;vwe3e} z| "n6TMR'WO 02/ 15251 PCT/ US00/ 22454 REMOVAL OF PHOTORESI ST AND
PHOTORESI ST RESI DUE FROM SEM CONDUCTORS USI NG SUPERCRI TI CAL CARBON DI OXI DE -
PROCESS Ry &bis0k1 THE | NVENTI ON The present invention rel ai@asudoontize field
of renoval of photoresist and photoresist residue from sem conductor
waf ers. More particularly, the present ntion relates to the field of
removal of photoresist and photﬁ @ﬂ"\l@mm%&ue from sem conductor wafers
usi ng supercritical carbon di o ND OF THE | NVENTI ON Manuf act ure
of semi conductor devices requires a@morcatl on and subsequent renoval of a

photoresi st c {z ' OF PO RESSA ARDSBHERIRISIOF RiIPiur The removal
of the photoresis WEH g‘bmﬁﬂ@mc:%ﬁmcmrrwumy be

i medi atel y precede ARFONPRORIDEFIROCKERS O ot her semi conduct or
manuf act uri ng step. These steps can degrade or carbonize the photoresi st

chem cal and | eave a photoresist residue that is difficult to renove by
current stripping nethods. The current stripping nethods require that the
waf er s WELH @PIWH NVYENAIOR of conmerci al | y avai l abl e chem cal m xtures

NI e e W T SRR S
achi everem&mqafrmhsemmmdadtomaﬁafsoﬂ\Mre@ﬁﬂmu]@rly,rthgpmseﬁms\tenhes redaies ’Ebrﬂtbfm t he
vaf er spng ?Fﬁm&%ﬂ%ﬁiﬂhﬁt&@ﬁﬂ% Eﬁ%}areg@r{/ﬁsﬁﬁé £6 s\éféuc?ﬁﬁﬁ@ﬁlr @Efefs i ng

phot or €si’s oresils IS nee nDre i ci ent
met hod %@mmeﬁﬁﬂﬁwﬁopﬁbﬂ@¢%5|st and phot oresi st residue. SUNNARY OF THE
| NVENTI ON The present invention is a nmethod of rempving a photoresist or a
photore5|st Sel ﬂductor substrate. The sem conduct or
! ——@&—the phot oresi st resi due on a surface of

the sem conctu@mﬁhctaw:t&tsemi@ndsctcm deeieds wijhindsrepalipatioa aud sulshqueberemcvhk

th d
Bt e ppest e b tE e PRt e o RBRE oL PR R Hdle and @
super crphotaradistchemimal, dbmxicody larwhfltatsetrmpmgapeb’ behmmediitelapreceded®yai ned in
cont act nﬁrf' Eﬂ%h%&krgr(ﬁsdtﬁér 3o R AR L g 5’?@? Gk‘h%sé@é dslcaf B6rade
or r

phot or e% toresist residue 1s renpv omth sem conhduct or
substr a@recarbpneeﬁhee@m:@SIéMﬁ*wl prgl lepuere whotpypief residna bt élfﬁcult D 02/ 15251

PCT/ USOP%%%%?& c!n@erﬁ@uﬁJphﬁgrxﬂé&b&e BRRAERNpRig ltneﬁaoag ﬁ;q@iﬂé thiafWhe Rtaif s, t
supercrjtica rr es or in cal's or.a conbination
of the & ¢BPRAdN P@W%gg]l%?ﬁﬂgaﬁﬂg Cﬁﬂ’%&qﬁH&%ﬁPQ&mﬂb SHRRGE rllJI%\R/m chis
heat ed ik 1ﬁﬁ3eaﬁp1royz1ed;ormtmsomgangmematmnndryparaug, thb dathe elhplogimanecyorbi nat i on
of the gr n t

resi due@ gsa#JWSﬁtaqﬂltlgﬂx 1éttr%ns {r;?aanc eggk%ﬁge%ﬁgﬁas? u p&;g%@%%@#pgggoﬁé%% t hese
mat er i atwdamﬂomdhawafanguﬁdt@m cals out of the chanber. BRI EF DESCRI PTI ON OF
THE DRAW NGSgiphGs ndeded 1§‘a o?éfveﬁ&ﬁ% niekﬂoﬁ%ﬂé%ﬁéﬂﬂ biobisPmdphorrdt hod of

the present invention. Fig fragnentary cross sectional view of a
pre-pr ox8i§sed seni conduct or waf er supportr ng several material |ayers. Fig.
3 is a schenWhfisGlea®ddin stovbfigicahastied 5 repldvasy platstesist|ane phetbreaist
sinplifi e(a resi st renoval systemin accordance with the present invention.
Fig. 4 I°8%8%f| ow di agram showing a sinplified sequence of process steps of
a resist renoval systemin accordance with the present invention. Fig. 5 in

a fragnggig;ég%rgﬁs&@ﬁﬁvgﬁé NI ew of the wafer of Fig. -2 subsequent to a

resi st ce wWith the present invention., Fig
presents a tBi erestmbiivanticn savnahethefiremowng pebptorgsist poi Prworeélstrréﬁé%

phot or eg{5ts LhPBrAudBf Qlbstrate. The semiconductor substrate with the photoresist or the
photoresist residue on a surface of the semiconductor substrate is placed within a pressure

chamber. The pressure chamber is then pressurized. Supercritical carbon dioxide and a
stripper chemical are introduced into the pressure chamber. The supercritical carbon dioxide
and the stripper chemical are maintained in contact with the photoresist or the photoresist
residue until the photoresist or the photoresist residue is removed from the semiconductor
substrate. The pressure chamber is then flushed and vented.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The preferred enbodi ment
of the present invention utilizes the high solvency and cl eani ng

char act e{yis§d@8s10f supercritical carbon dioxide to assi stecirrusolyedsiri ppi ng
process of photoresist or photoresist residue. Only a snall fraction of a
stripper chemical is required to affect the stripping process conpared to
the prior art. In the preferred enbodi nent of the present invention, the
supercritical carbon dioxide carries the stripper chem cal onto the wafer
to be cleaned and is then recycled back to a carbon di oxi de conpressor. for
reuse. The §fnLi BR&HAGRS déﬁ&)ﬂhnkirﬁ o??]l% dﬁé’éenﬂhv&ﬁr%ﬁ‘ ﬁt%'ex%rlfu@é{@b | Arrge@nrer ci al |y
avai | abl e stripper produ e ree of . sol vency .and sol.ubilizing
abi | i t yorgangserduergayicchemisalser € cprpBgiion tbeﬁr&s‘nwnéén@ﬁﬁaﬁ ‘E‘H%mft‘em)val

of the Hé‘@%QJu?éé}%Enb‘éf Wilién i%*l@&t@di@&lﬁﬂesshﬁﬁédﬂ uﬁle oTE&1@bQiﬂoﬁ§éthhbrhi&:ﬂtﬂ@r
ability ovi ded 15)2 the sup crltlca car

Xi
sci encé C@H&’“Pf’é@n Qé'ﬁi‘ﬂ”b?‘i 1&]10{5413%& l%tFﬁéY% 1ei51(§5f?sbsh5681d$1§%’ a%‘iarrpl e
in cl eanbdife &ntdfinahts pailicwaSpburfaoe md)damdfsethmapmtmam ammhlemednitgon di oxi de

i ncreases S The supercritical carbon dioxide effectively
carri es” 8m§t‘?'£flqu?8ﬁ§‘ﬁﬁ APl he stripper chenical onto sub-micron surface

features of nodern sem conductor devices because diffusivity and -2 WO

02/ 15253 PETHESERIPAMR oY gthe supercritical carbon di oxide is
simlar ensity of the percritical carbon
di oxi de is rfdg; Iys @fowicher ﬂalstra%fta e plsasef a mphod ﬁﬁawdar?ﬁe%l&}'e Rbon di oxi de

al so carri espjavay At HemRReH-PERSE-SdctioRd] vidkeoRire Précissid sesdotddietoranter
remai ni ng stripper chemﬁ\ fromthe surface of the wafer. Thus, it is
possi blsélPPQﬁIH%&‘teF?én&tr%ﬂal Hfunt of the stripper chemical to performthe

strippi ng prEigess aaberhaticdisgranahoyingwhymbengipisngndimviscdiasinglifiedesi due.

The preferr iment of . the nisillustrated in Fig. 1.
A waf er! ewttrﬁmpﬂagt%ﬂgqldpggqogqangc Wﬁh?ﬁepé% e%?%@?%t %r esidue is placed in a
pressure chdfipet isiarflay fliagem ghrovdess sismdificd sguemeofpresssustersiaisdyt | s
seal ed I%&@vhrsgéehhﬂlé@&rmémrtp ngregén?iﬁvgﬁhdrf‘ a second process step 222. As

pressure I nsi ressure chanber |ncre§ t he arbo d|o |de becomes

liquid and tiFignd ¥Ueﬁ!a@%§el’§%ém§ﬁ15?qt’@§? WEHB tvmf%rcg ?G@PT’I} ite g
pr eSSUf1%s1st1i¥ﬂb9ﬁ|std@ﬁﬁ%@&ﬁd@ﬁswlﬂﬂt@é\ﬁremﬂgﬁeﬁﬂi@m 20 to 70 C and from 1, 050

to 6,000 psi en i process condi e smal |
anount of t gs%/\gﬁeﬁﬁ’ésr @h&rﬁheﬁ'lmgas ?’Vnefxf’%’Bi? g%sﬁtpgrfrgﬁgfcj% r(e:]%llg Y cal carbon
di oxi depistdreqsnfangatdafia. added into the pressure chanber in a third process
step 224. A volune ratio of the stripper chemcal to the supercritical

car bon di OXI de s preferabl 0.1 to 15 0_Vv/iv % The stripper chemcal is
pr ef er aDEYATER DENCRPIRONASF i PRIBOERRE ABRUNMIENL pyrrol i done,

monoet hanol ﬁ%fen‘éh'eﬁfﬂ@ﬁﬂ%'t oﬁﬂﬁb BFeseﬂtﬁﬁvehﬁ@rPﬁ@]}i)zéls t}ﬁhﬁesom@wﬁcl ani ne,
hydr oxyl am ne,” catecho anol __am ne

s :
hydr oxy$leavngeharasfristies ‘éfc’ii"}B?fcﬂté%c 0% ‘haﬁSlS&H SUPPHEREREES Ny
cont i nugiRtdMedift dr@ﬁbﬂoﬁd&is@tdsﬁﬂileObmmsrﬁubﬁﬂdlrontdfaatnppar ﬁmchlmecjmr@rtd W th

1 Xi { 1t | t hi
The preStst e R bpiess CrpiRen g eBsat M hferi R BinaREEES W1 01
226 conpnegunemvamm thersmppdocitical eatbsi dmmldcherrmhdtecﬁfelspegph@e@ﬁ]dm@ ihe waddrov ed
fromt hf?s‘t}\%;g a\%lecti aﬁcpfs%ﬁén r%c AR Bk tP éag?b 8 €O gﬁeséﬁr%ﬁ‘éﬁ@ gpgnber is

t hen fl ercritica i 0X] ? uid caybon
di oxi desttippareheuisa nsmesalef Chﬂi@lc%lefﬁimﬁ%@m&ﬁ@iﬁa@éﬂ ayajlgpl %SWPPQIWI%JB@ess step

228. Fi gﬁéfu hdtsgee B &194Hc aﬁ@mnzmg awﬁfsﬁﬁdvid@d@ym&ssm erceitientdarbbe waf er i s
.renoved Inhn a S

th_proce ona nal p step rinses
the waf @PXWFFHh%’éP%WP Z‘E‘Hmﬁﬁ fﬂﬁ"ﬁ rPHOtBEﬁSEt %qu‘gphc’t%eéls{)lfesﬁﬁ% iﬁ%@gﬁr itical
car bon ﬁhlwih@lﬁ bilicopidiviiet ibethevupbrctitienl sahbh dmmaleris mﬂ knhwnéa sdignse and

chem ca r eat ances the re I
photoreg‘il e‘?&’éﬁﬁaﬁe DA & ”gﬁ’lﬁ]aué’%réo@%x@ﬂ% or eV| Opﬁw{aﬁg anount of
the stri pperSclIveImyo.’d:'Ith& s;qmcn@daltcerb@flﬁmdwemyaﬂeéN@@@T@ﬂﬁéfepIT@?or esist or the

phot or eglip%}cr{tﬁgf &gﬁ) fc{:,“ fud 2% c\e@&?rcaf@s E%ﬁ'lldﬁ %Hw%hﬂdﬂﬂ thé &ﬁﬁf)ér)bh&ﬁmuﬁdnﬂ@

supercritica conpar ed r art cheni.cal

stri ppi mg:mrmayfacmeaaﬁﬁwﬁmeql%wm Oéﬁé‘ﬁP ecwgld\ﬁ%ﬁéﬁ@raﬁfled as a
result of using the - WO 02J15251 PCTJUS00/ 22454 supercritical carbon

di oxi de and the stri pper chem cal is si gﬁi‘fi cantly less than the prior art
wet chem cal stripping nmethods. The supercritical carbon dioxide and the
stripper chemcal elimnates a need for the prior art wet chem cal
stripping nethods along "with using | arge anounts of chem cals and

expensi ve wet baths. Also, the supercritical carbon dioxide and the

strl pper chem caI renove. traces of or ganl C cont am nat| on fromthe waf er. In
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WO 02/ 15251 PCTI USO0/ 22454 Fig. 3 is a schematic diagramof a sinplified
resi st renoval system 30 of the present invention, and Fig. 4 is a flow

di agram o go/shépl i fied resist renoval process 32 accor diptg/dworiyes present
invention. Wth the reference to Figs. 3 and 4, renoval 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 chanber 42,
and sol vent chanbers 44 and 46 to a preferred operating tenperature of 45

to 65 GiRikief oftfe Eﬁtﬁr@ftfchl\/@alrbﬁfdﬁﬁﬁ@fs siaﬁﬂar% h'gh@ﬂhd%@hﬁ@ﬁéca%d densippsfeci at e
that the préssur e

J[ 8 rf/ Iter |ve E rr&rhntaln t referred
pr oc es SPf §INCEHESR! él IKIESESTcR féF‘Bl %H 8580 1P RPFEHSET BtV e may be
gr adual diyxideslkeagfies 4wayf the phatshisantor t}mrmetoamm eestdueeandnaframingstapresr s
pressur cves to.red t f evi ces or
feature a?ﬁB’Pﬁ@%f‘gsacS i %ﬁ)ﬁf‘i érl(sjﬁmgilq{ }\g%ﬁ)g{]b%?%g{ert?g% 8@2&5@@%@ heat ers
are pr es‘hemmbblgcnhmallto pcn:ﬁdnm theetrippingsprosesy anbtol alspCagdwa ApHaNNg4 and 46 to

per for My Qﬁ@zfa{l dStERe skilled persons will appreciate that ot her
convention y avar abI e heati ng_ t echni ques  coul d be egép%zd I | ed
persons wi | | The meferpp pabpdiment pizhe preagnt &1vention s alusiratsd tAa “hay be

wWr appedy g %Qﬂoﬁ’s&ém& br ﬁl@?ofbfresﬁd’ﬂ S8 n@ﬁh(zdﬂ@n |alp&%§ure %lzl@rhbétﬁn hifile 43 bet Wee n
punp 92 and ves

es .45, an e mee rs
and 46 RiREFS Ftﬁ%%f@ lﬂeoprﬁﬁﬁ“ﬁ’t &Iaﬂlqeﬁﬁ Sp %@}‘§HIE§SEH6 81?‘ glg y{saf%1 erﬁ}r)nESO at or
near t h@cbrﬂmﬁdﬁrﬁt steg 201, )O&eﬁﬁ@hurémsaimdh@pmsdum&ambeanxdreaﬁes thatabopl acenent

st 48 ] t t
o bl actobhs Sprifa g P R BGS SRR A AR R ecBBRALA B EROT HUZD
Vaf er ( sTypiea} plreessrdorditions tange fomt 2 toy/08€ amérﬁtonthpﬁ(?/tfa@\ao&ni}&or ted by clips,
el ectrost at 'Wh?%dé’s?r‘é& ?}&@khc&%]dﬂfahs %@%ch@@%ﬁpﬂﬁall’\ﬁh&mk ROV shﬁrp%i(' I'l'ed

practitioners, Pressure vesse i ncl gge one or, nore_wafer airlocks,
may con@ﬁ@@lmm‘m@@@@eﬂo AratRICHibgsl %f@%dli? g &ireap apd thus pdded dMQ e porti on
and hydg.agild Gahlb¥r 1'haa' B %l@ss' soezad Ap%mm@man@dsftnaymbpeﬁmmﬁﬁl wyhet her

mechani sms. Pur gi ng S e,nt nmber s 44 46 and
pr essur 8PGEEEe] Cﬁ@ %pqellépﬁe pr]? ]eé(gylv 35%%51 pr e erabl y
begi ns petdrabdy belmmﬁiﬁb g6t c@is;suﬁg N—ﬁrﬁthyﬁﬁyrrcﬂﬁioné’,(momihaﬂdl anyigg, di-8, 80,

82, 84,.86, 87 .0 dﬁ%r Eﬁ’rﬂ% 6QakLs opened to
al I ow HSBPIJHP%J‘B o Bcfpﬁfu%b%f g%&%gﬂl{‘ ,F\Ty %om gﬁ&gﬁl 90 to pressure
r egul at inmguredhereofs Mwﬂmathaedwmeg hyKececyt avaingy andlsaicaholdiape enlymmeialyr eat er
than 75Q;pounds per square inch gauge pressure above anbi ent at nospheric
pressure ?gsr g). Vent valve 62 andj};urrp val ve 64 an refe fﬁgl‘?ﬁ

sequent i al | yPiopessiag contimies giifhaeprquiitioniohths sypeFFras O’E‘ o gt g4,

Val ve 6Kiah} 6MGe caiiRiafcaBehrivor dibkxidsusdite rsmeldclﬁnﬁca‘l mmethfa@rasme each

| at | t t ot bet 50
Lo 90 perEUEHG %ru&hé?%r%?v Ut 4% s TPt Y 26 PR HAA A, oot “vent
94 by cp]@dtomgstmmhm Edtdresistpesifer iabéoat ffomathe Wafmet}s)w&imd@m by to
f bl. | 1
BT Usoby Ui AE Mds B XnBREG b el Bl ith o0 S“Je?‘f““s%l it %gﬁég’ e ng
val ves ligyid g&bosdioxidedo aen@‘@ tparsg@f the repeaining Rhgrpienls apa Tgnpras ?Pt?reggl ly

gge ni n Pgrﬁt%h;v Eiﬁ% %45 suﬁaﬁeha%ﬁ)eaﬁd/eﬁ%dtt@ arﬁwsﬁ@er@ LRBHY RS fephove ird ilﬂﬁlmhg h vent
(640) ra

110, vaPKPé%SSQFPP 2§ A%p%ggal %?P@E%S%%g%%g%ﬁﬁwﬁf essrf’acfer Ves@&&i@ﬁ%%rpqrr?g step

cl osed. whie. system pr essure is then preferably adjusted between 1,000 and

2,000 bl t 090 th
punpi ng SIr gt eﬁg‘? O‘S'Lgé@éf?%ﬁ @ %ﬁﬂ\é\feﬁam\t}g ve%gj%n gq)gﬂp&lg?ﬁlsa i ngﬂ{l%&lﬂtll)é S
pr essur etrippgchemizal gre2tly Bdekcetesmovalddd pltaseresistoor the pbetorsishissidpet vvee n
pressur %o%ﬁes?lftgees gséﬁﬂo fapadiSey 1%9% ’Pﬁ'édan?drﬁl%‘fsthle '591? ér]&rehﬁ’catl’ feqlRBd @Ssuri zed

to anbi en eric pressure yst em_f i s also ferably set
t o bet welertyely ramavez@lemgmr@l%er thﬁiphﬁftoéﬁs{skwue Sl %\{B %Teéfg%f’gil y between
3 to 6 LiEMrcMidyesy mig/ﬁ@eﬂcemcaﬂcarb?ﬁ dicdiek @fnpatel (6 tiasgtor a'imkre/tehémmehn be

el AR B S B ST R 2,570

subsequent |y cl osed before valves 74 and _82 are opened to all ow sol vent

| oops 116 and 118 to achieve the i nst ant'areous system pressure. Skilled
persons will appreciate that step 114 can be perforned any tine after step
50 and before step 122 with the proper sequence of valve control.

Pressuri zing systemstep 120 involves increasing the pressure of CO2 in the
systemto between 2,000 and 6,000 psig, nore preferably between 2,500 and
4 500 psrg, and nDst preferably betmeen 3 000 and 3 500 psrg by adjustrng
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_7_ WD 02115251 PCT/ US00/ 22454 lines of Fig. 3. Skilled persons will also
appreci ate that system 30 preferably includes pressure gauges 152, 154,

156, 158wdle&@Ms25162, and 164 that nay be nonitored so thatpcpmgpo/sﬁspr back
pressure regul ati ng val ues nay be adjusted manually or by conputer as
needed. Fig. 5 is a fragnentary cross section view show ng wafer 140
follow ng step 134 without resist |ayer 20. For conveni ence, certain
features of Fig. 5 that correspond to features of Fig. 2 have been
designated with the sanme reference nunbers. Wth reference to Fig. 5,

waf er (), e}&ﬁlcar&ﬂscnﬁ&io%e ﬁdi @Aelsih;rp%pal\éﬁﬂca@Mlgﬁlﬂéﬁmy%gshhgﬁh@ﬁhaﬁﬂt (D] or
ultra pure water to.finish the cleaning 8 presents a table
showi ngvehchesticd eimpingmethode sthe sfsl@?%v%aar enfimf@@neﬁleﬁ HRRSF sherpictim a
waf er E@mirfat@Gtdeod foH tBE pﬁémh@ewhemaegtﬁpﬁ;ﬁg m&ﬂjﬁkg ta&@hgtvﬁtﬁ mﬁgelaibgrel al's

rs il st

hi bi t ed tiall
Froe of TOHES GF BEpupals pF Pipepits HebbAB A PRI St Re o Rl e he
t he nettrpgerdhemial preseritacenvmganncettiminaaireSonitbe wepni rement for a
car boni zi ngypy ﬁ?s%glté}%am éiﬁlfo?inﬁéﬂg%tﬁe rés%ﬁ@%ex{tﬁﬁ“é{ Shall 5440 t%@taha' 'y

reduci ng the cost, cohven I ona needed for
resi st ormlvenmmﬂd@htoﬁb@ @m@@&ﬂpallca@mdmﬁﬁhmtﬁ@ étﬂph%ttCh?Iﬁ@aheThﬂ)d of the

presenty ameeslaweﬂﬂs %feﬁbiﬁet&tea%\f@malgm@bohﬁ% oﬂ’zﬁéﬂh\sﬁ' eﬂﬁé@%ﬁses to the
nates the need for convesrr%jt st Stri PI Ng

ext ent a{s it ell

cl eani rﬁi?’% e 1 QrgnIEssodvent enlpees Tergayal ok g bgge %19‘&? 5 GeNARERER) 5.
Fur t herropt ghe vidi@. rel atively small anmount of chemcals utilised by the
nmet hod of the present invention offers trenendous cost savings over
conventional techniques and chem cal baths. Finally, the nethod of the
present i nv&ig. 2ana faglehtast cﬂsssi-smcﬂicﬁmheidwuﬁfa@re—pmceug& perhiconductar wrafdre

readl'%o%g@?o@%{g%%&e?y 5&95'% e & Figl tghout g&&%ﬁctx%h yfog@geah cations

may be ma e pre |rrent W eparti g rom pirit
and sceépapomisehe silisor At p@nmwua@fatmb%thaw@n@fﬁwmeém dlhglayerg 14 WO

02/ 152%a; ﬂaﬁ'b%rd?éé&é&@?%@%%elﬂwﬁaﬁﬁg ﬁ&gwgtfloﬂ &rmuérrwye@s I@tl%ie%' 145€l ect ed
fromthe grou conmsh&g 8 {}otoremst hotore % reslga nd a
conbi n&hd &¢ farpeanedevatiogallavasis sidacedd ﬂéaté%wphcé AGEYDF ‘é’l} &16sit Lyeor i si ng
tﬂe st epé sﬁeo?ed t@|a6}ﬂ10ftg1tlﬁé'g@alﬂﬁmpl©mgbtﬁ¢1ﬁﬁte feab.&ﬁ e2ieot whéin tdwealeht erl al on

t he surface o conduct or ,subst e in b,
pressurdof] ?‘Pdloflfllleth %P@éggr%l ﬁaﬁ%&rhm Wld cf‘r(?#ﬁ]é Snﬁla Bgéﬁf?‘ﬁ? ?§ bon

di oxi dendmdalder stith gspest ra:tﬁtsmfoﬁﬁepthtlé)tQWEiﬂpiéﬁslUm grévderidean 5:¢ or giegieng t he
super Crthén'o‘}%h atq% ben dioxide and the stripper chemcal within the pressure

chanber unti nmaterial is renoved fromthe senm conductor substrate; and
e. flushi ngli pesopsiepesith tagprgssaf invention, resist layer 20 may be a remnant 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. Photoresist materials
include, but are not limited to Novolak (M-Cresol formaldehyde) or etch-resistant poly
coatings such as plu isoprene, poly-(methyl 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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2. The nethod of claim1 wherein the stripper chemcal is selected fromthe
group consisting of N-methyl pyrrolidone, di-isopropyl amne, tri-isopropyl
ani ne, dipgd ¥6@hsiam ne, and a m xture thereof. 3. The net hed/woetaim 1
wherein a volume ratio of the stripper chemcal to the supercritical carbon
dioxide is within the range and including 0.1 to 15.0 % 4. The nethod of
claim1 further conprising the step of adding an organic solvent to the
supercritical carbon dioxide and the stripper chemcal within the pressure
](c:hanbeL. 5; The method of claim4 wherei n the organic solvent is chosen
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from t H
47 between respective chambers 44 and 46 and line 43, to maintain the temperature of parts

of system 30 at or near the temperature of vessel 40 and chambers 44 and 46.

Wafer placement step 48 employs manual or automatic conventional wafer handling
techniques to place one or more wafers 10 into wafer chamber 42 in pressure vessel 40.
Wafer(s) may be oriented horizontally or vertically and supported by clips, electrostatic or
vacum chucks, or other methods well known to skilled practitioners. Pressure vessel 40 may
include one or more wafer airlocks, may comprise of a gasket-mated two-piece vessel with a
stationary portion and hydraullically raised and lowered portion, or may be sealed by other
mechanisms.

Purging step 50 that purges solvent chambers 44 and 46 and pressure vessel 40 with
fluid CQ,, preferably gaseous CO,, preferably begins with 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 60 is
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 valve 67 that is set to ensure a pressure of between 50 to 90 psig, and
preferably 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 68, 70, 72,
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consi sting of alcohols, ethers, and glycols. 13. The nmethod of claim38
wherein the photoresist residue is fornmed in a plasnma ashing process. 14.
The et hegb ¢d/15851@2i m 8 wherei n the photoresi st residue is gaarmgeg21484a pl asna
etching process. 15. A nethod 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
nmet hod conprising the steps of -10 WO 02/ 15251 PCT/ US00122454 a. exposing
t he rraterial to supercritical CO2 in conbination with a first solvent, the
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process cha pres6s]glf,¥zed to a pressure between about 1050 and 6000

pSI g. Pesferg tm 17 wherein the process chanber is
. pressuri Zed\ﬂe@ valvpes E(S,SM[ES laﬁﬂ\SBerb cﬂdinaﬂ,tsoﬂlﬁ{fi& can e 4BAupsi ig.soli8nt The net hod

ot oot bt 54 o S SSE R PIR% o ARy gl et veer
i s. hedtlleng tpstep 114. Valves 72 and 80 are subsequenﬂy closed before valves 74 and 82 are

opened to allow solvent loops 116 and 118 to achieve the instantaneous system pressure.

Skilled persons will appreciate that step 114 can be performed any time after step 50 and

before step 122 with the proper sequence of valve control.

Pressurizing system step 120 involves increasing the pressure of CO, in the system to
between 2,000 and 6,000 psig, more preferably between 2,500 and 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 CO, 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, ammonijum bifluoride, methylacetoacetamide, ozone, propylene glycol
monoethyl ether acetate, acetylacetone, dibasic esters, ethyl lactate, CHF,, BF,, other fluorine
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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tenperature between about 46 and 70 C. 21. The nmethod of claim 16 wherein
the process chanber is heated to a tenperature greater than about 46 C and
| ess t hawmboytsi80 C. 22. The nethod of claim 15 wherei npaTrahi/eief the
first solvent to the conbination of the supercritical CO2 and the first
solvent is less than 15% by vol une. -11 WO 02/ 15251 PCT/ US00/ 22454 23.
The nmethod of claim 15 further conprising the step of adding a second
solvent to the conbination of the supercritical C02 and the first solvent.
24. The method of claim23 wherein a ratio of the first and second sol vents
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minutes, and more preferably from 30 seconds to ten minutes, and most preferably from 30
seconds to three minutes. Valves 70 and 74 are closed and valve 68 is opened to bypass
solvent chamber 44 for closing solvent chamber step 132.
In a third alternative embodiment, a second set of solvent introduction, resist removal,
and closing solvent chamber steps 122, 130, and 132 are performed in connection with
solvent chamber 46. Valve 78 in opened and valve 76 is closed to force the CO, stream to
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 um-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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-12 WO 02/ 15251 PCT/ US00/ 22454 34. The nethod of claim 15 wherein the

waf er surface includes one or nore vias having a depth to di aneter aspect
rati o thaygpsigegeater than 5:1. 35. The nethod of clai m IFEc™bsnRR4F4a

t hi ckness of the material is greater than 1.5 um 36. The method of claim
15 wherein the material conprises a photoresist. 37. The nethod of claim15
wherein the material conprises a photoresist residue. 38. The nethod of
claim15 further conprising the step of adding a 3 to 6 carbon dione to the
conbi nati on of the supercritical C02 and the first solvent. 39. The nethod
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requirement for a carbonizing or ashing process prior to resist removal, substantially reducing
the cost, equipment, and process time conventjonally needed for resist removal.

Skilled persons will also appreciate that the method of the present invention
outperforms conventional resist removal processes to the extent that it eliminates the need for
a conventional post-stripping cleaning step 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 facilitates increased wafer

throughput.

Tt will be readily apparent to one skilled in the art 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.



pyrrolidone, di-isopropyl amne, tri-isopropyl amne, diglycol am ne,

hydr oxyl am ne, and a m xture thereof; and b, maintaining the supercritical
carbon diyexdd&and the first solvent in contact w th the pgafioeedssunti |l
substantially all of the material has been renoved fromthe surface of the
wafer. 42. A nethod 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 conbination thereof, the nethod conprising
t he steps of a; exposing the material to supercritical C02 in conbination
with n methyl pyrrolidone; and b, r&ighaining the supercritical carbon

di oxi de and the n-nethyl pyrrolidone in contact wwth the material until
substantially all of the naterial has been renoved fromthe surface of the
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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 the 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 photoresist residue is formed in a plasma
etching process.
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photoresist, a photoresist residue, and a combination thereof from a surface of a
semiconductor substrate comprising the steps of:

a. introducing supercritical carbon dioxide and a stripper chemical to the
semiconductor substrate with the material on the surface of the semiconductor
substrate;

b. maintaining the supercritical carbon dioxide and the stripper chemical

in contact with the semiconductor substrate until the material is removed; and
c. removing the supercritical carbon dioxide and the stripper chemical
from contact with the semiconductor substrate.

9. The method of claim 8 wherein the stripper chemical is selected from the
group consisting of N-methy! pyrrolidone, di-isopropyl amine, tri-isopropy! amine,
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 within the
pressure chamber. '

12. The method of claim 11 wherein the organic solvent is chosen from the group
consisting 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
etching process.

15. 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:
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11727) _w__r$2/ 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.

16. The method of claim 15 further comprising the steps of:
a. heating a process chamber;
placing the wafer having the surface supporting material in the process

chamber prior to exposing the material to the supercritical carbon dioxide;

C. pressurizing the process chamber with CO, prior to exposing 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. The method 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. The method of claim 15 wherein a ratio of the first solvent to the combination
of the supereritical CO, and the first solvent is less than 15% by volume.

-11 -



1, 109%B8& ()--#10%& ()-!0f L"10%e& ()-1!QfL" 109 ()-1s!  10%& ()-910%& ()-
10t_c" " Xaaab}"<2/ 1 !V'@10%H& ()- SY100& ()-F3"100& ()- !>110% & ()-
310%& () wo 0248%& () - - bb"crccccdE2/ 1 1 Vy210%&' () - 03" 10%&ct)usoo/22454

yF. 109& ()-, 3" 10%& ()- y)10%& ()- Y("10%: ()- cddddddde~ = 1 !!&@&S

109658 ()-!9109%VE ()-L10%vE& ()- 10 10 10f; 109& ()-!Wb! 10%CC& ()-e?fff

gg, hh<~ = 1 1& 13 10%H& ()- !0f3 10%0C& ()- 3 109 & ()- 10%W& () -
I @S 10%HH& () - 0@S 109%VE ()-,h iUiiii=jaB~ = 1!

+10%V& () -3l (10%v& () -4& 10%v& () - 9$10%v& ()-3" 10%W ()-3'0f3 10%[& ()-
=j ejjjkZkkdB~_=
23, The method of claim 15 further comprising the step of adding a second solvent
to the combination of the supercritical CO, and the first solvent.

24, The method of claim 23 wherein a ratio of the first and second solvents to the
combination of the supercritical carbon dioxide and the first and second solvents is
less than 15% by volume.

25. The method of claim 15 further comprising the step of removing organic

contaminants from the wafer surface.

26. The method of claim 25 further comprising the step of adding an organic

solvent to the combination of the supercritical CO, and the first solvent.

217. 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 peribd 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. The method of claim 28 wherein the time period is less than about 5 minutes.
30. The method 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 liquid 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
less than 0.5 pm.
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having a depth to diameter aspect ratio that is greater than 5:1.

35. The method of claim 15 wherein a thickness of the material is greater than 1.5
pm.

36. The method of claim 15 wherein the material comprises a photoresist.

37. The method of claim 15 wherein the material comprises a photoresist residue.

38. The method of claim 15 further comprising the. step of adding a 3 to 6 carbon

dione to the combination of the supercritical CO, and the first solvent.

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 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 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

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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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.

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 contact with 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.
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