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VI SCOSI TY FLUI DS The present invention relates to punps for precisely
dlspen3|n% fluids and nethods related thereto. as well as various products
made by WRME48nps and nethods. 5 Background of the | nvBGETAUSHY32885 s
invention relates to a punping systemuseful in dispensing fluids,
especially those that are expensive. viscous, high purity, and/or sensitive
to nolecular shear. The invention also relates to mcroelectronic
conponents such as silicon chrps and mafers nlcroelectronrc substrat es,
and cir cui ABPASRD ANDEVIFSIHA DS PIR G HE FXJHIHDSIudrng
the potentially |nproved qualrty and yield of such products achi evabl e
with the invention d%eoqosspariedettionpelaes tapimpsy®t ermmisel@ahsreatinadpalst s of t he
rel evant background of the invention are discussed in prior U S. Patent
Nos. 5. 167, B¢ihoas 7&%{3@%&@% welPasBiafidls prodBAY magk IBfirthds'é‘ p08ps akde

i nvention %as nunmer ous applications. but is especially useful in the 15
nlcroelectrggbcs industry. The trend in that industry continues to be to
squeeze &r quantities of circuitry onto smaller substrates. Grcuit
geonetries continue to shrink, the use of expensive materials continues.
and the corresponding need for decontam nated "cl eanroom' environnments and

equ%pnent orrnQHQQHéﬂﬂeﬂg 1 filtering. and processing continues and even
i ncreases ——é%%%aps—as—rnpoﬁ%a ly. the 20 need for |nproved yreld of fina
product conti nues, r_.econom ¢ and other. re 0

PCT/ US00/ 32865 The@&df‘ﬁ?fﬁ‘ﬁ’f‘ B fe o BEr bR SR e st i BapsidatBiss pat ent
Nos. 5,167.837: 5.772,899: and 5.516.429 addresses nmany, situations and

appl i cat | ewpscigly fhosaiar arcTrv@epsies siseousnbightrus sy - irBd/ar Pstiag te BlofagkiRer

i nprovenents in that technol ogy. as
shear. The invention also relates to microelectronic components such as silicon chips

and wafers. microelectronic substrates, and circuits fabricated by such pumping
10 systems and methods. including the potentially improved quality and yield of such
products achievable with the invention as compared to prior art systems.

General aspects of the relevant background of the invention are
discussed in prior U.S. Patent Nos. 5.167.837: 5.772.899: and 5.516.429. Among
other things. the invention has numerous applications. but is especially useful in the

15 microelectronics industry. The trend in that industry continues to be to squeeze
greater quantities of circuitry onto smaller substrates. Circuit geometries continue to
shrink. the use of expensive materials continues. and the corresponding need for
decontaminated "cleanroom" environments and equipment for manufacturing.
filtering. and processing continues and even increases. Perhaps as importantly. the

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



wel | as potential applications of such inprovenents in unrel ated

technol ogies. 5 Anong ot her things, further sinplification and upright
orientation of the flow path for the processed fluids through a punping
and di sp¥ad9ilMep46yst em can reduce the risk of contam natiRGT/U$0/32865
entrapnment. or simlar concerns, while providing simlar or inproved
reliability and precise control for desired filtration, dispense. and
other handling of e, n;00rss: flihdfod i hogiorREGAG! UId. PaicRIModesi on
i nprovenents 10 in the'instant invention allow the entire process fluid
flow path to_be_coated or nachiﬁﬁg fron1Teflqn§r%.or s$ne simlar .

non- cont afi 18dt83AgS HaL-6PT:and S Prine AAfrEsRss Mgy SRS RBY FRRISAUYES “Shy
contam nation problens. As indicated above, many problens were addressed
and sol vedvelly Theeresahoineereivhiiodiecttdd, 1©. fuPatremprayssiens in §mt gghmolgg s ps. 429.
and 5.772,899. Anong other 15 things. those devices introduced a

di aphr agmyfeying potekid] AipiPRARSE obMEhempieaRntsiin uamidied rclambadésrent s.
i ncl uded two separate conmputer-controlled punps to di spense precise

amount's of 11 0. - HOURKEL s L\ ShERCS BROMLARAL Sk hRGBRLENT S Show

the process fluid trave somewhat " meanderi1 ng path through the punp
system In certain applicatians, tEat ath does not. aff.ord timal venting
for any 2thecinw aabiat hﬁ@r%ﬁeﬁseeglblm% rOPﬁgta PHEYP e SP&H%‘P%;%% ‘A the fluid
or the system For exanple. sone small amount of air bubbles may be

unavoi dabkaducatiteathkaedonfasrinatine. aisourapecht. g dingitancenasars. wsilperdvadngal | y
changed. even if no re-primng is required. Portions of the flow path that

are netal (ki1 RlLPenWioYed FdlaBlliky 8ldpre@tedinit@l For 8L 486t dREENIISENT 32865
contamnating result in sonme risk (however small) of correspondi ng

undesi r abl ﬁrxgﬁﬁ%gﬂgrgno?%el }Qrgce%E, b, %PHEQ'm@f&&Qiﬁ%rﬁ%egi@ntiﬁ RReRhQr

patents. 8 es or- contam nants cou pot 1ally conprom se the end

product to sonme degree in sonme snall percentage of 5 plications.
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machined from Teflon® or some similar non-contaminating material, further reducing

the likelihood of any contamination problems.
As indicated above. many problems were addressed and solved by the
aforementioned U.S. Patent Nos. 5,167,837, 5.516.429. and 5.772,899. Among other
15 things. those devices introduced a diaphragm-type fluid dispense system which. in
certain embodiments. included two separate computer-controlled pumps to dispense
precise amounts of fluid. However, the preferred embodiments in those patents show
the process fluid traveling in a somewhat meandering path through the pump system.
In certain applications. that path does not afford optimal venting for any
20 contaminating air bubbles that may become entrapped in the fluid or the system. For
example. some small amount of air bubbles may be unavoidably introduced when the
source fluid container is periodically changed. even if no re-priming is required.

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

8]



of "flushing" bubbles fromthe system upon changing the source fluid
container. for exanple. or m ght otherw se conprom se the accuracy of the
fluid di spense system (again. in a small percentage of applications and
si tuat i oNQ)1/40G46 hough t hose prior patents and i nventi onsPGTHSAWI3R85wel | i n
that regard and are a dramati c advance over 10 the prior art before them
and al t hough those prior patents can be readily adapted to deal with the
af orenent | - ik : ' ' | jjdes
inprovene%?ggﬂﬁﬂgﬁgg%kggéré&p%gﬂg$“%g%§ |Héagg¥#§g&?$%%?g¥§%¥?gying t he

fl ow path of the'flufﬂ'ﬁﬁéi sinplifying and reduci ng the nunber of
conponent SOTHYBRYRY OF e ‘system assenbly 15 and mai nt enance can be
correspondingly sinplified. Perhaps nore inportantly. the nunber of
connection points. deahdicatéd intthagppricametenisl suebupdleeer Goaramiaas pdes can be
reduced, thereby directly reducing the risk of contam nation.

ai r - ent r apsteRiMlly nprémie gy erfdr2bl@ito soaldddgrenalsbiye smatl peicegtagadf
realigning the fluid flow path can reduce the size of the "footprint" for
t he .housi -t he m.an t i SRk : npact as
conﬁared @%ﬂ%%?%?'5?%%%§§%§h§¥ﬂﬁﬂ§?%%§?%orreg%@ﬁgﬁ gﬁgéhreéﬁ%{ﬁgﬁ@aluable
factory space for. the users of the pu system 3 WD 01/40646

PCT] USho; BB Bshines PUGHIES e thcisim OS] JFHEE (s UHEIBHC SRARET Rher of or e.
an object of nmy invention to provide a fluid dispensing systemthat

provi des ¢aenilerpr oviglt qlerivirerrampeomisd thyerseiiacys ofihg &9%3@?%? 8Yse¢mThe 5
systemis characterized by substantially vertical fluid flow fromits inlet
to its outdkgih. invhehall fec&isde@Napplidafiohd sSndfuaBbilsy. Aphowdhtthpaspridgron. and by
providing Teflon(r) or simlar non-contam nating wetted surfaces

thr OthOg%atérng ald ﬂ%ﬁyﬁ{s flubeloh vl 8Lk Erd HPQY iarg‘?é}ﬁatict%falfléeqwzepat his

sinmplifi as conpare o prior art systems. including wer fittings and
congectl ofe sl Betord BEhL had'Aitouolhame 6 bt B Ladif ddipa o
deal with the aforementioned potential problems, the instant invention provides
improvements in that regard.
Other benefits derive from simplifying the flow path of the fluid. By
simplifying and reducing the number of components involved in the system. assembly
15 and maintenance can be correspondingly simplified. Perhaps more importantly. the
number of connection points. seals. fittings. and related potential leak-spots can be
reduced, thereby directly reducing the risk of contamination. air-entrainment, or
similar problems. Additionally, reducing and realigning the fluid flow path can
reduce the size of the “footprint” for the housing of the system and otherwise make
20 the system more compact as compared to prior art systems. thereby correspondingly

reducing valuable factory space for the users of the pump system.



10 conponents into single unitary structures). A further object of the
invention is the provision of a device for processing fluid in a precisely
controll ed manner. including the conbination of first punping nmeans and
second pNEPilAlp4eans in fluid comruni cation with each ot RGT/USW0328Ki ch t he
fluid travel path that is substantially consistently upward as the fluid 15
flows through the first punping neans and the second punping neans. As

i ndi cated above, the first and second punping neans surfaces that contact
the flui dgy@ts fidef @raabloys éf the fiamtieat ed fromor coated with a relatively

non-contamnating material. such as Teflon(r) or the |ike. Among ot her
things, this facilitates using the systen1for hi gh-purity fluids, in

cl eanroom envi ronnment.s vic Jer neans
bet ween the first p Hﬁﬂﬂ&e §ﬁ6 fﬁg §€%@ﬁaiyﬁﬁgﬁ% iﬂ%g#gﬁe%%ﬁ

case the fluid travel path preferabl remai ns fanti . |stentl
upwar d as syfiemfihayipepvidesiae trmﬂr@u%pqrﬁémﬁmes%n &ﬁﬂifﬁﬁalsc‘t‘%é(ﬂb?’%%gﬂﬁ | ter Y
nmeans. and the second punping nmeans. and all or substantially all 4 WO

01/ 40646 REtéTOM3RHed boBUbArtafy vanicalcfsd doe momiisoneawiitraitig. 1 n the
preferred enmbodinent. the punp head and the valve therein are actually

fabricat eq,f.r, ofp JefhPRl %ts n?ﬁ]éja 18l dpr %¥ bhdngsh. ah®@P@provitend iTemo@bh are flare

fittings forne fron1 e erw se having wetted surfaces that
are non-contamnatin B] For, t SRt AM.Na |ng 5
aspect of SERHe&T nﬂ(}éﬂf‘ B]ﬁnat‘flﬁéveﬁtﬁ ‘%ﬁ‘feé?hrﬁa%hé)ru?g © Hb%ﬂgrg any pgwet a
non-contamnating material. including without limtation various forns of
Tef | on(r) egibpingnprix) flowaaes sinpliffad A5 cPRREEE 1o PEPY BhPsiens. i1 EiS st omer ) .
or other materials. Anobng the many suitable fittings usable in the
i nvent i on few@mMehe allcyngacabhabh @aftuesanine feome inGedrplly JorPkfe varbeis fittings
can be readily utilized. 10 Another object of the invention is the
Proyg ston c81tnp8ne?1¥ssitnﬁ)r@i19éle qﬁ?{ér?%tructures).
A further object of the invention is the provision of a device for

processing fluid in a precisely controlled manner. including 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

15 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 material.

such as Teflon® or the like. Among other things. this facilitates using the system for

high-purity fluids. in cleanroom environments, etc.

20 The device can further include filter means between the first pumping
means and the second pumping means. in which case the fluid travel path preferably

remains substantially consistently upward as the fluid flows through the first pumping

means. the filter means. and the second pumping means. and all or substantially all



of the aforenentioned character, in which the first punping neans incl udes
an upper head portion renovable froma | ower portion, and neans are

provi de r fepporarily attaching the upper head portion to a | ower
portionqyé%P%&ﬁgg punpi ng chamber therebetween. Preferabl BCT/VME398er head

portion includes integrally fornmed valve 15 neans configured to thereafter
direct the process fluid in a substantially upward path toward a filter

chanber i péregptiaklsMrih@smedndmicddianiup@er 1headpRtdd@mboAiBég. @t Bemp t hi ngs.
the integral valve facilitates filtering viscous and other fluids under

rel ativel Mead!agk’i’tll?er @ﬁ@%‘{z’i};{%fe\}@?& a]gﬁxﬁﬂﬁ??a%g%@?h%ﬁﬁ orEah gﬁﬁt‘%}%% aflér#':sds' Ln

part by providing re ar ger ess obstructe pat t hr ough

t he val ve conpared tq 20 prior art _systens). The valve al sp reduces

G Tt er ent It iToy BB gieaors i Ghts dad b g Of HerY ot BV RO VetEhr ough e
val ve. An additional object of the invention is the provision of a system
or devi ceirgbes thet &t operentainaraticig chtaeaubjeet, fluid. Wit dh noheoseuardinpunpi ng
means includes 5 WO 01/40646 PCT/ US00/ 32865 an upper head portion

remgvabl easpe@Of thd 1@V dNO tHel faRticulr thtdiRAABY e fant etRDI@AdH-Yont@hinaghd ng t he
upper head portion to the Iower portion to forma punpi ng chanber

t her ebet wWaeR i, AgR i O%gzﬁtﬁBRleXitatfog%lag orrﬁ?@'ﬁTQ@érf@) If’)f(}:}?]f& }LIE]&} ?f%frﬁ%?ei n.

punpi ng means 1 nclu an i ntegral ornmed tee u owpa

wherein t tee pr.ovide .5 substantially direct upward fl owpath for the
subj ect f@fﬂuﬂ’r‘fl?‘gﬂﬁ[ﬁg} %uﬁ’b‘leﬁgas %ﬂ@’f(’t FoRaTHal diraong Enfalnéirﬂ“tt%ée upper
head portion. The preferred tee includes an input portion for receiving

t he subj efitting4 usadiesinttey inventivas chremarcpilypedilihje FhonfhlastGypfdhrgtubreans. and
t he di spense fromthe second punp's upper head portion is positioned

hi gher t higginghénl BepYhdipondiin. Wwhen the device is in its normal. upright
orientation. 10 A further object of the invention is the provision of a

syspem or device OI\n@pgrn@gQa%mtih%agn ENABE BERESion b2 WHER of B&igecond

punpi ng neans i s posi

of the aforementioned character, in which the first pumping means includes an upper
head portion removable from a lower portion. and means are provided for temporarily
attaching the upper head portion to a lower portion to form a pumping chamber
therebetween. Preferably. the upper head portion includes integrallv formed valve

15 means configured to thereafter direct the process fluid in a substantially upward path
toward a filter chamber integrally formed in the upper head portion. Among other
things. the integral valve facilitates filtering viscous and other fluids under relatively
low pressure. and decreases molecular shear on the fluids. in part by providing
relatively larger and less obstructed flow paths through the valve (as compared to

20 prior art systems). The valve also reduces differential pressure. or pressure drop. as
the fluids move through the valve.

An additional object of the invention is the provision of a system or

device of the aforementioned character, in which the second pumping means includes

wn



general ly above the first punping neans, and the fluid travel path from an
exit of the first punping neans to an inlet into the second punping neans
does not include any downwardly directed portions when the device is in
its nor POV ght orientation. 15 A still further objecRCHHPSAR8GSNvent i on
is the provision of a device for dispensing fluid. including the

conbi nation of a first diaphragmtype punp having a punping head, the head
i ncl udi ngarﬁfb ePHhEAT Al i[e%c{gﬁglegﬁ)lnyglé\QerﬁﬁpﬁJrf?lwitfhlrﬂé’hl@%orfttl:x’rlbgraril}nt o the

first diaphragmtype punp. evice can fturther include a second

di aphragm type pu ositioned generally above the first diaphragmtype
punp and mﬁ@g@ﬁﬁ?$8@§%§e W@%%&VgeLpﬁ¥@OBHWﬁ8&b%@aPW8pW£F W%E?éphragn}type
punp. and having a fluid path fromthe first diaphragmtype punp to the
second dimmba@mnyﬁgammpgratbhathq@pgeh@ﬁenomw ¢ BECOR! MNDINE AEU6

PCTI USOQO 32865 Yet another object of the invention is the inclusion of a

vent val vigclabeyvn Biieguilt forasd @t flunBfidwhdRrhdréinpeherein 15elee pidwideswent i ng of
any gas entrained in the subject fluid. Preferably, the vent val ve can

al s fun C&J‘b?[@lﬁ@‘ﬁ S%P&?ﬁﬁ\%rg iﬁéﬁg}iﬁgj fto Ehe%%taﬁt:y flui¥ ef}o?ﬁ]?thetpgnﬁ'ir?gv &findehe

pressure on the | ect e systemitse fromexceeding 5 a
selected leve]. Also preferably. the vent _yalve is. positioned.at a high

poi nt i (R  AGPRIE BoR O aRD head PR r OB Bt e FREcl SR R? RN ar o
directed to a nmethod for filﬁering and dispensing fluid, including one or
nore of tivetiet Bpseawivipg theisdbiagt fuid afterdt hesbren pupedPakheirsopy@RIngn an upper
head of a first punping nenber. the valve neans 10 configured to receive

the subj egark! Atiddha@apeise gl iHe sedbrd fnthst appdrakhd/parpyaischopaioned rom t he
first punping nmenber; actuating the first punping nenber to draw the

subj ect | (LMol QU S ARG HERDSC 1RRL HALLAG AR ddioRUTD! NG

menber to pense t ubject f upwar romthe first punping
rm%mh H]ernﬁggﬁde odi

rther object otntEQ Erivention is the provision of a system or device
of the aforementioned character. in which the second pumping means is positioned
generally above the first pumping means. and the fluid travel path from an exit of the
first pumping means to an inlet into the second pumping means does not include any
downwardly directed portions when the device is in its normal. upright orientation.
15 A still further object of the invention is the provision of a device for
dispensing fluid. including the combination of a first diaphragm-type pump having a
pumping head. the head including an integrally formed valve to control flow of fluid
into the first diaphragm-type pump. The device can further include a second
diaphragm-type pump positioned generally above the first diaphragm-type pump and
20 configured to receive fluid pumped by the first diaphragm-type pump. and having a
fluid path from the first diaphragm-type pump to the second diaphragm-type pump

that is generally upward.



the valve switches the fluid flow drawi ng and di spensing steps in the
precedi ng 15 sentence. As indicated above. the steps can further include
providing a filter chanber integrally forned in the upper head of the
first pow@pohgdeaenber and providing a substantially di redRCTES0A32865] ow pat h
Wi thin the upper head fromthe first punping nenber through the valve
nmeans to the filter chanber. whereby further actuation of the first
punpi ng nmenber diregts the subje fluid. I e fi kst punping
20 nenber to the fiﬁ?%?mBWQRﬁgbf%kg%fvF%%élwg%gééu%ngﬁgbg%&2% s of the
i nvention include providing a second punping. nenber substantj al above
the firstamyapr ngstmmﬂéﬁh%gkyerp@ GOt ARJCCVENERIES %ﬂﬁnﬁéﬁﬁéntf%%?de% en.
wher eby the subject fluid does not flow downwardly 7 WO 01/ 40646

PCT/ US00/ 838&5 flutde tPaeferabtyh ehef vens valpe i aigo frmnti@r assmpkessues mdicbemsagainpi ng
menber: and punping the subject fluid along the non-downward fl owpat h.

Anot her objiect, Bfevti8hd AéeRtd OMiHeSubfag: MiiQvh& Ry bmapHTRIm sx@adingMet hods
that include providing a val ve downstream of the second punpi ng nenber 5

f | ectivel y. di i ng.t bj ect fluid or iAdthe subject fluid
o the sctrdered FaRALR ERGdtuntey Elnebit oo kTt BRI AELECT T

di spl acenent val ve that does not undesirably contam nate or introduce gas
into the ®abjeeehantgrd. Anong other things. the preferred val ve reduces or
elimnates the likelihood that operating the valve will displace fluid
(such as di spl aci ngOiter bbjeoss bliehedhsgeivaard dinejed tohingdthdDiadifdisiagentnt coul d
adversely affect the accuracy of dispense or other aspects or performance

of the Syéigﬁéﬁ%in'g}ﬁuh&@%iu&ihgohé%eﬁ%'}eocmh§sté@sS&fr;jr@ﬂdin@%r@jwb inBarGonnect i on

wi t h di spense hi gh-purity, viscous fluids, the invention may be

ISR TR Lo s R

10 configured to receive the subject fluid and direct it in a substantially upward path from
the first pumping member; actuating the first pumping member to draw the subject
fluid from a source; and further actuating the first pumping member to dispense the
subject fluid upwardly from the first pumping member. In the preferred embodiment.
the valve switches the fluid flow drawing and dispensing steps in the preceding

15 sentence. As indicated above. the steps can further include providing a filter chamber
integrally formed in the upper head of the first pumping member and providing a
substantially direct upward flow path within the upper head from the first pumping
member through the valve means to the filter chamber. whereby further actuation of
the first pumping member directs the subject fluid upwardly from the first pumping

20 member to the filter chamber.

Additional steps of the methods of the invention include providing a

second pumping member substantially above the first pumping member and providing

fluid flow means therebetween. whereby the subject fluid does not flow downwardly



15 two punping neans with filter neans interposed therebetween.

advant ageous aspects of the invention may be practiced with no filter
means. or with only one punping neans with or without filter neans. As
with priWOUMP64ystens. ny invention provides a di spensi nBCEAYSPUIRB6S
permtting the use of conmputer or other automated digital control for the
rate and 20 interval of dispense. as well as for the direction of fluid

flow thro the systemand fl.uid ) J i -1 he system
Thus. ot TR asrel Sba e srerny rRUENEHER ik e RELREh S hupink:
di spensi ng systemthat permts great flexibility of operation. making it
adapt abl e treoSuRigseHBideliengohe aaridsnewarthiio i em may be 8 WO 01/ 40646

PCTI USOQ' 32865 controlled or driven by stepper or servonotors. or simlar
t echnol ogy, and by Varitloum®bjeconfriit ervesadt waleeprohisiogwedrrpparand apdi r i ng or

Wi rel ess conmuni cati on systens. O her objects of ny invention include

provi di ng ngeiisAhde VedIYdeSHavagle a $41W ovids@vamal fhesddebhd fahpiagMeriBenant s are
|l ess likely to be introduced, and a relatively 5 nore conpact punp design

that_ | eaves a smaller "footprint” (4s 0. RE r ices). An
addi | onaSn] ST b Rispre Dk s Phise Rl FpBREP S0 ALBIP I b RS
circuits. chips. or other mcroel ectronjc¢ device fabri‘%ﬁt ergxaf romthe

af or enent ibRaEh thpdewntisamoral vede gsaBstantigllipzered i csmest vl Wald8ftages of

the invention will be apparent from the follow ng specification and the
acconpany inngurdiesinabing sontwhinate @ristrdice gheinputhpeslgectdtuid.l Aosingatthasn onl y.
Brief Description of the Drawings: FIG | is an isonetric view of a
pref err ed ygabodicmbler0f vARE redleed SVEMtih&BS the likelihood that operating the
valve will displace fluid (such as displacing it from the dispense line). which
10 displacement could adversely affect the accuracy of dispense or other aspects or
performance of the system.
Although the invention is described herein in connection with dispense
of high-purity. viscous fluids. the invention may be utilized in many other
applications. Moreover. although the preferred embodiment discussed herein includes
15 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 systems. my invention provides a dispensing system
permitting the use of computer or other automated digital control for the rate and
20 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



FIG 2 is another isonetric view of the sane system viewed from an
opposite upper corner to illustrate the back side(s) of the assenbly; FIG
3 is a cross-sectional view taken along line 3-3 of FIG 1; FIG 4 is a
cross- s¥POLHEH6 vi ew t aken along line 4-4 of FIG 3 20 HGI/U$0[33865
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-sect | Vi fl ow
chart generaiits o P EPEE ReBhd M8 ol BfoiCe oFipklPicchnolols. S By Eifite
invention: 9 WO O /40646 CT/ Uagg)/32865 F{ 9 is an. |sorTFtr| C view
similar t6OTPEET SPIRIE- harg e r A QErgA AT BireleRsC My SR HAKM e enbodi ment s
of the invention: FIG 10 is likewise simlar to FIG 2. but is an

i sometric view of tKshersyecenefohy Eiventi@n ingludevprdvidingra aglabyshoshor'er upper
corner as that shown in FIG 9: 5 FIG | | ais a top view of the system of

FIGS. 9 andidlifow px@epth tahemiginahe ardlesd lilendioobt inabdped! sdtaretafieelsy st em
facing opposite to the directions shown in FIGS. 9 and 10 (persons of

ordinary skil éom ot ggmﬁrdtemgh Itl#at #}d@g §rﬁﬂf$rt‘ﬂ>§ttpr§rl?egas%}$ﬁlﬁ3§ﬁhsto tibtdngs (ign

be orientéed i Wi ang rec I ons and ‘vari positions):

FIG 11 b .is the sane top view of the system of FIGS 9 and 10 as in FIG
11 a. but 9¥¢3Sudes a different section Iine 13-13. except. again, show ng
the inlet and outlet ports to the system facing opposite to the directions
shown in FIGS. 9 andn &djticBh®bidQ of theanegntios isdetprovigipn of ayearaikén al ong
line 12-12 of FIG | la. 15 For the purposes of clarity. aspects of the

pref err edcigW@Ychig. ve ofhes HiG 666 theli €ddvided fébricated from the aforementioned
apparatus or methods.
10 Other objects and advantages of the invention will be apparent from
the following specification and the accompanying drawings. which are for the purpose

of illustration only.

Brief Description of the Drawings:

FIG. 1 is an isometric view of a preferred embodiment of the

15 imvention:
FIG. 2 is another isometric view of the same system. viewed frém 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 F1G. I;
FIG. 4 is a cross-sectional view taken along line 4—4 of FIG. 3;

20 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:



been omtted fromthis figure; FIG 13 is a cross-sectional view taken
along line 13-13 of FIG | | b: and FIG 14 is simlar to FIG 10. but is
an isonmetric view of the systemof 20 FIG 9 viewed fromone of the

remai ni nNYOUBHE46corners (ot her than the two shown in Fl GELTUSNIE0) and,
again, showing the outlet port of the systemfacing opposite to the
direction shown in FIG 10. Two |lower units (shown as elenents 293 in FIG
10. and corresponding to upper units 283 in both FIGS. 10 and 14), which
represent the servoi@DI Rranasseitd viewadiilaot HOowbut illushrass bhgof et 0 perm t
better viewing of the 25 preferred pressure transducers 285 and 295. 10 WO
01/ 40646 ey kiSG0ABRBGEbodDests ofpthe arveofior ef erred Enbodi ment: Referring now
to the drawings. and particularly Figs. 1 and 2. | show a  preferred

enbodi ment of a purrﬁléji-n]d) igilispreise simglas teh G- bohis ap iomediq viewcddidance with
the teachings of _the invention. Preferably. the s st%m includes a first
punpi ng SSYﬁﬁah@f%Iﬁr?a&e@’ﬁd&Q%aQQPPOé%U%D%QEWﬁHaSp%W;ﬁ AYPAREHS Gr sl ave punp

30. operably conne to punp.fluid froman.inlet 1 o _an_ outlet 46. As
descri bed herein. f(ﬁjlelrail% toﬁevé?l‘gotgﬁ SHe Iﬂdggd& B’éﬁ/&é@ﬁ“ﬁe master and
sl ave punps 20 and [ referably within t 0 (as

descri Be et ﬁl)e,mlt%gaqdlo(futﬂg{r)p%isgoS}}eo%:(gtsegg lecﬁllgcfg) %gﬁz&r@% (@iégr%ggést s( regar di ng

the co 0 j . } f i u
”p%%%%ng?és PehATd ﬁﬁﬁ%@s_ Mgmnéag BIR_H?{}%%%G@%%&%%G th&t%léégj np

mechani sns are scl osed 1 at ent” I\k;s .837. 5.516.429. and

5. 772. 89%ysithi & Rudio8 cREh@BNedtOCRrPRTdat b ETdRieBridig ank @hdt@REE. An overvi ew
of a preférred nethod of operation of the present invention is illustrated

in FIG &osfionkd taken froman initial fluid source 60 (FIG 8) is drawn
into the system 10 through the inlet 12. by operation of the nmaster punp
2010 As part of FIG. 11b is the same top view of the system of FIGS. 9 and 10 as in
FIG. 11a. but includes a different section line 13—13. except. again. showing the inlet
and outlet ports to the system facing opposite to the directions shown in FIGS. 9 and
10;
FIG. 12 is a cross-sectional view taken along line 12-—12 of FIG. 11a.
15 For the purposes of clarity. aspects of the preferred 3-way valve discussed herein have
been omitted from this figure;
FIG. 13 is a cross-sectional view taken along line 13—13 of FIG. 11b:
and
FIG. 14 is similar to FIG. 10. but is an isometric view of the system of
20 FIG. 9 viewed from one of the remaining upper corners (other than the two shown in
FIGS. 9 and 10) and, again. showing the outlet port of the system facing opposite to
the direction shown in FIG. 10. Two lower units (shown as elements 293 in FIG. 10.
and corresponding to upper units 283 in both FIGS. 10 and 14). which represent the

servo-motor assembly. are not shown in this Figure to permit better viewing of the

25 preferred pressure transducers 285 and 295.



15 this process, an integral three-way valve 140 in the master punp is
positioned to permt the subject fluid to be pulled into a diaphragmstyle
first punp 18 (by noving its diaphragm downwardly, as explained in the

af or enerWPAN44pat ent s). The valve 140 is then actuat ed REU/PSN0FRE6S | ow
frompunp 18 upwardly through valve 140 and eventually through a filter
27. One or nore vent or check valves (such as vent valve 20 36 and check
val ve 49) can be included along the flowpath at appropriate |ocations. to
vent undeBidcablien eNblefdritdd BElimeg: t o prevent undesirabl e backfl ow. as

di scussed further herein. The vent valve 36 can either return the fluid to
the source 60 (as Réfewng mowicdGhe 8yavangs endpasastiardrasnl fmb?. Isthows) . When
exiting the filter other than via the vent valve 36, the fluid preferably
travel s tprefersdcombddigiendhf agwnstapd dispense se8em4 0 capitalstogria peeypineedi rect s it
to another three-way valve 99 (see FIG 8. that valve 99. can be any

sui t abl e Viih ¢he teachaies € thenavensiog. drefprahlye e stemonclidrsieishBtMRgeval ves

descri bed h in, d b iti d at iitabl | ti lth h
[t Typi caPFYS O TN BETHG88 ke ORPEIIpBE S TeAn L O ARG S PRE Becond punp
44 so as to b dj acenf, t actual. dj spen d,J bility t
preci sel ycoé%ﬁ(i%?(gﬁo’ Rlﬁn}f)aflu‘gir}goﬁléﬁ%grﬁadﬁ tB%Pr?gﬁet?éc lébgadc;%&gar/e%t eggf’iakia)l. yThgt
second Vg%l\{eqm%%n gc%?béﬁllcﬁ&i b e VRl URL L hQ sAlE ﬁfeﬁ?lﬁ be 54 o Hack to the

source or “to spensed on a substrate or ot m croel ectronic chip
or devi CeskRrMPGRARM the nfadRE pSREWD)(as HBESVAeRin OfcliRae fidckds fluldt he art

w Il understand that nany of the general concepts disclosed in the

af orenment i oned U. S.GRat@RbndPSs reparlitng, tB8dompdnehikind 3Berationl obthé72. 899 appl y
wi th equal cogency to this invention. Sone of the inportant inprovenents

oves thosgeferrcdsysrh ahdite ptiing msechn@sias sl dsdtedm des Pricbeos.10 herein. By

way of exanple and not by way of limtation, the overall flow path

5.167.837. 5.516.429, and 5.772.899. which are hereby incorporated herein by

reference. An overview of a preferred method of operation of the present invention is
illustrated in FIG. 8. Fluid taken from an initial fluid source 60 (FIG. 8) is drawn into
the system 10 through the inlet 12. by operation of the master pump 20. As part of

15 this process, an integral three-way valve 140 in the master pump is positioned to
permit the subject fluid to be pulled into a diaphragm-style first pump 18 (by moving
its diaphragm downwardly. as explained in the aforementioned patents). The valve
140 is then actuated to permit flow from pump 18 upwardly through valve 140 and
eventually through a filter 27. One or more vent or check valves (such as vent valve

20 36 and check valve 49) can be included along the flowpath at appropriate locations. to
vent undesirable entrained gas and to prevent undesirable backflow. as discussed
further herein. The vent valve 36 can either return the fluid to the source 60 (as
shown in FIG. 8) or to a waste drain (not shown). When exiting the filter other than
via the vent valve 36, the fluid preferably travels to a second diaphragm-style pump

25 44, which preferably directs it to another three-way valve 99 (see FIG. 8: that valve 99
can be any suitable valve. such as the zero-displacement. non-contaminating valves

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

11



for the subject fluid is preferably substantially upward as the fluid noves
t hrough the system 10 (obviously, however, if the fluid is directed by

val ve 99 back to the source, the fluid then returns "down" to its original
| evel ). WRi0&4¥def erred upward flow path 15 includes prefRGVBSPOF’Gt | oni ng
of the inlet 12 as |ow as practicable on the first punping nenber 20.
Preferably. the only "down" flow portions of the flow path occur as the
fluid is drawn into the respective punping chanbers 18 and 44. Persons of
or di nary i$Sfeilote fromtthe séohd puhlp 4ndes 8¢ Bagdjhdeat thehimal doyemse iddow faci litates
primng of the punps and ot her beneficial performance and packagi ng of the
syst em 10mpf v ithecdbildiyng pfetselvi ¢amtriohfing dispeneadiripack sgekigclobr thhdikpr. ef er r ed
hydraul i cs. di aphragm punps, and punp heads and filters within a

rel ati velThassredid Yabot PP cait he sedaedivelnartupied amgirecs sweflon dagk tofthe saudce
substantially vertical alignment and configuration of the "downstreant
conponen®8 oatibedispansed omajsulsiinic & EET GHCIORISSEOHE PPN IEHEFHEPDCES  and 44
m nimzes any gas entrainment or related problens that m ght otherw se
occur . 2@@6%/0%‘9()arrpl e. the preferred enbodi nent provides relatively
vertical passages 22. 23 -and 45 .(see FI &S ...3 and 7 pRer nost
respective regi ons%stoP%st%rgﬁﬁ%fl{ﬁg mn %’ﬁzil%%lr“sun%g%gﬁ% ﬂﬁé?mtng O'g?}\lleent val ve 36
(see FIG - i 2 4 / USOQ 32865
punp 46. g?g%zg.acgg%gp?%ée@%?e é?r‘@%@%ﬁ‘éﬁ?%ﬁj 'Jsaﬁ%@éé\%\%gﬁz's@ lowis

i medi at 8lsy ¢ 4b0! | Qs Yo AL pPWRE Aqhd @¥EAnEL B0 tHSIILRARIN amdsimRe for cing the
subject fluid in an upward direction), which hel ps to purge any entrained
ai r and {Bp&eit improvéhent9veshbse pHowar: GnfengvhOdre helosebpeddsciidedi d. 5
Simlarly %y way of exanple and not by way of |imtation, and as nore

fuld y exptminned herein, the overall flow path preferably includes fewer
fittings than prior art systens. and those fittings and the flow path
itself are preferaByyvfiadiraxeaipéchndfnophy ovay eddnewduantthe Tedrelbflowaratlsi i | ar
materials, to further reduce the risk of

for the subject fluid is preferably substantially upeva)r/d as the fluid moves through the
system 10 (obviously. however, if the fluid is directed by valve 99 back to the source.
the fluid then returns “down” to its original level). This preferred upward flow path

15 includes preferred positioning of the inlet 12 as low as practicable on the first
pumping member 20. Preferably. the only “down” flow portions of the flow path
occur as the fluid is drawn into the respective pumping chambers 18 and 44. Persons
of ordinary skill in the art will understand that this “down” flow facilitates priming of
the pumps and other beneficial performance and packaging of the system 10

20 (including facilitating practical packaging of the preferred hydraulics. diaphragm
pumps. and pump heads and filters within a relatively small footprint), and that in any
case the preferred substantially vertical alignment and configuration of the
“downstream” components and elements adjacent each of those pumping chambers 18
and 44 minimizes any gas entrainment or related problems that might otherwise occur.

25 For example. the preferred embodiment provides relatively vertical passages 22. 23
and 45 (see FIGS. 3 and 7) from uppermost respective regions of those pumping

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



contam nation of the process fluid. Preferably. and as indicated above,
flare fittings 10 such as commercially available Flare Gip(r) PFA tube
fittings can be readily utilized. In FIG 3. the preferred enbodi nent is

i |lustra¥ad@l/a@4¢ ncl uding the first punping chanber 18 beRGIHUSWEASE by
assenbl i ng an upper head portion 120 with a |ower portion 122. sealing and
bi nding a flexible diaphragm 124 therebetween. A sealing elenent 127 is
preferably provided to ensure a fluid-tight seal. The diaphragm 15 124 is

pref er abl pulfna%i qRuedn @he mrofied emibblimkat.laan Cdernwonmte fisiwnis inmediarely
contamnating material. At |east somewhat simlarly to the aforenentioned
U. S. Pat epgliodeg.by & dvar@Béy (5iaGh6didgragmrpnty 7@nB 8¢ stbppeituidlin ynwi t h
reference to Figures 2 in each of those patents). the diaphragm 124 and

| ower por tpeardii?2caoe. phehdrelsity pegn iy enteaingbaipngieragntinue the overall

preci sely-controlled actuation and flexing of the diaphragm (and consequent
punpi ng ofipwardjflat obthespbieeistid.| ui d) by stepper assenblies. servonptors, or

simlar devices displacing fluid into and fromthe.space 125 bel ow t he
di aphragm 124. In t REMIEH% %Wﬁ)éélg ?ﬂ’é‘ﬁ‘i‘?t B N HREIOR #5ha TSed by

[ t latively . i i bl ting, fluyi bi
pastageualh I AaT L TReE B O L 138 TBIbOGT B LA s S O WM pper

ag T B ot T . it .
Cndier st anbH O pllgh S MR ke RE] SOTR DB SEAL RS RloR SOl b e 2

sui tabl e E%@f{ﬁ%%%ﬁi&ml TeAHEIA} Bichi(ARRNGiaiN 6 ARMYr RULES MRtk 88anyan 13 WO
01/ 40646 / 32865 "internal" passageway such as passage 226. shown

in FIG 13ontdfah88 6f BlegndRtsiluidUPhefaablase dGhdruedpbeferlakl fifighri cat ed
fromany suitably strong material, although the need for non-contam nation

i s momewhaichl e ssmhecauleatdiableubirecrig BF A tilse finings expbseddiiputiliwdbase or
any passageways therein. Positional feedback flags 184 and 5 194 and limt
swi t ches 182 and 192 FKE.GSthel prefede@® emhpdinpneiseHasirajedusonslddise oie fitse
pumping chamber 18 being formed by assembling an upper head portion 120 with a
lower portion 122. sealing and binding a flexible diaphragm 124 therebetween. A
sealing element 127 is preferably provided to ensure a fluid-tight seal. The diaphragm
15 124 is preferably fabricated or coated with Teflon® or some similar non-
contaminating material.
At least somewhat similarly to the aforementioned U.S. Patent Nos.
5.167.837.5.516.429. and 5.772.899 (especially with reference to Figures 2 in each of
those patents). the diaphragm 124 and lower portion 122 are preferably configured to
20 permit precisely-controlled actuation and flexing of the diaphragm (and consequent
pumping of subject or process fluid) by stepper assemblies. servomotors, or similar
devices displacing fluid into and from the space 125 below the diaphragm 124. In the
preferred embodiment. this can be accomplished by pumping the relatively
incompressible actuating fluid through tubing or passageway 126 (connected at its
25 opposite end—not shown—to a stepper assembly 180 or its equivalent). Persons of

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

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



pi stons or stepper assenblies. to facilitate control and operation of the
system 10. Anong the many alternative enbodi nents of the invention (such
as illustrated in FIGS. 9-14) are those using optical limt switches 282
and 292 WPhM/48@ase fl ags 284 and 294 that preferably novRCTHUSeNI2BE pi st on
and extend therefrom 10 Anong the many alternative enbodi nents for the

di aphragm actuating neans are arrangenents simlar to those illustrated in
the aforenentioned Figures 2 of the aforenentioned 5,167,837, 5.516, 429.

and 5, 772+@R8hHabeRhfewayHueiiassdpa 998 g80aysn fFOG. 1 eTirdiasatlengnfsl ui d may be
machi ned or otherw se provided in the base 161 in different directions.

such as thehexadap B ishopreférablalfiteicaadifwen enpadiabbratrond neferfal.@ghotgh
(illustrating such a passageway 255 for actuating the slave punp) and 13
(i |1 ust r atiemged wrmoa-gassagaivays Ja6ewint less beeubnige sheerdbidis ounp) . The
upper head portion 120 and | ower portion 122 can lge mai ntained in

ope][ at i veexpobed foohe BRSS aliaih PasseEe Ve R Eiergna Pasiipire fsedhyrd s Aét Radi sns.
Pr ef er abl

. t hr eaded t 128 | t ai . d i
by 4 re aﬁ?ﬁ@fgihmé%gVét%h%&%é@néég?ZFdh%n?ég PSRt R e R The
upper hea orti 120, - i
oﬁgsi de. ob* RS OF SRt Bier iR 1S g e npae! PRl PEPE et TR e bt 128
and the wer rii 1 . i : I h
o1 f br | AEFRaH Kafh afafa (R pREan Obr et AREILE Yy UREERES BE ¥ they

assenbl y ngé.hﬁl1)Q?@%o?@ﬁﬁﬁéé’%ﬁié?ﬁmﬁ%viék%@s 24dhe2 RERk&Ise gdgenbedi ment .
the threads on el'enents 13 5 and 128 are relatively coarse. to enable

cor r espongideAyhaiubreferats 816 WidnEe pidichasgenizhy tgkeftdi® two portions 120 and
122 from each other. for servicing or other 14 WD 01/40646 PCT/ USOQ 32865

maijgt enance of the Amdilg thamphnglidreans Atbhodiaege fdrhhedidishragrs acasaeng
relatively easier to clean than small or fine threads. The upper head
portion 120aml soapaefeercat ymiaoris thdsatiéestratedon dhe afprementioned Figures 2 of
the aforementioned 5,167.837, 5.516.429. and 5,772.899 patents. Integral
passageways for the actuating fluid may be machined or otherwise provided in the
base 161 in different directions. such as the example shown in alternative embodiment
15 of FIGS. 12 (illustrating such a passageway 255 for actuating the slave pump) and 13
(illustrating 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-
sponding threads 130 on the outside of the lower portion 122. Although the marterials
for the nut 128 and the lower portion 122 can be any of a wide variety, preferably they
are fabricated from metal to provide a strong. repeatably engagable assembly of the
head portions 120 and 122. In the preferred embodiment. the threads on elements 130

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

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

14



el ement forned or fabricated froma single piece of Teflon(r) or simlar
material. As 5 explained herein, this nonolithic aspect permts various

structuggép? aﬂglenents to be incorporated directly intolﬁg§85®§g§%tself,

whi ch con utes to the aforenentioned benefits of an i ubj ect
fluid flow path and reduced nunber of potentially contam nating
connections. Anong other things. the nonolithic elenment 120 preferably

includes 10 therein an integrally formed or machined val ve assenbly 140
(see FI GomagigRacey! the 7 PYAPYE aS0- PREREPEBIVAISP Al VaLY CRarmie.

permttin as descri bed above) selective flow (1) froma fluid source
connected%F%’%ﬁPéWaQQrﬁﬂ?aﬁ the valve 140 to the punpi ng chamber 18. and

(2) from the, DUt ng,cURIDEL, 2D, 3 QUEN AL NaAbH S 140 Apdrsbecuent |

through the filter ' erred _ the valve 15 neans 140
i ncl udes sEPR,ABRREE & fAbidd bQ 4 fifdle Pl bPP&ThIE oUsiﬁ?ilaP%aﬁéﬁal.ms

5,261.442. but persons of ordinary skill in the art will recognize that any

of 3 W deexplARGErREinSBRGhDAINRI Mol pEInBRS/aVibld sttuthirescand Abhbasighbd he
preferred enbodi nent of the invention incorporates an integrally forned

t hr ee- wayin¢atpeetad dikdctly o ohd lhduddtself ewkioh cdizfibutad toethaaforsreeidbnedbodi ment s
of the invention may utilize alternative valve structures. or may not
utilize abgnefisd of@ndepicved stgectdkadfow, padnandaiedered aumber enbaditiadliit may
utilize a check valve, simlar to check valve 49 described el sewhere
her ei n wi ¢dnigrewpierg cangeetip@s. sl ave punp 30. positioned along the fluid flow

path betveen | el 12 and, PUTDLDS  CRSTA 10, 5 Porsans, Sl grlnary skil
TR AT R M e R A
punpi ng C?ﬁg@eﬁ{’e i]'lﬁ) is]p?efgx\gbglla{ {}196634&21}'? %(/y%%%§t%§g6és described above)
selective flow (1) from a fluid source connected to inlet 12 through the valve 140 to
the pumping chamber 18. and (2) from the pumping chamber 18 up through the valve
140 and subsequently through the filter 27. In the preferred embodiments, the valve
15 means 140 includes some aspects similar to that disclosed in U.S. Patent No.
5.261.442. but persons of ordinary skill in the art will recognize that any of a wide
range of specific valve designs will suffice.
Although the preferred embodiment of the invention mcorporates an
integrally formed three-way valve within monolithic element 120, alternative
20 embodiments of the invention may utilize alternative valve structures. or may not
utilize any valve device. For example. one alternative embodiment may utilize a
check valve. similar to check valve 49 described elsewhere herein with respect to the
slave pump 30. positioned along the fluid flow path between inlet 12 and pumping
chamber 18. As persons of ordinary skill in the art will appreciate. the check valve
25 would act to permit the subject fluid to flow into pumping chamber 18. however
would prevent the fluid from flowing back toward the fluid source when it is forced

from the pumping chamber 18.



In any case. the preferred fluid fl ow passes fromthe punpi ng chanber 18
(on its "dispense" stroke) through substantially vertical passages 22 and
23 in the nonolithic elenent 120. Persons of ordinary skill in the art

wil | und¥Pddpd6t hat t he val ve 140. 5 the passages 22 anBCPBS00832865t he
other elements preferably provided in the nonolithic structure 120 can be
formed there by any suitable neans. including by machi ning. boring.
cutting. or otherwi se form ng the upper head portion 120. By form ng those
el enents integral |l yInvrdycabéghdygatbred fluidfov P@sset frermmat @uimpingathaimber head
portion 120 itself replaces various "connections" that were used in prior
art devi ceS(onard dipepetfsapkdlthrospinplbisfaneal it atisal ppeseres 10amd I3 iowhgat h as
conpared to prior art devices. Details of the preferred valve assenbly 140
are il IusmpatulétbiCiqiﬁlFfFIGUﬁ in which the subj ect fluid is drawn into the

system t hrough inlet 12. indicated el se her the fitting 13
(similar to other fP?rﬁ?%%ﬁ@rVéhéHnﬁ%er%ﬁm BP T %F hat th@d’ﬁbFllsA'é

 afed f ?@T?B%%ég%%e%%mﬂv thﬁ§ rgﬁ?ﬂtﬂﬁ@ e bRbC R et 'Crtylto: cal : V.
12

bl ng coNMELET of) cHoe TR fithe yna“yfﬁ“at?be% B A R P e cheo)

using a prrcﬁﬁ{%akut if® lor%‘ihe%vps%qﬁ ?’ﬁ%p??r fa8PorldnPRRd B)\Vl%rrmMﬁhBéet ting

mandr el . tening the nut hoI red tubing in place in a sealing

relati Onsabrﬁen@‘ﬁnég}@ll@tmmﬁe H@daéoﬁﬁmpmomtlﬁat@ﬁa tdTitise AgREt®f 120he
invention is illustrated in FI 12. which shows a nipple 201 having a

ring or tigRiuepldé? viaats fdonSectioRs athseedre nged i@l paior ansieiges.ahd a
correspondi ng groove 203 on the head 220 (which head 220 corresponds to
head 120 prafeFdbG sidjplifien tiehmbpbdid fiemt paoli as-¢d@pated ta preormirpfevee201 i s
illustrated as integrally fornmed with a retaining shoul der or plate 204.
Screws 25 or bol t sD2@8s pFihepreyrrat vavdassemely Hddsralisagpa it s 4afe used to
affix the fitting to the head 220. In the preferred enbodi nent. the

pr ef er r edWirieh tesrsubiace g is gfaviiatobea ayssorp through inlet 12. As indicated

elsewhere herein. the fitting 13 (similar to other fittings mentioned herein) preferably
comprises a non-contaminating (e.g.. Teflon® or Teflon® -coated) flared fitting.

15 Flared fittings are commonly used in the semiconductor industry. Typically. a nut
such as nut 205 (FIGS. 9 and 12) is provided adjacent the eventual tubing connection.
and the tube is flared outward (expanded or stretched) using a special tool or process.
and is then slipped over the fitting mandrel. Tightening the nut holds the flared tubing
in place in a sealing relationship.

20 One of the many embodiments of this aspect of the invention is
illustrated in FIG. 12. which shows a nipple 201 having a ring or tongue 202 that fits
in a sealing relationship into a corresponding groove 203 on the head 220 (which head
220 corresponds to head 120 in FIG. 3). In the embodiment of FIG. 12. the nipple
201 is illustrated as integrally formed with a retaining shoulder or plate 204. Screws

25 or bolts 206 (FIG. 9) or other methods and apparatus are used to affix the fitting to the
head 220. In the preferred embodiment. the preferred Teflon material of the head 220

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



does not readily and reliably engage a screw s threads directly (such as
woul d occur if 16 WO 01/40646 PCT/ US00/ 32865 screws 206 were tapped
directly into the Teflon nmaterial of head 220). Accordingly, one or nore
rods 20MWPE1/96462) are provided in hol es 208 (whi ch hol esPCEHSIS2865| i nd"
or drilled through the entire head 220). Persons of ordinary skill in the
art will understand that either or both ends of the holes 208 wll be
visible fromthe outside of 5 head 220 to at |east sone degree (to permt
bori ng t herhod 28 ROR, tappreslatitecthg irfth eher tedlon 2@ erialam deab?i(puhatomdgpgtthose rods
as expl ai ned bel ow to engage the bolts 206 therewith). but may be covered.
for exanpbes orhyoreredpleit 16002 )cveprovidediinhelgs 208 Bwhigly holgaFarebe Addt i onal
hol es (not shovvn%1 are bored into the head 220 in a sjze and |l ocation to

permit boPtdilEgehtayghdhg ensise hesdl 3290-oPergpnsd prdipppeskteth the ahygdli ng, the

Tef | head, 10 220. T ds. 20 f bl. t d fr. t ai nl
Terlon head, 10,20 J1E. 1908, 20T A1 R ELS5R0LY R e el LLam, o i ess
dt th | b to the lid. .Th d .of t bol t. 06
0520, 0,715 EARLDANE ol o THE S et 28, POLABEREL .
i ded i VAR g i f th hol
orov o0 4y 0 EAIRRRL N Rt DR AR08, s, 08I 001 5@ ol oo

the bol t syplp.a08. &ﬁ@ndgflaoet&w@&ef& }fxeﬁﬁ'ﬂ@.gc%dth@{ib@até p@hbened hhergwikhy The

rods 207 also preferably have one or nore slots or other structure on

their endgas0 hhakiohMa&anoh®onal aledrediintdiths hede23iohesizZ20Hddycation
screwdriver or the like. to help align and engage the bolts 206 with the

rods 207. togseeimitieite D96 té bhingertddhiatdf mtithongrhantiedly kegdpeed ti22:floArhead t he nany
alternative nmethods of attachnment. it is sonetines 20 useful to allow the
ni ppl e t 02Kk Tlot mtle 06 rrequefesbaomamefactgtedUtona seongss steel. 3ddcadgnee
rotation. especially in conmbination with el bow fittings attached to or
formed wi emhstelledisigpppeigipleste apreplibgecrisisedioaealF ha §iboy iy peilid. r i ng
(ot shot) o 1 L SHL 2 oSl e, A0, 0%, PEOY S59, Ll oxter o
tapped holes provided in the rods 207, with the threads and the position of those holes
in those rods 207 sized and located to correspond to the bolts 206. so that the bolts
15 206 can be threadedly engaged and tightened therewith. The rods 207 also preferably
have one or more slots or other structure on their ends so that they can be rotated
within the holes 208 by a screwdriver or the like. to help align and engage the bolts
206 with the rods 207. and thereby tighten the fitting onto the head 220.
Among the many alternative methods of attachment. it is sometimes
20 useful to allow the nipple to be rotated or swiveled throughout a complete 360 degree
rotation. especially in combination with elbow fittings attached to or formed with the
nipple 201. To provide such rotatability, a split ring (not shown) or similar annular
structure can be provided on the exterior of the fitting near the head 220. and a sleeve
or plate similar to plate 204 can be provided to engage the split ring or shoulder. The
25 sleeve or plate similar tovplate 204 can then be engaged with the head 220 as

described above. and the swivel adjustment can be performed prior to tightening the

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



or plate simlar to plate 204 can be provided to engage the split ring or
shoul der. The 25 sleeve or plate simlar to plate 204 can then be engaged
with the head 220 as descri bed above. and the sw vel adjustnent can be

per f or e OMMPf46t 0 ti ghtening the screws or bolts 206, oPCHU8F0E2865 y even
after the screws or bolts are tightened. 17 WD 01/40646 PCT/ USOQ 32865 To
permt the punping chanber 18 to fill with process fluid (for subse quent
punpi ng through the rest of the system 10), a central plunger assenbly 142
of the valve 140 i $o@epfieaRedniphd fnther @8 td N with @oceawflAid (forFsugse-4 (Vi a
conputer- controlled air actuation, not shown. pushing on the end 144 of

pl unger agsarpluyipihdZhibusinteueh of e sypem HY. d doumbplunge adiesthig $#dnf bel ow of
element 246 in the alternative enbodinent of FIG 10). In the preferred
enmbodi menthe vahe 1d01s depresatd iorthofiredtion oflarrayet ke oYy campuies pref er abl y
controlled by a diaphragm but alternatively can Ee controlled pi st ons.
| ndeed, a¢pnaetladeisCUaih Nakshawaepashateon B ead | pf ahpepeerpgiemidy dtnl e. not

h th hani cal st : ! id tyate the 10
ol Uhgbr USSR el SEGe O Rt QPGB B LB BT over come
th [ f t ' 48 SRk 1 th
var ve: a0 TrameGaAT Fodt RRe B ed EFmoliion W aRRiAR A EE g

chanber ﬁgh%%y&t}lbtlh?“yglﬁ\{% a%ﬁp%%?rogt%%;b'dﬁaﬁua%. pEYalfieRiiReRi &g the

pl unger conpr essi ng e’sprin urd flowis permtted

through tie.d aloftq Bug\iﬁﬂﬂlsi%ﬁegﬁ.cﬁﬂgﬂat&t& (MiRhtak GabpsRanaedr planghdfotS into the
punpi ng chanber 18.” Whaen the pressure is released fromthe end 144 of the

pl unger 142mAd1osHowWY ol el PECRSIdahQridueger bbprkidedt®adthgte pigessi ti on shown
in FIG 4. permtting the aforesaid fluid comruni cation fromthe punping

chagber 18uhfurasgmbly het/v4l. vie ahd@ageo teheetfatihg eres@ife nfagr ¢v¥vecorendisl i ng t hi s
val ve action are the preferably kidney-shaped 20 passages 152 (shown in
FI GS. 3 aspdfing)fomndxdrbd Hysipowna 168 apdithatBpang 348 Kerps thy ahee 140 in a
default position of permitting flow from the pumping chamber 18 through the valve
140 to the filter 27. By depressing the plunger 142 and compressing the spring 148.
fluid flow is permitted through the inlet tubing 12 through the vertical channel 22 and
15 into the pumping chamber 18. When the pressure is released from the end 144 of the
plunger 142. the spring 148 forces the plunger back into the position shown in FIG. 4.
permitting the aforesaid fluid communication from the pumping chamber 18 through
the valve 140 to the filter 27.
Further enabling this valve action are the preferably kidney-shaped
20 passages 152 (shown in FIGS. 3 and 4) and 154 (shown only in FIG. 3. due to the
cross section location of line 4—4). Preferably. the passage 152 opens toward the
viewer as one looks at FIG. 3. while the passage 154 opens in the opposite direction
(away from the viewer. or toward the “back” side of FIG. 3). The preferred kidney
shapes 152 and 154 enlarge what might otherwise be a constriction in the fluid flow.
25 improving the performance of the system 10 generally but especially with respect to

processing shear-sensitive and/or high viscosity fluids. Referring to FIGS. 3 and 4.

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

18



cross section location of line 4-4). Preferably. the passage 152 opens
toward the viewer as one |ooks at FIG 3, while the passage 154 opens in

t he oppog) jrection (away fromthe viewer, or toward ) g si de of
FI G 3).§‘J @"@lﬁ‘@ erred kidney shapes 152 and 154 enl ar gei)aﬁ/gts&ﬁ:}% frt

ot herw se be a constriction in the fluid flow 25 inproving the performance
of the system 10 generally but especially with respect to processing
shear-sensitive and/or high viscosity fluids. Referri nﬂé{o FIGS. 3 and 4.
persons ofirssdigphuaen K4 forcep therswbiest fuidiupipagiager StBiHeh AstcepHal sPafspense”
stroke of the 18 WD 01/40646 PCT/US00/ 32865 first. diaphra 124 forces
the subj et47 PotgicuRiF B‘é%ég‘é“@?} iH’P“Bd AR rB%Sr??gea]‘fysﬁgictéel%gﬁef Rale)s

"m0 ¢ et e RaRLTRE e ARy Wi e AR R i W blon passage

23 to thef[il;ﬁr 27. 5 For applications in which the subject fluid is to be
. 1t%r‘. . . . .
filtered. € upper head portion also preferably includes an integrally

nol ded or machi ned fi %p‘iiic&}%h%iiﬁ‘%iéﬂﬁh&h\ﬁﬁ&@ﬂum@{o gbanehaniepi&0
preferably includes a renovable |lid nenber 162. to permt naintenance or

ot her accp&s porid@sd prlefe@ibl @ hRMRIE ar Tntedrolly mONREQK RRsBinaddiltet heusing
non- cont am nati ng and ot her benefits discussed herein, the Iid nenber 162

i s al so 16r ¢gnaafber Bdl. yTheadhafnbet UGGepreferatfiabreiwclat & cerfiovabiedidroreoibet X bl ock of
Teflon(r) or simlar material. An Oring or simlar sealing neans 166 is
pr ef er abl 1 peEroitingetebaicaee nthichaccebs td thefilterelengnt ARd Feheorupaséreshatly porti on
120, to prevent |eakage at that joint. A nut 164 (simlar in_concept to
nut 128 athetnhe-cppiminasingani ethespenadiss diseussedfigrginidhe lidwgmberJodastan| v
t hreadedl y attaches éhe | id menber to the ugj er bpoﬁy &ogt ign 120, 15 and is
redi |y rBiskvay eapniaciusider foRtisaied Eora @ renodays Plock 06 aEP Y O AT de an
i nproved seal. at tE)at | oint .. however an€6t.oetedthe { af. e joint
and its. EomFehcht Ohed Y forian SATHE msp Y BreiBpHaras e bfin B b
pol ypr opyh Ir;)ee'mb-grei é?glncd" thghpper body portion 120, to prevent leakage at that joint. A
nut 164 (similar in concept to nut 128 at the lower exterior of the first pumping
means) preferably threadedly attaches the lid member to the upper body portion 120.
15 and is readily removable via relatively coarse threads. In order to provide an
improved seal at that joint, however. and to extend the life of the joint and its
components, the nut 164 is preferably also formed from polypropylene. Teflon®, or
some similar plastic material. Among other things. this ensures that the life of the
threads at that joint is longer than might occur if. for example. the nut were formed of
20 metal and thereby “ate” into the corresponding Teflon® threads formed on the upper
body portion 120.
In the alternative embodiment of FIGS. 9-14. the lid member 262
(corresponding to lid member 162 in FIGS. 1-8: many of the “200™ series numbers in
FIGS. 9-14 have a similar correspondence to the “100™ numbers in FIGS. 1-8) extends
25 downwardly into the chamber 260. The O-ring 266 can then be positioned in an outer

annular channel 256. which can help prevent leakage (as compared to the “face-seal”

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

19



sonme simlar plastic material. Anbng other things, this ensures that the
life of the threads at that joint is |Ionger than m ght occur if, for
exanple. the nut were forned of 20 netal and thereby "ate" into the

corr espoX@PH#P6t®ef | on(r) threads formed on the upper bodyPGISVI0EB6I20. I n
the alternative enbodi nent of FIGS. 9-14, the |id nenber 262
(corresponding to lid nenber 162 in FIGS. 1-8. many of the "200" series
nunbers in FIGS. 9-14 have a simlar correspondence to the "100" nunbers
in Fl GS. 262 8hd axt Bddsn@% denivaly dpyardht duringepressarpasion2éthe sphiemO-Thieng 266
can then be positioned in an outer annular channel 256, which can help
prevent llikalitagd (fasy sortpaosenens cambe afferted ke among ogier tiytgsathednatetialt he
Oring 166 in FIGS. 1-8) if. for exanple, the entjre |lid nenmber 19 WO

01/ 40646 fRaTiishchapeed 64 26264 A6 fﬁmedz(ekﬁsﬁ%%'mlgétrl%‘?r‘e&l“i‘%fea rdly during
pressurization of the system The |I|ikelihood of any such novenent can be
af fect ed BYYE®A¥nY ot her things, the material fromwhich the nuts 164 or
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nunber 1). Preferably. the filter neans is integral

posi ti onechmbd himbé Bz UPrGEl RUEhd20afeldird AlGarir@iduciatgod hembareW &G | engt h of
the flow path of the fluid or at |east the nunber of connections required

Wi t hi n t ReHfi lgwPpsetdablyT chepfilear intbang entdgisily @dsinonedcwithiarthnfitst pgmp 20.
performance. the filter 27 is preferably coated or fabricated from
Teid on(r Yhuwsredicimd e ovematldengih of i Iflowt paply of e plued e dHeapt Bigapmbar efo filter
the subject fluid as it passes i . o
connections required within the flow path. To provide the desired non-contaminating
performance. the filter 27 is preferably coated or fabricated from Teflon® or similar
material.
Filter 27 is preferably adapted to filter the subject fluid as 1t passes
15 from the vertical passage 23 to a flow path exit passage 165 formed in the lid member
162. To ensure desired flow from vertical passage 23 into the filter chamber. the
preferred embodiment includes one or more raised portions 170 (see FIGS. 3 and 5) to
space the filter element 27 off the bottom of the filter chamber. In this manner the
filter means 27 does not cover and block fluid flow from the top of the passage 23 into
20 the filter chamber. In the preferred embodiment. these portions 170 are formed by
“leaving” segments of the monolithic block 120 during machining of the filter
chamber therein. As illustrated, four such portions 170 are equally spaced about the
central opening 23. although a wide range of other suitable configurations or other
elements (not shown) could be used.
25 To further ensure desired “unrestricted™ flow from vertical passage 23

into the filter chamber. the preferred embodiment also includes a countersunk or

tapered portion 24 (FIGS. 3 and 5).
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15 fromthe vertical passage 23 to a flow path exit passage 165 forned in
the lid nenber 162. To ensure desired flow fromvertical passage 23 into
the fil t‘gé gﬂ%qger. the preferred enbodi nent includes one_ _or nore raised
portions 200886 FIGs. 3 and 5) to space the filter el fehiYS0228P: t he
bottomof the filter chanber. In this manner the filter nmeans 27 does not
cover and block fluid flow fromthe top of the passage 23 into 20 the
filter chanmber. In the@referred enbodi nent . these gortio 1&12 are formed
by "leaving" segmef&ibthe prssiasher pRhEe IhilURPARWdy PR Icefilg of the
filter chanber therein. As illustrated, four. such portions, 170 are equally
spaced abRfStAZEHE> ‘%g‘r‘?tl}da‘P“BB?%ﬂi#gfa‘?g? ?Weﬁé’ﬁéwrga{%ﬁd&éar}yawé@bgf ot her

sui tabl e configurations or other elements used. 25 To
Further - angdies TSP EaTudie S st BRI b Bl b f U B 0% o
the filter ¢ [ the i I et ahSR dritelabfeSnBeGEURE €r sunk or
tapered por i ihf?f?&e?“b%ffiﬁ%ﬁgf? R, e P e & S L

t he, pass: ee‘ibo’@léﬁ?p&%n%'af&fa%awa@n iDaBYarDRIT inierstdQ.thithe exit  passage 165
in %he lid menber 162 can be fornmed or fabricated in any suitable manner.

i ncl udi ngpidih EAPbOAnySiuithbla bathBbiktipaé fagabl vt s pasdiagetht@mvpr ovi des a fl ow
path through the lid nenber 162 for the subject fluid. and is preferably
connect eddvamwadian althovghtbe vrpeis Somseseihdamtioir ramposdaitd ¢anibe asteenbded wi | |
understand that the exit flowpath can be any suitable path. but preferably
does not tdiergcoththia ahl owtabdomaneer i grefermdtrnethethandhdrugairs Byananyafithiys and

ot her conponents can be assenbled to each other in acﬂ%lés i tabl e. manner, a
pr ef er r ecditiwelhenss essillpsirates 8 FGS. MAAYd bF- A0S daicriBehienyiers 8ersids ¢

ot bt 1 hi AgeDE PISS I RSqORST Ehics SRFAPE 1o BFEY FOS SIT BERTEIRE BRF 111 ngs
WD LOS . SYSh Fch 3Y8R085 63) ROVEEI rehSn YRh QiR T8I hPpRpent s (such
“block™ elements fabricated from Teflon). The elbow 167 is preferably connected at
its other end to another Teflon® flare fitting 168 and tubing 169. and then on to the
second pumping means of the system 10. as discussed elsewhere herein. Tubing 169
15 is preferably fabricated from or coated with Teflon® or a similar material.
The lid member 162 also preferably incorporates a vent valve assembly
36. FIG. 6. operatively connected by machined passage 174 to a relatively high point
in the filter chamber (corresponding alternative elements 236 and 274 are illustrated.
for example. in FIGS. 12 and 13). In the preferred embodiment. the vent valve is all
20 Teflon®. and is a two-way. normally closed valve that can be used to selectively vent
gas from the process fluid. One of the many valves suitable for this purpose is
manufactured by Furon Company (currently doing business at 3340 East La Palma
Avenue. Anaheim. California 92806, USA. which is the same Furon referred to in
other parts of this description). and is illustrated in U.S. Patent No. 5.575.311.
25 Persons of ordinary skill in the art will understand that connecting this vent valve to a

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

undesirable gases that may be entrained within the subject fluid. Moreover, any such
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"bl ock” elenments fabricated from Teflon). The el bow 167 is preferably
connected at its other end to another Teflon(r) flare fitting 168 and
tubing 169. and then on to the second punping neans of the system 10. as
di scusse¥O8d4dpere herein. Tubing 169 15 is preferably fRIEVUSOAB2ESTr om or
coated with Teflon(D or a simlar material. The |lid nenber 162 al so
preferably incorporates a vent valve assenbly 36, FIG 6. operatively
connected by machi ned passage 174 to a relatively high point in the filter
chanber (%a@% RREORSIVEE tblLel pakigee] 7l (enpabsze 236 iate edbbdanentidf FISt r at ed.

for exanple. in FIGS. 12 and 13). In the preferred enbodi nent. the vent

val ve is Hl)las2ppdefiltotiferoreanntral passagevbs wanthe Homremitiey 163 becegsa/dicgas t hat can
be used to selectively vent gas fromthe process fluid, One of the many
val ves suddealmbthdvsrto phssshypugh oweilies elfmm?-gm raadogst etheRABAFRHAIY
(currently doing business at 3340 East La Pal Avenue, nﬁﬂein1

Cal i f or ni HQQBGGEmw@Am%Wﬁﬂéﬁoﬁ%r%%%p§ﬁﬁ§3#ﬁﬁoﬂﬁpépég@gﬁi?ﬁ q4imegiHer parts
of this description%, ﬂnd.is iIIushrated ég . S, Patentho.d5.57§,311. 25
Per ons ofic RHHAR-yNS KAINE isiarqmsically aghipted iy Qs ML P REET TR T ng thi s
vent valve to a ."high" poinf wthi.n the ' val ve 36
to col | ecRrogRETRR g‘lﬁﬁigg%olnr Ivéﬁ\ﬁalggrse ?rﬁ‘?;“?%brg@ ‘ %ﬁlg]r?ﬁyg%%dﬁg%gma%rmén t he
subj ect ftlhglbg%inpﬁrrgg)géﬁﬂ of HOYIZHED 4%}1@4@ QU A084R.4RETH 132865n Gas i S

likely to ven passage or passage 274 in the enbddi nent of

FIG  12),a8 aRResEd) t0eding jitabeentiaks PEFHAGY ahB%elarrdtabpistméehierenber 162
because t%e gas does not have to ‘pass through the filter elenment 27 in

order to @picht@ r¢lh€ ppassagen ba 4et. drablieonts alss funotibmys mgpfety vdbveso to reach
passage 165). In the preferred enbodi nent of 5 the invention. the valve is
autiomat i clibfyvaied wahede biyat tieeprpssope @othe sobjkarfluahdodssiousxreed preegaianmabl e. | n
addition. the valve is preferably and tygically opened either during the
begi nni nglevel. end rodvidhelief Ifthafiitorelayeitd 7fogeomesshesged e od of tine
(preferably on the order of seconds). Vent 36 preferably .includes a spring
37 and rel ated adj ugqrrﬁpmlgatws in which’a second pumping means 1s desired (for

example. in applications such as some discussed in the aforementioned U.S. Patent
Nos. 5.167.837, 5.516.429. and 5.772.899). a slave or second pump member 30 (FIG.

15 7) is preferably provided. Many aspects of the preferred pump 30 are similar to those
of the first pumping member 20 discussed above. including a pumping chamber 44
having a diaphragm therein actuated in a precisely controlled manner by a stepper
assembly (not shown in FIG. 7. but illustrated in FIG. 2 as assembly 190. which can
move actuating fluid through port 55) or similar mechanism.

20 The slave pump 30 can be positioned in a wide variety of locations
with respect to the master pump 20. but is preferably sufficiently “high” that the fluid
flow path trends upwardly through tubing 169 between the pumps 20 and 30. Among
other things. the tubing 169 preferably at least does not travel downwardly as the fluid
moves from the first pump 20 to the second pump 30. because such a downward path

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

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



which its relief pressure can be set, enabling it to also function as a
safety valve or 10 relief valve to ensure that the pressure on the subject
fluid does not exceed a certain level. or to provide relief if the filter
el enent WP @88@es cl ogged, etc. For applications in whi cRCHUS#ERBBG punpi ng
means is desired (for exanple. in applications such as sone discussed in
the aforenentioned U. S. Patent Nos. 5,167,837, 5,516,429. and 5.772.899).
a slave or second punp nenber 30 (FIG 15 7) is preferably provided. Many

aspects OfedRen MeShualps©d sRHTD b3theaf8siahtiilakrical ah@SRretdfhadvivy first punping
menber 20 di scussed above, including a punping chamber 44 having a

di aphr agm/i-faenena rige biigdsedimnenptiredisel To Goilitaioaedacmrnel thbyyserst epper
assenbly (not shown in FIG 7, but illustrated in FIG 2 as assenbly 190.
whi ch canl0.movwevacuwtll agité haseohbtyhandughingoance5HE prafersédérhbedimesthani sm 20
The sl ave punp 30 can be positioned in a wide variety of locations wth
respect t positrmsitesfisst ppupp2@aend bUwithgegpeeifte cad gtherpsfegiiBugirakd ki gh” t hat
the fluid flow path trends upwardly through tubing 169 between the punps
20 &nd 30FIGhdrigd 2ot her things. the tubing 169 preferably at |east does not
travel downwardly as the fluid, noves fromthe first punp 20 to jhe second
punp 30. because suihegaﬁbmﬁﬁﬁﬁgpﬁﬁ?ﬁbgénﬂbéﬁf”BﬂW§5$%é%@eVW¥ﬂ?%£That
section of the system 10.. Anong. th j enpadi s (not
shown) . t%§m§§8§x8ﬁ%hnﬁr§6ﬁ ol tr@@éﬁﬁﬁén%%éﬁ®?%%@§%prlré%ﬁ#gﬁgéver t he
first pu ST . RIS L8 RPHin SRk IRRESRAGE.IseRh&ENNECT i ON
22 WD 01?%3%2 n&%ﬁﬁté%%?%fggkﬁ\%gﬁ%gg% thempd%ps 28 and 30 Seing

substanti gl Ly YestiBRl at@nshat REBRY JhdiieRdise Miathiuad byfofded ibHhe Abp&as
entrai nment therein).” To facilitate manufacture of the system 10, however,

as (el | agortibs 42sSaTRdINdANGUBBLAGANaRetsal biager 45 eed ethrerio gdhsyagd 47.
positions the first punps 20 and 30 with respect to each ot her as best
i |1 ust r at Ehlatipassagd4 Cirefdratindeives the fluid flow from tubing 169. after it passes
through a preferred further Teflon® flare fitting 48 (or other non-contaminating
connection) and a check valve 49 integrally mounted into the upper portion 42.
Among other things. the check valve 49 is preferably formed of
15 Teflon® or similar non-contaminating material. and prevents the pumping/dispense
stroke of the pumping chamber 44 from forcing the subject fluid back out passage 47
and toward the filter 27. Instead. the check valve 49 causes the pumping/dispense
stroke of the pumping chamber 44 to force fluid further upward through passage 45
and thereafter to elbow 51 and Teflon® flare fitting 52 (the comments above
20 regarding elbow 167 and fitting 168 on the first pumping member 20 apply with equal
force to elbow 51 and fitting 52). One of the many suitable valves usable as check
valve 49 is currently marketed by Furon as their part number MCV 246.
For strength and economy, the lower portion 53 of the second pumping
member 30 is preferably fabricated from stainless steel. aluminum. or some other
25 metal. and the retaining nut 54 is likewise fabricated from metal. Persons of ordinary

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

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



The sl ave punp 30 preferably includes a nonolithic upper portion 42 forned
of Teflon(r) or simlar material. whose nonolithic nature provides simlar
opportunities for inproved flow and reduced contan nation as di scussed

el sewher¥®WOOd06dbn. Preferably. a tee path is drilled or oPEEPHRSE8GFachi ned
or formed in the upper 10 portion 42. and includes a substantially vertical
passage 45 teed to anot her passage 47. That passage 47 preferably receives
the fluid flow fromtubing 169. after it passes through a preferred
further Teflon(r) fAhaimliddtdddboge. 48 diopenct bfluidam: abnigedd isatrefagblycdnnect i on)
and a check valve 49 integrally nounted into the upper portion 42. Anong

ot her t hiragsd td yw aobbeknaatMeamBaiing fhresf enaidlye front geevofbul Srapbicalbn(r) or
simlar non-contamnating material. and prevents the punping/di spense

st roke ofillusieatgsuindilfig 8 @l glepent 99). by whichdhesubiect Raide)keceleeivaly back out
passage 47 and toward the filter 27. Instead, the check val ve 49 causes
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econony, t | ower portion'5 the second punping nenber 30 is

prefer ablthiB%mcit%ﬁé\_@ﬂ._ But Qmssrh@kih 8RS, &tvaethe afdrefbithed@onSome ot her 25
netal. and the retaining nut 54 is |likew se fabricated fromnetal. Persons

of or di nabtantkdtng Telloneflae fittmds] THadeesthvandalveonewmep9 ptdfatblariyaof a wi de
variety of materials can be wused for those el enents w thout departing from
t heo scopeenf ditfiecdnmne meliversuci2 a1l 46461 eCliA U800 1B32B6E! wien thadi cat ed
above, the dispense of fluid out tubing 46 is preferably di rected to yet
anot her nehedonttazicdhat mrfiediedahoxayand ampag pHhet thitgswiic I5eierTed ¥@ke cal |y
reduces or eliminates the likelihood that operating the valve will displace fluid (such
as displacing it from the dispense line). which displacement could adversely affect the
accuracy of dispense or other aspects or performance of the system.
15 Persons of ordinary skill in the art will also understand that the
alternative embodiment of FIGS. 9-14 includes further benefits. Among other things.
the second pump 230 is slightly higher relatively to the first pump than in the
embodiment of FIGS. 1-8. and the tubing 269 between the pumps is provided in an
uncoiled path. The various fittings on the pumps by which the subject fluid enters and
20 exits the pumps are redirected to facilitate use in possible alternative locations and
installations. In FIG. 10. a fitting 246 is provided to facilitate the air actuation of the
preferred integral three-way valve.
FIG. 14 also illustrates preferred pressure transducers 285 and 295.
associated with the first and second stepper assemblies 280 and 290. respectively.
25 Two lower units (shown as elements 293 in FIG. 10. and corresponding to upper units

283 in both FIGS. 10 and 14). represent the servo-motor assembly. but as indicated

above, are not shown in FIG. 14 to permit better viewing of the transducers 285 and
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illustrated in FIG 8 as elenent 99). by which the subject fluid can be
selectively directed back to the source 60 or to be dispensed on a
substra er 5 mcroelectronic chip or device-in-pr shown) .
In the Sf%?@?"?éﬂ enbodi nent. the three-way valve 99 is :ﬁ&@%&g’%ne val ve
(in contrast to the integrally-formed valve 140 within first punping
menber 20) and is attached to tubing 46 and a return tubing (not shown.
but illustrated in FIG 8) via the afgrenentioned non- contam nating

Tef | on(r)2% diessamisof presrary vrE 1p Hrecast Wil urdsrjandipalifae GansgpesreftEnly is a 10
zero displ agerregt val ve, such that. none of. tgﬁ@ubhﬁct | i uiﬁ i s displaced
when t he SOREEYESAite SERSE (i REASSUIGSWIthigithe A vptngJiALd O HIE TEIPSHY St 64 hi ngs.
the preferred, val ve  reduces,Or im nat es_t i.kel i operating
the val veSifiq st %eﬁlaﬁsggl%ﬁ%?g&) a(nélﬁicdfq a agtr |Sénﬁ{]sgag%er}égic%ﬂggg#{}ﬁ};emdi spense

line), ""‘}hg&aﬂ{sﬁ%@ﬁ% plﬁ%oqtrggi\éﬁﬁe?@a%lvaéa 2GE oF %sing%ﬁ&”ﬁ) YuiRf di spense

or other aspects or performnce o e syste 15 Persons of ordinary skill

in the ar&thcw'ih}f)u@laﬁﬁiawe@@bﬂ@wsénm; 1bheThaddRaRRE a8 peraadidmrt of FIGS.
9-14 includes further benefits. Anong other things. the second punp 230 is

sli ghtly idghefietyalfpuiposty ifctudikie(witHost liputapiod)hanoritrihf ehe rectogd nent  of
FIGS. 1-8. and the tubing 269 between the punps is provided in an uncoiled
pat h. Thenv@tiveusrebsurd.iindjsating thdreqpufivpserbiginghireépladieg Sabiltectsuth as by ent er s
and 20 exits the punps are redirected to facilitate use in possible

al t er nat imenitaoa the fisenprdssuianartdifferaniigmsessine aFrass thedilten): monttprAge 186 i s
provided to facilitate the air actuation of the preferred integral

t hr ee- waydispengeprerues orjthe gnirg Pressyrs ey ale éwhighern pe depdiPeadigneed partsducer s
285 and 295, _assoc'}latfed with the first and second stepper assenblies 280
and® 290, SOBYBRCHIVUNT. UBHIORin | ower units (shown as el enents 293 in FIG

10, and corr espond fi. £ 0. UpREr Rl S B3, I CRRLLEL B AQcAIG .

represent t he servo- as |1 n above, are not shown

in FIG ]s%rr;[eopapt?crlﬁ;rsty%ttf?ésp%iﬁ@d@ﬂgr?i cgltﬂs‘?rutc{i@rﬁsﬂlﬂ%%§ dRBRséske ndt
to be taken as delimiting of the invention. Obvious modifications will make
themselves apparent to those of ordinary skill in the art. all of which will not depart
15 from the essence of the invention and all such changes and modifications are intended

to be encompassed within the appended claims.



WO 01/ 40646 PCT/ US00/ 32865 295. Persons of ordinary skill in the art wll
understand that the transducers are configured to sense the pressure
within the actuating fluid on the respective first and second stepper
assenbl i WO 01@0644nd 290, and transmit sanme to a conputer cBATAUSNO/32BECchani sm
(which conputer control is preferably capable of sensing and operating 5
ot her inputs and aspects of the assenbly 10). The transducers can be
utilized Epr a wde variety of purposes, including (wthout limtation):
nDnltorlngi¥ﬁé recharge (negative) pressure: indicating the need for
servicing or replacing the filter (such as by nonitoring the filter
pressure or differentiaiMpressure across the filter): nonitoring the

di spense pressure or the entire pressure cycle (which can be used for
advanced process 10 control): and other functions. The apparatus and

met hods of ny invent.i dmadaviee bsgmoctesog flbsldnwinrériseboemntypdled insamnar: i t y, but
the specific designs, constructions and steps disclosed are not to be

taken as g@elkbibinafieh 6f filEpinyiasiniedns akdsecontspurBsih ntwahd pnBuivi | | make
t hensel ves apparent to those of ordinary skill in the art all of which

will not d ﬁlcé't%nf&lm i &R ?Eux’h SolHIVGD cPé‘al ofil busipEfy changes
DTS ERE R buife oftt pul

and nodi fications are e’en asse €nded
claims. 25 WD 01/40646 PCT/ 00/3%865 Clal CLAINI 1 H%n device for
processi NgeFSEreifing 4 Pretrepyihd AP SYISEIRRY ﬁ(@}smewlwp@& #BEi on of
first punping neans and second punping nmeans in fluid 5 comunication with
each ot heftyid dlaing thironglt sadi fpit pympemTseandnd aiid sswwod mdmpinginagns. means
providing a fluid travel path that is substantially consistently upward as
the fluid flows throggbdsatéof Clagh IPURhiRE el@ASarGkss@&idkesgedNd punpi ng

neans.
pumping means includes surfaces that contact the fluid. substantially all of said
10 contacting surfaces being fabricated from or coated with a relatively non-
contaminating material.

3. The device of Claim 1. further including filter means between said
first pumping means and said second pumping means. in which said fluid travel path
is substantially consistently upward as the fluid flows through said first pumping

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

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

20 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
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2. The device of aim1l. in which each of said first and second punping
nmeans i ncludes surfaces that contact the fluid, substantially all of said
10 contacting surfaces being fabricated fromor coated with a relatively
non- converilded4ong material. 3. The device of Caim1l. fup€hEsoo3gdsudi ng
filter means between said first punping neans and said second punping
means, in which said fluid travel path is substantially consistently

upvvard as_t ows thro hsaldflrst said filter
reans. angbgn o Belatritbting R ARG i BROR L0 ypBea R Bar R b
each of said first and second punping nmeans and said filter means includes
surf aces Wekdecipresdty foraed IV%hV‘éImea%St}B%rleh]ntl ally all of said contacting
surfaces being fabricated fromor coated with a relatively

non- cont am nati ng nét érliealevic2@f Elaifite idehicbeaidfvaGleaneant iocomfgaratht2 or C ai m
3 or daim4. in which said first punping means includes an upper head

portion repmvabiew mme %rdc@yheﬂlmd BN 4 QhrcedtdubRARRL. A lstc@ma%ﬁ@a iy
attachi ng sai d upper head portl on to said | ower 26 WO 01/40

cai d uppelonader Boet 1ER i bt el PR Pl YRS el GAROE HEEDS therein. 6.

The device of Caim5. in which said valve neans is configured to receive
i nf | ow of chepbepinireaadlly formpd) irf yashipes Beadoregn. sedrilter ghambe fermigg donf i gur ed
to 5 thereafter direct such fluid in a substantially direct upward path
toward a pdrtibreot sachfltreneamt egrally forned in said upper head portion. said
filter chanber formng a portion of said filter neans. 7. The device of

Claim5, in which spi dhéaeVRe BBENIMISS i RRfch 34itRE]eGneddl QVédiigared to
substantially direct upward fl owpath for the subject fluid fromsaid
punpi ng provide a substantially direct upward flowpath for the subject fluid from said pumping
10 chamber toward a filter chamber integrally formed in said upper head portion. said
filter chamber forming a portion of said filter means.

8. The device of Claim 1 or Claim 2 or Claim 3 or Claim 4 in which
said second pumping means includes an upper head portion removable from a lower
portion, and means for temporarily attaching said upper head portion to said lower

15 portion to form a pumping chamber therebetween. in which said upper head portion
includes an integrally formed tee fluid flowpath therein. wherein said tee provides a
substantially direct upward flowpath for the subject fluid from said pumping chamber
toward a dispense from said upper head portion.

9. The device of Claim 8. in which said tee includes an input portion

20 thereof for receiving the subject fluid after it has been pumped by said first pumping

means and in which said dispense from said upper head portion is positioned higher

than said input portion when said device is in its normal, upright orientation.



10 chanmber toward a filter chanber integrally forned in said upper head
portion, said filter chanber formng a portion of said filter nmeans. 8. The
1 or daim2 or daim3 or aim4 in which said second

devi ce i
punpi ng%g}@%cl udes an upper head portion renovabl e f riEn 7859064860

portion, and nmeans for tenporarily attaching said upper head portion to
said |lower 15 portion to forma punpi ng chanber therebetween. in which said

upper head portion 1pnEhe@SscedIT diatheDbAt 2% oy Eeint 86r Cldiinds. 4 @wRat h
therein. wherein said tee provides a substantially direct upward fl owpath

for the sy . i i I - I e from

sai d uppol ik pitPily MRS So UL I ARG R AN SREIRE |

i ncludes an_ i nput. port 20 thereof for receiving the subject fluid after
it has be@H $ tBV@L B 0P @t SSRGS TRIARING aP%“MﬁﬂE%‘@%?ﬁ“ i spense
fromsaid upper head portion is positioned higher than said input portion
when sai dsedemd pempmgimeans dograratraicludgpniy glotvneridndatétehporddniwhe1$add 646

PCT/ US00/ 32865 10. The device of Claiml or laim2 or Caim3 or Caim4.

in which gaic isaCROHoMHIRIREhBRation. POSi tioned general |y above said first
punping means. and said fluid travel path froman exit of said first

bunpi g means o an | d%tdew[morsa% RPN BHIRGL RS odags not i ncl ude

any downwardly direc e portions evice isinits normal.
upright orientation. In a device for dl pe SI fluid. the conbination
of . a firdap ra&%ﬁm%@uﬁlt};ﬂa@nga&ﬁmmm ﬁ@aaanga?%ia ad i ncl udi ng
an integrally forned three-way valve to control fIOM/of fluid into said
first di afohmedjtivterpey palvpto déhtroTliewdd\flucdindd sait dirshdiaphradgunr-tyipepuimpe| udi ng a
second di aphragmtype 10 punp positioned generally above said first

di aphragm type punpianteGRifck 38Ceimt1a . furgeeinctudihdlh secphdBREnRYmSEhE fir st

di aphragmtype punp. a fluid path fromsaid first

10 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.

15 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
filter housing to permit selective venting of any gas entrained in the subject fluid.

20 16. The device of Claim 13, in which substantially all surfaces wetted

by the subject fluid are fabricated from or coated with a relatively non-contaminating

material.
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di aphragm type punp to said second di aphragmtype punp being generally
upward. 13. The device of CQaim1l or Aaim112. further including a filter
housi ng j ly formed in said first diaphragmtype pu unmpi ng head.
15 14. 'I‘k@toﬁg‘{ﬁ%e of Claim13, in which said punping heacrr%ﬁﬁsqg}éﬁf

provide a generally directly upward flow path for said fluid fromsaid
first diaphragm type punp to said filter housing. 15. The device of Caim

14. further including &nveidd feakineriabaedispdndingffivid. eficlivans tHrd oper m t
sel ective venting of any gas entrai ned in the subj ect fI urd. 20 16. The

devi ce of vgdm %‘%? vgrheanél gﬁg?a'ffRsfto%éd %l %rYu le¥ Pialﬂlr(;f% erfu%j by the

subj ect f PO rica rom-or coa are atlv

non-contam nating. material. 28 WO 01/ 40646 PCT/ USQ0 17 A et hod
for fil temeﬁ@veaﬁalddiabﬁéﬂ%qnﬁ@mﬁw@ toj rReq A the Stiectdt u&f) irect §i%9i di ng a
val ve neans integrally forned in an upper head of a first punping nenber.
sai d val veubseansllopward pathidrem saiddestvednpihe neotbes attubting shidfdtdi rect it in
a substantially upward path fromsaid first punping nenber; actuating said

first 5 pyiRpig HEARS o HAWIHAWHBE RiPIB6T a §duided ahd AMher &Q&H&%sa@iﬂd further
actuating saild first punping nmenber to dispense the subject fluid upwardl y

el ual ngtthEoepRETRyRes TBIRSGs kb RRP AR (R AY Pl S RS, |

sai d upper head of said first punping nenber and 10 providing a
subst ant i BMPEHi rect upward flow path within said upper head from said
first punping nenber through said valve neans to said filter chanber,
wher eby said furthé8. Betroahodof Ofhirs di7 dfurihesincpudingi theg sepnbigrrodidimect s t he
subject fluid upwardly from said first punping nmenber to said filter
chanber . filter chamber integrally formed in said upper head of said first pumping member and
10 providing a substantially direct upward flow path within said upper head from said
first pumping member through said valve means to said filter chamber, whereby said
further actuation of said first pumping member directs the subject fluid upwardly from
said first pumping member to said filter chamber.
19. The method of Claim 17 or Claim 18. further including the steps of
15 providing a second pumping member substantially above said first pumping member
and providing fluid flow means therebetween. whereby the subject fluid does not flow
downwardly between said first pumping member and said second pumping member:
and pumping the subject fluid along said non-downward flowpath.
20. The method of Claim 17 or Claim 18, further including the steps of
20 providing at least one vent means along the subject fluid’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



19. The method of Caim17 or aim18. further including the steps of 15
provi ding a second punpi ng nenber substantially above said first punping

menber iding fluid fl ow means therebetween. where bj ect
fluid do Qg}{g‘{ﬁ% ow downwardly between said first punpi r?f‘i?é%?ﬁé?“%gnd sai d
second punpi ng nenber, and punping the subject fluid along said

non- downward fl owpath. 20. The nethod of Caim117 or Caim18, further

i ncl udi ngdispeasisg elpssubject AQidpraviueiing thetsubjeatsituid mesaidstureee amsvhadhoagl t he
subject fluid' s flowath to vent any undesirable entrained gas fromthe

subj ect fhdithiredh vallRgs FeltRM ANy 81dRplate@bntWaBiethdi@loed HEL liRiesitdde! udi ng
the steps of providing a valve downstream of said second punpi ng nenber

for selec 1/ 40646 PCTI USQQ 32865 dispensing the subject fluid

i vel 9 .
or return lﬁ@ag%g%g?ﬁ}\;ﬁg t fluid to said source. in which said downstream

valve is a substantially zero displacenent val ve that does not undesirably
di spl ace subject f 44 -dhempethodhel Glstmdd opflatmdidninyhigh sepsigniialls alli n whi ch
substantially all 5 surfaces wetted by the subject fluid are fabricated
from or csuafaect wétteld by thehatjéor éluyd am dabreatet dminnart coagdrvatten rdhtive2@.  Appar at us
for filtering and dispensing fluid. the conbination of: first

di aphr agmdnyReRuARIROmARARS: second di aphragm type punping nmeans in fluid

comuni cation wth said first di aphragmtype punping rmeans: and filtering
means 10 between sajd firs d.second p in ns.. wher sgid first
punpi ng neans pun?ﬁ'm a?%‘ﬁ?fnr Eﬁ%ré?gaa didéllﬁ eilmg g??l(:aelc;?mﬁ)ﬁl&%?o&lo?thr ough
said filtering neans: and fluid flow neans between said filtering neans
and a hou#iSh@apiEALE S¥RRITPRIAS NHFGNS: FEEE GiaPhigge Y Ps NP MGy Bl Wans does
not include downward flow of the subject fluid as it travels fromsaid

filteringomandcdtionsaildsdibisst dgpphmarnsgpe pdmpingpnengsrapdrigdiering means
10 between said first and second pumping means. whereby said first pumping means
pumps the fluid substantially vertically upwardly through said filtering means: and
fluid flow means between said filtering means and a housing for second pumping
means in which said fluid flow means does not include downward flow of the subject
fluid as it travels from said filtering means to said housing for second pumping means.
15 24. The apparatus of Claim 23, including fittings adjacent an inlet to
said first pumping means and incorporated in said fluid flow means. in which said
fittings are flare fittings having wetted surfaces that are non-contaminating to the
subject fluid.
25. Apparatus for filtering and dispensing fluid. including: a first
20 pump having a pumping chamber defined in part by an upper head portion. said upper
head portion including a valve and filter chamber integrally formed therein, said filter
chamber being disposed substantially above said valve and said filter chamber

including a removable lid member forming an upper closure of said filter chamber. an
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15 24. The apparatus of Claim23, including fittings adjacent an inlet to
said first punping neans and incorporated in said fluid flow neans. in

whi ch sgj fitiings are flare fittings having wetted sur are
non-conﬁgl{r;rio}lma‘w&ng to the subject fluid. 25. Apparatus foéaﬁ?ﬁoé?@%g and

di spensing fluid, including: a first 20 punp having a punping chanber
defined in part by an upper head portion. said upper head portion

i ncl udi nguwlevaldrenadtpbsedtae r rdhtavehenpwart degatibh pn sadfd@r cheerksrandsai d filter
chanber being di sposed substantially above said valve and said filter

chanber §uB§thM?Hll@Q/e@ticfa¢ﬂQ}ﬁa§Hﬂﬂv%j fOriedeseral0r i ag @petpR@posli@skr e of said
filter chanmber, an 30 WD 01/40646 PCT/ US00/ 32865 outlet and vent disposed

at a relatjvel rd: ﬁg%’ o Ry AR er: and a
substantﬂ§PP§f%€$$lcéiKL?Ul 5g§?§§%§q¢g?%gﬁ&fQF@gggF|y in said upper head
portion to permt flow fromsaid punping chapber to said filter chanber.
26. The apparatus of® hswﬁp@evmpgcﬁwméﬁ~@@W@CH@%@PPH@' HBPEIBAS TS re- 5
tained on a | ower head portion by a threaded nut forned of nmetal. 27. The
appar at ustainéd Gh ailow@5hea potticahi by threaded nutgomeed ofattaeen said |id nmenber
and said upper head portion. in which said Oring is positioned on the

interior dianmeter of7 gakdppRREE oNERHNIPS! fncRidingZdh OAirpabi Brakésal a master
punp and a slave punp for dispensing 10 fluid in cleanroomtype

applications, in ich i st er  pL ' S g - ving a
val ve andKQﬂPPk?éﬁgc 5H§§FgP%@&?@kﬁﬁﬁgngﬂﬁéﬁﬁﬁ§¥%ﬂ§ﬂ&?W%Fﬁzﬁﬁ§?a fluid
fl ow path through said conbinati on which path is conprised by naterials
that are INSHAL YBMEAHSRIT HGPEGChBOEAB] ect fluid and which path flows
substantially upwardly froman inlet into said master punp through said
filter chanber and 23uBseguiEnstion df% mimtaygmpsaidc Sivevmimpfgy dispensing

10 fluid 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 flows substantially upwardly
from an inlet into said master pump through said filter chamber and subsequently

15 through said slave pump.

29. The combination of Claim 28. in which said pump head and said
valve therein are fabricated from Teflon® .
30. The combination of Claim 28 or Claim 29, including a vent valve
positioned at a high point within said filter chamber.
20 31. The combination of Claim 30. in which said vent valve can both
vent entrained air from the subject fluid and provide pressure relief if the pumping

pressure on the subject fluid exceeds a selected level.
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29. The conbination of Caim28. in which said punp head and said valve
therein are fabricated from Teflon(r) . 30. The conbination of Caim 28 or
Claim?29, including a vent valve positioned at a high point within said
filter cHOMYEPO450731 The combination of Caim30. in witCHUSY A ent
val ve can both vent entrained air fromthe subject fluid and provide
pressure relief if the punping pressure on the subject fluid exceeds a
selected level. 31 WO AIARRRALIEE sLQYH2B6&e BBy déobitioh 0 ekt fremiaC
substrate fabricated by deposition of fluid froma diaphragmtype punp
havi ng a 1.ng hy 1.0 e 1iNQ,; ' LY valve to

; P%&'/H%gg]f Pg?gupﬁq{agmgl%g)%g}ﬂ;ﬁ%fﬂéyd Qaﬁﬂedd%a%ﬁ& §¥ éétgéxgﬁQ

control to s ragmtype punp.

formed valve to control flow of fluid into said diaphragm-type pump.



