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TITLE OF THE | NVENTI ON: AQUECQUS CLEANI NG COVPCSI Tl ON
FOR REMOVI NG RESI DUES AND METHOD USI NG SAME

BACKGROUND [ 0001] Nunerous steps are involved in the
fabrication of mcroelectronic structures. Wthin the

manuf acturi ng schene of fabricating integrated
circuits selective etching of different surfaces of
the sem conductor is sonetinmes required. Hi storically,

a nunber of 5 vastly different types of etching
processes, to selectively renove material, have been

successfully utilized to varying degrees. MNbreover,
the selective etching of different Iayers, within the

m croel ectroni c struck Tkl OF THE PNENE a critical

and cruci al ste nthe |nterated circ
fabri cAQWHYP g&@&g EI%ED ONé!‘éfétFiESéDlléﬁ
etching (Rl E) i s t heANPJMESHOR USING S r pattern 10

transfer during via, netal I|ne and trench formation.
For instance, conplex sem - nductor devi ces such as
advanced DRAMS and m cropro@ ROUNR; ch require

[ﬂob‘l] PNembkaye rs!iep@faré ﬁiv@ﬁré@ ﬂf‘lﬂ@tfatYMcbthgof hibtdeletfromt Etrh@tures
i nes. and ch structures.

Vi a
BiBAEE maniipiinn Sehesnd o iabicayEs Teaiptea roits §actve eiching of
diferehtiiraced ecthe béﬂh%ﬁﬂuctmﬁ s?ﬁéﬁhe@feqlﬁlréd Clqi%toncally, a number of
Sl an e nex eve
st Srranllpls b atehing Retkesare (o salartvsly e o matetal, have been

smeuessmuy tikAetQ0 RERIRy debieRC IMGrebvdi! e 88leahiv ét&ﬁiﬁg bﬂdlfferent
i ne structures VIaS

t he n of netal
'?weﬁwf&'f{ﬂn?wwﬁ@ﬁ'egtwe stiveture, {sriorsideipdaciiica armrwgl step in the

imtegratdd Slitsit SatBatih fioceddl / Cu, Cu, Ti, TiN, Ta, TaN, W
TiW silicon or a silicide such as a silicide of

[Oomstlﬁﬂeaalhhgl? Fetidtive ﬁorﬂ@tgﬁlhg RI;E) % ik 5r6Ue§§ eﬁél'tlmce for pattern

eaves a resi aue (0] a C ex m xXxture

"ta\F/?g{e’ ﬁbl&/)(q iz Tigta! ne-ansifreneh ermaiptre Sﬁ%{pgpp@g CcQap{gX semi-

caﬁdtﬁﬁbrmwﬁ:leb bucmagadmca@tbmmf &nd frﬁumsrbéﬁseb@s whichaBguire
materials use

qtlr | ecti ve coatin
YAl E@’ﬁﬁfﬂfﬁﬂ%”’b"éﬁ gy HigizgRE to H{QFHFG Yiphdmetghlinegand trench
strugt0rs. Viak ded ugets rr;hrb&kj}ptﬁhot orb éfif@lgz% efgg.-lé&fncoid mea‘ﬁlg% ebntact between

| | i S
°F§E% E?ﬁ%j%eayfﬁ#mpwab\gwmgn@ﬂ@M{ew'rfgawnng Metal lines are
c@ﬁtﬁfcﬂﬁéﬁtﬂiﬁuﬂé‘s UbecPad HEIERInEREBriteBis Tréhch rs%é‘hfééﬁaré%@& in the
; Xnﬁ,p {% : ?ctlvat ed reactive gas(es) such as w thout
QrinaTien, £F HRtal e YRurhEes: Mias, Aietaliinehand Bendhgtrusturestypigally expose

metAs 866 gm:y@rsuan ayw @Yo, cantiaTiN, Ta, T, Wotiw,ailiéeh oY 8 silicide
RI E process ] asna etch or pl asma

proces he
7 Slifte, 6 iBavtes, tniurh of 6abATh o B ToRas YRleAll leaves a
resmmlel{dﬂ @Qorﬁm@ilmlﬂur@ﬂﬁi hitlySndl Gdedre-sputeiediide material as well as

St ,
pgss%tly organ:c materials from photoresist and antireflective coating materials used to
lithographically define the vias, metal lines and or trench structures.

[0003] Post RIE or other etch processing, plasma photoresist residue cleaning is
typically conducted by ashing the patterned photoresist with a plasma containing a
reactive agent typically aactivated reactive gas(es) such as without limitation, an oxygen-
containing gas for oxidative processes or a hydrogen containing gas for reductive
processes. Like the RIE process, plasma etch or plasma ash cleaning leaves a
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antireflective materials, and the |ike) and plasma
etch rel ated byproducts such as oxides or halides of
titanium copper, or related nmetals dependi ng upon the
pl asma etch chem stry and substrate being treated. 5
[0004] It would therefore be desirable to provide a
sel ective cl eaning conposition and process capable of
canonatin ofeesidusssinsludihg agganfconatexaleié.g., residuali platoresist,

RS D8 s, 3R T hEFa) P it Rl R pBaclcR'as oxives

mdnﬂhde@ ef tilasiumabdpper,rpelateddectalssiepeadiny epart thamilasga etch
suchgliéﬁq"%m%ﬂgte"ie&*%@%ﬁtﬁéaf22! due, that exhibits high
FROGA o ol therchd e dBafetie i ide YRR b bghBosition anc
pratess aipableaf retgovdngl residees such as) iertexatnply, esdidwrestreguiting from
Sy SR B A DR R By BB roroove,

iwbeldibel desirablg to prosidera selectivé aleanigg aontpesitart and process, capable of

BRI oG s 1R dorlhlnd 53Tnd BB, BaloaleiS Py Bty for

th&pemdue asocdrhgared enmietais, mgmpnejemnmonsltant ‘(\kbll.gl'd(" pmateFials (e.g.,

M&@h 9:né% :@ée&%/}hg gor\?atﬁrﬂr@%g#thg@ﬁ g?,?s:ih I%'Egeairlc%r%terlevel

cpejectus rriabamdls including dow bigtbctripaonstahs@qwi wymamn(alsﬁegp,, materials

R BeloP G ofanprlfieh nd afpanbalrpdr ME i S0 as

depesiteaiigdsdhatmight alsabe pxpdsedaal thet dleamirigocdriyeositiooy dt would be

S wRicn CE R B F BB il S g B suor

sOsilive lowt er Enous lonriefiling 28Ry EfogEsdaRYioRENd HISQ),

riptiplheahionaicMedt PAHERER FARERGENTIRE e Phhonye gy Aol

Madeiialsidns pard 'ﬁEOSv(/tatriaethyldrmnsiﬁ(ﬁe)oﬂn agditian 1ol the abow, ithwould be

B3panigfor LR ioh HHiin ol Befec Y4l oRiob oty not

harg th&kemvirehmeht.i ¢ materi al s that mi ght aI so be exposed
to the conposition. In addition, the conposition

di scl osed herein may exhibit mnimal etch rates of
certain dielectric materials such as silicon oxide or
metal |ines or iBREASYEMMARNMOFURHEIINVENOEON The

cl eani ng conpositions are substantially free of an
[60953 d The ganeeusstrsed complosition distlosed B@eintis capable of selectively

F%cﬁrg@ L{{;.ﬁ»%w ifitdtBn" [%jsg B@g&a%@é r%gi‘:‘fia(gfto‘?hé?r}gsidue

owner Ghe
frpmca/smﬂ'am mtl'rqubaitaakmg tbrany usdesiied @xtent metad.dowrko andlor high k

IR B S R G s 4 ome B SBrRRg o TRAUHRh, the
composmon disclosed herein may exhibit minimal etch rates of certain dielectric
materials such as silicon oxide or metal lines or interlayers including copper. The
cleaning compositions are substantially free of an added organic solvent which allows
the semiconductor manufacture to reduce organic waste and the cost of ownership. In
one aspect, there is provided a composition for removing residues from a substrate
comprising: water; a quaternary ammonium hydroxide compound; a fluorine-containing
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conmpound; and optionally a corrosion inhibitor wherein

the conposition is substantially free of an added

organi ¢ solvent and wherein the conposition has a pH

greater than 9. [0006] Also disclosed hereinis a

met hod for renoving residues including etching and/or

ashing residue froma substrate that conprises

conpawtd; agd bbﬁnrmllljoatcoergsiomviﬂhi‘bitbhv&hé'retﬁ taaﬂbmggsition is gubstantially
[ L] i e erein. .ln one aspec escribe

RETEPR) S Qi SHERnIRY brein et BB RRBE he it grester than o
r [SHN: ' hot aresi st . ont.o_ at. .

fOROBF" A1sk RRdsRMareif 3! infhof sdtainal g ki eiudling etohing

an/omasiingrepidue érom asubidtratepthat conesises contactingfties sibstrate with the

t.he subst{ate:

SpEind B oSS Red f5h. T et FoptPed R neres provided
p aetrerdfoddefiniray a pattern felamﬁ'singtl%ab{mg)abh@bmsi%tt eilutb%t tl@tsﬁa portion

I | .. gas O renove at | eas a .,
oy Budiple TrBO hBRE AT s pearB of B WSl Banafng te
pattenyontg at least a pertidn©f the stibsitatel étcting the pattbirginteatte substrate to

féﬁg?gaﬁgﬁfwgkﬁgﬁqt%%ggibtg itg?eg%aﬁﬁgfpyoq%gt’%tg\?oﬂgﬁ Ira\'t:tivaz!.lted reactive gas
to Irerpovenat-leasttagamiiorgofdberpbatorsistant propide @vasibiye;and removing the

t L, .
63075l BOuhAlathl Bangheh Sulbali wir B Rpoxfith iafuerising: water;
quataredny atrmeordamihgdidxidercohmeund; EHirirecontainimycdmpolind; and

| her. aspect .. there is. provide a_nethod
PR A AR SRR oy PSSP 5B ot a aceg
orgaTiastlvery ant evherdis theadompuisttibn fias a ppbgrehiepthan 9.
conprising: water; a quaternary amoni um hydroxi de
[6@0V) o umanothef dspect, theere umrﬁ@/idc} agnatheapiow _l’e’lm\ﬁigdresidues from a

.a_cor . in i tor wherein fhe .

SB88 Bombndng YRR e Hlbghar? b GrooRipostig gomprigng vater:
quatevrany aswnbnivme hpdroxitia eompopras atfiuorindesntaininl cofpatad; and

: SCRI PTI ON OF . THE | NVENTI
PR = 25 e i R B cotpeoBiign ssuRgaetsl fes,of an adced
organiectaivent sind wheneimihercemipdsiton hasis bH?eatéﬂhaﬁBﬂ”p' e,
processi ng residues such as the residues generated by

etching, such as without limtation reactive ion
| asma ashin

t chi ng, pl hi , 25
conbi nat i one. t hEFIAILE RESGHIRRION, OFcrs BrviHoN
[0808T | AsethpaEtiondHE ABhRPSHRIpridig sahf foﬁsé?éétﬁevr@rhbmng residues
%.0r less or 0.5%or less Oor 0.1 %

free, .i.e. Eavel ) € : i ]
Suah g5, [f exampie. Regaspingfasiches swueh aadhe resigues geagratedby etching,
suwhrazositHol DR Aition roadive liorf Q&hiﬁ%@éﬁrﬁ%ﬂet&ﬁﬁb%ﬁéﬂé REWAG or

substrate w tp t <|:orr,od| ng the underlying netal and
e @P@WF?‘&%’@? a%re_sc SAnna ganosiipesidiscingpd 318 agygeusfpased and are
substantially fred)y.e € have MRLdrdstdr©.536 BFieE9br @7 93 REs of S Blided
Orsolivec%. t38,§%9€?09 The cl eani ng conpositions conprise

RR1'e POIVENT, P &TSRAING COMRARIIART Afpaiseiul tRs rereying [rfidueg from a
subbiate ivioGEHrRIdRigEe GQWeﬁ%m&lb%% laye® and while

or.ro?‘i on i nhi bitor wherein,
reducing the cost of ownership by eliminating the need for an added organic solvent.

[0009] The cleaning compositions comprise water; a quaternary ammonium hydroxide
compound; a fluorine-containing compound; and optionally a corrosion inhibitor wherein
the pH of the composition is greater than 9. In certain embodiments, the cleaning
composition consists essentially of water; a quaternary ammonium hydroxide compound;

-3.
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the pH of the conposition is greater than 9. In
certain enbodi nents, the cleaning conposition

consi sts essentially of water; a quaternary anmmoni um
hydr oxi de conpound; -3 a fluorine-containing conpound;
and optionally a corrosion inhibitor and other
conponents provided that these conponents do not
ativerireetontaihihg compbend; aed optignalip e cboosiemnkibitbr anteother

onposi tion .nor..d h nder.l vin t ;
SRRt Rl HAPIFRSE chRBiT fi b GRvBHEN 4Rk fing ceaning
pafgumante ofrithe compesitorofioneatrege the guderiging substeatersuifage. gn still

i de: fl uorine-c i1 e i

B8 Sbtipefio. b A ie igR5Rbf ol B Bl Biter:¥lternary ammorium
mygetr dnadk; iarfluoting-ogntainirgt coripesind;sariduwiptiboallyra carmsloadohibitdrc
devi ces, typical residues to be renoved may i ncl ude,
(0010} xargtieaning gethiod icviioy sutstrates useful foe ricreeldctsonic devices,

G385 et el Pl B SRR ool e o
epbyeckarsd/ol asiedptioturegist midterdal @eq/phghtes_is(b residuerblivs or X-ray-
A6 G B Rnirg g 4hl Ab AU GRERA gy
poiyghers) oa othérorganic etdhagsid@d?]nosganicr ¢amspaunds eutteas metal oxides,
e RGeS  Fen B A oot ERleRLaBRA At AP EIBAHE B other

inorgpoio etth; residoes; neetal coetainied corhpainds such Aearganometallic residues

Ar0b R0 GahF Rbehondd? B UL N 2@ el pOtdABIcImetan
siJEciesl,ah?iatrmr@Imgg?s'ou:gé mrataiiag;, mgkuhingg:a\r/t'msm\er rated by progessing
371 28 AR 8 R OB R o n ST Ry mbomiment, rosictes
L e ar e Ly oAy o et T g, plasma
e&%g@q%gg%?pﬁ%ﬁma%%ﬁggr ncl u)é_gs nmet Zﬂ p silicon, silicate

(B e TR e SEAE Bhdeen o S (AR Db rretal
sﬂibbm,lcsgmam)dmm_igteldéuadig:dﬁd(@g rh?ia'iaIEQXc_;h a&as e}aaamm;ideposited
sfipdpRass adlhaR-sq S dHEREBMET & HS, WG fox, TEQS and spin-
oaiglaissatms.jmibalfvabummﬂim Qiblaciriu nnaieriahs;taindm highdomaterials such as
oA s g O B o B BB 5 ok Vinero
botht the ireadimes! rﬂd the mealy silu:’mnl silicide, _iraﬂﬂa!ver diblleginic_knaterials, low K,

t . . ; { L { , . -
oBRIPk absud ek e S Reaggggmeostion
The cﬁmgoﬂﬂ%w'tamtfm?itr;odmmumk@n ?g;:v}nleifm%e?é?ivelrymwgg;the
riiies Hher 85 pROGTRL BT aap i ondiot sroBfisly BT ahdlf
sighitfiba:;tlyiatlabl::ihg d'rekrdétalé irsgigon,:ﬂ\l):venll( H@gﬁg igieelﬁieelhdiet(lectric materials, low
kortr s Bk, andfoe b A ReBHBls M ettai SRSy 1ng subsiggre may
contain a metal, such as, but not limited to, copper, copper alloy, titanium, titanium
nitride, tantalum, tantalum nitride, tungsten, and/or titanium/tungsten alloys. In one
embodiment, the composition disclosed herein may be suitable for substrates containing

sensitive low Kk -films.
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contain a netal, such as, but not |limted to, copper,

copper alloy, titanium titanium 30 nitride, tantalum
tantalumnitride, tungsten, and/or titaniumtungsten

alloys. In one enbodinent, the conposition disclosed

herein may be suitable for substrates containing

sensitive low k -filns. -4 [0012] The conposition

[bios2] ochémp@snﬁommf@densheﬁém gorthing frofbaliéut 65 abtoudbout 99.9 % by

% fr bout 75 % .
WEeH e B PGP as k 2ttt TP S kel i 55 Yien Shid fHout 08% by
mgarof wa:erc ancdmbqoplesaittmmc:mﬂa:ﬂqrmai cfdjnm:meat af dep elear@nts, such as

t or._exanpl e, an.agq. .
B pfieif FLahiatus 3ot omiing B8 M A g RHpayna. or tcan
oy addedcsepatatély. Sdohechohdipdtirf @laynplésosfavatamintlude deionjzed water,
8 Bt S wplBE, U o e lapizet] Wl HRING & tow
rdeiabcart@d. wat er havi ng, a low nmetal content. [0013]

The conposition disclosed herein contains from about
[00153]% The «abmﬁsutib’ﬁ didrjosediiecsit cantaihs fromadbout 0.5 Add about15 % by

b 10 % h b 1 %!t 5 .
iphos Hm At 7% 0 b h o6 B PSS of eth ol g 30ctiY o6 by o
&m@namarqmapmnn@dyoﬂdﬁmnpmrhs d Erernplasy queyerharytantraenium
LS a8 e el i b N P W Shlrein .
Ryt BaimandaRfarel easty mldgyéndgnltllguan atkpicgroum rttydedxyalkgl group, and
B e TR Hho 38 HRE B 1k KA P oranchen
chyidrumsabdtantiaged byidrocdrodn yrougd ot td@ncambanatoms; of fram1ilto 8
tg&gsqlﬂ](g@g gc?r on ? gﬁﬁagq%bﬁérﬁén oé{é‘ﬁpl%’%(p:tal ﬁle _ﬁaog!ﬁ%ﬁlgﬁsfoups include
neéthyll ethyr pn@)oyi |sbﬁ@D!V|QDMBrL abdltadbutyanﬂhé expréssion 'Iovﬂéﬂalkyl” refers
AR TRR L6.Fir e, SSim BB BB B e
straight or brafiches dr@ubﬁhmtﬁt@hﬁydb@xybg@up@edwtmnwbwdmarm@oz;ps of
B3 RO OR P 8 ST 9Bl arddfoms
&ammek of suifabtahydroxysdikyrgroupe |rﬁﬁmép1ydmx9fetlﬁﬂmrhcabjlc&oxypropyl

%t Buie SLalsinl dmbhim e GmianRRinpiuce
tammlnyﬂmlmdmm IRIrOOdeTMAL), téﬁﬁbtﬂﬁhmmomum hydroxide,

e a ni
S EbL BTSRRI ORGP de b b RYaE oy s,
trlmyéihmhsﬂlarrﬁcﬁmhhl hym@mapozqummm)mmehwrmodam hydroxide, (2-

| e anmonl u
o MR P PO L Y SR e KR RIgBY Qi mgium
hywdxuaa,xetﬂywo)xypnopythMﬂmmmmdiyapoxrdje ethyltnmethylammomum

e TN B AT R p—

hgirbyidié.r i met hyl anmoni um

[0014] The composition described herein also contains a fluoride containing
compound. The fluoride containing compound or mixture thereof is present in amounts
of from about 0.1% to about 15% or from about 0.1 to about 10% or from about 0.2 to
about 5% by weight based on the total weight of the composition. Fluoride containing
compounds may include those of the general formula RsRsR;RsNF where Rs Re, Rz, and
Rs are each independently hydrogen, an alcohol group, an alkoxy group, an alkyl group

-5.
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hydr oxi de, di et hyl di met hyl ammoni um 1hydr oxi de and
benzyl tri met hyl ammoni um hydroxi de. [0014] The
conmposition described herein also contains a fluoride
cont ai ni ng 30 conpound. The fluoride contai ni ng
conpound or m xture thereof is present in anmounts of
fromabout 0.1%to about 15% or fromabout 0.1 to
arbmixtire8/theredfr @xambplastof Buch ¢ampaandsiinchide mynmenigh fluoride,

B3R wonki Beari®: Fiipe P AT RRSPRaLR . W Abjrghium
flumrige) andRaR6REERBISFeclh Stikfurher Bamids ofaodtaifR®y eorepaendhinciude
f&%gﬁgonc%%rg hi%)ﬁlg#r%%%% fl grgﬁér%ﬁqlgo{hﬂf?étg&ﬁ ECN gﬁ alﬁgf(y}'ammomum
tesraiiquretsorate, auatnuwo hp:ﬁ.ﬁlﬂgﬁied (;uod ltog?sngmmﬁn?m ninfstill urthée
ITHEPRRRS e AR Eomiine i s R e BT ey
devendary or firiidry afrunet tearbeeuspl es of cont ai ni ng conpound

i nclude fluoroboric acid, hydrofluoric acid,
OO US]r olter @ctrmmsutfdnlﬂi&dﬂsed ihereve maly optidradi coytharfronm aboot® to about

{6%h 57 aldRk B AL aBouly h B Balf K HE et offfihm 8BS 0% 1o
aboot a%rbyrmlgmm gumdoslsn ;mﬁiblm: 1Achg csabmomfnha:ﬁtoakrhqmam' itice art for
PhlATEPbicaBES o0 p 1 ise sldsBlin O Par 1%, 2R 717 inion are
|mp<aaredfhemmzblycnelfbrdhcematﬁaﬂsedl@hnbymmtghtommaﬂrbe;ﬂor

%
Gafile, Sn Srari aGBiAf orant nch] o4, £hlherdl o R AR photes o
partjcutan cowssiom inhitfitots mciu?]émmhmmlm at;iulegaihct adidrbengoigiacik
) | 1.9 ose e
ARS8 Reiele ok B R e el adg e acio
malyic hehydrizie, pﬂhalmmkgdndm szdt:bazolm(cﬁzrb eresdroinol,
cgfpgﬁ@q';e?nzgﬁ{aéé’fﬁ &g@g @y%r gﬁﬁpgéﬁ@%ﬁ@@ @fﬁ‘rg{cm% acid saits

tiearesfoandthel likbi FHutthersexanplesdsf canbmmmmimtorsanatdnagbé Lsed include
I 1N

aci benz id, 15, i ht i.c,acid i d .
Rftcfio, B7EF. Bl Stent BroTRAd! gt GuRE e 3 Syl orrosion
irdibitdrs inolate fracwsdyammosiumthlobeatfate, ghyened lactieacid,

azol.e ((BZ resor.cingl .. . .

AR e i nbhieco i &6, A9 e tbulppetnacatamdg. fm gerain

e:-rmgtimerms: ittsk &ﬂfbsmrtlhhlblt@'fe latb matdapto- grbﬂﬂ eo:ﬁtam&@cbot'rip@unds such

[ S_0 rosion_i.nhihitors . .

ats pel Hhla o, 2 RS snethbe Ay RBaP Aol 2 Bhgetbfiazoine. st
othier gﬁérhples attatrosiértinkibitets Ir@mﬁnhmaplb g$cbu|:t mite&mng oompounds
wfq;]:ﬁr Qv oglyém)% @rgrp fé:%rrqsoé{gl[]greugen arrwy (S:Itdg o the’d or'?sJ posmon of the
cmmpmmtSpdcﬂhmadpm of th“élsé Qﬁbr&e&rﬂé—gﬁbmddtaami@compo%nds include
et oace n certai

SR e Propansdiol hich i Alss St o A BROb B i
aminophemataios2ciydroxymercaptan, 3-(2-hydroxyethylthio)-2-
hydroxypropylmercaptan, 2-mercaptopropionic acid, 3-mercaptoproponic acid, and
mixtures thereof. .
[0016] In certain embodiments, the composition disclosed herein may further comprise
one or more additional components or additives provided that these additives do not

adversely effect the cleaning performance of the composition nor damage the underlying
substrate surface. Examples of these additives include without limitation surfactants,
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as, but not limted to,

2- mer capt o- 5- net hyl benzi m dazol e and

2-mercaptothiazoline. Still other exanples of

corrosion inhibitors include nercapto-group containing
conpounds 25 whi ch have a hydroxyl and/or carboxyl

group on one side of the a- or 13- position of the
aheigtiogadentSpereniical neodifiens, elyes) foiqddeseamiorathercadgitvapin amounts

a0l PB4 on the total weiany of the omagsiian.

[gﬁr']! '{1]2 L’ﬂ%n%q(\rﬁé]o%ggonﬁﬁhs%?%q( {}%irncrg g%\{e a pH that ranges from greater

tBarf 2 tdgbioLd ateoHiydrn yreRterdharh Bdo akgulr @y | ner capt an,

2- mer capt opr opi oni ¢ aci d, 3-nercaptoproponic acid, and

[8018}i xthe eenpdsiticos disclos¢dbdréin dre compatithe withinyd k fiters such as,
_ D0Si L Lao  ein _ :

B HREE MR (DML nd ST Hich s e RLon OBy bRk

Ghemvicalgldct, Bad othee flensadidiet formdatibns moe alsadtfestiveliy stippieg post-

etooFhBR it B HhBRPE TS and PRo T ebloBls 8Kn 2TB4Ae
resldies, eeganomelalideresiduds) irorganic testdues, metalia okides,or phetoresist

S B RASRRr SRE T T l¥ehps B R RS st
sabivas, fseexanpleithdee shubstates nonthipingatoppeniiaghim, ofr bothe Moreover,

L Lion. T iti L.Scl d o1
2B e bR BB B GO PRI g
medenigls. 14, or fromgreater than 9 to about 12. 5 [0018]
The conpositions disclosed herein are conpatible with

[0938] k Duringdhesmahufasturingyptacess, al phetaresistdayenBrqatekyn the
B8 3 B AT, B v ot r
Imertaireembodiments, thespatieprsdphotaresist layer fiesbibjeatiéchio plasma etch such
; e | X |

o155 16D 9B BB e Tl s
iayaoisdben emoveddyeet chemizhl meansardiésr, drp reminval proegssss (2.9,

| i td
T e
patiermonts, the Isobstrateltbe etohaesiduest are generatasippieor fo wet chermies| and/or
O O e 5 B 6 TR e
cleanast dralboth ¢10D 165iduBsandghotozesistresidussurin embpdioents where the
SRR BT 90U Sl T kS
astediphotrsésists laag elch residuesif anktchadmidicopdudied.t he

patterned photoresist |ayer is subjected to plasna
[0820 The metraxl deisEritied vdveicmayhe ¢oxtducted biycontasting & sulsirate

vt B e300 1B R er BB oyl e, o
cqmplecssasnfiratipn, thereof present as a film or residue, with the described
composition. The actual conditions, e.g., temperature, time, etc., depend on the nature
and the thickness of the residues to be removed. In general, the substrate is contacted
or dipped into a vessel containing the composition at a temperature ranging from 20°C to
85°C, or from 20°C to 60°C, or from 20°C and 40°C. Typical time periods for exposure
of the substrate to the composition may range from, for example, 0.1 to 60 minutes, or 1
to 30 minutes, or 1 to 15 minutes. After contact with the composition, the substrate may
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pl asma etch, plasma ash, or both). In enbodi nents
where RIE is used to transfer the 20 pattern onto the
substrate, the etch residues are generated prior to
wet chemical and/or dry renoval processes. If the
substrates are not ashed, then the main residues to be

cl eaned are both etch residues and photoresi st

li&éﬁnsxgumd then dﬁémcmmtlstypimalgecarh@d ostubﬂd br an mﬁrtaztraosphere. In

asnhe 0 e Cl eane e a .

G ubSfnEhisna GERuRET Vel igFe & SRE Dnfitd HOP Rz yater witn

otheratudiive$ rr&ty&j@ erﬁplommbreddur&‘@aénﬁwaﬂe}ftethentaeﬁdgdde substrate
uct e con

descri bed h

e atbosRas Ry BA BB MR JhS PORBESOr DR ysed n any
rp@mwengowm iothg artgﬁat&m?ies DAeatng Myid fanthel esmaval ofmmpétehed
or,.,.co n | er.eo r res|

A PR e Hhelee S st e o and/of pfer eSS

conditions, e.qg., tenperature tinme, etc., depend on
the nature and the thickness of the residues to be

removed. In general, the S#&é&‘ PE Is contacted 30 or
di pped into a vessel cont E The conposition at a

rhG° hetplipdiB5 Bdlfeiof 8 S5t i Atheraflsrple e SppbSiion an
resthod diselosed hérein. HExXasipiest of tmerarkws eremplant ¢onmpasiipns and pH
SR e Rony iR 3R st oty tabich, [} e auBimgbpty' i given in
veight perdenband adicuis tdo 100 wieightrpeycent. 7 The compasitibnaibctdsed herein
VB BEepriBelby i ¥ Bof oushut Biopingl o4 bestef 38 b ierapure unu
aflisolids raverdisselvedointthe exargplesbelowzeld determinationsweretrhade using
SBo bl g’ & B PoRB 5 e Wiioei i toat\i
pdsitive reisistithat was e véioped; etchet lard asmgabsridr it@ exprsorenEian sl;ceelxposure
& PRl B TSR bl s Bl g nacates
npbatailalsteed phot oresi st, ash or etch residues and/ or

ot her residues. EXAMPLES [0021] The foll ow ng
[G022§pTabledf ﬂuslramed itie @ﬁbctuviaueﬁdﬁwa'nb&sﬂenqﬂay chmpositions for

Siti n 10 rrethddl her ei n. | -
rePORREtIchRs TR Vo) e HB RIS T it A &R € Sitcon
okide-ceatamirgpfifinastich ias ISH K-8 OQTUrpt-MSOrfllmabIm/ided byUSR, Inc., a
. le . ], unts_ar i n_.n i r
g trics st TR 4 c ik Hieldifialigh ! Slibo i b cBRer layer, a
cappec metallization éyer, a/RARC payepandd ghotoresistpaticlrewhich was etched

0 ts together .i.n a sel _at ro er, [

afif e o BBt Sety Shd ElianrBieds (ie TRRHIPLYER then
prloeésssd byHmtedrsingtheadubstrate\ie & @aniety of exsanigary Tohffositioesoula this

sol tlons at a er at ur r.a
pfadtirn G & mOE I erS Ve Plabodin.a 00 SR Ly BeakS fat
carttaihed| 400 thissfeagdh RxedplahOcannsitiohe Theie00 ntlbeakgrdatier included a
1 inch stir bar that rotated at 400 revolutions per minute. The exemplary compositions
having the wafer(s) contained therein were then heated at the time and temperature
provided in Table . After exposure to the exemplary composition, the wafer(s) were
rinsed with deionized water and dried with nitrogen gas. The wafers were cleaved to
provide an edge and then examined using scanning electron microscopy (SEM) on a
variety of pre-determined locations on the wafer and the results of the cleaning
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to the conposition. In the followng tables, "N.T."

i ndicates not tested and "n.a." indicates not

avai l abl e. [0022] Table Il illustrates the

ef fectiveness of various exenplary conpositions for

20 renoving residues fromsilicon wafer test

substrates. The wafers had a | ow k, silicon

pemimaoomam! damggé td the sndérlying FBRIayKDBEOGIC (ILD) weBDVisually

i n N t [ . u 1
iRl ] 003 plelted HTatie ol g oA o Beaning -
ndlcaied eexbalrent e+’ eicatesayoodpB) edicatasdhir;i amlt b omtcaigsepqor and for

B PSR okl R ert ok i g gl ncicares

mcedamad’dne substrates were then 25 processed by
i mrersing the substrate in a variety of exenplary
[@Oﬂ@bsTlue sursmahynoftcopper giclomtetunars obtainext froro varigusstilicon wafer

455 5 LA b O M A TR e 1. oo
(fiike B00OWinG diehaletas, Measrementsolerd ednductdd atf; 1 0s2¢,140band 60
b AR W el ol g
arid@rapmed/\mm & Heastlsqamed fititmadeton theeresuits fbeeqr@r@tlemmfy

c%gn |¥>h d%ﬂe C lcu Fé srl]édet ?‘;Aﬁ%\ﬂéﬁé??@l?&éé rﬁté Fr%rdl}eﬂcgfe élch c?wposmon is

ar y "conposI
ttje reamitaetobtabatm pawided iin auyshotris/mintteddémin) ale.deTranining the etch

iR G Ry St Ry PRk J sEonetEposjied upon i

WinmaMhnknqmse)f thet wafer wasl déterained nsing the GBEVRdsMapedd Four Point

b8R8 e g e R bORest, BRLMRHRITNGE AR oo
axemphiry gompositionst Mdﬂmnhmm!;emeaestpmaiwsdre!mte iremdeetal feom the test
Lo 3 TS b Ul BEONeIB e i B

: rag_eh "Therbickrase of panj'ﬂwgadwﬁsmeaku@d@adﬂgmcéssary the procedure
Wl o B ol ne BT o “armge. [ 0023] The 23&‘%2?9 h
(G887 T8 il 8L e e Oh el SisB Rtk PO Ftabind e
dehsified) gopedtetraethylarttiesilicate [kEOS), land. JSALEBI043 whublms a porous
iy 6003 Wit iy o7 PRoBE D T Bl ol 0 Blihg eton
rates, soeasuesThentaveveee cartdectadrat 8, 10, 20240, dndrgd mmums\oﬂexnnisure at the

GO PSR 30 174 TR OBl v

atedatutinae idersdl@pd grdphedaisinigenidass qqmresfm’ modehardibie results for
oFAF LIRS FoMABAbE Th Fkiatey e i et SR ffoaet o
eactt esnpdsitonviatrer esditait etchirats lpesvideayin rangétrcanémmme (A/min). In
détg'rrﬁllﬁmaseslther theOc%Bper qurP ra?e orePE(ﬂg erl]ch rate, the wafers had a blanker
layer of a known thickness deposited upon it. For Cu etch rate, the initial thickness of
the wafer was determined using the CDE ResMap 273 Four Point Probe. After
determining the initial thickness, test wafers were immersed in the exemplary
compositions. After five minutes, the test wafers were removed from the test solution,
rinsed for three minutes with deionized water and completely dried under nitrogen. The
thickness of each wafer was measured and if necessary the procedure was repeated on
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10 Tabl e

8 TMAH 7.5 TMAH 7.5
TVMAF 3 TMAF 2.5 TMAF
Mal onic 1 Thiogly-

| Conposition Exanple 1 Exanple 2 Exanple 3
Example 4 DIW90 DIW89 DIW89 DIW89 TMAH 7.5 TMAH

(209

(25% (25% (25% (25% TMAF 2.5
2. 5Tabid QVEEMDS (20%

1 Acid cerol pH 11.92 pH 11.55 pH

10.66 pH IT.6/ EXpnple 5 t)@aL PéSF@LRDtBWe Clgilg_ggTQTL@(D_gmgm
8 DI W 82.Fpntd W 77. 5T,Q|eW 76.15 DI W §1 TMAH MAH 20
TMAH 20 [TARY 15 W)(zs% (25% F25 |[ID
TVAF 2. 5 TMAF 2.5 TMAF 2. 5| Qleay (79%139@0 Cleanoy | damage
ERI POl Y-, I Thi ogi'Vf, cergi_cerol [pH 1183 pH 11799
pH 12 04 pH 11 838 Tgl W dei gnized water TMAH
t et rametiHyl anmoni umshydr oxi der, 25% pgueous dotdtion |-
ER JVAFCetTametr gmmnl T i uoTTdET, "20% agqueous i
solutiod ™ -10 Tabie 11: SElM Data Cu/JSR LKD-|51HoTM
Cu/ pJSR|KD- 5109TM 15Tenp. Fme LD {& (C) |(#n.)
 opn danpge—Chean garmage 5 3P+ A0—15

E&-'?++ 44% Ex. 2 30 ++ +F% b i "

40 15 e - it ++
Ex. 4 25 30 -+ P ++ ++

40 5 44 +++ N.T. N.T.

40 15 - b -+ ++

Table lil: Etch Rate Data
Formulation | Copper Copper TEOS(doped, | TEQOS JSR LEB-
(25°C) (40°C) undensified) | (doped, 043™ (25°C)
(25°C) undensified)
(40°C)

Example 1 4 4 <1 <1 N.T.
Example 2 2 7 <1 <1 N.T.
Example 3 <1 4 <1 <1 <1
Example 4 1 2 <1 <1 <1
Example 5 2 N.T. <1 N.T. N.T.
Example 6 4 N.T. <1 N.T. N.T.
Example 7 1 N.T. <1 N.T. N.T.
Example 8 1 N.T. <1 N.T. N.T.
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40 15 +++ +++ Ex.3 25 30 ++ ++ +++ ++ 40 15 +++ ++

+++ ++ Ex. 4 25 30 +++ +++ +++ ++ 40 5 +++ +++ N. T.

N.T. 40 15 ++ +++ +++ ++ Table Ill: Etch Rate Data

For mul ati on Copper Copper TEOS(doped, TECS JSR LEB-

(25C) (40C) undensified) (doped, 043TM (25C) (25C
undensified) 40C Exanple 1 4 4 €LAMSN. T. Exanple 2

2 7<1<1NT. Exanple 3 <1 4 <1 <1 <1 Exanple 4 1 2

<1 A%posﬁ;@g,{w ramgvipg rgsidues fromy asubgirate, thegampesiticn cpnsisting of:
NNT. <I NT. NT. Example 7 1 NT. <1 NT. NT.

Exanpl e &2\ 7. <1 NT. NNT. 5 -11 CLAIMS 1 A

e compBSEIBHerk AREIecl B idsaprotine B 5 g pera(jormua V-

anmR}RM}y OHwhereinddnRe Ry darktbR ang eacrglaﬂgie;izeiﬁtm am.dllfyrl] group, a
R3, an are eac

[ ndegdﬁggﬁgﬁlému | ky‘@é%&ﬁ%{@'gz hydr oxyal kyl group,

and m xt ur, [ 0

cel cot od yonde Rirkihing orhpdlls SHRCEBRHM b g ARG o

amistiamatny asmagivm ﬂl&ﬂdg,etemthsémnm fluaride; teéabutyl ammonium

t et faghtey uctoBaR! iﬁ‘ ;drém%hEISeldffluHbeBFb‘? d, fetn%%kﬁgmmomum

hydrofluorlc aci orates, tetra
t et feifefl HQTPB‘ET@%P'@m"'&l"hh?’ﬁU‘#ﬁfﬁ'éx%{ﬂl%W%@e Aneomixhies thereof: and

fluoride, and m xtures thereof; and
optionally a corrosion inhibitor,

wherein the composition is free of an added organic solvent, and

wherein the composition has a pH greater than 9.
The composition of claim 1 comprising the corrosion inhibitor.

The composition of claim 2 wherein the corrosion inhibitor comprises at least one
selected from an organic acid, an organic acid salt, catechol, resorcinol, a phenol,
maleic anhydride, phthalic anhydride, pyrogallol, gallic acid or esters thereof,
benzotriazole, carboxybenzotriazole, diethylhydroxlamine fructose, ammonium
thiosulfate, glycine, tetramethylguanidine, iminodiacetic acid, thioglycerol, and
mixtures thereof.

The composition of claim 1 wherein the quaternary ammonium hydroxide compound
is selected from the group consisting of tetramethylammounium hydroxide,
tetraethylammonium hydroxide, tetrapropylammonium hydroxide,
tetrabutylammonium hydroxide, trimethylethylammonium hydroxide, (2-
hydroxyethyl)trimethylammonium hydroxide, (2-hydroxyethyl)triethylammonium
hydroxide, (2-hydroxyethyl)tripropylammonium hydroxide, (1-
hydroxypropyl)trimethylammeonium hydroxide, and mixtures thereof.
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optionally a corrosion inhibitor, wherein the
conposition is free of an added organi c solvent, and
wherein the conposition has a pH greater than 9. 2.
The conposition of claim 1l conprising the corrosion
i nhibitor. 3. The conposition of claim2 wherein the
corrosion inhibitor conprises at |east one selected
froman organic acid, an organic acid salt, catechol,
5.r es drheicooippsitionpbiataim, 1 wimaeie ithe fiuorisiel condaining lebmpbured comprises
anhxﬂgkﬁgﬁcgéaogallol, gallic acid or esters thereof,
benzotri azol e,” carboxybenzotri azol e,
di et hyl hydr oxl am ne fructose, ammoni um thiosulfate,
gl yci ne, tetranethyl guani di ne, im nodiacetic acid,

6.t NI QOKMBE Mr deffiflg aPattétidRrdiledfistises4. The _
conposition of claim1l wherein the quaternary amoni um

hydr oxi deo btitftoresist we £6diRttale; om t he group

consi sting of tetranethyl amouni um hydr oxi de,

t et r aet hyithagraphicaly defiding xipdeerntontth@ phatpnesidatmoni um
hydr oxi de, tetrabutyl ammoni um hydr oxi de,

t ri met hy trat$fgiriagthenpatterrhordo eidealst a potion of the substrate;
hydr oxyet hyl ) tri met hyl anmmoni um hydr oxi de,

( 2- hydr oxtobinigythg patiesn imjad thensubstiate torigrir a paiterned substrate;
(2- hydroxyet hyl z]t ri propyl ammoni um hydr oxi de, (I -

hydr oxy pespssinathe pettemedsabsinata e Ay aetiyriedseadiivg gas to remove at
M Xidisfs PBI'%Sﬁ Bfthe phetoresisl A% roWRO airddiquy; of claim 1
wherein the fluoride containing conpound conprises

f1 uor obotdrioviry tHe rdbidud okt the QubsiratélBy Edtitatling tHepdubetrate with a
elrn conprises: coat | ng a phot oresi st onto a

wher S:

sub&PmpeLtion gaepiingtagiRiM s 'y defining a pattern on the
photoresist; transferring the pattern onto at |east a
portion of the substrate; etching the pattern into

t he,s forn I ! [
7t ne APl R bl e A SUE D PR o ARG b substrae
t o wéhawempositierasdmpispngr t i on of the photoresi st and
provi de a residue; renoving the residue fromthe
subst r at #omppSdo AP 8k by yeightofsvatet rate with a
conposi tion according to claim1l. 7. A nethod for
r enovi ngfrere S &iigeld % by meight ol ayatersay@mprorum gydroxide compound

ggnﬁéli@r‘isg% ﬂggﬁenﬁl SR INRRRIR GO WHRPRP R IR,OR,, and R, are each
rrIFI)1dependg:-htly an alkyl group, a hydroxyalkyl group, and mixtures thereof;

from 0.1 fo 10 % by weight of a fluoride-containing compound selected from
the group consisting of: tetramethyl ammonium fiuoride, tetraethyl ammonium
fluoride, tetrabutyl ammonium fiuoride, fluoroboric acid, hydrofluoric acid,
flucroborates, tetrabutylammonium tetrafluoroborate, aluminum hexafluoride, choline
fiuoride, and mixtures thereof; and

and optionally from 0 to 10 % by weight a corrosion inhibitor wherein the
composition is substantially free of an added organic solvent and wherein the
composition has a pH greater than 9.

13



from65 to 99.9 % by weight of water; fromO0.5 to 15 %
by wei ght of a quaternary anmmoni um hydr oxi de conpound
having a general fornula [NNR RRR3R4]' OH wherein R,
R2, R3, and R4 are each independently an al kyl group,
a hydroxyal kyl group, and m xtures thereof; fromO0.1
to 10 % by wei ght of a fluoride-containing conpound
selected from the group consisting of: tetranethyl
8.aMMpNEdHRJs|tioR Fordemovieg feariuBy frord RSBt the bormpakition comprising:
tetrabutyl ammoni um fluoride, fluoroboric acid,
hydr of | udmimot5stoiod,9 %fHywaigHof wates, t et rabut yl ammoni um
tetrafl uoroborate, alum num hexafluoride, choline
fl uori defroar@5 ko %§ %r yswaighd of e guatarmansardmoriuindrydraxige compound
from.0 9 i ¥ ' dhi B Bor (=Y
t he Tobigh S sERere S E I R AR R DRI R, R, FR RIS Bach
or gandependsintiy an alyidrowie adiyaroxyalkyl gietp.caiidimiswresdthergob H
greater than 9. 13 8. A conposition for renovin
resi dues fierdh & %@%SQYrVﬁ'@}trgfpﬁ@Umﬁﬂ'WW%F §plggted from
f r o §roli® cHBistindob YetMirietl amon@bFiiuorifié, adtrdbtifyl BRmbbiin
by weli ght of a quater_nagl}s am"rgnl um hydrd%& e co.rrpo_a{rl}d
havifHerde. tpbabyty arpgeRym uprgerfliygrpaonsag foHE ACiEly
R2,h flgé’r,ob&alﬁésﬁljétrablﬁyiemﬁhmi;irnl_é&@rﬂm&mtéﬁy, aim?iahrlfnyiexmo liipe, choline
a roxya ro nd m xtures thereof; fromO.
to Bor@%gn%fﬁﬂ'gsﬂ'& ?:fqnﬂori de- cont ai ni ng conpound
selected fro he .ar nsi st | - .tel
ot amePiapy fs ofaB B B GRoRt 3 Brlon ibisP WhLfeH e
t et caimpbsiionsiswulrktantialy fues ofcin, adtiediongehio sblyestaind wherein the
hydr ' ' rates, tetrabutylammoni um
tet ng %ﬁ%ﬁdﬁgggéﬂg#t%%&%hexaﬂ uoride, - choline
fluoride, and m xtures thereof; and optionally fromO
to 10 % by weight a corrosion inhibitor wherein the
conposition is substantially free of an added organic
sol vent and wherein the conposition has a pH greater
than 9. 14
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