1 0 AUG 2006 1 SYSTEM AND METHOD FOR PO NT OF USE DELI VERY, CONTROAJGNIDG
M XI NG CHEM CAL AND SLURRY FOR CMP/ CLEANI NG SYSTEM 5 BACKGROUND OF THE
INVENTION 1. Field of the Invention 10 [1] The present invention rel ates
generally to sem conductor wafer planarizing, and nore particularly, to
nmet hods and systens for controlli nngnd m xi ng chem cals for a chem cal
mechani cal pl anari zi ng process. scription of the Related Art 15 [2] In
the fabrication of sem conductor devices, there is a need to performa
variety of SMEFEMANDEMEXHODIFOR P@INNO@US}E%DEMWRNQI udi ng

chem cal ] | eani ng,
substrate pomHﬁB@ﬁﬁﬁW&&g Wﬁﬂ@yﬁéﬁand ot her
sinmilar operations. Pl anaCMPAOLEANINGRYSTEM! eaning operations are
routinely perforned on sem conductor wafers at various stages in the
fabrication process. 20 Typically, such operations are efficiently conbi ned
wi t hBn process systens that are configured, for exanple, to receive

bat ches of wafers at a tine to be processed through CWP, poli shing,
buffing, cleaning, rinsing, and/or drying, followed by wafer processing
through subsequent waf erBh@mem@mmmml{ 3] Typically the

chem cals required for suc Processes are prepared in a batch 25
process system 100 such as shovvn in Figure 1. Figure | is a schematic

di agram,of a f{dl@rh vents stem for mxing chemcals for a CMP process. A
first chemc 1 Q'%d in a first supply tank 102 and a second

chemcal,,103.1 s sto ed i.n a.second su .2 bat.ch of the
1 raDe o oo Th et verin BB ST BREaly P s ol e Bog SRUGHAT y v ves
106,  1Q&tiaularly) Re Mesthod @nd sEIn@C o Gortidllinll il miNigy Ehonfitala s £erandl

‘chem cals 101, 103 are 30 transferred to.the batch m xing tank 110. The
first affcaBicalRianeHge B9ress101, 103 are then mixed in the batch-m xing
tank 110. Typically the m xed batch is tested through nanual processes
such as wei ghing the respective quantities of the first and second

chem cal s 101,
Descrlptlon of the Related Art

15 [2] | In the fabrication of semiconductor devices, there is a need to perform a variety of
substrate preparation and fabrication operations including chemical mechanical planarization
(CMP) operations, substrate cleaning, substrate polishing and buffing, substrate rinsing and
drying, and other similar operations. Planarization, polishing, and cleaning operations are
routinely performed on semiconductor wafers at various stages in the fabrication process.

20 Typically, such operations are efficiently combined within process systems that are
configured, for example, to receive batches of wafers at a time to be processed through CMP,
polishing, buffing, cleaning, rinsing, and/or drying, followed by wafer processing through

subsequent wafer fabrication operations.

{31  Typically the chemicals required for such a CMP processes are prepared in a batch

25 process system 100 such as shown in Figure 1. Figure 1 is a schematic diagram of a prior art
system for mixing chemicals for a CMP process. A first chemical 101 is stored in a first

supply tank 102 and a second chemical 103 is stored in a second supply tank 104. When a

batch of the first and second chemicals 101, 103, is mixed, the respective supply valves 106,

108 are opened and a selected amount of the first and second chemicals 101, 103 are

30 transferred to the batch mixing tank 110. The first and second chemicals 101, 103 are then
mixed in the batch-mixing tank 110. Typically the mixed batch is tested through manual

processes such as weighing the respective quantities of the first and second chemicals 101,




1 0 AUG 2006 2 103 that are added to the batch m xing tank | 10 QG 208
m xed batch of the chemcals is fully prepared and ready to be used, the
bat ch supply valve 120 is opened and the batch- mxing tank 110 is
pressurized to cause the mxture 123 to flow to a delivery tank 122. The
delivery tank 122 can then be pressurjzed to deliver the mxture 123 to a
m xture di stribution 5 manifold 124. “The manifold 124 distributes the

m xture to nul poi nts of use 130, 132, 134, thr pQi nt of. use
supply J4i \‘)’é%afffi‘édedfgéhe haieh mixingotank § L. y Ongeihp, mtyed hate ﬁ’grﬁPﬁ ‘gyeaidd 130,

132, 13&18@&3#&&( ﬁﬁﬂ%&dyatodlbef hRl ef?afe b% s éy}ﬂf &aRe tlQ@hs enfld hh®ERMatdhocat i ons
vmthlnasmg CVP process tool . t he lemrs with the batch
pr ocess nuyigg éamk 100 iorrsssntized do abisy élelfslxtulfﬁai 23o@tf@W to ﬂﬁeﬂlﬁ%fy ekt ld2e Tho3 can
only be 4 %mgq CwP
results ?&2‘%& éalrrh@étnﬁor%é)tr%gﬁ}fggdd @mﬂqﬁvﬁﬁﬁ‘gfﬂhe [ rhgtto g%ﬁm%t es after
the & xtmm&folﬂlzam She franifeld 124 dishribulea tthdmidtare ng mudiple ﬂsﬁﬂs ol hee t3|0rrl=321, imts

Common A5 g e en) S U6 10f pleslh iR £ IR " hor

probl emygd, t1I32t e chatepfesdi @ Gffetent EMP?ﬁ‘oé&QtdoEortchﬂéreﬁt h@amnstwdﬂm ﬂ.ﬁﬁgléTUSt be
transferred to each poi nt of use 130, 132, 134 via a distribution system

(e.qg., CREPpwRssFEIOH 124, the respectlve poi nt of use supply val ves 136,

138, 140 and interconnecting pipin When each batch of the m xture 123

expi res [4r i Onpef the pyblemewiie the be PéWWSrSé’St@PslpP dessribeshaboye isdhat ofigat be
fully fl r f | I red
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t hat of tigh dr hie b Xbatutitidd 2ffeSts chmzhd0URe (Rig-typeCehidfiidal psedCindihe ,CNIP anmmmabl e,
poi sonous, etc.). Because the m xture 123 is 25 hazardous, the pressurized
bat ch mPX¥Y- t ank 110 and delivery tank 122 nust be very closely nonitored
and control | ed. Further, the batch-m xi ng tank 110 and delivery tank 122

ar e 15t y§flcal Apoermpiemarittetie baich prrrsisysemdd0 inthat the mixues HIgRstdF ¢ he

hazar doygndadd4h 8ach$dint off ke 1§@f1@§y13a%% JiBRIoR sPdier? (08, MOnAMGIRIRESUr i Zi Ng
gquantities of the hazardous m xture
the respective point of use supply valves 136 138 140 and interconnecting piping). When

each batch of the mixture 123 expires or is no longer needed, the entire distribution system
must be fully flushed and cleaned so that impurities of the previously expired batch do not
20 contaminate successive batch mixtures. Further, the remaining mixture 123 contained in the
distribution system becomes a waste product that must be disposed of which is both

inefficient and typically expensive.

[6] Yet another problem with the batch process system 100 is that often the mixture 123 is
hazardous (e.g., caustic, acidic, flammable, poisonous, etc.). Because the mixture 123 is
25  hazardous, the pressurized batch mixing tank 110 and delivery tank 122 must be very closely
monitored and controlled. Further, the batch-mixing tank 110 and delivery tank 122 are
typically double walled to provide added safety containment of the hazardous mixture 123.
The safety requirements of storing and pressurizing quantities of the hazardous mixture 123
increase the complexities of the batch process system 100 and the cost. Therefore the batch

30 process system 100 is more expensive and less reliable than required.

{71 Typically the batch process system 100 yields inconsistent batches because one batch

is not exactly the same as another batch. Inconsistent batches often cause inconsistent CMP




I ncrease the conplexities of the batch process system 100 and t h 0446, 2008
Therefore the batch 30 process system 100 is nore expensive and | ess
reliable than required. [71 Typically the batch process system 100 yi el ds

i nconsi stent bat ches because one batch is not exactly the same as anot her
batch. Inconsistent batches often cause inconsistent CVP 1 0 AUG 2006 3
process results. The batches may be inconsistent because the neasurenents,
such as ectl Vv, of .t I LS em S;, 10 1,
105, ar Erfes IR e ARE Rl bethecs ik by e BERARESR BENH o agea
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bat ch- H&Xi ng_ t,iamk 110. Once the m xture 123 is conbined in the batch

m xi ng #3nk HFHnS batel progess Fipiemy 19fhdaes petspduse A icOUUAY 2 cPREYSYg t o
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As a result, if the mxture 123 becones incorrect, then the CVP results
coul d amysingdadnblOi nOnger e mixtpee | 251 is/qestbined iptlgbbateh witking taskt118dbed- t ype

m xi ng | t a. &Y. of ) e . - LN
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m Xt ur e tdRed or pottamieatdd d A @.rgsult, tfhke GhAupPrlOR bemnics idetray ptleutht iIGMRAf t er t he

m xture 12 isdt?o a(grgd‘.)g, thten the entire mxture 123 nust be discarded as
a wast e "PPEHPLId alsplecotpeingoect i [\ excessive waste, which is both
15.1101 In _view of the foregoing,

i nefficient and typi.call expensi.ve.
thord § 4513 Aaothgrroticin Syt et ?aé?héw mng Ysfems i5dhat ¢ gpantity tagmixgpe  he VP
. chemi caligs i ifdvhiite bNMENEENndc 10k (BE aagtue BBeak o ant RAsdAr@sent

invention fills these needs by Cprovi ding a point_ of use _chem cal m xing
syst em Hx@recHe s pefineprsd i BaICNGP avosess xaddlaypd untd pley the mixu UL ifee 20

appr eci akaf) bR thel HArPRARER! 123MHER b, AkciAB) BE 2 WRLATBALLD Thil AUFRGpUS vayS,
i ncluding as a process, an apparatus, a system conputer readable nedia, or
a devi cexceSavewaske, whichmt horteineHwizothinddyrtisllpexpichgvpr esent i nvention are
descri bed below. [121 A chem cal nechanical planarization systemincludes a
poi it of[10]s elnctiewriof the foiegoing thesy Btaowed Tne npwe afficeht, aserahdotivexisystemi ng
system io?ﬂe%ca f.irst and a second punp, a first

hemicals,

SUMMARY OF THE INVENTION

[11]  Broadly speaking, the present invention fills these needs by providing a point of use
chemical mixing system in a chemical mechanical planarization system. It should be
20  appreciated that the present invention can be implemented in numerous ways, including as a
process, an apparatus, a system, computer readable media, or a device. Several inventive

embodiments of the present invention are described below.

[12] A chemical mechanical planarization system includes a point of use chemical mixing
system. The point of use chemical mixing system includes a first and a second pump, a first
25  and a second flow sensor, a mixer and a controller. The first pump has an input coupled to a
first chemical supply and the first flow sensor coupled to the output of the first pump. The
second pump has an input coupled to a second chemical supply and the second flow sensor
coupled to the output of the second pump. The mixer has inputs coupled to the output of the
first and second flow sensors. The controller is configured to receive signals from the first
30  and second flow sensors and to produce control signals for the first and second pumps and the
mixer. The controller is further configured to cause a mixture of the first and second

chemicals upon a demand from the CMP process.




25 and a second flow sensor, a mixer and a controller. The firs}i ﬂuAHGhElgﬁ
an input coupled to a first chem cal supply and the first fl ow sensor
coupled to the output of the first punp. The second punp has an input
coupled to a second chem cal supply and the second flow sensor coupled to
the output of the second punp. The mixer has inputs coupled to the output
.of the first and second fl ow sensors. The controller is configured to
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cont r ol Ifedt ah&®a §debiidehemicantolagialr of dise. MMB6rimg dflow titeofalie firktechbmicsltfraand second
chem cal s _upon a denand fromthe CVP process. Q0 AUG 2B06 4 1131 A nethod
of mi xi ﬁgﬁ'tsa/awsp and rraonifeEng caflewirale of thepseesnd: dwinisak foBed SHEAvpi Mg Pa  fir st
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first chemcal from a first punp and nonitoring a flow rate of the second
chemidcalof thedmst and seconirhgmirpls. OGtputting|the migturdrie thg G Pgkoaebe first and second
chemcals into a m xer upon demand for a mxture 5 of the first and second
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"o contpuiatd Secorfiid an oot GopBlire SER a8 BRI PEM e ol Bt o Vel o
t he m XxtofifR ngiktuge. density of the m xture. 115] In one enbodi ment, the first
and second punps include a tubephramtype punp. 10 [161 M xing the CWP
chemni cal[s5] uposhedaBdichen@thetfig apdiddbndfunips encheld Y astephvamtt@peapichp. pr ovi des
nore accurate and consistent chem cal m xtures. A point of use m xing
systiem gi6jo Mikih@Wee COTS tidMicdi€ aPba@kmant) o€ @t pétht Of udehedWbex iwage PhOCESS.
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by reducing the size of the distribution systemfor the mXxtures. f 181
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foll owi ng detail ed description, taken in conjunction with the acconpanyi ng
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[18] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

20 [19] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

[20] Figure 1 is a schematic diagram of a prior art system for mixing chemicals for a CMP

process.
25 [21] Figure 2A is a piping and instrumentation diagram (P&ID) of a point of use mixing
system using two chemicals in accordance with one embodiment of the present invention.
[22] Figure 2B is a flowchart diagram that illustrates the method operations performed in

- controlling the flow of the first chemical in a point of use mixing system 200 in accordance

with one embodiment of the present invention.




in conjunction with the acconpanying drawi ngs, and |i ke referenc ﬁn?ﬁ r%%
designate like structural elenents. [201 Figure | is a schematiC di agram
of a prior art systemfor mxing chemcals for a CMP process. 25 [211
Figure 2A is a piping and instrunmentation diagram (P& D) of a point of use
mxing systemusing two chemcals in accordance with one enbodiment of the
present invention. [221 Figure 2B is a flowhart diagramthat illustrates

t he nmet operatjons performed in, controllin he flow of the first

chent caleiin Boisgi26 Sox A deenyt oL b Sohe bt operditnd pediiit he

enbodi NgatroMingt the NBW T S fitktOHRMAIdaDR.- 2 it dBugdRfingdsybtemlin bt @tiagcedlth S a
flowhart diagramthat illustrates the nethod operations perforned in

cont r ol Pphgmbadiment ghthg presend iveRtion. chenical in a point of use m xing system
in accordance with one enbodi nent of the present invention. [241 Figure 2D

i s a fl &¥dhaFiguii2isanflewichertididgram fhat dlustraies themethad opertians eeorpsd ibr med i n
5 contr i flo : l L 0Ol o} kX1 Ng
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Fi gur e 2#thiope ambddmkntdf dgmaesemsfinvehtgorpr oporti onal, integral, derivative
(PID) controls in controlling the flow of the first chemcal 101 in a

poi nt off25)s eFigurci 2Ryis 8 \bddckmbidgranacittbe pmporéionald integral) dererbiocl{Pi@ntonabls ithe
present invention. 10 6 i,gqur.e is a piping and instrunentation diagram
(e Dy GPreTie B tgdiaeh fast i 2] & §'pihu e s RR Bt Eise rent. o
the pres®itonk BvMB&diment.of [hd PreskitGmestigh® i1l ustrates a rotary punp 400 in
accordance with one enbodi nent of the present invention. [281 Figures 4B
and 1 4C $PW PBigd%S3 SSGL pipig Mid inBPurkRMARLR Thigedne (P&ID)NGE AtmikBeudngegd i on 15
.. shown in Fi _gurg_g 4A. 12‘5?[_}% gure 4D shows a cr os(s-spcti on of the

- conpr es sheigals sicerydance with ope embadiaent ghiboareremnt ingpiighe 4A. 1301 Figure 4E

shows particles that can be aggregated when the particles are conpressed
bet ween [2He Eigtwewh lilisaftes pgotaryiumy. 400 in accordance with one embodiment of the

present invention.

[28] Figures 4B and 4C show cross-sections of the compressible tubing at the A section
15 shown in Figure 4A.

[29] Figure 4D shows a cross-section of the compressible tubing at the B section shown in

Figure 4A.

[30] Figure 4E shows particles that can be aggregated when the particles are compressed
between the sidewalls of the tubing.

20 [31] Figure 5 illustrates a tubephram type pump in accordance with one embodiment of the
present invention.
[32] Figure 6 is a piping and instrumentation diagram (P&ID) of a point of use mixing
system using three chemicals and a flushing system in accordance with one embodiment of the

present invention.

25 DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[33] Several exemplary embodiments for a chemical mechanical planarization system
including a point of use chemical mixing system will now be described. It will be apparent to
those skilled in the art that the present invention may be practiced without some or all of the

specific details set forth herein.




20 [311 Figure 5 illustrates a tubephrain type punp in accordanoﬁgmﬁﬂg e
enbodi nent of the present invention. [321 Figure 6 is a piping and

i nstrumentation diagram (P& D) of a point of use mxing systemusing three
chem cals and a flushing systemin accordance with one enbodi ment of the
present invention. 25 DETAcLED DESCRIPTI ON OF TRE EXEMPLARY EMBCDI MENTS
1331 Several exenplary enbodi nents for a chem cal nechanical planarization

system _jncludi ng a poi.nt se.chem cal m xing . systemw |l now be
descri b&dl | o ‘%I“%B“’&B%Q%’nf iR i SR B PO e e RSt
present ahdYQAtd @B WBK REdUREsAGh GEdxdbkd Mdlire SO MBmBRturd dlstrMutibd SystedPeEi f i C
details set forth herein. 0 AUG 2006 6 [341 Point of use m xi ng CWVP
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excess bat prepared m xture. tion a polnt use m xture system
can fr ovowdml bop cantlsahecsmblishedochainthie amiore conetant thixtune m xture is al so
continuously nonitored, a feedback 5 control |oop can al so be established
to mai n{#]n Bignierd soengipagtandiinstrumentatiodSdiagrang (P LI Avfiaspont pif pise opiamgl

I nstrunent at | di agram (P& D) of ,a point of use m xin system 200 usi ng
two. chentistt &8 yrinddaERerets i erbrofhel BHB e FrafEiramt hUe pIRgR HEeMfVent  on

Al t houg ifnbepi Egwéd 2l illiktlated b @0 ShdnYital phRNDORE sP@in ithOfystéffand)sdceses t he
system and processes _described bel ow can al so be extended to three or nore

cheni cadgscripeds belayy campdse kegxtepdeditodep onmorg shemicals. A firpt ghepicably suchy ¢ 5o hj
sl urpy Ql‘i—’fi'gE of ‘S I ' LA L] St pply
t anklblogg\I “EE s?ce%con & Flemrrﬁ(r::heilISS 103 sﬁlg% Ogg B%étihgﬁ?u?glgé \?\g{rse/rls?sgr&\f/\g}taeirh)%yor a
 second seiply tapk d02.0tA esconthebrinted] 103 sixeh 33i degmhizni tviater (P fwatesk ochessondl , i s

stored ip a second su t ank . point .of use .mxer 210 | des a
sever al NgRst RERT SePiRPlote Ryl e ARty 8P Bopd Mgl i

Speci fi qad.| W pdifterfped miixed D10 deludese severat tontleaers fhat sifx the fipdtyand adcerd 212 i s
15 di sposed he n.the first supply tank, 102 d an input o i.rst punp
24 A BRI e 10e Spyciicals gimbarlor B et e Bien & s SRR 213 1  r of

f 1 owsseRgpbsed borweAthe kR WippBf tahiR02f dnll 84 infphOF a HQPERI 2416 Anougrtipi®e to a
first input to a m xer 22(}) A second supply val ve 232 i s di sposed between

the secdwd PempRlY it eawrled doram fpubef 3 fsuflow sengorsHSorn PR of e fupiflQsyt put  of

the sensor 216 is coupled to a first input to a mixer 220. A second supply valve 232 is disposed

between the second supply tank 104 and an input of a second pump 234. An output of the
second pump 234 is coupled to an input of a second flow sensor 236. An output of the second

20  flow sensor 236 is coupled to a second input to the mixer 220. An output of the mixer 220 is
coupled to the CMP process tool 250. A controller 240 is electrically coupled to the first and
second supply valves, 212, 232, the first and second pumps 214, 234, the first and second flow
sensors 216, 236 and the mixer 220.

[36] The first and second pumps 214, 234 can also include a first and second pressure
25  regulators 217, 237, respectively. The pressure regulators 217, 237 reduce or dampen the
normal pressure fluctuations caused by the first and second pumps 214, 234. The output of
the mixer 220 can also include a monitor sensor that can be electrically coupled to the
controller 240. The first and second supply valves 212, 232 can be normally closed valves so
that without a control input the first and second supply valves 212,7 232 are automatically
30 closed. Normally closed valves increase the safety of the controt of the first and second

chemicals 101, 103, respectively.




second punp 234 is coupled to an input of a second flow sensor 335 AUBN 2006
output of the second 20 flow sensor 236 is coupled to a second input to the
m xer 220. An output of the mxer 220 is coupled to the CWP process tool
250. A controller 240 is electrically coupled to the first and second
supply val ves, 212, 232, the first ang second punps 214, 234, the first and
second flow sensors 216, 236 and the m xer 220. [361 The first and second

punps 2 234 can, al so include a first _and secopd essure 25 requl ators
217, 23%13% ez'bemrfft\?& ¢ c‘ﬂﬁ"é’hb‘_r%@w%“ gt %HPBIrYs"ag"f?% 2353¢@era%§*e&f3danpen
the  norgwalp NUQS Shbk thel AirstGubtidt 219780 aAWSHE kY chdMicdl idwHrd 8RAnRECROd TRYNPS 214,
234. The output of the m xer 220 can also include a nonitor sensor that

can be diraiclon seasrg1¢ Bip Hetects e fiow rate o thedirstehemisd, 10tiaward themizer@28 econd
supply vahyesuk e qe_?e%%dm, £ t@@z{eg%&aﬁefb&f eﬁevcahtgai%r aa% Egéa@ﬁe ddhgut a

control 1nput the tirst and second supply valves are automatically
30 clSoséethw feerabtdineyd folmSmtflovakanes 216 6y slsethe flowsatk of thedfistichanicde thel of t he
first ag%.s% nd chem cals 101, 103, respectively. 0 AUG 2006 7 [371 In
oper at i SITCHEYEKt r ol | er 240 opens the first supply val ve 212 and

acti vat the first u 4_so that  t first. pu 214 n.draw the first
hen cal Bonanamlsont, B S asenienial 10F tbiy iolo-BB st BN Bbcr s t he
fl ow ratgpegical 1B fialset pushpRdiifglihel filxek @arcnttdiRd NdesREd A0 raBNBkoH Mt S the
detected flowrate to the controller 240. The controller then uses the

det ect edenfl|seRply ¥ahee B3 Hierterpnd pump 234 and the siroabHe® et opresRictdy-t he f1 ow
" at el FCadindd o e dicthe ! dEmicdPL01 Gl oWl Bowl dftloSiublageous! y

W t he tirst chemcal 101 flowng into the mXxer 220, the secon

cheni calch@®Bal 3 ateswmbinep authé pioer 2Rk toproduce adesaed muntursin thd mivke229.ed f 1 ow
rate through the second supply valve 232, the second punp 234 and the
second fBYw Jbnsontrdllds 24¢ Esmpe at dlased Yoopl@nirhlesystesi ofetie ffloovratcadfethoffirsthe fir st

chem cal ;101 the desired.flowrate.o he ,second em cal .103 are
conbi nod"Pieah R A SreS S5t S oy Sl i Get o FRE £ s 24 7 bsife e 550,
1391 Thepuepivg peddest B Purhp 2146 toombinRiete deied GO tal of Iysfigmtiainidaneof | ow rate
of the first chemc measuring the flow rate through the first

| 101 by
71 oul s erfiBfiad eganirallsr 240 FoRls ® Flesed JeRpontoLspe obfhedioy BinR) Lesteang
mai nt ai nehbRadRBIByaRkablAY thefi&w ofte tRigh tHeStecdnld GBwCRhsot 036, The Infibhi@r |y, the
controller 240 fornms a closed |oop control systemof the flow rate of the
second 240 then adjusts the pumping speed of the second pump 234 to maintain the desired flow rate
of the second chemical 103. By maintaining a known flow rate of the first and second
chemicals 101, 103 into the mixer 220, the mixture of the desired proportions of the first and

20  second chemicals 101, 103 can be continuously maintained.

[40] Figure 2B is a flowchart diagram that illustrates the method operations 252 performed
in controiling the flow of the first chemical in a point of use mixing system 200 in accordance
with one embodiment of the present invention. In operation 253, the first chemical 101 is
pumped to the point of use mixing system. The flow rate of the first chemical 101 is
25 monitored in operation 254. In operation 253, the second chemical 103 is pumped to the point
of use mixing system. The flow rate of the second chemical 103 is monitored in operation
256. In operation 257 the flow of the first and second chemicals to the mixer are controlled
according to demand for the mixture of the first and second chemicals 101, 103. In operation

258, the mixture is output to be used such as in a CMP process.

30 [41] Figure 2C is a flowchart diagram that illustrates the method operations performed in
controlling the flow of the first chemical in a point of use mixing system 200 in accordance

with one embodiment of the present invention. Figure 2D is a flowchart diagram that




chenical 103 by neasuring the flow rate through the second flow b8nAU6 2.
The controller 240 then adjusts the punping speed of the second punp 234
to maintain the desired flowrate of the second chem cal 103. By

mai ntai ning a known flow rate of the first and second chem cals 101, 103
into the m xer 220, the m xture of tﬁg desired proportions of the first and
20 second chemicals 10 1, 103 can be continuously maintained. 140] Figure
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101, 103, In Figure.2C in atlon 6 he controller 240 causes
the firsP Gk reyiesincpesonsisat” g Brpearmion e e 2% 08" WAL t he
firsts chem "Qathed (b nidittod o?u&ﬁﬂéﬂs&@ﬁtu&gﬂm opefhtioR@sat i on 264, the first flow
sensor 216 detects the flowrate of the first chem cal 101 output fromthe

first PYyER 23din d g;ﬁr%n&ll 246, ALNERRcted HOWGRAITHE MeGRbt@Rehiisl @Qh@ﬁ&%ﬂu&l kowerate to
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operation 270, the detected flow rate is greater than the desired flow rate then in operation 272
20  the controller 240 reduces the flow rate from the first pump 214. The method operations then
continue in operation 264 as described above. If in operation 270, the detected flow rate is not
greater than the desired flow rate then in operation 274 the controller 240 increases the flow
rate from the first pump 214. The method operations then continue in operation 264 as

described above,

25 [44] In Figure 2D, in operation 282, the controller 240 causes the second supply valve 232
to open and the second pump 234 to draw the second chemical 103 into the mixer 220. In
operation 284, the second flow sensor 236 detects the flow rate of the second chemical 103
output from the second pump 234. The flow sensor 236 communicates the detected flow rate
to the controller 240. In operation 286, the detected flow rate of the second chemical 103 is

30 compared to the desired flow rate of the second chemical 103. If, in operation 286, the
detected flow rate of the second chemical 103 is equal to the desired flow rate of the second

chemical, then, in operation 288 the desired flow rate is examined. If, in operation 288, the




first chemcal 101 is equal to the desired flowrate of the firsq G5 ¢als
then, in operation 268 the desired flowrate is examned. If in operation
268, the desired flowrate is equal to zero "0" then the nethod operations
end. If, in operation 268, the desired flowrate is not equal to 15 zero
"0" then the nethod operations contigye in operation 264. [431 If, in
operation 266, the detected flowrate of the first chemcal 10 1 is not

equal to the desired fIOW/rqae of the first cheniﬁgi t hen, ip operation
| Weohol
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detected flowrate is greater than the desired flow rate then in operation

272 20 2B& controller 240 reduces the flowrate fromthe first punp 214.
The nmethod operations then continue in operation 264 as described above.
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rate of the second chemcal, then, in operation 288 the desired flowrate
S exanﬁﬁgﬁgm%%ﬁﬂwﬁ'operation 288, the 10 AU6 2096 9 desired flowrate is
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flowrate. 'If, in operation 290, the detected flowrate is greater than
t he desiof ade Miving spaten whigth 14viel op8103treprasensthe pH level of the desired mixture.

Further, the first chemical 101 has a higher pH level than the second chemical 103.. If the
controller detects a mixture pH level of 8.01, then the controller can automatically adjust the

20  proportion of the first and second chemicals 101, 103 to increase the detected pH level to the
desired 8.02 level.

[47] Figure 2E is a block diagram 350 of the proportional, integral, derivative (PID)
controls in controlling the flow of the first chemical 101 in a point of use mixing system 200
in accordance with one embodiment of the present invention. Although the PID controls are
25  described in relation to controlling the flow of only the first chemical 101 the same principles
are applicable to controlling any other control variable such as controlling the flow of the
second chemical 103 or controlling other aspects of the mixture 123. A desired setpoint, such
as a desired flow rate of the first chemical 101, is applied to the input 352. The proportional,
integral, derivative variables K,, Ki, K4 are extracted from the signal applied to the input 352.
30 Each of the PID variables are applied to corresponding PID calculations 354A, 354B, 354C to
produce a control signal 356 at the output 358. For example the control signal output may be

a first pump 214 speed control signal. The control signal 356 is then applied to the process




the controller 240 reduces the flowrate fromthe second punp 234.0 ME 2006
net hod operations then continue in operation 284 as descri bed above. If in
operation 290, the detected nowrate 10 is not greater than the desired

flow rate then in operation 294 the controller 240 increases the flowrate
fromthe second punp 234. The net hodl(?perations t hen continue in operation
284 as descri bed above. 1461 Alternatively, the controller 240 can create

a closed-lo f eedback con b nonjtori ng e re as ts .of the
it ur o o 0t PRTIGTRRR Eonp b aRplief o cop e i al e T w35 AEfieRal s 1t he
M Xt ur e fefdbaélesiSiaPosh i Balback 0QhdTinghiy5e 16 HIRSIE ar drforl ddftrdldeRbakP I thensor .
The pH sensor can continuously neasure the pH |l evel of the nm xture. For

exanpl e setpintapphigdnto theyinpys 352ms thgdesired ﬂe%ratep*rﬁlﬂleeﬁfét chsmia! 393, thesrtheent s t he
pH 'eveg e IFacI( Qfgn a%h 'irﬁtg b etdbEd flovr Hhtk GF{he &Q%hé@aatmﬁ; RS ®ekirsl fdmpras a

hi gher eve han the second chem ca controll er detects a
m xt Gr e 2ptsuchaefromftheirgtiflow seeser b control l er can automatical ly adjust the
20 proportion of the first and second chemi cals 101, 103 to increase the
det ect e#8)H Figuel3 {sa pihimg ade sistrevie@atiith diegreh . (PEAT ofFd guxer 226 ubing &wd| ock

di 50 of.th I d D I
contr of FRRgedi FEaRP Ykt e iR S piint sl ot SRR 81 5 ng

syst em 2QBtratkd) a a&6 WheRAREGE miek,hthe n@steibidi progksed fdekdribed beldeNEani 4MebE | ON.
Al t hough the PID controls are_ 25 described in relation to controlling the

f1 ow of cHfhdpd e thres qranore phemicaly. A dirst mixer mpytRalye 247cqogtrals inpyf of the Grst cabl e to

contypol L;haﬁcmm fbiGhe E:@f‘ﬂév@ken!&rz'i@% &e%ﬁféé} n@Rif6RAL BON seffdthRerfidgv Of the
second chem cal 103 or controlling other aspects of the m xture 123. A

“desired vs’&c B4 enntrolsunpnt of theseepad ichernicl] 16 from the gecond dlop seator befd thal 101,
. e © _ T )
I's applig o ﬁ?anwgl,% %gg.p%e RS and Jﬂ?e%r ﬁ@&ﬁeﬁ ﬁﬁ‘sa 01 16{‘.‘1&9&4& 9@% hl‘[éﬁiffdléf ! Fput

vari abl es are ex rac e signal appl

352. 3028AcA miket duepuPlidlvey 228 alntrels tiser @itjag ffiloirettie hix & atanefsldard it the RINIP

cal cul ati ons g 4A, 35413, 354C to produce a control signal 356 at the

out put BEEeSESP exanpl e the control “signal output may be a first punp 214
speed control signal. The c ntrql nal 356 I's, then appl.ied to ttﬁle process

0 AlS 208 pope egbod 'meP'stt wmn% rmepstogh i (Fi '§ﬁ’%’i‘ﬁala“ melers 1of
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An example of a suitable radial valve miser is a series 089M & 079NC manifold assembly
20 available from Bio-Chem Valve, Inc. of 85 Fulton Street, Boonton, New Jersey.
Alternatively, the mixer 220 can be a linear configuration similar to the mixer 220 illustrated

in Figure 3.

[S0] Figure 4A illustrates a rotary pump 400 in accordance with one embodiment of the
present invention. The first and second pumps 214, 234 can be a rotary pump such as shown
25 in Figure 4A. A rotary pump 400 includes a housing forming an approximately round inner
chamber 404. A rotor 406 is centered in the inner chamber 404. The rotor includes two or
more (in this instance three) compressor wheels 408A, 408B, 408C. The housing 402 also
includes an inlet 410 and an outlet 412 that are substantially tangential to the inner chamber
404. Compressible tubing 420 is routed through the inlet 410 around the inner circumference
30  of the chamber 404 and out the outlet 412. The compressor wheels 408A, 408B, 408C
compress the compressible tubing 420 against the inner circumference of the chamber 404. In

operation, as the rotor 406 is rotated in a counter-clockwise direction about the center axis 414




f eedback signal 360 may be a detected flow rate of the first chérf dalG 200D
fromthe first punp 5 214 such as fromthe first flow sensor 216. 1481
Figure 3 is a piping and instrunentation diagram (P& D) of a m xer 220
using two chemcals in accordance with one enbodi nent of the present

I nvention. Although Figure 3 |Ilustrf\tes a two chem cal m xer, the system
and processes described bel ow can al so be extended to three or nore
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result, particles can be dislodged from the walls of the tubing 420. The dislodged particles are

then released into the chemical (e.g., the first chemical 101) being pumped.

20 [53] Figure 4E shows particles that can be aggregated when the particles are compressed
between the sidewalls of the tubing 420. Original particles 450 are typical particles such as
abrasive particles that may be included in a CMP slurry that is being pumped. The original
particles have a tendency to aggregate together to form aggregated particles 460. When the
aggregated particles 460 are compressed together, such as when the particles are compressed

25  between the sidewalls of the tubing 420, the particles can be chained together to form even

larger chained particles 470.

[54] Figure 5 illustrates a tubephram type pump 500 in accordance with one embodiment of
the present invention. The tubephram type pump 500 includes a centrally located axis 502. A
cam 504 rotates on the axis 502. A left slide shaft 506 and a right slide shaft 508 ride against
30 the surface of the cam 504. As the cam rotates, the right and left side shafts 506, 508 slide
right and left respectively to compress a right tubephram 510 and a left tubephram (not
shown) respectively. The right tubephram 510 is coupled to the inlet 512 and the outlet 514.




a conpressor wheel presses the conpressible tubing 420 against tAdl iAUGeZBl8
circunference of the chanber 404. A volume, such as the volume 422, is
trapped between conpressor wheels 40813, 408C. The volunme 422 includes a
fluid such as the first chem cal 101. As the rotor 406 continues to rotate
count er-cl ockw se, the vol une 422 of 1%1he first chemcal 101 is 5 propelled
toward and eventually out the outlet 412. A nearly continuous flow of the
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460 are conpressed together, such as when the garti cles are conpressed 25
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As t he parmcopaatichs, inolie fluid ipbssmpdhrbedh theivbeptsdiabitc SB6hedals thd sidks of
20 the tubephram 510 are not pressed together, the sides of the tubephram 510 do not deform into
an oval cross-section as rapidly as the compressible tubing 420 in the rotary pump 400
described above. Therefore, the efficiency of the tubephram type pump does not suffer as
quickly as the rotary pump 400. In one embodiment the first and second pumps 214, 234 have

a flow rate range of between 15 and 250 ml/minute.

25 [S5] The controller 240 of Figure 2A is any suitable type of controller as are well known in
the art. The controller 240 is configurable to receive the inputs described above, execute the
PID control signals, and produce the ocutputs to control the various controllable devices (e.g.,
pumps 214, 234, valves 212, 232, etc.). In one embodiment, the cqntroller 240 can be a
programmable logic controller {PL.C) such as is available from Siemens or any other supplier
30  of suitable PLCs. Alternatively, the controller 240 can be any type of generic computing

system such as a personal computer.

[56] Figure 6 is a piping and instrumentation diagram (P&ID) of a point of use mixing

system 600 using three chemicals and a flushing system in accordance with one embodiment




right and left respectively to conpress a right tubephram 510 ah@ AUGe#@08
t ubephrarn (not shown) respectively. The right tubephram5 10 is coupl ed
tothe inlet 5t2 and the outlet 514. 0 AUG 2006 12 A right inlet check
valve 516 allows fluid to flowfromthe inlet 512 into the right tubephram
510. Wien the right slide shaft 508 i1§ pressed right to conpress the right
t ubephram 510, the fluid pressure inSide the right tubephram 510

i ncreases., As the pressure. inside the right tubephrarn.5 10 increases the
T oht s e et yaioe. AThowR Eee BTt vbricel BHBKE WaRETS 518
opens angk dyemng pedétdsdLtbsdribed Belbk @uS a1 be &Hiidhdeditd Bhir o kdore Hfentibifs. rA ght
slide shaft 508 slides |eft, the right tubephrarn 510 automatically

r e- f or miirstsheynicalel 0d Ha plared da a fest jsenphyytank 3P r Agseandsherpisal 103 ghstogtljiigja” shaf t
508. As ' : taside.: right
Fubephr dvson AR AU REETH Bl Rng ok SoL M Mhed I A SR i (s AT 10 210
decr easasg mitee 619 giviudeu b lseterat herpponenls Vimt 58 thel D56 secand and thindi chbrnicalnl et

check v e ens.to.10 draw fluid.into the right_ tubephramb5 10. The
ot uabrich A% B Rithe S iRhe L Mtoace U ity ViRt FRRROBTIRR  am 5
10. A t whenicilar DublyHplyuaives 6062, A0bBIELEthE fRmchavdichl M04] dhamgiphbvdBaynt on
Road Hol liston, Massachusetts 01746, Part no. CSP-Q5ED-BP-SO or siml ar
t ubephr éﬁ?%\yB@B (I secand ehermir 00t yidwal suply ivalvey 81 OB f9¢ &he ’é_‘rflot ary
punp beGhyHRalld1R. IHRERPpB Ralvks iRWIR: #088fRAf thdbdnYroLOMRE &5R, debdhdShdes of
the tubephram 5 10 together. Because the Sides of the tubephram5 10 are
not 19r edeiedchearaisndl, 108ne02peespaciyabisbespise adeilys efsmgant valye eftfeduapplar ti cl es
such as VEQQWEH@-ill@ogﬁfo%ﬁgﬁﬁé’&%{ﬁecﬁgﬁ 1odfGAUse the sides of the tubephram
e

- 510 are not " pressed toget e sl des of the tubephrarn 510 do not

“br eakdowgpas QUi ¢kl - r ogu rticles jinto-the fluid.passing
t hr oughvfﬁle tF &%é% P%dmg@]d?ly.aeﬂ’ 0 662’(3%3 g?? ﬁ@mé it%egg%efcaﬁ)ﬁ{sﬂeseéoﬂgea%ﬁr am5 10
are not thirkedsadcaisonpdt b, 602. hBirs, sdemdaind gl flavb eqnssra6ing, 52406 Hodereat thdef or m

into an, ov cr.oss-sectiqgn .as rapidly a conpressi ble tuhing 420 in
the r ot A1 Hip BRSO HRLs R 10811 P QUPRh GoRhT ERHEYE BFC( he

t ubephr aBadni Red MEHARPuAPE612) 622, $8L.1 The ASw ofilk Eikst Ysedhd bh@tHiQlcREMicay M1, 400. I n
one enbodi nent the first_ and second punps 214, 234 have a flow rate range

of bet w8 603 oyt o the fireh segend and shirddflow sereore Ol P, &4 ap APubicfigar e 2A i s
any sul H@éfgk&ivgxlﬂﬁtsoiﬁl afoe,m Eﬁég}i@aﬁ nftRer 36, ekt NQhd thd HIE cﬁ%ﬁi ald 161,
ler 24 a ’h [ eg

contr ol I'S conti gur e to recelve the I nputs escr above,
execut e 10602 can be mixed in the four chemical mixer 630. The point of use mixing system 600

also includes a mixture sensor 640 to monitor the mixture output from the mixer 630.

20 [58] The point of use mixing system 600 further includes a deionized (DI) water system.
The DI water system includes a DI water supply 650 and four DI water supply valves 652,
654, 656, 658. DI water is used to flush out different portions of the point of use mixing
system 600. For example, if the first chemical must be flushed out of the point of use mixing
system 600, the dual supply valves 606A, 606B are closed. Next, the DI supply valve 652 is
25  opened so that the DI water can flow through the first pump 612, the first flow sensor 614 and

through the mixer 630 and out the outlet of the mixer 630.

[59] With the above embodiments in mind, it should be understood that the invention may
employ various computer-implemented operations involving data stored in computer systems.
These operations are those requiring physical manipulation of physical quantities. Usually,
30  though not necessarily, these quantities take the form of electrical or magnetic signals capable

of being stored, transferred, combined, compared, and otherwise manipulated. Further, the




PID control signals, and produce the outputs to control the variogs AUG 2608
control |l abl e devices (e.g., punps 214, 234, valves 212, 232, etc.). In one
enbodi ment, the controller 240 can be a progranmable |logic controller

(PLC) such as is available from Sienmens or any other supplier 30 of

suitable PLCs. Alternatively, the controller 240 can be any type of generic
conputing system such as a personal conputer. [561 Figure 6 is a piping

and instrumentation _di agram (P& D) of .a .point of use mxi.ng . syst.em 600

o ng ¢ PSRN SRR P SR AR ¢ IF ahiion St B pibdienG ERNGHEE

enbodi magterRinNgor23RParing. of the present invention. Although Figure 6
illustrates a three chem cal point of use system the system and processes

descri begopelowilc B fittheP apiRedatéE AL thet MsthRUbnsOepdRnRdCHEHe Cpkditio inf i rst
chem cal_101 is stored in a first supply tank 1%2. A second chenmical t03 is

st ored ifigwes 3B2Bnere J19ppeapired: ik be performedhin the erlsrrillugirated andsthatt gk B i n a
third s : I £ i I : I
conponertr et sl RfreSifis, 6 BY ferfilons g ok eodioy (S P o SEHTEE'
The poi rurtbér, ths @ravesses de@dribed mrcFigues 2B @uiplsd e ingdlersentddoin sefiwdre stbretthe t hr ee
chem cal, Dual suppl | ves 6 606B for the first chem cal 101. Dual

o SRt ot i RE A

supply val'ves r econd chem cal 103. Dual supply val ves
610A, 6 fqr,th hird .chem cal 602. al .supply val ves increase the

aaf ety dPTk nd e b GPey RO s BERreatal PoIHR REAL B AVERS o1, 103,
602, reseEs oF ehdérd@amgSR vall fhai dppaeniQhataiedai RBangad MRl Abdificstivab nymRl Y
valve pairs wll not allow the respective chemcal to flow [571 First,

secofd Aueesd Wighip dhgseons pf thegppendgd slaimsnoeprdinglysihe prased emppdiments @8ond and
third chegk estsiierk8 ks illhOFative Qrd ndtiréstliorive SR RA ARG ubsTde o RUUniRASOe 614,
624, 634 detect the flowof the first, second and third chemcals 101,
103, 602ewils piven heroim bitemaebrpmedifiod withinsthe scppe sabeqvwilvatants aflthe eppoudeds 612,
622, 6324,.fihe flow of the first, second and third chem cals 101, 103, 602
output fromthe first, second and third fl ow sensors 614, 624, 634 are
i nput | ¥l tshalgmed isespective inputs in a four chemi cal mxer 630. The
first, second and third chem cals 101, 103, 602 can be m xed in the four
cheni*cal mixer 630. The point of use m xing system 600 also includes a
m xture sensor 640 to nonitor the m xture output fromthe mxer 630. 20
1581 The point of use m xing system 600 further includes a deionized (DI)
wat er system The DI water systemincludes a DI water supply 650 and four
Dt water supply val ves 652,




654, 656, 658. DI water is used to flush out different portions of 1thdlUs 2008
point of use m xing system 600. For exanple, if the first chemcal nust be
flushed out of the point of use mxing system 600, the dual supply val ves
606A, 606B are closed. Next, the DI kupply valve 652 is 25 opened so that
the DI water can flow through the first punp 612, the first flow sensor 614
and through the m xer 630 and out the outlet of the m xer 630. 1591 Wth

t he above enbodinents in mnd, it showdghsbe understood that the invention
may enpl oy various conputer-inplenented operations involving data stored
in conputer .systens. These operations are those requiring physical

mani puliat i o fethdldYFintiRing 4 B trior€shentiodl 3bluions3r b TMB Byshah chapessari |y,
these quantities take the formof electrical or magnetic signals capable

of bei ng st dvewing 3 frss ehamiea soluginp tme thixios ppiat elch panidiastier wi se

mani pul at ed. her., . 14 mani pul at Lon rfornmed are often
referred tolﬁldr?rﬂt{oéggrg ,ﬂogﬂ%ﬁel(gfstﬁ%rg%%g%@?}l&% Sppglﬁfl?%oﬁ %E?St E‘é@? ermning, or
conparing. pofibidga wdcbhd denfical tsbikion ppthe GhidingGoidd dlie gudepin®6f 4t Dedst GHeSof
represeﬁgtﬁd bl{ t'h§ o&?rati &sé in Figures 213-21) are not_ required to be
per f or R Fshelfsmuicd spivtion ppd,thesgeang chemicat splution inCludes miimiznegnagticle

repres ; ; a d

| et om0 er SR GRS B el ML ST a1 s e
i npl ement ed meniwohgwdlow mteovfdbe sdcond beenmeatooiptiey ftoens sesbnd pempont r ol | er

- 240. [611 Al thouah t.he,foregdoi ipventi.on has been described.in sqne
detail for iappagas ioghERS A spliichan SPemf git0nt GRS ediingarine ¢ ha
certai pehdogesd fond niReird bLAE e andBdtoBe chdRicllBRftiofgdnd t hi n the scope of
t he appended cl ains. Accordi nglﬁg t he present enbodi ments are to be
t

consi der ed &8tRuttingsthe gHxtpee teadCMEtproeess afthe peiat of#%6. t he i nvention is not to
be limted to the details given herein, but may be nodified within the
scope and equi val ents of the appended clains. Wiat is clainmed is: 15 10
AUG 20€. 15 ThieAndiod of claim 1, wherein controlling the flow of the first and the second

chemical solutions into the mixing point includes:

controlling the flow rate of the mixture according to an aspect of the mixture.

3. The method of claim 2, wherein the aspect of the mixture includes a pH level of the
mixture.
4. The method of claim 1, wherein controlling the flow of the first and the second

chemical solutions into the mixing point includes:
controlling a flow rate of the mixture from the mixing point according to the flow rate

of the first chemical solution.

5. 'The method of claim 1, wherein controlling the flow of the first and the second
. chemical solutions into the mixing point includes:
controlling a flow rate of the mixture from the mixing point according to the flow rate

of the second chemical solution.

6. 'The method of claim 1, wherein controlling the flow of the first and the second

chemical solutions into the mixing point includes:




1. A nethod of mixing two or nore chenical solutions for a CVWP qy@tAi8 2006
conprising: punping a first chemcal solution to a m xing point at a point
of use; nonitoring a flowrate of the first chem cal solution froma first
punp; punping a second chenical solutdon to the mxing point the punping of
at least one of the first chem cal solution and the second chem cal
solution includes mnimzing particle generation within the respective

first chem cahtreltihghiflon atbitthembacRFors Behbalg sohtct@bing M RifF-Qri ng a flow
rate of the second chemical solution froma second punp; “controlling the

f1 ow ofdUgnEysetpeint ghite disgt shemicalsaletian. sol utions into the mixing point upon
demand for a mxture of the first and second chem cal solutions; and
outputting the mxture to a CVMP process at the point of use. 2. The nethod
of cl ai ™ 1, Mieenahed afosksinol,vhegeih benttdlling tik flolweoffthe ftst amblthiBecongcond

chem cal soluytions into the.m xi.ng. poi.nt includes: controlling the flow
rate ofclhf”macaﬁﬂyftﬂﬂné1&82%9@%@?%“&5‘g.§§ﬁ%ct of the mixture. 3. The nethod of
claim 2, whepgirsllihge fRSPEE ofFhe Hipduf AH IR hiXdl s RotinodY §ledhgdt he

m xture. 4. The nethod of claim11, wherein conttolling thg flow of the

first dyantitysctpeinbabithe serond ch¢mical solutions i nto the m xi ng poi nt incl udes:
controlling a flowrate of the mxture fromthe m xi ng point according to
the flowrate of the first chem cal solution. 5. The nmethod of claim1,

wher ei 8. contThelrhéthed dthedaifd Dwieteih hephhpiag st dRmset osldtiocieRideal
solutions into the mxi n%égoi nt includes: controlling a flow rate of the

m xture frorfFSHeme e RessEs torsubstaniallysgducs apyarepyusiilieivations ¢ he second

chem cal solution. 6. The nmethod of claim1, wherein controlling the flow
of the first and the second chem cal solutions into the m xing point
i ncl udés: 1 HACMR>@epscom@isegmitrol ling a flow rate of the mixture fromthe

e I E AT N S
first and t hefisefendensor coupled to an output of the first pump;
a second pump having an input coupled to a second chemical solution supply;
a second flow sensor coupled to an output of the second pump;
a mixing point having inputs coupled to the output of the first flow sensor and the
output of the second flow sensor; and
a controller configured to receive signals from the first and second flow sensors and to
produce control signals for the first and second pumps and the mixing point and configured to
cause a mixture of the first and second chemical solutions upon a demand from a CMP
process the pumping of at least one of the first chemical solution and the second chemical
solution includes minimizing particle generation within the respective first chemical solution

and the second chemical solution.
10.  The system of claim 9, further comprising:

a mixture sensor coupled to the output of the mixing point and a third input to the

controller.

11.  The system of claim 10, wherein the mixture sensor is a pH sensor.

12, The system of claim 9, wherein the controller includes:

a first output coupled to a control input of the first control valve;




chem cal solutions into the m xing point includes: controlling 3 fi! QY6 06
of the mxture fromthe m xing point according to a second quantity

set poi nt .of the second chem cal solution. 8. The nethod of claim1l, wherein
in punmping the first chemical solutibh includes: regulating the pressure
to substantially reduce any pressure fluctuations. 9. A CVWP system
conprising: first punp having an input coupled to a first chem cal

sol uti on supde¢ond ofthutebufle®vs $endR ifpv ot @6 sédndBot REleOf the first
punp; second_punp having an input coupled to a second chem cal solution
suppl y; se?c%fﬁﬂlnppfcﬁﬁuﬁlﬁaé@ﬁn@‘éiﬁb#@dh@gfséﬂolvm@wr; of the second punp;

m Xi ng poi nt i | . of the first flow sensor
and the outap%?y%@g{)%ﬂews%?g gy?{tglgvséée%ﬁggﬁyp%h%qaa@ontroI | er configured to
recei ve si gredamtibl suretnhe first and second flow sensors and to produce
control signals for the first and second punps and the m xi ng poi nt and
configured to cause a mxture of the first and second chem cal sol utions
upon a emanthef §@fEhAofMaim B WARESN (e U sBnR indfudbE£8$ho 3, ihfdfral,! 1 St
chemical solution and the second chem cal solution includes m nimZing
part i clderiyative @lPbepniol-hi n t he respective first chemcal solution and the
second chem cal solution. 10. The systemof claim9, firther conprising: a
m xture sensor coupled to the output of the m xing point and a third input
to the 14contTiel system ofblaithtse whgsdiethe@fixel iatlmidd, wherein the mixture sensor
is a pH sensoﬁg. 12. gql]e systemof claim9, wherein the controller

i ncl udes: a Fisttongol Falve epndhetweenanceuiaut of thedpstifloyy senper gndagnixgesat r ol
val ve; fQafMd4:2006 17 second output coupled to a control input of the
second control val ve; first input coupled to an output of the first flow
sensor; secosedondgsurtrot valwhcaplqihietwéent dneougmit ofithe fsbannd Smssensoramnd the cont r ol

scheme "mixture manifold; and

a mixing point output control valve coupled between the mixture manifold and a

mixture distributor.

15.  The system of claim 9, wherein the first pump includes a pressure regulator.
16.  The system of claim 9, wherein the pump includes a tubephram-type pump.
17.  The system of claim 9, wherein the pump includes a rotary-type pump.

18.  The system of claim 9, wherein the pump has a discharge capacity of between 15 and

250 ml per minute.
19.  The system of claim 9, wherein the pump produces fewer chained particles.

20. A mixing system comprising:
a first pump having an input coupled to a first chemical solution supply;
a first flow sensor coupled to an output of the first pump;
a second pump having an input coupled to a second chemical solution supply;

a second flow sensor coupled to an output of the second pump;




13. The systemof claim9, wherein the control schene includes & 0 AUG 2006
proportional, integral, derivative (PID) control. 14. The system of claim
9, wherein the mxer includes: a first control valve coupl ed between an
output of the first flow sensor and B nmixture manifold; a second control
val ve coupl ed between an out put of the second flow sensor and the m xture
mani fol d; and a m xi ng point output control valve coupl ed between the

m xture mani a‘mi;dngipminﬁhaviﬂgﬁhptﬁte coupléd ot eutputldf.thd R\t yeisemBophndthai m 9,
wherein the flrst i ncludes a pressure regulator. 16. The system of

cl ai m QURHof therves 0590 Pities a t ubephrar a- type punp 17. The system
of claim9, wherein the punp includes a rotary t 18. The system of
claim9, whet f‘é}ﬂrtFOi Fﬁ'e%%&ﬁreﬂég repetesEgisiEo ﬁlrs{ 9%!?609@4 flewfensorgang to250
m per wer
chal med DarERopdd S RLHCHC I b Hn 94‘%%9 Rt o SRR S

i nput Gxauﬁ ahixtoreapfithe ﬁnst aliesccosl cheolica s«ﬂntlmsmpby a denfand ﬁbmfd OMPsnsss,

coupl ed, t 0o _an. out put t he f p secand havi an,_ i.nput

coupl ed"t FEPLRLTH eft phE Bt b P Siisabanyion b dsnerornd g aRhdoR st ed
to an gHélReds Minikens 9&@1@1& BRtioR witlin 2R0RspAve ﬁ?@t’@h@ﬁldﬁpb&ﬁn&ﬁﬂﬁd‘ﬂw

i nputs coupled to the output of the first fIOM/sensor and out put  of

t he secserhdrghspiepbpalation.and a control l-er configured to recel ve signals from
the first and second flow sensors and to produce control signals for the
first and second punps and the m xing point and configured to cause a

m xture of the first and second chem cal solutions upon a denmand froma CWP
process, the punping of at |east one of the first chem cal solution and

t he second chemical solution includes mnimzing particle generation
within the respective first chem cal solution and the second chem ca

sol ution.




