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SYSTEM Background of the Invention [0001] The present
WO peenbioan provi des a system apparatus and nep¢mysionr/oo4981
supplying a liquid through a dispensing |oop to tools
requiring such liquid. In particular, the present
i nvention provides a system apparatus and nethod for
supplying liquid to CWP (chem cal nechanica
polishing) tools of a sem conductor manufacturing
process. [0002] Liquids, including slurries are used
in a variety of surface treatnent techniques,
particularly in the n ] duct or
devi ces. An inporté‘qﬁlg@gégg%ygﬁshégmf such
liquids is the control of the flow and pressure to

t en co ctor manufacturing tools. By maintaining
ﬁ%?'éﬂ{eyngég the nvandignand pressure, greater stabili ty

of the tool process can be achieved. Further, by

controlling the flow and pressure, damage from shear
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aemhamtdmtbrrrequufae:ttmng)bmcelssty (preferabl y three)
chanbers, each having a dispense, return and fill
nodes of operation. The nethod and apparatus descri bed
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such systens and the_ overall sem conductor
ﬁuﬁh%&mqn’@thfse flawandRrgssyrsz giggnage from shear forces that

5%&&%%6%4%3 that destroy the usefulness and effectiveness of the

liquid, can be reduced.

[0003] U.S. Patent Number 6,019,250, commonly assigned with the present
invention, describes a system and method for dispensing liquid through a flow
circuit to points of use. In particular, this system and method require a
plurality (preferably three) chambers, each having a dispense, return and fill
modes of operation. The method and apparatus described includes a
regulation means for regulating pressure in each of the chambers so that

liquid pressure at each point of use remains substantially constant.

[0004] Moreover, there is a need in the art to reduce the complexity of liquid
delivery systems by reducing the number of vessels and connection apparatus
needed. This in turn helps in reducing the cost of such systems and the

overall semiconductor manufacturing costs.



Sunmary of the Present Invention [0005] The present

i nvention provides a system apparatus and nethod for
waepliyionsy | i qui d through a di spensing | oop t oPCDOE®07/004981

requiring such liquid, wherein the liquid is

delivered at a consistent flow rate and pressure to

the tools. In accordance with the present invention,

the flow rate and pressure are controlled using

positive displacenment punps or centrifugal punps

conmbined wth flow or pressure sensors in the

dispense Ioop [ 0006] The details of the system
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her , .. it is also possible to operate punp 130
&%&‘g'ﬁ%ﬁ'ggfﬁﬁ'y frompunp 140 as will be discussed in
rmre detail further below. In either case, the punps

0-do ovi.de direct control of the
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but rather take liquid fromeither the return vessel

or day. tank 150  and deliver such |liquid at
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embodiment of the present invention.

[0008] Figure 2 is a schematic view of a system in accordance with a second

embodiment of the present invention.
Detailed Description of the Invention

[0009] Figure 1 is a schematic view of a system in accordance with a first
embodiment of the present invention. In particular, Figure 1 shows a liquid
dispensing system 100 comprising a return vessel 110 and a dispense
vessel 120, wherein the pressure and flow control is managed using positive
displacement pumps, such as those numbered 130 and 140. In most
instances, the pumps 130 and 140 are redundant, i.e. one pump acts as a
back up to the other, but it is also possible to operate pump 130 independently
from pump 140 as will be discussed in more detail further below. In either

case, the pumps 130 and 140 do not provide direct control of the pressure or



enbodi nent the return vessel 110 and di spense vesse

120 do not cycle (fill and enpty) during operation.
wab@7apeueat i ng sequence for this enbodi nent of PCT/082007/004981

present invention is nore fully described bel ow

[0010] Initially, liquid is drawn into the dispense

vessel 120 from a source drum or day tank 150 until

the liquid level in dispense vessel 120 is at a

predet erm ned high set point. Dispense vessel 120 is

then pressurized and dispensing of the |iquid begins,

while the level of liquid in dispense vessel 120 is
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erence to da val ve operation sequence. In
erntinues| througipthe digpensing system jagd, flovss into the return vessel 110

until the level of liquid in the return vessel 110 reaches a predetermined high
set point. Once the liquid level in return vessel 110 has reached the high set
point, liquid may be drawn from the return vessel 110 and delivered to the
dispense vessel 120. When the liquid level in the return vessel 110 is below a
predetermined low set point, additional liquid is drawn from day tank 150 into
dispense tank 120. By controlling the state, i.e. on or off, of the operating
pump; and liquid source, i.e. day tank 150 or return vessel 110; the
appropriate levels of liquid in both dispense vessel 120 and return vessel 110

can be maintained.

[0011] The method of the present invention can be further explained by
reference to a valve operation sequence. In particular, upon initial operation,



WO 2007/ 103043 PCT/ US2007/ 004981 val ve 155 woul d be
opened so that liquid is transported fromthe day tank
waz®d7/10343li spense vessel 120 using the oper at i PQI/PSIoP7/004981

Val ves 117 and 135 are primarily provided to allow

i solation of the punp 130 in the case of needed

repair or servicing and to assure that |iquid does not
fl ow back into the punp and therefore nay remai n open
during operation. Simlarly, valves 118 and 145 are
primarily provided to allow isolation of the punp 140
in the case of needed repair or servicing and may be
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so t hat UIdIS rom _
tothe dispense vessel |1 om| tbeéeturn vesseak h hylepEning walve 115.

REpAmLOIR! WREN WeVdl'd2nlor 122 senses that the liquid level in dispense
vessel 120 falls to the predetermined low set point, then a signal is sent to turn
the operating pump on and valve 115 is opened so that liquid is drawn from
return vessel 110 to dispense vessel 120. Drawing liquid from the return
vessel 110 will reduce the liquid level therein until such time as a
predetermined low set point is reached. At that time, valve 115 is closed and
valve 155 is re-opened so that further liquid is drawn from day tank 150. In
this manner, the liquid level in return tank 110 can be maintained within a
predetermined range. A level sensor 112 is used to sense the liquid level in
return vessel 110 and to control valves 115 and 155.



predeterm ned range. A |evel sensor 112 is used to

sense the liquid level in return vessel 110 and to
w@omnaosyal ves 115 and 155. 4 WD 2007/ 103043 PCT/US2007/004981

PCT/ US2007/ 004981 [0012] The flow rate and pressure

of liquid through the systemis maintained at a steady

and constant rate at the entrance to the tools 170 by

controlling the pressure in dispense tank 120 and

return tank 110. In this enbodi nent, the pressure of

di spense tank is controlled by the use of a pressure

sensor 125 connected to the N2 feed 127 for the
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sf‘F’fE"quuid l evel in return vessel 110 is the
secondary paraneter used to control the system 1In
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above operation Is summa general fashion in
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VWsel 108Nk ARd byidvel 56nd¥rSEEN The liquid level in return vessel
110 is the secondary parameter used to control the system. In particular, the
valves 115 and 155 are opened or closed depending on the level of liquid in

the return vessel 110 as sensed by level sensor 112.

[0014] The above operation is summarized in a general fashion in the following
Table 1 showing the condition of the operating pump and valves for various
states of the system depicted in Figure 1. Other operation states could be
used and the sequence shown in Table 1 is not intended to limit the present

invention in any way.



invention in any way. 5 WO 2007/103043
PCT/ US2007/ 004981 Table 1 State One - fill dispense

wo e®sab3ois om day tank with no di spensing Stat ePTmOS2007/004981
di spense liquid fromdi spense vessel with no fill
taking place State Three - dispense liquid from
di spense vessel with fill fromday tank State Four -
di spense liquid fromdi spense vessel with fill from
return vessel State Operating Valve 115 Val ve 155
Punp State One On C osed Open State Two Of O osed
Closed State Three On C osed Open State Four On Open
Closed [0015] Wth reference to Table 1, the system
of the present invention, according to the present
enbodl ment may operate in anlgam@a of four states. In
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éta%l nt, the syQ%‘?ﬁaaﬁgrat ed i nVaV& L19uo afd nYalve 155
forther  liguild i €WPBwn fromleither the day tlank or

re‘itaﬁqv‘@ssell n@Nnthe liquid | ebd¥sed n the di spEped

TWeACTES Th redeterm et (QuERET POl M, UhfdEed
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[0015?]De v@ﬁﬁ ?e epenséea oeTaBIree1e tﬁgdsyfs'yern% % {hel br se%t mvedntlown according

to the present embodiment may operate in any one of four states. In

particular, the system begins operation in State One which continues until
such time as the predetermined high set point is reached in the dispense
vessel. Thereafter, the system cycles between operation in one of State Two,
State Three or State Four, depending on the liquid levels within the dispense
vessel and return vessel. In particular, as long as the liquid level in the
dispense vessel is between the predetermined high set point and
predetermined low set point, the system operates in State Two and no further
liquid is drawn from either the day tank or return vessel. Once the liquid level
in the dispense vessel reaches the predetermined low set point, then the
system operates in either State Three or State Four depending on the liquid
level with the return vessel. In particular, as long as the liquid level in the
return vessel is between the predetermined high set point and predetermined
low set point, the system operates in State Three and further liquid is drawn
from the return vessel. If the liquid level in the return vessel is at or below the
predetermined low set point, then the system operates in State Four and
further liquid is drawn from the day tank.



fromthe return vessel. If the liquid level in the
return vessel is at or below the predeterm ned | ow
wa@ed7paiomt , then the system operates in State PONUSENT004981
further liquid is drawn fromthe day tank. 6 WD
2007/ 103043 PCT/ US2007/ 004981 [0016] There are
several alternatives for the arrangenent and
conmponents of the system according to the present
invention as well as for the nethod of operation
according to the present invention. For exanple, as
noted above, the two punps shown in Figure 1 provide
for redundancy and back up. Alternatively, a single
punp or nore than two punps could be utilized.
[00 G r e bivene, arevaeveralraltesn glingssfor dloe amapgeatemt and components of
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fiehrerny i EigoR 45 DNigeger e dattney e bghpp.
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unps, etc. Ina further alternative, an adjustably
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way, greater” consistency o he" pres ure
ﬁﬁéﬂvvgﬁ%ﬂsed liquid to the tools can be achieved.
[0018] Further, the day tank shown in Figure 1 is a
gravity dlspen5|ng tank from which l[iquid is drawn
[001t7$| nthe ppops. (wheteemene oe byplutalitigymnan ble aof arydttybe normally used
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punps. In another alternative according to the

present invention, these valves could be active val ves
[0018}h 4 Fputherethe dry &nksshewa in FigwerThis a/graMity dispensiag fajk from

@hidH B4Ui8 id drawn using a pump. Alternatively, a day tank could be coupled
directly to the return tank or the dispense tank and could be a gravity
dispensing tank requiring a pump 180 for delivery of liquid to the return tank.
In another alternative, the day tank could be a pressurized tank which would

not require a pump for delivery to the connected tank.

[0019] As noted above, there are several check valves provided for pump
isolation and to prevent backup of liquid into the pumps. In another alternative
according to the present invention, these valves could be active valves and be
controlled similarly to the valves 115 and 155 of Figure 1.

[0020] Figure 1 shows an arrangement wherein two valves are controlled by the
sensed level of liquid within the return tank to determine whether liquid should
be drawn from the return vessel or the day tank. As noted above, normally,



[0020] Figure 1 shows an arrangenent wherein two

val ves are controlled by the sensed level of liquid
wowvdaoitmoshe return tank to determ ne whet her |PQUUS2007/004981

should be drawn fromthe return vessel or the day

tank. As noted above, normally, 7 WO 2007/103043

PCT/ US2007/ 004981 only one of the val ves woul d be

open at any given tinme. In a further enbodi nent of

the present invention, the two valves could be

proportional valves allow ng sinmultaneous draw ng of

liquid fromthe return vessel and the dsy tank.
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dspkasied with a pressure sensor to control the flow

rate through the system [0022] While there are
several simlarities between the apparatus and net hod
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PRed abaye; Hereate Aragosiicant fifferarces o BsriguRRcas
ﬁﬁah{e BASH BRBSYstdrA GAd MBRIYPSrelquirek REpIUBAIRY @chambers, each
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system and operati on her eof ure
ardh dlumode of epetgtion, Mtaim Bllp\@l% tor thctispense and &l onedes to

be ongoing simultaneously. The present system and method also includes a
single return vessel, having return and delivery modes of operation, again that
can be ongoing simultaneously. The present invention provides several
advantages, including, reducing the overall equipment requirements for the
system, simplification of the control operation, and reduction of maintenance
requirements. All of these advantages result or help in reducing the overall

cost of the system and operation thereof.

[0023] Figure 2 is a schematic view of a system in accordance with a second
embodiment of the present invention. In particular, Figure 2 shows a liquid
dispensing system 200 comprising a day tank 210 and a dispense vessel 220,
wherein the pressure and flow control is managed using positive displacement
pumps 230 and 240. Pressure control is achieved by managing the pressure
in dispense vessel 220 and return flow is controlled by adjusting a valve orifice



enbodi nent of the present invention. In particular,

Figure 2 shows a liquid dispensing system 200
w@eowpno®iuing a day tank 210 and a di spense vesseCT/RRID)7/004981
wherein the pressure and flow control is managed using

positive displacenent punps 230 and 240. Pressure
control is achieved by managi ng the pressure in

di spense vessel 220 and return flowis controlled by
adjusting a valve orifice 8 WO 2007/103043

PCT/ US2007/ 004981 205 for day tank 210. Once again,
the punps 230 and 240 do not provide direct contro
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Thewpératingl segtiencd fbrtths élnbpéinsent\uf si5€ presthtflimwamtion is more
Tsuglglrgce d[)uaw r bl end system 250 until the liquid
eSCHLE ?ﬁiﬁ’]‘ge vessel 220 is at a predeterm ned
hi gh set point. Dispense vessel 220 is then
pressurized usi N2 feed 227 and associated val ve
[0024}3 laﬁ@"m ligiid) ds agavm intadhe digpensgapsss! 22Qfore argqurce drum
bﬁM@ndoéysltér?aLQbe th:I%éW%U&PIe‘O@ﬁﬁedlsB@r%é §e§%l 208 98 a

hin a pre det er m ned range y drawi n t1 onal
preﬂﬁtqrmm@ﬁw higle sebpeid &ﬁmr@@ovessemgans than eressyrized using

N%Vf% d2P3hd %ggoéuétébsfﬁﬁég ﬁ%‘ft?dfspgnglﬁ%ﬁ%f the hhhﬂ:“bég’gms,

i Spense vesse urn the operatl
phite the level of fiquiddn dispensecyedsiel 280 np nddtainedwithin a

paterehiel RRaq it 2FRRal Wil (¥ Kbl 250
tif pamtlchrama el sendouﬁ?ZE@usedttml sthse ﬂum&véBGf licquid within

8BS MepReE 2y, il R A B PG BEM oR or off, fiprpramele. i
pump230 absiagusedd thrrrpaEQ; 230 & fuintied Bn vereH tnwmnd level falls

S B S S o s R T RSS20

bhd'thé ﬁhhﬁi 286 i9Rirngelorenen the ng@ial I6vel fBacked ki ﬁl'éﬂétermmed
t hrou di spensi ng_ system an lows into the

highsel peintand “Otf'lﬁ@h?%lﬂ-!'dé? dravv.fmfrem poynge (H'HV‘ ?ﬁﬂkyrhe liquid
8&1%:{&&0@1@&@1 R{E?Q%b%hgi sterahnkfd ptiHHaﬂ‘l? pas@@%fth&ﬂﬁgh a filter
Iquid level in day tank 0 has reached
g@ﬁ) ipefore; drlivery to tools 270. qumd that is not dellvered to tools 270
continues through the dispensing system and flows into the day tank 210 until
the level of liquid in the day tank 210 reaches a predetermined high set point.
Once the liquid level in day tank 210 has reached the high set point, liquid
may be drawn from the day tank 210 and delivered to the dispense vessel
220. When the liquid level in the day tank 210 is below a predetermined low
set point, additional liquid is drawn from source drum 250 into dispense tank
220. By controlling the state, i.e. on or off, of the operating pump; and liquid
source, i.e. source drum 250 or day tank 210; the appropriate levels of liquid in

both dispense vessel 220 and day tank 210 can be maintained.

[0025] The method of the present invention can be further explained by
reference to a valve operation sequence for the embodiment shown in Figure



may be drawn fromthe day tank 210 and delivered to

t he di spense vessel 220. Wien the liquid level in the
walay7tiedok3 210 i s bel ow a predeternm ned | ow sePCPUSIINT/004981

additional liquid is drawn from source drum 250 into

di spense tank 220. By controlling the state, i.e. on

or off, of the operating punp; and liquid source,

i.e. source drum 250 or day tank 210; the appropriate

| evel s of liquid in both dispense vessel 220 and day

tank 210 can be maintained. [0025] The nethod of the

present invention can be further expl ai ned by

& BBl A SRT00 S 35 851 e e ot
ie@id lsStZQﬂg;bcﬁl@eléw&ﬂ:rzn the $cuurperdrumﬂ2m (tjo d(spterr]\sctalm_aél 220 using
t ve ened. so i,qui
PBGREmERe PEP T VeI tnd 3SR s drtyidt g allow
|§6I%$i@h ot 4Re paini}e 230 e tIPEASE bNHeBUEW repdit BESeRRIngAfd to
35 are primarily provided to allow isolation of the

assve 2 Qv Haeh 408 Nom bamkiats IERUMOANC BIarFiars ghax temain
6;8% éﬁﬁH{; %ﬁb?éﬁoﬂ | §lthithr0Galvesta42 QH\G Q@Skarbrﬁrﬁnéfw provided to . -

erefore may renal n open duri ng operation.

apilqw lsmlatyon oklhecrump248nn the sage ©f fieedgdirepalsassendeing and
l‘i’\%g be éHé%Vché-ek Jaiv t87assife gﬁfﬂga‘!ﬁdbé’s thﬂ&@%%g&fmto the

alr or servicilng e Si e che
pahpend tlneaebne mammmalnoppen during qgeraftiomw @ac& thent o

bt Red M S5 SORL ARV LRoRRER HELL0, o ove

se_&mdn@dlz mgdalsrtbasmemﬂngebuﬂmb&p tuheoffand dispensevegid 220 is

eS8 dNes USing 195 Faed 820 Al 3 8oidFiR Vel 2s SngiSensing of

|T gelgtr@d Zglgé valvé%fambrléfaaewmge?bt thHuk ttriedsd egtrfarther
alve rerera S a S

oV 15 at g frogbpauice druh aGuitheh e sue sdtndizaz senses

tRabthaMeuild tiével lif Wi perBS@isséR226 fIRaD a phatetéhRineddowdet

| evel in dispense vessel 220 falls to a predeterm ned

POITI. 46 OPEEANG DU 18 J4Ted Ay 3p6 YEIVes 265 S ErOBANGM 8O that
?t'h\é? Ilﬁéﬁ |b§jréﬁ/ncfﬁgﬂ§%u§6é Bhﬁ'ﬁ 25ﬁ)urlhhtﬁfs Wﬁﬁ Wuéjlldéxd level in

rom source hi s way t
dilspens¢ Messil A2bhisgnaintaioed z\atmlm @ pradatermieed vmgﬁ nLlawd is

LTV 298 ol e i LN SR (P o
predetermined high set point is reached. At this time, liquid may be delivered
to the dispense vessel 220 from the day tank 210 by opening valve 215. In
particular, when level sensor 222 senses that the liquid level in dispense
vessel 220 falls to the predetermined low set point, then a signal is sent to turn
the operating pump on and valve 215 is opened so that liquid is drawn from
day tank 210 to dispense vessel 220. Drawing liquid from the day tank 210
will reduce the liquid level therein until such time as a predetermined low set
point is reached. At that time, valve 215 is closed and valve 255 is re-opened
so that further liquid is drawn from source drum 250. In this manner, the liquid
level in day tank 210 can be maintained within a predetermined range. A level
sensor 212 is used to sense the liquid level in day tank 210 and to control
valves 215 and 255.
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predeterm ned high set point is reached. At this tine,
liquid my be delivered to the dispense vessel 220

wo e@mibiees day tank 210 by openi ng val ve 215. | PCT/US2007/004981
particul ar, when | evel sensor 222 senses that the
liquid | evel in dispense vessel 220 falls to the
predeterm ned | ow set point, then a signal is sent to
turn the operating punp on and valve 215 is opened so
that liquid is drawmm from day tank 210 to di spense
vessel 220. Drawing liquid fromthe day tank 210 w |
reduce the liquid | evel therein until such tine as a

[oozﬁﬁd%gﬁgwi}g e | g}g eogrggsu odfrf{z/qegggggéﬁr Ie oggtﬁlérg%tmgh{{gmed ata

steadyfand bemstaint) ta'td atshel eatmant:e wrttm)tuoteza@ oy &rfdrolling the

this nann r, the ank 210 can b

he ol Mo diserse 1ank 20 andieRy tank 21 i Bipgtiinent. the
pREYERIre ot didpendeatnk & senelidd By thequs@l of Q\ﬁéssd\’eds'éhsor 225
tank 210 and to control valves 215 and 255,

sooneateddeshedid tesshdy? fabe P'sqmmﬁ&?%ﬁw %ergrollmg the

BF@SSQ#@WH{@ nnndrdthddispeRseNes §8 Y¥S$h8A pfise dampener and
mai ntai ned at a steady and constant rate at the

theretarea pulsAalamerreris mesgeddat sl opeIgting PumP Syghee
kﬁﬁéﬁﬁeéﬁaﬁ@%nﬁ% g{]&r’f tﬂ@é @?’K FHe prBQEttnitéséf the day tank 210

I spense tan
tosimilarly epnwpllet dyusse of a arabaee@'s‘me&%ns simifgrslow control device

%HE% A 8h8r o:?f IN%hI eﬁ%n?\%?tr{eoﬁmkt?gt dt{;ﬁ‘@@gﬂgﬂ\evgﬁct?hlecan be

pressure
donprelisk vessel acts as a pulse danpener and
therefore no pul se danpener is needed for the
operating punp, further reducing cost and conplexity
[0027] tTiee Bpetating ﬂlhﬁpF&r&SW‘Elﬁés Pihe ad\alyzamakt idldbndest to keep

ar.| controlled a.,v fi
Bidliadlh ydane bimenseesean220 gha iy Gab A it prefiptermined
IdVie$s. MRAB ethutdwr@vél PVispéRsd Lessey22Dhe tﬁaghﬁrary%rbmeter used
controlled. [0027] The operating punp and the val ves

ta sontigl thessystem; (n pgrticar. the 98@{?t'n9r@1mpqﬁ tYrneg\rn @nd off
bB ghéﬂ%@?tﬁ@%@%i OQl%QJIéWtMISb@ng %Qséﬂ" 2‘2"0 8s sensed by level

pre etermned levels. The liquid |evel in dispense
se88e1 2220 The liawid |avehisy Qaspbafﬂsr%t%ls thesecongappparasmeter used

E&u r@géﬁé@l&tﬁ@ sr}Jg'Eborgfrlﬁip%Wiéﬂar, 4RE vARBE 5GP YBB dré opened or |
closed depending on the level of liquid in the day tank 210 as sensed by level

sensor 212.

[0028] The above operation is summarized in a general fashion in the following
Table 2 showing the condition of the operating pump and operational valves
for various states of the system depicted in Figure 2. Other operation states
could be used and the sequence shown in Table 2 is not intended to limit the
present invention in any way.
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dependi ng on the level of liquid in the dispense
vessel 220 as sensed by |evel sensor 222. The liquid
wo eneliojons day tank 210 is the secondary paraneP€r/Usmed004981

to control the system In particular, the valves 215
and 255 are opened or closed depending on the | evel
of liquid in the day tank 210 as sensed by | evel
sensor 212. [0028] The above operation is summari zed
in a general fashion in the followng Table 2 show ng
the condition of the operating punp and operationa
valves for various states of the systemdepicted in
Figure 2. OQcher operation stehgg ocould be used and

he sequence shown in Table 2 |§ not intended to limt

t htate Qreentillidisrenseovessel foyn aayrceidrumtardonth 0e0dispensing

Lt T - D TR oot B eTin® e s Lh Sl (i lece

(

TvBtate dihspe n&ﬁsbem&e liqdid Gmrdld‘ieniﬂ’im vesebWithi flllifrévé source drum

liguid-from
-%‘5&%?9%@@ spenge hqE ‘f'kf’IfTO'f‘rd&HE%Qﬁ?r%S&i with Tl fsere day tank

- dispense Tiquird fromdi Spense vesselr with it from
day tank State (perating Valve 215 Valve 255 Punp

stokate one On d osEPEAG St atle TMRNE R161 osed C Yabee 255
State Three Onl O d388PQpen St ate Four On Opern _d osed

[cmge)om h referdime to Tabl g theed;ystem qf t @pen

pls‘t%t{:élurwnvcnl uu,O%uuui’ et Ag—to th g&DCIIL uuuglucrud.

may operate in ne of four In parjtic

tf&taﬂsq?s‘hem begj ns @peration in St gleséne whi cf Open

Nnti nirac ||nf| Cllf‘h fl R —as

é*ab%THFrl s reack¥® in the di spe@” vessel . Closed

Thereafter, the SyStem CyCl €S Detween oOperation in _one
of State Tvvo State Three or State Four, depending on

[0028he Withy neferensata Tapler?, rthersystans of the present invention, according
to the present embodiment may operate in any one of four states. In

particular, the system begins operation in State One which continues until
such time as the predetermined high set point is reached in the dispense
vessel. Thereafter, the system cycles between operation in one of State Two,
State Three or State Four, depending on the liquid levels within the dispense
vessel and day tank. In particular, as long as the liquid level in the dispense
vessel is between the predetermined high set point and predetermined low set
point, the system operates in State Two and no further liquid is drawn from
either the source drum or day tank. Once the liquid level in the dispense
vessel reaches the predetermined low set point, then the system opeérates in -
either State Three or State Four depending on the liquid level within the day
tank. In particular, as long as the liquid level in the day tank is between the
predetermined high set point and predetermined low set point, the system
operates in State Three and further liquid is drawn from the day tank. If the
liquid level in the return vessel is at or below the predetermined low set point,
then the system operates in State Four and further liquid is drawn from the

source drum.
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vessel and day tank. In particular, as long as the
l[iquid level in the dispense vessel is between the
w@e@dabmasri ned hi gh set point and predet er m neBlCT/O8200®004981

poi nt, the systemoperates in State Two and no further
liquid is drawn from either the source drum or day

tank. Once the liquid level in the dispense vesse
reaches the predeternined | ow set point, then the
systemoperates in either State Three or State Four
depending on the liquid level within the day tank. In
particular, as long as the liquid [evel in the day

[oosbfegc\ | &f ﬁh%t aln?l?s n&e%?%cﬁferq\{ﬁﬁ S’e%&ﬁ t5 %e Bﬂétﬂ&du%ﬂt shown

ermn ow Set pera
lﬁtléige rerhh rvmlddle éqmallyeapphoqbledta thedsrrahndlmerm shosvrdimyFigure 2.

E8rSsarbhie Fosipbleldlp drfiyepl piips Srdfund fédindahydor
independeptly aiassbe nsét atFuriheny therulirhps by be qu angl tye normally
oret] Tl BsRensiY, Fipuidingian: w%ﬁ & 7R RUMR sMoreover,

m@tﬁmrab@v&mdmdrb@s@gséww.é pénsi uish® epurfip 280 or a
gure 1 would be equally plicab etot eenbodlmant

mnzw tanjpad zoul¢!a¢ cesaa |¢_lrec§v§p e Eetningtanys or the™
ALbEhSS Saril! mﬁa@@ﬁaﬁtmﬁsrérﬁ%wwv@é g}éWﬁé nggg ! Actively

may be used. Further, the pu
eRiitralied,and, aay knewn tygeiad level |§§ﬂ§¢>h@’law bﬂ;utxlmeﬁig an
adj ust abl e speed punp. Mreover, the source drum
could be a gravity dispensing tank requiring a punp
[0032B0 Tdve prespntiswention @stdadcribed abmyed Pwi@%playdtem, apparatus

S0, 0GR 89836 2o MBIl bl g
swath Napligh. Asgprtav@dsgdnamd! g%alrkmaimet?q::igmant E?l/gir(?ts tg the
SENZEL o Rihety aikoMe ik of ASBmicd P BRE RER RS bikkess.
Tiwg pessdrbinvantionyaliogvs fmrtdeuvéiv@fugb ha;uth epelmsnyrm 4 oormstant

Ay elEiand B8kt frovieind rearéy s RSt helog prbcesses.

I8l addition, WdevRgé Bdns sRéaPfcrees ﬂﬁ!@#@@@ée HBHInTEratibhs that
The present invention allows for dellvery of

éfgfq%fsé\eﬁ lbseév'@ﬁaw affectivennst ahthe auidor siume san be
RUBEEH B udiRg $hd 5P¥tefl, Ui SRS IndSindidd byt prdient #9kntion.
ﬁ?é:ffésf tSHe present invention is relatively simple as compared to prior art
delivery systems. In particular, the number of vessels and connection
apparatus needed are reduced in the present invention which may result in a
reduction of the cost of such systems and the overall semiconductor

manufacturing costs.

[0032] It is anticipated that other embodiments and variations of the present
invention will become readily apparent to the skilled artisan in the light of the
foregoing description and examples, and it is intended that such embodiments
and variations likewise be included within the scope of the invention as set out

in the appended claims.

13



I n addi tion, damage from shear forces that produce

aggl onerations that destroy the useful ness and
webdogavioweness of the liquid or slurry, can bePCT/@d200®004981

by using the system apparatus and nethod of the

present invention. Moreover, the present invention is

relatively sinple as conpared to prior art delivery

systens. |In particular, the nunber of vessels and

connection apparatus needed are reduced in the

present invention which may result in a reduction of

the cost of such systens and the overall sem conductor

W&ﬂ}ﬁa@g éfdaﬁﬁdciQ.St s. [0032] It is anticipated that
e

ot her enmbodi ments and vari ati ons of the present
invention will becone readily apparent to the skilled

argi ' i . f.qQreqgoj escr. bt and
oxckmptoabParplfs tortintiin b B RN IRDRINRR! Pl

and commisiis | i kewi se be included within the scope

of the invention as set .out in the appended clains. .

T3 o 2BOHRPRISS S Pk hdE s AlsRabaS MRl PRe@UBNIR yhich
ISt liquitis iisiseriiddsfor®r thai digsetsdegedsdll bl & dilldhollé @$ bperation
one point of use ,conprising; a. dispense vessel having
i S e s T intesbiost terihe Sispariae vasseli d i s

di spensggeiuph Yebd@l KHVIRS BSBIURTAGHe of BPeration ih WIER ublused
operation in which liquid is introduced to the i
di spdiAgie iggebuned fo the (Rt vasssl. and Ariplivenemade efrperation
of OReHAdPRLIA i9'BfaBURSH thé rétdird ybsgiet Ur ned to

the return vessel, and a delivery node of operation

i n whi c@liquigudigtributioe|systeragonneatingthe at lgast oae peint of use,
l'i qui | ' i ' t

poi nifis AIeFebk8 Y88 S WATHOAN Ao Qi Ry | AT ok the
vessdispensepessetio theglildastame point ofl usectosreturpasgalseddiquid

o t R RIbrP (edl SRl obiVar R Fol] fhe BHFFCd bt e
r et udispessealessel;tdmel di spense vessel; and
control means to regulate flow of liquid through the liquid distribution
system so that liquid flow at the at least one point of use is substantially
constant.

2. An apparatus according to claim 1, further comprising first sensor means
associated with the dispense vessel to measure the amount of liquid in
the dispense vessel and second sensor means associated with the

return vessel to measure the amount of liquid in the return vessel.

3. An apparatus according to claim 2, wherein the first sensor means and
the second sensor means are the same or different and are selected
from the group consisting of level sensors, load cells, optical sensors,
capacitance sensors, float sensors and radar sensors.

4. An apparatus according to claim 1, wherein the liquid distribution system
includes a liquid source for providing liquid to the dispense vessel or the

return vessel or both.
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control neans to regulate flow of liquid through the

l[iquid distribution systemso that liquid flow at the
wa@toozae®t3 one point of use is substantially CcPOEUSZI7/004981

2. An apparatus according to claim1, further

conprising first sensor nmeans associated with the

di spense vessel to neasure the anount of liquid in

t he di spense vessel and second sensor means associ at ed

with the return vessel to neasure the anount of

liquid in the return vessel. 3. An apparatus according

to claim?2, wherein the first sensor neans and the

second sensor means are the same or different and are

selected fromthe group consisting of |evel sensors,

| od Aveapparatps acadrdgentoeiaim 4¢ whereindhediqeehsource is a day

accorakgng sie A @ehBBRRYS T furthl: HERRER AlBne mgens to
syst @ump liqhiddat thel digpensestankce for providing |iquid

to the dispense vessel or the return vessel or both.
14 WO 2007/ 103043 PCT/ US2007/ 004981 5. An apparatus

acg.olNH Agparatss atdordingereiain 5t Wheréittthe KD Ffedrs Gomprises
day tank and the liquid distribution systemfurther
i ncl @Resitivarfispiagesnen) PysnRa ceatiifiegalAwnpnan imepierqaump or

t ank.anbadjibtapRPapatdpuagrording to claims, wherein
t he punp ‘means conprises a positive displacenent

punp, a centrifugal punp, an inpeller punp or an

ady u p :

ol i b FarREr B th ciafn DA nB TR ek s -

t ank pr@ssusaddaplar at us according to claim 1, wherein

the liquid distribution system further includes neans

tg~control the flowrate of liquid to the at | east one

paB.ntArcapparatus aocordimgptoed aine fl nvhedeinahg diquitheistributibhesystem

control, means is connected tqQ. a control _device for

Che 6‘1”&'&5%%8&\98§§B??”§3W%5‘839?é'g’l‘ﬁ"s,'aé% SSRGS 158 at least one

cl ai pofht offuseswithihlzep érahine@ aansgé Swherein the control means is
connected to a control device for the dispense vessel.

9. An apparatus according to claim 8, wherein the control means is a

pressure sensor.

10. An apparatus according to claim 9, wherein the control device

comprises a nitrogen gas source and a regulator.

11. An apparatué according to claim 8, wherein the control means

comprises a flow meter.

12. An apparatus according to claim 8, wherein the control means is further
connected to a control device for the return vessel.

13. An apparatus according to claim 12, wherein the control means for the

return vessel is a nitrogen gas source and a regulator.
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pressure sensor. 10. An apparatus according to claim

9, wherein the control device conprises a nitrogen
w@am7deense and a regulator. 11. An apparat us BCT/OSZNOTN4981

to claim8, wherein the control neans conprises a

flow nmeter. 12. An apparatus according to claimS8,

wherein the control neans is further connected to a

control device for the return vessel. 13. An apparatus

according to claim12, wherein the control neans for

the return vessel is a nitrogen gas source and a

regul ator. 15 WD 2007/103043 PCT/ US2007/ 004981 14. An

ap?@rﬂh%p%?%rsdé&%r&ﬂ QB%Iénnh WREERH th dé Be st bRg$oint of use

one point of use Is a I'n a sem conduct or

f abr iig attbohinga aemndl@ftorﬁfabap@mmpweascor ding to

claiml1l, wherein the liquidis a slurry. 16. A nethod

of dispensing liquid conprising: filling a dispense

vesSeAnvipparatuglaatording torobsiet € wherin the Peuigds i glorry.

set point froma liquid source; dispensing the liquid

to at | east one point of use in excess of the anount

neegleAd; metr@w@hmgpéﬁmgmqemdmﬁﬁsuﬁgt0 a return vessel
toapredetermned return h set point: providing

f urt her filfipg & Q!SP%"%tée%ﬁ;%!rY@ﬂ's yidde & Dﬂeﬂsﬁﬁraimﬁéaiﬁpense high

one %@tbaﬁ,tf}dnqw%m%gﬁ:eor the return vessel when
the liqu level in the dispense vessel reaches a

pr edet eﬁﬁpﬁeama. t§9é‘ﬂ§!§’ o9 least prg Reintgheseiin exgess of the -
| evelydudtifddddg- N the di spense vessel in maintained

bet ween t he pregeterm' ned di spense high set point and
the prpuwyidingitheeéxdespliawd tbavetem yrsisel taapredetermined

| evel QfnH ' he return vessel in maintained
héw
bet ween ¢ h p% obecpe{rm ned return high set point and a

pr edet epravitiog fathenliduidits die dispense vessel from at least one of the
liquid source or the return vessel when the liquid level in the dispense
vessel reaches a predetermined dispense low set point;
wherein the level of liquid in the dispense vessel in maintained
between the predetermined dispense high set point and the
predetermined dispense low set point and the level of liquid in the return
vessel in maintained between the predetermined return high set point

and a predetermined return low set point.

17. A method according to claim 16, wherein the at least one points of use

is a tool in a semiconductor manufacturing process.
18. A method according to claim 16, wherein the liquid is a slurry.

19. A method of maintaining a constant rate of liquid flow to at least one
point of use comprising:
providing liquid to the at least one point of use through a liquid
distribution system; |
measuring a characteristic of the liquid at a location near the at

least one point of use; and
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17. A nmethod according to claim 16, wherein the at
| east one points of use is a tool in a sem conductor
worewafieatdir i ng process. 18. A net hod accor di ngp¢DUSI0a7/004981
16, wherein the liquid is a slurry. 19. A nethod of
mai ntai ning a constant rate of liquid flow to at | east
one point of use conprising: providing liquid to the
at | east one point of use through a |iquid
di stribution system neasuring a characteristic of the
liquid at a | ocation near the at |east one point of
use; and 16 WO 2007/103043 PCT/ US2007/ 004981
cont rol || ntfilg MY 1t FatBlor 8 iyl thbddH ARG Yistribution
liquid di striput Pon syst em based on the asure
char system based opGtheAnegasired cheractéristict o cl ai m 19,
wherein the neasured characteristic is pressure and
wherein controlling the flow rate conpri ses
c@od.rAlmethgd guoesdingdo iclaim 19, avhereih threneasvess eharacteristic is
associ at ed mﬁ&ﬂ Bhe.ligukg. dia%ribution system 2%. A
met hOEESRUG AN Whetsir canirpiiog the dpy fate canpsrisss captrolling
char ?Eééﬁdrétith @ liquid tispensaivessartasdiriaied witihiediduia g
the Tlow rate conprises controlling pressure in a
| i quiptdPQlim8¥stélsel associated with the |iquid
distribution system 22. A nethod according to claim

19, where the at | east one point of useis a tool in
a e feritediancording ta claim f@ wheyeins the peaspregchaf@cteristic is

i‘gc OhgiW12itd Anl\h&PelrPcotiSisg the AGw! ratl/Edmipris@s ThHirbling
' pressure in a liquid dispense vessel associated with the liquid

distribution system.

22. A method according to claim 19, where the at least one point of use is a

tool in a semiconductor manufacturing process.

23. A method according to claim 19, wherein the liquid is a slurry.
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