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The present invention relates generally to systens and nethods for m xing
and/or delivering of liquid chemcal (s), and nore particularly, to systens
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The present invention relates generally to systems and methods for mixing and/or
delivering of liquid chemical(s), and more particularly, to systems and methods for
mixing and delivering liquid chemicals in precise amounts using logic devices and

multi-reservoir load cell assemblies.

The present invention has many applications, but may be explained by considering
the problem of how to deliver photoresist to silicon wafers for exposure of the
photoresist in the process of photolithography. To form the precise images required,
the photoresist must be delivered in precise amounts on demand, be free of bubbles,
and be of precise uniform thickness on the usable part of the wafer. The

conventional systems have problems as discussed below.

As shown in Figure 1, a representative conventional photoresist delivery system
includes supply containers 100, 102, typically bottles, which supply photoresist to a
single-reservoir 104 by line 117, which is connected to supply lines 106, 108



(not shown), which di spenses photoresist on the wafer. The space above the
photoresist in the reservoir 104 is connected to a gas |ine 118 whi ch,
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system cont roll not shown) initiates refill node, where a set of
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106 nayOﬂwwmamesU@@q tpol will still fail to dellver the photore3|st when demanded.

During dispense mode, when the track tool withdraws photoresist from the reservoir

104, the valve V3 permits the nitrogen to flow from the nitrogen manifold to the

reservoir 104 to produce a nitrogen blanket over the photoresist to reduce

contamination and to prevent a vacuum from forming as the photoresist level drops

in the reservoir. Once the photoresist in the reservoir 104 reaches a sufficiently low

level the system controller (not shown) initiates refill mode, where a set of problems

arise.

During refill mode, the valve V4 is activated so that nitrogen flows from the manifold
line 126 to the vacuum ejector 124, which produces a low pressure line 170 thereby
producing a low pressure space above the photoresist in the reservoir 104. The
bubble sensors 110, 112 monitor for bubbles in the supply lines 106, 108, presumed
to develop when the supply containers 100, 102, become empty. If, for example, the
bubble sensor 110 detects a bubble, the controller turns off the valve V1 to supply
container 100 and the valve V2 opens to supply container 102 to continue refilling
the reservoir 104. However, bubbles in the supply line 106 may not mean supply
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as a "rfossed irsthet pHotelithograpmyarosesshe yiel d of the track tooI The present
i nvention al so may be explained by considering the problens associated with
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deliver photoresist to its own internal chambers, lose its prime and ability to

adequately dispense photoresist, and the pump can even overheat and burn out.

The result of each scenario will be the track tool receives insufficient or even no

photoresist, known as a “missed shot,” which impacts the yield of the track tool.

The present invention also may be explained by considering the problems
associated with mixing and delivering slurry for chemical mechanical polishing
(CMP). In semiconductor manufacturing, a slurry distribution system (SDS) delivers
CMP slurry to the polisher. For example, Handbook of Semiconductor Manufacturing
Technology (2000), which is incorporated by reference, describes delivery of CMP
slurries to a polisher and shows an arrangement for a SDS at page 431. In some
applications, the SDS needs to mix the components of the slurry in a mix tank.
During mixing and handling of the slurry, the SDS must not damage the slurry by
subjecting it to too much shear, which may cause aggregation, or too little shear,
which may cause settling. A pump may transfer the slurry to a distribution tank when
required by the process tool. The SDS should handle a variety of chemistries
because a CMP slurry formulation is often tailored to each process. The SDS should
3
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shear, which may cause settling. A punp may transfer the slurry to a
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varying as the level within the reservoir changes.

The present invention addresses these problems as well as avoids waste of
chemicals, provides a friendly user interface depicting the amount of chemicals
remaining in the supply containers, and reduces system capital and operating costs.
If, for example, the amount of chemical in the supply containers cannot be seen, the
present invention permits the interface to be provided at a distance by conventional

computer network capabilities and the electronics provided.



SUMMARY COF THE | NVENTI ON The present invention relates to systens using
controllers or logic devices and nulti- reservoir |oad cell assenblies for
preci si orwoiogiopgyiand/ or delivery of liquid chemcals. |t pardasos/ei2ates to
met hods of delivering liquid chemcals fromsupply sources to processes
such that the present invention accurately accounts and adjusts for the
dynam cggNMARYSOE HHE IRVENTEON aui d chemi cal to neet process requirenents.
Finally, the present invention provides nmulti-reservoir |oad cel
assenblies for nonitorin regul ating, and an [ the [i %ui d su%_?l y
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enbodi nENt's o chemcal delivery systemincluding the nulti-reservoir
| oad cethe presenttinventionfpreviges esullixessvoir loaghcelBassangblies fonmanitaring.ont

cross-section of second odi nent ,of . (I rvoir |load cel
assenbl r;;_gu'g%&gran(ignﬁ@zg'lgstﬁgglqg}ﬁ@p&%éyé@%lw%}%&gezs ond enbodi nent of the
multi-reservoir |oad cell assenbly. Figure 5Ais a front cross-section of
a third and sixth enbodi ment of the nulti- reservoir |oad cell assenbly.
Figure 5B is a side cross-section of the third and sixth enbodi nent of the
multi- reservoir load cell assenbly. Figure 6, a piping and instrunent
diagram illustrates enbodi nents of the chem cal delivery systemincluding
the nulti-reservoir |load cell assenblies of Figures 5A-5B or



11A-11B. Figure 7Ais a front cross-section of a fourth enbodi nent of the
multi-reservoir load cell assenbly. Figure 7B is a side cross-section of
t he fourtwoaniexisrent of the multi-reservoir |oad cell asenishy14283 gure 8,
a piping and instrunent diagram illustrates an enbodi nent of the chem cal
delivery systemincluding the nulti-reservoir |load cell assenbly of Figures

7A-7B. R BE’SQ.%IF#?O FYSPB DRRAENGS gure 9A is a front cross-section of
a fifth eﬁodl ment o tﬂrcéer multi-reservoir load cell assenbly. Figure 9B is

a side cross-section of the fifth enbodi nent of té]e mul ti-reservoir | oad
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enbodi Pgo%fongﬁysﬂm{gig@g Ie%%id Xﬁgﬁéw&%éé}%iwl ng the multi-reservoir
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mul ti-r I | | nbly. Figure 12, a piping and instrunent

di agraﬂﬁ%élgh\b&{)frtgteggggﬁﬁén%%glﬁﬁént of the chemcal mx and delivery
system_Figure 13, a flow chart, illustrates a flow rate control system
usi ng teurEi 2B iF 8 temyiewwf thatirgrembediment af e melisteser@irdpad gellr eser voi rs.
7 WO OPI\%%géqu“ﬁ PCT/ US03/ 14233 DETAI LED DESCRI PTI ON OF THE PREFERRED
EVBODI the first enbodi ment, the present invention includes a

mul ti-reservoir load cell assenbly 200 as shown in Figures 2A-2B. The
assenblRig@es, capiping aad tnstrumend diagyame iustiatas embeyli of therehearaigak epl ace

the pr OJOelli%%/téy%tesrhqﬁélsaihaﬁﬁé \fr?dl{i-régel}vgiwoad cell assemblies of Figures 2A-2B or
4A-4B.

Figure 4A is a front cross-section of a second embodiment of the multi-reservoir load

cell assembly.

Figure 4B is a side cross-section of the second embodiment of the multi-reservoir

load cell assembly.

Figure 5A is a front cross-section of a third and sixth embodiment of the multi-

reservoir load cell assembly.

Figure 5B is a side cross-section of the third and sixth embodiment of the multi-

reservoir load cell assembly.

Figure 6, a piping and instrument diagram, illustrates embodiments of the chemical
delivery system including the multi-reservoir load cell assemblies of Figures 5A-5B or
11A-11B.

Figure 7A is a front cross-section of a fourth embodiment of the multi-reservoir load

cell assembly.

Figure 7B is a side cross-section of the fourth embodiment of the multi-reservoir load

cell assembly.

Figure 8, a piping and instrument diagram, illustrates an embodiment of the chemical

delivery system including the multi-reservoir load cell assembly of Figures 7A-7B.
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bubbl e sensors 110, 112 of Figure 1. In this enbodi nent, the assenbly 200,
constructed of Teflon, SST, polypropylene or any chem cal conpatible

mat er i al ,worgloszies an upper conpartnent 202, a main resemPCaiuso2fR33 and a
buffer reservoir 208, all in an outer housing 212. The buffer reservoir
208 is sealed fromthe main reservoir 206 by a separator 209, and an o-

ri ng sddgul9A isalfront heosgesectien of adifthterabediprant obthexmlti-eeseneivigadceiousi ng
212. The  separator 209 uses a center conical hole 250 that allows an

i nt er nd°S884Y'ng shaft 204 to forma liquid and gas-tight seal with the
separator 209. The separator 209 fornms a liquid and gas-tight seal to the
pneunatRiguteu®R ia Sidei ¢crossqseotion afithedith @nbodinknd ofrihiemuliseesesyoir Rae
contains a mddle sleeve 214 that fornms a rigid separation between the
separ at &l 356§ the reservoir cap 205. O-ring 203 seals the perimeter of
the reservoir cap 205 seals against the internal surface of the outer

housi ndFiga 10, Ehpipiresand mstruoemt 2Egramailissagtesret embedimemtrofdhe seal i ng

shaft 204, the chem cal inpyt type 217, and the pneumatic tu 215 and
18 wi (hemisakageD, sysiemeidudingdS iy reSdyal WadiCSbasandh Flss

| ocati agpggown in Figure 2B), respectively. Munted to the reservoir cap
205 is a spacer 244, which also nounts to the pneumatic cylinder 226. The
reservolir ca€ 205 is held in Posi}i on bé t he ug_ er sleeve 233 and.the

mi ddl e FiguegeltA 513 fropherasisectiqR of gpevealtr smpedimant £61he UlsIeseval t he
out er i forms a nechanical hard stop for the upper sleeve
233 ang&%@gagﬁé%&ngtsﬂg cylinder 226. Pneunatic airlines for the pneunmatic

cylinder 226 penetrate the outer Teflon reservoir top 201 through the

ci ear arfdgureol €8 55 side; crepgnseatigrotinesevent empedimeriaithe AYEliTeEAVeIs not
limte t.ery of CMP slurries or photoresist on silicon wafers.
For engn% g%ngﬁgﬁbh% the invention shows advantages over the conventi onal
systemin this environnent, the systens of the present invention can

del i verFigureet2,1a giping amnd ifstrament giagsame Hiusifptes a7 embediaerlof th@ecause t he
novel ty_ of . o ' extends beyond the nature of the chem cal
bei ng a%%%'é?@g!yﬁcg&%lbIeIP%gyér%Rgescri ption refers to the delivery of
chemcals 8 WO 03/093118 PCT/ US03/ 14233 to avoid a m sunderstanding

r egar di figuten®3,sa ipw chartt tgsiratesra flew rate control system using the diminishing

weight of liquid in at least one of the reservoirs.



As shown in Figure 3, the nulti-reservoir |load cell assenbly 200 shown in
Figures 2A-2B is suspended on and weighed by a |oad cell 412, preferably
such as awBaaiopm18| oad cell nodel no. F60X10C61 CE and a moagrsasmabs e | ogi c
controller (PLC) 330, preferably such as the Mtsubishi FX2N, a conputer,
or anot her conventional |ogic device determnes the volune of the chem cal

in the D%%C PR ' ecific gravity of
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chem cal fromline 217 is drawn into the main reseryoir 206, the |oad cell
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the sma signa ran It to an
anal og- Syste:tng;hbwh inangwet(brandm replecie the urthBieMattlswmgieHresfe(ﬂommﬂ)ar@nd t he

out put di sent, to the PLC 330. The PLC 330 can be
r api dl Wlth%éfc‘) §q39 iiﬁ\%%ﬁg%ﬁél | adder logic. During withdrawal of the
chemi cal, the weight of the assenbly 200 decreases until the software set

poi nt dh thnbeen%cmlmém ithe lasaembly. 20 donstrbeted ideflonnSEITg polypRpyléne GLC 330

may control valves V1- usi,ng 24 Volt solenoid actu d val ves, and
act i vatdm ¢hamisy! comeaii %1’“@38@! m@ﬁeééft tRPeNGARAHIEEN @ M4t h sol enoi d

val ve, pRER g ;}%@egnd% b rasesBHoRedl W§n%%ﬁhd& @wrn?e Budt as a

Veri Flow self-relieving regulator, to the pneumati cal operated valves
V1- V5 tresepeir 208 isIsestect femihe veain resarveie @06ryea eepar@mrazogmndfartme first

mbodi t d th C 330 | . Ei
oA 25 AN AN HeruReceueiehof e Smeaty i of Y BUR wPuR0e 2, ek Ui
level , ééy%réib@@@@;sbé I0GRTter Edifca TN P56 famaliows dri iatsrAalsdaingebiaft an
automatic refill sequence USIQiﬁ the nulti-reservoir |oad cell assenbly 200

of Fi guidstodiarmm liguid endges:-tight spabwith ke separpics289aing seeargipeddre, e. g.
e, P GBS o oRSUGhTPA e PHEPEAE e 2DEWIEH 540 dhot 24al 2
pneunatTife MareresbvoiP200 tonpireantidclecydaved2t4 42k foris s rigiesepdratioral
sealing shaft 204, thereby sealing the buffer reservoir 208 fromthe main
r eser vopetween the separator 209 and the reservoir cap 205. O-ring 203 seals the perimeter

of the reservoir cap 205 seals against the internal surface of the outer housing 212.

The reservoir cap 205 seals against the internal sealing shaft 204, the chemical input

tube 217, and the pneumatic tubes 215 and 218 with a set of o-ring seals 207, 220,

222, and 224 (hidden, but location shown in Figure 2B), respectively. Mounted to the

reservoir cap 205 is a spacer 244, which also mounts to the pneumatic cylinder 226.

The reservoir cap 205 is held in position by the upper sleeve 233 and the middle

sleeve 214. The outer Teflon reservoir top 201 is bolted to the outer housing 212 and

forms a mechanical hard stop for the upper sleeve 233 and the pneumatic cylinder

226. Pneumatic airlines for the pneumatic cylinder 226 penetrate the outer Teflon

reservoir top 201 through the clearance hole 260.

It should be clear that the present invention is not limited to the delivery of CMP
slurries or photoresist on silicon wafers. For example, although the invention shows
advantages over the conventional system in this environment, the systems of the
present invention can deliver other liquid chemicals for other types of processes.
Because the novelty of the present invention extends beyond the nature of the

chemical being delivered, the following description refers to the delivery of chemicals



WO 03/093118 PCT/ US03/ 14233 <c¢) Once the buffer reservoir 208 is seal ed,
the main reservoir 206 is evacuated to a vacuum of approximately 28 inches
of mercurwo d®9xhe©wWn in Fi gures 2A-2B, the pneumatic tubecTa&osmeast he
mai n reservoir 206 connects to the output side of a three-way valve V4.
Valve V4 is actuated so that the tube 218 communicates with the line 316
connecttedvoid a hesurdarstandjngoegarding thesseopenef the imveplios. 3. The vacuum

ej ector 324 is powered by conpressed gas, which is directed to it by the
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The vacuumis isplate r buf,f | r, 208 i,ch [ t
gas  aioeheelmadeLPoabavk s [ 8By A raaeam e ol gt o GHEE 4P, 3o "
pr ocesraferaif)|suchidshAl MitsuBRsHi FX2N)@ &dpiiterl orfiogerdginveatigshlicgit he t ool
to negative pressure or a difference in pressure. e) The vacuumq%enerat ed

i n t he deniice detesninsisrthevelumeat e chanygalpndie assemblye?AdBpm thadoadhgell i s

or oo curEeihfatd e S oraih O e ofeRRe, B bRy B erer A RBR 10467, (0"
I nto t hipvid s BT Vs ch@@kzal faom g 211 & draninddtcothetrain rebervoli 206, éser voi r

206 refills with chemcal until a determned full |level s a¢ ieve%. f) The
full | doad cel4drutprtsésngll ihearalog sianah 3d4 pspporiionaliqdhqayeignt on the

cal cul g1] rfo P ; ieP85s Y

enbodi ﬁ%%@%%lslégﬁafn ‘%ﬁ?g&gt@%}tvéﬁ?ﬁ 31'2%%0%@% Wéﬁ%pﬁ% capgéfgétts t%§QT§3 cubi c
cent i nesigmal 32acth thad-20 miftivolt rangeram serki3Gt ta am analogpacdigifalaongedecc. Usi ng
the specific gravjty, of the emcal, the PLC 330 cal cul s the,vol unme
that the%EY @g/thg Mitsypishi F*%B“%@@@ ¢ Ae UBé@'tﬁgs' ”?Ie?‘%%e 1 {nce once
the Chetﬁbft:ﬂ{c SS{).UT'ﬁe PEECESF M bé%big%y BRGPMARY IBEcorMtibRbl Ihlidst IBgR. once
the chemcal volune reaches 695 cc. This™ sequence allows nearly all of the
439 cc Daringheitbteawa aff thenchémicblithe weighi of g asserolglyt29Ondecreasamuatiinhi | e

refilli the main reservoir .th the 695 cc of chem cal and prevents
over f | &ﬁ»%&PHW%e &l HO'ngﬁtB@ﬁLr?@gég'%Fea&Qﬁﬂl ete evacuation of chemcal from
the buffer reservoir 208.

As further shown in Figure 3, the PLC 330 may control valves V1-V5 using 24 DC

Volt solenoid actuated valves, and activate them by an output card such as the

Mitsubishi FX2N. Each solenoid valve, when opened, allows pressurized gas from

regulator 2 such as a VeriFlow self-relieving regulator, to the pneumatically operated

valves V1-V5 to open or close the valves. The sequence of operation of the first

embodiment is programmed in the PLC 330 so the components shown in Figures

2A-2B and 3 work as described below.

Once the chemical drops to a certain level, the PLC 330 triggers the system shown
in Figure 3 to begin an automatic refill sequence using the multi-reservoir load cell
assembly 200 of Figures 2A-2B as follows:

a) A blanket of preferably low pressure, e.g., one psi inert gas is continuously
supplied by the regulator 1, such as a Veriflow self-relieving regulator, to the main

reservoir 206 by the pneumatic tube 218.

b) The pneumatic cylinder 226 lifts the internal sealing shaft 204, thereby sealing
the buffer reservoir 208 from the main reservoir 206.



g) Once the main reservoir 206 has refilled, the valve V5 is turned off,
thereby stopping gas flow to and vacuum generation by the vacuum ej ect or
324. The wod3&108/ 093118 PCT/ US03/ 14233 three-way val ve P¢4/use3/i4zen
switched so that the inert gas line 218 communicates wth the main
reservoir 206 and an inert gas blanket is again forned over the chem cal
i n the ajaOncedbe buffer rezedvait 208 s s=ated, [the ssain eeservoin @0bus evacuatedtoai r
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supply Cpﬁé@fhaﬁé 2218 ABh e MBINYeEERRINMIE catfectd¥d e diBut®dd of gser voi r
206 is full of chemcal wth an inert gas bl anket above, the internal

seal i ng shtute-wayvalee Véwiabe dhis attiates sshibat the tubeadhd eemmuinicates withoi r

206 to flgw int he buffer reservoj . Jave f reservoir
208 comp i ift 816 PPttt o e AR ot 724088 oMl in FRELB A P LoaT" The
pneunat i CyhéiRen efddloCIMNRGIdWASIetingy duihpressed aas vwhich29dirbtiddsow thrtheheni cal
until the chemcal in the tube 215 reaches the sanme | evel as the main

reser voi r pe®aypadu¥e. PRee yales\® isson.iihalkyyshcorepeasssr gasdpasgent i cal . The
o | ! : (NEFIEEY . t

ngar 1 eFppoR il e aGiin cGeRbN S PHERRILES aboli 28 onEs ' Fmieretiy | ° o0ce

| oad cel | gvdonah®anbrovghltbblihe 3dénmmmuhizatingl edtarthe maig rebervain@06t  of

chemical in the supply containers, the present invention provides a nunber

f f nr: . ine. i i
ohem o TBrtegh A i et e B ARBror S MO naR Aot balT . "5 o
full  whegligitmaiez dbboe ithmdsyaitenies theuphlE chamics 1o ltiye prdaesk @i ¢odlhe

chem cal renoved (and added to the nulti-reservoir |oad cell assenbly) and
how nuch wBautexposingiierehemicakikeing gsliveredie e taod to RRYativepresaeie Un can

be used t L.ag. | cal representation of the renmai ning anount of
chem cal %noq{f%\eéhg(&;”fgﬁ?ggga A second feature is that the PLC can determ ne

preci sely when a supply container is conpletely enpty by nonitoring the
wei ght @jaiThewachum generatpstiathe main reseneigRP6 greatepa lPWIEFsie does not

I ncr ease ' [¢]: l\y» C Lnery | i rred to
be. et y. TR ng Bl SGHATE0 fo Inef b T 208 Vo AR BNRE tna e vey
opens, the low pressure line 217 causes chemical from the supply container 102
to flow into the main reservoir 206. During this period of time the main reservoir

206 refills with chemical until a determined full level is achieved.

f) The full level is determined by use of the load cell 412 and weight calculations
performed by the PLC 330. For example, one preferred embodiment uses a
buffer reservoir 208 with a volume capacity of 439 cubic centimeters (cc) and a
main reservoir 206 with a capacity of 695 cc. Using the specific gravity of the
chemical, the PLC 330 calculates the volume that the chemical occupies. The
PLC 330 then begins a refill sequence once the chemical volume reaches or falls
below 439 cc. The refill stops once the chemical volume reaches 695 cc. This
sequence allows nearly all of the 439 cc of the chemical in the buffer reservoir
208 to be consumed while refilling the main reservoir 206 with the 695 cc of
chemical and prevents overflow of the main reservoir 206 or complete evacuation

of chemical from the buffer reservoir 208.

g) Once the main reservoir 206 has refilled, the valve V5 is turned off, thereby

stopping gas flow to and vacuum generation by the vacuum ejector 324. The
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t he next supply container to be brought on line. Arelated third feature is
the load cell technology provides the ability to accurately forecast and

i dentify wbhe3tszamgls in chem cal usage. Since the exact amomrusosi4zeheni cal
I's measured coming into the reservoir the information can be easily

el ectronically stored and mani pul ated and transmtted. A second enbodi nent
of the nuthreeveayevalee V4l isdlaere switchasseathal the meshgamline 218 gameaunigaten D

03/ 093118 PCT/ US03/ 14233 . 4A-4B 1 ncl ud f.er. reservolir f ast ened
and seal e&"t@{"‘f’ alg_rﬁ%glr%? q%(g %rﬂﬁeHb(gﬁss[@ﬁB@%tdgE%% %%\%8&\%8 %heni cal
f1 ows thr ghéhidal retheanarcicseroftde sianeeeahtdprdseuidgs e befferrreservoni r 408
are a pneunmtic tube 415, a chem cal valve 407, a |load cell separator 413,

and t he | 888 ¥ere batiplineme!8, @248 reepive gas fam dee sa@eingd gasdnanifald818puf f er
. ' ae Gt a " t
reservol f{s”e%SF@U%&{?g\éé’é”ﬁﬁ@vélv%evé%a& Oglhkggrﬁv&%létggmé ﬁ%ﬂy”e er (no

shown) not par I -reservoir asse The outer
sl eeve 404ontalnepd 02rfoamdhé hexibuédervoir 266r voir 408 and rests agai nst the
bottom cap 410. The outer sleeve 404 is machined to allow the |oad cell

412 to ' S : ects to
t he rrai'lﬁl?ej Zgéﬁ%ﬁ%ﬁ%og%gﬁ#gﬂ géfﬁ(g]re @E@%ﬁggngﬁe{%g% ?Pﬁ{n\gggégg\éeﬁqﬁé;servoi r
408. THetemmalsetfing skaft 20406 [vered apgalloaisachemidabfeameate méiy reservoigs in t he
upper cap 403. The upger cap 403 incorporates a stepped edge along its

per i phetGp todloyeine the Rdffejeserveiredie Exgatually; the nfiqnraservolr 208 418 and
chem c | A : : g ; sl eeve
204" promelEthy il ofq it & nRAGHy BF NS it BRI 206, A prclifaftt e ond
408. Th Swedriniecting ¢he buffer esdnodd 208fisanith gheimacah until thegineescalAn 4 and

d i h t f Fi ' iml t first di t with
'he. f oltbR21G HaEER Be e kvehes e Tiamaaspar o208 baratise TR RSB ¢ he
fluid pabtPrisePEdIrs &Y iBAtILA SHfE M@érhaﬂ@@aliﬂ?%ha‘fﬂ'@@#&ﬁﬁhsb@éﬁ@f@iiﬁiéos- b)
The outer sleeve 404 provides the nmechani call support to formthe rigid

assenbl detetrhined stopprue: againgrefihitire megerassirvoin@@6.as wel | as the buffer
reservoir 408. A third enbodi ment of the nulti-reservoir |oad cell assenbly

shown i ge B BU1RS firdtembodiment uses load cells instead of bubble sensors for |
determining the amount of chemical in the supply containers, the present invention
provides a number of very useful features. One can accurately determine in real-time
the chemical remaining in the supply containers. If the supply containers are full
when connected to the system, the PLC can easily calculate the chemical removed
(and added to the multi-reservoir load cell assembly) and how much chemical
remains in the supply containers. This information can be used to provide a graphical
representation of the remaining amount of chemical in the containers. A second
feature is that the PLC can determine precisely when a supply container is
completely empty by monitoring the weight gain within the system. If the weight of
the reservoir does not increase during a refill sequence then the supply container is
inferred to be empty. This causes the valve for the supply container to be closed and
the next supply container to be brought on line. A related third feature is the load cell
technology provides the ability to accurately forecast and identify the trends in
chemical usage. Since the exact amount of chemical is measured coming into the
reservoir the information can be easily electronically stored and manipulated and
transmitted.

A second embodiment of the multi-reservoir load cell assembly 400 shown in Figures
11



5B, enploys two reservoirs 506, 508 spaced apart from each other but
connected by a flexible fluid [ine 516. The third enbodi nent uses nany of
t he previwos3loezmponents shown in Figures 4A-4B, except: @EOI/IW3/dees not
use an outer sleeve 404; (ii) the buffer reservoir 508 is not nechanically

suspended fromthe main reservoir 506; and (iii) the |oad cell spacer 513
and t hetA-4Bdinsiudessa butferresaptoliils, fastened apdisesladdry theeomaios 41dderthei r

oaa cartiog 5 a1By ThEBRRABRERIE foUidnSLEERS RN BRI BB o R HERe L o,

tank 5QG6 thé baﬁewesleﬁvouFA(gméﬁa phebatiodulbe 4Tbea atemidaagalvef40ha Ibhdr d
enbodi nent is the Erec se anmount 12 WO 03/ 093118 PCT/ US03/ 14233

ghem’ cfellsepager #hsandithelgad cell4d 2y bhe loaskcelsd 17 igsecukaly bl t&ﬁdot?mfé PLC
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077 or WUEhErB ubh i e G Ghe N SERFBNARYHNG e AR ERBEIHGI o L1
be us;adshon\{rt ]tln@t @psttcﬂrth@fm#lti:'r:mmolﬁloadtdelltésmamly Ao0. ‘Elysbeter(sleeyet?](ﬂl_lc Q/ D,
1 T1 0 ur I Ca e |l ea
i gt NP rsow ine-buiidresgrnlioBaid rrare avalnS el 56 IS FBROSHe
det ai | %hé’évet 584 i%arhbchW@tj'tG allbw the %dd &8l @lmtd Eaé§ﬂ’ﬂr6@ér?|t%hc&r%e% tis

| i ke ot arts with the sane trailing digits. the buffer reservoir
206 ancEmchéO5bﬁmeavalvegéﬁ’\n@nneet@aoaln@n1a|m¢sserw¢ln4f)ﬁra®dutba otlaercerfd){lnw in

bt <rest0egh o it Feston SBATEES Wb Fesynf bk BPESIERY A0 Sty e

same COspaingsn fe Lbser dipr 403 Mt BRI .caphDBEVEHF o@at&@@ﬁ@ b@adgeel | 722
is attached t@o t he bﬂlS}?ef er reservoir 708. pThe assepnbly 700 |g pre]gerably

used wialeng ie peyishem torseputuine auter sleeve 404 daity Bnednatiedinefd 18 afite 3 with

addi ti opal t I I ment of
the midrrmeddrBaFY 1 et dE TRk A58 ERAge R onbtblestoAss

oper at gsrovideb thé h&edhbameg@mbtarfbmﬂuerwprar@mcreservbhemosrmwd4;@31 cell 712
only neasures the chemical in the main reservoir 706 and the |oad cell 722

°5 Y he TR uftRrgssRufOR Bl dsRehbly, ok in FIRRES Jhee B J B ety eam
processsyaterh @ IFigutd @i Similar to the first embodlment with the following notable

differences:

a) Valve 407 provides control of the fluid path between the main reservoir 406 and

the buffer reservoir 408.

b) The outer sleeve 404 provides the mechanical support to form the rigid assembly
that supports the main reservoir 406 as well as the buffer reservoir 408.

A third embodiment of the multi-reservoir load cell assembly shown in Figures 5A-
5B, employs two reservoirs 506, 508 spaced apart from each other but connected by
a flexible fluid line 516. The third embodiment uses many of the previous
components shown in Figures 4A-4B, except: (i) it does not use an outer sleeve 404;
(ii) the buffer reservoir 508 is not mechanically suspended from the main reservoir
506; and (iii) the load cell spacer 513 and the load cell 512 are fastened to the

bottom of the main reservoir 506.

The third embodiment operates like the second embodiment except the load cell 512

only measures the volume of chemical in the main reservoir tank 506 as shown in

Figures 5A-5B and 6. The advantage of the third embodiment is the precise amount
12



consunes | arge amounts of chem cal during a refill cycle, the system can
stop the refill cycle short to bring chemcal into the buffer reservoir
708 fromwbe3feiims reservoir 706 to prevent the conpl ete @caaisad/i4«ss of
chemcal fromthe buffer reservoir 708. A fifth enbodi nent of the

mul ti-reservoir load cell assenbly 900 shown in Figures 9A-9B uses the
same cofpbesica baeughtentoﬁhedn@lntseaewemt506es@brpayst krowm and te¢ PLE1does s

it TP AEATel b8 abBaRdented hATVAS e Pored Falfink SRR dalc 10

Wi th tfa)az@rﬁrrgnb refﬂly@rsérahém . Fhe thitldemBbbdmesit gaalbeangdd ihithe syseen pf shown in
Figure 3. Functionally, the fifth enbodi nrent of the multi-reservoir |oad

cel | adyawig §withdhe @petralt%@t@rndl gafbCadViPhsigaakamplifisrste hefftiguiend onl y

Feser vargeolseine el Bt She teptf ol Pt st oRfa SERGTERD indEaleE Rt <
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constant until the pmin reserv e wei ght

906 S0 hec S t
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906 iSqﬁg;e\f91a§%[v§g§og%‘?§§fr@w?rgtﬁéﬁt@h gﬁd f?%ncfi'ﬁ Mg Férslr%%tapﬁlp@é%q:ﬁﬁnce t he
buf f er nespectively. 908 decr eases unt|I the main reservoir 906 has been
refilled and the val ve 907 has been reopened between the tmo reservoirs

906, 908 g, ﬁie?ﬁrﬂgﬁ%'gg%q&ﬁ@tmii SesbiBir ﬁé‘é@c?fﬁ?@é}ﬁﬂfﬁdﬁ %ePHBF&J ment

shown in I gure e on y nota 'e"diftference’is t at t "nert gas
bl anket7A-38¢ eRpioysethé)sancd campooghtseaseﬂhga tbiné epshodimenty tromaeyed & second

I . PSj th f chem cal Th
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unaffecte even during the refl cycle. Thi's nethod would allow very

preci secampenants éut tbetspoond laad ell. t he chenical. This may be a highly
critical feature in an ultra high purity application that punps the

chem Cafsé fmggé}g aal r@%itl-@&ér\fﬁ# Paticel REetidfy POEEhGRM ifan cause

particle
Figures 7A-7B, operates much I|ke the second embodiment except that the load cell

712 only measures the chemical in the main reservoir 706 and the load cell 722 only
measures the chemical in the buffer reservoir 708. The advantage here is the buffer
reservoir 708 is constantly monitored so if the downstream process or tool suddenly
consumes large amounts of chemical during a refill cycle, the system can stop the
refill cycle short to bring chemical into the buffer reservoir 708 from the main
reservoir 706 to prevent the complete evacuation of chemical from the buffer

reservoir 708.

A fifth embodiment of the multi-reservoir load cell assembly 900 shown in Figures
9A-9B uses the same components as the third embodiment, except the load cell 912
is attached to the buffer reservoir 908 instead of the main reservoir 906. The fifth
embodiment is preferably used in the system depicted in Figure 10 with the control

system (i.e., PLC, A/D, signal amplifier, etc.) shown in Figure 3.

Functionally, the fifth embodiment of the multi-reservoir load cell assembly 900
operates the same as the second embodiment, the only difference is the load cell

912 only weighs the chemical in the buffer reservoir 908.
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the filter bank into the ultra-pure chem cal output flow A seventh

enbodi nent uses the sanme conponents as the third enbodi nent with

addi ti onawomampament s shown in Figures 11A-11 B, incl udi n@Ca/usay/m28xser voir
1106, a buffer reservoir 1108, a second chemi cal input line 1119 added to
the main reservoir 1106 through the valve 1122, a valve 1123 added to the
cheni cas theguocesser topl zonsunes thesehemiest, dhe weight of thehuffepyeseeoirsd¥e bl y

embodt TN ot lf gl Fes BT B Sl oo KR TR L5 el o
pr opor tih éns boEéoiedenioirded 4l $tag té ecrdastyingidating teatotkfmainrreservoni r 1108,

The chem cal can be drawn into the main reservoir 1106 through open val ve
1123 ar¥W6 nredsiomewfilledpdt this peintthermainyesapioyr?QP isyefiled fovad cel | 1112.

When t (=T ; | Wy ' , the
vai ve 1PuRE8 e A L e g B PO Bbbrob bR g
chem calntit theamiaér reseevom®06 has beenirefilletiodhd thearalvd80phapdreenasopenedas been
drawn into th? in reser.vo{%@ ﬁq%? the valve 1122 is closed and the

chemi cHEWEPR Ui MHRIERFEIYArS RO, nmotor 1120 and inpeller assenbly 1121.
The stirring of the chemcals can be initiated at any tine during the

abov?a qubtﬂﬂembolﬂmnm lﬁh’ﬂsﬁﬁabb&]dD@'Tlt)ﬁ@éit%&ﬂﬁrd élmledtmmtns'mwgini S )
conplete, the valve 1107 opens to allow.the chenica o transfer tq the
buf Ter aueraADE. THeEMWAPER SIZrasecs iRldned aib 0ga olankes CEEIBOUREY s an

| deal ) ' NS4 i) ) | ' ' st ant,

non. pul S eaerfingiciy BReIRIT hbithsed T LpblofiaRIf 0o dt e 2 and

i nst r undapendingporathe typewftchatrésal p i herbordiasedinaert gas preasiucakenabliesitg and

del i ver ystem. For clarity we wll discuss how the system.can be used to
m x coreRERRodimsBt EpSt prdssbipldiapeyse i cnamioalatonsimtalitadty o m x
ot her chegdural Which r@Widind ansRedtad BYeARWYIN§aNé PefilSEycle) TN btitddivoald We use
doubl e- digit part nunbers rather than four-digit “as the | eadi ng and

traili rajlowl Iy pregise moncpulsetauiput Bewiof theashemisalisdus may bagdiatly The

" . e i : Li ; |
b ougrtr g el i hiud Belriy 3goPtasindbal Pabo hE Eiatet tolén .. T 71
val ve 4Rter bBnRNMANY pulsation of the chemical can cause particles to be dislodged from

the filter bank into the ultra-pure chemical output flow.

A seventh embodiment uses the same components as the third embodiment with
additional components shown in Figures 11A-11B, including a main reservoir 1106, a
buffer reservoir 1108, a second chemical input line 1119 added to the main reservoir
1106 through the valve 1122, a valve 1123 added to the chemical input line 1117,

and a stir motor 1120 and an impeller assembly 1121.

Functionally, the seventh embodiment operates the same as the third embodiment
with the added capability of mixing two chemicals in precise proportions before
transferring the mixture to the buffer reservoir 1108. The chemical can be drawn into
the main reservoir 1106 through open valve 1123 and the chemical input line 1117
and weighed by the load cell 1112. When the proper amount has been drawn into
the main reservoir 1106, the valve 1123 is closed and the valve 1122 is opened to
allow the second chemical to enter the main reservoir 1106. When the proper
amount has been drawn into the main reservoir 1106, the valve 1122 is closed and
the chemicals are blended via the stir motor 1120 and impeller assembly 1121. The
stirring of the chemicals can be initiated at any time during the above sequence.
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enbodi nment, the gross fill valve is a 3/8-inch valve, and the fine fill
valve is a 1/4-inch valve. As discussed in connection with Figure 3, the
PLC may cwotmob3ivél ves using 24 DC Volt sol enoi d act uat eccralse®s423and
activate them by an output card such as the M tsubishi FX2N. Each sol enoi d
val ve, when opened, allows pressurized gas fromregulator such as a

Ver i Fl ddneettfe milingis cognpletsy ithe valyetld 07 apemsda@iiowdheiohemigal tatraastes open
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fill wvalve 41 permtting water to rapidly begin to fill the main reservoir
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provi des another signal to an actuator to close the gross fill valve 41
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feet/se\’\é?&ptrwq}%ﬁ&gpg%ﬁ%gb%'?%sow 14233 will reduce or elimnate

bacteria formation. The purpose of the DI water is to dilute Chem A, which
r epr esea systenvipclutine agnainrrgspaoidd with 8l gyater inesesypplyingdtweatany to t he

mai n reservol 9 r reGhr
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adm t e bR 8B %ﬁﬁ@e@ VL AhLE] iVat%QhE%rx éﬂ%u{tfﬁﬁ%af@lshﬁh 4¢ and 13
of the ‘'main reservorr can wel gh each conpone accurately. The two | oad
cel | s sthewitsubidhi Fd2N. Eaofmesolenoid valve, when opened, allows pressurized gas

from regulator such as a VeriFlow self-relieving regulator, to the pneumatically

operated to open or close the valves. These actuators will be referred to in the

specification, but will not be shown in Figure 12 to reduce clutter.

In an embodiment, the PLC sends a signal to such an actuator to open the gross fill
valve 41 permitting water to rapidly begin to fill the main reservoir 69. When the main
reservoir 69 contains almost sufficient water, the PLC provides another signal to an
actuator to close the gross fill valve 41 and to intermittently open and close the fine
fill valve 42, so called "chatter" the valve. This permits the system to add the precise
balance of DI water required for the mixture. Of course, this gross fill and fine fill
arrangement can be used for any component but is most useful if there is a major
amount of that component in the final mixture. The flow control valve 43 is a manual
or automatic controlled valve that compensates for the different water pressures

available at a given facility.

The DI water recirculates through a bypass 40 then back to the DI return. If the

velocity of the water recirculating is kept above some level such as seven feet/sec, it
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permt higher accuracy than one load cell, but the nunber of load cells is
not essential to the invention. The PLC al so sends control signals to the
engage t hwo op@dai18n xer notor 20, which rotates the shaft PaTarsdy/iazpel | er
21, which stirs the conponents into CWP slurry. Process requirenents wl |
define the best tine period and rpmfor the inpeller 21. The inpeller 21
wi || comiliredueesonelininate bacteria fammation.The purpesaeithedilswatas iss tat the

top of K& qur inert r oyl I n .

regul s e PlheBEh SRS pRSsET bt s BN AR A0 g e, o,

i nert gaain regsivdirf6® throbgh sy Rased3 shdiradirealatéd tooherChempx edtar, edhictbut
other chem cals require other gases. One of ordinary skill wll know what
i nert geduses the saiing of abrasiygs eitspended i e CHETON. For brevity we wil |

di scuss the inert gas as being nitrogen, which is bubbled through a tube

i n_the Chemtafy B réprateht othehgompbiiarte ised v smiaficiseentt kechegki ng of the
CWP sl urr%/_gm xture inside the main _and buffer reservoirs., The humdified
i

ni ][ r ogestabiizergppurfaciantsy a0d Radkendiicnerscspplied thigugbJinedill viveed@?851, an
[ t . 1 t i d T 49 |
"ot elhE ik Texervait o Thel ¢ SendB Oy fEMGIAL fo BamirCheraliniidon 10 'S

the setClémdhestjuentidilyas that thdSoad ¢ell$S92 and, 13665, thedn&id rpsewveintcdearkf | ow on
the associated lines. The main reservoir raﬂsfer_sr':t,h@pv' ed CWP slurry

] 69
to buf feeigheaeh\remranent paevnately et biyarord calls shpwingn Fag Ma¥9 hol ds two

liters : | t Y f fierof €servoirs
71, 92, aﬁgf .Qﬁﬁgé%%@{ﬁ?%{h%@a%@bﬁ ?é{l T %ﬁg?%?‘@ﬁb# ﬁ)é‘k‘&ﬁ\l/jp@éﬂ;sl Iﬁ rnrO §/ passes

t hr oughessentialtorths aTwentionolihé ELCralko seb8s cohtrolgipnals td the engrge the a  buffer
reservoir. inlet valve 60 . Likew sg, th in.reservaoir 69 transfers the CW
i ur vy TR PUET tRF 20gnish rafales st 27 e IBoSlehS, vl BSIEN " I'ne.
then t ocginbtdrs inté dmp%’ﬁér%%ﬂrése&&q@/qgﬁeﬁ{eﬁ@m défRreethedidst tifleaierioy ve 97.
The process tool determ nes when the buffer reservoirs 71 and 92 deliver

t he CVvRang pm jortthe dmgallen 2hameempeties 21 wilhgomtinuasslysstinggriass CYWP sy 85 are
associ gfted wWi.th the dispense lines 1 and 2 lines for safety. Buffer

reserv PF’EUI?_IL'OQ%d 92 each include a proportional valve block, which wll be

used by the PLC to control the pressure in each buffer reservoir. The PLC
sends As shown at the top of Figure 12, an inert gas supply provides inert gas through a

regulator, a safety pressure relief valve 33, and a check valve 35 to an inert gas
humidifier. For some CMP slurries nitrogen is preferred, but other chemicals require
other gases. One of ordinary skill will know what inert gas is suitable for a given CMP
formulation. For brevity we will discuss the inert gas as being nitrogen, which is
bubbled through a tube in the DI water to humidify the nitrogen. This reduces the
caking of the CMP slurry mixture inside the main and buffer reservoirs. The
humidified nitrogen is supplied through the main reservoir pressure regulator 51, an
inlet pressure valve 50, and to the main reservoir 69. The vent valve 49 is a safety
valve, which is normally open (NO) when not actuated. As known, the set of check
valves 16, 35, 37, 39, 76, 86,and 99 prevent backflow on the associated lines.

The main reservoir 69 transfers the mixed CMP slurry to buffer reservoir(s). In one

embodiment, the main reservoir 69 holds two liters so that it can effectively service

each of two buffer reservoirs 71, 92, holding one liter each. The transfer of the CMP

slurry passes through a main reservoir outlet valve 58, through a line, then to a

buffer reservoir inlet valve 60. Likewise, the main reservoir 69 transfers the CMP

slurry initially through a main reservoir outlet valve 57, through a line, then to a buffer
16



control signals to the proportional valve block to maintain the pressure in
the buffer reservoirs that is necessary to achieve a desired flow rate of
CVP sl ur ryofmsomiithe buffer reservoirs. For exanple, the pCeasos/ei233
transducer, PT in Figure 12, reads the pressure in the buffer reservoir 71
and sends a signal indi catlve of that pressure to the PLC. Based_on the
measur desgneissnietvalve %hEhp meeeassdogkdetpanines when tedufferreseiupias <ilgnal s to

t he pr |t | ve
80t o ey B8N ardfe Y SRt PR OSpeRBE e, 4hbel M Raneg iald
out | et 8&ahreLcassdLidted dﬂﬁrtﬁ@@%dehEelﬁnéé drance éingfar gafetgsure 71. Likew se,
the pressure transducer of buffer reservoir 92 reads the pressure and

sends sigpals to Ih 10 I ck .t LnLain. . ssure
necess%l&%rd?s%wa@ ea@d?ﬂ% |u(5:% %ﬁ/ﬁo‘% on3) Vel v%ﬁ;}lo%lﬁﬁg%ﬁﬁ/élfﬁ eservoir
92. Basgdday theePIit o sbatdlthe pPé@ulﬁé aPeadh Bofér neaEMPIMITAEPIVE kbndei t her
open a bufféer control inlet valve 56 to increase or open buffer control

out | et copsriolsigpalstte the prepprtional vapieckieck to Brintais thefressurede theobuffer2. The

buf fer régéﬁro}fg 'tﬁatﬁ% glé%%ry e @g% HeSREL A ré? of‘ ﬁMlg%mfrWr&nQE? eWh' ch

can be U O connect fer ou

val ves,buffer résernoirs.Rsy@xaatplé,che @rsssm,yé erahsﬂnnmr Pb’unIFegurealzveews the
illustrated. The buffer reservmr% shown i HIFE buffer manifold 72,
whi ch idesswe Indhe bulen resarvod Al an gep fbaﬂ@}a' @%tve Rt BresswedPnch

val ve iifqlpqat gjoayp t I er
downstrtﬁaam 0 ufter gﬁ'ﬁg?&%fjﬁgggﬂg gutﬁg d{%és%@s\é? n@tstﬁlé?}b gﬁlgontrol
arr angesmmtsngmnlsmmq)pmpbrhmiav»ealaé tilmfh‘tereltfm epema buffler oantrohingtrvabe used

for ot bufferﬁh%ﬁfmrs such as t re rvo hi s
ar r angetteift INCraase ppe DUBEHIRSENOI RregRu'S 18&99%'?& rc%relhog[glt'tvpts{ps t he
flowr ﬁt&ée&bsgé\trwauf?érrreég?& rOSKFE Y . LIKeUidE) the PFEEive BahS@ideriodr 79.

Al t hough not depicted in Figure 12, it should be evident that the sane
commmbmfermsemam@alrsadatr@nre@syreaamd sendssignalsdo tisparonaitiena yRlvee used as

{
o5° SSGATRel 58 aFeSre beléssely ) D0 U M hel Bl e v
in Figupe bh&eﬁaéseb@oﬁ be. Basey mmespaoclsl%mmg theerepomionarvavé plocdesitr i bed in
17 WD 03/093118 PCT/ US03/ 14233 the earlier enbodi nents. The m xer notor 93

r ot at eLidigaLPED A BufterioppEp| et yglvied6 fpincrease or open buffer control outlet
valve 52 to decrease the pressure of the buffer reservoir 92. The buffer reservoir 92

also includes an optional buffer manifold 90, which can be used as a mounting
surface to connect multiple buffer outlet valves, but is not required for a single buffer
outlet valve 87 as illustrated. The buffer reservoir 71 is shown with a buffer manifold

72, which is also not required for a single buffer outlet valve 73.

A pinch valve is located downstream of the buffer outlet valve 73, and another
downstream of buffer outlet valve 87. Figure 12 shows one suitable control
arrangement for the pinch valve of buffer reservoir 71, which can be used for other
buffer reservoirs such as the buffer reservoir 92. In this arrangement, the PLC
connects to an air actuator 78, which controls the flow rate of clean dry air (CDA)
passing through a pressure regulator 79. Although not depicted in Figure 12, it
should be evident that the same communication channels, clean dry air source, and
CDA lines can be used as one embodiment for the control of the pinch valve of the
buffer reservoir 92. The signal amplifier 77, the A/D converter, and the load cells

shown in Figure 12 can be the same parts and have the same operation described in
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buffer reservoir 92, and the mxer notor 71 rotates shaft 65 and inpeller
66 in the buffer reservoir 71. The buffer reservoirs 71 and 92 incl ude

buf fer rewermsobpzli¥ent valves 62 and 53, which are nornmal IPETAPER 14283 r el ease
pressure when not in service as safety features. The parts described can

be obtained fromthe foll ow ng vendors. Partek, A Division of Parker
Cor por dhe earlles embatimenteudbermixarmater 93 minies shaft Mbard inpekeraa in thal ves,

ani 1 ortHLIeH B TP og, e @gh”ﬁ%%?Z&é@%‘é&%‘)ﬁsﬁ%@ﬁéﬁ% Yo 4 ¢ nunber

CV1666.butferrésdrvois @il t Thé euffbCrdsenidie ™M and BRIMcluAEBaEFkESMrvair gentt abl e

proportional valve block is part no. PA237 manufactured and/or sold by
Pr opor tiabiesH4 and pacwhichcaredwrmally open te selpase prassyramaien0atin 881G i nert
gas hu r no. 43002SROL, and pinch valve, part no. PV-SL-.25,
are m?&%%%@fegegésd/or sold by Asahi Anerica |located in Ml den,
Massachusetts. In operation, the chem cal m x and deliver xst.e_m. has

di f f er he paytedesarined ane bepbtaingetirom theffpllqwing veagprs. P@ééike QAVigh¥y e t he

system C ir 69. In
one enbogﬁ%%'@oﬁiﬁfo d 'ﬁggfela fﬁkgoge%%%@ \ﬁdé %H tQﬁIm’@ oRs lhﬁ%ﬁ/ég fol | ows:
1. The @@@@M&smon Oﬁnéfllgmll/es tparomrP\Ilmam 00 nealven ehthierdsAFd) 12, nes to
suppl y onents to the nain reservoir 69. AIthoéu,g? not the onIy

arr angea?éhQ nart na. CASKH d#9.eand eheglnalvesgark nepkgr
Seq“e”téﬁth% %E’(f:tlé‘ﬁh helljg.ﬁ@e%g@srs%?:amsﬁ dfwabid ﬂ%Pbﬂﬁﬁ}a‘F @ b1&:l@|§d 13'

directly 1n each conponent 1in m xt ure.
The PL@astnolsPAR3T nainuikdureidsandionsold by Rroportion Aineitinoflbcated innl et pressure

val ve 0 _whjc ul d ot her, e.admt nitrpogen to th servoir, 69 and
to opeﬂa?ggrdsﬁﬁﬁm\dﬁp%ﬁéﬁu' Ingxy gas Dign AT RQ; %Iégﬁéi’s rbc}; NGB nt
fromt %I\Fﬂi'p@irtr 5 PVQILL 2568re mantiftRtited a?ﬂmsscﬂd)ﬁy Maht ASRECD 16atel @i t t he
m xer notor I'n one enbodi nent, the m xer notor 20 starts when the

i mpel | eMaIZiEnl Masea@‘rlmttWth D water or Chem A, but the time is process
dependent and not part of the invention. It could start before, 18

In operation, the chemical mix and delivery system has different modes. The initial

mode is a fill or refill sequence where the system adds and mixes together the
components in the main reservoir 69. In one embodiment, the fill or refill sequence

can be implemented as follows:

1. The PLC sends control signals to open the DI line and Chem A-D lines to supply
components to the main reservoir 69. Although not the only arrangement, it is
preferred to admit these chemical components sequentially to the main reservoir 69
so that the load cells 12 and 13 directly indicate the weight of each component in the

final mixture.

2. The PLC sends control signals to an actuator to shut off the inlet pressure valve
50 which would otherwise admit nitrogen to the main reservoir 69 and to open the
normally open vent valve 49 so any residual gases can vent from the main reservoir
69.

3. The PLC sends control signals to start the mixer motor 20. In one embodiment,
the mixer motor 20 starts when the impeller 21 is covered with DI water or Chem A,

but the time is process dependent and not part of the invention. It could start before,
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WO 03/093118 PCT/ US03/ 14233 during, or after the tine Chem A-D and DI

wat er enter the main reservoir 69. 4. The PLC sends control signals to an
actuat or wo i3pestighe inlet pressure valve 50 to increase POTEINB/M4208en
pressure to a sufficient pressure, e.g., 20 psig, determned by the flow
rate and process requirenents. The PLC or logic device(s) will also send
cont r oldwingnar afterthprtispa CGhenh4-D mediDiguater poterdne imain freserveir 69ce as
follows: 1. The PLC sends control signals to an actuator to close the D

drain vahyg Q:s\é/ﬂag%ontralgl ﬁé‘lﬁ'té)én%ﬁfhtopfo 66&1 twéthet@?éséﬂuv@hgwélaﬁ 2.

The PLC sen control signars to open the DI 1nlet valve 38 so that DI
wat er tbe:gmraase thef mntrbgehepreswre tgasufficidrdifressure3e.gT R0 psigsdeteumingdsoci at ed

with the jnert S mdifier wll bsequently detect a high DI water
| evel Q?YdthQE(%’ g%?@ﬁQH&T?Beﬁ%@QBE@T}GSPSSend control signals to close the Dl
inlet val ve 38. Separately, the H H sensor functions to send an alarm

si gnal Tﬁe Pb€ orDbgivalesice(s) witl atseyserd! ¢drdradsegrals tonprepbe tle inért geise PLC
sends r? ghals to apn actuator to open the valve 34, which admts

ni t r ogehinpig 'suﬁcw@fwﬁetaﬁrfe S‘the DI water to humidify the nitrogen that
flows from the inert gas humdifier. The valve 34 is either all the way
open or1.daHe Ph€ senyds contolsignalt to anraptuetdr 1o cbse dte DNGjais valvied6, widch t he
system.s powered dovvn that is, out of operation, valve 34 closes

pr eventi AGrMaNY BReR1qT dhe dtert g@s hue¥difigfas, e. g., nitrogen into the inert
gas humdifier. 5. The inert gas humdifier feeds the nitrogen through the

lines up ThHe PIKE SeRbsiconfrbEsighals ty abee tid Dantet Vistvéd 38 fser thahDewatarnt r ol
val ves 56 and 80. It should be noted that the pressure supplied through

the i nIkaginy ©s¥Ling inert gassymidifigsed to pressure the CWP slurry out of the
main reservoir 69 at the desired flow rate. The systemtransfers the CWP-

slurry anpRoHf s§6H8or %@sﬁ@ibfedwmth@inérttgastmﬁni@ﬁﬂérwn| summtlf/ detedtal | ows:
1. The PLC sends a signal to open nmain reservoir dispense valve 58 and to

open Hhigh & waderlevel and serd sigaplsdodoe PL& to send control signals to close the
DI inlet valve 38. Separately, the HI HI sensor functions to send an alarm signal if the

DI water fills beyond the operational level.

4. The PLC sends control signals to an actuator to open the valve 34, which admits
nitrogen to bubble up through the DI water to humidify the nitrogen that flows from
the inert gas humidifier. The valve 34 is either all the way open or all the way closed.
It is normally closed (NC) so that when the system is powered down, that is, out of
operation, valve 34 closes preventing introduction of the inert gas, e.g., nitrogen into

the inert gas humidifier.

5. The inert gas humidifier feeds the nitrogen through the lines up to the inlet
pressure valve 50 and the buffer inlet control valves 56 and 80. It should be noted
that the pressure supplied through the inlet pressure valve 50 is used to pressure the

CMP slurry out of the main reservoir 69 at the desired flow rate.

The system transfers the CMP slurry mixed from the main reservoir to the buffer

reservoir as follows:

1. The PLC sends a signal to open main reservoir dispense valve 58 and to open

buffer reservoir inlet valve 60.
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WD 03/ 093118 PCT/ US03/ 14233 2. The PLC al so sends signals to control the
proportional valve block to maintain the desired pressure in the buffer
reservoi rev®)o3/ovhias is, the set point stored in the PLC | rcTarse3/embodi nent,
the set point pressure may be 5-12 psig when the pressure of the main
reservoir 69 is held at 20 psig. In one exanple, a pressure transducer

| abel e@. TRE RlC Ellw@mlmms|t@ieentrtbldh§rpeemrtlenalwad\rﬂebl@akﬁ@mare@mW‘@u r 71

and t he, buffer contro | et valve 8 hi gh
ot ho A5 PAPESIEr o edndterTard okt Bptle e Seuioh BoEEH e sk Row °
conpar efetémbb@inferi, theiset pbit phalfsues nissis oI psig whdn tﬁléq:r@smé gither 93 or
64 of the buffer reservoir 92 or 71 stirs the conponents into a mxture.

Agai n, neaie resenveirtidis heltiat 2¢resige N eie gxaMplimadesesredrangsicsr lrbsled | n one

enbodi 1 e

e 1P U, B2 SRR oS S0 e PRIsGRRRE T BFSRE BRI BRITS,
71 opemutiahdalo @deopehssf ﬂh@qﬁesajrb%&?do higél cﬁﬁhefouﬁbecm&@enlet eslee8li r 92
send signals to the PLC, which wll be used to c&) Eb'rugj the main, reservoir
out | et ARENGdl the RIpSSUTRAS tngk Ipwr compaiedyigithe setpoinhiorulgE Fesend®r e siurry
between the main reservoir 69 and the buffer reservoir 92. The buffer

reser V@, Mhélmnee histeso®vr 84 of thd Buff@r icaBg@IEIR opB1 sticvihel donfpanemts ihko  The
| oad cells 12 and 13 associated with the main reservoir 69 will indicate

when t @ Maddren Agaib e stant ime @ngdie RREPH @ndyRMdergndRp the BYAGESSThe nai n
reservoir dispense valves 57 and 58 are cl osed when the conponents are

added tlﬁoheeérﬁﬁédlmern@&ﬁé\p%ées@&oépfémza Jgé ﬂa@meﬁqhggerﬂsauné}dtrﬂe% accurately

i ndi cate the wei ght of each nponent added to the main reservoir 69. To
cl ean aligpensefvalighouiiat 8&7h%ndT§3 @f respeclively the butferreseryainde sedd 1cenr o
signal s td? g%ose the main reservoir dispense valve 58, open the gross fill
valve £ (3 mt D water, open the nmain reservoir dispense valve 57,

cl ose the buffer reservoir inlet valve 97, open the nmain reservoir drain
val ve hesloaticatls Oneard 9Gat e mmeesewolmgztswdrmgmalsé@&e/mc Bdighy passi ng
t he buf f. reser.yvoir il

et vt be e oidf e 8l s Bbyot R kEvE e S i ibRe ke ' L

wat er Gantraaster bNCMA Blurr) RRINR EeMehé migds RFSePVdir 69 %ﬁﬁﬁﬁé buffey eedefvoingened
buffer reservoir inlet_valve 97, and
The buffer reservoir 71 operates by a similar arrangement as shown in Figure 12.
The load cells 12 and 13 associated with the main reservoir 69 will indicate when to
add new components to make another batch of CMP slurry. The main reservoir
dispense valves 57 and 58 are closed when the components are added to the main
reservoir 69 so that the load cells 12 and 13 accurately indicate the weight of each

component added to the main reservoir 69.

To clean and/or flush out the main reservoir 69, the PLC can send control signals to
close the main reservoir dispense valve 58, open the gross fill valve 41 to admit DI
water, open the main reservoir dispense valve 57, close the buffer reservoir inlet
valve 97, open the main reservoir drain valve 99 so that the DI water passes from
the main reservoir 69 bypassing the buffer reservoir 92. A similar sequence can be

used with the buffer reservoir 71.

To clean and/or flush out the buffer reservoir 92, the DI water can pass through
opened main reservoir dispense valve 57, opened buffer reservoir inlet valve 97, and
closed main reservoir outlet valve 89. The buffer reservoir 71 can be cleaned and/or
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closed main reservoir outlet valve 89. The buffer reservoir 71 can be

cl eaned and/or 20 WO 03/093118 PCT/ US03/ 14233 flushed by a simlar

ar rangenmewp a®dhown in Figure 12. I n another enbodi nent, paTfie®th263 i fi ce
pi nch val ve can be enployed in cases where ultra-low flow rates are
unattai nabl e due to the properties of the nechanical conponents and the
physi cdlushed by sigilapariangemeiit agshpwinrig FRigwpddsed. This pinch val ve uses
a flexible flow path that is conpressed to a determ ned set point to create

a fi Xeqnogdo&h&eemfféu.&em'éf.ﬁéd 8W|éé‘ﬁnéﬁ$/bfv%%arn9§é éhﬁ;‘lé |hrba%8§ wHepev path

necessary t increase or nmaintain a pressure f push™ to control
very | 0wltré4l<mwflpmra$es éﬂ&wnaitambleaimémﬂaelpmmeuaim mecmmcﬂlt he flexible
low f.ull fl.ow durin

L eotendompdnaniS A S Pty oo dhedis HeiRd giePenBlaThE B, 2o o

a 1/ 4- iviple Usey/ s flekible fovk/iphth fElt i9Ebhpeseand blatefrhipel el ppintsSbreaite t 0 t he
buffer reservoir to dispense the chemcal. The output valve for the fluid

i s al sa fingdioiifingh Thisswillallow the degireddesiristier i theeﬂqw eatupecessgly oed to push

21 59, 9905338 by pidnilFa RS E o BERL QN Bl MR &y B8 Al BREC Ty opertTes

of the v ressure |m e repeatability of the

preci sqomah vawe chndrsactaatedr tebpen tpasﬂlexnbleBﬂowrmtatd It@mat)haufn ordfibedtoi fi ce
pi nch val ve and increasing the restriction on the dispense fl owcfath t he

push praleyfudl floxnd Wﬂggtﬂgsi&tseﬁp@m@ am@m%rqtlggdptthﬁ@eﬁﬁed detarmired 88fent abl e
cont ' ol ok, #of BRaiAk bl AUIRA! Falve Vil & 1PRICA orREICBHROICAB RibhiFbsddte PInch

m ni mum and W de- open orlflce Sl ze. e- open orlflce setting
can be todhd buffectesarvmrbm dlﬂpemSH]thel crhedms;piembe oultpute/s.alve'ﬁmr rlinentju:dhs: afsionch

val ve eferred to as the l.ine. This ature is
o ort iR ARl e SstsbstS ahe phe e st i 2tst SRb e
rates. mhﬁe chg? %mtr%qaw%w rae tHé "}%réﬁﬂ p(r%{)éﬁlefs*'tﬂtth@R/Q%Brc%nﬂélhhgi’thé'p to

permt ultra | ow rates and urpe er a process cycle to cl ear any
obstr ucpuscbrwessrmre Ilnnlhthe epeatabiliy of e preciserpjume of igastrequiced tspdsts seconds

o0 P9 EEAg8) b TR P8 G A AR IR S350 ey

not appdag;sens@ WEa%é bUsh besssufs cah epbrate Bt RIYHRS leveds REiltingf iACESS

burping may suffice. If not, the dispense |ines can be burped nore
precise repeatable control of ultra-low flow rates.
A PLC and/or operator can adjust the pinch valve's minimum and wide-open orifice
size. The wide-open orifice setting can be used to clear obstructions in dispense
lines. Turning the pinch valve wide-open is referred to as burping the line. This
feature is important for CMP slurries because microbubbles form during low flow
rates. The PLC can control the pinch valve so that pressure builds up to permit ultra-
low flow rates and burped after a process cycle to clear any obstructions. The time
period of the burp may be short such as 0.5 seconds and performed after delivery of
the CMP slurry. A typical process only requires delivery of CMP slurry for up to 1.5
minutes and microbubbles may not appear in some CMP slurries for about 5 minutes
so post-process burping may suffice. If not, the dispense lines can be burped more

frequently without unduly affecting the flow rate over a given process cycle.

Figure 13 illustrates the functional blocks of the PLC that will be associated with one
embodiment of the flow rate control system, which uses the diminishing weight of
CMP slurry or other chemical mixture in at least one buffer reservoir. The load cells
constantly monitor the weight of the CMP slurry and generate analog signals
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frequently w thout unduly affecting the flow rate over a given process
cycle. Figure 13 illustrates the functional blocks of the PLC that wll be
associ at ewowistobsiehe enbodi nent of the flow rate control ®¢ItE0s/14M3 ch uses
t he di m ni shing weight of CWM slurry or other chemical mxture in at |east
one buffer reservoir. The load cells <constantly nonitor the weight of the
CWP sl umdlga’ramdofghaefv@gbt efithe 6eMBisturey i the buffep pesrvait.SAPATD Wsoverier233

i ndi cative of ,the wei t of . t An A/ D
conver 8V e'&%?ﬁ&eﬁ%@"ﬁ' §@”§Faﬁ§g&§faﬁﬁgﬁﬁémeﬁ S&p@ qﬁ%ﬁ'fet&thgﬁ'tq?rﬁ ®sends

t hem t plithetdré§thel Sisecifit-Gravitp lbeéaéHneomp@ﬂeﬁt 1© eleateycomhp&ear volumesient to
cal cul ate conponent vol unes. parallel or serially with this activity,

t he usdn parllel or sﬁmailygmtfatm%?@wydth&%aapuﬁrthr%b@kwa keypadi ped

vol une r dcﬁﬂ? Je flowrate
to rat gé%é}gérgggﬁgagﬁ&%%l hea’%%%fér%cgpgﬁi%af g/ﬂﬂ ffﬁé]pfg eét pressure
val ves copeertttive flowl nateptoersselper secdnide Next, fthe RL&S directs thatdhp hoffec mlethe
desired flow The PLC nonitors the de i ni ' ' perjod and

o :
conpar P§E$HHEE ValMasQRENY oRPRILPEESEHg Wet f&agaege;rgwtr Fés@%uﬁqﬁﬁ@eﬂr‘% rate
S 100 A THENSL ElrfrorifiEithe ALdfPweRI iFa rﬁweéﬁwgﬁh chAipedtRek to

| NnCrease pressure, e 1s too he "PLC sends signal s
t o t he cqurrepbflowoatd tovthevdesired dlowt ratel dt thedftov rate @t(lml@w ¢he PLC sdrals

I f ' Lt hi d d PLC d
<1 gnat ol b theSioporioniholvq bl GG Babmaresmurt st i B cegp WC  case

the pr ‘P'gg’rvrtﬁe [=X¢ Q@nd@éﬁbﬁﬁl"s tb@ﬁ@bifdﬁdrtlodé] vahvessloetdi8ecreas® Ui predatird. S
supplied to the buffer reservoir by either a proportional control valve or
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a cert yyumepesdedoipf time. The PLC causes a signal to be sent to the
proportional valve to adjust the push gas pressure, to adjust the weight
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required. For exanple, a flowrate of 180 mlliliters per
transducer or transmitter. The desired flow rate is entered, and a calculation is
performed to determine the required weight loss from the reservoir during the course
of a certain period of time. The PLC causes a signal to be sent to the proportional
valve to adjust the push gas pressure, to adjust the weight loss within the reservoir to
meet the flow rate requirements. The weight loss can be monitored over the course
of time varying from 0.1 seconds to 60 seconds (or higher) depending on the
accuracy of the flow rate required. For example, a flow rate of 180 milliliters per
minute equals a flow rate of three milliliters per second. The PLC monitors the weight
change within each buffer reservoir. If the weight loss is less than three milliliters per
second, the pressure is increased. If the weight loss within the buffer reservoir is
greater than three milliliters per second, the pressure is decreased. To achieve
greater accuracy, the time frame can be shortened to the weight loss achieved
during the course of %2 second, or even as low as 0.1 second or lower. The
determining factor may be the resolution of the load cells associated with the buffer
reservoir. If the load cell is able to resolve 0.1 gram, tighter controls can be

implemented.
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m nute equals a flowrate of three milliliters per second. The PLC nonitors
the weight change within each buffer reservoir. If the weight loss is |ess
t han t hr ewomslob3ihgters per second, the pressure is increaseadisosiisBhe

wei ght loss within the buffer reservoir is greater than three mlliliters
per second, the pressure is decreased. To achieve greater accuracy, the
time fernhsaen'ﬂmdimersthequdotadditlm@ahed)rgponemisﬁos;ohtrek/fdniw Jipceng t he course
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repl eni ow volune set point is triggered as the declining
wei ght \icdumerset poiatiis triggetedeasithendeclining weightiisempaeitergdr bplikeningneer the
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The outipéeagBaWefht i$ AdnREredRi Nt ai ned at a constant pressure. A process
tool never experiences a |low pressure chemcal |line that could prevent a
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reser vQign 5 fldimameddtentGittamyiressure OAtfbeessStool hevdieexperiefces a low-
pressure chemical line that could prevent a dispense sequence from occurring;
therefore the yield of the tool is increased. A multitude of containers and sizes can
be connected to the reservoir system as chemical supply containers. If the fluid
volume of the supply containers is known before they are connected, the computer
can calculate very accurately the amount of chemical that has been removed from
the container and therefore present the information to a display for a visual, real time
indication of the remaining amount of chemical. The graphical interface
communicates to the operator at a “glance” the condition of the supply containers.
The load cells can determine when the supply container is completely empty since
there will not be a continued weight increase during a refill sequence. This indicates
the supply container is empty and that another container should be brought on line.
In one embodiment, data logging of chemical usage can be provided since the
chemical in the reservoir(s) is continuously and accurately weighed by load cell(s)
which give an input signal to the PLC or other logic device which outputs real time,
accurate information as to the amount of chemical available in the reservoir. The
load cell is an inherently safe sensing device since failure is indicated by an
abnormally large reading or an immediate zero reading, both of which cause the PLC
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vol ume of the supply containers is known before they are connected, the
conputer can calculate very accurately the anount of chem cal that has
been renowedsfpzins t he contai ner and therefore present thedmfsosmesson to a
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WO 03/ 093118 PCT/ US03/ 14233 or other logic device to trigger an alarm The
i nvent iThe iﬁ&ént&irﬁ@ampﬁ)&@d‘é pradidd fiew tbatrol afdfluids, ¢hemigiries,sambéompourici ner

swi t ching operation from passing throu\%_h to the output chemcal line, can

At 1 . h
pr ovi deNtBHEs AHIZING GReSEATG TOREIPIES HHAGWHD yalesSetuling, Weiaht sensers(ipad y
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i nportant for tine ependent ,_very reactive chenjstrjes. The invention can
provi deSSRseEs. 49914 BWth‘grﬁy?@m'o-lfh_ef nnﬁ?atg?n EAEAISOTPPIASS 1R FOEBNYYY 4589 xt ur es
utifli Z'rﬂ@h%%ﬁ;@% Ltd &ifol Précise flow eslio A menlkey sef thebthe vaWes @nd fRENSOr S
(load cells), "and a control system The invention can also nonitor and
cont r ol metersiflie inventiey whendittedwithierninch valveioag gandros very presiseVewr s
fitted fWh val ves, tubing, weight sensors, and a control system The
i nventi B al so repl ace the commonly used nethodol ogies to control
precise flow, such as nanually set throttle valves and flow neters. The
invention when fitted with the pinch valve can control very precise | ow
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flow rate. 24 WO 03/093118 PCT/ US03/ 14233 WHAT IS CLAIMED: 1. A chem ca
delivery system conprising: a main reservoir in fluid comrunication with
one or nmowe osnbmaIsfill valves, an inlet pressure valve, ®00/US03r8i263
reservoir outlet valve; a buffer reservoir in fluid comrunication with a
buffer reservoir inlet valve and a buffer outlet valve; a |line connecting
the main reservoir outlet valve to the buffer reservoir inlet valve; a

| oad cell for nonitoring the weight of a chemical in the buffer reservoir
and generating analog signals that are converted to digital signals

i ndi catWHATIS LRAIMEDRiht "of the chenical in the buffer reservoir; a

proportional valve block including a buffer control inlet valve and a
buf fer control duehemicghaolvarysySien) FOMPNSHY pressure to the buffer

reservoir; a plgof . AROLEmERITiERldakith BRETorimiste!ifiRt il 9al@s, an anal s
and generating control signals to the proportional valve block to achieve
a desi rirlet plessuralalve oand aanan réservbie cslet eatvef claim 1, further conprising

a load cell for_nonitoring . the weight of the chemcal int in
eservor . arbyEaRseeY 1 du bty inaion itk a PRCL Benid ikt yBegandy

si gnal %bﬁﬁérccﬂ]tie‘(@af?/%'the wei ght of the chemical in the main reservoir. 3.
The system of claim2, wherein the one or nore inlet fill valves includes
a gross fil la ke senradling the main r¢servair vetletavalvertnethe buttaseperygir iMatbl e

l ogic controller sends a signal to open the gross fill valve until the

mai n re€ef%oir has alnost sufficient chenical, and another signal to the

chatter the {foa@ ddlllfbr ManiteringtHd weltht GRa Rheff&R iy e bliffsr rebervdiretrids e
amount of chem cal required. 25 WO 03/093118 PCT/ US03/ 14233 )
generating analog signals that are converted to digital signals indicative of the weight
of the chemical in the buffer reservoir;
a proportional valve block including a buffer control inlet valve and a buffer
control outlet valve that adjusts the pressure to the buffer reservoir,
a programmable logic controller receiving the digital signals and generating
control signals to the proportional valve block to achieve a desired chemical flow

rate.

2. The system of claim 1, further comprising a load cell for monitoring the
weight of the chemical in the main reservoir and generating analog signals that are
converted to digital signals indicative of the weight of the chemical in the main

reservoir.

3. The system of claim 2, wherein the one or more inlet fill valves includes
a gross fill valve and a fine fill valve, and wherein the programmable logic controller
sends a signal to open the gross fill valve until the main reservoir has almost
sufficient chemical, and another signal to the chatter the fine fill valve until the main

reservoir has the precise amount of chemical required.
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4. The systemof claim2, wherein the programuable | ogic controller sends
control signals to each of the one or nore inlet fill valves sequentially
so as to wadaiop3iehem cal s sequentially into the main resemreaiusoyos28hat t he
| oad cell of the main reservoir can weigh each chem cal accurately. 5. The
systemof claim4, further conprising a m xer assenbly including a notor,
and a shaft and an inpeller associated with the main reservoir, wherein the

progrannable Iogl al l.er t not or,
rotate the haft ‘%Beqf C@'ﬁ'\%q@h&gﬁ {hg R@Q%ﬁp@él‘)@p‘%ﬁ? Igﬁ into the
main r W@oﬁtroﬁslgﬂ'ﬂ@ 16 SR f @ie 6h@ombre finlet hwaloeérséq@em@ug S a6t
assenbly including a notor, and a shaft and an inpeller associated with

t he bufddsnit ceemicals sequandially inte e nwrbge%awmb%tmaigh@ leashee!bof the miRds
control .sLQaf! ntv9<-%' ﬁﬂ%%%ﬁ i ta%rc%gtglkgte the shaft and inpeller which

continU€Sto s mxture inreservoir that is admtted
into the buffer reservoir. 7. The systemof claim1, further conprising a

i nch val ve n fl ni Qat nd downstream of t ffer outl et
o ey | e syd SR Bt Rt TR’ cimensing & Mok asoemRb BTG s ¢ o
the fulh¥ipPsi éaﬁaﬁ'aﬂﬁmﬂﬁaé|ertaes@éné@w it thef aw @é@w&r avﬁéréaﬁhhéequence
and then return to a nore closed determ ned set point. 8 The system of

cl ai m Iprogranoimabledogisrdantrofeasendsecantph signafsplioyendage the mntor ootatatheat i on
with th |, 1 eservol uf f er servair...9. The system of claim 8,
Wher i rPTATGATH BRReTg ShiskElts A€ cifoicels SPlatInla. g ma ool ai f1 er 5o
that the gas is humdified with the liquid in the inert gas humdifier.
10. The systemof claim8 or 9, wherein the chem cal being delivered from
the systemi& a CTH@rﬁyﬁéﬂ%mrﬁiG}*mm 4. durthen @@ﬁpm@n@@rmmeatasaﬁmmdgélugmg@ry

conpon S - S n,
031 bo3 118t pcaftf s O AR e P dabodatedfiin A frdebbaBRiupeti fe, | on
f1 ow r giregrammabRyleyizreonticiier sérds ontidl ignakster erjage thadneter,| roeaateeméwl Y,
including a main reservoir, a buffer

shaft and impeller which continues to stir the mixture from the main reservoir that is

admitted into the buffer reservoir.

7. The system of claim 1, further comprising a pinch valve in fluid
communication and downstream of the buffer outlet valve, wherein the
programmable logic controller sends control signals to the fully open the pinch valve
to allow full flow during a flush sequence and then return to a more closed

determined set point.

8. The system of claim 1, further comprising an inert gas supply that is in

communication with the  main reservoir and the buffer reservoir.

9. The system of claim 8, wherein the inert gas supply is passed through
an inert gas humidifier so that the gas is humidified with the liquid in the inert gas

humidifier.

10.  The system of claim 8 or 9, wherein the chemical being delivered from
the system is a chemical mechanical polishing formulation whose primary

component is de-ionized water and the inert gas is nitrogen.
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reservoir, each reservoir having at |east one |oad cell and a m xer, and a
| ogic device, conprising: isolating the main reservoir fromthe buffer
reservoi rvo is@ghies ng pressure in the main reservoir; addi RgTIUSqyI423xhem cal
conmponents sequentially into the main reservoir; weighing each liquid
chem cal conponent by the nmulti-reservoir |oad cell assenbly; mxing the
chem cal conponents into a nixture supplying the main reservoir with an

nert SRt ENSHOLLLA B A0 bR BB SR BB Bl MR £ oug
a pi ncleowrising a #dulti-reservoir Ioad cell assembly, including a main reservoir, a buffer
reservoir, each reservoir having at least one load cell and a mixer, and a logic
device, comprising:
isolating the main reservoir from the buffer reservoir,
reducing pressure in the main reservoir;
adding liquid chemical components sequentially into the main reservoir;
weighing each liquid chemical component by the multi-reservoir load cell
assembly;
mixing the chemical components into a mixture;
supplying the main reservoir with an inert gas;
transporting mixture from the main reservoir to the buffer reservoir, and

transporting the mixture from the buffer reservoir through a pinch valve.
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