WD 2004/ 012996 PCT/ US2003/ 010599 AUTOVATI C REFI LL SYSTEM FOR ULTRA PURE OR
CONTAM NATI ON SENSI TI VE CHEM CALS 5 BACKGROUND OF THE | NVENTION 1. FIELD
OF THE | NVBNO«GN29e present invention relates to a systremiseeo3suemd yi ng
ultra pure and contam nation sensitive chemcals to production lines for
form ng sem conductors, fiber optics, or |ike conmponents. Mbre
particularly, this 10 invention relates to a system carrying pyrophoric

chem cal s which all ows ate continuously, and
wi t hout interruption. Aﬁ%ﬁ*ﬁﬁ@%ﬁ@ﬂ 15 The manuf acture of
sem conduct orsULTRAePUREtORSCON‘IU\MINa'-\TIiON SENSITIVECHEMICALSI |y requires

production lines with systens for supplying high purity processing
chem cals to diffusion furnaces, either directly or in carrier gases.

Processi ng@g ABRBRAUNG CF *I'!-I@#N:{FEN‘FGN may be directly 20 injected into the

processing stations, or be carried to the processing stations in
a carrier ‘gaEIELEEI%THEHN’vIEMTION\J ection may be from bulk supply tanks, or
riodically refllled

be f I | t
by burk supply. TEmRESSRHEYeRfigh faies dacesble oy Py FRAHE of carr i er
gases, theyg @&m@lnﬁﬁmnc@mwéhemca@,%gr@ﬁ%nbn IestierRARA! e- contr ol | ed

anpul es or work cylinders, called "bubbl streamof an inert carrier
gas, such sgnigpodagiers, fihet dplins, or llkdneOlIanoeen’uss Morg partiedlairlyf this he bubbl er

I T bubbl t h I d
chom g 1 ToeHETLARE RS uEREn SHavien B e B Waish Flavisd car i er
gas at msnhermodmttdBﬁIn@watdpérat@ édmma@aﬂfr mmhbbﬁn%}rlﬁd’(%' y of liquid
chemi cal contained therein. The chemically saturated <carrier gas is

continuously drawn out of the bubbler and transferred into the conponent
processing station, such as a diffusion furnace, as noted above.

Al t er nat i \&| PESGRIATIAGN ORRBLABEDARTspensed from a bul k supply tank to a
smal | 6 wor ki ng contai ner, and then chemical is dispensed as a liquid from

The manufacture of semiconductors, fiber optics, and the like
components, typically requires production lines with systems for supplying
high purity processing chemicals to diffusion furnaces, either directly or in
carrier gases. Processing chemicals are liquids which may be directly

20  injected into the processing stations, or which may be carried to the
processing stations in a carrier gas. Direct chemical injection may be from
bulk supply tanks, or may be from smaller supply containers which will be
periodically refilled by bulk supply tanks. When the chemicals are applied
by means of carrier gases, the liquid chemicals will be contained in

25  temperature-controlled ampules or work cylinders, called "bubblers". A
stream of an inert carrier gas, such as nitrogen, helium, or the like, is
injected into the bubbler ampules. The inert carrier gas bubbles upwardly
through the liquid chemical in the bubbler ampule and creates a chemical-
saturated carrier gas atmosphere in the ampule in the space above the

30  supply of liquid chemical contained therein. The chemically saturated
carrier gas is continuously drawn out of the bubbler and transferred into the
component processing station, such as a diffusion furnace, as noted above.
Alternatively, chemical can also be dispensed from a bulk supply tank to a
smaller working container, and then chemical is dispensed as a liquid from



WD 2004/ 012996 PCT/ US2003/ 010599 the working container to a vaporizer unit
housed wi thin the conponent processing station. This configuration is
desi r abl ewbaoo4iedvecal s that do not vaporize or transp@Ca/usedds/omdson usi ng
a bubbler. 5 The processing |ines depend on a continuous supply of the
chem cal s being delivered fromthe chem cal source in order to operate

properly a Ji G t i . | ﬂégﬂﬁh cals is

I nterrupt egfé ‘?’EFeH”BéF g%t%%f}eéhé |aiJ@o%éfb%%ﬂé%%@w@&ﬁﬁﬂgﬁ%%e I'ffusion

f urnace nuptodessipigestatibn. nTlais" dodfigliratindes desiralfie ferheemighlsathiptiiesoar e 10

depl eted of processing chem cals, the be renmoved fromthe production
li ne and rlé?)‘ﬁ)%ﬁ‘,z@dowr"{’ Horh‘é’ﬁwhﬁm%aam%@: To avoid the necessity of
renoving a bubbler anpule fromthe production line, additional bulk

chem cal supply_containers may be 15 incorporated into the production |ine.
Wien a 3ingl e blihe psoggssinelinasadepend o awoatinuous sepply oftlet i on 1ine, it

t b i odi cal Ly. refilled wit ' hemi cal s. The, li t b
Shut down AANSER, bipBitiiueret Hndn sRagion) Sourriardar oreRetate can be run
for a long foﬁér!v%rmeéfri@i@nﬂyleIfttﬁetshﬂplyscﬁ‘tﬁélptl&%ss%lj%ewi%ls&ﬁco”t ai ner,

however, the line still nust be periodical shut “"down 20 en the bul k
suppl y contégnieptedsthgappdueiion iemushibelshiuk dewppand thepdiffaisioar s are used,

one is a f} L.ner . the ,other,is repl aceabl e nobile container.
The anpul e#ﬁﬁg?ge%ﬁ)g%é%%dq\#dﬂ m'r'l’&%q% l(%b%elﬁj%lcpf%@ul%@r@ cont ai ner,
and the) fi degletutl &f proBeeding chemicAs, thegehwdtiod rehRieadtsmithem the

repl aceabl e, or shuttle, bulk container. The fixed bulk container is 25
typi cal |y p@siuctiondine gnddeplaged voth testiy ditled atpules. oad cel | so that the

vol une of chem cal in the fixed bulk container is continuously nonitored.
Signals are transmtted to the system m croprocessor controller or

"junction box" Totdvohl theeneoedsitybf kenofing hebudlermmpililedreiteal renmaining in
boi Nt s of BEAHSEONRBE, WK GRNSS SePRY EoRRNGTBITAY Boel sensor s,
o B hoolibed e plRE LI, NTOXSPIEOR SARTESRANEILC, T e
anpul e or ishuseddndhelpraduction line, it must be periodically refilled with processing
chemicals. The line must be shut down while the bulk supply container is
refilled. The line can be run for a longer time period due to the use of the
bulk supply container, however, the line still must be periodically shut down
20 when the bulk supply container is depleted. When two bulk supply
containers are used, one is a fixed container and the other is a replaceable
mobile container. The ampule is replenished with chemicals from the fixed
bulk container, and the fixed bulk container is refilled with chemicals from
the replaceable, or shuttle, bulk container. The fixed bulk container is
25 typically positioned on a scale or connected to a load cell so that the
volume of chemical in the fixed bulk container is continuously monitored.
Signals are transmitted to the system microprocessor controller or “junction
box” which are indicative of the volume of chemical remaining in the fixed
bulk container. The microprocessor controlier manages about 2 points of
30 use. For each point of use, there are four level sensors, i.e., empty, low,
high or overflow. The low or high corresponds to the “start” and “stop”

sensors which trigger the signal initiation to fill the ampule or the removal of



2 WD 2004/ 012996 PCT/ US2003/010599 the request. The enpty or overfl ow
("overfill") sensors are energency sensors if the start and stop sensors
fail. Theweupwmlor2ael t age for the sensor circuit is abo®CTARL003016599 Al |

| evel sensors connect to +24 volt when dry. A pressure switch generates a
junction box alarmwhen there is not enough 5 clean dry air (CDA) pressure.

The el ectry | | I i onnecti ons.
Power is cﬂg%ﬁie 8&?%%‘% Qﬁtﬁcgi@%ﬁoﬁgs%@?y\%é%ﬁ}g&r?%ﬁ%@éﬁg}‘fl ocat ed where
the main psevesors & thestert aed stanserizorsifld The stipply wilfage! for flesndae the unit.

Twin fans act .t.0 coo he el ronics area of the unit. A dispense request
connect or ?'?%‘é’é@%f)b& ié"' iVﬂF%r?ﬁi%%%n%wme&%%ﬁu%Mﬁﬂdwn Addition

to supplyi ; | ' , fixed bul k
cont ai ner @%Sgg?ﬁé&?%&ggeg%%%ﬁ ﬁl@ﬁh%éﬁﬂrﬁﬂﬁg?ﬁ tg%’{lff\%aricggeng u?ﬁerri cal
transf ér velear dsy aird@DAYipressuranditeraledibicahesrineatiofs omoludemsinit t | e bul k
container to the fixed bulk contain and en the fj bul k cont ai ner
has been rReYelagd '%ﬁ&a%ﬁwr@ﬁqﬂ@mdg{?@ﬁ”ﬁ?@é\ﬂgqrﬁg?%thM? Aransfer val ve
system ThesgvAbe A bixadt brebkesldRatay Wﬁéﬁéﬂh%qu?in‘l’)}%év{/?rggic{oﬁggbﬂe dcgzme;’ ﬁga'

times before the shuttle supply contal ner ,
shuttl e bub&use e ghubelf all neweh & thecemit. STyt tamsiast kyc@dl thapt i ed, the

shuttle co | ner i ved .from.the production |lipe.and i refilled at
an of f - si t%gghQ&FE%?eé §g&ey&?'{ed§3'§p§(§,8_rﬁﬂ%ﬁ ‘i%‘”?ﬁﬁ%f&%w?/d ?%r renoved
from tite pinterss with Meaplocedd equiptndlit, nl aastigne sippiyihg seatuk amaem cal

supply containers has 25 proven to be functionally opeéerative, but it would
be desirab®@m@igalabl e to provide an alternative repl eni shment system for

the chem cal anpul es; and even nore desirable to provide a chem cal
repl eni shnent systemw th a controller m croprocessor which can operate

the systemin alysicaity when thBdixedaulk ephtaiicr ieresén PBE 5% Al irvi ng a fi xed
and a repl aceabl e bul k 30 chemi cal supply containers, and the other having

two repl aceBldlepaciivaten amheaticalifpisiecHvasyes which transfers
15 chemical from the shuttle bulk container to the fixed bulk container, and

when the fixed bulk container has been refilled, the controller deactivates
the chemical transfer valve system. Thus, the fixed bulk supply container
will be refilled several times before the shuttle supply container must be
refilled. When the shuttle bulk supply container has been substantially

20  emptied, the shuitle container is removed from the production line and is
refilled at an off-site chemical supply repository, which is typically far
removed from the brocessing plant.

The use of fixed and shuttle bulk chemical supply containers has
25  proven to be functionally operative, but it would be desirable to be able to
provide an alternative replenishment system for the chemical ampules; and
even more desirable to provide a chemical replenishment system with a
controller microprocessor which can operate the system in alternative
chemical replenishment modes, one having a fixed and a replaceable bulk
30  chemical supply containers, and the other having two replaceable bulk
chemical supply containers.



3 WD 2004/ 012996 PCT/ US2003/010599 Transportation of ultra high purity or
ultra sensitive chemcals within the production lines require additional

saf eguar d&0 26ero1edvat reason, pyrophoric chem cal s capalpica/uskosmidgs gni ti on
when it is exposed to air, are rarely in production lines. Automatic
liquid replacenent or refill systens for 5 |iquids have been utilized in

ot her industri esrahgsatdtivn efllirh hidHepuity et semditivdenémftdidwanm far |ess
stringent, and where pyrophoric reactions and extrene air (oxygen and

noi sture) dbppredudtion liaes raqyire sdeitiangl safeguards e Fod thalseesemr , t hese

repl acenent e | ht of the
liquid in tﬂl{zcy@ﬁooﬁ n%?%lgﬁ@ c%ﬁ)é\%?@?Pﬁ%P@ﬁﬂgﬁ%@% 5 %8&2??&%%'[ fCor by
using a ti nardly In produstor fnes Aqtomnatiy Iﬁqdl@@epl@éé?ﬁ@ﬁt dﬂ*e'ﬁﬂ%&éﬂe@nélf@nt ity is
delivered. None of the systens were designed to work with'the stringent

requi r efrentiguidisciave hean U’q"tzleéﬁ IRiogirer ipdestiios wihet Hiapuiirrauiremests i ve
chem cal s 'cﬁ'éﬁ(—?ﬁ @g%&% s§§m REUGEOf L d@ﬁ&é‘%rlcﬁf@%\&%ﬁgtﬁéﬁéhe Syst ems

must acconmo pyrop ROF e tdlorganlc need to

m ni ni ze fiaxtrenandir (@tygenrmtcbn'mls*tumr)rsbagitmm} amncbtamnmw%ddl tionally,
automati ¢ chem cal reMO Ygstems ser Vi ci n% a mltip nunber of
t enper at ur ENCEHPIEERY-c MOrgavER: Hiase TeplRseaan \Syﬁﬁﬁﬂ'&l@a‘@ah@?%baﬁ@ﬂl 11 20

control SYSioRi Mexsuity fRrAeigh BHENRUR] ARhEWd R AhfAnang L eperat ure

controller s experi pro unc s 1n system all of

the reflDl | domm’atmaa/pomts imetlradalmtrdbgmmmalnkndiﬂéng)sedwame’&)@mrme(th@d I'n

current practic refi d. K'ste are cag]abl e of operating up
‘e

to four terdp %&\(ﬂlmg lﬁ(ﬂ‘ﬂﬁqtg ‘E!%'H’@ﬂ? NG 3"%% EVSWBEr s to a 25
Correspondld&lg?waf{@rw&k vﬂﬁpﬂ‘@ éthﬁ@eﬁ%bﬁrreﬁ@H& néed HJ|tF§Hf§?‘|r ed Of JUSt

one tenperature control in the“refill system could cause
terrperatur@Lklfli))normnteﬁnnatmrtwss’ly\a@Jmmloalsensthﬂucdmmundhe bubbl ers are hel d

| d, | | ed, bat h st di cal |
' opl naed baeBIEaN Rl pEaRL ool Pr:svildns flisl Bcconfdfie e o
net al onganipgyrdgtidac m@m&@aﬁﬁ%ﬁéﬁkals—ﬂblﬁw Hapdedfo miHemiZ2tire, and

eliminate air contamination hazards.

Additionally, automatic chemical refill systems servicing a multiple

number of temperature controllers and their bubblers from one central refill

20 control system have suffered from the problem that when one temperature
controller has experienced problems or malfunctions in the system, all of
the refill lines have to be shutdown until the problem is corrected. In
current practice, most chemical refill systems are capable of operating up
to four temperature controllers concurrently to supply vapors to a

25 correspdnding number of deposition tools. Thus, a repair required of just
one temperature controller in the refill system could cause all of the

temperature controllers in the system to be shutdown.

The bubblers are held in liquid, temperature-controlled baths, and
30  must be periodically replaced based on the usage of the ultra high purity
pyrophoric metalorganic (PMO) source chemical. The amount of chemical

used is a function of the degree of saturation of the hydrogen carrier gas



used is a function of the degree of saturation of the hydrogen carrier gas
4 WD 2004/ 012996 PCT/ US2003/ 010599 carrying the PMO chem cal to the

met al or gawoeoetiaeddsal vapor deposition (MOCVD) react or pamdiseéns/ogesant i ty of
carrier gas used. Typical carrier gases are nitrogen, argon, or helium but
the preferred gas for PMOCVYD is wultra high purity hydrogen. Sone typical

chemi cal s uhtyingettlei PMOUEHEraIcal & tBe rRetaldrg@itibheslitalumpof Weposition
triethylgallium éTEG), trimethylal um num (TMA) and dopant chemi cals, such

as di met hy(MGfeViobigactamandithea ayantity of ¢avkizy gas weed. (Typicaheatrieal in t he
bubbler is . r t rature
pat h and £ SFePr SrF GirdgeR, AR, SF paft By e e ane RERIUG GOBRE

seni conductuitra highqsurity hygrogees sSwhe dypicdlehetiesis usitzed if beslefd arei d
pyrophoric netal organic MF(’%D) .chemcals, a replacenent bubbler is inserted
into the |i’t@f@rsﬂwf@ﬂwa@r  tiathyloaline (TESG), Hépaiwlaleninume (WM& cal |
however, r i |G r v.al A t the liquid
terrperatur%aq@%gﬁg@@gﬁ%lsr’eég@h% Wﬁgcﬁgﬁzﬁr@(&t@g lzglﬁl(ﬁwggi/m for a
peri od of tWhen {tie tieernioal ohiedmikidertisidegletedhdhe bibblarinag tbhe MOCVD

machi ne's reactor .zone tenperature is | o ed during these periods of

non- oper at irﬁwp"?’#if@r"”ﬁl??egﬁ%‘?fﬁéﬂéi gadre l%dtéﬂé‘ f®hed chenical, both
t he bubbl er and the machine's reactor zone nust be reheated to their

standang operatijng,4 ﬁ%@éwep%nd?s%nﬁ%ﬂd;d&%%prj&rei{ pﬁ%@ggﬁg]iaf e next run

t hrough t he process that” the pl'eéni shed” chem ¢ I's not

cont am nat edquisssdusehef fresh liguidtgyespharie metadmgtaﬁhl (@M@{ ch?midamd@ﬁ pr OCFSS,
prior to resumng the production  operatjon. The total, |iquid chemca

repl acerrentrelﬁl%%'%%{]éﬁﬁblﬁé@emﬁ?ﬁﬁ‘i’i tlﬁ%"@i'éﬁ?mﬁﬁtﬁt’éfe lRiBehBisng upon the
chem cal i ; ' ;% AREVD machi ne.
These problrﬂéerrléz{%?lgﬁgg%ﬁcwlfﬁgﬁggfse?gﬁq%(aaﬁsg%reserq?%rosa/?ﬁl system by
provi di ng aepeded bubbier droat the ligfid témpyatwn hate padtrequires thelMIGSD sensors

OpeT B 5o RS b bl LA PR ISRl & P eI SRR e A kil Soupent
made. Normally the MOCVD machine’s reactor zone temperature is ‘
lowered during these periods of non-operation. Prior to recommencing use
of the replenished chemical, both the bubbler and the machine’s reactor
zone must be reheated to their standard operating temperatures.

20 Routinely, test samples are next run through the process to ensure that the
replenished chemical is not contaminated, and that it is otherwise
acceptable for use in the process, prior to resuming the production
operation. The total, liquid chemical replacement process can take from
two to eight hours, depending upon the chemical involved and the end

25  product being made by the MOCVD machine.

These problems are solved in the design of the present refill system
by providing a modular automatic refill system where the liquid level
sensors operate completely independent from each other to automatically

30  refill the bubbler in its liquid temperature bath without removing the bubbler
from the bath.



fromthe bath. 5 WO 2004/ 012996 PCT/ US2003/ 010599 This invention rel ates
generally to a systemto automatically refill a liquid froma bul k

cont ai nerwbcoa/Ep®l er recei ving contai ner without contPamusaeizoemsINbr e
specifically, it relates to a nodul ar systemproviding fresh liquid
pyrophoric nmetal organic (PMO) chem cals through an automatic 5 refill to a

plurality of woTkisngventiomestites (denetdligito acsystenporittrgaticatiyaefill ar e
control |l ed_baths) that sup{)al_y a vapor to a correspondi ng& nupber of
met al or ganli¢uid Mg @drulk gpBlaiRfriB A sMaller MRESIVIDY SRitANEEYIthadlr ce 1 qui d

chem cal cyl| : hav L ' mﬁ ' t

I ndustry t%%@ﬁﬁ@'@ﬂﬂﬁ?@egf'%% ﬁgel(??bél%galrect ﬁsﬁgwgﬁ%g;es t hat
are 10f ei t fresh fiquidi @irbyhornic metalprgemic(RVIO) chetricals ¢chrpaghianudidomBED chem cal
as a nct i of the. liguid.chemcal cyljnder's tenperature and

o tnes i o eluiite ot idRs Bliidrs Gl R GorRePRRERG TRPFEReLlt o hi oh
purity |igupg WAl ' | { dd ts,
Fequi 1 ed 180 D e VoovD
reactors, metalorganiochemicaliviaper depositin GVO&MInnpahipeso Sasinesy bquidsi dual

PMO vapors fromtransfer |ines, fore removing a cylinder or bubbler, to
repl ace it,Ch%'Tm cyﬂ'éckggthaivg_ eﬁ?euq'(ﬁﬁ%%' eaC%BﬁgWB Qﬁlgéjcg’éveral

di sadvant agfgistrgdo sﬁp}éwwﬁ]iﬁa%mife%ﬂr lof difeledy vin Edrdier §aseS Bt bee condense
and thereby renove volatile chem cals before they reach the punp, in order

to avolld edheropardallaeWysatyeted Vih the parisulidiOthemicakas @r mat i on of
deposits . Qg SULS DM f 5 A
vabuum punihsHe8 s iRdrereaneato iRier teriprefie prEdS R 1% D o
of the systataof carnecgasiioutifroughdhatylenmidantyapiput ultra-highoparty digdidt r ap,
requires SE’?\‘XS chemicals, including those commonly called dopants, are required for

this industry.

15
Additionally, in conventional MOCVD reactors, it is common practice

to use a vacuum pump to remove residual PMO vapors from transfer lines,
before removing a cylinder or bubbler, to replace it, or to inspect it. The
use of a vacuum pump has several disadvantages:
20
» A vacuum pump requires that a trap be used to condense and thereby
remove volatile chemicals before they reach the pump, in order to avoid
corrosion and decomposition of the chemicals with formation of deposits

on the working surfaces and moving parts of the pump.

25
e A vacuum pump generates heat, which can interfere with temperature
control of the system.
e A vacuum pump, and attendant parts, supports and trap, requires space
30 in the working area.

e A vacuum pump is an expensive piece of equipment, which requires

regular maintenance. lIts trap requires regular inspection, replacement

6



30 in the working area. A vacuum punp iS an expensive piece of equipnent,
which requires regular maintenance. Its trap requires regular inspection,
repl acenew0 206+/0A398004/ 012996 PCT/ US2003/ 010599 of | owPCanseemsourse9

cool ant, and regul ar renoval of and disposal of the condensed, hazardous
PMO chem cals. In addition, the vacuum punp requires regular changes of

its sunp oil ofluRvitémpBeatird Esblat, ahd PAGAIar Fetoldl®f @hll. disgbsaPbf theof the
af orenenti oned trap, h is never 100% 5 efficient. The use of the

venturi for ppedpnmme:a%mﬂm PYR chemisalsoninyadgiiiequdhe veouursfrushp
| ooked. This i f t . k] th
Vacuum  nat Lanressitfer chelidgs o i s o 5 To BB BBla-FRE EMORIn o' "

eval uat e al | tiod oflhig gpitecsfline iaforefemtiontd trap, whizhcieedesdbeldy open the
system for a contai ner exchange. Thus, based on theoretical cal cul ations,
this tyspe of eﬁ"é%"t em woul d not work. However, the present inventors have
i ncorporated the use of the venturi with a dilution/purge routine that
surprisingly allows for all of the chemcal to be renoved fromthe system
15 Thus, a saf eThenisaiofdhe gentuirfgethesprpessi inventidrissnahwomilydsnitjbe,

conventi onal se of vacuu u 0 t her, such expensi ve equi pnent to
achi eve tEl%”thE%'l PYgf! uﬁrﬁ%g&ﬂﬁ é%\'g‘\?g{ﬁga%@guBge'}lj'%‘?%aléovgﬁ'QBﬁi punp are
over core it'Pxet\}%g:L% HA%eRbd HYRithicdnPihe htlRISABISUfANEA: tese of a venturi
to renove residua PMO chent cal vapors. The use of a venturi for the

renovall of evalsaiguall of thipwaploorc thesniselseambdna douldt sejely:openAheent ur i

requi res nQ nNoVi parts. for i.ts opetation nd .t her ef or e .dqge 25 not
require a ﬂsé?)mﬂﬁgﬁr&q_?'P@Hei‘@e}ngﬁo\e/@q?oBaﬁ?ﬁ?Bnéh%?ﬁeﬁgﬁ'sca_rkcélﬁ%tr's@s_t’hey reach
the venturihjs fiip@ ofH 8jdtbm wOHENEI RMWork. eRMRYePYthEiRe¥@ittinvdntbrs hale
invention are exhausted directly through the venturi and are conbined for
di sposal wincarpaistasbihessecsiithayenturonith Bediiioviburge routde theke of an inert

gas, such &frpﬂgﬁ'\rg%g5%w§ ?oroa[flecgf%g cﬁgrenié/aﬁ! B Héireﬁﬂﬁlg{:l %rom the system.
15 Thus, a safe container exchange is possible. This avoids the conventional
use of vacuum pumps or other such expensive equipment to achieve the

desired vacuum.

The disadvantages of using a vacuum pump are overcome in the
20  present invention by the forementioned use of a venturi to remove residual
PMO chemical vapors. The use of a venturi for the removal of residual
PMO vapors has several advantages:

e A venturi requires no moving parts for its operation, and therefore does

25 not require a trap be installed to remove volatile chemicals before they
reach the venturi. The volatile chemicals treated by the venturi in this
invention are exhausted directly through the venturi and are combined

for disposal with the normal exhaust from the MOCVD tool.

30 e Use of an inert gas, such as nitrogen, to operate the venturi ensures
that highly reactive chemical vapors will not decompose in chemical or

exhaust lines and that these reactive vapors can be safely exhausted



that highly reactive chem cal vapors wll not deconpose in chem cal or
exhaust |lines and that these reactive vapors can be safely exhausted 7 WO
2004/ 012996 20d01IBR003/ 010599 directly to an abat enent PEydaiSem3without
first passing through a nechanical punp. A venturi generates little or no
heat, and therefore has no effect on the 5 tenperature control system of

this inventi Gﬁectly/’td’&ﬁ"é%ienﬁéﬂ‘ég Fe?n\’/\ﬁt'hlﬁ%xi fifsh grsssgpgwowhhfa n the systenis

cabinet. A wventuri's snmall size allows furth i ci efcy by reducing the
vol ume of gawsshapinad purmgd in shorter |engths of connecting lines. 10 A
venturi is a very sinple device, is inexpensive to install, and requires
little or no mai ntenance. SUVMARY OF THE | NVENTI ON 15 The present invention

i s directed PW@tGh%@hé?éteéﬁﬁlE')dr rRYREATRMA HidtefdTBTRE RESTed2h B | Cast one

primary chem cal reservoir; east one secondary chem cal reservoir;
(c) a distri lrmperatuiesenantiadsystappofthisgingestiero the chemical refill system
(d) a conduit for connecting the means for supplying gas, the primary
chemi cal reservoir, and the secondary chem cal 20 reservoir; (e) at |east

one vent urd  OFBHtE ir8§LifeORSy litledpacd WRSInAHE k9t ReExhaust gas
outlet, the venturi r‘l!;%‘lng di splosecFabet weeﬂ the9dﬁe§?€ic?)%?iegnﬂ means for

suppl yi ng ga¥eaiwd’'s saap sizesalipwsriortbec efigiancyhysiedvoingshe antiingg pf at | east
one val ve di t,th S | et erein the valve prevents
di ffusi on of aggéggjgﬂﬁg?ﬁeﬁ@ si)gﬁt?[égﬂqlf}gi}ﬁy ?%Qrz)eé[{\lﬁg “Qﬁgt em 25 Preferably, the

pri marty chem cal reservoir is a bulk chem cal supply tank and the

secondary chem cal reservoir is an anpule and receives chemcal fromthe
primary chenAdeniussisa/wly sineledigvicais inspansize to insdalhwadsefivires appl yi ng

t he chem cal ”Eﬂ%h& rﬁ&ﬁ{%ﬂﬁﬁnglﬁ%nects the chemcal refill systemto a neans
e C and”

for applying che conmprises a plurality of transfer lines 30
and a plurality of valves.

SUMMARY OF THE INVENTION

15 The present invention is directed to a chemical refill system which
comprises: (a) at least one primary chemical reservoir; (b) at least one
secondary chemical reservoir; (c) a distribution means for supplying gas to
the chemical refill system; (d) a conduit for connecting the means for
supplying gas, the primary chemical reservoir, and the secondary chemical

20  reservoir; (e) at least one venturi comprising a gas inlet, a gas outlet and
an exhaust gas outlet, the venturi being disposed between the distribution
means for supplying gas and the primary and secondary reservoirs; and (f)
at least one valve disposed about the exhaust outlet, wherein the valve
prevents diffusion of oxygen or any contaminants into the system.

25  Preferably, the primary chemical reservoir is a bulk chemical supply tank
and the secondary chemical reservoir is an ampule and receives chemical
from the primary chemical reservoir and delivers chemical to a means for
applying the chemical. The conduit connects the chemical refill system to a
means for applying the chemical and comprises a plurality of transfer lines

30  and a plurality of valves.



8 WD 2004/ 012996 PCT/ US2003/ 010599 One enbodi nent of the chemcal refill
system further conprises a volune sensor which is capable of nonitoring the
vol une ofwolreswmadss renmaining in the prinmary and secon@amyuseonsmiesad
reservoirs. The volune sensor is operable to nonitor the vol une of
chemcal in the primary and 5 secondary chem cal reservoirs using one or

nore sensors seppeldfbddif@nt bh@\&éf@#ﬁlcéﬂ@ﬁll%%t@ﬁ\ f@ifrthee@brrmbegwsor
t her mal conduct ance sensor, Ba0|tance sensor, weight scale, sonic

sensor, mwlug@ﬁmwﬁwc&s@m@a be@f%pnlt@llrzg:theo\&!wne@f@hang@a §ensor, float

sl AN e g 4 SRR AR SO S e e vol e

and SeCOﬂd@éhSd?h@@b@ﬁdble teseniter the \mlumetdf@heﬁhcaﬂwwpmeﬁy amdhsor
utilizing a therm stor encased  in the primary and secondt%‘rgynfrchem cal

reserveir ssememép SRRl r9RERYOIET USIRG ORRaTirpalie seitsPrs selpsteshiyomir t her
conpri ses %r%ug'c%‘ﬁ's%tlh ﬂfo‘a\@?ﬁeﬁﬂsfﬁ%rﬁ\n{)o falic uc?%ncter@e ok mary and

secondary c rese Voi rs urther e of the chemical refill
syst em congaipaciianae s@ensorowengmsseare sontcrsarser, niagen back pedssate vel y

operating the che{n cal ref ste Pr ef emg& m cro rocessor
control | er SHE¥NsCEE rQSB‘F'BQ '@"Irgﬂﬁelf a58% I%lé‘?' SEASEb Yrd¥ter abl y, the
mcroproceé&%nag%ngmé.%+'prefg%§}f §05ia§« f&mmsssﬁ uésntséﬁ‘sow enoi d

val ves. One e I ment the chemcal re i? system conprises two prinmary

cheni cHl raBlmm@argiamd)dtmasedmmdmgrimlaanandilseccmﬁa'rychemlcarhe chemi cal
refill systemfar t has mcr groceﬁsor ontrol r 25 means

Lt oh sol clasenits R thaTaer EhaTeanas sEndt ARG RRhis! ch mode

i nvol ves t heineSRiRhnaid ¥@bnRah Bl emRIaEFaseMoifseser voi r and the use of a
shuttle primary chem.cal reservoir, or in a shuttle/shuttle node which

node i nvol ves the use of a pl urallty of shuttle primary chem cal

o e ey FBRE e bl S3Bh ARYEP BBl
anpul e15 r athiguid ferseraturs abasbmintdzich dfhﬁe panzeyant spbon@ansn ghgnsitatt i on. This
allows for réjslerr\(/ac():ltrs A further embodiment of the chemical refill system comprises a
microprocessor controller means for selectively operating the chemical refill
system. Preferably, the microprocessor controller means is a
programmable logic controller. Also preferably, the microprocessor

20  controller means further comprises a set of solenoid valves.

One embodiment of the chemical refill system comprises two
primary chemical reservoirs and two secondary chemical reservoirs. The
chemical refill system for this embodiment has a microprocessor controlier

25 means which selectively operates the system in a fixed/shuttle mode which
mode involves the use of a fixed primary chemical reservoir and the use of
a shuttle primary chemical reservoir, or in a shuttle/shuttle mode which

mode involves the use of a plurality of shuttle primary chemical reservoirs.

30 In another embodiment of the present invention, the secondary
chemical reservoir of the chemical refill system is not an ampule, rather it is

located within the component processing station. This allows for direct



9 WD 2004/ 012996 PCT/ US2003/010599 delivery of chemcal to the process
tool and is advantageous wth the use of chem cals that do not vaporize or
t ranspor twaebb4/om99% a bubbl er or anpule system 5 The pCa#gesaeosiomesent i on i s
also directed to a process for transporting a chem cal conprising the
steps of: (a) using a chemcal refill system according to the present

i nventi on, dgiveRedf drRniibalabame précebsi tabl ded is advamtagéag Witiities ape ocessor
controll er means which conprises a plurality of indep nden%% oper ati ng
ni cr opr oc efshendeals that danetomposize akitianspaiwalowid b ielh @ia8PeIgect ri cal | y

to each pré(};g?érx chem cal reservoir, and programmed to control the
refilling Operation of each corresponding primary chem cal reservoir; (b)
nonitoring the volume of chem cal within each corresponding prinmary

chemi cal reservgir; wherein each i ndependent| operatin .

mi cr opPocessor -E%PWFEH“’@B_@W is #igg Cﬁfgcgeéﬁﬁl%ﬂrchéﬁ??rhtégﬁﬁa?ﬁ”ag 8pr ocessor
control| ercWérﬁi@QP&omBﬁfﬁ%% : stdye agl%h?gt L @ReRfcdl Rerill syiBINI Ng ,

m croprocessor-controlled nodul'es ahd their correspondi'ng primry chem cal

r eser voi r sacqorlingda shengresenbiraventionnas séidorthrabove, aid furthersensor; and (d)
refilling each.correspondin rimary,reservoir .or shuttin do each
corres pond‘i’q{ap%ﬁf‘gﬁdﬂ%@?@?g?&rl Q%%llﬁﬁmaf??”%%? 88@?5'8?8%()0@%& ol l ed
modul es, UPORJESEdHIly DpePAlin Eifbropfode@BonE@fFdIE Abalies, #RAachon from
sai d sensor in each corresponding primary chemcal reservoir, wll act
synchriéhousioguteometched algeiriggliyole eaadnprémarny chasnicabiaseavalg andi mary cheni cal

reservoir. 25 Another e | el I ' : . Ses at

| east two p@g&rpm@%&)ﬁ@ﬂﬁ%&ﬁmﬁqéﬁgﬁﬁﬁ@ﬁ%ﬁe}g%@%éﬁdIlﬁgﬁgﬂ E:Hon uit

bet ween eagiemihl teseniir; (BY mopherihg te velartevsfiohemital witliinrddear enbodi nent
of the invention, the chemcal refill system 30 transports p?/rophori C

cheni cal s. COFeIRANENIYPIIMALY ehrificohresasyqir; whereinssach indreeadedty i qui d
pyrophori ¢, netalh 8 GaRfo &RBEBhfolldPmodule may be removed from the
15  microprocessor controller without interrupting the operation of the
remaining microprocessor-controlled modules and their corresponding
primary chemicél reservoirs; (c) sensing an alarm condition from a volume
sensor; and (d) refilling each corresponding primary reservoir or shutting
down each corresponding automatic refill line. Each microprocessor-
20  controlled modules, upon sensing a low Iével or low pressure alarm
‘ condition from said sensor in each corresponding primary chemical
reservoir, will act synchronously to cease operation from each

corresponding primary chemical reservoir.

25 Another embodiment of the invention further comprises at least two
check valves, wherein the check valves control the conduit between each

of the primary chemical reservoirs.

In a further embodiment of the invention, the chemical refill system
30 transports pyrophoric chemicals. Preferably, the chemical refill system

transports liquid pyrophoric metalorganic chemicals.
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WO 2004/ 012996 PCT/ US2003/ 010599 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
is a schematic view of a systemaccording to the present 5 invention for

di spensi ngowber@E2996gh purity or contam nation sensitivePCTHENGAIEI nt o a
processing station in the production |ine having eight points of use in

t he bubbl er section; Fig. 2 is a schematic view of a system according to
the present 10 invention for dispensing ultra high purity or contam nation

sensi ti veBm&g%ggbm?ﬁ@moprﬁ@@wmmwi on in the production |line
9 S 0

havi ng four poin use 1 n the bubbler section; Fig. 3 is a schematic

[ trahi gh par P b Eorbane ey BLEREPEm A X RIRE shfter DeTL 0°

ultra high purit Ive ¢C als'directly into a
processi nghandibhdr éji@péhﬁnﬁrmwmgrmuﬁty@ecbawimigatim ghnsifiee nts of use; Fig.
4 is a schematic view of the system of the r?seﬂl invention,for 20

di spensi nghemieals intgle RPIPcEssing statigh ‘Qﬁhﬁﬁ‘?‘ﬁw 0B hNE R cal s directly
into a processi . afl on, i duction line having four points of use;
and Fig. Y Sé@gﬁgiﬁhg?gﬁégﬁigébﬁﬁg el ectrical and chem cal sections in a
25 cabinet used to operate the systemaccording to the present invention.

DETAI LED DESCRIFfg! £ SschbimatiNW b dystem betsrdingstiohtbegirese ew of  an
ultra pure or contami nation sensitive 30 chem ,ca](, di sgeﬂsi ng system whi ch
forms 18 pantendfondopdisegpsingrilirahigh BRIty r SOBENIRGULR SPAMYRIct or s, or the

L Tt o

uirt st purge gas and chemcal refill manifold.
The bul k Jiemedalhsbppbierisaotisn.are denoted by the nunerals 50 and 52. One
or both of them can be shuttle 11 WD 2004/ 012996 PCT/ US2003/ 010599 tanks.
When only one tank is a shuttle tank, the other will be a fixed tank which

I's not desi gned,03he o RN RHic i@ df 2fsyatdth BREorting tdithel preeencase,
15  invention for dispensing ultra high purity or contamination sensitive
chemicals directly into a processing station in the production line having

eight points of use;

Fig. 4 is a schematic view of the system of the present invention for
20 dispensing ultra high purity or contamination sensitive chemicals directly
into a processing station in the production line having four points of use;

and

Fig. 5 is a block diagram of the electrical and chemical sections ina

25  cabinet used to operate the system according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a schematic view of an ultra pure or contamination sensitive
30  chemical dispensing system which forms a part of a production line for
processing semiconductors, or the like. The left side of Fig. 1 shows the
bulk chemical supply tanks and the valving and conduit scheme for the
purge gas and chemical refill manifold. The bulk chemical supply tanks are
denoted by the numerals 50 and 52. One or both of them can be shuttle

11



the cabinet 48 will be provided with scales 54 and 56, one for each of the
tanks 50 and 52. The cabinet assenbly is thus capable of being used in a 5
shutt | e/ sWotwb«oiawde, and is al so capabl e of bei ng usedPCa/is26030eewshut t! e
node. The scales 54 and 56 nonitor the anount of chem cal which remains in
each tank 50 and 52 at all tinmes, and are operable to send appropriate
signal's taahke WMEN Gl SheSank ih shifieIANk (the diRewnaR Rexegmmyed and
replaced with a new shuttle tank in a manner which allows the 10 production
line to rewiichis nolcdrrigrrdicsbe pemaved frofotheasabimetet8er i aitites cegere  peri od.

Th i f ipcl a.nl ity .qf I 0, 62, .64 d 66
ani on ar e 6 AERELAS RO st Bl etiTes 84 PRRE T B0r vRER sLfiL: 15

passages aaAks806anaArsni Ted cobinkt beskibiusthuotdgRlie vRbYRg Uékd & V3, and
V4, respectively, ich are actuated by the systemcontroller so that the

wh
cheni cdl feuiie/slutilamede@nshg abso aaalie ok beidstused) i a fixatishutled to

bubbl ' ' ' i f 68 and 70
or e oper at1208, g cafesr o Bhd B BRI hE Al of LABRIE] WBgERSges © &

respect i vekynainint dechoizinkeB0 pac 52g¢ 2l Githesb andGde opeealdié to kaat of the
transfer passgges 68 and 70 is provided with respective valves V5 and V6

whi ch ar e FPEPRIALE HPFP R the CMErtiet 8P thatdle shetie tRek canike eyl 52.

Val ves V5 : asr?ﬁ% : . The chem cal
is forced %}ﬂfregfa C%dﬁﬁ@ ?8‘%5”@@'%339%%@0 g%{nall g%‘?‘@%éﬁ. zing 25 gas
sour cd 055. predestEur ingugesaiRin godiiRbusrapearatoh for amindetermifete diase pressure
In the tanks. 50 and 52, respectively. The gas source is operable to

sel ectiveIRﬁrkﬂdovi de a pressurized streamof an inert dry gas, such as

hel ium or nitrogen, to tanks 50 and 52 t hrough passages 72 and 74. The

fl ow of pressurizing gas to tanks 50 and 52 through passages 72 and 74 is
3Q control |l ed iTheenanifold ingludes anvBralifioDvE]et padsades 60,62 6k, aofl cheni cal s

fromtanks d 52 to S es. 6 70 is controll.ed i art by val ves
Dvo ang DEE WhED B s Reb AR Skl SrARRHR T So R danual Ty 15 Vo
2004/ 05299%mdEadésard 8aLR pBSAfed with individual control valves V1, V2, V3, and

V4, respectively, which are actuated by the system controller so that the

chemical from the tanks 50 and 52 may be selectively transferred to
bubblers which require chemical replenishment. Transfer passages 68 and
70 are operabile to transfer chemical from the tanks 50 and 52,

20  respectively, to the outlet passages 60, 62, 64, and 66. Each of the
transfer passages 68 and 70 is provided with respective valves V5 and V6
which are operable to control chemical flow from the tanks 50 and 52.
Vaives V5 and V6 are also actuated by the system controller. The
chemical is forced out of tanks 50 and 52 by means of a tank-pressurizing

25 gassource 55. Pressure gauges P1 and P2 are used to monitor the gas
pressure in the tanks 50 and 52, respectively. The gas source is operable
to selectively provide a pressurized stream of an inert dry gas, such as
helium or nitrogen, to tanks 50 and 52 through passages 72 and 74. The
flow of pressurizing gas to tanks 50 and 52 through passages 72 and 74 is

30 controlled in part by valves DV3 and DV6; and the transfer of chemicals
from tanks 50 and 52 to passages 68 and 70 is controlled in part by valves
DV2 and DV7, respectively. Valves DV2, DV3, DV6 and DV7 are manually

12



operated, and are kept open during normal system operation. Valves DV1,
Dv4, DV5 and DV8 are |eak test ports. A second source of pressurized gas is
i ncl uded wo 20éw018998t em for use 5 in applying a vacuum PoTiUs2003AaNPD| d
assenbly. The pressurized gas source opens into a line which is controlled
by valve VI 5 and when valve V15 is open, the gas stream passes through

venturi noggdratetd ahE @& Kept opBR AN n%%'d“@ﬁ&n'dp{?aﬁ&.%lf% pRANS into
e manito

venturi nozzle 78. The venturi pulls vacuum on t so that there
i s no needPV4d, BYfranst DMB amedeslytastpotts. an ext ernal supply of vacuum An
additional valve V16 is |ocated at the exit of the venturi. Valve V16
prevents back diffusion of oxygen or any noisture or air that may be

detrimental to Alsecandebardy of fresdiaFedajdsan if@ided it iR R #isSuseld The
following is a description of the valving sequence for transferring

cheni cal fiIRGRPMARK as@oUyNithermapifald gssemblyet Thriptesguszed 9as2, 64 or 66.

tank 52 toomeT openadueating §ficE)S SO R IRNEVIS BinarE The syt em
is used iVi15 fseopdnytthé gashuitaane passts, thkyugrevemuti aloizsie 16 eo agts espondi ng
val ves. 2Q_As previously not 8 val ves DV2 and DV3 are_kept open during
normal op E&V%ﬁuql‘ﬂ@gg}g% rﬁ’h'%‘]@p%‘ﬁs e vepturiReaAes 7§41 The2 v3 or V4

will be Wp@l@%g%ﬂgb%qvﬁbvrﬁ?nﬁ@d %B%é/igthﬁ}e@lsvﬁc?ngy&t@ewoare check

val ves whi ch prevent ow of gas Into t gas sour ce. f the
r emai nidhg thelsystene te eptextemnaby@pn df EAGUum | IAnseddifiorss dalvepers kg val ve 25 V9

allows th ressuril zi n s from.t S, source to ent t ank 50,

pressur i zﬁﬂgatf?a@%ﬂ%? Péﬁ Oggﬁ VeI R&'\%oa\/ﬁgrpé%vqm%%@ﬁ'ém%F@ ®p through tube
51 into lg A% rablstddar i t The chemi cal
S transfex??gd_trﬂubblser@aﬂp%aﬁgbgﬁ}ag%gﬁma r{itﬁletog'gﬁé igc ®Connect's wi th
an ext endiitamingation sgnsitivevcklendicals. whi ch remai ns open at all times during

30 normal operation of the system The transferred chem cals enter anpule 4
t hrough the open end of tube 41. When the appropriate fill level is

S',St :ﬁ)lﬁg 1i3 n t NEhefdilslving ishe dessriptioh! Fth@WhRiRY s6RldnteTbPassSsépinges V5 and

chemical from tank 50 to one or more of outlet passages 60, 62, 64 or 66.
It will be understood that the chemical can be similarly transferred from
tank 52 to outlet passages 60, 62, 64, or 66 in the event that the system is
used in the shuttle-shuttle mode, by manipulating the corresponding valves.

20 As previously noted, valves DV2 and DV3 are kept open during normal
operation of the system. One or more of valves V1, V2, V3 or V4 will be
opened along with valves V5 and V9. Valves CV1 and CV2 are check
valves which prevent back flow of gas into the gas source. All of the
remaining valves except for DV6 and DV7 will be closed. Opening valve

25 V9 allows the pressurizing gas from the gas source to enter tank 50,
pressurizing the latter sufficiently to force the chemicals up through tube 51
into line 68 and out through the opened outlet passages. The chemical is
transferred to bubbler ampule 4 through a line 46 which connects with an
extended tube 41 via a valve 45 which remains open at all times during

30 normal operation of the system. The transferred chemicals enter ampule 4
through the open end of tube 41. When the appropriate fill level is detected

in the ampule, the controller automatically closes valves V5 and V9 along

13



WO 2004/ 012996 PCT/ US2003/010599 w th the opened outlet valve. As
previously noted, scale 54 nonitors the amount of chemcals remaining in
tank 50, woomrEr9dshe chem cal anpbunt reaches a predet @Cmusea3miesovral
amount, the controller will provide a signal to the system operator that
the tank is to be renoved fromthe 5 cabinet when the systemis a

shut t | e/ shukthltRe Dpehethoutibevaltvdie Asyateiously ruped addatg 54 maenifarséag shut t | e
node such that tank 50 is the fixed tagﬁ ar{x}ﬁ %\ank 52 is .the shuttle tank,
scal e 54 wAMoust ghghemigals ripainipgl B taninall, antwhssihe ghemicaliamepitank 50 has

reached a Fe‘\;éq'l-{e'soépgﬁé‘r‘iefteﬂn‘?& RiGhER &R Ythe ORIl F ARGV ite #Nd the

0,
controller the correct valves In the systemso as to effect a
transfer osigoaktu thal syistemmdparkobthat the taankkis 30 be Asmavieddran thdri s poi nt t hat

all of phe valves ex t DV2,. DV3 DV nd DV7 are closed, the controller
will open 936'\9‘@ Wf@ﬁﬁg/!?}’ﬁe?ﬁh's\?ﬁ?huwﬁ'fsgu% ¥YS&llse the pressurized gas from
the gas source to pressurize the 15 tank 52 to the extent needed to force

the chem cal up through tube 71 into passage 70 and through the valves V5
and V6 to |ine §ghermthe sysiemdabpetaiing inlaofikeddgdwitle masiegsuch that &8k nt o t ube

51 and intg.t.ank 50. n_scal 54 sigpa. that suffici.ent cheni cal has
been trans?’grﬁg’beﬁ%?q)yg[hrﬁ%%%%pﬁt e'Stﬁ%%BPhlslélt@PQ’ §C@iee§4\y\gﬁ\§@§a " V5, and
V6 to hal t copiremER Whe tHdehdrhieal Ieadl iRQahk 80 HadMeadRed A rBfill IPRY I ously, if
tank 52 were the fixed tank and tank 50 were the shuttle tank in a

fi xed- $hut prefesaply ahput he’rafeapeeity. vandl heiapngpler witkanasuingtasiecst val ve Vo
rat her thaOaM%EYﬁtﬁ/ésttlﬁfsr,@%{)ng e@g&raa&én\{&e@l;] ¥ﬁ€rnic‘éf?1%ﬁ1 S A) he sare.
g y e

25 The m croprocessor’co en opera e systemin
shut t | e/ shtdrid 50 maskimipgratdiis pairt thatcdiuaft tae viahesvalceps DM2, 0£3) one of the

d d_third chenical t f | i ' f 1h d-t o-add
Tovel of Ry and BVgrie dassh Pecanttrler wl Seenravany BaMerndSte pr of a
tank- empt 1. giela 4R AERlibA GALAt IS 83 Qbred @ HELLAER v

subsequent |y 30 actuate e valves to open e ot her t he second and
third thentari 52 to dresé&xdent needediodoreesthel ghternitabuh fequgintubeeétiinto- add | evel

oo s ShS 70 arid Fbinb SeRles 75 SRGV o ARS'6h O e rchiigal’ ! ves 11 @
then flows down through line 68 into tube 51 and into tank 0. When scale
54 signals that sufficient chemical has been transferred into tank 52, the
controller closes valves V10, V5, and V6 to halt movement of the chemical
20  from tank 52 to 50. Obviously, if tank 52 were the fixed tank and tank 50
were the shuttle tank in a fixed-shuttle system, the transfer would involve
manipulation of valve V9 rather than valve V10. The other operative valves

would remain the same.

25 The microprocessor controller when operating the system in the
shuttle/shuttle mode, periodically actuates the valves to open one of the
second and third chemical transfer lines upon receipt of the need-to-add
level of chemical signal from the level detectors and, after receipt of a tank-
empty signal from one of the volume sensors, to periodically subsequently

30 actuate the valves to open the other of the second and third chemical
transfer lines upon receipt of subsequent need-to-add level of chemical

signals from the level detectors, and to keep the valves in a condition which

14



14 WD 2004/ 012996 PCT/ US2003/010599 holds the first chem cal transfer |line
in a closed condition. In both the fixed/shuttle and shuttle/shuttle nodes
of operatworepo4/1e99%e will be an operating protocol for @excrhsagisnegosan enpty
tank for a full tank. 5 The following is an explanation of the protocol.
The enpty tank to be replaced will be the shuttle tank in the

fi Xed/shUEblo% tRRdRst @iniah! RAMAEI e inanedsefl cohditibanks in the
shuttle/shuttle node. Assuming that tank 52 is the tank to be replaced

with a full tank, the controller will be signaled by scale 56 that tank 52

S R 2 in BBA e Pk SKBlic R MRS eI ther0 of tube

71. The general I exchangl ng enpty containers is as

fol | ows: il Bb@wi digeratihg tohetokblfes exdhariyingranichupty tasls foricefuddanik.t h t he bul k
15 cont ai ner being repl aced; 2& pur

ing the Lines of .the ni fold
associ at ed h@ foHowhg i akexriamgt nn‘grtﬁﬁ@ig?ltﬁcmebhﬁceéﬂ?t@?mf F%Eﬁi ng inert gas
t hrough t o | [ | HRS e ' LpaYHeRedtp@ from t he
enpty bul Eg%%ﬁ?gﬁﬁﬁepggﬂ sﬂﬁ@r{?\l@gtgqnfnect ee(?/%oum)%gnﬂ?g anew bul kﬁ?ont ai ner; 4)
pur gi ng t lmekiofalse dayskisnin thadhbltietdmettie mpdehAssonnag thajrignk §i2 is daks.
"Blowing out" refers to ther val of ligquid in lin f..the nifold 25
when t he [k tg bgreplaged V‘fﬁ?‘ %ﬁ'@ﬁtﬁﬁg’ltge'qgﬂﬂahﬂbwmrb& %'553‘%8 tpph%c%’%m)val of
any  resi Ggahat tHK by M8 itRatlthe chiehfcalaéliatlis bBRW thledvivegendt
operation. E?tégﬂdl %‘E‘se(g@ g}r’slgt'éﬁ?the const ant fl(l)?/v of Wgas t hrough the lines
to el ilf natféube 7de contam nation which connections are being made. 30 To

start the changeover sequence, the controller will open valve V15 so as to
direct a stream of conpressed gas through venturi 78 and out through valve

V16. This will ThayeAenprstBtolfot SrcHanghBempadbilk donteendd.is 5
follows:
1) blowing out the lines of the manifold associated with the bulk
15  container being replaced;
2) purging the lines of the manifold associated with the bulk
container being replaced,;
3) flushing inert gas through the connection lines whiie they are
being disconnected from the empty bulk container and then reconnected to
20 the new bulk container;
4) purging the lines again; and
5) checking the connections for leaks.

"Blowing out" refers to the removal of liquid in lines of the manifold
75 when the latter are full of chemical. "Purging" refers to the removal of any
residual liquid remaining in the lines after the "blowing out" operation.
"Flushing" refers to the constant flow of gas through the lines to eliminate

line contamination which connections are being made.
30 To start the changeover sequence, the controller will open valve V15
so as to direct a stream of compressed gas through venturi 78 and out

through valve V16. This will draw a vacuum in the line 80 and in line 84.

15



WO 2004/ 012996 PCT/ US2003/ 010599 The valve V13 is opened to extend the
vacuumto tank 52. Valve V8 is opened to direct a stream of pressurized gas
fromthe wox0ewuewe 55 into lines 86, 88, and 70. The @a3/Gskemsamesdy om
source 55 thus sweeps through Ilines 88 and 70 as well as tube 71 and tank
52, and thence through lines .5 84 and 80, into venturi 78, and through

val ve V16.Tifhganahves ¥Jc§3e%a\f6ré&§enob%wééuhm@ﬂk@fz PAR@EPg Y any noisture

or air which is detrinental to ultra pure or contam nation sensitive
cheni cal s. Opﬁf@ddwilm afstieam heprgssurizasligas frai theqgasssouing 56dstadual

chem cal T be tra ferr tank 52, The aforesaid
val vi ng co #F?@%P?r@e ﬁ?ﬁ ﬁ?%?“@%nlf yg ?&%5@&!&1%?"?%%%“?? peri od
needed to lmes% ahe 701 dteRelPhs tiisd TV andehrRB2aand tHricerthidiRyh lifees have been
purged of residual chemcal, all automatic val ves are closed and the

syst emSopeihand 80sinta yenive 2 ang thrasgh valve Xi16v aheeelvelvd Gamévﬁl‘vtlis on Lop of
the vai veR R bR o RGAETbFRRL MR 803 Syl srRRRg b Ulia o, L% o

direct a;mreemmoutamwmnonseadtug@s:héhﬂmhmermtrylgas?r&naﬂdagwé t hrough val ve

V16. This wll iaw a vacuumin line 80 and in lin Val ves V13 and V14
are opencPWee Wit erdsq ARy chgmiald lines 8@@‘”"’77(9 toatPf%ltrBBSfe&rﬁé on tank

20 val ves ARGV e SfeddiatBRME YRR diF0E Hidir@ihdl for oPe ai nt ai ned
to apply vacuumto the nes an ank valves tor a predeterm ned
tinme I}Ger|mddet%WUned/theQ®rMﬁ51®d¢d\m3)ngetm MOfandlduladachahml V8 is
opened to ct a_stream of | Z S source 55 into lines
86, 88, 7‘8‘9 & ligkg hays begY éP?&%ﬁ%‘%%‘F Wﬁ%&‘?\éﬁ% $ es
pressure tae dsdd Qﬁétl?@sys?&n c%%raﬁn‘?q’s %@tr@éte\ﬂetblck?s% r?n%nh? \?’é’é ves DV6 and
Dv7 for a predeterm ned ti1ne period he above purge cycle alternately
appl yi ng \iﬁmdala\ﬁmretopmféanl@ﬁzthe I|nes and on the tank valves is

repeated for the desired nunber of 30 cycles, typically about ten. Once
t he necessary purge cycles have been conpl et ed all automatic valves are

cl osedsand the Afistthel X@ferfﬂobérél@ﬁéigndl@'tMé%yM%n@ﬁ&wﬂ«@l%rttﬁaﬁhéOW gas to flow
through lTines 70 and 7 | e
valves have been closed, the controller will open valve V15 so as to direct
a stream of compressed gas through venturi 78 and out through valve V16.
This will draw a vacuum in line 80 and in line 84. Valves V13 and V14 are
opened to extend the vacuum to lines 74, 90, 70, and 88, and on tank
20  valves DV6 and DV7. The aforesaid valving condition will be maintained to
apply vacuum to the lines and on the tank valves for a predetermined time
period. Next, valves V15 and V13 are closed and the valve V8 is opened
to direct a stream of pressurized gas from gas source 55 into lines 86, 88,
70, 90, and 74. The gas stream from source 55 thus applies pressure to
25 lines 88, 70, 90, and 74 as well as on tank valves DV6 and DV7 for a

predetermined time period.

The above purge cycle of alternately applying vacuum and pressure
on the lines and on the tank valves is repeated for the desired number of
30  cycles, typically about ten. Once the necessary purge cycles have been
completed, all automatic valves are closed and the controller will open
valves V8 and V10 to allow gas to flow through lines 70 and 74 while the

16



16 WO 2004/ 012996 PCT/ US2003/010599 tank is being replaced. The aforesaid
prevents air fromentering the flexible connection lines while the tank is
bei ng remyvedosrnddda new tank is being installed. The sysrdarseapsieoor wl |

be instructed to renove tank 52 fromthe cabinet and to install a full

repl acenent tank. After the systemoperator 5 has indicated that a new

tank has been is peirg ﬂe@ﬂac\éa' YRE a¥reaBR Pfeleptcair #bosétderidgheaatipr! | er then
opens valve V15 so as to direct a streamof conpressed gas through venturi

78 and out CYHIecHoyTiBes Whils the tankiisdheing remevedand a mew tanteis ingnd 84.

Val ves V13 1 74, 90, 70,
88, and to ? %lﬁgvgﬁ@r%@%%ggdé tg{/% ﬁ?ﬂj tﬁ{%ged/@fr%ﬁ!@\}gnt[an\‘;g;ﬁfr%ntl me, the
cont r ol | erthe! cadsetvaidvesnathB sl rdilacerhaat tE(HRnAft@IL ey syidhem dpatafopr s the
pr essur on t he and val ves DV6 and DV7 means of pr essure gauge

P2, whi ch fas g'dﬂﬁaég‘g & e dnlcas bgen |'r§ta|!ﬁde‘é3JV@%V§a?!I@'e Pdare rise in
pressure wogkgy! gﬁb%h?roﬁerl Hak d nrs%lve \Z??%Bta's%%nte%t Ia@ﬁre%%/ Feank IT no

| eaks are detect e system pea 1 bov s and
returns. Twnpmsadcgasvthtdughammmm ¥ 8raztdusurt viahe V$®sfl'hm Wit drivoarat i ¢

t whi ch te tl b ted that th
repl acemmntBiral (edBaRCad BA. SiEve MR AT 4 i ouia extpebl aced wit h
a full tane JddueaPRLH47Nio0MP0L BE ahdRo %)h%t\%me's VBANAPSYAL gyl n the

fixed/ shuttle, or the shuttle/shuttle node. In orfi%r to operate the system
cont rolQ erSLilfﬁClﬁh’eVmLem tigea ithee dontpelfesitclosg sraaties V12 and \&i4. hEne t he

heed onl'y StrQ/BT Rl e Be bt SeusS REBE s Bndoiaties. ¥t B °bf he.
system whbye hdahsastppesdurs adg é)PZTWHIéh @a??@ssﬁ%’ﬁ@ﬁé&ﬁr%é fled in 25 the

system The di spensing system i ncludes a chem cal tenperature controller
whi ch cont RICSSUE @M R4l Astignin/prespuleswauitiiodicale z leakhis thetra pure or

cont am nat I t cond ctor cessing 30
oot on vi SosSEEAE té R TR, 1D bRES B A BoR S LR SRIP T oPRES T he
pr oceslsi ngthetaﬁoverpurge@yeme@m returas. Mherdpega®r wchmamany tétQePthe The

system to automatic operation, which will operate as outlined above.

It is noted that the replacement/purge procedure will occur when an
empty tank is replaced with a full tank, irrespective of whether the system is
20  operating in the fixed/shuttle, or the shuttle/shuttle mode. In order to
operate the system controller in the preprogrammed operating mode, i.e.,
either the fixed/shuttle, or the shuttle/shuttle operating mode, the system
operator need only activate the controller fo reassume automatic operation

of the system, which is accomplished by means of the keyboard provided in
25 the system.

The dispensing system includes a chemical temperature controller
which contains a chemical supply ampule 4 from which the ultra pure or
contamination sensitive chemical is fed into a semiconductor-processing

30  station via conduit. In the system, the chemical is carried into the
processing station in a stream of an inert gas such as nitrogen. The

nitrogen gas stream is fed into chemical supply ampule 4 from a line which

17



nitrogen gas streamis fed into chem cal supply anpule 4 froma |ine which
17 WD 2004/ 012996 PCT/ US2003/ 010599 opens into a tube 41 that extends

bel ow t hewewobsmesssf the chem cal in anpule 4. The nitr ®@gEUSIes/0$¢9Lam
forns an ascending flow of bubbles which rises up through the liquid
chemcal into the free space in anpule 4, and is operative to humdify and

Pressuri zgnahg j {}troee?t tha@%?%é?{o%a&e%\ﬁ tﬁe e[’%ééj\,ﬂ lgﬁd?r?emlcal in

chem cal | y- hum di f1i st ream of processing gas out of anpule 4
t hrough ownpyle0 'Ehr&jnltnmlgenageiS| steeano farhes an asearwding flstvadfi mmblesA br anch |ine

may be used.to te xhaus t he. Si stream fromthe
syst em durwqﬂﬁh §'§§ @ ttﬁ@ g ggeémc%&pf% Jn%e g%%?%&?@‘@ﬂl? perable to
control t fw\dctsro%%at% tefhunhiawy ‘éhdtd?éssmr%ecﬁé e SARel Andldreésm@a The

conposi tion of the atnosphere’in the processing station is controlled by

gases adnifressirizedochemiogliphesiidiigd streanveaf piogessing gastwhithdlows r egul at ed

bi o’ s Seh @A e R iR U P oot et at i mg

t enper at urfebrahohhizesi may betuwmetbatémp@rm? eRpAst the précasig gag control | er
via electrical |line sensor and chem cal |evel sensor array are disposed in

ampul e 4. stieam Eo®) thersysiam chiEing siartiup strﬂﬁpéocﬁsiss \@lyeeard n a manner whi ch
20 depend e'i&f?ﬂe&@éf@ﬁl%rtb on{r{ypfﬂe"mi ﬁ@?%ﬁ/ thé 9‘8@@&55@959 For

exanpl e, en a rtz a 'S use 'eVel one by neans

of a heamstnaiai. eWharadmpmsttuomacbfltyeamaoeph@pantthé pnmeesern@ swbtl@nhlsare | ocat ed
in the portl?n of the e 4 is situated. One of the

recei ver s Go8trglled QYtg-a§§§ |3Fjlm'{t%¥h tQé'Pe P Séwgtstt%ﬁ'o%é'ﬁd?ecﬁ wWhigh &re beam
t hrough 256%@!%6531@3? Eés%ﬁﬁov@ ﬁﬁém_ﬁgt ive receivers |located on the

opposite side of e anpul e e liquid level is such that the
emtter signal passes through the liquid, the i ndex of refraction of the
| i qui d causes e enmtte suffl |en hat t he
Startererir oG SBPdAlye Aot L AT HeS Ao ERhh AR SR as thi s
condi on Illa@rcﬁd:f&irﬁlcal .hearﬁpnréhﬁaf &brdperRIatHy t%@nﬁérb{urBOtA Berdfddl vat ed.
When the liquid |evel S below the emtter sig
temperature connected to temperature controller via electrlcal line sensor

and chemical level sensor array are disposed in ampule 4.

The level of the chemical in ampule 4 is sensed in a manner which
20  depends upon the material from which ampule 4 is constructed. For
example, when a quartz ampule is used, the level sensing is done by
means of a beam emitter and vertically spaced-apart receivers which are
located in the portion of the bubbler where ampule 4 is situated. One of the
receivers is a start-refill receiver. The emitter sends a signal beam through
25  the quartz ampule to respective receivers located on the opposite side of
the ampule. When the liquid level is such that the emitter signal passes
through the liquid, the index of refraction of the liquid causes the emitter
beam to bend sufficiently so that the start-refill receiver will not "see" the
emitter beam. So long as this condition persists, the ampule refill program
30 . will not be activated. When the liquid level falls below the emitter signal
beam path, the start-refill receiver will sense the signal beam and will

18



beam path, the start-refill receiver will sense the signal beamand w ||l

18 WD 2004/ 012996 PCT/ US2003/ 010599 transmit a start-refill

progr am awpi2eeti10996si gnal to the systemcontroller. |n @CaarS2e03/0e0t8ur e t hat
t he proper amount of chem cal has been added to the anpule during the
refill operation, at least one liquid level 5 sensor is provided in the

system Th@aﬁs‘rﬁﬁQrs%a@-rréﬂlvsfdglrﬁﬂ-éduv%ﬂéﬁ%ibn%l)ﬂf t‘he SfstémRicheiejer m ned
di st ance. The | owest sensor 1s the "start refill” 'sensor. The internediate

sensor is a "stop refill" sensor, and the uppernost sensor is an

"overfill" sensgqr N NsSor_is rable nd a signal to
the system contﬁr-%o gp{?o éwgttﬁ%ﬂg#hfa rPiﬁp%rh%mQHBﬁ‘ﬁ)“eC*}%@CB 6 erI y
refilled; dddehio thb%\r@pﬂﬁlefddringscﬁéﬁ‘r@ﬂl opdration, & IbastkaHe fiquid i stop refill
sensor, and Wi | | actjvate an alarm.in the case of an overfill condition.

It will beSSIbIsROyifed Rdhe gysien.néhgsensersarsulesticallyspacep apeft | | and t he

overfill t [ | | er when the
emtter beaﬁﬁfeag?%fnelggggﬁﬁﬁé&paﬁg? rl}éW?éﬁ Steng?lls%ﬁthgInlgt%gﬂ&h@h%qﬂsgél whi | e
the start TFld intérnsedisterseérsot s arjehopbbﬁll‘tsmﬁbgrmid thieeusiesirist s&migrol | er when
the emtter beami ect ed %S@aSSI ng through the liquid chem cal.

not I
When anpul'g@ 3 |°¥e a?ﬁ?%%rse@?eeéﬁo,p e RRAfiie pperakje fo sand Besighalded by a
vari ety of \g{ﬂ,|Pq,he ly by 20
nuner al 31th@1a%§§%\;\1h9|58ﬁtr§$éeﬂ'ﬁﬁ'ggil?gcj% ﬁﬁ% the toé§3 bg %ﬁ ﬁ)trSS R eﬁ%!%’d ext end
into tle aarndjtf@ averfilhecnswaacihas @ bacé(upﬁemmadtobe&fﬂl semsdrOaﬂitEV\ﬁilEnSEd In

one |nstanc§ ach robe has a artz g thth 'b e d.. Signal beam
enitter/retdMgEd Fﬁf%'@ gc&aye @nn% PUHIhett E 8fu 096d and send
a signal bcﬁéffwﬁﬁ\tﬁb hhéﬁﬂ@fm;ﬁﬁé hthé%%p TH ol o\}?#ﬁi@ fe reflected

internally by the bevel ed ends of the rods wnen the c emca liquid | evel
i s bel ow toferablgdosignal éhe systempeniralies whendheereitter béam is aeflestedi mer sed

in the |i be, refracted out of the
bevel ed e(r]p@y g?whqgéghm&'iwg%%ﬁgﬂ?% l%hﬁe Wi refl SERSPt 8 r ed t hr oughout
the cheéni caperableus sigreedthé b?stbﬁved)rﬂ@bl@ﬁdrl"@fn the Endittbr bééﬁn‘ ik nopd 49 is 30

I mrer sed |C§1 }he chemcal, its emtter/receiver 47 will not detect the |ight
eflected by passing through the liquid chemical.

When ampule 4 is stainless steel, the chemical level can be sensed

by a variety of means of a series of probes which are denoted generally by

20 numeral 31, and which are inserted into the top of the ampule and extend
into the ampule to the area where the chemical level is to be sensed. In
one instance, each probe has a quartz rod with a beveled end. Signal
beam emitter/receiver components 47 are mounted on the top of each rod
and send a signal beam down through each rod. The signal beams are

25  reflected internally by the beveled ends of the rods when the chemical
liquid level is below the ends of the rods. When the beveled end of a rod is
immersed in the liquid chemical, the signal beam will be refracted out of the
beveled end of the rod into the chemical, and will be scattered throughout
the chemical. Thus, when the beveled end of a start-refill rod 49 is

30 immersed in the chemical, its emitter/receiver 47 will not detect the light
beam and will not activate the start-refill program. There are three

independently-operating chemical liquid level sensor probes, one 49 for
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beam and will not activate the start-refill program There are three

I ndependent | y-operating chemcal |iquid | evel sensor probes, one 49 for 19
WO 2004/ 0WwD206+/R®P6US2003/ 010599 detecti ng the start - r eCirlus200310e6599 one 51
for detecting the full level, and one 53 for detecting an overfill |evel.

Emtter/receivers 47 are connected to a sensor circuit or control

el ect r oni CetuBif i StafORfifidRy drid $MRrideginatiiedull ks, raaldlatre 53he contr ol
el ectronics are connected to the systemcontroller 5 via |line, the

cont r ol | erfondetegtingaeevarfill levehbEmdterfipreiMets 4batpnenianted 2 purge gas and

Qo 1 evetorBek Bt bR R iR SRRk onkhey e dtbe Y 70

i ncl ude, f@int@tlarpirae doheoirelectronids @r@sornected pathd system caad®llesoni ¢ or
ultrasoni c wave, nitrogen back pressure, 10 el ect rorssf?at i % .cg%age, vol une by

means o aviglipa: theseantiller bgingdigused dnisi GRRINGG ehieh afsogtonigh ntroll er

m cr opr oce | ] thes§iki nputted therein
operati ng %‘%@%rﬁeﬁ?@&@%ﬁ%gg@?éﬁ%%ﬁﬁ»’iﬁﬁ%ﬁ’ éritg operabl e to noderate
and cont r othdrhieavsupsiy $aric. ddtres le@irpensors shatf mahdesyseddnsiso as to mai ntain
proper chemcal fill level in reseryoir anpule 4; roper_operation of the
vari ous va$t95§e§%3t?ﬁb°%”);§tr§ﬁ? “};?i“q%e!\(c?r e&%a”g@ﬁi &'leﬁlﬁ@' gorécg‘r?é “ed proper
operating &fﬁé&ﬁ‘f‘éﬁ@é?ma@& ¥ilié oPBItRRLAIAIaRY nithedet PAK Sressdfe, The cabi net

i ncl udes a mcroprocessor controller section which includes a keyboard and
a noni tor electbstatie chargeivodime dytrheans efca floabassesddy.i @AY t he cabi net,

whi ch cabi net se%tion hOUfeS the electrical conponents of the system A

pr ogr anmabFANPEGIONE MSTESf1 er (PLC) can al so be used to operate the
controller. Wth use of a PLC, the subject 25 invention does not require an

ADAC Board, and controls a touch screen flat panel display. Using a touch
screen flat panéhedionpoigr PisyPRIASESINdS AdHEPFAgraMMN e aPPCeRdUse, di sk

drive, and,internal .ha lve. The rdi e hWagt -.cont ai ns
the tuo bulet Re ARl fsBFy el b ERipBS h i ALt gba M i
si de- bys si gge@dns fo Mdidefatal dravcatre #®e varidusehdrdivars spmippnents of the

system so as to maintain proper chemical fill level in reservoir ampule 4;

proper operation of the various valves in the system; as well as additional

scheduled proper operating parameters, as will be pointed out hereinafter.

20 The cabinet includes a microprocessor controller section which
includes a keyboard and a monitor which are contained in the electrical
section of the cabinet, which cabinet section houses the electrical
components of the system. A programmable logic controller (PLC) can
also be used to operate the controller. With use of a PLC, the subject

25  invention does not require an ADAC Board, and controls a touch screen flat
panel display. Using a touch screen flat panel display obviates the need for
a keyboard, mouse, disk drive, and internal hard drive. The lower portion
of the cabinet contains the two bulk chemical supply tanks 50 and 52 and
has a pair of side-by-side doors which allow access to the bulk supply

30 tanks. The lower portion of the cabinet contains all of the aforesaid
chemical and operating fluid flow control manifold and valves. The valves

are preferably pneumatic valves which are operated by a source of

20



30 tanks. The |ower portion of the cabinet contains all of the aforesaid
chem cal and operating fluid flow control manifold and val ves. The val ves
are pref ewakbg/q@eedmati ¢ val ves which are operated by arsaurse@3nios2® WO
2004/ 012996 PCT/ US2003/ 010599 pressurized air that is |located externally
of the cabinet and is connected to the manifold systemvia a transfer |ine.

Control of pesspriess ait thatris ideated extemaly of the cabirgt andcmpbrhrsémed Yo a
el ectrical solengid val ves, cont ai neﬁlei ngog{ie el ectri cal tion. The

sour ces of therBasiield sygieyayisa dangiesdiag PlerfRampregeed HE ©%bi net. The
cabi net haﬁw@u%gtarli'n%% a%Engn?rﬁ’@oc\% e?&%bﬂ%%lé’%r&%ﬁ/(e@ c'd@?éjnécﬁrn operate the

system The u r sl ectrical section of the systemincludes t controller
conput er GHde:Ieoimmabs&cﬁroslucTheasourbm obpigssurizehgak eydomated a 10 nouse, a

floppy disc driv hard drive; or in the alternative, the touch
screen f1 afX tﬁmgf (Ef%gﬁlcap'neﬁ'he controller is connected to an analog to

digital controller board which takes the analog signals froman interface
board that controls the operation of the solenoid valves in valve
mani f ol d, and c6he@abmettHiresaheatorgalangrﬁrempaltseqﬂogswuclsagmm@ for the

controller co nter oar | s onne o and

recei ves SPE]?] *?E% 8¥ﬁt8'5r ﬁlngppteﬁg e&ﬁqgl?tsgﬁfgorgﬁ 1I%(? 2] e%nﬁwﬁe%&r?sor s; from
the anpul echhtrdlidrethpla@NSPIBcoriMpEneht ishieh adtHe hiGidrPeNes®BHIE sgauges Pl
and P2. The solenoid valve manifold receives conpressed air fromthe line

and sel®ct mpstsg, adloppydisa diive, @oﬁ;ﬁ Rarsledyiva prrrbther@teabew@ dles touahed
pneurmat i ¢ ¥8Je\§ﬁ%la?g)%$m§8lagn r‘h*ée St Ir]gplsfrg:{r%e%?e%eﬁ;oéﬁ' a |%g tB%f %ﬂ'“a'

t ubul ar connecti on he so eno VE TS opera with a

respectrvecomteolm‘rlddaedwmmwkes tlv@laroreloglsignalooron’aehfmed”ac@eparwthm on i nput
received from start/stop Si the, weight scales é}l the pressure
gauges, asCQ\@T(PSéBQQEGF%HQS‘rO th?)ﬁ?'ePPtfer‘%'H%s INORI¥e Fani e, t he

o for o, SR 85, SRASASRIh BEIFGRIL ol SRRl BofpligP, . ond
al so silgnan'hemdtep‘eoeqhoardhessdsxcemrmpmohitooand/remen\ree sigmals dronaboth of t asks
whi ch must thbeebglﬁqgr% lsXalggrofrWe ‘'sensors; from the ampule fill level sensors
via a line; and from the pressure gauges P1 and P2. The solenoid valve
manifold receives compressed air from the line and selectively delivers the
compressed air to the above-described pneumatic valves contained in the
20  manifold assembly via individual tubular connections. Thus, one solenoid
valve is operably paired with a respective one of the pneumatic valves in
the manifold. Depending on input received from start/stop signals, the
weight scales and the pressure gauges, as well as operator input from the
keyboard or mouse, the controller dictates operation of the solenoid valves
25  in manifold, and, therefore, the pneumatic valves V1-V15 in manifold. The
controller will also signal and prompt the system operator via the monitor as

to tasks which must be manually performed.

It will be readily appreciated that the same system manifolding
30 containing identical electrical and chemical components when constructed
in accordance with this invention will be able to operate in either of two

different modes. The only difference will be the operating program
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It wll be readily appreciated that the sanme system nmanifol ding 30
containing identical electrical and chem cal conponents when constructed

i N accor dape1dvet hi s i nvention will be able to operaeTius2eidtoh@9 of two
different nodes. The only difference will be the operating program 21 WO
2004/ 012996 PCT/ US2003/ 010599 contained in a hard drive in the controller

conput er. Tontmiredsiysa aard ammrm@tc@ﬁuﬁonena@mb%@cerhw'sta%;lsfeérﬁ invention wll
be usabl e inl@saigfcrte xi sting processing plant which uses "either the

fi xed/ shut £ ShiR BPe9ISiRNe? With thisdnwentinn wide usahie in ahprepxistence of CVI
and Cv2 al F%s@ﬁ’fg SEL @Bicﬂ%%s%iﬁl@?%%ﬁ%cgglﬁ@hg gﬁggh@[ﬁ%ﬂg such that a

second contai ner I's not necessary. Wil systemis

very fl exi bperating medei tdsa; dinnprssenice B/ £and I0V2 BliovidiordRe drashipunber  of
bubbl ers [ nodul es in the nodul arly expandabl e

b¥ a%j H(Stl ng the, nunber of he |

aut omat ¢ PBF PUK VR SONRRET slicheiled @ srepadqontaipeiis noteesgssann of thi s

I nventi on Thtl V8T AaioPn iof ] folding in.a chem cal
delivery assenr%(?dg/ulg\}hiach H%WF ﬂfFg?ﬁgﬁpﬁss\%{%ﬁg%g?r%ﬁ%%%g%80'%5%%'0&

oper ati on 8nd chsirpt olcaysdesiresl rurhbeFobbuliblsisdysadjushitetiet hembeess of an
ultra pure or, contamnatign, sensitive chem cal di spensing system which has
only a si n@%gugerse@?ﬁ?i@%‘élﬁaﬂ%ewmé%ﬁ%ﬁpg%wa%%'ﬂ)ﬁﬁm 3[%6 a single

chem cal sinpriaseaniurbatility bF theld NS ’ | iy | ar manner
as that described abov_élir,wi ?1?16(% espe?%mtglgsl%{ eﬁ@y@ﬁhﬁ%ﬁ%ﬁg%@ﬁ@ﬁ g. 1.

Fi gs. B an@rgusiesimantoidingin 8 ohiesvicalfdedineryl assenhly evhish meeiforiRdat | on

sensitive ; .cal. . di ' system whi ch. has direct |Ijquid 20 injection
of the che'%q' C e@%ﬂf@?ﬁ@%ﬁ%g@i §aYeq Phihe Propessingeiedtsyst ems, cheni cal
can be di spensed froma bulk supply tank to a snmaller working container,

and then chem c%_l I s dispensed as a liquid fromthe working container to a
vaporizer unit RliZethows Risshematie yigywatan ulirapersonepntamatation. Thi s

ransport el e are b bR T Bt B PN i REE s Pk i 1 ar
mannerl5t o hulbsbeddsalrsuppty @hkeed asingischémrasiopiahipuidieTR)Cept i on t hat
dispensing system operates in a similar manner as that described above
with respect to the system depicted in Fig. 1.
Figs. 3 and 4 show a schematic view of an uitra pure or
contamination sensitive chemical dispensing system which has direct liquid
20 injection of the chemicals into the processing stations. With these systems,
chemical can be dispensed from a bulk supply tank to a smaller working
container, and then chemical is dispensed as a liquid from the working
container to a vaporizer unit housed within the component processing
station. This configuration is desirable for chemicals that do not vaporize or
25  transport well when using a bubbler. These systems operate in a similar
manner to those described above in Figs. 1 and 2, with the exception that
the bubbler component has been removed and the chemical is directly
injected into the‘processing station.

30 Fig. 5 is a block diagram of the electrical and chemical sections in
the cabinet which are used to operate the system. The upper electrical

section of the system includes a programmable logic controller (PLC). The
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t he bubbl er conponent has been renoved and the chem cal is directly
Injected into the processing station. 30 Fig. 5 is a block diagramof the
el ectri cawoanav/@bea cal sections in the cabi net which &Ca/used/ ot@Ivper at e
the system The upper electrical section of the systemincludes a
programmabl e | ogic controller (PLC). The 22 WD 2004/ 012996

PCT/ US2003P0CQa9®rollet-containksthé IGPU cgmlagrnﬁommlgmmmngla% dulpyiss, digital
i nputs an tputs, and_power sup he control is connected to an

do
anal og i np%ﬂ&lﬁﬁWEHSUBRlés bﬁé@fr@ﬁawanﬂ@@tadytOfmbamalhg Irww.lltwvlﬁdl@r wei ght
|
Convert ag BRES I S inald ARRAY IR i Yo Skeiohl SodPS Al bR Rs, o1 °

control s ttmmmees (Phand Phe Thel aratodisigabieesreiddnvatue lrﬁl.‘@fdl%l&ild 114. The
i nterface board. The interface board contains

PLC nodul es ¢ tt g
t he requi rdd"” 8 tthg,_ﬁﬂg‘ro &' CQRRUieRMdli¢h centErle the sRewEiionmidBg ur e t r ansducer
and scal esséfoig WMRR!RYannbifoB A4 ITEPECIholiligsdofine {1 tacuUM swi tch,

spill sensor and door sensor I nputs are connecte I it erface
boar d. Thentaﬂf@emedeleaetmtanﬁace kalasd containgpthetrequined pogealsapplies ng from

t he associ roce eq nent. On comman fromthe PLC, the
i nterface %bcgﬁae LEnt Cﬁ?éﬁa ressULe iranRduserIchsaies aEa cerRnectd sol enoi d

val ves conprthk an@smqoém&ﬂ@hélmd | Pe K/Qm!i\hﬁ SARHTBRI| Seh8bM&Sd HBof he Pl umbi ng

mani fol d. The 15 enoi d valve manifold 114 receives conpressed air and
sel ectllvelSensgeinpiés are pennasied & thedntarfacedaand. dbevetetfeser i bed pneumati c

val ves ol d ass enbl. |nd|V|d al tubul ar
connect i onsé&@@gs %’%L?S'H%(Sﬁ%%g] eﬂSPa \F{QI"\V ’?'19"2) ?}3 red with a
respect i veprooessifig ebapnisteUItH C@mmn&ﬁomnhéfnm&ﬁéfrﬁbﬁaééon?cPend' ng on
i nput received from 20 start/stop signals, the weight scales and the

pressure FRANGESIINAIS i pIbagk Oféﬁmd)vaWﬁ%ufrhﬁrS@*ﬁﬂdﬁVRWantrobr mouse, the
R e e e SR C PR U S
al so dbgnalolamald vahmmhnlfdﬂa yisieeslvep eopipressedail BAd selsdiliver een moni tor as
to tasks Vg]ellvers the compressed air to the above-described pneumatic valves
contained in the manifold assembly 58 via individual tubular connections
116. Thus, one solenoid valve is operably paired with a respective one of
the pneumatic valves in the manifold 58. Depending on input received from
20  start/stop signals, the weight scales and the pressure gauges, as well as
operator input from the keyboard or mouse, the controller dictates
operation of the solenoid valves in manifold 114, and, therefore, the
pneumatic valves V1-V15 in manifold 58. The controller will also signal and
prompt the system operator via the touch screen monitor as to tasks which

25 must be manually performed.

It will be readily appreciated that the same system manifolding
containing identical electrical and chemical components when constructed
in accordance with this invention will be able to operate in either of two

30  different modes. The only difference will be the operating program in the
controller computer. Thus a system constructed in accordance with this

invention will be usable in a preexisting processing plant which uses either
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25 nust be manual ly perfornmed. it will be readily appreciated that the sane
system mani fol ding containing identical electrical and chem cal conponents
when conswpuroe«d29%n accordance with this invention w | [PChaSati3®14509 oper at e
in either of two 30 different nodes. The only difference will be the

operating programin the controller conputer. Thus a system constructed in

accor dancethgifix@didhutile bﬁMﬂﬂflé@ﬁuWe'd(Peb&ti Alkde ITheinkr&R¥EgSt i ng processing
pl ant which uses either 23 WD 2004/ 012996 PCT/ US2003/ 010599 the

fi xed/ shut\arsaigity ohthe systemuafithis ioyrntieniwil elivdmate the nesdrfensusiomer satil ity

of the sy Ihis | tonewi L _elimnate the. d for custom

mani f ol di ﬁégmrﬁ&g'@r}é% %Pg%’rﬁgé' ﬁ@'é‘%@yw 3§§%JH§]VQN%V{§? @iluaqugﬁ P8Iy ng i s dependent
upon t he misteerefentppoathomafe éfpapaiisressineprotédting plahie present invention
provi des a nodul ar automatic refill system which does not require a vacuum

punp but is safe for an ultra high purity, pyrophoric netal organic (PMO)

chem cal s. Thi ﬁﬁ%(ﬁtgs@n@[rﬁ%nﬂgﬁE,irér}gai%émmgr é&gn{]agfggéﬁ{l ?g%t t he wor ki ng

cyl i nder (bubbl er rom apparatus a €M he plurality

of chem cavhickciziesinog réguike avacuumdsyrep teinls safeforome umrohigapurijle system
al so has serarate controlani% ulgﬁ]s for, each bubbl er which may be renoved

fromthe BRAPIICMeEIPIg CAgMiGRIsopEs aV$ieMm Beotdaesrigtai ni ng nodul es
i t hout d ' ' 1oq ved dul e.
wi t hou Q%GIrQQh@F%rEB%l;Bfgﬁe W&klﬂp%m&iﬁﬁﬁﬁé{)ﬂ%ﬁ?ﬁ% r\/\gdlﬁhéﬁat frodut €

Anot her feature of resent Fnvention IS icrefill
syst erOc arapgaratus| andecbritrol$ i plunaity of tlaemimabrdweblimg bulblehs t he ul tra hi gh

urity chenical rom a singl bul confai ner. The degree of saturation of
'Ito he cér ri éPdS%%”(Eﬁﬁ%é’r@ qnleq%]cgh%rhe Eﬁys%b“ra Ilﬁﬁ_ %%gﬁyc‘?ﬁ@subj ect
aut onat i ¢ mediles fsysaebasIsIEr ARtccRB) 8. reRidiel frdArﬁgrgé agté%{rrﬁéfl regigses do not

dilute the coomonly used hydrogen cairier gas. / e present
syst em evepyptamgluriag apesatigroat thetremainjag veedwes Withpsbdiamadingram t he

M cr opr 0cq3sfiing fld mAlropReeTRIM AR FofoveR M e, SASer feature of
15  the present invention is that the automatic refill system can be utilized to fill
more than one bubbler with the ultra high purity chemical from a single bulk

container.

The degree of saturation of the carrier gas by the liquid chemical
20  replenished by the subject automatic refill system does not change. Other

inert carrier gases do not dilute the commonly used hydrogen carrier gas.

Also, for the present system every digital input/output is galvanically

isolated from the microprocessor. All of the modules are separate, stand-

25  alone units with their own microprocessor and peripheral electronics. When
one module controlling one bubbler malfunctions, the remaining modules
and bubbler controllers continue to work normally. The replacement of a
malfunctioning module or bubbler does not interfere with the operation of
the remaining modules, bubblers, and their associated metalorganic

30  chemical vapor deposition (MOCVD) machines. The separate modules
are quickly and easily replaced since they are designed as pull out/plug in
units. Each microprocessor control module causes its bulk chemical

transfer line to be drained of PMO chemical into its corresponding working
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25 alone units wth their own m croprocessor and peripheral el ectronics.
When one nodul e control ling one bubbler nmal functions, the renaining

nodul es woobudab99%er controll ers continue to work nor nalPICF/USTONS/0n@pd acenment
of a malfunctioning nodule or bubbler does not interfere with the
operation of the remaining nodul es, bubblers, and their associated
netalorganbonﬁﬂn@henﬂdhém&@pedudagmhéhébbfPNKEMﬁ@ The lkheasical Thmskapar at e

nodul es ar.e quic a epl aced since they are _designed as pull
out/ pl ug i ANeRre aglﬁig‘ﬁdﬁﬁ %%’r@&%&mﬂde@om th)itrakieah Buﬁfé(d“s)/éi@g@% bul k

chem cal Ns{gy,

correspondfg;]ag’ wor Qﬁ('hgq%ﬁﬁ%ggso%rﬁ%g%@ CS@W%%%%@SH&% contai ner, and

t her eby r ededundgnt hevel ﬁskecmérstarnangedT¢nelgmlaéerxtcaﬂnetle‘aeslscfcmdltldnlsnes are
back-filLl ed, between fi nodes, with ul.tra-high purit drogen gas.
Wor ki ng”co g?ﬁg?gtugroﬂﬁﬂ?%%cﬁ'ﬁg EQMPE J”?&QI@ %‘r’@‘ ?%f)f/’é&% » redundant

l evel det emmen P %‘Qﬁﬂlﬁa@e P'l\w%{néiétﬁ@rﬁ‘%rér%\féﬂ lirfeStidritgns. 5 A gas
venturi operated usin nEresse I nert gas, such for exanpl e,

ni trogen, ichapgedut of @lhénmﬁbswaptyr@rﬁalomtransfer lines prior to a
change-out of the bulk chem cal supply container. This nodul ar automatic

refill system does not upset the tenperature 10 of the liquid chemcal in
the receiving butd erodurdt, aatméﬁé@éfﬁl,syslf@n%@te@rrﬂitw@et iRviempefrafupe exiting
gas is not significantly disturbed. Al so bul containers are

out fit#ld tohthe ligwdchemica! l@th%rqfalwrwwbuél@d@r a@dethemfore dhesaturatiery t he

system can | t uct purity
after the (l: anggtﬁ&oﬁggégﬁﬁ ﬁ8€%}§| Hg%ﬁflypq\iﬁyggé(ﬁlsaﬁlgb%gﬂ&ﬁg renove 15 the
ul tra hi gh contaihgrsRve auitfittscial allovbitleanse 6 @ nelidia lbalkdetctapataisur e bat hs
of the MOCVD chine to refill themwth the chemcal, nor is there a

necessity tNRY Sé(ﬁterﬂé\ﬁ/ntﬁ)@lﬂ gimospherigSontaminalios omaryainingpiegecht i on of
ﬁgsi I lc:):]r egﬂﬁr at'| on and sggccfyé%?t%hﬂe'ﬁkc nné%ﬁ";]?ﬁgéc‘rgl|%§%f[r{%1%cff1{8ﬁggﬂnlt\/§m::];pl y
20 reddu&ed the\udra fhighadrigy Pi@ chbfdical dubblars fromethedlicpiid kerapeditaie PMO 1§ qui d
baths of the MOCVD machine to refill them with the chemical, nor is there a
necessity to install new bubblers in their place so that the operation of the
corresponding MOCVD machines is not affected during the automatic
refilling operation and so that the chance of accidental fires is sharply

20 reduced.

Additionally, the PMO transfer lines are cleared of PMO liquid
chemical during the normal operating mode of the MOCVD machine
between refilling modes of operation of the refill system; and that hydrogen

25  gas is back-filled into the transfer lines between refilling modes and the
MOCVD machine’s operating carrier gas is otherwise undisturbed. That
back-diffusion of air into the manifold during standby mode of the refill
system is eliminated, and metal oxide formation in and contingent to the
manifold is avoided. A venturi coupled to valve V16 is employed to remove

30  hazardous PMO chemical vapors from transfer lines before effecting bulk
cylinder change-outs.
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chem cal during the normal operating node of the MOCVD nmachi ne between
refilling nodes of operation of the refill system and that hydrogen 25 gas
i s back-fwbl2ea/i1249%6 t he transfer |ines between refillingCmisbee3ane? he
MOCVD machi ne's operating carrier gas is otherw se undi sturbed. That

back-di ffusion of air into the manifold during standby node of the refill

systemis elim Mieed arthotheebbjecs fkufcerdrd Aadvantged dre obtairegef at 0 t he
mani fold is avoided. A venturi couhjl ed to valve V16 is enpl oyed to renove

30 hazar dotiROdNay dulematis chespisakrefil systernwbichrparmilssasieand easf f ect i ng bul k
oYl arer ¢ iangesnihtor damied W AMARAREON R TnoRASO DR udliREE 20 ot e

Obj ects, ures an ages are O ar automatic

cheni cal r efill $ysigisi, evitholt aﬁe@ﬁgﬂwb&pfe&aﬁora@fdheaemalmﬁ@|n@@<ﬁn&]t300f damaged
i.thin the automatic refill system wthout

ghgﬂf 0 5 s fm) d@w kﬂvv&fﬁgwmm REVRsInICER cogansei%ape%@aa a

pIuralltyg upply
chem cal f rfélﬁpfyhe eﬁﬁb%‘ @?@hﬁgﬂﬁe%??@s%%élw mac Pﬁﬂ%@q”ﬁt hout
interrupti m\nthouhmtaﬂdpﬁm abe onedilar adbiraticsgfilt eystemmeshbe levedl  of
l'iquid chem

cheni cal r?ff Wéd %ﬁgk'gg%%m%ﬁ@?fﬁﬁ@pwgwaw feﬁﬁfﬁltﬂlq%" H(I?I Inlgcur“e(rjmval of

10 the bUthéﬁﬁcélr@Fﬂhé B@bble@fd@ﬁ@ﬁ@@hﬂ@ Ié\bél%fllwofu?%tﬂfﬁﬁg‘kﬁn&?élfb? or
without significantly affecting the tenperature, gas conposition and

i qui d IPVDthe helbless from theit ¢asresipendingdiquichteroperatuse badlss onwithoutt r oduci ng

hown ana. skifaph by g ahER e 05 SRS TRE AR ada Pl Tovent o

it is to behehsedllsatuadenéandf tiwtartibegagmor mtrr@d@diﬁganylo&y@eﬁ fhteuner ous
changes apparent to one skilled in the art. Therefore, we do not wsh to

be |imited therefllsysseniardhe Mk Vihmaghiver i bed 20 but intend to show al |
changes and nodifications which cone within the scope of the appended
cl ai 8. 5

While we have shown and described several embodiments in
accordance with our invention, it is to be clearly understood that the same
are susceptible to numerous changes apparent to one skilled in the art.
Therefore, we do not wish to be limited to the details shown and described

20  butintend to show all changes and modifications which come within the
scope of the appended claims.
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26 WD 2004/ 012996 PCT/ US2003/010599 What is claimed is: 1. A chemical
refill system which conprises: (a) at |least one prinmary |liquid chem cal
reservoi rivo 200129961 east one secondary |liquid chem cal Pegdarse@3n1os8®9 (c) a
di stribution neans for supplying a carrier gas to said chemcal refill
system (d) a conduit for connecting said nmeans for supplying said carrier
gas, said Wlhmsyclblrﬂuﬂdschen‘i cal reservoir, and said secondary |iquid
chem cal reserv0|r e) at | east one venturl conprising a gas inlet, a

gas outl et Tand a%ChGQH%ﬁlﬁf”b%t%tW@Ph CORIRIIS@ENt uri bei ng di sposed bet ween
said di strlbutl gas and said primary
and secondary I %ﬁﬁégﬁgﬁgks H@gpéﬁl&l?ggéd'?ﬁat | east one vol une

sensor sel ect ed(tb)rairieai;teorgar segonclansiicuid rcngem‘lcal réSeqpiri caI sensor, ther mal
conduct ance seni‘g gp@él t ance sensor scal e, |c sen
ni trogen back pf@<disygoadpeans tS,UBE{YéRQ C@Hﬁrg%‘s“é’ P emy t sensor,

and any copdyingjsk@s thereof, said volume sensor being capabl e of
moni toring the vol une of chenical s remai ni ng in said primry and secondary
chemi cal reser v(xii)ra ceodait forrmenohetingsaid meg¢ansg fos wsipplyingssaiecatréat in clai m 1,

wherein said Baust rgg,s tl et h S at l.east on vall_tge )’\:h&l’ﬁ‘l n said val ve
prevents g??’f?ﬁ' kil W&E?P%P'Ca (PSEBIRiTa AN AL SPERNF AR IgH gystem 25 3.
The chem caheffiddl rés&ysirem as reci ted inclaiml, wherein said primary

chemical reservoir is a bulk chenical supply tank. 4. The chemical refill
systeml@s recit ée) atrleastong uentur soapiising a gas inleh st gameetistendrarmry cheni cal

A e R N e e RN R e
sai d chem esdans for supplying said carrier gas and said primary and secondary liquid
chemical reservoirs; and
(f) at least one volume sensor selected from the group consisting of:
15  optical sensor, thermal conductance sensor, capacitance sensor, weight
scale, sonic sensor, nitrogen back pressure sensor, electrostatic charge
sensor, float sensor, and any combinations thereof, said volume sensor
being capable of monitoring the volume of chemicals remaining in said
primary and secondary chemical reservoir.

20
2. The chemical refill system as recited in claim 1, wherein said
exhaust gas outlet has at least one valve, wherein said valve prevents
diffusion of oxygen or any contaminants into said system.

25 3. The chemical refill system as recited in claim 1, wherein said primary

chemical reservoir is a bulk chemical supply tank.

4. The chemical refill system as recited in claim 1, wherein said at least
one secondary chemical reservoir is an ampule and receives chemical from
30 said at least one primary chemical reservoir and delivers chemical to a

means for applying said chemical.
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27 WD 2004/012996 PCT/ US2003/010599 5. The chemi cal refill system as
recited in claiml, wherein said conduit connects said chemcal refill

syst em t owe weng9dor applying said chem cal. 6. The checiramkomsisvd system
as recited in claiml, wherein said conduit 5 conprises a plurality of
transfer lines and a plurality of valves. 7. The chem cal refill system as
recited inb5cl ai Théd chetméeadirefilissyisteratas reaiéd irdeainvd|, wirereie saa corsdwin opt i cal

sensor utilizing a glass .rod cased in said rimgry and, secondary

cheni cal T st chgraicalfatll SyeimmdIa Maane BLIRRIWRO RS BESERH 1 cl ai m

1, wherein said at | east one volune sensor is a thermal conductance sensor
utilizing a therm stor encased in said at |east one primry and secondary
cheni cal r@ser vbhe shedtca refillhsystdrardscracitedin clains yis wberaih saicacondyit wher ei n

each of. said at. |eas ne .prinmary. and secondar hem cal reservoirs
further corPpuses & Myl U R B ALGY B5VARS chem cal ref il
systemas recited in claim1, wherein said 20 chem cal refill system
further conprises a mcroprocessor controller neans for selectively
operati ng éai d Theehealical e¢fill sysigrvtasniecited implairg He mihesginrseid at leggtt em as

or oor ammmede PRGE sefitfif ol oRCsdbth QRIAGT SR ey R0 Aty TRAN .c°

recited i npehalymdd sebsridarp chaiical ¢bsevveiré. refill system conprises two said
primary chem cal reservoirs and two said secondary chem cal reservoirs. 30

13. Th¥ chemical refill systemas recited in claim212, further conprising

aL least (yo chefk cHBINE ot Gt AANEHSE i Shergh 'l afBhsl condul

bet ween each of sa chem cal reservoirs. 12996

PCT/ US2003604. 06R#ne $dnsdrtie achermaladondettancesensenutilizinga therdhistorcl ai m 12,

wherein said . . . . .
encased in said at least one primary and secondary chemical reservoirs.

15 9 The chemical refill system of claim 1, wherein each of said at least
one primary and secondary chemical reservoirs further comprises a liquid

temperature sensor.

10.  The chemical refill system as recited in claim 1, wherein said
20  chemical refill system further comprises a microprocessor controller means
for selectively operating said chemical refill system.

11.  The chemical refill system as recited in claim 10, wherein said
microprocessor controller means is a programmable logic controller.

25
12.  The chemical refill system as recited in claim 1, wherein said
chemical refill system comprises two said primary chemical reservoirs and

two said secondary chemical reservoirs.

30  13. The chemical refill system as recited in claim 12, further comprising
at least two check valves, wherein said check valves control said conduit

between each of said two primary chemical reservoirs.
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chemcal refill systemfurther conprises a m croprocessor controller neans
whi ch selectively operates said systemin a fixed/shuttle node, which node
5 i nvol vewotzkevugweof a fixed primary chem cal reservoi pcani$ediplege of a
shuttle primary chem cal reservoir, or in a shuttle/shuttle node, which
node involves the use of a plurality of shuttle primary chem cal

reservoirs. 15. The chem cal refill systemas recited in claiml, wherein
said 10 chemcal is a _pyrthori c chemcal. 16. The chem cal refill system
as recited1fn ciThershenicaliefibpysterl as regiediie glaimns! 2 wheygingsgigr ophori ¢

et al of gankfoeREM Gl systehn Hrnd G fPEBLE nibRbibdesS 8P LM AR RgAAST | 1
claim1l, erein sard’carrier "gas 1s i1nert gas. . e chem<cal refill
system as %V\ﬂrrtcth sclettivaly apenates ﬁ@ielrsysltemaiﬁfb(edl@hﬁttle m@lslei wfhiniffmogen. 20 19.
A process for transporting. a chemcal within a chem refi system
conpri s? ng MUpvest BEUserof 4 RISHPIHVAEN FREMAICEhEIRCEAIT #id fhe Us§ &f 8m conpri si ng:
(i) at lea ! L Qi 1 (" Il st one
Secondar y. 1 ShaftribSieSeRIORTor i o SRAREB e Tds) Whidh mdpe:

suppl yi ng anwdres the (gasofteoplsiaalitly of bleutile plrimma ichEnsgadtreservpirs) a conduit for
connecting said neans for supplying said carrier gas, said primary liquid
chem cal reservoir, and said 30 secondary liquid chem cal reservoir; (v) at
| east one vient urineCoHBRfiAI rRYl Bysidf h8k&diteddn @RfimOH W IRéreiRBsigan exhaust gas
outlet, said venturi being disposed between said 29 WD 2004/ 012996

PCT/ US2003cbeoteH is di pyropbarti¢ ohemmicahs f or suppl ying said carrier gas and
said primary and secondary liquid chem cal reservoirs; (vi) at |east one
vol une sensor selected fromthe group

16.  The chemical refill system as recited in claim 15, wherein said
chemical is a liquid pyrophoric metalorganic chemical.

15 17. The chemical refill system as recited in claim 1, wherein said carrier

gas is inert gas.

18.  The chemical refill system as recited in claim 1, wherein said carrier
gas is nitrogen.

20
19. A process for transporting a chemical within a chemical refill system
comprising the steps of:
(a) providing a chemical refill system comprising:
(i) at least one primary liquid chemical reservoir;
25 (ii) at least one secondary liquid chemical reservoir;
(iii) a distribution means for supplying a carrier gas to said
chemical refill system;
(iv) a conduit for connecting said means for supplying said
carrier gas, said primary liquid chemical reservoir, and said
30 secondary liquid chemical reservoir;

(v) at least one venturi comprising a gas inlet, a gas outlet

and an exhaust gas outlet, said venturi being disposed between said
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consisting of: optical sensor, thermal conductance sensor, 5 capacitance
sensor, weight scale, sonic sensor, nitrogen back pressure sensor,

el ect r ostwpDi2004h299ge sensor, float sensor, and any conpcraiS2ass®1eder eof
sai d volume sensor being capable of nonitoring the volune of chem cals
remaining in said primary and secondary chem cal reservoir; and 10 (vii) a
M croprocessor @pfRigRionaheaRans supphiing eairdastsr gas dhdsald prymafy

i ndependent|y operating m croprocessor-controlled nodules, each nodul e

bei ng mat ched ePBesFPeBINyY liayidalemisal fRgeyVolgheni cal reservoir, and
DA 0 Pt £ Olyif AieR8 4 LOBnRPEL AL ARt PhrofPfR @ﬁu%espond! ng.
primary chem cal res oi r rlngt evo une o cal within

each primary cheonsigling of opticel Sensdnethermalecamhlucmpesmﬂentl y operating
m croprocessor-controlled nodule js renovable from gral d mi croprocessor

control¥er wi t h§aRACHANCESENSEr LIPS GHRrsaniGeRIOr: WEOPeRMaT ng
m Cr opr ocessor - %“sfshPé 5§ﬁ'sc?r0el€&%5€a%c % %@@%ﬁs&oﬂéﬁ%‘éﬁ’%k NehPEhTRT Y
chem cal reserv ITs; nonitoring sal east one vol unme sensor for an

alarm conditi onprnévmt(oujl)s therfedf| $aig) valupné semsordieimd capabilesdr voir or
shutting down an cess of Iai m 19,

vhor el nls o oibtRaths Yol of helcak miring R SHCETRRRAnS | S| evel

or a |low preSSUI’SQC@\%@;}Z]C@]@HQbQIr@QeﬁVbQ%n@al d at | east one volunme sensors in
each of said primary chemcal reservoirs, act synchronously to cease

oper at 1on f romeach of said prinmary 30 chem cal reservoirs. 21. A nethod
Chom 815595" b, Sop bl S BRIEb AR SR GIREERs RS 8B s o
conpri si ng; plurality of independently operating microprocessor-controlled

modules, each module being matched electrically to each primary

chemical reservoir, and programmed to control the refilling operation

15 of each corresponding primary chemical reservoir;

(b) monitoring the volume of chemical within each primary chemical
reservoir, wherein each independently operating microprocessor-controlled
module is removable from said microprocessor controller without
interrupting the operation of the remaining microprocessor-controlled

20  modules and their corresponding primary chemical reservoirs;

(c) monitoring said at least one volume sensor for an alarm
condition; and

(d) refilling a primary chemical reservoir or shutting down an
automatic refill line.

25
20.  The process of claim 19, wherein said microprocessor-controlled
modules, upon sensing a low level or a low pressure alarm condition from
said at least one volume sensors in each of said primary chemical
reservoirs, act synchronously to cease operation from each of said primary

30 chemical reservoirs.
21. A method of transporting a liquid chemical comprising the steps of:
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(i) at least one primary liquid chem cal reservoir; (ii) at |east one
secondary liquid chemcal reservoir; (iii) a distribution nmeans for

suppl yi ngwe 20ewrie®6 gas to said 5 chemcal refill syst@ar/usze0s/oaeondui t
for connecting said neans for supplying said carrier gas, said prinmary
liquid chem cal reservoir, and said secondary liquid chem cal reservoir;
(v) at |east ondayproviding ecchenisaingfisgstem coreprisinggas outlet 10 and an
exhaust gas outlet, i pbei ng dj sposed petween said distribution

sai d venturi
means for supplying s(gag l%aasﬁ,qngrpr@‘@@yglﬁalds Q‘!“'ﬁ?f)rr?éﬁwo"énd secondary i quid
chem cal reservoirs; (gyg Iéééﬁ)or?é sé&ﬁﬂtarypﬂfméf%héﬁﬁc ¢8s&onel ected fromthe
he

group consisting of : optical sensor conductance sensor, 15
capaci tance sensor, Wi ghtistsibatien maamsdossuryying ra d:aragegamxo:kaldpressure
sensor, 5eI ectros atl 9 IChﬁllge sensor, float sensor, and any conbinations
thereof? said v ﬁm,lc%erﬁ Y$&Mhg capable of nonitoring the vol une of

cheni cal s renmi ni ng éﬂ/)%%dhd@fﬂfﬁﬁ&dnrﬂél%g%aibpﬁ\@éhléf@ﬁﬁfﬂpﬂ)ﬁh gsarervoir; 20
(b) pressurizing sai | east one primary liquid chemcal Feservoir wth

sai d carrier gafareias paicpimag) llqum@hermrc@éseﬁawoxa arcyerid cheni cal
contai ned in sai %ggh?ﬂ@e@@yd ?F?m? é;ress I | .quid chem cal reservoir through

said conduit ned st 1| east one secondary liquid

chem cal reservoir vm(tmat léésts@m@vémt@uIo@nqdmmg:algaszﬂlet A ghsoiugal refill
system whi ch conprijses: (a) | east one primary |iquid chem cal reservoir;

(b) at 1Peast on@@e@bﬁ&'&@@sﬂga@mlﬂ'e&rﬁ@ﬁ Xt%muflé@é?g/@ispoﬁ@@bﬁié@% $3ifn a 30
processing stat 'o‘i’%npﬁﬁ%r;/&e?&%tfghgﬁ%ﬁlﬁﬂg TBRSartigr gSY BRI pAnmER) 1 er 9as to

sai d cheni cal
and secondary liquid chemical reservoirs; and

(vi) at least one volume sensor selected from the group
consisting of: optical sensor, thermal conductance sensor,

15 capacitance sensor, weight scale, sonic sensor, nitrogen back
pressure sensor, electrostatic charge sensor, float sensor, and any
combinations thereof, said volume sensor being capable of
monitoring the volume of chemicals remaining in said primary and
secondary chemical reservoir;

20 (b) pressurizing said at least one primary liquid chemical reservoir

with said carrier gas; and
(c) forcing, under pressure, a liquid chemical contained in said at
least one primary liquid chemical reservoir through said conduit means
thereby filling said at least one secondary liquid chemical reservoir with

25  said liquid chemical.

22. A chemical refill system which comprises:
(a) at least one primary liquid chemical reservoir;
(b) at least one secondary liquid chemical reservoir located within a
30  processing station;
(c) a distribution means for supplying a carrier gas to said chemical
refill system;
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WO 2004/ 012996 PCT/ US2003/010599 (d) a conduit for connecting said

di stribution neans for supplying said carrier gas, said primary liquid
chem cal wesesnmapy9s and said secondary |iquid chem cal pcagseasiongs9and (e)
at | east one venturi conprising a gas inlet, a gas outlet and an 5 exhaust
gas outlet, said venturi being disposed between said distribution neans
for supplying s@i)d ednduiefor geanédtithgSsid digtilition medwmmcﬂ;@lwré@i qui d

chem cal reservoirs. 23. The chemcal refill systemas recited in claim 22,
wher ei n saf@id capiengrfusaichRIMaNt iaid phemigal resgivoibrand/s@idsecanda’i n sai d
val ve prevgqt; e ] . gen or any contam nants into said system
24. The ch@y@acf‘gbﬁ%éﬂﬂaggrygirbms recited in claim?22, wherein said
primary chemn cale)ratdeast@ine vehtari bornprisingra gas irdetpplgastautlet ah8 a26. The
chemcal refill systemas recited in clai m%{ibewher ei nﬁzjai d at |east one

secondat y %HEH%QF‘S%@?\F&' verlpEibeing diskas Presn said fistibuiielhst one

primary Chﬁ{@gﬁ@'forr %I;‘ﬂﬁ%%aﬁ:ﬂ@aﬁj@' %é(@éﬁd@&Wgﬁﬂarﬁkgg%%bﬁn%qigw@ans for

appl ying said chem sal d proCessing station. em cal
refill syschemipal rassirvaits.i n cl ai m 22, wherein said conduit connects said
chemcal refill systemto a means for applying said chemcal. 25 27. The
chemcal refill systemas recited in claim?22, wherein said conduit

conpri ses agpl urTRéichéndtallrefNsRemldRzitadth dlafthywakiterefsai@l ves. 28. The
chemcal refill systemas recited in claim?22, wherein said chem cal

refill 1@ysexmusigasauticbhps iat lnashone valye, vheraiolsaitbvalea poevemts ch 30 i s

capabl e of apni tord ng the v umeof.cBn:i al.s. r ining in said at | east
one pri mrQ'@ﬁi&*‘a‘#?’@&?B 05@3*’3%@5%'&? %C'Hg%%'gls PedBrvoir. 32 WO
2004/ 012996 PCT/ US2003/ 010599 29. The chemical refill systemas recited in

claim28, wherein said at o ) )
24.  The chemical refill system as recited in claim 22, wherein said

primary chemical reservoir is a bulk chemical supply tank.

15
25.  The chemical refill system as recited in claim 22, wherein said at
least one secondary chemical reservoir receives chemical from said at
least one primary chemical reservoir and delivers chemical directly to a
means for applying said chemical in said processing station.

20

26.  The chemical refill system as recited in claim 22, wherein said
conduit connects said chemical refill system to a means for applying said

chemical.

25 27. The chemical refill system as recited in claim 22, wherein said

conduit comprises a plurality of transfer lines and a plurality of valves.

28.  The chemical refill system as recited in claim 22, wherein said
chemical refill system further comprises at least one volume sensor which
30 is capable of monitoring the volume of chemicals remaining in said at least

one primary and at least one secondary chemical reservoir.
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| east one volune sensor is at | east one selected fromthe group consisting
of : optical sensor, thermal conductance sensor, capacitance sensor, weight
scal e, sowpDcoeN3®6, nitrogen back pressure sensor, el eeCcrastemiocosoharge 5
sensor, float sensor, and any conbi nations thereof. 30. The chem cal refill
systemas recited in claim?29, wherein said at |east one volune sensor is
an opti cal 28ens¥hewhenmizalngfihsgdtassas mstiteddastaim 28) veairdinadaidl @ast one
primary an%qa} | east one seco,ndaipy chem%ﬁ%l é{(ﬁerv irs. 10 31. The

chemi cal r &3St PNEYOIWURE SENFRCS BEFaSh ORESERUS] MRALHS HOYRINaIStNgeast one
vol ume sengploghizafd e MbnhansthRNsReSRNREY, ddddiah@dsansdfiem! o
encased in said at least one primary and at |east one secondary ™ chem cal
reser voi r sscalg, S@nic Beasohenitragein badk pressyret sansof, elbairost2iic chidrgeei n each of

said at.least ope prinmary apd at | east. one_secondary chem cal reservoirs
furtherS conpid'saatseset 2 anpeeublAtoBs o8RO 20 53, The chen cal refil|
systemas recited in claim?22, wherein said chemcal refill systemfurther

conprises a mcroprocessor controller neans for selectively operating said
chemi cal r8fil| Thgsthamicalrefilagsteneas cegiteddnicdaims3@ tvéraral saidiated in cl ai m

oai ¢ cont AR she Vol SeRSbAS R icER P for iR eb R ey BRCHATI B m 22.
wher ei nsalrdsaidhsgnégstlonegdriraryarst gieastgrié s€soridapy SRt regdrVoiedieni cal

reservoirs and two said secondary chemi cal reservoirs. 30 33 WO
2004/ 04996 PCT/ US2003/ 010599 36. The chenical refill systemas recited in

cl ai m 35, rth 1.Si . V9 (ASa w{ngg i sai d check
val ves con?lrf'ol g@feg conlgléjq ﬂtég" gtit\%\eﬁgﬁé ééﬁﬁdgp%sggﬁnﬁ’m prrel nar@a?:hem cal
reservoi r sledst e vbheme sensoirik a therhbl syrsdietamse sawar edlizingal ai m 35,
wher ei n sa'{ d . , . .
hermistor encased in said at least one primary and at least one secondary
chemical reservoirs.
15
32.  The chemical refill system of claim 22, wherein each of said at least
one primary and at least one secondary chemical reservoirs further

comprises a liquid temperature sensor.

20 33. The chemical refill system as recited in claim 22, wherein said
chemical refill system further comprises a microprocessor controller means

for selectively operating said chemical refill system.

34.  The chemical refill system as recited in claim 33, wherein said

25  microprocessor controller means is a programmable logic controller.

35.  The chemical refill system as recited in claim 22, wherein said
chemical refill system comprises two said primary chemical reservoirs and
two said secondary chemical reservoirs.

30
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chemcal refill systemfurther conprises a m croprocessor controller neans
whi ch selectively operates said systemin a fixed/shuttle node, which node
i nvol ves wheousgE2e9%6 a fixed primary chem cal reservoir aod/ushe3wsenf a
shuttle primary chem cal reservoir, or in a shuttle/shuttle node, which
node 10 involves the use of a plurality of shuttle prinmary chem cal

reservoirs.3638. Theclwdratabaills9bicnh as¥etitsa Asclaiacss etrthar 6bMpAsiAg, Wwherein
said chem Cﬁe is a pyrophoric chemcal. 15 39. The chemcal refill system

as recit ed atheastivmebeck Yales: wherin saishaiackalalves contiosaig cihoric
nmet al or ga”'tfet\ﬁl@%ﬁ‘e%%h -of48id tmep@n?rp})er '5{5{? }éf%r@{ét emas recited in claim

22, wherein sal carrier gas The chem cal refill
system as reC| ted in claim?22, wherein said carrier gas is nitrogen. 42. A
process for ortl n em cal co the steps of: 25 (a)

provi di Ag a@ Ph?@%ﬁfre?'ﬂﬁﬁt@m e8np 'Fesqs'ﬁgc aim $5 Whergip saigne primary

l'i qui d Cherﬂh%%lcél%ﬁﬂ ‘égétém further 85mlp ﬁ@éé a%ﬁ;rﬁﬁ%ﬁ’é’é@&{%ohgﬁﬂ% %Bﬁ@ cal
reservoir | ocated In a proce55|ng stat Pl I on nmeans
for supplyiwhy claselﬁctlvely apesates sail siysta inleefinacidd hutid mddasy\dﬂceh‘rmoﬁe WO

2004/ 012996 _PCT/ US2003/ 0 V) a cond it for, connecting_said

di stribuug'ﬁ ﬂ%ﬁw g g ﬁ?‘?ﬁ‘ Hé”@é\f&h‘é%‘ é?segfg%'raeﬁ.f%eaﬁﬁ%é@y i quid

cheni cal r%?@&ﬂ@pfmar@@lﬁ’erﬁ%bﬂre%%@\%lﬂ%rﬂn bi sttt/ GRldd, SREY Mdde (V) at

| east one venturi conprisi ng| a gas inlet, a gas outlet 5 and an exhaust gas
r

out | et 10sailavaiees the usrephap @lﬂmﬁ@hbﬁb\mﬁna@aﬂl‘@mldalsresebmmon means for
supplying said carrier gas and said primary and secondary |iquid chem cal
reservoirs; and (vi) a mcroprocessor controller nmeans which conprises a

38.  The chemical refill system as recited in claim 22, wherein said

chemical is a pyrophoric chemical.

15 39. The chemical refill system as recited in claim 38, wherein said

chemical is a liquid pyrophoric metalorganic chemical.

40.  The chemical refill system as recited in claim 22, wherein said
carrier gas is inert gas.

20
41.  The chemical refill system as recited in claim 22, wherein said
carrier gas is nitrogen.

42. A process for transporting a chemical comprising the steps of:
25 (a) providing a chemical refill system comprising:
(i) at least one primary liquid chemical reservoir;
(i) at least one secondary liquid chemical reservoir located
within a processing station;
(iii) a distribution means for supplying a carrier gas to said
30 chemical refill system;
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plurality of independently operating m croprocessor-controlled 10 nodul es,
each nodul e being matched electrically to each primary chem cal reservoir,
and progrwomsad/dieossontrol the refilling operation of each/usesmssgondi ng
primary chem cal reservoir; (b) nmonitoring the volune of chemical within
each primary chem cal reservoir, wherein each independently operating

m cr opr ocessor - cont r ¢iv) adondibit fiarded raneicting eaiovdstiribufiow meisifori cr opr ocessor
controller wthout l:ynterr pti ng the operation of, the remaining

ni cr opr ocessor - CHRPYBIY ¥ G 198S, §8 RrHB?rryq'S I eRQYBICA FRFSHYIary cheni cal
reservoirs; (c) a’h@@a‘id’%&ﬂm‘%ﬂéﬂ qditl él’l%ﬂ%al%ﬁeﬁ(/Blr“”e sensor for an alarm

condition; and 20 refil g a primary chemcal reservoir or shutting
down of an automati év)raiﬂwttt dnieneentysd coffipeisimgax gas mjét el gasodtst wher ei n

said m groproce r-contraolled ule sen ow | evel, or a | ow
pr essurg al arm %i‘ﬁcﬁq?)g}?%; gfr Oé'gog @%“ﬁ%ﬁ? %%h@t"‘ée@r'ﬂs%'g in each
of said primary dpiesitRN méﬁﬁ@'fdr%dp?aly@@%aﬁ%&?ﬁé%éhd{ shfy ﬁﬁﬁéﬁl operation
fromeach of said primary chem cal TreServoirs. ) nmet h

transporting a Bngegoadatylignid eoampiaad resprvaits; §ﬂdps of 30 (a) providing a

chemcal refill syst on ri mary | i C]UI d chem cal
reservoir; 35 WD 208"2} 6%@@%%%5@8@%%8@%@' Yvﬁ %qmp @one
secondary |i qui glurbigyiof idepeseently b,obﬁmmgaﬁlcrdprbbéébcﬁi—dbrn%ﬁéél ng station;
(rii) ?%dl stribution nmeans for sup mﬂ% a carrier gas to said chem cal

refill [Qystem #Qqulgs, @%Bmaﬁlﬂlefhﬂ*n& ehad elgckigaly tn eaeh plitmasyy neans f or
2o YurSnaary FAEAS o B B B
conprising a gasf ead:teborrasmaﬂmg:bhﬁtary chemical reservoir;
(b) monitoring the volume of chemical within each primary chemical
reservoir, wherein each independently operating microprocessor-controlled
15  module is removable from said microprocessor controller without
interrupting the operation of the remaining microprocessor-controlled
modules and their corresponding primary chemical reservoirs;
(c) monitoring said at least one volume sensor for an alarm
condition; and
20 (d) refilling a primary chemical reservoir or shutting down of an
automatic refill line.

43.  The process of claim 42, wherein said microprocessor-controlled
modules, upon sensing a low level or a low pressure alarm condition from

25  said at least one volume sensors in each of said primary chemical
reservoirs, act synchronously to cease operation from each of said primary
chemical reservoirs.

44. A method of transporting a liquid chemical comprising the steps of:

30 (a) providing a chemical refill system comprising:

(i) at least one primary liquid chemical reservoir;
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and an exhaust gas outlet, said venturi being disposed between said 10
di stribution neans for supplying said carrier gas and said primary and
secondar yWbi2qui/d2®eem cal reservoirs; (b) pressurizing Pardsaesloe@Es? one
primary liquid chem cal reservoir wth said carrier gas; and (c) forcing,
under pressure, a liquid chemcal contained in said at 15 | east one
primary liquid chem gua)l atrlea@rgma’ se¢dndanglisdictenvcal uesevberietatedf i | 1 i ng
iﬁie(rjﬁ 22“ I eggt Or\}\ﬁth?r?(azopnrggégshlwé gya{t%n?hem cal reservoir with said liquid
(iii) a distribution means for supplying a carrier gas to said
chemical refill system;
5 (iv) a conduit for connecting said distribution means for
supplying said carrier gas, said primary liquid chemical reservoir,
and said secondary liquid chemical reservoir;
(v) at least one venturi comprising a gas inlet, a gas outlet
and an exhaust gas outlet, said venturi being disposed between said
10 distribution means for supplying said carrier gas and said primary
and secondary liquid chemical reservoirs;
(b) pressurizing said at least one primary liquid chemical reservoir
with said carrier gas; and
(c) forcing, under pressure, a liquid chemical contained in said at
15 least one primary liquid chemical reservoir through said conduit thereby
filling said at least one secondary liquid chemical reservoir with said liquid

chemical.
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