VENTI LATI ON GAS MANAGEMENT SYSTEMS AND PROCESSES CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] The benefit of priority of U S. Provisional Patent
Appl i cat iwo 2b0/088@A 295, 150 fil ed January 14, 2010 in thecmarses 10208y Kar |
A ander and Paul J. Marganski for "Ventilation Gas Managenent Systens and
Processes” is hereby clainmed. The disclosure of said U S. Provisional
Patent Application No. 61/295,150 is hereby incorporated herein by
reference, in VENTEDATIGNYGAS MA@A{;EMWS@STEﬁﬁhﬁﬁR@UlﬁsswENTl ON
[0002] The present invention generally relates to ventilation gas management
systens and processes. In various enbodinents, the invention relates nore
specifically to exhau en Ver boxes and gas
cabi net s cont ai ni ng f¢%9§¥§JJ *EH§§3;3§ '?CAgglgéﬁgggnductor
manuf acturing facilities and processes ut|I|2|ng sanme. DESCRI PTI ON OF THE
RELATED ART &0003]|n t he use of sorbent-based fluid storage and di spensing
vessel s, of[00H type teentinel eiialty ofed-Shronyival Priprt AppidattiuiNg 01E1.10SA) under
the trademsgkq a%l;)§y '14f botiod® @E @asitsosed. AraORMES lafd@ P2 O BeRfandEdbUM i N a
cl osed vessg} 3 e desor bed under dlsgensln condi t i sugply t he

l’ltl ﬁtwg%rd S

to
fluid for P VRSP RESE R A SRS ay® 1’i‘e &Y HaEeg IQJ‘?eedé%’BF‘Ee
differentlahmheﬂmhﬁﬂmthPmmﬁe@mamumd%ume@ﬁumhehweﬁsmbqﬁnddmhemdwspenS|ng

| i ne connec t f the vessel, input of heat to the
adsor bent |te§%ﬁe vltg(gnu e?y’}l()?al?ﬁue}&o/s%f the carrier gas through the vessel, or

two or nore of such d|spens;g&gfggginifgghﬁﬁégéFe fluid is desorbed for

di scharge fromthe vessel. E BYV orage of the fluid in the
adsorbed state, the fluid pressure in the storage and di spensing vessel can
be mai ntained at very | ow pressures, e.g., sub-atnospheric pressure.

[ 0004] I n conéefguente modses iiohntlooweprallg sdate tstvanihgen gdshenagsont bgmimsbased
vessel s hav t Lal i v e on to
convent|onéﬁdﬁ? %Qﬁrﬁggﬁgg(¥Pb£§@§%g%]§&L %l %?é%&ﬁﬁégﬁ%%%%(%%%ka|n t he
fluid at h|sgﬁe@wécffowemwﬁé%|bexe®ﬁr@$gw@§ets eongining fudsapphessselpy anthe or der  of
800 to 2000scR&bMctsUtdiuféitihe RIARISUME pYdsdc0ERT B LARN €sent a signi ficant
hazard in the event of cylinder |eakage. Since the fluid in the high
pressure cylinder is at significantly higher pressure than the anbient
envi ronment of the cyli ndeBESCRIBTION OPIIHERBLATIEBKRTEe event

e

[0003] In the use of sorbent-based fluid storage and dispensing vessels, of the type
commercialized by ATMI, Inc. (Danbury, CT, USA) under the trademark “SDS.” fluids are
stored on a physical sorbent medium in a closed vessel and are desorbed under dispensing
conditions to supply the fluid for use. The dispensing conditions may include a pressure
differential between the interior volume of the vessel and the dispensing line connected to the
valve head of the vessel, input of heat to the adsorbent in the vessel, or flow of the carrier gas
through the vessel, or two or more of such dispensing modes, whereby the fluid is desorbed
for discharge from the vessel. As a result of the storage of the fluid in the adsorbed state, the
fluid pressure in the storage and dispensing vessel can be maintained at very low pressures,
e.g., sub-atmospheric pressure.

[0004] In consequence of such low-pressure storage, the adsorbent-based vessels have a
substantially improved safety character, in relation to conventional high pressure fluid supply
cylinders, which may contain the fluid at high super-atmospheric pressures, e.g., pressures on
the order of 800 to 2000 psig. Such high pressure cylinders represent a significant hazard in
the event of cylinder leakage. Since the fluid in the high pressure cylinder is at significantly

higher pressure than the ambient environment of the cylinder, such rupture or leakage event



can cause a rapid dispersion of all of the fluid inventory into the anbient
envi ronnent of the cylinder. [0005]By contrast, when a | eakage event occurs
in a sorbeotebiasew1f| ui d storage and di spensi ng vessel , PChAISk@w02i80y age
fluid pressure mnimzes such dispersion to the anbi ent environnent.
Further, in the case where the storage pressure is sub-atnospheric, there
wll be a net influx of anbient gas into the vessel. Such net inflow wll
serve to didabtsd hapidaRs@dionCs? Rl 8NthS flui@Alleridy IbBhe ShtinbidRodnkar dfiMeeat of
hazard in th |C|n|ty of the vessel, thereby avoiding the rapid discharge
of toxic orqﬁ %Y5r dous flui d at hlgher than threshold limt value levels
that is chaoenst eri By tared, Wiealkdgage\cemt sccu\io b worhent-hisghflpd essipe endf | ui d
supply cyli 0 i i safety
chor act o . 205b b oAE p] Dokl S bt IE Wi AT Bl K S INANEER Core
into w de weEigamier. b i sheicaxsvhpm thetiosdge prosire sopb-papwhddsugert Wil ids nust be

di spensed tond g oyamdlénz- LdwPN rt@w@s?sae%uanﬁbt Gl RITE Rrve 8 uphe % JLhe
sem conduct or manuf act uri ng.\n dust réoﬁé | n semnm conduct or manuf act uri ng,

such sor berfPP5Hs &dd fyrihrgdiafgh e thas @ﬁ%ﬁ%ﬁﬁg”ggg%@ﬂgeNﬁ?ﬂﬂﬁﬁﬂWlIlzed in
a wde var|@@Mm@hmnﬁmu&amMQrmngmomemaﬁ&mnsmdmnmgmdmmgm@ﬁannﬁalwm&por

deposi tion, nt at 0 cl eani ng,
etc. [0008] lravejscihat 1s gharz}c%rl%tlc nPf agese(\)f?rbs 1h\f0? é% pﬁs%re ulcf SPI 1ncpe ds di spensi ng

vessel s havi@0lsten @aw@v@GM&nhyhmmd@Wyméwpkby@@fdmnwth@hﬂth@wﬁé@dnt gas for

the inpl ants@&r&gﬁ r&nd &sp%ﬁﬂ{ge\gssblg h&v@%oﬁ{éaﬁﬁ)e\!vﬂ@-ﬁsa a%lﬁgﬁ)gbﬁrd/h?chp&@@&ur e and
di spensed to the ion source gener ation of ionic species that are

separ at ed t2FEPEmIYAs PEY bbéé?ﬁn%eé {ipid-ufiigieamiecatsrsod cpoReRYY: sprhiap éhe
senlconduct@ﬁmﬁamu&aﬁmu@umg%mﬂdugtry, |nternally pressure-regul ated fluid

Supply vessgh, Nave Aleg oM. LR L RsRread uspln, 85, 3,75l ! tor nati ve
to conventi hi gh pressure gas cy |n ers. Such 1n

pressure-requkmmwdbémukddyuppmy\uessefwmaﬁemumnmemdmalm¢u®m5ﬂkmbMe from

ATM, Inc. P@r& Gidion, nggﬁgeﬁ)h'l ;{H&mm%’“@om&éﬁ%{ de{)&ﬁ oh,ff 1?@35% VAC, and utilize

one or nore at or Vi ces heé interior vol une 0 e fluid supply
vessel . Thel0pgul alrden imelpnieios. servpridyed i seigetrof Higpeasisusprly hyede®l s have

pressure sefartReldt &ld&lly atnplayea ﬁlQJ/Iﬁ‘(Qlttﬁ‘éjd(Ilet RAON Be uapwiﬁ@lbﬁ adidiasp ems e
pressure of the fluid hscha ed fromthe supply vess
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oper ations, jghjo; | S Qﬁ%vs%l%}cln?cﬂ@th rHin%Eé&h&neg lﬁ&scg/éﬂhe%m E%ssue‘%%g:]ﬁla%ﬂ%lﬁidy vessel s

i n encl osures, SUC as gas cabl net t al nnent
structures S]spldsoivmelsfaham 6%’6‘@“? mt@mdsszpr%ma@ a3 f safjabiginative tof qopegtiogtlor age and

di spensi ng M8S$RL(R) gab %ﬂlrﬂ@rs r@iéﬁ‘ tlﬁ@nilgr prébaie- relgﬁlatta(h SuRNGbAS UELels lahte
di spensi ng vessels are coup ow circuitr for sel ective dlscharge

of fluid fﬂ@WWﬁ“?Bé&V@ﬁ%3@%%é€PH WF{%%mWVd%PW?Hﬁé §U?hﬂ¥P%%WETrCU|try
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circuitry ithatpigeelepted teprbyidpet desired dlspense pressure of the fluid d1scharged from the supply

vessel, e.g., a sub-atmospheric dispense pressure or a low superatmospheric dispense
pressure.

[0010] In the aforementioned semiconductor manufacturing operations, it is conventional
practice to deploy the fluid supply vessels in enclosures, such as gas cabinets or gas boxes.
These containment structures provide a closed interior volume in which the fluid storage and
dispensing vessel(s) can be mounted for use. In the enclosure, the dispensing vessels are
coupled with flow circuitry for selective discharge of fluid from a specific vessel to the flow
lines of such flow circuitry. The flow circuitry in the enclosure is coupled to flow circuitry
outside of the enclosure, comprising fluid lines, conduits, manifolds, and the like, by which

the fluid is transmitted to a downstream point of use. The flow circuitry in the gas cabinet



and the flow circuitry outside the cabinet nmay be wdely varied in
character, and may include fluid fl ow passages containing flow control
val ves, rwoubatss®l rmass flow controllers, electronic pPETASRE1920330r S,
pressure transducers, heat tracing nmenbers, restrictive flow orifices,
excess flow valves, filters, purifiers, overpressure relief devices,

mani f ol ds, m xi ng devi ces, valve nmani fold boxes, snubbers, thernocouples,

si dest r eam samRlooRQirsifFyltsidie @R calfih ANELBNiSoly TIRBOMRhSE Eor, aﬁ@m&oﬁtltdeonal
sensors, tgmci)t her conponents that are utilized in é{zemfl c fl

ar r angenent $"¢ PV cBIAEC ICHGIEUTY FPBR CHESE FEHEO8t SPEgEORrfaE lgrﬁenm ng
vessel in tderencpesuiceschorsappount rafdutse heft OBl Mheuibes vegseive éhel osur es
such as gas,, i § 21985k 8l ical Ly, L8 Lventilation
gas, e.g., all(f?‘g %ﬁﬁé@@ 1?% flg??ﬁrfgﬁ %‘ﬁe{p e%genc (f)gét}?%y%g?tl a%nﬂar%y | eakage
of fluid frésmeeshaalyd mpfolsk ey enubhets. dhew@fwsm%g sijesgena sqn@hsg/\éptctumy by

ent r ai Nment olafedRemMBMbbds aéo'm%@snﬂﬁaﬁ ShsbR24Rd olRE chfoHdntsl MY YehhiztRfl On gas
ef fl uent contalnlng any Ieaked id conponent .may be conducted to a

scrubber or*Petiiftovt FaBteREMt o ﬁ‘?“flucélﬂ%ﬂ?lﬁgo@ﬁ@tﬂ%ﬁortgﬁﬁ% e srtlous
conponent s infheteh@oswie i d Joak bfake.gas are abated to permt venti ng of the
treated ve 'I ti as to t at nosphere o t he Qsi ti use.

[ 0012) The JElT] acTul skl ot 007 DR 8 Bhnd P o5t PO b 8BsM a0t her
encl osur es @bnbted witngefilaugndas igpplay, vedse flowedtheegh @@n@m&m@rso tehefyact uri ng

facilities j S%Jo@h{%l@lfﬂobﬁ d%QfEd &H&g@%ﬁ&’dllple&ﬂ{%%sfsmsos%ﬁ HEH &RghAsvmes at flow
rates of 300- per m nute, based on considerations of containnent of

a worst case Yeé‘tllé‘éf?éga*(V@R? Shreptulting vengiaen ga siens sooseEnegny laedfligm a hi gh

pressure ga@npyehtnaberoe c&rQlG&&l] tzﬂaecrglaﬁr (bQ%hei @eaﬁlﬁhﬂt\/t&lﬂteh@ﬂ@hﬁay ayaeisd sruct ed with

per rranent O[Pga@éogg%ol}lo eants 1mn el’l?Bl{l 11 as are atba?\éltl nt O t en 11'1 (% tﬁeoﬂ'grt l l ed rat €
as well as ‘access ports or ? can |‘</ f opened for system

mai nt enanceveami@tiomgasrteplbatmmbﬂt onrfthef dligiogitieli @ pensi ng vessels. The flow rate
of venti | atipph) O3Stk NQHANN 308 Rt | bhifhe SF 0 CRMEL AL SHBNUIRGHY! | NG

facility typically is a i on of di anmet er ducts used to
wi t hdr aw t heenigisiie | fluad jserplgaessely e}wsel@cqnﬁ@t@a@arw@%uarrﬁd f@bﬁ%usst typidlygas box,

as well as doh@usdshtfidwed RSB ERh Emurbssatgewez&@toedomsoo&mef Rkl @t he house
ventil ati on/ exhaust. sy §tem of the facilit &)gRex aust . dyct Er;&%é’ﬁ

equi pped wi THOY! BHYEPT BRSPS P & OFH A8 288 o et (e g4y y be
provi ded, whiigadiroarchigmpdsayegs tinprovi de specific air flows through the gas
box. [0014] ent 0 i t he

I nternati on@)ll Fil r eTl%oa%elggéleScct%P‘%h 0%%‘&4&1?&%%%13@% ag&t 89\/\@% ﬁo é{(}e aver age
face vel oci tWgemir tohidovf mtveit @f 2 gangolediitp @t walée%ssesmmt%ordtoorwthﬁidmbecannot be

| ess than ZsQQcth@lﬁtopQﬁﬂ £ sQkdn€ maiehddcardon kdplaenéal iy dlgi;ensjr%qregs@lgt per
m nute at any point of the access port or. window. Simlar standards have

been pronul Yoy Ty ok yaUlgRRse IRyt o Eﬁ‘dPﬁrSFé?if"“ﬂ}tﬁﬂﬁfné‘&‘tftﬂ“é‘P% fatifiyer nat i onal
(SEM ) or gampizadly isQifudc@on ofeiRtduttalian@Rr {rdaat iees. w1{h@1@az511e8amhatiroegaslfmv| ons are
i nt ended to ensure t an% eX}4\45}letqhthe access do% S%C he encl osure i ooPen, t he

a S box, ag ‘well as ressure at 1s enerate
rate of ai r | nt% e IS surrticli e%lat {)d cap ture any toxi c f'% OUS speC| es
applied from the house ventilation/exhaust system of the facﬂlty The exhaust duct may be

equipped with a damper, or louvers in the doors of the gas box may be provided, which are
employed to provide specific air flows through the gas box.

[0014] Current gas box ventilation practice is delineated in the International Fire Code,
Section 3704.1.2, according to which the average face velocity at the face of gas cabinet
access ports or windows cannot be less than 200 feet per minute, with a minimum velocity of
150 feet per minute at any point of the access port or window. Similar standards have been
promulgated by the Semiconductor Equipment Manufacturers International (SEMI)
organization for ventilation practices.

[0015] Such regulations are intended to ensure that when the access door of the

enclosure is open, the rate of air intake is sufficient to capture any toxic or hazardous species



that could be present or released during that tine, e.g., to maintain

wor ker exposure to toxic gases below 1/4 of the personal exposure |imt
(PEL). Cowpl2oamssoen t h t hese regul ations is particul arl pCirrgsestianisonhen t he
fluid dispensed in the gas box is of pyrophoric character, such as sil ane.
In such instances, an anmount of ventilation gas is desired to be fl owed

t hrough the gas box that is sufficient to dilute any | eakage of the

p%/r oIohori c tmt:é&dq B@pr?s_eﬁ@% @1&@@@@&@&%& hﬁa,e.gﬁ-t@maigt_ailngibﬂ&ﬁaip;s?;ei tﬁgl)_d}f 174 of
its lower explosive |im or | ower ility lim :

[ 0016] The a%"?es g(‘?}ﬂ‘f”ieiﬁ‘uoééhetp8$581?§‘té‘l’?%‘t’fﬁ18?}b??§h ?Oi“ﬂhaé‘%ff ‘(’é‘%/‘y&%?ﬁ aeglélé%%%ﬁ/

associ at ed pattichlagyaisiportant wirathedinididispdnbddiitlthe pdslbbzis Apyk@borlcichirgser subh as
sem conduct gt IBNTAG LAY o BRblal b EfipodoR N 6 hEnGI A AGER AR

di spensi ng vessel's are used to supply furd to .fu!d-utl I'zing units such
as vapor depobixthay sefiisietyde diluterraly icalmes pfphamrarbiryilulgek prieepncenSUVARY

[0017] The pfeseiincdnBMRRE QA Ji gk RSP edpsBY SR MBEBN 18R eseeslid Gmicmanagement
of ventilation gas in process facilities in which ventilation gas is flowed

t hrough an &HeY osure containing fluid supply vessel (s) and associated fl ow
circuitry toomst ablliesh eaingesapeteatim@tveants &l @fetyaid t@nbepkagetdafwithl ui d from

the fluid S%FB{u}’zatYo%%% elibS ANk LW SLLSW b Iy, LISl Drone aspect, the
i nventi on r&rat gal gt UV Ent T O gas ‘management "systemtor an encl osure
cont ai ni ng ahi¢h hidl stenapping dispgsiol vessds frk owdad seppiyt fiwd eoilypd-edizinhenist o and

adapt _ed_ forgfd :QWaIQP de%%ioinlcﬁatlﬂb% allBSn i;rBfaQt'al% e&thﬁne%nd osure, such system
conprising: a flow nodul ator arranged to control ventilation gas flow

t hrough the encl osure; a nonitoring assenbly adapted to (i) nonitor
a characteristic of the fluid suppbyvwesisel , enclosure, or fluid in or
di spensed fromthe fluid supply vessel, that affects a |evel of hazard or
risk associated with | eakage of fluid fromsaid fluid supply vessel or
associ at ed MGl ci FREuPeFy MIFISYT Bl P oRUTE, SWNROTHFY [SutPatera ndni t ori ng
si gnal cor reh@hion@adh prdeess MNititOinechidhNakAGLE kst F6wed@R@ugh an enclosarecont rol | er
arranged to receiye. said @%ké%r%' nsgycmeg[h%l fromthe I?T)FI t.or |epag assenbl y,
and to respSR&PYEINIEPRSYSSFHY Y AR RSHAR EF R O RPUET §HC PRSTPRE™ evel ~ of
hazard or rieltonassdapadif ddidwiomhhd fedikagey afsef($) undborflloamir¢ufiey. f | ui d suppl y
vessel in t['ﬂ@lS?nd B3 :Epect, the invention relates to a ventilation gas management system for an
enclosure containing a fluid supply vessel and flow circuitry coupled thereto and adapted for
flow of ventilation gas through the enclosure, such system comprising:

a flow modulator arranged to control ventilation gas flow through the enclosure;

a monitoring assembly adapted to (1) monitor a characteristic of the fluid supply
vessel, enclosure, or fluid in or dispensed from the fluid supply vessel, that affects a level of
hazard or risk associated with leakage of fluid from said fluid supply vessel or associated flow
circuitry in said enclosure, and (ii) output a monitoring signal correlative of the monitored
characteristic; and

a controller arranged to receive said monitoring signal from the monitoring assembly,
and to responsively adjust the flow modulator in relation to the level of hazard or risk
associated with leakage of fluid from the fluid supply vessel in the enclosure.

[0019] In another aspect, the invention relates to a method of supplying gas from a fluid
source in an enclosure through which ventilation gas is flowed, such method comprising
monitoring a characteristic of the fluid source, enclosure, or fluid in or dispensed from the
fluid source, that affects a level of hazard or risk associated with leakage of fluid from the
fluid source or associated flow circuitry in said enclosure, and in response to the monitoring,

adjusting flow of ventilation gas through the enclosure in relation to the level of hazard or risk

associated with leakage of fluid from the fluid source in the enclosure.



[0019] I n anot her aspect, the invention relates to a nmethod of supplying gas
froma fluid source in an encl osure through which ventilation gas is

fl onwed, swohlonmskwd conpri sing nonitoring a characteri sPcg/uskoiioeosbd ui d
source, enclosure, or fluid in or dispensed fromthe fluid source, that
affects a level of hazard or risk associated with | eakage of fluid fromthe
fluid source or associated flow circuitry in said enclosure, and in
response tooddep NONIfk@Ed Rect FhdIEldneh fela@Widf m¥@Bd bil Adnb QR R&USMEOUGh the
enclosure in relgtign to the |evel of hazard or risk associated with

| eakage of FPUFAITFOANPHE F PIOFSS EubREPTSHERWIEIRE Bteone Gagtion or

2011/ 08806 1dpahidS20dbly @208 eds QOIR QtoAmfnuivie v rigksgp @edarddévet, gl doming el on
relates to g, 150 QluIBAAANGRRELAL AR CXNANSL [l VEd dhLaKah 2
process unit, conprising nonitoring at ast one condition or operating
vari abl e ofletehdetgynipedisan thpmpnigeed epnditng®) oy epesfingvaripislor hazard | evel , and

routing theoeghauspmtCuspidR, Rhufhid BhRd@leh€bhdel iM@nEph@USIe HdbrsRPARI tions in
response to the risk or hazard | evel determ ned fromthe nonitored

condi t i on( sPPB BPB S EPHEE JiArosas 2Rt @pendedadmy ot her aspects, features and
enbodi nents of the invention will be nore fully apparent fromthe ensuing
di scl osure and appended i BRI NQES [ THE DRAW NGS
[0022]FIG 1 is a SChellI:JIl{LﬂII@t‘:BE:}SJI(/-'oPUﬁLBdtI U%Pﬂéggio?g:sbabi net containing a
sor bent -based fluid supply vessel and adapted for nodul ation of ventilation
gas flow i 08Bt r eslfontiericehanytid fepiegniaipnent 2 @pycapinetichigaifing i gpriecnphsbed vessel .
[0023] FI G fid SupRly SEREARE ddept£RF RS&MKiAT bORn L iod (SEMIWCRARGUEhRlend®BUT act uri ng
process

fluid inventory in the fluid supply vessel.

[0023] FIG. 2 is a schematic representation of a semiconductor manufacturing process
facility requiring use therein of air exhaust for its operation, in which ventilation of the gas
box and implanter enclosure are modulated in accordance with process conditions therein.
[0024] FIG. 3 is a schematic representation of a gas cabinet containing multiple sorbent-
based fluid supply vessels, as adapted for passage of ventilation gas therethrough.

[0025] FIG. 4 is a schematic representation of a fluid supply system including a gas
cabinet containing multiple sorbent-based fluid supply vessels, in which the gas cabinet is

partitioned to provide a sub-enclosure for each fluid supply vessel therein.

DETAILED DESCRIPTION

[0026] The present invention relates to ventilation gas management systems and
processes, and more specifically to ventilation gas management systems for enclosures
containing fluid storage and dispensing vessels, and to processes for such ventilation gas
management.

[0027] In one embodiment, the invention contemplates a ventilation gas management
system for an enclosure containing a fluid supply vessel and flow circuitry coupled thereto
and adapted for flow of ventilation gas through the enclosure, in which the system comprises:
(a) a flow modulator arranged to control ventilation gas flow through the enclosure;

(b) a monitoring assembly adapted to (i) monitor a characteristic of the fluid supply vessel,
enclosure, or fluid in or dispensed from the fluid supply vessel, that affects a level of hazard

or risk associated with leakage of fluid from the fluid supply vessel or associated flow



facility requiring use therein of air exhaust for its operation, in which
ventilation of the gas box and inplanter enclosure are nodul ated in

accor danceowntinsgredacess conditions therein. [0024] FI G BCrajsarismbessnt i c
representation of a gas cabinet containing nmultiple sorbent- based fluid
supply vessels, as adapted for passage of ventilation gas therethrough.
[0025]FIG 4 is a schematic representation of a fluid supply system

i ncl udi ng aigagy ﬁagaidr@ao@wwmn @) 6@ dﬁullﬁdnﬁér@lgmﬁh@a&aﬁ% 80thé hidhighreaupp! y
vessels, in_which.the g{gs cabi artitioned t Pr ovi d a sub-encl osure

I S
for each f I DAL o3 §§§PHW’éFEWﬁ“P5E$%PfEB@DE ﬁ#ﬁ%ﬁ [6B28 The
present i nvediitbdig asehbly ead tdrespermvellyaﬂ]uxn the glas niedlagemediiios yIbene] énd

processes, 1%%9d&9ﬁﬁa£&%degﬁﬁkﬁ &QmY a%%h%Qu §§e§3ﬂ9 &£&§y5te”3 for

encl osures containin sto spenS| vesse
processes fl828uc hThﬁélmﬂi“Pf@Ft ¢heliﬁ|0tgfégc Wéh‘&lgfé%@iflfan bE 0027 Jstifable txpeeanberdi ment, t he

i nvention c@NLERPE bRstis@aMERE dnk %ﬁdr&&rlgﬁ%elmefﬁﬁﬁ{ﬁ@gro&ﬁ’&hﬁmné Q. rRfa encl osure
containing a flurd supply vessel and flow circuitry coupled thereto and

adapt ed f or™YPGH Ithe\ﬁ@ﬂtSPﬂpat el 6%{% PRERPS ify e fHe sw |V6*§farf8n FE3SYhioch t he
system conps ¢S elShvery(rﬁh)nféld fabvostrematef] tad did aupplavgRd; {@indmatwadlof Yheminidl at i on gas

];T'{)ﬁ:Nt E)Pr Ougﬂgl%_lggf%sge? ::\g?q%%l'{ o?]the ulc? ?ulpgllngfgssgl%o?talgm% salg ?lbldyﬂl’%[glgﬁ tags%rbtergtr ( :c |) uid in
or di spensedahigtami¢ hlea physica @ﬂp‘pﬂnydlws@elh antlhramora/bheet% tlg ﬂlleabelippbrf hazard

or ri Skt az S\%Fs'elatt%eﬁ%u}ehoﬂ gekRgCwhly fhdlidhhoMulng dd ticBaURRhyyessel or
assoctate VOlu(I)IlVG\)/ of fluid dispensed from the fluid supply vessel; duration of fluid dispensing from said

fluid supply vessel; flow rate of fluid dispensed from the fluid supply vessel; ambient
conditions in said enclosure; fluid conditions in the fluid supply vessel; open or closed
character of an access structure of the enclosure; and an alarm condition associated with the
fluid supply vessel, flow circuitry, enclosure and/or process consuming the dispensed fluid.
[0029] In one embodiment, the monitoring assembly comprises a strain gauge mounted
on an exterior wall of the fluid supply vessel and arranged to output a corresponding signal
indicative of strain in the vessel wall, as the monitoring signal. In another embodiment, the
monitoring assembly comprises a pressure transducer arranged to monitor pressure of fluid
dispensed from the fluid supply vessel.

[0030] The flow modulator can be of any suitable type, and can for example include a
flow control device selected from the group consisting of: flow control valves; dampers;
variable-size restricted flow orifice devices; mass flow controllers; variable speed pumps; and
variable speed blowers.

[0031] The monitoring assembly can include any of a wide variety of specific apparatus
components, and may for example include a data acquisition module adapted to be positioned
outside the enclosure, and operatively coupled with at least one sensor in the enclosure.

[0032] In one embodiment, the characteristic of the fluid supply vessel, enclosure, or
fluid in or dispensed from the fluid supply vessel, as used for monitoring, comprises an open
or closed character of an access structure of the enclosure. In other embodiments, such
characteristic can include an alarm condition associated with the fluid supply vessel, flow
circuitry, and/or enclosure.

[0033] The controller can be arranged to responsively adjust the flow modulator to
increase flow of ventilation gas through the enclosure when an access structure of the
enclosure is opened. Alternatively, the controller can be arranged to responsively adjust the

flow modulator to reduce flow of ventilation gas through the enclosure upon dispensing of



circuitry in said enclosure, and (ii) output a nonitoring signal
correlative of the nonitored characteristic, and (c) a controller arranged
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or risk associated wth | eakage of fluid fromsaid fluid supply vessel in
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fluid in or spense supply as used noni t ori ng,
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adsorbent.

[0039] Fluid may be stored in and dispensed from the fluid supply vessels at any suitable
pressure, e.g., sub-atmospheric pressure or near-atmospheric pressure, or low super-
atmospheric pressure.

[0040] The fluid may be of any suitable type, and may for example comprise a
semiconductor manufacturing fluid. The fluid may comprise, without limitation, a fluid
selected from the group consisting of hydride gases, halide gases, gaseous organometallic
compounds, silane, diborane, germane, ammonia, phosphine, arsine, stibine, hydrogen
sulfide, hydrogen selenide, hydrogen telluride, boron trifluoride, B,F,, tungsten hexafluoride,

chlorine, hydrogen chloride, hydrogen bromide, hydrogen iodide, and hydrogen fluoride.



fluid fromthe fluid supply vessel, to a low "normal |evel"” under non-alarm
conditions and cl osed character of an access structure of the enclosure,

and to i wpeasi@sticow of ventilation gas through the enclPoTarseo1oe0899
occurrence of an alarmcondition associated with the fluid supply vessel,
flow circuitry, and/or enclosure, or upon the opening of the access
structure of the enclosure. [0034] The controller can be arranged in another
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decreases durin i spensing of fluid. [0036] The controller itself can
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t hrough the gas cabinet, e.g., a gas_cabinet containing a sorbent-based
fluid suppliyr gesanne a dlyid; Sr‘l‘Plg}‘ Nesfly eqypees it 2enilipn | sytey 2pd aseriasdppl v

vessel , a coRiNahai abwo the SUACIBsuE &S Blcfate @Tth Satfblet éxphusCint ¥ ffecfitelind suppl y
vessel s of any one or nore of such types, or of other types of fluid supply

vessel s. A T&PRAtTVEl'y, the above-described revel ati on gas managenent

system can [Bedbperlabény cdptioped thei ¢nalogurgasnioes i ForaigBeit coMUUE o ra
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maintenance, inspection, etc., and in which the exhaust system provides a low flow, e.g., a

ventilation gas flow rate of 20-100 ft.3 per minute when the enclosure is operating and no

operational issues are detected. The low flow operating regime thus constitutes an efficiency

mode, as a default state for the enclosure. The enclosure can be a gas box, gas cabinet, or

other enclosure containing fluid supply vessel(s). The low flow operating regime may for

example be set at a predetermined ratio in relation to the high flow operating regime. For

example, the low flow operating regime may include operation in a flow rate range involving

flow rates that are 15%-25% of the flow rates in the high flow operating regime.

[0045] The semiconductor manufacturing facility can employ a variable speed fan for the

exhaust system, and such fans can be readily adjusted depending on change in pressure in the

facility, to transition between the high flow and low flow operating regimes. Lower overall

exhaust rates can thereby be achieved.

[0046] In various embodiments of the ventilation gas management system, the enclosure

is adapted for containing internally pressure regulated fluid supply vessels. Such vessels may

contain one or more than one pressure regulator devices in their interior volume, and when

more than one such device is employed, the devices are arranged in series, with pressure

regulator set points being set for the desired dispensing operation, to achieve a specific

pressure level of the dispensed fluid. Such specific pressure level may include sub-



pressure, e.g., sub-atnospheric pressure or near-atnospheric pressure, or
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supply vessel may be effected by closure of a vessel dispensing valve, e.g., by actuation of a
pneumatic valve operator on the vessel, or by actuation of a valve in the piping or a manifold
including the piping.

[0049] In another embodiment, the enclosure containing the fluid supply vessel can be
constructed with a toxic gas alarm that monitors the interior environment of the enclosure for
leakage of toxic gas from the fluid supply vessel or from piping or components between the
fluid supply vessel and the so-called pigtail by which the vessel is interconnected with
dispensing flow circuitry such as a valved manifold. The gas detection and valve closure
assembly may be constructed and arranged to comply with International Fire Code, Section
3704.2.2.7 or other safety codes and regulations, in specific embodiments.

[0050] In various embodiments of the invention, risk/hazard level of a manufacturing
tool can monitored, with respect to specific tool conditions and process variables
determinative of such risk/hazard level, and exhaust rate for the tool can be varied to achieve
a predetermined risk/hazard level appropriate to the manufacturing tool and process facility
containing same. In addition to varying exhaust rates, the invention contemplates re-routing of
exhaust in response to monitored conditions, such as from general exhaust to scrubbed
exhaust, or from recycle of exhaust to general exhaust, if a high hazard condition is detected.
Thus, upon detection of a hazard condition, the monitoring and control system may actuate a
re-routing of exhaust flowed through a gas box, from general exhaust to a scrubbing unit, or
exhaust flowed through an enclosure and then recycled may be instead passed to general
exhaust lines.

[0051] Accordingly, the invention relates in another embodiment to a method of

managing operation of exhaust flowed through a process unit, comprising monitoring at least
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[ 0050] I n various enbodi nents of the invention, risk/hazard |evel of a
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i nvention r1%|o§1%@§nﬂo&lnﬁﬁ9&ﬂl@ﬁonﬁ&ﬁ2@érﬁ&@ha}Sb ArafiRl Rodordbr SBRAGERG: gPer ati on
of exhaust flowed throug g(r ocess unit, conprising nonitori n%ﬁgt | east
[

one conditi®Bh 81 ‘Bi}e‘lsaqlﬁpﬁljecl/ PaBF dvir suppls Y5istle &8 Hnfltd REPWFN ve of a
ri sk or haZtarhpiardu&Me:bnceﬂfhdorrﬁﬂﬁnbl’(bg nRecogybiants bf the ﬂ@iaeﬂm rdiﬁld)ftthepfhﬁd

al ternative_exhaust . d OSIEIOHS mmhp}pnetlot e A/ [ zﬂard | evel
det er m ned From rﬁ%I m)nl PR red COUB "t on (s SuPpyvesseatan nor 03151? fmvﬁl e(vs) such
met hod, theraexohtauﬂmddlateese@&mnb@ﬂnﬁduﬂpbb@@elaccor d| ng to the risk or hazard

| evel det er ghsaed fﬁié”hﬁlﬁest&f%%' L @Qpéﬁgxy%ésap(ﬁ)me@r inORET AdaliBGnY 34l abl e(s) .
[ 0052] The exhaust rate can be increased in response to m)nltorl ng of the

vessel fl ui BRIRFESH YRR RIo%sHT EdtiRiepion st §5obay ipigbledypg, €25 44b§Esul t i ng
fromincr eal&bdagluidafm@é atdmnspenalﬂ@veems o€ D YEk &dnﬁfé&ldllkb’ﬂtby@awfﬂﬁn&/\@bdﬁblﬂg of the
fluid suppl Ls fluid c nts,. an n subsequent di spensing
oper at on SIS USEE itk oSV RE oD b B S SRR BBt P10 6
pressure t ceqhipbdd vtmllrwmzslwdhpq@cdegiep@rsmemdlalprsels@urr@;rloltﬂhed ‘wldsueluncat e can be

reduced to <ﬁ“ tLeO%%‘{el | @Y8 el é?ﬁn&%?aﬁf%ﬁl@ﬁle %ﬁrf?‘* Dy, T%ﬁurgré@ﬁnﬂ&ﬁfﬂﬁ”t can be

effected usi pressufre signal froma nmani d to id supply
vessel is ¢ éétﬂ@drad%@éh\’é@ Bychyemlagr-ceptpledastiple canrbgiabinge @iithjope ¢the

mani fol d t omdGE feBklahH ﬂﬁtﬁ@'fn&rl&fvolul?r@ At RaNE6ha@ASa sea§omtrgab&@tfb1\/ﬁfeof fluid
pressure in_.the vessel \{]’g me in var| us elgg) mf ge invention
rel ates to SPEYERERTLING HBE RYUCH ATHBHRT O %Ye%m TEOHEP oheé‘?g“ RHSust 1 ow
rate in a pngdessagydd@Emel padtuge-sg foa dgmssilpo floghionatd escl @swdedwent i | at i on
assenbl y |nlg‘l,vgggggdg esglpgl% ﬁgﬂé);e%uﬁe’ to maintain a desired | evel of safe

fluid stora%e an penS|n ration, based on detected conditions, such
as | eakage, [(0pPéssuthe, ﬂutd@hﬁeqtmsmtéat ignenitorefl i the exhfysompnpeegsRigasienatnd/ or i n

fluid vesselscess[ @RD]of RR1IAXBRSE &1 Muid ki @ dﬁsb&l\é\édcf%]ﬁ Rl frd @BREL gnacan in
various specific enbodi ments include |ouvered inlet and/or outlet openings

conpri si ng EPEEtR YeST ot Moliahfads of By guitablirhimasehVphank (2B {€ @it dns| at abl e
bet ween ful deyncﬁlﬂlﬁﬂoﬁﬁﬁnuffdd{uhyg (ﬂluﬂSﬁxdh [2© Sitsine O Aisosphie, GO t@iloriod) Bbkdnh

rSTg p Ibte(rz[ I Bgsg VI esSldi%leJ t%ermane ermzaman Ee?rzll’fﬁlomcﬂe or%hconst%{raﬁu(;[rrdg‘ns d ucers. [ 0055] The

orage I'n Vvarious enbodi nents
[0060] The fluid momtormg system can be arranged to provide a suitable graphical
representation of fluid in the fluid supply vessel, e.g., a gas gauge type depiction comprising a
two-dimensional area with an upper boundary line, disposed in a rectangular field wherein the

position of the upper boundary line of the two-dimensional area in the field indicates fluid

inventory in the vessel.

[0061] The dispensing flow circuitry associated with the fluid supply vessel can have a

wide variety of the fluid monitoring, instrumentation and control elements incorporated

therein. For example, the flow circuitry may include a pressure reducing device, such as a

restrictive flow orifice (RFO) that is effective to control the rate of discharge of the dispensed

fluid from the vessel.
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can utilize a variety of sub-systens, assenblies, apparatus and devices for
noni toring, control and feedback in the system and process of the

i nvent i orwwORor1/e8s@npl e, the sorbent-based fluid storagePamaSdiizpeoss? ng
vessels can utilize a dynamc fluid nonitoring assenbly to determ ne the
fluid inventory in a vessel fromwhich fluid is being or will be dispensed,
capabl e of generating a nonitoring signal that is utilized for control and

f eedback. [[@626] | NmOBe opAtiRE ioMRIRL fluid REpROREED i MgraSXRlE0T iHcludes (i) one

or nore sensors r.monitoring a.characteristic of the fluid supply vessel
of the 1l Goreb e trepumrbai DRI LS bt et P R o

oper at i vel yrepouspkBdetemtihhen @@t aireRiveao € MBOItEGing OhakeEaitivenidriobit Nng dat a
therefrom apgd, {hgﬁa‘?ﬂlgﬁiéégdn%e&gﬁr%ée%‘éeﬁ toig?ne?aqé PYL OGN L %sé\%tét%ﬁ Efﬁ%ic§ {1%he
characteristic nonitored by e one nor €” sensor’s, . an & i1) a processor
and di spl ayflupeprly vesesl. pr etlnn prtesd thaj refiects ths flitizventeryjui si ti on nodul e and
arranged t oopg3pcess &deeerMabimidhe. fieOMili NGpAtRss@CipSidet 1 :0BasMRGHMcEafaNd
responsi v\e/\l&{ out put a graphical representation o luid in the fluid supply
vessel . ISR IEED GEWY‘&E‘EM@WQG‘B%OIP%SWTﬁ?evebgﬁlé’eW nogred Bénsor s may
noni t or a chabacifan idtimgladdr apfaeinds] OhélorStkpE prgsswre &sBlycers dgibeagagtd@i N in a
structural tﬁgmésoﬂoexng %coniEorr]eerseu%s%% ! as\MaljsCehseide inpql;ec 151%1 ng ?f V(gsrs]e z?‘nrgount of
fluid containéd in {he vVesder: For gexanlf)fle, {He "oneor re sensors nay

i ncl ude a stespansryelyaugpeatsacarpedingipatse plathamgatesid pepsyued thitiomkniged ©© at he wal |

of the vessgl, ac%&i@(nl_ ﬁlQJulee?ﬁathlg% Ry Be dﬁ?&eicHILiLibfonefﬁpdu%y%j m\fm%ytﬁle fluid
supply vessel is an internally pressure-regulated vessel. In ofher

enbodi nment sTAPEE HHHPRIO Ath & Y BsES heanpniaing: tp 3 pgreerserandrgisplolocaed

char act er i Sduks@le Of tht p& bbi, wiad ribhadpid @bl isEenseand homadgiddodinddgep@l y vessel
such as fl ut'hd x?r essure, f#hui d tenperature, concent rdattté(gn of one or nore
conponent s '0f SFHETFPEIE 1 BREPRE S 0OF PRRETPRL Frogid s S Bng By 1 ow
circuitry cdufliédenwitidp ichéwef flud duplppdsyel.veagsel qutmndd olre dispiayl atviswe f | ow rate
of the flui [ f ' ~ : uid
st orage andrg ‘%f?éé‘g‘g[ﬁ’g?ﬁ%ﬂ?[é ipg%%?et?%‘}tﬁ& glgglldilgﬁ&%{aﬁr}é&\s}gﬁ{eisﬁl%g Sgﬁll-gglggle%nagemnt
systens and®®rocesses of the invention can be of any suitable type, e.g.,
sor bent base@oddl Ui dinShakA@@bANEENG 1S PRIVSEEN JaMRSABHA (Ofictd@miny PenpedmRr ci al i zed
by ATM, Inc. .g.DaEbur d Conn ct(f' cut, USA) under tcrﬁ tracijleréark SD%, or fluid
storage andgigpY %iaﬁ\éﬁ fergdst sndpeitl BSpREE CigthiPReset B 1y Tedspeedgas
pressure redjpe@tngrvess¢lnotthadizé preeure oensdd tyisaid pokdicngnadadetimer wédetehnadessel , of
a type co i Y i ] .abl M , Vo Jcut, USA)
ot The §radunErir g ph o DAL M colidfy S RRRCHE Ko BARBENRRL ;O

Wi th one ortempgratirp|aad pragiubathean squanons hesucl predqtasmingd leppgsature de [jetpawisl at or
having a sehe RRbURL ofSEL @Gla@thel iRheSAE oS RRINGIHBGIBRELAL WRADh tdd thddenepar ti cul ar
ar r angenent er‘rPI oyed. For exanple, the regulator(s) nay be arranged with
set poi nts PREULE? be gsPld spensing of fluid fromthe vessel at noderate to

| ow pressur@y6se. g.In asether ainh@spdne mkladifd @6 Sehtitatior] £40 nhakbi@enk kydiesh of the
characteristic.that is nmonitored in th xhaust .managenment syst and

o ocess carimsar T A BEELE R R U AR, R GRIE AT e
fluid storagé anglatps pdvedierngen/ibs matifoldpng the|pigitagl assaeratewitf the Aiyid swpplyabl e

chem cal tyRGel 80f&AR hRlorSXSMRIRpRE & RETSONIY HbQAlor FRPHERRLJHiileng Tl uid
such as arsi ne, osphi ne, borfon trichloride, boron trifluoride, silane,

ger mane, getiPERPdIRISt SHF RFPUET PUEOT BRY EFIRC ATtwierEpIduSE Pk? cqe%d] The f1 ui d
moni t ori Ng Hikde@ R Gadlf Pessat hdniged ih the MiAM1A S aBovs Uil fralblenig ap ki pétht

value, the controller will responsively actuate the isolation valve to close, thereby isolating
the manifold from the fluid supply vessel. This manifold valve closure action may be
coordinated with operation of the ventilation gas management system to increase the flow of
ventilation gas through the enclosure containing the fluid supply vessel.

[0066] The manifold may contain a mass flow controller or other flow modulating
device therein, and be adapted for evacuation and purging, by connection to vacuum pump,

purge gas supply, and other appropriate components.
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representation of fluid in the fluid supply vessel, e.g., a gas gauge type
depi ction conprising a two-di nensional area with an upper boundary Ii ne,

di sposed wo 2a1wwessicsangul ar fiel d wherein the position of PChaSa@paeoshoundary
| ine of the two-dinensional area in the field indicates fluid inventory in
the vessel. [0061] The dispensing flow circuitry associated with the fluid
supply vessel can have a wide variety of the fluid nonitoring,

i nstrunent apoen anﬁae(}ﬂiﬂif&l@hn &k@mlﬁm’t ﬂcaﬁﬁdg@dr At e dehRh b is lqu)artedeafranpl e, the

f|OM/CIrCUItr i ncl ud r devi ce, such as

Festricti veFPSlbRFTEe el Pnat T it Db bl B restiie Pat e of

di schar ge O\fenﬂilh’tE)n@aﬁpﬁ/nﬁleﬁghfthdﬂndosfufe(]ﬂntmhﬁg the s&@l,.or VWkel and manifold. The

2011/ 08806 [ h suppl y
vessel , kﬁgiégﬁég%%é?%Qgggnﬁgﬂgééggvﬁ ﬁmgﬁgﬁ%%gggpfﬁﬁ£3%t gﬁnnnltored
with dat a bratenlg satgiuhe pdiflied eh thasealteronan fowchgﬂafeére gisiato] the grag p@msqf\ﬁel y
generatlng:@Bm@&ﬁ&&hn&ﬁﬁ&&h%&h%ﬁyh&oBQ@mﬁ%&h%@&kﬂ@mﬁﬂaBQ&ﬁﬁhgﬁ%d&? and the
output fromthe data ach|S|t|on bei ng processed to generate a gﬁap hi cal

r epr esent at¥gh fagiityy g depiredy tThe f“IdLﬁ“EPI%ﬁrﬁﬂgVne\?b%’e\’e reé‘l‘lat‘?ﬁ hsed sutut t hat
reflects th&mﬂhwh@wiﬂMﬁﬂhﬂh%,K{ﬁﬁﬁﬁﬂ&ﬂa@ﬂ@mﬁﬁbaﬂkﬁﬁﬂtmﬁk@&mﬂhuﬁdwsupp|y
vessel conp ora i s ves contai ning activated
car bon adsd%%tﬁfugng?%mécgggggﬁgﬁwreuugmﬁ%uﬁ?mﬁmmﬁﬁwn ds box of an ion

i mpl ant er dAfYt at ulg othOnenbodimpmps, eeCWQ@slmfruee ofrvamdatioe gasse. G, betilaed @nged i n
the gas boX§Re PRI HowRbBESs R RiceaRi ARENAAE fh-QMntlGehlddidenuUppPl Y
vessel, and responsively generate an output indicative of the 'nonitored
pressure t HRf frecess o fBGnveign ey Hiligek o Thc Hti & orbsp-bawsd v ptaraghandgas box.
The data aaﬂ@b&lngw&@elmwérﬁﬂly lpﬂsshtéfrdigulaféayesb@s RéiRngdahctOsatetyapsiiidn dat a

resulting f nDnl ocated out si de
of “the gas BOXM ARt St EE B BN o Bt Ry e R £

acquisitionmmnduhaiamdemﬁemexﬂernahnp%mt8$§®n©$ahem®b909330nge@nmbe

progr ammabl y, ; g&{e@tg Qleﬁloée% ARG eI AG:A] vﬁ Q{ d{s,[!emeg of GBI YIRG ale? T he
fluid supply vessel to output to t splay a visua representatlon
and/ or outpﬁ?m6@P§WQﬁW%%@mmﬁmYH@“ﬁﬂﬂﬁdmﬂﬁﬁﬂﬁmﬂﬁfmﬁpmﬁ% supply vessel in

t he gas boxodop0647Hun BRkRAL A0 b TRALed HNRIRKOE 65 G ilaG@NRe Agapt ed to
determ ne a tepperature.co fflckgnt for a redetgﬁ i ned endgytnt pressure

of gas di sp®fi¥aY AvBERE HEg PP Wedbalyed QREPeat S8 REFRGULBESEL O hYr mal i ze
pressure senﬁadnmwmemmanmgssmm@mkrmmkduoamkhmwamQMEd@ﬁm&MmﬁedgM&nperature
Of Lhe gas 9% MALIRLIAG. LIS ANIRY NuRESSSH fof BraRl 8 PL AL Gl ned
tenperature, and a erm equat i ons ato sue predeterm né

t enper at ur e,scrtﬂzbeféj@thélrsm tﬂeerleﬁbora‘fmbauaf arg&fgmb@ﬁaptnfrlﬂﬂg)ﬂien sifjer eybaystst or age
and dispens&@g@Maﬁﬁ@hn)ﬂﬂd&hm%&ﬂnhﬂﬂﬂnmg outputted to the display. [0065]In
anot her enbadi nent_inclu he ventilatjon gas managenent system of the

i nvention, P& £ uPdvEGpHIY ?f’é‘g‘?&t ﬂi‘Fa;}nVB%“’Eo?.?BTeE‘HIaW A P WPEAAR try
i ncl udi ng amﬁﬁmmhﬁhdmh%k&&b@ﬂb%&nhabimmnﬁﬂh#&mbekgﬂﬁahk@ﬁnHﬁﬂmﬁ@hd and the

pi gtail aSSOCI d id su ressur nitor may be
di sposed in f%ﬁmﬁ ni Oxﬁﬁ%XM&mﬁa?aswfﬁ%%urgg ﬁ?%mé?l%ﬁmg‘cgdgﬁggg gas. The

pressure nongsswy ran%/asmn@htwdévy gheppdehased @ndém gthuedy plamlreaeg@@ﬁd Heranter |

arranged 50&£$§$m&ﬂe£&e%§8{§mﬂﬁaf&H&ﬁgmbﬂmhh§\Hﬁ&JL?hg1h§yﬁ99¥%m%
predeterm ned or Set point val ue he controller w responS|veI actuate

t he isol at & ?P&F%fswé the (9w ireiRR 0B RS ERed 155h §XPE R htm APY %Plapfrhb% the fluid

suppl y vessiglegrityl hbrﬁmaarplﬁlﬁgl EbuMaeVigdilifel G5 e Gloacdiic@l Ry, TR ylabi€ofaRMydati@t ed Wi t h
operation of the.v emto increase the flow of

vont 11 a1 or "G BLHE HERRE R ST A Rne s Y TR P & SUBBY vessel
gases. Such high integrity non-metal piping can therefore utlhze flexible tubing that is readily
commercially available in a variety of lengths and diameters, and this in turn reduces cost and
the need for welds, connectors, etc. that would otherwise be associated with the flow circuitry.
[0071] Another embodiment utilizes a variable-position damper or variable speed fan
above a duct of a gas box, so that the flow of ventilation gas through the gas box can be

optimized and minimized during normal operating conditions. In prior practice, the flow rate
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[ 0066] The manifold may contain a mass flow controller or other flow
nodul ati ng device therein, and be adapted for evacuation and purging, by
connect i oNOt201 V86U M punp, purge gas supply, and ot her PPMISPILLALEE9
conponents. WD 2011/ 088061PCT/ US2011/ 020899 [ 0067] The manifold in one
enbodi nment is arranged so that the manifold is isolated, or operated to
i ncrease or decrease flow of fluid fromthe fluid supply vessel, in

response toof\/\@ﬁtmtioatghpﬂn@glsafglap%ﬁ A o ughicohfRiof RMah @SBy &anﬁl@laﬂﬂam t he
vessel, or vessel. The entlla

as can be t ted in the
el osur o GPORTd? TR HarB6t et By S e AP SEerpae GRRLE | 0o fhat
t he puri fi edegbighdr.n&heedges sodmntbesed @cidrsapplyatead]s peesgs, an dih@cdnivet ¢ ay room
of a sem co Ol fe faghuri, fagid atel ) wlas n.r uch
Pacii ity oot WA SRR R A et B B s SR o R S ot
ar r angenent utidigag- Besuﬁfeg@nm@ thapeionl theampeapd/ordedaignm gdepetsing wedder i sti cs,

to achieve §he ¢ ORMVs@tiche®bisk® LEME Ypcaltitly ORBL R orQhe a0 ARifhiiat Y, such
as by reduci ng makeup gas requirenments for the ventilation gas. [0068]In

ot her enbod"ARhYSSClEFER e &8s Bovd froe Geaplss thg @nitiop of %rflm%% Mg b@ adJ“Séﬁd , 1S
utilized t obakedchmCiie tphauecxﬁtth@ﬁm@waeg sikpdpsedf artdhve tier @e@se thatinlhdyybel N whi ch

t he exhaust nept s steman cess ntion are utilized.
The use of sglgtﬁen?pe%d;n ed]y ?uf Prtﬁssu}ie()lgvgfg)eso aﬁa%& sowerﬁégloﬁ%hevveegt 81’8 B " nternal | y
pr essur e- r egululted dh spgspeddsncptothe gesure ohdn ded bslag éEWHS@@eAmwwlx et enabl es

less air topeRTPLOY RS AL kB hijh@ld 19 Alithe Ghibll Ak 1QRed I QUER: gas boxes,
gas cabinets, and other enclosures that contain fluid supply vessels, and

by noni t or i RY28\Pet-doh Elsrys AbREenE < 8p A el tegrdiof thsdeuvers &oterssedieni t h t he
stored, di Sﬂnﬁ\rbsledmﬁﬁsewelficbmﬁht§ bthelventilt@ny@nt i | ati on gas can be dynanical ly
adj ust ed i artjc effl cj ent mann 9 haust air
can be reqﬂ[lo%ezg byfnrttaJtJ uct |n61?1°db g\/glreite &t |geh°fr‘%’ 1()L\)%last%5vveflt‘?her(r)lu axlf

advant ages gancdbidi fog vty dérpg cthet tmef@dfatb@t phigc ess eguoe exdradi00-¥0r in a
scrubber or f‘l\ﬁ%ﬁ“ﬁi@t o§ryt§ dErQas @a‘té?l bl Q&ne%eQ?rf%} s EitGibn Me‘é%hﬁlétsup ul d

ot herw se be req U|re ucl ng e slze o rootop scrubbers

ef fectivel yVePSé]éﬁ) a@dsrﬁmwhﬁ f’galsdeblét?d BRTR U tothepvisetfor iaaiiqnanen opeFrighh ar¥§lcr ubbed

eXEaust tOwlgaﬁﬂ@][d%rdgEhe@%adabﬁéfEh&%%&d tf@@gaaﬁé@]gaw dhivBfilakibn gms}nbw@ttmte% 3?0 ]ml | ar
exhaust streans or | roo ventin ro | |ty n
Tarone ontbarrene St hESERe IRt a8 S RE T ol Ant at [ on

appar at us i00%hi chA tphesugonbéntingrdgedirandicotuid fdieernalahijolp ceszurset regul at ed
dopant fl U'rﬁod%ME%HLe\’e,M%%fsrge O?O%tlﬁ%n %a%ha?‘{s%%é‘ﬁﬂo%gﬁ &d (@S aﬁnéyo% S W' t h the

gas box being construct ressure ratin ermt e y t

sor bent - bas&Havgindie f veniageh gas| opn he exrahed-ip aggodnsg wdthel Bp}énmvelﬁtprmlel tIs?uppl y
vessel . Suchs@PR6AaAGHRHCANG W 'Béiﬁg hMpe%%bllsegetéfﬁan@%y By RbiBGe Mrﬁ&%%ucer S,
mass flow controllers of the flowcircuitry be constructed | ess

expensi vel ya“aP%?Ple‘Exgﬁ‘pTxé‘mplﬁl tB‘hStfaH’t ‘8@]?61 ‘feffeln?ﬁﬂl ?féP%ﬂ“liSP‘ﬂFIH@V?f% Fa ‘ﬁe utilized
in the fl own@iitbedlitd pipeduck An pllltﬁﬁehaﬂfs chleeawye gﬁuugﬁulmvaﬂtorpl sfalt]ﬁhg tHey>p1|p@taI ly

errpl Oyed for CS?IIQU arller(}us etr%fs ttli%gt oce SOI' an? ﬁl qa uni Ia(s; %{’1 us?ch’ir 186 S SgaseS

Such high i n%y non- ?1111 erefore Bt 12e 1Texi bl e t ubi ng
that is readll ay beotmmtelmﬂtlyte awapﬂtlmbleraterpf ale\ga?rfil@w theyfugl éln g%swsblaﬁmd

di ameters, ﬁMdlBéﬂO Pl@dettérlﬁnlﬂed f%giﬂ&ﬁﬁlp Q)Q%enatﬂg ﬂﬁlla‘fiml’éﬁt%’z Jn@ ewtl% gas
connectors, etc. woul d ot herwi se be associated with the flow

circuitry. C[VUfGt?l] Anot her enbodi ment utilizes a variabl e-position danper
or vari abl gosaeed Wam @bovVea amslue invaiiora ogg& iBane, ves@l, tidatenk R filosy of

ventilati On asd ttoh Ev?%? éat%rlgr v%luglg)(()f t?le as cgttmepto rgp?(ﬁfg al% na?(a%,e 0 sunllzed duri ng
normal operating condrtions: o1\ pFi’ore practicce

that may occur from the vessel. In this manner, by modulating the ventilation gas ﬂow rate in
accordance with the gas inventory in the vessel, a substantial savings can be effected in
relation to a gas cabinet that is operated at a ventilation rate set to accommodate high pressure
gas cylinders, and even in relation to a gas cabinet that is operated at a low constant

ventilation gas flow rate that is enabled by low pressure sorbent-based fluid supply vessels.
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of ventilation gas through a gas box in a sem conductor manufacturing ion
i npl antation operation is maintained at a fixed | evel, and can be as high
as 400 ftw® 2pavossismut e (CFM) or even higher. The usage @CTAsedenesbased
fluid supply vessels presents an enhancenent of operating safety that
enabl es ventilation gas flowrates as low as 25 ft.3 per mnute to be
utilized. In such arrangenent, the position of the danper and/or |ocation

and oper at i [p@75$ peegy Qﬁat&hh@ fh@Qerfﬁ@aﬂorb%s esh akd to&haegecb@esmdd RRentdde oPRer at i ng
characteristjcs of tSJ]UH g box and

i) |dsup Xvescﬁéc%lnth gas box.
For exanpl % KPS SHIPTRRE AT EF "Pﬁe‘wn SOl P EE B LE altt he
pressur e ofvehti@iohlges fthwhret ingyadédsip esrsgobpdeacedd ouch phenaepﬁedff@fa tuh@anlisin may be
adj ust ed de C vel g.of the
venti1 ati or a9 HE BRI b RS LRk, BARSIAAL BN e Tl ui g
bei ng di spewigeds vealikgmnzes ippapsy blopees. qutﬁiﬂﬁtwataepamuw@ﬁtth«r &kd. on thpaghecan be

adj ust ed byncRLQW Hhﬁl&qaﬂc’éra’s %@il@s @éﬁéﬁqgl é%?éﬁ@er Ssdefdeell BAH dRQEnRfioh bR 1B@S box, for
sel ective adjustnent, e. to reduce the area of the louvers to decrease

the flow arfBrOPg%’d]f‘ee%%ab’c“Ffés?ﬁlieé”y\féq“%’rty of the ventilation gas. [0072]1n a
further enbocieent Alttohigh tﬁé(h)&lgsihg tiaduese®ts dreqidd b ahd @RingaSudhl dsadiot Br ough t he
g_afaﬁggl gfet E{ejor %\ége})rlll%ﬂllaﬁe]‘lgtot nﬁer etnﬁos%%g 1r§ewthlcE10er%an baseg ﬂ%ld Su. Pﬂysg%%sgtﬁ%d eegg’ ’ In
for installatploed ghd flresh Vf’Hlfdlll nslagpl gas erﬂg‘@td( sl) Orémdo rseppvaly lefkage

f 1 ui d- depl elogdotGiS B fe cRlios@tNer wi se for mai ntenance operations, and when
the door of the gas cabinet is closed, the exhaust rate of ventilation gas
f1 owed t hr JOOH t helhjames englopyie contaspnele fluid Seely Yeaels) covper afeaged én 80y n a
range of 15uilad@ I%Mr uﬁ %J@h&a@n&s}wg@e mnlﬁct mdnmg/ singnalsell Momxkgef | ui d

del i very rranfo . De use tto rmdu ate (;ht laust rate. o[h\ﬁe%tllatlon
gas that is"'ff'o M&“%Pé"ﬁ‘ghe FRETHRY %‘alﬁ%f’ s R VAR L TR

venti | ati orsup@gveahislye-goesphaik Ioe@thqrmscr @qmmsredeteomnmexfel @ilel yenvlemtnory in the
vessel T omgih, Ilobkd! ohsi a@ya&uﬁfé em&ﬁ%s& 1088 ofGhEL PR Y sul Labl e
noni toring arrangenent. For e e strarn in the vessel wall t he

f 1 ui d- hol dithy haugtzgie hféhwmﬂﬁt@ﬁ & 1s eiept- oweiemawerotbﬁ pigtd pRERAch; s

correl ati veofqﬁe tnk)@mf)ﬁ bdnObel AppRAL QEY 0 &Qloﬁd?@-%trdcf&ﬁzs%rwlﬂiéh hiERYpr&huiibisaneousl y
be transmtt ocessor. and d vi ousl y descri bed, as

nit, as pr

wel | as be ‘in ‘i‘qe’fs Yoo Ui e T HE ?félﬁ%ﬁ)‘/%hé’ﬁs%‘ﬁ %a%ﬁfvgl ke Ga®S 1 owed
t hr ough thed@amed:alhienethlghaemmg@asrfg)wtrmesaamb@dee$ondinlgsqbrqgelsm\telyoﬂmhsidp bet ween
the fluid i 0 vent rate. [0074] When there is a
srral I er [ nvgeam%%gsyﬂréo/sflggﬂus ‘?lﬁl éto{ﬂtgﬁ{:/dgdg?gﬁﬁlgﬁ év vent gas will be required to

"sweep" thd007i er i Bre Wshippethegsion wentgm%at%aﬂbulﬁ%rat%app@ﬁ@\ﬁe vamijaipeakage of
such gas t hﬁﬁgerfﬁa\( a@Gi@sUhe gdi)gﬁﬂtltilh(ﬁsa&@aﬁﬁgels of ki ptrlbf @pmrovergéélgmﬁg weating the
ventilation gas flowrate in_accordance with r%as i nvent oré in the

vossel - & SubLva Par g%%ﬂsvfa@f&ém%&a*efe%eésets@aafio YRR ¢ YIRS cabi net
that is opefiat@ed dat coatinaenty deahindbatdben wed- cﬁsereaaaas:e@mrmdate hi gh pressure gas
et ant vl Sl b A P S0t ShiB i HuORLRLER "
sor bent - baswdtafingi Selrbglﬁrﬂmb(i/ flyid sgperls yessyrap (¢ 1N @8S06 HPCT ISR 011118/51@ 2@899

[0075] By " npfucdto Mg veddMRiol SR b &td, AV aH&R sfebiBWehitdtlufneh® of einsRgG]. fic fluid
inventory, or to other specific fluid vessel, process system or operating

condi ti on cH%i0ct e?fr%ttbec@veng@ PRGEPYENDE P%W%Ob%@mmt oot e vihar j ed in
corr espondene eerﬁ@u&ugh masr adf@tselhatcﬁe@ oeftlﬁg%&’éd :m saglbﬁgeamt tlha|prerzﬁﬁirLgCi1dk0n in

ventil ation gc? p rmts % I’lt aVI ngs FflSSOCI at ed
condition(s ass001 ted w1 e operation of the enc lIlI'e 1n 0 gmg 1 up of d
equi pnent, suUC Vent |on gas purnps, FIYTEOA{ITEA appar at us,

and t he | i kesscko theteat the necessary mai ntenance as vveII as operating

eXpE”Z Ie as S[gﬁﬂl?t edr il WPy VRNl iRtAOM BT ThoNd B QuBd Rem@as Lcabi net is
mar ke reduced
y dlspensed gas pressure exceeds a predetermined upper limit, an isolation valve between the

vessel and the dispensing manifold can be closed, or a flow control valve in a valve head
assembly of the vessel can be closed, to terminate the dispensing operation, and the exhaust

rate through the enclosure can be increased, e.g., by automatically opening a ventilation gas
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[ 0076] Al t hough the foregoing discussed is directed to gas cabi nets, such

di scussion is |likew se applicable to other enclosures in which

sor bent - bagedifdssied supply vessel s are enpl oyed, and t hrougis2ehioedso9
ventilation gas is flowed in order to sweep any | eakage conmponents fromthe
encl osure. [0077] The gas encl osure containing the fluid supply vessel (s)
can be arranged in any suitable manner to accommodate the pressure or fluid

inventory ofanb@eunvib&SiBlime &5QEndRNAIIN BoughibaB¥8 nbifRl, IRALR LI her IERESYSt €M NMAY

be arranged so .that whenever pressure ip the fluid supply vessel is
PN UF OREHED i B e BV A 5P RUdEE i ned | evel . a low ventilation

sub- at nosph
flow rate i[9082l | owed, mbditatibf of Rentipities Sy dove xae ebisughuc liluidexeply vesselot her

al armcondie' e 1 frespondence to .i e sin a ert £ N r.s .non gas i's
effected. | tr?%ll? %?sg%g%%peré thﬁeQBJrZ! lég)g d;%lp.r Q%%ilh[ %%%trﬁget i Jr?l%i’eﬁr?ﬁ%éﬁ L%%in be
appl i ed evehe thgd empely gswelevobmedevenipr ! flpd whihe Mestel.deialsseensedribnidyepdmey | i nder s

are enpl oyefschadbddGRnt RevddeL S8 WA Wrbdd@uiddinghe ﬂﬂﬁ&&?bw Qes@Dradukd in@em Ni sh as
the gas is dispensed, and even high venting gas flow rates can b

e
cor r espondi FEPY P IYFAYE] PP crloaticed HET fEPHAS Vb‘i“’@?sﬂrr enpbialin ofj t h
conti nued diasif@RStan @e offecgady s§iOd Bpuphe sfnvembi @mdnharehereesc@nii=expl at es an
| ntegrat ed appLodER. Lo YENh Al honaas, UBAns INAloAkOl d5-Js. supst antial
di sadvant ages of T he pr i or approach of overdesi gni ng i he ui o suppl y
vessel enclagalrbatfippsed tiwopdfatcias golppdtaqBey saterfahd gentipneh gmitmevgh tieng a

ventilati onfhQW. I @hEplofidlor CANDd NUQHSH YRGS QRIIRHRLAE 1GHC fe O! Sherfiase .
rel ease event. [0079 I1)'he tenperature, pressure or any other conditions in

gas cabi netPUsieq eewriEs sregHbyadptlglosairp et thh Hergring ghdacos ppsratipes¥el s can be

moni t or ed, @md phs@an@spparabasit&tifofor aghhUstpotg AlRenaveu, itheadidn@infrg@ashel | ow rat e,
in various speci fidc ﬁn‘podi ment st.of tthed.i r{nlventhi on. LOOth% Thqs he invention
cont enpl at 5" THE" SFEUY L1887  SFUg g diredNc gkt 8 Wht e PR "8nt i | ati on
gas fl ow r ahesysemratuodiegdaoglary pgie raddsting treg®pions el 4 daniphetopreeniaimbieng ri sk
condi tion(s), ﬁ?ﬁfbﬁ?ﬂo@? ed with the operation of the enclosure involving

di spensi ng of uid fromvessel (s) therein. [0081] The fluid supply vessels
in the encll8%# e cHi capssone! sepehergeacd by thyarocastor gande §hap SHHbI§AIMpr essur e

exceeds a phRJeteLti¥eTednt pR&@Natbh. MEbr, cx@hplé, SR @kjudfedh¥erdeinwearn the vessel
and the dispensing nmanifold can be closed, or a flow confrol valve in a
VAl ve head SERERBRY VBRI Wit pEEle it Bact luheovd vEPHhar o P
di spensi ng fopedeatmioing devit té i deseahaustprovatie thdapproghnt fiev enehtdsion gascan be
i ncreased, tﬁroggh’ thé)é{lcl%é{ﬁ‘e(,) QPIE) ii&?elaie){heop%%rﬂjng gateaof\{i%qﬁll) 'of'"ﬁﬂ)\%' uf8%s a motive
driver for the ventilation gas.
[0084] The present invention achieves a substantial further benefit to the use of sub-
atmospheric pressure fluid supply vessels, by reducing ventilation gas requirements, in
addition to the following benefits otherwise attendant to the use of such vessels: (1)
elimination of the practice of exhausting ion implantation gas boxes through a central roof-top
emergency scrubber, e.g., a water scrubber, adsorbent scrubber, or chemisorbent scrubber, so
that the size of the house emergency release scrubber can be reduced; (i) easing of protocols
for transporting dopant source gases in semiconductor manufacturing facilities, by relaxing
requirements for partial evacuation of personnel from the fluid vessel area, or performing
change-outs of fluid supply vessels when the least number of personnel are present in the
vicinity of such change-outs, and (iii) increased flexibility in the layout of equipment in the
semiconductor manufacturing facility, in configurations in which the most heavily utilized
equipment including ion implanters are located at the center of the facility, so that implanters
need not be confined to remote areas of the facility, and work flow and logistics can be

resultantly improved.
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danper, until such tine as conditions are brought back to normal, to
provide a further level of safety in the operation of the enclosure and
vessel (s)wOherwgissne1[ 0082] The nodul ati on of ventil ati on gas/ushaworwsve

t hrough a fluid supply vessel enclosure in correspondence to a nonitored
fluid dispensing paraneter, e.g., fluid pressure in the fluid supply
vessel, volunme inventory of fluid in the vessel, total dispensed fluid

vol une di scmegsged ﬁlrggmﬂcf&ﬁlréé%ﬁﬁlllg, thewe‘dngtaﬁonogas %@fel@aﬂh@ plobdd 6k thdpbdeg 1 ui d
supply vess ressure in the enclo erature in the closure or

ot her appr o %”}"é‘g% Ry FOPRTe B EBlop P tt"P%}ﬁnle‘”g{Pﬁ‘?tf - AP S NCRAPATES K f ect ed by
sui t abl e cowphizagwe@p ofives@adargaahron@inhd @rlofuee, andprdC@sBons abdr@tess 1$)rtal’ ranged to
recei ve out f.h . ive

contr ol si gaay PSR BEARARLIRARR P PLACHER ) ST LEL Bl TS,
ventil ati orﬁrgmsd@dtﬂd@g@rﬂntgﬁ@ sysigp condiaas topilieysdifteecnsymbery nf Hechgnges in

M Cropr ocesGOkncldb@ Al AR &nliQGHsC od@¥EER, prAQR&! @] hd BicRRSE of QitiNher
specially ada (ilpt ed to carry out the m)nltorl ng and control operation, or

ot her pr oceSBY s HpPAT AT EFPUWLFVES f or such purpose. Alternatively, the
si gnal fronoodse sensafodclativonaif k@Eitaliyh gak FGQ Efte @erhitst theg@adilit gumtgi sale @i rectly,

such as isol ating the er fromt S | arm
and/ or adj ust |r2hte gf%éonﬁlglgﬁdl %rn arbdfdto red?jper%ps montltom}é ang n%atemeh{ ha}l q?ll on fl ow.

[ 0083] The Gulttpms re@htad @i the pryregibn ofehemelp ek dgytamheﬂprsuie@m%herlear?%@ of any
sui tabl e f ofiffedsbhil Sufplyl RGEEY en {ypleal L&icHRAU AL iRl sy &SR T fiont N OUL put
signal may be transmtteéd to energize a ?neunatlc val ve actuator, to open
or close a 4B i&Bivticed inghe Yty bahiserencsiol yem acluding (1) Gieriag 4 41sK 2evi ce to a
desired eXt(Q)’lfefr@EﬁMdnddfﬁ@ ﬁilf&&:daiﬁpb AEfuin@hf® shh@\8)akatiig el deRdnhi@iflc@as ot hr ough

t he encl osure i e t he pu te of used as
a notive dryR&Y P%&qpﬁg Ve “Pmﬁﬁ%%nggs %f% H?gbg §§?£¢9ﬁﬁhon

achi eves alsmb@mamwnalBfuﬂmeWXheﬂeﬁ¢smﬁemhh@vmsemmbesmbvammnnS@mer|c
pressure fl4id SUBRLY:¥HRS RAHGL e ARE Wb emRfgr LUl ement s, in
addition to f%g %%%ﬁbﬁﬁﬁag%%ne?9¥%gotﬁé%€h§e tén dant lﬁi use of such
vessel s: (iP0%F] mi Ha:it Y@WH%ﬁ@mbﬁa%@ﬁ%@@@ﬂm@%H@G@Wﬂﬁ@mﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁtat|on gas
boxes t hr ougdpeing @tefnand B@@a‘ss e he R GRREYbSLHi MR EnexRet@d impRovWan@Y

scrubber, adsor bent scru o that the size of

sorbent. scru
the house ey e H%%&YTE%WGBB"SFIBIS i E’gsm"(‘lﬁ“ﬂ}ﬁ reduige PTG of
pr ot ocol s fc@nsumpmsqnﬂrdaplmg aﬁkbplaalrdtm§ OOHtsCef gmesy btiliz8e ndohemdhared @nd/or
manuf act ur i i vacuati on
of " per sonnelPp 3 bfpe 1B BLAHDE o S FETERL Bek L, BRERARL, GUECUR L PR,
suppl y vess&hasigae aquiren] 1@%9 ttimg hatyesen @flurfzfe@\ﬁﬂﬁ el thaymaingspanse pid eppitt he

vicinity OfmﬁﬁﬁthQQQQ%n@Mh§nmﬁﬁQahﬂkhhmﬁﬂ@&&ﬁﬁ%ﬂniﬁﬁm&mykh&%dlﬂmthe | ayout
of equi pnent .in_the sem conductor nmanufacturing f ¥ in _configurations
d

in which t & EEng &Y 3 LY Peyre GlErbreHY “}"FFc‘ffﬁ‘a‘?“hgm FUaHE 4t ers are
| ocat ed at dxh@st&é@ﬁt@rﬁerﬁbf astdaiatell &ath lthet eylplo@@ flﬁﬂ'(’l&bppl)f’rpdsﬁ:n;t @fh $e e nat be

f d f f | pgi.sti
e 1 osul tanty rrival o b 90r bbbl (S boBEITr gas

encl osur es %mb¢mmﬁﬂ@xuﬁbﬂméﬁﬁlIatlon gas system and process of the present

di scl osure,[ghf3¢ 928 GHALASH' € NBYcRIRILY mBd@tliRN b RRNaRGE MBHaRic SUCh as
internal baffles to optimze sweep of ventilation gas through the

encl osur e, HMYlaLALPr Veawat&acﬁag ﬂaﬁﬁprﬁﬁ‘éﬁsasmﬁﬁrr £agribptipn gy [gpyt 6ffdu?t@a%<§tje

speci fi c enak@s uificie@pplii &aﬁdoﬁ)dilctﬂﬁbﬁaﬂﬁfdcﬂuhﬂgefa&dﬁt&kI\Jaﬁéds @é’gl@a& ¢ owityat es t hat
are nodul at ed .acco dlng 1 nd$ﬂl %ﬁ? défﬁerent nunber s
of air chang@s"ii"t'Ae® &nc 6§ure 0 % L AOF i T Er ent
pressures iwilirhecigplelicosurhenddrs apfifigemdpns gfoqutjllc tffteOvlisa,lr to nnamtaheqieavlamsabl e

response r e&HJhE&ns FQ&RkLthe fa%?ﬁ%&' iy Rz Qe VB0 kv B bRPLy IS el OW fudt € permits
the facility utilizing sanme
wafer processed in the facﬂlty and nominally 60% of energy consumption in the facility is

attributable to facility systems, including chillers, air re-circulation and make-up fans, exhaust
air systems and on-site nitrogen plants. The remaining 40% of energy consumption is

attributable to process equipment, of which process pumps are the major energy consumers.
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generate less "conditioned air" and to reduce gas nonitoring and abat enent
of the exhausted air that is produced in the operation of the enclosure
cont ai ni nyot2he/s8is1 at nospheri c pressure di spensed fl ui drsufskeriwessel s. I n
typi cal sem conductor manufacturing system operation, clear air is produced
inthe facility by a sequence of steps including (1) filtering of outside
air, (2) refrigeration of the filtered air to dehumdify sane, (3) heating

the dehum dipfgopd ahg antiPustrtRt GRkbM oBBECsal & achiBEhbled) sf djrgicShRAAKIO

rehum dify the air back to typically 38C 40C rel ative hum djfty. By reducing
Cxhaust 1t veuisty AT DestRig S bk GoUR: fheb g i p
r equi r enentsinute @odxhang, gadlehuiredint yinpgovidaeatduogpn imeladudcar dengnd et 2kWi on, and

bui I ding coghsg, . m[eQ‘Pé?Jdo-&prskvcvjﬁ@a? YN G TRAY LA %g;u%d bNGuY GPLil! ation gas
flowrate in response to ul |§pen5|ng systen1gn process paraneters
provi des sulgadidarigalThis mgun sexpdies BErRIRIPTEY e1ve it -58ubinosipsmiape aerd  pr ocess,
since it thehabymdesayes possible to substantially reduce energy
consunption and capital and operating costs of a facility utilizing

sor bent - basl@®%nd/ ﬁ“pﬂFe¢ﬁ§Pm?%6@1QW%WEbﬁg@H“W}8fd“§@ﬁﬁl§mvg@§bﬁs in

encl osur es, applicable tNGigiases] fluid M@l ivbad] ietdosalad iexhiau st veaitatiag s proent mean
time between, [allifes if METhwdRetNAL ol 0LERANGE ANM. L ERRLL RGNS
associ at ed W th house ‘exhaust and vehtilation systéns are dramatically
reduced. Thieing|siered-inrid) dispenagyl fraae bk isingle gessad, as esilag tohmdones! Sudnipplycant | y
nore ef fi ci @0ky en@BGreV SR WhikRIbQRuA VL@ PAUR bof TRAM JRNER S 25 hdleed Wi th
the encl osed fluid supply vessels can bé rel axed and nake-up, nonitoring
and cont r ol i segurrdiet s Trldiled grhils eperonmpre GHers PP YE®s 1) b¢ HRPY ci lity can
be nore ef featdmpgl Whilttdnk bz@éke ofhBO8B8JutinveafRInka Bt hQBmME MitcBBRNaGIIMICINOr

nanufactur“g facil'@&g I&Hﬁgigynanic nmodul ati on of ventilation gas flows

. ressure an Sdl . .

provi des a M| or contri button % cost reductions and energy efficiency. In
sem conducti@9liranult aey teicfog Heagdebsatyiiesich waktihous! flagiupms volel tdtesiraci |ty
very 1n cl etgrutﬁiﬂ:eﬁlﬁl lfa{eﬁ) %ﬁt&ﬁ% s%@tengsl 1§Qvﬁlﬁ§a§:hg% tltleore%@tﬁé \k@ﬁlﬁ Iil§QleC| ass 9) !
and cl ean roons utlﬁlze recircufation air handlers ving mllions of cubic
feet of ai renel@SUffRISTEBATHEIE IMOAITFh /dl respiellig 1to Aryentas il dBik dstdopresaiei | i ti es
may utili zepravgé oAaek i noill i RRSHEY et OfindaM &hiech 2R0reMnpaioaiiorPk @eessed in the
facility, and nom nal | GOW%ﬁf enﬁaﬁ% C nsuthion inl}he facility is

att ri but abl BOEEF GO ¢ Syt s TqdAariliviry Bt g3 Bpg trogeh b g1yt ati on
and make- upSuclang:graex law shy B exagyls irelvle anil carpesotcacnif theag@iplepkaelt 8. The
remai ni ng 4098,0f « fNELAY EARSUIRL ol SRt b th?%&%'?ganﬁ%rei;’{x%%‘?ﬁ]% fa@ul pent,

of which process punps~are the n@Lqr energy consuners. .

2011/ 08806 1PCF/usgoami/lipkyge daf ugg]insandmracesbaigtodeles ha inssezplatdliof ot he
savi ngs achiwal! Rclhlslmb pRYAR K QaiRPib@lelaRBu@f MRE diddl hAR @f@igedf | OWs in a
sem conductor nmanufacturing facility, a reduction of 200 ft.3 per mnute in

exhaust gas'®Pegtitls Bramtitiuzas BB e elgt i on in el ectrical demand by
2.2 kW and [9692¢ oVvEbdula?ip®) 00 th SeidBiok W fe¥ thy@@l tHerentladareamnal hindnl lRr ener gy

required fof make %@ aha(b%ec%gd'ert LQRNG - THLZ LI L, gan, reduce aver age
energy costs to $6-%8/cubi ¢ Toot percm nute per yeal for tHe ftacility.

[ 0090] It widample levweregnitedide. taliattmely nhfieve canproluabres iorvewsflatige s if¢edlinggn  gas
flows is aQﬁh?ﬁ Bl & edeatidh BY €-VeSRBLurd LdhlafhingURPHYid Y §PBEles LRCIMSEELES, 1N
whi ch the ventilation gas fl ow can be nodul ated in correspondence to the
pressure an®fdrof PHPRIEIENdr AutR b geridagon gasip the epiospre e/ pigo st9rd dei n and

di spensed fdnoBautd@ seihnN@h@ats@ $8€bs inasy W@k sufldblel iBanidH by | whvd@SEeoldnletticd suppl y
vessel encl BT ahBp TR LY M B R Y R AT Mo et
ot hers of stichoniesdejupnralyer benddipptaysogatedreidr thelgd sppplwbperadomne or nore ot hers
of 'such vespglsp My HE AbokBTE hOERINEC LA &iRORGKHE MiChpRl 633UL & and |l uid
volume therern. [0091]It may therefore be necessa In such multi-vessel
fluid supplSpmpEgeaied o direyddsr & epprate (e b-prickogure r‘i‘?fe‘ij?faPéﬂl“h’B]ﬁi‘teﬁ?IF Ay Beyst ens in
whi ch each @tiodutesd BSPEfildiMEeV BS&RISN L v DErieNGL ASUMDId Hd fePahahal Y

noni t or ed méth r%épqu toits inventor% of &hﬁid,.fluid pressure, pressure
of di spensed® FFUTECREFEPEOBIUE 2 SRET HCRhPERUPRE YP¥&ul ti ng monitori ng
data are processed to provide an overall controlled | evel of ventilation
gas flow through the enclosure. Such integrated flow may for exanple

i nclude strain gauges on each of the nultiple vessels in the enclosure,
each generating an output correlative d% the inventory and pressure of the
fluid in the vessel, and linked to data acquisition and processor nodul es
that integrate, totalize or otherw se accunul ate and process the data to
provi de an output control signal that is utilized to nodulate the
ventilation gas flow through the encl osure. [0092] Modul ati on of the



detected in any suitable manner, including the aforenentioned adjustnent of
position of danpers, louvers, or the |ike, adjustnent of flow control

val ves i rwoentivdssieiion gas feed |lines carrying the venti lPariusr0igasosvo t he
encl osure containing the fluid supply vessels, adjusting speed of punps
utilized to punp the ventilation gas to the enclosure and/or to exhaust the
encl osure of such ventilation gas, or in any other suitable manner by which

the vol unetmogzn f1 oMY stctaBarREm@RYRH i1l QErak€ bAGIpleYa Bfid fubfly VERM bdnatdin gas is
adjusted to._a.desi re‘?l ext ent. bas g{aon t he |tor ed eg msnt f)zoé)condl tions
associ at ed W RS Of iy H%BB’WF -1 |ec¥n tﬁ‘“db%f]afsﬁle ePERYEJ t he
encl osur e chmt @iABkfa)mulatsipérelofureihadidis il wch/mlahﬁy bsveatlngpdbyt iensfed, to
prOVI de a s astiidn = nclosute al o WS eRel ent he

encl osur o, - ShTi AL QR AGRTHLELLRE aGRRDLCls T bR NERASSal oy

si npl e and if etibised e prdive flispengipg Hheof)retESWe of L psinenia| s yesedd vabrikeelioniwig a

separ ate ongn@fued (ﬁiﬁhﬂk@ IrlaRIn€ uMB &S @J:s§el 1s\églaagéld]a41@&§9§ ]IP G/ r&é%@éf%s@r%osgg

[0094] I n such arrangenment, as an jllustrative exarTF a fluid supply
vessel contré‘inﬁf‘%d3ya°°f‘tEH“P“Slyn9fea|1f’FIBfr‘tveléSf“ f9PYyisa faghionye hﬂﬂ%rth |Vthllaﬁ?lb’§§ur e, e.g.,
2.2 liters tafougrtbd 0B elasllosﬂe Wtﬁéﬁ@ﬁt@re@ﬁresﬁﬁl@ ofl@ditie if the 9353, t]keRaﬁulatioﬂ gﬁ

sub-encl os hal di ch v ent.i ]l ated b

ventil ati oﬁﬁodvarétetnﬁ i eﬁamé’ ec%éime ) @ﬁ%lpgglhnglgtxa TR AT pr?ssuf%ln¥lfe V§Ssper m nut e.
I f such ves@eﬂeaS@stTerﬁOQ I@miFﬁWi@@ arn@rheamtliauenmﬁmmsq ngy, fot yemple deskugr e of
arsine in tfgs MQE & Glinutd &ﬂenﬁ@%ﬂsﬁn@ﬁreé’%ﬁeﬁhtﬁ@v%%ée%%@as@té@ﬂﬁfoﬁ% 9 7 @51 ne unti|
the vessel is exhausted and only a "heels" residue of arsine remains. By
continuousl§S or alternatively in stepw se fashion, matching the

venti | ati onoowst e tMCGMgl@lyI P& titgonlre esicd ﬁ}ﬁ]ﬁr\@ssElOgats hepgngom&sg@readospfeeﬁ@ur e of
arsine int ntilation | e decline
F0 60 13 PR b S roTRY P ek R b FrETIL et T Reases to
500 Ton (= B8y tirokdPecpch dnethtsiteenvientd dodtonom fgalr biitioweriatventivaipn goiflogxanpl e
decline (0 #3yfhuc <Rl Q1€ RGN LD B SAFORIES AN Rl leddR YERSC!
decreases t0 350 T¢ tetmw 112 e‘te g% % OAcco ﬁgntgl;'lfgqe ir)ggre%/el%tl oni ng of
a multi- ves@é@a@‘a@“@ﬂﬁmwﬂ %@é@PCI@‘FﬂﬂO@@HP‘EW lﬁtﬂtﬁ cgdetPieat ed sub- encl osure
portions cqoomcommd@ﬁtﬂadoﬂg@pmdﬁmn 1B e i@berHdd M&ruxhduatgapﬂo@@s%s fol ow

t hr ough eacg ﬁ qSuc sfub enclosure%p {‘tlonsf to f q%r Optim ze the
ventilation"ga¥ 1“'i1 Guei TP BT MY s P et TRV r? %’{n I'&V8 of safe
oper ati on aggipndathi figidluekkadeciliy.en tsscdlcdmaaexhhugi mlsmppbqusv@mht or its
associ at ed i | e ] i i gas

ol at i on PEgHE ORLIEY, Lol ECRG RS cob HAELL 1 S0 il 69
fluid-utililpdkng gaadiom ﬂtuyh eqpipatsniaand fheehyf migiahzguepnceygaion davels oftardd orof t he

heat from pLEEERS EEpInRIE Nt la%exhi&@ndﬁét&l Saddfabdodigd RGilifya@el Aeby exh@de §0- cal | ed
heat exhaust. Air may be used heat exhaust to convectlvely renove heat

from proc es@PIQHﬁ F‘?ﬁ‘h@ﬁ’t‘md%e‘?ﬁé’ll FXhé?t RrgceEsier W gRsy 2 E9RTh RES % ¥8m such
equi pnent aﬁdcrﬁlh)edf &hhyusm GdnblaZ&hAeNeeaising ia@ Rtli2 uedbStopbr dthexil@atdh frazar dous
Corrponent S. treatin qhe €n I'gl aus(,:[ anJ dlgr%nlglf acz}n%rtl In‘?(‘)CIhere scrug)behdeex}l eXhaUSt 'S
typically sentt &0 dutrsiae, gene eral cexhaus processi ng Pox air
exhaust is twfﬁllaandesgogémld/@@ﬁ ssbhiighwdraeothmuerhove @ﬁemabr f@?@@@stpﬂmsocesa ng
may utilizeyg, LeRfhar 4L other location for treating the general exhaust
and di scharlgl n? sane to the atnosphere. The scrubbed exhaust typ| cally
under goes |08 d/ glason%eqﬂtfemeﬂfgwbeﬁ@? strpeghbasedepr indsrpplls Prgyreresttaeddvidhaz ar dous
speci es fr ofipgyeiscBxRauploygias the &m&uﬂ aﬂ mnﬁplmwgumﬁpuopaﬂtﬁgwtetm ion

Sor bent baSEdI' g{)f Su(r;ﬁ eI'I(‘)(Q)gSl l tergrtg ﬁea{ exh us U I'eaIt'Oeted an a seggp 1 (S S?lfsetey S are
enpl oyed in Phe ox oFar 1on"l Hp ant o} su F gas-to the ion
source of sm@hormg@eslsersgosﬂwlort ¢f@n>h1@a4rd®x htawst splegesy gior mltemd rgyidedpassed
through | i fig 5! Gt TRAHAIIoR hafith PE Mtk " 1IGLAChbAMGH, 0% NARAr dous or
toxi c species, prior to being recy or''use I n the seni conduct or

manuf act ur i PrauFEEm fhe gas oy 0&8?éFPnéWB]6@iFrrf’éF?tf°“tt’41@ g92e82! SRV VRAG 885K om t he
gas box of et 180sdkiPhafibely dySiphén f@ut@dot & FERNLE s XA SecieHBIdNg passed
t hrough Ii f saf e ﬁ% noni tail‘l n‘% t{g eﬁmsnt for det ethL of any hazardous or

t oxi ¢ speci ?pa?i O iR & R Yetier'dP dH PEEHHEN i t, e.g.,
a roof - nountveld mestifieutisnt istficiadtevielyt useinf the scBbﬂhhbaﬂ@ldlrflmtaaalhy@ressuss-régﬂﬂtddi tated by
use of the sorbent-based or internally pressure-regul ated
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fluid supply vessels and the | ow di scharge pressure of the dispensed gas
fromthe fluid supply vessels. [0098] 1 n a sem conduct or manufacturing
facility,woheitfusicli t y' s exhaust requirenment derives fr @oT4ASeEn k0899
categories, nanely, heat/general exhaust, acid exhaust, optional amoni a
exhaust, and vol atil e organic conpound (VOC) exhaust. The mgjority of the
process effluent is small in volunetric rate of production, e.g., on the
order of 2-fdfl fupplBviRQAs 2 Mo di RAGeefRsSke AlireUfiBerdhiab ei®@Mthe ﬁylats@m are
utilized to keep toxi c and hazardous materials out of ducts in the facility
and to Ilm‘fesélﬁposure to personnel. Process effluent flows through
central i zedo0easi d thaBlsﬁlcoadldtOEX]hahﬁaMdrﬁg rfadifty, Sth¢ Ukehigyr'ssexhibt reh@lfb@d&ntpl’ ocess
exhaust {1 of, i £ 861Nk QlBOes "RUIAC e SALIAD LR REGAUEHL, LhGM O 1 oW
rates involve de at ex aus I'S vente an untreated state, in some
cases, is s@nonjgarRawlp antheolafdnpiged oenenornd @) axbausy oﬁ%l}mmltgeﬁéheal

process t ookscane@asé Ghanh ¢alméfieas HHRIGQDE JINMBMLe fMebOSY 8S pfor safety.
Such process. encl osures frequently are run at negative pressure_in relation

to the nanuPHEedPy Pﬂjmf’&l'ﬁe IaPatt%?le‘é{tssy%e% yailized to kspyxic gl hagrdopgmaterialy ¢ ¢ he
potential ofut t)tomucmamjfahazaﬂidiemsmrmﬁoerre ol psrsorelt Pe>cvoEikluehonN@rs thytigaphori ¢ and
fl ammabl e nmat e hau ls. lon, i anters
typically ut'| Ifai[i%% 2Jlemflhe'éfuasu ' ﬁl‘; W T Vl %O?lsﬁr%eiferrsaﬁ&leét lfenglnll)riqgff 10 ft.3 per
m nut e, whidiactlygo giof- @em@dcmbbeprbe@e?@f elmhwhiloW(ratesszqlve@ Peat emamutse) gas

box exhaust.(30f- af}QIQreEtEd §ateP€f 1n %n’i&:‘ﬁaé‘él is @RPAREHE STRIAdRG: AGAY. exhaust.
Facility air may be drawn th e g | ouvers in enclosures to cool power

suppl i es an8"™3i gh 'Breered) R‘E‘E?Fﬁﬁ d 2pYFOFRIFY areghy YSp CIAERFEE cEIPSUEIdP gas
t hr ough vendafest Qﬁ‘dﬁspr&iasst delodu@p fRfuchineaprrac ﬁsr&gzit@@ lpressEﬁéhﬁli&ﬁtloaité the

tenper at ur enslangPXturm r}gc?ht gs%ryvh%fgolgtord7r tQ Eurther% tthep %ntla(?l frﬂ)xw ath t he process
exhaust pi pPHgeePTE EEhTE ERRe 1 PP SR g U Ry teital ple WoRas t he

pot enti al troat@@htlanhma/bﬁ tohe Irg@phoeix had Slanmabld alagealndflmnd tn}uch)ﬂngher
sem CO”dUCt&BauQﬁEUé sAG4 1 Hgﬂgtelfsaﬁ%%lg ufiftze eRiHust @trat%ﬁ]%%%ge fbmdshd gw rate of

1000- 2000 ft. per m nut use central exhaust system either heat
exhaust or %?8@@ eghaet, WpgpFodperisd W@ eivesst &thireh (g s’ eduingte) ¢/ ¥ixscussed in

this di scl ostdue @@M08ENIpEMBNEYNAU e réRoM6t He@ShQd. BRNIPIE mhybelddwal | On t o
tens | acki ng such ventil ati on gas nodul ati on.

correspondi B{ghglocess S

[ 00101] Conch QB6ED FPHPHEUCIPEPOBF BNt B By SRTROTEPSHRNt s back
into the semtcmhdmcdsfmmmmﬁraughwemtngwlfsam thé top of dir hecaddiledsedstand resol ved
by use of {}%&rg agrc lod Bbm & ou?m%§9r§1n Iﬁl’gﬂa ki Sind Qﬁéess%%%{aug ,esent in

t he heat ex em ca I'ter is a vant ageou ara |g| zed by
Ki neti cal | yorfaagignifgspetrraleaseaf dnd h dw 98 & berethelp@wtlalAtOtcewlem@}a@erimﬂ tor may

be used to uerkf Y 1Rer &?M@raf: eeneéon&daer ﬁﬁﬁmcﬁﬁhg fsdcihh@srvemTﬁz;et éxmlstazﬂtaer gas box
can be vented tO a oo the use o sub- at noSp herijc

sor bent - bas®y Fe gl Hog: G?JOSIfS/ R%gew ?%FW°5¥68F@E%E@SW¥W i ]i‘eﬁRFéhat“?ton enabl es

a si gnlfl camtacme;dmstl on in the gas box exhaust, e.g., to below 100 ft.3 per

m nut e. racess effluent ca i ntof-use, scrubber or
be vent ed &Oﬂ];h qtskﬁ’ VentllaH]ton ° %@fpp?cilsﬁﬁ%edqnvyjfls ?IEC?OSI%e 5Ck ascslevseyeé BM In such
system an repriional Shexdt: exbheangerrepmdipe penpt ayeds tadﬂmmveentﬂhenheat | oad,
or the heat,,l pagifgn be renmoved using an existing re-circulation/chiller

capability of the facility. [00102] The return of the heat exhaust to the
utility ar d901011, | Gongeaps %bﬁ%t igpgiluctiop of low levels of toxic components back mto the

semiconductor manufacturing facility can be addressed and resolved by use of a chemical
filter to chemisorb materials that may be present in the heat exhaust. The chemical filter is
advantageously characterized by kinetically fast operation and low pressure drop. A toxic gas
monitor may be used to verify performance of the chemical filter. The implanter gas box can
be vented to a roof scrubber, and the use of sub-atmospheric sorbent-based fluid supply
vessels in accordance with the invention enables a significant reduction in the gas box
exhaust, e.g., to below 100 ft.3 per minute. The process effluent can be treated with a point-

of-use scrubber or be vented through the central acid scrubber of the process system. In such
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requi renent of an inplanter substantially, e.g., by about 1500 ft.3 per
mnute in sone cases, W th substantial attendant energy savings. In

i nst ancesworzoisels1an exi sting process facility is nodi PCewstaioshe t he

i npl anter heat exhaust to the utility zone, the re-routing effectively
expands the capability of the existing exhaust system freeing volunetric
capacity for other process equi pnent. [00103] Thus, the dynam c nodul ati on
of venti | atdyQéngaspldn\Wedd 888che@RaPEQEPHS Y KRN BPRIBLIDBr BORMI 1bdqons and
equi prrent conEonent enabl es. subst ant i .ingé§¥eg$q}§ﬁln cost and

ef fici ency $B°HETRERAEVEY NpER ST gicare gl auBi Rl PeAlist rates have been
based on mnmemnbasﬁwreMeasﬁﬂ&cmnaeﬂﬁgtt@ﬂmdeﬂeymkmeﬂnﬁ@masmankmmg pressure
of the flui i | ( ) di anmeter
Ot opes. ot RURBLY ORARk ARGLDE LESLILERIND L1BIGHIGASRTED 02

rel ease rat@ltffs:ubﬁﬁqnflaleﬁtqad@uwgy sv@g%éngm@mqs evhich 98 atting piPdess fhaliesed by

ef fective rgaigdhi@RovkdhPERSTSE BSat dkhaW kS the GRBry I Snd iR REARELL fomeiyhe fluid
supply vessels. This js especially the case en sorbent-based fluid supply

vessel s ar et s sepabifiyeor (’if“é“ﬁgﬁéha%rsbséet‘ré r@%l’ég wunaeiyis- Célfaﬁ’ﬁs‘i?ﬁétﬂl?r
pressures. procetshquigase of internal regul ator-based fluid supply vessels,

the set poi the internal est a erm dlspensing
of fluid atﬁggéf ﬁﬁgsg recnwangHO?vgg%Pe aﬁbwﬁmwgonHPQ %“m{nospherlc

pressure t0m@@@mp@n@uﬁﬁa@B@MEmdmﬂmm@@m&@@ﬁkﬂswm@mwin&tamm@@sHﬁ@@:del|very

rate of the,di.fREASLH t9aShiGRAN PErelEHEM NBMeDMndtld hie b8 valh &P dun the flow
circuitry associated with the fluid supply vessel . |1n such manner, gas flow

rates can bECTHSRE relfass EFRprina e thedmingd 6 aEpe b‘i‘“’%?&réé’é thedRissuPRlY #9¥59bower i ng of
t he wor st - cagee Eeﬁlrﬁﬁ&@]oﬁv@hﬁceb}ll:@hﬁdﬂeteﬂelﬁiﬁoﬁeﬂ 157513 ga!; ﬂlsﬂeﬂdl@tﬂoalhr&ﬁlry

convention o} h- sur as.c ers. C cabi net
ventilatioﬁ&?@ﬁﬁs @gn écﬁ%?Fgﬁﬁ%%glnﬂlxmwg & “TB%TB%igHQH Y¥al savi ngs
can be achibmﬂﬁmbvrib@mnanE$Muud“$up@mMS¢eE$eﬁ§hmimsﬂmd$mmbﬁ@®éss t ool s

utilizi ng t S 19'6%9&2[‘1?% cfa e%hg erlQ:ﬁlrl%pexl fﬁl}/doslu 1§‘Qes§eﬁ%}(1‘%ﬁ Eedcﬁ];at t%%epl pl ng

runs in the facili ty Si nce e rs assSoClI EI‘ essure
cylinders c%watséa%aéa@@éﬂoswrlapwkb%rmﬁﬁC&S@@@nwalﬁ@lw baseé pdatRspheri c
pressure op@ksak @sct ikt ol 1R URBhH ré/gaﬁﬁ)etsses@aﬂhéaeo p&hAGapednhundress of
neters cl oser. to t he §0|nt of use, .and the e |C|e%ﬁ¥ of theh %grall

facility arFHFgEFERES tanPBEHETRER Y™ W BYRETRFD THRP

nodul ati on Idk).ventil ati on gas can also be utilized mnth eqU|pnent such as

wet benches, 61;69] Ch]%rgoﬁlaitlsé%l?[%g?l&g%l %9 of fhe d%gén%éﬁ%taiaganm%%% eﬂﬁiﬁﬁdg Coi”fs' ned

areas of the facilit % now t draw ngs
schemat i ¢ réhriesarRiAt g fow ca%a/sasa@albtp with hoflwdmpaly mesel Tassf@rnbiew based

fluid SUDDH%sﬂ@%%ﬁ&;&@b@ﬂ@nﬁ@&&&%ﬂm£&fmﬂ@ﬂﬂhﬁ&kﬁnm&ﬁ Wikl #hegas fl ow
in correspondence to flu inventory in the fluid supply vessel, as part of

a fluid-uti \I\/(?r%lc?‘s@ %eraéecréigé)yw érlrp jipges, relation to conventional use’of high-pressure
gas cylinders. In consequence, cabinet ventilation rates can be correspondingly reduced.

[00106] Additional savings can be achieved by locating fluid supply vessels closer to
process tools utilizing the dispensed fluid, thereby avoiding the cost of long piping runs in the
facility. Since the risk associated with high pressure cylinders can be reduced by a factor of
1000 by use of a sub-atmospheric pressure operation, fluid supply vessels can be relocated
hundreds of meters closer to the point of use, and the efficiency of the overall facility
arrangement can be markedly improved.

[00107]  The dynamic modulation of ventilation gas can also be utilized with equipment
such as wet benches and chemical tanks that are in ventilated housings or confined areas of
the facility.

[00108] Referring now to the drawings, FIG. 1 is a schematic representation of a gas

cabinet 40 containing a sorbent-based fluid supply vessel 12 and adapted for modulation of
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[ 00109] As illustrated, the gas cabinet 40 provides an enclosure defining an
interior volune 42, in which the fluid supply vessel 12 is nounted, being
reposed owoaobasesmenber 74 and held in vertically upri goT/ysestitiozsn by
brackets 76, 78 secured to a wall of the cabinet 40. [00110] The fluid
supply vessel 12 includes a casing defining an interior volune of the
vessel, in which is disposed a physical adsorbent nmaterial 14, which in one
embodi nent RhIARE chdMURITH 6 s PRI EQTRLI SeorIRINAL 14ild buppid &Ll ak ek grar bon
article havi %@g g gtlve afflnlé for the fluid to be stored on the

adsor bent ahd" ¥ EEBAREE T PYH {he vessel under dispensing conditions. The
flurd may fmouﬂkan@dema&mﬁrmsgmaa$eﬂl@Dpﬂuﬂ&omlanmuﬁadﬁhmgn@ gasor such as
arsi ne, pho\%ﬁl'ﬁier]l% n Qv(ﬂfcg laletﬂ[hld SLM) Jr Vegs%l 1251L ffed IS)eln qg@gerd Otl lal’&lsg melng 111] The
vessel casing I's joine neck porti on to a valve

assenbl y 18”6@%?@@nrwgdeﬂmaﬁﬁ@@ﬁ@ﬂ@Vbvé@@€6Mﬁﬁ@WKﬁ§>ewéhéhh%“@@ﬂdlspense
fluid fromjhe vessel under dispensing conditions involving a pressure
differential between the interior_volunme of the ca3|n9 and t he external
fIOM/C|rCU|W?901ncﬂﬁdﬁﬁbwﬂﬂ%ﬁﬁﬁ%ﬂﬁﬁmpﬁﬁé‘@%mi%fﬂﬁﬁmtﬂeﬁ ‘6@?ﬁd¥lﬁort of the
val ve head~@§seanymiﬁhw&@&ay@&Mﬂam@mdnaﬁ&ﬁnbhyw&ﬁlnmEkm&mnkﬁuﬁmupled W th
val ve actuat or t uat cl ose in the
valve head sy b o BSIHE ARG G PBE: BEpE B8 e Bt "t ng

i s nmount ed faid fobe doned1WhQ skybarpnidtdppeng fiopaheateisviainger dispeangegndigonsoni t or
fluid inventrgid faf B e)(ﬁlgy'ieeéonﬁﬂg &%n@&h@kkr oo BhRhsY Suchi@RRe | Ndi cative
of the anobunt of contain luird, in si transm ssion line 64. The fluid
i nvent ory nifiPfgs bon 5HWHEEHFEdﬁVm§UPngIe type, and may be operatively

linked to poessureTi@Reds@lkadi@PRad Allie uFRNGOk @r@n&@@@@dal@emeﬁmsehmtyeri or

vol unme of the vess ressure % t enperature
of the Sor LLREVERBE &Y TBoprSbiHet i bt TR Car 08 B LRk Shount  of

fluid renaidipagingrvotdieny essleﬁlg fa@resdlrfsqhﬁfﬂsntmgbet\&@@ 1k3hwtisrholegl of le vessel
shown in Fi cg’mn nld %he%tcteﬁlalsfﬁ)m%@&mpﬁaggngt a{&gnsm% nﬁe yﬁ%l%gd to% B&;Eﬁ? gérl ¥e | y coul d

be of a type t IS equip one o pressure reg tors in the
interior vdP%ﬁﬂ“meﬁﬁﬁmW@§§§lTWWW#%HW§¥§“ﬁwbaH§éUmﬂb¥‘HW%&@W§IW@@gas from

the vessel @fua@r PX OREL €0dH06H tcdcbp&p&ra;ﬁisme M@srsm ealael%@ra@aems@ 1By the
iti i lled with the vesse

oressur ot JOHAL Db Bt Sura Rt e ot SRR om0 ALy ERRBETOr o same

or ﬁ i mlar 6ypeatiely @labged nanbnet gulmereasrlpluome ac;sshl ffietoentput aqurekalﬁvem_m tor, .

such as a s | [ r in suc
E%n% N GANISE hd Tuckihi& o‘f"CQJt ﬁeﬁgﬂd i Ingaﬁ t&ﬁs%%%‘g%? Elﬁ 0@4!1‘ fj%rg

vessel s enabfl ng stral n gauges ect use erri ng
agai n to Fli@engpry m%@%ﬁ@mh%@frﬁgy Fqﬂn‘ée 81e. ﬂﬁ@/mesolmwrﬁu‘tekyémé?dﬁo arepEstrictive

flow orifi Cﬁld/%pteInP@iturb SenQRETiRHob¥8n 10 i RSB Sdiurhd o R Vabsail (B inldGicR psicr ed f1ow

of the di spensed
in the vessel and/or temperature of the sorbent therein, to provide an output indicative of the

amount of fluid remaining in the vessel for dispensing.

[00113] Although the vessel shown in FIG. 1 is of a sorbent-based type, the vessel
alternatively could be of a type that is equipped with one or more pressure regulators in the
interior volume of the vessel, which are arranged for dispensing gas from the vessel at a
predetermined dispensing pressure determined by the conditions in the fluid flow circuitry
coupled with the vessel. Such pressure-regulated vessels may utilize a fluid inventory
monitor of a same or similar type, or alternatively may employ a different type of monitor,
such as a strain gauge, in view of the fluid storage pressures within such vessels enabling
strain gauges to be effectively used.

[00114] Referring again to FIG. 1, the dispensing line 34 may contain therein a restrictive
flow orifice 30 that is operative to assist in maintaining a desired flow of the dispensed fluid

in the dispensing line. The dispensing line 34 may further contain a pressure transducer 32,
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in the dispensing line. The dispensing line 34 may further contain a
pressure transducer 32, which is operative to nonitor pressure in the

di spensi ngoI20nien8sed r esponsi vel y out put a signal indi caPcyasediiobessensed
pressure, in signal transm ssion line 66. [00115] Fromthe dispensing |ine
34 of the flowcircuitry coupled with the vessel in gas cabinet 40,

di spensed fluid is flowed in feed line 36 to the fluid-utilizing unit 38.

TEe f U: d- u\bm&ﬂ iZ bﬁwmbmtbtmom pRQIRIih 86 dBpMAROkne dRPOHoA R calpaii@hall Or
chem ca

apar osition or atomc |ayer ﬁg ition of athin-film

mat eri al oﬂ' “@é f@ﬁﬁﬁﬁ%1%?“§%B§P?§P@m¥ﬂ?wﬁ Ypl anter for ion inplantation
of dopant sipeédses demnith digerfsining fieoffthalal dicsipenapitd fwidmeaevasseds 12, or

o s o bl b 2B BEER R0 1o b AR AT) FERLRRATEWRYS! 30 ARy 1 Ut LRy

i ncl udes a centra rocessing uni I'S Operative i nked by
out put si grallizipg ams pivs sinenrisq iiﬁ@oseepp@thm cheynbey (@ gherpigrdh varpy Aemémq Prati on gas

supply 46 i a'ionfﬁQ Ml?ér%l@pdsﬂﬂorf (Lfc?i%lﬁ-(ﬁmﬁﬂeﬁ'ﬁtoh Q@en&@dnmd& @uﬁ;@t&d@e W daNmpiate&r i or
vol une 42 of as .cabi net 40, éy ventilation gas feed |ine 48 containing
it

flom1contro@rvéf angjory ¢ lpRAnSPecits Wﬁ&ﬁ?%@egﬁpﬂﬁﬂmﬁﬁ @F”Fﬁ?dd@s“cablnet 40
also is COU@MﬁdmﬂmuﬁA@mmﬁﬂﬂﬁMﬂlCatlOn relationship with ventil ati on gas

di scharge || ont ainin RY 70 therei.n. real i zed
t hat the sf@@@' sﬁghﬁ“mﬁsﬁﬁg?ﬁ?qu erl gﬁg?“mrﬂpnmﬁﬁ ﬁn%ﬁ?b)iu‘gPacter and
that in a dwwv@wbﬂmhdwygaym@abﬂn@mmmmhdnvéﬁUnh%bvé& gas is typically f1 oved

from the bopham OrAQ@rﬁl‘i‘auQﬁ gafs Q@pg%%' 19@&1'1 £d APk dicdddh UBnBipdie! at the

top or top rear of the % e CPU 24 is connected |n si gna
recei vi ng r%@%@‘@ﬁgﬁﬁﬁ(Wﬂﬁigﬁgﬁﬁptﬁ i omtdaiop gay fepfblig A8 qogtaiging dlo¥c qui si ti on
modul e 60, hid RalldB0tthlidin. | The GR&HIE ﬁﬂlulﬁeO42tolﬂﬂle @iso;mﬁfmm(b il@necbupledlindiovnvent ory

nonitor 26 and a pressure transd n transm ssion |ines 64
o sar fosanteoRol FESHOTRRE R 35 dicBuR 303 TR EE Ol
transm ssi off thireie IE@llltlm tdlios o nlter sybteny allowd iBHOIG. A iv eind lslinaltﬂedrachgmstlcf eed line

48, and by | ki 0 B8l Qe & K lo exhaust
punmp 70 in %%%?? FH%EEQH%E’ﬁgbﬁégge @?ﬂg @:ﬁﬂﬁﬁ%agg%kﬁ ,Eﬁﬁ% CPU 24 is

connect ed b RitGHAT bapg %f s espisang I?“H%d thrpughe dygf|ai/be QB PifaR ’@i‘r of the box

[00118] The CPU 24 is connected in signal receiving relationship via signal transmission
line 62, to data acquisition module 60, which in turn is coupled to the aforementioned fluid
inventory monitor 26 and a pressure transducer 32 via signal transmission lines 64 and 66,
respectively.

[00119] The CPU 24 also is connected by signal transmission line 52 to flow control
valve 50 in ventilation gas feed line 48, and by signal transmission line 68 to a speed control
unit of exhaust pump 70 in ventilation gas discharge line 72.

[00120] Finally, the CPU 24 is connected by signal transmission line 22 to valve actuator
20 coupled with the valve in valve head assembly 18.

[00121] In operation, the dispensing of fluid may be initiated by a cycle time program
executed by the CPU 24, which transmits an actuation signal in signal transmission line 22 to
the actuator 20 to cause the valve in the valve head assembly 18 of the fluid supply vessel 12
to open. By such action, a pressure differential is established between the interior volume of
the fluid supply vessel, and the dispensing line 34, so that fluid is desorbed from the physical
adsorbent 14 in the vessel to facilitate discharge of fluid from the vessel.

[00122] At the same time, the CPU 24 transmits control signals in signal transmission line
52 to ventilation gas flow control valve 50, and in signal transmission lines 68 to the speed
control unit of exhaust pump 70. In this manner, ventilation gas is caused to flow through the
interior volume 42 of gas cabinet 40, at a low flow rate that may for example be in a range of

25 to 80 ft.3 per minute, such low flow rate reflecting the fact that fluid in the fluid supply

23



20 coupled with the valve in valve head assenbly 18. [00121]In operation,
the dispensing of fluid may be initiated by a cycle tinme program executed
by the CRWO2411/08806¢h transmts an actuation signal in siPGmAIS201nARESHY SSi ON
line 22 to the actuator 20 to cause the valve in the valve head assenbly 18
of the fluid supply vessel 12 to open. By such action, a pressure
differential is established between the interior volune of the fluid supply
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interior vopymen4 t119fvesg<é§ sezshd yethe 4od maftntoay meyyof Foard pialized rgererateadp f or
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[00123] During such % E ns| ﬁ é% the aracte f correlatlve
of the fl uitheidate ellgnadﬁrrycelvnd b)h@e d@s g?ailISIt@ Is@rqle:ehifnbsp Us¢vero fgtr@rada anrpvigwit or y

noni tor 26 ang tﬁhénh&e%l%gm%n‘al t&ﬁgﬁgsﬁ)hﬁn@@ ©Qeppyl signal correlative of the
fluid |nventory inth uid sup vessel 12. This output signal is
transni tt ed®Hki ghl CRY Zherasesss @ﬁ oppHaigy fiog thdatgaeauisidengr®c #¥n nodul e

60. The pr efsweeerité arnsldph@ @fat 18 Zrahshhitehd SPERSGI Pghshistich 134 B0H uf@lﬂiyssstdaa pressure

of the discha d transmts ond| S, si gna
Ot anoe ot T R Tensstgon 3PS P G bR R o SRR dr e S

recei ved byfluhesdbvis @aeira®r bar onfluibldd éeptchegthameuusé duit efgetherated an out put
signal tr a”&l?@rrhhxﬁ% laf (ﬁépﬂ@%'sarfdy gﬂ%@%ﬁ&dg (%Jt 46820 Bﬁ’[ feftdaadt- *&%24] The CPU

24 processes the output sign a acqui sition modufe, and may
generate anbﬁ%ﬁﬁh¥ﬂﬁﬁﬁﬁﬂ¥§ftransnltted in signal transmssion line 56 to

di splay 58 [@6128) gr aphik Gald da@@rrse}ge)p&ratm%ceé@bltﬁdﬁmm%w Bf @RE i ib adianment
include a gra hlca’ simul ation of t i ndi cator bar or

uid vessel wt a
1 d 1 evel HBpISE] HoPrib ol e Hoiraree et <S80 a et B
Al ternati vehgnjtofethy dhes phay ebe mayanber mmg:mdmmbgml a&r oapuged «t deodataput dat a

in a specifg;5o) %td}[ﬂggncpf?o%ﬂ h&de %hﬁeréﬂ Mot vhgg%ﬁ@@ﬁdlﬁ%%al il g, diSpensi ng

operation pr ceed e I nventory of
the fluid amount in the vessel, or of the pressure in the vessel. Concurrently, the signal from

the pressure transducer 32 is transmitted to the data acquisition module and thence to the CPU
24, to provide a pressure reading monitoring of the dispensed fluid.

[00126]  Based on these inputs, the CPU will determine an appropriate level of ventilation
gas flow, and correspondingly modulate the flow control valve 50 with a control signal in
signal transmission line 52, and modulate the speed control of the exhaust pump 70 by a
control signal transmitted in signal transmission lines 68, so that the ventilation gas flow is
matched to the fluid inventory and pressure conditions being monitored.

[00127] The CPU will continue to receive signal inputs from the monitoring devices
through the data acquisition module has dispensing of fluid proceeds, and will modulate the
flow rate of ventilation gas through the gas cabinet to maintain a required level of safety
accommodating any leakage condition. Thus, as the inventory of fluid in the vessel 12
declines, the CPU 24 will correspondingly down-modulate the flow rate of ventilation gas
passed through the interior volume 42 of the gas cabinet 40, so that the ventilation gas flow

rate will decline in relation to and correspondence with the fluid inventory and pressure being
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supply vessel 12 progressively declines, and such progressive dimnution of
fluid inventory is nonitored by the strain gauge 26 and a correspondi ng
signal iswoubpumssesd to the data acquisition nodul e and Pcomstéeneesot o t he
CPU to provide a corresponding real-tine value of the fluid anmount in the
vessel, or of the pressure in the vessel. Concurrently, the signal fromthe
pressure transducer 32 is transmtted to the data acquisition nodule and

thence to theidRY Sén cdidoMiQ¥dublRndr ME e&m&&q gaea&iv Hﬁy BOEIntRONG s@f- t he
di spensed fluid. [00126] Based on. these in Uwll determ ne an
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moni tored. [ QP RNG tlgzﬂ-v!ud/\éuhﬂ)ly GORY | A4 SorleBren@F RInYiRuSIhI A&V of ARGl ' OM t he
noni toring devi ces through the dat a .acqui si tion nodul e has di spensi ng of

fluid proceBydrovghnie #is1PORRh R (gt the @H@S‘PP%O(FSF%P@ hsehapgstk quf '%Vt‘ie‘B?lvab%fs t hr ough
t he gas cabmmehnmmmnﬁkamaEMmmrﬁﬂﬂﬂmﬁedf%euﬂbwﬂhwsaﬁﬁmyuaﬁnﬂﬂﬂ@ﬂ@@lng any
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40, so thatw&@ﬁm%@@%k&ﬁ&b&ﬁ@ﬂ@ﬁméﬁ&&ﬁ&ﬁ&ﬁv&&é decline in relation to and
correspondence with the fluid inventory and pressure being nonitored. Such

control | ed P¥ddkt i Hﬁ (G HraenBotiPr e PofregRadly peResiay hyecosBrtiontldtls or

st epw se i I’beihb&{laE)hﬁremb@SedﬁﬁQﬁﬁ&%ysoﬁﬁvaIGEﬁﬂnﬁxam & dilierdisq ity eryagpliiccat i on of
t he process I%(tstem 00}%8}1p (J&Id anentory \gmltmno¥ﬁB ﬁed fluid

t ¢
pressure moRTTEFENISPIER Go s A PoR e P PEA S| oye&las an enpty det ect

system in mmmmmgQEQMﬂ@men@Bﬂ.fIU|d inventory and/or fluid pressure to a

SpECI fic I 0[“6130 I nﬂ*‘IE} %’ ?sl :ﬁ&:hé%altl!; réib?e%@au&rh& a lélrctn?dugt dPﬁ%uFa@tﬁnﬁ’gﬂt?{ ssI n the

val ve head assenbly supply vess concurre y term nate
the flow of @t} @ﬂlilw Yaderhrabal ﬁXh@Pﬁé foy s opesaiph att Whisl vanligtiont ¢ dhef | yj d

supply vessgl woanibanghapgee ailoshy 11EMRY abdliicds aMRciiMR Whie gassscabi net,
and repl acenent of the renoved vessel with a fresh fluid supply vessel. The

CPU 24 may AMYESESPr anged in output communication with alarm or ot her
out put deV|WQ§1]toﬂ&hemtmmpﬁmammm@amngﬁhﬂnynpenﬂbng%exham$MHnnnmm fluid

fromthe fl %%zg %ﬁp%p@@@ﬁﬁgf otﬁﬁ%ﬁ ?al%g% LRl Eiga%bf?é%ﬁ E!%Jnl lad- depl et ed

vessel . [00 erefore be’ prog r anged with a
conput at i onher %t@llatwn reps of @efaplbWsTheémdv@aaﬁ ipn ﬁ@nladtﬁaﬁo@l th% ofconeined, firmare

or OthermﬁSﬁanh@mﬁ@f&ﬁmguiUh@%lﬁﬁ@@&ﬂ%knglﬁ&ﬂw@@ﬁkﬁpkgg&xkhﬁmkhﬁwd
di spensing operation and ventilation of the enclosure containing the fluid

supply vess@lPmP G el-ovs 1 ke 4 Wi anES PeCliepf ek et i on of a
sem conduct[00132pnuftadinplbnteEn@ésDeass be constituted by a housing or containment vessel

that is louvered or otherwise provided with openings therein (not shown) for ingress into the
interior volume of the enclosure of air and flow therethrough for removal of heat and sweep-
out of any leakage of contaminant species from the gas box or associated flow circuitry in the
enclosure. The resulting heat exhaust is discharged from the implanter enclosure in discharge
ducts 120, 122, 124, 126, and 128, having flow control dampers 130, 132, 134, 136 and 138
therein, respectively. The discharge ducts may be selectively positioned at the top wall of the
implanter enclosure, at locations (e.g., at exhaust areas designated in FIG. 2 as "AREA EXH
#1," "AREA EXH #1," "AREA EXH #2," "AREA EXH #3," "AREA EXH #4" and "AREA
EXH #5") that provide effective hydrodynamic flow-through of the heat exhaust, into the
respective ducts, which in the illustrative embodiment shown may have a diameter on the

order of 9 inches.
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facility 110 requiring use therein of air exhaust for its operation, in

whi ch ventilation of the gas box 114 and inplanter enclosure 112 are

nodul at eawOrzoagssrsdance wit h process conditions therei nPCrAG2@1j0T309

sem conductor manufacturing facility 10, or fab, may conprise a structural
installation, e.g., a building or other structural edifice, including clean
room gray roomand other installation areas of the facility. The fab

i ncl udes anmpbwy i nmeal'ﬂfpﬁﬁtelt %losar@aﬁz infy Gt ﬁiynﬁdaﬂld']maﬁltohﬂg)hn"m&ﬁfrolenc| osure
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facility. The g box of | anter as shown di scharges gas
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typically oe§ﬂ%u:u%é%%ﬁmmgﬁm{k)?anplI%b%Ser08%§mmmﬁﬁﬂfm0h%@wgg cabi net
cont ai ni ng te¢vembmiedispeacsgensricf g1s, @hébmnwﬂémﬂompématxéhtwaﬂMaqumﬂb@mp a beam
l'aunch, a c@mteiRhseCcRIuA Y stenffdr R «SIALd: AR di@naEOSKEN pofRBE-Re abatement

m ni -environnent, etc as conponents for conducting the ion inplant

oper ation. UPH&brolay gaabls gpe.iite ai Catﬁlyrwl%aﬁ?nawtoﬁSfélﬁ)@?raﬂtéwetéa ohe
suppl i ed bydr@hi &@pensi ng fron1a | ow pressure dopant source of the type

descri bed i al .S, Pat. N 8 C rnlt t he gas
st or age andﬂﬁéﬁrbgéﬁmﬁ%ig“ﬁgg g“@&ﬁ@u%?%g} lggf%%ﬁ?%f%%mrex %f @Stder of

50- 100 CFM exiusterirat ihy eplantemynciotine floguiitt@icehesdurid® wehiclt fve aispevific

| mpl ant ati OuSRGELSS: FARAREIRLM G LARKEPLALLIRKAN MQksRRMG dor ease of

|IIustrat|on he ion Ig}ﬁ anter too pI‘O uces an 1o0n |rrp antation process
ef f| uent \M‘Fp‘?:?fd?ré)f AVAOCHAT den e Berferhie easdined Air grhawst flowpdpte thejdishasgsd nmay be

flowed to apakef raRumiifg, ﬂl@%fo@dﬁ@l@thﬁﬂﬁieﬁlnﬁ)Dﬁwﬂnlﬂﬁng a@ten@érataﬁetoeﬁﬁaaahl vely may
be flowed to,a point-of-u

abatenment unit to treat ef f | uent
cont ai m g SBAFETE PEERIAD D oF Sa T bk B et S PSR 1 o oed
by flom/of1mhen%o@amkymmﬁ3aﬁ@ﬂmpﬂm@a$®d®yﬂhuanmu@062maummyaeeéwhaust system
for final treatnent and di scharge. Such point-of-use abatenment unit can be
of any suitable type, e.g., a catalytic oxidation unit, a scrubber unit
(wet and/or dry), etc. 26



[ 00136] From t he di scharge ducts 120, 122, 124, 126, and 128, the air
exhaust (heat exhaust) fromthe inplanter enclosure flows into the header
140, whi cWwoiz2n112088(eci fi c enbodi nent is a 12-i nch header PC&aS2milo0g89he
conbi ned air exhaust at a flow that nay be on the order of 2000 CFM From
t he header, the conbined air exhaust flows into the discharge passage 142
contai ning thernocouple 144 therein for nonitoring the tenperature of the

alh r exh?Ufstsiu @ﬁdnepl@m&swatmaurh e Bislto 83NaBIS Loutck BRLBR wad kot dbGn)g,0Nt ai ni ng
chnem ca 1lter

4, a ter 6, heat exc ers 158 and 160 (coupled
oy ooy i vt Pt et pai Rl oUBT DS A Er o B Fer G R ATE s et o
return | i nesiddBauti@n@rssiabablogesiorme isdinalodichargedviatismhagnoindghiamgr) , and at
the downstr é}ﬁlhﬁﬂﬁ t@&raﬂﬂb%ﬁ o en{nf&%m&%ﬁﬂé aéo oblﬁ%%o&l{ e\l Hab Lhaust

treatment unit e air ex aust enters ex |sf|naIIy
di schar ged thwearcsleqqémg@h@@trrenmn@ thq g2 ig rolyragip he@bcuildivg t 0 an anbl ent air

envi r onmentogfszf he Tfléi&halﬁt Qeatmehpurﬁth% Ha@¥e pOAROhs hb&n, fval.a Eerdi@t the
recircul ated air exhaust ?e#[m ns the open air volune in_the fah building.

[ 00137] The RBXFAudtst FEORRlSh th‘H‘itrFaniH‘Bmﬁé‘iﬁ Ire abdr Hgfegm Pé”é“gleﬁ)W “with a
differenti aﬂrox@deeﬁp‘rhkﬁl&e galgeould8 Thoppled stidink psiit@amip lupi ISEgenhpﬁg’ecﬂ.E»O and
downst r eam pi vid ressure sensin ut
pressure selﬁsqglﬁl[%g[he fpged[lazthe &alp{ ﬁovrvlergng s ﬁmwmﬁ%teél S%’Dt ?]a%? m%) e %rpeed of

t he exhaustCObtlﬂd\vb@lOpeIﬁ/t@e el@nen@tOhélpwhs@sthﬁedlwseﬁt% adj ust, nonitor or control

the operatiyg3g] engnlig @hnibhemexBassdudandhi rlQatS)!ﬁltaﬂ%mtth 0013R8L4 Nyl | ke
fashion, the tenperature of the heat exhaust that is sensed by therm)coupl e

144 ey be GHPPOYRE Hioniyds sBpeYed & ompinharuuipt dreiiopn! srolapBitgdlovi n t he
flow circui durthr;@@?z tb@n@ﬂ:stﬁz&@hetdaﬁfed chaing esiné act 60alsi RGcIdved, Re aeiats exhaust
is achi eved . ?ft L8 t%uH)abl e for recirculation to the fab.

[ 00139] The Trdbfe fay %rﬁlé?loProea ABnt unit 146 in this embodiment is provided
i n a housi nN§08] a Tritkareyhanw dedtracnt Tifiel 46 lretiis eabodimdnt 8 proybldd immyhoeorzpri se any

sui tabl e majer ﬁrﬁ‘thrghﬁo‘éhl'éng%OJhQMcMefﬂf%ﬁﬁ”fgg}y cin%%igl&uﬂ{}es%itefb?ebhﬁer&? ﬂ&&%‘é”a”t

corrponent s that resent In gas stream sor bent
mat eri al rmvrpemrpffmlgfef% weamblﬁﬁpﬁa@a%nbémpogmﬁhésmame mseRrim A ieall y nmay

conprise a &hgl &s B8y itad sdrivat mhtsmeflﬁagzccunmett@o lau Eﬂofe}’sotrﬁaﬁ é@&@s‘s &xhaust of
undesi rabl e conBFnents t hereof. The scrubbe

2B e PR
cheni sor bent't® iy s BRYISE @apnele Pt gy ec“‘éf“r thP“’B eﬁ't? Sto‘ff the two.
[ 00140] The wdeshend compbrenus &lerepfa Yhdxeruptieo wihtehé:d nian campyissdiehadbat hatiagr €. g., in

a particul H sJa?JOQBe &E%ﬁﬁhﬁé}%et%‘ous form of regular or |rregul ar
an

geonetric suitabl e size and size distribution to provide
appr opri at €08 P]‘ atheasr)réalt materif anapi b prowdetbin guy jupabichierg Gt At patgeuldiser at i on

during whi c@rmt hén B@at diRsliakst rdrs, &Q&gﬂtﬁpgﬂrréljulau%ﬁﬁﬁ&@%@ PRt bRant s. The
scrubbing material therefore may be provided in a fixed bed, through which

the heat exWAY SHaLEPFERNC] P§°Vf‘1€o%RBrGP“3§uWa‘f?eﬂearr@yth‘b@eaé CYEpet A des haped to
provi de applod@étingbgerflive 8ELip evhith @R han dxiabst aUughbicl onucihatife t@rinsiahe.s,

consi stent "Me scrupblég glatgrﬁai( ﬁlereg?edmaaydgeolgrgxglggd i & R& de Irglgh GRIR Ittgeeh att i ons.

exhaust gas stream is flowed. Such bed may be sized and shaped to provide appropriate
pressure drop and through-flow characteristics, consistent with basic fixed bed adsorbent
vessel design considerations.

[00141] One preferred scrubber material usefully employed in the practice of the
invention is S520 resin (commercially available from ATMI, Inc., Danbury, Conn., USA),
which is effective to remove hydrides as well as acid gas contaminants (e.g., boron
trifluoride) from the heat exhaust. The scrubber material may be provided in a honeycomb
form to achieve superior capture of the contaminant species, while maintaining low pressure
drop in the chemical filter of the treatment unit.

[00142] The air filter 156 may be of any suitable type, as effective to remove particulates

form the heat exhaust. Although illustratively shown downstream of the chemical filter, it will
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[ 00141] One preferred scrubber material usefully enployed in the practice of
the invention is S520 resin (commercially available fromATM, Inc.,
Danbury, vgormni1/088A), which is effective to renpbve hydripdedsas 1inisho as aci d
gas contam nants (e.g., boron trifluoride) fromthe heat exhaust. The
scrubber material may be provided in a honeyconb formto achieve superior
capture of the contam nant species, while maintaining |ow pressure drop in

the cheni caje aFlbrla(Iizﬁ‘é'd ok ard B€rillef ﬁ@xﬂm&uv@ﬁn&addnﬂﬂaﬁ}zZﬂeﬂa@m@u Gpsfrédnf @hel56 may be
of any sui t(?‘ e, as effective to renove particul ates formthe heat

exhaust . ﬁ‘B‘ﬁﬂlﬁl}/ Tlustratively shown downstream of the chenical filter,
it will be0eudpr ecilathed ckihadt peificaiof cdniahiirants hfayonakd verhnad scvidbyt ,ma@rial

addi tional | ﬁﬂ JecP{;fop\{thﬁQes Séoﬂt@&mltgfthetaﬁeﬁlt%p%rgtﬁe%l1?1fl$\1/e%qﬁr8%%91%]h%§t] The heat

exhaust puri contam nants by contact wt cru materi al and
filtered ofexgameﬁclﬁﬁ atldsé60b?hech9mea@tangmrsvhamhelluatrqtedfor)mmemcal%@ltft ¢pehnt s f 1 owed

t hrough t heehe@les %@J&@;ﬂg%&mﬂﬁ&lﬁﬂ% AKRd 1J8%eh@ﬁtex&%@aﬁ{ﬁ%ﬁt%x%ﬂgeas
illustrated communi cate with cool ant feed |ines, whereby a cool ant nedi um

is flowed iHEBeE HEHelf C‘é’%%%fﬁ]&eheat eﬁhaﬁﬁa‘t’lthe@l%aé%?g‘é tflﬁéf%@%@@ YREPR n, for
cool i ng of thehﬁeahe)ahangéfhﬂ.ld&ﬂant Wbcthhtgdlhﬁtﬁlf&r gl&e @ifchirhe oladtanlindve@i tw® fr om t he

heat exchange di scharged coplant in
| i ne 166 th%sovresefﬁqreﬁgtgom% ?ag?’(%ausgé & UV‘Q the %{G’)éth MEN TP Nat | ve e?e the heat

exchanger coppenentosngrafythe hfapethawk pantbiaromd@l@mlanmgle@ﬁ m.ahée hlea@yeéiWaust , or

ot her nodal defYin %&ﬁ%ﬁ&a{%tﬁ@h&mz@yﬁd for effecting renoval of heat from
t he heat exhaus '5}50144 ] The heat exchangers are an ogtl onal conponent of
tr

the air theE FEChENgETe are 3R APYOR3) CHRPOBTH! Pl BYRIT FYhiussfeameidnivher e t he
fab has arrpdne Iﬁ‘a@QJeldilgttddaﬂaﬁ‘stahc}és Ruhbre tthd b Quad ﬁxﬁplé-wdbﬁngsy@a@tmumsinmcle fab air

Is conti nuaﬂl{/%(% Iga}‘s,.?slﬁnlcg' %ag air 1shr r?tll'rll %]ly%pclulc laqeds 1r1] (111 Eﬂllers ancf fi] efs Hle fabab

envi r onnent € alfr allsttFéat H& &t ain a
t oxi ¢ gas namirdngent. by whi ch the heat exhaust |s noni tored for the presence

of any contg 49]antTl‘E91ﬁ%}d%§stttrga%5§1|tth;f( whif¥ L tafBSio 10 's%%itﬁ WifenPOSI ti oned

upstream of t chem ca rt operators en a kage event has
occurred ande hest gxhavstrip gerweed foibmpressece |Oﬁvqywelﬁfnnaw spesiprigeintlde {HE ai r

exhaust treat MRAfor Ullylbel fosiGaHal apdubat 60 mbYhdnBak KPS ©raleat dperioMean nati on) .
leakage event has occurred and is in progress (when the influent air exhaust to the air exhaust
treatment unit is contaminated by leakage or other contamination).

[00146] Alternatively, the toxic gas monitor can be deployed downstream of the chemical
filter, to provide an alarm or other output indicating that contaminated air exhaust is breaking
through the chemical filter.

[00147] As a still further alternative, the air exhaust treatment unit may include toxic gas
monitors upstream and downstream of the chemical filter. The toxic gas monitor(s) in such
instance can be arranged to actuate shut-down of the implanter, terminate flow of dopants,
shut down the implant blower, increase flow of gas box exhaust while maintaining negative
pressure therein (so that contamination is swept away and does not mix with the heat
exhaust), etc.

[00148] Alternatively, the toxic gas monitor may be arranged to actuate an alarm to alert
an operator to change out the chemical filter, to replace the scrubbing medium with fresh
material.

[00149] By flow of the treated heat exhaust to the ambient environment of the fab, the
added burden of gas that would otherwise exist, if the heat exhaust were flowed to the house
exhaust system is avoided. As a result, the house exhaust system may be smaller and more

efficiently designed for the final treatment of exhaust air from the fab.
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[ 00146] Al ternatively, the toxic gas nonitor can be depl oyed downstream of
the chemcal filter, to provide an alarmor other output indicating that
cont am naweaonvass@thaust i s breaki ng through the chem calCTitiskaien208p00147] As
a still further alternative, the air exhaust treatnent unit may include
toxi c gas nonitors upstream and downstream of the chemcal filter. The
toxic gas nonitor(s) in such instance can be arranged to actuate shut-down

of the Irml[amtser T@rameﬂﬁﬁﬁtrédt@ém @it lﬂm@amggousl et BONR athlld drbihgiat bl ower,

increase flo box exhau ile al ni ative pressure

Lher orm ( soinBreRaTedRnar o et PR N o BE TRl GFh the heat
exhaust), et@med O0HABY. Ahdhairmpatifiov/glty, instaligioh axy e gas amﬂmnsttmtedmysndbe ar ranged
to actuate @ar%%& oL s&}!aﬁéép %ﬁm&é’% ¥r9£1 h 6“%‘9@9&%%@5@ filter,

to replacet e scru b|n mw th fresn materia owof t he
treated heaﬂechles@ﬁaubftﬂctmoftﬂw@eaﬁﬁia@ﬁthr@alvﬁhﬁ ghpveifier/ e whe f ab, the added

burden of ggeisipat B}Wt)dél Iﬂoml&ﬁ&ﬁ/\fsléﬁ d@di&aﬁeh,alﬂ Exnhie tr&%ﬁént %}ShalHSat typRhIE f1 owed
to the house exhaust systemis_avo a result, house exhaust

syst em may %@Cgl??ﬁftf’ré?anéﬁﬁur%tf@ﬂ’éﬁ ?f “??l t@ﬁts?lvmﬁfgélllygﬁli%‘ﬁl IPSFG E2hSPPHRIe t r eat ment
of exhaust t@irdused m@memhemtﬁ&ﬂ.ﬁa‘r Qﬁ&ﬁﬁﬂﬂ?@]’d thJS&GM{l&Zﬂﬁﬁl%tl{eﬂﬁﬁeSO] The air

exhaust tr atment uni ou confi gur a_ hi throughput
hi gh ki net |el%: efticl en%:to tgﬁ rroo%%)r %e ?ngr}]? 'ﬁmor praagct a Pcéla’?ﬁl(s)rrlecfrfﬁ tedehnabl es the

heat exhaustxhiugt rijeins é¢ msmd ertvgoripgt i g fatsiret which npke-ipf dirgs Aawh fog pse

installati of iRyl R&erive Gt é&&@fr&ﬂ”&%ﬁtﬂé&th?gwhg 1@5&@1‘8%@ dihd 8ROy ] RGdct | €S Of
sui tabl e magni tude, e. - from about 0.1 to about net ers/ second, to be

achi eved i nEPae! TFQUEGMEHS Fhdecrasd: i Ransble ¢ ﬁ@&ﬁ@hcmé et redygtiopepdies £ | t er
uni t. [00135kydByr .88 1G0I@H Bitlkok etdtdhsydedlinCRivath @hfirueiohaust treatment unit,

In atypi Ca[J00152] In a further modification of the semiconductor manufacturing process system
shown in FIG. 2, the exhaust that is reconditioned and discharged in discharge conduit 172 for
recirculation may be flowed in recycle line 226 to the implanter enclosure as additional
exhaust air therefor.

[00153] As another variant, a pressure transducer, thermocouple, or other sensor element
212 may be disposed in the interior volume of the implanter enclosure 112 to monitor the
internal environment within such enclosure and to transmit a corresponding sensing signal in
signal transmission line 218 to the processor 220, which is programmably arranged to
transmit a corresponding output signal in signal transmission line 222 to exhaust source 214,
causing flow of exhaust in line 216 to the implanter enclosure, so that the flow of exhaust is
adjusted in response to the monitored condition or equipment sensed by sensor element 212.
[00154] Still further, as another variant, a dedicated supply 200 of ventilation gas may be
arranged for flow of ventilation gas through feed line 202 to the gas box 114 for flow
therethrough. The gas box exhaust, instead of being flowed to the exhaust facility, can be
recycled in recirculation line 224 to the header 140, for processing and recirculation to the
implanter enclosure.

[00155] A condition in the gas box may be monitored by a suitable sensor (not shown)
that generates an output signal that is transmitted in signal transmission line 204 to controller
206. The controller 206 responsively to such sensing generates a control signal that is
transmitted in signal transmission line 208 to the supply 200 to modulate the operation of
same, so that the ventilation gas flow is coordinated, e.g., proportionally or in some other

correlative manner, to the sensed condition in the gas box.
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sem conduct or manufacturing facility of the type schematically shown in
FIG 2, it is possible to reuse 1000-2000 CFM of heat exhaust per ion

i npl ant erwOreotissdeab, whi ch woul d ot herwi se have been f lPoma$2a410/024309 r oof
abatenent unit in prior practice. Since this recircul ated heat exhaust
rejoins the gaseous environnent in the fab, from which make-up air is drawn
for use in the tool to renove heat therefrom a substantial savings is

achi eved. Sooes thﬁqeqyr@écﬁéohdlhaiaﬁaqeeg&hwsﬁadé @ﬁukarn@medattﬁe idvefoflegreased, it is
possible to achieve a ital st reduction on the or der (g hJS$100/CFM
in the housfém@S?H%lPstPe @? le‘/uvﬁss ShF &5 REnEEPLIRET YR © flﬁ’ﬁli% P 8™ ur t her
nodi fi cati CHﬂChﬂuldShlﬁplS%%GCOﬂdUCt or rranuf acturing process system shown in
FIG 2, us e C ar ge
condur 1 1735711 ok § Affec FhCRENEMMBREL AR ATHALAE LD AEFATT T,

i mpl ant er ehcimplnteeenglgsuggdenntp Bwaeld it ha gstboq ] 4 ap VPé‘Fﬂe‘fiQ?rgaS thgefe53] As anot her

variant, a [poBssure Wil fRnseussd, fro'&ﬂ”lzﬁé f&%%@iHth%n thé)(fenﬁ?ltalh%rga§ﬁlﬂ§5w defil@ment 212
may be dlsposed in the interior volune of the |nF anter enclosure 112 to

moni t or t he™he erifiararigiial sewre AR B B Ro@se e et 88 ueilaion o nsmi t a
correspondi dﬁ@ctﬁfelljlﬁloﬂlgatsd g aadliné witlsdegRingtitvamsdyios Suidh d ﬂuﬁtasuaﬁlﬁvdsm tnhe

processor rogranma arranged to sm COI’I’eSpOHdI ng
out pu t si gnt% én.closure D) the]reb?r ar%lénrﬁe gesngf(z)i%onl gas, reqv.grﬁléleqts mn tthe le proces E’amiita/r ce 214,

causing fl o[\ﬁméP] exlﬁﬁruéts ajsgheinpiryge@dntition frbmallpﬂmeaw@emwe)ﬁ@m@@hi@t 4¥o that the

flow of ex h&Héltmng %uﬁﬁilel%%ltbag bhsBd (83 Q%g/evegsgs 1.0 G b 5s§%e condiibigan or
equi prent sensed by sensor el ement 00154] Sti urther, as another

vari ant, a HedreRioed supply 200 of ventilation gas may be arranged for flow
of ventil at mmogasmetgamghetmaﬁbl} 4008ncR0S o s dabidetgon ThOYs dabshef 40D hisl ow

theret hr Ough Hs 4& %ng 0%%( ur%tar wa IQ?(§ an% celfg%ﬁ?ﬂ%nigg%f)ﬁmg 1th he exhaust

facility, can e recyc ecirculation 140, for
processing d&nd 4itfémdt42(l,|lfbsthoomgmdtmcuwmbunetrelloseemmt@@u‘rmmemmlﬁ] A condi tion

[ the gas (i mRynRSIRNLE B oY tabégaftc?o%géaeggﬁgaﬁch{ng% AUt hat

generates an ou put SI s transmitt transm ssion |ine
204 to cont¢l PEposa B, dophdldcerythaw %@rchzt?eﬂeﬁité@ééfﬁswmrwlas e8gie4s 1e&nsi ng

gener at es aG@at 420l onSo@Nab. tHabork 814 &raNShi 66 bdvBled L@@ lasksi@nari@si on |i ne
tion of sanme, so that the

208 to the su g‘la%/ 20%to rmdlateth 1pef
ventilati onm@'g fod¥yrs 2egbiedt ﬁ‘?%{t“B‘EP hej8Por tional Iy or in some other
correl ati vel0omaner Thet dotshig4 senteds smwdmtay bﬂequl’ppédleltlgs&lﬁddﬁ\(s)ém WO 422,

2011/ 088063113% u%’é% 91%9‘%911? [bg%é%&{}ﬁed%gﬁﬁﬁgn %%Hgia&' Qs oﬁ)e} fu@as box

made for exa e I nven urd supply
vessel in tthéregage twbske at&wdﬂmur}m@g@@f @ffmendﬂtr%eh@ééiarf wr@bwwdo‘mmfch fluid

supply vesstgémte{lg}%ﬁzj]am aadfngﬁlfonﬂf%vari ant, the reconditioned gas in |line
226, instead of being f t he |nplanter encl osure, can be flowed into

t he gas b OX[Oq_lfa] as T%]Pﬁlqlfpgtﬁllzgﬁs ﬁggn {n%lPeeqﬁ‘éanged with an inlet connection line 430

that is joinable in closed flow communication with gas supply vessel 433.

[00164]  The manifold 426 may comprise any suitable components, including for example
flow control valves, mass flow controllers, process gas monitoring instrumentation for
monitoring the process conditions of the gas being dispensed from the supply vessel, such as
pressure, temperature, flow rate, concentration, and the like, manifold controls, including
automated switching assemblies for switchover of the gas supply vessels when a multiplicity
of such vessels is installed in the gas cabinet, leak detection devices, automated purge
equipment and associated actuators for purging the interior volume of the gas cabinet when a
leak is detected from one or more of the supply vessels.

[00165] The manifold 426 connects to an outlet 428 at the wall 404 of the cabinet, and the
outlet 428 may in turn be connected to piping for conveying the gas dispensed from the
supply vessel to a downstream gas-consumption unit coupled with the gas cabinet. The gas-

consumption unit may for example comprise an ion implanter, chemical vapor deposition
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[00158] It wll be recognized fromthe foregoing that the ventil ation gas
may be derived froma w de variety of sources in the first instance, and

t hat the wenvilmsican gas can be effectively nodul at ed t @Ciaskéms2080¢ h
decreasing inventory of fluid in a fluid supply vessel in the enclosure, to
thereby minimze ventilation gas requirenents in the process facility.
[00159]FIG 3 is a schematic representation frontal perspective view of a

gas cabi netre40f phaBikiRdoRipRGird¥l| difudibf creebepismh asRehd | Midgtios Upplbyr, iessel s, as
adapted for assaf(gg gg ventil ation gas t her et hr@u%h. %001.6%% %as cabi net
assenbl y 400i"HEUGEL BYPESORIBT KT AFpecdrReP gUL e B AE I HaBTsi de wal | s
404 and 406qf tHeldppdnseliQBs franehe supplly besdel Ghdandcabiaétltd thggad-tdnsdedtionbwig a housi ng
with front . i . S i ors..encl ose an
interior vo@ﬁ%@iﬁé %8%31%%?_‘1%9 %)E.%gﬁlﬁg%dlﬁgaﬁﬁa%g@%f] %Qghg% }é% lf?i-ﬁ(]lcl osi ng
and sel f - | atleisningnd ancdlagr demears, in msy insyier vopyine b dlee, cabihed, o gronigrine gy have a

| 'atch el enegccdlsd dﬁsgaf‘smg%pﬁg abh & gas%&g;@gee%sel(gq{ﬁ 1R BRBS vk Pedoor 420.
The doors 414 and 420 may be bevel ed and/or gasketed in such manner as to

produce a g2B8M¥i ght seal upon closure of the doors. [00162] The doors 414
and 420 as [H0GTIN MEY ghecabigeti4pPRr ddapiet] or phasge wbvedditioanek Hadhroigdpaet i vel y.

The w ndows . hy wi.re-reipfarced .and/{or. tenpere | ass, .s0.as to be
N f) 520 S BRI T b TREEE o WAy 38

. 1 fi
resi st ant tOttl) |cllneénrareato

af ford an unobletionef satiaiegapfo thheabingt wraploro Yotaupled Hlthe gahahetrdnisfiahl d 426.

[00163] The qmAkf QhfladhaGadS inEHRWY FTBY i REAILARIRE o Llln®R fofl Ebugionnect i on
line 430 that is joinable in closed flow comruni cation with gas supply
vessel| 433, suchinterior volume to the roof-mounted exhaust fan 474 for discharge from the cabinet.

[00168] In this arrangement, a roof-mounted exhaust fan 474 is coupled by coupling
fitting 476 to discharge conduit 478 for discharge of gas from the interior volume of the
cabinet, in the direction indicated by arrow E. The exhaust fan 474 may be operated at
appropriate rotational speed to impose a predetermined vacuum or negative pressure in the
interior volume of the cabinet, as a further protective measure against any undesirable efflux
of gas leakage from the gas cabinet. The discharge conduit may therefore be coupled to a
downstream gas treatment unit (not shown), such as a scrubber or extraction unit for
removing any leakage gas from the exhaust stream.

[00169] In order to provide a supply of inflowing air for such purpose, the cabinet, e.g.,
the doors, may be constructed to allow a net inflow of ambient air as a sweep or purge stream
for clearing the interior volume gas from the cabinet. Thus, the doors may be louvered, or
otherwise be constructed for ingress of ambient gas, e.g., with louvered openings 300 and 302
to enable air from the exterior ambient environment of the gas cabinet to flow into and
through the interior volume of the gas cabinet.

[00170] The gas supply vessel 433 may suitably comprise a leak-tight gas container, such
as for example a cylindrical container including a wall 432 enclosing an interior volume of
the vessel. Disposed in the interior volume of the container is a particulate solid sorbent
medium, e.g., a physical adsorbent material such as carbon, molecular sieve, silica, alumina,
etc. The sorbent may be of a type that has a high sorptive affinity and capacity for the gas to
be dispensed.

[00171] For applications such as semiconductor manufacturing, in which dispensed
reagent gases are preferably of ultra-high purity, e.g., "7-9's" purity, more preferably "9--9's"
purity, and even higher, the sorbent material must be substantially free, and preferably

essentially completely free, of any contaminant species that would cause decomposition of the
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[ 00164] The manifold 426 may conpri se any suitable conmponents, including for
exanpl e flow control valves, nmass flow controllers, process gas nonitoring
i nstrumerwetzooms@n nonitoring the process conditions ofPCrhms2gasised ng

di spensed fromthe supply vessel, such as pressure, tenperature, flow rate,
concentration, and the |like, manifold controls, including autonated

swi tching assenblies for swtchover of the gas supply vessels when a

mul ti pli i tyor@f ga Ure VOES BhBcab® thd k@l InRelod festiR€ (0IRS (& RRINGLnifidaRAK
detection d Vi ces tonate pur%e equi pnment and associ ated actuators for

pur gi ng t he® ﬁ?@?#ﬁ? VOPUNSBE” PFE"as cabi net when a | eak is detected from
one or nor ef00K72F hefis wpphple. es sglially j8GAESio Thiizarenaishidertb426 soagneet s to an
out | et 428 §peﬁsﬂg VX@JI (o] r?tg‘% ngf 1n§£%to?e§@faﬁ%¥ resgﬂgn(;t Q)@(:eé)cﬁ‘g ! ? ut g’tﬁlg H@r}{: in turn
be connecte or ‘conve % as disp ensed fromt e supply
vessel to apfms?tgra elarhﬁg@ge ebﬁlqu.vvi Hntoghout 8%&95! &ahmnpﬁphﬁmreorda@wwbl net .

The gas- CQ&%%@E%h&@$%Bmkdgﬁﬁwﬂ@gmgﬁﬁ&ﬁ&%m&ﬁ%&hﬂ%ﬁm@ﬂ ion inplanter,
chem cal va dep03|t|on react or hotol it raphy track, diffusion

chanber, pl L 11:L ge%%?%?aﬁ PH%Y&EPPHW“@%%ﬁﬁﬂwl %R%wsq%@tmﬁﬂﬁp8ﬁﬁmﬁ26 may be
constructedh@adu@nkaagadtkakmpmmwmdmmgsadpm@ﬂ@he@anﬁedm&MQwOmamakof t he

di spensed ga on1t as cabj net t nsunption
unit. [0012% i "3“3“"“% SRR, ayhé%e?%% %‘%Ta-“d/gr nted’ {éfe“s“fe tgatif‘?é’esg%fisp ed with
the_nanifoI@f@¢eﬁemm@mmm©tbmomybm%¥(@k@WEW&SMWw“mhéﬁthe@wnwﬂwm%une of the
cabi net, fQJeﬁﬂﬂhﬁgﬁk&ﬁmﬁﬂﬁ(PHQQ&&%tQ£aﬂh§Q£Q§i&Qm&ﬂ% %ﬁ§1%&%ﬁ}hﬁe gas
supply vessel(s) in the interior volunme of the cabinét. [00167] The gas

cabi net 4021t RPerEiccsd S pgRPHTe RS PP HONg A8 A @IREEPBUBh by t he
venti | ati onengasddséth@i opa@r éxtrénqsguslsﬁectelﬂﬁoﬁh@&ﬂ@kﬂent@tﬁate’hkﬂﬁprﬁ)ﬁw BB Joalldd Whi ch a

feed line for |ntroduc} on of .vent.i| at| 9a inet 1s able to be
e85l og terpatively of bein su to b e- out and L prging g éte tlg
coupled to P g I HeSUeR Ymanne I'"ation—gas n uced to

t he |nterlGﬁavbmunﬂwuﬁd®W®\ga@ cabi net to fIOM/through such interior volune
to the rOOfﬁqGFHH]“t eds 8XRRUSEIGE §Mné g %Fr%%sséi ?ﬂat{fgﬁ)néa? OJEhIcEif{lfp IRt -

[00168]In this arrangenment, a roo unt e exhaust fTan 474 1's coupl ed by
coupl i ng form, having a lower end that is reposed on the floor 408 of the cabinet, and with an upper

neck portion 436 to which is secured a valve head 438 to leak-tightly seal the vessel. In its
fabrication, the supply vessel 433 may be filled with adsorbent and thereafter, before or after
the sorbate gas is loaded on the sorbent, the valve head 438 may be secured to the vessel neck
portion, e.g., by welding, brazing, soldering, compressive joint fixturing with a suitable
sealant material, etc., so that the vessel thereafter is leak-tight in character at the neck joint
with the valve head.

[00175] The valve head 438 is provided with a coupling 442 for joining the vessel to
suitable piping or other flow means permitting selective dispensing of gas from the vessel.
The valve head may be provided with a hand wheel 439 for manually opening or closing the
valve in the valve head, to flow or terminate the flow of gas into the connecting piping.
Alternatively, the valve head may be provided with an automatic valve actuator that is linked
to suitable flow control means, whereby the flow of gas during the dispensing operation is
maintained at a desired level.

[00176] In operation, a pressure differential between the interior volume of the supply
vessel 433 and the exterior piping/flow circuitry of the manifold is established to cause gas to
desorb from the sorbent material and to flow from the vessel into the gas flow manifold 426.
A concentration driving force for mass transfer is thereby created, by which gas desorbs from
the sorbent and passes into the free gas volume of the vessel, to flow out of the vessel while

the valve in the valve head is open.
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fitting 476 to di scharge conduit 478 for discharge of gas fromthe interior
vol unme of the cabinet, in the direction indicated by arrow E. The exhaust
fan 474 s 2ba/08psnat ed at appropriate rotational speedPCo/USREOSH20899

predet er mi ned vacuum or negative pressure in the interior volune of the
cabinet, as a further protective neasure agai nst any undesirable efflux of
gas | eakage fromthe gas cabinet. The discharge conduit may therefore be

coupled to [aﬂﬂ@}/vnSAlﬁe@tﬁlmeg}aﬁletgﬁsQ@BJ@@Ensbmﬁﬁy t(eraolteasslkhawm ther®ldB{ldASb SCr ubber
or extracti nit for reno eakag F 68&’?& e exhaust stream
P00180] 1 R e o S A s R SRR 4 R e R o et he
cabi net, e.dgcrictllyeacda@bls resivayicebia@@nstipn ©h ecdhidhotha lvbsead i@ rapeded.i $of thaw of

anbi ent air.as; 4 a§t}?§%90&£%£§f%&§e n%&%é? Jn%F e hEaL éa,“& h%i?%q]%l%?érr% vol ume gas

fromthe ca% net ouvere or otherw se
const r uct edh§ eesel fﬁ’drﬁ@s}sfb@ﬁ maiil émemgésa reguligpf suopjheaing, @w@reédaxfbéﬁbmgs 300

and 302 to ﬁ?d?l@t!ialla%r&htrmfh'éf)&kél%M%@Edb%que%ﬁ?&@ﬁéﬁse@nw ronment of the gas
cabinet to flowinto and through the interior volune of the gas cabinet.

[00170] The @%’3 ]supBTeyve%]s@@ alﬁ%“‘f‘?&y slﬁfﬁtﬁ%tﬁqrf“@oﬂﬁ‘is%gy denlqagnt gl ght gas
cont ai ner, Igu@h jagetfodh hexiagplagkeathtytnivingy bICsafrOLﬁhﬂd‘lﬁhalvﬂ&ll cashig) wahaighea wal | 432

encl osi ng anssle an8 Etls e aligerargpu?grlta}ef}%eatedﬁo etlfecbtll% ?epsor t(1:f)n of the sp)reed Igzr1] ! §id I or volume

of the container is a par 3" phy5| cal
adsor bent mb@queetldlssmlhg thsredfar bon, nol ecul ar si eve, si I i ca aI uni na, etc.

The sor bent[Oﬁ‘ﬁylbbeAQ£ fuﬂhér%%&o&ﬂ%so%%n@ftﬂé Q&e&&fsl% lhggeséélflﬂaw& yar@éad capacity
for the gas to be dispense 00171] For |l icati ons such as sem conduct or

nmanuf act ur i ¥, nden e imegugi s e assvrééé%mﬂ gediyed desorpriery andy fhesmally-
ul tra-high rpwﬁdta‘d)desoq)ugq , "7-9's" pur| ty, nore preferably "9--9's" purity,

and even hi ent nat er a e subst ant free and
preferably @Q&é}ﬁtl aﬁ5(ym(l:OorrpTltefnatIlve Seply V?Ss‘grwygoﬁfoaﬂed tl}y%af)rgé F&s t hat

woul d causenideporposidrinpwvhgh ntapée stnmced tgapuicp of higiev gs sl stamd) ghese t he
vessel i nteni.0f ;PLESRHG Ghel cgbuf §§ch zglq Laxehsy n%éo%‘é § A GANh bR %V??yt%e desi red

set point storage pressure For exa Ist esirabl e
to utilize ik 2¥oPhehtr- Hashy i8tep-gdejeicriny t‘dlt@p@ﬁ%ﬁs%@ \t}@s%’é?m{eémr@é -ain gas in

the stored shah@idt vl elssswhemm&r %xscaﬁﬂlbagloab@m{m@mpesm@allt@ cRessur e,
e.g., in the range of fro

n. Such a heric or
bel ow at rms%S’H%P‘F O‘b‘éfé%‘?’ﬁf" bejdg¥: ﬂPECF ?td’G ecaéeﬁ‘?%‘}?“ E%F"r‘bal‘e &y r%‘P&‘P and

rel i abi | it ysorbent in the vessel. The carrier gas may therefore be a gas such as nitrogen, argon, krypton,
xenon, helium, etc.
[00181] As shown in FIG. 3, the supply vessel 433 is held in place in the gas cabinet by
strap fastners 446 and 448 of a conventional type. Other fasteners could be used, such as neck
rings, or other securement structures may be employed, such as receiving depressions or
cavities in the floor of the gas cabinet, that matably receive the lower end of the vessel
therein, guide members or compartment structures that fixedly retain the vessel in a desired
position in the interior volume of the gas cabinet.
[00182] Although only one vessel 433 is shown in the gas cabinet in FIG. 3, such gas
cabinet is shown as being constructed and arranged to retain one, two or three vessels therein.
In addition to the vessel 433, an optional second vessel 460 and an optional third vessel 462
are shown in dashed line representation in FIG. 3, being associated with the respective strap
fasteners 464 and 466 (for optional vessel 460) and strap fasteners 468 and 470 (for optional
vessel 462).
[00183] It will be apparent that the gas cabinet may be widely varied, to contain one or
more than one vessel therein. In such manner, any number of gas supply vessels can be
retained in a single unitary enclosure, thereby providing enhanced safety and process

reliability in relation to use of conventional high pressure compressed gas cylinders.
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[ 00173] For such high purity gas di spensing operation fromthe sorbent-based
storage and di spensing vessel(s), it is desirable that each such supply
vessel beweubjissmd to suitabl e preparative operations, PESIAIS2@3/02w83% el
bake-out, and/or purging, to ensure that the vessel itself is free of
contam nants that may outgas or otherw se adversely affect the gas

di spensing operation in subsequent use of the sorbent-based storage and

di spensi ng @ysyem IthUhtllﬂﬁlﬁer ihﬁmﬁmtp%moruehts&httnnﬁgxgamppwbés@rstﬁg/ BeO
appropriate ? Cgﬁag tive opEratl ons, such as retrcg gﬁn to ensure
desor pti on Bf" exttdhed éhes}f?élff‘fse%asf‘i"glﬁ?”te?f SO b At I EPP A% prior to
bei ng | oadedniumptidvemsuppd yroviéssealiple @dsseh caer cvatininglihy safie g)aeiThg gaupjnected to

bake-out a I r r vessel

Pab o) AR RUCH B 3t DS SRS L GhRCOThL R R SREL
upst andi ng thw%?ecnm/V%geISammo\hercoeq#aemlﬁaqpeﬁa@d rieposet 2en theisoh| fopthe408 of t he
cabi net, angwidetn an- c!dﬁ)sﬁﬁﬁudﬁ%ﬁlk oP @k Irels&@m%é?v@ssél&nme%gerht@d Becyiiedma val ve
head 438to|eakt| ésea the vessel. Inits rication, the supply

vessel 433 H’P%%Vanbé“dﬁ“o d W rernandele PRI 2158t A SYCERTITRY OPeBQ?cYFSée o' after the
sor bat e gastinstd @aded ontfuhe &osdeantn, drhethatalsy eo hgadndadBe May fecesecured to

the vessel neck n brazing, soldering, conpressive
joint fixt urclluuemgn? %khegbwns{gﬁggs Xonsﬂma{)g n'gnlw'itt erial, etc., so that the vessel

t hereafter I109,18I5]ealete| ghplay n4Ehanactber pagrammetioalsc kar]awedt wiiht hssedpgedval ve

head. [00173].5 ma/aﬁ%yr@cetg%aﬁheﬁig’v% lsréw&r @gﬁmﬁl@puvwnalbat@e 6PMPLhRYodgtéefsor | oi ning
the vessel to suitab E % ot her flow neans permtting selective
EBEfe

di spensi ng @Fraaa'sthﬁrvalmnﬁﬁ ed gph Bowed) dpantyisaey thiafympiaing B ioHeYd with a
hand wheel WRheffor thmmp@lslhg/ oftR£I0h, NG Ohe GkASI MY bh@raM@ddve pradidt erpwal ve head,

to flow or t g Catlfl n%t ?1 oF frc?g']egn\évy 8 mg%enance evenésr}gr t%eo %gtt E)r a%Y gghgr suiga'ble

Al ternati vef € va e ‘provi de ah autonatic val ve
actuator t haformaswlh amtoeulattttotlswpécrab)hslsef dndwagenincodt tlnmm@ibmwh@melbjy the fl ow of

gas during [bbﬁ%ﬁf' Sﬂ&‘erh?s'pHQ mQPQlE@Edg%P?J RiBRIBHALRGH 1Rhnsd ﬁgﬁﬁlh% &d obavel .

[00176] In ofgera ion, pr essure erential between the Interior volume of
t he supply é@@@eouasfshea\f%ﬁeks Hetheges eabinglr 2 Ispi3eafy#t apRieRch PoayFle feymipftiophe

mani f ol d i Sor@sf @B SIREH plodest adiBodd id Qe B BpdridMub@d sRMRaM. srat eri al
and to flow fromthe vessel into the gas flow manifold 426. A concentration

driving forle2¥ 6P Sass transfer is thereby created, by which gas desorbs
fromthe sdbbsnt andvipasssse batappréchedftheehgas cdohansseoblytdiehevpssal , to fl ow

2011/ 08806 117 e By MEish AGi PGy b Bk B SRS mERE Ry e s e
may be at |7eset gaedi @l yowprdeamnlghycoduaphitye dnif r ol the B@?%“eﬁtﬂt ih 2t he vessel

433. For S%&c@ﬁﬂh&&&ﬁanuﬁaaﬁnnf Lle Ry 408 of the cabl net may have an
el ectricall %Qact uat abl e resi stance heatin ion_on_which the vessel is

r eposed, BaL  elfsct rLirt aRpsyRey sheve i F@J 3r Pt AL B FBIHE Ylegi on of
the fl oor Csﬁhifc@ﬁluh&t&hatdrﬁlsbﬁl ctefflad‘slsd:n&ﬁf(ﬁldar to-chiRemvg proeks @adudnhevhsleﬁtbent
desorbs from

material there repfgble onedemang source BP ggls Beggg,‘teléc[l}%b %sgse a:ﬁlde asesé%‘% g['iﬁﬁlf7 8] The

t he sorbent? rOVI tgﬁe vessel uen ns
vessel may <a2atnem¢1=slhq {reduy ‘b@orhmtl@d inglgding Ufeh embogéimbwm%@t osereane. of a

ammonia, phosphine, arsine, stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride,
boron trifluoride, B,F,, tungsten hexafluoride, chlorine, hydrogen chloride, hydrogen
bromide, hydrogen iodide, and hydrogen fluoride.

[00189] By providing an economical and reliable source of such gases, in which the gas is
safely held at relatively low pressure in the adsorbed state on a sorbent medium, and
subsequently is easily dispensed to the point of use of the gas, the FIG. 3 arrangement avoids
the hazards and gas handling problems associated with the use of conventional high pressure
gas cylinders.

[00190] In the FIG. 3 apparatus, ventilation gas flow through the gas cabinet is modulated

in correspondence to the inventory of fluid in the fluid supply vessels, so that the ventilation
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heating jacket or a heating bl anket that enwaps or surrounds the vessel
casing, so that the vessel and its contents are appropriately heated to

ef fect thwoaesaspision of the stored gas, and subsequent Pdirdsengionigoe her eof .
[00179] As a further approach, desorption of the stored gas in the vessel
may be carried out under the inpetus of both pressure-differential-nediated
desorption and thermal | y-medi ated desorption. [00180] As yet anot her

al ternati vegs fibg rasélfaﬂ&cmce\am&»lsmmasb& Ve hya dhuldd ih heaTuGBIuppILbes@RS | Nl et

port (not shown i e co ted t source of carrier gas (not
shown) eit h‘ﬁ?gr‘”‘f%ﬁ’e@?ﬁ’e&?“ﬁ %‘&'?%V‘is?‘} R e%ﬂﬂ@ﬂt@ﬁ% ABPCISIERRCeHas sour ce may
provi de a floomipf KGi 4 ablsehcgas, re@esgniztioant 4 Med tupglasysem W0 heludigas gishat is
non- del et er | r C gunit. In
Such manner a2 bR AARS itk e AR b AT AP 52 30 S S et v at on
gr adi ent t0538emdév®l bpeth @hiagt lwmm@w bﬁcpar@wmﬂﬁ iYoh 586 Yhand dtbigt e gas

fromthe Sq&&%ﬁ%sm&mkﬁ@ny§§sﬁhfﬂEhﬁS@ﬁJﬁm%&eQﬁ$mm%M JeLef @s&nberea gas such
as nitrogen, argon, ¥ , xenon, hel |ug¥ etc, 0 181] As. shown in FIG 3,
h

the supply RIS ar%@%“ ‘éa“}ﬁéelnﬁfd iPH Vit lies 594 %98g%99 PRIt sylisBFYp f ast ners
446 and 448ﬁ@ﬁ&@v@ﬂﬂMﬁﬂEBﬂﬁ@kthﬁ@ndﬁﬁﬂhﬂﬂmﬁ&ﬁ&ﬂﬂGﬁﬁﬁﬁbhkd9bﬁmﬁ5@d such as
nggl {/: Rgs deep;oefglge VSSI%%IS 1ncE1lijerrgsrTgcrtllve su enc (%sﬁrlés _'_S(f %g?,és € h ﬁlﬂ;@ sué)gl Véss i1nnt8 as t hat
mat abl y red@mm@swm@ﬂwaE$C@ﬁdl@ﬂkwh@mV@wsebnbh@ﬂb¢nwmgm1@eamgmﬁ@&s or
corrpart ment . sbk WEQUTSR it g‘@atlvefhkﬁﬁedgéeﬁﬁblggﬁ &blﬂve&s@ﬁaﬁﬁq}?@[@d sh&ee@m@@@s&é‘l %d position
inthe interior volume of the gas cabinet. [00182] Al't hough only one vessel
433 i s shoviPeie ¢ i f@é}@u@a%uowtth fhe mppiteld Ipe 5% S§% cabinet is shown as

bei ng constpowied Aamnghaatd@ngad rés@ecﬁ‘&t Wbsals @B@ain dWRrear fdilly, @Rn C&ESRIyS t herein.
In addition to the ve 3 opt i onal secon 60 and an

opt fonal ¢ NFYGe vaSEb TS B RO PG SmEE RN e o g SREATT O 1 n Fl G

3, being askmmngted with the respective strap fasteners 464 and 466 (for
opt i onal b1 46000qRRch Fil-aRpd ARt %‘9[{ 4@8519%9' %Y@sié‘a%s LLpRal vessel
462) . [001g§?® ] %m'e appgreﬂC ) C%ml gas ca i nét %ﬂ' Q er vari ed,
to contaln‘WﬁéﬂbﬂwﬂﬁW@mmHéﬂf@ﬁ@e§%b§éiw¥ﬁkméﬁﬁsSWW2§§@W1ﬁﬂﬁﬁépDAény nunber

of gas supplynVBSSel siu6an, HE helAlBRE dab sdur@i $391ie cddl 1e& By YeRIMEbOSMN €,

t her eby prov%?in enhanced saf et 2p cess rel ity elation to
ioe o conviiinomars gk e i b ERT PREGEITAL bt ik Yo of
2011/ 08806 1PCRAUS2OHAL G 2108 ABntrol valves 560, 564, 568, 572 and 576 therein, respectively.

Each of the branch lines 550 8, 562, 566, 570 and 574 is joined in flow communication with a

corresponding one of the respective sub-enclosures 512, 514, 516, 518 and 520.

[00194] The flow control valves 560, 564, 568, 572 and 576 can be selectively modulated
as desired, by the controller 580, which is joined to each of such flow control valves in turn,
by signal transmission lines 582, 584, 586, 588 and 590, respectively. Although not
illustrated, the controller 580 is suitably connected to sensing components for monitoring
fluid inventory, dispensed fluid pressure, weight of the fluid supply vessel (thereby indirectly
monitoring the fluid inventory), heat of desorption (incident to desorption of gas from the
physical adsorbent in the fluid supply vessels during dispensing operation), temperature in the
sub-enclosures, cumulative volume of dispensed fluid, or any other operating condition,
equipment setting, time lapse, process parameter, or other variable providing a basis for
modulating the ventilation gas flow in specific sub-enclosure(s) of the enclosure 502.

[00195] In general, the modulation of ventilation gas flow in correspondence to the hazard
level or predetermined risk associated with the fluid in the fluid supply vessels can be based
on any suitable relationship, ratios, parameters or correlations. Although the disclosure herein
has been primarily directed to description of embodiments in which the pressure or inventory

of fluid in or from the fluid supply vessel provides a basis for such modulation, it will be
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[00184] In such manner, a nmultiplicity of sorbent-containing gas supply
vessel s may be provided, for sourcing of the various gas conponents needed
in the dowogbrigmsesgas- consunption unit, or to provi de meCTigysb@1wemssel s each
containing the same gas. The gases in nultiple vessels in the gas cabi net
may thus be the sanme as or different fromone another, and the respective
vessel s may be concurrently operated to extract gas therefromfor the

downst r eam gagniGANEd MRtHar Ml tm pr@cretehﬁﬁedr@sﬁQ@G&atycewmeﬁ@ glia iy fRR oper at ed

by a cycle tI@E P[ g£an1and 4ed valv mani f.ol d ﬁg ti.on means, to
successi vel YPRIHETt B PUELLELt ‘FHmFﬁ 1 2P G PR B SEF U PG S o per at i on,
or ot herw si@0196] acwoilmbe atentibinBaspeacies sech @epdtilied Mieminsn eferdnhe odpwiist r eam
gas- consunpf, e% Wb anl a%ﬁaﬁlﬂﬁ%o LRl infianlBY i RS £ 4 %?rf émhitgj%' ly
arranged mnt assocl ate uter/ mcroprocessofr means to provide visual
out put i ndiwiityi af ¢heghvepima lgv%ﬁfws ligiftedp by athes eyprss &t dndrsncopipgssey grerensof t he

di spensed gag: fhoned, Q&%ﬂﬁh&ﬁ%&!m&ﬂﬁu&ﬁﬂﬁbmm&gshbﬁﬂlgfg&a&mﬂﬁhHﬁ% for the
di spensi ng operati on, pl ay may be arrange provi de out put

i ndi cating @%%Ofpﬁ@mﬁﬁbpl%ﬂﬁéﬁ@yﬁ3FIWﬁPHﬂ%ﬁ%ﬁEé”%@éﬁﬂ@i¢8F“Wﬁ8“@%blnet or
any ot her sun&th@mmmﬁﬁﬁmmmb@mu&nmﬁm@mmamﬂ1§@mmh@mapemaﬂyammnﬂﬁﬁmand

rral nt enanc e Of ettelae 11’101118;1 aln eSlt.ICha\%l%athl’lS IIlOd fQIOtiIb%G]a Cﬂ%t@%’!il?‘p aIXbOHH entg‘ SO
conprise au Lﬁ ns, Flng t need changeout of

t he vesselsmmmmﬂﬁMQGQS@ablnet a Ieakage event, approach of cycle

term nation, or any event, state or process condition that is useful in the
operation, use and nai ntenance of the gas cabinet. [00187]It wll therefore
be appreciated that the gas cabinet assenbly of the present invention nmay
be widely varied in formand function, to provide a flexible nmeans for
sourcing reagent gas(es) to a downstream gas-consunption unit, such as a
process unit in a sem conductor manufacturing facility. [00188] The gas

cabi net arrangenent shown in FIG 3 has utility in the manufacture of

sem conductor materials and devices, and in other gas-consum ng process
operations, where it provides a reliable "on demand" source of gas, e.g.,
hydri de gases, halide gases, and gaseous organonetallic G oup V conpounds,

i ncluding, for exanple, silane, diborane, germane, amoni a, phosphi ne,
arsine, stibine, hydrogen sulfide, hydrogen sel enide, hydrogen telluride,
boron trifluoride, B2F4, tungsten hexafluoride, chlorine, hydrogen

chl ori de, hydrogen brom de, hydrogen iodide, and hydrogen fl uoride.

[ 00189] By providing an econom cal and reliable source of such gases, in
which the gas is safely held at relatively | ow pressure in the adsorbed
state on a sorbent nedium and subsequently is easily dispensed to the
point of use of the gas, the FIG 3 arrangenent avoids the hazards and gas
handl i ng probl ens associated with the use of conventional high pressure gas
cyl i nders.
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[00190]In the FIG 3 apparatus, ventilation gas flow through the gas
cabinet is nodulated in correspondence to the inventory of fluid in the
fluid suppbyeouasseiis, so that the ventilation gas flowPCaiusS2013/02@duced
progressively as the inventory of fluid in the fluid supply vessel is
progressively decreased until the vessel reaches an end of the dispensing
process. [00191]FIG 4 is a schematic representation of a fluid supply
system 500 i ncluding a gas cabinet 502 containing nmultiple sorbent-based
fluid supply vessels 522, 524, 526, 32 gn 530 in which the gas cabi net
is partitioned by partition walls 5 08 and 510 to provide a
sub-encl osure 512, 514, 516, 518 and 520 for each fluid supply vessel

t her ei n. Thﬁhﬂd&ﬂﬂn&@hs are individually vented by vent |ines 594, 596,
598, 600, and 602. Gas is dispensed fromthe vessels in the sub-encl osures
and may be di spensed to manifold line 592 coupled to each of the vessels in
the respectjve sub-encl osures, so that as each fluid supply vessel in turn
becones depl-ét'sgiatop 23S JNESREY SYSISIHIPIGH CRLDPRHAS PRGN TRPLY KeSSehHi f ol d, by
appropri at eflel @suitre c@iletl (ierewadnd @daprd for Viak \ve vdneatonass endakly thobncsisarh vessel
and the next..su gcqggfpgnvessel is opened to flow conmuni cation with the
mani fol d 1ine 592, “ahd <o on [00192] Al ternatively, if the respective
vessel s cont ivnmetiufafop preangedftd eoingle) verttitptipn gaa 8w thegpeindy enclrswapar at e di spensi ng
l'ine, in plageRfind &gen%wﬁemgl)f Qbifot h@ﬁara@%ﬁséhﬁ‘%ld it Jﬂﬁplpﬁr@s\ﬂlng
[00193] Ventil ation of the respective sub-enclosures 512 516, 518 and
520 is car r{eesugutr WA of ﬁ@ew%@?@ﬁ%%ﬂw supply e ehas sliects leyehab fpderdat i on gas,
such as cl eanisdraysodhtéd @QDA)lkagabgﬂﬁnd thal samulmlsﬁgpglg;&@&el et Gsoclahte fmalrlt ilation
gas source 554 is cou ti a in i zi ng gas
mani f ol d 557" {fhitH'S S Jr)‘d"s“re Xd’ ?8%?“%6%"“ g és?lg% é"“ ‘2‘8 adand 574
havi ng flcwmmmm@mmthalves 560, 564, 568, 572 and 576 thereln

respectivel Q’ conlﬁﬁl@paanlgeﬁ Ifbere&{\@@:ﬁ&]ml)ﬁl{(l)&?g é&gl t?bm éﬁl%nonﬁ@rﬁl’g aéZIle(?rmd §74 i's
joined in flow communication wth a correspondi ng one he  respective
sub- encl osuf@ensygly adgyighe %%m@i%oraﬁaﬂ%% to photrrg4f Wérdfqrd\ﬁk e%ﬁ?fweél val ves
560, 564, 56& iR oBNeld BIH sEaMibapsieh@cd inkgliyndmegiell at ed as desired, by the
controller 580, which is joined to each of such flow control val ves in
turn, by signal transm ssion |lines 582, 584, 586, 588 and 590,

respecti vel 3. Thalsyhough chot 1) Whersih rigt edpitotddecha@itrisid k@npris80at i lsasis oiiet abl y
connected t i spensed
Flud pressor i e iaTRAp ARy A TR Al ARl I L e B T

moni t ori ng fupress dltileiﬂ}’é,flﬂumlwessehélald Pﬁﬁsudfe%@E?}ﬁtdﬁléyﬁrY(maﬁl’E@l@ié‘ﬂ’tnS‘F%mdesor ption

of gas fr 0r‘afttﬂ%@lu@r&i{ﬁil}ﬁ@Lselagﬁﬁhl?@(Mﬂl dithe MR by ehsRH Rl oY B8 BBl Supdly! | NG
di spensi ng operatlon gPerature in the sub-enclosures, cunulative volune

of di spense¥>fl cgpigning pai spist! agerYehaRycediial t ppical é“lii?ﬁ Phefosget ting,
time | apse, mpah()ﬁta‘i(ﬁ VoRmare tier fuid kupplyhessel &mipalatue: @Y v ifldidngpray basdls f or

gﬁgrl)g‘h:’ 295 Iﬁpera Y& t1nI tlhg terllc?osurgaé%mtﬂla&)\yg VIOHIIH% F())??llllllcclld?spenlélc% ¢ lsa(i)d'S Hi:& (sus lyof the

vessel; duration of fluid dispensing from said fluid supply vessel; flow rate of fluid dispensed
from said fluid supply vessel; ambient conditions in said enclosure; fluid conditions in said
fluid supply vessel; open or closed character of an access structure of the enclosure; and an
alarm condition associated with the fluid supply vessel, flow circuitry, enclosure and/or

process consuming the dispensed fluid.

3. The system of claim 1, wherein the controller is arranged to responsively adjust the flow
modulator to reduce flow of ventilation gas through the enclosure during dispensing of fluid
from the fluid supply vessel, so that ventilation gas flow through the enclosure is

progressively reduced as fluid inventory decreases during said dispensing of fluid.
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[ 00195] I n general, the nodul ation of ventilation gas flow in correspondence
to the hazard | evel or predetermned risk associated with the fluid in the
fluid suppbypougsseiis can be based on any suitabl e rel at iPomais2,1/02@899 0S,
paranmeters or correlations. Although the disclosure herein has been
primarily directed to description of enbodinents in which the pressure or
inventory of fluid in or fromthe fluid supply vessel provides a basis for

such nodul af.i198, vehtlaidh | das RRnLEEQERIZEM of bim 1 he RABBA dorl @MBbenfRt of

predet erm ned. ri sk aﬁsociate with the fluid in the fL%jd su Plxbvessel can
be quant it QBYUEP &t PV ZEH NS SY ISR C R 5TRPAHBRHEY © rovidpb aqppiplg sib-

appl i cat i ongiclofu@0 I 6daciNbi [nanlttpive flbid vepiply omsskigsand eelerdiasheb earilades gasi bed
herein inr . ifi e . t iy | t {ve

erbodi ment S Fg e S RRER § pARP b i SR MR AR MARLARL T, ) o
the invention is not thus limted, but rather extends to and enconpasses
nunmer ous otfNefhVaLdabl eRs 1,"RAbérhwialdpRI& Affa 3hd Rk NRLA Y& ifphadi RNts, as
wi || suggest thenselves to those of ordinary skill in the tield of the

pr esent inVﬁWFP%H?mb§§Eﬁw%ﬁWﬁ%@h@i@d?ﬁ%%?ébﬁé#éFﬂﬂm@Bﬁ?@@ﬁbﬁb¢ﬁéPy, t he

i nvention asxhereinafter clained is intended to be broadly construed and
interpreted, as including all such variations, nodifications and
alternative enbodinments, within its spirit and scope. THE CLAIMS What is
cl ai med i s: 6. Thesystan yiedhtin P avlicem tyass hexvageinenorbsyt dasedflfid supaly vessd! osur e
containing a fluid supply vessel and flow circuitry coupled thereto and
adapted for_ flow of ventilation gas through the enclosure, said system
conpri si ng: 7-aThy Swehoduildny “AFFEBe Pt Rend il swpakit yepsak foting 4%idf | ow

t hrough t hescrfied Q&HNIR; gréupnddidias bNBydass &Rl yalide apte daskdus (okgandidmillicor a
characteristic 05 sgi d %Iuid suggl vessel,henﬁlosure, or. fluhd in or

di spensed f7BRTLE: & FFUITE R PN Ve s TR PAPPEPY EYE: PRV P8 hazar d or
ri sk associstfigd hydrbden sdeakdagleydoberf tkliviride, horomirglaerdlef B.tii, dngtppkxaflv@sisel or
associ at ed ' i ) ' ~ -ar [y .48 nonitoring
si gnal corﬁ%k§¥$§%£%¥h?ﬁ%mﬁgﬁﬁﬁ%ggﬁﬁﬁké g%?%??@%i%@hgﬁﬁggﬁg%ﬁ?rolIer
arranged to receive said nonitoring signal fromsaid nonitoring assenbly,
and to responghye)senfd] Ugtn & henctdidnuitadulortian shid el abpionetsa dhevl evel of
hazard or risk associated with | eakage of fluid fromsaid fluid supply
vessel in sHPYPEAEPSEEFe. 2. The systemof claim 1, wherein the nonitored
characteristic conprises at | east one characteristic selected fromthe
group consi &g Rl ol 4 HOVEMLY d okl il BRELY N&RRS i | U d
pressure in the uld supply vessel: tlui pressure’In a gas delivery
mani f ol d dowply e of the fluid supply vessel; strain in a wall of the
fluid supply vessel; weight of the fluid supply vessel containing said
fluid; physical adsorbent characteristic of a physical_ adsorbent disposed
in an interi%r™ortiretiofaiP ne MFGind s Gty PEsyEreetal b tugplE 6¢t he f1 uid
suppl y vess®@htint @aipetladidr fomh fhet dd@ipeddadi@isg b hydgiddpdsad ihmile \sedet) rgaseais f | ui d

di spensed fOM S Lol thad URRL Yo e il AELAN BE Lt il SRERSI ng from
said fluid s%pﬁPy vessel: FI'ow rate o FHT |spﬂ%s§ Friom said fl ui d
suppl y vessetrogandyifalnt hydoadi teicords liydroga tdllveide | o rtaflucfifleifdF.c omeitmi ons i n
said fluid gupRbYdeVER3EL hyROLR cifbride) REBEnPRALAC R0 i0@fe, ARAEFIeL ruct ure
of the enclosure; and an al arm condi fion associated with the fluid supply
vessel , roWPEW?cuitry, encl osure and/ or process consum ng the dispensed
fluid. 3. The systemof claim11l, wherein the controller is arranged to
responsi vel dj ys he f.l ow nodul ator to reduce flow of ventj.lation gas
hrough t el lencteSe ke AP SRRyt PG b T 5 eupp o
vessel , so gahat flyeqlt sdidmictind gersprisingwndniiprong gh cliakneteetic | of suid dluidssopreagr essi vel y

reduced as fl iy, bLITHENH OF %spdREH AR 8% MHA L1Re Sk Sl SREASE BB lor filiui d-
associated with leakage of fluid from said fluid source or associated flow circuitry in said
enclosure, and in response to said monitoring, adjusting flow of ventilation gas through the
enclosure in relation to the level of hazard or risk associated with leakage of fluid from said

fluid source in said enclosure.
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4. The ventilation gas managenent systemof claim 1, as adapted for
managenent of ventilation gas flow wherein the enclosure is conpartnented
to provi dwoaosdssreat e sub-encl osure for each of nultipl ecriuseai1oe0spd y
vessel s, and wherein the ventilation gas managenent systemis arranged to
manage ventilation gas flow through each sub-enclosure. 5. The system of
claim1, as operably deployed with a gas box of an ion inplanter in a

sem conduct or nanufacturing facility, to nodulate flow of ventilation gas
through the g box stemof claim5, wherein. the gas box
Contains. o Vol BoResLECHir ) Gt gley RS i Gy S5t O ai m 6,
wher ei n t hechsadtband sclas@tlorh khdigebus u@plsyngwESBel incantyain g ffudkodres dlugict ed from
the group c i I | i rggnonetal l'ic
compounds, B pask Lo R TR A8RTR LRAR AT R ER R TR O e
hydr ogen SLﬁupﬁlﬂeﬂSS@WH@@g’emW@e@félrﬁ fEped sonsszerrw?@ehoftthq ﬂhuri roelee coningie idi £ | uor i de,

B2F4, tungsfgn p&%?éﬁfah%ﬁiehtciﬁarac@e%&rdf B%hysf&M%&%ﬁ} dEspds@d indR indiyor@en brom de,
hydrogen i odi de nd hydrogen fl uoride. . The system of claim 6, wherein

fluid is st‘lfrtle:cfl“r‘%"%ré‘? 6eni‘PF’i§ Mo %ﬂ‘ﬂﬁrﬂ“&i’ VEss éqmpértatugedﬁé{‘? ﬁB‘%‘ﬁW@rﬁ“@“ﬁS?‘@ssur e. 9.
The systen1@mmekﬁﬂmuﬁmmmhﬂmemnmﬁhe@gaﬁwbmxm@@aﬁmnm&qﬂmugﬁb&mmakhw
pressure-regul atf?ow rae 0 F é[‘rse m sad ﬂ:!i% 0-1|1-ng asn¥b n?g(‘)n(a tlonsI 1‘?‘1I md9 wher ei n
t he interna Fy pressure- re ul'at e ? id supp? VeSTa™ EBRNE ¥i%i d

sel ect ed f roprtukveflgd gulrdltlemnlsragtﬂmr@pomﬁe legyeabror dese@e@ester Hah ides gais@s, gaseous
or ganonet al l¢ g GRIVAUNGAS an St B&itdh RREENAG WL HEBRAR: oL eircRRPSPI NE,
arsine, stibine, hydrogen sul fide, hydrogen selenide, hydrogen telluride,
bor on trlflﬁﬁ@iﬂ%bw52F4 tungst en hexafl uoride, chlorine, hydrogen

chl oride, hydrogen brom de, hydrogen iodide, and hydrogen fluoride. 11. A
Ug%thf’ﬁaff Of}ﬁggiéé’?lésl o] %1 NI ?F‘W%aieln“t{%m qg)%enﬁp?r%ﬁte?]iétlc%g)%l ?s%élf,r%ssﬁrgrﬂ%gh whi ch
characteri sdlsrpenscrffrcsmadiﬂuﬁiﬁoutcsource, encl osure, or fluid in or dispensed
fromsaid fluid source, that affects a | evel of hazard or risk associated
with | eakage of fluid fromsaid fluid source or associated flow circuitry
in said encliodbf Bethethef qlaimrldsybnidie saidadiusiieg ersmTites modgatingdj st G0k | ow of
ventil ati ongegs setléare@ug)hl b @ro8p ChiRBteeof] Now @bkl Gdlvet,Odahip@s;| RMle-9fe hazard or
risk associatedd$%) akqge of fluid fr nrsarﬂ)flur source in Faid

encl osure. "HECTHY ?Féftcﬁdla S BRI LOnORFE BTG HREC Pp:oE grariable

char act eri s¢peccibeapri ses at | east one characteristic selected fromthe
group consisting of: fluid inventory in the fluid source; fluid pressure in
the fluid source; fluid pressure in a gas delivery manifold downstream of
the fluid slipphympssel claigy phaivheici sidwliustingf copipgsct lagiuding e de ;2 dagi ght  of
the fluid spUiG&nGRRALRIMIPGosiRh& dulskit e RS GR is BpLSAKAE DIuph ARG €ri stic
of a physical adsorbent disposed in an interior volune of the fluid source;

tenperatureb%Tm?ﬁ@“FPUPﬁaﬁ%ﬂﬁ%%“”Fé%ﬁ@Fﬁ%ure in the enclosure; cunul ative
vol une of fluid dlspensed fronrsald fluid source duration of fluid

di spensi ng fi 4. 5ahdy [l 81 POMEES LA LG, O ndd o L lEREASE, i om sai d
fluid source; con ions g"enc osure! frui'd 'tions in
said fluid th@enc@exre mgerdlsmnsmg ddbgl fmﬁaﬁlaﬂulérsowfe ugder a@t@arsl osnddtw@% gnde of the

enclosure; anth @drabak | cendidd.aR cﬁﬁé%ﬁdl&hx@%n%&ﬁaée@ﬁov& LiegligRNEGe, flow
circuitry, and/or enclosure. 13. The met hod of claim 11, wherein the

noni t or ed cthrar%ree?rlg%urecupewﬁw@&ofﬁ? é‘é@lﬁoedlfquﬁswréﬁé%%ﬂulfl FYsai d fl uid
source.  ldesstin@oweirias), afclotdrabiol broct esiinfing i dispaifddStuid) gr GIHe Ses

nodul ating a ro lgontroh qu”eh elected fromthe group consisting of:

f1 ow controf’ v%ﬁ e8;Ganperss O vartabie: si ze restricted flow orifice

devi ces; mass fIOM/controIIers vari abl e speed punps; and vari abl e speed
bl overs. 115/ T-EQ ﬁlelﬁlr‘g& mgaug f11 Q\Lh@fem s;l;]} ’adﬁﬂ\éﬁﬁ Fe'd&e&%vgofa\ghtﬂzﬁf;oh Q& tﬁrgﬁgﬂr i ses
acquiring data in a data acquisition nodu IS positioned outside the
encl osure aﬁﬁﬂwbﬂﬁﬁéﬂwgNVEVVH%BE@P%HDmﬂWhﬂ%&SW%ﬁept@ﬁéﬂ§@ﬁ§b§“ﬁWWthe

encl osure ftﬁlrouﬁlalhg ARGt O |pf@ress1vely reduced as fluid inventory decreases during said

dispensing of fluid.
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16. The method of claim 11, wherein said adjusting reduces flow of

ventil ation gas through the encl osure upon dispensing of fluid fromthe
fluid sowoeourndsreinon-al arm condi tions and cl osed char acrars2af/oa39access
structure of the enclosure, and increases flow of ventilation gas through

t he encl osure upon occurrence of an alarmcondition associated with the
fluid supply vessel, flow circuitry, enclosure and/or process consum ng the

di spensed figuirh m@kodUPQRint e “@laelﬂltmgen@lt)sume cOHRRREEL b PR ME @ sGhratehe

encl osure. 7. The netho rein said adjusting reduces flow
of Cvent 1 at PBHYREE R tHs el YT SREPTHG! SRS B d 1 om
the fluid soeiceg asdadjiag flent vdnditaii@rpagisedh ovehdssoiegh t he encl osure is
progressively reduced as fluid inventory decreases during said dispensing
of fluid. 18. The nethod of claim 11, wherein the enclosure is

conpart ment Bd e peded declains gbas aerdusiad i A gk wiseidactdromans fetariegf fagdityt i pl e
fluid sour c@sprigl HoalBENAn GAMRIlaStNE sGBLANdSE, 0 WoasiAb oM dnQikdighd and
adjusting flow of ventilation gas for each sub-enclosure. 19. The nethod
of clai m 118% RuebHg@e ey in a seni conductor manufacturing facility
conprising a gas box of an ion |nplanter as sai d encl osure, to nodul at e

fl ow of ve ation ) | ai m 19,
wher ei n thgi 1 %Odggﬁ Iéllq %s&{grelsnotr %ggoxbcontalas Sloq]en -Ii’asedrﬁeld S‘\’P@SV ?S&as said
fluid sourceﬁmdﬂmdﬂﬁhe met hod of claim 20, wherein the sorbent based fluid
supply vessel contains an activated carbon adsorbent. 22. The nethod of
claim 20, wherein the sorbent-based fluid supgly vessel contains fluid

sel ected fridm thenghdup CoRSPsTidHE" O HPeHPEed faideurrbhyistd&ona¥ed, gaseous
or ganonet al {ciicicaeirpauddsensi | ane, di borane, germane, ammoni a, phosphi ne,
arsine, stibine, hydrogen sulfide, hydrogen sel enide, hydrogen telluride,
boron trifluoride, B2F4, tungsten hexafluoride, chlorine, hydrogen

chl ori de, h32dridgemttod ofrildie) 2thyticreigetr sotbeitdased dlnid shypihr ogehcdnlanefivde. 23.
The net hod t I g, f ply vessel
at subat rmssg ecet%! g&g]rt%sgsfﬂ}r[ly%lﬁ&ugg bt wdqdé ahés m 1?9 %SQS %?Sle(qjs °%&%*é%§?aﬁgt he gas
box cont ai neOMAPPIHtWRIsaldibgraps: crsamAne - prepilida tRBEFPhinG dsiac sPbige, ivdsein. 25, The

met ho:ll of Céuﬁidmhgd}ogeg@ﬁériﬂlenhyﬁﬂ)@ed S BbioY RSB US €}, ﬁﬁgwna;m@luﬁidwd d supply
vessel cont id sel ec m t roup nsi ri de gases,
o+ de. gaselonin bubiin Sl shesn P Eandbaaeieoin Bt fisioe, “germne.
ammoni a, phosphi ne, arsine, stlblne hydr ogen sul fi de, hydrogen selenide,

hyd I f
ydrogen teld upj.dg.g, tafcgrclﬂl d]t‘e 0, \lv %nl A6a iBabda il é&ﬂtﬂﬁ&l@@?ﬁ ef‘é&rshﬂje

chl orine, hydrogen c ogen bronlde rog and

hydr ogen f|aioesplpaic preggre. A nethod of managi ng operation of exhaust fl owed
t hrough a process unit, conprising nonitoring at | east one condition or
operating variabl e of e process unit determ native of a risk or hazard

t
| evel , and Fout’f AyPhe! S3RAdsYITY B e dx ST En gt Pratrves ¥ Haust
di sposi t i on@uid supply vessel.

25. The method of claim 24, wherein the internally pressure-regulated fluid supply vessel
contains fluid selected from the group consisting of hydride gases, halide gases, gaseous
organometallic compounds, silane, diborane, germane, ammonia, phosphine, arsine, stibine,
hydrogen sulfide, hydrogen selenide, hydrogen telluride, boron trifluoride, B,F,, tungsten
hexafluoride, chlorine, hydrogen chloride, hydrogen bromide, hydrogen iodide, and hydrogen

fluoride.
26. A method of managing operation of exhaust flowed through a process unit, comprising

monitoring at least one condition or operating variable of the process unit determinative of a

risk or hazard level, and routing the exhaust to one of multiple alternative exhaust dispositions

40



in response to the risk or hazard | evel determned fromthe nonitored
condition(s) or operating variable(s). 27. The nethod of claim 26, wherein
t he exhausO 20a088463 nodul at ed according to the risk or Razarsdoiesbo
determned fromthe nonitored condition(s) or operating variable(s).

in response to the risk or hazard level determined from the monitored condition(s) or

operating variable(s).

27. The method of claim 26, wherein the exhaust rate is modulated according to the risk or

hazard level determined from the monitored condition(s) or operating variable(s).
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