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(54) Title: INVERTED PRESSURE VESSEL WITH HORIZONTAL THROUGH LOADING

(57) Abstract: A pressure vessel (1) for use in production
processes requiring elevating and ranging of temperatures

1
e and pressures during the process cycle, readily adaptable
il i .
||, v |1, | 2 to production line operation, suitable for wafer processing
1T /_ in the semiconductor 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 er closing plate (2} is
vertically movable towards the mouth of the pressure vessel
(1) and functions as the platform by which the object under
process is transferred into the vessel (1), The moving and
locking mechanism for the cover (2) is isolated and shielded
from the process environment.
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process-is transferred into the vessel (1). The noving and | ocking
mechani smfor the cover (2) is isolated and shielded fromthe process
envi ronment . 5 February 2004 | NVERTED PRESSURE VESSEL W TH HORI ZONTAL
THROUGH LQOADI NG Background of the invention Technical fi ejpkbﬁfm-ytjm@z;
invention This invention relates to pressure vessels used in process

pressures—s - , C gn
and cl osure nechanlsns that faC|I|tate eaS|er and cleaner | oadi ng and
cl osi ng @? @@@@%L@“%&ﬁ%ﬂﬂﬁi@Mmd%ub@d waf er treatnent processes in
a productl 3% gﬁﬁpﬁkt TH&iergatond segrelii@eral  r equi rement i n
t he sem COI}E‘MQK]OEE (t}[] VISE, Ii))(,,EséPﬂﬂR bﬂ GR! Ige  For nLﬁQ;H«%J?dE: argi%rheg%brml cJ»ns’ re_/f b the *Guid.
conducti ng L@@@@ﬁegrﬁﬂ&MHWQQUBFBJemctOSM&B&w&mmaﬁﬁﬁﬁM&ﬁmMﬁﬁﬁﬂ&ﬁnhb can

be | oaded WM ShafeF¥: s MBNESH. BhJ®ct s tare Wercprploess oty PO@mit  t he
admttance and renoval of process fluids or materials necessary to the
process after the enclosure is sealed, and be el evated and ranged in
pressure and tenperature to, in sone cases, extrenes. Sone processes are
much nore critical as to contam nation, and require quick and cl ose
control of tenperature, pressure, and the volune and timng of the

i ntroduction of process fluids to the pressure vessel. Add to that the
dermand for conducting these processes in a production node, and the

grow ng sophistication of the processes thenselves, and it is anply clear
that inprovenents in pressure vessels are



needed. This disclosure relates in particular to pressure vessels used in
operations requiring extrenme cleanliness and operated at el evated or high
pressures up but not limted to 10,000 psi (pounds per square inch), and
further, to pressure vessel design and isolated |id |ockin§FsbraarFre@Muary
2004 nechanisns that facilitate easier |oading and | ocking of pressure
vessel s used in automated wafer treatnent processes in a production

envi ronnent . of exanple of the typical requirenents placed on a
pressur éN\V@-'d% D Pdi:@S ‘EE%ELG&’EH%@RIZQWLWHBWIIL@AMNQ s to the
manuf act ure of NENB (Mcro Electro Mechanical Systens) devices where the
process agent is carbon dioxide in liquid and supercritical form O her
sem conductor related applications with strict cleanliness requirenents,
such as photoresist stripping, wafer cleaning, particulate renoval, dry
resi st aaeH dyof thednverfion i al deposition, all suffer fromthe sanme
pressure vessel deficiencies, which include particle generation upon

cl osing, closure nechanisns that are not suited for qui ck cl osi ng,

pr obl emyredhfifdaPHEIA G the fvehtiopddi Ng and unl oadi ng the vessel, and probl ens

with the& Tntegratron or the apparatus in a production |ine. One method of
manuf acturing M croel ectronechani cal systens (MEMS) based devices is
Sacrificial (face Mcr machi ning (SSM or Surface Mcromachining, In a

si npl e " anchdMEgNVeRRL g ?f@%ﬁo rsa%swep‘feémlw%lrb%@é@%omrﬁfé@r@ TegUEEgosi t ed
on a su [ [ al U h as

gr own S?%gérﬁ IF%g{r}]{a %Q?déb&%ds%nél%% fefi 19 Ile?i ur%]%%ég?e{sgl éjg?atntg{ (ISé’r iR ?‘n t he
case of partizoks Se?présstlreﬁfiéslsﬂpdld%@rpﬁmi Ql’dSﬁlleSIhecﬁEiﬁlﬁamESﬂ@E ifidiBatd ed¥dradndal s
et ched to open a hole for the anchor of the structure. A structural

mat er i aFleguemloadingonds plosignof aprepwrauvessels wirdnindalperiataddwerer ttreatment
SaCI’IfI i LN e sacrificial material is etched away to
rel ease %cﬂce %??lﬁé gédé]lcl[: %;%/Jé‘r’1¥on(:r?%qtl ng the mcrostructure. These steps can
be repeated to formnore conplex nultilevel structures. After the renoval

of a sacrificial layer the substrate is rinsed. Upon evaporation of
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



the rinsing liquid that is trapped between the "rel eased" structure and the
substrate surface a capillary force is generated that pulls down the

rel eased structure until it touches the substrate surface. The surface
tension of the rinsing liquid generates the capillary forc&ebruponr004
evaporation due to |iquid/vapor phase transition. Stiction or adhesion
occurs when the rel eased structure adheres to the other surface, as for
exanple in the cgm? where a licon or netal cantil evered beam adheres

to the Sifshanspythatfaeilitate ﬁ"@"qurlro ftﬁe#llé‘clf’dilﬂg phiressyes yeseels psed ipapiomaisd 2004
In ala LR
Uni ver s?\%gée[f aﬁn&ﬁw ﬁsreglirciitglp%ﬂ E ?rg%g%gl%ﬁr ?%’n‘%\%gﬁ er%gg?%engﬁgalpat tern

of m cr osjusemeniypicet b alpressdre wedsal, e8¢ ploasdsigddsegbed ddow.cat ed in the
conventional manner, is arranged in a pressure vessel, subnerged in

met hanol . The pressure vessel is first filled with nethanol, and the wafer
qui ckly tranghfr gaehpld refekh® YRS aRhufaPRIGf IMEMSB‘I(MO Lﬁ@&t@%éﬁaﬁ‘icﬁl' qui d

| ayer of the methanol during the transport and |oading process. The vessel
is seal §M5telaﬁ)dd@fl‘tﬂlﬁr\®hgh the precess agegliisi carben llpoxidk ox liguidi altdrmmamenicﬁlor

about 1 whi.ch t| i s.rapidl ab or dinto
the Ii qg?rg} carbo Se o oxrugtgr ssldred zppt c@hogﬁwlthfsﬁtcﬁé’leﬁpgg%sg %‘@5@8 S S¥ffen t he
vessel a:aphbtyf.rd@ﬁs sfi@%ﬂtg@ Réafered Iariing, gRetiilatéeéhiond) dgnNesiss d@@mheg edpg filled
with pure I'jguid carbon dioxide, heat is applied unrfornty for several

m nut esMagesiak deppsiting, all suffen framothie same dressresyassd efisicneiss, sulel éndludecal
phase a r I e and ressure
R e e e e R e
the mic pmﬁalemﬂ:wiﬂleaj;t@mmdaﬂatleadlhg améaﬁﬂxbaddxfgv theyvdssely and ggotlemmviitethe
supercritical faFe to atnos ;;e pressure whil e keeping the tenperature
hi gher HEETEHGRCIIRG RRRAEAIUS W AJEPLIEOR IBF- t he carbon di oxi de. A phase
transition does not occur, hence a capillary force is not generated and
stiction is avoided co Ietely. It is at this point that the benefit of the
process is r@aki meﬂiod agtp mauuﬂai:thih@I/Mi;:pttdec'tmmcHaa'mel cpgems (MEMBY bateds

e T Y T I

simple ¢ anchored” SSM 51E1con 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.



process agent in gaseous, liquid and supercritical form are simlar to the
MEMS drying process in so far as they also apply the process agent to the
vessel in a simlar way and are finalized by the drying step. The MEMS
process therefore is considered as exenplary for all applsireatubgreeoa t h
gaseous, liquid, and supercritical process agents where extrene cl eanliness
and hi gh throughput are basic requirenents. There are several obvious
problems with the | aboratory set up that nust be addressed in order to
make the process sufficiently cost-effective and efficient for use in a

producti on i &gﬁg%. A\ [ S [oel atl-on dnto a
production | ﬁ\é l\rfa\lABt h a tnéenat ég)%@nnég'g sd%yélgﬁﬁdng%%@%{gh%%(? f rtgérrn(%’\%:i‘r%gn&/a?fer S;
there i Calitorsiaf&# Berhelsf,er sibmhanafem dootatiiigyimepitieat off Bichocketomachani2@04

liquid layer is maintained.on the wafer during the transport or transfer
pr opess?tr%/ﬁ'é‘e%ﬁ@é’% © %ﬂ%ﬁﬁt@fﬁq glenﬁ?ﬁea‘}tloaﬂd“%%}so%@é%u% RePEBHCy| | y
admi ni swegsegsmgedﬁﬁ neRRneI Eﬁ@g@ss@f@ves@mfﬁkt'mlea%ﬂrmém £And AR w42G S| ow.

The device is also |acking the safeguards required by industrial standards
and r egygprigkiydrassteoed mtode veiselnbeingmaingieadiundementh b &quid dajec of the nettangs used

currentlyy,. t ressure vessel is |aaded by. vertical | acepgent .through an
open ¢ ofting (18 (RRGRE L MERRE proc e, TP SFeelie $6715d B PR g LY
processegtboRdibxide itbAREE toribolieVRHuES Hindil whidR (MRSEHE mdiSanbl Bi BgitlyY

cl osed bé manual |y . bolting or nechanically cl anping the process vessel

f | anges aBsospednto s liquid pasbpedioxide andearriedqud ohtde pressyseressdi er to form a
pressure seal. This apparatus and nethodology is both slow and prone to
i ntroducing particulate contam nation due to the nechanical interface and
const ant weaWlny thé vesstlicavityshasfteee sntirdlyeuped tof ensitainel ingl ig eaaplateBdfilled

i mredi ately within the | oadi and processi ng environnment, and inevitably
cont ani N4{TET¢ ﬁf@mﬂéﬁg%or‘afll@ﬂ g s ﬁ‘PB'é%‘s‘é"é%’“Pg' fop 1eveepl grigutes, caysipg the

cont anmi BaBbs ddkRle ¥ 1Rty hé‘.ﬁlgﬁ%?i@ilgahhgé ot BEnSREGORANC! Bln I USLEY as
even trace anpunts are sufficient to plague product quality and p ocfuct ion
ef fi ci eneitiggade apienprebreseohligherether 107apgeinl whichiinipsmechafacs tamsianeFor

Sem - au%l(')yrfz?gt t%g n];igfost];'&%tgrgé s%sl?rgtlé I:Ll(lae Qerssel cavity is vented from the supercritical state to
atmosphere pressure while keeping the temperature higher than the critical temperature of the
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 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



producti on purposes, the contam nation problemis sinply placed in a
free-running node that gets progressively worse if unattended. There are
many exanples in prior art. One such exanple is an autoclave, quick
openi ng door assenbly as shown in prior art Fig. 1. |t cordHebiuary@hof
chanber flange, a rotating locking ring and the door flange. The door and
vessel are clanped and unclanped by the rotation of the locking ring only.
As the rjing rotates, surfaces of tge_na i ng wedges force the chanber

T ange iRk 835 meintings o diecvalsr i g TANTRORIOT BT BroseTe ek e o
the cont@gthafim lid SaRA9RE 18 'stvE‘Qn@‘%ﬁeo&?ihaﬁf"%&nHﬁﬁ&E% sRBL b e ofEsE are
generated that eventually contam nate the process beyond acceptabl e

t ol er ancaswally Bsomplished ad tm sléw.h The deliicd isradso lprkégsthe safegssdd squiredeby

producti.on enviro nt.is . the difficulty in adapting themto the standard
waf er héﬂﬁ?ﬁﬁﬁ“@&@ggfn%ﬁﬁPﬁ-mE ﬂf@%ﬂﬂ%@?%?mﬁmgaagbruary 2004 i ndustry.
Conpl ex carriage systens are often necessary for automation of the | oading

and extracti ng of materials being processed, involving conplex transitions
bet ween hor i ZBdkeaprodpetipnysetunscused crueriborihe pressiie varstlrsslopdadiee Nepicalcessi ng

rvent 1 SicopRy doedh o Gpe p bk 1 A6 580wl SORARRRChe St efig™ "

i ndust r ipadceggedcarSB untoadpd bg ire@raactipeNTh PEREI is fysically ébsed by aahedly
pressurg vessel a fhgﬁg'to sai d open support frane, a vertically npvable
under si @8Itng ¥ anechanically qlapping finsprosess yeessl Hanase pud & caver flspass toreherd
positio i Ld. jtion
Dol ow ai A8 BELerRRE TUM b B 550, s MDA AEmBnoBBEy ARG BER" e
space betdwernesti thtrodweng whtioulate emitaininatier dog én thposicthanicahhaterfaei ghd

inverted pressure vessel. co i Si a praqcess environnent,, nechani ca
| ocki ng co&}@[ é’VﬁaBB%Piﬁ‘?aémEéP & ﬁgq B@ﬁ% algds igFF%ﬂtegﬁE‘né?ﬂm_ﬁfﬁ}’ (%ﬁ“é‘i‘i g}fo;i tion
when sailghdefdV 8hd ipFodelsing 3ntiroRah, GhPIRAIROS! Edrtiinkia tROShitk@s Yeirdai d

cover being nechanically constrained to said upper closed position when
sai d | o®kecseped yessamg degréen sai d | ocked position, a shield

These contaminants are of particular concern in the semiconductor 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



I sol ating said process environnent from said neans for noving said cover
and said | ocking system and means for applying heat to said pressure
vessel . According to another aspect of the present invention, there is
provided a pressure vessel systemfor processing of senicéfeRiganefifaf ers
in a supercritical fluid environnent, conprising an open support franeilan
I nverted pressyre vessel affixed to_said open _support, frapme, a vertically
movabl o RHEY < UBPIES FEFEs SETRINY P OfiSh MAGTSSHY Ao aRating: St 1ofing fer

cl osed RREAHINGHfAGAEHIS bSARS Brdceéé@&,tiﬁdol@fng%%ﬂ{p‘?exvﬁacrﬁﬁioné'ﬁ ch AR RREN
position bel ow said pressure vessel, the interior of said pressure vessel
and t he aspaesiciddranepnt ofthe wefevebetwodreprovessingisthtibosver open position and sai d
inverte% r & ﬁ%ﬁ& g a process environnent, a mechanica
|ocking~§@4§@§E3§%ﬁ§§i§ NEEEHON T'ocked position and an unl ocked position
when sai d covRkodding f 8¢ dspeRPef td PRBEhPASEHtAN thédrb§s PAKiAdOR REssirl d
cover being nechanically constrained to said upper closed position when

sai d | odRISRGSystaps farmsondugtingsiatiestiia aneersprostommsivingaars ppel sipped| framsgmsai d
process: ' ' f noNiNg sal over d _sai d, | ocki ng
syst em lrregthg B# or %Bé S@irgr%%egts gﬁggisgﬂp Oﬁtrf\éésrg%irae‘%\ytgcsaglglr?w ﬁ% @Sﬁédef or

i nsert i ngvandearsfovinoging seidedseri beor @il @NipPetilde HoEEIDS WESinsti sAidanddrebdf r om
sai d pressure ves en seal ed., According to yet another aspect of the

I . |
i nvent i SFESSYRAPEse gndpﬁ* AW, PRFIELR ke, wdd Bressuyy yessh), il intastoa @ spig
| ndust r ipgdsoRE YeRIF &R ARNPhLS b%}rare@:rp s88 %véﬂjﬂﬂg‘[ Fn §i@ 'T@\N?I‘aoﬂéhagb?ﬂfoﬁ anessel

affi xed"to said open support ane, a vertic y novableco nmeans for 5
5 Februariy ipegtdnpessuge veisd coupnsigpbvmecesa envitsedenipai medankghickingsai d

re_vessel an n _open osi tion space fromsaid, pressure
Dessel | Syl DRvaPRae Rt Bapekelmostionany B8 safockibloion Wik wi i ins ai d
cover Waga vpPerS&@bsbdOpRRion0 Hel pARicANEK $Ad oRir GREH McURRRSlly CBARFHIRIING 2

process environnment, a mechanical |ocking systeml|ocated renmote of said

pr ocess Saig ippelopiAgsdt posEisnawhac it dookingt eiseopér btadd besked pnsition,ox Kigeld

positio . Ltd on en_said cover i.s in said.closed

pOSi ti O%O%g%%gﬁ%c%gé(n&g’ I'Ofs?lglg%t fl(l_';%l‘g 82:;,\1@ Bléqaﬁﬁfor moving SB.I(% cover and Sal(? 1ocl$<1ng
system, and means for applying heat to said pressure vessel.

According to another aspect of the present invention, there is provided 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 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

5



mechani cally constrained to said closed position when said | ocking system
Is in said |ocked position, a shield isolating said process environnent
fromsaid neans for noving said cover and said | ocking system The
invention is enbodied by a pressure vessel system for condd&ebrgy 2Hdustri al
processes, suitable for applications where extrenmes of cleanliness,

t ture, an r ure are encountered, and, adaptation to automated
p(raggﬁg'? ingo:ynl%,gaflg ﬁﬁe?rggq%%%]r ?é‘i‘?s.ed IR9SItiop Againgt,pald PSS vesgel jagd Ansenen; onary
Pr essur @oMss §hackd bRay HORCGI HRSsuR! vdedl! e LRESHMAT Ml bssuly V%E&z SndRfeeri al's

or ingredients are delivered and renoved, in combination wt ~vertically
novabl e spacg betwegn weid coTtrexkentingaid ompo pesition andesaid prastuetivatisel eotripyisiog a

i ndirec tg a co n_open fra rk for support. The clpsi.ng and | ocking
nechani g’lﬁ&sée%sr gmf%or%rfncélne fir %‘ﬁ&i%"agﬁfﬁ R% SYNGTY E‘gﬁarfﬂ‘h reyRote h%toﬁ?lgsgiﬂcﬁssvessel
and t he esyiaenddgtsake lockihg Spem 6psable babdednhe 10UKeS Pakiiod 890N urfiBked
apparatus .i,s adaptabl e to processes requiring pressures up to the 5,000 -

10, 000 Pefitiephsassapk o UariR spie logsd erpsition, ith gesitien] obsgidnedvsy bpingper
desi gn. u . Nt - he s.,ihe QCess requires,
wnen® o Rl dhsfhint'o SR A0 EARNCHE 380 B0 BRI RBAT TS T it co.
The appérched position degiiab lislitmgasaiib piozeterliroaas -fidih aaidmeme el MlovEigSt em

any stangard waf er, ﬁua dli ng robot systemnms, or any other handling system
for del PY F?Waﬁ‘ﬁaalfi ?fgéﬂgnsé WP icles to be processed under pressure, onto
the cover. Thge \¥ehiicRkd ¥m9@(ﬁé@%?da preSehid vgﬁgl SRt Ef(ﬂ‘eé%gﬁétin ARG @

single wafer, or other object befng processed I'nto ressure vessel for
pr ocessprigessendswiableadmi aprlioatigisc kbpreanxkrdroest b rel¢antinasp,o témpefathief tandnd

| ock mechanism for operati t he.cover is fully contained on the backside
or out sPa& of aﬁeheélco%ﬁ?fga’, “’g%gagtfﬁl%q 'f?e‘ﬂlt%atﬁ‘i pf%i“F%(H} AEETY ”BB?IFW-?JII“at e
gener at &gl sinplésh forhi, fittis anehtibRgr pretBelaBiseMvith @BhdddBoh0itFony tlﬁ@g%lpﬁvﬁféﬁss' ng
environment. The invention is able to provide a pressure vessel systemwth

| ess ri BIOCeF m@kwilnPhangredichisorrecddiviersy amdl remokédn gnnewhbinatiors withe

o PSS SR e SR BRI ©
ver ti cato zoomaogoperoframework for support. The closing and locking mechanisms are remote
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.

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

6



6 5 February 2004 placenent within the pressure vessel is acconplished or
supported by the pressure vessel and lid closing system The enbodi nent
extends to a system consisting of an open support frame, an inverted
pressure vessel, a vertically novabl e underside cover, and5&ebrigry2Md | ock
mechani sm where the cover is novable by the lift and | ock mechani sm

bet ween Eﬁlomer ..Qpen position and an upper closed and | ocked position

agai nst PIEREMEE Wi the pressups, ¥eseelds aproslished grsupppried iy ththaressurhi¥essplen
support f ¥ 8BlIokS e co8ELgured with spaced apart uprights that permt
bi-directéona"ﬁ%r?zontal access to the top side of the cover when in the
open positi dhe earebdishent eextdnds |to fa syt |consistinec hfian supeh ssupparaitfeathd) elnow t he

cover and i s, nechanically shielded fr di rect, exposure to_.the t si de of
e Cov el FRSUEFErTlor SAUCHAE RO, taigede drvernind folR fh 0 hbl o

0 provinighdhidh SFRUE e/ EFRE s MYPITHIARS Bt L€ 10dKf hed@BdishPEltwe B @RS M has
hori zontal |inear sliding blocks for”|ocking the cover up tight against the

mout h oPperhpositipresndeah ppres slgsed ved dwked Pheitiomagainitahe npustbbf theoin i de a

pressure v | .Sy where the lift.and.l oc chanismhas a rotating
g T oc RS E S BAd Bhr ot Smbteet SRR Yo RO R e ¢ ne
i nver t echap pedsitl bBdiv&$isa4l. hoBizbhthl ﬁkicbﬁr toOthE €6 kide f @'ﬂﬁc&@if&ﬂfeﬁgﬁ%@ép&he_

present invention will becone readily apparent to those skilled in this

art froRpEhen.dedamhers thesbifti gnd bk meehasism e loeeied Splowh theapevedeandr isbed a
preferr ggcﬁém&ﬂkpgﬁﬁgde fch;rH' %ir%&ve?(@&u%] to the'1H Xidg $f Wcog%r éﬂd fﬂ%}j{ﬁt%&&)ro& of the
e e at e Yy I on.

best node cont us on carrying out our inven

DESCRI PiHe@x: ke MdiseDRAW NGS FIG | is a cut away perspective view of a
prior art au&chave_qulcﬁgo eni ng. door nechanjsm Fl 2 is.a side

el evation of 18° FHEREeR &y? ar 2 PFRFBHE 3E5S5+ Saim aviipes the) lifpand frek

mechanism has horizontal linear sliding blocks for locking the cover up tight against the
mouth of the inverted pressure vessel.

The invention is able 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.

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.



invention with linear slide |ock blocks, with the vessel closed. FIG 3 is
a side elevation of the enbodinent of Fig. 2 with the vessel open. FIG 4
is a side elevation/cross section view of an alternate enbodLmant of Fig. 2
with a rotating lock plate. FIG 5 is a section view of tH&EM8¥£00hg | ock
pl ate of the enbodinment of Fig. 4. 7 5 February 2004 DESCRI PTI ON OF THE
PREFERRED EMBODI MENT The invention is susceptible to many vari ations.
Accordingly, the drawings and follow ng description of the preferred
enbodi ment  ad¥EICREP QE THE BREFRRREDEMBODINIENIht i on, and are not to
be construed as restrictive. The preferred enbodinent is intended for use
in the sem conductor industry for photoresist stripping, particle renoval,
dry resist dé&tel inpentmheiarﬁuF@pﬁbllewafxﬁm@, vﬁﬁatdioﬁg Aécorcﬂihﬁg@, e Gt Sandand t
ot her applications not explicitly nentioned here, that use process agents
in a hi B’E‘Jw@gsﬁﬁs@l&}w&c% Eiwrpﬁweﬁeer@b%@% ggetisclosed gass Hinguative plithe, or
super cr ity %&e? 1 1 iP@ssSi bl e nodifiers. These processes
typi cal |1{‘/‘te?‘§2‘&’ia?‘g a ?tgﬁhgg(g#te%é&%?%% eanl i ness, and nust be adaptable to
aut omat ed | oadi ng and unl oading so as to facilitate high production rates.

Ref i t i L2 d.3,.a fi.rst preferred. enbodi nent. utilizes an
hverted. pféglé&?fafevség&b(’ﬂln?qn&lﬁP}}erﬁiﬁﬁﬁ%aseafnt SSemisnadugiay insustry T
st at i onghytoasee Ml pRAIe fniEL cﬁ 6%52 <fﬁbé’l¥9ﬂ AbshitSF ﬁa%}gﬁ%%gr%gﬂf ports

for adm tting and renbving process from the vessel,

heat er s MEMSestrgfures, aast toghen applicationsayothexplieitlyi merdioned hexeh ittew jusg) ppocesses s )
t enper at equi renents. Vertically novabl e vessel cl.osin | at e, 2 can be
al t or natery® Hod Hehihde ad procth MR poCsed AcuaN Boors ik Bt pergria

funct i ophases with c?pethost fedibhameddierpITats rmssmnypiwlwﬁqﬁw\@fh@%h depadeer

cassette, or other object bei ng processed, is placed, whether _manual or
aut ormat O cleanliess gadmyst be wlgpipblpde aufpmates loadingead uniearding smasrteferilitaty osi ng
high production rates.

Referring 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.



plate 2 functions as the lifting platformby which the object being
processed is |lifted into pressure vessel 1. The vertical nenbers of
support frame 6, bridge the region around vessel 1 and claosing plate 2
such that there is roomto acconmodate the manual handl i ng FeBPan@0P4ont al
waf er pass-through conveyor system or robot that delivers and renoves
wafers off the open closing plate. Vessel closing plate 2 may or nmay not be
configured wth additjonal channels, ports and heaters as may be suitable
to the parti dulthis gepbndiments glosinginlatn % Hesuppprecdhend vedicaly epayed. begween

Febr uar 1.S: [ . jn t . o) rte d,.
vertica*PéQ%%%ggxﬁg¥§%§ﬁpgg%gﬁgék%ﬁ%ﬁ%@e h%%%fﬁgéﬁg%géﬁgggéngﬁ F#F rod 4.
A | ower redand ¢lbding pitedd iy endBdgyavbsteeéhepani ahtl cldsedlpesigbrel osi ng plate 2 up
and down between open and cl osed positions. Qpposing linear slide |ock

bl ocks 5 are powered by respective | ock block drives 9 for horizontal

movement bet weRsiiphackatdanshil H8S ﬁeﬁiﬁ};de%&oab%e;g&hbe (& HibASEesd OSi Ng

plate 2. Wien Tock blocks 5 are in the ocke osition or spaced apart
posi ti odor Asrizomt#i grov@nent heatwedns uslocksdanod 1bdredvpoditianl benexthnthat clofed i ft

rod 4 and cl osi.n te 2 et ween open and.closed positiops. \Wen. cl osing
bl ate 2 ofosepond. AVBEICK SRS Srnt e RUEEL ool BSuered SR istocks o
can be mpVRGFiEoYehBeisidMafarcBFol 96KEAIMBAThdr: T 188 rbd 4Fid clodng WHitED seal s
and | ocks closing plate 2 to vessel | such that process pressure can be

at t ai nedelrrgn mpienaad wkaed pesitipes. bes elasipg dlata?i isrin tihelosehpositeon withhat

provide i i t l0Si | ate 2 .are all containe bel and

o Ohi n roBPal SesslPh G AGS s B R Bo Rl e P B 505 on 3

i sol at e 2t kehicH bdals amlldce klozkghsiBiesSIBo d8shel ¢l satBdhatSyiotess Prdse@s @h be
contam nation fromthe process environnent by a conbination of gravity and
physi calattélﬁ?@@ﬂ{‘ﬁ@mt@ﬁdéf”f?hﬁgﬁle?ftﬁsqu’&ﬁatlﬂn-and 5, an alternate enbodi nent of
the invention has an inverted pressure vessel consisting of a pressure
vessel top I A secured to cylindrical wall section 2A but renovable for
servi ci ng t hdhpreesponente Hatrpervidec eertied trhotirm toacidsing tpiate@l are all contained

below and within isolation 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 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



conponents. The inverted pressure vessel is supported by support nenbers 4A
nmounted on upper base plate 7A. A vertically noveabl e underside cl osing
plate 3Ais operated by |ift mechani sm6A, which is encla eg b igol ation
bel | ows 5A. This aides in preventing contanination of thels ‘8&%@9 4
environment with debris generated in the |ift mechanism Pressure vessel
top 1A wall section 2A, and closing plate 3A, collectively form pressure

vessel 123. It is wiithin the sc_:oge of the jinvention that the sealing
i nt er f adeS1gsy dRbmay HBCqrpRiate a anigolstsealen seals befwensdigsurfaeesyarheieasy of

cl osi ngopél&ti 264 SABhe of nunerous and various 9 5 February 2004 desi gns,
and may cor%porate a suitable seal or seals between sliding surfaces or

bet ween opposing face surfaces. The channels and ports for admtting and
removi ng pro&gss flujds fron}_tgg pressure vessel are not.  shown in the
figures as tHaechqanngisand pgrs o apgyttipg and esmavine prgeess {rap theyygssure

mechani Gadsell dfPhbesHowRI i RE fiBaYel b¢ H&[luﬁfa@i%ﬁ%ﬂ&r@%éé%&ﬁiﬁ Rhse. HoWehedg

necessary pressure and tenperature ranges, and ivery and renoval of
fluids mecgmcn@l iinplgeasigne nf spagticuldreproqesd vagpiements ninclydimgsgcessanyggedspreni | | be

readi ly_apparent to the practj.tioners of partigular rocesses  for which
the sy.sfrﬂé(&?ﬁin%pelr?ﬁtfnéenﬁgﬁe.s’ 583%8 Yop 1 2ad rglﬂleﬂfﬁh atfﬁﬂl %rsoﬁﬁillnéjée(ﬁ%’(ﬁijpfg& for
achi evi PecBEsOREHS preINer st S5ilRBE réRRRp PPt £ 1 BRNGBSITAYrsAf phGoufl@s gn
stage or later be:incorporated internally, or be arranged externally to

t he prePESeBey £3 yehich the systomyis intersled offor pramplesacie hersers #e may betrequitessi ng

plate c . i n t [NV ressure vessel be
Phe. ver o<l e aBles EhYn e R Riloo s difna Bk} REUR GIRHIFetTH
anal ogoierthe ihdvepshicdlintethalty fdr bemelaagddsaxidas br tohkelpebmvevesselhere are

consi derations such as the need for flexible process connections to the
pressure vessel that nake this approach nore difficult to execute and

operate, but b y.2LAbR S e abfRNGhbddifEn ﬂ%é‘a%hﬂggplétleféan%dchleoﬁ? io'ﬁﬁ@"a“i sm
and avoi ds having the robot or conveyor "system having to supply t
verti cakoropompohend thef invexet pressurandsseebo vl vaficallyemerdtde companent by an |
isolated overhead mechanism analogous to the shielded lift mechanism described above.
There are considerations such as the need for 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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the pressure chanber. In an alternate enbodi nent, the basic structure of
the invention; the open support framework, shielded or isolated closing
plate lift mechanism novable closing plate, and stationary pressure
vessel, can be designed, constructed and operated in an i pruagy 200hnner
with the stationary pressure vessel having a topside opening and the
shielded Iift nechanismand vertically novable closing plate being on top.
While the gravity assisted _benefit of placement of a wafer or wafer

casset t surgage o thecalepingpfats) siieblgifpr eithst mysugl oz getematediiecemsntdridirempvaleduced

pr obabi gkﬁégpﬁ?rgﬁﬁlg%%%gegn fromthe isolated closing plate lifting (or

in this case, nechanismw |l still be present. In this case, a
si npl e suspension systemfor the wafer or wafer cassette nay be
incorporated_into or, attached to the interior 10 5 February 2004 surface of

the closing Pt atvariaon oighe abeye alienee srmbadimeny theutlonag dlatpwadifee and

renmoval i I VaLkaki e e
ot or natiafondsd GolbeRbn AR IR BrAGRSNRtkel dn o SEuihlPnfleall0” AR A
and t hevgtiesibu mevelds gedsso@nvelsse] wesdtdéscsplebipl rapmiatnknts sAgaias fleaible prdcessal | y
novabl e gr essure vessel creates sEecli_n\%Jé re.gui rerregt s such,as flexible

© femage d

pr ocess SONGRALS ol Prgsffe VEISES & RiF apPFREh R PIRPEmatis AL R nor e

pr obl enBhiignai{ Plsure FEREL PRAINRIR IR bércli®IF §lshieRidH 17l arddSlodt RRchPisnpenet i t
of a shielded l'ift -and | ock nmechani sm and avoi ds having the robot or

conveyopndgwridgrhavang thy robotsupenyeson systemthiaving tocupplyche venticali eopgronentn and

r enoval {ns%fie vva‘i er ivngothhgv Fere SYre chanbgr. !Referri ng again to Figs. 4
and 5, Pheé S8 &llt EREE %ﬁ %y? AP 091'8%9}156[ “Fotate- to-actuate |ock
pl ate, instead of the linear slide blocks of Figs. 2 and 3, explained in
nore detail _below The top base plate 7A and isol ation bellows 5A are
anal ogous t oRefsting pgpin tpligset mcagdthaé’m%m vigasel pusfens igEorpPRgEes axofaRt 3,

mechani St Pam 3 ka e g Pbe P 1BCA e wllbks KPElsrZand oy oytilfed Bore o ocure
vessel deppbelowreithe topdase Ipldte FiAsandasclatiom Bell @vasS Acie analbgdusvafigiatipass-

plate 7 and bellows barrier 3 of Figs. 2 and 3, with respect to isolating or shielding the

vertical lift and lock mechanism from the process environment. The open framework of the

pressure vessel support member 4A, 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 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



t hrough conveyor system or robotic placenent and renoval of wafers, as in
the enbodinent 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 menber securely attached to closing plrsbaasZidhg
extending vertically down through |ock plate 11 and | ock plate support 12.
Lift mechanism6A is enclosed within locking rod 9A and is operable to lift
and | ower cl osing ?Iate 3Ato and fromsealing closure with the | ower end
1

of wal | cQ¢Esedh configygd wiily interaalhadirectsdaupifomnly sapced) logkingHpgnded-oskr ew, or
any oth j I . i ' £ 1 CJ I bust to
2chi eve LT o€ Forligh ST 8ok MM RERMIKRE) RSP RELh o) 1D
secur ed lacked Ipesitionven lecidng blatoekippg 1206y Qduators B5. ridie-deateatoperiag immbsvker . The

perimeter flange or outer. edge of clanp .plate 10 is configured wth

uni f or npiét% SEaREZR Aol 52 pete Aoagﬁrlgslﬁ%a? %p?%tvgﬁ&aﬁﬁ-t@ev%é% ock
plate 1hihe 13 lwhef ahéit 36 R0 0tafi Y GfosiEiois GRRE 10K 98 Mid 7! AL SRtk
directed, uniformy spaced, |ockinglugs 16. Loc plate 11 is rotable

t hr oughpesitipms.t ed arc between a first unl ocked position and a second

| ocked position on | ocking 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 Afek tife aldciarlifih B0 hat QEvateR! Absing plath8A {R@iskalir @drtae® wig alional
positions place lugs 16 and 17 in alternating positions. After lift
nmechani §#AtIGA Ha$oedseipat@apleteodie riogyra vt peasiRt wssrbdl23ngetvaintsat? canthe wal |

section 8@&%&% 35 Iiogaéé: %Bl gilgtte é ?FO%)L %% lu%)? 38%_3:{18& o Y& MBS gcgdarejig ?P%n%% h ; 2t igs

15 can activa tor S0 as to advance

squar el yolespoading lagr Iesixdadp piaté U0sthdy peividih@amdqehatieal 16ck fohtis chisene di ng a
mechani cal lock to Fhe cl qsure of pressure vessel 123 during the process
cycl e. RESSHE 0K 441 drgekithigpivsess frlen®ther gpechapicaly logliggmeshanismpmy be

concei VaghsedyPIMb WA dsNGiad ARPEREivENCark WAL @8- scb R of GHATRIcRriod. oS! 1 de
| ock blgckg 3? t he enbodiﬁint of ﬁng.mE aﬁ%’B n&? eoagéﬁteg o the
example, the slide lock blocks of the embodiment of Figs. 2 and 3 may be adapted to the

general design of Figs. 4 and 5.

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 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



general design of Figs. 4 and 5. The invention, including the enbodi nents
and exanpl es described and illustrated herein, and others that wll be
readi |y apparent as being within the scope of the invention and the clains
that follow to those skilled in the art, has nmany advant agd€®®¥ar0%he pri or
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 from bel ow or above. There is also the use of the open or

ci rcunfrenti s wilhperealizedribe ipveatiop ioearabls afietherpanssdiffgrans tmbedigeents
surface tq e ' { l.ds t he pressure vessel
and cl o?ﬁag{sgﬁﬁé de Oaéﬁ@aﬁ%ﬁ%ﬁ%ﬂy d@?\%ﬁ&é%ﬁi‘}sol al ?@Vﬁglgnrgs%eﬁﬁeﬁzw Bf the
i ft andiepatikg feahthoicssendensf thethvestibn. cont ami nati on of the process
environment, and facilitates the use of a pass-through conveyor system or
robotic |l oading of the pressure vessel in a production node. In addition,

the preferregeebaghiants id %W}tﬁ%@gﬁﬁﬂ{eii&%‘ﬁ%,‘&’e}frééshfjé Y’%@séf@f{%%gif@ﬂ and a

rotating | ock mechani’'sm eac require a reflatively si ve
not i on tcondwking undustrib? pfocBesbs carsistilg 0f aAvpen khppoet firaad,i anddyertddepregsuant i on

is capabl e of .other and different. enbodi nents and.its_ several details are
Lapabloe vgfseﬂggfxfeﬁctgtt% (PR FURRGLT §a¥co Bv‘l’e&ﬂ%atuyﬁﬁl?g’tl"s Pn‘é‘?rflgwcpﬁgu_tang a
depart i RgechiiftBe nRVERNEE Qhelt BAWLEY 8 tubR&- ?15% &gﬁ@l SainsDBeCinbSriel thin

the scope of the invention, a pressure vessel systemfor conducting
i ndust r iPssyegEessharyd & dyvedr opemgosifiomhelopahe praspue vesseh mhereathe iimedort efd

pressur ffiix to the open,support, frane, a vertically novabl e
under si glée %%\?'/%r% Vegsrslé& agg et agenlgesrm%?%@erf%v?rn‘ﬁh?%gs B%We@dgé? Rﬁéﬂ“gﬁeﬁﬁﬁlper
cl osed posohsideredgabigie plocess Beirb@tent PrREE Wehvere $ne| rebdalofl BWRIbjRREN
position hel ow the pressure vessel, where the interior of the pressure

vessel ARFenMEcesHAcHIas wek As aieal PEREFSiihen its open and the pressure

vessel is considered to be the process environment where delivery and

removal of the objects wunder process occurs, as well as actual processing.
As a further example, embodiments of the invention may include a relatively

independent mechanical locking system located remote of or away from the process
environment, where the locking system is operable between a locked position and an
unlocked position when the cover is in the closed position. 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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As a further exanple, enbodinments of the invention may include a relatively
i ndependent nechani cal | ocking system |l ocated renote of or away fromthe
process environnent, where the |ocking systemis operable between a | ocked
position and an unl ocked position when the cover is in tRdebluayago4
position. In the | ocked position, the cover is mechanically 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 unct i on. Apraothey ﬁﬁé@@leowb%ﬁmﬁ@f@ Kfibe yentien myiempey ﬂoogmgs%tste@ﬁy

typi cal e I LT t t . Q. s.used in
 pdust r o AGRREE AL AL ERY. B SATHRR, |kt B MGk BRA alt® o
adapt ed shdableistaptabloekddand watcked posikisrebot i ¢ obj ect handl i ng systemor a
conveyor systemof any sort for delivering objects such as sem conduct or
waf ers or wafer cassettes to the pressure vessel systemfor processing in
the pressure Aeq§elnothtn exaRbleMRinbBFARNA bP heMivBntiGs BEG e hfloy [4focking
capabilities of  the i nvention, would enploy the pressufe sge systemto
suppl y eysters gppustingsdrglodkingréd of citlindeventending vartoghriskw die cooegmpdta needed

to insert t obj ect nder process inNto the pressure. vessel 5 February
2004 A "AKOREE Meskiieod STt SRRt TV Oun T B GFG Eant BRFTF Bk ng
Syst ens claky platedRi QstcithlQditeeRatRIdis} l6snehiRrABK Spaaattl aBsilt YA REignetath@r e t he
sliding blocks are - slidable between | ocked and unl ocked positions. As yet

anot her hesizannlly orisvtrsanderntableolocking plate émmotasinehasttashgs! withsuitddkiswrportsyst em

consi st | (o) | r |.inde ndi vertically below the
-cover, g&ngjeaépeﬁo%l-gﬁ ‘5(}1% 3‘%!“‘ eeog%c itﬁ% CEr)‘(')e"g' EFg)rfr(%%bl}dgaﬁlgtea St RaE r%/cc)Peflﬁlg ?néiwer end
of the Lkeattllyoditaty obing lufe unifomily §Pasdd abag Gt @hteal dpenidigl 6hed tHeol di ng
| ugs uni f rnuﬁ spaced about jts perineter., A horizontally oriented and

r ot abl elchagi e pt y the palopkrdpasiipnyrotatiparl e thedpeleng lnes apf dhashgddivedugs o t he

open SURROhKY lf'éﬁgﬁ% bghe otvﬁl% QM5 ce o Ger}if K Ctﬁ:% Rpeni ng
and centraﬁ 9 irgctlyﬁﬁoc i ng %&83 un?#or Eﬁggﬂggégmgﬁéﬁ%et ehggﬁter
openi nglocitfngnplatee 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 follow.
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| ocking plate is in the unlocked position rotationally, the |ocking |ugs
and the holding lugs are msaligned so as to provide clearance for

vertical travel of the clanp plate through the |ocking plate. The center
opening in the locking plate then allows the clanp plate addbruirp@fedg rod
to pass up through the | ocking plate when the cover is noved to the cl osed
position. The |l ocking plate has actuators for causing partial rotation so
that the locking lugs are aligned beneath the holding |ugs, thus
nmechani cal | yClédM$iq the cover in closed position. Other and various -
enbodi mrents of the invention will be apparent to those skilled in the art,
upon full consideration of the description, figures, and cl ai ns that

follow. 14 5 February 2004 CLAIMS: 1. A pressure vessel systemfor
conducting industrial processes conprising an open support frane, an
inverted pressure vessel affixed to said open support frame, a vertically
rovabl e1 U0GRISl IS EOMSren Y oRRBIN AlulBY! M. R8I BRMEH et ween an_ upper

cl osed position agalnst sald 1 nverted pressure vess Afd a | over open
posi ti on bel awommi suppereframes vessel, the interior of said pressure vessel
and the space between said covyer en in said | ower open position and said
i nverted pre¥siyvert §%Wﬂiﬁﬁﬁ¥Pgﬁ%gi%sﬁéBE@§§E@HVﬁP§Whent, a mechani ca

| ocki ng syst@%ﬂgﬁ[ﬁgb@a@@m%d@cdvgplggg position and an unl ocked position
when said cover is-‘in said upper closed position, the position of said
cover bei ng meashéni maving srdsove betveen anugperpplesed: lposition peainki esidwhen
sai d Io&%%&&iﬁ%sten%is in sqid | ocked. po iﬁion“ a shield igﬁhgting sai d

pr ocess TERVTT BRIER VESP Y And & 19VRESPRD BOSHIORRRIGYY SEdpaess s aresse EHETPT| ocki ng
syst em ofaail presise T&kclapBtld §ach Béivet® sHalclvdvARHIh 8aMA8H8F 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, 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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2. The pressure vessel systemof claim1l1, further conprising a nmechani cal

| ocki ng system |ocated renote of said process environnent, said | ocking
syst em operabl e between a | ocked position and an unl ocked position when
said cover is in said upper closed position, the positiorn Ispruasi280¢€over
bei ng nmechanically constrained to said upper closed position when said

| ocking systemis in said | ocked position. 3. The pressure vessel system of
claim?2, said systemfurther conprising a shield isolating said process
environment from said nmeans for noving said cover and said | ocking system

: ficl af f her. i Si f
appl yi ng. AR es e WRCRTbE el Mg’ Lorplng AR50 30" SRR B ossur o

vessel sdtisviempeéssaledh Baid prdssurk bedselonhgH degledy means for applying and
relieving pressure in sald pressure vessel when sealed. 6. The pressure
vessel systemof claim5, further conprising neans for inserting and

renovin i i ¢ . . 7. The
pr ogsur & SRS EET e el SHk b CNATY FoRhE° SRR Hen A RN ma
hand! i ngemoyisg procéss inglediente fiongsabbpresduse va3sd avtdnsydédm f or processing in
said pressure vessel. 8. The pressure vessel systemof claim6, further
conprising a conveyor systemfor delivering objects to said systemfor

processynNghé Rradird VRERP SHi&n . iy edhisHs claim
1, said Iock?ﬂg systen1Egﬁprxgﬁﬁgﬁb%g%ggﬁguﬁgorizoﬁfg %ﬂ?ﬁ?ﬁgh%?%g%s and

act uat oswtens firdlelvértigapidstooksideystam fof prabistngie swidenesaurs aesbel. | ocked
position and a said unl ocked position. 10. The pressure vessel system of
claim1, said | ocking systemconprising a |locking rod extending vertically

bel ow sgi dhe Qedsurcaver@el- Eatedb|of dgaKisnFuiied niRi aAt@ndéforcyedmt rt he
| oner end_ of said |ocking rod, said clanp plate having externally directed
hol di ngdelixgsing ghieriiabaid Sysers dorasecassing in yaid pressuss vesselhori zontal Iy ori ent ed
and rotable locking plate rotatingly attached to said open support franme
bel ow said cover, said | ocking plate having

9. The pressure vessel system of claim 1, 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.

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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a center opening and centrally directly | ocking lugs uniformy spaced about
said center opening, said clanp plate passing up through said |ocking

pl ate when said cover is noved to said closed position, said | ocking plate
havi ng actuators for causing partial rotation of said | ockifeRjugsy a9
between a said | ocked position wherein said | ocking lugs are aligned
beneath said holding lugs and a said unl ocked position wherein said |ocking
lugs are msaligned with said holding lugs. 11. A pressure vessel system
for processi A8 OB SWRPESHNSet or wafers in a supercritical fluid

environnent,aﬁ%gghkg@RQ?H%??§dE§ﬁ%&ﬁ$%m§Q%b%ﬁﬂgﬁgggpgypport frame, an

inverted pressure vesse I Xe 0 sal frame, a vertically
novabl e undemnsedealipumivablemadasilocovedyi ng sai d cover between an upper

cl osed position a%ainst,said inverted pressure vessel and a | ower open
posi tion bel SWAEHTA PREER, saidy eSE|betwerd pntuppFlocloset pesitign peadst saidyessel

and t he;SRACE pRRLWE SBssePAHd é?R)\ﬁ?e?,oﬁgl‘?god.itri'onsﬁélﬁlwlsgi\ﬁ%reﬁﬁt%nveg&ii thé Heri@nd said

inverted pressure vessel conprisi process environnment, a nechani cal

| ocki ng of yaid prasspe vatsekbardethevepate betvorek seidposert wien i@nsdidalowen bpskeditionosi t i on
when sai d cover i,s,in said u%per cl osed gosition, the position of said
cover b&MhEY FYEHERPESTHS VEsSHSOPREE 3R0Ess TP | osed position when

sai d | ocki ngasy&dhamcaldotiing 8jslem loPEMBR 1RASEdn Plbck@ shNiRdHadS ahlopgasal d
process environment from said neans for noving said cover and said |ocking
syst em PREHR whep saif soy$mg iheaid uppersdosdd positigurthe pesitien of saidnevelr deing

T e R
11, furidovked positiori,Si Nng a robotic object handling
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,
means for inserting and removing process ingredients under pressure into and from

said pressure vessel when sealed.

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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system for delivering objects to said systemfor processing in said
pressure vessel. 13. The pressure vessel systemof claim1ll, further
conprising a conveyor systemfor delivering objects to said systemfor
processing in said pressure vessel. 14. The pressure vessef Feysre?iddf cl ai m
11, said | ocking system conprising opposing horizontal sliding blocks and
actuators, said sliding blocks being slidable between a said | ocked

o i i i . ¢
O ai m 17, RS Jofilhg AT cOHEER AL 108ing s MRUBERSER KEAT Sy SURRET ©
verti cabpcmhglsam cﬂ;aan}dplamflmssmgupmfmgﬁ adid dockinplplag whesd saidasvperpisah@vedt t ached
tothe |o nd of sald4&CM sald cla pl at.e haV|1n externally
di rect elf ¥ aloﬁﬁid PRRgion, 54 @% HingieteLort © ;9 apsingpafial otgiion ofont al | y
orient e@alérlgckﬁﬁ% ?B{eebét%&{ AGaddl l%El@edlgosﬁld:nthé{@frysag@@&k%gc %& &fe SRGRGNY and

centrally dir | ocking lugs uniformy spaced about sal d center
openi ngbelmthd sagdl zmtdlm ahmg pulssisay upockedopasitiaaivticleot kiiddoghing dugshae sai d

cover sed position, said | ocking plate having
Rt ut€ g baidiag | |

actuatoflsS 35 ‘rotation of said |ocking plate between a
said | ocked position wherein said |ocking lugs are aligned beneath said

hol di ng 15 ugge ?%s&e S5 WORKSGOCIRRS 11! 9Rd RSS! fBr S Bﬁlﬂgoﬁéﬁt %rﬂg‘r‘@ﬁl]gar e

m saligned with said holding |ugs. 16. The pressure véssel syst claim
11, sai hea’marwsthﬁmaubppbwmgesn@@mmtqbia toiangxtemerd pewsr soutdsi N sai d pressure
vessel connectabl e to an external pomer source. 17. The pressure vessel

system ne of t recedin erein th ani c | ocki ng
oy ot om WA rr e Erectestel Sisharm ALyt checal Th oo SRS, TEeo e dierEctan
system id&hr@%@ﬁi@ﬁtibéﬂed ﬂ%%%f‘rbxﬁ'th@ﬁr%&%%%ﬁﬁr&ﬁx%&' sing an open support
frame, a presSure vessel affixed to said open support franme, a vertically

novabl e cover, neans for noving said cover between a closed position
agai nst ;saj d pressur esse,
9 1824 pre%sure Vessel s system tlor 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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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 conprising a process environnment, a
mechani cal | ocking system|ocated renote of said process ehVeremynadtd, said
| 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
syst em INVEREEDPRBIXKERENESSEDL WIBHIRORIAONA RTHROLIGH I ADING:
environment from said nmeans for noving said cover and said |ocking system
20. The pressure vessel systemof claim 19, further conprising nmeans for
appl yi nABSBERACT said pressure vessel. 21. The pressure vessel system of
claim 20, further conprising nmeans for inserting and renoving process

i ngredi ents under pressure fromsaid pressure vessel when sealed. 18 5

ABSTRACT A pr b BSTES VESEa POt G E B G oSBT DB ot el

el evat i g temyebrataneg kidypressfurdselupiag seproscsangtl@reskiyradaptdble it grodbetiqa lawes s
cycle, readily adaptable to production |ine _operation, suitable for wafer
process ioﬁaraflw)‘/’t ﬂ’étaE%nPOE ONGE tPEPCCPHRRI <1 rtbe ShariqosAucipr industry, fnd; for sather,

Pr ocessgfiusiHs aH&%?&%s?s.Vﬁ%lslirEssh?e GQN] 119 b Sitbupdd ﬁrﬁtﬂinaz%]&%”su B Paly el r ame

with a stationary, preferably inverted, orientation. € cov or closing
pl at e i svithe sfatiendry, prefsveblyl mveded odisntatien.nbhet ¢dovef ot blesipg edaeievardsdll and

nto t naioyaBieupsadh B Bomh ¥ 48 pledet e A s ps i Hetum By W oo
i sol at edhestled ih@drdRekeks RMtahbRrBd AR6 Hfe RRWILI IRNBBYing h8d locking mechanism

for the cover is isolated and shielded from the process environment,
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