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SYSTEM AND METHOD FOR A VARI ABLE HOVE POSI TI ON
DI SPENSE SYSTEM RELATED APPLI CATI ONS The present

w@pios®sT on clainms under 35 U .S .C . 119 (epCT/082005/042127

genefitpgfland priority to United States Provisiona
at ent plicatio ke and
Met hod for a Vari Q%M Eﬁ%gggg%jf}tﬁ{%gbka gpe%ﬁé%%g]st ent
by Laverdiere et al HOMEjRQEI TNGVeRBEFENSE, SEOOE! whi ch
is hereby fully incorporated by reference herein.
TECHNI CAL FI ELD Enbodi nents of the present invention
generally relate to punping systens and nore

pﬁﬁiAééﬁ PXIEgTﬂggfense punps. Even nore

ments of the present invention
provi dBheystesmmtands Hetdfodrf 6L2ieeiuEideg BRel hdiG- Gpllo (e
Vgh%mi?er{ Qf; 1l %@"b}%d&%&@ t@%@@b@a@sﬁﬁ&%@s:@nal

SyS or sem conduct or " manuf act uri ng app i cations

aPeteiesiAprdd cebiel sphePS8 a8 Hr et LafoURe st APdi YethPd for
am@gfiabﬂéquﬂg ﬁggg%%d%Y§E§ﬁ§nsé|S#s@em8 E&Eﬂaﬂéiaﬂef@ &t

waf er from a di spense nB rou h afilter.
t ad- ph‘é@@%%@t’@%er fa3U| doP4/ f Y&y dd Pﬁr%tbﬁflqutléﬁl ng

p ﬁéS befare 80t eLiGedhepense punp. The fluid is
I spensed directly to the wafer in a dispense
pﬁ§§ENI¢3i»&TﬂﬁBr case, the dispense punp typically has

a chanbgl 8tidd o2 Eﬁét¢fégéﬂi v ol enves of g%h@kﬁliyﬂiéiate to
novabl e di aphragmto push fluid fromthe, chanbe

PPIBPLiRG WshEeRsend (e <dPapht gty ttﬁp?i:%ﬁ’?fiﬁe pumps.  Even

pg@k%'?£¥¥£éﬂ?a&h9t éﬁE%dFﬁéhHBnbﬂCﬂﬂéI@r@%eﬁtﬁhﬂﬂﬁﬁﬁbeh

is utilized regardless of the volunme of fluid requ

f GroHide sPEITSESoPRT s idipd fﬁﬁsre@Qﬁlquﬁﬁﬁl% 1qypa v TEHT? for
di;spensenslRumpt he chanmber will store 10.5nm or HnL of
fluid even if each di spense only requires 3nL of fluid

( BREERROW S pense punp will have a slightly larger

c hanberDﬂs@eﬁE‘é W el €ot Ss @icisgldutt ot dndrm faomplkede

t he nBX|nun1ant|C|gated
applications are designed to dispense a precise amount of

fluid on a wafer. In one-phase systems, fluid is dispensed to
a wafer from a dispense pump through a filter. In two-phase
systems, fluid is filtered in a filtering phase before
entering a dispense pump. The fluid is then dispensed
directly to the wafer in a dispense phase.

In either case, the dispense pump typically has a chamber
storing a particular volume of fluid and a movable diaphragm
to push fluid from the chamber. Prior to dispense, the
diaphragm is typically positioned so that the maximum volume
of the chamber is utilized regardless of the volume of fluid
required for a dispense operation. Thus, for example, in a
10mL dispense pump, the chamber will store 10.5mL or 1lmL of
fluid even if each dispense only requires 3mL of fluid (a 10mL
dispense pump will have a slightly larger chamber to ensure
there is enough fluid to complete the maximum anticipated
dispense of 10mL). For each dispense cycle, the chamber will

be filled to its maximum capacity (e.g., 10.5mL or 1lmlL,



10

15

20

25

30

35

di spense of 10nL) . For each dispense cycle, the
chanmber will be filled to its maxi num capacity (e.g.,

waobnt796T Hmi, dependi ng on the punp) . This nRERESI00H042127

folr a B?L di spense there is at least 7 .5nL "hol d-up"
volune (e.g., in a punp having a 10,5 chame of
f feRepaiigt OPsthotPed o7 % ff%a?ﬁegé%‘?tﬁ% t%ng’?%%%%s ense
?Eﬁé)%}sl% ﬁ&sggg@t t-hennohHe Up-upd! wokuhacteases ibee aquse

e two-phase systens utilize .a fee u th h
hBRE-RE & dPunBh F1RTE fgjédglpuulﬁd'p tgl gog g:gOta u%%%ﬁ%aa
c%pgfﬁﬁ%, but only needs to provide 3nL of fluid to
t he di spense punp for each di spense operatj t
feed pGAPtHRT aa?lesglﬁ%‘?féseas¥sggrﬁi ﬁqneuglg’égﬁ{éﬁgg\zoulﬁ%
x@%gf@séﬁf’b@bag?e i thet Itiwg_—pb(afmlsa/,sttams autlbhizeok daed aoimp

ol d-up vo for the disp S 0
h&Pgt dgawi E‘Egdp?%sve ugles'ev]gﬁzﬁ%el )s%%gg?&%]zal:ggshgsi ;s—hfo'SmL
gbapaei(ﬁy,a vohenhtal nesast €oi sraeimer 3mddof Whenia e the
i.spense systemis initj.all ri .eXC fd uwisd -
WHAPP T35 UG Ps g]?rt%%C%did§5 (re];s{segod er%itllgﬁ'se?@e réé%lc}i ?Ee%&mlll
t alfblhatdhe oxbna wolssme hal dtie dilspenstepdimy and/ bhis

f eed np.,. The.hol d-up._val R t tg;
PR oo SEL R UTE PSR, 9eneqRLRS: 1AR! s sponoe
chenrteml asnvastwoils. exacer bat ed as hol d-up vol une

i ncreases. econd.| | a -u me , .
t hat flwc"fglledhéttL agurPatvi%%kﬁﬁ§ﬁ%%gegﬁqgcs.gggélmﬁg\é%ghav%&t hleS sHe o
oppatt enity dhemgeh] ersist akl fersrateyas, Wsepadia diepense
A%%égémt9§§ﬁﬁﬂﬁgghzggfak%,“gg eggiﬁﬁﬁfﬁ tHaR hH985 used for
hoFd-up vol'une esp Al y in ow di spense vol une

appki dasporss cSeaghitiorisofrefibifed dan fthaletle|wtteri asume

eff %Eﬁogi eqlis%pgpﬁg AREFAt 98y %.emi‘hy ﬁ@lcﬁ—ﬁfpﬁ%’olume

e
t
hold-up vol'unes present further 'shortcom ngs wt

r edpecteterdtest wagtaewmarhdiichi sy i mita thenflevrritit g¥stem.
ma{@lléf g%%ﬁl{ézﬁl%fprcggﬁ%‘éal BEGAUS &5 "B 586 QNEYCLAE-up volume

manuf uring process chemcals are expensive (e.g.,

t howsendssof dollars a liter), new chenicals are

tested on wafgrssdn sA8h! o DA CNES. vBeGARUSE that fluid
sem conduct or
stagnation takes place. Chemicals have the opportunity to

gel, crystallize, degas, separate etc. Again, these problems
are made worse with a larger hold-up volume especially in low
dispense volume applications. Stagnation of fluid can have
deleterious effect on a dispense operation.

Systems with large hold-up volumes present further
shortcomings with respect to testing new chemicals in a
semiconductor manufacturing process. Because many
semiconductor manufacturing process chemicals are expensive
(e.g., thousands of dollars a liﬁer), new chemicals are tested
on wafers in small batches. Because semiconductor
manufacturers do not wish to waste the hold-up volume of fluid
and associated cost by running test dispenses using a multi-
stage pump, they have resorted to dispensing small amounts of'

test chemicals using a syringe, for example. This is an
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manuf acturers do not wish to waste the hold-up vol une
of fluid and associated cost by running test dispenses

waigiongsashul ti stage punp, they have resorted tBCT/US2005/042127

di spensing smal |l anpbunts of test chemicals using a

syringe, for exanple. This_ is anin at i

c&ﬁ%ﬁ%‘i‘ SndP6t et ERRY a%% eorncoeﬁ%%%ryg e%’%ng{%at Sjgrocess
nehat ey egentrapryeefattive afttiad aditspéndesprrocepgocess.

S Y. %?F E W fo Enmbodi ments of the present

[ em and nmet hod of fluid punping

t hat eEmhbantes;s of ahelmastensubsvemticd prorveédecesystem and

the _short ings_of pri r i syst
BEROUR. e aRo BRI ToF o reTRad, S¥E AR A
ihrsmbsl’demaithllyph:agusqs,t gmecehprisimigos dif spelse auirpumping
avi a di i a a Vi =N j e -
cﬁgrsrg%fl? %nanj%gleg%%' c%er %H})g?lng%{}glogdt?%d% e di sﬁgﬁggtlon
pﬁgfp. ifiteuqeurp ponpi ol 4 wtenacerixigot 8 @hepense pump having
e | , cont ; [
R R o i
t contachler dicspéndetpurr Komeepwsintimen The pryntn gopgroller,

fiJJcoEan%i683%%%eeﬁﬂ5§?méﬁ%? §¥aéﬂéygﬁievgbu8$htrol the
correspondi ng to the I spense punp.hone position i$
| edspehan pume frexinauen Bvaidiabeessy oligprepmt he dissgéfgense

g%mggg is Itel'é%hgE\eg‘{@ﬁénszév@hllnﬁk&llc@nevgoléﬁ%i£9rt5 RRirtially

i spense punp in a dispense cycle. The di spense punp
hdid 1pbbe tdigipansespieet edDsa3 B b1 In & odimppper responding to
p%%%nﬁﬁ§§§n§é“bu%pdh§£§rEﬁ%i%@@ﬁa$$cmbssAﬂﬁbhefhe maximum
embodi ment of "the present invention includes a
maAveil 18P by ev Puimsi A§ SYStEMPEBAPIREENG . féetRpUtiPatRat
%@a@lgﬁfgdﬂhﬁgﬁrQQQ]ﬂ@yﬂﬁhﬁeﬂ%épbﬁgﬁjﬂﬁ@ddﬁgﬁﬁﬂgﬁ,cy@le.
ee

h
di spense punp downstream of the punp that has a

diTyse AS P e B M EGNTABG b E PP hi i 3£ 1 ASFENS RSP fiTbépe or

ang, .3 BUPBSQMS Gbl-er gouRled beetdie dreed punp and the
di spense punp to control the feed punp, and the

di spend@qstinp. enpRA dedte A et HumF SE8RT N I LhEHdes a

avaiilkabke; Yol 4B ihBaty b Sert RRImPBXE MM & GledBepOfp fdHiitdhas a
that the di spense punp can hold_in the di spense,

cHefse Al amrea @b movaPLer e e Bnf 7ot TP s pRnSEERFETS PUP
t udvpverthe & shrnsecdi gply agati Rad he disppabsediaphragm

movable within a dispense chamber and a pump controller
coupled to the feed pump and the dispense pump to control the
feed pump and the dispense pump.

The dispense pump can have a maximum available volume
that is the maximum volume of fluid that the dispense pump can
hold in the dispense chamber. The controller can control the
dispense pump to move the dispense diaphragm in the dispense
chémber to reach a dispense pump home position to partially
fill the dispense pump. The available volume for holding fluid
at the dispense pump corresponding to the dispense pump home
position is less thanAthe maximum available volume of thé
dispense pump and is the greatest available volume for the
dispense pump in a dispense cycle. By reducing the amount of

fluid held by the dispense pump to the amount required by the
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chanber to reach a di spense punp honme position to
partially fill the di spense punp. The avail abl e vol une

wo ooocksiost ng fluid at the di spense punp corr espontsegs/042127

to the dispense punp home position is |less than the

MRXISEUAL QYA ADLE 2 VOL LI Dot BEOUARCSE) BUIP: Ak Brner
the greatest "available volume for the dispense punp in
a 1gigpeAsTnuyd] dropythedireiiag™t fe2 st veluneui dhisehdld-up

by, d1hge db SRERSS BYMPededdie amount required by
t hedi spense punp in a particul ar di spense cycle (or

some otfREIFNPEdRIERAIARSENe T f FSmPrRESHaxI HiAAEPEI Laghdes a
Vel4BY foi r]:%dlﬂl‘%lig(g Uphd iR uBf vd1 il JfS af 5@!&&9 eGhat

Anot her enbodi nent "of the present invention_ includes a
MR FOP FVRICIAG RFHRS ISP OIRARESSE Alplhp PeEatally
CQNNIE58Sa aFisPehkBIp RS HE d98pd i Raeessnd I3 tion for a
partially filling a dispense punp to a dis ensezﬁunp
hSHEPEBET t T S o~ S FFEWLBIcH ciePeass dPsFen<ithdghs

digsieense ¥oliwmereh the didpeaceSsudp W af tepthe The
di spense punp to a wafer. Th spense punp has an

e |
aVaisPEBRFe RIBIURESCBR r 8&drRditRgVe bt €odir s prpR@t Uk the
heleppass tha hbat bssi@sh thap idhe JwmxicAum avaidabhan

vol u of the dispense pu and i s the greatest
a\?é[iam;B]Piae VElimE at the %%ﬁ@ﬁ%ep%“ﬁoﬂst%e HESFERSE

Cﬁ@b&laﬂh@xﬂMﬁhkabtetH§ﬂdﬂ§©eﬁ§érﬁﬁﬂﬁ“ﬂ&rnﬁhéodiiﬁéqse cycle.

di spense, hone position of the dispense punp is at
| G5t SPRET R S dRLETS PR “PRABE HErt b FBEPAERER S Diffe fome

Prpe)semoﬂl I’b/iféﬂﬂlieo Aibpehislemmd €ONPutiIesaspr 09 aaag;regﬁ@wolume .
or contr ing .a pu The .conput er program product
conprigggggﬁft%@ﬁ%gip%gﬁrﬁEt?Qﬁu?r§F8?Ede§%W¥18 nplterdes a

I eathpbter ndigiamt paddwdte exeevheddid iy a pauMEeSSO. computer
The set of %nguter i nstructions can conprise

i REOPGRT RIS e EOTRBT T §O4FPRET HSHEFERSRS ptfiFedoon @
navepatdr speniaeldi apiitagmhke seacdkarudiabpense PWHdcessor.

h%%% 9 ig%oq}to artially fill the di spense punp, and

i SCEST 1Y GIEBGHED H - GPS et ¢ HHPaF SpeHee Vb ftes

ofextchetgbbeess diikact 4 rdimpehse dbwrensenpuapa digense

oyaLitEl @ WIscel e dispenss, B oL eR0Pnd 1.0y,

nedilduthavdidegilse yohwneandf df hecditdpernseppusp @mmne s

ti&ispense a dispense volume of the process fluid ffom the
dispense pump. The available volume of the dispense pump
corresponding to the dispense pump home position is less than
the maximum available volume of the dispense pump and is the
greatest available volume for the dispénse pump in a dispense
cycle.

Embodiments of the present invention provide an advantage
over prior art pump systems and methods by reducing the hold-
up volume of the pump (single stage or multi-stage), thereby

. reducing stagnation of the ﬁrocess fluid.
Embodiments of the present invention provide another

advantage by reducing the waste of unused proceés fluids in

small volume and test dispenses.
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greatest available volune for the dispense punp in a
di spense cycle . Enbodi nents of the present invention

w@e@vios®san advant age over prior art punp systRPOBUSIAS/042127

nmet hods by reducing the hold up volune of the punp

(single stage or multi-stage).,.thereby red
stagnaFWBﬁg eN%e Opr bty FﬁFdlnﬁﬁﬁf ngn?yg&%w%ﬁ$ anothexr
peaseﬁﬁangbenbkeﬁl¢wn@uﬁde mnzetﬁﬁfladeantﬁgpﬁﬂamg of stagnant

g? clng the waste of unused process fluids in snal

"8 and test di spenses. Enbodi nents of the present

i nvent Eabopimariide ofethanotdrentadveen bige pyopkdwixitngnother
for e efflc nt. flus g n L1dd,
R S S S A
aﬂmhbera@mvantage by optim zing the effective range of

gﬁgﬂp ﬁ%§§§£ gg BRIER 9§§EE$ETION OF THE FlI GURES A

the present invention
and t he advantagdsteheneéofstendibe af guia edepgnt invention

r ef har %hnga&xpanttgﬁ % o{ﬂe%o%gmggsﬁe 'a{:gdquedt %%f&rlﬁg to the

conjunc on Wt acco ying draw ngs in
| |floélpeileqr efrcernphber s uarkelnc anreconkectéapures? 4@

%m?agy %Ea%1é§c1j 'w%gEﬁnYPﬁé(%éf%QEﬁégrE&HHé%@ 9£d1cate

stem I's a diagrammtic
repmeséﬁaeunqﬁwaoﬁ whevitn: stage punp; FlI GURES 3A- 3G

provi de.diagr ammatj alggpgﬁmcafregges@ﬁtaoa%nee@oglm@;

of a multi-stage punp during various stages of
oparsgeinon Fl GURES 4A-4C are diagranmatic

repr esentakions; of, heue pOSIH{ ONSptaLe PN WBNE NEh1ti-
various recipes; FlIGJRE 5A-5K are di agrammatic

r eype@sent®d®i ons of anot her enbodi ment of a nulti-stage
punp dLngﬁ§E¥a§A4§%§p§E@9§§ S afr B PEASE LGB a bl SARBE one

is a diagrammtic representatlon of a user
embodlment of a multi-stage pump during various stages of

operation

FIGURES 4A-4C are diagrammatic representations of home
positions for pumps running various recipes;

FIGURE 5A-5K are diagrammatic representations of another
embodiment of a multi-stage pump during various stages of a
dispense cycle;

FIGURE 6 is a diagrammatic representation of a user
interface; and

FIGURE 7 is a flow chart illustrating one embodiment of a
method for reducing hold-up volume at a multi-stage pump;

FIGURE 8 is a diagrammatic representaﬁion of a single
stage pump.

DETAILED DESCRIPTION

Preferred embodiments of the invention are illustrated in
the FIGURES, like numerals being used to refer to like and
corresponding parts of the various drawings.

Embodiments of the present invention provide a  system and
method for reducing the hold-up volume of a pump. More

particularly, embodiments of the present invention provide a
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interface; and FIGURE 7 is a flow chart illustrating
one enbodi nent of a nethod for reducing hol d-up vol une

W@R008/0M951 i - st age punp; FIGURE 8 is a di agr amme€T/US2005/042127

representati on of a single stage punp DETAI LED

DESCRI PTI odi t th t
i IGSEFatRY 5T ?Pﬁef%?é%%% mhﬁ?ﬁ%snuneraes ngﬁ%1H%£e§dﬁce
t&oﬂdﬁepdWQndmd<etalddﬁspanasppnmpr@pqﬁmmts @éedfnump The
rious draw 0 e

O T G
vg;lollnmwéf atmmhamb’br ea’cparhtcﬂOI dukpetsg mmr@odnﬁiécm sfeefd pump
t he present vention, provi :
detC8r /i hii ngu%aﬂﬁ&r%llcpg%l? OL|O\écn 89?%%?§eﬁ§g5?§%g\%e%%;0f 2
atdizpeihspersel ep winp 1 anai rwim iz thgethe urp.d-Tie vhbies -

S t d
POSILLonaL ofy  he dhaplraam.aan Be Sl ealed sughddat

he di spense pu
f eed eptinp t@mraqln@zsutme cifdsctivei tenase pdr tb@ﬁhW@e

vq{ sieps of a dispense cycle while mnimzing
Jjﬁﬁﬁaeup vol une. Additionally, the hone position of

the di HGURGN can bealiseremnedla Feppepaizatidie of a pumping
ef%}ﬁs%te!mv?O range gfumg%%é té?’sﬁ:egl' $B! agenBNt uaeFl GRE dl sbarce

ilagramatic r sentation of a punping system 10.
Trﬂes,p@npumg csg@r@rhl@@ 2arptichel gaetip¥e ditdgsolrwel s stgge”)

Cgﬁbro%ﬁu h %%r@ngo ﬂ'tglﬁl &% fluid onto a wafer
( i st age punp 1 , whi ch work together to

dl%ﬁaengéefPB$¥ﬁﬁﬁﬂﬂooé m&#%#—%P§GETﬁ@mE) CRanPefcontrolled
nlg§ gﬁFaQSnE%Bﬂie%Oroa&th% Rt 5ol bRh N4 BUIPi-stage pump

contr er 20, which can be onboard nulti-stage punp
100 porc saneetat tte malti -Steg§e PPORD. 400 1 an%n%r dfrore

nt%éﬁﬂﬁﬂﬁ@ﬁ@i&ﬁg'ﬂyﬂ%slE@kscéﬂﬂhngg CHAHP1CO0ADls, data
signals, data or other information. qg controller 20

cAY iqFeRhden BoTBTIGRer PERIAPETRRHPTIM O Fafe1fcl uden)

RMmddtash- BB 6 reBiikad7 diesk,. , n"RAMEtA, Akl ¥ €h Gllemory, -
ot her conputer readabl e nedium ‘containing a set of

cortisiali AsEkudtaBrsig0drbre BnPFBFT i HEHHETopRF TGN
of ndBtl dd) - SHAEL: PP 2190t &£ control instructions 30 for

controlling the operation of multi-stage pump 100. A
processor 35 (e.g., CPU, ASIC, RISC or other processor) can
execute the instructions. In the embodiment of FIGURE 1,
controller 20 communicates with multi-stage pump 100 via
communications links 40 and 45. Communications links 40 and
45 can be networks (e.g., Ethernet, wireless network, global
area network, DeviceNet network or other network known or
developed in the art), a bus (e.g., SCSI bus) or other
communications link. Pump controller 20 can include
appropriate interfaces (e.g., network interfaces, I/O
interfaces, analog to digital converters and other components)
to allow pump controller 20 to communicate with multi-stage
pump 100. Pump controller 20 includes a variety of computer
componénts known in the art including processors, memories,
interfaces, display devices, peripherals or other computer

components. Pump controller 20‘controls various valves and
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processor 35 (e.g., CPU, ASIC, RISC or other
processor) can execute the instructions. In the

weniwoasvent of FIGURE 1 , controller 20 communPCEUSZN05/042127

Wi gh4r5mI tCio-st age punp 100 via communicati ons i nks 40
an nmmunj cati ons |inks 40 and 45 C rks
(BOGPTS EPHBRHEY.S MA%ePEER TetSROFR, "Gt bbal agr egm%"‘@
n@&m&elw&i§@éﬂﬁe rf&tl\iydsk mclmtdheg hest VKJJ’SkJOISFJIDWHbeldS

devel oped in_t he o
c bhritmi gﬁ??o*ﬁ%aq ﬁl?e)“yﬁﬂl Ses t r oI IOE go%lcl%ﬁ nc é&q{ld be
apptaprohatewh i € rif HURE (Leuges et werkp later faameé,tlﬁ‘c@ge '

interfaces, analo digjt ert e
cBWnW?}ngos%ﬁ%%qgun%nc%in %l%?ée%l %é%lgen%g%ﬁgn{)%ma%e
Wi th rmt@wmstmge puﬂpadﬁiunaﬁmn’premﬂae@ltlaeimoﬁ réc nyd &5~
a_variety of co er, ¢ neg}s 0

E?%‘?}Ilpﬁ‘é‘ pfflogegrs%gurls 7 S%ggg |1§t6e¥\4fg%%:e ééﬁ% g%E%yStage
geur’cﬁm melr deﬂlem ad@amtet ﬁwpe}rﬁml&tege cmﬁietr@elntlé

r er 4.0 t

R Herase oty BauSe T oet B by o raue
alpontﬂctrr(sllyodl ép@msae fflluuldd§low redaseesgivew A fdaseryl20 to

ui ds_ (i [ or
f EarEer St S a2 B %%ﬁméﬁgbm (& fiior of valves
t henexanplcd Gfudd nfildvw -thrageh purkt slApE ey Si0émingluding,
C%graexa(%n L’i%e ?L‘n%e{]g\L lv%t @ng p%matplo%l@e I§3Oa barrier

anmat i ¢ represent ation o ti stage punp 100.

l\/lsrlaﬂ.ve st3fge ppuop 18074 Adludesnt Yadae dfageipotttileh Tabre
angd,a SERAIALE JLSPENag-tags Pl anrihl: Looleds
bet ween T ee stage portion 105 and di spense sta

poresonrd Eensbrofia fali detPoWpRT SHEcProesuis I IftléFd at
1%9 ggn; Istt el fPYrities fromthe process fluid. A

valves can control fluid flow t hrough ,

rrul ti - Feagespram 0G0apAchirAargs FoRIRXEIIER FRfEEde rolling
val;\Uenl &n'a%%w'f\i% 430y Rardi-atayal yend 3o, -
pgpggh %$$IJ vent valvé 145 andjbutﬁgt %aﬁ%e f47 reec
Dsgpeﬁs@urmég%@ BOEEeRrPuED 188) f (FThEXaRLE udei @l udes a feed

PressHLe SNSQY cgai:geé‘thaéluq_%lt erNEnes étlé%epa%@w:@mpﬁso to
flurd at dispense stage 110. Feed stage 105

dimpyensétiiragecdl gherbe s ﬂcﬁ5uaedr%}%ﬂlﬁg?edﬁébh?agampﬁﬁﬁﬁ§ 165
t Q. PURRe f Fa drRgBULL dpist-a8€ 100 P QR4 Eeedst BOR and a feed-

motor 175. Lead screw 170 coﬁples to feed motor 175 through a

nut, gear or other mechanism for imparting energy from the
motor to lead screw 170. According to one embodiment, feed
motor 175 rotates a nut that, in turn, rotates lead screw 170,
causing piston 165 to actuate. Dispense-stage pump 180
(“dispense pump 1807) can similarly include a dispense chamber
185, a dispense stage diaphragm 190, a piston 192, a lead .
screw 195, and a dispense motor 200. According to other
embodiments, feed stage 105 and dispense stage 110 can each
include a variety of other pumps including pneumatically
actuated pumps, hydraulic pumps or other pumps. One ekample
of a multi-stage pump using a pneumatically actuated pﬁmp for

the feed stege and a stepper motor driven dispense pump is



10

15

20

25

30

35

punp 150 ("feed punp 150") , for exanple, includes a
feed chanber 155 to collect fluid, a feed stage

walr@plosagm 160 to nove within feed chanber 155P&mudsS2005/042127

di splace fluid, a piston 165 to nove feed stage

di.aphr 160 ' d.scr 170 .and.a_feed r~d7
(HEELAAR 180un Binn RREe RS PREAS 201 B LRG0 WP BT 037 576,
ntathj.clgeiaar hetreby heuwlvedhanisordtord ibypaeférepandegyifir om

the notor .,to | ea cr 70. _Acc ' o] .
enbodi ﬁﬁ%ﬁ?,m?té’édqgrgt S5 s oS Igé’g%p 00 fR{oe japy suitable
t nbhor r otzatcesdl ead s cmewehZodinenisi dgspesiomores £60 is a

actuat e. .Di spenses st (G, spe .. AU ")
c% S tarMI%@n?ncsl’}%ld%gangﬁgg%%g% c(hghdggrp?gg% gpp$§9t£on
disspens e t.agEhdi RfEM agm LO0sortgrildednbl 9P digiiteddsignal
screw 195, a a, di.s 200. ' t Qw p
SPRE 5, oen, L snmseel o M p et Ang guscer) ot
1k0tcan2®ach costeleler vabpery wiltgrhAgrgpurpyp 100 or a

| g%ggwg RguEBkLealiar Get yated HuaRs in Myt ho
punps  or ot her punps. One exanple of a multi-stage.
pErpiusémEemsprnedPatdarably aacenerd®s garp- f v e feéad

?Egggrfﬁgggtigﬁpgﬁémﬂygo&ogr&ggf'@ﬁéﬁ?@éﬁb&%ﬂnbf motor 200’s

sdescrt in United States Patent Application No
10pe5LiGY6, Tiei Bhei st HosdbyonuseyEdhE8rpot e eddsyrrate and

;g%ﬁéggg <@QﬁﬁkgolE?@ﬂﬂﬁ@b@%i%i&l@ﬂﬁ dissPENBE MYt@kh leads

can be any suitable ndbtor. According to one ,
effpodraerate dndpepRea tdtler C2BbrPSs W Pefrahe MOVSUEghHEL 11

%&QE&H@@%&%@%W 165 PMBMY), wkbhpBe POSiihiy0R SE05Qrin203.
The PVbM can be controlled by a digital signa
peocedsdr {t BSPryssibls AongCrieR Ry MEAFBES Cohtangl control

("sEOCo)k 5 afle g 0h £ 2005 218 050Nt £QI 4 &4i tQRBQak dpMsM can run at
mul ti-stage punp 100 or a separate punp controller

(&oy. vakoskows it B el oF nopghtgtdntsenstid A9FOCah’>

be..anaepsoslers s or fsit%% bi-ngotstary position
encoder) for real tinme fee gack of mptor 200

\ S
posi ti Ghe TREVES©TofUpbsTEFRAR S8AB0r 020 yidpgged or closed

aGULAL 8y ahd Japeatablricortbal tofvdheoupopbit DhOlof multi-
pi ston 192, which |eads to accurate and repeatabl e

cETHags| PR 40-ui BCRRVEHENTS PRE SPREHEE Ehahbei® Tggves can

FQJe pR¥aadt a1usi BEt@aZ00il.kNe gacaleiven) t digphragm valves
possible to accurately neasure to and control at .045

degiréesPBR otACPEn S HIG o E PVBRFEER" T U & Voo™

is asserted. However, in other embodiments of the present
invention, any suitable valve can be used.

In operation, the dispense cycle multi-stage pump 100 can
include a ready segment, dispense segment, fill segment, pre-
filtration segment, filtration segment, vent segment, purge
segment and static purge segment. Additional segments can
also be included to account for delayé in valve openings and
closings. 1In other embodiments the dispense cycle (i.e., the
sefies of segments between when multi-stage pump 100 is ready
to dispense to a wafer to when multi-stage pump 100 is.again
ready to dispense to wafer after a previous dispense) may
require more or fewer segments and various segments can be

performed in different orders. During the feed segment, inlet

8
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| ow velocities with little or no vibration. Feed notor
175 can also be a PVMSM or a stepper notor. The val ves

wW@Rooms1957 st age punp 100 are opened or cl osed POI/EE1008042127
or restrict fluid flowto various portions of multi

stage punp.100. Accord, o,.one enbod h
VERVES Ian LBeCpRisthar gg?é mOVe% §§e ¥

dpiVEs) meapetagénmpwlesgmhmo dq@enlraw £l oist l@@peﬁdeedlg
00, $HELNGE DT CSSUL & OB NAGHITL 8, 8556 LMo HRURYETy o

resen I nven
s;ﬂeé@bdreanmh:vewammtwemve IJnZSop@r atpoed- t h@ums@etma

sébL%ﬁ%yh%ﬂé%éﬁg%tp%%%d“59a$ Qi Chggem§v£§QQ¥d.sta e

| 'segnen gnent, prefiltrat
sagapw&agﬁ|M6Drab|dnspmmgﬁeﬁlu1WGM¥mségﬁén¢haqhﬁﬂgé55

SEOUPNL; ANdSLAt] & PUIOBSLOUEN),, RAdLLT OhaloREaREAL Sy 10w

ncl ude o] account ays in valve
o;ﬁe‘enicﬁlgtSo aﬁi@wc kbsougs fillieot bt ’f@n‘@@épﬁf@m schaiber 185.

ngnSf?nCXI l%e( EB@ ’actfggd§§§|t?t§ %ﬁﬂg&ﬂﬁeﬁqtbe@éﬁeﬂe

en nmu -stae reayto dlspensetoa
wapened of intsen nrubu Jstet@@ Penp- fi0G rieg iagaseoneaddy te allow

dé%@g@&ﬁ%té% %@R%?eﬁétfyit%rpigy'éﬁgsﬂyeﬁp59§59eﬂn¥élve 135

uire nore of Tewer segnents and various segnments
capebedqufaﬂiwwdflunihﬁﬁayrehtocﬁxﬁﬂﬁﬁseDGh@mﬁﬁqI%§5feed

g@ﬂérméfg g\éﬁbvﬁf(ﬂ?% A ss9pened-and. tegd Siag8upHMPerore

noves feed stage diaphragm 160 to
dpampfl&Qckahﬂa@tﬁeethQﬁﬁ%ﬂbéﬂSQS%ﬁuiaﬂ§etéesﬁﬁﬁﬁ%ﬁQQnFo build.

anountf§5t£gu$$%se nE'BkQQui%%@tCBé 1880150 &8 valve 130

val ve Durin ratlon seginen
f _e'@dosela@@ Mml$5ov¢lhﬂﬁeé3%eéélo%ﬁf%g9élddl‘fébﬁr‘éfg]tﬂeléé5t gpened.
gggpgﬁs% 1 Lanﬁ!;ofdmg}l{ eqd Ghanbes1 d55.35! sohatdninvabus

and barrier valve 135 are opened to allow fluid to
f Idewyi nbir By v efnit] seemamp gl glepenste BiRafBerofgie vent

|%%gﬁ£h9n V?Héais%§8e ﬁﬂﬁ%pﬁ@bng b 0: ONe rerbads MBNttheC@Muid to

pened Irst (e’g., in the re-filtration
sagmene" 3% Pukbilew ¥@%sﬁ}rl§effolg%ltﬂt{fquﬁhf PPERIVEPSO VALYGe 140

t@%“f%?&iﬁ reMalyveud 3gnoRemed t Pedd Wkl Piudp f13IWdaht Be
di Spense chanber 185. Furthernore, punp 150 can assert

presssupeleh thEaEpai I Hefr $opRREIAGS rePradesined rate,
t hanehyngl 88 CapgRgvihe NnRSSHAE towdiiivkdt rates, thereby

allowing for accurate control of the amount of vent waste.
At the beginning of the purge segment, isolation valve
130 is closed, barrier valve 135, if it is open in the vent
Asegment, is closed, vent valve 145 closed, and purge valve 140
opened. Dispense pump 180 applies pressure to the fluid in
dispense chamber 185. The fluid can be routed out of multi-
stage pump 100 or returned to the fluid supply or feed-pump
150. During the static purge segment, dispense pump 180 is
stopped, but purge valve 140 remains open to relleve pressure
built up during the purge segment. Any excess fluid removed
during the purge or static purge segments can be routed out of
multi-stage pump 100 (e.g., returned to the fluid source or
discarded) or recycled to feed—sfage pump 150. During the

ready segment, all the valves can be closed.
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At the beginning of the vent segnent, isolation valve
130 i s opened, barrier valve 135 closed and vent valve

wad®eopmeed. | n anot her enbodi ment, barrier vaP@BUIBB5/042127

Cﬁn regaiP open during the vent segnment and cl ose at

the end of t vent segment . Feed e
applleguﬁF§%§§def8p?% Gt o ?%%%%év§#99 pigsne and
f aospdidd enmp208s0 himgudlesopesswernt teakie 311415Ldoy'-nf giepenpe

flui ?OJTUtelc?tShe %%ﬁ% seF%%Ql§£a\gaelv%um7ll§Q Cpé’}:‘t&eto controls

cGhE venting to occur at”a predefined
rabee @ldwiwi mgaﬁodlépmmgerpu@mtlaq,ngytéﬁu Yolker ldéngan be

rates ereb a||OMAn t
aﬁBﬁﬂ%d:$ vgn ?me ggﬁgﬁﬁegln%ﬁggggggéﬁgkgu?gger

sagapmse lmsactloat rzmm sﬂaﬂx\ted130T1PJsS alreyents bdtyness ey arpe 180
1§ﬁ?m shl g?B?oség:Hg% ye éréﬁﬁﬂgngpeh§dQ£ﬁ§%q valve

rge val've 140 opened
Dlgpenshnpﬂﬂprlsmbe¢xman§§,pt@%guﬂ§>F@nthé $tanted pefore

disp ac.l.nr%un?gﬁ %350 rem% £Lub g Gan vggvéoyﬁ'ﬁdcaﬁytoeoépened

nultls age returned to the fluid supply or
f eed- pum)erﬂ_s@obe@unl Inig ctmegtsatw%dﬁ@esw@h@ﬂeously

di spensg BH&Pt%J] %u%kﬂgcp}@%egméhtpé'&g%é/%'e\f%oahﬂ@d in which

remai nS open to relieve pressure built up during the
p@mgesseghawt1nAhyee%@§§§sﬁlHP€Z¥%ﬁﬁV§Gmﬂﬁ?@ﬁ@’Eﬁ%llng the

Lﬂl@&d % aSt at 'D%rEHggﬁlé%&%ékC%Mtf oytiede0Ufa19k 147 can
ti-stage punp 1 e.g., returned to the fluid

soupee anddi seaodddyy dnotrOécyﬁ BRCHW f88d et aiRd fipmguck

1%&oe§9rfﬂﬁu¥Q%tf%§d¥héQﬂH§EE nét31d he nyakbygst tan Weoutlet
closed. During the dispense se%nent outl et valve 147

op@dgeaihéﬁ diapawsaipurpr 80dapprrassHresstr e0f Famee
I r50q 0 SRense rehagher k185 o Begause eukkethamddare  The

may react to controls nore slowy than dlsgens
pumskbBok erauest valne alzﬁweééndaépw@& £EFEES gnigitd onto
SonR puedeterm ned period of tine |ater dlspense mot or
200 started. This prevents djspense pu 180 fro
SR ete

pushi nFFAURES BAT Hudhroxipar ¢adaaymg Qﬁﬁ%%&?aGé?%% of

1471 thosehherp8iPadionent sng AR ipUSPsEAete sEaspeshtion in

before outlTet valve 147 is opened or outle% | v

cariise SpERETF RS @EBBehSE BEGURChySUIRSHEREE U160 P

S'Jﬂidﬁ%neoﬁ§fYEhéN%a&@dbﬁléNEﬂpl%UCKba£% Segneat tean depense

performed in which
pump 180 and feed pump 150 each have a 20mL maximum available
capacity, the dispense process dispenses 4mL of fluid, the
vent segment vents .5mL of fluid and the purge segment
(including static purge) purges lmL of fluid and the suckback
volume is ImL. During the ready segment (FIGURE 3A), ’
isolation valve 130 and barrier valve 135 are bpen while inlet
valve 125, vent .valve 145, purge valve 140 and outlet valve
147 are closed. Dispense pump 180 will be near its maximum
volume (e.g., 19ml) (i.e., the maximum volume minus the 1mL
purged from the previous cycle). During the dispense segment
(FIGURE 3B), isolation wvalve 130, barrier valve 135, purge

. valve 140, vent valve 145 and inlet valve 125 are closed and

outlet valve 147 is opened. Dispense pump 180 dispenses a

predefined amount of fluid (e.g., 4mL). In this example, at
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excess fluid in the dispense nozzle is renoved by
pulling the fluid back. During the suckback segnent,

wWo@uiokes799al ve 147 can cl ose and a secondary noPOT/US2005/042127

vacuum can be used to suck excess fluid out of the
outl et nozzle. Alternativel valve 1%%0

rElﬁ%ller?doﬁént}é%odJcﬁp%Qﬁsae ‘%/%tro%ﬁﬁgﬁgﬁe e everseﬁl]t pave a
stshufd wird1back i nto the di spense chanber. The

suckback se nt hel ps .prevent d g e

fluid BHW‘%gnge\AéF(é‘If@a#é@ﬁE@nEA LS% Rr%O\‘j’8 S DE the

dfa@w@nnabl nmpreﬁspbabe@n&nuﬁ@nmhe|dsmag§ep§ﬁpm@@0can be
rin ous, segnent s of rat i.on h

TEPEFLERGE DU SOT BSESP R amyangare fof AbrRenes

vabume: . Fahithears ake doheexanplexanpilei sbnsmnesdinbathe

dlsgenseavgggaéle caphe%egmg%ﬁ&léEQ e@ﬁg Qﬂﬁ%&@ngghimL of

acity, i Spense process

dfspﬁm&&&.baLremoﬁéduﬂiomthbeviwﬂpa@@gnEQZZM%ﬁbsa Batugf or
fluid and the p rge y S [ g
aFGERT RS [TOTE S8 FhemeLCkBack vol e 1o (Rpscked
Dbachguﬁhedneadyssegn%nﬂBOFﬂQiﬁﬂz 3R, shevbaak erovarve
130_and_ b a i g4 nlet valve
%éSp?gﬁ %umglé%y?%gﬁ'%é?aegsgﬁgggﬁgg aﬁ% outlet valve
147 ar énct]msefﬂeeleSspEﬁls’e PUGYRESBD I |qutBetnsaive tid7 is

QE@“ 4 WEE urge %%%1lﬁ(6péhed th%egaxédﬂﬂ“fgm UDE prior

% rom the previous cyc Durlng
tlsesdezspehéésswghienﬁlt(lm GQREt%BBaXlIﬁU@oPaW%?FWa(Ievé r 20mL)

1}%’1?19 rfl‘i@!lf%f@lélrgss:egﬁléﬁge Vil e 140 Yﬁmlsv@l\é@ed and

et va are closed and outlet val ve
14%0ﬂstbcpenf@dveDiL§%eEﬁ§b bpgrpel 8 dies géhserenped. Feed pump

p&%ee;ﬁa§atggguato&% 34 Weda( Bup » 1 ehroudR #hiter 120,

exa end of the di spense segnent, dispense
paﬁp518@ fuid haventewclismenst ASHL 18Bur i kY RHeT systems,

?%ﬁ%BQﬁ§%L @%O(ficiﬁﬁiéécko’1§§”H%21ﬁuhh§a§ééhﬂ¥

g i spensed during the dispense segnent can
b& Osli¢ ke e Khil At segiFens Bupiing W0 dlgreresrsqgpent and

dispensg: NPzzke. Abi Sc&anuRedonsie f Qree@ﬁ%ﬁgé eL5MPWill

reversing the dispense notor. In other e ment s,
t I saddre | GHalotl ALubl F9 FYSEafl TRETEBVBE f7rhq féll from

di;SReNSEnDAZANR P Yt 2 VAHIT@! the suckback segment) to 20mL
(dispense pump 180’s maximum volume). This will leave feed
pump 150 with 16mL of volume.

During the vent segment (FIGURE 3F), barrier wvalve 135
can be closed or open and vent valve 145 is open. Feed pump
150 displaces a predefined amount of fluid (e.g., .5mL) to
force excess fluid or gas bubbles accumulated at filter 120
out vent valve 145. Thus, at the end of the vent segment, in
this example, feed pump 150 is at 15.5mL.

Dispense pump 180, during the purge segment (FIGURE.SG)
can purge a small amount of fluid (e.g., 1mL) throﬁgh open
purge valve i40. The fluid can be sent to waste or re-
circulated. At thg.end of the purge segment, multi-stage pump
100 is back to the ready segment, with the dispense pump at
19mL.
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anot her punp. Using the exanple in which the InL is
sucked back into di spense punp 180, after the suckback

WG e@aesnos7 di spense punp 180 will have a vol uneP@f/usfingo42127

In the feed segnent (FI GURE 3D) , outlet val ve 147 is

cl osed inlet yal F

in pri6$ngV%E%%T@¥?I$§:ﬁﬁgﬁhglU|d dlseegsg §%§%0 only
Caf@fiimﬁ (€. ?égléxjmmL fBﬁrth@;dﬂa@ehsbtseam&nt déghept ,which
inlet valve i s d

AP P17 PG 18 GEnan. “hed ate. 19D Basked Pl trd
opimbfaAfiged fpaappdnﬁﬂ 1t50r ongh Iistt értolzechmsas dAgPrenss doump
tgﬂgn}fggt r& %E‘EF n”% §§Qnt' Punfdf 19 r§.¥l§£f}§g;'foq| shense

S max! mum capaci t

Zagtpemﬁlmmbhtsmzse{mémﬂ reppvarpct ﬁer@n%p‘é@@%égﬂﬂﬁ 1mL
cont i nui p mp p

185 SR AP e e ??%ﬁ‘%%o%’é?i‘uséﬁaéﬁﬁ?e”%ﬁﬁ?

186gtent i | IBef:aoma Ienih (fekd e farnehél sprnssf Pife 180 are

S%GE?Q&k 5 & %@gtgﬁ%&%asﬁaﬁp@%quﬁwe@o 2oms, each)

nun1vo| | eave feed punp
wtmreflavca umatbreingarhe hehi- lﬁeqﬁéﬁﬁe(Fl@%PﬂFﬁ? 150,

1%@5:' g£ar¥ lnve ]c!§5a Ckﬁﬁcp%gckfg§&9e 0353 qge@mﬁnz%d/%tsp\éﬁge\!epmnp

0 di splaces a predefined
arhalnha@fa ﬂ1q;|ddupev<glume B} S1br figrice exeszed |hgildbP

gg@lgﬁghgpgxg%& nmul ated at filter 120 out vent valve

at t e end of the vent segment, in this
exanpl@hefbeﬁdpahﬁoismelkséﬂlﬁétéﬁLre@W%%%ﬁ§efbﬁﬁﬁ15 not

1%%;@& A 4 %%opyﬁ&edl%%@%et %ﬁ-’in%G);h@ adudwaee a
anmount of fluid (e ?nL t hr ough open pur ge

vakesenno. Iﬂqé:hﬁrsuwsebarvh@edééwn%%@té prstill uses SmL
r %CEI eyl @t edhr, éhr“ﬂcg ahd cﬁfs LRhSe A PRNSEINBM KL during the

mil ti-stage pu IS bac to the ready segnent,
WMG@héem@ﬁensgoﬁ%lWratfefgrrEmFIh Yife gRaRPI Erofexanple

Flagélggs %@%ecﬂb:?&@ntsf?e AP 0 E861 @Y Y Hdse$ s St Afecovered
fl 4mL for the di spense segnent (I'm. _of which is

rei@w@geau@f?as:dfckb%%ewtﬂm Pt RYW paf gel Ledidit t°

S'r‘@c'h@‘:!gé! dfs%@s@uﬂﬁnﬁ-i%@mlihUSﬁﬁ M Cflﬁﬁ@hdlﬁjgﬁlg the

di spense pu n the fil
rgclﬁépreglgxb?g)qqq@ntl In ethlls tcggtel foenecTc’ep %%nES& m'll %ave a

hold-up volume of 14.5mL and dispense pump 180 will have a
hold up volume of 15mL.

Embodiments of the present invention feduce wasted fluid
by reducing the hold-up volume. According to embodiments of
the present invention, the home position of the feed and
dispense pumps can be defined such that the fluid capacity of
the dispense pump is sufficient to handle a given “recipe”
(i.e., a set of factors'affecting the dispense operation
including, for example, a dispense rate, dispense time, purge

.volume, vent volume or other factors that affect the dispense
operation), a given maximum recipe or a given set of recipes.
The home position of a pump is the position of pump that has
the greatest avéilable volume for a given cycle. For example,
the home position can be the diaphragm position that gives a

greatest allowable volume during a dispense cycle. The
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di spense segnment mnus InL recovered during suckback
plus InL to recharge for the purge segnent) and .5nlL

W0 p0obhg799ENt segnent. Because both feed punp 1BOT/ESIH05/042127

di spense punp 180 are filled to their nmaxi mum

avai | ahl e volune (e.qg., 201 eac there is .a.
rérfafff@a@y PAPE %ﬁ%su?ﬁn%%%n%? %é%egO%ﬁn%“f%d?nf g the
exampl e 1lhaypachol d-wp leckubeamfthEd merimandawdiidpbhs evolume
p%mé %%,O has a hol d-up volune of 15nL, for a conbined
hoPd- U vot'tire of 30.5nL. The hol d-up volume is
sl i ght g inedtice e xiatnpf b ualtbvies Wovesuchkeddsdpk imtwhitdhe the
di_.spense pu during_ t c C I [
cA2BE e s u T B ERR EECBREpe iR e
4wknduségugerithe Sdispehsehes egrght clarmeomebt doe¢anprshéml of
purge . segnent.. . f noUSh e .
e%&%ﬁ e a eO\?g,XlEng%ﬁfy? e ea?g g?ﬁi@lbﬁ%qgfe ?%%&dﬂ%hapﬁm?sls'
not recovered durbag-&u¥kisack. Consedu@ht [y feed punp
150 will have toy echarge dispense RUERi 180 W thsBBhse pump
of fluid during tJ€f [l {ratLon seament, 1hg 414 56aS8egment
I G T b
! L MU M Aj
Enmbodi ments of t hé pre%ent irn‘\;enti on%rpeduce (\)Nasltsjgd © PE
fluid by reducing the hold-up volune. According to
enbodi redt shefmatienysy gsdnne i FREHEEINDY t FRecherpp 150 1is:
position of the fieed.@ang dj spense puUMpsrcan be defined
such that the flui'd capacity Sélfké?cﬁ%idl spenge punp is
sufficient to hantie= d03giipen vebaipeequired by dgpegpe pup
factors affecting/ot fievellBisedderepeshtdUEH NP net IRATRG, Segment
for exanple, a di%pensel st @Urdes pEHsddt PHEIS plRGEDT
vol ume, vent vol Uhe =0V 0 bifite MeRheE b & iia i BE f 2R4Mae
di spense oper at i Ohjgwea: Gi VRHBAGSFOHPFRRi PEF 160 §ugkRAfE
set of recipes. Tre~h®FHISIETEN AL LD ERpI P HEP
position of punp that has_the greatest available
vol une Aermangi eregipe] 801 s egnpPBl i theHorging the
Pasiti9n &8dyde whe diaphiagnposidd ep ddat- gives @ .5 - 1 =
greatest allowabl'e volume during a dispense cycle.
THed¥di-| abl ecaRSure EbFR<POREPAG PHR HE ChofgS po tie6Rve"
of £ 1@ BUPPhM ddciborbkoathy Q. J.8SSctMathid e BBXI HAIND or
avai | abl e vol une ,
dropped. e; and e, can be zero, a predefined volume (e.g.,
1mL), calculated volumes or other error factor. e; and e; can
have the same value or different values (assumed to be zero in
the previous example).

Returning to FIGURES 3A-3G, and usin@ the example o0f Vppax
= 5mL and Ve = 4.5mL, during the ready segment (FIGURE 3A),
_dispense pump 180 will have a volume of 4mL and feed pump 150
will have a volume of OmL. Dispense pump 180, during the
dispense segment (FIGURE 3B), dispenses 4mL of fluid and
recovers 1ml during the suckback segment (FIGURE 3C). During
the feed segment (FIGURE 3D), feed pump 150 recharges to
4.5mL. During the filtration segment (FIGURE 3E), feed pump
150 can displace 4mL of fluid causing dispense pump 180 to
£i111l to 5mL of fluid. Additionally, during the vent segment,

feed pump 150 can vent .5mL of fluid (FIGURE 3F). Dispense

13
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for the punp . Using the exanple above,

gi ven the

reci pe in which the dispense segnent uses 4nlL of

wo bae@5795he pur ge segment
and the suckback segnent

maxi

mum vol une re

VIR 2B+ VI 4E g
byfdﬂﬁﬁEMSS ﬁ@ﬁﬁkﬁvao—thelrw&ﬂyﬂaspmas@d durﬁhg8d¢3@@ﬁ%9

I m,
recovers InmL of fl ui

uired by then
P 9IRS X

iSpense punp and

nB%@ﬂuﬁimﬁHuﬂEspéﬁHﬁ medmbytﬁeedmpudp 150 is:

t, V I
SROG 0 OB SRHhR R o
= I
Vol ot a Speeea HOF | v M-

I spense segnent

t he vent segnenPCT/B81005/042127

d, the

§EE§®§?S%§pcgﬁu$ur%f ImL

L dyri g PE{98; S§9 %gt £big =

21 Vi

%dw9¥hcgéyg?$§ed Hggkéﬁ% ﬁlspense

p = volune

phé@fﬁESduthﬁghpmﬁgﬁbsmﬂ;nentoﬁAthf vobpeesy erved agdr FeRpl pump

vent sedueal Vsuckhagk suol Wie.ecoket od

arior-vol dne

%ﬁhﬂge the
punp

A3 sHfe 919 reeiper. orTadeaJﬂesbal@ﬂranmowédea@wlﬁg repipes for

exan@itﬁ_s

Qve,

VDVac

=4 + 1 =

5mL and VF max
aﬂe5ﬁ%?P1n cases in which dispense punp 180
does not recover f|UId durlngﬂﬁbéﬁbhck

4+ 1

t he Vsuckback

tern
zerd

ha
cah—pe ocl lU

, a predefined

u Ot u2 UI dHU 84 C
vol une (e.q. Inm), calcul

M D€ REcipE 3
at ed

vol U
sang
t he

mes omaakher er
val ue or diffe
previ ous exanp

ror faetior Diepewsk 62 can H
rent val ues (assumed to bqg
e)

ave tlﬂ@in
Dﬁ%%%n%@ 2
A- 3G

Ret urni ng to FlI GURES |3A-

and
duri
180

usi ng Oik@eexanyp

a%1 t he ready se
have a vol

e of MPméxsec5nl and V a
gnent (FlI GURE 3A), dispens
ume of 4itil and feed pung

4. 5rmL/sec

e punp
150 will

have
di sp
and

a volnirpeateOnlL. D
egse segnment (R
r ers I du

sperrse punp 180, duri
| GURE 3B) , dispenses 4nL
ring the suckback seqnent

ng the2.5 sec
of fluid
(FI GURE

30)

Dur imegulting

Volume

3mL

2.5mL

Purge

. 5mIL

. 5mLL

Vent

.25mL

. 25mL

Predispen

se Rate

1mL/sec

.bmL/sec

Predispen

se Volume

recovered during suckback.

1mL

. 5mL

In the above examples, it is assumed that no fluid is

It is also assumed t

hat there is a

pre-dispense cycle in which a small amount of fluid is

dispensed from the dispense chamber.
can be used, for example,

dispense nozzle to clean the nozzle.

The pre-dispense cycle
to force some fluid through the

According to one

embodiment the dispense pump is not recharged between a pre-

dispense and a main dispense.

In this case:

Vp = VppretVimain
[EQON. 3]
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the feed segment (FIGURE 3D) , feed punp 150 recharges
to 4.5nL. During the filtration segnent (FlIGURE 3E)

wo ewd/op9sp 150 can di spl ace 4nl of fl uid causiPgI/US2005/042127

di spense punp 180 to fill to 5nL of fluid.
Addi tionally, during the vent segnent
can vent .5nL of flui pEeer] GURE. %%tng £§Sﬁﬁifegggpd}%%1pse
during the purge segnﬁﬂ?m(FfﬁﬁﬁQ'ng can purg F%L of
fluid to return to the ready segnent. In this exanple,
there Ascodinellg, uphwchqmmep@siai¢ntdﬁathbudﬂS@¢ﬁ&dn@iaphragm
nt. and di.spen b V. r unp
tﬁ%@ ?%q%gegoﬁﬁ?ﬁngégbrgﬁ %ggﬂgﬁt§d$§é§ﬁ§§%%eg?%€s
tbestmﬂnh mﬁstheofeedomumbeCdmépengéipgnﬁ ‘B f(@edt plrhp?d) -

C e .selected as it ONng. h I
CRER Rt BhEE B i 0 ARl Snb ke Rl B83 Pamo 150
r@ﬁlpemadaamuafmuiént.$ﬁ@gelpmnipr Regbbe 1 ¢ﬁ13ﬁﬂépagg

: exa”plgCCOﬁé%Qﬁ<t%S§H8§ﬁE#'Eﬂboagméﬁy'ctHeShBﬁQo§@§f¥ion of the

duri ng ’suc so assuned that there is a
presdéspersepcyt| fedch puivocham Srdlde RABEHtOtIRl BFE1TS

dl S e}@éc'eoq: fr QuLLh hgefm%%e%&@b@r{rbe&f Ihgs or eacﬂ'u%ﬁgn§ere01pe

can be used or exanple, to force sone fluid
thpoqg$MQdu§h§|aaermmmrﬁyizmé r%ﬁQﬂﬁﬁﬁnthéh$uﬁﬂﬂEeor the pump

A%%ﬁ{lg{:ggfc%)eaoﬂgweémq}em?cgtzlﬁgelrg%s@%@ﬁ@n?@%é&tﬂ@h, say .

r echar ge tween a predispense and a nain dispense

| byt bhangiase Repire Dgro efqubiAi 4] EANT18i¢vOre dispense

a%% UL ALAPENSE YeSRaNSS: LAVRIR 1?%&“&1‘ HBiBally.
gnségAcébrglngf t he hoﬁe 03|€igﬁ 0 sonlBl Sally

legpeﬁstﬂi%pﬁhag%WS@e py@Ep @@P}&a\%‘{ BAlbFomy cagppove to

( %ﬁ%ﬁ 2) tl?é’]q:a'bgglbﬁ?r@f 991%' 'd'lgﬂeﬁée thef e8gn PP Galmheand
£8%4 25) h

. Wth these hone
pd@ﬁteéhsaihﬂssénébu¥ﬁuﬁﬁn19@ aﬁ@?4é%ﬁtﬁﬁnﬁlﬂﬁﬁ?%ﬁ ppmp.  If

have SULLigGient:eapacidue.d b1 RRET AR ibedr sReClRhcAng R
Accor di ng %% anot her embodi nent , hj¥ﬁgn§8205|tléiﬁg feClpe

t 7e tei SpeNnsEqrdap %r5m%éﬁféﬁﬁﬁdcdﬁ“tﬁ%ﬁ@@nﬁ%§§6%bﬁaphgalt

3&!@1@ Legi Rt asusesafeld nad posiltii @B. thé @ewSeier
adj usts a reécipe
required capacity.

The home position of the feed pump or dispense pump can
also be adjusted to compensate for other issues such as to
optimize the effective range of a particular pump. The
maximum and minimum ranges for a particular pump diaphragm
(e.g., a rolling edge diaphragm, a flat diaphragm or other
diaphragm known in the art) can become nonlinear with
displacement volume or force to drive the diaphragm because
the diaphragm can begin to étretch or compress for éxample.
The home position of a pump can be set to a stressed position
for a large fluid capacity or to a lower stress position where
the larger fluid capacity is not required. To address issues
of stress, the home position of the diaphraém can be adjusted
to position the diaphragm in an effective range.

As an example, dispense pump 180 that has a 10mL capacity
may have an-effective range between 2 and 8mL. The effective

range can be defined as the linear region of a dispense pump

15



10

15

20

25

30

35

to change the maxi mum vol une required by the punp or
the punp adjusts for a new active recipe in a dispense

wop@rasiooh, say . by changi ng Reci pe 2 to requPCBUS005/042127

of fluid, the dispense punp (or feed punp) can be

adj usted manual |y or aut onat cal lLy. For. ex
e 8o I i B B WO VLS L FARE e LQ e e
:ﬂmtmadmy pfoxhhﬁ dulspem‘qmmebremrﬁmiltooﬂqt *%mdae
e extra |.nL e ed { h n
B pho Stteind b8 Folk HodlSRgh £5 4,08 HelPetfphoaon
gb@ngjn@;B@enpe &hapmragmy19@qu1méGHREShL:@ﬂrﬁlmpmm nwwp
spense n malt I isp e ecu
P 1 [PHPoe FRE o Fotet aeRianE ek e S Snouta
h?mm tthen bf ’d:lhaesef egdmplag @deﬁe@em@Sp@nﬁléWagm
al so adj uste epsat t [ suyc
ST B TR oW SPEaR: T Piaranel Do SEYERe M Clont
panméa‘ﬁi@hrmpanunyandi /i APrurpgsitges vowld qeawsei b ar
p i aphra I aphy fl
H er%sgeﬁ] or%g}é fapﬁﬁlgg% \%ﬁgl ngitlhe ae%?%gg% e
bémbﬁ‘.’eomordqaﬂeareﬁwmh tehi §b¢a@leﬁ’1@rﬂce¢omh‘ﬁn%f for ce to
drive theqdh apNiagys RECANSE JubenfLARNAGTCaRc DG drOtne
stretch™or conpréss tor exanple. The hofre position_ of
ahpmammrtlb@sséort@ st B8 elFoSieCiBRS fiBAViad ar Yeex = 3mL
ggcgm&g hato B | aner =3l 858:RAsiId19ReWASF & thep
Iarger |UI capacity 1S not required. To address
i sbaeshaf staréssonthierarons po5eeiioie R IRe (Yi%phPagieen Sml
%B ?.§d1u§&§Qh£9 &&Eﬂﬂﬂ onit bes 4 ARRLAIBE | thdMispense pump
e I'Ve range. As an exanple, di spense punp 180 that
hasnabd Gt cepabitythmyoRare ah €FF CAEPgase Ange 1s Smb
b‘?%ﬁ?é‘fgn@&g 8MbgsThe T%f ifseptbyid Ange reéane e WakinBedor the
I near region of a dispense punpwhere the
disaphd agpreire raees exprlice et Se@hiFinganfe| dadity o 2mt or

FI,GURES #diC Q% den i agraguati fed£Pr e5eohad i nspot, the

t hree exanpl es of setting the home position of a

d|2§1§-eﬁ9bm@|¢ aphrragml pee Vo lgre pepise eoﬁfgﬁﬁllganﬁ@(?nof i.e.,

FILGIRE: 25 ) efﬁct@vé%%@nh@kﬁ&g b Mumpf heetd iewer
range between 2nL and It should be noted that i

t lhead laRbaprEdmednts| %f%ﬁeéjatt@s the o} AARSIg o SOL| Bﬂe ' pump
t hat-pwell € ealsRnkhgodisiRense pHNP+ tnrhavema. 1QHus, the

home position can account for the non-stressed effective
region of the pump.

FIGURE 4B provides a diagrammatic representation of a
second example. In this second example, the dispense pump
runs an 8mL maximum volume dispense process and a 3mL maximum
volume dispense process. In this case, some of the less
effective region must be used. Therefore, the diaphragm home
position can be set to provide a maximum allowable volume of
8ml (represented at 210) for both processes (i.e., can be set
at a position to allow for 8mL of fluid). 1In this case, the
smaller volume dispense process will occur entirely within the
effective range.

In the example of FIGURE 4B, the home position is

selected to utilize the lower-volume less effective region

16



10

15

20

25

30

35

avai | abl e capacity and a 10Om position would cause the
di spense punp to have a OnL capacity. In other words,

wa b@e/r1951 Ol scale refers to the displaced voP@mEs2005/042127

FI GURE 4A provides a diagrammatic representation of

the home itions faor, a u t.runs. rec \Y
a e thpesﬁfsﬁai VS ﬁ% aniclf%atv Tax = pregl VLR 1
MaX b St deoleupe yf or Bn pumert h:altocha@naswthﬂdmn@t pessedon can

fect & t 8
Legt iy i v rgggl é(ﬁ?%ﬁﬂm Qes%ﬁgpf Jgﬁé’%ggeﬁgén% Céﬂg‘@qeﬁz@ks this

smtlnateatrheth\aml paet off tihe dpspensdupenplsersyd will occur in
r sent 205 his.p S { ci ent
B e S i thnor prboane vl | 25 SRRl B B ™
ofth@mh wiol 2ide epm8nihold-upOvblymyi on that causes

P oS3 B B AL L Al s suno s

efaf emtlwmragt cmlwne vmmnﬁhepmﬁﬁﬁsnaédaal e rmaximum volume

aval, 81%5 volde) | goadded 1o-Lhs, | aas! pVAE AN occur
spuc% he +

the at t lone position is 3ni
5. tfthu:sesst WefthhEV©olsartqeon Ean dHeesyae ﬂé@PltWeer in this

non %l Egssgag’t %ffggjt;,l 1\_/(? a(%&ngn le%lhﬁl BlanO }Ei‘é%il.%% ‘lthax:Lmum

provites a di agranmmtic representation of a second
exdiplable valvire sécomed xanpl BePrerendiespahsel Punp 1L, as

rYpg C@E_‘b&iﬂaﬂm& Mg VQAM%O%SB%‘%&{ QGesSea@ntha 3k

maxi mum vol une di spense process. In this case, sone of
t ediipes effauttioneof efhorAtust SBeRIA AFOCTRES Bt bl ©CPfein

(“fﬂghﬁ§9Q1 tﬁQ§|Eéﬁ@b‘xnﬁcggr§§ﬁgtﬂ% RO d8mBodiments, the
maxi mum al I owabl e vol une of 8m (represented at 210)

f dromsopbhs by bvessas repe. Lo dhepanaktedigPERSE tRIHIFSs 1nto

al,{h%we%gc@me Qfeqfibdid) . In this case, the smaller
unme di spense pr ocess Wil occur entirely within_the

ef f ect i3re thangeove reRe 18R anple Sofl SFFeRRE ASI - IPhEChyhr for

Pasid sﬁQliér&ﬁh%&keglgﬁeﬂgé|§r€@e§§£%|ﬂBM§&eV@hﬂnESéQﬁﬁthe
effective region(i.e., the l'ess-effective region that

ocdkanss efiept e TeGHABRI &0 cHSs &M Po etift PP FAR ofheietup so

enhodi rgat umﬂi3%1@0ﬁ§e90§ﬂé|Mé@scéﬁf$ﬁtﬂvé rBgion for larger
hi gher-volune | ess effective region. However, this

wuvquW@aﬁlth%ttseparPCSFStW@H%\Xé?wvﬁﬁﬁfﬁl&%bén eqifaitical.

ooﬁﬂﬁéé Reatures make it possible to optimize the combination of

(i) low volume with higher precision and (ii) high volume with
lower precision. The effective range can then be balanced
with the desired hold-up volume.

As discussed in conjunction with FIGURE 2, dispense pump
180 can include a dispense motor 200 with a position sensor
203 (e.g., a rotary encoder). Position sensor 203 can provide
feedback of the position of lead screw 195 and, hence, the4
position of lead screw 195 will correspond to a particular
‘available volume in dispense chambei 185 as the lead screw
displaces diaphragm. Consequently, the pump controller can
select a position for the lead screw such that thg volume in
the dispense chamber is at least Vpuax-

According to another embodiment, the home position can be

user selected or user programmed. For example, using a
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the |l ess-effective region and, in the exanple of
FIGURE 4B, there will be sone hold-up volune. In the

wao kiostsmianpl e of FI GURE 4C, the di spense punpPCT/S2085/042127

gnr naxgnun1volune di spense process and a 4nlL naxi num

vol une, di_spense, process. rtion of

pPERRISICAN M Sh bt i Eh " I%cshsére Eg :f?/cee’r anutggg e
ﬂpﬁ&@ﬁuﬁEaduaphrggﬂacﬂed vhisnexamsl és saﬁﬁiﬂ;eﬁéttPoC%wry out
onme posi tion, of to pr [ a

oF 2Ty, ¢ F%‘?ﬁ‘ 89% Z%QCIEF?L M escr?%g!c:iyg@e by
abﬁ&emulmms?age mmmn p@scbr@nﬂgsxuged émWOQ%mﬂﬁtneéfp%he

ortian the. 4nl .di ess I occ
C HESF RSl P TRy A%, BERE B RRES0 b 1B U 1 rox can
epbogé omntes,. t fike homp vosirobheTale - QesePumequ¥§Oller 20)

sl et di spense PIRGEsS Bho (N ehlectiye vAgken. to:

t 8 abdve exanp ere I's sone hdld-up vol ume for
t keaspnd | 6rf \tbbumee:dusse@@wge b@@o@s§é§ tocprapasifigdevolume,

O]cguélgecén ol% Eegé I é/a% rLegi Qgc' o the RUIPro AN RIHP CaRus,
t S0 th he punp only uses the |less effective
r@gmpncémnrdLaegerbbl&ﬂh§Q§|§p@¢mﬁaﬂﬂsééé§§ e rcd sPeBfie Pump

Pr, 6 %bentﬂoa% |c8§§ez£§ CL(}I%J] ava eSS d AL URE S, Frade: i t

pOsSi e ‘conbination of (i) |ow volune
VVI t h h|1@hercmém siopmeahed (3P Ri ATyl 1Ret hepdvisrrew

8h- e ef f got ‘e/c?ré'daggep&%‘ écﬂl@ﬂo@@e@@(ﬁnﬁe@n
e S

e desire up volume. A s discussed in
cmybaactll @rn’t\MOtlﬁeFl GURE T thai Spefiasipdirpm180s dapn sensor

2%%)'3Ud81§péjds%p?>ﬂ§l§ P8 Ao 20Q Whbhr R PQSkbhORoBRAS Qfuch that

g., a rotary encoder) . Position sensor 203 can
pracnutae ¢eddifackeofit e iesi cYohe of iSesaSEcPEIp 1oy 15 at

and.g ﬂgﬂggpostlt{go['lo%hté on iofs bead: s&d ewv199 \t\hé lgreatest

correspon articul ar avail abl e vol une
d.asz@eﬁg@l@hwb@e 85 Bee (HePrBal SYFHeW di Spl shald be noted

hragoy ;%Hﬁ%%eeéﬁ Yoe tdRtRBNMPe €O 0lshiRE 1 £AManner using
se ect a position for the | ead screw such that the

vol mesithor heerdicgpense chanber is at | east VDVax .

Accor di A1g @ 1 850t hefn RKReJEABS imdnfte B@@@eﬂmlpﬁm@nlwmnd/or
be user selected or user progranmmed. For exa

usfargl agraphdCAanySer IFHY St YcE BFGW%PO’CHFE%%%%“

usﬁd’sftéi%n sensor. Fach step or count of a stepper motor will
correspond to a particular displacement of the diaphragm.
Using the example of FIGURE 2, each count of dispens‘e motor
200 will displace dispense diaphragm 190 a particular amount
and therefore displace a particular amount of fluid from
dispense chamber 185. If Cruiistrokep 1S the counts to displace
dispense diaphragm from the position in which dispense chamber
185 has its maximum volume (e.g., 20mL) to OmL (i.e., the
number of counts to move dispense diaphragm 190 through its
maximum range of motion), Cp is the number of counts to
displace Vp and Cp is the number of counts to displace Vp, then
the home position of stepper motor 200 can be:
Chomep = Crulistrokep— (Cp ¥ Cp + Ce1)  [EQN 3]
where Co; is a number of counts corresponding to an error

volume.
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program a user selected volume that is sufficient to
carry out the various dispense processes or active

wale@pesme7 process by the nulti-stage punp. AcCRCTUSZIOS/®12127

oEe enbodi ment, if the user selected volune is |ess

t han VDls ense + VPurge , an_error_can b r

The pufp® Yol £&rC ?@“@““‘6unph%éﬁFP%FIer 56#523% Sk
aalgﬁﬂﬁagmvmbunfmdm)ﬂH@epUSEwlaqxan Mhedhvdﬂana@snghamber 155
exanple, if . the user Iects user, sp f
vﬁ?fuﬁ§s BEFHEB AT er ©28- céﬁﬁ&’ ﬁ%oé%ccouﬁgéféﬁﬂ£er
ebf ofsuntEhtts, mpmwnnns@nhseldzaphmdqm ééDetmrqnmhonbs maximum

posi tion for pense_p ha oLres
aG%??%ﬁ?eHVSFuﬂé ¢ cgﬂﬁﬁﬁggggn %éggﬁﬁ%e%%e gggkgngtor
cars amwpbgdm@dtcscfrs@wa@osqammetdhat daspdheesporpdl80 and

at, pu controller. 20 ok Le
théJfgggﬁac&m?roangngf%%ﬂégﬁggfﬁgﬁ&pnﬁfs%énééﬁ%ﬁ%%gvﬁ'
188e caomdpoadciivatef Feednneoodt ed’ sgeh bhat at the end

of the filtratiop cycle, dispense.pynp 18Q. is @t i
home position (|%é°‘“epit%fu ﬁ%.o?cﬁaC?n ?ﬁe d?egtgg¥q4]

avai | abheryolyms honwﬂherdﬂ%génséscy@ﬂ@%pond%n%ﬁﬁhﬁﬁ error
be Toted that feed punp 150 can be controlled in a

si'mI'ar manner using a position sensor. According to

anot he FI6HRBE| Heri, pUPEhenSH-ASUANNABIS AABL6FSh Bl JnE T

157913:?915] bseeeg‘?r[e'n\égnﬁ Y aanﬁl%@pg{aﬁ@tﬂqﬁnpw5bb‘oé‘éccﬁrdlng to

position sensor step or count of a stepper notor
wiahbther redpeidend <af gdvet PERPaRT dinsisinad efrent™BftirfEage pump
P%grsggggr&f% gotgﬁeQ%@%B ReRf, H(2IRE2 a.§§§hs%@§@tpump

pense tor 200 w | dlsplace di spense di aphragm
1901a (paeed qwimar SAhbunta éﬂﬁéptﬂﬁ%ﬁ? eftor9e 81Ep| e (adlSPense

p%ﬁ@;cyb@r ) AmpuRt . of zfdzpl dnf F oM digpeRseoehandben 1851t

u'rTstrokeD I's the counts to displace di spense
divaphieagPs { r dmlehevpbst t906napA WHEIT dPdpens?® GRanber three-

1%é.h@n%bé§ M puim vl WIR (884 be2QW,) thes OowWd i@iet

he nunmber of counts to nove di spense dlaphragn1190
t Medugh5P ¢ staridei HERT rkeide 36f 2Rot ) valee padiinelation

nyheL 9fqcainits 14k spjree MP askh Gl s bheldwneke and
of counts to displace VD, then
purge valve.

Feed pump 501 and dispense pump 502 can be motor driven
pumps (e.g., stepper motors, brushless DC motors or other
motor). Shown at 510 and 512, respectively, are the motor
positions for the feed pump 501 and dispense pump 502. The
motor positions are indicated by the corresponding amount of
fluid available in the feed chamber or dispense chamber of the
respective pump. In the example of FIGURES 5A-3K, each pump
has a maximum available volume of 20 cc. For each segment,
the fluid movement is depicted by the arrows.

FIGURE 5A is a diagrammatic representation of multi-stage
pump 500 at the ready segment. hIn this example, feed pump 501
has a motor position that provides for 7 cc of available

. volume and dispense pump 502 has a motor positioﬁ that
provides for 6 cc of évailable volume. During the dispense

segment (depicted in FIGURE 5B), the motor of dispense pump
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the hone position of stepper notor 200 can be: C oraeD
= Cf uiistroke D(Cp +CD+ Cei ) [EQON 3 ] where Ce

wo gooa/osnesber of counts corresponding to an errPCT/USL00Fred2127

fSigiIdarI%, if Cfuu strokeF is the counts to displ ace
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r eprlesd nitet |aopsopf1a/leaf inoobes egfreftepsf 6p aUpRALISNSt aggnents.

punp 5?0 accarding.. %ﬁﬁﬁ{‘o [hehnerhogt amat =ef tE‘@ed pump 501

present i nvent1 on. -stage punp 500, accor d ng to
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Py 204d bepensp haas: PUR202a( Feieaenss  pusk:
ggg) 1§p r%selg 5(84 an Fnl et valve 586Fand an out| et
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dﬁgéggﬁgﬁnM@J%%§ réﬁﬁbf@é | b@hg§%ﬁﬁb@@gyb§fé§%uﬂﬁ@b§ fluid

i nlet “valve 506 to b e used both as an inlet
valovéehmdflllsloldatspéﬁSQ/aH’W &Ad ¥d IRIEVERLETeN S VG Bressure

gg@d ?ft@a{‘ Q| ey ualy efl%!l@l BYF 98 IR d. theQhPWIRlet

and di spense punp 502 can b e notor driven punps
(evagve 8@®pper notors, brushless DC notors or ot her

ot or) . Phgwh, at fﬁ%@a@ﬂgn 5dmen@S PeESy elry FIaURELH® |,
notor positions for the feed punp 501 and di spense

. Purpe502a 1 VEh& Ofot 6r choad iAs ThrE i HdilcatedPIRS S Re™P 502-

C%rnr %ﬁ@%‘;@éﬂgﬂea@%% Ofcd IgH @1ayali@bclo%eunbyh@efce@®mp 501
chanber or di spense chanber of the respectiye

t He Ekapphee (ﬁurqp| EGORES @ggds@um@a%@] pciﬂppcontlnu assert

pressure on the fluid after the dispense motor has stopped
(e.g., as shown in.the feed delay segment of FIGURE 5H). In
the example of FIGURE 5H, there is approximately .5 cc of
fluid left in feed pump 501. According to one embodiment,
feed pump 501 can be driven to a hard stop (e.g., with Occ of
available volume), as shown in FIGURE 5I. During the feed
segment (depicted in FIGURE 5J), feed pump 501 is recharged
with fluid and multi-stage pump 500 returns to the ready
segment (shown in FIGURE 5K and 5A).

In the example of FIGURE 5A~5K the purge segment occurs
immediately after the suckback segment to bring dispense pump
502 to a hardstop, rather than after the vent segment as in
the embodiment of FIGURE 2. The dispense volume is 5.5 cc,
the suckback volume .5cc and purge volume 1 cc. Based on the
sequence of segments, the largest volume required by dispense
pump 502 is:

VDMax=VDispesne+VPurge_VSuckback+e1 [ EQN 5 ]
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has a maxi mum avail able volume o f 20 cc. For each
segnment, the fluid novenent is depicted b y the arrows

WO 20037 5A i s a diagrammati c representati on BPET/US2005/042127

mul ti l—st a]ge punp 500 at the ready segnent. In this
exanpl e eed pu 501 not or_position_t -
provi dés$ ?b?PePS@cPBFpaégfl%lézﬁal%n%teé’r?ﬁrdfngg%rn’sea specific
pgﬁﬁbéﬁfoﬂlb[%%uatlg%pﬂ pesitli-onn thati spnavedest fofr VBneC By
of avail abl e vol ung. rin e di spense men
(B et e TP PR ARy PAEHE TR Gt o Coaige® counts)
pQﬁFSﬁ)\&nwﬁlvl (553 beuﬂt§pic&&esﬁoﬁdmg)ftd WVihia 6} tdhlspaghe pump will
outl et val ve 508. dIS ense punp recovers .5cc of
f PGV 8 %rqvﬁdlﬁgg SYI% I% g@“ﬁ’b’nt (depicted in FI GURE
5C) . Boti Bged hRumpusge, S'e\g,qems (shown and Ehe&dRELssa)l
se np 502 djspl aces.lce of f|UId

: %‘%veerg% urnlrl)ng‘%ftﬁhe 50r e ¢ % <§t moror ° 2
othadis peps quuetpihf2tc @O driven to a har d stop
(i.e., to Ccc of available valyme) ., This can ensure
that the notor is backé’ﬂ’xt%e appropriate nunmber of
steps im shbsesprentleseyarntis. 7ta. t e Ventl segreritl uses a

(shown in FI GUR e ; I
CrUGhE=b 10 A S T TE o B3 Bt g TRa o coament
dicspebhsebgprigyl debaytise greemts tophpowi i ipnFLoEREUEFr of counts

f eed
ik e Rl b Ty

prks&uofz@snafﬂlmum 2ochedny ficked dimp e upihpzed X aivdot a

prevent s t I fluid
T o i Sl T

filtratilsvREegnenta (Showaninat It QORESEE)tatinn Lélughrating a

508 and of dy dis
thgegxé%%? Q%O %Hf %ﬂé%ﬁ%gdél€§%§$E%Hﬂgd5g%hﬂﬁﬁnpln the

5(b]:<att®ldl s@eﬁ‘wH@Uﬁp s02sereed punpt FOL c&ANCOMETNIFe USEr
%%rtVQL§&§U%%EQn15er6dﬂ“ dagfLefort R 18hEPENS S e added

as sto g., as shown in the feed del ay
se@“rétlhnlsoﬂe R GURBLS H)- such rthate teg ahgie RoBiELeRES Sthe

t il e e rres 1 f e} m.
O3 MR 25, S o d el

cdﬁuﬁ@ @ﬂGUEﬁ]Q(pq;yhgﬁglgﬁqwquglgg aise¥ oedepied volume for
?\é%l‘c# Qﬂlsﬁe}@é l‘g@r)p, %ﬁeSGQM, Iih BEREmbdiRdhtRg 418 also

select a volume for the feed pump.

FIGURE 7 is a diagrammatic representation of one
embodiment of a method for controlling a pump to reduce the
hold-up volume. Embodiments of the present invention can be
implemented, for example, as software programming executable
by a computer processor to control the feed pump and dispense
pump . '

At step 702, the user enters one or more parameters for a
dispense operation, which may include multiple dispense
cycles, including, for example, the dispense volume, purge
volume, vent volume/‘user specified volumes for the dispense
pump volume and/or feed pump and other parameters. The
parameters can include parameters for varidus recipes for

different dispense cycles. The pump controller (e.g., pump
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segnent (depicted in FIGURE 5J) , feed punp 501 is
recharged with fluid and nulti-stage punp 500 returns

wo eooblos795eady segnent (shown in FI GURE 5K and B@Y/US200$1042127

t he exanpl e of FI GURE 5A-5K t he purge segnent occurs

i mredi ately aft the s kback egnent ri -
PSS Al SO ORE Hir oot o ool Her Enal Ry por e of
;gné Segrante gamprbaéya enb@dm$&ﬂnsp§tlEiéﬂﬁﬁbl@mﬁ THéspense
i spense vol unme | c . 96
R e sPuRR st SEneh IR REREC e R BEEn che
gagﬁpémse dymaelar@ﬁﬁmtnunbth,rthpnqhedbeOﬂlEﬂm§n§éspuh?ﬁ can
i S V| sne+ r k +
fl?a%ﬁ%éghégep%%%(%ﬁf' ¥ ??gégggmg ggpgfqﬁgigﬁSPEEQN
saeepﬁr&gmauwﬁemlmérxynJnms pip ¢asuolllph gan determine the
di_s Iacene of VDth By backing the notor froma
h&F t%p poémilgn %tlo?, 0 counts) the nunber of
count s DuoLnespofrdidngetweMDVEbRed fspernsenmpwap Re| FoHeRpd Led to

\/%l ﬁa%kﬁpla éa\é lcgE? Hulém“a%ccofﬂ gf%%doﬁém&nkﬁﬂﬁment, the
en n ere1s an additional error vol une of
. Beed Pmnﬂnrqamg bfeeédlbtﬂrrt%@itst@a@fﬂm ¢spapitnccdcgrrging to

t \Yi
Q5N CCe $ g éi"el"feeé pumd cah W2 R Se&xaml %ﬁe&' pump

ax I's 501 UseS a stepper notor,
sm@mpepOﬂntUnl @@EPn@OQhe Puehag gehs ggREnpegRgnhehe feed

bg&§1 b tfﬁ%tﬁ@EdééﬁH%dyiéﬁtthvéﬁﬁaﬂlﬂﬁgeﬁaﬁﬁnd3%UQE§t
rr sp ing to 7cc. In this exanple, feed punp 501

uticlipped (Ftew ®)a maxi mum 20cc and feed punp 502
utilized 6,6, & MXEAUM L06fntt, h%ﬁgbﬁ’ee%ﬁ‘ﬂuﬂtg zdcce
Sof

of hol d-up volume. FIGURE 6 is a dlagrannatl
r @m@gehiﬁ@ i a|S|sp@§tpmﬁ%v§eaoas@Pe iFHosPPACEI D oot i1l the

éU%Egge, nggﬁ'gﬁg dﬁ%?éﬂ%e bingb he aexappl €s afone

a user, at fi 602, can enter a user
deﬁ’rqsnédovm (The diepende. CigmbFRIn AR aif i i9BrRRR RIEW Be

a%ﬁ%%dt9n£bi$ﬂk§dgspeﬁﬂ¥knm¢5Q@Bcﬁ@@hﬂkﬁ%oﬁ@n§051tlon to

position of the dispense punp has, a corres ondi ng
aRATtABILAY vBi Uinghef dippensmiPuEPFBURE %Rty ! depT digpense

S%ﬂﬁtﬁ@oaaHséﬁafyﬁbQEt@QldﬁE WrHBtf @6 less than the maximum
available volume of the dispense pump) (step 708). If the
dispense pump uses a steppér motor, the dispense diaphragm can
first be brought to a hard stop and the stepper motor reversed
a number of counts corresponding to the dispense pump home )
position. If the dispense pump uses a position sensor (e.g.,
a rotary encoder), the position of the diaphragm can be
controlled using feedback from the position sensor.

The dispense pump can then be directed purge a small
amount of fluid (step 710). The dispense pump can be further
controlled to dispense a predefined amount of fluid (e.g., the
dispense volume) (step 712). The dispense pump can be further
controlled to suckback a small amount of fluid or fluid can be
removed from a dispense nozzle by another pump, vacuum Or
other suitable mechanism. It should be noted that steps of
FIGURE 7 can be performed-in a different order and repeated as

needed or desired.
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t he di spense punp, the user, in other enbodi nents, can
al so select a volune for the feed punp. FIGURE 7 is a

welr@gnsayRat i ¢ representati on of one enbodi nent POf/US2005/042127

ne}hod for controlling a punp to reduce the hol d-up
vol ume odi jrent n entio
i npl em‘gﬁt1 a, p?%?aréig dfeg?sasge soﬁt &%hgé[ %grﬂu?é{l—%ge PP,
e)eetbudia‘mskrs:sbyofathenms@mtpm*@@sw tC@ncahw dbe tiva lieed in
pu di spense_pu tgs r
B N g
e Dnelamhpdnmentpbé ahsmmgﬁSeSt%aﬁ @3 B8P udi Higoleoptage
exa i.spe r u

RS R A B % B Ebeme Toums ™"
v@hanensﬁuﬂump ﬁéédap@ﬂﬁmaﬂéSEFh%?Iﬁéﬂéﬁeﬁ@ﬂsto fijger
PaLaEl £12s G310 QEE o QUATRLEL S 0 uMBELOYS F8GeRESan

er ent spen e cycles. The punp controller
(e:ogtropufﬂpu@qtfﬁem err@hof iy BpREEape) PeER el émAlieing,
QE]9R§ 0 i0S REASE P d a user

speC|g|e vol Ehgged?%iﬂﬁggovolﬂne pur§E§3§|%ﬁQ or
ot her ﬁéﬁ@ﬁéﬁ@h@ﬁ@B@@@aFé@ WAoehefeF spesd eey@| @lspense
Addli ?‘#éé’ +d Re1gbet Cﬂucifd hone: DASIh0B 662k B Rageenin

on t ective range .of notion of the di spense

.dldal@ﬁﬁagm clginreragpy, al?chéilﬁ@ﬁrﬁc%o?&qdcﬂ | & PégFen 865 to move

de&l%‘bghgg §bﬁ%g %l@.gpﬁif'g?ﬁn hte ROSEdd QbrUB D02 fae%l(_ispense
segnent, punp” can be controlled to fill with

aﬁmt@ée§§5fl Gr@c?d A@é@WdWPg cogrée EnedioreRt Y HHOUIEed DUt/

PYRCBR Hend: |It{e%@a59sﬂ1t&m&bgyﬂi§@@@rb ff@rﬁm RYtor to
t o anot her enbodi nent, the feed can be filled to

a ¥eeedspusp hidhre PESPEREM (t§>t eﬁemodlﬁmﬁ ngetherent 87°

seqreRtst henfeadapYUMn canhe rbubt der ntskekbl e d 0 causing
vent fluid having a vent volune (step.706)

t IRe-stont B &% i e ft, A¢erreBd purFhes GB‘HP?HPGF%%
aspi@ilenBEeSSHS 02N cbhelﬂflcifc%s& fhuigk¢ @ blthet hgumps

ORI gAnS THE TSRS TR AOnF PP TS AEDoHE & iRy o

| Sogmvedumpti | the di spense punp reaches the home

DOSItIOgLJS%nse motor 875 can be any suitable motor. According
to one embodiment, dispense motor 875 is a PMSM with a
position sensor 880. The PMSM can be controlled by a DSP FOC
at motor 875, a controller onboard pump 800 or a separate pump
controller (e.g. as shown in FIGURE 1). Position sensor 880
can be an encoder (e.g., a fine line rotary position encoder)
for real time feedback of motor 875’s position. The use of
position sensor 880 gives accurate and repeatable control of
the position of‘dispense pump 802.

The valves of single stage pump 800 are opened or closed
to allow or restrict fluid flow to various portions of single
stage pump 800. According to one embodiment, these valves can
be pneumatically actuated (i.e., gas driven) diaphragm valves
that open or close depending on whether pressure or a vacuum

is asserted. However, in other embodiments of the present

invention, any suitable valve can be used.
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partially fill the dispense punp (i.e., to fill the
di spense punp to an available volune that is | ess than

wao b@enspesTrUmM avai | abl e vol unme of the di spense PCNp$2005/042127

(step 708) . If the dispense punp uses a stepper

notor, _the di spense, di aphragm can first bhe bro

a har d 18t 8B 5Hd e g?e%ﬁsr ﬁgtgyci%vé%§3&g§ n%%%%?&%?@ 100
ceuant sncbrdeegpandingsdanentie di Spernsiengdippémse segmnent,
position, If the dis uses a it

geﬁ%/purq 1%§9§e5g00d§r§§5t9 Eg segg%8§ %?hf%i%ﬁgi
dmaghhﬁmﬁnaamnaheocbmtxnﬂHUQedUSOr@pdqymdbéek delnyst ha valve

g?%%%%gg S %5051H§fd'%RF%%ﬁeP%§@? glkggnug§chfpense

urge a’s anmount of ste
Thycdespernse phepsenrebhef @et;memtas:dmtrwelene@h@re single stage

di, SReNseo & &%%%9' Esddlagp%;.)rye 0b { IR 8oluned Nnge stage

dISp nse vo (ste spense punp can be
f urimpeB 0 ¢ ot ra(glahedre@dxsm@aékem%rfeﬂ wegdabumitey o Pgpgious

°fdlfshgh9e C%yb%egsmeﬂoéer QP Reflis p@é@%ﬂ%m@ezgw Prious

anot uum or ot her suitabl’e nechanism It
Sff—tﬁglmdnb% erot &g PRafornepsnofli FfEIREE Prelgisbe

f
g?r dg;:ﬁ;r‘% ng\htl?eedfécefaersgaﬂleﬂ der, apdy L epeaied jas oﬁ@@@@dand

primarily discussed in terns of
mditspestagerpu®d?2 eabedi frest-s BRLINe JPressarmi Wérhq gxaw

(xﬁluﬂgSang &géﬂehégdchghﬁﬁﬂqggg st @& RUERS i El GREBunt of
is a diagrammatic representation of one enbodi ment of

a Blinigl bast Hgd esurpsBense Shagher st aye pdfp BoEVE 825 is
I ngludas a sliSi gn%gep&ﬂ@béﬂ%%/@&@t£é&£dﬂ's%%ﬁeﬂﬁtwﬁump 802

di spense punp nd di spense nozzle 804 to
finaues dipeiiadmes 6Pr b ¢ 15c6c84id |G JASRembR chember

vadees 6@91&@%1% %hw gs fdawetiheouai i ralieastage ow
punp 800 i ncl udin or exanpl e, pur val ve 840 and

OLRHRQﬂgVaﬁ¥%¢Q¥4ﬁZ%DP§Ee%%%?%ﬂJﬁﬁ48OZO% Y yetuged4t gian be

exailg, pasdispenserchanbai8adebos el Ik BbRiBegining
di aphragm 860 to move within di spense chanber 855 and

di &reeéef | uid, a piston 865 to nove di spense stage

di aphr agm:860pegi h€aty & eWe 87O RYdeatds SHRNSS @sm:gé valve
875. Lead screw 870 couples to notor 875 throu

nu840 deaPPEReHIANEt ORELRANTEMY 6 /i ipdiFtd- ngDéﬁ8?ﬁ§ef99ﬂ% 802
t hgoPMt@r ptosdead r3cikaw Biibid AeCRbUE NPl @ARough open purge

enbodi nent, feed notor 875
valve 840. The fluid can be routed out of single stage pump
800 or returned to the fluid supply or dispense pump 802.
During the static purge segment, dispense pump 802 is stopped,
but purge valve 140 remains open to relieve pressure built up
during the purge segment.

An additional suckback segment can be performed in which
excéss fluid in the dispense nozzle is removed by pulling the
fluid back. During the suckback segment, outlet valve 847 can
close and a secondary motor or vacuum can be used to suck
excess fluid out of the outlet nozzle 804. Alternatively,
outlet valve 847 can remain open and dispense motor 875 can be
reversed to suck fluid back into the dispense chamber. The

suckback segment helps prevent dripping of excess fluid onto

the wafer.
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rotates a nut that, in turn, rotates |ead screw 870,
causi ng piston 865 to actuate. According to other

wepdvensivent s, di spense punp 802 can incl ude a REr/U81095/042127

of other punps including pneunatically actuat ed punps,

hydr aul
R

can bel ACCO
eshotk et a16dbSipense foohed Y5 e alﬁw watgl¢ aump 1s not

POSi L] 880.
D%%kﬁl?%]ge%?%? -Eggcoy%héo Serdeon g@“t‘r‘%o‘%’lﬁﬁ’% m{Oﬁclner

aosepardiserpbap aonte.ol Fer ¢eampleas ighdiwpsnseFRGURE 875 is
1% % CE%QE ontg§nsor 88%n%aga§ '%ﬂ%gaoggrb f%ggtheamotor to

‘ne rotary p05| I'on enco real tinme
f ecbatkstafo efore 828 fsepos¢dniant.. THereseehf thesFempined

SRa5Rs 0880 9! 5 S %U/vae&l% yapd, Sbeeo%aegcggkﬁe oY @bafhte

e p05|?|on of ense punp e va VEes 0
skaghenist ag@cponpiBN(carcehepesraeb Gimepitas cthe ¢UAP| BAY opot

fe%gé)ﬁ% dr u'c?g‘:f%cor Imakous}\m&aoﬁ%lgf 1§Hen%|1%gle stage

sta 8 to one enbodlnent t hese
vahmgscmmabf@ gmé@mntcalonﬁla@w@t%@ (i Fer e@g&ple, the

d h
Sh e heraag% PAD &) uR% thatuepen n+cLose dependingn

reor a vacuumis asserted. However,
i itnamth@ra (-mtm@l ﬁ@hY%r sfant haver es@RCK NReHE | §F Odvyget valve
syi,tbabl e val ve can be used.In operation, the dispense
cyclé of single stage punp 100 can include a ready
segmenficoprfiinaticonndi sperbianesdgrEnthe VARSFPEr gavention,

S%%%Pé agég f&tht LEgRLge Segurbt . pddishbonah segmenta to

can a I ncl uded to account for delays in valve
openienges Hricbre SeshngRat |4 SBeRae ‘él??é%'—tﬁrn@ pshapegufficient

di3ReRs et&yggr%o(:in Bach td¥e 38" egm&t SeEMeAL suhgiameencycle.
when single stage punp 800 is ready to dlsEense to a

weine the o e s DAgen strge pihp %Wﬁ?%%?%&gHP'mP%éﬁVrﬁépondlng

dijgpensendh: Wafek 18kt uidl Peektousast spengespddye volume
re uire nore or fewer segnent s and. vari ous segment.s

use therFgidfedOL ARG ¥ &r-enthEr BePEe BelPAGEE HE g the

‘gﬂﬁ%@t/veﬁw £gréak VEen 825 1S cOpaned ighetlic$pensey plilfback
noves (e.g., pulls dlaphra m 860 to dra f|UI%
i g Ve s pRFRE TEHarBE? %@?ené%é RS f%g &Rt rgpted

from the dispense volume and purge volume. As with the multi-
stage pump, the home position can be determined based on one
ér more recipes or a user specified volume. The available
volume corresponding to the dispense pump home position is
less than the maximum available volume of the dispense pump
and is the greatest available volume for the dispense pump in
a dispense cycle. v

While the present invention has been described with
reference to particular embodiments, it should be understood
that the embodiments are illustrative and that the scope of
the invention is not limited to these embodiments. Many
variations, modifications, additions and improvements to the
embodiments described above are possible. It is contemplated

that these variations, modifications, additions and
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fluid has filled di spense chanber 855, inlet valve 825

is closed. During the dispense/filtration segnent,
w@evp/08027 noves di aphragm 860 to di spl ace fl ui BCT/D82005/042127

di spense chanber 855. CQutlet valve 847 is opened to

allow fluid tao ow through filter ou .zl e 804.
OLEPERVIHIAFE §&;£dﬁﬂj8£-§§8n%a“§é 5$§gea*%ggﬁééh 28
siiaubi baredus the ponpovd0? bégimni ng di spense. At the
begi nni ng of the purge/vent segnent, purge valve 840
is opened and outlet valve 847 closed. D spense punp
802 applies pressure to the fluid to nove fluid

t hrough open purge valve 840. The fluid can be routed
out of single stage punp 800 or returned to the fluid
supply or dispense punp 802. During the static purge
segnment, dispense punp 802 is stopped, but purge valve
140 remai ns open to relieve pressure built up during
the purge segnent. An additional suckback segnent can
be perfornmed in which excess fluid in the di spense
nozzle is renoved by pulling the fluid back. During

t he suckback segment, outlet valve 847 can close and a
secondary notor or vacuum can be used to suck excess
fluid out of the outlet nozzZle 804. Alternatively,
outl et valve 847 can remai n open and di spense notor
875 can be reversed to suck fluid back into the

di spense chanber. The suckback segnent hel ps prevent
dri ppi ng of excess fluid onto the wafer.It should be
noted that other segnents of a di spense cycle can al so
be perforned and the single stage punp is not limted -
to perform ng the segnents descri bed above in the
order described above. For exanple, if dispense notor
875 is a stepper notor, a segnent can be added to
bring the notor to a hard stop before the feed
segnent. Moreover, the conbined segnents (e.g.,

purge/ vent) can be perforned as separate segnents.
According to other enbodi nents, the punp nmay not
performthe suckback segnent. Additionally, the single
stage punp can have different configurations. For
exanpl e, the
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singl e stage punp may not include a filter or rather
t han having a purge val ve, can have a check val ve for

woebes79%al ve 147. Accordi ng to one enbodi nent POF/US1965/042127

present invention, during the fill segnent, dispense
pu 802 can be filled to home position such that

d S 55 has sufficient volunme to perform
each ofi.t he wegieat systen hemgrspemse cycle. In the

exanpl e given_ above, the avajl ahl e I h
cor r espondi Ag t P THE 8W€’pg%% %3§1té§uﬁgghﬁ§i§:pﬁg%stas 2

t hextinsperves lubl enecpimes  the pismpamseobune {urtdier chmprising
vol yne rel eased. durin p e/ vent,. t .
a%%pense 1aghﬁ%ﬁﬁ)ﬁbv%%§§ g{éﬁa§ & 81§$&%@%1ch%%ger, and

sfa purge Se&g ack vol une recovered
i nt o di spensepuhanbsrt®83ecarodE - esulbor blet edlifspeasehpump, the

di spense .vol r volume. A s with the multi
sP3§% %ﬁﬂﬁ{Ol#%g ﬁ%%%ﬁgggﬁffon can be determ ned based
on one or nore recinpeslofha dispenspevitfd &g peVengie Phepense

VAL Abl &, Vol UIE GPLIGMORELAGE L & d healhSPERSEPUEPpum
home™position is I'ess than the maxi num avail abl e _
vaborepofitive dpospensieldunfiandtis dlseepfeaped, wherein an

avyl gf%? ﬁ%l-lldtﬁﬁ eggfré & §9ePS & RURRA shBn fe dhaRERSRe

cyc present 1nvention has been described
wicbl 1k e$eriendestothar t theumariewh otiiatdabde velWonidthe

U%Q%é{g&gp&ng;atangh@ o IBRL St Al ilibbyst fatine RRdcne
that "the scope o tﬁe Invention is not limted to
t Héspeppbarimrentsa MBPRARES SYFORSSRGERFRERt Fifhgiispense

addit iABLOYENBM S +ka bhg erpodhaest sy t
dgg%%igggagggvgqgre possibfe. It is contenplat%ﬁafﬁgﬁme e

t HogethardiggrHemse, CAPER¥IUHt | ons, additi ons

andi nprovenents f&lde Wht P& d:iR@esse dheibpyesd iR
as detailed in the foll ow ng clains. T IS CLAI MED

| $rogess Af BibifAgns 8¢ e BERFLI BYMYy: a di spense punp,
wherei n the di spense punp has a maxi num avai l abl e
vol une, the di spense punE further conprising a

di spenge difBphFEYRTVabl 8Lt bhifi A GF spEtRe Schdiber ;
and a punp contineklkegoeitlead bo the cdisppans oy,
the punp contraoller operable to: ,
an inlet valve upstream of the dispense pump;
a purge valve downstream of the filter; and

an outlet valve downstream of the filter.

3. The system of Claim 1, further comprising:

a filter downstream of the feed pump and upstream of the
dispense pump;

an inlet valve upstream of the feed pump;

an isolation valve betweén the feed pump and the filter;

a barrier valve between the filter and the dispense pump;

a purge valve downstream of the dispense pump; and

an outlet valve downstream of the dispense pump.
4. The system of Claim 1, wherein the controller is
further operable to control the dispense pump to purge a purge

volume of fluid and wherein the available volume corresponding
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control the dispense punp to nove the di spense
di aphragmin the di spense chanber to reach a di spense

WEevp/0FmSE position to partially fill the di speeEES2005/042127

punp, wherein an avail abl e volunme corresponding to the
di spense,.pu home pasition_ js: less thap the [

v b LR G B R P S s B an 15 o e
greatrestplaraichabpergeolvedemeor the di spense punp in a

di spense cycl e and wherein the dispense punp hone
position is selected based on one or nore paraneters

for thé.di Spenseteperattiaim donvheteithdhgi dpepses P

tao dj . roc lLui t [ :
e e

f diephrawesdr eharoin tthe d¢ospensepuapiuaphemo®eraalgeto:
upst r eam of 'sgﬁp ; uk.ge \V: ;
dOMﬂSth&ﬁ]é%H?ﬁgﬁfl tggfggﬁgaéﬁmgh?ge?ysgﬂsg_dlSpense
doashragmmtef at herd|dtar pr3or TheaFsedhy of11d@Imtke,

f ur 3HB?Lsing: a filter downstream of the feed
p?ﬁ%ggﬁﬁg pstream of the dispense punp; an inlet valve
upst r eam of coherdkedpEgPeant iRdratroioval e HetReeae
t%ga%ﬁfggﬁnﬁy%maggetﬁgkg'ét%%rbo§ﬁéﬁﬂﬂjt%rtM@l&%%ﬂEﬂgﬂeﬁﬁmp
the rilter and the di spense punp; a purge valve _
ddwnst Pedttish Phereyspeise tBAnPEeRITF BATOHt T tORFSISPERdIng
downstream Qffshe di spense punp. 4 . The system of
Caim1 , wherein the controller is further operable

to control the dispense punp to purge a purge vol une

of fluid apdewhgrein otther avail,abher¥oh WR dispense pump
correspondi ngto the di spense punp hone position is at

| Eagthar dFgPEiI$EeSyol ume plus the purge volune. 5 . The
system of CAigispens M@ tbhgoed spRNSesPemFe fdibhetgn;
conprises a dispense notor to npve the djspensge .

di aphr agm arfd PREGEEPH I Con r PP tes tharppRytion of the

OREBRhSe tstantrol the di spense punp to nove the
di spense di aphragmto a hard stop prior to partially

filling the

7. The system of Claim 6, wherein the position sensor is

a linear encoder.

8. The system of Claim 6, wherein the position sensor is

a rotary encoder.

9. The system of Claim 6, wherein the controller is
further operable to control the dispense motor to move the
dispense diaphragm from a first position to the dispense pump

home position.

10. The system of Claim 9, wherein the controller is
further operable to stop the dispense diaphragm at the home

position based on feedback from the position sensor.
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di spense punp; control the dispense punp to nove the
di spense di aphragmfromthe hard stop position to the

wWele@pesmee7 punp home position by reversing the BCEDPR®NS/042127

notor a correspondi ng nunber of steps. 6 . The system

of Cajml wherein t p
conpri%g;:qgmﬂﬁgﬁgﬁ%ezag%Or%tg ﬁ%dgggﬁe éP§%§%
diaphragn1 a pesi tduop semsoirs ing anﬂe@@ud;aﬂm§aﬁ@stV%hie

t.he di spens tQ . The systemof Claimé6 ,
mW&ﬁQ? %B §o§h¥ﬁﬁn seﬁsor is a linear encoder. 8
The systen1whef}1n.¢m6 pumh er@itroflher pbsiaanme CEeASH the feed

?%%Igéga eﬁégde 9 coﬁ@?ofyﬁeerpegtﬂ %‘1\1% M avss\@@@r(?' n

I's further operable to control
dpsgmaumﬁ wot dhe t OraMREs ﬁh@l@ﬂspéW@§ld¢aﬁh?a§ﬁ¥$F6n¥%Pld to

Posi tio the di spense punp home position. 10.
e §§% %ﬁ%ofEE%§| , Wherein the controller is

further operable to stop t he di spense di aphragm at the
home pg It'ﬁﬂ% Q@%%Qmogffé¥§i%aﬁk f&ﬂﬁ?éﬂﬁetﬁgsbéﬁﬁﬁbller is
e .

sensor. stemof Caiml, further conprising
afﬁe’el@iemmnﬁir@lbhprt@mtéof-e’é@e diesshPagh FovaDice thet FFed

er; 208 Wher Gbhle LA RUTR €ONbLAlilANyl $i11 the
c8%§§%?§595% %heégged punp gﬁgﬁzperablen%o ébntgollthe

f deddppumprt 0 assert a pressure on the process fluid to
provi de the process fluid to the di spense punp. 12.
The systemof Claim1l, wherein the controller is

f ur t hed-3epeFab| WAGMcHRt AT He - f BRI Hidmi Do CRBER Y fe 15

f%ﬁgtﬁ#@gﬂﬁﬁgﬂhgot@-ééﬁ%}oﬁuﬁﬂerﬁggﬂ pRsbt t&Mvdrx a vent
partia fill the feed punp. 13. The systemof Caim

1201Mm%rQﬁrfhﬂﬁé controller is further operable to
control the feed punp to vent a vent

14. The system of Claim 13, wherein an available volume
of the feed pump when the feed diaphragm is at the feed pump
home position is at least equal to a dispense volume, the vent

volume and a purge volume.

15. The system of Claim 1, wherein the available volume
of the dispense pump corresponding to the dispense pump home

position is at least equal to a user specified volume.

16. The system of Claim 15, wherein the controller is

further operable to:

receive a user specified volume; and

add an error volume to the user specified
volume to determine the available volume of the dispense pump

corresponding to the dispense pump home position.
17. The system of Claim 1, further comprising:

a feed pump comprising a feed diaphragm movable

within a feed chamber; and
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volune of fluid. 14. The systemof Caim 13, wherein
an avail abl e volune of the feed punp when the feed

walr@phsagm i s at the feed punp home position i BCHUS2005/042127

| east equal to a di spense volune, the vent vol une and

a purge VO|IE”VHPUEB d?ggié%éls PO fglgo%necwggnﬁJQhe feed

t he avail abf ense
colie spandpagaile tdoe di spense punp horre p05| tion is at

|'east equal ’lt &Bgrg?eh tPﬁB‘%C'CI" gﬁ vql lélngr? ebe% $hEt SMcess

of d af e contT
oprriable pwvimemeepaous%ﬂ Hpedi tpe’dhﬁlcﬂl{?@éﬂsanﬁu%d

an error volune to
det er nf He" tHe @ Slefa%tfeecli\%g A % ét%gr\éleislgg&rgéecpgﬁﬁ%'

corr esmahm@rtrort heldies pt@ntbe PUTRF W@#@léb%ql tydime] #o
THeSHEET A Sl v ﬁéﬂ%rf GQEPELS) A cb88Lsponding

NPT | s ng a ragm novabl in a
chantier ;feandpimep eiamet Ipesgtmt?fl controller | s connect ed

to the feed punp and operable to: control the feed

punp to assert a pressure on the process fluid to

provi dest hellpr svessnf ¢Tii@dais theprgiénsbepghppense pump

r 8%&“5%53t%%8r1§p§§i{1ﬁ%@ vol e ifQer chbecfead iRdmpegadhdl of

an-error volune e user specified volune to
deterdisyenskedagpiitadid.e vol une of the feed punp
corresponding to the feed punp honme position. 18. The
systemof Caim1 , wherein the dispense punp home

p03| ti8A.i sA sedededor orefdidingenPhe Wt MO Gt eyilhrcess

ﬂgbup V%f%&ﬁg ?y@&ﬁgq&&br;&unﬁ met hod for reducing

a process fluid in a punp st em
conprlpwngld£WQMﬂ(mrﬁgeﬁsp?b@éb§ofﬁu@%FH%?%§ BPéBense

punp; sghecti dys§Q§Q§%nﬁ@ﬂﬁoﬁ@nﬁbiﬂﬁidﬂ @B8rf Bfie tdi®@pense
di spense punp ase on one or nore paraneters for the
dm@pgng@ﬁqqxgnapp@nor more parameters for the dispense

operation;

partially filling a dispense pump to a dispense pump home
position for a dispense cycle, wherein the dispense pump has
an available volume corresponding to the dispense pump home
position that is less than the maximum available volume of the
dispense pump and is the greatest available volume at the
dispense pump for the dispense cycle;

dispensing the process fluid from the dispense pump to a
wafer, wherein a dispense volume of process fluid is dispensed
from the dispense pump with at least a portion of the dispense
volume being dispensed to the wafer, and wherein the available
volume corresponding to the dispense pump home position of the

dispense pump is at least the dispense volume.

20. The method of Claim 19, further comprising purging a

purge volume of fluid from the dispense pump.

21. The method of Claim 20, wherein the available volume

of the dispense pump corresponding to the dispense pump home
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partially filling a dispense punp to a di spense punp
home position for a dispense cycle, wherein the

wale@pesms7 punp has an avail abl e vol ume corr espRPCtUsZY0s/©12127

t he di spense punp hone position that is |less than the
maxi mym avai |l abl e vol.ume,.of the dispens u .S

% l?jﬁ%%tje%tatagﬁﬁﬁngllee vd&sgrerés?at V?Jﬁgmedpglﬁgngge %%gef or
tshgudkspense cycle; dispensing the process fluid from
the di spense punp to a wafer, wherein a dispense

vol ume of process fluid is dispensed fromthe dispense
punp viz.h ahelmeastiod ofoflam f, wherdispesangoPaaRrs 1n
bei ng.di spensed.to L . Wherein the

&551%%8? g%%fﬁﬁ%ec8%?§§g%£gpﬁgeggl¥£é di spense punp

home position of the dispense punp is at |east the

di spense volung. 20, Heidehhod ofCLalm % dubtbess in
conprisi'ng purgrng a purge vol unme of fluid fromthe
ditsperisecpsepcy@k. sTheeaweeodcofliepeim®0, wherein the
avai |l abl e vol une of the di spense punp corresponding to
the di spense punp honeposition is at |east the

di spendé. vaheneephed athelpiigkdvdiwimeer 2PPIRFe NFét hod

of d ajm.z2l, {fhPW giag % bnsbbe glingPense

cycle %%é%glﬁghgggpeﬁgin%. 23. The ngthqd of aim 19,
vies i ipnpuriyerri odder SePA R diegpanstyyigde volume
Sé'é’fﬁe“slﬁb%%ih?_%Scﬁa%n%leeg;pl%ép nHRe pBthothpfenckal ;1 1ds than
further conprising: partially filling a feed pung to a c
f eleel ipuripumonea posilei saluRhetleitier st st aRp has HFates
aypl] ahlie YOLUAE L0 (ESPOOOA Nllud dlbeng o6tk pURpehogEycle

position that Is less than e maxi nrum avai l abl e feed
vehdmhasleinheht etk idaip canel Fife GrEacRItI R Pablie T

v r bhe. feed Punp:dusi nehd be sgespensavaycl e and
mﬁgﬁgﬁﬁ%%%g aval | abl e vol une corresponding to the feed

punp hone position is at |east the dispense vol une.

25. Thegsmethod i nChab M @binf But hetr g Ebap AYs MBNtvienging a
a vent volunme of process fluid, wherein the a %%Iabie
V@EHHEVQkﬂmee§6oﬁﬁ??ﬁF%(§lPﬁ%'f%ﬁﬁfﬁﬁ?ﬁﬁhﬁoﬁ%ﬁﬁﬁﬁé i OR-Te°

anE?@§§oﬂd¥ﬁgV€8ttﬂgﬂﬂé@@ plds Hdie diospense Molatmeeast the

vent volume plus the dispense volume.

26. The method of Claim 25, further comprising purging a
purge volume of process fluid from the dispense pump, wherein
the available volume corresponding to the feed pump home
position is at least the vent volume plus the dispense volume

plus the purge volume.

27. The method of Claim 26, further comprising sucking
back a suckback volume of process fluid at the dispense pump,
wherein the available volume at the feed pump corresponding to
the feed pump home position is at least the vent volume plus
the dispense volume plus the purge volume minus the suckback

volume.
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26. The nmethod of C aim 25, further conprising purging
a purge volunme of process fluid fromthe di spense

wW@evp/051Er ei n t he avail abl e vol une corr espondP@US®05/042127

the feed punp honme position is at |east the vent

vol urme_ plus_t he dispe yol he vl -
27. TH@RWEFHSdm%Eh%féﬁi?ég?m?ﬁ%tﬁgg%g%ﬁp?l |%%§légcﬁ€$ﬁftlng
back A spunkbasknp bnaepodiprocessed | e dthat effective range

di nse.pu erein the avail able volunme at the
f%égﬁﬁuﬁﬁgeggi%ggﬁﬁgf% I¥1to the feed punp hone position
is at least the vent volune plus the dispense vol une

bl us the Puf gg, ol UTE, JYus Lhs: SUckBack; Yalgine <28. of

The ne d arm urther conprisSing selecting
t benditsrenset punp dnenetpoed t4 cerbased wrpdabe cePPeEdvehe

range..of the_di spense di - ;
of rgﬁ%rpﬁg BC%éiiﬁﬁ%rF§# gf%f%ﬁ;}nggrgéﬁgﬁgg%&@Eutable by a

| psdcarcidrons:stored a conputer readable medium the
conputer | n%%éé’f\;é QRS SPMRSSiJAGahBEE FHCAIOBSdispense

execut abl e a processor to: ‘receive one or nore
paparnetiers for a di spense operation; select -a dispense

pump home pagi £i0n, 1QL,an 0l SRERS B oRYTPodASRE @Briheiispense
one or nore paraneters; direct a dispense punp to nove
apuis persel dnapht aaph 0§ Pese Pat@edrspense punp hone

position to partially: fldishBgsdi %@ AYGP adifspanse
process fluid, wherein an avail abl e_vol une

coi aplpTAUiteg reach HeedidspEABES JUHFP RERE ToSitiodn™Ps

! §§§t££%¥&té%iﬁ”@%é”&ﬂﬁﬁ@ﬁ@blﬁ@%ﬁawﬂﬂhuﬁepﬁécéJHEﬂih&ﬁenﬁﬁbrein
ptunp and s the greateéest available volune for the
diespensil ghiep VPAUEE dISPFEABBNEIRT &° difeltSRHE PEBBNRY"S
p%@@i”cgor‘?'i%o%ég the, AHRC eSS fliki L finasn & heo dirgpetdsehe
punp. 30. The conputer program product of C aim 29
whéERERs? Hempe eaf 1% ofisUTEFAF RSt rAFritGRS S £ TPt sy ToF the

ggggégégeHﬁﬁ&!?%ﬁanﬁsﬁﬁﬁ%%uh9bi@;to direct the
u (0]
P Punp Jﬁ%@%g E%éngfgieggéugﬁap to dispense the

process fluid from the dispense pump.

30. The computer program product of Claim 29, wherein
the set of computer instructions further comprise instructions
executable to direct the dispense pump to purge a purge volume
of fluid, wherein the available volume of the dispense pump
corresponding to the dispense pump home position is at least a

dispense volume plus the purge volume.

31. The computer program product of Claim 29, wherein
the set of computer instructions further comprise instructions
executable to:

direct the dispense pump to move the dispense
diaphragm to a hard stop prior to partially filling the
dispense pump;

direct the dispense pump to move the dispense

diaphragm from the hard stop position to the dispense pump
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of fluid, wherein the available volune of the dispense
punp corresponding to the di spense punp hone position

WO 200a05196Rmst a di spense vol une pl us the purge ROIT/UN®NS/042127

31. The conputer program product of C aim 29, wherein

the set of, conputer instr [ r..C i ;
MG BOEFGHO GRbGRTRbE S Srodr PR PG T e perce ahanTine
trampeYect hetalisspense di aphragmto a hard stop prior to

parti y filling t.he di v QET irt P8, wherein
dispeﬁ%% p&hﬁ f%%ﬁ%ﬁg'gk§8§¥§3€%§ggéi§£ﬁ%§gﬁ§frpnuthe ,
haved set opf posiditen tosthetdiospefsetumposRel posiigtgHctions
by reversing the. .step ORdL B0 UM ehense
S R P
29 aphitepei Airdthex Setrsbf pevifiorefoi Bt rdicenns fiaRM&om home
cqgg&h%g i nstructions executable to control the

spense notor to nove the di spense di aphragm from a
first position to the dispense di aphragm hone

posi tion. 33 Then CONPY,EE: PR QAMARY 8dusta o o3, aiferein

32, wherein the s mputer instructions further
comprsege of NSOMRICLETOAS S EREGLHOMS| EUEBRSF BT SE eBRfbFRICTIOnS
fr§gg Qs t,on sensor at the dispense punp ; and stop

t e I'spense di aphragm at the hone position based on

the feeeltricie fieedbatle 1768 8 BASKef¥prensar ghghe dispense
C$&§y1%&dprogran1product of Claim 29, wherein the set

0 onputer instructions further conprise instructi

ns
execut ABbE 5, AFPEBES FLFEBASFRMY (G SeBPt Pt dedily B200d on
opnd S.Feleb%(E@S?r&h uird L,@sPr Oy drlsbe . process fluid to
e di

spense punp; direct the feed punp to nove a feed
di aphragmto a feed stage honme position to partially

fill the feggt PUIRLLSD. pri}@aGOPPed@E RIFOGL AN I Bdutierein
of Caim 34, wherein the set of conputer instructions. .
f@h@h%@t(Qﬁn§pm§5t?%S%qﬁﬁéﬁFBﬁ%ns further comprise instructlons

executable to:
direct a feed pump to assert pressure on the process
fluid to provide the process fluid to the dispense pump;
direct the feed pump to move a feed diaphragm to a feed

stage home position to partially fill the feed pump.

35. The computer program product of Claim 34, wherein
the set of computer instructions further comprise instructions
“executable to direct the feed pump to vent a vent volume of

fluid.

36. The computer program product of Claim 35, wherein an
available volume of the feed pump when the feed diaphragm is
at the feed stage home position is at least equal to the

dispense volume plus the vent volume plus a purge volume.

37. The computer program product of Claim 29, wherein

the available volume of the dispense pump when the dispense
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executable to direct the feed punp to vent a vent
volunme of fluid. 36. The conputer program product of

W@L@b/05B57 wherein an avail abl e vol ume of the PEBUSPOFPI2127

when the feed diaphragmis at the feed stage hone
pasidh@Bgh s Alad eAS! agGbdsd PubbenGhSREIE YR B DU .
the v n% vol une plus a, purge vol une. " the conput er
preo(ﬁllagm Brodifdr SPeetaith 29, 5PRRee by e lawai | abl e

vol ume of the dispense punp when the di spensedi aphragm
is at the diggense punp home position is at |east

equal t0'a GSBr IR BCH ThaSeuptinpt volaime 3738wherein

TmeCOHBUéEFmMeO@&QHm@’EW%rOEhQ c?slsrﬁe%ge %@f@éirbnt Iiﬁclude
one or nDrejgggggpters for the_di spense operation

i ncIGdEPTskt PPPREF dSPeRSt pumrd ghareinnkhe set of

Wemgline t hinssetucelios ONputileri BEhFCdd ARStEUEEL s executable
cqQnprise instructions executable to: add an error

vol'line to the user specified di spense punp volune to

determine the avaidiabheeyedtine1cakr€spandiRart Godbericy
d%ﬁgﬁgse di_aphra n1honeﬁ§%%itlon. 39. The conputer

progfram prodtct “ot™e &9 IMyherdish 23R 4%R1 S atslame

valoumespdnding freedhpuispshes dheo:eee BURP pSsatidhhe
feed punp hone position is at |east equal to a user
specified feed punp volunme . 40. The conputer program

productBf Thaimn@Bitewhpr@jrant Peo@l€t It MEEm 29, wherein an
par.ag r. the_dis se operation jnclude the user

Do ATEL oL e P RRE SBRL AR s PELASE A 5T e
cémpdtewng msmeupt s oinsorf Ut her lermreigseli 86t Uddr0BBeci fied

e t e :_add an error volunme to the user
)%%Hf@g&&b f"te?gﬁmg'

specl punp volune to determ ne the avail abl e
vol ume corresponding to the di spense di aphragm hone

posi tigp. T uter program product of O aim ,

29, whereiﬁﬂ% éﬁ%g@%%? %ﬁﬁﬁ%%ﬁe r??@éﬁlﬁiic ASTF 21 Hgerein

cGhprome dmsaprachi o texecitabite iddspehestogdi@tion include

digpense. RuIR; ho ition to utilize the effective

range of tE%'é?s%§ﬁ§%§%%g% ragm - and®uherein the set of
computer instructions further comprise instructions executable

to:
add an error volume to the user specified feed
pump volume to determine the available volume corresponding to

the dispense diaphragm home position.

41. The computer program product of Claim 29, wherein
the set of computer instructions further comprise instructions
executable to select the dispense pump home position to

utilize the effective range of the dispense diaphragm.
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