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PO NT- OF- USE PROCESS CONTROL BLENDER SYSTEMS AND

CORRESPONDI NG METHODS Background Field The di scl osure
WEerwas43s4 t 0 poi nt - of -use bl enders that contr oPCT/IB2006/002618

concentrations of chem cal solutions for delivery to

chem cal delivery systens such as sem conduct or

fabrication tools. Related Art In the sem conductor

hanuf acturing industry, such as wafer cleaning and

et ching processes, chem cal solutions are typically

rec bl G TR0 e HNTROL BEERPEE S PE RIS Anp
particularly i n(pCORRESRONDING/METHODSs in _
concentration of the chem cals introduce uncertainty

in etch rates and, hence, are a source of process
variation. Exanples of conBegkgeoumdt are used in

Fiqﬂenical solutions for the sem conductor manufacturing
§ dustry include, without limtation, hydrofluoric

ThéQil@blédFrb p@mmtwmnﬁt-cfauw Blehterdhat bmdtro%drmein@aaohsi of
sul furic acid épdl—QSO acetic acid (CH3OOH)

chamlﬁﬁ%isal%lpnamﬁlwmh ehemigal féﬂwmystsmsa&qw
seﬁm\fégr{%fﬂ (I‘éég%tron ) ene diani ne (EDA), hydrogen

perOX| nirtric acid (HNG3) , and any one or
nor e corrbl nati ons thereof. For exanple, standard

| eanjng solutions of the SC-1 type include m xtures
Rei;t %&ni um hydr oxi de and hydrogen peroxide in

In ﬂﬁe éé’rﬂlc%ﬁﬁu%? %ad@é&brlnéﬁrﬁ%dsﬁéﬁéﬁ 'v@ensé!bblhin@%cpétchlng

type I nclude an”aqueods m xture of hydrogen
prcpxmssgsd@wmlcal soldtioshae ypicatly dsed foradaier ickegning and etching

actants _and/or her cI eani n ent o}
prégrneas: Aoadafe ovdinSh i shl ALueThRRRES i Boufhifydfportant
bethgsd oafigidRALoRtehifgticH 6Pthenthepmibalbiivtiod@se @ncertainty in etch

particul ar operation. The cl eani n%lgSOl ution m xtures

rategrangle henepaared sPUrceiof OregasstesiatioRi pped to an end
poi nt | ocation or a point-of-use for a cleaning
process (e.g., a tool such as a

Examples of compounds that are used in chemical solutions for the
semiconductor manufacturing industry include, without limitation, hydrofluoric
acid (HF), ammonium fluoride (NH4F), hydrochloric acid (HCI), sulfuric acid
(H2S0,), acetic acid (CH;OOH), ammonia or ammonium hydroxide (NH4OH),
potassium hydroxide (KOH), ethylene diamine (EDA), hydrogen peroxide (H202),
nitric acid (HNQ3), and any one or more combinations thereof. For example,
standard cleaning solutions of the SC-1 type include mixtures of ammonium
hydroxide and hydrogen peroxide in de-ionized water (DIW). Standard cleaning
solutions of the SC-2 type include an aqueous mixture of hydrogen peroxide with
hydrochloric acid. In addition, surfactants and/or other cleaning agents can also
be added to such cleaning solution mixtures to enhance the performance of the

cleaning solution for a particular operation.

The cleaning solution mixtures can be prepared off-site and then shipped to an
end point location or a point-of-use for a cleaning process (e.g., a tool such as a
cleaning bath tank or tank for a semiconductor wafer cleaning process).
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cl eaning bath tank or tank for a sem conductor wafer
cl eaning process).Alternatively, and nore desirably,

W b@70848ani ng sol ution m xtures are prepared apCT/IB2006/002618
poi nt-of -use with a suitable m xer or blender system
prior to delivery to the cleaning process. One problem

AltaERAiveRt afldhorfe ddsiEbRalthes BledhirRNSolGRoH AixtuRs are prepared at
m xture of conpounds i's that it can becone difficul

the makef:us% Wjthca gUitale mixerceielendernsysters wiorda detverydpdhe

n the final solutions due to deconposition
de%gg@flons %hat occur during use of the chem ca
solutions in a tool. For exanple, in copper slurry
applications utilizin unsﬁable conpounds for

O ém@é%wakﬁdow@agﬁemrf@ §9H‘|t'€’f‘§ﬁ06?a"&'891?omﬁﬁ§res‘9fch
coﬁ@oﬁﬂﬂ?ﬂ% tHA: H%M&f&rﬁ@&ﬁfl(%tﬂqé dpré&s@l il on o? C%C&Itratlons

mposition can result In econp
of anelbomareruampxmmisnemhsfmal gdhatidrisndue ‘mj éembmpbsltictm veéaddtions

in an undesir.abl e eint |:n
that Gouh dving Usd ob e oinialsaufions M tinbn Fon exaplplg g sopper
SIUF@I" a@f@ﬁﬁbr@s utllfklﬁé’ Uﬁ%bleo&ﬂhpéﬁ(ﬁdsef& S@Mlbéﬁdd&oﬁg’oéess the

cl"eani ng sol uti ons, 2 and/ or are §I cal
adelitida df gomaaungsisuich asra;ntrwiuro @egoxysulfatee(aerﬁ’ )gmlmclme)mlcal

coftpofE el bsh R R eritkonPSs ot O H0E PBARE ot & e pdriies in

theJﬂ?aIleermem@] wilh e tae EPQIHUES irBBleocHatgyecineRs ifingl
solution can lead to the dilution of other conpounds

congenifatiopsed FompPanenia indhe AReMiGRISOUR. not  ensure a
preci se concentration of the conpounds in the fina
cl eani ng sol ution throughout the process. It is

Fot bramble, én deaveritivnal systemsuititicingrSE@+ f eletining sotstians, HO,
delivering chem cal solutions w

anQls A6l 356 Reica bt Dty Imootggggolax@ GePaiaing bath) as
neEQéE‘a‘?g% abbQ f&f‘éucﬁu @é&ﬁhﬁ@élﬁor@inﬁh@' ? lé%l tion, However,
éonce e i na

trations compounds 1 n th ut| ons
thenaddiition mcspmwbbom@oem@re of tresgesonipeunds mmatrm cdeening
cl e. Pi nt - of d .
sofieh S0 e o thes St el SAraBET R Ptbe R e 4R REfusien and
thud\@SeSLhbeeidure 'aYpr‘é@isb\(ﬂncéﬁﬁaf@d B fecANBAuS® in the final
solutions at selected concentrations for use in

clegningeselution $uoHgheutdbeaipterriset or waf er

It is therefore desirable to provide an effective system for delivering chemical
solutions with two or more compounds mixed together to a process at selected
concentrations while precisely maintaining the concentrations of the compounds

in the final solutions within acceptable levels or ranges during the process cycle.

Summary
Point-of-use process control blender systems and corresponding methods are
described herein that effectively deliver and maintain chemical solutions at
selected concentrations for use in processes, such as semiconductor wafer

cleaning processes.
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cl eani ng processes. A bl ender systemfor nmaintaining a
chem cal solution bath at desired concentrations
w@owpiossses a bl ender unit configured to recei VRCEHIBR006/002618
bl end at | east two chem cal conpounds and deliver a
sol ution conprising a m xture of conpounds at sel ected
A SR TOF eIk '8 chatiod SoRlilh, GaRist BSRE
CODCW@D@WM@ b@ndeouplit ceemgweddmre«:mv«eland blend at least
t. one conpound wi t hi

tw bt B lrdus A S P SO o oG aIng & M lon

coholindS e sé@&té@éérﬂen@r@ﬂbh@k@a ani ﬁfb‘-itret%ﬂ% é’fselected volume of
operation of the blender unit to maintain

at legst ene caemieal spluties kath) dhstblenderaysian rﬁurtlwt ¢compeises a

coffipR7 ERISFRERELIRR LRI ok Ryl R FRYH 4 SBegtec
coa@énttatm range ittt olhmival sblatibablthhERe @oﬁﬂﬁﬂ@ﬁdrﬂﬁdl@ﬁt least
he at | east one conpound within the chemc

ong o GPBEHIOBATIE Al o daintain 1 Gercaniagen afdhe at least
on@r&‘% un%m)ﬁ}‘ﬂh %ect@d%ﬁ@@ﬁtr&ﬁ orpfagl\qqe%ﬁ’ﬁﬁnalhé I%%mtti%ﬂl delivered
g at least two

solution to a t rses
to thenfpalinaied aa:hamlgben dlew nate of $cduﬁ(m nta amdxad of theitanknwhen a

of t.he, ounds at, sel ec
coBenntEiona et Ieash ofs CoTON oM FitRe he iR Sl tiondath fals
ou{é}ﬁ;@f@ t E4H toatanktoforma chem cal sol ution
vm?li{lgn thgetank where the chem cal solution bath
has a sel ected volune. A concentration of at | east one
i,on ,bat h

i S, MAi i ned | h h al .sol u
In SRR Sl B & ofoa e Vg dRBEmic bl a8 % e
co®ipris€® prévidihg e Iéd tRbpAfToundktto tatblBRIET @hifitd fFm a mixed
concentration of the at | east one conpound within a

solyiipa &f te ableashiwmermpovndsat seleeied qqm@eatsat!@ns)rand providing
thedﬁ‘{&et\beécﬁgtl frBH1ethte"jméndé\"ﬁl?r}1 ﬁfé;%(rpk%ﬁ%ﬁ%oa ncen @P%?Iug%n bath

jon in o and ou

withfn thieetaak, Whast thershepsioplaohstion bathrhashe seleetadcadlume. A
sol uti on bath falls outside of a target range.

coreaftiationof @t iepst fsimpRpNee N taiped grihg rai,-ggﬁsolution
ot o S5pTRA RN RS 6l 28 She R EbAR g e
blemgientiait hd mpig@in thel eandentration of thenat leasi ok ngmpoood iwithin a
sel@é{jerdo c):(oindc%n?rgﬂon range within the solution delivered to the tank; and
changing a flow rate of solution into and out of the tank when a concentration of
the at least one compound within the chemical solution bath falls outside of a

target range.

The systems and corresponding methods are particularly useful for maintaining
concentrations of chemical solutions for semiconductor applications (e.g., for
maintaining SC-1 cleaning solutions including ammonium hydroxide and
hydrogen peroxide) within acceptable concentration ranges despite
decomposition and/or other reactions of compounds within the chemical solutions
that may occur during processing operations within one or more tools. In
addition, the point-of-use blender system is designed to be implemented
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hydr ogen peroxi de) w thin acceptable concentration

ranges despite deconposition and/ or other reactions of
w@oovposusos within the chem cal solutions that PE)IB0@UN02618

during processing operations within one or nore tools.

In addition, the point-of-use blender systemis

imAfRt A8 ngﬂ%ﬁsgjr?%dtﬁn@@g@g@*% hatow?férpr%eééé aid 8t Y

pr oxi ess too
alterrta&webyt integnated as egrompehed oa pacngfamnendr morgpracess tools.

el Sbe o SR o8 Baohit sy EOFEHEH sBIRHRT
pré’él&fbéﬁ ﬁg%féﬂ%ftétd &Uﬁallhpoﬁprl%'céé@tddlé’ of process

above and still further features and
advant ages wi || becone apparent upon consi deration of

TRt SRSl p A A n e gpparent upon

cofiSidiekatfIn erthwifsilbwiRg d@@éﬂé@nﬁt\mpﬁoﬁ bfvbadfic ehigiiments
i ke reference nunerals in the ures are utilized to

th@@@f gredtieulailywheb iplereiit eonjwagtion \méfme BEGURPMYinG grawings

B RETeFred e RO 8 A0 A B e

cohmipdngnits1lg a cl eani ng bath connected with a
poi nt - of -use process control bl ender systemthat
prepares and delivers a cleaning solution to the

cl eaning bath dy 'Sﬁ&h g. 2is a
schematic di agrarﬁ%gjgsn&é enpl artgé%&z ?nent of the
Figur bises schematio Hiagremddransgxsnepraof efibgdinentetaasemiconductor
i nt-of.-use proc | epder

I |
walSE S ERBIng S it S e BR ARG LR 2Phbied Vil 8 bglp-of-use
pr8£@ssb(|:c?rﬂﬂﬂ bleHdel sySteh it peepHtes Rindniblidbrd £@rdaningsolution to

em cal npounds together for delivery to one or
thmle@mbaﬂhsdwmgtanle@ningcpr@gea@ cheni cal baths that
facilitate processing (e.g., cleaning) of
sem conductor wafers or other conponents. The chem cal

FI?@ i & 8Bhématiedigramest 2 exeraglaeg ertodimentofthd process control
erature within the tank or tanks, and the bl ender

bl%mmr@yust%n obEicsdnf i gured to continuously deliver
chem cal solution to one or nore tanks or,
alternatively,

Detailed Description
Point-of-use process control blender systems are described herein which include
at least one blender unit to receive and blend at least two chemical compounds
together for delivery to one or more vessels or tanks including chemical baths
that facilitate processing (e.g., cleaning) of semiconductor wafers or other
components. The chemical solution is maintained at a selected volume and
temperature within the tank or tanks, and the blender system can be configured
to continuously deliver chemical solution to one or more tanks or, alternatively,
deliver chemical solution to the one or more tanks only as necessary (as
described below), so as to maintain concentrations of compounds within the
tank(s) within desirable ranges.
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deliver chem cal solution to the one or nore tanks

only as necessary (as described below), so as to
wOoraionnai3m concentrati ons of conpounds w t hi n tPEI/1B2006/002618

tank(s) within desirable ranges. The tank can be part

of a process tool, such that the bl ender system

The'taMk 48 6% BI ghéﬁ ?ﬁ%ﬂfhé ‘B#é’hd@r%&@%?n E%Vldes

that includes a s ecte vol une em ca
ch@mica)isotdion dimuilytaa frecess/toobinat indluded a selestébvolume of a

BT e e S ST S RIS 18 Bl o
thét| PaBkssPd 8EMRNdBEfor Wwaféd besthal cyRipbnehh@.§), 9RASH etching

system can provide chem cal solution to one or nore
progsissi agleaniag pregasst aitks Alidiaaiivalnghe tdendss systam ean provide

onbBie spfibodoRtls’@ o AORMard, B, pBRprngl T E'storage

tarilobintan®t thise pRivide i srethical sdilitaey oSy oF edreprocess tools.
provided that is configured to increase the flowrate

of chemcal solution to one or nore tanks when the

n r t;
SO ERPe 8 i RO o o
praddéd thatis dbnflginrenltath&:rea@temerﬁxm eatehﬁmheahmal solutlon to one or

mc@sj]%légmg%pv v Eé%ﬁ%@%ét@%%@é rlngmfes EE&%@EE;&@’&E# the solution
fal&%ﬁ’ceild%dof%o @Efeﬂatbr 1°'ar'1:9ﬁ¥‘ HER @&dl?@%@?%&?ﬂﬁdé&ira@)le

system 1 elce 1 and Inc
chpmnmlwlutmés)p’r@netbs tardqﬁs)rwhlleasemlwngs‘m@hemical solution to

c i.ne ith a process t,o0l e formof a cleaning
the %r{r%(g) %&Weééégﬁﬁﬁﬁnmouggrﬁoé‘&ﬁ%@ﬁ S-wafers or ot her
conmponents. Alternatively, and as noted above, tank 2

can be a storage tank that provides a chenmical at the
Ardexsemplary embesiment o sysieant isodepigled i8 dig.cbanddr@udes a

ooSEB 250 AReh B 35 OR e s prceps ol

thé Forhhbfa eeihdrenk 2 fdﬁ%lddrﬁi@bﬁgemmouﬁuommwfembn asther
the bl ender unit 100 and provided to cleani ngﬁt ank

compafientse- élt@wr@éme\yga%aﬁmw akpYe taRkBriamb oﬁi%sag&éank
e £ P A dcRetlon Ao dnd binre

sepricondledort prockes bkbakmder unit via a supply |ine 104,
and de-ionized water (DIW being provided to the
bl ender unit via a supply

An inlet of cleaning tank 2 is connected with a blender unit 100 via a flow line 4.
In this embodiment, the cleaning solution formed in the blender unit 100 and
provided to cleaning tank 2 is an SC-1 cleaning solution, with ammonium
hydroxide (NH4OH) being provided to the blender unit via a supply line 102,
hydrogen peroxide (H202) being provided to the blender unit via a supply line
104, and de-ionized water (DIW) being provided to the blender unit via a supply
line 106. However, it is noted that the blender system can be configured to
provide a mixture of any selected number (i.e., two or more) of chemical
compounds at selected concentrations to any type of tool, where the mixtures
can include chemical compounds such as hydrofluoric acid (HF), ammonium
fluoride (NH4F), hydrochloric acid (HCI), sulfuric acid (H2S0O4), acetic acid
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line 106. However, it is noted that the bl ender system

can be configured to provide a m xture of any sel ected
wWo0ve84304 . €., two or nore) of chem cal conpouPCKiBEIED06/002618

sel ected concentrations to any type of tool, where the

m xtures can include chem cal conpounds such as

chbgebmilj léﬁ‘imén@ﬁi Hy&ﬂd@de CNF'IT@HJJ Botdssnl Jh?ﬁd?(N'?QKOH

ydroch oric acid , sulfuric aci

etldene dianaing(( Emomydrogﬁﬂmer@ﬁdwldf@zm dad itFig@egjd (HNOs).
pot assi um hydroxi de (KOH), ethylene diam ne (EDA),
hydr ogen peroxide (H2Q2), and nitric acid (HNG3) . In

In additiohpany @Uﬁalﬁlélﬂtﬂ@b@rﬁyéﬁ@/@t affiar chefioal sddives (e.g.,
chenical additijves mg} ammoni um per oxysul fat e
22

awgplueaﬁewyéamr@a‘\ n he cenﬁmﬁdwyltbdhatcimn; Iréolutlons to
|
orRRPE B bRGnl Ao s bERELLR apPIBaid ¥Rl ins s optonaly

conwntbtetilwith flowding Jobétweenm thedldniderdmit 100 &nd Gtk amt tbltenk 2 to
iplet to nk 2_to facilitate the addition of such
fa%lE‘éF F*\?e%‘-’scfl Hon HES‘é%aa‘ii'Hﬁe%tﬂ e Seaning SQEE'OinrfOf Hge in the
clé%l gy, bath. Tank 2 is suitably dinensioned and
gured to retain a selected volume of cleaning
soI ution within the tank (e.g., a sufficient volune to

h | '
Tl stibl MR and Cali I edTLE SR voims of
clédritygd §6|@t|6ﬁ Q\mhm eHedRihkYBid., é@@ff’bién‘t Bkune & fRREthe cleaning
nore selected flowrates.” Alternatively, cleaning

baélqunqleﬁnlﬁmpaéet@n@% dedotedbabovr the slaaning aelution cande

o b8 S RIS e By el
floWraﬁé@ plieaaitinglys oledhingnsolitidi dan be praviked aﬂdns thﬁ&lblﬁthr unit
a selected or target concentration range)

to ,tlge tank only a¢ saleckas f@ae\meu'lﬁda.ﬁe Suweatfiniga) Hig PBW%WHK and
w55 o IR Tl FPRTA kY soRRobRutithind P
outsidaof agesadted lomtarget conecenitration rah@e)t ardnla? is further m:gnflgured

wiflo DHERIoW, SO A avg) s e ste o sRIEATR 9 the tank
wé‘b%’rﬂ@}'/\ﬂ}ﬁed@ Wh‘{Yetrﬁalﬁtéjﬁlﬂb'ihé’ %b'e%fe&@l@ﬁﬁﬁg%ll‘j‘ﬂdmvé‘lume within

dral n wher e drain |ine I ficl udes a
the ddnkead elehing $autie montleuwslwﬁed anuéu recir¢ulaiedi todhe tank in

dr ai ni ng, and r val of cleaning solution at a faster
tnf Fer et BRI | ng

The tank is also provided with a drain outlet connected with a drain line 10, where
the drain line 10 includes a valve 12 that is selectively controlled to facilitate
draining and removal of cleaning solution at a faster réte from the tank during
selected periods as described below. Drain valve 12 is preferably an electronic
valve that is automatically controlled by a controller 110 (described in further
detail below). The overflow and drain lines 8 and 10 are connected to a flow line
14 including a pump 15 disposed therein to facilitate delivery of the cleaning
solution removed from tank 2 to a recirculation line 26 and/or a collection site or

further processing site as described below.
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sel ected periods as described below Drain valve 12 is
preferably an electronic valve that is automatically
weonrodddbed by a controller 110 (described in PCF/1B2006/002618
detail below). The overflow and drain |lines 8 and 10
are connected to a flow line 14 including a punp 15
A %ﬁdé?ﬁ effiohteémitdt Urt 1R cﬂééé’ée% ifl&low e 12%atNBcation
cl eaning sol ution renove romtank 2 to a
domansineam tromopurhpri®. ZEhaaooiieantrationlrhenitaramits1@ inaturdes at least

further rfoces ing site as describ?.d bel ow. A \
ongRRNSH FRETGHTSHIA TeAsUTn e SaNGantAIOp ST e of PPmFhemisal
colfbaitind® ih ¥ EleBRindesMISHdRRNY f HO, RiMdIPorieH, O as the cleaning

concentration nonitor uni 6 i'ncludes at |east one

solitinadloventireugh e 4. fbgssansor heserswredf cantemiratioromenitor

unfel oA p BT SRS B by R18 etk e Pohtotg
médsumsmientoldnd onmotd chéimica eospounts D lirsteresst @f the cleaning

concentration nonitor unit 16 can be of any suitable
sojufigas krefarakly; theasencerdiarian sepsprsaadinitea system are electrode-

i ' C , :
e TR B AL REPAGI AR TR IERERERFY Ffliding, without
lint@atior nACatbraidalsmilsensorssuch as theetypgs tcoemmersially available

undRG e (ot e SPurE oL Bl SR o lic. (ERIA PR datectors
sukR ra_%: tgg:tyﬁéy; éorﬁﬁi@a‘?éeiéﬁ’y SY&iRAS uhBsr ﬂ%ﬁﬁ?dépﬁﬁi‘é@é fbhY

aval e under the nodel 3700 series from G.I
Swagelek Sompeaily, (Qhie), apdaosuatio pignRiurd seasors suciuas thestypes

ool OB Bt A AR L o RES

signature sensors such as the types commercially
avai | abl e from Mesa Laboratories, Inc. (Colorado). A
A flowlinpidZecamesthae ouletefl eanceatratien swmndtenunitlitowith an inlet of

a @Eé;é-&%& \}ﬂi\'/é 246 TWéttnre%Dvg.?g:cvgivgg% )p?eilepéetﬁg ?We(\,(t?é)t){ig vaflze that

ee-way valve '1s an ronrc valve

is hbmaticaliyicontbliehby yonwollerol10sid thy neamiaraldseribéd Gelow based
t he manner .descri bed bel ow based upqn concentrati.on .
UPRBLONCEREATRN FIEASHERIBCRY RIRY eﬁ@y ik i AdecHeyiation fing 26
co%ﬁe&%%ﬂ?érﬁ omléﬂoﬁfbl@é‘?h%d.chté!ﬁdé’ﬁ) gﬁirﬁ?@oﬁéhﬁ@% fh&litate
an itnlet of tank 2 to facilitate recirculation of
recindulaticonof sadutidrhzovtbefdvevilow fiee 8 Hekidottbe ek darikg normal

during nqr sl tem operation (as.described, bel ow).
svaifin Adpfitiondas reenkad PRlomadugtaty i Ppertnos fpFeanather
ouliIiQtn éﬁ?sélg% g?g? f%clﬁl‘ilfgt@llen%va? & 4biu@Bn ffPN A (Aalive® and/or line
14) when one or more component concentrations within the solution are outside

of the target ranges.

Recirculation flow line 26 can include any suitable number and types of
temperature, pressure and/or flow rate sensors and also one or more suitable
heat exchangers to facilitate heating, temperature and flow rate control of the
solution as it recirculates back to the tank 2. The recirculation line is useful for
controlling the solution bath temperature within the tank during system operation.
In addition, any suitable number of filters and/or pumps (e.g., in addition to pump
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14) when one or nore conponent concentrations wthin

the solution are outside of the target ranges.
woe@7osbati on flow line 26 can include any suPCHIB2006/002618

nunber and types of tenperature, pressure and/or flow

rate sensors and al so one or nore suitable heat

159>eghamwo?wdéa él@ﬁ% Fbwatre Jees fé&ﬂltatEQ%ﬁhgtﬁ‘ﬁgﬁle gatfa'detrol of

rate control of the solution as it recir

the goluientheing ecirchiatedbaelctn @kéh |ine is useful for
controlling the solution bath tenperature within the
tank during systemoperation. In addition, any

Theuroabss conrmememerfsiykstam g 0andliaes pusargrdier 910 that
ddition to punp can be provided along flow |ine 26

aufnatically; o,mr@ls fs@mepn%tsmm Plandeatait @sivelbas graipyalve 12
bas8l lﬂ@oﬂrboth%bﬂﬂﬁﬁgr? ?érﬁgnﬁfndﬂiﬁlhgdt%r%enmﬂon monitor unit

process contro er Syst e I'NC
16¢ ok desd:rdrecllnélowtmte carttailet coaﬂrcbls the fibnwolate obolpanigt solution

frof leTEis Bl 100 41 el iadh Oe il o g g Solufion from tank 2
deﬁ@ﬁéi‘h@tdpﬂd e dmﬁbhﬁétlé‘rpbf oré or ﬁ’ﬁ)rg%ﬁﬁﬂ&ﬁﬁs%lt ér“’cletaiﬁﬁmg

controll'er controls the flow rate of cl'eaning sol ution
sofutiom extitingtankuhas rrmsueecﬂbyj canmntgatmn montokr @ikl 6.0f

cl eaning solution fromtank 2 dependi ng upon the

concentration of one or nore conpounds in the cleaning

Covloller M0 &Xirt édtEmiuAfatidn s IRACAEE hyR¥asHRAARREAS inGtlg. 1)
nonitor unit 16. Controller 110 is | n conmuni cati on

withdrajmyrlver@d cenceniksiion moww it 16y aricgvaleg 2di as willas

ol b SRS TR W oAl

wnmfesssmmatnin&mlloadmmto éécmvete oontesl ofittie brsgler unlt and drain valve
ni cati on &Fktofamlltate control of the

bageq NAGR MPRSUTEH AR KGeINAH Famihs cangpbiamMandar uaita The
coﬁﬁ&ﬁér"(ﬁ% |Ebﬂl%té‘ﬁﬁc%§§&qhéﬁfs C&Bg rtn%g[e fbglhliplel%%ﬁt any one or

controller can 1 e a proce
mare ayiitabiesiypes b progelse wentrohisucoas proponioaakintégial-derivative
s control

(PIY3EEaBr R e TTal: A areraeleny ooy ghays puabjedpr use in the
préc¥ids @ntrof BlePBRBY REM IQ%'WPLQ'élﬁ’fatltc@f 308 s%ténﬁ‘*éé@éﬁé’rrcially

use in the process contr ol | ender syst emils a

avgiahie fr@ﬂS&@U@%@@t@fﬁb@M@ecrgaa) y available from
Si enens Corporation (Ceorgia). As noted above, the
bl ender unit 100 receives independently fed streans of

As noted above, the blender unit 100 receives independently fed streams of
ammonium hydroxide, hydrogen peroxide and de-ionized water (DIW), which are
mixed with each other at suitable concentrations and flow rates so as to obtain an
SC-1 cleaning solution having a desired concentration of these compounds. The
controller 110 controls the flow of each of these compounds within blender unit
100 to achieve the desired final concentration and further controls the flow rate of

SC-1 cleaning solution to form the cleaning bath in tank 2.

An exemplary embodiment of the blender unit is depicted in Fig. 2. In particular,
each of the supply lines 102, 104 and 106 for supplying NH4OH, H,0, and DIW
to blender unit 100 includes a check valve 111, 113, 115 and an electronic valve
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amoni um hydr oxi de, hydrogen peroxi de and de-i oni zed

water (DIW, which are m xed with each other at
w@iovabi3ed concentrations and flow rates so as POI/TBX@I/002618

an SC-1 cleaning solution having a desired

concentration of these conpounds. The controller 110

o ¢ i
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OH, H2 and

_lines 102, 104 "and 106 for supplying NHAC
linps WORaNsl ¢0d eespastively@onnagtisuidsaa egecémnwmre%mamvalve 118,

11 . el. -.oni . 4 6. dis d
1208t & S BRIcER W Ee L T e BRI ERE
wifelesehsi) sxidoigldispdsee dswndire2@n o e firaeMictrbnic valve 112,

controller 110 (e.g., via electronic wiring or
Mdireless I nk) to facilitate automatic control of the
el ectronic valves by the controller during system
operation. Each of the NH4AOH and H2Q2 supply lines 102
ThenB W Gtippaslirec 1 06 élgudesna prdssuve tdguaatoe 1 22tdisposed downstream
t hr ee-way val ve 8, 120 that is in c ni_cation wth
QB SIRCHIOTIG VaTY® (10113 coBiet g presrerart Gaw 2 B inda Svstem
100, Bk ABG OeSiuAhBPBESALSYNBIARAMY b BBWNSEBAM from
electronic valve 112, 114. The DIWsupply 1 ne 10
regulatardieX?. aA firgdranehacciing 424 exterding posmdirdivan$06 émbudes a
fromelectronic valve 116 t ontrol .the pressure and
ok S VBN T 6158 ¥e pletgaRediang e inahe fiiefe o Stionally
cohtr3NEd 8§ doRtrelliéMt £8 dridoie 1 e furthemedhhea@ifiPBirst static mixer
regulator 122. A first branched line 124 extendin

13 vsaeend brancheddineniduedends frogwmadnting 10640 @@ ines of the

thf2RER SENE ERENEDR S5BRORESHE TN Al ihe, 102. 1p pdditon,
a thirdtdranciesdhives t 28 Wixtdnds frorn shaiatliael 16Moxe inldof the three-way
second branched line 126 extends fromnmain lLine 106 to

valte 140 whiciy aleo eonactagpithailaids flows a4 sThuss ghe three-way
vef RRTEFBEEh U1 b NHAOH 2 10 Mwites ol tho 2Bgin of DIW to

eagh of these fidws e stlectvelwayjush theecdiifenifation of anamnmsnium
with H2O2 f us, the three-

Iy 04.
nYGEPIES A M BRIFTOPoToEeN PSSR g dteTa R FieHbgbeTalio and
priof b hMikiA Svitl&adfdiner e stRlidrigers of the blender unit.

An NH4OH flow line 130 is connected between an outlet of the three-way valve
118 for the ammonium hydroxide supply line and the first branch line 124 of the
de-ionized water supply line at a location between valve 125 and static mixer
134. Optionally, flow line 130 can include a flow control valve 132 that can be
automatically controlled by controller 110 to enhance flow control of ammonium
hydroxide fed to the first static mixer. The ammonium hydroxide and de-ionized
water fed to the first static mixer 134 are combined in the mixer to obtain a mixed
and generally uniform solution. A flow line 135 connects with an outlet of the first

static mixture and extends to and connects with a second static mixer 142.
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each of these flows to selectively adjust the

concentration of ammoni um hydroxi de and hydr ogen
w@eooons4ded i n distilled water during system opePElL/iBM06/002618

and prior to mxing with each other in the static

m xers of the blender unit. An NHACH flow line 130 is
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(e.g., one or nore
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el ectrode-less sensors or R detectors of any of the

d abo hat t
A EEREBRBATE L oiimis bt o ded reerio yplye 199 that s
confBeRt wis tf@“H§@£‘§Q;§pl§'$ﬁe' S’FId)\K) Ilﬁ@"l'f%' é)&éﬁd@ﬂom free-way valve
controller 110 so as ﬁ;OVI de the neasured

2@otﬁ><fémne§t wish flew lienb3h ahe igesationittiat IISrbettWQGS soncentration

SO 45 OBk S mRE 15, PRl Wi g o

a ﬁrowrcontrdlalalve 140 shatadan be autonatically c@ﬁtrbﬂ@d Yytcontrbker 110 to
con?lpst atic mXxer 142 by selective and automatic

ACS dlow GsHrab of BM‘}VOQﬁntF}?éOVQP\f%@ te theppreand fﬁilailﬁ mixer. The
Seh%a“o‘}“#*ow PR #2 RS e DIV NI SBffilgh Beived from the

firstratetic miyervi@dweittl 2te Hh@b sokitionriloednge from the @, fé&ine to

|y | Fl I 13 t ds f t hree-wa
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static mxer 142. Optionally, i ne
mixad Iclegning Stblutwmfmm the segond sl:ati)c tT‘rmture:and b:ennects with an inlet

contr by controller 110 to enhance
Of%ﬁ %@‘#ﬁ?hﬁ% gg%eroxi de fed to the second
static m xer. The second static mxer 142 m xes the

DIwWdiluted NH OH solution received fromthe _
Disposed along flow line 144, at a location upstream from valve 148, is at least

one suitable concentration sensor 146 (e.g., one or more electrode-less sensors
or Rl detectors of any of the types described above) that determines the
concentration at least one of hydrogen peroxide and ammonium hydroxide in the
cleaning solution. Concentration sensor(s) 146 is also in communication with
controller 110 to provide measured concentration information to the controller,
which in turn facilitates control of the concentration of ammonium hydroxide
and/or hydrogen peroxide in the cleaning solution by selective and automatic
manipulation of any of the valves in one or more of the NH4,OH, H,O, and DIW
feed lines by the controller. Optionally, a pressure regulator 147 can be disposed
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first static mxer 134 wwth the H2OQ2 sol ution fl ow ng
fromthe H2ZO2 feed line to forma m xed and general ly
W@ Riof7084306C- 1 cl eani ng sol uti on of ammoni um hyPCDKB20&5/002618
hydr ogen peroxi de and de-ionized water. A flow |line
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[
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in conbination with controller 110 facilitate precise
SOUYREr ol of the

Based upon concentration measurements provided by concentration monitor unit
16 to controller 110, the controller is preferably programmed to implement a
change in flow rate of cleaning solution to the tank and to open drain valve 12 so
as to facilitate a rapid displacement of SC-1 cleaning solution in the bath while
supplying fresh SC-1 cleaning solution to the tank, thus bringing the cleaning
solution bath within compliant or target concentration ranges as quickly as
possible. Once cleaning solution has been sufficiently displaced from the tank
such that the hydrogen peroxide and/or ammonium hydroxide concentrations fall
within acceptable ranges (as measured by concentration monitor unit 16), the

controller is programmed to close drain valve 12 and to control the blender unit
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flow rate of cleaning solution to the tank and al so

the concentrations of hydrogen peroxi de and anmoni um
w@eooons4ded i n the cl eaning sol ution at varyi ng PCDB2006/002618

rates of the cleaning solution during system

operation. Further, the concentration nonitor unit 16
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preianablyrab@m 5.556 by Wéightc oTtié elebfilng t%nerolgr ArddPto. maintain
e drain valve 12 and to control | ender unitso

abé?é't ?8 litera ¢ €leagting: selytign bath witbin that‘rénlwat ademperature in the
raﬁﬁé Qb&‘i’t éfp §b5 fsog@ound concentrations within
‘the

eani ng s Iron being delivered to the tank 2.

An exen‘pl ary enbodl ment of a nmethod of operatl ng the
1 and 2

t d [ bove and depicted in Figs.
3526 e s Tk R R albsanbelty o
I
coRlBS D0 EONISIL I ERF AR 101 L oY sBEREhTo ik 2 vi
ﬂOWHth?‘]/ailt g first fidve ratarffong abgut 0 Mfﬂ)wlltersaaer nmlﬂeI(UPM)nwhsre the

d,f the ta - 1
ol e Pt PuRE iRt b B @?ﬁma&w?a@eﬁﬁ”e%w digres
dulhﬁg?F?@gﬁiﬁl@am?ﬁgﬁ%%gﬂ%(bpé)’/ vvel g t pre ?er Q)bl y
examplary fir Sio,ﬂqw rateiigyaboutdh 004 LEdM¢@about O ah I.CHM hpfergétly about

0-2LERL AfriPulol M85k iR Pohethsck YT oy o1 abou
29:30% Dy vauneNHEOREIb Ih@blender unit, while hydrogen peroxide supply
line 104 provides a feed supply of about 30% by volume H,0 to the blender unit.
At a flow rate of about 0.2 LPM, the flow rates of the supply lines of the blender
unit can be set as follows to ensure a cleaning solution is provided having the
desired concentrations of ammonium hydroxide and hydrogen peroxide: about
0.163 LPM of DIW, about 0.006 LPM of NH4OH, and about 0.031 LPM of H,0s.

Additives (e.g., APS) can optionally be added to the cleaning solution via supply
line 6. In this stage of operation, a continuous flow of fresh SC-1 cleaning
solution can be provided from the blender unit 100 to tank 2 at the first flow rate,

while cleaning solution from the cleaning bath is also exiting tank 2 via overflow
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about 30 liters of cleaning solution bath within the
tank at a tenperature in the range from about 25 0C to
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with cleaning solution to capacity, the controller 110
control s blender unit 100 to provide cleaning sol ution
a b fil r f '
nﬁegs‘a"[’ﬁgnéraf{lg%pét g}rﬁ‘ﬁg fg,@? raﬁt]egu?. 2 azahm)z LW Fhes H8Tolume of
thel cleatting calutipndatidés aaintained retativelyusorstantaue to the same or

oSharBly Biian i A e oL ERaRNgr o dios B HE ORI Hb.The
ORI ghlutsh ThRAIRHR netaindnAiot B¥khaton

pref era Iy ni-um
rrimyndobumlﬁ @6 swhpte/concantration pnesdudeseats efeohe apploye ebmpounds

b % h | end
(&l Pk st dPo WTBin 6. 2ip9ing 3BT BB sl Giotinge
ccﬁrﬂﬁﬂ:o&ﬁ%r&‘at@‘ele’tﬁ@@lhn@%&mwOémutﬁ%néém?é’t%nhhéﬁé@rfements

unit. Af a flowrate of about 0.2 LPM the flow rates
aigt pronislediipoptiollee§1f  t he bl ender unit can be set as
follows to ensure a cleaning solution is provided

havi ng the desired concentrations of ammoni um
Cleemiraxselatiom dahmbtnogalty b@m&hld@d bybadjmsﬂngﬁalvbm Qlflch that
DIW about 0.006 LPM about 031
claaepg sedion f\l;ygmggrcgn tafﬂ@%ﬂowﬂhmﬂgf’dﬁﬁlrﬂ}'%@n HB@@@ artsi back

|nic?ﬁ1e°’3aﬁﬂ%it'égse°18ét% flol r‘éité‘géppl%lb‘bu¥ pres .S@_%&éfo ratibns,

ation, a continuous Tl'ow o ani ng
bleodat uwih 16@cabdepcantialied suchrthatheo bleenmg salaiion Odelivered
t t . the first fl I
frpf e Uit 4o Halogs Bt EhaditORR ot Sngi oy More”
c&YnSbuer%’\M tﬁ@ di’eéﬁm@ %Bﬁftl@h'a)r‘e bﬂf’sléé‘GPsélb@’e%d r§et(ranges.

about . . US the volune of the cleanin
Attejnnaﬂv@m, @iaahmgseqi@tiqn eambe previded by|the biandeanniidia sedected

a8 2L A5 S A eani

s&lation tmﬁu?lh aKe 26nt|A tﬁlééult@rﬂlat% dferatiy ERfbddefent, three-way
concentration nonitor unit 16, where concentration

vatagdraanddr adigstashie. e auiﬂr@atmﬂﬁ@umtrp@em 10Hedgcilitate
é(;{/ea?m %ﬂﬁ&%ﬂlﬁmﬁ'lrﬁgﬂng baap ec?{ r?n@ rgfe as cleaning

I NUOuUsS or at se e va
s@lutﬂors bﬁpgmovﬂedgatth@tam!aﬁmeeuender anie whnta/a:ldamngcsolutlon still
controller 110 eani n tion an o tion
flows ¢y PHQ%&G%SP%J%@M% iu , Va Ve 54 can be

closed to prevent any recnrculatlon of fluid through Ilne 26 while cleaning solution
is continuously provided to tank 2 by blender unit 100 (e.g., at about 0.20 LPM).
In this application, solution exits the tank via line 8 at about the same or similar

flow rate as the flow rate of fluid into the tank from the blender unit.

For applications in which cleaning solution is continuously provided to the tank,
controller 110 maintains the flow rate of cleaning solution from blender unit 100 to
tank 2 at the first flow rate, and the concentrations of hydrogen peroxide and
ammonium hydroxide within the selected concentration ranges, so long as the
measured concentrations provided by the concentration monitor unit 16 are within
acceptable ranges. For applications in which cleaning solution is not
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cleaning solution flowng fromtank 2 flows through
recirculation line 26 and back into the tank at a

w@edoeossl fl ow rate (e.g., about 20 LPM. | n SPECIB2006/002618

operations, blender unit 100 can be controlled such

that no cleaning solution is delivered fromthe
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solution through line 26. In this alternative

operating enbodi nent, three-way val ve 24 can be
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as the flowrate of fluid into the tank fromt
ofitleaniog S@iutlon fram tlag planster iuoiido tanki(ehile mmangng the

ogfirtingiPas 3¢ SERDAT UM Bl 010 fRbioin tyg setected

raheledl tood sk hbwngry, unit 100 to tank 2 at the first
fllow rate, and the concentrations of hydrogen peroxide

and anmoni um hydroxi de within the sel ected

THOYEEN ﬂé\lv(?gtercaii‘gﬁé in, %93’98?%0%6158& @8* YERA to about 20 LPM.

concentrations provi concentration noni
FomncdntibGioas feleaniirtg solanme phehdtinsaag exenfplryasgeiond ziblwom<a is
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concentration nonitor unit 16,”. devi ates outsid
oftlﬁkw about 0.070 LPM of NH4+OH, and about 0.387 LPM of Ho0o.

Alternatively, cleaning solution that is being recirculated to the tank at a selected
flow rate (e.g., about 20 LPM) is removed from the system by adjusting three-way
valve 24 so that cleaning fluid is diverted into line 28 and no longer flows into line
26, and the blender unit adjusts the second flow rate to a selected level (e.g., 20
LPM) so as to compensate for the removal of fluid at the same or similar flow
rate. Thus, the volume of cleaning solution bath within tank 2 can be maintained
relatively constant during the increase in flow rate of cleaning solution to and from

the tank. In addition, the process temperature and circulation flow parameters
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acceptabl e range (e.g., the nmeasured concentration of

NH OH deviates fromthe range of about 1%relative to
W@2G0a08304 concentration, and/or the measured PCT/IB2006/002618

concentration of H2Q2 deviates fromthe range of about

1%relative to a target concentration), the controller
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for the renoval of fluid at the sanme or simlar fl ow

L .th I f ' | ut,i on. bat ,
TH fhe BPithiorbBE pfSosbaciinol bi2er Sy S desHibidiahaye i
capablengr éffectivaly sabgrdcisely evntrdfiny He cdrictntradion ¥ 4t 13t two
to and fromthe tank. In addition, the process

comaRRIKIast ineeclganing; sotutiont deliveredhio a sharical soltionitank ke.g., a

tobfs SARUGR KA UhitnBh, SH0IcPloh oF ocHsR asplreiipifarn
decontpositicer amiionbihien sealtiongdhat by trhediy bershegnisal s8liioh

to tank 2 at the second flow rate until concentration
CORGRNTaYon, iR hedgnk, i’b?&é@t%ﬂfc@anaba\@ pbRontinuously providing fresh

chemical solution to the tank at a first flow rate, and rapidly displacing chemical
solution from the tank with fresh chemical solution at a second flow rate that is
faster than the first flow rate when the chemical solution within the tank is
determined to have undesirable or unacceptable concentrations of one or more

compounds.

The point-of-use process control blender systems are not limited to the
exemplary embodiments described above and depicted in Figs. 1 and 2. Rather,
such systems can be used to provide chemical solutions with mixtures of any two
or more compounds such as the types described above to any semiconductor

processing tank or other selected tool, while maintaining the concentrations of
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nmeasurenents to the controller that are within the
accept abl e ranges. Wien the concentrati on neasurenents

whyoocossent rati on nonitor unit 16 are wthin tP€r/1B2006/002618

accept abl e ranges, the cleaning solution bath is again

conpliant wth the desired cl eani ng conpound
oD Ao TS MR iR HCEP L Britesiiging
clemsingiappicatiavs.rate (or with no cl eaning sol ution

being provided to the tank fromthe bl ender unit), and

the controller further manipulates drain valve 12 to a
IrcA@Sifsh, RS Igrb Qs sSeoratfol berides sl bten earﬁ b@Wn%ferﬁéﬁ@H'fBﬂuse with

solution fromthe tank only via overf ' ne 8.
a@)pgeleétﬁd Ryebenolwnlotion tanksaritanks amd/ng semmncmctm'empcess

2 PR e CRD B TR anekToad aBbFR enie

maméml@atéd to$upplyekemical Bolitioh fﬁﬁlxﬂ@e@thﬁfpréélgeﬂfo@l@@ﬁﬁratlons of
control bl ender system descri bed above i's capabl e

of
g pemorg epnPoyRds directie o/ waak mere precassdools. Alternatively, the
ty] furfit
CG AP AN o4 P Inb BBV S y Ey EBRTA oluons
toeonenol mowre hokimgidr storagakgnkduwhege anctaspragatarnks smpply
[ otential deconposition and/ or ot

rocess d)[es |{e
oemical spldfig § OFBIAre Pro¢essdpals: cHie eracefss&ﬁntrol blender
f@éﬁ%bﬂ@bb%eélgebgﬁgg% e&ﬁgéﬁ(ﬁétﬁ:{ﬁs‘&&ﬁﬁﬁ&i [1the

conti nuousl rovi sh chem cal sol uti on
chemicabsolations by miamtmrlngttbe cancemtegticot gff stilitiirgs) wghln the tank

C cal solutlonfr e tank.with fresh chem
ok B P ad B FePtPh Mol i O iofdans “PRahe selution
cdridesitratibRavidlpé EisiiRest thitt fggascal sol ution within the
tank is determ ned to have undesirabl e or unacceptable
concentrations of one or nore corrpounds. The

TW@HB%lggfa{Htﬁsf%rﬁf gl)i%tfpg] éfot% @g%%‘% ﬁgﬁ tol ﬂ%ﬁﬁ?&gﬁe&ﬁqﬁlitat%
plao@nénpoﬁﬂhecwsterﬁlugSubétaﬁﬁ@lly%lo%bl”@(mﬂ? 6 thes Mﬁé efPnore
can gf%ojsed to r0VI de chem cal solutions with

uen Eﬁﬂkst%i SrPREPES Ksipvhitisarederbearravisied with

tank or er se e mal ntarnt n
S)@mmemnrtm sitretedfic onpeanitie fmbtld:mtmrt dﬁab)odsremamkoom or,

al O| ut| nlsila Hs“u -fac?ggm%%lt%rch?rrﬁ%?e w l(Jalr'eI ﬂ1ge gcl)lﬁt?cr)]n ta%k and/or
tool |s Iocated in the clean room. For example, the process control blender
system, including the blender unit and controller, can be situated within about 30
meters, preferably within about 15 meters, and more preferably within about 3
meters or less, of the solution tank or process tool. Further, the process control
blender system can be integrated with one or more tools so as to form a single
unit including the process blender system and tool(s).

Having described novel point-of-use process control blender systems and
corresponding methods for delivering and maintaining chemical solutions at
desired concentration levels for processes, it is believed that other modifications,
variations and changes will be suggested to those skilled in the art in view of the



In addition, the process control blender system can be
i npl emented for use with any sel ected nunber of
wa@elansem t anks or tanks and/ or sem conduct or PCDDE865/002618
tools. For exanple, a controller and bl ender unit as
descri bed above can be inplemented to supply chenica
te%%h%;b%t RoriHl HERsn Witig tm{r@ﬁiré%o BRNrRIRT<BbY Mt A sdetP
or re conpounds direc two or nore process
variatlons, modifiaations ang, chalmges ang belidverd tarfdll btidaimd e scope as
| emen to supply such chem cal sol utions
d?@q%ﬁ@/ﬁ{? Ciﬁﬂd%,?%s ofps%/or age tanks, where such
storage tanks supply chem cal solutions to one or nore
process tools. The process control bl ender system
provi des precise control of the concentrations of
conpounds in the chemcal solutions by nonitoring the
concentration of solution(s) within the tank or tanks,
and replacing or replenishing solutions to such tanks
when the solution concentrations fall outside of
target ranges. The design and configuration of the
process control blender systemfacilitates placenent
of the systemin substantially close proximty to the
one or nore chem cal solution tanks and/or process
tools which are to be provided with chem cal sol ution
fromthe system In particular, the process contro
bl ender system can be situated in or near the
fabrication (fab) or clean roomor, alternatively, in
the sub-fab room but proxinate mhere the solution tank
and/or tool is located in the clean room For exanpl e,
the process control blender system including the
bl ender unit and controller, can be situated within
about 30 neters, preferably within about 15 neters,
and nore preferably within about 3 neters or |ess, of
the solution tank or process tool. Further, the
process control bl ender system can be integrated with
one or nore tools so as to forma single unit
i ncludi ng the process bl ender system and tool (s).
Havi ng descri bed novel point-of-use process contro
bl ender systens and correspondi ng net hods for
delivering and nmai ntai ning chem cal solutions at
desired concentration |l evels for processes, it is
bel i eved that other nodifications,
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vari ations, nodifications anggchanges are believed to
fall wthin the scope as defined by the appended
an | nme.Clains: 1. A blender systemfor maintaining a
efir cal sol ution bath at desired concentrati ons, the
systtm cofplérdergystenh f@mdaintaining aoném@at edlution bath at
recei ve and hlend at |east twa chem cal conpounds and

defied\cancenygfions.dhe Syssn SPMBTSING xt ure of conpounds
at sghptidRf u ﬂ%‘ﬁ [u%td' Becéife %tndI Kiésd ané%s! s chBalical

retains a seﬁecte vol une % a chem cal sol ution bath;
camploundsoand deliesr a solfitigucetprisingea nixiure af corsasundsat selected

cdimentrelpneli of Radt e FEniRaf BRARS L SUBRRALHgRe ot o dfemica
sagmrrgém ghdl east one of: operation of the bl ender

unit to maintain the concentration of the at | east. one
conpdgaatraileranfigurrd ecmaintaio et deast AnedrPmreiyd wWithimi 3

SR THEL o8 R 1 shEREARE P el SURBAT i onver

coftrsle at lcaist one @f: t he at | east one conpound within the
chem cal solution bath falls outside of a tar

range. 2. OW@ 'QS)élférr‘ﬁl? Blendehbnit 10 Mgtz Wetwogpéﬁ%'? of the at
Ieﬁgf éné: 88 ﬁlHéAr/]anng% é]ené‘étéd %BHHérﬂtf’é"t a‘r@‘iahﬁ%vh\fmﬁ t8IEbREon

ssemopra system o erein
de¢livered td thel faek; asd conf | gured to increase the fI ow rate

of the solution fragmth erU|tto a

Co faci i aghangs in ﬂ@Y"e@Eeeo Solgtin i, pRd U ﬁ {jaglk Wen 2
cér?lliéhttr‘a%n Qﬁtﬂ*ﬂe Bf R8st BRe Q:Bﬁ'}bohﬁd RAAtH m@cﬁé}ﬂlc@ﬂs@m‘tléﬁ bath falls
vol ume of solution bath within the tank when the

outsiteeoita targetramiget he at | east one conpound within the

chem cal solution bath falls outside of the target
range. 4. The system of claim 3, wherein the

contpol | eThi syskmh bgbkae 1t Wherein the blender unit continuously
delivers solution to the tank during system operation.

3. The system of claim 1, wherein the controller is configured to
increase the flow rate of the solution from the blender unit to the fank and to
facilitate an increase in flow rate of chemical solution bath from the tank to
maintain the selected volume of solution bath within the tank when the
concentration of the at least one compound within the chemical solution bath falls

outside of the target range.

4, The system of claim 3, wherein the controller is configured to
control manipulation of a drain valve connected to the tank to increase the flow
rate of chemical solution bath from the tank and maintain the selected volume of
the chemical solution bath within the tank during an increase of the flow rate of
the solution from the blender unit to the tank.
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control manipulation of a drain valve connected to the
tank to increase the flow rate of chem cal sol ution
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the chemi cal solution bath wi,thin the tank during an
i ncrease of the flowrate of the solution fromthe

bl ender ugi . [ . .
further cg%r‘e’& Fehg%ga%gﬁggﬁf@%eﬂ%%ﬁé@%% qgrpﬁbmratlon sensorin
comrmuMicatiin with thd bohthelleronhe@in e covngiatiohl¥@nsor measures a

concentration sensor neasures a concentration of the
careqritationf{dhe ghieash ane commoupRQtitia chepical sghitior: bath &o
pRIVRYE 9 iddicAttH ?ba&b%nﬁr%llléf‘\i\?héﬁ e ebh@énﬂ’%@rﬁ. e at |east one

concentratiron of the at [east one conpound within the
comeoundlwithin the cmernimahsdlatiors batht feild ®@utdide o€ theatagget range.

range. 6. The system of claim3, wherein the

controller is configured to provide solution fromthe

bl enger umrhk dy8tdrh ®f ERIK 3, WHereintHe IdoRtrliel i8VNfighRd to

compound within the sel ected concentration range in
pravidessolution from the blender anibte thettaniwfirciuding the at least one

cERBRERY i the sl ancBfifen R kB RIHE ool 4 i now
rdtB evitsmthieatdrilentratiow of tHpstadastony eurgeusd® withirpthe cemical
the bl ender unit to the tank includi n%ﬂt he at | east

seiHEoR Hagbisnuithintthe fargptransees and dhe spatalierds cenfiguregdo provide

o ) ' ) . :
BRI REF IS bRy B BRI od B fe Sy
within thadelerted conpentnation tange i itee solaitios alt assgoohddlow rate that
.bath is outsi%e ?f the target range. 7, The sysﬁen1of
isgreptardhan the Hst lewrste Wﬁﬁgzth% CPP?@T‘@WV“@&E east one
cBn'?@buH&'v&iffﬁﬁ ﬁw@&lﬁ’e}rﬁ%%ﬂs&ﬁﬁ&%( ngh i%ﬁdt&@e@f%@%r Ehtdnge.

and a second supply source that delivers annnn?um

hydroxi de to the bl ender unit; wherein the controller

is cgnfigyred tp control li,very of .hydrogen peroxide
and Zmrpn#b?nswgﬁ%ﬁ 8%" tﬁdfwfé%ft ARG nt?ati gns and
at  varystgigphPuolirabeRat delivBss RY@BEen pehbiidé ¢ thd BI%hgter unit;

t he bl ender unit provides the solution to the tan
apthe first and second flow rates while maintaining

SR b s B3 BRI FObHS0e8 R ioncer
unit;
wherein the controller is configured to control delivery of hydrogen
peroxide and ammonium hydroxide at selected concentrations and at varying
flow rates to the blender unit such that the blender unit provides the solution to
the tank at the first and second flow rates while maintaining hydrogen peroxide
within a first concentration range and ammonium hydroxfde within a second

concentration range within the solution delivered to the tank.

8. The system of claim 7, wherein the first flow rate is no greater than
about 10 liters per minute, and the second flow rate is no greater than about 20

liters per minute.
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concentration range within the solution delivered to
the tank. 8. The systemof claim7, wherein the first
WO b@wos4d£ i s no greater than about 10 |iters PEr/1B2006/002618
m nute, and the second flow rgte is no greater than
about 20 liters per mnute.9. The systemof claim?7,

wh . | b . _ _
ol ender uniie SRl gt Sl ek Lohfofiens/@nfiglfed to
coainél tha dleiderurd arsbihet fiowrdias lof solutioh he thetdnksarahchemical

t hat hydrogen peroxi de is intained wthin a ran of .
89@399 byfgaﬁgﬂhﬂ% taBk skigh At NYgHeasN PR wmﬁa_nﬁamgiwﬂhm a
r&RIbCA o Aloy o %r@ﬁ%%&%g?@ﬁéﬁdﬂmﬁﬁﬂhb%eﬁcﬁ solution bath

mal ntained W thin a range about 1% of a secon
andregemoniving paraxide srmaintzined withic Aeangealof about 1%rof a second

bath. 10 . .The system of cl ai wherein the first
EpheartesiEiRe M R ey RrLRaH L EEE e 1 « ne
chem cal solution bath is about 5.5% by wei ght of the
chem cal solution bath and the second target

concdft r at Thmsysteamefgiaion® hyberwin the finst targeternnandiation of

i . . 19 AR . 0 i

Sl brIaHH i 1y DM OO el SRS ot of ne
chemjgal solgion datihiand thelsptond Bitgskcdrivantradbn o Bgnraonium
third c_orrRound to the chem cal sol utoi on bath, wherein
hy@roxide indne sRsBNIFR| SPEtianRaiads aboyichétbyoweight of te chemical
ng%ﬁg)%ﬂ? per oxi de and the ammoni um hydroxi de. 12. The
systemof claim 1, wherein the blender unit is

configured to provide a m xture of conpounds at

| d ti t | [t f tanks. 13. A
se et spncoalisty one Ps BLUBLL I o
sem gaRiy %hﬂblyté&:rcé fiat eiirs & fakconbsUiRl b thB&hemical

sem conduct or "tool iIs configured to process a

selditip bathy ovhereirotinedhisd compedind dgcompmsesyaitieast one of the
C ri.sing.. I er_unit nfigured to receive and
hgﬁ?@gnj{er?g@ggtawgmﬁoggn%gg tds and deliver a
sol ution conprising a mxture of conpounds at sel ected

concentrations to the tank, wherein the tank retains a
sel eded VHeEGYStasp ofclaim 1, wherein the blender unit is configured to

provide a mixture of compounds at selected concentrations to a plurality of tanks.

13. A semiconductor processing system comprising:

a semiconductor tool including a tank, wherein the semiconductor tool is
configured to process a semiconductor component; and

a blender system comprising:

a blender unit configured to receive and blend at least two chemical
compounds and deliver a solution comprising a mixture of compounds at selected
concentrations to the tank, wherein the tank retains a selected volume of a
chemical solution bath; and

a controller configured to maintain at least one compound within a
selected concentration range in the chemical solution bath, wherein the controller

controls at least one of:
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chem cal solution bath; and a controller configured to

mai ntain at | east one conpound wthin a sel ected
w@oneossnat i on range in the chem cal sol uti on PEX/IB2006/002618

wherein the controller contrg|s at |east one

of : operation of the blender unit to maintain the

et S B TR cron

sel ected conce ron range wt

theedtilo#at @thet sorhpeuridwithincan delectatorgeentratibovangs within the
solution into and out of the tank when a concentration
sQigtiamdelivered 4@ therlanke 8Aound wi t hin the cheni cal

solution bath £ahbago fodtaflordididiehtd BRABut dftheliaRk

system of claim wherern the ender systemis in
whem staomiceatratibo sé the aiklieastt gne cornpeund adtbirstheochemital salution

thod of . providing a chemcal solution to a tank
bfggrfﬁﬂ)q g'i“ﬁ{ﬂpe %ﬁ%&rggh'@n&?'least two conpounds to a
bl ender unit to forma m xed solution of the at | east

two conpounds at selected concentrations; providing
t he t.xedThesysteonof elaim flBewbeesiadhe blender sysiemisiint o

form,a,chem cal . sol ution ithin the tank, wherein
sq%éar&t@éﬁrogg pr%\"ﬂn'ﬁf ﬁ)nthﬁﬁrﬁg%‘%st\gg}'sel ected volune; and
mai ntai ning a concentration of at |east one conpound

in the chem cal solution bath wthin a sel ected .
conctt r afireethodmjereyiding a ekgimicghsolytion ¢ Attapk CPRAYprising:

L0 55 o B e SBRBb e 168 QNS I8 L e
scolatigreofiibichatrieastetwaotarhpoumdiedti setsetdd tontdwmetrations;, and
© ankPENBIG s bt selbighTTBM PRdISRoRiRt (o P RyBIAE
ol EasdLEof B RS REENETRTLN £ dbmeirldana vt nas o
sdleebedesolumet andnt i nuously delivers solution to the
t ankm%tljr{tglrr]l%‘lgsgséto%g]er? rgtfo%t cIJfo At least one compound in the chemical
solution bath within a selected concentration range by at least one of:
controlling the blender unit to maintain the concentration of the at
least one compound within a selected concentration range within the solution
delivered to the tank; and
changing a flow rate of solution into and out of the tank when a
concentration of the at least one compound within the chemical solution bath falls

outside of a target range.

16. The method of claim 15, wherein the blender unit continuously

delivers solution to the tank during system operation.

17.  The method of claim 16, wherein the blender unit is controlled to
increase the flow rate of the solution from the blender unit to the tank and a flow
rate of chemical solution bath from the tank is increased to maintain the selected
volume of chemical solution bath within the tank when the concentration of the at



17. The nethod of claim 16, wherein the bl ender unit

is controlled to increase the flow rate of the
waloansem from the bl ender unit to the tank anPCHIE20@/002618

rate of chem cal solution batdy fromthe tank is

increased to maintain the sel ected volune of chem cal

{ I

SRt ehe AT hd itk RAChAEH SR i FARCGINS B! bfe target
rangeauti on bath falls outside of the target range. 18.

The method of claim 17, wherein the flow rate of

chem cal solution bath fromthe tank is increased by

openif8g a TheahBthad ofeclgianMEoleskeimtHd oW ate of idhendi b@l solution

met hod of claim 17, further conprising: neasuri

baBhtrem thettask ipmcreasestby ersning Adratnyaive @oanee@tﬁg to the tank.
chem cal solution bath; and automatically controlling

the blender unit and the flow rate of chenical

5 sol ution Maehmétioy cbfrteamaﬂk,,fuktasedompﬁﬁunghe msasured
concentratjon of the at |east one conpound th
cheniReASUERO A FoRcaHiationob tha at lsaghpie 5pmnorql@daqf The ggemical

E Q{gﬂq within the chem cal solution bath within
the selected concentration range. 20. The nethod of
cl ai auﬂo?nat}atailyedamtmﬂmgﬁhemdanminit argl therftavotateaftchemical

| t k | udi th t | t
BlHBSR RS Bt b k. bised dhen Inecmeanute cincRbirafian gt the at
10 Iddt bhe c‘b%bﬂdr@“oﬁhe%hﬁah’ﬂéél sol n5EtR, ¥H88 b ifh‘%un’caln t e at least

concentration of the at |east one conpound Wit hi
opa@empaunsowithindhe iIshemical salutionrbath avithin e selaqf@d cczmentratlon
é bl ender unit is controlled to provide solution

5in t he bl ender unit to the tank incl udi ng the at
| east one conmpound within the selected concentration
range in the solution at a second flow rate that is

gr eaf8r t HAg mathod eflaim by W%ﬂr@'r\/\lﬁl@rb'@ﬁ@er unit is controlled to
Fxﬂ)ﬁée%lh%h 95 e tér@ﬁpﬁhd'n@atﬁ a‘?ga & t od r‘c{jwﬂhfhhiﬁe

sol ution I'S~ou range.

15 sé@lettedTtencentriation shngé &i theXdlutidresiea firgt lﬂevm'ram' wihenghat
unit conp

oG OB SR bhe s et oh B Sohian bt s

within the target range, and the blender unit is controlled to provide solution from

the blender unit to the tank including the at least one compound within the

selected concentration range in the solution at a second flow rate that is greater
20 than the first flow rate when the concentration of the at least one compound

within the chemical solution bath is outside of the target range.

21.  The method of claim 20, wherein the providing at least two
compounds to the blender unit comprises:

providing hydrogen peroxide to the blender unit; and

providing ammonium hydroxide to the blender unit;

wherein delivery of hydrogen peroxide and ammonium hydroxide to the
blender unit and operation of the blender unit are controlled such that the solution

is provided to the tank at the first and second flow rates while maintaining
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provi di ng amoni um hydroxi de to the bl ender unit;
wherein delivery of hydrogen peroxi de and amoni um

whyarosd3oe to the bl ender unit and operation OPCT/IB2006/002618

bl ender unit are controll ed ch that the solution is
provided to the tank at the first and second flow
1.t p X .
g UL ST SAEARE o B A SR mycronice

withinha Beeorsecomekrtatioantingd wothir' thiegsolwidrhdelivdred to the tank.
solution delivered to the tank. 22. The method of
claim2 1, wherein the first flowrate is no greater

t hanpaboutrnd Qnéhbarst P ',%Hejgirﬁﬂ% fFrQﬁlcﬁﬁ?é’@qsInb(tWeater

rate I's no greater than abdut ters per mnute.
the®. abiu dditexsdperfmiriude,ran@l the secondiflowt tade lid rodeeatenthtan about

nd the fl.ow rates of solution to the tank and
ZQNE‘#&’%@B%i on bath fromthe tank are controll ed
such that hydrogen peroxide is nmaintained within a
range of about 1% of a first target concentration

wi t h2d. t héhenaethed of slaimtd brwherem thedlemaerrinihand the flow rates

oBSAET o5 B DR AR N A BB g e
sech that dipdisydn. petéxidéhe nmtihiadtedolithinad rangelof aitdion of a first
the first target concentration of hydrogen peroxide in

target eansentalion yiln e eramicakseluben dethsand pmmeeRiHM Reroxide is
i | o . cpr s
e R RE R ol TR Moo a oG KRGRL Li@Rlration within the
clserhical eolutianh batts about 1% by wei ght of the chem cal
solution bath. 25. The nethod of claim 20, further
conprising: delivering a third conmpound to the

chempgal Tﬁb%e{etﬂﬁd?ﬁ*cféim@ﬁr 'é}ﬁrnhﬁetfn'strt%r 'Hb‘h'é@ﬁtr%tion of
deconposes at | east one of the hydrogen peroxi de an
hydregempenbxice liry theoghetvicabsolutivre batht isabavft 5¢5%i by weight of the

o 1ca! Solun b3 ahBing Secerds BFGR AERblio hESHT Sonium
hyidviokidesinitRe SHBRTiIGH SoRitlon bEte &Lalhe @i Wibywéeight BEthe chemical

process tool.
solution bath.

25.  The method of claim 20, further comprising:
delivering a third compound to the chemical solution bath, wherein the
third compound decomposes at least one of the hydrogen peroxide and the

ammonium hydroxide.

26. The method of claim 15, wherein the tank includes a semiconductor

process tool.

27.  The method of claim 26, wherein the blender unit is in substantially
close proximity to the process tool.



