WO 2006/096646 PCT/US2006/007928 1 CONTROL OF FLUID
CONDITIONS IN BULK FLUID DELIVERY SYSTEMS FIELD OF THE

INVENTION [0001] The present invention relates to an apparatus aO 98
Whethu st controlling the pressure, of a fluid in a bulk fluid ity

system. More particularly, the present invention provides improved
apparatus and methods for controlling pressure of semiconductor process

T e B T R e v e s
related applications. BACKGROUND OF THE INVENTION [0002] The
manufacture of semiconductor devices is a complex process that often

requires over 200 proce %e(gg_, ﬁaﬁ ﬁames an optimal set of
S

conditions to produce a h yiel emiconductor devices. Many of
these process steps requwe the use of fluids to, inter alia, etch, expose,
coat, and polish the surfaces of the devices during manufacturing. In high

[ooRyyity fividh piiGaoasidhe dldids must Bsasiantallytes.gfpprticulate

and metal contaminants in order to prevent defects in the finished
conennng. teohiestond-aTes haica plis g Shsm-umRlicaliors, thadkds

must be free from large particles capable of scratching the surfaces of the
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sufficient supply of the fluids WO 2006/096646 PCT/US2006/007928
for controlling pressure of semiconductor process fluids {(e.g. ultra-high purity
or slurry fluids) in a bulk fluid supply line that supplies process tools used in

semiconductor manufacturing or other related applications.
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 sémiconductor devices. Many of these
process sieps require the use of fluids to, inter alia, efch, expose, coat, and
polish the surfaces of the devices during manufacturing. in high purity fluid
appfications, 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 fiuids must be free from
large particles capable of scraiching the surfaces of the devices. Moreover,

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



2 to the process tools carrying out the various steps in order to avoid
process fluctuations and manufacturing downtime. [0003] Since their

introduction to the semiconductor market in the 1990s, bulk quiq
WSttt systems having vacuum,pressure engines have’ pisy S 41407928

important role in semiconductor manufacturing processes. Because these

systems are substantially constructed of inert wetted materials, such as

pertluoroalkoxy (PFA) and polytetrafluoroethylene (PTFE), and because
to fheyprgsesiinist Frevig Pl yariptfesivone foider fior supglpragase

fluids, they do not substantially contribute to particulate and metal
flughREANR SNGToRRYER PRI VRIS 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

yre flui distributi%n systems served an important need in
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results in arelease of previously=filtered particles into the
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pressure and flow fluctuations of the fluid can result in

use an inert pressurized gas as the mofive force for supplying the fluids, they
do not substantiaily contribute to particulate and metal contamination of the
process fluids. tn 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 markeat.

[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 fiow rate of the fluid through the filters
causes hydraulic shock io the filters which results in a release of previously
filtered particies into the fluid thereby causing a spike in the particle
concentration. Although maintaining a minimum flow rate of the fluid through
the filkers helps reduce particulate release, the problem is not eliminated.

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



WO 2006/096646 PCT/US2006/007928 3 fluctuations of the particle
concentration in the fluid, which may lead to defects in the semiconductor

wafers. [0005] Moreover, as discussed above, fluid distribution sg;teﬁm(sng
WA g fS/ many tools. When a tqol demands process ﬂuﬁ’gT{H VT RS

pumped from the supply line which causes the pressure of the fluid in the
supply line to drop by about 5 to about 25 psi. As will be discussed further
below, typical fluid distribution systems having vacuum-pressure engines
flucausiopresktire rastialamtonsdntraicuipphdifieigyhiticmeagdeeadsely affets
_ the flow and purity conditions of the fluid supplied to the tools.
in A SRITHEN el Wafsiged for a fluid distribution system that minimizes
or eliminates pressure and flow fluctuations of the fluid in the supply line.
[0006] Figure 1a depicts a standard vacuum-pressure fluid distribution
[00) them used to supply process fluids to semiconductor process tools.
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distribution systems having vacuum-pressure engines cause pressure
fluctuations in the supply line which may adversely affact the flow and purity
conditions of the fluid supplied fo the tools. Accordingly, there is a need for a
fluid distribution system that minimizes or eliminates pressure and fiow

fluctuations of the fluid in the supply line.

[0606] Figure 1a depicts a standard vacuum-pressure fluid distribution
system used to supply process fluids fo semiconductor process tools. Other
types of vacuum-pressure fluid distribution sysiems are described in U.S.
Patent Nos. 5,330,072 and 6,019,250, which are incorporated herein by

refarence.

[0007] With reference to Figure 1a, a vacuum-pressure fluid distribution
system typically includes iwo pressure-vacuum vessels 101 and 103. Each
vessel is equipped with at least two fluid level sensors 105, 107, 109 and 111
{e.9. capacitive sensors). Sensors 105 and 109 monifor a low fluid leve!

condition in vessels 101 and 103, respectively; and sensors 107 and 114



condition in vessels 101 and 103, respectively; and sensors 107 and 111
WO 2006/096646 PCT/US2006/007928 4 monitor a high-fluid level
condition in vessels 101 and 103, respectively. The process fluid from

WHRAPYEIEE 113 enters vessel 101 through two-way valve AR TTo W
vessel 103 through two-way valve 117. The fluid exits vessel 101 through

two-way valve 119 and exits vessel 103 through two-way valve 121.
Upon exiting vessel 101 or vessel 103, the fluid flows through thé bulk
mericEss gt s ip piy fiheongBiqodossssalintd filhdytde, aespectively. The
vacuum-generating device 125 (e.g. an aspirator or venturi) creates a
Progesatiie iesadiie saeraraiv hanemiigsyehaf thertugh flsorsmto vessel
101 during a fill cycle, two-way valves 115 and 127 are open and
Vaffred WA 0L IDYSE S fOSiHRIRuaR WanarRine@ el S upBiideain
ves?el ﬁ%ﬁgnﬁl as in vessel 101 flows to_an exhaust (not shown) as the
o abitrSotirse el id thanm Sl thesvebder Wrsstnavaciey

reac vel sensor 107 % . capacitiy sensorg, valves 115, 127 and
A T et T ST o) By repedus gt ear
bik e :ﬁl , b& nitrogen, flows through "slave" regulator 133 and
tﬂfgug% pos%fll'@ng ‘Dﬁ‘qh?eg%vnay 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

[oocye BlenderHobyhe UGL M- SRANBLARLIVRENE S (o.g. an aspirator
or venturi) creates a vacuum in vessel 101 to draw in the fiuid, When the fiuid
flows into vessel 101 during a fili cycle, two-way valves 115 and 127 are open
and three-way valve 128 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), valvas 145, 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 120
into vessel 101. Vessel 101 is initially pressurized to a predetermined value
and then valve 119 apens allowing the fluid to flow under the force of the inert
gas pressure through valve 118, through the filters (not shown) and into the
bulk fiuid supply line 123. The vessel 101 dispenses the fiuid until it reaches

low level sensor 105 at which point valve 119 closes and the fill cycle beging

again.



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 be%ins again. WO 2006/096646 PCT/US2006/007928 [0010

VB aYS8&tation, vessels 101 and 103 alternate between fifi g 000792#

dispense 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 valve 137 is in position "A". During a dispense cycle in vessel 103,
inert gas 131 flows through slave regulator 135 and port "B" of valve 137
to pressurize the fluid in vessel 103 and drive it through valve 121 to
[004GhplyPiniad 2perEigie Batsetal dispenddtwiemnele sstvees, fthevessels
_switchover so that vessel 103 begins a fill cycle and vessel 101 begins a
dighepensydpeisubiapyvae Yersrihdd éﬁ@%&i@\g‘@é@ﬁié 93dsi8ispRfiglied
so that the vessels fill faster than the% dispense to provide a continuqus,
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Is the same.”Accordingly, duri Ispense cycle of either
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constant’and is the same.
a fill cycle and vessel 101 begins a dispense cycle. Notably, the

vacuum-generating device 125 is configured so that the vessals fill faster than

they dispense fo provide a continuous flow of fluid to the supply line 123.

[0041] In the system shown in Figure 1z, a manualiy-adjustable master
regulator 141 is facilitaied with gas, such as compressed dry air, from a
high-pressure gas source 141. The master regulator 137 sends a constant
gas pilot signat 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 fiuid in supply line 123



[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 1 b shows a

simplified illustration of how the pressure of the fluid in supply.li § W
W RsEee PCT/US2006/007928, 6 fluctuates over time. RSt

process tool demands, fittings, piping and other parts present in a
complex fluid distribution system were not accounted for in this
illustration. During operation of system 100, as a vessel dispenses from
flugsuntas sorsEMe. ittIsors sl o gres $ont demtendapfitiinge 18y and
decreases by an amount equivalent to the loss of the head pressure of the
oStharregesnbinigrenalpullhdisisbrlierhamiamessied il defineatas
the pressure resulting from the weight of the fluid in the vessel acting on
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beginning its dispense cycle starts full with fluid up to its high sensor, and
Sttty B?é@éh“pﬁe tRaRe APl PIRESEE LR HRs HRRIE R IEted its

i le, i lied.to the di i l. ,wh h
S s e e R Ry e kg
j ival he.h f |
e R e S e
orabEigured by ReHvaLY Ko 9@%%%%@%&&@?;%ﬂ;ggbg;;@ﬁn&v

line. Figure 2a’shows a modified vacuum-pressure system

in 299 é%ﬁb'l’?s’ttﬁ@f[i%§HQH@Né‘%@d%tgmtm&@?‘?%@m&%eginning its

electro-pneumatic master regulator 241 is use
dispense cycle starts full with fluid up to its high sensor, and the same
pressure that was applied to the vessel that just completed its dispense cycig,
is applied to the dispensing vessel. Thus, when the vassels 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 vesssl.

[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.



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
Wsutgj I(¥0Ii£16e6223. Like the system of Figure 1a, vessels 201 der/%g
QA Hetween vacuum fill and pressure dispense cycles, an
regulator 241 provides the same pneumatic signal to both slave
regulators 233 and 235. WO 2006/096646 PCT/US2006/007928 7 (0014]
During a dispense cycle, the inert gas pressure applied to the fluid in the
{00 tiEpenBirigwesseb203eoni203 thaijasieaharerbusorPR Egrial trerfitiadn
pressure indicator 245. Considering a simplified fluid distribution system
thevitispeo Pnacesssrl dlteni 2985 Drelhdprp leasarce R assigiwlfenyie
pressure supplied to the dispensing vessel 201 or 203 while it is ,
PrefspendintcHercites ¢ EHRpRASRI TRl TRE 48 MitidRdtioresyaiem with
between the high and low sensors (207, 211 and 205, 209, respectively)
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redgulator confinues t 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.

[0015] Although system 200 prevents a pressure decrease due to head loss

§006/097928
master

in the dispensing vessel, it does not nrovide stable pressure controi of the fiuid
in the supply line 223. Figure 2b is an illustration of how the pressure in
supply line 223 can fluctuate over time in a distribution system free from
process fool demands or other pressure losses. During operation, when the
vessels switchover the master regulator 241 continues to send the same
signal (or pressure requirement) fo the vessel beginning its dispense cycie 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 fiuid
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.



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 aresult, 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. 8 [0016]
In addition, another problem with system 200 is that it continually adjusts
[00185e dRasflios sl g&s pielipaviBytysteroRikkis dratissentimegpty
standby vessel, Thus, the slave regulator for the non-dispensing vessel
adi%?é@ﬁ@ﬁwmmmt@a%ﬁ%ﬁe%merregmatafaeﬁﬁ@%mémyr
ssel. 0017 Accardingly, there remains a need in the semiconductor
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e control the ro |ons of the process flujd without causing
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INVENTION [0018] In accordance with a first aspect of the present
invention, there-is provided a method for controlling the pressure of a fluid

[001%mQ@ fH!Q@Z?ﬁ%\-’Q?&ﬁgﬂﬁ ompri n%alternat dIS[) C? ‘é;, fluid

rst v and a secon vesselnto a eggfj one point o under

impFORAHERS YRR AIBS W RIS e, ﬁntgt%‘?o%ﬁ%s §M8e control of

the fiow conditions of the process fluid without causing wear and tear on the

componeant parts.

BRIEF SUMMARY OF THE INVENTION

[0018] In accordance with a first aspect of the present invention, there is provided
a method for controliing 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 jeast
one point of use under conditions wherein the pressure of the fluid at the at least one

point of use remains substantially constant.

{0019} In accordance with & second aspect of the present invention, there is
provided 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



point of use remains substantially constant. [0019] In accordance with a
second aspect of the present invention, there is provided a method for
controlling the pressure of a fluid in a bulk fluid distribution system having
a first vessel and a second vesselgfor 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 9 sensor;
seng ARG i FRRENSFRY O (RkiRpstint yesred srmbmignE dhadgians of:
determining a first signal from the control signal and a head pressure of
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t vessel; applyinga second préssure to urd'in'the $ec

initifRPS! @ Sﬁéépégbi‘é‘%ﬁﬁ%"{%?ﬂﬂr@é&é?%&ﬁ%'%ﬁ%%ﬁ%%{%%g fom the

first level to the sécond leve e second vessel. n-accordance

detaMihih N dasReckRfihe iR IRB IONEDIIAR SRS, RIYIdgd amethod for

controlling the pressure of a fluid in a bulK fluid distribution” system having

betvclistivesssl jang) aseeradaasseldossmplinestha duid haisieply line,
second pressure to the fiuid in the second vessel based upon the second
signal; and dispensing the fiuid from the first level to the second leval of the

second vessel,

[6019a] in accordance with a third aspect of the present invention, there is
provided a method for controlling the pressure of a fluid in a bulk fluid distribution
system having & first vessel and a second vessel for suppiying the fluid to a supplv 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; dispensing the fluid in the first vessel from -
the first level to a second level of the first vessel; adjusting the inert gas pressure to the
first vessel in response to a signal from the sensor in the supply line in order to maintain a
predetermined fluid pressure in the supply line; applving the inert gas to the fluid at a first-
level in the second vessel, dispensing the fluid in the second vessel from the first leve! to
a second level of the second vessel; and adjusting the inert gas pressure to the second
vessel 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 to 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 leveis of the first vessel.



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; dispensing the fluid in the fifst vessel from the first level to a
second level of the first vessel; adjusting the inert gas pressure to the first
vessel in response to a signal from the sensor in the supply line in order to
maintain a predetermined fluid gg}essure in the supply line; applying the

1961980 gas iR iy JelRTh (APEEcOhdRre SEETEHidBRREING thkere 1

pro{liighin the:segond vessshifrgnmthe tstieval tonaigepondlanef @hithestribution
second vessel; and adjustin% the inert gas pressure to the second vessel

SYSiEMdEpEHEa 1RRigHal rdRTtRES S A ERenuRF e imstadipgghe fluid to
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gas pressure supplied to the fluid at the first level of the first vessel is
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to the first level of the second vessel is adjusted for a head pressure
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a s@RRrgancewith @ forithasnegh ol the prasentdn\ertiesdher ige first vessel
provided a method for controlling theﬁﬁr_égssure of a fluid in a bulk fluid
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and/egaghiarisyPrplying e fivid tRothasupply-ine; ARINeKt 4asSAMECR fale head
supplying an inert gas to the first and second vessels, a controller and a

PregBHS S Hessitidatineie stishly ihancdhipfring arrd atdps or! semielingpalying @
sechRBtrpkaignal framthe sensortedhe controlisr determinipg R Jinst sighal: and

from the control signal and a change in the head pressure of the fluid
dispesiesiha firtd fevs) thpgecond vessel to the supply fine.

{0020] In accordance with a fifth aspect of the present invention, there is provided
an apparatus for controliing the pressure of a fluid in an aiternating 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 inchuding 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 & conirol sensor positioned

within the supply line wherein the vessels are



a second level of the second vessel; applying a first inert gas pressure to
the first vessel based upon the first signal; dispensing the fluid from the

ng)r%%e;? %giﬁto the supply Iine‘ and; determining a second Siqﬁ,{@%é}a&m
control'signal and a change in the hgad pressure of the fluid’between a
first level and a second level of the first vessel; applying a second inert
gas pressure to the second vessel based upon the second signal; and

dis ensinq the fluid from the second vessel to the supply line. 100201 In
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wherein'the first slave regulator is adapted to reg e pressure of the

thivaligazindbe fifstivesssl s-8o5ons pRIbPIKeIatossdRCIUdingA $econd

master regulator and a second slave regulator wherein the second slave
firR@iiAIrsRd apie e s IeaIaLRARe MEIRUISLITNE SIBRE! §8$HE $h8ond
second vessel; a fluid supply line having a control sensor positioned
mwétiainrthgistgply line wherein the vessels are WO 2006/096646
PCT/US2006/007928 10 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
BRIEF DESCRIPTION OF THE DRAWINGS

{0021} FIG. 1ais a schematic representation of a prior art vacuum-pressure

fluid distribution system.

100622} FIG. 1b is an illustration of the pressure fluctuations of the fiuid 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 fo the present invention.

[00241 FIG. 2bis an illustration of the pressure fiuctuations of the fluid in the

supply iine of the prior art fiuid distribution system of FIG. 2a.



signal based upon the control signal and a change in head pressure of the
fluid between the first and second levels of the second vessel, determine

a second signal based upon the control signal and a chan M
WBr%“sOg[?? 68t the fluid between the first and second levels 0% E;Ie Irg@%mmgzg

vessel, and send the first signal to the first master regulator and the
second signal to the second master regulator. BRIEF DESCRIPTION OF

THE DRAWINGS [0021] FIG. la is a schematjc representation of a prior
10027L o ik D36 TN SRR Rbrn OGSO I 6 RS

iIIusérati n of the pressure fluctuations of the fluid in the supply line of the
AP B8 LIRS §)h of FIG. 1 a. [0023] FIG. 2a is & 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 thg,Esﬁ%EI Kgqgég(gpa 5@@6;&!%@ (pélkiﬂrp@%stem of FIG.
2a. WO 2006/09664g CT/U 20%];/007928 11 [0025] FIG. 3is a
schematic representation of a fluid distribution system according to the

present invention. DETAILED DESCRIPTION OF THE INVENTION
[04@@?6%%%58%%1‘%@%r@'ﬁﬁ’?ﬁ\b@ﬁﬁﬂﬁ% §3§{R{?\Wﬁ‘ Hgoiguse $néhe
invention is directed to a vacuum-pressure fluid distribution system 300
intRattion is directed to a vacuum-pressure fluid distribution system 300 that
provides stable control of the pressure of a fluid in & bulk fluid supply line 323.

The system 300 substantially eliminates all of the 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 fiuid 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 contemniates 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 308 for monitoring a fow fluid level
condition in vessels 301 and 303, respectively; and sensors 307 and 311 for
moniforing a high-fluid level condition in vessels 301 and 303, respectively.
The fiuid from fluid source 313 (e.g. a pump, another chemical distribution
sysiem, 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



provides stable control of the pressure of a fluid in a bulk fluid supply line

323. The system 300 substantially eliminates all of the pressure

flu%t}ué%tgi,ons of the prior art systems shown in Figures 1 anq)%r/[%%%
Wgyzs{em %05 has two vessels 301 apd 303 each equipped with a
one fluid level sensing device (e.g. 305, 307, 309 and 311). While
vacuum-pressure engines typically employ capacitive sensors as level

sensiné; devices, the present invention additionally contemplates the use

val{ptical SBARGHALDEHEPERITGI LMY RO th SP& Al DY B Rk The
.system shown in Figure 3 includes tyvo sensors 305 and 309 for
fil rom%r%ﬁ‘%%apﬂﬁf%ﬂé%g 'gﬁﬂﬁ@nwﬂ? s 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
Or%@p ther i istributi ste pressurized,drum or the
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valve 319 and exits vessel 303 through two
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303, the fluid flows through a filter (not shown) and to the fluid suppl_y line
o3R8 96} Burinaadilecysle, thasvesselss3diand 3oscandaedlisddnder

pressure or vacuum conditions. For example, a pump or the supply line

is fiiinng cenothhenfltid disfsibiution sysiam i peovideshpiessedzahpyaply of
the fluid

from the vessel. In contrast, when the vessels are filled under vacuum

ZJ/007928
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conditions, a vacuum generating device (not shown in Figure 3), such as an
aspirator, will draw the fiuid into the vessel as described above and as shown

in Figures 1a and 2a.

[0028] 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. capaciiive, optical, digital, or the like) or by &

load celi (not shown), vaive 315 cl‘oses.

[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 untit the fluid -
level in vessel 301 reaches a predstermined “tow” level, as detected by a level

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



to the vessels 301 and 303. If a pressurized source is used, then as a
vessel is filling, a vent in the vessel (not shown) will open to exhaust

residual gas from the vessel. In contrast, when the vessels_are filled

. : : 2606/007928
VO3 VRt um conditions, a vacuufp generating device (no?% SWA I

Figure 3), such as an 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

shpwmiul maishawinhrayesifinieeignbies, wcHar Stlag SPEHPRS level
sensor 307 (e.g. capacitive, optical, digital, or the like) or by a load cell
q#BFshown), 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
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and 303 alternate’between se cycles su en vessel
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03, inert gas 331 flows through slave

valve 321 to supply line 323 until the fluid level in vessel 303 reaches a
predetermined “low” level, as detected by a level sensor 309 or a load cell, at
which point vaive 321 cioses and the vacuum filling sequence begins.

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 fransducer, flow meter
or the like) to monitor a condition of the fluid in the supply line 323 and the
system adjusts the ineri gas pressure supplied to the vessals 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
fine ‘323 resulting from changes in head pressure during dispense cycles of

the vessels,



regulator 335 and valve 337 to pressurize vessel 303 to dispense fluid
through valve 321 to supply line 323 until the fluid level in vessel 303

reaches a (predetermined "low" level, as detected by a Ievell) (?e[;ﬂ%%oié%%g){s
wg Ft?gﬂoggﬁ ‘at which point valve 32}, closes and the vacuum ﬁing

sequence begins. 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 sensor 345 (e.g. a pressure

[00§3hsdeisseriGRtraciides thedike)iter Phitdnialcrmegitien afaprifhlisignahe
supply line 323 and the system adjusts the inert gas pressure supplied to

frameseasssi846. cohpensitiefds crangeteth thaaskitRuLisiae Bt in the

supply line 323. The sensor 345 can be positioned at any point in the
a”éi%(% sEsiRuPReprarliaIsgURERIBONMAICh SARIERPYRHEN the supply

line 323. In additionﬁ system 300 substantially eliminates any changes in
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pressure regulators), reSpectively. The sensor 345 and master regulators

g3 BRA R BRNRRCOANRPIShININS, respectively.

[0034] To eliminate pressure fluctuations of the fluid in the supply line 323
resulting from changes in head pressure in the vessels during dispense
cycles, the controller biases the signai sent to each vessel at the beginning of
a dispense cycle. The foliowing example illustrates the operation of the

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

Example 1

[0035] Assume Vessel 301 has completed & fill cycle by filling the vessel with
fluid to its high tevel (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 continuousiy receiving a signal from sensor 345 and adjusting
the inert gas pressure supplied o vessel 303 o 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 levei (311 as shown in Figure 3) to ifs low
level {30S as shown in Figure 3) the head pressure of the fluid decreases



controller by analog cables, digital cables (e.g. Ethernet cables), or
wireless connections. The slave regulators 333 and 335 control the
W%essure of inert gas supplied to each vessel 301 and 303

Hgﬁﬁ%%’liminate pressure fluctugtions of the fluid in the gu&b%qg%w{eﬁ% ®

resulting from changes in head pressure in the vessels during dispense
cycles, the controller biases the signal sent to each vessel at the
beginning of a dispense cycle. The following example illustrates the
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fill cycle by filling the vessel with_fluid to its high level (307 as, shown in
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cycle by dispensing fluid to its low level (309 as shown in Figure 3). [0036]

ing.the di le of | 303, th troller 343.i lodicall
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'h1,303 and level h2,303 in accordance with the following equation
pipes and fittings in the fluid distribution system, but for the purposes of this

example, these lesses will not be considered. When the fluid in vessel 303
reaches the low level, the vessels switchover and vessel 301 begins a
dispense cycle while vessal 303 begins a fill cycle.

[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 controlier 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 fo the vessel would be {oo high and cause the pressure in the supply
line 323 to spike.

[0039] After the beginning of its dispense cycie, the controlier 343 adjusts the
inert gas pressure supplied o vessel 301 in the same manner as described
above with respect {o vessel 303 in order fo maintain the predetermined flow
condition of the fluid in the supply line 323,



for the change in head pressure of a fluid in a vessel: AP303 = P1,303 -
P2,303 pg(hlso3 - h2,303) (where p = density of the fluid and g = 9.8

mis2), %0037] Consequently, to prevent a decrease in the pgﬁgg%gg Bh%zs
e.g.a %45

WA 6e%supply line 323, the conyyoller 343 sends a signa

mA signal) to master regulator 342 to increase the inert gas pressure,
controlled by slave regulator 335, to the vessel 303. Notably, the sensor
345 may detect other changes in the pressure due to tool demands or
ED%%SL?}%Q@%W#QQ@% the PpRsestdnemntivn Sravides inpmyehotrAsure
system, but for the purposes of this example, these losses will not be
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vessels switchover and vessel 301 begins a dispense cycle while vessel
Ao g AW G ER RS S8 6 S0 s S0P oAl SISEETi petween

R g R A2 e
i ins.its di ' le,th Il it
e S CerLby oo ot b e e SR T Cigmal by

cdREEING the RanEak sional Rﬁiﬁ%@%”%t%%@%@ﬁg@%sg %g%%gtie%

head pressure of vessel 303. Thus, when vesse dispense
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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.

0041}  Another advantage of the present invention is that the pair of
regulators 333,341 and 335,342 can be independently controlled. This
enables more fiexibility in the conirol process and reduces wear and tear on
the slave regulators so that the siave 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 fiow 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

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

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

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



[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 mai H{%?

Wgrzeo(?g/{]g?ﬁ‘ﬁ’fsned flow condition of the,fluid in the supply line gﬁ @6/907928
2006/096646 PCT/1JS2006/007928 16 [0040] The system 300 of the
present invention provides improved pressure control of the process fluid
over the prior art systems 100 and 200. Indeed, depending on the

an9|aaaﬁﬁwémim%ﬁ@df&'v@@ﬁ%@@&hﬁﬁ@%@%@@%m@w%&%ﬁ%e
invention may provide pressure control of the fluid in the supply line to

fordh §utne IR IBYHBINSL 5 psi of a predetermined setpoint with
continuous adjustment to maintain steady state conditions whereas
system 200 at best offered control from 1.5 to 3 psi of a predetermined
setpoint. [0041] Another advantage of the present invention is that the
pair of regulators 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] It is
anticipated that other embodiments and variations of the pr

W%\z/%ar??%ﬁ%\?ill become readily appargnt to the skilled artisan i(éﬁ%%%og?/a%%s
foregoing description and examples, and it is intended that such
embodiments WO 2006/096646 PCT/11S2006/067928 17 and variations
likewise be included within the scope of the invention as set forth in the
following claims. WO 2006/096646P¥$/US2006/007928 18 CLAIMS
I/We claim: 1. 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

U\hqhe ?;Iuid'to a supply line, an inert gas source for supplying an inert gas to

@ fiffMand second vessels, a controller and a sensor positioned in the

supply line, ¢ rising the steps of: receivi t.the controller. a control
o b Ce B HIRGATE E oreita s P PR (U e
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19 to a suppiy line, an inert gas source for supplying an inert gas to the first
and second vessels, a controlier and a sensor positioned in the supply line
comprising the steps of:
receiving at the controller a control sighal 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 lavel 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 jevel {o a second level of the first vessel; and
initiating & dispense cycie of the second vessel comprising the sieps
of:
detfermining a second signal from the control signal and a head
pressure between the first level and the second leve! of the first
vessal; applying a second pressure to the fluid in the second
vessel based upon the second signal; and dispensing the fluid

from the first ievel 1o the second level of the second vassel.



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 cy%l&%éhe
WO 2006/096840 . _ - 20
ec vessel comprising the stepg, of: determining a second signa
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 si%nal; and dispensing the fluid

2from tHeRRRR PIFRESLEBIRIGEV B Fandr eReiorrnicis dradisrense
2 O%éo 6646 PCT/USZé)OGlO 7%223f 19§7. T(f{).e method of Ckﬂ 1 wherein
CYRE BRSPS 8%‘1@8%H & TR DB HSE RSB hh ettty
' Vérorgl the dispense cycle of the second vessel. 3. The method of claim |
Wherein the step of dispensing the fluid from the first vessel includes
adjusting the inert gas pressure applied to the fluid in the first vessel in
response to the control signal to maintain a predetermined pressure in

zthe suppivling 4-oFRemeingdabFals !—*,%@Egcjffsﬂt?ls%gﬁg KRR AR e

the fluid from the second vessel includes ng the inert gas pressure
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to maintain a
first vessel in response to the control signal to maintain a predetermined

6%{]07928
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nressure in the supply line.

4. The mathod of claim 1 wherein the step of dispensing the fiuid from the
second vessel includes adjusting the inert gas pressure applied to the fluid in
the second vessel in response to the contro! signal to maintain a

predetermined pressure in the supply line.

5. The method of claim 1 further comprising the siep 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 vesseal,

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

fluid.



predetermined pressure in the supply line. 5. The method of claim | 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 v %

w uzrlﬁ(;g/{} 6gfgtep of dispensing the flyjd from the second veslg(g? ?’%ﬁh%égmgzg
method of claim 5 wherein the fluid source supplies a pressurized fluid.
WO 2006/096646 PCT/US2006/007928 20 7. The method of claim 5
wherein the step of filling the first vessel includes creating a vacuum in

fthe firdt'feB6éh s RitaiBW tHE HisE trshsBr ofliiltingthedirg. vRssehethod
_of claim | further comprising the step of filling the second vessel from a
IACIASE TEE UM P IRC YD BY UieJiplsTRG SR MuHRerave bechitd Tevelof the
f@giond vessel and during the step of dispensing the fluid from the first
§8H'§°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
duid frenm the i e T AP ARSI F81eb WPATRID Hhe SaRuiR

signal corresponds to
vessel from a fluid source after the step of dispensing the fluid to the second

tevel of the second vessel and during the step of dispensing the fluid from the

first vessel.
8. 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.

1. The method of claim 1 wherein the controt signal corresponds to the

pressure of the fluid in the supply line.

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

fiow rate of the fiuid in the supply line.



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
iR gRocicosois CTIUS20061007928 2115, The efied
d,from the group of semiconductor
process fluids consisting of acids, bases, solvents and
chemical-mechanical polishing slurries. 14. The method of claim | further
comprising the step of detecting the first level and the second level of the
uid W RSOOSR YASAEIVEedpiigdR Bplarird fsamsie o1BRE
method, of claim 1 further comprisin thfe step of detecting the first level
SRS EEERIPETE P B IS e JesCePaRF RN RESL6. The
method of claim 1 further.comprising the step of detecting the first level
c%% iﬁ?z"?gghﬁa]Fg\}/glogﬁmgf%ﬁﬁiﬁ The second vessel with capacitive,
optical or digital sensors. 17. The method of claim | further comprising the
step of detecting the first level and the second level of the fluid in the

15econgvesseloitty l9agd-cels 8 &%3%9&5 %&%@g@%@%@fﬁ%fﬁﬁf

a fluid in a bulk fluid distribution syste ng afir
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for supplying an inert gas to the first and second vessels, a controller and
ofdiginsaiapRsitioned in the supply line

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

tevel and the second level of the fiuid in the first vessel with load calls,

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

optical or digital sensors.

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

level and the sacond level of the fiuid in the second vessel with load celis.

18. A method for controlling the pressure of a fiuid in a bulk fluid
distribution systern 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 pesitioned in the supply line
cornprising the steps of:

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



comprising the steps of: applying the inert gas to the fluid at a first level in
the first vessel; WO 2006/096646 PCT/US2006/007928 22 dispensing
the fluid in the first vessel from the first level to a second level of the first
W\?eéoé}g{?ggafﬁsting the inert gas pressyre to the first vessel inPr%rglyyéﬁ(]s(}é;/ §'8%
signal from the sensor in the supply line in order to maintain a
predetermined fluid pressure in the supply line; applying the inert gas to
the fluid at a first level in the second vessel; dispensing the fluid in the
secoriiepessingriia fidripsthe sty essr! S feedirst tReetéeGnepressel;
and adjusting the inert gas pressure to the second vessel in response to a
leYie R e &&&®or in the supply line in order to maintain a

predetermined, pressure in the su line; wherein the inert gas pressure
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change in head pressure between.the, first, and second, level
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second leve e’first vessel. 19. A method for controlling the
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dispensing the fiuid in the second vessel! from the first level to a
second level of the second vessel; and

adjusting the inert gas pressure to the second vessel in response to a
signal from the sensor in the supply line in order to maintain a predetermined
pressure in the supply ling;

wherein the inert gas pressure supplied toAthe fluid at the first ievel 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

suppliad to the first level of the second vessal is adjusted for a head pressure

between the first and second levels of the first vesseal,

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
suppiying 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 iine comprising the steps of.

sending a contral signal from the sensor to the controller;



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
ositioned in the supply line comprising the steps of: sendi t

W |é?103(9f9r%(ﬁ16the sensor to the contrglier; WO 2006/096646 p&%@%{}abmg
PCT/US2006/007928 23 determining a first signal from the control signal
and a change in the head pressure of the fluid between a first level and a
second level of the_second vessel; applying a first inert gas pressure to
the fifiGEEEENsREEsL pigRThECRdbeigRRIQisiainaciRechiaros dnitte
first vessel to tfe['as%féﬁflg/ line and; determining a second signal from the
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Sfirst level 'anid a second level of the first vessel; applying a second inert
%%%1 ré&&Te to the second vessel based upon the second signal; and

dispensing. the fluid from the second vessel to the su line: 20. The
e A o i B R SR R B e
Mg Includes adjusting the inert gas pressure to the first vessel in

responsé to the control signal to maintain a predetermined pressure in the
SUPPdREnsing the fluid from the first vessel to the supply line and;

determining a second signal from the confrol signal and a change in
the head pressure of the fluid between a first level and a second leve] of 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 vesssl 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 conirol 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 fo the second vessel
in response fo the control signal to maintain a predetermined pressure in the

suppiy line,



21. The method of claim | 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 predetermi
WBALPEH the supply line. WO 2006/096646 PC /uszoog‘/’gfggg%g%ﬂ}ﬂmg

22. 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
2 heréiathasr&yserairiting Hifrsrspe ackadiubhé sl bfiuk remains

substantially constant. 23. An apparatus. for controlling the pressure of a

)Stal p .
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first vessel having.a first pair of sensors for detecting a fjrst leve| and
a0 AARVBNSFIRL FU) AR PSP UKL S HBE LR BP RE TG i the
con i of.sen for.detecting a first_level and a secand leye] of the
ol R e et oS
quwgtggr%essels; 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

23.  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 vessal;

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 regulaior is adapied to reguiate 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 reguiator is adapted to
regulate the pressure of the inert gas to the second vessel;

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

a coniroller adapted to receive a control signa! from the control sensor,

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



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 rein t
W&?e’é)gg/%g%r% adapted to alternately dispense fluid to the suppﬁ\él}%gg?g)gﬁd &0

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 WO 2006/096646 PCT/US2006/007928 25 pressure of the fluid
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Siﬁﬁ‘épﬂfitﬁé‘@%égna%ﬁgfér%m%r‘?ens' 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.

24, The apparatus of claim 23 wherein the first and second pairs of

sensors are capacitive, optical or digital sensors.

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

sensors are ioad cells.

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

giectro-pneumatic regulators,

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

dome-ioaded pressure regulators.

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

transducer.

2G.  The apparatus of claim 23 wherein the control sensor is a flow meter.



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. WO 2006/096646 PCT/US2006/007928 26 30. The apparatus
W W52 wherein the control sengor is wireless and the ggﬁﬁ%ﬁ?e? (Qu78
adapted to receive a wireless signal.

30.  The apparatus of claim 23 wherein the confrol sensor is wirsless and

the controlier is adapted to receive a wireless signal.



