WO 01/ 40646 PCT/ US00/ 32865 APPARATUS AND METHODS FOR PUMPI NG HI GH VI SCOSI TY
FLU DS The present invention relates to punps for precisely dispensing
fluids and nethods related thereto. as well as various products made by

t hose punps and nethods. 5 Background of the Invention: This invention

rel ates toweopyoeé ng system useful in dispensing fluids, pcBEfgisgd |y those
t hat are expensive. viscous, high purity, and/or sensitive to nol ecul ar
shear. The invention also relates to mcroel ectronic conponents such as
silicon chips and wafers- mcroelectronic substrates. and circuits
fabricated by such punplng 10 systens and nethods |nclud|ng the

potential |l y APPARKIYN Di ¥ DY FORJ ; :

the invention as conpared to prlor art systens Gbneral aspects of the

rel evant background dFhetimesentiventiprorlagaseo paisdosyedsahndignensng idsS,  Pat ent
Nos. 5.167.837: 5.772.899: and 5.516.429. Anong other things. the

i nventi on hasl fiethedsoeiated plipréte.aks el as vdiishs podesqracdedyl thosa pahpd andn t he 15

m croel ectronics industry. The trend in that industry continues to be to
squeeze Qrepingas.quantities of circuitry onto smaller substrates. Crcuit
geonetries continue to shrink, the use of expensive materials continues.
and the correspondi ng need for decontam nated "cl eanroonf environnments and
equi pnent for nanufacturlng filtering, and processing continues and even

i ncreaSes. Beckaeguad afthe dawsptiemt|y. the 20 need for inproved yield of fina
product continues, for econom c and other reasons. | W) 01/40646

PCTI US00132865 The eduiipifeention lateiip BeumpoE sysian asebildndispansne duids.s.  Pat ent
Nos. 5.167.837. 5.772,899: and 5.516.429 addresses many situations and
appl i cat i onespe@ally those that are expensive. viscous, high purity, and/or sensitive to molecular

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. inprding 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 smatler 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.



well. The present invention is directed to further inprovenents in that
technology. as well as potential applications of such inprovenents in
unrel ated technol ogies. 5 Anong other things, further sinplification and
upright orientation of the flow path for the processed fluids through a

punpi ng anglodi/sueensi ng system can reduce the risk of copi@ideyadsson. air
entrapnent. or simlar concerns. while providing simlar or inproved
reliability and precise control for desired filtration, dispense. and

other handiing of t herpracess, Ll s af s hIgh JRAHGAE UL iPdenand. desi on

i nprovenents 10 in e 1'nstant 1tnvention allow the entire process fluid

flow path tq coat ) i fromTeflon(r). or sone. simlar

non- cont ani ﬁé?ﬁﬁgﬁmg@%aﬁgghgﬁg’radﬁéeaﬁfé e Rl 1 S’lalggfﬁilg%l n(%%g'gny
contam nation_problens. As jndicated above. ngﬁ%ggrqblens ner e addr essed
and sol ved B§llt hBe Prafsat Biaen svbgcted 1 Tuphrdmproxpers ™ 17 (6108 §16. 420,
and 5.772,899. Anpong other 15 things. those devices introduced a

di aphr agm t ek as perertialiprpheations fsyetcimpigHerIgntsif uRelREd (el nent s.

i ncluded two separate conputer-controlled punps to dispense precise
anounts of fluid- Howkmeng othdrghipgsefuetheresimplifiratipienstuprigh oripyakondt ent s
shov' - the process fluid traveling in a sonewhat neandering path through
the punp sy sedlow patinfo @retpadcassap fiidstitdugh s putiiping apd tispatsieg systam edf or d
optimal venting for any 20 contam nating air bubbles that nmay becone

entrapped i peduderné kst 6F @ftainfiRuisy air@ffraphit. oeXiailpt @ncesmwhidaplobidangount  of
air bubbles may be unavoi dably introduced when the source fluid container

i's periodi cglliir GNAPIRLd re@i¥ENtyl dnd BRcIsE cdtidoN T Bedifd FiRAIbH AibpensPaimtii ons  of
the flow path that are netal or otherwi se relatively potentially 2 WO

01/ 40646 Pq@m%@&ﬁhiﬁpéem&@.iﬂﬁhéﬁﬁéﬂuﬁ'ac}d?in%@ﬁ@dersigﬁI?mfn‘&%’\ﬁé&ﬁd’ smal |)

of correspondi ng undesir contamnation of the fluid. As indicated in

those 1" or i t%g ?n@%a%t in§é‘1‘1?ign Q]VOQ‘P !hgti,ntﬂ'[a pPo‘BEGs%J‘ﬁ‘&L patfi Hleoated or

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

%]



potentially conprom se the end product to sonme degree in sone snal
percentage of 5 applications. Alternatively, such bubbles or contam nants
m ght require sonme period of "flushing"” bubbles fromthe system upon
changing the source fluid container. for exanple. or mght otherw se
conpr om sewbhe4osacur acy of the fluid di spense system (agednkoohiass Smal
percentage of applications and situations). Al though those prior patents
and inventions function well in that regard and are a dramati c advance over
10 the prio : f s | £, b . can be
readily ada{;o ng#l? %%ggésg‘d@m&ﬂ? r? Eghogy*%gg%%ﬂ% %Q%gﬁs%%%le%%@%%l?ﬁ%bl ens, the
instant inventian proyjdes..inprovenents in that regard. O her benefits
derive fron9§%WﬁP?P§fﬁam?ﬁgLflOM/path of the fluid. By sinplifying and
reduci ng the nunber of .c onents involved in system .assenb 15 and
mai nt enance can be cobrsr‘%‘g%‘ﬁidf‘ sg PRSI RIS WP L‘&Z'}ﬁﬁﬁb%mm‘ﬁaq‘w&'want ly.

t he nunber of connection points, seals. fittings. and rel ated potenti al

| eak- spot s RAFNIHY comriwisg therchd Prgyctdp Fups Foprer dHTRSIERpAl! psTcpptage St
contamnation. air-entrainnment, or simlar problens. Additionally,
reducisng anappheationgynilggnativelyf Jugh butbleswr pentamipants migatngawire somegicsied of t he
"footprint"” for the housing of the system and ot herwi se nake 20 the system
nor e conpacef “dssicmgiiabdes from el sgstermnpoisgimhging thetshwrefyid cortaiegptondi ngl y
reduci ng val uabl e factory space for the users of the punp system 3 WO

01/ 40646 Obpratipk. andighthirdrivis esmpriordideehd avvaady amhe ROT HisE06E 32860 [t 1S,
therefore. an object of ny invention to provide a fluid dispensing system

that provi degaihNg alsiiBll pateshidae of SpiBaeas aitkikanat). tamhdigoussesioner ei n. The 5
systemis characterized by substantially vertical fluid flow fromits inlet

to its out 'T;%en%ﬁ ifVRRHEY R el Th thiiSe A AR dre/a SBMEGUdVRRRIVEON. and Dby
providing Teflon(r) or simlar non-contamnating wetted surfaces throughout

the f JOOWpat tﬂe plli&' e{rltb%fo% ﬁfeﬁa‘nr 5n%dalthough those prior patents can be readily adapted to

deal with the aforementioned potential problems. the instant invention provides
improvements in that fegard.
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 sysiem 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 svstem.



enbodiment. the flow path is sinplified as conpared to prior art systens.
including fewer fittings and connections (in part resulting from
integrally form ng various 10 conponents into single unitary structures). A
further object of the invention is the provision of a device for

processi ngwblowisgbsé N a preci sely control | ed manner. incl usPesdohRes

conbi nation of first punping neans and second punping neans in fluid
comuni cation with each other- in which the fluid travel path that is
substantially consistently upward as the fluid 15 flows through the first
punpi ng neagmindnl RAvaRcenr ibeipempnMeans. As indicated above. the first
and second punpi ng neans surfaces that contact the fluid are preferably
all fabricated fromor coated with a relatively non-contam nating material.

such as Teflon(r) or fheglilfe ATBREG &%ﬁv&bbm%m\m SnliaQispédsabes using
the systemfor high- purity tluids, in c¢leanroomenvironnents, etc. 20 The

device can f ﬁ &Jaﬁ{al r%héme{rﬁﬂr&eef o B LELBER A sl L3 heBtiTRLDY  MEANS

and the seco 1 Ng rreans case t travel path
preferably rraln bst nsi st.ent. r idflows

t hrough the Sﬁ PRt §ﬁ‘ﬁ§?‘h2§ '%?Ea%t‘%ﬁ’ ‘"'J:f“[lcffiltefguu5 ﬁ%aﬁ? s lﬁl% ie%soéjc%{nd punpi ng
means. and all qr substantially all WO 01/ rfdgém P %Cﬁ] 34865 contacting
surfaces ar &RBHESEHTRRIIALE Porgially HPHignt PRYIERN? Y0 BF " Phe punp head
and the valve therein are actually fabrjcated from Teflon(r)._ and all
fittings al cHglar perecomtasyngsiae pvegpdsuragesahopghopiige flewpate olorfsgis 88 on(r) or

ot herwi se having wetted surfaces that are non-contam nating to the subject
fluid. For tembodimanictnflawipattis sigpbifiedpreomperrd toprior A% sysargm incldmgpar t i cul ar

material may be any suitable non-contam nating material. including wthout
limtation Vewd Gusgf andmnodendesf hroperr ipsultieErotn REeAyaily Kednmeg varfoas f | uor i nat ed.
Teflon(r) -like elastoner), or other materials. Anong the many suitable

fittings usabhporentsiesihglv efitirobyucteesyer ci al |y avail abl e Furon Flare
Gip(r) PFA tube
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



fittines can be readily utilized. 10 Another object of the invention is the
provi sion of a systemor device of the aforenentioned character, in which
the first punping means includes an upper head portion renovable froma

| ower portion. and nmeans are provided for tenporarily attaching the upper
head portiWR0I/#64 | ower portion to forma punpi ng chanberctiuseseeeat ween.
Preferably. the upper head portion includes integrally fornmed valve 15
means configured to thereafter direct the process fluid in a substantially
upwar d pat heokRWA Shrfacds drd Rdn-CRAMRGENS. e Blfeded QhPTREMIR ddGmpPper head
portion. Among other things. the integral valve facilitates filtering

vi scous andnQhRgd mEviivE shetigiSe aét@d]@tﬁjaﬁfﬁ:!ﬂ}{d frl)ﬂwfeg,ﬁgs.séﬁﬁ %1] ﬁﬁﬂ‘%s ?lgﬁ’% €ases
fluids relatively

nol ecul ar shear on the u . In part by providing arger and

| oo 0bstr ugk ol T PALOT NS BYAL: BB 1AL o{ AR RIRRRLRA20 brior art

systens). The val've al so reduces erentl a ressure, or pressure drop.
as the flu&ﬁécﬁ %1aEQE8% Qttpefv%lge. @ntQQHLH;og%I obj ect. of the
i nvention i ¥ PRE USF 80P SRIGRUngting fe dhe upect iR, i F ok thsemopantapipptiitent | oned
character. in mht%h.the.seﬁond pﬂnping_nean i ncludes 5 WO 01/ 40646
PCT/ USD0/ 32%B%! ShtG FHEP! Hle Bt PG FGPAITIANBY BF 813 FUAY'S DPbeaBfamiertifE on. wi t h
means for tenporarily attaching _the upper head portion to the | ower
portion to : ¥ . e
t t o PRFHilinpiudine netherdimiation argrelryriciellongATFE GrRfAerkalreg. th

upper head gort[on of the second punping neans includes an integrally
fornmed tee (ifiypdnaigdolphen® tlike elestomenhion piErmatimals. cdmpraihe thesy suitble
substantially direct upward flowpath for the subject fluid fromthe punping
chanber t ofutingh waldé spthe seftioomotineercigyeavaitebidrpot FlaerGripfh @Fartetfecr red t ee
includes an input portion for receiving the subject fluid after it has
been punmpedfitiyestdae bé readiivy pilpd.ng nmeans. and the di spense fromthe second
punp' s upper head portion is positioned higher than the input portion when
the device is in itsAngheBdbjcctf thdiber®oh @Nh@bido0Rion of a system or device

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 integrally 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



10 A further object of the invention is the provision of a system or device
of the aforenentioned character. in which the second punping neans is
positioned generally above the first punping neans. and the fluid travel
path froman exit of the first punping neans to an inlet into the second

punpi ng megds/4ees not include any downwardly directed Reldensssvhen the
device is inits normal. upright orientation. 15 A still further object of

the invention is the provision of a device for dispensing fluid- including
t he conbi nati on

i.rst diaph av ng iing head, the
head i ncl ud?‘Hﬁ’pﬁgf‘eaﬁp%‘EP%TW"gg?ﬁ% \}%‘Iwﬂé’o Icgmco quow St uid into
the first diaphragmtyp unp, Th evice can urther inc a second
di aphr agm t%&h‘ﬂ%ﬁﬁ ”BB%r?‘F‘?do‘??étﬂ) ﬁ@q%‘wrfo&l?&}%%frﬁ@ PRIPOE CB?‘&??M agm type
punp and 20 configured to receive fluid punped by the first di aphragmtype
punp. and hherebryveen. fAggingrefareplys ﬁhE)HPHeﬁBealdmOE‘tO“d’ir S ReaphPyRIBe BE#S to t he
second di aphragmtype pu that is generally upward. 6 WO 01/ 40646
PCT/ US00132i865degen lmmmen%mwe@ﬂméﬂowmmmﬁtwf@wqIbe eherovies &isi on of a
vent valve above or upstreamof the filter to permt selective venting of
any gas entsubstaethlly diredepwad ifpwpath faruheksublerehad tyh yhe puppingehembal ve can
al so function as a pressure relief or safety valve, to prevent the

pressure onoWwhe asdiffjefetirdn the dpgen dedd@riiy:s (Taapiefesed fee inchrieexciapai ng. 5 a
selected level. Also preferably. the vent valve is positioned at a high

poi nt Wi t hi Ryriidd@r febbil b teRabB@ MuidAMRER hOdheds bSmed bk it firdvRkipipn are

directed to a nmethod for filtering and dispensing fluid. i ncl uding one or

mor & Of 1 NGy Shenad e AR Holfing s Bhd St & lher hidli 83Hi3h |polibitad Tn an upper
head of a first punping nmenber, the valve neans 10 configured to receive

the subj ecthléﬁegghq Fhnfls b wiue]% fhe AeREOS HARL AhnbY udt ARG aRALD Trom the

first punpin uati ng I'rst punpi ng er to draw the

subj e%t A further object of the invention 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 1s 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.



fluid froma source; and further actuating the first punping nenber to

di spense the subject fluid upwardly fromthe first punping nenber. In the
preferred enbodi nent. the valve switches the fluid flow drawi ng and

di spensing steps in the preceding 15 sentence. As indicated above- the

steps can wobideeds | ncl ude providing a filter chanber i HQaisddNesf orned in
t he upper head of the first punping nenber and providing a substantially
direct upward flow path within the upper head fromthe first punping

menber through the val ve nmeans to,.the filter chamber. -whereby further

actuation of the fi yﬁa g}%‘b?ﬂﬁctﬁﬁﬁ‘ﬁéﬁweﬂ?%&f% l?nﬂ"gm&ﬂgfégp VF?cﬁi d upwardly
fromthe first punping 20 nenber to the filter chanmber. Addi.tional steps
of the met hd¥e prupshzm efifesmiiliesip P%F‘&E‘ECIHFBWIWI‘%&'&’ £28 SUEIRFASE IS ng nenber

substantially above the first punping nenber and providin fluid flow
neans t her epibiegieind. Dinisrabby thetvenisizbiesen alfq finefiode d PRI ‘Iegﬁcﬂé%ﬁﬁ'\)bar dly 7 WO
01/ 40646 PCTI USO0/ 32865 between the first punping nenber and the second
punpi ng nemzve, ogmeieputhppraspure draghs sibjestfiuid Fﬂadnge sistergitseH éromoercersiianar d

fl owpat h. Anot her object of the invention is the provision of apparatus and
met hods t hai selaatkd lglel. prlewpreferahlia thealewmevatiewnsdsitioasd avf highepos eithth punpi ng
menber 5 for selectively dispensing the subject fluid or returning the

subj ect f I ughd siter dhlxgb&gource. in which the downstreamvalve is a
substantially zero displacenent val ve that does not undesirably

contam nate or introguce ofiess bith@idvBfionR] Bfekied tdd MethORAGISHAINd t hi NYs.
the preferred val ve reduces or elimnates the likelihood that operating the

val ve wi || &l%feﬂéi Rl il U br3%or b PBL QM pldviditiRd e pense || ne).

whi ch 10 di spl acehent cou ersely affect the accuracy of dispense or

oLner a8t AL RLRRFS Sy MIPH AR ALBBRUA A0S Lyt on 1

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. Asindicated 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



of high-purity, viscous fluids. the invention may be utilized in many ot her
applications. Mreover. although the preferred enbodi nent di scussed herein
i ncl udes 15 two punping nmeans with filter neans interposed therebetween.
advant ageous aspects of the invention may be practiced with no filter
means. or wotth4emaéy one punping neans with or w thout fpdiescoamens. As
wWth prior art systens. ny invention provides a dispensing system
permtting the use of computer or other automated digital control for the
rate and 20 interval. of di.spense. as. well as for the.direction of fluid
Thow ¢hroughetiieh 65 S RrahBE TREr 3 St d PurPha Eeh 20 BR8P ne system
Thus. still another_opject of inveption is the provision of a

di spensi ng W@ﬁ‘f‘tﬂ‘l‘&ﬂl%‘ﬁ? P Wﬂr¥ﬁ%%9“&'l ity of operation, making it
adaptabl e to nunerous applications. The systemnay be 8 WD 01/ 40646

PCT/ US00/ 32865 cont r ofhasker gpieehaf thsrinysptiat is Bisdrodnon e apBstd e  or simil ar

t echnol ogy, and by various conputer software. hardware. and wiring or

wi rel ess cometheideial ipeludamedding acekve dowisirean of e ssepnd pryening wembsic| ude
providing a relatively shorter fluid flow path such that contam nants are
| ess | kel y fargelbativelytdispensirathe subjkcaflwid batetwmihg the Subjent floidgo thgaseurcpunp desi gn
that | eaves a smaller "footprint" (as conpared to prior art devices). 10
An addi ti onal whibh eetdoohstich® valve ¢y subftadtizlily beo gisptesicanvaife thaitdegyr at ed
circuits- chips. or other mcroelectronic devices fabricated fromthe

af or enent i opedinde&RRRK AbktemRhte R IMQdSce &t Hey thoBjvpet Suiandnrely atieages of the
invention wll be apparent fromthe followi ng specification and the

acconpanyi ngyithsamt BferreWRhIGO re@lfes HPElirhiBReMHE RREBoodthal dpktaiihg Akl on only.
Brief Description of the Draw ngs:
valve will displace fluid (such as displacing it from the dispense Iine). 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 | is an isonetric view of a preferred enbodi nrent of the 15 invention:
20 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 tine 3-3 of FIG 1; FIG 4 is a
cross-sectwonabosyy ew taken along line 4--4 of FIG 3; Fﬂ(ﬁmgiwggﬁga
cross-sectional view taken along 5-5 of FIG 3. FIG 6 is a
cross-sectional view taken al ong Iine 6-6 of FIG 1. FIG 7 is a

8. 1s. a flow

cross-sectignal ew, t aken

chart_ gener sk P BAED Boan g serBiolor of %lﬁ%laﬁe%h“bbséra? PEHERS  he
invention; 9 WD 01/40646, 5,10 PCTI USOQ 32865 FI G i.S an isonmetric view
simlar to EPRPUY sofypre; W’ﬁ"ﬁrFé‘P LIgLT gYre eﬁsecon??éwcagf"f @’r"'ﬁ%l ve enbodi ments
of the invention, FIG 10 is likewise sim|ar to FIG 2. IS an

i sometric view of the Othex ahigety (i myppsntign ingludguergvidinga rglti %’é’l"?re upper
corner as that showmmn in FIG 9: FIG | | ais a top view of the system of

FI GS. 9 and fleg fosspatipsucilahrorgaminants aif koss el (@belitfodpend: andragelatinelsy st em
facing opposite to the directions shown in FIGS. 9 and 10 (persons of
ordi nasy skinlord compatthyaingrdesign that leaved @ smtldan foptyaintt(recomppet énpriorfaitt t i ngs can
be oriented in a wide range of directions and variety of positions); FIG
Il I bis thdesase top vie-,x of the systemof FIGS. 9 and 10 as in
An additional object of the invention is the provision of integrated
circuits. chips. or other microelectronic devices fabricated 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. | is an isometric view of a preferred embodiment of the

15 Invention:
FIG. 2 is another isometric view of the same system. viewed frt;wm an

opposite upper corner to illustrate the back side(s) of the assembly;

FIG. 3 is a cross-sectional view taken along line 3—3 of FIG. 1;
FIG. 4 is a cross-sectional view taken along line 4—4 of FIG. 3;

20 FIG. 5 is a cross-sectional view taken along Iine 5—35 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;



FIG | | a. but includes a different section line | 3-B ). except, again.
showing the inlet and outlet ports to the systemfacing opposite to the
directions shown in FIGS. 9 and 10; FIG 12 is a cross-sectional view taken

along line 12-12 of FIG | la. 15 For the purposes of clarhy. aspects of
the preferperhidossgy val ve discussed herein have been ontt8&hok s95[’r1thi S
figure, FIG 13 is a cross-sectional view taken along line | g‘, of FIG

Il 1 b: and FIG 14 is simlar to FIG 10. but is an isonmetric V|ewof t he
systemof 20 FIG 9 viewed fromone of the remaining upper coners (other

than the two shown i neifl 63 anSopRBlicVibw aRfar B FAGN beNAWREs biteorit | et port
of the systemfacing opposite to ~g the direction shown in FIG 10. Two

| ower uni t smashalvemagise embodiménss df8i2 invenkibs.  10- and correspondi ng to upper
units 2831 in both FIGS. 10 and 14). which represent the servo-notor
assembly. are not shdilf- IGisfikevasersimgiardo FI5-Fe byt anjeanesiic VEWRE A of the 25

preferred pressur nsdu rs 285 a /4064 / US00/ 32865
Descripti on® 3tfemF5?f§:flgrre 85’|Wﬁ?osqﬁef’%errf?rﬁegra\r?b%vz\i/whow{’he?lo&? W ngs. and
particgularly Figs. 11@Gd1]%15 altoﬁbQWcﬁthepsR@tEﬁrJf?fb§@tﬁ98“l@%Qée pf a punp and
d| spense system 10 constructed in accordance wth the teachl ngs of the
invention. dhoeinradinet ahdieutlsyimire m thasystate fcmg foppasite pulmdzmgtu‘.'msrreans or

master punp 20. and a second punpi ng neans or slave punp oper ably
connect ed t&opaipFIGlPdand | Yiperans ofoedinary siif ighe G%Mllé'e‘“d%tan@ﬂéi%c ri bed

h filte d bet th d sl
20 and 30, TPETT BPBRAHNYS R f RETRNE Fap o0 (AR u8ber i bed hereln).

to filter thgiBrgcess fluid.

10 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.



General concepts regarding the conponents and operation of the 10
preferred systemand its punp nmechanisns are disclosed in U S. Patent Nos.
5.167.837.5.516.429, and 5.772.899. which are hereby incorporated herein by
reference. An overview of a preferred nethod of operation of the present
invention waoiddskg/'strated in FIG 8. Fluid taken from andypiidebssesl | Ui d
source 60 (FIG 8) is drawn into the system 10 through the inlet 12. by
operation of the master punp 20. As part of 15 this process, an integral
three-way valve 140 in the master punp is positioned to permt the subject

fluid to. beppulih®f drPtGerredtindRRiRgrt styl e first punp 18 (by noving its

di aphragm downwardl'y, as explained in the aforenentioned patents). The
valve 140 is then a®efeaimcthowotopler driwinfd. and fartgomiapy ffes 1Bandosdisisiwa t hr ough
val ve 140 and eventually through a filter 27. One or nore vent or check
val ves ( suckefsged appodiasry ef ppumpangtispsprs ckstarm | ¢ eongaycteddn 2670792069 uded al ong
the fl owpat h. at appr.opriate | ocatigns. .to, vent undesirahle entrained gas
and to prev‘gﬁtfﬁ’ﬁllﬁ%g}g *iI'JSa I IB\ée@R?‘F'o%?Fég@}yd}hg(S:)Cusée?eltﬁl(:ﬁ?ﬁr herPHEr & n. The vent
val ve 536 caflefk bh@hsidrShubipRol 8 af ethind phﬂpi&)?%le%%@.ﬁv@&m(@}:& OE&QM@ in FIG 8)
or to a waste drain (not shown). Wen exiting the filter other than via

t he vent vadowsecsd,to bivap flhidiftbnpareihizt abloyantordatdbs At desarilsederan.di aphr agm styl e
punp 25 44. which preferably directs it to another three-way valve 99 (see
FIG 8: t hafilteyigg meamran éawcglé%mwsqmth%ﬁéer%ﬂ gave remen2@and Heor

zer o-di spl ace ....non-cont am nat i al ves descri-hed, herein nd can be

posi t 1 ond HERERY et LePEFbrae ok KRB SRR T DR P55 1ol 017 20646

PCT/ USOQ' 32865 is r e@ﬁ&aﬁcﬁf?&%ﬁb@gaﬁﬁ%@ cotiReftéariQpaaibPofife adj acent the

actual dispense and | nprove e ability to precisely control final

di spelese, dirkfpRtdgstemunl haghmp metiishislar)disclofdibih (s®Pardt Mad.ve 99 can be

sel ectively actuated to direct the flow back to the source 60 or to be

di spensed chl&.8ibsH A28 and St "BEO9 nvldelvar berepontaErEMephsrindsvi ce- i n- process

5 (not s homl"g}ei'ence. 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



Persons of ordinary skill in the art will understand that many of the
general concepts disclosed in the aforenentioned U S. Patent Nos.
5.167.837, 5,516.429, and 5.772.899 apply with equal cogency to this
invention. Some of the inportant inprovenents over those prior art

i nvent i onswahgsddssscl osed or described 10 herein. By wayp@fufyaapy € and not
by way of limtation. the overall flow path for the subject fluid is
preferably substantially upward as the fluid noves through the system 10
(obvi ously, however, if the fluid is directed by valve 99 back to the

source,  tRerefnbtdi fphed BRAdRl PhRS 44 ONN0 bt Rdjhdesit (BE h@laNAlspdnvgld) - This
preferred upward flow path 15 includes preferred positioning of the inlet

12 as | ow asppratiiabiibl © poeviselyeohirsl Sinalplisppnsegdrippimipesuckidck Bribé Bkedbl y. t he
only "down" flow portions of the flow path occur as the fluid is drawn
into the rddpestandaalygdPramboisisatbehsacugted ieidinst thodpwdack toghe ORGP nary ski | |
in the art nerstélnd %\{ggacildit.ates Erin‘ing of

i 1] that this "down" fl|
t he punps Qﬁ”af @thru?r Spﬁ%sﬁefpéis'g‘?as“ﬁt&olf %P%ﬁl\é%elgﬂ? pa(}:] kna%ri ﬁ‘é‘cedi‘n'lfr &3

€ system 10
20 (i pcl udi(ﬁgsﬁm}'l itating practical packaging of the preferred hydraulics.
di aphragm ‘punps. and punp heads and filters within a relatively snall
footprint), and thatPdrsonanflordmaseskilhe theraefvétlnedersaisthamtanglof shever t i cal

al i gnment and configuration of the "downstreanm components and el enents
adj acent e&elsrad ronrcapis displgsadi i §reafraprpentignedd). S ghrieid Nop nliofi83és any gas

ent rai nment_ . | at e | eps_t.hat m ght ot herw se occur For exanpl e.
The. prof or PAbLADaM nart Sy moPaee sur ooty § Bl Sitlefs 22, 25 and
45 (see Fl ‘oréntaiﬂ{?)rgv)emfeﬁﬁ'%éﬂ?lﬁ’c%égﬁ&tanriﬁ%ﬂi%&ﬁs'aY@diEc@&!e@Qdee%ribfeE'05e_ punpi ng
chanbers 18 and 44, to a vent valve 36 (see FIG 6) and to the exit of the
second 12 W&ed1140646 PCT/ USO0/ 32865 punp 46. Thus. in the preferred

enbodi ment. any "downward" flow is immediately followed bi\g an upward fl ow
(via the di aphr agm pspay of exrmpletanéna fiyjvesy of Himipiépn the gierall tlow path

for the subject fluid is preferably substantially upward as the fluid moves through the
system 10 (obviously, howevef, 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 1s 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

12



upward direction). which hel ps to purge any entrained air and to continue
the overall upward flow of the subject fluid. 5 Simlarly by way of
exanple and not by way of limtation, and as More fully explai ned herein,
the overall flow path preferably includes fewer fittings than prior art

systens. apdoidwese fittings and the flow path itself arepdainedofiag v
fabricated fromor coated with TeflonO or simlar materials. to further

reduce the risk of any contam nation of the process fluid. Preferably. and
as indicated above. flare fittings 10 such as commercially available Flare

Gip rb PF P;@é.f Thisl 398 ﬁ@ﬁn@@erﬁtﬁﬁ%érﬂt’. a‘rl%-' bhdaRehrd” ddW Khifnedatebne

preferred enbodinent is illTustrated as including the first punping chanber
18 bei ng f ofdMededyy asspudrl fiog (e thepiphraamgenpdbtcingrihd jent fuid m anl ower
portion 122. sealing and binding a flexible di aphragm 124 therebetween. A
seal i ne el enpward gpgetion). prhichéekmb Foypusgenny gaigrines irppd tecogtippetheioteradht seal .

The di aphragm 15 124 i.s eferaply fabricated or coated with Teflond or
some siml agp%aﬂog@ﬁf}&rﬁgﬁ'ﬁftﬁf&pnat erial. At |least somewhat sinmlarly to
the aforenentioned UGBl 6ihaNirampic MiTndtbe e obhAiiARS: ardid b 72. 899
(especially with reference to Figures 2 in each of those patents). the

di aphr agm 1841y arglainedkereinothé besralllifxv pdtle prfeddr mbludescfowér fgtmgadhano 20 perm t
precisely-controlled actuation and flexing of the diaphragm (and consequent
punpi ng of priwjaEcystems.@nétessiitings anl theyfloyt pxpdsclizsesprptsraplyfabriatefonpt or s, or

simlar deyices displacing fluid into and fr t he space 125 bel ow t he
d: aphr agm 1}?9!.“ of ﬁ‘_’a{l W%b#%ffoé’rar grlosuéhﬂdﬁqt‘?f@ﬂif to t?‘ﬁbesr r%dé[‘ﬁgﬁgnél&%c?ﬁbl i s}llved by
punpi ng thei@g@mﬁwtheﬁg&mmsp@%eﬁbg@msumc;tmbgva AEQ Uk Ubi Ng o

passageway connected at 1ts 25 opposite end-not shown-to a stepper
asseny y 186hchks édrsmerdidily atA1abl) FlaReGssfh PFafubofithgany bskeadily witizéhe art wil |

understand. as indicated bel ow that the passageway 126 can be any
sui t abl e confi gur at i dnFIGihdiewtifersedcmboignenhic iksHgled s iselnding hedystan 13 WO
01740646 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_ponion 122 are preferably configured to
20 permit preciselv-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—io 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



PCT/ USO0/ 32865 'internal" passageway such as passage 226. shown in FIG 13.
The base el enents such as base 161 are preferably fabricated from any
suitably strong nmaterial. although the need for non-contam nation is
sonmewhat | ess because the subject fluid is not exposed to the base or any

passagewaysyolohdesd N Posi tional feedback flags 184 and SP%,l%‘ﬂStﬁB%G%]i m t
switches 182 and 192. FIGS. | and 2. are preferably provided on the

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 illustratgd jf “shéh asPh EsHONnNE FRP B C Rhe basdbiEmeMhk t Ches 282
and 292 thatﬁggfﬁge[ﬁ% agvga?’ZSSC})angn%a%% t%at pr ef er abl ye m§ve r\?\,ith t he piston

and extend &bRaebdson®t] 40 pAiBady fabdcatanyom khysulably weongnipoaialeihhsughor t he
di aphragm actuating neans are arrangenents simlar to those illustrated in
t he af or emetht neasefdr Mingepntaminatiof is somewhitdess besrnseoreppbisctiBid 3Pt 5. 516, 429.

d 5,772,899 tents. Int | A A h L | uid b
machi ned_ or SR Ner e BerdR e oA botrl KB PR e cot i one.
such 3s t hel XA é}hfy}& 180 aﬁtﬁ E%gﬁ?i.\’ﬁe‘m@ bad bfé?e'?éblylﬁo@tﬁecl: if3Re 12

(illustrating such a passageway or actuating the slave punp) and 13
(i Il ustrat i pigosdisihicppraseatavai Babafcaionacltadbpagidnhéhergdean 1punp) . The
upper head portion 120 and |ower portion 122 can be maintained in

oper ati ve ramang thesirnp aligrndtive swhodimiasts of the invepiiand sych agdlugfateteishani sns.
Preferably.___a threaded nut 128 is. retained an per head. portion 120
by a retai niihg: %’1%?1@'&“’.92@“52@ %&?‘Z’&“} W"éfhﬁsr%}%\?éégﬁz ‘gﬁé’e‘éﬁf i 70’% of the
upper head pari n : 3 SRADEERE LN eads 130 on the
out si de of Eﬁﬁezrglhgﬁ%g’%p%?bﬁ%ﬁ@%ggﬁ%p E%Y{J%ﬁetﬁe materials for the nut 128

and the | ower porti ommad kafabieal@i of erdbotfiféts/faf thetiphrpgrebanaiigy t hey
are fabricated fromnetal to provide a strong. repeatably engagable
assenbl y of medne arcraeradgqentsisomigar 1Qboseritlustzged in the afpsepanaened fdghresdberdi ment .

the threads on_elements 130 25 and 128 are rel atively coarse. to enable
cor r espondi e REPrEREPERNESSEP - Sahig-42di %*35537&%%???%}?“‘% HBBRY portions 120 and

122 from ea;?a@sa%é&t]%rs'foi us ac%%'ii}{é ?Iilira%zgrrbe%ztbﬁfned 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 2535 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 materials
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

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

14



14 WO 01/ 40646 PCTI USO0/ 32865 mai ntenance of the first punping neans 20.
Large threads also are relatively easier to clean than snmall or fine

t hreads. The upper head portion 120 al so preferably constitutes a
nonolithic element fornmed or fabricated froma single piece of Teflon(r)
or simlarwoarv4esdéal . As 5 expl ained herein, this nonol igdnaesoersysesct permts
various structures and elenents to be incorporated directly into the head
itself which contributes to the aforenmentioned benefits of an inproved
subject fluid flow path and reduced nunber of potentially contam nating
connect i onsmaiarroage of the first himpisg ntehrs 3o Aotz threads else menelatiwly gasief ©r abl y
includes 10 therein an_integrally formed or machi ned val ve assenbly 140
(see FIGS. Yeaptbpnpmall oxfge igads 140 is preferably a three-way val ve,

permtting (as descr aﬂg ﬁ;}ﬁpﬂ%{la%%pﬁnﬁﬁxl I?\géis%gﬁfetrﬁ)% éo:l']gtittl{eg)ghﬁmgﬂi icd source

connected to inlet 1 oug e va o0 ~ the punping chanber 18. and

(2) from t hgepempirigd 6h@abRRIedkfomiP sifle lighoft Trelon@| or@imild thatunidl. SAbSsequent | y
through the filter 27. In the preferred enbodinents, the valve 15 neans 140
i ncl udes soerplagspbered. HisThdradithioagpheipeniitsohues gtrigiures Bid gementitto Ko .
5,261.442. but persons of ordinary skill in the art will recogni ze that any
of a wide PEHBA2EE diggsty ity theigpd itse e&flﬂ@hgowtmte%?ﬁfﬁaéﬂé?miﬂﬂpﬁ%ﬂgh t he
preferred e i {. I 1 Lncor } |1y fornmed
Phr o vay vORons o BHrRronsn Syt ARk R0 bAraRBghelenoit: of BHEBRRY ¥ P oot
of the invegntpiindiBY céHnkdiich® al ternative valve structures, or may not
utilize any val ve device. For exanple, one alternative enbodi nent may
utilize a check val waongiothiet tuingsahe meodithia klementd 28 @deratdz ncdidsewher e

herein with respect to the slave punp 30. pqsitioned %]ong(}he fluid flow
pat h Bet weetherciainegalifarpsdRsimrshingt xftrerssentbly K0 (565 3635 894 B di nary skil |

in the art Wlel Jah%q% %%r%grgblytaqgreg—r\]veag l%raxl\\/rt‘;?:lp\érgnitting (as 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 incorporates 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.



25 woul d act to permt the subject fluid to flow into punping chanber 18.
however would prevent the fluid fromflow ng back toward the fluid source
when it is forced fromthe punping chanber 18. 15 WO 01/40646

PCT/ US00/ 32865 I n any case. the preferred fluid flow passes fromthe

punpi ng chapleheessl8 (On its "dispense” stroke) through s ly
verti cal passage§%22 and 23 in the nonolithic elenent 120. @ﬁégg%s of
ordinary skill in the art will understand that the valve 140. 5 the

passages 22 and 23, and the other elenments preferably provided in the

monol L thi o, StrUCtUr G, 30605 LRI AOE LSl e bRl o

i ncl'udi ng by nachlnlng cutting, otherw s gt e upper

head porti org ba@s “BYpeh& Rirbigk) thOHA sulliBER ertical R@Eaakd 32 aMdt2h id the head
portion 120. the material of the head portion 120 itself replaces various

"connect i onwbndiflat elwmwed 1d8ed in prior art devices, and 10 preferably
sinmplifies the subject fluid flow path as c red t rior deV|ces
Details of the prefePF’é‘ﬂ“S\fﬁlo{pé“aé%ég‘ﬂWI‘?e Y gp efsfqnﬁgl’tafﬁ?é{ﬂl‘ |]1 |G 4. in
whi ch the s 2. As
PhECoel 53t 552 @ nl rfzgeg?e%tg;%@x,?sﬁ BRI thelnft Bfink

i ndi cat ed ar to ot Ittings

ment i oned h@Fehf) 120184 B Ahed th@l@'ﬁ?%ﬁﬁﬁﬁialﬂe R fnsC SRhAMehthdaBin(rg. .
Teflon(r) or Teflon(5 -coated) flared fitting. 15 Flared flttlngs are

comonl y uskdlingreuttivg. srentherwize (oo thewgppet egd parypn ¢20- I@vfoammgtthossmh as nut
205 (FIGS. 9 and 12) is provided adjacent the eve h tubln onnecti on.
and the tubdemayipigealy gk heag B%B%‘hb@dthﬁr’mé‘i“ra Pict %g‘ﬁadé’é‘m’?@ Zspeci al too]

O PrO0eSS: eI FORIL SLLRRAShOUSL whGeddh LG REE Ly T g ening. the

nut holds t ared pl ace 'n a se |ng rela |onsh|p 20 One of
t he ngny er@e@iaﬁﬁrrstrﬁplﬁfesms%bﬁ&%ﬁﬂm pdth8s doRARI Pribrart debicttst rated in

FIG 12. which shows a nipple 201 having a ring or tongue 202 that fits
Details of the preferred valve assembly 140 are illustraied in FIG. 4. in
which the subject fluid is drawn into the system 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 Teﬁon® -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

16



in a sealing relationship into a correspondi ng groove 203 on the head 220
(which head 220 corresponds to head 120 in FIG 3). In the enbodi nent of
FIG 12. the nipple 201 is illustrated as integrally formed with a
retaining shoulder or plate 204. Screws 25 or bolts 206 (FIG 9) or other
met hods angloappri@at us are used to affix the fitting to therydigamde220. INn
the preferred enbodinent. the preferred Teflon nmaterial of the head 220
does not readily and reliably engage a screw s threads directly (such as
woul d occur if 16 WD 01140646 PCT/ US00/ 32865 screws 206 were tapped

directly i ni@eddmehald QPpddafiRéitdhtoQhe TERA 12226hal o 1EEOLEIINALYordin@RE OF nore
rods 207 (FIG 12) are provided in holes 208 (which holes can be "blind"

or drilled otiderauyhe tdde 26h(hlGel Nerpr@dded.in Pelesiid whichbplds erarbe “6kadl in t he

art will understand that either or both ends of tg‘t? hohgs 208 will be
vi si bl e fr off dHisd Jupughdhe gtire beaf 220)- Poigorspt grdipazy Sl Wdheay ¥t ee (to permit

visible froffd dee g MRl Soffecrte J
s expl ai el serp kRSO fh APl REB ool BAGIRRORISLER 42000 Erca,

for exanpl ehealY2d RfatMadt Bmé @BV @5 pdrh@ Hoﬂh%ﬂfc%blegim_msefﬁﬁé ¥R roddddi ti onal
hol es (not shown) are bored into tﬂe head 220 in a size and |location to

permt bol t 2002661 henippdatingzbest ectisian txplainddt Hetort totehgagadediolts @0fgagi ng, t he
Tefl on head 10 220. The rods 207 are preferabléjmanuf actured from stainless
steel, and B8EMlRh bupesle verd.-dor sxaapieapbe Plats 204 oy thdetegil M@y scr ews

e el he Lid. . Th 00l
used to secyre t g&,&d,g ‘(’)}’,léesga%t 650\?#'% ate bo?ecﬁnﬁ?ﬁl? ﬁ%gtzg(ggbaoslléesangg)gﬁtgqrngs

preferably positione e Cross- tappe

provi ded i ngtdaenit B6kes 8 4o bdMnbditeli o WAHRACErANM! &R0 e RAcR heddhOse hol es

in those rods 207 sized and | ocated to correspond to the bolts 206. so that
the bal ts 1ZRRAGecads A0¢ ateprefadbiginyenefagagedreanstaibieggsteehend ¢dneriiewi t h. The
rods 207 al so preferably have one or nore slots or other structure on
their ends ¥@sstdidled apdiappedholss i arcent gy scIge HFGe 1P REURdhedbony thylig

R R L
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 usefu] 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 to.plalc 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 afier the screws or bolts are tightened.



Anong the many alternative nethods of attachnment. it is sonetinmes 20
useful to allow the nipple to be rotated or sw vel ed throughout a conplete
360 degree rotation, especially in conbination with el bow fittings
attached to or formed with the nipple 201. To provide such rotatability, a
split ringwbnotssahrown) or simlar annular structure canpdgufissksied on the
exterior of the fitting near the head 220, and a sleeve 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 described above, amqaehﬂetfﬁ\phmgingaﬂmﬁdm@mﬁmnhb@caeﬂtzmr(fmdumm or to
tightening the screws or bolts or preferably even after the screws or

bolts are tquint punaping hioudDIiBI¢s 0HINE sBET LIB00¢BREPHger aszembily 1428 punpi ng
chanmber 18 to fjll wth process fluid (for S“Eﬁﬁ' %uent punpi ng t hrough the
rest of thethgy'élt"%ﬁ?QL’GFePr&gSE‘E’F?t‘?Ga‘F“%‘I"H’h‘bfé‘?fo%“s $'y YRSOUPUet he val ve 140 is

depr essed | Qonttr%ﬁecfdng ecgl%/:\imhgrp n85 heWvh Op slﬁAP h Eiegnc%l_fhli(o\f;p ngé}@&%ﬁ\ pNt rolled

air actuation |ng on e en prunger assenbly 142 5

through t hemeR@Rkbpidife mseb%em@mw&mb@ewmem 248lig fRMteddfvd N t he
alternative enbodinent of FIG 10). In the preferred enbodi nent, the air

act uati on oémbdiemert ohEkT. lassleﬂ'blpyefﬂmezl snghogineshg thlsinacwatar eflthe d by a

di aphragm but alterpatively can be control|ed q¥é£%stons | ndeed, an
act uat or (sﬁeweagssam@éd&? b?t%efFféBlYGPmm”ﬁﬁBé? diaplyag AAMRAUVERS 3% hown)  or

other mechapi ¢ oﬁeid sltlon% ?n% ({) %egctlg) \{org h a?a Eulé@trgd %’l{}g?l}%\/%ynger

assenbly 14 case |ng pr ssure ercone the

spring forcaaﬁf@?er B@td_;hayn)%pBthe.gné&;&lcg@ﬁuaﬁ}at:amm@@dem&a&eaa@f:het he val ve 140
in a default position of permtting flow fromthe punpi ng chanber 18

t hrough t hepluadey essertélf 18414 hdnfany tase. (R7acuByingippssessnusgotdrenpd hinger 142 and
conpressing the spring 148. fluid flowis Eernltted t hrough the inlet
tubing 12 t¥rgagHce pertedbt spEag 1Eharhibpt spoing @P%‘H?@‘Y%E%ﬁﬁm ng chanber

18. Wen t hgefgl{hepso%#lon 011' permﬁ mgaf?edfrf)zlh Rtk ;gur}r?pmg cglam% hrE) &‘ 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 vaive 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



pl unger 142. the spring 148 forces the plunger back into the position shown
in FIG 4. permtting the aforesaid fluid comunication fromthe punping
chanber 18 through the valve 140 to the filter 27. Further enabling this
val ve action are the preferably kidney-shaped 20 passages 152 (shown in

FI GS. 3 anwopi/Mdgaddl 154 (shown only in FIG 3. due to thercrusmszssection

| ocation 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 fromthe viewer, or toward the "back"” side of FIG 3). The
preferred kﬁdnéyphr@map@sfoncesmeanldeqﬂnidemlpassg@ ehthrough gistcendlepask se be a
constriction in the fluid fl ow. 25|rrprOV|n the S{or nce. of the system
10 general | Y419t O‘é‘é‘B’éépéFhe)Pi‘WQF‘hlﬁhe%‘H’etE? a‘E“B Ei% rrg gaffer s ti ve

and/ or high,vi scos Ref.errin .sons of

ordi nary skmlel tfé/m ]{‘ SPaPEd 7e gg1sg%{{gﬁr%ghﬁ%qas%gﬁggﬁ{ stroke of the
18 WO 01/ 4084& QI?_CT/ USOO/ 32865 first d| aphragm 124 forces the subject fluid
up passage 22, through the central space 147 not occupi ed by the plunger
142. imto the annul aFopagdiegend #Owkichitht hebjestfitidis t he heredabe eppenar d- f aci ng

ki dney- shaped openi ng 154 and, up thraough assa e 23 he filter 27. 5
For appl i cahgagmartion a&ﬁ P(?FF@%%E‘SF%‘“‘FWG mPlg L‘I‘“Fé {1BFTPUSipRe upper

head portion ref I chi ned
filter housf n% gr%ﬁ I E& %.86;'1%%1 re&f‘gfﬁﬁgﬁné:[rhtdg%{)@pre Per acgﬁ%gm?‘%cllragdes a
removabl e |{oq3eﬂﬁ'f’pﬁfnte1a§1%e orbfner%&émo tﬂaﬁnér%ms@wwopémaca@ma to the
filter elenment 27. For conpactness and the non-contam nating and ot her
benefits di hieussechthainaing.ant hthet bedefits dizarsseiGRreirs thellglonekibepl 62 BrRED| Vv

manuf actured or fabricated froma monolithic block of Te#on(r) or simlar
mat er 1%l . Awe‘@atbi\’nrgawfacmr?ﬁ rapbricated frag afsenelitegoskof Jiedons abffl?“lffr ovi ded

F:;\Qﬁgg ta[] e?‘lﬁtg{l(g gier&nn%‘or s:mqar sezglpneg nl‘ilf.‘%Hse {66 19 g%fepa% )Fprg\’]dé]t? be’tween Nl event

Jid member 162 and the upper 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 ‘
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nut 164 (simlar in concept to nut 128 at the |l ower exterior of the first
punpi ng neans) preferably threadedly attaches the Iid nenber to the upper
body portion 120. 15 and is readily renovable via relatively coarse
threads. In order to provide an inproved seal at that joint, however, and

to extend wherdokdee of the joint and its conponents, thediisocksssi S
preferably also forned from pol ypropyl ene. Teflon(r). or sonme simlar
plastic material. Anmong other things. this ensures that the |life of the
threads at that joint is |longer than m ght occur if. for exanple. the nut

were formegsphndist 184 ahowdTdeiBhalpwarddf Qiringprasdrationaf tespaad T Tef | on(r)
threads forned on the upper body portion 120. In the alternative

enmbodi nent ligélinebE&sf arg-stigh mphemdnt ehnrpe pffeqteddn2 amprgnthes shingsdibagatesal i d menber
162 in FIGS. -8, nmany of the "200" series nunbers in. FIGS. . 9-14 have a
simlar corﬁ%‘s‘ﬁ@ﬁ%ﬁﬁé‘&‘%@“?ﬁg“q@g’Pm %é‘i‘"s“‘i‘%mﬁhﬁﬁfmf-%re Pends 25
downwardly . nto the chanber 260. The O-ring 266 can then be positioned in
an outer annular c¢hannel 256, which can hel p prevent |eakage (as conpared

to the "face-seal" TEyfilkegulealehtdT cah bé i sGitablaflet Griediann blyGoitable 8) i f, for
exanple, the entire lid nmenber 19 WD 01/40646 PCT/ US00132865 262 and nut
264 "' nove-<one@utationl AynonpWeertiny suitablerfijtepy Psseipnez mappiaciafed bhe system The

|'i kel i hood _of h t b ffect by. t h t hi . th

mator al - MUIFCTRF SRR NS ERg e e PR AL LSt s i oni

perm t nor ?ca?aﬁ'&ehndh%yﬁﬁfﬁﬁal'KIgénﬁ-lr %f‘efr%z{ré ?Q?aﬁ%ﬁ%@%talg%n&ﬁ&r %p@y sui tabl e
e on ng th

filter nmedia 1 any suitab iguration. many suitable

filters 27 4809 19n@sferny tictiier fdadd¥s infdelalll podigorcd ivd@inahd B pudipd® t he brand
names and nodel nunbers PI-250 Cartridge (catalog number DZUP CzZI K 1) and

Vaf enigar d EnCagducing e ovemtidéngth ofuinbiow WEFE thd QridRr 49 leasPhe hiemnbdsloy. t he
filter nearclzcsmniegticfng;e%%{rgcli L—'}/thiﬁ%fei f%ci“g) Sa?lg. '¥\£ ;rgi.firc]ie Ehrc]eedegi;eiisngn—ggm i%z?ting
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 it 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) 10
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).

20



10 thus reducing the overall length of the flow path of the fluid or at

| east the nunber of connections required within the flow path. To provide
the desired non-contam nating performance. the filter 27 is preferably
coated or fabricated from T Teflon(r) or simlar material. Filter 27 is
pref erabl ywadagised to filter the subject fluid as it passaastdsssom t he
vertical passage 23 to a flow path exit passage 165 fornmed in the lid
menber 162. To ensure desired flow fromvertical passage 23 into the
filter chanber. the preferred enbodi nent includes one or nore raised
portions 170 (see Fl GSwi trmhs&pest?d and pAdretht hppef bedveportiond@@rihe &7t of f t he

bottom of the filter chanber. In this rrannerﬁ%he fil ter,mians 27 does not
cover and Biaegre FUPdhlidmembes A3 ¢r8 be Sy of FREMARSIR Y SHakle o 20 t he

(e Chanhel e LS RELSE LR HRAN IR e f0S0E B8RS i are for med

by "l eavi gren he “nonol 1t hic bl o I ng machi ning of the

filter chaphphrdubg iRl mei¥bel td2Ust thab@fect oMl arlupreRaiblyi Afeckd@ ar e equal |y
spaced about the “central opening 23. although a wi de range of other

sui t abl e comfeltgwr Bi7i(persons bf atimery skil ie terarswillnmderstaesdihyt theorxiitd be used. 25 To

further ensure desired "'unrestricted" flow fromvertical passage 23 into
the filter fgvmatcan be ey Ppitareprate buoprpSbhednes Bdyest e iid¥es a count er sunk or

et D00 ey e S AR 2 v

pe the exit passage 165

in the Iid geiefinet §2arsa0idde hftheRd pREerfadiilad siutnaéfor sidhy abhe manner.
including drilling or Simlar machining. The passage 165 provi des a now

pat h t hr ougixat¢tneentsi isibexeitiosraeiGR FIGS. 12land $ulbpe et de¢ribied  clsewlrd kerqnef er abl y
connected to 5 an el bow 167 é_pers_ons of ordinary skill in the art wll
under'§t and Aheng qthes tipgs: thosq Iigyias iHugke neferrs 2tephmenty o fiURss Wit pref erabl y

does not dld;ee g}}ste%]h(gughl 23 elbow 167) to various Teflon components (such as the major

“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 aliernative 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 10 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

21



downwardl y). Al though the various fittings and ot her conponents can be
assenbled to each other in any suitable manner, a preferred nmethod and
structure for many of the attachments is best illustrated in FIGS. 12 and
13. and as described el sewhere herein. 10 Anong ot her things. those Figures
ilTustrat eypopiig ed attachments of fittings wthin thespisheimésuch as

el bow 167) to various Teflon conponents (such as the major "bl ock”

el enents 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 LRe HIRGFRNEANRMIRENhsHBANM QF pdsBipe 274 nQHR dibod@sent bSEN® sed
el sewhere h%resl r11 Tubi rﬁg 169 15 is prefgrabl y fabricated fromor coated

wi t h Tef | on{2))as oppoaedsionhd asre attel pabage Thein tholidwperksr 165 becatssahgqgaef er abl y

i ncorporates a vent valve assenb%% 36. FIG 6. operatjvel cqgnect ed by
machi ned padesaget heyetorngssihyoghnthe JFR Ll 2 hii oider 19 &t {a8e PIsFags "¢ hanber
(correspondj.ng alterpative .el epents 236 a 2 j for
exanpl e. i n&”?—'?(l%.as@iﬂaévﬁ% tﬁ?é? 50 {Bﬁre%cﬁ Apret @S?'e%%eeﬁgg%# %Hnﬁgd'tﬂ-{zl%qsfent val ve
is all; 20 Tl b QRldoh: thémglvéﬁaatohi&ﬂeaa\?xécm@@a BRink Yush 05RBIMaIMgs teat can be
used to selectively vent gas fromfhe process fluid. One of the many

val ves sui t gbhamimablet i sddftishpihs ealivsis preferabia enditypidalbyopEusdathGuivpiagy
(currently doing business at 3340 East La Palma Avenue. Anahei m

Cal i f or ni a HeseBminsy endpf b filtation eydafer a fiprgrpdeldime@raferably ot ither parts

of this description dis illustrated in .U Pat ), 311. 25
Per sons of @’FUP%&?CQ%@‘?\PFHWJE pfﬁggg@?'fncéﬂ%ﬁaWﬁ'&%?@f‘%cﬁaﬁ[lhglf}ﬁ (S:%nﬁerrllg}:’? ing this
vent val ve Lp Qs relibfiessBiclt beldel BLAbIihH | (SH8S fMdRARTh Efed RAIVW AL val ve 36
to collect ané vent ‘undesirabl e gases that may be entrained within the
subj et 1 uielef Wbk @®bitre titdd Yheresbur? dn WO sGHjct BIGHEGI0RGT: &8B6d 32865 gas i s
likely to vent through passage 174 (or passage 274 in the enbodi nent of
FIG ~12) akvappéspuvide relighif thsrfter elameni|27 pacomegeloges- ¢ the |id nenmber 162
because the gas does not have to gss thrdou%h.the aLgl Jstdgsriregl(%rrrent 27 in
order to get to the gﬁé%ﬂ‘éﬂt‘fﬁmw ich a second puriping means 1

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 siave 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 fiuid
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



(in contrast to having to do so to reach passage 165). In the preferred
enbodi nent of 5 the invention. the valve is automatically actuated by the
punp controller and is user programmable. In addition. the valve is
preferably and typically opened either during the beginning or end of the
filtrationwemgheseé Or a short period of tine (preferably gorbdeaasgs der of
seconds). Vent 36 preferably includes a spring 37 and rel ated adj ustnents
by 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 Q{Neé?(tﬁce Ogge?ha 3h Beink SYlantifll vfsl@icﬂr(%'tgé?eﬁ\ﬂ{a'vﬁé if the filter

el ement 27 econes C etc. For applications in which a second punpi ng
means i s desigd (o ik of @xsdtiphi@mehtthapip). i Trafhciting sannfacase ohesydiesicussed i n
the aforenentioned U S. Patent Nos. 5,167.837, 5.516,429. and 5.772.899).
a slave or s@dewevep s eHBAtiBasSTEbYY mcﬁnalmsnfﬂce jthe Iaﬁféfr@c} #mPedimeyi ded- Many

ts of th th first
menhor 20 APRCISER B TEGUED: TR G B BtMBrIE) CRRER TR ng o T

di aphragm t piein,ast uated in a precisely controlled manner by a stepper
assenbly (not shomn in FIG 7. but illustrated in FIG 2 as assenbly 190.
which can nove act uathkBigvd pumgl3G prefetsdly iptdes 2 monolithiiuppéraportraeidani sm 20
The slave punp 30 can be positioned in a wide variety of locations wth
respect to fmewsﬁe@pn%@nfjmﬂ@r mpygtialj whqse gfoselibic pawipfireddessimijar hi gh" t hat

the fluid fl t d h.tubi 169 t th
20 and 30 PROHCSUREMAPREASES ettt ROy ot STAFaRr 3t FEast does not
{ravel donnyad w s Uil JTRES g{em&ﬁgchﬁﬂee%;fmgpmaﬁe ghet he second

punp 30. because suc m ght entrap gas wthi'n that

sectign of pHBoPYS hﬁjﬂn&ladesérmegarﬁlla&v Detiyal pAskpe ma&deueo artHepgiserp 3. (not
shown). the second punp 30 could even be positioned "directly:- over the

first punp Tt passaagl4fiprederally rdveivesibe AgidfBY foom sibingr1 6Peadisnf@asses connect i on

22 V0 01/40 ?o%gl?glp;{'e 3%-063 ]fur%h%? ?eﬂon® 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 1o 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 numbqr MCYV 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.



bet ween the punps 20 and 30 being substantially vertical (and thereby
having wvirtually no risk of gas entrainnment therein). To facilitate

manuf acture of the system 10. however, as well as its assenbly and

mai nt enance. the preferred enbodi nent positions the first punps 20 and 30

W th respewboisegach ot her as best illustrated in 5 Fl GSedusissds The
sl ave punp 30 preferably includes a nonolithic upper portion 42 fornmed of

Teflon(r) or simlar material. whose nonolithic nature provides simlar
opportunities for inproved flow and reduced contam nati on as di scussed

el sewhere herein. Prgfisdiadddabore. tRRlispalsh of Suidbud thbide 96 isGidfeawly gg nachi ned
or formed in the upper 10 portion 42. and includes a substantially vertical
passage 45 mededitotyst anotitch son-pensarigaing three-Fiavalyragsapewn bupgreplicallyl y recei ves

the fluid flow fromytubing 169. after it passes_ through a_ preferred
further TefitB¥feref s FLf-lL’]-eg ﬁ‘siefef‘}eﬁbg%-é’y(‘”d’rwhdf‘g@’i’l“-'ﬁbﬂ‘élé6?1‘1bafrﬁe}?&‘f‘ieWg connecti on)

and a Chedei}éi?z‘teﬁﬁa&%i: L SEH:akd ﬁrt%gﬁxtsgegl]@édn&n% {/uﬁgra‘ﬂeocprgaﬁaoe ortion 42. Among

ot her things. e check valve 49 is p era or me 15 Teflon(r) or

sim | ar nonpieRpRledibiiatiip gr d8i@ih-Blocesd (bt BoWAGNInSth PRfcpedBBaidEspeENse
stroke of the punping chanber 44 fromforcing the subject fluid back out
passage 47 thatketvoayavalietI9es 4 thndealoi@Malve figtcentost wohbe wivgsllyerimed 49 causes

t he punpi ng/ di spense, stroke of the punping chanber 44 to force fluid
further upwdhg ¢ ?"’é%’rﬁrﬁ'a{%%"g‘ég 'n%nbeaﬁ%v "‘Pﬂégr%ﬁt]leg?o tubing 46 3hf BEEMAd Tef | on(r)

flare fi tti@gg%ﬁlg{ g%%g%&%teg%ﬁ@_ %Q{[i{ﬁzggfog%n@&%i%é&%‘ﬁ’ 167 and fitting 168

on the firs I'ng ne equa orce to el bow 51 and

fitting 52)confathaihg TERor®iMte SHinkabIIR (Mad-UaH valSaRkshs 39 Eﬁéﬁ'&ﬁlﬁy ival ve 49 is
currently marketed %y Furon as their part nunber MCV 246. For strength and

econany, t heerd dispdacepemtvabyn. sx8h thht rioheoftbe aurbikcpliyd rsglispaeerbehen3be i s
preferably fabricated fromstajinless steel. alumnum or sone other 25
metal . and YBl& isatuiedi Ay pdieaissiabpie. pdaspng atheBines dhegucierehyalst al . Per sons

o 0L 1o B kBl OSBRSS B BB, 2, 0,
the scope Qf dfspcih® 1SR 8B 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 F1G. 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

24



23 WO 01/40646 PCT/ USOQ 32865 As indi cated above, the dispense of fluid out
tubing 46 is preferably di- rected to yet another non-contam nati ng

t hree-way val ve (not shown. but graphically illustrated in FIG 8 as

el ement 99). by which the subject fluid can be selectively directed back
to the soweel@8i6or to be di spensed on a substrate or otAoFrusso/3286s

m croel ectronic chip or device-in-process (not shown). In the preferred
enbodi ment. the three-way valve 99 is a stand-al one valve (in contrast to
the integrally-formed valve 140 within first punping nmenber 20) and is
attached t d2%5ufFlersgnsif cadivarp skild inuthe art il bdprstandithag thowansdeers ark | ustrated in
FIG 8) via the aforenentioned naon- contamnating Teflon(r) flare fittings.

The t hr ee- v@y figapq & sresntls posspiceritinpr gorging i pdheretesipicdegmnt val ve.
such that ng cond dfjleg%?r a&?e“ﬁJh?/s?SO gﬂb& an§ trg% %@trsgxt?xgﬂ) mg‘ﬁ')u{]pgontro lve is

act uat ed. anong I ngs- e prefrerred val ve
reduces or rﬁédhﬁhlﬁﬁt(%lchh&u1bdt&%bhth&@ﬂpr&f&%lﬁd&9£b@ééﬁ%&lsld@%n&@;béfﬁ]dﬂﬁ Il displace
fluid (such as displacing it fromthe dispense |ine). which displacenment
coul d sadvershkdrynafs adtaspehis of the @ssembly 160 'ﬂhastwmer@palmeh&hzq!sfpect s or

per formance of the sP/stem 15 Persons of ordinary skill in the art wll

al so under sVidryaigiue El}ﬁ'%osesaf“tcléﬁdﬁ’&t(}”!}ho‘%Hﬁ%‘ﬁ?“i’?énf““ﬂ’fonlﬂﬁ@re@‘a‘lg& i ncl udes

further Denglidfe) pURI0 SL08 W08 (. DS SRNARUTR AR0GlS, Aoty

hi gher rela fg\?el\ff .
and the tubhfifioAB9 tRetivepRsshker B%tlhﬁpr@'sﬁ’f‘é'a%% thd i16): méRk&igate pat h The
various fittings on the punps by which the subject fluid enters and 20
exits the plispessegressureds theetire ptessuteniclei (watch carsiee used poadiahided padcksr nat i ve

| ocati ons and |nstal lations. In FIG 10. a fitting 246 is provided to
faci I'Pt at e REOIXaNd QECAPEIMSof the preferred integral three-way val ve.
e S0 L oLt ahe Syl S8 SuREESI Sl AR ANGELPa BRI 00

associated with the first secon assenbliées
respecti velgmear ,I\ﬂ\ran{yomrthe%e&ﬁc éé@ﬂ%oﬁs’im@ﬂl&ﬁﬁﬁﬁ Siepd aﬁcnoghd%lr&otlo "and
corresponding to upper unit

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.



283 in both FIGS. 10 and 14), represent the servo-notor assenbly. but as
i ndi cated above, are not shown in FIG 14 to permt better view ng of the
transducers 285 and 24 WD 01/ 40646 PCT/ USOQ 32865 295. Persons of ordinary
skill in the art will understand that the transducers are configured to
sense the woashAsae W thin the actuating fluid on the respgghigs8ades 'St and
second stepper assenblies 280 and 290, and transmt sanme to a conputer
control mechani sm (whi ch conputer control is preferably capable of sensing
and operatig .5 other inputs and aspects of the assenbly 10), The
transducers—ggﬁibe utilized for a wde variety of purposes, including
(without Iimtation): nonitoring the recharge (negative) pressure;
i ndicating the need figrLasgrrvicing or replacing the filter (such as by
nonitoring the filter pressure or differential pressure across the filter):
nonitoring the dispense pressure or the entire pressure cycle (which can
be used for advanced!priBadeyce fppprogersing flyid in 4 gregisply contiphled mspger. The
appar atus and net hods of ny invention have been described with sone
parti cul ar i the compipation of: stiysmmpingimeingaad segendarumping messs brlhidt eps di scl osed
are not to be taken as delimting of the invention. Qovious nodifications
will dake tdvemsmioaton witpeachethet:caidioseuoping mbameang ssitisédond purhpieg art. al | of
which will not depart 15 fromthe essence of the invention and all such
changes andmemslpioiviziaigiadhéd aiel path eadrdubstmtikly @asoempBapedrddstthd n t he
appended cl ai ns. 25 WD 01/40646 PCT/USOQ 32865 Clainms: | CLAIM 1. In a
devi ce for Mi®ASsSihR@gh bdid Hrst PurApiRE BebEehY sGORb hikbinbmpas. the
conbi nation of. first punping nmeans and second punping nmeans in fluid 5
goguzbcatl on with eachnebfgte of¥@hith 1.iif Shich HARIoPEiMBANSARELal d second
unpi '

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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means providing a fluid travel path that is substantialfy consistently
upward as the fluid flows through said first punping neans and said second
punpi ng nmeans. The device of Claim1. in which each of said first and
second punping neans includes surfaces that contact the fl uid.

subst ant i afybY@dshe Of said 10 contacting surfaces being I'@%é-uﬁ/gfsgéj from or
coated with a relatively non- contam nating material. 3 . e device of

Claiml. further including filter nmeans between said first punping neans
and said second punping neans, in which said fluid travel path is

subst ant i al PYFiRALPIEY 2 BYmRIng Fhasrber therehbgtuesyy invwish it rPrr RsadPorier d fir st
punpi ng 15 neans. said filter nmeans. and said second punping neans. 4. The
devi ce of Cnglpdgsyntegrplixformed whecmenns Bigtein.f j r st and second punpi ng nmeans
and said filter means includes surfaces that contact the fluid,
substantially all of 6salht dewiae ab€laings.9umwhich eaid eliveednsls fandigendd for om or
coated with a relativelv non-coniamnating material. 20 5. The device of
Claiml or @evermZowpf Bk atares flnid L b soudce ofsuckhilid and & d@nfigurat topunpi ng
means i ncludes an upper head portion renovable froma |ower portion, and

means sf or tempdtendirtcy swhtfRedinaGubstintalypdirict aacd pak toward 4 Aigai d | ower 26 WO
01/ 40646 PCTI US00132865 portion to forma punpi ng chanber therebetween. in

whi ch sai d dppReé iReSAIPRIMEOR saidpbdtdesd pori SO FiMer BEABY fYiNg MEBANS
therein. 6. The device of daim5. in which said valve neans i's configured

to recei Ve, dufdl @hidfiikigecocess fluid froma source of such fluid. and is
configured to 5 thereafter direct such fluid in a substantially direct

upward path toward a-fi - qQﬂp < I . , Ny i per head
portion. said fiIter7bﬂg%g%¥m§orn1ﬁgléﬁ&§%§ f%%ﬂggﬁgggdégpﬁ?%?d%ﬁans. 7.

The devi ce p?'(f)vi% aa ;u%]stgﬁtiaillg d‘z’rwgci:t%gwgr%iﬂ%w\égtlh%gr tggsﬁl%?ec{ ﬁuig %%Inl s%}érp%(rjnpgn%
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 ! 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.
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provi de a substantially direct upward flowpath for the subject fluid from
said punping 10 chanber toward a filter chanber integrally fornmed in said
upper head portion, said filter chanber formng a portion of said filter
nmeans. 8. The device of Caiml or Caim2 or CCaim3 or Caim4 in which
sai d secomslopuseseng neans i ncludes an upper head porti onpapEuEsysRke from a
| omwer portion, and neans for tenporarily attachi ng said upper head portion
to said | ower 15 portion to forma punping chanber therebetween. in which
sai d upper head porti i hel ud an.in ral |y, forned.tee flui.d fl owpath
therein. wherein sai d%tn]é}ée ﬁrwéjiclf)g@?mél 0’5{3%?{‘2&’ I}%. up,? Oézérlaér@t%‘ ﬁ]p%é&d f 1 owpat h
for the subject fluid fromsaid punpi,ng c er t rd a.di spense from
sai d upper %‘i‘é‘gﬁﬂ’c‘ﬂ@rpt“in@ﬂﬂg ’5?“’??‘?@05‘8&?38@%5?5& |?‘r?§_‘9¥\% RUTTRETE 8™ t ee

i ncludes an i nput  portion 20 thereof for receiving the subject fluid after
it has beeniaiddtibyaehpah firmeap ebﬁﬁﬁﬁalﬁjgﬁrs‘r%‘é’%“%ﬂ%“???%iﬂé o84 di spense
from said upper head portion is positioned higher than said input portion
when sai d deendeumpingimeans degsmaaincludmany glawnyaidsrdigscied gortions wimn(saif1140646
PCT/ USOCQO 32865 10. The device of Claiml or daim2 or aim3 or Caim4.
in whisch sdevite seipan dopuripiprightrenigliors posi ti oned general |y above said
first punping neans, and said fluid travel path froman exit of said first
punpi ng nmeans to an ilhlleta denicofes dispensise dloind thpwombhgtioreedn g fukwes not i ncl ude
any downwardly directed portions when said 5 device is in its normal.

upri ght ori&aghddehnPtipe plmp hividg Sipwhsite had. didpedfichdinklabimegrilie conbi nati on
of. a first diaphragmtype punp having a punping head. said head including
an integral foyned 1Bf-0R¢hy AR & WMo VRIW F f18d RO Plirst digpkrdm-fypblbsnpnt 0 sai d
first diaphragmtype punp. 12. The device of Caim1ll. further i1ncluding a

second di aphragmtyp : i1 L L d.first
31 aphr agm Lype pum. o& i BP0} | PRGtheP ARG e AR@URPHALH 1] e

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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receive fluid punped by said first diaphragmtype punp. a fluid path from
said first diaphragmtype punp to said second di aphragmtype punp being
generally upward. 13. The device of Claim1ll or Claim212, further including
a filter housing integrally forned in said first diaphragmtype punp

punpi ng hewdoeies4sl4. The device of ClaimB. in which saisrusiwsaeeg head and
valve provide a generally directly upward flow path for said fluid from
said first diaphragm type punp to said filter housing. 15. The device of

Claim 14, further includin v val ve.above sai.d filter housing to
oo M eer oot ve! emirdnfithd il i EoARBNR, AR ncibding B PHBETO 10

The devi ce of iglai m 13. in whi cﬂﬁfubséanti al%\ﬁl a Ifsgé_rfaces wetted by the
subj ect f I uP@ViHE &'GhFRapsiReeRtriamed SuaePPa oA 8f & WIFRYRPAS
non-contamnating material. 28 WD 01140646 PCT/ USQQ/ 32865 17. A method for
filtering afmgmas'sidhealvgreamsrepiiepnse tugrayed theswisshiduidand difgebibing ng a val ve
means integrally formed in an upper head of a first punpin menber. said
val ve meanssubsiahtiadyewandpathdios sedifisshirpunaning member @ﬁt‘ﬂ“a&éﬁ“ﬂgﬁbct it ina
substantially upward path fromsaid first punping nenber, actuating said
first B punpimgjngrewiber to dravrthewsubleet Buibfreuta foueechnfl ferthenacteting saidand f urt her
actuating said first punping nenber to di spense the subject fluid upwardly
from sai d ffirsspunppingmnaugberne disgense th subjdre finitupedrddyf fréch sdidnfist purhping her
including the steps of providing a filter chanber integrally formed in

sai d upper hemaberof said first punping nenber and 10 providing a
substantially direct upward flow path within said upper head from said

first punping menmber jghriuadincRird Ml verMRanBch@ns tetehd b R6viGgADET
whereby said further actuation of said first punping nmenber directs the

i E gjnggf, P 1 Ufifler ARMRE A e g 1B Porn @i sid fiSer REHAR; B8d RRIAGpik @ mefbe: dobil t €r

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 and providing fluid fl ow neans therebetween. whereby the subject
fluid does not flow downwardly between said first punping nmenber and said
second pumpOnmdeeasnber: and punping the subject fluid alreorgse@izgss

non- downward fl owpath. 20. The nethod of Caim117 or Caim18, further
including the steps of 20 providing at | east one vent neans al ong the

subj ect fl Uéli%';e'ﬁsiﬁé DR 7Ride RrudfRY the MB& HuRb 8aif Bouréd. eRLPR S F Om t he
subject fluid. 217 The nmethod of C aim 17’ or Claim 18- further including

the steps o i dj I St. i j menber
for sel pot s SarBEgll (s T R Fu ARG V0 BaBRECHS AUERLDT TPTPR L o
or returni ngstlhgs ufl:o‘jt ct, fluid to said source. in which said downstream

valve is a Sths aﬁrpl a P';‘/i'zero di spl acenent val ve that does not undesirably

di spl ace subject fluig..,22. The thod of., Cajml1l7.or Claim1l in which
substantially all 55‘5;]@?&&3@?%\%@%‘8 @Wh?ém?%j‘ @’z‘fcgfs}'lfﬁ[@“gb%g* abri cat ed
fromor coated with relatively non-contam nating naterial. 23. Apparatus
for filteriRfassaets etﬁg sbect i are tebrecated A pa coaeH With 2 relatpvely

di aphragm type punpi ng neans: second di aphragmtype punping nmeans in fluid
communi cat | #R-opptemingingimeterigt  di aphr agm t ype punping rmeans, and filtering
means 10 between said first and second punpi ng neans. whereby said first
punpi ng means punps 23.epphiatis dorSilissibaand ddpeysingdiuid, dled dopnbigmen @¢f:y t hr ough
said filtering neans: and fluid flow neans between said filtering neans

and a housi fivgt disphragecypepympitg meansneacnsl diaphwbinetpesinpidd meghsfih Buidnmeans does
not include downward flow of the subject fluid as it travels fromsaid

filtering reakunicatsiwih BoUSisN@apieigns 860 PemPitFRicAg: ARNlfrink medds The
apparatus of Claim?23, including fittings adjacent an inlet to
10 between said first and second pumping means. whereby said first pumping means
pumps the fluid substantially vertically upwardly through satd 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 1o 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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said first punping neans and incorporated in said fluid flow neans. in
which said fittings are flare fittings having wetted surfaces that are
non-contam nating to the subject fluid. 25. Apparatus for filtering and

di spensing fluid, including: a first 20 punp having a punpi ng chanber
defined irwoar40edsy an upper head portion. said upper heasol/sps/3286N
including a valve and filter chanber integrally formed therein, said filter
chanber bei ng di sposed substantially above said valve and said filter
chamber i ngkibidinAGed diPERADL Reldiively W g@ WRaNodas G PfMtcy BiRSibet lha$ar € of said
filter chanber, an 30 WO 01/ 40646 E | USO0/ 32865 outl et and vent di sposed

at a relat :ﬁmﬁészﬂw&@&chlmm dﬂ ﬁ@orﬁﬁh thddrditygh s£@§ﬁ§%€ﬁead$ﬁgloﬂto

substantially vertical flul formedintegrally in said upper head

portion to B%ﬁﬁb&f%ﬂ@%ﬁ éﬁg@ﬁ@ n&ﬁﬁgﬁggﬁﬁ bef O said filter chanber.

26. The ap fratus o sal upper head portion is re- 5

tai ned on a | ower ortion b h;ead f or of ..net al 27. The
appar at us of O al m 229 MR aP%a&a us é/fdal 2 m 1 upper ] r%gd goman 18 red menber

and sald upper ti.on..in C}rl p05|t|oned on the

i nteri’or dlgﬁg1 eé*?apaﬁﬁ@PY%gaaﬂﬁiPW edé’gg’eﬁfconblnatlon of a master
punp and a sl ave pung for dispensing 10 fluid in cleanroonlty
applications, in whi ?1%@3}3%39:@@%&& rRiuping 88 Caring s5p! eH’é"SHS%%w ng a

val ve and a fllter chanmber fornmed integrally therein. including a fluid
fl ow pat h tlirroerier aed shidenpsr brad pomonin ehichatid O-8ngis ppyitiged opthemat eri al s
that are non-contamnating to the subject fluid and which path fl ows
subst ant i alihgrierpivencai¢nyof sdid oppeaheddogtoni nt o sai d master punp through said
filter chanber and subsequently 15 through said slave punp. 29. The
conbi nati on of C ai N22& canibikdiios bf $maderump ahé adlaaspurspfod dispamkiig t her ei n
are fabricated from Tefl on(r)
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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30. The conbination of Caim28 or Caim?29, including a vent val ve
positioned at a high point wwthin said filter chanber. 20 3 |I. The

conmbi nation of Caim30. in which said vent valve can both vent entrained
air fromthe subject fluid and provide pressure relief if the punping
pressure oWOtdosdaubj ect fluid exceeds a sel ected |evel. BirANDeBHEEx0646
PCT/ US00132865 32. A microel ectronic substrate fabricated by deposition of
fluid froma diaphragmtype punp having a punpi ng head. said head

including an integraliy a hRfEREr%R s8sitate BOMaEQlby depWiRh of Aliadrony O sai d
di aphragm type punp. 5 32

diaphragm-type pump having a pumping head. said head including an integrally

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