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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 difficulties 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 challenging 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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-1 WD 01/33613 PCT/ US00/ 30218 includes a source region 12, a gate region
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30 performance is improved because a contact resistance with the first Al layer 38 is 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 Si0, etch residue 44, coats second sidewalls 64 of the second via 62.
A second residue, which comprises the photoresist residue 42 mixed with TiN efch
35 residue 66, coats the first residue. The second photoresist 48 remains on the exposed
surface 50 of the first Si0, layer 34. In the prior art, the second photoresist 48, the
photoresist residue 42, the SiO, etch residue 44, and the TiN etch residue 66 are
removed using the plasma ashing and the stripper bath of the prior art.



phot oresi'st residue 42, the SiO etch residue 44, and the Ti N etch residue
66 are rewowediawsi ng the plasma ashing and the stripperpiatdiosthid he prior
art. -2 kE; WD 01/33613 PC r/ U500/ 30218 Note that the first residue (FIGS.
2 and 3) and the second residue (FIG 3) are worst case scenari os.
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and then the dual damascene line and via, 102 and 104, are filled with Cu.
Returning to FIG. 5, a fifth residue, which comprises the photoresist residue 42
30 mixed with the SiO, etch residue 44, coats line sidewalls 116 and via sidewalls 118. A
sixth residue, which comprises the photoresist residue 42 mixed with SiN etch residue
120, coats the fifth residue. A seventh residue, which comprises the photoresist residue
42 mixed with Cu etch residue 122, coats the sixth residue, The photoresist 48 remains
on a second exposed surface of the second SiO, layer 106. In the prior art, the
35 photoresist 48, the photoresist residue 42, the SiO, etch residue 44, the SiN etch residue
120, and the Cu etch residue 122 are removed by the plasma 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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What is needed is a method of removing photoresist from a substrate in which

via and line geometries have small dimensions.
What is needed is a method of removing residue from a substrate in which via
30 and line geometries have small dimensions.
What is needed is a method of removing pho_toresist 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-SiQ, low dielectric constant material.
What is needed is a method of removing residue from a substrate in which
features are etched into a C-SiO, 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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the water. PreY8eRmigrably.ihelinge agspids 2 maxture pEe algotiol ansh thenwater Fogfereldnsi st i ng
of isopropyl ahegbaiol is edidviaddiom the groRpcabsistiy Jf Doprapylaiuhd ctibigiid al cohol s.
More 9 ef er abl gther id¥emaleG R Yeid _egm ' alternative
enbodi nent, the ez;m' ne_an tﬁghga(;@g}rﬁt ar e %%]B%Igbtg%h\%é@hw% a6l

In a first alternative embodiment, the amine and the solvent are replaced with an

aqueous fluoride. In a second alternative embodiment, the solvent is added to the
aqueous fluoride of the first alternative embodiment. In a third alternative embodiment,
the amine is added to the aqueous fluoride and the solvent of the second alternative

30 embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an n-p-n FET structure of the prior art subsequent to an jon
implantation and prior to a photoresist removal.
35 FIG. 2 illustrates a first via structure of the prior art subsequent to an RIE etch
and prior to a photoresist and residue removal.
FIG. 3 illustrates a second via structure of the prior art subsequent to the RIE
etch and prior to the photoresist and residue removal.

FIG. 4 illustrates a metal line structure of the prior art subsequent to the RIE
40 etch and prior to a residue removal.

-5-



aqueous fluoride. In a second alternative enbodi nent, the solvent is added
to the awoemBIsrsl| uoride of the first alternative. enbodipggmriseedetusa third
alternative enbodinment, the amne is added to the aqueous fluoride and the
sol vent of the second alternative 30 enbodi nent. BRI EF DESCRI PTI ON OF THE

DRAWNGS FI G 1 il Fues5himisaatesddusl M&s&ﬁ?sﬁﬁd&#@bﬂhepﬂér ki Bbselet todhd
subsequent to}‘i{?gtgﬁ)gﬂﬂ}?f}g{" Iaﬁot?reﬂsqn ?lpwdgé{ehj%vg photoresi st renoval . 35

FIG 2 illust € prior art subsequent to an
RIE etch and pri oFIG & iva fewcharadpsratingtiensef thepectereadunathod of fhe preent
illustrates ajsesgdnd Via structure of the prior art subsequent to the R E

etoh gnd prior 1o ke gkele sl Herd kSl S AENBVL peblabinchgh Ut rates @

metal °l'ine structufe of
prior to a residue %&d@ﬂﬁeprefw%n@hn%@@l@rﬁwwmwozls FIG 5
Il lustrates a dual damascene structure of the prior art subsequent to the

RIE etch and %EIOAILEBﬁé?CﬂB? %iﬁEﬁﬂng FIG 6 is a flow

chart illustrattng_Steps of Tefrert esent invention.

5 FIG 7 illustratdge Pxﬁaenbm@%w icp peterdenf semeying photosesist andiyesiiedipam
I nvenid on.  Flstbstr@teiusing Sepepuritital cirboh dibxige. | T rediduelitclhples pititdresist vesidue on.

DETAI LED DESORPTL PN T bR BN dE y R QU O 15 2

met hod of renoving otorési st -and residu trate

supercritical S(‘:‘%%“BGHS YRR Vefsr subsieats weh apaPurkc Tnicelly Jhorhofaresist vas %‘%‘ieé ue and
etch resi due. doahewallet tp mdsh e partibs bf thé wafesina ppecsding sethicinductovdfbteication

Al ternativel yepr%%% a5 ﬁxre@edi phoc @rﬁ@]ﬂﬁm&uﬂ PRARIAUGH c@in@ s BCK-

Typically, th & e ace er gg rtion of
the wi¥er in a pre %H\er‘@‘ aigFesisLPRs °5 Jeaferthal are gty
pr ecedi ng procmpbntyﬂe\p&adwhmd@lcdlnwmgﬁhad@pmttomnalantt&wtfemg nen-gppsked 15 | n

B o e T A
waf er in non- MESX ‘6"'°°F"e adﬁﬁﬁgﬁafh"é‘mgﬁ’ﬁ npl antation step forns a hardened
crust on the phot orleﬁxeﬂchinsatepnge photqresist Mhsweeawﬁtbe wafdethattaendt stclkdned

crustapln the ﬁﬁ.mhaﬂon%ﬁsked iegmnpmmms 5 the BREWE st3p, Qﬁespuafo:ésnemmf.@r t hat
are not etched 0

non. as e etching
step, the phot o? STre e léeﬁ&’r?cﬁ% g\?\% uécfsé”hglchﬁeﬁrogug%ﬁi&eﬁh gor%s @a? ures:
whil e al so proghddharich wed\pﬁw&t@mgsqfﬁe nhe@ree&a@mcaw tbhehowesiﬁt resisluglue. Et ching
of the phot or eBichihg pf thel UGR Featufes ppidated tiSichiresidi®] Th€photdrésidh mitletéli redii® et ch

features produ sphotoresi st and etch residue
ﬁleléva%t ?ES»Pal 598 {nd 248 tehilfes

gener aI |y coat SI eat ures. )
In some etching steps the photoresist is not etched to completion so that a

portion of the photoresist remains on the wafer following the etching step. In these

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 Alternatively, 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 to removing the residue only.
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25-1n sone etching steps, the photoresist is not etched to conpletion so
that a PG, f the photoresist remains on the wafer ] t he

et chi ng step f?i‘l’nl(?’t hese etching steps, the etching procggg)uh@ﬁyelgs

remai ni ng phot or esi st I'n other etching steps the photoresist is etched
Steps. In the | att hBEEEeEAR Gt PLES psn Breaor SmerS BHIPLFELT 81 esi due
and the 30 etthdfreslétmﬁhmthemfmmsg&upcrmmai/\mwn dioRfs, qyraasmaandmpbfm onis
Goomet 118, | e L e By St ect ed
to renoving |-F# F‘l‘é’a@k‘ﬁos\gﬁ Bﬁ?&%ﬁ’éﬁ?%’?‘gemﬁ?@WW%&ygﬁ‘%& &R Esed

phot orfesi sts. thhesiee Birseledthd frate e gtvp cansistisgref 2-@nethydasrind)ehanoh FMIPEBA st s. 35
Al ter tnat I velhyi (pbdiSnddlytd leﬂeﬁiéﬁi?x‘id) %th&oﬁhﬁ&cﬁﬁﬂtyia?m’{eem\/d rﬂﬂtl?teﬁh&géf .
geonetry phot.Qresi arent .to.qne skilled in the
art that whil “‘Sﬁ’é’%r‘hemt‘ﬁ}éﬂeﬁ?cbeﬁq?g‘%%%@ PRSI Y&E s of renoving the
phot or esi st anhethylaminmyétoanel, PMDET Ag triethiahglaming,sind o abixtureitherod nireferadiv he

phot oreSItsth aﬁﬂe&&?@nfi@%él&h&fro?rfth&@roﬁﬁ%‘éisﬂ&&fgﬁdﬁb I%tgﬂlsgtfom mprlhxé or to
renmoving the r

pr ef eWed enbddt agtp %/tﬁ)eﬁb'i'? @e’ﬁfm}']}%) 15’?? ‘% ascetf’ﬂ ot oresi st and

t he residue frﬁbnmdlvstme)tmeuﬂmda@h%@mﬂ-ﬁmeﬂal&@mﬁehPﬁKmmc an am ne,

and a sol vent. carﬂahﬂt)emtwmmtéme@@n mréﬁeeﬂb@cmedolwr@msabae@fr&meconsI sting
O Seoonaa B0 5 B0 o M) PR 0F ek B Sl A e 1
group consi st |lﬁgmt§ﬂh2te?fhet hyl am no) et hanol , PNDETA

(pent ggret hyl di et hy T picfdn@@miztbd of the p:tckbambamm Relustrite@isibl@Kidigranand a

mxtur e, her ol g NSt B ALERAMNY 200EeslndCnlity BENRL Sl hOMdgg" 0P

consi sting of ?FI? ano
m xture t her eon Pheeqeethe@wwhe wafprewiihyp %wssureschsebfe@tx@efam&ih? Prﬁeurgr oup
consi sting of ENnbediflh first piptessstbg 2021 Be) sectid plétedsatdp g nk: wresshe dpinbers  NVP

(N-met hyl - 2- %ﬁaiegéu@%]’lﬁ]lh caﬁ)%ﬁtd%gl ﬁﬁg@%ecmﬁhaoxﬁgﬂé%&% ﬁx‘é&xﬁ;’éﬁ%&uoa‘?ca 'c

acid, DVAC (N carbonat'e
m xt ur® ther eo‘Farb%tS’I"é“d;?@@‘eq;ébF’&ﬁ tbt“#l@"%f 6r the §‘§’I°@E’E1‘é’él“‘f"?‘tﬁ‘rﬁ“t"|‘f¥ gr oup
consi sting of & thezmind\ivB thessoRentlinta thetpeoeess chinfBer. ginadbwath ppavedsiseepaci d, and

a mxture the E’ Eat RerBdr 5:8% E@S}{i i ehs%vgﬁt YemLion is
i1 lustrated asﬁﬁp esé%cg rém & é% Tfﬁl t erﬁgﬁnﬁe&ﬁ d 200 begi ns
by pl acing t hecqpéacyith (e afer wil Bisphotpresistapd “‘ﬁﬁ‘ﬁldt“ﬁé“"lr”é'%‘?vdﬂt Bogrhewateraf er |
W thin a pressirtke fbhahtrbmcesameb zmame mgint hed the st & labsipahially dissobvefther St
process step 2 f%@iq "G BRA prob&e 0 hxg o u‘?é&gﬁt@er‘}é‘a”ber IS
pressurized w Of( dag unt ?tﬁp Stgpg)%]on ?Bx{ e_becones the
supercriti cal pam y exhauste n a sixth process step ..12 the wafer is insed. In a seventh

process step 214, the preferred method 200 ends by depressurizing the pressure

chamber and removing the wafer.

The preferred supercritical processing system of the present invention is
30 illustrated in FIG. 7. The preferred supercritical processing system 220 includes a
carbon dioxide supply vessel 222, a carbon dioxide pump 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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20 carbon dioxide (SCCQ2). In a third process step 206, the supercritical .
carbon diWRiB6tHrries the am ne and the sol vent into ther/psmseas chanber.
In a fourth process step 208, the supercritical carbon dioxide, the am ne,
and the solvent are maintained in contact with the wafer until the

phot or esi st gmohpt48. Aemsclagentzupply eessel@d0 isrconpledio theadismlation lind 242 viaour t h

process step r?ngésu bmmam%mqnamsaeéc\sﬁmﬁgaaodmmame,hw%gasssol ve the

25 phot oresi st nafifth steg 210 € pressure
chanber 1 o paeian s 78 weptiied P prissist hamhst 2206 PR 835 PIPRE vt or |
rinsed. In aEévehwnllbpreefbb',wpmmpo@Mkllb&m!pcmélat@elpm&mddu@ﬁﬂneaids by
depr gssuri zi Ngodelng¥y aaﬁlm mcﬁxh@sndiﬁﬁn 2 Bshifof 8B Gonits, liRrsVRidRkitityTideKiRisef er r ed
supercritical roce ggofs qt Cglf resent invention is 30 I I'T'ustrated
in FIG 7. Th‘@ §§‘b‘é§‘ﬁﬂn‘? Flu mg?*ﬁ%%’? M system 220 includes a

car bon di oxi de suﬁW@ib@e@ddyammtaouaslbquldﬂmandhatpddiﬁor@mmﬁdab pressure

chamber 226, sugpj b@@@@&m&%ﬂﬂ&&ﬁ@h@ﬁﬁm& ;mbf& u@ﬂmeml&ﬁp and an
exhaust gas arbon ﬁl de Sy gdgto vessel 222 is

coupl ed Lot HEAmALRRY RS fia fiiond e R BOas Sl ieealp 294 and
car bbh di oxi gdrcplapemigne2948. The 35 car bon di oxi de pi ping 236 includes a

;:ﬁr bon di oxi de heHefrrinsd bbmqacsotshﬂtmﬁme:hmanoﬁamepmlnﬁmaqw 224 and
e ressure ssure
chan‘ger heat el?gg]gg%'fﬁezf?m rrgI fso#ep %g%wa % aw g&ﬁ éﬁ? es'%g?'gﬁl ation -

line 242, whi @ﬁdm;bp@éhqmmwspm@stbmmd%md E%W%ff-f vity 230ufshei on i nl et
244 and at a pressmlc;ﬁmm 206lirldethen) 4ife présore CRABeL 26 i6 SRy [V/he 5&bnd28 i s

dto th
o ehE ot udedodSy i Js%”d*. e pftfeud i3 BT e B RUBP AN B 510
A rinse agent 224 the gabandioxidrfrom thesarhpa dioxide supplyciessel A% DWHNE e 242 vi a
a rinse suppkepoﬂdmm,ahe udibohitioxidel isl Bented by sieonarbdn idivxiethener 28 0mil253. The
exhaust gas gal, E@&x}é aﬁmgéi?i@'xs 1%§é? F? e%bgéu‘?éj?lﬁﬂb&hﬁat&r 034 bifsufe er 226

vi a exhaust gas n r eadi arent to one I'led in
the art that temy ﬁ‘é‘?%rt?eeﬁ'bfﬁﬁﬁx&el‘? %aresss“ﬁﬁba %" fds 2 §?%?ﬁ“22'0 i ncI udes
val v2g, cont realpemives t Thorritea] telripetabrsfor thedarbon dipxide 1330 R(]pBrefth]y; khear e .

typi cal of suwpefahﬁe &tthe éalrwn%&mq&ﬁﬁbfwsu&ymwzzkns Wittih 2 Big égﬁé' ly

apparent to o e ar It Su y vessels
coul d be couplp(gﬁ’ -{go telégte’F‘F"t‘ Y’f"’r‘?ﬁ?’&‘?"l’%‘ﬂpﬁgﬁ‘ﬁ g‘g’ ‘si?x‘fl‘h‘ﬁtthetm%ss'&'&dl ti onal
chenmi cal supphl}amksswllsnlamwlrwdmrmlrWMgelqﬁﬁemtJldﬁt@&hvpleﬁj’Gld be coupled to

t heI 10 ¢ It r tcul ati ]tgnu dxneaczﬂm% ;m{?ﬁfs ei'dri%alfcemﬂﬁﬁnb tﬁé fﬁ%: mféc 249t
| ntation o LIS rocess
St”gp%gg in B%th? ﬁmﬁ cF the s qver;rx?%om e c?ne ic sg Y g?ss% :}2 H‘g° the REFSHTe or

both the phot shvé%hesi!%dmth@h@c%@naa‘e242|@l&tm&onﬁm@mﬁm@p figthet ty 256 of
the pressur e pelsiiath?siPerafitibal daktdn didxiiR iPthe #titd RodekamdpA062@6cdas seal ed. I n

the second 15 desiRe %%ﬁun% bPihe allihe ahd'fhe B51FeH Ha[s%e&l‘@ﬂfa%ﬁ irft6 fhe presfif"SSUr 1 z€d by

t he carbon di 0X g
chamber 226 and desired supercritical conditions are reached, the carbon dioxide pump

30 224 stops pressurizing the pressure chamber 226, the first inj ection pump 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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224 wth-the carbon dioxide fromthe carbon di oxi de supply vessel 222.
During thewonnggis step 204, the carbon dioxide is heate 0@5& ifiar bon
di oxi de heater 238 while the pressure chanmber 226 is hea t
pressure chanber heater 240 to ensure that a tenperature of the carbon

Critical temerapur o SeROERe: e forfid Yool flohbd B Sl JAGHRL 7 T THE
t enperature of P‘i‘?ﬁ&f*"&&?‘ﬁbﬁ%%’af%éWpteﬁ%madéyﬁha@swwepf@wmnmm n a

range of 45 Cearboniioxide, e tonineathe subteyt, rdnfoved phopeesist, uhErepfoved@sidas b g

di oxi de in theedh&s s Bl qepQf from
31 Ct about zgﬁgﬂ % é?tcg?lgg@c% |lr21§f:?r?|h%f{am&gﬁaég}r?§€? af:gcon |ons t he

first | nj ectio W@“‘Bﬂ‘?‘ﬁé“@ﬁéﬁbﬁ”é’%‘éﬁtﬁé%’c from t he
chem cal supply veslsehe sB@SpmcﬁsasteﬂmZpuhes&mhnjeaimwﬁnmp2225um(psanid§e

ci roul at i on 1 Bginn WS 8O P AR hg%@gg%g&@g%zzs&faéur'zes the

supercritical car proc a desired
anount of the ﬁ‘muﬁlg ﬁ’éF ‘i’ﬁﬂg%é%‘f 5‘%@5 PRER A24RF FFﬁE‘EFe? Brefyvee ghpmberyr e
chanmber 226 an@2tdtespardht cbsxrﬁdrsnpermtlcﬁllcomhnnishndptiﬁn,aheacwcmaﬁdimm 236 car bon

di oxi dg¢ punp 3 r e the first
i oxi dg ¥ punp@g%gafes%e%&rmcﬁm%bﬂmaﬂdémtﬂéﬁﬁéuﬁgﬁg@;ﬁggﬂq e the

he. a
pressure chanbg?feizpé'eftegﬁg @EE" |a5%ﬁfsa?f’lf"3;a E%FP&%G"B@&F‘H%O%W‘#@UI ating the
supercritical elavhiob Acatonsx hufis mixtuge Gheeof> Mare prefemblys tievinsd ageitis the mixtarer t h

process step zeﬁheayouanmuﬁeamtagp}ay@abwwa@aohsm&&hw&a Bifind} gy de, the

an ne, and the sol vent sgcgﬁrcrl ti car Pon I OXI nt'ai ns the
a

amne. and t he*35°¢ R/Pésr?PmP)ﬁl gl tha ?'Hl ez Iy “lﬁéﬁ?f&hf dephelsy . py
circulbtdt | ng t hMW@fF@bMﬁleélPOI@hlsbd#tedcﬁmthdgxoup hensixtingef thesisprapye sol vent ,
a fluid flow enlbsHorae thearual, Méscprbﬁmlafyom%ﬁ&ﬁoﬂsth@aﬁbn&he residue from the

Gur g the <t our s h DipEr Bk d Bl st Bepuefnt dpabhph g G
within the pr e§'§w@°§§§é¥?ﬁ8i2 mﬁn@mmm wifertifiepufs vathinithqpressws shatbep 208. - 8
WO 01133613 PCT2d.iur) 82 2ikth prédetssteptN2 phot oresi st and the residue has been

removeg fromthe S mber 226 LS part aII essuri zed
by exhausting sane mqhgesﬁ‘;eg&tf%ecr%?zsS%P‘il&%pmsﬂ%ﬁ 5&‘&3@3“‘&?’?@ “Eﬁ?dzéy t he

sol vent, renovEhapiag 8\3@5’-’15%’{“ Chaﬁbefﬂém’ﬁl@@tmwﬂmmmsebmau&t gas

col | ection ves findllyXBé wafer S réhovell Sromh @ielprétsGOBifkinbe0%. i N the pressure chanber

5 226 to near the i ditions i.n cess
step 210. In t he Sl’fﬂe 'ré?érreﬁtﬁ%[l% éf{'t}k ﬁ%mﬁq ventéOéx 43 ﬂ'&pl}uﬁ:}lg@ u]s%%engﬂ%{[) 253
punps a rinse >abRsRre F?YS#H‘?%“' ?@Orﬁ@caé@*éhﬁ prefgmest methads208]as 2 fmctiontof timke
press@fe chanbend B@d6nditates pressurcia2ash intom of izaimeh T vl bb %aﬁw ﬁg&eﬁi‘t@x i de

punp 224 pressygd AR e B %ﬁéﬂ{]@%&ﬁh%&ﬁ; rsg\% ?mﬁr ‘hu's‘t?a%ve and%é gﬁ%{ogﬁ oL 1 at es

supercritical B)gn I tions an
the supercriti FSICAEIIHR tile pRTiofs osealet Keally, ‘Pfscemﬁ?;éﬂflmﬁhwwldib‘?mtmmmse t he
waf er. Pref er apityin r¢dsen toiobisin aagembmical mdlefficieprbrodessgtri@hddl oup consi sting of

wat er, Prior to an initial time t,, the wafer is placed within the pressure chamber 226

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 t, 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
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al cohol, acetone , and a m xture thereof. Mdrre preferably, the rinse agent
is the mWAWA3613o0f the al cohol and the water. PreferablBGTaisewseaiscohol is
selected fromthe group consisting of isopropyl alcohol, ethanol, and

ot her | ow nol ecul ar wei ght al cohols. 15 More preferably, the al cohol is
sel ected fr oawuhss@r&upAmvsxyl tﬂ@oﬁéraﬁd@?ads&@@?ﬁﬁkwfithiﬂm% offtént he

et hanol . Mbs ef. eIy al cohol is the et
is held statﬁ’(())zg SI?O thGOdOHJessure chanber 226 during the sixth process

step 212. Alterna mﬁyﬂedttn@elmaﬁ@cqn&nnghﬂmﬁwﬁﬂmqqﬁssmpé’é@mﬂé chanber 226
during thehs matdmmg)mes&pemrmpamrﬁon didxids, thdEnine \aad the spIvears SonticEwitl 1:]1 mt:) he
presgure cha | chanper
226 fo the egﬁaus%%gmtﬁe@ﬁ s?g‘?ldéggeg‘edpxy§i g tﬂo?ﬂﬁgpﬁgp%%g%? er is
renoved fromplagefrem dé‘ﬁ&ﬁb‘éraﬂl‘gbnmqhe“b‘%ﬁ@P@Geﬁslsﬁ'é i(?aéheof t he
present i nvempidssuie chamyerc2b ismitiallyickhausted fomahd thirdtifae t, 18 a fohimh tinleaf. er r ed

timeli 260 t ' 25
and al $o i nd 5 *99 t?%gi%%@%é%ﬁ%#“#%. G dpdiude diE Lo B | 0
readi |y appartnk HNepsisipia firg gxhayst; aising ffom the . 108 ztopﬁé‘t%ﬂﬁeé’f’?’ﬁ“ﬁl G 8is
onl y10i | | ust rqiesm B‘,gth msepressmdo&aarge;tand tdioppiagbgnin wlthd 1,V@0-1,200epspidrai ods t o
scal . | dedl |doan@ bxtaOH! Afte gddeh; T ResWRtlethaDse ﬂLJEléZd% exifhubtibdhot €as0N {0

obtain an econom ca clrent "processin rior,.to an initial

time to, the RHPEIEd |a§P*}31°ofd 1 prAcess e 0y &u ét‘?fﬁﬁﬁ’ﬁ paddgtipnalsg ang ¢ he
pressur e charnrbdargesamsieahansts are petfernfed s parpofobefifth mbegss 262210Fvlem doker i ni ti al

time to thrqH&poﬁhgg,ghgg,stgga%eg,fuﬁ‘g‘hgusgecond time t2, the pressure chanber
226 S pressurize e, .seco process. step 204. The ur.e. chanber
reactles critical SF‘%B@E?F&dwegqer}gﬂéqwgﬁm €jSixth procesg K(gp g{ s"&'éﬂsnﬁr essure
P, for the sw&wafﬂlmthem&mltommhaﬁﬁlltlmmtpsusmlwrem:rahﬁgixththe am ne
and the sol ve;naceesrseeplmeegxﬁﬁwmmi ﬁéc&rﬂﬁ)r@srsﬁ%%éhﬂ €O WhichAfic fmse waen the

Pr cf or abl y, | BRCER AN PR &g&er?ﬁﬁ% b BB LB A cbou

1100- 1200 psitime | h@hﬁwwlepvceswepa e prasenre mben&?ém exhpystedifjorct ed into
t ge ?ﬁm essur e wmbaRihaimel] W Event inSECPREtrdbly this id atomplitiRa by BRppiagmed ti rred

t € press I’ (S Sf secon
e 9. b of et B £oBSORR o) AdBCIB LA s RSRHAGY lniion 8

PCT/ US00/ 30218100b psztostmoqsgﬁtmg pressare P ‘P\?é‘l“sf{) presswre aprbarge-iang fipl¥ssur e Pap
is withint hedrbﬂﬁ@@m(ﬂmcfsbﬁéﬁc piesﬁx?é)mpfsﬁnal ﬁh&hﬂ%ltﬁn@i@ayﬂhb thirdleehapstef er r ed

anol . Preferably, the wafer

i el i ne 260 SN AHE Rrebdled fahalyURd bt B RGRIas 308 BT A0 Wbl brocBtpal ni g the

supercriti cal car IOXI e am sol vent_  i'n cont ct with 5

the #afer unt?}4 tﬁﬁ‘éhim&sfrmte@iyse d&waakeﬁ@uﬁtéqujﬁs@%éaﬁe@ﬁﬁm ps AR Ahe waf er

whi ch takes pihesevehthpmocedsatep@t@nd tine t2 to a third tinme t3. Inthe fifth .
process step 210, Algy a2t ERbdiiadHRof thé sén?unpé}ﬁ)hathdéﬁn%&m&ksﬁtﬁﬂdéromthe .

third tinme t3 t time t refera accompl i.shed b
dr oppi ng fronf%tﬂ%"r&ng F’f%ﬁf"ﬁ?"éfsm% rﬁb““"?‘&“"fé&?f’&mem the supercritical Y

carbon dioxide, the amine, the solvent, and the aqueous fluoride remove the photoresist

30 and the residue. Preferably, the aqueous fluoride is selected from the group of fluoride
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 agueous 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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the 1,100-1,200 psi in a first exhaust, raising fromthe 1,100-1, 200 psi to
t he oper at] &Oﬁressure PP in a first pressure rechargP and dropp| ng.
again to t V336, -1,200 psi in a second exhaust. Alteft& 8 the
pressure recharge and the second exhaust are not perfor rred as part of the
fifth process step 210. Further alternatively, additjonal recharges and
exhausts are per f ofvsserndalteastive egpodiment of the present myetion addsgdditional Walee one or
nore of the exbaesirs alternative embbdithbnt e Xheadditiondl valdh entianiek deified altérnative ne 260

continues in tg;[?qh f&h%&&@gﬁﬁhfﬁﬁﬂst%di‘xpﬁfﬁmr %‘tﬁEQ&OOL\EfaE@ﬁwaf er fromthe

fourth tine t4 e sixth
process step M%W‘%STW%W %‘dﬁ'@%ﬂ’étebf"@%rﬁﬁf @ePB‘EPF&%‘é%H{}P? AP2whi ch t he
ri nse ;mgent i ssurfdeef erably injected into the pressure chanmber 226 fromthe

fourth time t4 to fg@wfi bibdrfhtivd &H%;d}n?em L%& f\%scﬁﬁ}{w‘?&h@n ﬁ’sreg’&:‘e?g\?peﬁzkﬁ&lzm the

pressure chanber aust sevent h

tine t7. Pref e?a§l9ln oy |a§d the agnepnsHyoridsfa gemaye degibpiorrsist and residlyer lathe g
pressure PoP t thirdbitamativéemtindifiéit, thelfifingnis notiusedoant] thiersdlvent ienos isedr ai si ng from

the 1,100-1,200 p fohfly Llw?naﬂpgérﬁt;o'dfh%n% Eéﬁk&s%ntpﬂﬁnhéh fal the R
rechar(ge, and final ‘é’E to at rmsp er | CHP 5%"&{76 In a final exhaust.
Al ter Bti vel y, WEtEdo fhigispeen on dipxjds #id thegap BYYEr e recharge are not
performed as part oﬁﬁﬁhﬂtmumdﬂ)opnmeﬁshsnreqenﬁﬁreﬁﬂm adHsitht belvent to the
alternatively, thﬁgghmoggmggamw and recharges are perforned as part of

t he seventh proces 10.. A.first alternative nt of the present
i nvention adds an Z‘aa@aﬁ@w&aﬁ?ﬁ“ﬂ@ﬂ%ﬁ H@hBﬁ"éqs%fF%@%é%%g Mgt an |t he
first alternatinitial dedningipressirs andidingl gheaning ptessuzd. Preferablyythelinitial deaninghe ani ne,
the 3@5 verFl)t f aad%slhms AFHARIE 160- Pﬁdﬂﬁanﬂ@t@ﬁ&ﬁl aéham@f@%sa&@ﬁhatm #2300 t hfe
residue. Prefera ueous

fluoride basel® aﬁ%ﬂ"? 1“5}8’}1?1 "%%(ﬁr?fgum I@tﬁﬁg Sﬂ?@’% 55‘7 &ﬂf'f' ﬁg&fg"‘f"fruorl de

i s sel ected frthenapreondpobibilitcd theifinl Q@“@gpm@mgﬂmmﬂmﬁmh&
(aqueous NHAF) whidh thkapree Hﬁthe 1RSI aédnu@rpt&s@& ¢vet KRIbilitYRRenfibdlSdonddnker Nat i ve

enbodi nent is us fuI n J.east a po re t or a
portion of t he®t €€ \mﬁg ?‘8%‘%?&&" fF 8‘%03’“5??'1 %jélhc ‘8?’%??‘&5?%5%?‘ calg g%t ace.
The adfieous flthsrph‘@}emﬂﬁ@@i b residupendsiho e@mtfeae@axfanmwfttmlpmm aditkt  and
the residue byresiah¢&hﬁltné»@lf&hnaﬂmgtm&ié&@%&sa%mhmebﬁactemethaﬁuaous

fluoride is usf rennyvi to resi due formthe
Si 2 surface o?l %j“nrgpres m?h l\germﬁglggm% %gel cr nQ %ﬁ%ﬁ%"%&"ﬁs%cﬁ’“&ﬂéﬁ t he
waf er i ncl udesleasrpf’e‘k‘bﬁ%féfcpnél thvs Wﬂ“&%“f@ﬁp‘@fls@l%%m%cﬂg°'! the wafftieous
fluoride will tsaamxd&@nneﬁtfdfpahheomﬁmﬁxgﬁxeabmﬁmdsaepens -10 WO 01/33613

PCT/ USE 30218 A 5%%9:0%‘& nEeHlfleé tYr?elﬁangPtﬂE Eeﬁu Rlerkid ot aggc%ﬁt?ﬁﬁsg jvention

adds additional wate Fie n Ive e e addi tional
wat er enhancesP‘FrFPémF‘P ?@EP%"F@Wﬁ M%““%‘v’rrbodl ment because t he photoresist is
hydrophillic while the SiOQ2 surface is hydrophobic. Thus, the additional

wat er separates the photoresist fr Qﬁ@c{dl%nfﬂo%ents
First through seventh specific embodiments of the present invention are

30 discussed below. Each of the first through seventh specific embodiments is a summary
of a specific chemistry and a specific method employed in a lab system, similar to the
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 intemnal 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 feastbility 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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5 surface. Athird alternative enbodi ment of the present invention uses the
super cri twoalsse@ar bon di oxi de and the aqueous fluoride pOpi&gRIGst he
photoresi st and residue. In the third alternative enbodl nent, t?‘le amne is
not used and the solvent is not used. A fourth alternative enmbodiment of

t he present invention adds the ?Q‘g‘lglﬂgﬂ E"@P‘éﬁ‘[ er to the supercritical

carbon di oxi de and t he aguequs al ternative enbodi nent of
the present inventitss first specifin emboediment vererempved fFom mySIOL Vs SHEGRSS
enbodi nent . Ifmdinzprecdlrtgemmchm@tépl, whd:rettgetcmhxg step enddd upowrreadtingsdnep 208 is

performed at C X | 39_ pressure.
Preferably, taﬁﬂl dr#ta}:glétbcl e E&Ec @Qd@aiaébsggl![lovfsh%@l 0-1, 200 psi

and the fi nalm"(t,lfyééﬁ}“i‘?d" %‘sf Amine) 2§ ﬁ% @@%‘)ﬂg‘i’mmm theolvepit  al
cl eani ng pr essadeeml af IEC (aseeccmilminpbnehyofal&e wbent).0Thd jressaeehdnteer was s | ower

Gl ean ng. phacm el yS03C Ihe iifin; kdithe KLRAOVAS PBRSLRS mics 80280 | er
sol ubility cHéhi Mﬁ’g’@ﬂgg e?ihleexga.\sbyere ?WP'QY?PS‘E?\W‘TTBQP‘UF’@%%FM
concent r at i orrinsé stegsen which thequessioe was gropgred fiooethe 2,300 P td hE0qpsdfoothesi st and
ﬁ 2; s . ?‘rnga;ﬁﬁlal m.uﬁsts ﬁﬁ'?ﬁ’éﬁé‘s%ur%%@&:% Cﬁag:afz trdfmpspia%ﬁ&?gehr&: réaﬂeidlﬂgce "
Lhe f1mal | oreig. 0 iose e ordfirmss SEOBRT SCOT aifbeateine Trs

| onger conderagent@nd thersupencsisical cahen dinxide wexssireylatedh for S minuges. (chpgmk at | on of
the | ower sol gxlidsi wis gerBrhddPrior tarpeiefmnﬂgaé &mplédté exhBsky Edwing thdinse kiegt | on of

finishing the fourth process step 208. 25 In a second alternative tineline
of the present invention, a second rinse is perforned after performng the
firsiSrinse. Speci/ first SEMaiptearss taken subsequent i rgmowal pEhe Rhasprssistiand the

enbodi nent s oﬁesxamnmea&arsbemﬁwmmoamnamemsteﬁmmmobed tictheach of the

[orot ot r LTRSS ByBE R (ERRAHADE A etk BadHOBRIOmal, 2, PPeC) 1€

chem stry and™a speci I'n a em Simlar to the
preferred supercritical processing system 220. The | ab system was used to
renove the photoresist. or to s'e:a’ﬁd/&:et:ifeﬁn’maﬁmreﬁsi st and the residue, or

to Tggove the resiidye i Ak ARlentBiRER: wEHRide iRl r{ﬁ@axemd a combi ned

i nternal vol une for the sure tLon punp 230,

and the cir cufesigpeapd thee g“z‘ﬁ? dugy Wé%‘BE?PV‘% fromy ‘H“Eﬁag ine sippgure formed ing ough _
sevent h speci fprccedanghmeial iiba tishing step, pdiere termtchirgstgpandedofpom reachingf anafxidec onc ept

feasibility s EH@MO B.ErRe fkgau;f& rémgvset@.ﬂ%bw,ﬁa éryboafméab@asosrsﬁ&%atcome@ BEi on I or
e e on PRt Sl e P Bhag e S b e 03 A, ) o
proc@8s refi thﬁ)ﬂTs‘\ (ea dmingde7.5 1)) oM@ (the [first YynppheB 36 e selgEmt )BT BDE1 S
First Specifi GeeTRQMrERIME second component of the solvent). The pressure chamber was
maintained at 50 °C. The amine and the solvent were circulated for 2 minutes at 2,800
psi. One partial exhaust and one full exhaust were employed between the removal and
the rinse steps. The rinse agent for the rinse step was 20 ml 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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In-the first specific enbodi mnent were renoved froman SiOQ2 via structure

formed in @WI ng via etching step, where the etchingy, /(?ﬁ'oﬁ‘fihz ded upon
a

reachi ng an um num etch stop. The specific. chemstry enployed was as
follows: 2 mM of 2 5 nethyl am no ethanol (the amne), 20 m of DMSO (a

first conponent of .t ent of
t he sol vent). Theﬁgﬁé@%”&%@%ﬁ‘éﬁﬁﬁ%‘g%&n Bt ned&q?ég%g(@’ e am ne and
the sol vent wefollowing gmedivatdoseion Smplanty The speeifio clpmpstrypaployedyapa t i al

exhausts and ookt 6.1 Exheraty, e vAutdRveyitdnhehieefudride (theapeals and rinse

steps in whi ch u 00 f
the 10 parti al %ﬁgﬁéﬁ‘?aﬁﬁﬁeﬁep&%f??%gn&g@‘?m‘%‘édﬁ"“G*Dz““%é‘h%s. P
at mospheri c pr essoud eonippnent ofahe sglvenid Ontduskof S‘Pﬁ’él?‘;FtFFs@ &hird copponeRtof; | nse
step was 56 nl tefsolvéif), awel AI6F-addifiénal Wikee Tlﬁgﬁﬁiurcaﬂﬁmbmm:medta: @l

car bon di oxi deog\eg rcu m was
performed prior hca@??oo?lrlr’i‘ 393“‘9‘%‘%%‘1“& Q\Hérg muq%&ffgﬁfn‘hﬁl'tesa rrnse step.
15 A first SENBMOT‘%FMB@W%W@@@WS@‘@WW@W F f“’"tﬂ?@‘ ﬂ@f“ﬂﬁsem st and
the residue ignd &R filt &dbusbREeichbloyaIteomkieatitiremdvabaridi rins¢ st&isih whioh thes howed

t hat tlgentphotoreegﬂmg Wihobd'or 83120466 pUGH €106 PR Y th eyl Ernbudcieshng RECT 1 C

enbodi Se&Oht e se eclfic

enbodi ment , th@rqs%‘élﬁémﬁp%ff%izﬂaof‘fﬁ@%E@F@sﬁrﬁs‘“ﬁ% g’ﬁ‘e"”‘hﬂ"d t{The et ch
retSI flule was reﬁﬁe/@émffdsxammwe;awadzml@hrmixmw@smrenndonmm%menedu ng

et a i ne etchin r | an

oxi de etch stlgrlhegf’ssl‘:hgg‘{t m{\ﬁégﬁp &%og%é%g%ﬁv xg:gla g& lﬁrgiggt:angﬁ? was
provi ded courté’é?lalﬁx atﬁmerwrfmﬁamrdgpe@wmmé%a@& ‘Lfe WeEWS enpl oyed
was asisf ol | ows rinde eprl of 25 PVDETA (the amine), 7.5 m of NW (the first
component of the sobygp da%g(?@ (s hoto@l@&l’dﬁlsp&%&% sk RO RGN that

conmponent of the solvent mai ntai ned at 50 C.
The ani ne and th@@&ﬂ'%ﬁ?’“ﬁé‘?@"’él“}@ éBecF l?renﬁw%tt es at 2,800 psi. One

partial exhaust and one full exhaust were enployed between the renoval and
the rinse steps. The rinse agent ﬁoqﬁhgp&,ﬂclmdﬂeﬁp was 20 m of an 80%
et hanol and 20% 30 water njxtu B The nse a

superctl tical car boﬁ“@F&PF‘Bé""\‘R@F@m é‘?‘ﬁ’?}itg‘a@}ﬂ’“frﬁ?“yaﬂeﬁﬂ?%d%oﬁﬁg Tete
eanust was perfotiowingla high eseiiangmplaet. (The specificehemistry geieyed waEM fohorso was
taken prior to ) @@ﬁ@, nt .
The second SEM %ﬁ?ﬁéﬁ?{ n ’&éd@iﬁ r 41l ahbhobitf, fgﬁg:gé S&aﬁ}@%{lﬁorﬁeﬁi@mm
showed skirts o F’tcfﬂ@p B'tésﬁllﬁﬁqgegg&gg FHEC FhiekEnd CPmRY pentd (E}l showed
the 35 residue soemat),ramhgntbnfmepkhtmnaltvvﬂéerrr@hwteﬂwrﬁebamehWﬁ%fnﬁh‘GmFMr79h SEM
phot ospyere t akgn Th%‘d?ﬁ@&%ﬁdéﬁdrt&%w&h vitke dildElate@ Sr dusinites 4t GOGHEONd

speci fic enmbodi %ﬁgsq%@@ oaaguglﬁg@fr“%tt‘L]“§°E”‘Eﬂggygéﬁ%g‘§”°§‘t§%§’m?’%é25. fic

resi due was r elng‘ggé"”?‘

Enbodi ment - 12- rif¥eistspShawbich krepraeuss WredsppRed fomhq 2,700 psitpy 10D pifor the | |
partial exhausts and the pressure was dropped from 2,700 psi to atmospheric pressure in
the full exhaust. The rinse agent for the rinse step was 20 ml of 2 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 SiO, 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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WO 01/ 33513 PCT/ US00/ 30218 In the third specific enbodi ment, the - :
phot or esWo0LG#43 r enpved from a wafer fol |l owi ng a nmedi uRCBESWAPHE | npl ant .
The specific chem stry enployed was as follows: 0.15 nm of 24 % by vol une
aqueous ammoni um fluoride (the aqueous fluoride), 20 ml of BLO (the first
conponent of additenslovatem (The p@ssurd chamb@iveom@irtaneg a 8¢ Kh dTheapesue Avorisde t he

sol vent), 0. iy Wi addiitjohPwite wedé Qicufated T fuiel bt IJ500pN oA Parell  t he

solvent), and | nl qf addjtional water. -Th ressure anbe mai nt ai ned

o0 oM L Shemtandent PiLTRRT S SRisyed PR SRS SR R aRR T

m nutes at 1f&Gtepdn whightherpressire was éroppeddiomithe 1 5AGpa &0 1.08%pshfastheur i zed to

2 809 psi . | TpaiRhddts aﬁ&hﬁﬁgsﬁmamrgmd grginl 1,500 8IS tnVRpleerie Pk ayes be: ween
e renoval and. rinse steps in C [ €SS om t he

2 700 pai t o U rub gt Tffiess dscill fheond ot RS Syl Sl SRR 0

dr opped f r omrinseue®, the rinsanggntand Plesupercrisicalsayprdionide werercicnlated Adst . The

rinse agent fghutt e, 500bsEORSWIRE Whith 2 ptssité was fiissd tr 35800(psB OPwepamiadol  and

20% water. T rinse agent .an e L1 : Loxide were
I A G R L gt

" per fir ni ng a seeonrinsestepsimwhich thegiressigp Was drpeped figmy the, 2,800 psd b 1, IRS} for and
al;]t er XPS ( X-thépartil exHagdteaid theprearetwas drppad) frdnt2309 pdinoa nﬁdsphﬁriedht hat ]Ehe
phot oresi st was_r [ | fd C..e ' th Specific
Enbodi ment 20 “fsﬁm?ﬁ’gxgg'tl}re?}%&ug}gefg? #’ F’% %%géﬁdrﬁcasﬁ .‘m?ﬂlgggﬁ%ztoolﬁpésﬁ L .was
removed fr ommethaapk In thedpsondFimss steppihg Finssggent adhthe syperartical parBon.djoxifg i ¢
chemi stry enplayettukatea fas] fminutecanhe 2,800 psl. Oine panidl4xBaulstwasplerfonmed grienus

ammopy um f | uggi %ﬁ%‘%& Ldspfaﬁlh\gﬁ%the?sgc&ﬁhﬁngstéawso (a first conponent
of tﬁe sol vent#’, ?hsE a second conponent. of . the . solv , and 2 m
of the additional ABRESEMgRgioyyas -@%ﬁ%\%ﬁ'@rﬁwé@eﬂawﬂfe&m&wt 70 25 T.
The aqueous fdpecifi¢ embeaiivaent.HEhestifth/SEM pheto ehawed thel phowtesistaboge e Sifhevia at 2, 800
psi.  Two parﬁfu@t'ure%?ﬁié%’ﬁ eﬁﬂ‘gtog'%?%l?]dﬂo}mﬁ¥m St A RISEMBh&y 8ds Rrdnnveen the

removal and rinse steps | | e _pressure dropped from the 2,700
- psi to 1,100 Pbreapgyt t°t“i'é‘°"’g§%FBF°‘%‘ﬁﬂﬁﬁ%§‘§"é ﬁ’e\f,’\ﬁ% eﬂ‘ﬁ’g‘g‘gﬁi’te %5"‘ r opped
fron2®, 700 psSEMehetosheopdddhit thephetomsistevdsmemevied irf the fifth sprgifisembydigent; nse
agent for the rinse step was 20 ml of a m xture of 80% 30 ethanol and 20%
water. The rinse agent and the sypercritical carbon di oxi de were
circulated for 1 mnute. One par "“§.I3pfé°>%{l1°a%§‘f°d\'/\/aesnl?perforrred prior to
performng a conphéhesixngoidic cmbedimentsihe photoresish as rmoped fmm ap 80N af t er
XPS tests (rjrgﬁgcﬂ{é{ui-ffoﬂﬂedih_a réﬁbdin@h_@it_ﬁﬁiﬁgstsﬁ. m%pdfcﬁ'im?he;gistrg _emblgzem‘m_r;h
speci,fi ¢ enbodi prnt .. | | oTe My T: pecific

' enbo&%rrent, tﬁsegg 0 'olgggili:g i4\/\3§9§§]ho\7%%'gp§som -ann‘g?@orsn gth é{Jreucstsure f or med
in a precedi n§uerids).epdhimigf BMSE (therselvent) and 4amlof pdditionakyyaten, Jbg PIFSYFF

chamber was maintained at 50 °C. The aqueous ﬂuoride_.; the solvent, and the additional
water were circulated for 2 minutes at 2,800 psi. One pa;tial 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-SiO, 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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reaching a Ti N etch stop. The specific chem stry enpl oyed was as fol |l ows:
0.15 m of wiPn o by vol une aqueous anmoni um fl uoride ( S
fluoride) and éﬁ%? of -13 WD 01/33613 PCT/ US00/ 30218 a%%ﬁ?$@%@ﬁywater
The pressure chanmber was mai ntained at 50 C. The aqueous fluoride and the
additional water _were cir. ated for 2 .minutes.at 500 psi. T artial
exhausts and offe=fur® f@)?ﬂéeﬂé}{e Apes %Wgyg@mggi@k%ﬁhe %ﬁtec%fn@%e\%%@? ep and
the first rinsdvesed) mhofilIMER (thewscondewomperentpfshefolyspd @ Wrefnfeleiall, 500 psi
to 36050 psi  f adetit Bad Eh@bird bothpoadd 8EithE Solvdne), dndd ¥ Fsdifichalmster TABPE frO][n
1,5 psi to a I (e | t.he . i gent for
the first ri nséggst?lg%%é\&/algﬂ%;fg ﬁ’?ﬁ%& eggtt@r,.e' Fﬁ&'{\#g&%ﬁpﬁgﬁée, F%E@gédst’gggfh%t he
rinse agent andadditipnakwvatereers ¢ircalated fox2ieinutes 2 2i80@ psie T wo partial sxhaustg andyr 1
nnute at I1 506ndfait emhkm&er@pl%}ef A fbet%béﬁ the REBV] Stepaal thedinee dich OTHR: 1§36 PSi :
Two partial ex I t irst
rinse step anda%%g?o&&eg@geosg%%ﬁs 'r#% & : gf@%&%i%%%g%\éggg@%ﬁé@%ggfg?opped
from t he 2, 800 thsshpargitical radpomdipxidevere eriulgied for hminatersh 20 psnEne pastighr essur e
was dropped fr extnsi@s pafortned gorSRBMifg a fingsiee Exhatsd fdllo®ingthd ¥ ftapist . The
rinseggent for the second rinse was 20 ni of nethanol. In the second
rinse step, the rinse agent and the supercritical carbgn dioxide were
circulated for i nifeighthSEMghoto wasdaken subsegygnt o remoxal of the ahetpresigtandser f or med
prior 15 to pessidue in thgsexermipspetific embodirasin.t Thedighth$ENJ phéte siomedight thense st ep.
A fifth SEM ph ' \, : st in the
fifth specifi @L%l?r%%%%ﬁ‘? ?es%!é%hcﬁ}%&@% tg%soegéntﬁs ?ﬁggg‘%’ﬁ%‘ﬁ% Ig't or esi st
above the Si02 via structure and the TiN etch stop at a bottom of the via.
A si xtl§ SEM phot o whasili b&keadilyappssen toconk skitled ia tbe\az tha btheheriptsot or esi st i n

the fifth specigdd 3 i T | &ﬁMﬁ% 9&9@% t he
phot or esi st vvasn{drdgirgoge\;/gg]gq‘}a ?_?ﬁ??}eﬁéﬁbﬁﬁ% e %h‘autﬁi[%. |§‘?ﬁth§peci fic
Embodi ment | n cHEt dseepe @Gi"?"ie'ét“’éﬁﬁs?ﬂo“ﬁéi’n’ffhef“%“ & si st was renoved
froman SiQ2 via structure fornmed in a preceding via etching step. The
specific chem stry enployed was 25 as follows: 1.5 m of 24 % by vol une
aqueous ammoni um fl uoride (the aqueous fluoride), and 8 mM of DMSO (the
solvent) and 4 m of additional water. The pressure chanber was maintai ned
at 50 C. The aqueous fluoride, the solvent, and the additional water were
circulated for 2 mnutes at 2,800 psi. One partial exhaust and one full
exhaust were enpl oyed between the renoval step and the rinse step. The
rinse agent 30 was 20 nml of 80 % ethanol and 20% water. The rinse agent and
the supercritical carbon dioxide were circulated for 1 mnute at 2,700
psi. One partial exhaust was performed prior to performng a conplete
exhaust following the rinse step. A seventh SEM photo was taken subsequent
to renoval of the photoresist in the sixth specific enbodinment. The
sevent h SEM photo showed that the photoresist was 35 renoved in the sixth
speci fic enbodi nent.
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Seventh Specific Enbodinent In the seventh specific enbodi nent, the

phot or es™}0133@3 t he resi due were renoved from a G Si 0RCBAS0BAe Structure
formed in a preceding via etching step. 40 The specific chem stry enpl oyed
was as follows: 0.15 m of 24 % by vol une aqueous -14 f WD 01/ 33613

PCT/ USOQ 30218 anmmoni um fl uori de (t §&AdM$eous fluoride), 20 ml of BLO (the
first conponent of the solvent), 20 m of DWVSO (the second conponent of
the solvent), 0.15 m ,of glacial acetic acid (t.he third conponent of the
sol vint), antt 1 nl of Aa’?}ﬁtﬁ?‘f‘%tlri’é?_ce\sﬁg{gears?%f'ﬁgecg E%‘g%b‘g SERuftber was

mai n2ai ned at 70 a&C. The aqueintpining swpercdtical eaeongiinxjdemd ap agreprsdlrideldi t i onal
wat e were circul at ed if gintadt Witk the 8Sbstite, AhSRBsthitd havilgQ siltbh tidkidexhaust s and

one fail exhaust were enployed between the renpval ep and t.he ri.nse step.
The %i nse agent for ﬁh@? i“_*écg' sg?peogg\a}vg’,é{e?gl sﬁﬁ"%ﬁ‘ ggraﬁﬁ/% é???a‘??&%‘gg‘ﬁc?fw%
watef. The rinse agentrhetaresist, poteregist Fesidue,ictchiresidierand asomkingtion thereof,
circglated for 1 m nutsgchthatZhe/4ddedus fluorfde@mn@ettits Mk silieord dibille sifaceXedrh Or ned

prior, to perform ng a.conplLete .e t L QWi i .sfep. to An

ei gh? h SEM phot o was t@ﬁ(ﬁelﬁelgﬂ‘g“sfhe?)éét}gﬁeT%%aé%gvgﬁs_w{e&aﬁg oresi st and
resi 8ue in the se¥enth spe@iaintainipgiWaar apdithe supgeerigica) srponsligrideipcgntattoned

t Pr’gt ot he phot oresi slt lvﬁﬂdhé UlefcRtinakeital bihahat ¢enimdetcit indtdiial Spaetas fionipecihfi C
e iment. 15 It w : ' r ' e ' art that
ot hg?1 various nodi fi'é%%)sﬁ%‘%’g%g&ggﬁ%’ e t%’s'?hée)'mg?% elHt%%l E%B%g?rrent

wi t Hdut departing frorfepasdted @ptefsliandng scope of the invention as defined by
t he 1@ppended cl ai &5. - 15 eridvird3hd Sephtaitd hiateeiaiFosd the viciniyMbtlie 1. A net hod
of processing a substrape.gonprising the steps of. 2 a. maintaining
supercritical carbon dioxide and an aqueous fluoride 3 in contact with the
substrate, the substrate having a silicon dioxide 4 surface which supports
a. matleri al seélected frihamdsodpfolaim ¢ ehsiestthaaguedus flopdris selectdddtom the

phot or esi st resid upe&gﬂﬁﬁféﬂaqh%usaﬂﬂpauﬁmmﬁaehy&mamraaejm& such that
t he gqueous fluoride undercuts the silicon dioxide surface from 7 the '
mat eri al , mhereby“l"ﬁlé’eﬁlﬁff ial becones undercut material; 8 b. maintaining
wat er and the supercritical carbon dioxide in contact 9 with the undercut
mat ery al suchg t hat t heTpHaRSISf claith @ WhleirSBP afusbdTlubri@dis tkQqliddas Si | i con

di oxige surface, whereb uQ,edundercut mat eri al becones 1 | separated
materdal ; and 12 &PV The separated material fromthe vicinity of

t he

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 S. 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
2 consisting of BLO, DMSO, 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 DMSOQ, the acetic acid, the EC, and a mixture
3 thereof.
1 8. The method of claim 7 wherein the solvent is the BLO.
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13 substrate. 1 2. The method of claim| wherein the aqueous fluoride is
selected fromthe 2 group consisting of aqueous anmoni um fl uori de,

hydrof | uor VOO and a 3 nixture thereof. 1 3. The e tBCIASBY308,i m 2
wherein the aqueous fluoride is the aqueous 2 ammonium fluoride. 1 4. The
met hod of claim| wherein the step of renoving the separated 2 material
fromthe vicin®ty of thdheumpbed eficlaindfuthes eammrisoaitirsteppiatiesst paredly 3

car borg di oxi de overdidsbi@ing tHeSkpandtel makerial ushiyea sobtelod of claim 1 further
conprising the step of at least partially 2 dissolving the undercut
material using a solvent. 1 6. The nethod,of claim5 wherein the solvent is
sel ect®d from the gr oup Thomesed pkalaimg g viereis) the siyastys selected Fomahegroupc  pVAC,
NWVP, amd a mixture &nix&tﬁgeﬂBLo,lDMSOTk&umd;Ed: DMAG, NMP,Gnia eifxaare t he
solveny is selecte §Smthe group 2 consisting of the BLO, the DMSO the
acetic acid, the EC and a mxture 3 thereof. 1 8. The nethod of claim?7
wherein the solvent isthe BLO -161 111111111212 12212211 1 1 I I
LTI M S YO 01/ 336 The ethodoXdlimQD bhetkirSthe sivennis sdlateddfoncthagroup f urt her

conprising the step rated

mat er i gl using a soo\glgemnt?ltg E&%ﬁq?ﬁl% t‘h’&e%? gi?{r%\éga\?\#rel n t e sol vent

i s sel écted fromtl‘fé“@?oup 2 consi sting of BLO, DVBO, acetic acid, EC,
DMAC, NWP, and a m xture 3 thereof. 1 11. The nmethod of claim 10 wherein

t he sokvent is,sel ected f e BLO, the DVBSO
t he accllati C aci éi t he EC{hggﬁlhgﬁﬁg&%ﬂg %ﬁfﬁgﬁggﬁﬁgﬁi}%mﬁr@he met hod of claim
1| wherein the solvent is the BLO 1 13. The nethod of claim|l further
conpriding theldtep of rThasiethgd pfidaim? furthe comprisingrthe ep Supengthet i cal car bon
di oxidg and a ri nses@ggaqgmﬁge Tﬁmn'[jagcmg,hggx,gémﬁlaq.h@g;g%nmher ein the rinse
agent conprises water. met hod of claim 13 wherein.the rinse agent
conprises alcohol. 1 16. The nmet hod of claim 15 wherein the al cohol

conpri des ethard! . 1 17.ThEmethedohcaimol3 whessimthe Bnsglagent comprises Witerse agent
conprises acetone. 1 18. The nethod of claim 1l wherein the substrate

conpri 'ies a | OVYSdI el ect r'i‘he 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 2 spin-on polymer.

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

2 comprises a C-5i0, material.

1 21. A method of removing a material from a silicon dioxide surface, the

2 material selected from the group consisting of photoresist, photoresist residue,
3 etch residue, and a combination thereof, the method comprising the steps of:

4 a, maintaining supercritical carbon dioxide and an aqueous fluoride
5 in contact with the material and the silicon dioxide surface such that the
6 aqueous fluoride undercuts the silicon dioxide surface from the material;
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2 constant material. 1 19. The nethod of claim 18 wherein the |ow -

diel ect r WOMB¥I ant naterial 2 conprises a spin-on poPEEMIS0302180. The

met hod of claim 18 wherein the low dielectric constant material 2

conprises a CGSi02 material. 1 21. A nethod of renmoving a material froma

siliZon dioxide surface, tmanRining waterahd thelsepereriticalrcarpon divxige ingontacisi st i ng

of pyotoresist, phot O4MR nRimdt&Hl SR that the Blabdrial RPudIdE froRiTke MieANDI nat i on

t hereof, the nethod cq J‘IS‘Iﬂ_ré]a% the steps of: 4 a. mmintaining supercritical

carbbn di oxi de and an ’581‘?88 P1%Bride 5 in contact with the material and

t hel®i | i con di oxicde sur f acremoviog theimateriah fromgheadeinitef the siiedngkioxifieder cut s t he

si |l ygon dioxi de surfaggfkeomthe material; -17 1111111 111111 H |

1111111111 * ¢ L Ms WD 01/33613 PCT/ USCQO 30218 7 b. nmintai ning water and

the supercritical carbon dioxide in contact 8 with the material such that

t he tmat eri al 2Zepar at e4 methed ofipsocsssingrombsiratei compriging thestepeof and 10 c.

rlerzﬂz)yi 29 thﬁ g&t ]gu.i al  fr omnhiieinih édﬁéﬂcﬁti&fcﬂmlﬁéﬁdd}ﬁnaﬂh%d%oflaehé surf ace.
nmet hod of procgessin substrate c ri .of a.

mai n? ai ni ng supercrit i’%%ﬂnkagg‘?'g%ﬁm %8§|°&é‘,s_“§%&é’r%ﬁ4r?§,9"_%'%§’ %E%g_ \r/@n.t 3in

contéct with a materi stlecied fom thergseup consigting ofyphotorasiss, a photoresist wridyg, 4

sel egted fromthe groupewhiGidut, and a@dmbinaion g€, sath that thhiahine aithé r esi due,

5 an_ etch residue, a“%oﬁfrﬁ%%s?gérhﬂi}{gﬁﬁfvgﬁxfe’mﬁ#ﬁﬂ ahgat the anmine and the 6

vethe material; 'and

solvéent at least partially di'ss 2 o 7 h. renoving the

mat efi al from t hebvi ci ni tyreovingdhempterial from the vigimity ofibe sphstdet of cl ai m 22
wherein the am ne conprises a secondary 2 amine. 1 24. The nethod of claim
22 wherein t am ne HAS T Aalnf53 Witdr¥in Y sEne cotnpfizes 2 86 hod of claim
24 mer eint g’ tert] a?lglggﬁm ne fsase?ecte rom tehceo p% eg:;sraoupng%%lsi sting of
2-mefhyl anino et#8WBl, PVDETA, triethanol amine, 3 triethyl amne, and a

m xture thereof. 1 26. The nethod of claim25 wherein the amne is selected
fromthe groyp 2 consi-feinihddiof il iMWherBfiiiOnihd @RGrises RYRRTA, the

Ctri etlhanol amne, and a 3 m'xoturae thereeof. 1 27. The net hold of cfai m 22
wherein the solvent is selected fromthe group 2 consisting of DMBO EC,
NWVP, lacetyl &6etone, Blt®meshogtafclain 24 whemnde tegiary amine is selected from the

2 group consisting of 2-methyl amino ethanol, PMDETA, tricthanol amine,
3 ' triethyl amine, and a mixture thereof.

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

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

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

3 isopropyl amine, diglycol amine, and a mixture thereof.

1 29. The method of claim 22 further comprising the step of rinsing the

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

1 30. The method of claim 29 wherein the rinse agent comprises water.
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3 and a mxture thereof. 1 28. The nethod of claim22 wherein the amne is
sel ected f Gy group 2 consisting of a secondary amne, a tertiary
anine, di-i soﬁ%tg)hgil amine, tri 3 isopropyl amne, diglydSUSI3RIE and a

m xture thereof. 1 29. The nethod of claim 22 further conprising the step
of ringing the,,2 substrate i.n.the sypercritical carbon dioxide and a rinse
agent.il 30. TRE met hod @FWFRP@@ Syhsrein the Hnge;agent copprises aleabsh | ses
water. -18 C 1111f211211ff 111111111111 M WO 01/33613 PCT/ USOQ 30218 1 31.
The method of ghaim 29 m&&&mdbhaaiﬁm%ﬁle?&ﬁﬁ&aﬁa{wédﬁﬁ-ﬁe ﬁféﬂ&?'- 1 32.
The met hod of claim 31 wherein the al cohol conprises ethanol. 1 33. The
met hod of claim29 wherein the rinse agent conprises acetone. 1 34. A

met hod lof procd3sing a Slikssethad of dizimi 29gvimreimihe rinelagen camwises metenedf the 2
substrate, the material selected fromthe group consisting of a

phot orgsi st, a phot or esi s esidue, an etch . residue, .and a conbi nation

t hereof, the mgg'hod 4 C%WS&‘P@? FHfire2subsraishaviag ﬁ’.m'r‘?ﬁ’iﬂr?f‘&ismﬂﬁﬁ of the

super cPi tical car bﬂbﬁm#®@§tml S&httnéﬁomrﬂ!taOWMgoﬁathommm,@ct W th
the maBerial such tpatorési@residid) én aBFrebitk, &6 M @Ribindtiod Rarsds, the RRfba al | ¥

di ssol ye the materigl . and.8 b. renoving the material fromthe vicinity of
t he su\gstrate. 1 3%?npﬁglﬁgpﬁ3§pso?§processi ng a substrate conprising the

steps of: 2 a. mainai ni ng smpitaining supertriticakdathan diowide.cha amine; sudtaisalvgntani ne,
aRd Z 63 sol vlent :n cogti?sdn:a&ﬁimmeﬁﬁkﬁmisaéhtﬁ&_t@e&u?éﬁﬁ%h&folv%m;EHJ?Stfgte,
t he terial selecte he, gr.oup ,consi sting of a photoresist, a

%g ety i) o8 iz

phot orgsi st residue, an resli ( onbi nati on thereof, such that
6 the flaterial is al |east pEmoviaghe mtesishfrera the vigimityofihe splestratei ng t he
material fromthe vicinity of the substrate. H 1 1111111 111 111 1 11111

1111 3111 g5t xs '&x%ethod of processing a substrate coxﬁpﬁsing the steps of}

2 a. maintaining supercritical carbon dioxide, a tertiary amine, and a
solvent in contact with a material on a surface of the substrate, 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

b. removing the material from the vicinity of the substrate.
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