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SYSTEMS FI ELD OF THE | NVENTI ON [ 0001] The present
wonvebean rel ates to an apparatus and net hod POwT/US2006/007928

controlling the pressure ofta fluid in a bulk fluid

di stribution system Mre particularly, the present

i nvention provides inproved apparatus and net hods for
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fluid supply line that supplies process tools used in
sem conduct or manufacturing or other related
applications. BACKGROUND OF THE | NVENTI ON [ 0002] The
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process that often requires over 200 process steps.
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BACKGROUND OF THE INVENTION

[0002] The manufacture of semiconductor devices is a complex process that
often requires over 200 process steps. Each step requires an optimal set of
conditions to produce a high yield of semiconductor devices. Many of these
process steps require the use of fluids to, inter alia, etéh, expose, coat, and
polish the surfaces of the devices during manufacturing. In high purity fluid
applications, the fluids must be substantially free of particulate and metal
contaminants in order to prevent defects in the finished devices. In
chemical-mechanical polishing slurry applications, the fluids must be free from
large particles capable of scratching the surfaces of the devices. Moreover,

during manufacturing there must be a stable and sufficient supply of the fluids



fluctuations and manufacturing downtine. [0003] Since
their introduction to the sem conductor market in the
wo20@9edanl kK fluid distribution systens havi ngPCT/US2006/007928
vacuum pressure engi nes havez played an inportant role
i n sem conduct or manufacturing processes. Because
these systens are substantially constructed of inert
wetted materials, such as perfluoroal koxy (PFA) and
to fe1 Rrosesataqle caeYing @rdhe PIFBYS siehg inecdeiste aveid piraess
an inert pressurized gas as the notive force for
flustuppdns agd nhendfhaiuding ddvettinde. not substantially
contribute to particulate and netal contam nation of
the process fluids. In addition, a single bulk fluid
di stribution system can provide a continuous supply of
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process tools. us, the advent of vacuum pressure
fluld distribution systens served an inportant need in
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process fluids. In addition, a single bulk fluid distribution system can provide a
continuous supply of process fluid at a sufficient pressure to multiple process

tools. Thus, the advent of vacuum-pressure fluid distribution systems served

an important need in the semiconductor market.

[0004] For many reasons, bulk fluid distribution systems (e.g. o-ring failures,
valve failures, or contaminated incoming fluid) include filters in the fluid supply
line. However, an abrupt change in the flow rate of the fluid through the filters
causes hydraulic shock to the filters which results in a release of previously
filtered particles into the fluid thereby causing a spike in the particle
concentration. Although maintaining a minimum flow rate of the fluid through
the filters helps reduce particulate release, the problem is not eliminated.

Accordingly, pressure and flow fluctuations of the fluid can result in



Accordingly, pressure and flow fluctuations of the

fluid can result influctuations of the particle
woanmaatasat i on in the fluid, which may | ead toprdefiseds/ 007928

in the sem conductor wafers3 [0005] Moreover, as

di scussed above, fluid distribution systens often

supply many tools. Wen a tool demands process fluid,

the fluid is punped fromthe supply Iine which causes
fluchuatione f thhe pefticieneoridantration in ee Suidpivhidhi meytieaditogefects

by about 5 to about 25 psi. As will be discussed

in the sdvaicopeluetwr waferscal fluid distribution systens
havi ng vacuum pressure engi hes cause pressure

fluctuations in the supply |ine which may adversely
affect the flow and purity conditions of the fluid
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fluctuations of the fluid in the supply line.

[0006] Figure 1a depicts a standard vacuum-pressure fluid distribution
system used to supply process fluids to semiconductor process tools. Other
types of vacuum-pressure fluid distribution systems are described in U.S.
Patent Nos. 5,330,072 and 6,019,250, which are incorporated herein by

reference.

[0007] With reference to Figure 1a, a vacuum-pressure fluid distribution
system typically includes two pressure-vacuum vessels 101 and 103. Each
vessel is equipped with at least two fluid level sensors 105, 107, 109 and 111
(e.g. capacitive sensors). Sensors 105 and 109 monitor a low fluid level

condition in vessels 101 and 103, respectively; and sensors 107 and 111



(e.g. capacitive sensors). Sensors 105 and 109 nonitor
a lowfluid level condition in vessels 101 and 103,
woespaotdseel y; and sensors 107 and 11lnonitor &CT/US2006/007928
high-fluid |l evel condition #n vessels 101 and 103,
respectively. The process fluid fromfluid source 113
enters vessel 101 through two-way valve 115 and enters
vessel 103 through two-way valve 117. The fluid exits
meRitayd hlgbiflqiwsmeg rondiiondty vesdele 101 andrid e xéssectiosyel The
103 through two-way val ve 121 . Upon exiting vesse
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process fluid supply line 123. [0008] During a fill
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vessel . When the fluid reaches | evel sensor 107 (e.g.

a capacitive sensor), valves 115, 127 and 129
deactivate and the vacuum stops. [0009] During a
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and three-way valve 129 is in position “A”. When the vacuum is operated on
vessel 101, any gas in vessel 101 flows to an exhaust (not shown) as the fluid
from the fluid source 113 is drawn into the vessel. When the fluid reaches

level sensor 107 (e.g. a capacitive sensor), valves 115, 127 and 129

deactivate and the vacuum stops.

[0009] During a dispense cycle, an inert gas 131, such as nitrogen, flows
through “slave” regulator 133 and through position “B” of three-way valve 129
into vessel 101. Vessel 101 is initially pressurized to a predetermined value
and then valve 119 opens allowing the fluid to flow under the force of the inert
gas pressure through valve 119, through the filters (not shown) and into the
bulk fluid supply line 123. The vessel 101 dispenses the fluid until it reaches
low level sensor 105 at which point valve 119 closes and the fill cycle begins

again.



gas pressure through valve 119, through the filters
(not shown) and into the bulk fluid supply line 123.
woheooweemel 101 di spenses the fluid until it reachs006/007928
| ow | evel sensor 105 at whi&h point valve 119 cl oses
and the fill cycle begins again.[0010] During
operation, vessels 101 and 103 alternate between fil
and di spense cycles such that when vessel 101 is
filling, vessel 103 is dispensing. During a fill cycle
in vessel 103, valves 117 and 127 are open and val ve
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they dispense to provide a continuous flow of fluid to the supply line 123.

[0011] In the system shown in Figure 1a, a manually-adjustable master
regulator 141 is facilitated with gas, such as compressed dry air, from a
high-pressure gas source 141. The master regulator 137 sends a constant
gas pilot signal to both slave regulators 133 and 135 which thus provide a
constant inert gas pressure to valves 129 and 137, respectively. The pressure
supplied to each valve 129 and 127 is the same. Accordingly, during a
dispense cycle of either vessel 101 or 103, the inert gas pressure supplied to

each vessel is constant and is the same.

[0012] A problem with the system of Figure 1a is that it does not maintain a
stable pressure of the fluid in the supply line 123. Figure 1b shows a

simplified illustration of how the pressure of the fluid in supply line 123



di spense cycle of either vessel 101 or 103, the inert
gas pressure supplied to each vessel is constant and
woOodchesaanme. [ 0012] A problemw th the systenmpaf/us2006/007928
Figure la is that it does net maintain a stable
pressure of the fluid in the supply line 123. Figure
1b shows a sinplified illustration of how the pressure
of the fluid in supply line 123fluctuates over tine.
fluchetessovrrdime. possesdue do bratasarnids], ddmandsditings, mipiog and
and other parts present in a conplex fluid _
otidirgtarisiprosent inys templex fuid eistaseing e heiedttictounted
illustration. During operation of system 100, as a
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pressure resultingefrometisweighhett thedid pptheabskel é&tm%\/mm fluid
that just conpleted its dispense cycle, is applied to
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. th$ fluid in the supply line. Figure 2a shows
is applied to the dispensing vessel. Thus, when the vessels switchover the
pressure of the fluid in the supply line spikes or increases by an amount

equivalent to the head pressure of the newly dispensing vessel.

[0013] There have been efforts to improve the system of Figure 1a by
actively controlling the pressure of the fluid in the supply line. Figure 2a shows
a modified vacuum-pressure system 200. System 200 is substantially similar
to system 100 except that an electro-pneumatic master regulator 241 is used
instead of manually-adjustable regulator 141. The system of Figure 2a also
includes a sensor 245 to monitor the pressure at a mid-point in the supply
line 223. Like the system of Figure 1a, vessels 201 and 203 alternate
between vacuum fill and pressure dispense cycles, and master regulator 241

provides the same pneumatic signal to both slave regulators 233 and 235.



a nodi fied vacuum pressure system 200. System 200 is
substantially simlar to system 100 except that an
wehewimwe4pneumat i ¢ master regul ator 241 i s used#CTUSk@®ad07928
of manual | y-adj ustabl e regufator 141 . The system of
Figure 2a al so includes a sensor 245 to nonitor the
pressure at a md-point in the supply line 223. Like
the system of Figure la, vessels 201 and 203 alternate
[00bHt wBaningacdispehsé tyaadihpriesd gas plespre appliyd ke she fuid in
master regul ator 241 provides the sane pneumatic
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di spensing increases to conpensate for the loss in
compeadsatedos theeldsetiméiead tpnesshirg hebwmeen tw kighsodslop2gsmsors

11 and 205, 209, respectively) of the vessel. [0015]
(20R, haugid 395! 200,488padtweBNbs tie ysgsur e decrease due

to head loss in the dispensing vessel, it does not
provi de stable pressure control of the fluidin the
supply line 223. Figure 2b is an illustration of how
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in ‘r(r:wgznsfulprr])lljy;3 lsi’nete 82§.e rl]-'?gl}rgestigr;?'r illustration of how the pressure in
supply line 223 can fluctuate over time in a distribution system free from
process tool demands or other pressure losses. During operation, when the
vessels switchover the master regulator 241 continues to send the same
signal (or pressure requirement) to the vessel beginning its dispense cycle as
it was sending to the vessel that just completed its dispense cycle.
Accordingly, when the vessels switchover there is a spike in the pressure in
the supply line 223 equivalent to the change in head pressure between the
high and low sensors of the vessel that just completed its dispense cycle. As
a result, the system 200 actively attempts to decrease the pressure of the fluid
in the supply line 223 and continues to adjust the pressure until it reaches a
predetermined setpoint. Thus, a problem with the system 200 is that the

pressure of the fluid in the supply line 223 oscillates until it reaches a steady

state as shown in Figure 2b.



signal (or pressure requirenent) to the vesse
beginning its dispense cycle as it was sending to the
woesmabedshat j ust conpleted its di spense cycl ePCT/US2006/007928
Accordingly, when the vesse$s swi tchover there is a
spike in the pressure in the supply |line 223
equi val ent to the change in head pressure between the
hi gh and | ow sensors of the vessel that just conpleted
its dispense cycle. As a result, the system 200
actively attenpts to decrease the pressure of the
[0016Li ¢th additibe, angthey ptoblem2idith syseori0 RUASE it @oRthwsly
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BRIEF SUMMARY OF THE INVENTION

[0018] A method for controlling the pressure of a fluid in a bulk fluid
distribution system comprising alternately dispensing fluid from a first vessel
and a second vessel to at least one point of use under conditions wherein the

pressure of the fluid at the at least one point of use remains substantially

constant.

[0019] A method for controlling the pressure of a fluid in a bulk fluid
distribution system having a first vessel and a second vessel for supplying the
fluid to a supply line, an inert gas source for supplying an inert gas to the first
and second vessels, a controller and a sensor positioned in the supply line

comprising the steps of: receiving at the controller a control signal from the



di stribution system conprising alternately dispensing
fluid froma first vessel and a second vessel to at
woeamtooesde poi nt of use under conditions wher ePaTUS2006/007928
pressure of the fluid at the at |east one point of use
remai ns substantially constant. [0019] A nethod for
controlling the pressure of a fluid in a bulk fluid
di stribution system havi a first vessel and a second
senaysidltigting asdispeysagyeaef ?hmﬂ@t vessel sopmirising the staps of:
inert gas source for supplying an inert gas to the
determitingadirstesignal fuara tied sontrolcsignal elrdes haBd pRreSANBWT the
positioned in the supply line conprising the steps of:
fluid eetiveena fabt b6l SnhrsetbRd |&vef 8f‘fHe°+e<§j s ; OéljB lying a
thesensor; initiating a dispense cycle of £
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fluid in the first vessel based upon the first signal;
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second | evel of the first vessel; and initiating a
detgirsipéics @ segend signai frensmemmtlmsmlal andr heddprésaare

steps of: determ ning a second signal fromthe control
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second vessel.

[00201 An apparatus for controlling the pressure of a fluid in an alternating
vessel bulk fluid distribution system comprising: a first vessel having a first pair
of sensors for detecting a first level and a second level of the fluid in the first
vessel; a second vessel having a second pair of sensors for detecting a first
level and a second level of the fluid in the second vessel; an inert gas feed line
for supplying an inert gas to the vessels; a first pair of regulators including a
first master regulator and a first slave regulator wherein the first slave
regulator is adapted to regulate the pressure of the inert gas to the first vessel;
a second pair of regulators including a second master regulator and a second
slave regulator wherein the second slave regulator is adapted to regulate the
pressure of the inert gas to the second vessel; a fluid supply line having a

control sensor positioned within the supply line wherein the vessels are



[ 0020] An apparatus for controlling the pressure of a

fluid in an alternating vessel bulk fluid distribution
weysismas@enpri sing: a first vessel having a fi PeT/USai06/007928

of sensors for detecting amirst |evel and a second

| evel of the fluid in the first vessel; a second

vessel having a second pair of sensors for detecting a

first level and a second level of the fluid in the
adapteshie altersately dispenss fluigde thesyppiyine; endsuppntyolieg an

inert gas to the vessels; a first pair of regulators
adaptdduih negeivefa cantroteigreal fropy tHeatamtralsénaof,idetérnsina\esfirst

regul ator wherein the first slave regulator is adapted
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upon the control signal and a change in head pressure
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the second vessel, determ ne a second signal based

upon the control signal and a change in head pressure

of the fluid between the first and second | evel s of
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[0021] FIG. 1ais a schematic representation of a prior art vacuum-pressure

fluid distribution system.

[0022] FIG. 1b is an illustration of the pressure fluctuations of the fluid in the

supply line of the prior art fluid distribution system of FIG. 1a.

[0023] FIG. 2a is a schematic representation of a fluid distribution system

according to the present invention.

[0024] FIG. 2b is an illustration of the pressure fluctuations of the fluid in the

supply line of the prior art fluid distribution system of FIG. 2a.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0021] FIG 1la is a
schematic representation of a prior art

woacnsimsqas essure fluid distribution system [0022jUsEio@007928
1b is an illustration of the pressure fluctuations of
the fluid in the supply line of the prior art fluid
distribution systemof FIG 1la. [0023] FIG 2a is a

representation of a fluid_djstribution
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2b is an illustration of the pressure fluctuations of
aceaegling to thei presaet wypplign.| i ne of the prior art fluid
di stribution systemof FIG 2a.[0025] FIG 3 is a
schematic representation of a fluid distribution
system according to the present invention. DETAILED
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t he present invention Is own in Figure 3. The
invention is directed to a vacuum pressure fluid
di stribution system 300 that provides stable control

ure fluid,in a bulk uid sup line
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t he pressure fI uctuations of the prior art systens
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vessel s 301 and 303 each equi pped with at | east one
prévides slablestorstesi sifrige pesssuee € adluidBMba balkrluid@pplyding 323.

11) . Wil e vacuum pressure engi nes typically enpl oy
Theafy@edrhid0e sidjstartialigelihfivates SATItRE pressure fluctuations of the

prior art systems shown in Figures 1 and 2.

[0027] System 300 has two vessels 301 and 303 each equipped with at least
one fluid level sensing device (e.g. 305, 307, 309 and 311). While
vacuum-pressure engines typically employ capacitive sensors as level sensing
devices, the present invention additionally contemplates the use of optical
sensors, digital sensors, load cells (not shown) or the like. The system shown
in Figure 3 includes two sensors 305 and 309 for monitoring a low fluid level
condition in vessels 301 and 303, respectively; and sensors 307 and 311 for
monitoring a high-fluid level condition in vessels 301 and 303, respectively.
The fluid from fluid source 313 (e.g. a pump, another chemical distribution
system, a pressurized drum or the like) enters vessel 301 through two-way
valve 315 and enters vessel 303 through two-way valve 317. The fluid exits

vessel 301 through two-way valve 319 and exits vessel 303 through two-way



devi ces, the present invention additionally
contenpl ates the use of optical sensors, digita
weenmmwesds | oad cells (not shown) or the |ike. PO®US2006/007928
system shown in Figure 3 ineludes two sensors 305 and
309 for nonitoring a low fluid [evel condition in
vessel s 301 and 303, respectively; and sensors 307 and
8/ é%i monitoring a h-fluid | evel condition in
vajesag|-s Upen %Hﬂ%MQSSQJé@ &Y tvepseh303r ke fluid fows tirough a
fluid source 313 (e.g. a punp, another chem ca
filtar g1atisboninpandyie theerfluia uppdsiing 328, drum or the 1ike)
enters vessel 301 through two-way val ve 315 and enters
vessel 303 through two-way valve 317. The fluid exits
vessel 301 through two-way val ve 319 and exits vesse

[0038F, ‘DUrRiécdich efeipeirkalaolor atp s Ceh tsepﬁnﬁvoeaﬁ ay 301

or” vesse [ ul | ows t hrou not
) t he..f | ui e 323
pre ¥ br 308 defilont fid BBihle. BuibiorhB TP e om
upder, pressyre, or vacuum condi ti ons. For exanp a
angiiies gl dstbuliopisysiar &an pemvie st piepseiizacksupply of the fluid
di stribution system can provide a pressurized supply.

to Hye vessels 30t and 303e feqwessurzed smudceSBusdd, theen as a vessel
pressuri zed source is used, then as a vessel is

is fillihg,i angentain teavessel t(het s’r&ﬁrﬁﬂlwm P36 @xAudl lekiduRPhat 0
exhaust residual gas fromthe vessel. In contrast,

fromheie Vdxel emSedritraatt Swhénh hRdyvandes a@fﬂ#@d@r&%’r@a LARs: 2

vacuum generating device (not shown in Fi gure , such
sel
o SRR R DL AT i sh e
aspirator, will draw the fluid into the vessel as described above and as shown

in Figures 1a and 2a.

[0029] During a fill cycle of vessel 301, valve 315 is open as fluid flows into
the vessel. When the fluid reaches a predetermined high level, as indicated
by either a level sensor 307 (e.g. capacitive, optical, digital, or the like) or by a

load cell (not shown), valve 315 closes.

[0030] During a dispense cycle of vessel 301, an inert gas 331, such as
nitrogen, flows through “slave” regulator 333 and valve 329 to pressurize
vessel 301 to dispense fluid through valve 319 to supply line 323 until the fluid -
level in vessel 301 reaches a predetermined “low” level, as detected by a level

sensor 305 (e.g. capacitive, optical, digital or the like) or a load cell (not



[0029] During a fill cycle of vessel 301 , valve 315
is open as fluid flows into the vessel. Wen the fluid
woeawlees4a predet erm ned high [ evel, as indi capPed/usg006/007928
either a level sensor 307 (18.g. capacitive, optical,
digital, or the like) or by a load cell (not shown),
val ve 315 cl oses. [0030] During a dispense cycle of
vessel 301 , an inert gas 331 , such as nitrogen,
shewpheat o grint yakieed 1% egaeaand ths gaeuemfllingssapence
pressuri ze vessel 301 to dispense fluid through val ve
begi@.t o supply line 323 until the fluid level in vesse
301 reaches a predeternmned "l ow' |evel, as detected
by a | evel sensor 305 (e.g. capacitive, optical,
digital or the like) or a load cell (notshown), at

[OOS\Iglq IE)UWNQ e\fﬁ{lc‘/ﬁ [\%é%ﬁé I%jleﬁn(il@gBtahtg r?’éé% %%Wvgéh lﬂhncxglgl

uence gl ns. era VeSS

and 303 alter tween fi en A .
disZiEE ShaBoieH haLeE ?ns«f@iS@'éOﬂ' g, Y85 G035 Rhensing.

di spensing. During a dispense cy cI e |n vessel 303,
Duringra dlga@ns@mlpmeswl@éh lrzﬂrh@/@s Bayiipwsdhramh slave

val ve 337 to pressurize vessel 303 to dispense fluid
regaton gaSwvaridreal 8 337 do puesHuyizkivies s8I0 At diibpélhm fluidli through

| evel in vessel 303 reaches a predeterm ned "Il ow

valve\3sl1, toasuphey Bed 893 yitibtHeeal 1SRN FPVeR9 308 réatifasla
cell, at which point valve 321 cl oses and the vacuum

prédétél‘rﬁlﬂeae‘wrléﬁelb§9 HBFectéYPB?%' I%}/(Iellté?e?sé?/?:b@ r'asloaﬁ ec)(/all, at

confi gured t the vesse aster than t

captinuous flow of

wh?t}lfﬁ@ﬂfgalyﬁ é3 cgéﬁ ?rﬁ)@ﬁw g%;ﬁlm %ﬂ]mg sequence%eglns
Notably, the system is configured so that the vessels fill faster than they

dispense in order to provide a continuous flow of fluid to the supply line 323.

[0032] System 300 uses senéor 345 (e.g. a pressure transducer, flow meter
or the like) to monitor a condition of the fluid in the supply line 323 and the
system adjusts the inert gas pressure supplied to the vessels to compensate
for changes in the condition of the fluid in the supply line 323. The sensor 345
can be positioned at any point in the supply line 323, but is preferably
positioned at a mid-point in the supply line 323. In addition, system 300
substantially eliminates any changes in the pressure of the fluid in the supply
line 323 resulting from changes in head pressure during dispense cycles of

the vessels.



[0032] System 300 uses sensor 345 (e.g. a pressure
transducer, flow neter or the like) to nonitor a
woanwiwéaan of the fluid in the supply |ine 323pamastive/007928
system adj usts the inert gas pressure supplied to the
vessel s to conpensate for changes in the condition of
the fluid in the supply line 323. The sensor 345 can
be positioned at any point in the supply line 323, but
[0033] pBystanalBOY ipcudes anmiratien34d which receivestdeospdignal
line 323. In addition, system 300 substantially
frofl senstat3AS, aliye eHARAIRS is Bohhectpd @8 stiRefedulfiofd 34 A i n
the supply line 323 resulting from changes in head

anf332 'ng;; Oegé‘ét'kdlﬁﬂghﬁ%%%&%&?éﬂrﬁz xﬁf‘%@&nﬂ‘&%ﬂé- [0033]

Syste I nc es a control whi ch receives a

rodifihEeead M led JaBE Kackitomehifos BMdlord! ypsbectively
T sgamar 38 299analr Siciort SHhaRE FUtEd i paRIAds o the

regul ators), res&gct]yely. The sensor 345 and naster
conteejlardryornalag cables, digiaheables (@ gnhtwraet cables)e or wireless
controller by analog cables, digital cables (e.g.

comitdutionst Tiabslese regulaturs 8B8smdcIBHecitrsitie pFéssust f tnert
regul ators 333 and 335 control the pressure of inert

ga?ggggq&p{d 85cH Qe B0v e 08 ¢espadivBR3, respectively.

[
] To elimnate pressure fluctuati'ons of the fluid
in the supply line 323 resulting from changes in head
pressure in the vessels during dispense cycles, the
ol | er. bj ases the_signal qq% thfaCh vess

of the fluid In't

[ooﬁzﬁgt Egg‘?hﬁlﬂpﬁ essure fluctggtlonss he supp‘f)ll lir?é 323
resulting from changes in head pressure in the vessels during dispense
cycles, the controller biases the sighal sent to each vessel at the beginning of
a dispense cycle. The following example illustrates the operation of the

invention to eliminate fluctuations due to changes in the head pressures.

Example 1

[0035] Assume Vessel 301 has completed a fill cycle by filling the vessel with
fluid to its high level (307 as shown in Figure 3) and is standing by while
vessel 303 completes its dispense cycle by dispensing fluid to its low

level (309 as shown in Figure 3).

[0036] During the dispense cycle of vessel 303, the controller 343 is
periodically or continuously receiving a signal from sensor 345 and adjusting
the inert gas pressure supplied to vessel 303 to maintain a predetermined flow
condition (e.g. pressure, flow rate or the like) in the supply line 323. As
vessel 303 dispenses from its high level (311 as shown in Figure 3) to its low

level (309 as shown in Figure 3) the head pressure of the fluid decreases



a di spense cycle. The follow ng exanple illustrates

the operation of the invention to elimnate
woOl20mtoedss ons due to changes in the head pressBCEAIS2006/007928

Exanple 1 [0035] Assunme Vesisel 301 has conpleted a

fill cycle by filling the vessel with fluid to its

hi gh I evel (307 as shown in Figure 3) and is standing

by while vessel 303 conpletes its dispense cycle by
begivepre levieh b, fob @nd levelihegod iBvadcerdsince 30th the folowing equation

for 8 it in A Hrerblisdsh L M h BRARE 5= P12 ¥2.308
= EE(ht s UOhShY) (Wbeed pindesit) OB flLidahG gnsor8 Bds?)and

adj usting the inert gas pressure supplied to vessel
303 to maintain a predetermned flow condition (e.g.

[00BFE S Blifseglofy. 18 T et dacers i heisSirratie T imthe
supplydinevBR3, thé&icgntrelle) 34Dsérids 4 @;gnlae&g. 42080 A SIAWN to

in Figure 3) the head pressure of t fluid
mMaRier kRl &y incsqase His ingtmagresswe) contpolisalby alave
A | oM i r
o6 S35, W b8! NN, FBHEEP A IR
changesin-theZrassure qui tu todD3emands 30 Predsuhe isssesthrough the

, i of the fluid,. = 9.8 2) . [0037 _
pirsg s fiter 7 theo i@ Sbutbruesteas bt forthe pyreatel bis
exhipld, ltHbsk I03skS ?viﬁa HBPhY cbhgi@el?é%?’z V\Mé‘ﬁfﬂ@%ﬁdﬂrl fssif 303

sends a signal (e.g. a 4-20 mA signal) to naster
reachgs| the dow Janelt thei vessessswitdhevenand vgssel B0dssaaies a

ST B T DB Bl e oS

[0038] While vessel 303 is dispensing, the controller is independently
determining or calculating a first signal to be sent to the regulators controlling
the inert gas pressure to vessel 301 when it begins its dispense cycle. In this
example, the controller monitors the control signal sent by sensor 345 and
determines the first signal by reducing the control signal by an amount
correlating to the change in head pressure of vessel 303. Thus, when
vessel 301 begins its dispense cycle, the inert gas pressure applied to the fluid
in vessel 301 is reduced by an amount equivalent to the change in head
pressure of the fluid in vessel 303. Without this reduction, the pressure
applied to the vessel would be too high and cause the pressure in the supply
line 323 to spike.

[0039] After the beginning of its dispense cycle, the controller 343 adjusts the
inert gas pressure supplied to vessel 301 in the same manner as described
above with respect to vessel 303 in order to maintain the predetermined flow

condition of the fluid in the supply line 323.



changes in the pressure due to tool demands or
pressure | osses through the pipes and fittings in the
woloethogti4st ri buti on system but for the purposeeTms2006/007928
this exanple, these | osses mill not be considered.
When the fluid in vessel 303 reaches the | ow | evel
the vessel s switchover and vessel 301 begins a
di spense cycle while vessel 303 begins a fill cycle.
[0048b 3g]hevgystenmat kel theagesentdngrdioni proyidekémpootadopiessure
I's independently determning or calculating a first

cosirghal theqrbeessefiidtovet tree pegLdrabpstenzorio ahd i200. t fikleed,
inert gas pressure to vessel 301 when it begins its

deBERBRIGSEh fECHIBcemBnt B SreBeHEBES (i. hﬁe%‘?ﬁéa‘?'glﬁéré%edbetween

nonitors the control signal sent by sensoL I
I I : Sl ci e .cqoptro .
Rl RPN nal RtV ?é%ge?%aéﬁﬁ&tqiﬁ%ﬁgfggqﬁﬁ SHigly e
f. | 303. Thus, n vesse ) egi ns
to BPBAGY O AuiS L s s PrejidonTied e alBbYBd 1 o
the fluid in vessel 301 is reduced by an anount .
COBNQMY adtisteentie noaibiaie staadysdatemansitions wiereae systend
in vessel 303. Wthout this reduction, the pressure
208 miIbestiofferecheontesd $reim dudiod3 psi dfepplbdgiteratided augmitthe
pressure in the supply line 323 to spike. [0039] After

the beginning of its dispense cycle, the controller
343 adjusts the inert gas pressure supplied to vesse

i é&n@q L th. pect
[00%8’]%@2\%{?@3 31 F] or epeﬁegn%ﬁﬁég‘%?ﬁ%Pﬂg?%&éﬁ%tp%ﬁed
redUi@¥rs 333,341 and 335,342 can be independently controlled. This
enables more flexibility in the control process and reduces wear and tear on

the slave regulators so that the slave regulator for the non-dispensing vessel

does not have to continually adjust.

[0042] In addition, as noted above, the system 300 can compensate for other
pressure or flow condition changes (monitored by sensor 345) resulting from
inter alia changes in tool demand, pressure losses across filters, and frictional
losses from piping and other system components. Thus, the system 300 of
the present invention offers much more stable control of flow conditions of the

fluid supplied to points of use than other prior art systems.

[0043] Itis anticipated that other embodiments and variations of the present
invention will become readily apparent to the skilled artisan in light of the

foregoing description and examples, and it is intended that such embodiments



condition of the fluid in the supply line 323.[0040]
The system 300 of the present invention provides
wonewedes pr essure control of the process fl ui 8COSR006/007928
the prior art systens 100 arnd 200. |ndeed, dependi ng
on the placenent of the sensors, (i.e. the vertica
di stance between thenm), the invention may provide
pressure control of the fluid in the supply line to
angyetigtions tkeysse e inploded within e smp%ofﬁﬁed@wmtmm@sjset
setpoint wth cpntinuous adjustnment to maintain steady
fortit mt tbedolmvingatsimsher eas system 200 at best offered
control from1.5 to 3 psi of a predeterm ned set point.
[ 0041] Anot her advantage of the present invention is
that the pair of regulators 333,341 and 335, 342 can be
i ndependently controlled. This enables nore
flexibility in the control process and reduces wear
and tear on the slave regulators so that the slave
regul ator for the non-di spensing vessel does not have
to continually adjust. [0042] In addition, as noted
above, the system 300 can conpensate for other
pressure or flow condition changes (nonitored by
sensor 345) resulting frominter alia changes in too
demand, pressure |osses across filters, and frictiona
| osses from pi pi ng and ot her system conponents. Thus,
the system 300 of the present invention offers nuch
nore stable control of flow conditions of the fluid
supplied to points of use than other prior art
systens. [0043] It is anticipated that other
enbodi nents and variations of the present



invention will becone readily apparent to the skilled
artisan in light of the foregoing description and
woxarspvers and it is intended that such enbodi remUsa0v6/007928
variations |ikew se be incli8ded within the scope of
the invention as set forth in the foll ow ng
clains. CLAIMS I /W claim 1. A nethod for controlling
the pressure of a fluid in a bulk fluid distribution
system having a first veddehlMfhd a second vessel for
supplying the fluid to a supply line, an inert gas
source for supplying an inert gas to the first and
second vessels, a controller and a sensor positioned

I/Wa didig:supply line conprising the steps of: receiving
at the controller a control signal fromthe sensor;

i nit f At I s v

1. corrp'd?ﬁ{se%tﬁgd?% @ﬁepgﬁo&%ﬁ?%ﬁeﬁcﬁﬁn@'g%' gbéjnal
t Q and ead sur e th
R R e T —
second vessel ; applying a flrst pressure to the fluid

ﬂliqufq asuPPhdine, asdaert gassQuiGR fPrsNePhingG an éngrkaps ta e first

di spensing the fluid froma first level to a second
aridesedonglf vasiselsf arcantiolies ehg assehsonpositibhad imths sypgplgéne

cycle of the second vessel conprising the steps of:
congpriming tHengteps ofcond signal fromthe control signal

and a head

receiving at the controller a control signal from the sensor;

initiating a dispense cycle of the first vessel comprising the steps of:
determining a first signal from the control signal and a head
pressure of the fluid between a first level and a second level of
the second vessel; applying a first pressure to the fluid in the
first vessel based upon the first signal; and dispensing the fluid
from a first level to a second level of the first vessel; and

initiating a dispense cycle of the second vessel comprising the steps

of:

determining a second signal from the control signal and a head
pressure between the first level and the second level of the first
vessel; applying a second pressure to the fluid in the second

vessel based upon the second signal; and dispensing the fluid

from the first level to the second level of the second vessel.



pressure between the first |evel and the second | evel

of the first vessel; applying a second pressure to the
woOl2methosaact he second vessel based upon the secea®/us2006/007928

signal; and dispensing the ®luid fromthe first |evel

to the second | evel of the second vessel.2. The nethod

of claim1l wherein the controller controls the

di spense cycle of .the first vessel independently from
2the Hhe Heq%ed & elalmgk whaeein e pentielies epntrgls thadispanssd

of claim1l wherein the step of dispensing the fluid
cycleaf thedirst vassel aslependaniiyutton thejdispensp ¢yote dhthet sepand

pressure applied to the fluid in the first vessel in
vgsgephonse to the control signal to maintain a

predeterm ned pressure in the supply line. 4. The

nmet hod of claimwherein the step of dispensing the

fluid fromthe second vessel includes adjusting the

i ner ppl.i o the fluid in the second
3. ess O TRtPRESE elintERbRET bk 8P it B TR e
. predeterm ned pressure in the supply line. 5. The
fir Y%&?H&&f%ﬁ %EJE{SWQ 'ﬁﬁéF‘eE&%rﬁ@ﬁﬁg’ eranplied dp thy fluid in the
filling the first vessel froma fluid source after the
firgt ‘é@ﬁs@? indiespense e theheortralisignad te hwistatoapredaterminied

the first vessel and during the step of dispensing the
pressure ihrtbensupplydmeond vessel. 6. The nmethod of claim5

wherein the fluid source supplies a pressurized

4. The method of claim 1 wherein the step of dispensing the fluid from the
second vessel includes adjusting the inert gas pressure applied to the fluid in

the second vessel in response to the control signal to maintain a

predetermined pressure in the supply line.

5. The method of claim 1 further comprising the step of filling the first
vessel from a fluid source after the step of dispensing the fluid to the second
level of the first vessel and during the step of dispensing the fluid from the

second vessel.

6. The method of claim 5 wherein the fluid source supplies a pressurized

fluid.



fluid.7. The nethod of claim5 wherein the step of
filling the first vessel includes creating a vacuumin
woOhersiwéats vessel to withdraw the fluid from therfusmodo007928
source. 8. The nethod of claaim21 further conprising
the step of filling the second vessel froma fluid
source after the step of dispensing the fluid to the
second | evel of the second vessel and during the step
7of dilBpeénethag afietain Bimdiereinthe Btepr of filing teskirst vesseThe
met hod of claim8 wherein the fluid source supplies a
inoiuskesworeatie &lvaicdumlit the Tirst vessdlad vithdrhwi tAe Sludeo eI the
the step of filling the first vessel includes creating
flaidrpeen i n the first vessel to withdraw the fluid
fromthe fluid source. 11. The nethod of claim1
wherein the control signal corresponds to the pressure
of the fluid in the supply line. 12. The method of

cIa| nt.r ol nal orresp s to the
871 ow! PAAE B alatiyf §HeT iR §4 §the o1 Slingtige sscond
met hod of claim1 wherein the fLU|d is selected from
vessel fpaua flvid seite @i dhe stepralcisnertsing the fuid 4o she agecond
of acids, bases, solvents and chemi cal - nechani cal
lepel dfsthersgcohdvessal. anthdurTietheestap df dfspehsing theffluld frem the
conprising the step of detecting the first

first vessel.
9. The method of claim 8 wherein the fluid source supplies a pressurized
fluid.

10.  The method of claim 8 wherein the step of filling the first vessel
includes creating a vacuum in the first vessel to withdraw the fluid from the

fluid source.

11. The method of claim 1 wherein the control signal corresponds to the

pressure of the fluid in the supply line.

12. The method of claim 1 wherein the control signal corresponds to the

flow rate of the fluid in the supply line.



| evel and the second level of the fluid in the first
vessel with capacitive, optical or digital sensors.

wa3006es46et hod of claim 1l further conprising POEUSR@®E/007928
of detecting the first |evell and the second | evel of
the fluid in the first vessel with load cells. 16. The
nmet hod of claim 1 further conprising the step of
detecting the first level and the second |evel of the

131 ui the methed etelaima Twekeisin the fiuid paeletiadefromphe @ibupof
digital sensors. 17. The nethod of claim11 further

secninpndudtagpidcess flajudsofordettiagtofragidd) ®abes séolVeve lanand
the second level of the fluid in the second vessel

cheniiballdadhasibaiolibBing/siarideod for controlling the
pressure of a fluid in a bulk fluid distribution

system having a first vessel and a second vessel for
supplying the fluid to a supply line, an inert gas

VEQU [ aBPLYRY PR Ebha5Pe e 5 b SbeRne o

in the supply line conprising the steps of: applying
'e\fﬁé‘nﬂﬁbﬁtsegaéd leyal 6 ha tiiig imthefirst vessalavt camaqﬁ%/x@, optical
first vessel;dispensing the fluid in the first vessel
origital spas®lisr st 1 evel to a second | evel of the first
vessel; adjusting the inert gas pressure to the first
vessel in response to a signal fromthe sensor in the
supply line in order to maintain a predeternmined fluid

1507 eSTHY etibd GeclPR ! RrthéNmprising the step of detecting the first

level and the second level of the fluid in the first vessel with load cells.

16.  The method of claim 1 further comprising the step of detecting the first
level and the second level of the fluid in the second vessel with capacitive,

optical or digital sensors.

17. The method of claim 1 further comprising the step of detecting the first

level and the second level of the fluid in the second vessel with load cells.

18. A method for controlling the pressure of a fluid in a bulk fluid
distribution system having a first vessel and a second vessel for supplying the
fluid to a supply line, an inert gas source for supplying an inert gas to the first
and second vessels, a controller and a sensor positioned in the supply line
comprising the steps of:

applying the inert gas to the fluid at a first level in the first vessel;



applying the inert gas to the fluid at a first |evel
in the second vessel; dispensing the fluid in the
woeeawndeosessel fromthe first [evel to a secondCiasedos/007928
of the second vessel; and &djusting the inert gas
pressure to the second vessel in response to a signa
fromthe sensor in the supply line in order to
mai ntain a predeterm ned pressure in the supply |ine;
wherdispensied theefividgadhe fiesd yapeel figipithe first deveat &o plagicand
at the first level of the first vessel is adjusted for
leveldiding éirstivebselg pressure between.the first and second
| evel s of the second vessel and wherein the inert gas

pr essdjiistirz bl ihed ﬁr@@sdrbrtétthé fKstlvestellilfesmeiido a
vessel is adj usted fo head pressure between the

SI%EJI?Forﬁ?% S&f% tﬁé{ E? gfnn%hﬁ bt rﬁgﬁﬁﬁb é%deté%mmed

hod € pressure o

fluid |str| ion systemhawngasupplylme a
flu:f(fb&ss\%%% CatP yﬁ'%%ond vessel for supplying the

fdetothes pply line, an inert gas source for
supARRAIYigg &e | ga@@sthe(f“{'% at ﬁlfF§ft|e‘éﬂdn§|é% §agond vessel;
vessel s, a controller and a sensor positioned in the
SuppiiS]peﬂSing tenfwidsin tige séeorst epssebfrons thediinstlexvettmar ol
signal fromthe sensor to the controller;determning a
secondtlead gfitthe beotnd essepicd! signal and a change in

the head pressure of the fluid between a first |evel
and fyjgsfR e if¥R!ga8 prbfsure 86 W s¥ESTPlessel in response to a
signal from the sensor in the supply line in order to maintain a predetermined
pressure in the supply line;
wherein the inert gas pressure supplied fo the fluid at the first level of
the first vessel is adjusted for a change in head pressure between the first
and second levels of the second vessel and wherein the inert gas pressure

supplied to the first level of the second vessel is adjusted for a head pressure

between the first and second levels of the first vessel.

19. A method for controlling the pressure of a fluid in a bulk fluid
distribution system having a supply line, a first vessel and a second vessel for
supplying the fluid to the supply line, an inert gas source for supplying an inert
gas to the first and second vessels, a controller and a sensor positioned in the
supply line comprising the steps of:

sending a control signal from the sensor to the controller;



applying a first inert gas pressure to the first

vessel based upon the first signal; dispensing the
wohwehoéasom t he first vessel to the supply |inecams2006/007928

determ ning a second signal23fromthe control signa

and a change in the head pressure of the fluid between

a first level and a second |evel of the first vessel;
applying a second inert gas pressure to the second
vess%?teﬁﬁ@é&g api6st sigreal fexro e sorirelsignal @ndis peardanin the

the fluid fromthe second vessel to the supply |ine.
hexl preissureeohibe fafid bebveer avingrievel andea stegnalfevel of the

di spensing the fluid fromthe first vessel includes
sedindsicsegl;t he inert gas pressure to the first vessel

in response to the control signal to maintain a

et g e oo R VosRE ket e

firgﬂ é{érgalf romthe second vessel includes adjusting the
i ne gas pressure to the second vessel in response to
the gcontrol si g1[1a to maintain a predeterm ned

| . |

pr e<HspeNSing theefludSiry the Hest yessel tadhe supplydine and;

controlling the pressure of a fluid in a bulk fluid

di stdetemingy & pecend sigmai froimithe cintret aignel gndiaspremgierig

fluid froma first vessel and a second vessel to at
thé émat pressyrei oftthefluitsieetwedera fisntbviel and adicRidneldlef the
first vessel;

applying a second inert gas pressure to the second vessel based upon

the second signal; and

dispensing the fluid from the second vessel to the supply line. -

20.  The method of claim 1 wherein the step of dispensing the fluid from the
first vessel includes adjusting the inert gas pressure to the first vessel in
response to the control signal to maintain a predetermined pressure in the

supply line.

21.  The method of claim 1 wherein the step of dispensing the fluid from the
second vessel includes adjusting the inert gas pressure to the second vessel
in response to the control signal to maintain a predetermined pressure in the

supply line.



pressure of the fluid at the at | east one point of use

remai ns substantially constant. 23. An apparatus for
woaniwobd4sng the pressure of a fluid in an al t eCmaszovg007928

vessel bulk fluid distribution system conprising: a

first vessel having a first pair of sensors for

detecting a first level and a second | evel of the

fluid in the first vessel; a second vessel having a
22.ecofdngthiod for centraltng theopregeurscef afuid iniarlsulkifieidl and
a second level of the fluid in the second vessel; an

distriautiog aaysfese dompnisinigo alteurzpély idiepemsingnituid fioms atftrst Vesssel
vessels; a first pair of regulators including a first

AR atsIconaYekaslan ANhst ohe$dintsdfale tﬁlﬁ%ﬁ'cﬁh@f’[lo‘ﬁ@,%t‘i‘ér@m the
the first slave regulator is adapted to regulate
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second pair regul ators 1 ncluding a seco
d Jhator and a second sl ave regul ator wherein the
c nesg% d slave regulator is adapted to regulate the
pressure of the inert gas to the second vessel; a
fluid supply Iine having a control sensor positioned
within the supply Iine wherein the vessels are adapted
23.0 af\n@pparaiuy fofi conéredling thei pressuretod asflupeliry ahiatiernating
a controller adapted to receive a control signal from
vassel bolktfluid disédigtion system comprising:

a first vessel having a first pair of sensors for detecting a first level and
a second level of the fluid in the first vessel;

a second vessel having a second pair of sensors for detecting a first
level and a second level of the fluid in the second vessel;

an inert gas feed line for supplying an inert gas to the vessels;

a first pair of regulators including a first master regulator and a first
slave regulator wherein the first slave regulator is adapted to regulate the
pressure of the inert gas to the first vessel;

a second pair of regulators including a second master regulator and a
second slave regulator wherein the second slave regulator is adapted to
regulate the pressure of the inert gas to the second vessel;

a fluid supply line having a control sensor positioned within the supply
line wherein the vessels are adapted to alternately dispense fluid to the
supply line; and

a controller adapted to receive a control signal from the control sensor,

determine a first signal based upon the control signal and a change in head



determne a first signal based upon the control signa

and a change in headpressure of the fluid between the
woi2omt09edad second | evel s of the second vessel , PCT/US2006/007928

determ ne a second signal &sed upon the contro

signal and a change in head pressure of the fluid

between the first and second |l evels of the first

vessel, and send the first signal to the first master
Pregspefdhe Sl bolvesndbadirg; fgh'gqsecmdt Ipvelsed dhel speen@vessel,

regul ator. 24. The apparatus of claim 23 wherein the
detemgine neecansbsignpldiassdafparetheasantial signapand ti slenge in

optical or digital sensors. 25. The apparatus of claim

he2@l presseienoftthe fuid betwassth hedpsidambbéSoritf [eYeRSEMBe I &t
| oad cells. 26. The apparatus of claim 23 wherein the
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7. The apparat us claim ei n*-t
qlﬁ_g -l pressure regul ators. 28.
Sl eygg{p%%%?ﬁoegﬁgg%ﬁgr@%godrmg ein the control sensor
is a pressure transducer. 29. The apparatus of claim

23 wherein the control sensor is a flow neter.30. The
apparatus of claim23 wherein the control sensor is
24 r dihssapparatusel daim 23 whareinghadipt ant! secorstpaiveoh
W rel ess signal.
sensors are capacitive, optical or digital sensors.

25.  The apparatus of claim 23 wherein the first and second pairs of

sensors are load cells.

26.  The apparatus of claim 23 wherein the master regulators are

electro-pneumatic regulators.

27.  The apparatus of claim 23 wherein the slave regulators are

dome-loaded pressure regulators.

28.  The apparatus of claim 23 wherein the control sensor is a pressure

transducer.

29.  The apparatus of claim 23 wherein the control sensor is a flow meter.
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30. The apparatus of claim 23 wherein the control sensor is wireless and

the controller is adapted to receive a wireless signal.



