LE QUiam®bl SPENSI NG APPARATUS AND METHOD

BACKGROUND OF THE | NVENTI ON The prese@ﬁi@ge‘!tzfn elates to
an apparatus and nethod for dispensing a liquid to n r re points
of use. More particularly, the present invention rel.gt’ﬁ?‘gto%;vh an
apparatus and net hod invol ving subj ecting each of a pl i of chanbers
to a cycle in which during a fill node the chanbers are filled with
the liquid, during a dispense node the liquid is driven fromthe
chanbers to the one or nore points of use, and during a return node
unused liquid fromthe point or points of use is returned to the chanbers.
Even nore particularly, the present invention relates to such an
apparatus and nethod in which the 10 cycle is conducted such that when one
chanber is in the di spdiIQUIPDISPENSING APFARATUS AND METHODhe return
node, thereby to allow for the continued circulation of the |iquid.

The prior art has proved a nunber of systens for |iquid dispensing that

have particul ar application to the industrial dispensing of process
chem cals. One mmj or application of such apparatus is the sem conduct or
fabrication industry in whi cly£8REBREAND OF TRASNRRRN or esi st, slurries,
and etc. are distributed to mpm%ﬁ?l%_mch as tool s
used in such fabrication. In the case of a slurry, the point of use can be
a punp enpl oyed to feed a polishing tool used in chem cal nechani cal

pol i shing or pl an&he prgsandinvention relates to an apparatesoangimethad for slispensingia tiquid to
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reci procati ng punpi ng equi pne uch non- pulsati ow can
produced by whichglupingadill mode greadhambers aeenfille} with the liquid, during a dispense mode

the liquid is driven from the chambers to the one or more points of use, and during a return

mode unused liquid from the point or points of use is returned to the chambers. Even more
particularly, the present invention relates to such an apparatus and method in which the
10 cycle is conducted such that when one chamber is in the dispense mode, another chamber is

in the return mode, thereby to allow for the continued circulation of the liquid.

The prior art has proved a number of systems for liquid dispensing that have
particular application to the industrial dispensing of process chemicals. One major
application of such apparatus is the semiconductor fabrication industry in which chemicals
such as photoresist, slurries, and etc. are distributed to one or more points of use such as
tools used in such fabrication. In the case of a slurry, the point of use can be a pump

employed to feed a polishing tool used in chemical mechanical polishing or planarization.

Although pumps are used for liquid dispensing, it can be important, particularly in
the case of semiconductor fabrication, that the chemical be distributed to the points of use
20 without the type of pulsation in flow that can be caused by reciprocating pumping

equipment. Such non-pulsating flow can be produced by using pressure vessels to conduct



1 G- t he di spensing.. The pressure vessels used for such purpose

are pressurized with a chem cally non-reactive gas (wth respect to the
process being conducted) such as ultra- hi gh purity nitrogen. For
exanple, U S. 5,417,346, has liquid being dispensed.-fromthree pressure

vessel s that are first evacuated to draw in liquid. Thereafter, the
pressure vedbeldispensingir €Ther pestré esselsi vied rfor rsug}narpmposdlxpmeunmé withyai d.
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di spensed can_he very corrosive and/ or abrasive and as such val ves can
act as poi ntAdddifionsdugageirglpted Prablempigoccur where several feals prpainfof &ﬁ%g@ ded byyone
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to regulate the entire response of the dispensing system to changes in demand by way of
regulating the pressure within the return lines that recirculate liquid back to the bulk
sources through pressure regulation valves that regulate liquid pressure. The problem with
20 using valves to assure constant flow conditions is that chemicals to be dispensed can be
very corrosive an;:l/or abrasive and as such, valves can act as points of potentfa.l wear and

maintenance in the dispensing apparatus.

As will be discussed, the present invention provides an apparatus and method for
dispensing liquids that incorporates a cyclic operation that inherently allows for continued
circulation of the liquid and also, is particularly amenable to controlling flow conditions at
the point or points of use without that use of valves that are in contact with the liquid to be

dispensed.



2 ' . SUMVARY OF THE | NVENTI ON
The present invention provides an apparatus for dispensing |iquid under

i mpet us of gas pressure to at |east one point of use. To this end, a
plurality of chanbers are provided, each having. di spense, return and
fill nodes of operation in which liquid is driven t herefrom unused

liquid is returned, and new | S} YO THE TI&pectively. Aliquid

distribution systemis provided having a flow circuit connected to the at
| east one point of use to feed said liquid fromthe pressure vessels

and to return sai-,. 1 . | L Qi . @M t d . one.poi nt .of use
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I n anot her aspect, the present invention provides a nmethod of dispensing

liquid to atthe at lqagiqene peint pbuse: Blie liguid distributivor syateoe alsb thas shealveendiwdrkeach
of a plurality of .chanbers is sybj ected t.o_di spense, _return and fill
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operation.
means is provided for driving the liquid from each of said chambers into the liquid

distribution system during the dispense mode of operation.

In another aspect, the present invention provides a method of dispensing liquid to at
least one point of use. In accordance with the method each of a plurality of chambers is
subjected to dispense, return and fill modes of operation in a cycle so that when a one of
the chambers is in the dispense mode of operation, a further of the chambers is in the

20 return modes of operation. Liquid is driven from each of the chambers during the
dispense mode of operation to the at least one point of use and unused liquid is returned
back to the further pressure vessel undergoing said return mode of operation. Each of the
pressure vessels is filled with new liquid to be dispensed during the fill mode of

operation.

Preferably, the apparatus and method of the present invention is conducted with
three chambers so that the process is continuous. However, the present invention could be

practiced with two chambers. In such case there might be a slight discontinuity of



Preferably, the apparatus and nmethod of the present invention is conducted

wth three chanbers so that the process is continuous. However, the
present invention could be practiced with two chanbers. In such case
there m ght be a slight discontinuity of :

3 operation between the end of the return node and the end of

the fill nodepesation bebreentthe/endyof the returh erode midythe end of dleefild wexde ap altématively,
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amenable to assuring constant flow conditions at the point or points of use by assuring a

constant liquid pressure at the points of use. In case of pressure vessels this can be
accomplished by regulating gas pressure in the pressure vessel subjected to the dispense
mode and internal pressure of the pressure vessel subjected to the return mode. Other
advantages and aspects of the present invention will of course become apparent from the

drawings and detailed description.
20 BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims distinctly pointing out the
subject matter that Applicants’ regard as their invention, it is believed that the invention
will be better understood when taken in connection with the accompanying drawings in
which - Fig. 1 - is an apparatus for carrying out a method in accordance with the

present invention.



subject matter that Applicants' regard as their invention, it is believed

that the invention wi |l be better understood when taken in connection
wi th the acconpanying drawi ngs in which Fig. 1 is an apparatus for
carrying out a nethod in accordance with the present invention.

DETAI LED DESCRI PTI ON
Wth reference to the figure, an DUBESCRIPHON I dance with the present
invention is illustrated. Apparatus 1 is designed to di spense chemi cal
i qui ds such as slurries to points of use to 2 and 3 which in case of

slurries could beygPeld | t dithe_liauid to.a.chem cal
mechani cal poli shing ?%%I?h&l d "Eheo'ﬁgﬂre, #n %Sltélﬁ%t &sﬂla%?ﬂ%f‘g?/ivﬂg’d% pﬁ:sen?
pressure veshebstiohlis illdstaitsd. 1AppAatudill is Righes @6 Hfknse chenfBéft NiRidsAueR T e
vessels 10, 12 and 14 is subjected to dispense, return and fill" nodes o
oper ati on. | flutri¢e taipeiptsof wsaiodkandshwhichfin paseof shigriesawsll be d Geristaltiapdmp4oi s
pressurized Lo .feed liquid to points of use 2 and 3. The liquid is

di stributed %F%Fheéb%‘ﬁ‘e‘é}fa%&@&L%d%‘g@@élg}%gt%, 12 and 14 through a
liquid distribution system 16 having a flow circuit 18 connected to

points of use 2 and 3 to feed liquid frompressure vessels 10, 12 and 14 to
points of use 2 Appaads 3 igpdvided withpressie wesels| 10012 gnd Ner R Wb akkussa,
pressure vessels 10, 12 and 14. The ,unused liquid is then routed to a
pressure ves®ash of pressure vessals 104)12 and ddgoiswhjectedt tor dispense, returmrentk fill lmagles of

di stributi t 1 SO h I t kK 20 t t he fl f
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12 and 14, rRePAGHDS bYints of usé¥ y.ggh@ﬁguiﬂlié Hﬁ§&fbﬁ{e9(hon"i‘leicpl6f%ws§{ug b@ésag
shoul d i ncorporate snboth radius bends sd as to prevent shearing o

l'i qui ds sichl®yd2snd 4 itlesugh Pliqdd diseibotipn sgsteay $6 Baving 8 flowosiiclR18 connected to
communi cati on Jbet ween g@?ressure_ source (hot illustrated but as coul d be
appr eci at ed Pgjnts of use,2 and 3 to feed diqpid froma pagssure wagselsilPed2 andjl4 o pointsofesd 2 and

? ggp;gfi 529;8{2153 2 to>fndh %n&sdt':d q{qm%othexg ot bhck to %?esss%res v%s%éls jl%, %"gnd1 ?4. The

unused liquid is then routed to a pressure vessel (10, 12, and 14) undergoing the return

mode. Liquid distribution system 16 also has valve network 20 to control the flow of liquid
to and from bottom regions 22, 24 and 26 of pressure vessels 10, 12 and 14, respectively.

Although not illustrated, all liquid piping should incorporate smooth radius bends so as to
prevent shearing of liquids such as slurries. Pressure piping system 28 provides
communication between a pressure source (not illustrated but as could be appreciated by
those skilled in the art, vaporized liquid nitrogen) and the top regions 30, 32 and 34 of

20 pressure vessels 10, 12 and 14, respectively.

As will be discussed, liquid pressure within flow circuit 18 is sensed and the
pressure within the pressure vessels as they undergo dispense and return modes is adjusted
to control liquid pressure so that it remains substantially constant. This pressure control

will ensure that the flow rate of liquid to each of the points of use 2 and 3 remains constant.

Flow circuit 18 has dispense legs 18A and return legs 18B to send liquid to points

of use 2 and 3 and to return liquid from points of use 2 and 3 back to valve network 20. It

5



As will be di scussed, liquid pressure within flowcircuit 18 is sensed and

t he pressure within the pressure vessels as they undergo di spense and
return nodes is adjusted to control liquid pressure so that it remains
substantially constant. This pressure contr ol will ensure that the flow

rate of liquid to each of the points of use 2 and 3 remains constant.
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of points of advaatagédusivehetethb sinpletpetht bhase vas@iséd i@feemittently. | nventi on woul d

even have applicability to a single point of use and would be particularly

advant ageous where ‘the single point of use was used intermttently.

h.th h of '
n the " i epeNaleTRREH 20 fetined syl FFireathof @?ﬁé@i@%@%iﬁsﬂé i
a return nodgg &E@&ﬁﬂd@gattIE%ES | nc ggggdprkésﬂfé'\%s{eﬁso lﬁg'rgltuﬁl %glé’fe e:%g@f he =
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38 to which unused liqujd returns fromreturn leg 18B. A supply manifold 40
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preferred. Val ve network 20 is provided wth groups

cut-of f and disparsed: ahlthaughmotlustraiéd, any michrswanbe uselforl transfar fipni hbulk%?t}lcuetls
nodes of operat of pressure vessel s 10, 12, and 14, The cut-o0

val ves have Wp’éh? Eqr jstencs o PUmB&raviey, 4| waeuamdcauld beuisask with me pertiswlanf
l'i quid, Er%e&id IFTL%H' a‘he check valves allow flow in only one
direction. Specif First and

Valve network 20 is provided with groups of cut-off and check valves to control
flow of liquid during the various modes of operation of pressure vessels 10, 12, and 14.
The cut-off valves have open and closed positions to allow and to cut-off the flow of liquid,
respectively. The check valves allow flow in only one direction. Specifically, first and
second cut-off valves 44 and 46 and a set of two check valves 48 and 50 are associated
with the operation of pressure vess.el 10, first and second cut-off valves 52 and 54 and
20 check valves 56 and 58 are associated with the operation of pressure vessel 12 and first and
second cut-off valves 60 and 62 and two check valves 64 and 66 are associated with the
operation of pressure vessel 14.. Note that the two check valves (48, 50, 56, 58, 61, 66) are
oriented to permit liquid only flow from return manifold 38 or to distribution manifold 36.

Thus, assuming pressure vessel 10 is in a dispense mode, first cut-off valve 44 will
be set in the closed position and second cut-off valve 46 will be set in the open position.
This will allow liquid to be driven from pressure vessel 10 to distribution manifold 36 and

then to dispense leg 18A of flow circuit 18. When pressure vessel 12 is in the dispense



second cut-off valves 44 and 46 and a set of two check val ves 48 and 50 are

associ at ed with the operation of pressure vessel 10, first and second
cut-off valves 52 and 54 and 20 check valves 56 and 58 are associated with
the operation of pressure vessel 12 and first and . second cut-off valves

60 and 62 and two,  check valves 64 and 66 are associated with the
oper ati on of mpde fisirait-plsealve Swill beosed int thetclaserd posittorcanelciecarsl cutoff vilve S0,
56, 58, 61, 6 are. oriented to.permt liguid only flow fromreturn
mani fol d 38 P‘?eosegf%’thf’ CBER F5HIQ %‘P’F’gﬁ& When prebsire vessel 14 is inythg dlispgase madeg
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be set in the closed position a secon va Wl e

t he open posinttheopen positibhi s will allow liquid to be driven from pressure
vessel 10 to distribution manifold 36 and then to di spense | eg 18A of
flow circuit 18. \Wen pressure vessel 12 is in the dispense

6 d first t-off 52.wll, b et int | d
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cut-off valve 60 will be set in the closed posifion an econd cut’-

val ve wi || belosedtposition and sdtendpesvfpeabiet 348 open position. Unused 1Rjuid Wl fibwiack
unctioning in the dispense node, pressure vessel

pressure vessel !110 i S i n .
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flow circuy tTHRS, the cuebHalyTRaihofn pad i &oki 56
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di stributi ongaBeihle0dil bk AGw P BressurizEdlidthid ABRMN: I dRBibution manifold 36 to the
return manifold 38.

When pressure vessel 10 is in the dispense mode and pressure vessel 12 is in the

20 return mode, pressure vessel 14 will be in the fill mode. To this end, first cut-off valve 60
is set in the open position and second cut-off valve 62 is set in the closed position. Liquid
enters inlet 42 from the bulk source, flows into supply manifold 40, and then into bottom
region 26 of pressure vessel 14. When pressure vessel 10 is in the fill mode, first cut-off
valve 44 will be set in the open position and second cut-off valve 46 will be set in the
closed position and when pressure vessel 12 is in the fill mode first cut-off valve 52 will be

set in the open position and second cut-off valve 54 will be set in the closed position.



When pressure vessel 10 is in the dispense node and pressure vessel 12 is

in the 20 return node, pressure vessel 14 will be in the fill node. To this
end, first cut-off valve 60 is set in the open position and second
cut-off valve 62 is set in the closed position. Liquid enters inlet 42

fromthe bul k source, flows into supply manifold 40, and then into bottom
regi on 26 of presAftera pressuied vebsel (M) &2, quiid)sis im the\dispexrse midalej it wiilifinborf iinlthe

node, first cut-off val ye 44 wi |l 1_be set, {n the open position and
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preferable that the sw t.chi ng, between . hodes not be, instantaneous and as
such, at anygllﬁ?f‘éls? e @9" ’?Chpﬁ"@ﬁfa&F%“%%B?est@E opepatiogy the presguze ywessel, of
function in L SRRAS ' t ssure. -
vessels w | IEhngg e nglee E%%?Eﬂ%g@égg%@@%@@@%g rrﬂ-l;‘{]gﬁ Z’b"‘%éﬁ‘é’ﬁ# ?‘?ﬁ%’nﬂ%&’e

and that havimbterninahé dispense mode and the dttiep pressurév&iSel vAfl Bkt fikdtonSh el rbRALOUS
di spense node gperation, the pressure vessel, of the two pressure

vessel s thatmpde Ryying tistimey acthirg|oftthel prassure ivesselsotid;, 12idr| 14cthat hadide¢ro
function jn the.di.spense nmode and.the ot her pressure vesse] wll, next
function 1n fuﬂgm?né?éj eret‘“ﬂ&?@?“ﬂi?ﬁﬂé“?‘ﬁ%&ﬂ‘glﬁ? f‘H“"Pﬂ‘P?‘HJtB?n $Witchjntadhgr e
vessel s 10, AR m&de. 1ThdsEMendfd HEH f Al ' : ;HEP]F gag% i
al so si mul tan_eousley o) funeélti n angdet}’(r%lg%S tlé\r/y}{:%eﬁp:pﬁfg%drgﬁ{eﬁ&n{ng i1t °RS e.é’vI
These bl endi withinfflovw dizsuint8. s At avilh be \désetisspd, the tggeting 68the anfleé IsBne6ed by N9
within flowgircuit 18. As will be discussed, the triggering of the nodes
is controll eJéqLB‘g evel defectioR.d | evel det ecti on. Val ve network 20
is also provided with a cut-off valve 68 to cut-off the flow froma
bul k supply. Also, a cut-off valve 70 is provided. During nornmal operation,
cut-off valve = VdRenstwogk 20 i ddoPréVi@sPHitPa ehildtPalvd/BPR btk ARFABRS,
position, liquid is allowed to

bulk supply. Also, a cut-off valve 70 is provided. During normal operation, cut-off valve

—~ab

70 is set in the closed position. When set in the open position, liquid is allowed to
recirculate back to the bulk supply. Cut-off valves 72 and 74 permit draining of
distribution manifold 36 and return manifold 38. During such draining, cut-off valves 76

and 78 isolatq flow circuit 18. A cut-off valve 80 is provided to allow liquid to return from
20 flow circuit 18 back to drain.

Pressure is supplied from a source of pressurized gas \;vhich is non-reactive with the
chemical to be dispensed. In the semiconductor processing industry pressuriied ultra-high
purity nitrogen is commonly used for such purpose. Pressure vessel piping system 28
includes a pressure manifold 82 having an inlet 84 for connection to the source of gas
pressure and a vent outlet 86 which is normally vented to drain in case corrosive chemicals
are present in the vent gas. Pressurization of pressure vessels 10, 12 and 14 during the
dispense mode is controlled by first three-way valves 88, 90 and 92 which are connected

between pressure manifold 82 and pressure vessels 10, 12 and 14, respectively. Second



recircul ate back to the bul k supply. Cut-off valves 72 and 74 permt

drai ni ng of distribution manifold 36 and return mani fold 38. During
such draining, cut-off valves 76 and 78 isolate flowcircuit 18. A
cut-off valve 80 is provided to allow liquid to return from20 flow circuit
18 back to drain. Pressure is supplied froma source of

pressuri zed thees-wiy valvess94 96- and] areeconndctedt foefirst thredvemy calves 88090, and 92,
di spensed. In the sem condu]ct or, pr(g‘%essi ng i ndustry pressurized ultra-high

purity nitr o@éﬁ?cpgéx’oww Vet fayring gethimyand, H anodesof seneeatipns skach nfithe g

system 28 'eﬂﬁeln 1 g .32 hayving_an.inl et f or
connecti on t%fo{ e {Sigxﬁérfictgreg]&% gz}éfvgs (%?rs{a@é@?gg)ﬁﬁe QN @Bﬁ ltl%tﬁtsp&g WiRLRei s
normal | 'y vemmligmddfeahd@nimoegsepmrosi ve chem cal s are present in the

vent gas. Pressurization of pressure vessels 10, 12 and 14 during the
di spense node is controlled by first three-way valves 88, 90 and 92 which

are connect ed etween pressure mani fold 82 and _pressure vessels 10, 12
and 14, respecti Vg\ﬁgr_l gﬁaﬁst tHree-way valves 88, 290 or 95, s set in a first of the two

Chr ee-vay vaRSPLRrge NORY eyt is°Gufithel Bt WRSHS Hphfolicl g e

during ret urfespitvé codnecrd presaire 08¢110, 9D .or H3aH Bfablifiethe dispRhR! ROBNt TR
t hree-way val ves (88-98 inclusive) have two fp05| tions so that, flow nay be

est abl i shed whenBeshthregowapayalee $histset in the first of the two phsitionsahigh pessire aitrogen
t hree-way valves. 88, 90 or 9 I s.set in,a first of the two | posi tions,
f1 ow comuni ca¥T Prgssg.get\%qef;@lgﬁmﬁé%%%ﬁn the dispense ‘?r‘éﬂi"ff(?l’?fa@@-and t he

respective connected pressure vessel 10, 12 or 14 to establish the dispense

node. Thus, when first three-way valve 88 is set in the first of the
two positllons, hi Bhepradsof firstthteeaggvalves 88) 90Vor 009 sétlif s ¥eorkESHREir 7o
which is thus, .in the dispense node of operation. 10 When each of

first three-DRHORS| GRMBECatiop is sstablished betsicen ftop regienscih 2odnd: 3o of ptessure

o " pr esour o B LEZ 89 iy a3 BiiE i eliBE e e H o] dripnd softni of
TIPS o A0, IR St i el

When three-way valves 94, 96 and 98 are set in their first and second of two

positions (first three-way valves 88, 90, or 92 having been set in the second of their two

positions,) flow communication is established between top regions 30, 32, and 34 of

pressure vessels 10, 12, and 14 and either flow path 100 or flow path 102. When second

three-way valves are set in the position involving flow path 100, pressure vessels 10, 12

and 14 simply vent to drain which is at atmospheric pressure.' This allows filling of a

20 pressure vessel (10, 12, or 14) during the fill mode. For example if pressure vessel 14 is in

the fill mode, first three-way valve 92 would be set in the second of its positions and

second three-way valve 98 would be set in its position to allow flow communication with

flow path 100. It is understood that in such case pressure vessel 12 would be undergoing

the return mode and as such, second three-way valve 96 would be set in the opposite of

positions to allow flow communication with flow path 102. Flow path 102 has a pressure

regulation valve 104 through which gas vents through the return mode.  Pressure regulation

valve 104 is a control valve controlled to operate at a lower pressure than the gas pressure



When t hree-way val ves 94, 96 and 98 are set in their first and second of
two positions (first three-way valves 88, 90, or 92 having been set in
the second of their two positions,) flow comrunication is established
bet ween top regions 30, 32, and 34 of pressure vessels 10, 12, and 14
and either flow path 100 or flow path 102. \Wen second t hree-way val ves
are set in t3vethebliquil ds driverothrough flowwirpuit A8 104, alser osregnlatevpressateswithin the
and 14 sinply vent to.drain.which is at, atnospheric pressure. This all ows
filling of agfﬁﬁ“ﬁr‘@ége&%‘?e&%%%ﬁw(%?%%e of operationyyring the fill node. For
exanple if pressure vessel 14 is in the fill node,” first three-way

val ve 92 woul d be set in the second of its positions and second
three-way val ve 9Prevsut8 i} fegulaed ih RadH Presiufd Véseel 107 12! dndwi4 (during QRETHIRp&RS | ON
Wi th flow path 100, It is understood that in such case pressure vesse
12 woul d be mAdephepasrfion ) byt meanseafiar pilotwemilatordl Afsanothen conted yalvetthat centrely

Communi cat | ol RRORFI QS NE RrepoBe toet Gigrh 0%, 1ifronc ¥ iogrigd dawgstream of pilo
| ati t h \ . oy
pr ossur e 1 oguPaion 00 | T RreV e dRl MR A0 Rob R eI o it

at a | ower ppressarereessdlal,ti2e oy i dinpSswitching pressure vessels between dispense, return,
9 so that liquid is driven through flow circuit 18 and al so

to regul at e Pl madesypf opematione Although fase advantageeuss 8 singleipressurangzelator 166 ur n
node of oper g . . ressure i.s regulared,i C r.essufe
vessel 10, 1%%!1% Nyid lf) s Yvﬁ'léo‘{t ﬁ@v%crgrsﬁs%eeregulators %&2{’ gpd wefg‘ffﬁﬁﬁ ihis 6?/{’3
means ofipa Phdiéd tHald ‘Pr¥bist vaRetings ! -

the pressure gf sl avelﬂcriégr gsrésl%?e r eglgftaﬁ gfrbgwngas\ﬁiéfg&%tggﬁ% P;Sf:’g%‘?%‘l“‘e of
downst r eam opfregsutectessel piping syspainA8chold @ malfuinetigr ®¢ant s pressure

fluctuations that woul d otherwi se occur within pressure vessels 10,
12, or 14 during switching pressure vessels between di spense, return,

egul ator 106 ATUEUE P ReoRhi B AROR AR EE R P gl PRSP F R ©

18, 110 and grésburdeskél§ althbigh prefedreBLisléhe of @bk diffdént valbfeCfbanoEméms.| For
valve 114 is provided as a safety device to prevent failure of

pressure vesiostangsi tworppsitipntvalves vithiseparates lines| leading tooandofromrthe pressure vessels

could be provided for delivery of gas pressure to the vessels and subsequent venting of the

vessels.

Although not illustrated, but as would be known to those skilled in the art, all of the
aforementioned valves which operate as cut-off valves and three-way valves can be
controlled by a programmable logic controller or perhaps an analog device. Such circuit or

20  device and the electrical connections would be known to those skilled in the art and are
thus, not illustrated. However, the activation of such circuits or devices would be
controlled by high liquid level detectors 116, 118 and 120 and first and second lower level
liquid detectors 122, 124, 126 and 128, 130, 132, respectively. Each of level detectors 116-

132, inclusive, could be either ultrasonic, point level detectors, or mechanical devices.

By way of example, assuming, pressure vessel 10 is in a dispense mode of

operation, when the level of the liquid is detected by first lower level sensor 122, pressure

10



As cqul d be appreci ated, the above neans for delivering gas pressure to the
pressure vessels, although preferred, is one of many different valve
arrangenents. For i nstance two position valves with separates |ines

| eading to and fromthe pressure vessels coul d be provided for

delivery of gas,pLessu tQ e Vv el nd .subs.equ venti.ng of .th

vessel s. vessel 14 ?WEICB% ﬂ‘ﬁggﬁﬁ? ﬁlie[% W‘%i’ ﬁgwpz{set&gggg@Itoagre‘sléﬂfegarbc{am( m to
those ski | | afirebRydy Il 92 is@kt in%f pdsitfon to estabRdhON ST RBIRARE oAbt REerftbdslire
operate as cut-off valves and three-way val ves can be controlled by a
pr ogr ammabl emanifpld 82 amd toplrégion 84 of erdssyre vesselddal After deslightalelagyait-offi vatuei 62 or
20 device and the, el ectrical connect.ions uld be known to those skilled
in the art cApgnyard both pressyrg yessalst 10 and, k noyy .cﬂomgw spepseamads; j Rrgtsusn of

such circuits._ ok .98Vi L d.he ORdr Ol high liquid | I
detectors 11@#%13%%%%%%%‘&“}% nglfn 5’8885 ec eﬁla’hgg‘ﬂgﬁ\é lF‘éegéﬁl pregélure v?sg%ﬁiod
detectors 1Z&epslaflh is efied By sdcdBd 10va leved detedtS PEY; First @hd sedoad bwed-whip Valves
detectors 116- 132, inclusive, could be either ultrasonic, point

| evel det ect&® and ¥ amesehsmihabpreska vassel 10 now vents through fRyw path 162. eAsasuche,
assum ng, pressure veslsal 10,is jin_a di spenae de of operation, when
the | evel ofPresslre YegslolQ fingtionscipdhe sshum mede of pperafien ayithsrmsshre vessel 12.
pressure . g ‘o -

vessel 14 (wAiEp Histmes poysed Hiapid, haglfills presspre vesss! 1i°sa%dr‘|2gg§5‘eea tpe, level of
pressurime aAifhid SuhSed Withiatpressure vESIEICK) NWRY aivdPis ¥€ns8@ by First fdwedrlevel @déckdri1Qp, t 0
establish fl ow communi cati on between pressure mani fold 82 and top

regi on 34 of vilve $2uis driggesecbintd 4ts open @ositions landleut-ofé valve Sure-sotsf intoaits elogel

O A kB Wl e S A R AR Bl SR
liquid | evel : ¥
R T T e

set so that thfeeasay valg99ahd 96 areqiét téallow atmhospherc presurep@htingl@rbughslostpath
pressure vessel 10 functions in the return node of operation with pressure

vessel 12. 100. VWhani the highi level iiysensedhbps leniell detpgtant 138.cvalve $Xispeset inte &s elosede|
10 and 12. \en. t hel f 10 .ligquid d_wit hi | 10
A L o DS e oot Bt b bR Vg B S S 55
triggered inggdd (whil® Eﬁ‘éﬁs&@ §edst1on fafitont f8H reddh YOl IndR 238 ppeshiltt QedstiS14

cl osed position so that pressure vessel 12 undergoes the fill nobde of
oper at i on anuariitions betweden|dispens® and returnmhede. t Ae rhéntjonetl hlsove) such bemiagroby

hi gh |l evel detector 118. At the sane tine first and second
modes is preferable to instantaneous switching that can cause some degree of pressure

20 pulsation within flow circuit 18.

In order to control pressure and therefore liquid flow at the points of use, liquid
pressure is sensed within flow circuit 18 by a pressure transducer 134. Its central
placement will thus ensure constant pressure (which can result in constant flow) at both
points of use 2 and 3. The output of pressure transducer 134 is fed as an input to a
controller 136 which in turn acts to adjust pilot regulator 106 and pressure regulation valve
104, which are remotely activated control valves to control gas pressure in the pressure
vessel undergoing the dispense mode and the internal pressure vessel undergoing the return
mode so that the liquid pressure as sensed by pressure transducer 134 remains substantially

constant within the limits of system response. Controller 136 is programmed so that as

11



t hree-way val ves 90 and 96 are set to all ow at nospheric pressure venting

t hrough flow path 100. When the high level is sensed by |evel
detector 118, valve 52 is reset into its closed position. During the
next cycle of operation, pressure vessel 12 will act in the dispense

node whil e pressure vessel 10 transitions fromreturn to fill node and

pressure vesheguidlpressure drops,apidittreguiatobd0émpensdics reremse pragsuretand nvicodesa. As
ment i oned abqve,. such bl endi ng_ of mpdes is preferable to
i nst ant aneougdgm‘){’é&s REESEYs reguigiion yalve 104 de thea givsted to gpairfain aclopgr pressure
pul sati on w {j ( | ' . rdes to‘;,ontrol
pressure and t er%{e gir%gﬁ*rlé gﬁgls%} u&nﬁ%r\%lo%% tl%ehrgtuzbnotlnﬁgesa%falgog gﬁlqmd(ﬁ P e 8 sensed
pressure is BﬁPfe@anhx'iﬁdﬁcd‘r'lQWc@ﬂsf&tﬂ Thid & devordplth&d By R gianaimg ¢eftrolls 436 | t S
central placement will thus ensure constant pressure (whrch can result
in constant tdmaintain thediquid pressureatonstant@ind s appRopriately adjlistepilotitegulaton 106 and
pressure transducer 4 is fed as an | nput, a controller 136 which
in turn act sPESWRieguiaton yaye f%g}ﬂla%ﬁo i@@éﬁ&“&%@lﬁ%@’é&ﬂ ation val ve
104, which are renotely activated control valves to control gas pressure in
the pressure vessel undergoing the di spense node and the internal
pressure vessel uAdealgphaie} bat leed prdferred meaRIR ﬁégula&agaél PResturélahd iRfeR@mPUr €
y

as sensed by pressure transducer 134 remains su_bstantlgl . const ant
within the | prepsuse and thorebg e centyob ligeid flovnatrthe peintskd@ist & toreoplasnmechasizalinat

as . . _ 1

liquid pr esshusted Ov&é\;es pﬁroPllqlefj’gFlatl"Brlofoﬁn%ﬁ?ﬁ‘.“ieorqgﬂéfl%s‘@l‘ﬁr d04&.ur Sughd
Vi Ce-Ver .  mechanicafl¢ 'aHith@&lelb('es %??ﬁ}iﬁe‘a \flﬁ%@tﬁ’ﬂgsqg %&fi‘ﬁtﬁﬁﬁ c%gsé%adts%/ag EFE@ ure
adjusted to nmaintain”a’l ower pressure Wt n the pressure e St
under goi ng t el comstantintenskt pressiirall The disadvardagecbfiBnets meki® 8 thas R Wil dot maintai®y
pressure trapsdycer 134 constant. This is_acconplished by progranm n
control | er 1Hguid pressure gndrtherafore dlowras precipglycasin Bic Spsiem agspording tooliquid
appropri at el ' I l.ot . requl ator 106 and pressure regul ation

val ve 104 i nffraegs%%’%;hég%o%stoﬁ eir flow characteristics. An
alternative, but |less preferred neans to regul ate gas pressure and internal
pressure and thereby to control liquid flow at the points of use is to
enpl oy nechani cal Ag could be appracinteeicby thoseeskilledr inthé ait, pregruteaicgulatifibvalne 104
pressure regul@ii on valc¥le 104 Such 10 mechani cal |y adj usted val ves are

pr ovi ded w t Ul tbe; 1 Jaechini idWifFrﬁeéiB?@t i agqiain i eenstant pre_ssure.ilalrihed@ps;l ant
i neain | onoeing U hRR0E AESCR oadt ity FIRREUBOh 16 pbid be eaiiea by

el ectroni c sysiteifer E36ianeipotse!to lighidPrédsure variation. Similarly, Pilot regulator 106 could
be the mechanical device which only pressure regulation valve 104 were operated by

controller 136 in response to liquid pressure change. In any embodiment, however,
20  pressure regulation valve 104 must operate to maintain a pressure difference between the

gas pressure and the gas being vented during return mode operation to drive liquid through

flow circuit 18.

In such manner as outlined above, potentially corrosive and/or abrasive liquid never

comes in contact with control valves operating to maintain constant liquid pressure.

As could be appreciated by those skilled in the art, although only three pressure

vessels are illustrated, more than three pressure vessels could be used in an embodiment of

12



pressure at the points of use. As coul d be appreciated by
those skilled in the art, pressure regul ation valve 104 could be a
mechani cal device designed to maintain a constant pressure in the vessel
undergoi ng the return node. In such case only pilot-regulator 106 woul d be
adj usted by he reseﬁtom&ﬁioherpoﬁﬁsmerﬁmi&swe ek Hug{taa@wsebe/ﬁrle@hh@n
Simlarly, Pildt regulator 106 coul d he nechani cal “devi ce whi ch
only pressurpressagzddain case ] a/ aystdd bmkéowmerm mﬂxd:n]ed above, aominimbuneof %86 i n
response to l|iquid pressure change. In any enbodi nent, however, 20

pressure regthembeser prassuse waelww@ﬁmtoecw oyhths PEgsARtANYsNEQR I o

di fference between the gas pressure and the gas being vented during
return node operation to drive |iquid through flow circuit 18.

I'n such manner aswiilk thdipdertidhas bdef destribad Wi‘thcr%feﬂéé WepréREAEOEMBETIARhY St
l'iquid never cones in contact with control val ves operating to

mai nt ai n conwilhodcut taythose gikdedsinrtbe art, numerous changes, additions! ahdemispensemaybed
by those skilled |p the art,_ although only three pressure vessel s are
i1lustrated, thop Heﬁwl%ﬂwél?ssmrg and scoer of thearcsemianyestion n an

enbodi nent of 12

the present invention. For instance, a forth pressure vessel m ght always
be filled and pressurized in case of a system breakdown. As indicated
above, a mninmum of two chanbers or pressure vessels are necessary to carry
out the present invention. VWil e the invention has been descri bed
with reference to preferred enbodi nents, it will occur to those skilled in
the art, nunmerous changes, additions and om ssions may be made w t hout
departing fromthe spirit and scope of the present invention.
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We claim:

L )

1. An apparatus for dispensing a liquid to at least one point. of use, said apparatus

comprising:

a plurality of chambers, each having dispense, return and fill modes of operation
in which liquid is driven therefrom, unused liquid is returned, and new liquid is

introduced, respectively;

a liquid distribution system having a flow circuit connected to said at least one
point of use to feed said liquid from said pressure vessels and to return said unused liquid
from said at least one point of use, said liquid distribution system also having a valve

network communicating between said chambers and said flow circuit;

said valve network configured such that two of said chambers can be brought into
communication with one another, thereby to allow one of the two of said chambers to
function in the dispense mode of operation and the other of the two chambers to function
in the return mode of operation, receiving said unused liquid from said at least one point

of use; and

means for driving said liquid from each of said chambers into said liquid

distribution system during said dispense mode of operation.
2. The apparatus of claim 1, wherein:
said chambers comprise pressure vessels; and
said liquid driving means includes pressurization-means for selectively providing

communication between a pressure source and each of said vessels to pressurize said

vessels with gas pressure during said dispense mode.

14



W cl.ai m 1. An apparatus for dispensing a liquid to at |east one

poi nt of use, said apparatus conpri si ng: a plurality of
chanbers, each having and fill nodes of operation in
which liquid is dri veHmﬂﬁﬁﬂmﬂH{m Hmed liquid is returned, and new liquid
S i ntroduced, respectiwelmy; a liquid distribution
system having a flow circuit connect ed to said at least one poi nt of
use to feed said liquid fromsaid pressure vessels and to return said
unused |iquid from sai d at |east one point of use, said liquid

di stributiomn syst ke : "ﬁﬁm’*ﬁi | : en
said chanbers andﬂgeal‘liB ow cClI rrglajlzlt &c8mpnsﬂ§tr¥‘9.{lgﬁ va vfgﬁ%égtﬂ%?gtgw

configured spregsuid@id tinvernal ﬂ fesuce WithiRhah of sald lppesbireu@iiels when functioning in
comuni cati on with one anot thereby to allow one of the two of sald

chamber s t o said dispense tand metirn tnhde af epesatiensriodbatoliquig dresswigrat said atHeasb oner

of the two chanbers to i.n the return node of operation,

recei vi ng Sag%ngﬁﬁgaemqlmubs@?t&“yscgpga% | east one poi nt of use; and
means for driving said liquid fromeach of said chanbers into said liquid
di stribution systemduring said di spense node of operation. 2.

The appar at u& of Theappafatusdfelaiing, wherein said regulatios mednsbmmngrises: conpri se
pressure vessel s; and said liquid driving nmeans. i ncl udes
pressuri zation means for selectively providing com‘runi cation between a
pressure source and

bressure source g a0 0 AV AR R RoRbE R LIRS LSk pressureERPShE

14 internal pressure within said pressure vessels during said dispense and return modes of

operation;

a pressure transducer located within said flow circuit to sense the liquid pressure;
and

a controller response to said pressure transducer and configured to operate said

control valves so that liquid pressure remains substantially constant.

5. The apparatus of claim 3, wherein said pressure means is also configured to vent
said vessels during said fill and return modes of operation and has two flow paths, one of
the two flow paths activated during the fill mode of operation and venting to atmospheric
pressure and the other of the two flow paths activated during the return mode of
operation and associated with said regulation means so that said internal pressure of each
of said pressure vessels functioning in the return mode is regulated through said other of

the two flow paths.

6. The dispensing apparatus of claim 1, wherein said liquid distribution system also
has an inlet and said valve network is also configured to selectively provide
communication between said pressure vessels and said inlet during the fill mode of

operation.
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3. - The apparatus of claim2, further conprising regu ' éns for
regul ating gas pressure and internal pressure within e ﬂﬂm ua ﬂjﬂfnre
vessel s when functioning in said dispense and return no Ml so

that liquid pressure at said at | east one point of use remains

substantially constant. 4. The apparatus of claim3, wherein said
regul ati on nmbans Ebmgispensing apparatus of clapmd; whereippsaidpressurzomeans linchadese s
positioned to control the gas pressure and said internal pressure within
sai d pressure vessels during said dispense and return nodes of operation;

a pressure transd ] Mg i o f ' Lt tQ: .S i qui d
pr gssur e; and H%?ésgﬁ{ggrﬁ‘t&rrﬁﬁl g%apgs%giﬁg% é?gwglgﬂ&égﬁgﬂrl g% $ glrd egot%?%néﬂﬁé‘i lgg%nd
configured tpresynes,ahe of sidlcanid] valvestolre@flats 8aitllaas preksiié Sndd P& Bhfet! €MaI NS
substantially constant. 5. The apparatus of claim3, wherein said
pressure neans is also configured to vent said vessels during said fill and

return nodes of operation and has,two flqw paths ne of .the two fl ow paths
activated during vype"ﬁolw ﬁ’ﬁd’@ sd oysat é’ﬂ‘ﬁslh %‘?dof/éﬁ‘? itWg flew paths yRriing to

R L R e S

node of operation and associated wt ans so

i nternal pr esavesdo oégudatie baid intarablpregsaresaid vessel s functioning in the
return node is regul ated through said other of the two flow paths. 6.
The di spensi ng apparatus of claim 1, wherein said |liquid distribution

system al so has ' aid valve,network is also. figur to

.sgl ectively provi rg’t g%%%hv%&g‘é%'eénc%’@f%%ﬁo ss\gﬁ%dpf?rc‘%gg JP@‘f?g‘is]?B&ssagﬂﬂr%%’irﬁ

inl et duringydshels bihd 'sedRd hrek-wiySFaNds Wdnnected to said first three-way valves and said
two flow paths;

10 each of said first and second three-way valves configured with two positions such
that when said first three-way valves are set in a first of the two positions communication
is established between said pressure manifold and said pressure vessels and when set in a
second of the two positions communication is established between said pressure vessels
and said second three-way valves and such that when said second three-way valves are
set in the first and the second of the two positions, communication is established between
said one and the other of the two flow paths, respectively, to vent to atmospheric pressure

and through said regulation means.

8. The liquid distribution system of claim.l or claim 7, wherein said valve network
comprises:

a distribution manifold;

a return manifold;

an inlet manifold having said inlet; and
for each of said pressure vessels, first and second cut-off valves connected thereto and a
set of two check valves connecting said second cut-off valve to said distribution and

return manifolds, said first cut-off valve connected to said inlet manifold so that-liquid
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7. . The di spensi ng apparatus of claim4, wherein said pressure neans

i ncl udes: a pressure mani fold having jmummnmmmﬂmfct i on
to said source of said gas pressure, one of saidlk ! o]
regul ate said gas pressure and a vent outlet; : " t%ho ¥1dw paths

to said vent_outlet, one of the two flow paths venting to at nospheric
pressur e andilisrraclhpheaid pressure vesselstwhew spbinian openi pogitionothesecand eiitroff vabvet r ol
val ves to regul at e i d internal pressure; and first,

e oo wlf s ffuben il s VeRels i sien o5 rwo sherkcuatves g eig o
vessel s and ﬁp%, . gﬁ,tm,e | i - P

val ves and Sc;l}:é‘ ésrl{rt:egfe I O\R/&gljg%/%(;i ﬁ&iﬁ? ﬁoﬁlosaﬁ?fegg% ﬁﬁa@’?fog}?%g Y@g?ndand
second t hr ecuwaff wdvesaxd Gonf said secbndi dub-offwalyo o saidrdistsibation maniféldao thien
said first three-way valves are set in a first of the two positions

communi cat i ovhen said pecopd wcabpffsiabie ipsetimelts eperipesiten; diguidean eithes flomafrom d
pressure vessel s.and when set in a ., . egcond of t WO I tions

Commun cat | SHOh of B80T OR Rl it xRS il Sl 0B Bobend THods or
second thre ' ; 5 ves are
set in the Ffll %?rogﬁggy cfl%te]ﬁ'fsi géa?%igmoﬁfaﬁtﬁkoe%egs???ﬁsgﬂg Bg%%%ﬁ?@?gﬁél S

est abl i shed between said one and the other of the two fl ow paths,

respectively, to vent_ tgQ atnospheric pressure and .t hrough sai d
regul ation ithans. The distribugion systege of j chaimy 1gifurtherpcamprising Jiquid dgvek seRsersL or

Gi 2111 but] o oRRHE st présst Rl g e SRiG AfBeng, rerum, and s of o

mani fol d havdpegatipal d inlet; and for each of said pressure vessels,
first and second cut-off valves connected thereto and a set of two
check val ves connecting said second cut-off valve to said distribution and

10.  The distribution system of claim 2, wherein said plurality of said pressure vessels

consists of three of said pressure vessels.

11. A method of dispensing liquid to at least one point of use comprising:

subjecting each of a plurality of chambers to dispense, return and fill modes of operation
in a cycle so that when a one of chambers is in the dispense mode of operation, a further

of said chambers is in the return modes of operation;

driving said liquid from each of said chambers during said dispense mode of operation to

said at least one point of use;

returning unused liquid back to said further pressure vessel undergoing said return mode

of operation; and

filling each of said pressure vessels with new liquid to be dispensed during the fill mode

10  of operation.
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return nanifol ds, said first cut-off valve connected to said inlet manifold

fs;)I Tgatealcihqgi‘ ds”a“l“';uuggu’ﬂr“ljs!“mLel s when set in an open position, 1'?he

second cut-off Val ve i nt erposed between said pressure vessels and said
set of two check valves and said two check val ves oriented to permt

sai d |iquid 12l owThednetbed af elammd b, Weaieinsach ofosaidrhamberpang pressurecigsseds and
val ve and frgﬁ sai d second cut - of f éal.%e to said -di;st?ib tion naai{?géd SO
t hat WYt REESHresed & BresYirized Jiithgas presghre dring eo‘ﬁ%nffo@P § tnanve
liquid can gid &l HOTth GRs@fs sai d pressure vessels to said

di stributi oghm; |l?f£+) d%:ri ng et%eessg?sp%%sse node or flow fromsaid
return mani fold back to said pressure vessels during the return node.

9. The distribution Sést em, of claim 1, further conprising liquid |evel
sensors 13¢ onridet matheg of glaimp} Bseompsisingseeanlating seidi gasepressuregany spemnale,
return, and fill nodes of ., operation . .10 The distribution
Cystem of clPEFHES VAR AT PSR el ping soid e e of it o A
consi sts of | Phre@urSatisdid KRR pofist SLLsE remains substantially Cofledntod Of

di spensing liquid to at | east one point of use conprising:

subj ecting each of a plurality of chambers to dispense, return and fill

nodes of operatiQ in_a cycle so that when a one of chanbers is in the
di spense nodé- of ﬂﬁéﬁ%ﬁhﬁ’%ﬁfd&m L3 fwrdher comprigingisaj d chanbers is in the

Chanbor s dur i ng SHUREEEHsMdesse AR IR gl hie T 2T BET Voast one

poi nt of use; regulating said gas and internal pressures in response to the sensing of the liquid

pressure.
15.  The method of claim 11, wherein:

high, first and second lower levels of said liquid are sensed within each of said chambers,

the second lower level being located below the first lower level;

when said first lower level of said liquid is sensed within said one chamber, a yet further
chamber that has completed said fill mode of operation is also subjected to the dispense
mode of operation so that said one and said yet further chamber are simultaneously

subjected to said dispense mode of operation;

when said second lower level of said liquid is sensed within said one chamber, said one

and said further chambers are simultaneously subjected to said return mode of operation;

10  when said first lower level of said liquid is again sensed within said one chamber, due to
said one pressure vessel being subjected to the return mode of operation and unused
liquid being returned thereto, said further chamber is subjected to said fill mode of

operation and is filled with liquid until said high level of said liquid is sensed therein.
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returnl ng unused liquid back to said further pressure vessel undergoifg———r-

sai-d return node of operation; and filling ea
pressure vessels with new liquid to be dispensed during t mﬂlllmﬂmﬂlumm
of operation.

12. The nethod of claim 11, wherein each of said chanbers are pressure

vessel s and sai d pressure vessels are pressurized with gas pressure
during the dispen no t riv t he I|qu1dfromeach of the pressure
vessel s. 167 The “'%r?é‘ 3Bl o herein gachoof saidshamberspare pepssuse vesgels and
gas pressure i d ess

s#id rés @rvgs'élels are e&hﬁ@&%ﬁh p&t oﬁp e[aﬁilir{ng thgﬁlﬁpg}gﬁs cEa 18 drive o

vessel s during return oper arfi

at said at | ﬁnsliqutm&omcuacﬁ oﬁhe?ﬁe@sdr@ﬂ@dsﬂS subst antially constant.

14. The nmethod of claim 13, further conprising: sensing the
liquid pressure within said flow circuit; and regul ating said
gas and i nternal ess n onse tQ t he sepsing,of the |iquid
pressure. i7. ?E Legﬁfgo}r.’rﬁ]la (S)l% forppasing Hg‘ﬁ% $4id) .gas pressuremnghmtema,l st
and second | g8duré RiBirseaeh of & ﬁﬁ%ﬁ ??]

chanbers, turrle secor?d Pomégpﬁleg% g%%lﬁg ?ﬁqd\éﬁt%ﬁ]rg%? p?}alxéﬁ ?&%r

| evel ; liquil presswark ait $aid attledsovy pdistuflus@fensadhsubstiislly dons@Aced Wi thin

sai d one chanber, a yet further

18.  The method of claim 17, further comprising:

sensing the liquid pressure within said flow circuit; and

regulating said gas and internal pressures in response to the sensing of the liquid

pressure.

19.  The method of claim 18, wherein each of said pressure vessels is pressurized with

nitrogen.

20.  The method of claim 11 or claim 19, wherein said liquid is a slurry and said point

of use includes a tool used in chemical mechanical polishing.
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chamber that has conpl et ed .sai d fill node of operation is also subjected to

t he di spense node of operation so that said one and said yet further
chanber are sinultaneously subj ected to said di spense node of

operati on; when said second | ower level of said liquid is sensed

wi thin said one chanber, said one and said further chanbers are

si mul taneously subjected to said return node of operation; 10 when said
first lower level of said liquid is again sensed within said one chanber
due to sai d one pressure vessel being subjected to the return node of
operation and unused liquid being returned thereto, said further
chanber is subjected to said fill node of operation and is filled
with liquid until said high level of said liquid is sensed therein.

18 16. The met hod of claim 15, wherein each of said chanbers
are pressure vessels and said pressurABSEBALIE are pressurized with gas

pressure during the dispense node to drive the liquid fromeach of the
pressure vessels. 17LIQUIReDRSFRNIING APEARATES BNRAPMEZHAR regul ating

sai d gas pressureg gﬂgl& Hfsﬁérﬂﬂl&e E@%ﬁ%ﬁa%ﬂpgﬁlit%oﬁf‘%&{ 1121%1 SFHI ﬁ&gdeﬁ'o

vessel s during sai et ur oper sure a
sai d at | eaghafibers,phanéancbe pt&gsufsemsels toubfiowrtincalt) YA @@mtmwork is Y8signedThe

nmet hod of cl aim 17 further i sing sensing the.liquid
pressure wi tsmlhﬂmgbwhen Dm/\plwrrhen tlatwdn a dispens¢ mpde of pngratz@n ancghcsr cénmber
Internal pr Bictions 11"1 2 tefiith mode oto olgerr]a(,atlosnequSI ﬂﬂ:hounusgc? llql.IchJlS seht Back to such

chamber so that liquid is continually circulated. The chamber or vessel undergoing the
return mode of operation is vented through a valve that is either a pressure regulation
valve having a set point of pressure or a remotely activated control valve response to
liquid pressure at the point of use. In such manner internal pressure within the chamber
10 or pressure vessel undergoing the return mode of operation is regulated to in turn regulate
liquid pressure at the point of use. In case of pressure vessel operation, gas pressure
within each pressure vessel can also be regulated in conjunction with internal pressure
during the return mode to in turn regulate liquid pressure at the point of use. As a result
of such pressure regulation, constant flow rate of liquid through the flow circuit and at

the point or points of use can be assured.

Fig. l

20



used

N -
— O —
w8
L e
o._ 1%
R ver Bl g -
>° 8 () |
0°Z _ 29 (9 s 25 9. vl g9 2
2o ¢ _ ﬁ)& o A g5 05"
©E" = NIYH0 o1 A1ddS KoY
o'c n !
55 o VET § & B
o0 poE W = 1ddNS 0L NHNL3Y
n O i aaf g8
«TE “ ‘ g —[ +—=
O O.— 1
e e) — [ ] \D
<8 ¢ “ 2
o@ —~ !
[q] © t
(] — []
L © '
ccw ]
— 1
> : e
¢ ® H
B m 5
s 5<% [ FONSOR— HITIOHINGD
— —_——
£Ec93 i
= mJH 3 9¢T m 807
— S u_ 901
5223 o e
W m o< d o .:...........ll..ll.:........l...lll........l..|.!.m N (3Z21HNSS36d
Cs—E vg
go°_
L © @©
O N WO
ETcE
. D.- 0
0w O C
N - O
. OO
2553



