14 February 2005 REMOVAL OF PHOTORESI ST AND PHOTCRESI ST RESIEUEY 14w
SEM CONDUCTORS US| NG SUPERCRI TI CAL CARBON DI OXI DE PROCESS FI ELD OF THE
| NVENTI ON The present invention relates to the field of renoval of

phot oresi st and photoresi st residue fromsem conductor wafers. Mre
particularly, the present invention relates to the field of renoval of

phot oresi st an a}l&g{ﬁ@ S usi ng
supercritical %ﬂ@hw(ﬁ?;?&{eé?éggémgﬁ E%’?mnuf acture of
“sem conduct or deviEREMrEMIC@EDESPHIORAUSINGHIPERCBEHGAI: renmpval of a
phot oresi st chenical froma éﬁ%ﬁ ?EID%P??@&E%OIUM or wafer. The renoval
of the photoresist chem ca commn nownh as stripping, may be
i mredi ately preceded by a pI asma ashl ng, etching, or other sem conductor
manuf 0 Af THERAVERGSSNSt eps can degrade or carbonize the photoresi st
chem esist residue that is difficult to renove by
~-current st rTmaresgnimey s, rerﬁtmt@me@ffdofmemomimf@hmt&stsdsndﬁqmrﬁs'stt hat the
wal o1 Sl SbBRERdoRliRBA B EOBIRLALA, dho UL RIMIGTEMATL ol X1 L1 e

known ‘as strippers may- e hea trasonl C augnentation.
Typi céli¢lg of tehr@valbafiphotamgsis pnd phcéowsmirremﬂuwﬁem@bnnmdmtom wafetsiysing mi nutes to

achi eVs%g&?HH&a?E&kBSHR&?de of photoresist or photoresist residue fromthe

waf er ace I'S needed is a nore effective nethod of renobving
phot oresi st and photoresist residue. What is needed is a nore efficient
met ho Kl NPORPRURHESERYIGRD photoresi st residue. SUMVARY OF THE
I NVE of the present invention, there is

provi ded a MemHadursfof sermivondustprvrviess mijuises) @ph@ﬂl@rﬁﬂdﬁlﬂ%@qmmwehm sting
of a phqt d@ro?o?és?stt ch&ﬂgg'loﬁ'cﬂﬁ?lgu (%er S B feond G, \Qa%ﬁ 'ﬁer}éﬁb&f o?ﬁl%r eof froma

surface a sem conduct or rate conprisin pl aci ng the
sem cahataresdyt cherbisal aeramantytknohe amtrexpu@, map b‘clnmmdratezlm preoededrbef a
semcC S e
or esod ot Shing 4OShE T Sl b RoRI T BRI TRESSRN LAl -, .,
cheni calcatbenige th@mtwsﬂﬂmbemm}mﬁrlpam w@hog)rcm resdysahatris diftallt toar bon

di oxi q'gm%%jb§7 Bt EﬂnBBﬁlrg Iﬁg{%ﬁspﬁw current stripping methods require that the wafers

be dipped into baths of commercially available chemical mixtures known as strippers. The
baths may employ heat or ultrasonic augmentation. Typically, the baths employ immersion
times of twenty to thirty minutes to achieve complete removal of photoresist or photoresist
residue from the wafer surface.

What is needed is a more effective method of removing photoresist and photoresist
residue.

What is needed is a more efficient method of removing photoresist and photoresist

residue.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a method of

removing material selected from the group consisting of a photoresist, a photoresist residue,
and a combination thereof from a surface of a semiconductor substrate comprising the steps

~ of: placing the semiconductor substrate with the material on the surface of the semiconductor
substrate within a pressure chamber; pressurizing the pressure chamber; introducing
supercritical carbon dioxide and a stripper chemical into the pressure chamber; mixing the

supercritical carbon dioxide and the stdpper chemical
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renmoved fromthe sem conductor substrate; and flushing the pressure
chanber. Accordi ng to another aspect of the present invention, there is
provi ded a nethod of renobving a material selected fromthe group consisting
of a photoresist, a photoresi st residue, and a conbination thereof froma
surface of. sem co r at, he ste roduci ng
super crHfipdRe STy el e Grigl s rﬁ%‘frﬂ RS duct of
subst r aind ﬂMshiﬁgtﬂlitepmzﬁd ¢kﬁinb@ﬂAbd51ﬁd1$1g ttd mﬁh@faslbéa:eof the @sressendmehﬁbn shdstrat e;
mai nt ai n|n &e{a fgfi éltlca| car ba lom d the str1§$ chem cal in
cont act!S RFH eiBd PEIeMAVEL 2 10gksHpl setested qnl" CHEOWRTWSIUPE P52  enpved:  and

renovi qglotd%eslay@plﬁcﬁﬁﬂemmhdﬁ@rab@a cdﬂnbmaﬂ@n thiatkol fentd mmaebf@hem cal form
contact wi.th the ﬂ"i’ﬁm conduct.or .substr ccordin oth aspect

of the FSPACAPCtoRSADSErats fompisipg thesteps of la% UgINZSUR rmeﬁl %ﬁ’% Bg%f
sem congittipiur chahieal toakd fgnisorklutoasebstueRA the ghat@iat bh &1e, suffhee cﬂ'ﬁh@r i al

sel ected fromthe 0 on LStI of a.r e re . due, and a
conbi naTHPHHEPESRS Pyt B shbsr el hon Souie Bt (e g e
mat er i atheinfcad Hp@fnt‘efct tvithahe ﬁ@rchficﬂ@ﬁ@tﬂ’a&i wrdi thevhhterial ié rdh&iveﬁfﬂnvle nt, the

first sol vent bein consi s

pyr ol FOENEIRERE BT Gag e han iits i B SR ammaah P %sgﬁ%tﬁ?{h e,

hydr ox ydemi¢ondectobithstpate. M Xt ure ther eof ; and mai ntai ni ng the supercriti cal
car bon di oxi he f| ve cantact with .the eri ntil
Cobeanti of 18 ko Yop andeitrapest Shine bisei o PeshbiondnR st PeniRa gapdtied "ot ne
waf er . otfqﬁ@fedsm@a E@nﬁyﬁeﬁdxﬁﬂﬁm@ér hasipgatsuffhed h@pmmgemteridwe@tmmml t her eis
provi ded. a ﬂ?ﬁ roceSS| %a sem conduct or havi ng éﬁ face
suppor t¥° h’ﬁte Oé? Igrmf ROnSiSHRg Pl Tesish A SeHY YUY L& Rypgiondhee g of a
rﬁS' st ,mahbewrﬁpnsi@g,sthduegs aﬁexpose@ml t Aatdridhtd dmpeleﬁh;;altd& mraseinbﬁﬂnm@rrprl si ng
the ste L a Itica neco ation
wen 5 5 S S8R, Pl SRRl sl Rus R Rl s o B £ By s o an
| ess t hgmrobidos dﬁisop@)pyﬁarﬁﬂe tﬁslscg)roliﬁ@mﬁmd’ giglypl udite, bﬁirﬁ@l&ﬁhﬁ;bﬁdﬂaf rom

the grou S|st|n n: net hyl reol di -isopropyl am pe,

e PGB MR gy kiR o oRyl diafidrand et sifErbife

t her eofmn&ﬂdwﬁnwhﬁmtenm@nhh@bswﬁeﬂma11 e maastaDRashea kahtoved drobhthef | 1 St
sol vent the material until substantially all of the

trt}bact W th
mat er i aql ¢sOBe W %eroved fromthe surface of the wafer. According to yet
anot her aspetécoffing feydp asBetaspary 6Nthe Presehitifvdantion, therevs predided aeddinst

. of processing a semiconductor wafer having a surface supporting material, the material

selected from the group consisting of a resist, a resist residue, and a combination thereof, the
method comprising the steps of: exposing the material to supercritical CO, in combination
with a first solvent at a pressure greater than or equal to 1,050 psig and less than or equal to
6,000 psig, the first solvent being selected from the group consisting of n-methyl pyrrolidone,
di-isopropyl amine, tri-isopropyl amine, diglycol amine, hydroxyl amine, and a mixture
thereof: and maintaining the supercritical carbon dioxide and the first solvent in contact with
the material until substantially all of the material has been removed from the surface of the
wafer.

According to yet another aspect of the present invention, there is provided a method
of processing a semiconductor wafer having a surface supporting material, the material
selected from the group consisting of a resist, a resist residue, and a combination thereof, the
method comprising the steps of: exposing the material to supercritical CO; in combination

with a first solvent at a temperature greater than or equal to 46 "C and less than or equal to 80 °C,
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of processing a sem conductor wafer having a surface supporting ‘material,

the material selected fromthe group consisting of a resist, a resist

resi due, and a conbi nation thereof, the method conprising the steps of.
exposing the material to supercritical CO2 in conbination wth a first
solvent at a tenperature greater than or equal to 46 C and | ess than or

|t 0.C.,-la 14 Feb 005 the first | bei .ected f
he. or I TBO AU EH R ESF eRet oHy e BPGEPESHEE oG M G pRBU G e,
tri-i sdpspeppyl afiiid) ei-isdp@ipyt ethinedipscolunine sidraxyl mtinepdid mivtxtculicedther eof ;

and mai ntai ning.the supercrifical carhon djoxide and the first solvent in
cont actiiAnAREe e STt rronfRkas Aed ety S ReE b e RarEh 1 Pas been
r ﬁm)v ednite@mmﬁesmraﬁﬁﬂ@hﬂf oftthemariia _Ikéasﬁ«ee@ fdﬂlil(ﬁ@g tﬁ@n}/ﬁ'&: sarfadehdthawplect of
the present invention, there is prayided a nethod .of processin

seni conduct ofCHRAE 1 eHRGIS aertied dhekifisBt I rrioma iRy Bprovided axedied o

se Ingpt eﬁ_pfmsaari]mgw s?niootﬁimtm S\iaﬁérihagingfa sarthésdupportiag mxersa}t themiatbria] anﬂ a
conbi natj on .thereof, the .ethod conprising the steps qf: exppsing.,the
ot or | SFIoPR b I eroin Sonsigige i B P AT ORI T SRS ARIIRFOR Mone:
and naiméthodioigpidige the prpe of: tkpdingcthe baeril pxdugercatical (GG in-comblimtion
_pyrrolidane i ont wth the material untj.l substantially all o he
ot e | ot el EorPfanh i olfeRas Lis Sntiise! EHBoNAPalR i srliin 005
WO 02/ Jh2olkidbeTih dSh@caARMIbthe Intatainl ahtikesubetntiad] yeatfoddhamatetialdias bhen pr esent

i nvention igger ritical éﬁ? c?rries organic or inorganic chemcals or a
conbi ndPPBKREGFop e%F%ﬁ%P S8d % nor gani ¢ chenmicals into the pressure
chanber, which is heated and pressurized. The organic or inorganic

chem cals or a conbination of the organic and inorganic chemnicals
interacts with resist, resist residues, and organic contam nants on the
waf er surface and carries these materials and renmaining chem cals out of
t he chanber. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a flow chart
illustrating the steps of a nethod of the present invention. Fig. 2 is a
fragmentary cross-sectional view of a pre-processed sem conductor wafer
supporting several material layers. Fig. 3 is a schematic di agram show ng
chanbers,. pipes, and valves of a sinplified resist renoval systemin
accordance with the present invention. Fig. 4 is a flow diagram showi ng a
sinplified sequence of process steps of a resist
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renoval systemin accordance with the present invention. Fig.. 5in a

fragmentary cross-sectional: view of the wafer of Fig. 2 subsequent to a
resi st rewoMallszep in accordance with the present inventirIT/uge0g2456
presents a table showing a few exanples of tests perfornmed to renove
photoresist from a wafer.. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT The preferred enbodi nent of the present invention utilizes the
hi gh sol vency and cl eaning characteristics of supercritical carbon dioxide
to assist in the stripping process of photoresist or photoresist residue.
Only a smal | if sroflich@ifive fenbodimém BE thePRABhIGRVerition! feictiidallC0, afdgct the
strlpp|n§@ rocess conpared to_the ﬁrlor gg%. In 1he preferred enodi ment of
the pr &S8R A AR OHICIHGRS Of B SPRPHIEHQILEE the pregRicHnd organs Fhenucals o

st ri ppethegheRin@ahabérowhitt vhbasd aldprifuizeio B cpshié &r nbAAnicREME]cal dpack

of conabte i AR STBRRE AR bt bt ARl Bl it eouh gnd g

degr ee ofgasislcoptaoynaabtmors thewyifen stiface @ildi darriep these whalerihldand demaminger cri ti cal

car bon G@D@Egdgguﬁfﬁﬁ@&%};e e removal - of the photoresist or the photoresi st

resi due. e hig ubi lizing ability provided by the supercritical
carbon dioxide is well known to science and has been exploited in nunerous

ot her apRikEMHPIGPTION G oMY BRAWR@ani ng of metal parts. Sol vency of the
supercrltlcalﬁar,ﬁon droxrde rncreases with pressure.. The supercritical

-dfif @ dlow ehayt ilnptrating the stensiaf aanethed obthe prrsentdavenigidr cheni cal.

onto sub- m Biop isSeUﬁ‘%giﬁ@ltﬁl‘?ya&rbﬁs%‘éctﬁlfnaf'ﬂ%@f%?ﬂ@-ﬁfﬁ%@é&@& UmBENLERS vRggause
di ffusivi tg and -2 .1 Feg]guar 2005 WD 02/ 15251 PCT/ USOQ 22454 vi scosity of

the supPEPTtEsYerlp#EHaldf¥stfde is sinilar -to a gas phase and because
density of Fige3 spshemutic GRlreashodindionitees, biopantmlvesdad sih@hidied i qui d
phase. The Sﬁﬁergit'oal cahbon 'JinigXi de %I.so arries away the photoresist,
or the PREHSFOYPLYSERINfge0rdantg P RIS JEYSHB8r  chenical fromthe
surface of tFg. hixfaflow Ohagsamishowimgpaisplificd sequetke of pRycesymtdps afdteaist of t he
strippe ' to performdihe stripping.process and to also carry away
r emai ni%g%gﬁgr%g%%‘\‘%‘%Sﬁ"&d%%"&m&‘e?ﬁeée .'Hlé‘fegPB’é-d enbodi nent of the present

i nvent i on i sFigh § usa fragiedntary dEpsp-settionalviemfodithe wafeh of Fig. pliotsequeni &ta or t he
phot or eS| hﬁk’{p |+ nmber in a first process
step Zg%hﬁ ‘%?%S’r es u‘@“@%{? erﬁ%ﬁg@%géﬁ%ﬁegﬁgﬁessuri zed with '

car bon. di oxi & ¢ pregents a table showing a few examples of tests performed to remove

_ photoresist from a wafer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment of the present invention utilizes the high solvency and
cleaning characteristics of supercritical carbon dioxide to assist in the stripping process of
photoresist or photoresist residue. Ounly a-small fraction of a stripper chemical is required to
affect the stripping process compared to the prior art. In the preferred embodiment of the
present invention, the supercritical carbon dioxide carries the stripper chemical onto the wafer
to be cleaned and is then recycled back to a carbon dioxide compressor for reuse. The
stripper chemical is typical of chemicals found in commercially available stripper products.
The high degree of solvency and solubilizing ability provided by the supercritical carbon
dioxide enhances the removal of the photoresist or the photoresist residue. The high
solubilizing ability provided by the supercritical carbon dioxide-is well known to science and
has been exploited in numerous other applications, for example in cleaning of metal parts.

Solvency of the supercritical carbon dioxide iticreases with pressure. The '
supercritical carbon dioxide effectively carries a small amount of the stripper chemical onto
sub-micron surface features of modern semiconductor devices because diffusivity and
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_second process step 222. As pressure inside the pressureléﬁa%gpzlor?greases,

.the tarbon dioxi de becones |liquid and then reaches supercritical

t enpera @gﬁ% supercritical pressure. Typical processpepdidiiz@ss .range
from20 to and from 1,050 to 6,000 psig. Wen desired process
conditions are reached, the small amount of the stripper chemcal is

I ntroduced into a supercritical carbon dioxide streamand thus added into
the pressure chanber in a third process step 224. A volune ratio of the
stripper chemcal to the -supercritical carbon. dioxide is preferably 0.1
to 15. fsdlsty df ihd BipeRbrd AP ERDEN Bk R s ifilaPiol] SIsAhlye AR 1R6ARY dhisiof t he
group consisting met hyl . pyrrol I done, noet hanol__am ne, .gl - @Oﬁropyl

am ne, the gupesaiticalparbandinuide & pagly sAual e A& 85y The sypprratical SEBER 6| and a
m xt Urﬁﬁmeﬁ_ﬂﬁﬁﬁm%g@@yﬂ%ot@éﬁiﬂ@r th&ﬁl!icﬁ@ﬁ%éhisﬁﬁhiﬂﬁe, aiaddt_amanghtﬂpphave only
mar gi n utidity. Processin ont.d nues W recir .

super c‘ia%eml??; I&OE]aﬁ/lB SRS G%Eegﬁﬁﬂ n,&hshﬁ I‘H’Wﬁ’be Brusp %lge %ﬁlép])g@%?ﬂt Pf:@? car bon

di oxi daripfd chéisicslttd ipeferm ¢hestipihg piccbisrant healso essyiaway shariiag in a fourth
process. st[ﬁg %t2_6..dThe fourth process step 226 continues until the
.photorééqng? PR DHot or esi st residue is -removed from the wafer,

typi cal |y fTleprafetrod tmbodiment efthe pléseniinesnsionds maineted in Bigt heA Wafelshed wi th
pure supercritical rbonR. dioxi.de.ar . i quid L O fref ENDVE

P nceo bR tpublafis S AR MBSl iehl Al £ £GR0R, Hhaliee dnf ED0E, |
the prewsessstepRAkbEhe pressian chanbes ingealsd gné peessrired Math e ¢ieXideldved in a -
si xth 0. Is | & indrBRet, Iths@sbdmhe waf er
with dsee?;é%ﬁféggesg%égFégéﬁsﬁlﬁgﬁa&aﬁ%ﬂl%gﬁe@'g%re?ﬁﬁﬁzupercri tical carbon

di oxi déiokide beersiesd then yegehes Fapreaiiel femnsratiigand SyRerEEal PR ¢ al

gr eat | ¥y 60l 3688 doRBitloTRMRe Rim 2OR THQ &idfiérmtl, 050 tol6{0D0RNGY. Or esi st

residue;” fromsurfaces of sem conductqr .devices. The unt. of the
stripper ch¥fhes QPSW‘:@(PE?‘FE@EICQIE&%@IS'@WP&@ yﬁP é‘i‘?ﬁﬁé‘n’c"ﬁ@t ‘?ﬂg? SFEEf'st or the
phot or §l§étn§$:allis' ﬂﬁb%ht.%dfiﬁm %b@rcﬂﬂéﬂhaﬂ(ljﬁ:tl ﬂﬁﬁk@dmt h cam a@lﬂit{mscmtdbdi intwiheusi ng
supercritical carbon di.oxi de cgQ o,the priaor, art A

st ri ppPTEsURet 1.'l%g%ﬁﬁﬁﬂﬂ?esﬁ)?tgﬁgggr‘6‘8’8&%%&982@%5@@?8%%@?%&@% a
resul t sgferdiSicaltation didxidd isablertblyy0.2 66 B5. MO0 THRSUTRET ChiSo04122 454

PUDST el S LSS BR So er |
car bonisdpmyykteniaadritisepropyliangne, diglpenl esdine, by dnoxyletreine.coatrsbel, #st2 t he pri or
art wet .chem Gale Mbhd PRI il "RrE oA ARV bhd cHSIHOI nhRS Gffy marginal
utility. ' ' 3
Processing continues with recirculation of the supercritical carbon dioxide and with

~ mixing of the supercritical carbon dioxide and the stripper chemical within the preésure
‘chamber in a fourth ﬁrocess step 226. The fourth process s_tép 226 continues until the
photoresist or the photoresist residue is removed from the wafer, typically from 3 to 15
minutes, The pressure chamber isthen flushed with pure supercritical carbon dioxide or
liquid carbon dioxide to remove traces of the'rémainingichemicalsin a fifth process step 228.
Finally, the pressure chamber is vented to atmosphere and the wafer is removed in a sixth
process step 230. An optional final process.stép inses the wafer with deionized or ultra-pure
waler. B
Use of the supercritical carbon dioxide in.combination with the small amount of the
stripper chemical greatly enhances the removal of the photoresist; or the photoresist residue,
from surfaces of semiconductor devices. The amount of the stripper chemical required to
effectively remove the photoresist or the photoresist residue from the wafer is reduced
signiﬁcantly by using superecritical carbon dioxide compared to the prior art wet chemical
stripping methods. An amount of hazardous chemical waste generated as a result of using the
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anounts of chenicals and expensive wet baths. Al so, the supercritical
carbon dioxide and the stripper chem cal renove traces of organic
cont am na¥Pd/1623dm t he wafer. In a first alternative enmbodGRRIGE2454 he
present invention, a small anmpbunt of an organic solvent is added. to the
supercritical carbon dioxide and the stripper chemcal. The organic
solvent is preferably selected fromthe group consisting of alcohols,
ethers, and glycols. The organic sol vent enhances renoval of the traces of
the organic contam nation fromthe wafer. Fig. 2 is a fragnentary

Cross- Sﬁipbfc@ﬁaﬁl cattein dibxide phidthp koippesdrnseliCEpaiickaly lvaithin thd Brist@por ti ng
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(not_shoun 13 68} E)ema EY AR AR AR IUERSE 2 RUE B b or e W s
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maybe a re nt froma _prior lithogra or other circuit fabrication
process8t Tyl ﬁﬁ@ﬂ %@BICSSQB?EH@WQ% reRYG fg% tragescofithyOrepia SHRIAMERIAR, or
sem congloigtid wakpuf acturing steps. The resist may, therefore, include

si dewal | poI yner residue or carbonaceous residue left after any of these
techni ques. Alternatively resist |layer 20 may be newly applied to protect

Iayer s 14 amglﬁlmﬁagmeﬁarywrm&samm v.a@@roahwl ﬂjaegsafséaﬁa&sn@b@e walferwaf er

_pr ot ng H%ﬁng‘{agﬁgyk?@gm W]tﬁ;ﬁgt’erp%%to ﬁ@%%weiq%%?ﬁ’&%m ate

t hat Wafoanprilﬂsewa/smeolpmr ¢eramio sulsshrate! 1Qtthilt3/sup (ﬁté omdre ael#lBc Byewdteri al |

mac eri e ey B preord & ST Re e A ey AT S BUREE T e ,
phot ol i andd@rfaphian eiﬁvauesﬂly viatied surfese $8 thzmisetypmh]sky coveoddurdith a loastst tayer bt

| 040l 8 ol 0150l L GERIE): Rl P LESI SO Ry conti oS

such as u -l sopren I SoOpropen
coat i ng@ommmpnaéfequbyzzs@du gaas, fiod w4£Mwnphch®mapbemmMéamM u(rPM PK) ,
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In accordance with the present invention, resist layer 20 may be a remmant from a

:.

prior lithographic or other circuit fabrication process and may have subsequently undergone
‘etching, plasma ashing, or semiconductor manufacturing steps. ‘The resist may, therefore,
include sidewall polymer residue or carbonaceous residue left after any of these techniques,
Alternatively resist layer 20 may be newly applied to protect layers 14.and 16 during a
processing operation on the back side of wafer 10, such as during marking, etching, or
grinding or as a blanket protection during ion implantation. Thus, skilled persons will
appreciate that wafer 10 may be partly or completely covered with a resist material, resist
residue, or a contaminant from a subsequent process. The resist material is typically a
positive or negative photoresist used for a photolithographic process. Phbtoresi_st materials
include, but are not limited to Novolak (M-Cresol formaldehyde) or eich-resistant poly
coatings such as plu isoprene,-poly—-(meﬂlyi isopropenyl) or etch-resistant poly coatings such
as poly isoprene, poly-(methyl isopropenyl ketone) (PMIPK), or polymethyl methacrylayte
(PMMA). The resist material need not be a photoresist and may compromise any form of
resist material with or without photosenthisizers.
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.14 February 2005 WD 02115251 PCT/US00/ 22454 Fig. 3 is a Jeebmary 2005 gr am

of a sinplified resist renoval system 30 of the present invention, and
Fig. 4 i VQO¥I8% di agramof a sinplified resist renoval pPOEESH/BE54
according to the present invention.- Wth the reference to Figs.. 3 and 4,
rrenoval. process 32 is preferably initiated by activating heat exchanger 34
to reduce the tenperature of coolant flow ng through cold trap 36. Then,
system pre-heating step 38 brings pressure vessel 40, including wafer
chanmber 42, and sol vent chanbers 44 and 46 to a preferred operating

-t enper at ur e Raf. 345 atsohdhatic@ipgrimroa Gichpléfi sl esiviabmotal wadten 300f tEdqbﬂe‘s@d

Per SON Sl IBREGE LA AP, B B BRRPlent IR SLARGANLY e

_mai nt ai he ferre eSS| n rrera put
- or the th@m%tm&@tIMy%@f mﬂ@:ralldeyo Figsr 2asdd, mmoﬁammﬁémpreﬁrthr ature

f 0
aen conted b sofHihol GRAlEr YPR3El G RaiiBiHGE oF bodla ARR HESuA O
el ect r icel trandh. skhenceyskanprerhsatingstpp 38 brings yressurd Y65$q11146, mnleldmwafgr of |
-~ vessel cﬂgancﬂﬁmen@éhﬁﬂ%réﬁ4 el Rl ETRER it %&;%ﬁm&%%hh%@ﬁ?ef sons

~ will appreci eth oggﬁntlon y..avai able ting technj ques
could b PéIﬁ‘BF‘b‘i}‘ @ A4 PN Hilkappessinieipkibe pf%&ﬁfﬂﬁfﬁ% 4
el ect rtmazlalilreﬁﬁusélgatﬂb%enmﬁtaﬁmﬂwa mfdﬁea RREshsFhS tbmgis;ﬁ{ﬂe C}@ Taclﬁﬁfmhﬁhm |
connect i i nes, such and vyess a i nes
M it b i RS Bk Habiear AT SO e e ot
“the te ﬁp’@l‘sa!rmsm eofesgEd kO $o reducy steysorewals 16tor mmmemiuctdndevieamfamturee 28f _
vessel enent. Stey rranual or
aut omat fbgl g{%nvenf | onaqS &ﬂ%&%ﬁﬁgegg}c\c{ﬁe&%@% ﬁle%c- . ﬁhg one o “nor e
waf er s walls pAvesseldemdchamber444mndids tp pelst”smnn heatmgsmp %Oslﬂﬂ@&p@sc(m)mﬂay be

or Ve oo toninid Rl fldnlo ARGBIRRARIG B el o PV TR ©
Pr ess EP@I‘SO@@@@I alﬂmapmgclatﬂ thott thakeloetdcalresistarrevigfeemanbe memsd arpaipd ebopr i se of
a gas §? | caf ﬁ\@ cBﬁY}éc ?F’ Féwer élgﬂetl@ b%twe%h%ﬁhﬁ@éﬁg%ﬁstei 20 gﬁtgﬂnes 45 and

hydr aul ralse orti.on
nmechanfé hﬁtwem r@pﬁ@vgtcbpmb@rs fhand ﬂﬁu apbne 43 e mautta:artb@temmmt@m@fp&tean d

. pressugg gmcaq, preferably
beot s V\f}:éﬁ:‘iﬁ?d} atég'ﬂygfsﬂegéﬂl fve%e?ﬁ@ﬁﬁ@éﬁﬁnﬂ%%etm%{d% 74 76, 78, 80,

82, 84, 86, Nafer I&?ﬁf"@@ Sigb 4 8%5%’@ nﬁ@’&?ltqrétﬁton@@z cpvgatipayleafgoiaudling pened
to all wmwmo@ﬁcezme befreteRhtrd 100dicwaIR2 chdntbel DM presimrdEsséiatpk 90 to

b oot ot B I oSl Pl 0 s B B S el B Y

at nos phauircchucks ou bﬂle(: n:&ﬂ@):ls weéllikhowalty ekified praekitioners. Pressure vessel 40 may
-include one or more wafer airlocks, may comprise of a gasket-mated two-piece vessel with a

O

stationary portion and hydraulhcally raised and lowered portion, or may be sealed by other
mechanisms. R

Purging step 50 that purges solvent chambers 44 and 46 and pressure vessel 40 with
fluid CO,, preferably gaseous CO,;, prefera‘olybegmsrmth all valves 60, 61, 62, 64, 66, 67,
68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 87, and 88 in a closed position. CO, tank valve 60is
opened to allow fluid CO,, preferably liquid CO,, to flow from CO, tank 90 to pressure
regulating valve 61 that ensures that the pressure is preferably greater than 750 pounds per
square inch gauge pressure above ambient atmospheric pressure (psig). Vent valve 62 and
pump valve 64 are preferably sequentially opened to allow CO, into into pump 92 and
through vent 94.  Valve 66 allows compressed air from compressed air source 96 to reach
pressure regulating xfalve 67 that is set to ensure a pressure of between 50 to 90 psig, and
pre‘ferably 60 to 80 psig. CO, is allowed to flow out vent 94 by cycling pump 92 for
preferably at least five seconds, prior to preferably sequentially opening valves 068, 70, 72,
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~at least five seconds, prior to preferably sequentially opening val ves 68,

: . 14 February 2005
punp val ve 64 are preferably sequentially opened to allow CO2 into into

punp 92 and through vent 94. Valve 66 allows conpressed air from ‘ :
conpr ess8W082/1528burce 96 to reach pressure regulating vaPCEBUST/IZHH | s set
to ensure a pressure of between 50 to 90 psig, and preferably 60 to 80

psig. CO2 is allowed to flow out vent 94 by cycling punp 92 for preferably

.70, 72, -5 14 February 2005 WO 02/ 15251 PCT/ USUQ 22454 and 74 to purge
sol vent chanber 44; : sequentially opening valves 76, 78, 80, and 82 to

purge o38hX edbumpBaskent chimbaid. -§§ﬂiéﬁﬁ£ﬂ3ﬂéﬂeﬁiﬁg%ﬂ}c§ 6V, 8052 to %ﬁ:gne88 and

87 to purge pressur vessel . t hr ough_ vent col rap 36 or exhaust
100: TEOHEB eh ‘ﬁéé%ﬂ”@ﬂ‘i&é A .%4539%@3 ﬂégﬁ}%\l"%& PEESUg, 78,

82, T4yeaRtA0 hrévgh vept 9f @bRINEdpHd o Sdawennoal |y cl osed.. The system pressure

is th ferabl j ust ed bet . 1.00 2 ' d f er abl

bot ween & 000 SRR ESLSIsTIc eSip BORRRf Ry MO RS Bt 2ty S TG 0 &

r egul aprefgreutiliresegierdiatly lslosedlj Tist systpm prestuacis thengwsforably adjusted betwedi1 2.  Back

| . | 18 | "

Bxhaus d00GRH 20 pstdand BreRiRabik b IONRRE 1SR hBlngithy A0

at nmos p ipemipnguatesa pressurt ieguEOng spbvedih and byvedjusting the bk presast yegslatort o

bet . ' L y t 3

Co. 6 Lt ByHossiid iokiighe1 bAls piMBhen boybln prBllind Phtol 4BlaBHBHRRSIRE, Weer

i nt r odanédllows e YEhio begisaresanized ip anbicaatmesmhep prasswecihe £C: a¥sfeB 72 and

80 Bl daShe i bh s 4 : 72 and 80
to Wﬁ%&@ﬁ%@g@gﬁ@@e@g@éﬁe& ahd b 1i89s B SR (mgg, a)P¥RS 72 an

are subsequent e valves 74 and 82 are ened to all ow
sol ventrefersply betweenghty GBBM: 0 achi eve the instantaneous system pressure.

S]lfi I'led per g vgwe& 7]@,%{ 28,13t 80labél08dde Bolddifls €adbeiArB@Icke magv@m%/ time
cont  of LABPEE 4N R rE Y B LD Asts 476 Y0E HEPRRG Y HE B s sur e of
CO2 i n filthep sy stee i 4.0Valvesd YRaml R £16Gubseduéiiiosed belorermatesyiidedndrddbiry bet ween .
2 200, i b ERSer T R BB R, PP
for t hgkiltsligetsone Wil apprpciate tixs steh Iheapbe perfidrnied\way tintrafteanigp 50fandm 10 to
000 M befeoaR 33800t Soa B ST s, 0 Lo, 70C and 1050 Lo 4500
val ve 68 i s Petssemzing syssah siep 20 inviobed indréasingshepregaige 0HCOp ircibe syrterop

_ str eambte%vgeh %%Otﬂqna%%b()sp%lg\,/ ﬁﬂ:trc ﬁ;%?&aﬂi}%e%%n %90\6%‘3& 4,500 psig, and most .

- - preferably between 3,000 and 3,500'psig,by adjusting back pressure valve 112. Other

generally preferred conditions for the resist removal process of the present invention range

from 10 to 80°C and 750 to 6000 psig, and preferably from 40 to 70°C and 1050 to 4500 psig.
When the desired conditions are reached, valve 70 is opened and valve 68 is closed in solvent
introduction step 122 to force the CO, stream to flow through solvent loop 116 and solvent
chamber 44 to introduce a small amount of one or more chemicals into-the supercritical CO,
stream and into pressure vessel 40, The C_Oz'ﬂow.rate may be reduced to 0.5 LPM, for

- example, to increase the chemical residence time in pressure vessel 40.
In asecond alternative embodiment, the preferred types of chemicals include: N-

Methyl Pyrrolidone (NMP), diglycol amine, hydroxyl amine, tertiary amines, catechol,
ammonium fluoride, ammonium bifluoride; methylacetoacetamide, ozone, propylene glycol
monoethyl ether acetate, acetylacetone, dibasic esters; ethyl lactate, CHF;, BF;; other flucrine
containing chemicals, or a mixture of any of the above chemicals. Optionally, one or more of
these chemicals or mixture of chemicals may be introduced into into system 30 as described
above from the same or a different solvent chamber(s) 44 and 46. Other chemicals such.as an
organic solvent may be:-used independently or added to one or more of the above chemicals to
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,chanber 44 to introduce a small anobunt of one or nore chemFgg ar)fnto t he

.supercritical C®2 streamand into pressure vessel 40. The CO2 flow rate

may be rg@pAcsio 0.5 LPM for exanple, to increase the ihenseabssiesi dence
time-in pressure vessel 40. In asecond alternative enbodi nent, the

preferred types of chemcals include: N Methyl Pyrrolidone (NAP), diglycol
am ne, hydroxyl am ne, tertiary am nes, catechol, ammonium fluori de,
amoni um bi fl uori de, methyl acet oacet am de, ozone, propylene glycol

nonoet hyl et her acet at e, acetylacetone, dibasic esters, ethyl lactate,

CBF3, F otr Da%ﬁc I.cuu lrr}. ILb f&%{h@%f&q;uﬂgw ﬁi’é 3195 8 Véﬂtﬁ‘cﬂ/r ﬁclﬁ&e %‘;‘/ of the

above THERICEEP ~one or nore of chem C(ﬁ or g\Xture of
e%meg’é’v

cheni c@tmpie,;anld@lqomh Qﬂlﬁn@ddﬁﬂﬁgbw@]nﬁ&h@?§-F%tm1?:®'19é¢’§t°§%§]@9]i1 e from
- the sagfyg ceﬁdé@ué{)gre%ﬁmeﬂ%ﬁitm&hmeaﬁaﬁbl ]Im@l 4Bisoffopeiiol¢FR cal s such

~as an organi ent e use i nde endent I to one or. nore of
t he abddiborgheeanyationally lalse oty PEQWJIQ@@QI §9@e?“ﬁ>%fr}1b§b 954
- T enovegRrgank ﬁmﬁqs%wgm afthsre v Rhd 13 WabRimSH tha eleermicdlad &f @ahe colanlevent

may include, for _exa d et.her [ or. gl
~ acet onef PIgEERYE Y ‘@r g%ﬁ%ab?g]l f’ﬁ?l‘ f‘?e‘%m’]ﬁ%t‘!éfﬁ E%N?gb?ﬁ éﬁeﬁﬂé g?’fllcol
erEt hanedch mQIEtaBJ?bVT]Imtdppmmphowﬁrer,llsngwamranﬁ* cdnl M)slsd Al 't hough convet |honal |y
arge anounts .of che tures the is
| ess than 18681 91}1?7%%@0\13110 §>ﬁ[‘ensélpﬁc Efcér@(g;%%a&gft&t ég’hem cal and v,
is t heplxewumeessdf@pmﬂaaw(mntaetswﬁh thiCresifly mcsaluamx;oﬂmggnmmés qreviater 10.
mlli n?ﬁgF e?éntﬁ:gfa@bc Efebir @ﬂ?& ﬁggn %clr %5 $33. foﬁif@ééﬁie vekRP49 30,
: use F eV

however can esi st 130 allo t he
super chitili reast lam 29 as tmg:pved hEokigrapelft rmowes,cheprieals ﬁP@ tb@ﬁ%ﬁssugz nt o

cont acg ad¥nltfhe tlg%zarn%%iea exchiid ety ofE 1 &{phﬁsrs SR BETORN & liglidwatse it10. T he

supercritica can rcu hrough recirc Iatlon | o p %?
pr essureachesqwam %o R‘Eﬁﬁﬁfwm@@ﬁ@ﬁ 15@1}8@00%911 efl dnBreirabliign seconds ta rem)ves

Clhem Cﬁil ]ﬁuté%ggaiﬂ%?? {?éﬁ dni@@smdmsenﬁ#ﬁm&ea%dlﬁns@wemgtﬁmgigan%er 3:1
al ong 1 00 cool s the ore it _.reac esi s
rermgaﬁecﬁ’%q@i)mlt@@e WE@%OWW%%@B&#% ?%P‘gﬁﬁl V‘ﬂ@‘?ﬁ%@c‘@ﬁﬁ@?ﬁ’yﬁg‘s nm nut es,
g ?nd ”géotﬁvéﬁt%hﬂhﬁé}{ébﬂtb%@mﬁ s§ﬁl§1§tf&§r\1}b|@r§tﬁﬁlm nut eS4 and mlost grefgrab: y -

rom seconds ree mnutes, Valves are closed. and val ve

i s opened t 336@533 teragtive & a‘ﬁ%ﬁ%érseﬂl {OH E‘gﬁ}nﬁﬁl@{}ﬁ}@ﬁg re@ﬁ&%ﬁ%orva tep
132. . déum elotifp selverdtichrinbt stepsdZROLHiOemd 132ars perforeskin cofineptibu shth 2 130
intrody n |5t &hard

e §oclgé1§ clpf%rlf;lﬁ% Vﬁﬂ@’fﬂn (g)e?&ijaﬁa @aﬁ?’% £Udeto ECG sHBSn 16

q

connectron
-~ flow through loop 118 and chamber 46 to introduce a second chemical or group of chemicals

" into the CO, stream and into pressure vessel 40. The second resist removal step 130 may
employ the same or different chemical(s) employed in the first removal step 130 and and may
be conducted for a same or different time period. Then valves 82 and 78 and closed and
valve 76 is opened to bypass solvent chamber 46. - In a fourth alternative embodiment, valve
136 is closed and valve 87 is open, and each set of steps 122, 130 and 132 is performed in ten
seconds to one minute without solvent recirculation. - A 2.5 pm-thick resist layer 20 can be -
removed from the surface of an 6", 8" or 300 mm diameter wafer 10 with two removal steps
130 of less than 30 seconds each. Thus, each wafer 10 or group of wafers 10 can be
processed in less than one minute.

Pressure vessel 40 is then flushed for five to thirty seconds, with supercritical CO,
and/or liquid CO, to remove all traces of remaining chemicals. Finally, presure vessel 40 is
depressurized in step 134 by closing valves 66 and 60 and opeing valves 62, 74, 82, 84 and
87 to vent the system atmosphere.

Skilled persons will apreciate that system 30 preferably includes one directional check
values 142, 144, 146, 148, 150, and 151 to ensure the direction of flow indicated in the flow
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vessel 40 i sFighéis 3 fragmenay sross seedionyiew shawing 3akn 40 foflawing sige

sol vent chanber 46. Valve 78 in opened and val ve 76 is.cllgngHmtag%Oc?Pce t he

C®2 streamto flow through |oop 118 and chanber 46 to introduce a second

.chem cal wooaniesp of chemicals into the CO2 stream and i FCE/USESHISS €

vessel 40. The second resist renoval -step 130 may enploy the sane or

different chenmical (s) enployed in the first removal step 130 and and may

be conducted for a sane or different tinme period. Then valves 82 and 78 and

‘closed and valve 76 is opened to bypass sol vent chanber 46. In a fourth

alternative enbodi nent, valve 136 is closed and valve 87 is open, and each

k”resist” layer 20 _can be

r enovedpiessorn gavgess 153, 466, 156, Hid, 460, 192, end Hoohaimey bevoaitorgd se haipimip h t wo
o o7 B inkaane tes 8, yecainsanily oy conelragidd o

group o Processe¢ I, eSS, N Qne m nute. P:lgasure

t of , BT i : e
5% ot FASRTEIES, SHH90 it s L0 SECABFgacenc, Tt

itical
CO2  angHiBbutlrbstilsyec08, For smpeiendd, terfairdfeairélofFRsTe thhn@rebsid ¢ faires

66 and $0arasdeRs et e Bpnig ot g Fotverde Bikders

- ensure

at nos ph@hfer(s)Skid dre thapairserblyweovap aetiinded withedeioyaddDIBOr yitre hrreatHigr

i ncl ude&)r@ﬂ%&i r{sctj onal gsheck val ues 142, 144, 146, 148, 150, and 151 to
BEIFORESSY°FFow i ndicated in the flow -7 14 February 2005 WD

02/ 15251 PCTFigh6 preaeuts4 tdtilmshowig Fifgw exdmtd dfitests pafaoied toudnioval so '

156, TRy gy VAL, A Sl oot (TSR L PRI R PIRE 85 o7 ok

pr ess urexhiteigdisatfacepirasuiiing siuypadevafos 140 dint menasubstpndallyfrecefinbatosesigi or
needed.; H.g4,2 1S @ fragnentary cross section view show ng wafer 140
fol | owi ng sflep' 134 without resist |ayer 20. For convenience; . certain

features of $iljed ersorswillappissisénibat e methodrafdhe presant fpveptipnglanipaiss the

des! gnaathhit (hhPoSBIRARE bEANGADMIDARS: o Wil b AORBSIERI Sduchng. |

waf er (s) "140 are then preferably Tenoved ]S'nd I w th deionize

0
ul tra pieeosteramipmeny, andpragess wae cppegmtinpallymssdedtor st rgnoalsent s a tabl e

showi ng 2. | SSBeshieilh Wi At LOE ridhdRTeprebiniveiast 17om . 4
warl er . - ectron m cr.o r.aps Ol warers. . SuU ) Cl. .LoO se IL1.al S
o bi 1 QPR SR GU I e V4 PHSetten o B sRienbarLeligss upased (3 o 1 |

free ofa glietMicsl péstGtrippitgsclémingiatep such as a "piranha" bath employing hazardous

chemicals. Furthermore, the relatively small amount of chemicals utilized by the method of
the present invention offers tremendous cost savings over conventional techniques and
chemical baths. Finally, the method of the present invention facilitatesincreased wafer
throughput.

It will be readily apparent to one skilled in the'arf that other various modifications .
may be made to the preferred embodiment without departing from the spirit and scope of the
invention as defined by the appended claims.
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Sk | | ed persons will appreciate. that the method of the present Y fvention

.elimnates the requirenent for a carbonizing or asking process prior to
resi st rwgeakasisubstantially reducing the cost, equi pradruswd24nocess
time conventionally needed for resist removal. Skilled persons will also
appreciate that the nmethod of the present invention outperforns
conventional resist renoval processes to the extent that it elimnates the
need for a conventional post-stripping cleaning step such as a "piranha"
bat h enpl oyi ng hazardous chem cals. Furthernore, the relatively snall
~amount of chem cals utilized by themeimod of the present invention offers
tremendous cost savings over conventional techniques and chem cal baths.
Finally, the met hod of the present invention facilitates-increased wafer

' thL oughput . It WAthth@dbﬁ%iﬁdWﬂg’J@ﬁﬁfeﬁﬂIsdl&tddr&olﬁlﬂné $retp consistiagaf t that

ot her vario

wi t hout d'epﬁfl?tf”f? IS; Iac??}’\t hrlgs%sglr?ql W@oﬁb}%ﬁ%ﬁmﬁhgﬁ%{ ﬁ PR Ed%“gjg&g(gf defi | ned by

" the app'endedemicandmtor&uhﬂrd@@ms;mgﬁhastemﬁ)ﬂ 15251 PCT/-US00/ 22454 CLAI M5

1. A nethod of r enpvi ] i of a
phot or esi st a phot orgm slg nél%lm&l% O?Eﬁﬁﬂ‘a{m‘%l%ng ?%%Eﬂﬁg)rneo‘?%%géneg
“surface of a seﬂle(ﬁonmmﬂuctosmbstratamth@bﬁperBWQghwwrsteps of. a. placing
t he semi conguct or SUb?fésé‘[}rﬁﬁd%]ﬁaB }gggug@ﬁ&%@,l on the. surface of the

sem conduct or substra pressure chanper; pressurizing.the
pressure chémber; int# WﬁSB;IERSG@F(@FF@P%@%@F%ﬁaém‘aﬂ@leﬁi@éﬂostri pper
chemcal into thgleg{r@@mg@laﬁllﬂaﬁber d. m xi ng the supercriti cal car bon

di oxi de and_.the stripper.c em cal . within re re cha until the
material isdrenoved fPERRERRSS W&Bﬂd’ﬁ@%rd’%"é‘g%@rsd:tﬂ%smé’ﬂar shing the -
‘pressure chanber m&nﬁh@rﬁh’@@ﬁmﬁﬁeﬁhﬁ“ﬁbhﬂﬁ&ﬁl@ menidved floni thper chemi cal is

.selected fromt he . r(ﬁ*uE copsi §t| g of N-net hyI pyrrol i done di -1 sopr opyl
am ne, tr|-|sopr Cig subsirate, an

e. flushing the pressure chamber.

2. The method of claim 1 wherein the stripper chemical is selected from the
group consisting of N-methy! pyrrolidone, di-isopropyl amine, tn—lsopropyl amine,
_ d1g1ycol amine, and a mixture thereof.

3. - . The method ,of claim 1 wherein a volume ratio of the stripper chemical to the
. supercritical carbon dioxide is within the range and including 0.1 to'15.0 %.

4. - . The method of claim 1 further comprising the step of-adding an organic
| solvent to the supercritical carbon dioxide and the stripper chemical within the
pressure chamber.
5. The method of claim 4 wherein the organic solvent is chosen from t_he group

consisting of alcohols, ethers, and glycols.

6. The method of claim 1 wherein the photoresist residue is formed in a plasma
ashing process.
7 The method of claim 1 wherein the photo're_sist residus is formed in a plasma
etching process. ‘
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di gl ycol am ne, and a m xture thereof. The nethod of claim1 wherein a

volune ratio of the stripper chemical to the supercritical carbon dioxide
i's withi nwiotie/is2zsage and including 0.1 to 15.0 %. 4. The reainsgoei4sel aim 1
further conprising the step of adding an organic solvent to the
supercritical carbon dioxide and the stripper chemcal wthin the pressure
chanmber. 5. The nethod of claim4 wherein the organic solvent is chosen
-fromthe group consisting of alcohols, ethers, and glycols. 6. The nethod
of claim1 wherein the photoresist residue is, formed in a plasna aski ng
processg. The met hadnghof bAdoky Qﬂeﬂaltééfeo{%ﬁcﬁdiﬁﬁﬁ byl B35tz bea fOF MEd I
a plasma et ching process 9 14 bruary MD 02/ 51 P 00/ 22454 8.
‘A net hod of Phaleresislyaphy ﬁﬁﬁr%srﬁt?éﬂswélér @étaé&ﬂr GOHERE9IRg of a

.phot or esi st,Seﬁn@mu@fc@%hﬁguafwm ahslstap Egﬁrrbr natr on thereof from a
surface of 'a sem condu r substrate [of0) st e oduci ng
supercriticat ‘carbon df[g?a%ﬂgn&ﬁ'a’eém ’é’f‘#‘i%dﬁejﬁgﬁ%‘&‘ g?”rfglems‘"é’:[rPc fiduct or
substrate with -t&enioehdictorlsulssirateheitisthe net@izd ontthesuresve thederaiconductor
substrate;  b. nai nta |ng the supercritical carbon dioxide and the stripper
chenical -in cont%rét’tS th t he sem conductor substrate until the material is
renoved; andb. G remvma@tﬂhhgﬁhmmcmﬁtibaiashrboardﬁm«idﬁr@&deh'i@pctdhhmicmiripper
chenical from con of
claim 8 wherein aC% er cﬁﬁgrﬁnggﬁgyﬁbgﬁ?é ld‘ﬂﬁf ﬁl? Exﬁiter?% 3 113&10%& 488
consi sting-of N -net hyrenpwmg)ﬂhﬂdwntwalmmtbpsaldeandﬂ@snupnerﬂmpwdpyl
amne, diglycol gynN@ntRM tﬁﬂi@é&%ﬂﬂoﬁdﬁ&@fﬁ&gtratéo The met hod of claim38
wherein a volune ratio of the stripper chemcal to the supercritical
carbon dioxide-is within the range and including-0.1 to 15.0 % 11. The

met hod @f cl ai m SThdHnkiRE &@ﬁﬁﬁ%%ﬁbﬂeﬂ%s‘%ﬁﬁh@ﬁmﬁﬁﬂ 1§§el€&e@ﬁ9ﬁrth§ sol vent

to the supercritical can nd the stri er .chem.cal thin the
P group consisting o (%T\T-me ipyrr(ﬁldone d?—moprop% amme  tri-isopropy. amjjne

diglycol amine; and a mixture thereof.

10. - -The method of claim 8 wherein a volume ratio of the stripper chemical to the
 supercritical carbon dioxide is within the range and including 0.1 to 15.0 %.

11. The method of claim 8 further comprising the step of adding an organic

solvent to the supercritical carbon dioxide and the stripper chemical Wlthm the
pressure chamber.
12. The method of claim 11-wherein the organic solvent is chosen from the group

con51stmg of alcohols, ethers and glycols

13, The method of claim 8 wherein the photoresist residue is formed in a plasma
' ashing process.
14. The method of claim 8 wherein the photoresist residue is formed in a plasma
efching process. '
15. A method of processing a semiconductor wafer having a surface supporiing

material, the material selected from the group consisting of a resist, a resist residus, -
and a combination thereof, the method comprising the steps of: -
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,pressure chanmber. 12. The nethod of claim 11 wherein the organic¢. sol vent

.is. ‘chosen fromthe group consisting of alcohols,. ethers, and glycols.
13. The weiPad:xaf clai m 8 wherein the photoresi st resi du&)dméooﬂzmd in a
pl asma ashing process. 14. The nethod of claim 8 wherein the photoresist
residue is formed in a plasma etching process. 15. A nmethod of processing
a sem conductor wafer having a surface supporting material, the material
selected fromthe group consisting of a resist, a resist residue, and a
conbi nation thereof, the nethod corrpri sing the steps of. 10 14 February
2005 WO 02/ 15251 PCT/ tical
A bWt tho haflric zs%?en LRAHECORHRbhBnation SHAS ikt

CO2 in conbination wi

first solvent b I ng ected
fromthe group c&ASPEk ‘Eh‘?dﬁféifsoh’-eﬁ@t%ﬁ selegiad, S50 dlamgroup FOnsEH. g %‘ﬁﬁ'eln

tri-isopropyl anmppgelidin! aiclebprawmﬁgm&mﬁwd i amime dig _lmmam _
t hereof; and b. mai.ntai |nc gg itical carbon I oxi de an theflrst

solvent in cont A& SARH2 ntil substantially all of the
- material has. been remﬁdmiﬂgqnbﬁﬁmrmrcﬁmmmmbme\amﬂmﬁrat&olﬂhﬁnnet hod of

claim15 further ¢ I the chanber; b.
pl aci ng the waf ef® ‘% "ﬂé’ﬁ‘%éﬂf’gﬂ? ggg%t}@yr‘@e?atbegllaa B{]%a%{%%% process
chanber prior tormqwnsllﬂtgntﬁeesurthd;eemﬁthd:mfert he supercritical -carbon dioxide;
C. pressurizing the process chanber with CO2 prior to exposing the

material to the supercritical carbon dioxide and the first solvent; and d..
f1 ushi &6 t he- pr odés smethrshafelaim SHurther conppeisineithe stgps @ subsequent to
exposi ng thg materi al hgﬁﬁéﬂheprgwgggmgekcal CO2 and the first solvent in

order to renove the teri d_ the first_ sol vent fro t he process
chamber. 179 The net hBCBIE ‘PWF havmg thesiFfag pgpringae E‘T‘?QFH)&PPF%CBSS

pressurized to achfhiepioLtddipHes, %ﬂﬁhﬁﬁbﬁﬂQE&@éﬂ@e@ﬁﬁ&l&&twn dickideThe et hod
of claimi17 V\/ner eint r];])?esgr g t?lep o%gg%ilam%cxpwﬁﬁ%;p%%r to exp%smg the
material to the supercritical carbon dioxide and the first solvent; and
d. . flushing the process chamber with the supercritical CO, subsequent to

exposing the material to the supercritical CO, and the first solvent in order to
remove the material and the first solvent from the process chamber.

17. . . 'Themethod of claim 16 wherein the process chamber is pressurized to a
' pressure between about 1050 and 6000 psig. |

18. The method of claim 17 wherein the process chamber is pressurized to a
pressure between about 2500 and 4500 psig.

19, The method of claim 17 wherein the process chamber is heated to a
- temperature between about 20 and 80 °C.

20. _ The method of claim 19 wherein the process chamber is heated to a
* temperature between about 46 and 70 °C.

21. The method of claim 16 wherein the process chamber is heated to a
temperature greater than about 46 °C and less than about 80 °C.

22, o The method of claim 15 wherein a ratio of the first solvent to the combination
of the supercritical CO, and the first solvent is less than 15% by volume..
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pressure between about 2500 and 4500 psig. 19. The nethod of claim 17

wherein the process chanber is heated to a tenperature between about 20
and 80T. w@.gAk1met hod of claim 19 wherein the process chaffagorssheat ed
to a tenperature between about 46 and 70 C. 21. The nethod of claim 16
wherein the process chanber is.heated to a tenperature greater than about
46 C and | ess than about 80 C. 22. The method of claim 15 wherein a ratio
of the first solvent to the conmbination of the supercritical CO2 and the
first solvent is less than 15% by vol une. 11 14 February 2005 WO 02/15251
PCT/ US00/ 2245 23. The method of claim 15 further conprising the step of
addi ng a second solvent to the conbination of -the supercritical CO2 and
the fir3l sol vent Themetipdeol laitnda fufthericamprisipg Wirestep of addmg 4 spcond stleent r st
and. second : ( i i g , Rlept i tical carbon

A oxi desong FPL¥eBindidafod Sftho SATRRA €O, id HBHABRGAL || | C6 by vol ume. 25.
The nmethod of claim 15 further conprising the step of renoving organic

contampant s fromrhbeneiRdiQF chith D36@eralf a rdiCofMmt Ked afd sétbad BalRéntt to thber

conprising the step of_ addi ng an organi .ol vent 1o the conbination of the
supercriti o aF e aRO% oA e dlox e 2o e AR DA SR PRI & wihcr e
the organi c ked #tantistshysell@ated fromthe group consisting of al cohols,
ethers, and glycols. 28. The nethod of claim 15 wherein a tinme period for
mai ntai ning the supercritical CO2 and the first solvent in contact with

t he wafZr. havi ng Themsthoflaf elaing tp forthdr egmprisieg ithd stépsofyemaring orgardeconds
and: 15 mnu : . aim 28 wherein the tine periodis

| ess-than ab%(ﬁ? mtﬁé{b@gfﬁ@?g}?&f ea%’lét hod of claim 29 wherein the tine
period is |less than about one mnute. 31. The nmethod of claim 16 further
conpri sjng the st f 'Bﬁiﬂ)' I %ﬂf . SIS &l
subsequsiedﬁ'ﬁt to pre(s?g%rﬁlletz@ﬁg&‘t_ e 2?l(l'gl'!(]:f(iaihses cgﬁ%%%%#ﬂ?t he a%d %ri or to
i ntroduci ng $Heen iptespmbinatipn oXike spperonitial €0p gud thedirglesolvepd t he pressure
chanber. . _ _

Fa

27. . . The method of claim 26 wherein the organic solvent is selected from the group
‘ - consisting of alcohols, ethers, and glycols.

28. The method of claim 15 wherein a time peﬂod for maintaining the
supercritical CO, and the first solvent in contact with the wafer having the surface
supporting material is between 10 seconds and 15 minutes. '

29. © . Themethod of claim 28 wherein the time period is less-than about 5 minutes.
©30. - Themethod of claim 29 wherein the time period is less than about one minute.
31. | The method of claim 16 further comprising the step-of adding ]iqyi'd CO, to

the pressure chamber subsequent to pressurizing the process chamber with the CO,
and prior to introducing the supercritical CO, and the first solvent to the pressure
chamber, '

32. *The method of claim 16 wherein the wafer is placed in the process chamber
prior to heating the process chamber. - '

33. ; The method of claim 15 wherein the wafer surface includes feature sizes of

F

less than 0.5 pm.
-12-
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.32. The nmethod of claim 16 wherein the wafer is placed in the process

‘chamber prior to heating the process chanber. 33. The method of claim15
wher ei n Weoaststr surface includes feature sizes of | esspatmsooz&am - 12
14 February 2005 WO 02/15251 PCT/ US00/ 22454 34. The nmet hod of cl aim 15

wherein the wafer surface includes one or nore vias having a depth to,

“diameter aspect ratio that is greater than 5:1. 35. The nethod of claim 15
wherein a thickness of the material is greater than 1.5 m 36. The net hod
-of claim15. wherein the material conprises a photoresist. 37. The net hod
of cl.aim 15 wherein the material ~conprises a photoresist residue. 38. The

nmet hod,Qf claim sin the step of. adding a 3 to 6 carbon
i one 25 the contR Rt SR Dyh&FEHAE PR s i dte br Sy Prent

. 39. The net hevingfa debthi tondBinBtentasperit rattonibatfis gesates tlaudnk. i ncl udes t he n- et hyl
pyrrolidone. 40. A nethod of processing a sem conductor wafer having a.
surface supportin material, the material selected fromthe group

" consi sBfng of a rdsmathodoficdaiingtS wheretnathickaess of theanaferialtis greatendraadts t he
met hod COWpr}er&I ng the steps of: a. exposing the material to supercritical
CX2 in conbination with a first solvent at a pressure greater than or
~equal to 1;050 psig and |l ess than or equal to 6,000 psig, the first

sol venggbei ng seImehﬁ%&dr@aeﬁﬁqsgwﬁét&nCtﬁaﬁia&ﬂamnﬂins@s aﬁﬁéﬂayémst pyrrol i done,
di-isopropyl am ne, tri-isopropyl am ne, diglycol "am ne, hydroxyl am ne,
and a m xture thereof; and b. maintaining the supercritical carbon dioxide .
and tha7first solyetetliod of CoMLAG witirbi th&fateRiBéonRirisd Ehot%tﬁ@ﬁst fRidual | y all
of the material has been renoved fromthe surface of the wafer. 41. A

met hod of processing a sem conductor wafer having a surface supporting
mat eri 38, the nafhe hmlthoﬁeifetaﬁmdeﬁ:ﬁhtﬁdmm;gfsmgnh@ﬂapbﬂiddi@ a8 tabrcadost , a

d h d h
(e St et S Yo BATR O Mgk ER RS o s&&%‘éﬂﬁrﬁ;{?hﬂgv&tﬁ o

first

39. The method of claim 38 wherein the first solvent includes the n-methyl
pyrrolidone.
40. A method of processing a semiconductor wafer having a Surfac‘e supporting

material, the material selected from the group consisting of a resist, a resist residue,

and a combination thereof, the method comprising the steps of:

a. exposing the material to supercritical CO, in combination with a first
solvent at a pressure greater than or equal to 1,050 psig and less than or equal
-10 6,000 psig, the first solvent being selected from the group consisting of n-
methyl pyrrolidone, di-isopropyl amine, tri-isopropyl amine, diglycol amine,
hydroxyl amine, and a mixture thereof, and

b. “maintaining the supercritical carbon dioxide and the first solvent in
contact with the material until substantially all of the material has been
removed from the surface of the wafer.

41. A method of processing a semiconductor wafer having a surface supporting
material, the material selected from the group consisting of a resist, a resist residue,
and a combination thereof, the method comprising the steps of:

a. exposing the material to supercritical CO, in combination with a first
-solvent at a temperature greater than or equal to 46 °C and less than or equal to
80 °C, the first solvent being selected from the group consisting of n-methyl
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solvent at a tenperature greater than or equal to 46 C and Iess t han or

equal to 80 C, the first solvent being selected fromthe group consisting .
of n-net wo 021R514 February 2005 WO 02/ 15251 PCT/ USOQ 224%€Tiz0d/2d46H0ne,
di -isopropyl amine, tri-isopropyl am ne, diglycol am ne, hydroxyl am ne,
and a m xture thereof; and maintaining the supercritical..carbon dioxide
and the first solvent in contact with the material until substantially all
of the material has been renoved fromthe surface of the wafer. 42. A
met hod of processing a sem conductor wafer having a surface supporting
material, the mat@rididoseldsipsorfl amide)ei- ﬂbmﬁyl 00N, diffyodl miing hydmixgl , a
resi st residue, and a onbl at |t€n ‘téfhﬁq»die e nmet hod conprising the steps
of: a. exposing tFEDfg tical OO in conbination with n-
met hyl pyrrob.i done; annhahltallmgnhmupbmgtltdieaﬁupdiomiddém]atheﬁaﬂtbdmemﬁmxi de and
the n-nethyl pyr i stantl aI ly
il 928, o 0T Gy Yooty B e Bhaith LD
~The net hod of cl aiemo¥ed fonr thiesurfaceafitle wifer. he .n- met hyl . pyrrol i done to the
conmbi nati on of the supercritical carbon dioxide and the n-nethyl

pyrrolidone is between 0.1 and 15% o by vol une.
42, A method of processing a semiconductor wafer having a surface supporting

material, the material selected from the group consisting of a resist, a resist residue,
and a combination thereof, the method comprising the steps of:

a. exposing the material to supercritical CO, in.combination with n-
methyl pyrrolidone; and-
b. maintaining the supercritical carbon dioxide and the n-methyl

pyrrolidone in contactwith the material until substantially all of the material
has been removed from the surface of the wafer.

43, The method of claim 42 wherein a ratio of the n-methyl pyrrolidone to the

combination of the supercritical carbon dioxide and the n-methyl pyrrolidone is
between 0.1 and 15% by volume.

-14 -






