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WD 2004/ 068127 PCT/ | B2004/ 000234 METHOD AND APPARATUS
FOR MONI TORI NG OF SLURRY CONSI STENCY 5 BACKGROUND OF
WA RIE40681EENTI ON  FI ELD OF THE | NVENTI ON Thi s i nRENIB2004/000234

relates to supplying chem cals for manufacturing
processes and, in particular, 10 to an apparatus and
a nethod for performng online nonitoring of the

consi stency of a chemcal slurry. DESCRI PTION OF THE
RELATED ART The technol ogy expl osion in the

manuf act un&i)l ndug: Ka&ﬁ&‘éi‘)&&tfomgpﬁﬁﬁ%mvy
rranuf acturing process sem conduct or
manuf acturi ng pr ocess@%%ﬁ&ﬁg | ar ge nunber of

i nportant steps. These, process steps are usually
vital, and therefore, require a nunber of inputs that
are general | y BACKGROUND OF THRINVENTIQMNr

manuf acturing control. 20 The manufacture of

sem conduct or devices requires a nunber of discrete

process steps to create a packaged sem conduct or
FIEIdbﬂRTEHE'Ii\WEaWI%ﬁ conduct or material. The various

This ﬁaé(oc GOt ef?é?sgcfr)%m g}lg 8 emltcpiié f%]i ‘#5&51?}1%1 ﬁrocesses and, in particular,

to an%ﬁgér‘é@@ dHE b Hetlkddyof %&rfdrﬁﬁ@g biletie\th 6k Bringf ieSconkREncy of a
rication stages (etching, doping, ion inplanting,

chemigabplugal - mechani cal pl anarization, or the like), to
t he packaging and final testing 25 of the conpleted
device, are so different from one another and

DEsequirwNzmetREmemAmses may be perforned in
di fferent nmanufacturi | ocat | ons t hat contain

The taghmpégyrrxplagionsds thess BEhidpFHROohay desydipd Jpmpgny pew and
L

semlcmmﬂ&ctef fianifacturipg poesses)gald ﬁ’or(ia()la@munﬂnd ofingrorteaf gess. These.
produce integra cuits.in re effi nt and
procas® sRPETS RRHHEHEL a@ig“qﬁﬁf{ﬂ%ﬁ Feqiire griJeibes of Gpuls it e Beraity
fine-fREN RGP RDAY kb QA Ahygpr eSS that is used to
process sem ctor wafers. There are various |ayers
of films on a sem conduct or wafer CONFI RVATI ON COPY
004/ 068127 /1 B2004/ 000234 2
The manu acture o semlcon uctor devices requires a number of discrete process steps to
create a packaged semiconductor device from raw semiconductor material. The various
processes, from the initial growth of the semiconductor material, the slicing of the
semiconductor crystal into individual wafers, the fabrication stages (etching, doping, ion
implanting, chemical-mechanical planarization, or the like), to the packaging and final testing
of the completed device, are so different from one another and specialized that the processes
may be performed in different manufacturing locations that contain different control schemes

and involve delivery of various materials from one site to another.

Advancements in process technology has allowed for more efficient processing of
semiconductor wafers to produce integrated circuits in a more efficient and accurate manner.
One important process is a chemical mechanical planarization (CMP) process that is used to

process semiconductor wafers. There are various layers of films on a semiconductor wafer

CONFIRMATION COPY
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that may be polished and pl anarized using this

process. The filns that are processed may i nclude
wa@2do4oes12DXi de, silicon nitride, alum num fil|PCHBHGY000234

tantalumnitride film Mre recently, copper has been

used to devel op interconnects and other structures on

sem conduct or wafers. GBneF%IIy, a copper filmis

polished.in order to planarize the copper 5 film

| aced on a | aye f ot ' f i
ot oy o bt e ot ot o SO B Dy may
includeg%/ﬁ%qrﬁg%&é%egﬁﬁ&% RIiRY oot A 60RP Bl d Sitide Fhe. More

e chemcals that are used in
recentlpedopperhasdevmusedus dpvadopmtasonpects endrethepsiructures on

sem conduct or wafers, such.as oce , :
semiccrauRRWEHFbr G elon s seRieb Gl RhsEh BT GREFD v dHtps the copper
film pl%@e{&%\y%ﬁ% 2ot thisRthif Ay Ab PR BRS BSing Prsassed. Bhdtesss such as
elivered 1n a slurry form Oten, copper slurry
oxide CHR aidntriviarEVPIneay taf peafounedh i ish §ePRE dVES an
abrasive agent in performng the CVMP process.
Additionally, the slurries may contain chem cal

The coFEHHEP of (hdHemRA1sHBAZES ided i0pefornting hariay pheccase getformed on
protect the copper filmfromcorrosion. Furthernore,
semicaduetor wiatars, sueh agfeMPsroeqseqs. MY RGLHRYERPPERLHY, Agaeving

. maybe used as .an .oxi di zi t | aERRARvaEdin a slurr
e
form. IOWeR 6diper Slaak ach@irs peitivlesfof bhenistmraxydameepd eners gbrasive agent in

errors and m sprocessi ng of vari.ous processes, .such

perforRe foe 6368 peacest ok TBPRYolhe S RETSRrE B ORI GPgiims, such
Proce ' f £l Fnél Borfo SEN. Ukurthermore,

as ben?ﬂmgﬁﬁg’t‘?@ﬁ%%ﬁ? &)%ndé%?a@ %{et ﬂeg ggp%egnsi st enc§/ of

other Setfiéal agNs, sach a¢ hiahogrhfperedddynayrbeossd avusegdieing agent,

i nvol ves a particle probe _syste s _descr.j [
sonalanezn ek ashe! CERPIGing B9 DISERURT B REER e gretel
charac?enr%?ig%&’ﬁ?et%l Ffzag'\é%)se%ﬁ dhdRHRbIc¥ssiAp i Ivatiot¥ proessses, such as

article stribution asuring Systens."
CMP boSessBa perfornal or6th2 Bemipeaduteercvafbiss a particle
di stribution probe which uses special processing
i ncluding a nodified Twoney/ Chahine iterative

Procegso&ﬁ%hgl%%% LeShHed Uepratidea s3ntisp &e kid bitymistao stainteinetie
sanple cell to obtai anartl cle 'size distribution

consistaryof shenyt Orier sotionmifesal dyprgesss designgs welves g partigle probe
the slurries i N\t h h&.0 i I

sy RS Ll N 738700 b el i

(CMlia fs%}%gbgél'ﬁ@rc&ﬂom&eésaiﬁa Paftichs Sizb ®isributioreMensamigg Sybtems.”

mcrons. In addition to the c Icliﬁﬁon of.1
U.S. ReerttNed. 6,2515:28 0 fiesaribied o prisiglofHEHPRERN PIRRG WiGid1ses specia

transnjtted |i ' : | j j i d
procepifE R tmgddten Jyind N EHAGRERSConIGRet (taique and o
specieglgl &fkir&ledfangilbesl] fostidnpattiale zdissibutions mgasuyyements from

optic@ﬁ%;;lggéﬁ%s;%%ﬁ 23%@1&%&%@ ir{fl Pn% ge%ic':c;nggétoy\i%dustry for chemical

mechanical planarization. Spectral transmission data is taken over the spectral range of
0.20-2.5 microns. In addition to the calculation of particle size distribution from the
measured transmitted light, the invention described in U.S. Patent No. 6,275,290 is claimed
to assist in the detection of other fundamental causes of slurry degradation, such as foaming

and jelling.
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3 However, the technol ogy provided by U S. Patent No.

6, 275, 290 has various drawbacks. The technique
waele®enedied in U S. Patent No. 6,275,290 is notPEI/TB20&100234

nmeasure of suspended solids in a slurry; it only

gives a qualitative neasure pof the change in suspended

solids. Furthernore, if a slurry were undergoing a

si mul t aneous change in the IeveI of suspended 5

' I3, oS
How 3 B0 R0 b1 1PRISA | S 395 OB D i, e
technygie dasdpibed iU, %tdh@NbS@ZH’]@(I ﬁ@bt g ditect nefasid @ suspended solids
i.nce thrf]ftllght transm ssi on, at vari ous

i h
in o s Sl RSy AT Hersthod S em&yﬁmms@d alidsct ed
Furth@ﬂfno%' Gha slﬁfk?%e%é m&&g&ﬁa atsﬁhl:ﬁ ATBS gcgl 4 Ghd RvePSF Abended

ficient d accurafe uantl ier change I'n
sohdm@p@hdngb iwglairttde size distribikisn, the hﬁt}mdeha‘msed of U. Patent No.

S5 ST o A . v

transrAséiBh bt v&ali%uh 'v&&béleﬁétﬁ@ SPBcARGR 188 pAskthAlld bYarelied ey
in the nethod descri bed above, the consistency o

changeheH@mmhtwnemoddf(mﬂd not b, an efficientiand rayquraﬂaeluamwinruotf y change in

susp P BB 2R e e G o Pl S Siirs
(like Hgb@)rm@egdn@o/ﬁh@s (e behRSzoRY YR bifedt tBd liyRIta@bSission at certain
rocesses that utilize these slurries, such as
wavelspghpEsthe mefiad. st at e of the art general |y |acks an
efficient and accurate assessnent of the slurry for
use in various wafer-processing steps. The present

As dekdribedtabove, tise dbnsisheylof the oh@niealproduct,ale. ahe 518a§! the impurity

uci ng he effects of one or_ 20 nore of the
levelspﬁ’@ manat eledissobyedimateriale efas aunalkiactyrs thatateNybRTFYIEND | n

predeféﬁﬁuéa @ﬁ@fan@é b bis f&r;)&é?&tophlgﬁgﬁ bf 9&1(13@@@0@?&5 A6l these

per form ng on i ne
sturrigshsuches €MB pr(mesn‘es aThe steesd th'eeetrEgemfallyl lsclran\eifficient ahti@ccurate

a r at us. of resent 25 inventjion includes an
asses%%?eg'i © S r’fl I QPG A§T-BIPCEHIEHFPSsi gnal into a
slurry. The apparatus also includes an optical sensor

for detecting the optical signal. The apparatus of the
The prasers émvention endifasteddb sveicoming esatdeasbreducingsthe efifiects of one or

erm.nin er 2 physi cal characteristic of the
nunegf%FPVﬁﬂgnéﬁ%ﬁ#ép %PPPedet erni ned tol erance I evel in an
online manner, in response the optical signal. 30 In
anot her aspect of the present invention, a nethod for

performng onli %@MMARY)QE@H&IMVENHQI\E&
In one :ﬂgé&%% 'ﬁ{e gj%%e%‘{/ 1l%f el?téol%lr ﬁr&: gﬁ’psar r]f%t %r perfbrmmg onf)1\1/ei %%gitor%g ofa
physical characteristic of a process material, is provided. The apparatus of the present
invention includes an optical source for providing an optical signal into a slurry. The
apparatus also includes an optical sensor for detecting the optical signal. The apparatus of the
present invention also includes a controller for determining whether a physical characteristic
of the slurry is within a predetermined tolerance level in an online manner, in response the

optical signal.

In another aspect of the present invention, a method for performing online monitoring of a

physical characteristic of a process material, is provided. A request to provide a slurry to a
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WO 2004/ 068127 PCT/ |1 B2004/ 000234 4 processing tool is
received. The slurry is transported through a slurry

w0 e@asesier unit, based wupon the request, to tPEI/1B2004/000234
processing tool. An online nonitoring of a physical
characteristic of the slurry is perforned. The online
monitoring of the slurry i né‘] udes anal yzi ng an opti cal
signal sent through the slurry to determ ne whether

o BB i DB B e S LBt
upon &2A8GlesO o HIPreesifD ool NKA BLiAOmMORitEHE &M PiBsical characteristic of
. lperf or m ng é)np!&ilne 1[mni tori _ngmgiﬂ@?l physgl%gl Iyping am pgtics]
the slurg isperioringd.i thoenlmegnodtosmg SUErY IC8I0sY aRAlEY
: stem of .the pr i ' i . 0C .
s S LD B35 SR Y B PO SRR S o i
withih B@kedd@smied devRl 6fRE&Simg. t 00l for performing a process

upon a sem conductor wafer using the slurry. A slurry

transport conduit transports the slurry fromthe

j i, T . i Hﬂ.ﬂ . .t . f

e S ST Gkl bl RS BB bpbol o o
physitalichpraoetistiongf sproogss intdriad,iig padvidedn The shsters|odithe/presemtiinvention

ST TN SR AT R R R
proce%%iﬂ% E&eél %@gﬁhﬁmﬁ ﬁhﬁoée@g u%?d”r{ { Bt oiueRr MRRRIRNAL }’i_lﬁig%. A

rry-in the slurry transport conduit.

 slurrystramspyrt aomivjtsiansporistthe slokmydisn thequegasothasricalgmit to the processing

term ne whet her . i cal characteristic . of the.. .
tool. ARl Eenipork oy PGP AeRER bbr-ar o e ol St senal
into tROsIARY| iRl 841, schdbr TRSRARERg HR dpiealpdratalThs bygeeh of the

BRI EF” DESCRI PTI ON OF THE DRAW NGS 20 The i nvention nay
preseheinvertonsisodaclbgesrasleny aealysivunih for perfpmying gn online analysis of the

description taken i.n. niunct i WM L.
sturrf 836 S8y R R S, TRRSHRS e Prib bl iy o contrller o
determiwhdtEanphdighlt dhddactefistib of the efueiyed aathiilapredbisrmined tolerance
denote(s) the first figure in which the respective
level i preprlimeananngs iaresponsse the opdigd sighahhi ch: 25 Figure 1
illustrates a bl ock diagramof a systemfor nonitoring
a physical characteristic of a material used for a
manuf act ur i BRIDPIODES CRIPTIGN OFIEHEDRAWINGS

enbodi nent. of the present inventjon;, Figure 2 .
The ipyengionracts undsieoddhutiaiorare i ool kg aRaBEPR s oy
conjt%cﬂ;}ﬁ‘ﬁtﬁ t@@g%@ﬁéﬁ{fﬁ%%aﬁgﬁéﬂ%ﬁch AR 1dfmb& S@ﬁﬁ%ﬁ@ Bf28t(s) in the

one e resent 1nvention;
referaR0 AN RAI1LTenBETd) ItB2 itk iR AB Ahidh the respective reference numerals

appear, and in which:

Figure 1 illustrates a block diagram of a system for monitoring a physical characteristic of a
material used for a manufacturing process, in accordance with one embodiment of the present

invention;

Figure 2 illustrates a more detailed block diagram depiction of a slurry analysis unit of Figure

1, in accordance with one embodiment of the present invention;
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Figure 3 illustrates a nore detail ed block diagram

depiction of a slurry transport conduit of Figures 1
w@nw4/a6812h accordance with one enbodi nent of tPEI/1B2004/000234

present invention; Figure 4 illustrates a graph that

depi cts the percentage of s% i ds detected by the

systemof the 5 present invention based upon the

operation of a punp, in accordance with one enbodi nment

. of ..the present. |nv ipon: Figure 5 ilJlustra .
Figuf 3 (P tEHR o g el eq sl Sinebi didcBir ¢t TP Hifudpggnauicof
Figurby1 bie2 Sy Sbesriftce ifh ondle@gRdimém b€ e fReschbm@entigaon t he

addition of a liquid, in accordance with one
enbodi mnent of 10 the present invention; Figure 6

il < | . L
Fi M e BRI 5 DL LS AR b e o
presefiboelitivartasealf ugonehgogssivn dfavmimip, dm accantintSwithgne embodiment of

illustrates a flowhart that provides a nethod for
the prepsiit iientigia physi cal characteristic of a materi al

used for a manufacturing process, in accordance with

one illustrative enbodi ment of the present invention.
Figur¥\Biillesttates a grepinthhiodepicts thepesphiat ef sodide deiected by the system of the

modi fi cations and alternative for.ns, specifi. 20 .
preseghiguttersed wopdas AT b fnif et Bigs vt wltdmpogiment of
the preer MR/ eflfigyi Ngs and are herein described in detail.

I't should be understood, however, that the description

herein of specific enbodinents is not intended to

rigu RGPy ik v o % et psaace wi
one iMR@afil€ ahb&difenEsfuhy pleSét Suveatiéh;antier nati ves fal ling

within the spirit and scope of the invention as
defi ned by the appended cl ains. 25 DETAI LED

ros RS D SRR S bt

charatfegistitbRd eateriaf usel &1 4 manutadturifg probes| iraesordineenwith one
) actual inplenentation are described in this
illustepime pmpeditmeghof the prgsent Igfenéiglr se 30 be appr eci at ed
that in the devel opnent of any such actual enbodi nent,
numer ous i npl enent ati on-specific decisions nust be
Whilerd@dntentionhs exeesptibk tdevdbupaodificstirasiahd altgoativs formsispecific

erb R RGHT BIEFHEL By 56 SGTR DY 3 ONEXTBOA SO svines and st frein

descritied/ il:% B2 418023 % e vRdES RN ARy dvEP BB Rlb@Rtidnherein of specific
anot her " be a a

Moreover, 1t wl ppreci ated that such

embodbuedtosmenintefded e limighe ittyentemtol tha patidulai foems disslosedut on

| d never . . . .
the C(?n%ar}\f\,%e glten 1\c/>rel r1st t%eclosgrsalpr%ogiﬁcatlons, equivalents, and alternatives falling

within the spirit and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
Illustrative embodiments of the invention are described below. In the interest of clarity, not
all features of an actual implementation are described in this specification. It will of course
be appreciated that in the development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve the developer’s specific goals,

such as compliance with system-related and business-related constraints, which will vary
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routi ne undertaking for those of ordinary skill in the

art having the benefit of this disclosure. 5
weeedesrent s of the present invention provide POI/IB2004/000234

noni toring a physical characteristic (e.g., the

consi stency) of a material, such as a chem cal slurry,

used for a manufacturing prscess. For exanpl e, the

consi stency of a chemcal slurry used for a

chem cal - mechani cal pl anari zati. CMVP). pr SS 4 S
from ererimplamaentatipndn appibeth MPeKTol W ﬁ%ﬁ %PP?%:‘BE‘?@%% ik §
' L | tirh U0 TRBAE bt wMd UbvdrihéicRgbe a
develgé’%%%%ﬁngﬁtngg%}@% %Zﬁg?{eggnttl s:: nventi fcll% svlv urry that 10
routing affértakass for diwsebfaldimongoll intheseichavmgsberbenefid o thag disclosure.
waf er processing, may be nonitored wusing various
sensors. Data fromthese sensors may be anal yzed by a

Embodirédty oﬁﬂegye%kﬁt i#Rinkion W&J‘foﬁﬁ]\bnh@riﬁ@@ﬁh%sﬁba@ cheedbagic (e.g.,
manner to affect the physical nature of the slurry.

the coBsistedeyyeftasnattrizlhsich ne 8 ehemicAhwHTY, e s i taaUfgturing process.

utilizjng an optical, sour.c ' :
For eXfgtAle 4he SoRiATRY PERCUFERT L et Ty LT oRndchanical
plana@SARANCHMP)Rb&ES isthéhiforaLintaditinliae fishidh (e.8i, gulsstantibllg real time or
optical signal is used to nonitor_ the physical,
a nearctiealrtiue sransen).c By ofiliving embadimentsfithe prosent faveptipp slirnpihat
aof solids in the s|ur [ 14 : j ;
compigsaris i) CarBi BLG by AHGALERP oter sRhCSRinE A Bthonitored
usingRaMEhCahsrbaDagt fsrh $idse scnsors nidyebesdnatyzgd by aglurryt dnalysis unit,

flow characteristics of the slurry,.the pressur
whichusapk by Srsiin acediek 1gReEyo aec e DRssical Pl Abe Sturr.
opti cal sensors and/or- 20 the physical sensors may be
utilized to performa feedback anal ysis of the )
Embdainisite af thraireseat infentionepratide foy utiininganwetical sofrce Hat provides an

_present_ invention_ provide for substanti al,l y real .
opticglispmuliienygfiun de . ag‘ig &R PRS0, tiFlpp eyt optical
si gna]? L’fl’?e%%ﬁichp%ig&l LOdkel E@féﬂgggmf {6 pRysicl BRAaieiektRP BaTRIsUETY, such as

per mng a f ack correction directed to
the peroetitige ofgotitieinrthe sloeyof ddtimnsllyrother pbyieat sensgrimspy: also be used

characteristics that, ar nerally.wthin "
to maHgH A R rOMR PEUTEN SPRECeTES DLL el Gia b g cpracterstes of
the sIRR Sthe PFRGHE ShPGienSsChy @8 skiMy, BrcC BRagefom Ehié aptiv@l ssasors and/or
to"Figure 1, a system™100 that performs a s

Lurr
the playsiday sinsoismascottiiizad éo parfoim Bedhnask anpusis of te I%bf%lcal nature of
resent invention is illustrated. In one enbodi nent,
the s *system 100 conprises a process chemcal unit 110,
a processing tool 120, which may include a set of
processing tools, a slurry analysis unitf 140, and.a

Embegimentp of ke pypesint Iyepnn rotide fongsubmtantialinseaidiag prpdisssrof the
PCT/ | B2004/ 000234 X i i

e g HERHRALONSR ety SRR i e ponpy i shpmg

perfodhingtd RESHEK icbitgctivhatiested ehamwdifingdbempaureds the Sy keehave

process chemcal unit 110 to the . .
physical characteristics that are generally within predetermined tolerances for use in

semiconductor wafer processing, such as CMP processes.

Turning now to Figure 1, a system 100 that performs a slurry analysis in accordance with
embodiments of the present invention is illustrated. In one embodiment, the system 100
comprises a process chemical unit 110, a processing tool 120, which may include a set of

processing tools, a slurry analysis unit 140, and a slurry transport conduit 130, which is
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processing tools 120. The process chem cal unit 110
may store chemcals, mx, or prepare chemcals for

W@ s@4l0§819ar i ous processes perfornmed by the proresE20¢H/000234
tools 120. 5 The slurry transport conduit 130 may
conprise various nmechani cal _and el ectrical devices
designed to generate pressure and/or other stinmuli to
transport the cheni cal corrpound/sl urry fromthe

ess _chem 110.¢ cessi.n

capatfy S ESp 5 e fuish ot e SR BB S P8Ry tiaette of
transpoRMSOp 1 céstd @R6midaPEbnAstntld frostthepRdedsithemidabusit F1 @ty 88

and 10 descriptions provided herein) that provide data
procegsing 19e1ssh20r rihepegeysehemien! unit 430 mryestage gherpicalsyaixs oF prepare

t. 14 S

chemﬂ:g fOIlllS% Bﬁlsvaa%l%ggp}oﬁgs%g n@,{@oln)ﬁé& Bg F@rﬁcésgﬁ%nﬁé 'rlﬁ)éj

slurry anal ysis unit 140 is al so capabl e of prOV|d|ng

feedback signals to affect the physica

The shygy; anspert spndudt 150 mapecamnytse yanﬁu% echapioal ndglegidend devices
T
e iR R S e SER compypasuy
from ihe premsocltanica uait I10do Ghe@rtm:dsmg fioloi2( h'Ellepilm:B}etransport conduit
invention is illustr ry . ana uni t
130 PG el Gstaringd a5 Qhishecha &7 Pt histB dng o
descr% joRd %bﬁeﬁ@leﬁaﬁh)ocﬁﬁt'p?@&hd§&££‘?d thb @hma_/ ﬁlﬁﬁgﬁtﬂtmme dhe slurry
osition, such as position a, in thé sldrry transport
analys;ennlm 140 iaGpaihet ghalyziyg dzia ﬁioysvmqma |scnsmzs0nans>@hne and/or an off-
ri.ges.an opti cal 0
line n'ilaﬁm eps‘héla%? ¥ﬁ1§11é18fc' gég)sslﬁa s8 r?a]%atbtl]%o{mgx ;1% (?baci( 51gna s to
affectth@PERMal chaREtHticd 39them@ryqatth§ﬁhng ltﬁﬁ@iorwo@um@l@gio by
the optical source 210 is affected by the solids in
the slurry. By exam ning the optical source t he
| id t. I i .
runfEERI0 39508, ERER b e BBl B o RE RO

accorddi2carith él’fbaarﬁmimmalht oF elixseseAPBivemionoie 1]mls&@&d Vihi Blufry analysis
the slurry trans ort conduit 130. In an alternative
it 14RweRY| GREHiriseap @PHpAl isedre %&ﬂl@@swa&%f RrR¥idas qneeptical signal in

a pre e‘?&&?ﬁedz}fogltgo% E‘iﬁ‘%‘&? gggyl?ﬁ geﬂl It e Lﬁ’g rttéaﬁ?trﬁg ?é(g %The slurry

ransport cond ata
analysipuhit 440 aBDSOMpZid€k dnmptleaiaenm ZDQ tHaln maylbterpbyltlanal nsd s

unit 140. Additionally, the slurr ysi s, upni.t 140
predefgpgpitsd s e S a%%’oarc%mﬁ %)Cﬂy ec%atlca Sé&%% povided by
the 01%%%1 %e IRYis Qﬁ‘e@ck@ﬁﬁ theWolifl f thd) guﬁ'ku ByYexafih 'th% df)?l'cﬁl source,

an extensi o suc si cal sen ors
the pqmbaﬁmd: ofisbhdsintthe slstry [l’IIEW b:erchtmmmdd dn noleiembddtent, an amtensmn of

o oflCHE 1B SRR b e 55 Ao Pspon

condLﬁPPﬁP' Th a;l%@teﬁﬁﬁvé &nﬁ@(ﬁﬁf%hte t@opﬁ'&@l@oﬁfc@@l@%ﬁé o8l sensor 220
slurry analysis unit 140. Data fromthe WO 2004/068127

may Re@hyse2lpplaoeDmIhe sirry transport conduit 130. In either case, data from an

optical sensor 220 is received by the slurry analysis unit 140.

Additionally, the slurry analysis unit 140 may be associated with one or more physical
sensors 250 that may be placed within the slurry analysis unit 140 with an extension of such
physical sensors 250 placed within the slurry transport conduit 130. In an alternative
embodiment, the physical sensors 250 may actually be placed within the slurry transport
conduit 130 and is capable of providing data to the slurry analysis unit 140. Data from the
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physi cal sensors 250 and the optical sensors 220 is

sent to a conputer system 240, which is capable of
waeakypasiny t he data. The conputer system 240 nBgT/IB2004/000234

determ ne the physical characteristics of the slurry

in the slurry transport con%uit 130. The conputer

system 240 may include a variety of types of conputer

systens, such as an PC (IBMr) conpatible 5 conputer),

.a |l e ofrputer. a mai,pfranme,. a network co TP
physigy] spiRBrs 90l RRR OBpLRar endihentin AP Ry BRRT Hih i is
capabWoft MA1yShdd th a2 ITHS cSmpitef sybdn DRY miaf dbtectfinéahd SiiBical

charact'eristics, such as the percentage of solids in

charagtestiss of ihe shumme ipthe skinydraasgsst ¢anduidd 3By Thpeompyptgr sxstem 240

the.flow.characteristics ( I ) &t -
ey it b P REF o S S, R Y BRI Dy
compates, tn A@pEEtdonusdr, 4 Meinbaiepmmedvotibeoraputer, yr thedikspor t

conduit 130, thereby affecting the data relating to

t he percentage of solids in the slurry. Sonme slurries
The oYY B S RS AE SRS i e v
charaetégisidssuchy tixemocaatape of balillsdat tHersburbytthopressure experienced by the

Shurrg S SRR PTG (6. BPYEFS) hi St SLREURE. Tgoexaptale the
sl ' L PktabthE 6%19 0 e lboﬂ@rﬂ'o?1 Eﬁer%}bﬁaﬂséoﬂ%ﬁﬁddiplﬂ)?@l{e?éﬁyeafﬁecting

€ possl Ity of settling of” various particles, such
the dais reddting todhe ploventage of solidsanttlad slupid Hemelshirriesquiy bayefpdrysical

charsfplics OBl b v e R roner pRn SEEREH e din T EHERR PTG, &
examPleXiAg beforh&'SetBbdtrie BEHonP CAHMABAAIR baridustdA8midal AREfums may be

utilization of the slurry for processing senm conductor
dispersad srithin thegluryOxamsped G@rgglésl 30pdit pthelthe ghemical medium may be

e BB a LRPE BRASAE B e v,

certai@/PPPRIa BB b &quifed fhiEprBH @ DpBilatibi ¥ £ iHeipddtebdiag oBsetniconductor wafers
i mpl emented into the slurry transport conduit_ 130, is,
wher¢ theshtrpyaisaiged. Arddigenally proper mixing of the glerygnackeimperignt in the

r - : tran
oo IR 5 B iU BIERRE s
perfolifedbrasenicomdictdriveaf@s. center of the slurry transport
conduit 130 where a first length (~1) 330 and a second
length U2) 340 is used to displace the optical source
. . t ; .
B4 OTILE S 08, AR hahls; SRR lipnepess
embodimsentbef i ppdsantadvéntiomttich arctioplemaerdedbintd thensporit traspat conduit

130, %g uslerz}?p%: %Aég {)}gtﬂ%f %Jr@iﬁ%gg& be%élg?q%y ia%g]erpép%grgﬁlgec{ lbgatlsc)n within
the slthr$ tAREFOrPEINIRRT 30 NEorCRpf, 1RAPHES 2hiteP b laced near th
©s gg?i caffosenélor 30 22% rra{}l%be di spl aced k?y t he%en%?%e near e
centef dPthSEluBROranshort bonduitsi30attegs & fitdt Yengtle@l ) 880randd sécond length
i nprovi ng data accuracy.
(£,) 340 is used to displace the optical source 210 from the top and bottom of the slurry

transport conduit 130. Similarly, the optical sensor 220 may also be displaced from the top
and bottom portion of the slurry transport conduit 130 by the length (£,) 350 and the length

(£,) 360. Additionally, the distance between the optical source 210 and the optical sensor
220 may be displaced by the length (£,) 370, which is strategically predetermined for

improving data accuracy.
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WO 2004/ 068127 PCT/ |1 B2004/ 000234 9 Furthernore, the
physi cal sensors 250, which senses various physica
w@banactieri stics of the slurry and/or the sl uP€lIB2004/000234

transport conduit 130, may be positioned within the
conduit 130. For exanple, the physical sensors 250

may i nclude sensors that ne%sure the pressure in the
slurry 5 transport conduit 130, the flow

characteristics (e.g., the velocity of the flow) of

the slurry in the slurry transport conduit 130, and

L eﬁelu 'ﬂ# %&’@Slcgﬂ stelnf%)orl]r?%(y wlﬁgfseigéér\fa}’ioﬁg @ﬁ%ﬂ% Eharactenstlcs of the

ri’se various

sluﬂy\éﬁMﬁﬂle?Sﬁﬁr}t ﬂﬁﬂisp@@ ﬁbllictﬂlt 130emapbe pesltlomefd whlemsheu ccrrylum 130. For
the slurry transport conduit 130. %gsed ug the sl

exampia| tb@pl@)(spcghgenéprs@ég) aav4pclade sensers that meagurg dhe Qrﬁgure in the slurry

transpgrt Bé’m% L %ﬁa@esaﬁ%ﬁ&t&gﬂ%k % th?ﬁ/gfoi:%S? ]p:fgl% W&ﬁgﬁmy n

the shihyfiranspbi cofduis] A0, Euyd thealksp ;Andﬂltmaﬂdw ithe dlg@y tran@ort conduit130

vel ocity of the s sure
may CPRTISY VTIPS PHERS aé’g gy g r°8n‘8%1§§? Hiqghueet of the shurry
in the %tﬂn@ﬁ(ﬂi SHfRit Rt HaB& ufdasé BilkilhtioRfof @ﬁﬁﬂ:aﬂﬂcﬁﬁractensucs of

I'ng at the bottom of 'the slurry transport condU|&
the shirB;Q feaiba@ldmgmds ma¥ be senido MWSIS7§ @né/on theavagives 3@ g adjust the

ustrati er centa S
flow aft Py an ity RREBST e Rila0r drie Yetalteh g e My flow and the
AR %ﬁ?d pokBEbridsit 180 Wl gedtatly maintainal lsych mt the
preSSlIrégl on 511%8 %&ﬁg 1the seg;1sor sy220 250

possildtitysuftpattivies setibing af th@lgciitﬂm ehthe siuarst transgpt eeRduis 153\6 is reduced.
negli gi bl e as the punps 378 begin operation and the
slurry begins to re-circulate. At |ow punp speeds,

Turnlhg‘ BoW e Fird2 0 didglafil HlusttLganspaasentiye qf sotidswilkid the slurry

versus ooy m%rsl%?tsfﬂ; 45 e R comsitis S0 st 6l o
regm%g?% 8* ‘ﬁ'ﬁ ap] éthe s@ﬁ%&oﬁ%% ?g@?ﬁzheﬁ%aﬁhg S5l PEcht@i®ithe slurry

urry such that a

is neglgftsle hemhaipnaths 368 begihaperatibn swd thd shmyd)etgmsrtb a¢-nizenlata. Atlow
the slurry. However, if t

punpspepe heraiien 2 o e oh BIEIHRER e DRIprIS & e T4 grrain
level g?é/oh%? g‘}dﬂuﬁ ﬁlessﬁ}rwsﬁ maitafed Wﬁi"&ﬁ(&ﬁ\%ﬁ@ ihhige ﬁ‘?dc%@ Bf the Slurry

urry to decline, which
transptet esided 189, 4 tetaisansort of 89dls a%ml)(esle@ﬂne gnemiumn euahyfhat a

AT TORMCAETI R e T
were ?cﬁﬂgéfb%péhe(@ee ﬂgfi’m A9), St ficlé&# the ﬁ%thiy lﬁ@ﬁrﬁtbt setthaafThls

rcent agé of soli IS ver%% ow. As illustrate
would pause ghﬁlmr&ntagee)f pehdsemtt]a@s:_lu@y tos@gclige, whick @raé(thed]ﬁtep@d by the

sensqrq; gfﬁ g?% Var i&@ 20 tﬁzéé%jg?,é]t h% tl?% sll\ﬁgg 8&%3“%1}?’ settles at

the b?t‘t&ﬁ *&ftﬂe M&H@&%ﬂort%endlﬁt 1309 biicthB ,SelfisbﬁMO _@5pawillidetecathat the
of percentage of solid in the slurry det ected by
percentege o solidslis sewdow. 220 in the slurry transport conduit
130. However, at point 560, 2% of H202,

As illustrated in Figure 5, the percentage of solids in relation to time may vary based upon the
addition of various liquid compounds, such as H,O,. The region 560 in the graph illustrated
in Figure 5, shows a particular level of percentage of solid in the slurry detected by the
optical sensor 220 in the slurry transport conduit 130. However, at point 560, 2% of H,0.,
for example, may be added to the slurry, thereby reducing the percent of solid detected by the
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for exanple, may be added to the slurry, thereby
reduci ng the percent of solid detected by the WD
wQe0e[a3127 PCT/ 1 B2004/ 000234 10 sensor 220, P@BIB2004/000234
i ndi cated by the graph in Figure 5. This causes a
decline in the percent of qlid in the slurry. At
regi on 570, an additi onal % of H202 is added to the
slurry, thereby further reducing the percent of solid
t [
sonsofl 2p b Flbdled B LS ety 17 A B2 ks G bt it pgront of

solid é@f thel2R2ryari ragldﬁ 470.espditionel 0,19t JTE,€hYs ﬁdﬁbﬁ td tiet h@ty, Shereby
reducing. the percent of solid in the slu

further yegusing the P?fﬁ%ntp"é selehdetgdedm the skuarympﬁ%ﬁrr %crndﬁﬁﬁ% ikewise, at
point§ 9§t|5 %rg& é\/ S?rj i’:lll(l) g%&l{ggnrfﬁb (k))g:]/% éf fsilr,l 2 a@%&%&%w{é{'e%gtﬂe%ﬁy even further
reducpiyythe paﬂcemth:aﬁsa]md arths shuoy. dhetdfieresthapescentage bﬁscﬂﬂtmanm may

be cop“%l?ea IHE]%l S n O?&ﬂ"@ﬁ‘é‘h E é(gl?)f @cﬁ%é?z&?p%g ﬁgr%?)to{n%s such as H,O,.

Smceq:ﬂébﬁﬁﬁc%[ blﬁr!l&é‘ls@iﬁs Bf‘ﬁlﬁ:%hﬁ'f}f Hay 3Ok tEd @Mk Fashion, an online
Figure 6, a nore detailed Bl oc}& diagramillustration

feedbatk ¢dndrod gEthe slutgOmanbe aoplomeatad to modify thelnbdiactemisticsoff the slurry.
the present invention is illustrated. In one
enbodi nent, the slurry transport conduit 130 naybe

Turnibl hb®do Wi gdae ¥ 2d @kt ANYMISok dakshmaBudtRtioR BY tHeddystem 100 in
sensor. 220, a pressure sensor 620, and a flow Sensor

accord@me Witheerahadimants séthsareszpOinventioapaBlustrgied. Feerd ernbryliment, the
aé I

slu A o%nr%ﬁgeﬁ g&rgﬂﬁt.llﬁg m, l%qf#tesd \Q{tﬁ%r(il&%gg%sfg] SudiP ésl tﬁg Pgtl%a% sensor

essure sensor capa

220, slpteeqiid mséﬂﬁzomid mﬁowrseﬁss)u 680.1 Thé bftical sensyr 12088 s@ible of
conduit 130 in real tine manner, Therefore, a rea

recenfm&éff%qr%d %ttcabﬂg@ﬁls poxidsd by dhg @t@ﬂbw el Thp nressure sensor
620 1534: aEPé o) %tectgfgctﬂg %Eﬁﬁé %1%9%&{9:%1@ lsl‘aﬂ ltlla}ﬂ owceonfdhﬁvﬁo in a real

[ ng ow rates
time ﬁlmnﬁar. Thérdetoré, |aa‘6al\)tﬁh® evdlygtionfof tl’(eq)rsdsurer QXpéhelWeﬂ yttheslurry may

slurry transport c dUIt 13 The ow .rate of
be quéwﬁ%d? A@ lysthg We%@ﬁ%qr@ﬂewpe letc%y deterting (he iﬂwerates (ie.,
the ﬂéWQI‘éf&nt of thé éihf}y%%ﬁ&%ﬁé’ SIRf9 o a%@r% %b%g%{@ 180.UThY ﬂHR%ate of the

general 1’y influehce the perc ids in
shurrys Ithfrpryssdm eaptm@cbdf by e &igdsy,gth& arh @@t of higuisll aomppund added to the

o R g e ST St R 5y 358 g sytem
100. fromthe optical sensor 220 and generating a

deci pherabl e signal, such as a 25 digital signal,
that represents optical data. The slurry anal ysis unit

40 ma als ri se a.press sensor
he sy APt DR B0 i BrE Bed sBRP Bt SR pabte of
receidRH 8 kidh 8ISt tilestiRBEIeAbir@ 20188 SHiicRatiilON@dciptér4blé sikndl) such as a
analog. Simlarly, a flow sensor interface 660 in t he

digitad slﬂnalythah@p};ﬁg@@s gmlctal dafe. iThe élaga@n@lyeﬂﬁ upié déP mayplsp comprise a
press%xjggl Oor nrt c‘é %goftlll ?\f\éc%%? ﬁﬁta ﬁl%%treﬁg&l%es 1?%or 890 %nd generates a

era ana
deciph&ﬁbl@%)mts@re algfnbl)vl/igiﬁl @LCaﬂaLOgOfSn&lh@rly, a flow sensor interface 660 in the

slurry analysis unit 140 is capable of receiving a signal from the flow sensor 630 and
generating a decipherable signal, analog or digital, that represents a flow velocity of the
slurry in the slurry transport conduit 130. The slurry analysis unit 140 may comprise a sensor
data analysis unit 670 that is capable of performing an analysis of the optical, pressure, and/or

the flow rate data received by the slurry analysis unit 140.
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30 slurry in the slurry transport conduit 130. The

slurry analysis unit 140 may conprise a sensor data
wapahpediz7 unit 670 that is capable of perforn PgI/EER004/000234

anal ysis of the optical, pressure, and/or the flow

rate data received by t he slurry analysis unit 140. WO

2004/ 068127 PCT/|1B2004/ 000334 11 The sensor data

anal ysis unit 670 nay have access to various

theoretical calculations of slurry data, optinmum

pressure and fl ow velocities for maintaining desirable

The segsél tsdaga 4:1 gﬂ RG0St e ablial tﬂa%oh@tﬂe@fe@i@altdélculauons of slurry

u slurries that are used for various
data, optiem@spessurcliigl Semselocitias ﬁ)rﬁnaniahysg desimable physicglgharacteristics
capabl e of corre{athg var ressure an

that g (g RGP QBRI A SIUEHS (TP AR G108 B A oy iy gemsor data
analys?fI L#ﬁ{ é’?_P 1§§aﬁjalﬁfee<§ﬂpo%ﬁtlﬁ§ 95&‘1611%%r@s@@ﬂey‘1%ﬂ§)r Plowt-Meoeipt todhd

correl ation may onpared tqQ stored data
perceritimtofrsobde ideke §lory,as demnameé ﬁtcxm theanelysis of Gip qotigal data. This

[ib
conel%iog&g{%p%?q%recgwgs ﬁhﬁ 3@%&{?{&’1 ﬁ‘éﬁésgﬁgtg%lett@ieranc%s from the

hbrar}p@f 5C qFH rrg%ﬁ {cufhr 6B bf $l§rr9I %}b&@&bmméﬂlﬁnge bf:pll&tsuseglﬂodv -velocity
rel at'é to the percentage of 10 solid

and pem:rmﬂ rsellcbromlhe depigabls Tlafamﬁmt golicher may gejatefp zherﬁea?ﬁngage of

B

conduttN® 069 Biitdrest Fhce@RMBIihd thelchitasteristion 11admmmldla‘ erthac@ndult 130

possi bl e settllng of var]j ous part cl.es |n t.he. sl ur
generBhstelies infprscawd ﬁoraemymgs;@]@,sgtt gty aHgYs 1@18?13} éﬁ%rars Based

upon iﬂcg&gteage %edc?%‘g m%lg thO ShLREST thd slingy aldl Whther it is

eve s. 15 As illustrated in

withi &ﬂét@nﬁnedtwerﬁhmeaeveﬁ.atl ng to whether the state of
the slurry is within predeternm ned tolerance |evels
may be sent to a feedback unit 680. The feedback unit

As 1119s%%téafﬁ 1aR2B! e Aheadohshgidh REnbansbaclorsianals ibanRd

aracteristics of the slurry determ ned by,
predetehrﬁlr&d neleranckalescla naiy;hel ssniutniatfegibeck The 6@ e"é]]ya@gdback unit 680 is

capabei Ao ey St e RS AGRER Bt LBty
detenhﬁleﬁ t?@‘%ﬁe Ldns (fat‘al dhal RIQARLEOMTHe Fedddbel €ptkds ﬁr&@ﬁ&aﬂy directed

upon signals fromthe feedback unit 680,

to corapatsaiing eradp@bingthe nhysisandharacignistios gfgbasiyry e JHL%aCter’r%W% in

predeﬁ%@r}gﬁﬁgﬁg f’cﬁlgg% ?‘55@8?{1 si e}g ?%%utgg ?eetdB&k u{ﬂt 680 a flow
contry(Br\686 n&”ﬁﬁhe"l’@ﬁnﬁbewﬁﬁltyiﬁdsw adjasghentuhdiy lbb QB@dedc &op exmnpie, as part

such as H20

2, may be added to the slurry
of thef adjmstmbetsf the wperairary of YasioUSDEIHHY/ &%V%‘@Sééa@%yﬁqﬂﬂ%ﬂ%éed and

addltlfongl\/\cl:o(r:r?p%tua sI IsEcrh as%-? d %y“: Q¥8ed to the slurry.

The data from the flow controller 690 may then be sent from the flow controller 690 to a flow
control unit 695, which is capable of affecting the operation of various components in the
slurry transport conduit 130. For example, the flow control unit 695 may be affect the
operation of the pumps 378, the valves 380, or affect liquid compounds that may injected into
the slurry in the slurry transport conduit 130. Therefore, the sensor data is analyzed and
feedback data may be generated in a real time, near real time, or online fashion, such that the

flow control unit 695 may affect the consistency and the physical characteristics of the slurry
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control unit 695, which is capable of affecting the
operation of various conponents in the slurry
wo e@aspsier conduit 130. For exanpl e, the fl ow PONB2004/000234
unit 695 nay be affect the operation of the punps
378, the valves 380, or affect |iquid conmpounds that
may injected into 30 the slﬁ?ry in the slurry
transport conduit 130. Therefore, the sensor data is
anal yzed and feedback data may be %ner ted in a rea
in the siumy, transpart eensivittldfe These adpisiaents %’&%i Eadg fL AL OHES ¢ he
fl.ow contr ol ' f ' Mn@fsdls 120
i A e
may b0 4/A68Y 2HatRCTithBAG St @A0RIMolet ek hevielsesugh that the processes, such

transport conduit 130. These adj ystnments 49) '
as CVEhPIoResSPe perfgwgt%‘g? BNC?SSF@&Pgit mlmﬁegﬁéﬁﬁeﬁ?@ gcrdé,gte'
the slurry received by the processing tools 120 may

be of a quality that is wi t hin predetermned tol erance
The stiBvedata anadsis hait 670y ¢hepfeodhasck anit 680cthe flaw agproller 690 and the flow

processes, perforned t he processi '
contrqhgng QOB e S cted ety o PERTRE Sty grgfterdaively, o
combfHaaby e?eo'f.n Wﬂ@@@cotﬁﬂiﬁer;}ﬁ@gﬁﬁ@ lor Paiition§8Ocorthaerfgrograms, PC
controller 690 and the flow control unit 695 nay be
cards e dnéivere @afronants mayrbefitiligehiosesommp shrrarious dunctions of the shurry
al te.r[t@{)i vely, a conbination thereof. Various

analyi, it programs or portions of conputer programs, PC
cards, and software conponents maybe utilized to

performthe various functions of the slurr . .
Tumniag aby<p Figwe 7, amethodin pscrElanswvity em?’@a’rnéel*ﬁyoégﬁﬁeﬁ%‘& mvention
.k naecord ' ?‘ﬂ'ﬁ?{}# RVERS ¢hemical/slurry for use
18 ﬂlursﬁ'ﬁl;gﬁ't %8?1&&?@ tiiM[ %Jétse Fated H@l%«'—ésﬁ%rﬁ gfls@ Pihe systerenrlrg3 00

in prdc8&@ig/@snicorlugoakvateds (Mleski 1€).aBesedmiponishai araqyest.ohe ggdem 100

i n processing sem conduct or er bl ock 710). Base.
provideshe shamca Seguise p%%éssgg&fﬁg{ﬁ 1501 18 S P R 130
| 25058 LGRS dpRehuh Acliviy of the
(blocg Pgﬂ f/@ %léogfﬁ? %%%%&gﬁ&i%e%g%ock 720) . V%)Ei ous ©
slurryp R U fistafiring desired physiel eharadatisieh af te stwty. opt i num
delivery of the slurry, while maintaining desired
physi cal characteristics of the slurry. The system 100

loh3§e HBRItéAd sXahOEluirpebistiu73@). For example,
The %@%c@%%ﬁ%%@sgggnﬁl e, 20 tglhe systufeﬂrynﬂoo ma(39

the systath yt 0@ ntdyemalyré theloptibel chataeleristiases test slymg tcsqlq!i@%gin? ghether a
desirgie PeLgRiRge S 0 BBR Hom SepRalt oE ks frel (58 i midlc

usS areas

i 1R taRhbortontiie 1 30, UAAFitibRANS fiersystemniddirhayl 860 analyze
pmﬂ%@ﬁ?ﬁ?%%al?ya'?%e gnsten1100 ma i

o b ¥ al so anal yze 3@h§{ I
othepfhysicalathardetaristiescafithe slawy.ofuck pethsipgessyre experpPnged pyine sty
ressure experience it f
ot RERY SR RS 057 aRbe 05y Bt gt el e
100 Snetd§ colrelates.thd Waiosy physieal characteristics of the slurry (block 740). For

example, the system 100 correlates the flow rate of the slurry to the percentage of solid in the

middle of the slurry transport conduit 130.

The system 100 makes a determination whether the physical characteristics are within
predetermined tolerance levels (block 750). In other words, the system 100 determines
whether the slurry contains adequate percent solid at various points of the slurry in the slurry

transport conduit 130. These predetermined tolerance levels are generally calculated
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25 100 generally correlates the various physica

characteristics of the slurry (block 740). For
wex@apbsa?27 t he system 100 correl ates the flow rBCEIBRN04/000234

the slurry to the percentage of solid in the mddle

of the slurry transport conduit 130. The system 100

makes a determ nation wheth t he physica

characteristics are wwthin 30 predeterm ned tol erance

| evel s &block 75

0). .l h h 1
ot 5 Bt R A A e o

chemigﬁla ‘réir?&‘ L3Ol dinahe Maky od tROLIKY. STIRS prefidterdhitiéd toldrndetlévels may

y transport conduit 130. These predeterm ned

be stotadl iartanlieraleei for ascesspmdenoaipayiseraby e av e Ao0.

2004/ 068127 PCT/ 1 B2004/ 000234 13 specifically for the

type of process being perforned, the characteristics
WhenQhe Ej{f&@erﬁ ¥ D6 deErmiGBEMCRE phdichl @birasien s ioff tHehstursy arerwithin

and the |ike. The Bredetern1ned t ol erance Ievgls nmay.
predetsemirtedrteldraine tefels) the xstsm 496 gensralliceondigueniq PEHRTA CPERH

.by. the,system 100, i -
moniPing O FhPLlsdlitoaa HERuE, PASREMedcRo L, Bhih g ftnitoring of
the piWisichi Eharat@matLofthasidny aharmnesiabley aidmay Hepesysndhe 4B0ific

generally continues to performonljne  nonitaqr . of
type aftsburey wier yorpariigiRT PEpeeases - ¢ GG partipulag hpeof @%ﬁ% ﬁg’?gof
irnlethe'%eﬁgline nonitoring of the physical characteristics

PIoBt f ' slurry may be variable, and nay depend on the
specific type of slurry used for particul ar processes

RGN MO Ak -
predegér?%qgrée%atl)le?ﬁﬂé f’é%ft:{%,r 1h8 k{88m A00 pBFomhd ¥drdecBICadtidh babédupon the

termned tolerance level's, the system 100 .
correla¢iof of the physicalchinacterstidsand belswadcalsvels (Heck ¢Dr dhgepapetive

. of the sical characteristics .and toler.
actlor(SdpawcsL@é)V?ﬂ%tagﬁr B EP JUUTEES ?‘8%1]&%&@@1?%%1’% Gaflspor
condﬂs’if‘[?»(ﬁ léa{utsﬁﬁé‘ﬁle pRoisite agparttinusd byrthelshery, igther afiginirof theesturry,

urry transport conduit 130, adjusting the pr essurf
and/oe theelikee idednéthod stepsillustrajed mufigyer/ axe Ren tp phtain adequate

| , d the. l.i k Th i
and aggzpup,%a{ %plg?s?cail&réar?)cé%sgﬁégh? 8 onsglpeglddaeﬁggtﬁ% 1('% hjogﬁ%l%%tr&%ss
chem3G$ R Db & BB ysdceaingldalsace Mhsiefas, thé chdmicsl/shury usdddry the

delivering it fromthe process, chem cal un}ilt 110 t%.
processiag peade 5 may be vathin Hrg@qteqmg@cgyoéqrét}cetlﬁ\écls,t ereby providing for

more{RF0E e By locdEH shtickif il RI@RESS| 19 1 ool S 120

ntpre ermned tol erance | evels, thereby
provi di ng for nore uni formquality of processed
sem conductor wafers. The part.jcul ar engpdi nts .. b
The pardelerseebasiracnts diseloped 2beye 216 WBSERYG on o84 4§ invention may be
icn Lo DBy, fut | REREls HBGrehNiodhdde@kAR in the art
o530 RGP Rl LB ALl Gl s

rs apparent [

e ski
haviridt@e dedefit of the teachings herein. Furthermore, no limitations are intended to the

details of construction or design herein shown, other than as described in the claims below. It
is therefore evident that the particular embodiments disclosed above may be altered or
modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.
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25 having the benefit of the teachings herein.
Furthernore, no limtations are intended to the
wa@ledoaiobs2Df construction or design herei n showCT/B20&r000234
than as described in the clainms below. It is
therefore evident that the Qarticular enbodi nent s
di scl osed above nay be al tdffed or nodified and all
such variations are considered within the scope and
spirit of the invention. Accordingly, the protection
CLAIMSught herein is as set forth in the clainms bel ow. 30
200 R 04/ 000234 14 CLAIMS: 1. An
ngaraén%ggéﬁpr%wgg%an opti cal source for providing
an oftidat sdurcd @npiovudmhg)alaopﬂqal signal igin agT6al sensor
for detectin |d o nal d 5 a controller
t@)na%tfféf?ﬁnﬁ%rf\% LR gaf’a’g]h §’|° % gt}:a}faa?jgcterl stic of said
s UbkYolles tdMidiniin@whethedepgfsiBanethriondristiaiof eaitl elneﬂy ik |w1th1n a
an online manner, in response sajd optica
The appedetetrsined tajeranen level uman enhm’sraa@l%dﬁtf?s@Pg%ersald optical
conprises .an optical sensor 10 interface to receive
said o ?:1 signal. 3. The apparatus of claiml,
wherein said optical signal is capable of being
modi fi ed as a function of an anpunt of solid. in

sRur r y The pparatwhef elpipn avirgemsrsaid conipiacr “\Rﬁmné%a%%l?tbcal sensor
. troller i of determ ning an amount of
1nterf%c8:}? Leceiye gng aop%?u X r%ﬁ}) : .o .

ased upon said nodified optical
signal. 5. The apparatus of claim1, wherein said

C O paaah bt R B R A BB e e
moditgﬁ?d flet @%&eofvgﬁ%ﬁt ﬁﬂo‘ﬁd iR QiARNShcal characteristic

sal urry is wthin a predeterm ned tol erance
level . 6. The apparatus of claim1, further conpri si ng

f eedback t idf back .
o Seongo Ll Lol bl i
amouﬂﬁginsoﬁd iflSLig Efﬁl—ngqﬁbéﬁrh&kh%udsrﬁb&iﬁé@ ypticadbignal.

aracteri st saild slurry is not wthin said
predeterm ned 25 tolerance |level. 7. The apparatus of

claim furth , . 1
oressurtie anans oFSagar o P iSRS EAaaed Wtdimpare said
opticEsRRAl RNEHEd¥msAbDomEratidellevel stored in a library to determine whether said

physical characteristic of said slurry is within a predetermined tolerance level.

6. The apparatus of claim 1, further comprising a feedback unit, said feedback
unit to provide data relating to a feedback adjustment of said slurry based upon a
determination that said physical characteristic of said slurry is not within said predetermined

tolerance level.

7. The apparatus of claim 1, further comprising a pressure sensor, said pressure

sensor to determine an amount of pressure experienced by said slurry.

8. The apparatus of claim 7, further comprising a flow sensor, said flow sensor to

determine a flow rate relating to the flow of said slurry.
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30 8. The apparatus of claim7, further conprising a
fl ow sensor, said flow sensor to determne a flow
WO 2108/06882Bt i ng to the flow of said slurry. WO PCT/IB2004/000234

2004/ 068127 PCT/ 1 B2004/ 000234 15 9. The apparatus of

claim8, wherein said controller is adapted to

correlate a percentage of lidin said sl urry with

at | east one of said pressure experienced by said

slurry and said flowrate. 5 10, The apparatus, of

cl9ai m Thegrparaius ok glatm Sowherst sajd ?Oéltfaﬂzlpd? ST forsrelpie a

AGK sl | F i righcedy fdid slurr

pereeftae B o O B G B P SN ARrigocpy id shurry
and sapfadatess of cl aim 10, wherein said feedback signa

conprises at |least one of a signal to nodify the

pressure experienced by said slurry, a signal to

mygi fy ﬁr%'r%g ShQWof 4irh 8t Rherdifsadl Sr@dbr i AdRIEY icigrogide a
liquid co 8und into said slurry. 12. The apparatus of

feedbatlasipnal G modify kaird pexseptags pheplid ipswig sfusry kegpdispemhipid eirelation.
pressure experienced by said slurry. 15 13. The
apparatus of claim 10, further conprising a valve for

adjust iT1s dppfrafuls @ficlaitl®, Whersitl sdidsfebdbiayk sibAal cdngyristeat least one

co r|3|na; a process chemcal unit to provide a, )
of a signal foymodity the praseers sKpicngest by %ﬁl‘bélﬂfféifr%ﬁlgll%rt‘b?é’%é@@ﬁ’@TﬂOW

a sem conduct ' ' I ;a slurry
lawa?%é%@%%ﬁ%oB%ﬁ%&%ﬁﬁ@gf@éﬁ@%@?ﬁbggﬁ' siirry from said

process chem cal unit to said processing tool, said

slurry transport conduit conprising.an optical sourc

f o2 pr oWhechPRg s ob et dis @F@ﬁfa?oml?ﬂ%ngs%\?\g‘}“g &%ﬁﬂ@“sgiﬁa the
rﬂﬂ$§%g3§éﬁ§ﬁ§?ﬁfgﬁagl detecting said optical signal;

ry analysis unit to performan online
analysis of said slurry in said slurry transport

Comer ol T PP L E . HER SAMEri g T s 1ot jusing the flow

rate SHRAIGAREE) I Stic of said slurry is within a
predeterm ned tol erance I evel in an online manner, in

response to said optical signal. 30 15. The system of
clﬁ#n114, wherein said processing tool is adapted to
pet¥or nd\ gystem, comprising:
a process chemical unit to provide a slurry;
a processing tool to perform a process upon a semiconductor wafer using said slurry;
a slurry transport conduit to transport said slurry from said process chemical unit to
said processing tool, said slurry transport conduit comprising an optical source
for providing an optical signal into said slurry and an optical sensor for
detecting said optical signal; and
a slurry analysis unit to perform an online analysis of said slurry in said slurry
transport conduit, said slurry analysis unit comprising a controller to
determine whether a physical characteristic of said slurry is within a

predetermined tolerance level in an online manner, in response to said optical

signal.

15.  The system of claim 14, wherein said processing tool is adapted to perform a

chemical-mechanical planarization process upon said semiconductor wafer.
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chem cal - mnechani cal pl anarization process upon said
sem conduct or wafer. WO 2004/068127 PCT/|B2004/ 000234
wQa20018681The system of claim 14, wherein said SPCF/IB2004/000234

anal ysis unit further conprises an optical sensor

interface to receive said optical signal. 5 17. The

system of claim 14, wherein 6sai d optical signal is

capabl e of being nodified as a function of an anount

of solid in said slurry. 18. The system of claim17,

wherein said slurry analysis unit is capable of

deterniping,an oGk 4l ' chmorises an

utbn sdroud pPERHE e il said e PRI L LRASEom
opticaPEensbitintorthBe tomeesiet sid apticabbignaly anal ysis unit is

adapted to conpare said optical signal to a

predeterm ned tol erance |evel stored in alibrary to

deter mjle . WHe 1P A4 dwBRl¥RI GRll opftidal sEae i Gibhtsle Of being

said sl urr¥/ 'S W thl n a predeterm ned tol erance | evel.
modifidal RQ. fuildtdnufahemaonhit of wiidhin g3id Wheyei n said slurry

analysis unit further conprising a feedback unit,

said feedback unit to provide data relating to

f qgdbagi, @?été&ﬁto@(%ﬁim(lﬁ wAé€in sid¥hiy Besdeds wpiofs @pable of

determ nation that said physical characteristic of .
determmiing &1 amount o§ st inwaidrslurry based upereshed modifiedpptical signal.

tol erance level. 20 21. The system of cl ai m 14,

wherein said slurry transport conduit further

CQUPT i FHRGydemIoF SR E 85 #hs@in sakbéldrp aragsis enis érslaptetl ¢o

determ ne an anount of pressure e>iperi encdﬁid sai dd .
compgtesaidyoptizal, signabtosy Bredpterringd ileranop Vg 6105 Usagl?ﬁ?fafy to determine

sl ur.ry.tr.anspor dwd & of [ IS evel.
whetgg i Py GG SR Apisef Qe shic T it a AR R @uldeet

relating to the flow of said slurry. 23. The system
of claim 22, wherein sai sI,ur[%/ anal glis uni t. f.urther

cpri slde systeme edimdlds hersy) 374 luggs; : yais it é‘lé‘[#é@& rcomprising a
dat 2 PNAIMS D it RELDYAB AR LS A OICREARR b8t of said
el BRI OO Lt ot ot
slurrpbased@inporpa éctemmiaatborpibnt @itkpiysioyl charagtesistie pfsaid glirys got within
flowrate, WO 2004/068127 PCT/|1B2004/ 000234 17 24.
said pradetepuRehiolrance YA 14, wherein said slurry anal ysis

unit further conprises a

21.  The system of claim 14, wherein said slurry transport conduit further
comprising a pressure sensor, said pressure sensor to determine an amount of pressure

experienced by said slurry.

22.  The system of claim 21, wherein said slurry transport conduit further
comprising a flow sensor, said flow sensor to determine a flow rate relating to the flow of

said slurry.

23.  The system of claim 22, wherein said slurry analysis unit further comprises a
sensor data analysis unit, said sensor data analysis unit being adapted to correlate a
percentage of solid in said slurry with at least one of said pressure experienced by said slurry

and said flow rate.
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feedback unit, wherein said feedback unit is adapted
to provide a feedback signal to nodify said
w@eorgesttiage of solid in said slurry based uponPGHIER004/000234
correlation. 5 25. The system of claim 24, wherein
sai d feedback signal conprises at |east one of a
signal to nodify the pressuVe experienced by said
slurry, a signal to nodify said flowrate, and a

signal to provide a liqujd conpound into.sai.d.slurry. .
263 Tharh pkstamogFlagn i RSroinGAEL Y BRI GpS i i Edprises a
AR ; Fdedbabictiis adddt&IOBRIES AN FRdBARI S to modif

feedbé\crj ust?%gre?ﬁ%q%!rféggsure ei%g(?‘c{iﬁenpggﬁb said slur r%}?l 27. Y
said péiventays desolidfin chidishrdthasedreyomi saidseareglaitonr ry transport

conduit further conprising a valve for adjusting the

flowrate of said slurry. 15 28. The systemof claim

265 T URHRGYGEAMICIaRhNE, FhéleRNafDREdKHCk Yitinkl @pEiTiis wekyst one of

coupled to said slurry analysis unit, said flow |
a signabtotmedifsuthi préseim gxpetepretbyt i slaey ot signal|te sradifysaid figw rate,

said flow.rate and said pressu perienced by said
and a§}gg}g]rt9_pr%x§46 i\ﬁﬂ%‘?‘&?&}m&% ?%%1@151:“8)30 receiving a
request to provide a slurry to a processing tool;

transporting said slurry through a slurry transpar
ubt t dheayelemradctaimi Idg hersin wakdprry EFﬁB?P%faqoalﬁPfgg‘H@H :

and perfaorm.n ' ' ' i cal
compiie A B} Pudhel: hRERIP IO B coft B T8 o1 ng
conprising anal yzing an optical signal sent through
said slurry to 25 . determ ne whether said physical
cRdr actldieisyster qficlaing 29, wihgrep said sljry I’i‘iaHSpé’rPC%%luﬁ Turther
redet ] - IRR%8 sheld:. The met hod of
Compgﬁsglg%\%gwf\%ﬁg?ﬁe}%ﬁ%}}elg 8&%%?5& c?ugﬁfl i ne nonitoring of
said physical characteristic of said slurry further

g g%%g ' IS fﬁ}sersgfgtts . d:rllela N , tot g%%ﬁ@sjpé’ fg : %}Iai o%%nu”t)’ gperatively
coupl%ﬁ gclf" éﬁg(g gﬂ:ﬁ:\%ﬁe ggiéils %ﬁg%‘icp@&g 3ntrdi8nit beinkhRlapRE he Bortfol at least

n performng an online nmonitoring of a
one ofkaidifloat ratehandaatdepressuiacexpbriensied by lstd surtyur t her
conprises determ ning a pressure experienced by said
slurry in said slurry transport unit. 5 32. The nethod
ofycl aiwhod{\@&hgﬁgn%},erf orm ng an online nonitoring
of a physical characteristic of said slurry further
conpaivieg e rogtest teipioyide a slunyvie parecesfng ool siurry

transporting said slurry through a slurry transport unit to said processing tool based

upon said request; and

performing an online monitoring of a physical characteristic of said slurry, said online
monitoring comprising analyzing an optical signal sent through said slurry to
determine whether said physical characteristic of said slurry is within a

predetermined level of tolerance.

30.  The method of claim 29, wherein performing said online monitoring of said
physical characteristic of said shurry further comprises determining a percentage of solid in

said slurry based upon said optical signal.
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in said slurry transport unit. 33. The nmethod of claim

32, wherein performng an online nonitoring of a 10
w@bopgioesak7 characteristic of said slurry furthePCT/1B2004/000234

conprises correlating said percentage of solid in

said slurry to at | east one,gf said pressure

experienced by said slurry éﬁd said flow rate of said

slurry. 34. The method of claim 33, wherein performng

an,_onl ipne nonitorin 15 sical characteristic

of3lsai 9%?‘393 Pﬁ?lﬁﬁ%%ac@wﬁ?wggxﬁ@flé PO fTpg mgritoring 6f
physitAGARABEIerisI8daid Surrf Hrkit cOHRFri&s d%@hﬁirﬁﬁ§§ présfire SAdeilienced by

flowrate, and an injection of a fluid into said
said shimy inysaidhslurry $pospog unit. a det er mi nati on that said

percentage of solid within said slurry is not within

said predeterm ned tol erance. 20 35. A conputer

r egdabl Eheihe@6@ 6T Slaleh 3 eviskeyih perfontiaged onlihéimonitoring of a

instructions that, when executed by a,  conputer, )
physigalrdheragtsristioref spedisluay fythes comgprises @@%/evmﬁgn&a tleyuatsofisaid shurry
. _arovide y to a processing tool; transporting
lnsalgasli)%wgtir%nrp?/ljt#%{rt'ough a slurry transport unit, based

upon sai d request; and perform ng an online

monitoring of a Eh si cal characteristicﬁg& said, .

s13% r y, Theanethedh of plaim 32, Wesein feriRgniag #pongpp gronitoring of a

| . . ] .

Py e P Ay T o e PSR S PR Y o solid in
said sairgltesdtieasy onesofaidprassarepxpdatrecdbyeaidisbust arsfsaid flow rate of said

tol erance. 36. The conputer readabl e program storage
slurevi ce encoded with instructions that, 30 when

executed by a conputer, perfornms the nmethod of claim

35, wherein performng said online nonitoring of said

ph3ssi caThaihathad o clasn 38, whersiaipgrfotmingyanfomling gronitoring of a

ohysEf e ishio b Suld P RREPRR IR mih8k bdiPadRidn! o
adjusPERé bEARPH0002 34id i -Bafe, ahll @n HFBRUGNEST o FAAE A €aid slurry in

program storage device encoded with instructions that, |
responefy adeiominetidnthat saiskpruecatage 96 solish wishinreidslemy i net within said
degl ai.rrlr1d[3;5 erWh%r ein performng an online nonitoring of
predefernyingd OIGraAGE: Characteristic of said slurry further

conprises determning 5 a pressure experienced by said
slurry in said slurry transport unit. 38. The co

r e3tlabl & cprpytesradablc et vlosecdry g sgcdedvith ns ictions that,
o GRHNES TSl et R TR o e
receiving a request to provide a slurry to a processing tool;
transporting said slurry through a slurry transport unit, based upon said request; and
performing an online monitoring of a physical characteristic of said slurry, said online
monitoring comprising analyzing an optical signal sent through said slurry to
determine whether said physical characteristic of said slurry is within a

predetermined level of tolerance.

36.  The computer readable program storage device encoded with instructions that,
when executed by a computer, performs the method of claim 35, wherein performing said
online monitoring of said physical characteristic of said slurry further comprises determining

a percentage of solid in said slurry based upon said optical signal.
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online nonitoring of said physical characteristic of
said slurry further conprises determning 10 a fl ow
WO a008/06125ai d slurry in said slurry transport BCI/IB20B2000234

The conputer readabl e program storage devi ce encoded

with instructions that, when executed by a conputer,

perforns the nethod of claini38, wherein performng an

online nonitoring of said physical characteristic of

said slurry further conprises correlating 15 said

pergentage of solid in said slurry to at |east one of

saiyd prgs 18 ' . i@eingtructi

TG S S s a1
whenpregtaibse competed guifemsethe oudwdwifichpimnB, plercibpefarpagg an

. When. execut ed a uter . rforns t ne f -
onting sty Shanit B pLora g B ad Ry WPl dptemining
a preRlireSRpEiaAYS b 3hid Gharaa kidiskirhycrafspsiugits| urry further

conprises determning a feedback signal to adjust one

of said pressure, said flowrate, and an injection of
aftluid.nto aid Ly i o) t ‘s .
B T i R FRREOAR i iy pations
When:‘eﬁlbéht&i by & yfglln@uteﬂ Qlerfoinidhe nfestiodl gfrobdet 35, mibeedn performing an

ol erance. 25
online monitoring of said physical characteristic of said slurry further comprises determining

a flow rate of said slurry in said slurry transport unit.

39.  The computer readable program storage device encoded with instructions that,
when executed by a computer, performs the method of claim 38, wherein performing an
online monitoring of said physical characteristic of said slurry further comprises correlating
said percentage of solid in said slurry to at least one of said pressure experienced by said

slurry and said flow rate of said slurry.

40. The computer readable program storage device encoded with instructions that,
when executed by a computer, performs the method of claim 39, wherein performing an
online monitoring of said physical characteristic of said slurry further comprises determining
a feedback signal to adjust one of said pressure, said flow-rate, and an injection of a fluid into
said slurry in response to a determination that said percentage of solid within said slurry is

not within said predetermined tolerance.



