SYStEM AND METHOD FOR DELIVERING CHEMICALS BACKGROUND OF INVENTION 1. Field of
Invention The present invention relates to a system and method for delivering chemicals to a tool
and, more particularly, to a chemical delivery system and method utilizing at least two sources of the
chemical. 2. Discussion of Related Art 10Chemical delivery systems are used, for example, in the
semiconductor pharmaceutical, and cosmetic industries. Semiconductor manufacturing typically
utilizes chemical distribution systems to deliver chémicals 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 15chemical 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 timmg PO DELLY HEMAGA T3 cur 20 when
switching delivery of a chemical from one supply source, typically a mixing tank, to another. Even
minor fluctuations in process parametBfCEAIBEHRIE PRNNYENF A tioning, however, may lead to a
significant disruption ofithé efintientaus delivery of the chemical and/or quality of the process or
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present in the tank 25which may cause a pressure drop in the supply line to the process tool. In
addition, residu&? 8ﬁ%%ﬁ?§r RISLEHR BN AN rApris iy inn i autbeskitilizsset in addition to
the loss of residlsastdnerfestanahdeghkmibelre 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 ang 30de{iyarv.systepL i farshey, a mixing tank is also a main reservoir of chemical to
be

10 Chemical 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 qua{ity of the process or product. When an in-service mixing
tank goes off-line, there méy 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 chemical in the tank, there may be significant dead ieg
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



delivered to a tool. One or more buffer reservoirs are positioned downstream of the - 2 - main
reservoir for delivery to a tool. A programmable loop controller controls the pressure in each buffer
reservoir to achieve a desired flow rate of CMP slurry from the buffer reservoirs. To clean and/or flush
the main reservoir, the controller interrupts flow to the buffer reservoirs while DI water is added to the
main reservoir and sent to 5a drain. The process tool determines from which of two buffer reservoirs
the chemical slurry will be drawn. SUMMARY OF INVENTION One embodiment of the invention is
directed to a method of providing a tomaterial to a semiconductor tool comprising passing a first
material through a first recirculation line fluidly conneeted to a tool and delivering a first portion of the
first material from the first recirculation line to the tool. The first material is also passed through a
second recirculation line fdeI n% ected to th (QOL Accord| gfo anottg%rI gmbotdlrln%pt a material
delivery system comprr?geerél%lrlgﬁrs ?rcu?a?o B ﬁlp connecl%ao l[ X O%rgescond recirculation
line fluidly connetets\ts ﬂﬁé%ﬁ’bp‘ﬁfmﬁsﬁm@dﬁcm&‘féﬁ&%ﬁﬁﬂﬂ%ﬂﬁﬁ@c‘tggl’@’tﬁéfm‘ﬁ%d%uIatlon line
and the second regifetdedepvoliae Tipsikaamdditiado de andhaenand thevreeraidanateriapiuidly
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controller, responsive to at least one of a 20predetermined %{antlt qf material from the first source of
material, a predetliAifie G RARtHY Wgﬁﬁirﬁﬁfﬁ"fﬂé@é& 40 BB OFRRR YR and duration of

in-service operatihgroicat sbasy wilkbofdiawiirst 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 ﬁgj meRt a material delivery system
comprises a first recirculation line fluidly connecte to a tool, a second recirculation line fluidly

connected to the tool, aFRECERHR S ﬁféﬂ?ﬂ&?’?ﬁffﬂfﬁ/‘ﬁ&ﬁﬁ@ﬁi’éﬂ fotFrEatSf RERKEiN&on line and the
second recineulatostdiivd topstesaenndhtie todl camdrissgquusingouits ofathaairtatengt ddidly connected to

the first recirculatign g @aienseEPBnnected to a tool and delivering a first portion of the first
material from the first recirculation line to the tool. The first material is also passed
through a second recirculation line fluidly connected to the tool.
According to another embodiment, a material delivery system comprises a

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 controlier, responsive to at least one of a

20 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 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 récirculation 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



30recirculation 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 - 3 - 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. Other advantages, novel features and
objects of the invention will become apparent from the following detailed description of the invention
when considered in conjunction with the accompanying drawings. BRIEF DESCRIPTION OF
DRAWINGS The accompanying drawings are not intended to be drawn to scale. In the 10drawings,
each identical or nearly identical component that is illystrated in various 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 erigpodl ent of th 4nvention shq\gln I\)/\mgrg?l#g’%tratlon IS not necessary to allow
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diagram illustratifftf AEpatdRy migitortlsAi Rt i dnbsairreation tine présemsdemmshtion. FIG, 2is

a schematic diagreihrcillagtrating a system in accordance with another embodiment of the present

invention. 20DETAILERRESGRIBHOMovel (ERiFdDNRT GRS BRLTILEA 35 fRlegion (o the detall

of construction and the arrangement of components set forth in the following description or illustrated
in the drawings. T8 ri?l'%fen‘ﬁgihfsffgﬁ‘?xﬁ’l% %?%iﬁ%f’%ﬁ%tﬂ'ﬁfgﬁ@ é{‘r’fﬁ"é‘Pﬂé’Yﬁ@"ﬁ%‘bﬂ&ﬁddf‘ of being
carried out in vaseusResys. witkshelaecpinraszbia dyaatirkserminology used 25herein is for the purpose of
description and should not be regarded as limiting. The use of "including," "comprising,” or "having,"

"containing," "involving," and variati%%%%f i 13 gi‘eﬁwwﬁgmpass the items listed

thereafter and equivalents thereof as well as additional items. n accordance with one or more
embodiments, the pres&ht AFGRRRANY ReABVREI AR PANIEYRL B PR BB e EsHS: dfdhPiethods for

providing midteriar e mgeciaghsdentical or nearly identical component that is illustrated in various
figures is represented by a likke 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 allow 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,



used herein, the term "material” includes any liquid, such as a solvent, gas, chemicals, -4 - and
slurries. As used herein, the term "tool" is defined as a point of use for the material, and includes, but
is not limited to, an individual unit or series of units. For example, a tool may include one or more
semiconductor fabrication lines. The systems and methods described herein may be used, for
example, in continuously 5 delivering materials with applications in a wide variety of industries
including the cosmetic, pharmaceutical and semiconductor industries, as well as others in which there
may be demand for a continuous and/or accurate supply of materials. Embodiments of the present
invention may generally provide material to a tool utlllglng two or more sources of the material to be
provided to minimize or eliminate totool down time. The material may be provided from any source,
suitable for a deag%?lgﬁhcatlon such as a vessel. Any vessel, such as a holdlng vessel and/or a

batch mixing ve<¥: 43 &SRR BFSiPb i Rlett dPHBSNS BPRIBTILtSEARE SIS material may, but
need not, be |demR§a1l.alnaoﬁ@ehadmdhmfenm¢nhwrm may indipidvibied frosereixiigitankohaving at least

one inlet and outehApR, &taahﬂa%raﬁrmmwm@éa{mm%mﬁﬂneamkﬁn\é@%@ay be used are
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sources. For exarpiefia, pranioleaicd] and sendcandiadrahdastizay-bevellisaboriticiesl to divert

material from a take!ma, 190k SMRRMKINS LA BRS R TROH e @163 05 YalyRs may be positioned

on a tank recirculation rr%eﬁto dlvert ggq%erlal from the tank to the tool and/or to isolate the tank from the
in

tool when the material i The TARK 1s DTSR S5 e YRR R 8TRFBHYRIKIGk featsT 1L tRR&RYd or
250therwise senHEEENOBET Al O 65 WiEsesl 08 Sheonaitich tb bavserideditstmamiimdrebetontd tank need
not be sequentialodihiatis timsaha firgtiowdayealdprivmayreanting soledainand daadiastaal supply line

in addition to the saRenbARICARNE VEGEN X RIoAB aie, RiliptLank Max sypseguentl be

isolated from the tool supg)ﬁ%/ line when a second lower level mat rla IS reac e first tank or
the first tank is 36" RBEF°HT SO SiFb B TRaRE™EY RE T bEIR B AR SRS ir weekly, daily, or
hourly, at |ntermmemk§} rp@y;@tnnq@n@l@p identical. In one embod:ment material may be

provided from mixing tanks having at least one inlet and outlet and a tank

15 recirculation line. Examples of mixing tanks which may be used are described in U.S.
Patent Nos. 6,109,778 and 6,536,468, incorporated herein by reference for all
purposes.

In one embodiment, means is provided to pass the material from two or more

sources to one or more supply lines and to switch delivery of material between and

20  among the two or more sources. For example, a manifold and/or one or more valves
may be suitably positioned to divert material from a tank to a tool supply line. In one
embodiment, 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 too! 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,



-5- One or more valves may be controlled manually or automatically in response to one or more
senSors. In one embodiment, as an example, the valves may automatically respond to a signal
originating from a sensor which may detect a level of material present in the tank, a pressure, a flow
rate, or another characteristic of the Smaterial. The signal may be any suitable signal, such as, a
pneumatic signal, a mechanical signal, an electrical signal, or the like. The sensor may be located in
any appropriate position for a particular purpose, such as, in a vessel containing the material and/or in
any process line including a material supply line. The sensor may be any sensor suitable for a desired
application. For example, the sensor may be a toliguid level sensor, a concentration sensor, and
combinations thereof. Concentration sensors may be based on one or more of density, refractive

index, conductance, gReglioseopis, IeasHemenisnand lliarenic wave enyiing deyices. The valve(s)
may be any check valve, a gate valve, a'diaphragm valve, a é’IoBe vaive, a ButterE VEive, pinch valve,
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. ¢ SOor ma
valves may isolate a first magerial 25 recirculation Initia aterial flow to a second

recirculation liR& 2P UITEU RS Beaaried RPRIcaH ASmERCEIR M FFBR EENITBEE R to one or more
sensors, s ndiewdlsydeselbm, prevesptadiotwsensenrodecrmabérioedineeticbolinesthimhare able to

provide materighta:8 400/ 6l enefon GABRLRLS dllvery, ot matariahirtheteabiaen when one of the
material recireylglion Jnes il iR e 28IV QL RANEHISdARMAINENAEE | Svete) may
be any check valve, a gate valve, a diaphragm valve, a globe valve, a butterfly valve,
pinch valve, or the like. In response to the signal, the valve may respond by fully
15 opening and closing in some embodiments, or by partially opening and closing in
other embodiments.

In one embodiment, 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 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 material recirculation lines is off-line for service or scheduled

30 maintenance.



In one embodiment, the one or more valves may be controlled in response to a predetermined period
of in-service operation of a material recirculation line. A material recirculation line or loop may be
regularly or periodically scheduled for flushing and or cleaning and taken out of service. The material
recirculation line may 5be taken out of service yearly, monthly, or weekly. The material recirculation
line or lines may be flushed with any suitable gas, chemical, solvent, and combinations thereof, that is
compatible with the material delivery system. Examples of suitable flushing material include, but are
not limited to, deionized water, potassium hydroxide (KOH) solution, and nitrogen. 10Flushing and
cleaning of the material recirculation line provided g the tool may occur in one or more steps. For
example, a material recirculation line containing a slurry may first be flushed with deionized water
which may be recircu.jlated or !?f%llt to a drain, followed Y2 flush with KOH, which may be recirculated
u

and/or sent to a drain- A final flus ?ﬁtaf/ inefide Passir & BRSPS R RSR KRérial
tsrecirculationRifetSiniapiergHae S HcRItECa apaikionoThp AtHstalal revitsul o diss. pibing and preferably
include those wikiehideeved@osilitite tesidpenwttbindaaiatooe psrpipicgly scapRmbdiment, an inert

gas, such as niifgaen ey BRASAC.AS Adinal Jusheplthe mtﬁ{é?ér@%w&gm%&@ e G flushed

material recirculation line may remain in standby mode re?{lqé)‘/ to take the place of another recirculation

line to be Brou%iagﬁ?-oé‘ﬁBf-%VWSéfeﬂﬂlﬁltﬂ‘&gB}ﬂtﬁh‘inﬁfﬂﬁ FrBpasTial resie ARSI R @ may occur
while the in-selivesenmaber s reitfetiorsite baginciousisap rolides mdtenditadbestool by switching
between two ghépe daticesamaarial e mutimieR flsh Shdiffereptfushing Mmatasial may occur in
any order appigRLate fora RARIGLIRNAVIDOse, (Operelion of at least ane emhodiment af the present
invention will now be* f%aégascn ea‘ln’ greater ofeiai With 'reterence 1o the. acéd%"baﬁylﬁ’é‘ cfrawings.

FIG 1 shows &XRfalionenf S8R according to one embodiment of the present invention. The
material delivery systdnshiog andlickedng bf shesoaredad feviadeladbmnlmapavigddnkthOtasid a second

source of the malesilinARXIRH AR, F&eemﬂtsr@LQ?Aixﬁayéxﬁt%ﬁacﬂoﬂqiéé%MMQgs afirst
material recirculation line ppstioeﬂ{#g%acgvﬂgectedto the first tank 10 and the ?econd tank 20. The first
ul

material recirciifafion THE 14 120 fidly KoRNEuEE S oV et %’I‘?@Sv%?\ﬁcdrﬁ%ﬁ\t/eélr Mhatehial to -7 -

to a drain, followed by a flush with KOH, which may be recirculated and/or sent to a
drain. A final flush may include passing a suitable gas through the material

15 recirculation line. Suitable gases include any gas compatible with the process piping
and preferably include those which leave no or little residue within the process piping.
In one embodiment, an inert gas, such as nitrogen, may be used as a final flush of the
material recirculation line. The flushed material recirculation line may remain in
standby mode, ready to take the place of another recirculation line to be brought out-

20  of-service. Multi-step flushing of the material recirculation line may occur while the
in-service material recirculation 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



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 also include 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 and/or cleaning an out-of-service material recirculation line. In FIG. 1,
the positioning of a number of valves defines various configurations of flow. For the purpose of
describing flow paths, each path will be individually described with either one or two open valves, while
all other valves are closed. However, it is understood that more than one flow path may be
simultaneously open. Valve 50 is disposed in tagk recirculation line 90 fluidly connected to first
tank 10, and valve 40 is disposed in tank recirculation line SO fluidly connected to second tank 20.
When valves 4 antd §O Are ope all herlavacjve %%sed (ﬁ aI from tanks 10 and 20 is
recirculated back o 1tS respec Ve tan ics .rL an e OB tL A ATAR) recirculation
line 60. Valve 5705 ﬁg%’dﬁlﬂbﬁgﬁ SFF‘Iﬁ‘\‘é“5120fﬁ5|1i@:|W%ﬁﬂﬁﬁ@‘&fé@(t%om%&@ﬁa?’rééirmﬂmehne 60 and to
tank 10 via a selfiemntyod]sanhc fedine soatianoline Q0ndoatiessn 10f vakve Séhnéatyetd tistpasitioned on line
54 fluicly connefigein rajerialiqaiietan insoRanddank 10.via AnsomER SNl giroulation

line 90 downstream of valve 50. When valve 12 and valve 14 are open an I other valvess are closed,

material padses ST PATAPES BORHFSGSRT MR SHTBFEITFARIom a0, where a portion of material may
be supplied to the toollakdrethergsititoingridiz bemétnofoditostdrfinkd widasegfientobiank

recirculation line8ow. F&W&%W&M@MM%M tebhaieial IR Gk GHiRdiaRatige 70. Valve 16 is
positioned on I|%s§gg&|g{lxhcg%e%%d0;%%§ av @glr altlo Ilﬂle 70 rand to tank 5 recirculation line

90 upstream of valve 50. Valve 18 |s'£osmon on ui I connected 10 Material recirculation

line 70 and to a BYMERLLE GIdeERY i’ﬂ%ﬂBﬂrﬁH@@B’Hé?ﬁﬁs??@h%f@?aﬂ%“ﬁ@“%ﬁéﬁ%ﬁﬁes 16 and 18
are open atd all other Valkve$ldraislosed jimatknedipasses lioeptaikidip thraaghdaeatesial recirculation

line 70, where acmrtt@rh@& nedal mab&%csupﬁkﬁ@e@rmﬁﬁeehﬁ.@%@ﬂm@f QRarierdpgy be returned to
30tank 10 via a Segmen o%ewﬁulatul)n Ilng 90. 509 rial delivery system 100 is

e
also fluidly connecte to Niateral Fecteation frias é?f’g da?g %@%E” Val FETLSsets PAIRRED is
positioned on ifEPTXRERAP 28 AR dtdectes wedrbarkaeiteursnestinpaaslo and to tank 20 via a segment of
tank recirculation line 80Rigstreank 06 waiiddp ciabuaed 4o mpesiticacecondineltd foidisBeonnected to

material reirculgliLiBgaRAN IR B ARV eeamE AL ANKIRSIIGHATR. e, AP downstieam of
valve 40. When vakv]e 22 and 24‘2{?%’% n and all other valves closed, material passes from tank 20

through material’ reC|rcu1atac§ﬁgInn°e' SR BHREH IR AIARTSPR A Yf’é‘@usp?pll Y8 thdstool and
another portion PREYiMEem e d1d1ugiK comwrateddegmtenic bistirsi psivindina fdratid 8010 0Valve 26 is

positioned on linga4tséeticiiy: 6o MR Gt TG Matarial ye asaulation Maaweayad iQHank22 yi2 a segment of
tank recirculatiogy,ling 30 M%E’%Béﬂ &%Idvﬁl"o‘%h‘éva%X%r%%xc% ?Os't AR ?Ons]'éét‘%“s &”%é y, connected to
Cula

material recirculation Jine 70 and to tank 20 via a segment of tank reci ion line downstream of
valve 40. ifhen"VEIU8R BE%IR) rﬁ%"’&?@%‘eh"ﬁrﬁ?’a‘ﬂkﬁfﬁér‘\?gh?éé’giz@fﬂ’d%'e'ﬂa}’ﬁ%ﬁéﬁ‘%lﬁﬂéges from

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 portion may be returned to
30 tank 10 via a segment of recirculation line 90.



15tank 20 through material recirculation line 70, where a portion of material may be supplied to the tool
and a another portion may be returned to tank 20 via a segment of tank recirculation line 80.

Material 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. 20As shown 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.gubsequent 25draining. Alternatively, the second
material exiting material recirculation line 60 via valve 34 may be diverted directly to a drain (not

shown). FIG. 1 shows, positioping of, llg%ﬁVQZ an l%ﬁ’ﬁroY'd?P ﬂlrectlon of f ow c%ethe second

material counter to a direction of flow 0 the terlal to the to Kou ?1 itis enV|S|oned that lines 62

and 64 may bEHERHBIRAIsHLETe s shpwe inBlGioh Yrhsadds b?ft’i‘f?ﬁ%ﬂé’i‘?é@e 38Tank 30 is also
fluidly connectaddly neaterigkrooireititlorciine 1@@ovilined0 e8BtposikiGhedhandinechi2dindhivalve 38

positioned on;lm«lﬁﬂ&hmw@ug&%ﬁ.aeﬂv%&a@ VhivepaNs ﬁS‘QtﬁJh&Hr&ﬁrﬂf@lX@?@m}plosed the
second m?terl f”{) throu !a'leaterl rec rcu t| line 70 s, shown in Fl the second material

may be récircula ac(m)o ARk 30 Tor A sérd%en rgﬁr??ﬁ‘g é?naﬁ?@?y“&ﬁgtﬁ%ond material exiting
material recircGritfetiRR e §%d9&10§@my’ﬁéed19el’t‘é@@iwebﬁﬂé and fragersdsinswn). As with
material recircailatiner hakR<@)dhel dirgetianpasdte droh theksmonnsh grateriatdhraughiaaaierial recirculation

line 70 may be;coBRtGhHLRS JoriS m@a&ﬂme&ﬁ%@iéb@e%%&%@'Jﬂ@{ﬂ& gelivgred to the tool.

Additional flushes of mater | recirculation lines 60 and 70 may occur. For example, upon depletion of

tank 30 of the 2&%8 Criemmterl Q18 f%?dq%ﬁt%ﬁgﬁ%tﬁ fapk recircalation line 80.

10 Valve 26 s positioned on line 46 fluidly connected to material recirculation
line 70 and to tank 20 via a segment of tank recirculation line 80 upstream of valve
40. Valve 28 is positioned on line 48 fluidly connected to material recirculation line
70 and to tank 20 via a segment of tank recirculation line 80 downstream of valve 40.
When valves 26 and 28 are open and all other valves are closed, material passes from

15 tank 20 through material recirculation line 70, where a portion of material may be
supplied to the tool and a another portion may be returned to tank 20 via a segment of
tank recirculation line 80,

Material 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

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



lo added to the tank. Alternatively, tank 30 may be replaced with another tank (not shown) containing a
third material. Similarly, tanks to supply the second and/or third materials may be replaced with a
source of gas. Operation of valves 32, 34, 36, 38 and flow paths for the third material and/or the gas
are similar to those described for the second material. 15During operation of material delivery system
100, the tool is primarily supplied by one material recirculation line (e.g. 60 or 70), which is supplied 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 20regjrculation lines (e.g. 60 and 70) and/or both sources
of material (e.g. 10 and 20). One method of operation of material delivery system 100 will now be
described in a seriggdogﬁg&léte%iﬁl ste %10'§QC{ ttﬂee ucrg%ses of Hhis des ri‘P ion varioys modes of

t
o ST HAR'HE P8R (B ILE IR each sequence

operation areoggrr'l’oteq as sequences. [t Is unterstoo T
may occur onEDicHidaNed AndsshAvtigh BRe bdkp raserdsnpbuishotebasesifstatasguence, any

sequence in thelseriesinidyfiresubganttad dsithe firskaagtiengehe sedbnd fitbSeOSHee, material is
supplied o the okl R AIZR HOHSIRING IS ALPHUISSHENIR e, wia.pen valves 22 and
i v u

24. Tank 10 contains material and, |? quall){ recirculating though open Valve 5 til'it is brought on
al

line. 30AIP othBPVAR e& Syath peksyial rpgjrou tiWﬂW&ﬁ‘ﬁﬁWﬁﬂ%@?%ﬁWﬁﬁR% drops to a low
level in a secorriesiahieoush varot deigroldsin sotiamhe wostiontaftonaterihkfsane tank 20 not used by

the tool is no largesresiWalethd amdnatesial eiveatiomins.B0 back to tank 20. Valves 12 and 14
are opened and valvga .i)% I material in_ tank 10 passes.h through material recirculation
line 60 and the portion 6%mgtgﬁgﬁﬁgo%%%%tﬁr@rt?%r‘fgg%'%nl:lé Sﬁnéz)}flgs t’{g)n'&qalyo(.’%‘lﬁﬁila?ﬁ/ the portion of

the material frSHMREKPOTHERAIRERN S Wik & ithe sprapiimaretiol wihisd waicriplwaxbn tank 26 is
substantially edbedlistée: itk thirtieseatien; egnkallendy be atpheddanthvaluedQankqpened fluidly isolating

tank 20 from materiplcHumeHeH alirine 0. Sinuih materalishandnbaadcad/dtatank 20 to flush

and/or materials may be replaced with a source of gas. Operation of valves 32, 34, 36, 38

and flow paths for the third material and/or the gas are similar to those described for
the second material.

15 During operation of material delivery system 100, the tool is primarily
supplied by one material recirculation line (e.g. 60 or 70), which is supplied 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 opcrétion 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 though open valve 50 until it is brought on line.

30  All other valves are closed.



clean the tank prior to preparing a new batch of material for delivery to the tool. The fourth material
may be any solvent, chemical or gas suitable to flush and/or clean tank 20 and tank recirculation line
80. As with the third material described above, the fourth material may be deionized water, KOH, or
gas. In one embodiment in which is the tank mixes and/or holds a slurry, the fourth material may be
deionized water. The fourth material may be retuned to tank 20 for subsequent draining, or diverted
directly to a drain (not shown). Valves 12 and 14 remain open to pass material from tank 10 through
material recirculation line 60. The portion of material not used by the tool is returned to tank | 0. A flush
of tool recirculating line 70 may be initiated during thg 20 third sequence, in which valves 36 and 38
are opened to pass a second material such as deionized water through material recirculation line 70.
Deionized water exmn\? material recwcglatlon line 70 may. be returned to tank 30 for subsequent

draining, or alternatively SeHERPRR; 08 TRATHHB &% n‘}r%ﬁ BRLPVARES PehigiAosed. It is
understood thaﬁmma%w@m%ssmﬁgeéeqﬁbﬁ@bem@mafmewm tes B mpPBddyence, but may
begin in an earieroslaiab segie nesrasdeagam thetealesatdaeticn vl hritadediushed is

B i laid e anadaRie i, SABRSIER A RHRHE RN it o servbe

line into service. After passing deionize watert rough material recirculatio r?esﬁ) in a fourth

sequence, ?anlgtgﬁ%g‘ﬁérfméac\??ﬁﬂ{%@ﬂ%? ?ﬁé?%@‘?éﬁf&&éd’@ﬂtﬂ%ﬁ'wgb%%‘b%&eé%\mn) containing
KOH. Valves 36 aetdr@8i terrain fp efintdgyhsth KO Hidrood e 8- freatarislt ASoweuistdsyline 70.
Valves 12 and {4 issnaiReapaniaoass material from tank 10 through material recirculation line 60,

Any portion of materla\wot yse at%%/ﬂggntgol |§| etlég;?% t?atl% ?ﬁ}‘a sy%l'\éﬁagt mglr}gI 9pen as tank 20 is

drained for preparation Of making the matenal for 00 K& Femain closed.

$When the mat&iyt 77 tafiesest &ﬂﬁ‘dﬁ"ﬁ(f 49dnrrsper EBH%Yfa@ﬁf@%ﬁﬁé%ﬁl‘éﬁﬂ'wbﬁ provided to the
tool are intmoducedt¢olsdnk 20: 160. iXingtandustibsgheninesitcathiventiniatifo fesjuanizer Alternatively,

premixed mateghiyay Qﬁ@m% prided oAk EQJQ %m@%&?&fheﬁ@% 20dpcally regirculates

material through open vaIv aterlal asses th ougormaterla recwg‘u lation |ine 60 from tank 10 via

open 10valves T3"ahG 4" @ﬁlyc L Rt AR G B SRHPAT FR PSRRI B B ¥5rough open
valves 36 and @8.%11 @m@ievaﬁyé%ﬂﬁ@maweloéédvlth the/He-mperiabdestaibied ebrrive.0bis sufficiently low in
a sixth sequendeuithtvetddaineiosedgoaveatingaany PRl ipRef therRaieradnehusediiynthe tool from

returning tp;tanis 10, Valyes ézd%?qt&és%&ge%%&V@L\!&.ﬁ%ﬁf&%%ﬁ faRg ARl from

15tank 20 to pass thr ou?h material recirculation line 6 portion of material not Use by the tool is

returned to tankKe " ARRIDBHBH ST RS iSr ﬁ?lfr%?nf‘féﬁ'lg’i?ﬂ%’lt deaning thessied Usitho tank 20.
KOH continuestte gz fnpba@wma@nbfleﬁe@mﬂaﬂonmne Feevity ppsmasdvie sBGnadk38). All other

valves remain al@s@gh material recirculation line 60. The portion of material not used by the tool is
returned to tank 10. A flush of tool recirculating line 70 may be initiated during the
20  third sequence, in which valves 36 and 38 are opened to pass a second material such
as deionized water through material recirculation line 70. Deionized water exiting
material recirculation line 70 may be returned to tank 30 for subsequent draining, or
alternatively sent directly to drain (not shown). All other valves remain closed. 1t is
understood that initiation of a flushing sequence need not occur during the third
25  sequence, but may begin in an earlier or later sequence as long as the material
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 line 70. Valves 12 and 14 remain open to pass material



When the material in tank 10 is substantially low or exhausted in a seventh 20sequence, 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 25recirculation
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 Wlth deionized water or may be replaced with tank
30b (not shown) containing 30deionized water in an eighth sequence. Deionized water passes through

material remrcplatlon lkne 70 vi o etn valves 36 gnd 38 and may retur o tank 30b for - 12 -
subsequent dramihg & senlir%iulgec FESH ARG %‘B @ﬁYvﬁogﬂf’Pe TR HER 8%k 10 is

drained to bedh e ey ?ﬁ&t@ﬁé‘? féﬁﬂﬁb@rv\éwfm"m{?m.s Nrste Aalask @i deainedtfie tool from tank 20

via open valvesebhandldt Adyngankionaahmaterrlinekusest Ryolha tashés veleagghtarank 20. All other
valves remain glosqd. SAfter the second flush with deionized water through material recirculation line

70, tank 30 may be replaced with a source of gas, such as nitrogen in a ninth sequence. Nitrogen is

passed thfough mateVRFres QaiRikh ifanid Q/Fé{‘t?ﬁéﬂ 3/1vdeveb cangtinenst elibsdpiieritldischarge from
the line. ConstitUenpsayiidbd tnthteiial a0 betnproeiied tanth20 thonsirdrig trodisidesddgestank 10 for mixing and

subsequent regisgatiann Trpa/mrmﬁm&, p{ﬁ%ﬁdmaﬁeé@xmaermrsﬁ%em@hsp tank 10 for
recirculation. T r(}kciLO F rcll_rcurla Ifai% rl%ggp open \ ve 5 Fﬁ{la ontlnues to pass
afl) i line 60 ?rom tan dcﬁﬂ

though materi affrecircufa Via open va ves rp valves remain
closed. After flk@ﬁmﬁom%({étﬁﬁf“réé??éﬁféﬂw ITAger G\/\Vﬁﬁfﬁ%’@éﬁm\%ﬁ@é@%w 88ipmweas closed to
isolate matgeriataiveiradlatib n4inE M ¢argidestiogegs enceghlhiamikrid recirculation line 70

through open valves 36 and 38. All other valves remain closed.

When the material in tank 10 is sufficiently 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 closed causing material from

15 tank 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 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.

Afier 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



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 20thereby 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 in material recirculation line 70 is
returned to tank 10. Material continues to pass to the tool through material recirculation line 60 from
tank 20 via open valves 22 and 24. Any portion of material not used by the tool is returned from
material recirculation line 60 to tank 20. All other valvgs 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 materi& SEASTL SERLRESEE5 ALerL INR T Mok SROMAY reXRiE RRiBHARIRS POPRARank 10.
Material continudantolfdsdraimed tthbasitepiabacio cudteiohflinded@dnpm tanmtodD Miaerid 8- open valves 22
andk2248 irllly pr?rtgaavlmem@tméa_ebeplfru,sadvﬂir}yzmeiﬁ%uw&mmchﬁ%éw@r' Lﬁ@ﬁi&@lrﬂa{éﬁalline SQ to
tank 20. All other valves.remain glosed. n.t aterial in ta is substantially exhausted in a
thirteenth sequeﬁl(}:{g?s{/ege S 5%0313 ﬁﬁjugr]ggcefggé% ﬁﬁ[’:ﬁ/ec%a?gegﬁgrﬁgl i%% grf]lhg tank 20 from
5material recirculation frEBhe TrRote fHRIMALR daioizehvedca shoptigh dnpiatial retcaletintdbriced into
tank 20 to flush aifdtarciéamihie: teplapriowit preparng ganenchatohitedgaatedalifer the tool. The fourth

material may be eiuaeg, tRiaRlcA % sHPRRGHENL SHIRRG: A% ANST R J5RRIS S0, R (not shown).
Valves 16 and 12_3$gerrgi h-material recirculation line 70. The

/ n a%Q %Pe%gg u%sgélggﬁerial rom tank 10 _throug r |
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provided to the tool are introduced to tank 10 for mixing and subsequent recirculation.

10 Alternatively, premixed material may be directly added to tank 10 for recirculation.
Tank 10 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.

After flushing material recirculation line 70 with nitrogen, valves 36 and 38

15 are closed to isolate material recirculation line 70 in a tenth sequence. Tank 10
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
vaives 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 in material recirculation line 70 is returned to tank
10. Material continues to pass to the tool through material 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 fiuidly connected to material recirculation line 60. Any portion of material

30  not used by the tool is returned from material recirculation line 70 to tank 10,

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



60 may be initiated during this sequence, in which valves 32 and 34 are opened passing deionized
water through material recirculation line 60. Deionized water exiting material recirculation line 60 may
be returned to tank 30 for subsequent draining, or alternatively sent directly to drain (not shown). All
other valves remain 15closed. 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 20material 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. Al
other valves remain closed. When the material in tank 10 drops to a low level, constituents of the

material 25to BRI PoAHE b o VPRIt At AL BErfoPrineifryLis detiped §98ht recirculation
in a fifteenth secpienacAtcatatitivihe o eortbrdd haidriahenayite diregtcldeted to tank 20 for
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recirculation liné 60 SOthfoUGh Open valves 39 ahd 32 Al other Valve Tenritleos8d™- 14 - After
passing KOH tArdseigH terdtesiatiradinafitidihdifasb maaradcuahpiefirdegdivatercistiiead water or may
be replaced withitahic&Dinttnabis Rownjl edndadnin gietel arizak waieripasidachnisegtange. Deionized

water passes thigugh maieriablesieulationine- A0 BPRRYRIVES 33 30¢:34,0dk Mgy return to tank
30h for 53ubse‘ﬂuent drzﬁpm or rgent wectlg tQ a drain ]SDOt shown). Tank 20 locally recirculates

through open Vaive 2o SMAEHET 54SEEL 3 GRS PRk hSE ol P 9E YD THBRNARRE0 via open
valves 16 and P& Alptstid Giran/egk d htimewtbsenterial rginanatinn hieadlalThetankid®ds sufficiently low, in
a seventeenth seuanse: uadiel thisictoserdpreuenttagkany Rofien e mantaniainotased by the tool

from ioreturningo, ta¢ 303 Matvifing ARA &R, IRENEY 3R LPSR935 Slogsd.causing
passing deionized water through material recirculation line 60. Deionized water
exiting material recirculation line 60 may be returned to tank 30 for subsequent
draining, or alternatively sent directly to drain (not shown). All other valves remain
15 closed.

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 iine 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 localiy 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.



material from tank 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 recirculation line 60 via open valves 32 and 34. All other valves remain closed. 15After the
second flush with deionized water through material recirculation line 60, tank 30 may be replaced with
a source of gas, such as nitrogen in an eighteenth sequence. Nitrogen is passed through material
recirculation line 60 via open valves 32 and 34 for subsequent discharge from the line. Valve 50 is
opened and a fourth material such as deionized water is introduced into tank 20 to flush and/or clean
the 20 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 diféétl'y to a drain (not shown). Material continues to
pass though material recirculation line 70 from tank 20 via open valves 26 and 28. All other valves
remain closed, In a Miféfrantingdddtiveughmeateial rsiradatinn brosed fodidyanaterial 25
recirculation lifike@Gyitvhieiviszedwaradyriay Besephradienhaaiesos (eidulatipiolingdiansfer. Tank 10
is drained to m&ea{fe@ua&@xe{n%s&egﬁmkﬁ{éﬂbeM%%&ﬁ%&gg&f\ﬁ%%&%ﬁ%?&&%9&!&2r’ﬂe“a'

recirculation line,70 from tank_20 via open valves 26 a other valves remain closed. The
first through tRECHIREERATES u"é%gg"'ﬁ,‘@vﬁé%ﬁ‘é%?é‘oﬁg% TSRS 11 B service. Time
intervals for eseppesiusnt deaiing oo seniairarsiy tamdraindnet simptiner Tark atongllyarious iterations of the
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material supply lines are sche for flushing and/or cleaning, w often requires a longer period

of time than would b& BFaVIFSHasriakin sink W rudicients isMniae mictsatisamsectesidual material in
a tank to be brebghtéostcifssd piceising evidedttonthéttechamdat yoladdd by siecand fienk, dead volume

and mategal lesiay BeaFRdLE G el 2D SR RERUP Bl WA O 5IR.SOMECES f material fluidly
connected to one ma ril%ll tggﬁi@utlgtigs@ 'r;gun}]a% also ||%W tkllet,ous-,of-§§rvice material recirculation line
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when one souftieEd

BREs 8He il SRS s by thsdomhis se8unerht suled Japiohisssd second
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completed befpre A6, RS LYIcE SHRRIIIE S exhausted of material.
15 After the second flush with deionized water through material recirculation line
60, tank 30 may be replaced with a source of gas, such as nitrogen in an eighteenth
sequence. Nitrogen is passed through material recirculation line 60 via open valves
32 and 34 for subsequent discharge from the line. Valve 50 is opened and a fourth
material such as deionized water is introduced into tank 20 to flush and/or clean the
20 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). Material continues to pass though material recirculation line 70 from tank 20
via open valves 26 and 28, Al] other valves remain closed,
In a nineteenth sequence, valves 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.



Another advantage of switching between tank recirculation lines in which both 15tank recirculation
lines supply a single material recirculation line may be a reduction in line 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
may reduce or eliminate drops or spikes in system pressure. Similarly, charging an out-of-service
20material recirculation line while the in-service material recirculation line provides material to the tool
may reduce or eliminate drops or spikes in system pressure when the out-of service material
recirculation system is brought on line. The disc%osed methods of providing materials may be
performed manually or implemented automatically %hrbugh use of a controller incorporated into the

system. 25 For example, the system may include a controller in communication with the sensors and

various valves assocRBTEditherBaianrhisivey midsainpussitve or mgrelimeideltvrianother
embodiment tortiterinlerttietoirl avidicliceocantrolenridoisradiatiad, thethe hhate dahdialary system in FIG.

1. As seen in Figh & daiRniahd ehven SIS R0 JRAURS isha Al SeroathrWieas f material 10, 20

as well as a BOsgu ceﬂof a secondlmaterlal _38. ta;lve and Iir"g%are ide Hg)al to those shown in FIG. I,
and are represSnted With Tdehiical referends Aghidps han wguld be proxifed by use 212818 disposed in
tank 10 antl seitsre1ofamaterishoBeer inetthinrsidusimaisdat siocdnintg babwaghyontb® sensor used,
sensor 112 neeelvies hepplviced i trnks] kaaae 20 todetont tasraamauRbainBalaliabigmaining in the

tanks. Sensor %gpﬁlai %‘d]u@ %nq\ IB@XIQ%%&&BE& ttlongoljgtggugr from. sensors 112, 114,
respectively. Cﬁ?trollg?%w mgy be]%}/c?nﬁgured to control valves 012, 14,?%5%?@? eﬁl,a 4, 26,28 via line

120 according T8 4R SSPAIP A 0L R SPHFIRIGRRY aHns Las tReyadinaio He QuiivEdeattRe. Line 120 is
denoted as a simgeitingdordatam dinrgpneseiviation!tirtepeiresh iitsis Thid ér staodtthsititimegp k30 may be a
Singlef Iinel,oénuB'ymenlmlaswlaiauamwmp@Wﬁ%@%&ﬁ%&%ﬁe@m|ﬁ{-g|1e19dr?a¥ als?] be -
toconfigured to 3 36, 38 via line 122 according to any ar all of.the first through the
nineteenth seqﬁ%rﬂ:i%%éﬁﬁ%goaigwé é%%%%‘é?fﬁf"’f_‘ﬁ"‘ﬁﬁé’%%e If(cﬁus BVe l'éeér%c‘ﬁ‘ﬁ%‘%f‘etecting when
the amount of f&fefidriiifuskonde ssteranirasuedirditavar neidie pyrerlsisthgedoe demtroller to initiate
valve operatiorirtesdranstappiiiiasyisesienaduppitdriain one tank to another. Sequencing of valve

operation of  Another advantage of switching between tank recirculation lines in which both
15  tank recirculation lines supply a single material recirculation line may be a reduction
in line 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 may reduce
or eliminate 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 pressure when
the out-of service material recirculation system is brought on line.
The disclosed methods of providing materials may be performed manually or
impiemented automatically through use of a controller incorporated into the system.
25  For example, the system may include a controller in communication with the sensors
and various valves associated with flow to process lines and tools.
Fig. 2 illustrates another embodiment to the invention in which a controller
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.



ISmaterial delivery system 200 is identical to that of material delivery system 100. In another
embodiment, additional sensors (not shown) may be positioned in tanks 10,20 of material delivery
system 200 to provide a second low level indication of the amount of material in tanks 10, 20 which
may be less than a first low level indication. As previously noted, some level sensors need not be
positioned in the 20tank. For example, a low level sensor and a low-low level sensor may be
positioned in each tank. Once the low level sensor detects 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 25thd96w-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 # HE-skvemier ddgiefiseasistinisall KhmdsensorTHd eotitisiber indgnbe
implemented uXingtanendeSiae hanbpsie LEYS eGnkoF Bxaplecn genekal iiRoseceamputer such as

those based opalk Nfh AT M Ji0 MR RAERRAM S MBIRKYIH RANEBIECELRpesssgr a Sun
UltraSPARCO _%\rocessor, a Hewlett-Packard PA-11 1Si(yjéi%§rocessor, or ang other type of processor

or - 17 - combiWStidAS T L SPERAPR SRV AR O RBH L0omssriEidé ddécially-programmed,
special-pufposesnartiveiye Gontetlemple naay &pshodigores pesifivohtedvatdd,difcuit, (8SPE) or controllers
intended for materis) AGEREND S KRR BAGPH RULSSF EY HAMHPRLINGLABL08AM More processors
typically connected 5 ne.or more memary.devices, which can comprise, for example, any one or
more of a disk%ﬂ\eeenﬁ%gr%g?r{%gé%a%s vemertﬁlgr{?géﬁnggf) E\e &ﬁlsmgr%glrlf %@\ﬁé‘? %fsraother device for

storing data. THEERHHOMS RPN IS EadTFersthat frodrihmaaxhe astaelsling mpléirition of a material
processing sydiess, artionctinetoanduian siystéons fherceRadupleoliee IMemayyisoaye be used for storing

historical gata gglatingatppasametpivQvey, 34oneried i e: 25054 A5 ARGRIPg dag. Software,
including programmin otcri,% tri}%t |mn[€tllements embodjments oft e invention, can be storepl ona
computer readable aﬁ% or Writeanie nosﬁﬂgfgﬁ%rggﬁcgﬂé?gga%‘é%h ?ﬁ,s‘(érﬁd 'tﬁ’e?%f'}/ﬁ’f’cyahﬁ/ copied into the
memory wherdiuidtnahisnspis dxteeiinedvbynthie previessomsennl prayriani fidg isdedevmay be written in
any of a pluralit¢sifepriegeqheiby dangnggescdniaxamplatdraalve operation to transfer
primary material supply from one tank to another. Sequencing of valve operation of
15 material delivery system 200 is identical to that of material delivery system 100.
In another embodiment, additional sensors (not shown) may be positioned in
tanks 10, 20 of material delivery system 200 to provide a second 16w level indication
of the amount of material in tanks 10, 20 which may be less than a first low level
indication. As previously noted, some level sensors need not be positioned in the
20 tank. For example, a low level sensor and a low-low level sensor may be positioned
in each tank. Once the low level sensor detects 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 computer 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



15Visual 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 20components 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 25interface devices as well as one or more output
devices, for example, a printing device, display scrééﬁ,"or loudspeaker. In addition, the computer
system may contain one or more interfaces (not shown) that can connect the computer system to a
communication FRERRBHE AR ARIRRIN OlergaiivAahsapmputert iy stemyork ihebdnapdsiaiormed by one or
more of the compogenis:af, tyedeRpoticsetystome, FOVscapingitapsiRAomnese-amsbodiments of the

invention, the OR&QIRAGAALLAGICSSS G IR SRR B MERRIIOGRAARRLErS of a materia

processing - 18 - systﬁ‘g and/or comé)onents thereof. Alternatively, the sensors, the metering valves
and/or other components’ FREPBE SHRERAY B4 do AT OHRaRRIraiassmistiy spusiely coupled
to the compiterteyastent gy BN tecsf whichloayeomasiseefooerplagito anyathe pcomputer system or

component to CQIAERMNSRARMIG INE RAMRUIRGD SHALRNA RUAVIGHERIHNBEOMRHBIGRYRR networks.
Such a configurgot;oslgoggrrgg >, any, sensor or ignal-generating device to be |°C§‘5%9a$‘ a significant

) , meim 13 ically used 1or storing programs an uring™~ .
distance from the compdter system and r altow ary sensor to b& BCAEG S signi ICAM distance from
any subsystem PRI, edRtfetial PiRRmRSIa P e ARt Ats tRRmBRwEEm KRIEEsAMisunication
mechanisms maijeheesitey tedbyeutikzifg stosirg hislolécte danigtletihginchadingdowbatdimited to, those

utilizing wirgless;RietPSOlRne, as well as operating data. Software, including programming code that
implements embodiments of the invention, can be stored on a computer readable
and/or writeable nonvolatile recording medium, and then typically copied into the
memory wherein it can then be executed by the processor. Such programming code
may be written in any of a plurality of programming languéges, 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



The controller can include one or more computer storage media such as readable and/or writcable
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 15cause 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 20jgformation transfer to and from the processor. It
should 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 purpoS¥SEBAHYEF g%t%?ﬂe‘fffé}%?ﬂ?oﬁ&ergﬂ gﬁeﬁ’?&s?ff"stﬂﬁgé"éﬁrd‘i‘%‘fﬁ'éf?éof may
alternatively beridfiplemen@ed!a@@@tardmdmwrswﬁammdedtMdemgtMnmable logic
controller (PLGeraiivaiglisstipuied arrisalparsteperiirikgy oitshodlslder assiaiadgat one or more

features or aspect§ f:[:)hgznlo gentlon may. Sqe%ngrec@rgngggnm sggtngvalrﬁi h%rgvm{ﬁ\rtﬁ or flrmware or any
combination thereor. Ifor example, ©ne or more segments of an alg orithm exectit %’PeDBy controller can
be perfornfed iFY ¥EP%8E %mﬁpm%cwmawwmnﬁafﬁ@@ b%‘@bﬁﬁﬂ%ﬁﬁé&%@@th?éﬂéﬁa@bie or more

netqurks. - 1%ensor dDtheabpthediting aks ot tho s yeiswdseandimeibadsisfatite presant invention are
envisioned beanib s esETRAL SR REdPiEn. WAL/ RRGPAd SRS ahpspects of a

least one embodlment this invention, it is to be appreciated various alterations, modifications, and

improvements %lﬁ“tbéé{fﬁ‘fiﬂcf‘@gﬁ?’tg"EWSE,gﬁ?ﬁievffli‘herﬁg' &Fpvidipg data FaESRE eifiéSRons, and
improvements er@riripisddehtm¢shprsmemaydbdicthstut by atiizine dntoswiebliedeobnivithin the spirit and

scope of the inkRRiinR:, Aoeasdinglyedhs iRseoqaingifessripiopanitslsawings are by way of example
only. 10

The controller can include one or more computer storage media such as
readable and/or writeable nonvelatile 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.

It should 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.



IVICSLLP 20 CLAIMS 1. A method of providing a material to a semiconductor tool comprising:
5passing a first material through a first recirculation line fluidly connected to a tool; delivering a first
portion of the first material from the first recirculation line to the tool; passing the first material
through a second recirculation line fluidly connected to 10the tool; 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 source or the first material; 15passing a second material
through the portion of the first recirculation line; interrupting flow of the second material through the
portion of the first recirculation line;  passing a thirdigaterial through the portion of the first
recirculation line; and interrupting flow of the first material From the source of the first material to the

20second recirculation g MEIROSH e Sl M RIEHbBASEIRG JSJish /BRtgrialdhrough the

second recirculation Jine ¢ rises;
envxslgone(? g]cgong those exemplarily described herein.

Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated various alterations, modifications, and improvements
5  will readily occur to those skilled in the art. Such alterations, modifications, and
improvements are intended to be part of this disclosure, and are intended to be within
the spirit and scope of the invention. Accordingly, the foregoing description and

drawings are by way of example only.

i0



11ACSUP 21 passing the first material from a first source and a second source of the first material.
3.The method of claim 2; further comprising: 5passing the first material from the second SW%% o@the
material through the second recirculation line; and delivering a portion of the first material from tlﬁe
second recirculation line to the tool. 104.A method of providing a material to a semiconductor tool
comprising: passing a first mat rial through a first recirctfation line fluidly connected to a tool; delivering
a first portion of the first material from the first recirculation line to the tool; 15passing the first material
through a seco E¥eulation line fluidly connected to the tool; interrupting flow of the first portion
of the first material from a first source to the second recirculation line; passing a second material
through the second recirculation line; 20interrupting flow of the second material to the second

recirculation line; - . .
el. A method of providing a material to a semiconductor tool comprising:

5 passing a first material through a first recirculation line fluidly connected to a
tool;
delivering a first portion of the first material from the first recirculation line to
the tool;
passing the first material through a second recirculation line fluidly connected to
10 the tool;
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 source
of the first material;
15 passing a second material through the portion of the first recirculation line;
interrupting flow of the second material through the portion of the first
recirculation line;
passing a third material through the portion of the first recirculation line; and
interrupting flow of the first material from the source of the first material to the

20 second recirculation line.

2. The method of claim 1, wherein passing the first material through the second

recirculation line comprises:



passing a third material through the second recirculation line; interrupting flow of the third material to
the second recirculation line; and passing a gas through the second recirculation line. MCSLLP

10

15

20

21
passing the first material from a first source and a second source of the first

material.

3. The method of claim 2, further comprising:

passing the first material from the second source of the material through the
second recirculation line; and

delivering a portion of the first material from the second recirculation line to the

tool.

4. A method of providing a material to a semiconductor tool comprising:

passing a first material through a first recirculation line fluidly connected to a
tool;

delivering a first portion of the first material from the first recirculation line to
the tool;

passing the first material through a second recirculation line fluidly connected to
the tool;

interrupting flow of the first portion of the first material from a first source to the
second recirculation line;

passing a second material through the second recirculation line;

interrupting flow of the second material to the second recirculation line;

passing a third material through the second recirculation line;

interrupting flow of the third material to the second recirculation line; and

passing a gas through the second recirculation line.



