,

41

! V\Db_l/ 40646, PCT/ USO0/ 32865 APPARATUS AND METHODS FOR PUMPI NG HI GH

VI SCOSI TY FLU DS The present invention relates to punps for precisely

di spensing fluids and nethods related thereto. as well as various
products nade by those punps and nethods. s Background of the Invention:
Thi s i nveWYPildWdse| ates to a punpi ng system useful in di speusiongss | ui ds,
especially those that are expensive. viscous, high purity. and/or
sensitive to nolecular shear- The invention also relates to

m croel ectroni ¢ conponents such as silicon chips and wafers.

m croel ectronic substrates, and circuits fabricated by such punging 10
systems and2BRARAJUS AND 44T-“au‘33=kﬂqb~!Iﬂﬁﬁgﬁéﬁgmng@Lamjyield
of such products achievable with the invention as conpared (o prior art
systems. General aspB&tECERt PH@UPRIeAESIP PHERKGT BFaHF b SRREns H¥eht i on are
di scussed in prior U S. Patent Nos. 5.167.837: 5.772.899: and 5.516, 429.
Anong ot herd methedsselateahdreto castielins HasOUp DIPERBUS ¢ thesstProasandbut i s
especially useful in the 15 mcroelectronics industry. The trend in that

i ndustry certhodues to be to squeeze greater quantities of circuitry onto
smal l er substrates. Circuit geonetries continue to shrink, the use of
expensi ve materials continues. and the correspondi ng need for

decontam nated "cl e r?onf.environnents and equi prent for manufacturing.
fiIte?ing.B&§§5%¥%83§§+%§mggﬁtinues and even increases. Perhaps as
inportantly. the 20 peed for inproved yield of final. groduct .continues.
for econom ¢ and ot HAP® PEERRES RentoR PYRRESTT DA  PETFUS0R 59855  The

cequi prrent and net hods of the aforenmentioned. U S. Patent Nos.
‘ especially 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. inclpding 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: 53.772.899: and 5.516.429. Among
other things. the im’e-ntien. has numerous applications. but is especially useful in the

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

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



. 5,167.837: 5.772,899: and 5.516.429 addresses many situations and
applications very well. The present invention is directed to further
i nprovenents in that technology- as well as potential applications of
such inprovenents in unrelated technol ogies. 5 Anong other things, further
sinplificwooaoa@nd upright orientation of the flow pathcfosookiwes processed
fluids through a punping and di spensing system can reduce the risk of
contam nation, air entrapnent. or simlar concerns, while providing

sinilar or inproved ﬁﬁéagﬁggidg't ‘fﬁg‘?ﬁ%%%% BEihs ‘3%0?&1%&8{&‘:[9@. iesi Ked

filtration, dispense, andling of the process fluids. Further

manuf act uri - desigp. i nRr n in t ] ! Lon all ow
the enti re pr3dacs {TUd P on bar P i te iy gkt diaRLRT =
Teflon(r) or saone siml|ar non-cont ﬁrri ating material ' fttgrhﬂelroreduci ng
the |ikel i HEdd 16f PESSH EBRUSRHIHHITCER DRSO AR h il B EI dBBvE many
probl ens were addressed and sol ved, by the a_fore{re%t iﬁeld U. S. Patent Nos.
5.167, 837. wlip@orpun! apphgatmnny ebsugly gnprakaRig gt HEE A AEPRPIAYES: t hose devi ces
introduced a di aphragmtype fluid di spense systemwhjich. in certain
“embodinents. i ncl ude@monpobepshingt. AxtshpmpEficEion erdarght pismzior ¢ di spense
preci se anmounts of fluid. However, the preferred enbodinents in those

pat ent s shate fléweatp focessodebsai Auids dvedghregpumping 256 isperaingresiederi ng pat h

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

af f ord opt iB&lce ¥R Risk Bficohmisatyn. 20 coniamcnatinng: eincerbs indiile prdvivble may
becone entrapped in the fluid or the system For exanple, sone snall

Aamount  of %I&%bbﬁf&%ﬁbﬂiwﬂﬂgﬂmmbmdiﬁr&rrdagithrmﬁMigﬂmse. saurce fluid

container is periodically changed. even if no re-prinmng is required.
Portions of

. ouf.s'?ﬁarfdnﬂwopﬁé obdlabuat eriiBleAlnaRtfaQb e Wi S&iFBhdtdvéRkMs
potentially WO 01140646 PCT/ US00/ 32865 contami nating result in some

risk 1() hovvevitel rﬁlesqus‘%nll }nvggtiog %ﬁ&gﬁ@%ﬂgkr}g{)c‘é&dﬁﬁﬁ h%lpgth o be coated 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, 3,516.429_ 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-controlied pumps to dispense
precise amounts of fluid. However, the preferred embodiments in those patents show
the process fluid traveling in & somewhat meandering path through the pump system.
In certain applications, that path does not afford optimal venung 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



, contamination of the fluid. As indicated in those prior patents. such
bubbl es or contam nants could potentially conprom se the end product to
sonme degree in sonme snmall percentage of 5 applications. Alternatively,
such bubbl es or contam nants m ght require sonme period of "flushing"
bubbl es f mawwitbessyst em upon changing the source fluid ¢eRkahdA8Ess for
exanpl e. or mght otherw se conprom se the accuracy of the fluid dispense
system (again- in a small percentage of applications and situations).

Al t hough thgse pri.or tents_.and inventions ian |l in that regard
and are a drana I}a%:lggaﬁglgﬁgéo%gré? &‘SWF he S%F@ooﬁcé#{lgé)ng n&rugﬁfﬁ%’f’rl}e and al t hough
those prior patents c tl?e readily adapted to deal with the

af or ement i GABEVPBEEN BT IBfobl ens, the instant invention provides

i nprovenents in that regard. O her benefits derive fromsinplifying the
flow path of the fl uftgindispted & Wpte NPT RYEURFUPEHRRIFHY ORE™ g SPLIdf
conponents involved in the system assenbl 15 and mai nt enance can be

cor r espondinegnyalli aepipromizgedhe R pragst W[ﬁo@eid%wé? WFAPE yall pEcepgvef of
connection points, seals, fittings- and rel ated potential |eak-spots can
be reéducedpplidagesbhidine@cty. pughddbbliengr tonhemitapk nughicenirasdmapéen.
air-entrainnent, or simlar problens. Additionally, reducing and

real i gni ng df hushlng i dutfblea ropath® sGeem upoadhaeigiee siuze fhid dcdnendet dot pri nt” for
t he housing of the system and ot herw se make 20 the system nore conpact as
conpar ed t @x@hplefor difht SWheHvERSconth@hROheGoS RONAIME dspeh@dabmg val uabl e
factory space for the users of the punp system 3 Objects and Advant ages

of the | nvepLi:pf 2 EHIORIRRALSohplidkGohd WRRINABNS € RkndRnRERY b6 a fluid
di spensi ng systemthat provides "the inproved performnce and benefits

di scussed Ber6: oy 06 BYShANdS,NALAS TERIAST a0, ardtiBRLanELabLy verti cal

fluid flowfromits Inlet to Its out e systemis 1tnits normally

10 the prior art before them, and although 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

I5 and maintenance can be correspondingly simplified. Perhaps more importantly. the
number of connection points. seals. fittings. and related potential leak-spots can be
reducéd, thereby directly reducing the risk of contamination. air-entrainment, or
similar problems. Additionally, reducing and realigning the fluid flow path can
reduce the size of the “footprint™ for the housing of the system and otherwise make

20 the system more compact as compared to prior art systems. thereby correspondingly

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

G



upright position, and by providing Teflon or simlar non-contam nating
wetted surfaces throughout the flowath. In its preferred enbodi nent, the
flow path is sinplified as conpared to prior art systens, including fewer
fittings and connections (in part resulting from integrally formng

vari ou ponent s jnto ngl e ynltary structures). According to a first
aspect—@FJﬁ%&—é&%@ghgiﬁyih%ﬁ¥§ﬂﬁ£%here is provided a nethod of depositing
fluids, rising: depositin qu d subs .y free of air bubbles
froma purrpn% bpHEReitholdap dyien ?Rgsqe ar%i‘fs% éh@l FRcsipg gestcar that prayiss| es
conpri ses. nnv@ég fluid throagg fluid path provided by a first punping
neans Hiedimprawrso Rerfgrmmera gnddsnefits m@ﬂ@eﬁ hepeins The systemnip| dhgrageained &id
second punping nmeans are in fluid conmunication and the fluid path is
subst antlséntiglly versicslt fbnd flpwuiromrits iakst thgs philétdvifenahe syserodgin tsheorhiatlst
punpi ng neans and the second punping neans. According to a second aspect
of t heuprigitepusitiony end itgnprovhisge TeHopt ovistedaramra@peaainating fetted epdsidsi ng
fluid, conprising a diaphragmtype punp for depositing fluid, the punp
havi ngﬂﬁouﬁgtfoat thel TRUWHGHHTERIN $ts ajefered ecraBotipeni the M@aNsath I’Isfsllmbﬁﬁed as
communi cation with each other; and a fluid path provided by the first

punpi NgoMBaLS tAMSoriResysRERNMMAC Hﬁ%‘f@ﬁer AEapSandRhEHdnt (18 phitwédiRAl torhs
substantial |y consisténtly upwar through said first punping neans and

aid f t he i nvention seek
sai d sgg gg}atywagﬁggéomg orfthfsGhioad 1@&&% i nvention s

to provi pro essing fI ina preC|ser controlled

Hﬁ%?lﬁg oot B o e 'é’IZI{’LF% fefsétfhﬁ’g%tfﬁﬂbt‘%é?ﬁaﬁ%tﬂ@ fﬁﬁﬁg 1§
L ougfioRiing s sEmBrRg n ek A RS LR BBt fom it

i ndi cat ed abqve, ,the first and s con ing neans surfaces that cont act
the fI ybgrest dengsitimg ffd pubstantially e@eﬁ %lﬁ%oqom?wmﬂﬁ wd oyl gel y
non- contanlnatlng mat eriial such as Teflon(r) or the like. Anmong ot her

t hi ngs fludpash pravidedihytarst pumping means and a second pumping means, wherein the first

pumping means and second pumping means are in flutdd communication and the fluid path is
substantially consistently upward as the fluid flows through the first pumping means and the
second pumping means.

According to a second aspect of the present invention, there is provided an apparatus
for depositing fluid, comprising a diaphragm-type pump for depositing fluid, the pump
having a first pumping means and a second pumping means in fluid communication with
each other; and a fluid path provided by the first pumping means and the second pumping
means, wherein the fluid path is substantially consistently upward through said first pumping

means and said second pumping means.



using the systemfor high-purity fluids, in cleanroomenvironments, etc.
The device can further include filter neans between the first punping

nmeans and the second punping nmeans, in which case the fluid travel path
preferably remains substantially consistently upward as the fluid fl ows

t hrough the, firs he secon npi ng
means and Aleg SRR it gy setn 4B g aeivioa dee gp o Mbd

non- cont am nat | refer 0 nt punp head and the

val ve ¥hmErase g@%qql% S friclush Tf&r e eﬁ%?f fIrst FERRING ™MSARs 2RY s

along the flow path are flare fittings forned from Teflon or otherw se
havi ngsereRd BmBine fecens it Huid copunybentiop gyithaeach qthendn wWaichihe Huidjtevel pathi d.

For the non-contam nating enbodi nents, the particular nmaterial my be any
sui t abthet isombstantiadlyi ceasisiegtlympweidads ha dluidy flays whrohghu thel finst parnpiog mens ous

forms of Teflon(r) (TFE & PFA), Kalrez (a fluorinated Teflon(r) -Iike

el ast omet }he smromt pmnpinganeemsam .indivaind) abbres, riam Yirss wint st endf purhping snesmnabl e
in enbodi nents of the invention, comrercially available Furon Flare Gip
PFA t ubiefdced thahgontearthd €luideaddi prgferdbly i dabridatedt faeh ogrdoardi itk & relhitivdle
invention seek to provide a systemor device of the aforenentioned

char ach@f-coritimihaiigd niab@ial khicht aP RN DorBaNke.| AGbHE Sthed il &fis BRAdaRQr ti on
removable froma |ower portion, and means are provided for tenporarily

attac hhﬂg%er 5 ééc&ﬁ%r m@ﬁ-ﬁﬂnﬂpﬂﬁﬁﬁnERa&ob&V&Mr%Eﬁt_@r&t& o forma punping

chanber t ween eferably, the upper head portlon i ncl udes

[ |
fluid in 4 su%ﬁﬁgn%@aﬁ y upmér Eﬁlﬁeﬂﬂ{%w@@w&&#&ﬂlﬁﬁgw it .m%st“%grtﬁ
f d h d th t I
toct s vespad PpplBRRRpt ACRBRE e RE R Holn MGy i 3%‘1%33%% e
d I th tI d t
Pt ovi drisiaR s epvaRg sy e Jord SinS fedetobe fP e i atdeh rogh ande
s conpared to prior art systens). The valve al so reduces

val ve (a
di ffert(é!ﬁtsp%n dpugyping @eansy angd dlensubstantillyalls the f1uids nove through the

val ve.

da



O her enbodi ments of the invention seek to provide a system or device of
the aforenentioned character, in which the second punpi ng neans i ncl udes
5 an upper head portion renovable froma |ower portion, with nmeans for
tenporarily attaching the upper head portion to the |lower portion to form
a punpi ng chanb t her ebet ween. Agai.n ref.erably, the upper head,portion
ot Pt necathelia P AG nuaHEHER eI s PEratr S BR b T g
flowpath therein, wherein the tee_provideg a substantially djrect upward

f 1 owpattss vebie thereingye petuplly fabrigateq rm heflopunpidhe)l Bfing along Sigllep pady dpense
fromthe qu_er head porti on. n%he preferred tee includes an input portion
for reBaleviifipes Hermedb fer Fefland af oderivise having eaited usas@gesbthat Hase frianst
punpi ng nmeans, and the di spense fromthe second punp's upper head portion
i s posctdntomiedting thére subgeet fhed. i fropuhe ponicootamiveting tdnebodenents the particutas
normal, upright orientation. Qher enbodinents of the invention seek to
pr ovi dmatriaysite be atiy sidiabenceicdneninatirg @arritl iacdeding vatiaat Binjtation witicok t he
second punpi ng nmeans is positioned generally above the first punping
neans, foapd dfeetidnli A HE & el Apakbirés eimflasrigated Teflos'helilfd ElattoRUFPbP GtliBRans
to an inlet into the second punping nmeans does not include any downwardly
di rect gelidpalst | ARSng WAE iy sHeMIE FitliSos Dsdbl iR WY dimbRE | @NiheOfveRticL | on.
Furt her enbodi ments of the invention seek to provide a device for

di spensi i ‘1.4 i I@rﬂgqgiy L R i b ragmtype
punp hg(l\)}?%gfcgéﬂ unﬁ%lé}\%gﬁ{é&gjﬁt}qﬁe ea ?%tgl ué?%gcagr?g;r%\at%lielgglg y formed val ve
to control f fflwid | h I kst di I t :Lhe ice
can further I}%ﬁ rélfbga%ggejeggsnnépg#ealpvggé%oﬁrl} %egggggﬁ%n%g%o%?ﬁeéﬁég%ﬁgﬁgroﬁ§
above the first diaphragmt u and configur.e o receive flui unped
by 1 heRragoped PRk 1) pEhul TR RATR RS PURG Ba0RPel poH BHEOR r o
SL\?\E? {j?e%g\:[alv)fjeefm% grimgvgr [gor}gon,sa%?i%lgang Ia.laep[pr[)w gﬁ%grqgmggrgrﬁh} Qt?atchllng tﬁeeﬂfﬂe?l 'y

head portion to a lower portion to form a pumping chamber thercbetween. Preferably, the
upper head portion inclades integrally formed valve means configured to thercafter 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 prior art systems). The valve also reduces differential pressure, or pressure drop, as the
fluids move through the valve.

Other embodiments of the invention seek to provide a sysiem or device of the

aforementioned character, in which the second pumping means includes



O her enbodi nents of the invention seek to provide a vent val ve above or
upstream of the filter to permt selective venting of any gas entrained
in the subject fluid. Preferably, the vent valve can also function as a
pressure relief or safety valve to prevent the pressure on the subject
fluid and the systemitself from exceeding a selected |evel. Al so
preferably, the vent valve is positioned at a high point wthin the
filterachppddicad phitien rembadilantobs ivek Portiony eithingdans &gkehporafiBvitthehing

met hod for filtering and dispensing fluid, including one or nore of the
steps e dppevheidrifonVd! tHE 16WRA PortioH B Ebah kaYpunipdk bor BRrébBRRInNBgsinof a
first punping nenber, the valve neans configured to receive the subject
fluid ik € e %ﬂgﬁ i+ad | w&hgp- t e i ng
menber ;ﬁf@earggtﬂghﬁengﬁ I%éﬁreh efaldr st %ﬁ%ltﬁ% S%%dfrrlger to]El rlgssfnt% ﬁgwslg | %%tlﬁ%%%lﬁgpf rom
a sourge: e (o : LI ' - .S t he
aubj ectorFieh G (itid HpaCiiii, Aohcrt, e (B8 pRUIREAS sHRBRRRY RdLCBRIRE
enbodi

nt,.the.valye switches the fluid,flow drawing. and di spensin

cteps. TRvpiE 5 tEGnt st BuldtERE b Rupiig oav Bt E5BOLUmEne Bt EERRIE: ¢ ner
i ncl ude provi.di a filter chanper integrally formed in the upper head of
the. 11 Pl TURH e Prelomef os F ie0 g1 iR DA oDt HT e P et DR AMT 8 1 | ow
path within the ugger head fromthe first(ﬁunpin menber through the
val ve REERRSNPYMPRE Y the faet RUBRIBE PLcanh apd Hip diiRenselrom g se5eTbPIIBP'S BPRETT i 1 St
punping menber directs the subject fluid upwardly fromthe first punping
menber heasl perdion jis pesitietrinkigher thawiths swat psttivpswhin theedevivehsds itscoamdl.ng to
embodi nents of the invention include providing a second punping nenber
subst anpiiglitioyientsbere t he first punping nenber and providing fluid flow
means t herebetween, whereby the subject fluid does not flow downwardly 7
bet ween t he Oftharsémbpdigaeng ofethoeinvaitibnt bekstec progideunpiysigmmesmidevice afdthe
punpi ng the subject fluid along the non-downward fl owpat h.

aforementioned character, in which the second pumping means is positioned generally above

the first pumping means, and the fluid travel path from an exit of the first pumping means to

an inlet into the second pumping means does not include any downwardly directed portions

when the device is in its normal, upright orientation.

Further embodiments of the invention seek to provide 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 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.



O her enbodi nents of the invention seek to provide apparatus and net hods
that include providing a valve downstream of the second punpi ng nenber
for selectively dispensing the subject fluid or returning the subject
fluid to the source in which the downstreamvalve is a substantially zero
di spl acenent val ve that does not undesirably contam nate or introduce gas
into the subject fluid. Anong other things, the preferred valve reduces
or eli m nat 3ththembéodimehis@bdhd hatntomeseak it grovivke: arednt @alwe labowd apldtrearhil ui d
(such as displacing it fromthe dispense |ine) which displacenent could
adver sef theaflice®d pbid€it acledtivackntifg of s 8MsentMincdtighe BSHESE MR PreRFAHDF, MBRNCE
of the system AFthough enbodi nents of the invention are described herein

i N CONPRGEhOMIVE tdh alsl AREHSEaPE pleb@ife RIFeE b safitly SARM S0 pldtkfiSthe bREsIrO¥RNt i ON
may be utilized in many other applications. reover, although the

; . . C i it h
prerer {hﬁgkgﬁs AhiTeR L %f%&iq el1Stdth ’éxéé’éﬁlr{l?ga;%léé’ééh leQHI'TE&IQQ?HEﬁﬁe\ﬁy,‘"&E

filter I nt er posed er ebet ween adva eous aspects o

D S BB Mt T PRRe?” 0, oLy, ore P o

nmeans W prior art systens,
enbodi nent s the.inventio rovi de a di.spensing syst ermtting,the
ise. of compuP@Er SPCgiiEts, F S, Nty st SLARTTH ArBrion dOT Sltgring gid
interv of . dispense,,.as well as for the difectjon of fluid flow through
t he sygjlﬁﬁ?ﬂ%gdﬁ'%lﬁu%ﬁﬂﬂ%%ﬁ & ik PhieoPERsath BRVia ﬁéfai‘!ﬁ Jpeans iniggrally
enbodi nents of the invention seek to provide a _dispensing systemt hat
per m t orged ar ap upRerhaad 1of agfirsbpepping srembakihggalve repscaniigured intpeaiveus
applications. The system may be 8 controlled or driven by stepper or
ser vontiegubjeciofluidiand [dinect ib oha sthstpntiabn upwgrdveath Gom the ding puepingienders,
hardware, and wiring or wireless conmuni cati on systens. O her enbodi nents
of t headtnatergt thorfirse pimpmgpmembeletoadmet tiel wbjoct Stuid frem fil soudtef wodviuntdath
such that contam nants are less likely to be introduced, and a rel atively
nor e ceadp&iie 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 sentence. As indicated above, the steps can further
include providing a filter chamber integrally formed in the upper head of the first pumping
member and providing a substantially direct upward flow path within the upper head from the
first pumping member through the valve means to the filter chamber, whereby further
actuation of the first pumping member directs the subject fluid upwardly from the first
pumping member to the filter chamber.
Additional steps of the methods according to embodiments 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



punp design that |eaves a smaller "footprint™ (as conpared to prior art

devices). Ot her enbodinents of the invention seek to provide integrated

circuits, chips or other mcroelectronic devices fabricated fromthe

af orenenti oned apparatus or nethods. O her objects and advantages of the

i nventjon WI| e appar.ent fr efoIIo eci fication and. th
acconpay (BB rat S s e ek B BB fembe stk PG RIng by

Bri ef Descrlptlon of the Drawi FI G is an isonetric view of a
pr ef er fEUee Aikaipngthe spmdeam; "W/‘gﬂ‘t"i"% FI G 2 is another isonetric view of
t he same system viewed froman opposite upper corner to illustrate the

back si de(sPtst ampkodimsuiatnfythe ApGntign| ssely terpygwide dppareial andi mathodk dhatal ong
line 3-3 of FIG 1; FIG 4 is a cross-sectional view taken along line 4-4
of FI GincBide ﬁio@’di@ ias valve rdesgsemt i afnthle sdcend tmivgming Inamgbdri foe SldstivélyFl G
3; FIG 6 is a cross-sectional view taken along line 6-6 of FIG 1; FIG
7 i s adspasingsdrt subjedt fluidwot adteminy oieg shbjpe fluid af thd Gurde ifrl whicB the a

flow chart generally illustrating a preferred nmethod of operati on of the
i nvent dewnstRaMOvALE 40 64 Guiktaitiided? Modplackinent Yalve thit HSQNBGL Lfdedirgyy
simlar to FIG 1, but illustrates one of the nmany alternative

enbodi B’&ﬂ&xﬁnﬁfe érflﬁtrb&%%f]%a's o thd %bjék@ flukd. |A1581Yg §ﬁe15th!iﬂéf aﬂlet;@efgﬁ@ Vgl,vebut
is an isonetric view of systemof FIG 9.  viewed Troman opposite
upper r ]]%de AilS he
syst emﬁéca)i dgél ]&egsthilgmg;(]@%dat gﬁat % erét]ﬁ %%ek{fllrl‘{ 1 Ch %ﬁe?imé‘%deg 91{1§E to

e AP 5 P e f 0
of dispense or other aspects or performance of the system.

Although embodiments of the invention are described herein in connection with
dispense of high-purity, viscous fluids, the invention may be utilized in many other
applications. Moreover, although the preferred embodiment discussed herein includes two
pumping means with filter means interposed therebetween advantageous aspects of the
invention may be practiced with no filter means, or with only one pumping means with or
without filter means.

As with prior art systems, embodiments of the invention provide a dispensing system
permitting the use of computer or other automated digital control for the rate and interval of
dispense, as well as for the direction of fluid flow through the system and fluid pressure
during operation of the system. Thus, embodiments of the invention seek to provide a
dispensing system that permits great flexibility of operation, making it adaptable to numerous

applications. The system may be



systenis fittings can be oriented in a wi de range of directions and
variety of positions): 10 FIG 11 b is the sane top view of the system
of FIGS. 9 and 10 as in FIG 11 a_ but includes a different section |ine
13-13. except. again, showing the inlet and outlet ports to the system

facing_o i,te to the directions sho in F.LGS. 9 and 10; FIG 12 is a
o o5 SORRARHLSF Rty PalcbPiet offgoary tEoips: 25 ey deciology: and i, yvatons
purposes of clarity, ects of the re{ggrred 3-way val ve di scussed herein
have S‘é‘"é‘ﬁu%?ﬁoﬁ"@&%f ey a0d yigpg gr R’?—‘F S qoINMEMILAGNYSIeRSct | onal vi ew
taken along |ine 13-13 of FIG I Ib: and FIG 14 is simlar to FIG 10.
but is an i SBeEtemiodiments of theiveplierepselito rrovide @ retativElyvertey Hmidoflewof

t he remai ni ng upper conmers (other than the two shown in FIGS. 9 and 10)
and, agathrsuck Huwcariamirantsuare dessgikely of ba érodyede and acelagvadppose cempact t he
direction shown in FIG 10. Two |lower units (shown as elenents 293 in FIG
10. apumpclesigs fahbthianes a4 omallep Efootprint’s (a2 88mparc ot priddl 48&devid@sand 14). whi ch
represent the servo-notor assenbly. are not shown in this Figure to
permt bett Etherietibodgnats ofhbe Abveptied ssecked prrvedsintegr dteDEisdine Stsps2dt ptiasd
295. 10 WO 01/ 40646 PCT/ US00/ 32865 Description of Preferred Enbodi nent:

Ref er r infigroBle¥vrdric 8h\Gceed FabidaBal. fraiA eheRdblehfertianddyapbh@fus of ntthdd. | show a
preferred enbodi nent of a punp and di spense systpem 10 constructed in

accordance Ophdrhbfdies RPN MALFObf HRLinkBHERH KAl be giaﬁéx‘éﬁ@ﬁb%- tht @iﬁiﬁ%e m

includes a first punping 5 neans or master punp 20." and a seco i ng

means Qﬁec%c%i‘fgn RiMe %Qcon%%(ﬂ@l dawings, which are for the purpose of illustration only.

Brief Description of the Drawings:

FIG. 1 is an isometric view of a preferred embodiment of the invention:
FI1G. 2 is another isometric view of the same system, viewed from an opposite upper
corner to illustrate the back side(s) of the assembly;

FIG.3isa cfoss—sectional view taken along line 3-—3 of FIG. 1;

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

FIG. 5 is a cross-sectional view taken along line 55 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;



. connected to punp fluid froman inlet 12 to an outlet 46. As descri bed
herein- filtering neans can be included between the master and sl ave punps
20 and 30, or preferably within the master punp 20 (as descri bed herein),
to filter the process fluid. General concepts regarding the conmponents and
oper ati on YWPIYH9845 10 preferred systemand its punp nmechBETRR/32368
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
met hod of operation of the present invention is illustrated in FIG 8.

Flui d taken from an T Piisdn isdmamer gowisewlas® {16} Gbugjlustgtegoapf that o t he
system 10 thrqugh the i I(gt 12, %/ ogerati on of the master punp 20. As
part of 154 &IFPYLESE? We?tﬁ?%tg W R4ee- way val ve 140 in the master

punp is positioned tgg, ﬁ)@fsrﬂktewx%gﬁnﬁi%qqé. 1ot 19 2k RoBEriPYlhag dt o a

di aphragm style first punp 18 y nmoving its diaphragm downwardly, as
expl ai ned isfstérhef Bih werendd fanesh @pbartipper cbher dahatehovhdidl HIG. 3;hen act uat ed
to permit flow from punp 18 upwardly through valve 140 and eventually
through a filter 27.FiGnélaos apmmrecweltbe aystarhefdlGha anddO(exget as vent val ve
20 36 and check val.ve 45) fan be included. al ong the fl mgath at

appr opr i at &M'gBathedpiet ang gutlel B 10 TSP RNT R EPPEE i ea’é CIQRY to prevent
undesi r abl f . [ £ ur t : r.ei ve 36 can
ei ther ret g?ﬁﬁfﬁeﬁlggu% %%tlg @ﬁ%ﬁggﬁrg%%dj Q?eralg IEH%sﬂ}ﬁ[lo‘i';/\slzwl ulg%‘?sl%/%%%;ﬁ?ﬁjor to a
wast e dr ai Ryddh fabRYvean. be\dhemed®iniatviagrdnbe of diteb@ins @hdeliiety@n  via the vent
valve 36, the fluid preferably travels to a second di aphragm style punp 25
44. which prefiesably directs it to another three-way valve 99 (see FIG 8:

that valve 99 can be an%/ suitable val ve, such as. the zero-displacenent.
non- ¢dnt ami nati ng val'Ges!t HESEHTHER VIfer 8 the Saikm CEAObE PE4PeF Bhed at any

sul t bl e | a6ti,on, pLNGUANLL LYRLERLL Y, 31 V00440848, PETIS0D! 32865

is renpte fromthe second SO0 as adj atent actual dispense
and and outlet ports to the system facing opposite 1o the directions shown in FIGS. 9 and
| 10;
FI1G. 12 1s 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 omitied 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 fransducers 283 and 295.

10



. inprove the ability to precisely control final dispense, dripping,
suckback or the like). That second val ve 99 can be selectively actuated
to direct the flow back to the source 60 or to be dispensed on a
substrate or other mcroelectronic chip or device-in-process 5 (not
shown) . PEPIY#siof ordinary skill in the art wll underRITAFICE286% nany 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 onsDegcapit sfenpddymiiiymenithed 10 herein. By way of exanple and
not by way of limtation. the overall flo at for the bject fluidis
preferably substant %ﬁfqr’;’“%?o&g%@raivﬁléS‘faf“&/i’%mr'r‘ga\%ﬁﬂtshE Slh%?itftshoewasyst em 10

(obvi ously 0 ] o y'? ' to the
sour ce, tjr}feeg%T %?’gg?dﬁ%%mﬁ)gfgﬁéﬁg la"?dd%%?ﬂge{%&i&?go gar/?ﬁgf?ért%fl%n ?‘22/02%& Thi s
preferred wpmefdethiays dakdindtionC Prbemintefenarthchdsd 4 fienpungpiaf the inl et
12 as low as practicable on the first punping nenber 20. Preferably. the
onl y s - dowméarfs loowaperumpi¥. afd 4 fteorid rowmppatieanoy lave pang Fé opprabld i s dr awn
into the respective punping chanbers 18 and 44. Person of ordinary skill
in the artCW?qTCQHGé‘F‘EIﬂéIWd%%Q‘Emt“ﬁilg“" ot ‘él &%dfsﬁggffcﬁ?eé?’és primng of

t he punps d. ot her fici I b e system 10
20" (el adl AR AEF HisFloR pRRELRERARE ARG RARRER0 b0 bE

hydr aul i ¢S prefltARN AR heRMARS pudp do P ABschBaURreat) Qo ffiltbt @€ Srodkds Mufd. a
relatively small” footprint), and that in any case the preferred
;substantially verti ¢aheral dogmpentgadidg derbingencats pwhopsfatiphef thedownst r eant
conponents and el enents adj acent each of _those punping chanbers 18 and 44
i ni M zes BISETGASYSERM 3l PERP TeichiB Y OET BrisSt S BPght ot her wi se

occur. 25 he red. i I . rnelatively
verti cal pggéég’égg%&%ma%% 9( gg‘éﬁ %Q%g‘%eggﬁg%rg&%éh g ?I%Irlﬁ bSpper nost
respecti ve,diggi-ON&n 8lerlRR%2 2 PHIRFAGnethod of operation of the present invention is

illustrated in FIG. 8. Fiuid taken from an initia! fiuid 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 purmp 18 (by moving
its diaphragm downwardly, as explained in the aforementioned patents). The valve
140 is then actuated to permit flow from pump 18 npwardly 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 éﬁd 1o prevent undesirable backflow. as discussed
further herein. The vent valve 36 can either return the fluid to the source 60 {as
shown in FIG. &) of 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-styvie pump

25 44. which preferably directs it to another three-way valve 99 (see FI1G. 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

1



. chanbers 18 and 44. to a vent valve 36 (see FIG 6) and to the exit of the
second 12 WO 01/40646 PCT/ US00/ 32865 punp 46. Thus. in the preferred
enbodi ment. any '-downward” flowis imediately followed by an upward
flow (via the diaphragm punp forcing the subject fluid in an upward

di recti onYVOWMHIMH hel ps to purge any entrained air and POSUE¥ABISEHe t he
overall upward flow of the subject fluid. 5 Simlarly by way of exanple
and not by way of limtation, and as nore fully explained herein. the
overall flow path preferably includes fewer fitti nqs than prior art

syst ens- amchmdu@ﬁenﬁlnetiecmgsma!mdﬂrﬁhestblhﬁwdpeﬁtnhﬂlﬁ?@i fdlsafrrée pfrdef erably

fabricated fromor coated with Tef OPQG%F si.m | ar to further
reduce t hedMPrR therabify 1o REHIERHTOREP) (1 GFPife dipPYEe S E}C Oﬁthe Bkef er abl v .

A S o T OHRERE RN ckh B il OBl SHER RGO [ohetdatec] 2] | P! ©

Flare Gi rittings can be rea uti ['n Fl

preferred @)@chbé@ﬁﬁenbeﬂ dn|a| sﬂwa@tcﬁgméﬁmioﬂféllddﬂbﬂi@cﬂlﬂer delvic8lin-plobd¥pi NQ
chanber 18 being formed by assenbling an upper head portion 120 with a

| owers por t(rarshd®®. seal ing and binding a flexible diaphragm 124

t herebetween. A sealing elepent 127 is rgre{erablg ovi de to ensure a
fluid-tight seal. Tﬁ@sﬁls&éﬁﬁﬁ&ﬂﬂ‘ﬁl inghe prg W udgisty ‘i‘&‘a‘f%ﬁ’rﬂ ®ed or coat ed

\émoﬁrgngz | Osgnﬂegrfl cropc n? dS %{:EO]SE:% in o a{}ore o%nél gaﬁgP trmsef 837'6‘t | east

orenen one tent 5,167, 837,

5.516. 429. 5 qadiHb. EZ]E% 7879%9%&&@%%!1 wugtehcvrz@ﬁiﬁmn@@mhos&mamﬁ@ 2 in each
of those patents). the diaphragm 124 and | ower portion 122 are preferably

confi gur edmiporta iyt Wintenpr @et thedeyprioomt mvkiiads @e disalbsedror desdrifddexi ng of t he
di aphragm (and consequent punping of subject or process fluid) by stepper
asselibl i eshereger vonot ors, or simlar devices displacing fluid into and

fromthe space 125 B? lw%\{yyotf Q}?mndplleaepnla rng‘gbn; \;I'Jazfl of. I!nﬂta&ig‘& the overall flow 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 retums “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
occnr as the fluid is drawn into the respective pumping chambers 18 and 44. Persons
of ordinary skill in the art wili 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 relativeiy 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. 1o a vent valve 36 (see FIG. 6) and to the exit of the second

12



preferred enbodi nent, this can be acconplished by punping the relatively

i nconpressi ble actuating fluid through tubing or passageway 126 (connected
at its 25 opposite end-not shown-to a stepper assenbly 180 or its

equi valent). Persons of ordinary skill in the art will understand, as

i ndi cat edWBdi/d¥46 t hat t he passageway 126 can be any suPCHBB®/32865
“configuration, including (anong the many alternatives) an 13 WO 01/ 40646
PCT/ US00/ 32865 "internal" passageway such as passage 226. shown in FIG
A. The base el enents such as base 161 are preferably fabricated from any
sui tably stpunopgémites. iraths pafdied aghoditbe. meedofowando flow eritraidizeedy on i s
sonmewhat | ess because the subject fluid is not ,exPosed tg the base or any
passageway Jolaved i an upgaritioyiiaia thetignharge pyag Lranzths sepiest 194 iy | ni t
switches 182 and,.192. . FI GS. nd 2. are preferab ovi.ded on.the

pi stons or u??’@%ﬁjérfd °§]%‘ewrpéef§‘| }5&3?? BIFREP fint"g ngé glén CJr%g)lcg)ﬁgaurl\1 f’ﬁ’ﬁé’?’%{n%‘ on of the

system 10. ,,,A0Bn0W fandaRk.ahd:@rnati ve enbodi nents of the invention (such
as ill ustraFed in FIGS. 9-14) are those using optical |imt sw tches 282

and 292 that sense f§iagkri284 wagnilex2®gletand nopmned sr adbimitatov endwstthortthe pi st on
and extend therefrom to Anong the many alternative enbodi nents for the
di aphr agm deliverplaingd hpisin e averath ipw padrsregbliipglpdss fonsr fiigeethan | ust r at ed

" i 210, STEDL L Shsd ELLER .o b0, SLSSTRIA RS AREERRT. L
fluid my he BCRLAEL AT MSBPhovided FthRaudaRgiskGadyn di fferent
directions. such as the exanple shown in alternative enbodi nent 15 of
FIGS. 12 (icbhsinaabi GOhspobesafipds Sageaay. A8 5s mdicaad hivtavt | fge fitiegss| ave punp)
and 13 (illustrating such a passageway 226 for actuating the master punp).
The upper Bedsgomnpicoiplly20aitahi Aloarippdtlts oive figmee aav hsacaddy milldcled 1 n
gp:; 2? ia\tgleyt’ el ations hf-onIgi. S.th &ggn% Qn%od\{ring'm?‘s i ﬁsgt%terdaérs]%eclu%]:ngnﬂ?ec 1r§'tni SfB.
pumping chamber 18 being formed by assembiing an upper head portion 120 with a
lower portion 122. sealing and binding a flexible diaphragm 124 therebetween. A
sealing element 127 is preferably provided to ensure a fluid-tight seal. The diaphragm
15 124 is preferably fabricated or coated with Teflon® or some similar non-
contaminating material.
At least somewhat similarly to the aforementioned U.S. Patent Nos.
5,167,837, 5.516.429. and 5.772.899 {especially with reference to Figures 2 in each of
those patents). the diaphragm 124 and lower portion 122 are preferably configured to
20 permit precisely-controlled actuation and flexing of the diaphragm (and consequent
pumping of subject or process fluid) by stepper assemblies, servomotors, or similar
devices displacing fluid into and from the space 125 below the diaphragm 124. In the
preferred embodiment. this can be accomplished by pumping the relatively
incompressible actuating fluid through tubing or-passageway 126 (connected at its
25 opposite end—not shown—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



- 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- spondi ng threads 130 on the outside
of the |l ower portion 122. Although the materials for the nut 128 and the
| ower porWOd/4863% can be any of a wi de variety, preferabCyusésgscsar e
fabricated fromnetal to provide a strong. repeatably engagabl e assenbly
of the head portions 120 and 122. In the preferred enbodi nent. the
threads on elenents 130 25 and 128 are relatively coarse. to enable

cor r espondiingimal teaAseikewayswabhypassade 326 abeenbINGol. tThebasaslepsntsi ons 120 and
122 from each other. for servicing or _other .14 WD 01/40646 PCT/ US00/ 32865
mai nt enanc &< PR 161 PEPTIRRpY fPrivash fospny syiably sprpedngrial) althoughy
relatively, eas] _ I I fiuid A&, dpper  head
portion 1281 631%%{05%% %@ggﬁga%}gﬁg?oﬁ%{hgs@% 6%%%7 ?l? Fﬁﬁjzéé Isgllugﬁn# fornmed or
fabricated eiﬂo@éﬂt@tﬁﬁhﬁé@rdﬁb%@@aékﬁva}%%&ﬂ( I'Pos@bn foatihadlk fiA@RtI@kIad . AS 5
expl ai ned herein, this nonolithic aspect permts various structures and

el ement s t d9band Inciospiorhat B2 aid 11 82tHIGS] hewd 1. laee ineferdbly progided omttiec h
contributes to the aforenentioned_ . benefi ﬁs of an i r;pr oved subject fluid
fl ow path BWWNFBUUGWE HermbRies- &9 fastitan e §rd peatonR! M YHEMddnnect i ons.

Anong ot her, things. the nmonolithic elenent. el ipncl udes 10
therein an’fPEIETTY FEPALT GrPORR n|h;n0e %‘3?’%@“"2@@%‘%?@ S%%@ (see FIGS. 3
and 4).  TResyal MG ak4fosk SsiRf SHRAERLY @itk 082 WA IY BlaVRnsdiBipFed i ng (as
descri bed above) selective flow (1) froma fluid source connected to
dnlet 12 t hfidoigghhitpefarably enold Ovithohe pifion pudgpitang tiehedivher 18, and (2) from
't he punping chanber 18 up through the valve 140 and_ subsequently through
the #81ter 27. In thempreihemapy smde fERpdmepty & e daphrremAsaund 40

includes s g}rﬁrzgnsaa%g gr?&n%en%e‘:n@ slir?iglarttg tﬁo@g‘ hiuq's{rgtg gl%ﬁedaf(l}r@mgmsohef I-aitggrrég 2 %IP'

the aforementioned 5,167,837, 5.516.429. and 5,772.899 patents. Integral
passageways for the actuating fluid may be machined or othem’i;se provided in the
base 161 in different directions. such as the example shown in alternative embodiment
15 of FIGS. 12 (illustrating such a passageway 255 for actuating the slave pump) and 13
(illustrating such a passageway 226 for actuating the master pump). |
The upper head portion 120 and lower portion 122 can be maintained
in operative relationship with each other via a wide range of mechanisms. Preferably.
a threaded nut 128 is retained on the upper head portion 120 by a retaining flange 129
20 seated in a groove on the exterior of the upper head portion 120. and engages corre-
sponding threads 130 on the outside of the Jower 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



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. Al though the
preferred enbodi nent of the invention incorporates an integrally forned
t hree-way_v. Ive within nonolithic elenent 120, alternatjive 20 enbodi nents
of the i nVeMt*8H nmay utilize alternative valve structurBSYORHE not
utilize any val ve .device. For exanple, one alternative enbodi nent nay
utilize a check valve; simlar to Check valve 49 descri bed el sewhere
herein with respect ,to slave S ned the fluid flow
path bet we KPR Oﬁleﬁ’isﬂ PRERBIEAY %har}ba € t%gaasﬁssg aé‘?rseglﬁ‘s’agfa 5t i nary
skill in thg fﬁénﬁhﬁﬂm@ﬂgggg&gte- t he check val ve 25 woul d act to permt
the subj ect fTUid to flowinto punpi ng chanber 18. however would prevent
the fluid from fl owiTg ubpebeidpatich Heldl puifetalsp uorsenudemanoliitg: f or ced
from the punping chanber 19. 15 WO 01/40646_PCT/US0Q/ 32865 .1 n any case.
the prefer etsgheny fogmpdfor &hflﬁeég%@@mfarsmﬁqm@eﬁﬁ ‘%‘?8) eharHiE Ay igdofiSi t s

"di spense” str.ok th tantlall yer t| assages 22 and 23 in
the Ponol EHGE e AT S0 R AR e R uRS RO R RE I W1
Understandlﬁcpg)%r Lty \fie g@head élh%th%gﬁtgs&e&% Mo@%en%gdt he ot her
el enents pre l'y prgbl In t e nonolithic structure 120 can be
for med t hemendiys aABy inspibdcalligcerERNGlow path wel guday nambdriofiborgntiallpor i ng.
cutting. or otherwi se form ng the upper head portion 120. By form ng those
el enent s inmegn@ﬁh&cmhmhﬁmhe head portion 120, the material of the head
portion 120 itself replaces vari

t t hat d
art devices, and 10 ‘HPEteBIkney |“i“ﬂ°8g‘ eérlleglg meQ‘ffﬂTalbgeagF‘Fe%\?v p:a'?hpglsor
conpaged t (i’hePJu'x g{iggg{aln 9@}4@%&} mia%ﬁrlie%uaﬁe%seﬁlgﬁ k6 efL B S vplivg assenbly

140 are illustr

The valve 140 is preferably a three-way valve, permitting (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 subseguently through the filter 27. In the preferred embodiments, the valve

15 means 140 includes some aspects similar to that disciosed 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 flnid from flowing back toward the fluid source when it is forced

from the pumping chamber 18.
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- whi'ch the subject fluid is drawn into the systemthrough inlet 12. As

i ndicated elsewhere herein, the fitting 13 (simlar to other fittings
menti oned herein) preferably conprises a non-contaninating (e.g..
Teflon(r) or Teflon(r) -coated) flared fitting. 15 Flared fittings are
commonl y wgdiddéde t he sem conductor industry. Typically. parmdéoszsgsgch 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
t he nut hol ds the flianedcdselbhagefeirad fabiddlewipassas fealthaygmphathamhahi p. 20

One of the many enbodi nents of this aspect of the invention is
i |1 ustrated8 (a8 i "dspape” sigokeihepgbgamiap vatiop Paysases Ad 22¢ #3 Wdhbor t ongue

202 that fits ..in se ng relationship into a correspondi ng groove 203
on the hea@oﬂ%hlf\ﬁ%mfﬁ dad 220 corresponds to head 120 in FIG 3). In

the enbodi ment of FlfGohlor dltBaisBRS1R Ak Wil ubbidrbtsdd BhGkk @ abegral |y
formed with a retaining shoulder or plate 204. Screws 25 or bolts 206

(FI G 59) othegafiegestehdUR aah heappatiaberss perdbestotidedinfthembigitfié t ting to
the head 220. In the preferred enbodinent. the preferred Teflon materi al
of the headmznge 1¥orag badirmed shird By aam duifadjs raemng. lepiydipgebymadinng.s t hr eads
directly (EUCh as.woul d. occur, if. %6 VO gl/ 40646 13@743” 00.32865 screws
206 were t AFFEICHIHR LT PYSTAFEIOTHYE FRPPISH PRI 148 BR NG Eyse

Accor di NGl Yieme Q0 Gyiddral A0Kith hOHSd98dich Thé thd e AhI®r RleRh PG a0l es 208
(which holes can be "blind” or ‘drilled through the entire head 220).
[Persons of itefdtpladey vakdus cdniedilons akidt ward dsed Lndier aitdedcdshald ei t her or both
ends of the holes 208 will be visible fromthe outside of 5 head 220 to at
| eastio sonme peégptiesinpbiigahaiublasofliih o methiss cewpRoBto Arsart d¢viggst he r ods

207 and rantpulatl g, LHoes,ods, 55, EXELALAES el oy Lo, snapge e bol s

the integr @Jhicl?fﬂ\’&'a%bject fluid is drawn into the system through inlet 12, As indicated
elsewhere herein. the fitung 13 (similar to other fittings mentioned herein) preferably
comprises a non-contaminating (e.g.. Teflon® or Teflon® -coated) flared fitting.

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

20 One of the many embodiments of this aspect of the invention is
illustrated in FIG. 12. which shows a nipple 201 having a ring or tongue 202 that fits
in a sealing relationship in-to 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
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val've. Additional holes (not shown) are bored into the head 220 in a size
and location to permt bolts 206 to be inserted into, w thout threadedly
engagi ng, the Teflon head 10 220. The rods 207 are preferably manufactured
fromstainless steel. and contain cross-drilled and tapped holes to
accept th¥ORAEE used to secure the elbow to the |id. PERESWALEBI t he
bolts 206 are preferably positioned to engage the cross-drilled and

t apped hol es provided in the rods 207, with the threads and the position
of those holes in those rods 207 sized and |l ocated to correspond to the
bol ts 206. s&&ws B werk dappes] deccty imdpge ¢ ghomymaieid @hbred Py e digsgféreind
tightened therewth. , 207 _al. r . QFr. pore slots
or other stPUEHTUFE r%dﬁgt%ﬁgflngz §° %rgwﬁ %}a{% }i% egggéz)é’ﬁn%lg% }/egtcgrp%d%h\r}\? thin the

hol es 208 By 3 @iSGh@Wel i 8hirehedd@0]. 1 BeBsont 6f di@hRyakilignueRd vangage the bol ts
206 with the rods 207. and thereby tighten the ?lttlng onto the head 220.

Anong t he nmdystald iestribéroe bomtthdds tiafhokist288 hite b visibie fiosn homatidaes 20

useful to allow the nipple to be rotated or sw vel ed throughout a conplete
360 dégr ee headod2811p airieasergmeecdearer JoipAmEbpRIngakg kdesiP-Hossripewhs ot i ngs
attached t r fornmed. with the. nipple .. To_provid rotatability,
a split ri %89(5'38{’1&5'1?8%5’3 @psesrpﬂﬁ Efsﬁgﬁglﬁ’ﬁ%g%?w-{%?%ﬁ%etth? g"lggﬁgbe provi ded on
the exteri @ferQfih NG fal bé BeRAor LRGN BY (125 hie BIUhvEr (BE BRMSI 3Q0ayP at €
simlar to plate 204 can be provided to engage the split ring or shoul der.
The 25 sl eedee.ondfitiai hsliedinbadhotva) pt bired 20l the hrad 126 M bezengdgadowi t h t he

head 220 as described above, and the sw vel adjustnment can be perfornmed
prior to titgptreiibels 2éfeto bserseniz! iplo. woheu tpggedipenggpmpdpabifiondgeh after the

f (r:urae\garrgir nggéth ]Pﬁéﬁré’ﬁs %@gﬁrh%&g %biéﬁﬁ?qvip%?%é‘ﬁggégﬁapg%é %%7'5‘:8%’ églgtgmq-urgnlto e:)tT rr:)i ng
o o eSS Y B My 8 SRLY B M pRSE 02 of 1
conput er -  The end of the bolts 206 are preferably positioned to engage the cross-drilled and
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. 1o help align and engage the bolts
206 with the rods 207. and thereby tightén the fitting onto the head 220.
Among the many alternative methods of attachment. it is sometimes
20 nseful 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-plate 204 can then be engaged with the head 220 as

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

screws or bolts 206. or preferably even after the screws or bolts are tightened.
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controlled air actuation, not shown. pushing on the end 144 of plunger
assenbly 142 5 through the opening 146-see the discussion bel ow of el enent
246 in the alternative enbodinent of FIG 10). -In the preferred

enbodi ment,  the air actuation of the plunger assenbly 142 is preferably
control | eWOWy44di aphragm but. alternatively can be coPE¥asohesedy

pi stons. Indeed, an actuator (such as a separate rod or plunger, for
exanpl e, not shown) or other mechanical structure can be provided to
actuate the 10 plunger assenbly 144/142. In any case. the actuating
pressure nust over cdivpetmhietheppmping chamise 1 &jcelilt wilh bypcesp dluiig far48bseand t hat
spring 148 keeps the valve 140 in a de{(gult Pr sition of eHEittti ng flow
fromthe pG¥es PENREREIRRED g e plole By Steme L Vet Rl PABSERSIHEY | r 27. By
depressing,th r 142. a 0 eSS he-:spyr fluid flowis
permtted fkﬁrvelﬁzgkkq]’%gel?rﬁ S%c% m? %b‘lﬁﬁfg@ %Zéﬂsahrggluéﬁleﬁlgg (l\\/’%%to}]r@glicrchannel 22 and
15 into thg, WA H8cahasheb: sh8wn \Wishnd Betpes 84l & phtmstielseas@difr om t he end
144 of the plunger 142. the spring 148 forces the plunger back into the
posi ts on shoewehitre dpkGng 446-—mertim discussgprt e vadicdasal Hofih gicchliewanymi cat i on
fromthe pungi ng chanber 18 thro?t;gh the valve 140 to the filter 27.

Furt her enambedigent o ELIG, 4P, dn etnreires santorwossh e asfotiod fiBS - shaped 20

e S B A I . o, 2

to the cr ( I ne erera € passage 152
opens t owapd.i81e Mivei€ns23nRBE ah 3KSodbudhlabn scharattol 8r pliepFSSage 154

opens in the opposite .direction (away fromthe viewer, or toward the
"back" si dexaafpld-héh sh@¥n) of bthepmedranicadirkirchaeyn beshrapés! @52wuandhel 54 enl ar ge
what m ght otherwi se be a constriction in the fluid flow. 25 inproving the
per f 67 nanc eluogerpssembly Stdi#2.0Olngen stsal the 2@ptng BYSERTANEY OVi e B&pect to

U NIRRT 20 AT AN
the "dis PeRSHut ]%sfﬂ%h Bf Qé(nngthﬁg 11d8 from the pumping chamber 18 through the valve
140 to the filter 27. By depressing the piunger 142 and compressing the spring 148.
fluid flow is permitted through the inlet tubing 12 through the vertical channel 22 and
5 into the pumping chamber 18. When the pressure is released from the end 144 of the
plunger 142. the spring 148 forces the plunger back into the position shown in FIG. 4.
permitting the aforesaid fluid communication from the pumping chamber 18 through
the valve 140 to the filter 27.
Further enabling this valve action are the preferably kidney-shaped
20 passages 152 {shown in FIGS. 3 and 4) and 154 (shown only in FIG. 3. due to the
cross section location of line 4—4). Preferably. the passage 152 opens toward the
viewer as one Jooks 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 wili understand that the “dispense”™ stroke of the



WD*01/ 40646 PCT/ USO0I 32865 first diaphragm 124 forces the subject fluid
up passage 22, through the central space 147 not occupied by the plunger
~142. into the annul ar passage 149 and thereafter into the rearward-facing

ki dney- sh ning 154 and up through passage 23 to the filter 27. 5
For appllggypgﬁggln which the subject fluid is to be fi FEEPS®528Re upper
head portion also preferably includes an integrally nolded or nmachined
filter housing or chanber 160. The chanber 160 preferably includes a
renovabl e Iid nmenber her ccess to the

filter eIeﬁﬁ%?mﬂwaI?érgéﬁﬁﬁgﬁtﬁ@ggf@ﬁg?ugﬁ%g%gﬁ%goﬁPaﬁ?ﬁ F%ﬁa “4nd ot her
benefits dj ﬁ%%g&gﬁ%‘é't Jm%ﬁz%r |40 R Sl B Bads e als Qndlt%eﬁﬁﬁécr%{t@bl y

manuf act ured or ricate roma nonolithic block of Teflon(r) or simlar

material . AR QrivhlGa@fie Bifel Arpsdapkiing 1 eadsp t66ughpapref Bralhey provi ded
between the |I|id nenber 162 and the upper body portion 120, to prevent
| eakage at fiftydX’. joint. A nut 164 (simlar in concept to nut 128 at the

| t f the fi t t.h dedl ttach
| puery extert o of U, Lot PUTP. A9, T2203) gl ralun i eaged! y ot aches
via relati Kg%iﬁoﬁ%% RS «%&gﬁg%c}dd@s ﬂ?erg{a&l &E&prﬁaﬁ{hed'mf: %ﬁgseal at

t hat j oint to extend t e joint and it

conmponent s or éﬁag;bsmﬁglf‘rﬂe Eifaniber f &1 mbepbB 1ﬁ:§)ud‘e@ﬁ madwﬁmemi pRippr Ry | ene.
Teflon(r), or sone simlar plastic material. Anmong other things, this

ensur es t hat pathe nlairfighacde driogher tdresdd thedititet Eﬁatleqt 8)7 nlforlcsmpmg?eS' andhan m ght

occur if, for exanple. the nut were forned, of hereby "at e"
into the c@ﬁﬂ@gﬁéﬁﬂpﬁﬁﬂm%ﬁﬁdﬁﬁ¥PmFﬁFéﬁﬁgﬁ?%?%%Hwﬁﬂ‘ &33@ 5359dy portion

(1(2:gr H‘Lgnggl r natlgagu ”bof%l rg%lp OE? &‘%%}n@ %f})ﬁlﬁéﬁ;ﬁ%}l t ﬁg@%g 286]’ i es
nunbers in maFeanS Ar?li)lfﬂm@@&%n@r §alamxd RAbark Q66 BIRIAERN6Rvided bheeenl@®9 nunbers
in FIGS. 1-8) extends
lid member 162 and the upper body portion 120. 1o 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 jointand 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 eccur if, for example. the nutr 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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25 'downwardly into the chanber 260. The Oring 266 can then be positioned
in an outer annular channel 256, which can hel p prevent | eakage (as
conpared to the "face-seal"” configuration of the Oring 166 in FIGS. 1-8)
if, for exanple, the entire Iid nenber 19 WO 01/40646 PCT/ US00/ 32865 262
and nut 28Q0148¢¢pve" vertically upwardly during pressuriBA3VGSg#32865 t he
system The |ikelihood of any such novenent can be affected by. anong
other things. the material fromwhich the nuts 164 or 264 are forned
(plastic nuts mght pernmt nore such_ "mpvenent"). 5 The filt el enment 27
can be any262and aw|264 move versatlaunyirdy fudng RIESHEAIENRGFER JRC Among t he
many suitable filters 27 are ones .manuf act ured 1L ]i par porati on.
under t he 'Belbrpd L ARSSISH FONFEREN Cﬂﬁ%&gﬁé&m f’*f%“ﬁ“%é‘}’?%lh%%%(“gaé%f og nunber
DZUP CZI _ j 1hsGa btk Qe yeRer mMEkteh 40H P 1).

Pr ef er abl ;%3,?%@%}{%{%59%2%26%;%%8% |y posi %i gned within the first
punp 20. 1@ndvhmsntreducing the overall length of the flow path of the fluid
or at |east the nunber of connections required within the flow path. To

provisde the desir ed Thohlerclament Hatanhg anpaiipble flircacdia gany syielE 27 s
preferably coated or fabrjcated fr TeflLon(r) or_siml|lan  material.
Fi l ter 27 Go8Ugraidr dBPsped W&“ﬁtﬁﬁ%%t?%??f“%eoz%su Tnéjtatmufel Wd as it passes
L5 from t ne st 68l RBR A0S Aluhl Aufdk Qi PRI neXbé PASRAGAAES forned in
the lid menber . To ensure desired flow fromvertical passage 23 into

the filterghaphemnbedhErUP OrEK €Y snadv gepad Meatridea dautbgsiumhe WGFGOr e rai sed
portions 170 (see FIGS. 3 and 5) to space the filter elenment 27 off the
bot t om of 4P Praferaldhabbiter neang ihintegralhosivppsd within he frsvgmB 227 does not

G TERE IR MRS RUN T E N e R,
by connections required within the flow path. To provide the desired non-contaminating
performance. the filter 27 is preferably coated or fabricated from Teflon® or similar
material.
Filter 27 is preferably adapted to filter the subject fiuid 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 enibociimem 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
irito the filter chamber. the preferred embodiment also includes a countersunk or

tapered portion 24 (FIGS. 3 and 5).
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"l eavi ng" segnents of the nmonolithic block 120 during machining of the
filter chanber therein. As illustrated, four such portions 170 are
equal |y spaced about the central opening 23. although a w de range of
ot her suitable configurations or other elenents (not shown) could be
used. 25 WB%W#¢her ensure desired "unrestricted" flow J5HERNEEES cal
passage 23 into the filter chanber. the preferred enbodi nent al so

i ncl udes a countersunk or tapered portion 24 (FIGS- 3 and 5). 20 WD

01/ 40646 PCT/ US00/ 32865 wi th fhe passages 2 n I upper body
portion 120. the exﬁﬁ“ﬁ'&é@%&ésa%%#aﬁdtgﬁén |&p%%%%%rp%f@ lczghthggm ormed or
fabricated in any-.suj belBGh i B rdkiid hiaRgsblsi M | ar

machi ni ng.paﬁ%e Béé;s@g%eé}?éi%%n%ﬁ% ens ea flowr pgth through the |id nenber
162 for thgasiebiimeldifd dtithe cdBhiias matithep alfhypoogn et pdvide Flen el bow 167

(persons of ordinary skill in the art will understand that the exit
f1 owpat h cpath theoughyhedidimenttier 1 gPafohthe isuieqs flsfde pagys prefrsdly sropecdidigct the flow

downwardl y). Although the various. fittings.and oth C gnents can be
asserbl ed amedbexatly GEHAF Ofﬁr%%?’ %&1{ ’f‘é’taff %rgwgﬂ'ﬁ%ﬁ&a%g%?tet g?’?lgd met hod and

structure for ny ,.of ' ilebUpd it ed in FIGS. 12 and
13. and as %l&agf‘?%éaa@f %@\a}mgF%ﬁ,ﬁd&?@@%&ai{l%d%@ngﬁtgdlgt her things, those

Figures i |Jid+§¥w“a?&l?. Rusbed Bevaidaahmpais aherfebhbinegs cani tehissembidde syst em
(such as el bow 167) to various Teflon conponents (such as the ngjor

"bl ock" el ereeit ahdrabuiycattahie hewomnr. Fofdfomyd mathed a1dlsavetare forjimany 0bther abl y
connected at its other end to anot{/}er dgefl%%ﬁ f.l grg f{]ttijn 168 and
tubing 1692ttaghentnis feo HivpERteha MG clsid gant A8 CBFVETe %Ig/‘gtem 10. as

3 o4Eocs, SLeSMALS, DLl TR DRclgl i baipradt ol ghuigac o {rom o
pref er abl y . REQLPALAL KSR WEN tokali¥E BERARBMYonents (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 clsewhere 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 pom
in the filter chamber (corrésponding alternative elements 236 and 274 are illustrated.
for example. in FIGS. 12 and 13). In the preferred embodiment. the vent valve is all
20 Teflon®. and is a two-way. normally closed valve that can be used 1o selectively vent
gas from the process fluid. One of the many valves suitable for this purpose is
manufactured by Furon Company (currently doing business at 3340 East La Palma
Avenue. Anaheim. California 92806, USA. which is the same Furon referred to 1n
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 conaecting this vent valve 10 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



36, FIG 6. operatively connected by machi ned passage 174 to a rel atively
high point in the filter chanber (corresponding alternative el enents 236
and 274 are illustrated. for exanple. in FIGS. 12 and 13). In the
preferred enbodi nent. the vent valve is all 20 Teflon(r). and is a

two- way. WOOh#le#ey cl osed val ve that can be used to sel guiliussigesesent gas
fromthe process fluid. One of the nmany val ves suitable for this purpose
is manufactured by Furon Conpany (currently doi ng business at 3340 East
La Palma Avenue. Anaheim California 92806, USA, which is the sanme Furon
referred t gasiinlikedy foerenphirongh pdssaghil ¢4 e passigstZ/ 6 i) the epbpdingertof Tt-rat ed in
U S Patent No. 5,575, 311. 25 Persons gt,o&dhgar&bslﬁiklb in the art wll
under st and | PRACPRBFMEIRT MEerorniE pasiee AP Jeht 69 BeRH; I§APCBHEIGHE 6t hi n t he
system pernits the ve I : - g i.riakl e gases
hat may. bEeRer e e HEE R o7 A9 (B e BEPERERT oh %21 o

01/ 40646 PGTLUION 132868 10dRSotSrehitiRbshot 0657t thi peftrghenaaibage ol 74 (or
passage 274 in the enbodi nent of FIG 12) as opposed to the nore central

passage 16Hheiimvehtien. kiedalve iderordfizallyechutd by e ryaw corfedlsr andtis Wve t o pass
through the filter elenment 27 in order_to get to e 174 (in

he pass
contrast torogerimayle dn addiden- ths valva dyprefseblygad 59’6’5“?{13’ ‘Pﬂ?g‘f%i'-!g‘g}f SRy ed
enmbodi nent .of 5 the invent.i an. the walve | . | t d by the
o Cont r B eRnigor S5 e MisploBE kol choy AkTRmE fidaBE R, O

preferabl yoﬁ@xd?f{sé’&}ngg! wnpfeﬁﬁ@f@ragiytimcie@iursm? 37th@rdhegi ARistgnerbend of the
cl e

filtration cy for a short period of tinme (preferably on the order of
;seconds) . Vafth i@ 6elipf plenahiay be selasldmgat o pisb figieBdh @npdates] atwdr adj ust ment s
by which its relief pressure can be set. enabling it to also function as
a safety valligbvabye 1o @nyueg thatfthy pressaretos tehabicst fddoct A HFEd 8GF & BN t he

the 1111 er RePefoRPOPaIBR e Eroguan B ee i Bast Bebt Fons i n whi ch a
second punpi ng Meansgd §pﬁﬁ§éi6m§% whiek a second pumping means is desired (for

example. in applications such as some discussed in the aforementioned U.S. Patent

Nos. 5.167.837, 5.516.429, and 5.772.899). a slave or second pump member 3{ (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 mechamsm.

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



exanple. in applications such as some discussed in the aforenentioned U. S
Patent Nos. 5.167.837, 5.516,429, and 5.772.899). a slave or second punp
menber 30 (FIG 15 7) is preferably provided. Many aspects of the
preferred punp 30 are simlar to those of the first punping nmenber 20

di scussedwibmseeds i ncl udi ng a punpi ng chanber 44 havi ngrargsapkssagm
therein actuated in a precisely controlled manner by a stepper assenbly
(not shown in FIG 7. but illustrated in FIG 2 as assenbly 190. which can
nove actuating fluid through port 55) or simlar nmechanism 20 The sl ave
punp 30 camecteeps plinPNEbandrbOdeink debswarialbt veriahl (aotdticonBaving t h respect to
the master pu 20, but is preferably sufficiently "high" that the fluid
flow path traRs Qe @Ry CHBHGRGHhERH)- nBO PeditperaREr R al hespEt0 and 30.

. Among r. things. e.tubin ef er ab oes, not travel
downwar d| yqﬁ SOPRETE 5V asr‘rtﬁeg‘gmgltyc?ﬁ? nfl?cs?ttlh%ﬁre%er? © tro”?ﬁlg 'second punp
30. becaus . ¢ toSRtH @Rer 38 8esMit: at section
of the sys?e?nﬁlélﬂ(%tﬁaeArn)\rgH]}l\A@j eoangérébﬁﬁ%?f‘%ﬁ |0ve &nbodl ment g}d(?er%? shown). the
secongl punpiS9 1cedbd even be positioned "directly over the first punp 20,

resulting in the tubing 169 or other passage or connection 22 WO 01/40646
PCT/ US00/ 32865  bet wEersiavh eupnAp grefgebine SWWI@%QP&WQYE{‘PI}@— vertl caI

dth t k of t .t
aci i (at o WERAFBACPE el e eeL RGO TSVET T BEUET TVAE | 8 assenbl y
and mai nt en nitle{for REGHELS fﬁga %Qﬂc@@%ntanﬂﬁﬁioﬁ'a@@ﬁcﬁs% eis!eﬁrﬁére purrps 20

and 30 with"respect to each other as best illustrated in GS. and 2.
The sl ave puRp. 3%rouBll &f @bhath istiiled eSotheriizg olachihedorfpipead upmemppaa 42

forrred of Teflon(r) or simlar material, whose nonolithic nature provides
sim har  oppoiotdhianid axivdes a subpreonedid vEitios rassdza Bdaeed 2eghtrandsaze4d’on as
di scussed e'l"lhzsltepva\@saoe 47 preferably receives the fiuid flow from tubing 169. after it passes
through a preferred further Teflon® flare fitting 48 (or other non-contaminating
connection) and a check valve 49 integrally mounted into the upper portion 42.
Among other things. the check valve 49 is preferably formed of
15 Teflon® or similar non-contaminating material. and prevents the pumping/dispense
stroke of the pumping chamber 44 from forcing the subject fluid back out passage 47
aﬁd toward the filter 27. Instead. the check valve 49 causes the pumping/dispense
stroke of the pumping chamber 44 to force fluid further upward through passage 45
and thereafier to elbow 31 and Teflon® flare fitting 32 (the comments above
20 regarding etbow 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 numbgr MCV 246.
For strength and economy, the lower portion 33 of the second pumping
member 30 is preferably fabricated from stainless steel. alumimum. or some other
25 metal. and the retaining nut 34 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.



herein. Preferably. a tee path is drilled or otherw se nmachined or forned
in the upper 10 portion 42. and includes a substantially vertical passage
45 teed to anot her passage 47. That passage 47 preferably receives the
fluid flow fromtubing 169. after it passes through a preferred further
Tefl on(r)Woloas@46itting 48 (or other non-contam nating PEGHEWEEIHN) and a
check valve 49 integrally nounted into the upper portion 42. Anong ot her
things. the check valve 49 is preferably formed of 15 Teflon(r) or simlar
non-contam nating material. and prevents the punping/di spense stroke of

t he punpi ng chanber Asinficsrd fbore ithegliphesed Bridat fubie 4o parikiebly drassage 47
and toward the filter 27. Instead. the chec rVFIX§149 @guseﬁ.tﬁp

punpi ng/ di EHEHERYCT ERGRK BOBFORRHBIY G5 “CRAABe oA ME FERERY i d furt her
upward thr h ) I - lon(r) flare

5281'(’1?(}’%@0?%%”@%% si's el%n%?lg‘Q%hW@ﬁf:ﬂ ¢ sxt.llge | RV be 84T

fitting above 20 ‘regarding el bow 167 and fitting 168 on

the first guRGiNBIBEHURE 68RPloYreWishEnsed Uk sudseseer ftherel bow 51 and
fitting 52). One of the many suitable val ves usable as check valve 49 is

current|y mirdedtcednibyhiblor deviesintphesss (peirshowiuintie theppjerzggmbpdmest r engt h and
Dt of or abl yibe 4554 Bt BT PO LarACES B Goror S R P BP BB ot her 25

nmetal . and the, r.et.ai.ni-n . i & lsl j ; i . al . Persons
of ordi narY/alvesﬁlfol\T”%lnﬁhfsﬂgﬂﬁéif‘g %e{nﬁerggg%ws% gtrtl%ﬂ %&%@éﬁé %ﬁ;@tﬂgﬁy of a wde

vari ety of ,BRb@hdidhewme 30t MBstraua8a Fim18) AekeafelepERMIINgd Word-hout departing
fromthe scope of the invention. 23 WO 01/40646 PCT/USOQ 32865 As

i'ndi cat ed ednowrEnattigdefosPdasditodesf [t drovast whiengeans9? greferablyds abl y di
rected to yet another non-contam nating thr ee-\ggg/, \é,al ve ot shown, but

gr apHi cal | §ero fispiacameat wive kit ngpeed U IRERI9g9)s ABRIAGHAMER" e subj ect
o oan Bvaf ity S Ying e RE. BRGSOl Lo iR GESr RGO O
reduces or eliminates the likelihood that operating the valve will displace fluid (such
as displacing it from the dispense line). which displacement could adversely affect the
accuracy of dispense or other aspects or performance of the system.

15 Persons of ordinary skill in the art will also understand that the
alternative embodiment of FIGS. 9-14 includes further benefits. Among other things.
the second pump 230 is slightly higher relatively to the first pump than in the _
embodiment of FIGS. 1-8. and the tubing 269 between the pumps is provided in an
uncoiled path. The various fittings on the pumps by which the subject fluid enters and

20 exits the pumps are redirected to facilitate use in possible alternative locations and
installaﬁons. In FIG. 10, a fitting 246 is provided to facilitate the air actuation of the
preferred integral three-way valve.

FIG. 14 also illustrates preferred pressure transducers 285 and 295.
associated with the first and second stepper assemblies 280 and 290, respectively.

25 Two lower units (shown as elements 293 in FIG. 10. and corresponding to upper units

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

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

24



. 5 mcroelectronic chip or device-in-process (not show). In the preferred-
- enbodinent. the three-way valve 99 is a stand-al one valve (in contrast to
the integrally-formed valve 140 within first punping nenber 20) and is
attached to tubing 46 and a return tubing (not shown. but illustrated in
FIG 8) WR%4*af or enenti oned non- cont ani nating Tef | SH{ESYEFe
fittings. The three-way val ve neans 99 preferably is a 10 zero

di spl acenent val ve, such that none of the subject liquid is displaced when

the valve is _actuated, As i.ndicated aboye- ng .ot her things, the
preferred ¥4l \?érSOP%‘éﬁPé%‘Ea%Fk‘gI“i‘ ﬁﬁtwélguf‘%éﬂ‘i"ﬁ&%t ?hﬁng'@g‘sdf]ﬁeé? #¥perating the
valve w Il di-splace ' : [ [ Ind feOhaf i.sgense line),
whi ch di sp‘fogckz%lrlr%%?o %&%%hg%rg%g%é%f@?tgg £ gtg%lﬂlt%k%% %%tgurcg}{:% \t(}]?ﬁrgt: spense or

ot her aspegtsdfiesper B Es00ind Db asy Shemit shine Res oo tomotli nary ski | |

inthe art will also understand that the alternative enbodinent of FIGS
9- 14 i ncl utleshafiiamt(wbichlsempitbt@ntrdlmpprgfeoabhieeapeii¢ pigpsnsingtand opeeidned punp 230
is slightly higher relatively to e first pu than in.th enbodi ment of
I OS5 e 8, OB REA IRl BE% BEPBURHt B BRGEeTs S GPaRtor £ an
uncoi |l ed path. The various.fht#] : Wi subj ect
fluid ent e?vkdeé’ﬁrdQ%By%lg( ?Sgg‘t] %%@%E‘@?é@%&?@% ggyr{ﬁgﬁ?%%id}a?@at e use in
possi bl e alLefinaf ir¥@uleOfalchpshanda fdrnstadlingdriréinglife FlcB(sudas & fitting
246 is provided to facilitate the air actuation of the preferred integral
t hr ee- way mahiweing BheGiltet freatusoor differettimbprssuprasfosy the dligiexaiipong hansducer s
285 and 295, associated with the first and second ?t eEper assenblies 280
and 290, r&&Es PrOBIE.Or S5 ST HIEEE CXFh ‘c“é“g's% used FQrPAYARRRAPTRESS | n FI G
10, and corresg_onqii rh%ﬁ%uochlgrger units 283 in both FIGS. ‘10 and 14),
reprE’sent tEOdet Y ol assenbly. but as indicated above. are not shown
in FIG 14 to perm tT}Q%bﬁzﬁﬁtué/&ﬁ%éﬂﬂadQBfhl'?&n\tcﬁ@diﬂiiu&&reﬁ d2RBbankith 24 WO

01/ 40646 PCT/ USOQ 3286 .
some particularity, but the specific designs, constructions and steps disclosed are not
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.



295. Persons of ordinary skill in the art will understand that the
transducers are configured to sense the pressure within the actuating
fluid on the respective first and second stepper assenblies 280 and 290,
and transmt sanme to a conputer control nechani sm (which conputer contro
‘is preferably capable of sensing and operating 5 other inputs and aspects
of the assenbly 10). The transducers can be utilized for a wde variety
of purposes, including (without limtation): nonitoring the recharge
(negative) pressure; indicating the need for servicing or replacing the
filter (such as by nonitoring the filter pressure or differential

pressur eClamrsoss the filter); nonitoring the dispense pressure or the
entire pressure cycle (which can be used for advanced process 10
control): and other functions. The apparatus and methods of ny invention
have beeh de§tn@ﬁ§dEﬁﬂﬁﬁmﬁ@éﬁwdpéWFmﬂﬁparlty, but the specific designs,
constructi ons;2ndisd ARG s Qtl%ﬁﬁﬂeeafsfealmibme% &oRea paks nur@‘ﬁeud aé;bdmfng mgicof

the i nventi on. Vi ous m) fications will nake themse \

t hose of substantiallyyireskef| air Ptﬁbbé%m&w'%%movw Tl EFeURN 3 'lﬂ tpa awg C}lgy from

the essepcen Rhpihd teafy @R i205kcBAE painbing Wedbne hangem BB dirsTpdinbingahéansarar e
i nt ended to be enconpassed V\Athl n the appended

met hod o$EcQBY AT 305 S 1Bt i CQWHE;"“%@B%ﬁn? th@ ﬁq.upa’g’sﬁb§ﬂb§ﬁqt@ﬁ| y
free of gidsishinad|patd @gtRe MURIPlowshBFRIGR telefiost punmgnd msads asdlibé asteral | y
free of air bubbles conprises noving fluid through a fluid path provided
by a fiPYPPBURSARY means and a second punpi ng neans, wherein the first
punpi ng means and second punping means are in fluid conmmunication and the

fluid h ti-al falui
t hlr“ougﬁa hel ?Tf?uFI%Eh%'a dfaclé |¥ 1 mﬁélrﬁ{h{%ﬂ%&g‘)% H’lﬁ%ﬁ%r%ga rﬁtég:’r]:ugr.nfaln@%ad,

the first head mciudlng a flrst m‘tegralky formed vaive.

3. The method of ciaim 2, wherein the integrally formed valve is operable o direct a fiuid

in a substantially upward path toward a filter chamber.

4, The method of claim 3, wherein the filter chamber is integrally formed in the pumping
head.
5. The method of claim 4, wherein the valve is formed at least in part of non-

contaminating material.

6. The method of claim 5, wherein the valve is constructed of Tefion.
7. The method of claim 4, wherein the first pumping means is a diaphragm pump.
8. The method of claim 4, wherein the second pumping means has a second pumping

head, the second head including a tee flow path coupling a pumping chamber to a dispense.
8. | The method of claim 8, wherein the tee flow path is substantially consistently upward.

10.  The method of claim 9, wherein the second pumping means is a diaphragm pump.
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2. "The nethod of claim1l1l, wherein the first punping neans has a first
.punping head, the first head including a first integrally formed val ve.
3. The method of claim?2, wherein the integrally forned valve is operable
to direct a fluid in a substantially upward path toward a filter chanber.
4. The nmethod of claim3, wherein the filter chanber is integrally forned
in the punping head. 5. The nethod of claim4, wherein the valve is
formed at least in part of non- contam nating material. 6. The nethod of
claim5, wherein the valve is constructed of Teflon. 7. The met hod of

cl ai-m 4, mhereln the first punping neans is di aphr . 8. The

met hod of Tl aﬁrﬁ%’“ﬁf\‘ﬂﬁ‘é%ﬁﬁ'ﬂ hevhssen e pRAPPH Hamﬁ’é‘ér{geﬁﬁgés O%%E‘Sﬂd’bﬁ\(ﬁﬁﬁ?ng
head, t hejrsigamipthdeashs ncluding a tee flow path coupling a punping chanber
to a dispense. . The method of claim38, wherein the tee flow path is
substantially consistently upward. 10. The nmethod of claim9, wherein the

second pufmi nngg?‘graiug & SRR A PseRpristy 11. The nethod of claim 9,
wherein the second punpi ng nmeans is p03|t|oned above the first punping

means 12. An appiarhfapmise BepesPE dagesing dUidc S PHEPnP NG Paliil AP Epe

punp for depqshhd 89etdid &hmgs mlREAAR il RYH BEmhuhidasén wnebagoth@?%ﬂa and a
second punping means in communi cation wth each other: and a fluid
path provi ded djuighpat prroytdeé@wﬁhm@rsn@arﬁ@maﬁﬁearﬁear@é%ﬁacqﬁ@mmfgnmﬁas
wherein thfellriiih RAbTbAR S WBBLARIIR! donsRRIRY TRk YRy lsdid hrspksgéa piR d
first punping neans an sai d second punpl ng” nmeans he appar at us “of
cl ai m 12, mahes antdsaidsetondpumppingiegnieans has a first punping head, the
first head including a first integrally forned val ve.

13.  The apparatus of claim 12, wherein the first pumping means has a first pumping

head, the first head including a first integrally formed valve.
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27 Appar at us And Met hods For Punping H gh Viscosity Fluids Abstract A
system for dispensing and filtering fluid is disclosed, in which the fluid
flow path is substantially vertical fromthe fluid inlet (12) through
fluid dispense (168). Substantiall aII wetted surfaces are of a

non- cont ami nat i ng\pparatuszind NMethoed pingddieh A wids i cat i ons such
as cleanroonlprocesses A val ve (140) and a filter chanber (27) are
incorporated into a punp head (120) to sinplify the flow path and reduce
potential contam nation points. Preferred nethods, and chips or other

m croel ectroni c devices fabricated Abetrathe apparatus or nethods, are al so
di scl osed. Figure 1 28

A system for dispensing and filtering fluid is disclosed, in which the fluid flow
path is substantially verticﬂ from the fluid inlet (12) through flmd dispense (168).
Substantially all wetted surfaces are of a non-contaminating material to the fluid
processed, for applications such as cleanroom processes. A valve (140) and a filter
chamber (27) are incorporated into a pump head (120) to simplify the flow path and
reduce potential contamination points. Preferred methods, and chips or other

microelectronic devices fabricated from the apparatus or methods, are also disclosed.

Figure 1

28



