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:g (57) Abstract: A method of removing photoresist and residve from a substrate begins by maintaining supercritical carbon dioxide,
“~- an amine, and a solvent in contact with the substrate so that the amine and the solvent at least partially dissolve the photoresist and
the residue. Preferably, the amine is a tertiary amine. Preferably, the solvent is selected from the group consisting of DMSQ, EC,
NMP, acetyl acetone, BLO, acetic acid, DMAC, PC, and a mixture thereof. Next, the photoresist and the residue are removed from
the vicinity of the substrate. Preferably, the method continues 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 from the group consisting of water, alcohol, a mixture thereof,
and acetone. In an alternative embodiment, the amine and the solvent are replaced with an aqueous fluoride.
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carbon dioxide and a rinse agent. Preferably, the rinse agent19§4é¢§0gqted
fromthe group consisting of water, alcohol, a mxture thereof, and
acetone. In an alternative enbodlnent the amne and the sol vent are
replaced with an aqueous fluoride. 19 May 2004 WO 01/33613 A2 For

two-letter codes and other oy 61/336PYSAY ef e (T RN R R (R ERE TR e on
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Codes an
of the PCT Gazette. 19 Nhy 2004 REMOVAL OF PHOTORESI ST AND RESI DUE FROM
SUBSTRATEr Madfcgdes o Oy EARBORYDI OXI DE PROCESS 5 10 15 20 25 30 35
FI ELD OF S¥HES , ”“Eﬁ%%%ﬁf’ ’ention relates to the field of

renoval of photoreS|st and residue froma substrate. More particularly,
the present invention relates to the field of renoval of photoresist and
residue froma substrate using supercritical carbon dioxi de. BACKGROUND COF
THE | NVENTI ON Sem conductor fabrication uses photoresist in ion

i npl antation, etching, and other processing steps. In the ion inplantation
steps, the photoresi st nasks areas of a sem conductor substrate that are
not inplanted with a dopant. In the etching steps, the photoresist nasks
areas of the sem conductor substrate that are not etched. Exanples of the
ot her processing steps include using the photoresist as a bl anket
protective coating of a processed wafer or the bl anket protective coating
of a MEMS (mcro electro-nmechanical system device. Follow ng the ion

i npl antation steps, the photoresist exhibits a hard outer crust covering a
jelly-like core. The hard outer crust leads to difficulties in a
photoresi st renoval. Follow ng the etching steps, renaining photoresist
exhibits a hardened character that leads to difficulties in the

phot oresi st renoval. Follow ng the etching steps, photoresist residue

m xed wth etch residue coats sidewalls of etch features. Depending



on a type of etching step and material etched, the photoresi St]gmm
m xed.wi'th the etch resi due presents a chall engi ng renoval probl ém since

t he photoresi st 19 Arstsigorg! y bond to
the. gi.dewal I s o S%E‘ B gi ,gﬁ Iﬁﬁ,@gsgrt t he .
phot or esi st and t he photoresl st re5| e are reane by plasma ashing in an
2 plasma followed by stripping in a stripper bath. FIG | illustrates an
n-p-n FET (field effect transistor) structure 10 subsequent to an ion
i npl antation and prior to a photoresist renoval. The n-p-n FET structure 10
-1 19 May 2004 includes a source region 12, a gate region 14, and a drain
region 16 with isolation trenches 18 separating the n-p-n FET structure 10
from adj acent el ectronic devices. A first photoresist 20 masks all but the
source and drain regions, 12 and 16. In the ion inplantation, a high
energy ion source inplanted an n-dopant into the source and drain 5
regions, 12 and 16. The high energy ion source al so exposed the first
photoresist 20 to the n-dopant which creates a hard crust on an upper
surface 22 of the first photoresist 20. In the prior art, the first
photoresist 20 is renoved by the plasnma ashing and the stripper bath of

hg prior art. FIG 2 illustrates a first via structure 30 of the prior art

Sequent to an RIE 10 (reactive ion etching) etch and prior to a

phot oresi st and residue renoval. The first via. structure 30 includes a
via 32 which is etched into a first SiQ2 |layer 34 to a first . TiN |ayer 36.
In the firs t ; he via 32 stops at the first TiN |ayer 36
because éﬂﬁL§ iﬁfﬂyﬁﬁig%gprOV|des an etch stop for the RIE etch of
the first S 02 | asherpreednt inEntion refptestie thedteld efaempralof phatpresigteand 2gidue
fggﬂ: fgt e%fhlﬁ? Eih%tr%c R{d?é,(?é:ﬁg&lbﬂ)} ‘&Q:ﬁébeﬁﬁin@éiﬁﬂoh'r&ﬁt@é toQE&ﬁelﬁBPi’&ﬁHvﬁN for

ayer ; or t articular etch | ayer 36 is
not etched. ofﬂ?h"tf’ieﬁ@t m‘ﬁl‘ﬁ?‘@‘&y@méﬁ“qsﬁé@ uélﬁgéuprqrqrg{cal;ﬂaﬂ:{ogféqm% which lies

on a first Ti layer 40. A first residue, which conprises photoresist
residue 42 mg Eﬁ%&ﬁﬁﬁ e 44, coats sidewalls 46 of the via
32. Second 3L bﬂpn exposed surface 50 of the first

Si 2l ayer 34. In Ststmecopdmmr fabricatipuses peaiprgsision potbimplantation, ejehing, jsad

phgg or esi st oﬁxﬁ‘e?hfué@ssﬂ%ste}edmdﬁeloﬁl%metaﬁtangeﬁﬂ Wb br@ie a8y &d of iSi Ng t he

pl asma ashi D art. Note fha cific

| ayer materi amscoaﬁl}&togﬁghﬁ&fa ectﬁ%ttaF tHP%“’“EfE‘SE‘E‘#‘B ety L $hg sicpiye sicas, %‘f?q rst via

structure 3@hopdist daskisikedas bhithe sémiconducton sitistrets tidit arums etdhdie Bxamplear e

illustrative, t I ﬁfﬂﬁ re conmonly
enpl oyed in oﬁge% goc & éoﬁélp?a%rl c%hgtﬁeﬁa&IQ%Qg i %M&% gecond vi a

structure 6@ogingdia mqeeﬂedmﬂfef%@é%ﬂweﬁhpf@@dtWéom Ofé\tl‘éﬁl‘@rfﬂﬂgﬂl or to the
phes or esi st ARfomeshsliic spR@Ypdevicehe second via structure 60 '

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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includes a second via 62 which is etched through the first Si Q8 nNaysi0434
and the first TiNlayer 36 to the first Al layer 38. By etching through

the first TIN |layer 36, a devij A I r se a
cont-act resi s‘f‘%ﬁg"é’ avﬁof“ﬁet“’?%or* #fr’s erg N gi aﬁ@%mﬂ?w\%{e& 1%\()ﬁ cf(:‘iﬁgolﬁcont act
resi stance wifrénchésel Sfsepasating;thp nmyreFEﬁstmcmelgéemﬁﬁJan e#lcfr%lt? dedcss0 Aal so

i ncludes the ﬁﬂsfﬁro&emét@n%{asﬂ&nﬁhqlefgo[u% aﬁ&@ﬂaﬁhqegmﬁmlm bnd Q6TPRitRSR_Nt he
coat,s, second

hot or esi st re5|d 4 xed with the. tch res due_ 4
B oval 15 64 BIPIioR L HRNGTE 199 Sougs waplgier FEbAORRL e AORGHRIE ¢ he
phot er esi st rregiotls)d24ad i6.xEhk Migh bneFgNoatsolreSaiso exposedathéfirst ploadrssisti?e thi r st
i due. Th 0 f
resiaue e C@Q ﬁ%gmﬁgﬁﬁc%]rc?&'[t%ta h%?d érﬁgf%'nnéﬁ u?ﬁegtstﬁ?ac%&g%sf% firstHhl Lf'si’)f[t\'e% ng 0

the first Sl r|or ar econ hotor Sl
phot or esi st r:é)sulaeﬂ@ mipr agthbe Qrs@e @mﬁstr?é)slﬁ mm@mdby&mhsn@wmgé%ﬂher eS| due
66 are renovg bif of 1} pRbASFR ashing and the stri pper bath of the prior

t. -2 19 Ma th t f t d 3 th
2recond resi dug (FOJ%GI\S}I?‘@F@%S @\hﬁé?‘aéé'gg“@?@ﬁgﬁ?&é“ %B an@”ﬂ%‘ﬂ%‘r{g ©
speddfi c et ch(reetiosios etching) étch sid priésitaa phatoresisiend sesdbrdemesi. dlie fikighia not
pe present. Nt 3@5&%&&%%%@% etl:l'léa'%nt%tart#&t HOP1ap8 FUBaFaRy (O 2

netal RIE et resi due reno [ine structure

70 incl udes da¥sdéndn ﬂiiﬂlﬁfqté[}aeﬁtm?tﬂfe ¥h the daddviepsmt thedyral Tiaygr 6 heqayseon a
second Ti | aYtﬁé it TiN RS eSROROAHdd M dictyssp 02 thelRTB etdhassamckinrdl Sibalger 324, and

th d Ti 76, f Ti | 76 tact
2 Wi 78, VHFBHEoREN e Aot bk ERED Eet sy o 7 i
sepafat ed fr criditiogalfétehstheBish® forthe fir3ZiMNblayer 3; oe fualthis patlcularet@otheﬁfiNhi rd

d whi h .
residue, whi Clgye}%ﬁ?&ﬁ etcﬁaf mg«?fkgggﬁg%eg%ggu&?@zﬁf%?ggw ishwmpq%es gk g

residue 84, li1es on ayer 34. The

third resi dueﬁrsmlaﬁ:ré@nﬁr rgfdesidyse Which sgwariscs ghpigrreispresigpetd mixed @ity et ch
residue 84, &dieReichesidos 43, @eﬁ@rﬂéwemadhéﬂamcse&ad@hotbfeelst seemaths Ti N

:oﬁ)c/)te{)r Z)gl sf\ ];glg‘{ﬂff?f (r’seals‘g#a%émfﬁﬁ Iﬁ%@pl Hﬁ'r z'gﬂjgl?gl%téélr?%%saef%n si des 88 of
the2fretal 15 phOtmeslssﬂs,rthsplgsmorgﬂs‘rtrh%dzied@:mdtheglcdwécheﬁmMWWWbﬁé second
exposed surf%ﬁlgiﬁ fasrﬁzi"%ﬁm%% é}g Bféxgpnbf‘ar’t' he prior art, the

ue e _hal og en

phot or esi st resi e 82, and the metal etch resi due
84 are renoved usi¥je flﬁESPﬁPlggﬁadfcé@ﬁfeﬂ SH¢H'§‘°§W‘?%&?@PS°5‘QF¢FG e tnBepri or
art. FIG 5 ifirkiuds stedcase 30,dudko cthembimeile ssiuttuesks diseusb&Ohaéing haeillusiraivear t

subsequent t aYgtﬁerﬂ%ygrw%?e”%scﬁﬁ%th@Eﬂl%ﬁqr&ﬁng@%@)ﬁ? %‘18103( photore5| st

and phot or esi S & ne tUfe 100 incl udes
a déal danmascemicondyptorifaiticaemed above a dual damascene via 104. The dual

damascene |ine 10%jy S3 husRek 4 cOMPNa 3rReGe 8 } BY Slbsdfieniad theRIE! T St
SiN |l ayer 108. The Fugamascene wg 104 |Bs (e) (lzlr%go ﬂ—y S#& ©
etch and pnor to the photoresist and restdue 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.



third SiG2 |ayer 110 and a second SiN layer 112. The dual danagagre2004 iS
etched to 25 an underlying Cu |ayer 114. I n processing subsequent” to the

phot oresi st and resi due val ,..e f s of the. du d scene
e o vi o102 S fhele aeidi B hanT & oREF sbord gt Mg BER " he
dual danmsceneosi ¢ase mdanusa;[)eﬂ:élﬁiixg@omaépecﬁioeet&h proemis, whe firsCesidReonthei ng to

FIG 5, a fifgh (ﬁ%ggﬁl@,ﬁl N | ses the photoresist residue 42 30
m xed Wlththeosrl{ lt gf‘gsftg)g) coatsl g’gmdewalls%]lm an Vi a

sidewal | s 118. A I@Q(ﬁnllqsggﬁegaglet%p%ﬁngg%q SCHURY DAG &E’ﬁc 284 due 42
m xed W th Sipifle h réstRe tfoval 2The haal ithetstiectiie {70 hindl@ies d yecond TR Vg8t 12

d whi t tch
Fesi due’ 177, PirebiATRyg A Pug 8682 e TRV e sa@nﬂg‘éﬁ‘lﬁfs%ﬁh :
second expos estconst AblogerGf, andghsgcomtTidnyee 76 &ymra megl linen Thisseqond dt layert | t he
35 photoresi sfg %tac&fhewﬂﬁé’w rvﬁﬁéhslh tﬁxﬁ%bﬁt&i&s the ,ﬁrétb!ﬁ 1 eP?S etrdwiAS glie a4,

the SiN etch resid and etch resjd ar.e renoved. by the
pl asma ashi ngsea%rate@rﬁ@nsthﬁ iﬁfﬁﬁ§ioz IB‘éﬁr H4B¥" asklgwpll P@Pf’%@q‘ Aﬂ%’fdéeﬁl%ﬁ whigh £ fth,
Si xtlbf and seaoe[mrish ef £Bdl6leATesMiR r?\mméd ﬁrﬁﬁﬂw&&aﬁﬁfdsﬁﬁe 84D§@©ﬂmmpb@en g
specific etc 0CESS, . the Fifth, v g &si due not be -
20 o esent . RBOEET Seamh Al e 34 ik A rRRNE Vllol SabHE: B Bibefiol oy
have | ed to pesiges&iiand tbpinapbetehtesisiic Bﬁeﬂagémmmaamnd pxpogedisusfaesda ¢ighe

| ayers, 106 afdysh AN 18fer7DE Adtdatn r@ﬁﬁ@%ﬂﬁaﬁcoﬁﬁ%ﬁ&ldﬁ&nﬁ%oﬁ”&ﬁel ow

dlelectrlc constant, nma pl acing fhe, second  and dielectric
| ayers, 106 diigtoresst iy uﬁ“?ﬁ'@w@wﬂar@ aéetfhrféldesﬁ&ca#ﬁ sidlgg éﬁ%r@ tabnhances
an gfkect r oni dide\Skires Hpefalk fotidh resliue ettbad dbevé thedenoal emd:;&iasdrﬁwe g efthetri c
constant mat %h&ﬁ&% ngetr lﬁdgf fe fp{il.{)' ér%, A th%%)ge%% gregl%hg QQ ﬁee ﬁ%g%ep res?due%\ﬁ/

dielectric cons egory BB
const ant mat endghemetsl @tclaesﬂgfz%mee@m@redlumngmmmn@ a(slmag puththe swipperdatin Si 02
di el ectric coifshédptior afine second cat egory of dielectric materials are

spi n-on polyners are h| y cross-1linked S fically 10
Gost gned 1o pr ovi dithS Mbifdiecs e Hpgasamsrartite 16 SLiRmos A PSSR on

pol gaers i s dialdareotre R Estchland pritt tokhe shotorestsy asd photatedistactidmirbmortal. Dow
Chemi cal . arrfeflﬁai %@gas&%g @E&&h@o%&&% gﬁ{uﬂﬁcé& b il Thha NS and

| ar ger depth eonetries pr;gress to

the snal | er diusbdmnaseeneainl 04 Jihgdpaldepasrencling WHs ¢taln€fddbrougm@sqyp M&ashi ng
and the strippeyr 108bAd #first BV REEO082 The 868 dhRaRQRONA 1@ 1sREche®fhtRighlave at

Tl o DO AT PO R A B it A SEIED ©
confnued usenaimdetdnglCadayer bshi ng. For the CGSi Q2 material, the 02 pl asma
attacks the In processing subsequent to the photoresist and residue removal, exposed
surfaces of the dual damascene line and via, 102 and 104, are coated with a barrier layer
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 SiQ, 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 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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C. For the CSi02 material, the 02 plasnma can be repl aced w t hoaqi22qj4asma
but this reduces an overall effectiveness of the plasma ashing. For the

spin on pol yners, ' ] -1 I shing is
not a feasible net ogils?t ?%?ab%%vﬁ%\{ntgﬁg&nc_ ott%crﬁ%%i{)é}{%%vyﬂﬁtg pg(ﬂ{)a;tgeoc?esi st

resi due si nceaeplaesmsnahife a@ﬁn%gldatmr@élekectjméw%il?ﬁw Y& 9hiBe dualyphat i s
needed is af frmsms. &k eﬁadﬁme IU?Wﬁtﬁ%v@ﬁieIeeﬁ%\b:ngaI@ hgt@r\%&s itmeplacingh%d sebéndneeded
is a nore effecgtjve.nethod o A res e, at I.s needed is a nore
of i ont metHGAE PG gt KB B ddPob T Sy oot danti S a et o

ef figi ent netdnbences an elmuwiniglevizs sphed. Cuirent effortnwatteelop thedowslidhanttiof

removi ng pho,té%&aﬁt%atéﬁ@@a% $e43 tﬁhg%:gd ééaoma@égﬁﬁeég & (R diPEcHlE 961&5:51{ es
~have snmal | di nmensions. at is needed. 1s a nethod of_ renopvi ng residue from
a substrate iBaEPEHIRG Grst eatpearyPLilow dickrsBirsopstand Hr?é?f@l%lﬁaﬂ-sﬂ?zmabws.
What i s needeghitis Cqcarbdn)dswat ai i) diddg tri @hstasts The sédondeategoup of dislegtric n
which via and tI i.que eometries have.l argﬁj&ﬁryp(}rhssﬁo %’ﬁ dc;[ h r%t | 08 Caij\hat S
needed is a rMEYHOHS BF SPERBVHONG sy ar & '§"F aIt’éerﬁr VRS éf?‘l {a and

| i né0geonet r i desighed/te prawidrea epditlectoe epmstant. r s Expeplad tisinios pabyededdsi s a
net hod of renpy, tgeRRAIOSIERI 'Séiﬂ,f(riQﬁT‘re%is‘Eéﬂ&ﬁH&hﬁdd JF D¥¥ Chemicg@t ures are
etched into a C-Sl&)z I‘$ di el ectric constant mi%ﬁﬁrrl al. What |s needed is a
met hod of renovi ng’''#&% E/{heegqowmeéa’éﬂt%‘éﬁrlaséln@t?ﬁm fmensions gacdlaregs depth ched
into a C Si 0Zoadihdatedse disithevia anblirgegeometrizs paigrestocthe srmalive dibeshsioas andret hod
of renoving | St ] | . . ar t ched
"t a spi - QAESOIRL B b AUPRMAALSLaIhE dripdl? RV G o O
Whal5is needdcoming lesseffontivopt lemonaliof ghotessrigh and photeresistipidue. afwthien whi ch
features are ShEMALl o 0T ARGy DRIl GBS AmARIS AT
mat eri al . - . i Qv | i

met hod of pr&@@%%‘sﬁggtﬁﬁg%f%f éﬁg\l‘%%ﬁr the £ 310 gnatenad e, 2?‘é§mﬁﬂaﬁ{;%1‘¥‘ﬁi ng
super cri ti calC.cBeritheiCeBiOxindeerialthe @) phgiia@us be feplaced with b B, pkisiadtit thist h t he
substrate, thesaubst §al HANGCA ot hld ALk ol £R0S, piheh, SUPPOrts
materi al sel ected fromthe group consi‘sting of photorési st, ot Or esi st
resP@ue, et ciespesigliyRow Ghemigals the plegma pehinggs note fepsiblg methaddomqueous

fluoride undeggbVifg tHeihofrdsise 8the pRutbESistredidategnck LR PIASAE: SR fattddks theher eby
the material becones undercut material, (b) maintaining water and the
supercriti cal®Pd YHf'8xi de in contact with the undercut material such

t hat the under cut Wiedtés neatiedsie patoat effectiveomethbé ofrelriostng phictoxésthe

‘What is needed is a more effective method of removing residue.

25 What is needed is a more efficient method of removing photoresist.
- What is needed is a more efficient method of removing residue.
- 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 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.

_4.



surface, whereby the undercut material becomes separated natendaaypoda(c)
renoving the separated material fromthe vicinity of the substrate. In a
further aspect, the invention provides a nethod of renoving a material from
a silicon dioxide surface, the material selected fromthe group consisting
of photoresist, photoresist residue, etch residue, and a conbi nation

i r ) i sapat L ALELIE s Suiach AR AR MR bRl (i
mai nt ai ni ng supercri al .carbon dio . .

cont act i t h EREeT SIS IiRg PRGBSO UsleerC SOmvamatsid { nat t he
aqueous fluoride undercuts the silicon dioxide surface fromthe materi al,

(b) mai nt ai nispviveat eORTEETRS/ BuPReriti cal carbon dioxide in contact with
the material such,that

t he terial separates fromthe silicon diaoxide
Surtace and (o) 1 EhadeAiPTihe SR fspRign” PRSI bR M PrebitEnd PO
di oxi de surf &e@prisen the steps lof ) mAwFainBg supercritisal pabem diogideprndvimn eguegunret hod
of processi n@uarigdl s témdce withotHRr ubktige, tthe seisape akingBkiNeat @ioR@le surface

supercritica r I.0X] aqueaus. flwori de. and a so] vent
i n contact vm'lwth%%aéﬁﬁg?r%rﬁ ﬁé’?tgg%l Sgﬂ%‘%‘ﬁnfff g%eth%%r ({uﬁecogsd%Isntgrogutpglmlgrwsgipg'gtﬁfegks% ng
t he super cri f§sedie, delyissifue ps epambipationfhereat; surh thet the @wowsf%w@n andpratip
consi sti ng ofheasilidvat dioigé Sirfaca fRAOtRIAMES1], vhskbithe Bitedl Hacsas shdercuaind a
conbi nati on o : . ' ok: . :
ot oy o HEAFRECh mAal Guet B, BT aﬂ%gf PSR sPlonEfSio te
vicinity of URETSlaitehal such thah thr Hederay jmaterial senpgtesy ipmcthe silicen; digdds i on
provi des a neiufied, wherghyahessdengt matesiabisicomtesepanied nmitatigl irdq cpicapsingfthe
Mai nt ai Ni N9 SURBKET hhb G4 frohPhb HRifiyf ifiSubdraleET L @ry am ne, an aqueous
fluoride, and a S@$V nt in coq%act w.th a materi al og%a surface of the
substrate by circ %\SFTE‘W PIREcts e APERTQN RIgYidesA BEHod PhErYEing rRatera! domy, |
sel ected fr omstlizen d'g)piiﬁqpsurfms ﬂs@aﬁgiabfeela:t;ﬂqﬁ@m rtesgetp censphing of pisitetsist,
resi d_uei an 9%1&Pre§i§tf£é§idﬁ%,_ étF'i? r@sciidlﬁpmll)d agédn%ndétﬂaﬁrtﬁa%‘e@f %Hlfxﬂae tsgge%g ';J_?&clide% o
material is at_.l east partja | ved: . and renovi ng |
the vi oi ni ty WP FeomptiRes {18 s 1o (o) RO RAin e, SUBRTT R Py ERAM S67GC e of
removi ng phoeareens Seoriadn eantdctwith therrontedal sndthersilicen divyide saficy sudhitbat the
phoz ﬁr esi E t : a@eoﬁ?ﬂ?&ﬂﬁﬁﬁﬂ&ﬁd@ Ehe%ﬂ%_oﬁ Hﬁyﬁd@%ﬁﬁé&?,ﬁc{ﬁi thie %teﬂa@,%}iﬁ@in{ahﬁx@l ns ]
on the substrate oW n r egedi .sem conduct.qr .processin suc
o on i mor avikt i e Settccl G RIS FRTRA B PR Ay el Fhe
supercri ti camatesiah seppgaies foon theailison dixide sfaceappdate) Fenovangthy neaseniab dor n
contact wit hitehgcisigbsitthadiBednaliéiéd surface.ami ne  and the solvent at |east
partially dissolve, | E'tﬁl Rl?tﬂ%lozfsféclt She ﬁO&u"oH%@?&%Qﬁ&%ﬂ?oﬁro?%f’orcéﬁi%a snlgﬁra | ne
is a secondary am.ne or a tertidary amne. Myie€ preferably,” the anne is
the tertiaryComPRdng by siephol aayrenng supsycriticakbcaghanhoxyide, 4a japdace dn aquegns t he
group consi stlucdeotind a (svbitchty iravbmtagt ewiitamoatePAIDET A, surface ol aho lsabstrae, 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 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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triethylamne, and a mxture thereof. Mst preferably, the amjgesiys2004
selected fromthe group consisting of the 2-(nethylam no)ethanol, the
PVMDETA, the triethanolamne, and a mxture thereof. 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

phot or esi st Ei'?ortn ] fd%sé Mﬁin@r%ddaecon?ign; Ehict Ovﬁh\fﬁecédﬂkt}a\fe & {htapﬁle amine

substrate. Pre 1 ch
the substrat én‘i' e S?lwmtéa epsh p@fﬁlélséeﬁ@mrth% Pl?f’é?re%%raﬁ‘?)wed?séfﬂede and a rinse
agent. PreferablyPréferebly] nbe ageatisi s sescaideqt @thide @M 4 hemgnoumm:onhioset i ng

of water, al Gyl AE LA is Aol dhite e &e%mfermem%&i 0kikred e

rinse agent S a Xture of Pre
al cohol is s&oBL{Ry &MBrensistigs p%@fa@b@fmwé t@#n sb g}ﬁ?@m}mm

et hanol , and tristhyi@nink,candno hextuteathersef. gidst @tafcﬂabib(stheMnnee pr eleetedfrgm thde

al cohol is t téb?lE‘i@ﬂmg by - (&&hyl@ﬂnﬁrﬁﬂ)&ﬁédol’ethé WE’(‘R”Ehe t"r@ﬁ;aﬁ'ﬂh{ﬁﬁneand

t he sol vent arié_wg e1 \Mffaébaueo [? E nasecondater{mtlve
enbodi ment , {Es fheredt. Jaefstpble tense e&hlfesc‘? gtef g thgc2rotp eHsIsHng g

al ternati ve &%0QiEMMP]avetylacttone BAIQ, ecatimtaceDYASO AIGremt 3 mixtire tieméafie i s
added to the aquemm fth&%?bt@fésﬁf‘dnd e 8Rldie Hre ¥Embea ﬁ&ﬁof.'ﬁd vAihi®y BRithe/ €

PET St 1 uct ur SBIpy EregRIEby. o netogs SR it 341 PSS PURTHRE pr f or

to a phot or esingad ip gheospasrerifkialrarbon drmd@ padd eEinge a‘gﬁmtsf’reﬁr@l}stﬂnmmaqmeermﬁs t he
prior art subgedetibm! Beaforp Eondlsthy oﬁﬂﬂtepra{l@ﬁhol Qc@toid) Ah8 aCixGibre amiedfes' due

removal . Fl GMC%% 81‘4&%&1931{11@%1&3 %g%%? %d Mnt)ﬁu fli!ﬁ%o &hol ané p—; WA cro li’reef’c Iély,

subsequent to ? FO1%esrs
renoval . FI Gtheqalpoholdg pefecded Fome ha|grwmeor§18rﬂeet0ﬁr1@pmpy! ﬁl:solmfn sihamit and
subsequent t athehRwRhleailatweigidicphdlQmMére peefiralbly dtieale6ivdisahe ethéholby 2004 5

FIG o T ustrat es, g ofleaheHATERABAGRL el e 2la H0SoRLH Ole BhbeahRERLC

to the RIE etch an rraor
is a flow chaffeops IﬂHg’f‘ﬁleatIPnf{‘gsg‘toéﬂsa"GT“af‘Yf'e e‘é‘P@‘?‘E‘FP‘edh‘hé‘PlH% isfaddefb t)thes ent
i nventi on. Fhéaeous flhdridetafalicefirst hlerptiet embedimpnto fres shirdgpleyastiesre@bodifent,

present i nvept.l i
i nvention. %ﬁ\{:glg% %E%égqg%ﬁ%%&%ggéra&%’%E%gRg%BE@N%d%T %ﬁ%&ﬁgﬁ%ﬁ%&eﬂ

invention is PR of renoving photoresist and residue froma 10
substrate using supercritical carbon dioxide. The residue includes

phot oresi st BR§EFAPESCRIPTION OF THE DRAWINGS
FIG.I illustrates an n-p-n FET structure of the prior art subsequent to an ion

implantation and prior to a photoresist removal.

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 etch
and prior to a residue removal.
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and etch residue. Generally, the substrate is a sem conductor 19&f£/2004
Alternatively, the substrate is a non-wafer substrate such as a puck.

Typi cal ly, the ph resi st was .placed on.the r to sk a tion of
the wafer in a pr gztc,lg}ds skl ESE%EETWWWP%\A‘% ep‘b?’&%%&@“’@?%ﬁ" ch
precedi ng pr oREs&clsirsisior reihe ghotbresist amdlresiddu@treroovaind et ching steps. 15 In
the ion inplantati : £5] SnetlodtdttnigiLh t hat
are not inplant e_dﬂ \%? %ggﬂ%%ggaﬁ?ﬁ%tﬁ&lgggﬁ%ﬁ%émﬁﬁgﬁﬁegeren%goﬁar?t to e}qﬁpﬁ%ant t he
waf er in non-AEEWEE regions. The ion inplantation step forns a hardened

crust on the phot gIES T $HustrR@Y ihe PreferrddPrbdesdind §/s@al 6F thdgtesent hiReltindened
crust. In the etcgﬁ% Sttﬁ? tfhe Qhoii(ﬁre&:hst n%@ks ar. eas of the wafer that
are not etched 2 P isthy REeTortsd mrline A the gresvl Y8 ched. In the etchi ng
step, the photoresist and the wafer are etched produci ng etch features

while al so pregygine DESONIPTRNESIFSIHE PREFERREAEMBIRIENT ' esi due. Et chi ng
of the phot or'ési’st_produces the photo*scfl T resi dEe. E[agﬂl n(% of the etch
A ploresigt andapsid

features produces HSPTESCBHNYERIOY s met L] £ peiduedTomya
gﬁnqoﬁl |y coadubstaieusihd @p@ﬁ;c]:ﬂfjim cab@hdilbﬁa_e.uw@resfdﬁe inolug ey Fhoejredit m?icmteeps ,

t epOtOI'ESISt | no et e 1 [o40) titon so that a or on..o the
et Pros et et B PR SR e oot o e Al B

et chi ng st epssubstrate istagionvpfenrsobateate sueh shempucke fapisiliyy tstpbotorestst wes plagedot her
etching stepsyy b Pé{e? !fﬂ)ﬁl%kgeﬁﬁo?ﬁoﬂ ﬁf_tﬁé ﬁﬂﬁpiﬂé)plﬁéé?i&%%ﬁn%né&t&%mﬁ esi st

remai ns on the wa In su etching steps, In the latter case only the
resi due, thatPrPeess step. phsbdvecsfing prasess gises Hislnde frp implantation apdeicng stepe i ns
on tibe wafer. - The Iptigsien implantetidr p, e phokaistblaykstidad 61 e wiater HiRiTarinog
phot oresi st for.. mcron angd. sonl ler I I, WOI he
P esent 1 nveritipltedodll £iGRal MRl ol B0 [ Ebtant e Hain HOLRRS

phot or esi st s ragigns e ien implowtpigangitap fesoporlkardensi erust asthe photorppisidleavaga UV,

deep WV, and jefipliketors 8RR tHohaRIMALOERR] StS. 35 Alternatively, the present
i nvention is direcIEed tqQ.renoving . | ar erF%Seorretr hotoresists. It will be
t

YD
readi |y apparent tB tWh5fiching jier thehotopeist pastsifzgas o fbe avafey dhgh preiof ptehed
i nveation i s wisiicthe hatmiasketeégidnsaie dtetiady imthetetvhirgtstdppthe phstoreaitiariditke r esi due
it is equally Licabl e to.renovi ol .. e.residue, or
b oo PO PR b S DR Rl B B O
May 2004 Theaogiths delr residuerbBighing af the phetheesist rrodises thapbeloresist yesidpes t he

phot or esi st aehih6f the SicH Y&kt Opodites WRfefh reidiR0 The PRét6Fekit 4Rl cthatHAR
di oxi de, an am ne, and % S b\éggl&qtg’ﬁé_eferabl y, the amne is selected from

the group corErgelthgeahsidgw 4% and a tertiary anine. Mre
preferably the amilneoms ctchieg kepd, tlerphotontsise is fov etohedoid eomppletien sdihyt 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 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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5 the amne is selected fromthe group consisting of 19 May 2004
2- (met hyl am no) et hanol, PVDETA (pentanet hyl di et hyl enetri am ne),
tri et hanol am ne t Theqjirbighredembodimeg oﬁth@pﬁéﬁﬁtﬁnvdmabﬂafﬁmovemmph@ub&mtaidl Y,

Lhe amine 15 AELEFLEGLT ATVLS SEOURBSIPBLALIDN ik ol IEEDLATAGLAL hano!

PVDETA, triet ano am ne he so vent i's

sel ected fronPrefrsably,dhaansian i sslerisd fiom tm/sv@uP aprmtlng pf @ﬁﬁcp@éarﬂ@qime

Egt hyl elne Cartiaﬂrw ﬁ')n{neNM?)ré PrefaRitny immlﬁm& ﬂ%elteﬁ@ﬂﬁa}nm@gmaalm@egf@aﬁm BLO
utyrol actong), aceti C i e mi ene

car bénat e) , Haﬁu‘fﬁlﬁf‘%?cé ‘ftlﬂ‘ﬁ?%%m 10851 tﬁr@‘%&a@?‘%}‘ﬁl g%:t:ha{}‘g( I ected

fromthe gr o@pntamnmykmethggermmaﬁm trieGandiiine aciethylamdee tuahe miBlLE thegeatci al

acetic acid, g[%gpﬁ{ od of the present
i nvention is ?ﬁ%ﬁﬁtffgtb% as Jﬂﬁ écteéi]ggr amﬁ&ﬁﬂiiI 'I% referred

met hod 200 be@ratylaying)ethap PW%ftlé@thmmﬂlﬁﬁﬂ% lsad éﬁbl‘%ﬁ‘é@?@? Preferablye

resi due on t hgeWaibétt is é&ld‘cfékifﬁ@ he Wc@nﬁ&iﬁh@%@Dm@ (dipeihyDeiifoRRleRIRESSUr e

cha in a ces p ess st 204, the

pr ers{Bure chan% feﬂFEﬂfg éuﬁ\@g@? Wﬂlﬁi'@é}yﬁ'ﬁ go@lc f:??ﬁ’{opf” Pfelﬁg car bon

di oxi de becon(styrdlectenehecetid dcid; AIMAC NI rdiroethgliacstamide), BCC@pylehen a t hird
process St ep aifmald) &aeﬁﬁﬁetheren@ MK BRFerh 0 ko6 I ot Boifppe and
the solvent into t rocess c process step . 208, the
super cri ti cal 7%} RIS %&ﬁw Oy K&, NMB, acetydgetons BLO). gltal agetic asidmndianed i n
contact w th mbeuresfeesofunti| the photoresist and the residue are renoved
fromthe wafer. I|n the fourt rocess step 208,. t.he , ne and t.he sol vent
ot TRast parti al | yigRegaroLmp el SERERERGH eforis yRERARY 8 Bt 5hgad" Tl
process st ep i2FG. ¢.hEhqpreicoead method 2D@ begins bypladingibl yasthwidls the photoresit si xt h
process step gddhe Ireglﬁué"@rfﬁEWa?errWﬁﬁﬁg?rés&r@c&%Pm seRﬁx‘é@cﬁé reshffP 214, the

preferred method 200 ends by depressurizin ressur er and
removi ng t he GRATREL ¢ St;PF@P%SrSr“’é’dzoguﬁ‘é? éqcpw Brapﬂsgﬁﬁeégﬁ|¢@pr§§ﬁ§¥eeqwbert he
present i nveris pessurized ¥8h b:hrbbts&xbm”tiednmlﬁhd:d:e&aoﬂdloiliheb@bﬁk@ﬂfe@dpﬁmt&;&pr itical

P oRFSSL15 XSRS 7% R A BB B
vessel 228, &amerséhﬂ aming andihierpolyay inte fig paeressahamber. dJas fowd pre@m gep vessel

234. The carbog, @ e%t&hﬁ%f%n\ﬂ?oﬁ&ﬁl thé it ame%&de&tgrérﬁﬁnﬁﬁﬁaﬁw e
car bon di oxi de pi ping 236.

hanber 226 t h di 224 a
'(I:'hg 3? car bo\#ogﬁaefx‘?%&g&lﬁ “&?%'ngﬁfée ngrﬁaéts'mg ﬂE‘aTF%‘FF e Bnqyed feay the waten
| ocat ed bet wdrithet foerth prcése stef 208 ithicarpinapn®®:é s@lﬂdltfahk‘,a:ﬂ E%ﬁﬂf' &gida\am?ﬁr 226.
h eater e
The,pressure &Q%@%Bagdzt% résﬂ{ﬁ%ufﬁefﬁﬁh Blroggﬁ lﬂtlr §t2§ H%)fr{essu:f amv\ﬁ' 5h coupl es

C|rculat|on d onh a “crrcu
to the press maélaélbi&wteé 2B agixth pracessuateptd13nth wakr is dusad ahch severdh

circul ation %deggst 1.4, HRGrBe BathoSUMUrMs ¥§ a§Rbssdifing fhe pRidR€d to the 40

circulation hne 247 via a chem cal supply line 248, which'includes a first
i nj ection chamber and removing t € wafer.

The preferred sup ercritical 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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-7 19 May 2004 punp 249. A rinse agent supply vessel 250 is couphgehdoa the
circulation line 242 via a rinse supply line 252, which includes a second

i njection pu 25 The_ex ectio sel 234 s led to
the-prescur o BHENAL, Sop R SpdSessB 00 BRIk SR S fueBUREE |
apparent to omeseskpily boe 232, Wh@hamludehatseqoné lqwcélpemrl@a 288p&heeihpnst ghs 5
processing s Y&HI%Eﬁo%Z&sch@itMg %&uﬁl&i 16 itpredsfRichehb&! 226 tv’iaQﬁhQr%t gdsifigigg s, and
utility hOOK\l,J\%pﬁs \@/{14:2) ar e of s rcrh]tlcalaaflw cessmg

syst ens. 4 il &d?ﬁdf) ‘FTEFﬂ O‘F 81% eiaftdatithe RpeiTe f“PFT‘E&P al

addi i onal chaotessihg systaap230 welsdes valving) bohtind elecruuqnhadﬁlters tane ufilitydookupsect i on

punp 249 or t@ﬁ%h% qoﬂ | htc rh% AloSH esseI s and additional
Pt ok sl A Bt Rt

i nj ection punps cou ation |ine 242. Ref erring
to both FIGS. 6 ariélwrllbewpdlbh@pwnﬁtg@neshklmnﬁh@mbthﬁe@dﬁ@mwem@el begi ns

W th the firsdupplyReess c§ﬁ1ﬁl%e%@1?pledi&tﬁ@ﬁﬁhm}é&ﬁoﬂ\ﬁﬁlﬁﬁ 249‘@%h£t9hé:ﬂﬁ1tﬁylﬂ91_t oresi st
or the resrdcgé or ., bot the 8518 and the resr(ﬂg f? &@ed in a
waf er cavity PEBIGH SUPR 55@8& ﬂ‘é"’irﬁré?cufﬂguﬁ‘ﬁﬂcout feoupied I thes s ur e
chanber 226 |arcamabmﬂncz42 the second 15 process step 204, the pressure

chanber 226 15 pr%e? g)dbc}?HFfé? éﬁp?oﬂnepg%rg%ﬂt%%%‘f%e prgéée%\fngﬁ ol By car bon

di oxi de fromthe car oxl de su second step

204, the car Hs8givath theﬁrsspm%ﬁ@ é@p@ 2,tuhefh@aﬁmwa@r,@ﬁmeth@@apt@rw%e thei | e
the pressure glagd@bodle pRothRsikemd e feliBud) is958déa gn smfépearw@easem@m to

ensure that a_tenp ure_of  the carbon di,oxide sure chanber
596 1 o above HICTHECTIRPS 236 At e i PESwr BT P25 SO OR BAAE or ¢ he
car bdn di oxi deotess &dp 24, Bregiressab lchamben 226 isqumypewnrived ibg tiof catoa chmdn;mmj: oxi de

in the press Lﬂﬁt\ﬁx'ﬂ?ﬁ{p @&bgg@iokﬁe f)InhthQ c:ﬂ'b&ﬁcﬂgﬁgrg El)lﬁngy vegsél Q%Z 5D

Al ternatively, eterrperatureo ure

chanber 226 is§cond;strpi0Acle sarben dozide ishgated by thergrbon d@’%“éﬁ leﬂ@@nwmmlec Upon

reachi ng ini tthebreséw@d}ﬁmb&ﬂ mlls ﬁeuwwtﬁ@ nes@?@c}fatﬂbéﬁhdaf& 240 ioQRsus it 249 25
punps the am Bl and t

c{ (riomtﬁhe cheni.ca s%% esseh@%ZB into
the pressure “PRYABE 361?051 1PHAEH ?J?rﬁ?suﬁ?nhﬂnhgr VP& PHE car bon

di o0 de punp ttmperhsre. Theesitical itaamerative fentpecarbért diozide w?rlb’ﬁin Pdwftmbldethian t he
third process, b&ReOSF m&%f%%ﬂ&éhﬁﬁ%@&%%@% d’ti(}% T elot@s sol vent

has been punped into the pressure esire sup *critical
conditions ar Qt?@éc(ﬁeéltemﬁfév%rﬂkﬁ)tﬁmﬂ?fé%‘ﬁd‘g threasbagudioxide sy thprrepiuessur i zi ng

the pr esgurﬁ dhhmaerzl 62@ﬁmtdnedfwlﬂﬁﬁamgecfmﬁ 3PUCTRo LAt sm?ﬁ:s pumo: n?, t he
am ne an the so | press e ClI att on
Ui 230 begt ne.ci TR RSN FRRLRRE 45E B ARG EnR Y an e
and2% he sol vemmpsithe ankiae rulthe holpﬂmtb@essths themied) SupRy vessel @08 attd thg préseure
supercritical.peap Onﬁg'iacﬁ‘né euldtidh hnq@m@%ﬁrl@ﬁlq c%%nﬁ gi’(faeﬁatumptfnﬁler

supercrltlcal car I OXI mal nt al ns e am ne,
pressurizes the supercntrcal carbon dioxide in the third’ proccss step 206. Once a

desired amount of the amine and the solvent has been pumped into the pressure
chamber 226 and desired supercritical conditions are reached, the carbon dioxide pump
30 224 stops pressurizing the pressure chamber 226, the first injection 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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35 solvent in contact with the wafer. Additionally, by circul qtglmg,
supercritical carbon dioxide, the amne, and the solvent, a fluid flow

enhances removal ol ARKGE3hS the reg?&eth'a%eﬁ%ﬂg@edfﬁog%mgo 8% duri ng
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2}[ ?SS U[ ﬁ c hﬁ"c‘%tson ﬁ@;;xé’e? %é&fﬁ:h@ Ghd sﬁﬁvei‘lp Hérﬁd\re& pROBLRSisE Taﬁi)reﬁﬁ%e(% %sﬂiﬁe %ﬁﬁe 2 ?g4

er e o} esi s er ue rom the waf er e

O eosur o chanionos 5R soledign b ester 20 SrE b PROTePTo0S i bk P E ka1

supebcri ti cal 226cambarthaiindial sipercritieal anndionstin theftthwntess stanﬁubd phot or esi st ,

and renoved resid rder to
Us che %{tﬂgmc@%%rﬁéeﬂvsltl%g%% s&Bhd &gécheﬁpl\{rﬁg L%ﬁg d 18

return conditions_Int nitial
super cri t i cal 226BHATE s sy ASq0h PP Ya35eh ?‘&'@&%the P%S%émh%r Fevighet 1y
process step aﬂcalaubﬂﬁnéﬁﬁmtﬂxelcmjbe@tlio@iale@umm 225 Prepsiitiass the pressige clagest from

h i | | 250 h 226 th
LT cul ot s on s MR e dEeEarpR Rt sShdidshs BhE B4, B clS AR B M 1 aesur e
chaber 226 dizulagarthd duperdeséal earbstuqhexxde and the kinsoapeint inender trmhse tleen, t he
circulation pyna. ?Ft@feﬁa%lf Me%ﬂs@%%eﬁt fs@?le&la’tPEBﬁrthé g;ﬁ%c&ﬁﬁﬁﬂgoﬂbﬁéﬂ de and the

rinse agent in order to refe I nse agent is
sel ected fror'sehel; Grdens ’@Bﬁ%éF@{‘ﬁ‘lFththFofr\/é\f[‘éfF prefepp P rinsEageR s the mixyre

m xt ur e t her esffthe Nost@] pidthe watek.yPrefdisbly, itissfcagbitseletted Bemthagone of the
al cohol and t e , (P e group
consi sting of° %ﬁé‘%ﬁ Jﬁfop E@&ﬁﬂ%@%&%@ﬁ%%&%ﬁ% I%‘%'El}aorﬁgﬁluga\?v%n%h L%l? z?y]we i ght
al cdhols. 15 Mbreaerﬁc@bb’r thiglajcohelhe sel¢atwsioim the srelperopsistinigrafitha inepropsdup

consi sting Ofalédﬁ‘?al LRQRL &H&ﬂol ﬂo@@?@fera%ﬁpﬂferéﬁzoﬁélhgﬂﬁlethamﬁ preferably, the
al cohol is the et anoEﬂilerre erah waf er i s hel t|o aryé&@the

pressure chanber - 278feril: ty vafer is g‘?@f‘ﬁﬁ“‘iﬂ"@é’é‘s@"’%ﬁ"’?ﬁ*ﬂ‘?‘“
wafer is spu rmxmh phjcesststqa ME e ddternati cdlp hewafeiz Gpuliwiting tlﬁd]ﬂessupetchamm@c ess

step 212. 20 tep 214, the pressure chanber 226 is
depressuri ze %ﬁ% %Pm%sg%eﬁgr%ssure chanber 226 to the exhaust gas

col P@ction vessel Inge SaYﬂ!lthPﬁOFfﬁaFﬂeyzl‘i Hiee pragsute dhgmber P30 dukeprasshrized byr essur e
chamber 226. e&h@sﬁﬁgﬂerpf@ﬁu& bmhaeagz@fo th@ésmaﬁﬁ%@moue&i/&mh&vzs'ﬁmﬁr aphi cal | y
illustrated i f&ﬁ mB‘?‘i’e'? t|m3| Séndlcatesthe preferred
met hod 200 asfll}ﬁ1 ¥ %VF%F\‘SJP Y ed’r’i‘ifs'ﬁ% DfG“¢%t es pressure 262 as a
function of the tiTheprdférrad tithelive of @rdirdsyntdinzatienis graphtvaly Hlistritedin FIG he art
that the ti e aﬁ{e%tréf@rré:d tﬁhelﬁl '2%0%13]&%5 tﬁéﬁr%feﬁ%{l &%&%ﬁ%éﬁs gﬂffl@tuﬁ‘ (?f%m?

indicate relativ stos our se
wouRd be mi nianilzlsg lndmasqsupness@agéhaq oitopfian of thmtueeomnilbateaéﬁada;@fafeptﬁoent

processi Ng NMefnBQkkiled in the art that the time axis in FIG. 8 is only illustrative and as such does not
indicate relative time periods to scale. Ideally, of course, all times would be minimized

he

within reason to obtain an economical and efficient processing method.
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 ¢, 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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Prior to an initial time to, the wafer is placed within the priesdgsy 2004

chanber 226 30 and the pressure chanber is sealed in the first process

step 202. Fromthe initial tine to through a fl st tjne t second

Cine t2. the HRUELEPADEHMEERIYER, theonsralial grsitile s VIR AR L R oo |

step 204. Thetl pV@psmd:mhé,D%pmreaches critical pressure P. at the first

time tl. The criti oxide is
@?A yprQ{ ﬁ@&%ﬁh&é 26f0 1{11 B@Féﬁhhﬁat&:?%]ssg it

1,070 psi. Prefer am ne an € S0 vent a Into the
pressure chanBeiizmeg 45 suparcaical tarteonrdl@@@e therpmige, aa%aleﬁﬁ@e%tées%ath t2in

Lhe hird pr %@%ﬁafe’iﬁﬁﬁ%t%@ hofﬁ’%gﬁt%tg%e\’rwd@éhr@f&ﬂﬁe@ﬁﬁnﬁﬁé Varek, wtﬁd:l?ﬁkésog h
egi ns upon reac abou er ive ne an e
sol vent are i %ec‘{[@'g theeeendiiime e g t’(?‘l?af mce%ﬁ@pgi@% tine t2
or after the mmrmbmummtsﬁMalmmswﬁﬁdmﬁbehudmenesadmmp&eati ng

pressure Pop %Sezﬁ%%ﬁgmg«%ﬂﬁhé@bﬁ Eélﬁ%%l’nytrte Bﬁl&zﬁ gtr@sttm» R6&5GMHT € Pop

Is -9 19 erati ffg pressure
Pop is wit h| nibe A & 0P et mfarfi;ﬁﬁemal@tz waigag fipg th%i!utto-é 2@89%@ the opgpating
prefigrred ti r‘%’eésﬂfb L,00 £O8l jriide® rbdhaigléearfdQﬁéﬁﬂmgﬁgﬁﬁﬁﬁ $heSt, ﬂm 2060 pi tuha

mai nt ai ni ng t

I ‘th I t
ot R Al e, B el O el iy AT RO A0S 2 vert I
fromthe waf epqrfomgtas paatlad shepfi flrprofese step BE). slButhrdaltermativeld, additwnthi rd ti me
t3. Inthe f %P@dé&e{ |1
exhaugt edef rlolfewaﬁgé %ﬁ?ﬁlﬁtg&e?&&mﬁ&e&fﬁl&% t‘ﬁtulri?tg t4. t|’pz%21era é)@r(et ?s ?/s
acconpl i shed BYref dissxhansts@mbe pduibgdabiti ng pressure Pop to about the

1,1Q6-1, 200 psi lﬂl‘lﬁ:ﬁrbféﬁédﬁiﬁblﬁié%o cbﬁﬁrﬁlbmtﬁéﬁﬂmtﬂf&eassl@pzmmonwgto t he

operating 10 ssure.Po nd dr ng again
06 the 10100-8F BORHE FORIne Pof el wlhER &G ot RLP e ¢, IRE3E8, o7
recharge and nrheesss:ep)atll ogirsyath ageeomipresspeeréabarge dudsg phich thﬁﬂltﬁhagéntist h
process stop O;%é&rabFr jelat%a uﬁbt&rﬂt@gstr\é%ha&nba@% Ebﬂﬂﬂé fouttﬁ%ttﬁert%%héﬁﬂhexhaust S

are perforne gﬂ IProcess step 0 where one or _nore of
the exhausts @5ntsh ﬁlefsﬁ‘feflth&?ﬂ%ﬁ%ﬁte 14 *ﬁ?é’“ff?‘gf’ é‘?qﬂé?i’r £isisxhastsd drogbnt i nues
i n 20e sixth the sigthsthnst;epa v2nthitinde .| Prefordbly, diis tstneccuqﬂﬁhcdlts}odropmﬁg fleurt h
time t4 thro tdnnt I xt h ess step
212 begins w ra?inéé;etsg“éé P‘{’Tg%%babtl {e&F Eeiblﬁ)gﬁgieboa) ik atﬂ%v&t )aﬁugt% lsmg én glgent S
preferably injt¥-baA00 peiéo ﬂlhepgﬂwﬁ@u@tfamaﬁh@ﬁemwcmet @mdﬁmallm me t4

to the fifth S e
charber 226 152 ggqhﬁﬁgtﬂgéttt‘i@p%%‘f%ﬁ%'%ﬂ‘%m Afmivtly, Wil BRRUEC

t
Preferably, tHf PESTHSF Feshasge # ngt ijltsrt’éﬂ%&@rsaw%pﬁ%@ég@?e Pap to
abo@f the 1, 1@- Fubé afisinativelyy additionhl extisasts bnd tectiadgad @rd gepforthédas phrtkd0- 1, 200
psi to the Ogﬁégetv'e{t;tﬂrpp&%%ss‘t’é'ezﬁa in athird pressure recharge, and fi naIIy
a

dropping to Ic pressure in a final exhaust. Alternatively, the
t hird exhaust A first alternative embodiment of the present invention adds an aqueous fluoride

to the preferred embodiment. In the first alternative embodiment, the supercritical
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 flucride
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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and the third pressure recharge are not perforned as part of theMsexmEdt h
process stop 25 214. Further alternatively, additional exhausts and

recharges are perforned,a rt of .the s enth roc A first
L Lornat ve enbodi Aarou Aerhains efbadnen IHE MorrobiaETion 0t BUTORE TP e
to the pref erioghe Brsbattirmagine cmberimbuy. fThe sdditibnabwater nhanessifioriiitstaiternatine

supercri ti cal emgsfiAeh b@éa%‘é 8 phdtbRsidit R ﬁkﬁﬂw%ﬂhl\é%&(ﬁgﬂﬁc@% agueous
|st 30 .and res e. Prefera t he aqueous

fluoride renpyve, t
fluoride is sOYER rf’QBi%f &g é‘dS’rt‘GH?}"@FerﬁFR?o‘ft?scf ep Qgsis qﬁﬁﬁ?# de aci ds.

Mor espr ef er abduyfacd. he aqueous fl uor| de Is selected fromthe group

consi sting of aquepus Lum fd ueous H4 a e us

hydr of | uori c acid ‘%ﬁﬁfa EPél lﬁ rrglfo érf“i" 0# e%reselen%veguﬁ%ﬁ%t ?rﬂltfcabmen at
| east a port i @rbafdietide 36 thhatueewdivstide fo remper the photofesishandrresidwtu dn tts
re(rjmved frohmtﬁl@'aitérﬁé’tﬁ?e%]g%n %@&)lnhégr&aﬁed and h‘ﬁ s@ﬁﬂﬂqyﬁotfdsétp[) i de

Sl gnt1'y et chi ng thaSHobeaal YRbo0 R of (h Bt SBsaiet o Mradiotler ul i n
remidi ng t he wahotbaohesipsicritical tdrbon disxide end the nytcbes Sudkiesur f ace of t he

WAl o1 ¢! e 2ueoUSs bhHAld e anhOlin: UARE AR iR PR pGhiges uRn

exposed al um num | because aqueous uor
rapi dly etch tflﬁéa’é@(pﬁ!é’@(fﬂé’lf’@iﬁeﬁhm | ayer. -10 19 I\/ay 2004 A second

al ternative errbodlmrﬂrstcaiterhb@vemrﬁemetme Fed ipkRBssth2 846 pdrtpmal atit er  to
the first alterntlve enbodi ne addi ti onal ter e hancq?s the first

t
alternative BHBOUFHEM PIHSEE Y atﬁﬁ‘élcg HOmGAETE. Pk HRlr-ophinial Elegg e t he
S 025surface presstmyeds aiphothied, 10THLR00 pshandabieifinal oleahingyptesnrsBphsu tiles?, $00e

phot oresi st fJom{ e ﬂlﬁ%leaénégfefs&&eaﬂ%fttsgfuﬁfﬁggé]its‘gl[‘l%ioff% cHBRAlIRer Of the

pr esent inve t|on uses : e aqueous
fluoride to riBabdecconbsohpulity able dipalpiepninggressge. Prripgan initl elganing phasait i ve

enbodi nent , tdxﬁcmmc&epla@ amﬂfe Mﬁﬂ@l@ﬂﬁg%sﬁ@'IMﬁEﬂsohﬁnll’kgllﬂhéiﬁ@ﬂs cdhdfeﬂiért h

alternative e resent inventio di.tion 10
natorro 1 o COIBEIATT: TR PR BT tane it O e Kt o HuR Rl oo 1 £ 1
alt@dnative ehebpld]tmreﬂst anfl thtelresighreamdythus, nmdmnwscsnpaaatdm df ke ghotoresist andthe he

third alter “6}%%%1% SR e yRat éadrfaga ﬁua&mﬂg&%&x&&esﬁumthetﬂh pfourth

process step I's perforne ressure and a fi nal
cl eani ng pr e<S3RIREE Possayre,theloyer %cr%\&,bllﬂmomalcalé|e€1afrmnﬁdoneﬁscq;4de@swr eoridgnsghout

the 1, 100-1, 284 oﬁSlhe \&ﬂdr iddethis, RBhcetlrgwmi ﬂ%ﬂbﬁéﬁd@bl&nlit? ch&Ridhls b thedv 380 psi .
At the initial ssu ol ubi | sone of the -

chemicals is't re\%%% 't ﬁ'gthco%%%(?gﬁ?fs@% B‘S%%’lf Ta¢°5% %{t@y?@ cl eani ng

pregsure. During dmapedond alterpdtivg timetjinpdibepresent invention, a second rinse is
performed after performing the first rinse.

Specific Embodiments
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 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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which takes place at the initial cleaning pressure, |ower sol gbiMdyta004
chem cal s condense on the wafer. This provides greater concentration of
the |lower solubility chemcals on 20 the photoresist and the residue and,
t hus, enhances separation of th@lﬁhSpwﬁtsE@bOémbnt he residue fromthe

wafer. During a iﬂﬁ‘l@lﬁrEtl g@&?ﬁ@gmB%ﬁ%nY‘@ﬁéé]ho&éﬂéﬁﬁ a?lh"i‘ﬁ e§fdu& %r nrle%v

cl eani ng pressure wer solubilit em cal s e|t | onger condense
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rinse. SpecccﬁmpoﬁnboﬁnhaemmntﬁarndQOhﬂnlraﬂEJh(mrzmﬂ ctbrqmenﬁ‘ofcth@miommerﬁes of
e o o ot MO M ARG 30 B o R e bVenl Rl e

sevent h speci Speci 1 and a
speci fi c mefdiddnentrsey 3800 psia ”Jl"vaprslt fenimu%s amdl Qe qu exhast Wn@fmpleyrbd

supercriti Cﬂétw%éx?ﬁa%%éﬁrﬂ@al%ﬁﬁ&ﬁ@% %gsrmmﬁcﬁ e ﬁé’sﬁﬁl‘%%é@%@éﬁﬁ%&n‘?tﬁ I the

phot or esi st, or esi st an rémove the

ré8i due fr onsi ¢ d500psk ior the paﬁeal leabaustsnd ihe zérsr&ureewas’adr@nnﬁ fem 2, Hi0ashia
vol ume for fHiesph &ﬁe;;&féem?eﬁncrﬁ@ﬂ@wxha@s@ Th&Ansd el Rt ﬂﬁ:"mﬁ%’& 234, 56%11011 he

circulation line 2 of .about 1.8 |ters The Tirst through sev

specific ot aeReRtS Therieseagen lfﬂaloqwb&nﬁf IgEiC Fere ew@éﬁ] or 5
feasibili tYrrﬁﬁutéB( @ﬂiﬁp@dﬂ@xhwsﬁhrawpémdwﬂﬂowo pérfdrfiengs ecapletd exhendti on f or
use in rrhﬁ@nducé_lgr fabrication. Before an incorporation of the present

i nvention i wang Be finse i§Bct or fabri cation, it is envisioned that further
pibcess refi neneat SrsibEMopHuéo wéﬁ)taka:dalbsequbnﬂ@) rivimp v AGF4hdphaoreSpieaidithe

Enbodi ment 444,06, f rfﬁ% %Q&ﬁh%@%{}gﬁ%ﬁ Dhirst Eﬁﬁ/r@ﬁb‘? écﬁ!hatatﬂ d the

resi due were removed from an via ructure n a preceding via
et chi ng st ephotopsaiskand{be eastdvienepre gqn@qycémtl@ fuploperidg mbadimzantal unmi num et ch
stop. The specific chemstry enpl oyed 5 was as follows: 2 m of 2-nethyl

am no et hanol (the am ne), 20 I rst conmponent of the
solvent), and 20 m of EC (a s %%EWE’ ofimepthe sol vent). The
paesslure ghanberm/rﬂne smﬂtspedigdg%go(ﬁﬁwﬁl theesidng, liscladid tHbqalﬁmirmﬂt vve][eI |
circul ate at WO part u one u
xhaust wer - EHERBY U Stk ThdeRak, B AT l?rgees‘?erﬁrs 4 eh ¢ he
pressure wagrededippecitd tioeetchmgAiep)Ghdf ths etching teh@Adabup dmactlijl@ pootidal
exhausts an 0 Sp |

&gﬁ E‘%P 'fﬁéfé%t%ﬂ?xsfo?;'rheos%@&(f i K%%dﬂ'%]nt%s fyleh JE)%& Hesyofs

pressure in nse a ent
of the acelbusat Tmﬂmclqgl@e) Ebemecmhsm@t@mmlf@yadtwasais fellowonl. amimfde wer e

chscul at ed PYDIPTA (the amine), 7.5 ml of NMP (the first component of the solvent), and 6 ml of
acetyl acetone (the 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 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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of netal [|i g’g‘s‘f‘r‘?%&h&g‘? %%?ﬁ?%‘gcgi ntlglﬁ{é pre%@f@ﬁlg agﬁg&ni&ﬁeﬁxﬁgusggo%gqght ° et al

| i nés, and shmaestep-he 35 residue renmmining on tops of the netal |ines.

Tou uand FOE! D Dekio Al At WS Pibtod AR A Ibscoy NIBIBonRratt bt
| du | I T1 |, ..
e S Pl P Smoel ot 4 ThiF et G ABRABTERecl 11 ¢ embod mont 40

showed that t
Third Specific Enbodi nent -12- REPLACEMENT SHEET 19 May 2004 In the third

speci fic enbodi nent, the photoresi oma wafer following a
medi um dose ion inplant. The sp%@gﬁgﬁgénﬁgﬁ¥§ﬂg%l oyed was as follows:

0.180m of 24 % byn thelfoyeh weeifie gmbadimshi the phpiesrsistway e vedfiemysvater
fluoride), 2Qomdwiff aBig® dok&Rnfimpht. CRIEREEEAE cltnidthen§bpea Rk as £flloWk; of DMVSO

(1e 5 second ST Ol LS T o Pul e oo o A ¢
pressure chamf®M$@ga fist cdmponent eftheMdlvet), Zihel efEE @Lsscdidwompdgenaofiht he
sol vent wer e Gt s,k 8 dnil FihladdldiGFae@! The RS bhamber was maintained at 70

25 °C. The aqueous fluoride and the solvent were circulated for 2 minutes at 2,800 psi.

Two partial exhausts and one full exhaust were employed between the removal and
rinse-steps in which the pressure was dropped from the 2,700 psi to 1,100 psi for 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 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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after which the pressure chanber was pressurized to 2,800 psi .19 & Too4ti al
exhausts and one full exhaust were enpl oyed between the renoval and rinse

steps in whi Cieﬁ tb%ﬁwatgf eﬁ:%gﬁ&ﬁmmﬁwwgmun%&% 56960% ue&g fijﬂoiéIQQ psi

for the parti austs an ressure was g) p
at mospheri c prsidhe additioal watey yere cgsztﬂa*e%for Zppigutes atilg Oafgbnl"w B?mﬁlhe rinse
step was 20 néxh@ﬁstﬁaﬂ@dﬁb@ﬁlﬁeﬂfauﬁ@%r@éﬂi[ﬂﬂﬁdb@ﬂ@beﬂﬂ%mbﬁlstep'ﬁﬂ@ﬁrelﬂilﬁe agent

dth I
T o onep e syt R A prEisfte 8 dfiloEa oL FISBO pli%h 1 Bsabdl thiine O
fol I 6wi ng t hepatBalrekimsits st he pBstwr evaa dwppéd om XPYO psi-to aimgshlrisgiressire am
spect r 0Scopy) b Gt nLégﬂﬁﬁmi‘ﬁé I@(ﬁ;:-tueeagﬁﬁt eué.; g{g@nm%t rv&a'ﬁm%%mre? rrﬂlvt?ag ﬁlréi‘ the

third specific e nment Errbo i .ment ILn the fourt

speci fic enmbodmsester, the ﬁ@semﬂe@f(ﬂnéébes%upwﬁ%ﬂ%ﬁ%b%dmﬂéwarw@ﬁt feny ow. ng a
hi gh dose i onmmml AN1{500 phicfolipeitig fwhichothe piessurey/w apised 0L, s STWO hartis |

0.22 m of 24 % I quoride),
20 B R T SRR SR Dbt e B ERMRS (LT
corrﬂ@nent of schend lsttsb\?@ntﬂ)w héhepregsurgiwag Id@paquﬁ@mdhw 8Gpséto 1, Thpshfasssur e

chamber was ngk Bhdia\GHaits ol (RPprbssult Pas@Hp @&'ﬁofnb%@()?ﬁi&o@ﬁﬂas pigicsol vent

were circul ated forﬂéf @utes at_.. 2, 800 g& i al (b(ts and one
full exhaust REE§SBrEd g%) TR E%(/ﬁ'ies “PFen‘g s in which
t he pressur e methamtil.ofpée sécondnindessted, ﬂﬁﬁ)mpesagehmnﬂ,tﬂ@ﬁlpmnnéabcmbbtedlomdet i al

exhausts and \{v%rg ﬁ'&ﬁ?t% ?lv}ﬁl?mg.ﬁg%%?@ g?mC?n7 'a’?g atugu?ag %dpf‘io

pressure in e r|n s epwas 20 nm
of a5ni xt ur e tofpedf09siBYa eomplistslcxhaust @@WMt Secqlhﬂeﬂlispﬁ@e agent and the

suEerC[Itlcal C?rb&ﬁﬁﬂ'S@M ﬁ'otWa@tak@nhﬁﬁdﬂt@}é?ﬁbvfapéfltﬁctz d%fﬁﬁstn?h?mrt'm .
exhaust was per rior onpl et e exhaus ow ng the
ri nse step. @ﬂ@%f‘%r@@[@ﬁ%&ﬁg‘% drtg?B%Ot?rﬁﬂ%(tas tbﬁgfci? reki st
was remnoved isﬂrut:ﬂuﬁa aridabie TiN etplestop aica enttoodiiitentia. A50fh SEM [Bpéewhs wken

Embodi ment | bhg ks B SRECIA SRR TP 6o 5. PROLASERLGH $ASykATOVed
S SpRRENY i eRaeam ARl 15

froman Si Q2 prece ep, wher e
t he28t chi ng s?elir.l\é péﬂ@éaowbﬁhat théahﬁpwgfstavaﬂrwn@t hnﬁtecfrﬁh Sppfé %ﬁ@b‘? fgnt.
chem stry enpl oyed was as follows: 0.15 m of 40 24 % by vol une aqueous

ammoni um fl uori de (the aqueous fluorid 13 19 May 2004
additional water. The pressure cﬁgﬁ%g %&??‘H%?Wﬁrftned at 50 C. The aqueous
fl yori de and. t he Indiehi 2th spdei fadnevodinpang ties photdredist ovak cemedifiont asSia}, vik, 500
psi. Two partgdlmre formed in a preceding via etching step. The specific chemistry employed was

25 as follows: 1.5 ml of 24 % by volume aqueous ammonium fluoride (the aqueous
fluoride), and 8 ml of DMSQ (the solvent) and 4 ml of additional water. The pressure
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 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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exhausts and one full exhaust were enpl oyed between the renoval Miepocnd
the first rinse step in which the pressure was dropped fromthe 1,500 psi

to 1,050 psi Iirﬂfnohtﬁﬁ-l Euo‘?ﬁl%t(t!h% H?Hﬁ&n%lh)""ig u{d%‘f}a@'(?@&éﬁr@t]%ﬂﬁ;oﬂér%f’ gd from

1,500 psi to atno eric ress rnnse agent for
the first ri ngﬁvw)eﬁow@f MS@ (tbq segpfdssomponent joé thejsplyent), 0 13gal aftgdasial t he
rinse agent agdktit B&dfﬂﬂ@ﬂﬁﬁl’dotdp@ﬂéntGﬁth@(ﬁlvéhtp)éh(ﬂBnﬂ@f@d&l{dlﬁﬂ%@feﬂd]?ﬁeol’ 1

m nute at 1,500 0 n mi ¢ i psi .
Two parti al BRRALSY hgm lgﬁrdv\(’\%snea %H afﬂf"ﬁ)o ﬁ\%zaﬁéeouwﬁ%ﬁ%dﬁ'b%?l\t)\’g%h %hg first
rinsé step analditimnal 9aisewendireilaisd fart2apinpiss aid, %OORSheTW partigkaxheusts avdopped

fromthe 2, 808P ekﬁ’au%t\w@e%lo E@Beﬁw%é?ﬂh@?énidv@i stéi%eﬁﬁ‘{ﬁé ﬁns%@éépt Hee Rh&SSUr e
was dropped from2, 800 psi to at m)wi Frl(gz lss r ﬁ) exhaust. The
rinse agent ¢ B 1o Thea o a1cp PR 20 TG Sbhmtiogpl SHSOMHERT Tlmq%%a%e@&%’d
ri nse step, tmsnpenamcalgﬁrﬁonammadeemupanﬂed fdrdaiunﬁﬁrabDﬂIO@ip@XOdEpmme

circulated for %1 nut rform Plzﬁoé’% g?%ﬁp%@c&hﬁm ﬁ)ﬁg%um thas Erformed '

e
prior 15 to f)’gw‘l 8aco ovmn e se ondrl gstep

A filit h SEM photo was taken prior to rermval of the photoresist in the

2bove the S @ i Arel ?ﬁ?ﬂhfé“%&”{sﬁ%e@?.g‘%s R S
A sixth SEM plssidge ipdbe feyg e’\to Wﬁétg%%ﬁp}ﬂﬂgswg‘}‘%ﬂ%t in
the fifth Spe;ﬁldtmresmmbd)d'lerr&ﬂdue ﬁférer@novbdhuﬂﬁc Sivehthisptaificéabeeiimedtat t he

phot oresi st was renoved in the fifth specific enbodinent. Sixth Specific
Enbodi nent I n the sixth specific enbodi nent, the photoresist was renoved
fromSan S 02 via ¥willibe eadilyf epparedt forone sigHedimdhegyt thabotberciaiiogs st ep. The

specific Cherﬂn@ﬁi&'ﬁéatﬁﬂf@hﬁ}’;%@ n’{ﬁé to the p?e?erfdalehﬂ)W&me}lt @nﬂéyut‘a ating B b (0! ume
aqueous ammoni um fl.uori of DMSO (the

or

sol vent) and W‘?ﬁangﬁc%d’?f}}edﬂ‘éﬁm‘%?%&e n#lﬁy égé??PE‘Pd]éWé?nber was nai nt ai 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 ful
exhaust were enpl oyed between the renoval step and the rinse step. The
rinse agent 30 was 20 mM 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 renpoval of the photoresist in the sixth specific enbodinent. The
sevent h SEM photo showed t hat the photoresist was 35 renoved in the sixth
speci fic enbodi ment. Seventh Specific Enmbodi nent In the seventh specific
enbodi ment, the photoresist and the residue were renoved froma C Si Q2
damascene structure forned in a preceding via etching step. 40 The
specific chem stry enployed was as follows: 0.15 ml of 24 % by vol une
aqueous
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-14 19 May 2004 amonium fluoride (the aqueous fluoride), 20 b Miy 202 (t he
first conponent of the solvent), 20 m of DWVSO (the second conponent of
the solvent), 0.15 m of glacial acet '(ileﬁﬁ/ﬁj (the third conmponent of the
solvent), and 1 m of additional water. e pressure chanber was

mai ntai ned at 70 C. The aqueous fluoride, the solvent, and the 5 additional

wat e were cifcul ated f&he&lomdﬂggﬁgssgiga%uggﬁtmmpn‘gm ﬂp@gtéﬂSQJf exhausts and
one full exhaust were enployed between the em)va% éegq nd t &fnsg st ep.
The Pinse agent for the ri MeEnayng sipercmicalcarhon Gipxi Wi dU8HY%

wat es. The rinse agent mmdntacttivetlsth@arbsmte|thasubsimtdabavmg osilickn dw}née

ciroylated Tor LM nut GufhedulB9oBbes CREIGRA &cblba (BH AL houASnRRRE o o0

prior to perform gaconp ete oW n

ei ghbh SEM phot o was tant@wrmsr@qmtst teéldﬂ@maﬁm@re fpka %ﬁt@guﬂsqrec&nd

resi gue in the seventh s%@tema{ﬂhea@mawﬂmmte un&’éi@t@tt@'@ﬂi&ox%&i‘dkmla@h@a&ffﬂiﬁ?d
that .t he photoresi st e re

atg e mthg ﬁ Rth specific
enbodi ment. 15 It will %mla 53 & o E:{)glreérmeqa ??ﬂaleiﬁﬁ“?ﬁf FI"MAPhe art that
ot he® various nodb.ficati onsnaistyinge wakeandthe hipeprigta crddn divksoltiimeontact
wi t hgut departing from t ed by
i he gppen God ol of s &%the%%ﬁér&&&nﬁﬂ%ﬂa?ﬁﬂﬂ%aﬂhe uﬂﬁel’cﬁ‘t\i‘?ﬂgﬂrwggz@gat%dlﬂ
subdfrate conpri sing tI‘FE g %‘ﬁ’s‘h%ﬁld?s‘ﬁfac?réﬁh@f@b/ledEH‘}btefP%tPﬂille%Iﬂ@ar bon

di oxijde and an aqueous é‘ebai@teaﬂﬁtenai laﬂdCOI’lt act with the substrate, the
substrate having a silicon dioxi.de.4 su S terial-

sel Z‘ét ed fromthe 9Yroup conerrg?Ylﬂ%tbesep%atf)c 18?%?%1(#0 Hgﬁfﬁ%?lﬁ'r%stﬁ’at resi due,
et cH3resi due, and a cordpbsimtd.on thereof, 6 such that the aqueous fl uoride
undercuts the silicon dioxide surface from 7 the materi al, whereby the
mat eri al becorres undercut materi al . mai ntaining water and the
supercriti cal2-carbon d|Wl%h?%f&@d@ak‘@er@“metaﬁu?%%ﬂﬂ@?’élﬁ?le‘ff%ﬂ gpmdhe sych
that 2t he under cut gaieédnaistigepfigat®@s alnwaium Quirde, Bydrowricdicdxardiea sur f ace,
whergby t he under cut rra#grl §I becomes 11 separ at ed materi al; and 12 c.
removi ng the separ {¥fial fromthe vici nity of the 13 substrate. 1
2. The nethod of claim1 wherein the aqueous fluoride is selected fromthe

2 grqup consigting of afHiqRLRAIFERMN WYY fidrdiR tHedBued¥ Hubfidd R itdag@sdd. and a 3
m xt %re t her eof .

ammonium fluoride.

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

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.
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1 3. The nethod of claim2 wherein the aqueous fluoride is thesagaernosy 2
ammoni um fluoride. 1 4. The nmethod of claimi wherein the step of renoving

the geparatedg 2 mat er Iﬁierﬁém dffwmucmﬂhéﬂeo Pnﬁhgttﬁ%gtdfai l%asft‘gﬁﬁﬂﬁlly‘ﬁes
flowi_ng supercrit Icﬁ ar bor;Fngl oxi de over the Substrate The met hod

of cPaim1 further ﬁ f P2t ’E?t%‘ba §Fnge soet partially 2 dissol ving
t he undercut mat er i aI using a solvent. 1 6. The nethod of claim5 wherein

t he oIvent selecte r cetic
aci d§ EC, JI (:111? érgnﬂl%( urcgd"glén’l':uhe%mﬁﬁg %?ﬁ%hﬂgﬁ8£0t%€ora@éfs lllal m 6
wher &i n the sol verﬂon'ﬁlstlrzgeqfé?c,lt(bd?MSGnaqeh@agd&%DMASQMtanﬁgnumtme BLO,
the BPVMBO, the acetggegcid, the EC, and a mixture 3 thereof. 1 8. The net hod
of claim?7 wherein the solvent is the BLO -16 19 May 2004 1 9. 2 110. 2 3
111. 2 3 112. 113. 2 114. 115. 116. 117. 118. 2 119. 2

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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120. .2 121. "2 3 4 5 6 The nmethod of claim| further conprisi nfMhe2ep of
at least partially dissolving the separated material using a solvent. The
met hod of claim9 wherein the solvent is selected fromthe group

consi sting of BLO DMSO, acetic acid, EC, DVAC, NWP, and a m xture

t hereof. The nmethod of claim 10 wherein the solvent is selected fromthe
group consisting of the BLO, the DVMSO the acetic acid, the EC, and a

m xture thereof. bThe met hothabftaigingiwatet andvhersgpercritival swbanedivxids int dvatadt O,
The nmethod of claim1l fyhtiRehaeRiRGéShAGRS RBtesiheRpRhtes fr&%‘tﬁ@snﬁ&ﬁ disfstrate
in the supercritical ca]g%on di,oxi de and a rinse agent. The method of claim
13 wherein the rinse a rises water. The nethod of claim 13 wherein
the rinse agent cenprises arftmﬂ*véﬂg the Thateniad t fhaya the visinafyneflthe wilinon | dioxide

al cohol conprises et haggkace. The net hod of claim 13 wherein the rinse agent
conprises acetone. The nethod of claim 1l wherein the substrate conprises a
| ow di el ectric constant material. The nethod of claim 18 wherein the | ow
dielectric céhstant matapithed ofduprsssirgasubsisaie poraprising thereleps ofhe et hod of
claim18 wherein the |ow di ﬁiaﬁﬁetlmhg sGeiGitRAl ca¥Bdredioride, A0MMINeS QS aguebusSi 02

material . A method of 0% At ﬁsgﬁérﬁrlh%&aa{)wﬁﬁ fHa#e??tﬂ ?' Oéﬂrﬂ%‘% Wikace.

the . material selecte consi

phot or esi st resi due, ﬁatfié%i’ el atl&Eth%l Sepskeitica F%fhm% égridss the matesiat hod
conprising the steps ofseia:techmtlmgiomgcmmpﬁ:tg:@ﬂdpkm&irem;d)plmdemumkmland an
aqueous fluoride in CQt'i‘teéﬁtres‘ﬁ‘lu%1 a&dhfc&ﬁﬁlﬁ io%'th@r@&k %}e SI th&% 'a%éﬁee

surface such that the ueous ercu s i | con OXI
surface fromthe mater F%{yent atleast partlally dlssolve the material; and

b. removing the material from the vicinity of the substrate.
23. The ‘method of claim 22 wherein the amine comprises a secondary
amine.
24. The method of claim 22 wherein the amine comprises a tertiary amine.
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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19 May 2004 b. maintaining water and the supercritical carbonl8iMag 2084 n
contact wth the material such that the material separates fromthe
silicon dioxide surface; and c. renoving the material fromthe vicinity of
the silicon dioxide surface. 22. A nmethod of processing a substrate
conprising the steps of a. maintaining supercritical carbon dioxide, an

am ne, 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 31sel ect ed The aetiod®f glapw RO GAASInShe AtkeQfed cONPERE glsbidl, a

phot oresi st residue, an etch residue, and a conbination thereof, such that
the am ne and_the solvent at least partially dissolve the material; and b.
removi ng the3kateri al frhéme!hﬁ’éoﬁﬂé%%e yherpuythealehol equaprises efanofrhe et hod of
claim 22 wherein the am ne conprises a secondary anine. 24. The method of
claim 22 whergin the a i t hod of
claim 24 whergl n the t?P????’?@%%@@%@%@é?ﬁ“?r &?C%ﬁénsggg%péﬁgonm sting
of 2-nmethyl am no ethanol, PMDETA, triethanol amine, triethyl amne, and a
m xture therédéf. 26. Th#anathbdhoﬁbroéessihm sobBfatebengisng thestepsofe i s sel ected
fromthe group cqnsisting gfsigslEl E g &Pc@ﬁbﬁﬁ”l%m%égaetfﬂ}ﬂ?? éz

tri ethanol am ne, and a mx{luret

wherein the solvent is?23¥08t %‘E‘Pdlcrmats}?vcﬁ‘r‘&?ﬁma‘éto 3 meisgels n
NMP, acetyl acetone, BEH® subgistd by ciciuthtinPiikGupéCiticah patben dioxiderthe tria@mebf

consi Sting. of daOfseﬁLﬁh3?15&6‘”@%%%%@@%%%8%‘2%%% N AT
i sopropyl amine, digl| y@’&l et ‘iﬁe ﬁlﬁ‘ijaéowgﬂ%ﬁ?’bﬂ’teﬁges&?h afgt T’ﬁ@e thaY of
claim 22 further corrprll@ﬁtmgrftaﬁedsiﬁfépetbﬁndl nsing the substrate in the

supercritical carlon di oxi deendd\ehpihé hidfefialPREh the vinityld8hdRbREAe. Of ¢l ai m 29
wherein the rinse agent conprises water. -18 . 19 I\/ay 2004 31. The net hod

of claim 29 wherein the rinse agent conprises alcohol. 32. The method of

cl aim 31 wherein the al cohol conprises ethanol.
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33. The nethod of claim29 wherein the rinse agent conprises d&evlgn2d0434. A
met hod of processing a substrate conprising the steps of a. naintaining
supercritical carbon dioxide, sag T&@wy«rgﬁlm @@U@UGOUS fluoride, and a
solvent in contact with a materi on a surface o the substrate by
circulating the supercritical carbon dioxide, the material selected from

the group consi StIAOﬂlcﬂ'lf)d@fﬁﬁﬁﬂivﬂfg%b&imswﬁaﬁm&hﬁﬁ@ﬁbﬁta ghsﬁtae&&gns% etch
resi due, and a .conbi nation is at. | east

LTy RO BherRhice SRR G RHS e 80T a POl T omiact b et oo
t he substrat enbsiatevathROglanRBSTRNET s@FerT kEleBit Satialyissolye the phadresift andnovi ng

phot oresi st QHQIGEﬁﬁé dM‘éfefrafbg)mtﬁ’e AhiRSt ra@[‘:ﬁl hifls. Fﬂéferﬁmﬂf SN eRis seLcctﬁd

supercrl tical_ carbon di oxi an am ne a saolvent 1 n contact wt
substrate so foath %@@P&?ﬂﬁ@l%%@%@ﬁ?m agetyl ggaioncp BED: agofig agids sol ve t he
phot or esi st amMA!E Plparidesintiiere tikreif.eNak, the phberadiit aifl thSredidue bileirahyvedm ne.

Pref erably, I e Q onsistin O EC,
NVP, acetyl ace ?n% VY&Bh'Cé éhé&{bg&&t rg(’er% m%é &’Qon am é(l} gﬂ 1?51@/5

Next, the phan mh@hlthﬁ subsichite tsmmetmdh@sws@nheﬂmrédn diomtdmand\enusa:agemt y of the
subggrate. Pp i which

t he%subst r at g? %fgfarg?lnbshg r&?@aé@ﬁéﬁ?ﬂeﬁ%ﬁ@#@iﬂﬁ r@mﬁ%?%%@%msﬁﬁgh a dr1| nse
agent. 10 Pr &giapibsreot gad pqefuie. éRﬁh‘i teF‘?“%P’BEQCE@eWF@ﬁﬁW@@ﬁ oAb sting
of water, al emheplacal with xi ajueodsfiogidé., and acetone. In an alternative

enbodinent, the am ne and the solvent are replaced wth an aqueous
fluoride.
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