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Typically, in the prior art, the photoresist and the residue are removed by plasma
ashing in an O, plasma followed by cleaning in a wet-clean bath. A semiconductor etching
and metallization process of the prior art is illustrated in block diagram format in FIG. 1. The

‘ semiconductor etchmg and metalhzanon process 10 includes a photoresxst apphcatmn step

30 - 12,a photoresxst exposure step 14 a photoresxst developmernt step 16, a dlelectnc etch step -
18, an ashing step 20, a wet cleaning step 22, and a metal deposition step 24. In the
photoresist application step 12, the photoresist is applied to a wafer having an exposed oxide
layer. In the photoresist exposure step 14, the photoresist is exposed to light which is |
partially blocked by a mask.

35 Depending upon whether the photoresist is a positive or negative photoresist, either
exposed photoresist or non-exposed photoresist, respectively, is removed in the photoresist
development step 16 leaving a exposed pattern on the oxide layer. In the dielectric etch step
18, the exposed pattern on the oxide layer is etched in an RIE (reactive ion etch) process
which etches the exposed pattern into the oxide layer, forming an etched pattern, while also -
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Smith, Jr. et al. in U.S. Patent No. 5,377,705, issued on Jan. 3, 1995, teach a system
for cleaning contaminants from a workpiece. The contaminants include organic, particulate,
and ionic contaminants. The system includes a pressurizable cleaning vessel, a liquid CO,
storage container, a pump, a solvent delivery system, a separator, a condenser, and various

35 valves. The pump transfers CO, gas and solvent to the cleaning vessel and pressurizes the
CO, gas to supercritical CO,. The supercritical CO, and the solvent remove the contaminants
from the workpiece. A valve allows some of the supercritical CO, and the solvent to bleed
from the cleaning vessel while the pump replenishes the supercritical CO, and the solvent.
The separator separates the solvent from the supercritical CO,. The condenser condenses the

40 = CO, to liquid CO, so that the liquid CO, storage container can be replenished.
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second supercritical processing modules are coupled to the transfer module. The robot is

preferably located within the transfer module. In operation, the robot transfers a first

30 workpiece from the entrance of the transfer module to the first supercritical processing.
module. The robot then transfers a second workpiece from the entrance to the second
supercritical processing module. After the workpieces have been processed, the robot returns
the first and second workpieces to the entrance of the transfer module. Altematively, the
apparatus includes additional supercritical processing modules coupled to the transfer

35 module.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates, in block diagram format, a process flow for a semiconductor etching
and metallization process of the prior art.
40 FIG. 2 illustrates, in block diagram format, a process flow for a semiconductor etching
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sol vent €¥pased oxide layer. In the photoresist exposure step 34, the photoresist is exposed to light

which is partially blocked by a mask.

25 Depending upon whether the photoresist is a positive or negative photoresist, either |
exposed photoresist or non-exposed photoresist, respectively, is removed in the photoresist
development step 36 leaving a exposed pattern on the oxide layer. In the dielectric etch step
38, the exposed pattern on the oxide layer is preferably etched in an RIE (reactive ion etch)
process which etches the exposed pattern into the oxide layer while also partially etching the

30 photoresist. This produces the residue which coats the sidewalls of the etch features while .
also hardening the photoresist.

In the supercritical removal process 40, supercritical carbon dioxide and a solvent are
used to remove the photoresist and the residue. In the metal deposition step 42, a metal layer
is deposited on the wafer filling the etched pattern and also covering non-etched regions. In

35 subsequent processing, at least part of the metal covering the non-etched regions is removed
in order to form a circuit.

The supercritical removal process 40 of the present invention is illustrated, as a block
diagram, in FIG. 3. The supercritical removal process 40 begins by placing the wafer, with
the photoresist and the residue on the wafer, within a pressure chamber and sealing the

40 pressure chamber in a first process step 52. In a second process step 54, the pressure chamber
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endo effector 104. The robot base is coupled to the transfer module 72. The robot arm 102 is

preferably a two piece robot arm, which couples the end effector 104 to the robot base 100.
The end effector 104 is configured to pick and place workpieces. Preferably, the end effector
104 is configured to pick and place the wafer. Alternatively, the end effector 104 is
configured to pick and place a puck or other substrate. Alternatively, a dual arm robot
35 replaces the robot 80, where the dual arm robot includes two arms and two end effectors.
The first through fifth supercritical processing modules, 74-78, preferably include first
through fifth gate valves, 106-110, respectively. The first through fifth gate valves, 106-110,
couple first through fifth workpiece cavities, 112-116, of the first through fifth supercritical
processing modules, 74-78, respectively, to the first through fifth process ports, 84-88. |
40 Preferably, in operation, the robot 80 transfers a first workpiece 118 from the first
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30 ef f e@Péu, . The robot base is coupled to the transf 2. The
robot arm 10 Qfgs preferably a two piece robot arm whi c?cggig%wé‘gsfhe end

effector 104 to the robot base 100. The end effector 104 is configured to
pi ck amangpHstatian OR tp thedlirst supercatieal processing madnle 4ok theyperrgticadng i gur ed
t 0 pi Ckernf¢hl protess 4016 pedbied. Aubsygiaitiyy ee)tobdt!B0 temefesy { febid wofkpidcs

usl  ariap fomb e e BB Bifand R s oo sttt e FeRm e TR B e VR Ldes
two ar ribe superctivioaleemioed] peacess 40 is"phrfoxfxﬂqutFurthcnatlyhobe&Ohr@afwmt?irﬂt i cal t

74- e
AT g s By o el A3 il 410 G U it

val ves, ) specti vely. hr oug gate val ves,

106- 11difth pupgystiticalipragessing @eéﬂeﬁ,ﬁﬁﬂi& specively ewhergthe upercritical removals ¢ e
first thessgho fsigetfonfieer critical processing nodul es, 74-78, respectively,
to the first_ through fifth process ports. 84-88. 40 Preferahl I N

operati on, - cneuit: ghtpiof dRap ot Aty i Bit sl FOBMHEL L st -5
WO 01/ 3apdrorifaT prasexsingliviedule A taithe fsécontd handsoff $fatipn 98 h EFufthersthesolp86ri ti cal

pracess| rdob . : 40 i S
a0 or nereEp Y sfhohd wolkHiEde Ao HE BRI bttt bETBNRLE OMRETS 1M ©
fromt rﬁ@cqmdrtwdwgfmaw%tl\é?teehergﬁletr@bqt 8@ trgnsfens dhasthird thmopgh 880 processi ng
nodul e Wérkpio&y ffom iiethird REOESH ﬁﬁﬁa_hpef&mmadrowsgﬁgﬁﬁ)dﬁﬁs,i To- P8 réspedrly,
Furt her, E e ropot .80 trans% rs third 5 through Tifth workpi eces (not
shown) PrtBnsecRe handsqtt piafiop ‘f{f station 92 to the third through fifth
supercriti caPreferabdyshe first wockpliees 1 18,8hd Sscondwpfec il 20,aing thenhad ¢hrbhgh fifth
sypercriti | eration,
CHE°r obup§Rert MRy PLARANY OwalrPRE bk MRl cosithe J WRGAHERIL AP & L2l
pr oces s$tatipmIcRrias to aupegeritical pracessag hBrederalily, the wafesnarg placed by Hisrrobetifd r obot
80 10 Maaslé&ﬁrgf tfiséd;tg aﬁﬂx@?ﬁ&mﬂ@nﬁﬁdlgﬂ'%&tiﬁﬁ Qﬂfélhtﬂvii‘ig&&l !ﬂz&‘dﬁﬂéfﬁ lb'fdc'bﬁ_sﬁ{gh bot
rocessi o 0 .the seco and-of f statlo : er e robo
B0°t  andRematyate Tod wateRy ekt S A e A HtpSerselt BLhe Pt hend SIRRAER 52, ough
fifth salpeg while b sedong igompsdiwadersrbegiheand ends itBthe sexopéd cassoted at the seoondhe second

hayad- of { o L Preferably, the first workpiece 118, the second wafer
1?&, ahém@h@%t_ﬁ?lg%'hrough fifth 15 Work& eces are wafers. Preferably, the

waf ers are i K vallfereadily apaarentdo gae skilled in thg arp thatithg secondthapd-aff statiopShor t o
SUper Cr tdn KeAdlinlh Q6@ 65 1hatadditicvhEliandloff sthiihs o8l BE 8ddRA %o Measrefdrrly the robot 80
in a second cassette .at the §§CFR%E hand-.? f s&&gl on 94 foll g\mfgg h]he
super cr FYRSESKIUCR RIRersUng, gy stem, /Y. Firiery JL il g yradify, sppatenf o, on¢ s hESH ¢ he
first ctesthetpeefared supefcritisal preaessing $ystemai0 cam @Zonfigwrad withi lbss tharstbe firsd  gr oup
of fe ' | . GA&S hand- of f
oL on iR E e Rt RRADro bR RBGRE 14T SEinbR it & TR ¥ud0Eh AAR PN P
second BERFETBIcAl RYPERSFIAg ﬂmuleéaw-‘gg Mpregveratt #dll be readily apprientite ARG skidsdd - of f
E t at ihonsn sataanmlmamott? cltdﬁﬁbeﬁé;ﬂﬁ&ﬂfb?? tr@xyﬂée&ﬁa?a?mﬁ!um?%e@ﬁign&tdﬁ& tSt tehm 70.
urther i e r.eadi ar en one i n e ar a e
et orr gnler b B Bronicos; 1 8 R BN phfhenfes a3 anaie B RuBLERY (1 | coe
than t hevokpiedes.28dditiooalh itfwillthe readilyrappirtitda bnpskibebsithgamtduthedirstzad 78, or
M3t N3geohll %ﬁslletlfe%tcaﬁ BE @88 ogehinsnifRdHRGS Which GRlpIdY é&&m&&‘&e@mwaﬁ& 74-78.

Mor eover, it be readi |l y apparent to.one ski'll’e
interface concept so that the V\yafe ? B %

IS can be maintained in a clean environment separate from
the surrounding environment.
The first supercritical processing module 74 of the present invention is illustrated in
FIG. 5. The first supercritical processing module 74 includes a carbon dioxide supply vessel
35 132, a carbon dioxide pump 134, the pressure chamber 136, a chemical supply vessel 138, a
circulation pump 140, and an exhaust gas collection vessel 144. The carbon dioxide supply
vessel 132 is coupled to the pressure chamber 136 via the carbon dioxide pump 134 and
- carbon dioxide piping 146. The carbon dioxide piping 146 includes a carbon dioxide heater
148 located between the carbon dioxide pump 134 and the pressure chamber 136. The

40 pressure chamber 136 includes a pressure chamber heater 150. The circulation pump 140 is
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in the art that the robot 80 can be replaced by a transfer nechani sm which
is confi JYPBH3¥Y transfer the first workpi ece 118, the securubomrgpi-ece
120, and the third through fifth workpieces. Additionally, it will be

casset | dabel @‘ﬁgﬂgéé'r‘,?%éﬂ‘aﬁ??&“gﬁf b e e bl Tag A eichuagion

mechani daiet 1 ﬁ%ﬁ a cEcahnaptics 136, e 4‘%‘%?‘@(’5’ YP&FFIBég icqonpled tethei n a
cl ean emnculatioicliie Hapai ﬁ'&:ﬁerﬁlbﬂfﬁupﬁlbems 158,0Mbiich (H@haIeY b i g Bdtion Pugnpf 1595t

t | Lustrat ed
i F G A B aehpRS s TR Boielels b SRR ins 3% 55 e e B2 bon
di oXi de 1$dpwhigh inshusies aswmimecﬂ&n(pampdtﬁd iThigicxkaustigas coBectiontvesspl bilgisir e
chamber ckﬁﬁeda)ﬁigfesﬁﬁé mhﬂeﬁ%ﬁhaﬂ@% P %ﬁ@&" ation punp 140, and an

exhaust gas cgllection yessel

oxi de supply . vessel 132 is
coupl ed to tHAeSAROR dloxidesupplyvessshl 34 therqapbon digxide pyvma il 5@ fecedenang
carbon diisrideliseapr 148 forikvibcarfdirdi6aiae supplly axangemphti499 Tixé@hexﬂibhl@@ﬂya car bon

di de h | d b t th 34 th
or ossur ¢ S bl e st IMERSH R LBE the i 3Rl Blnsli SN L R Bt "
chi®rber ihjeatiarpubiD] 63Tieem @ichemicat andmrpa agent 44pply arrargeenOlG53 %&ﬁrably, the
PCT/ US I th
Waﬁ%ﬁﬁlg xx&é’é%gbig?m‘aaﬂ énéit 'i@é’ thd ér&ﬁnizdl Rfrd ﬁﬁé’e r%maétﬁBg a rC én? €

pressure II’CU at’i on atlon
out | et 18, anfiibe exhaysteas callpshion vesad d4f smelt@e %@pﬂ thepueh fifthesupercritieal at i on
| i ne 15Z%rydessifig ﬁiaemegavls ‘BUERIGJ 3} asngelllShe ikt eliperdtiticdifBcadsihp tdduiejaect i on
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ar

165. Pre on di'oxi de_supply arrangement 149, the chenical

an@0rinse ag elh’t”ﬂé borsadilyaannaregt teeone skitled in theartthat ong Rrmere agditianal ¢athomi on -
vessel 14igxiag guﬁpﬂea&d?@erﬁam e bhmw&udmcfnhhcrﬁauﬁ@dl ahd hhfeadgent%ﬁﬂ?s si ng

nodul es, 75-78, (FIG ) ercrtc 0 sin
Todul o 7RBERERE 0k P 1 pee Aifispndlpshait gasesledHioh etisiaan Bt pRACTIB covsi ng
nodul e 7servicethe decond eowgy fiftinsupbreeitioadiptiecessimppdales, aﬁg@nmmhéﬂﬁ willbe

chem cal ' a

col l ecti lgg‘ﬂ\%@ gﬁ%ﬁ&%%%vw%klﬁg&) t)ée %é('i:}gag ?tgs&é%ﬁ?ufa[]g og%&@ Cri ?g .

pr @8essi ngludesochlying,, COTI@NF@W“@W&%%@“@%%‘F@GM Bokypp MIMQW’W&} ?%ngement

149, tlhles @&mleﬁlﬂumo&sﬁags @Qﬁsﬁtmswapéryuwm%emﬁwapa&én 106k dkiifeda haust
gas co

t it dul e 74.
90°1 ¢ w1 2 e gl %‘Bﬁﬂlﬁ@ﬁwﬁx Vil cpribE sommied fithe Bt mEoBuB, s 0
addi t i ond89 arahdicire additnalehemigap supply veasaieameiddditionalkinectioropempsiaiutd kenal

chem cal # y arrangenents, or one or nore additional
exhaust g&gﬁedt?pﬁeem%gﬁ%neg{sge) 32 can be provided to service the second

t hdugh fi f t hRefepmede FIGE.A, 4pagche isplsmenigtion ekthe supepgitice] rempxpl method4q | pe

begins with the first process step 52, in which the wafer, having the photoresist or the residue
(or both the photoresist and the residue) is inserted through the first process port and placed in
the first wafer cavity 112 of the pressure chamber 136 by the robot 80 and, then, the pressure
chamber 136 is sealed by closing the gate valve 106. In the second process step 54, the

35 pressure chamber 136 is pressurized by the carbon dioxide pump 134 with the carbon dioxide
from the carbon dioxide supply vessel 132. During the second step 54, the carbon dioxide is
heated by the carbon dioxide heater 148 while the pressure chamber 136 is heated by the
pressure chamber heater 150 to ensure that a temperature of the carbon dioxide in the pressure
chamber 136 is above a critical temperature. The critical temperature for the carbon dioxide

40 is 31 °C. Preferably, the temperature of the carbon dioxide in the pressure chamber 136 is
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wafer | DoREBELPIRE BRIy AR SRR R S PSRt R AR
pr ocess faricetpos Gioxidetied 1970 psiel y, the wafer is spun within the pressure
chygrber 136 gk Ggd ;h‘%cesg Sidp BE, ik 9&ond irﬁéc?ign 5§mp 163 pumps a rinse agent from
the rinse agent supply vessel 160 into the pressure chamber 136 via the circulation line while
the carbon dioxide pump 134 pressurizes the pressure chamber 136 to near the desired
supercritical conditions and, then, the circulation pump 140 circulates the supercritical carbon
dioxide and the rinse agent in order to rinse the wafer. Preferably, the rinse agent is selected
35 from the group consisting of water, alcohol, acetone, and a mixture thereof. More preferably,
the rinse agent is the mixture of the alcohol and the water. Preferably, the alcohol is selected
from the group consisting of isopropyl alcohol, ethanol, and other low molecular weight
alcohols. More preferably, the alcohol is selected from the group consisting of the isopropyl
alcohol and the ethanol. Most preferably, the alcohol is the ethanol.
40 Preferably, the wafer is held stationary in the pressure chamber 136 durmg the 51xth
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entirety by rA}‘seﬁdhﬂQaemaﬁizeﬁhupEiaﬁ&m pyzpdsinpastystem ofAlhd preseny inDentiont of e
SSI - 0010 i : ) : ) i cali .
09/ 389, 7g’)§?e"¥ H"g‘%‘%‘ﬁs g@}ﬁ?“‘%‘? ’“!Lg‘ggg Jﬁ{§§eﬁ9§'§%}r§§'ﬂi‘5ﬁ%ﬁk§?ﬁ{é&nﬁ Eﬁ‘{é@sfﬁ‘g
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30 present invention is illustrated in FIG. 8. The third alternative supercritical processing system

200 comprises an alternative transfer module 202 and a robot track 204.

A fourth alternative supercritical processing system of the present invention is.
illustrated in FIG. 9. The fourth alternative supercritical processing system 210 preferably
replaces the third supercritical processing module 76 of the preferred supercritical processing

35 system 70 with a third hand-off station 212 and adds a second transfer module 214, a second
robot 216, and additional supercritical processing modules 218. In the fourth alternative
supercritical processing system 210, the third hand-off station 212 couples the transfer
module 72 to the second transfer module 214. The second robot 216 preferably resides in the
second transfer module 214. The additional supercritical processing modules 218 are coupled

40 to the second transfer module 214. Thus, the fourth alternative supercritical processing
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super cPPWeéhFherﬁfétc?@éﬁ%d 2@'§§f§f9élmli:§@ %ﬂé I awnskthe fgst thrpugh ﬁﬂh second

hand- Ofs{;pe?érﬁichpﬂ%cesgiﬁg aitdufd, 74078, tWithoRt eéxeﬁ&ﬂ% fedth AlcoVeringletfecPprotiedi NY

system, 70 with z d second I'oadl ocks, 192 and 194. In operation, the

transf & ]i‘ﬁ)'ﬂﬂ\s&r Me /s at a second el evated pressure and, thus, also

enhances t h’esmﬂlradmgiapm supérctikical predessing sytsiene oS thp prasenttineaitiop addsesisi ng

sygt em; [ Y | trated
U Giftpel i SRR 5 e ERE] Qlpeftriel 53&89*1%%%;‘#%225%5‘%?‘&%““4‘

conpr i SuBereriical propessing sestemaths fisst waskpipee H@pthgsecandviskpices bl andthe A

fourthtﬁqlrdeﬁatﬁgthlﬂmlﬁ feﬁééiréﬁ‘&hsf&féﬂqe?el&dllﬂgpe‘éﬁﬁﬁ&Eh@ﬁpﬁ&QoFbEﬂ@ent i nvention
|IIu ed I n ternétlv supercrltlcal rocessrng

syst emt§‘1l 'f°etP85‘f°§9 st %3%@"3“ tﬁf 1LSPSEHAN §i3ton, A0 Bisperton of enpqul e
76 of tmkmeea‘senmds thatithe phiotoresial andrthe eesgine aBdthesy s¢moveddfromthe a t hird
f bot
a %f’rﬁ%%ﬁ#’%a%%@ B ihe HuEer BN oold BESNEE PG thipofe' hy wRpRERREL  10°
aI ternat i ve A seysethalterative supersaisisalinieresyng @fﬁemf the pecsenti ipyenygn gddsia

stati orﬁ&&%n@ foht ﬁ‘ﬁth& beféﬁeﬂ%ﬁ?&&nnéﬂpﬁtﬂc@ssﬁ% syStetn 0. aaqmgbvt:ﬁta ra&éﬁamrmdul e
214. secon(il r obot si de 6‘9 cond trans nmodul e
211 TIrHEaR BlereE ey (e dianod boL e Btk e of DR M Ia A ot 4o o
t he sectoemdfet medeled2 amd thel firsCdndl. seddndscasseties dre locatedamtag from thedirstigndr cri ti cal

087017 s el o Blont 32 AT, T80 B ol s pltisbly doblplrel  foi e ||

pr oc es sVagrsrismy thedirstrassette to t,bp &irs handioff 5o 92 @nd iy alsquprefezably pepfigpeedem 70.

Afift htoabct\ermewees f5o1A BeCdetb bl diRnd RTPR A Mo INSiRBAPEasb i, pPr esent
preferre rcritical

invention .elj Efﬁ mFl tr ansfter1 nodul.e 72 of )[ép ‘f
processi ng. {gmafiye pypsrcritipgl procesyipg SYSIEm QLhE pERsFRLINYSHiigp ag Sdtessi ng
system waff&eommmitonslmechmlsxom thgpreferredsupercsitingprpiessing sysban Reelhe wefef i r st

ang s ec&‘%‘ltﬂ?ﬂ‘i{n&ﬁ;m% BhikAe g'ru @z?fenad;g r%hg 8 '34}]& QxencLél{ %k ar) B{}@P&ﬁhﬁtm}xh

supercrltl rocessi ng no ene

coveri nipd @P‘I"éep refsrahly-dBewalsy lst%niqdéhg'!eé'%mrﬁi‘ﬁé'loéf S?@“&%l&‘ﬁﬁnﬁl"?@r theti ve

supercr whfeﬁﬁloria_ﬁeaas&b@@:o'ﬁu&mmrbﬂfstahbﬁ opresent invention adds an 10

![ Englcilt gn a%@%{%ﬁfl\t&lg“‘t'e s%p BicRitical rp%jcegsupgerrng(rhlﬂg Io(t:ﬁlle &és%ﬁt%%%énqgnsfgpﬁc%gn 70.1In
the pressure chamber 136 and gate valve 106 with an alternative pressure chamber. The

30 alternative pressure chamber comprises a chamber housing and a hydraulicly driven wafer

platen. The chamber housing comprises a cylindrical cavity which is open at its bottom. The
~ hydraulicly driven wafer platen is configured to seal against the chamber housing outside of

the cylindrical cavity. In operatioh, the wafer is placed on the hydraulicly driven wafer
platen. Then, the hydraulicly driven wafer platen moves upward and seals with the chamber

35 housing. Once the wafer has been processed. the hydraulicly driven wafer platen is lowered
and the wafer is taken away.

A second alternative supercritical processing module of the present invention places

alternative inlets for the circulation line 152 to enter the wafer cavity 112 at a circumference
of the wafer cavity 112 and places an alternative outlet at a top center of the wafer cavity 112.

40 The alternative inlets are preferably configured to inject the supercntlcal carbon dloxxde ina

I
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supercri cessing system the first workpiece 118, the second
morkpiecé*qggxﬁgﬁd the third through fifth workpi eces ar ECEFSI¥FEBTed to
the inspection station prior to being transferred to the second hand- of f
st at i on fdane dafinechisy thesyafertdawity $12t Proferabdy) thewlfvomtive inletf ategledovikipi eces
ensur es ﬂegﬁ&t tb a%aaﬁﬁap&ewa?érl nsg,ei Psolthiatlih! Uﬁerh‘t?diﬁh@‘iﬁé‘xnﬁt‘%@ml%% drjaqhg the 15

wor kpi eces. Prefera ction statlon uses spectroscopy to i nspect
t he wor Kalemative °“t]§t§"€9@ﬁ‘t‘f9“§?‘t"€hﬁh§h?\)@ 538 %i cal processing system of

the pres te nt iTowslhbe feadidyiajspafent fo sietskitied i tHeakt thﬁt dile vtaﬁ@isahécﬁﬁcatmns
SuU rCfI | C Sln e, S er.n e
SRS o (B mBASEIRE bR feried Sriiiln: bnblaeRRYRE onfine SERRbd Gope it o1 e

ent r anc enventiohas defined dydhe sppgndest cldimand t he first and second cassettes are
| ocated away fromthe first and 20 second hand-off stations, 92 and 94. The
front-end robot is preferably configured to nove the wafers fromthe first
cassette to the first hand-off station 92 and is also preferably configured
to nove the wafers fromthe second hand-off station 94 to the second
cassette. An eighth alternative supercritical processing systemof the
present invention adds a wafer orientation mechanismto the preferred
supercritical processing system 70. The wafer 25 orientation nechani sm
orients the wafer according to a flat, a notch, or an other orientation
indicator. Preferably, the wafer is oriented at the first hand-off station
92. Alternatively, the wafer is oriented at the second hand-off station
94. A first alternative supercritical processing nodul e of the present
invention replaces the pressure chanber 136 and gate valve 106 with an
alternative pressure chanber. The 30 alternative pressure chanber
conprises a chanber housing and a hydraulicly driven wafer platen. The
chanber housing conprises a cylindrical cavity which is open at its bottom
The hydraulicly driven wafer platen is configured to seal against the
chanmber housing outside of the cylindrical cavity. In operation, the wafer
is placed on-the hydraulicly driven wafer platen. Then, the hydraulicly
driven wafer platen noves upward and seals with the chanber 35 housi ng.
Once the wafer has been processed. the hydraulicly driven wafer platen is

| onered and the wafer is taken away. A second alternative supercritical
processi ng nodul e of the present invention places alternative inlets for
the circulation line 152 to enter the wafer cavity 112 at a circunference

of the wafer cavity 112 and places an alt erriativeouttet—at a top center of

the wafer cavity 112. 40 The alternative inl ¢} scRt@npp&heepdty configured
to inject the supercritical carbon dioxide in eet Has Been
Replaced 111111111111111 WO 01133615 PCT/ USOO/H%E“H‘& Hmai ned by the
waf er cavity 112. Preferably, the alternativel led with
respect to a radius of the wafer cavity 112 so that in operation the
alternative inlets and the alternative outlet create a vortex within the
wafer cavity 112. It wll be readily apparent to one skilled in the art
that other various nodifications 5 may be made to the preferred enbodi nent
wi t hout departing fromthe spirit and scope of the invention as defined by
t he appended cl ai ns.
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01/ 3361%%00/41787 CLAI MBS This Sheet Has Been -Repl A’&Le%”ﬁ“"’%tl’f‘)/\or
1111111 10 rie rrrr We claim 1 1. An apparatus for supercrrtrcar
processing of first and second wor K{iAMS 2 conpri i Shi %Bﬂalkaueﬁﬁagfer
nodul e having an entrance; 4 b. first and second supe

nodul es coupled to the 5 transfer nodule; and 6 c.

essi ng
; H%Eﬁani sm
coupl edVeslaie transfer nodule, the transfer 7 mechani sm confl to nove
the first workpiece between the entrance and 8 the first supercrrtrcal

pr cessj ng nodul g he fer he second
wot kpi ece bet vvee #@%#Tsﬁﬁ%?eﬁcﬁggﬁ}bé%%ggy sﬁgé‘?‘gsﬁ}"?ﬁ‘ PHR’X% :Ibr ocessi ng
mo2lul e. 1 2.comipaismgpar atus of claim | wherein the transfer nodul e oper at es

at gabout daat ”DSpher'aCtrd?lgﬁfﬁ{-brdﬁleh]av aybﬂumar at us of claim 1 wherein the
transfer le furth er conpri ses rrea%

2 for (mu ni ng a I ght
poditive pre‘bsure in tiet ands ﬁ%q“érsuﬂﬂ'ﬂﬂ‘l“@ Ptétcatsmzén? es opupled o thedi ng
engi ronnment. 1 4tm'ﬁb&rﬂnﬂﬁlea§n$ of claim 3 wherein the neans for
mai_nt ai ni ng the slrght tive r t e conpri se
an6| nert gas injecti orf g r?g?‘ﬂlsrgfg%ﬁg(ﬂ'% thgtr&gg?%tr{lj@?)% %5: %@gn?% wher ei n
th@ entrance of tmechanumﬁgmdm move thedirptrwer Bleae betweerothe estranceand 1 6.

Thg apparatus of @ itrgvséperttﬁrc%r oE&'ﬁn g@ﬁa@r@e&tanmmeemﬁmaomw@o
further 2 conprises an additionhal station 7. The appar at us of
cl & m 1 wherein tmeve thgsegoad waskpiees bfaﬁr%theer&tmaﬁm& S8%00 E“b&gé%‘ﬁ e and
f upt her wherein t;b't@cé%@ih aivadalef the transfer nodule conprises a | oadl ock.
1 8. The apparatus of claim7 wherein the entrance of the transfer nodul e
further 2 conprises an additional |oadlock. 1 9. The apparatus of claim!]l
whdr ei n2t he tr ansTks appautsmfsinimonwhérsioghatransfirymoduleoperatgsiat Bbaut1111111 1 1 j |

LI T11IN atmospheric pressure.
1 3. The apparatus of claim 1 wherein the transfer module further comprises means
2 for maintaining a slight positive pressure in the transfer module relative to a
3 . surrounding environment.
1 4. The apparatus of claim 3 wherein the means for maintaining the slight positive
2 pressure in the transfer module comprise an inert gas injection arrangement.
1 5. The apparatus of claim 2 wherein the entrance of the transfer module
2 comprises a hand-off station.
1 6. The apparatus of claim 5 wherein the entrance of the transfer module further
2 comprises an additional hand-off station.
1 7. The apparatus of claim 1 wherein the transfer module operates at an elevated
2 pressure and further wherein the entrance of the transfer module comprises a loadlock.
1 8. The apparatus of claim 7 wherein the entrance of the transfer module further
2 comprises an additional loadlock.
1 9. The apparatus of claim 1 wherein the transfer mechanism comprises a robot.

e I



L SW Owgﬁpﬁlfﬂl UsOd' 41787 1 10. The apparatus of claim9 wherein the
transfer nodule conprises a circular 2 configuration. 1 1FRCHYW4ANSAat us

of claim 10 wherein the robot conprises a central robot, the 2 central
robbt od®upyi ng aThempparatos of ¢iainc® whetear the tahsfgrmadule comprided a citbalanppar at us
of g£laim9 wherel e transfer nodule conprises a track 2 configuration.

1 13. The a\p,)\%ai}g%%ﬁ%f claim 12 wherein the robot conprises a tracked

robot, the 2 tracked robot conprising the robot coupled to a track such

t hat thell[0b0t_m%&a@#@ﬁlﬂsoBclhi*ﬂﬂ(DWﬁ@ﬂéidﬁe&i%%ombﬁse&@%@ﬁtrﬂ%&,‘tﬁﬁ and
sec$nd processing %Lro?gu e | ocated al g@g thq 4 track.. 1 14. The apparatus of
claf m 13 f ur CFEFE KR, PPUPXIEAfeRtsr 9hlIe FEEHIATCoRfgUIatPRY i cal 2 processi ng
nmodul es, the third and fourth supercritical processing nodules |ocated 3

al opg thg track, tT'ZE ah@ir?ﬁs 8P CtainDy Whbreit 8 tGhitks Bliuil LOGBHSIsAqraiRdu! es |

| ocat ed opposite |t Irst and second supercritical processing nodul es
relative to tRBAgWAEID. 1 15 The apparatus of claim9 wherein the robot
conprises an extendable armand 2 an end effector. 1 16. The apparatus of
cl af m 15 wher ei n e robot further. c rises.an addi.ti onal rm.and an
addl (1 or end of rOgagparats ghElainh 2 SARRILBE Botiy < Siisee A HopksroROY HE 1 1 ot
sup2rcriti caltrakairebsi cognpmsihgl the roborampledse s tack suchtthgtbsmboemoesabingand
furgher wher gj L L C ' |.ses a
second prossurorain IR PR Eliahd Soord BrAERAN A URASRABUSCS B,
firdt pressurtéa"l?essel conprises a first workpiece cavity and a first 3
pressure vessel entrance, the first workpiece cavity holding the first

wor kpi ec 4 duri supercri ti.cal ocessing, .the.fir essure,.vessel

ent lfancele‘lpr ovi di ngﬁ‘a‘3 aipﬁ‘brf“é@ghélﬁ'(ﬁ" égi"ééfrf%?gq%&’?rflsapg\t{% URHENUCE 6 p.
t he2second prresssieg nedsies, thotijrdiase founthsepenaitivad proresstng roadhiles/locatel a7
secgnd pressufienMfs §5kk. B ' 3 ' | t | i the 8
second wor kpi ec tﬁu??nd%‘eﬂg&gée}%?ﬁtsﬁg %ra %ggsﬁgsnﬁgéss%c&% ?gtsgsure
9 véssel ent rthnfest prdsscandspoergiiea proggssingmadules grlativg do thetackwor kpi ece. 1

19. The apparatus of claim 18 wherein the transfer nechanismis configured
to ,Thi s, Sheet Has.Been laced 2301 LLLULI LI ELELLL] |

A IR T PR ot S éﬂhﬁ%‘ig‘eﬁ&bﬁ‘tﬁ%@f‘ﬁﬂfﬁﬁdﬁ‘%@ ®e first.
and2second woakgndeffestor.n the first and second workpiece cavities, 3
respectively. _

1 16. The apparatus of claim 15 wherein the robot further comprises an additional
2 arm and an additional end effector.
1 17. The apparatus of claim 1 wherein the first supercritical processing module

comprises a first pressure vessel and further wherein the second supercritical
processing module comprises a second pressure vessel.

18. The apparatus of claim 17 wherein:

a. the first pressure vessel comprises a first workpiece cavity and a first
pressure vessel entrance, the first workpiece cavity holding the first workpiece
during supercritical processing, the first pressure vessel entrance providing
ingress and egress for the first workpiece; and

b. the second pressure vessel comprises a second workpiece cavity and a
second pressure vessel entrance, the second workpiece cavity holding the
second workpiece during the supercritiéal processing, the second pressure

(V-2 B B - S V. R RV L A

vessel entrance providing ingress and egress for the first workpiece.

1 19. The apparatus of claim 18 wherein the transfer mechanism is configured to

o
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1.20. Tl &‘ﬂ:{}%{ tus of claim 19 wherein the transfer nodul e and the
supercritica processing nodul e are. configured to operPé"tF‘éU%ﬂ”/‘“"s
supercritical conditions. 1 21. The apparatus of claim 19 further

cohpri sing fpilacstthaaﬁm aulsenchdywokpicatsiashe fitstandxsetondsworkpiese vawities, coupl i ng
the transfer, and the first supercritical processing 3 nodule, the
second gate v ve coupllng the transfer nodul e and the second 4
supercritical processing nodule. 1 22. The apparatus of claim 18 further
conpri g first Frdhppaamsdfdlairr-10 Wik the trasfehmoliile ahd @i superotiticur

ol e, "t ho PResaHRe SioalRrt Forlibteds IR oblaian SR RIRleR oA Riadr  ana the” 4
second supercritical processing nodule. 1 23. The apparatus of claiml

fugtheryconpri si ”er’%ﬁ&%ufrs}o cﬁ'irﬂf‘l‘)lfﬁx'tl@r'wﬂgﬁﬁn fifst ind &c?ﬂ@'gétﬁ%ﬂ'@s the

supercritical proce ul es rat us alm 23 erein
thé neans foirshgatewalys %qwgng&?ﬁr% moduleand zh ISLSUPRICHLIAY PERRSETIBRIr at i on
vvthh corrprln‘ae@ule, tﬁmcanwgityvmss&hplmgwm@ﬁxsfdanaadnwamd?eha\éucahdl s coupled to
first anclll1 X 91 i(?c%esrr?r tlcl processi ng nodul es such that the 4 CO2
ssuri zi ng PURETT E] PEE T oN ?p’i"gg‘éu“ zes the first supercritical processing
nDduIe 5 i ndependently of the second supercrltlcal proceSS|ng nodul e and

fugtherpguch thaty C‘g‘{%gf‘%é@.°p*‘ﬂs‘%ﬂﬁé’%m?’9§“% *t dnd ?&oﬂ{i ‘iﬁﬁ% Bers! Ne

second supercrltl rst
supercriti catbe s @psshambapenwpling @CZWS%@OQ‘HB&F@E‘\S@fﬁfm&?‘&ﬂﬁ?ah further

cogprising fpméssmgdnammm dﬁecﬂmsanft@éhaﬂlb%ﬁaduwﬂg tHehfankfer flodaRAME thed
seallng oper a i.r st Bressure vessel entrance, 3 the second

means for seHl c?lh‘bsugﬁgzﬁgﬁ?le"r?cc?s?é%fn" W& second pressure vessel entrance. 1

26. The apparatus of claim11 further conprising nmeans for controlling such

that 2 phe means i, V%ﬁﬁhttﬁsodf{c'l JhiBEl S H{g?gr#rrﬁ&ﬂg%r u tr%metfﬁ'stm)ve the

first and second pl.eces between t rance of nsfer nodul e
and the fi rs?“dasr?ao prriscal peesessing megwlehr ocessi ng rmdul es, respectively,
and further such that the neans for 5 controlllng controls the first

|
suforor b carpr ofBE Byt 2GRS ionkl oo BB s G ng
f| st and seprsssinzingiqonfigwstionwhichsomgrises atCfd, sipplysvesiel thipledSiospumins Been

Repl aced - 14michhd 3]EﬂelﬁrsV5.ﬂd seédnidlshp Exlcnﬁédl #)rocEMng rhbédibs $udly tV¥the
01/ 33615 PCT/USOO 4178 ransferrln t I rst.workpiece froman

a.
enth ance of & Pé‘??é‘!f&m%ﬁﬂi‘@géfa“&“ Pressurzes gispsewmtfqa,aqocwwéggq%
modul e; 5 b indepérsiently ofthe sévond ea;fmdntmrﬂfpmgﬁg fodetdng fexmerraﬂaﬂh@n‘thé he

s ochsi.r gt KOst CERRIR R B izt R e BpR Sttt R ing fpute

independently of the ﬁrst supercritical processing module.

1 25. The apparatus of claim 18 further comprising first and second means for
sealing, the first means for sealing operable to seal the first pressure vessel entrance,
3 the second means for sealing operable to seal the second pressure vessel entrance.

26. The apparatus of claim 1 further comprising means for controlling such that
the means for controlling directs the transfer mechanism to move the first and second
workpieces between the entrance of the transfer module and the first and second
supercritical processing modules, respectively, and further such that the means for
controlling controls the first supercritical processing module independently of the
second supercritical processing module.

AN AW N~
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27. A method of supercritical processing first and second workpieces comprising
2 the steps of:

i



8 supercr. |“9€461$rocessi ng nodul es, respectively; 9 d. transferring the
first vvor pi e romthe first supercritical processing REHEHE8Io t he
entrance of the transfer nodule; and 11 e. transferring the second

wor kpi ece framthe secmdsfsnimgrtheﬁts'twafkpxeba fipnoareastange obdtthis féranddate

entjgance of the tnap & uﬁ%%ﬂ}c%l%ﬂ)cgsgm thod of claim 27 wherein the

entrance of the trans ’a hand-off station. 1 29. The

method of cld+m 28 Whert@n#mtbchmwod@lqcn&om@ﬁgn@mmmeérm her. 2
conprises an addi tphsdudd tohwseEordl dup &Eﬁﬁm roc&ss%%méama,ppar at us for
supﬁrcrltlcal processing first r}.d @ @Dwﬁg&heces risin 3 a.

s for trdnsferring PrIfESTRg e fixst and seegh fﬁeé(‘:‘égm st df?‘i"g neans
for8supercritical sppeycritical ppcessinZinmoedubad, espdetivélys in 5 operation the neans

for9transferr ng transf,?g.lrst %Et{‘éﬁﬁ#w%k(&k%?n{&%Lﬂl‘\?‘%ﬂ?@‘%ﬁ&lﬁ&%%‘ge of a

transfer nodule to the ercri ocessl
fut®her such that “il‘?ﬁi“éﬁp@rth%an%@fthPFfomW e;dsupercriti cal processi ng

8 processes tge first mhmﬁﬁfg%e@adn@wsrkps&emﬁmae&nﬁ% SHRfarr i ti cal
priges& ng configured suc or transferring

h
sfers the secd’ﬁ%“%?&ﬁ“ﬂ@&“bé‘g E?'P‘J% |on #?feﬁff!ﬁg ~of the transfer

nodul e to the second neans for supercrltlcal 12 processing and further such

thay in gperation (;I‘n}%(?néﬁ(id) ﬁ&éx& thenttiné { §f th% 'trgﬁgferprﬁgﬁﬁé?éngﬂ'fses

processes the sec |ece apparat u or supercri
proéessi ng cEhAi atl0“2 a. a transfer nodul e having an entrance;
an inert gas inj ectlon arrangenment coupled to the transfer nodul e such 4

that in eration | a ction arran |nta a.slight
posﬁt i vec”'5 press ﬁﬂ?%%f‘gq‘@rgéﬁ ﬁ‘f %“WF%?%E“PBS B‘Hf ftieng
env2ronnent ; dbmpriseszinadﬂinoamltlmndwmmoncoupl ed to the transfer nodule; 7 d.
a first supercritical processing nodule coupled to the first ante- 8
chanber; 9 e. first neans for noving a first sem conductor substrate
bet heen 3he first Anppparatpsler sypsrcritical progessing Srst and spcond Wopkpieees 8111
||Jgiiijiijiicgn{ns1ll~lII*CLIIIIIIIt~IIIIIIV\DOl/33615 ,
PCT USOO/41787 10 ante chanber d.t crltlcal processi ng
noddl e; 11 f,*a second JfA"a’ %MF‘“@BE% lﬁ%a?% E WPQ‘R&"I”E?’ nodule; 12 g. a
secdnd superdritical prfuostseinsdonsuperturticabproicessingeonfigured sunicthatin e-

5 operation the means for transferring transfers the first workpiece between an

entrance of a transfer module to the first means for supercritical processing .
and further such that in operation the first means for supercritical processing
processes the first workpiece; and

O 00 N O

c. second means for supercritical processing configured such that in

10 operation the means for transferring transfers the second workpiece between
11 the entrance of the transfer module to the second means for supercritical

12 processing and further such that in operation the second means for

13 supercritical processing processes the second workpiece.

3l An apparatus for supercritical processing comprising:

a, a transfer module having an entrance;

b. - an inert gas injection arrangement coupled to the transfer module such
that in operation the inert gas injection arrangement maintains a slight positive
pressure in the transfer module relative to a surrounding environment;

c. a first ante-chamber coupled to the transfer module; _

a first supercritical processing module coupled to the first ante-
chamber;

O 0 N AN B W N

e. first means for moving a first semiconductor substrate between the first
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13 chankes pidstid)- second nmeans for nmoving a second sem cw bstrate
between 15 the second ante-chanber and the second superc %@f‘u&yocessi ng

modul e; and 16 i. a transfer nmechani sm coupled to the transfer nodul e such
thdt in 17 oper atanterchamber angthe frst senaneriticghprogeasivganedulete first and second

se¢f conductgr 18 SUbSatdé@&ﬁﬁanE@Em%rE&ﬁ)lédtb&ﬁeﬁfﬁﬁf&%&ﬁﬁe ant e- chanber s,
respectively, and the 19 edﬂrance ?f t he. tranafer nadg 1 32, An
Egar atus fd super crideeond syperentcal procesiing mofylg cou o the $gcORd pRIE- npdul e

ha%i ng an entranahamBey. an inert gas injection afrangenent coupled to the

thgnsfer mogul e such %c&g{&ﬁhﬁn@ f&?ﬁ%ﬂh\%?@g&oﬂﬁ st Bd&"f‘& sﬁﬂitfa‘i gen

arrangerrent frai ntai ns a ressure
rdPative to a surthesmmihgnteﬁbmn i the sgcen alppmnyﬁalmmsm tniOéalle an

prleceSSItng nilodul e coupi@ﬂasregn{éaﬁmﬁgxﬁeg& édtmﬂeltrsmsfeﬁn&c]pﬁeéucm{aatm the 8
ercritical processjng nodule ingludin rs ans, for seal.in e

fH st supercriti c2Her3HO glé"s‘g?"ﬁ T R5& ?‘Bsmggﬂsfje‘ﬁtéeeggﬁﬁf‘ds{?ﬁ‘é‘i‘ e EQuiguctor
pri@cessi ng nodul esubsteéstibtyeentthefitst amd eeond ntewhathieers, trbspestividy) And the

syger critical pr OGS é@&tﬂ?gﬁs?er'nr?ad#ed' ng second neans 11 for sealing the

second supercritical processing no and 12 e. a transfer nechanism

coupled to the transfer nodule such that in 13 operation the transfer
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module, the second supercritical processing module including second means

11 for sealing the second supercritical processing module; and
12 e a transfer mechanism coupled to the transfer module such that in
13 operation the transfer mechanism transfers first and second semiconductor
14 substrates between the first and second supercritical processing modules,
15 _ respectively, and the entrance of the transfer module.
1 33. An apparatus for supercritical processing of first and second workpieces
2 comprising:
3 a. a hand-off station;
4 b. first and second supercritical processing modules coupled to the hand-
5 off station; and
6 c. a transfer mechanism coupled to the hand-off station, the transfer
7 mechanism coupled to the first and second supercritical processing modules,
8 the transfer mechanism configured to move the first workpiece between the
9 hand-off station and the first supercritical processing module, the transfer

ok
(=)

mechanism configured to move the second workpiece between the hand-off
station and the second supercritical processing module.
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