ic SpitpPXide, hydrexide, or
DS AR o oSy SRR ey g
cunmpasiien. dhe hctuabcBitions,ue. s tenyrerdturep tim®, efcndepend on the nature

415 b HEERESEbr et 15 B8 B0V oplifab U oS o ontacted
arulippeddeto aavesselamontaiting theltemposition aba tasnpesature ranging from 20°C to

g ) oot : T _
B TR RfPced (8% b 03 nTbicd| fiEkeriocs for exposure
dfehesqﬂ;rtm’edtomﬂaé oorepositioni may ramgel from, &irtegamplen DectoiGigninutes, or 1
bR THES, o fsbutels ARRERORadk R 4 RS gtord ekt Botrate may
benmmh diamdm:imn ?n‘dd. tE:rathiE_. fypicaltyscagried eatnindgr &n ined atropsphere. In

T Qt Or €S| . I )
SR b Enatlas P d9bEERkaler Bl Mop ToRBIIATHEEEeq yater wit
dthersriditives mag b!ererﬂ;ﬂwe@;)ﬁefdrbaqh%rmggammrmiwt o h: gbmtacﬁr{g_ thesubstrate

t rent . . | e .

BinER ChgPRr Tolb SR PR (e BL S pamRosgion el eligh in any
rhdthod Rixgwr inthe artitingg utitirestzecl eariing fuid fod thenreintioval of photoresist, ash
na lf[lf ac.huri n'gj/ Pk oigess. For exanple, one skilled in
¥ RO PSP ¢ that, for exanpl e.
B A B PR ey LB iy ol o e
presamo Biventiom by bé mkc)ﬁiﬂedum ad:m%\teecbpﬁgﬂ glaam'?? }M(l':theutrmrnagmg the

t nd_t.he. X .
<Bbstals 50 i By by S bG sap BRvaiaGIR AU e utasurng

prooees! Foneamspléamie giileddi thalartywaldd spproeidtel thatc fomegarhplen
i strates, ,the eani n

n_.Cl ' ] duct I .
shibaubos B GOt 4 et oo cpRpotsnr Byeliiidd Sepending
upbR atie edMypcitiontaf ﬂi@sdd@ﬁéteib@ﬂigml@edniglemia_turanﬂthe reTidue to be

owi ng exanpl es

' [ . 30 [0066] .The f
@Bg&%ﬁ%ﬁ Hréeggérgﬁl:ﬁ%ﬁgo?ﬁf’% p8 %?rsfeiﬁfaaher il lustrating
(DO, PFRGE e brestst Banitie s begt ahitcil i MR stter 1 §ndctiion with
civaa Mgl semicariductansubstrates| thegieaaimgicompesitions pithe @nventiordcan be
ANy to o bstrate that includ icand i ic resid
pioyed to clean any substrate that includes organiCc and Inorganic resiaues.

[0066] The following examples are provided for the purpose of further illustrating the
present invention but are by no means intended to limit the same.
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to 100 wei ght percent. The conpositions disclosed
herein were prepared by m xing the conponents .
together in a vessel at roomtenperature until all
solids have dissolved. 5 Exanples of certain
conpositions disclosed herein are set forth in Table
I. [0068] The follow ng are tpg acronyns used in
Table |: APM Anmi nopropyl Fe t-PGVE

[(HGBF Bﬁ%gﬁcﬂl gfr%ﬁ:o' mﬁ&sh%li ar@? rareﬂbvep(liﬁke%hr %&m and add up

td ﬂl(rwéigmpefcﬂhf uThd campositiohs disélbbebdiareineiehs prepanedbyumixing the

oo Roalitn < EsfaloEiEM TRorES it MOy Ayp AteSiiec

EEamplasu bBcaria MME@sNonednhgibﬁ&wtmh are sed foribhfs@able 1.

‘B“gﬁ; %%%Hé‘&'gé QG%M%%E%%@:?% Il Ia(rjri’rg(re}i urF;GFI uori de

|||— -|- £ = P 1
L IICl IIU)\yct IId.IIC a0re 1.

I L)CIILULI LIe.Y'4 |\~
i‘ Iary Con‘pé ﬁ X l.fh anple B Exanple C
D (wg]‘g)lDl | TMAF (20% 1.5
T dr | /gnl i nesul fonic acid
T An| 1 i nesul Jr& ulfonic acid 0.5
p 4 DEHA O @E brﬁétﬁy% ){%% 2 citric acid
b 4 citri cﬁ%ﬁ H (25% 42 TMAH (25%

Dg H (25% thvil hi¥g carbonate 10 guani di ne
onate 13 gxcﬂiﬁf car bonate 13 Exanple D Exanple

:fg%axanple F D'NWJ’: Iet%ncﬂmlmter 37 DI Water 25 TNAF

D 1.5 TMARDikelisutforade! VA (20% 1.5

N | 1 nesul f onignrdyibyfoliRiifdni | i nesul fonic acid 0.5

p@ni | i nesul f onigropgdke Gyl

TMAF Tetramethyl ammonium Fluoride
BZT Benzotriazole
TME Tetramethoxyethane

Table I: Exemplary Compositions

Example A Example B Example C
DIl Water 40 Dl Water 34 DiWwater
TMAF (20%) 1.5 TMAF (20%) 1.5 TMAF (20%)
Anilinesulfonic acid 0.5 Anilinesulfonic acid 0.5 Anilinesulfonic acid
DEHA 4 DEHA 0 DEHA
citric acid (29%) 2 citric acid (29%) 4 citric acid (29%)
TMAH (25%) 42 TMAH (25%) 47 TMAH (25%)
guanidine carbonate 10 guanidine carbonate 13 guanidine carbonate

Example D Example E Example F
DI Water 37 DlWater 37 Diwater
TMAF (20%) 1.5 TMAF (20%) 1.5 TMAF (20%)
Anilinesuifonic acid 0.5 Anilinesulfonic acid 0.5 Anilinesulfonic acid
DEHA 4 DEHA 4 DEHA
citric acid (29%) 2 citric acid (29%) 2 citric acid (29%)
TMAH (25%) 30 TMAH (25%) 30 TMAH (25%)
guanidine carbonate 10 guanidine carbonate 10 guanidine carbonate
PGME 15 THFA 15 THFA

Example G Example H Example |
Di Water 25 DiWater 33 DlWater
TMAF 4H,0 3 TMAF (20%) 0 cobratec 948
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DEHA 4 DEHA 4 DEHA 4 citric acid (29% 2 citric acid
(29% 2 citric acid (29% 2 TMAH (25% 30 TMAH (25%
30 TMAH (25% 34 guanidine carbonate 10 guani di ne
carbonate 10 guani di ne carbonate 13 PGVE 15 THFA 15
THFA 20 Exanple G Exanple H Exanple | D Water 25 DI
Water 33 DI Water 36 TMAF. 4H20 3 TMAF (20%9 O
Ardbeaifenic Iitg 3 2227 Aplinesulfeieirdibni ¢ aci ¢ 2IMAH (25%)
DA i nesul foni ¢ add dciic 390t 509 26 DEHAWRWRG | ¢
c@tm@pw(@@% 2 Octyl3anTM@“(?5ﬁ’) citric acid ("ﬁ /%) HVAH

HCl (379 am n ni di ne
an et car bonag o ani fa/ &/ HCl 111‘-5 g}&%}ﬂa}
g%a tge; p f{ 136 PavE 29, aaneJ
le K Exanpl Water 30 DI Water 36 d- PGVE 49

cobrat c 948 Cobrate 94 t 34.5 T
'%f f\?lﬁﬁﬂ (2 &Qjéb\gpn%x%rgorldeez ,gGhﬁEM%jamp’eL

jne 0.5 Cc 6 PG 8 gua|

G
o4 HO ( /a 78/() 17 gu )
£8f mani di ne 2 g@?ﬁ% é&h@y
23 Exanpl e M rrpl e 0°d- PGVE 49

4{;@@@ 54 d- PGVR2%3 7@}4, V\&ter 41 DI Water gdénidile soféter
Ffmamidna Fl uori de (40% 2 A\Mm Fluoride (40%9 2 Anm
debtaterHalle (40% 3 9gubPBMENne sul fate 51¢gdamZdi ne
sREMEAEt e 5 guani di3ase sulfate 5 BZT 3 BZT 3 BZT 3
Exanpl e P Exanple Q Exanple R

Example M Example N Example O
d-PGME 49 d-PGME 54 d-PGME
Dl Water 41 DIWater 36 DiWater
Amm. Fluoride (40%) 2 Amm. Fluoride (40%) 2 Amm. Flucride (40%)
guanidine sulfate 5 guanidine sulfate 5 guanidine sulfate
BZT 3 BZT 3 BZT

Example P Example Q Example R
Nonylamine 1 Decylamine 1 DI Water
TMAF (20%) 0.75 TMAF (20%) 0.75 TMAF (20%)
Glycerol 15 Glycerol 15 Aniline-2-sulfonic acid
BZT 2 BZT 2 TMAH {25%)
TMAH (25%) 20 TMAH (25%) 20 BZT
guanidine carbonate 10 guanidine carbonate 10 PG
d-PGME 20 d-PGME 20 Formamidine acetate
Dl Water 31.25 DiWater 31.25 d-PGME

Example S Example T Examplie U
Di Water 33 DiWater 33 DiWater
TMAF (20%) 1.5 TMAF (20%) 1.5 TMAF (20%)
Aniline-2-sulfonic acid 0.5 Aniline-2-sulfonic acid 0.5 Aniline-2-sulfonic acid
TMAH (25%) 25 TMAH (25%) 35 TMAH (25%)
BZT 1.8 BZT 18 BZT
PG 5 PG 10 PG
Guanidine carbonate 10 Guanidine carbonate 10 Guanidine carbonate
TME 232 TME 82 TME

Example V Example W Example X
Dl Water 24 DlWater 24 DlWater
TMAH (25%) 48 TMAH (25%) 48 TMAF (20%)
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Nonyl am ne 1 Detylamne | D Water 33 TMAF (20% O.75
TMAF (20% 0.75 TVMAF (2099 1.5 dycerol 15 dycerol

15 Aniline-2-sulfonic acid 0.5 BZT 2 BZT 2 TMAH (25%
35 TMAH (25% 20 TMAH (25% 20 BZT 1.8 guanidine
carbonate 10 guani di ne carbonate 10 PG 10 d-PGVE 20

d- PGVE 20 Formam di ne acetate 10 DI Water 31.25 D
Quaridinez-arbpaatel- PGVES 8 GRanidihegaiiopats Exanplie AnillbeRmyifenic acid
DMSQat er 33 DI Vafler NB® DI Water 33 TMAF (i88¢25%)5
TMAF (20% 1.5 TVAF (20% 2.5 Aniline-2-sBf¥onic acid
0.5 Aniline-2-sulfonic acid 0.5 Aniline-2- B%Ifonlc

acid 0.5 TMAH (25% 25 TMAH (25% 35 TMAHqpewidingsghloride
BZT 1.8 BZT 1.8 BZT 1.8 PG5 PG 10 PG 5 GMFdi ne
carbonate 10 Guani di ne carbonate 10 Guani di ne

car bonBfa@plOY THE 23.2 THE BepwpleE 12. 2  Exanpl £xgmple A1
BMBADI e W Exanpl e1& MEAWAter 24 DI Watel® 22PMh water
BaAH @ (259 483TVEMAL 259 48 TvAF ( R0 TMAR(25%) g
@upRiingicA®ORA® bonal® ErantdiNgfARCRRIe car bon! Cupgidine carbonate
HVetehe- 2- sul foni €2 aB1\¥aler 5 DvBO 10 NP 1B altH (259
35 BZT. 1.8 PG 10 Formam di ne chloride 10 d-PQVE 8, 2
Exaanéa'?ﬁ’Eﬁénpl e z Exarrpl ExapPIRIIRA 18 MEA 18 ABKprRle A4
AMMH (2599 35 T 35 TMAH (25%%895 ARM ani di ne

A bonate 18 GJ&W’QJHH%Mca,r bonate 18 ﬁ%‘éﬁ' R

G S
ﬁjﬁ%ﬁ e 18 %nga %M Vater 29 B Vi (2?52)
uanidine carbonate uanidine car%onaAl'e 13.00 Guanidine carbonate

DI Water 32.29 Dl Water 29.00 DlWater

Compositions of the Substrate

0.5
35
1.8
10
10
8.2

18
35
18
29

4.80
18.10
0.10
25.00
11.00
41.00

[0069] Each substrate used in the present Examples comprised three layers. The first
(i.e., the bottom layer) was an ILD material comprising BLACK DIAMOND [I™. The next

layer was a silicon-containing BARC (193 nm) and the top layer was a photoresist (193

nm). The substrates were then subjected to plasma etching

Processing Conditions

[0070] Cleaning tests were run using 305 mL of the cleaning compositions in a 400mL

beaker with a %" round Teflon stir bar set at 600 rpm. The cleaning compositions were

heated to the desired temperature indicated below on a hot plate if necessary. Wafer

segments approximately %" x ¥2” in size were immersed in the compositions under the

following set of conditions.

10 minutes @ 25°C
20 minutes @ 25°C
10 minutes @ 35°C
20 minutes @ 35°C
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APM 7.40 APM 4.80 APM 4.80 DPM 18.50 DPM 18. 10 DPM
18.10 Cctylamne 0.01 Cctylam ne 0.10 CQctyl am ne 0. 10
TVMAH (25% 30.70 TMAH (25% 35.00 TMAH (25% 25.00
Guani di ne carbonate 11.10 Guani di ne carbonate 13. 00
Guani di ne carbonate 11.00 DI Water 32.29 DI Water
29.00 DI Water 41.00 Conpositions of the Substrate

ir@%%_h\eﬁwd ; %@lihér}i fifdeR) ws§ ﬁﬂﬂu.]ft_ei Imtea pg ﬁél@ﬂbv&ﬂ?ﬁ]bb’gs?r}d

C r's i ee ers.. e S | . e. e m
BB e arich Us g HAPE FihoS o TPy weahes Resagdipperniness
usin¥ SEMenibstopy. ayer was a silicon-containing BARC

(193 nm and the top |layer was a photoresist (193
nm . The substrates were then subjected to plasm

5 Tebi:ngleBhmgaxgang Conditions 10 [0070] C eaning
tests were run using 305 nL of the cleaning

comosttl ong 1n a 400BAR®eaker wth a %" rpPhHotd-resist
rermylations | paromaimat 600 A9 hm e T €3a8iTom 193 nm
CERRMpIelA ONp Verey healgd 10 jhe desired tgnperajure .
EhGele® DI OW O @ hol pratg 1 necessary. vafgr -
S approxi mgptetry yZ X3 (T {STZe WeTre T TTer sedy.
i EiﬂﬁJE§;nSES?T?%%S‘THK“H‘T#N?%EI5 fLiiUMﬁﬁ@ set—pf j_
RS bl ETS: 10—m utes o-25€C 'JAG nTrjotes w25C O v
‘:RFQ 5B P 3.\)C EG\[ m i"lll;it €S @ SQ_C 20 '-_\;19 li"v: Segh |‘|It ST
52 T ORI SV M UAS B DA AN AR 2
50 /R (R R WOl (Ol
rﬁ%.ég@,u' 3Yr 5 Tab‘.\re H-—-d eanxn” Datia—Fo+ "’Fﬂ a?' oS X
| REK@MBIRGL ol osi stV 248 hn 193%am 244 nm-193 nm X
e K v mle 1“' v X
Example L | J X vV X
Example M v X vV X
Example N v X v X
Example O v X v X
Example P v v V \-
Example Q vV vV v y-
Example R v X v X
Example S v V- v V-
Example T v v v \-
Example U v v v \-
Example V v V- v y-
Example W v V- v \-
Example X v X v X
Example Y v X v X
Example Z N X v X
Example A1 v \- v v
Example A2 vy v vV v
Example A3 v v v vV
Example A4 v v v v
' = successful V- = partially successful X = unsuccessful

10
[0071] Table ll illustrates the effectiveness of compositions according to the present

invention at removing a BARC residue and a photoresist residue.
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10

15

20

Exanple D Exanple E Exanple F Exanple G - Exanl eH 4-
Exanple | X X Exanple J X X Exanple K NF_ - X
Exanmple L X X Exanple M X X Exanple N X X Exanple O
X X Exanple P - Exanple Q- Exanple R X X Exanple S
- - Exanple T Exanple U Exanple V Exanple W- -
Exanple X X X Exanple Y X X Exanple Z NF_ X X

te Mélas Dite niint ure A2 Exanple A3 Exanple A4 ~I
= successful partially successful X = unsuccessful 10
[0002]1 ] Cdepmns df blanketGu,rGd, @and Wi evaédrs eete measiged fdr metal layer

ERBOR Y BoERRE L R, or e BHETE ool AR srpcer 273
fesistivifgdnstruvisert frorn@reiative Designi Eagineering, 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.

Table llI: Cleaning and Etching Data

Etch Rate Etch Rate Etch Rate Etch Rate
. BARC Cu Co W
Formulations 193 nm (Almin) (Almin) (Almin)
(A/min)
Example A 1867 8 NT NT
Example B NT 12 NT 2
Example C NT 12 NT 1
Example H NT 25 NT 3
Example | 19 NT NT NT
Example J 1 NT NT NT
Example K 378 10 1 NT
Example M 1 NT NT NT
Example O 1 NT NT NT
Example Q 181 NT NT NT
Example A2 NT 10 NT 0
Example A3 91 6 24 NT
Example A4 191 NT NT NT

NT = not tested

[0073] Table lll illustrates the effectiveness of certain of the compositions according to
the present invention at selectively removing residue without significantly etching the

metal substrate.

[0074] The foregoing examples and description of the preferred embodiments should
be taken as illustrating, rather than as limiting the present invention as defined by the
claims. As will be readily appreciated, numerous variations and combinations of the
features set forth above can be utilized without departing from the present invention as
set forth in the claims. Such variations are not regarded as a departure from the spirit
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[0072] Coupons of blanket Cu, Co, and Wwafers were
nmeasured for netal |ayer thickness by neasuring the
resistivity of the layer by enploying a ResMapTM node
273 resistivity instrument from Creative Design

Engi neering, Inc. The coupons were then 5 imersed in
the conposition at the desired tenperature for up to

andeschpe bf thednvention,adridyall suble vadatipns arevatended twbe thefudedwithin the

t he cpﬁgﬁéitLonl rinsed with de-ionized water and
%PPed MG CAM%ness of the metal |ayer was again
nmeasured. A graph of the change in thickness as a
function of imrersion tine was nade and the etch rate
in Angstroms/mn was determned fromthe sl ope of the
curve. 10 Table Ill: Cdeaning and Etching Data Etch
Rate Etch Rate Etch Rate Etch Rate Fornul ati ons BARC
Cu CoW 193 nm( mn) (Almn) ( mn) Amn Exanple A
1867 8 NT NT Exanple B NT 12 NT 2 Exanple C NT 12 NT
1 Exanple HNT 25 NT 3 Exanple 1 19 NT NT NT
Exanple J 1 NT NT NT Exanple K 378, 10 1 NT Exanple
M1 NT NT NT Exanple O 1 NT NT NT Exanple Q 181 NT
NT NT Exanple A2 NT 10 NT O Exanple A3 91 6 24 NT
Exanple A4 191 NT NT NT NT = not tested 15 [0073]
Table I'll illustrates the effectiveness of certain of
the conpositions according to the present invention
at selectively renoving residue wi thout significantly
etching the netal substrate. [0074] The foregoing
exanpl es and description of the preferred enbodi nents
shoul d
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20 be taken as illustrating, rather than as Iimting
the present invention as defined by the «clains. As
will be readily appreciated, numerous variations and
conbi nations of the features set forth above can be
utilized without departing fromthe present invention
as set forth in the clains. Such variations are not
regarded as a departure fromthe spirit -21 and scope
of the invention, and all gumsvari ati ons are i ntended
to be included within the scope of the follow ng
1.cl ai Arsompdstticnliéd iymovihg réSidi@emom d substraiel theeampbsition consisting
resi%_ues froma substrate, the conposition consisting
of salt selected fromthe group consisting of:
gua r
ani nnib%{}gerléyde%r fPo‘?'Mh dog'm c&ggﬁﬁdj%fﬂgﬁnz&ﬂ]é‘e t‘?\}ggoecthlonde Cqugmdme
SLglfatmamumataawbvﬁﬁﬂ@chlogmlgudmldlee aceticacis, géanidimecarborste,
gt]ca‘}’l[o' 1 ﬂiﬁjétg gﬁ%gr{lrﬂfd% f@ﬁ'hgmdfngédmﬁ& g&n’i‘ goﬂf"a%iéﬁhg acetate
am noguani di -ne car bonate, am noguani'di ne car
amipag usivling: ¢afleonatey amitFgyRnidine @hnbgnatg éyd raﬂlz«joriﬁmqnmemldlne
Cmg}ﬁiléeg{d mWlr&d the@afl @ water-miscible organic sol vent
sel ected fromthe group consisting of
di megdiyl aggt am de, N-net hyl pyrrolidi none,
di net hyl sul f oxi de, di net hyl f ormam de, N

{ret Wiﬁét@r-m%@or ghsiE Fanérd@eledﬂemhmhe @rc?b&ﬁhéldﬁﬁ&)f
tetr ur al co er cer.gl,
oty By alitet Neeshu S e iy bhoud. Btamritatide
méﬁhglﬁ)rmémwe toxineinitel diaethyl-3- pfpreee?rmf ltehﬂahwlm;ae‘urtylhalcohol a glycol
t claim urt her

etR%E: I&%rﬁlsa%dz@&'ﬁs‘%ﬁg??ﬁhl Iblotno? 3. The conposition of

cl ai g 3q e,fmgﬁ 0 o ARG 10REOBr A Bl Qha SR drofiacle

e rom an organi c

| east  one se ec an org

paflidlep. sal t, catechol, resorci noI a phenol, maleic
anhydri de, phthalic anhydride, cat echol, pyrogallol,
g8l 1 i ¢ Thegerapesitionsf elaien Ff-é’fh@bﬂ"dué'éﬂ?diofrpﬁ%ﬂ@ itor.
car box benzot ri.azol e, fructose, anmpniumthiosulfate,

gF”ycu n eF@PP%ﬁ*@PWF'@l%%“@‘FF?@ the cpFBRiem RBIbjter coR|pgses at'least
di met hwhasaéae@ﬁ@mréhcbegarﬁda&w@h §alt catechol resorcmol

and. i REUREN TGk agFyer e, eI HDGE GHEcOpt Brpaicy sl

f ur t heacid Be éstaisnigerbyfibencpiriansle ccatioxpierzoiridzala | fluctose,
ther eo]ztammonlum thiosulfate, glycine, tetramethylguanidine, iminodiacetic acid,
dimethylacetoacetamide, trihydroxybenzene, dihydroxybenzene,

salicyclohydroxamic, thioglycerol, and mixtures thereof.

The composition of claim 1 further including hydroxylamine or an acid salt
thereof.

The composition of claim 4 wherein said hydroxylamine comprises diethyl

hydroxylamine.

The composition of claim 1 wherein the glycol ether is selected from the
group consisting of ethylene glycol monomethyl ether, ethylene glycol
monoethyl ether, ethylene glycol monobutyl ether, ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, diethylene glycol monomethyl ether,
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5. The conposition of claim4 wherein said

hydr oxyl am ne conpri ses di ethyl hydroxylam ne. 6. The
conmposition of claim1 wherein the glycol ether is

sel ected fromthe group consisting of ethylene glyco
nononet hyl ether, ethylene glycol nonoethyl ether,

et hyl ene gl ycol nonobutyl ether, ethylene glyco

di met hyl ether, ethylene glycol diethyl ether,

dl et hYHﬂﬂﬁleﬁle)ng@bl nﬁ@fb@ﬂ‘ﬁt é\Hér Slb’ﬂh?fene %@cg'n‘?&rﬂ)ﬂhﬁﬂﬁether
ycol ng] noet h?/ et her, %qene nonopr op ’y

et her , d ViepRg vswéﬂmﬁeawpw(ﬂ% rsféiﬁhhwsw glaﬁql@ronobutv ether,

di et hYHlem?le@b Yhebl rﬁmm:d@uutyﬂ etﬁérhéﬁéthyleﬂé glybdlnwn@bsﬁz,ypéther

et nor . J8vErR ghefeeY § hes oot dronl et Shwy ristytens

gl ycol gigiat triopbmethgbsthert trietHylank glyeol cmhé‘twﬂethﬁbﬂwﬁwﬁne

ol yeol WG BT STILhr Syl obol ey et b iethiene
et hyl ¢yt ethylene glyhelineoremethiyy etber adeltate, ea‘ar?yleme)gmiol monoethy!
nonome r .
cthor - St aPiete praEnE droolh oMl Snkh R TRPR BRI ametny
pr opy| ether, gropglene diyn@mirwiobutalt dtker, propylend giyeol ghgreproply ether,
nonob U&lFl‘OpﬁEH@ blg cﬁ Wlﬂ%ﬂf?h&'ﬂé’lﬁ e'ﬁ Ip%ﬁ@ g{ye&lrﬁ(or%gtb%gll’ ether,

dlpropy ene nonone
gl ycol 'mws%swl@tqﬁ\e\soprolyf@zr@@wlmevl@mw@mobutyl ether,

nmonoi sg fo@ﬂ}éhe SIK/ElﬂHnsdil)HHyPﬁMéreﬁﬁrdﬁﬁﬁgldt ¥hi n%r‘hﬁr{ethyl ether, 1-
dlprop ﬁ@gﬁgﬁc ||sopro¥met er, trlg %/

gl ycol PH{ANole 2 1agthoxy-T-Brtangh,dymethewy- gt ylbutanol 1,1-
2- et hmm;ethbxwha&reobnd 2 2BitoRyetoky)@hind .but anol, 1,1-

di met hoxyet hane, and 2-(2-but oxyet hoxy) et hanol . 7.

The coThEosonipasitionbf ghim Nfulthérinélbding b AGbrivd iBYséurce.
fluoride ion source. 8. The conposition of claim?7

wBer ei The d:man;fdsmlon otigaimohwherencdte uorfleiicesoudce mrmlsemd
h R
o recotang hBng 8 BterR SR S R et fer s Ry ok Re

an al kmyndgpemqantlahydibgqn an gicolp) ganp, am alkoxyegoumh enedidyl
9. The% Gﬁ?ﬁéhﬂttﬂ@sﬂ’lfere%lra' m 7 wherein the fluoride
[

contai hing conpound I's 'selected fromtetranethyl

agmoni 4y tfdrrw?)%ltlgﬁ of élﬁHﬁ\%%ﬂn t i {1 alritlg dp%?hpound is

tetrabuty ammoni um Tl uori ol I ne
m xt ur%éeq%r%fetramthmm@awmw%rliettﬁeﬂml ammonium fluoride,

wher ei ttratigyl aineanihe flGsHak 2 HdliROnRia® %H&dmx&:%@cﬁér%@ﬁ
fluoroboric acid. 11. The conposition of claiml

Wher ei Thel doenpReifip® 6f diaigny hidrbin@he fluttide ¢eftamingeRipBUIR@T Y
anmoni c%mp%ge@ ﬁ)uorc%onc acid.

11. The composition of claim 1 wherein the composition further includes a
quaternary ammonium compound.

12. The composition of claim 11 wherein the quaternary ammonium compound is
selected from the group consisting of tetramethylammounium hydroxide,
tetraethylammonium hydroxide, tetrapropylammaonium hydroxide,
tetrabutylammonium hydroxide, trimethylethylammonium hydroxide, (2-
hydroxyethyl) trimethylammonium hydroxide, (2-hydroxyethyl)
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12. The conposition of claim 11l wherein the quaternary

anmoni um conpound is selected fromthe group

consi sting of tetranethyl amouni um hydroxi de,

t et raet hyl ammoni um hydr oxi de, tetrapropyl ammoni um

hydr oxi de, tetrabutyl amoni um hydroxi de,

trimet hyl et hyl ammoni um hydr oxi de, (2- hydroxyet hyl)

tri met hyl ammoni um hydr oxi de, (2-hydroxyethyl) 24

Lri et NyteRTEH¢ urﬁ}‘19&r@%ibé,gz-hgamﬁyéiﬁ@)%%wb%monium hydroxide,

tripropyl anmoni um hydr oxi de, = (1- hydr oxypr op I%%

trinet h‘?h&ﬁ%ﬁf‘lﬁw Himesteyanam oniymyaioxidg, ¢ mpfﬁr fherepl
osition of claim1 further including an am ne.

143, TP Borpesitionn S et ToRaPe RBATIR udi ng-

- dtov: h6e Piupentiso BERR 1 LT Brems asrie RS pf Seat thereor
i il HEe “EErER ! STRGT BAKEN At s

Ot sctimgn e RSl Rl s B RARS 1P ssbees ng

t o anycofprisirg adietectrio mipderiaP8omprising: contacting the substrate with a
composition according to any of claims 1 to 14.
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