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REFI LL SYSTEM FOR ULTRA PURE OR CONTAM NATI ON SENSI Tl VE CHEM CALS :
BACKGROUND  ORyd ki, M}%ENTI ON 1. FIELD OF THE | NVENTI ON TheRkssshibsob NVENt i on
relates to a syste or supplying ultra pure and contami natl on sensitive
chem cals to production lines far form ng sem conductors, fiber optics, or
l'i ke conponents. More particularly) this 10 ~ invention reI ates to a system

carrying pyrophoric chem cq_\ d\(ﬂh‘i{b ﬁ%kﬁ_\ﬁi@p%ﬁawgction line to operate

continuously, and w thout interrupti Rl PTI ON OF RELATED ART
The manuf act ure otJLIBA BUREDR CONTAMIDATIONISENSITMBEICHEMICAKS conponent s,
typically requires production lines with systens for supplying high purity
processing chem cals to diffusion furnaces, either directly or in carrier
gases. Procdes SAGKGROUNRIOF FHE INVENTION whi ch may be directly 20 injected

into the pr ocqszgrgﬁg 'giggq@/}:_gi ich may be carried to the processing

stations in ¢ hem cal injection nmay be from bul k
suppl y tanks) or rrarye baesbnpmamsh |r@éte§W@bystﬁmﬁéredupgryﬁ\gvﬁm@bui@ Il be

periodically r f||| b mcals are appli-ed
by neans of cﬁplcé’f" g%tgn SFH%’?YQP&%W %ﬂﬁ%ﬁf&é\h@owm?s %rBWigal ned in 25
terrperat]lcjre ccsetmmﬁnldeclo&rmwrmtm dﬂ/ﬁkécmﬁdn@ﬁlﬁr Moré@}ah@dlarlbuthislherls 3 A
stream of an-i, carrjie such as nitro elium or the like, is
injected i (’rilst o GQE'BTJB%WS? tg %ﬁYﬁ)t%@ CaKBg |pWé’PE’°'g°a&WE‘Fa| E}OBL?(UBY"ES upwar dl y
t hrough the | itliprbdabiton linglto bperakecdntibbd iy, aﬁ@wltﬁomndeﬁu@taines a

chem cal saturated carrier gas atnosphere in the anpule in the space above
the 30 supply of liquid chem cal contained therein. The chemcally ~

saturated carr, o) awn out of the bubbler and

transferr:lg %??ﬁ@ﬁbﬂ%@@%ﬁ?\ﬁt’yﬁ‘gﬁg stati on such as a diffusion

f ur nace, not ed q.?love Fern?tl vel gﬁﬂi}'?‘ Re di spensed from

a bul k supply tank 18 MENYRSIYRPT HSHIKP céqtncs RdKE chemical is

di spensed as aolvippuintsf typically reqM@s&ﬁSndﬁ}d\RQ@& @Wé;@&?ﬁ@ﬁfr@&@@%gthe wor ki ng
rizer unit hous rocessi ng

t t

s'? gt ?Bﬂer Th?s%c%ha&?&ﬁp ePHi gheﬂ'é'g"f‘?éooﬁj huﬁ'%'? uérl"?éﬁ? gﬁ%g(?aﬁ?iglyc% "ot vapori ze
or transport weriergaees.uBiongssindocHainliedls arkhigujals adihshagbe idirestlydepend: on a
oor Qe 28" e b O SRECULAR! SoPi S s Wy B8 cbREARG of SThe™ SO e
processi ng chmwmlsmglsetatlons ér a uptriedgas Heirgnt dchmbaldmjed:tianenayﬂsé flrom shut down,

d the diffusj t f. the ch I
anpul s are 19 GsRORAG: B oy 28 RT S B B Lo Hen b blroved 11 om
t he pr _osluct :c omelribdiBaniHegxﬂmdldsurppﬂyltahkewme;n the Ichadlcaltsmréefphéﬁb a\ég! '([j t heI
necessi of i ne, additiona
bul k che)r/n' cal bgjm;;%%“%}q%%ﬁﬁ ﬁégéss ﬂ{a%lwg% éﬂ?ﬂ]%&oww ﬁga"l'eh({]'g t he production
l'ine. Wher?sa stelnﬂgbtatll:rmdon'solmdlqmmﬁe&mwmk cylmdasedalied "bhgblersstidact i on | ne,
be shut down el bbbty S R ARG BTG i e "can be
run for a | ondeiectedrimto e blmbleilmnwast Renelsat cdrrietgasbuibbleswpplaydigont ai ner,
hovever, the lthr%%gﬁttliué ﬁquwa%erﬁgall?ﬂﬂeoo%ibgél IQ and%?é’g}es 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
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20 when the bul k supply container is depleted. Wen two bul k suppiy
containers are used) one is a fixed container and the other is a

repl aceabl e tainer. The anpule is replenishedpp pogal s from
the fixed bul'k 345@%%9?&;& and the fixed bul k contai ner |s rg%whlqed W th

chem cal s from t he repl aceabl e, or shuttle, bulk container. The fixed bul k

container is typical l itioned on scal e onnected to a | oad cell
so that the v Wé’}?( élﬁp%g 8 Vﬁp?fvf’@'#r@@a”i?&%ﬁwbﬁleﬁﬁaoro "EQt conti nuously
moni tored. Si @ﬂﬁﬂe@mﬁg etatib@NF Rk ichafiyUrftidnie deyisdbimortémigaRarssionatont rol | er
or "junction box" which are, i gﬂ %atl ve OER}@E@ vol ume of chem cal renaining
in the fixed BAPRIZERIANSRIT Wl WheR Hpigg A Gr control | er manages about 2

poi nts of 30 use: For each point of use, there are four |evel sensors,
i .e.) errpt , low, high or qverflow The |ow or corresponds to t he
"start" and "stop" %‘%H’é’@?ﬁs'ﬂ%l"@? q8pepgen at‘f?é“’%‘l"ﬁ‘ﬁ%l“pp'bfloﬁc thion to fill the

ampul e or the chefmRe béiﬁg é’ehvehé@ PR HeDheR6al BolrebH2 6108 HLERIRst he request.

The enmpty or overflow ("overfill") sensors are energency sensors if the
start and stoﬁr‘%ﬂﬁrﬁ@&@ eﬁ!ﬁ'qnﬂyTHéh%éW'WOf\;BPtPé@J@S?'BQ cheraicaisriSor circuit is

about +24 vol ﬁlﬂerr&étbd'tﬁ&ﬁ#ocﬁ@ﬂ&wrﬁ; rﬁ@&rb%céhuft @oWr?‘bn‘élQhé dwfasendry. A pressure
swtch generates a junction box al arm whe here i s not enough 5 clean dry

air (CDA) predyéiipee mpgtbeplaced I”c"’hf'd'@ 'ﬁﬁ@%t lfmﬁch%Pﬂ@@W%ﬁrﬁomr and

interface 1@0n%§te‘tém§f prg’ééé@fng'csﬁe%ﬁé Q#Hyﬁfﬂusft% réhBYArom tR8OVAC. A circuit
breaker | ocated where the main power is connected can be used to shut off

all power to tHiedustipR ""W%r%dé{‘dﬂ" feshlydt)ed emeulesect roni cs area of the
unit. A dispense request connector is used to 10 interface with the process

equi pnment, in addition to supplying status and alarm signals. Typically,
when the fixed bul EO@YAEdInBEECssity ebigmayingea bustyar @npulg figmdbgit r ol | er

activates a Cﬁﬁ@&lmbnliﬁ@%ﬁﬁﬁlbnﬂladu“@c@ﬁéeﬂréhﬁﬂy@bntbfr@%nfn@?%e15 chem cal from
t he shuttle bul k container to th cont ai ne?‘l‘RFi\f% when t he fixed

bul k cont &’nerN$RIROTBERSNtP RS prasyctiomiine: Jben R sk eo@‘o\'& 1RIR&" cheni cal
tr?nlsre{j val vassyéd Rlthe hifd%lctlérhlﬁnef itﬁmﬁ"[tlbé"plén@dlmll)/)(em?ﬂtvﬁlhﬂﬁbcé@fldg be
refilled sever ore uttle sup ont aj ner . must_be
refilled. V\her&ie %%ﬁ—PFI‘BeB‘LHQiEEGEB‘] "‘Eb‘f‘ﬁ‘i“& tﬁ%%“ﬁf&%“’[ﬂ&&ﬁ”%f%ntl ally 20
err]pt: IedOI tPe Sraﬂl]ge}dl ﬂfhfﬂrﬁg ﬁérﬂ@é rt{rﬁfofng@ﬂtlﬁécﬁépb@au@kﬂﬂiémbwyié ne ?Pd :c S
refilled at a site chenica p 0Si i s cally far
renoved fromt ﬂfﬁ?&'e%%’ﬁtﬂ@erpf‘a‘ﬁ?"erﬂﬁ@mﬂ *b?““?ﬁ%%%e\gﬁ ﬂhﬁw dée"ﬁul k

chemi cal supplwhérPinbauked ph&%n%&ﬁ@d@ﬂeﬁe@ Meﬁwtammabbiy operative, but

t Id be d bl e t t d t | hment
System for -t e ATAITE21° ifgPEs © & LA e e foe PG ot g ObRc o

chem cal repl enbslmmtauwsTmmpui& |€tre§méﬁ|$hﬂdl\ath cmem;oqns froestgeffixedi ch can
operate the systemi.n. alter

havi
Pl xed and = S PoriAngy R AR ES lIER i ae L8 Bsiol MR mERE R A F oot her
havi ng two r epthacesbtembla) bk sinltteribedd contaipdry T(mrﬂxad betkscon&\mer 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



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

saf eguar ds. reason, pyrophoric chenicals capab ghition
when it is e??’%’o@%‘éf“%% air, are rarely in production |i niééneg,&&@@r%%dl c liquid
repl acenent or refill systems for liquids have been utilized in other

i ndustries an'lre the purity requirenents of the Ilgﬁ%d are far |ess
stringent, S§8Hestpy N8 SR @ qveH o GREHNFeaRes éfe eXier99" 6%y gen and

noi sture) senséhdors frihe&iart AAY s@%@éﬁ%ﬁ! fRNgAY aam@%ltayerfaqweeengaese
repl acenent systems have been based upon measuring the wej %Pt of the liquid

in the wor ki n§irewtis abaeh+24tvoits 6“)!?&!8‘(%?9@ CBBP?R%O T?f" YWD Oy Ausi ng a
time fi111N9 SRAYGRESVIH RASHIA d RRCRNGRATaINA! WREH hefe 8YRRLIdGH S
del i vered. None of stenms were designed to work with the stringent
requi renenfs A&y ﬂ'@KCﬁN prassirgth Theieleclicalrcogaertians ingtudsinaiBnsi ti ve
Gl o {RDReC AP AEIthcs SBhiRAg t@awérngeaﬁ@meﬁ 01 W Sof he systems
nmust acconmmodat e pyr ophoric rret organic m ca s wth their need to
mnimze fir ezsamceﬁ mwatbéeaéﬁerloeaiﬁti Fealhie iR BReIdS CopRRfted eatal |y,
automat i ¢ chegbeabakehltoriHRRPIPRE Uhk! ThAafliblipbeonngber of
tenperature controllers and their bubblers fromone central refill 20
control syst eflasioeics arqacoidoe b diseenieoisrusat cARRECH EHULAKICt enper at ur e

contr ol | efhasmexRel P RHiBERB kG IBAt FPLIdI b A0S Ao busus em all of
the refill lines have é shut g\%n un{wf the p ﬁptémgls corrected. In
current pract iagsm smals chem cal refill systens are capabl e of operating up

to four tenperature controllers concurrently to supply vapors to a 25
correspondi ng nunber of deﬁom tion tools. Thus, a repair reciw red of just
one tenperature comypigallyewhemtherfixed dpikcontajner énsecode ge dadskiladhe of the
temperature ceBhirld: @kfvdidh & BroraltRiicr vBide SIMAAMLN dhiRrbubbl er s are hel d

in liquid, tenperature-control , erlodlcally
repl aced Base@ghemigahiopdthgehdile byl cantaingr i e fixedt pully CW?@ﬁh@t” c

met al or gani ¢ GJAMdR)the UES Buik BEMRHBY hasT&%nar@%at th@fooﬁ{?&@r%bct%% is a
function of the degree of saturation OTthhlét % rogen carrier gas WO

2004/ 01299G Pthe ekeroigal ranskgyalve systeig %*étﬂ'f BRIy BORtRIBS et al or gani c

chemi cal vaporyifigeestiet @BvérMAM hereRAAOEhdM siidhdy ctiddlhéd Mugtibecar ri er gas
used. Typical carrier gases are nitrogen, argon, or hellum ﬁrﬁ)’m t he

preferred gas refiiedpitithen thejsbutfie buli WPQW Cﬁﬂﬁ"’tey hﬁ%ﬁ?%ws WA t ypi cal

chemi cal s Jgt i leng@fbdl fhebémme%oﬁtaﬂfe? i fehTRES YbBaths pwaueﬁd\ﬁ}ne dridigt hyl gal I i um
(TEGQ, trimethylal um num (( TMA and dopant chemi cal s, such as dinmethyl zinc

(DVZ) and di et'Bilfles;a @”(q_ﬁ&‘ﬁ ChWW}ﬁ‘ sYRPI\CISRASIEORY, Which iR &/NisRIKf&r i s depl et ed,
the bubbl er hagmioOedBorfRBYRIEESiRgDIaRE tenperature bath and refilled at a
renote site. 10 In the typical conpound seniconductor prior art process

whi ch requires use of fresh Iiquid pyrophoric netal organic (PMO) chem cals,

a repl acenent bubblmge le%dfﬂ%%férﬁﬁsHutﬂerlﬂmawdnhlﬁé\llsdp}ﬁl a@ma&fewmdaath Thi s
repl acenent. of the ¢

owever U|r yS, i of the
bl ot od BiiobI RSPV B Wackanglb oparaivsebiit v ﬁagﬁeﬁwﬁﬁa I U8 19 e MOAVD 15
machine to be gbiitie aaWkefrRfivarepfinishehent sisltéfﬁ farhé @hélﬁealCdWﬂg& iapdbei ng
made. Normally the MOCVD machine's reactor zone tenperature . | | ower ed

during these p?é’ref’d’ﬁ%red?esﬁﬂﬂegb%ﬁoa'fjﬁﬁri: epyiga) RISt REFHETHYtRe of the
repl eni shed chminefér mRASpRodeRSorWHIEA 6dn @Matbhﬁe@%%mmealserﬁm@tor zone nust

be reheated to their standard operating tenperature ? Routi nely, test
sanpl es are neéeMiga repiedsRyRentiecdssoprsaving %ﬂ%ﬁj‘r%‘dﬁaﬁp Josabledyieni shed
chem cal is n%heﬁﬂ@él%ﬁ?ﬁ@“c@ﬁtem@&d ahB@le dthel FavigRbWeSEcaMiERiRDl € for use
in the process, prior to resumng the production operation. The total,

li qui d cheni cathengpal step¥seNBINGEess can take fromtwo to ei ght hours,
dependi ng upon the chem cal involved and the end 25 product being made by
t he MOCVD machi ne. These problens are solved in the design of the present

refill system by providing a nodular automatic refill system where the
liquid | evel sensors operate conpletely.independent fromeach other to
automatically 30 refill the bubbler in its liquid tenperature bath w thout

renovi ng t he bubbl er



fromthe bath. WO 2004/ 01299G PCT/ US2003/ 010599 This invention rel ates
generally to a systemto automatically refill a liquid froma bul k
container to W& smal |l er receiving container wthout cont %‘;0 39090594Vbre
specifically, WO 100UP%P es to a nodul ar system provi di ng res | quird
pyrophoric metal organic (PMO) chem cals through an automatic refill to a

plurality of worki C &r S |nI C S I e

control |l ed bat hs) ?ﬂa‘?%&hﬁg t\/%15'(9 pél@tyé’(?é@%r%g‘gﬂ%d| ndﬁﬁgﬁb\'@ﬁqw

met al or gani ¢ cthemprodictiviajoas réqmcsadidmnha( M@@)dmﬁédnﬂmﬁseaﬁwr ce liquid
chem cal cylinders. have been t.he conp ond gt or

i ndustry to suBHP?h%rH‘ eﬁ'éﬁaés %ﬁpﬂbte[ gr\ltwal\qzcrgg Fﬁ eejpiseg}ﬁ % gases t hat
are 1? ei t her mftéwnmbﬂoyluaronflmﬁé yAammmlaﬂ@dccjimp‘Jdbemt pﬁl’dflllsyﬁtélﬁ’lam chemi cal
as a function . e c er's t rrper ture an ressure
ond the rat 8 ofduiss e bentstelih Offes ik TRE wedte FRGHTOVAMTSIEST £ o hi oh
purity liquid Bﬁ@ema@imaﬁe@faﬂese@ertng@hngna hpse wesprpnt yeadibhedndlopants, are
required for this indust dditjonally, in co ventlonal MOCVD

reactors, it i §Xt6‘?m‘?r6'ﬁ?‘ﬁﬁy%'i‘ ?E‘émt%s"%@ S%{‘W}%{Ehﬁrﬁ\ T Wenove residual PMO

vapors from trapsduterbd.NRIBredVef, BicdelrepRYdrAcht ystdins MEeE beén badsd er, to
replace it) or to msgluct it. The use of has several

di sadvant ages: YPH (P& mgﬁnwef@aafﬁhséqwﬂaﬂ\ﬁ&W'aﬁgﬁgpfa@&aaio condense and
t her eby rerIOVecMMbaﬁaltN/é?p&Hl%ﬁhﬂﬁqbsortb?f ihg attn@e/fnrmga@éhubheemuremeor der to
~avoi d corrosion and ECOITgOSItI on t he ﬁ\g" éﬁ?ffge th formati on of
deposits on t h&REF KPHGEUIGUZRHY 'sol VRESd; PEEMEE . A vacuum
punp generA at es dasighad Ww&hanﬁﬁﬁﬂhé Qﬁcrjlﬂgér&rr@qmefﬂéntsaﬁéﬂédfwhgtrélﬁl@hrO| of the
system vacuum pu and attendant part orts and trap, requires
space 30 in thé’umrq’irg'&a%'r@élm sang)i ‘Ef’ii) %ggg ‘?Hﬁﬂm ve piece of

equi pment, whi gBmicAbidtesSindRdry| ahd WRErRLRE 8yiems hn@técfoa;mm@duueres regul ar

i nspection, re PCT/ US2003/ 010599 of

|
o e A5 ur BY acgpwet%aa%gwrawaéem@\(}a Fir BretindaNEzLIE 289 ¢ he

condensed, hazaiigiHste AMedARHatioh Bazdrls.addi ti on, the vacuum punp requires
regul ar changes of its sunp oil due to the build-up of PMOs in the oil, in

spite of the aforenentioned trap, which is never 100% 5 efficient. The use
of the venturi for Abmu@mlyautommecﬁejnﬂaalirennrmtemsls;ermhgmenulmle of ten

overl ooked. Thi Sm'bsérg gmpgrattt?r% c%%&glletrshg%d Hwexr NAEE om %Png%la%t'ra LSl

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



the vacuum that can be generated by the venturi is not sufficient to 10
eval uate all of the pyrophoric chemcals so one could safely open the

system for a‘,g(?g@%b%%% exchange. Thus, based on theoret iPE?)Usﬁ)%(ﬁHéﬁti ons,

this type of woul d not work. However, the present inventors have
i ncorporated the use of the venturi wth a dilutionlpurge routine that

15 Thus, 8 Sar 0T BREIAOSBhicel fid FRLAGagl oPenl-RIEF gehflch™e Svetem

conventi onal ufdOCY/DY seacton gndrths qoantitft dfearrieughs exque bypieal eguepnent to

achi eve the desired vacuum The disadvantages of using.a unp are
overcone in th8@FG aﬁ?é‘@@ﬁ?ni ngﬁtqrz’ﬁﬁwr‘huﬁgﬁefpd?%ﬁgatgf”gr’g%rdy Iﬂ@:a&{m IQS’a venturi
to renove resi dit@lhighbuntpaydrogén. vapae sypichhehensicalo litilzed émbulshlers are t he
renoval of rpesjdual PND v h seyer dvantages: . A v ri requires
no novi ng pértQ"*?%‘PV'Q%Y@'BZW@*B%?V'Q?J ’f‘ﬁtﬁ'@%}rﬁe@%@@%'ﬂgmégqui re a trap
bﬁ [ nslt al | Fd t and etm?m chemials, e%mﬁdima{hslzbef(om)hhewetwm {DEZ)vent uri .
The vol atile chem s, treate the ventuyri jn this invention are
exhaust ed di re%?ﬁﬁﬁ%ﬂ'@ﬁa{'ﬁgh%émmﬁrﬂs S%PESL%?'&’W%BH@?'%&%HB ®di sposal with
the normal exhaasbveldrism tHecteMpeMureath antirefildzieat f remdtd siRs.t gas, such as
nitrogen, to operate the venturi ensures that highly reactive chem cal
{encti ve vdBors caringes Spie SoBRAALGeEoR R o ISk |
PEJT / USﬁOOS/ Olgmiré% ueébfﬁfeénz:i@m psba@rmmemetay@taﬁp(mvtd)' | Qﬂbrrﬁdaﬂ?fa passi 39
t hrough a mechani ca venturi nerates little o . heat, an
therefore has KPR PRPIRS TreskBe nte fedeuiriemarralyS peth dfis hi s

i n\éenti on. A v&iadeienit @fther dhemici howieliér Rq8pecphysiidahigmdvaeofipst em s
cabinet. A venturj!

S, .S | siz | 1.qws further efficiency. b ing the
vol une of gasegeﬁlﬁwpaq%glfrifrﬁ”éﬁBjiﬂﬁ'a EaRRjpiEe éﬁfﬁéaﬂﬁ%%{'ﬁeﬁdhéll"‘:ﬂﬁg.%lo A
venturi is13 vefiachkiertdlbe shavii®en for & peried pitirae whild thel dhahge |s, bewid requires
little or no mai nf enance E{%W ¥/ OF THE,I N\/EI}ITI ON Jf5 The LEresent i nvention
is directed to 2PeEnhdRREY QA e VAR QBRSTaRYS 1S5t | east one
E)ri) mar 3(;_ c[]em'bc?d;werre@emm ?1esé pericds d»felaﬁiopérraGOﬁ?EﬂMﬁrrs'qcﬂﬂnﬁj eim:?g ?T@Ser ;/oi r;
c) a distributign neans r,su A 0 chenm cal refi system
(5 & condai t PhiPeBrRBEReREneHERl BafindBibeidt P v BREAEE' s &MY | vty
chem cal reser wohe¢ mustide réreasearonber standedroperbtidPteneeeatuasr ; (e) at | east
one venturi,,conpri.si,n as ,inl et out ].et and an_exhaust ,gas outl et,
t he venturi20beir%ioé‘t'a?'¥%8§Ie%n%?%@rﬂef(ﬁ%’%gﬁr§f¢h {;ﬁtq%%es%%ﬁgs% astﬁ pl ying gas
g_nd t hedpr ibrrar yeﬁemslsoﬁl:tdm]laibal is|§ ammommisqteda,raﬁd(that 1213 otlmsiseonedy?:c ve f
i sposed about _the e ust autl e erein vents diffusion o
oxygen or any cagﬁ?%ﬁgﬁﬁi It 'S 'H%Q)e éfﬁgesssyg?%rtr? F?@"ﬂ%ér"% uf(,ao'%' he primry
chem cal reser \aperatios. dhbubdtkl, itpddichehicalupplbyerbamtipreseds tche taedomiar y
chem cal reservyoir | n I ; Y . ' { primary
chem cal reser é\gllolto S%H?r&%ﬁg\e%rpgn@ﬁg#ngﬁetcgggqﬁgﬂﬁgﬁ%%frahggﬂpq é;}lﬁjng t he
chem cal . T™e quodlct beingmmatt sy thhd@B¥Bincadhineef i || systemto a neans for
applying the chem cal and conprises a plurality of transfer Iines 30 and a

plurality of valves. 8
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.



WD 2004/ 01299G PCT/ US2003/ 010599 One enbodi nent of the chem cal refill
system further conprises a volune sensor which is capable of nonitoring the
vol une of chem remai ning in the primary and second ]

reservoirs. eﬁ)@]éqslf?r?rg sensor is operable to nonitor thg{:v\}(llggﬂd%l%?gchem cal
in the primary and 5 secondary chem cal reservoirs using one or nore
sensors selected TrREINAIH Pémegg&%réwtag.sglggen?mﬁ.tﬁ%am Rifil o her nal
conduct ance sensor, capacli tance SEnsor, wei scal e, sonit sensor,

ni trogen back lipuid$som e bakmeotadinezlte atsmalieractavioh apgleireendbeyt f1 oat assenbly
| evel sensor, or, any..c L nat i hey re A sensor is
an optical se ggﬁ,ang%atl?ﬁm%r?ﬁaggﬁ%qtllggtsr%%g%s tjénac'fggégg% %ys{%ngﬁbo&ﬁ% and
secondary cherfieshlliquid gropbioris metalargatie (FMO) coerdicatsahmegs ensiotomaticl | zi ng a

h ' d i h ' J I irs.
anot her - entod BFE NI SHsrRid e Mg S TR S e S BT s 15
| i qui d t enper afountrellezicretios) that sepglip aofapohte gedrreepyndingl nsmbenafary chem cal

irs. Af her . ' ] i . [
i or opr ocessor™ BT G e aPpeerbaet ML gihines, SoplE TR Car =
refill systemchBmidatcalidgrs lidve beea ntiped dre feorongumuind semiondedors i s a

bl e I|.0gi | ler.. f | . ' 20
ontr ol ler mednistao ngpot sfigpioedtellyy Tiilecky uh Hoa™ SPORLAEEIE C roodi ment
of the chend caditheepartiblisyrstiynsaturatedi viitasthé wartipnianBMO climamicalads a eser voi rs and

two secondary chem cal, r 0l .S, T, j i f this
enbodi nent hasﬁaal%ncoﬁgbﬁ' b@i‘ié‘ﬁ"@%‘ﬁ%’ &?Pf%?%h%’g%éh%ﬁ%ﬁ&%gﬂgéﬁ vel y
oper at es t he swidt efrnaimergatifeedhmbgh tHeecylimdie. Mariohs witrddhighmwitylissid he use of

hem cal 1 eaor SO Cregpey OGN kosf Bnbefly s bofertf A HEUPRURR L 1 e

use of a pl urahistigdustryshuttl e primary chem cal reservoirs. 30 In another
enbodi nment lff the present invention, the secondary chem cal reservoir of
a

the chemc refill I gmq Nt ks loobrond gd within

t he conponent pr oc@s@%@gﬂ’ﬁ?é&&&%% a \gng %%E)Jr}gd? "rst&?'t“%b n%g_% %OO4I 012996
PCT1US20031010%9@edevacuempunip toremovalesidual RYQrarass Fomdansigntings

advant ageous Wiyt iFBGErEabSiel, RtfepiReiObor VARGSAE R Phet ransport
well with a b&%PreGr'%g}&g] a(tj%yehﬁsystrem gBI'_He pe esgnt’ {nveﬁéi on is also
directed to a peeoefes¥aduum pyrambpbeevera disadwteg@ei conprising the steps of:
(a) using ggchemcal refill systemaccording to the present invention, as
set forth above, and further conprising a mcroprocessor controller neans
whi ch conprises & yacubeal puyp wquiresithebatienbeypsed e gendegse and thereby

mi cr opr ocessor - ¢ | 8shnBRALRRS B0 1R Bad PR BlEPEGyBlect T cal |y
to each primary gﬂg%ﬁ:a@ r'eservo?r_! and p og?_amre_ topetl:o_ntrol the refilling
operation of eacleoosipe&pdaarergresitonaf $hecehamieals wits Semadpp of 4aosHBni t or i ng
the vol une of Ch%Wtﬁ@MoYKiﬁd&éﬂfa%%EQn?m&ﬁ@%@'d?%§ﬁdrﬂﬁry cheni cal

reservoir; wherein each 1 ndependently opérating m croprocessor-controlled
modul e may25e removed fromthe 15 microprocessor controller wthout

| nterrupting t0e Lpelah] Ain@bohdiSidk AR Wi dinGHRRERAARPRITRATLEC! | ed

nodul es and their corresponding prinmary chemcal reservoirs; (c) sensing an
al arm condi ti on focohplofies sikaesensor; and {d) refilling each corresponding
primary reservoir or shutting down each corresponding autonmatic refill

line. Each m croprocessor 20 controlled nodul es, upon sensing a |ow | evel

or | ow pressure & wagnuoopatnp, and dttepdardpiads ssupports and aphreguirasespesndi ng
primary cheni cal .rese ir,.wll act synchronously to cease operation from
each corre??ondi H%%‘Eer\?v%{r'n%krr? %é:%'n‘i cal reservoir. 25 Another enbodi nent of the
invention further conprises at |east two check val ves, wherein the check

val ves control the conduit between each of t i chenmi cal reservoirs.
In a further er'H)dtgl"W?s\LPrim BYMP pRe27 ﬁW‘VSr'?feclehog%@ﬁ@m%?ﬁchg}rieﬂﬁ?essystem 30
transports pyropheguiar magiiefsmcs. tEtap esqirey rediiar indpectics|repledanéntsyst em

transports liquid pyrophoric nmetal organic chem cals. 10
6



WD 20041012996 PCT/ US2003/ 010599 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
is a schematic view of a systemaccording to the present 5 inventi on for

di spensing ultra high purity or contam nation sensitive chenicals in

processi ng sWéN“%‘"?%(‘the production |ine having eight BST’HF%"O%W%%e |n the
bubbl er section; Fag. 2 is a schematic vi ew of a systemaccording to the

present 10 invention for dispensing ultr urity or contfg}he ni nation
sensi tive cheni iloW-ts{pREratuR: GRAUY Y 169 f‘"f'(? q" '?fr?é‘ddﬁ ekq | i ne havi ng

four points of ugRAdbRsdd)RaRHEBLLPMORMEARS. Hh@ddﬁoh&hava&hmpnmp view of a
system according to the present 15 invention for Pcfasbng ultra high

purity or cont arf?ﬁ‘dfﬁ%ﬁggléhghﬁtﬂgﬁéOE'FFeﬁﬁ%P'Ed‘dﬁ ?OéE?W Mﬁ’r%@esm ng

station in the pre@yShisPhe bf the AMc¥hBRticHed ap PRNBA fs Bdver380%Fi 9. 4 is a
schematic view of_the system of the present invention for 20 di spensing

ul tra highJpuri t%ff'%?”tcont am nation sensitive chemicals directly into a
processing station in the production line having four points of use; and
Fig. 5is a block diagramof the electrical and chem cal sections in a 25
cabi net used to opéhatige Phthesipsiugiferdbe SFEERYNYRNtORdS PRlEyBNigYR ent i on.

DETAI LED DESCRPE#EN(&10bkEd. IWEWLQYOlﬁh@facﬁ{hbﬁu@é%ﬁnatcbﬁdmw of an

ultra pure or contam nation sensitive 30 chem cal dispensing system which .

forms a part de ¥agupytinet Fambe pareratad byt wardurhis nob sillisigaiiet ors) or the
l'ike. The joef tevalu‘é?e Af ofth@p ¥r%pﬁ&%’\§1ehﬁ@al@% !Sn&B@JTM safelySapRaltle t anks and the

val ui ng and conduit schene as and chemcal refjill manifold.
The bul k chemsa/aﬂensf%am@ntam{@xma@gaeﬁ b Papgd pnthanipticebaculaiionsd 52. One

or - bot h of thqmsgiﬁb Sjatdrh W ulilnot Wi, 2&@&%@13&8@@%@%&4@9&%1&%@599 tanks.
I's

When only one ta a shuttle tank, the other will be a fjxed tank which
i s not desi gné@FCtrBO'Béedfoﬁ‘WééPfmed’ﬁi‘ftuﬁé""@a%?'f\’é’f’”lﬂgrgelrH”@?%W@Y case, the

cabinet 48 w |§ur@%1ri§l@¥!lcﬂ@éjfo%ﬂBftﬁ@@lhé!ﬁm@‘lo%@ciel%@ved)ﬂ&nftﬂé s@dém, of the
tanks 50 and 52. The cabi net assenbly hus_capab] e of cﬁl%larrllt?qq@ied inah

shutt! el shiftt |EhUﬁoaéafeawtﬁ“%efaﬁ%ar@sﬂ%law%? piis ﬁ@iO‘Géé'?f ¢ dl shuttle

hode. The scal@e §f4asiein AP biter slith @dFeHEle efuipieni alchishé te remai ns in
each tank 50 and 52 at all tines, and are operable to send appropriate

signal s to t heleSHRE VBFYWP: so that the shuttle tank can be rempved and
replaced with a new shuttle tank in a manner which allows the 10 production
line to remain in Ql%nté.n us og tion for an indeterm nate. thrre peri od.
e 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:

» 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 o 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



The manifold includes a plurality of outlet passages 60, 62, 64, and 66
whi ch are connected to individual bubblers or anmpules. The outlet 15
passages are_each provided with individual control valv V2. V3, and
V4, respectiyﬁ1ﬁwﬁﬁﬁ?ﬁh are actuated by the systen1contﬁ%V%?&m@ﬁgghat t he
chem cal fromthe tanks 50 and 52 may be selectively transferred to

bubbl ers which require chem cal repl enishnment. Transfer passages 68 and 70
are operabl e todﬂrleét}YstPé’t“ %?W%PVS]*?’BM'%HE" firsiassing thiprose . 20
respectively, toenddp@nietfd@bp.passages 60, 62, 64, and 66. Each of the
transfer passages 68 and 70 is provided wth respective valves V5 and V6
whi ch are operable to control chemcal flow fromthe tanks 50 and 52.
valves V& and, Vo, fifturRboferah idk 8fln8Yiehlland it AB1eARRloUeBl on e Cheni cal
is forced out of tanks™50 and 52 by neans of a tank-pressurizing 25 gas
source 55. 3 Pr esd@inpergiig ssntral systempp this Bvertied. t o nonitor the gas pressure
in the tanks 50 and 52, respectively. The gas source is operable to

sel ectively provide a pressurized streamof an inert dry gas, such as

hel i um or ni t P odevgntebracaiiks vap lidagpace withio dghsystars'agelsngt2 Aand 74. The fl ow

of pressurizing i ¢ gérﬁ% { 74 is 34
controlled in pé@f‘ﬁ%'fosvrg?(/%ée %@&égn egmeg\lgghy E@?@ﬁg \étr%u'glg%éhem cal s
from tanks 50 arugsePcejaipad éngwsen@nathd of cotnectingnlinesl | ed in part by val ves
Dv2 and DY{, respectively. Valves DV2, DV3, DV6 and DV7 are manually 12
WO 2004/ 01299G PCT/ US2003/ 010599 operated, and are kept open during nornal
syst em oper at #onA veatwids a Dty, sihlé delligs, iafrexphidsivr o ihdalk andsequest s. A
second source ofypr %b%?e%aﬁ&f is included in the systemfor use 5 in
applying a vacuumto the manitold assenbly. The pressurized gas source
opens into a line which is controlled by val ve V15 and when val ve V15 is
open, the gas Ra £ 9% INVERHEONVENt uri nozzle 78 so as to inpose a
vacuumin |ine Ich opens into venturi nozzle 78. The venturi pulls
vacuum on l8he mani Tlg Bresentinggntiom isrdirectedrio armbeaniqad refith aysiem widch he systemto
an external s ; ,.ﬁ,ggpr; ' VARSI ted at the
exit of the vgﬁﬁhﬁ?é.g'\(/égla%e %ﬂp}? eve :628@?&%%%*?5’3@@#l%?ét%g'?/gen or any
moi sture or aiSECensEy ehamipal rerervdinég eadisttbutigntmeansfersupplyingraagribnat i on
sensitive chem&akeﬁnicéﬁemmeys{éai;l<&alva Béhduft & %ﬁggéﬂtngtmmeaﬁs fohe val ui ng

sequence for transf errlgg chemcal fromtank one or nore of outlet
passages 60, 68PPlginggrsdhe primagyghenteal (regevaln soditherrgeondasy esnicelal can be

simlarlyaopr arﬂééé?ﬁdiﬁ,ctei BOBBEtNK vertuki @oRLSIAY aRRS$ABES gBY oufd)anf4, or 66 in
the event that th s%s emis used in the shuttle-shuttle node

| the s node, by
mani pul ating PREXDBYFSaS oHiettievantyabeingisrosed Betwsgs the distrigtional ves Dv2
and DV3 are kmar@n@rrsl%wyimawna&he piNAERdrseRbnddiPreiploftE arfd® or nore of
valves V1, V2, V3 or V4 wil]| be oEened along with valves V5 and V9. Val ves
cvi and Cv2 afdleasbene valve disrousr @Roptae sxkayshewtist Wigreih @lYeit o the gas
source. All ofprélents @iffBdioh 600N aéry 8arfsoRRimiharits N6 tsfdy Wi |1 be cl osed.
Openi ng val ve e S source to

5 V9 allows the pressurizipg gas fromth
ent er tan%SSO)'%Eﬁeé%&ghrﬂi‘%PW@aWWEe'I"&@ Esegris 2 Pekichgmics! ?Ltﬂ%getaﬁlhe chemical s
up through tubmdifie seéandaiyehefifcatrideidlr id Bh aHPlletdiR repsnchentiet passages.
The chem cal is transferred to bubbl er angul e 4 thr.oug)h a line 46 which

connects wit h "0 B RERRNY chempisalfeseyvalr and delivgrseheppcal Io 2 BIREPR LTopen at al |

times during ppReHgtae cReRIcAL i THe ddhdbihBormestsai cléichiafpéRidretb ghem cal s
enter ampule 4 throu'gh t he open end of tube 41. \Wen the g&ﬁ‘prpp“ ate fill

level is det ecPERSTRT RRRYIBGHR Demiaabardrrmplises Riwielef IreaieyineSoses val ves
V5 and V9 3l onghdlBpluray) 1Q8#91299G PCT/ US2003/ 010599 with the opened

outl et valve. As previously noted, scale 54 nonitors the anount of

chemi cals renmaining in tank 50, and when the chem cal anount reaches a
predeterm ned m nimal anount, the controller wll provide a signal to the
system operator that the tank is to be renoved fromthe cabinet when the
systemis a shuttlelshuttle system

8



When the systemis operating in a fixed/shuttle node such that tank 50 is
the fixed tank and tank 52 is the shuttle tank, scale 54 will signal the
controller when the chem cal level in tank 50 has reached a refill |evel,

10 pref er abl VOBMM29%9605 of capacity, and the control | er PalI'P$206(929%7%% he
correct valves in the systemso as to effect a transfer of chemcal from
tank 52 to tank 50, Assum ng at._thi oint that all of the.val ves except
Dv2, DV3, DV6) andOBRPrRNED ke Cﬁ?fg'cégfﬁf"iﬁ\fslt‘%wwhlef CYPRIFSTA ves V10, V5,
and V6. This vblunecsanser whien @rc,@;sauélozmnmgfth@wm@ ofaBeraiedisce to
pressurize the 15 tank 52 to the extent needed to force_the chem cal up

t hrough tube teMainRgdn HiesrieaRy a0d §pePNERNGIGMIGah Eespaloles TOS ValHE®G to i ne

68. The chem gahsdri®Bpdrupiddo ARWRorithE GdI0Me!df BRerRBal iRt Arith&yand and. into
tank 50. When scale 54 signals that sufficient chem cal haS been

transferred i SEEPNIBARKChEMICR HeseraitsUsINGcnNeQr feure sergoreseleated frig®  and V6 to

hal t movement yof ofdb8 BREBHRA: cflichrertératiermal doRdRPanceiengsgsi y, 1f tank 52
were the fixed tank and tank 50 were the shuttle tank in a fixed-shuttle

system the t CApasi@NCREENE" i WRIBI PEalReIANLIREP L AItEECR BRYEPO8SY St her t han

val ve V10. TheepidietlepiPSdtac cHargeAdcnesr, NoatladséRPRidvel dhsspBRanygd The
‘mi croprocessor control | er when operating the systemin the shuttlelshuttle

node, peri odi éambjnadiens theseots Reeferablydbevglugisesensaids gn opheal $8eMd and t hird

chem cal tpanskiffing aliffsstOPBnéRES iPhe PrinfaRfampes h@br?@ﬂerhﬂ;\éﬁ' of cheni cal
signal fromthe level” detectors and, after receipt of a tankenpty signal

from one of tHesSeWPiIthY aheEeR sondustanceissps Altilizing a esnisioNangasts act uate the

val ves to open, iep@hi§andisetdiRiapeditlcafesniinsd chem cal transfer |ines
upon recei pt of subsequent need-to-add | evel of chemi cal signals fromthe

| evel detectors, and to keep the valves in a condition which 14 WO

2004/ 01299G PCT/ US2QR&HP LRpa8intant 8ahé BRerhicaSefilCSRMENE Alrtief adifpidesl i ne in a
closed condition. .In both the fi x_edlétlgma!?e and shuttle/shuttle erdeS of
e

oper at i on,15t het EUif famnssatiie sapeeanied GEBYETY id SBEORARYICHEMUELR! enpt y t ank
for a full tankseoifd1eAk@ticpBinBadientdr thE Bhénhl refll Sistdneop@darcod! . The

enpty tank to be replaced wil| be the shuttle tank . in the fixedl shuttle
mode, and al t dPIRERATHES SSABEONPIar ITREATS IR S5tk ORFIATG 1P SHETIAEL 'Sl de.

Assumi ng that dyafdm.SBrdferabletnk aflkropclssor ephtestiedmebhdisa ful | tank, the
controller wll be sig@al ed bc% s?an‘% tpat lt nk 52 is en*ﬁty, i.e.) that
the chenical |RIgeIamuahie gl ¢antrollenéYsoRigreidrhnng BIFECPFceStR” gener al
protocol fxy exwi@ng Mgasmityerwohipricesd aetsdsslensidaalvesl | ows: 1) bl owi ng out
the lines of the manifold associated with the bul k 15 contai ner being

repl aced; 2) purging the lines of the manifold associated with the bul k
cont ai ner bei ng r epDreestbodinehi afthe cgemioainéfilgsystenhcampises o connect i on

then econnect ARy SHETITRIRENCBLARS bnparoRayy efCal esBhiofs, CFRE 21 ner and
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



4) purging the lines again; and 5) checking the connections for |eaks.
"Blowi ng out" refers to the renoval of liquid in lines of the manifold 25

when the | at of chem cal. "Purging" refers al of
any resi dual Rﬁ %]034@ éggrral ning in the lines after the ' tpgan}uﬁ%jw%ﬂ?ngy
operation. "Flushing" refers to the constant flow of gas through the |ines

Lo elimnate LLpsoBnLaiantd A WRicl ISR IRAN-aLa.ORITREe, 30 TO

start the cha Sequénce, H&-EontT 6 open va 15 so as to
direct a streafichémicalsitina sie exbt gmrﬂzbrootlgmspwetnmallwwthmbwhieromrtannmﬂe)ugh val ve
V16. This w || dtrawa vacuumin the |ine 8Qand inline 84. 15 WO

20041 012996 PEYF'E82003/ 010599 The val ve V13 is opened to extend the vacuum
to tank 52. Valve V8 is opened to di rect a st ream of pressurl zed gas from

t he gas soyrce 55 to | i nes The source 55
t hus sweep§ throug epreégmégveéﬁan%élag ?d%?a {rg@gqg(r{%n%z and

t hence througmhbmc&nﬁ&nmntie&(épsldﬁt(a) vEng alcherﬂ&al refilsysterough val ve V16.
The val ve V16 prevent.s, back |ffus .on of sture or air
which is detr ﬁ%@ﬂ%ﬂ g tp dhe prepent Vre@ i3 a@&ﬁ?%ﬁ@?l oif gﬁ%@) i ve chenical s.
The dry gas frcxmm;inlsmggaas:cmpmceeswddntromjmemyvmaedaﬂmmlseslaqm@hty in lines
88 and 70 to b I%{&Bans erred or es ﬂ ValHl ng. condition

will be maintdl p{anen(,;lnyerﬁ lg%gycgppﬁo%%q—cggmﬂ)ggm Uig i oY purge the
| i nes of rusi d*d&ﬂul@h@ltahealelecﬂcfdaw tot deehl prinesy blsangicileeserpeir,gad of r eS| dual

chemcal, all automatig va Ve cl o d and

i nstruct ed to %P%?@Wr%f&?aﬂonb% (}%ge 'B\'?g rcft'BWf %%C%t %re%ﬁ&%ogr?ﬁip@ég . After
the system opecrrMTﬂcEalsesgnmﬁrs(lf) Inmrﬂiyﬂmgameomhnme)d)ﬂoﬂaenﬁdaawlthlheaavzzhl ves have been
cl osed, the cont raolle t r eam of

conpr essed gas qWPBﬂ'@fﬁ”Q/@WWl 7@'0 LE?%SU% # \ﬁﬁergﬁﬁa\%gﬂ‘\vcfe%%&%@ntﬁzm s will draw
a vacuum i n | ioper&thganidraprodessm-ddatroNad me@lwmyMeMbﬂe@ﬁemdbened to extend

e vpouunls S liadesar it iR PilerdBiindfle bBAraiER o leves DvO and BV

The aforesdl d vaclrIJ pl'y vacuumto the
lines and on tﬂemeﬂrang(mmbmeeesfsor-cmtmﬂe@ietodubﬁraedthalmrr@epowng Next, val ves

V15 and V13 ar§ rlrﬁergscﬂgmﬁgpreggﬁoxf%ééﬁ se%glnplsar?ga;?&@?&ngg oq_;v(%)%‘?% d@luﬁé eam of

pressuri zed gas m gas nto and 74. The
gas streamfrosarsaoumd(@%ﬁlhmewmqreememreawe%vcmWeejﬂugmg 70, 90, and

74 as well as gq,f @? c?’rle\éﬁ(?neoﬁ??]/ Fﬁa? efll%e apRGERARE &SRt me peri od.

The above purge cyc y appl yi ng vacuum and pressure on the
lines and 2h t éentioled medllgesipios aeeeleataéevvﬂeyie eHew geesispEialalifber of 30

cycl es, VPl Cablauihidtin L8 et b5 QFSBSRING PREKT AR have been

conpl eted, all valves are controller will open
val ves V8 and KeBEMol, Wl"laéwygﬁ'ﬁbroﬂéwrlyéﬁ/\PQﬁﬁP(ﬂE@F@“PE‘ Hed eashand 74 while the 16

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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W O 2004/ 01299G PCT/ US2003/ 010599 tank is being replaced. The aforesaid
prevents air fromentering the flexible connection lines white the tank is
bei ng renoved and a newtank is being . installed. The sPystem ogerator Wil |
be instruct ed"? PW¥AB0e tank 52 fromthe cabinet and to HGTEEHPILPy) |

repl acenent tank. After the systemoperator 5 has indicated that a new tank
has been installed valves V8 and V10 are cl osed. The controller then opens
val ve V15 so as to direct stre f ssed gas through venturi 78 and
out val ve V16BRIEf QE\ﬁPﬂ'PH@\;\Pg ﬂ'én']ég)uﬁﬁwm{e lines 80 and 84. Valves V13
and V14 are opened to extend the yacuumtsgeﬁl i nes '74*t 8}0%070 88, and to
‘tank val ves DV6 arflaplie.a sghesiaticyiey,pka eysisip 2GS MreP 39 control I er

closes valyes; ‘ THEuIEa Mighdddrie) ot ddatanieatidnasedsiite pressure on the
| i nes and %al l\?\e%'%[@gggﬁéﬁeg\??ﬁ%‘;/ rread,rt?,(;lgroreas re .gaﬂge P?e@i\/ni chis a
pressure transhrmieplp inte ai@%ﬁ%ﬁ‘ﬂﬁ*@*"@dﬁaﬁpﬁfu {op;ing NEYng ure woul d
indicate a Ieagm'{srbftl}gg it PeNfbble?Rectign; t he new tank. |If no | eaks are

detected, the systemrepeats 15 the above purge cycles and returns. The

operator wi |l manual l g,return t he ,sys%jem to autorratitc 0 eratiton, which wi ||
operate as outl i nebigaBds/@schematic Vigw gka sKipmagaoalig R &GRS ur ge procedur e
wi |1 occun s WheReAflofP bispbRdiKg Uftraligh geritgl ovedriftarinbtiorl sérasitiee | rrespective of
whet her the systemis 20 operating 1n the fi éed@{]uttl Tl thewt

shut t | e/ shut t ickemisals intora BogessinGSfY Brtke PIRFUEALY B NSNS BRI h t he
preprogramred LPpgs i thBYubMEEsedtioR; . €i ther the fixedlshuttle, or the

shuttl el shuttle operati ng node, the system-.._ operator need only activate
the controller to reassune automatic operation of the system which is

acconpl i shed by negqs 39§ alddRekaNboRIVbS BIsY¥icrstdonii@ptotthe psasethem  The
di spensi ng systemincludes a c i ture control.ler which contains

_ _ : _chem ca] tenpera |

a cheni cal15supﬁv%ﬁt'aﬁ{ﬂﬂ%p@”ﬁ‘ﬁérﬁ“@h'@h PP on coamMMARen P70 ani nat i on

sensi tive chenrdedlicdisdifadlyiimtb@ prosasEingaativatio theroddion fige B8visg at i on vi a
conduit. In the system the chemical is carried into the processing station
in a stream of i@t HOHYES PfYR&S such as nitrogen. The nitrogen gas streamis
fed into chemcal supply anpule 4 froma |line which 17 WO 20041 012996
PCT/ US2003/ 010599 qpens. intg a tube 4 hat .ext S face of
the chemical in anrfﬂg- g2 "?ﬂ'Pr"@é‘é#té%@’sg?mgg%%f%fg%nqiwegg%iﬁéi ng flow
of bubbl esyyhi gilpérshRBult® hight muighort duatdmigatich seEeitive aherhicals direetlf r ee space

in anmpule 4, and is operative to hum dify ar - j .ee space,
and create a pPEsRAFeERYNd E@W&ﬁhﬁf!ﬁﬂ#ﬁ% &%e’gg@ﬁfégwﬁp&%ﬁg%ée’ssi ng gas
whi ch fl ows ougngf anpule 4 through outlet 20 and into a line to the
processing station. A branch |ine may be used to tenporarily exhaust the
processing gas streamfromthe systemduring start-up of the process.

Val ves are sel ecti viRigy5 i@ binick diagoaro ohtheatleatiieal ang elegmisal seCtiensdaof t he
processing.gas 1Q stre The.c it : i iof. t he
processi ngzgt af’f;‘ltﬂmeﬁ %seggc]?]{)p%rl tee@g%&gfegrlaﬁs’é&g@%ﬁﬁ P ggml%%? glﬁ? tﬁgiogr ocessi ng
station via lines which are regul ated by gas nmass flow controllers. The

tenperature co I i I'WE.P% intains the 15 liquid
chem cal in an&tﬂr 'Lgétdégégﬁ:g@?ﬁoggﬁ%ﬁlng erlrpfg?atur e. A chem cal
tenperature connected to tenperature controller via electrical |ine sensor
and chemical |evel Brpnd0s aachepatc dedio posit puie arpentaminatigmgensitivél of t he
chem cal in ampule.4 is sen [ ] L& R 2QrSlRRESMdRPN the
material fr8m \;gﬁpmlpagﬂga%swise&s&%gﬂ\g{@ﬁ@ﬁé%%%? 'e%np_l e, when a quartz
anpul e i s used,prbdedsing\semicenisictogs, ios thedike. Tye taftside of Fig- hshawe e ter and

vertically spaced-apar.t recejver i I o ion of-the
bubbl er V\%erg i nﬂc?lssugpfyﬁgqléaamcﬁg V%‘P 'enf" ﬁg‘&%@ﬁ@g{c%hégfe ngf)fé]%a
start-refill reaneyegss afdhenanicttrefill sanifsidaThe gnliichbeiosl subuighks are

denoted by the numerals 50 and 52. One or both of them can be shuttle

11



25 the quartz anpuie to respective receivers |located on the opposite side
of the anpule. When the liquid level is such that the emtter signal passes
through the liquid, the index of refraction of the liquid causes the
emtter beam®WENE%ufficiently sa that the start-ref PEFUPRBHGET will

not "see" the emtter beam So long as this condition persists, the anpule
refill program 30 wi Il not be activated. en the liqup.d |evel falls

bel ow t he eni {3ks ¥NgRANIRa6aRkisa Shuile @f"&\rm@ pier il t}eg%ﬁmpetpnm |1 sense

the signal begichng n¥l ddsighed to WOraROHAbAPPe Jabihet 46200HhEARSY transnit a

start-refill programactivation signal to éhe a)sé’stem controller. In order
to ensure thathq $rbINst dgevil BRrBlRYidedvitbiseripe A SR IO LR BAEHOHIBE t he anpul e

during the retalds 50RMGAA. Ohe @mide@aﬁenﬁb’nﬂsltmtdagabu@wbeiﬁ?%@@dsi?fais provi ded
in the system The sensors are vertically spaced a(g_art ‘at a predeterm ned
e

di stance. The shutieshutiemele, pad 'tsr?ésowablﬁoigwg Msed B Bred/styile nt er nedi at e

sensor is a "$tQR MekidchiesTALHAS6 Aol e dARARK BPSHensi8A1SMicH S an "overfill”
sensor. The stop refill sensor is operable to send a signal to the system

control | er i nde@ains iyeaduienk R8 andBapkalhimesh8af apy epieble to 6end | ed; 10 and

the overfill spRRAFaREiGnAStANDBEH N & thittRe Shete tfHid dah HeaRfRled and Wi | |
activate an alarmin the case of an overfill condition. It will be

under st ood t h&hdvugrlacadwithya aewshyiigdank in eeannepWwhicBallpws 1% t he overfil |l

sensors arg OopRedRtieh it & @Arln hikBnfiRLE Bh&afdd R bR indehamildietiagi tter beam
is deflected by passing through the liquid chemcal, while the start refill

sensor is 15 #S8P&bl e to signal the systemcontroller when the emtter beam
is not deflected by passing through the liquid chem cal. Wen anpule 4 is
stainless steel, the chem cal |evel can be sensed by a variety of neans of
a series of probesThpMmanifalddneledrstapjugtyof aviis ppgsanes §0n2.f4. 824 and whi ch

are inserted igywnith8rd &ihnatteb RS inaNRIMBRO MBS ST ARBLIES T Phd BRicdNPUl @ to the
area where the chemcal level is one |nst§&g%bgea0h pr obe
ecerVer

to be sensed. In
has a quartsz RAFSIFESIArG SBEk Brvised yith ingivdual cortighvalies Vér Y4
conponents 47 W,@eéﬁé!qum, viHicH &8 dofiatedfbyans bysied cantlolRe 86 tint egnal beam
down t hrough each r

) e Si I ns _are 25 reflected internally by the
bevel ed ends dThef"}‘F@?gBH‘sthﬁﬁ%‘ﬂ‘%pﬁ@"gﬁgrﬂ’%y e?‘?%ﬁﬂi"ﬁlylt@vaf%"reg Bel ow the ends
01;] t he Irods.h e |etrél1ﬁgi@ﬁvredu;ﬁﬁ @iéﬂwb i ;e’ple’n@rﬂe‘ﬁt.iﬂmﬁéﬁdaé%géfleg bhqgi df )
chem cal, the na e refracted out of t evel ed end of the
rod into the @&Ffa%z%%ﬁqsferﬁge@Eﬁﬁfoé’?g}?t?ﬂ‘fso%fbmfﬁf’ st he chemical. Thus,
V\ﬂen_ t hle b@/e|r%dp@iﬁdel?,fto&ht_sbaﬂétpéﬁa:glbils 60,82, 49, arsi &)hﬂzamml ; fswedbi n theOI -
chemcal, its emtter/receiyer W ll nqt detect .the |i and wi
ot Beti vat e tTAEr BrpSTae 98 A AF Birvdp v B R Haves Vb ang o8
i ndependent | y-wiieti ate sygerablend cadtrd tigamidal flewetons thedamkspftodres§2.one 49 for 19
WO 2004/ 012996, ,RCT/ LIS20 010599 det ect.i t t -refli | evel , one 51
for detecting ﬂ}éeﬁ‘\z??nggl\ﬁeﬁr?asﬁcfcg‘r?gedstﬁ'qﬁ%F{)s‘é%’t%e%ﬁr%'ge?aw’%verfi Il Ievel.
Em tterlrecei veliemnidal isforcaxbount ef tankls 5@ aad 82 hyg oreaos ptatankepressunizingl

ol cctroni & areniE:Fear s ina gty EnpATRE ARy Hish EHARY rilsee e <M 1O
control |l er beipgsfioedethe tanks ShindER, redpectivedl. sthecgastsaurce i bperablege gas and
chem cal suppl £6 sré?e%%i{/eq{/ %%ov?cpeda g%ls\s/&?‘zéd %ﬂgar% %?ap H‘!elﬁ 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 DV8; 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
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chem cal supply tanks. O her |evel sensors that may be used inside

stai nless steel containers include, for exanple, thermal conductance,
capaci tance, _nmass, sonic or ultrasonic wave, nitrogen ba l§§re Sure, 10

el ectrostati & HNWYE? vol une by neans of a float asserrbréyU P03

conbi nati ons thereof. The controller mcroprocessor is a preprogramed

M Cr opr ocessor th?t has inputted therein operating paraneters for the
system and wAPRAEHs 2A% 2 fkaRl gpen QW'WQF%’SWO%HW%IVW%WQH ous

har dwar e conppNanbysehdtines 83968 MeSIporS. t O mai ntai n proper chemcal fill

| evel in reservoir anpule 4; proper operation of the various valves in the
system as well as additional schedul ed proper operating paraneters, as

wi 1 be pointed oy sbedrRi dbkdesr.prdluiiR ANk tRludelt BEeSsRTLELQPT Ocessor
controll er section which includes a keyboard and a nonitor which are

. KEY .
cont ai ned Pn tRPRYIRER VAEYHM datbeireaifgid assemblybiThetrresimiiaed @asbi net secti on

houses the el gglirké epbne REPANREWRICATs ddMrofdPhEMIVERE Q8 AMBRPAG, | 07i C
controller (P&(Cﬁ5 can al so be used to operate the controller. Wth use of a

PLC, the subj 980§, {iehgFLHPILRASEES Vel Yertighnogeled 8masde and control s

a touch screefnpdsata Raftdm #iinelsBXvhiddsdpdas it Qe verAeRsef Iral panel di spl ay
obvi ates the need for a keyboard, mpuse, disk drive, and internal hard

drive. The | o¥eTtUpBElS Yacus emibedadiflsisodhat thpieds PAdeedtP BAINRCIcheni cal

supply tanks e giebndio anedxBawm Supt &f vabudhdanR¥uiibAs vdransewhi ch al | ow
access to the bul anks.” The | ower portion of the cabinet

k supply 30 t . Ol 1 -
contains all !ﬂca{q‘?eatéﬁ%%gaﬁtae VRIEHILC ¥RIva Yd 6 pprveats bagkdifiksioniof ow cont r ol

mani f ol d and wRjgepsor aF?QnM@ﬂuVe?@r A Batlths) 88 a@dri)heﬁfbﬁwmrhgu%rves whi ch are
operated by a source of 20 WD 20041 012996 PCT/ US2003/ 010599 pressuri zed

air that is | GERPE¥NARDSLRASIIYS ChsMiEl: cabinet and is connected to the
mani fold systemvia a transfer line. Control of conpressed air flow through
alineis 1%ccorrpl I‘.?;‘];EP@W a electrical solenoid valves contained in the

el ectrical’section owEgr s 8Se8FrRYPR SEhE VaINIRESuaNGE ToblansiRITBt er nal | y
of the cabi netcherhhal it 5MRSorR & Gidre eRbut BasdREs 66) 65@431r88s Which are

used to operate the system, 6 The upper. electrical section of the system
i ncl udes the itd’Hb 8|u|n§§rs U?QPGE&T'E@ﬁBH’@rﬁ”@”%’ dienstered&ofoni tor, the

keyboard, a ltankigs®,oulef papayedl6s®2064,\2 66am theteveaf Hatih \égste@lisi N t he
alternative, the,t

e, AR kB IR R o BB PR o A | e
anal og si gial $sfprevivasly hotied Vaives v@ant DYatare Retlopks dufiey ep@aat i on of the
SO Vel v Sl 1% Aol ol ALY LS PIALIRAES 110, oo
connect ed to apdnedslonyedthsialyeaMs snddsr. Matvies @iV 1t drel G2 kiret ehiekk scal es or
wei ght sensor %/'alvgg %Jhr}ﬁe%m%lagk ;IM/ !Jf éa%viﬁio tRE Bgé) S8urce. 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 48 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
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via a line; and fromthe pressure gauges Pl and P2. The sol enoid valve

mani fol d receives conpressed air fromthe line and selectively delivers the
conpressed air to fihe above-described pneumatic val ves %2 g n t he 20
mani fol d ass PPN i ndi vi dual tubul ar connections. THhUS @dn}g gol enoi d
valve is operably paired with a respective one of the pneumatl c valves in

t he mani f ol d. ndi n r&c S Ritss @l s, the

wei ght scal es gﬁgﬁ? ﬁBergerdg@gﬁ?\zaH%eau&s &JGVBQSIYNE?[]EH éé%‘(‘)et)ée‘?r(llrta)olr i nput fromthe
keyboard or mausmint bheheoucdls mEmaminglindask 88 apgevhenitoe coémicakasenoi d val ves
25 in manifold ] SiAd Ln meni fol d.
The controll efé%ﬁ%\eﬁ aaqrgﬁetg r@ﬂ%ﬁ '“L{ﬂﬁalpa{r?@rrpt tﬂ"?‘%g&g O\s(| o S)Drerat%r via the

moni tor as t o sigrgk® thbisgstemuperdie thatribatdnk lqobrtfa)neweaded franhEI be readily

appr eci at e t ha e sa t em ont ai ning identical
el ectri cal and: E?W@EY"B%” ﬂfeoﬁ%%ﬁb'ﬁt F\HHSES“@@' Cted in accordance with this

invention will be able to operate in either of tvvo di fferent nodes. The

only difference w t he ,operatin 6
PCTI US2003/ 010599 Mﬁ'?ﬁ’h?“ﬁé&“?'ﬁ 5 Oherpindin é‘%?)r?a@’h'e cor?tzs(r?‘gﬁll”ga}%az@‘rrput er .
Thus a syst emBpogshe fixddetenk ancﬂtaGESGMe shirttll tartki scaleGémill ognalithd be usabl e

in a preexistin Si ant, whi c S Ishutt-le or
shuttl el shutt I@%HB@‘?%W dp'%ﬁ nicay lgvsl 'Wh‘ﬁﬁk éﬁégéeh%‘ghe‘? Q&:ﬁl' he ' CV2 al |l ows
for -use of10onlpteﬁrmabwtlvswambyamynmd thercpntsoltehkumenathsecm cont ai ner

IS not necessary. ar au C.r exi bl e and
permts connec it 'Qﬁ?}e o] npg? a% %& ggﬁ&éd&f("%r@%%n}r?ﬁ I%F%rds by

adj usting the tapkiger Assunimglat tais pomt tHaeamoﬁbeaalwgs exqeph BDNBI BVaut omatl c

refill system _The i ased ver atl o/t nvention
will elininateé? Ya '}@é}ﬁ ﬁg?) ﬁ‘ %ﬁ%" r%’ \%Y\%%ngt&gm%ogyédel ivery
assenbl y whi chTwiamiilf cdusienige pressmrde@gaslﬁfnm thg oas smcmmewur@péh%u on of the

processi ng,p | ant i 2 sh i

Bont am nat Fon oS P ehen Bafe P ISR it O R AR O ;g1
pressuri zed 15pdmslabe(7beamddlaﬂougmmplvylveaM5 ﬂ\lddfﬁatoslmﬁ@ﬁe Toramewigal suppl y

anpul e. This at
descri bed abosf %R?@WS;@\SAE‘ éﬁ%O%g%ﬁﬁé@h%ttUbg SSSEFE:“ tggénmr\gheﬁ.gcal?gs 3 and
4 show a schendd srgnaiselmat@ffmnmhanacqmaeb@qan tranrfemechiatd i8Rk §8niet i ve

chen cal ! SPeRSHIACPUSLEMANLS0h08 i (olo AdiGHbRrdh b echbflap! t he
chemcals into rocessi ng stations hese systens, chem cal can be
di spensed 29 onframtiahlk52tz.pm yObdinksiy, df tanls%we@rthwﬂxw kesdtanthR} . and t hen
chemical is di &l%?é]ﬂ“\% h%ﬁeQalllll Y ek sﬂ[ﬁltltagfstmr e s WRuRBhvdIR - @

vaporizer unit t he conponen rocessing station. This
configuration mnd:eéatnoamf éalﬂ@JW(ﬁﬁé an §a|t’ﬁ§ﬂOdghﬂ@fhﬁ/ﬁﬁﬁrﬁt“é‘%VﬁYeSZS
~transport well RiteHslimn@edafigbbl er. These systens operate. in a sinmlar
manner to those described above in Figs. 1 and 2, with the exception that

t he bubbl er conponent has been renoved and the chem cal is di ectly
injected i B60 the pibeaiappigcessat sarolgovimnpresatng the gyem iyiNegr am of t he

electrical andsahmelhths e B d'id&ll)%Q&uﬁ@@'tﬁﬁal%‘t@fbpéﬁ@n@@ﬁﬂhet0 operate

the system The upper e ectrl sec i on of stem i nc| ud eg
progr ammabl e | sgeenccand thistl |cb¢m(cpl_t(§nsfer feespygpon W'Eb@il@fﬂ%%@ -add

PCTT US2003] 01078481 B 581 or 84Sl TN, RGPk bt i it

i nputs and out puts, he controller |s connected to an
anal og i nput weny S@k!elsfrqnhen%pfgthal\lglumer%?@ﬁq’rﬁ PrrsfirdisalnBIbsRIVSHY wei ght

scal es and jgr CSRH] e{l'{ea\fm%‘ifbﬁ L A PRk seEB.ed analag sl s are
converted into digit ?or the controll er conputer which controls

t he operation dfansfes liges emm recsipl of s4P$eRUeRY Reedriaradddevel ehohe™fRl PLC nodul es
connect to the s%‘fgfr ?%@Eldciete-g&ﬁ‘s'éﬂdetbfké@;‘?tﬁéw&s%atcéhﬂiﬁoﬁ #ichequi r ed
power supplies ace ectronics. Pressure transducer and scal es
are connected
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to the analog card of the PLC. The vacuum swi tch, spill sensor and door 10
sensor inputs are connected to the interface board. The interface

el ectronics also.interprets the signals comng fromthe _assgci at g
processi ng eéﬁﬂ%?ﬂ%or]i%g%m command fromthe PLC) the int e?’%g@gm?)%‘g&sgsends
signals to a bank of sol enoid val ves. The sol enoid val ves contr ol

d ai | i he. ti ' 2 pl unbi ifold. Th
15 Sol anoi d VAR eBRmIeR raedge YEa ERR Pl T g Solectivel y

delivers the conpressed air to the above-descri bed pneunmatic val ves
contained in the manpifold,assemly 58 via,indiVvi ections
116. Thus, one SO|héH%h&kg&rg@sﬁ@tl%m¢f%t%/%%q ee'a‘g%g% ﬂftog}% ?ée@éé@tg %e one of
t28€ Fnetl;mti CwM%b\&fodéﬁ?t?1HQ®rmbI[foﬂ @kcl’dangiﬁpgatedipmgtaoh forrgpfutl tandcei ved frf)lm
start/stop_signals, .the wei S es _an e pr uges, as we
as operat ot i%&’”?‘?"&&'? ﬂ@%‘ﬁ‘ﬁ%ﬁﬁf‘&?ﬂr@ %%58‘,‘ %Fﬁgﬂpﬁﬁﬁaﬁ%ﬁg? dictates
LRt | val e e o Gont o 1 o1 i Ll &g si gnal and
pneumati c val ves - i 0 nani : contro r, W signal an
prompt the sy3resmeidprianksin '\ﬂeaShf‘ﬁlégf‘H@@ﬁ”%‘fer S U 'sg?taagggggtﬁgsks whi ch
25 nust be nmapuphd Ko REEIAGIIRIth a kil tahi, khedeorteaeli Wiyl bapsiyheleidatyedalehat the same
system mani fol di ng contai ning identi

| al electrical .and chem cal conponents
when const r ucP@iat ks % It “Fﬁ%helnﬂ%lﬂ?\fegf‘? Rﬂ“?vvﬁﬁgc’%{ rIeend'fo oper at e
in either jof bWpPS8@1di fferent nodes. The only difference will be the
operating programin the controller conputer. Thus a system constructed in
accordance with this invention will be usable in a preexisting processing
pl ant which uses eThdgenstd! proldeoiFO0cBARNRGRETY thifi 66:84i046599s t he
fixedl shuttle (gr shuttl el shuttl e operating node. The increased versatility
of the systenf@PWfhis invention will elininate the need for custom
mani fol ding in a chesbwily dletiemey oatheaniriioldisohiateniifrothdibatk i s dependent
upon the node of operation of the processing plant. 5 The present invention
provi des dmoGAMAINCLREBFLERIB°SEs i 1| system whi ch does not require a vacuum
punp but is safe fpyp@ginglthe inds ghh@manifeld apyodgbdwitb theettwk or gani ¢ ( PMO)
chem cals. This stem al SO does not require the renoval of the working
cyl i nder (bubﬁPE@anf’SWtrﬁaa 'ki ng 10 apparatus and controls the plurality
of chemical recei vinfudhindinert gas thheypgnttie vohyedaipn dnes whitst they areThe system

al so has separate contral f | SRcleq 16 emoved
fromthe aut omq%&?%%W”%Ftegg%ﬁ‘qifﬁ%ga‘g%85%?@6%%%"&5"r em(a:i ni ng nodul es
wi t hout dagtagithg new butle contajneéme m croprocessor of the renoved nodul e.

Anot her feature of ,15 the pbr i.nvention is that the automatic refill
system can be util ﬁiBH}gfr@ %Fﬁﬁg%géé&t an one bubbler with the ultra high

purity chenical fr &cheskiimpthe donhdctionnfosieske. The degree of saturation of
the carrier gas by the liquid chem cal 20 repl eni shed by the subject
automatic refill system does not change. Qther inert carrier gases do not
di lute the commonl yBlosény byt refgrsrio teremevalgeidiuid in lingssefthe 6‘?“?‘?{%, pr esent
system evegy djgit fle LARUIL AU BithehRafalPURTAGAblets {otAL rfshel bosRy he
m cropr ocessor. "o he nodul es are separate, stand ,

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 controlier 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.
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25 atone units wth their own m croprocessor and peripheral el ectronics.
When one nodul e controlling one bubbler mal functions, the renaining nodul es
and bubbler controllers continue to work normal ly. The hgfh@(&@r@ of a

mal f uncti oni NP WBIPES or bubbl er does not interfere wit 2ion of

t he remai ni ng nodul es, bubblers, and their associated netal organic 30

chem cal vapor, depositiqn D) maclg}‘ nes S r at dul es are

qui ckl'y and eéE? I@‘@éﬁﬁdﬁ@é‘f’@l‘jﬁ%@x"ﬁﬁé anaéuH'@g?éﬁfg‘%%ag §8 'But | plug in
units. Each rrbﬁéwt%ﬁa%‘épé StPEHM bmrewuﬂé@gﬁéﬁ&ﬂ%é bSs itrke sHpRd cal transfer
line to be drained of PMO chemcal into its corresgondl ng working 24 WO

200a/ 012996 Pliga kS E§30d $890he gan sirendr fromseuichisd ‘gﬁ"&é‘?ﬁ?@ﬁh@“ﬂhe ri sk of

PMO fire. The)igdeas ard 70 raawl @é tdﬂé‘ﬁﬁalﬁf@nlbéﬁ kari‘dl thérRd thRlgRaRed i | 11 ng
nodes, with ultra-high purity_hydrogen king contalners or bulk

cheni cal siippPé atnﬁrﬂgs'rﬁ? gerftpq ?%@”ﬂnﬂf"ﬁug%lﬂh‘ﬂ%@ TB‘?/WV%IW@H%’F@ 8 so

arranged to Sbgaah.ffaébﬁ%ﬂsxygeﬁgt aﬁ'PH\@IsEerB?alr@hﬁhg@&etﬁﬁ@hﬂﬂo @pgrated using
conpressed i nert gas, such’'as, for exanple rogen is used to elimnate

PVOD vapors fr&H& @ram#eﬁwnﬁﬁ'wny#vwhqrm%!%ﬁaﬁa@/ anstfrogr thergaspul k cheni cal

supply cont ai Bgfirce Wil éadﬂédéigfi‘és@ﬁl @ﬁ@fﬁicéi lﬁ‘ﬂﬁéé 88 §N§7@f8t§¥9ﬁ&1§?&*edlpset the
tenperature 10 of th uid chem cal he recei ving | er and,

t heref ore) théteiank %2 fB?ﬁ Q‘féﬂﬁéﬁ'ddﬁwﬂﬂeﬁoé%it'?i‘ Ml t{fa@a'i"'ta'ﬁﬁﬁfo"s?gm ficantly

di st urbed.;oAl $Paddiditnibed me BBic rﬂ%fdéd% Buraé‘tﬁé et tedichial éh’én‘%nb& use of a
hel ium | eak detector, In this way the system can avoi d atnpspheric

cont am nat i on Aftekthe liesinaye B?%maeﬁ!)efrr.eﬁvualf%mlq%@"@Hmwdaiveéf a bul k

cylinder. Thekgs bRs8® aR@ 81k dyStehPEY ol R indiRictedlts lobé eHanbErValuesPMO chemi cal
bubbl ers fromthe | I§UI d tenperature baths of the MOCVD machine to refill

themwi th t he RYRAMERN7 ander pHiablefe a necessity to install new bubblers in
their place so that the operation of the corresponding MOCVD nmachi nes is

not affected during_ the autonatic refilli wg geratlon aqd so that the
chance of !dcci dent Aftef thesystem Qpstar Sionss ieqyeten coryaliertaddi®y, the PMO

transfer |inesapic8 Havedees cloted?Ma ddrirdiish vﬁiﬂ@ﬁérﬁ@élvéﬂ’fﬂ 58 at fedireet mal
operating node of the MOCVD machi ne bet ween peration of

the refill sy SR ALCAPRIESISFHAS JURUST veHur igaB‘é\ERt tgrqupgdaIVﬁtR/(;%t he
transfer i nesrmsewmﬁﬁawraafachumngllﬂmgncaﬁndmélaa. Ma¥P Ve eihidne'4sareper at i ng

carrier gas is oth se di st ur bed T t -diffusion of air into the
mani fol d dur i r%’eé‘?grtﬂiﬁf}eﬂ'@g@ V@P“‘f’ﬁi o fings ’ggf/gqlf@ﬁ? ;’é WM R ed, and netal
oxi de formati omies Wﬁiand)m/l?ngﬁ@bfdr@sdimeamﬁ@btf)rcdmbni\mll aumaiﬁdmeAWent uri
coupled to valve,V16 is enployed to r zar do em cal vapor S
fromtransfer 98P Il.ye\éacﬂgpbt]pgp éfpfjr?é’ tﬁ%%?% Vﬁﬁ'eﬁ LA R éaj%‘f] B%‘fﬁ
2004/ 012996 P@Erid32 0t ¥alBoY 15 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 valvés are closed and the controller will open
valves V8 and V10 to aflow gas to flow through lines 70 and 74 while the
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These and ot her objects, features and advantages are obtained by a nodul ar

automatic chemcal refill systemwhich permts fast and easy repl acenent of
darmaged or mal functioning nodules within the automatic refill ngste
wi t hout af f e®tQ WYVIHE operation of the renaining modul e3¢TEFIEHEZ? any of

a plurality of bubblers in the systemcan continue to operate and supply
chem cal from%{ﬂg ﬁﬁbbl ers to_the_correspondi ng  MOCVD nmachi nes._w t hout
i nterruption BaIreh'aced: Sheeforesaid p eVe'%tﬁé‘trérﬁﬂ‘s%'H@@@ fhgdlexiBleel of

liquid chem cabnhdttionafedaviieltRE tiRds BEhE TErhbeed dnd a B 'térﬁk i§ B&ing1 qui d
chemcal in the bubb rs to an operating |level wthout gwrlng renmoval of

10 the bubbl eﬁ%sf?'lBSm ﬁéY?te'Bcﬂprﬁ%ro\M'H|bﬁg”§t'iuﬁtﬂdd°f%ﬂ@‘@rt&f‘& éfeat hs or

Wi t hout si gni fiié astfihet aﬂﬂicﬁﬁ&t‘aﬂ'gf&lh%p’ié’c@ﬁ%ﬁﬁfa‘r\ke)ﬁ\ﬁeg% %M%géu‘a% and 1iquid
PMO chem cal saturation |evel carrier nor ‘i ntroduci ng any

as
oxygen intd tH@sindiqated beka @‘?Wéﬁ” th?é heeorstaliesvaives VBsangdi 10aree have shown

and descri bed c!‘r%‘égr¢he€8ﬁ1ﬂﬂ1éﬁ‘fﬁ8ﬁ%péﬁ’s%€é’(/¢§§&§s¥88|EITG?HrsterM%?t' on, it is
to be clearly understood th he sane are susce nuner ous changes

apparent to of@THIGSSPEgas Hrquek venturi %M%@‘Hr@we 8 hifovilhgraat o be |imted
to the detail a5 me%é&mam@sﬂ %Qwé@&xm%swta% ébﬁwg%'ex&hanges and

nodi fi cati ons which cone with scope of tea cl al nB VWO

2004/ 01299G WABE Vacuup) igilipes 74, §° %"rf}%szé@%mmslggs Gmr@H%Vﬁ cAlfterr ef i | |

system whijoh GRS fstuufdimethd sﬁﬁ.to||eﬂao§€sw§%¥\h'3%'d@l/1%hemeca' reservoir;
(b) at |east one secondary |iquid chemcal reservoir; S (c) a distribution

nmeans for suppRr ﬂ@'@%‘d??’l"@f‘s Hapressusnprythedives and values DV6§y§tQéfﬁ (d) a

condui t for CcoRnREdrisd prtbthe RS szowmrwbwsgur%ara%saaééﬂse.nsgas) sai d
primary liquid chemcal reservoir, and sai d secondary urd chem cal

reservoir: 10 AFe§SUER 03ugedit. JhEss Brrassure wiepidi iadieaje & '@%i%mc%hﬁ et, a gas outlet

and an ex haustcogaécti@blé tethe né@ltﬂqwemhunéakbat@&e@été@%é@yQ@ﬁM@ﬁé’atéa' d
distri butl %ng or su&% e’;}r\% said carrier gas_and said primary and

secondar y PERYESE JEtERs. o Hee preratar willdpanuay eetyidithee” sensor

sel ected fr omstyb@ngtbmmmip&tatm Which Wil 6drate ak o%ﬂméerabo&éﬂer nal
conduct ance sensor, capacl tance sensor, wel ght scal e, soni ¢ sensor,

nitrogen back pressure sensor, el ectrostatic charge sensor, float sensor,
and any conbi nati oitds héted m‘ithe&abﬁcmbm@@p@@édlhéi\nmgo@@pwhéﬁaﬁf

gﬁg'mt g;: n? etsgsg/vq(y !flan?( is repﬁarc]:gtrjn wntféll a full ?a ! {r]rleggectlve o? wﬂet?n thers¥stgrrrlldls secondary

20  operating in the fixed/shuttle, or the shuttle/shuttie mode. In order to
operate the system controller in the preprogrammed opérating mode, i.e.,
either the fixed/shuttle, or the shuttle/shuttle operating mode, the system

C— operator need only activate the controller to 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
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20 2. The chemical refill systemas recited in claim1l1, wherein said
exhaust gas outlet has at |east one valve, wherein said val ve prevents

di ffusion of _oxygen or any contam nants into said syst The
chemi cal ref?vlq%gw’é%%?n as recited in claim1l1, wherein g@%“ﬁ@?’rorgbrwf chemi cal
reservoir is a bulk chem cal supply tank. 4. The chem cal refill system as
recited in claiml, wherein said at | east one, secopdary chem cal reservoir
is an anpul e %ﬁ?(ﬂ‘_sr"étEé‘itUlé%‘l?H@trP@ﬁFé? P%ﬂ‘f" %aaeﬁ%le@ém' € primary

chemi cal reseém%é 2MheGttddéAIgas GieaMGSImd oh AcBREAG fibRTof Bodiyd ng sai d
chemcal. 27 WO 2004/ 012996 PCTI US2003/ 010599 5. The chem E"g‘%‘ refill
system as r ecivhigh ripes %FPﬁi’%gf,thﬁh@#'éphe@'ﬁﬁﬂn@émﬁ?? SeHBAPUSATd cheni cal
refill systemidPisadpBRANS td RimARPhYd P@ssiizd 161968 Sgdoe, Bnd dlegtecdiem cal refill
systemas recited in claim1l, erein said conduit 5 conpri fes a plurality
of transfet |pigesurEad. depnealuhumiditgd stegapndf Processing RRNIEOWSef i || system

as recited i no@lctiafplle N‘lﬂ@él@h%uﬂéﬁ@bﬁd hRAS ineXB8heY PHIdBBSISEREHEN.1 S an
optical sensor utilizing a glass rod encased in sald prinmary and secondary

cheni cal resef P& lingmnay beryreddn dempeprily exhaust heqresRssg9e€ited in clai m

1, wherein. 5§tir@hrﬁffrolnecﬁ§%y§{&ﬁ dphy SRSB SQhe pocdsd. heda argonduct ance sensor
utilizing a thermstor encased in said at |east one primary and secondary

cheni cal reses<iestively opsrable tprontraldhe disectioarof flow f thednpessstioggm 1, wherein

each of s d gfedrfaThe EORPBYiHidFPE KNS BFnCEBRERARINEG (THELEsRR statRpGE voi rs further
conprises a liquid erature sensor. 10. The chemcal refill systemas

t enp . Sel ne cn !
reci ted in-cl&pHiolled Rigpeasadiaitted oo hrdrpeessing shation viajoes Wi aRer
conpri ses a NMdyuRREPBEEEPMasONEW ebhtflleeans for sel ectively operating said
chem cal refill system 11. The chemcal refill systemas recited in claim

10) wherein said mcroprocessor controller neans is a programrmabl e |ogic

control ler. 25 12. THdnfpRedti@dontrefidrlidcliles taeiBats widH teftdims takai m 1,
wherein said chemical refill system corTEri ses two said pr.i hem cal

i
reser voi r §3 anfiayidshemical is amvied ot 2 RERet aperrigdpiprratureg 4 Crl%.”}gﬁeﬁe cheni cal

refill systemeispdratird 66hricbiealtatempetatufdiédriteliercanpletitaldingisehsast two check
val ves, wherein said check val ves control S%Iid conldu‘lt bet ween each of said

two primary cRBACEEMICRHER \$EN$ arrgy are disposed in ampule

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
e . jocated 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
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WO 20041 012996 PCT/ US2003/ 010599 14. The chemical refill systemas recited
in claim12, wherein said chemcal refill systemfurther conprises a

m croprocessor controller neans which selectively operates said systemin a
fi xedl shut t | ¥ hW#E129%hi ch node 5 invol ves the use of a PFV@@P“?ﬁ’qlﬁ%?y

chem cal reservoir and the use of a shuttle primary chem cal reservoir, or
in a shuttlelshutt|le node, which node involves the use of a plurality of
shuttl e pri math@nemigistat-refid peagvanrestivation sipnal iorbesysiemcenirpllersyst em as
recited in claim1, wherein said 10 chem cal is a pyrophoric chem cal. 16.
The chemcal refill systemas recited in claim15, wherein said chemcal is
a |iquid pyrophori b aigerdp @nguneitbatdhe piopar amesntof chamisatirsibesal refil |
system as reci i | LRnSakdacar i ds fnert gas. 18.

The chemi cal rarg?‘lgﬂoqggs?t ﬂ%uﬂf@?tﬁ%?&ﬂl?ﬁb%ﬁgﬁétEa{s\t,\grztflédﬂﬁd nglgld carrier gas
is nitroged. 26en9d s popided dshefsystery ahspmnsoisgra vetieallyoplaced aparh a chemi cal
refill SyStema?grgﬂi’éméchﬁstﬁﬁ&q%@I'ow(egt)seﬂé 1 Hdreiiaheg) refil!
system conpri si ng: I') at l'east one primary liquid chemcal reservoir; 25
a

(ii) at |east Thednts snsardgih dstep eafillt sgnspe sadind upperinosy sensdi st ri but i on

reans, 107 SUPRL ) oS SEGR! TARS o PoRRlchaE BbGRbIC BleEhl AP (1Y), @

conduit for connecting said neans for supp carrier’ gas, said
primary |iqui dhe bysidne abntraliee indisiating thatithezanb s hasbesrdenopetly wiillet; cheni cal

reservoir;;n(Vv) S?eﬁi i i i t as outl et
and an exhlact)ustang;ttgé out lla%}Egglgﬁggélﬁtb%?%fgﬂﬂg%gsé?%%g@gg%ogt%Ogvﬁﬂsai d 29 WO
2004/ 01299G PEFLH2003120m06 4% chsstof abwvedih conditian. flawillheppidgisiopdsai d carrier -

gas and sai d AR RlatPAAORl elhtict SheetRicsfidgise: (V1) af

| east one vol une sensor s romthe group consisting of: optical
sensor, t her m#pesabipiiocignad thessysteny condpliaicvhemibe esditerdeannisidgfiectedal e, sonic

sensor. i L OuRrbAaRk RSP HETGBRNSBMcoEl AALIASLAH EnElARgRs sensor) f! oat

sensor, and a nati1ons thereof, said volume sensor belng capabl e of
noni t or i ngl% heoPgblmie gnat ensystens cordraliphvipg the esiiter heehiampt and secondary

chem cal resergfitted 8P Paddng MrbdgrAn8NighiaRAERRaEOr control |l er nmeans which
conprises a plurality of I ndependently operating m croprocessor-controlled

modul es, each nodul e being matched electrically to each prinmary chem cal

reservoir, and progiWERAniie 4GONalnss il thd bhérhiddl IBRGtah beRedsedl each

correspondi ng pri ma_r¥ chem cal reservoir; (b%_ nonitori n& t he vol une of
cheni cal wi t iy 2¥@ietneflimeans diseseriea s pobes which arapeneted gearrAlly Midependent | y

operating 79 CriUphataiess ahd G & iRErED b el tSp LEIHRVEY fe AROBXERH d
m croprocessor, controller w thout interrupt |%g'édggi8t(t)%per ation of the

remai ni ng ni crigioribe axeyle-te dir isAIERIS theRbEN B¢ perssir d3 pondi ng
primary chem cae istaRde/ @aEls probe has a quartz rod with a beveled end. Signal

e beam emitter/receiver components 47 are mounted on the top of each rod
' and send a sighal 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

19



(c) rmonitoring said at |east one volunme sensor for an alarm condition; and

(d) refilling a primary chemical -reservoir or shutting down an automatic

refill line. 25 20. The process of claim19) wherein said

mi cr opr ocessWP2YRIPY | ed nodul es, upon sensing a | ow IERY2YPOUPow

prezsure al ar mhcondltion fromsaid at | east one volunme sensors in each of

said primary chenical reseryoirs, ac chronousl.y to .C ration from

each of said fteeiRefhastapEm lexe!, ?‘é%é"rf?\ég?t?c '%%GA%H&YﬂO%%i&%O%nsport ing a

liquid chem cpl q&RBRd & BEeriinevSl Ehsittétrecsdllrs 47@reEdmhedE2968

PCTI US2003/ 010599 (a)  providing a chenj CEU refi m co Ising; (i) at
[

. aj . . . || syste
| east one pr|$ﬁi\39r$'fc(§|'ﬂi°gﬂ°€ﬂté9h ropigg Wpighaye cc(qtgwe(iiﬁ 85%'?'3‘%% "Secondary
l'iquid chem cadnifofSeritR dontrol dibdirahiddiasé Ebrinecteaino Meagstdrocosttiipt yi ng a
carrier gas to sald chemcal refill s _stenb %I v?‘_ onduj t for connecting
sai d nmeansS f oviadopphy cagtraliss ae'eahppﬁdx@asqa oty 'ﬁﬁia r‘”;?”*Q'rthﬁﬁ cheni cal
reservotr, a”Pu@%‘ ds SRE QALK Sdpl HasivRis &l valvreeanPinebufy) at | east one

venturi conprising a gas inlet) ‘a'gas outlet 10 and an exhaust gas outlet,
sai d venturi b‘@&mlgakﬁuﬁpwstéféksbeé%élﬁ"@éP'EF’QiI?mmtqedﬁepré%ﬁ*@e for gsuppl yi ng

sai d carrier gas,aldiSdicntainefRinkiuas dosaeapii verrafitorduetzece,cal reservoirs;
and (vi) at least one volume sensor selected fromth roup consisting of:
optical sensofapaciansmimassnerite andiasogicaugve. Tﬁrogﬁ'ﬂ)éﬂcﬁ‘t‘%ﬁ %R%'ensor, wei ght

scal e, SOR{C SRRFGatERIIGESRINAE Ky REESSH £1GRBEXIMbIP| ®eyost atic char ge
sensor, float sensor, and any conbi nations thereof, said volune sensor

bei ng capabl e combigiiensPiRPit he vol une of chenicals remaining in said
pri mary and secondary chem cal reservoir;

The controller microprocessor is a preprogrammed microprocessor
that has inputted therein operating parameters for the system, and which is
15 operable to moderate and control the various hardware combonents 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

95  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



20 (b) pressurizing said at |least one primary liquid chem cal reservoir
with said carrier gas; and (c) forcing, under pressure, a liquid chem cal
contained in said at |east one primary |iquid chem cahreservoir-through
sai d condui t WOLAH@Iereby filling said at | east one s&&OAFAIY1%Yui d
chem cal reservoir wth 25 said liquid chemcal. 22. A chemcal refill

system whi ch conmprises: (a), at | east one imary liguid ] reservoir;
()t;) at | east B%QB'W@&F’??'P?%PE eéﬁ?é’?ﬁrﬁéfgf{ ecsaéﬁ\?k)?rﬁéj\s&gﬁﬁgcg%@m hin a 30
processing st gid RBnifdIE systerflivii 4 iriisfdraife. BEM®| biodonguipgtediadloav carrier gas to

said chemcal refill system 31 WO 2004/ 01299C, PCT/ US2003/ 010599 (d) a
colnduit fior %ﬁ?@b?ﬂ;’ﬂ%'ssa&r:@f“ﬂﬁ'%‘?? P"E‘L?i‘? f?ag%‘éﬁ%o"f’ 3?"%%?)?5]%% said ((:aZri er

gas, said pri R Yebtidlisdeidhe Mreaources 8f pressurizétdas argdossteondary |iquid
chemi cal reservoir; and (e). at |east one venturi conprising a gas inlet, a

gas out | et San@xigmnally &k inghs outlet, said venturi being disposed between
said distribution neans for supplying said carrier gas and said primary and
secondary liquid chem cal reservoirs. 23. The chem cal ,refill stem as
recited in claim23pe %‘@P%‘ihﬁ’s%CH'CEW@@EU%@?@%Q?‘OB%W%@ gl used {queast one
val ve, wher ei pyygaid ey mesanbs: dikdiidas sedtionlof Meygernoincatys thent am nant s
into said system 2.4. "'The chemcal refill gg/ tem as recg%fbgal claim 22,

wherei n sai d penteliey cemenies P U empopgits speh IROURE NG A tank. 15

25. The chgm Gabudeehibpp\pdiss 82 and 8 BhidefivelloGh Bdainativbctheitouchai d at
| east one secondary chenical reservoir recelves c@em cal fro d at | east

.Sl

one prinary- cHsraesdiat parel dispiay. Aha carrqllobis SOPRGHFL I aryanaled O AIPIRl 5 eans
for appl yi ng S@hlofidt HBhafAhiENi@S theRindRASHnag: Férthamterf4 ard Tae cheni cal
refill systemas recited in clajim 22, %h rein sgll d copgﬁ:at connects said
chenmi cal ref i |9ongisttagppeyatiomefdie sqlghol )5%}’?/3 RYVEIEURENPRY| . 25 27. The
chem cal refi :dons?!ﬁé@;@a};&@ldg@gjrgamnt:omignbasigf&a’aaforml cr!itnmllaaz;cod\mwl dui t )
conprises a plurality of transfer |lines,an ural.it . 28. The
chemical r&¥i |Th%%qrf\éﬁ? anrpe@iaasé’ocof‘ﬂe‘g?%forﬁ@;?gﬂ%%sr%9'ﬁa}i§ﬁ9'a‘vb%ﬁ%§fcal refill
system furt heryhg QUK thescaids 6@6’&?h’t@6ﬁsdr’§2lfm’fethe@lmne fihieedi s8fsdrs capabl e of
noni toring the vol ume of chemcals remining i id at | east one primary
and at |east ofi@adiBecHULFoM rchfeEsye papes oi"?n.cp%ga-lrhe Solencid vaive

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

21



WO 2004/ 01299C PCT/ US2003/ 010599 29. The chemical refill systemas recited
in claim28, wherein said at |east one volune sensor is at |east one
selected fromthe oup consisting of: optical sensor, t | duct ance
sensor, capaWptza‘H@g”%ﬁensor wei ght scal e, sonic sensor,P%ﬁSE@agﬁgﬁack
pressure sensor, electrostatic charge 5 sensor, float sensor, and any

nmbi nat h f h I f ted |
CT o LR A N SRR RS R B 0, D El

a gl ass rod enocastedtddinsetordancd m&sﬂnsnnmrmbh mrtye aéubleah d rasxist@ipe secondary
chenical reservoirs. 1?@?% The ch refi Srb¥ em.as .recited. in

claim?29, whePHS55¥58 8 ichdiseg gl ‘?? %fﬁi?dés@Hg'S shutile/sReteral conduct ance

sensor utili Zopgraing Atydel KISy, tisrasaiteion O&ﬂ' ad1da¢vi Bfws fgf‘ﬁ‘se%f'dmfy and at
| east one econdgg% chem cal reser v0| rs. . The chemcal refill system

of claim?2 PURRYFOBaINSs; fychth qté‘as?@%%o'ﬁ?'ﬂﬁ'ﬁﬁVo*aweéﬁarb’east one

secondar gocgerrh@@hodmearuv@hm refil $y3RIm RBABRY fiSESe and be:wuﬁl, doRAB&IcAL Ur e
sensor.

refill s recited in claim?22, wherein
sai d cheni cal apé-PPWgé\%f’)éH‘F?'{ﬁdt”r‘l@be\éBfrerbi‘ § by agjustingihe CWaWSF o ont r ol | er
means for sel ﬁ(ddu!e@IMtlm)mbabltaﬂ)ge?ndaﬂb%mm@dtncrréﬁlléyhteﬁvs'ﬂ%{jn 234 The
| rein sai

chemi cal reflll syst.em n c

ni cr opr ocessol"® Pd’lelrs??i"’ iH? jystep ¢ t?‘ﬁr"&‘fﬁ’?ﬂ%’? éﬁlleé'ﬁl"@t%glﬂ'?‘?ﬂdl er. 35. The
chemical nefi kdr @ymmaaﬁolamguﬂ @dhermcai @iy hss¥RBK Sibthsabsiidtdigg cal refill
system conprises two said primary chem cal reservoirs and two said

secondary cheff enps%wwthgmoéeoégperam ofgba ptresssies Plent Uus2003/ 010599 36.°

The chem cal refill system as recited in claim35, further conprising at
| east two check va‘= wherein sajd chec;k val ves control said conduit
bet ween each of safl§ vﬁS‘OWﬁarﬁP?méWéWPW ap J4& RISE s condangipatiqhe cheni cal

][efi Ihl syst errsassur\mzcbrtefmicalmlsﬁeasnng SistemitveHie mwuwa@\tj\nﬁ@ prassurigéd | | system
urt her C r| S

) sor, caontrol | er el ectively
oper at es dbgﬁ‘s%h@ﬁ?? SH I@Hlﬁﬁ"@e gaica E(%’ie ﬂ"%l ves the use
of a fixed pr ldrapeysmgemtem oprem&imoamrrﬁﬁudnbh@erla&&h@tfde@crﬂdwtdbbee pri mary
chem cal reseryv |rr td @11 S ut[i)e s%tgle node, whi ch node 10 invol ves
the use of a [‘)"1 8?9‘?‘?7 eSHEEM e J themical reservoirs. 38. The
chem cal refill syEt@nﬂmdeshd\neaischrem@tmm\Qaf aw\hlefaqauna @aid chemical is a
pyrophoric ch refi m as . .re inclaim
38, wherein sg%{%ﬁh@?ﬂoi'zﬁe%%'veaaﬁrﬂﬁﬁfc WF%'BH&"?%"%@I%] %{mcﬂ% m cal . 40.
The chemni @él nrgéa:tloln afym elmrmsals&ntmttmcbrocesslrgwﬁat%s \martaesre sateingarri er gas
is inert gas. ng reC| ed i,n claim?22,

hem c refill sys
wher ei n sai d carrf%'} c%rég %gpﬁnst Jrgo abﬂk %p{ﬁ sa‘?"(’)?' S VI ting a
chem cal corrprcpsian@rxmml thep pberoical i@ Hispansaut asva likjuid) framdhewodddg refil | system

enst onesecaraner S yegheE bhiRbdecd b e ent WiRERIRLL ot ocesai ng
station; (iii )S’lﬂlodl §'thla tnnfigonationeisrdesirable farmbepioats thatohr mateppgrize aro sai d 30
chem cal 58t i lylanYSt Gl 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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34 WD 2004/012996 PCT/ US2003/010599 (iv) a conduit for connecting said

di stribution means for supplying said carrier gas, said primary liquid
chenical reservoir, and said secondary |iquid chenical reservoir: (v) at

| east one veMQAMNEMOrising a gas inlet, a gas outlet ECTYRHOUEMIERPhaust gas
outlet, said venturi being disposed betmeen said distribution nmeans for
supplylng salﬁg arrler gas, and said primary and secondary |iquid chemni cal

reservoirs Qﬂ”ﬁrogﬁrrﬁoﬁﬁa@ﬁﬂ%QEQ@?"@%WPB‘H epitahinpyds afd BHPESpri ses a

plurality of hﬁd%@ﬁ@ﬂﬁﬁp‘gy m%roﬂﬁrblwI%&\h@&é@@&éﬁﬁﬁal@lﬁﬁoﬁp\l\/hlﬁﬂ 10 nodul es,
electrically to each primary chem cal reservoir,

each nodul e bei eg mat che
and. program~r§'ﬂ‘ dhe ganals pireqily frogt the vPlugegy avelahnt seales A pIeswier espondi ng

primary chem gahsduRBfY (P3idnd FA)) TABBhAIBY siBRalk Bfe YHVEAB] Pito Gl3RAN Cal Wi thin
each primary chenm cal reservoir, wherein each iIndependentl % operating

m cr opr oces$soSGRalstPIdhe santiodereripder whiek peril téeppgr@tlgtaioﬁ @i cr opr ocessor
control |l er w spRHbidVANBS ititiNdBahiffid PRET Aild BIC HodlleS cgﬁﬁ@dt% M

m croprocessor-controll ed_nodul es and their corresponding prinmary chem cal
reservoirs; (#teranehagrd.nipssiatesfage bpardsonigins tb@ramwe%éﬁwerrsmhe%n al arm

condi t1 0n: - andnafbitled @l ddohlcad PRedfdiKAGEA T Lak R dhinkofly ShuL i ng

down of an autonmtic refil rocess of claim42, wherein
sai d. . mi cr opr R espRlegRAd Gﬁthé@‘-ﬁod'[heé@cu%éwlt%ﬁﬁi"ﬁgnﬁoﬂ%\’i&qO@VeI or a |l ow

pressure abar %bﬁéﬁ?%ﬁdt@&refcfoﬂﬁé&éd &Athe ifbridc@ b MheViRlerdBe SENSOrs in each
of said pri maré chem cal reservoirs, act synchronously to cease operation

from each of S$IGCHORIES AlspytemmEsts the signaleearping §omahe apsqaiatehd of transporti ng

a liquid chempe@&essnﬁgaau@m@m tOF cShRBAd Fom 1BE PLE) th@rlﬂléHQbé‘goé]dehem cal
refill system conprisin east one %I‘I mary qui d chemi cal

reservoir; 35 Se”W'QO@ﬂ?@ié@@B"“ﬁ@ﬁ"@WFO 0599'9('?'?*}"3%(?3 ceRtEe! one

secondary | i qubghpfdaaed ‘é#'ﬂoﬁv%ﬂfev;ﬂieruﬂa%%lﬁgs Wb bRIrBiry ASHRAd Nehst ati on;
(tii) a distribution means for supply a carrier gas to sai d chenical

refill sydtensosnpidyplvg eapteld 114 @Pe'&%‘?%mrﬁ?ﬁd?ds%!‘ Adfelqgtivelit i on neans for
suppl yi ng sai defadrs ttﬁccﬂﬁ@ess’i&aléﬂ'tBrtHlé%d(/eldeﬂbﬁt@d%@mnﬁﬁévé@é@r voir, and

said secondar %oln{aqwed n %hheemar%%ld :E\sesse(ranrbe 55 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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(v) at least one venturi conprising a gas inlet, a gas outlet and an
exhaust gas outlet, said venturi being disposed between said 10

di stribution nmeans for supplying said carrier gas and sai d prinar

secondary |i W%M0KaM cal reservoirs; (b) pressurizing @%VWBngFQéEt one
primary liquid chem cal reservoir mnth said carrier gas; and (c) forcing,
under pressure, a liquid chemical contained in said at 15 | east one primary

liquid chem cHe fixad/shuitie pr shHRigH tlapReraiiigdnPde. « g BEEERY | i ng sai d at

| east one Sec%}gﬁﬂ%/ bfitls t&h%ﬂlﬁ@invéﬁ%ﬁw ﬁ’blﬁ'mu%fehhé %Qd #dr‘&UétQmC hem cal . 36
.A|l.A3H A A5. A AnL. A3H A3H

[9 A9HI9. An. A%Alquglng\m a chemijcajdelivery assemblehlch manlfo|dmg |s

n% AsL. AHL. Ar ¢ Bh{ Jooh the MoAeA? opERtorPBNEYRocedlihgBla Y

\ b*/ >P2| wr rrhc" caJ calca] ca] ca]ca] ca] ca]ca]ca] ca]ca ?ca] ca] ca] ca] ca] ca] cal] c

aj cTa] cTa] éa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ¥dX*i q

8"\ #k#} ##V$1‘Vmw/0/@ﬁ\é]ir)sééﬁ4ﬂ‘m&ﬁf ? al saﬂxaﬁ]&%l. aﬁf&lreml ] ca] cal ca] ca

] ca] ca] ca] ca] ca] cg]gga] caJ ca] cal ca ca] ca cal ca] ca] ca] ca +6+E+WH+-/ &/ ) /
,/11701B11111%bizh snour@eglverﬁwwmp@ a]sefﬂ @afea]t@at]l@*awayca] ca] cal] ca

] ca] ca] ca] cal 6abeakAheald rﬁé‘lﬁ\ﬁbfé’dé}ﬁb&é‘]ﬁﬁd SRlGRhbERIaL 8] ca! 789999:

; <<>=np! (@OIOK DUEEGH toj e _ZU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caU] C
al] ca] ca] ca] cae]%‘afé%ﬁ e val @fép@aqoda}g;aw@a](éw fav|tbapnesfiet] cal cal Hi 1 gl I N
N: COPPEPHRRPQ> QXU RRSSA SERIdIT Heanseslynglabienl oal oal cal cal cal ¢

a] ca] ca] ca] ca] cal cal ca] cal ca]calca] ca]calca] ca]ca ca] cal ca] ca] ca] ca] ca] ca]
ca! GXXt YYYZ"[ y\depen entl1 of oRgam /Erqq;sys em also has separate control

cGedcMeelf Of mgy £h RubberhArHsa b b catdnsakatl cal caul cal ¢
a] ca] ca] ca] ca] ca] ca ca] ca] cal cal ca] cd] ca] ca] ca] ca] ca] ca

O hgngqg} gghs BY§RTIduine 6pgisHeD gt fe\remﬁ@mgsm e hﬁ%dw‘@?]"éa]ca] ca] calcalc

a] ca] ca] ca] Ca]w‘é%nﬁéltﬂéﬁh&?&pﬁé&é&%hﬁ&]tﬁ@}é}\%}é@]ﬁ&iﬁ] aabgRl falwebea] caj ca] call

calca]calt<tctttDuluvvvvvwyWy7zVzz{ cal ca ca]aca] cajcalc
a] ca] ca] céfcaf’&ea?rgﬁ?@él]véél]'%]scté]"éﬁf é‘bl‘]"&?}'%‘] @é}’%‘&ﬂ]%’]‘?ﬁa‘]‘@'&?%k] k] ca] ca] ca]
ca] ca! W} vTDF@nGre than one bubbler with the ultra high purity chemical from a single bulk

6~zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] cal] ca]
ca] ca] ca] ca] c&PB81"€R] ca] ca] ca] ca] ca] ca! ~% 4yf H ~ 6Q( b{vql gb] X]]] ca] ca] ca] ca]
ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] i:a] i:aU] ca] Ca]' bl 3“‘4’5?&@- Qjﬁééié’ﬂb:ltWa‘ﬂbﬁ%}ﬁ\élébﬁiﬂéa& sﬁlﬁ‘sﬁ\ﬂ @rﬂdn?@dlcglg(:?] fa] E?]{E
a] ca] ca] cal.ca ca aljca cajca al ca! (, aF9v/ z{v a
W ] ca] ca] ] ca]’R’f ‘f‘@é}'@%ﬂc%ﬂ § SPear %@gpﬁaﬁ)@%ﬁrca] cal EaU] C
a] ca] ca] ca] cajisat @a'ﬂl é@hé&udeﬂﬁ@ﬂi@%mmonly used hydrogen carrier gas.

] 6e%’} xsnid_Y]]]c”a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca) ca] ca]calca] cal]ca]ca]cal]c
aJ ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca! 79K*] " %=M =E} xsni d_Z]]]] ca] ca] ca]
ca] ca] ca] ca] ca] ca] A&bpﬁm}ﬁm]mre]s@a]sga]amae]vea] dl]gjlata]pmﬂ]mt]p]ma]gea]amaixlq?] cia] cia] cia]
ca] ca] ca] ca caI 2= cal cal cal c alcalca]calc
a] ca] ca] ca] ca] tt %%ﬂfﬁfg?ﬁ%g] é@? ‘%ﬁ%@ﬁ léﬁc?tﬁ’&ﬁ'% %ﬁ'@&f@é@?‘%g?gg‘ér s={ %hJ’ ox

7} cT} xsni @5Z] ]a]c]nba] rita mdth]theit owh odi¢ropiocedson pnd pedpiendicidadmhica] Wagca] ca) cal ca

L) tal oaj cal o ROPERTY eaElrBay 6 bRk ARIT ke de el o] hleba] e ca caj ¢

a] ca] ca] ca] caldhaMubblewcohtrdiers entinue to work normally. The replacement of a

o LGl lea bl s A AT 17

10% & () - L10%ti8e (éménﬁiﬂ@@ﬁ&ldés MISSIErs, and theil 8sddted BEAAGHENIC) - ! D

y31096($( ‘%0() Ih@rr}/ ica 93/;)or%e&3|{' on%/&é\/&] m?é%;go/ & %é se%%r%o(g rgﬁo&ale

are quickly and easily replaced since they are designed as pull out/plug in

units. Each microprocessar control module causes its bulk chemical

transfer line to be drained of PMO chemical into its corresponding working
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redundant level detectors, so arranged to signal extreme level conditions.
5 A gas venturi operated using compressed inert gas, such as, for example,
nitrogen, is used to eliminate PMO vapors from transfer lines prior to a
change-out of the bulk chemical supply container.

This modulgr automatic refill system does not upset the temperature

10 of the liquid chemical in the receiving bubbler and, therefore, the saturation
level of the exiting gas is not significantly disturbed. Also, the bulk
containers are outfitted to allow the. use of a helium leak detector. In this
way the system can avoid atmospheric contamination, maintaining product
purity after the change-out of a bulk cylinder. - There is no need to remove

15 the ultra high purity PMO chemical bubblers from the liquid temperature
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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chemical in the bubblers to an operating level without requiring removal of

10 the bubblers from their corresponding liquid temperature baths or without
significantly affecting the temperature, gas composition and liquid PMO
chemical saturation level of the carrier gas, nor introducing any oxygen into
the refill system or the MOCVD machine.

15
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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[P7<{\= gas, said primary liquid chemical reservoir, and said secondary liquid

chemical reservoir;

10 (e) at least one venturi comprising a gas inlet, a gas outlet and an

exhaust gas outlet, said venturi being disposed between said distribution

means 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 capabie 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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primary and secondary chemical reservoirs.

10
8. The chemical refill system as recited in claim 1, wherein said at least
_one volume sensor is a thermal conductance sensor utilizing a thermistor
encased in said at least one primary and secondary chemical reservoirs.
1s 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 micropracessor controller means

for selectively operating said chemical refill system.

11.  The chemical refilt system as recited in claim 10, wherein said

microprocessor controller means is a programmable logic controlier.
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 systém 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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involves the use of a plurality of shuttle primary chemical reservoirs.

15.  The chemical refill system as recited in claim 1, wherein said
10  chemical is a pyrophoric chemical.

16.  The chemical refill system as recited in claim 15, whereih sajd
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 ehemical 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 sa‘id
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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monitoring the volume of chemicals remaining in said primary and

secondary chemical reservoir; and

10
(vii) a microprocessor controller means which comprises a
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-chemieal-reservoir or shutting down an
automatic refill fine.

25
20. The process of claim 19, wherein said microprocessor-controllied
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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(iv) a conduit for connecting said means for supplying said
carrier gas, said primary liquid chemicai 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
distribution means for supplying said carrier gas and said primary
and secondary liquid chemical reservoirs; and

(vi) at least one volume sensor selected from the group
consisting of: optical. sensor, thermal conductance sensor,
capagcitance sensor, weight scale, sonic sensor, nitrogen back
pressure sensor, electrostatic charge sensor, float sensor, and any
combinations thereof, said volume sensor being capablie of
monitoring the volume of chemicals remaining in said primary and
secondary chemical reservoir;

(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
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
processing station;

(c) a distribution means for supplying a carrier gas to said chemical
refill system,
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means for supplying said carrier gas and said primary and secondary liquid
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23.  The chemical refill system as recited in claim 22, wherein said
10  exhaust gas outlet has at least one valve, wherein said valve prevents
diffusion .of oxygen or any contaminants.into said.system.

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
ChernicaL . S P,

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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sensor float sensor, and any combinations thereof.

30. The chemical refill system as recited in claim 29, wherein said at
least one volume sensor is an optical sensor utilizing a glass rod encased

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

10
31. . The chemical refill system as recited.in claim 29, wherein said at
least one volume sensor is a thermal conductance sensor utilizing a
thermistor 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 controlier 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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37.  The chemical refill system as recited in claim 35, wherein said

10mvaB4/

chemical refill system further comprises a microprocessor controller means
which selectively operates said 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.

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

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.

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:
(a) providing a chemical refill system comprising:

(i) at least one primary liquid chemical reservoir,

(ii) at least one secondary liquid chemical reservoir located

within a processing station;
(i) a distribution means for supplying a carrier gas to sa

chemical refill system,
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dlstnbutnon means for supplying said carrier gas and said primary
and secondary liquid chemical reservoirs; and
(vi) a microprocessor controller means which comprises a
plurality of independently operating microprocessor-controlled
10 modules, each module being matched electrically to each primary
chemical reservoir, and_programmed to control the refilling operation
of each corresponding primary 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-controlied
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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' , 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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