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06867ZP2 TITLE OF THE | NVENTI ON: FORMULATI ON FOR

REMOVAL OF PHOTORESI ST, ETCH RESI DUE AND BARC

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
invention clains the benefit of U S. Patent

Application No.11/602,662, filed Novenber 21, 2006

titled, "FORMULATI ON FOR REMOVAL OF PHOTORESI ST, ETCH

RESI DUE AND BARC'. The disclosure of this U S. Patent
Application is hereby 5 incorporated by reference. 06867ZP2
BACKGROUND OF THE | NVENTI ON [ 0002] Nunerous steps are

(pvolved nthe fabr iR g e RYBAMOREL O ¢
| BTl R BYeE O B LR, G RSO Al sano

Hi storically, a nunber of vastly different types of
etching processes, to selectively renove material have
been successfully utilized to varying degrees.

Mbreover, tRg5ed N RONGECATED WRPLRGATI

within the mcroe ec Fronic structure, i s consi ereda

[pb%{r]' C'lg‘llsl @gé’ntr%@(‘:tgégrgk t)ﬁ@%ggﬁﬁg b?%ﬁgﬁﬁgﬂﬁzﬁ 6}1 NG l1'1]i6f02 662, filed
NeoremEon UCR9BSInt FORMIATION KPR REMOVAL QF E’HQTQRE%IST ETCH
RESEBURTANY EX$CSTRE YllsE@ §r‘éa&f s .W&%t%@ﬁédti%h?s HérbbBy

S anpl es Somne

a polynmerrc organic su ance.

inersperetedebyrratesencel s i ncl udes titani um copper, silicon
di oxi de coated silicon wafer which may further
include netallic elenments of titanium copper, and the
like. Typically, the polyneric organic substance is a
phot or esi st mat er BACKGRAUND OFRTHB INKENTIQN which will

forman etch mask upon devel opment after exposure to
[PPQRIt Nymeroys pieps aehinvelyestiadhe frprisationeof mieroplegtenig structures.

W@ﬁlﬁ &Wm@ﬁuf"a&ﬁmﬁ’é‘@ét%ﬁﬁa%ﬁébﬁc%ﬁﬁfm@‘?ﬂeﬁ 'i:%ﬂlfshgelectlve etching of
surface of the substrate. One common neth

seavieandHetopsitases i %qmertmﬂ raq@(ﬁ@stﬂlspéca"ma aymnert of vastly different

t({‘;k&"@f‘é?dhl Sesséd %‘é’@ﬁ m@'hﬁbéﬂﬁen successfully
or mul at 0 renove t Ot or esi st rom:t .
ulilizsisk tp yeBingdrgreesd Margover: Wewmelestve elghing of differant (Avagg, within the

rﬁ‘ieme@ctrgh'ik 'str{]&u@lst s%HFJdaaPS‘ntﬁfal éi’faycrﬂgélasltéd in the integrated circuit

circuitry;, chemcally altering the inorganic

féﬁﬂﬁi'@fap@%%ﬁad/or attacking the substrate itself.

Anot her net hod of renoving photoresist is bé a dry ash
r

[0903j 6 dw Hyerpanyfaetireiof geBricondHelorsandssesyeendur rrwra%‘éwts itis
fRGUBh RSB e 86N RPcd4s ShsktRtd ﬁﬁferiﬁ?&%ﬂgﬁa Bélymfaﬁé mdéﬁg?%%stance

such as hydrogen The residues or products
Eampiassf spae; stipstrate materialy mslué@%ﬁanwm 6APRAT, $iligon dioxide coated

sﬂi’&@ﬁ %%?'vﬁﬁch MEFRIHNEF REILAY RREIRE SeMBAIsQ titihffin, E3PBer, and the
Ilke Typlcally, the polymeric organic substance is a photoresist material. This is a
material which will form an etch mask upon development after exposure to light. In
subsequent processing steps, at least a portion of the photoresist is removed from the
surface of the substrate. One common method of removing photoresist from a substrate
is by wet chemical means. The wet chemical compositions formulated to remove the
photoresist from the substrate should do so without corroding, dissolving, and/or dulling
the surface of any metallic circuitry; chemically altering the inorganic substrate; and/or
attacking the substrate itseif. Another method of removing photoresist is by a dry ash

-1-



10

15

20

25

30

resi dues or by-products are often referred to as

gaggedR2| pol yners, veils or fences. 5 [0004]
Increasingly, reactive ion etching (RIE) is the

process of choice for pattern transfer during via,

metal line and trench formation. For instance, conplex
sem - conductor devi ces such as advanced DRAMS and

Metbpd phetsetbs photoradint ishremsyad b plastnataqhing usingesitheppxygen or

er

fgmﬁ%%é’v?%ﬁ B RS gep bityJopotis e boThéplfloresis
e% oug @qmbmﬁﬁl@mgﬂhe pbotorasist um@rlym evksirate and/eretch gases These

r@§| bv)prs&%te e &@n"}@%ﬁegrﬂ@ﬁg QMS{Naﬁ’FolgﬂnlafsC?@lis or fences.

e ‘or neta W ring an e next W ring.

[h@étﬂ' Ihbrﬁﬁ&né\? ereﬁ&ﬂ/é%‘ﬁ él‘éﬁ|n?t(RFE")tlé‘fh§§)rbb°e§§ o@éhcﬂ@é’ fof Battern

I nt €rconnects. Irench structures are used
trapeier dutng e, metahling anddtrenchifermatien., FBb'ﬂﬁ'@ﬁ?e complex semi-

Rk bétSrf deidels \Eicly Qé‘éﬂ%s@@b@Ms ahd nﬁ&BpfobéésoP@Wdrﬁﬂeauzre

whi ch are ty IC& cross-Ilink %%nlc

dtigledayerse éﬁcbﬁad of HP%'”WF%D?CU%W Mtﬂlz'@eFﬁi torifieducgvias, metal
me@sha #bRsh SRMRLLT Vls %fm@éd tHAOh tﬁB‘irﬁér‘léﬁe? dmetrﬂéto provide

al so contal n, or exa ['tcon. Vias, "netal I'i hes

coAtact betwenn one !ﬂi’ﬁmféﬁ'ct?? pﬁ"@!ﬂel of medalyggeg Aed thedhaxhlgvel of wiring.
I\ﬁétlamh%s %\’E?Borﬁﬁlctﬂe StHictrbs u@d, asleéUiceTﬁterc-EﬂNectW Tﬂan\% structures

licon or a l'icide such as a silicide of tungst

are LA i foraahien of meRbing sirushises s2otiapp AvliplISEive Beating (BARC)
drg%rﬁ'fm Lr'ﬁ‘at&% vﬂ‘ﬁdh ArRpiesy h‘f‘g?ﬁ%fb&@ﬁrﬂ@d%g&ﬁc P&}t Rlaterials,

pOSSI y organi C materials from
%ﬁ M%‘k%ﬁ@tm aﬁ@lcaﬁtiwt@rf substrates cetfatningcopRee rBARG natagals may

did c':dnttahl‘i’g‘fa%nﬁﬁé lsiticdR. IRk Metd hfésvérﬁ‘lstrerﬁﬁtsﬁrhcthfé%Q§plcafly

and or trench structures. | woul d t herefore

e¥esse metals ary gllayisueh as éb%&u,\ﬂ]é ENehsi Ta), ¥onbvs iSH'FthOF a

shitflo SR B8 BiIRARAN ihcRler! BIBRINTGr BB TRE RAEBRoctss bRl
exanp e, remalning p otoreS|st

IpveE gepinye thas mé@clucLQJ@rﬁpagtewearox@ﬁanﬁtpeal aswlbafegoss'blv organic

rﬁé’c@HélIs Beh ﬁﬁo@&bsn%rﬂ%dt|¥éle8ﬁm&9n$‘ﬁ1ai&‘|af§ FSedRs Ilﬁﬁg!‘a\?’hlcaliy
Mor eover be desirable to provide a 25

d@@f‘%@"ﬁ‘ﬂ@ @F%@H‘Pﬁ‘@aﬁ%ﬁﬁé@?(’hls@fﬁcwmf process, capabl e of
empvi ng resi dues such as photoresist, BARC and

[B0Q8T; r{Wowd fhaiiora hagesisahlerp pEoviesh seletiveaANINg qasprosition and
Pré& sk @apshie oﬁ%md@ﬁﬁﬂ@&ﬁgeé QJC“%a*Of’ exathpig, @rr%lrﬂﬁé Eh@toresmt

constant materials (referred to herein as "hig
BARG apd/or giocessingresidyessurh as foroxampls: Eﬁ%@ﬁl'@su'tlng from

SeRlchvd ét'cﬁm!t; rﬂl@inb %id%és%dﬂ:lrﬁlECMdréo\.@P Wﬁhé\ﬂ@ be %E?Jldlélfosprowde a
(referred herein as " k"), such as deposited

saca\é%clewa@g ﬁ?@ﬂ@s'tmwmowSeM@oofﬂ@mpweg &%@ﬂswch as

#P\ﬁfﬂ?é’ﬁétt BARC drid eiHihglrdaRiud et é@\'ltﬁtstrﬁbrpééi’é’dtﬁﬁy for the residue as
onposjtion that 1s conpatible to and can used

cmpﬁr%teﬁn@eﬁshlah a@!qcawqgnﬁtanhma@glaﬁé@femo heegin as “high-K),

AR, l%|E@ic@rﬁ?ﬂ¢br%grlér\5f§e{ehﬁfcrrﬁﬁblhé1§ ﬁiciddﬁ%t IS\N dlélgclnc constant
06867ZP2 BRI EF S

PYerals fefesiedde B@'[eéﬂs%’d |‘H’é‘|kd| thsasc%%ﬁ%’ Qﬂ'd@é @Uﬂ@bb@'?o be
exBHIVY t89nd 8i8AEHE Bomposition. It would be desirable to provide a composition that

is compatible to and can be used with such sensitive low-k films as HSQ, MSQ, FOx,
black diamond and TEOS (tetraethylsilicate).
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such as, for exanple, photoresist, ion inplanted
(Gag67oP2si st, gap fill, BARC and/or other polyneric
mat eri al, and/or inorganic material and processing
residue froma substrate 5 without attacking to any
undesired extent nmetal, lowk dielectric, and/or

hi gh-k dielectric rmterlalsthat m ght also be
exposed to the fBRIER SUMMARYQE THEANYERNTEIN or

renpving . photoresist, etch residue aor BARC conpri ses

(8A0GH i fafmwlotrosisalesestherein iseAnaBlect s6lesi vehsreBIoving residues

éu%ﬁ'%‘s%?éxéﬁél@rpho%rﬁé@lf %rlﬁglahﬁhrdrﬂHoﬁréQ& S8, IB265C and/or other
tetranethyl anmoni um hydroxide, tolyltriazole,

ROVRATICRIeply BRAOr inorgRNia SPRiRHA R ARseEsing NS ffam @ supstrate

vﬁtﬁbﬁ@bttéﬂlﬁ@q&bhy Lin@ddiveH exteRifetl %w%nééctnén%fnﬂlor hlgh-k dielectric
I_gre erably: tetranethyl ampnium hydroxi %

Beyale ,thaéfragtg 31505!3%’%°SB¢ @p‘??é‘i’f@“@t‘yﬂoﬂhsf@@%"%’ fg removing
;ﬂf&d?f@Q@tnéféh hésid! 6 BARSO cobnpisas: Mrpé?ﬁhﬁﬁiﬁnﬂhmlde and 2-

rmnorret h}/ ether 20-45 wt% renmai nder water.
amipebenzethiazete. m@?'@‘ﬂﬁ’fé’@tﬂoﬁrﬁﬁ?fﬁff?%FPTE"(S'!%'PP §8§‘P”SGS tetramethyl

drein b AR Kk dmsmwﬂ@,le ooyt érktegifed?, MamiAobenzothiazole, dipropylene
toloxltniygooxé J/I rylgy 9?° TO Wteg/ZO 2Ialzlttlse ipropylen

alffol EBRPB Y atben ereaibiermalppr a@vy igramethyl ammonium
HYRRAIERE 1115 we bA) %ny@%zme%.s W?@sﬂéne ¥et& r5-1 mf% her

ecific nore eeorred ornmul ati o ng
areinobaRzoINAZolertrd it RymYIsRe alycs! menomethy)efher 20,45 Wk,
réméfntfer RaRPY AQRECIfiE M@ﬁé rb?erﬂe% faénf@lation compnses tetramethyl

2- am nobenzot hi azol % di pr | ene

STRORETHY G 4decs. 54‘6§/wt%"trfaé b TBRwene gkl 10 wis, 2

driiMEtsYrizBihidz8le BWER; diprdBiiBAs gRtolmesrRMaNSl| BB{e? BBaH%, remainder
rou consi stl of phot or esi

selected from S
vigter, Anath %@890'{3%328 ShE WHPWH{ ‘F §°mpé'ﬁ@%ftetrq%thv'aﬁmmomum

hﬁddeaﬁ wt %OfWﬂn”étéIS 3 vﬂl%p |p)"d|:fyﬂan§ glycer 3w n2—am|nobenzoth|a'izole
scrlged above he substrate to renpve

t”éﬁ'n Propy SR QH@EUB%QVP%‘FE eth%é?M?EE?’DﬁB@ﬂ WPM“@H‘VG"“C’” IS
alddma Wdf@hhﬂﬁ@ﬁate‘?\lai@ééﬁﬂt@d frér t@éroﬁpfcbﬁﬁstmg of photoresist,
%tn% | Si ng I?zéme for sel ectlvg%c% renovi ng residues 25
& e, PARCapg ombinglans Keerdrdtom agHPSAle SpmRESing: applying a
f@rhl@]lﬂrcﬂsdéécrlbéélﬁbévd ko the@ubsrate i tehfive8d méteriaf RérhitR@substrate.
( BARC) and ot her poI ymeric materials and/ or processing

resi dues such as the residues generated by etching
are described herein. In a cleaning nethod involving

substrat es useETAIED DESORIEY DN OFMTHE (MVENTEI®ON t ypi cal
contam nants to be renoved may include, for exanple,

[oo@qnmcfo@mmaﬂbm gad mmmmgesdwfdf weaﬁl@l?(iemovmg residues
ashed ph r esi st

I 5SS AmalS AR eI B B BSIEb ROl et opRib i Patiorn antrefiective
qaehr)grmﬁeRC)l andl canei polygieritOhstetihle bnaker pidkesig/fiRidues 8ich as the

er or resi dues; .inor anlc conpoungds such
250 Grdeed ok oleBisodns Gesiber BRGUS fRgrcIaTRg tafhed Thvaking
sue@tkmes agdful for mm;adalmbnd Qrde&ﬁyf’)ty;ﬁbaﬂcbhﬁmmﬂss tgiﬁééi‘f?emgved may
i no n| c et resj dues tal contain - )
RS 1 5 Gfen O N TS G ROP ALl psheg afotoresist
nodtgidl] Sshedppotonékist résiie; LR @r X-ray-hardened photoresist, C-F-containing
polymers, low and high molecular weight polymers, and other organic etch residues;
inorganic compounds such as metal oxides, ceramic particles from chemical mechanical

planarization (CMP) slurries and other inorganic etch residues; metal containing
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neutral, |ight and heavy inorganic (netal) species,

0&863ZP2e, and insoluble materials, including

particles generated by processing such as

pl anari zation and etching processes. In one

particul ar enbodl ment, residues renoved fromthe

substrate conprise silicon-containing BARC residues.

qoouegNdsT ﬁ@h@sﬁﬂ@w@ﬂ@c t‘%ﬁﬂﬂt@élansl metelasganie gorgpounds; ionic and

U I kU i) 8 T Blure i e materls,

la@lUd'hQ) pa@ﬁlﬁﬁﬁaeerammr@wsmgﬁum (] Pt&k‘ﬁd@iloarﬁd‘d etChan
dés\é%' I?!eéi’\ rﬂlcﬁﬁl‘e ogﬁr?e Yebidass r?ﬁg &ﬁ@g‘u L =0S

spi n- ass, em ca vapor deposi t
W"'é@lsﬂlp‘én ﬁmté'ﬂlnﬂl%R(F ereiduesat eri al s and/ or high-k 10
mat eri al s such as hafnium silicate, hafnium oxide,

[86981unihst residtesiafettyRieailinsegepbin)a sqqs@te thatyugy algp @?‘-‘é-iq?s metal,
SRbA, §|Ii?:%ter &?dl&qﬁ‘t%riéﬂéi‘ dkﬁ&tﬂ%é‘ﬂena@ 'sgbﬁ%‘ forséﬂr::\'nﬁiléj edeposned

interlevel dielectric material S,

sifigp Pxides agd derivadired silicerornidastsugh er HIR W@aﬁ@KgTEOS and spin-
Jn%lé\@& Bhérhidal inb@r fiéHdEHé@Bl'e%tr@riﬂatHﬁ‘élQ Q&K rﬁ&t'eﬁ§|§ @Snd/or high-k

herei n prOVI for sel ectivel renovi ng the residu

raafeHala sUghes baaimssilcate Aafrigm Sicdecoasiven Siranigy (tangtREaST), Tio:,

m Whédein oth 8Veidups are el rhékal, §iﬁb6w %ﬁcn%tlhf&'lbve! dielectric
n|f| cantly attacking the metal, silicon, silicon

rﬂ?tﬁﬁﬁlﬁ’éOWTh’ﬂ@qr digh-k malarials will comatin eenipet withdfie icleantgor
fBMﬂﬂatbn”’@ﬁ@Fdrﬁhl%ﬂoﬁ Bné ﬁ{dfﬂidﬁxscﬁ‘éﬁéﬁq'le@ﬁ‘b%wder@r selectively

substrate may cont ain a netal such

PRYIDG dha tes e Ah 85 saTEs Sl langypIAnTacLpIcRTE SRt BARG 2P fil,
dmdidr ipfSoesting tedidlids vﬁlfhﬁh?élgﬁﬂldﬁnw hﬁlé‘oktrgl{ﬂg ?ﬂe%l; s@d’HFV 8ilicon

titani um tungsten al I n one

dioxiga, irdenays! Pl@éﬁr@g@iew& dowrk apg/op Bighek @atenabr én fFentain

e?hﬁb%ﬁrﬁé‘t@ Shé& QGISéHa'EB Ray £8MBIntd Pﬁ@tdi Qe asfBut W8t lirhifedPBEcopper,
particul ar enbodi nment; the su bstrate na?/“gpwrlsea
n

doppenalR AT, titanigmghitride piapigiuny tantakum ) pejga, and/or

t&ii'ﬁtirﬁﬁéngstérmg% InMbridEnsRAENt, thb'?@rhﬁ:létﬁ:n@'éb‘ﬁs@ﬁ%e?bm may be
formul ation for renmoving residues froma substrate

sHERRle farisHgsteateecomtaining RPN low-ke-Hifps-i 19iqng; particular embodiment,
the BiitumateoRay 8bMpRle mﬁﬁ{aﬁéﬂal aeﬁ@f‘-k mdtéddl %F%h‘)ﬂmataonsz thereof.

anmoni um hydroxi de; tolyltriazol e’ propylene glycol

[8doxMIA @hs aégédm tAgre! .§ pRIVded @ f@ﬁh@&ﬁbd’ﬁ‘r’ @!movM@f r%smues from a
pre er ab formulation is p ene

WB?F@*%PH?‘P“%F% @ARﬁoth&éormtﬂ;aﬂonépmﬁﬁﬂaw'praﬁwem slwol monomethyl
e RirhARt é.%meshi’mn hjcdPbnide; rtbl?l?ri%iz@lelgl%f%% aytapy! ene

gl ycol 5-15 wt % 2- am nobenzot hi azo % and

%ﬂ%‘?%@ﬂ"%‘e&ﬂdﬁpﬂ}ﬁdéﬁ era Meredirefecabhoing f‘H misiationdgjdipropylene

d mba&m@m mmzmM%Iﬁfrélﬂmy%mammmM@i%Ivﬂ%
yltriazol e propyl ene

twl%azsb 125 Wn BISRKEBe alva«z'oﬁ & wt%u Bfeﬂmqheawﬁ@ﬁ@edrﬁm% and
ramam&eﬁ Jlﬁlbm?écf‘ﬁéte?’ 9A‘Qb8’&|ﬂé ﬁnﬁﬁé ﬁ@%red‘f@ﬂiﬁﬂahoﬁ%?ﬁiﬁz&es

speci fic nore preferred |'ati on conp

%téw%thﬂtqnworaﬁwmarﬂmﬂ er% W6 4. dalylliagplogh W %mrmﬂer@z@w@! 10 wt%,

ﬁaMﬁ%eMcﬁﬁdécﬂﬁ‘@ vﬁ%}’@iﬁ?opyénéély%fymonomethyl ether 39 wt%, remainder
am nobenzot hj azol di propyl ene

"Y?é?fo oA seesilic mace W%rreﬂémwﬂi@n CRAtPEpes: ﬁ%@methyl ammonium
HYM bR ARt %S WPQZJI@S%%O pFa RNk Ao 1 PRI% 2-aminobenzothiazole

contamination of metals such.as such as K, Na, etc
1.5 wt%; dipropylene glycol monomethy! ether 40 wi%, remainder water The hydroxide

should have no more than 100 ppm contamination of metals such as such as K, Na, etc.
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-4 06867ZP2 The formul ation disclosed herein is free
B62A8P2xi di zer, abrasive particles, or any additional
conponent that adversely affects the stripping and
cleaning ability of the formnulation or damages one or
nore surfaces of the underlying substrate. Exanples of
oxi di zers include, but are not limted to, hydrogen

fprmyletiopdissiosedrpersiids §ee ohar gxidizer, ghrasive, p%ﬁ%ﬁee@r any
é&ftﬂhél@ﬁoﬂenﬂﬁé%fs@l%&tsﬁﬂg sﬁ”bBﬁb an8 rc1e%?nir@§ablhty of the

ersu ates bromates perloaes nitrates, nit
fa@i'ld%tm grslamages sne gemormswiaces of e underying mbscrrav) %?famples of

IMYiZeYs IncRAk! But avé hyBmitalth %yd%geﬁqiemdec@wg Hmnééér"sﬁlfates

cobalt salts, halogens hypochlorites and m xtures
ipdates GragnesiypesEhthRlale, PERACOUC #Rid ANG piber Per-aGidse persulfates,

mlbraméadpé%%bte@ ﬁ&a@@dmtrﬂ%fcﬁis Por SIS, cdiRim S8, Mn (1), Mn (IV) and
car bi des a, ceria and silica and m xtur

Mim VI BRIt F'H’eb galisaH Sels mpmﬂt& cabal sals halogenshynoghiorites

dhefixiuped t‘ﬁﬁﬁ%ﬁ Efsh é'@ﬁf §dﬁ§§vé‘§arﬂab§§ic}(@eﬁﬁarrﬁérfd i§articles and
contained within solutions from CMP processing. It

metalpxidesy beides; FapidemealumiBaneRrRaNSilitA SEH saisyrasthereqf. In certain

dn$od°cﬁrﬁ@r\t§fth§ F&ﬁu%bﬁ iChR-to F&ﬂé@ re¥ialigs siich & &% asive particles
present in e formul ati on disclosed herein. Water Is

o Eneswithip CMPD%R'H"@“P&WQ] GMPrRragRsaisutt is pogfergbledhakthe
fSlaton disciBealtardin & e Gk pddesor from 15 about 1
to about 50% by weight. It can be present incidentally

[06103 ONERPRENMO Hesaithie theSb@nRAtion disdisdRdderdifl Wate® bﬁésent in
an aqueous sol ution corrprl Si gg the fluoride ion sour

FOUpHEIAB0 RG TIPTEARAS ! i SRR 9Rb; OB @PEUkT 18cARE e, or from

sbeleT &f saut 58RMBY weight! '!ﬂ'ﬂah'ﬂé%reé@fﬁiﬁ%ﬁdéﬁtéﬂ@ a%td%fmponent of other
|nclude dei oni zed ter, ultra ?ure water, distil]ed
ejempents. sysh HF?"" PEPI9. ;R @qumt@rso ion geMmpAsing H“Q/\%H%'Pe ion source

cfﬁquatﬁﬁwa@y homRIn® bor BRI br it gé)n b&aaddd ééba?f&élﬁta'%me non-limiting
enbo%sm?nts the formul ati on di scl osed her.ei

APl 0! HgTer Il oIS, M RUFS MRl cHsbieg) Walere oubly

cﬁdﬁlléﬂM@teaSorm:dh%U%r IR WMmetah@nt@iter  sol ubl e
organi ¢ solvent nay be present in anounts ranging from

[odryt |0 cBrtaid eribRUiments) the RFMiIGHEA dib@b'é,ed]wdr@lnaﬁéw&orﬁﬁﬂﬂan

or fr out 50% b
qeat 3‘@1\&?"@%}% 'So?rﬁ%ﬁﬁ'afg y@ﬁe\'}éﬂlf‘g%l%@ﬂﬁpé'm@@%@e%t he water
sbltﬁletcﬁ'garﬁia soldérﬁt&héwbe’ipr%béﬁﬂlﬁ amébnts g frdmEdolyd % to about

h’? %’?’Eﬂ‘&‘d@ ut r@e?h{%’lf%%l atht OLBFQrg,hydfgelght Examples

oﬂwmgrlﬁ&ilub%-digm& s6loéas (NeMdR) buttapé h@!hiﬁﬂfeﬂftb'rdl#\éﬂiylacetamlde
r am

MG hendlb eV ihal il BOMEO) ApsHBamamice,

hsmthyaammrﬁiﬂ@wm%rﬁia& mfne&m-z@muna@ﬁ@twmyrtét@fydrofuréuryl
e

r sol ubl e ani ¢ solvents inclu
frobok g'é(ﬁ%FOLG fvﬁq gixfeh apd ofher a %26’?0%9'% aneuiioxides.8id
nﬁtﬂﬁunéﬂ%ﬂhl a’ﬁnﬁﬁﬂﬁ&é isQt’ as ﬁy&b%:ﬁh@@@ﬂérﬁma%ohols Further

subs E I cohols. Particul ar exanp| es of

SKanees ebﬁ‘%‘? progp|csolvests 'H‘EP%@"’E&S‘&R% Sich as (C-
CQ&)Wnedlols and (Ca— Cao) alkanetriols, cyclic alcohols and substituted alcohols.

Particular examples of these water soluble organic solvents include propylene glycol,
tetrahydrofurfuryl alcohol, diacetone alcohol and 1, 4-cyclohexanedimethanol. In certain
embodiments, the organic polar solvent may be DMSQ, NMP, and/or DMAC. The water
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tetrahydrofurfuryl al cohol, diacetone al cohol and 1,

@B86yEZPPhexanedi net hanol . I n certain enbodi nents, the

organi ¢ pol ar solvent nmay be DVMSO, NWP, and/or DVAC

The water -5 06867ZP2 sol ubl e organic sol vents

enuner at ed above may be used al one or in conbination

Wwth two or nore solvents. [0012] In certain ]

s@ﬂﬂmﬁjpmnwowﬁht@ angmerated pbeNesmay gamsed alon enin gempination with
o6 siveltsycol ether. Exanpl es of glycol ethers

|nclu e ethylene glycol nononethyl ether, 5 ethylene

[@bi’ﬂ"'ln'ﬁ@ﬁgﬁtéﬁmwﬁﬁé}ﬁ th@%i@r%ﬂﬁb%'d(’&ﬂlc V?Jg%sw comprlsea

et her ene di met hyl et her,

alycol edjer. eEmple%Pfeﬁlmﬂl eﬁersgnym emh@aﬁsiyﬁg) m@'ﬁq{@?thyl ether

(—Qhﬁér@’blg&ﬁ nQ:ln)éEfNyl éfRE0 @fhmélne Fmoﬁétﬁﬁﬁléhf’e? %t%l&@blycol
monopr o di et hyl'ene *gl ycol — nonoi sopr o
dimpthy et ereetkyle@ﬁgls@pwg yiashesbaietfyieae igycol mp@@m%@h@her

dthRBhe gﬁ@&%&%ﬂ Ylaﬁter' %fethﬂén‘ét @yédF Hﬁmgbﬁbﬁﬂl ether d[ethylene glycol

nmonobenzyl ether, “di et hyl ene di net

rAPRAISAAr L etey cinthyena @iycpol ertqﬁl@butylt ¢th@t ﬁyﬁ"e%@eg;}lxﬁ@m
rﬁ@ﬁt%ﬁ)tutw&th&t B%Ehylén'é'g‘?}ch)%@ﬂ@oéﬂmlz%ﬂ(&lluer ﬁbfg?feh¥|glﬁbf@ﬁ1ethyl ether,

(g?l yet hyl ene nononet h | ene

thiiene aealyictaylwner, tHetilene Siaglireanorastyy efharcistvieng elvco
cﬁrtnew AR6L %ﬁeth?ﬂehé!%;%@l B thyTRRRS: hdiéth?lbﬁ@ blyB6théthethyl

opyl ene é | et her acet at e, ene
Y

th?;fc@"lhylﬁﬂﬁ GlYéPIHW"Cé'@ﬂ ether gsgtaten éthYlﬁ"?@@}{CO magethyl ether acetate,
;ﬁ‘é;’)’&@éne &y Wﬂme%}/%&tat@oﬂr@)ﬁﬂbb{é g@E&l‘?ﬁono‘Pﬁé!W @22, propylene

GhsLAE ot SBen EropAnS: QP BREOby e BRERPUBIYCR: FMeropropy
éiheﬂr QthGp?léﬁe %%S%oﬁ@ﬁ&hﬁ%&fw Fro%?l@ﬁé Plyeblﬁﬁ&mﬂré‘ﬁw ether,

nmonobut’yl et her I propyl ené

cgwrpexdgmwyvol @%qmrsontqubetb@ryﬂ@r@ygqnyamwﬁmewtﬂﬁher dipropylene
@Gcﬁbﬁﬂusoérdﬁgiélﬁé%tr%‘rwe?ﬁcﬁlyco?moﬁ%g Vetﬂerbﬁlln?éiﬁbxy-Z butanol, 2-

met hox |'but’anol et hane an
relporpirbUiapel RO FRYBUG.C LI Hopeateand 2-(2-
m@ggh teinaridne formulation may optionally include
from about 0.1 %to about 5% by wei ght of a

[ﬁ@b\ﬁt ik %bﬁﬁn W@Wérﬁ@tﬁ@fdﬁhu@ﬂoﬁﬁia? oﬁﬁbﬁally iR from about 0.1
am nes i ncl ude et dr.oxyl am ne

SR ED01E SPhibY WEIGRLPR SRSk roiEnaing BT % vt 8bls erect.
ExefhbAdry Fdr@ﬁilbﬁtrfés@rﬁm dr@tﬂylﬁydrbmarﬁméraﬁhaﬁé Rti¢BYd and citric

optlona y include an organic” acid 25 The organic
agid ¢plisdheiP@lsent in ampunts of from about 0%to about
10%_ or fromabout 0%to 5% or from about 0%to

[9914]: !ch‘@ﬁyn\ﬁg}t@ﬁﬂn%ﬁs e forgpiation may eptignali-inciydg an organic acid.

We&ﬁ@érﬁc a6t G5 prieBEAtUS! amobh't% o@ermerbu{ 09%itb 880 dtoh09%, 'drﬁ‘ﬂoﬁn about
ché o ant hram lic acid L benzoi ¢ acid
toh og Ofrory aba QSp to akq 2/°f W?'BE‘ %féh?ij"DUElf%l iExemplary

@garge aé:&Q%hﬁé] buft afE hét limitB b ith€ ada! shthridRflc agmt §&llic acid,
b%(r:mlzoié: acid, malonic acid, maleic acid, fumaric acid, D,L-malic acid, isophthalic acid,

phthalic acid, and lactic acid.

[0015] In certain embodiments, the formulation described herein may optionally include
one or more corrosion inhibitors. The sulfonic acid or corresponding salt is present in
amounts of from about 0% to about 20%, or from about 0% to 10%, or from about 0% to
about 5% by weight of the formulation. Examples of suitable corrosion inhibitors

-6-
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30 [0015] In certain enbodi nents, the fornulation
0B88ZEPPed herein may optionally include one or nore
corrosion inhibitors. The sulfonic acid or
corresponding salt is present in amunts of from
about 0% to about 20% or from about 0% to 10% or
fromabout 0%to about 5% by weight of the

inelugiay (bait frernot mifeshtacerganic agidisalis. eatashelo beraetiammledBZd).s
ré@orgﬁgpzﬁe? héd, %@Fj ogﬂ'fazalreg rﬂQltelcldrﬁgBﬁc% bRtH2ligaRyIride,

acl salts catec 0] enzotriazo
qadachot Progalicl: esters pﬁﬂaihﬁ acid earkpxybenactriazelel Buctose lagmonium

tﬁBQMFHté gggyc.rméwnﬂeqh,gguh\aa u‘néjﬁfn nodiat&icfid, dﬁﬁétﬁgaéétsécetam.de

esters ['1c aci r boxy enzotrlazo e, fructose,
tﬁﬂfﬁﬁﬂ*&@ﬁm&ﬂ% d@wmwt@nzgmgﬁ @ﬁ’ﬁfé’dohﬁdfpéﬁ”é!:hwfbm‘aﬁlﬂfﬁﬁ ﬁ'@reof
i m nodi aceti c acid, dinethylacetoacetam de, 5

CP16]y dT@(fQBEWEWEH ls9 dnchiderrneasmeore of the following additives:

SAabERE! %é’tfl‘l;@xéﬂ%{% c:I?é'}‘F’lcQ1 rﬁédiﬁe% Jﬁ?rlﬁé’éldes Eﬁ@%ﬂer-ﬁhﬁltlves

formul ation é al s6 i nclude one or nore of

Mﬂlﬂvgwmay kerAded\ie the fogumlﬂ%m @ﬁwgbecthﬁrpatnrﬁ\gd%fb@ﬁt § does not
é"d%@@eﬁzaﬂﬁeﬁpﬂb g'trfp’pﬁwg éj'bﬂed?earm'\goﬁdllgf of th@@&nﬁﬁﬁ%ﬁ or the integrity of the

ditives. ditives fornul ati on
lt!'é’@l‘!)f'ﬂ%gtftﬂieﬁ"eqoﬁ ﬁk@«'ﬂl dﬂ@@zdﬁt irderigvel @!8'@§tr'ﬁ6‘l‘ate%ﬁi%é@‘§él %ﬂdfOf high-

%Q%ﬁhlst It®r Sjcérhﬂg' |f‘ﬁ1e5¥8r%tffét%ﬂrié []Qe@lla't}éai ¥ sﬂBstHi@ contalnmg

forrmulation or the integrity of the 10 underlyi
Geppal thesformidation dgesi r@éwcmdeﬂdd@onal raditives,gat wp@lﬂ darease the

dopber été‘rln Fate thHelfor?fﬂﬁ’ét% RiogHes e)lén’iﬁ?éseéf'réﬂ)r%selﬁé‘ﬁve additives include

exanp formulation is used to treat
e leohesh ol Aerivglivesdhpiee!, acpilenisrdils arsanigadkexpiated andior

éeﬁ@n\tﬂﬁﬂﬁﬂ’éj bEét?QﬁiE oAl ghrtfédfé‘rﬁs)té?ﬁtde‘l’@é'ﬁv@s 'tﬁé?é@l’aﬁﬁéoﬁth? quaternary
per etch formil ation. Some exanple

I'es of
%D?%@%@'aﬂm‘{ﬁ@s e (u@%uqm:ame&c sqlvants; sk as dimetbiogmamide

aﬁtﬂch.%fww@éelta/rﬁae} B%X%(ano?éiﬁhdé BREK af H@tﬁan@lé‘ﬂ'iylérﬁiﬂbf and
al koxyl ated and ermul si fi abl e acetyl’enic

fetsting gaents sush %% betadlikeionesabstaketomibes garbalioacds malic acid
dhdahRAMAcld basBd Kterd BHd diesfrd Ql%fdel%hﬁt%sthél‘ew |alr'|q'té7rﬂary amines,
aprotic solvents such as dinethyl formam de and

cﬁﬁ'ﬁ*@?ﬁ?ﬂ H@81a8R-de), al kyl al kanol ani nes (such as

di et hanol et hyl ami ne), and  chel atin ents such as .
[BR17. diqeeulnigas dlé@t)%dzar@nrﬁr%%mpat 8 iy puRstrateseontaining low-k

fﬂfﬁé kiéh &FHEQ Fﬂﬂ) MShASILR, é‘t@' d’h@?@rﬁﬁ:la@ﬁh?bﬁa 86l effective in
di esters and derivatives thereof, and tertiary am nes,

srPRNRRIrgsiaisdnelydingpesitve ﬂmt‘%ﬁhﬂi?rﬁﬁlﬁwd plasma etch

rdsigGaLSRA d%%r@él’ﬁc Ftrsﬁiu%Q RghndPhétaiié F&l%?ﬁhb%ﬁ% res:dues metallic
cont ai ni rg)? | ow k | ms such as Q (FOx LK,

qxides, anphofesesish C@m%ﬁ@seﬂ @\«aﬂewemr@éwltvéfermlowmrpglsn@@wpper

a‘hﬁﬂHr‘ﬁ[a@ﬁJnSE§ntbﬁ\ﬂg%§ﬁat@93m@6@eﬁ'ﬂﬁé RAdALLNR are compatlble with a
phot oresi sts and plasma etch residues such as organic

waegﬁydh ggtalosiipenopiuton dipdde, dderryesdielepic qeatpdals.daw for high-k
h&bAdiki ¢ 25 oxi des, or photoresist conplexes at |ow
tenperatures with very | ow corrosion of copper,

[60F8] ODuringané Hﬁhﬁfé&ﬁ.ﬂh? bﬂ'ﬂ:e§§' %H&é@ést 1O ¥Sdted bR the
forrrulatlons are co le with a variety of netal

sgpstraten Using g W'@FQQX@W ProReSS: P PREEMGs dpinad gnithe phofore&st
Ié?%ﬁ'eﬂ'hélbﬁtterh@t!\’phot@i‘éys@ layBt i8lthus subjected to plasma etch by which the

pattern is transferred to the substrate. Etch residues are generated in the etch stage.
Some of the substrates used in this invention are ashed while some are not ashed.



materials. [0018] During the manufacturing process, a

(8867BP2si st | ayer is coated on the 30 substrate. Using
a photolithographic process, a pattern is defined on
the photoresist |ayer. The patterned photoresi st

| ayer is thus subjected to plasma etch by which the
attern is transferred to the substrate. Etch residues

hen Herrubgtrates are ashedethermaip a@fédues gt;@h@ clggnedh are etchant residues. |If
the Qﬁﬁét%tt@é%r@%%gaéﬁédt fHep thé MM r‘e@i'au %@%é%r' strippedtre both
are not as 068677ZP2 V\hen e substrates are
%@h%‘duﬁﬁénﬁﬁhﬁmfﬁtﬁt%ues to be cl eaned are et chant

resi dues. t he substrates are not ashed, then the

[RR19 g rae@ed dgsgibeg hersie maybesonduged by centaeling a sukstrate
5 Ha%ﬁigdé%?éta@@gﬂh@é%@&!-ﬁ@%md&%r ﬂal%aﬁ?%tsaﬁdomﬁﬂfﬂﬂéﬁﬂe or
her €i n may conduct ed contact | ng a Substrate
wawwrapqmrzﬁtlon dhegacf Rfe%ﬁnt aeadim eF gﬂ@mue wih Wéiescnbed

oIS, Crreddctual 8dhdifonshy. Qr%p@?atu@r timeOgte) aépéﬂd on the nature
conbi nati on t her eof resent as filmor residu W th

anddhe ugknepeaf the mamaétq %remvedaért generaloigi wgtﬁ%te is contacted

oﬁapeﬂ@ﬁfﬁ%r\%%b@l%oniaﬁ th@tf&muléi%ﬁ%rt‘ﬁ tEMpératurd Adridi rﬁg from 20°C to
and the thickness of e materi al be renoved.

10 geheprdfom 2R Ry at @m 206 ‘&Q@edTVDéﬁal e ;QSHOCF%be%OOSUfe of

tH€§§l§9dtrafé3ﬁ>ttﬁe fﬁrﬁﬂlla{tlbﬁ rﬁagrrﬂh@;élfrérﬁnfoﬂbxé}n I@@@"télbﬂ'hﬂnutes or1to
rangi ng from20C to 5C, or from 20

30 BRMIRICOR btmb%nmm cAffer contactyth taaéormate;ap@’glwestate may be

rinded %H@Hén&iriedt Q)r%ﬁ@ isf @5.6&1%%% :ﬂlﬁl’m&é\fgﬁnéﬁ @fﬁ\osfp}hbre In
exanpl e, ni nut es, m_nut es,

qeeameeml?me%ts %ﬁ?lewze%wef&ﬂm%ﬁ ?WWSE&OF@'W ﬁ?'P@}ﬁed water with
15 cﬁhmtdﬂa.bes Ry b@%mﬂé;}b‘é%f&@ AadringNastisbestter Bbitabihg tﬁe substrate

é}lcally carried out under an inert atnosphere.” In
vigy the fermadadionidessrited hereiei Hawewal. adfemulatipaeagberysgddn any

rﬁanb@kmvmgmotﬁe ﬁﬂ'tﬁﬁ@tm@sfﬁ cl&%ﬂug? fhaad f&rhﬁé refstlial bMARDISFRYist, ion
before, durin or after contacting

be ed

'?‘Hl@“iﬁﬁ’b@’ﬂ%@@“ RARE. Fﬁ*éO'f ehyasidues RndOE kesiBies- her ei n.
However, the formul ati on can be used in _an met hod
IR0 The folipwing are the acipnyms ssed ip tE|Se'%Rﬁ°H'§a Qi d for

the r val of photoresi ion ipnplanted
20 phot oﬁ-ﬁmst OpX@HGSE’C%lt’E?qu%%tM Fand/ or

resid [002 The follown e acronyns used
in thluﬁ\ﬁ eci fi ?a W&]‘%V%PB‘B?I ene gl ycol
nono eth TMAH Tet r anet ammnl um hydr oxi de
T TR o hifeéwmﬂ“%%mﬂ'mpu'am HaBy et o Dot on zed
wat er [BDG Propyll:eemmgec}/col 25 ABT 2- am nobenzot hi azol e

 water water
PG Propylene glycol
25 ABT 2-aminobenzothiazole
TTL Tolyltriazole

[0021] Formulations for working examples are listed in Table 1.
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TTL Tolyltriazole [0021] Fornmul ations for working
@oe8iPP2s are listed in Table 1. -8 06867ZP2 Table 1
Formul ati ons Exanpl e A Exanple B Exanple C DPM 25. 00
DPM 39. 00 DPM 50. 00 TMAF 0.30 TMAF 0. 00 TMAF 0. 00
TMAH 6. 50 TMAH 6.50 TMAH 6.50 TTL 3.00 TTL 3.00 TTL
3.00 PG 10.00 PG 10.00 PG 4.00 ABT 8.00 ABT 6.00 ABT
4.00 DI Water 47.20 DFfaMgtleFogsulatiops \ater 32.50
Exanpl e D Exanpl e E Exanple F DPM 44. 00 DPM 40. 00 DPM
38.00 TMAF 0.00 TMAH 5.00 TMAH 5.00 TMAH 6.50 TTL
3.00 TTL 3.00 TTL 3.00 PG 12.13 PG 16.13 PG 10.00
ABT BxagpiedT 1. 50 ABTEXRRMEeB| \ater 38. Frampleft er
M7 DI V%ft@r 31. QBMEOOZZ] B sumBitY of et cHF%¥ es
dNABl anket |G k di EMBEtrics &98 provl in Tabl0002,
SMan al | of a3 fol TRMHNg et clé.50at es, TMRIASUr enentesso
WELe conductxeb at 57TILO, 20, 4®@0 and BA mi nutes 3af0
egposur e at1t@nper aP@re of 400,00Thi ck@ss neasur esEnt s
were determamd atABach ti ne6ioot er vaABTand gr apheicho
DsiMatera " | e4¥S20 squabDewafer t " rasdel on Dilveateresul t s32fsmr
each exenpl ary conposition. The cal cul ated sl ope of
the "l east squares fit" nodel of each conposition is
the Bampld ant et ch rat Exgmme Eded | n angstExample® nut e
oMY n) . | M4l@d det eDRMNI Ng di4eloect ri csPeet ch r at e3s. ctohe

wRiagr S had g dy ankegpyhgyer of sgo knommA}qckness

sited o i wafer. The inigtial | ckness was
rm ned ng a % mrek 20 (908E ctroscopl1
5‘|psomete ‘Ref | ec r. |rmt 200 nl's
.?t sol uti S ed |n 50 m ker Wi t
eat ed; F Feqw to &' gpeci fi

ing ang"
h{? fatured’ only one wafer vvas placed in a beaker
containing solution a dummy 15 wafer was placed in the

[\/\g?é r{ﬁg tn%arg tfg{cﬁ]rgfeg %n bli] Ie{] |I0\tN|k élelearlgsk Qr%spsrbwdeg in Table 2.
In all of the following etch rates, measurements were conducted at 5, 10, 20, 40, and 60
minutes of exposure at temperature of 40°C, Thickness measurements were determined
at each time interval and graphed using a “least squares fit" model on the results for
each exemplary composition. The calculated slope of the “least squares fit' model of
each composition is the resultant etch rate provided in angstroms/minute (A/min). In
determining dielectrics etch rate, the wafers had a blanket layer of a known thickness
deposited on Si wafer. The initial thickness was determined using a FilmTek 2000 SE
Spectroscopic Ellipsometer/Reflectomer. Approximately 200 mis of a test solution was
placed in a 250 ml beaker with stirring and heated, if required, to the specified
temperature. If only one wafer was placed in a beaker containing solution a dummy
wafer was placed in the beaker. 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 the test wafer,
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imrersed in the exenplary conpositions. After five
0HB6UERE, the test wafers were renoved fromthe test
solution, rinsed for three mnutes with deionized

wat er and conpletely dried under nitrogen. The

t hi ckness of each wafer was neasured and if necessary
the procedure was repeated on the test wafer. -9

88237 Apamplerna 3B, Bobampddsware exaluptedtor lawck gompatibility. However,
e@(‘éﬁ{p\l@é%sﬁ% e{/&Wét d?&'m@- cQHp'afllyhtP/{;f? e all s@%@fﬂ?ﬁﬁe&uere

K
was not eval uated for |owKk ty. However,

ayp|uatgddorthgingbllly tasemovephotorgsist BARC, tméunosta@tched (esidyes as
JHOWRVIE (RS, csaesaa%h th%%ats aﬁgmee%h p%it&ﬁ‘\%g v&a?ér‘ Q%’rﬁpl@% did not

shown | n table 3. Based on the resul tal ne
qsenagerthe QoiRys élrf? andvas effective ip removay oameég@tqrﬁ@stpﬁmddbg BARC
rhatBrigland was effective in renoval of the photoresist

and the BARC naterial. Table 2 Etch rates (A/ mn)
Tenperature Etch rat ggple”¥ BEtéh rdiss A) C JSR LEB- 043
PDEMS2.5 PDEMS2. 2 pSiLK A 40 Not tested 3 41 B 40 2

S ( NpU tested C 40 NOU tTesSted NOU tTested NOU UesSted
PIQt twratmem Not test ed 2 7 Enbtrates@ymid) E 40 Not
B8 2 5 Not 4 tefl 1L > t _
tested ug"‘b LEL, & '93»“& thg%hgéfﬁy JS%D!E.&.A%?'IEE’ MS-BSILK
2.5/ 2 2Tl\/|40ranfa|q@,tq5§éy b) Air Producfts & ghem cpls,
Thg. | 10 p- S LKITM nmanut agrared by DoWw chemfcar, [ T1cC.
[0024] TakBle 3lillus2rates the &ffect|veneds of Not tested
réfefred conpqsit,i for renpvin bhh rejsit] BARC
gn’*‘ eteh ?gq.nt)m” tgesie es Eﬂbtg?t?(gte ?P}?gte‘ﬂ?. ol halpt tested
193 nn 40 Not tested 2 7 Not tested
E
40 Not tested 2 5 Not tested
F
40 Not tested 1 >10 Not tested

JSR LEB-043™:manufactured by JSR Inc.
PDEMS 2.5/2.2™: manufactured by Air Products & Chemicals, Inc.
p-SiLK™: manufactured by Dow Chemical, Inc.

[0024] Table 3 illustrates the effectiveness of preferred compositions for removing
photoreisit, BARC and etch residues from test substrate. The wafer had 193 nm
photoresist layers, 193 nm BARC layer, unknown Ultra low-k {ayer and silicon oxide
layer. The substrate was then processed by immersing the substrate in preferred
compositions In this procedure, one or more test wafers were placed in a 600 milliliter
(ml) beaker that contained 400 mls of each composition. The 600 m! beaker further
included a 1 inch stir bar that rotated at 400 revolutions per minute. The compositions
having the wafer(s) contained therein were then heated at the time and temperature
provided in Table 3. After exposure to the preferred compasition, the wafer was rinsed
with deionized water and dried with nitrogen gas. The wafer was 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 result of the cleaning performance and
damage to the underlying interlayer dielectric (ILD) were visually interpreted and coded
as provided in Table 3 in following manner: for cleaning “+” indicates excellent, “P”

-10-
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phot oresi st |layers, 193 nm BARC | ayer, unknown U tra
06d87RPRayer and silicon oxide 15 |layer. The substrate
was then processed by imersing the substrate in
preferred conpositions In this procedure, one or nore
test wafers were placed in a 600 mlliliter (m)
beaker that contained 400 ms of each conposition. The
isdicatas padigkiemavakanser” indipates geer andifor h&rdamage taindidates no
La ons per mnute. The
%%ﬁ%%%???oﬁ@agtgspﬁggﬁie waf er (s) contained therein
were then heated at the tinme and tenperature 20
provided in Table 3. After exposure to the preferred

conmposi tion, the waf ghp@s ri n%R% fis dei oni zed
e

vvater and drled wi th nltrogen gas waf er was
cteavetd—4o SAmvAA te—att cdg. art—thenTexram-Reth—ust 6

scanni ng | edrfekdt@d |M cins COPY piotdeddistON aBARC i €l y Rb
pr B2™ttet ¢r mi ned | gcations ¢n the waf¢r and the result
aof the cl pamGn per frifWehce andleandanpgeciean 1 hp damage |
undée¥ | ying i %erl ayer 1gi el ectrig (I LD) Wey € v sual l'y
CU adliu CQuUTU 0 aAp M1 UVIUCU LI ravl © O III
ma@ager : |f or 18l eapi ng ++" indi cates +
, P" -10 0686/7ZP2 1 ndicafes parti gl
nd 40" i ndi cd®es poor And for 11D da get n 4

iﬂr_}g‘i'%hat elsLno4Qd§1rmge qu " I ngi 'cat €S d@mgem'l;aP! e 3
LIV SUILS J LTI }JCI aturcjpliilirnc lJIIUl I TOST S DMANGC 1T LU
Exanpl es[eC @pnut ¢s chgan ¢l ean+damage A 40 A5 « P -
B4F 15 + + + C 40 15 + +f+ D401$+p+ 40 15
+ + FE 40 1549 4 15 + + +

[0025] Based on the resulfs obtained on patterned wafer, examples C, B, D, Eand F
did not damage the porous ILD. All six examples were effective in removal of the
photoresist. On the other hand, examples B, C, E and F were effective in the removal of
the BARC material,

[0026] While specific embodiments have been described in details, those with ordinary
skill in the art will appreciate that various modifications and alternatives to those details
could be developed in light of the overall teaching of the disclosure. Accordingly, the
particular arrangements disclosed are meant to be illustrative only and not limitings to
the scope of the invention, which is to be given the full breath of the appended claims
and any all equivalents thereof.

06867 ZP2 Forsign
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[ 0025] Based on the results obtained on patterned
VRfeEZP2exanples C, B, D, E and F did not damage the
porous ILD. Al six exanples were effective in renoval
of the photoresist. On the other hand, exanples B, C,
E and F were effective in the renoval of 10 the BARC
material. [0026] Wile specific enbodiments have been
described in details, thoseCMMSordinary skill in
the art will appreciate that various npdifications and

b1 Adpraiiatiansiof iemayingephptarasists iond®alantesohataresistp BARCHand/or etch
|1 eddfiduef wﬁé}ﬁanH@Fo@hhlaﬁ@ﬁ@&hﬁﬁsé&f ah BRnfnkfh H?&H’b? de and a 2-

Accor di ng parti cul ar arran{gerrents di scl osed
e

P SRRz ok, ePAdeR WaiRs, WRYIged gt orhypTouida shguid have no

15 nidhé tHaROIR® gm EdiftarmiMaBoN bhetaldhi ch is to be given
the full breath of the appended clains and any all

equi val ents thereof. 06867 ZP2 Foreign -11 06867ZP2
L AhFormbiatibn bP CREith Alis f8e bPEn bRHRYY, BEr2RIRMHRST, 10N

I mpl ant ed phot oresi st, BARC and/or etch residue
wherein the fornul ati on conprises: an anmoni um

Ay ¢he YrARIABH R Clim @Wh@ﬂiﬂ?ﬂ%‘ﬁrﬁh@rﬁ Qh%dec&fH@ i8 @SF’ected from the
ed that the dr.oxi de shoul d have no

o BEPHRRSETS PraBetb A HeTIon HraHSes s amphytaiamonium fluoride

fopRaittmured theltewfm 1 is free of an oxidi zer,
abrasive particles. 3. The forrmulation of Caiml

wherei n the amoni um hydroxide is selected fromthe 10

4r THe f@@ﬁtﬂatﬁinl TCIn 1 ﬁii'théﬂ@frﬁbﬂseg@'tffﬁ QDW/JBTQJ Wétbﬂ@oluble organic
and the m x

tetrameth nium fluori de

{ PSOGET seleclegiriom Hie gipuis penFiegne 6f dinyAsiaTids (OMAC), N-methyl
co ¢|ﬁmian@ NMP@%%H@K&M@«WS@P|dHﬁ’étﬁylfUr|9\ﬁﬁildé N-

so nt sel ected fromthe ﬂily up.cons

PREATIR BENAIDRRC oYL P done NPPS et gedurtury
(Nbﬁbholdgly@raybmwbﬁ@@lya@l éﬂﬂ%@) a!cmdaébbwdxﬁd&sﬁmntmﬁwctubhal

thlformam e, formam de, dineth i peri one
o ek spEN s b slgbhiih dbls a1 e 6.
et bmhmlg,l(mgobgo amaﬁ@tﬁolsaéyw@akﬁho@ Hrd Jwrénéegﬂycol
es

b SO Bleas g@,‘a’é}g&ée alp ro%%lo@@gﬁ@mem@ol glycol ether

((Bnd @thxﬁﬂré’ﬂh@iebf ol s, cyclic al cohols, propylene
gl ycol, 20 tetrahydrofurfuryl al cohol , diacetone

al cohol , 1, 4-cycl ohexanedi et hanol, glycol ether and
the m xtures thereof. 5. The fornulation of Caiml

5. uThéfarmarREd bBERI 1 Furtiter TomMbliead’ 0.8 t6 5% df al Rbbstituted
hyﬁlrdo | am ne or aJa aﬁid sal t.
ydro Iamme or an acid salt.

6. The formulation of Claim 1 further comprises 0 to 10 wt% of an organic acid selected
from the group consisting of citric acid, anthranilic acid, gallic acid, benzoic acid,
malonic acid, maleic acid, fumaric acid, D,L-malic acid, isophthalic acid, phthalic acid,
lactic acid and the mixtures thereof.

7. The formulation of Claim 1 further comprises 0 to 20 wt% of a corrosion inhibitors
selected from the group consisting of organic acid salts, phenols, acids, triazoles,
catechol, benzotriazole (BZT), resorcinol, maleic anhydride, phthalic anhydride,
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25 6. The formulation of daim1l1 further conprises O

Q6B6TEPAt % of an organic acid selected fromthe group

consisting of citric acid, anthranilic acid, gallic

acid, benzoic acid, malonic acid, maleic acid,

fumaric acid, D, L-malic acid, isophthalic acid,

phthalic acid, lactic acid and the m xtures thereof. .

30 catechelepyregatial. aﬁm&]ofcﬁa"@a&ldnparbpwnené@tnamrfrtmﬁeoammomum

t O tiRSs Uk @fyc.ﬁe qefr§mathg§uhmhfnel .ac%ﬁ& sﬁhed fromthe

group consistin or gani ¢ acil ehol s,

ac ﬂw@ethxlmeéqaﬂe@mde debykpebenzansz dithirame@zersm)

fe§9!fc§bl89§/dro£%|€'éhoerﬂ&méé gredpht hal i ¢ anhydride, -12
06867 cat echol, pyrogallo esters of gallic acid,

car boxybenzotri azol e, fructose amoni um thiosul f ate,

gl yci ne, tetranethyl guani dine, imnodiacetic acid,

gli mRE PthatbAdE @Iaﬂ'l‘mCfﬁrthérrdombﬁ&é’é(drbﬁmmelected from the group
di hgdrox ybenzene sal i cycl ohydroxam c, and m xtures

t hEPRSIFting Sf:gsurigclants, chelpting agends. chemical moglifiesheyes, biocides, and

COfRY mﬁcﬁﬁesﬁthe?éiﬁh ﬂrbﬁ@ecﬁﬁh?ﬁb%@dft&@ HbéJ‘ﬁot%d%‘ﬂ%ely affect the stripping
consi stin - “surfactants, chelatin ents, chem cal

noénd F'@F‘%‘gg abllity of gheyformulationerthe fnieor sz the sederhingetal, silicon,
Pr siitdtdlokifa lintehéver dididctricm S0 RSIs NO-IEhaParHid ik Aatés.

the stripping and cleaning ability of the formulation

or the integrity of the underlying nmetal, silicon, 10

B hlf@@ﬁm@t|o@.>fbld@mdvmgqmom@é|stdioﬁluﬁsrbhiea ﬂmio@ésuﬁl BARC and/or etch
| ow- k and/or, high-k materials. 9. A formnul atlonfor

r eFRNAYSISEIn éfeee@r@tﬂat@wmmeant@gamﬁm IrEeniym hysikpxide,

andﬂﬂtﬁaﬂiléfbro;bﬁéﬁéjgl dl\’fﬁeélﬂlnﬁbéﬁh%tﬁ@idl@“ rb@;ﬂene glycol monomethyl
conpri ses: tetrams:wg ammoni um hy dr oxXi

t ofIPE. "emapre” waleh \@f@taafyteahydrex'smsh%eﬁm RP 056 than
d| POCHI EdtRadinaGon oferet hyl 15 ether, remai nder

wat er, provided that the hydroxide shoul d have no nore
than 100ppm contam nation of netals. 10. The

100 TR farm4tiodf of Gl Whavery the lfbrhhu%t'ﬁ)ﬁ bambﬁééso ﬂetrameth |
rises: tetranethyl anmpniumh oxi de 1- o
C OO BYEOHAE Toiot Yo BITRANE LERATh PERPYE TGOS 15 With, 2
20amifioheRaNaide 220l ﬂﬂ;&?o;wa%e Shyd ﬁfé)‘nbﬁa@ﬂwyﬂéﬂ‘léptﬂ-% wi%,
nmononet hyl et her 20-45 w% ~ renmal nder water.
f ofSRMANAST 8R! C aim 9 wherein the fornul ation
corrprl ses: tetranethyl ammoni um hydroxide 6.5 wt %
t 0] trlazol eé)? wt % propyl ene gli/col 10 % 2 25
161”2{ gl@m@ whereindhe fasmylating camprisgs: tetramethyl

rmamn%hrm)ﬂ hﬁirb)ﬂﬂe 83 W) tolyRABEIEIS W%, propylene glycol 10 wt%, 2-
aminobenzothiazole 6 wt%; dipropylene glycol monomethyl ether 39 wt%, remainder
water.

12. The formulation of Claim 9 wherein the formulation comprises: tetramethy!
ammonium hydroxide 5 wt %, tolyltriazole 3 wt%, propylene glycol 12.13 wt%, 2-
aminobenzothiazole 1.5 wt%; dipropylene glycol monomethyl ether 40 wt%,
remainder water.

13. A method of removing materials selected from the group consisting of photoresist,
ion implanted photoresist, etch residue, BARC and combinations thereof, from a

-13-



10

15

20

25

30

water. 12. The formulation of Claim9 wherein the

9GR67EP2t i on conprises: tetranmethyl ammoni um hydroxi de

5w % tolyltriazole 3 W% propyl ene glycol 12.13

wt % 2- 30 am nobenzothiazole 1.5 w % di propyl ene

gl ycol mononethyl ether 40 wt% renmmi nder water. 13.

A nmet hod of renoving materials selected fromthe group

c of4bsitate, gorpprising @epking s formylation agsording:te GPrim btethesubstrate to

et fimbRsthE YeateBARGnPRE safiRirgat i ons thereof, froma
-13 06867ZP2 substrate conprising: applying a

formul ati on according to Claim1 to the substrate to

12 TRY tndthe SIS 88 wheiA thBSorfititstionad ﬁ" éftan J)PS“ iz8e hBRdive

of Claim 13 wherein the fornulation is ree 0
oxPaEEE: abrasive 5 particles. 15. The nethod of
Claim13 vvherei n the formul ation further conprises O%

% by a water soluble organic solven
’@%FB@{'@&“Q@ %ﬁﬁ'@*ﬁy%wbarﬁlrb@%@@w!m@ndmrther comprises 0% to 60% by

d' %@Mhﬁ&%%glﬁbkqwle s&lbé?ﬁ%@éhte@ﬂohﬂh‘eﬁr?@&@on& ing of
di net hyl sul f ox1 d ﬁ%ll di net hy
. LA e I AR o
DWSO)&!%&WN&F@WB@ lN )Hetﬁ’})lf@ﬁﬁ@hlde %*ﬁ@fﬁﬂl& ﬁiehW-be‘i‘pendone
am des, oho foxides, multif unct| onal
0 o BRY Aot styras i Aol SHERS A BMaTS a s A, @iconois,
pOhMﬁHxﬁies(rﬁ@ttnf&%ﬁBnaN:&ﬁB&ﬂid@' ﬁydré)@%mld%o)amlno alcohols diols and

alkﬁnetrlols clic alcohals, yl ene

ol
t ePPPIS oCer Gree) @kpnediplsoffor C zduaél@é'ﬁgwés av@'éﬁ&qohmls propylene
4- Qbﬁ@éloﬁﬁ'éﬁﬁﬁgﬂuﬁﬁiyhélﬁ&%ol &gc%décﬂbolﬂ ed-cpdishexBRedimethanol,

m Xt ures there 16. The net hod C|a|m13 wher el n
th@yf’?hemﬂréﬂﬁé'?\emlfrﬁﬁh%%rl ses O. 1to5 w%of a
substituted hydroxylam ne or an acid salt. 20 17. The
met hod of Cl aim 13 wherein the formul ati on further

momné hie@fodbf tCain1 IMvRerein tﬁ@ forﬁ{u%ﬁh furtet BomBHeE R to 5wt of a
l{r}gliglgqqgh!eju consnstmg citric acid, anthranili

ac? st @gne gEAR 8rid sali d, mal onic acid, mal e| C
acid, fumaric acid, D/ L-malic aC|d |sophthaI|c aC|d

h aI| C Iactlc acid and the nm xtures there
1%5“11 me@%@ q(%t'ﬂw Hwheseinithe losmiabipa fusther somerisas) Oaiol 9 wt% of an
f usigheic seRNgYldctaBirém tite @Qu PsHting of efrid Ad, Uhthranilic acid, gallic
|nh|${|tors se] ect dfro roup consi sting

Benzeic acidy, @paalelc %glg, \aric geigy Qpleglafllc acid, isophthalic

C aad¢, Mthalie @emptaen@z@a and %Thxtdr%%ﬁédﬂm mal ei ¢
anhydri de, phthalic anhydride, catechol, pyrogallol,

esters of gallic acid, carboxybenzotriazole fructose,

1%%@;%@% g)?ajllggﬁf@ \sﬁergm%ﬁe Poermulta(telgrg %r;t%tep gér%gr?srgsdol trc]JeZO wt% of a
corrosion inhibitors selected from the group consisting of organic acid salts, phenols,
acids, triazoles, catechol, benzotriazole (BZT), resorcinol, maleic anhydride, phthalic
anhydride, catechol, pyrogallol, esters of gallic acid, carboxybenzotriazole, fructose,
ammonium thiosulfate, glycine, tetramethylguanidine, iminodiacetic acid,
dimethylacetoacetamide, trihydroxybenzene, dihydroxybenzene,
salicyclohydroxamic, and mixtures thereof.
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30 di net hyl acet oacet am de, trihydroxybenzene,
@a86ydPBxybenzene, salicycl ohydroxam c, and mi xtures
t hereof. -14 06867zZP2 19. The nethod of C aim 13
wherein the fornulation further conprises an additive
selected fromthe group consisting of: surfactants,
chel ati ng agents, chemcal nodifiers, dyes, biocides,

Hhdhe methedceiFlaien 1 hwhewin thefomurtiontither chprises an edditive
do@élecﬁgtfro?rdw‘érg?&!ld’ ccfﬁsfsﬁﬁ% of: N& Et%h@pbmatﬁ@ f%ln%a%élﬁcal

abi | ormul ati o orte5|nter|t
unH@deWEh gves higcidesi andibg misturesctberegf, mw.@d that the laddiive does

dl ﬁbﬁaduéréame%t {3l stripp :g?%d%l@éﬁﬂ 5b.m QP JHﬁﬁ%ﬁo@Log-tne
&t

renoving nmateri al’'s ecte
sﬁﬁgrtﬁbﬁfsthg tunﬁgrlsmg pa@! silisan.silicon d@mdemnteﬂeveldiielectric materials,

phWR%ﬁb/&F hlgﬁllﬁﬁatéﬁélgdue' BARC and conbi nati ons
thereof, froma 10 substrate conprising: applying a

f or mul atlon according to Caim9 to the substrate to

209 W@thb@ f P‘éﬂﬁcﬁ/frigqu\at@ﬁé’l@fsﬁﬂ&@teﬁ 47 frdt %ﬁgosngigﬂﬁg BEb{MGresist,

Claim 20 wher éin ornul ati on

t etOPalWﬁtfqu ritesasistreichyesidye. BARC amd opmbinations thereof, from a
t obibstiaterddthSrisirigs a%l%g@r@ﬂﬂdlﬁﬂﬁl EQ:ICMIQﬁH 18 C?Igin'}"? %6 thé sbBstrate to

am nobenzot hi azo di propyl e e glyco

no DPnﬁtW@fomthﬁsuhsiﬁaterenal nder water. 22. The
met hod of O aim 20 wherein the fornmulation conprises:
tetramet hyl ammoni um hydroxide 6.5 wt %

FoilYe metheanf Clamgdwheretiahe areustion SPMpGSas: tatrapnetlyy! ammonium
aﬂhmsﬁaé @H@ @tz%| 8 a}ﬁrlé&o% 1.9 e I%p?y%e?dl%% 15 with, 2-

nononet h y et her r emai nder wat'er .

mefRMiwbehzathiazele 26' OWise: cinroryiener alyeal mpmtrwbqﬁbcr g%gs wt%,

t efdndiRddWatémoni um  hydroxide 5 wt % tolyltriazole
3 w% propylene glycol 12.13 wt% 2 25

am nobenzot hi azole 1.5 wt % di propyl ene gl ycol

2POMRERhéMbd Bf ORIm 26 wiePbin tHeSBRANSRIN MRidtises:38trankethyl ammonium
hydroxide 6.5 wt %, tolyltriazole 3 wt%, propylene glycol 10 wt%, 2-
aminobenzothiazole 6 wt%; dipropylene glycol monomethyl! ether 39 wt%, remainder
water.

23. The method of Claim 20 wherein the formulation comprises: tetramethyl ammonium
hydroxide 5 wt %, tolyltriazole 3 wt%, propylene glycol 12.13 wt%, 2-
aminobenzothiazole 1.5 wt%; dipropylene glycol monomethyl ether 40 wit%,
remainder water.
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