;e3es ssnnot q@.qr6sT slv A06269P USA TI TLE OF THE I'NVENTI ON: PURGEABLE

: CONTAI NER FOR LOW VAPOR PRESSURE CHEM CALS CROSS REFERENCE TO RELATED

- PATENT APPLI CATI ONS [ 0001] The present patent application is a
continuation-in-part of allowed US Patent 5 Application Serial No.

101 155, 726, filed 23 May 2002. BACKGROUND OF THE | NVENTI ON [ 0002] The
present invention relates to a | ow dead space easily cleaned manifold for
detaching a container of a chem cal delivery system and in particular to
an apparatus for 10 delivering high-purity or ultra-high purity chem cals
to a use point, such as a sem conductor fabrication facility(ﬁ s34 Sgaf or
chem cal deposition. Although the invention may have other applications, it
is particularly applicable in sem conductor fabrication. [0003]

Sem conduct or manufacturers require chem cals having at |least a high-purity
for 15 production processes to avoid defects in the fabrication of

sem conductor devices. The chenyigakriseg INGENTROabrication of integrated
circuits usually nust have an ultra-high purity to allow satisfactory
process yi el ds. pAmdEimat BORAANERFEGR LDRY YAPEH PRESSURE SHEMICADST e has
been an increase in the need to maintain the purity-of source chem cals.

[ 0004] One ultra-high purity chemcal used in the fabrication of integrated
circuits is 20 tetrakis(dinmethylamdo)titanium (TDVAT). TDMVAT is used
widely in integrated circuit -1 manuf acturi ng operations, such as

chem cal vapor deposition (CVvD) to formtitaniumand titaniumnitride
films, vias and barCR@BSIRERERENCEIUWSRELATEQRATENTAPELIGATIGNS cat or s
‘typically require TDVAT with 99.99+% purity, preferably

99.999999+% 8-9"' s+%) purity. This high degree of purity is necessary to

mai nt ai n s[@P0tF athopsespriceatey applidation i a centivgatinnciasrt ¢edawed 'S Ruedl
speci al _equi pment to contain and deliver the high-purity or ultra-high

pur i t y5TDMyplicatiap/Beriab et il 01 5673AEeE23 MBYEEP2H gh- purity chenical s and
ultra-high purity chem cals, such as TDVAT, are delivered froma bulk

chem cal delivery systemto a use point, such as a sem conduct or
fabrication facility or tool(

A deljyery : hi gh-purity
chem cals is disclosed in 1(?"@@*?@9{“ T@%&’R{ Sei gel e, et aL) which

uses two bl ock val ve assenblies 76 and 9

b g not to facilit A &

cl ean di sd8A%Rkt Thmpresral pvefiopdelaiRssto # v %ansgaceP%qsﬂ ne rﬁ%’ﬁ 0&,6
5,562, 132; 5,607,002; 5,711,354; 5,878, 793 and @gﬁﬂﬁ@) The steq
conpri ses: %CW%%EO"\‘/@!“\%O%%%%'F?' JRIVEY Systam) Bijﬂ W@ﬂta W ihd a

carrler gas isol ation val ve, t he ot her bl ock val ve ass houses a
cont aitAer defvergaJughyaKnRg a'hd-'"éa B@Bc@%tyl EBFRICASN 1 i %‘gteerpoﬁﬁ'pa?é‘\éhvﬁ va

The bl ock val ve assenblies are pot in ri or _.are the use

di sconnectSeBHCQPAYEIRf J?H%?atppoﬁcﬁtynﬁﬁlt?@f% f%[ (ﬁrbll?ﬂ'caéo‘ij%ﬁ OBurglnhau%éPpens
for renoval of |ow vapor pressure chem cals from proc conduits are

di scl osed venties rogy Maxe GiRer eRpicase%sdY 's QGE‘H“'@QQ & § AFE U Ghal

conplexity to purging and increase the anount of materials which nust be 20
di sposed 6@‘3”‘{3@@@8] Low dead space couplings are known, such as '

US6, 161, 875,
[6003] Semiconductor manufacturers require chemicals having at least a high-purity for

15  production processes to avoid defects in the fabrication of semiconductor devices. The
chemicals used in the fabrication of integrated circuits usually must have an ultra-high
purity to allow satisfactory process yields. As integrated cjrcuits have decreased in size,
there has been an increase in the need to maintain the purity of source chemicals.

[0004] One uitra-high purity chemical used in the fabrication of integrated circuits is

20 tetrakis(dimethylamidoltitanium (TDMAT). TDMAT is used widely in integrated circuit
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[ 0009] TDWMAT is considered a | ow vapor pressure, high purity chem cal by

- the sem conductor industry, and thus presents special problens when
breaki ng a process line or changing out a process container where the line
must be cleaned prior to such 25 detachnent. Significant time delays in

cl eaning dowmn a line or conduit are a disadvantage in the throughput of a
waf er processing facility, where expensive tools and -2 | ar ge bat ch

processi NgmahufAXRAAS bpEraliBhe ssich 88 eRerfilRBlvabbI dkboBHBA{EUD) Bf form tikgHigh Qfhd
circuits require fast processing and avoi dance of significant or |engthy

of f1i ne tiwBnil,RrniGloeanhe i arkhre&aser®f process containers or vessels.
[0010j The Present Invention is nore specifically directed to the field of
process 5 phes] CrtediflelVerdit fabtibRoR 8pidaMnirsguite TOMATY vAthd 90199ar, purity,
applications requiring |ow vapor pressure, high purity chem cal delivery.
More specidrbfarddty 0ol FUD0B0eRENY sk By HikiON This Kljh QbR bOpampas aleddsédry thhe
cl eani ng of process chem cal delivery'lines, containers and associ at ed

appar agus, mBiafdin satsBdtyryPBibdRd yiRBNIeAYs nblesBHREE &% (HaeiTispatialiqUAsREMSE
chem cal containers in Such process chemical delivery lines, quickly and

t hor oughl Yoonidin WAS BePfe? §RSHIHAPUMyLIR LHRHINRPGHty TDRSTHOEG VIDirgdttiBn idhehbers.
chem cal s. [0011] Evacuation and gas purge of process chemical |ines have
been used [beodleBYR-JLES) BHShicaResmE alts-RifRPuRE! tivahikalk] B8Sh aBOTHMATT LY
draw and inert gas purge are successful 1n quickly renoving high volatility

chem cal s,geivdreat@matoud Ermhibaeientdrd syaumvelaatdd pditt, shenbsalsemid@idebiori s a
probl em when extracting highly toxic materials. 15 [0012] Use of sol vents

to renove fiesdatioRadifg o ¢cdI@). hasddieery st wth-m;rme pmarRichigvis daRWsed in
pressure chem cals from process |lines when the |lines need to be

di scoppectied. PHEMNRS, 4V 695 HeifidRitlal pivhish (886 Blo Block Qal@izessmbinds 26 hher
refill or maintenance. However, solvent systens can be conplex and require.

a source @ff, g0t vienio Aiditde TRFIId HisBsHRctde (RébRE RAsad inmideenls apser it
has been used for its 20 cleaning function. [0013] Additional patents

di rected tysefd 668 7o8 shhepiieal sieyo2 7,383, 65,878 763 ZAnang,96%,2644 18TRS0.
[ 0014] The present invention overcones the drawbacks of the prior art in

purgi ng a@sl_stéhﬁa@hpﬁse“sh%rrb@aﬂc _v&h@%@émbifynmﬁ;s'ir@raltw prédike REGSEIVE and a
chemi cals W thout the 25 requirenents of |engthy purge cycles of

pressuri Z%ﬂrr&@gza%nigol\éﬁ@# Walvedwhitd lthe Rengraisckl vdiley ag&dmblpridusbelaOventaider
BRI EFF SUMVARY THE | NVENTI ON [ 0015] The present invention is a container

havi ngs t Weypest waivd afdh phdceek isorhive chaien Bysase vaivapmha®bckalawesassemelies/al ve
having a val ve seat side and a di aphragm side, each 5 valve seat side faces

the ot her avaphan s88és Bordfe tydiseanaasisRfné® of ARohialrdt fremta Mandold spense
conduit, one di aphragm side connected to a first port, and anot her

di aphr agnyeo0de GONRRE Rk sySieins Rir emens & RaKvaidr irebavé femigalgl frdphr agm
val ves, having a val ve seat side and a di aphragm si de, wherein each val ve

seat si depfqrees cbheuit frerdiscided if a5, 8641230 and USH;T18syad1v eSacatysabfle may
connected to a push gas conduit, the 10 di aphragm si de of one val ve

connect edall® ag@ifibnaladchpldxy ¢ prginggimddnsteasy tharaiduat oMahletals avhidchast deo a
second port. BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE DRAW NGS [ 0016] FI G
1A i s2@ sdisposdd of. of a first enbodi ment of the present invention having a
15 bl ock di aphragm val ve assenbly on one port of a container. [0017] FIG 1
B is a scfooos]i toafdeadspace dowsingsiarkriowaf sidheaslu®s,.e61,878ivent i on havi ng

several sets of block diaphragm val ve assenblies on the inlet and outl et

port of afop0oy aiTOMAT is considered a low vapor pressure, high purity chemical by the
semiconductor industry, and thus presents special problems when breaking a process
line or changing out a process container where the line must be cleaned prior to such

25 detachment. Significant time delays in cleaning down a line or conduit are a

disadvantage in the throughput of a wafer processing facility, where expensive tools and
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[0018] FIG 2A is a partial cross-section of a block valve assenbly with two
di aphragm 20 val ves as used in each enbodi nent of the present invention.
[0019] FIG 2B is an isonetric exploded view of the bl ock di aphragm val ve
assenbly of FIG 2A show ng the di aphragm and the pneumatic actuator renpoved
fromthe block. [0020] FIG 3 is a partial cross-section view of the | ow
dead space connector used in the first conduit of the present invention. 25
4 DETAl LERy&Ra@N Bidcebbifd of HixpbhbikNhafds,[ 8451 porkhieingr mereinédd ok antbyreited
provi des a readily cl eanabli e and purgeabl e contai ner for dispensing or
delivery otirduy neapes {4t §sedseingMr@havidancy of hgnifivaht bo lengtrgnefflioledtirme for
chem cal delivery system which in turn dispenses the chemcal to a process

tool or 5 ERaginglortRindERNSUIMbEeR. cortmerppararbals. of the present invention
is particularly suited for process chemi cals used in the sem conductor

industry. [6bA22] TAbt Prdemt tMenBda ddts spleciiibsllyptiesred to rthenaldmofi srocess
applicable to Iow vapor pressure chemcals, such as . .
t et rakiss ( demarhiodl @aTiveg) ki thardidtifonick ihdusay SPdanhér fupitations reqanng advs vapbrch
do not have a | ow vapor pressure, i.e., high vapor pressure chem cals, 10

and thus cgfesbereUsfsh Wukily shethidel asinaly. ofMerBespariically, (A0 33 Esethencenmioni Rer
and its related chem cal delivery system of the present invention may be

used in Vagirdiisd &PRbIFRUE dEIh¥icidAnMaldf prscebs BhélBicalodsiveglinpardoneathérs and
application for liquid chem cals that have at |east a high purity. For
exanpl e; tagdciated sapﬁék@msc?anm;arrped@@lgem eblitodh plResd @HEMRANDr SrbtdbsOf
tetraethylorthosilicate (T GS), borazine, 15 alum numtrisec-butoxide,
carbon t et SREA EdHRainbdsi B R0BoBARE SherfibAlOaSIVERMinds! iqRkIYArRh @sdqbi gy,
di chl oroet hyl enes, trimethylborate, dichloronethane, titanium nbutoxide,
di et hylosi | gRén pReESEIMY Rt REEVAHR @RIRDRY, Righ QREB dhbiriddigret hyl vi nyl si | ane,
I sopropoxi de, triethylphoshate, silicon tetrachloride, tantalum ethoxide,
t et raki s( diogt 1y Bvadl@libh kA guﬂ‘p_ﬁf?'@ FEARdcest ehsrdlcabinds Mald peemusky) td fearpvem
(TDVAT), bis 20 tertiarybutylam do silane, triethylborate, titanium
t et rachl orrediiuat EhérRizBN! PHA SRS, lides] MBbiky LaouuRoddw @atianert igagnpurge are
et hoxi de, tetranethyl-cyclo-tetrasil oxane, titani um npropoxide,
tris(tri madyaybsdtlion yqurkhyo Femdvind RighmdiatiiBuéiemidals, but are not effective with low
tris(trinmethylsilyl)phosphate, 1,1,1,5,5,5-hexafl uoro-2, 4- pent anedi one,
t et r amet hywcwtliigehediichlsi Bhiehes atgresiemiwhdrOHdakbtind gy tgdahbriegnt ai ner for
a chem cal delivery systemof the present invention 25 wll now be
descritged ob1#] resgabd sbioedsparémove adsicabeolémizals HasOsamssuygesBYAD rasotde 5
| ow vapor pressure, high purity chemcal delivered fromthe process
cont ai ner |@r vhp@n ppsusurd chanficeds efsmt plcesd imes ewhewnthectings fraded [tO0BS] | n
a bubbler, the liquid chemcal is entrained in a pressurized gas, bubbler
gas or cardisgcehngeedtsimh hs foublpiesbrearitoolt hevdssgliod cohtaresator itber trefilesr des
in the process 5 container, through a di ptube which introduces the
pressuri zefaigRMantd.0 Hdweldrqubidertherstarad cael muvcbimplexuaddicegudfe & hsouedwewst cal .
The pressurized gas entrains or vaporizes sone of the chemcal and the
vapor | eawesemt hhd bhfelhe 8shinde thedeentamnateghsavero aftbett haerbueniusatifogitsvi t h
the process tool. [0026] Chem cal delivery can also be acconplished by
vapor 2gr awjeamiey fenétionacuum i s 10 applied to the outlet of the process
container to induce the chem cal to vaporize and

[0013] Additional patents directed {o effective chemical removal are US 6,345,642 and

US 6,418,960.

[0014] The present invention overcomes the drawbacks of the prior art in purging and

cleaning chemical process lines for low vapor pressure chemicals without the
25 requirements of lengthy purge cycles of pressurized gas and vacuum, as will be more

fully set forth below.



| eave via the outlet under vacuum conditions. This vapor draw can be
~acconplished ' with or without positive gas. pressure assist from push gas
directed into the process container fromthe inlet. [0027] It is also
possible to use the present invention in a liquid delivery to the process
15 tool where the process container delivers liquid chem cal out a diptube
to the process tool by the action of pressurization gas or push gas on the
headspace or liquid surface of the chemcal in the process vessel (direct
liquid injection or DLI). [0028] Pressurizing gas can be any inert gas,
such as nitrogen, argon, heBRIER SUMMMRY QF FHIOIVENTAO8S. 20 [ 0029] Purge
gas is used to clean process conduits or |lines when such conduits are

of f-1ine ajod1sybjTastprésentireeniidrgisod comtaipeahawig tves pdas| firsthdodkced tve [NB0BQJ
Wth reference to FIG 1A, a high purity chem cal delivery systemis

i |1 ustr at etvoriigpieiagmavdivgss eactondlog havind @ valvemahf §itle edd i difipraadmrside, prach 13
and-a second port 11 to contain a | ow vapor pressure, high purity chem cal,
such ag TDMNe suaesiderfacdse ter othier velow iszat 2idef ahd iconbéated td e Gfsérenchbf aan
be renmoved fromthe container 10 via a diptube 15, through port 13, conduit
12 and i nt@ispensetcdpdaitkord dippitragim sidd vennasteetdlayfirdipart randi amottgr @liaptragm
opposi ng di aphragm val ves; first diaphragmvalve 75 and second di aphragm
val ve 77, ¢layicoanédied to vahlya sseahd Dlabksvadie havwinglved disphagns valess, f levinggaone
another to facilitate quick and thorough cleanout, as will be outlined in
detai | bel wwerstdt sidé eneng elidpdragnGSic2, amearstn eacl 0aRE]|sedblside faees tisé déherof
val ves 75 and 77 have fl ow conmunication with a short, | ow dead space first
condui t l6vanavisegt aide, rastd each LBleasiatcsdd cassendd yo 13! pasll gasseondudt, éhd 16a
adj acent a second bl ock di aphragm val ve assenbly 20. Valve 75 provides flow
comunioc atdiashrbom dideeo! aw wysoconpeeted s egntharghtheudiaghyagrh sidecdlanbthenvalve
~container 10, while valve 77 provides access to vent or vacuumfor the
wett ed surdopnectatieas setodd part. conduit 10 16 and the adjacent areas in fifst
and second bl ock di aphragm val ve assenblies 14 and 20. ' [0032] The first
end 16b and the second end 16a of conduit 16 are separated by a | ow dead
space connector 24 described in greater detail in reference to FIG 3.
(0033] Second bl oBRIEF HSCRIRTICGN OF SEYERAL VIR SaDR FHERBRAWINGBposi ng

di aphragm 15 val ves, third di aphragm val ve 85 and fourth di aphragm val ve

© 87, whi ch [abs8] h@iGe1Ahekrschamatic skaffirstistemdonert @fvtite passpiadnesrdivddmvingca ng -
one another to facilitate quick and thorough cleanout, as will be outlined
in detiai | diedkaviaphiragmnafverazssembly@nfdrégpo?t aiadccBtaingl ve 85 control s access to
purge gas and or push gas to the wetted surface area of the first conduit
16 and t hg0optEsagEsidis 4 behdmatickofdi sgpbndgmbodiment abtheniresest irvéntiordha0n0,
and particularly, the valve seat sides of such valves offering the | east
dead spacesevifal sets8df bloak rdidshragrni vadrey asdemithiiesi araltthd irdeh amhoatieteport @fta
downstream di spense 110 of | ow vapor pressure, high purity chem cal or

al ternatiwehtpirearri er gas in a bubbling application. [0D34] Second port 11
of first container 10 is controlled by second val ve neans, such 25 as val ve
114, whi clf018]t UFIG 24 tova gadiaberoessedtion\ohalhiogkvearine, asssehbhy widubvo diaghragrough
second conduit 118. Conduit 11 B has a | ow dead space connector 116, which
can bB07_valves as used in each embodiment of the present invention.

[0019] FIG 2B is an isometric exploded view of the block diaphragm valve assembly of
FIG 2A showing the diaphragm and the pneumatic actuator removed from the block.
[0020] FIG 3 is a partial cross-section view of the low dead space connector used in

the first conduit of the present invention.




structured simlar to the connection illustrated in FIG 3, but it does not
-have to have that structure, because generally conduit 18 and 118 do not
beconme exposed to | ow vapor pressure, high purity chem cal in the nornal
operation as a liquid out container 10. Conduit 118 can be supplied with
hel i um push gas or other non reactive or inert push 5 gas through valve 124
and source of push gas 126. Push gas passes through open valve 124, |line

118, connector 116, openpeghyErldéscrstioNorntid MveEnegohai ner 10 to
pressuri ze the headspace above the contained | ow vapor pressure, high

purity chefjoeqi . ng %ﬁ%ﬁﬁ@nﬁ&ﬁprﬁb@@é S%adﬂ&aﬁle%rnﬁglkaYadd‘pdrg@adlé gislhféirli%ll?fi‘(éjrre |

out di ptube 150 | en container 10 neéds replacenent for refi

mai nt enancgispYlivg ol?célfi/é%%/l& BlOSEbr p?BéEuTré,nr%g}QfﬂuriﬂP%ﬁbrgi@ﬁlg toARGGRRYHMf rom

source 122 1's introduced through open val ve O into conduit 118 and passes

through vatyeniddidadiivefy S:tdm, YAlchen Il HRpense¥Ghe PRI 36 AUBRE-)s 1ol OG36]
To take container 10 off " line, 1t I's necessary to break the connections at
| ow dead s 4 Fg;@gm RONE ; t
repr es&é})nt %ag?'g@?ﬁ’ﬁg%ﬁbﬁ%faﬂ%%%%%é%%ﬁ@e It hagﬁgﬁﬁl%gggﬁ%g%ggse éctjg& push

gas_or _pUrgBegSeheuaY BSed HARDSEMREnddiGIskge 16 present probl ers,

because these wetted surfaces have been exposed to | ow vapor pressure, high

purity Chg[ﬁgﬁfj ' A hathe | Mt at M ifClhe! @?Qﬁrﬁﬁ_\?ﬁﬁnggﬁﬁi%@%a‘bwwwri c

exposur e represents an operator rrs i owed out into the .

ambi ent Ofpr%%é,%rg PEREA AL ad Etetr&%(h%@arﬁﬂsgﬁﬂrﬁ:djtt igeafwtﬁlpﬁmf%é fgces

in conduit etween the di aphragmvalv I aphragm va

assenbl i esch%ﬂqi@eﬂ?gﬁ%ht fot™ v'le'E'hléﬁP\/ lBr Efe%%r% | &hERAApSPGEEsRE Erbficals,

facilitate qui orough chem c enoval , by the repetitious exposure

gas, O B e B B e e conduct ed alter hat ol y
until vacyggadss fr?eoa':nﬁ{tx.'ngﬁaﬁ&hé RRdd icﬂeﬁﬁahﬁém@& SRt bPTHg re?éiﬁwmiaﬁti ng
t hor ough renmoval of | ow vapor pressure, high purity chemca romthe

vetted SUrhACBe /EEQin VaHobis HpbfMRionP Gith Waridls R85t Ras BérticulBr appiRh@ioM th

connector 116 and 19 to take contal ner 10 out of service for any reason.

Thi's strughligecHaasicas enerdve 'aﬁ%s@ﬂtr}i&ﬂﬂurﬁw Fopexahplel HSigRfd &%i&f‘if’@éy

pressure, high purity chemcal in a fraction of the tinme historica

required iy BRCIAAHSET Ynd ¢ rﬁ@;f%%i%ﬁr’lb to?_eteﬁﬁé‘fﬁ)élgﬁﬁésilic-ém ?TEbéﬂ%oFa%fﬁg?r

service or replenishnment w ess down tine and nore online tine

el ect {oNi @uindRLC AlRe-WRbAde,t Nbarobi PeieachIBHld Te HchioRodRIRRAT | SPlorbform,
hi storic equi pment. [0038] An inportant aspect to the efficient clean out

and pur gi kméthylRSspr@! f@kiloktH/tReB! Qﬁfﬁ%ﬂb@?‘éﬁé‘,t IgRihIdrSmbPafé,NititArin WAL t ed

surface area and to sinplify thé valve surfaces, where chem cal could be

hung up dypigi@ieC! earidfising, PUT KbxaguorbtetiiasetOhatb QWpEstrikibt il
connectors 24, tandelneiq;};estls of bl oc)él% 3?raphrtggm val vewgssen‘rgll i e@mﬁﬁﬁgﬁge?o

and the oppasddgideal vetraémf)héér@eé of siflbPhr agracHRYMES | Bartdlembl Oslhoviabve
assenblies, collectively allow the mnim zation of wetted surfaces and the

avoi dancetézﬂ‘akrs@mdn%nw@é)ﬁﬁﬁiuwr(‘memﬁr@%ﬁk@wﬁﬁﬁﬁyuhJ@:li&)ﬁtamgﬁ\ptmm@y, bis-
retention of |ow vapor pressure; high purity chemcal. This allows for

qui Ckoe! ea@abullaffi®s Nkhe2NHethRibdrdtd! |HAMiOR WetrdtPlridb OSEmbinyinosypaasi ve
chemcal, without reaction of such chemical wth atnmospheric contam nants,

Wi t hout eﬁmmfssn@cﬁsn&aw, atiRhRint Opth8@8s,1 (SrdhethPXdyelo0tBRARIIBRAR, Ofitahllfd I'n-
byproducts, wi thout contam nation of the wetted Surface lines when the

equi pnent pio@oiaieeygﬁfg(trilmtky@nakj(]m@roandit@mhd@om&i@@,i 13 (tAmetHyRiIEWoBERAE, bY
at mospheric contam nants or the reaction products of atnospheric
cont am namtist1,8/8¢-h&eafiEBRIZ g Pentanedione, tetramethylsilane and mixtures thereof.

[0024] The purgeable container for a chemical delivery system of the present invention

25  will now be described with regard to a particular embodiment processing TDMAT as the



20 [0039] Wth reference to FIG 1B, an alternative high purity chem cal
delivery systemillustrates the use of a | ow dead space and m nim zed
wetted surface area apparatus of the present invention. The bl ock di aphragm
val ve assenblies of FIG 1 B have the sanme structure as detailed in FIG 2a
and b and the sane | ow dead space connections as detailed in FIG 3.
Cont ai ner 400 can be used as either a liquid out chem cal delivery 25

system W t fpwC RapdiC plest @@ igh touFigugherflicalt HaIRefsk! frofrh tie @lodeks ddordaiaRh F&IM
val ve assenbly 442, first conduit containing | ow dead space connector 444,

second bl oginspdrt to adiraddycasdnoy alsumictpaadtbl fab448 and chemi cal di spense
conduit 446; or, alternatively, a push or bubbling gas can be adm ni stered

through compbi 8 bubbiepusd ibhigekemrbVie chtraplad ay i Resebéd g&s,%wcbaéw,
t hrough port 412, down di ptube 414, where it bubbles through the fill of

l'iquid chegi gadrief @At ahBE® bibMSANtRbNBE IHRQ ERerieall @BDY @dsiass & th ¥ aftetess
through T-shaped orifice 416, port 410 bl ock di aphragm val ve assenbly 418,
the comdui gorkaRéai tAtdigh! QV\dig@Jﬁé WRIGE EinfidLtest P Adsuredchadimphirgmiial ve
assenbly 422 and conduit 420. [0040] In either case, the tandem bl ock

di aphr agm athnyigal et e Qffadd of tHlehenfiddl. amed Aéshunkéd ghd entraing VEBEEzes

surface area conduits and their attendant | ow dead space 10 connectors 444,

436, and Aspa@bt o di@ﬁi@él@ﬁtﬂw@fvagf)r lcBges @ith e presdHikelirgm thRrigheat oafiett he
mani fold at the connectors 432, 436, and 444 in significantly less tine

t han hi st agdnsralihizatiRubith e presbds ke, for | ow vapor pressure chemi cal

service. [0041] The manifold for container 400 operates in the liquid out
servi ce byoe2ep! ThagicBlEdlivedScansisdb@ScdorfiliEhSRBE Sapsot eifavdSwhteb alWdculii s ogen
or other nonreactive gases, 15 through conduit 420 to bl ock di aphragm val ve
assermipy 4pli6@vs Mg duBaNGraE e Matase AMRIANaD iAdstedinandieadsal elvapoiné and

cl osed. Push gas passes through the conduit equi pped with connector 432 to

second val¥g/ereianne dimiehuaderblaRaEmVstndfions.s Tl Vapbl &rbm \dan helaegdmplghvy al ve
AV2 cl osed and di aphragm val ve MVi open, to allow push gas to enter port

410 and pagith @HiuiiﬁbutTp@é?m@eéaQFi'ésisﬁl% 4defist LEonP (pRISA WaisZdirdch! ImeRth & pesies20
above the liquid chemcal level in container 400. This forces liquid

chem cal upneaceromim ghenfidbe 414, through port 412 through open di aphragm
val ve W3 past cl osed di aphragm val ve "AV4 t hrough the first conduit having

connect or [dgzly]i Nt B AP pHssitiARNISOMe \(RESER AVERTEN M LiftRidPastivesl tode6 pricaphir agm
val ve AV8 and out open di aphragm val ve AV7 to di spense point 446 to a

downst s eandyl st tHé preRet Vbntafiee etverg figaidinetidal loutldi diptubg &6 th® prdcessnace
- for sem conductor manufacture of electronic devices. -10 [0042] The

mani fol d fiedl byaRd atier of4Pesstfifation gﬁ@&fr@b_@ld gh$lofh evetiaRishacapsraiquidesuriape of
chem cal out by nerely reversing the adm nistration of push gas through

condui t 446 theroidginn thepoosss wakyqdiead ligaa thjedtioalor angenment , wherein the
push gas bubbl es out of diptube 414 and entrains liquid chemcal in a vapor

st r eam whi[gded] hefregdomingUiasofanTo® aahineedgay, isicle as4lifodenr arigin, héluns anehe
status of opened and cl osed val ves as nentioned above for assenblies 418
and 422, bae nebldigddee. vapor chem cal being dispensed through conduit 420.
[ 0043] Because this manifold arrangenent can be used in either liquid
chem 2@l @00293r Ragogas e okehto oehn prodels ebhiheits arliney viferb$umbkcoralite are
possi bly having wetted surface 10 contact with the | ow vapor pressure, high
purity cheffilinalandisubjasytolstemipy epemata df eediduatchemical. :

[0030] With reference to FIG 1A, a high purity chemical delivery system is illustrated

wherein a first container 10 is outfitted with a first port 13 and a second port 11 to contain

a low vapor pressure, high purity chemical, such as TDMAT, used in electronic device

25 fabrication. The chemical can be removed from the‘container 10 via a diptube 15,

through port 13, conduit 12 and into first block diaphragm valve assembly 14 containing
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vacuum purge gas, venting and even solvent flush available to both sides
of the manifold represented by assenbly 418 and adj acent assenblies and
assenbly 442 and adj acent assenblies. [0044] The nani fold associated with
port 412 can be cl eaned by opening val ve W3, 15 closing valve AV4, closing
val ve AV7, opening val ve AVB, closing valve AV12, opening val ve AV13,

cl osing val ve AV17 and openi ng val ve AV16 in bl ock di aphragm val ve assenbly
456 to usetyusppapis diaphragmidaveso fipstsiiaphiag daled &friarg sesaed diggragmtvaive
contai ner 400 via port 412 and di ptube 414. Then, purge gas source 458 can
be turned @R raviry thkir pales seasidasy ordeweleall spacrisides tasingemnsvanoies toyacilitete
chem cal residue via AV17, 20 AV13, connector 444, AV4, conduit 434 and
vacuuni ventuisioand éhotd@gh deanauhyaskeid pepautimedjadetsd ieinay witls refareace Hp ghGs 2
pressure for several mnutes or possibly even hours to renove nearly all
chem cal rasd 8ue. Next valve AV4 is closed and AV16 is closed and val ve
AV12 in block di aphragm val ve assenbly 452 is opened to subject the wetted
surfacé ar@a30] Vhise saal sicésoftvalveaddand 74 haverflaw sasmmunigatipaovithsa ghodclawm
vent source, 25 then vacuum can be sourced by opening AV4 rather than AV12.
To enpl oy seddvepecedinstgmndaib dBiHaiviniges first ahd 8 6 \dtiace pnadsemblyo st end ridsecnde
AV4 can be opened and then -11 sol vent 458 adm nistered to the wetted
surface areal téa adjecerni feabad block digiphmgenvaled assemily 20.w/alve Fayorpwides flaw
chem cal and solvent (in the case when solvent is used) renoved through the
vent 440. dommbeicatidnefoathedow vapoppregsurg, kgl purity whamidabirba deataitan 1, sthdeed
to renove the solvent (in the case when solvent is used) and establish that
5 the wet twaivesTT pavitlearacaessf tot hentroavaéialml farshe wetted sarfdcs areasigffinst gonduit
determined by detecting the tinme to get to a threshold |evel of vacuumin

t he syst eméwndthetadisqept amasat érsv ahd sscaidddeck disphitegmniabedsspavies b+ ande
vacuum cycle. [0045] The wetted surface areas in the manifold associ ated
with port 2010 will require cleaning up through bl ock di aphragm val ve
assenbly 422 before di sconnecting at 10 connection 432. Valve AV2 is closed
and val ve [0R3%] | Shectisbend 46l anc theesetund end 16poheondul Hwpaepattrd aAilew! d
associated wth port 410 to vacuum source 424. Several cycles of purging
and vacuurdeagdrspaes commietaréd descrizgsiin gpraten detall inaeflerancefto F@3wet t ed surf ace
area of the. manifold associated with port 410. For even nore thorough |
cl eani ng dPO3FnDSedondfblpck diaphragm| valvecasseabhr 2§ alse hasdwe RPRPESIRY dianbraamt
can be adm nistered by 15 openi ng val ves AV14, AV10, AV6 and AV2 and

cl osi 1§ valalues, tirtisdiaptvagm vas Sthend/faurthodiapyag@ovahenB? rwiieh aispvave Beinr ce
431 through the mani fold associated with port 410 and renobvi ng sol vent and
ent r ai ned velvenseat| sidds oudpw \mad/spacamideszlgcinmmecanmwr &3 fasilitale | quiglt and

cl eaning, several iterations of purging and vacuum are desired to obtain
suf f i ci enttharbegihictegnott, Bisewiftdosi olttinask insdataie helowwvith refpranaciteF16$ 4 prd al ves
as described 20 above for purge and vacuum operations. [0046] The bl ock

di aphr agmMeire/85 sesteotblacesssdb puGelgaB andeor pushegnswite Heswaiirchsefasgrnasea ©f f or
clarity in Table 1, below -12 TABLE 1 First block di aphragm val ve
assenbl yPane fitdd cond@iSeg and the passagiea wh they blovk Idiapheagse vy RgseMBiES W8Nt r d
bl ock di aphragm val ve assenbl yPart No. 4525 Fourth bl ock di aphragm val ve
assenB0y P20t aNd padBeRirtyt thebradek set sidesaefmugh | walves Liierng W leeshgeadiaasiext h

bl ock di aphragm val ve assenbl yPart No. 422Seventh bl ock di aphragm val ve
assenbl yPafaiveNsy catells gelivanbofmilemisah amaepmtaingn/ @ edownsiroaa disnebse 430 0b
[0047] The di aphragm valves of FIG 1B (and a subset thereof for FIG 1A) are
listed wi tow s@gaemEessugbios PWity chamiaa) grnaltesmtively, cayepp@as in a bubblin

application.
[0034] Second port 11 of first container 10 is controlled by second valve means, such
25 as valve 114, which in turn provides access to vacuum/vent, and or push gas through

second conduit 118. Conduit 118 has a low dead space connector 116, which can be
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TABLE 2 First diaphragm val vePart No. M315 Second di aphragm val vePart No.

- AVAThi rd di aphragm val vePart No. AV7Fourth di aphragm val vePart No. AV8Fifth
di aphragm val vePart No. AV12Si xt h di aphragm val vePart No. AV1320 Seventh

di aphragm val vePart No. AV16Ei ght h di aphragm val ve' Part No. AV17N nth

di aphragm val vePart No. M1Tent h di aphragm val vePart No. AV2El eventh

di aphragm val vePart No. AV525 Twel fth di aphragm val vePart No. AV6Thirteenth
di aphr agm galoteféardimNe. to Akl ddramgcticeiudtratedip @B nbualt \deBanbt Mive to have that
AV10Fi fteent h di aphragm val vePart No. AV14Si xt eent h di aphragm val vePart No.
AV1530 [ 0048uctireGhadaisiaoyshetHlie doaduities ant 108 dd nettbdebmekexpoaqd tadow wabye
assenbly 14, which is the sane val ve structure as second bl ock di aphragm
val ve assepisyurd) highhpalityi cheffidal Shane roemalr aerhtion as detiquitl dubrcotitgiher 10.
reason). FIG 2A is a partial cross-section of first block diaphragm val ve
assenbl y 1gostawi 1@ chi Gei slipbistd wan Okligrh eshiigas dicifiermani fegcihleeon vt PUish35
second conduit 12 in flow comunication with first diaphragmvalve 75
conpri § nggsl &b aivéa2eamar sqirtd of phsregadliesneiuah ghisspassies hhrougarmen
side and a concave side conprising the valve seat side of the valve and

val ve seatvalaa,12aslivel i 8,asonaactactingl ofersvaivd an4.t port hatarshietncérdaineal 10eto7 7.
Conduit 12 conmuni cates with valve 75 through -13 aperture 12a. The

di aphr agm priegsurize thé @edistabs aptvcihemonsidtite veporgressces,i igrapurity i chagidair
area between the concave surface of the diaphragm 74a, the floor of core 88
and the sugpfdigmnet theatheniss prefé@bly in thaiguid piesd cuodiptubiecis. Val ve seat 78a
engages the concave side of the diaphragm 74a and allows |iquid | ow vapor
pressure, [00g6] pWhehycdntaibdvAD heedmsspldcament fortrbflll wamaintameece] belvei tghisagm
di sengages the valve seat 78a, to the short channel 76 to conduit 16 which
connecips Wibded, Bautting @fcbushqrls, xad vacass troial souPde t2llisuihirodurkdtiyrciugl open

di spense of chem cal at dispense point 110. D aphragm 74a is actuated by
any neans, vehugc n2@mtareondilit BGtanat pssee treciigh vahkseol Bhpodup toyekheail 14 ipa egslare
actuation or preferably as illustrated, a pneumatic actuator, illustrated
for the lpuwhbeequbnephr agm val ve of bl ock di aphragm val ve assenbly 14.

[ 0049J Vacuum vent are provided to first conduit 16 by way of conduit 18
and a secdod3s) aphraigneorhiver 7F offdimel itSs mgceisaphtabreak4he cahnectioeatat 16y
actuat or connector 70, actuator armature 80, pneunatic actuator 68, bias
spring 82,ddaell dpaoe conngitsis@d, 89, audli T16. t Canslctiras spmeutttoss potasprasent @

val ve actuation through arnmature 80 and pneunatic 15 source 86. Pneunatic
gas i 95suppbblesh, techesd aysicdld, lity haownhe b86n aandhosed taxpush gésmromegburga gas.
armature 80 which communicates with bellows 84 through aperture 83.

Pneumat i ¢ Hotagr otorneclon@aged ire 1 & erelenp brobiEmd)becaode thgsawetfzd. suiskrend

di aphragm val ve 77 has a di aphragm side of its diaphragm 74 and a valve
seat si de haveadieenexposghiodomvapbieregsure Maglv purlty chamical, suoh aarTCASA T.awitich
structure as illustrated for valve 77. 20 [0050] The val ve seat side of the
di aphr agmis aldvessetf etfbeiegrins atmhodpivedntaexpnsuravand eegrebernts | an dpexktarpeste ibr
vol ume where a | ow vapor pressure liquid chem cal can be retained. In

addi t i on, TdNATisghoweal o sitd heaarohignt aitiee ppenedposddt 1® one another at their
val ve seat sides and connect to the conduit 16 via the very short channel
76 boged ¢0@37Af Theeefoum did wettedsurfduesin ookdwli Hh ibetvgraniik \dispiisagmivhlyed 4f
base. Due to this advantageous 25 arrangenent of these two valves, it is
possi bl e thiockl daphragmsiahveoasbemblids 14\and#fl, ccatminmizet! tcaneataded dpadspacd zi ng
gas and vacuum w thout the need for additional neans, such as 14

sol vent s. abldafaniitateavidkearaidbompbh shemicahremayhb by thentapetiivus axposurafdryver al
m nut es of sequenced pressurized gas and vacuum in contrast to prior art
syst ens whiettedt akiacsevevatuunoand drovepéveoagh dayrset 018 eadpurge gesesanti bed

"l evel of residual chemcal in the conduits prior to detachnment of the
condui t s facuumaifmtrecemiué ©t2. cTiesgauay befcandectdd altamateteuntil @acuum is rapidly

25 achieved in a short time interval, demonstrating thorough removal of low vapor pressure,

high purity chemical from the wetted surface area. This allows opening of connector 24,
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[005t] The val ve seat side of the diaphragm val ves conprises that portion

of the valve in direct conmunication with the common conduit, such as 16,

by way of the short channel, such as 76, and up to the sealing surface of

the valve seat with the concave surface of the diaphragm when the valve is
cl osed. The di aphragm side of the 10 di aphragm val ves conprises the other

side of the sealing surface of the valve seat in comunication wth the

aperture; gea§ with chdfectanteahd ho tERE coMBINEONT alteof Siefléceoior hineredisanh Magsm
The di aphragm si de of the diaphragm val ve can be seen to constitute an

annul ar,  gengtave! HasValRhRREdedT BSCarEairgPalf BPQCE lowWdsdt prassupat leigh ipalrity
becone wetted with chem cal and constitute a difficult area to effectively

and qui ckl yhewhianQf fractRh ckhé figie Mstbricalip esqiieteoy thbangustyeotactompnsh o by
havi ng the common conduit or first conduit 16 comunicate directly with the
val ve seatsghélgoal Thie MoapRagensaraicy 8 redletistaméntnaith lebo downainve aassaol! y
and by having the di aphragm val ves juxtaposed to one another through a very
short gonngginkofimer fof ktsthehic/fbrigdtb@r dsing tlhiQW]y;d@aﬁ ipteent dh veonaparogerent |,
whi ch can be readily cl eaned by application of sequenced, repeated 20
pressuri zeglsiaas eghdmeaguum without the use of solvent. [0D52] The
pneumati ¢ actuator 68 has a source 86 of pressurized air for valve

act uati on.roghg) vah Y@p&&adt%sgecﬁ% iR ficiemQiem oalang pardied of Bebhasita bbthehe
cl osed position by spring 82 operating on baffle 84 and actuator armature

80 which puebas irgRtiBets i AhReWetted uriabgaes hhetd/ smpaiysthatvail. surfaces,
Pressurized alir passes through a coaxial 25 tube through the center of

spring 82 Jesrantnerfdd ¢baia8sk hing DS dafify aleh ot BRY WUEgIER, Thbiush ofJowrdekbie
opposite side of baffle 84 fromthe spring 82. The alr pressure acts

agai ngh t hadsd conhadtblse2anshdeRt bétg of Blodk AfphhynslvaIPE hegembliésopRieand 2o anbie
armature 80 and allow chem cal to flow through the valve. This represents

only one ahe SEMRERHg WaVS sRaPRRIGEBH Biapliadfl QalvePen ahe Dicurdvilhe azpembliésn of
the pneumatic actuator is not an aspect of -the present invention. Any of

the known JeRéfRdsy amsv AP aiaiizatibar ofanéttsdt birtadesi argl Thepavsidaicecst camples
contenpl ated, and in fact non-pneunatic actuation can be used, such as
manual or \Geeengithcrcidat i Bceptibley® ¢aptire 6 ratértionyofelawi paprd presdury,ahigh
‘actuation equipnment, not illustrated, simlar to 68, 70; 72 and 86. [0053] -
FI G 2B shqsi @MipAlodBis SRMSTeCHUIMEC BaUL, afisdohredllandkeidsapdtiongvithoat logs
assenbly of FIG 2A, this tinme show ng the pneunatic actuator 68a for valve
75. Ths 1Qfdiexpbrisiesm wiadndieal, Mabeiti aeactionl |afstsuah edhémicabneitv aktreosphedor e
88, are bored out of a single nonoblock of material, such as ceramcs,

pl astics swatangifamel Wthoutobxmishey of Wpkrldrg Watcaciial or toxit gheeficalslorytheis
nmetal, such as el ectropolished stainless steel. Aperture 12a of second

condui t | Bypeoduktsysiithatiedoritemmaaun ohengliwaftbt agmass tires wheadhe ayuifmdritds
conduits in the valve. Valve seat 78a delineates the val ve seat side of the

seal i ng swréagt batk bimeldndubloivs coetion dattrnshuidreerticypivhagpherid @ontahorants
renoved fromits core |location 88. Pneunatic actuator 68a is shown with its
pneumat i C o BALIGEPOANNE St hpiosPharic &nitahhinkists bAd tHébhemidall8 are shown,
respectively, emanating fromthe nonobl ock of block di aphragm val ve :
assenbby 1do3d]00&#} rSermind tblAIGK1Rli &phkagativeahige pasisectidmicaQldliseryiystear t o
first block valve 20 assenbly 14 as illustrated in FIG 2A, with conduit 16
in this inpktare the UBe begaswl dead spacnandminimized| wettealssefabé are20apparatus of
corresponding to the structure shown for first conduit 16, conduit 112
cor r esponghagresent ihgergtionu Ctherigockhdiawhrbgm vabeasdemblickiof FIG2)B bave ttenshma 110
corresponding to the structure shown for third conduit 18, as it relates to
first bl ogkustuaphs agtailed!iv Fl@s Landrid/b @0 106CGEbG]e Bw déad epactecehnepbms as
connection 24 is illustrated in FIG 3. Sealing surface 90 of first conduit
16 ends wdttailen imFE|3ar Coniafrer eldQecaddoal epehds rithena diblig dut ahemital deldlenng
-16 ,

25  system with chemical removed through diptube 414, through block diaphragm valve

assembly 442, first conduit containing low dead space connector 444, second biock
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surface in the direction of the sealing surface 89 of the conduit 16, which
al so has an annul ar knife edge 96 depending axially fromits sealing
surface. These knife edges 94 and 96 engage an annul ar seal i ng gasket 92,
which is preferably a relatively soft netal to forma | ow dead space
connection with a superior seal. Conpression fitting 100 5 threadably
engages ring 98 to force the respective knife edges into sealing engagenent

with the aai@Fh@@nsoéwe RBEShbig 3B eindOshenlié) Afdochse Ebluk 4B dr, ldkel Rtively, a

di aphragm val ves are illustrated with a cresent or meniscus depiction to

i ndi cat e t pgstabf a0BBIMRNEaPkah R ddmPRtaeMthiosgh fcondidih 446 Stheb BN RER vaihde
and its valve seat side in accordance with the depiction of that 10

ori ent ati ogiabyaghCaddemdiRer &fPhAd 442¢ thROGR\HoHY 4P, ddveh Sipltiy aga \WwHeyest i N

FIG 1A and 1 B represent the valve seat side of the di aphragm val ve having

a_ | ow deadpASLthpslhh8 FilNeMioVid EREMBHI dABENSY IR oAtafher 160 O BY B¥MdLEE 29k t he
di aphragm valves in FIG 1A and 1 B represents.the diaphragm side of the

di aphr ggm yadoy ehrobgie IT-drape8oRfdee 16 Popnd 10blosleaid pRiB g evaandaseeibih @l g Nineal
wet t ed surfa?ge ar e%, as described with regard 15pt OQFI G 2A above?D [ 0057]

The pr esengondiit @Bhiatind lodV ddiRSspdE QoRnEHI6H 482e¥PEK LRPhIY wmggerﬁm?mzbhe
prior art in |ow vapor pressure, high purity chem cal distribution froma

cont ai ner #fd édiiuglaepi cal by using a conbination of two bl ock di aphragm
val ve assenblies connected by a | ow dead space connection wherein the

di aphr agm joahufesinhsiher E4), thetahdén DRk dRipRf M Dall #8sdeentliee 4ag0fdreuqp anthe
bl ock val ve assenblies to provide a mninmal wetted surface area for

decont am nag aithothet bR @#/B#E aHadd afdiC Bodduie saraStheimatiindant Rhaaeas Uipagk
servicing. Cean out using the apparatus of the present invention has

denmongbr at@Aneénsfoam, 43BE anaf43egidwt dISidnRB&IoR G tha\BErt@ine ha0Pfrbartharbsthds
taken days. This allows electronic device fabricators to mnimze down tine

for changeheuhanifdld S&r iHeC Bomitdtdr 232, NaRe, NArge 444 i thi Zighitieahtiof lebd ety ppasT ve
equi pnent designed to produce el ectronic devices in Tabs easily costing

over $1 biHigtbedhiipWoull B tecuRed MRS Vator pRébsORedRifcal sdrlice. [ 0058] The
present invention has been set forth with regard to several preferred

enbodi mentfee4Jut TR BahitbIl SCERaifér adftﬁoP%rafe@nh th@%ﬁuﬁ]&io@ﬂ s&fvivel t%ug%ipcliying
ocn .

ascertained fromthe clains below. 5 N os1lfi 200-629916269 oc -18

%lelvfall-s pAsRUizBe 30Lie 280nRkAigaeks (sLBY dsOficliumy ntrdeh & 8BSt nenreBtOl Basdst Y
15  through conduit 420 to block diaphragm valve assembly 422 having diaphragm vaive
AV5 open and diaphragm valve AV6 closed. Push gas passes through the conduit
equipped with connector 432 to second valve means, such as block valve assembly 418
having diaphragm valve AV2 closed and diaphragm valve MV1 open, to allow push gas
to enter port 410 and pass out of T-shaped orifice 416 to pressurize the head space
20 above the liquid chemical level in container 400. This forces liquid chemical up and out
diptube 414, through port 412 through open diaphragm valve MV3 past closed
diaphragm valve AV4 through. the first conduit having connector 444 into block
diaphragm valve assembly 448 past closed diaphragm valve AV8 and out open

diaphragm valve AV7 to dispense point 446 to a downstream vessel or reactor, such as

25 adirect liquid injection furnace for semiconductor manufacture of electronic devices.
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for a high purity chenical delivery system conprising: 5 (a) a container
(10) for containing a quantity of said | ow vapor pressure, high purity
chem cal having at |least two ports (11, 13) capable of receiving or

di spensing said | ow vapor pressure, high purity chemcal; (b) a first block
di aphragm val ve assenbly (14) having first (75) and second (77) diaphragm
val ves, each di aphragm val ve having a di aphragm (74a) and having a val ve 10
seat side (0tRiR) amd raaditapsragmtsinele4§B8an behepeeatedtiheevarbe ¢0 peavidsivapor
(78a) of each diaphragmvalve (75) is juxtaposed to the other val ve seat
side (78) oferhizal otithiey mbirelp reageing A ,adeniiistextioh of glusk gasathraigtecafduttadds

di aphragm val ve (75, 77) positioned to have | ow vapor pressure; high purity
chemi cal f Hpyugothelssntataion antd icbnaduitamahgemend, Gyheodin dtaé dushi gés pubkbley out of
chem cal delivery system and said diaphragmside (88) of said first 15

di aphr agm digtute 476 anbavitapstiiooid cloemivalic &t vaporvetteamawhich shert 118 oft sfafd at
| east two ports, and sai'd di aphragm side of said second di aphragm val ve

(77) pasit sedprd drifichame thiovigh ciosTame Gt of vpdnadancaishedtvaive8)ascapatibrecdl a
function selected fromthe group consisting of a source of vacuum or a

source of Nedle fof G3semisies and avidl4ze, havis thd kddorieaeimivgl béiogvdispemaend thadugin
with a conduit (118) 20 capable of a function selected fromthe group
consi st i ngeddu@ 4@0ur ce of push gas, a source of vacuum a dispense for |ow
vapor pressure, high purity chem cal; and (d) said second port (11) having

fl ow comumioag] i BecaMseRhBahshihnataRimdn Oan Bedsed padither 6duid chemddall oot or
sel ected fromthe group consisting of a source of vacuumto said contai ner

(10), del i vgior nthehlich q@@swit ethbdacayiohibiek ah@s posdioti speng iwefteldosuriamgor
25 pressure, high purity chemcal in a push gas fromsaid container (10).

-19 12 Theiganiithi the tove vagdrairesslirgyiregrepuritg aheical, temag &k apprbpriate wahale
second di aphragm val ve has flow conmunication with a conduit for a source

of high pregsure purge gas, venting and even solvent flush available to both sides of the

manifold represented by assembly 418 and adjacent assemblies and assembly 442 and

adjacent assemblies. |

[0044] The manifold associated with port 412 can be clear_ted by opening valve MV3,

15  closing valve AV4, closing vaive AV7, opening valve”AVB, closing valve AV12, opening

valve AV13, closing valve AV17 and opening valve AV16 in block diaphragm valve

assembly 456 to use push gas source 454 to puéh fiquid chemical back down into

- container 400 via port 412 and diptube 414. Then, purge gas source 458 can be turned

on at high pressure for several minutes to remove nearly ali chemical residue via AV17,

20 AV13, connector 444, AV4, conduit 434 and vacuum/vent source 440. One may keep

purge gas source 458 on at high pressure for several minutes or possibly even hours to

remove nearly all chemical residue. Next valve AV4 is closed and AV16 is closed and

valve AV12 in block diaphragm valve assembly 452 is opened to subject the wetted

surface area of the manifold to vacuum. Alternatively if 440 is a vacuum vent source,

25 then vacuum can be sourced by opening AV4 rather than AV12. To employ solvent

purge capabilities, valve AV12 can be closed and valve AV4 can be opened and then
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purge gas that is used to purge residual low volatility chemcal fromthe
~wetted surface to vent or vacuumvia the container port or vent/vacuum
.port. 5 3. The container of Claim2 wherein said second val ve neans (114)
has fl ow comuni cation with a conduit (118) far a source of vacuum (122).
4. The container of Claim1l wherein said second val ve neans (114) has fl ow
10 comuni cation wth a conduit (118) for dispense of | ow vapor pressure,

hi gh puri t golobetrd3gddmibisictbe ta et wétreey suofac£lasdanaf thavineanifold tsudh db@phyzagm
side of said second di aphragm valve (77) has flow comrunication with a

condui t (13V17pwith aoyresidedl dHemicduand sGiventhgn clontcasdavharl s@ventnid usbegy ei n
sai d di aphragm si de of said second di aphragm valve (77) has flow

comuni cat remowed thraugtothduvdnt (448) Forther iReatione odfpurging .andOvatuurhhehe@atiy ner
of Claimb5 wherein said second val ve neans (114) has fl ow-conmuni cati on
with a congdmninigtdr2a)to remowihg&o@st (iBthe/Sape wiea Bbrestis Latdieind(sk8blishahal ow
vapor pressure, high purity chemcals for a high purity chem cal delivery

syst em5 coterwettetgsur2@e ared of)the nemifbidiin elead.4UAis i§ osuatip abirmined by, getastirid v
of said | ow vapor pressure, hi h purity chem cal having at |east two ports

(410, 412)thedablegef toretheésholDlces! afivapguns irgthecsystent with Whe aprophaRSENS,
hi gh purity chemcal; (b) a first bl ock diaphragm val ve assenbly (442)
havi ng fi rdbsdddSBiestnities abovetdr the vacuum cycle. :
f0045] The wetted surface areas in the manifold associated with port 410 will require
cleaning up through block rdiaphragm valve assembly 422 before disconnecting at
10 connection 432. Valve AV2 is closed and valve AV15 is closed and valve AV11 is
opened to subject the manifold associated with port 410 -to \;'ac;uum source 424. Several
cycles of purging and vacuum can be conducted fpr appropriate cleaning of the wetted
| surface aréa of the. manifold associated with port 410. For even more thorough cleaning
or removal of particularly low vapor pressure chemical, solvent can be adminlistered by
15  opening valves AV14, AV10, AV6 and AV2 and closing vaives AV15, AV11, AV5 and
MV1 to flow solvent from solvent source 431 through the manifold associated with port
410 and removing solvent and entrained chemical through vent/vacuum 440. Typically,
after solvent cleaning, several iterations of purging and vacuum are desired to obtain
sufficient cleaning of the manifold of solvent, with operation of the valves as described
20  above for purge and vacuum operations.

[0046] The block diaphragm valve assemblies of FIG 1B are listed with sequence

numbers for clarity in Table 1, below.
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.5 (AV4) di aphragm val ves, each di aphragm val ve havi ng a di aphragm and

havi ng a val ve seat side and a di aphragm side, wherein the val ve seat side
- of each diaphragmvalve is juxtaposed to the other val ve seat side of the
ot her di aphragm val ve, and each val ve seat side of each di aphragm val ve
posi tioned to have | ow vapor pressure, high pur ity chemcal flow

comuni cation with a conduit of said high purity chem cal delivery syste m
10 and said di aphragm side of said fifédBLBilaphragm val ve (M3) having flow
comunicati~ on with a first (412) of said at least two ports, and said

di aphragm si de of saFidstsdmb diabhdigp kialag assemtble AVE’)irt;i\tfsl“ﬂEoned to have

f1 ow conmmuni cati on wBétoral workddiaghréghs vake asaq‘JatMVe eartdNd. #48t i on sel ect ed
from the group consi Fhirdiglock diapsragmoaivefassambolym oPag Nw@bde of vent; 15
(c) anet her bl ock di Bpintebockdbpragmseivelagsémb®) hRartddp.¥ab di aphragm val v~
es (M1, AV2), each H@ifthpliucagiaphedgre vaies asgprablyli aphPagmadd8havi ng a val ve
seat sic de and a di ptirizEigek diaplragmheiveiassemblyval v@agdét. 4@2de of each

di aphragm val ve i s | Satemtiosiedk tiaphiagmotdherassatmbly s@att Nd.d@6of t he ot her

di aphragm val ve, andEigathbived diapteagraabiveiadecroblyeac RadiNgp¥B@gm val ve havi ng
fl ow gommuni cation with a second condo iit, 20 and said di aphragm si de of
one (Mt ) of said two di aphragm val ves having flc >w conmmuni-cation with a
second (4X0047Yf T daptrabmasiveswd Fidn Bgandadubsst thedéeffor g1 Aiade listedt he

ot her (AV2) of said two di aphragm val ves having fl ow comunication with a
conds Ut with¥Bqueapahlaberk for dlantg i Dablse) kaddved from the group consisting of
a source of vacuum or a source of vent; and 25 (d) said second port (410)
havi ng fl ow comruni cation with said cdABakE®er (40 0) and capable of a
function selected fromthe group consisting of delivering push gas to -21
said first container, a sFistd@pbfagmaeaivan and di speRaitiNg. Il\ﬁ-\’ﬁ vapor pressure,

hi gh pgirity Second diaphragm valve Part No. A

Third diaphragm valve Part No. AV7
Fourth diaphragm valve Part No. AV8
Fifth diaphragm valve Part No. AV12
Sixth diaphragm valve Part No. AV13

20 Seventh diaphragm valve Part No. AV16
Eighth diaphragm valve " Part No. AV17
Ninth diaphragm valve Part No. MV1
Tenth diaphragm valve Part No. AV2
Eleventh diaphragm valve Part No. AV5

25 Twelfth diaphragm valve Part No. AV6
Thirteenth diaphragm vaive Part No. AV11
Fourteenth diaphragm valve Part No. AV10
Fifteenth diaphragm valve Part No. AV14
Sixteenth diaphragm valve Part No. AV15

30

[0048] FIG 2A shows greater detail of first block diaphragm vaive assembly 14, which
is the same valve structure as second block diaphragm valve assembly 20 {which is not
shown separately in detail for that reason). FIG 2A is a partial cross-section of first block
diaphragm valve assembly 14 showing liquid low vapor pressure, high purity chemical or
35 second conduit 12 in flow communication with first diaphragm valve 75 comprising
diaphragm 74a comprising a flexible metal disk with a convex side and a concave side
comprising the valve seat side of the valve and valve seat 78a, as well as an actuator

similar to that shown for vaive 77. Conduit 12 communicates with valve 75 through
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chem cal in a push gas fromsaid container (400). 9. A purgeable container
-(400) for |ow vapor pressure, high purity chemcals 5 for a high purity
chemi cal delivery system conprising: (a) a container (400) for containing
a quantity of said | ow vapor pressure, high purity chem cal having at |east
two ports (410, 412) capable of receiving and di spensing, respectively,
said | ow vapor pressure, high purity chemcal; (b) a first block di aphragm
val ve assempérjuré412) RFaei digpHragmt sidNS)thamiapeagn cobttprisgs/dhe dregsisational

val ves, each di aphragm val ve havi ng a di aphragm and havi ng a val ve seat
side and atridhgphr agma [sitdeen thizesoricavd bafacal of éhes diaphrsigoe74#, temBbordobgdre B8m
val ve is juxtaposed to the other valve seat side of the other di aphragm

val ve, andamhtie swaface b ealve Sede784 incthe ltiatied ghndition. v ¥bive sges78d engdgestheave

| ow vapor pressure, high purity chem cal flow conmmunication with a di spense
condui t (4ddicand stk df thiegliaphraginy74zhend aidwd Sque|low erapos praseuns, dvigh parity
diiaphragm si de of said first diaphragmvalve (M3) having flow

conmmuniscat TORIAT fohpassfthrosgh (el 23ive vheaitite digphragst disengages the wive xedt pBabe
(414), and said di aphragm si de of said second di aphragm val ve ( AV4)

posi t i onedtot thehstvart thammet Giimton icordiito 6 wittidh aowrmeacdswith (ihB843econ@ aibek ohlva
function of a source of-vent or vacuum (c) a second val ve neans (418)

posi t i onedadsenttiyw20 Bhowiiomtety thecdispeansewf cheraicaDatsbsperee phinpdith Ghapraaghhor a
source of vacuum and (d) said second port (410) having flow comrunicati on
with sai d manisaacteatef460rnameanapalthe asimatelal actuatoy plesthc gatengitd/ ydratdicuum
to said container (400). 10. A purgeable container (400) for |ow vapor
pressure, pregsurgaciuaios e prefatabh28s flostratethi gpnpumatic/ acthator cilistuded yerrtpe
system conprising: -22 (a) a container (400) for containing a quantity
of sail@ | ostheragiaphragmsaivea bhuick kigphragny valveasseaibbh®d.i ng at | east two ports
(410, 412) capable of receiving and di spensing, respectively, said | ow
vapor preg604%] Vaglunpuertiaye proeidiedadd first bdndaitflicrayt way ofddondiuib pd eadra satond
assenbly (442) having first (MV3) and second 5 (AV4) di aphragm val ves, each
di aphr agm disphragmavaiveg 74 cbirgpisinggtiiaphreginaX4, nghvee sedtvidB, actuator connector 70,

actuator armature 80, pneumatic actuator 68, bias spring 82, bellows or piston 84, which
transiates pneumatic pressure to valve actuation through armature 80 and pneumatic -

15  source 86. Pneum_atic gas is supplied to be!IoWs B4 by source 86 and a coaxial channel
in armature 80 which communicates with bellows 84 through aperiure 83. Pneumatic
actuator is engaged to the diaphragm by locking nut 72, Second diaphragm valve 77
has a diaphragm side of its diaphragm 74 and a valve seat side, just as diaphragm valve
75. Valve 75 has a similar actuator structure as illustrated for valve 77.

20 [0050] The valve seat side of the diaphragm valves of the present invention have very
little dead space or volume where a low vapor pressure fiquid chemical can be retained.
In addition, diaphragm valves 75 and 77 are juxtaposed to one another at their valve
seat sides and connect to the conduit 16 via the very short channel 76 bored out of the
monoblock of the block diaphragm valve assembly 14 base. Due to this advantageous

25 arrangement of these two valves, it is possible to clean first conduit 16 by application of

sequenced pressurizing gas and vacuum, without the need for additional means, such as
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seat side and a di aphragm side, wherein the valve seat side of each

- di aphragm val ve is juxtaposed to the other valve seat side of the other

di aphragm val ve, and each val ve seat side of each di aphragm val ve
"positioned to have flow conmuni cation with a conduit (446) for a bubbling
gas, and said di aphragm side of said first diaphragm valve having 10 fl ow
comuni cation with a first (412) of said at |east two ports, and said

di aphr agm sdiggntf Chrindusefobe! acdarmiisBgMnvabi®t (A, pui 4d savedaltrainutaseoff | ow
communi cation with a source of vent or vacuum (434); (c) another bl ock

di aphr agm yajeaca pessalizdd4dS) ahawiapgurhywin coraraet &g privabxesysteid ywhidijakeeach
di aphragm val ve havi ng a di aphragm and having a val ve seat side 15 and a

di aphr agm sdvdeal HeeY R Sevieh degh V6 redvat ths ipdssceibee teve! df agituabohenalcakini the
j uxt aposed to the other valve seat side of the other diaphragmvalve, and

each val vessrplts 9ride 18 deasHnghit asthihageandaly domasiiritecered b0 changedut i the

comuni cation with a second conduit, and said di aphragm si de of one (MW1)
of sai & twoygdipghyorgm val ves having fl ow comuni cation with a second (410)
of said at least two ports, and said di aphragm side of 20 the other (AV2)

of said twoosiprhhagaiy abatasdeerthé dripaehghPvdivesecdrmmives enatyportioatofahe vialb a
source of vent” or vacuum (434): and (d) said second port (410) having fl ow

conmuni catii, ofiratt tBmdirtbatieRtdinn e EdRRAbn adRdgiaPalheadf 6dibgpedis ohghd ehortapor
pressure, high purity chemcal in a push gas fromsaid container (400). 25

Nt / docnos/ GRARe6399) 62GBPHSAUEAE theBedliNg JUNBLARS HN-{Alld BeR WNZINS condaRe
/ NP/ N3/ N3=/ NO=/ N=/ N3/ NJ3=/ N=/ N=/ N' N3 / N@ NP/ N3 #X07QX? F i pE _ d

zuoj e’ [ Wi sabeal afreabipagp aidhcascodle ag cadseal] caviec ajapatdgeralstud ot aheal ca
] caU] ca] ca] cal] ca] ca] caU] ca] ca]ca] ca]ca Z!-4S,: JQ&KNTz

B! I | $E§z upjigprrhfmalpald gkl ard oot aldecst] thalsealinphotdoadd] tha]vabld sedtdal] ca
] cal] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] cal] ca] ca

E&K&' O) * c tgmmadnicdfion- Wit {HeEddekLie st h 4381420 A6y Fstil watigalng] ddncate side caf|tha] caU
] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] caU] ca] caU] ca] ca] ca] ca] caU] ca] cal] ca] ca
] ca] ca] ca]dgaptragm: s The diaphragm side of the diaphragm valve can be seen to constitute an

F ><C>J>? 0AABI BBCWDZDa VFFFVHHH W ~yt o] d_Z] U] c] ca] caU] ca] ca] ca] ca] ca] c
a] ca] cal] caherk, rﬁ?dll%_?_]—@ﬁp@@]o@@dscﬁcﬂﬁ\di spaavhichcahqriterdiatinbbaahe aefted] ca]

ca W_JVKLNNOP ReRRTWOXY} [ [ ] =

1311117 2_ with brérhicall ahd \Gbhbltor) & alifaalic ateaaio aktbatinblyaddd alickly cattd e af sath ca] c
a)J ca] ca] ca] ca] ca] cal ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca >bcc@dddf *hlhiii

k' kvKRSNNRES A W riyerbiord, ~the nprédart Ul dritiak] og] leairepites chaajonaarajuttadre djsta] ca
] caU] ca] ca] ca] ca] caU] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca

*| } ~~1 *=0&3nasl 18 towhintcate/bik sl sathaak Galve 3kandidelof tlecaibpirhom] ahlesadf dag ca] c
a] ca] calU] ca] ca] ca] cal] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] cal

[ RGO RU] ligst| miopic/ANE] sdsealohalanal iphasihg ahe adiepiragihc st es jwadmapdabcateal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]cal >N j#tZd b2|

IVh{val gb\aribines #/bGat aakepsisal esdreslieabceiankrag, cafocdd & ddw dpad bpajecediea] ca]

ca] ca] ca] ca] ca] ca] ca] caU] ca] caV] ca]ca]ca! ns'j #t Zd b2|

IVh{val gb\avilhpembhic adtten @ahcisd caddin] cisdnal of] s@dicajorapt spqadrualic apossted] ca]

ca] ca] ca] ca] ca] ca] ca] cal] ca] caV] ca] ca] ca#X0eFS| 10%&' ()-!f"109%C& () - 10%6:&
" () - v2@1l0Yfss(iized %és()&@‘f«'/a(chu% WSS JsDEN SIS

10G 109%6&" () - &0$10%6&" () -! y&OP10%&R' ()-'y MO0%EE ()-'y %409 () -!

94.0%& () - Y0222 The pneumatic actuator 68 has a source 86 of pressurized air for valve

100G y#9%d 0% HyH& () - ! HP+10%HyHy& () -! PP+10%°\ P\ & () - ! nP+10%NmMN& () - !t P+10%

@ @' ()- actuation. The valve 77 is a normally closed valve which is biased to the closed position

by spring 82 operating on baffle 84 and actuator armature 80 which pushes against
diaphragm 77 to engage the valve seat 78. Pressurized air passes through a coaxial
25  tube through the center of spring 82 to an aperture 83 in the actuator armature 80, which

is on the opposite side of baffle 84 from the spring 82. The air pressure acts against the
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10G 10GE zX6? 10G \.$10% H\ H& ()- !k. $10%HKHE ()- 'y. $10%y& ()-

1 ORA0YHHE () - ! 9RA0%E () - #9A0%H& ()-ot{Y: 10Q $10%-& ()-!r$10%r& ()-!
3$10% r*r& ()-! 3$10%r7r& ()- 10H 10H 10Hf: 10%4& () - Z- 12zX9. :

10*r: 10%r& ()-'k. $10%r*r& ()- 'r.$10%ré& ()-

1 $$10% r*r& ()-$10%r& ()-! U$10%r & () - 234SIdB:

10%r ! $109& () -1\ #$10%& ()-! d#$10%&' () - ! y#$10%&' ()-j 10%G& ()- 10*r

10* r JYKNQRBE1S andl sbAR to bias the diaphragm 77 open via the armature 80 and allow chemical
10%3& () - 610%GE ()-. " 10938 ()-!y$100GGE () - ! r$10%& ()-! $109%3G& () - RSTzX

'hF: 1

10

15

20

25

to flow through _the valve. This represents only one of several ways a pneumatic
actuator operates and the operation of the pneumatic actuator is not an aspect of the
present invention. Any of the known methods and apparatus for actuating using
pneumatics can be contemplated, and in fabt non-pneumatic actuation can be used,
such as manual or solenoid actuation. Valve 75 is similarly equipped with valve
actuation equipment, not illustrated, similar to 6.8, 70, 72 and 86. "
[0053] FIG 2B shows an exploded perspective view of the block diaphragm valve
assembly of FIG 2A, this time showing the pneumatic aétuator 68a for valve 75. The
diaphragm valves' locations, illustrated for one valve as core 88, are bored out of a
single monoblock of material, such as ceramics, piastics'such as Teflon, or other suitabié
materials, but preferably is metal, such as electropolished stainless steel. Aperture 12a
of _secondconduit. 12 is Hustrated to show the diaphragm side connection of the conduits
in the valve. Valve seat 78a delineates the valve seat side of the sealing surface of the -
valve seat 78a and the diaphragm 74a, shown removed from -its core location 88.
Pneumatic actuator 68a is shown with its pneumatic gas source connection 86a.
Conduits 12, 16b and 18 are shown, respectively, emanating from the monoblock of
block diaphragm valve assembly 14.

[0054] Second block diaphragm valve assembly 20 is similar to first block valve
assembly 14 as illustrated in FIG 2A, with conduit 16 in this instance with regard to
second block valve assembly 20 cbrresponding to the structure shown for first conduit
16, conduit 112 corresponding to the structure shown for second conduit.12, and conduit
110 corresponding to the structure shown for third conduit 18, as it relates to first biock
diaphragm valve assembly.

[0055] First low dead space connection 24 is illustrated in FIG 3. Sealing surface 90 of

first conduit 16 ends with an annular knife edge 94 depending axiélly from the sealing
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10G kSYA0%: ()- SO0 ()-V$10%&' ()-!V$10%&' ()-il 10%& ()- 10G 10G
| Bl "8$$9ES} [ OF: 1 | -
10G . %4098 ()-!. %0%& ()-=9%40%& ()-!y=%40%& ()-!=%40%$& () - SYdL0%
& ()- E&H& &J&K&&' (O) = 1 10G ! 0940%id& ()- 'y, 0% 0%& () -
P"10%& ()-P"10%& ()- 10 10 10; 10%& ()-O) **i ++& h, wx6_= 1 10!.$10%& () -
$940%a& ()-!$%A0%& ()-! $90%R ()-!yodovadd& ()-!%d0%& ()-h,s-.". #.$. %4/ /{Y:
1 10! $10%GkirEos! in $AO YFESidn) of thededliny dilthce BHpi&hE Jcohluit 16%@hich also $as %k () -
annular knife edge 96 depending axially from its sealing surface. These knife edges 94
and 96 engage an annular sealing gasket 92, which is preferably‘ a relatively soft metal to
form a low dead space connection with a superior seal. Compression fitting 100
5 threadably engages ring 98 to force the réspective knife edges into sealing engagement
with the annular soft metal gasket S2.
[0056] In FIG 1A and 1B the diaphragm valves are illustrated witﬁ a cresent or
meniscus depiction to indicate the arrangement of the diaphragm itself with its
diaphragm side and its valve seat side in accordance with the depiction. of that
10  orientation in FIG 2A. Therefofe, the concavity of the diaphragm valves in FIG 1A and
1B represent the valve seat side of the diaphragm valve having a low dead space and
minimum wetted surface area and the convex side of the diaphragm vaives in FIG 1A
and 1B represents the -diaphragm side of the diaphragm valve which has greater
potential dead space and more poténtial wetted surface area, as described with regard
15  to FIG 2A above.
[0057] The present invention provides unique and unexpecied improvement over the
prior art in low vapor pressure, high purity chemical distribution from a container of the
chemical by using a combination of two biock diéphragm valve assemblies connected by
a low dead space connection wherein the diaphragm valves have their valve seat sides
20 facing one another in the block valve assemblies to provide a minimal wetied surface
area for decontamination of the chemical at such times as container changeout or
servicing. Clean out using the apparatus of the present invention has demonstrated
drydown times of less than one hour where the prior art has taken days. This allows
glectronic device fabricators to minimize down time for change outs or service and to
25 méximize utilization of the expensive equipment designed to produce electronic devices

in fabs easily costing over $1 billion per plant to construct and operate.
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/[ 0E1123>4wWU6{Y: 1
- 10$$10%&" () - ' r$$109&" () -! r%d0%EGE () - rod0%& ()-!rod0%& ()-!%d0%&' () - >4455
555X77{Y: 1 103%$10%& ()-!3%$10%F& ()- 10G 10G 10G 109%& ()-!v.%0%GE () -
I'v. %40%& ()- 78HI99:;><wU6{Y: 1
10$3109%6&" () -!'r$$10%& ()-!y@I0Y%EEE () -! @@L () -!y%d0%EaGE () -! rovdov& () - >
<=CGH>I>3>7@\= 1 100$10% ()-P"10%& ()- 10G 10G
10G 109%6&' ()-'y. $10% ()- 'y.$10%& ()- @ONOAABI BaB{\= 1
10P"109%& ()-!'|] & 0%e& ()-P"10%& ()- %0%& ()-
P6" 109&' () poa8B1LO0Y&e (presBBOMNNYRIES bedn KR6IA/@NIth) regard to several preferred
109 () -, $109& () -3%" 109K ()-"%0% ()-P "109%& () - VFFFFFFGVHH~ = 1
embodiments, but the full scope of the present invention should be ascertained from the

claims below.
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10! 694.0%&. () - P$10%&' ()-! P$10%gg& ()- 10 10

10: 109%&' ()-8"10%&' () - H WWKLL2NwX6~. = 1

10! r. $10%& () - WA0%I& ()-! r WA0%& () -! Voa0%IdI& ()-! vy OUCCY ()- | 694.0%d&

() - 2NNNNNNOOPP~ = 1 10! r! 9%40% r & ()-3$10%r & ()-!3%$10%r0r& ()- 10d 10d

10d, : 109@&' () -. $10%I& () - PQ'RRSTTU} A<~ = 1 10! r!k. $10%r& ()- "940%ré& ()-

ly"0d0% r& ()- 1"109%r& ()-11"10%r& ()-1!9%0%r*ré& ()- UWWWOXX{\: 1

10! | yod09%&' ()-3$109%3& ()-! 3$10%F& ()- 10*r 10*r

10*rf:10%r& ()-!k.$10% r& ()- XY,[}[1}11]zX9.:

)10]Gi ] ]1?;/?3?] ()Z -1 KSYA09& () - ! $9A0%GGE ( CLAES 09438 () - ! HS@L09&' () - ! r YOYGGEE' (
- t ;

1. A purgeable container (10) for low vapor pressure, high purity chemicals
for a high purity chemical delivery system, comprising:

5 (a) a container (10) for containihg a quantity of said low vapor pressure, high
purity chemical having at least two ports (11, 13) capable of receiving or dispensing said
low vapor pressure, high purity chemical; |

(b) a first block diaphragm valve assembly (14) having first (75) and second (77)

diaphragm valves, each diaphragm valve having a diaphragm (74a) and having a valve

10 seat side (782) and a diaphragm side (88), wherein the valve seat side (78a) of each

| diaphragm valve (75) is juxtaposed to the other valve seat side (78) of the other

diaphragm (74), and each vaive seat side of each diaphragm valve (75, 77) positioned to

have low vapor pressure, high purity chemical flow communicatibn with a conduit (16) of

said high purity chemical delivery system, and said diaphragm side (88) of said first

15 dia.phrag'm valve (75) having fiow communication with a firsf (13} of said at least two

ports, and said diaphragm side of said second diaphragm valve (77) positioned to have

flow communication with a conduit (18) capable of a function selected from the group

consisting of a source of vacuum, or a source of vent;

(c) a second valve means (114) having flow communication with a conduit (118}

20 capable of a function selected from the group bcnsisting of a source of push gas, a
source of vacuum, a dispense for low vapor pressure, high purity chemical; and

(d) said second port (11} having fiow communication with said container {10) and

capable of a function selected from the group consisting.of a source of vacuum to said

container (10), delivering push gas to said container (10) and dispensing low vapor

25  pressure, high purity chemical in a push gas from said container (10).
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10G&10%I& () - 810%1&’ () - &&10%&’ () - &10%I& () - 10%I& ()- 10G
- 10G 1 2&N AOMN A AAF;
10GE&10%1& () - &10%I& () - &&10%& () - &10%I& () - &] AMAAAAAAL] C
10G810%1& () - 8&&10%I& () -) &10%& () - 8&E10%I& () -) &L0%& () - A+, | 0 xAD;
10G810%1& () - &10%I& () - &810%& () - &10%I& () - &&10%I& ()-0. 1 2 L
10988 ()- 1096& ()- 1098& ()- 3#1096& ()- P 1098& ()- &10%I& ()-8

$ 12 xX@ 10% 10%%&s(dontali¥d Chim 11@AESIN aid vaive seat side of said second
10088 ()-2' 1"V Wm{ |  pXx<; 10 1098& ()- 10%8& ()- 10%B& ()-- LOYB& ()-
1098&' () - " diaphragrsVdlve HaYH&w(domrQfiion) withl 8%b&4G for EOSM&EE bf high pressure

purge gas that is used to purge residual low volatility chemical from the wetted surface to

vent or vacuum via the container port or vent/vacuum port.

3. The container of Claim 2 wherein said second valve means (114} has flow

communication with a conduit (118) for a source of vacuum (122).

4. The container of Claim 1 wherein said second valve means (114) has fiow
10 communication with a conduit (118} for dispense of low vapor pressure, high purity

chemical.

5. The container of Claim 1 wherein said diaphragm side of said second

~ diaphragm valve (77) has flow communication with a conduit (18) for a source of

15 vacuum.

6. The container of Claim 1 wherein said diaphragm side of said second

diaphragm valve {77) has flow communication with a conduit (18) for a source of vent.

20 7. The container of Claim 5 wherein said second valve means (114) has flow

communication with a conduit (126) for purge gas.

8. A purgeable container (400) for low vapor pressure, high purity chemicals

for a high purity chemical delivery system, comprising:
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juxtaposed to the other valve seat side of the other diaphragm valve, and each val !
seat side of each diaphragm valve positioned to have low vapor pressure, high purve
chemical flow communication with a conduit of said high purity chemical delivery syste.ﬁy
10 and said diaphragm side of said first diaphragm valve (MV3) having flow communicatium ’
with a first (412) of said at Eeqst two ports, and said diaphragm side of said ssecoO &

diaphragm valve (AV4) positioned to have flow communication with a conduit (42
- | , I4)
capable of a function selected from the group consisting of a source of vacuum, or
: ' ' ‘a
source of vent;

- 15 - (c) another block diaphraém valve assembly (418} ha\king two diaphragm valwv:
(MV1, AV2), each diaphragm valve having a diaphragm and having a valve seat Si(es
and a diaphragm side,'v-vherein the valve seat side of each diaphragm valve e
juxtaposed to the other \}alve seat side of the other diaphragm valve, and each val ®
seat side of each diaphragm valve having flow communication with a second ccmdLMe
20 and said diaphragm side of one (MV1) of said two diaphragm valves having flc;m’
communication with a second (410) of said at least two ports, and said diaphragm side w
the other (AV2) of said two diaphragm valves having flow communication with & condtOf
(434) capable of a function selected from the group consisting of a source of vacuum, it
or

a source of vent; and

25 (d) said second port (410) having flow communication with said container (40
0)

and capable of a function selected from the group consisting of delivering push gas
to
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| 5  for a high purity chemical delivery system, comprising: |
{(a) a container (400) for containing a quantity of said low vapor pressure, high
purity chemical having at least two ports (410, 412) capable of receiving and dispensing,
respect}veiy, said low vapor pressure, high purity chemical;
(b) a first block diaphragm valve assembly (442) having first (MV3) and second
10  (AV4) diaphragm valves, each diaphragm valve having a diaphragm and having a valve
seat side and a diaphragm side, wherein the valve seat side of each diaphragm vaive’ is
juxtaposed to the other valve seat side of the other diaphragm valve, and each valve
seat side of each diaphragm valve positioned to have low Vapor pressure, high purity
chemical flow communication with a dispense conduit (446) of said high purity chemical
15  delivery sysfem, and said diaphragm side of said first diaphragm valve (MV3) having flow
communication with a first (412) of said at least two ports and a diptube (414), and said
diaphragm side of said second diaphragm valve (AV4) positioned to have flow
communication with a conduit (434) capable of a function of a source of vent or vacuum;
(c) a second valve means (418) positioned to have flow communication with a
20 source of push gas and/or a source of vacuum; and

(d)} said second port (410) having flow communication with said container (400)

and capable of delivering push gas and/or vacuum to said container (400).

10. A purgeable container {400) for low vapor pressure, high purity chemicals

25  for a high purity chemical delivery system, comprising:
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seat side of each diaphragm valve positioned to have flow communication with a conduit
~ (446) for a bubbling gas, and said diaphragm side of said first diaphragm valve having
10 flow cbmmunication‘ with a first (412} of said at least two ports, and said diaphragm side
of said second diaphragm valve (AV4) pbsitioned to have flow communication with a
source of vent or vacuum (434);
(c) another block diaphragm valve assembly (418) having two diaphragm vaives '
(MV1, AV2), each diaphragm valve having a diaphragm énd having a valve seat side
15 and a diaphragm side, wherein the valve seat side of each diaphragm valve is
juxtaposed to the other valve seat side of the other diaphragm valve, and each valve
seat side of each diaphragm valve positioned to have flow communication with a second
conduit, and said diaphragm side of one (MV1) of said two diaphragm valves having flow
communication with a second (410) of said at least two ports, and said diaphragm side of
20 the other (AV2) of said two diaphragm valves positioned to have flow communication
with a source of vent or vacuum (434); and |
(d) said second port (410) having fiow communication with said confainer (400)
and capable of dispensing low vapor pressure, high purity chemical in a push gas from
said container {400).
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