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16 19 18 10 (57) Abstract: A high pressure chanber conprises a chanber
housi ng, a platen, and a nechani cal drive nechanism The chanber housing
conprises a first sealing surface. The platen conprises a region for

hol di ng the sem conductor substrate and a second sealing surface. The
mechani cal drive mechani sm couples the platen to the chanber housing. In
operation, the nmechanical drive nechanism separates the platen fromthe
chanber housing for |oading of the sem conductor substrate. In further
operation he nechani cal drive nechani sm causes the second sealing
surface ofIHLRO L first sealing surface of the chanber housing
to form a hi ghTigs mestiverelpesao diedicidjoftighdressura praedingh dee partailaiycthisr
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invettion relates to the field of hi gh pressure processing. Mre
parti-cul aBACKGROUND OBVEHT INVIENEIGN es to the field of high pressure

process ing of Ifi‘oc%%fﬂgcd? QGHChRucRY Qﬁ)tsﬁsﬁés%resélgs unique problems not associated with

processing of other workpieces. Typically, the semiconductor processing begins with a
silicon wafer. The semiconductor processing starts with doping of the silicon wafer to

15 generate transistor semiconductors. Next, the semiconductor processing continues with
deposition of metal and dielectric layers interspersed with etching of lines and vias to
produce transistor contacts and interconnect structures. Ultimately in the semiconductor
processing, the transistor semiconductors, the transistor contacts, and the interconnects form
integrated circuits.

20 A critical processing requirement for the processing of the semiconductor substrate is -

cleanliness. Much of semiconductor processing takes place in vacuum, which is an

inherently clean environment. Other semiconductor processing takes place in a wet process

at atmospheric pressure, which because of a rinsing nature of the wet process is an inherently
~ clean process. For example, removal of photoresist and photoresist residue subsequent to

25 etching of the lines and the vias uses plasma ashing, a vacuum process, followed by stripping
in a stripper bath, a wet process.

Other critical processing requirements for the processing of the semiconductor
substrates include throughput and reliability. Production processing of the semiconductor
substrates takes place in a semiconductor fabrication facility. The semiconductor fabrication

30 facility requires a large capital outlay for processing equipment, for the facility itself, and for
a staff to run it. In order to recoup these expenses and generate a sufficient income from the
facility, the processing equipment requifes a throughput of a sufficient number of the wafers
in a period of time. The processing equipment must also promote a reliable process in order
to ensure continued revenue from the faciiity.

35 ~ Until recently, the plasma ashing and the stripper bath was found sufficient for the
removal of the photoresist and the photoresist residue in the semiconductor processing.
However, recent advancements for the integrated circuits include etch feature critical
dimensions below dimensions with sufficient structure to withstand the stripper bath and low
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BACKGROUND OF THE | NVENTI ON Processing of sem conductor subgtial.es)gjsesents
uni que problens not associated with processing of other workpieces.

Typi cally, the sem conductor processing begins with a silicon wafer. The
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chamber for processing a semiconductor substrate comprises: a chamber housing comprises a
first sealing surface; a spacer contains a plurality of injection nozzles, the spacer configured
to seal to the first sealing surface; a platen comprises a second sealing surface and a region
for holding the semiconductor substrate; a single mechanical drive mechanism has a single
pressure source, the single mechanical drive mechanism couples the platen to the chamber
housing such that in operation the single mechanical drive mechanism separates the second
sealing surface from the spacer for loading the semiconductor substrate and further such that
in operation the said single mechanical drive mechanism causes the second sealing surface of

the platen to seal to the spacer, such that the spacer, the first sealing surface, and the second
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pressure proce Pani cal _drive nechani sm COU es t
pl at en qurmv@hémmhlgb pgﬁsaﬁge §m§nssmgagnd i further operation the piston body can be

moved so that the first sealing surface is separated from the spacer, thereby allows the
semiconductor substrate to be loaded into and unloaded from the pressure chamber frame.
According to yet another aspect of the present invention, there is provided a high

pressure chamber for processing a semiconductor substrate comprises: a chamber housing
having a first sealing surface; a spacer contains a plurality of injection nozzles; a platen
comprises a second sealing surface and a region for holding the semiconductor substrate; and
a single mechanical drive mechanism couples to the platen and has a single pressure source,
the single pressure source configured to move the platen to a first position and a second
position such that in the first position the spacer seals to the first sealing surface and the
second sealing surface thereby forms and maintains a wafer cavity contains the region
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operation the single mechanical drive mechani sm separates bRg,Rl.a 8dhsf or m
t he chanber housing for | oading of the sem conductor substrate; -and nmeans
for sealing coupled to the chanber hqusigi such that in operation the
singl e perekalding the serisondustsubsteatqrdaning high pressurd prggessing apldndhe senvddt he
ChaﬁberRbﬁﬂﬁﬁﬂﬁsb&ﬁ?%ﬂ%ﬂmﬁﬁ@i%ﬁﬁﬁks&ﬁ%ﬁ%ﬁmﬁﬂﬂ&ﬁﬁ%@ta'” the wafer cavity
during high pressure processing, wherein the neans for sealing contains a
plurality of injection nozzles configured to couple the wafer cavity to a
suppl y BRIEE®EFCRIPTIONDF THEDRAWINGS aspect of the present invention,
there is proy <@n._.apparatus for. hi.gh pressure processing of a
seniconductofhgﬁﬂéﬁ?%ﬁsggBﬁ%$¥%QEWﬁETbﬁ%@éﬁ 'Wﬁﬁﬁﬁﬁ%?ﬂ Pane; a single

pi ston coupl E8Gt Dilluseatpy St nkervitivrtpeessircatremberdb{thnpresmemvangiirs t on  body
and 2 pi StONERGCH. ILAGRY ESEURCAATBRnd IATEIRRL D PrBl kOB R drdhPe o
first fluid cavity; a sealing plate coupled to the pressure chanber frane,
t he seaPrSgRipIaOEONN conjunction W th the pressure chamber frane, the

pi ston body, FeRS. 4Aendis iIRRIrARGKsphQE Me@ionaa v the presbnt GA¥Af0L. @ platen
coupled to t?? 8%§@$n neck,fthe.flahen co rlsesg% regi on,for holding the
seni conduct of '@ Ttes 3 gl ot yiyand adyoinggt Qitet ofdhe PRSIl ivEptionis o
plurality of FiGedhustwates the prdf@scdyaadsugithathbenoftbel plegerit dnv@ns8ompl y sour ce; .
and a top |1 ri ses a second
seal i ng surfgg%?u?%§9%%§5%26%§%¥?ﬁéﬁéﬂ?&gggpggg%égﬁgﬂ%?%%ﬁéggcer, the first
seal i ng surf HeS.0A thveughl 3K dlustpid thareresyyae ehranden fiiamey the spagsh/injectionining,

oper ati giy 4 RardR ipBklBQMy G- hcBRcdiRViadettRind @ single pressure within the
first fluid cavity so that the fjrst sealing surface seals tq the spacer

to forma wat¥- %ﬁlﬁsf{rﬁte%auﬁ%cwiahp@ic%ﬁsmem £ and a s650n¢ alfgratiye BpregHTe

pr essur eh:piee 08 HeBescatidvédiiohf i rt her operation the piston body can be

noved so that the first sealing surface is separated fromthe spacer,

t her eby t ] tal I d into and unl oaded
fromt hﬁ;@&%ﬁﬁ%ﬁm&?@g;@% Kgg?uﬁu:kl ?F%@@I%{ﬁm her aspect of the
present invention, there is provided a high pressure chanber for
processi ng a sem conductor substrate conprises: a chanber housing having a
first sealing surface; a spacer contains a plurality of injection nozzles;
a platen conprises a second sealing surface and a region for holding the
sem conductor substrate; and a single nechanical drive mechani sm couples
to the platen and has a single pressure source, the single pressure source
configured to nove the platen to a first position and a second position
such that in the first position the spacer seals to the first sealing
surface and the second sealing surface thereby forns and mai ntains a wafer
cavity contains the region - 2a. 26 January 2005 for hol ding.the

sem conductor substrate during high pressure processing and in the second
position the spacer is separated fromthe second seating surface. BRIEF
DESCRI PTION OF THE DRAWNGS FIG 1 illustrates a pressure chanber frane of
the present invention. FIG 2 illustrates a first alternative pressure
chanber of the present invention. FIG 3 illustrates a cross-section of the
first alternative pressure chanber of the
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present invention. FIGS. 4A and 4B illustrate a spacer/inj of
the present invention. FIG 5 illustrates a wafer cavity ;&ﬁc{%&%ort
outlet of the present invention. FIG 6 illustrates the preferred pressure
chanber of whexguesent invention. FIGS. 7A through 7C ipdumbi@tt@ an upper
platen of the present invention. FIGS. 8A through 8F illustrate the

pressure chamrepfdf@fmprasmemefdﬂ §§ehﬂﬂvdht1&915 re?dishif ué(&%ff&r pl aten

assenbly r favent i o trates. a ercritical
~ processi n&Le&'Eﬁﬁagprgée Sr}]lilag secgﬁ'écog Cg)rrr‘i"é'l gregefag’i’éfh‘eé’ s Y8t the present
i nvent i ow%@mrAP@EmmEMMnmlmcmgp@Emmw peudritk®l January 2005
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I's i1bl ustandt@cholthofek &2. The Witer sliD [GE prt@ably sipdEfor :i melnlv@aférncl udes a

pressure enl SI A ortion
Do 5 i SRRy JRAAER 36 160 15 0 B0 PR R iﬂ rRGERRYRC | oo
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Al ternativel yThé a@nin@fcwsmglhbﬁsnﬂgq:dnsonsnm@nef ssidte lsi?ahﬂﬁf frithe B0 mbMbdser waf er.

Fur t her ad1é %ﬁg&/ KSe L)v%ich \Ré%?de%ée% i;g')r assergl:)l'l6 t?(dlsafﬁeén gb%tfﬂler_'nm 1 gonduct or

substrate o i ng housi ng
por P on 1Messyre chagmbgr. é@@fewbly@:ﬁaﬁﬁa& fopy @frﬂee wWindowrcl 8y ehish areHecatidrpioidss 18, whi ch

provi de afgeIteshot clagheriine B) %&e@a}}e@m bﬂ/th@fmﬂdhﬁs %3 Qfeéﬁraﬁ@&l odtheRr essure

chanber. b ar u t he wi re,l ocated on
Craee o ep bt SN 16 fein By Bl Bl AT b g IR 108 P v 16
are fr anéhFlbWﬁpwéma bagg Ze SThp polf hpjewd2 afitke pressers chgnbephoushigipertiong2bie t he

pressuref@ﬁl&:ﬁfgratmh@toﬁgelﬂ%shﬂe(%ﬁatﬁ&rﬁaﬂglon their bottom by a base 23. The

bol t3hol es 22 hanber Sing rtion 12 or bolting a
Lop2ia o ¢nEned e Rbag A S et BRI bR bR B« e

pr ef erre&tﬁﬂgﬁ@ﬁ@l@%ﬁwﬂ@m&dﬂﬁﬁéeémémm mqmplmmtroéucfeaasmcts ofkheer nat i ve
pressur e peaatidestides described in order to nore SI nply introduce aspects of

present - nventTon dfeHFrie Shanfbe PEBE et R et BB 2' o esour e
chanber Jbe fifg pipgentive pressprecshambar 36 linckisies the pmtrQL@iambhe?amqolOL ihe tordisl 32, a
vafes pl 3penwdds plﬁexcyd b lasalﬂfdexsfs aﬁdwseaz th @a m@bﬁeh@@z 15159@;;1&@@ thd d 32 is
__(I:_ﬁgp\ll\g? eﬁ:?es%vﬂ? e]:ﬁfx%%rs € Eargbe rl:)ly byabmfts %‘no’t sho er ﬁ{atenoiéf is ccgup(l) shown).
to the cylinder 36. The cyhnder 36 is coupled to a piston (not shown). The sealing plate 38
seals the piston from atmosphere. _
It will be readily apparent to one skilled in the art that fasteners couple the wafer
30 platen 34 to the cylinder 36, couple the cylinder 36 to the piston, and couple the sealing plate
38 to the pressure chamber frame 10. Further, it will be readily apparent to one skilled in the
art that the bolts which preferably couple the top lid 32 to the pressure chamber frame 10 can
be replaced by an other fastener, such as by screws or by threading the pressure chamber
frame 10 and the top lid 32.
35 A cross-sectional view of the first alternative pressure chamber 30 in a closed
configuration is illustrated in FIG. 3. The first alternative pressure chamber 30 includes the
pressure chamber frame 10, the top lid 32, the wafer platen 34, the cylinder 36, the sealing
plate 38, the piston 40, and a spacer/injection ring 42. Preferably, the pressure chamber
frame 10, the top lid 32, the wafer platen 34, the cylinder 36, the sealing plate 38, the piston
40 40, and the spacer/injection ring 42 comprise stainless steel. The spacer/injection ring 42, the

nCD
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to the cylinder 36. The cylinder 36 is coupled to a piston Q(ng). The
sealing plate 38 seals the piston from atnosphere. It wl Izgggﬁurag)gdl y

apparent to one skilled in the art that fasteners couple the wafer 30
pl aten 34 twobtdeiqryl i nder 36, couple the cylinder 36 to gdwmpi/atein, and
couple the sealing plate 38 to the pressure chanber frame 10. Further, it

will be rigagd sy aﬁdﬂtﬂfﬁ%&} faft-n AGoratd %Ltﬁdcawy wel"hea@&atferﬁsgﬁ[y 4epReYdpdy Whi ch
preferablg‘?c upl e the t B |332_tot e preessure. chanber frane. 10 can be
repl aced Sﬁi}e‘ﬁ‘f‘iﬁ%ﬁ%Fe“F’%‘gt’“@ﬁ@l‘{d oziingn (gt Sbﬁ&’“% ﬁ’t"%tﬁimoffmtbif’c? @Efrfﬁ‘ﬁ °t he
pressure ryigandoses, 4$,~r59,rm1dm. éhclpltekwretahmbdrdr_aﬁ@.loaﬁd meseadiagplwd& onal v! ew of
the fi rs"ené’ib&%rﬂfﬁéd By B4 feav it G Sp?é?éﬂﬂ%@l? 563 tdnin bOSEHe s&ﬂ%ﬂ%@&t lon 1s

illustrated [ n Fl . The fjrst. alt atlve pressure chanber 30, includes
the 3 preﬁﬁpﬁtoewa%ﬁcwlaw %?Ythpﬁ@ o‘ghlﬁlm copies RAeStatgPiAEP434, t he
cylinder 36, Theprswaieichgmbeyifitre 188nd thh eispndbdnSeidmangdmulspagity 58 nj ecti on
ring 42. Rr6fEL fRbY body s, AfHEPRAFe HAABRAFame T0MEE seifin gﬁﬁe 480fe bisthn32, the
waf er pl at n£4, he, ¢yl i ndef. 36, the seal]n Iate% , the ls%&n 40 40,
and the JPAEEh APEBIIOR Shyusoevbs Puan bodh T ata Ricugpte

spacer/ i ryjeetn tha pisiondod 54 tirkthe $alie fateG&ry 2005 WO 02/ 09147 PCTI |1 BOL/ 01761
ety aa’ ) o DAINBELHE Phpplicil @no AT IS p skl hecr B PUBLC (ot
Chown) 1 Gelt shend e fpsite Bt daits 1 sples fedS SRl eayto ot bl e 50% ang
52. The [pnessiceaitydfbEnrtharsbwillig remiily nhmret t anegkilbdinghSgt thatrledke a

B 6 T ek Byt 86 AL 5 Al pIAL b L BRI et O Sl o
Lo the waPLg platkBnd e preiad phasbet frame H e tﬁ?mhlfﬁcga!rﬂyéﬁémﬁi ston body
56 1®rm atrspienel| Moreawsr; it wilb®: reaiilyapparing tqumstskiledindhe &éthatihepget@ssure
chamber fia0Riclfd phdihasie Auid GstBh@ b8t I8 which Gt 18Rwn BPAY aR%are @&gleahe pi ston
neck 56 jUst . a ov,g t he st.of body 54 form a neuqatlc cavity 6 bet ween
the pi st&?lﬁ’ﬁ('}&%a@f 3H ?Oérﬂ%‘d qel‘l‘éattﬂcéi"g" FCSE??“ Wi 1| be readily apparent
to one skil | eth thewsuphmeritical ptdeedsing, ﬁ?l? sanoeongdechdr M@nﬁé@ncup!iw tl]mim_tfmavibody 54
and the pnesRN SuldaiTRE il & PReth3bly 20ddth ShjtMdRol W ih 8 4bivént GéinbYe @8 from the

pneupati c, cavit O, Further, it I réadi |y . apparent to one.skilled in
Phedtint ' ohSipresssfenek he SHBICOMEIORMERT #0, Al e DAL BB SRS HSBR ng bl at o
38, and af featafer saatly 44 e btvesphetib pressieg hydrapliofaidewBiin #wdytifelipretsif e
chamber f; &c{ﬂ?e | wileAhEprldmaRO GHITRES & sBAM 688 ot 228 WiRaPher €.
l\/breover,l£| Sgﬂﬁfe % readP]lqﬁiﬁ%&?a%tﬁntmﬁg %ir?gt%?(si t!hl ed 1n .t%ﬁa’»ﬁart that in
operat i or’uno"ﬁ%/’g?ﬁ‘ﬁ'iop 0 dagn.p, ergihe Wafepplatgl 4 sasthatths seopeondiptrivalife wel |
known i n 46lisadiacent tathe skitdigp Tae wafeo 46 isehdnyremaneditiroaginthe §lit38. Bretbrabiie pneumati c
cavhiy 6Qhe defifdfidilctol Glater is'x@mB%_t?‘éH@ﬁd%(ﬂortblﬁ%Ju).pAﬁ&ﬁﬁﬁ'e, et he sem conduct or
waf er 46 oc,cg@ﬂes tgfglh fer cagwg 44 "where a supercritical fluidis
pr ef er abl|SPIGRKYCORW %E‘E‘?‘B’ﬁ fPebpigigt vent to remove the 20 photoresi st
fromthe sem Acesbudsamnicomibetor wiier ibiten loatibthsmpgle therslit 16cald optodhessfemg and
venting A ; | rpgulic fluid
within t%&t‘{ﬁl?g'r au, |{(jzle_§)aV| t%éfcéd%w?y%oqg %&B.%ﬁ@sﬁj ehep #E&e Wit :
hydrailic cavity 58 is pressurized with the hydraulic fluid, which drives the wafer platen 34
30 into the spacer/injection ring 42, which reforms the wafer cavity 44. The wafer cavity 44 is |

then pressurized, and the supercritical fluid and the solvent remove the photoresist from the

second wafer.
It will be readily apparent to one skilled in the art that during the supercritical
processing the hydraulic fluid within the hydraulic cavity 58 must be maintained at an
35 bydraulic pressure which causes an upward force that is greater than a downward force on the
wafer platen 34 caused by the supercritical fluid.
The spacer/injection ring 42 of the present invention is further illustrated FIG. 4A.
The spacer/injection ring comprises a ring body 62 having an annulus 64 and injection
: nozzles 66. Preferably, the spacer/injection ring 42 has an inside diameter of slightly greater
40 than 12 inches, which is sized for the 300 mm wafer. Alternatively, the spacer/injection ring
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i's depressurized while the pneumatic cavity 60 is slightly,grn hagd with
a gas, which noves the piston 40 down. This lowers the vvafzer platen 34 so
that the sem conductor wafer 46 is adjacent to the slit 16. The wafer 46
is then remmeoezosidrr ough the slit 16. Preferably, 25 the pemBoondact or waf er
I's renoved by a robot (not shown). Alternatively, the sem conductor wafer

fﬁ is re W alitgér éir Qﬁﬁﬂlﬁr%%s&l&dﬁa&eﬁe@.?%%r&i%@}ﬂé@ﬁ%ﬁﬁh%ﬁt hak %ﬂyt@@t | oaded
rou . ! r .en. s X umati C
cavity. cour e YO B SinbRrt B e Bl o '

PG
1S 380 : o ar G ®cavity 58
i s pr essuityesten nozeles €6 Prafpubliueack of the injectimpesiles 66 isosientedatdat o rpding en 34
- 30 into témhsRaEedianbiLst thOshatdrtfedion ritf 1T NARGHAHES, hb hjovBbeRogRY kY 44.
The 51 veniHibints Stal s GERRESRS o ofEbyinBBion ol G HREH Besbi B 2o o °
readi | y alyphesepltemyivehie theispaceriaiertion ting 43rbes 2 leger gusmatigr thisknessiper cri ti cal
pr QC?SfSi ng t hes sk ufidrCofihd Spaoeinfdotion # _ﬂﬁﬁﬁﬁ&ﬁt&@iﬂ%&j ip, sﬁﬁvi?@ﬁk ‘ b‘;a‘h o
mal Nt al ne | e r.e. Wwnl c a an r [ Or a 'S
O eat or " pugflog? B i SRR, oo BRE MY Sicl e b L0 ool B Sy 6 RE
super cr i t hag arrectangplar crossesegjondieyipg apidih ploh60 inehys amd vlheighiof Ji@inehss. i nvent i on
ib sdfmg t2 heprefefdbg@&arcabealelﬁj@ﬁzﬂﬁozzlems a SRBERRE bf .U:ESEilﬁt:lile@.gThé %ﬁm?@@ar}é estf]l ring
oay o na,l.n | .2N0ZZ| €S . rerer Y, e
spacer/ i Efélg?ﬁ%gﬁ{':}%yhgﬁﬂgesspg,ﬁé%{%g%ﬁ??g%ﬂg g%({n@ra I5p5a8Y g’bmﬂs‘y‘l’e Sler 40 than
12 i nchestluidpatering the waippenvity 4 (HE. Bodn thasumetasitical aracessingt the suppreritiped
Spficer/i Wﬁ@fﬂsﬂfﬁtﬁr&ﬂ_ﬁmﬁiﬁ%@@ﬁﬁﬂ&&s MP ?e%h%f@élﬁr?&dﬁ@ﬂﬂtﬁfh}/ﬂwﬁl 42 has
a | arger p . . I I r t.ne ,spacer/ | ] t.1 on rrng
nas- { or ¢ yoipeiciReal flig s8I ERTRS BE w63 M Yyl PR PG RLER
spadeér /i rfresdasiagiartes wishindhe wafercawity 446E1G.3) t he inj ection nozzl es 66.
Preferably, egnbwafer tdigtyidaja8€ s poROATbEST RGréstntafivediibiPde Alustiedin a radi us

of the ingpd ' e cer/injection 42 . Al.ternatively, the

i nj ecti onrﬁﬁbs'z e_eg_‘g%re#g%ﬁ {é%fl%% aé)tf'm R RS d%?%“: Wg?reﬁlig?nagﬁﬁ?&/t he

spacer / i ripespescsiinipotion riag 47 ispreferably exhrusgted trough 6@ twp pott eutlet A0.t Bratwoi vel y,

the spacegottifl&0iiEMudek agm&t/?q plas 7?, WHICIOR re;uéiﬁat@métwl&lrn dffi}kﬁ‘ﬂtﬁﬂg&fﬁ# %dé '4B

Cr oS- Secq » acer/i.ni ect. Lin | S ustrated i :
2D tﬁtﬁléo(?‘ﬁp ?%%3%61%%6%% ah%é tg?l ﬁ]fﬂ%gespl%cﬁ,% §%W38?1%‘e ng%f“h sef90dect i on nozzl es

show ng 3 gty Ol .
66. Pref €108HP3s, a@@ﬁéﬁf&%ﬂﬁw@éemrmwety the spaesr/ineptipmring A wil altsoriedetveani ng a

}[Mh dth of ai HEiQxhavei iRt ’ﬂé%d@ s6dhd Bthatdt p?rl ggzlgreféﬂﬁﬁr, th]aQi_:lr_R agd ﬁc&lm SkhaACh g of h
einje a dia r .o i nches. annul us an e
i nj ect JI 0 rcfohtgj znl 3 Ig}e?é g%_ga‘éef a ‘ihﬁ%ggr p(;ggeoﬁ}l?hn?"g Ak nﬁsﬁap aﬁ’itewyo? Wfqﬁncﬁ &L Egé e for

t he superigghes.  Algarnatively; the diametet angl thtistonek are largen argpmalier dspegding yiponi the t he |

supescri tshéoific ippRaRERIOYf thefreScPRV&tiohl cal fluid first enters the annul us
64, which act '

super cr i ti oal THYSTAORSRRRE fp el D S derBr s 6P 44 by the,

i nj ect i orfPereYinjesioraing 49 rrehtes the wortextvethinathe wafer sevity ¢, and alematelf ercatesivi t y 44
(FI'G  3) firstfagd WRHERT voRRY céferé froRitfhtcto WAIrRQARY siabhd Sthatk péRe7PERTONMs

UL "G |p}e%§ ﬁl()%seﬁrdoﬂ B first position 74 to the second position 76. Outgoing

30 supercritical fluid 84 then exits the two port outlet 70, In this way, the supercritical
processing of an entire surface of the semiconductor wafer 46 is assured.

It will be readily apparent fo one skilled in the art that the injection nozzles 66 of the
spacet/injection ring 42 and the two port outlet 70 can be incorporated into a general pressure
chamber having ingress and egress for a semiconductor substrate through a gate valve,

35  Further, it will be readily apparent to one skilled in the art that depending upon a particular
supercritical process for the semiconductor subsirate, the spacer/injection ring 42 could be
unneeded since the particular supercritical process does not require the vortex for adequate
processing. Moreover, it will be readily apparent to one skilled in the art that the shuttle

piece 72 of the two port outlet 70 can be replaced by a more general valve arrangement.
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FIG 5. The wafer cavity 44 forned by an alternative top Iigﬁg&?tﬁ@swafer
platen 34, and the spacer/injection ring 42 is preferably exhausted
through the two port outlet 70. The two port outlet 70 includes a shuttle
pi ece 72, whooliodire al ternated between a first position 7dcemsdi@r@0 second
position 76. By alternating the shuttle piece 72 between the first and

FThg 42 WLl e prefedffifie m“ﬁ&e%f“%ét@%‘;*fh%m ik geERTIONe Mgt on
Cxhauat SFEBLBret s BrElsE yOX Sishided e Bressit QUmbBaerREE NTHVE oByg ang
- 80, have Iid 3 e arwtadar platen a5@mbly34Aathd smgpberﬂtsemsalwaqaavatlﬁmmandlast ance of
1. 5|5| gmeanaﬁ%layﬁﬁdmﬁ vﬂevwaﬁmatai zfagéﬁ{bw 3R0GhBS afibﬁé@menw & lfed © ror
smal L.er en n 1.C 1 al | en
S hverict orPiaist s 4Bt S5, 162 aBREre ifton TBK R i oSt ot annul us
64 of theS4Asqyé@eﬁl‘t¢mqte'eplsmn|c¢k1‘§§A42 creates the vortex within the wafer
cavity :14 tanchl@hltt&ﬁdﬂﬁh ﬁis%n%%ﬁ@é@%nclﬁdé’s%ihoﬁ&ﬁ'cé@& BRiod WhbRhe ent ?rhs it
prOX|mae 0 exnaus e snu e
P o moVEER ST B FRPIeR GRT fsFeni® pisof ﬁ@l\s&mero Bk a0 But goi ng
30 super ch¢ lowenplaten 8% af a84p ofthepisiei necktSh4. The lqyer platmtSB eoupl® to the upbrs way,
th]ge lﬁuzgrﬂa{téﬂ%}fﬁlanuﬂfe?%&%é Gﬂhé)fow%f‘plﬁlt@ﬁ 88, eI‘h%‘lefvtél‘i)?atSHSStaﬁ@ & aondu;:h or t
war er | 0 n | e ar
that the®& |1%‘fngﬁf‘i°8ﬁleﬁ°'lzhfpg 3%1661031t ﬂ%eés Of;s/tﬁeg@g’lﬂi j"]@B?rlpgaﬁenfS’I% a the two
port out InsdestpboZ envplse ta the prevortic ediniert86 ata lpsreersl of fregwdestab92. cTtaanber havi ng
i Ngress 3RasAUIEHSIuiA 2 RoRAiTh &P@ﬂ%icﬁ?rm ViR oY Rk Ja@Bhntd ve. 35

Further, jt will be readily apparent to one skilledin the art that
dependi ng-upon a particular supercritical process for the sem conductor
subsfrate, th#vahdeegadinjppatenion oné skijledin theattdhddéhe peferesigectswe deenbehe

parti cul apASHIMESeSh 'vﬁduﬁﬁi' 1in@ &&ae%a:udﬂ%nmfand £ahbubitid i o YeldXurh M adequat e
pr ocessi ngmf{gbééov it will be readily apparent to one skilled in the art

that the® pi ece 72 of the two port outlet 70 can be replaced by a
nore gener al ddbwuiewof thegopemplatenP03Gilldstratedlriy FEAT3. \WbeORpdd Dlateh 90

P|C|T /] Falil&ﬂcﬁ&foﬁfm afd ﬁﬁ}%’)]&ﬁg g%eéssumn& hegTagd 6 addiecdal %§%ﬁﬁn gnfimgpt l on s
i ra e L ed pressure ¢ i.ncl udes the
preésure 1@%3??{1;]9@ 3\13??5 anéll ; "r"nréw &Y $F3g)@§@%£%er pl at en
assenbl y gBmRes, i Grbargld 8P ng plate 38, an alternative piston 40A, and a
pneunati ¢ cyl hngak-s&fion Iﬂe NMBbESS Y arbl&éémllmma’»ﬁéd NGUAS ST &g

platen. 88, . a 90,. and p Tealte natlve pi ston
40A i ncl §EFEQn Eﬁi@% ti,\‘? ﬁ”ﬁ%%‘?ﬁﬁg? Ghe 5’6’8" 55 gﬁ’ﬁ“ﬁﬁhz égf’ firptand ﬁ%?f’? acHm on neck
56A. The geioves; hea andd 0p) and 6 1seqond kacs@n ppm ¢ 081 de dperatiwl, thewemed vauupgotti on wher e
theas p neqoaislcsu il ﬂo%dﬁ&mﬁ@plﬁﬁﬂ‘%lt@ﬁ va&uﬁlhﬁa@hlta@fof}ﬁé fu\éﬁmralsééoﬁ@ véc%n The
pi ston neck f@gﬁhg _gﬁ ?Oélgtl]omer Q aﬂfdﬂt a tog H)ol ston neck
S6A, _Tho EOSYEY ol b 300 angf it v ba eV Phupper
surface ddrmtaveacingnebuck limtoajunsidon Withethé Imer plplleaBSa and3Be padstoll S (Bihé). pl at en
90 coupl ant anh BRinBGRRRE 302 A teéseeaﬁtv% Rinfirob Vi 8 Wk BREY 1RAETacREAL eNS, B8
and 90. The gg@{esie‘%g 92 couH1 ef:sur&{ neu t| C C L a | ower
end of th ucb 8 that ppgses the o—rmg gr ove 1 does nof prevent the vacuum
30  chuck from functioning. The redundancy also provides backside protection for the
semiconductor wafer 46 (FIG. 6),
A bottom surface of the upper platen 90 is further illustrated in FIG. 7C. Preferably,
the bottom surface 90 includes a resistive heating element groove 110. Preferably in
operation, a resistive heating element occupies the resistive heating element groove 110 to
35 assist in heating the wafer cavity 44 and the semiconductor wafer 46 (FIG. 6).
The upper platen 90 is preferably sized to acconumodate a 300 mm wafer. An
alternative upper platen can be vsed in lien of the upper platen 90, where the alternative
upper platen has the fourth and fifth o-ring grooves, 100 and 102, and the first and second
vacuum grooves sized to accommodate a different size wafer than the 300 mm wafer, for
40 example a 200 mm wafer. Thus, rather than replacing the wafer platen assembly 34A in the
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pedestal 92 includes a vacuum port 94, which provides vacu gﬁﬂrﬁ Q(Fe]jdestal
vacuum chuck 96. 15 It will be readily apparent to one Skl l'e e art
that the preferred pressure chanber 30A includes a vacuumline to the

vacuum por tw84@isk a pneumatic line to the pneumatic cypipRienEa A top
view of the upper platen 90 is illustrated in FIG 7A. The upper platen 90

I ncl udes f and second
vacuum g o%&éc{brg%% f%%ﬂl gﬁ“%{g& ?);\819 gfea Eﬁggﬂ ougt}%%dsatﬁggfelp a{c%& 0-rings
occupy tr?écqﬂé}mqﬂwthﬁ@ffﬁﬁeﬂ‘tﬂb?ed‘fﬁffffng grooves, 104 and 106. A cross-section
of a portion Gheplessutebembglfaienodle alsemdnwmq)niataeﬁ the spelcEs/injeBrionkiig Cr 0SS

sect! on | ACkURSOeL SELDRADY L LE il Rl RGeS0 90Nl O 208,02 e

first and second a second vacuum port
108. 51 n dPestrated mwFIQSh%As?Ec Thewetse platen pyspmbly 34Adwrlydes the lowe dlaies &8, Rhacuum
punp so tuppér pmmncsthapwesta@zt @ht Revef plash imhideseon Al seveith iringr ooves, 104

and 106. f r r I oove 104
form a vg% A3 L2 (4 %Esnl?%lnc@?eggﬁtﬂgvrﬁlg%ﬁﬂ%f il Wit sbl B T

pedest al (hr-'lum)er@ Jaten 9pad themedestsl P%ﬁ@%p@m%}VeTh@lzwamatﬁﬁé §1é‘é%§lﬁ]él Pacuum

gr oove adcthlad VeRouA garm (ot Eiownl ehich Qoiaples thdwaekuns purhi et thesdeamkvakinai pgpasses t he
four@h 0-1bk ﬁfve 100 does not prevent the vacuum .30 chuck from

func |on|ng h edundancy al so provi des backsi de protectlon for the

seni conduct or IW&Ge BA4the paferplay assamBly3dAis By arqlessd pesitionad thsyeaterpl aten 90 is

further lchhtj,&tzinataﬁplyj h FIGGEB, /ife alRi-aities pidlon A0A (NG, bmdsmwewrﬁlawefes)o i ncl udes

a resisti Jli%gegﬁb@}g?ﬁl {'{%ﬂgﬁd C@@:‘&B}{ el“[]%‘% ol ra%?c{t ah4 %f&ic{br 1?@%%&@{1‘ Coove 110

I‘eSIS'[IVé)a resi's
to 35 as §Pr§xcomc}swt@éa'@feh@6 mﬁéthme&rreéaww Qbamhw%hén EEin%éb thewedssiel waf er 46
(FI &5 6) QZWh@dﬂWﬂJ’ytbéﬂieﬂmﬂé} 6P, Gjﬁrmbéme%ﬂe@dﬁaommMe a 300 mm

f | at
50, “wier &gl %f@é#o’aéfﬁ éﬁﬁ‘ﬁﬁ%rsﬁéf"’e*ﬁ?ff%@% 191l o B, | PEST, Pt e
gr ooves, PIgerephpmbgn30iy hamemls% raisedl thegegpepnd %@ru’uﬁf?r odlBerobpled t o
accomdahe effecttirhivasn apphecahmglf:ﬂ:etﬁmﬂa@b@. p3ﬁ®4f§EBqutEd€ serfi@hdddforexanpl e a

200 mm | aci ng the wafer platen assenbly 34A in
the -6 \é\%;aﬁarﬁg%glﬁ%%{fg&%%%%%%Pﬁl | BO1/ 01761 preferred pressure
chafber 30A (MXG. 8F, theprdgstalfe wap favergsd yttbpaineylinde 86 se rapalowsprusteed] t o -
accommDdaf thetpbdestil 61 bR A the lobrr phatearss afihe sgves sUing sehaehied. Asamee 10, the

|t t { f
o e MEF e it s 00000 sl B M MR RIS
i |1 ustratZEWwvEsn Mf@slloéﬁesare %@w@ﬂmwf@mﬁég%mp@rmcm 9%@&5& t he

Ilower Pl BFeMhe Blerndtive pistoR@OA hpd Alsed it Gafa Pitcdhfassepbiesiand otE,f,athleli.t;;effeﬂf ower o
and?Seventiitos Rt edRen AEYARN Bt P iR, 1 O =

The supercntical processing module of the present invention, mcorporatlng a second
alternative pressure chamber of the present invention, is illustrated in FIG. 9. The
supercritical processing module 200 includes the second alternative pressure chamber 30B, a
pressure chamber heater 204, a carbon dioxide supply arrangement 206, a circulation loop

30 208,a circulation pump 210, a chemical agent and rinse agent supply arrangement 212, a
separating vessel 214, a liquid/solid waste collection vessel 217, and a hquefymg/punfymg
arrangement 219.
The second alternative pressure chamber 30B includes an alternative pressure
chamber housing 12A and an alternative wafer platen 34B. The alternative pressure chamber
35 housing 12A and the aliernative wafer platen 34B form an alternative wafer cavity 44A for
the semiconductor substrate 46. The alternative pressure chamber housing 12A includes
alternative injection nozzles 66A. Preferably, the alternative wafer platen 34A is held against
the alternative pressure chamber housing 12A using a hydraulic force. Alternatively, the
alternative wafer platen 34B is held against the alternative pressure chamber housing 12A
490 using a mechanical clamping force. Preferably, the aliernative wafer platen 34B moves to a
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88 to the upper platen 90 and the pedestal 92, respectively %%6%%
pl aten 88 also includes a third vacuum port (not shown) V\/m C es the

vacuum punp to the second vacuum port 10 108 (FIG 7B). In FIG 8A t he

waf er pl atepogsmed!y 34Ais in a closed position and thgMmabfgireicavity 44
S errpty In FIG 8B, the alternative piston 40A (FIG 6) has |owered the

waf er I%_Cg 10%%?)8&@)%2%4@ rglgasmgctgea%d%ﬁlﬂ: E‘&r&? Al%eﬁ%a@v q‘{v tﬁff' iaﬂllteﬁla{lg’ ot end
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' preferreolgi press ?gg%%ﬂ%%gag%ﬁ A‘gﬁ%%éere%égls aPE‘%Zaﬁral sedvt’i{f‘%gglétgl
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alrcyll Vier ey ped eals to the
| over pl a'tr@ﬁa@gt%mpw@a@@v@mwg ydega ghepspbsupply vesgl 3Rea ripseggdtal 92
reached tdagply oawest 2p4,ahé FirsBind debund highipigskae plidction pmpshe2d dnd2p8.and second

phense (AL bt 1 ca%@ék#ﬁ%ﬁ %Eply%ﬁéébﬁrﬁﬁ id 4o 1§c?{6‘tﬁé’£e%i¥&aj%rAn‘Qﬁ$ ?resé@ret o the

upper platen ral sed the

r et
waf er pl Sbanbw30R visithe cuponctiosidesumprid S g 02'5£ Qads piping A39. JhesabeR bet ween
t he upperdiglidetppin23teincludds ehesqaaon ﬁildxmeaeattemo ldcagd rwedihe sather cri ti cal

processi Qﬁo;&ﬁ?eﬂ) lhd 235 aﬁc}[:ﬁ)ngéc%ﬁc?%ne aﬁ¥§ﬁ%§sﬂf& chbfl625 r%é #;}stﬁﬁe

alternatiVv u e C sent | nven rated in
FIG o e @&p%mplefl fothe S%P%@Waﬁge PrBwIosharker SORH E@%@%@O&@%d
al t e nat i210 iflbetalwnehedirnbdon ROPE205 Thelcasuation ledpatiBecupleaat te sédddd a car bon

ot 55 0 MHERk e M ANOBINer S0 bbb AL 22 anfO Rl oﬁeﬁgacu' ation

punp 210 arrangenent

separ at i ﬁlale\szb@@@al Supply veasql fl%ﬁnsapwdi tg t%ﬁ@am IP‘ER:%qu’iﬁa w@@wa PP and a

| ihq lr,ngf yi Nk Rss.i Theirhige agent applervedatl 224 % colipled ®abosittubilibe [op 208/ eia priass ur e
chanber 12A and an
alternati ggltv\g% e’pﬁj{fé Isze%? e%‘ﬁéﬁﬁﬁ%%%ef ﬁﬁ%?&?]ed%ﬁl@g%{oggg@ [ﬁgr 35 housi ng
12A28nd tomesswe t:l@mbalt 30R-vip gxhapstigrepinng 348 %ﬂw&ﬁom wayipeallogionyygssel cavity
44A for theiseoplednduciopiratinbadkieh? Bt 46. The alternative pressure chanber

A ternative vafe é%ﬂ ApdYeh 2P e e Ep RSB B RIPuibhE © 2o 2
chanber wa"a@engntlzz wmgl 20 ERiREAAL; €h$ Bauetyingipuridying aprangppent 2 is
al ternat |pY§e1’éEl§r @éupddab et carbdn dbxide Isﬁiapa;gmmmaxhﬂ@ha edrbat divedggipiagur e

chagper S r f,egably, the
ol t B nat 0 DLARAEy. AR ORRORY 4 #ﬁ%@%aﬁ%@gﬁéﬁ% 09147
PCT/ | B@M@G@W‘@&M}WG&%‘ﬂ&%ﬁ?ﬂﬂlﬁ%ﬁwnﬂﬁdﬁ?ﬂ@ refuEsd idgiti c force.
Al t er nat ilyggildyarbbh Bioridt @seéts.i ve  waf er pI aten 34B npoves to the | oad/ unl oad

position 215 1RO Sregsﬁlle%ﬁs ebe(%fheate %Oﬂﬁgatgtﬂé g&ond alternative pressure chamber 30B.
Preferably, the pressure chamber heater 204 is a heating blanket. Alternatively, the pressure

30 chamber heater is some other type of heater.
Preferably, first and second filters, 221 and 223, are coupled to the circulation loop
208. Preferably, the first filter 221 comprises a fine filter. More preferably, the first filter
221 comprises the fine filter configured to filter 0.05 pm and larger particles. Preferably, the
second filter 223 comprises a coarse filter. More preferably, the second filter 223 comprises' |
35 the coarse filter configured to filter 2-3 pm and larger particles. Preferably, a third filter 225
couples the carbon dioxide supply vessel 216 to the carbon dioxide pump 218. Preferably,
the third filter 225 comprises the fine filter. More preferably, the third filter 225 comprises
the fine filter configured to filter the 0,05 pm and larger particles.
It will be readily apparent to one skilled in the art that the supercritical processing
40 module 200 includes valving, control electronics, and utility hookups which are typical of
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clanping force. Further alternatively, the alternative wafefg jpl; .&%f
noves to the |oad/unload position 215 by actuating a drive scre coupled
to the alternative wafer platen 5 34B or by using a pneumatic force. The
car bon di oxsvdezmuppl y arrangenent 206 includes a carbon gimmwogerauppl y
vessel 216, a carbon dioxide punp 218, and a carbon di oxi de heater 220.

Iﬂgmczg lmsﬁ rclﬁﬁﬁlrﬁm@ﬁ%cesﬁlhg %t@?ﬁ?&rﬂﬁa‘r‘e Igpxlvﬁl BerE4EnY %ﬁﬁ?énv t olofie Em%%efl ?st and
Cocond hitbbiltE AR st pires G HroBbdeds Britef B SRR o de
suppl y vessalplsiiBathottbhess tag of the aBeodivd chdniter hasingd2fr essure  chanber

30B V' a the Cﬂ&}ﬁfhﬁ@h Q¥ Q%ez@ﬂﬁ&%l &%@esﬁﬁé'nﬁ&ﬂ@%’br&bﬁm&%ed@oﬂeﬂﬁwﬁ fhe The
carb d|0X|de

I.p I.ncl the c ater 2 ocat ed
ot vaen RIGLORRHEH PheiRistRtesip SROEHEOCREB - & PIRET P b oeor o
chanber 3I0BessEnelqiesbe swemhammocesmgmdulg Qa0 ¢ammrisesd leaflingstepha second

T ot e, e e o o1 0 Lhe sccond |

the circulation,l n.lLo | e

Al ternat | ve. pibbe A RiERRs Seattsncietd WARE 4G FRIFER o R DA P

ci rcul at ipdatenci4B) antl tiR@4he alfEinativiweafenpddtersIAFis moyed sminsiAh@altegnativeipl ed to t he
cirqgl at i pinde ABusZRS 2 s%alﬁlgctﬁ@cmeﬁﬁ iveSwaeY ﬂateﬂ 34Eto%€aﬁa1temﬁvédhaﬁseragent
supply v sel @4 1.S,.,CO th 1 t he ci r%% atlog%_gop via a rinse agent
supply Ii Es“igS Pifetbus 5 alfrrnalive Walprcavity led to the second
alternative thqamlmgrmomaﬂmnbanptm&'mt throasgh fowsth pmesssieps. nig ti@4lst The

l/legglef” ;?dcgss%‘ﬁt e E@rﬁﬁﬁfa 'vs@féég YNy gljtﬁ 1%283%8 ay Eie%grb'gﬁ dfot@ﬁe ﬁﬁfﬁﬁi i ng
auet yi AEPBUPS FpRIGICS PG st png P oo St TP

| i quefyi rpgﬁapmtheptfmgmahercantgwalsnpplﬁtaselﬂil plﬂcetﬂlealadrhguvgw&rwﬂy&mv@ car bon
di oxi de %%leﬂi;c\éﬁs%]fﬁ hﬁé@nd’th@c&duﬁuﬁbﬁlo‘éﬁﬁ@@ Iﬂin%dcﬂﬁglabﬁ'eﬂgu én%éa’i

- Al'ternative %Ofgatg ‘E’HL | ocati on houses ih agg g{{)ﬁ’r y| ng

ar r angem@Apdt © AP H LR ARPSIDS RS Tz dhe FEePH A essel s and
returns Iquu ireiclting bdesirdd coticetdration of thegoldni Ehelﬂ!fﬂ ndemon gemp @%e4és. The

: SBSSS”Lfe cLti %fesﬂﬁéﬁte'in%@‘sﬂhdfm&c%ssls?&arﬁlﬁ%ﬂaﬂatﬁh %Pgi@yﬁcggge%saurfaﬁﬂgpber
A T2 it Pl elcats dBEER 344 e SR eh B e AR

heat er. Riraflgicalbéop, 208|un31thaﬁtbt®msbmﬂiﬂm bhadoresist2@idua ire@@8:d feomethe oupl ed to

the ci rC‘éEzﬂfcbﬁ&cﬂoPﬂEfer Zﬂ%:e 18{11%:'{ ﬁ-ﬁé’é&& step, Ttﬂéeu rdtbcatitf 444 i€ Em%@liy SAARISes a
flnefllgﬁ]ﬂF More preferab e. first e 21 co | Ses fine-

filter c %P‘Feﬁﬁuff'eﬁb%e %)‘B“Wléﬁ?fsw&rﬂfé’rt{l?)%? Ay wate %‘%?g‘gf t he
second f iré-pressufiad bydhpeartsmsiicidequmpe? 18 rid partiallylerkausted Agaimwhile, t he s econd

filger Zﬁuﬁgﬁﬁg%ué es%eﬁme%%hﬁgal}ﬂésgu% configured to filter 2-3 mand

| arger particle ef er , filter 22 coupl es fgr ar bon

di oxi de: suppl Wgﬁlprﬁgmﬂi‘“ﬂ’?@ei Hirehel Sevgathpuorgsssiens- tﬁ?éf”ﬁ‘bl y, the
third fi Ipteeess2@p, m@mmswpf&ecdwmm freskirized bvhe eaborediexiddpymp 218 In hi r d
filter 2gn tﬁﬂllrﬁ%deﬁep, %e{;ah&‘ glnf @L:n&mfﬂ gsﬁnseoagtﬁt'f&ﬁths Rfise0- 05 m and

~larger parti |n the art

ar e
that the *8WHSPP meﬁ%?bﬁ F}Pfa&%es@ﬁewatw ?'w &envgpw 82 control
el edd r oni28% andethelcittulatioh Jooh 0% Liplmmmbachmgardesmegi pomhtra:brbn of the rinse agent,

the second injection pump 228 stops injecting the rinse agent. In the sixth process step, the

circulation pump 210 circulates the supercritical carbon dioxide and the rinse agent through
the alternative wafer cavity 44A and the circulation loop 208 for a pre-determined time. In
the, seventh process step, the alternative wafer cavity 44A is de-pressurized. Alternatively, it
35 may be found that the fifth and sixth process steps are not needed.
In the unloading step, the alternative wafer platen 34B is moved to the load/unload
position 215 where the semiconductor is removed from the alternative wafer platen 34B.
Preferably, at least two of the supercritical processing modules of the present
invention form part of a multiple workpiece processing system, which provides simultaneous
40 . processing capability for at least two of the semiconductor wafers. The multiple workpiece
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-8 26 January 2005 WD 02/09147 PCT/1B01101761 supercriticalyg a‘ii{
processi ng systens. Further, it will be readily apparent to one S P?ed in
the art that the alternative injection nozzles 66A could be configured as
part of theyahieyati ve wafer platen 34B rather than asp@g{gw&%lt he
alternative chamber housing 12A. In operation, the supercritical processing

modul e i sprg;“:m : rs}g{e}ﬁ 1&'&%%3]:119{13{ B q;.g]ééatﬂii I\ﬁ Qa8 s oﬂ%j'f RN&doRr esi st

resi due fr m i sem conduct or otoreél st renoval ’protess
enpl oyi ng lswwﬁ?wéféﬁnﬁﬁﬁ%@&%ffrﬁ@cemaﬁ% thesHpreritical nfoGesHRS ng st ep,
a cleani mgdqin' oftbepreent iaventios alogg witoe schuisuperceitichl processihg adidulg fatnepart | N t he
| oadi ng s 4 ve waf er
bl at n_ 30 Ay EpE pRe A8 %*@P&Qf 1?‘*@%%%7 sl ABERYip M brbols Srithldier ® 1Te

al t ePnat |Rf8°efﬁngc$¥éﬁ?’6'éﬁtaﬁ & Ragont Spplicatign Nﬁeogzmt“éﬂilré‘fl?‘{;ﬁ %% Upl aten 34B
to the al Whmmatmooqnommmas enthelyby peferdibA. Hodher hltersativelyy the ngpetckidcal t er nati ve

waf er cay rBé’ess‘inA%Am &;ﬂ@oﬁh@ﬁ@éeﬂﬁmpe[nﬂﬁfﬂ)% Eﬁ?&% étﬁl?%lofnk bferdifiEguah fourth

process s rst process ste ternatl ve wafer caV|ty 44A
is pressufP WStFWé’“@ He T HegaUaec 194q3sIng B‘O%%Pﬁtgﬂp@iﬁﬁ’ér critical
condi t i onmvention.t he second process step, the first injection punp 226 15

pu sol vent ative
har 67 cavi by JuniehiRafe ‘5’5 LB ﬁfﬁ?ﬁﬁ%ﬁa&“ﬁ‘?ﬂl D B | oop
208, UporPliFBativh bressiie shiriher SARLRIRE prfag tloagire of e aliewtiEn di oxi de
punp st opdapbedsusingi2igatohetha sénsicomsictoesubsifagr 46 b byrfabd Avhanddpent r eachi ng a

desired hitvi lpy Rehd 6 stops
|nj ecti n?%QE% deQQhél:u haeti%'%l 6][§n01&6!991&516{6?Bfljh@lﬂ]l”le c??c g?al punp 210

\V Iocess
ci rcul at €48 a§afﬁ%fr°relﬁeﬁ“e%ﬁm@a¥ faﬁaﬂ %atqm RS NRITTE} ough t he
al t dsnat Imdemﬂdrepeedsaahwqﬂléédimmwmlesubmatm Srefernblyahphdflf varitioh t he
phot or es'&lﬁa&gour maﬂh@a&téﬁdmﬁﬁe%ér%&ea eﬁmmmglﬁgshﬁ%aw% duct or

wafer. In t rocess st ep, er cavit artl

exhaust et @W‘Ft@% temativegals ?régﬁlm%%gv@naam% ‘F°€§F‘°’ﬁﬁ1 @ggwtéhe t hen t he
al t er nat wmtcx/mthffwafamawy 340 Alternatiselp)ths Baiglit ¥edhtion corhpriseathb bigh@omkatde punp
218 and pae dt&lcilzifne?efla LRGnANR WAIPLYIS 348, B LIH ﬂl'b@&ze%&‘ e?ﬁt@?sure above

the criti % qI}e rinsing proe ure_conprises four t hr ough
sevéfith pﬂg ﬁ%ﬂtefl therplemaicoriorSREREUE. $1dqp intermedigfanoiat hoe waf er
cavity i sepees3hrdleadtivywifecacity 33 di oxi de punp 218. In the fifth process

step, the sec iy rd nse
agent supply %ge?k%gfy%}&H{@oﬁgﬁ?lyg@e\%%?ﬁﬁ% tII &%%{:w a the rinse
agent suﬁ‘@ﬁf’f‘fl thediragdhrough thindjalfemetive pregsigchambarseffh @Hssenwmh%ar@m ng a
desired cppopriite firhigh pedssrdiprocdssisgthae bélow stipeecriesi@onkditisysect i on punp 228

stops 101 ect! filfle JolifPSolANb ond dildi o X bACARROA BlinddlEns

circulation punp 2 CIT at es e supercrltlca car I OXI

rinse agdWY bempade fihe pieirst ewbofipsn; avihaytdepating Fqm the Apighand ssepeafitheul at i on
| oop 208 ifreentien gardefiateltbyrtind appehded oleimsl N t he, seventh process step, the
alternative wafer cavity 44A is de -pressurized. Alternatively, it 35 may
be found that the fifth and sixth process steps are not needed. .

—
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In the unloading step, the alternative wafer platen 34B is ggg e
| oad/ unl oad position 215 where the sem conductor is rem)vezgrczf rorl?%??'uqa5h

alternative wafer platen 34B. Preferably, at |least two of the

supercritical processing nodul es of Ctﬂ}g%g esent invention formpart of a

mul ti pl e wor kpi ece processing system Ich provides sinmultaneous 40

processing capability for at |least two of the sem conductor wafers. The

ul ti pl'. Wor KDi e 1817 Graileathardfi5 O RZLAREA bf PENBCIIALES LopbeSSi ng

systemis taught .i.n U S~ Patent Application No.” 09/704,642, filed on Nov.

1, 2000, \Ahfjgrﬁpﬁlgng'ncor porated in its entirety by reference.

Alternatively, the supercritical processing nodule of the present

- invention aleng w th aacbhnalsuhensing tomptising o fest s¢ahigg smdadee forns part of a
mul ti pl e progess semc essi ng: . t

sem conduct o?' 5 pr ocesg?ﬁ%&%gél%t%%&%sgﬁfggagﬁf%??\Iﬁ%@;qﬁgggéﬁtth%\%%c%%%ﬁﬁ No.

091704, 641, fil edtaNbe first scahmg@urfacehi ch is incorporated in its entirety by

reference. Fyrther altgpnadd M&h%/ﬂsiﬁé‘% @%l@ﬁrf”e?{ hé1i@! the REARBAGIAG sBspe of

t he present inventipn forps par f~a sfand-al one supercritical processing

syst em enpl oyi ng 43 ffgPRd s53088 svfacecad processi ng modul e of the present

invention. 10. A third akinglen@téhafical édedmectaRRmbRivigf a bigledfreSand sdufdegnt i on

cormr 1 ses e, Sechiodl LAY S RLCH MRS Ra AE e

enhancenment feature o _ _
sem conduct or subbousatge sudh tHeins wpemtien ehb asegleemechahizal uiriecowpranses a

hei ght variation NyQU i t alit e i 1
44Agt 0 a center o%ép %&aﬁeéﬁ?fﬁgﬁ\;ﬂggﬁ{%v?% %Agﬁgﬂo\r_f.%e\rf@‘{dg{gp?g%%g
nore uni form 15 néfneeendyetos subyente By dusthes wehi thentuepaspticnu s paid singde

Preferably, the hgiegisnicdPdrivd hethanBaRHub&ahe fecBhdfealff Birfale ofAR: MIkE o

dianeter of the alternative wafer_ cayity 34B to a | ow poj.nt t. the center
of the alternati v%ﬁa\f\fé‘ftg? SRA&G t‘“ﬂ/"%éhg %? 6‘3%1‘:8‘?’ %Sfrﬁ?f“]éngcgﬁtaf’?ﬂ aggélae s at
the center of thsealing eurfssvicky BiBmaildtdie anabfey ehvity téreain@igofhe regiohdbi on
conprises the hig i . r..di . of the alternative wafer
cavity 34B, the Ig%glglgi%ﬁ&%ne“f‘(%/{/{eagﬂt%?%‘%Sgg&egﬁé@fl@%&)ﬁéﬁgﬁ PINE e center of

the alternative wafer cavity 34B, and an internedi ate point at the center

of the alternati vepWaifinr&aNel bambE of Uil ; ' t e
skilled in the art_ that ptrhe Sr efer r_e%l %)?lYeﬂsish@é@%ésysgggggﬁgﬁehogt I rst
t hrough t hi r ehambephousing cOmyYisesY} @TERLZRYEs of the present invention are

appropriate for high pressure processing that is bel ow supercritical
conditigns. 25 It W]l be readily, a ent. to,one skilled in . the art that
other var ous modThi Eigh PERESTE, sapBe Gl % P b TRE e eI R he

- Wi.t hout depastinggrdavem t he spirit and scope of the invention as defined by

t he appended clains. 26 January 2005 CLAIMS 1. A high pressure chanber for

processing of a sem conductor substrate
4, The high pressure chamber of claim 1 wherein the second sealing surface of

the platen comprises an o-ring groove.

5. The high pressure chamber of claim 4 further comprising an o-ring within the
o-1ing groove.

6. The high pressure chamber of claim 1 wherein the single mechanical drive
mechanism comprises a piston driven by a fluid.

7. The high pressure chamber of claim 6 wherein the fluid comprises an
incompressible fluid.
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conprising: a. a chanmber housing conprising a first Seal'n96§%{f§ﬁﬁm
spacer containing a pIurallty of injection nozzles, the spacérs ﬁ

the first sealing surface; c. a platen conprising a region for hol di ng the
sem congduct or sub n aI i.-n surface

mechani gal drive %‘%:?\ﬁlgh s‘%tgav nﬁ%ﬁﬂ%rl glcealgjges%}teeelgot&ﬁcﬂmg F?‘}%p%segg?e
mechani cal de¢mprepaddpdluicm coupl ing the platen to the chanber housing such
that in operation the single nmechanical drive mechani sm separat es the
second sealing surface fromthe spacer far |oading of th sem conduct or
substra?e and fur {he %MEWS%UH%P Jpbeg i rekaipo f Whﬁéelgathe Sgtglfgméchaﬂ@@haﬁvm

dri ve. mechanhrohdns esmpries 86 eRoglo-sRRhireh] FHVE AkehRiisni.he platen to seal to
t he spacer, such that the spacer, the first sealing surface, and the second

sealing surface formand maintain a wafer cavity containing the region for
hol di ngl@he seni c@hdbighopressubs thantter diiciahg hivglergn deselearpmedesniiahdrive. The

hi gh pressurg . ghamaer, o n&kﬁ'h%‘eé!ra%%f el n the first sealing surface of the

chanber hou5|ng conprises an o-ring groove. 3. The high pressure chanmber of
claim2 further conprising an o-ring within the o-ring groove. 4. The high

pressur gjchanber ofe mkgﬁtpmshufetaﬁalﬁbé} otftaenﬁqe%féréﬁaté 1as st ARG oRpristd e
platen conprises an o-ring groove. 5. The high pressure chanber of claim4

further conpf¥$f5%n o-ring within the o-ring groove. 6. The high
pressure chanmber of claim 1 wher e| n the Si ngl e mechani cal drive nechanism

t nb f cl
o whor oh the 11 udEbirgr e afabel ki arfosriEs Rl RER? Sy 020 ke, 2005
8. The high pressure cmahﬂmdrerbbummacomfﬁiwmﬁrShsetahagﬁlhnfaod conprises a
conpr essi bl e, fl ui d. Thg g&ﬂﬁm‘gg aﬁmﬁgt nrqieahanl C\g%lgg ejfa E}b‘a%exs' ngl e

mechani cal drive rrechanl S CONpr 1S drive
mechani sm 10. Theonfiggred i sedd g eéﬁﬁﬁﬁf'ém&wﬁ@% m 9 wherein the

el ectro-nmechanical driy 1atdi%ﬁ@gm £ SPhil S&Fing sutHBGAIndPE FsRrOfor hdMinglhe
hi gh pressure chagber o és erein the linear actuator conprises a

drive screw. 12 ﬁ?‘B’r‘f’OB "Wfanber for processing a seniconduct or
substrate codprising asingle mechamcal drive mechanism having a single pressure source,

the single mechanical drive mechanism coupling the platen to the chamber
housing such that in operation the single mechanical drive mechanism
separates the second sealing surface from the spacer for loading the
semiconductor substrate and further such that in operation the said single
mechanical drive mechanism causes the second sealing surface of the platen to
seal to the spacer, such that the spacer, the first sealing surface, and the second
sealing surface form a wafer cavity containing the region for holding the
semiconductor substrate; and

e. a mechanical clamp coupled to the chamber housing and the platen
such that in operation the mechanical clamp maintains the wafer cavity during
high pressure processing.

13. A high pressure chamber for processing of a semiconductor substrate
| comprising:
a. chamber housing;
b. platen comprising a region for holding the semiconductor substrate;
c. a single mechanical drive mechanism having a single pressure source

for forming and maintaining a wafer cavity containing the region for holding

the semiconductor substrate during high pressure processing, the single

mechanical drive mechanism coupling the platen to the chamber housing such
-12-




a. a chanber housing conprising a first sealing surface; b. ARRGE
containing a plurality of injection nozzles, the spacer cézr??l guregéqso seal
to the first sealing surface; c. a platen conprising a second sealing
surface and a regigp if B?e i H%in é‘&eﬁﬁéﬂi&?’&ﬁ‘&%%?éah&ﬁ&ﬁ%é&&&‘fe%% S;ﬁa 11”9' €
mechani cal drive nmechanfsm having a single pressure source, the single
nechani cal drive #ioehdsichambeyhersing fardeadingeithe semichrdustosstlestratehardi ng such

that in operg@tion the sidifd SoNMRENMY ealpl&l ity SthEBGh@Ies MouSiBR a4 Rh Cfhat hE
second sealing surface fromthe. spacer for |oadin tgeeg?sem condyct or

e g
substrate and fur PREPUQY LG said Single Brrssuse SoWce (raussithe Sicapt &1 frating e al
drive nmechani sm clu@s ahdehes elcamtbr $@ating go Joui algewafer tcheiphid afhiitan theal to

t he spacer, such car. first sealing surface, and the second
e O PR

sealing surface forma %ﬁoﬁ?sﬁlélgt he region for holding the
semi conduct or subdthereie;thamdeads for nssehiemicontains| anpluabitip lof dinjestivh encezhlzrber
housing and the p i Fat ani cal clanp

mai nt ai ns t he waf g‘?ﬁfg%ﬁ‘fty%gﬂ@?%eWﬁﬁegﬁ‘?éggg?%ﬂlgrsﬁg%m ng. 13. A high
pressure chanber for processing of a sem conductor substrate conprising:
a. chanher housi ngn Bppdeatad &Br GOIP Hr&ERE Frob&FingNof Qr sdgiceiditol NRibstrate
sem conduct or_substrate; c. a single mechanical drive nechani sm having a
single pressﬁ?lgprs‘%ﬁg'ce for form ng and mai ntaining a wafer cavity

contai ni ng the regi on hgreshokdhangbertftaenesenm conduct or substrate during high

pressure progessing, the.si | gal | ve I i he
platen to thg' chanber Hg@ﬂ%&gﬁgﬁaﬁ@q@@%p}%ﬁﬁérc&@gg@%ﬂg}aﬁfggﬁg Ig_glé i on

t he singl e mechanpdaftoni bpdpeanth s Pishons necke ther presstire panphestfame dndothetpision
chanber housing fgsdy Radingh ®kt filla ca@fy;conduct or substrate; and d. neans
for sealing coupledto the chanber housing such that in operation the said
singl e pressbre source%%ﬁ’é‘é@%%%"%ﬁgt OPrEEWES Fhagber ﬁémeﬁﬁﬁﬁ?é}]ﬂ,ngé’ﬁﬂﬁet he

chanber housing t i tedjondtioa wak ahe padskiry chashbeRifaing] fhe PietonVBIB! aBd\thé Y
during high pressursﬁ) preolg§SSi'n 4 wheé i’ﬁa thﬁ nmeans for sealing contains a
plurality of injeB¥°8H*S ojal g ¢8't% couple the wafer cavity to a
supply sour cd. 14. An appéeracaupletido tin gktopmesls the platcceagirismgof region for
sem conduct or - Subfjyffsahe SHIBSARLRY sutitrafd Al SHRW RaliARRE kf ame)

spacer having a plurality of injection nozzles configured to couple to a supply

source; and

f. a top lid coupled to the pressure chamber frame and comprising a
second sealing surface, the second sealing surface sealing to the spacer, the
first sealing surface of the platen and the spacer configured such that in
operation the said piston body can be moved using a single pressure within the
first fluid cavity so that the first sealing surface seals to the spacer to form a
wafer cavity and to maintain the wafer cavity during high pressure processing,
and in further operation the piston body can be moved so that the first sealing
surface is separated from the spacer, thereby allowing the semiconductor
substrate to be loaded into and unloaded from the pressure chamber frame.

15. The apparatus of claim 14 wherein the first sealing surface and the second
sealing surface are configured to form the wafer cavity and to maintain the wafer

cavity with a supercritical environment therein.

16. The apparatus of claim 14 wherein the first sealing surface and the second
sealing surface are configured to form the wafer cavity and to maintain the wafer
cavity with a non-supercritical environment therein.
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b. a single piston coupled to the pressure chanber franme ang R'Hwb g a
pi ston body and a piston neck, the pressure chanber frane andlgt € p(;%ston

body formng a first fluid cavity; c. a sealing plate coupled to the
pressure chanber franme, the sealing plate in conjunction with the pressure
chanber frane, the_ piston body, and the _piston neck formng a second fluid
cavity; 14 a pl at dhe dihopressut o ehambep o€ elpim e sberqin dhoTnacearuEBeieINEliRga a
reg} on for BRhdinn@ublee & ewtaa f%jpft!ﬂhsﬁdzﬁie_ﬁf, tﬁfﬂleﬁuﬁqll{aﬁi{ng%eﬁaldu?mrger .
surface; e. sp r Vi urt al.i of injection nozzles configured to
couple to a &ﬁﬁ@%&%ﬂﬁ%gﬂgﬂﬁﬂg l.nJeﬁ{‘f"E) Ozf%'fk_b“' coupled to the pressure
chanber franme and conprising a second sealing surface, the second sealing
surfaceqjgealing t S ficr st seal -Suyr p n and
the apacst conti goredutAR6EEe plaifber drichhe I 4 B0 Brthe WiBH DS 0
noved usi ng Rleskmgp theyviddseitthe plurdlity of ingectiph nezzl¢s igatleewdllty so that the
first sealing surface seals to the spacer to forma wafer cavity and to
mai ntai n_the wafer, cavity during hjgh pressure processing, and in _further
operati &% the pi S'I[:FBFI PIEHN® t?ga’ﬁ%?/re €lgimp ety ft?W%effWS%aﬂ iSHperedtigad ace

i s separ at edcrditiort Renapac eoupledadelhy plemond 0@ biRrERIFhIC oneigdD gen&bidst r at e
to be Ioadedc(i)ntrclailziind nl oadoed frt%mthe 1gressur%écha er frane. 15. The
appar at us of SPRITHE £ RSP e ﬁlp{eﬂe f § PEPP es(fluf(f?g PR SGWEC tREPLEEENY

seal i ng sur f supplavessdonfigured to formthe wafer cavity and to maintain the
wafer cavity with a supercritical environnent therein. 16. The apparatus
~of claim 14 wherein the first sealing surface and the second sealing
surface2@&re confi ghe Bightpresssrawhambenaf elaim dv ifeghes sampoisingianeiequiationdoomf er

g gvi tT K vvih_t hhaomw SHRRS ﬁfﬁfeir icﬁailg]: %ﬂ(l\l’ic_bﬁﬂ ghtb hﬁaiﬁ{a'tihh a'sh%el%ﬁtiéafﬁnﬂ?ﬁﬁn2@05

: e hig ressure chanper .of claiml, erei. e spacer, further
contains a PIRSHEHCRGRP it Positehlstossuereryicat fyif eppibhe ftel @¥I he

pl enum having a width larger ,than a width of the plurality of injection
nozzl es,, 18. The hi gh. pr re ch er, of, claim 1 rein a ratio of the
Wath of'the ' o S i R PR RRTRE et of fted S0 ARG oleisirba Sufls | <
at | east 3:land@filtaigeupledio hesbsurtorclapber of claim 17, further conprising
a supercritical condition generator coupled to the plenum the
supercritical condition generator _conprising a heater pougl ed to a supply
sour ce, 2¢he suppl $ JBE} BB I Fhamhgr o fors uppopsine s g esemipondugier Hiupsirate
pressure chaghfiprighg:cl aim 1, further conprising a circulation |oop coupled

to the wafer cavity and corgi ured to.maiEtain a supercritical fluid in a
a. a chamber Housing having a firs{ sealing surface;

b. a spacer containing a plurality of injection nozzles;
c. a platen comprising a second sealing surface and a region for holding
the semiconductor substrate; and

d. a single mechanical drive mechanism coupled to the platen and having
a single pressure source, the single pressure source configured to move the
platen to a first position and a second position such that in the first position the
spacer seals to the first sealing surface and the second sealing surface thereby
forming and maintaining a wafer cavity containing the region for holding the
semiconductor substrate during high pressure processing and in the second
position the spacer is separated from the second sealing surface.

23. The high pressure chamber of claim 22, further comprising a supply source
coupled to the plurality of injection nozzles, the plurality of injection nozzles
configured to introduce a material contained in the supply source into the wafer
cavity.
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E

supercritical state and to circul ate the supercritical f'“bﬁ E&gg
waf er cavity. 21. The high pressure processing chanber of alm urther
conprising a punp and a filter coupled to the circulation |oop. 22. A hlgh

pressur chanber L i ng ychor s bst r at e. risi ng a
chanberﬁhou3|ng hg§|#§ %fé%mw d%nﬁ)ng su%‘a g ﬁ“ﬁmf‘”gﬁﬁ%gﬁ ¢ nP%Pﬁ ﬁg a
plurality of heaiprscobpled o thd wefer caviy, ghaornor owe hedtery cantgwrod do gemiratag
surface and gng ﬁﬁnﬁﬂnfs@[ser&ﬁw Shditidie &g&&l@ &l bty ubstrate; and d. a

si ngl e mechani cal drive nmechani sm coupl e Ia ‘en and having a
singl e pressure source, the single pressure source configured to nove the
platen to a first position and a second position such that in the first
position the spacer seals to the first sealing surface and the second
sealing surface thereby formng and maintaining a wafer cavity containing
the region for holding the sem conductor substrate during high pressure
processing and in the second position the spacer is separated fromthe

"second sealing surface. 23. The high pressure chanber of claim 22, further

conprising a supply source coupled to the plurality of injection nozzles,
the plurality of injection nozzles configured to introduce a materi al
contained in the supply source into the wafer cavity. -14 26 January 2005
24. The high pressure chanber of claim 23, further conprising one or nore
heaters coupled to the wafer cavity, the one or nore heaters configured to
generate and maintain supercritical conditions within the wafer cavity.
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