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. Abstract: A systemfor dispensing and filtering .fluidis d 8

whi ch t-heWQ Q{48646] ow path is substantially vertical from gdrausobssiises i nI et
through fluid dispense. Substantially all wetted surfaces are Teflon[err]
or sone simlar non-contaminating fluid, for applications su¢h as _
cl eanroom processes- A valve and a filter chanber are incorporated into a
punp head to sinpli fy the flow path and.reduce potential contami nation
points. Pr eixemedamsqup,Mmimbsrmnmmpmcmlmﬂevmwm\cmmnses
fabricated.fromthe - apparatus or nethods, are also disclosed. WO 01140646
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" and methods related thereto as well as varlous products made by those pumps.and -

methods.

5. E Baek_ggound of the Invention:
This invention relates to a pﬁmping systeﬁ useful in dispensing fluids,
especially those that are expeesive. visceus, ﬁigh purity, and/or sensitive to mel_ecula_r
 shear. The iflventioﬁ ‘als_e relates to microelectronic components such as si_licon— chips
and waferls; rfxiereelecqonic sﬁbstrates. and circuits fabricated by such pumping |
10 systems and ‘methods. including the pqtentially improved quality and yiel_d of e'uch |
_ efoducts'achiexrable with the inw;reritioh as compa’red to prior art sjstefns,
General aspects of the relevant backeround of the invention are
; dlSCUSSCd in prior U.S. Patent Nos 3.167. 8.)7 5.772.899: arid 5.51 16.429. Among ..
o.th_er 'ehings. the in\fention has numerous apphications. but is especially l;sefpi in the
L5 xﬂicreelectronics iﬁdustr_v. The trend in that ipdus’tr}' continues to be to squeeze -
greater .quaﬁtities of circuitry onto smaller substrates. Circ-ﬁit geometriee eontinue to
s_h;ink. the use of expensi_ve rﬁa@eriais continues. and the_corresbonding need for-r .
ldec.ontar'ninated-'“'cle.anroor'n“ enviroxjments an@ equipment for manufmtuﬁné. :
filtering. and processing eontinues aed even increases. Perhaps as importantly. the

0 need for improved vield of final product continues. for economic and othér reasons.



punpin

The pr ‘esent .j nvention reI ates to punps for precisely di spen5| ngn Mlaygg@,,; and

nmet hods rel at ed thereto As wel | as various products nade by those

punps. and Y& O fea ackground of the | nvention: This invention relates to a

punpi ng system useful in dispensing. fluids, especially thosRCHHa33368
~expensive. viscous, high purity, and/or sensitive to nolecul ar shear. The
i nvention also relates to microél ectronic conponents such as silkicon chips

and wafers. 'nicroel ectrOh¢ equipiasitianl @fethodB df therafdteinenticned matfewbnbwowch
punping 10 systens and. nethods. i ncl uding the potentially inproved quality
and yiel d. of g3 Pr ) i to
prior art sys?g(?rs RS nerag'fg)aglg)cgsctg ‘g@gT&?ﬁéer%ﬁt'ggrgn{mgﬁ%dé%ggo ng;%ﬂ?,?{‘%fk -

i nvention are scussed |n ri.or ‘U.S. Pat Nos. 3.167.837. 5, 772.899: and
5.516. 429. An‘B%b ARSI AIgEtioR irliferisd i mahwrﬁmg hp (BAPELRS. but
is especi ally useful in the 15 m croel ectronics industry..The trend in -~ -
that i ndust r ywelbag patemtial applhmxtms siGueleingproveradres inqueelisted teebncﬂtbglcs reyitry
onto smaller substrates. Circuit geonetries continue to shrink. the-use of .

expensiye naterials CONAoHESthed (ifinds) furhef §iRPRGRSIdH%NA ?ﬂgﬁt@nentauan of :
décontam nat ed "cl eanroom énvironnents. and equi pnent manuf act uring.
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~econoni ¢ and ot her reasons: 1 WO 01/ 40646 PCT/-US00/ 32865 | The equi pnent .

and net hods GPduchéhems efRORtANYRAEPILAIS enFapImant. QusHMIlE CoNCEETs: BBile PEIVItinE. 899:
and 5..516. 429 addr esses many situati-ons and applications very well. The

‘present. i nvewimitar-or$mgioved el ihbility bibd pleeike bomfod fernasied filfratibia didpeRendogy -
.a$ well as. potential applications of such inprovenents in unrelated

- technol ogi es oﬂﬁ?ﬁ%l%rlﬁﬁh% &B‘n’s E@% fﬂufid%r tﬂ%eﬁ#ﬁﬂlfh&h&?& An%’lie?i‘aﬂ :MPHvQBEms :

_or| entation of reduce-the contam nat1on. air
concerps. whi.l e praoviding the fI ow path for ti{]e roce fI ui é‘ls through a
oL G‘ and g’ﬁ gegglpg e\gﬁhe cntire process fluid Hlow pat to ecoate

machmed from Teflon® or some similar non-contaminating rnatenal ﬁmher reducing
- the A_h_l.{eh_hood of any conta‘mmauon pl."oblems. .' |
As indicated ab;)ve many problems were addressed and solved by the
Vaforemennoned U.S. Patent Nos. 3. ]67 837 5,516.429. and 5 772,899 Amone other
15 . thmgs. those devices mtrodut;_e_d a diaphragm¥type fhnd d_ispcnsc systemn which. in .
. S certain emb‘odimgnts. included two separate 'corﬁpmer—contro]led phm’ps to ,dispense
: " preci-se afn_ount’s.of fluid. Hd;!‘vever, the preferred embodiments .in those patents; show
_ the prhcess’ fluid traveling in a s'_orhewhat méanderiﬁg-path'-lhrough'ﬂ_le_'pump_system.
-In certain applica_lioris, t'hat_'path does not afford optimal venting for any' §
C200 contaminating air hﬁbblc‘s that may- become entrapped in the fluid or the system. For
%:x?mple- some Sh'nall amount of air bubbles ma;s' be una\'oidabl;,' i.ntroduc'eajwhen the
“source fluid chniai?ler 15 périod-icall‘_v changed. eveh if ho.—he-priming is requi:ed-

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

1J



simlar or inproved reliaibility " and preci se control for - 31 Ma 20 4
desired-filtration-'dispense. and other'handling of the process fl uu?

Furt her nmewofoasoedsi ng. and desi gn |rrprovenents in the insta n
allow the entire process fluid flow path to be coated: or. n&%ﬁjﬂ#éﬁfg#spg

o Teflon(r)or some simi'lar non-contamnating - material, f u Cher reducing the

I i kel'i hood "of ‘any contani nation problens. As indicat ed above. nany

‘probl ems. WEPHARHEHRE ekt WW‘%OB’WQfﬁwallh@mﬁndmemdw&bid?at ent Nos_
5.167,837. 5.516.429, and 5.772,899. Anong other t5 thi ngs. those devi ces

i nt roduced wmmmhuagaﬁmyﬂmdl uid di spense system-which. in certain

enbodi nents. . included two separate-conputer-control |l ed punps to dispense
pr.eci se am)unts of fl ui r t

patents show the pr ocesg'i‘lﬁﬁmﬁ ?%S\fﬁi% 85@;'@ Jugg(t))rrevviégic’dd rrzﬁrr@ltgﬁl edr}lltsngoq%gt h

- through the cert ai plicationsg. that at h does- not :
afford optl%aPM\gggh?%g ng ﬁfﬁf“ﬂd’m@&h{) é{eﬂ?ﬁ ‘%F?m%EI‘B’b‘F)B%‘C?We N
become entrapped.in the fI uid or the system: For exanple. .sone smal | am)unt

of ai? bubb@l@éw#ﬁywbéhammldamcy bubllepotathminaits might requirersome fpetiod
container is periodically changed:. even if no.re-primng is reqw red

Porti ons ofoftfiluslihgWbylilds fidia theyetemPipth Bhndhd RieWosRe TRIGIIYAh, for -
potentl ally 1 31 May 2004 V\D 01 40646 PCT/ US00/ 32865 contam-pating result

of
e P Ay iR e isl Lo SRR ISR AR Brebh "

cc{nt am nant,s_coul d Ient| al | g g r}glﬁom se .the end product to sone degree |n-'
sone snal | (ﬁe‘ﬂ}‘%éﬁ?é&@j FFTEBIET OhtR §t10nSAPﬁém1?ém)ewth®ah thasepibes or :

cont anmi nants night require sone period of "flushing" bubbles fromthe
syst em upo matﬂnmgndnqunnensﬁmmm welimitheoregaidred ard dramadopdencoObver ght
.otherw se. conprom se the accuracy of the fluid di spense system (again, in

a- snal | peﬁh@ﬂﬁ@gﬁtbﬁfoﬁmm&ﬁlﬁ'aﬂﬂ&?ﬂﬂ 1?] rphféﬂﬁs) Qﬂggdzl Offp Prior

patents and inventions function wel rega are Famatic

..advance ov L t .befo d altho h those prior. :
patents ca(r?E’ (Ja‘glrﬂ?ag% aFJrE% 'c'ﬁ%leg(?o{%{‘% g' rFSFi“fsga“dH‘r Py Prowides npl i fyl ng
-theflowpath of thefIU|d B! :

o | tmprovements in that regard.

Other benefits derive from simblifyihg_ the flow path of the fluid. By
simplifying and réducing,--the number of co'rnpdnents ih;\l'ol:.\'r-;:d in fhe system. éssembly—

15 and maintenance can be c(_)rré:spondingl_3,r simplified. ‘Perhaps more impo_rtantl;v. the

number of connection points. se'als., ﬁitings. and refated ﬁo*eﬁtia] lcak-Spots can be |
redueed. thereby directly reducing the n'sk of coﬁéam’ination. ai'r-eh_‘ltrai'nment,\er
similar prdblems. Additionally, reduefng.end lr'ealig'ning- t..he_ﬂuid flow path can
~ reduce the size of the “fdotpriht" for the hoijeingof th.e.sys.tcrﬁ and lother‘wise mal;c
::20 o the system more compect as cdmpa.red'to prior an syetems. ﬂ}{ereby _correspoddingly

reducirig valuable factory space for the uéer__s-of the pump svster.

s



.processing fluid in a precisely

- punp having a punpi ng

15 deal with the aforenentioned potential problens, the instang1hﬁw j;on
provi des inprovenents in that regard. sinplifying and reduci ng the nunber
of conponents involved in the system assenbly and nmai ntenance can be
correspondingly sinplified. Perhaps nore inportantly. the nunber of
connection points, seals, fittings. and rel ated potential |eak-spots can be
reduced, thereby '"directly reducing the risk of contam nation, _ )
air-entrainment, or simlar problenms. Additionally. reducing. and
real i gnyBmeRofthe lnyentiosly pat h can reduce the size of the "footprint" for
t he housi ng-of the system and ot herw se make 20 the system nore conpact as
conpared to prior art systems. thereby correspondingly reducing val uabl e
fact ory spad®ong@sperd the eresenfinygndiop pigyides st daviceForronespinadluigl iBarnresiselyf
t he I ny b ianldpe ' ' | | 5 r
B gy I SR of I8! (g [RUER o So KT CAPOEK Bl
first FoApPNYHcatieadtheagh stessaidfiishriumpingmaans and said decond mprmpingameans wi t h
each otdigviding alfehid 4 ' ' |
o ovi difmoriding Rt y28] ot Tl R RERRRaly 2nSRieiy 5P o IPRISAGRE Mhovan | .
t he fl ial Breloanning megns ardhsaid segont pyopiiomeans ssidding apd isdidsecomtipyrapipg ng
nmeans, | ' ; ' | LTI s di aphragm punps and
actuatéﬁéﬁgt%%%%%%?ﬁ%%ﬁgkﬁ?ﬁﬁﬁggemﬁﬁﬂghggﬁgr asp%gﬁ%&?he present invention
provi des a device for processing fluid in a precisely controlled manner,

the combi nath foiRkr adpoft® ne ORI BRI GNdes S HB0Ce REBRIAGINdHART 41 ! ui d

communi cation wt er; sald rirst punping nea second

punpi n@refssahsconteledimagner. hiewombinatiordf: fiest bumhing meanswngtseatridapumyping

CONSI S {edinsYn ﬂiﬁ%&ﬂﬁuﬁﬁafﬂﬁwitﬁ L4 t{wéroﬁd ikt ﬁHQ\Bir@%gar{anﬁtsaMBH@ means
and said second punping nmeans, an ufther nclfuding Tilter neans between
sai d f iPHEWINSURANSPravding adivid tsavetipale 8wt is pubstantigivnasasisiently upwdrds las dhe d
fluid b S ial i Ld flows
thr ough eacy > o0gh S #T ppid hoark 213 spiYebia ARG itk Whd tithe
punpi népasingsfilter megas betwsen sriddss eumpingmeeqnseweingaid sraend pumpingoveatssina
devi . . Ld _ . ) _ (i : _

evi ce whih PREPFLY p%iehg% gut% a%}glaﬁyggcgﬁlisﬁlggx:ﬂwgtda%&hie'r@@tgﬂrog{sﬁﬁgpgﬁ %l ype
t hr ee- HEsy PUmpipg npeansosaid Biterfreans odnd said sedond euswirng mearst  di aphr agm type

punp, and
in yet another aspect, the present invention pro\fides 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 fo 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 fluid 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



a second di aphragm type punp positioned generally above and i n3§%5,9§0)¢m th
said first diaphragmtype punp to provide a fluid path that is
substantially consistently upward. . In another aspect, the present

i nvention provides a device for dispensing fluid, the conbination of: a
first diaphragmtype punp having a punpi ng head, said head including an
integrally fornmed three-way valve to control flow of fI uid into said first
di aphragm type punp; and a second di aphragm type FOSI tioned generally
above < ¥PPer head gfp Bk RLIPRIDG Rembesaisiaivedaearisgon "?‘é ¢ reseived they syibigct
punped i & St # 2 SHARHBH IR pRITROM Saill ikt BLRBING rhdifibRrs 8éidlatings3ld

di aphr fgmtype punp to sald second aphragmtype punp belng generally
upwar d.M rstrpumpingnen el to s the subjast fb‘ﬂéﬁéma $qrea: threvotpsaid velue meapsandd f or
filter 'f&%&%@tuaﬂl‘g%ﬂ‘ﬁfs@?uﬂ(nbiﬁpqnerh&ﬁ"tﬁ’rgh@gﬁ!{éﬁﬁg%é%iﬁ?; t@filspéﬁs%"thé“sﬁlﬂe& Afluid

t hree-way val ve ans i1 ntegra forme an upper

first Wrﬂbffﬁ@rﬁ@é’rffﬁswﬂm%m@bﬁéans configured to recel ved the subj ect
fluid and direct it in a substantially upward path fromsaid first punping
menber; actuating said first punping menber to draw the subject fluid from
a source; t Hnaogihesatpgcl, horresridinyealind previdesan apparafys forditednaiend rst

punpi NgdRRANRG ﬂEuBrtﬂ Q:Bmfb’iﬂattﬁr'i bf? rst8i3 ﬁrabﬁ’l lﬁbéﬁ ﬁiﬁg%ﬁ%c@ﬁﬂdfabmagm-
upwar dl 'y “from sali irs unpi ng ne aspect e preSent

i nvent itme Wn@wawnarbwgﬁwmymﬁ@lonfwhwd firgt @mhramgmﬁmm@ng MgRaS anthe -
conmbi gt LisOhnd fil elrnﬁé H{Haﬁgrﬁﬁﬁ&@?\%mr&%‘ﬁ's@% |n§ ﬁ IR SfiiMirst YP€
punpi ng means in conmmuni catron wth sai rst ragmtype punping
means &HEPINgrimeans rnpsdhe ﬂwlauésstiantgaﬂwawgallyemwediy ﬁrmghr w%f ltesing mRaesNd
punpi n eT¥TyaeY

substa%{]?g ;S/fb\\?)g?tgé ca ﬁ%ﬁaﬁédﬁémtghr oug?hr}:'%d g@'“??@%ﬁ&%ﬁﬁhg‘pmﬁd fluid
flow rrerm@swewmbﬁa»dém tfaweise‘rqrmgaldéaemganaarw thsaid hvglsmrforﬁmdjse&@a@nd

punpi n i vels fromsaid filtering neans to
said h u5|i ngqﬁ%érd%sfgvlg gp‘kéﬂgrﬁﬂﬁe&{g&mans in a generally upward
direction. In yet anot her a aspect, the present invention provides an
apparatus f i r -1 . NCl ing a
punpi ng chaﬂ}s)g_gt ajgte) el—Q% ?élﬂ thg %H‘ihvﬁ‘ﬁ‘%éh&*‘ﬂ%dgé%p#h%s %rﬁ&%}aﬂi&ggr head
por t i odispresingiflvig, laclyding:en mlup havun@a pummeahamlwe@ﬁf‘mleﬂw part e @n uhperdiead

T or PRfBh, ERPURE plE BeEh VIR, YT A0 i afiBghifieaiiny rtRicliing Pl L7
of sai gaitlifiterghasthenbeing disposed subistantially abone Sﬁds’plysand@alch’ilﬁewmmh@ y upward
locati gy RfhgSPlethdvabib i FOABRS6mIAY En Bpsettidsard srdkld it Ehdifigkr, an outlet and

vent disposed at a relatively upward location on said fitter 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

| vpwardly from an inlet into said master pump through said filter chamber and subsequently
through said slave pump.



fluid pathway formed integrally in said upper head portion to gqerMQ t20640w
fromsaid punping chanber to said filter chanber. In another aspect,
present invention provides a conbination of a master punp and a sl ave purrp
for dispensing fluid in cleanroomtype applications, in which said naster
punp includes a punp head having a flow controlling valve and a filter
chanber forned integrally therein, including a fluid flow path through

sai d conbi nati on which path is'conprised by nmaterials that are

non- cont ani natehgnateertaspedutbp eesent nventendrovidesa ganlingtioowd agedsterpuniral | y

P g & QB B g iorthing Al iTBELHoR R A eHBls TR Which saldirabilh Toe"

and subsequent hr ou a slav ano
aspect , punhigingludeeapuinmhendiheving aowlivdenda fﬂt&nbmardmr(ﬁmrmﬂ lraieglaﬂ! thergiunp  and

a slav Wﬁfﬁ ﬁﬁo‘?‘w”ﬂr i i ch

sai d rrgrsiétagémg fa%'ddﬂo @ guaéﬂ Hidlo rﬂ?alﬁg avi rﬂaﬂg‘étﬁ & alng8 %P%P ? o @ﬁghnber

f or med arﬁmgmmamlmaﬂeg & the sumect fluiid and which unath diteoty flomt substanbmlyhxpmrdiy

combi n

o Coﬁkdan‘r?n erllg?étqnlo{%%fdt és?e h?cﬁ.&&% daﬁ%&n the C%ertahgrsub r‘@%’{‘ﬂ thyough said
-subst arsiavel puppy @ndmnhpr mﬁ:h:dmamvenh Valve positiorediad ariw pintpathn said Bltegh sai d

filter r and subsequently through said slave punp, and further

~including a vent valve positioned at a high point within said filter
chanber. In another aspect, the present invention provides a nethod for

fil tering and aHbB8eASRDind il o ARKAILOLLS (RARRAPnerl BV HsBlndng

non- cont ami nat’l ng fee-wa ve nhean cont
excessifluig, ncklingrtbe diepp of: ipraviditg aaod-cvaﬂaumatmghghvﬂmﬂhmemml\m mbans

e T

dir ect vnst80$|ty Thiids ﬁbslt\amlmary intpgvaﬂyijmed irf amupsaihdad Hf a Bist pumping gramseoer |

act uat ing Jafdirdd {o5 ceqy 'er& 8;“? d?%(ﬁﬁg* ng’ﬁé{?’*“ g’t' Ls"g“l" dq}a"{ﬁgﬂr}%ﬁj&i ng

source tnrou ga1°d ue nrea frs
nmenber firsd pdmpp@rme"nberhactsatb]gemd ilirlstmdnmpg\medibpr for drawdbe ehlfject $itiddrompang

nmenber -er net her cl

vent o0 ca ot 8 vaE AR Sand Dl o S0P Bty b epgntng
val ve itim sgyexdt fyidfupwaetly friversaidiirst puripint mgnibkethsdughdiltefing roeans.di ng a first
val ve actuation that allows for receipt of the subject fluid froma sour ce;

actuating said punphead to draw the subject fluid fromthe source;
provi di ng a Iseetamdtheabspech dheiptesent ibvemtion atdvides atrhethsdifar dispefiding id Gobre

di r_ect %%u'nﬂ)h%gd HBW{; Q v‘;@% Mtg&llmgmfe& ﬁe?&ﬂ Iﬁq & r% {hegstg[?sl (% 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.

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 fiuid 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



punphead to di spense the subject fluid upwardly froma substan%'p%lég :
upper nost region of said punphead, said punphead conprising s ¥@90¢hat
are substantially non-contam nating to the subject fluid. In another
aspect, the present invention provides a nethod for dispensing fluid froma
punphead having val ve nmeans integrally fornmed therein, including the steps
of : actuating said valve neans to allow for receipt of the subject fluid
froma source; actuating said punphead to draw the subject fluid through

- Ealg vaiuiuaammwroacé u@%stafsrguaﬁ;au;sbeﬂab%ﬁe@eabsﬁ.@ painbmd b@idiﬁubigﬁééd dfl uidto
e directed in a r ashion: and actuatin ead to dispense

the suBpmpsis sttt Bicare FreeighlBonupy R PG G sUEHARR, upper mout
regi on of said punphead, said punphead conprising surfaces that are
substantial Ly non ontamn to the subject fluid. . In yet anojher
2apect t he MYECRTIET AR b Plhea0t BEH Akt  Brtar S ckeprang M,
i ncl. udllrlitﬂudlrliyath%tswifs osfprowrmglaouan@ rAcarliMegRa RsmcB e gh Bpper hbad bRslfilsh an
upper head.of a Jér {%)I? al d vaé ve C\a;ns act yat ed
_. ndepeﬁ&mn%/msm = Ve e AcHigSLigRREN BRI OT P31 B L LTI BRT PSP ¢ o
][ ecei veatvge?@anbjcaﬁﬁgdréwmeaange d'!ersQﬁ{ect ﬂtlurd Qn@dﬁ%&l?ﬁﬂﬁ%hﬁéthr}ﬁaﬂjﬂw@ﬂﬁdFp&trh

rom sai | pu ng nenber; actu sai ir
draw t éc“i P‘FWE'BH qmbsh aptuaiing @@% fjﬁﬂg“”mﬂ"?%@remgﬁ 'Eéﬁ‘% B"gesgﬁ%l?cf \r"f'

punpi n@oﬂ‘ﬁﬁb@ﬁm& andl RiPBBsSctidtng el Rsttpupitdimehibeniodispehs® Mesubbcf iuidt

punpi n . I'n_anot her as the present invention provides a nethod
for di g'BWﬁgP%%D’T‘ISGidJT’StlF}H’ETW Smh?rhe steps of: providing a val ve neans

integrally formed in an upper head of a first punping nenber, said valve
neans conflgured to recejve the subject f|UId and direct it i
I

subst ant i al 2Nt Arees Eypiefion Ay ?ﬁﬁrﬁ]wdﬁ@h‘iﬂ@?‘em@l@glﬂ& lydingi d

first ﬂwme[!Stgofﬂprfaimingt@vﬂﬁ@ﬂebﬁ@mte@b&ly%ﬁnéd iHiaf d éﬂhétd&mérfﬁﬁ uftipfhgf ur t her
di spense t su Ject | ui d gpvvardl y

actuating said.first punp nber
from Sg]eg‘nl}qr,rsbq Yﬁ)ﬁ"ﬁ@n IgHF ed\kﬁéﬁ"@f"ﬁ tg%ﬁ%ﬂ?‘?tr‘@ld HuhAerkt pehpbst
act uat gpwhideereRYald/firef puiddiny Mehver; RRRERg S&id Yirdt p@ﬁ‘@n SherASAQS traw I8

present invention provides a mnethod for di spensing f |nclud|ng t he
st eps BYRICPIA A g squirss 9vd heheradiyatiog sald fiystRympiRg mﬁmQﬁf gRpeniREg of a
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rrenberacndettegéf?q‘%ﬁ’&“%%[]t'é{qﬁ?'gtvawﬂlﬂﬁﬁ‘ﬂé menber to draw the subject fluid from
a source; and further actuating said first. punping nenber to

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 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 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 valve 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.



di spense the subject fluid upwardly fromsaid first punping negpghijbgrein
said valve.neans and said first punping nenber are each actuate

i ndependent|ly of each other. In another aspect, the present invention
provides a nethod for dispensing fluid, including the steps of: providing
a valve neans integrally formed in an upper head of a first punping

menber, said val ve neans configured to receive the subject fluid and direct
it in a substantially upward path fromsaid first punping nenber

actuating said first punping nmenber to draw the subject fluid froma
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region; said upper head conpri si ng aces t at are su sta lally non-
cont anFUaMalnG {Q e sybisPEidf | ui d. In anot her aspect, the present

I nvention provides a nethod for dispensing fluid, including the steps of.
providi ng a non-contam nating high-flow val ve neans adapted to control
excessive Praviarasgectpihedsesest avepiontireddss & miethoddprdispanaing filde inciydingi ng
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di spensi ng system provi e i nprove or mance an
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fluid éd&%nﬁné%dﬂeﬁnb&“@ ioh 8f éél&f&#é#lﬁ%m&ﬁﬁé}nﬁé}e systemis in its normally

upri ght position and rovi di ng n~or simlar non-contam nating
wetted surfaces throughout the flowath. In its preferred enbodinent. the

flow path i & d@hipidr§ enfbddmHRahE fhvbftion 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 fo 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



prior art systenms. including fewer fittings and connections (i 1@%&t0
resulting fromintegrally form ng various conponents into singl % Péry
structures). I n another exenplary enbodi nent, the invention provides a
device for processing fluid in a precisely controlled mannerincluding the
conmbi nation of first punping neans and second punping neans in fluid
communi cation with each other. in which the fluid travel path that is
substantially consistently upward as the fluid flows through the first
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2004 material. such as Teflon or the like. Anong other things, this
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first paadily niize®ans i ncl udes an upper head portion renovabl e froma | over
portion, and neans are provided for tenporarily attaching the upper head
portion to a | ower portion to forma punpi ng chamber therebetween.

Pr ef er abl y. Indrethgrezemplagaempadinient) theialerdien pircmmr@bysyerﬁ oF devdce/éditie neans
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porti ommo&abllegrotm adower portigs, andmeans agy mbvided foe térﬁmrhmyattaamﬁg irfeqrppeg

vi Scouﬁea%ﬂgior%n 'a I];)\llvgll’ pq(')sr’tulajr!n1 E) f{)rm a pumping chamber therebetween. Preferably. the upper
head portion includes integrally formed valve means configured fo 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 low pressure. and decreases molecular shear on the fiuids. 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.




relatively | ow pressure. and decreases nol ecul ar shear on the éiﬁ?g’s% i4n
part by providing relatively larger and | ess obstructed flow 0If?rough
the valve (as conpared to prior art systens). The valve al so reduces
differential pressure, or pressure drop. as the fluids nove through the
val ve. I n yet another enbodi nent, the invention provides a systemor device
of the aforenentioned character, in which the second punpi ng neans

i ncl udes an upper head portion renovable froma |ower portionw th nmeans
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device for dispensing fluid. including the combination of a first
di aphragm type punp having a punpi ng head, the head including an

~integral |y fioyetegothar exentpany@embooiméntoive divehtien provides atdesict forsdispensing
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in yet another exemplary embodiment, the invention provides the inclusion of a vent
vaive 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 withih 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 pumpihg member; actuating the first
pumping member to draw the subject fiuid 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 switches the fluid flow drawing and dispensing steps in the preceding
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prevent the pressure on the subject fluid and the systen1itse|§1f |2 0
exceeding a selected level. Al so preferably. the vent valve i [Mﬁ& q éned
at a high point within the filter chanber. in another enbodi nent, the

i nvention provides a nethod for filtering and dispensing fluid, including
one or nore of the steps of providing a valve means integrally formed in an
upper head of a first punping nenber. the valve neans configured to receive
the subject fluid and direct it in a substantially upward path fromthe
first peanteneg. Aeindisatedabovatthagteps ean further ingude pruyidirgndéilter tcbambenintelgeaily
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i nt egr dilig upwardlydpm thetfingt pumping rherablerdd thenféter chartbggunpi ng nmenber and
providing a substantially direct upward flow path within the upper head
fromthe first punping nmenber through the valve neans to the filter

- chanber, whehdsditionflstepscof the tnetttode of thie inventién inshudp pnpiidicy aseterd plinged s t he
_ bj ect ' |y f i £st ' t he filt
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a secorttienshepieny. wherelhethe subjstidiuid ddesynohow dowhwardly tsdtweenibierfgstmiping and
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punpi nglomemiaet flowpath.punpi ng t he subject fluid along the non- downward

flowpath. In other exenplary enbodi nents, the invention provi des apparatus

and nethods that include providing a val ve downstream of the second

punpi ng e ne pthieoexenmplanytanvteldimetits ples Bivagtiontphevidetappatrathis gndlmethadethatni ng
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the 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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preferred enbodi nent di scussed herein includes two punping neagfww&bﬁo4
filter means interposed therebetween. advantageous aspects of e
invention may be practiced wi-th no filter nmeans. or with only one punping
means with or without filter means. As with prior art systenmsny invention
provi des a di spensing systempermtting the use of conputer or other
automated digital control for the rate and interval of dispense. as well as
for the direction of fluid flow through the systemand fluid pressure

dur i ng GpEPiad giryen by steppertasservometass. ofsimilar achneleay. G &y tvadipusgomprient i on
i s the gRktshatBwaie &d%iﬁrﬁ%&%i%@ﬁﬁﬂ&ﬁi&ﬁfon%%t@?n&? great flexibility of
operation nmaking it adaptable to nunmerous applications. The system may be
9b 31 May 2004 controlled or driven by stepper or servonotors. or simlar
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less |ikalavee abﬁm%waléff@&Hﬁﬁ%s%%p?ré&b?rn%}’&hge\tﬂgé . conpact punp desi gn

that | eaves a smaller "tfootprint™ (as c are rior art devices). An
addi ti onal object of the invention is the provision of integrated
circuitschi yar l; Yatql j i fe

o or erent | o Lo o 8 R Is P BV S FRea R U IR per

i nvent iNgAroglectronie dayipes fahticatedinem e aforancsitinged apnacatus eamethedand t he
acconpanyi ng draw ngswhich are for the purpose of illustration only. Brief
Description of the Drawings: FIG1l is an isonetric view of a preferred
embodi nent  @thenpbieqtsend advantagpsof thejinvention willibe apparent fremihedeliowingne sane

syste i i § j 0 k side
(35 of PEARAE0n b NARBRPaRi alsRR ot ER? for vl bk SRR BLAAR A8 1S, 5
of FIG 1; FIG 4 is a cross-sectional view taken along line 44 of FIG 3;

FIG 5.§ﬁ§fﬁeﬁgﬁ@‘§ﬁﬁéid?£lﬁihﬁé’:i ew taken along line 5-5 of FIG 3; FIG 6 is
a CrossS-sectlona along line 6-6 of FIG1;, FIG 7 is a

cr oss-sect i Giall iy peisomsitiénview ofg preafereedrembedimpni@f the ipventios; i s a fl ow chart
generally illustrating a preferred nethod of operation of the invention;

WO 01/ 40646
: FIG. 2 is another isometric view of the same system. viewed from an opposite upper

corner to 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. 5 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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31 May 2004 PCTFUSOO/ 32865 FI G 9is an |sorretr| c.view siml 5@&1 )
‘but illustrates orie of the many- al ternative enbodi ments of t fh |on
FIG 10 is likewise sinmilar to FIG 2. but is an isometric V|ewof the .10
syst em of FIWO 0/406#6 eved front an opposite upper cornef as tpefistumasss -

innFIG 9; FIG | | ais a top viewof the systemof FI-GS. 9 and 10. exc-ept -

showing the inlet-and otitletports to the system facing opp05|te to'the
directions shown in FIGS. 9' and 10 (persons of ordinary skill in the art

wi | understand that thﬂ@»stsemsoﬁ)e{r;ct\hé\ugﬁni@mobmqr berliedrated ofte W @e T ange
of .directions ‘and variety of positions): FIG | Ib is the same top view of _

"t e system ofmﬂ\(ﬁenamadmbedmenwbﬂﬁéﬁveﬂuo’h a. -but lncl udes a-different *
section lLine 13---13. except. again.  showing the inlet. and outlet portsto -
t he- system faci ng opposFIlGelf)as hltmshmmdhxmrﬁ(isﬁobm is am iEdrsric Yieandt tHO; o
FI'G 12 .is a cross-sectional view taken along line 12-12 of FIG. | la. 15
For the pur psgaemaif FdGapi vigwedifpmansoppbsitchpppr edrecrras cthaB shaen mdllGed:di scussed.
herein.have been ontted fromthis figure; FIG 13 s a cross-sectional :
vi-ew t-aken al ong line HG. 1{zisgrtopyiew afthesyssem of FIGS. Pand 4 Ostxetitar to FI G
10. but. is |somﬁ=tr|c view .of the systemof .20 FIG 9 viewed.from one of
the remai ni né P& T BHst@nd optdetmorts 1yt Sfﬂ%mtfﬁﬁnéﬁwltiimeﬁ@mQS and. 10)

i e e e e )
10. and cor] er. ynits IhFGS -10 and 14). whch ~
represent th seqrg\(iqo‘{1190 t%nbe%%gg Ilﬂl‘/a“g eeraﬂgff GE BeoPS AT REety, gure %o " o

perm t bettﬁ/gogﬂ(%gzne of the 25 'preferred pressure transducers 285 and
295. 10 31 . WO. 01/ 40646 . PCTI USOQ 31865 :

10 - FIG. 1 lb 1s the same top view of the system ofFIGS 9and 10asin
FIG 1 1a. but includes a- d:ﬁerent section line 13-—-13 excepl. again. showing the mlet
| and outlet portsto the system facing opposne to Lhe derCIlOI!S shown in FIGS 9 and
: ] 0; . ' -
| - FIG. l? isa cross- sectlonal \'1ew taken along line 17—12 of PIG 1 la
15 - For the purposes of clamy aspects of the preferred 3-wayvalve discussed herem have- '
_ | been ommed from this figure; | |
_FIG. 13isa crossfsect-ionai view taken along line 13—13 of FIG 1 ]'-b_: |
and _ o
. FIG. 14 is similar to FIG. 10. but i 1S an jsometric view of the svstem of -
20 ' . FIG. 9 viewed from one of the remaining upper corners (other than the two shown in
FIGS 9 and 10} and agam showing the outlet port of the sy stem facm«J opposne 11+
'the dlrecnon shown i in FIG IO Two ]ower units (shown as elements 293 in FIG. IO
and correspondmg to upper units 283 in both FIGS. 10 and 14) Wthh represent the _
Servo-motor a_ssernbly. are not shown in this Figure to permit better viewing of the -

- 25 . ‘preferred pressure transducers 285 and 295.



'_Descri"pt i on of Preferred .Enbodi nent: Referring now. to the draw S and
“particularly Figs. 1 and 2. 1 show a preferred enbodi nent. of a%g 8%1
di spense sysdemoss constructed in accordance with the teachpRpgseBhsdshe
-invention.' Preferably, the systemincludes a first punping means or '
~master punp 20. and a second punping neans. or slave punp 30. operably
connected to punp fluid froman inlet 12 to an outlet 46. As described .
herein. -fil terlng: ¢ e.incl.uded between the.naster and sl ave punps .
20 and 30, ,ﬁersk il PreferiCd Bmbod E' ster punp 20 (as. described herein), -
to filter the process glidfifle nGE 15 QF 1810 t ) nts and
operation of-the 10 pr g?er r%3%3@%&%‘%&%?%335%9@8%% E%BP&apg&%Sgacl osed

0 U.S. - Pat grifeh@Pemiabféntst apunpdfd digoins@iiendt 0 dsBidt inlkGRagiee hereby
i ncor-por at e?%her ei n by '_r%f eraepnc_er?. Ang%\i}servi-gwof aspr ef elrn\rqe%%o_d of .
oper.ation ofwiththe teREMAENGS thEWRRELON PrefdrablyShe SisReh inRlubibsa fifkt pulipited taken
froman initial fluid source 60' (FIG 8 )' is drawn into - the system 10

t hrough t he neahebr @terpangp20. ahd aRecndtpaghpifasthednsor BlRvEPumPAS O Pdetatdf " 15
this process, an integral three-way valve 140 in the master punp

'i's' positi oneentegteder pirnp fhuéd fotj ancnlet | 2iiodart eutleed@uik desciihedhaein.

di aphragmstyle first purrp_-lS@é;by .movin i ts.di aphragm downwardly, -as
expl ai ned i fltePeg Beyssas beinledsdheteemnghe nmster and slave pips 28 apil6A. erct uat-ed
t-o permt fl{‘oe\fl frompunp 18 upwardly thraough valve 140 land eventually
through a fPIefEpbly withisg ed?aSFﬁSrpéM(aéfif:%ﬁb&hwn»é@ﬁ(tgn}bﬁpa@es&fbnd- val ve
28/ 36 -and check val &e 49). can be ingluded al ong the flowpath at .
appropriate | ocati onsVeRFALAICERE FRgardingthe campengntand ppsralign of ths prevent _
undesi,rabl e ckf:l ow. as.di scussed, further herein. T vent val ve 36 can -
eit hzﬂr] r et u?’%ﬁ?‘—f‘%«g sﬁ‘fl’fl&nfiétstpﬁglps‘Bﬁ‘fh@B""g’é a(ea@scg?ﬁ‘}%“ pngﬁjla@m gf’sor to a waste.
drain (not gh 5 L4 894 fid.ter other.than via the vent valve
36, the 11 uraChEsr SPIEMA d B9 B e BoRRY bRl Brk M 25 a4,
whi ch pr ef eraalibacedianaesvibd/ 0 SRk e &6 G e B € hat
valve 99 "can be any suiltabl ea?g%g‘?é g“t&c Oﬂgg -_eﬂ@eél@pg?ge;%ﬁggré‘%ﬁwgk
‘non- cont am iMiaktred HHIGSS. FRSE AIRAGINE b idtial FREH SRR (96! 8 @R PluANY
suitabl e -location- although it typically Il 31 My 200(5’;(.?G v&ioﬁ?ﬁé‘ﬁ%
PCT/ US@/ 328 system 10 through the inlet 12. by 6pe'ra'tior;~ of the master pump 20. ‘As'part of

s this process, an imegrél three-way {)alye 140 i the mastér pim_lp 'is'p'osi_tioned to-
L permit the _-subjéct fluid to be pulled into a diaphragm'-styleﬁfst pump 18 ( by moving f
' its diaphragm ‘c.IownwardEy, as exﬁlained in the aforementioned patents). The valve
140 is then actuated to pérrr_‘lit flow from pump 18 upwardly throdgh- valve 140 hnd
eventually through a ﬁltcr 27. Oneor Vmoref.vent or check valves (such ‘as vent valve
- 20 - - 36 and check valve 49) can be included aiohg the ﬂowpath' at apprcfpria_te Io'cations.- to |
vent qﬁdesirable gnn*ainéd" gas and to prevent undesirable backﬂov;.f. as discussed -
ﬁli'th_ér herein. The vént valve 36 can eifher return the fluid to the source 60 (as
shown in FIG. 8) or to a waste dréin {not éhown). When exiting the filter other than
E Yia the vent valve 36. the fluid preferably travels 10 a second diaphragm-style pump
25 44. which preferably directs i't-.;o anot’he'fthree—way valve 99 (see FIG. 8: that .valve 99
| can be any suitable valve. such as t_he-zerO-dis'placerﬁént- nbn—contéminatihg valves

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

1



is remote.fromthe second punp 44 so as to’ be' adj ‘acent the act ggl di.spense
and. inprove the ability to preci-sel}-.control final.di spense, M &ﬁﬁg
suckback or- ww@ol/dok«). That second val ve,, 99 can be sel ecti vehy, "’
to direct -the flow back to the source 60 or- to.be di spensed on a su rate
or other mcroelectronic chip or device-in-process -(not shown). Persons of
ordinary skill in the art will. understand that nmany of. the. general

E:Qigpiggd' oS ol SR SRS o b Sualt B el snirbemidn. ' some
di scl osedtor  prote BESRRPE Feaul Cénq@ ) Pl fien s Sripb BECRGRARR oBBR fiks-or
limtation. tg, 9%%5@'\*!11\}399\@ %Te geleétﬂfrelv a?ﬁjarceldtthﬂft%ctfthéjﬂgrlbﬁcllﬁ)rtﬁe g&@?é y

substantial ly upward as- the noves roug VI ousl vy,

‘however. i f téEorith bk dispbrssed 'oh%x%&rﬁé’ orvcﬁh xgﬁ)e c{&ﬁﬁﬁlc_f;hﬁsérglr%g i gljmesst he

fluid then returns, "down" to iIts orlgln eve upmard
fl.ow pagh 15- anapdhudas preferred positioning of the inlet 12 as Iow as.
practicable on the first punping menber 20. Pref erably, the only ' -down"
flowportions ofthe fl dwrsumslof onlisdy skl mﬂﬁaH\UiIliJrid&rs@arrﬂ\M%tIm&@dfh}a: '
respective. Punpi ng chanmbers 18 and 44. Persons of ordi nary skill in the
art will undegestrahebncéms distiosed tiahnifofdrumibmel UiSt Rhwent Wos. 51165.837, - t he' purrps
and ot her beneficial performance and packagi ng of - the system I0 26

(i ncl udi ng fa?c?llﬁr‘tétﬁlﬂdgb Pr5829 apnly pableguil cgpaicy i thipmetmiore Sdmyedofathe i cs. -
di aphragm punps, and punip heads and filters within a relatively; small
footprint), awtt‘%tmpfmammseasethpmweﬂem\reeaoeamgﬁmtqsed prdegenitbadc al

al i gnnmept - anrdﬁl confrguratron . of the, "downstreant corrponents and el ements
adj ace eachB#"t hose punping chanbers 18 and 44 nininizes any, gas

entrai nnent or rel atedproble ot her Se .occ For exarrple -
t he; _preferred. enbodi n&% ﬁr%&%@??@@dgfbewy\?g F}‘@Hf’nﬁg%g&‘aég floy patly  4ng

L B R B 1,
s econd 12 31 4)am 46 %ﬁ&ﬂ@h%%%&ﬁ e fluid is directed by valve 99 back to the source.
‘ the fhuid then returns * down” to its onomal level).” Thls preferred upward ﬂow path
o “IAS : mc]ndes preferred positioning of the mlet 17 as low as practzcable on the first
' pumping member 20. Preferably. the only “down™ flow portiens of: the flow path
occur as the fluid is drawn mto..t.he respective. pumpmg chambers 18 and 44. Persons.'
~ of ordinary skill in the art will understarnd that this ‘-‘do\tm” flow faci'litates_ priming of |
' | the pumps z.mdAother beneficial perfonnance-a_md packaging of the systerrt 10
20 - (including facilitaﬁné practical packagirtg of the preferred hydrztu]icé diaphraém
pumps and pump heads and filters within a relatively, small footpnnt) and that in any
case the preferred substantially vemcal ahenment and conﬁeuratlon of the
_“dmmstream components and e!ements adjacent each of those pumping chambers 18
and 44 .minimiies attv gas entrainrnent or related pr‘oblentst that 1‘mi°ht o'therwi‘se occur.
" 25 For example. the preferred embodimem prov1des re]atlvelv vertical passages 22, 23
and 45 ( see FIGS. 3 and 7) from uppennost.respectwe regtons of those pumping

chamberé. 18 and44. 10 a vent valve 36 (see FIG. 6)’a’nti to the exit of the second



PCTI USOO32865" ~punp-46. Thus. in the preferred enbodi ment. agyMég\dﬁxvard"
flowis imediately foll owed by an upward flow (via the diaphragmpunp”
forcing thwoelbjoget fluid in an upward direction). which hg#,i)/?’ ‘50% Egér»ge
any.entrained air and to continue the overall upward flow 0 RE2 ] ect’
“fluid: Simlarly by way of exanple and not by way of li-mtation. and -as
-nore fully explained herein, the overall flow path preferably includes

fewer fittings than prior;art systens..and :those fitfings and .theflow -
path.itself ‘Efglflﬁ’rs.aﬁl the P@Bﬁ%@&f‘%d‘m?rﬁfﬁ“& deyatet! ovhistamegintely -
sinlar matetial ri sk of .any contam ngtian of the

) to furt red th , A _
process flui'd. ‘ff’éfde -‘éa?na%ﬁl’J‘rya,‘ng{?&‘r @éau'ﬁﬁgfa@%aé’a‘ %[‘B%gqm%ﬁé]?ees ject ﬁﬂ'&én 8lich as

i al 1y avai hakle FLaks (G tube fitti be readily. .
i Tied e RGEeL Sich G sl b 650 FECPERRE RO Lt ng

“the first pymRiaRtfiowBaiResbikd fighng formed by assenbling an upper head
porti'on 120 wi-th a lower portion 122. sealing .and binding a flexible-

di aphragm 124 th_erebe@mﬂaﬂveyaayloremﬁﬁrewamlwwhfopﬁﬁfﬁm@h?{dermeded to
ensure a fluid-tight seal. “The:diaphragm 1 s .1I24 s preferably o
-fabri cat ed fally expidise] Mirtin, thebhvaall Wowopatk preferablvijhélodddTBwer RBnEHLMAANT Nat i ng
material .- At, |east somewhat simlarly to the aforementioned U S. - Patent
Nos. 5. 167 p88rart Syskbs. 48dthosnflttingd 22d SleFicvepsk diself hie prefetablyefabriefiéd t 0
Figures 2.in each of. those patents): the diaphragm 1l 24 and | ower_portion
1.22," are pifioneersopied vaitit Teflon® of similse mridriapy:. ecfiseiey redoct the sk éf anct uat i on
'a:zé:_fl-exi-n'g of the di-aphragm (and consequent punping of subject or process
f fuird). by SeuppERuUAR ebthsiprecsss Buidy Braferably, anst assindichterd abetey flowsfitingpl aci ng
fidid:into and fromthe space 115bel ow, the di aphragm 124, In:the  preferred
erbodi%rent . SthaS cammepRally evable dkae Grip p BRI tHor fifmes simbs teadjy utilized.

TOPTRr eSSl e e RS B R
vl ) gl il R b 5o B Yl 50
conf i.gur ati fiver phrtich195"\Rali A RGbihife TR BSHAAL P2 th&%bdieen. A
. scal.i.ng elcmcnt_127 is preferabl)_; provided to cns'ﬁre z; fluid-tight seal. The diaphragm
“15  124is preferably fabricated or coated with Teflon® or some similar non-. |
o Conta:ﬁinatinngat'crial. |
‘ At least s_orf_newhat similarly to the aforementioned U.S. i’atent Nos_.
( 7 .5‘167‘837’ 5.516.429. and 5.772.899 (espécially with reference to Figures 2 in each of
£ ' those pateqts). the diaphragm 124 and lower portién 122 are i)rgferably configured to
20 | permit precisely-controlled-actuation aﬁd 'ﬂexing of the d'iaphragm'i'and COn;scquent _
pump_ing of subject or process fluid}. b_y stepper assemblies, servomotors, or similar
-devices displacing ﬂufd“into and from the space 125 below the diaphragm 124, Inthe |
preferred enibodimenf.-this can be écbofnplished by pumping thé relatively o
in;‘:ompressibie actuaﬁng fluid through tubing or-passageway 126 (connected at it"s_:
25 “Opposite end—not shown—to a stepper assembly ] 86 or its equivalent). Persons of
. ordinary skill in the art will understand. as indicated below. tflat the passageway 126

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



31 May 2004 WD 01/40646 - PCT/:0OS00/ 32865 10 "internal " passagﬂ@f{l ;;d@h as
passage 226: shown in FIG 13.. The base elenents such.as base )
preferably fwbroraegsed from any suitably strong material, althgugikAsssgeed
for non-contamination is sonewhat |eéss because. the subj ect flurd is not -
exposed to the base or any. passageways therein. P05|t|onal f eedback Iags

184 and . 194 and limt switches,] 82-and 192. FIGS- and 2. are

f bl ovid h o |
Controf ana og iERES oRusteerRE S et 2 i ?f@alﬁisfhﬁb%%en% bt

Ehose using opraaphy T Ekeririy ?a%%a*eda’%ﬂ iab sbhi f%ai‘%% “and
294 that pref@,@%@éyfmxﬁcwﬁm#ﬁﬁsn% %S%E&ng*emwﬁ@&mm isAgPNg the .
‘many al ternative enbodinents for the’ agm actuating” neans are-

arrangenent s gipgkddo th@bﬁsl@@?ﬁn g g?ﬁlelrélnt Pesiabl eREnickaned 1§ sy es .
2"of the aforenentioned 37,7 5,516,429 . and 5, 7724899 patents: . -

| nt egral  pasERigeudisit sﬁ/ﬁfhdshe.’zaﬁcﬁ walz.lm&StI}land 20y pheferably piraededosn heher wi se
provided in the base.1-61 in different directions. such as the exanple--
shown. i n al t epistahs vesteppenakisemblies] o faciitatE c@GBrol had opérhist ofithe pgptemdd a
passageway ‘255 for actuating the slave punp). and.13  (illustrating.such a
passageway 228mppg tlmcmratalt@glat:heCMdmucrmmﬁtﬂle inMentiom{sach: aseﬁdsqamdtlnon 120
and | ower portion:122' can be maintained in operative relationship with
each ot her viEHGS. ﬁn]&éaﬁéhg@ usingrapticallinits witphest 2821 192 thahsense & 4nut .

128 i.s retained on the per head portion 120 by a retaining flange 129 20-

1 -seated .in'3dgp ’tah’é( ‘E&Yee‘f"ilbﬁhedflstpﬁém@lﬁb‘éﬁ Wé&’@oﬁbrt ion 120: and. - (v
gngages_corre spond| ng hr ea S 130 n the, i de of he | ower ortlon : .
122. . M though the nat ¢MPeREtEIpany tel‘i‘lﬂ‘“fe o HREAHEr Fsapt ﬁHa‘TﬁZ can >

"Ereoi.”ﬁe"é itvrf“a%%s%?r%%tgéaa?r?faﬁé%gi 55 Bl HEfe ﬁ%grgﬁ&éﬁ%ﬁe 4ot 220
cand 122, 1 e Re Gkt STRLITRN 16&41)%5@5%2%99 PuSherBplaalo0 26 . and

128- are rela |ve y coarse e " correspon |ng senbly and

disassenbl y gi Q@w%‘é‘gﬁpﬁx@tahﬁgﬁnglﬁgldatﬂ% 82 Phali0h BAGer ¥ rovihiod wiBL Vi ¢1 NG

or ot her
base 161 in different dlrcctlons such.as the example shown in altematwe embodiment -

5. of FIGS 17 (illustrating such a passa-chav 255 for actuating the s]~ave pump).and 13
(1llustrauno such a passageway 226 for actuating the master pump)..
| The upper 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-
s;\;q_nding threads 130 ofl the outside of ihe lower portion 122. Although the ma;é'rigls
' for tﬁe nut 128 and the lower portion 122 can be any of a widé variety, prefergbly thev
are fabricated from metal to provide a strong. repeatably engagabic assembly of the _-
hé_ad pﬁniéns 120 and 122. in the preferred emb_odimeﬁt. thel‘t'hreads_on elements 130
25 - and 128 are relatively coarse. 1o enable. corl;eépondir_igl,)f quick assémb}y and |

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

14



- WO 01/40646 PCTI1JSOQ 32865 nai ntenance of the first punping nBaRs, 2804
"Large threads also are relatively easier to'. clean than small or Vi ne
t hr eads. . T‘gg)ox}r%@%r head portion 120 al so preferably constitutes-a -
“monol i thicele] $ formed or fabricated. froma single pi edTSPS0PELEEN(r) -
or sim.lar material. As 5 explained herein, this.nonolithic aspect permts
various structures and elenents to be incorporated.directly into the head . .
itself- which contributes to the aforenentioned benefits of an inproved '
subj ect 1 umgifengpcgefithe find puagineaemsiife rl-anfe hredraliabne yelovel prasiato ng -
connections., Among ot her things, the nonolithic elenment 120 preferably

i ncl udes 10ckepthap smalh of fipegfraadsy formed or nachined val ve assenbly 140
(see FIGS. 3 and 4)....The v chF 140 is preferably a three-way valve,
‘permtting (as descri EB%I“%H%%@? _P‘%‘é‘loécltfzp\?g"ff’ﬁf%aé’ll?’)"oﬂ-‘i‘w&aFﬂ%’i"ﬁ%ur ce. .

and ()t ronethic kBl Pora e nishgh enn® P Ryt &

‘subsequent | +he.fi (L, 27,5 | e - pref e : di t the '
Tarvedie e bpbatiiich i mbABin foped peifs PrEDULER RIS 0p T U s
Patent No. - edibrafdtPlird2ily iR RORSAGtseft! HhRAYu L e bREeRbhiatel|
recogni ze that any of a e range of I pecifti.c valve 8ési gns w suffice
Al 't hough t hBerRfiftfoffah @EpRIVEA i BTBALIRA oRCpdtM NI Yel R d HBABEPS FieRiaR)
integrally fornmed three-way valve wthin nonolithic element’ 120, : -
al t er nat i vecotitarsindifich domne&ionk. t he invention may utilize alternative valve
steructures, -or may not utilize any val ve device. For exanple..one _
al't€rnati ve enbodi menhmoay otlfer Lliggs. zhe mbrelkhi¢zleneent $20mplefirabile isdhedds val ve
49 descri bed el sewhere herein with respect to the slave punp 30. : :
posi tiPoned thexshyan inwgfallyi fdmhedor mathinedrediveasenply 480 12ediGSpaiapd Ay  chanber
18. As persons of ordinary skill in the art will appreciate, the check -
- val ve 25 woliredvahys H40ds peafernblytatbresuwiewal vé.|ngimaitting tas descrihedatmyebi ng chanmber
18. however Yvou’l d grfv)g%t) the fluid fromflow ng back toward the fluid
sour ce whertSrEUYSHOy (bdom artinid seyree somrscied te st ithreggh te wdvaiqP 10004

- the pumping chamber 1'_8'_. énd (2) from the pumping chamber 18 uj) through the valve

vl
-~

140 and sﬁbseqﬁeﬁt!y.through the filter 27." In the prefer‘red embodiments, thé valve
I5 means 140 includels-somc aspects similar to that disclosed in U.S. Pateht No.
h 526].442.'but persons of ordinary skill in the art will recéénize that any of a wide
range of specific valve designs wﬂ'l suffice.
{3 . _ | Although the prefél_'red éfnb_odimenF of the in’\;ention ihcorporaies an
mtegrally formed three-Waj' valve-v_;fithin monolithic clemem 120, alternative
20 embodfmgnts of the invention may utilize alternative val;:e structures, or may not
utilize any valve device. For example, one alternative enibodi‘ment may utilizea
check valve, similar to check valve 49 described elsewhefc herein Wifh respect to the
slave pump 30. pos{lioned aloﬁg thé ﬂﬁid ﬂow path between inlet 12 and pumping
chamber 18. As persohs of ordinary skill iﬁ_the art will appreciate. the g:heck valve
25 would act to permit the subject ﬂ.uid to flow into pumping chamber 178. however
| would prevent the fluid from flowing back toward thcyﬂuid source when it is forced

from the pumping chamber 18.



WD 01/ 40646 PCT/US00/ 33865 In any case. the preferred fluid flgww%?’%ﬁ
fromthe punpi.ng chanber 18 (on its "di spense" stroke) through™
substanti-ally vertical passages 22 and 23 in the nonolithic el enent 120.
Persons of orglhoplpksskil! in the art "'will understand that the yalye 140,
‘the passages 22_ar1%4 3. and. the other elenents pr‘eferably.-pr‘&@{véﬁ(a%%sgs't
monolithic . structure 120 can be fornmed there by any suitable neans.

i ncl udi ng by .machi ning: "boring, cutting, or otherwi se form ng the upper
head portion 120. By form ng those. elenents integrally wth the head
portion .120.'the nat erilapnhrasenbepEfersddind Sewipassssteam therpumpipgehayahiar ous
"connections" that .were Used in prior art devices,. and 10 ferably, - -
Sl it ot hel BB IS CHISPRE coraks Mo SRS BRI TS SR JLuT e
"Details of 't raf-erred valve assenbly 140 are.illustrated in FIG 4. in
V\:hl ch the subjt}g%@lﬂlgfgm%gt lgliroawn i.'_nto_the systeni through inlet 12- As

| ndi cat ed el sewher e netyedins bgrdlahy Wiin he shSUT |rershBa i ahe Fbd 14t
ment.i oned herein)- pre__f_er'_a y. conpri‘ses -a non-contamnating (e.g.. . :
Teflon(ry or 7af bABde) 72 6RADE Dhdlthdbh eﬁennéd@gpyefc}éoxﬁwmdfimﬁé RETIfAR

- .commonly used in the sem conductor Industry. pi cat a nut 20 suck

nut- 205 - ( FI GSstrfictarnd 20%an bs feid (HEE bpdhpafibld feaRVeeide ByuRkdshing, - .
connection. and the tube. is flared outward (expanded or Stfetched) using a
speci'al tool doripg.@uais, or gthehwise fohaihgdhd BRREhedgiortite 110.t B RgmiiBythosé -
Ti'ghtening the nut holds the flared tubing in place in a sealing. - -

rel ati onshi p. elomentfintegmllyavith thetheat pertio:s 1 20, thcunstesiapethe béadt pretiomy2nt-i on ‘
is i'llustrated in FI-G 12. which shows a nipple 201 having-a ring or tongue (s
- 202 that fits itsglfireplasesivariogs iedrmectimshihpt wereoised popricesicietioey apdoove 203 on . -
the head 220 (which heart 220 corresponds to head 120 in FIG 3). In the '
enbodi n¥ht of Prffeeably simplifiesthganbiect figil flow. path as compardd s piien asydeidey. f or med
""with a retaining shoul-der, or plate 204. Screws 25 or bolts 206 gl G 9)

or other methods and app%tale@d therrelsedivalue agsembl KW are Hivsgated in FEG- fhéad
220. 'In the preterred enbadipent. the preferred Teflqn terjal of the head
-220 does. not P”Sl C&‘F‘fﬁ%}ﬁ%ﬂ?@}ﬁﬁ{f@ﬂ%% 55351%@%9?3%&3&%5“3@6&6% (such .~
as woul q 0CCUL sk dherd Berdin. WRYAR913 (simitar to other fittings mentioned herein) preferably

he

: c0mpﬁse§'-a nbn-cdn;axﬁiﬁatiri-ga(e.g.. 'feﬂén® oF Tefion® -coated) flared ﬁﬁiﬁg.

15 - | ' 'Flared ﬁttings'ére commoﬁiy used in the se-mfcqriduct__dr indusfrj«. Typicaﬁy. anut .
suchas nut 203 (FIGS. 9 aﬁd 12) is provided adjacent the eventual tubihg (_:onnectii'on. -
and the tube is flared outward (expanded or strétchcd) using a special ool or prﬁcess.
anid is then slipped over the fitting Ihandrel. Tighteniﬁg the nut holds the flared tﬁbing

in piacg in ‘a .saaI.ing rclaﬁonship. | -
o - * One of the maﬁy embodiments of th‘i.s‘aspect- of the invention is
il]listraiéd in FIG. 12. virhi;:h shows a nipple 201 having a ring or tongue 202 that fits
ina sealing relationship.ipto a corfespdﬁdiﬁg groove 203 on the head 220 (which héad'
220 corresponds to head 120 in FIG. 3). In the embodiment of FIG. 12. the nipple
201 is illustrated as iniegrally forméd with a fétainin_g shoulder or plate 20.4. Séfé“-;s

25 or bolts 206 (FIG. 9) or other methods‘andl épparat'usAare 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’

16



10 in those rods' 207 sized and | ocated to correspond to the.bo%t&azggo4so
‘that the bolts .. 15 206 can be threadedly engaged and tightenh 1ay ‘

therew th.w s 207. al so -preferably have one or nore. slot r other
.structure oﬁh?ﬁg?? ends so that they can. be rotated'mﬁthiﬂgbﬁQQWG%gg208
by a screwdriver-o the like. to help align.and engage the bolts 20 useful

to.allew the nipple to be rotated or sw vel ed throughout a conplete 360 .

degree rotation

ially. | mbi nation wth el ittings attached to
T o et WP PG SRR bod e Ao e T E A GHI0. ASCERERT . 1t

e The Torre RS LB R0h RS 18 R8s 0,
{115 e Lo Seamera it od ISk sl ORISR IY, (2 o,

wi il bead 2gRddr@andihal GARE of DO ABUEARe hbic0 208 WAl be DRI WoihIif: BALAS P02,

i.rsertirig the rods understand that either or both ends o es 208
W T e visheddrdorgm ldas Riede@ReQio pfrhit HRse MR 208. BlenihP @RGoldOUS
-as--.-expl ai ned bel ow to engage the bolts 206 “-.therew th). but may be-
covered. foR0ORxadpianipuistiigihos RUEaLOPIONGRT beldie 1d Bigagé B bofls ROy Vval ve:
Addi-ti onal holes (not shown) are.hored: iinto the head 220 in a size and

| ocati on. tthepoyith)t bisehaysbo@eradofdsexampler byethe ipiio 209w ten thetinteprab adey y
‘engaging, the Teflon.head 220. The rods 207 are preferably manufactured
from st ai nl ¥d¥e:spddionalhedesdoot shiown) eredwseddnid the dieath?2(tia ppsiat-ahd lastion
ag,,e;_—ept the. screws used to secure the el bowto the 1id. The end of the
bdlt's 206 aloPepmitoltadPg tobe nsergdiata. withenighipadedis cogaging. theiTeflon. has

t apped hol e ravided_ in the. rods 207, with the. .threads and the position
of thdse hoi%g ﬁ'ﬁ%’ -?W?ﬁ@f?%ﬁ@bzwufaﬁarqdrf&r'éwmsgﬁ&e@lﬂalﬂq@nmti ng onto

.%Egmg;aagr_zggrﬁf ﬁqgﬁl%ﬁﬂ@ﬁ%’we—r‘& Oﬁ‘%fg\é {??%ngﬁ%gﬁ’%%%% ':ﬂ’le';lﬁg‘li/fﬁ ﬁleat?iﬁ;é%ioetﬁ’% ﬁﬁ (()P 'O:E he
o , . and o sl ee o sini . 204 can
“be provi dearteA ASAE bORO06 N pRbeBiaB s Ropl fiFeiidlhe Bt Briflsir® 17, S0

S P th the. cribed
Sbove . andPRerhAXpbolch BE el R B bl and BRhodA0n B URSORAEPTE | e

f:; (3 ﬁ\tNZ ng(rj. bih'fl;&se%@@s 207 siiﬁ& ﬁ‘f(ﬁb@éﬁl’:&’ toeéb?ESﬁJrfdQB Lﬂé’iﬁ;’ll%@@@% R4t d?@!)&l& ar e: g
15 "'_‘2(')6 can be thrﬂadedly'cngaged an‘d-rtigh_t_cneid_' therewith. The rods 207 also preferably
S have one or more slots or other {nuémre 6n _ﬁeir ends so that ihey can be rrb'tated_ .
- Wlthln _thé holes .208 by 5, scr:wdrivér or thg.'like_. to help aligﬁ anci engage tl;e Eolts -
.206 with the fods—?_07. and théreb_yl tighten the ﬁtting onto the head 220. |
Ar_n\c_:n_g,ther many alternative m_ethdds of -attac}unen;t;.';it is sometimes
| 20 useful to allow the hipplc tqb-e, rotated or swiveled throughout a complete 360 degree
'rotatiqn, especially in'cqmbjnation with elbow fittings attaéhe'dr to or formed With: the
* nipple 201. To-pr'ovide such rotataﬁflity, asplit ring (not shown) or-similér_ annular
) str_,ﬁctqre can be proVid_éd on f_he exterior éf the fitting near the- head 220. and a sleeve
. orplate similar to :plate 204 can bell.;révidéd to engage the s;plit ring or shoulder. The
25 s]egvg oi_- plate s'im,ilar;dp_lét‘e 20{1.caﬂ theﬁ be engaged. wifth_the head 220 as .
described above, aﬁd the swivel adjuétmf_:nt can be pérfoﬁned -pri(‘)r‘to tightening the

screws or bolts 206. or preferably even after the-screws or bolts are tightened.
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31 May 2004 WO 01/ 40646 PCT/-US00/ 32865 To' permit tare punping ﬁE%?{OO' $to

fill with process fluid (for subse-= 5 quent punping through t
t-he' systern-‘J‘,? 1 ntral pl unger assenbly 142 of controlled_air
act uation. no " pushing on the end- 144 of plunger asseﬁgrﬂ'/’sﬁ%?s?she

valve .140 is depressed in the direction of arrow Ain Fig. 4 (via
corrputer— t hrough t he openi ng 146-see the discussi-on-bel ow of el enent 246
in the alternative enbodiment of FIG- 10). In the preferred enbodiment; -
the Or actuation of. the Topemmijehe ponpingcharilz 1830 fillefidr priorsss dlvid (for subge:- by- a
di aphragm but “alternatively can be controlled. by pistons. |ndeed, an
actuator (-sucHiuast pumpiathseughtheirest ofgheisxgeam 16)op cendzah pmeer ﬂﬁéﬁm@bidv}ﬂ)ofor

ot her mechani cal %truct urecan- he ovided to actuate.the', 10. . pl unger
‘assenbly 144/ theva W% eereee Iwﬁ‘edy@ewe fraronY AdB fiig 4 COBPMIomE t he

'iEB’ i ﬂi 2:82@%&@ ot Eraop s l“c?m G ]
: 0t /

“conpr 6s€l ng Y%‘*g@eﬁﬁﬁgﬁ% DR T BT A7 St R AR =
1o hen tho. o eadh SEFIG,0) IAPPRIcrh Aibbairily fi“?g*fa@ﬁa 3@ chaber B

18. Wien the pressure the nger 1.42.
the spring. 14%1%@&%&&? 18b &ler KortftliRRd' ye &?%rﬁdn?rbu?Qﬁé’i‘ﬁaﬁ%hF&@ 4.

perm tting thé aforesaid flui nication f.rom'the punpi ng .charber 18

through -the pak¥@roltl by Pisihie. flhdiéeerm%ma'fw(kmas%ﬁm RGod bt Iu}iQérVﬁ‘)raCt i on
are-the preferably kidnéy-shaped .20 passages. 152 own in. GS 3 and

and -154 (' showexaiply. riob skdva) o8 othdy ehekRarfihi® sEHEA8R B8 bk pRVidedas biw@Bteahe | | ne
4--4). Pref erably, the passage 1.52 opens toward the viewer as one |l.ooks at

FI G. -3.10whi | ephingermassside 14444 Dphnanyi dasd. hige Ampinig tpeesshire @ist over¢@mayhef rom
the viewer. or toward the "back” side of FIG 3). The preferred kidney .-
shapes 152 an@rlnﬁrcemkan@ebmmgm@handdhblesmmgd4&ee@sahmsal}*¢ t40ovmin the
fluid flow 25 inproving the performance -of the system-10 generally but
especi al'| y Wi @Pfa\a%?ﬁemn efperpriting Sowritpm theopuraping charlerd 8 drongh thetvalve
viscosity flu 'ﬂ 'geferrl ng.tqo FIGS- 3 and 4. ‘{)ersons of ordinary skill .
the art will E’r H’Her% ys!ﬁecssmstbenheﬂersl 2ok comprgseing 1 spring 148.

- ﬂuad flow is permltted through the mlet [Ilb]IlE 12 throuoh the vemcal channel 22 and
15 | 1nte the pumping chamber 18. When the pressure is released from the end 144 of the_ -
. plpnge'r 142 the spring 1‘2.18 forces the plunger back into the position sho'wh'in FI;G._ 4,
permitting the aforeséid ﬂ'uid communication from -the pum'pihg chamber 18 meuéh '
the valve 140 to the filter 27. ) |
* Further enabling this valve action are the preferabiv ludnev—shaped
20 -'passatzes 157 (shown in FIGS. 3 and 4) and 154 (shown only in FIG. 3. due to-the
* cross section location O.f 1in‘e4——-4). Preferably, the passage 152 opens toward the
viewer as o'ne'Iooks at F1G. 3. while the pessagc 154 opens in the eppesite direeiion
(away from the viewer. or toward the ¢ back side of FIG. 3). The preferred kidney .. A
: .shapes 152 and l:>4 enlarge what mloht otherwme be a consmcuon in the fluid flow.
25 ) 1mp;’0\ ing the perfonnapc.e of the system 10 generaliy but especially with respect 1]
processing Sheer—se’ixsit_iﬁé and/or high viscosit_\? ﬂeids. Referring to FiGS:. 3 :and‘-‘.i.

persons of ordinai:y skill in the art will understend that the ‘-"clispen.se”’ stroke of the’

18



-5 31 May 2004 PCT/US00132865 first di aphragm 124 forces the sg{jhlec h_l uird -
up passage-22, through the central space 147 not occupied . byt QV?P ﬁger.,
142, into tWOWMHMIbar passage 149 and thereafter into the mpeawywisgsaci ng
~ ki dney- shaped openi ng 154 and up through passage 23 to the filter 27. WO
01/ 4(c) 646 For applications in which the subject fluid is to be filtered.
the upper- bead portion also preferably includes an integrally nolded or -
-machi ned. fifisediaptossh 194 féttesiha : £ DANREd Labl y
includes a rennvglbb]?e". ~lid nmenber @?Ecé%lﬁﬂit%p %E%%Et- @ﬁlﬁggﬁgﬁgﬁﬁﬁ%‘?er
access to t hpt7froh bedupiedbivans B&ngr_ 1HOT in€PIKP ARkl SassHBE 149 BRA thereafier into”
non-contam nating and other benefits discussed Herein, the.lid. nenber -
162, i s al so therqaredrdfadihy kidaewbieaped bpehiny 1 34odidipahrthgh pasEage PPEOIEL hi C s
bl ock of Tefl on[(lr) or-simlar material. An O-ring or simlar sealing neans:
166-is pref efilt@s?y. provi-ded between the |id member 162 and the upper body
portion 120, to prevent leakage at that joint. ' A. nut 164 (similar .i'n :
“concept to nut 128" at Fonapplisadiens imwhieh te sobjeattilaid isrigbe filtersidntiic uppans) pre
.ferabl y-t hrg}}dgdl . attaches the lid nmenber to the upper body_portion. 120,
15 and is rd%a P9}¥’.PE_ 0 BEtterablyincludesanyategrelly molded ormachincdifiites hgusing 0

“ovide an i ed . at, that joint. r. and tqQ. d the |-ife of \
Phe. | or ntarf eheRuset JBioThE Hheamber 10 aiicrably sefides aarBeYANS LA P eal 6 from
.pol yl en : : ] iml | ti at erial. Anong ‘her:
ot e Y el e TR AL ol o edafl oger

than m ght . QgCtn-dg iRk} e Heh S Y NBL £ £ O f 20 nmetal. and

.t Refeby "ate'' |nn%a(c§m'tn§11§£t%:0‘rres6@65&)%E§i#§§sf%§%cr%ﬁ@g&g?%P?r%g[(%HS%ﬁ% upper. .
. bodypor t i refddPlv vidhufdefur ' | ; | @4, the lid
rrenbe: 262 %orrgspo_ndi ng@égpfanEér}gﬁgﬁ%gé@ﬁﬁ'&%&E Oﬁgﬂ&r’mfﬂy _s%ﬁ?%rhe
"200" seri esndmiiEbens O-fing bt ﬁ&iia?séa‘ﬂinh?ﬁé%nél@-i%k&é:aﬁ@?ﬂrsﬁgewga%ﬁn the .
100 nunbers in FIGS. 1-8) extends 25 downwar dlfy into ‘the chanber 260_ The
O-ring 266 didmdohien 152 apdthictuippBesbdy horibrOl#0Sto préviit leakagea MR joidb6a Whi ch
“can hel p prevent |eakage (as conpared to the "face-seal™ conf]i guration of
the Oring 18l 64r(3iﬁti138ir; dorggptith nuf mS‘axH&?Ek}er_eith%rajftﬂ]d first pampmigber '

means) preferably -t_l.n.‘ea_d_éd.fy aiuachés the l.id member to the upper body portibn 120, - |
15 and is readily r'gmt_)vall)-]eAvia r'elali\‘fély'coarse:th{eads. In order 10 pfo'v_ide an. |
- iin.prd{rgq seal at that joint. however. and to extend the life of the jéirit andits
components, the nut 164 is-preferably also forméd from polypropylene. Teﬂoﬁ®, or
-~ somé similar plastic material. Among other things. this ensures éhat the Iife of the
. threads at that j;_)int is longér than rnigrht. occur if, for example. the nut wéf_e foz_;med of
20 metal gnd the;eby “ate” into the corresponding Teﬂon@ ihreads foﬁne_gi on the upper -
| ‘body portion 120. | o | |
. In the alternative embodiment of FIGS. 9-14. the }id'memb‘er 262
-(conesponding to lid -mcmber--l_62,in FI-GS. 1-8: rrian}' of the “200':: series numbér§ in
EIGS.'9~I4 have 3 similar correspondence to the “iOO“ numbers in FIGS. 1-8) extends
25 . downwardly into the chamber 260. The O-ring 266 can then be po.s,.iti‘-oned in an‘ outer -
annular channel_256, which can help prevent leakage (as c;omparéd to the “face-seal”

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



19 WO 01/ 40646 PCT/ US00132865 262 and nut 264 " fmve" vertlcal Ig Nﬁg&g@@hy
during pressurization of the system The ' I'i kelihood of any SUCL enent

-can be affe anong, ot:her things, the material from uts
164 or 264 ?Pe‘ﬂf“gﬁ%d (pl astic nuts m ght pernit.nore such %’Q@H?M’? The
‘fllter el ement 27 can be any suitable filter media in any suitable
'conflguratlon "Anong the many suitable filters 27 ‘are ones manuf act ur ed by

M Llipore Corporation. under the brand names and nodegl . &bers S
“Pl - 250_Car t r 2alpnd rut 2641 U@vnum*elpallmmrardizﬁunxg pyeswm the, ygtepn. (ﬂi’et ri dge
(catal og nunber WGFG  40H.P,]). Preferab . the-filter i}@ mteglrally -
positioned wik#iihgog pEany sugh peiYAEpbCan be cF‘ﬁGsf“’r &HeRs ‘i’faert TR

-lensth.of the flow path o he ui.d:zor - east the nurrb nnectlons%‘
required. wt hﬁﬂmtmcﬁqlﬁﬁ‘ﬁ%ﬂ%. ft or: B\W”EI‘ESE @S‘tfelg‘}t?%fgmg?f"}} ?am gl}gtl ng - .-
‘performance. .the filter 27 is preferably.coated or-fabricated- from -~ =
Teflon(r) . or BPYAMSH » naterial. Filter 27 is preferably adapted.tofilter

t he sugj ect fluid as i ?‘h@?ﬁgxegle&?ﬁ ,f?o&]atoggmv)gﬁﬁdbi@ghaqﬁmﬁa% ,Sufltéb[@ fl ow

path exXit passage 165 foriie To ensuré desired flow

fromverti cal, pRasags. %ﬁnb@ﬁ%e&% folidfe ﬁﬁ&éf’o‘@%e ohdigrantRivedigd enbodi ment

i ncl udes one or “nore ral sed porti ns 170 (see FIGS. 3 and 5):to space.. the

filter- el enpillipere CdrpotaiBnbtideP eQrardtndcs lsh@ madepmbgbers P23 arridgener t he

filter nmeans 27 does .not cover and block fluid flow:fromthe top of the - :
passage. 23 '(&h@loa?rﬁmim UZUP @ZIW@B@Wafér@aﬁdhEQaﬁﬁﬂﬁ(rceudlogniunﬂhenWGFGt hese -

portions 170 are “formed by "leaving" segments of the nonolithic block 120 €

during machi 40Hg1 Rf Prefeabilic) the filehmehsris innspraliyposisoriel (within the dist phowr 265 uch
portions 170 are equal | y spaced about the central opening 23. althbugh a
 wi-de range ofhustddecing whe andrall bepafh (gfuheaﬂtb\mpstlmf tbe Auid aslableasittke gyipker 9hown)
coul d-be used. 25 To further_ensure desired "unrestricted"-flow from -
vertical pasemectiz®s requiredivatifin thecflove pathh do:provide HW#M?%?P“E‘PPBE?&FIH%‘F&: also

i ncl udes a countersunk or tq}pered portion 24, (FIGS, a.[Jq_l 20..
: performancc the filter 27 is prefcrably coated or fa ricated from eflon®™ or snmlar

n:_natenal. | - -
| Fllter ’?7 is preferab]v adapted to. f lter the sublect ﬂmd as it passcs
| 5 ' frorn the vemcai passacre ’?3 toa ﬂow path CXlt passagc 163 formed in the lid mcmberr :
: 162 To ensure desnred ﬂow from vemcal passaoe 23 into the filter chamber the
prefcrred embodlmem mciudes one.-or m_orc ra;sed portions 170 (see FIGS. 3 and 5)to
space the filter ‘e-']ement 27 off the bottom of the filter chamber. Inthls manner the 0
| filter means 27 does not cover and block fluid flow from the top‘of the passage 23 into -
o 20 ﬂl_e ﬁlter chamber. In the preferred embodiment. these portions 1.70 afe formed by :
“leaving™ segments of the monolithic ﬁlock 120 during m_achih_ing of the filter |
“chamber therein. As illustrated, four su'ch’ ﬁortio.nsr 170 are e'(juaily spaced about the
central o‘pe.ning..??;- a]thoﬁgh a wide raﬂge of other suitable cc_;n_ﬁglira_tions_ or cher
elém_ents (not showﬁ ) could be use-d.f.'v' - N
- 28 . To funhcf'cnsﬁrt: desired “unresiﬁcfe&” f‘lld'w ﬁom vertical passage 23
“into the ﬁ‘!t-er chamber: the preferred embociimerjt also iﬁcluﬁes a countersunk or

tapered portion 24 (FIGS. 3 and 5.
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.31 May 2004 WO 01/40646 PCTNS00132865 As with the passages 22-§|n,g' ?§OM‘ t he
upper body portion 120. the exit passage 165 in the lid nenber 1 3 can be
“formed orwaMpest ed i n any suitabl'e manner..including drepdtuosanegessi m |l ar
" machi ning. . The passage 165 provides a flow path through the I'id. nenber 162
for. the subject fluid. and is preferably connected to 5 an el bow 167 ‘ '
(persons of ordinary skill in the art will understand that the exit N
flowpath -can be any "ayiviaPhe pRahfes ﬁ%dmﬁh%@g}p}ér B sponesn Ml aftextihe f1ow -
downwardl y). -Although the various fittings and other conponents can be - ‘
assenbl ed piseagads ipkeld enday 1 GUdanaR! formehsehbricuddiahey sedbret hod and
structure tor many of the attachnments is best:illustrated.- in FIGS. 12 and -
13. ‘and asmdessrinbbdirg drillihe vesigiaeinachifingndihg petshgr 143 progdes 4 lowe. Fi gures.
illustrate preferred attachnents.of fittings within the system (such as

el bow. 167paththrough tedidieémber 163 fpothe sulje¢iiit and iy prefenahlpeonnepledex” . N
-elenents fabricated- from T Teflon). The el bow 167 is preferably connected at -
its &ther anhelbew 14ddpersensufiordingry)skill inrthe artoviil npdergandithgt hasxihg 169, -and |
then on to the . second -punpi ng neans of the system 1.0 s di scussed

el sewher e . Aeveath carhg gy supblepsth. bP'sPTﬁfeé‘FféV&B‘F%POFQHF‘FtéE?é%lwf rom or coat ed

~wWth Tefl imlar material. The |id-menber 162 al. referably.
 hcor por at BvAvija. Blfoneleanapy neried oer GREPARTS 61 P ORHBRERA by
hi ned | 174 to a.relatively high poi ' .1 - :
{corr espondieng areL el Push Baokee¥ o abdshifye sl Pl SUEET
TETAN 20 HabiiBs FFodDlutted eI B B R ey e R o b
usedpt 0 Se}-\gﬁgfwg \S?ley SN tRRS FlheD IhGrs fehTd atitinent¥riflhed RRRhHBRNY '

val ves suit or thi$ purpdseis . nufactured by Furon” Conpany

(current| yhe @y diem psizh RS ehodl 13340 vERsL TefoRRbAPonANLRYEh ashR@RRER -
Cal rfornia 92806. USA. which i.s the same Furors referred to in other parts

of this demtsdkplelepmionis RBHcted frolnURdfloa.eThé Bibbw 67Rap@firatlp cofndoied.a811. 25
Persons-of ordinary skitl in the art will understand that connecting this
-vent - val veitt ather eniho ghtheri Teflon® fidre firfiey 563 srehmpmg Hich sardrtbervemto thal ve 36 to
~collect and vent | S '

.sc:.cc_)nd pumping r'ne_ans of the éystcm 10. as discussed clsewhéré' heriéinT Tubing 169 -
15 . B preferably fabricated from or coated with Tcﬂd_n® ora simiiér material. |
| TheA hid member 162 ais§ pféferabl‘y incd.rporates a ‘vcnt valve aS_setriny
36. FIG. 6. operatively connected by machined passage 174 to a rélatiirely “high point
in the filer chamber (conespbncri.ing"é]temalive elements 236 and 274 are illustrated. -
for example. in FIGS. 12 and 13). In the preferred émbédim_ént. thf;_ vent valve is all
' 20 Teflon®. and is a two-way- normally closed valve that can.bé used _io sclecti.vely vent
gas from the process fluid.- One of the mam valves suitabl; for this';' puxposé is B
' m_anufa-c'tured by Furon Company (currently d.oiﬁgrbuéiness at 3340 Eést La Palma
E Avenue. Anaheim. Califoﬁié 92806. USA. ﬁlﬁiCh 1s the same Furon_refened' toin .
: bthe'r.‘parts of lhis'd;sc.:ription). and Eis; illustrated in US Patent No. 5.575.31L |

Persons of ordinary skill in the art will undersiand that connecting this vent valve to a

S
W

“high” point within the system permits the vent valve 36 1o collect and vent

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




undesirabl e gases that may be entrained within the subject fl L{;{ﬁm Myggpver, - .
any. such 21 31 May.2004 WD 01/ 40646 PCT/ US00132865 gas is |ikely fhVent
“through passage 174 (or passage 274 in the enbodi nent -of FIG 12) as

opposed to thg oiises CENtral passage 165 in the lid Menber 163chases®es he

gas- does not have to. pass through the filter element 27 in order. to get

.to the passage 174 (in contrast to having to do so to reach passage 165). ..
In the preferred enbodinment of 5 the invention. the valve is automatically

~actuated by the pu controller, and. is .user pr amyahl e, i kic on.
‘the valve ?/s Wé? B@bf%{"%&“ﬁ"}%‘f PA287 @6&%‘2?5@%#2& m%;r@ ilg#\ngmdft elﬁgggﬁfnihg

or end of ‘the filtration, ,cycle for a short perj ) | 1 pEagécat gadn
“thé order of S2@59HR S?S%HF meFe SERTA PABTSC ﬁ?’?&nu'hggd gicg%'r??ﬁ% ,_37C_and ret at ed
adj ust ments b which its relief,pre r e Satr1oenedlth® adshed K74al so _
~ function as aX%egfng{@,avsa\?pgS»S?,J{ “iB%}Pﬁe L?%fﬁva -,\rt)%?tﬁ]o&gnrsar‘"e t hat g't he .pr ec;]sure '
on-the subject. fl yi 1ES - ! Ah CeLL Al 155) ehfthe pfferteal dnisodintentrad] i ef -
-if the fil ter&alcg#{aa%'tgg%?bdé&géﬁ@)sgsqg 38%@5{55& C. ')Eor agpl ications in which a
. second purnpi g ; [ ' i call % AMREE by it PR donabilemandsig uberas
. sone di gcussei}gi"é\%?ﬂgn'éﬁ%gg?rée%ﬁéé\ed T. g Patent” Nos. 5.167.837, = ..
15,516, 429, ang, 5ralfiRathO 9 additRi VR WRilveSie pRiTickablyrmnd gpitadly apenqdrrither dering 7)
‘is preferably provided. Many aspects of the preferred punp 30_are sifilar:
to those - of ,ihe%egﬁahﬁ;h o AP bNthe T rsen Bklatos a ubareperidofeime (Pesiatablion he
punpi-ng chanmber 44 having a di aphragmtherein actuated in.a preci‘selg' _
_control | ed mager oftcands). epanr36 mefeertby includes a sprinsrs 7 andrelaged adiysgpents by -
ilfustrated in FIG 2 as assenbly 190. which can nove act ug;tjj n_gv'fl uid
{hrough port &fjchars reliefipressurmeahhnsenenabbng Hdo glsafancHanas asafe w3y or. _
positioned in a wide variety of locations_ wth respect to the,mster punp
20. butioi s prefief wdverosmsurieshatihe prespwrgpan thergybier ‘Eﬁﬁ‘?s’d’(’??f%e\f/d6act%h%§1r-ends
upwar dl y t hrough tubing 169 hetween. the pu 20 and ,30. ng ot her :
‘things. the tlé¥elhgr teggoyiderdichHthe gﬂtﬂ[ é%@?@é&c%?sﬁlf’%‘?\?&r ownwardl y as
the fluid noves fromthe first. punmp 20.to the sec PR § P&fayse such
a downward path 25 ni gﬁ?r ?3%@&%”3}’%?{’“%@?@@??. on-s(_)éc-&teﬁ]l(iaJ sggltsem 10. .
Anong- t he many_ al ter.nati.ve .enbodi nents ( ‘ : SReeN . DUPRens0 - -
could even beg Ig iR ARRPcAPRE e s Sortte Qﬁeﬁss_é@ﬂ-}’ﬂ); afdr&ific 4G9

Nos. 5.167.837, 5.516.429. and 5.772.899), a slayé or second pump member 30 (FIG. =

15 , 7.) is i:)referab]y prdvigicd. Many aspects qf the preférred pump 30 are simiiar to thosg
- of the first puniping membér 20 discussed above. includin-g a purpping ch'amber‘_44‘ B
, having a diaphragm therein actuated in 2 pfééisely cqntrollcd. map_ﬁer by a stepper |
assembly (ﬁot shown in FIG. ‘7. but illus_;trated_in. FIG.2 as‘avssl_em.bl}f. 190. which can | -:-'_
move actuating ﬁuid through port 35) or similar mechgnisxli_m. | _
20 I The s_la’n?é pump 30 can Be positioned in 2 widé. variety of locations -
W1th respect to the master pump 20. but is preferably sufﬁcié_ntly “high” that the Iﬂui_d' o
_ﬂoﬁv' path-trends' up\INard]y through tubing 169 b;:iween the pumﬁs_ 20 and 30. Among
| ,otfh'errthings. the tubing 169 prefel-ably' at least does not travel downwardly as the fhad
moire§ from the first pump 20 to the second pump 30. beeause such a ldox_h-'hward path’ .-
25 _ might entrap gas within that section of the system 10. A_mohg the maﬁy altg'mative' ‘
- embodiments (nof shown). the secon;i pum.-p' 30 could even be pbsiliohed “directly”

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

22



-ovéf the first pu-rrp 20. resulting in the tub| ng 169 or other p @Ia ?O%
connection WO 01140646 31 May 2004 - PCTI US00132865 between th ?-E ﬁg and

-’30 bei ng swWasbmbdeal | y verti cal (and' t her eby havi ng Vi rt ual pefpiSoefsnsids Of
~gas entrainnent therein). To facilitate manufacture of the system - 10.
~however, as well as its assenbly and mai ntenance. the preferred enbodi nent
“positions the fi rst purrps 20 and 30 with respect to each other as best
“ill-ustrated,i

honolithic t Q”"F“ rrf"i“}?ﬁ Brb% Sﬁ‘i’&%/‘g\‘aﬂbngﬂcglo(g gt’ﬁe‘?‘h%blt}/%ii{;glrrgles' \(j\lhose
monol i thi ¢ Ratune ey, 9%3 e%hmnh?er cBRRIN 4 fhbififud %nﬁfgmgevmg{ W

reduced contam nati on as scusse ere erern tee

path is dri Ilbeﬁb\&rvepw%m fis Qé%&%@%ﬁnd%mﬁt@ﬁﬁﬁ:@ th plefGrdd iR odkAe 15%0”' on 42.

and includes a substanti aI y vertl passage 45 tged t 0o - anot her passage

47. That pagpsdiensiie ﬂfs@&%ﬁmwaﬁ@g@hﬁﬁ%sﬁ)% 1b kbathththdrQWbb&Qmdabiang 169.
after it passes. throug a preferred. further Teflon(r)-flare fitting 48.

(or otsher nFIGSondmd. nat i ng' ~ connection) 'and a check valve-49 integrally
mount ed i nto the upper portion 42. Anong ot her- things. the check val ve 49
“is preferably formed Ghe diave pximf: B0 ptafgrakly’ 1mluddsarmmmﬁalmompﬁmpmmmg, '
‘material.. and prevents the punping/di spense stroke of .the punping chanber
44 from f or &rmgdofdeBenf ersimilauindtepiak whose moaelithiseanye aravidewimdan he. |
filter .27. lnstead; the check valve 49 causes the punping.' di spense - stroke
of the punpPRRPrEmEies for lmrm@dﬁbmcendfrpdncadmvwatlap\n&ﬁiam@w@)aﬁﬁwlwgsage 45
-thereaffer t%efj ngl and Teflon(r) flare fitti é he comment s -
yave 20 re m §°terablyna o5 P2l drilled phethemgsomagtiped oriormed tha yPPEnber 20

appl th f to 51 .and f 5 f th

gﬁlot Do D pehen 42 a?%?‘ﬁf?% SeshtRMag§ yenisa] asiibe éﬁ?ﬁ%ﬁ&?m BEerg%an%ur on as
th 1 E 1 t 53
of the’ seconEanathy fek bl*’%%fsérrggﬂﬁ‘ﬁué@am ioe ] 85 0 PalSl 1l oo
‘steel. alu .tgféefgﬂgaaﬁﬂa]@ﬁ}re@@@m' fitrif 3&}%5&%% LA 1S

| i kewi se fabr romneta er sans o nary Sk] |nt e an w ||
-under st and. cm\eam and HeecRRYIve QD ifediafly nYcﬂﬁl't&itMmele "oRich #8N be. used

_f or ‘those eI enent S W thout departing fromthe scope of the invention.
' : o Among other thlnos. the check valve 49 is preferably formed of
15 P Teﬂon® orsimilar non—comammatmtr matenal and prevents the pumpmo/dlspense |
" stroke of the pumpmg chamber 44 from: forcmg the sub|ect ﬂund back out passage 47
- and toward the fi lter 77 Instead the check valve 49 causes the pumpmafdxspense :
stroke of the pumplnsz chamber 44 to force fluid further upward throuoh passage 45
| and thereaﬁer to elbow 51 and Teflon® ﬂare ﬁmno 52 (the comments above
20 regardmg elbow 167 and ﬁmng 168 on the ﬁrst pumping member 20 apply with equal
force to e!bow 51 _and fining 52). One of the many suitable valves usable,as check
-'v_alve 49 1s currentl),r markeied by Furoﬁ as their- part number MCV 246.
For strenoth and ec:onom],r the Jower pornon 53 of the second pumpmc
member 30 is preferably fabricated from stalniess steel alummum or some other
25 metal. and the retaining nut 34 is likewise fabncated from metal. Persons of Qr_dmar)'

skill in the art will understand. however. that any of a wide varietv of materials can be

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



23 31 May 2004 WO 01/ 40646 - PCT/U800132865 As i ndi cated: above h@
dlspense of fluid out tubing 46 is preferably di rected to vet h /8P4

i con- cont ami nating three-way.val ve (not shown. but graphicall'y illustrated
in FI'G 8 agygdimgit 99). by which the subject fluid can be pelf§dovsdsy
-directed back to the source 60 or to be dispensed on a substrate ar otHher
microel ectronic chip or device-in- process (not shown). In the preferred.
~enbodi ment.. the'three- may valve 99 is a stand-al one valve (|n contrast to
-t he |ntegrally formed va

attached to tubing 46 &% C?IE‘??ROPI& gﬂgsh%‘ss% ﬂgﬁn@lh%‘aﬁ%e %IS gfe{%r“]’gftd[eld in

The th eer vy |‘€g9‘rae“§ﬁ%' GREoRBhafRDPLL-0aY g ik é‘gfaceﬁéaﬁﬁ‘*“'gﬁ' o
< such that NOfsRied IEF Ejﬁcetledné g'ébf’b %Jh% StHl: @ﬁlﬁﬁct"mﬁd‘cﬁﬂg‘e seYé&hV@ i's

actuat ed. As.Indi cated above. an ngs e pref erred val ve,_
reduces o'r Sirédi@cﬂ%cﬁftd om&edo'd?%)ge al s&p&i ﬁgamaimow%rve wi | |

di spl.ace fluid (such Isplacing it fromthe dispense |ine). which

- di spl agement nﬁ&aélelctaﬁlveaﬁs loy dedit et prbbs Bk WEAeY). 0h ke prefmea efibodinieat.
aspects or performance of the system -.15 Persons of ordinary skill in the

art wll al stheundemsivaaiic Ihiata stdﬂé—awnh%hat{in\/cﬁmﬁ’ahadIdn’ﬁ?mtegca‘llyl:ﬂoﬁied 9-14
‘includes further benefits. Ampng ot.her thi ngs..'the second punp 230 is
- slightly hi giedve 146 withindirgt prompihg nfeinbet 2@)ang i ittached 1 tubingrScad meeurinf
FIGS.- 1-8. and_the tubing 269 between the-purps is provided in an uncoil ed
pat h. The varmbmgdnetshowngbutg!insuared ip Fkg: 8 \bzythmf@ﬁrrtenéﬂ@ﬂﬂb}(@ct fluid enters ..
and 20 exits the punps are Cr§ edirected to facilitate use in possible £
al ternative santaminging Heflen® Harefittings; dibe ﬂnpwwcxal\WC@Smefﬁ@szau s
“provided to faC|I|tate the air actuation_, of.the pr(% rred int
t hree-Way vafsredisppesman valueosychithat ppag ‘éfs‘ %F‘&'E‘Fr”@d’ é@é’gﬁ” ?‘g’hgducer S
285 and ?95. .associated w first nd se stepper_assenbl ies 280
o 500 e R SR AR brinieRS d@ rOREEBE3AE Fi G
'10.. and correspondin 83 in b ‘ '
o0 Ot B Ol By IBE T af Sl s T d Rz dspen
in Fl G 14 tz% &Sﬁé@:ﬁg Rq‘\ltotn?{hevdlﬁa\%@m% Hihe, &fsﬁﬁ%&ﬂ&ﬁr&u%%v%gly%ﬁect the
accuracy of dlspf:nsc or other aspects or performance of the system. - _
.l B - Persons of ordmary sklll in the an w1H a]so understand that the
alternatlve embodlment of FIGS 9-14 mcludes ﬁthher bencﬁts Among other thmos
the second pump 230 is shightly thher relatlveh to Ihe first pump than inthe
embodlment of FIGS. 1-8. and the tubing 269 between the. pumps is prov:ded inan ( ‘
: uncoﬂed path The \arlous fi ttlngs on the pumps by which the sub}ect fluid enters and
20 exitsthe pumps are rechrcctcd to fac111tate use in p0531ble alternative locatlons and - )
installations. In FIG. 10. a ﬁmng 246 i is prov1dcd to facnhtate the air actuation of the
preferred xnlegral three»wav valve. |
FIG 14 also lllustrales prefcrred pressure ransducers 285 and 295.
7 associated with the first and second stepper assembhes 280 and 790 respecuvel)
25 Two lower units (shown as elements 293 in FIG 10. and correspondmo to upper units -

283 in both FIGS 10 and 14). represent the servo-motor assembl} but as md:cated

above. are not shown in FIG. 14 to permit beiter viewing of the transducers 285 and

24
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.,V\D 01/ 40646 10 31 May 2004 PCT/ USOO82865 295. Persons of or d| hl in
the art will understand that the transducers are configured to seP{se the ,
pressure WQMW46the actuating fluid on the respective firsPCHEG00/38SoNd
st epper .assenblies 280 and 290, and transnmit 'sane to a conputer control
mechani'sm (whi ch conputer control is preferably capable of sensing- and
operating other inputs and aspects- of the assenbly 10). The transducers. -
‘can be uti|39%e®etsons af wviditary skill éi theait will waketanditha khedtangdicaistdsout -
limtation): nonitoring the recharge (negative) pressure;:indicating'the
‘need for sewoufigind twsense fleguissgretvichin ithet anudtimg dhuidaen thy respomive Girstragdt he
filter pressure or differential pressure across the filter);- nonitoring
the di s pensecidesienperassemplies 2and @9Br ayskurnsmityseine 1¢ apormptengenbel used for -
‘advanced process co trol): and.other functions. The apparatus_and = -
met hods of R§FIPRFEY mfélt%eﬂtreﬂeﬁ erferahlvfapsble ebiasingand epArating v | but

:%Eeﬁ ;2' ol %elﬁl!?%a'bdfa%?ﬂ%gfr’ Geatran b i CG'F?;S@E'? P%}r@*rl |fP:%§E29h
\tM Ielrrsﬁo;/eZeVg@??a%%g P?g‘rl’ﬁp?g%elé’gfgg “B&‘r %l'hﬁmi"ﬁ{} e ra\‘%étgls?e &agﬂ‘f ch:a(r:lges |
‘and modi fi- ‘i@édﬁg ﬁg%ggnzﬂ%@%ﬂgfﬁ rfégﬁ &0 ?Wﬁﬁ%?gcp‘f\ﬂcﬁ | e ﬁﬂ@r qﬁ'd

-cl ai is. V|ce =for "praoc eSS|ng 'n a

preci sel y GiHitoPink S5k ﬁﬁa@?ﬁfqg&fggm&?ﬁ&&% séehéﬁher)%mz&ﬂasgm@ns and

second punping neans in on W|t gach ot her--- d first

PUADI-Ng e AikpensRcbresing &@H@élﬂ:r@ﬂf&éd?@cf@é@ﬁhi&h@&\ﬂéﬁsﬁd?orfdd%xd:cﬁrp?d/rﬂks path .
that’ is substantl ally consistently upward as the fluid flows through said

firsto purrplcagraitmamﬂo&mdﬁmdns second .punpi ng neans, said first and said
second punpi ng means bei ng di aphragm punps and ‘actuated by i nconpressi bl e
fluids. 2. The devi c&hefapfiraiusaid niethadkiof Imemeentoh heed beehidestribed dvigecond
punpi ng neans i ncludes surfaces that contact the fluid, substantially al |
of said coﬁ?laeﬂaﬁﬂtgﬂbnm Sutthe speonfic d@mgnsca@wutmmand steps disclosed are not

~ to be taken as delimiting: of the invention. Obkus modlﬁcanons will make
themselves apparent to those of ordmary slull in the art ali of whlch will not depart
15 from the essence of the mventlon and all such chang_,es and mod1ﬁcauons are intended

to be encompassed within thc appended claims.



or coated with a relatively noncontam nating material. 3. In a device for
processing fluid in a precisely controlled manner, the zgaghiJpgesi on of:

first punping neans and second punpi ng nmeans in fluid communication with
each other; said first punping neans and said second punpi ng nmeans
providing a fluid travel path that is substantially consistently upward as
t he fl ui@aimsaws through said first punping neans and said second punping
means, and further including filter means between said first punping neans
and sald second pu n which said fluid trave th is.

SUbst ant T-al | Y CRSrEPERPIFnG I d PRE RGO IR TGt R RrBBaI ShRt ¢ o
punpi ng poegirg,mezas dnd seboreirpumpiap sneassid flgid commecation wiguegoh nthergsaddirst 4. The
devi ce Or}ungir%'rﬁ@aﬁs abdsa Yéﬁ' EhaGRAGPin Pneﬁﬁ%ﬁ;g'oﬁ&lﬁgsé ﬂ%@ﬁﬁ%ﬁatwm' ng nmeans and

sai d ter ‘nmeans 1 nc es sur contact the tluid, substantlally
al | of sHPEaRiEHht coneisiagfly vpvard @afhe f'HlQlf'HY}js theayeh said wat H“F'l?f'i‘\gé‘?eaﬂ%%ﬁdé& with a
rel ati vedegoriquuntpig teaing) a4id gt amatsaidisatond pumpihg meansi bedg dfapiiagm purbpwandCl ai m 2
or Cai %japerd iAdd fess@l@ﬂW@éCh said first punping means includes an upper
head po Ion r novable froma |ower portion, and means for tenporarily
attachi ng said upper head portion to said | ower portion to forma punpi ng
]g:hanbgr 2, It herﬁmiewe@dsr Cldift 1WA hith SadHbf @ip st faddcdia plinpig maahsifkaries gt eglr ally
ornmed valve neans t c val ve
roans. | BB TGL Pl B Ful e BB ) b ocRecMytRcds ooy M ERaRAKS T U2
of such dricoated W@Tmrﬂangpmcﬁtmmﬂlamaleaf ter direct said fluid in a

~substantially direct upward path toward a filter chanber integrally forned

in said upper head ortion ...The devjce o ich said val ve
rmane. | 55 cont Gaptte BoPs0 b SpRCeANEPISH M P2l SRS Er Sbat 1t or
t he subjmuotpinglmeads dndsecdipdmpingpieags ic flaidbenmumeatierndwieh dach pier; sdidfirbler

idg'\[/?g;al)éu\‘ngn@rnﬁ'@%ﬂséﬁbs% s@cdl'ﬂ%%ﬁ'lpc§al af rB\M?r% fﬁﬁit?av@ﬂfa’tﬂthgt(i)@5 8. The

aml alm 2 aim4 whi ch sai d second
punpi ng suhglantially Gorsigiertl ugwarg ﬁﬁg‘re f'H@é.'BW%@F‘F‘B'E‘) paig @ﬁ’b‘i}"&?l"@ "felaB‘?ﬁréi $wer
porti on,seadrd puRpng nfears, ah@fMEsr aiciudig St amhngigeesindaid fifsepurhgarngost | on t o

sai d | OV&& sBid's %&oﬂg pﬁlﬁ@{ﬁ%@&n@ iR Wk rggid ﬁ{ﬂﬁ[m% ?atﬁ Eps[lt?sl?a% %@%ﬁms@t&t[m' ch said

upper head por €S an |n egra tee t erein said
tee pr oWR&@?%*@ﬂJMfW”HNW sgip fi @&PUW%P"FIS@M‘Q?WQF’@F at“ﬁéa'gﬁ?ﬁ%@:t fluid
from sai @impiddang chanber toward a di spense from said upper head portion.

-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
therebetween, 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 such fluid, and is configured to thereafter direct said fluid in a
substantially direct upward path toward a filter chamber integrally formed in said upper head
portion.

7. The device of Claim 5, in which said valve means is configured to provide a substantiaily

direct upward flowpath for the subject fiuid from said pumping chamber toward a filter chamber
integrally formed in said upper head portion.
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9. The device of Aaim8, in which said tee includes an input portion
thereof for receiving the subject fluid after it has bpggnpummed by said
first punping nmeans and in which said dispense fromsaid upper head
portion is positioned higher than said i nput portion when said device is
inits normal, upright orientation. 10. The device of Claiml or Claim2 or
Caim3 or aim4, in which said second punping neans is positioned

gener al Ity ?bomd@cd of cramhlaumlnngone?mw oaoe.ns?l.ﬁleﬂcws@ldgé@w@burﬂaﬁ@ from
an exit_of sai irs g ns to an.inlet into unpi n
means doBEaNoNoiRs! AREPPeln e R B VRS dBTed 'BuF P vavd e et co
is in a wrowawkly augnhmgh'andmpp@mead pation t baidllowes pddion tefofnpa pdmalp@nfsanmgrf | ui d,

the Conbfh@t%BétQ/Qerpfm vihichi a3t uﬁBe@%é@%HﬁuBﬁ/ @r%d@é’%ﬁ lh't@&‘aﬂ&lforrﬁeoowépih%mh??gw of

said head including an inte W¥ forme y ve to contro
fluid iWISBERY “?el proYidesi %ﬁ‘ﬂﬁsﬁ‘a Y%%E‘ EPFﬁSd f'%"mi’”h % glfosHBleﬁlf%lHHP&'g?ﬁ'q ype
punp pospdmpngethagberesvedrd ¥ dispdney toransld Lippes Beddgertiont h sai d first

di aphragmtype punp to provide a fluid path that is substantially
consistently upward. 12. In a device for dispensing fluid, the conbination
of: a fiPst dTﬁbﬁW§QﬁfP?ﬂ@aﬂﬂﬁﬁcﬁéﬁpﬁﬁaEduﬁﬁﬁﬁﬂﬁﬁﬂﬁgﬁﬂ‘m§@Pﬁmﬁ€ﬁﬂ“F$cludlng
an i nt egal dujeftofuigesghtcr i B vay pllpée bl Garioftbtr RUmdingOmeads &rdduindvhidhnéand sai d

first o GRIRA0RLHLBE PR ), ROSARG,SH AR A LXNRGPUSRLPORLY LaDed

gener al | ove sal Irst hragm type punp an 0 receive
fluid puﬁ%@ﬁEbyﬂ%@ﬂmaﬁﬁmwbhfﬂmdphragn}type punp, a fluid path fromsaid
first diaphragn}type punp to sai d second diaphragn}type punp bei ng

gener al | p ce of her .i ncl udi ng
2T ¢ er Whous Tieevie aEFamM § oF GiEmAor R EpTCeR 4 G sreint BEPaty

punpi ng tears.is dositiofEtegederalycaboed sald fastrpuhBing meansh pathsaidiiuid twntnaﬂgrdlread and

val ve pré&&'cﬁ'%al@ f%ﬂ%ﬁﬁd Mheartdl 6 R tihidt i1t Wak deddnBWuRphb ﬂéﬂﬁs 8&dsthot InkiLgk from
said first to said filter housin devi ce of

punp The

‘Claim 143"Vfd8}°’{“ﬁ%?'y HW‘%S'cH°H‘§“%W'\‘Fé‘r?F'd\FSY%'S%‘?Pémé'a?ﬁﬁ'gglqr'?@?"%ous| ng to
permt selective venting of any gas entrained in the subject fluid. 27 7

ril 20 16 i i Lelidl I rfaces
wetted” byt he et B ferhg iia' g dahorieflot, £AIBRIAN e i iR
rel ati ved PUTHRING '&?Ht%ﬁﬁ head inlyding e fntegrally formecithiaerwryralve fo ganireldlpy rﬁ’éf'%d
di spensi ing sfaldum& didpREghhctyitOpunfte afd aRBcEd: dnayhfa\gmdypmgpm;i Pos@onatibyenetaly ve
means | n4eOr ahlVin QRIS Uith Lo P BRP G p8 e’ b BlovBE PG FRITRER s S d

val ve neans
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 receive fluid 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.

13. The device of Claim 11 or Claim 12, further including a filter housing integrally formed in
said first diaphragm-type pump pumping head.

14, The device of Claim 13, in which said pumping head and valve provide a generally
. directly upward flow path for said fluid from said first diaphragm-type pump to said filter housing.

15. The device of Claim 14, further including a vent valve above said fifter housing to permit
selective venting of any gas entrained in the subject fluid.
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configured to receive the subject fluid and direct it in a substantially
upward path fromsaid first punping nmenber; actuating ;sgbﬁli dgpsst punpi ng
menber to draw the subject fluid froma source; through said valve neans
and further actuating said first punping nenber through filtering neans to
~di spense the subject fluid upwardly fromsaid first punping nmenber. 18. The
met hod of Caim17, further including the steps of providing a filter

chamber 16 Nt egleAddvie bOEIG 3‘ i Mh@ub@ﬁﬁélly%%@ﬁ&gs S8t by tfeSdubRTRIdNGe MENber
and provi st antl a Irect u ath"within said upper

head froﬁP%"é?‘*ﬂ ﬁ°f“r°§P°§5‘%ﬂfﬁf“r?greﬁ’é‘f?f¥é1°"1°ﬂ'i‘tg'ﬂ'ﬁﬂ“”9&"'363”3 al ve means to said

filter chanber, whereby said further actuati on of said first punping nenber
directs e s I I g sai d
T Eor ook s b Bl 0 3L b SopP DS BIEL 2P, 51 o

t he st ep¥Nsfmeang\itenrally femed dpai UPASG H?ﬁdn‘ﬁ Wﬁtﬂwp@ew S| ¥AIVE RRRBS sai d
first pumrzglgedmrraﬁarveaﬁédsmeawm &g dikectiicin fal sonstariansupwiakiepagtbeérmeeid firsther eby

the subj Lﬁﬁpir{g! rﬁérgbeq agrfﬂTpach ﬁ?'¥¥ r@%ﬂ% Be&ré{{’r? 91% sﬁﬁ&q flugrﬂ%Fn é)'f!:flpc! 9

menber a S&cond dP ect urd al ong
sai d nonthragaivsaid rvaive | resgpatand f@'@er Wféatﬁétsﬁtﬁ' irgjf PL@PHiQnmEWbQSrf rengly fifeting

further maglsusliisinbdite SLEE A ugWaH) P Saidtirs! RitipingGitfnbel €Nt Means al ong the
subject fluid' s flowath to vent any undesirabl e entrained gas fromthe

subject fluid. 21. The nmethod of G aim17 or Claim 18, further including
t he step$s.of Preowiethodpf Llaiml V& futteninctudianthefstepaia m@@ﬂﬂmaﬁm‘pbwtxﬁ!ﬁnber

for sel eﬁfeb:‘éﬁj %rrﬁéos.p%aa lupgerthesd &%Qid%t pf.ulntihg wfafnbemﬁtprrmm 4 ms@mml@ct

fluid to said source, ch said vyn val ve L{E (?
oo’ ArLRsREh oW heth GvPR B0 BE s TR ish Py e BRI | i g,
wher ei n &hietnepas anshid fitengiampenrehdrelsy saii fardlies tetndtioa lof §a|cat1retvf:&mwmgdnefmhest

punpi ng %e’su?jggglrgﬁ%}ﬁ%%lg%gﬁwlsﬂfd% ‘) é’xﬂt?er&cf?{%@rﬁﬁﬁﬁlﬂer. 22. The

met hod o alm arm st ant surfaces wetted
by the subject fluid are fabricated from or coated with a relatively
non- cont @i nathengeti®d 6F Cl&im. 1726.ClaWpPa[ Akther ihdlidinigi thé etepef mavitiind s peosd ng

fluid, the Cormen%% s%ta% 'a"H al:tgv%ts]aﬁ ﬁs@%ﬁ%ﬁbﬁj%%ﬁ ra%HrEPdV[aﬁlgqﬁfagé‘fV ”?e%ﬁQZS 7

di aphragmtpmﬁ nica
Apri | 2om§reu¢tﬂm a@mebyb@ spbiegiflng deesingt flewHowRwardly ibetween said ffirst PEPPIRg neans

bet ween l%érhﬁérfdnﬁséalda%oﬁcﬁﬁﬂﬂﬂn RidFBEM GndRam |ng Whes st fad Gidh l'ssid mwopi ng

nmeans pu&g[\)unward%owpahd subst antl ally vertica

20. The method of Claim 17 or Claim 18, further including the steps of providing at least one
vent means along the subject fiuid's flowpath to vent any undesirable entrained gas from the

subject fluid.

21. The method of Claim 17 or Claim 18, further including the steps of_ providing a valve
downstream of said 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 fluid, wherein said second
pumping member is substantially above said first pumping member, and providing fluid fiow
means therebetween.

22, The method of Claim 17 or Claim 18, in which substantially all surfaces wetted by the
subject fluid are fabricated from or coated with a relatively non-contaminating material.

. 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 -
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upwardly through said filtering neans; and fluid fl ow neans between said
filtering means and a housing for said second punping 'ﬂR?ﬂSZObQ whi ch said
fluid travels fromsaid filtering nmeans to said housing for second punping
means in a generally upward direction. 24. The apparatus of C aim 23,
including fittings adjacent an inlet to said first punping neans and

i ncor pordiap&nbgjmqtymmmdguh@hné bisdhin iserdes szndi filtering intdans bétaledn saidi firaj andisagord ar e

fittings ngleaﬁ@e%glg?ys Fézp %&Spumﬂﬁ‘lrb] dﬂédeﬁs s HRfpE GRd ?imi %Eété\ﬁlaﬁﬁvérﬂ%llysum ect

fluid. 2 par at us terin ensin i ncl %ﬁl a punp
havi g ATGTHD WPBH SR BernaiBr e WISl By BRBERERt Hiedad BSPE 1.2 aal o
upper hemgisipg¥drisaia sbcvat pdinpigg enewiad Meavhivhcaki fluldetravels framtseid fiteringgnesnk Yo f or med
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cl osure of said filter chanber, an outlet and vent disposed at a
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| ower head portion by a threaded nut fornmed of netal. 27 The appar at us of

Claim25, includin ri ng ., seal. bet sai d
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upwardly froman 1 n d Bt er AT ou sald ter anber
and subsfisyfen sajd ﬂumpmsgha@%ﬁfép @vdeﬂlterqﬂawﬁer 29. The conbi nation of O ai m 28,
in which said punp head and said valve therein are fabricated from
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di spensi ant oonr catio sal master punp
i ncl udespatiopyp tmewdhavpmd@fmatﬁk/e and a fil ter chanber fornmed integrally
therein, including a fluid flow path through said conbination which path
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- upper head portion, in which said O-ring is positioned on the interior diameter of said upper head

portion.

28, 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 fitter 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 fiuid
and which path flows substantially upwardly from an inlet 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
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7 April 2005 directs flow substantially upwardly froman inlet into said

- master punp through said filter chanber and subsequent} yofiippggh said

sl ave punp, and further including a vent valve positi oned at a high point
within said filter chanber. 31. The conbination of Caim30, in which said
vent val ve can both vent entrained air from the subject fluid and provide
pr essur edireglsi fielv substahtiallp wppandly fmess unlet oo s4ie reastyr quinpf iheiugh sRideftds  a

sel ect edgpef andg%ubs-gli'&nﬁ?@mb r@t ¥ s%tve CHuﬁ’lpmagg’ fu:'tﬂ%?lnwmd a \)éﬁFW&N»@' ve
positioned at a int Wt gﬁ I'ter chamber. The conbi nati on

of d ai W@?O“qdﬁtﬁﬁ%EHggfé'f'@'"\?@ﬂtf"t‘?f %beéan bot h vent entra| ned air from the

subject fluid and provide pressure relief if the punping pressure on the

subj ect £4 ui dTl%ﬁ'f‘aoﬂg |on33f %‘I:%Jn'ﬁ%b qg thE‘P{ %Lnfi %éntr ov?gélhgcgh i chid ﬁe‘a rdirtbnnd

di spensing fl I nc non- cont am nat i ng

hi gh- f | ottt e¥fiestivighgnd pipvide WH@ ’%’l?f'ﬂh@lpéﬁ*!""ﬂ Bres%‘?\f"? e subjedd duid \‘?éceﬁﬁ’%ssur e
dr op t hrosedetetiadvdl. val ve nmeans when punping high viscosity fluid, said

val ve neans integrally formed in an upper head of a first punping nenber
and configured to receive the subject fluid and direct it in a

subst ant 32l | yThesrmbisatipatoh Claino 29, ngluding pivent valuerprsifignedal athigh; Polt viluit $3ty sai d
first-pumeté@ampeiber to draw the subject fluid froma source through said
val ue neans; and further actuating said first punping nenber to dispense
the subject fluid upwardly fromsaid first punping nenber through
filterind. nedfts. cogbinatinef Gisirn 8@ infwhich saithvent, vaiup earebath yerit énieiedesinfoams i s

constr U%@Qulﬁgct flid érﬁ‘lrﬁré\)de él)’@esur@ rORt PR pLPbing bﬁéﬁﬁlﬂébﬁ‘ﬂlefshbjééi filif e@keeddounphead
having a val ve |ntegra |y formed therein, 1ncluding the steps of:

provi di iySEEHSI'&eL val ve actuation that allows for recei pt of the subject
fluid froma source; actuating said punphead to drawthe subject fluid from

t he sourge; mgtg@@folrEteggé)g&]dgﬁsggﬁélﬂ{#r}g[dama%@\ﬂ ? (9 actuation that all ows

t he subject fl rect Ion; and

providing a non-contaminating high-flow three-way valve means sufficient to
control excessive 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 fiuid 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 value means; and

further actuating said first pumping member to dispense the subject fluid
upwardly from said first pumping member through filtering means.

35. The method of claim 34, wherein said valve means is constructed of Teflon®.

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

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

actuating said pumphead to draw the subject fluid from the source,
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further actuating said punphead to dispense the subject fluid upwardly from
a substantially uppernost region of said punphead, sarﬂAPH@Bbgad
conprising surfaces that are substantially non-contam nating to the
subject fluid. 37. A nmethod for dispensing fluid froma punphead havi ng

val ve neans integrally formed therein, including the steps of: actuating
sai d val ve naamtdlmg)aasbb@w viabe aceatnnpthatodliowh éhes suijjest fluid ltaibel direaterd | &our ce;
actuati %F HgARlead to draw the subject fluid through said valve neans;
actuatiﬁ%’sal valve means to allow the subject fluid to be directed in an
upward fashion; and actuating said punphead to di spense the subject fluid
upwar dl y fronfughes WdrRiading isaidl pumphpae rtorokdpenegitten safjecs diudi  ppuptie aftbm sai d

punphead t i ng to
Pe” oub; BRI SRt (R0R B bl LB ARG oy SIRBLATRARH

i ncl udi r@}lbﬁth@ia&t@ﬁ coptamingtingrtp g subietif9d-antial ly direct upward flow of the
subject fluid within said punphead 39. The nethod of claim 36 or claim 37,

f h I
addi 11 oril pufy oo By B P /e Ce s e ol B g
domnmardhyemmoﬂmmhshmﬁeMUd of claim36 or claim37, further including the

step of venting any undesirable entrained gas from the subject fluid. 41.
The net hod of t he ste of actuating

T e e o aciafhd ot att Felveioh etk e S MR 3 sREE 1S e

met hod of claim 36 or claim 37, wherein said valve or valve nmeans is
actuated in a,y fd du heeL o%@ﬁﬁ@&b}e&ﬁaﬂnﬁfﬁ@éh SHORRE MegnPr essure or

pressure drop en punpi viscosity fluid. . 43. A nethod for

di spensi ng fl uid, |nclud|ng the steps of: 31 7 April 2005 providing a valve
means i ntegr adctl.wtilfgx’amd!lvbm@ﬁs wppes theaaljea fluid td be ditectpd im@Enngwanidadhen, sai d
val ve nMea, ?s actuated i ndependently of said first punping nenber, said valve
means configured to receive the subject fluid and direct it in a
substantially upward path from said first punping nenber; actuating said
first punpi ngachRbREsaid Puelpiad b Qisperkard slijatt duibinwamllySkon aesubstattially

uppermost region of said pumphead, said pumphead comprising surfaces that are substantially

non-contaminating to the subject fiuid.

38. The method of claim 36 or claim 37, further including the step of filtering a substantially
direct upward flow of the subject fluid within said pumphead.

39. The method of claim 36 or claim 37, further including the step of directing said subject
- fluid into an additional pump in a manner that prevents the subject fluid from flowing downwardly.

40. The method of claim 36 or claim 37, further including the step of venting any undesirabie

entrained gas from the subject fluid.

- 41, The method of claim 36 or claim 37, further including the step of actuating a zero

displacement valve downstream of the additional pump.
42, The method of claim 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 fiuid.

43. A method for dispensing fluid, including the steps of:
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further actuating said first punping nenber to di spense the subject fluid
upwardly fromsaid first punping menber. 44. A nethod # Ex%gd@gen5|ng

fluid, including the steps of: providing a valve neans integrally formed in
an upper head of a first punping nenber, said valve nmeans configured to
receive the subject fluid and direct it in a substantially upward path
fromsaid first puprpilidim aeale meascintegtallntprreed i dni upper Eadel adirstenigingt o dr aw
the subj fiehbdd Ukl vhiOMelns 045ASS ||n§éb%ndefnﬂyr bhes; ?g{ bithdifmebel, L4 Shivpurpi ng

menber to di spense the sub ect romsaid first unpi ng
menmber ; WR#POA 'Qé'é?dof°f’?qe§’f" 0%, eﬁb %ﬁ‘%?“ﬁ"% Hc? gty yep@APEH 3 of sai d
val ve nesaibiirstgphmpiagmetided f or di spensing fluid, including the steps of;
providing a valve neans integrally formed in an upper head of a first
punpi ng nenber, said valve nmeans configured to receive the subject fluid
and direct it in a2%yAy8q sai fral pupPing MRENPEr tp dfa the sitbiestfiul flam & souggnichg
menber ; ﬁlﬁhd&bﬁjﬁt@g%ﬁlu(ﬂrsf punlinghéiiben dispahsRIthd SubReentidup@asilyFiorcdaidfirati d from
a source; 'ﬁﬂ% her actuating said first punping nmenber to dispense the
subj ect B upmardly fromsaid first punping nmenber; wherein said valve
means and said first punping nenber are each actuated independently of
each othgf . 4Rmethot®rAREersAE fIGH SRAHME dtdpdisfl, | ncluding the steps of.
providing a valve neans integrally formed in an upper head of a first
punpi ng nenber, said valve nmeans configured to receive the subject fluid

- and direct it in aprevitisg antlivalregns infewatdfopaechinfanapperaiedd fof aditst pumpingg

menber;  démper ARid \bal\%q{%’éné%dhﬂwe&'% r%ééuﬂa thé rs§t§;ed’t’ﬂ&l@!aﬁk9dl%ﬂpﬁra dudstEhdny t he

subject flurd froma source: her actuating said first punplng

nenber tﬁmﬁﬁgﬁ@hg%“F%%f§UﬁT@@9"F?WPH substantlally directly upwardly from

said first punpi ng menber. 47. A nethod for dispensing fluid, including the

fslt fgts OL Provi di ngey 2 AN ErirEAMBing HeftBEAb lo¥aw RE SRfkct {Lucﬁr'Ponh‘QB&Jrcé‘%ﬁ&’ of a
P fﬁﬁher%ctuatmg said first pumping member to dispense the subject fluid upwardly from said first

pumping member;

wherein said first pumping member is actuated independently of said valve
means.

45, A method for dispensing fluid, including the steps of;

providing a valve means iniegrally 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 fiuid upwardly from said first
pumping member;

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

48, 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 it in a substantially
upward path from said first pumping member; |
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nmeans t i ebeTeeaeinodas chaind: furtherdusgiding thersiepsipbpryding# fiker sham

menber, said valve nmeans configured to receive the subject fluid and direct
it in a substantially wupward flow path fromsaid fi rst7ngp2;?@? menber ;
actuating said first punping nmenber to draw the subject flul roma
source; and further actuating said first punping nmenber to di spense the
subject fluid upwardly froma substantially uppernost region of said first
punpi ng region; said upper head conprising surfaces that are substantially

non. oont am nat {19 4RPecfi ol ethoe B b BRIAILAPForL 3R dna U L her

including the steps o rOVI inte ormed in
a1 0 uppEHRE AN SaF 4% PHTENG HRBPFIGO HERRES TS OHPLtatt B | al 1 y
direct wpwardg floboasidrndt pumpibdimembei d upper head fromsaid first punping
menber through said valve neans to said filter chanber, whereby said
further actuation of said first punping menber directs the subject fluid
upwar di y4%.r onft sugthed far dispensineniiliadnatickngdie stepshi d filter chanber. 49. The
met hod of claim47 or claim48, further including the steps of providing a

second punpi ng mepber. substanti al | 0 S fi i and
oy oviding T utd 1 BuHies YAV ep oleaBRP el ! lepsendt TP adfs PRI o0s
not f| owndobeneridivavelyeeane senfigwied i ieceive tpaﬁpmmﬂw@rﬁm;@recahm agHbgtantisbond

punmpi Ny RERETiow gHikrdey S0 st ingwleh@et fluid along said non- downward flow
path. .50. The method of cl a‘{”ﬁ‘?ﬁ claim48, further including the steps

of providing at |east one vent rreans al ong the subject fluid s flow path
to vent any undesi actieg sxint firgl poegding agrbeoindtawcthe subijgebfitid frdno 2 gourdst andrhe

met hod ofydralcafily Sid G s?'pmnﬂiﬁg rhehiden 85 derE@rIquh@QulSjg& fﬁfdesﬂﬁua&fl Rb@V4 ding a

val ve downstreamof a second sel ective ensi ng the
subj ect FYbsPeiialy UrrstRshiegign ot said fg§ '%emg feolon 3 PR '&ags‘amré'”g. HP §ch said
downst r etagt ar@bubetaniiallgnaidadtaaiiriaticg ﬂoyhembjectﬂdidspl acenent val ve that does not
undesirably displace subject fluid, wherein said second punping nmenber is
substantially above said first punping nmenber, and providi nqwfl uid fl ow
vinigerally aj m 48,

:c n bvml c hfoghéflﬁﬁ aslatdl @péwnéahl of s;u.affm egﬁmmag tn&éﬂnﬂéy ahd Proviging jeesbsthtiallgl dieace
abricate
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nsi ing t _
non- cont mednsde saidfiter gflambrowherabyazidfudhes acidriipn eblsatddlr%@wmpm member directs

the subject fluid upwardly from said first pumping member fo 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 pumping member and providing fluid flow means
therebetween, whereby the subject fiuid 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 methed 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 fluid, wherein said second
pumping member is substantially above said first pumping member, and providing fluid flow
means therebetween.
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excessive pressure or pressure drop through said val ve nmeans when punpi ng
high viscosity fluid, said valve neans integrally forngdpjibog upper head
of a first punping nenber and configured to receive the subject fluid and
direct it in a substantially upward path fromsaid first punping nmenber;
actuating said first punping nmenber to draw the subject fluid froma
source; &hd The tnkibed attleimt 4y daiindisf inngtichpsubpiartzilyrelhbefacesowelted fyribe t he

subj ect £ lycd ﬁUiQV‘QrEdIIaKricfafeQ o GUBHANWtR!d YestRBGT iiSlontafiafiy Ratetiad d i rst
punpi ng nenber. 54. The method of claim53, erein sald valve neans is

constructed of Teflon(r). 34
83. 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 construcied of Teflon®.
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