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BACKGROUND OF THE INVENTION

Semiconductor fabrication uses photoresist in ion implantation, etching, and other
processing steps. In the ion implantation steps, the photoresist masks areas of a
semiconductor substrate that are not implanted with a dopant. In the etching steps, the

15 photoresist masks areas of the semiconductor substrate that are not etched. Examples of the
other processing steps include using the photoresist as a blanket protective coating of a
processed wafer or the blanket protective coating of a MEMS (micro electro-mechanical
system) device. Following the ion implantation steps, the photoresist exhibits a hard outer
crust covering a jelly-like core. The hard outer crust leads to difficulties in a photoresist

20 removal. Following the etching steps, remaining photoresist exhibits a hardened character
that leads to difficuities in the photoresist removal. Following the etching steps, residue
(photoresist residue mixed with etch residue) coats sidewalls of etch features. Depending on
a type of etching step and material etched, the photoresist residue mixed with the etch residue
presents a challenging removal problem since the photoresist residue mixed with the etch

25 residue often strongly bond to the sidewalils of the etch features.

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 etching and metallization process 10 includes a photoresist application step

30 12, a photoresist exposure step 14, a photoresist development step 16, a dielectric 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
partiaily 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 patiern 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 info the oxide layer, forming an etched pattern, while also
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5 FIELD OF THE I NVENTION This invention relates to the fieldd Aqgiril 2004
supercritical processing. Mre particularly, this invention relates to the
field of supercritical processing where nultiple workpieces are processed
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-1 29 Apri fp2006h W0 1% 3B dof reasons. Rapidly expanding a liquidized or supercritical gas
to remove a photoresist from a substrate creates a potential for breakage of the substrate. A

photoresist development process which takes 30 minutes is too inefficient. A photoresist
development or removal process which uses MIBK is not preferred because MIBK is toxic
30 and because MIBK is used only when a more suitable choice is unavailable.

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 CQO,
storage container, a pump, a solvent delivery system, a separator, a condenser, and various

35 valves. The pump transfers CO, gas and soivent 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 soivent 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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PCT/ US00/ 41787 partially etching the photoresist. This proddct¥iliZR84y esi due
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coupled to the transfer module, the second supercritical processing module configured to

perform supercritical processing on the second workpiece in a second workpiece cavity
having a substantially constant second volume; a first supercritical condition generator
coupled to the first workpiece cavity, the first supercritical condition generator comprising a
first vessel, a first pump, and a first heater for generating supércritical conditions; a second
supercritical condition generator coupled to the second workpiece cavity, the second
supercritical condition generator comprising a second vessel, a second pump, and a second
heater for generating supercritical conditions; and a transfer mechanism coupled to the
transfer module, the transfer mechanism configured to move the first workpiece between the
entrance and the first supercritical processing module, the transfer mechanism configured to
move the second workpiece between the entrance and the second supercritical processing
module.



fromthe cleaning vessel while the punp repl eni shes the sug@rariliZ0g4l cop
and the solvent. The separator separates the solvent fromthe
supercritical CO2. The condenser condenses the 40 CO2 to liquid CO2 so that
the liquid CO2 storage container can be replenished. 2 29 April 2004
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supercritical condition generator coupled to the second wo2Rpipeid@0@hvity,
the second supercritical condition generator conprising a second vessel, a
second punp, and a second heater for generating supercritical conditions;
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froman entrancé of a transfer nodule to a first supercritical processing
modul® collpF®B¥Nt o the transfer nmodule; transferring the second workpiece
from t he entr afiGes diustrites the maifred superdatial proceasingmodulelokthppresent t i cal

processi ng, apdul e coupled to the transfer nodul e; processing the first

wor kpi ece 1n a_f] rsE wor kpi ece cavi t¥ hayi ri%: a substa}ntigl I ére(s:é%pstant first
vol une in the FiG &¢l usgﬁﬁeaf%ﬁﬁaﬁtf“&‘ﬁtlwe REALiSpl PIOSeR g SEP B P IE B 't he second
wor kpi ece invantnsecond wor kpi ece cavity having a substantially constant
5900?61 vol une fy b hfisG RO EcsidRBERkteisGRicrpitAGRESishg syd@e ol @e plesaansf erri ng
the first workpiece fromthe first supercritical processing nodule to the
entrance of¥e ‘I‘fE"transfer modul e; and transferring the second workpiece from
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of multiple i.eces. T ' : : tﬁ%q , first
and second su\p,\g{éégi‘@fsg% Sa%ﬁ%@%@%ﬁ?n@%ﬁé@%@ﬂ s%é?%%gjte& e&%l?ansfer
modull® i nohvedeen.an entrance. The first and second supercritical processing
nodul es are coupled to the transfer nodule. The robot is preferably
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second wor kpi eces ¢ entrance of. the trans dul e. er ively,

t he appar%ﬁw’?%ﬁ?ﬁﬂégt‘ﬂéﬁﬁ? %ﬁeﬁﬁ?ﬂer"%ﬁ feé?qv?ﬂln pé%?esspﬁaléésasrf’?fg“ﬁ%%?gﬁés coupl ed
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i |1 ustrat egypoded o0 GlerdinPEE RAtbRLIRkposire BicH 34,3Be Ho®esisPls eRpdsaodigmduct or
etching an rretal.llltlyzgltlon rocess of the prior art. FIG 2 illustrates, in

bl ock di agVafit FEATHALY 8°lﬁ5?8£§§?5 | ow for a sem conductor etching 3a 29
Apri 1252004 WO TIep@slirg 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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present | Y BBl thk Leaahf.axhath pRSeed stblptﬁolﬁhdin_a@ﬂfmhmhm rslp@rtian}é The
sem conduct or et and netal ]ization pr. S &, ot or esi st
appl i cati ﬂ‘ﬁ?a‘ésfegp?%“zs,m pmggsts(g{;gé?,s}kge %&fgéggﬁ%a'sﬁgapgegﬁ‘,ﬂgg ﬁso%%r esi st

devel opneswerstigal @6i0val pificedsdf endsdy deprpssunzang B pressuce FHARRST 234 EHEVIRE oy al
process 4@e.wape a nmetal deposition step 42. In the photoresist. application
step, 32, the otoresist, IS ' : AAVnRE i senfedaas®s oxi de
layet® In the S?focéléﬁc%ltre%?(v%g‘g’héeggﬁ!gségéﬁ;ﬁﬁf{% m%ggtor]es?est i s exposed to
|i ght  whiabtication pas i the PrpfemEespetrits! BFOFRISIRE SYSSTIO RGTITHY ‘WSBY  whet her the
phot or esi ghich §s iusdasi id FIG. 6 TRegekirsupérattmabgdessingsiystior/0 nskydesed

phot or esi g,%ns% ! {ﬁa ‘%%gﬁ@%%,g%@?@rslﬁg&a{maiﬁﬁ&dé%@ﬂg" M&dules, 74S78! £roBYESH, i n t he

phot or esi devel opre avin exposed ern t oxi de

| ayer. | na@mnﬁvléll@tf?frl?@zeﬁéﬁ"é"ts@ﬁmoé‘é? ﬂ'i“ﬁ‘gesetﬁﬁtdg@ﬁggié}’[%?ﬁg%pno ’%é' oxi de
| ayefsis [8.ahet abhsfer aicdhledntiamca®?. RILE vhnderondduls chipamee P inpludgsifsgtasd whi ch
etches th ( - Lt halgchRydirantipbits, 06 ai gsar ti al | y

et chi ng tg%cﬁgcgﬂ%ﬁ(;%tf@?atggﬁ%gz hﬂ'lah%a’s%ﬁ?irgé&ées thed rl%s.}g.}te WL ehGoes the
sidewal | s of t Ree fidiropgy %ﬂ%’gerﬁ\ﬁﬁtﬁag"m‘é‘eﬁ'&g hardeni ng fhe %ot oresist. In
the super emhdfiramlduled@miashe frsttbmogh Ah procqsepartsi ¥4-Bhreseetivdy kelsePlte and a
sol vent ang, h3 86 id @ubISIRME: trdhSfePhodudd BSit alcerardf tiverandainttidele 72n Thire net al

deposition step 42, a al .| ayer .i.s de i Lfddding the
et chéfl patitd Pﬁfacﬁw%ag%g&ava?ﬂsn"é G ?’e.atr%%géleé g)qlhg{r?lasﬂs ﬁ?ﬁ“@ﬁlggﬁ Ei;idrﬁe nt
processi ngnd secodxagranqeetis, 86 and-28, respestivebioviieicARTY RIECTRSIES &¢ AT &M E%g]f’ons i s
removed iR @mdRFmbué ®rma circuit. The supercritical renpval process 40

The super cr 1 Ete Rbgdrnealld i7hgRs B PrplreplEpiRBati 5 5
the transfer module 72 operates at a slight positive pressufe relative to a surrounding
25 environment where the stight positive pressure is produced by an inert gas injection
arrangement, The inert gas injection arrangement injects an inert gas, such as Ar, CO,, or N,
into the transfer module 72. This assures a cleaner processing environment within the
transfer module 72.
The robot 80 preferably includes a robot base 100, a robot arm 102, and an end
30 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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the photoresist and the residue on the wafer, within a predduil@R8hber and
sealing the 40 pressure chanber in a first process step 52. In a second
process step 54, the pressure chanber -4 29 April 2004 WD 01/ 33615

PCT/ USO0/ #4@81/331 pressurized with carbon di oxi de until edrassemiteon di oxi de
becorres the supercritical carbon dioxide (SCCO2). In a third process step

the s RG] ‘f:;skatnbxggi 1R }?ﬁ{lsugér%cq rG&:srlﬁ oIS, Vaak thelsﬁ;s@critiag process
chanber
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and t he r&x0 flne thefiest Bandeofbstathn{OZ ntht besombsupercritiaal mrh@sﬁlwmﬂﬁﬂ%)?% SQ@ step

t he Sﬁlle\é\gﬂl% nzttal kGRSl REdetd @ill‘xg erfrB &P | Pi@Ser, thb eoth8Y @dne®isIhirdand t he

re5|due rocess t res |aIIy
el b a0 800D ot Ry B TE ORI i BB 2L |
process stiépsipsicrititnd prosesping moduless 46-78.sepcctivelrvisesihe sperchitie] EFF""‘*
depressur bg,lcggg‘;g [gq,e,%ﬁﬁ,aur e chanber and renoving t he wafer. 10 The

supercritical e%%g orgtatig, ﬁ}féngé Fﬁ&%ﬁa&?ﬂé )irsl 1@5%‘&&—9 1He’h§

sem conduct or ercriti ca ocessi ng
syst em of susecriticad seonessingnedule o thegeeend hagd Pfflsfag?nr - dQTthsr, the Feb °ﬁ % The

pref e r ed ahaaE GE hécbﬁcﬁ%orﬂbl@@eet&ﬁm he s&yad eiperéftidanmberddsg modile Zwsfter  nodul e

72, first thr f' rerg fi r 78, a robot
30, ana cORMY DPasriip R OGb bl el N CERTL Sl TR S ;‘Qgﬂ‘; first through
fifth pr oo»@slanmfr@n tmhl@ath@egh Bifysugereritfabarasesiipgapenl ESPSH Y he

transfer neaekeordhinadestaion pficl udes first and second hand- of f stati ons,
92 and 94, andpfllsl C)If,?[%qir§%9%c9m§ %%@coﬂ@(ﬁﬁr lﬁﬁaﬂ\ﬁe £&a akhehffihst

through fifth super I ca roc . ou ed to the
trandPer rrsukpigesare ppigrs ﬁéef?rﬁl?l¥’t‘h"t‘ﬁ?f8‘g§ﬁ “f?f‘fsﬁ 35?388 @tstge g{fﬁf:’é‘ 4- 88,

respect i vekayion Pzﬁemahipyrpnmtahgommg BB €fetably cibehiets arapladed by Fhematioef0 modul e
72 at a ngg%co cafsilﬁe Ly tﬁé‘s%f:&i{d h@]‘ﬂﬂ&ﬂf Qatioh: 94?81%“21% thé E@‘eroﬁﬂehl geeasidghand- of f

stations , are ran irst and
second ent‘?‘éﬁﬁ'&:’é‘vﬁbrﬂf%waf%% l“étbf)gfsi cass‘;ti/] ttﬁnpm%ang P (l;fI%tah{;‘gcit ronics 82
are coupl edorgovhile heccondgohipef wnfcrs:b@mznd prda frethe prcgnd qapsstie stdlseemdnpdul e 72
oper apes alndbiRaRhedd.c pressure. Alternatively, the transfer nmodule 72

operates at"a sl u ik (RO Hosenls SFOUNRNEREM K hesde a;lgfu 1206k 25

envi ronnment wh $ an inert gas
i nj ection caabe akirgioatehor lhaFIﬁédltltPlE‘F ltrangaéf SFaHP'&ScPPi‘ B‘hadélF QHB%PFE €% nj ects an
i nert gas, u?bk@ﬁ'u@ﬁpr&essn%stemﬂomunher it vaill il ecatlilyaappiient torookdkéled 2n tha it s

assures a %6“ $§r%t“§$%cg%§§r§nt 1@9&%&% g”cﬁﬂerbggﬂq&redt&ﬁpﬁngﬁmr{mﬁﬂsﬁ 72.

The robot I'nc tQ gw 02, and an
end Z0 ef thewsh fifth guperciifieal propessing meduiess7 %&BF@B‘%‘W‘W(& st é‘ dul e 72.
The robot afpBichfidl prdcesfin@hotad] 74-28. tMarepiee devitl bb otadignappanshii te hnessilisites t he

end ef f ect Orth?1 2 tthQhé %ﬁotrsﬁt&% bab(@ﬁ e&gg a tran-g?e? rr@@k%%fnf\ﬁﬁélplrs cdiifbuied ionf i gur ed

to pick ant' | eces
P transfer the ﬁrst workp1ece 118, the secon X(plece 1%0 the tIl & Ehrough fifth

workpicces. Additionally, it will be readily apparent to one skilled in the art that the first and
30 second cassettes can be front opening unified pods which employ a standard mechanical
interface concept so that the wafers can be maintained in a clean environment separate from
the surrounding envirenment.
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
vesse! 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 pumnp 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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104 is configured to pick and place the wafer. AlternativelyAprrhdOtehd
effector 104 is configured to pick and place a puck or other substrate.

Al ternatively, a dual armrobot 35 replaces the robot 80, where the dual
arm r obot two arns and two end effectors. The fj_ ugh fifth
supercrit i‘gg 1"%)érgica‘i‘iessi ng nodul es, 74-78, preferably i nclﬂtﬂg}quﬁ?g t hr ough
fifth gate val ves, 106-110, respectively. The first through fifth gate
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second wor kpi st.ation
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Further, the robot ,80 t : second
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" eSPECt | Vgl oafsPeck BICSARAALAAIHO bncSkali Ao A TRISBEREMRkirocklihef L St

wor kpi ece Seco er, 120, and the th hrough fifth 15

wor kpi ece§“°<9|“(§5:v7éf7§r%‘?reﬁ?e@am%roaﬂlﬁéeprwaﬁgﬁne&t L&r h‘eﬁg‘?"gf"éfm et te at
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Pref erabl y, & OiiBh&esighodiledaed by the robot 80 in a second cassette at
t he second %a&g- Qh% st ?i on 94 foll 0 ] n%lthhe upercritical..processing.

Al terfflati vel y, "HE PREPENAPREERC B F m‘iﬁ e?‘ﬁ@fa TSt MeaSSe ?e &t "The first
hand- of f stiatidecmpi92 arranigenentsabind as mpre addifivgalphenisalend Hafeagent pePhbhs and ends
in Ej,hf SeCRAHRABrbfe &tmc_trbedcg@ﬁxerahaﬁﬁgabambc@éﬁvesgemcmm ;S}évidédtovm% Il be
readily apparent to qne skilled in.the art.t SRC station
94 can beS%'é‘ﬂ“ier'r'?erfﬁfoélg %H?“gﬁﬁg{h Sg%gcri‘frf“ic% al e%gﬁgﬁ%?ﬁeg’?tsz@i gﬁghég’g{;ll‘gglg;eadded to
t he pr ef erneatily appavent tordng slgiled ip theeatdhat thy fisgtsupensririoal pragessiigmodple i | | be
readijsy a_piﬁ@lli'l@ﬁtvaﬁ&g%ﬁtr@ lelebdr@tits] %ntdr@ endauitllity hdokitipstwitchparefypicaled o
supercritical processi e - fihan the
FiTot 25 (PRI T Romgar b S NPy BE L SR, ARty B SMER |12
than the fiheas thahaddisignal chemipal S'éﬂﬁ’b/e‘feésrefstcf’!élélbeﬁ?‘l?@éé%fhﬁ THHURHF L PUTRR, . 78,

NMbr eover, 139 dnitHak theedditumdi dhymaplxapgnvestals areddikipdal egection pumps could be

coupled to the circulation line 152.

30 Referring to FIGS. 3, 4, and 5, implementation of the supercritical removal method 40
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 vaive 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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inthe art that the robot 80 can be replaced by a transfer 2AegHaAP%m whi.ch
is configured to transfer the first workpiece 118, the second workpiece
120, and the third through fifth workpieces. Additionally, it wll be
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PRolpRsHR 4 Ry

132, the ?r(%l ﬁd the carbon dioxide heater 148 form a
carbon di oxi dBreﬁﬂ!lﬁiﬂYyh@Wﬂ@n@Mﬁatmng i e prpsswiccpmberplPoyuripg thedpurdizg, t he

first i ntf%@&és QfepPY ”E\lt%ﬁ%twél? &hé WARL PR yidUPBE Yradfifs ShardiRP 1 3686kidghBe Second

10 injec u orm a chem cal "and rinse agent supply arrangenent
165. Pre oé?'g&? n'g%%@) Sézar bon di oxi de supply arrangenent 149, the chenical

an@0ri nse ag ehfte:suhp phetomsisamgleheresidud bas bean dede@dmathstwajasthccptdswe i on

vessel 1@1{}@.3% ﬂqﬁgi | PEHSSi ng
nodul es gﬁ&% pg—}ﬁ&l? ﬂg@@&#?g Raﬁsglhgg?fﬂggfgré g{rq? et?‘?[%:tgﬁp%r ocessi ng
modul e 7¢omdpnth§§q4é¢ntmm@§e phatereyisipangd rempued ﬁeﬁlétle tofhe pehapstigas pollseBRibs si ng
nmodul € 7geskélqlydesrdeh® refb&nditons irdke gﬁsﬁﬂ@%a){nb%f 1 3@ @eignthe Lidflat t he

h I d t, th
T kAot et RN QLRI S Ml SRR, 0
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gas collectl vesse first ercritical processing nodule 74.
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addi t i onfaintfifidiibove the critical temperature and above a critical pressure. The critical pressure
for carbon dioxide is 1,070 psi (7.38 MPa).

30 In the sixth process step 62, the second injection pump 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 during the sixth
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di oxi de supply arrangenents, one or nore additional chem caf At 2PPhse
agent supply arrangenents, or one or nore additional exhaust gas
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136 is 7 osze RysEsITe dFOpATRY pwcassxngﬁw%f Ogfp @%m?sﬂlefﬂssuﬂffevﬁ%gﬁbm t he
t enper at chiambefs, { Yo 126G 0peratedk @i ab@ut iatindspeericipresseite sahaelbested @6ssuge. This

mai nt ai ”Sﬁ’o&!\ﬁ th@!ﬁ P@%glﬁ%t?{vafe{' 9;[011?% ﬁfzt ¥ ?tp&%}atéggwgen MB%EV&%@EF@SQQG

initial Su ercr| I ons |nJect|o u
sol vent ?Iﬁétl SFESEHP and Hisycran @%gth![% Pt ei‘dteﬁ@tlﬁ?lés@dh%ﬁ@ anmber 136

Vi @t he gldrgativesiysicritieal pﬂaeesaﬁg sydidrh @Zi@ h@mfmmtﬁmzahﬂ&_membmter 6.
ressuri e Su | OXl de .l n e | ocess, st e

R o bl iR b SRR with R it fitistiny Botiga detnishisy SE8Ss o °F
chanber theGghdifitbigutanlicdlpOdrive Giﬁbcbamsmsz ob8rs8thedtghelih prempeticaligasivered anount

of the Sﬁkﬁﬁﬁhnmhas been punped into the pressure chanber 136 and desired
supercritic conditions are reached, the carbon di oxi de, punp 134 stops

pressuri zi ng Afecoadsmpivenpisatical prcessig Jptemiof iy nraseatinvemigmpiiel 50

st Qﬂsl p?ﬁ%bdiﬁnivbﬁn&ﬂh\ﬂmhaﬂeﬂmﬂ@a {Iﬂh%%édd)h@ anéiﬁmrsuﬁs%&u@wmgmm -
Cilrculatl o rcu | carbo i oxi de
and the. SEPERITReptipdRe BT pfd el el iR PRl bl Ghe BRERBATLONL T o
this poi supeicsitigtipuecessiTgysen8UDWB ifirg a8d %onc_ﬂ_bamclwa?z aIEyl%p dgul ati ng the

supercri Bﬂéﬁioncﬁﬂét?ﬁﬁsfgf RXHEE opR et NE SOINIEN vatdd PPesSMBRE Mthld, SRb enteAELON
di oxi de I@I ntains the solvent in contact with the wafer. Additionally, by

ci rcul at 588 PYhe supercritical carbon di oxi de and the solvent, a fluid
f1 @@ enhancesArthindxiedmativetshgerpitivabpresdssing aystont bEthe pedsehténvancion bhiewaf er .

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
35 replaces the third supercritical processing module 76 of the preferred supercritical processing
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 213. 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
40 second transfer module 214. The additional supercritical processing modules 218 are coupled
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Preferably, the wafer is held stationary in the pressure cRamgei 2006 during
the fourth process step 58. Alternatively, the wafer is spun within the
pressure chanber 136 duri ng the fourth process step 58. 20 After the

phot or esi and fromthe t he pressure
Chanber - e eopd FEndFy ol 26 e ot FEgh el nandia srgerstfet bloctaiie
super cr i systah 2t@allovs fodinord superctitien] pricusing, medaimvieah thinptefaredissperereivdl
renoved ﬁ%b{iﬁ% g/&mihh]% exhaust gas collection vessel 144 in order to

n

return c I'n the pressure chanber 136 to near the initial
super cri ti cal AdbHupliermize Fyperdaisicel mredespnpestem @fitbpp%ent Prveniégradlinginatehe

pr essur ethd thakfRr 1081872 BE B pBrred bR itidel rdc%ss QEma). |I§?f§:tﬁf€lﬁce at this
poi nt by ssure _and .t |aI exhaus t he

th
o1 essur o LHERYE SuReEr R o c iR AEtem AN IOBE Y ISCORt g T 0 e FavOTSPIEES s o
chanmber ba&teed thetfing ahd f¢don¢ harckess staties, 8Dand e apd ﬂmsﬁmehmh@nﬁﬂh | s

preferab t r I I tical
b csour oo iprarcf fo QiR 7978, bR bAAREE AL S AR BB OEL
MPa) . 30VY Hettrasisr sweflpdcess step 62, the second injection punp 163 punps
a rignse agent Afsﬁ)amaltérhﬁnrelsﬁﬁ&cmnproaésmnyst@ﬁ %?fhe}ﬁé%eﬁtﬂhﬁbnhbﬁ afls@asur e

chamber 136 t culatign lin the 134

o acaur i panedlih st b e Dreferird pporGgicbprogessng e e e
condi t i omspeamiicaltpreressihigystein, ¢hd fasi workpisopl n84mecs1eccmdl vairklsieaﬁdqmos spetheri ti cal
carbon %ﬁ)@hﬁﬁgﬁﬁﬂh% 1éc@§ Qrquﬁ?ferré&]?qgg ﬁ%?c%c%oﬁ hﬁﬁ@n 96 Y8R

Pref erably, rrnse a I's selecte e group, cons%stl ng of

wat er aFré’b‘Jlii-‘BTEd t e ssprat f&ﬁ@"’ﬁf station 9he At Hasripspectiopoyteions &t Bspastign of thee ri nse
agenst i swollgidtexénsues efat thephaloeho hndihd réshitieWat€been PerRbwidny thet he al cohol

| f f | d
other | owoHBIEEt et M nSRER B R ARG P b iR s "
sel ect ed fronfitsheendr digprativn superdriigalyfrocdssing systanopf/the presens fiwientivrdaddie
et hanol . gMaSdndRbEdt8s ﬁfélp\‘efeﬁélﬁsuglaféﬁﬂee{l hﬁ:eﬁslﬁ?g nﬁrgtr@ﬁ’inﬁ Itcliﬁg: Qg{féfﬂﬁﬁl?éﬂla)ﬁ’vet he

wafer is held statlonarylnt ress . urin e sixth -8 29
Apri | 208PepTdcaProcepng gyste eﬁ%ﬁp Y treﬁlﬁles Qwside of @egﬁﬁcﬁmm%‘:n t he

pr @9sur etrafsfrierduls3B didrthefirst el sesond dasgeitocas $ocatee Iﬁwﬁ? frohthé Kiest aﬁn/ e nt h
rocess S h | stlng
p he presgett?rgg @ n‘#P &at?@‘é ?fa{@h% ZxﬁauséL gé?da}sc'%gg 061%1 %)&/tf Ove e gate
vaI ve 5valsss ﬁ@n(%’eﬁfé@as@ﬁﬂtqmﬁoﬂﬁﬁ]éﬁd@ Sl‘rﬂélﬁn\‘?%@nd w@ﬂﬁqmefewbb@mﬁ@u@qhanber
136 by tﬂﬂnéﬂhﬁé waﬁars ﬁbﬁl@ﬁé‘@%ﬁ@h&iﬂﬂﬂf aﬁétiotn' wab theByRl caBdefigesses of the

present inven ag I n nfgﬁel |.owi n%flgaf‘tatﬁnt docurrents |1 of
which are inc ?Fﬂﬂefc ?lﬂr‘écieﬁs%%lsyts Pl Rresqyt giventinn adgs a

ApEbi cat wefer Oﬁvﬁxﬁﬁib;rﬁﬁ@chaﬂlsmed therpréfetred @fpercAfied ptadessing systeth 2065 The wafer

PCT/ US00 on Ma
10, 2001§I§&ﬁ% q%chmym fé ¢ Sﬁ%f%@é’%&ﬁ%@stﬁg;@g?%@% @'5‘1“\/5?“ “%}é‘gtj@’; 1098
(whi ch hidicaies, Rrefesably; the w. l?rﬁﬂeﬂl@d at e fog hepdroffstaien 92 231t6121@0n91y, thnd U. S.

Provi si OﬂaferB&ﬁﬁﬁfed'ﬁmhblsé‘o%hdﬂﬂnd\bffsﬁﬁbﬁéz 739, filed on May 27, 1997
(whi ch provi dﬁ%r& or i Pat No

emaltiye sup ercntlcal processmg module bt3 t?le presm)t invention replaces
30 the pressure chamber 136 and gate valve 106 with an alternative pressure chamber. The
alternative pressure chamber comprises a chamber hoﬁsing 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 operation, the wafer is placed on the hydraulicly driven wafer
35 platen. Then, the hydraulicly driven wafer platen moves upward and seals with the chamber
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

40  of the wafer cavity 112 and places an alternative outlet at a top center of the wafer cavity 112.

-10-



A first alternative supercritical processing system of the28f§§33904
invention is illustrated in FIG 6. The first alternative supercritical
processing system 170 adds first 15 through fifth ante-chanbers, 172-176,
and firs rough fifth ant ot s 78-182 0 the ferred
Super or 1 €1 AFEN e dbit A b B RN SR e b st e Freaie] b aPRaRf 4 1 ¢
ant e- chplabeddned bilier@afeoportntl é2.f meﬂrzﬂcﬁmuhe dtemosih arléte aprangkedveatlt o sone
illgviged{e%&%er afadu%g;f f!talﬁég%lg E'f’z { t{cﬁttm Bgélgffmh[a é&at\fs@el;lgirfeltsfa?ﬁﬂ'ﬂltlé es,
pressur ealéﬁwtmewuﬂet Cé‘?ﬁ*%ﬁ&ﬁ’rﬁ‘g( wrﬁmmﬁwﬁr cagity éthati vely, in the first 20

altgrnative SHPENGErédddgbhpRiGa &S 6hd WilMSh &P aH4Bat dtie vflﬂlcﬁlﬁstmécﬂﬁ@dﬂﬁahs fifth

ant e- chapbe eplkaced wi.th t t.hrough fif

maanet | BTy EBIp Sk plieT oo FRINBE pRbe g e sbith SHiPSkaps bhife,
driven nﬁwﬁ@mmﬂmﬁmhwdbyﬁ@ﬂpmmﬂGDQMlefth pneumatical ly driven nechanisns.
A second alternative supercritical processing systemof the present
invention of the 25 present invention is illustrated in FIG 7. The second
alternative supercritical processing system 190 replaces the first and
second hand-of f stations, 92 and 94, of the preferred supercritical
processing system 70 with first and second | oadl ocks, 192 and 194. In
operation, the transfer nodul e operates at a second el evated pressure and,
t hus, al so enhances the throughput. 30 A third alternative supercritical
processi ng system of the present invention of the present invention is
illustrated in FIG 8. The third alternative supercritical processing
system 200 conprises an alternative transfer nodule 202 and a robot track
204. A fourth alternative supercritical processing systemof the present
invention is illustrated in FIG 9. The fourth. alternative supercritical
processi ng system 210 preferably 35 replaces the third supercritical
processi ng nodule 76 of the preferred supercritical processing system 70
with a third hand-of f station 212 and adds a second transfer nodule 214, a
second robot 216, and additional supercritical processing nodules 218. In
the fourth alternative supercritical processing system 210, the third
hand- of f station 212 couples the transfer nodule 72 to the second transfer
nodul e 214. The second robot 216 preferably resides in the 40 second
transfer nodul e 214. The additional supercritical processing nodul es 218
are coupled -9 29 April 2004 to the second transfer nodul e 214. Thus, the
fourth alternative supercritical processing system 210 allows for nore
supercritical processing nodules than the preferred supercritical
processing system 70. A fifth alternative supercritical processing system
of the present invention elimnates 5 the transfer nodule 72 of the
preferred supercritical processing system70. In the fifth alternative
supercritical processing system the robot 80 is configured to nove

wor kpi eces between the first and second hand-off stations, 92 and 94, and
the first through fifth supercritical processing nodules, 74-78, wthout
benefitting froma covering effect provided

-11 -



by the transfer nodule 72. 10 . A sixth alternative supercritical

processi ng system of the present invention adds an inspeggi”’rﬁﬁfg?%i onto
the preferred supercritical processing system70. In the sixth alternative
supercritical processing system the first workpiece 118, the second

wor kpi ece 120, and the third through fifth workpieces are transferred to
the inspection station prior to beigigamMy ansferred to the second hand- of f
station 94. At the inspection station, an inspection of the 15 workpi eces
ensures that the photoresist and the resi due have been renoved fromthe.
wor kpi eces. Pref er akd Mppatdh@ foP SRREdritied] Sb@bdiN ol SRS afid 86doh® SoRlipYectL | Nspect
the workpieces. A seventh alternative supercritical processing system of
the present i rfPEREHBAM adds a front-end robot to the preferred supercritical
processing sysdem 70. | mddgfeSRyRRvakbeemahdeye supercritical processing
system the front-end robot resides outside of the entrance to the 20
transfer nodul® 72 and tthdistj peerentital PICaisme cmedile coupled do | the frapsfeanay from

the first and secanshulnit Gt sEpeddritRASproSedsidfGndAdle doRAgiréd RS pefstn obot i's
preferably configured to nove the fers fromthe first cassette to the

first hand-off st atBfcrgisalprgessung, py dhepfitst wpplege toh Airg oyaskpiece fanbve t he

wafers fromthe seqanishaiaebidlysbatanofsGbhink; t he second cassette. An
eighth alternative supercritica gﬁgé«i}ssi ng. system of the present_ invention

adds a 25 waf%r orient d& PSAhEWS PRSeRsiig HPare o wrdsoplbr drntfFical

processing system 7fodule) et supdrir@iRbiaprb@BsinefmbdNé SOARUed N pelibitn Waf er
according to a flat, a notch, or, an oﬁher 0 tation indicator.

ie
Preferably, the wafWHPeTFi&icay Piafieige &F ¢ fhé“f’?‘I SOTRIE b f SCEPU VRREPIES
Al ternatively, the cawafi@king$s s@istaffidlBGomtant ReorieomA@; hand-of f station 94. A

first alternatjve supercrjitical processing nodule of th resent, i nvention
repl aces 30 the pressur"etl r&ﬁf&%‘aﬁwilﬁn Larel %j&‘fréto(/%ﬂ“i?%d T’Otge %St yiotkpiece

al ternative pressurdviphabfet. suféreriticall dofdifiad peheraf @6EptisthgC ARDASse,NPr i ses a
chanmber housi ng andfa h%d;ﬁ%l icly driven wafer Fl_atagn. The chanber housi ng
conprises a cyl i ndrif&a” e firshArats forgensiaine syperorigioa] SpndEionsi The

hydraulicly drd.ven waf era pdcade Bupeferifi@in fcogdified gérerase adouplgdiitd $e tdaendchanber
housi ng out si de of tPe cylindrical cavi ECY’IHFl n operation, the wafer is

pl aced on the hydr QYT FRIFSG AYIPy dig spand supskcrifeal caplitiop generator, COMRASMER | ¢| y
driven wafer platenecsoadesessghwar sbcamid pamp) SndM 4 Neédd@ BhAGHDRF pdiertigng. Once
t he wafer has been processed. .the hydraulicly driven wafer platen is

| onered and the pgrerfticalcopditionsi 404~ A second al ternative supercritical
processi ng nodul e of the paRfeeMechanisdnédupld pé Aeetansit heddat fhy @ranstbret s f or

the circulation line 152 to enter the fer cayity . 112 at a circunference
40 of the wafer cav‘?etcéanﬂr?coéﬁgur ‘5%’8%“3& X g"ISft %?TKEF%\}@W %hgte“‘é"tnc?ialidop center
of the wafer cavit yhéfidt supdi@riQl PpLdsting Rdduld ke RhdsRF ARthaviEmi ddhfdusedar e

referably configured to.injegt the supercritical carbon djoxide.in a
bl ane defined by t HEMRAT T SRAGMOgPIESSDDEseE g PRsBss 250 g sSpRRaErsal | i et s

are angled wth rgs@esingtniodaler adi us of the wafer cavity 112 so that in
operation the alternative inlets and the alternative outlet create a
vortex within the wafer cavity 112.

2. 'The apparatus of claim 1 wherein the transfer module is configured to operate

at about atmospheric pressure.
3. The apparatus of claim 1 wherein the transfer module further comprises means
for maintaining a slight positive pressure in the transfer module relative to a

surrounding environment.

4. The apparatus of claim 3 wherein the means for maintaining the slight

positive pressure in the transfer module comprise an inert gas injection arrangement.
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51t wll be readily apparent to one skilled in the art thﬁt o,tlh [ various
nodi fications nay be made to the preferred enbodi nent wi £ rting
fromthe spirit and scope of the invention as defined by the appended
claims. 29 April 2004 CLAIMS 1. An apparatus for supercritical processing
of first and second workpieces conprising : a. a transfer nodul e having an

entrance;sb. a firstheShipafatikidfl ailn Pr WERES | tHE hHPMde &F GRY Rafidlert Roddle

transfer nodule, the fi ?sj% supercritical processing nodule configured to

perform super‘iﬂ“ipf‘ﬁeéélha‘ﬁ{' &g on the first workpiece in a first

wor kpi ece cavity having a substantially constant first volume; c. a second

supercritical processin %g?u}]% coupl ed to the transfer nodule, the second
I

supercritfcal proces¥ial WeRvhegin By spErnse Pt e Frnste mordele ifpthen
processi ng on ddiRprisRce AdiNeKRh&6E slaflo@ Second wor kpi ece cavity having a
substantially constant second volune; d. a first supercritical condition
generator coupled to the first workpiece cavity, the first supercritical

condi ti ony.gener at or THeQFPdritsd 6T@lafin il iwhSleintBSSister Modiflé sTbnfburaa to Gftehtd fir st
heater for generating sypercritical conditiops; e. a_ second supercritical

condi ti on genefdt BESSRE ASPWATgSRIARC BressyPrqand, wthesi wheein g enfrancefd thecond
supercritical el hbdike gkatasaderpri sing a second vessel, a second
punp, and a second heater for generating supercritical conditions; and f.
a transfer mechani smcoupled to the transfer nodule, the transfer
nmechani sng.conf i gur eTheta@pdriEoftdem 7 wikheivviie kRir8G€ oDBE WRRFer Wdauie Firtence and
the first supercritical processjng nodule, the transfer mechani sm
confi gured tocoméeslaﬂédc@é%‘ﬁl Ba‘{;ﬁ‘}gkpi ece between the entrance and the
second supercritical processing nodule. 2. The apparatus of claiml
wherein the transfer, nodule is confi ureg to foFer te at about atnospheric
pressure.”3. The apprBPARUHH clfmail phereipBs EaRtct MEChRMSA SPBPISAHYUIPY: f ur t her
conprises neans for maintaining a slight positive pressure in the transfer
nodul e re] ative to surroundi ng enyironpent. 4. The apparatus of claim3
wherein the nmeans f %?rﬁ"r‘%f’ﬂi’lﬁ% ?I‘i"ile@l"i @ﬁf’ansﬁ%éﬁ‘ﬁfg‘]‘@e"o BISES i Aol ¢ he
transfer nodul @nfigii@onse an inert gas injection arrangenent. 12 29 April
2004 5. The apparatus of claim2 wherein the entrance of the transfer
nodul e

11. The apparatus of claim 10 wherein the robot comprises a central robot, the

central robot occupying a center of the circular configuration.

12. The apparatus of claim 9 wherein the transfer module comprises a track
configuration.
13. The apparatus of claim 12 wherein the robot comprises a tracked robot, the

tracked robot comprising the robot coupled to a track such that the robot moves along
the track in order to reach the first and second processing module located along the

track.

14. The apparatus of claim 13 further comprising third and fourth supercritical
processing modules, the third and fourth supercritical processing modules located
along the track, the third and fourth supercritical processing modules located opposite

the first and second supercritical processing modules relative to the track.

15. The apparatus of claim 9 wherein the robot comprises an extendable arm and

an end effector.
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conprises a hand-off station. 6. The apparatus of claimb5 AerBild0bhe
entrance of the transfer nodule further conprises an additional hand-off
station. 7. The apparatus of claim1 wherein the transfer nodule is
configured to operate at a pressure above atnospheric pressure and further
wherein the entrance of the transfer nodul e conprises a |oadl ock. 8. The
apparatus of claim7 wherein the entrance of the transfer nodul e further
conpri ses 1gn addi ti amelppaeAd! Felaim 95 whbBRindRP b8 fufthe® foombidehd :0¥AE8I N t he
transfer nmechani sm conprises a robot. 10. The apparatus of claim9 wherein
the transfer noBuPY BRdftiresbendeleptPeyl ar  configuration. 11. The appar at us
of claim 10 wherein the robot conprises a central robot, the central robot

occupying a center of the circular configuration. 12. The apparatus of
claim 9 wHérei n t he T SRR ofodtime! BherBIN the Ersh sunerceifical percessigradulsn. 13,

The apparatus Qbmgisds M kst @ERE NvebBE ahd® Beihe? OMREIS 8Fc Redoh@GsplcritRROt, the
tracked robot conprising the robot coupled to a track such that the robot

noves al ong t RECCEFSHERNCRle Gpramises psepidressHevesselst and second processing
nodul e | ocated along the track. 14. The apparatus of claim 13 further
conprising third and fourth supercritical processing nodules, the third
and fourt A8super cri tihe AP CEClRIMhY Wisdkit'es | ocated al ong the track, the

third and fourth super critgd fr&lprddfuRCRsR] SehphRE deFisthRAPlBslcRP AR £ Gst t he
first and second supercritical proceSS|n9 nodul es relative to the_track.
IS

15. The apparatus off™¢f%f rfegelusararn teelisbyptkrientpravishading hefabl e arm
and an end effect OkyorkpRecd Qui duperd@R4] dBeesdiRE tRPRAI feMarcOfese] altahded

wherein the robot further conprises an additional armand an additional
end effector. 17. THEvilpsipgeyandseeres Hriiedingimaraisresand first supercritical

processing nodyl e conpriigascard bickste WRESPGHIpAseY @RSeond MrkbiEd 0Ty Mer ei n
the second supercritical A processing nodul e conprises a second _pressure

g . . ]
vessel . 18. The appdrsstayd pemsuss ¥isiil PnirapRe g speond werkpieqe; qaxity peldiwg Hice vessel

conprises the first s¥nkNoeigaecs Auiitgy thd NdpacritichISprocdBdifs Y SocHRB pRbsuRNt r ance,
the first workpiece caV|t% holdlaggthe first workpiece durin

ng
supercritical procedSPHgnTingepIoy ingress anfl @rareios e senid WAKEECS  ovi di ng

i ngress and egress for the first workpiece; and b. the second pressure
vessel conprises the second workpi ece cavity an
qB. el“he apparatus of cla%n I% where\lln th)e/ transger mechanism is configured to
place the first and second workpieces in the first and second workpiece cavities,

respectively.

20. The apparatus of claim 19 wherein the transfer module and the supercritical

processing module are configured to operate at supercritical conditions.

21. The apparatus of claim 19 further comprising first and second gate valves, the
first gate valve coupling the transfer module and the first supercritical processing
module, the second gate valve coupling the ftransfer module and the second

supercritical processing module.

22. The apparatus of claim 18 further comprising first and second ante-chambers,
the first ante-chamber coupling the transfer module and the first supercritical
processing module, the second ante-chamber coupling the transfer module and the

second supercritical processing module.
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a second pressure vessel entrance, the second workpi ece cavPtApPrtH@08f ng t he
second wor kpi ece during the supercritical processing, the second pressure
vessel entrance providing ingress and egress for the second workpi ece. 19.
The apparatus of claim 18 wherein the transfer nmechanismis configured to
pl ace the f,irst and .second workpi.eces jn the.first and second rkpi ece
cavities, jcs)‘r espect i vﬁﬁe;pr%l.’s ﬁcgaﬂgépglftheﬁfgmﬁw“@ R ?‘5 Wé‘frgf‘ﬁ\qﬁﬁg% ransf er
nmodul e and t he aadpepnd superertical poasgsemodnlaspdul e are configured to operate
at supercritical conditions. 21. The apparatus of claim19 further
conprising first and second gate valves, the first gate valve coupling the

transfer rdul e and Theappardtatofslape LT whirkinahe d0E RS PrebUriziiPcbmmisestd® second
gate val ve coupl.i ng t he transfer dul e .and e second sugﬁ)cri tical

processi ng modUFESTERe cpplisuzation whiqhocomipriags 2 Gz PP, VERE COBBRH A SPYRP £ r st
and second ant ewhi¢taisivetsed totthe fifst bsd seackidesupbranidal procudihg medilbesutl ansf er
nodul e and theotﬁi r su%er.cri ti cfal .processij gg m)gul e, the second,

ant e- chanber cdtpISHRgPERE & SLIBIaEY FreSUREs thve fIrst SERFFAIISH pRPESSHRG cal
processi ng noduhe&iuleliddepéhdalyi df tR0Rdond Jupetditical ppaeainginddfile Ghdfuithdr st t her

conpri sing nea for pressurizi.ng the first and second supercrit.ical
pr (r)rgessi ng rmd[}ﬁaésg’ez 9, Wéssaﬁﬁﬁgaﬂoﬂgg%?tm& RYRTU518es, e SpGen h%‘pﬁﬁ’é?fé’ﬁf or

pressuri zi ng cqiessiginddolR indeparisntly ofiledfira@nfer @lticaprdeessing inbuleonpri ses a
CQ2 supply vessel coupled to a punp which is coupled to the first and
second supercritical processing nodules such that the CO2 pressurizing
confi gur at2son press(hezapparhathe of clabi 18 \fnalict chinpbdhg fifs0 aeb Sdcb@l memdube

i ndependently of the, second supercritic rocessi.ng nodul e and further
such’ that t he SebErpE BELPRyR G el ineicatintie R LRE SBD PSRt rel Swetiny
supercritical tirecessicans fopsulirg dpedBlpenstainthé yecord préveurt véssdl emtiped. criti cal
processi ng nodule. 25. The apparatus of claim 18 further conprising first
and second neans for sealing, the first nmeans for sealing operable to seal
the first 26ressure Vihsapparewnt ¢fohda,]l futthe compasink meas $orf ofirclibg] dudlgy thaper abl e
to seal the se¢ nd zIr%régssure ves The t.us . of Icl:cl aim |

| . 26.
e SRS G HERR B P a6 T © o R sty o

further -conprising
control | ing di veckmeckhbettiveantf entranee finhes trutsfer mdeletdng the fist aadeecsmiond

wor kpi eces between the entrance of the transfer dul e he first and
second super c\rls\’,l&‘?eir‘"’cr}att 4 Focesd g urlregdﬂeis%esgwer%saﬁgcf?%éF‘if}’atﬁai&g‘? H‘F?Iﬁetfs’r such
t hat the nmeans cbarollingoetntrals | then §irst emicraitisal t frecedinpsinoduligp rdepentiéntial of phedCcessi ng

nodul e i ndepen 1. second ercritical processing nodule. 27. A
met hod of supeggér&Hi%("@g{c”%ér]aggré’g@sslsl%m’rolglyg't and second wor kpi eces conpri si ng

the steps of:
27. A method of supercritical processing first and second workpieces comprising
the steps of :

a. transferring the first workpiece from an entrance of a transfer module
to a first supercritical processing module coupled to the transfer module;

b. transferring the second workpiece from the entrance of the transfer
module to a second supercritical processing module coupled to the transfer
module;

c. processing the first workpiece in a first workpiece cavity having a
substantially constant first volume in the first supercritical processing
module;

d. processing the second workpiece in a second workpiece cavity
having a substantially constant second volume in the second supercritical

processing module;
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a. transferring the first workpiece froman entrance of a t2PdW3il@P04odul e
to a first supercritical processing nodule coupled to the transfer nodul e;
b. transferring the second workpi ece fromthe entrance of the transfer
nodul e to a second supercritical processing nodule coupled to the transfer
nodul e; c. processing the first workpiece in a first workpiece cavity
having a substantially constant first volunme in the first supercritical
processing nodul e; d. prosggshntheting wodpine framithpiirstcepéreritaalgeomssing

wor kpi ece cavity h an econd volune in the
second supercriti cawadﬂgéggggﬁ%é@n%éﬂ%&%St‘%%gg@ A%rdlsl 2004 e. transferring
the first workdi ece fromttahderfing dhe senond OqultplezBaIfrcpn dbessiond supaychiticel t o t he
entrance of the tra ggg {5 fer he second wor kpi ece
fromthe second sup %%%% caﬂhﬁt?%gg@%?ﬁbgnnéﬁ?ﬁg e entrance of the
transfer nodule. 28. The nmethod of claim 27 mhereln t he entrance of the
transfer dule co Sstation. method of cl aim 28
wher ei n t% ent rangré1r hg?ﬂ %@ﬂ%@ﬁcﬁkﬁg? %Erﬁllﬁ) ulellelg ur %%éertran‘%erm dﬂ% S
addi ti onal hand-hefd-offstatisnon. 15a  ABSTRACT OF THE DISCLCSURE An . appar at us
for supercritical processing of nultiple workpieces conprises a transfer
nodul e, first and second supercritical processing nodules, and a robot. The
transfer @8dul e i ndhadsthodnf eaim 2hwhereifililee dntrasdte ofitie: temefenadodilpfuthen t i cal
processi ng nod ransfer nodul e. The robot is
preferably Iocgbggméggh&ﬂﬁﬁmﬁggﬁgftgﬁh%dule In operation, the robot
transfers a first workpiece fromthe entrance of the transfer nodule to the
first supercritical processing nodule. The robot then transfers a second
wor kpi ece fromthe entrance to the second supercritical processing nodul e.
After the workpi eces have been| processed, the robot returns the first and
second workpieces to the entrance of the transfer nodule. Alternatively,

t he apparatus includes additional supercritical processing nodules coupled
to the transfer nodul e.
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