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Background Art

There is a general requirement in the semiconductor industry, and in other
industries as well, for conducting processes that require enclosures or pressure vessels that
can be loaded with wafers or other objects to be processed, permit the admittance and
removal of process fluids or materials necessary to the process after the enclosure is sealed,
and be elevated and ranged in pressure and temperature to, in some cases, extremes. Some
processes are much more critical as to contamination, and require quick and close control
of temperature, pressure, and the volume and timing of the introduction of process fluids to
the pressure vessel. Add to that the demand for conducting these processes in a production
mode, and the growing sophistication of the processes themselves, and it is amply clear

that improvements in pressure vessels are needed.

This disclosure relates in particular to pressure vessels used in operations requiring
extreme cleanliness and operated at elevated or high pressures up but not limited to 10,000
psi (pounds per square inch), and further, to pressure vessel design and isolated lid locking



mechani sns that facilitate easier |oading and | ocking of pressure vessels
used in automated wafer treatnment processes in a production environnment.
By way of yexgfHebss of the typical requirenments placed on rcTarsees3se vessel,
one process |Is described below. This exanple refers to the manufacture of
MEMS (Mcro Electro Mechanical Systens) devices where.the process agent is
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to the styipe tof aphotoresist ihateriad in rfhe ce@r ef: pracesses for stripping photoresist.

sacrificial material is etched to open a hole for the anchor of the structure. A structural
material such as polysilicon, or metal, is then deposited on the sacrificial material. Finally,
the sacrificial material is etched away to release the structural layer, creating the

microstructure. These steps can be repeated to form more complex multilevel structures.

: ~ After the removal of a sacrificial layer the substrate is rinsed. Upon evaporation ef
the rinsing liquid that is trapped between the "released” struc_ture' and the substrate surface
a capillary force is generated that pulls down the released structure until it touches the
substrate surface. The surface tension of the rinsing liquid generates the capillary force
upon evaporation due to liquid/vapor phase transition. Stiction or adhesion occurs when
the released structure adheres to the other surface, as for example in the case where a
polysilicon or metal cantilevered beam adheres to the substrate, resulting in a defect in the

device.



device. 2 WD 01/10733 PCT/US0Q' 21338 In a | aboratory nmethod, originally
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carbon dioxide. A phase transition does not occur, hence a capillary force is not generated and

stiction is avoided completely. It is at this point that the benefit of the process is. realized, as

no liquid/vapor interface occurs during this transition to cause unwanted surface tension.

Other processes like photoresist stripping or wafer cleaning in general, which use a
process agent in gaseous, liquid and supercritical form, are similar to the MEMS drying
process in so far as they also apply the process agent to the vessel in a similar way and are
finalized by the drying step. The MEMS process therefore is considered as exemplary for ail
applications with gaseous, liquid, and supercritical process agents where extreme cleanliness
and high throughput are basic requirements.

There are several obvious problems with the laboratory set up that must be addressed
in order to make the process sufficiently cost-effective and efficient for use in a production
environment. The device is not suitable for integration into a production line with automated

means for inserting and removing wafers; there is no safe transfer mechanism to ensure that a



in order to nmake the process sufficiently cost-effective and efficient for
use in a production environnent. The device is not suitable for

i ntegrati | a production line with automated neans fQrshiasist | N9 and.
removi ng &g?yr}ltso?‘”t here is no safe transfer nmechanismto ensure that a 3 WO
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openi ng pigREsed ffoimeldggraé shown in prior art Fig. 1. It consists of a
chanber flange, a rotating locking ring and the door flange. The door and
vessel are clanped and uncl anped by the rotation of the |locking ring only.
As the ring nmaést@ftaminahfsodie of Phrtichier o@icernginvehe gemiconductor industry, as

even trace amounts are sufficient to plague product quality and production efficiencies.
‘When these perimeter flange latching mechanisms are semi-automated for faster closure or
production purposes, the contamination problem is simply placed in a free-running mode

that gets progressively worse if unattended.

There are many examples in prior art. One such example is an autoclave, quick
opening door assembly as shown in prior art Fig. 1. It consists of a chamber flange, a
rotating locking ring and the door flange. The door and vessel are clamped and unclamped -
by the rotation of the locking ring only. As the ring rotates, surfaces of the mating wedges
force the chamber flange tight against the gasket providing a leak proof static seal. Due to-
the contact of the wedges sliding across each other, particles are generated that eventually -

contaminate the process beyond acceptable tolerances.

A further problem with traditional pressure vessels in a production environment is
the difficulty in adapting them to the standard wafer handling robots of the semiconductor
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from the process environment of the pressure vessel and the space between the open cover

and the pressure vessel. The apparatus is adaptable to processes requiring pressures up to

the 5,000 - 10,000 psi (pounds per square inch) pressure range and beyond by proper

design. Temperature of the contents can be ranged as the process requires, when

configured with suitable internal and or external heating sources.

The apparatus is adaptable to a horizontal, pass-through conveyor system, any
standard wafer handling robot systems, or any other handling system for delivering and
loading articles to be processed under pressure, onto the cover. The vertically operated
cover can carry a wafer cassette, a single wafer, or other object being processed into the
pressure vessel for processing, and out again for pickup and further transport. A lift and
lock mechanism for operating the cover is fully contained on the backside or outside of the
cover, and shielded so as to isolate any particulate generated by the lift and lock

mechanism from the loading and processing environment.



pressure vessel for processing, and out again for pickup and further
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from direct exposure to the top side of the cover and the interior of the pressure vessel.

. Itis a further object of the inve_ntion to prov_ide a pressure vessel system where the
lift and lock mechanism has horizontal linear sliding blocks for locking the cover up tight

against the mouth of the inverted pressure vessel.

It is a yet further object to provide a pressure vessel system where the lift and lock
mechanism has a rotating lug lock system for locking the cover up tight against the mouth
of the inverted pressure vessel.

Still other objectives and advantages of the present invention will become readily
apparent to those skilled in this art from the detailed description, wherein we have shown
and described a preferred embodiment of the invention, simply by way of illustration of the

best mode contemplated by us on carrying out our invention.
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FIG. 5 is a section view of the rotating lock plate of the embodiment of Fig. 4.



Referring to Figs. 2 and 3,. a first preferred enbodinent utilizes an
inverted pressure vessel 1 rigidly nounted at the upper end of a
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and down Filal | | M 'n%?eel ock
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plate 2 is | nREfQE-in(él t%sfigs. P Sah& if "y \M'stt IAbrefen‘ed embodiment utilizes an inverted

pressure vessel 1 rigidly mounted at the upper end of a stationary assemble support frame

6. Not shown are the channels and ports for admitting and removing process fluids from

the vessel, and such heaters, internal or external, as may be required for achieving process

temperature requirements.

Vertically movable vessel closing plate 2 can be alternately described as a
vertically removable bottom plate, and functions as an open sided base or platform upon
which a wafer, wafer cassette, or other object being processed, is placed, whether by
manual or automated means such as a conveyor system or wafer handling robot. Closing
plate 2 functions as the lifting platform by which the object being processed is lifted into
pressure vessel 1. The vertical members of support frame 6, bridge the region around
vessel 1 and closing plate 2 such that there is room to accommodate the manual handling
or horizontal wafer pass-through conveyor system or robot that delivers and removes
wafers off the open closing plate. Vessel closing plate 2 may or may not be configured
with additional channels, ports and heaters as may be suitable to the particular process for

which the apparatus is intended.



respect to vessel 1, |ock blocks 5 can be noved together into the | ocking
position as in Fig. 2, which seals and |ocks closing plate 2 to vessel 1

such that p ressure can be attained and maintai ned §&fudodSiss
necessary d&\ﬁf@ﬁ@s@ The conponent s t hat provide verti cal rmt(TO‘:)n to ?OSI ng

plate 2 are all contained: below and within isolation plate 7 and circul ar
tel escoping bellows 3, so as to isolate the 1lift and | ock nechani sns and
rel at ed usual sources of contami nation fromthe process environnent by a
conbi nation of gravity and physical shielding. Referring to Figs. 4 and 5,
an al t er nat e enlnoatisnemtiodinient,hdlosingy platei s buppoded and, wertically powtsbmwewessel

cons St 1000 4 BEEAMAROVERT Bl pi R oa ASR660 R KA B £ pludtBl gt "

ci’n € pressure ch connect
i nt er nal coxiandelosisg plate2up mdeiomrbepveesspﬁnandek:seﬂ pasiioasipport ed by support
menbers 4 nounted on upper base plate 7. A vertically noveabl e underside
closing plate 3 is operated by |ift nechanism®6, which is enclosed by

i sol ation bel | c@gposing Tines sﬁdd&ﬁk bldcky Smrﬁdw&ﬂed(t@n’és’pmtlbﬂﬂbl@ék Hfies 9pr ocess
envi ronnen

wi th debri s at ed in | ft chapj sm_Pressure vessel
top 1, ol howizonte) movergat meprrgl #af and logkgf Resttiops: jbyneay theyFloged,r e
vessel 123clodihg piateVd. t Whéh Iohﬁ bﬁﬁﬂpﬁ a&f m&lﬁ'&:ﬂldﬁk@&bbﬁﬁbtﬂh&ba&eh%&? sititoh
i nterface betvveenthelo g]j Hﬂj sectlo %\mdth eri nmeter of
cl osi ng pl & & HBchth o6 b cleatgs bucverial PaveTaRR of difg9dcd And plosing plate 2
PCT/ US00/ 2433&en @B’eﬁ'aﬂﬂ%los@d‘ﬁoﬂ?ﬁ’dﬁs Wheh RRsiRE Dlade U G BeScioka! positior ShS
bet ween sliding surfaces or between opposing face surfaces.” The channel s

and ports fespectigivessel kadpckibipcke frean brimeveddegsther inte the lecking nasisiop eeindiig.e
vessel ar eznaﬁlcﬁ@&waﬁm i??clfoklgglggﬂ%e 3Stolyaksel 1 st bk | P(fl:e reQbre! O giENET Al

case. However, the anl ca | cati ons of part| roces

r equi renen%@lnedmmtﬂgleﬂlé'eﬁbsawsspMWe and tenperature ranges, and
delivery and renoval of fluids or other ingredients of the process to the
pressure vessel, wll be readily apparent to the practitioners of

particul ar prdBesoepohents that plovidh evetticsl motionstoi closingipldte Zare alkcompdised such

heaters ASpdiy agc?wgtﬁg%orlﬁﬂm plate 7 and circular telescoping bellows 3, so as to isolate the
lift and lock mechanisms and related usual sources of contamination from the process

environment by a combination of gravity and physical shielding.

Referring to Figs. 4 and 5, an alternate embodiment of the invention has an inverted
pressure vessel consisting of a pressure vessel top 1, secured to cylindrical wall section 2
but removable for servicing the pressure chamber, connections, and internal components.
The inverted pressure vessel is supported by support members 4 mounted on upper base
plate 7. A verticaily moveable underside closing plate 3 is operated by lift mechanism 6,
which is enclosed by isolation bellows 5. This aides in preventing contamination of the
process environment with debris generated in the lit mechanism. Pressure vessel top 1,
wall section 2, and closing plate 3, collectively form pressure vessel 123.

i
It is within the scope of the invention that the sealing interface between the lower

end of wall section 2 and the perimeter of closing plate 3 can be of numerous and various



for achi eving process tenperatures and tenperature changes may at the
design stage or |ater be incorporated internally, or be arranged

ext ernal | wé gr/iohd pressure vessel. In a variation of the miiaweosiasepdi nent ,
the closing plate can be the stationary conponent and the inverted
pressure vessel be the vertically novable conponent by an isol ated

over head nechani sm anal ogous to the shielded lift nmechani sm descri bed
above. TObsigm, amdemayivsonperate a suitsble sedh onseadsietwesndslifiing shdfaces bt betweancess
connecti ons toflhe 1g.ressure vessel that make this approach nore difficult
to execufBPHIE BHESPHES but it retains the benefit of a shielded lift and
| ock mechani sm and avoi ds having the robot or conveyor systemhaving to
supply the vertical conponent of jnsertion gnd renoyal, f the wafer into
the pressure ‘?Chﬁg?eis? PRFS QF dmptingAnd TEBONIRg PoCess ﬁ%‘df)ggl"c‘p%l’ﬁe’éﬂéf%r e of

t he i nveRds@iire AtShORE th the! BF@'@!‘, as thé ARBIRIOK.is fritRd gkReraDéase. IRdvadved tifd 0Si Ng
plate lift mechani sm novable_ closing plate, and stationary pressure

vessel , Swrhasicabimpligations of ReSiqulsE PragestTaIuIsEIERE.cacIiding ReepsaBt RIe¥UTeaNNer
W th the a5d fnpRRfin riiges Sl Aelivedy Shd fditvillofd ﬁumsardahémﬁ%w&uaaﬁ thehe

shielded ['ift  nmechanismand vertically novabl e closing plate being on top.
Whi | e t heragessupithe pressues vegselywillchy feadily appaceatyinthegrradtitionere of partiularer
casset t e soRedherof With Mk HsidhaSs Hirdnbied) OForRaMPIESHEA heardrd)Ss RENES felyifda T educed
pr obabi | Pty 0] _gont am na%i on ?r-om t he ?rso?aéefd cl o?sai ng pllhg)?e ﬁ?‘ﬁdng (or
in this &ssashievingdroasss) tempertrnsand ipmperaturel ghanges maysat the designt $age erase, a

sinple s ' r may be

ncor por LA ifpor bR or bd e b Bl SiERSE vpEsT T

PCT/ US00/ 21338 surface of the closing plate, suitable for either nmanual or
aut omat ed pl age A ' - _pej S a

vari ation of %%%@gdogtﬁ ggﬁcgeee@%%%ﬁhgﬁ% ,%fog ‘ﬁg%ﬁ%giﬂ{]ggﬁ% e CaN be the
st at i onacympeepoaenthe amerted pressues vessel beabs gértically thevabler dompahény bymancabl e.

Soen s il Shend pRRARCoRIoBBR Vot SR b efpisl Bleclhed A T °

~ thi s appfThereareansiderariins suelt ascthée heed far flexible process connections to the pressure

vessel that make this approach more difficult to execute and operate, but it retains the
benefit of a shielded lift and lock mechanism, and avoids having the robot or conveyor
system having to supply the vertical component of insertion and removal of the wafer into

the pressure chamber.

In an alternate embodiment, the basic structure of the invention; the open support
framework, shielded or isolated closing plate lift mechanism, movable closing plate, and
stationary pressure vessel, can be designed, constructed and operated in an inverted
manner, with the stationary pressure vessel having a topside opening and the shielded lift
mechanism and vertically movable closing plate being on top. While the gravity assisted
benefit of placement of a wafer or wafer cassette on the closing plate will not be present,
the benefit of reduced probability of contamination from the isolated closing plate lifting
(or in this case, lowering) mechanism will still be present. In this case, a simple suspension

system for the wafer or wafer cassette may be incorporated into or attached to the interior
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stationary pressure vessel. But it retains the benefit of a shielded lift
and | ock nechanism and avoi ds having the robot or conveyor system having

to supply thgoydgidrs¥al conmponent of insertion and renoval e&risBeisdser
into the pressure chanber. Referring again to Figs. 4 and 5, the pressure

vessel systemincorporates -a rotate- to-actuate |ock plate, instead of the
| inear slide blocks of Figs. 2 and 3, explained in nore detail below The

t'op base plsaifgce 6f RQIdshR! pidté, 30itddR foP¥ithePmameil o AitGaALEpihdemeaCindirkMbvap| at e
7 and bello barrigr, 3 of Figs. 2 and 3, with respect to isolating or
shi el di ng [‘%@‘W‘E"F @Pe PIOCEe%nd | ock mechani sm from the process
environnent. The open framework of the pressure vessel support nenber 4,
| i kewi se acconmpdate a_horjzontal wafer pass-through conveyor system or

robotic placenefft aagatiemel the Yrvoatapae apbodipent she slosisralste can berthgs. 2
and 3. Upp@fatimlcah@t)&g7 ahd tlﬁwgm,gldf%m C&YVBE WRHREAY mdVe er Z’r‘é’z’én yhi ch

are attached _to |l ower base plate . Locking rod 9 1s a cylr] menber
securel y atvesistiyompwable peessuge vesseltcseatesipecialreayitiments such jas Alekipledpracess hr ough

Il ock pl at e cddnedtitths | t8CtKe QJréhﬁe S‘}émglrtﬁatlﬁalfe!-#l{ig 2 aﬂh!%"‘)r@bfeﬁlaﬁpgl}agtsid 3 to

within locking rod 9 and I's operable to _l"ower “cT osi ng
and from s&tationagy pressyte vessel.tBut it retaing whe beaefit offa shidldeddifcarddnciomedhagisinj f t

hani . £ i ncKi
o ext enel Y aViis it Fobo Bf G St eihe NPl JE RBEH Ehmponch ' "0
cl osi ng pr efinsertion amaieinaval othe ovaferintp ket preséfire ichanibernl y secured to the | ower

end of locking rod 9 in a non-rotational manner. The perineter flange or
outer edge of clanp plate 10 is configured wth uniformy spaced | ocking

| u/gs 17. A cor rkwhgiagg'nrto&'@s%hﬁ&B,Qhﬂpie&uk@(ﬁjdﬁsdﬂsﬁdt@n ]inéorb(;ﬁ'lateié roffde- g
01/ 10733 PCTI US 1338 . conyegsely coptigure .th_internally directed,
uni formy g%ﬁ%{@%{"glf B@f& H‘@tef’%ﬁéﬁ‘ig‘xe”lféﬁée g‘ﬂ?‘?it‘?ﬁ%‘gs'r 2i‘“§‘E ?’o‘i"abf‘@dt‘hmh a
limted ar dethibbslown The ko bdse Emteomﬁdsdmﬁintﬂenawas drefanaREAR%0 idoRRiGR PlaRPSi Ti on
on | ocki ng,pl ﬁ?gé sugjport 1% %/ actuators 15. The center opening in |ock
plate 11 i d'and bellpws Pappier 3; of Fi saﬁﬁ“éipa\”ﬁh 165P%ch &p splating, geshiefding) theovestical
vertical | ylifthindUgtk InRkanism from the process environment. The open framework of the

pressure vessel support member 4, likewise accommodate a horizontal wafer pass-through

conveyor system or robotic placement and removal of wafers, as in the embodiment of

Figs. 2 and 3.

Upper base plate 7 is supported by lower support members 13, which are attached
to lower base plate 14. Locking rod 9 is a cylindrical member securely attached to closing
plate 3 and extending vertically down through lock plate 11 and lock plate support 12. Lift
mechanism 6 is enclosed within locking rod 9 and is operable to lift and lower closing
plate 3 to and from sealing closure with the lower end of wall section 2. The lift
mechanism may be hydraulic, threaded screw, or any other manner of jacking or extension

mechanisms sufficiently robust to achieve the required closing pressure.
Locking rod clamp plate 10 is firmly secured to the lower end of locking rod 9 in a

non-rotational manner. The perimeter flange or outer edge of clamp plate 10 is configured
with uniformly spaced locking lugs 17. A corresponding rotate-to-actuate lock plate 11 is
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plate 11 when their relative rotational positions place lugs 16 and 17 in
alternating positions. After lift nmechanism 6 has el evated closing plate 3
into seal imgopmnszaact with wall section 2 so as to conpl R@E/WSIW23BHsuUr e of
pressure vessel 123, actuators 15 can be activated to rotate |lock plate 11
So as to advance its lugs 16 squarely beneath corresponding lugs 17 of

clanp plate 10, thus providing a nechanical lock to the closure of
pressur econeersely dobfigated iwith inteenally disecters unifermdy spaceredodkinghlugs t@lLdckcki ng

mechani s resent.ly, kn ol ' , . L1 hi e scope
of the ; Peterh Baoiaps iy ihed i Wt 4 AR ERLARH olfifh fhd W ebbchls® 27OPC,
Figs. 2 ieokkd3payitipnloe lacking platetsoppdne12)by ectadtorddSi The cdntdfiapening imivgk5. The

i nvention,. includi t he. embodi,nents angd .e es . Jde | and.i]lustrated
her ei n, &ﬁtﬁ lgt’ﬁéﬁzg‘i]g’nﬁmcﬂ)mpn%latfggaﬁ"? ﬁgal“)ggfrge)!r?t assv%g\ga!rlllgq\g\ﬁofl gl? % he scope
of the iplyenil ahen ahar rdistivel ratationdl hsitibod plave twgst Hosad JdKi inl elternatinghe art,
has many agdvantages over the prior art. In particular, there is the use of

the covePSBIPME| osing plate as the platformby which the wafer is
vertically transferred into the vessel, whether. from bel ow or above. There

Is also the, use of the open or ci.rcunfrential. support frane which provides
t he oppoAferdiff meghapisme hag G‘%V%‘E‘\[e%b?‘ﬁﬁp B?Qr?ﬁorfﬁﬂlqgé’%g‘laﬁrﬂ?ﬂhﬂggﬁ"é’g% e that
hol ds  t hg, Rt6 SaHplete (RSAGr ST Preshs vésgel L3 RtualoBOFS dafiibe atviviatdd 16 Fetite €S
isolation and shielding of the lift and | ock,mechani ‘g]& L@gﬁleguced

cont ami nieek Blateok] so1g8 tarpdyancs dts b1 1P SaHARRlY bengath coEEsPPp eftampor a
pass-thr @H&h 0, ﬁlﬂ@ﬂr%?iﬁfngsaér(ﬁj&ﬁﬂﬂi&{l 18R tHeCcldsBRUf Presitire V8l AL AnkHEthEeSSel in
e. n

it
a production no addition, the preferred enbodinents illustrate a
hor i zont priobsss siyelei Athernmenbanicshloghing amechapigms, rpfesentx knawm ot ssnpaeben of
Whi ch T egyiil it i s¥ope o fleSnPEnti¥iE FOP bkadibld, the i€ foék Blocke offthe 01/ 10733
PCT/ USC&@%%%%CEJ&%\%{“?F' be prieal iez!éd,n The 1 nve teit’_on' | S capabl e of other and
di f f er enemldboetit wEFigs 2:and 3imay bsadanted todks general design oBBigs |4eandS. nodi fi cat i ons
i n various obvious respects, all without departing fromthe essence of the
I nventi on. o ) )
The invention, including the embodiments and examples described and illustrated

herein, and others that will be readily apparent as being within the scope of the invention

and the claims that follow to those skilled in the art, has many advantages over the prior

art. In particular, there is the use of the cover or closing plate as the platform by which the

wafer is vertically transferred into the vessel, whether from below or above. There is also

the use of the open or circumfrential support frame which provides the opposing reference

surfaces for exerting the clamping pressure that holds the pressure vessel and closing plate

together, which enables isolation and shieldidg of the lift and lock mechanism for reduced

contamination of the process environment, and facilitates the use of a pass-through

conveyor system or robotic loading of the pressure vessel in a production mode. In

addition, the preferred embodiments illustrate a horizontally sliding mechanism and a

rotating lock mechanism, each of which require a relatively simple drive motion to

execute.
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For exanple, there is within the scope of the invention, a pressure vessel
system for conducting industrial processes consisting of an open support
frame, an i mweuti/mdspressure vessel affixed to the open suppcrusdrmse, a
vertically novabl e underside cover, and a nechanismfor noving the cover
bet ween an upper cl osed position against the inverted pressure vessel and
a |l ower open position bel ow the pressure vessel, where the interior of the

pressure vessel Anwill bt eealiprds thepiavomsion it epableaf rothein and idiferent cambedianentse
pressure Vﬁﬁsi |seyeral ﬁﬂ§ hl@ecﬁﬁﬁa dé@f R6difiFioR] ﬂ%ﬁéus%‘(rioﬁ?ﬁgﬁéﬁs, ‘ﬁﬁ%tﬁ?ﬁ{el ivery
and renova Jects process occurs, as we as actua

pr ocessi ngdepnmnaﬁbmthheﬂsem&frﬂieer,lveammdl ments of the invention may incl ude
a relatively independent nmechanical |ocking system|ocated renote of or
away fromthe process environnment, where the |ocking systemis operable
bet ween a | ockdtbr pxmpie, @heraisdviﬁlin thestapelo€ the ozntionya prdssure yessel spstem fors i n

t he cl osed si.tion In the |ocked posidtion the ver hani cal |y
Const 1 a; netPrOge iR dtustit brdess RichREBRSr dn Hhen, aitpoft s, an e BECPRRUES L
to the strwsselraffixedasithe opemiippont fiame) pevertically enwableomdemdercdmylaﬁg asystem
mal function. ,The furpose f the.l ocking system 1.n art. to satisfy

typi cal go’\l?gﬁhﬁ?r‘éﬂt H&‘:‘W ‘ﬁ%&%‘ﬁé’ﬁ%ﬁ% agd‘Bﬁ?’fo‘ﬁ“F% posi 8‘&@8?’?%3% in
i ndustry. piessarewebsefl atidldioivetspeipaitiont beloW the pressued veskes, wmeﬂiel iferibeof be

adapt ed or ada tablefo use with a robotic ohj.ect handling systemor a
conveyor st€PERIUST Vessr) 28 F*FsP‘F"Grb“B‘léqu@r‘f"HEf‘Bllﬁ"élz“t@e%&’é‘ﬂﬂ’&s?’%sé‘ﬁﬁ?&ﬁﬁuctor
waf ers or NRbflideabRhd e précesd)envifoRmeht Rhery ASIHRLy and teMbvhDbf ﬂk%fe‘é&' ng in
the pressure vessel. The optinmal adaptation withrespect to

capabi l it |‘€§1°’bﬂf°§qq%°quKﬁe¢FtWQ!¥Psa\ﬁB‘&1H°Q§ﬁF&y the pressure vesseI system to
supply or support sone or all of the vertical conponent of novenent needed
to insert the object under 1{L;Oocess into the pressure vessel. 13 WO

01/ 10733 PCTNSGY 2 furtier exampleqembediamenteppfcthe dnvestipamaysinehude (e relativelyt i on
may Pl OYinhdilielf Hﬁ%ﬁ#ﬁgﬁs RAP I Hggsﬁmpwed%b@aé 8t awhy Hdi i BfieSssand

actuators, ere t Cks are
environment, where the lockmg system is operable between a locked position and an

‘l."LL

unlocked position when the cover is in the closed position. In the locked position, the cover
1s mechanically constrained so that it cannot be opened accidentally by process pressure up
to the structures design limit or by operator error or cover moving system malfunction. The
purpose of the locking system is in part to satisfy typical government safety requirements

common to pressure vessels used in industry.

As a yet further example, embodiments of the invention may be adapted or
adaptable for use with a robotic object handling system or a conveyor system of any sort
for delivering objects such as semiconductor wafers or wafer cassettes to the pressure
vessel system for processing in the pressure vessel. The optimal adaptation with respect to
the capabilities of the invention, would employ the pressure vessel system to supply or
support some or all of the vertical component of movement needed to insert the object

under process into the pressure vessel.
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sl i dabl e between | ocked and unl ocked positions. As yet another exanple,
enbodi nents of the invention may enploy a | ocking systemconsisting of a
| ocki ng .r%P;,mc;‘%l i nder extending vertically bel ow the cop@fuseaRfdsf
non-ratable locking rod clanp plate attached to the | ower end of the

| ocking rod, where the «clanp plate has externally directed hol ding | ugs
uni formy spaced about its perineter. A horizontally oriented and rotable
| ocki ng pl at eAk sndthéradxampley ebddanérrs ofilie hmzvniibxahiaﬁ eRipRiYObotking Gystdd® open

support frame below the cover,. The, lockin | at e has, a ¢center opening and
cent r al | {5188 OBBQSNE PQJEQPWB sﬁ@@%-[’éﬂ?f‘? apd _ 5% cuhers, he sliding g‘é’ﬁ'ﬁ-’er”eopeni ng.
When t he glidaBlelbeiiebeR Icdk&d dnd unibckedposiibcked position rotationally, the

| ocki ng lugs and the holding lugs are msaligned so as to provide

cl earance for vertical travel of the clanp plate through the | ocking

plate. The ce QREEkr NStample! BRbOdHnEMS Of Rhé rivehtitiNmay | t np plate
and | ocking ?%)gétt 0 pas;&ﬁpp‘fhrough' tﬁe 1 ocki ng tpI a{ng&\fhmgﬁ)ytﬂgmﬂj er is

moved t osystem eqngistieg offolorking Frd orieylindee kxtargling wartically delowt thacoves, andra causi ng
partial. hotRhdeiliosind {6;@%}43@@:1&99 8 1o{fielovRf End b N BEAGRPRRY hol di ng

| ugs, thus nechanica oCkl ng the cover i n close posT t1bn. er and
vari ous elainpgiate hassextémallyedirented hplding lugs wnifosmiypspacednabontoits pesietsrkAl | ed i n

o ARl AN 0GR S AFAE e o o T
B e e e gl
?ﬁCer t ed® Vré@%ﬁf@ctbe@giﬂg;?’ﬁ 9@@@5’35%"5‘?%5@%%&8’&%{ ° %ﬂﬁe,&{'ﬂ'%rt ically

movabl e (5eking plackeis trDthe funloaked poeisios rdtationalby ithedlocldnglluge aml the kéMingugsn upper

c 05¢ P55 hadf 7035 NS D 56y A e 7"

locking plate. The center opening in the locking plate then allows the clamp plate and

locking rod to pass up through the locking plate when the cover is moved to the.closed
position. The locking plate has actuators for causing partial rotation so that the locking lugs
are aligned beneath the holding lugs, thus mechanically locking the cover in closed

' position.

Other and various embodiments of the invention will be apparent to those skilled in

the art, upon full consideration of the description, figures, and claims that foilow.
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of said pressure vessel and the space between said cover when in said | ower
open position and said inverted pressure vessel conprising a process

envi ronnent .we@ei1bhe pressure vessel systemof claim1, furtkerusmommssssing a
méchani cal | ocking system |ocated renote of said process environnent, said
| ocki ng system operabl e between a | ocked position and an unl ocked position
when said cover is in said upper closed position__the nncifinn naecaid

cover being necgpArmst!y constrained to said upper Mﬂﬂ when

sai d | ocki ng system is in said | ocked position. seI
systemof claim2, said systemfurther conprisi ng g said
process envi rorw@rg;m,ﬁ_rom said nmeans for noving said cover and sal d | ocki ng
system 4. The pressure vessel systemof claim3, further conprising nmeans
for applyi ng heat to said pressure vessel. 5. The pressure vessel system

of claim 44 H‘re \%\éegék;l"%téﬁﬂ)gc Qt?n 1H¢'ius %’cébgeseﬂaﬁx rilifig | eving pressure

in said press hen seal ed ressure vess | system of claim
5, further conyanicpemgeppertdtameor | nserti ng and r enovi ng process, i ngredi ents
fromsaid pressyr. I I N PCTNS00/ 21338
Lrrrr~er rrnd Ye‘f@ﬁ%ﬁsﬂ(‘?@%s&%ﬁi@ﬁéo %?deés(ég" %"vesse *system of cl aim 6,
adapted for usen vartidally moyblie undecsijescoverhamtll i ng  system for deliveri ng
objects to said e vessel

pressure vessel™ é%’gtfgfn'%&'goﬁ%%%&ngﬁgﬁ%o p% %ﬁ’#‘fﬁoﬁn%ﬁ%ﬁ%r as‘@stem

for. deli viaverteg préqsmMssbbmdan !dweryqienrpoﬁmon pe!oaemﬂlpmgsura vesseld therintedon e

vessel . 9. Th ressure ve m_of aim2 s ockin
conpri si ng°f05"§gl PSRYe v ﬁff?i/?@srfﬁ% g‘ff’ ﬁﬂ’ %‘f SOVEr Whep lﬁéf'ﬂé?‘ﬁ?rs"pg’sﬁ%/ﬂ'% i di ng
bl ocks bei sigf saidiifivipled phesiure esssel corapriking oprisedds pnvirohmet. and a sai d unl ocked
position. 10. The pressure vessel 'systemof claim2, said |ocking system
conprising a | ocking rod

2. The pressure vessel system of claim 1, further comprising a mechanical locking system

located remote of said process environment, said locking system operable between a
locked position and an unlocked position when said cover is in said upper closed position,
the position of said cover being mechanically constrained to said upper closed position

when said locking system is in said locked position.

3. The pressure vessel system of claim 2, said system further comprising a shield isolating
said process environment from said means for moving said cover and said locking system.
4. The pressure vessel system of claim 3, further comprising means for applying heat to

said pressure vessel.

5. The pressure vessel system of claim 4, further comprising means for applying and

relieving pressure in said pressure vessel when sealed.

6. The pressure vessel system of claim 5, further comprising means for inserting and

removing process<ingredients from said pressure vessel when sealed.

15



extending vertically below said cover, a non-rotable |ocking rod clanp
plate attached to the lower end of said |locking rod, said clanp plate

havi ng ext directed hol'ding Tugs umiformy spaced,ahgdshai

peri meter 1&é%§g¢7¥%ont ally ormmmjm m| j e | ocking pﬁ’at e ?%it%fi ngly
attached to said open suppor | 1 I,Im,m'd cover, said locking plate
having a center opening and cerftr&l |y directly |locking lugs uniformy
spaced about. said center opening, said clanp plate passing up through said
| ocking plate when said cover is noved to said closed position, said

| ocki ng P} dhe pressureyessed systamy pEclaigy 6.cadapted £or yise withja rebatist abisst drandlingj d

| ocki ng S Al bk 2| | cking lugs are
al i gned B %}@gﬁ;&@\%ﬁ gﬁ%}?ﬁ% %g&@&ég&;@;&%%ﬁ%ﬁ%ggﬁgﬁg?ﬁ?I on wherein
said locking lugs are msaligned with said holding lugs. 11. A pressure
vessel systgm i’e%%urp LOGESSAeM &F ciif"h CRRPHE Bl uWohRE 3 dofivéor \Lﬁk?{n? A1 cal
fluid environmen , conprrsing, an open uppor%1 frame, an”inverted pressure
vessel afdtliveeidg bbjectmiockaidsysters fippoodessinginsaid peessoee vésgehl | y novabl e under si de
cover, means for noving said cover between an upper closed position against
said inverted pressure vessel and a | ower open position below said

' pr essur e 9v @he qiressirbievessel eystemt of thin\2, Ghidl Déldfg Isystérh | icbinpdisihg loppdsingl | 11111 -

pet ween AP ST A 102aaters g ok SRS fng 0BTy oBlenh 10T oo

pr essur e lockedpdsitionand a sdidanlacked positien. envi ronrent, a mechani cal | ocki ng
system | ocated renote of said process environnent, said |ocking system
oper abl e between a | ocked position and an unl ocked position when said
cover is lO.nTMrdsska%ésepégﬁﬁﬁﬁbmth, Qid 1bdkéngPsYstedni cOpfiking @i 16ckeRvRE bei ng
mechani cal ly,, constrained tqQ said uopper f' Oi?d g&)sitiop when sai d | ocki ng
system i gxtending yegtiqallx bgéaw sf)‘8§Pqu=cﬁf,’ n ble loc ate attached to the

lower end of said locking rod, said clamp plate having externally directed holding lugs

-rota ng rod clamp p
uniformly spaced about its perimeter, a horizontally oriented and rotable locking plate
rotatingly attached to said open support frame below said cover, said locking plate having
a center opening and centrally d'irectly locking lugs imiformly spaced about said center
opening, said clamp plate passing' up through said locking plate when said cover is moved
to said closed position, said locking plate having actuators for causing partial rotation of
said locking plate between a said locked position wherein said locking lugs are aligned
beneath said holding lugs and a said unlocked position wherein said locking lugs are

misaligned with said holding lugs.

11. A pressure vessel system for processing of semiconductor wafers in a supercritical
fluid environment, comprising, '
| an open support frame,
an inverted pressure vessel affixed to said open support frame,
a vertically movable underside cover,
means for moving said cover between an upper closed position against said
inverted pressure vessel and a lower open position below said pressure vessel, the interior
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a shield isolating said process environnent from said neans for noving said
cover and said | ocking syst i | ying heat to said pressure
vessel , neayg of/f733 nserting ﬁmﬂgmwﬂmﬁess i ngr edi enPETWSOIAA3Br essur e
i'nto and from said pressure L s ed. 12. The pressure vessel
system of claim 11, adapted for use with a robotic object handling system

for delivering objects to said systemfor processing in said pressure
vessel . 13f saihpreguresvessebandeths spacs petwesn seid cdver whérllin sagidpweriofenpositien wi t h a

conveyor system for , deliveri hi.ects_to said systemfor processing in
said pr es§%‘f@“@§§@?@ﬂ’.fe Wégi%?‘g’géﬂ’?%a e}gggsgﬁn‘gvgﬁ%h& of claim1l, said
| ocki ng syst em aeghdnical hepkingpsysienglocited irémote adf said process eneirbsmandsaid

actuators, said slidin l,ocks bejng slidable betweep a sai.d |ocke

o5t t1 on' Jang syem SRRRbEEP B lobfd posion pad a5 ik PoRiGL ISy o
claim 11, cswk s liPGAill Rippéry SloSed FEARIVRI $hengosﬁidn06ﬂ<$aﬁkﬂ cbadt beiigh aechaRitally
vertically below said_cover, a non-rotable | ocking rod clanp plate attached
to the | &onstraigedtoysaid Jipgen eesed Rpsition, when snidjocking sysiem Waim s docked nal | y
directed ?g;-t%nng lugs wuniformy spaced about its perineter, a horizontally
oriented &nd rot able locking plate rotatingly attached to said open
support frame ®shied/isolatiag é@gerqcegaﬁnulrwmqm frgmsrig racans forpoving saiheqver openi ng
and centr - (i cking lugs uniformy spaced about said center
openi ng, ?A‘%%“&g\bgﬁ@%ﬁ‘a"%’g passing up through said | ocking plate when said
cover is novedmeans ferapplyingdsaitosaid prasswe vessald | ocki ng pl ate havi ng

actuators for i ' | : . 19%:1 “Pgw&ﬁ(h]cﬁﬁ%

sai d | ocki ng pﬁg#‘gf%gf‘%g% %hsré@{’j@{'%gﬁg%gﬁ SI tl%ﬁg'n e%%ﬁ Sl ockl ng | ugs
are al i gneald ptessnesanelasel wheh $ealedi ng | ugs and a said unl ocked position wherein
said locking lugs are msaligned with said holding lugs. 16. The pressure

vessel systemof claim1ll, said neans for applying heat conprising heaters
Wi t hi n sailf Thegsessure vessel Spstem ofilaim &b adapted fon useavith a sdbotio objects bandling

system for delivering objects to said system for processing in said pressure vessel.

13. The pressure vessel system .of claim 11, adapted for use with a conveyor system for

delivering objects to said system for processing in said pressure vessel.

14. The pressure vessel system of claim 11, said locking system comprising opposing
horizontal sliding blocks and actuators, said sliding blocks being slidable between a said

locked position and a said unlocked position.

15. The pressure vessel system of claim 11, said locking system comprising a locking rod
extending vertically below said cover, a non-rotable locking rod clamp plate attached to the
lower end of said locking rod, said clamp plate having externally directed holding lugs
uniformly spaced about its perimeter, a horizontally oriented and rotable locking plate
rotatingly attached to said open support frame below said cover, said locking plate having
a center opening and centrally directly locking lugs uniformly spaced about said center
opening, said clamp plate passing up through said locking plate when said cover is moved

to said closed position, said locking plate having actuators for causing partial rotation of
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17. A pressure vessel systemfor conducting industrial processes conprising
an open support frame, a pressure vessel affixed to said open support

frame, (?F’%*?Q%I |y novabl e cover, nmeans for noving sai GpcgRISEIIBRE Ween a |
cl osed pos gai nst said pressure vessel and an open position spaced

away from said pressure vessel, the interior of said pressure vessel and
t he space between said cover mhen I n said open position and said pressure

vessel compn é&dﬁ%gpls el Jﬂ?&ﬁ $ GRVIoEIRa PoSition WhERH S Rx%kmé Q6ge 410 afiidem

| ocated reno rocess environnent, said |ocking syst em oper abl e
bet ween heeathksaill poldingi lgs andjaawdumlwwémﬁw pihereinpaich lacking lugvawer is in

sai d cl os tion of said cover being nmechanically
g%ﬂlgﬁ X ngglp%ld lf«h&n ngk

constrain close osition when said |ocking systemis in said.
| ocked position, a shield isolating said process environnent from sai d

means for sal v, | Q6K T, ure
vessel QQ{TE %sg?%?ﬁg%%ﬁ EtF Wlﬁmcglﬁpéraﬁs%‘lgg‘ssn%gn m%%gf)tp | ng eat to
sai d pr ehedsére withinsaid. présSure Vesselgpanectable to ansext¢rnal powensoufcec| aj m 19, further
conprising nmeans for inserting and renoving process ingredients under
pressure from said pressure vessel when sealed. I!'11ILEIT TR 11T 1111111

L s 18 i19. A pressure vessel system for conducting industrial processes comprising
an open support frame,
a pressure vessel affixed to said open support frame,
a vertically movable cover,
means for moving said cover between a closed position'against said pressure vessel
and an open position spaced away fr.om said pressure vessel, the interior of said pressure
vessel and the space between said cover when in said open position and said pressure

vessel comprising a process environment,

a mechanical locking system located remote of said process environment, said
iockirig system operable between a locked position and an uniocked position when said
cover is in said closed position, the position of said cover being mechanically constrained

1o said closed position when said locking system is in said locked position,

" a shield isolating said process environment from said means for moving said cover

and said locking system.

19. The pressure vessel system of claim 18, further comprising means for applying heat to

said pressure vessel.

20. The pressure vessel system of claim 19, further comprising means for inserting and

removing process ingredients under pressure from said pressure vessel when sealed.

* c L moSs *
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