;ede{ {\\]4": _NT'6 T nw706432 USA TI TLE OF THE | NVENTI ON: HI GH PURI TY

CHEM CAL CONTAI NER W TH DLPTUBE AND LEVEL SENSOR TERM NATI NG | N LONEST MOST
PO NT OF CONCAVE FLOOR BACKGROUND OF THE | NVENTI ON [ 0001] The el ectronic
device fabrication industry requires various |iquid chemcals as raw
materials or precursors to fabricate integrated circuits and ot her

el ectronic devices. This need arises fromthe requirenent to dope

sem conductors wi th various chemcals to provide the appropri atgggbqesAi cal
properties in the sem conductor for transistors and gate oxides, as well as
circuits requiring various netals, barrier layers, vias. Additionally,

dielectric |layers are needed f C ;a_.c.hgl (\nterlayer dielectric
requi renents. Fabrication requI)IIIIIréB u t?ZIiYI?III\gICII\I;chnoI ogies require

resists, planarization CQ,‘h i Stri ( GQE[A(I\II?% vBl lselisble
h s t hatlGht RUGERY H%@@S%gg g@‘%ﬁ%@g%ﬂ i
Condi ¢ ons o melEHINGTHY B LR GONGRIEL R 90 Bur 1y

i ndustry inposed by the extrenely fine line width and high device densities

in current and future el ectrgni [ ' I?II)IF ted with those

chem cals. [0003J A part of B?@&I%I@Igbpe@gqﬁ%ﬁq e IIPg purity chemcals is

the design and 15 structure of th ' b g8drhivskyY

such chemrI:EQII’ﬂ to thth‘? glgergpc 8?‘”?%%%@%@5&%@82&3 %@%Iég’%ﬁ ?%idymde@% Ces are

Do el e o
i [ : : .

di spensed.de["I‘i@éAIT%ISrPef&IérI%%IIP"I tbeir%qqlr 3II t(,gnc%'oﬁegs@ﬁ%érﬁﬁp gg@t% hogmqgé;ﬁLI%tg of

hi gh pyri teheahens eabrodi@e avaapmbbreatd efdctrigal preperties inthe isemigosguctonics devi ce

fabrication process., Electronic devices.are fabri i010] i L of
several hdFEEEIPraANY SAIGRIYRE 25 & @Sﬁﬂggféor‘;q%ﬁ?%%@&hgﬁé@ I?éH%IIIz?IaIag?I%’
i ndi vi dualviaaf saGtidreipgligeade ved e meetet o capacitbwrayetiniedayerdiglectric

fabrication processes., Thi.s makes th ' &l ectronic

devi ces bé?%reﬁ?%%@sE@B”WOII\/&?CBIJI?Q#Irgﬁ%ﬁ?%ngﬁsﬁﬁ%lﬂﬁgbﬁP%I)sﬁ%i der abl e cost
i f processiigarRatibrabidristriesano@enastswhen 25 the high purity chenical is
unavail abl e i nadvertently. Thus, the electronic fabrication industry has

used noNi tfoed2lg of hAwbf thuchemicahethartak ugedit thege apgiisatonsfaretiequiresidiene i n

their fabricati .- 064 : i equent | th
i gh pur t cYSreREY cBNSETERG heettne sURGER eR e T R i sk ofie thRalan, | 1e
al so are VsdustEXPEDSeY ey theextrentahefine limeotidit amd lighhghéuice deiisdies in ewEentow

I in f ' [ i,e. ] , ' ly | I I
and the r Ui BrRARCTERC gBrgt PR FBAR TR Ve i gn

purity an absence qf 5 W [ %IIII%IIEI : ki ly

net al s). igbg:ﬁr esul t ﬁ%t%g‘%‘?fg{%fgéﬁ eh@I1 p’?ﬂg,ts@ |IgI %&Iﬁ??}%&l@ﬁgﬁ? cals, it
i s despr edtiuetco psiheEcatimars knd Bystbrms et dediverssuplo skerpicalsip the [G8EIF Ghni ng
dry. Thus residual chem cal in chem e ;T ; i sired
to be mi ni'Hi288S WHAE @8 CEIPQ'CCC%@%IT%%’I %%Rﬁsa%gfg%%&ngb ® gegIbggI%%hcégﬁgggi n
aut onat ed caalyd BRbeMET trrothe SeNtadNers inokhidls thely ere slontccantbiie sesErstheaghon,
operating to a,run dI:%ﬁlo cdonditi on can result in wafer defects or

reduct i on YHR &Y L€ HRRPLHFCr e unacceptable to industry and al so very
costly. | To address.the.j. L 19]pV i i cal
quantity ggg(?I]abl e fpraq?ilg%’?hséﬁiﬁgégtﬁ I’)I/TIP(III;AII@I IInIgg:EUquI?I&II)IIIS% tu?gy?réptﬁteg:hf‘%ﬂ

achi epg t hnatatgealsng (90T | thie SlecPatiedievise IOvicald pPeedso SHectPNOPRVIASSer f Or
organonetal | i.c 15, canpoun | j i ; Jr v drewitn

cont ai ner %I%gé:?rWFEetdqﬁﬁag%tﬂ% ISIEIII g%@e@%g%?%am?ﬁrteﬁﬁg?wgﬁrd eIc h_evrIII, cal

di spensi nght kizewgndividuad wiefers belrgweacassethexpastas] toderaiger induire{abdeatio 0008]

U S. Patent 5 562, I t.al i AU ph ot el W th
i i ube. B PR SaRy TTRearRhy FalYP of BRAIE B! clatoll Bliftinay GOCS R &1 04 to
t he i nt egredfe@Ovenyhlgbt rasaltimg in etmeitesable costdrpiagessingar fatsigalioneersbs Whah e

known .particle generators_f.or > _hi I G 1 cal -3 i the
cont af er.th‘fb&ggﬁuru %?W&?‘éﬁf’“é‘%iﬂ@?%%&@gﬁ%%' jh%?n@%ieﬁegﬁeﬁ%?é evg?gges in
whi ch a diipdusts fas .@es rhoritotidg df sipk peiityghbawatiquqrsity 20t es¥eirisehegedas. The
di pt ube rrgér gasbiﬁde.i nawll to allow conplete dispensing of the beverage.
Level sendd®f BHIGRIOHBIOEEPE] U S. Patent 5, 663,503 describes an ul trasonic
sensor, which is known to be used to detsct |l iquid presence in a vessel.

| nvasi ve and non-invasive sensors are '~



described. [0011] U S. Patent 6,077,356 shows a reagent supply vessel for
chem cal vgp@k ggposition, which vessel has a sunp cavity in which the
| i quid discharge dip tube 30 term nates, as well as a liquid | evel sensor

termnates. Utrasonic sensors are contenplated (col. 6, line 37), but in
t hat enbodi nent, the patent expressly teaches that -2 06432 USA the
sensor does not utilize the sunp for sensing operations (col. 6, |line

38-43). Gopdosjheni caNotinirbqueattlyothe déghumsitoetiemioaie Hsechia the gigeironis dewicehe

full right . ition. 012] : 4 : : i ith
aur ouﬁg e:jgf?brd)%(r%%hrﬁ’iﬁocfsai OLFB!E‘ ngse@gﬁ%géi]é‘]'e B?@.éir %g(?g?\({} (b\Sélﬁ](SﬂEES'b gqg%@%wh gmv\?s WIa
sewage t ankwwiolUmes maeet in dabricatien b.eadpants eveheasisdsn aglydewjevelspangdoa ] u. s

and a s QTR0 Tesn 161 PR B IeaNE LS ikt M RESSE ol Ceei ng
the goa s wide Rwialtef camdmirineS particuaty mbtats).cAb auebull ofdbe bighaxBeRsRPLIBARE by
ent r apronttiah BHa chodiealiy i BT RV RSr{ls s Hibh bt £ BT R, poft IR o)
to harbor #@simshiad dgherrﬁmabéidLHI ichgmicakin@bemitiaheontainpsy .&| beas, dhdesisd 1|

rocedure, a symetrical desiagn feature I gL I
ﬁanuf agt urfH fﬁ&%&‘#%‘fﬂ*@“? g‘”?%ﬁ?ﬁ%ﬂ'%?‘e??h{l @%g%ﬂ?%@%eqﬁégfgﬁaggdf or high
purity chembeation@rbaisangsstion dsSelamianicadaviceabriaatibn,mperating taa ruhgly ow and

enpty |l evel sense points where the |evel .orecisign I t he
smal | &0 cr‘i?é‘g't@&c?ﬁdﬂ%{'ﬂt 'ae@ierd%et’%fﬁ%%f ﬁygﬁwéﬁ5{%&%%@“?@%@5‘%@@%@? {eos a
nmor e preciiggustBagid ds@néryebstiy. qui d and avoi dance of contami nation or
particle generation during | evel sensing, and efficient chem cal

uth ili zalti gooaer oac hié'agddmgpltm iﬁsmésemﬁpmgty andi rhordring of olharhioaitquastityhi ng

: v - > . . .
TS GRSl e i MO Rk R AR
chor cal s 00881 o of O S oeEratets Dy aiBet bk oaMmaalies]  contan:

of 25 {she @eiicinasused irdgagositibo Bgstéme whsnein tid gittaiperdiasiiolat and tidlet vaives

di spensing all of .the lLiquid chem.cal, . c r LSl Na. S rl,si g a top
wal |, a si %\B'IDFsz?HBr @%WW%‘W‘E@Wg?@Fé@mg\?%ﬂ?t‘ hlg%énvge?’gﬁr?)llek? 'er nal
surface codahaét ispyovided)i d chemi cal with a concave upward contour having a

| owest nost point axially central to the container, a first orifice capabl e
of being Useoglas an Urs.atert 553820182 desicfibesea canpaipbefoohigheiunty ehesticals with

outlet conprisin 0 a .di ptube thr i |.L qui ' be
di'spensed TRHF SE1'E RSOHPT o FYe Sesty 10 B Ph e RLAEegd 2
and aregi nl®Mtiet elvé.nBbwenst, mtiragidiott lehel deosers Eravprsawrppnticle ganeretars ferdhgor
assenbly capable of signaling at.| | evel of liquid chemcal in -3
06432 USAﬁ'll PUEX CEPR I%%Qﬂtﬂﬁeé\‘ﬁ\ tﬁ%f%ér&t?mgﬁd adj acent the top surface and a
term nal ont ai nj I Ve j ensar. .adj .

| owest no ﬁg%%l nt; t‘1’39djia%?ﬁ\ggﬁgﬁéﬁ%gbﬁeav%qn@@%s@gbéa?gg‘rbllﬁwggiﬁ%a'ﬁ%@g

pr oxi mat e dllowsriquianiidgemsingtbasbe upon empnéssatiziemdas.t Tsgdiphdiermasnepsicedn &cent

(0018 pr UGG cEnete S EhR e el TSR 1V O 2
o sid it h . : i nal h
evel Bendit Gseml §S B E BRI A ol BsorBines R s BN Ty

central tdesuad toiddtaulituitiptdsenbeinlDvessek | IngasieoancaRare i sivasryisess aréwar d

t he | ower r&élcal end of the diptube. BRI EF DESCRI PTI ON OF SEVERAL VI EW5
OF THE Ve

[0011] U.S. Patent 6,077,356 shows a reagent supply vessel for chemical vapor
deposition, which vessel has a sump cavity in which the liquid discharge dip tube

30 ierminates, as well as a liquid level sensor terminates. Ultrasonic sensors are
contemplated (col. 6, line 37), but in that embodiment, the patent expressly teaches that



(0020] FIG1 is a schematic plan view of a 1.8 L container outfitted in
accordance% kbhj®ne enbodi nent of the present invention in partial cross
section. éMFOOZl] FAG 2 is a schematic plan view of a 2.5 L contai ner
outfitted in accordance with one enbodi nent of the present invention in
partial cross section. (0022] FIG 3A, B and C are schematic plan views of a
1.8 L container outtitted in accordance wi th one enbodi nent__o thecP esent

i nvent i on the senassioss obi wiizs trevuntp for gensingeraratiqnsepiséfiGe 3ot i%9°% r om an

ht t 20 t
and o 1 ripearog Rl netlus Rty Mrsh he IR0 WSO SEIERRRL™ P8 and €

are sche pl an v L I fouh ey riai dad

of f - cent g?fogﬁ?}p in cpeél\?aggnét id%1 seosﬁmbsﬁsgﬁ&gﬁ%l r‘{%@& O:uevel s for 10- tilt
from an uptipigbé 8dont ai ner position opposite the sunp; 5g tilt from an
upright container position opposite the sunp; O- tilt or an u

cont ai mer [00o$3}ti on; BE.Fatdnt SOHH 243 shows GrrewEge it Witha Sugts W% %Hat he
si de of tﬂ é 5 d10 tilt froman upright container position on the
si de of the&Y &%’E n ‘Aﬁ DESCRI PTI ON OF THE | NVENTI ON [ 0024] The present
i nvention recte i ¢ waBStdiséharae
chem cal , @El‘g‘l as i sgrée%ﬁ%nggn}@ bsrhlgj@z%talwé%&o sf%rtnweéglgigggt or devi ce% flat
panel di spiubyd9aind sedigrattuimni® devi ces. Such fabrication typically reqU| res
high purity raw materials or -4 06432 USA chem cal precurs

purity in [IDDIS] cont eYltxe slyqrtcoriings ofsheapdararigo agdigssiog ﬂﬂ‘? @‘Eﬂ‘%ﬂf@‘iﬂtﬁﬁngeast
99. 999 wt t € which igeahighsuch
puri ty On % (H?%lcrtp rs'cati) %ﬁ{élﬁa%r?\{e?&grﬁ]eeﬁth%%ﬁ?séﬁﬁn%ﬁw (fml{lem ia@l S of
the class mirity edrtaiatrient, ootchesidai eaimprrqemf@aas (b%rﬁualﬁnér@wﬁh&q ‘EJE"'B@@&

for exactipn urit ST gﬁ@t@’fﬂ[e

i ncl udi ng téziﬁ.@ &ﬁqt@qg&%@g{? e%xﬂﬁél:cgreﬁzéégg@g %B%ﬁeffﬁ{p?hem cal wetted
surf aces, ;srnammemsmmamcame‘smsaﬂum enating n@stsa Qéﬂ\&ﬁdﬂﬂ%lif&?‘?él“rfg 88¢ of the

cont ai ner i ch i C eohfihats teei | 1 ng
of the con? |§ngtt%/\lﬁ]erﬁ ﬁ%ﬂﬁ"g %ﬁpﬁggﬁ‘i@t}? %Eagan i %ﬁﬁnlggf Urbi Shient  due
to welided maptaioos¢micalt puity, at therlowmat @mpdy l@véﬁse@éﬁﬁpmiﬁzw%'ﬁt g ¢vE! as

stainl ess steel 316 ence of
movi ng. part e pinnE SR B e SRFHCLORaI g 9nE cBAra bondthe
accessi bi Isetcyoobnaﬂﬂes amﬁralpmsmaaswemh@r@\hﬂwé andEvaiganes of qqn%%d“'ﬁﬂ@ﬂrbr

r ef ur bi shi Il 025 h dhi

suf fi ci ent® cqger}; g%s%lﬁ%%%\(@;g ﬁ%?g?%ﬁé%@ﬁeﬁ%lﬂ@gﬁﬂﬁp%é nienagrl y
conpl ete ob@mﬂeﬁldmgnmal utiizatién whleom5e&diwm arwimical me dor gegditiaes. " QE®rs”  whi ch

i £ nerua 20 Bigaf PE ek s Peridh SRR BB %1 e & ect v oni c

devi ce fabrication i ndustry are high cost or very expensive due to their
exotic or conplex chem cal nekeup, conplex synthesis, |ow volune

production, unique utilizat v BE ¢eeaiveNTiondevi ce fabrication
i ndustry and t he requi remr?tmggﬁg%muwlgﬁ es higher than 20 nost other

fust | f hcat
::gnufa:]bgs[foro I$g?g Eggpr&%g\g}'\%’lﬁa ?@%%aﬁ%d?fab%n@lﬂﬁ@rf@nfhrg parstﬁplﬂb cation

ove. [0026] pi cal |
cheni caI s eosk ligoidiagnemicals camﬁtm@xlm@nggdlqu{;@rcgﬁ %%‘F?'g%{é&? Q{Je o
the p at?\fe cgﬁ%wgeg at B?wéﬁgn@gfo‘?n a5 uf} t po!‘fﬂ@rﬁ ﬁutﬁ&lﬁ)ﬁi ﬁsnbl@ iall oz 8@ ilqmda

l'i qui vaporized or vo I'i zed urna P Thi s
al | ows f orcrgmaaiecorz@rmw @L@abg@man@n%ﬁ@o wa%@ %@e af?& ﬁeﬁé ”'dﬁ% b€ t he

met hods - by, Wi Dvaﬁﬂ?{\m\{g @{h |ﬁt@rn‘gﬁédﬁ%&%@nfaﬁ@rﬁ@nﬁu@meﬁl@@iwmc&%ﬂe upwage a

di pt ube whiC di Spo em cal he cont ai nef % cp % ng a
pressure tmDrIIwa mesaolawesmostr;@m@mﬂ&y prRIVrah e CORtRINGM A (irgt prfice| carapl

chem cal i '}@ féér?‘}’a eIthe[ to'ﬁﬁcé’baﬂﬁ Eeof%ing%sefdm‘s £000tRE BEPpiigE a
secondary erna di ptube can used to di spense an
inert agarra drptt@mthf&@ghmmcft he llﬂu@mhéﬂmﬁéﬁa%aﬁ dtsée'ﬁﬁﬂﬁitff%n §8ig cOREENG" Withe
chem cal % guﬁq&%ngaﬁi a{c%t thé @@pvﬁ.larfatcﬁ aﬂH%'Px :ﬁiBt t‘é%ﬂn@? er%bél&j@cén'f'mel IewWet rﬂéstt he
l'iquid che r'asut Ingas phase iver romthe contai

cont ai ner spaini al{encah/aemsmraawmbmasmawe gfsS@nLajlbg@ﬁéas@one iyl 'WCF@'BE’?H '”The
di ptube of the present invention is preferably used as an orifice for

di spensing liquid state chem cal. To achieve the nost conplete utilization
of the chenmical in the container, it is-Pnportant that the di ptube access
and therefore dispense fromthe | owest nost point of the container floor.
However, in order to not exceed the



5 content of the chemical in the container, i.e., not to dispense to the
poi nt of csmgpbeisa consunption or "dry" condition, it is also necessary to
have a | evel sensor at the | owest nost point of the container floor. Thus
it is desirable that the container be configured so that both the diptube
and the | evel sensor both term nate near the | owest nost point of the
container floor to facilitate nearly conpl ete di spensi n(l; of chemical and to
signal 10 twlaeonﬂahmr hevdng eoeptoet end pdipesnd thegloasubAehRGf %Erkﬂ?? (?nd to avoid
di spensi n i € ihvdest imdst ozhulﬂm ng dry in
t he cont a| mf‘%%g@?ésitrﬁ%s\q/gvasensog%aeggéeﬁljdﬁnga ng. nul t| crete
| evel sensubptsbéanddha‘ ﬂeeensegschreasgﬁmbwézemmﬁ@tnraﬁ@a %toaﬂ"?oa hfﬂeét ed by
the present b BXeMdQtn hepiehal biiabbf thelplaigpsors in the assembly could be
c

ul trasoni Sensors, capam ance |evel 15 sensors, optical |evel

Sensor s OrighhoRt | CYBlereROrS Sl raeagidu Bersey known in the industry

and wi [Nl furthe crib ere. 029] In the various enbodi nents

of the pre@@ﬂﬁ;{' nvenlgteﬁé'l'amgrfeti%ls s‘é?aéé%t?@?sﬂ@éﬂté@éilaﬁe@en@fal tohaid

cont ai ner itute container. In sone |nstances, the

i nterface sdewaitwitrsthetdiptybs aagied wwarﬁ@aﬁawebﬁgn@akqraic%fsth%ﬁyeb%‘«’“sor

non-di sti nct h as 20 where the container has a generally spherical
shape or 18 F’(S?yand bottom surface represent a snooth curve continuation
of the si rface ti td Sai@siaewall ith the
consi der ecoj[BPiéhbe thegg‘?@%ﬂ%wie d[Eﬁn ‘gslelﬁga}tbaﬁx:h%ﬁc?’@ at %ﬁe hi ghest poi nt
of t helOcorieedl sensontasaemblyianglad tbwardibe MEF%WE&Q”%QHW% UbEhe bott om wal |
i ncl udes the | owest nost point of the internal surface of the container
when the container is in its 25 normal servi ce positi on. The sidewai i
constitutes the connection between the top wali % P‘x wall. In one
preferred enbodi nﬁﬁdEFDrE@Cﬁ[HEWIOFC%[ﬁ"éEBf‘EtVé%Wé:’Q§IT 2 WI ] For

pur poses of near conplete utilization of chenmical, the Bb@sent i nvention

has a bot ti6R2kl | shaise? ismpehemalicgianeyiaw of ad -& b reaaer BYifter PARCOH RGvi ng
a | ovest o aRobRbodifledt bﬁ’th&?&fsfeﬁ{ inbéntloRGn BaMLAEBES sedfiBh. | nst ance, when

t he si dewal represents a Inder wwth 1ts axial line in the verti cal
pl ane, gt hggagpal Cengiarb lsﬂé‘fsénéhﬁatk*bﬁ‘arb@éwwhm L comlrér 60tinsd teacgerdanat | y
wi th the line of the sidewall cylinder. The concave upwar d cont our

may be a q‘Mlétd@n%e@D@tﬂlE@ét @fdhe@ﬁﬁ?ﬁamhgpt@@r\%%ﬂ*@ycf?@ﬂ%w el I|p50| d (x2/ a2

+ yz/b2 + z2/cZ = erboloid (x2/a a
he)r/n -6 [0822b usa éﬂq %xﬁiéﬂ%&y : éPB?'aaf&@?'aZ'ewsﬁ%bég £ CQS‘é”}ff Bufftda

hemi - par ab&HcEﬁﬂa@%é WRH@he e?ﬁbﬂrhérﬁfdf fhe%}@@er(t ¥ReaBontinyotbdtsectia® Seawing QYuidr
nore prefera

Z + y2 = t of
The. bot £ orfiaa vels RTiS* g Goeran bAHANESBATPEPaRcrhE R B RGR ORL TR T o

cont ouy ”gfbtsﬁ o dAR IR LhGpHEht ddntdiritpositioh.he above described shapes, but
r at her th he cont o'ur |as ggrmoth cu?ve has a | owest nobst point near or

at the axihogentral FRPAA] B’rb‘if) ah8 €& HeitRemaR ;ﬁlar&iﬂlév\slﬂf ‘aq‘.ﬁloumodafnleom t he
axi al central portion of the bottomwall to ] The

0
si gni fi carfesfitsd withear efcaer spRAIHCTOsH BRI SEE ‘f“l‘i‘at"qe’ﬁ[ﬁleéfﬂg}%s & 1?? g t he
present i WY&Htah%n@ﬁtQ:dn%ﬁér%smBnb@?d)é?i‘é&h@th’ﬁ@f&qtﬂlgrmah@@ﬂ@'ﬂ@nms when
ina 10 position to be used {)I ca @gch cont ai ers5gﬂg{r¥? be ITZ E ed on
"t ool s" orPas#iNIREASite RASUREY QAR §F ALARIICES COMANEEPIHI: 4 %P@ ition
procesges Qfntihéd ;?déﬁtom%é sidkibf FECIurm Shancesit frb@ aromdrightesntaagr pasitidoe i n
an absol ute uprlqg position or attitude. It is nore inportant to the tool
desi gner " MRSIHHN@§FPt hat the main function of the tool in fabrication

on the silicon wafer be appropriately achieved rather than be 15 concerned
about the exact positioning of the container of high purity, high cost

hem cal. Oh t wh d al |
Sl'ace the container in ﬁ%ﬁ%‘iﬁﬁoﬁé’%@ MR RN OR  pri g
t Th tent | d t t h
Pont ai nor [RHRBG | ne- 6% PsaBt myeon it orbrora o fsf BRI high o'
ggnsurqét' C&he’ﬁﬂ?dtif fﬁgﬁisﬂé( rel’r)dﬂﬁiredlﬁ fabetdtion df Qemlqorlemtsredieynaeprilzgrmanploismaystnhor
contai ner attitude, a bo e
i ndustry vl %le%crpf:eq!%?%cﬁ%cg%?w}%WPW@%?@W%@H‘@?P%%‘@%W% o

However, when such containers with sunps are placed at an angle from
preci se upright conditions, i.e., the sufface that the container rests upon
is not precisely horizontal, then the conpl eteness of chem cal consunption
is conprom sed and nore significant, the readings of the | evel sensor can-
25 be incorrect and potential full chem cal consunption to the point of
running dry can occur, which is the worse case scenario fromthe

per spective of electronlc deV|ce fabrlcator users where expensive runs of

ey .



whi ch are not the topic of the present invention. [0033] Chem cals that can
be contai ngdsbndhe containers of the present invention may include:
tetraethylorthosilicate (TEGS), borazine, alum numtrisec-butoxide, carbon
10 tetrachl oride, trichloroethanes, chloroform trinmethyl phosphite,

di chl oroet hyl enes, trinethyl borate, dichloronethane, titani um n-butoxide,
di al kyl si | ane, diethylsilane, dibutylsilane, alkylsilanehydri Qs,

hexaf | uor ameetiod peeumtat. oHigbmuehy(it this coMexiHyRical Wys 3PPErY.9 W an i ERyRME,
triethyl phosha hLILG I ' 0:.8% Bl d®, maintain such
tetrakis( &ﬁ%ﬁ?@?ﬂ%@%&?ﬁ??ﬁ@ﬁ‘fﬁ’%%{&éwa‘ﬁ?% S%lérgﬁabtgggl,arn' go) titanium bisl5
tertiarybuyiyitainicdatandranehigh pustyropbtinals, such ag kiid pharaicals OhINErGIaRs of

trimet hyl phosphat L r hk ' L4 PR @i BSiHgdurity and

et ramet hyPERateT B Al e SR by s b e Mok brehatiigiy

tris(tei netdntess] Geydlabpammetdrs arg approgiigietionidieg elecropolished internal
tris(trinmethylsilyl.)phosph 2 e frabehbsnadine,

t et ranet hﬁu?%ped%gf?/hléf?gyfg?fﬁéﬁc‘gnﬁ‘g%‘%%q %"i/r%l’cg%’mlﬁ T"‘girgﬁgs and m xt ures

t her eof . 2id RaRandTihes ef tHaawintaher vehiah fypicatiyseonitant thenehesniea! Suf alsaithe Py

[ d.. d e tqg. ' ; i
W Chout  r aRAPHGS sLireg e Bt Bag Beriilh chsf SR ST MARERO S o the
cheni cal s.wdiigstopauinstrosionciaef aimterzs bbeonstestionx pesas/daintesp steel 6318k or

t i | ue- add i . 0
e aoriBt e dRene (iseoiisr T APeRemiahabselt Bt Aok b IEnSHTRE coRiaitr eicBl
chem cal 2ferbEests marreadsamessiblityeofttioe sentainemanchits hargwaisf during refiltirgr at ed

circuit, but/at ];Bg same time; it is expensive to shut the wafer processing
tool sets BB B Rs ective integrated circuits. [0035] Therefore, it is

desirabl e se autqQmatic, |lev ' e aul g C } vel to
avoi d conﬂb@% consuﬁ@ﬁi%’ﬁt %erﬁ%%&ﬁ%i%&%%ﬁ@é}ﬁ@aif\gq L?ffcg%]g%g%ﬁb gl:]%er 30
changeout ser webid the wistheotld ékfoeotémegd with ngady complete disrersnarisuseneaf er

e r3BI o BNl auaing HrepERRELTRh ars e aPA iRt diba  aCnaHer e

bot t om waldfteptratiiena evithaiaves isssorpieted: Mang ohderchemicateasad i the electarir |

t f bl. hem cal _ f. L] 4 | f
cher cal s CeyGaIBTeRIEh ERGREY Bie UBh AR SERIS 4iE b bkat FootthSE, |
i s the comhemiddl onakelip,acomple! sysnst, iqrogiiume peztuctioniemnge utiization andvly in a

container ultjmately detegting resi 1 MBS poi nt
of the COﬁla%fa#ﬁow%@gwcgﬁo&%@q%pa%@%n&q ESE% dgLﬁJangEE(t)td??H’gm ca@hﬁﬁéerll in
very goul Imsssithrahdustrasi dapicaidhigmesst ahenichfsaas efgheldatiea thimspplicatiompan
upright paosition the.c ai_ner jng a bottomwall contour which is
dgfi ged gga%g]e &8’?% Ua&ﬁﬁgéﬁﬁ%ﬁ% guch as a heni-sphere or the
alternate th curying,10,.. > i ) i t
qoal "t ho [028en: i i Si3h BOR3 chSla B AR miBteelpl By BUReran
in the comoavensieataagoittbe petit bitsecahtheiurnandenieelevheredbyorrsodiized Nige
sensing fuynctjiqn o he, | i or

w thdr sl (G0 ErRREoR 0 TaseReot SRR F s Rk fmaGHEl BN TS ol 81 B e
bot t 02515 tivaLbhpst sskiapers cadeiqedispbysing Boe ohtheanetbbgs by waish cha@icahsni cal
consunptiop.and .t.he | evel . I t I k i i sel
ot ant pOBIETGA Mo S5 R s B el Fp BB MARS clspodéd e Bniineel 20
sensor, whn tie cpesziateSbapmeng e aréasgredictthabeadspanm ebbetconiaingt abpee ¥¥eni cal

in the container fl i i QL of
the 11 qui dPBRARTEane CHREIFER Bt BeRip Ml wesfpuil 85 & le ERARERES D1
sensor andetbeddrytievice. Aibreatitdhe tediptbecande uske tydiseeraccan BRTCATERITES
waves _ LS PLOROrt.io oI UNo B posi tion
ot n&0par Pt B e Bl REls et e thelite) I ioTds Toderioldl P! he

| evel senshmgghanmetiéoabred the teelof thaiuid emsoicalatsseiibg yn ae/phagerdslivery

di screte l.evel. sensors i . ] r assenbly.
However, iflion? b‘ec%ﬁaéﬂ%r aﬁ‘gh%ﬂ%{ﬂ%? %gfec@%%isﬁgl}et ’5? u%tﬁ)elﬂﬁj&%ﬁgent i nvention
can have one or nore discrete | evel sensors in the | evel sensor assenbly.
Liquid chem cal travels up the tubular assenbly and each discrete
ultrasonic | evel sensor is capable of detecting the presence or absence of
| iquid chem cal at such | evel sensors position on the assenbly. [0040] In
t hese described enbodi ments, all conponghts are manufactured from 30
suitable nmetallic and non-netallic, conpatible materials. In general,
dependi ng on the chemcal in the container, this can include, but is not
limted to, stainless steel (electropolished 316L), nickel, chrom um
copper, glass, quartz, Teflon, hastelloy, -9



06432 USA Vespel 0, alum na, Kel-F, PEEK, Kynar, silicon carbide or any

ot her net aéézlisg,uggasti c or ceramc material, and variations and

conbi nati ons are contenplated. [0041 ] In FI~ 1, a 1.8 liter container 10

is illustrated, with a side surface or wall 14, a bottomor bottomwall 16
havi ng a concave upward contour conprising a hem spherical upward contour

and a | owest nost point 36 at the axial central region of the wall 16 and

the side wapbrjl4 attasdadtive dfftes prewent iorentiowssireferaltly gseccamarepélies iar edge

of side surface 14, a top or to urface , i AeunBs i al ve 34
connect ed FigPensingriasd %?tiefq?‘é@"iaﬁoio SRR fh? y%‘?%&wﬁ%té%ﬁﬂggm&?gga sour ce
of inert piRESHIITES @aiddr, i©is,impbttantgeat thddictube)actespanssbarafiore diseense
headspace above the |iquid, leyel of the hi R QU] cal to
drive chen’f%fﬁh%@t"’eﬁwoﬂip&rﬁﬁ\é%ea‘?‘?”ﬁﬁ??rétaogﬁﬁ?‘fy%\}eetr‘c'g#g?%réﬁﬂgpea&? g%@%bl e
di pt ubfsl ZScOSHaﬂ odir@tdmﬁaie%lirhm Zogﬁtamﬁr,l I rE}M:b digpardiedo dng peinieof com piete| 15
. controlled by pneumatjc valve 28 and an inlet ternmn nds
very near GaNEUBGHEHAT WA ICOPRIlIPHL ’E@?ﬁﬁa{'feﬁ@?‘sw 9 Qasv'g:%@gglt% %ﬂ%g;ffa tg({)%]h]t%\’? at
the axial Geatddt el dopaifdr flode PRidiomdseirable 1t f@Deditaifitrede cuntignedd so
surface 18 of the bottom wa

Il 16 has the henm -spherical r from
the | ownestthaiaath §in fiptude ang theleveiegseaty %ﬁ"\'ﬂ %n??‘fgtﬁ? h%%%\éﬁ@gsgﬁgbg%e 20
of the Sidtﬁ%bhta%fﬂJ&ecotf@dmnM@Ideam%c@mbletmmepmmgmmaaﬁcatamdwcssgaaa, whi ch
i's concave downward in contour suc

) as a.hem -spherical.. t our,
whi ch aciwherathedear emplgte @%ﬁ%ﬂ?@%@ﬁﬁ%‘f@ﬁ?%f&m{ #?ea"c%chj@%éﬁ%ﬁ‘%aﬁﬁm duri ng
refilling, . pafitleCahalihytioriudicter, 24, Mdhing L2y insheebdethet.o t he sidewal |
14. [0043] The | owest nobst point 36 of the bottomwall 16 is al so shared by

an ultr asq}?bgsll evel SeARPEeriDs asinbiY Raliay midipkndietrefpievalsangts dri ch
del i vers

the signals fromthe djscrete sensor 48, 50 52t he
out put deWirNSOSGR}GREPHINGERRS 'Séﬁ%%?qrg‘?melételdg?ﬁgﬁﬁﬁsfeyF'H&grﬁgnhﬁd'ﬁl%gh ng
the si gnalnangef EdrbolyinttRe Assemibhe 66@d b3 2ltfaabnid Jeved serewrs, @apadidnte &vehi ssi on
of the sensor signal to any pr OCﬁéS co‘gtrol | er .t he cont ai ner ”2@\6 be
oper atfifng SANSATS, SpgH leyelARpsarsi NaRYAVY SATSUF- SHOY SEIFSIR G ATCTOREdN Y, as
are standapgudify drdewiil RBUSE furinel 48fbed heredi ptube 24 is axially centrally
| ocated and the | evel sensor assenbly 26 is angled in froma point at its

out put endoddaFepar afnehekashacatbapaehisiof 0w proseraiiventi@t toetupr sideanda to an
adj acent or proximte point to the axial, centr artion of t Vi at
its term mAttogheIRFeS §g’fh@|f;9{“8('f?€é CPBVE‘IH‘??EE%%(]S ‘S#StEgﬁBrI‘E?mﬁ’& {Qnsc??f%'gg%i%g%?]be
Zﬁ S_harle tthélidt@%ormgse@ﬂﬁ@é%éﬁs @ﬁthéhgrim&({fgcwb‘igz?g rfowdistggtlswckraepl ete
chem cal utilization and attendant sensi -

Appr ol at'¥aip the iR Ras? 9%‘?{@@% %D%gf'gé]g\}?ﬁﬁ’? %ih«?q%%ﬁﬂgg ?@%{{7 Isij/,ég%euch as

tl 2(7381\3/'_ 1$ % bpRIFROS 8MB6th duife cdrlinadtrm dtthdSifle Butafd @l sttidvatie HowavppaigeiopNY

: e sensor Si

gnal is transmitted through.its connector wW.re in
condui t 26Valp QPH%FBQYH%”Q)\%?TPdi%b%we&fﬁ?8%W&rcogg'rm’r‘ﬁrﬂﬁlﬁ'saa(;‘ﬁrP%P'Y\gI}a? £ %hr oud
ﬁO to Pab|cﬁtt$@c%rﬂﬂiﬂ@§Whé}gnggi]:wat:§ @Eﬁgcséyhh@é goéf:tic{:m_r. ORf@stso tmanwaloinbmgeam s wel |
nown in the industry. I n ..a 2.5 liter containpner 0 .j.S
i |l ustrat éa\{m%ﬁwﬁt&owagfhw?tﬁér@ésw%a%ﬂf|th91"1°z{‘?a'89’b b e&P”%&e{gSrﬁg\Afﬁu 116
havi ngsa hejiinapedeick gabiti@@mhas@@wawwnsatutég ®eicohesaiah tetwdenctbe tdBwaihd a
| owest nost point 13

he axi al | region of the yal d th
i do- el | aEheRoRATKA i G ieeed GBBoament draengal et PR el on

toits cross_10 section parallel to th | ape .of th [ or the
bot t om walP034le, atta@f@ﬁp@qustﬁge@%m{ﬁ%ﬁ% H%E%@P Oﬁrﬁﬁ?é’@%p%r#rg%%ﬁti al edge
of side Zummi@n_]qalé,a @mg!fowglr sﬁla??p wurcﬁa@g?rﬂelﬂly aaooriaak(;ebpwaminmmw ha]zcailn_ge 134
connected to an inlet orifice typically cannected to r i nert
pressur i zeH/OY&s! PPsiPointaxigly gantr 3 Iﬁ%ﬁguﬁﬂqh’%‘erp%& E‘ﬁﬁqn?@ WF]%' %§§@s\é gvaa@e above
t Ee Llisaui geb@\fghtsca{j cyﬂih@erhbif}hit%ilﬂi?le ir eivérizhepiheslthe gaxidmenerabamrbfctae out

t he di pt ube, and an outlet or'rfic onprjsing.,a dipt , e

di pt ube 12PMRIEWEKWEHIE GfnC ogefﬁ?"?iéﬁ‘@ctéﬁga?“@etcgE)h?/\g'fjgw%tigyhéé% r:grﬁ ed by
va: ?/e 16238 c:c’@lﬂd%@éluﬂnﬂér@tcoh&fuﬁ'maﬁ}|be@duabl(ﬁﬁ,sum{b@torean}bsndieg gggeaaﬂy to[}‘rmrhiot t f)m
wa 116 of the contaipner 1 at its |lowes 2 pOI g, 2l at_ Xi. a
central pdiiRseH (61?/3% ﬁé’%%i‘t"—%% el P ]'Ie”EL'%‘.ypf%@%S&Vﬁe')ﬂiﬂbtﬁﬁéc IZ‘E?’ gﬁﬂ‘é’arl y
axially centrally located only at its inlet termnal 20 end 138 due to a
bend in its length fromits outlet end 142 distanced fromthe axial central
portion of the container. The | evel sens®r assenbly 126 is axially central
fromits output end 144 to its term nal end 140, so that the |evel sensor
assenbly 126 and the di ptube 124 share the | owest nost point 136 of the
bottomwall 116 for nearly conplete chem cal utilization and attendant
sensing (the | evel sensor assenbly woul d have 25 discrete sensors as in FIG
1, but they are not illustrated here). This arrangenent of the di ptube and

S o Y 1 . o, . b o o o o o - Y b1 o



nodul ating the signal and finally to a connector (not illustrated but
simlar tgggksuAa for connection and transm ssion of the sensor signal to
any process controller the container _11 06432 USA may be operating

wi th, such as any automated conirol and readout device desired, as are
standard in the industry. [D0O48] The contai ners of the pr esent i nvention
such as enbodi ed by container 10 of FIG 1 and cont ai ner 100 %\f %22 are
capabl e ofelllpdc rmgrabpmpﬁ/af ed”/bt o EerpRaRbae CIndgl @l IPICPn ¥H 1% quid,

hi gh puri t 2 hlzg 2 c%?B Eéwb@pérabht,g h\éﬁﬁgbwgl(ﬁg;_ {04 Eh-_er%)ll Theahgorgdsitl | zat i on
site and r urn shing and refi| s _al so po§5|ble

for these aspe&taafrﬂmisottm WS“ pfaﬁhm%ﬁﬁ'ﬁ ipvantiasds net vghq;ﬁ@r{hegpnqag]e,quaa livery

system as ' ftﬁéh%év@@ée{&ﬂwéh ea[ but rather that
sem - perma\C e;ﬁ{fgg‘tﬁ%g %ﬁ hﬁeﬂﬁﬁi EJor hem cal vaporaf:J

equi pnent tmbmcrmusea ot carve f Rasra *@W@ﬁt @@ﬁt%‘%@?@r ‘?’cﬁtﬁ%?’P%’a?teQ r@F%%‘? PBni ¢
10 devi ces 3 HeeOia e Atr& inbfidntdF theSustom wall to
transportadtglﬂ-ée Eth ai‘“’%@gg{%%’Sﬁgh‘Q%?’%eOr”:‘ ng e(ilse of (F:)kblem cal use, do suffer
from pl acemaentthe aadsmaés or positioning that can frequently be at an angle

froma precisely upright position, i.e., not sited on ahgrec %
hor i zont al{0e3dlf ace. Trusignificarise of thel apneave YRYAIB GPRIRET § IRAIGRNIANGTE $UChAgh
cost liqui t ideabyQfskay wheéh §i4 nct and
cur pri si nd & U E R tRR LR e s bt e by e

Wi tgo;m cqmsmened: peuse@eﬁmmyasucrthmet}“@s co%baén%terfw do Z "%n dry
conartion, h @rbcRsgeY bE &ili
fabricati Oergmp %em al ﬁ%nc}{%u% oﬁ;g%rf %ﬁ%@g%iﬂﬁﬁi % g di speln}g?rng of
cheni cal fwaenst Hesecht nnatmspea mmoetaﬁmﬁmym be in @rmaquwip@pggm POSItORPrC

to del 1 verttier BRable o b e e e B e e
cont ai ned thé tpdl h fabegdtioalon the mhmnwafanhe AgPra@pyatelyta @NP@@“%&F@P%@% rom a
preci g uprigh XRigh ic8SC@knifal,

bt uanous e rerRE b B it Pg”m&“ié j‘ fﬁg&gﬁg‘r‘;@“'gﬁh EEP? ”?hq%qn s Tor i eus
A-C). FI G@ther siteswehar éhacoomtaingranigot ba leeatge @serfian aaFBnPR6H

desired, hut.s v n i on a
nor 1 zont alPCSliBAAe" AR Es HORIES FUBRb A BRLhbRT Resc R ARl B 2B e RO oy
t he di pt ubietr@2giatement ci treutstaineriradiep the desiga b thespoiasier faf near e?meigia o t he
hori zont al | @bk PN
results i r?hfeﬁp&ﬁ&es e%@abb&ﬁle%\%}ﬁl %Igsﬁgﬁr?ﬁ§ﬁy %ﬁ p§§ “E’ mjg g

cont ak0er doetairer2tRGde whatormealesitt aisumieas Is| nanEdn H¥rEN 1.8
liter cont & b o4 cbhbdrstion fﬁdﬁé f wtidhesudh c@ﬁfaﬁrmrger of
FIG 1 V\herp%r%%ﬁdt ngﬁ\ﬁg?r@r%% ?ﬁé}m o h ‘%asl a Vg}pherl cal upward

i nternal ot SuMp3dré ptaneded & moglieriram BW@EWP@Q'FWW@OB%ES esitiire SkERAe thaty

cont our ot EeAeL ity SAFHE nofsBBeRohzotia, ohite RaRpiRchers ardheggeenar ¢

t er m nat i rapnatmptien s @aepromised apdmere Blﬂﬂltflh@tb@?tr@ﬁﬁlm of tha BvebsanIaURRt i c

¢l Ve 2320 (R iy RERARGA Lot M BraBe ol GBI Ay 6132 USA
di scret e wccuaswithds Itfm/\ebrsse:ase)s@er@apé@néth@fpeéﬁ%ﬁb\{ﬁ PlEiestgaicravisfel s at t he
| owest no 4 V&, ltgy BhaiRAS 350
and a hi gﬁ ’Z‘%e qgsee%s‘gher%éfs%ﬁ\% sﬁfwﬁf&s %f’r@%er ﬂ‘érj)gﬁ‘drﬂjrftgét% V\?th amyevel

si gnal pr oxfebsmoat Pespitd e remd r‘@@@t‘)]he%\@ 39@%@6*}0@ QoRtaiRgme cont ai ner, but
wWith a position or attitude that is 58 off of a precise uprlght contal ner
pols: ti on [0032]t 0 t heTmEemm?pn@ngO@gRﬁéaﬁbmgﬁ%@@;ﬂ;;}‘@gﬁ@gﬁ\cUG’P CPH@”P%?ETEP
Wa ' fuprRiter teSennol y
pr oxi mat e tpﬁt r:ﬁ'%%v\%*e(éa tﬂg o ac'téo(%r O(’IFI ?E IG%ICH @(r:n%\%a % trI gwr egl dual rcontent of
the Ii qU| thﬂﬂemha:ehennleams a@ualty ysied, ShIBetirads refarnad mamaRATROWR, CANSET Alibi ¢

i nches, I e I f SR i
position 3%8%%%?% %o%ﬁ%g? I %1 %@érﬁl\:ﬁ%ﬁ\ reﬁlg%%rt@féeazté?tdegg%m ni nallﬁ?em dual
cheni cal coneatimesoefdnmedlts as bulkaontineds.eVanceraingrs and e rANRiPRIICBHIRi on i s
angl ed furllﬁ@&éln& ?roﬂnoglef 5r%|% REE T &%b@hﬁ?@o%@bf}@%f BRSEdrtRer iSa8i N,

this surprisingres chreved because hem spheri cal upward
contour of the bottom vvaII and t he pl acenment of the diptube and the 15

| evel sensor assenbly proximte one anot her adj acent the | owest nost point
of the bottomwall's internal surface. [0052] These results, although
illustrated for a hem -spherical upward contour, are also achievable with
ot her concave upward contours, such as hem -ellipsoid, hem



hyper bol oi d, hem -elliptic paraboloid, and hem -parabolic cylinder. 20

[ 0053] Thi ggi4sgnaitivity of the minimzation of heats in the container
despite container position variations is conpletely unexpected. O hers in
the industry attenpting to mnimze residual chem cal or heals have
resorted to various sunps in the container floor. For instance, FIG 4

illustrates a prior art attenpt in the industry to achieve nninmal residual
cheni cal coniticaht The pibisglcs vaived maniolds sihissrdelisgrighpaican o grdr QMR part
25 nunbers_for vi A BB furfFan bk afd Gpratiyi tt ed
with a sunﬁre4\?®mfrﬁ0%lg ﬂg%{ntdg%ﬁ%#%qca%gﬁ g@veﬁlgi@nt_er nal . flf’%gr , 4%3‘3J a\Pé é\ﬁvi ng a
di pt ube 42éfemet tocaethestica oielivieg Sysems 6nd scluggoin@asdition 4 PRIS a0 RvVedinp
419. The cagntainer I i - lidn ansutemstedieyattior 414.
In FIG 4 c{"@ﬁ%‘gg’oﬁﬁ\ﬁg‘%ﬁg"?wegssﬁﬁéégy%?@éfj%gﬁgﬁﬁr%m%%si tion and the

resi duad cheitjispatceadphemmaiinait teomauate pneubalicyalase wettdngs PUree WiRsi-c i nches.
30 [0054] However, when fhe K RS aRaROSd hABr Rfendhit delRsof a
5- angle tBMF%%UWé«“E’E‘ O‘g\ﬁg@%%‘gﬁﬁ%@agrem ggaupr'lc{; t rposei tion, FI c 4 D,
t he resi duahichheainotihe aopitetthe presenbimvertiticed to a cal cul ated 1.6 cubic
inches. This would appear to be desirable, but controlli ng such . _

ni ni ni zat i (pE36Rn be dhichiicald that batbeisentained inethasgntaingrs eiibe pesenbEwgtialisa
container's position | : golpNn AP trieSsbiltbRRe Erkod E
resi dual cH& .Ir&céxtjc'{edF‘tgﬁe’cﬁ@%@&%ﬁ&c&aﬁq @%Ongc)hes, ' %’téhg(ﬁgrgm gl y. the | evel
sensorit i tdtrashigriad srishidrbethianes, abtoeofora trimethyiphegrtitsi dighiPrasianeSecont ai ner ,
when in fagt i an, be. seen t.he..dipt : i | distHidiigHe or above
t he surfac maﬁtttwlﬁ%ra}eegfcﬁmﬁaé?m%ﬁgh?,ég%l%gsﬁﬁﬁl%ﬂ'n t Igﬁ %’ %tr‘!s(tl ciér/cum;tance
for el ect r gibutyldlané cakyisibnepatides hekafiorogeetytasetinatp-of silicon wafers

wi t hout the desjred chem cal ] NGy ifont ai ner
with the e?‘b@r‘?gg1\}%'"}e@yﬁ‘mﬁ%ﬁngﬁg‘?ﬁ@?é@%’q@\ﬁ'ﬁ@t{oﬁg&gé? lgéggngﬂggjs‘ﬂ‘l_lﬁng dr op
in waf er ytaetalsy dthexiden tettakisddiethiamidd)ttanivon teradis(disetyiammideiiagian, Pigoss]
Becausg. th u of .t hi Li,00. I I ted in
the- 10T onerratdb Pretd SigRey BeudbrEHaias feddntbp ERekfidnssbived) <F, |
cont ai ner pintehylbtilassilicatea tipnem staowide| ighametbyi-eicknietrBsiDXan® t{AUE the sane

prior art container. havin 3 I T OF Wola\s 1 of
Phe”cont ai FEPoaker Gotfg B oo s RUBR] fEnelb TP prae, of
cheni cal o, 1hes)sss-batdfioons2, 4 peBtat2diond] tetramethgisilanse By aggravating the
desire to mnimze residual chem |.s 1 n the container when the

| evel sensF?]ttraT?tgﬁ@’ﬁ&%%trﬁsﬂ%angﬁgﬁﬂ%g S@E'Zer%?'cal | evel is achieved. (0056]
This resul {,d.5y0nly rther aqgr e al=t ' Og
angl e £$om£oL?Lpi?‘} ght a\tll\gﬁgﬁ ?%er{ﬁ tg %Isaa\sfig%\e 8%%&}0&%#? %ﬁl\%{\ﬂé&heex?gﬁ%ﬁée-ﬁgﬁgger%s

| ocat ed, FH&i tA uskrastrhiich ofrise anereicakassiasaiale Witk gaININgr OR QAPREMIGRk NS

bal | oons t 1. unac t . ic 4 nches, IR K ting
the desi r eS8y HFRT I PaufisnbinEinthgphariess SRR SaKg LR
the | evel seEssivesbgratsatctheehipaespentet vaherdded watarewith @ largrinemRer of 0057]
The reality i o f.act uri i i i } ion
faci 11ty | Sormd PigtParalERER R uieRth, (5 PoRTEE S fo 0 S TRES 00 &
chem c28 cpmicaisoes appossitpe ersael on thecpstaitre integratad eirgit, Buli dra samadme,

pl acenent nnot | | i i @@%

cont ai ner sﬁ\% ?’?peﬁgﬁsi%‘géﬁ‘gw%%gfoeg{b |ctgggﬁg%dg\tgﬁsghégd#?%%ggcgﬁlgi se S%ri ght
posi tion ociramitsa precisely horizontal surface or support. The container of
the present invention achi eves advantages and safety in mnim zi ng r esi dual
chem cal of0086RI s wi Theteforgoit yddsirgbiedo ubreauiomIatie lByebIRASINOHE SBRYDIAUT t  and
0 2, di St DS BNAA o BTy EBRpRRS E5rdhRRbhS: PelcRerrvct ah ¢ RoaEard bottaher ©

constitutin )
30 changeout or refill without effecting the quality of the downstream wafer processing

which uses such chemical.



30 unexpected and superior result over the prior art. [0058] The present
invention gasegiges high purity contai nnent, no chem cal entrapnment areas
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level sensors position on the assembly.

[0040] In these described embodiments, all components are manufactured from

30 suitable metallic and non-metallic, compatible materials. In general, depending on the
chemical in the container, this can include, but is not fimited to, stainless steel
{electropolished 316L), nickel, chromium, copper, glass, quartz, Teflon®, hastelioy,
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electromcs for amplifying or modulating the signal and finally to a connector 32 for

25 conneciion and transmission of the sensor signal to any process controller the container
may be operating with, such as any automated control an readout device desired, as are
standard in the industry.

[0044] The diptube 24 is axially centrally located and the level sensor assembly
26 is angled in from a point at its output end 44 separate or spaced apart from the axial
30 central area to an adjacent or proximate point to the axial central portion of the vessel at
its terminal end 40, so that the level sensor assembly 44 and the diptube 24 share the
lowest most point 36 of the bottom wall 16 for nearly complete chemical utilization and

attendant sensing.
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1) 4" 109%8& )y BE 0$eGIBE W1 such as any automated control'and readout Uevice Jesired, as

are standard in the industry.
[0048] The containers of the present invention such as embodied by container 10
of FIG 1 and container 100 of FIG 2 are capable of being transported from the point of
5 initial fill with liquid, high purity, high cost chemical, to warehousing to the ultimate

utilization site and return for refurbishing and refill. However, it is also possible for these
containers to be permanently sited in a chemical refill delivery system as is well known in
the art or sited permanently or semi-permanently directly on the tool or chemical vapor
deposition equipment which uses chemical from such containers to fabricate electronic

10 devices, such as computer chips or integrated circuits. Such transportable containers,
though offering ease of chemical use, do suffer from placement in sites or positioning
that can frequently be at an angle from a precisely Upright position, i.e., not sitedon a
precisely horizontal surface. Thus in the field of transportable high purity, high cost liquid
chemical containers, the present invention offers distinet and surprising advantages in

15  dispensing chemical to near completion, but without completely dispensing all chemical,
0 as to avoid a run dry condition, which can adversely effect downstream electronic
device fabrication, especially in an automated process, such as the dispensing of
chemical from these transportable containers.

[0049] FIG 3 A, B and C iliustrate the capability of the container 300 of the

20 presentinvention to deliver consistent low level dispensing near complete dispensing of
the contained liquid chemical, without running dry, at various angles from a precise
upright position of the container, as would be experienced in actual use in the field
(similar parts have similar part numbers for views A-C). FIG 3 C shows the container of
the present invention in the mdst desired, but sometimes unachievable position of

25  upright positioning on a horizontai support where the vertical axis of the container
approximated by the diptube 324 is in a substantially vertical position in relation to the
horizontal support upon which the container is placed. This position resuits in the lowest
detectable level of residual chemical in the container being 2.25 cubic inches for the
illustrated embodiment of a 1.8 liter container. The container is outfitted similar to the

30 container of FIG 1 wherein the container bottom wall has a hemi-spherical upward
internal contour 318 connecting in a smooth curve to the side wall 314 defining a
cylindrical shape, a top walt 312 which has a concave downward contour on its internal
surface 322, an axially central diptube 324 terminating at the lowest most point of the
bottom wall 316, a pneumatic valve 328 controlling the dispense of liquid chemical from
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% & L sehsbs LBA0E ofsighatEtRiMeldis RYh88Widst Most $éhddr 396 & I kel 0%
sensor 348, a middie level sensor 350 and a high level sensor 352, which all signal or

communicate with a level signal process output 330.

5 [0050] FiIG 3 B shows the same container, but with a position or attitude that is 5°
off of a precise upright container position. Due to the hemi-spherical upward internal
contour of the bottom wall and the positioning of both the diptube and the level sensor
assembly proximate the lowest most point of the bottom wall, the residual content of the
liquid chemical remains at the desirable minimum value of 2.25 cubic inches,

10 comparable to the residual level or heals of the container position of FIG 3 C.

[0051] In FIG 3 A, the same result of minimal residual chemical content or heals
is achieved even though the container position is angled further to 102 from a precise
upright container position. Again, this surprising result is achieved because of the hemi-
spherical upward contour of the bottom wall and the placement of the diptube and the

15 - level sensor assembly proximate one another adjacent the iowest most point of the
bottom wall’s internal surface.

[0052] These results, although illustrated for a hemi-spherical upward contour,
are also achievable with other concave upward contours, such as hemi-gliipsoid, hemi-
hyperboloid, hemi-eltiptic paraboloid, and hemi-parabolic cylinder.

20 [0053] This insensitivity of the minimization of heals in the container despite
container position variations‘ is completely unexpected. Others in the industry attempting
to minimize residual chemical or heals have resorted to various sumps in the container
floor. For instance, FIG 4 illustrates a prior art attempt in the industry to achieve minimal
residual chemical content or heals in the container (similar parts have similar part

25 numbers for views A-E). FIG 4 C shows such a container 410 outfitted with a sump 419
in the bottom 4186, below an internal floor 418 and having a diptube 424 and level sensor
426/controller 430 terminating in the sump 419. The container would typically have a top
wall 412 and a sidewall 414. In FIG 4 C, the container is in & precisely upright position
and the residual chemical content in the sump is calculated to be 2.5 cubic inches.

30 [0054] However, when the container assumes a position or attitude of a 52 angle
towards the sump away from the precise upright position, FIG 4 D, the residual chemical
or heals can be reduced to a calculated 1.6 cubic inches. This would appear to be
desirable, but controlling such minimization can be difficult, because if the angle of the
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10* 1 KLM NORRMaSiEe 408iFed chemical due to the false reading of such a container with the

expensive result of significant wafer defects and resulting drop in watfer yields; the worst

case for electronic device fabricators.

[0055] Because the sump of this prior art container is not centrally located in the
10 container floor, there exist other outcomes from positioning the container other than in a

precise upright. position. FIG 4 B shows the same prior art container having a 5° angle

from upright away from the side of the container where the 3ump is located. In this

instance, residual chemical or heals balioons to 8.42 cubic inches, severely aggravating

the desire to minimize residual chemical or heals in the container when the level sensor
15  signals the lowest maost chemical {evel is achieved.

[0056] This result is only further aggravated when the container position is 102
angle from upright away from the side of the container where the sump is iocated, FIG 4
A. In this instance, residual chemical or heals further balioons to an unacceptable 19.13
cubic inches, again, severely aggravating the desire to minimize residual chemical or

20  heals in the container when the level sensor signals the lowest most chemical level is

achieved.

[0057] The reality in actual manufacturing in an electronic device fabrication
facility is that although it would be presumed to be desirable to place a chemical
container on a precisely horizontal surface or support, such placement cannot be

25 assumed and there is a likelihood that such containers will be placed ‘in positions at
variance from a precise upright position or on a precisely horizontal surface or support.
The container of the present invention achieves advantages and safety in minimizing
residual chemical or heals without going liguid chemical dry over the priorartandin a
distinct manner from the direction the prior art teaches, therefore constituting an

30 unexpected and superior resuit over the prior art.

[0058] The present invention provides high purity containment, no chemical
entrapment areas (i.e. sump, sidewall to bottom and top transition points) to harbor
residual chemical during the container empty clean and refill procedure, a symmetrical
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10 variations are possible, such as additional inlets or outlets, valves that are operated by
electrical solenoids, manual valves, hydraulic valves and the like. The features of this
invention can be used on bufk chemical delivery containers, which refill downstream
containers, direct delivery ampouies, both with vapor delivery, i.e., bubblers and direct
liquid injection ("D[__I”).

15  [0060] The present invention has been set forth with regard to several preferred
embodiments, however the full scope of the present invention should be ascertained by

the claims, which follow.
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diptube through which the liquid chemical can be dispensed from said container with an
10 outlet end adjacent the top surface and an inlet terminal end adjacent the lowest most
point, a level sensor assembly capable of signaling at least one level of liquid chemical in
the container having an output end adjacent the top surface and a terminal end
containing a lowest most level sensing sensor adjacent the lowest most point; the
diptube and the level sensor assembly being more proximate to one another at their

15  terminal ends than their ends adjacent the top surface.

2. The container of Claim 1 wherein said orifice capable of being used as an
iniet and said orifice capable of being used as an outlet each have a valve for controlling
- fluid fiow through said orifices.
20
3. The container of Claim 2 wherein said valves are pneumatic vaives

capable of being operated by remote automated control.

4, The container of Claim 1 wherein said concave upward contour is a

25 quadric surface.

5. The container of Claim 1 wherein an internal surface of said sidewall
forms a smooth curved surface with said internal surface of said bottom wall. -

30 6. The container of Claim 5 wherein said sidewall has a cylindrical shape.

7. The container of Claim 1 wherein said top wall has an internal surface

with a concave downward contour.
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8. The container of Claim 1 wherein said concave downward contour is a

guadric surface.

9. The container of Claim 6 wherein said diptube is axially central to said

sidewall.

10.  The container of Claim 8 wherein said level sensor assembly is axially

central 1o said sidewall.

11.  The container of Claim 1 wherein said level sensor assembly comprises

two or more discrete level sensors.

12.  The container of Claim 11 wherein said level sensor assembly comprises
three level sensors; a high level sensor adjacent the output end of the level sensor
assembly; a low level sensor adjacent the terminal end of the level sensor assembly and
a middle level sensor between the high level sensor and the low level sensor. '

13. The container of Claim 1 wherein said level sensor assembly is selected
from the group consisting of an ulirasonic level sensor assembly, a capacitance level
sensor assembly, an optical level sensor assembly and a float level sensor assembly.

14, A transportable metallic container for high purity, high cost, liquid
chemicals capable of maximizing dispensing of the liquid chemical content of the
container at deviations from an upright position without dispensing all of the liquid
chemical, comprising; a metallic shelt comprising a top wall, a cylindrical side wall and a
bottom wall, the bottom wall having an internal surface contacting liquid chemical with a
hemispherical upward contour having a lowast most point axially central to the container
side wall, a first valved orifice capable of being used as an iniet, a second valved orifice
capable of being used as an outlet comprising an axially central diptube through which
the liquid chemical can be dispensed from said container with an outlet end adjacent the
top surface and an inlet terminal end adjacent the lowest most point, an ultraseonic level
sensor assembly capable of signaling at least three different levels of liquid chemical in
the container having an output end adjacent the top surface and a terminal end
containing a lowest most level sensing sensor adjacent the lowest most point; the
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diptube and the level sensor assembly being more proximate to one another at their
terminal ends than their ends adjacent the top surface.

15.  The container of Claim 14 wherein said top wall has a hemispherical

downward contour.

16. The container of Claim 14 wherein said level sensor assembly is
positioned at an angle to the diptube with the terminal end of said assembly and said
diptube being in close proximity to one another and the internal surface of said bottom
wall at the axially central lowest most point of said hemispherically upward contour of

said internal surface of said bottom wall.

17. A transportable metallic container for high purity, high cost, liquid
chemicals capable of maximizing dispensing of the liquid chemical content of the
container at deviations from an upright position without dispensing all of the liquid
chemical, comprising; a metailic shell comprising a top wall, a cylindrical side wall and a
bottom wall, the bottom wall having an internal surface contacting liquid chemical with a
hemispherical upward contour having a lowest most point axially central to the container
side wall, a first valved orifice capabie of being used as an inlet, a second valved orifice
capable of being used as an outlet comprising a diptube through which the liquid
chemical can be dispensed from said container with an outlet end adjacent the top
surface and an inlet terminal end adjacent the lowest most point, an axially central
ultrasonic level sensor assembly capable of signaling at least three different levels of
liquid chemical in the container having an output end adjacent the top surface and a
terminal end containing a lowest most level sensing sensor adjacent the lowest most
point; the diptube and the level sensor assembly being more proximate to one another at
their terminal ends than their ends adjacent the top surface. -

18.  The container of Claim 17 wherein said top wall has a hemispherical

downward contour.

19. The container of Claim 17 wherein said diptube is positioned at an angie
to the level sensor assembly with the terminal end of said assembly and said diptube
being in close proximity to one another and the internal surface of said bottom wall at the
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comprising; a shell comprising a top wall, a side wall and a bottom wall, the bottom wall
having an internal surface contacting liquid chemical with a conical upward contour
having a towest most point axially central to the container, a first orifice capable of being
10 used as an inlet, a second orifice capable of being used as an outlet comprising a
 diptube through which the liquid chemical can be dispensed from said container with an
outlet end adjacent the top surface and an inlet terminal end adjacent the lowest most
point, a ievel sensor assembly capable of signaling at least one level of liquid chemical in
the container having an output end adjacent the top surface and a terminal end
15  containing a lowest most level sensing sensor adjacent the lowest most point; the
diptube and the level sensor assembly being more proximate to one another at their

terminal ends than their ends adjacent the top surface.
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