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Abstract: A _metgﬁﬂ/{ e \ﬁg_ﬂg Bi?&isqég?‘g@lg D FEBM SRS TR SPPSt rate
begi ns by mai ntair Ei{%lﬁ(fc f ’Qﬁﬁ ”%E SIDEPRGOERS, and a.
solvent in contact vvlfI the substrate so that the amne and the sol vent at
| east partially dissolve the photoresist and the residue. Preferably, the
amne is a tertiary amne. Preferably, the solvent is selected fromthe
group consisting of DMSO, EC, NWP, acetyl acetone, BLO acetic acid, DVMAC,
PC, and a m xture thereof. Next, the photoresist and the residue are
renmoved from the vicinity of the substrate. Preferably, the nethod
conginues with a rinsing step in which the substrate is rinsed in the
supercritical carbon dioxide and a rinse agent. Preferably, the rinse
agent is selected fromthe group consisting of water, alcohol, a m xture
thereof, and acetone. In an alternative enbodi nent, the am ne and the
solvent are replaced with an aqueous fluoride. 19 May 2004 WO 01/ 33613 A2
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FIELD OF THE INVENTION
The present invention relates to the field of removal of photoresist and residue
15 from a substrate. More particularly, the present invention relates to the field of removal
of photoresist and residue from a substrate using supercritical carbon dioxide.

BACKGROUND OF THE INVENTION
Semiconductor fabrication uses photoresist in ion implantation, etching, and
20 other prbcessing steps. In the ion implantation steps, the photoresist masks areas of a
semiconductor substrate that are not implanted with a dopant. In the etching steps, the
photoresist masks areas of the semiconductor substrate that are not etched. Examples
of the other processing steps include using the photoresist as a blanket protective
coating of a processed wafer or the blanket protective coating of a MEMS (micro
25 electro-mechanical system) device. '
Following the ion implantation steps, the photoresist exhibits a hard outer crust
covering a jelly-like core. The hard outer crust leads to difficulties in a photoresist

_removal. ‘
Following the etching steps, remaining photoresist exhibits a hardened character

30 that leads to difficulfies in the photoresist removal. Following the etching steps,
photoresist residue mixed with etch residue coats sidewalls of etch features. Depending
on a type of etching step and material etched, the photoresist residue mixed with the
etch residue presents a cﬁallenging removal problem since the photoresist residue
mixed with the etch residue often strongly bond to the sidewalls of the etch features.

35 Typically, in the prior art, the photoresist and the photoresist residue are
removed by plasma ashing in an O, plasma followed by stripping in a stripper bath.

FIG. 1 illustrates an n-p-n FET (field effect transistor) structure 10 subsequent
to an ion implantation and prior to a photoresist removal. The n-p-n FET structure 10
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Note that specific layer materials and specific structure described relative to the
first via structure 30, and to other thin film structures discussed herein, are illustrative.
Many other layer materials and other structures are commonly employed in A
25 " semiconductor fabrication.

FIG. 3 illustrates a second via structure 60 of the prior art subsequent to the RIE
etch and prior to the photoresist and residue removal. The second via structure 60
includes a second via 62 which is etched through the first SiO, layer 34 and the first
TilN layer 36 to the first Al layer 38. By etching through the first TiN layer 36, a device
30 performance is improved because a contact resistance with the first Al layer 38 1s lower
than the contact resistance with the first TiN layer 36. The second via structure 60 also
includes the first Ti layer 40. The first residue, which comprises the photoresist residue
42 mixed with the SiQO, etch residue 44, coats second sidewalls 64 of the second via 62.
A second residue, which comprises the photoresist residue 42 mixed with TiN etch
35 residite 66, coats the first residue, The secor}d photoresist 48 remains on the exposed
surface 50 of the first S10, layer 34. In the prior art, the second photoresist 48, the
photoresist residue 42, the Si0, etch residue 44, and the TiN etch residue 66 are
removed using the plasma ashing and the stripper bath of the prior art.
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on a second exposed surface of the second Si0, layer 106. In the prior art, the
35 photoresist 48, the photoresist residue 42, the SiQO, etch residue 44, the SiN etch residue
120, and the Cu etch residue 122 are removed by the plasima ashing and the stripper
bath of the prior art.
Note that the fifth, sixth, and seventh residues are worst case scenarios.
Depending upon a specific etch process, the fifth, sixth, or seventh residue might not be
40 present.
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In sem conductor &eeRRolREM B3%RiHAD tEnRViRPRSAR: from a substrate in which via

30 and line geometries have small dimensions.

What is needed is a method of removing photoresist from a substrate in which
via and line geometries have large depth to width ratios. ,
What is needed is a method of removing residue from a substrate in which via
and line geometries have large depth to width ratios.
35 What is needed is a method of removing photoresist from a substrate in which
features are etched into a C-Si0, low dielectric constant material.
What 1s needed 18 a method of removing residue from a substrate in which
features are etched into a C-5i0, low dielectric constant material.
What is needed is a method of removing photoresist from a substrate in which
40 features are etched into a spin-on polymer low dielectric constant material.
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thereof, such that the amine and the solvent at least partially dissolve the material; and
removing the material from the vicinity of the substrate.

In another still further aspect, the invention provides a method of processing a
substrate comprising the steps of: maintaining supercritical carbon dioxide, a tertiary
amine, an aqueous fluoride, and a solvent in contact with a material on a surface of the
substrate by circulating the supercritical carbon dioxide, the material selected from the
group consisting of a photoresist, a photoresist residue, an etch residue, and a
combination thereof, such that the material is at least partially dissolved; and removing
the material from the vicinity of the substrate.

The present invention provides a method of removing photoresist and residue
from a substrate. Typically, the photoresist--or the photoresist and the residue, or the
residue--remains on the substrate following a preceding semiconductor processing step
such as ion implantation or etching. The method begins by maintaining supercritical
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under cut s t heinsdd in ghersugerestiicabcarbort dioxid¢ arrha rings agemtePriefdrably; e rimsengeritad ng
wat ﬁrtﬁn? EE@elédi&Bfr@ifni ﬂabcgéupcafnb@ﬁngibpwhﬁe, d16bheR Nk @bie, Whd A xhh@urg&h&édfg' (6)
suc a [ rates.fro i i.oxi.de surfa nd (c
removi ng t he%ﬁ%ie&éﬁl& ’r%%@%ts%ége\% §CSI anﬁ%}u%foitt#e&glghog%%h%i %%‘Frderes%r?a%e. I'n
a still furt Heralgehobds seleqied frapethei Boumpeovistias of iraproryhl alsphely ebendi e a
substrate cother losi mgletiigr wdighR alcohols. Mo ipeiferablg, thelplestal istthe€ahamar bon

di oxi de, an ami ne In Qﬁrs@gfﬂ{iﬂé{ﬁe e bUEﬁE{eQE i hife §r?c| t\é?.@&véx{ﬂ af;eotjahﬁgetd »Wh{&h a
material on a surface .o e substrate’by circulatjng the supercritical
carbon di oxi dg*cophdlupiifearingt sewond cltsenatiyso sbpdimgnto dhre Selysndi istadded & the

phot or esi st , agquephoflosréii dtthe Bist ateenatian embodiments lda éhirdaidrmatico sfbatimein
thereof, Sucie fithe if18daH 3@ Audolie MGHKCId e ORBR ofPlE sl Vaidhaiod Ve
the material; an renoving the materiral fromthe vicinity of the
substrate. |fP3ABIRRY still further aspect, the invention provides a nethod
of processing a substrate conprising the steps of maintaining

supercri ti calgrgpr PERCRIPNICMEOFTHEDRIAGNGEM ne, an aqueous fluoride, and a
sol vent in cont acgaé\nt.p a Eéat er1 al 1219561 SL{rfacfe of the substrate by
circulating the sGP&fdFITHRESAIEPEORE bisBRT e, Ot the PRET 8 iSUPSeaAnE (S 8491 om
the group conplagtationgendfpriar whagthotesssist temayabhot or esi st resi due, an etch
residue, and a condiNahkefed Harefa sutblt d@t plibeaiBiteEdudht oSndIE &ast
partially di ss&)lrvoerti' aﬂ& Lenovi n‘%.dut tgee r(/a} eri alp fromthe vicinity of the
substrate. TAE %I’és%?lp.l R Sﬁ brS\_/l €a net hod of renoving photoresi st
and residue fromFEGstiBlstrateea squppi vid stpucturh ef Biecrrior adli sybseqaent ity ghe RIE
phot or esi st 8rH ahdIpridras tidphotodsist &if redi@id idmBvall €Mai ns on the substrate

| ol ant i on”or ot KL URS HOe BRTHE ohy SRer A PG BB R ¥l 5

and prior to a residue removal.
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19 May 2004 carbon dioxide, an amne, and a solvent in contactowidgndoae
substrate so that the amne and the solvent at |east partially di'ssolve

t he photoresist angd t resi du Pref erab mmne is sec ry am ne
or a tertiary am :}'&.G' ?/6111‘@“& ?gﬁ%&gp@sceq%g‘\{lg?ﬁ%%t SPRGT A €5t°ﬂ‘é‘?’§p°

Even nore pr eRE &l and rirfoe tailie photossistednd césidle rémovalt he group consi sti ng of
2- (et hyl am no) et ' H AREI Lk apd a

m xture thereof. :‘\gg{t)kﬁsr{wlﬁﬁ“ ﬁlﬁéﬁ%ﬁ%%h@@t@@gwﬁ%’[ e(fh?lromt e gr oup
consi sting oflﬂtfﬁéloz- (et hyl am no) et hanol , the PVDETA, the triet hanol am ne,

and 3 [nxt ur]fv‘ t herpgef 7 1lﬁfs&§@§ﬂ1@|p)’efer§dﬂ%r§&h§1@§ Stoeﬁl &th;ﬁﬁﬁe%ﬂt fng@fmgl\l/gg g;) 8UI0
consisting o ace acetic aci
and a mixture theri'ggif EINQQPIGTW?@%B#% %@Fﬁes?{hg’weﬂ% % esi due are renoved

fromthe vicinity of the substrate. Preferably, the nethod continues with

a rinsing st eIﬁETﬂIMftb %SUNP?WUF@IBEPREFERRE%MB@WIEWPGVC“ tical
carbon di oxi dé an rinse agen refe y, fhe_rinse agent sel ected
from the group cor{glespcr‘?%%t IBYC‘\%? 2 m§£ %Em‘)&’(@éﬁ’g??@ms‘éﬁ"ﬂi" éesrﬁ‘il‘i?thﬂ“é

t EEHGOf Nbr@]!)ﬁfa@é @i@i@erchﬂ&l carBoediogidn! Theresidus iicludes sHotdreist adsitabol  and
the water. Pre er

| ected f t
of i sopropyl a&d Qld‘éet hcg\erﬁlgll'al ly’clﬁ%jmbéﬁﬁg}es esgw?%flé ?ﬂ‘ga?er\/\g{lgeﬁfmgf Xf_-} %I |Sng
More prefer atﬂuwtrattmu aqlopoveser substiateesuch srpiick. Mypigalty, thetphatorasishwas placed

enbodi ment, themamapge t@@qsgmrﬁ&i (Yﬁﬁ%w@fe?nfﬁﬂle@éa s\efnicen&fetor%fﬁﬁ

fluoride. In a second alternative e di men the sol vent (f added.-to the
aqueous f | uorBEEsHten. nRuchinreceding PEcessicpeing antafign gnd gfchigg steps.

altesnative enbodlmmmlonnhﬂmammep,aleqmdadestsoniaﬂeamuemwfalfmmatdemnd t he

sol vent of t n BRI IPTI HE
DRAW NGS FI G]%p?ﬁ ‘%Flg Eé‘? a%’t’ir’f\-{e a-mr?%%li chg%a&lf TR e @Ee T or mt%:k b
subsequent t gegians. ke lpmrpnmimtamqrmwafnunqﬁ haydened caisphothe pb@p@ﬁlstr lemvined . FI G

2 illustrat e%egyilkégreuh&r%erﬂﬁg{eﬁg@crggt the prior art subsequent to an R E

etch and prior t t.or eS|st nd residue renoyal I 3illusirates a
second via struct ﬁF‘g‘eEﬁ‘ thsyphgtoresist L?é‘??tsoilg‘etwr%aéamétoéﬁc prior

to the phot orwlilesthe ﬁmdrmﬂ&tlde@oxtse:m&ied n&lﬁcetbhlﬂglst@t thaphstogesivedrdl thd | ne
structure of t o} h bOr 1.0 a
residue r ermva’ir‘}g”% tﬁée %q’ée%reug %’Ihfi}g ’g’s‘ﬁ%ﬁg ﬁ)@lgtc’%ls(ems‘dge
structure of atnﬁéhqﬁtﬂm’emdu@ Efablgsqﬁ%inph@tgres!ﬁ@m@m&s the photgradispresidre.t o t he

phot oresi st amehingst ﬂlb'%tch%@&i@é proEdc% th€ etch rasidile0VWhe RRGtbrebist dtRllckclrbdi@ueSt €PS
of the preferred t hod., ,of e% i nvention. FIG 7 illustrates-the
HE S eI

preferred prdeBe@ingeal jidey YRt invention. FIG 8 is the
preérred tinmel i ndnebme biehing eteps)thel phioindsiso is. nobDEfEdd tEDompIo6et Blthad OF THE

PREFERRED E |
: NE%)& RO the ué}ﬁ)ftot}éﬁé%ﬁladl%’net% \wRfer SR E i R nie st Y tHag

phot or esi st

etching steps, the etching process hardens remaining photoresist. In other etching steps,

the photoresist is etched to completion so no photoresist remains on the wafer in such

etching steps. In the latter case only the residue, that is the photoresist residue and the
30 etch residue, remains on the wafer.

The present invention is preferably directed to removing photoresist for .25
micron and smaller geometries. In other words, the present invention is preferably
directed to removing I-line exposed photoresists and smaller wavelength exposed
photoresists. These are UV, deep UV, and smaller geometry photoresists.

35 Altématively, the present invention is directed to removing larger geometry
photoresists.

It will be readily apparent to one skilled in the art that while the present
invention is described in terms of removing the photoresist and the residue it is equally
applicable to removing the photoresist and the residue, or to removing the photoresist

40 only, or fo removing the residue only.
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10 substrate using supercritical carbon dioxide. The residue i1pQadEm4
phot oresi st residue and etch residue. Generally, the substrate is a
sem conduct or waf eThe ;Alsfeﬁédlahbw%m;'m of kit présefisihvention renavesthie photbasistadst r at e

such s a pucle (IR Yo 438 LORLALFSEh AR M ARRTw Bt 15Ul REn{ O MRSk

a portion of cation process
step. Such pr&@&mbrhg thy fg@l@gsﬁ @leé!igé frpm;tha EROUp 6PDSISHHE aht éﬁcpmﬁm&t&@%ang

st felos t%St I'n ﬁeh&ry{ Q‘Hmb”M(ﬁ‘é‘f)@fdr% ﬁlb@g}m&h?lena%@rﬁiﬁ?ﬁﬁmsﬁ&e@feeasm the
waf er at are not i a do al.l owi n

Tt e e Sminei Flea L & e st GRESe A e ahietepe)s P@@ﬁ]ﬁf ormms a
har dened cr usfpentamethgldiiotarcetinghe)] ieiathangamaine] telethylaiike amba mixtmeteherédfe

har dened cru mﬂ,,o% . areas of the

waf er that afﬁedoﬁt te%{lswegﬁ%g&v\gg‘?&wie non- Qﬁspﬁ(%éé&t E)g ons are etched. In
the etching strghylamiaolsthenels BMIT Ay ddethanelanyipg, apd amixtaredhergol Feeferablyy et ch
features \II—:\{“ |htﬁe §d>l$?ht§>§ééﬂa'étéﬁffﬂnﬂ e gﬂﬁﬁtc@iéﬁéﬁn glof m%mmem@ﬂsmﬁglde} aEli

r esi C 0 e uce phof or esi esli due.
Etcﬂgng of th@q‘g{{q}ﬁc g%‘fag‘se@%@i @g{? @gFtﬂt?@ ihp otoresi st and
et ch resi due (bgndacbiiey, acetit acgl, PAMACI(N, Mfdxmﬁhylaceiémﬁie)aPGr(pmpylzﬁc I n sorre
etching st epscmﬁdastepaﬁaQhﬁﬁh&tthmeﬁ%@r@kfé}ﬁr_g?ig%ggmnﬁé Blkota o

portion of the photQresist remains on | ow n e etc |ng step.
In these et cHPHRCABISHRS ok IAISEY Efy N, pertdlasetnng, BLit) stasiphadstinacifiisder esi st .
I n ot her etchhh@urstigpsf, the photoresist is etched to corrpl etion so no

phot oresi st remai Qn t he er ih such. .etchin e.latter case
o Jthe res! due.  Tieareac HanThet B Bitray Fetmae iR e b oeRares: due.
remai ns on t he Biaf &r Therefeped method 200 beginsdy nlacing & evafip) withithe pbotettsisb
renovi ng phot ﬁnﬂf gﬁggggﬁ t her

wor ds, the prﬁggl?]étl%%lﬁ%@%tlhg?afég‘g? a?%f&ml recte ﬁértﬁﬁgl{?lk%g -line
exposed phot beriin afifst PEYRSH Sep %vé‘[‘ %ﬁij’f’ﬁd Prepess lgp ZBﬁdﬁ%PféﬁPEf’c@am{Fﬁese
are U\/ deep ibpresamidedwith k&bogdioride Uijttllﬂh@é@ﬂi(ﬁﬁdl&il&e bétbmed therstigdretititbly, the

[ t
N PObe roadirlidididy SEEEE b GRTRELAD eBp08 By RIS o can:
i nvent ionis C@@?ﬁ‘éﬂhﬁtﬁmﬂﬁ ﬁﬂ‘ifbﬁ Aelvert llﬁ@t’ﬁ@\nTmsﬁqh@mqutI@ﬁé@H&prams stb;e resi due

it is equall mosaﬂaehﬁpee&itﬁaltc@rwoﬁmmwmtefaﬁmwgﬁd)ﬂﬁmmamn&lﬁwem due, or
to renoving the or tqQ renmoving the residue onIy. 6 19

hot or, esi
May 2004 Th éoaﬁﬂgffwfr g “@i%&atlhteﬁtﬁh%?reflﬁ@ns theseritlug 26 Emiqvssh ToaviBy wafd he
phot or esi st dnchet foerth poicely ateh 20BN thdanine bad theSolventatiRast Phitiailg dissdlad thon

Chogy de 20 o Y Rfesicf Bk o PRINE My o BIOEL Dok 2161 SR el €] ol Trom
preferably ttvéﬂaHVﬁéhqugtetihblwxﬂnpmssampr?éZ @vqurm@qul efnear@bﬂyh 5 the
amne is sel @ﬁs&gksfté 4 DR pBEOdR HARSE 300 s BY adré IR Sd &Elp%éﬁéhanol
PMDETA (pent hyI gl eth I e etriam ne), triethanol am ne riethyl am ne,
and a mxturé’ fem thgwafetr ably, the anmine is selected fromthe

group consisting (.‘Hhe Prefématsapdramticabpretdsaing bystdd/BDERApresént @iveanal am.ne, and a
m xgyre ther el fael RIGY Yrne preferred supercritical processing system 220 includes a
carbon dioxide supply vessel 222, a carbon dioxide purap 224, the pressure chamber

226, a chemical supply vessel 228, a circulation pump 230, and an exhaust gas
collection vessel 234. The carbon dioxide supply vessel 222 is coupled to the pressure
chamber 226 via the carbon dioxide pump 224 and carbon dioxide piping 236. The

35 carbon dioxide piping 236 includes a carbon dioxide heater 238 located between the
carbon dioxide pump 224 and the pressure chamber 226. The pressure chamber 226
includes a pressure chamber heater 240. The circulation pump 230 is located on a
circulation line 242, which couples to the pressure chamber 226 at a circulation inlet
244 and at a circulation outlet 246. The chemical supply vessel 228 is coupled to the

40 circulation line 242 via a chemical supply line 248, which includes a first injection
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the solvent is selected fromthe group consisting of DVSO (di met\ 2004
sul foxide), EC 10 (ethyl ene carbonate), NWP (N-nethyl-2- pyrrolidone),

(NN o oty S o PaleB b These 80 Sonfiato ¥ Cutagming 292 vies oof
Mor e pr ef er abtigse suprdy Hog 3a2awhich indndes p sebond dreation pugpdap Thneiherdt aes of
DVSO, EC, NVRsoiétfinWessaF 25408 SougRldo 11 f6dsite cAGBbLD28 G LbxhANRbe pipthxt Ur €

t hereof. 15 The preferred t’iethod of the [§3€ t invention_ is_ illusirated as
a bl ook di agra " Frvilibereadily pReaet g o seilleidn e abe Mragp it ppreatiFaly ¢ ho
waf e, w th tirecqsbing eysemi 320 inelndestvabyving sordiod eleotrdrties, filiérerand whiliyihookups
pressure chanper iy f jn a first process step
202. In a seggﬁl h%tﬁég%pégagogggyg}c%ﬁﬁ fﬁ‘ﬁ%%&%ﬁgg%?% éémber _Is pressurized

wi th carbon di oxi déwithbd tcadiyeappatienion oa¢ Ssillefeiniiecahibet adddionplsbemicet i cal 20
carbon di oxi dgppi$Feidéls-conld bR chiflédioRhORREj PP P 249 HanSUReidltichhcal
carbon di oxide carries the am ge nd the sol ven? I n t he pr.ocess chanber.
' a fourth pGEME:sBplyyesssln ﬁﬂ@flgwﬁwwwwwps P b caplfe ° 't he ani ne,
and 10he sol veditculation limi 242ai ned in contact with the wafer until the

photoresist and t ri?ﬁ'éerﬁgén%tﬁﬁg}i%ﬁ%dirﬁeﬂ%rkﬁ nvéﬁ“ftl’?e{?retie}l‘rgq ]Itﬂgﬁgfi ggté th

process step 208, t ne and the solvent at [east par ( | ve the
25 phot or esi shegisavithiibe firstprgaess siep 262.fin Mhishhowalss hayiag thephotorasist prtbesur e
c_hanbgr : S F&%ﬁ&ﬁ@%ﬂlﬁbﬂ%@ﬁk’cﬁbﬁﬁi{st and 5%4&&1%1%&3 img?easﬁa?ta&pcﬁ@agggﬁm\egf EL 'S
rinsed. In a seven r SS ep : re e 0 nds by
depressuri zi FY*EHE Cg?lagfgéﬁgaﬂ%rsﬁ%ﬁ%w PEFRHTY %ﬁeﬁgiéﬁéeﬁ%%’eﬁ?‘éo referred
supéfcri ti cal prpcescags2iig tieypstssure ocharhiiee 2p6 speessurnized by tthonrbon dididd dumyst r at ed
in FIG 7. T > Gl L TN es a
car bon di oxi 2% 42%%%‘% E%Q%ésgﬁpﬁgg anatﬁggarrgé)rﬁ&g%gg %@%ﬁ%@%ﬁ%ﬁg M_?essur e
chanber 226,segondiéan 204 the gigper diprigs is heptpd by thegaphon| digxidaheaterd3abile and an
ex haluséI tgast t6Opletitd aﬁmwsmsn{)is Bé’a‘ﬂezdﬁb'ﬂ'tﬁe ﬁﬁéﬁ@d\:}ﬂm # t9iteB ggpioxenm&&%tz 2 222di S
coupl ed to the pressur chanber . via the carbon,di.oxi de. an
car bon_ di oxi BT RHARoRaER it freliifs SRRBATRINE AR 2 BT 102 °
car Bon di oxi demheratues. THe8rilical d¢rapbrifareethe cdrbon diaxido is i °6x iPdeferpblypth2 24 and
the pressure r i r ure
p (ERGURARe AT cafllfh RELSNM e rg@%g%%{hsm%%gr 226N WHARS AR 795

chanber heater The circulation pu cated, rculation
line 242, whi'tHodedp Ademativaky thy tempepresfthpearbandoside m the PresauE i on i nl et
244 Iang at ahdhhzzlgbﬂaﬁiiﬂ:ﬁaﬁ;ﬁﬂeﬁfwiaﬂiﬁzza;ﬁﬁeppﬁiﬁm%atlt@hl:ﬂ.ﬂt YONFSSF! 2224;33
coupled to the ircul ation.line ia.a c al.su | ;
St en i nei udes a ArEEecRnE g el iadishs R ARl nigRendyin 28 2ocn
suppfy vesselpubd thesangoeipidetie sajvenh &oni the chieatical suppily gesge 228 iimo the présmge
supply line ZhgmbdigRid dCtindisiod l?l@%@i‘@hﬂﬂih%%ﬁl‘b% d&%ﬁ&ﬁ%@-mg exhaust
gas collection vessel 234 I s coupled to the pressure chanmber 6 via
exhaust gas [Preseyzes thssupqreritial carbon diedds inghedhird pesress tepcife. Sertfed in the
art that the desiedoaimoudt SREHifinke ah@ te sbIvEEtOREB&SNIANPYE ket Pshre| udes

val vi ng, control elzﬁgt r(?gi cS, fi Ictxgr S'cold fj utili té’h Bo&gnu%s) @hi@h are

Lypi cal of oBEPRF 2P e e spsresiied soid ey aremachefl g rtepon doxida ing
appa? ent to GRd stipi pleegiirizmg tthrepressuretchambaddb t the fist ingdvsion pabp 249 stops

pumping the amine and the solvent into the pressure chamber 226, and the circulation

pump 230 begins circulating the supercritical carbon dioxide, the amine, and the solvent
in the fourth process step 208. By circulating the supercritical carbon dioxide, the
amine, and the solvent, the supercritical carbon dioxide maintains the amine, and the
35 solvent in contact with the wafer. Additionally, by circulating the supercritical carbon
dioxide, the amine, and the solvent, a fluid flow enhances removal of the photoresist
and the residue from the wafer.
Preferably, the wafer is held stationary in the pressure chamber 226 during the
fourth process step 208. Alternatively, the wafer is spun within the pressure chamber
40 226 during the fourth process step 208.
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supply vessels could be coupled to the first injection punp 249 My 2t the
additional chem cal suppl y vessels and additional injection purrps coul d be

coupled to the 10 [ f and 7,
i mpl enent ati on of %ﬁeﬁf{c go(r}gselé aH&{%L%S ‘H‘gg'aggéehr}%gg%d% HF@? ’st?l process
step 202, in Riassore qhhmbwéﬂéns pmallyr@pten@nmfbbsow@gu%mgéﬁmﬁ péthe ﬁwrmréalor
Pﬁt h the phot@&lﬁﬁﬂ ncgéxxea%etmné eRd $hiknt, 'réincﬁﬂe&ﬁﬁ&ofellsﬁai«(@ifeﬁ{ové‘cﬁféhiﬁﬁe %&lﬁe Sf |
e pressure chanber sure.cha al e n
B B o2 A0 el P o BF GO BE pEAT AL BBl ] o)
t he 6arbon d|296tdaeqm}nqmmtmslupmmmlmembambomtmhftﬁhpzfecdssstﬂpﬂﬂe car bon
di oxi de supply ve di oxi de
is heated by the (S:Ig?{l) &%ﬁ%(%ég eial'?:t}leg&gﬁ(g\ﬁl e[%h&p?ﬁrgﬁz?iegﬁﬂé@i&%gnber 226
i s heated by a8t f5¢ @eéw Dheseed £>0intp the Pesse eham?gfz vig B¥¥per at ur e
of the car bommg}ﬁbﬂﬁm Whild'the RaIBES t;li’o@ldf@b&ﬂibﬁa4 ?ﬁa@sbmesgﬁheygéﬁlregéhainbelgl 20
t enper at ur e. ure for the,carbgan dioxi.de is :
brofer anl y. - 148 o e deist SRRt Sandlion i TR BR SR A Chanber
226 10s Wi t hi reirulatesgiee suberdfticalearborvdiokide Aud the niasd agehtyin ordeetd maspéireat ur e of
the carbon di oA bleaRigss e b%@@&@@ﬁoﬁ e bSuf BRI 6L Nl 1

range of fro to a on .reac ercritical
condi tions, tHehel ragﬁtorienjaééfl%ﬁmfﬁmﬁ‘ Meig p ?Fﬁ Yﬂﬁ@“&?ﬁ %ﬂtéﬁﬁletnﬁé“‘é‘“ol vent
from t he cherafahd alsecHophind thesatk. Pidferably,ahd diechpl BSslacted fivhahdgouR26 via the

circulation |inge Zof‘“éﬂlo%iﬁi‘éolfoir dL0 Atﬂé‘rlB%Polcﬂia& t &%%“r'ze“he
ar e e T RP f

supercritical car process s a desired
amoiht of t heMareprefershly, tlh@k@b«:luemleqﬁqlsﬁmﬁw gmmgmsmtmgpfttlh@sw%éur e

i X1 g P B ey 206 the fi st
i oxi u u u i

i nj ecti on punp 24£2?D %@%@ L}Yﬁ%?”ﬁ@i‘?zl E\?ﬁaﬁé{g’éﬁﬂpﬁeﬁr 2% H’@
.pressure charsheh paizéss step@ 12 h@ lieinativily tthowafepid spur?@ithib eig Iﬂéssﬁnerchmhl&tri ng the
super Critica'%g&%m@'s%ﬁ CesEIQE %lﬁne and the solvent in the fourth

process step circu atlng € supercritical carbon dioxide, the

ami BB, and the sollpémtseventepiogess siep 214.dkd pressiisohanibend2fds drarassusized byhe

am ne, and ”&hﬁﬁtlﬁg)fh\é%i’éssdre cHé?ﬁBe@Q% wm@eﬂﬁ@sﬂg@g SllectifiOiebdeP5d dny;, DY
circulating ti%ﬁ sugerc itical aﬂ_ ﬂi di oxi E "Eﬁm ne, and t he sol vent,

a fluid flow EHHETBe YL RIGHEPvEHIqm theress e & ?I’élfer 4d the residue fromthe
waf er. Preferabl y Thelpeefoveddetiméline o€ tie paésadtiioveatiyn isrgrighécafly dhswited piEGber 226

during the fgouﬁf |r'b gcﬁ%ﬁelﬁ{e?gO%ga%a ltﬁe n%ﬁé'féﬁﬂeé{ fileihog%ﬁ ay\@%u%tr:tlé Dof HN

W thin the préssure rocess step 8 8
19 Ray 2004 Aﬂﬂ@ISOtlmfbcqtﬁs@mﬁ@gﬂéz a%mﬁmwml qfdls ne Ha&sllbeeaadﬂjempa@at for om t he

wafer, the Wn@%@ﬁé@uﬁH@HﬂPﬁfat ﬁﬁ@lniesaxﬁ)saiﬁtl;‘![@l é. % oel@nn@ﬁfau% éﬁpaswcm«aﬁ&t i ng
sone of t he su ercritic cargsgn al féiel ge am;lg @ﬂ)vent noved
phot or esi st , aa?é%vs dETigfitopsgale-hideally, t“ESW‘é pHRiEed| 234
in order to rvathmmascurtdlobtaunmacnnwmmalmnésﬁiwmtpdmaeﬂsmgn&tlﬂﬂ6 to near the

initial supercrit 'Pf—%lig)%r]ﬂigﬁlsfgrg% |t”?l mﬁm?erF Jl&&d%ﬁﬁg@g p?etsﬁl?e Glinet thd NE

si xth process step d 1 njection % a rinse
30 and the pressure chamber is sealed in the first process step 202. From the initial time t,

through a first time t, to a second time t,, the pressure chamber 226 is pressurized in the
second process step 204. The pressure chamber reaches critical pressure P, at the first
time t,. The critical pressure P, for the supercritical carbon dioxide is 1,070 psi.
Preferably, the amine and the solvent are injected into the pressure chamber 226

35 between the first time t; and the second time t, in the third process step 206. Preferably,
an amine and solvent injection begins upon reaching about 1100-1200 psi.
Alternatively, the amine and the solvent are injected into the pressure chamber around
the second time ¢, or after the second time t,. The pressure chamber reaches an
operating pressure P, at the second time t;. Preferably, the operating pressure P, is

-9.



agent fromthe rinse agent supply vessel 250 into the pressurédoaianbeos 226
via the circulation Iine whi | e the carbon di oxi de punp 224 pressurizes the
pressure chamer t.o near .the desired supercritical. conditiaons and,
then, the ci %ﬂ&%ﬁé hPsiufgesatvely the onerating PESHEL eﬁpw Pl Tange 2R

di oxi de and t hé70 psiseatlmge D00 psiorder to rinse the wafer. Preferably, the

[inse agent s sel o6 StrlOMhbRe HOURIRANY B FifknBlodtl &t 0s3igenol

acet one , and a m Xt ereo re pre erin e agent is the
mxture of tWeiniaiiegsie sapricritital %ﬁhc@rdw’ﬂ%ﬁ@%w and He salvewtib contact ddthect ed

fr lom5t Ihe gr OUgpe V&@‘?%ﬁt tlthél ﬁhcitgreﬁbm&@fﬂ%fs@ﬁﬁwﬁémov@& h'@ﬂﬁlﬁe lwﬁfé@' vﬂh&?{akl tésgwf

nol ecul ar wel conol s re era al cono ecte rom

t he group congl? 1?? thrsepqnd t%’%%‘pF%@'f‘ﬁ tigredy Iﬂ‘%ﬁgh P‘F?@esétsﬁﬁﬁi? fost

preferably, tﬂneswi'aomﬂamben 2 otisparédl hanhbustddrfedfne thabhiyg timb 6 toafferth tindigl d

A ter nart el yPRR IS SoGHATRE] o HipAE 8 LD Spordldkl R BB P03 B0RP, 12

the sixth pro&eds 08t16390psbin afgstexhaust r@@v&ﬁpw the ba 84,289 g to the opersting

pregpure chanhessurd®, inse SSTeRENTEchatke, szdr?phfglh%bd inftg thdE1G0- ngeﬁu@!ﬂaﬁber
an

226 to the ex aus{{)?‘gas c l'ection_vessel finall e wafer is

removed from FREGPRES & EREREE: ﬂfﬁess"frﬁéecﬁ‘?rg? &8¢ g S?‘ioﬂgfx‘% stdre pte
present i nvenpdarfonmed agpastpiiitiecsfifttypriotdse step 3t @ dFirtheal@mati8ely;T4dditpmelf er r ed

timeline 260 fe@l&’drge%taﬁé e&ﬂ%ﬁst?&% %ffﬁﬁﬁled%h&?gft%g Pﬁﬁ)ﬁ@ccg%il@r{vﬁ? c%ﬂer@' 25

and al so i ndi cat ressure ction o
readily appar'@ﬁiqul%a@@lqapélalﬁﬁ eHeUsrt that the time axis in FIG 8 is

onl |>15| I : gst lriat l ve réi%n&il@rheldﬁ%olﬁeﬁtmub@ﬂﬂtﬁ@hﬁthﬁﬁéc%&d st@ mewﬁﬁm@s to
scal e. ea S, Wou on to
obtain an eco %f Eigﬁ% ’EP@H} HPEvE Suﬁ‘%ﬁtﬁg] S‘thltg?etﬁo lé itial
tinme to, the matﬁees stngtﬂbﬁgmwuhmscnondmcqsmsmhagcdhmmcnzl&nﬁeagm it he

pressure c harﬁ%@ferdbﬁ( BRR Ghtb metﬂa@ssﬁfe rcﬁamlperr@@@&émﬁr.@ﬁu&ﬁ%meﬁg @/Thd ARpi Ni ti al
time to through afirst tinet, to second tine t he pressure chanber

226 is pressutf¢bd Wetsw@nthsvée?fﬁﬁstm %]c4e§“§ PEEsgge Qiemﬂbe'rﬁéﬁ Hreé%%ﬁeé fivhnber
reaebes crititbhabixfirttastitea Rveath tinee,.f Prefkably, Itlﬁﬁlstaﬂ:corﬂiﬂshﬁf byt deoppingtlessur e

P Or e SUBSLAREbIAR: PP A 98.1 el 0 5] iP5 S LRRI s e 2 ne

and the solv nto préss e cha vveen t he
first timet, 1wih1,2%p%@tthnap@ram nrﬁssm R, atthwdpreﬁauwed@rgueq:ﬂMy

Pref erabl y, % tROPLER [Y{%ﬁhré iRlafiad %a&?ghﬁén&%% bifeafid Bhafiiout
&

1100- 1200 psi rnatlveley he am ne_and. t he sql ve are inj ect ed into
the pressure 4 d RFeSEHEGIT ‘P%‘" e aghreriormed ﬂs?ﬂﬁrf’fg’fetsé?efkﬁh%wg“@éé"ﬁﬂ tine
t 2. 2The pr essilde Fohtheriatiernagaty edditional eplesnsts hitbrepliagges urepdropmed astjae sfecond

time t2. Pref rakhl Ng pressure Pop is -9 19 May 2004 about
2,800 psi. ﬁée!?ér?g%{ﬂl\? %SS%R%ﬁb erati ngt&ressure Pop is within the range of

from 1, 070 psi 't d\ Hpbaltermtiye empedimentef thy present isdentioneHisan @eeousdhipiideies in

the fourth prg ei%ﬁ@@erﬁ&ﬁhr%ﬁthmﬂﬁ'fﬂét@lt&‘nﬁlﬁxetehﬁ)oﬁhﬁb%f Ql'ié dupERfitiGAr bon
t he .sol ven tact w he wafer -untiil the

di oxi de, the a d

phot or esi st OPﬁéoxr“ges fhggming, thesg Qteﬁl“dfotﬂﬁ ATUCAEs F re%"eéhe PIOEIEsiY| ace

frod®t he secand thdmeeide? Rrefemblyhthediqti¢owe fludridel is sdldvged fidrh Fheprrogesfifhetidp 210,

the bases and fluoride acids. More preferably, the aqueous fluoride is selected from the
group consisting of aqueous ammonium fluoride (aqueous NH,F), and aqueous
hydrofluoric acid {(HF).

The first alternative embodiment is useful when at least a portion of the

35 photoresist or a portion of the residue is removed from a silicon dioxide (Si0,) surface.
The aqueous fluoride undercuts the SiO, surface from the photoresist and the residue by
slightly etching the SiO, surface. While the aqueous fluoride is useful in removing the
photoresist or the residue form the Si0, surface of the wafer, the aqueous fluoride
cannot be used when the wafer includes an exposed aluminum layer. This is because

40 the aqueous fluoride will rapidly etch the exposed aluminum layer.
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pressure chanmber 226 is partially exhausted fromthe third time M3 2004a
fourth time t4. Preferably, this I s acconpl i shed by droppi ng fromthe

operating pressure, Po 0 ab 1, 200, psi ,
D sig Prom the. TATggna S5 embAimsar Sia rfrens P trtishadat detissg S
first pressur® theﬁtsaalgpenatlandmutvappmtng‘hagédlhonabwamermam@@me fittsoalwmatwm a

second eXhaUSémbd%uh@ﬂt%&du%{@ﬂh%{ Itlrﬁbﬁ?th;lsﬁ%Bﬁuﬂi%mlégﬁe Szi%sﬁﬂ%e%econd exhaust
re o e fi

are not perfor roces
al ternati \I?el ‘EFS‘PS%CO ps, ﬂfee’éﬂlé‘r"%é"aé‘ﬁég e ?BhOJ&SSlﬂeFF(FBF as part of

the Gifth prome&eestep 210 where one or nore of the exhausts can be a full

SR el g B TR o PR RS IR R L e
t5 to a sixt hcarbangdiedde Fidghsaquedns fhrovide tosremprpthe photorsgishanduwiesidinea Is dwond

pL essure rec na{]reeu&ﬁﬁtm%n}yragm{ﬁ H&fd’:ﬁdﬁéﬁrﬁgﬁ%& ah&%hg@%ﬁéﬁﬁ??&t)tﬁnsédﬂ ect teg I |n; 0
the bevent Lepfoie f@’t“é’ﬁ“ﬂ‘&‘%ﬁ osff%%af@wwaﬂﬁweawrr S SieRgAEOBR 1 1 om 20
t he 18i xt h ti neateifiottie supsieriticul barbomaiokide ald e equebhyfludriies i s acconpl i shed by
dropping the operQiHg t%m%ﬁmg’&%ggeﬂﬁg’mnft Hﬁe&u&#&d}t&% vBit'to fd @

third exhaust, raisi ng rom:t I'ng pressure
Pa, in a thi r@%ﬁ’é@@%ﬁ‘@cﬂ@@ﬁlﬁw‘é and finally dropping to at m)spherl c

pressure in a finah ag¥fiaushativ drdiie, thy &luvth pkddesstshd rzbs%{ae%m&% the
third pressur.e. 1He‘%lhar e are no rf rmed as ark g tlhe sevent rocess
stop 25 214. B RrETSHE A él%ﬁl e PrEre o kFpigrahly, the putiale é‘g@%s are
perfidrned as presstreds abdubthed (06+1t200psiomeashe Bnad ple@iifig pressird israbbutaiid £800at i ve
embodi ment  of,,qf hg, @E %ﬁﬁﬂ%lehﬁﬁ??%e%&?e AqlS sBf bﬁx@“@%&ﬁagfdfﬁ%réhgﬁhcahqs foBRr

preferred ent}) di ment dlternativ
supercri ti calthaeasaserd ity at the figalclgapmse proseireoPpang an mfipl clsaningplsse s

fluoride renomsch f&ﬁesﬁi‘l@de&tﬂn%hﬁhal&@eaﬂﬁ? prddsurk %w&l#élubﬁft?f:ﬁ‘érﬁbélycoﬁd%eaqUSOUS
e acCl as

fluoride is sel cte rou fl.uori
Nore. pr ef er aniy/i BT 2 HURBIFY e Bob PrseneensBpn iun Rive ap b giftipton
con8dsti ng ofthaphotorasstanmite remdtiel and,rthule eﬂ]aqcmaqmrﬁd&l%)th@idtcmmse enibthe
hydrof | uori ¢ g é&ﬁ&egﬁe il ool PO S WREH PROL p1hch 1Ry VNN a1
| east a portion o hot or &si st or ortion o We residue 1s

r emoved fromcaeaemeupéeﬁuraﬂ tb&loafér paiytpbty chemicy @lthernﬁéowaewgnawoumnda@se
ulndeL C:Jt S thgesslo@%éwgféggﬁ ﬂlﬁ@%bﬁd@ﬁt\}'ﬁhfﬁtcﬂ'mbﬁér SMNbilk @hé:ﬁiféi(ajlgblﬁtﬁé&(ﬁaf?r o
S|gtyetC| e e... t he aqueoqus uoride is useful in
removing the' e%%‘feg améctlpgl?nf’ﬁﬁmftg%hﬁgmf Rﬁ)q"ﬁ% St €% surface of the

waf 8¥, the aqueou@ﬁbmnddleemaiwmtimelieeeﬁbdpmnlrtvhmnmaewcohmdhwdes an
exposed al umga éi’iyﬁer RidethOfGPHER. 40 the aqueous fluoride wll
rapidly etch'the expose al um num ayer. -10 19 May 2004 A second
~alternative enbodi nrent of the present invention adds additional water to
the first alternative enbodi nent. S'Ehﬁﬁa@&ibbﬁmbﬁts wat er enhances the first

alternative enbo t ecau t he resist..is dro h|l||c whil e the
S 02 surface is h?/ﬂcfr Eﬂ)(‘)% Eeveﬁiﬁ&gechﬁ glgf‘?qt%?ﬁath %/ @S%M%s t he
phoiiQ)r esi st fdisspssedy bel@wo Baclbofdle fiestbrough seventh specific embodiments is a summary

of a specific chemistry and a specific method employed in a lab system, similar to the

u

preferred supercritical processing system 220. The lab system was used to remove the
photoresist, or to remove the photoresist and the residue, or to remove the residue from
test wafers. The lab system featured a combined internal volume for the pressure

35 chamber 226, the circulation pump 230, and the circulation line 242 of about 1.8 liters.
The first through seventh specific embodiments were performed as part of a proof-of-
concept feasibility study intended to show feasibility of the present invention for use in
semiconductor fabrication. Before an incorporation of the present invention in the
semiconductor fabrication, it is envisioned that further process refinements would be

40 made.
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A third alternative enbodi nent of the present invention uses tH&lay2004
supercritical carbon dioxide and the aqueous fluoride to renove the
photoresist and residue. In the third alternative enbodinent, the amne is
not used and the solvent is not R@éape%ﬁffﬁmbpﬂmmnter nati ve enbodi ment of

the present inve fH 1@ Qirﬁ%gécxf'i@ @m?gé‘ﬁh{ehp @ﬁ’é M’%ta?lﬁ thOresfiBe %’%Pﬁ?ﬁ{c?v%ﬁ cal

car bon di oxi de and ueous fl uori de. alternative ment of
the present ﬁpm/@rﬁlpo isgigisture @I@J@ﬂ%ﬁpr%:édifla &ia qigliingistgp.vdrenathesiching

errb?dl rregt %:tbﬁl e@de‘dldp?h rladchﬁfg%tdIMﬁmhhﬂ&bhﬁt@ gh@s;;daiﬂddheiﬁggﬁéﬁ plsy&pP 208 is
perfornmed at _an .initi g;( essure f& a |g§p qul{/@gbg ssure.

Pr &f er abl y, “#H#s f%owsaﬁ r’&ﬁccé@ﬁ 811 m&%@%’ﬁ § Esst B 50 psi
and the finedmpbdreanofiye polessiirandi2é mlafBC (Mc&mxmmt Althé ktdva:m) tTlad
cl eani ng pr %E ?Clba%il e'trrx’vsaggr?a?%cg%fad a{ O‘qe erra?mfﬁf a%lcllqﬁle soﬁr@ﬁﬁ\% 156011%u1a?v&er

than a seco I ha ning pressure itial
cl eani ng phfeé miniastat Bﬁﬁ@@mpﬂémpmlaltmréamaﬁs aidadnedhB anhagt mempleyedl ower

sol ubility ¢ 1? esre Bvﬂ%ﬂﬁ ns%gfﬂsm Wlﬁ@l‘?fhﬁ g?&%ﬁe%‘ﬁrﬂ;ﬁkd%o‘iﬁ}@Z

COI’ICEI’I'[ ration o OV\BI’ SO emcal s on hot oresi' st and

t A8 resi duepdrdl, 110Hup§1 fog Hiereeieal exlogyg a@[ﬂ é@mﬁsmwmnp@s em ZaH pshito

resi due froﬁ'ﬂnidaﬁhéﬁf EssufihitROA@ dxhRak. Theans eﬁ%?&e‘&‘iﬁs@@teb%%éﬁhp&ie at

t he final é]ﬁeanl n ﬁessure t he tJaower sol b| .chemcals eit ffé)fg

| onger condERSECIBRC ¢ GERSAseniAngd theSupsEerifigs 10’%‘ £ WereHprRAle on of

the | ower splitiléd. | Oye sdre exhsst fas g&@omw‘dqmor tSpdresttiigtla tompletd exhpddti on of

finishing t@ﬁ four@ﬁﬂ_r)roctess step 208. 25 In a second alternative tineline
fo ®B second rinse is

of the pres performed after performng the
filbst rinse. SpedifiistSEMyguitorens sk suisequentteghmsesiafihe gimsaiesisicand the

enbodi nent s r gh of the
first thr ougeﬁ{ s%\ﬁ}gﬁ{% fﬁE&gECIF E\éﬁ@%ﬁ’ﬁc}mﬁ‘ ﬁfléﬁrsgs @ﬁgﬁ&%aﬁgpem fic
chem stry ah]éptafeglﬁb@idfﬁi@fmmﬁdtﬁéfﬁmw@dﬂtm fyst specify smdatlinasnti | ar to the
preferred supercritical processing system 220. The |ab systemwas used to

renove the photoresist, or to g thfeq—ﬁ g re5|st and the residue, or
to renove the residue from ec@\&‘% PRCULrRROPHMA st em f eat ured a conbi ned

i goernal vol une ﬁoﬂletsE@nﬁrsp&Sﬁdi mB&dmﬁﬁHWreﬁaﬁe ihdiediag teiphatdregistounp 230,

d the ci 4. b 1 Th . h
ggvetnt ﬁ g;);%ﬂat g nﬁb‘?‘?ﬁéuwag 1'8‘5?1’%% ﬁ%rﬁ‘la;fgé%la]ﬁe Sé’feucétné)f%ﬂffgﬁﬁ a gconcept
feasi bili typzs:t:edixyg et fide dichmgstepywhershdetching steb ehliel peseathingaeotiden f or
use 1N SemERIAHCY Phe BRIACAIL Bk ccPSIOLRCRR chBERIRGN ll BnBled DRI AHEN!

invention in em conduc 'S envi s urt her
process ref LucentFechnaingies.)bEhe g@cifiechemisty enplogeqd w04 fﬂlmgs Bpadiofi ¢

Egbodi ment  pryrigea fine %%‘n e‘%frfﬂcofWPqﬂﬁ%Et 00&7&’% ?‘m’tf%@@l&tmp%g%ggﬁ i ng v|é

resi due were reane an Si 02 via structu

et chi ng st effetxhaestang (e acewi FRPcBhOiEhE 6 Ve b nT RERISHRUERICHENBET i3 num et ch
stop. The sp@mitfihed &BOTCS tTHe a@:ﬁﬁé @umeaomﬁt Wére Cabhiand for2 Mimdés 2-20@ohy|

amno et hanol btne pa%rgl e)%lla‘ustz and one(%ull D}'Xlsaust(were emptloyed between the removal and
the rinse steps. The rinse agent for the rinse step was 20 mi of an 80% ethanol and 20%
30 water mixture, by volume. The rinse agent and the supercritical carbon dioxide were
circulated for 1 minute. A complete exhaust was performed following the rinse step.

A second SEM photo was taken prior to removal of the residue in the second
specific embodiment. The second SEM photo showed the residue on sidewalls of metal
lines, showed skirts of the residue protruding above the metal lines, and showed the

35 residue remaining on tops of the metal lines. Third and fourth SEM photos were taken
subsequent to removal of the residue in the second specific embodiment. The third and
fourth SEM photos showed that the residue was removed in the second specific
embodiment.

40 Third Specific Embodiment
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conponent of the solvent), and 20 Ml of EC (a second conponent9dfayt 194
solvent). The pressure chanber was maintained at 50 C. The am ne and the

sol vent were ci rcq{x%eetglrdg[%clf? éﬂﬂéﬁﬁl@tﬁt %ﬁ%ﬁho %quR%vlas re g{oH?% afexhaust s

and one full exhaust were e renpova rinse steps in
whi ch t he pré?ﬂ@i‘l‘”@g\ﬁé%edm%éﬁﬁﬁimﬂ mmthghzswéicmerwme@p@m@w%ﬁ fer the
parti aIh exhawstl@w.armls hﬂopz‘e%%ymm‘sa ORI brii O R oM SO tIRSdqubdus

at nosp eric | aust ns t rnse
tep vae 56 TOERY. St of BEG) (e rtARBRhen B sbREM. PR Bor bSO e

car bdbn di oxi wecwmmppn@mbﬁﬂledolww),ﬁ 15miraftglesial @etic peid (4 thirdemimporsnt ofas
perf or med pr'tﬁéscf]\?e SaAT BB RikRIPV AL e chidh gwaﬁgla&.h%éd'a@fi@ step.

15 A first SEM ken subsequent t 0O, renova otoresi st and.
the residue Fn Tﬂlﬁé@ﬁﬂ#&ﬂ%&ﬁ@@fiﬁl@ S@Hﬁ&W%ﬁmbﬁﬁ%fmﬂﬁ%@u@m L Omst showed
that the phaifier @hich thepressifeehnnbérdie preigized toY,800 psiiv THE phrtiaséxhaaeci fi

embodi ment.. ?zﬁlﬁ%ﬂgﬁlﬁo%algslt e 5 ﬁw b%m?e% k.h% remgvﬁecér)ggseélfggin];ﬁl%{;%gwet ch

enmbodi nent , € T esl
resi@due, was pr@ﬁwe@sm@m‘@ﬁmthft 2 VOOIESIQQ 1.18Q pei dorfthe pretdalienhansts pnéthedi ng

metal |ine ethkig wik@Rppbd&6& 4110 ﬁi&@hﬂ&pﬁ&&d’px@&gﬁqn‘&%@ﬁu%ﬁ%&' Afiean

oxi de etch sto %“Frpe test waf er g ge secon peci |c enbodl nent was
provi ded couﬂ”égﬁg or (FIHITE SPR AR 19 & XG0 §§é’c‘?@"‘1ﬂ8 WLV RST enpl oyed
was as fol | ovighe rihséagdnt arid tHés@h’fﬂlﬁﬁéal(chﬂ%endman)wer@ cifcufdtedofor NivEm(té.h@nd i r st
conponent  of ﬁlgo veﬁ ’p rgncg nor%pert%ﬁr&nélacgvﬁé e?e&hgust ol%ecoqﬂ 50 T.

conponent of B e pressure ¢ fral Nt
Thelan ne anc!mlshéteg-ol vent were circulated for 2 mnutes at 2,800 psi. One

par el exhaust, apl@gtnd id X2YIRLE pHRG LRI LAURUS) NGRS AL anC
i i i b
et hanol and S&E@@rﬁ%’ft&”ﬁ?ﬁ énthsﬁhl{/%m?ﬁ*éc eﬂh@&‘m%ﬁ%e agent and the ,

supercritical carbon dioxide were circulated for 1 mnute. A conplete

exhaust was perforned foll ow ng I second SEM phot o was
taken prior to renoval of the reI§S| ugb?%ﬁ%%&%gg%ngﬁtd speci fi c enbodi nent.

The2@econd SEM phdi edpeiletpeeifie cmbadingat, 81 phictpessist was wmoned Gpm al wafers
showed skirt %mfwnheﬁ highSdodd'RnRfplahit! dlrﬂegp@&ﬁa/&leh{iﬁryr@ﬁ;ﬁ&yeﬁ P8 %s fABSsShowed

the 35 resi re on.tops of the netal and fourth SEM
phot os wer e ?5 WM%&J@WW@WOW ﬂﬂw&éiaeaa@equﬁ fluprded,20dnly
speci fic enbedDMSO (a fisecdnpanentariche s‘om?om(ﬁﬁl\bﬁﬁmtmccﬁiﬂ&wﬁoﬁémabf thbe f
resi due was -"u', ific
Erbodt wene - TEVEME AR RERANENARGR "1 pERRRE IR witdim{llfiba SPFE
enbdti nent, {he Thpnaquspusiluaridgasd Fb@ﬁebfé@r ware piralated oF 2 nﬂmtcwrﬁgo asimedi um
dose ion i rrpfm)t artld) @xIS66 iahd 6né3ﬁﬁr€kﬁ’c{ursf>’w&m@h1?lfﬁgd Y&@wedsthe Eéiﬁdvalﬂﬁl 0.15 m

of 24 % by vol une nmoni um f | eous 20 m
ot BLO (the. Ao RO e sl Gned oo e 2 00 PO R BAD BAUE T econd
conponent of phitigl tsﬂnhu&tmm th@piESsund waxf drgpeed ifelm 2,860 pgt ieatindsiterit piesdire in
conponent of e 1l exhaust. The rinse agent for the rinse step was 20 ml of a mixture of 80%

30 ethanol and 20% water. The rinse agent and the supercritical carbon dioxide were

....

circulated for 1 minute. One partial exhaust was performed prior to performing a
complete exhaust following the rinse step.

Before and after XPS tests demonstrated that the photoresist was removed in the
fourth specific embodiment.

35
Fifth Specific Embodiment
In the fifth specific embodiment, the photoresist was removed from an Si0O, via
structure formed in a preceding via etching step, where the etching step ended upon
reaching a TiN etch stop. The specific chemistry employed was as follows: 0.15 ml of
40 24 % by volume aqueous ammonium fluoride (the aqueous fluoride) and 8 ml of
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the solvent), and | nm of additional water. The pressure chanhemmexo04
mai ntai ned at 70 C. The aqueous fluoride and the solvent were circul ated

for 2 minutes, cﬁiitm&a%é&enpslbhr mésmec e &waﬁmmﬁ%eﬁ%@o G@a?igﬁ w8 fluoride

pressurized t exhausts and_one exhaust were
enpl oyed bet v@é‘rfh? F’F@lt#@#b‘b’ﬁtpf ‘HFFG cupylated for 2gainpiss ainh- 000 Rshel QPHHRS sur e was
dropped from émausts #QAGbnR Sl Exhalst Wt fimplofedbetvien gy remabal exxpandthe fastd t he

d d f | full
xhaust . The MHAREIn sl e Sin es AR ERORL L SoBbARS EOSo bl et Lo goue
et hafiol and 2@#tialakkausts airtﬂ:ﬁlerprmsmagempamfrmmé 0 peirte aindsphdricquessien in
di oxi de were ﬁh'ﬁﬁ}‘éﬁta&‘i' fr (fn&serﬁg&'ﬁtt@rth Bt ik n%’ aﬁq&%@w@shﬂ%h&md

prior to performng aust rinse step. Before
and after xpsws&stcayths ﬁ@%@eewcshp %tpeemﬁm&%b% dl?@é? WergsHeWaea 829dd t hat
t he phot or esi minuwes 1(5@01pmetelllmmnghﬂu¢mw presqpecwis raisedida@B00gsnt. . Two partiil

Spect {16 EmboghiEnt ydnt huf UaLOWL SRy STHAdIRT, LR EaPRE! o o1 ot

was renoved fFrom a ose ant e specific

chedDstry errmeggr@mmasteasu Wbichélwsaressmrcms gropped framahe3,8Qpsy trel, H@Lisd tns

a][m?ﬂl um}‘lqule enﬁiéaﬁamuﬁeﬁﬂeeafeuﬁe)dm @dﬁ%?z@?o aﬁﬁ)s Iherret corrgogenmt
(0] e Solve econ (e40) en (0] an

oF the adal i wkiseiéga s Bl ey JLEGRES wraBoRe ot s fé}l 70 25 C
The "aqueous fmethanadelrathe séchad sindevstapt thesinge agencandahediptoritié] narbait éisxidt 2, 800

Dol o Rl SRR A0l S L BRI BB B yEEP the

renoval and réssure was rom e 2,700
psi 160 1, 100 tpspprfpmmg héompl&mthmmsefoﬂawmgsthemondmspﬁ%sure was dr opped

fromt 2f 700t ESI to @tﬁmm h&oWa@%&Uﬁﬁndrﬁo rf{rﬁ'tﬂiaféf:cthe g éttml-ﬂéQifﬂl' nzezoo/
agen or e I‘I ure. o 0. e an 0
noter . The 1 ionena EmheERan® i tethNephetd S B e e B 10,V
circul ated fcntruihtum andtthe TiBhetclpstop hed battotnenfthe wias Aperth SEMe;ohoprwmsrtakml

performng a B%Hérﬁ%c?mﬁiﬁ%%‘thé ot P th &Q%ﬁh‘sﬂéc‘?ﬁé&ﬁ%duﬁ&{t%ﬁe gl%ﬁl af ter

XPS tests dermnst ra Ot or esi st
spe@ffic enbothMphpto shewed thatthepacipresist vEasierae vad iR thefiffhppegifie tﬂﬁb@fbeémtf i C

enbodi ment, the photoresist was renoved froman SiQ2 via structure forned
in a preceding via etching step, et ng step ended upon

reaching a Ti N etch stop. The spg%sﬁecgﬁgﬁﬂ'é?% rgrrpl oyed was as foll ows:
0.15 ml of 40 24 Umlhe smhupnelfhxpMmdsnmmhﬁthmmSMMasdmc(M&omm%wa
fluoride) an %ﬁ;@ 0 h"ﬁ%dé H%Es

chanber was %@%@gﬁﬁéﬁe&ﬁ épg %Qdé}cu ot%sd ?IIF}%OSP%@EM |t|onal
wat 8¢ were ciasdellarsed- -‘feﬂOQZWWMa@ﬂ%eﬂﬁmmum\ﬂe%@r@heaaquewhaust s and
one full ex hamﬁ)hd&yemei SiPbOPRE D ahyeSvent)Aad nemwahdlﬁblepwaﬁﬂ Tﬁteprfaésﬁ@t

bt Tor the S"BApE e uRaen £ ot e RS 1PN B e B0 ps

t 0 at nospher iwatgreas orrexlated for 2 minutes at 2,800 psi. One partial exhaust and one full

exhaust were employed between the removal step and the rinse step. The rinse agent
30 was 20 ml of 80 % ethanol and 20% water. The rinse agent and the supercritical carbon
dioxide were circulated for 1 minute at 2,700 psi. One partial exhaust was performed
prior to performing a complete exhaust following the rinse step.
A seventh SEM photo was taken subsequent to removal of the photoresist in the
sixth specific embodiment. The seventh SEM photo showed that the photoresist was
35 removed in the sixth specific embodiment.

Seventh Specific Embodiment
In the seventh specific embodiment, the photoresist and the residue were
removed from a C-510, damascene structure formed in a preceding via etching step.
40 The specific chemistry employed was as follows: 0.15 ml of 24 % by volume aqueous
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the full exhaust. The rinse agent for the first rinse step was9Maypooaf
water. In the first rinse step, the rinse agent and the supercritical

carbon di oxi dﬁnﬂﬁwﬂ&ﬁﬂk@@g%%egﬁs fluo MEQE%I%EB%«OBQI% ﬂcofrrﬁalo{l loPgheWWni Ch

the pressure was rail se one full
exhaust were Wﬂ%%@rﬂéefw fth%sepwdsqomﬂ%@ogtf@ﬁolé(%)@Hér&bofgé@eﬂhd ri nse
step in whi chadeheaaaemswﬂdaﬁ@odmap@ﬂsmaﬂ) tah® | 201 30Eddisdnatl @atkr. 10 psi for

the partial “exhayst 5, AR e, L GRONTE S FILORRE: HLOAR: RO RSk 10 qe

at nospheri c ressuren t nse age ort
rinsé was 20 additidnal wetehwerglcircylated s 2onionigslatd, %@Sm“éwo pattiel axhausts aadent and
the supercri tbﬁ@ﬁxn RNt thbﬁﬁfe(‘fvﬁét@/e&i th&‘ k@nﬂiv%ﬂsté;?ﬁnd%hé‘hﬁ&étsﬁepafrhé Bﬁsez 800

psi. One parti al aust was perform ng a conpl ete
exhaust f oI | oW%beEH@rg’é%tﬁﬂwﬁf %‘%Eﬂg %Opff» eﬂlaflplr%ﬂﬁ 5@%@%@%@6 £8ARb#%r i or
to renoval of thelepdadritical @sbontdisnidd kere birfulsted fopcnihite aePPopsiePhe pddiel fifth

otch stop at  HoBBtCBRPar R BypLo bR be® cobpiedaE bIb Ll fe Bl oy

to rl®nmoval of the phot oreS| st inthe fifth specific enbodinent. The sixth
erbodi mont - S xS (AL pROEh Al Bk bR AR KRS D P Breb s BT T P
phot or esi st wgsid P%W&g%EP"F’FtBﬁ? "Serﬁt?dbql%{‘t Eg?ﬂgﬁtbggﬁ@f‘%ahqwéhﬁﬂ&edl ng
via etching spieporesitiand fleaedidie vedre nansivey ircthp kovgatth specdfic dbbaiimém) | ows: 1.5
m of 24 % by vol une aqueous ammoni um fl uori de (the aqueous fluoride), and

8 m of DMBO (the solvent) and 4 ml of additional water. The pressure
chartber was mai nt alt neéldbarcadily @parenttoage slilled mithowt thet othéreragotsvent , and t he

addi ti onal Vﬁb@'&icmﬁﬁl@nﬁt 'b%&ﬁa%&%ﬂth%@fef&rd&'eﬂibb&fme%ﬁ wﬁh&ﬁ@eﬁh’ﬂm Qﬁﬁtﬁka”' al
exhaust and one a}& wer a-wﬁi %%]«33 etwe n t he rermval step and
the rinse ste’iPmt'Iﬂﬁ’gsF‘?ﬂ‘?é’ JBYRIISH nehdy fhegppesged Saitksanol  and 20% wat er .

The rinse agent and the supercritical carbon d|0X|de were circulated for 1
m nute at 2,700 psi. One partial exhaust was perforned prior to performng
a conpl ete exhaust follow ng the rinse step. A seventh SEM photo was taken
subsequent to renoval of the photoresist in the sixth specific enbodinent.
The seventh SEM photo showed that the photoresist was 35 renoved in the

si xth specific enbodi nent. Seventh Specific Enbodi nent In the seventh

speci fic enbodi ment, the photoresist and the residue were renoved froma
C-Si 2 damascene structure fornmed in a preceding via etching step. 40 The
specific chem stry enpl oyed was as follows: 0.15 nm of 24 % by vol une
aqueous -14 19 May 2004 anmoni um fluoride (the aqueous fluoride), 20 m of
BLO (the first conmponent of the solvent), 20 ml of DMSO (the second
conponent of the solvent), 0.15 ml of glacial acetic acid (the third
conponent of the solvent), and 1 m of additional water. The pressure
chanber was nmaintained at 70 C. The aqueous fluoride, the solvent, and the
5 additional water were circulated for 2 mnutes at 2,800 psi. Two parti al
exhausts and one full exhaust were enpl oyed between the renoval step and
the rinse step. The rinse
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agent for the rinse step was 20 nl of 50 % ethanol and 50% wati@mMaylPg4r i nse
agent and the supercritical carbon dioxide were circulated for 1 mnute at
2,700 psi. One partial exhaust was perdc prior to performng a
conpl ete exhaust following the rinse step. 10 An eighth SEM photo was taken
subsequent to renoval of the photoresist and residue in the seventh

speciific enbogdi nent. Thg pekatdr %Msﬁ@gtﬁbﬁﬁ%ﬁmh@ﬁfg thdep SQJfl-Ot or esi st and
t he residue were renoved in the sevenths ecific Hi’fg ﬂt d be
readély apparent tb one ski Iqwé’ﬂfainﬁlgtsl‘fgerﬁ’iﬂ?af “df??& ?“delﬁlgeous uon

modi Bi cati ons may be nuideontactiwith the afbetrate,dhesvbsiditereaingw silout dickegdar t i ng

fromthe spirit and Sﬁ%@gce%fmg%ﬁ@g&@pa&%%& hfeaﬁﬁhpgromg%oﬁmﬁg%?d

claims. 19 May 2004 CL rocessing a-su
conpdi sing the steps ofphetosesisimbatogisis w@ldgw&héﬁﬁuiqeeald eepmpuretion dhareps. and

an agueous fluoride 3 dubh fRNhaaduedd Nudrdie uaddaits Bleilichh Bioside Stufderda@vi ng
roud consisting of 5 BABRsTEs ey bpRBTet! ERoFe Pl BRI ool due. - and
a combi nation therkeof, 6 sudntainalg water aqubowefchugallcwouddmdsunsomm

siligon dioxide surf ac%ftl{ ﬁ’x@hn&er&d?‘?nd?&a%dcﬁ'th tﬁﬁ%ﬁ&%uﬂxﬂﬁeﬁ@%ﬁﬂcarﬁ;&ﬁoms

undercut material; 8 b. maintaining e supercritic

di odfde in contact 9 vile#l ?‘H’edl%ﬁ%ﬁ"é@f’e NHF@V&FIG‘@GEW“UH%P“% thecqger cut

mat griii al separ at es fr orgepakhted Bitedial; afi®n di oxi de surface, whereby the
under.cut materi al becorres 11 separ Leri al. nd ving the
sepirzat ed materialfrom the "¢ $ﬁ&? 8‘1‘3[;% mafegﬂs@%msé’l}cémtylefgg The net hod
of dBaim 1 wherein the sabsimtaus fluoride is selected fromthe 2 group

consi sting of aqueous ammoni um fluoride, hydrofluoric acid, and a 3 m xture
thereof. 1 3. The nmethaod of claim 2 wherei.n the agueous quorlde is the .
aquedus 2 arfoni um f | JEeimathodofplaimplwhgtein e %FWQ“HWG welpgrhiondbst ep
of removing the sepanpé®distizg dfdqasdid lamiiodian Reoridechydréfuovic atideaibst r at e
conpti ses flow ng sy er&;ei toifcal 3 carbon di oxi de over the substrate. 1 5.
The thod of clai €r conprising the step of at least partially 2
di ssol ving the undercut material using a solvent. 1 6. The nethod of claim
5 whgrein thessol vent l'ﬁle%l%tﬁ&éﬁwnh%ﬁéaan%%ﬁeou% fa0h&d §ttﬁen%u93usBLo
DMSO, acetic acid, EC, DVAC, NMP, and a m xture 3 thereof. 1 The net hod
of cPaim 6 wher ei rPRENEBIHGREC| s sel ected from the group 2 consisting of
the BLO, the DVMSO, the aceti.c acid, the EC, and a m xture 3 thereof.

13

1 4, The method of claim 1 wherein the step of removing the separated

2 material from the vicinity of the substrate comprises flowing supercritical

3 carbon dioxide over the substrate.

1 5. The method of claim 1 further comprising the step of at least partially

2 dissolving the undercut material using a solvent.

1 6. The method of claim 5 wherein the solvent is selected from the group
consisting of BLO, DMSQ, acetic acid, EC, DMAC, NMP, and a mixture

3 ‘ thereof.

1 7. The method of claim 6 wherein the solvent is selected from the group
consisting of the BLO, the DMSO, the acetic acid, the EC, and a mixture
thereof.

1 8. The method of claim 7 wherein the solvent is the BL.O.

-16 -



1 8. The nmethod of claim7 wherein the solvent is the BLO -16918ayM042004
19 2110. 2 3 111. 2 3 112. 113. 2 114. 115. 116. 117. 118. 2 119. 2 120.

2 12}. "2 3 495 6 The nﬁkhﬂéﬂh&ﬁo&lﬁhmﬂmﬁéircbﬂaﬁﬁsxﬁgmerstegldirgt fehi® partigmy Of at
least partially di fl ving the se arate materi al using a solvent.” The

net hédd of claim9 ﬁ@a‘é?fﬂd\fﬁﬁf’mr §s18g A&V from the group
consisting of BLO DVBSO acetic acid, EC, DVAC, NWMP, and a m xture

thergof. The ppt hod of ' t he
gr oup consi s{aang of th@eﬁ%%%ﬁm%b%&%ﬂgt%%é @Elgé‘?ﬁ%&&iﬁ&ﬁ% érB
mxtdre thereof. opheistrgHEL. QDM @ﬁetha%é?ceQMﬁﬁwa vahe mlgfutﬁhe BLO
The get hod of cl aigpdof urther conprising the step of rinsing the

1 11. The method of claim 10 wherein the solvent is selected from the group
consisting of the BLO, the DMSQ, the acetic acid, the EC, and a mixture

3 thereof.

1 12. The method of claim 11 wherein the solvent is the BLO.

1 .13, The method of claim 1 further comprising the step of rinsing the

2 substrate in the supercritical carbon dioxide and a rinse agent.

1 14. The method of claim 13 wherein the rinse agent comprises water.

1 15. The method of claim 13 wherein the rinse agent comprises alcohol.

1 16. . The method of claim 15 wherein the alcohol comprises ethanol.

1 17. The method of claim 13 wherein the rinse agent comprises acetone.

1 18. The method of claim 1 wherein the substrate comprises a low dielectric

2 constant material.

1 19.  The method of claim 18 wherein the low dielectric constant material

2 comprises a spin-on polymer.

1 20. The method of claim 18 wherein the low dielectric constant material

comprises a C-5i0, material.

21. A method of removing a material from a silicon dioxide surface, the
material selected from the group consisting of photoresist, photoresist residue,
etch residue, and a combination thereof, the method comprising the steps of:

a. maintaining supercritical carbon dioxide and an aqueous fluoride
in contact with the material and the silicon dioxide surface such that the

G W R e

aqueous fluoride undercuts the silicon dioxide surface from the material;
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substrate in the supercritical carbon dioxide and a rinse agen® Mayizddet hod
of claim 13 wherein the rinse agent conprises water. The nethod of claim
13 wherein the rinse agent conprises alcohol. The nethod of claim15
wherein the al cohol conprises ethanol. The nethod of claim 13 wherein the
rinse agent conprises acetone. The nethod of claim1 wherein the substrate
conprises a low dielectric constant material. The nmethod of claim 18
wherein the | ow dbel ectric owintdiging water and the supomitidabesban dipkide omcapticy ner .
The method of clai m 18 wWRekEhielillQudtoaidhelnBRlinl SpaRes FeMlhdBli& dbxide
conprises a C-Si02 materi.al. A method of renoving a material froma silicon
di oxi de surface, the _surha&,eapflm sel ected fromthe group consisting of

phot or esi st, phot 6resi st resimtving thetodfenial sfraudhe yivthity efothpisilicoh glioxideer eof |
the net hod conprising tkecst eps of a. maintaining supercritical carbon

di oxi de and an aqueous fluoride in contact with the material and the
silicon dioxide surface such that the aqueous fluoride undercuts the
silicon di oxide surfacd Mmethed efisogepting 3 ybstratg omwisingthogers df:  nai nt ai ni ng
wat er and the supercritical maptdifing QugpktritRal Sarbainlidgide, M Minkhen ARieond al
such that the material pﬁ&@&rﬂh‘a&.s&%@rﬁ‘ hn& ?Jc{]bv?tﬂ.” HafofafiSn as%jIrFaé‘S%f snd ¢
renoving the material fromthe vicinity or e”SIﬁICOH diroxi de “surface.

22. A nethod of process8ybsfaty byysisquiasing the Fapsrasticgl eaBors digyddeg fthey material

mai nt ai ni ng supercriti sdéctablidm thetirony ebdsisiap G phdforesist aopleterssist frésidue] de
and a solvent in_ cont agh o bllidhe B! bithbifhlich (ittedREnthar i amNORL IR © DY

circulating the supercritical carbqgn, diox] . e_faterl a el ecte rom
the group consisting of°l¥enbadesst patialy dissordicopatenidiandesi due, an etch
resi due, and a cobbi nati on tdmewvégfthe suatehial fioah tHehdciaitg sfehasubhstrdte  sol vent at
| east partially dissolve the material; and b. renoving the material from
the vicinity of the substrate. 23. The nmethod af claim22 wherein the am ne
conpr i ses & Zcondary. THIRIOGAL SR HoPHOR e FalTH SHRIHES & HootiBian ne
conprises a tertiampean ne. 25. The nethod of claim 24 wherein the tertiary
amne is selected fromthe group consisting of 2-nethyl am no ethanol,
PVDETA, triethanol am ri, et hyl ine,.and a mxture thereof..26. The
mothod of o &b 25 whedBt meiht Skl A RGeS find beitiFet BEGED i i ot ng
of 2-nmethyl am no ethanol, the PVDETA, the triethanol am ne, and a mxture
t her eof . 25. The method of claim 24 wherein the tertiary amine is selected from the

group consisting of 2-methyl amino ethanol, PMDETA, triethanol amine,

triethyl amine, and a mixture thereof.

26. The method of claim 25 wherein the amine is selected from the group
consisting of 2-methyl amino ethanol, the PMDETA, the triethanol amine, and a
mixture thereof.

27. The method of claim 22 wherein the solvent is selected from the group
consisting of DMSO, EC, NMP, acetyl acetone, BLO, acetic acid, DMAC, PC,
and a mixture thereof.

28. The method of claim 22 wherein the amine is selected from the group
consisting of a secondary amine, a tertiary amine, di-isopropyl amine, tri-

isopropyl amine, diglycol amine, and a mixture thereof.

29, The method of claim 22 further comprising the step of rinsing the
substrate in the supercritical carbon dioxide and a rinse agent.

30. The method of claim 29 wherein the rinse agent comprises water.
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27. The method of claim 22 wherein the solvent is selected frdthMdae2@doup
consisting of DMSO, EC, NMP, acetyl acetone, BLO acetic acid, DMAC, PC,
and a m xture thereof. 28. The nethod of claim22 wherein the amne is
selected fromthe group consisting of a secondary amne, a tertiary am ne,
di -1 sopropyl amne, tri- isopropyl am ne, diglycol amne, and a m xture
thereof. 29. The nethod of claim 22 further conprising the step of rinsing
the substrate in the supercritical carbon dioxide and a rinse agent. 30.
The nmet hod of31cl ai m 29 Thb@iettiod of BiRink 29 S/Rer8 AN rifseWPéit S@BpNRE ltohol 18 . 19
May 2004 31. The method of claim?29 wherein the rinse agent conprises

al cohol. 32. The nethod of claim 31 wherein the alcohol conprises ethanol.
33. The nmethdd of cl ai e yethed cérlain b whergindhggeshol easmpsisesebangbet one. 34. A
met hod of processing a substrate conprising the steps of a. maintaining
supercriticakhycarbon digxi i i . / ride, and a
sol vent in cgatact mﬁtHﬂghﬁng§Fgﬁﬁ%%ggﬁg%€¥§§%m%%gﬂ?ﬂgﬁ@%%§%%ggg'by
circulating the supercritical carbon dioxide, the material selected from

t he group condi sting ofA methbdoipresissihg a subptnat osremisiig thestegh, an et ch

residue, and a cogbination mﬁ{tﬁ%g.s%g&@ﬁaéma}bhﬁ JIBi6L,| P terichy Afmind O85!
partially dissolved; and , b, repovin e materi al, ron1g2f |2%glty of
the substrate. 19 May 2@‘&?&“%@@”&@?@"%@@ iBICeRPEiSIREE MAteRzk dRiswecs Bfovi ng
phot or esi st and r esi du¢hefsubstrate ubistutating theegypersritioal carhomdiakide,rie material

supercritical carbon dig¥iiélfioR thasbiicorRifnPofSPPRetitsidt N SRNAGH rdidul, t he
substrate so that the am

and the, sol vent .at |east partially di.ssolve the
phot oresi st and 5 the ?%§R§d8?g¥ﬁé?%FéB FmPﬂbﬂﬁﬁPﬁéuﬁbﬂﬁtﬁ@ﬂ%ﬁﬁ?@I%ﬁﬁne.
Preferably, the sol venteaptpagisllsdisedved; psin t he group consi sting of DVBO, EC,
NVP, acetyl acetome, BLO ae&hdvingaié thateribMim tRGiciAiRtoahdiusbiie t hereof .
Next, the photoresist and the residue are renoved fromthe vicinity of the
substrate. Preferably, the nethod continues with a rinsing step in which
the substrate is rinsed in the supercritical carbon dioxide and a rinse
agent. 10 Preferably, the rinse agent is selected fromthe group consisting
of water, alcohol, a mxture thereof, and acetone. In an alternative
enbodi ment, the am ne and the solvent are replaced with an aqueous
fluori de.
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