SYSTEM_AND METHOD FOR DELI VERI NG CHEM CALS BACKGRClJND OF INVENTION | . Field
of' Invéntion 5The present invention relates to a system and nethod for
delivering chemcals to a tool and, nore particularly, to a chem ca
delivery systemand nmethod utilizing at | east two sources of- the chenical.
2. Discussion of Related Art 10Chem cal delivery syst

exanpl e, in the seni conductor pharnaceﬁtical, and cosnetlcmwmmmmmmmﬁlm
Sem conduct or manufacturing typically utilizes chem cal

systens to deliver chemicals to a process tool. In particular *1glssrry
di stribution systens deliver a slurry for chem cal nechani cal polishing
(CWP). Otentines, it is desirable to provide a precise flowrate of the
15chem cal or slurry to the orocess tooI Flom/neters whi ch nay be
suscepti bl e to chang¥€L ] I ] LIVERING CHEMHCALS del i ver
slurries and chemcals to the tooI Chentcal dellvery systens commonly

I ncl ude duplicate sources of BACKGROUNDORINMENTIONIVOI d down tine. Changes
in input pressure fo4t ?ﬁ“gﬁﬁﬁpss tool may occur 20 when switching delivery
of a chemcal fromone su source, typically a m xing tank, to another.
Even mi norSfl uct uaThW%SeFH“\fﬁnﬁefe?éﬁt‘?ﬁéP aBysteay andaeetind fat delivesingchemishls
transitioningto Atfawa,rmomxrttcmaﬂy tt@a Shehli€hl téliveA Yy stinhd RietHoB ufifizidd R

conti nuous de of th and/or quality of the process or
product. Wen §ﬂ$W%S?%?§| @eﬁﬁ Srisg)- tank goes off-line, there may al so be

| ow or residual chem cal present in the tank 25which may cause a pressure
drop in the sgpplka&ﬁgoggfkggﬁgAgpess tool. In addition, residual chemca

in the tank typically represents waste with an associ ated cost. In
10 Chémical delivery systems are used, for example, in the semiconductor

pharmaceutical, and cosmetic industries. Semiconductor manufacturing typically
utilizes chemical distribution systems to deliver chemicals to a process tool. In
particular, slurry distribution systems deliver a slurry for chemical mechanical
polishing (CMP). Oftentimes, it is desirable to provide a precise flow rate of the

15 chemical or slurry to the process tool. Flow meters which may be susceptible to
changes in input pressure are commonly used to deliver slurries and chemicals to the
tool.

Chemical delivery systems commonly include duplicate sources of chemical,

in order to avoid down time. Changes in input pressure to the process tool may occur

20  when switching delivery of a chemical from one supply source, typically a mixing
tank, to another. Even minor fluctuations in process parameters associated with such
transitioning, however, may lead to a significant disruption of the continuous delivery
of the chemical and/or quality of the process or product. When an in-service mixing
tank goes off-line, there m;y also be low or residual chemical present in the tank

25  which may cause a pressure drop in the supply line to the process tool. In addition,
residual chemical in the tank typically represents waste with an associated cost. In
addition to the loss of residual chetnical in the tank, there may be significant dead leg
loss with chemicals remaining in now off-line process piping.

U.S. Patent No. 7,007,822 to Forshey, et al, discloses a chemical mix and
30 delivery system. In Forshey, a mixing tank is also a main reservoir of chemical to be

delivered to a tool. One or more buffer reservoirs are positioned downstream of the
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addition to the loss of residual chemcal in the tank, there may be
signifi'cant dead leg loss with chemicals remaining in now of f-1ine process
pi.ping. U S. Patent No. 7,007,822 to Forshey, et al, discloses a chem cal

m x and 30delivery system In Forshey, a mxing tank is also a main
reservoir of chemcal to be delivered to a tool. One or nore buffer
réservoirs are positioned downstreamof the - 2 .- main reservoir for
delivery to a tool. A programmable |oop controller controls the pressure in
each buffer reservoir to achieve a desired flowrate of CVWP slurry fromthe
"buffer reservoirs. To clean and/or flush the main reservoir, the controller
interrupts flowto the buffer reservoirswhile DI water is added to the
main reservoir and sent to 5 a drain. The process tool determ nes from

whi ch of two niuid feserveie for delbierysto tahieo!C Aeprograinmabld idop camtkdliepéonttoBe. SUMVARY
OF | NVENT! ONo e, Qe BRR x@bry b5 JARUEDL 8l ol ki€ GF Efhp!sRyd BRI BT Of
providing a materiral 1o a sem conductor tool conprising passing a first
mat eri al t hr buffer raseryaisst Te elehn angvortflusinthieimpén feparyait, thecontrdiet wteruptsa t ool and

delivering a fiow slthdiftfet RBerMdirstviiiie DI dter RIS &) thd MAMrERR ofriahd tent to
recirculation Jine_to the

tool. The first material_is also passed through a
second redir &3P § °P'|°ﬁeésWﬁ%_"(’j‘frﬂ?"ﬁﬁﬁ'ﬁg‘c‘f’lég'??fcefwf’ﬁgff?rdﬁe."'%é rding to
anot her enbodhemical sharywilldeidedwrdel | very system conprises a 15first '
recirculation line fluidly connected to a tool, a second recirculation |ine
fluidly connected to the tool, a first source of material fluidly connected
to the first recirculation |in8UNMARNOEBYOENTION rcul ation |ine upstream

of the tool, and @rsRAMBAMSAUTAR: iRbentiBh Rldirdted loWi fliodTPRAEdiIRSa tO the first
recirculation lipe and the secon(g reci.rcul ation_line uypst ream f(?ffﬁtat he tool.

A cont r ol {%r MG EHETRIcuier 1P SOMPHFHES BFSSIRE & Hist ’é‘ﬂ'ﬁf‘%r"ﬁﬁ‘“ ntity of
mat eri al fr omredileelation Hie fhddly cenmettedad £tobbdnd daliyeriegle fiest portietlofthafifst t y of

material fro at er.d i | n-gervice
oper ation of rné%tgfae'z@ﬁﬂg%g%g&?ﬁ%a?ﬁ’ ?‘2{% a’rtg%*oﬂi 3’F§F%§{‘,‘ %'%gs ézilzﬂocf5 T Sr?g second
recircul at i orfhiopghea sqcandigpifquiptiee ting Buiglyenersted tapéhnt i al | y constant fl ow

of material in at A®RaRing@d@noter bRBodines a mBEtiIGelivbry §i3tehi ddthphisd at he second

recircul ation line. - . . .
15 first recirculation line fluidly connected to a tool, a second recirculation line fluidly

connected to the tool, a first source of material fluidly connected to the first
recirculation line and the second recirculation line upstream of the tool, and a second
source of material fluidly connected to the first recirculation line and the second
recirculation line upstream of the tool. A controller, responsive to at least one of a

20  predetermined quantity of material from the first source of maferial, a predetermined
quantity of material from the second source of material, and duration of in-service
operation of at least one of the first recirculation line and the second recirculation line,
is configured to provide a substantially constant flow of material in at least one of the
first recirculation line and the second recirculation line.

25 In yet another embodiment, a material delivery system comprises a first
recirculation line fluidly connected to a tool, a second recirculation line fluidly
connected to the tool, a first source of material fluidly connected to the first
recirculation line and the second recirculation line upstream of the tool, and a second
source of the material fluidly connected to the first recirculation line and the second

30  recirculation line upstream of the tool. The system also includes means for passing

the material from at least one of the first source of material and the second source of



25l n yet another enbodinent, a material delivery systemconprises a first
recirculation line fluidly connected to a tool, a second recirculation |line
fluidly connected to the tool, a first source of material fluidly connected
to the first recirculation line and the second recirculation |ine upstream
of the tool, and a second source of the material fluidly connected to the
fPfrst recirculation line and the second 30recircul ation |ine upstream of
the tool. The system al so includes neans for passing the material from at

| east one of the first source of material and.the second source of - 3 -
material to at |east one of the first recirculation Iine and the second
recirculation line, and neans for purgi'ng at | east one of the first
recirculation line and the second recirculation Iine. Oher advantages,
novel feat ur mstedaldo efdpmtors ofthetfirg regirealatiorolinevant thelseodeeciragpémding, from t he
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The acconpanieciigplaticalintigs are not intended to be drawn to scale. In the
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il lustrat in varjou ur.es.i.s, r,epresent y a. li nuner.al ., . For :
L posea 55 abarert b S o FS ol SRR Sin My ion KRBTSR PA T o nor i s
every conponesrjungfiorewiththe abrodipaming drawings | nventi on shown where
illustration is not necessary to allow those of ordinary skill in the art
to understand the invention. In the drawings: 15FIG 1 is a schematic

diagramillustrating a sysBBHEH REBERBTHANF RRANVISSenbodi nent of the
present inventi 0NThe accompanyihfSdra®irigs ak idE MswBEd 16 bd dRGMANdald. URtHeat | Ny a
system i ngacqordanCE a2 h0gTy SRR TERLAa] miIEuRLEREN, vhist | on.

figures is represented by a like numeral. For purposes of clarity, not every component

is labeled in every figure, nor is every component of each embodiment of the

invention shown where illustration is not necessary to aliow those of ordinary skill in

the art to understand the invention. In the drawings:

15 FIG. 1 is a schematic diagram illustrating a system in accordance with an
embodiment of the present invention.
FIG. 2 is a schematic diagram illustrating a system in accordance with another

embodiment of the present invention.

20 - DETAILED DESCRIPTION
' This invention is not limited in its application to the details of construction and
~ the arrangement of components set forth in the following description or illustrated in
the drawings. The invention is capable of other embodiments and of being practiced
or of being carried out in various ways. Also, the phraseology and terminology used
25  herein is for the purpose of description and should not be regarded as limiting. The
use of “including,” “comprising,” or “having,” “containing,” “involving,” and
variations thereof herein, is meant to encompass the items listed thereafter and
.equivalents thereof as well as additional items.
In accordance with one or more embodiments, the present invention relates
30  generally to one or more systems and methods for providing material to a tool. As

used herein, the term “material” includes any liquid, such as a solvent, gas, chemicals,



20DETAI LED DESCRI PTI ON This invention is not limted inits
~application to the details of .construction and the arrangenment of
conponents set forth in the follow ng description or illustrated in the
drawi ngs. The invention is capable of other enbodi mnents and of being
practiced or of being carried out in various ways. Also, the phraseol ogy
ahd ternm nol ogy used 25herein is for the purpose of description and should

not be regarded as Iiniting. The use of "including,"” "conprising," or

"having," "containing," "involving," and variations thereof herein, is
meant to enconpass the itens listed thereafter and equival ents thereof as
wel | as additional itens. rf-accordance with one or nore

enbodi ments, the present invention relates 30 generally to one or nore
systens and areishodies. fArsmsq:mmdndithugemt‘teolr’ad defioedastagoint ofxsse fsrable her ei n, t he

term"nmateri ﬁnlaten!ilnisdjiq %&@nlyut glg.ﬁ“l {iin%teé #)ggh i%ﬁwﬁiu?l n%%p%er;reg tﬁ%'?‘ Cal S, -

4 - and slurr d"3s a poi nt of
use for the mmlq,artoolmmqh&e@degrmmtsem@ommr farl?f'?"é'enﬂlocs diei ndi vi dual

unit or seri gawnfs auamodfwscmeameﬁm may bogkd, rf&%xhrﬂﬁllaliﬁ%oxﬁﬂﬂo@ly nore

sem conduct or fabrl cation Lin ns .and thods bed herein
may be ustd, HIBFrRgIATials Wi aB’E)'fFPi“HHd’EIgIW; agjgy ef rﬁrgﬂsn%rﬁj rga € with

appl i cat i onscésmetic wihdenaceuticeland eémicontingtor Ineastiigscdsiekiing othess ia odivht i C,
phar maceut | Cﬁll re m%' dé egnmagg gor%tcgntmuogé‘j gn ?l?dura%essu:eg# of %%tep lher sin Whl ch

there may be cont I'nuous: and/ of materials.
Enbodi ment's of th@mbra@@ems of the eres¢rd inveRiiongesysensraly lgnaﬁw eetenﬂtteﬁml to a

tool utilizi pELAINEWY or WRUrEschides eeﬁnea{atanlaemrmbwdeh td RinfRizObOMintiRgle t O

m nimze or eI nate 18too|_ownt|rre r}[ematerla aﬁe\fegroylcﬂedfrom
any sourc8, Q9! foK timey fhemagdzlmay beprovided fiogyany spyrpe: guitahle farg dgsiredy,
vessel , suchamncandmkmhmgavwdemnawddselc swehload biding xesag) aud'esebatddf any si ze

and shape nay, e VEREl of Pkl harl el QUL Ofe Bl STSELAATBY | UL nec

not, be identica material” may be provided from m xing
tanks havi ngmaferiabmay, byhrsed Aptebe idpriicalstin epe emkpdimensmeatersl mey beul ation | i ne.

Exanpl es of g}aﬂdae ﬁbﬂ%ﬁu%hﬂ@ hawgbﬁeaus&@ .meteandeaﬁéﬂap@&imma U.S. Patent
Nos. 6,109, 7

. 6, , 536 at ed, her ei ref al |
pur poses.!s  recircu P‘i’1°"o'r‘ﬂ§ gﬁf)’Bﬂ'F ‘x %fﬁ‘é“'hé" ﬂ?aé’\?’le&éﬁ' ﬂ‘é’gt"h& Srateri al
fromtwo or r?mearsmﬁ,d%ﬂ&nndrﬁeﬁa%&on@mpﬁ herdin hyesefelmbet&ﬁ awi t ch delivery
of materi al ?',tP gn and 20 anmong the two or nore sources. For exanple, a
mani fol d and one or nore valves may be suitably positioned to divert
materi al from a t brghetembadimsat. msagsgs providadto naps thpmaterpldipnniBypor mgse or nore

val ves may begopesitb bﬁmdn&ss-ga yaites a&pdorswhra&dmaylomﬁtem &w&hhndrat erial
fromthe tank to %%e t ool

. 9 or t |soI (? 5/ romthetq when t he

material ¥n £HE"E LHRVP & ‘Bgfeéﬁfrﬁeﬁprlgﬁgf‘@? ﬁé&"“’r‘% SF & MAHRYS to be

cl eaned or 2buiylbeswitably ssitiohakd divepenadriabfromfa tirtkeo v &loV appiydinewint e bet ween

a first tank e@lﬂgdiﬂment, one or more valves may be positioned on a tank recirculation line to

divert material from the tank to the tool and/or to isolate the tank from the tool when

the material in the tank is below a predetermined level or the tank is to be cleaned or

.- 25 otherwise serviced. Operation of the valves to switch between a first tank and a
second tank need not be sequential. That is to say, a first low level tank may continue
to drain and feed a tool supply line in addition to the second tank more recently
brought on line. The first tank may subsequently be isolated from the tool supply line
when a second lower level of material is reached in the first tank or the first tank is

30 empty. In some embodiments, switching between tanks may occur weekly, daily, or

hourly, at intermittent or periodic intervals.



second tank need not be sequential. That is to say, a first low |evel tank
mey continue to drain and feed a tool supply line in addition to the second
tank nore recently brought on line. The first tank may subsequently be
isolated fromthe tool supply line when a second | ower |evel of material is
reached in the first tank or the first tank is 30 enpty. In sone

efbodi nents, switching between tanks may occur weekly, daily, or hourly, at
intermttent or periodic intervals. - 5 - One or nore val ves may be
controlled manually or automatically in response to one or nore seniors. In
one enbodi nent, as an exanple, the vahves may automatically respond to a
signal originating froma sensor which may detect a | evel of nmaterial
present in the tank, a pressure, a flowrate, or another characteristic of
the 5material . Hneosmgnadalvnamabbemyowimmh@@iagma;icallydhrasqnsa pneunmati c
signal , a NBGhaR At s&is&8 2 on BmBbEfmbAt £3h eﬁérgﬂ@lthe Piyes "ke The sensor
may -be | ocated I n any appropriate p03|t| on ﬁ)al’tl cu pur pose, such
as, in a vesgnmatigalyrespantig asiesalpsicinating fr%me/serrsor ¥ ‘ﬁh?"%ﬁ’?fé‘éé‘ée"le ne
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a de5|red arg% g Irf: F § 1 ﬁdles 14 r%é etla 10 qwd | evel
sensor, T A YER g o?ys & 0%% na |o’nsp ReFEoTE" eBncent rati on
sensors naynd:nharb% eignalanclestrival signak oothe Hk sTheysensopmapbe loveed mdax,

conduct anceaé,pﬁ,gﬁ 58 &&nﬂop%g@a&%gggmkesm 39 .,vl,bés@a@mtglpwgm enitting

devi ces e an e ate va a di aphragm
val ve,” a gl®B#eria}ap %rmambleww? hwne)a#%a maerialifuprly Jige. Hie serer make. | n

response t Goelda@ séris@isaltablé foea uadlrwamyatroas P@rl”tﬂnah)blef the ke}hs&ﬁﬁ@&u ahg and

closing, in so ment s artiall eni,n osi.ng in ot her
enbodi mEnt s“q"naaleveqb‘fnso oﬁ‘é""@%raé Aror gnf gorg r°“§‘1lﬂ'l geé’? i v%"ce"tgaf/'s?em i ncl udes
two or nor esensremiybe haagmnwnbpn@grefdfdcrélt)y, rmrl&tnd@c,tcmdgqenqgr nmore tools
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supply lines nma teri 20recircul ation [1hes or |[oops, fromwhich a
first porti Wndﬁhechéra\’fﬁtaeaareawa“ﬁsa dirRhaerelveoa globe valus, 2 2Heerlly ¥d¥ond porti on

of the nat epinel valw, 6rabé NiGU Ihateeﬁbnba«akhemgnat, theS@lleGayQéspbid Bynfatiier sour ce of
the material. In rovided.tao switch
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exanpl e, sustherigmpogigwntsi oned one or nore manifol ds and/or val ves may
isolate a first I%B@érﬁ@ddimem, the material delivery system includes two or more

material supply lines fluidly connected to one or more tools and fluidly connected to
two or more sources of material. The material supply lines may be material
20 recirculation lines or loops, from which a first portion of the material is diverted to the
tool and a second portion of the material is recirculated back to its source or to
_ another source of the material. In another embodiment, means may be provided to
switch supplying one material recirculation line to supplying another. For example,
suitably positioned one or more manifolds and/or valves may isolate a first material
25 recirculation line and initiate material flow to a second recirculation line. The valves
may be manually or automatically controlled in response to one or more sensors, as
noted above. The presence of two or more material recirculaﬁon lines that are able to
provide material to a tool allows for continuous delivery of material to the tool, even
whén one of the material recirculation lines is off-line for service or scheduled

30 maintenance.



25 recirculation line and initiate material flow to a second recircul ation
line. The valves may be nanually or autonatically controlled in response to
ome or nore sensors, as noted above. The presence of two or nore naterial
recirculation lines that are able to provide material to a tool allows for
continuous delivery of material to the tool, even when one of the materi al
récirculation lines is off-line for service or schedul ed 30mai nt enance. -
6 - I n one enbodi nent, the one or nore val ves may be controlled in
response to a predeternined period of in-service operation of a materi al
recirculation line. A material recircylation line or |oop may be regularly
or periodically schedul ed for flushiﬁg'and~or cl eani ng and taken out of
service. The material recirculation |ine nmay 5be taken out of service-

year |y, nont hl yln ore embelliment, tie@neat moicaklveswiy betatiotied iniresporoe td 2 nes may be
flushed wi tpped@@xnﬁ.ua B&Qh%fﬂas%wx&%@?aﬁm fasmmﬁatnmmn&ﬂm' ations thereof,
that is conpatible w terial ?lver system Exanples of suitable
f1 ushi ng nmaémaéreclrﬁeat@aéme aUporamey h@tegvlm ?wrpélca'&écb?ﬁukédormt er,

pot assi um mﬁd}ﬁlﬁg(hldﬁor(clﬁ@ﬂhg sl telkdn@it ofsaslidel The gRikerialliEikdutition Gnermsly cl eani ng
of the q;k%? reC|rquat|on ccur in one or

d
nore st éps WGhspraice éeaﬁlat'a?'?@r‘/? ‘Yﬁcgéu|T§?F8‘F"Ff’ﬁ%‘mé‘g‘ﬁ¥%rﬁ Hg a slurry
may first bipesnagbelushed witd@iyonitatdelgasathemicahiscivempandivembinafionsul at ed or sent
Lo a dral ol SUdcdalnh Bt ey DL BTaRBIL SELAGHL 2t o0 and! or

sent to a éra I n. I ncl ude ‘passin e gas t hr ough
t he mat er i dlushing wrer'em%lweahuqarwt limyted @bﬁ@mga%de‘gat?rneqtm@m&wwg

conpat i bl e (ROH) sbllfoaRCAIEEgdAl Pi Nng and preferably include those whi ch | eave
no or I|ttle re in.th roces i.n In one an inert
gas, sufh as ni ﬁ‘ﬁﬁ&ﬁ“@%"ﬁ@"ﬁ%@d"%&"i‘%’ﬁ ! Ilwgﬁr%fdeﬁ (’[ngrl al

reci r cul at ingay decwrdn ofither mdre sthpsd Fonexamipdd, a matdriabigbiatulation lingeontmining enmai n i n

st andby mqesluréerﬂsgyﬁispbm}gﬁedtm dylmd%eawm%am%&&uia%Iopgknl' ne to be
brought out - f-service tI-StO}'ﬁf ushi ng he materi al

reci r cul at it®A draik&oliped by @ fluskyith EOFs avhich. %rhﬁregr%feéﬁpﬂpr seaidPAcul at i on
l i ne conti rumusmﬁrﬁrmdm:mciarphs%tngtacsuttme g&ahrobgh thvinateliking bet ween two or
More SOUrCe8iQ lagm e ég jt bl 1 clué epny as ¢o aéxbﬁewx tFl l:[ Jlslﬁl'sm ng materi al
may occlir RG0! d’é AppT %ﬁars ate for & fo‘ér"f“? A THiY POS%S PBIEr ati on of
at | east orwderﬁimblmnmudgthosdwhlph Egemo ordigtdrmesidwe withih thegrodess pBuescri bed i n
greater detgighe %B&Hx&:&ftearnq %aEQ;uf:lh&‘s m@mﬂwsme&i?g@wﬁm of °, FIG1

shows a materi al del lvery em accord to one e he pr esent
i nventi on. nm%r'%aftcgw'atwnd@ﬁ %“r‘}“%%’f‘éﬁ“ﬂ%?’icﬁlﬂ‘a‘d@? Ay remain Wour ce of

mat eri al i rstandBy xxbmg réad ko tm: taf\place FRGOHE BaRtumEoPfind 10 ®e B&iuglﬁtloai- i'n a
n‘ixing%ank mRLer b del.i,very system 100 al so inclu flrst
materiaf® ré é‘lzsﬁzr(\:/h ea?{ StIeP ush of the me}{enaY recnrcula ion line may occur whilé the

in-service material recnrculatlon line continuously provides material to the tool by

switching between two or more sources of material. A multi-step flush of different
flushing material may occur in any order appropriate for a particular purpose.

Operation of at least one embodiment of the present invention will now be

25 described in greater detail with reference to the accompanying drawings.

FIG 1 shows a material delivery system according to-one embodiment of the
present invention. The material delivery system 100 includes a first source of
material in a mixing tank 10 and a second source of the material in a mixing tank 20.
The material delivery system 100 also includes a first material recirculation line 60

30  fluidly connected to the first tank 10 and the second tank 20. The first material

recirculation line is also fluidly connected to a tool (not shown) to deliver material to



30fluidly connected to the first tank 10 and the second tank 20. The first
-material recirculation line is also fluidly connected to a tool (not shown)
to deliver material to - 7 - the tool. A-second material recirculation
line 70 is also fluidly connected to the tool (not shown) and the first
tank 10 and the second tank 20. Material delivery system 100 may al so

i hcl ude a source of a second material 30 fluidly connected to the first
material recirculation line 60 and the second material recirculation line
70 for flushing 5and/ or cleaning an out-of-service material recircul ation
line. In FIG 1, the positioning of a_punber of val ves defines various _
configurations of flow For the purpose “of describing flow paths, each path
wi Il be individually described with either one or two open val ves, while
al | ot her vahesesl. & scaidosaerial Mowenaion lint 70 & alsodhiidly cauiedtéhto thatoel than one
flow path t ank

reci r(F:)uI at rg%m:gﬁor@)gm?é %%kgg‘%ﬁcg@?(s%%/&#a%ﬁ?%(i?l\zﬂa&n&l 0%39%%& \l;/hal ve 40 is
di sposed in lpamayualéemc&{qlpatwaﬁp ofiarpeccd materipb3Q fluidly sapncatgd tathe Bisbnd t ank 20.

Wien val ves mderalfbciildiot mae@a.ande Scbndthiterial Yetird@atidnl IRS 90 forTRbKAg al from
t anks 10 and 0 |s tecircul back 0 |t|§qﬂo'n§ ective tank. In FIG 1,

tank 10 i’s fAPHPHTA ERGAISNE %Wdcerfﬁ*ft%r 13 5eire Fation line 60. Valve 15 12
i s positioned onld FiGe 158 positicsting of ammabdred vileesetisesivatiousaonfigusdtiohs on | i ne

00, and L0t ApbodOrkl e PudbATROLAbink AR £hBE ckiHbaRt bl hdlBa3GyUpot T eam of

val ve 50. ve 1 connected'to material
reci rcul at i cl§sarippwighyeizher opeeTitwae opsp; valvas, ydijrall othgr V%'%Pﬁﬁfercéf@fxi culation |ine

90 downst r eamavaiver &lisithdeRtooNHaNmYRI tNa ohe ﬂamamaha/ﬁ)elsﬂnafaﬁedwm and all
ot her val ves are e ass mat eri al

mat er.i al k. 10 20th
recircul ftion Ii ﬁélvégg 'W%‘F’é"‘{a te?cgﬁ" 6?°W3b?§fd'¥1ﬁ‘i?“5“éeétﬁg'gﬁ ied to the
t ool and andtikelo, gmr\tai\@monaqasmect!ettamkm@utculetlctnalmc 800Iuvidlpcannsa@girent of tank

recircul ati q@ednly %k%@ When valvesT@ryﬁd 1Y a?e%p@njl §:Qi Al dfﬁéﬂlvmvmggltrﬁ‘de P Material

recirculation line 70. Valve 16 is positioned on |1 ne 56 connect ed
to materi al ff%Faf"éﬁﬂOa&"Id@H ig 'ieﬁEC“'PGFdah‘iW tedtsraspgetivetankci r cul at i on I i ne 90

upstream O}‘ val vén 51{@; Mahweo ib&luicﬂy&ﬂgd:&tdd(lﬂﬂﬁt@lﬁl chn%lﬁ?nf:‘&%@'\}’al@?nfpt ed
to materia Lecireul a and 't .tank recircul ation
e 90, w2t eSsiend oEfhvaafidy ok Rut g B e Taion ¢ 6h&H g ai 1 "
ot her val vedamk ¥ \i4 assgoheninafttankiredircplasad mefo0 apstteambof Yolve 59.oVighe Matser i al

recircul atiqp, ﬁﬁ.bm% obfime W HsfayPocRckdadmferitk Sl liof B @Fand iRlIbed O the

t ool and anot ortion_may "be returne via a seg rrent of
recircul at i O‘ﬁa £ pergglegtcpf tank recu'culatlon line 90 downstream of valve 50, When valve 12

and valve 14 are open and all other valves are closed, material passes from tank 10
20 through material recirculation line 60, where a portion of material may be supplied to
the tool and another portion may be returned to tank 10 via a segment of tank
recirculation line 90. '
Tank 10 is also fluidly connected to material recirculation line 70. Valve 16 is
positioned on line 56 fluidly connected to material recirculation line 70 and to tank
~ 25  recirculation line 90 upstream of valve 50. Valve 18 is positioned on line 58 fluidly
connected to material recirculation line 70 and to a segment of tank recirculation line
90 downstream of valve 50. When valves 16 and 18 are open and all other valves are
closed, material passes from tank 10 through material recirculation line 70, where a
" portion of material may be supplied to the tool and another bortion may be returned to

30 tank 10 via a segment of recirculation line 90.



- 8 - Tank 20 of material delivery system 100 is also fluidly connected to
material recirculation lines 60 and 70 as shown in FIG 1. Valve 22 is
positioned on line 42 fluidly connected to material recirculation line 60
and to tank 20 via a segnent of tank recirculation |ine 80 upstream of

val ve 40. Valve 24 is positioned on line 44 fluidly 5connected to materi al
recirculation line 60 and to tank 20 via a segnent of tank recircul ation

| ine 80 downstream of val ve 40. Wen val ves 22 and 24 are open and al

ot her val ves cl osed, material passes fromtank 20 through materi al
recirculation Iine 60, where a portigg_of material may be supplied to the
tool and another portion may be returned to tank 20 via a segnent of tank
recirculation line 80. 10Valve 26 is positioned on line 46 fluidly

connect ed to naTaki 24 of megariatddlizery systérn he0 if @lsa fididiyoconagrked20 mategiah segnent  of
tank reci ¢l alik@th 060 B HASSAEATMGVRNR D is MlitfiedSh firk @OS! i oned on

line 48 fluidly connected to material recirculation |line 70 and to tank 20
via a segmimidipgonpegigd tp gaterialfesirgudnsion fipoGandde tark 20 wmsesmvmov@nho. When

val ves 26 mca&lanﬂnecsloexas&aﬁl. cak/blv@adnaram@weﬁosaroaed:dnomfecm fiadigr i al passes

from 15tank 20 throu r.ec t| a portion of
materialf magHsEed H’p’B?t 'é%?etcgc?latéont'g‘g I ‘51% 4 not"haea SeﬁB’rePW}Ea %ay be returned
to tank 20 reauaulatncselgm&@tdowhstteamlof valge 4@; uWaen aives 2B end3Bk are open anlfht er i al
recircul at 'aHQ)t]'{e" Oﬁ§ s@tp aZeQi ﬂ?a¥se9 %nlot.’«lgﬂ th%ﬂ%ﬂ%%ﬁg ré(grcglaﬁ rce of a

second material useq eani teria

recircul at iligp Pl"Yf@S"'aE‘W'?XS"fM I‘"HYP‘FEPP'led tPé*ﬁI%"@@"‘éE‘Fﬂ"éﬁ'ﬁP'ﬁ'@"a second
material i Sna‘yluelr&bmeamaﬂczcﬁdaa@emhedﬂtalk rémuraﬁzoﬂ midsmn I | ne 60 via valve
32 positioned og, lY ot nd dva ve 4§4h tion ine 1tW“len val ves 32
and 34 Yre open 81§ §I'§p°5'[ 1Ragd QNG &8 My (1"5%%3 ﬂ?}:\c”g r@‘é’ﬁcd'an‘ﬁf'erl al passes
t hrough natliee 78 knd ©aankll vit 2 segmientvd t68 reciwulgtinndineisa upst@mlof velve second :
material may l%hfe%ug ﬁdglugk@diorhﬁﬁkss'ﬂamy &&n&téﬂom&erﬁweé.mm ligedr ai ni ng.

Alternatlvely, the second material exit terral recirculation line 60
via val ve J22ndie %@%ﬁveaﬁweﬂwfm‘qula oruwaﬁ&?ctowaﬁtregﬂwmlve# G | shows
posi ti Olm NGWRdn Yalvee 36 Brd Z8Hile 6&ntaed am oterdalvas ﬁ'bl’cﬁﬁéd fratefifl pabRWiroi tlhe second
material, cou t he to the too
 thought | Pl At Freieiafonirecl hort Aoy S ARk ed Lo pr ovi de
t he sanme disupmied tnthettod hrwim dnothebprdrtiommayehe ratumed&b)fﬁalnko 88 ajssgragngof f | ui dl y
connect ed tq,Nat:ef i@by fificdg cul ation line 70 via valve 36 positioned on line

72 ‘and Val ve 38N?OSI tioned on line 74. \When val ves 36 and 38 are
aterial recirculation lines 60 and 70 may be fluidly connected to a source of

a second material used for flushing and/or cleaning the material recirculation lines.

20  Asshown in FIG. 1, tank 30 containing a second material is fluidly connected to
material recirculation line 60 via valve 32 positioned on line 62 and valve 34
positioned on line 64. When valves 32 and 34 are open and all other valves are
closed, the second material passes through material recirculation line 60. As shown in
FIG. 1, the second material may be recirculated back into tank 30 for subsequent

25 draining. Alternatively, the second material exiting material recirculation line 60 via
valve 34 may be diverted directly to a drain (not shown). FIG. 1 shows positioning of
lines 62 and 64 to provide a direction of flow of the second material counter to a
direction of flow of the material to the tool, although it is envisioned that lines 62 and
64 may be positioned to provide the same direction of flow for both materials.

30 Tank 30 is also fluidly connected to material recirculation line 70 via valve 36

positioried on line 72 and valve 38 positioned on line 74. When valves 36 and 38 are



- 9 - open, and all -other valves are closed, the second material passes
through material recirculation line 70. As shown in FIG 1, the second
material may be recircul ated back to tank 30 for subsequent draining.

Al ternatively, the second material exiting nmaterial recirculation |ine 70
via valve 38 may be diverted directly to a drain (not 5shown). As with
material recirculation line 60, the direction of flow of the second
-material through material recirculation Iine 70 may be counter to or in the
same direction as flow of the material being delivered to the tool.
Addi ti onal flushes of material reC|rcyIat|on lines 60 and 70 may occur. For
exanpl e, upon depl etion of tank 30 of"the second material, a third materi al
may be 10 added to the tank. Alternatively, tank 30 may be replaced with
anot her t awoken; arok allsdtirviivesoare elostidiige sectind meterimtpessesthrough miateginl y, t anks to

supply t he,&ﬁﬁﬁ%ﬂ&%@f Ats QﬁJva H‘%%%rl' g-%%e&;g}{ {rf%ge\;fagxg%;ﬂﬁﬂécw&aﬁeda source of

gas. Operation of valves , for t third
nmateri al. aRagkdpP tatﬂhé"&ﬁﬂ%@@ﬂ@ﬁ ﬁﬁalnmg Pdtermat ey, drsseponddrenterist exiting second
material . ikl :@gr@mbahh@mﬁﬁvﬂ%mma} béimbmeardyrcau&bamah%m the tool is

rimarily s i ed one. mat er r.ec tion or 70),
\R/n: ch : ssysﬁ%g%){agsﬁv T g?ffg‘él llatiop "ﬁ%%é& qarelftém °tjf[i1’§' (()fﬁ'e%@?"" sequen%i ally
or at the swanriatthromgh Meweakecirailatiombing Temay En®untete obét thesamenat er i al

i | at f t I
601 U0 BBRo( & ol oL L REUNRST sOUrcos of mRterial (o o

lines (e.g. 60 éﬁérﬂvml flyshes efmmﬂr%wlm '@Psﬁﬁa r70dnay(escy: Fop and 20).
One met hod eRimpleipak Hpletidh of&hRBO amelgécbmhyzeﬁaismﬁu kferiwd thay ROW be

descri bed i of seq nti ste For .t s.of this

descri plf oﬁ‘g@%rt?g\ﬁ 'ﬁ‘o ‘g 'g‘tw %ﬁéepd%’ﬁgfvétg E%tﬁggﬂ%éﬂ%tes It is
under st ood: shéwert) cbntamu'(gcarthn-dmnamsaloﬁenlan'bfaanlesacmw&qhemendw/omﬁnndr one or
more tinmes gn ,anmmqgﬂa&a%wm%ﬁegsf oS, é?&emtmaﬁ&ﬁ §i 3gl3gequence, any

sequence in the series % be regar e first sequence. In a
first sequetit8owpathgfaraie thigd gﬁwﬁhaéerot@eﬁrﬁear?smﬂalftpélﬂﬁ#a?fﬁr%f%r ough the
first materhedecdmAGhdierialati on Iine 60 via open val ves 22 and 24. Tank 10

contains material .and is.|loca t .rdelrcul fh h rioen val ve 50 until
T o bRought . oR R maiefel Elu et [, TR
supplied by one material recirculation line (e.g. 60 or 70), which is supplled by two
sources of material (e.g. 10 or 20), sequentially or at the same time. However, during
the transition between material recirculation lines (e.g. 60, 70) and/or between sources
of material (e.g. 10, 20), the tool may be simultaneously supplied by both
20 recirculation lines (e.g. 60 and 70) and/or both sources of material (e.g. 10 and 20).
One method of ope_rétion of material delivery system 100 will now be
described in a series of sequential steps. For the purposes of this description various
modes of operation are denoted as sequences. It is understood that in a continuous
operation each sequence may occur one or more times and, although one sequence is
25 denoted as a first sequence, any sequence in the series may be regarded as the first
sequence;
In a first sequence, material is supplied to the tool from tank 20 through the
first material recirculation line 60 via open valves 22 and 24. Tank 10 contains
material and is locally recirculating thbugh open valve 50 until it is brought on line.

30  All other valves are closed.



When the amount of material in tank 20 drops to a low level in a second
sequence valve 24 is closed so that the portion of material fromtank 20
not used by the tool is no longer recirculated frommaterial recircul ation
| ine 60 back to tank 20. Valves 12 and 14 are opened and valve 50 is cl osed
sQ that material in tank 10 passes 5 through material recirculation line 60
and the portion of material not used by the tool is returned to tank 10.
Simlarly the portion of the material fromtank 20 not used by the tool is
sent to tank 10. When the material in tank 20 is substantially exhausted in
a third sequence, valve 22 is closed d valve 40 is opened fluidly

i solating tank 20 from materi al torecitculation line 60. A fourth materi al
is then introduced into tank 20 to flush and/or clean the tank prior to
preparing a new bdis theamomsitafimagdriaf in tankei0idvapsyo 4 ow leeel fromsecorkhe f ourt h

mat eri al v t d/or clean
Tank 20 and PSR ol tFBbcdiB 2 pgflon dPRaSHbA fnk 20 hortsh B

descri bed attJ‘!Neol i hrelofigay recirewiaied fromimateripl tesirerdationiline §0 hzpkdp tank@, or gas.

I n one enbodiaiREY2 hid mrsbpekéd mevamrsb |sml€fs%§ s@ﬁlg{rﬁﬁtthrgﬁnl@-l@MHsy, t he

fourth materjial m ei oni zed wat teri e retuned
to tank 20 F'HP“%‘JB%%’Q%@‘??E“"&?%H“HI"H&O a’Eﬂ"‘BW‘E‘F’?Qg’“ er‘?By ﬁ'eg‘f"il n-(not

shown) . Val iestubitdas thnk 40.r Sinslarly deeortion opﬂmmamta(afroxaltam(mnmt wak by 0 t hr ough

material re l.at i ' 60. The portion of material not used by the
tool is ret Eir'e;\tggl g;gnmtﬁ,mg, A flush of tool recirculating line 70 may be

initiated duringWhsa ﬂE’G"QtPrlé*éﬁ@e‘q%ﬁelﬁé'é’smphalmxbwsvallﬂ/%@"g63@9@338 are

opened Itot p%ﬁFQZW&@@aﬂWa@k‘@hs Speadd ﬂ«ﬁdgesomangeﬂkmtfe& &&emgh mat eri al
recircul ati on |

oni zed water ,ex(ti culation line
o o bl 1 GraHBon et i By BEee S L RO T G 2810 THep BTGt 1 el y
sent dir ect Icleah thedardi priof tairepmhiogva hew Bitkh off haerial fdrdeBvaretwathatool. Ghed. It i s
under st ood thaty, erh&hﬁdlﬂ%ng%%@ soffvent, UiSdahiog ofgée!léﬁl?a%‘i‘ﬁ B9ach Q0o A&t angur i ng -the

third 25sequenc In an ear r.or later sequence as |ong as
the materi a|20raeérankmcsrp¢la#pn|llnﬁé0t 4s piththe thindpategjalgigserivpd %‘@Wmthﬂa and

sufficient trurh m&eﬁama&%@dech@e@w&l RDBI, Bhgasf st ea{uo@ilinehanwdngl ng the
out - of - serV|$e Ilne i nt fter ass delﬁnlzed wat er

Chrough Hat 4Pt Pk Paer PRl Sifmyetne urd malerielmeY be Ghispsdetery Tk 30 may
be filled wfoirthiGhktexal nmag\be bunedpd taoled0 fir sibsequekt Baiaing(or divettedsdicntly

cont ai ni ng . k 30 to
mat er i aI reglprglgu a n;ég%o?/l newgbéq%aﬁvesgfga%%gﬁ %ﬁ?s;ﬁgt:éﬁ!*ﬁo@%%?d};ass
material friberghmRteny redicwlation lingt68r The perdien eicuatenial set usvdwle' Betoolly portion

of materi al rBined $©E@nibY0. t)neugrpﬁitodlsecirematmgaﬁkebontagmls u;h@ated\émrmgtr(éo remai ns

open as tank 20 is_ drained tion of nma at.er i for

Qo T ver yit o tigssage iR A R s Cherst e AdecoR B e Mot or 2l i
tank 10 dr ops deioniaed wated throegh materigtredingelation lofe 70h ®eivnized water &atirige pr ovi ded
to the tool [ t

recircul ati orﬁgtigr#l FQCP' %H&ﬁggg 8%&1%2166 AI?EQ L{réér?{]tgrﬂln\’él;gﬂ%rasﬂgse% %gmﬁ{éerl al. may be
directly adddgmpidvelysert dZG’c‘f‘ib‘iO draig (Rog ghoamm-of!! othamahz'e “f"@ﬁ!‘&?'PiPdr 8ds r cul at es

mat eri al t hrpdgbobPmat Mﬁxhﬂ@i &}Q ﬂuMﬁhgﬁdqaéncp A&iant bdtot@hingeleahirdl
recirculation |line 60 i

KOH
Cont 1 mch t Gopira®s by R Enaf B patfer o e SCHbRI SR IOhE R e gt

recirculation line to be flushed is out-of-service and sufficient time is available to

complete the flush prior to bringing the out-of-service line into service.
After passing deionized water through material recirculation line 70, in a
fourth sequence, tank 30 may be filled with KOH or may be replaced with tank 30a
30  (not shown) containing KOH. Valves 36 and 38 remain open to pass KOH from tank:

-30 to material recirculation iine 70. Valves 12 and 14 remain open to pass material



t hrough open valves 36 and 38. All other valves remain closed. When
the material in tank 10 is suff|C|entIy low in a sixth sequence, valve 14
is closed preventing any portion of the material not used by the tool from
returning to tank 10. Valves 22 and 24 are opened and valve 40 is cl osed
causing material from 15tank 20 to pass through material recirculation line
60. Any portion of material not used by the tool is returned to tank 20.
Any portion of the material fromtank 10 not used by the tool is sent to
tank 20. KOH continues to pass through material recirculation line 70 via
open val ves 36 and 38. All other valvif remai n cl osed. When the material in
tank 10 is substantially | ow or exhausted in a seventh 20sequence, valve 12
is closed and valve 50 is opened isolating tank 10 from materi al

recircul at iffom tank &0 thtougheatdralretiticui@ioadinab). Ancporten efrhaerat ack wsed er i s

added to t %?Ifheltg?lt gsef}&rvﬁﬁo%qylw %lk/g ?&re‘r{;ﬁnstﬁg%}}(as%r}kqo i ngﬂ'lreg ?(?r ing a new

batch of na e tool uned to tank
10 for subseepartion df mpkingithe materidl foe delivarydb thedeglyAll othgr Y:Pflvfﬁ meniaidt shown) .

Mat eri al i giQeq@Vvi ded to the tool through material 25 recirculation Iine 60
fromtank 20 vi g open val ves 22 tinyes to pass t hy ough

tank 20 Vi g ope g 28 5o cor BaS3,
materi al® reci r cOYHRtBHmperid i tink 6’8?—3?‘? qwJevel senstignis of thamategiah, o vaI ves
remai n cl oxede provnded totﬁétdatarpaﬁmdm@dlfﬂdnkm mughxmg'am:rsmkeqnem rculation Iine

70, tank BQeCWIann na E’ﬁ?hdseq%%lae dﬂt@rﬂa R &a%'\%%ﬁed %aterrr%ym?fl?g(?% f[i}ged with tank

30b (not shown contal nrn &ionr zed nan el sequence.
Dei oni zed wdti@#topaxé@?s%ltﬂwmmomT@m&Iloann racirenlates mﬁetlalrﬁlyom apem open

val ves 36 aafle38. fifertPyast&likbugh mterr@r%m?&nuwrme 60 flem tankUBSR@pENt drai ni ng
or sent di rectlijgto a drain (pot shown a ve 50 renai. ns ogen as tank 10

i s drai Hed ‘ROehEGMH I SP3cR '“HﬁstthPP%‘t"lt')“PB? Fa) dareyigtioie /o) . Materi al
I S provi dedhioogh bygentvaiks 36 anh 3Bamil dtherwalesopmaincidseds 22 and 24. Any portion

of material not gb';?%%? {enﬁliﬁ%hl??suséﬁ‘}c%ﬂg%d&eﬂatsﬁﬂﬁ d%%%'{ Ja\%tlﬂer val ves

remain closed. SAter the secon I onize hrou h
mat eri al r detlosad paeventing gnygortion of the material not used by the tool from returmng to

tank 10. Valves 22 and 24 are opened and valve 40'is closed causing material from
15 tank 20 fo pass through material recirculation line 60. Any portion of material not
used by the tool is returned to tank 20. Any portion of the material from tank 10 not
used by the tool is sent to tank 20. KOH continues to pass through material
recirculation line 70 via open valves 36 and 38. All other valves remain closed.
When the material in tank 10 is substantially low or exhausted in a seventh
20 sequence, valve 12 is closed and valve 50 is opened isolating tank 10 from material
recirculation line 60. The fourth material, such as deionized water is added to tank 10
to flush and/or clean the tank prior to preparing a new batch of material for the tool.
The fourth material may be retuned to tank 10 for subsequent draining, or diverted
directly to a drain (not shown). Material is provided to the tool through material
25  recirculation line 60 from tank 20 via open valves 22 and 24. KOH continues to pass
through material recirculation line 70 via open valves 36 and 38. All other valves
remain closed. '
After passing KOH through material recirculation line 70, tank 30 may be
filled with deionized water or may be replaced with tank 30b (not shown) containing
. 30 deionized water in an eighth sequence. Deionized water passes through material

recirculation line 70 via open valves 36 and 38 and may return to tank 30b for



70, tank 30 may be replaced with a source of gas, such as nitrogen in a
ninth $equence. Nitrogen is passed through nmaterial recirculation |ine 70
via open val ves 36 and 38 for subsequent discharge fromthe |ine. '
Constituents of the nmaterial to be provided to the tool are introduced to-
tank 10 for m xing and subsequent recirculation. 10 Alternatively, prem xed
material nmay be directly added to tank 10 for recirculation. Tank 10
locally recircul ates material through open valve 50. Material continues to
pass though material recirculation line 60 fromtank 20 via open val ves 22
and 24. Al other valves remain closed. After flushing materi al
recirculation line 70 with nitrogen, valdves 36 and 38 15are closed to
“isolate material recirculation line 70 in a tenth sequence. Tank 10 locally

recircul at es siftgieh@draihing o gt dif:&ﬂyVo?d &inBhbt SABAD! Valve 50 Rérhdlhespeh 8s Pass

t hough materi al F]ec rey tbl on éne 60 tf r?ﬁrp tdagk 2 .%i gﬁ\gagev?l ves 22 and
24. Al ot hef™ WP Je¥aingt iR B8 prpagne mafeus| 1 ey o 8%’8 88l ves 16 and
18 are openegravidtd vathe BD_OLB&omsartkl 29sdaio0 valves mpd SHaADY pgrtion DEmatatial

recireul ati ofyf as@@bg&ewg rBfBhEl 'uﬂéané SQ R R vdQe el diledrmt €T | 2

recirculation |Ine rou system pressure prior to
delivering mat eri &ftetthe g35end desh W'Eﬁlqel%&%}’vf“&{ thrqyg iahrecirqaiatipg lineat i on

line 70 is regbuamesd hay meaaiﬂaae@ witted ®liifca bf €48/ MubbESitrbgenRAE finki0 t he t ool
t hr ough materjal recircul ation,line 60 ppen va | ves 22 and

2a Ay por L FEHERE AR PaEe Bk Ry Beiriitionding of Blip o
mat eri al reci3baod 38 fop subsequentGischarge fromk tiR(Jine AlCongvitkeats of dievmeateniabtoehen ¢l osed.

In a tvel fth SeaaRCHe tafo@L,%%mhﬁcemgtam16m.samgaﬁ@f@eda@,}@sax@mamsses

t hr ough | mateflal recirculatjon ine 70 for use ool may be
‘the sane WoolAlieratively promixed Wa‘EBHﬁ‘?é’tbéd"f“é'yr?ﬁf“‘é‘r‘Péﬁ“krlgé?'rféﬂTca{af'@fh line 60.

Any portion dfanked maw rea&nmesumnabuﬁrdubmoﬁdno)alvbsor Batbriabébntin@gxamat eri al
recircul ation | t inues t S ough

mat erial recih rascsutFa‘igl or?‘ﬁrl nrém'g(')’?‘a?%%g? °'§6a gv'a-opfgw-‘ Vgsgzéﬁ"ég{i'ves 22 and
24. Any port iAdhothér vatyeeremain aiesed.used by t he tool is returned frommateri al

recircul ation |'inaa8Padsin %@.mfer%i)reca%dnatﬁhhﬁhyalmﬁrogammoe&ds%@ds Wen the
material in tank 20 is substanti al exhausted in a thirteenth sequence,

val ves 2215andredosse i isolafe gipterntregisqulation ing 20 ig 3ol sqauencst Tadk Wank 20 from

locally recirculates material through open valve 50. Material continues to pass though
- material recirculation line 60 from tank 20 via open valves 22 and 24. All other
valves remain closed. ' '

In an eleventh sequence, valves 16 and 18 are opened and valve 50 is closed .

20 thereby charging material recirculation line 70 with material from tank 10 allowing
material recirculation line 70 to be brought up to system pressure prior to delivering
material to the tool. All material i in material recnrculatlon line 70 is returned to tank
10. Material continues to pass to the tool through materlal recirculation line 60 from
tank 20 via open valves 22 and 24. Any portion of material not used by the tool is

25 returned from material recirculation line 60 to tank 20. All other valves remain
closed.

In a twelfth sequence, valves 16 and 18 remain open as material passes
through material recirculation line 70 for use by the tool. The tool may be the same
tool that is fluidly connected to material recirculation line 60. Any portion of material

‘30 not used by the tool is returned from material recircuiation line 70 to tank 10.

Material continues to pass through material recirculation line 60 from tank 20 via



5nateria| recirculation Iine 60. The fourth material, such as deionized

wat er, “i s then introduced into tank 20 to flush and/or clean the tank prior
to preparing a new batch of material for the tool. The fourth material may
be retuned to tank 20 for subsequent draining, or diverted directly to a
drain (not shown). Valves 16 and 18 remain open to pass material fromtank
10 through material recirculation line 70. The portion of 10material not
used by the tool is returned to tank 10. A flush of tool recirculating line
- 60 may be initiated during this sequence, in which valves 32 and 34 are
opened passi ng dei oni zed water through material recirculation [ine 60.

Dei oni zed water exiting nateri al reci iUl ation line 60 may be returned to
tank 30 for subsequent draining, or alternatively sent directly to drain
(not shown) opeAlvhlvéliilﬁmd 24| Xep poréicRomatbitdl astaded by the tooNstr&ﬁdeiﬁ-Sinng

dei oni zed water. ,thro a ulati ne 60, .in a fourteenth
sequence, t'gﬁtﬁ"ﬂéecrlrrﬁﬁgto%ﬂ?ﬁeﬁ& l“m‘ ??Ei ‘&thr valids rﬂé’éa‘?g 8ced with tank 30a
(not shown) cont\Mhmﬂlng@rhl W&hhéelmbmawmmdnneﬁanemm pass KOH from

tank 30 to gpi&Ed, %nva@ﬁarnalaha;ec@&e& hEvaf-40 YU pLRS ilflad@idakSd fRSFRI N _Open to
pass 20material. fromtank 10 ough material recirculation line 70. Any .

portion bf maers! ’%ﬂ""H‘S’t‘m’u'gE(fobg}‘h? F?é"tf‘ giteripk sychpg dejgrizedovatsinie ey, val ve 40

remai Ns opejatraduckdinko @k zostodruah mnbrtcwamemkezmmtﬁaq;anb@& fAdw Bdich@t eri al for
delivery to ttgea]tfgr(%},et Q% r{h 5 I Ots'ﬁg Oﬁ\éper% t he tmalt erial in
tank 10 dr op&°t ow I evEI'"Eoh ?"a[ g0 he F'noea FL1r $4PSSEY be provi ded
to the tooldraining md1mt@¢émecslw tQ aﬁwnz{ootfsb@wm NMalvgs dhehdsifosmginonen to

recircul ati EJQS hnBteRal frdni fiﬁl@i@th?&&wﬁm&al BbitalB8h hé{@J}'O’ Tﬁarp%mo}s%@' material may
be directly added to tank 20 for recirculation. Tank 20 1ocally ,

recircul'@t eg‘aﬁeﬂ?'dﬁbweﬂ)ﬁéﬂ‘e\%ﬂ‘ {rgeumed fyank |0y A Bushsefdoq] mrsirgiating: e a
recircul at i 600mby beinftateddaithg thizslsedu@nes, i valjie vahak 32 andl$4 #8dpeh8d KOH cont i nues

52 Sy E)[‘L ggn F@é@&érd%atér‘?ﬁr&rxg&%%&ﬂa‘?%ckﬁdi&w%qmié% J;)fno%'1zeé;§a§t?rn‘éal<‘éef . ﬁfoﬁgﬂ

material r eexmrzgm@t@mai mecirtyietiopdine 66 may 3O returpeddte ténk|30der sphselueti oni zed wat er
or may be rgRInfzee MNelrtidedNienBHRcANRIdrAR AP howaNt Al BlHREVAGIsPRhASd Water in

a sixteenth se uence. Deioni zed water passes through material recirculation
line 60'%i ac8 P€n val ves 32 and 34 and may return to tank 30b for
After passing deionized water through material recirculation line 60, in a

fourteenth sequence, tank 30 may be filled with KOH or may be replaced with tank
30a (not shown) containing KOH. Valves 32 and 34 remain open to pass KOH from
tank 30 to material recirculation line 60. Valves 16 and 18 remain open to pass
20  material from tank 10 through material recirculation line 70. Any portion of material
not used by the tool is returned to tank 10. Valve 40 remains open as tank 20 is
drained to prepare another batch of material for delivery to the tool. All other valves
remain closed.
When the material in tank 10 drops to a low level, constituents of the material
25 to be provided to the tool are introduced to tank 20 for mixing and subsequent
recirculation in a fifteenth sequence. Alternatively, premixed material may be directly
added to tank 20 for recirculation. Tank 20 locally recirculates through open valve
40. Material passes though material recirculation line 70 from tank 10 via open
valves 16 and 18. KOH continues to pass through material recirculation line 60

30  through open valves 32 and 34. All other valves remain closed.



Ssubsequent draining or sent directly to a drain (not shown). Tank 20

| ocal |y recircul ates through open val ve 40. Material passes though materi al
recirculation line 70 fromtank 10 via open valves 16 and 18. Al other

val ves remain cl osed. Waen the material in tank 10 is sufficiently
low, in a seventeenth sequence valve 18 is closed preventing any portion of
the material not used by the tool from10 returning to tank 10. Valves 26
‘and 28 are opened and valve 50 is closed causing material fromtank 20 to
pass through material recirculation line 70. Any portion of material from
tank 10 or 20 not used by the'tool is returned to tank 20. Deionized water -
continues to pass through material redi-rculation |line 60 via open valves 32
and 34. Al other valves remain closed. 15After the second flush with

dei oni zed vat er Albf QUdR, K@iﬁhﬂo@éh x‘h%h&lqwu%&lh% hrle2®, 8k 36 .%Q,kbéo may - be -
replaced with a source Such as nifrogen in an elgcteenth sequence.

Ni trogen i §"ﬁ%§’§%de'9h'lz%ﬁﬁerrfﬁt“@’ ibg replased withy fagk SO (npt shewpbeaptainighen val ves
32 and -34 ﬂ@ibm&étb&&ﬂﬂiﬁﬁtsuddeﬁthhaql@ﬁcef mﬁentzlaevdateﬂpassééamru@g}ﬁﬂatbﬁalopened and a

fourth material ei oni i s |ntr duc tank 20 to flush
and/ or cIear?'rfwatscﬁg"ie%%w“pe"va 03\3%893‘%?'%?“‘ m%’ %1% material for the

tool . The Fehsequentdrniaingar smghretgéy foest ql,mrgdnqt@hqvank Tank 30dpca$|ubs equent
dr ai ni ng, ?Jcnr@bl¥1%§ ¥h‘?611g]ﬂ lop&E Tk 4b0 Nﬁatéilfaﬁbz{}se@ R ?ﬁ Raenir reéYFéLEEub@]meC ontinues

to pass th OE\% mat er | recirculation |ine romtank 20 via open val ves
26 and 28. 7@fomgepie}0 vapv%va%Véﬁmwdd|80§éhpthqrﬁalae%m@9é&§% sequence, val ves
32 and 34 are chareache rﬁaérad]imnmleﬁumbxe&@ lbﬁplhl’a&H\l'eafebﬁtﬁ séquefce70, which is

now ready f Slve 18 |slg?§ g%m%g%@hgo??on o%e mall{?natll Otnusecl !Q'th oHpg'f er. Tank 10 is

drained to" re are ano materia ?\ues to pass
t hough Wt wumingnemnkdm Xaiven26 and @8 G dppmanamﬂvc?@o mch:scq@ansmal ves 26 and

28. Al ot tﬂ%’ier?ﬁﬂhﬂﬁSarﬂ@Zmb Bass Itﬂ?&.%q ‘material recnrcula-[laﬁhrlé 7(§tAﬁ)hﬁd?ﬁ'<gn)ft he
ni net eent h sequegﬁc):nejé%_ea%1 be repeated as | o the tool 30 is in service.

Ti me i nt er WA Ogr 2P "§%’cﬁ¥e‘ﬁ%@§l ‘if‘"\'?%ﬁﬂ? tafkfg Dsiizsfot her and
anong vari eeatericoitinabs ﬁbﬁﬁss&ﬁrotlé‘lﬂ'na&wGd%(‘r&ﬂatnon-lm&ﬁo via open val\B8GauWse t he

mat eri al dg %ﬁréfhesxglggsngerlngﬁlc des two or nore lines delivering material to
t he t ool

Urces of material, the tool may conti nuously run
even whén the madier thalseoonp fksp Withrilsioniged wetehtarhuizl thafeoipl re¢ireskaitiony limend/ or

cl eani ng, \§oi ahk 90 8P bE {%gldbédev'ﬁnthaa doBRe et g&e:«fubﬁ)ﬁis fro Bgehmea.£ et d be
provided by use of .a si ng sour eri al cause the residual

e of e
material i nCHeREnRNIBeRdS B atf)‘fal %F\’/‘fl?{@“l ige B ¥igiopeval$st he t ool and
cycled to 32&ed:mﬂ>rtsahsskquedecmthmgé fiom thenithemMabiisalis dpesal aidy fhethr educed. A

cyolic {1 el RERNERILIR Ol T RoROM GESal 20 R Byt Lihslhy connect ed
to one material recitcur SO a ne oU Sérvice ..
mat eri ad0 r éankmpsigr tetprepering hee‘t’batfﬁfmféilﬂﬁ@l?éfqmettp@t é'be faugh Iiategial My s i s in

cont & ast t @eldtiieadd: tan 2§Yc§'ts§l5§§qdeﬂt amhﬁ.e SHAVRritd Ji?ec{fﬁbb aoa}g.ur(nclwhen one sou (rj ce
AR MU AT NN R e T T R
out - of - ser wiacepes maipesy2d and @8 MAY othei vdbeescangih elbed. bef ore the i n-service
supply line is WQR]H&E% &fquéméﬁyv@; 32 and 34 are closed isolating material
25 recirculation line 70, which is now ready for a subsequent material recirculation line
transfer. Tank 10 is drained to prepare another batch of material. Material continues
to pass though material recirculation line 70 from tank 20 via open valves 26 and 28.
All other valves remain closed.
The first through the nineteenth sequence may be repeated as long as the tool
30 isinservice. Time intervals for each of the sequences may vary among one another

and among various iterations of the sequences.



Anot her, advantage of sw tching between tank reci rcuI ation lines in which
both 15tank recircul ati on |ines supply a single material recirculation |line
may be a reduction in |ine pressure variations which may affect tool
productivity. Recirculation of material in the out-of-service tank
recirculation line may bring the source of material up to system pressure
before it is fluidly connected to the system which nay reduce or elimnate
drops or spikes in systempressure. Simlarly, charging an out-of-service
20material recirculation line while the in-service material recirculation
line provides material to the tool may reduce or elimnate drops or spikes
in system pressure when the out-of sed¥%fce material recircul ation systemis
brought on |ine. : The di scl osed nethods of providing materials may be
per f or med Wanua'ﬂekéat@étHeﬁﬂt&[ﬁ?ﬂélﬁdrﬁ%t@rﬁWﬂﬁ@iMb&rm&élgﬁbs'dﬁﬁveﬁfxga controller
i ncor porated .int Mh zg c{)em 25 For ex&gﬁ) Ee stem ma 1?’ i.nclude a
control | er THCRR) SR QoL PRGHAGr MPre FRYrsRpidaR e iak %“50"95 WYL associ at ed
with flow tranpyenowelss the masria 3dprly Bhes are scheduled E'org'luslﬂng hidisrtcientieg, anot her

e od! Mot PRch Bl @GR b heloHB) Gy BRRLE Al bEbrobia by B L | 1°

mat eri al rver tem n seen I n teria livery
syst em 200 §oHEEQ @&tef'fﬂr Becauselthe sesidvgl rewerial insa onk fpchedrought W of 20 as wel | as

a 30source @fvig 1§Sfb‘9ﬂﬂd Emhsfdoﬁameé;cleb/wavgésomﬂakl a&a&oﬁhﬁ ah@fmletigal to those
shown in FIG 1, and are re resentfgr i dentical ref %rence nuner al s.

- 16- o5 'F?YCE" rsducgd 4 Gyelicfmng Qﬁ“%??ﬂé‘é%lmi HoESARCs P MFrbnsor 114 is
di sposed i nfliidiylcoidctet to ore maekéal sictradattohdine bas eldo aibonth lvet-sfsepdde used,

sensor 112 peede N nﬁl ﬁrfé"tg éoin%@%ﬁns@e Orﬁ:&s‘i'.‘ﬁgu EJ]%E%EWDUM of

material remaining in ensor |gna ‘i nes provi de
sensor |lmpu$ystems¢rbwbncbrlp‘ev tlmwaﬂ/m@nrwn@womz suppligs ong [ie-aqseies i vel y.

ggnt r28| | er | SubBlyTRY alfa S&BM MF&@uﬁﬁeQ@%érﬁi ou¥-af- Ye@ﬁcé-&-ppl%‘}me iR whﬂeﬂt h22 24,
V| a | he rs e )
et oent b @t danian R L i et S0ty fibe mShnitdS smbba bR nore 1 ne

for ease of mmpmacessemlmmorsexhnus!edefmatbmau s understood that [ine 120 may be

2 single 1ine. " TldnlBahlaBESs oioRiiE oOSLUPLH BRI GRTRROAR LA hfer oo

Controller 110 nmay al so I ocon to contr val ves 36, 38
via |inds 12@nlkeestspuiatiog lings wipply@rsingf maserial prsireylation ling ey §p 2 faskictignnet eent h

sequences dﬁﬁﬁlelp%@lnab&wﬁonﬁﬂna%a affedt toallﬁod{ﬁuwae keaaéuan&rﬁdfel sensors
det ecti ng when .t is b Iowa]deswed

| evel , t her5'889"?5'6{{5Q]er?é‘t'?%%er‘ﬂ%t??lbﬁeF'é‘?"latt'B“f?ﬁ a2 ré" T?Pé‘“‘t? f"éfef'ﬁn to
tr ansf er pr uprersystesmatpedssaé bdfu:ppiigﬂﬁrdmnoﬂmteﬁamthetsystmotHMrma)Gedmenm ng of

val ve oper a&ll e(?iﬂlir‘?gte drops or spikes in system pressure. Similarly, charging an out-of-service
20  material recirculation line while the in-service material recirculation line provides
material to the tool may reduce or eliminate drops or spikes in system préssure when -
the out-of service material recirculation system is brought on line.
The disclosed methods of providing materials may be performed manually or
implemented automatically through use of a controller incorporated into the system.
25  For example, the system may include a controller in communication with the seﬁsors
and various valves associated with flow to process lines and tools.
Fig.2 illhstrates another embodiment to the invention in which a controlier
110 is added to the material delivery. system in FIG. 1. As seen in Fig. 2, material
delivery system 200 includes first and second sources of material 10, 20 as well as a
30  source of a second material 30. Valves and lines are identical to those shown in FIG.

1, and are represented with identical reference numerals.



15material delivery system200 is identical to that of material delivery
system 100. i n anot her enbodi nent, additional sensors (not shown)
may be positioned in tanks 10, 20 of naterial delivery system 200 to
provide a second | ow | evel indication of the anobunt of material in tanks
19, 20 which may be less than a first |ow | evel indication. As previously
noted, sone |evel sensors need not be positioned in the 20 tank. For
exanple, a low | evel sensor and a |ow | ow | evel sensor may be positioned in
each tank. Once the |l ow |l evel sensor detects a predeterm ned anount of
material remaining in tank 10, a signal nmay be provided to the controller
110 to bring tank 20 on line, while t ¥k 10 continues to di spense materi al .
The controller 110 nay be configured to open and cl oses valves as in the

si xth sequence g BR3SSQHAsHNPY B diPoseR it fank 16 ahPné W14 R\dposAiRfanklet eCts a
second pr e%%t gr.m nc?d armgntb of, material renmini Exglll n tcgnk 10, a ,ssignal may -
be provi dectOt &t i HRAEKRA ATt based ppen the sensefj used senspik! I2dreedngt he plagedday ent h
sequence ditakidoand 2abw\ietect the amount bEmateridl raehdising irathe kemks. "§EnesrBizghald usi ng

one or m)rElin%?ﬂ%}‘én%ﬁ1?%&3@%@@@%@11&16%%%509&1[%9?@ conmputer such

as those based on an ype processor, torol a
Power PC(5 ) 1pinsetielp rCongrolinrd 1Qmay hspoigmed toeamirabyalves 124 4, t18.22ckar d

PA-RISC(1) 2, 96,9852 lineQR0 88bbrdifig @lany ¥iPall SHthd fiRCEBRUEN tHehineteerth -
conbi nati ons t hereof..

Alternatjvely, the conputer, system may include
speci al | y- pEBYPSFHsErribed,zhoy %ﬁi'ﬁﬁ?%%'éée%‘?dcﬂﬁ&rsé’,gﬁf'&e Reegitte, an
appl i cat i orrepegmtation, howb ey, iais@ddastoai that IihASLCnayp be & single diht, emdtiplat ended f or
materi al PTy n%gsaﬁjuPﬁet%ﬁct G om}ﬂ%ﬁ%ﬁ?ﬂﬁ&%&r C%Xt%l?erlpl W%ai ngé géj € one or nore
processors typically COnAGCra O Oné or nore rrermrg/ evi ces, which can
conpri s& feonfigyradrisl contrelyplveni2, 4. 3fodvipling 13 askording yeanyerel pfthg f | ash
nmenory devig@s th&)luFWMemethhG&iﬁie&{és d@eri&m%vedsé&is&g 1i8n éﬁw‘hﬁ&ibgg dat a. The]c
o mater ot I B eSS e ine St S Sl R B il i s PR Brpl . ¢ he
menory may dsirctsiedelftberetst cansingthh carivmt lecta linidatt salvebmrdtiod td arPRF anet er s over

a 10 perio wg& I r.atl d > el i ng
progr anmi n}rgitl)a@ﬁe’ 'a'ta P‘?’ﬁ%ﬁﬁﬁ%‘ﬂ?ﬁ‘gqﬁ‘%ﬁl |d?nigerrft g@?"%ﬁfé&%&gnp %rgt?lg,n%gan be
stored &h amateriddelivery BistmA08 inidentisal tothat ebibaterial dplinsnasystem W08cor di ng

medi um and t henn biyh&aibYdinRR SditidhhOsehddfs WBIMbYn)HS) B gostibnéadh then be
- executed by t he] péoﬁ():ﬁsor ! uch rolgrgn’m ng .code n@;'be witten in any of a
plural ity ofsriQgrGahmaigial deEagesem 2P s Yfg? psecqndlow lgvlindjcationsssi ¢
C#, or C- FFof thoamhoumnof rRatertzd in tafiltsf0e20 whiais may beEE#than afirsatoy lefela vari ety of
combi nat i Oni%ditcgﬁdfn?%s' rcvjouslg anéHPs%ﬂm%riév%l &Lsﬁp&eﬁ QEPL ! %EitiEXe%tiS ey be
coupl ed by one or nore intérconnection nechani sns, Wi ¢ may 1 nclude one or
mor e budkestaple. Epr exayenlouadpw dyrissnwonard 2 leutlowrevel senegymayde papitioried a sane
devi ce) andpQhchtaRetORE khe(18wevel R28I0AMAEECts a predetermined amount of material
remaining in tank 10, a signal may be provided to the controller 110 to bring tank 20
on line, while tank 10 continues to dispense material. The controller 110 may be
configured to open and closes valves as in the sixth sequence discussed above. -Once
25  the low-low level senor detects a second predetermined amount of material remaining
in tank 10, a signal may be provided to the controller 110 to isolate tank 10 as in the
seventh sequence discussed above.
‘The controller may be implemented using one or more computer systems, for
example, a general-purpose coi'nputer such as those based on an Intel PENTIUM®-

30  type processor, a Motorola PowerPC® processor, a Sun UltraSPARC® processor, a
Hewlett-Packard PA-RISC® processor, or any other type of processor or



ZOconponents that reside on separate discrete devices). The interconnection
nechanlsn1typ|cally enabl es communi cations (e.g., data, instructions) to be
exchanged bet ween conponents of the conputer systen1 The conputer system
can al so include one or nore input devices, for exanple, a keyboard, nouse,
trackbal I, m crophone, touch screen, and other nman-nmachi ne 25interface
devices as well as one or nore output devices, for exanple, a printing

devi ce, display screen, or |oudspeaker. In addition, the conputer system
may contain one or nore interfaces (not shown) that can connect the
conputer systemto a conmunication netmork (in addition or as an
alternative to the network that may belforned by one or nore of the
conponents of the conputer system). 30According to one or nore enbodi nments

of the i nverﬂohibﬂlatlbrh;&hﬁg&f mteﬂsamu mwonféeeéf ﬁ@ﬁnﬁﬁé& ihBlGddpecigipasor s for
measuri ng paraneter and/ or

o3, P oS eewepl G530 o aph iR SR R
conponent s tMEFAGFE-APFL? rngﬂ %‘?33/ hdOTEXADBIF<an qPRlicating- § val ves and/ or
ot her conporniewgstedrirguib@ASIChoreottea letsintendedfoumaterdd! poxessia\apstdms. hat i s

operatively couplgd BBRGtQPsggt g%néae%m@m m@)@%r&'&%o%r ;;IPJH? oBhnelfdf above

may be coupled to anot system or nponent”to Cconmuni cate with
the conput ertongQeih ARy emccarwwcén compiss: foneramplas anx@ieies mosyeth a

C?nf I gur at } ledlﬁltﬁdx?etrﬁelﬁd}y afsmmteﬁefy di:lvﬁe{ﬂ Rgmtraéry ﬂe\gfkew &ferideviee | ocat ed
at a signitigcan | rom e .Conmput € stem and/ or W any sensor
Fo be' I oont cr Spriss G i TP 5 R o R RUBED T RIABIGE L he
control | er, aperatiensfa Mhte;ialqmcdsshr; sglstera andiertbbectmmsyiﬁmhmr@mnpie,cat I on
mechani sis rmxg.teﬁmgf .Lsaci;ee.sﬂsemm%mg ﬁ.gmcﬁaxta%aa ?rsrﬁ&a@'oq&ea 10i ncl udi ng,

but not limte hose utilizing wrel ess profoco The controller can-

i ncl ude #he RsFiodpf @mwﬁﬁmléﬁ om%mag@anﬁmars,ueﬂu%g pregrampting eadg thet
writeable noammﬁnaetntd &fﬁoawneéldmemhm bdh DY BTy &l mpﬁ.t&mdme stored that

define a pr exeq ted one .or rocessors ne i um may,
for exanple, r&"@‘? BE’ Brve 5%W°?‘Fé%t"§fd"‘|"h a?é/g‘ '591"“’8‘?9@?°é’feiddﬁt° %e processor
can l5cause menary vheodin i sarcthekebd dxatutedipl thcmmt:qssc!m Sudrprogramméngode ment s of
the inventi Oflay be written in any of a plurality of programming languages, for example, Java,
15 Visual Basic, C, C#, or C++, Fortran, Pascal, Eiffel, Basic, COBAL, or any of a
variety of combinations thereof.
Components of the computer system may be coupled by one or more
interconnection mechanisms, which may include one or more busses (e.g., between
components that are integrated within a same device) and/or a network (e.g., between
20 components that reside on separate discrete devices). The interconnection mechanism
typically enables communications (e.g., data, instructions) to be exchanged between
components of the computer system.
The computer system can also include one or more input devices, for example,
a keyboard, mouse, trackball, microphone, touch screen, and other man-machine
25 interface devices as well as one or more output devices, for example, a printing
device, display screen, or loudspeaker. In addition, the computer system may contain
one or more interfaces (not shown) that can connect the computer system to a-
communication network (in addition or as an alternative to the network that may be
formed by one or more of the components of the computer system).
30 According to one or more embodiments of the invention, the one or more

input devices may include sensors for measuring parameters of a material processing



to be read fromthe storage nediuminto a nenory that allows for faster
access“to the information by the one or nore processors than does the
medi um The nmenory is typically a volatile, random access nenory such as a
dynam c random access nenory (DRAM or static nenory (SRAM or other

sui tabl e devices that facilitates 20information transfer to and fromthe
processor. It should be appreciated that the invention is not limted to
being inplenented in software, or on the conputer system as exenplarily
di scussed herein. Indeed, rather than inplenented on, for exanple, a
general purpose conputer system the. gntroller or conponents or
subsections thereof, may alternativel'y“be inplenented as 25 a dedicated
system or as a dedi cated prograrmable |ogic controller (PLC) or in a

di stri but edsyseniandlor syrapants Hisreofl eAlterndtivelyothk serlsers appmeetiag edvdéshat one or

ror e 12 U1 &y QouRRBSAEGeAL B NEBLAGYS A Bl IR hRAL ek d 0 SOf Lver e

har dwar e or nation t exanpl'e, one or nore
segnents of omtablg@pumlmoetk@mpa@r@/sw c@imr@lormormﬁthwommhbbned in

separate comsreartéandeﬁyre&nbmertsygtan oFé”d%p%chh@o SRS /R tHe RbAPSEE one or
nore networks. - QO her, enbodi nents of the systens and net hods

of the ptes¥fittm ?K‘Féﬂ'!q B AF é°'%"ﬁ‘6’?‘%‘ﬁ"8ﬁ@%fwﬁﬂ‘§o AECR el ewREsRReERI 3V descr i bed

herein. Havsemgortolaugnd%sﬁéraﬁrgdiewemrbanoca&aaci ﬁgﬂﬁcﬁﬁ disasd frem theebodi ment  of
this invention, it i ate di fications,

and | mpr oveREHEryiin oA PR dtrporta o RSt BT et Sis B0 such
al t er at i onsanymubsyistegeandim the canteblienwhile stitbprosidingalatarthasibbeeeno S part  of

this discl O&m;ﬁum@mn%%hamm%ete@fea@dw&thizmg A6 siBbleitbchfyde SCOPe of the
i nvention. Accordingly, the foregoing description and draw ngs are by vvay

of ex amjp e WS ugmgllqp nptzlgm_ted@g Ahqggs utilizing wireless protocols.

The controller can include one or more computer storage media such as
readable and/or writeable nonvolatile recording medium in which signals can be
stored that define a program to be executed by one or more processors. The medium
may, for example, be a disk or flash memory. In typical operation, the processor can

15  cause data, such as code that implements one or more embodiments of the invention,
to be read from the storage medium into a memory that allows for faster access to the
information by the one or more processors than does the medium. The memory is
typically a volatile, random access memory such as a dynamic random access memory
{DRAM) or static memory (SRAM) or other suitable devices that facilitates

20 | information transfer to and from the processor.

" Itshould be appreciated that the invention is not limited to being implemented
in software, or on the computer system as exemplarily discussed herein. Indeed,
rather than implemented on, for example, a general purpose computer system, the
controller, or components or subsections thereof, may alternatively be implemented as

25 adedicated system or as a dedicated programmable logic controller (PLC) orina
distributed control system. Further, it should be appreciated that one or more features
or aspects of the invention may be implemented in software, hardware or firmware, or
any combination thereof. For example, oné or more segments of an algorithm
executable by controller can be performed in separate computers, which in turn, can

30 be communicated through one or more networks.



|.. A method of providing a material to a sem conductor tool conprising:
passing a first material through a first recirculation line fluidly
connected to a 5tool; delivering a first portion of the first

material fromthe first recirculation Iine to the tool; and passi ng
the first material through a second recirculation line fluidly connected to
the tool. 10 2. The nethod of claim1, further conprising:

interrupting flow of the first portion of the first material fromthe first
recirculation line to the tool; isolating a portion of the first
recirculation line fromthe tool and frqg.a 15source of the first material;
and passing a second material through the portion of the first
recirculation line_ 3. The nmethod of claim2, further conprising:

i nterrupting flow Qhersbodisasnispt hessteras andimehngh of e PErsent iyantion afe f i r st
20r eci r cul at i envidioneé beyond thpas sxenplasilyt deseribed Faxeiar i al t hr ough the portion of
the first recirculgtj: | . i . ereiLn passing
the first material ﬁ%"ﬁ%&ﬂLi&g ?‘l"ebeégecvg%ga e%?%ﬁ%g?i%gﬁgﬁ%ém%"o r?pt(r?'fss es:

25passi ng t helnvemtion, ifisite be appreciatad varipysalierationsy medifipations, gedimmgovsogntse of t he
first mategi alyill rebdilyldeeurt® tHoeslskdiedGh the B34 SudhtilibRB6nS ABBHationE ‘and
interrupting flow o first source and

f the first teri from one of the )
t he 30second ?&5?‘@@38{5 aferfg{ef’%ﬂstg‘gﬁﬁ%‘?fjiﬂm disgb?“ﬁee aE%?:’SHHe'}d@‘?:F’rQ?dY I on 1 ne.
the spirit and scope of the invention. Accordingly, the foregoing description and

drawings are by way of example only.



6. The method of claim4, further conprising: passing the first
material froma second source of the material through the second

recirculation line; and delivering a portion of the first
material fromthe second recirculation line to 5the tool. 7. The nmethod of
claim1l1, further conprising: interrupting flow of the first portion

of the first material fromthe first source to the second recircul ation

| i ne; and 10passing a second material through the second recircul ation
line. 8. The nethod of claim?7, furthher conprising: interrupting flow of
the second material to the second recirculation line; and passing the third
material through the second recircul at3n line. 15 9. The nethod of claim
8, further conprising: interrupting flow of the third material to the
'second recirculation |line; and passidigaigas through the second
recirculation line. 2010. A material delivery systemconprising: a first
recirculation line fluidly connected to a tool; a second recirculation line
fluidly conhedtmethédoftpravidioph material to a semkondsibtos ol @anpoisingat erial fluidly

connected to the Js%iﬁé& Elgs?ﬁia&%‘ﬂ tgufog ahisﬂ%?@&ﬁ’at{‘on%nfﬁﬁﬁi&%aﬁ&%!eﬁ gy ation line

upstream of the P a secon urce of materia y connected to
the firsf ré&®brculation line and the second recirculation |ine upstream of

the tool; and delivering a first portion of the first material from the first recirculation line to
the tool; and
passing the first material through a second recirculation line fluidly connected
to the tool.
10 _
2. The method of claim 1, further comprising:
interrupting flow of the first portion of the first material from the first
recirculation line to the tool;
isolating a portion of the first recirculation line from the tool and from.a
15  source of the first material; and

passing a second material through the portion of the first recirculation line.

3. The method of claim 2, further comprising:
interrupting flow of the second material through the portion of the first
20 recirculation line; and

passing a third material through the portion of the first recirculation line.

4. The method of claim 3, wherein passing the first material'throug'h the second
recirculation line comprises:
25 passing the first material from a first source and a second source of the first

material.

5. The method of claim 4, further comprising:
interrupting flow of the first material from one of the first source and the

30  second source of the first material to the second recirculation line,



a controller, responsive to at | east one a predeterm ned quantity of

net eri &l fronlthe first source of material, a predeterm ned quantity of
material fromthe second source of material, and duration of

i n-service operation of at |east one of the first 30recirculation Iine and
the second recirculation line, configured to provide a -22 - substantially
constant flow of material in at. | east one of the first recirculation |line
and the second recirculation line. 11. The material delivery system of
claim?2, further conprising a source of a second S5material fluidly
connected to the first recirculation Iine and the second recircul ation
line, wherein the controller is furthé-configured to provide the second
material to one of the first recirculation |line and the second

recircul at |@mﬂelmodm1;@,mA mt,@rdoﬁbng@é ivery syst em corrprl sing: a first
recirculation line.f cte to a tool; tﬂ@t’lémrculatlon i ne

fluidly connect &&*{"§ tﬁ%grS%/’B%tF”a om a segong; spurce g%‘&? 8'(3&5'?' P& fluidly

connect ed tsscdnideedinculation et arelul ati on |ine and the second recircul ation |ine

upstream of the dEﬁ@rTatl?)gﬁ.%FSP&gﬁ HIa Batorh hﬁsg&kﬁgcﬁ}:ulgédﬂllg&l{o connect ed

to the first recircu i ne an eseco recirculation |Iine upstream
of the tdolthetool. nmeans for passi ng the material fromat |east one of the
first source of material and the second source of naterial to at | east one

of the flrst recircul tlon | ine and the second recirculation |line; and
20means f or /-pUIdReiPLR cfaé‘ﬁéti.“&ﬁ%”’BF‘Pf'ﬂ%g:fi rst recirculation line and the

second recircul atemupting filew of the first portion of the first material from the first source
to the second recirculation line; and

10 passing a second material through the second recirculation line.

8. The method of claim 7, further comprising:
interrupting flow of the second material to the second recirculation line; and

passing the third material through the second recirculation line.

9. The method of claim 8, further comprising:
interrupting flow of the third material to the second recirculation line; and

passing a gas through the second recirculation line.

20 10. A material delivery system comprising:
a first recirculation line fluidly connected to a tool;
a second recirculation line fluidly connected to the tool;
a first source of material fluidly connected to the first recirculation line and the
second recirculation line upstream of the tool; '
25 a second source of material fluidly connected to the first recirculation line and
the second recirculation line upstream of the tool; and
a controller, responsive to at least one a predetermined quantity of material
from the first source of material, a predetermined quantity of material from the second
source of material, and duration of in-service operation of at least one of the first

30 recirculation line and the second recirculation line, configured to provide a
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substantially constant flow of material in at least one of the first recirculation line and

the second recirculation line.

11. The material delivery system of claim 2, further comprising a source of a second
material fluidly connected to the first recirculation line and the second recirculation
line, wherein the controller is further configured to provide the second material to one

of the first recirculation line and the second recirculation line.

12. A material delivery system comprising:

a first recirculation line fluidly connected to a tool;

a second recirculation line fluidly connected to the tool;

a first source of material fluidly connected to the first recirculation line and the
second recirculation line upstream of the tool;

a second source of the material fluidly connected to the first recirculation line
and the second recirculation line upstream of the tool;

means for passing the material from at least one of the first source of material
and the second source of material to at least one of the first recirculation line and the
second recirculation line; and '

means for purging at least one of the first recirculation line and the second

recirculation line.



