eBeDdD~D@ETdU ~ 2 JINN ~i FLOW CONTROLLER BACKGROUND OF THE | NVENTI ON
ng the manufacture of sem conductors, photoresist |iquids nust be

preC|seqm1m,HWWMmmm tely dispensed and deposited on the wafer Beugg
treated onal apparatus for photoresist applicatid%, o
be processedcoaoz positioned beneath a suitable nozzle which then dispenses
a predeterm ned anount of photoresist liquid to coat the wafer. Typically
the wafer is then rotated to dﬁ@ﬁ@eggﬂgﬁgéaggosited |l iquid evenly over the
entire surface of the waf I agi.Ly .ap that the rate of

di spensing and the anDungﬁ%ggkéggﬁdbgkggénggﬁE@#ﬁi&%iticaI in this process.
When fluid f p et hggno bet
treatnments, bﬁ %ted%?aﬁ%gﬁﬁgggg or gfop%é#gcgﬁaﬁﬁgﬁgfé5|éﬁSP?ﬁg%d ?rom
the nozz{g.igs frﬁl!éﬁ %&dp&ahhsemyoaww&fﬁcdq@sIdtlls@me@ehaw &égogoEa4 e.
This can destroy the pattern being formed on the wafer, requiring that the
waf er béndits@ardeflepr bvegpgocesaaitd.l N A@rdecohveavfbdal hel;fpzrﬂmiusanfoi-

del eterious droplets on the nozzle, external stop/suckback val ves are
conmon| yhosedes Sschappl vest tore, twaliexsd | yo abeluptopassedt arel bypstononed| ed
valve pair, with one valve stopping the flow of liquid to the nozzle, and
the ot heeneatli Agsuheablgunezpbe kwhiehn then dispeassesna ereGQFE§mlpedt of

the nozzle. This not onI hel vent droplet formation and dri ppj ng at
t he por?mo‘b‘&F af sBRRAEPES b?"evﬁ’rﬂ‘P VIR t HRS eXpbSEd shYPAERLLY gfﬂ

[ i id, h | d [ f h d fl
o b WAPEEN 157 UeB® Glrde BaOFE U el HREEIGs o8N éeﬁ%‘ééfgt s¥P 8l back
val ves gbeﬁeﬁhe ent iZed sHrH;2Q0@r tﬂee%f%fxf ethttbﬁe;:%? g tfenent

ways. e stop valve opens or closes too fast nn can

“spit” @hQEOEhétrQEefbﬂlQl@ﬁéﬁsiﬂg &ﬁaethedgh@ﬁﬁﬁlBESUXqQEHeHhBthBéd
coating thickness. If the suckb val ve is changed too quickly, the fluid
col um ukél ceavital einctiebs ipwpaedaubbl e in the colum, again del eteriously
altering the thickness of the resulting coating on the waf er. One approach
used to addr¥ébent filsrigr oblawm is shepped dfhnmueri ethel vexzdle,sesuels ast h t he
pneumati c i nput and exhaust |ines. The needl e val ves provide regul ati on of
t he preegeweeEhaﬁéeraﬁreﬁem%F%e thpweokentiai sexiehsdier €sAPABERI AR t he

Ive h tfalls. F le,. the cleanl th I
gas i s BROFERRLSEE 1 Ho FRRLITOOIP ALt 10 CORPLAhG Gt L E0AFDE seat -

Simlar W@@”ﬁ!o%#iéﬁé&%e"f of el ASOANRY PRESSULE, G t‘&eoﬁf g PE@Eern

rel i abi s Approach, as can-mechani cal Vi bratio any
of the Be&ﬁgowgmgaaawaa&e w%@@ﬁ' E@&ui?;@ngaéﬂst PeRd QfIBNC §e MY sRakBedl T,
the |iquid di spense nust be noni'toréd and manual 'y ad]j ust ed perlodlcally
Thi s cabBrbeepirBeesgagum ng and is not cost effective.

In oxder to avoid the formation of deleterious droplets on
the nozzle, external stop/suckback valves are commonly used.
Such valves are typically a dual pneumatically controlled valve
pair, with one valve stopping the flow of liquid to the nozzle,
and the other drawing the liquid back from the dispense end or
outlet port of the nozzle. This not only helps prevent droplet
formation and dripping at the port, but also helps prevent drying
of the exposed surface of the liquid, which can lead to clogging
of the nozzle, and reduces fluid contamination at the outlet.

The rate at which each of these stop/suckback valves closes
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The coating of |larger wafers (e.g., 300 mmin dianmeter and larger) is also

pr.obl ematic, as turbul ence issues arise. The rotational speed of the wafer

is conventionally used to spread the coating fluid fromtheOc2dUdr200% the

wafer where it is applied, radially outwardly to the edge of the wafer.

However, this approach creates turbulent air flow over the wafer and can

result in uneven or nonuniformcoatig .. Reduci ng the j,?pi n speed with
{Eze 5

| ar ger FBRIWLS SFFRRET g Frididende FEntuMRYSe of FtHRe Fropvalvgy ~
fer, but i nstrod | (th th ' d,..t l ui d

hoves' sTRTRT Ot SRS Ehetar e Chntht ket Salitiy SHE TR o SeRE et or

edge beber e111e oM d ReY Nt SCudReRE A9 00PEAlld SEHE. daclingl of Of e

woul d be desirable to provide a stop/suckba | ve systemthat resul'ts in
preci seghi8RROYLCI birg difspensdiih & Fd14-d Wit kouhdgalie o efigiody, the

di sadvantages. In addition, the present invention has broader applications
to any phendaiciodulhuiwiilXlontavitaes| cereasiedy a | pubbhke e ipr eties eccdamtr, o0l  of
fluid flowis desired or required. It would be further desirable to provide
a cont ragasysidahatenialslnsaloerangt ihie dhdsknessporht $hen ressulidngat e
such as a large wafer, in order to reduce or elimnate the turbul ence

i ssues FRAEIBE| 98 WABNWAEBEessing | arger wafers, and to provide uniform

coatings on the wafers.  SU Y OF THE | NVENTI ON The. probl e of the prior
ort have bochioyBPDERETK, HHRA b GoBHiEPRVerTth DRASLEN of By hEs Ugec o 1 ol

system for ni.tqring (preferably .digitall and/ or nt.rol] i [ ure to
a prreumra1 ?8 oa qé’&gh g ﬁegf'%%/ ﬁ’&g back vé%lsléu.ngé% sggl Félti sanéi;ges’gehc?qfs% t he

pneumat h G ui d WRNES e i .apd Q0R
control IJL|'Caslgﬁéed Ttﬂobourr%?%?glgn V{aﬁge%r ersur e@%t Eggg?ggét&e}r r?i%ngddmalggi\gre‘:Tl . Tﬁe

pressur eaangan ake thNtvAaas| YueweteR} | Rudls! YndBHd A todebMalnethe
nodul ated to obtain the desired result. The control system has

appl i caballveyhte ¢dnichss hait fgl s Wi dou adgenpdfe vitheosilkened inetsbef rnhe
capabl e of accurately and repeatably dispensing such fluids with m ni nal
oper at ocotrolling \gas 2p-s0~annvcsrerenas | ks aths t bikatiheo@nbddidiitt ) t he
control sy_{stem.i s used to ensure equal djspensing in nufti-point dispense
appar at 681 1RG4 NIpPBs Siree Viad Ve dovhistF b3l Bf RBYHVIRIYeloh 9§ ke

i cat ith L le.. Any pressure differential i
i oat F0Eo0 "rBHRaP U B CPER AP THTCR BT Thod P, CBha 1 tfbnsat ed

for by gppry !“?é&a\r?uﬁ{#\lpﬁgi%%@&: | B ¥et anet her, @Pd{H%nEoPé%é{}%ati ng

present 1 nventi on, I Sspense polnts are ‘usea to dr spense

fluid onkwhasilsSid=a! e 5L 8ul tABEQUINE HeSEaHRIMER! | Y AsTH Sraddilt degiease
the tine needed to coat a | arge substrate such as a wafer, since the

di spenseianddr s ddkspeinfdeer efistpoity s mdmwigotde sahdt r aaruablyacaedjlstedan be
controlled by the user.
periodically. This can be time-consuming and is not cost
effective.

The coating of larger wafers (e.g., 300 mm in diameter and
larger) is also problematic, as turbulence issues arise. The
rotational speed of the wafer is conventionally used to spread
the coating fluid from the center of the wafer where it is
applied, radially outwardly to the edge of the wafer. However,
this approach creates turbulent air flow over the wafer and can

result in uneven or nonuniform coatings. Reducing the spin speed

with larger wafers reduces the turbulence at the surface of the



BRI EF '‘DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic representation of
the control systemof the present invention, Figure 2 is a schematic

representation of the control system of the present invention,gsh t he
processor in greater detail; Figure 3 is a schematic represent%?"g‘m%the
controller timng in accordance with the present invention; Figure 4 is a

schemati c represent ation of the control systemin another enbodl nment of the
present Yahain By, CPighpEtEofdce ReKARANIEMpr dddh &thieoﬁeéf“c&drrﬁl’??%l e

Scherm 1 L%weeﬂﬁfo‘a’e”e” e 6708 rint “ARFel RAEnERtPS POERHLPUFAR! <
i Von B GFRW4 Yonch s i 2l BETALBEDE BESGRLETL O OF THE PRESEMT

| NVENTI urning Now t res stem
I N acconganGie Mdh tggeleo_ref erred enbodi ment of the present inventi on. A
fluid control device such as a conventional stop/suckback valve 10 is shown
having a |iquig dHdwifddenaclddane aebigdbleoubl pirokiide 43stdb¢shcrbadk
outlet line 13 is in fluid comunication with a nozzle or other dispensing
neans (notlehaystethalkt reaubt di Spensiaigef relperdduguild ¢ dizpemisingobtuse,
such as a substrate which can be a wafer. A pair of flow restrictors such
as sol enblufd 28} thoutr &hgneianagaiad ydxﬁﬁﬁm*é@m% t hd st apdsutRbackheal ve
10 as shown. One flow restrictor js conﬂecte to the stop porti.on gf the

val ve,) %’Fﬁ?‘?fh"e 1&%@@@%%%&%4%@3@ él@ﬁFllffmisotPh%nﬁém’é‘EﬁFlﬁoﬁ

t he val ve, ﬁis re,is sensed. i F]E)neurratrcflurd oui %9_; ggflow
restricternt A5 By c%%%‘ﬁ‘ﬁ el'b KR 17ansalkErs 9 BIdEhRY
pressure; ér@@gﬁ%ﬁgrogﬂr §lin cormunl cation with a conputer processor or
control <Circui such as a ‘control |l er having proportional, integral and
derivative (PHD) d@edbaEK: GPTRORCRL $i AR TSt | 80LAAE GUEBRRroAS s¢aERM
pressure transducer 24, 25 sanples the pressure in its respective pneumatic
fluid |itieat i d1Iswnsiot suilhe Saindietetiaea plod nithe goRl bstrat@ sthl as
controller 30 conpares the sanpled pressure to a predeterm ned val ue, and
oper at esat harfeowafest r int onxdefread npdure ion e¢limneateothke tstrbplesnckback
val ve 10 accordingly. This ensures that the pressure in each pneunatic
fluid |ihesuss | Mrheaan Whembrosered ngorsraer slafarsa @asi tedpravdde By
controlling_the pressure to the val ves, various fluid dispensing paraneters
can be c‘é’r‘lgF‘B}”Pe 2RI e "W?&reg't he 5 02 JIIN200 liquid to be

di spensed is a | ow vi scosi ty liquid, the stop valve can be carefully

nodul at ed using pressure to ensure uniform di spensing of the Iiquid.

Simlarly, the rate at whi chyidigrli 8K Buk STrERPRS[A can be controlled, as

can the rate at which the ITqurd 1S sucked pack fromthe point of
di spensi ng byrhéepgubkeask ofaltte t &Lt PhesRUMNSedD- ¥k HEBmE ebgt iteRshi p

of the particular valve being used is characterized, unlimted flexibility
can be obtresaed iusiengitdre shstbnpodvides raresemrorlnsgatémnfo:l- meeedprdngpense
pressure is a good indicator of the quality (e. g., uniformty) of the

di spense (Praferably diaitadilyennd/ pr exanhno k019 IRrefsurenbe unsuBsAcall
appl i cat#ons and is not consistent anongst all val ves. The control

of the predenfufhvafitRoAtaPYswekPack Yat¥es eRgrsssTet ésadie&'sgte H& &|¥’s.epense
pressure_to

appl i cat PBRY %%Q%gvﬁ%ubﬁa;r%g’?gr]l & OE{:Istlogf k{egé:’rfa?é‘{)r?%t%#:é o OCC? a closed
loop control is used to maintain the pressure at a predetermined
level. The pressure(s) can be continuously or continually
monitored, and valves modulated to obtain the desired result.
The control system has applicability to fluids having a wide

range of viscosities, it being capable of accurately and

repeatably dispensing such fluids with minimal operator



The control unit 30 has a signal conditioner for each pressure transducer
24, 25. This circuit conditions a strain gauge signal into an electrical
signal (anal og) of sufficient anplitude that an anal og to di |éa€'h converter
(A/D) can neasure this signal. The pressure signal is read b@ 8reBoar d
m croprocessor. The m croprocessor calculates a digital value that is sent
to a di itah to anal og converter as an anal og signal. This anal og signal
drives a™WOIVEHE™ o current converter that will power the control

sol enoi ds. The can | algorit I ates .th Laital . .. si gnal
can use opergflogna%%‘g?ﬁg?gr%{/ép%&%éré\;%?rg@a%%ucror%é:rﬁoeip%é%str&r%el%g%% é:t?l ate
the app i.at enpl . LS_hS; e S Lepeghed every
| 0-15 méﬁﬁiuggc% ggiu@n%l?efﬁﬂ%g%t ?gllﬂrzrbﬁéﬁgi%%é%e%setogytgg%tt)lﬁ'the punp or
track. phesalgeri tign nB¥nbega Bbknetraafpdidd edeBbR coalikel lioop midil

sol enoid offset. The basic operation creates an error signal. This error

si gnal kemmaditaeddsy tderlpr ogr ameghepariaet enszalél. convenrdyed pxessulbd ve
signal for the control solenoid. Mre specifically, the instrunmentation
anpl i fi dif fegrdiiiadn ishéngiestive of gnaEqudl dikpensle sates vhpregs e
change of 0-100 psi. The neasured pressure is the current pressure applied
to the pRE&FAEri éndl disd coppensrtedy £es. bynappsoprbatipniEal ve RS Ewant .
pneumatic fluid control devige js a pneumatic valve with two sections; one
for stoppi ng PhESE| FRLES B ATISHTETARE The REGRENY SAVERERPRg THE SR8 ng
edge of the fluid back fromthe dispensin oint to_ prevent dripping. The
anal og- 0= F&stealp%%lrgﬁlsérf"é:fes ucs‘neadggégt ﬁésgggggg apr%%%ﬁ%%gs%ﬁéfis%tﬁ)l €3 @

digital g %@%t‘é{“is%u&g‘éﬂesﬁelpgof %%fi@l@ .Crgﬁggmoaeclessgr&r?ure

signals fromthe transducers a to t'he control algorithm The
confi gukatdeoReeticlihict® &68hHPaUSESgE 1asdt £00d Ol [on tWhRFerWhichedldiavs the
controller to change the required setup pressure, or set point, quickly,
and t he disgesisee daamss athelifée rpatnpodhasgel ohachheebupst nat ansuciate ol
pressure is independent, making the interactions conventionally associ ated
wi t h t hithalr gees devigqanratdd esopyestihet avger . Thus, the operator can separately
set the "stop" and "suckback" operations. The output of the PIDis an
"error signal", which is a conbination of the proportional error (the

di fference between the _¢ RESS nt, set point), the
derivative (the rate ofeh FESERS HE6— Ve HENSSnd the i nt egral
(the 7 0 2.1} 1~ D tsi rate o i r

si gnal over t#&%?§$h§ge? ?%)‘grheés?rl}égzr%ﬁo iegfrte %gﬁtggﬁggc{)fé o%%{1 Iﬁgogoﬁ%#rﬁ
driver. ke molgoidhdriMein@lsip cal culates an integral and derivative to
adjust for variations fromvalve to valve. The corrected error signal is
converted fraonglixg Raksfargtiedat ianrapakegntia@ian ofnthd kentesll syagemnal og
signal is sent to a voltage-to-current convertor which drives the control
val ve t ®fa hbw posesémn. ifiviestoper, at sloowisgr ejeat pdofesapracn vagreateyvery
10-15 m|liseconds. Various process paraneters can be set to ensure proper
oper ati ®¥¢tG\idri a wi de variety of applications. For exanple, the stop valve
"on" pressure paranmeter is the pressure applied to the stog secti og}of t he

pneunati c valfEYfF i hglfhé atdics SR SREMF2 8 | PHUFRS FREFERLTRY and
decreasing this pressure chanag t.he average di spense pressure. This
par anet é:rlqr(‘:lélr? t%épeas%%%zfc% cye u"gl:tf%ultr}feo.rpﬁ'ﬁsg%ti/ijs%‘gesrf Jgf iquids where it may

be advant agequs, 1,0, 0peGal esdiitntal ¢ ¢ ot delhl25%xd BEN-f/ldoncaRansposihi on

The stop val ve ay" paraneter can De use set the initial pressure
bui | d- upLprdric Hedr tdtbddvdhdialHy PReEAY UpRsht {h appl i cation of
pressure to it. If the dispensing liquid is allowed to dispense too early,
it would reswigqure " droaki ng" saMwl=gds | FebeesemeRtpoASSOf e d Smalktoped to
bui l d-up, "spitting” of the liquid can occur. The stop valve "on tine"

par anet etismenseddint ertvadinde: raf el e sdnt hinyesresisan ;e darsd changed to
the val ve; causing the valve to open too fast will result in anomalies in

t he di spense Biguegn 6THe s2 opchamaeic oreppessniedioparafrearr embodseent o
control the response tine of the valve. Wen the actual closing pressure of
the val VS inddRAimmnsihdt 1esd 17 elsiren WY 1I9%RV15¥t 1 e to the cl osing
8
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fl 2 JIJN 2003 characteristics of the valve, but will increase response
time. Simlar paraneters are provided for the suckback val ve. iyckback
valve "of f tinme" adjusts the tine of the ON to OFF pressure 19 ZrdUN 298
This is the time to nove the end of the valve colum fromit's fully
extended position to the suckback position. Mwing this too fast can cause
the colum to pull a bubble of air into the colum or cavitate. Suckback
valve "on tinme" RBTALLED: DESCRIPTION, OF FHE PRESRNT, INVENTEION ansition. This
is the time cessary to nove. the end of .the lLve columm fraom the syckback
position to 3ﬁ'nﬁﬁﬁlﬁma&ﬁé dé%ﬁ%ﬁ%?t?oﬁpngVixgeFﬁi%stggOVQSF éﬁﬁﬁgﬁﬁse t he
col um oy " j : rj qg&% | C i rate.
Fi gure %%c’rtla%p ?ga T%/@%%%g%&&[%%g% ggg%?"gg%f t e&lg‘ger#r %Fféel—rlgﬁ%%l%rr%&l n one
parti culigkc@aedi menta ok 1Lhe PESSERS] | MERAIdONsubh tddTBaZ &idhveiaWhaly
vertical line 100, the punp is triggered. The pressures to the stop val ve
and to ighepyucichalckvahiecale Dd fshdWit Bavieigsysl auid inliegoeird, 14 R@dst op
valve on delay tine is used in order to gradually increase the pressure to
t he st op Madlgwd domext ltelte 1snep 1val vEheod'iquideciuslatct banedl  ats 1ik0)E1lle st op
val ve pressure is fully on at 115. Sim|larly, the suckback valve on del ay
time iscosEnicagiamuEitd & mazake orhethessdigrensingdesnsk baek shawpd,

whi ch is-full%_applied at 120. At the conpletion of the cycle at t=1 at
verticalfon Nétipgte: HdseeBging 0€ bhe He¥adt5ond BALRFsOf HaSYeFHHLES n
pressure to.the stop .,valve, whjch is_then gradually decreased until the
valve i & (ﬁ%%a%ﬁ SR I?/a?oh'ae? H@I’Lfgﬁi s udd % ocfptfﬁ]eo“é&%ta’a(ct\%s\/e as
shown. | dditiqQn; 0 ol ,syst t Lon _ca D2
31 o Dt B BRas eI e 2 ST Bnetipy BLERRY. cENEOLLEN ET R

devi ce H¢h/AuckHREID. VLB reberancegranni gurénd, fbw e¥8sei-f8cbhe ieontrol
input to one side of the controller 30, the controller 30 is used to

cont rol ceamadmedr| tbd tilse dsaep |t pomp oF00t s uctalas,t haradighheptddrat
filter 70} and through inlet valve "A" by applying vacuumto the punp

di aphr agmme fenedlvhelnslapergtsnt ky fid | dee whudkback dportieon mitthalwal ver' s

cl osed. Dispense fromthe_punp 300 is acconplished by applying pressure to
t he san®XfSHHiaght afRRIPniRg thBe PHGUMEE iFa| Maridgouties sifmPastn Sy

di spense fluid at a rate proportional ,to fhe pressure applied and b

Cont o [5G RS 5 e 2 BUPF e EORAT YEL ORAL | Er SFE (78 IBRBGPAREd dAfbunt of
fluid '%a‘lthpﬁ?éSQuré' eaprdifiihack,gan ggrr"r{adcgﬁﬁugi/cgéfgﬂs%%t%h a
control I'I'ng t e vacuum and pressur e at e &nd ‘of e di Spense. €

mechani SBsAd st Gulidddine s | ik ton tEL-disPeRse BOLRtad Sa PESHEFGDIk @
punp. However, other drive sources could be used, such as a gravity feed
syst em am &N pirbpbirgtibAal., Alhtedehl eseivoder#ba€One ai(PID) hefdedbakbk o be
di spensed, and is positioned with respect to the substrate such that it

fl ows outomgfortdre: 5 esedetad ey gnavigureA2f | dve \e@lohe ptésesreasedamsducer
restrictor to control the flowrate. Flow restrictor (such as a sol enoid)
20 is i RrYoomRinfaEPien Whehryessayeatint vadresrechive RRopratikbikdidal ve
10 and with a conputer processor or_control circuit 30 as_in the previous
enbodi meEntRE: THe AT FoRdS?EPiedf faFd EBnhhAI EARFEAL VRE B di Eiense

i nt h le 48, which di fluid onto the_substrate 52..Th
bont 1 of 15730 LR Lo TRE F T PECEPTGEDR BOCAFLRoprBe SPORCEFRITE that

cont rol Sdiife SLA oBRdatkAPAL £144 ‘}éa%ct%é&%f%frst rPeeatng chdli9de 1had

alternative enbo e contro he pres I nvention can be
used in @PRIHL atbansuekbaEk! AL 9e POY et vPeRps f I eA1 8 sidled dhaperse
source. The dispense accuracy with nultipoint dispense is directly
dependendremsulte iovashrereupi ess Wiaief leaehi diispRimmdeitnly, mhber donedt r eam
pressure beconmes critical to maintain equal dispense volunmes fromtwo (or
nore) digpwssmpantat i tdesisedigralsappl y source such as a punp. Thus,
each di spenser (such as a nozzle) includes a liquid Iine having a val ve,
whi ch can be BY stoptsetkbagk thgl wrespugss e the seabees wi variows i finié
pressure_transducer 27 in each |line dowstream of the valve. (It can be
assumed FHREHNIP RAANSE Ups (G3FahLoFORrRECYAPe | OB fIATRLE e HBRTR| Hae
Alternatively, pressure also can be sensed upstream of each val ve where
enhanced accuracy is desired.) The pressure transducers 27 are in

comuni cation with a conputer processoﬁsmhich is responsive to each
pressure being sensed. The processor 30 conpares the pressures. If any
differential pressure is detected, one or nore of the valves can be
nodul at ed (such as with sol enoids 20) 21) to equalize the pressures and
ensure equal dispense rates through each nozzle. For exanple, the pressure
i nput fromtransducers 27 can control the "full open" pressure of the

. o o - - Y M . - A~ A e - . .

b g




D 2 JUN 2p01 systemfor the pneumatic | oad di scussed above. In yet another
enbodi nent of the present invention, a nultiple dispense system can be used
to dispense fluid froma plurality of dispense points that arl2pHH 204bly

i ndependently controlled. The repeatability and control provided by the
digital flow controllers and val ves, preferably stop/suckback val ves,

| heir. | | cati, di t nt,. ' i ngl

i spensd 1 HERe PEntAEBERE 5 Lyererrantthy Mferehts SFoRHE T bw
cont rol lgl S’bé”%'a‘f%'f”ﬂ.lépqncg@haa)g d "8&111?%?%" sur@Pels t ielRy ANdyn £EOSE
time", a plurality of Val ves canebe cont? ofled synchronously or

sequent 'd@.'s';iénéi(?{g exAnphe, 1higuue 5 sipveasiyel ahkvelyrd ange Waler He ng
coated fromthre€ dispense points A, B an Cpositioned radially along the
waf er suhgfuiat &.s Aildpiged baaehdi SPRESEL DOA Nt §s ok £n SHR¥Nratbose wikidthed in
the art will a appreciate that fewer or nore could be used, depending in
part onthie kiqeidfishsuskddtbatie foomhtkhé pbent! wifd dissdeeisnincpppt i Elde Each
di spense point is in fluid communication with a respective valve, such as a
st op/ suckisdkdackavad VEOA, Ones, thi) @reEsurev dbvyolamei velikdpdshioned thei d
source (which fluid could be the same or different) via fluid inlet |ine
(s) 12. PEgdHoHare i¥ahYRo PRIRDNURERAL | 6 WHRZRFUH Zht r opPREMIERE #1,

DFC #2 gnd DEC .# tiyv, ti trol 1i . As in th

enbodi mirtE ORI  ¢°37 BEcIPHTRNICortT O of EFCYTRITIEE 4 ek RTT" 11 ow

rest i CLOR SHAMLAS 3301800k fleoled SRRSO 2 SLORSUGkDACk YaLye. L wo
ow restrictors are pre érred, One‘n pnéumat ¢ conmmunicatron wth e

SLOp POIhiOn 3f (Begval igni AdigiRbjer ovi tehd Ny SHEKBACK Hor Lizgn ofgbhies

val ve. Pressure is Sensed in the pneumatic output of each flow restrictor,
and a siginerlse presgulelpPb2D0S8 dREARSI &Rl Tt A1I1S apeNt ch@ibRe and
controller. The FI ow restrictors are then operated accordingly. Each of the
di spense gpoiat sohkiBtramt EmoagsbealY ivgderesd t Thei epanselasyshemsafiethe ne.
Wher e sequential or other nonsinultaneous dispensing is desired, the

i nt er nalPrgsRNeiaysntdpnesdd owsntihs | BFogaashbengigteay &Pf adingte the

non-si mu] t aneous di spensing. 1.n operation, a wave. of II uid can be created
usi ng t sfﬁﬁ’%?"?)kpé"eﬁisé‘ﬁ@nEg Bs‘i@teéfﬁ sher hedsr bRFRE IR EHADA PATGIEW BT its

timng and control_.accuracy. Thus,, di spense,.poi.nt .A can. initial di spense
the fPubteste | fep TErer fS%cotnt rrll ERRFaRr B BhiERo T ot FebYachis The
area of ]&Qﬁ’f fer under dispense point B, dispense point B can begin

di spensing fluid to maintain the wafer notion, and so forth. The correct

wave notion ifhd MBEhtadl fHitr 99ehaeoali RAgnHl Sc8AARLREAESS SEHaNeheh
repeated with any nunber of dispense points as required. The ability to
accur at gyesonte ot raAsPUCEr I 24 £, 25 anp Thawn diatemiandomditivns ahesakhdms t he
user to achieve a uniformcoating. Those skilled in the art will appreciate
that i n gawgenpighabntinihers telectrdowadostiomaler (dmalaed oh préfasieny
wafers, the wafer processing _is typically_ carried out in a track of which
the i nstamRlEoiie dhay Aemrdrwditepdrgihgll Fanyeshes tAdDhaFar MeagHES of

many progessing stations. Such nmutli-statian processi.ng is disclosed i.n
U'S Patti® NGiFadte, 008 ( RECAFUERoSIERGE Win CRORE | M orbr SREHORE e n

by 1 ef erenel p R E: TergONtL OLd o d So WO M UBPLE LY 2t HESHEEL PUELeAN
that is sent to a digital to analog converter as an analog
signal. This analcg signal drives a voltage to current converter
that will power the control solenoids.
The control algorithm that calculates the digital control
signal can use operator and factory parameters and current

pressure to calculate the appropriate solenoid current. This is



13 D2 JI1Il 2009 RS232/ RS485 serial link. The user inputs the follow ng
paraneters: - stop wvalve close transition tinme - stop valve open transition
ti me -suckback val ve close transition tinme -suckback val ve OHFQ.ﬂﬂ@ﬁ )tion
time - stop valve open delay tine - stop valve close delay tine -1 @%t
trigger hardware configuration - input or trigger active state - output or
acknow edgenent hardware configuration - output or acknow edgenent active
stat e ThESPRRESRy 8T r HO-OF | Bialisegondsovertihe Goei gonynadlier caftr ol

sol enoi d %sto offset - contyol solenoid és ckback) qffse% - control
ol enoi d°t3n8bedoFpaton BR FBF BORRABF dCFEeERbalEs SHEPE. hBoREToPe @
I I thgi t ti | .
Start sional Brs S SR Rh F R ol B i 3T SHRbR e BL T L IRE e

this si gBﬁEiEso efg'tgs k8 t&Q”&ﬁOJa{:fér”Si‘@HE?S. the iRy %s:%&esegngmeigutlet

side of the control solenoids and calculate3S a current or "posifion" for

the cont wehisokanpiydtardpsepdamh8l Sp2hier kst BadDobrSRred! b Whideh vies
applied to the control solenoid. This is repeated every 10-15 ns to

mai nt ai nsagnatcpoat eher esstirel tsoldgosd op/ suckback val ve. Once the
controller senses that it has reached the programed pressure, 14 021
| ~ P!l 200d a ¥pyeatpécificakiedthe ihetpumpnbaticacamplheierssondd ol be
mai ntai ned until the start signal is renoved. Wen the controller senses
that thetPPeREEFELRASIEIANHER ol G 6V LT HOHABTrREELr§ganangRe &f gndifdd:

psi. The measured pressure is the current pressure applied to
the pneumatic f£fluid control device. In the embodiment shown, the
pneumatic £fluid control device is a pneumatic wvalve with two
sections; one for stopping the fluid from flowing and the other
for drawing the 1leading edge of the £fluid back from the
dispensing point to prevent dripping. The analog-to-digital
converters change the analog pressure signals to a digital format
which then can be read by the microprocessor. The pressure
signals from the transducers are inputted to the PID control
algorithm. The configuration of this setup uses a fast control
algorithm, which allows the controller to change the required
setup pressure, or set point, quickly, and the pressure tracks
the set point change. Each set point and control pressure is
independent, making the interactions conventionally associated
with this process virtually non-existent. Thus, the operator
can separately set the "stop" and "suckback" operations.

The output of the PID is an "error signal", which is a
combination of the proportional error (the difference between the
current pressure and the current set point), the derivative (the

rate of change in pressure over time), and the integral (the



15 0 2 J~~ 2~ Clains What is claimed is: 1. A control systemfor

nodul ating a pneumatic fluid control device for dispensing a fluid, said

control systemconprising: a flowrestrictor having a pneumatfj@ JUnizon

outlet in fluid comunication with said fluid control device; a pressure

sensor to sense pressure in said pneumatic fluid outlet; a conputer

processor responsive to said pressure sensor for controlling the pressure
e 1oPUEF

in sai d PFARRGEIET 1Af FrSutREe af IRV RHSTEIES FEINRoPYEF FH %bdul at e
id fluyjd trol .devi t det i, ned i ti.

r edet er & TR BHETEr CATEPED PRI TTATE: (1T d 1T G AT APGUgh. SEMe

pr OCeSSQJodlaeC}?c@QEdd%Pvé@' 95850 LRGURLESSULG 'i%é%zdalp”%a&!?fn‘}éé’i@e oug | et

for a predeterm ned anount of tine so as to maintalin sald ul d control

devi ce ipyfald fyedalerdd sk o RAIVE @6 3adrdaphed ereapteq! efAsr
pressure in said pneumatic fluid outlet so as to nodulate said fluid

control dglieytH0e ils0 canfieatrie Fromedigl OsBUEPoRat | 06 QVenady edghal N aed
anount of tine in order to cease fluid flow therethrough. 2. The control
syst em dfhel aepultihgr tdrerl@pnpigsahg is seewnnd tid oav vedtcaigetop-havregt a
second pneumatic fluid outlet, said second pneunmatic fluid outlet being in
fluid comnuexsay oiieilt drdvescbhe donfizplomlivs tdedi gew RositdarecoRiis
pressure sensor to sense pressure in said_second pneumatic fluid outlet;
wher ei n RETA LS URIEIRGERS ™ 230 VRS0 SR 119 -da MidddSRECRE®ssUre

sensor for cqptrolling the %ressure in said second gng:%)rratic fluid outl et
cond

at a predet erfAHERS i BEOCRSSr ¥ TG HREFuI GF8 £5 58 FrEEHLE cBRPPOF
devi t t ] : LLi : 1 t i t ti
Co i it SR SRS R W RARREDDIELY! OF, Sl 1 2 PLHE, (TN SRR P8l 1 e

Pressur esidp S¢S 0endppRaYIREI Safdhd thPUld @hef Biredsii-edgbsr MRS apBUNt
of tinme so as to maintaln said second fluid control device in said

pr edet erst s GeapEprpes thenpasdmadaptedlve dwningl tidaequessdiepenssagd
second pneumatic fluid outlet so as to nodul ate said second fluid control
devi ce tof alpr edistwidi nethetfeaseihpegid iderrpasging frludetrarasisved ehengesof
time in order to cease fluid flow therethrough. 3. The control system of
cl ai m 2, thheresrnamici SRanRe M@ssEEend Thod PRERFeEEBreamke $SPERORYLY 4.

The control systemof claim 1, wherein,said fluid contrgl device is a
pneurrati‘ﬂ:s%‘iliZeé.OEGhlgb ¥15CP=isPob  GU14Re WBEAES it Wg’rﬁ SAVansRREguS

| her SOTHASLID Bh00BELSe! I L4 9 SAITBLEBRtY Whdh L AR
stop valve "delay" parameter can be used to offset the initial
pressure build-up prior to the valve actually opening upon the
application of pressure to it. If the dispensing liquid is
allowed to dispense too early, it would result in "drooling",
whereas if too much pressure is allowed to build-up, "spitting"
of the liquid can occur. The stop valve "on time" parameter is
used to control the rate at which the pressure is changed to the
valve; causing the wvalve to open too fast will result in
anomalies in the dispense stream. The stop valve "off pressure"
parameter is used to control the response time of the valve.

When the actual closing pressure of the wvalve is reached,

applying less pressure will do 1little to the closing



6. The control systemof claim2, wherein said second fluid control device
is a pneumatic valve. 7. The control systemof claim®6, further conprising
a nozzle in fluid communication with said pneumatic val ve forgdi gyerping
fluid to a substrate. 8. The control systemof claim5 or 7, wherein said
i quid conprises photoresist and wherein said substrate is a wafer. 9. The

control systemof.claiml, further conpri si a, pu for supplying fluid to
sai d fl FRPETINETHISHLGT cRE e Vool v t’é’?ﬁ’g)a%ﬁ &5 ,n%%hég&en fluid
is supplied t9.sajd fl ui rol_devic ravity., 11 o] f
contrgpling t%ﬁag#%ﬁe éﬁ%§%§?E§|ﬁé%nEr$V§§$§ %P%béﬁg%rs%éxggégi%?93?'use,

compri S| Qi BLONT YgA Tk O £00H 1 aljABKCed {1 doORTMNIGHALI SNkt h

sai d di spenser; providing a flow restrictor having a pneumatic fluid inlet

and a pneHdBshsel tvhesuibal, FRiE AREWTR i Cidd W& RoYé ethbebng &0 theid
comuni cation with said fluid control device; sensing pressure in said
pneumat i galveli odumnhetromoitr el Fuldyt kxtpndedupesinisal dopraensuckbatki d
outlet at a predetermned tinme in order to nodulate said fluid control

devi ce tposipiedet eMpivieg bheéaetlopofmstoranyenuaeptbdetolnimnetoapoliht aof
time to initiate fluid flow therethrough; maintaining the pressure in said
pneunat | ubble dobubi &t ISP &her egdLBINNOFe FadHSANE -of Stickbass ¥31lve Haknt ai n
said fluid control device in said_ predeterm ned opened Bosition;_and

modul at | HIRSAi SPERE O 1o Gle9F o6 OF For tRiePlr REREAUER oSE@R54E PRon

OUST 2 PERER" ELTLRBY SRRl (L0 AP0 RS0 Ll bl

ai'm conpri si ng provrding a

second f r i i ; n n td upde .assecond
l_=9§f|nu§.~344 clLekpaax Modi ORH0 d Pneyga flhfufy' éﬂt%@s%e@%@,leléa.

pneumatic | ~outlet, sai ( pneumatic flui'd out ing in fluid
communi caby PAgW hilsarsecpadt f tath de£084 I Bhe deyi i SEPHUIGT ESHUER tAnSai d

second pneunmatic fluid outlet; and 17 0 2 JUP~ 20p3 controlling the
pressur edebesaktloastgndhpngamahecattuall dikpehsénraesponse to the pressure
sensed in said second pneumatic fluid outlet by nodul ating said second fl ow
restrictor. Figure 3 graphically illustrates an example of the
controller timing in one particular embodiment of the present
invention. At time zero, shown by vertical line 100, the pump
is triggered. The pressures to the stop valve and to the
suckback valve are off. Once the system is triggered, the stop
valve on delay time is used in order to gradually increase the
pressure to the stop valve once the stop valve "on" time is
actuated (at 110). The stop valve pressure is fully on at 115,
Similarly, the suckback valve on delay time is used to gradually
increase the pressure to the suckback valve, which is £fully
applied at 120. At the completion of the cycle at t=1 at
vertical line 200, the stop valve off delay time delays the
decrease in pressure to the stop valve, which is then gradually
decreased until the valve is closed. A slightly longer delay is

used for the suckback valve as shown.

In addition, the control system of the present invention can



13. The method of claim 11, wherein said fluid control device is a

pneumati c valve. 14. The nethod of claim 12, wherein said second fluid

control device'is a pneumatic valve. 15. A nulti-point di spegse Jof

system conprising: a fluid supply for supplying a fluid to be dispensed to

a plurality of dispense nozzles, each of said nozzles having a valve and a

fluid I'{ne praviding fluid conmunicati bet ween said f|uid supp and said
b B ab e i

nozzl e; P§ PPESsGPeOPERE5R PnPREVARHICR Fhyer | fid 1% d
val ve; ¢ rr%ust earsé)rocess [ é sgggmge tE e ch sal eSStJerveersselnsort}{eor
conparlnﬁ he “pre SUPR" i n e% h Y& i ﬁgs neratlﬁﬁ a“signal

| ndi cat ugcobianhiesyindlid {ar o idile c%&i&ﬁqq%vtﬁ SRSzl ex

control I'ing nodul |on of at |east one of sal es in response to said
si gnal gyelgauhegded eddnties biadumQ i Fidi@ties drdweh fhew %:b @p e di6 ouith

mai ntaining said fluid flow for a predeterm ned anount of tine, and

modul at iagg irdweAstophiondl sfilkeml ves anér thrpugHetal gtnedlaroud" oy time
to cease fluid flow therethrough. 16. The mnulti-point dispense control

syst em eppdlydng Mgcdumt ber thenpringi dg apheegor.e semee nghaeaprspuHor eam of
each of said valve. 17. The nulti-point dispense control systemof claim
15, whefdildeshwdthogdradi nghefinkel gadiverid of ssalasedr velisReRe® rfXah out

with a sglenoid. 18 A nulti nt di spense control system for dis en3|ng
Bt |eas EREHEHTELIP Y ot & SARRTLAERd dipr RGNS (REs ﬁre%n% 325

uppl i B ol 8 LN Ll 1 DR hshenaqds o P il Lo of spere

outlets ense e|ng in ‘Conmmitat on

| east opg RNk FauRWULRl & tha e p%ﬁ&‘r&@éh&i Cé&rtshe %%%Bsﬂ%\é' Qﬁpﬁl&ﬁ'e&ﬂ@“ c
fluid line in pneumatic communication wth each sai'd valve; a pressure
sensor pgsi bAbLdll Ongenst: PEemsUthd NoaBTet Saidlwneunat ixs f bped, | il a
conput er processor responsive to each said pressure sensor for controlling
t he prepxwgrammelB amdurt bUFIhiA0p8 ddspesaed. pnklsa} | sutkieclatcan be
predetermned tine in order to nodul ate each said plurality of flow

restri ctoeryritest Uy ddetraretised yopentposilingntbeevagupnedied epné segrainunt  of
time to initiate fluid flow through said dispense outlets, said processor
adaptedqﬂﬁlﬁ§4ﬂ9§rFHQK§HﬁR%&ﬁﬁe in each said pneunatlc line for a

det f t d.f t t i
Sai d pr edet of amun%&%ﬁ%yﬁﬁ ATttt e S b M e
each sai;q, Eﬁ%é’ l | g€ SGhpas Lo, fmll at & ﬁé’fhﬁ-g'\rg s %Wée?tédforbéo a
pr edet erm ose POSFLIBR over & priedaf er i ned  ambun time I n order

to ceasgdddli dsihdWakNBOUEH 8RN FUSPERAR STAST Shokd - ﬂh%@c&teer@ of glaim

18, wherein said substrate is a wafer, ‘and wherein said plurality of
di spenselatild eftSsar-eoif r a8gedntadnal tnealfcmgdswod B#f®ispensed, and is

positioned with respect to the substrate such that it flows out
of the reservoir by gravity. A flow valve 46 is used as a
restrictor to control the flow rate. Flow restrictor (such as
a solenoid) 20 is in communication with a pneumatic load such as
a stop/suckback valve 10 and with a computer processor or control
circuit 30 as in the previous embodiments. The pneumatic load
is in fluid communication with a dispense point such as nozzle
48, which dispensed fluid onto the substrate 52. The controller
30 actuates the flow restrictor 20 with precision timing that

controls the start and stop of fluid dispense.

10



20. A-multi-station track for processing a wafer, conprising: a plurality
of stations, wherei.n at |east one of said plurality of station conprises a
control systemfor a pneumatic fluid control device, said contggIJlﬁymm
conprising: a flow restrictor having a pneurmatic fluid inlet and a
pneumatic fluid outlet, said pneumatic fluid outlet being in fluid

muni cat i ith Ld fluid l _devi ce, htl d
L0 Sense preaBurih | ALEAFH= et RAHPERL: ontPotOaL SO EL B By BEedts
e e e R R A e L R s B T

mul ti - p@li RHeRisBN %M GO 111 ¥ElpEngl GRIHBLZ0, THE (ISP Td R IRF
pressure sensor upstream of” each of said valves. 22. The multi-point

di spensei¢dninhok ippinemiakpehas ML HirkdtileBepenpensi 68 the alenaittdaar
nodul ating at | east one of said valves. 23. A nulti-station track for

pr ocessiprgssuwaf of, eahbr @i spemee gtoditontbenpowsesreanoprevsusy Stegmnfesr a
pneumatic fluid control device, said control systemconprising: a flow
restri cCoEtH&RING @ WHatkakn equali dispess e lamsfe diran W u?cdf dageet

said pneymatic fluid outlet being in fluid communication with said fluid
cont r ol GERECSE ap?ﬁ%"s%u?”étgeﬁso*?”té}ﬁ t FORRHY t $OUTEe P stfe d PEH d
pneumati¢ fluid Qutlet: a co t er _processor, r.esponsiye to sai d pressure
Censor PEMomatl 14 TP ol & B B doumRides o & Bih e
predet ey & FRakR Offgkn! ol ALE oBIACILA FILLLC! Oprdfodrd 35 O -
J U N 2003 predeterm ned open position over a predeterm ned anmount of tinme
to initisatmsdd uvdehl Qv i edBie S@iré shuted EoME@hcgeVizge, isaicdchar acafsor
adapted to maintain the pressure in each said pneumatic fluid outlet for a
pr edet erdownet raanrdf afhd i velwn, as(lto el rdei dsssanet ftioae rese rpodsoguren sai d
predet er mi ned open position and adapted to control the pressure in said
pneumat ivpsdugach oof | thesyadyet ¢ smriladt eigapdchl dwnegst rhitternaively,
predet erm ned cl osed position over a gredet erm ned anmount_ of time in order

to ceas®@HAIFUFS PR RRBUBR SSISE NEPET B8t P bleafdyived veoyhere enhanced

AL A AL PP B S AR AL AL A PSS AL A A 1

communication with a computer processor which is responsive to
each pressure being sensed. The processor 30 compares the
pressures. I1f any differential pressure is detected, one or more
of the valves can be modulated (such as with solenoids 20, 21)
to equalize the pressures and ensure equal dispense rates through
each nozzle. For example, the pressure input from transducers
27 can control the "full open" pressure of the "stop" portion of
the stop/suckback valve 10. When the stop wvalve is not in its
fully open position, a pressure drop across the valve is created.
By measuring the pressure downstream of each valve prior to each
dispense point, the stop/suckback valve on each dispense point
can be used as a "controlled restriction" and balancing each
dispense pressure results in balanced dispensing. This

embodiment can be used alone, or in combination with the control

11
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L"10% & %4 'do%f%%%@e?ﬂ-%ﬁh&oﬁ&&g%}/(or sequentially. For example, Figure

5 shows a relajjvely large wafer being coated from three dispense
points A, B ang C positioned radially along the wafer substrate.
Although three dispense points are shown, those skilled in the

art will apprehiate that fewer or more could be used, depending

in part on the|size of the substrate to which the fluid is being

applied. Eacd dispense point is in fluid communication with a
|

respective vaﬂve, such as a stop/suckback valve 10A, 10B, 10C.

Each valve recLives fluid from a fluid source (which fluid could

be the same or|different) via fluid inlet line(s) 12. Each valve

is also in communication with a flow controller (DFC #1, DFC #2

and DFC #3) via respective pneumatic control lines. As in the

embodiment of| Figure 1, each flow controller DFC includes a

pneumatic flow restrictor such as a solenoid. 1In the case of a

stop/suckback 'valve, two flow restrictors are preferred, one in
pneumatic communication with the stop portion of the valve, the
other with the suckback portion of the valve. Pressure is sensed

in the pneumatic output of each flow restrictor, and a signal

12
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responsive thereto is sent to the controller. The flow
restrictors are then operated accordingly.
Each of the dispense points A, B and C can be triggered to
dispense at the same time. Where sequential or other non-
simultaneous dispensing is desired, the internal time delays for
each controller can be used to effectuate non-simultaneous
dispensing.

| In operation, a wave of fluid can be created using the

multiple dispense system of the present invention in view of its
timing and control accuracy. Thus, dispense point A can
initially dispense the fluid onto the wafer. As the fluid from
dispense point A reaches the area of the wafer under dispense
point B, dispense point B can begin dispensing fluid to maintain
the wafer motion, and so forth. The correct wave motion is
important for proper coating. This same process can be repeated
with any number of dispense points as required. The ability to
accurately control ramp up rate, ramp down rate and maximum rate
allows the user to achieve a uniform coating.

Those skilled in the art will appreciate that in the
embodiment where the flow controller is used in processing
wafers, the wafer processing is typically carried out in a track
of which the instant control system for dispensing fluid onto the
wafer is one of many processing stations. Such mutli-station

processing is disclosed in U.S. Patent No. 6,016,006, the

disclosure of which is incorporated herein by reference.

EXAMPLE

The controller 1is programmable by the user over an

13
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4= parameters:

- stop valve close transition time

- stop valve open transition time

-suckback valve close transition time

-suckback valve open transition time

~ stop valve open delay time

- stop valve close delay time

- input or trigger hardware configuration

- input or trigger active state

- output or acknowledgement hardware configuration
- output or acknowledgement active state

The factory calibration is also done over the serial link:

control solenocid (stop) offset

- control solenoid (suckback) offset

- control solenoid (stop) slope

- contxol solenoid (suckback) slope

- control algorithm inputs (system parameters, pneumatic

tubing length, etc.)

The start signal is sent to the controller by the dispense
pump or track. Once this signal is received, the controller
measures the pressure on the outlet side of the control solenoids
and calculates a current or "position" for the control solenoid
and sends this value to the D/A converter which is applied to the
control solepoid. This is repeated every 10-15 ms to maintain
an accurate pressure to the stop/suckback valve. Once the

controller senses that it has reached the programmed pressure,

14
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controller senses that the pressure has returned to zero, the

pump will again be signaled:
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Claims

What is claimed is:

1. A control system for modulating a pneumatic fluid control device for dispensing a fluid, said control
system comprising:

a flow restrictor having a pneumatic fluid outlet in fluid communication with said fluid control
device;

a pressure sensor to sense pressure in said pneumatic fluid outlet;

a computer processor responsive to said pressure sensor for controlling the pressure in said
pneumatic fluid outlet at a predetermined time in order to modulate said fluid control device to a
predetermined open position over a predetermined amount of time to initiate fluid flow therethrough,
said processor adapted to maintain the pressure in said pneumatic fluid outlet for a predetermined
amount of time so as to maintain said fluid control device in said predetermined open position and
adapted to control the pressure in said pneumatic fluid outlet so as to modulate said fluid control

device to a predetermined closed position over a predetermined amount of time in order to cease
fluid flow therethrough.

2. The control system of claim 1, further comprising a second flow restrictor having a second
pneumatic fluid outlet, said second pneumatic fiuid outlet being in fluid communication with a second
fluid control device; and

a second pressure sensor to sense pressure in said second pneumatic fluid outiet;

wherein said computer processor is also responsive to said second pressure sensor for controlling
the pressure in said second pneumatic fluid outlet at a predetermined time in order to modulate said
second fluid control device to a predetermined open position over a predetermined amount of time to
initiate fluid flow therethrough, said processor adapted to maintain the pressure in said second
pneumatic fluid outlet for a predetermined amount of time so as to maintain said second fluid control
device in said predetermined open position and adapted to control the pressure in said second
pneumatic fluid outlet so as to modulate said second fluid control device to a predetermined closed
position over a predetermined amount of time in order to cease fluid flow therethrough.

3. The control system of claim 2, wherein said first and second flow restrictors are solenoids.

4. The control system of claim 1, wherein said fluid control device is a pneumatic valve.
16
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5. The control system of claim 4, further comprising a nozzle in fluid communication with said
pneumatic valve for dispensing fluid to a substrate.

6. The control system of claim 2, wherein said second fluid control device is a pneumatic valve.

7. The control system of claim 6, further comprising a nozzie in fluid communication with said
pneumatic valve for dispensing fluid to a substrate.

8. The control system of claim 5 or 7, wherein said liquid comprises photoresist and wherein said
substrate is a wafer.

9. The control system of claim 1, further comprising a pump for supplying fluid to said fluid control
device.

10. The control system of claim 1, wherein fluid is supplied to said fluid control device by gravity.

11. A method of controliing the dispensing of a liquid from a dispenser to a point of use, comprising:

providing a fluid control device in fluid communication with said dispenser;

providing a flow restrictor having a pneumatic fiuid inlet and a pneumatic fluid outlet, said
pneumatic fluid outlet being in fluid communication with said fluid control device;

sensing pressure in said pneumatic fluid outlet;

controling the pressure in said pneumatic fluid outlet at a predetermined time in order to
modulate said fluid control device to a predetermined opened position over a predetermined amount
of time to initiate fluid flow therethrough;

maintaining the pressure in said pneumatic fluid outlet for a predetermined amount of time so as
to maintain said fluid control device in said predetermined opened position; and

modulating said fluid control device to a predetermined closed position over a predetermined
amount of time in order to cease fluid flow therethrough.

12. The method of claim 11, further comprising providing a second flow restrictor having a second
pneumatic fluid inlet and a second pneumatic fluid outlet, said second pneumatic fluid outlet being in
fluid communication with a second fluid control device;

sensing pressure in said second pneumatic fluid outlet; and

17
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controlling the pressure in said second pneumatic fluid outlet in response to the pressure sensed
in said second pneumatic fluid outlet by modulating said second flow restrictor.

13. The method of claim 11, wherein said fluid control device is a pneumatic valve.
14. The method of claim 12, wherein said second fluid control device is a pneumatic valve.

15. A multi-point dispense control system, comprising:

a fluid supply for supplying a fluid to be dispensed to a plurality of dispense nozzles, each of said
nozzles having a valve and a fluid line providing fluid communication between said fluid supply and
said nozzle;

a pressure sensor in each of said fluid lines downstream of said valve;

a computer processor responsive to each said pressure sensor for comparing the pressure in
each of said fluid lines and generating a signal indicative of any pressure differential; said computer
processor controlling modulation of at least one of said valves in response to said signal over a
predetermined time to initiate fluid flow therethrough, maintaining said fiuid flow for a predetermined
amount of time, and modulating at least one of said valves over a predetermined amount of time to
cease fiuid flow therethrough.

16. The multi-point dispense control system of claim 15, further comprising pressure sensing means
upstream of each of said valve.

17. The multi-point dispense control system of claim 15, wherein said modulating of at least one of
said valves is carried out with a solenoid.

18. A multi-point dispense control system for dispensing at least one fluid to a substrate,
comprising:

fluid supply means for supplying at least one fluid to be dispensed to a plurality of dispense
outlets, each said dispense outlet being in fluid communication with at least one valve;

a plurality of flow restrictors, each having a pneumatic fluid line in pneumatic communication with
each said valve;

a pressure sensor positioned to sense pressure in each said pneumatic fluid line;

a computer processor responsive to each said pressure sensor for controlling the pressure in

18
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each said pneumatic line at a predetermined time in order to modulate each said plurality of flow
restrictors to a predetermined open position over a predetermined amount of time to initiate fluid flow
through said dispense outlets, said processor adapted to maintain the pressure in each said
pneumatic line for a predetermined amount of time so as to maintain each said flow restrictor in said
predetermined open position and adapted to control the pressure in each said pneumatic line so as
to modulate each said flow restrictor to a predetermined closed position over a predetermined
amount of time in order to cease fluid flow through said dispense outlets.

19. The system of claim 18, wherein said substrate is a wafer, and wherein said plurality of dispense
outlets are arranged radially along said wafer.

20. A multi-station track for processing a wafer, comprising:

a plurality of stations, wherein at least one of said plurality of station comprises a control system
for a pneumatic fiuid control device, said control system comprising:

a flow restrictor having a pneumatic fluid inlet and a pneumatic fluid outlet, said pneumatic fluid
outlet being in fluid communication with said fluid control device;

a pressure sensor positioned to sense pressure in said pneumatic fluid outlet;

a computer processor responsive to said pressure sensor for controlling the pressure in said
pneumatic fluid outlet by modulating said flow restrictor.

21. The multi-point dispense control system of claim 20, further comprising a pressure sensor
upstream of each of said vaives.

22. The multi-point dispense control system of claim 21, further comprising a solenoid for modulating
at least one of said valves.

23. A multi-station track for processing a wafer, wherein one station comprises a control system for a
pneumatic fluid control device, said control system comprising:

a flow restrictor having a pneumatic fluid inlet and a pneumatic fluid outlet, said pneumatic fluid
outlet being in fluid communication with said fluid control device;

a pressure sensor positioned to sense pressure in said pneumatic fluid outlet;

a computer processor responsive to said pressure sensor for controlling the pressure in said
pneumatic fluid outlet at a predetermined time in order to modulate said flow restrictor to a
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predetermined open position over a predetermined amount of time to initiate fiuid flow through said

fluid control device, said processor adapted to maintain the pressure in each said pneumatic fluid
outlet for a predetermined amount of time so as to maintain said flow restrictor in said predetermined
open position and adapted to control the pressure in said pneumatic fluid outlet so as to modulate
said flow restrictor to a predetermined closed position over a predetermined amount of time in order
to cease fluid flow through said fluid control device.
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