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Thus, a supercritical processing system intended for semiconductor processing of
multiple semiconductor substrates must have a high pressure processing chamber which is
efficient, reliable, and economical.

What is needed is a high pressure processing chamber for processing multiple
semiconductor substrates which is efficient, reliable, and economical.

SUMMARY OF THE INVENTION

The present invention is a high pressure processing chamber for processing multiple

semiconductor substrates. The high pressure processing chamber comprises a chamber
housing, a cassette, and a chamber closure. The cassette is removably coupled to the
chamber housing. The cassette is configured to accommodate at least two semiconductor
substrates. The chamber closure is coupled to the chamber housing. The chamber closure is
configured such that in operation the chamber closure seals with the chamber housing to

provide an enclosure for high pressure processing of the semiconductor substrates.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates the preferred high pressure processing chamber and a lifting

mechanism of the present invention.
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Preferably, the preferred high pressure processing chamber of the present invention
provides a supercritical processing environment. More preferably, the preferred high
pressure processing chamber provides a supercritical CO, processing environment.
Preferably, the supercritical CO, processing environment comprises a drying environment for
drying developed photoresist which has been rinsed but not dried. Alternatively, the
supercritical CO, processing environment comprises an alternative drying environment for
other semiconductor drying processes such as drying MEMS devices. Alternatively, the
supercritical CO, processing environment comprises a photoresist development environment.
Further alternatively, the supercritical CO, processing environment comprises a
semiconductor cleaning environment, for example, for a photoresist and residue cleaning or
for a CMP (chemical mechanical planarization) residue cleaning.

A high pressure processing chamber assembly of the present invention is illustrated in
FIG. 1. The high pressure processing chamber assembly 10 comprises the preferred high
pressure processing chamber 12 and a lid lifting mechanism 14. The preferred high pressure
processing chamber 12 comprises a chamber housing 16, a chamber lid 18, a locking ring 20,
a preferred cassette 22, and a first o-ring seal 26. Preferably, the chamber housing 16 and the
chamber 1id 18 comprise stainless steel. Preferably, the locking ring 20 comprises high
tensile strength steel. Preferably, the preferred cassette 22 comprises stainless steel.
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Subsequently, the semiconductor wafers are preferably processed in the supercritical
environment. Next, the 1id lifting mechanism 14 raises the chamber lid 18. Finally, the robot
removes the preferred cassette 22 from the chamber housing 16.

The preferred cassette 22 of the present invention is further illustrated in FIG. 4. The
preferred cassette 22 comprises a cassette frame 30 and a retaining bar 32. The casseite
frame 30 comprises wafer holding slots 34, and lifting features 36. Preferably, the retaining
bar 32 is coupled to the cassette frame 30 via a hinge 38. Preferably, in use, the
semiconductor wafers 28 (one shown with dashes lines) are loaded into the preferred cassette
22. More preferably, the semiconductor wafers are loaded into the preferred cassette 22 by a
transfer of the semiconductor wafers 28 from a FOUP (front opening unified pod) to
preferred cassette 22. Once the semiconductor wafers 28 are loaded into the preferred
cassette 22, the retaining bar 32 is preferably snapped into a retaining slot 40 in the cassette
frame 30.

An automated processing arrangement of the present invention is illustrated in FIGS.
5A and 5B. The automated processing arrangement 41 comprises the chamber housing 16,
the robot 42, and first and second cassettes, 44 and 46. The robot 42 comprises a robot base
48, a vertical motion unit 49, a robot arm 50, and a forked cassette interface 52. The robot
base 48 provides a rotation movement A for the robot arm 50. The vertical motion unit 49
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in a si\d3EmbASNDPOR sdfardtih@ vVagyerb141@ 1Rbid/sidiWdstd cotlasisei vessed 217, and a
liquefying/purifying arrangement 219. The carbon dioxide supply arrangement 206 includes
a carbon dioxide supply vessel 216, a carbon dioxide pump 218, and a carbon dioxide heater
220. The chemical agent and rinse agent supply arrangement 212 includes a chemical supply
vessel 222, a rinse agent supply vessel 224, and first and second high pressure injection
pumps, 226 and 228.

The carbon dioxide supply vessel 216 is coupled to the high pressure processing
chamber 12 via the carbon dioxide pump 218 and carbon dioxide piping 230. The carbon
dioxide piping 230 includes the carbon dioxide heater 220 located between the carbon
dioxide pump 218 and the high pressure processing chamber 12. The pressure chamber
heater 204 is coupled to the high pressure processing chamber 12. The circulation pump 210
is located on the circulation loop 208. The circulation loop 208 couples to the high pressure
processing chamber 12 at a circulation inlet 232 and at a circulation outlet 234. The chemical
supply vessel 222 is coupled to the circulation loop 208 via a chemical supply line 236. The
rinse agent supply vessel 224 is coupled to the circulation loop 208 via a rinse agent supply
line 238. The separating vessel 214 is coupled to the high pressure processing chamber 12
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illustrated in FIG. 8. The first alternative high pressure processing chamber 12A comprises
an alternative chamber housing 16A, an alternative chamber lid 18A, and bolts 66. In the
first alternative high pressure chamber, the bolts 66 replace the locking ring 20 (FIG. 3) of
the preferred high pressure processing chamber 12.

A second alternative high pressure processing chamber of the present invention
comprises the preferred high pressure processing chamber 12 oriented so that an axis of the
preferred high pressure processing chamber 12 is horizontal. Thus, in the second alternative
high pressure processing chamber, the chamber lid 18 becomes a chamber door.

A first alternative cassette of the present invention is illustrated in FIG. 9. The first
alternative cassette 80 comprises an alternative cassette frame 82 and an alternative retaining
bar 84. In the first alternative cassette, the alternative retaining bar 84 couples to the
alternative cassette frame 82 at first and second holes, 86 and 88. Preferably, the alternative
retaining bar 84 comprises a threaded region 90 which threads into the second hole 88.

A second alternative cassette of the present invention is illustrated in FIG. 10. The
second alternative cassette 100 comprises a wafer holding section 102 and a wafer retaining
section 104. The wafer holding section 102 holds the wafers. The wafer retaining section
104 includes a half hinge 106 and a protrusion 108. The wafer holding section 102
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confi gdp%yd et18a¥§ 0 tggp%%é%rzfee{ltrl%ﬁlgémﬁ ﬁlﬁgl??aﬂ eg (B‘}ﬁ%eﬁﬁﬁm skb %?ﬂr’ﬂge filter
225 cauph@snahé&&mmﬂnﬂhdﬂmxmdéi§@g¢1y vessel 216 to the carbon di oxi de
punp 218. Preferably, the third filter 225 conprises the fine filter. More
preferably, the third filter 225 conprises the fine filter configured to
filter the 0.05 mand larger particles. It will be readily apparent to one
skilled in the art that the supercritical processing system 200 includes
val ving, control electronics, and utility hookups which are typical of
supercritical fluid processing systens. A first alternative high pressure
processi ng chanber of the present invention is illustrated in FIG 8. The
first alternative high pressure processing chanber 12A conprises an
al ternative chanber housing 16A, an alternative chanber |id 18A, and bolts
66. In the first alternative high pressure chanber, the bolts 66 repl ace
the locking ring 20 (FIG 3) of the preferred high pressure processing
chanber 12. A second alternative high pressure processing chanber of the
present invention conprises the preferred high pressure processing chanber
12 oriented so that an axis of the preferred high pressure processing
chanber 12 is horizontal. Thus, in the second alternative high pressure
processi ng chanber, the chanber |lid 18 becones a chanber door. A first
alternative cassette of the present invention is illustrated in FIG 9. The
first alternative cassette 80 conprises an alternative cassette frane 82
and an alternative retaining bar 84. In the first alternative cassette,
the alternative retaining bar 84 couples to the alternative cassette frane
82 at first and second holes, 86 and 88. Preferably, the alternative




retaining bar 84 conprises a threaded region 90 which threads into the
second hole 88. A second alternative cassette of the present invention is
il lustratwoomn3@iec 10. The second alternative cassette POO/USompr7iGes a
waf er hol ding section 102 and a wafer7y ining section 104. The wafer

hol di ng section 102 holds the wafer &L waf er retaining section 104

i ncludes a half hinge 106 and a protrusion 108. The wafer hol ding section
102 V\OﬁééO?{OZlQ PCT/ US02/ 31710 6 conprises a hinge .mting region 110 and
a protr B% mating feature 112. In operation, the wafer hol ding section
102 and the wafer retaining section are separate. The wafers 28 are | oaded

into the wafer retaj:-m ' -%),m] - hgp, the
hal f hi ﬁ'ge 106 0%1@%8%5?@?%@?% r%ﬂ%g{:ﬁrgﬁi%%s&{ S %@)ﬁep{e?{f&ing-ﬁt he hi nge
mati ng regi ofubsratepLompisingf er hol di ng section 102. Finally, the

protrusion 198 of the %ﬁ%bérmgiﬁ%;ng section 104 is snapped into the

protrusion ting feature 112 of the fer | di.ng,section 102. It will be
readily appggent to oné fEicppssHe Femqvy yawplgﬁé? th@?qb@m%gral}qug% 3fddifi cations
may be made to theoffigik&l toedcanmoditaailcastitiyb sethicdrdatdri sabstfateamaidie spirit

and scope of the inventjon, as.defined he.appe . ¢l ai 3/ 030219
PCT/ USO2) 31750 7 CLAN RENaOE oSt T“Rleﬁi%%ﬂ‘epﬁhéng‘@ﬁ‘}nlg"%glrn ca?gs%?%%g&c?ﬁ‘gnber for
processi ng mul ti pheehsbatiinopelationthe chabberdesese sekspritlstheghambershoubiagiier
housing; b. a fi rgm%; eéntcfosfu%rfﬁf’ﬁi?%re%ﬁﬁ%g&gés%é @ﬁh@E&Hf‘&Sﬁdﬂ&%s' ng and

configured to acc e at [east sem conductor substrates; and c. a
chamber cl osure coiptragst o t he chanber housing and configured such that in
operation the chanber closure seals with the chanber housing to provide an

encl osure for high essure processing of th em._canduct or ubstrates. 2.
The hi gk pressur eTbgé@Pﬁal%&{a?%ﬁPg g]Fan&t?eél{’gFI%l%éY Ao %enéfpé}l@sure
formed by thérgldanhelc flomsticnomi dfiethe dosr povdesesuparcitioal mocdssiagl
processing environnment. 3. The high pressure processing chanber of claim1l

wherein the ENETUSREH

3. The high pressure processing chamber of claim 1 wherein the enclosure
formed by the chamber housing and the door provides a high pressure processing

environment below supercritical conditions.

4, The high pressure processing chamber of claim 1 wherein at least one of the
semiconductor substrates comprises a semiconductor wafer and further wherein the
chamber housing and the first cassette are configured to accommodate the

semiconductor wafer.

5. The high pressure processing chamber of claim 1 wherein at least one of the
semiconductor substrates comprises a semiconductor puck and further wherein the
chamber housing and the first cassette are configured to accommodate the
semiconductor puck.

6. The high pressure processing chamber of claim 1 wherein at least one of the
semiconductor substrates comprises a tray for holding multiple semiconductor
devices and further wherein the chamber housing and the first cassette are configured

to accommodate the tray.

7. The high pressure processing chamber of claim 1 wherein the first cassette is
replaceable with a second cassette.



formed by the chanber housing and the door provides a high pressure
processi ng environnent bel ow supercritical conditions. 4. The high
pressure WO®3M3IRING chanber of claim 1l wherein at | east oReTafS0Y/BuET10
sem conductor substrates conprises,a 8en co Gcta fer and.furt he
wher ei -t he  chandErhighDssHge BipgesHS ‘i‘?g%’?r ‘gfdafiaé@ti @%FEC‘HBWSFW 5)(],?0{ 0
accommodat e g;blethas Bopeeatibnah@fobonloads arfl unlduels thcgfirspareisusel @satessi ng
chanber of claim1 wherein at | east one of the sem conductor substrates
conprises a sem conductor puck and further wherein the chanber housing and
the fir®t casset tEhedrigh presdure proeessing chembemafddaim t wbersimthe dindd gassefte puck. 6.
The hi gh Pregaiis. JALSRESH ACADATDSe AlabkAbM L wherein at | east one of the
semi conduct of 'SUbST LAt 85 COMpri ses a trag orf holding nmultiple
sem conductor devices and further wherein the chanber housing and the
first cggsette ar’ﬂlquglg b‘%i&gpr&@ss_ﬁ’@%ﬁﬁ%@@éﬁlﬁﬁﬁl {vhain the filfiRade@d

am

pressure processing c bﬁr_ of claim1 wherein the first cassette is
repl aceabl e MFther comyuseh? uidoutlet Arangpmealy 030219 PCT/ US02/ 31710 8 8. The
hi gh pressure processing chanber of claim7 further conprising a robot

such that in operatian the robot |oads a L, 0ad i st . second
casset P@s 9. Theﬂfﬁ lb‘ﬁh B’feé%gﬁpléocﬁ?ﬁg},geczlgfnﬁgr% Cé%%efﬁ%@%&%rl{lﬁﬁgsi%r ein the
first cassetihgctibunodzbr arcmgpmestendarfluid patbatiaoangeseent.e arr angenent. 10. The
hi gh pressure processing chanber of claim1l wherein the first cassette
further conprises a fluid outlet arrangenent, 11. The high pressure
processiZag chanbeFheotigh bessshre prasessig chamber pislaigl BhwherjnegoneRtinb i e
arrangenent ;and:igh hbidarPihob@bnnt INRILNE HutletldrangBBedtippbvips £pfites fluid
processi ng chanber of cl 11 wherein in operation the injection nozzle
arrangenent 201411 #Eiofity; %ltg‘ltﬁqné"?o Fioh §ehsERAYSor ovi de a process fluid flow
inavicinity of the sem conductor substrates. 13. The high pressure

processjng chanb f. claim 12 wherei S i ises a
f1 ow acirg(;ss eac he@?eol?lﬁﬁ PSR BRGGE 6 © sa}t]‘lri)ggli %@%@ ﬁi&h%ﬁ‘eth% k)gq\ge%&ieggéur e
processi ng clembempdsesal owrad@sswach of thetshrmicondweteicsubsigates. parti cul ar

sem conduct or substrate conprises a gas injection at a first side of the

14. The high pressure processing chamber of claim 13 wherein the flow across a
particular semiconductor substrate comprises a gas injection at a first side of the
particular semiconductor substrate and a gas collection at an opposite side of the
particular semiconductor substrate.

15. The high pressure processing chamber of claim 1 wherein the chamber
housing comprises a proximately cylindrically shaped length having first and second

ends.

16. The high pressure processing chamber of claim 15 wherein the chamber
housing comprises a dome shaped surface at the first end of the proximately
cylindrically shaped length.

17. The high pressure processing chamber of claim 15 wherein the chamber
closure seals to the second end of the cylindrically shaped length of the chamber

housing.

18. The high pressure processing chamber of claim 15 wherein the chamber
closure comprises a dome shaped surface.



particul ar sem conductor substrate and a gas collection at an opposite side
of the particular sem conductor substrate. 15. The high pressure
processi /yoohasdes of claim 1l wherein the chanber housi n@Caarspr3wes a

proxi mately cylindrj | y shaped .| eng?® fi.rst second nds 16.
The hi df- pressur éb*g%dggﬁlnﬁd’r%??éﬁﬁ%gg%&eé? S%e‘?"g{]ﬁets%wf?ﬂ%

housi ng conppbsigestodPiBinghaped surface at the first end of the pI’OXI mat el y
cylindri caIIy shaped | e th &7 The hi gh pressure processing chanber of
claim 15 whérein the Cﬁ'l‘gl%ﬂléjlg UsHure seal's to the second end of the

cylindrical loy shaped |=figt tnsedttetrbmovdbdyrbaipledtodlsé elpmbeg hottieg #1idgh pressure

processi ng chanb onprises a
dome shaped surfgeﬁ%h&%ﬁg%%%%%@ 3171Cﬁﬁuc£{%&§teg m[:))ressure
processi ng ¢hanber fora ghaotbeselosige sennledioghe ehanahsn Hovens andepudighredes

conprising: a. a gﬁb@tﬁaﬂn SRestioRghe éhan?oef EloStire 68485 ®iithahé emmrbhyustnpl ed to
t he chanber housi ng . C nflggqq t o accommodat e

semi conduct or sub¥Pyi Fé%en Osu re‘i?P’E?stP‘éesﬁlBﬁﬁﬁgﬁ Slﬁgllq%quﬂ%nber

h_OUf]l n% anﬂ Conflﬁbﬁt%ies sm:h that in operation the chanber closure seals
with the c hou5| to,. provide an encl i

processi ng cﬂr'm t he sem E?Ig]?ozz euaﬁ%aflgglfl%@ a%a%&ﬁl 31& 8%%@9%%3 Jn:feglr?]b’(?]
arrangenent and atofahumtﬂrlmmﬂtht clmrmbacngemrgwamlpﬂt@dopqr@tlfahthﬁlﬂl]efﬂloer of the
chanber housi ng i ment
and the fluid outljf&?lef?lr%g érg?rrgﬁitﬁ afreofgilq%é{&get alﬂgc%élﬁ&#w d 8\?\/55?%1’&%9
vicinity of the sféQWmmMl@mlb’roﬁhﬂ)ml@&f@é‘cm?@}lbsﬁaﬁﬁgh pressure processi ng
chanber for processing nultiple senm conductor substrates conprising: a. a

chanber_ho ng; b. f t ft bl th
housi ngmangSI cgnflﬁétﬁﬁé;eésg}r%éggq%%&g?%g%\%a%@)éf Q&E%‘ﬂﬂ?@&ﬁ@%&ﬁ IF’C%)I

substrates; substrates comprising:

a. a chamber housing;

b. a first cassette removably coupled to the chamber housing and
configured to accommodate at least two semiconductor substrates;

c. a chamber closure coupled to the chamber housing and configured
such that in operation the chamber closure seals with the chamber housing to
provide an enclosure for high pressure processing of the semiconductor
substrates; and

d. a robot coupled to the chamber housing, configured to load the first
cassette into the chamber housing prior to the high pressure processing, and
configured to unload the first cassette subsequent to the high pressure

processing.
21. A high pressure processing chamber for processing multiple semiconductor
substrates comprising:
a. a chamber housing;
b. a first cassette removably coupled to the chamber housing and

configured to accommodate at least two semiconductor substrates;

c. a chamber closure coupled to the chamber housing and configured
such that in operation the chamber closure seals with the chamber housing to
provide an enclosure for high pressure processing of the semiconductor

substrates;



c. a chanber closure coupled to the chanber housing and configured such
that in operation the chanber closure seals with the chanber housing to
provi de awoOenobmsure for high pressure processing of the ®emusonsiIcds or
substrates; and d. a robot coupled t ol0t he chanper, housi ng, conflgured to
|l oad the firdt casset teimertion fpele pamesmepbing hiuigquiet arngsraenficgupled

pressure processi ftn ﬁfa;ellor 60ME lcﬁaiﬁ@& HoBsitpk@acthhtia oﬁexraﬁbn gassRbtich

subsequent to the hi ressure 0C ressure ceSS|ng
chanber for pr oce’%%qzﬁigar%ﬂ‘ﬁf“?lﬁ? & ﬁ‘(’)‘ﬁ gFtoarnangE}ng ,Pg?‘@ © & BHSFS sffuﬁg
chanmber housi ng; ﬂowanhhmamnwaﬁﬁesmﬁmomﬁEMthVMcmmpMEﬂ to the chanber
housi ng and _configure r

substr at es; ¢ a chanbgFéb t%& ?éeﬁ@gﬁé&gﬁ?&ﬁgﬁén%%n %?c?]{h%ﬁ %t
configured such cassgttei 1ntoaber:1mmbm hph%n&hlawgrthech@b @reéswé@r@eeﬁmga anthe
chamber housi ng t&bn R34 18 @infIAd BNCHRS sSetleQbid QQnt% ﬁﬁzer% pREQRESSI ng of

t he sem conduct or strates; WO 03/030219 P /U802/317 0" 10 d. an

i njection nozzle E@P%ﬁ@@nent and a fluid outlet arrangenent coupled to an
interior of the chanber housing such that in operation the injection

nozzl e arrangenent and the fluid outlet arrangenent provide a process fluid
flowin a vicinity of the sem conductor substrates; and e. a robot coupled
to the chanber housing, configured to load the first cassette into the
chanber housing prior to the high pressure processing, and configured to
unl oad the first cassette subsequent to the high pressure processing.



