-8 March 2005 1 Title: A Method and Apparatus for nonitoring | i8ddargh280%| s
within a vessel, DESCRIPTION The present invention relates to the field of
measuring- probes, particularly but not exclusively a probe for nonitoring
the level of a reactive liquid, such as a netal organi c conpound, within a
vessel. Thin filnms of nmetal are fabricated upon solid substrates for use in
the electronics and opto-electronicsyindustries by a process known as
Metal Organic Chem cal Vapour Deposition (MOCVD). The netal precursors are

Conta i it o MERE S AP e or PR Qe B B L e8P0 Pl ana

an outlet pipe.. Carrier gas, such-as hydrogen, heliumor nitrogen, is

i ntroduced into the vessel through the. inlet pipe and delivered to the
bottom of the vessel though the dip-tube. The gas is able to pick up sone
~of he vapours of the netal precuPRFCRBFBI@NI eavi ng the bubbl er -via the
outlet pipe. The gas transports the precursor vapour to a reactor site
where the precursor is' deconposed to provide a deposit of the netal on a
solid substrate. The anmount of precursor material in the bubbler is

constantly chapgi i:th use of .t ratus, Convent.i onal ..or annot
be used due t 5 e REvBHdaRsER afle s B BE BB e LRk PRy r BB s
woul d al so lead to contamnination of the precursor., The volunme of
pr ecur sd°t Exclafzcly amoRe rapopiorinsdigieve! 08 paepcdivadiquid. SHFREs Aeasur ement s
for high and low fill |evels based on an optical system However, - this
utili zesndalgrgsse tarbpowtd, ehthimy vessehk causi ng cont anminati on of the contents
of the bubbler. Aternatively, the bubbler nay be provided w.thout an
accurat e | evefhin fiims of metal are fabricated upon solid substrates for use in the '
electronics and opto-elecn'énics industries by a process known as Meta) Organic |
. Chemical Vapour Deposition (MO.CVD). The metal précursors are generally_
delivered to a substrate by means of a bubbler. A bubblér contéining the méfél B |
precursor material has an inlet pipe, a dip-tube and an outlet pipe. Cém'cr gas, such as
hydrogeﬁ, helium or nitrbgem 18 i1ltrodu¢ed into the vessel thrbug_h the inlét pipe_ai:td
delivered to the bottom of the vessel though the dip-tub_e. The gas is able_to'_p__iblc' up
some of the vapours of the metal precursor before leaving the bubbler via the outlet B
pipe. The gas transports the PIecursor vapour to a reactor site where the 'pfecuréér s
decomposed to provide a deposit of the metal on a solid substrate.. "
The amount of precm'sdfmafceﬁal in the bubbler is bonsiantly changing with
use of the apparafus. Conventional probes cannot be .used' due to the -organometaliic __ |
| “compounds attacking the probe. This would also Iead to contamination of the
precursor. The volumne of precursor in the _bubbler may be measured using single
1m@mmwmmmﬂmmgmmMWmeﬁm%MmmnWMngmLmeﬁ,

this utilizes a glass tube which may break caﬁsing contamination of the contents of the

bubbler. Altematively, the bubbler may be provided without an accurate level



8 March 2005 2 indicator, being changed either when a drop in8déarth2i@nce
is seen or using a calculated figure based on usage tine under particul az
. conditions. This can lead to early replacenent of the bubbler when
potentially another 10% of material in the bubbler could be used. Cearly
it would be desirable to provide an accurjate probe for nonitoring the

| evel of organonetallic precursor contained within a bubbler. However,
problens arise with the provision of a suitable probe that has the
necessary rintgstondssnmeithnged ejthdri vohdr & Wrop ihipetformaigdnesst &l dsigg gonpounds
with which it conmes into contact. |In this respect, the probe nust not

react wth hLheRheabeR! sk @E%%Ohrwe LhREG ﬁaﬁ?cuiéé%ﬁgitioh@ GRS 1'&%%, purity

netal deposits are achieved. Additionally, 1t shou not inpalr

pressure weely Rt SRS ST AT o el 154 b RRRPeL IR e

present inyention tqQ provide a nethod of continuous]y nonitoring the |evel
of a react ib¥ebler geild benised.vessel , particularly but not exclusively the

| evel of a netal organi c conpound, which ains to overcone, or at |east
alleviate, the @balerteymiildbhededrabibarpmyvidk fuactimate mope dor mbnittwéngties ent
invention is to provide an appazatus for continuously nonitoring the |evel

of a |i qui tkvieNoPorgasstbtallRAirbEGdbBEditaibed within a BXSHISS | NS v p BB aher gani c
conpound, that ainms to overcone, or at |least alleviate, the abovenentioned

compound, ™ to ove e, | the’ aboveren
R e A e i

vessel, the netho C rising the steps of .inserting.at |east one netallic
probe int Occgng@ﬂ:gﬂqy W’g%orggg%fnetﬁms‘iop’%ﬂ%g? Y8, VAR eeest Infq eeiacihe

being encased in a glass material, hernetically 8 March 2005 3 sealing the

end of t helighisyesrash dbeprabs raugyinatseaghwishithe chentipdls conteingdwighin the ovi di ng a

further el ectrode spaced apart fromthe first electrode to forma

capaci t or , veapglty engurahigh motty inetaludapesits 4re athievehpadditionalindt shwiild abi ng t he

capaci tance thereof. ) :
impair the airtight seal of the bubbler since the contents are air-sensitive and the
pressure within the vessel should be maintained.

It is an object of the present invention to provide a method of continuously
monitoring the level of a reactive liquid in a vessel, particularly but not exclusively
the level of a me_talorganic compound, which aims to overcome, or at least alleviate,

the abovementioned drawbacks.

A further object of the present invention is to provide an apparatus for
continuously monitoring the level of a liquid in a vessel, particularly but not
exclusively an metalorganic compound, that aims to ovércomc, or at least alleviate,
the abovementioned drawbacks.

Accordingly a first aspect of the present invention provides a method for
monitoring the level of an organo metallic compound in a vessel, the method

compnsing the steps of inserting at least one metallic probe into a vessel to act as a

first electrode, one end of the probe being encased in a glass material, hermetically



A second aspect of the present invention provides an appar at u$ March 2005
nmonitoring the level of aliquid in a vessel, the apparatus conprising at

| east one netallic probe hernetically sealed within the vessel to act as a
first electrode, the sealing end of the probe being encased within a gl ass
material, a second el ectrode spaced aparé fromsaid first electrode to form
a capacitor, neans for applying an electric current to the capacitor and
means for nDnitoring the capacitance thereof. It is to be appreciated that
the two spac art .el.ectrodes are rder to set up t.he
necessary draiene e B FsRbh Bt e B Easicn e Bali B RS REp o viding hus
formed wll vary with the amount of |iquid between the probes thereby

enabl i ng t Herth@\pdsctigre PP%fGii@PWtffﬂf%ﬂter@SV@%’é? ette Tpan gvAPAcHivadtPPbrisg @nabl v

the vessel itself is a netallic container, for exanple being of stainless
steel , andekectrx asranhé tecopatiwk aod m:dlétoriAgt}e:rmai:iVaﬂcy,thetrmf. pazal | el probes
could be sealed within the apparatus to act as the first and second

el ectrodes respecticonl Mspethef fRikidnEinveMh flddidek siniapsRuh8 %0l ﬁbﬁn&ﬂﬁg
vessel maybe in the formof a rod, a flat elongated plate or tube. The

probe may hg 1@% 1y lg{md;;fﬂf d PessElr ?rf rng}aYust&‘sﬁj ﬁat 1§a§?’ﬁﬂg %an% ?{cﬂj &>

steel. The probe acc to the sent niIs

P B RO LA L R e e T, e

general |y be| ng in the formof a bubbler, that contains an inlet and an
outl et pi pRrobeReinggnrasdvilions @afénﬂatéﬁlalt hecpndistecirode Apacsé dpat fiemmsaidgl ass
material and this is hernetically sealed within the port. Mre preferably,

t he probe iist skalredt i fohinr capawtor meenisofor egyd yingadn discirinsenégdoitid 0 t he port
of the vessel. Preferably, the nmounting is provided with electrical

connect i ongpheéitorldid 0 For hbhiteAAT ek abititahie ﬂl@i‘é@f of a bayonet type
connector, - such as a BNC connector.

It is to be appreciated that the two spaced apart electrodes are provided in
order to.set up the necessary dielectric therebetween. The capacitance of the capacitor
thus formed will vary with the amount of liquid between the probes thereby enabling
the level of liquid within the vessel to be monitored.

Preferabiy the vessel itself is 2 metallic container, for example being of
stainless steel, and acts as the second electrode. Alternatively, two paréliel probes
could be sealed within the apparatus to act as the first and second electrodes
respectively. | |

The metallic probe that is inserted into the vessel ma§ be in the form of a rod,
a ﬂa’_t eldngated plate or tube. The probe may be hollow or solid. Preferably the
probe is made of sl:airﬂess steel.

The probe according to the present invention is particularly suitable for use in
monitorl-r;g levels of metaiorganic compounds. |

The probe is preferably attached to a port at the top of a vessel, the vessel

generally being in the form of a bubbler, that contains an inlet and an outlet pipe. One




A coating, for exanple of an elastoneric material such as Tef Bdvdibh 208ybe
applied over. at least a part of the probe that extends fromthe seal. Mre
preferably, at least the part of the probe that is encased in the gl ass
material to forma nmetal to glass seal conprises a nickel alloy, nore
preferably being typically 70% nickel. Mpre preferably, the alloy is nade
preci pitation hazdenabl e by the additions of alum nium and/or titanium
thereto. Suitable alloys include those sold under the trade nanes | nconel

X-750, |ncentdBnR ﬁbb&gval&asel}{bﬁi%iaraeglﬁsa@iwpialaﬁd'tg@ﬁﬁlenﬁ%tgcgﬁ?r%lsél%ﬁ s

used. The glass that is sealed around this part of the pro s preferably

a borosili I rable for the.probe to be. sealed .o .the
gl ass by sﬁ@hﬁamﬁg{% ?:%e%togé rle?ér%]lg/, %le%%beﬁﬁtsg% F%ﬁ“‘ﬁ%a%%w%% °§§&Péhat\kft hin
t he m)unti.ng<é %’(ge unting.is preferably conprised, of, a nickel alloy, such
as | nconel IBErfEpintey R%h%ﬁhﬁdeﬁeéf@fe&%??/lﬁ HedrYEtameds projdeketithf ace seal
fitting, such as a VCR profile at a connecting face and internal faces to
suit the falectoicalaensbeitinsifonthequolm donsxaande imtredbas ef bdbayetdltyper neti c
seal. The gasket is preferably one which is deforned on tightening to
provi de a cxaeuter,metiabs AENG c5@@MctorThe el ectrical connector is preferably
surrounded by a layer of insulating material, such as a pol yether ether

etone (PEEK) . Ramuent! 8PBlaiIRAT ARG BICHLAR (o5 47 é' b, AR hncs

source to the probe, Together®w th nonitoring neans,

neter, for asuring.a .S Mr 200 chan i.n capacitance. Preferably, a
recor der iagggf BVEr%&?%EaPQ%P%E%WP Fﬁ'tf‘t?ﬁtégg%h'aﬁg‘geisﬁalcapacitance. The
recorder may include display means, such as a liquid crystal display. It

i s preferabl e f¥ereprefeablycatlanddhe parbel homrobrubasisyenaeasdtio thedglasher eby
provi ding a continuous reading of the level of liquid in the vessel.

Pr ef er abl yatetia tafpas ametal toglasd@salmeansistos nivke] 4@l ntotre @tefeh® 16 Beiagm
whereby a particul ar capacitance corresponds to a particul ar vol une of

T guid wi bipicallyTRO% @A MdTobréRaBR), ehe dI s GeRk frBlpitRdlinaAthabipBySet Al
a value of "0" for a capacitance recorded’for an errpr vessel an c%ul d be
set "100" A Qﬁ%gh LG f vessel.. Pref.erably. the
appar at usﬂiiceg.{dgtglmiﬁhgr ated to rgagggo(r%gﬁ%gg%atﬁ%rfgou%&rﬂalb% %?Ogg’tlg?lﬁg? Flﬁosseg?ﬁ he
liquid contained wi,thin the v ddi t.ignal Iy, the_apparat may be
adapt ed t%n%rrgs? fads Wém?%\&éoa?els}?gﬁgvgmﬁ?l éﬁﬁtﬂr FORT o MAIRSTHERIAYG #o t he
vessel . I@ a preferred enbodi nent of the present invention there is

provi ded ReBUBKP0 Aigyiarsid ol hmelpes thrids gealed aroong dis gartiafshe pratbeds
conprising a sealed netallic container-having an inlet pipe, an outlet

pi pe and prefiirpblyaderasiticitargidser Itde ppafesblegfoathembht td be prabhitohe giss cal |y

" sealed within the container, the sealing end of the probe being encased in
a gl ass nat ardhad matchedeedit ai ner and the probe form ng a capacitor, neans
for applying an electric current to the capacitor and nonitoring neans for

measuring the ¢apagist anegid I?I'Hmlfan b!e%e;iléd dmmé%&ﬁ@“%h g%egrg&%réﬁlpgeis

nmetal lic probe may be hernetically seale nt
her ei nb efp%i%rﬁﬁ?%ﬁfn%%ged ofa nickel_ alloy, such as Inconel X-750. The mounting |

preferably incorporates a gasket face seal fitting, such as a VCR profileata
connecting face and internal faces to sﬁit the fit of an electrical connector and the
glass-to-metal hermetic seal. - The gasket is preferably one which is deformed on
tightening to provide a secure metal-metal seal. The electrical connector is preferably
surroundgd by a layer of in.sulating material, such as a polyether ether ketone (PEEK).
Conventional means may be provided for applying an AC or DC source to the

probe, together with monitoring means, such as a capacitance meter, for measuring a



For a better understanding of the present invention and to sh@&Mamh&005
clearly how it may be carried into effect reference will now be made to
the following Exanples in which Exanple 1 investigates the use of an
apparatus according to one enbodi ment of the present invention in _
nmeasuring the changing Level of S March 2005 5a trinethylgallium(TM3 in
a bubbler, Exanple 2 investigates the usg& of the sane apparatus in
measuri ng the changi ng | evel of trunethylalum nium (TMA) in a bubbler,
Exanpl e 3 investigates the use of an apparatus. according to another _
enbodi ment GeNSBINNEPEtitgesPréferaplves evsordenvesiss providednfeasusnidigg the changi ng
level of TMA in a bubbler and Exanple 4 investigates the use of the same
appar at us ichangsisumpagtanhe Thargonitr hyehclued diEMay inftans hubhben lignd Wi th

reference to the acconpanyi ng drawi ngs in which: Llygure lis a sggegatlct
di agr am of cagAal APAAL USis brditAG1Not thed 2P QRA ALY Uty AYRiREROA! Ten
of '?he pr esent mver%fll onSprl gurée > |§ g@rosscsectloﬁa 49 ek;vﬂﬁlroug t he

Phe changi rer rapvisife TRBALAAE reBing O} o ?ﬁl&ﬁmﬁw' Bofting the
apparatus shown 'Pretlgrai }g,%g gpplara?tﬂsd m%ludes means for calibration of the system whereby
a particular capacitance corresponds to a particular volurne of liquid within the vessel.
For example, the fecording means could be set at a value of “0” for a capacitance
recorded for an empty vessel and could be set “100” for the capacitance recorded for a
full vessel. Preferably, the apparatus is calibrated to respond to particular
characteristics of the liquid contained within the vessel. Additionally, the apparatus
may be adapted to provide the rate of removal or addition of the liquid to the vessel.
In a preferred embodiment of the present invention there is provided a bubbler
containing an metalorganic compound, the bubbler comprising a sealed metallic
container having an inlet pipe, an outlet pipe and a dip-tube and fiurther comprising a
metallic probe hermetically sealed within the container, the sealing end of the probe
being encased in a glass material, the container and the probe forming a capacitor,
means for applying an electric current to the capacitor and monitoring means for
measuring the capacitance thereof. -
It is to be appreciated that the metallic probe may be hermetically sealed
within the bubbler as hereinbefore described.
For a better understanding of the preserit invention and to show m-ore clearly
how it may be carried into _qfféct reference will now be made to the follov;/ing
Exarnples in whic}; Example 1 investigates the use of an apparatus according to one

embodiment of the present invention in measuring the changing level of



Figure 4 is a graph showi ng the changing level of TMA in a bul@Waichw00h
time. .measured using the apparatus shown in Figures 1 and 2; Figure Sis a
Longi tudi nal cross section of a probe according to another enbodi nent of
the present invention; Figure 6 is a transverse cross section of the probe
shown in Figure 5; .Figure 7 is a graph showi ng the changing |evel of TMA
in a bubbler with tine using the probe ghown in Figures 5 and 6; and
Figure 8 is a graph showi ng the changing Ievel of TMGin a bubbler with
time using the probe shown in Figures 5 and 6. Referring to Figures 1 and 2

~of the acconpaethiiggllina(@M@ in abublipg Exanpld Dinvegtntdsious of tABRiLEr i ng t he
| evel of a metal organic conpound in a vessel, such as a bubbler, according

to a first gihedidtheiihbediasent xemsmre&mgam hits! (Rl {Lyh%bbf% .

2 has an inlet pipe 4 leading into a dip: pipe azi

nmet al probe hr ou the centre .an Ien h of
t he bubblerE}%ggggHEQ%%gggsng*ﬁgﬁgé%gggﬁa&'F%ﬁ%ﬂpgnéﬂhg% FREHE | ayer
of glass 12 and 8 March 2005




hernetically sealed to the top of the bubbler to ensure that t8ldagh@e8are
within the bubbler is maintained and that the contents of ‘the bubbler are
isolated fromair. The |ower end of the probe that dips into the precursor
contained within the vessel is coated with an inert, heat resistant '
material, such as pol ytetrafl uoroethyl efle (PTFE) or other elastoneric
material. The top of the probe is connected to an electronic control wunit
whi ch includes a power squrce and conmuni.cates, w . i ' devi ce
that di sphayssentiesiting ipmaesrarinpg:lechgreips Vel ﬁﬂf@f“? r"nﬁﬂf1 hryél%g{fgb %r. Exanpl e
1 An investigation was carried out to denonstrate the abi]Jity of a

appar at us Exaees dimgstigatehithehise of tendaoti appAratust ingheasyFiagdhe changdd Ie8H ¢ o
continuously nonitor the Ilevel of trimethylgallium (TM3 in a bubbler: A

probe as herginhef J0RE rRSncs eAthe deotirhpirying bravings iawbichhe
noni t or wgg z Qggg%\al/ﬁg%?’t e bubEI ernvvas enpty.. The bubbler was then

filled with TM3. (ca.. 180g =157 an j e acaBdimm  The
materi al was tﬁéﬁurﬁﬂslﬁé‘cfcgﬂfla%? F%Enbgg%l?%rﬂaﬁg%{l}g dt%ﬁgeh %?S%Ieeg andﬂgji nto a
receiver. The reading level on the Tel el xendTM was conti nuously recorded.
The recor db oge shboditherhaf thepreseat IYERYPHI was renpved the reading went from
100% to 0% as illustrated in Figure .3 of the acconpanyi ng,dravm’ ngs. The

st eepness of th:@%gbggga@iogskmcﬁmmhiamﬁnd@ﬂié@mbmm@ﬁ in fieAPRE A eri al
removal . Once all the material had been renpved, the system was checked by
dr oppi ng ngéemn%;,eri al into the bubbler wherein the reading rose from 0%
back to 18b94° anple.2. An investigation was carried out to denonstrate

e oo s SPEA R bbb TGRSR e
 measured using the apparatus shown in Figurés 1 and 2; ' |
Figure 4 is a graph showiné the chan ging level of TMA in a bubbler with time
rﬁeaéuréd us‘ing. fhé appératus shown in Figui‘éé 1 and 2; .
Figure 5 is a 1_ongimdinail f:ross sectijon of a probe accérding to another
" embodiment bf the .presént inventioﬁ;
Figure 6is a t.ra_nsvers_e cross section bf the prbbe shown in Figure 5;
Figure 71s a grﬁph showing the.ch:.-mging level of TMAina Eubbler with tme
using tile probe shoWn in Eigu're's 5 and 6; alld | S
Figure 8 is a graph showihg the changing levél of TMGina bubbler W_ith‘ tiﬁ;e
using the probe sﬁown' in Figures 5 and 6. |
_Refen*ing to Flgures 1 and 2 of the accomp_anying.drgw.ir;gs, an apparatus for
cont’inuou_slﬁ mbﬁitﬁﬁng’ the lével ofa mgtglprga_xﬁc.cpmpougd 3ﬁ-a YES_E_FL SIl(?l_‘l..aS a
) bﬁgbh:er,. aéﬁbfdiné to ﬁ ﬁrst él%lﬁ()éiﬁ'i&hf of ti?c p.r'.e.sa_ﬂt mventmn 1S 111ustrated Thé o
* bubbler 2 has an inlet _ﬁi@e_ﬁ 1é'a§1ing-iii£o adlp p_ipé,_s 'a_'n_-dfa'ﬁ_ éqtl'éﬁ. ﬁ'ip.é-sj.f A ‘rgnei:.tal o
| ‘probe 10 is prdvided.wl.lich ;ﬁ.ends thi'oﬁgh thl.i.: centre and ieﬁgth df tiie bubbler

vessel. The upper end of the probe is encapsulated in a layer of glass 12 and |



|l evel of trimethylalumnium (TMA) in.a bubbler:. The nonitor cd@meach@dodo
the probe 8 March 2005 S was zeroed when the bubbl er was enpty as
descri bed above in relation to Exanple 1. It was then filled with TMA (ca."
1208 = 160nr1) and the readings set to a maxinum The material was then
pushed out of the bubbler through the dip leg and into a receiver. The
reading | evel on the Tel etrendTM was recorded. The recording denonstrated
that as the material was renoved the reading went from 100%to 0% as '

i | 'ust r atlgghmedicdl JQ&Ha@eddrtoOthe tdieo PG QUBRIRY td éhsOF AL NGS prdfRarshaaRN@Es of the
sl ope was dependent- upon the rate of material rermval Figures 5 and 6 of

the a?cormegyar@gm%ffﬁma ahb Itﬁ’a%tﬂ%eaéo%t&f.ﬁfn?&ﬁ b%%ﬁ%rgl%:gofa?ecﬁfr qen?he

enbodi nent esent I nven pe1’s 6 1 Wsertion
into a v ssel u ubbl-er. The probe conprises. a hO||OM/StaIn|ESS

st eel %8& %f&f ?ﬁfgls W%FE Pﬁénfeé%ﬁ BECHEPH A i mP3Fsselthe end
section 22 of the tube that is to be sealed within the nmounting is nade of

a ni ckel cartedyith sunterabeithatistashdierinlencht dxepdlymteinametylenn@ TEE) 250 TM
“which is typically 70% nickel (Ni.p). Inconel X-750 alloy is simlar in

chazact eotlfh ehkstdnferl gaRedal. 6@@1@%@5&&%8@@1@ coBh&GLPId & ERBrhREdear@b!l e by
addi ti ons of al wnini um and titanium The end sectl on 22 is hernletically

sealed t 600TM. i a cke r uml L on al | oy
antoh nad et Bele s BN sapf AT O Piefostit f ot detdoe B8 an
gives th 0 reslst nce tqQ corrQsi.on by many orgazuc and ‘i'norgani ¢
corrpoundg‘ g‘!ﬁd ?@éjéngP merlﬂfdlolf)‘}h‘? Iﬁ‘iﬁ]ﬂ@lﬂ’@@l}?b{?ﬁ dei on stress- corrosion

criacki ng. Chromi um confers resistance to sul phur conpounds and provides
resi stance 't oEgamileiing condi tions at hi gh enperatures or i'n corrosive
solutions. 1t also lias excellent resistance to coaosion by high-purit}>
water. The  Anp 1nvest1gat10n was carried out to demonstrate the ability of an apparatus
: accordmg to the first embodlmept of the present fnvention to contmuously monitor the
level of tnrnethyloalhum (TMG) ina bubbler A probe as herembefore descnbed was |
_ seaied within a bubbler and the momtcu was zeroed when the bubbler was empty
o The bubbler was then ﬁlled with TMG (ca 180cr = 1571111) and the readmgs set to a
'. _maxzmum. Th.e matenal Was then push_ed out of the bubb_ler through the'dl_p Ieg- and
iot'o a receiver. The readiog 1eve1_ 0'1"1. the TeletrendTM 1.avas ooﬂﬁdﬁouSﬁ reoorded_. The
recording showed ..that as'the maferiél was.reﬁ.ioved ﬂ1e i‘eadiog Weﬁt'ﬁ'ond 100% eo . |
O%, as 1llust1 ated in F1 crufe 3of the aocompanymg drawmcrs The steepness of the
| slope of the graph was dependent upon the rate of matenal removal Once. all the
material had been removed the systern was ohecked by droppmg more matenal ﬁto
. the bubbler wherem the readmg rose from 0% back to 100%. | |
| Examgle" ’ e | B
An mvestl.catlon Was earr.1ed. ouf to demonstrate. .the ablhty of an apparatus :

' aocordm g to the ﬁ1 st embodlment of the p1 esent invention to oontmuously momtor the o

level of mmethylalunumum (TMA) ina bubbler The monitor connected to the p1 obe



I nconel X-750 all oy has good resistance to oxidation along w BMarchi2gd5
tensile strength and creep nipture properties. at ternperahues to about
1300F (700C). 8 March 2005 9 The Inconel X-750 section 22 of the probe i-s
provided with a glass-to-netal mtched Sseal‘ which relies on an oxide | ayer
to formthe metal to glass seal. Gass and nmetal with similar coefficients
of thermal expansion are chosen to ensure mninmal stresses are introduced -

ovar T s e it B o LR o S S PPl R 2BPle PR Braipre v
he.prob Ty (eialinhyith Rildseas LUseT AP AR P IoeBRIE ¥ By SHRRIE of ‘o
nickel alloy; for exanple Inconel X-750 alloy. The nounting incorporates a
1/z inch Spegehrkar yayV@Rnpehéd eutatl thheuldiertborighghe gipelegrmgimm@r m‘; '
profiles to scut the. fit of a BNC connector and the. '
receiver. The reading level on the Teletrend™ was recorded. The recording
demonstrated that as the material was removed the reading went from 100% to 0%, as
illustrated in Figure .4 of the accompanﬁng_drawings. T he steepness of the slope was
dependeﬁt upon the rate of rﬁaterial removal. |
Figures 5 a_na‘ 6 of the accomp an.ying draWin g illustrate a probe according to a
second embodiment of tlie"preécnt’ mvenﬁon. The probe lis sho_wn prior to insertion
into a vessel, such as a bubbler. The probe comprises a hcﬂlow sfainlcss steel o
elongated tube 20 which is sealed within a ﬁ;ounting 30. The end sectiqn 22 of the
tube that is to be sealed within the mounting is made of a nickel alloy,. .such' as that
sold under the trade name Inconel X-750™ whlch is typically 70% nickel (Ni®)..
Inconel X-750 alloy is similar in characteristics to I:nconéi 600™ but is made |
precipitation harden-able by additions of aluminium and fitanium. The end section
22 is hermetically sealed to a'glass ﬁateﬁal 34; |
inconel 600™ is a nickel-chromium-iro-n. alloy which has ligh resistance to
heat and corrosioﬁ. The.higl.l ﬁickel cmﬁent gives the'alloy fesistande to corrosion bf :
marny Qrganic. and inorganic c_ompoﬁ:dds and makes 1t vu'tually immune to chloride-
i_on _stfes_s corrosion cracking. Chromlum cdqféfs resirsrt.a_nc'e :tq' s:ullphﬁr.pompound.s _
and ﬁl‘évideé .r.é._sis.taz_ice to ciaxidi.siﬁg; éqndiﬁoﬁé'a_t.._hi.g.h-t_é'rﬁpéfafures orin c_o_r_rp_s_i?é- | '_
 solutions, It ._algol ﬁa.s"eﬁqe.lle_nt rés_istén'c'é.tb .'ct:a.l_‘rosi.o_n_ by hlgh-PurltyWater The : | _
| _In.cbncl X;75 0 éiiby hz;.s' gﬁpd r_esiéfaiw.ge to o'xidéﬁon alongw1th a -ﬁigh_lténs_i.le -

strength and creep rupture properties at temperatures to_about_ _1300°F (700°C).



mat eri al
the top

gl ass-to-netal hermetic seal- The™VCR is a high integrity, hi @Marehi20gs
metal- gasket :face seal fitting. The gasket is deformed by raised
cross-section of fitting on tightening to provide a secure netal -netal -
seah A BNC insul ating surround 36, for exanple of a polyether ether ketone

(PEEI{) is positioned togetherowith the electrode mating 38 to
of the section ?2: Exanple 3. An investigation was carried out to
ate the. ability of an apparatus according to the second

denonstr

-enbodi ment of The InqunesEATS0 suceiphiZons thopobatd preeidddywithai das-to-thétel | evel
of TMA in a bubbler.. The results shown in Fi gure 7 indicate the fill of
TVA i nt o LR bubblgr | 125458 Bk % bl tying
back to 037 eNote thé%h ?ehfééoh%aé&b%;g%unpe i'n an%q{e‘%}é% &E C%E]ﬁb

lé)s(gp% 2 Eﬂ%grlg ﬁéﬁnﬁ%%%}re ﬁcmnts o‘?‘tln %n%l El?ﬂaalnglo%ha?'g %ﬁoslezq té\ ee\x“{tsllletn(l)nnbnel IaChI eved

‘stresses are introduced into the glass durmg the fusion operatmn lnconel or .

altematlvely Kovar™ steels are best fused with borosilicate glass to prowde the

matched seals.

The body 32 of the mounting 30 that receives the section of the probe body

that has a _giass-to-metal hermetic seal is also i_nade of a nickel alloy, for example

Inconel X-750 alloy. The rnoﬁn.ting nlcoxp'orates' a % inch Swagelok® VCR pfoﬁle at

- the connecting face and internal proﬁles to suit the fit of a BNC connector and the
_' glass—to metal hermenc seal The VCRisa 113 gh 1ntegnty, high punty metal gasket .

_ _face seal ﬁttmg The gasket is deformed by ralsed Cross- sectlon of ﬁttmg on -

ilghtemng to p_ro_wd_e a secure metal-me_tal seal. A BNC msulatmg surround 36, for
exalnnle ofa polyether ether Iiefelie lnatefial (PEEK) 18 positioned te gether mﬂl the )
eieetrode_ mating 38 to the'tol.i). of the ‘sec_tion 22 | |

" ﬁxanigle 3. o

: An investigation was carried out 1o demonstrate the ability of an apparatus -

| acc.ordi.ng't.o the seconc:i. einbedinlent' of the'preeent inifention .to e’dntinuously menit'er )
.the level of TMA ina bubbler The 1esu1ts shown in Flgure 7 mdlcate the ﬁll of TM A
i _mto the bubbler a cahbratlon step to read 100% full and an empt}qng back to O% .
o ‘.Note that the hquld was pumped m and out of the bubbler usmg a posmve pressure |

"-'allomng a rapld change in Ievel to be acl:ueved

Exampl'ett o o



10 A further investigation was carved out to denonstrate the abMardhy2006 an
' apparatus according to the second enbodi nent of the present invention to
continuously nonitor the |level of TMGin a bubbler. The process was the
sane as that described in relation to anple 3 but the calibration step
noves the reading dowmn from 100% rat her than up as in Exaniple 3. The
results are shown in Figure 8. The results obtained in relation to

Exanpl es 3 and g\yﬁpﬂ' Pﬁ‘ﬁ‘%ﬁ? cont IBE%QH’EU ﬁ{% dgﬁghgtﬁtég%mﬁt}’% achi eved |

in the bubbl er suppl i w th~ a probe..

according to the second enbodl ment of Ci g g@ent i nvention. A fast
response tapparites ashidned &s SSPIWFBYOHRIENSP 6%‘?538? EHEE Bhe graphs on
fill and enptying. The present invention provides a nmeasuring probe that

i s suitabl @ptiaroudipaidnitol g lbhe df &0 nfa tdbéari dlhis process Babibheiam it i s
robust and conmpatibie with the organonetallic conpounds that are contained

W thin thech%@%%ﬁﬁb&ﬂh%% RARLS BxhiBle 3 BiEthe QhliHE8M ORE i dschemagimgnds i n

i ndi vi dual ers to be continuously nDnltored and all ows custonmers to

know when der rial h | bbl er
is used u;‘)’iﬁOWFhﬁ'gmallogg} é‘ﬂg%rtg Q?fpuﬁﬁ(%“j | Saf l?%rr(\es%i?é ﬁ?esab\ggd? %gﬁrrng? eri al
wi thin the bubbler. The glass haematic seal that gaﬂ cts. g@probe to
the port of thelthrusbhler olspisad dsralinn toHEamRIssdARd (il F?\tetal‘?@n is

retained and that the contents of the vessel, which are extrenely air'

sensi ti ve leved ifdifitoria@hat dderf schieatiin tlﬁdhillibﬂ@r@ﬂhy pravisios@dl biubblessi st ant to
hi gh tenperatures and does not interfere with the neasurenent of the | e~~el

or with t Qﬁgéﬂat‘%ﬁ a%ogéﬁ&g}{,ﬁgﬁ?{o thERec RldashdBiiess ofMAE @rdsaht whéstioniay coat

t he probe ists in provi otal.: irierhless to ensure that. the

f |
Pty of e precuser Lo kgl S S SR dlﬁﬁ‘ﬂgf Rt #S?Ptfgﬁts

because of rough transport 8 March 2005
andemptymo o

The present invention provides a measﬁn"ng probe that is suitable for
monitoriﬁg the level of materials in a bubbler that is robust and compatible with the
organometaﬂic compounds that are contained within the vessel. This enables_ the | '
level of orgaﬁometallic compounds in individual bubblers to be continuously
mom'tored and allows customers to .know when to order more material as the level of

: materral in the bubbler is used up. Tﬁis also ensures marr-imum utilisation of the
source miaterial wit]ﬁn the bubbler. The glass haernetie seal that cormects the- probe to
the port of the bubbler ensures that the pressure within the veesel is retained and that

| the.oontents of the vessel, which are extremely air eensitive, remain isolated ﬁom air.

Additionally, the seal 1 resrstant to hlc,h temperamres and does not 1nterfere

S w1th the roeasurement of the Ievel or w1th the content of tho vessel The elastomenc
. .._'matenal whrch may. coat.the probe eselsts in prov1d1ng total mertness to ensure that ’
the punty of the precursor is mamtamed Furthermore, the probe is less fracrrle than

the glass probes previously provided. This is important because of _rough transport



handling.” It is essential that the probes shoul d not break si ricMarct26050 -
" the nature of the. products inside the bubbler; any breakage coul d | ead
to. a leak and possibly fire. The sealing of the probe into a nmounting. to
provide a leak tight join to a vessel, in particular a bubbler body, thus.
creating an ultrahigh purity, high intepyity, robust container suitable
for placing organoinetallic precursors in, has never before ‘been achieved:
The seal ed unit has been shown to w thstand high pressure and be shock

resi st antheﬁﬁlﬂboms@gse%ﬁia@ﬂﬁ@% F@Be%h?ﬂ&%ﬁaﬁ %ﬁceord‘ag ‘E&h?cnﬁzpmaerl}rﬂﬂ‘@y

even at ppm impurity levels. IS 1Is essentia r aerobe

conti nuo di ¢ nonet.al l.i c pre rs s in i nl ess steel
hi gh int étg SUp ﬁ@le\}’&i’ggf E{ngut%?l@gf ]§E€FP feﬁ'gé%ldé%oéﬂ@l}fﬁ@nt ly

avai | abl e that neet. the required specifications of i nertness; robustness,

sinplicity, reTheaﬁrallmgw T4heiprobe dRtecAmouring tegravide 2 Iedletighvirsicon of a
capacitance that is forned as an integral part of a cap or nounting unit

wher ei n Whﬁseunnmah&mléﬁ@brﬂﬂ@ﬁiﬁdd@aﬂn@@@m@la@fiﬁﬁi}ﬁgh?ﬁﬁt}p'hﬁ’é}?mt d@agynot 8
- March 2005 12 CLAIMS 1. An apparatus for nonitoring evel of aliquid

in a vessgiust gantaﬁ'r@?suzmgﬁﬁﬁ v‘%%&k}%iﬂw&lﬂ{ plgagﬁ‘l%g solﬂeFasrﬁ VL@{ ?g@gr obe (10)

hermetically sealed wthin to ac Fitf's the
seal i ng robe bei,n cased thin a glass material, a
second eﬁ‘%&é@"e p&ﬁ Sé?“rf ##&ﬁ?%éﬁ%@?qgm%fﬁ%%br%ewww Fba

capacitor, neans (14} for applying an-electric current. to the .capacitor

and mean%hofcb &1 eﬁﬁfﬁmt @t frappingean giot gomtemiese gsfproduetdim agpwagievsn ais
cl:ainmed in claim2l wherein the vesse] itself is-anetallic container and

acts as mim 1mpunt}dleeélec tThode. essentral fora probe thatis to contmuously indicate
| organometallic precursor levels in a stainless steel hrc,h mtegnty supply Vessel
| (bubbler). No such probes are currenﬂy avaﬂable that meet the requir ed
spemﬁcahons of mertness, robustness mmpholtjy, rehabrhty and accuracy
-. Furthermore the provrSron of a capacﬂance that is formed as an mtegral part of ar cap
. or mountmg unit wherem_ tho unit has the electrical connectrons for the_ probe, has not

] previously been desoribed. |



3. An apparatus as clainmed in claim1 or claim2 wherein the @Mdbehi200bade
of stainless steel 4. An apparatus as clained in any one of clains 1 to 3
wherein the glass material is a borosilicate glass. 5. An apparatus as
claimed in any one of clains 1 to 4 wherein the probe is hernetically
sealed within a port provided at the top of the vessel. 6. An apparatus as
claimed in claim5 wherein the probe islgealed within a nounting or cap
{30) that is inserted into the port of the vessel. 7. An apparatus as
claimed in claim6 wherein the nmounting is provided with electrical
connections for the probe: 8. An appaLad#dd$s clained in any one of the
preceding clainms wherein the probe is provided with a coating of an

el astoneric nmaterial over at least the part that extends fromthe seal 8
March 2005 13 9. An apparatus as clainmed in any one of the preceding clains

wh i I : o ht.hln a gl ass
Tt er i al compr ses & peralta] TR e B letel ook SUAREA AL P

wherein the alloy élr;spa?a usI cr:]cg:n%gr?slingo ht llégs\f%%le %llelta('aﬁ'c probe (10) hermetically sealed -

within the vessel to act as a first electrode, the sealing end (22) of the
probe being encased w1thm a glass material, a second electrode spaced
apart from said first electrode to form a capacitor, means (14) for applying
an electric current to the capacito_r and means for monitoring the
capacitance thereof. |

2. An apparatus as claimed in claim 1 wherein the vessel itself is a metallic
container and acts as the second electrode.

3. An apparatus as claimed in claim 1 or claim 2 wherein the probe is made
of stainless steel.

4. An apparatus as claimed in any one of claims 1 to 3 wherein the glass
material is a borosilicate glass.

5. An apparatus as claimed i.n.any one of claims 1 to 4 wherein the probe is
hermetically sealed within a port provided at the top of the vessel.

6. | An apparatus as claimed in claim 5 wherein tﬁe probe is sealed within a
mounting or cap (30) that is inserted into the port of the vessel.

7. An apparatus as claimed in claim 6 wheréin the mounting is provided with
electrical connections for the probe.

8. An apparatus as claimed in any one of the preceding claims \;Jherein the
probe is provided with a coating of an elastomeric material over at }east- |

the part that extends from the seal.



1 1. An apparatus as claimed in claim9 or claim210 wherein tHeMatch@p05
contains. alum niumand/or titanium 12. An apparatus as clainmed in claim
11 wherei.n the alloy is Inconel X-750. 13. An apparatus as clainmed in any
one of clains 6 to 12 wherein the nounting (32) is nmade of a nickel alloy.
14. An apparatus as clainmed in claim213 wherein the alloy is Inconel X-750.
15. An apparatus as clained in any one df t he precedi ng clainms further
conprising nmonitoring means for neasuring a change in capacitance. 16. An

appazatus as gl ai n%r% in claim 15 f%lr_t her conprising a recorder for
recording a change/YrfPEAGHS BSHRiEe I?.anﬂﬁn%ggﬁkeﬁ%d% dpimsveberein el ai m 16

further conprising display neans for displaying the level of liquid in the
vessel . 18. An appkesitthepars (aifrteelpiobedimt ipemasdd whiinpr glaesdlimteridlai ms
further conprising calibration neans for calibration of the apparatus

wher eby a parti cul eamméqeaaidicket@llépr responds to a particul ar vol une of
liquid within the vessel. 19. The use of an appazatus as clainmed in any one

of the precedi;ng chaiafBarhfis¥ORILQEN RO hBE 9'\@P[é?1:in9fl% @%ﬁﬂ%ﬁ%%ﬁél%r

conpounds. S March 2005 14 20. An appazafus as c one of clains 1
to 18 wherein the ngéasfeahoiys a bubbler.

11.  An apparatus as claimed in claim 9 or claim 10 wherein the alloy contains
aluminium and/or titanium.

12. An apparatus as claimed in claim 11 wherein the alloy is Tnconel X-750.

13. An apparatus as claimed in any one of claims 6 to 12 wherein the
mounting (32) is made of a nickel alloy.

14, An apparatus as claimed in claim 13 wherein the alloy is Inconetl X-750.

15. An apparatus as claimed in any one of the preceding claims further
comprising monitoring means for méasun'ng a change in capacitance.

16.  An apparatus as claimed in claim 15 further compﬁsiﬁg a reéorder lfor
recording a change in capacitance..

17. Anapparatus as claimed in claim 16 further comprising display means for
displaying the level of liquid in the vessel.

18.  Anapparatus as claimed in any one of the préceding claims further
comprising calibration means for 6alibration of the apparatus whereby a
particular capacitance corresponds to a particular volume of liquid within
the vessel.

19. The use of an apparatus as claimed in any one of the preceding claims in

monitoring the level of orgé:nometallic compounds.



21. A bubbl er containing an organonetal |ic conpound, the bubbl&March 2005
conprising a sealed netallic container having an inlet pipe (4), and outl et
pipe (8). and a dip tube (6) and further conprising a netallic probe (10)
hernmetically sealed within the container, the sealing end (22) of the probe
bei ng encased within a glass material, the container and the probe form ng
a capacitor, neans for applying an el ect t#c current to the capaci tor and

nonitoring neans for measuring the capacitance thereof. 22. A nethod for
-vessel, the nethod

nmonitoring the,l evel of an organonetallic oynd in a f
conprising t hgo'st e|oAsI1 %?pa‘lr%g%??%ﬁﬁn?ﬁ my Cé‘?sqfc‘:gﬁglsﬁéf’allgl vierepr heaegsedjs ant o a
vessel (2) to act %s a fast electrode, one end (22) of the probe being
encased in a gl ass REPKF al , hernetically sealing the end of the probe
encased in a glass material within the vessel, providing a further
el ectrode to £brm & belden dontainiapphyirgaoatetilie compeuaditheBhibhler t he
capacitor and nonitoring the capacitance thereof.
comprising a sealed metallic container having an inlet pipe {4), and outlet
pipe (8) and a dip tube (6) and further comprising a metallic probe (10)
hermetically sealed within the container, the sealing end (22) of the probe
being encased within a glass material, the container and the probe forming
A _ a capacitor, means for applying an electric current to the capacitor and
monitoring means for measuring the capacitance thereof.
22. A method for monitoring the level of an organometallic compound in a
vessel, the method comprising the steps of inserting at least one metallic
probe (10) into a vessel (2) to act as a first electrode, one end (22) of the
probe being encased in a glass matenial, hermetically sealing the end of the
probe encased in a glass material within the vessel, providing a further

electrode to form a capacitor, applying an electric current to the capacitor

and monitoring the capacitance thereof.



