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the delivery of liquids under conditions that require

hi ghly accurate control of pressure or flowrate. In

particul ar, the present invention provides nethods and

apparatus for the delivery of high purity chem cals or

slurries to one or nore points of use in a

sem conduct or manufacturing process, wherein the flow

rate of the chemcal or slurry is provided at a

constant flowrate to the points of use. BACKGROUND OF
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preci sely control the ano mﬁﬁéiqui d provided to an
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is inmportant that the anount of liquid provided is as
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del eterious effect ﬁ@ﬁ@ Ed& g?rNy true for
sem' conduct or manufacturing processes where the anount

iquid provided can greatly affect the process,
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assure optimumfiltration. Changes in flow rate can

I ff h t t t
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or filtration cartridges. [0003] It is therefore

desirable to ,orow de a precise, controllable, constant
[0002] I jspfteradesirable to precnsely control the amount of liquid provided to an

end point of a liquid dispensing system. Further, it is important that the amount of
liquid provided is as constant as possible to avoid spiking that can have
deleterious effects. This is particularly true for semiconductor manufacturing
processes where the amount of liquid provided can greatly affect the process,
such as layer formation, etching, cleaning, etc. Variations in pressure can lead to
non-repeatability and ultimately a loss in yield. Flow control is also important. For
certain processes, such as semiconductor processes requiring slurries, it is
important to maintain the flow rate at a velocity necessary to keep patticles
suspended in the slurry. Alternatively, for high purity chemical applications,
maintaining consistent flow rate is important to assure optimum filtration.
Changes in flow rate can also affect the pressure in the distribution system, such

as by frictional losses (e.g. headloss) in piping or filtration cartridges.

[0003] Itis therefore desirable to provide a precise, controllable, constant flow rate
of liquid to the points of use or end point of the dispensing system. However, this
can be difficult to achieve for a number of reasons, including, variations in

demand, pressure changes in the distribution system during operation, pressure



of liquid to the points of use or end point of the
di spensi ng system However, this can be difficult to
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i n demand, pressure changes in the distribution system

during operation, pressurechanges caused by filter

cl oggi ng, punp cycle effects,,and others. To nore

fully explain the problens tHat nust be overcomne, FIG

1 is provided to illustrate a basic |iquid dispensing

system as known in the prior art. [0004] FIG 1 shows

a basic system 100, including a liquid dispense tank

10, a punp 20, and a point of use 30. In the system
chandé® catsed pyrfitedeldogging, purgpioycfe @ﬁﬁe&tanhnd@thér@. tTe more fully
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standard type of punp, such as a positive displacenent

punp or an inpeller punp. However, nore recently,
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slurry applications. This S even nore recent
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Reachi ng hi gher pressures requires nore electrical
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system, e.g. charging an empty filter housing, can cause flow transients that
significantly reduce the output pressure of the centrifugal pump and therefore
significantly effect the pressure in the distribution system. Further, centrifugal
pumps demand a high amount of electrical power and have limitations on
discharge pressure. Reaching higher pressures requires more electrical power
and centrifugal pumps running at the high RPMs needed for high pressure
operation, can introduce heat into the system that may negatively impact some

processes.

[0006] While only one point of use 30, is shown in FIG. 1, it will be recognized by
those skilled in the art, that multiple points of use could be provided with liquid
from the same dispensing system 100. However, as will also be recognized,
additional points of use add to the complexity of the system and make it harder to
maintain system pressure and flow rate. As will be noted in FIG. 1, excess liquid
is provided through the distribution system 100, to help stabilize the flow rate and
pressure at the point of use 30. In particular, liquid is delivered out of the tank 10,



[ 0006] While only one point of use 30, is shown in
FIG 1, it will be recognized by those skilled in the
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with liquid fromthe same di spensing system 100.
However, as will also be recognized, additional points
of use add to the conplexity gf the system and nmake it
harder to maintain systempressure and flow rate. As
will be noted in FIG 1, excess liquid is provided
through the distribution system 100, to help stabilize
the flow rate and pressure at the point of use 30. In
particular, liquid is delivered out of the tank
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then pumped back into the dispense vessel. When liquid demand is low,
significant energy is still consumed because of the necessity of maintaining the re-

circulating flow.
[0008] There remains a need in the art to overcome the problems noted above.
SUMMARY OF THE INVENTION

[0009] The present application provides methods and apparatus for the delivery of
liquids under conditions that require highly accurate control of pressure or flow
rate. In particular, the present invention provides methods and apparatus for the
delivery of high purity chemicals or slurries to one or more points of use in a
semiconductor manufacturing process, wherein the flow rate of the chemical or
slurry is provided at a constant flow rate to the points of use.
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FIG 1 is a schematic view of a basic system as known
inthe prior art. [0012] FIG 2 is a schematic view of
a basi ¢ syst eBREFOPESGRIRT IO GniibtE RERAVWINGSe
present invention. [0013] FIG 3 is a schematic view
of a further enbodi nent of the present invention
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system [0014] FIG 4 is a schematic view of a further
enbodi nent of the present invention. DETAILED

[0012] FPBSCRERIEERERELId Mew DIVENESINs | S8HDhcddrainy 8R56A¢ embodiment of
i nvention now will be described nore fully hereinafter

the present inVeBlaAce to the acconpanying drawi ngs, in which
preferred enbodi nents of the

[0013] FIG. 3 is a schematic view of a further embodiment of the present invention

showing optional components and arrangements of the system.
[0014] FIG. 4 is a schematic view of a further embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the invention to those skilled in
the art.

[0016] FIG. 2 is a schematic view of a basic system according to one embodiment of
the present invention. In particular, FIG. 2 shows a liquid distribution system 200,
comprising a pressure vessel 210 that can be refilled from a liquid source 240, a



i nvention are shown. This invention may, however, be
enbodied in many different fornms and shoul d not be
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herein. Rather, these enbodi nents are provided so that
this disclosure will be thorough and conplete, and
will fully convey the scope of the invention to those
skilled in the art. [0016] FI% 2 is a schematic view
of a basic system according to one enbodi nent of the
present invention. In particular, FIG 2 shows a
[iquid distribution system 200, conprising a pressure
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by pré?é’tﬁ*lzation using regulating means 250. The speed for the centrifugal
pump 220 is also set appropriately to maintain the system 200 pressure at a
desired level.

[0018] By using the pressure vessel 210 in conjunction with the centrifugal
pump 220, significant advantages are achieved. In particular, by using a
pressurized vessel 210, the centrifugal pump 220 can operate at lower speeds
and still produce the required system 200 pressure. In this way, the system 200
according to the present invention requires much less energy than the systems of
the prior art that utilize a standard vented tank. Further, by using the pressure
vessel 210 and centrifugal pump 220, higher system pressure can be achieved

than if a vented tank is used.

[0019] A further advantage of the present invention is that the regulated pressure of
pressure vessel 220 serves to dampen pressure fluctuations during transient

periods of operation. For example, the higher the pressure there is in pressure



[0018] By using the pressure vessel 210 in conjunction
with the centrifugal punp 220, significant advantages
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vessel 210, the centrifugal punp 220 can operate at
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vessdl @i0hére adbrarit wilidimit rétuen floes ¢nds redheasing drictiohal hebdidse. This

.regul ated .pressure of pressure, ve 0 se ves to
providiis sfhsiaBy B4 Podhe i Fanurehic iR ey IS Y ale B2t us
of operation. For exanple, the higher the pressure
is in’%ressurevessel 210, the nore it will limt

[0020] 'élgf Higa sehemaficyievs @l @ fHEther embasiment ehthe peesert irvention

howip | 2ofd rtg! { r e
S owt mﬂﬁgﬁ%ut ot %ﬁié s% g%@zéﬁé Onaggt]s dgetgg 5%%% In particular,

FIG. 3 shewsta kaviddistsibution syvstam 3t eammsisingf pressyrecesael 310
t
ot cHFMRTBBHANGodE RiE) SOTRRASAREA A F9SHRT Lo
of usei380r While onlysg singte 300Nt aforger 330 iagslaO\pneismll bewessghized by
I
ose Pl ol A AT B B SERRy i
usmgdhéysamsdrsglhmqnn eystefn 869 333£b slrs]owhoma pnetsswré keglﬂ?tmg
{ t I e

meansofflieh o Hag? o S laRE A eI Bin e iroRg el Bréssure

wnh.rsmsdrest/ésmtsm Eaﬁémaw) regblﬁﬂng euEns 850 ABEEOHIRIse a
regu Iaﬁtl ng neans 350 that can used to establish and

nitrogkR; GASISRA: HAJAIBPBLFPRPENBPISsATErals Qi Hideq i g pystem 300, to

provnd@f&%oé?@ed&:&‘k ESARB S -thé %ééﬂrb%d‘ﬁé\ﬁsrat?éoA@hsor 360 is
rise a nitrogen gas feed. Additional conponents

PfOV'deﬁ QMeasuRe PuRsdition ohthesiastidin St systempdg0i dorfaxample the
sonsd 0 KRS In S8l lor 1B BESSEHSEURNFLLENE b i o
may be gdiow metents eyeasone 809, rake of thealiquid. tThe sensor 360 provides a
signal representing the measurement to a controller 370 that then sends a signal
to other components of the system 300 to more accurately control pressure or
flow rate within the system 300. For example, the controller 370 may send a
signal to the pump 320 to adjust the speed of the pump 320 so that the
measurement made by the sensor 360 remains constant. In other words, if the
sensor 360 is a pressure sensor, then a signal representing the pressure of the
liquid in the system 300 is sent to the controller 370. Based on this measurement,
the controller determines whether an adjustment is needed to maintain constant
pressure in the system 300, and if so, then sends a signal to appropriately adjust
the speed of the pump 320. If the sensor 360 is a flow meter, the speed of the
pump 320 can be similarly adjusted to reduce or increase flow rate as required to

maintain a constant flow rate to the point of use 330.

[0021] Alternatively, the controller 370 may send a signal to the regulating
means 350 to adjust pressure in the pressure vessel 310 as required to maintain



sensor 360 may be a pressure sensor that neasures the
pressure of the liquid, or nay be a flow neter to
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one sensor. For exanple, two pressure
flow meters in place of pressure sensors or combinations are also included. For

example, the pressure of pressure vessel 310 could be adjusted to maintain
pressure at a pressure sensor and the speed of pump 320 could be adjusted to

maintain flow rate at a flow meter.

[0024] Other alternatives and embodiments are included in the present invention.
For example, additional centrifugal pumps could be added to the system to
provide back up and redundancy for the system. [n addition, multiple pressure'
vessels could be utilized, either for back up and redundancy or to allow liquid
blending to take place in one pressure vessel while another vessel is distributing
liquid through the system. Isolation valves can be added to the system to allow
for servicing. In addition, pressure relief valves could be provided to protect
against failure of the pressure regulating means. Humidification can also be
provided if needed, for example, by humidifying the nitrogen gas stream used for

pressurization.



sensors could be utilized and both woul d provide
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the regul ating neans 350 to set pressure in the
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sensor and anot her output sighal to the punp 320 to

control punp speed and contr pressure at the second
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For exanple, the pressure of pressure vessel 310 could

be adjusted to nmaintain pressure at a pressure sensor
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[0026] Alternatives for the embodiment shown in FIG. 4 are the same as those
mentioned above with respect to FIG. 3. In particular, additional centrifugal
pumps could be added to the system to provide further back up and redundancy
for the system. Multiple pressure vessels could be utilized, either for back up and
redundancy or to allow liquid blending to take place in one pressure vessel while
another vessel is distributing liquid through the system. In a particular
embodiment, the pressure vessel may be a load cell so that liquid level in the
pressure vessel can be determined at any time during operation. Isolation valves
can be added to the system to allow for servicing. In addition, pressure relief
valves could be provided to protect against failure of the pressure regulating
means. Humidification can also be provided if needed, for example, by
humidifying the nitrogen gas stream used for pressurization.



punps 420 and 425 are redundant, i.e. one punp acts as
a back up to the other. Further included in the system
waQwsimw7a6r egul ati ng means 450 to control presBarAS2007/003886
within pressure vessel 410, a first sensor 460 that
measures a condition of the quuid in the system 400
and produces a signal to conté t he speed of
centrifugal punps 420 or 425,Yand a second sensor 470
that neasures a condition of the liquid in the system
400 and produces a signal to control the pressure of
the pressure vessel 4 10. For exanple, the first
sensor 460 may be a pressure sensor or a flow neter
[0027] ‘Binel pcaseritanventiore prbvides ovanyohdvdrdagee edenthe prior art by
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less mgmma the syetams ﬁf H&e@@taméh@ wilizg.a sfarmrduvmt%d tank.
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hr ou i cul ar enbodi nent, the
on this B @G Bfaddffilhe sUsBRI. ol I s rat 11 qui o
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t| me dur | ngté%ﬁ)er ation. Isolation val ves can be added
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agai nst failure of the pressure regul ating neans.

the tqaghinns peageinted inthediosegeiagplasgriptians pnadbgassociated
d rawffx@@”Wr%reWehH% e Bfé Wgﬁﬁe'thépﬁg‘t gastish r§ﬁ8? 568 limited to

r pressurization esen I nvent
the speofic @@sbmmWr&@lv!m@aﬁisame‘nattmedmpatwnaendtgther
embodiments are intended to be included within the scope of the appended
claims. Although specific terms are employed herein, they are used in a generic

and descriptive sense only and not for purposes of limitation.



conbi ning the favorable attributes of both pressure
vessel s and centrifugal punps. In particular the
woenisroofasgal punps of the system accordi ng to PO®/US2007/003886
present invention can operate at | ower speeds and
still produce the required system pressure. Therefore
the systens according to the present invention require
much | ess energy than the sy§toerrs of the prior art
that utilize a standard vented tank. Further, by using
a pressure vessel and centrifugal punp together,
hi gher system pressures can be achieved than if a
vented tank is used. A further advantage of the
INVeTRiln:i nvention is that the pressure vessel serves
to danpen pressure fluctuations during transient
peri ods of operation and provides a stabilizing effect
on t QW&%% isyst em 200. [ 0028] Many
Trodi %gg{fgﬁ;ﬁ@gmt er enqorggﬁ&n@ ts of the invention
wi | | aeewtrifegal pmp dondispersingdiuid to arroiat of ugeiwhi ch
this j i.on t Al ' [ ;
t onchl B bt SSeREa A IRAEY 1 tha BRI urlp viiein the
centrifagabpunpet: ceivasi prgs suflhed Bhidrfeomi thei pressuteevessel;
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pressdrecaissefisarand ot her enbodi ments are intended to be

i ncluded within the scope of .the nded cl gj ns,

ALt NG EHUED UER forcretwiAD &rortioh C5 S erasRd TP the
piesslirelvessgeneri ¢ and descriptive sense only and not

for purposes of limtation.l/W claim 1. Afluid

di stribution system conprising: a centrifugal punp for
i spensd adid &ii'éterJt@)nasy%@érﬂt?folelzJiHﬁ‘P?fuﬁhéf Séfhl;b?eigidg%%@hsor

connected to the centrifugal punp wherein
resitianecug@xipatgptheceeint ekupe &ysupnitedng lasenditieonof e fluid.
pressure vessel; a pressure regulating nmeans for

regul ating pressure within the pressure vessel; and

3. The fluid distribution system of claim 2 wherein the sensor is a

pressure transducer.

4, The fluid distribution system of claim 2 wherein the sensor is a flow
meter.

5. The fluid distribution system of claim 2 further comprising a controller.
6. The fluid distribution system of claim 5 wherein the controller is

adapted to transmit a signal to the centrifugal pump and to the pressure

regulating means, and to receive a signal from the sensor.

7. The fluid distribution system of claim 1 further comprising a fluid source
connected to the pressure vessel.

8. The fluid distribution system of claim 1 further comprising a second
centrifugal pump connected to the pressure vessel for dispensing fluid to the
point of use.



areturn line for returning a portion of the dispensed

fluid to the pressure vessel. 2. The fluid
wdizeasrootss i on system of claim 1l further conpri BCHES2007/003886

sensor positioned proxi nmate the point of use for

nmonitoring a condition of the fluid. 3. The fluid

di stribution systemof claim,2 wherein the sensor is a

pressure transducer. 4. The fifui d di stribution system
of claim2 wherein the sensor is a flow neter. 5. The
fluid distribution systemof claim?2 further
conprising a controller. 6. The fluid distribution
systemof claimb5 wherein the controller is adapted to
transnit a signal to the centrifugal punp and to the

res nea ecei ve a signal

ofr ertlecniuf Ay fblbon Falin of Bz Féiiten PPl seoond
s€h8bmpdsifioh&d @i tHOFGRUHS Mg wheléini te S¥d0RE $eHYRGé adapted to
the pressure vessel. 8. The fluid distribution system

t’é‘\“sm"a? Hand (e {he Pressivse repWating §a8aM centri f ugal

punp connected to the pressure vessel for dispensing

fluid to the point of use.9. The fluid distribution '
19y st diediuig| distribation systam eb siaims1 wieseisdbeneressuepyessel is a
iJRpLdioned in the return Iine wherein the second

sensor is adapted to transmit a signal to the pressure
regul ating nmeans. 10. The fluid distribution system of

I ai r I r S
Tk 08 B BRBRSY oL HOREF e b EbLgse e o
sehacmmuﬁtoomanméacttsriagsﬁmmduct or manufacturi ng
process. 12. The fluid distribution systemof claim1
further conprising an inert gas

12.  The fluid distribution system of claim 1 further comprising an inert gas
source connected to the pressure regulating means to control pressure in the

pressure vessel.

13. A method of controlling pressure in a fluid distribution system
comprising:

controlling the speed of a centrifugal pump to maintain a predetermined
pressure at a point of use;

controlling a pressure regulating means to maintain a predetermined
pressure in a pressure vessel connected to the centrifugal pump; and

measuring a condition of the fluid with a sensor positioned proximate
the point of use wherein the measured condition is used for controlling the
speed of the centrifugal pump and the pressure regulating means.

14.  The method of claim 13 further comprising transmitting a signal
indicative of the measured condition from the sensor to a controller.

15. The method of claim 14 wherein the controller controls the speed of the
centrifugal pump based upon the signal from the sensor.



source connected to the pressure regulating nmeans to
control pressure in the pressure vessel. 13. A nethod
wohommat23el | i ng pressure in a fluid distributi eaTARSM0S0V3886
conprising: controlling the speed of a centrifuga
punp to maintain a predeterm ned pressure at a point
of use; controlling a pressure regulating neans to
mai ntai n a predeterm ned preggure in a pressure vesse
connected to the centrifugal punp; and neasuring a
condition of the fluid with a sensor positioned
proxi mate the point of use wherein the neasured
condition is used for controlling the speed of the
16ent rMHeigadthpdiop chmeh 14hehereiatheeont@lieatongolkEheressure in
14. The net hod oﬁﬁﬁgain1 3 furth?r cgﬂgrisin
e BrRFAWE VR5SE! RISRRPPPAIS IGNAL oM e SERSRMr ed
condition fromthe sensor to a controller. 15. The
net hod of claim 14 wherein the controller controls the
1€peed st matod ef elaimythfurfianromariising sentrolingsthgnrnessure in
tHe At &ﬁ@trﬁﬁﬂ%ﬂrsy%%mTﬁn%"rFém&f cditfdl WHeteM HE LM Sifer

control l'er controls t essure in the pressure i
receives tharensoyited sigsad pgd aentsancenisolssigaal to the. ceTitdfugal

f ' 4.further conprising controlling the
pgﬁed;@aeju.s? 'tr?éh gb‘%‘?d )

sure i n ulrd distribution system using
f eedback control wherein the controller receives the

ransgj [ .a.control. signal to the

1Bt b SRR e A7 TR B Gl ks 4 8ehalfe contro
sighat lathe pressuee eeguibtieg coednotd adjusethdspessec@itithe pressure

control signal to the pressure regulating neans to
V%ﬁ?edst the pressure in the pressure vessel. 19. The

met hod of claim 14 further conprising controlling the

Bressl_%re in . - . .
19. e method of claim 14 further comprising controlling the pressure in
the fluid distribution system using feedback control wherein the controller
receives the transmitted signal and sends a control signal to the pressure

regulating means to adjust the pressure in the pressure vessel.

20.  The method of claim 14 further comprising measuring a condition of the

fluid with a second sensor positioned proximate the pressure vessel.

21.  The method of claim 20 further comprising transmitting a signal
indicative of the measured condition from the second sensor to the controller.

22. The method of claim 21 wherein the controller controls the speed of the

centrifugal pump based upon the signal from second sensor.

23. The method of claim 21 wherein the controller controls the pressure in

the pressure vessel based upon the signal from the second sensor.

24. The method of claim 21 wherein the controller controls the speed of the
centrifugal pump and the pressure in the pressure vessel based upon both

signals.



the fluid distribution system using feedback contro
wherein the controller receives the transmtted signa
wandsgemis a control signal to the pressure regairaszing003886
means to adjust the pressure in the pressure vessel.
20. The nethod of claim 14 further conprising
measuring a condition of the fluid wwth a second
sensor positioned proxi nate t'Re pressure vessel. 2 1.
The method of claim20 further conprising transmtting
a signal indicative of the neasured condition fromthe
second sensor to the controller. 22. The nethod of
claim2 1 wherein the controller controls the speed of
the centrifugal punp based upon the signal from second

ens 23. The claim?2 1 wherein the
ont 1151 Bethedof ST AL BREsB e $19pS AEM5ASHER8E condition of
tH@?ﬂén@' cdtApRSe WROAs UMY the ssu.reom theagcond sensor.
24. The nethod of claim2 1 wherein the controller
controls the speed of the centrifugal punp and the
res i
% %ni*"‘é? gighd B oA Gpkinithe S8y ot RiPasHRRS g qonition of
hf fluidazampriging measuiing theflowhrate plithe twidpri se
neasuring the pressure of the fluid. 26. The nethod of
claim 20 wherein the steps of neasuring a condition of
27he fThe dnethoprofsilaign 18dsthengombesingovontedlingthd bpeed of a
e nmethod of claim 13 further conprising

flu
S%%%?&SFPFHHQ? u'?Beed of a second centrifugal punp.

28. The nmethod of claim13 further conpr|5|ng

ran tti nal djcative of the we
2Beuo e mentod o4 i cotipiod Mensryliios sianal
NG 6f theSweightt ®r @e\}éP%ﬁ tietilid in the pressure vessel wherein the

pressure vessel is a load cell.



