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Abstract: A pressure vessel (1) for use in production processes requiring
el evating and rangi ng of tenperatures and pressures during the process
cycle, readily adaptable to production |ine operation, suptelyhary ¥ waf er
processing in the sem conductor industry and for other industries and
processes. The pressure vessel (1) is configured within an open support
frame (6) with a stationary, preferably inverted, orientation. The cover
or closi BER RRESSYRE EESSER| WITHHORIZONHAL FHROY GHUI:QADINGhe
pressure vessel (1) and functions as the platformby which the object
under process is transferred into the vessel (1). The noving and | ocking
mechani sm for the cover (2) is isolated and shielded fromthe process

envi ronment .
Background of the invention

Technical field of the invention

This invention relates to pressure vessels used in process operations requiring
exireme cleanliness and operated at elevated pressures and temperatures, and in
particular to pressure vessel design and closure mechanisms that facilitate easier and
cleaner loading and closing of pressure vessels used in automated wafer treatment

processes in a production environment.

Backeround 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
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One method of manufacturing Microelectromechanical systems (MEMS) based

devices is Sacrificial Surface Micromachining (SSM) or Surface Micromachining. In a
simple “anchored” SSM silicon based production process, there is deposited on a substrate
such as Silicon, a sacrificial layer of material such as grown Si0,, silicon dioxide, or some
type of photoresist material in the case of processes for stripping photoresist. The
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 of
the rinsing liquid that is trapped between the "released" structure and the substrate surface
a capillary force is generated that pulis 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.



Systens) devices where the process agent is carbon dioxide in liguid and
supercritical form Oher sem conductor related applications with strict

cl eanliness requirenents, such as photoresist stripping, wafer cleaning,
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generation upon closing, closure nechanisns that are not suited for quick
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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 all
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



car bon -di oxi de introduced for about 15 m rutes, during which tinme the

nmet hanol is rapidly absorbed into the |iquid carbon dioxide and carried
out of the pressure vessel. Wen the vessel cavity has been entirely purged
of nethanol and is conpletely filled wth pure |iquid canslrebrugiy@Rdde, heat
is applied uniformy for several m nutes, causing the carbon dioxide to
transition to its supercritical phase at a tenperature higher than 31.1
degrees ., centi gr.ade. and ressure of higher than 1073 psi, in which it has
no surf%’&@ldtn]@}‘éi%ﬁ?a’rﬁ@?eda o %en‘@aff%?rmgc 6 SRPRO A ERSigh Biocare e fdosigs sel
cavity ifechibids hlaffl tRAE 15¢'BRYWE bhd kitAleraliR bimbfster@d JR50 BEHR BHERS Ul whi | e
keeping the tenperature higher than the critical tenpetature of the carbon
di oxi de mayuglhaasomphshed tindtroddes Mbt dodouis alsodadkingthe aplepiaadsyrefuadredebyi s not
generated. and, stiction is avoided conpletely. It is at this point that the
benefi t 1164115{;%“ d@%‘fégggfewgﬁrfsifg'é@f)gﬂlonﬁecgufrg’&ﬁ‘i“ﬁ/ vapor interface occurs
during this transition to cause unwanted surface tension. Qther processes

| i ke photoresist stripping or wafer cleaning in general, which use a
process agentnithe pewduelinn setynguised suderilyp dhe pressusalvessel is loadas sy weitigal t o t he
VENS dr yj In far as y..als | yv. the process .agent to the
vessel '%é&gmgll%rmﬁ%?a myoééﬁ& ° rpé)?t ?fittﬁglsflglgdgblg&?ﬁel rey(?rnodro tg‘? é’[)%fergﬁjglngl\/B
process prdeeselonsl issunteaded 8¢ redbr&sactivaMPharyssElos t@pitallya@pbddCmt angallyi t h
gaseous 1] ui d, End sigper critical process agents where extrene cl eanliness
and hi gRoltmess asshieneally darapias theproresswrese! flanegs and jts cowsy dlangesingrtbers

pr obl e ink fnd A& ADAL 35,3 is Yt ar?a?,g ' to
make t he proces@ﬁlsuf%ﬁci ent ?5%%¥?9%$@%| e %tgg e F@?éeﬁgg)f %)Spboglgg%i(vn a

pr oduct ian prexrevior mtnodmting Paticdlate cmtarsinaten dué t@kheemiclianiaal égerdideoand nto a
production. line wth_automat ns f.or inserting and remvi ng wafers;
Pher e 1 SO aeatog 46 SUPE medheen: L PUHEHEr'S SERATEA TBmSIRURY QAP Bos
l'iquid epelg bsd PROREGNDREviRehkdte, WRl ShevitdblyNEbritfiRinkfe@NAO Fhdte®Mls WeftpST er
process; the closing mnechanismis manual ahd too slow, and the serially
adni ni secesped teppmedegréte process are nmanual |y acconplished and too sl ow.
The device is also | acking the safeguards required by industrial standards
and regul ations for production requirenents. In the production setups used
currently, tMheg egsati@aieSee€lofiparticadl ebnbdtn Vi@l the Gahicopiaaemaiuséyr augh an
open top port of the same gr |arger dianmeter of the wafers being

pr ocess&¥EN HAY AEoyHs gigaHligignt wyplagee prodipgngualifie ayd praductien effisiqngicsy

cl osed Whééﬁﬁ%lﬂeﬁme%?%%laﬁfhi%gt e. fsla¥e %ﬂﬁ%&ﬂa&&]%r%ﬂ&e&& Essel

fl anges and i1ts ‘cover es t r o arou perimeter to forma
pr essur ersimation fitnipeseapiha rcahtasmisnibnmedbiesiak atyply pldved lin 2! fse-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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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 of said pressure vessel and the space between said cover
when in said lower open position and said inverted pressure vessel comprising a process
environment, a mechanical 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, a shield isolating said process environment from said
means for moving said cover and said locking system, means for applying heat to said
pressure vessel, and means for inserting and removing process ingredients under pressure
into and from said pressure vessel when sealed.

According to yet another aspect of the invention, there is provided 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
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sai d upper closed position, the position of said cover being nechanically
constrained to said upper closed position when said | ocking systemis in
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means for noving said cover and sai
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.

The invention is able to provide a pressure vessel system with less risk of
contamination from closing and locking mechanisms.

The invention is able to provide a pressure vessel system readily adaptable to

horizontally oriented wafer transfer or handling systems, where the vertical component of
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The invention is enbodied by a pressure vessel system for conducting

i ndustrial processes, suitable for applications where extrenes of
cleanliness, tenperature, and pressure are encountered, and adaptation to
aut omat ed production systens is inportant. In its sinplest Felupary2¢Gd i s a
stationary pressure vessel with connections or ports through which process
materials or ingredients are delivered and renoved, in conbination with a
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vessel is ac |.i shed. or, .s orted by the pressure vessel d Lid. closing
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| ock meeh@iRyersd pigsesic se3seer  open position and an upper ciosed and
I ocked posi tkgp 0?1%?"o%fetcti{r&ean'aoéﬁklgnt%estm}n!: Bye%éﬁteiqw/ention 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.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cut away perspective view of a prior art autoclave quick opening door

mechanism.

FIG. 2 is a side elevation of a preferred embodiment inverted pressure vessel of the
invention with linear slide lock blocks, with the vessel closed.

FIG. 3 is a side elevation of the embodiment of Fig. 2 with the vessel open.

FIG. 4 is a side elevation/cross section view of an alternate embodiment of Fig. 2 with a
rotating lock plate.

FIG. 5 is a section view of the rotating lock plate of the embodiment of Fig,. 4.



pressure vessel, and where the open support frame i's configured with spaced
apart uprights that permt bi-directional horizontal access to the top
side of the cover when in the open position, and where the Lift and | ock
mechanismis | ocated below the cover and is nechanically P @d®t r om

di rect exposure to the top side of the cover and the interior of the
pressure vessel. The invention is able to provide a pressure vessel system
where the lift and | ock nmechani sm has horizontal |inear sliding blocks for
| ocki ng the dWRERIBTIONIF I4H RRERIRRERENBOPIMENT nverted pressure
vessel. The invention is able to provide a pressure vessel systemwhere the
lift and | ock nechanismhas a rotating lug | ock systemfor |ocking the
cover up ti glhEheaigaémivh ik Rsdeptible toqhartyhearidneas.t Rekopdiagisytie 4QSs@s ard i | |

ot her Ot%]]ictl ves and ad%tgnt age§ of the Lgmesent invention Wl become
readily 1o chpjionnefs thesRicfarsd smbadimentagre dipclpsedes Hiwshptivegof the

descri ptlh\%%twﬂma‘iﬁ%} P8, B@l’cﬁhsﬁ?@d"%&reé’tﬂ%&esc“ bed a preferred enbodi nent of
the invention, sinply by way of illustration of the best node contenpl ated

by us on carrying out our |nventi on. BRI EF DESCRI PTI ON OF THE DRAWNGS FI G
| is a cut a ctlv wof or art autoclave qui ck op n| ng
door mchan?@%ﬂpﬁ’{ E‘-iggfn}bé’ dﬁalrﬁ?r@\?g Pohssom the semieandueior

i nVerte%h@fo%?s*ﬂrsﬁ'lﬁf)ﬁﬁgs%hrtMe Feﬂi‘)val et Q LD, LbRERY of I8 l(gghnlgb..l)pcks

with the vessel closed. FIG is asid eeevaﬁlono th ee nt of

Fig. 2 WEMS ﬁ@%@%@ﬂd@m apﬁllt@tzons net a(pbmdlar re¢dioaied bevec thos 3156 podcesn vi ew
of an al t odlrrento rrotating,l ock Iate FIG 5 is
o soct | RODT LT BERRRETR e Ry M s ofpnt i e o o siberrsealy. 7 s
Febr uar phae04/itbiGRHIN $iNsBle bl fRR-FRERER EVRON MENY rEheiré A WeH dddfed S
suscept i ?I e to many variations, Accordingly, the drawings and follow ng

descr i p©f Blsarlfness, ang puisidhe adapiahls s pnematedrlpading anchenlopding $q astetfrcilifatee of

e o Gty 01 L0 be consLiued ac rostr oty e, The preferrea
photoresi st stripping, particle removal, dry resist develop, cleaning of

wafers, dryi lf{%fé)ri‘ing to Figs. 2 and 3, a first preferred 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.



MEMS structures, and other applications not explicitly nentioned here, that
use process agents in a high-pressure process with the process agent in
gaseous, liquid, or supercritical phase, with or w thout possible

nodi fi ers. These processes typically require a high degree FeBRag 2894 i ness,
and nust be adaptable to automated | oading and unl oading so as to
facilitate high production rates. Referring to Figs. 2 and 3, a first
preferred enbodj ment utilizes an inverted pressure vessel 1 rigidly

nmount ed at t A@ thisgapbadiaents clasiag late Paisysuppederh aad yepiselly niovedebetgeennot

h . S £ bt ' .f 1 ui d
From ¢ REchasapaInyoRlty RERE A0hER R A% LTI DMREORR R | °°

requi r eadod end eodingyplate? Wy askdsyn bawpar gicdraadckied pesmsiss. Vertically
novabl e vessel closing plate 2 can be alternately described as a
vertically renovabl e bottom plate, and functions as an open sided base or

pl at f or m upomEPAKInE MinBarBHE TockRS &S CAT lﬁ)%’irvte?ed Wre?;%éé}g(/e %k%&clptﬁﬁ%g 9

processed, is placed, whether by nanual” or aut'oma means such as "a
conv ey orfors istizantal r mamdreent hizatatbén gniookast andl losiedgposifiaisebshefithntliei cnsedas t he

lifti | at f b ich j ect pei dis lifted int
br essur SRsRegar 2 "pheh Gk olek S e o BERACH phshece] bt pfame
region ak oy, Yense!is kiatthcs oS vadic! Aberdert WNif Y 4t BRI Qokifig 2R O

accommodat e the manual handling or horizontal wafer pass-through conveyor
syst em Getvespower Had chiskd wesigormdVhemelesing platt &ris infthe clsedpesition sdibng

pl ate. I i may. or nat b onfigured..w th additional
channel g;gs%%%rt? gésg%ldﬂﬁ%cg{bee}éésiéscmr}éﬁ I%%V%?ﬁ?qegbqré&? ghﬁqﬁ‘éﬁﬁ%w?lg?ﬂ & 'prbcess
for whi2ghvhidie sappaidideks ichsingt gladet to §esseFehudarilat 300<est Préshinrs @nledi ment ,
closing plate 2 is, supported and vertically noved between open and cl osed
posi t i of42iggd anl maintaingd; foy the ygeessarn dpfieR: end |ift rod drive 8 powers the
lift rod and closing plate 2 up and down between open and cl osed
positions. Qpposing linear slide | ock blocks 5 are powered by respective

| ock bl ock diliheesn@onémis thad pravidet adrtioal veomnt tdbebyieg planRork etl @nchihelcked

posi tions, beneath, t he .cl.osed | osi n laje 2, | ock bl ocks. .5 are in
the unl EPévdaIﬁ‘g%’RP@“dﬁOlB‘r‘o%ﬁa*@eﬁﬂ‘éf%&‘ﬂ”‘g“l%otgfeﬁ‘?%ﬁlgv}g‘gﬂﬁwﬁ Fi%g.25 30 190kds & s
cl ear angige Aff 1068 hid@hisHB Vi@IERIat@f nduaf tokBss 4f 2BdamiRAbNFrddh IRE phoceltet Veen
open and cl osed B05| tions. Wen closing plate 2 is in the cl oseg position
with résysumand by asgmbination etgrapitoandplysisahshiddimgved t oget her into the
| ocki ng position as in Fig.
Referring to Figs. 4 and 5, an alternate embodiment of the invention has an inverted
pressure vessel consisting of a pressure vessel top 1A, secured to cylindrical wall section
2A but removable for servicing the pressure chamber, connections, and internal
components. The inverted pressure vessel is supported by support members 4A mounted
on upper base plate 7A. A vertically moveable underside closing plate 3A is operated by
lift mechanism 6A, which is enclosed by isolation bellows SA. This aides in preventing
contamination of the process environment with debris generated in the lift mechanism.
Pressure vessel top 1A, wall section 2A, and closing plate 3A, collectively form pressure
vessel 123,

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

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



2, which seals and locks closing plate 2 to vessel | such that process
pressure can be attained and nmaintained for the necessary duration. The
conponents that provide vertical notion to closing plate 2 are al

contained below and within isolation plate 7 and circulaﬁf?&W@ggﬁgfng
bellows 3, so as to isolate the Ilift and | ock nmechani sns and rel ated usual
sources of contam nation fromthe process environnent by a conbi nation of

gravity and physical, shielding. Referring to Figs. 4 and 5, an alternate
enbodi nERYERF akthEnay (RPIIats saktapls seaherrsealy bepresslidingasiaess ardwsvean ng of

a pressy y@sggg JA secured to cylindrical wall section 2A but
r enovabl Eﬁ?so ser%ﬁr%e%g the pressure chanber, connections, and internal

conponents. The inverted pressure vessel is supported by support nenbers 4A

nounted on er base plate.7A., A vertjcally noveabl e undersi de cl osing
plate 3A is OperanRaisept PPt for AeHRE 2P EHROVRE RIRCHSS SBIAS ¥R (et at | on

bel | ows yadel atBndt $oh@Sinithe PEENXE RS EH&glluﬁfh'ﬁBﬁ][E RRtthOPerRial CA&. PIORSSS the

environnent with debris generated in the |ift mechanism Pressure vessel
top | A, meshdnieaddmplicatipng ofinmirtedudasipiocep$ squir@nentscintledingweksssémyrpregsnessur e

vessel 123. |t is within_t cope of the .inveption that.the.sealj

interf aé%éﬁeé?%%tﬁret ﬁ?@g‘fso%&%ei‘ﬁed'?@fﬁv%’inpv%[e. t?@‘“ﬁsﬁf Eiiis H‘?”ée%b%ﬁ ﬂ%i}%r of
cl osi ng pRicadserodthe GREbshiR RsselWWRT B SeARIE apphicftifo theSprE@RivasFsYofZ8Rdadasi gns,
and may incorporate a suitable seal or seals between sliding surfaces or

bet ween Praspyses faigviriel tesiistemde intenried. Ennerrmple.aneh peaters as srydweatirady and
o nPIARER, bUSeh BRAC Y BRI BRREL P IR &

figures as nrs for Wever,

mechani tadr Heripddrpatied iisteifalipayrthe Galaagedoxogad By toebpreeieivaseli ncl udi ng
necessary pressure and tenperature ranges, and delivery and renoval of
fluids or other ingredients of the process to the pressure vessel, wll be

readi |y appah@atva&ﬁti&g%fraﬁ@giswei OESEmeh R &r‘ogmgemate Riafl sal@%te&%aeyﬁi ch

the systemis intended. For exanple, such aters ‘as may be required for

achi evi ngmporsot esd tlenpeedtdi pessuan dessehbe thet verécallyamgesblereymaondnh éyd@si gn
stage or_,later be .incqrporated internall of..pe arranged externally to
the pr oel @l Gt MRHaBRRs sl Wi HAEL U8 iR Rt SRR ng
pl ate CaRel@ré BonsideddtioABdhich aCOBRRAE R ARGHIE PRockMVRMhEdioRs &5 fldl Resigsel be
the vertically novabl e conponent %ﬁan i sol ated over head nechani sm

anal ogotesselothehmaketlis dgnrdarh mare chidienl rip gxseute lsad cpbiaiee 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

10



There are considerations such as the need for flexible process connections
to the pressure vessel that nake this approach nore difficult to execute
and operate, but it retains the benefit of a shielded lift and | ock
mechani sm and avoi ds having the robot or conveyor systemisa¥ryg0®b supply
the vertical conponent of insertion and renoval of the wafer into the
pressure chanber. In an alternate enbodi nent, the basic structure of the

i nvention; the open support framework, shielded or isolated closing plate
i ft mestdase Shtherabesing platel Buiably fpr either mandal os patomstrdrplagsmestandaemesalel , can
be dESiQP%Qvﬁﬁ8Q%&5§@&ﬁgs Qd operated in an inverted manner, with the
stationary preéessure®vessel having a topside opening and the shielded lift
mechani sm and vertically novabl e closing plate being on top. Wile the

gravity assisted penefit of placenent of a_ wafer or wafer cassette on the
cl osi ng pl at & @i Yariagige ofehs abewh alterngts cerphadiment, gie losing latpragBas thety of
cont am Qg fd | t j t bkt LN Khis gase,
over | gy Ry CoRPohlR, pRCHR] FRATHONCAR a2 mbRELIET WS, &

suspens vertically stogablt gressive wased rcranteswapkeinl emmirements rsavh he fleribds pmcedsed i nt o

or attached to the.interior 10 ebruary, 2004 suyface of the clopsin
ol ate. SRt RoBeopERR HERED ey mAGE JWS P R dBNE RO e B of

the waf %ﬁoxﬁb@% BELsUIre SRS But HeRindahd Bédedi oPh shidRled RV dBbEE Mk &ism,
enbodi ment, the cl osing g$ate can be the stationary conponent and the
pr essur and/ewxds havang the robott drcinvsyonsyseibl lmvingdai supply the erticaladanmypomentabl e

pressure.vessel creates, special r i renents ,sugh as flexible process
Connect PhiSenan ARl ARERLGRES yater R0 SRR "3 ppr oach more
problematic than a stationary pressure vessel. But it retains the benefit
of a shielded lift and | ock mechanism and avoids having the robot or
conveyor sysRefrmng pgn toFigsphpyd phike pEastis alessebpyséime nipcorperajes feiofdien  and
renoval 0 f i f - Re hn L. t igs. 4
and 5 {RectbAg 1008 i BhiGed OCuBIARE e IMPEE ridded ] 27O BAR o O0i
pl at e, desil dabbvof Théréop baze plats [FAdendbisolatisn bélldwgSA a2e andloghuseax pdoddtivad i n

nore detail below. The 1op base plate.7A.and isol ation bell ows 5A are

el 0goBE 6 EGPLPVOMATIS Gtd Bies i BER! B BT & SSBDE PF SOICBIRHE 3,

Wi th respgiedl 1iPard B8tk Bthn®in §Bintthd bRBedshevir¥ShidtCRhe $%tﬁm3r9%kthe
mechani sm fromthe process environnent. The open framework of the pressure

vessel pieppue tvessshisappotin mdnities vl ¢ libkeswisenrasdernmodath or ihpomordhl wafeerpassss-

t hrough conveyor system or rob%t'.c | acenent .and re vfal f wafers,, as in
t he thfough ‘conveydr system or robotic placement and removal of wafers, as in the

embodiment of Figs, 2 and 3.

Upper base plate 7A is supported by lower support members 13, which are attached
to lower base plate 14. Locking rod 9A is a cylindrical member securely attached to
closing plate 3A and extending vertically down through lock plate 11 and lock plate
support 12. Lift mechanism 6A is enclosed within locking rod 9A and is operable to lift
and lower closing plate 3A 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 9A 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

11



enbodi nent of Figs. 2 and 3. Upper base plate 7A is supported by |ower
support nenbers 13, which are attached to |ower base plate 14. Locking rod
9A is a cylindrical nenber securely attached to closing plate 3A and

ext ending vertical ly down through lock plate 11 and | ock plEsbay<f¥hort 12.
Lift mechanism 6A is enclosed within [ ocking rod 9A and is operable to lift
and | ower closing plate 3A to and fromsealing closure with the | ower end
of wall section 2. The lift mechani sm may be hydraulic, threaded screw, or

any ot h&Pnyssehe reopfigpigd wyityingrmalls, digseiqdo WnHemmaspases. Ingkmgdngnié Ladbust to
. . g ; ' roous
achi eve pldhe 1§ aaibag dilofh RYPASE Rend ACKHRY R BORGA BEa K0cdid 111 Y

secured'to t oner en ng rod 9A'in "a non- onal “manner. The
peri met évckkd pogiomondutleng ethgresgiport! 2nipy pétastersll. iTheaenfer gperdag imvlddk

uni formy spaced | pcking.luygs 17. A _corresponding rotate-to-actuate_ | ock
ol at o 1218 T8 5 oy byt Sfiom rrJ 0BIEy 186n | G pe A ipiepEa ek
di rect e%latc?“]'lf%@ﬂ ¥heiP2Q8Eve rQGHITRY dokiGitnd Hlack OGks 18! Al 131 §1térﬂ§tﬁ:§,l e

through a imted arc between a first unlocked position and a seco

| ocked positienson on | ocki ng plate support 12 by actuators 15. The center
opening in lock plate 11 is sized to permt clanp plate 10 and its lugs 17
to pass vertically through lock plate 11 when their relative rotational

posi t i ongtep!IHE endchifisnk 6 A hes %Ye_vhﬂ&dadl&éi‘ﬁ@gldtélgA RAS isbAlRScontid ¥itH wWall
mechani sm 6A has el-evated closing plate 3A into sealing contact with wall

secti onSEHoBZAFotas Worpmelele thaecledues of erespurpriessalirldly ecyaprs1 23 camdreuat or s
15 can ?/a'va?e%t 't%%‘taa(?e 18 3%%%3&1}1 Osﬁ)k al llét %‘fl‘;%‘f’g OitsagP ts0 l%d\éc,?ur%r:eﬁ&' Bésnelaﬁjlgs 16

squar el eneat corresp | 'Ugs np te 1 s providing a
mechani cadresponding dugshley ef damip @latoll 0 phes srovilive 8 3edchdmdal dodki 180he Rbsprfcocess

cycl e. her mechanjcal | qcking nmechani sns, presently known or as may be
concei v& Preé?‘ge\fﬁeﬁﬁ’, 23 uriag dhseprocess iy clen (ihar eehamgal loghiggpnechanipmas.s| i de
| ock bl gelesy grbQdi Q3 - : 0t

gener al iadesitg”fnldg(f‘;'&rllzi gs. llilggn %?nc'?vgé’i aﬁée‘ﬁ#ﬁgﬁtﬁgﬁgﬁa?%&gﬁgn{éﬁ%o@lﬁmm S
and exampimsiedibs chidbakdhebks [of tist erabebimenterfiigs. 2eand Divagbe alhpied w tHe be

readily a rent as.bei Lthin the scope of the invention and the clains
t hat fog?lg‘n\?ﬁt(%slgﬂ(?iglggk?%?ag% in the art, has nmany advantages over the prior
art. In particular, there is the use of the cover or closing plate as the

platformby which the wafer is vertically transferred into the vessel,
whet her f r omIBei@nentipn.dbeluding the cabpdimentsgand 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 shielding 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 reguire a relatively simple drive motion to

execute.

12



the use of the open or circunfrential 'support frame which provides the
opposi ng reference surfaces for exerting the clanping pressure that holds
the pressure vessel and closing plate together, which enables isolation
and shielding of the Iift and lock mechanismfor reduced SJ6RE&w2A% i on of
t he process environnment, and facilitates the use of a pass-through
conveyor systemor robotic |oading of the pressure vessel in a production
mode. In addition, the preferred enbodinents illustrate a horizontally
sl'iding mechat Wil hedealized,gha invegtipn ik carebleaefi ether anscdiffsrenivembpdineegts re a
relativ S J: ' . A bruary 2004.As.w || be
reali Ze%153tl%g%ﬁ@é&ﬁllé%r%ﬁ%@%gﬁrgdﬁﬁgl? ‘&uefrn %a%ags(j:o:ﬁx%?serﬁ%/peg%bgl& iwﬁ%‘ﬂ'tlts and
i ts seveikepirtidgtiainl the assenaagfald @veidtionpdi fi cations in various obvious
respects, all without departing fromthe essence of the invention. For
exanple, there is within the scope of the invention, a pressure vessel

system for  GRRGUEhIBGNLRAUSHEiThe RoBE PRI GAISHS HBG A Al SRGL THPPOT

frame, an inverted pressure ves to t pen suppor anme, a
vert i calcogdurting hdustriati prosesies cansisting aifi dn apemegipant Samé,ain impartedgpredsarecover

bet ween _an r .cl osed position_.against the inverted ressure vessel and
a | ower VSﬁgﬁgﬁe%fittPo etﬁ’é’%@)\ﬁ/u}?[??ét fates arve ge‘P?VWEﬁePEd‘{%ﬂ CiCRVEr i#BY dof the
Pr essur ndtAssiSh BR thovity MRAGIOBIWRED at RBp&OMESed R ioh! fzaRRE thedRdeddie
pressure vessel is considered to be the Erocess envi ronent where delivery

and r enwyessugfvessgbarshi dawes opamgesitipn belewsthe prassuse vesselwethiereathe antexian of

[ h dj f the i ' includ
A T e e A T

avay fr asncomideped Rebs theeprobese eiRRbnmu xert [eliver$ kind ey siledh ths BRREAD! €
bet ween a | ocked position and an_ unl ocked position when the cover is in

the cl odBHEJBRTEST BGFUrS, AS VR 25 #ARU PT9s655iRE-0n, the cover s nechanically
constrained so that it cannot be opened accidentally by process pressure up
to the structures design limt or by operator error or cover noving system
mal f uncti on. Akhe fupgherpeseplé, ¢rtheodimeints ng Sy sineention may paclidé a mdtivalyy

typi cal .gpver nt saf.ety requirenents ommon tQ pressure vessels used in
| hdust r JieREndEnl dhechipic eIPd@ﬂ&rngts{n lveis | RIS _ngort e foBhtioRT9ES be
adapt ed egiiromskaRt 38ke tfh@rloéléﬁ% Wit 3is " RRIbIE bollek Ta RRREA gﬂgti&)( ShEMmor a

conveyor systemof any sort of delivering objects such as semi conductor
waf er s anlogk¢dpositionswhanche cover kdnphedasadgosition. In the locked position, the cover

is 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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vessel system for processing in the pressure vessel. The optiml adaptation
wWth respect to the capabilities of the invention, would enploy the
pressure vessel systemto supply or support sone or all of the vertical
conponent of novenent needed to insert the object under prista® 208t o the
pressure vessel. 13 5 February 2004 As anot her exanple, enbodi nents of the
i nvention may enpl oy | ocking systens using opposing horizontal sliding

bl ocks and actuators, where the sliding blocks are slidable between | ocked
and unl ocked Ascdithes gsampls, gmbodimentse th dnwsnion e camen feskise mtems

i nventi e I L@, L0
cyllndeggggqﬁﬁﬁl éq%ﬁg?#gng&gﬁéﬁﬁﬁ#t%3P§§@§§h! dgét&:sgﬁ%l BP& cklng
rod cl asidablebatwedii lackeelchntl anideked powitiorand of the | ocking rod, where the
clanp plate has externally directed holding lugs uniformy spaced about its
perineter. A horizontally oriented and rotable locking plate is rotatingly
attached wi t Syt ablifer SURRBIC! erbBdilAOBE M HRRAHidn bla e # dedirecOver -
The | ocking pla has a center opening and centr q |re I'ng | ugs
uni f or nkystepaoesistaigaita lotiing eott er cydipdei clgendnl@mmbﬁly Bedark |t1mgcqw|eataed|as in

th | ocke tional ly,, the | ocki t he .ho] di |
are m s ot ot o woh Hsft PRE shenatli e BT thd ¢ e ekininiBe. X R o S
pl ate t Braaipoflatettis elxeekau@gdlf&ceﬁqlola’ R 1@@%%&36%@&1 bt B JedigtehdpgAP| at e

then allows the clanmp plate_ and EI rod to pass up through the | ocking
pl at e whenzanydlycoiaated andrretable kogkltﬂa elaﬂ: ess@élatmgbeattacb@d Wllthéult &swrpopl at e

has act F Saeh: i a a the o) n lugs are
-ali gned Ee(r%:eaﬁeh %Jﬁg&ﬁﬂaggn eq(?‘}lﬂgtgé {) usxﬂr‘lrgg HWan Igl fc ha\s ?nn%r ?H% ovéir
cl osed cansillyi difectlét lbekmgrldgyamifomlyefﬁae@ﬁ l:?fbnﬁlitSth@fcehfw dpeu@Rt WhenMHd be
apparenﬁq 0 those skllled in the ar full consideration of the

descrip g Jlatg i wsthe &ﬂlacleqdawwﬁloelﬁatatlpe#ly@we la?alﬂsg heﬁraaéme badingdegy vs: 1.
A pr eSSeremiégﬁé‘fe'd DS IE Jvﬂfe &%{}Mtfbf‘gerh@ﬂ%%l‘ tﬁ@ﬂgﬁ kRi Ng  an
open support anme, an verte pressure vesse |xe t'o sal pe
support lcfcécmgeplateaT\her@nmalopgmnp\imblhaelasnkiixgrlslht&ethem\aﬁows dimed 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 follow.
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means for noving said cover between an upper closed position against said
inverted pressure vessel and a | ower open position below said pressure
vessel, the interior of said pressure vessel and the space between said
cover when in said | ower open position and said inverted5gecvan2@idessel
conprising a process environment, a nmechani cal | ocking system operable
between a | ocked position and an unl ocked position when said cover is in
sai d upper closed position, the position of said cover being mnechanically
const r ai ned Eﬁﬁﬂﬂﬂﬁ,upper cl osed position when said | ocking systemis in
said |ocked position, a shield isolating said process environnment from
said neans for noving said cover and said |ocking system and neans for
appl ying heat to said pressure vessel. 2. The pressure vessel system of
claim1l, further conprising a nmechanical |ocking system |ocated renote of
sai d process environment, said | ocking system operable between a | ocked

positiop A Qgé,gﬁl it . I r. 1.8 i.n. said upper closed
posi tion, Bt Sgﬁggggistl n gfﬁgg(?%ﬁ?zg%ﬁﬂgéﬁn rﬁ(%e\é easr?f)cgrlﬁlf/lgconst rained to
sai d upper chosmoh goppert frame, when sai d | ocking systemis in said | ocked

position. 3. ThegE%Fssure vesiel system of claim2, said systemfurther
conpri si ng a®SYRVErtef PEsvn Yessr! 2iied tpsud apen RpprH &Mt from sai d neans for
novi ng sai d £oM@talfANdosidulReSdNShvey Shgm 4. The pressure vessel system of
claim 3, further conprising neans for applying heat to said pressure
vessel . 15 Smeatsr ar ;po2d@4ssid cbver pemssnra wpparetlosyds pesitiof. aphmismsdid

further. i.sing neans f.or. applyin nd elievin ressure in said
pressur lél%\g/)rggsgs%rle_ss\ﬁgee‘ﬁesgegaﬂlg 4. log’glp#é‘ %%Sglsoguheiovill e gsé@‘éetvéﬁﬁeiwf@% SIS,
fur t her oftsaifpressuRgvesBel ad i1 spabé BéneBE sAA o vdr@RiY il 32N 18HESSpen1BsRhENt S
fromsaid pressure vessel when sealed. 7. The pressure vessel system of

d
cl ai m 62ndrsgid mEertedorpIsHEs Vegseh compating a pisjcestenlvaninprty  syst em f or
del i vering obj : i r sing in said pressure . vessel.
5 The pr esstrehmit® GRS, SKRbEOhorae RERETH ek LpRBl PR B or
syst em pasitiondehénvenid ogvenly cdaid tyspes @lcded poditen, fley pRiRGESBiachVer Hoin
pressure essal. 9. The  pressure vessel s,igstem of claim1, said |ocking
syst em IBS%EHC %501}?566@?‘2‘@531 SPP SHssf pesifien whew syd leckingsystemyistinsaid sai d
sl i di ngobkecdozit@l N9 slidable between a said

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

and said locking system, and

means for applying heat to said pressure vessel.

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.
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| ocked position and a said unl ocked position. 10. The pressure vessel-
systemof claiml1, said |ocking systemconprising a | ocking rod extending
vertically bel ow said cover, a non-rotable |ocking rod cla pl ate attached
to the lower end of said | ocking rod, said clanmp plate hé&gﬁ@mﬁﬁm@4nally
directed holding lugs wuniformy spaced about its perineter, a horizontally
oriented and rotable locking plate rotatingly attached to said open
support frame bel ow said cover, said |locking plate having a center opening
and centrally directly | ocking lugs uniformy spaced about said center

i i i ng. i d | ocki | wh id
Cover & 1B daS B SpBAERE RuHPY. FRUZPr Pty A S ERignlghd

act uat ordiel i peédsienig sild bidsalre Kedsal wih Rbledsai d | ocki ng pl ate between a
said | ocked position wherein said |ocking lugs are aligned beneath said
hol di ng lugs and a said unl ocked position wherein said | ocking lugs are

m sal i gpe i i | Qi . . d y 3

br ocesapnanoEragal fed SRBs, bifahim & el ST TS SOV BRERE R oy
conpr i sremgpvid@Hprocéss mgrediynt? Gidd saind peesurswpanthehseated. an i nverted pressure
vessel affixed to said open support franme, a vertically novabl e underside
cover, neans for noving said cover between an upper closed position against

sai d i Vehé BebsRrBSRMCP syRA Ot BN 8 ARNE cd}f?ﬁ‘ibh{g)ﬁirﬁf&i?: @@é&vvh&?dlﬁg

pressure vessel, the interior of said pressure vessel and’the spac

bet weensytin faralebverigeobiéats wanid sysiaer foopmeepstg inisaid prassae yassdl. i nvert ed
pressure vessel conprising a process environnment, a nechanical | ocking
syst em oper abl e between a | ocked position and an unl ocked position when

sai d coBeMTht SpreddufaiehselPHRtent |0PS@MNP G iftiIRR, conm}RisRRS h tdoReydt Sl ERVer
being mnechanically constrained to said upper closed position when said

| ocki ngdelirsrisgobigcisio s gysters dparoersaing isrid presfrevessélsol ati ng sai d process
environnment from said nmeans for noving said cover and said |ocking system
nmeans for applying heat to said pressure vessel, neans for inserting and
renovi ng. flhegessuiengeseli eyan widdninprigssaid dodkitieosywten fdoaiprisitigi fpros@mgsur e
vessel P oA Mlidia blocks and actuators, said sliding blocks being slidable between a said

locked position and a said unlocked position.

10. The pressure vessel system of claim 1, 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
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,
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12. The pressure vessel systemof claim 11, further conprising a robotic

obj ect handling systemfor delivering objects to said systemfor
processing in said pressure vessel. 13. The pressure vessel system of claim
11, further conprising a conveyor systemfor delivering obfesayg¥isaid
system for processing in said pressure vessel. 14. The pressure vessel
systemof claim1ll, said | ocking system conprising opposing horizontal
sliding blocks and actuators, said sliding blocks being slidable between a
said [ ocked2pOBER SUPROBARME, sai d unl ocked position. 15. The pressure vesse

syst em of cl g ke 5kdlul 06KLIGRRUELIAAIRLSLAG Al 00ki ng Tod  ext endi ng

vertically below sard cover, a non-ro I'ng rod clanp plate attached
to the | owen vertitally noablble uaddcsidgcowrd, sai d cl anp plate having externally

directed holding lugs wuniformy spaced about its perineter, a horizontally
ori ented and rrl‘e&g%llﬁ)’g MR seldpfaer bewesnran PRy chised peasitignt againsheaidng and

central hﬁveﬁb% %fé}slsﬁfe WOkl 41l A HSer PEd PEHich ﬁﬁ&gg?igﬂ?g%hxesﬁs 1R85 R rior

openi ng, said clanp plate passing up throug I ng plate en said
cover i of pid pebssure vesedanel the epacp dstwdensaidsaver Wiakinrsgidolosier opanvpasition
actuators,for.causin artial1 rotation of said |ocking plate between a
said | o@ﬂ%ﬁalﬁ&"ieﬁ%ﬂgéﬁﬁﬁ TR SMPTP OB R LU G PR Y | gned  beneat h sai d

hol di ng | ugs aanethanisal [BclRg 9¢taH opedblel RRw¥NES RicRed pbskidPsld ADuhiBO&dar €
m saligned with said holding lugs. 16. The pressure vessel systemof claim

11, sai @osremehen saidseveiindn haidupparaiesed ipasitiondhe position phiaid saved hoimgssur e
vessel I . rnal. power source. 17.,.The pressure vessel
system %@gﬁﬁéa@ ec(%g#tpatllfgaere21 tﬁﬁé‘?e%’lp ﬁrg - (Lt ST e&isﬁldtlﬂrgaﬂéwgeﬁ? 4P Sa“lsdocki ng

syst em lekad pesiti@yot e from t he process environnent. 18. A pressure vessel
system for congiuegj gg dndustrial processes conprising _ an open support
frane, a preés elatipe s progess quyiemantoben saidpenn formapndng saidweres cal |y

movabl e ,cPV.el iocllﬁ‘-%r&?stfe&r movi ng sai d cover between a cl osed position
agai nst said pressure véssel and an open position spaced away from said

pressure vessehps fonepplpingrhiestrtochidymesduprvessslyr e  vessel and the space
bet ween said cover when.in said open position.and said pressure essel
conpri si ng a#ﬁ%ﬁ:@’éﬁéﬂs@ﬂmg@&ﬁﬁ@ﬁ?yl ﬁpﬁ‘@fmg@ }enFSd@IQFh@regsyﬁ’é‘Fﬁ P@c’éi’%‘d
renot e efid pdsslrBveGeSWhaWehle@nnent , said

12. The pressure vessel system of claim 11, further comprising a robotic object handling

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

13. The pressure vessel system of claim 11, further comprising 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
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| ocki ng system operabl e between a | ocked position and an unl ocked position
when said cover is in said closed position, the position of said cover
bei ng mechanically constrained to said closed position when said | ocking
systemis in said | ocked position, a shield isolating sai d5petoweszi04
environment from said nmeans for noving said cover and said |ocking system
20. The pressure vessel systemof claim 19, further conprising nmeans for

applyi “g cjéﬁt%} 0 &mé%&j c%t?ﬁ%bﬁif‘eeﬂgsl? ng %gr%%rrﬂifgﬁﬂécﬁ &R SGla Spdem of

claim?2 urt onprisi ng nean renpbvi ng process
i ngr edi epéring) mdxdrclannpphw@siingnpﬂabdg}psm mkmgqﬂstsewhem;eﬂd eal Banovkd 5

February 20Q04. | ERTED PRE VESSEL W TH HORI ZONTAL THRQUGH LOADI NG
ABSTRACYP $i F@é%@%& s@rds }%eﬁEna g %msaa@ﬁ%fz% carsng partiabipation ff

el evati ggq alé‘ﬂuﬁgagﬁté‘getweén b &aReToakdd 50%1t?d?1dwﬁ&‘éﬁ15§éﬁ&§oéiiﬂ{g Rigs ta'ﬂaeal@ fREeSS

cycle, readil aptable to production Iine operation, suitable Tor wafer
pr ocessbergatn SEtl¢h dhofing dugsdarst arsaidnueistlred positidnowhertefresaid i lnckisg ugssand

processes .The ssyre sel is configured within an open support frane
with a &%ﬁlﬁg%da%ﬁ Hilf’ "$i nverted, orientation. The cover or closing
plate is vertically novabl e towards the nmouth of the pressure vessel and

functiong, e tp%s&b b By R¥m WY Qhim (1S sAR) R&dns URH %Pglr%{téﬁﬁéa‘% doﬁllph@ﬁaﬁs‘c erred

into the vessél. The noving and [ocki ng mechani sm e cove
i sol at ebieaerd vatﬁluremiribplreﬁmvttsn@ cpnmactble toraniextemmed poverl Surce.

17. The pressure vessel system of any one of the preceding claims, wherein the mechanical

locking system located remote from the process environment.

18. 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 from 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
locking system operable between a locked position and an unlocked position when said
cover is in said closed position, the position of said cover being mechanically constrained
to 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.

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

said pressure vessel.

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

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