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SYSTEMS FI ELD OF THE | NVENTI ON [ 0001] The present
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controlling the fluid conditions of a fluid in a fluid
di stribution system Mre particularly, the present
i nvention provides inproved apparatus and nethods for
controlling the pressure of ultra-high purity or
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slurries nmust be free fromlarge particles capabl e of
scratching the surfaces of the devices. Moreover,
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rocess fluctuations and manufacturing downti ne.
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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 slurries 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 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 fluid distribution systems have played an important role in semiconductor
manufacturing processes. Because these systems are substantially
constructed of inert wetted materials, such as perfluoroalkoxy (PFA),
polytetrafluoroethylene (PTFE), polyvinylchloride (PVC), polyvinylidine
difluoride (PVDF) or polyethylene (PE), and because they use either an inert



pol ytetrafl uor oet hyl ene (PTFE), polyvinylchloride
(PVQO), polyvinylidine difluoride (PVDF) or
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i nertpressurized gas or pump having inert wetted
materials as the notive force for supplying the
fluids, they do not substantially contribute to
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[0005] Moreover as discussed above, fluid distribution systems often supply
many tools. When a tool demands process fluid it begins pumping the fluid
from the supply line which causes the pressure of the fluid in the supply line to
drop by about 5 to about 25 psi. Typical fluid distribution systems having
pump-pressure vessel engines or pump-pulse-dampener engines do not
adequately maintain a constant or sufficient pressure in the process fluid
supply line. Accordingly, there is a need for a fluid distribution system that
provides a constant pressure and flow rate and eliminates pressure and flow

fluctuations of the fluid in the supply line.

[0006] A known fluid distribution system having a pump-pressure vessel
engine is shown in Figure 1. The pump-pressure vessel system 100 includes

a pump 101, typically an air-operated double diaphragm pump, having a



fluctuations of the fluid in the supply line. [0006] A
known fluid distribution system having a punp-pressure
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vessel system 100 includes & punp 101 , typically an
ai r-oper at ed doubl e di aphragm punp, having ashuttle
val ve 103. A high-pressure gas source 105, such as
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process tools) (not shown).

[0008] The pump 101 receives fluid from a fluid source 119 and dispense the
fluid into the top of the vessel 111. A vent (not shown) in the vessel 111
permits any gas to escape while fluid is being added to the vessel 111. Two
level sensors 121 and 123 (i.e. capacitive sensors) are used to monitor the
fluid level at a high position (indicated by sensor 121) and a mid-point position
(indicated by sensor 123) in the vessel 111. The vessel 111 contains an
internal pipe (not shown) that extends from the fluid inlet to a point just below
the mid-point sensor 123 in order to prevent splashing when the fluid enters

the vessel.



fluid level at a high position (indicated by sensor

121 ) and a m d-point position (indicated by sensor
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internal pipe (not shown) that extends fromthe fluid

inlet to a point just below the m d-point sensor 123

in order to prevent splashing when the fluid enters

t he vessel .[0009] During operation, when the fluid
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conditions at the points of use.

[0011] Accordingly, there is a need for an improved pump-pressure vessel
fluid distribution system that substantially reduces or eliminates pressure
fluctuations of the fluid in the supply line and assures uniform fluid conditions
at the points of use.

[0012] Another type of fluid distribution system utilizes a
pump-pulse-dampener engine. A common pump-pulse-dampener fluid
distribution system is shown in Figure 2. System 200 includes an air operated
double-diaphragm pump 201, shuttle valve 203, high-pressure gas
source 205, regulator 207 and controller 209 configured in the same manner

as described above with respect to the pump-pressure vessel system 100.



at the points of use. [0012] Another type of fluid
distribution systemutilizes a punp-pul se-danpener
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di stribution systemis shown in Figure 2 . System 200
i ncludes an air operated doubl e-di aphragm punp 201 ,
shuttl e val ve 203, high-pressure gas source 205,
regul ator 207 and controller 209 configured in the
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contrast, the third factor causes a decrease in the fluid pressure by about 5 psi
to about 25 psi resulting from the demand of one or more points of use (e.g. a
process tool). Thus, the pressure of the fluid in the supply line 215

continuously fluctuates during operation.

[0015] Accordingly, there is a need for an improved pump-pulse-dampener
fluid distribution system that substantially reduces or eliminates pressure
fluctuations of the fluid in the supply line and assures uniform fluid conditions
at the points of use.

[0016] It should be noted that systems 100 and 200 are operated in one of
two configuration: 1) with fab-wide recirculation; and 2) with internal

recirculation. When a system is configured to operate with fab-wide



conti nuously fluctuates during operation. [0015]
Accordingly, there is a need for an inproved
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fluctuations of the fluid in the supply |line and
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inert gas for supplying an inert gas to the vessel
fluidvin éhe vassel vdrareinttbe \nessalda@deotecbtcr regelvat the fluid from the
pump and dispense the fluid to the supply line; a source of inert gas for
supplying an inert gas to the vessel wherein a regulator is adapted to regulate
the pressure of the inert gas; a fluid sensor positioned in the supply line; and a
controller adapted to receive a control signal from the fluid sensor and to send
a dispense signal to the regulator to adjust the pressure of the inert gas to

maintain a predetermined pressure of the fluid in the supply line.

[0018] A method for controlling the pressure of a fluid in a bulk fluid
distribution system comprising a pump, a vessel having a level sensor and
adapted to receive an inert gas for pressurizing the vessel and dispense the
fluid to a supply line, an inert gas regulator for regulating the pressure of the
inert gas, a fluid sensor, and a controller adapted to receive a control signal

from the fluid sensor and send a signal to the inert gas regulator comprising



the pressure of the inert gas; a fluid sensor

positioned in the supply line; and a controller
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sensor and to send a di sperise signal to the regul ator

to adjust the pressure of the inert gas to maintain a
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[0022] FIG. 4 is a schematic representation of an embodiment of a fluid
distribution system having a pump-pulse-dampener engine of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Embodiments of the present invention are shown in Figures 3 and 4.
The invention is directed to a fluid distribution system having a pump-based
engine that provides stable control of the pressure and flow conditions of a
fluid in a bulk fluid supply line. Figure 3 shows an embodiment of a
pump-pressure vessel system 300 according to the present invention.

System 300 includes a pump 301 (e.g. a reciprocating pump, an.air-operated
double diaphragm pump or other type of positive displacement pump) having
a shuttle valve 303. The shuttle valve 303 may be an external shuttle valve or



[0023] Enbodi ments of the present invention are shown
in Figures 3 and 4. The invention is directed to a
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conditions of a fluid in a bulk fluid supply Iine.
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[0025] System 300 further includes a pressure vessel 311 constructed of an
inert wetted material such as perfluoroalkoxy (PFA), polytetrafluoroethylene
(PTFE), polyvinylchloride (PVC), polyvinylidine difluoride (PVDF) or
polyethylene (PE). A source of inert gas 313 (e.g. nitrogen) supplies inert gas
to vessel 311 to provide a driving force for the fluid through a filter (not shown)
and fluid supply line 315. Master regulator 318 (e.g. an electro-pneumatic
regulator) and slave regulator 317 (e.g. a dome-loaded pressure regulator)
control and regulate the pressure of the inert gas supplied to vessel 311.
While it is preferable to use a master and slave regulator configuration, a
single regulator (e.g. an electro-pneumatic regulator) may be used to provide
active control of the inert gas pressure based upon signals from the



inert wetted material such as perfluoroal koxy (PFA),
pol yt etraf | uoroet hyl ene (PTFE), pol yvinylchloride
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pol yet hyl ene (PE). A source of inert gas 313 (e.qg.
nitrogen) supplies inert gas to vessel 3 11 to provide
a driving force for the fluid through a filter (not
shown) and fluid supply line 3 15. Master regulator
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in the vessel 3 11 permts gas to exhaust while fluid
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3 11 However, capacitive, optlcal or di gital sensors
al so be used to nonitor the |lev of the fluid in
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setpoint, it sends a signal to master regulator 308 and solenoid valve 303 and
activates the pump 301. In contrast, when the controller 309 determines that
the weight is at the high setpoint, it deactivates the pump 301. Load cells, as
compared to capacitive, optical and digital sensors, are very sensitive to
changes in the fluid level in the vessel, so the setpoints can be configured to
control the weight within a narrow tolerance, which would minimize fluctuations
of fluid pressure in the supply line 315 resuiting from changes in fluid head
pressure in the vessel 311. Likewise, the setpoints could be configured to
maintain the same weight, which would eliminate any pressure fluctuations
resulting from changes in head pressure; however, in this configuration, the

pump 301 would operate continuously.



configurable. Wen the controller 309 determ nes that
the weight is at the |low setpoint, it sends a signal
wo eoormsdeer regul at or 308 and sol enoi d val ve 30BCHIS2006/007859
activates the punp 301 . In0contrast, when the
controller 309 determ nes that the weight is at the
hi gh setpoint, it deactivates the punp 301 . Load
cells, as conpared to capacitive, optical and digital
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Presgyis ¥°gﬁf§%'?f&rﬂ‘q@%é(e§%ﬁ§6'r1 | esrurg dctyatioas iathe supply
line Bigh | evel of the vessel 3 11 and anot her sensor woul d
be positioned at a m dpoint |evel of the vessel 3 11.
When the fluid | evel reaches the m dpoint sensor, the
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: 12§ f ations in the supply, |ljne 315.
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near the feed lines to the points of use (not

315 f eed > .
masigr faetyator3d 8derachivst dbainert gas dispensp eresatire {tdgulated by
i lyid i.n. the s ly line,
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confiabgenda {o ;t)r%vide stable control of the pressure and fluid conditions of the
fluid in the supply line 315.

[0030] The pump-pressure vessel system 300 of the present invention
substantially reduces or eliminates pressure fluctuations in the fluid in the
supply line 315 resulting from the following factors: 1) pressure loss across the
filters; 2) frictional losses from piping, valves and other such components;

3) changes in the head pressure of the fluid between the high and low
setpoints; and 4) demands for fluid from the points of use. Because the
pressure is controlled at the position of the sensor 325 in the supply line 315,
the controller 309 will automatically adjust the inert gas dispense pressure to
the vessel 311 to overcome the nearly constant pressure losses from the

filters and other system components. In addition, as discussed above, the



master regulator 318 to adjust the inert gas di spense

pressure (regulated by slave regulator 317) to the
woe®sedoodd 11 in order to maintain the fluid prEGEUSE06/007859

the supply line 315 at a udér configurable setpoint.

Thus, the system 300 is configured to provide stable

control of the pressure and fluid conditions of the

fluid in the supply line 315. [0030] The punp-pressure
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Sho‘M@(h@E@"ﬁé‘rrands for fluid frompoints of use are
sudden and unpredictable it is difficult to elimnate
any fluctuations resulting from such sudden pressure
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withewdenamissieingfa démandesigrials to the controller 309.

[0032] As shown in Figure 3, system 300 may also be configured to control
the pressure of the high pressure gas 305 to the shuttle valve 303. A master
regulator 308 (e.g. an electro-pneumatic regulator) would receive an electric
signal from the controller 309 and in turn send a pneumatic signal to slave
regulator 307 (e.g. a dome-loaded pressure regulator) to adjust the gas
pressure to the shuttle valve. While it is preferable to use a master and slave
regulator configuration, a single regulator (e.g. an electro-pneumatic regulator)
may be used to provide active control of the gas pressure to the shuttle
valve 303 based upon signals from the controller 309. The increased
pressure to the solenoid valves 303a and 303b in the shuttle valve 303, would
cause the diaphragms in the pump to move faster. Accordingly, during a
period of high demand as indicated by either sensor 315, a demand signal



poi nt of use every tinme it demands fluid. This signa

woul d be used by the controller 309 to predict the
wappsopwi@t e signal to send to the naster reguP@r/U8208d@7859

in order to achieve the nedgssary inert gas di spense

pressure to the vessel 3 11. The reaction tinme of the

controller 309 to dynam c changes in the supply line

315 may be faster in this configuration than in system
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pressure gas 305 to the shuttle valve 303. A
master regulator 308 (e.g. an el ectro-pneunatic

I . l d j ' '
to0a3]o Siriel) ingBE' el po RN TR A ol e of B
solerfdia VaIVea BOFH ahid 303b (cantls®be eitiusteadydne centulier 309 to
regul ator) to adjust the gas pressure to the shuytt]

incregsptae fiowi age of thespumer 3 1apPering opeeationthsicontrpngr 309
| t fi ' i
sendp P YBoF RS Hefigl Vel dianFsbsB Rt hBMeR &, | |
alterﬁalilt@zyt ’?ﬂi@gécltahd égg gmgydéz (ife. tdaeh g@ia/e}ofnrefssmroet iﬂca tyude).
shut'tl e val ve a upon Si s framthe
During Amesode! higo depand, E'a% & %%@F%%@?s\ﬁ?lé'dt'ecweéh? E¥EEd
rate %Héﬁe\ﬁoﬁ@:ﬂ%_sﬁﬂ% %qan@w?qlc{vﬂ%térﬂ‘ﬁtdu?ﬁ tMalpin$ 881 tMes!l d
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enough flui'd to the supply line 315 [0033] Simlarly,
systém A0tecasy sperata vathseithes fabrwitle reaircglationeorcipiaraak at e of
.sol enoi d val ves 303a and 303b can al so be adj usted
'3 controller 309 to increase the flow rate of the

punp 301 . During operation the controller 309 sends a
ignal to the solenoid val ves 303a, and 303b causi ng
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h the pu 301 t hus
shuttle vaIv% 403 reg%latn%d by a master regulator 408 and a slave

recir%@l%{

regulator 407, a controller 409 and a sensor 425 positioned in the supply

line 415. However, instead of a pressure vessel, system 400 includes a
pulse-dampener 411 downstream of the pump 401. Furthermore, while it is
preferable to use a master and slave regulator configuration, a single regulator
(e.g. an electro-pneumatic regulator) may be used to provide active control of
the gas pressure to the shuttle valve 403 based upon signals from the
controller 409.

[0035] The system 400 also includes a pulse-dampener 411 to minimize
pressure fluctuations in the fluid resulting from operation of the pump 401.
Reciprocating pumps, in particular, cause pressure fluctuations in the fluid

being pumped due to the mechénical oscillations of the pump and turbulence



provi di ng enough fluid to the supply |ine 315.

Accordi ngly, system 300 provides greater flexibility
wa@eaeoowto ol of the fluid conditions in the sup@El/ySioneie 7859

than the prior art system 180 di scussed above. It is

further contenplated that system 300 can operate with

either fab-w de recircul ation or internal

recircul ation. [0034] Anot her enbodi nent of the
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ul se-danpener 4 11 downstream of the punp 401
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val ve 403 based upon signals fromthe
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o fluctuations i e, fluid bein unpe ue to the
high LRl aaR Terlied 5 imblise-tmshsRrscuibs Gradeiait sered
upon & deheficesighal frdif thé Wosht oT%eW'tﬁ@‘s@ﬁE@em p?sijcii'med in
i ncl udes an internal diaphragmor a bellows (not
the sgppliine. Hi gh pressure gas 405 is supplied to the top
of the diaphragmand is regul ated by mechani ca
regulator 4 17 (e.g. a done-loaded pressure

[0036] edukebpstbm 360 ttherdars seVealactdis thdtthay ldad fersdep! y
line 415 fluctuates, the upward force against the
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3) pradsure quilshtioasfeph dice pumy; land 4) demands for fluid from the
points of use. To compensate for such pressure fluctuations, system 400
monitors the pressure in the supply line 415 and adjusts the pump pressure
and/or stroke rate to compensate for any changes.

[0037] During operation, the controller 409 either continuously or periodically
receives a signal from sensor 425 corresponding to the pressure of the fluid in
the supply line 415. The controlier 409 attempts to maintain the pressure of
the fluid in the supply line 415 at a user configurable setpoint by adjusting the
speed of the pump 401. The controller 409 can accomplish this by adjusting
the pressure of the gas 405 supplied to the shuttle valve 403 or adjusting the
cycle rate of the solenoid valves 403a and 403b, or by doing both.



an el ectro-pneumatic regul ator (not shown) that would
enable the controller 409 to actively adjust the

wpe@ssuneo of the gas 405 supplied to the pul sePCEHIR®NE007859
in order to inprove its pend#ormance in reducing
pressure pul sations of the fluid in the supply line
415. In addition, the pressure of the high pressure
gas supplied to the pul se-danpener coul d be regul at ed
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recei ves a signal from sensor 425 corresponding to the
pressyreda the sepply ieer’® d in the supply line 4 15. The

controller 409 attenpts to nmintain the pressure of
the fluid in the supply line 415 at a user
[0039]:orWhgnrtbb lcentreligrat 04 adjystsdthestyiclegrate of Hseseleaeid: he

troll 409
veiv e S 20EC SR PGt e 628 AU ki U
the véiwst & il eAAd ﬁésﬁﬂdeuﬂ{é Eghttdmer ﬂEQ'c@cre%ttheQifal\Idwt a
sol enoi d val ves 403a and 403b, or by doing both.[0038

fasteWaie wihercasio rreqiw@tWeaaw@stise eorirglles sydies the SPH?@O'
| 401 , it d |t
vaiveiBods B R A J80B BRGH ust 1 he gas pressare

supplied to the sol enoid val ves 403a and 403b. If the
ressure i s higher, a greater force of pressure wll

[0040be Epprorioles 409anay #sie agHs! bathithe DEeriE e gas
suppﬁf&é ﬁé?ﬁ? Fg\;ﬁ\}'ﬁ r%@eg}fﬁ%%Bgﬁqgﬁéfrecﬁt}égssﬁge%ﬁ %h‘,'egﬁd& :édai n
and 40@b s aehigve ioptimunh parfornance. For example, when the pressure
in the supply line 415 drops, increasing the pressure to the solenoid
valves 403a and 403b may quickly cause the pressure of the fluid in the
supply line to increase, but the pressure pulsations resulting from operation of
the pump 401 could be larger. Thus, it may be beneficial to increase the
pressure to the solenoid valves 403a and 403b by a percentage of the
required pressure and to make up the additional pressure by increasing the
cycle rate of the solenoid valves 403a and 403b.

[0041] The present invention as shown in Figures 3 and 4 provides stable
control of the pressure and fluid conditions of fluid supplied to points of use
(e.g. semiconductor process tools) during manufacturing processes.
Semiconductor manufacturing processes have long needed improved

pump-based fluid distribution systems to supply fluid at constant pressure and



pressure is supplied to the sol enoid val ves 403a and
403b, then the diaphragns nove nore slowy and with

wo e®s/of@ice, thus reducing the fluid pressure POI/UK®06/007859
supply line 415. [0039] Whéhm the controller 409
adjusts the cycle rate of the sol enoid val ves 403a and
403b, it sinply changes the rate at which it triggers
and fires the valves. To increase the pressure, the
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[ 0040] The controller 409 nmay al so adjust both the
pressure of the gas supplied to the punp 401 and the
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forthlimthgefalloWing claimsmay be beneficial to increase the
pressure to the sol enoid val ves 403a and 403b by a
percentage of the required pressure and to nmake up the
addi tional pressure by increasing the cycle rate of
the sol enoi d val ves 403a and 403b. [0041] The present
i nvention as shown in Figures 3 and 4 provides stable
control of the pressure and fluid conditions of fluid
supplied to points of use (e.g. sem conductor process
tool s) during manufacturing processes. Seni conductor
manuf act uri ng processes have | ong needed i nproved
punp- based fluid distribution systens to supply fluid
at constant pressure andfluid conditions to ultimately
i mprove the yield of sem conductor microcircuit
devices. [0042] It is anticipated that other
enbodi nents and variations of the present invention
will becone readily apparent to the skilled artisan in
l'i ght of the



foregoi ng description and exanples, and it is intended
that such enbodi nents and variations |ikew se be

w0 p@bagieto Wi t hin the scope of the invention asPGEUS2006/007859
forth in the follow ng clailes. CLAIMS I/W claim 1. An
apparatus for controlling the pressure of a fluid in a
supply line of a fluid distribution system conpri sing:
a punp adapted to receive the fluid froma fluid
source; a vessel conprigﬂPﬁM% | evel sensor for
measuring a level of th d in the vessel wherein
the vessel is adapted to receive the fluid fromthe
punp and di spense the fluid to the supply line; a

I/Weglaime of inert gas for supplying an inert gas to the
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fluid distribetion systerh icoiprishd: 2 control | er adapted to
receive a control signal fromthe fluid sensor and to
seAPUNBPSsRIRGIpIase g tbe flughipm & fluisbsewgal at or t o
adj SLIT ' . It @i o
o Sdseer RBRREPYE ee! SqfRoh el ding alBld il fuid in
the veésael whereilithe appaelds aslapfedcloaieteivevhe figid frohetheguahp
nsor_ i cell. 3. The apparatus of claiml

l. oad .
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sensors. 4. The appara
regulalepis adapted teseguldtd thegiressurenf thelirert gdsf rom t he

r . ensors,. consi sting of capacitive, optical and
gi gﬁ@ﬁgg@%@&%aqu'inﬁh?ﬁgpQ&dealngvel senrs)or i's
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vessel . 5. The apparatus of claim1l wherein the vessel

and do Aphd SedisEeR prassurmsianpk. the regelatgriaradiust the pressure
of ti RBR'Rs ol &b Fred it phesstfd §F ednlindThe supply

line.
2. The apparatus of claim 1 wherein the level sensor is a load cell.

3. The apparatus of claim 1 wherein the level sensor is selected from the
group of sensors consisting of capacitive, optical and digital sensors.

4. The apparatus of claim 3 further comprising a second level sensor
selected from the group of sensors consisting of capacitive, optical and digital
sensors wherein the second level sensor is adapted to measure a second
level of the fluid in the vessel.

5. The apparatus of claim 1 wherein the vessel comprises a polymer
material.



the group of polyners consisting of perfluoroal koxy,
pol yt et raf | uor oet hyl ene, pol yvi nyl chl ori de,

w@eiogwdasyd i di ne di fluoride and pol yet hyl ene. 7PCTTg2006/007859
apparatus of claim1 whereilh the fluid is a
sem conduct or process fluid. 8 The apparatus of claim
7 wherein the sem conductor process fluid is selected
fromthe group of fluids consisting of acids, bases,

c i cal - mechapi cal ol ishi i d, 50 :
6. 5. TheePRBRRraPLE R VAP M BplihieriaRRd, fraiged from
the g”rBuB|o?‘fb[ﬁné’r%%dﬂ%lsltiﬁgfcﬂ‘%rﬁl&balkb%, pdigtetflaoratisylofie,
claim1 further conprising a slave regulator for
polyvisyichtarideg polyeinylidiss gituaside: anrd Pﬂ@?ihyg%?-and adapt ed
to receive a pneumatic signal. 11. The apparatus of
claim9 further conprising a slave regulator for

7. I ePHé @At ef prassuwaensin thefluidds . gEmicandueiba preckss
_to receive a pneumatic signal fromthe

fluide| ectro- pneumatic regulator. 12. The apparatus of 1
wherein the punp conprises an external shuttle valve
having a pair of solenoid val ves and wherein the _

8. coTheapperatus oA dmimetiwhereidijthes semficonsuctar pracessfluidrie
sol enoi c{ val ves. tus o[)acl aim 12 wherein

t

3., Th
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! MR REISHiRG sRIrAESaRd isBRlensdippl i ed by the
Che@Lpp‘) y?ﬁl%ne agd aollj %sst rt he cycle rate based upon the

demand signal. 14. The apparatus of claim1l wherein
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regu‘.fgl-@}_tl eval ve having a pair of solenoid valves for
supplying the high pressure gas to the diaphragns. 15.
The apparatus of claim 14 further conprising a high

10. |to Li‘ﬁ%%ﬁ)ag?@sro?%\‘gﬁt Phuridr c{ogfgﬂ'[s?é ﬁ%lé\}éere%ru?agtél"fcﬁ of

Ssure gas suppl .
regulating the pressure of the inert gas and adapted to receive a pneumatic

signal.

11.  The apparatus of claim 9 further comprising a slave regulator for
regulating the pressure of the inert gas and adapted to receive a pneumatic
signal from the electro-pneumatic regulator.

12.  The apparatus of 1 wherein the pump comprises an external shuttle
valve having a pair of solenoid valves and wherein the controller is adapted to

adjust the cycle rate of the solenoid valves.

13.  The apparatus of claim 12 wherein the controller is adapted to receive
a demand signal from a semiconductor process tool supplied by the supply
line and adjust the cycle rate based upon the demand signal.

14.  The apparatus of claim 1 wherein the pump is an air-operated double

diaphragm pump comprising a pair of diaphragms and an external shuttle



shuttle valve. 16. The apparatus of claim 15 wherein

the controller is adapted to send a signal to the high
wWEe@ssuneo requl ator to adj ust the pressure of PEEUKI06007859

pressure gas to maintain the fluid at a predeterm ned

| evel in the vessel. 17. The apparatus of claim 15

wherein the controller is adapted to send a signal to

the regulator to adjust the pressure of the high

ressur as based.upon a . demand .signal.froma
valv BN il St D808 6 b Y pigrpsSure grsian
the dfaphwigrher conprising a slave regul ator adapted to
receive a pneumatic signal fromthe high pressure

regul ator and regul ate the pressure of the high

pr ' t fde valye 19 . The
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reguilatoe foradegatating ltke padssrd @V tvghighneriesswe g Quspliéd to the
al ves and wherein the controller is adapted to adj ust
Sh“%ﬁé’ ¥essure of the high pressure gas supplied to the
sol enoi d val ves. 20. An apparatus for controlling the
pressure of a fluid in a supply line of a fluid
16. di Sheiapparainsof staém tHwberaintige cenpolhgy ibadaptedato send a

sianghts behigRerSled Peodlnind aBiist i arssinel ARIEhT r om
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line; a source of high pressure gas for supplying a
hi gh pressure gas to the pair of solenoid valves;a

hi regul ator. for regul at.ing the
17. o SR HBRBE B RRgr R Bk tiin 4% cE B3 i Blleblst fesond a
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supply line; and a controller adapted to receive a
Upo'&é‘rf&?rﬁﬂn%ﬁ@ﬁ‘él frepopnseficanduciorsynsess taalk nai ntain a
predeterm ned pressure of the fluid in the supply
line. 2 1. The apparatus according to claim20 further

18. cofliheiapipagatas pfikckdm 15 further comprising a slave regulator adapted
to receive a pneumatic signal from the high pressure regulator and regulate

the pressure of the high pressure gas supplied to the shuttie valve.

19.  The apparatus of claim 1 wherein the pump comprises an internal
shuttle valve having a pair of solenoid valves and wherein the controller is
adapted to adjust the pressure of the high pressure gas supplied to the

solenoid valves.

20.  An apparatus for controlling the pressure of a fluid in a supply line of a
fluid distribution system comprising:

a pump having a shuttle valve comprising a pair of solenoid valves
wherein the pump is adapted to receive the fiuid from a fluid source and
supply the fluid to the supply line;

a source of high pressure gas for supplying a high pressure gas to the
pair of solenoid valves;



danpener positioned in the supply |ine downstream from

the punp. 22. The apparatus of claim20 wherein the
wpuioseoganpener conprises an internal di aphr agh@EOS2006/007859

wherein the source of highlpressure gas supplies high

pressure gas to the top of the internal diaphragm 23.

The apparatus of claim22 wherein a second high

pressure gas regul ator positioned to regulate the high

lied h I . 24  Th
T R T A
presstire ¢iag G Uppliad th thadsslbRoidl valgedil at ors consisting of a
dome- | caded pressure rgtgul ator and an

el &fyid sphsompesitonneidhiesupphuling;@nd 25. The
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pressure gas supplied to the top of the internal
di aphragm 26. The apparatus of claim 20 wherein the
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dantpiegier positioned igdwe suppy lied dowrtstreapufrom ®é pdrhp.
apparatus of claim 20 further conprising a slave
regul ator for receiving a pneunatic signal fromthe
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| 2i .M. 2 in th troller i
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gas supplied to the sol enoid valves. 30. The apparatus

of %I aim 20 wherein the punp conprises an external
23. shiheIapPpspilis o SlaIME 2 wherein 6f segand: high paesasse gas1.
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dampahees. 32. The apparatus of claim20 wherein the punp
is an air-operated double

24.  The apparatus of claim 23 wherein the regulator is selected from the

group of regulators consisting of a dome-loaded pressure regulator and an

electro-pneumatic pressure regulator.

25.  The apparatus of claim 23 wherein the controller is adapted to send a
signal to the second high pressure gas regulator to adjust the pressure of the
high pressure gas supplied to the top of the internal diaphragm.

26.  The apparatus of claim 20 wherein the controller is adapted to send a
signal to the high pressure gas regulator to adjust the pressure of the high
pressure gas supplied to the pump.

27.  The apparatus of claim 20 further comprising a slave regulator for
receiving a pneumatic signal from the high pressure gas regulator.



di aphragm punp. 33. A nethod for controlling the
pressure of a fluid in a bulk fluid distribution

W@ y@bem6et®NpPri sing a punp, a vessel having a | BOBUS2006/007859
sensor and adapted to recei2te an inert gas for
pressurizing the vessel and dispense the fluid to a
supply line, an inert gas regulator for regulating the
pressure of the inert gas, a fluid sensor, and a

28.CO ”ﬁﬁ%é} ;gé rg@ﬁ%@lﬁ 8%1 Hﬁj QQ w g}’rgthgréqomn% :‘S,‘%lp’rpé'ls%ﬁ 2’:1':1( i?)g%g]al

shuttmgmlae@avmgrmpamaﬁgotelme@vapés of : maintaining a first
| evel of the fluid in the vessel by adjusting the flow

rate of the punp based upon a signal fromthe |evel
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to the supp i ne; usting th

the presssue of ﬁlmbllghqﬂessurelgasvsamkedtto tive isoledblt] Tiéﬂees
pressure of the fluid in the supply line at a user

def i ned set point.
30.  The apparatus of claim 20 wherein the pump comprises an external

shuttle valve having a pair of shuttle valves.

31.  The apparatus of claim 30 wherein the controller is adapted to adjust

the cycle rate of the solenoid valves.

32.  The apparatus of claim 20 wherein the pump is an air-operated double
diaphragm pump.

33. A method for controlling the pressure of a fluid in a bulk fluid
distribution system comprising a pump, a vessel having a level sensor and
adapted to receive an inert gas for pressurizing the vessel and dispense the
fluid to a supply line, an inert gas regulator for regulating the pressure of the
inert gas, a fluid sensor, and a controller adapted to receive a control signal
from the fluid sensor and send a signal to the inert gas regulator comprising
the steps of:

maintaining a first level of the fluid in the vessel by adjusting the flow
rate of the pump based upon a signal from the level sensor:

pressurizing the vessel to dispense the fluid to the supply line; and

adjusting the inert gas pressure supplied to the vessel to maintain the

pressure of the fluid in the supply line at a user defined setpoint.



