;edew, t (()$*F+fh, 6, T,NY; 2 3 MAY 2003 PUVP CONTROLLER FOR PRECI SI ON PUMPI NG
APPARATUS Background of the Invention This invention relate e
P ST, 2057,

preci sion punpin and, nore particularly to a pu
accuratel y contr@‘\aﬁﬂm@ unt of fluid 5 di spensed fromthe precision
punpi ng apparatu are many applications where precise control over
t he anmount and/or rat@%f which a fluid is dispensed by a punpi ng appar at us
is necessary. In sem conductor processing, for exanple, it is inportant to
control very precisely the amount and the rate at which photochem cal s,
such as photoresist, are applied to a sem conductor wafer 10 being
processed to nanufacture sentconductor deV|ces The coat|nos applied to
POME . | ,‘.,A.»_t v I v '!l ‘., PAR --‘.‘. at ness acr oss
the surface of the mafer that IS neasured in angstronms. Many sem conduct or
bR 0 igpents on the order of 30 angstrons or |ess. The
rate at mhich processing chem cal s such as photoresists are applied to the
waf er and spun out through 15 centrifugal force to the edges of the wafer

has to be cont r aiiSfvdnfoPretheds gteﬁbrﬂfy&b?)fécismtpuﬁlb rapﬁﬁaﬁﬂﬂagmbtequi dis
applied uniformy. It is also critical to contro e rate and vol une at

whi ch phot ?aﬁ%uﬁah y (8P chtrdlI & f@xl%l:dr@t@ly c@nt}chﬁng"ﬁ%fa %o o?flﬁﬁlﬂr to reduce

unnecessary waste”and consunption. Many of the phot oc emcals used in the

sem condyct I toxic, but they are very

expensi \Cjéé @%C?S%glﬁ%éln%?é‘gg%%?&ngplggg%%&hwsas $1,000 per liter. Thus, because

of the cost of the chem cals as vveII as the difficulties in handling toxic

materials, it i necess 0 h of the

photoresist is ert)lﬁliel %{gyaphﬁcatm hef%%c’ °%%E$‘%S§§r§t§5s§t‘ng FEGU; %gnents

while mni m zin ive consunpti.on and waste. Anofher ortant

requi r ement & Pdic gé‘éﬁ?‘ﬁ‘éﬁ&ﬂ?ﬁs Y B nggg ?’P@aﬁag‘sfwc?‘fﬁ?riyt i‘&set“bcqu Wit edl y

di spense a precisely controlled anmount of processi nghchem cal each time 5

since vari RIPSHENS, frexanplediin impartaptie fpntiol ¥ery Rrecisghy esappgpnt ¢

consistency fromwafer to wafer. In the past, because of the

unr epeat abi mafetaywhish pgtochgmuicalsesuphh asphotorgsist, @rftﬂpebftdsfe layergisadustor wasr anount  of

chem cal bei ng di spensed, many punps had to di spense 50%to 100% nore

l'i qui d thharbeinpeuedssed toonaghafactupe nseondudorsievitesc iThacoaingnippliyd foor processi ng

requi renents. This has resulted in waste and increased processing costs.
semiconductor wafers during processing typically require a flatness across the surface

of the wafer that is measured in angstroms. Many semiconductor processes today have
requirements on the order of 30 angstroms or less. The rate at which processing
chemicals such as photoresists are applied to the wafer and spun out through

15 centrifugal force to the edges of the wafer has to be controlled in order to ensure that
the processing liquid is applied uniformly. It is also critical to control the rate and
volume at which photoresist chemicals are applied to the wafer in order to reduce
unnecessary waste and consumption. Many of the photochemicals used in the
semiconductor industry today are not only toxic, but they are very expensive,

20  frequently costing as much as $1,000 per liter. Thus, because of the cost of the

chemicals as well as the difficulties in handling toxic materials, it is necessary to

AR
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10 Conventional punping apparatus are able to accurately di spense precise
anmounts of typical fluids. However, these conventional p i p tus
cannot accurately di spense | ow viscosity, |ow dispense r Rﬂ@?dﬁﬁéﬁd t he
conventional punping apparatus will either cause a double dispense or a
stuttered dispense of the low viscosity fluid. In particular, at the

begi nning of the dispensing cycle prior2to the 15 controlled di spensing of
any fluid, a small amount of the |ow viscosity fluid, e.g., several
mcroliters, may be undesirable ejected onto the wafer's surface resulting
in an inpreci se anount of fluid being dispensed. The probl ens of double

di spensing and stuttered_di spensing of these | ow viscasity, low flow rate
fluids are @nspsdhet 590“51’\95&?8?‘3}0’6?‘5?‘%393? toRg Yf?ﬁév%ltr"éatﬂfg%gré’ﬁ?ss‘?% a
conventional punping apparatus. For exanple, 20 pressure may be built up in
t he di spensieayiraptratsydrileghinintizing exesssiig CApYEPHOMANANAS!: 0 t he cl osing of a
barrier valve prior to dispensing which nay force sone fluid into the 2 ~
MAY 2003 3 di spensi ng chanber and increases the pressure in_ the dispensing
chamber. The extAnotlidr imppriantreauiretnent fresemicondugieresengpsing ip therbildly 9pensi ng
chanber may cause the small amount of fluid to be ejected onto the wafer's
surface at tepeataliyditpente 4 precistls@atrsilaignoyot o prdcessangdhemisal eactheme i i ng of
the control val ves operation and the di spense system dynam cs, such as

t ubi ng | @ngkihce vatBiong iriha aRbEt ofctbmi@lZdar adiersely iinpad comineany fromal punpi ng
apparatus may also contribute to the problem of the double or stuttered

di spense of whﬂf\to\«ai/a?&pfiﬁ i past WcAlisS BARS Brkh@bilitydsdioll Aslthd isatilgite abl e to
provi de | ow vol une, low rate chem cal dispensing punping apparatus capable

of precise : n ow 10

Vi scosity cﬁﬂéj'gns% P@%ﬁ@‘%gﬁ‘gg’ggﬁ%ﬁ ﬁéeal %ﬂﬁ%ﬁﬁlr@%ﬂ%%bg%@?ﬁgﬁg#t is to these
ends that the pre inyention i dir ' £ he

i nventi on, 15?6566 %ﬂg B)efr@é"e T%&eglq id 3‘&%“3’%“%%53‘??8%%8 ?ﬁ%‘%ﬁ%ﬁﬁ% g%%élr atus and
met hod i s provided, which enabl,&i fleci sle nd repe‘?t abl e /15 control of

di spense r afo PEXSEFSIpgreApregents. o gas?’é?)‘g t?‘@“f“laﬁffag,lnﬁ’f?ase\ﬂ/r‘?foc?ﬁssg\g@?%rres t he
foregoi ng and ot her di sadvantages of conventional di spensing punping

apparatus and nethod. K The punpi ng apparatu recjsel.y controls the
di spensitfg anountonyrriogel qugr[pgpgoapg?:@&,g%agﬁlgiq %‘i‘“ﬁ{eﬁi %éeﬁf B2 sel y
controlling the operation of several different por{ions of the punping
appar at us dempys efitepienl SpidssHowgver.dhese ponysitional pUAIPINgAPBYAYS SRRt 1 ol | er
may precisely control the timng of the control valves with respect to each
other, the naetiately dispensedowivissesieyi loy dipeese rate fluids prd the penygntigmak he contr ol
val ves with 2 3 MAY 2003

pumping apparatus will either cause a double dispense or a stuttered dispense of the

low viscosity fluid. In particular, at the beginning of the dispensing cycle prior to the
15  controlled dispensing of any fluid, a small amount of the low viscosity fluid, e.g.,
several microliters, may be undesirable ejected onto the wafer’s surface resulting in an
imprecise amount of fluid being dispensed. The problems of double dispensing and
stuttered dispensing of these low viscosity, low flow rate fluids are caused by a variety
of factors which are present in a conventional pumping apparatus. For example,
20  pressure may be built up in the dispensing chamber of the pumping apparatus due to

the closing of a barrier valve prior to dispensing which may force some fluid into the



4 respect to the novenent of the dispensing notor. The punp controller in
accordance with the invention accurately controls a punping zgfizzhys to
avoi d the doubl e di spense or stuttered di spense probl ens ass @00@
conventi onal punping apparatus. One aspect of the invention provides a
process for controlling a nmultistage punp to dispense a fluid, the

mul ti stage punp having a feed chanber, di spensati on chanber, and an .

outl et valve of the multistage punp coupl ed to the di spensation chanber,

t he process conprising: a first stage, wherein while at first val ve between
the feed chanber and the di spensation chanber is closed and the outl et

val ve is closed, the dispensation chanber is brought to an equilibrium
pressure st afispensipthambe andthcreasty the préasure imthedidpEpinpg Shimien Phegxtdi sposed in
t he di spensation chanber is activated to dispense the fluid onto an object

upon openi NGfidhdddhdethe dkirapRes@élindhe aiv&h'kiﬂgcﬁamoeplinw@ﬂ@@thlegﬁawurfP- Anot her
aspect of the invention provides a process for controlling a nultistage

t of n pr . ! ,
(i Sponsat i on SRg b avidth Bt tip eSS SR A8 oBR P SR ol e 10
af'ter the odetie: yARDas e BRI Rr g SRE Selflof o R FieRoddheR the |

di spensat_i on_chanber is activated to ¢i spense the fluid onto an object.
Figure 15 s GMERs: Rudas b Ipnath, dyhing %Qg ﬁﬁ?zﬁ"gs%ﬁaﬁh?%&“&%mm@l udi ng a
punp controller in accordance with the invention; Figqure 2 is a block

di agram i | | pympEgiapppraius mey asaepatriuieip e pagipen af the doubleorstuttered~s 2003 4a
Figure 3 is atimng diagramillustrating the conventional sequence for

di spensi ng fdispents pf Iivguascesity, losv dispenseiratg fldidagr am i | | ustrati ng a sequence for
di spensing fluids in accordance with the invention; and Figure 5is a
flowchart illustrating a nmethod for controlling a punping apparatus to

di spense | ow vi sBosdesiratil¢ i pdevidelowowbmta loerate chbmichledispensing puwping 2 3 MAY
~~~3 5 The invention is particularly applicable to a punping apparat us

whi ch accur apgdratugkapiitnsfirediveand sspestahie cdnsrobdf thomtevdnd voRinteyoftdwii ds and it
isin this context that the invention will be described. It wll be

appr eci afped,visdesig VehemichRAispbited BP DR hadping apshrathd, BTt isto AREOEMINME W th the
invention has greater utility, such as to accurately dispensing precise

amounts of  QiNGEseht i elBoRiakBets@y not be low viscosity fluids. Figure 1is
a block diagramillustrating a punping apparatus 10 including a

Summary of the Invention
In accordance with the invention, a low dispense rate precision dispensing
pumping apparatus and method is provided which enable precise and repeatable
15  control of dispense rate and volume of low viscosity fluids, and which overcomes the
foregoing and other disadvantages of conventional dispensing pumping apparatus and
method. The pumping apparatus precisely controls the dispensing amount and/or rate
of low viscosity fluids by precisely controlling the operation of several different
portions of the pumping apparatus during the dispense cycle. In particular, a pump
20  controller may precisely control the timing of the control valves with respect to each

other, the motion of the dispensing motor, and the timing of the control valves with



punp controller in accordance with the invention. The punping apparatus 10
may i nclude a two-stage punp 12, a fluid reservoir 14 and a c?gp*ﬂp"’ggos
whi ch operate 10 together to di spense a precise amount of flu onto

waf er 18. For purposes of illustration, a |ow viscosity fluid, which may
have a viscosity of less than 5 centipoire (cP), may be dispensed at a | ow
flowrate of about 0.5 mlliliters per second, but the invention is not
limted to dispensing |ow viscosity flulfds or low flow rate fluids. The
punmp 12 is a two-stage punp since the dispensing of the fluid includes a
first feed and 15 filtration stage and then a second separate di spensing
stage as described bel ow so that the di spense perfornance does not change

over the litetine of the filter s The, opeiRtTipualy dohigolieati ausrdamet i ons. of
the punp 12e$ESH 1BEHeINE Sﬁngﬁg}sﬁams%@\mgre l?p}’m Fcation 20, i.e., a

conmput er program conprising piece Sadavabikhionsy be stored in
a menory i it fée%ﬁ%ﬁ“&cc‘fgteg'rfanﬁéﬁg%%aé%é\ﬁ{ag% gy A processor (not shown)
in the 20 computer. The aqgperation of the . ontrolled by a
sof t war e apjidpeswtor styttered gispense P legﬁfaf%?%a'%tggg %(%elﬁ{é%&éﬁgn ggng execut ed by
a processor |ocated inside the '~ ~'"~ 2003 6 punp. The location of the

processor expparatusng the instructions to control the operation of the punp
is not critical to the invention. The software application 20 nay control,

for exanple i j f var i valyes in the
punp and thg n%&gﬁ@oﬁ?h%gv?ﬁgn ﬁ)otggdre gggfr)(w%sté? %a%oﬁrglﬂﬁgmﬁgﬁ{ag% P 1\1/112}) %lohe punp in
order to acdispaiselay fldids pen switatage eumpehavingunt feef chinhied ontispenshdomaf er 18.

The net hod | the s . | i cat] ro.coptrolling the punp
12"t 0 i sperii ey i et el hEALRP o ofled B mEUDHRMIG™, 1 1% R
i nvent i on wchdmbeg tlbguoresstzotpbghgw with reference to Figure 5. To fill

itself with flui(, id f r rvoi.r 14 into 10

a feed chanber ag ﬁééggggmr%ﬁrg@éfa%ré%aﬁg?ﬂg&@éﬂ{@h%%e@gﬁﬁﬁa}égrtheed t hrough a

filter and Hepensatioo chambgaisatlesediwpeahs iontlet chtwbierclasd, dibe clispbedtidnel ow.  Fr om

t he di spens ﬁ%b%pﬁm%ghtt$ TR uhmﬁgmg’%@ﬁ}}gstgﬁiﬁesﬁgnsed through a filter 22 onto
ntor o

the wafer 18 1n preclSe anouhts ev W viscosity, lowrate fluids.
The actual cycl e sefont istaggpumiperei® avdigpenspdondpuney disped @l they digipertsatiaaf er ence to

Figures 3 a@ﬁamdb r Noﬁ’c\!tiv Qﬁtod(‘ﬁh%h%sthg)fﬂu}dh@nt%\éﬂ_okectslhfi’)g%pgrﬂff%th%zougu | Dbe

descri bed in oraer to 2%etter erstand t i nvent| on. ure is a block

di agram i | | ¥&lve andjapigyvating the dispaisationphmphe t wo- st age punp 12

Another aspect of the invention provides a process for controlling a
multistage pump to dispense a fluid, the multistage pump having a feed chamber, a
dispensation chamber, and an outlet valve of the multistage pump coupled to the
dispensation chamber, the process comprising a first stage, wherein after the outlet
valve is opened, a dispensation pump disposed in the dispensation chamber is

activated to dispense the fluid onto an object.

Brief Descrintion. of the Drawi

Figure 1 is a block diagram illustrating a pumping apparatus including a pump

controller in accordance with the invention;

Figure 2 is a block diagram illustrating a two-stage pumping apparatus;



with which the invention may be enployed. In particular, the two-stage punp
12 may include a feed and filtration stage 30 and a di spensigg Wg&ﬁ@
The feed and filtration stage 30 may i nclude a feed chanber I

draw fluid froma fluid supply 20 reservoir through an open inlet valve 36
as nore fluid is needed. During the dispensing stages, the inlet valve 36
is closed. To control entry of fluid intg and out of ~ 3 Nf AY 2003 the

feed chanber, a feed valve 38 controls whether a vacuum a positive feed
pressure or the atnosphere is applied to a feed diaphragm40 in the feed

chanmber. To drawgfl uj 4. i e ' lied to the

di aphragm 40 so tF E%l?é f'nsearH |lg‘%ﬁl‘r’3§%§% 1ﬁgﬂ%ﬁ1ﬁ$@é C%%gi{t?og]?wgqé\egjlc?%gf the feed
chanber and dipkhsingffluidsgy i nto the feed chanmber. To push the fluid out of the
feed chanber, a feed pressure nay be applied to the diaphragm To renove

Faea chanver a4 Pt Baiiihe ik fiealle ¢ fudBR0 R oBRRERR I ona (e

i sol ati on vabstedahde @il iR iventi€hndal ve 50 are opened to permit the fluid to
flow through 10 a filter 46 into the dispensing stage 32. Once the fluid is

in the dispensing, stage and to isol ate t feed and filtration stage
fromthe di spens?’r%‘“’gf‘é63],%""t‘5ﬁﬁ1 {llggfaipggﬁleglgagg cﬂﬁ“‘ﬁﬁ?ﬁ??\‘@“‘ﬂ% rier valve 50
may be cl 0S@fpardits 6&HHpetsd A VREbsRY Fluids Bractdi@ansy SitB MedhvenBibh,eve excess
pressure, the filter 46 may include a vent valve 48. As the fluid is pushed
through the filter 46, unwanted inpurities and the like are renoved from
the 15 fluid. The fluid then flows through a barrier valve 50 into a

di spensi ng chanber 52 in the second or dispensing stage of the punp, and

t he punp begins a dispense cycle as will now be described. In the

di spensi ng cycle, once the dispensing chanber is full of fluid and the
barrier valve 50 is closed, a purge valve 54 is opened and the fluid in the
di spensi ng 20 chanber 52 is pushed by a di spense diaphragm 56 to elimnate
any bubbles in the fluid in the dispensing chanber 52. To push or pull the
di spense di aphragm 56, the



~~ ~' 2003 s dispensing di aphragm may be between the di spensing chanber and
a hydraulic fluid chanber 58 filled with hydraulic fluid. Thaég{géﬁulic
fluid may be pressurized or de pressurized by a dispensing p WHUB@
may include a piston 62, a |lead screw 64 and a stepper notor 66. To apply
pressure to the fluid in the dispensing chanber 52, 5 the stepper notor is
engaged whi ch engages the | ead screw ang pressurizes the hydraulic fluid.
The hydraulic fluid in turn pushes the dispensing diaphragminto the

di spensi ng chanber 52 which pressurizes the fluid in the dispensing chanber
52 or pushes the fluid out of the dispensing chanber 52 if the purge valve
54 or an outlet valve 68 are opened. If the outlet valve 68 is open, then
an accurate anmount of the 10 fluid is dispensed onto the wafer. Now, the
typi cal proeeasfed DescHbisdneT S PRsfertddUboMidhdnt be described. Figure 3 is a
timng diagramillustrating the conventional sequence for controlling a

t wo- st age punp of the type shown in Figure 2 to dispense fluids. As shown

at the top of thendhag@tiams phh@uldﬂﬁ@ﬁﬂ‘i%&m@tomﬁﬁ%&% AppatatufGhitle a sequence of

15 stages, i.e.) steps such as a ready stage 70, a dispense stage 72, a

suckback st ga@rafdy dipchbeslpredisd Aol oﬂo&/ivksbﬁ'ﬁty iR ‘?mcr fis if MEMntext 29e 80, a

purge stage 82, & static purge stage 84. The'typical controlling of the
not ors and f . i ' be descri bed
i ong wi th HReF sftfonSAl8e BheckRf ol b} lifRim s} AOER el s Whasfu 0T o
during the ready,stage, the barrier and isolate valves are opened while the
20 out! et varyBdnad EitiordaSepith fedhe el frekiston B ot AR an
equi | i brium pressure state so that fluid may be di spensed. As the dispense
st age begi ndispensiag pessise praouigrfiother fluids which atay apiedowvisgosiytfuids. val ve i s
opened and the notor in the dispensing punp is ~ 3 MAY 2003 9 started.
Due to the relative inconpressibiLit¥ of the fluid being dispensed and the
"stiffness" of t¥igupdnpablosledigramiiinsiratingapumpine qpparatyalQmchdigas 1 ui d out
of the valve as

pump controller in accordance with the invention. The pumping apparatus 10 may

include a two-stage pump 12, a fluid reservoir 14 and a computer 16 which operate

10  together to dispense a precise amount of fluid onto a wafer 18, For purposes of
illustration, a low viscosity fluid, which may have a viscosity of less than 5 centipoire
(cPs), may be dispensed at a low flow rate of about 0.5 milliliters per second, but the
invention is not limited to dispensing low viscosity fluids or low flow rate fluids. The
pump 12 is a two-stage pump since the dispensing of the fluid includes a first feed and

15  filtration stage and then a second separate dispensing stage as described below so that
the dispense performance does not change over the lifetime of the filter. The operation
of the various portions of the pump 12 may be controlled by a software application 20,
i.e., a computer program comprising pieces of software code which may be stored in a
memory in the computer 16 and may be executed by a processor (not shown) in the

20 computer. The operation of the pump may also be controlled by a software application

or pieces of software code which are being executed by a processor located inside the



it closes which pressurizes the fluid in the dispensing chanber and may
cause the typical double dispense or stuttered di spense proble S

descri bed above since the outlet valve is open. The cIosuﬂkHohﬂ&%eZﬁ@Brier
val ve may increase the pressure in the dispensing chanber by a
predet er mi ned anmount, which nmay be about 2 - 3 psi. The actual pressure

i ncrease) however, depends on the chargcteristics of the barrier valve
bei ng used. In addition, since the notor is started at the sanme tine as the
outl et valve is opened, an uneven dispensing of fluid (or stuttered

di spensing) may occur since the 10 outlet valve takes nore tinme to open
than the starting of the notor and therefore the notor may be initially
pushi ng t hewpp.uTlp lpeatien ghthe Aroserseraxespsing the jpsiraetions tagentrel the epezaion| et el y
open. This may cause an initial "spitting" of a small amount of fluid.
Dur i ng t he offihs pempisngptstitiepdto the imvehtioay be di spensed onto the wafer. At the
end of the dispensing stage and at the begi nning of the suckback stage, 15
the notor is stopped and reversed or an external stop/suckback val ve (not
shown) may be ofersefiwam applcatiand0 hayucoatrok foaiexdmge, ithe dpesing@ad tlesiack i nt o

t he di spensing chanber to ensure that no drips occur at the end of the
fluid di spenmeRghioudbémiol vdeesfin the duipandie mostniie df haGlotors bPachlareli spensi ng
chanber, the outlet valve is closed and the notor is stopped. Next, during

the filk SGAGR.drivEehd piklin bRleYR deSurRNGARPerRPE pRocisa EMbINL 0B AdARKIed 20 to the
feed di aphragmto draw fluid into the feed chanber fromthe reservoir. At

t he begi nnj h I : I e . i sol ate
val ve igs o'bﬂe%%,eagé,r 1tr8h2rhtt;gﬁe& ﬁﬁl?iglr%glg%g? Fsgtsh% g%’)@%’%r?%’\ﬁg?de(’?s@lr@%tﬁg“‘%‘ %gl%f luid in

the Teed chambes o ShE BRI LR Yo oy e M ORRAR LS RgRd and the

di spense e versed to ui roug

di spense chanmber. Once the fluid has_exited.the feed chanber, the isolate
val ve may H’é(e?:t}%%ﬁ)geg‘fsmf‘ bﬁg’&‘ﬁﬁ?ﬁ&r‘ﬁ?ef‘ﬁgg‘% - stage, the isolate valve
is opened, the barrier valve is closed, the vent valve is opened, the

di spense notor js_stopped an ressure i s.appli to the feed di aphramto
renove air bubb ‘égﬁftfegﬁf’ghﬁm 1 g Rypap L&mﬁwagefbﬁﬁ?mghwsw Wirge st age,
the isolate valve is closed, the feed punp does not apply pressure or a

vacuumifo #fRed chaseber prdesraibed belewy, She flyid may theg befitsrsd thrppgh gifilfcsand a) ve i s

opened and the dispense punp is noved forward to renobve air bubbles from
t he di spen#idrinfoeisenainte dispeosing chamberpsglesenberhbeddw.t Fromsthedispengingge st age, t he
di spense notor is stopped but the purge

chamber, the fluid may be dispensed through a filter 22 onto the wafer 18 in precise

amounts even for low viscosity, low rate fluids. The actual cycles of the pump 12 will

be described below with reference to Figures 3 and 4. Now, the details of the two-

15  stage pump 12 will be described in order to better understand the invention.

Figure 2 is a block diagram illustrating more details of the two-stage pump 12
with which the invention may be employed. In particular, the two-stage pump 12 may
include a feed and filtration stage 30 and a dispensing stage 32. The feed and filtration
stage 30 may include a feed chamber 34 which may draw fluid from a fluid supply

20  reservoir through an open inlet valve 36 as more fluid is needed. During the

dispensing stages, the inlet valve 36 is closed. To control entry of fluid into and out of



val ve remains open to continue the renoval of air fromthe dispensing
chanber. At the beginning of the ready stage, the isolate andég%rhb&y 003
val ves are opened and the purge is closed so that the feed pumpva hZ
system reaches anbient pressure and the punp is ready to dispense fluid. 15
As described above, this conventional dispensing process suffers from
doubl e di spense or stuttered di spense problens. In particular, the closure
of the barrier valve prior to dispensing pushes fluid out of the valve as
it closes which pressurizes the fluid in the dispensing chanber. This may
cause a small amount of unwanted fluid to di spense onto the wafer since the

outl et valye i n. | ddi tjon, since the notor i5.20 started at the
care ¢ i o 6 TRt et J63ondh A aBt h poReFRE] MEOF 11 ui d (o
stuttered di spensing) may occur since the outlet valve takes nore tine to
open than enibe atmpsphergiyappbiod tora feed dipphraggn 6 inthefeadehsmbandladiavef ore t he
notor may be initially pushing the fluid through an outlet valve which is
not quite Bedpitethsfsedmbambersa vhicuyra trsippliednte thteatiaphragacdlmodbaidie wi t h t he

i nvention which solves these problenms will now be described. Figure 4 is a
timng di adinghiagn Isypstledigaingt awatbdfthelfetdchadibspand puligfldill intolsheifeedS accor dance
with the invention. As with the conventional dispensing process descri bed
above, 3% hecidinbpe Mei pugh e TRiRBSut 5IWIeet Bhanhi@t adfecd phésurt bRy baappleb ages, i.e.,
steps, 70 - 84 as the conventional process. In addition, nmuch of the
control | ngegfy ﬁﬂagmv%v&ﬁomﬂwam@mbabm,l dehBFaifeu2t ey repypAtds onal et hod
above, and onI§ the changes in the controlling of the valves and notors in
accordancen¥m&p the invention will be described 10 here. In particular, in
order to prevent the unwanted doubl e di spense or stuttered dispense

probl ens, the nethod changes the manner of controlling of the valves and
motors. | par o fuldl med haRBENIRRAG Wit Auili WERd: Ollyve SR RRTRA e VAl ve i
not closed at the beginning of the dispense stage as | doné S A t he
conventi onal, process,. ther, the 15 barrier val. i,S. Gl ased, at .t he

begi nni ng 13?13“5) valeitt a??&@é’“ﬁ%f“\f? tar%?pc?g%dgtoc?ﬁ?’i"ﬁgletﬂﬁgﬁﬂiﬂg‘ﬁ Wt age. This
avol dsl(% hea fslllfltg%% ri]ntg Itliaedi;pgns?r;’gesstasg%rﬁ. IOrr]lcett g ﬂglldslf i(xalq ee digpr;gsr}gg gtag%nﬁ’and

to isolate the feed and filtration stage from the dispensing stage, the isolation vaive 44
and the barrier valve 50 may be closed. To vent unwanted air from the system or
relieve excess pressure, the filter 46 may include a vent valve 48. As the fluid is
pushed through the filter 46, unwanted impurities and the like are removed from the
15  fluid. The fluid then flows through a barrier valve 50 into a dispensing chamber 52 in
the second or dispensing stage of the pump, and the pump begins a dispense cycle as

will now be described.

In the dispensing cycle, once the dispensing chamber is full of fluid and the
barrier valve 50 is closed, a purge valve 54 is opened and the fluid in the dispensing
20 chamber 52 is pushed by a dispense diaphragm 56 to eliminate any bubbles in the fluid

in the dispensing chamber 52. To push or pull the dispense diaphragm 56, the



therefore, fluid does not |eak out of the outlet valve due to the sudden
rise in pressure. Since the barrier valve does not open and cl b

the beginning of the dispense stage, but does close at the beggiﬁwﬁgggaﬂtﬁe
vent stage, the pressure in the dispense 20 chanber does increase after the
vent and purge states and this additional pressure nust be rel eased. To

rel ease this pressure, during the statigc purge stage 84, the dispense 2 3
MAY 2003 12 notor may be reversed to back out the piston 62 sone
predet erm ned di stance to conpensate for any pressure increase caused by
the closure of the barrier valve. As an exanple, each step of the stepper
not or may reduce the pressure by about 0.1 psi. |f the closure of the
barrier valdispensingdahpgn Hay by ‘iﬂ‘éhed%?s@n%@ chamherpnd gdydegelis ltidy be 5
reversed 20 steps to reduce the essure in the dispense chanber by this
amount to cbapka$8ifiled with hm;atdicdﬁid elhsthydiaulicBuid may be atessurizather dact ual
pressure decrease, however, depends on the characteristics of the

parti cul ar peéseyired bymﬂiqunsihgauinp 60 ehicamthypnciidern gieomep, adexd scréWw&4pr essur e
decrease caused by each step of the notor may be determ ned by a pressure

sensor Whi Giid b Stepe lobi 66.NTb dply PrRssitestd @idsuidinGhediBsthsing Bhahfbeasz; or dance
with the invention, since the outlet valve is not open when the additional

pressurg 'Sthé‘éiéjﬁgr hbbPishe: Qdv%Hi%H%ﬁ%&EesCtﬂ@m&réWédd[;tﬂes%ﬁ?zeyﬁl@t stage, no

"spitting” e flurd on o the wa may occur he nmotor may be further

reversed a &%Qﬁéﬂl. gﬂg&%&éﬂlﬁ&‘ |l ust?lfehd?é};g J;&?edléﬁ@a@%?ormgay be moved

forward just prior pen3|ng pressure to zero
and avoi d apy backl| as nornall r.s ,when the s _noved

and avoid apy backd gl gh Sl %csalfmf? e o %Pemgaﬁ%ﬁf 501 st on,

| ead screw and stepper tor, di spe the |ast notion prior to a

di spense op¥fhse Fll?r{{)“i‘dsmﬁ g? th 9159"’?’(5‘5\85‘?"6&( gg Kb R:Frg%‘é'ﬂ‘feaéétmtaﬂ%ﬂ“ as the

pi ston changes direction, there is some backlash. Thus, the problem of the
addi ti onal vglve$§8 arepeneds éﬁthwwtlﬂéam 6% isropem ftheniss aomuraiefpowt of Ak ve i s

avoi ded.
10  fluid is dispensed onto the wafer. Now, the typical process for dispensing fluid will be

described.

Figure 3 is a timing diagram illustrating the conventional sequence for
controlling a two-stage pump of the type shown in Figure 2 to dispense fluids. As
shown at the top of the diagram, the dispensing process may include a sequence of

15  stages, i.e., steps such as a ready stage 70, a dispense stage 72, a suckback stage 74, a
fill stage 76, a filter stage 78, a vent stage 80, a purge stage 82, a static purge stage 84.
The typical controlling of the motors and valves for each of these different stages will
now be described along with the result that occurs as a result of each stage. For
example, during the ready stage, the barrier and isolate valves are opened while the

20 outlet valve is shut to bring the system and feed chamber to an equilibrium pressure
state so that fluid may be dispensed. As the dispense stage begins, the isolate and

barrier valves close, the outlet valve is opened and the motor in the dispensing pump is



~i ~~' 2003 13 Next, during the beginning of the dispense stage 72, the
timng of the outlet valve and the start of the notor are changed to avoid
the stuttering dispense problem In particular, the valve i3 MAYh2008!
device that requires a finite period of time to open. The notor, on the

ot her hand, may start nore quickly than the outlet valve may 5 open.
Therefore, starting the notor and openigng the outl et val ve sinultaneously
will cause a rise in pressure of the dispense fluid which in turn causes
the stuttered di spensing. To avoid this problem the outlet valve is opened
and then, sone predeterm ned period of tinme, T, later, the dispense notor
is started so that the outlet valve_is conpletely open when the notor is
started whistaed cRneipdie rglapoigcomurpsibdiy ofthe finid being dispensed sddheeri od of tine
depends on the characteristics of the outlet valve and di spense notor being
used, but, “tiffitebe of thelpompy/thp olesing REtbe bsperorlvanpdiey {18ig ontofithe vabeeras t hen t he
predeterm ned period of tinme may be, for exanple, between 50 and 75 rnS and
pr ef er abl y iagpeowhichpebgnrizes thdluid b the pispaieing climbedamgenayodusefthe | ne nay al so
be referred to as a delay. Thus, in accordance with the invention, the

di spense NM@§iéal HSubTdidpende@n §RfterBdi Gidpenge Frbblerd ab HEsoHId adossiddedhd Y open
outlet valve so that an accurate, controlled anount of fluid nay be

di spensgd iR Theldibstre dfthcafiRl YARERankitadcife prodeRlA BR, the
pr obl errg cgt{}gggtd@slsﬁgﬁc}‘%esure eof t he barner Sﬁnveaand l%he silrrul t aneously

openi ng of dﬁr%rnsg’ tCh%b%gg’éife%&gﬂﬁih&{%#@f,S{héfg‘?ﬁagﬁuesﬂg&ﬂéggwﬂ-ofhear e avoi ded

to provide e accura I'spensi ng ch as | Viscosity
fluids. 20 descri bed abpve, the valve nd tors.i.n.the i ng

hppar at us. APUSIBRENS e oseveh e or e e PR 3o nader PR ove
changes in _the dispensjng process nay be plied to any two-stage punping
appar at us SFHE&sso Imaddition, gnce the mofor ﬁ‘?t%‘ggt di%saewa{wge@é thcﬁ"é‘tlﬁte‘@g’gd. Thus,

for exanple, if the tubing, tubing length, nozzle height or nozzle dianeter
i s changed is en¢aeds poureyen dippeasing phidwd forwuttered dispqnsipghmnanerchisingséhceasi | y
adapted. Now, the method for controlling the di spense process in accordance
with tH® i nutettvalya takid molsdimede opéndbah thestating oBthe motor ahdthetefore thel | ustrati ng
a method 100 for controlling the dispensing of |ow viscosity fluids froma
punpi Nng appedternisy terinidaltyopudhing ereviluidthtdugh emmelet vadve wifith Bepquis2, t he
barrier valve is closed at the end of the filtering stage which increases

the pressurcempRiely6pefl] THIS Afag caliaabtitial I'spitfihof 40dall ebimof filli@, st ati c purge
stage, the dispense notor is reversed a predeterm ned di stance to

conpensat e oo il dpeRditife 1ihid Hﬁ?ﬁ@&i@peﬁé’é&%ﬂ% fywhfag closure of the
barrier valve. "Next, in step 106, the notor nmay be reversed an additi onal
di stance so that) in step 108, when the notor is noved forward to elimnate

backl ash, the ppegsih@othe aitaﬁenﬁkhgaag@@dcahﬁ\e’e@gimﬁ@gr&ims@kbam@ﬁ%e,I n step
108, the punp is now ready for dispensing. In step 110, the outlet valve is

opened.lsNe?ge xp{)tﬁg@%g)?%e]d%d 5‘;"?1%5?'(?,85&3&“5]% fsudkBackvalve §iht SRS) Riagdet er m ned

peri od of ran I spensed 1 n step 114. e thod is

t hen conpl et ed. ile the,f.oregoi.ng. has i.th ref.er e.t particul ar
embodi ment %SPp?"ﬁ 9 ﬁlﬂgléﬁfp‘, %%?rﬁfg’%nqgﬂnq%emg%grgggutg _éﬁcf C{S?eﬁ%g%ceh@?rl led in the
Slr.lt nf:lh Sf egr’gggfggéﬁixa? prtP I'Ss ?oglgoaglthréeexq oFEﬁé’ ﬂl.tl)iﬁ dgggn%invgm. ¢ %}'J hleql%P rats. Qe% from the

sucked back into the dispensing chamber, the outlet valve is closed and the motor is

stopped. Next, during the fill stage, the inlet valve is opened and a vacuum is applied
20 to the feed diaphragm to draw fluid into the feed chamber from the reservoir. At the
beginning of the filter stage, the inlet valve is closed, the isolate valve is opened, the

feed motor applies positive pressure to the fluid in the feed chamber, the barrier valve



i nvention. Q 3 MAC 2003 15 CLAIMS. A process for controlllng a

mul tistage punp to dispense a fluid, the nultistage punp h gg§3
chanber, a di spensati on chanber, and an outlet valve of the nu ti st punp
coupl ed to the dispensation chanber, the process conprising; a first stage,
wherein while at first valve between the feed chanber and the dispensation
chanber is closed and the outlet valvelDs closed, the dispensation chanber
is brought to an equilibriumpressure state; and a second stage, wherein a
di spensation punp di sposed in the dispensation chanber is activated to

di spense the fluid onto an object upon opening the outlet val ve and
activating the dispensation p proces m 1 further

conpri si ng ig openeq aad the dispgse H‘P@NSH@VGFSICGF%quhﬂblldtthré’“gleg‘ﬂ ﬁ@ﬁ’dﬁ'ﬁé’f*c wher ei n
upon opening the inlet valve and applying a vacuumto the a feed di aphragm
di sposed wi disfiensetchambase @nehthaifiaid hapexifef! thededdehambsanth isolate vabvefmayd chanber .
3. The process of Caiml, wherein excess fluid spitting is substantially
el i m nat ed Beaesed.he dispensation chanber. 4. The process of claim1l
wherein a stopper nmotor is used in bringing the dispensation chanber to the
equilibriumpressure state. 5. The process of claim1l1, wherein the

equi | i bri um pr essuliecheginaing oif theavppirstage, it isdlyte @alys is.opéned]the bpriecedee of cl ai m
1, wherein during the second stage, the outlet valve is opened before the
di spensag i o cwIDthe Ye@Ghlvi & ip@ned the TldPeridé HORS & sifpped AidPréssurehier ei n during
the second stage, a period of tinme el apses between a tine when the outl et
valve is Opz?pBﬁEh t%@lgs fo&d @5 éﬁuﬁn td leRoVWB dBR:s F’rbx%ﬁﬁ@ﬁl@ér' AR HRWEPinhifg £ L | vat ed.

8. The process of claim further conprising a third stage, vvherel n the

di spensati og, B\ﬂgygb%hﬂl@?sro%@%l%r]s GH %N%Qfeteﬁ ﬁ‘&o{ﬁ%ka@y {:/res%fxre opg fluid

into the dispen cha wher el n I"et elsc sed after

the part of_the i ck d back.int di. spensat.ion c . The
process of cﬁc‘é‘f"h[oéﬂ &ﬁ% Sept Y }velt’@gseg’:tp E Yaﬁ‘ée%g?i‘e@ﬁ%%%r and the
di spensation chanber; and the first valve ljes_between the filter and t he

di spensat i SHsRepseRymp is moyedfoRyayd t2’66‘§°‘ﬂ?6a"1%‘btl?hg°lﬁﬁ%‘g§°§“%\ag%h H’ further

conpri si ng: . . i
10 ~ At the beginning of the static purge stage, the dispense motor is stopped but the purge

valve remains open to continue the removal of air from the dispensing chamber. At the
beginning of the ready stage, the isolate and barrier valves are opened and the purge is
closed so that the feed pump and the system reaches ambient pressure and the pump is

ready to dispense fluid.

15 As described above, this conventional dispensing process suffers from double
dispense or stuttered dispense problems. In particular, the closure of the barrier valve
prior to dispensing pushes fluid out of the valve as it closes which pressurizes the fluid
in the dispensing chamber. This may cause a small amount of unwanted fluid to
dispense onto the wafer since the outlet valve is open. In addition, since the motor is

20  started at the same time as the outlet valve is opened, an uneven dispensing of fluid (or

stuttered dispensing) may occur since the outlet valve takes more time to open than the



a fill stage, wherein an inlet valve to the nultistage punp is coupled to
the feed chanber said dozing the fill stage, while the inlet valve is open,
a ~9econd valve lylttg | aetween the feed chanber and the fil 12e3 Ms}“flm
and a vent valve is olo3ed, the feed chanber is put under vacuumto allow
the fluid enter the feed ahatrihex; a filiG&G stage, wherein during the
filter ~tagc, 'while the inlet valve iHd ol osed, the first valve is opened,
and the second valve is opened, pressure is applied to the feed chanber so
that the fluid flaws through the alter; arid a. 'vent stage, wherein
dtu~ing tl~e vent stage, while "the fluid irl the feed chanber is under
press~.ue) the inlet valve is olqgsed, the first valve is closed., the
s~acvnd vaPw@ing of theaoias gnd therefpre the mgter may kednitiallyprshisg theyuid theehr ocess of
claim1, wherein: a purge valve is ot~upled tQ the dispensation chanber;
during t hean @utlst valveayhich ismet guitegemplgtelyeopen. Hpkispensinrgomethodinl r ~g t he second
stage, the purge valve is closed. 12. The process of claim1l1l, wherein the
fluid has accordanmeswitiythé myentioh avhichzplvexihamtpedblenes/ eillrewt bepdesaibed.13. A process
for controlling a nmultistage punp to dispense a fluid, the nultistage punp
having a feed chanber, a dispensation chanber, and an outlet valve of the
mul ti stage punpFigmdgliegdtimngtdiepran fjnewrsiag ia aretiolddoibdispendiheflpidoimess conpri si ng
a first stage, wherein after the outlet valve is opened, a dispensation

punp di §posRerdatetwith tHé BREMDAL AQWithMIRddaVentisnA dlshMRlRGrdcRssticspmase the
fluid onto an object, 14. The process of claim 13, wherein during the first

stage, a p@Jdv@,Qh@éisﬁehHﬁg Sﬂo@éﬁ%wﬁﬂh‘l’%ﬁﬁ Hhashihd é&&e%@&, _;_sttgblg}-}oe_tmval ve is

opened azrd bcfo~re a tinme when the dispensation pufnp I's activated. 2 3

MAY 20D3 1 . Al .S second stage
setglg F@F&ﬁlgﬂ{a Qréass, h a&dn%gﬂ: %F t\}ll\%l&{hg{ogﬁ)giré;f{s}{e%ﬂ?s dha

per f or med iI'rst st age, al've "bet ween the
feed chanber. and th i,spensat.ion cha r is closed and the o~itlet valve
is closed, mgtogy ’85‘68& g‘otﬁ‘gfonivgntﬁggdm?}borégas%egarfcﬁoéﬂ-‘éﬁfﬁgﬁ?ﬁﬁn ¥ chanber to
substanti al | fo t pheric pressure. 16. Th rocess of claim15 wherein:
a purges v&‘?’%"@ﬁmgggg‘ﬁg%ﬁs%n?%@s& %‘ﬁ@ﬁ?&?i‘”é thyy ipventipn will pe dgseribed £ 1 st
stag, the purge valve is closed; and duri ng t he second stage, the purge
val ve 1@ og@h. Inpprticylgp iperderds reypntdheinwanted dode dispenseorisiytieredl | j es bet ween
the feed ohanm aex and the di spensation chanber; and the i'~st valve lies
bet ween t hdispenke moblems) themetiodghanges theananmbrefisentroltigg of thevalvesgeds of cl ai m
17, further conprising: a QL1 stage, wherein ran inlet valve to the

mul tistagemptors.rp is coupled to the feed vhanber and dt~ing the fill stage,
while the inlet valve is open, a second valve |ying botween the feed
chanber and the filter is clascd) and a vent valve is closed, the feed
ohtun' ber i s puh panidelar, isaondarce vathliowentidie tHelbairgr ealveis nbhdoded edhe hanber; ~
filter stago, wherein during the ftlter stage, while the itilct valve is

cl osed, t heeghinimgiof e dipenst seige Bt Jorrinl tHelkonwateratiproadsy.cRatierppened. |
pressure is applied to the feed chanber sa that the fluid flows tlwough.

the fthserparagidvavei9tivledSt HRBefhnitg BEhOVht HEd £ Kepe10s8d Hurkdgane) While the
fluid in the feed chanber is und.~ pressure) the inlet valve is closed, |hc

first val vggleds £ e enis biGas@E Atfhey AL plessulP R disftick da¥b@anyal ve 18

opened,
therefore, fluid does not leak out of the outlet valve due to the sudden rise in pressure.

Since the barrier valve does not open and close prior to the beginning of the dispense
stage, but does close at the beginning of the vent stage, the pressure in the dispense
20  chamber does increase after the vent and purge states and this additional pressure must

be released. To release this pressure, during the static purge stage 84, the dispense



19. The process of claim 13, further conprising a second stage perforned
after the first stage, wherein the dispensation punp is oper se
to suck back part of the flowinto the dispensation chanber, azz"de%yz&ﬁs
the outlet valve is closed after an amount of fluid is sucked back into the
di spensation chanber, 20. The process of claim 13, wherein the fluid has a
viscosity |l ess than approximately fivd2centipoise, . AA@A2 .Al.A
A n, - . AlS.ASh_. A'S . AyN. Ay. AE . AGE . A@D
.A9. A. Ah9. A 9. A>Z uwsl ~ X\ i kD69FH{ vgl gb] X] ca] ca] c*a] ca]ca] ca]ca]ca]c(a]c:a]c
a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c”alc”a]c(a]c:alB=r
h#{! u' z+x1e}xsnhc’\ﬂ ] ca] ca] c&al] c&a], ca] calca] ca ca] cal ca] ca] calc(a]ca]ca]ca
]ca] ca] ca] majos B2y bp eerpised O pelagi dhedly ﬁ%“&]’"@ 5<Jd1s etppl |
$$$3$$$>% 99&f & wr mhc”Y] ] ca] ca] ca] ca] ca] ca] c( al] c( a] c( a] ca] ca] ca]calca

]Ca] ca] ca] eupreajataioc aloupssule durensd caed(bateq A fackareavalie

"B(((A)))3***-+++++B, ,,>----A .. J/// L0} xsnid_Z]]]ca] ca] ca] ca] calcalcalc
a] ca] ca] capaiptabarhlstnof Sk c(apa aloauy]reibe t palsnag tpiwal ¢apsaltal ca] cal cal
ca! L0001\ 11222¢c223a334Y44575i 556U667i 778h889%®' 9{ 9} xsni d_Z]]] ca]ca]c(a]ca]c
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o) ol cal caveaten Guyerarsreal el darvatia B bt o ol

] ca] ca] cal) *%é AN " ava' a3a6 bbc <eef W f Z h| wr mhc”Y] ] ca] cal
ca] ca] ca] cbt '}%‘?Q] E}a‘]@ﬁﬂslir&]degﬁ?&f@éf é‘g(j t°a]’@¥ a] ca] ca] ca] ca] ca]
cal ca] ca] ca] ca] ca] ca! h{ hhhli >i Ai gi.i]j &kl Lm’r
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15  pressure to zero and avoid any backlash which normally occurs when the motor is
moved backwards before the dispensing of fluid. In particular, with a piston, lead
screw and stepper motor dispense pump, the last motion prior to a dispense operation
is normally forward to avoid the fact that, as the piston changes direction, there is some
backlash. Thus, the problem of the additional pressure caused by the closure of the

20  barrier valve is avoided.
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In particular, the valve is a mechanical device that requires a finite period of time to

open, The motor, on the other hand, may start more quickly than the outlet valve may
5 open. Therefore, starting the motor and opening the outlet valve simultaneously will
cause a rise in pressure of the dispense fluid which in turn causes the stuttered
dispensing. To avoid this problem, the outlet valve is opened and then, some
predetermined period of time, T, later, the dispense motor is started so that the outlet
valve is completely open when the motor is started which achieves a good dispense.

10  The predetermined period of time depends on the characteristics of the outlet valve and
dispense motor being used, but, if the outlet valve takes approximately 50 ms to open,
then the predetermined period of time may be, for example, between 50 and 75 mS and
preferably approximately 75 mS. This predetermined period of time may also be
referred to as a delay. Thus, in accordance with the invention, the dispense motor is no

15  longer pushing fluid through a partially open outlet valve so that an accurate,
controlled amount of fluid may be dispensed onto the wafer. Thus, in accordance with
the invention, the problems caused by the closure of the barrier valve and the
simultaneously opening of the outlet valve and starting of the dispense motor are

avoided to provide more accurate dispensing of fluids, such as low viscosity fluids.

20 As described above, the valves and motors in the pumping apparatus are
controlled by a software application so that the above changes in the dispensing

process may be applied to any two-stage pumping apparatus since no hardware
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invention will be described.

5 Figure 5 is a flowchart illustrating a method 100 for controlling the dispensing

of low viscosity fluids from a pumping apparatus in accordance with the invention.
At step 102, the barrier valve is closed at the end of the filtering stage which increases
the pressure in the dispense chamber. In step 104, during the static purge stage, the
dispense motor is reversed a predetermined distance to compensate for the pressure

10 increase caused by the closure of the barrier valve. Next, in step 106, the motor may
be reversed an additional distance so that, in step 108, when the motor is moved
forward to eliminate backlash, the pressure of the dispense chamber remains at zero.
In step 108, the p}lmp is now ready for dispensing. In step 110, the outlet valve is
opened. Next, in step 112, the dispense motor is started some predetermined period of

15  time later and fluid is dispensed in step 114. The method is then completed.

While the foregoing has been with reference to a particular embodiment of the
invention, it will be appreciated by those skilled in the art that changes in this
embodiment may be made without departing from the principles and spirit of the

invention.
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activated to dispense the fluid onto an object upon opening the outlet valve and activating the

dispensation pump.

2. The process of Claim 1 further comprising a fill stage for drawing fluid into the feed
chamber, wherein upon opening the inlet valve and applying a vacuum to the a feed diaphragm

disposed within the feed chamber the fluid is drawn into the feed chamber.

3. The process of Claim 1, wherein excess fluid spitting is substantially eliminated from the

dispensation chamber.

4, The process of claim 1, wherein a stopper motor is used in bringing the dispensation

chamber to the equilibrium pressure state.
5. The process of claim 1, wherein the equilibrium pressure state is approximately 0 psi.

6. The process of claim 1, wherein during the second stage, the outlet valve is opened before

the dispensation pump is activated.

7. The process of claim 6, wherein during the second stage, a period of time elapses between

a time when the outlet valve is opened and before a time when the dispensation pump is activated.

8. The process of claim 6, further comprising a third stage, wherein the dispensation pump is
operated in reverse to suck back part of the fluid into the dispensation chamber, and wherein the

outlet valve is closed after the part of the fluid is sucked back into the dispensation chamber.

9. The process of claim 6, wherein:
a filter lies between the feed chamber and the dispensation chamber; and the first valve lies

between the filter and the dispensation chamber.
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opetied, and the second valve is opencd, pressure is applied to the feed climber so that the fluid flows
through the filter; and
a vent stage, wherein during the vent stage, while the fluid in the feed chamber is under
pressure, the inlet valve is closed, the first valve is closed, the second valve 1s opened, and & vent

valve ig apened.

11, The process of claim 1, wherein:
a purge valve is coupled to the dispensation chamber;
during the first stage, the purge valve is open; and
during the second stage, the purge valve is closed.

12. The process of claim 1, wherein the fluid has a viscosity less than approximately five

centipoise.
13. A process for controlling a multistage pump to dispense a fluid, the multistage pump

having a feed chamber, a dispensation chamber, and an outlet valve of the multistage pump
coupled to the dispensation chamber, the process comprising a first stage, wherein after the
outlet valve is opened, a dispensation pump disposed in the dispensation chamber is activated

to dispense the fluid onto an object,

14. The process of claim 13, wherein during the first stage, a period of time elapses
between & time when the outlet valve is opened and before a time when the dispensation pump is
activated.
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17. The process of claim 13, wherein:
a filter lies between the feed chamber and the dispensation chamber; and

the first valve Hes between the filter and the dispensation chamber.

18. The process of claim 17, further comprising:

a fill stage, wherein an inlet valve to the multistage pump is coupled to the feed chamber and
duting the fill stage, while the inlet valve is open, a second valve lying between the feed chatnber and
the filter 1s closcd, and a vent valve is closed, the fead chamber is put under vacuum to allow the fluld
enter the feed chamber;

4 filter stage, wherein during the filter stage, while the inlet valve is closed, the first valve is
opened, and the second valve is opened, pressure 1s applied to the feed chamber so that the fluid flows
through the filter; and

a vent stage, wherein during the vent stage, whils the fluid in the feed chamber is under
pressure, the inlet valve ig olosed, the first valve is closed, the second valve is opened, and a vent

valve is opened,

19, The process of claim 13, further comprising a second stage performed after the first
stage, wherein the dispensation pump is operated in reverse to suck back part of the flow into
the dispensation chamber, and wherein the outlet valve is closed after an amount of fluid is

sucked back into the dispensation chamber,

20. The process of claim 13, wherein the fluid has a viscosity less than approximately five
centipoise,



