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and nethods related thereto. as well as various products nmade by those
punps and met hods. Background of the Invention: This inventidﬁ'%éyaﬂ@% to a
punpi ng system useful in dispensing fluids, especially those that are
expensive. viscous, high purity, and/or sensitive to nolecular shear. The

pvent on, al 5o el ates, Lo, AT AfGAE" Sacor MMIBAIIIBUGLIE!

punmping f 10 systens and. nethods. including the potentially inproved

qual ity &mdistyd:el d of such products achi Bvabler cdedshd drbr@bbteson termauid-
conpar ed T or¥ ﬁje’;;‘i%’t"’s & rersriand e ryevplidied a@prdiotesgn (yfles qriithbrpvaationw) apprering aldikigground
of the inveltT 8/ "€ 8 scussed i n pri or "MYoLe&h eplay isppy WAL Sagtie 67, 837
5.772.899: and 5.516.429. Anong other things. the invention has nunerous
applications. but is especially useful in the 15 m croel ectronics industry.
The trend in that industry continues to be to squeeze greater quantities
of circuitry onto snmaller substrates. Circuit geonetries continue to
shrink. the use of expensive materials continues. and the correspondi ng
need for decontam nated "cl eanrooni environments and equi pnent for

manuf acturing. filtering. and processing continues and even increases.
Perhaps as inportantly. the 20 need for inproved yield of final product
continues. for econom c and other reasons. 1 31 May 2004 5 WO 01/ 40646

PCT/ US00/ 32865 The equi pnent and net hods of the aforenentioned U. S. Patent
Nos.. 5,167.837: 5.772.899: and 5.516.429 addresses nmany situations and
applications very well. The present invention is directed to further

i nprovenents in that technology. as well as potential applications of such
i nprovenents in unrelated technol ogi es Anong ot her things, further
sinmplification and upright orientation of the flow path for the processed
fluids through a punping and di spensing system can

(57) Abstract: A system for dispensing and filtering fluid is disclosed, in which the fluid flow path is substantially vertical from
the floid inlct through flvid dispense. Substantially all wetted surfaces are Teflon® or some similar non-contaminating fluid, for
applications such as cleanroom processes. A valve and a filter chamber are incorporated into a pump head to simplify the flow
path and reduce potential contamination points. Preferred methods, and chips or other microelectronic devices fabricated from the
apparatus or methods, are also disclosed.



- reduce the risk of contamination. air entrapnent.-or similar concerns,
while providing sinilar or inproved reliability and precise TdMay é004 or
desired f QP40 di spense. and other handling of the progeppsdoldieds:
Further manufacturing and design inprovenents 10 in the instant 1 nvention

~allow the entire process fluid flow path to be eoated or nmachinhed from
Teflon(r) or sonme simlar non-contam nating material, further reducing the
| i kel i hood of . any contam nati on problenms. As indicated above, many probl ens

ver e addr es 3P ARATES AND WIETHODSFORPEMPINGE HIGIBVISe R TYNASUIDS
5.167,837; 5.516.429. and.5.772,899. Anong ot her things. 0S€ devi ces

i-ntroduced a-di aphr agrgetps bk Gl ECR, Lo-Ger thal
enbodi nents. incl uded tﬁgfgggﬁgﬁéﬁc%%p&gﬁgpﬁg%mwﬁeﬁBrp%%%ggﬁ‘%hgidgpense
preci se amunt f. fLui d. However . the preferred enbodi jents in those

pat ent s shoa\?vgt"ﬁeéﬁ) ad cr)%%gs?g BeTE At Pl as YaRpUs -Hroéiugiﬁﬁ%ﬂﬁg’&' RYEPs A%l pat h

t hrough the punp system In certain applications. that. path does not

af ford opt imghodsenting for any 20 contaninating air bubbles that may become
‘entrapped in the fluid or the system For exanple. sonme small anmount of
air bubbl es nmay be .unavoi dably introduced when the source fluid container

is periodical]y changed., even if no re-primng is required. Portions of the
fl ow path t ﬂ&#ﬁﬂgﬁ&}m—‘@% herwi se relatively potentially 31 May 2004
WO 01140646 PCTI US00132865 contam nating result in some risk (however

smal 1) of correspondilhé inwertidnrglates te e pumpingsyiem wkful fredispansihe Hasds,

indi cated in those prior patents. such. bubbles or contam nants coul d

tenti al | esyoiuly odse ehdt e @pEnAvQEsEbud, QighGIRIHQHHRR séRithRTE IR hiar
percentage of 5 applications.. Alternatively, such.bubbles or contaninants
m ght requig&S ; £ O " Lng" bbl es fromthe,system upon
- changi ng tﬁg&goﬁg%gﬁ? ﬁglhc?}galgé)ﬁ%%#%p?ﬁ%oe}e% %ﬁﬁf’@.pog?mshfugfﬁrag 5'Ilhﬁ%’? 8%
conprom se t(?e ccur.acy, of t.he-éﬁl uid di spense_system (again, in a small
per cent age B Wé%ﬁ‘i‘,‘ﬂ&‘i" lronis qulstiates: ashrireuitnfabrewen by Retepummtieg  pat ent s
-and inventions function well in that regard and are a dramati c advance over
.10 t'he pri Gystems ansgnetheds. hmsiydiag thegiotdnmialiy ihprosed puily apdyiell of saen be
t readily adapted to :

products achievable with the invention as compared to prior art systems.

General aspects of the felevam baquround of the invention aré
discussed in prior L'S Patent Nos. 5.167.837; 5.772.899:. and 5.516.429. Among
ther things. the invention has numerous applications. but is especially ﬁseful in the
microelectronics iﬁdustr_v. The trend in fhat industry continues to be to squeeze
greater quantities of circuitry onto smaller substrates. Circuit geométries continue to
shrink. the use of expensive rﬁaterials continues. and the corresponding need for
.dec_ontaminated "cleanroom" environments and equipmént for manufacturing.
filtering. and processing continues and even increases. Perhaps as i-mportantl)_-‘. the

20 need for improved vield of final product continues. for economic and other reasons.



deal - with the aforenentioned potential problens, the instant_invention
provi des 15 i nprovenents in that regard. Ot her benefits derivdl ¥aygP0o4
simplifying the flow path of the fluid. By sinplifying and reducing the
nunber of YSMJsR6se s involved in-the system assenbly and peppiamagge can
be correspondingly sinplified- Perhaps nore inportantly. the nunber of
connection points, seals. fittings. and related potential |eak-spots can be
reduced, thereby direc reduci.ng,the risk,of .contam natj '

T oty ot et or T PSR o Bl RGPS AR LS harenros.
realigning the fluid flow path can reduce the size of the "footprint” for
t he housi ng b161-6&7:SyER2ER%arr 56 hetiR addresstcenany sinetienseng applinatoROYRact as
conpared to prior art systems. thereby correspondingly reducing val uabl e
factory spaceelf.oThd prestts éiventbn Ishrepidd o fyheLimproveaenidiv (20 QebhdolapRray of
the Invention: In one aspect, the present :invention provides a device for

processi ng’ fui & bdedt; ALES - | ion of :

first punping nea]?ls-eahag E@%%ﬁéxsp%%ﬁlg%ﬁégﬂgé@%&f%&lg‘gd g‘%ﬁ%ﬁ@%ﬁt ion with .
-each other: said first , punpi ans_.and sai d_second punpi ng. means

orovi Ao A fhuid tr avAMOSRORTY FERS S PR RS SREE R BT AOn Bhar d as
the fluid fl ows throu?h said first punping neans and sai d second punping
means, sai d the flow pathiioraheproeessedifipidsihirongh aywemping endidisptinsipp spgempanps and
actuated by inconpression fluids. In another aspect, the present invention

provi des a demiceahé fkk Bf QBRESINAGor. bitiefrigind. R sBGiIHUoHceeRN Whilk beslidmaner ,
the conbination of: first punping neans ‘and second punping neans in fluid .

conmuni cat i QB \i : - Sal [ IR N . .and.sai d second (oo
pumpi ng. meange kiR R Hhd phelsd bo R PRl i ey BN
consistently u rdgs as . the fluid flows through said first punping neans

and said s.e&ﬁlﬂg\ﬁgﬂ%ﬂ?&%ﬁhéﬁf%ﬁsﬂﬂlﬁ Jivrther mappfacyansend designdmprRygmsntset ween
said first punpi'ng neans and sai d second punping neans, in which said

-f1 ui d18 r avelin ghet instast isubeioardlosl thy emtva pretesnfiidiy flopvgatidioas dobedfokui d f | ows

t hrough said first punping neans. said filter neans, and said second

punpi ng neangachid®d¥fdm %ﬂfmg@ rotr, ﬁifﬁ@ Sitnilat Rén-BoSAsRHatihg YifafaP Furbfe? e fho?

devi ce for dispensing fluid, |
' the likelihood of any contamination problems.

As indicated above. mény i:roblems were addressed and solved by the
aforemeﬁfioned U.S. Patent Nos. 75.1.67,837, 5.516.429. and 5.77?;,899. Arﬁong other
15 . thlngs thosé devices introduced a diaphraém-type fluid dfspensc systern which. in .
~ certain embodiments. included 1wo separate. conﬁputercontrolle_d pﬁmps to dispense
precise amounts of fluid. Ho;vever. the preferred embodiments Vin those patenté show
| the process’ fluid traveling in 2 somewhat meanderiqg- ;path througﬁti;e pump svstem.
In certain applications, that path does not afford optimal venting for any -
20 contammnating air Bu’bble‘s that may become entrapped in the fluid or the system. For -
example. some small amount of air bubbles may be unavoidabl_;r i'mroduced.vghen the
source fluid cqnt'ai’_ner 15 pentodicallv changed. evex; if no. I;e-priming is required.

Portions of the flow path that are metal or otherwise relatively potentially

[



travels f

conbi nation of. a first di aphragmtype punp having a punpi ng head, said
head including an integrally fornmed three-way valve to cont rol MRy 8QPbf
fluid,in%ﬂ9§%“@4éirst di aphragm type punp, and a second di aphragmtype
punp positi & eneral |y above and in series with said fPEEUS00/32865

di aphragmtype punp to provide a-fluid path that is substantially ,
consistently upward. In another aspect, the present invention provides a
devi ce f orcofitapangigi@sdit i Bmeldig (hG0ERE BARNYIT cOfrespdnding ahdddiankr agm t ype
punp having a punpi ng head, said head including an infegrally forned

t hr ee- way &ﬁﬁ¥QME@%F@ﬂhéﬁhkflom’°f fluid into said first diaphragmtype
punp, and a secon i'aphragm type punp positioned generally above said
first diaphragmtype, pu and configured to receive fluid punped by said
first diaphr agmtypeAgU%:,ateél I thsa PHEE P@t?rrtwp%fblpl&biqspﬁonwgﬁnmg ype
punp to said second di aphragmtype punp being generally upward. In yet

- anot her aspentially semprassientheiend priducniosoowiddgree & sortchambif mercdnitddeayti ng and
di spensing fluid, including the steps of: providing a three-way valve neans

~integral | yagptieatRthsi AldrmadvarysuQBdbiss sHREfanieRts lﬂfgh@%fc{qiuﬁggorﬁb' hgp menber,

said val ve nmeans configured to received the subject urd and"direct it in

a subst ant j&l P romsaid first . punpin enber; actuating said
first. purrp‘%f{rillggi u%(rllla]ir#%:?ﬁq%(i)ggifogg\/t}ferfé’Stgﬁb']‘pé’BtCL?rf%‘F&j{é?P%‘%cgﬁg%lﬁ‘)l?@f}ef “bugh. sai d
val ve neans an further actuating said first punping nenber through
filtering SrEHPE. PHMight otheEwise Kempion)ias the pErary of ghaafaid dispensesssient fi r st
npi ng nmenber. I n another aspect, the present invention provides an ~
par at us (Bgainfinlatserallgrazntige df sppdiesiiorg =ht singhtioh)e Altishimeiosopried 1 first
di aphragm type punpi ng neans; second di aphragm type punping neans.in fluid

conmuni catpa@dhyrd inbdhidng fundtiost ek i AR R AN MR AT Aovd, N SeT! es;

and filtering neans between said first a second punpl hg neans, wher eby

sai g, first ' NS _pu the fluid.substantially vertically upwardly -
t-hr g%gh satF%iB ﬂwgfrg%fﬁ%%mg@?ﬁtgﬂ?&f’ﬁ‘ﬁ?‘?ﬂpqqrcpﬁ}eﬁgé’ﬁ%gﬁ B AMAPAE to%l il 'P eri ngy .
means andﬁ%ﬁrousing for said second punping neans in which said fluid '
"WHh gheraforemeptionedengtentialoproblethshibe sistegt inventémi prosidesnd  punpi ng
‘nmeans in a generally upward direction. In yet another a aspect, the present
i nvent i on ipipowedestsan tlppmaat. us for filtering and dispensing fluid, -~ .
including: a punp having a punping chanber. defined in part by an upper head
portion, ‘said upper dgachnefitsicRfive BEhH /@ iSwAlth 5 b Bl hgyPer

integrally forned therein,

simplifying and reducing the number of components in-volired in the system. éssembly-
15 and maintenance can be correspondingly simplified. Perhaps. more iﬁpo_rtantlf. the
number of connection points, seals, ﬁitings. and related po-teﬁtia] leak-spots can be
reduced. thereby directly reducing the risk of contamination. air—e’ntraimnent, \or
similar problems. Additionally, reducing and realigning‘ fhe.ﬂuid flow path can
reduce the size of the “footpriﬁt“‘ for the h-ousing of the sys;tem and other'wise make

20 the system more compact as compared to prior art systems. tﬁ'ereby correspondingly

reducirg valuable factory space for the users of the pump systemn.

La



said filter chanber being disposed substantially above said val ve and said
filter chanmber including a renovable |id nmenber form ng an d%b@?ygp%%ure
of said filter chanber, an outlet and vent disposed at a relatively upward
| ocation on said filter chanber; and a substantially vertical fluid

pat hway formed integrally in said upper head portion to permt flow from
said punping chanber to said filter chanber. In another aspect, the
present invention provides a conbination of a master punp and a slave punp

for digspensiyid tid lmivéhtion: ¢l eanroom type applications, in which said master
punp includes a punp head having a flow controlling valve and a filter

chanber forned integrally therein, including a fluid flow path through
said conbi ﬂﬁbh@lsm ahe pfﬁsbnﬂlﬁv&mﬁﬂ?bmﬁiﬂ@s Revite @ fradessing Alidahn @ precisely

non- cont [ t _fluid and which path fl ows substanti al
o oy Bl ety Mt domhiga)oh 5 SR Tieant A Seitond BUEPn besns R tger |
and Stl.d@ﬁ&mt hmﬁnby WIt? i@@e}ugﬂnes 3aid RstPeenphyPearks ahld ét‘&ys&faﬁé phmpy?tm@m@t her g
aspec e pr.esen Ve rov es a .Co na ste u an
P S soNitifia DGR e rfE et S BB fisl RSBt venase as s e Boes broudl whron
sai d nsagf st memmg m@éhsldlﬁﬁszﬂd petmmdrpe: iMpveas, said ditst andBgiddebdid fimpih@nber
fornpd i nt eqgr a %%Pthereln | ud EP a fluid flo ath through said

oo aeaNsaG SPagh Sulios shi eriatrody it esian Tl ar o

non-contam nating to the subject fluid and which path directs flow
substanti al,l y upwar dl froman.inlet sai d .ma ter pu hr ough sai d
Pt er chanbapoREEE Rl tis e in AP Ouds S5 CEYIR BT BURABSSB N 01 € ner

i ncl uobr@@say yerttoll¥@an@oietdontbathtioh of fikit gbmpigheatistahidBesidbirhpib@r
chanber. n t her a(% thelp ﬁsent invention provides a method for

fil ter”i“’r?d‘sd?a UIgicopEmLy §°“ Wit each pthey ﬁﬁ'Pﬁ'@StPHB’PEth’E%arﬁfa”dp‘aﬁ 1 S5O

non- Ccmhwngmtaamgprbmghgfal fnd tré\reﬁpamaryat\rsaéwstmam&onsménusz upWards @swt rol

exces Sur rough sai valv nmeans In

o e o P UoB sh st e e Rl e 4o P e PR B Ao SR of a

1; irst ;mmmngnmtemdaab 3 bemlnlcsalmfﬂrwmd)!ﬁg)rﬁémntﬁsd@@ecf%ﬂbjpﬁﬁfpirfg' rﬁeéhsam\dnb
irect ..t st.antl a u r at roms ne er,;

Cot aatyih 2 i SRRE TRl B St BN PR PRt e yedltd oty THPoBl sP

sour cdirdtipumpiity meartd. vail tiRerRed s, andshifl sedtdr@rpuntdingiineags. sai d fi rst punpi ng

menber to dispense the subject fluid upwardly fromsaid first punping

menber through filtering neans.
In yet another aspect, the present invention provides a device for dispensing fluid, the

combination of: a first diaphragm type pump having a pumping head, said head including an
integrally formed three-way valve to control flow of fluid into said first diaphragm-type pump, and
a second diaphragm type pump positioned generally above and in series with said first
diaphragm-type pump to provide a fluid path that is substantially consistently upward.

In another aspect, the present invention provides a device for dispensing fluid, the
combination of: a first diaphragm type pump having a pumping head, said head including an
integrally formed three-way valve to control flow of fluid into said first diaphragm-type pump, and
a second diaphragm type pump positioned generally above said first diaphragm-type pump and
configured to receive fiuid pumped by said first diaphragm-type pump, a fluid path from said first
diaphragm-type pump to said second diaphragm-type pump being generally upward.

In yet another aspect, the present invention provides a method for filtering and

dispensing fluid, including the steps of: providing a three-way valve means integrally formed in



In yet another aspect, the present invention provides a nethad for

di spensing fluid from a punphead having a valve integrally FﬂrM@HZQ%%rein,
including the steps of: providing a first valve actuation that allows for
recei pt of the subject fluid froma source; actuating said punphead to
draw the subject fluid fromthe source; providing a second val ve actuation
that allows the subject fluid to be directed in an upward fashi on; and
further actuating said punphead to di spense the subject fluid upwardly

f r om ansuppet hevd ofld firstunpepingsiembegisaid vafvesaddhs dpbfigurend reseivet Pespbiesd

conpri.si rfaces tha re substantially .nan-contanm natin 0.t he .

cuby e B sy dfeel s autiiantaBdur Bab B bl s ROBRDR oI TGR g Sk oo
f ﬁr difisgteunsripirgy rhember thrdeaw the qubmahmmifrb@uvd Mrﬁhmeugfmmvélvé RGEAS 13?(d f o][ med
t herein, including.the steps of: actuating sai val ve nmeans to .all ow for
Focer gty et B 0t BirpPie ek WBhert B e feal i Selrae s iy g

dr aw tupevasiipireditsald firsttbunipicy@emdar.d val ve neans; actuating said val ve neans
to allow the subject fluid to be directed in an upward fashi on; and
actuating said punphead to di spense the subject 6 31 May 2004 fluid

upwar dl y f rieamathstdsplest) theapreyent nyventisrsproviees anaggdaratas eborpnemfiead, sai d
punphead comﬂr.i s{hn% S rf?ces_hh EI are sutbstanti.all no_n-conéa_m’ ating to
the sdbjPERENS Mitgthe, ﬁ"@é}a a8t Hist digehagi-vpe, BUBPIBY BHANPRACATS SRPHAEW des a
met hody;falﬂiurd;bilﬁ@me];ahﬂgl Zdimbmmuhibﬂiwdﬁﬂ@ddm?ssdifemaglﬁ-ityw mﬁ;ﬁih@gx;ognyahd'e_ .
nmeans .i nt eqra ormed in an upper_head of a, first unpi e ai
Vot ve BRI B i B Wenns eRthanieRy nor 5 oot it ia pRAG RN SLat i ve
magns puerpl ngmemb ;ﬁtﬂr&;ﬁsameEuﬁf@betaﬁmgﬁsﬁicéllybﬂpdva&mﬁtl’dbllig?f:siaid filtering aeans; -
subst ant,i upwar at T sai i rst, punpi ng nenper; actuating sai
it PrniBid dpwiBiahs odot so AR Gubpatsi o et TR Seson LrRing Fur ¢ her
act uatmeensd@ivtlichisaiit fiudimpiatofrone shi@rfittinginspenidsaldieousingjfecdaid $atodld upwar dl y
fromsaid.first uirgji ng agrlrsrrber. .n ﬁnot her aspect, the present invention
provi REPPP PGS PG 583‘3’?@9‘!"}%’ 'Y, incl udi ng the steps of: providing
a valve neans integrally formed in an upper head of a first punping

menber, said val Vﬁl means Go ure '

fi . h bj | uji d d di
e ooty s Bepetios rrkeRCinh B araydastaanprdsfor istgg ha® ' "ot
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punpi rgidittebeamiser being disposed substantially above said valve and said filter chamber

including a removable lid member forming an upper closure of said filter chamber, an outlet and
vent disposed at a relatively upward location on said filter chamber; and a substantially vertical
fluid pathway formed integrally in said upper head portion to permit flow from said pumping
chamber to said filter chamber.

in another aspect, the present invention provides a combination of a master pump and a
slave pump for dispensing fluid in cleanroom type applications, in which said master pump
includes a pump head having a flow controlling valve and a filter chamber formed integrally
therein, including a fluid flow path through said combination which path is comprised by
materials that are non-contaminating to the subject fluid and which path flows substantially
upwardly from an inlet into said master pump through said filter chamber and subsequently
through said slave pump.



actuated i ndependently of said valve neans. In yet another as ect

present invention provides a nethod for dispensing fluid, ‘ﬁMavﬁ 0‘{he
steps of; providing a valve neans integrally formed in an upper head of a
first punping nenber, said valve neans configured to receive the subject
fluid and direct it in a substantially upward path fromsaid first punping
menber; actuating said first punping nenber to draw the subject fluid from
a source; and further actuating said first punping nenber to dispense the

subj ect f Lluin qetdtmmaff eflbypdot,ane smsdntfuh\vaﬂnop pfﬁﬂridﬁg armwwagom/@% ﬁia@tde‘ﬁ 9U||€||pV a:c ve
nmeans n sal | St. u I N ar e eacC uat e e naent y O
Toan® gpRasia un for bis BB flidF RSy g Ao arp B 1o PROT B0 MESRT hod f or
di spe Ipampgné[hdﬂscb purng head havind Aealeé ans aditer ¢hambed foiGied intedraiy theRns

moans bt PO ot Pt R Simaanrip b oMot Py elpra® hat * V°
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i rst er. to draw t ui roma source: a yrther

et ualPITGErs R TR BaR mcbigsrntpeBippeh ol Tk gt phd Slioh et Sroflysaid
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2004 | t anot her aspect, the present invention provides a nethod for

di speﬁg?%g %1uid, includi ng the steps of: providing a val ve neans

integrally forned in an upper head of a first purrpi ng menber, said valve
ect fluid and
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of a the subjeut fipid upwartipeomaaid fretfungingesieinber thewgh\idterdidgemeany. ect fluid and
direct it in a substantially upward path fromsaid first punping nenber;

actuating said first punping nenber to draw the subject fluid froma
sour ce; andh yet another aspect, the present invention provides a method for dispensing fluid from

a pumphead having a valve integrally formed therein, including the steps of: providing a first
valve actuation that allows for receipt of the subject fluid from a source; actuating said
pumphead to draw the subject fluid from the source; providing a second valve actuation that
allows the subject fluid to be directed in an upward fashien; and further actuating said
pumphead to dispense the subject fluid upwardly from a substantially uppermost region of said
pumphead, said pumphead comprising surfaces that are substantially non-contaminating to the
subject fluid.

In another aspect, the present invention provides a method for dispensing fluid from a
pumphead having valve means integrally formed therein, including the steps of: actuating said
valve means to allow for receipt of the subject fluid from a source; actuating said pumphead to
draw the subject fluid through said valve means; actuating said valve means to allow the subject

fluid to be directed in an upward fashion; and actuating said pumphead to dispense the subject



further actuating said first punping nenber to di spense the subj ec% fluid
upwardly froma substantially uppernost region of said firstng

menber. I n an exenplary enbodi ment, the invention provides a fluid

di spensing systemthat provides the inproved perfornmance and benefits

di scussed herein. The systemis characterized by substantially verti cal
fluid flowfromits inlet toits outlet when the systemis inits normally
upright position and by providing Teflon or simlar non-contam nating
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vari ous conponents into single unitary structures). In another exenpl ary
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ot her F‘}& %EE liéfegenﬁ%{f{ ﬁé ﬁ&ﬁy AFtable fitti ngs wusable in the invention,
comercially available Furon Flare Gip(r) PFA tube fittings can be
In yet another aspect, the present invention provides a method for dispensing fluid,

including the steps of; providing a valve means integrally formed in an upper head of a first

pumping member, said valve means configured to receive the subject fluid and directitin a

substantially upward path from said first pumping member; actuating said first pumping member

to draw the subject fluid from a source; and further actuating said first pumping member to

dispense the subject fluid upwardly from said first pumping member; wherein said valve means

and said first pumping member are each actuated independently of each other.

In another aspect, the present invention provides a method for dispensing fluid, including
the steps of: providing a vaive means integrally formed in an upper head of a first pumping
member, said valve means configured to receive the subject fluid and direct it in a substantially
upward path from said first pumping member; actuating said first pumping member to draw the
subject fluid from a source; and further actuating said first pumping member to dispense the
subject fluid substantially directly upwardly from said first pumping member.



readily utilized. In another exenplary enbodi nent, the invent%o& yrgyldes a
system or device of the aforenentioned character, in which tHeMpy 240
punpi ng nmeans includes an upper head portion renovable froma | ower
portion, and means are provided for tenporarily attaching the upper head
portion to a |l ower portion to forma punpi ng chanber therebetween.
Preferably. the upper head portion includes integrally fornmed val ve neans
configured to thereafter direct the process fluid in a substantially
upwar d pat h tomard a filter chanber integrally formed in the upper head
ortion. er things. the inte valve faciljtates-filfering
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provi des a substantially direct upward fl owpath for the subject fluid from

the punping chanber toward a di spense fromthe upper head portion. The
preferred teandthel asgest, tharpriemmtnvemtdni moviliey a maidﬁbn@srbdienr@ubﬁcemclddingi d
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pumping member.

In an exemplary embodiment, the invention provides a fluid dispensing system that
provides the improved performance and benefits discussed herein. The system is characterized
by substantially vertical fluid flow from its inlet to its outlet when the system is in its normally
upright position and by providing Teflon or similar non-contaminating wetted surfaces
throughout the flowpath. In its preferred embodiment. the flow path is simplified as compared to
prior art systems. including fewer fittings and connections (in part resulting from integrally

forming various components into single unitary structures).

In another exemplary embodiment, the invention provides a device for processing fluid in
a precisely controlled mannerincluding the combination of first pumping means and second
pumping means in fluid communication with each other. in which the fluid travel path that is
substantially consistently upward as the fluid flows through the first pumping means and the
second pumping means. As indicated above. the first and second pumping means surfaces that
contact the fluid are preferably all fabricated from or coated with a relatively non-contaminating



fluid. including the conmbination of a first diaphragmtype pq¥PMha§b$% a
punpi ng head, the head including an integrally fornmed val ve I
flowof fluid into the first diaphragmtype punp. The device can further

i nclude a second di aphragmtype punp positioned generally above the first
di aphragm type punp and configured to receive fluid punped by the first

di aphragmtype punp. and having a fluid path fromthe first diaphragmtype
punp to the second diaphragmtype punp that is generally upward. In yet
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removable from a Iower portion, and means are provided for temporarily atiaching the upper

head portion to a lower portion to form a pumping chamber therebetween. Preferably. the upper
head portion includes integraily formed valve means configured to thereafter direct the process
fluid in a substantially upward path toward a filter chamber integrally formed in the upper head
portion. Among other things. the integral valve facilitates filtering viscous and other fluids under
relatively fow pressure. and decreases molecular shear on the fluids. in part by providing
relatively larger and less obstructed flow paths through the valve (as compared to prior art
systems). The valve also reduces differential pressure, or pressure drop. as the fluids move

through the valve.

in yet another embodiment, the invention provides a system or device of the
aforementioned character, in which the second pumping means includes an upper head portion
removable from a lower portionwith means for temporarily attaching the upper head portion to
the lower portion to form a pumping chamber therebetween. Again preferably, the upper head

portion of the second pumping means includes an integrally formed tee fluid flowpath therein.



I n ot her exenplary enbodi ments, the invention provides apparatus and

nmet hods that include providing a val ve downstream of the sec%hMa).’)gpr?ﬁ ng
menber for selectively dispensing the subject fluid or returning the
subject fluid to the source in which the downstreamvalve is a
substantially zero displacenent valve that does not undesirably contam nate
or introduce gas into the subject fluid. Anong other things. the preferred
val ve reduces or elimnates the |ikelihood that operating the valve wl|
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diaphragm-type pump that is generally upward.

In yet another exemplary embodiment, the invention provides the inclusion of a vent
valve above or upstream of the filter to permit selective venting of any gas entrained in the
subject fluid. Preferably, the vent valve can also function as a pressure relief or safety valve, to
prevent the pressure on the subject fluid and the system itself from exceeding a selected level.

Also preferably. the vent valve is positioned at a high point within the filter chamber.

In another embodiment, the invention provides a method for filtering and dispensing
fluid, including one or more of the steps of providing a valve means integrally formed in an
upper head of a first pumping member. the valve means configured to receive the subject fluid
and direct it in a substantially upward path from the first pumping member; actuating the first
pumping member to draw the subject fluid from a source; and further actuating the first pumping
member to dispense the subject fluid upwardly from the first pumping member. In the preferred
embodiment. the valve swiiches the fluid flow drawing and dispensing steps in the preceding

9a



FIG1 is an isonetric view of a preferred enbodi nent of the invention; FIG
2 is another isonetric view of the sane system viewed from ah Mﬁb8994e
upper <corner to illustrate the back side (s) of the assenbly ; FIG 3 is a
cross-sectional view taken along line 3-3 of FIG1l, FIG 4 is a
cross-sectional view taken along line 4-4 of FIG 3; FIG 5is a
cross-sectional view taken along line 5-5 of FIG 3; FIG 6 is a
cross-sectional view taken along line 6-6 of FIG 1, FIG 7 is a

Cr 0SS -seRht@ I inditstad bbke) thal 98es ddntartier Inadderdr&viding Blffer éhdntber irftbgrame har t

enerally illustratin referred nethqd of operation of the  invention;
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of t ,.hventi.on;: Is |likew.,se sjm]ar.to. . hut is an .
oo B iR igsbershergel Betact R ob ey utibinautemherninbi be Stpe

cor nefflualsupwaadly frbevhe first plithfing fenfidbto thelfiltet chambedp vi ew of the system of
FIGS. 9 and 10. except showing the inlet and outlet ports to the system
facing opposite to'the directions showmn in FIGS. 9 and 10 (persons of

ordi nary skidditioh#i stdps dithie methbdsiotige siventbri iheiidé pvidigsd setdnllipubiptgs- can be

oriented in a wde rapnge of _directions and variety of .positions); 10 FIG_ |
b st sty 3P Bp i attpLBderarerahaeroaog Mg SN ¢ 1 1| A
but i nicdrebletevean. vd"iefrémftaébulsjeatﬁhmmdeism'@tﬂtﬁvdd@nwﬁ&ﬁy&:@twee’tgaﬁ Iﬁrscti%bmbin@g t he
inlet and outlet ports to.the systemfaci.ng opposite.to t | rections
shown rﬁ"?{nn%r@q e ¢ ”ﬁ@,"mﬂ”@mi@g‘?rsaq EWB@Eg&?C%%!ﬁ?Lﬁ“'\EI?W?’&?@W'al ong line
12- 12 dofvnivhfa fldwplatta. i s For the purposes of clarity. aspects of the
preferred -3-way val ve di scussed herein have been omtted fromthis

figure; FIG 13 is a cross-sectional view taken alone line 13-13 of FIG
11b.: In other exemplary embodiments, the invention provides apparatus and methods that

include providing a valve downstream of the second pumping member for selectively dispensing
the subject fluid or returning the subject fluid to the source in which the downstream valve is a
substantially zero displacement valve that does not undesirably contaminate or introduce gas
into the subject fluid. Among other things. the preferred valve reduces or eliminates the
likelihood that operating the valve will displace fluid (such as displacing it from the dispense line)
which displacement could adversely affect the accuracy of dispense or other aspects or

performance of the system.

Although the invention is described herein in connection with dispense of high-purity,
viscous fluids, the invention may be utilized in many other applications. Moreover. although the
preferred embodiment discussed herein includes two pumping means with filter means
interposed therebetween. advantageous aspects of the invention may be practiced with no filter

means. or with only one pumping means with or without filter means.

As with prior art systemsmy invention provides a dispensing system permitting the use of
computer or other automated digital control for the rate and interval of dispense. as well as for
the direction of fluid flow through the system and fluid pressure during operation of the system.
Thus. still another object of my invention is the provision of a dispensing system that permits
great flexibility of operation making it adaptable to numerous applications. The system may be
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and FIG 14 is simlar to FIG 10. but is an isonetric view of the_system
of 20 FIG 9 viewed fromone of the remaining upper corners (%tM@sz n the
two showmn in FIGS. 9 and. 10) and, again. showing the outlet port of the
system facing opposite to the direction showmn in FIG 10. Two |lower units
(shown as elements 293 in. FIG 10. and corresponding to. upper units 283
in both FIGS. 10 and 14), which represent the servo-notor assenbly. are
not shown in this Figure to permt better viewing of the 25 preferred

pr essgentréliedns ducer sy 28Epenivds@96motord @r SitnilvhiecBONdgW\and bi 4866 computer
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a punp and di spense system 10 constructed in accordance wth the teachings
of the inv i.on. ! . syst.em.in d i r.st, punpi.n means
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to filter the process fluid. General concepts regarding the conponents and

operation qf .10 t. i ni.sns. are.di scl osed
U, pa@dcfiond beliT LG TRl ERARS SR AR IBSR0GR Tl e

her ebynicmelechoniadedcdsdaioatdsl/from dfecafererentidme dapravatesvooiethops.ef er r ed net hod
of operation of the present invention is illustrated in FIG 8. Fluid taken

froman initial fluid source 60 (FIG 8)' is drawn into the system 10
t hr ough t h&therl abjectsland dxvaotageaof tha inkentdrewiltistappanbfro@dhe fAdlopimgt of 15

pos t PBAaTn A8 I PR RbaiMe Fa eV At Bre 67 i bSs FIS e G <141

first punp 18 (by noving its di aphragm downwardly. as explained in the

af or epent honed.: - valve 140 is then actuated to permt flow from
punp fﬁgg BQ e Fé}?{)ﬁﬁ%l%?wg%ﬁve 140 ~nd eventually through a filter 27. One
or nore velGdris ahsokelrid weas of 3 petieres] esbedimeahtwe the invention;

FIG. 2 is another isometric view of the same system. viewed from an opposite upper
corner fo illustrate the back side (s) of the assembly ;

FIG. 3 is a cross-sectional view taken along line 3-3 of FIG.1;

FIG. 4 is a cross-sectional view taken along line 4-4 of FIG. 3;

FIG. & is a cross-sectional view taken along line 5-5 of FIG. 3;

FIG. 6 is a cross-sectional view taken along line 6-6 of FIG.1;

FIG. 7 is a cross-sectional view taken along line 7-7 of FIG.1;

FIG. 8 is a flow chart generally illustrating a preferred method of operation of the
invention;
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20 36 and check val ve 49) can be included along the flowpath :g]t apE @BI’I ate
‘locations. to vent undesirable entrained gas and to prevent JR% P _
backflow, as discussed further herein. The vent valve 36 can either return’
the fluid tWOOHE4Gurce 60 (as shown in FIG 8) or to a wapteusdemizges( not
shown). Wen exiting the filter other than wvia the vent valve 36, the

fluid preferably travels to a sec¢ond di aphragm style punp 25 44. which
‘preferably directs it to another three-way valve 99 (see FIG 8: that valve
99 can be any suitabl@EQ/8liygn issHERicAgew Qﬁm?ﬁ@rt@l:ﬂﬁ SPhAGHERRALes orie of the
non-contam nati ng val ves described herein. and can be positioned at any

sui t abl e | oondriyoaiterraativvh emdpbdintentsygfitkainkynion: 31 -May 2004. WD 01/ 40646

PCT/ US00132865 is renote fromthe second punp 44 so as to be adj acent the
actual di spense and ilipx 60 ds likesvisehiiinilanytotFd Gp 2 it $ednyisamntit olewl dfind

“di spense, drippi n% suckback or. the like). That second valve 99 can be

sel ecti vel y sEdemat F4G. 9.ovievedGomtanmpposie Uppekcarertah ehas shomaxin FBG. &r t o be

di spensed on a substrate or other mcroelectronic chip or device-in-process
(not - shown) . Persons (ﬁ oﬂbﬁﬁé‘rt9p§ww¢fth¢ls‘{sltfénafl’1®$ PlandABesxserind t hat many

of the geneflal cepts Iosed in the . aforementioned U._S. -Patent Nos.
'5.1-67, 837, Showin an HH‘@W?‘Q"B@@ S¥RENyfacing APRASHIRI0 Ib%é’é?fél?n%o this

i nvent i on. rtant vene er_t :

i nventions gfr?e di sclitd? gq%éggréwsbog’gmﬂ Bﬂiwﬁgeﬁ/‘”@i €and not ©

by way of Ii térﬁ‘{s'fﬁﬂno%&ﬁ b%vo?fe ek ufl%\Wdc%)ll-aEwe ofrgl\r/ec 19{%}15 6ﬁ0{y§é’| ut. d Is.

preferably substantiafly upvvar urd system 10.
(obvi ously, Bgy,\gryser if the fluid is directed by valve 99 back to the
sour ce; theflwdthen returns "down" to its original level). ' This

_ prefepred upward fl owprpat b it $hd AelcUSS SicRl i e inlet
12 -as | ow as practicable on lt he fi restgﬁplﬁrrpﬁtgéﬁ'e anQFI;féjSO%raggera H] t he

only ' - downFIG! dw barin¢lods adiffefer doctom B N3-—AGCEHceRSadalte shbwing me'%mflert awn
into the respective. punping charbers 18 and 44. Persons of ordi nary skill

- in the art ond dutlengenstoahe syswan fadmgoppasivato tht divediaai bidvat RFIGSI bR of -
the purrps“ a%j; ;ot her "benef i' Ci a! per for mance and packagi ng of ot he.system 10
FIG. 12isa cross—secnonal v 1ew taken anné line 17—12 of FIG 1la.
15 . For the purposes of clanty aspects of the preferred 3-way valve discussed herein have

been omitted from this figure;
FIG. 13 is a cross-sectional view taken aleng line 13—13 of FfG. Ilrb_:A
FIG. 14 is similar to FIG. 10. but is an isometric view of the system of -

20 . FIG. 9 viewed from one of the remaining upper corners (other than the two shown in -
FIGS. 9 and 10) and, again. showing the outlet port of the svste.m facing opposite to
‘ the direction shown in FIG. 10 Two iower units (shown as elements 793 in FIG. 10.
and corresponding to. upper units 283 in both FIGS. 10 and 14) which represent the
servo-motor assembly. are not shown in this Figure to permit betier viewing of the

25, preferred pressure transducers 283 and 295



20 (i'ncluding facilitating practical packaging of the preferrﬁﬁ‘/‘h}i%{ﬁul I CS.
di aphragm punps, and punp heads and filters within a rel ative?] Via o
f oot pri nt Wo @m@sdshat in any case the preferred substantiaflélym%g;s&q'ﬁgal'
alignment and configuration of the' "downstreant conmponentS and-elenments
adj acent each of those punping chanbers 18 and 44 mnim zes any gas

entrai nnment or related problens. that m ght otherw se occur. 25 For exanple.

the prefer ' provides relatively vertical passages 2113 and 45
(see FIGS. &%&gf#ﬁi}%‘fﬁ%ﬁc J%@:bﬂglémn ‘espective regions of those pumping

chanmbers 18 and 44: vent Ve 36 - o0 the exit of the
second - 12 31 May 2%%5%“%%‘8%?&56%%98@%&5%%98%%?%rr{:)gql%”el‘lsﬁﬁ‘é'a in the
preferred epfadid@todiRiy of PURNRL L Stedn ARG - d by an
upward fl o{?i/ (via the di g%t?rfggm purrng ‘%‘%lreg%,gn%&tcﬁe sugﬁggké&flpgféfﬁ%&gﬁ upwar d
di recti on) withthe teatith@softthe Dﬁréﬂ@orﬂ%qﬁ%ﬂéﬁ't}&%@_s@nrinaBﬂ%staoﬁﬁpﬂﬁmﬁﬂg the
overall upward flow of the subject fluid: Simlarly by way of exanple and
not by way nand énvhassdripmmp 2ndnds seghd pubpidgymenpbaiinadmiies 80 ropetddly over al |
flow path preferably includes fewer fittings than prior art systens. and
~those fitcomngsted peipump fluidfiomantiniet $2 td areoutlepstef As ddstybdddimréinat ed from or
coated with Teflon 0" or simlar .materials. to further reduce the risk of
“any cont anfIHEERSHRCYTS cap be prcdededdetwegndhe masierandislaye pumgs 38 apddd.out ed above.
flare fitti ng} as commercially available Flare Gipe PFA tube

fittings cBIf %@b@g*é UIPC @ﬂmsrqrfémp 3% (axdescribed hapein)y fefibiertbe pEaepsdividnt i s
desenbl  ng an upper  HEHLBAETHS esttif s CAmbpaties i) PEAORD LS. secal | ng.
o e er abipsr oy el (R A PR E RS PR NI agm 15 124
cont ani nat Phe varor . B F223.89 dhith L veRBr b B BB, Conc i oned
U.S. Pat entefilesce. An oyerview of a preferred method of operation of the present invention is

illustrated in FIG. 8. Fluid taken from an initial fluid source 60 (FIG. 8) is drawn into
" the system 10 ihrough the inlet 'f_2_. by operation of the master purhp 20. -A‘s part of
15 ' this process, an integral three-ﬁa}r \?alye 140 thé mastér pump 'is'ﬁbsitione.d to-
- permit the subject fluid to be puiled into a diaphmgm—st)fle-ﬁrst pump 18 ( by moving ‘
- its diaphragm Ac.lownwardly, as explained in the aforementioned patents). The valve
140 is then actuated to pérmit flow from pump 18 upwardly throtigh valve 140 and
eve_ntu_ally through a filter 27. One or more vent or check valves (such -as vent valve
20 - 36 and check valve 49) can be included al-or'lg the flowpath at appropria_te locations. to
vent u_ndesirable entrained gas and to prevent undesirable backflow. as discussed -
further herein. The vent valve 36 cafx either return the fluid to the source 60 (as
shown in FIG. 8) or to a waste drain (not éhown). When ti:)-:itingr~ the filter other than
- via the vent valve 36, the fluid preferably travels to a second diaphragm-style pump
25 44. which preferably directs it to anothef three-way valve 99 (see FIG. §: that .valve 99
can be any suitable valve: such as the zero-displacement. nbn—contaminatihg valves

described herein. and can be positioned at any suitable location. although it typically



5.167,837, 5-516. 429. and 5.772. 8519 (espeC|aIIy W th referegieMto2 ures
21in each of those patents). the diaphragm 1l 24 and | ower Y ~are
pref erabl y ®enfiidpéae6ed to.20 permt precisely-controlled act 5 B
fl exi ng of the diaphragm (and consequent punping of subject or process
fluid). by stepper assenblies. servonotors, or simlar devices displacing
fluid into and fromthe space 125 belom/the di aphragm 124.. I n the preferred

I’egtc)gcrjriphgg tSI b% g’"“zé uat %’l“i"‘% oug ﬁgt(ﬂ%q%&gmtts%ég!ﬂ%e%@d( connect ed
25

cqui val ont) “‘*‘%ﬁ‘}‘%ﬁ%ﬁé“i?ﬂq PRGN oy SAFARBERROBEHN ot iba onchPlike), o

i ndi cat ed beftavsechbhtBlalid199 cRAES 2NNy 18t Fé‘tb &?ec?mésffo ?c?stg e s'%rce 2004

configuration. including (anong the many. alternative

WD 01/ 40646 6BGF14J50@B8EG0n aisibstaRta)r iR fIABEMAYorA AN p8PABASSAGR &%@
shown in FIG 13. The base el enents such as base 161 a er P

f-abri chted f(narshawy).suitably strong material, although the need for
non-contam nation i s sonewhat ‘l-ess because the subject fluid is not

exposed to the base olewmaps phodagensysit thenriwill uRdatzhdtat nfaagdbaek - f ags
184 and 5 194 and limt switches,] 82 and 192. FIGS. |1 and 2. are .

pref erably FSFW? Ifogcepts dipdosed lotimﬁommcsmcwpél SaRaenidses.167,83%.aci | i tate
control and o élq?ﬁ of the system 10. ~Anpbng the many alternative

embodi ment s > vehts Y %F!Pb‘ch’“h%liall Fegenewtaeidis inverBpaSSome bfyhear e t hose
usi ng opti caI Ilmt swi tches 282 and 292 that _sense flags 284 and 294 that .
preferably AGRE4R t’ﬂprf’h@“f)‘?%f’o‘?f thorg PERT @ inveRdsrrpfisclopd ordesmatped e many  (°-

alterpative g od| ments.for the diaphragmactuating neans are arrangenents
S|mlar to g] osé illustrated in the aforerrentloned F| gures 2 of the

f t d 5,167, 172
gagsggng\r/]va;/gnef or the %ﬁ&&u nggftnﬁ d%@fjb)gw%gf HE o‘t‘f?éq'laf‘%‘g pB%w ded

in the basefor e Subjdchididlit ﬁfﬁ%hﬁ'sﬁﬁﬁﬁﬂ?ﬂf PB\%!H!‘&% tﬁesﬂdlﬁ?%&%@p algg%}g@l%n |2 25

alternative enbodi ment 15 of strating suc

: ; or actuat i spstdnde0 sdtvicusHY ABWeddtdif i Mlid Id disdeleatoyNGvaUR, k?@ﬁé@gﬁr‘é@y 226
or actuating the master punp). The upper head portion 1 I"ower
por tion 122thedibthenmétntnzi“dedn” to its original level). This preferred ‘upward flow path
- 15 ' 1ncludes preferred positioning of the inlet 12 as low as pracucabie on the first
| pumping member 20. Preferably. the only “down” flow portions of the flow path
occur as the fluid is drawn into-the respectivepumpine chambers 18 and 44. Persons
of ordinary skill in the art will understand that this “down” flow fac1htates priming of
the pumps and other beneficial performance and packagmo of the system 10
20 (including faclhtatmg practical packaging of the preferred hydraulics. dlaphragm
pumps, and pump heads and filters within a relatively, small footprint), and that in any
case the preferred substantially vertical alignment and confi guration of the;
“downstream” components and elements adjacent each of those pumping chambers 18
and 44 minimizes any gas entrainment or related probiems that miOht o'therwise occur.
125 For example. the preferred embodiment provides relatlve]v vertical passages 22 23

and 45 (see FIGS. 3 and 7) from uppermost respective regions of those pumping

chambers 18 and 44 t0 a vent valve 36 (see FIG. 6) and to the exit of the second



in operative relationship with each other via a wide range of {TﬁChgﬁb‘im
Preferably. a threaded nut 128 is retained on the upper head :ﬁ)o &Y 20 by
a retaini wp diepge 129 20 seated in a groove on the exter]ih& gf t he upper
head portion 120. and engages corre .sponding threads 130 o 'HRO0GERS| de of
the | ower portion 122.. Although the materials for the nut 128 and the

- | ower portion 122 can be any of a wide variety, preferably the- are
fabricated fro tal to proyide a.strong- repeatabl e engagabl e assenbly of
the head ﬁ%’l"fﬁ%‘l‘?ﬁl‘ hgp redj embodmet ng Aeynearl dlovelsimmediatainr eads on
el enments 1 25 and_ 128 are relatively coarse. to enable correspondingly
qui ck asseifg‘l?w%aﬁ% arbpg\ggrgglr%\l {71 @eﬁ}%hfwwﬁ %‘Hﬁ‘ggi ubeqt {1‘2@ IR ABm each
other. for SerLVi&i. 3 31 May 2004 01/ 40646 .PCT| US00/ 32865
‘mai nt enance"&)ofa tﬁg&%o%t%%rerﬁpﬁl%%o%%s S GTHEFGRT AR a‘i?é’“ﬁ\’%@eé?’%‘aﬁ

rel atively l%f@ﬂoﬁ-%fﬂgs%g thap small or fine threads. The upper head
portion 120 al so preferably constitutes a nonalithic elenment forned or

fabrigated froma si rihlaily 8¢ wa9lof TeihAB afid notdly RhfTbt BhithRe hhdhs mbe 5

expl ai ned-herein, this nonolithic aspect permts various structures and

el ement s t dulgexpilained parcial ¢d oteral dlohy pdth b férkiey NeAdddsirewtr fininkd @hn

contributes to the aforementioned benefits of an inproved subject fluid

fl ow path @mgradystads.moditese Giftings kadthesfldwpath dnéldaieatfernblycRbredéd ons.

Among ot her_things. the nonolithic el ement 120 preferably includes 10

t herei n an ffom exgagtadwitl £ aften® ror simitdr meverizd. wefiaserdduge thé Gisk séenyF| GS. 3

' ggd 4). The valve 14Q is preferably a three-way valve. permtting (as
sscri bed &BBgRYnatign o the Rracess Byid( Preferably. and avindicatedrabeve. farerfittingd t o

inlet 12 thrqugh the.valve 140 tq. the jounpi ng chanber 18, and (2) fromthe

purrplsong chgﬁ%e e Fa‘(f’g}?%lerfgawﬁ% Pf&dugﬁﬁﬂms%@qb%mdr}y phlizedgh t he

filter 27. In the pr Lenbodi nents, .the valve 15 neans,140 incl udes

some aspects simlar q{lgi{}%tt s rrggg@%pﬂm@pgl_s ‘bﬁ?‘@\‘fd %933?1261*!34@?3 but

- persons of gpdiddai¥mpi L: Ll -recogni ze that any_of .a w de

range of s e@?#r{é?.va'égi%%ééﬁ%%@\%&lw aé\éﬁmfb 918%_?“%1’9“%3“ PON?OUXZ_BW a

lower portion 122, sealing and binding a flexible diaphragm 124 therebetween. A

| seal?ng elem_ent 127is preferabl)_'r provided to ensure a fluid-tight seal. The diaphragm
15 124 is preferably fabricated or coated with Teflon® or some similar non- |
- contaminating material, |
| At least somewhat similariy 1o the aforementioned U.S. Patent Nos.
( 5.167.837. 5.516.429. and 5.772.899 (especially with reference to Figures 2 in each of
- those pateqts). the diaphragm 124 and lower portidn 122 are preferably configured to

20 permit precisely-controlled actuation aﬁd flexing of the diaphragm {and consequent
pumping of subject or process fluid). by stepper assemblies, servomotors, or similar
devices displacing fluid into and from the space 125 below the diaphragm 124. In the
preferred embodiment. this can be accomplished by pumping the relatively |
incompressible actuating fluid through tubing or passageway 126 (connected at its

25 ‘opposite end—not shown—1o0 a stepper assembly 1 8.0 or its equivalent). Persons of

- ordinary skill in the art will understand. as indicated below. that the passageway 126

can be ary suitable configuration. including (among the miany alternatives) an



Al t hough the preferred enbodi ment of .the invention incorporat:g Man2004
integrally formed three-way valve within nonolithic elenent I viay 200

al ternati véavao0uessheodi nents. of the invention may utilize alt giaisoySgal ve
_structures. .or may not utilize any valve device. For exanple, one
alternative enbodinent may utilize a check valve. simlar to check valve
49 descri bed el sewhere herein with respect to the slave punp 30.

L g i AR S 1, 1o

18. As persons reciate, eck

valve 25 Wouldh 8¢ badeQ 6 Gkdhkrdifty SthIciEl dohthdh hitadl Aohd e RHIMRRKeEhATDET

18. however woul d. prevent t “OWI ng ck towar e flfuid-

source when tht ne&d fop h6RdohhRINAIBR i PRI HR8B8@GsclBe subfec8flufBY ng004 WO
01140546 PCT1US00132865 In any case. the preferred fluid fl ow passes from

t he punpi ng expasdaab thelBase @R any fasslicspgntRreist PoKBgnal feedbigh flaghB4eaid al | y. .
vertical passages 22 and 23 in the nonolithic elenent 120. Persons of
ordi nasy skil94 and linme seitthesiliBR and de2.RIGEd ] hd 2. srherefahbie ploddded dnhtbe passages
22 and 23. and the other elenents preferably provided in the nonolithic . .
structure 129steahomséernsr ascmbhies: to fapilidaty coniral @b eperatéonsof theeyistet hgy by
machi ning. boring. cutting, or otherw se form ng the upper head portion
120. By for Amgng anyeltepgative embodigranty 9f the inyepten (secrspdusinated in20. t he
mat er i al Ofsl‘LgiPS{ ﬁe d po%t ion. 120 .itself r_eﬁl_aces va,ri cigs "connectjons"
that were usa® -139 A5y thage using Artisal gp @witghes E2and 5Py thef $a55¢ faess?¥ne
subject fluid,.f pat conpat ta prior art devices. Details of the .
preferred v ezlgg\évgaér%?égragﬁ'orng{‘%wpﬁ%ffsﬁlftgf‘é’ﬂdFh‘eﬁ‘? %ereir.‘)’q.‘n which the L
subject fluid is drawn,j h m.f hr . 11| g | ndj cat ed

el se\/\/(rfléer'e herein. the '?‘Habig ﬁ%e ‘%ﬁ{%l‘e&nn tlta‘tre e?" t)b% gf er ﬁolrh%idrllés\%ra n?cﬁgar%glé!

herein) pr efrﬁéﬁa@%’e %El?l?%i!ﬁlﬁqgﬂﬁggflﬂm%é?!iﬁ'ﬂle%@or&neﬁt%ﬂfe%ﬁs Pbs

Teflon(r) -coated) ‘tting. is are ittings are co y used in
- the sem condyehkerhdfliontd ¥.167887 0551 6/429 ah§5, 773180 pagndUimda (FIGS. 9 and

12) is provided adjacent the eventual tubing connection. and the tube is -
flared outwasassagexppsfde theicnting fiaheshy Be ndghited pesihatwideqRdviBéd Praeess.
‘ base'161 in different diréciiphs. such as the e‘xample‘shown n alternatﬁe embodiment.
15 of FIGS. 12 (illustrating such a passage;way 255 for actuating the slave pum;ﬁ) and 13 ~
(illustratin;_g such a passageway 226 for actuating the master pump).
| Thé uppér head portion 120 and lower portion 122 can be maintained
in operative relationship with each other via a wide range of mechanisms. Preferably.
a threaded nut 128 is retained on the upper head portion 120 by a retaining flange 129
20 seated in a groove on the exterior of the upper head portion 120. and engages corre-
qunding threads 130 01‘.1 the outside of the lower portion 122. Although the materials
 for the nut 128 and the lower portion 122 can be any of a wide variety. preferably they
are fabricated from meta) to provide a strong. repeatably engagabie assembly of the |
Head portions 120 and 122. In the 'prefe.rre_d embodiment. the threads on elements !30

25 and 128 are relatively coarse. to enable correspondingly quick assembly and

disassembly of the two portions 120 and 122 from each other. for servicing or other

14



flared tubing inplace in a sealing relationship. 20 One of

enbodi ments of this aspect of the invention is illustrated in FIG -12.

- whi ch sho‘ﬁgoy“?ﬂ%pl e 201 having a ring or tongue 202 that POTVS00/B81865
-sealing relationship.into a correspondi ng groove 203 on the head 220 (which
head 220 corresponds to head 120 in FIG 3). In the enbodi nent of FIG 12.
~the nipple 201 is'illustrated as integrally formed with a retaining

‘shoul der omapitaeece2@4he Bost pumplifs meaB@i0t 4 aRRGhickdsGlsire orlaicdheeasigidiods and
apparatus are used to affix the fitting to the head 220. In the preferred
enbodi ment cleghbappraplbpr Hoe the¢ddsn material of the head 220 does not readily
and reliably engage screw s threads directly (such as would occur if 16

. 31 May 2004 WO 01/ 4@%@@@?@%1928@@aks@mﬁgalmsowémempp@dh&h ectly

into the Teflon terial, of head 22Q). Accordingly. one or nore rods 207
(FIG " 12) g‘F%‘e‘b‘rﬁé%P%{a%’,aflaFW’aﬁ%ff %mz"’o%')l%’wme&ﬁ‘)ﬂt%g@%’caﬁSIHléla*’ Blatsital. &y
~drill.ed th . ire h . 220) . Per.sons of _ordi nar kill in'the art

wi 11 under éﬁ%g‘“{‘#g?lﬁgé’ish@?“ogﬁglﬁdﬂ?ﬂé%Hﬁ‘?"&f"a{'ﬂ‘és HaeRLe Y0 B si bl e
fromthe opf.sidtid dired - to permt boring
t he hol es 208%p 1 nserqti tr%g?r?ﬁé@%lge&glﬁm@gn\%ﬁﬁgégﬁﬁgﬁ?a%ﬁﬁé??%éem?{ggg% ods as .
“expl ai ned b&leaw dran eRgRABd kgelH dig 00 ' he: covered. for:
exanpl e. by the plat eg209 ol\h)gﬁ t he Pﬁ?@agarrﬁg%{ 3-'&%2’“3@1%%%&%?%@ nal holes. .
(not showngorgaminkircecbnnedtionkhe head 220 in a size and location to permt
Elts 206. to be inserted into. without threadedly engaging, the Teflon

ad 10 220. The rod&mday odree tingd. eliepbivol irhia ¢icatnt | Bilplkf@mmIs imlidegss steel .
and contain cross-drilled and tapped holes to accept the screws used to
secuPe t hetheteioan mnegrally foirded Thmaehidedyalthasstmblyd 400G ESps afiddnbl y
positioned to engage the cross-drilled and tapped holes provided in the
rods 207, Whe Yalvehk#Oip peederablymethrasewp valve.permitting(es desevbebabave) t hose r ods
207 sized and .| Oﬁat ?ﬁéo correspond to-the bolts 206. so that the bolts 15
206 can beSTHPEGHRYI) Koy addd saurce comresivd do it hronsh theevalvedk#0207 al so

pref erabl y,hdave on S. or other structure_on their ends so that

, - sl
. they can EEP, ot BPg%hg{ﬂb?ﬁgﬁ ?ﬁﬂg)ﬁa?%éhezwm9g ghambez 18 PP\}}@PU%‘F ﬂFW@"’Fi ke. to~
hel p ‘al _I QHIMd%Hgs%QﬁerH}%g%lghﬁhe filter 27. In the preferred embodiments, the valve |

15 means 140 includes some aspects similar to that disclosed in U.S. Patent No.

“and is then slipped over the fitting mandrel. Tightening the ?ﬁ@a%}@f t he |

5.261.442. but persons of ordinary skill in the art wil} recqénize that any of a widc
range of specific valve designs will suffice.

( , Although the preferred embodiment of the in\;ention ihcorporaies an
intcgrail_\' formed three-v(rajr valve'\.&ithin monolithic element 120. alternative

20 embodimgnté of the invention may utilize alternative valve structures, or may not
utilize any valve device. For example, one alternative embodiment may utilize a
check valve, similar to check valve 49 described elsewhere herein with respect to the
slave pump 30. positioned aloﬁg th.e fluid flow path between inlet 12 and pumping
chamber 18. As pc‘rsohs of ordinary skill in the art will appreciate. the check valve |
25 would act to permit the subject fluid to flow into pumping chamber 18. however

would prevent the fluid from flowing back toward the- fluid source when it is forced

from the pumping chamber 18.



206 with the rods 207. and thereby tighten the fitting onto t:{]e”heéxgojézo.*
‘Anong the nmany alternative nethods of attachnment.* it is songti

useful to allow the nipple to be, rotated or sw veled throughout a conplete

- 360 degree hpfr. especially in conbination with el bow fittings attached
"to or forrregﬁvm@t}“dﬁ@{%he .ni ppl e 201. To provide such rot at abi IWW&Q‘%WH
ring (not shown) or simlar annular structure can be provided on the ‘
exterior of the fitting near the head 220. and a sleeve or plate sinmilar to

" plate 204 can be provided to engage the split ring or shoulder. The ' 25

" sleeve or plate sim!afmay ‘ﬁ‘ls&ttge prsterigd Auidyilow passehiagahe pRpingchamberd 220

gt eni ng. ¢ HE LGS fiPtate 5upks) Bon SSreH br-iBhoe SoDRe s PaP o hdn e cvis o
bolts are ti: 7 2004 WO 01440646, PCTIUSOO 32865 To permt

the ;S)urrpi ngI g‘ﬂ%ﬁg@%filénfé%??{?ywt h process fluid (for subse quent Burrpi ng
through the rest of thf*en%é{ﬁ{](gmg&ﬂ)a RilFHHS 4t wih Hﬁ&?%aﬁ%ﬁﬁ@'e% eq48f the

valve 140 is depressed Int I rection of arrow ({‘}. a comnput er

~controls ed aiye gﬁﬁ:{a‘g@é 2D4hd TP %nd HRViher EHEJ&BQQJrH@raEBEpI%Oﬁe&%ﬂ%ETﬂoH er

assenbly 142 through the opening 146-see the di'scussion® ow of
el ement 246 ktpudnite 120tes Bafdrived @EROBY AR Huitdhle E{e@ns.maludillmg by MeacRiniger r ed

enbodi nent, the air actuation of the plunger assenbly 2715 preferably
control | ed byodngicapingagrothdruisedbinging dieivppbiyhead pohRonCi®t B foadinpthdest ons.
~I'ndeed, an actuator (such as a separate rod or plunger. for exanple. not
shown) or ot hismemsantagiabyivigt the beadrporienl 20e themoaterdd bf the lwatl pattont120. -+ 10
pl unger assenbly 144/142. In any case. the actuating pressure nust overcone’
the spring fﬁsfééreékaéﬁwow“wm@nﬂ@at vigrel usdeicin pior prigietides. andps t he val ve
140 in a defaylt position of permtting flow fromthe punpi ng chanber 18
t hr ougi? t he Pﬁw@li'fwltf@%}r?e&fbﬂqc{ Bpidflpw pph asenmerasedhtp ATk ag dewiges: 142 and
conpressing the. spring.148. _.fluid flow is permtted through the inlet

tubi ng 12 through the Péﬂqﬁéérhe el Vaé&ﬂ%?ﬁfaﬂ‘ri?s' 1i4ﬁta5f=tl r HE- Gnlinber

L6 ey e BSSAU AR ORGSR R SR o e FhEBRE 12 e
_ elsewhere herein. the fitting 13 (simiiar to other fittings mentioned herein) preferably o
comptises a nbn-contaxﬁinatiri.g’(e.g.. Teﬂbn® or Teﬂoﬁé -coated) flared fitting.
15 - VFlared‘ fittings are commonly used n the semiconductor industry. TypicalIy. a nut
such as nut 205 (FIGS. 9 and 12) is provided adjacent the eventual tubiﬁg qonneciion.
and the tube is flared outward (expanded or stretched) using a special tool or précess.
and is then slipped over the fitting nﬁandrel. Tightening the nut holds the flared tubing
Cin pl_ac¢ In a sealing relaﬁonship. | |
20 : | One of the many embodiments of th-i's aspect of the invention is
| illustrated in FIG. 12. which shows a nipple 201 having a ring or tongue 202 that fits
i.n a sealing relationship into a corresponding groove 203 on the head 220 (which héad
220 corresponds to head 120 in FIG. 3). In the embodimént of FIG. 12. the nif)ple
201 is illustrated as integrally formed with a fetaining shoulder or plate 204. Screws
25 or bolts 206 (FIG. 9) or other methods and apparatus are used to affix the fitting to the

head 220. In the preferred embodiment. the preferred Teflon material of the head 220

does not readily and reliably engage a screw’s threads directly (such as would occur if



permtt| ng the aforesaid fluid conmunication fromthe punpi n Ig n‘gﬁ
t-hrough the valve 140 to the filter 27. Further enabli ng thi I May 0‘hctlon
are the pyxgfogaahly ki dney-shaped 20 passages 152 (shown in FIGS. 3 and 4)
and 154 (shown only in FIG 3. due to-the. cross section IF&THIYHE6T |ine
4-4). Preferably, the passage 152 opens toward the viewer as one |ooks at
FIG 3. whil e t he passage 154 opens in the opp05|te d| rection (away from

the vi ewer. %) rd the'- gﬁ’tOf FI G preferred Kkidney
shapes 1525‘;5?1‘35 R IRRR Wﬁ Y"HP e&"ﬁéﬁ’%"é‘f’é OSBC"'S EBhsbeqoedings- in t he

especi al Iy O FinPBagEL 207 (16, F E%grg?abﬂcEﬁ%&?’egg@/‘?ﬂi@@%ﬁf?ﬂad cblind" tk’fl -
Vhelort (v bt & g@?&ﬁaﬂ%%ﬂtréﬁﬁﬂé@hﬁar%@%o”wdﬂ%% PRk 5D 01/ 20646 5
31 May . Zooﬁndﬁgﬁ&ﬁmxaéggﬁbotﬁ'eﬁa% oﬂh@n&@g@%ﬁg?é gggg;ff%gab &H&C& fl.uid

up passage 22, through the central space e pl unger
142. sinto hée mrtuIaareaa%mg&é%@mm}tfb%hﬁ@tﬁe%lésmoe IBE@uﬁfa{é - facing
ki dney- shaped opening 1 54 and up through passage 23 to the ter 27. For
appl i cat i 02&7.iand whintpulatig thode reas ad dxplainddsbel @y eerigabd e 66lts tttﬁe upper head
portion also preferably includes an integrally nolded or machined filter
housi ng  otherdvertbebut by, bETmemHafdnexarﬁﬁe tor thé plaadb20P dvec thedniepmal 3enpvabl e,
lid member. 162, to pernit:-maintenance or other access to the filter

el enent 27Vﬁl%rAééﬁwa@kh®@5{ﬂatﬂil0Mmawchmmﬁontoethc head 1§ inadizonhé tochioref i t s

i-scussed herein, the nber 162 is al so 10 preferably manufactured or
fabri cat ed“’f l?%%“d)% RQF" ﬁ? ht mspteskinto withep! threadgdly engaging) te Teflanbeadal . An
Oring or e 166 i s preferably. provided between the
lid nber Zl qh@ a%pﬂi@%’%’ ‘bfg‘ftﬁfﬁ fropp staindesp steglepnd qoéé?klage at that

AT punsﬁ.&rﬁgecf BB e el e L B
the upper {?Héi¥nd39f thk %Bltét%h are preferably positioned to engage the cross-drilled and
tapped holes prowded in the rods ?07 with the threads and the position of those holes
o in those rods 707 sized and located to correspond to the bolts 206. so that the bolts .
15 o 206 can be threadedlv enoaaed and tightened therewith. The rods 207 also preferabh
| have one or more slots or other structure on their ends so that the» can be rotated
within the holes 208 bya screwdnvcr or the like. to help align and engage the bolts
206 with the rods 207. and thereby tighten the fitting onto the head 220. -
| Among the many alternative methods of attachment it is sometimes
20 useful to allow the nipple to be rotated or swiveled throughout a complete 360 degree
'rotatzon, especially in combination with elbow fittings attached to or formed with the
~ nipple 201. To provide such rotatability, a split ring (not shown) or similar annular
~ structure can be 'prov'ided on the exterior of the fitting near the head 220. and a sleeve
or plate similar to iplate 204 can be provided to engage the split ring or shoulder. The
25 “sleeve or plate similar to'prlate 204 cart then be engaged with the head 220 as
described above, and the swivel adjustment can be perfotmed prior to tightening the

screws or bolts 206. or preferably even after the screws or bolts are tightened.

17



15 and is readily renovable via relatively coarse'threads. In o der é

provi de an i nproved seal at that joint. however. and to ext ertll MRE2P¥4 ¢ of
‘the joint -‘ ‘%‘@ conponents. .the nut 164 is,preferably also forned from
pol ypr opyl ene. Won(r) or -sone sinilar plastic material POHBHG 6her
things. this ensures that the life of the threads at that joint is |onger
t han mght occur if for exanple. the nut were formed of 20 nmetal and
thereby "ate" into the corresponding Teflon(r) threads formed on the upper’
body portion 120. In t e patniethegiumpenecizadieniBto Hl withGsoceds fiuid (fdresubsed -
menber 262 -(corresponding to lid nenber 162 in FIGS. 1-8: of the

- "200" series qhﬂﬁwem@m“rthrmgme rgstof theesystem Kng cwrabdunmpmﬁuéixm@f the "I
00" nunbers in FLGS., 1- extends 25 downwardly i.nto the chanber 260. The
‘O-ring 266 < ¢ e 40 %F%S%H@aeﬂﬁeﬁwn&jta@w Admbigat (HRSPMBIED56. which

hel % d the "f f

The Goring TEEMToleRRERMR0G) nﬁ? R0 Puon e thelnd 142 6T Plungs 3t Hd o 31
May 20Q4. 5 tthe fil |

o o1 g iRt boerfih | A8 bidEusloniRlow BRTIRmbR JaRbF R Betriative,

of the flow pabhdiRfent (?]EFIH ‘llbjj Iﬂrq@ﬁrehe%%ﬁt n-}blaﬁl R alpfclctﬁﬁm?)e&ftth@ ns '

required, within the ow pat esli red non-cont am nat |‘ng

per f or mance. Idﬂeexfdséetn%l 21’)1 rwe%igr&%ﬁblle@ﬁg%] rdofP birCaefitlnfve R Ban
Teflon(r) or SI mlar 01/4 646 PCT/ US00/ 32865 2 “and nut 264 "nove'

vertical ly upgessitolied by iphgorR! ®Sdeda] @dchRtorqiuchhe as¥ ﬁﬁf‘rode&%Iullxge'feﬂothOd of
any such novement can be. aff'ected by, anong other things. the material from-

whi-ch the nuesanild mot skitfivh)af etheoimEekhnidal apidure itk Be Eiogfﬁedmeﬁdﬁmeﬂme such %~
"m)verrent") The filter elenent 27 can be any suitable filter nmedia in any
sui t able coplungenaasengny 144/d43 Inenyreasyy usichadtine prdshire RSO eatenomhe s
manufactured by M1 lipore Corporation. under the brand' names and nodel
nunbers Pl zggmgafp{cmeag}@ed by spring 148. and that spring 148 keeps the valve 140 in a

default posmon of permitting flow from the pumping chamber 18 through the valve
140 to Lhe ﬁltcr ‘77 By depressing the plunger 142 and comprcssmg the spring 148
ﬂu1d ﬂow is perrmtted through the mlet tubma 12 throunh the vertxcal channel 22 and
15 ' into the pumping chamber 18. When the pressure is released from the end 144 of the -
plunger 142. the spring 148 forces the plunger back into the position shown in FIG. 4.
permitting the aforesaid fluid communication from the pumping chamber 18 through
the valve 140 to the filter 27. _ ) ' | e
| ~ Further enabling this valve actiohn are thg prefefaBly kidney-shaped
20 passages 152 (shown in FIGS. 5 and 4) Jand‘ 154 (shoﬁrn dﬁiy in F_fG. 3. due to-the
- cross section location of line 4—4). Preferably, the p_aésagé 152 opeﬁs toward the
viewer as one looks at FIG. 3. while the passage 154 opens in the 6ppqsite direétion
| (away from the viewer. or fofvard the “back™ side of FIG. 3). The pfeferr_ed kidney . |
shapes 152 and 154 enlarge what might otherwise be a constriction in the fluid flow.
25 * improving the performance of the system 10 generally but especially with respect to
processing shéar~—schsitive and/or high viscosity ﬂﬁids Referring to FiGS' 3and 4

persons of ordinary skill in the art will understand that the “dispense” stroke of the



(catal og nunber. DZUP CZI K 1) and Wafergard F Cartridge (catiw,tlgl gﬁ&‘fer -
WEFG material . Filter 27 is preferably adapted to.filter the Su ?)5 luid =~
as it passWQ A4 om the vertical passage 23 to a flow paplTRIGARESSage
165 formed in the |id nmenber 162. To ensure desired flow fromvertical
passage 23 into the filter chanber. the - preferred enbodi nent includes one
"or nore raised portions 170 (see FIGS. 3 and 5) to space the filter elenent:
- 1-7 of f t hefisodibstingh 104 €orfdd the EulEARRRT up bS, HRMRAR L] ter means
27 does not cove]?ﬂ‘gnd bl ock fI ui dhgflg]\t_/]v furpoﬂr?l@%a%g totgpdglgﬁtt%éeg%lggfsé 5%23 into

20 the fil tE¥7 mhacdupied bynhé¢ planperef4er merthe Badriatage 1 P58 BRFdaRPNuol 70 are
formed by "leaving" segnents of the nonolithic bl ock.120 duri-ng nmachini ng
of . the fi|'ttbe reehwarBdacinhiideeyshaped obémisst T Htand upftbrough pata@or3 icoms 170 are
equal |y spaced about  the central opening 23.  although a w de range of
ot her suitd@#@zaonfigurations'or other elenents (not shown) could be used.
25 To_further ensurﬁﬁgesired;"unfestrictedﬂ flow fromvertical passage 23
into the filter chant&F 2PRifatippeneyhighthe muient faid 1s4p be filtareduthesipper

01/ 40645, PCFROBHHRINE Sra8abl Relidss sl Sokiedor mestinscier hppine boay

portion 12 ' e in the.lid menber 162 .can he fornmed or

fabri cat edq::rr?hﬁ?/&)sigf)'t gﬁ?gﬁa eﬁégg Pfeﬁfc':'f’@ﬁil “%FF‘IT?'PH&JE’ . hgﬂﬁﬂq?if'l%chi ning. -

- The passag ; ' f the i d nenber 162 for the

subj ect flte}i0 éééna{ggﬁﬂ&gﬁ%ﬁrdéﬁf cg%%\%eépggg%ge%e ghéﬁﬁﬁﬁ?’f%aic%?éﬂ ns of .
rdi nary skhé hor-font s i : . 44t t.n_.can .be

: gy sui tabl e p%t h. butn agége%grde{%#;&g%%éaﬁg%sg | reerclp ?tthﬁgldfq’.%%/lvﬁ% dd@\?ﬁ\?\%r dly).

Al t hough t Ipeefumblyvatisnufichired o5 faridated K8 LANRAMER bRockIT TRAASIETRLE] tO

each other in any suitable manner, a preferred nethod and structure for
many of t henaterial. An O-ring or simiia_r sealing means 166-is preferably provided between the
| lid member 162 and the upper body portion 120, to prevent leakage at th-at joint. A
nut 164 (similaf in concépt to nut 128 at tl.le'lower extertor of the first éufnping
means) preferably threa_d_ed'ly attaches the lid member to the upper body portibn 120,
I§ and is readily removable via relatively coarse threads. In order to provide an
: imprd*;re;d seql at that joint. however. and to extend the life of the joint and its-
components, the nut 164 is.preferably also forméd fro;ni polypfopylené. Teflon®, or
some similar plastic material. Among other things. this ensures that the life of the
- threads at that jqint is longer than might occur if. for example. the nut were foﬁned of
20 metal and thereby “ate™ into the corresponding Teﬂon@ threads formed on the upper
body portion 120. | o
| In the alternative embodiment of FIGS. 9-14. the lid member 262
(corresponding to lid member 162 in FIVGS. 1-8: many of the “200™ series numbérs in
EIGS. 9-14 have a similar correspondence to the *100” numbers in FIGS. 1-8) extends
25 downwardly into the chamber 260. The O-ring 266 can then be positioned in aﬁ outer

annular channel 236, which can help prevent leakage (as compared to the “face-seal”

configuration of the O-ring 166 in FIGS. 1-8) if. for example, the entire lid member



‘attachnents i s best |Ilustrat ed in FIGS. 12 and 13 ‘and as deiclg §§ S
el sewhere herein. Anong other .things, those. Figures illustr k Mapcddr r ed
attachments of fittings within the system (such as el bow. 167) to vari ous '

~Tefl on conPOMHIEE(such as the major "block" el ements fabrBGTASO832865 om

Teflon). The el bow 167 is preferably connected at its other end to- another -

Teflon(r) flare fitting 1 68 and tubing 169, and-then on to the second
punpi.ng neans. of the system 10. as di scussed el sewhere herein..Tubi ng 169

15 i s pref ez@ngd nuaé4 Cabee fertcaliyrupeante duning preﬁ'serflmro(nm)fﬂtfrsyatemi nibear

“material. The lid nmenber .1 62 also preferably incorporates a vent. val ve
assenbly 3keliipg OBanvcmlehmo\»\tmcyt wormeatieadd gy aveigi atkat s thyamatorialt o a

relatively -high point in the filter chanber (corresponding alternative

el enents 23Bomhichytheangs 164 ersdbdare fprmed ﬁﬂﬂsé*ﬁa‘wﬁl"é“’ | PRTmtROTE $9Chy g 13).

the preferred enbodj ment. the vent valve is all 20 "' Teflon(r). and is a

t wo- way. norAYeMFRtDosed val ve that can be used to selectively vent gas

St ot uPregngs/sFLlr ot s et e b o 45 ARl B g R PoSe 1
‘Palma  Aveny o%ﬁcu Rl M %%lth{: %Ea%&%mza% Oi%tergl OnScV\gHeg%ahﬁfaEtlﬁf‘eus Furon

referred to M er par escr an rated in U S.
Pat ent No. | £ Ry
under st and ]?Ih ZJ ére?col-é%rtalgﬁlé d?g&%gg%nd%aq\?g%cynﬁhaidﬁ%ﬁtﬁgm%témd |én t he

syst em per njchialdoRmRR DM 2138 ) 2Ad WAFbeSl FOINER (catbldg a6mbaWSFIRS €S

that may be entrained within the subject fluid. Mreover, any such 21 31 . -
May 2004 \Oi6H P4 CPBfePBIY. 450 Bil:3P S8 msgamdgsally peitoried withitt the irapgimppassage -
174 (or passage 274 in the enbodinent of FI'G 12) as opposed to the nore
centrial pastsagredi€ing it ¢vesall ledgthrufhky 6 Pathexfabis Buidive aylasst thioeenteodf have to
pass through the filter elenment 27 in order to.get to the passage 1 74 (in
contrast t ocdmaegtiogs resjuired vothin theddavhpphs Jageovidsihe dieﬁrqdh@nmoetaennaémo

enbodi mrent of 5 the invention. the valve is_ automaticall %ct uat ed by the
punp cont r operérmange. the filtes 2738 preferabluispaied o febremied from. Taflea™ o5 isijailars
preferably and typically opened either .during the: beglnnlng or end of the
filtration ’E‘?@F‘ -for a short period of time (preferably on the :

‘Filter 27 is preferablv adapted 1o. ﬁ]ter the sublect fluid as it nasses .
15 | frorn the vertlcal passage '73 to a flow path exit passagc 163 formed in the lid member - |
162. To ensure desired flow from vertical passage_ 23 into the filter chamber. the
preferred embodime‘m includes one or moré raised portions 170 (see FIGS. 3 and 5) 1o
- space the filter élemcnt 27 off the bottom of the ﬁlter chamber. In this manner the
| filter means 27 does not cover and block fluid ﬂow from the top of the passage 23 into
20 the filter chamber. In the preferred embodiment. these portions 170 are formed b}
“leaving™ segments of the monolithic b]ock 120 during machmmo of the filter
‘chamber therein. As illustrated, four such portions 170 are equally spaced about the
central opening 23. although a wide range of other suitable cénﬁgu‘ra;ions or other
ellemcnts (not shown) could be uséd : .
- 25 ' To further ensure desired “unrestricted” ﬂow from vertical passage 23
“into the ﬁlter chamber the prcferred embodlment also mcludes a countersunk or

tapered portion 24 (FIGS. 3 and 3).

20



order of seconds). Vent 36 preferably includes a spring 37 al relgé&g '
adjustnents by which its reli'ef pressure can be set. enabli ] gy al so

. functi onvésoiosat ety valve or, 10 relief valve to ensure phghsidigsder essure
on the subject fluid does not eéxceed a certain level. or to provide reli ef
if the filter element 27 beconmes clogged. etc.- For applications in which a
second punping neans is desired (for exanple, in applicationssuch as sone

discussed in the af Ws%p{ﬂe%gss‘éﬁ&ﬁanﬁaiﬂﬂgg Frcaé"’%@%?}zém% i1429.- and .

5.772.899). a slave or seco np nenber S preferably

provi ded. phiande PEIAARSlid HenitRe 167 Sl BB BPRB A EinShiklihd O those of
the first punping nmenber 20 di scussed above-:. including a.-punping chanber 44

20 havi ngrmndérapletaigng driléing bfsiafilab 3a€Rinid. THepasHase| 65 srovideos hed manner by
a stepper- assenbly (not shown in FIG- 7. but illustrated in FIG 2 as
assenbl y p&d.threhgis thed ahmemberel @dbridieisnbjetd iiid. andiopgfergidy torlytedto si mi | ar
mechani sm The sl ave punp 30 can be positioned in a wide variety of

| ocdt i onsan abpw kddpersens of ardisanyeskilem theap vl understandsthat e exiabl y
sufficiently "high" that the fluid flow path trends upwardly through tubing
169 bet we8AYPHE 30 kp any suitable meh. buppreterably does nat diysct theBowubi ng 169 .

preferably at | ast c] es nqt tr_aveJ6 downwardly as the fluid noves fromthe
Cfirst punﬁo%“?%)f hé &é’b‘%‘h CHERAUSHtings and, ebesiranpoReRyd fijitRg #serabled 25 ni ght

t s wi.thin that L f.- th m.1Q. Al t ‘ te ti
o v e B A5G Bl oo S e OB 28 R i " v
" i tly; t; ' ] : | i | Jhi 169 th
fossage oreibsit B YhSRBUIREROR LG G B RSB Beren (he
punps 20 ARtbnaQuieithitles YRSE Fdral i'ugést@% b#&%aﬁ@@%&ﬁ; gibfYttiH.@/\iNRgip virtually

no risk of gas entrai inent therein acilitate manufacture t he

syst em 10thehoyeiaEuchas i 16D th b&i&.&sﬁéiwn%oﬁgﬁné"fﬁ& ﬁh&f‘?ﬂﬁ@maﬁ&e preferred
enbodi nent positions the first punps 20 and 30 wth respect 1o each other

as best i I'blositTed¢rrehts fabribatbd G5m Tefiild. The EowsI6IME pRfFibl Qomicefe@raabl y
I ncl udes a nonolithic upper portion 42 forned of Teflon(r) or simlar
mat eri al , itwhbseendonahothar Teftai® flere(fittng 162 asd mbingr1 69. and then on to the
second pumping means of the éystem 10. as discussed elsewhere herein. Tubing 169
15 s preferably fabricated from or coated with Teflon® or a simiiér material. |
The-lid member 162 aléo pfeferably incc;rporates a vent valve assembly
36. FIG. 6. operatively connected by machined passage 174 to a rélatively ‘high point
in the filier chamber (correspbnding, alternative elements 236 and 274 are illustrated.
for example. in FIGS. 12 and 13). In the preferred émbodiment. the vent valve is all
20~ Teflon®. andisa two-Way. normally closed valve that can bé used to selectively vent
gas from the pfocess fluid.- One of the many valves suitable for this‘:l purpose is .
manufactured by Furon Company (currently doing business at 3340 Eést La Palma

Avenug. Anaheim. California 92806. USA. which is the same Furon referred 10 1n

other parts of this description). and is illustrated in U.S. Patent No. 3.575.311.

2]
th

Persons of ordinary skill in the art will understand that connecting this vent valve to a
“high™ point within the system permits the ven: valve 36 to collect and vent

undesirable gases that may be entrained within the subject fluid. Moreover, any such



opportunities for inproved floe- and reduced cont am nation as,disc :
el sewhere herein. Preferably. a tee path is drilled or ot her¥ @@ Hré@ﬁl ned

or formed i'n the upper 10 portion 42. and includes:a substantlally verti cal
passage 45 ng@lmwgﬁ anot her passage 47. That passage 47 pref dﬁ?EI ves
the fluid flow fromtubing 169. after it passes through a preferre urther .
- Teflon(r) flare fitting 48 (or other non-contam nating connection) and a
check valve 49 integrally nmounted into the upper portlon 42. Anmong ot her

t hi ngs. the check, val ve 49 IS refer f or ned Tefl an(r tmlar

non- cont ami &3S RGkeH @ Ve throyg p?ﬁP%&F:E}"smf H%“Siﬁfrggttﬁ@ e?r?gn%’é o ?fé% of the
punpi ng cha r 44 fr forC|n e and

Conar -t he 1 F71asoppotedh UROBHE IS R E s [t B RE1cE 12 6 prasade i

punpi ng/ di Spﬁﬁéﬁm? Lg\%ktg L{)ggs t‘uﬂﬁr Blfﬂgjﬁl@ FdHUHR Y 1rbérdEPtof09{ %and hadssled vt her

upward t hrough passage hereafter to el bow 51 and Teflon(r) flare

fitting 52 ( ihRofeRINAiReYR 2o keh pellsage %igom the prefétéed erhibddigiedi&df on
" the first punping menb appyW|t equa orce to el bow 51 and fitting

52). Oge of {aaniEnEsnSHE VARE & MAbMETUF abhisted by alRemimpy Ednvelléaridsis aserr ent | y
- marketed by Furon as their part nunber” MCV 246. For streéngth and econony,

- the lover popidgedinddblef 11 RliSGL eiovadiy g ipfgerabiyrdndnyBéallyoppmeet athabtyring
fabricated fromstainless steel. alum num or sone other 25 netal. and the
_retaini ng nuthebkginning deend of theafirmta edtld foomshet ad:nodRértmmr‘ﬁ'ﬁrabhonm@Fy

skill in the an will understand. however. that any of a wide variety of
materials canrdseofseedndsyr Venicifeprefesshininsiuges hoprndgbiandirelagdedBisoeds BEope
of the invention. | 23 31 May 2004 WO 01/ 40646 PCTI USOQ 32865 i ndi cated '

above. the diirdvisaele! messpg C@thetsﬁllbﬂ??@hﬂs itjtg aEP %“%F‘?a 6erfetr‘e \é?uorto yet
anot her non- conka nating t -way valv n Sfﬂ‘@w i g %a 1y
i || ustiat ed FelicEveEive i epstg ?i‘et ¢ prggsure gy t C‘t %) W8 £%55 cf B4R pe

| ecti vel t ed 60, d :
ibstrate o ISEh i TpRRE Rt B ARt HEReR2 73%%9?%?5%9%?2%@2? (hot shown)
In the preferred enbodyegr cm(?ns lmgﬁar@yecx&ﬁ ¥emPiRe nkafs SlRBRkAone valve

(in contrast to the.in
' example in apphcatlons such as some discussed i in the aforementioned U.S. Patent

Nos. 5, 167. 837, 5. 5]6 4"9 and 3. 77” 899).a slave or second pump member 30 (FIG

15 - 7) is preferably provided. Many aspects of the preferred pump 30 are similar to those
of the first purriping member 20 discussed above. includizig a pumping chamber_44
having a diaphragm therein actuated in a prér:isc]y controlled ma_nrier by a stepper
assembly (not shown in FIG. ‘7. but illustrated in FIG. 2 as assembly 190. which can
move actuating fluid through port 55) or similar mechanism.

20 | - The s]a\re pump 30 can be positioned in a wide variety of locations -
with respect to the master pump 20. but is preferably sufﬂcié_ntly “high” that the fluid
flow path trends up\'rvardly through tubing 169 beiween the pumps 20 and 30 Among
other things. the tubing 169 preferablv at least does not travel downward]\ as the fluid
moves from the first pump 20 to the second pump 30. because such a downward path

25 might entrap gas within that section of the system 10. Among the many altgmatwe
embodiments (not shown). the seconri pump 30 could even be positioned “directly”

over the first pump 20. resulting in the tubing 169 or other passage or connection



valve 140 within first punping nenber 20.) and I's attached to t blgg 46 and .
_a return tubing. (not shown. but illustrated in FIG 8) via tH 04

. af or enment Wan@dhoeusn- contanminating Teflon(r). flare fittingserals %ﬁ ee-way
- val ve neans 99 preferably is a 10 zero displacenment valve. such t none
. of the subject liquid is displaced when the valve is actuated. As

_ i ndicated above and anong ot her things t he preferred val ve 15 reduces or

l'i m nat | di.spl fluid
(ezhf;nhnaﬁgs e TR 2P b SD 480G Shuftish? "ﬁf?ﬁ‘v‘e b én%h% 'é‘ggreren]E "coul d
AGver sel y_ S0 obiS oPERs ke SRS RUAI B ARRGALT 2 REL O Tance

of the system Persons of ordinary s

‘that the. abiigwistd, wewelrho Hﬁ@ﬁlbﬂfanﬁlan?ntegan%é thé) e@ﬁﬁéﬁﬁ&dﬂﬁ% (penefits.
Anong ot her thi ngs. the second punp 230 is slightly higher relatively to

the first posipodshhnfifstpihps 2@ @D vRATespbcriid €Rh othe? as 884 ifliderateulih N9 269
bet ween t he-punps is provided in an uncoiled path. The various fittings on -

the punps B¥GSHiald 2 he subject fluid enters and 20 exits the punps™are
redirected to facilitate use in possible alternative |ocations and
_installations. In FI €he slave purhp 80 ipreferadlp includes enatoiitiio uppariporticmt 42 the air

actuation g)‘ g fi@ rred_integral - thrée-way valve.. FIG 14 also-

i llustrat eforpedrEle @gP”e%%’dﬂlaémtaFCélﬁ'sé‘{h@é? mop@lBhigatweBrovides similart ed wi t h
the first and se ng stegﬁgré@ss | i,es’ 280 -and 290, respectively. 25 Two
| ower uni t QPRUMBIES Lyt flflowoang reduaed eontaminaginp at dispusserbelerieie o upper

283 F h nbl y.
!ttais [ ndlhclg rg‘e a{J&Sa te§rp€ &@%g%ﬁ@%ﬁ%ﬁ%ﬁ,ﬁmﬁ drsf)%&\é’?‘ﬂ?rq)lnﬂg? S@?Sﬁ?vi e\>//vi ng
fot t 04 /40 | USOQO 32865 295.
Iger s]gﬁs :‘:n(:j1 B?)I?lglﬁﬁgfmaﬁdﬁkg a%ﬁP ﬁ%“tg/?‘%‘ W |°F’il %ar?ﬁaeqf P éﬁ‘%d PRAPIFhESP %Y ducer s
are confi quarqﬂsgaee FPPRErIL rRleBRS el HBUIAM Byfd 1o L frpilsd, on the

respective first and second stepper assenblies transmt

same to a_ coophtesrefentd idthe MTeNeN® Slre(fMihe bs F&%%ﬁn&@ﬂﬁﬁﬂﬁa ~preferably
capabl e of sensing and operating 5 other Tnputs and aspects o ~the assenbly
: '10)_ The t cmctum&msd T eliech ealvieid9i xﬂﬁﬂraﬂstv incAmted into the upper pomon 42. :
' | Among other thmos the check valve 49 is preferably formed of
: 5 ' Teﬂon® or similar non-contammatma materzal and prevents the pumpmcr/dlspense
' stroke of the pumpmg chamber 44 from forcmg the subject fluid back out passage 47
and toward the filter 27. Instead the check valve 49 causes the pumpmc"dlspense :
(, stroke of the pumpma chamber 44 to force fluid further upward through passage 43
- and thereafier to elbow 51 and Teﬂon® flare fitting 52 (the comments above
20 regardmg elbow 167 and fitting 168 on the ﬁrst pumping member ’70 apply with equal
force to elbow 51 and fitting 52). Qne of the many suitable valves usable as check
valve 49 is currently markered by Furo_rn as theirrpart number MCV 246.
For strength and econorny, the lower portion 53 of tile second eUmping
member 30 is preferably fabricated from stainless steel. aluminum, or some other
25 metal. and the retaining nut 54 is likewise fabrieated from metal. Persons of ordinary
skill in the en will understand. however. that any of a wide variety of materials can be

used for those elements without departing from the scope of the invention



w de variety of purposes, including (without [imtation): nDnltorlng the
recharge = (negative) pressure: indicating the need for serV|éﬂH8 04
replacing the filter (such as by nonitoring the filter pressure or

di fferentigio@upsagure across the filter); nonitoring the -dispesagidsessure
or the entlre pressure cycle (which can be used for advanced process 10 :
control): and other functions. The apparatus and net hads of ny invention

. have been described with sone particularity,. but the specific desi gns,

- constructions and Stegff%%gﬁﬂg ‘“mmﬁ?ﬂﬂﬁéfegp?h ﬁ%@F NP reemthﬂ of the

i nvention. Qovious no vVes ap rent to those

gfs Sgrngieng][ ylt'e%{%id th vE[rE}ntont%r Abd-co %ulmn% %X‘ﬁh&h\am L8 Blot gﬁtﬁ@rg tbuilgr Eht Myt he

e inv ron and a anges and no ati

- intended t@eaenGOPRESSREIUMLDY) biSH Rﬁ@@'ﬁﬂe&'fﬁhc{@an %3l by 2004

Clains: 1 . In a device for processing rlurd in a precisely controlled
manner the gREdidck o8 theQburckiGD OB RGsERSNS s@Rttaf @l PUNPI NG MBans i n
fluid communication with each other: said first punping neans and said .
secong punpidigoeieansiPeriy of iogcdintprotdds (odviedwn)pdh the fraferres emibbditrent. i al ly
consistently upward as the fluid flows through said first punping nmeans. and
'sai d secondthpulmpeewqyvrehrsd9 is aisthnfliateie valve (matodtrascomtxpugmllmg”onnghns bei ng
di aphragm punps and actuated by inconpression fluids: 2. The device of
daimi1 in vveMEwshindfirsspurping membsnd0)ewd anattashadpioiybing deand aneitiudes

surfaces- that contact the fluid, substantially all of said contacting
“surfaces bBibHE (PabyoRaR: h\at ltlptfrﬁtttstmcféﬁt @ovwfterﬁferefr@naete\siétoy non

cont am nat i ng mat er.i a

a, d fo fl ly 6o
control | ed FENMBINALiRg, e%w%ﬂﬁ%& ttaﬁgVS' “ng{a%p‘giﬁsﬁ gawé f’attaﬁ'slgégﬁhse v
th id,f
P T o oty Bl A Soch Tty 2t sétﬂaﬁt"ﬂ%}e%t i iy splo WX ey "
substant | al L RNBLAANAYnIRUBE dB0 AR di tifl RO ddoaRasag 11 ot

~ punpi ng neans an means irncluding filter

nmeans bet ﬂ %%@hhﬁﬁa?és HE élﬂﬂjo it aﬁ%?a"eq 2 RS GAT i PHUBR I RsH @Eé}ﬂ S, In

whi ch said travel pat IS su y consistently upward as the
fluid fl 0W3a§ HEE[QHQHO fttdin iher difapense line). which dtsplacemem could adversely affect the

accuracy of dtspense or other aspects or performance of the system.

15 Persons of ordinary sk111 in the art will also understand that the -
alternative embodxment of FIGS 9-14 inclhudes further benefits. Among other thmos
the second pump 230 is slightly higher relatweh io the first pump than in the
embodiment of FIGS. 1-8- and the tubing 769 between the. pumps is provided in an o f
uncm]ed path The various ﬁttmgs on the pumps by which the subject fluid enters and

20 exits the pumps are redlrected to facilitate use in possible alternative locauons and

7 installations. In FIG 10. 2 fitting 246 1s prov1ded to facilitate the air actuat:on of the
preferred integral three—wav valve. |
FIG 14 also illustrates preferred pressure transducers 285 and 295.
associated with the first and second stepper assemblies 280 and 290. respectively.
25 Twc lower units (shown as elements 293 in FIG. 10. and correspcnding_ to upper units
283 in both FIGS. 10 and 14). represent the servo-motor aésembly'. but as indicated 7

above, are not shown in FIG. 14 to permit better viewing of the transducers 285 and
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..punping neans. said filter neans, and said second punpi ng neans,, 4 é]rll;e '
device of daim3 in which each of said first and second punp n'&a)/r@g and
said fil ZWPO¥AWSs i ncl udes surfaces that contact the fl uirGT/esdosessstial |y
all of said contacting surfaces being fabricated fromor coated with a_
relatively non-contamnating material. 5. The device of Jdaim1l or Claim?2
or Caim3 or-Caim4, in which said first punping neans includes an upper
"~head porti296. Persousibf @dfnapnskall iroie arpoillt irlerstaal that HRangsdueérs kRNpor arily
attachi ng said upper head portion to said | ower portion to forma punping
- chanber meoefigeedeesenst thepinéssiwresaitdn thepetuatag dujsont thorespaecheifies apdit egral |y
formed val ve means therein. 6, The device of Claim5, in which said valve -
nmeans i s C8HMdgGRPEr 2ssenbliesi 2B and 200vandafansii spme teaepnfiputgrdohiralm a sour ce
of said fl ui%cﬁi}’ and i s conf iq?ur ed to thereafter direct said 26 31 May 2004
Cfluidin APSIBESRMhigh spmpuics conviphip pesferably cepable of sansing andropsresinger
i-ntegrally formed in, said er head,portion. 7. The device of Caimb5, in
vihi ch sai PRAL uq—%%%dnispi?%s. 8@@??@%’@3"’ !@) ;#}H\Haﬁég“éﬁrs§ﬁbl§? ‘&leieﬁg‘l’rf dir ect
“upward fl f.0r bj -flui.d fromsai d punmpin hanber toward a
FPTer cnalBg vihicedof bl SN Phefkne Wilboh Afsa RS, BUARR FE RERGee e devi ce
. of daim- CLai ' aim.4 i Q. ' d_.punpi ng
- means inclj(ﬁéd%g%ﬁbrg%gree?%egghgg%%ﬁ%@ﬁ?\}gﬁkgr %ga%ﬂgﬁo@ééq%?‘%%ﬁ and
means for heienaihd Hité@iprastiens dﬁ%réﬁwg%ssm%owhé FiREH: iRoriirfhe per -
portion to forma punping chanber there between, hi ich sal d”upper -head
Kar_t-! on i ritdpefiesprassurel dHitRgémire PresQireBkié eRhich @athd usc MR aBUahcE @ bfbcb e
ovides a substantially direct upward flowpath for the subject fluid from
sai tb punpicoygtreliicaniderther dwactidng di spense from said upper head portion. 9.
The device of aim8, in which said tee includes an input portion thereof
for receiving. the sliisjapparafus and methods of myhinsertima hapaipaer deseyibsdiindtthf i r st
punpi-ng means and jn_ which said di spense from said upper head portion is .

posi ti onedoRF FRBICUlaFSH bubihe sperifie desiast censtwmpitons aad stepradisclased sremiot t s
nor mal , URS bg gkeg s Serl}t:?ittllrlg rc]n" the invention. Obvious modifications will make
| themselves apparent to those of ordinary skiﬁ iﬁ the aﬁ. all of whic\:h will not depart
5 from the essence of thé iﬁvention and all such changes and modiﬁca.tions_ are intended

‘to be encompassed within the appended claims.



10. The device of daiml or daim2 or daim3 or Caim4, ii*%f" B aid
second punping neans is positioned generally above said firs ﬂ%% %@
means, and said fluid travel path froman exit of said first punping neans
to an inlet into said second punping mneans does not include any downwardly
directed partions when said device is in a normal, upright orientation.

11. In a ‘e for dispensing fluid, the conbination of: a first diaphragm
type punp having a punping head, said head including an integrally forned

t hree-way, val ve _to . tr | f. fluid in Ld first, di aphragmtype
punp, and1'a selﬁca)n V'&gg%ﬁrrg%er%g]{' %{8'% '?)3 "Jé'%sc?@f %o%érﬁ’g%odﬁ'gﬂ%errattiﬂ‘ggl(%gl%@tgmand I n
seri es widfhfishpamping sneads apt segndt puowingmpansoin flpidooimieurdcdtbamithgati t hat s

substanti y ' X i ' | Spensi. fluid,
the- combi Ay O HR! BfBho et Bt sal oot Ssfiald el hig M R0 ot ao.

sai d headatnthatigisngstantisilin ceqgistently dpwandds therfleid fleys thedugb said firstont rol  f 1 ow
of fluidgj ' | -d] : . i .agm t ype
purp. posi A SsEAEEhs onc i R B Raia Bl 560 30C0r RIS

conf i gur guears Ehgdiaplgya @0mps @od iaveafddbydngumpessidn/flids. d fir st

di aphragmtype punp, a fluid path fromsaid first diaphragmtype punp to
sai d second di aphragmtype punp being generally upward. 13. The device of
Cl ai m 11 &r CTaierdevRe of Gidirmdriniwiidhueich gf saifl ifitst end khexopidipgmipittgegeanid y - f or ned
in said fj ' . Q- 4 deyj f Caim 13,
i wni ch MARpsSUABCER CHRA BT MRl B or i PRI &SR] | “upvar o

f | ow pat teingrfabrdated frorh @r toaled wilh d rélatiely cirepintagimetngreaiedalp to sai d
filter housing. 15. The device of Claim 14, further including a vent valve
above said filter housing to permt selective venting of any gas entrained
i n the subj ectinfildgvide fdrroceseind dluidie aghed@edy contrdlled mamhercthesotnbiration al | y

al |l surfag: | i - r . O oat ed
Mt a r orars i Rl bR bumbi okl 1 490U RLRIS PR e, g
and di spetisgrngeid firgt gymping medina gnd haidseepyl pfmpiny oeaos pgvidingtaflwdtrarst val ve
means ‘i ntPeé&H 3 gﬁﬁ% | d. o [ ' [ﬁﬁ?‘ber, said
val ve nedns @%h isféjgér:te "56@?’?2%‘?\/ ptv%g&s% ljingglf’{df O%émlgg@% [ cr’ec it in a
subst ant ipamping means and said second pumping means, and further including filier means

between said first pumping means and said second pumping means, in which said fluid

travel path is substantially consistently upward as the fluid flows through said first

pumping means. said filter means, and said second pumping means.

4. The device of Claim 3 in which each of said first and second pumping means
and said filter means includes surfaces that contact the fluid, substantially all of said
contacting surfaces being fabricated from or coated with a relatively non-contaminating

material.

5. The device of Claim 1 or Claim 2 or Claim 3 or Claim 4, in which said first
pumping means includes an upper head portion removable from a lower portion, and
means for temporarily attaching said upper head portion to said lower portion to form a
pumping chamber mere between, in which said upper head portion includes integrally

formed valve means therein.

6. The device of Claim 5, in which said valve means is configured to receive inflow

of the process fluid from a source of said fluid, and is configured to thereafter direct said
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upward path fromsaid first punping nenber; actuating said fid"r pgb’r@%
menber to draw the subject fluid froma source; through sai MeY, ans

and further actuating said first punping nmenber through filtering neans to
di spense the subject fluid upwardly fromsaid first purrpi ng nmenber 18. The

chanser T4t BarSubbtonlih gt ey B pkat P S io b ®efibimg rember

and prowaahlchuy)mr head)pmnhan.l aI ly direct upward flow path within said upper
head fromsaid first punping nenber through said valve neans to said
filter chanber, whereby said further actuation of said first punping
nmenber dif.ect sTherevicelyf €imfa, in whicpeaid dhlye fmeans sacahfifined to proniderag nenber

0,2 A IS g T VL B A R b

I ncl udi ng S of "provi

above saﬁd%ndr&ﬁltepuhqlmb@' integrialy faamdd pr said dppeg hedd pordiofil ow neans t here

bet ween, whereby the subject fluid does not flow downwardly between said
first punping nmenber and said second punping nenber; and punping the
subj ect f&. ui d Bleairyicsaif €lavori-atdviaive? dr Clasngar Klaidg iﬁlvmﬁysam}%oﬁﬂ The

met hod of | te vi di ng at

| east oné ﬁﬂd"@ééﬁ%gﬁgﬁéﬁ % hgéa g&“’? I uﬁﬁé{glb\[%gf ré"t']g @Nefrg) v5)rr1't a(%)y

undesi rabh@nse‘nlttlempnaﬂlimtachilngrsaidhmpsulh;qmt;lormdnm@aldzawefrﬂwttombﬁam af Claim

17 or | ' ; | ve
downst re?umﬁﬁgscr{ag& 632?%5%8%@#%!1’23 dr?hél’(r?r]b% re%e?é @%/Il%{ﬁglu e%p nsing the

subj ect fihtegrilpformet dteenthagpin, mdnesaih paid ted pravides aselastahtaﬂgadlm:,t upwanhi ch sai d

undosi + 2y PAPEr kS Bicht R AShsBle prfi o B R b o Soiber 1 <

subst ant iuppeyhedsonaetiori d first punping nenber, and provi d| ng fluid fl ow
means t herebetween. 22. The method of Caim17 or aim18, in which
substantially all surfaces wetted by the subject fluid arc fabricated from
or coat ed.w t hlre deylcetdfl Cédig & arwitiomsaiditessintindes aminput @irtior2Beredpioar at us f or

filteri nQe@éMnéi.{rﬁeps%%ﬁajcpﬂjié Eﬂérqt hés%eﬁ%%p@@tby%gidq{rst pfuin{p%rjfg rﬂé&%hérﬁﬂﬂ‘
which said dispense from said upper head portion is positioned higher than said input
portion when said device is hi its normal, upright orientation.

10. The device of Claim 1 or Claim 2 or Claim 3 or Claim 4, in which said second
pumping means is positioned generally above said first pumping means, and said fluid
travel path from an exit of said first pumping means to an inlet into said second pumping
means does not include any downwardly directed portions when said device is in a

normal, upright orientation.

11. In a device for dispensing fluid, the combination of: a first diaphragm type pump
having a pumping head, said head including an integrally formed three-way valve to
control flow of fluid into said first diaphragm-type pump, and a second diaphragm type
pump positioned generally above and in series with said first diaphragm-type pump to
provide a fluid path that is substantially consistently upward.

12. In a device for dispensing fluid, the combination of: a first diaphragm type pump
having a pumping head, said head including an integrally formed three-way valve to
control flow of fluid into said first diaphragm-type pump, and a second diaphragm type
pump positioned generally above said first diaphragm-type pump and configured to
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type punpi ng neans; second di aphragmtype punping neans in f;ﬁdﬂ 2

comuni cation wth said first diaphragmtype punping neans 2004 | es;
and filtering neans between said first and second punpi ng neans, whereby
said first punping neans purrps the fluid substantially vertically upwardly

thr ough S8LEd i P B 285 nc@ Wbehlabth oL bEME RIS GRS Rag3f 11116 o

nmeans an Kolds C2E6R ans said fluid
travel s fdianhragm@ﬁa nunm toragudmned timpbregoh-typei pump being geaemllgepward. punpi ng
means in a generally upward direction. 24. The apparatus of C aim 23,
including fittings adjacent an inlet to said first punping neans ajid

i ncor por at3ed i Thesdavigefdf Gilaimf11ow Glaent2, furthenmmcidingaa fitef housimpjetegradlyf | ar e

fitti h bj
105 ORI SRS AR A AP 12 10 Lo e sub ect

havi ng a punping chanber defined in part by an upper head portlon sai d

upper - heah, PO ieaihddath il WAL i@ bing 1Ba BRATHGE ol icear al |y, for med

therein, said fi bein ove said val ve
and sai d denbtay dlfmtiyb@warmﬂﬂmdathgoraandaﬂm&bmesaid fdstrcm;tlrmagm-itmerpung) tan upper
cl osure .t er chanber, an outlet and vent disposed at a

rel ati velc%mﬁ@{v?/gpé 4"53%at lon on said filter chanber; and a substantially
vertical fluid 29 31 May 2004 pat hway forned int egral Iy in said upper head

portion tf?') perfne defvlpggf g:;ia(i) aflﬂthgﬂﬁplhﬁﬂg a%%ﬁfr\tl)aef %hql filt ﬁ&[sm?}g”ber

26. The apparatus o lon 1S retai ned
on a | owermhealdctuerventimg @f;ﬂrafgalsreeudleddmmefsobjasidlumf rret aI 27. The
apparatus of Claim 25, including an 0O-ring seal between said |id nenber

and said upper head portion, in which said Oring is positioned on the

i nterior 1@ anetherdevige 0@@11ainm[3pmrwmdawm¢mttiawmi Q@facds weihdsi methie snbjett a

mast er PUTRY é’r@qatﬂ' V\%{eﬂ\fﬁ)npg%aft wﬁ“ §p<9£'t§)e 'ngarﬁlﬁatn% rﬁ:ﬁ&r om t ype

appl i cations, ch 'sard mas punp c having a flow
control ling vaI ve and a filter charrber forrred integrally therein, including

a fluid fow Dalfhokio@hn Qh@d%ﬁé@ﬂﬁdnfhe Suﬁ'tg %{e?)ls ﬁ%ﬁé\%ed by

materlals t hat are non- con am na i ch path
fl ows suliBrearwayatalve gansriotegraly t[mmcl in an upper head of a first pumping member,

said valve means configured to received the subject fluid and direct it in a substantially
upward path from said first pumping member; actuating said first pumping member to
draw the subject fluid from a source; through said valve means and further actuating
said first pumping member through filtering means to dispense the subject fluid

upwardly from said first pumping member.

18. The method of Claim 17, further including the steps of providing a fitter chamber
integrally formed in said upper head of said first pumping member and providing a
substantially direct upward flow path within said upper head from said first pumping
member through said valve means to said filter chamber, whereby said further actuation
of said first pumping member directs the subject fluid upwardly from said first pumping
member to said filter chamber.

19. The method of Claim 17 or Claim 18, further including the steps of providing a
second pumping member substantially above said first pumping member and providing
fluid flow means there between, whereby the subject fluid does not flow downwardly
between said first pumping member and said second pumping member; and pumping
the subject fluid along said non-downward flowpath.
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inlet into said master punp through said filter chanber and fﬁjﬁﬁegﬁgn%-l y
through said slave punp. 29. The conbination of Caim28, i PEKOES;
punp head and said valve therein are fabricated from T Teflon(r). 30. A
conmbi nation of a master punp and a slave punp for dispensing fluid in

cl eanroom type applications, in which said master punp includes a punp head
having a valve and a filter chanber fornmed integrally therein, including a
fluid fl &R patThetmetbadbf Clin d7 cofEim8; hnthahinclbdipathe stepscafmpovidirglaby

mat eri al §oddighe M Cﬁ%ﬂgﬁtﬂb\,\gr dk&%romcﬁﬁaaﬁ tUeﬁf‘é Jdn%’eg daao“é’ whi ch path

directs f?ow subst an o S5 master punp

t hr ough mtrdlneﬁlgaeﬁrommmebledﬁwlctubsequent |y through said slave punp, and
further including a vent val ve positioned at a high point within said
filter chanber. 31. The conbination of Caim30, in which said vent val ve
can bot h 3lent Thetmethpdaf Claim 17 100 flaind Sstubhecinclidiog m%ﬁiebqomfwd)\dkﬁng)aessure

lief if, | ect ed
avel . 32 M EOMATL A oPLaa SULh Mt methB P stie et 8y SRALRg BT T one
at a hi ghsupJ@phﬁwdW*temrnlnwhajsumect ﬁlmdctmgmﬂ@ourceﬂn:Bmadmpldzwﬂmsseammbre

conbi nat ;9 s%s&%@ll?‘z?%ﬁi%%ﬁ%ﬁb%?vﬁ@é fhat 85Ms ﬁ’oqlu}{c?eﬁ%[}l]yl?ﬁ’sﬁvﬂ} E%ﬂ@e&nt rai ned

air fromt e s rovi de pressure re
pressur e flyid, Nﬁéfel%%jﬂ é@@owlnﬂﬁwll@(mee’@sraSgwtecﬁ%nab@xﬁeda@ﬁ'st pumingnod for

filteri ”gné}ﬂgerdéﬁd) h”}% ffuli&’ﬂcﬁw meQﬁé fﬁ@*éh%“*&‘?' steps of: providing a

non- contan1nat|ng ree-way valve neans sufficient to control
excessi ve pressure drop t hrough said val ve neans when punplng hi gh

vi scosi t fl eqr ' ad of a
first pu??pl ngl#rrh% %tf[b&loy%iacon?% ielur e'hqt%bﬂr@céew%%giﬁgyu%j &%CUE‘IQ cgagnd
direct i tbyithe auts&ﬁihlwrﬂrcﬁuﬂyat&p\fmrrdorpmated Wlﬂmn%ﬁ\ldlymions:bnlpnmmtmg menber ;
actuati ngnétgﬁeq first punping nmember to draw the subject fluid froma source
t hrough said val ue neans; and further actuating said first punping nenmber

to di spense the subject f1uid upwardly from
23. Apparatus for filtering and dispensing fluid, the combination of: first diaphragm-

type pumping means; second diaphragm-type pumping means in fluid communication
with said first diaphragm-type pumping means and in series; and filtering means
between said first and second pumping means, whereby said first pumping means
pumps the fluid substantially vertically upwardly through said filtering means; and fluid
flow means between said filtering means and a housing for said second pumping means
in which said fluid travels from said filtering means to said housing for said second

pumping means in a generally upward direction.

24, The apparatus of Claim 23, including fittings adjacent an inlet to said first
pumping means ajid incorporated in said fiuid flow means, in which said fittings are flare

fittings having wetted surfaces that are non-contaminating to the subject fluid.

25. Apparatus for filtering and dispensing fluid, including: a pump having a pumping
chamber defined in part by an upper head portion, said upper head portion including a
valve and filter chamber integrally formed therein, said filter chamber being disposed
substantially above said valve and said filter chamber including a removable lid member
forming an upper closure of said filter chamber, an outlet and vent disposed at a
relatively upward location on said filter chamber; and a substantially verticai fluid
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said first punping nenber through filtering nmeans. 35. The rre%ﬁd gB _{gl aim
34, wherein said valve neans is constructed of Teflon. 36. A RYAY¢Dr

di spensing fluid froma punphead having a valve integrally formed therein,
including the steps of: providing a first valve actuation that allows for

recei pt qof,th bj flui.d f.roma .soyrce: actuat.j ai d_punphead to draw
the. subj SaE BA Bleorall oty SEb4 riRY poiondS keTutifty ool RHE i on ¢ hat
al | ows t lehambbr ciaid filler dhdrobdre directed in an upward fashion; and further
actuating said punphead to di spense the subject fluid upwardly froma

substantially uppernost region of said punphead, said punphead conpri sing
sur f aces 26t hatTherappearaist elrtlaial 25, imehich eaidauppeahéaugpdritort ihestainbg enta f | ui d.

37. Ane far, di nsj fluid from a punphead havi ng val ve neans
i nt egral wﬁéjrfhg%%@ghﬁ)ﬁgbryeq trrﬁ',%""ldﬁ Inﬂhﬁbﬁaggf errgg{égps of : actuating said val ve
means to allow for receipt of the subject fluid froma source; actuating

said pu ead ' fluod through sald valve.peans; actuating
said val 2 mean® PERM QR 2 indidid v PR Eon e SRR RRe e ¢
f ashi on; aadcaBiluder Mead 290ah, &cwhizhisaig @-aing ispposiivead oh thedinkependiemetee subj ect

fluid up stantially uppernost region of said punphead,
sai d punﬁéggmgg%agipﬁg%&rfaces that are substantially non-contam nati ng

to the subject fluid. 38. The nethod of claim36 or claim37, further
I ncl udi ng,qt he Of . fi ] tially.direct u d flow of the
subj ect  2Bui d A ifeen o o adihins 4874 SRk Rk B NREGD o; 01 o m 37,
furt her iceandinntype eplitaépnxnin whick stidmgasier pimpsinbjidet a plimp theadhaviagma
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contaminating to the subject fluid and which path flows substantially upwardly from an
infet into said master pump through said filter chamber and subsequently through said
slave pump. '

29. The combination of Claim 28, in which said pump head and said valve therein
are fabricated from Teflon®.

30. A combination of a master pump and a slave pump for dispensing fiuid in
cleanroom type applications, in which said master pump includes a pump head having a
valve and a filter chamber formed integrally therein, including a fluid flow path through
said combination which path is comprised by materials that are non-contaminating to the
subject fluid and which path directs flow substantially upwardly from an inlet into said
master pump through said filter chamber and subsequently through said slave pump,
and further including a vent valve positioned at a high point within said filter chamber.

31. The combination of Claim 30, in which said vent valve can both vent entrained
air from the subject fluid and provide pressure relief if the pumping pressure on the

subject fluid exceeds a selected level.

32. The combination of Claim 29, including a vent valve positioned at a high point
within said filter chamber.
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41. The nethod of claim 36 or claim37, further including the step ﬁéﬁg
actuating a zero displacenent val ve downstream of the additi%’n’%ﬂ?ya . 42
The nethod of claim 36 or claim37, wherein said valve or valve neans is
actuated in a manner that is adapted to control excessive pressure or

pressure .grop ' ' Vi | i 43, for
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f r om sai dsafd firstpymping mgmiventhesughditiedrg imegnsai d first punpi ng nenber to draw
the subject fluid froma source; and further actuating said first punping

menber to di spense the subject fluid upwardly from
35, The method of claim 34, wherein said valve means is constructed of Teflon.

36. A method for dispensing fluid from a pumphead having a valve integrally formed
therein, including the steps of:

providing a first valve actuation that allows for receipt of the subject fluid from a
source;

actuating said pumphead fo draw the subject fluid from the source;
providing a second valve actuation that allows the subject fluid to be directed in an
upward fashion; and

further actuating said pumphead to dispense the subject fluid upwardly from a
substantially uppermost region of said pumphead, said pumphead comprising surfaces
that are substantially non-contaminating to the subject fluid.

37. A method for dispensing fluid from a pumphead having valve means integrally
formed therein, including the steps of:

actuating said valve means to allow for receipt of the subject fiuid from a source;
actuating said pumphead to draw the subject fluid through said valve means;
actuating said valve means to allow the subject fluid to be directed in an upward
fashion; and
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said first punping nenber; wherein said valve neans and said %t%st 85 i ng
nmenber are each actuated independently of each other. 46. A Rb4 r

di spensing fluid, including the steps of: providing a val ve neans
integrally formed in an upper head of a first punping nenber, said valve
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42, The method of ctaim 36 or claim 37, wherein said valve or valve means is

actuated in a manner that is adapted to control excessive pressure or pressure drop

when pumping high viscosity fluid.

43. A method for dispensing fluid, including the steps of:

providing a valve means integrally formed in an upper head of a first pumping
member, said valve means actuated independently of said first pumping member, said
valve means configured to receive the subject fluid and direct it in a substantially upward
path from said first pumping member;

actuating said first pumping member to draw the subject fluid from a source; and
further actuating said first pumping member to dispense the subject fluid upwardly from
said first pumping member.

44. A method for dispensing fluid, including the steps of:

providing a valve means integrally formed in an upper head of a first pumping
member, said valve means configured to receive the subject fluid and direct itin a
substantially upward path from said first pumping member;

actuating said first pumping member to draw the subject fluid from a source; and
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the subject fluid along said non-downward flow path. 50. The thog @Id
claim47 or claim48, further including the steps of providin PR4st

one vent mneans along the subject fluid s flow path to vent any undesirable
entrained gas fromthe subject fluid. 51. The nmethod of claim47 or claim
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independently of each other.

46. A method for dispensing fluid, including the steps of:

providing a valve means integrally formed in an upper head of a first pumping
member, said valve means configured to receive the subject fluid and directitina
substantially upward path from said first pumping member;

actuating said first pumping member to draw the subject fluid from a source; and
further actuating said first pumping member to diépense the subject fluid substantially
directly upwardly from said first pumping member.

47. A method for dispensing fluid, including the steps of:

providing a valve means integrally formed in an upper head of a first pumping
member, said valve means configured to receive the subject fluid and direct itin a
substantially upward flow path from said first pumping member;

actuating said first pumping member to draw the subject fluid from a source; and
further actuating said first pumping member to dispense the subject fluid upwardly from
a substantially uppermost region of said first pumping region; said upper head
comprising surfaces that are substantially non-contaminating to the subject fluid.

48.  The method of claim 47, further including the steps of providing a filter chamber
integrally formed in said upper head of said first pumping member and providing a
substantially direct upward flow path within said upper head from said first pumping
member through said valve means to said filter chamber, whereby said further actuation

33



31 May 2004

of said first pumping member directs the subject fluid upwardly form said first pumping
member to said filter chamber.

49, The method of claim 47 or claim 48, further including the steps of providing a
second pumping member substantially above said first purﬁping member and providing
fluid flow means therebetween, whereby the subject fluid does not flow downwardly
between said first pumping member and said second pumping member; and pumping
the subject fluid along said non-downward flow path.

50. The method of claim 47 or claim 48, further including the steps of providing at
least one vent means along the subject fluid's flow path to vent any undesirable
entrained gas from the subject fluid.

51. The method of claim 47 or claim 48, further including the steps of providing a
valve downstream of a second pumping member for selectively dispensing the subject
fluid or returning the subject fluid to said source, in which said downstream valve is a
substantially zero displacement valve that does not undesirably displace subject fiuid,
wherein said second pumping member is substantially above said first pumping
member, and providing fluid flow means therebetween.

52. The method of claim 47 or claim 48, in which substantially all surfaces wetted by
the subject fluid are fabricated from or coated with a relatively non-contaminating

material.

53. A method for dispensing fluid, including the steps of:

providing a non-contaminating high-flow valve means adapted to control
excessive pressure or pressure drop through said valve means when pumping high
viscosity fluid, said valve means integrally formed in an upper head of a first pumping
member and configured to receive the subject fluid and direct it in a substantially upward
path from said first pumping member;

actuating said first pumping member to draw the subject fluid from a source; and
further actuating said first pumping member to dispense the subject fluid upwardly from
a substantially uppermost region of said first pumping member.

54. The method of claim 53, wherein said valve means is constructed of Teflon.

34



