; e3es(pSPUYRF& T(6(T(JU=  METHOD OF MANUFACTURI NG A SEM CONDUCTOR COVPONENT
AND CHEM CAL- MECHANI CAL POLI SHI NG SYSTEM THEREFOR S Field of the Invention
Thi s i nvemoiovI®el at es, in general, to nmanufactiuring sempcamdiects ors3

port sni ng (v aur i es can oo MRMBIRNAR:r e et ™ ey o7

particularly, to detecting concentrgbbsans of conponents in m xtures used in
t he manuf acturi ng of sem conductor conponents. Such CVP slurries can

include a buff er edygahidh ek A STERING N SERfICE t¥@R The oxi di zer
chem cal |l y passivates gk?gﬁégﬁggQEB @Arp.- caprasive physically
pol i shes or renoves the Bﬁsq_iﬂ‘]%gsgﬁ T s softer than the
unoxi di zed .nmetal. CVMP slurries Tor polishing tungsten netals require
preci se quantities of the oxidizer, which has an extrenely short usefu
lifetime. Therefor e, the neM/qHaﬁéit'e of , t he oxi di zer nust be added to
the CMP slurry to maintain tw nt’f fﬁlléecé‘éf‘?ﬁw chemical activity. Prior

t echni ques for determ ni ng. when addi tiopnal amounts of oxidizer are required
20 i ncl ude whisdaientige mlates, Bsgesngeh tmappliaptytiphsemirgriustor Fympansalscandgners|
techni ques require at |least a quarter of an hour to conplete before the
appr opparticdadyydy detectingoconcéntationsooflzempdukntis inonixieesOed g therpanugactisingrafi ned
This | ong del ay between the sanpling of the CMP sluury y and the addition
of t hesaxiceliduetor t@mpdrentsMP sl urry produces poor nmanufacturing process
control. The short useful lifetine of some CMP slurries al so produces ot her
propl ens in existing 25 CVWP systens. For exanple, many CMP systens use

| arge day tanks that hold significant quantities of CWP slurry to be used
during an entire day or at | i j hour *159159* WO

0l /89767 PCTfUSO1/111. 13 nana%%%%ggé%gﬂgﬁ?Pghﬂ#%ese day tanks consune | arge
SRR o X et R A R A SR S S S

oxi di zer mus peri odi several types o Furry
in day,tan reover ne tch of. CVMP slurr y have. a residence tinme
or anePtell N s et sl it soliionuen Suiast. SBRpBATARIFCH et
slurry may not be used. 5 Therefore, the large quantities of CMP slung in
t he daghanzieally pessivaies @ pxadiresche metal.and she phrasive plysically palidireer wmoyesthey are
introduced to the day tank and/or as ol der slurry ages beyond its useful
| i 12 ansidinad tmetad, whichve softee thani the ohevidiced ma@li CMFhshurigs dor pilisging tungsisaed
exists for a nethod of manufacturing sem conductor conponents

metals require precise quantities of the oxidizer, which has an extremely short useful lifetime.

Therefore, the new quantities of the oxidizer must be added to the CMP slurry to maintain the
necessary chemical activity.
Prior techniques for determining when additional amounts of oxidizer are required
20  include manual techniques such as titration. Typically, these manual techniques require at least a
quarter of an hour to complete before the appropriate amount of oxidizer to be added to the CMP
shurry is determined. This long delay between the sampling of the CMP slurry and the addition
of the oxidizer to the CMP slurry produces poor manufacturing process control.
The short useful lifetime of some CMP slurries also produces other problems in existing
25 CMP systems. For example, many CMP systems use large day tanks that hold significant

quantities of CMP slurry to be used during an entire day or at least during an eight hour

T

*159159*




that includes a process for easily, accurately, and cost-effectively
detecting and controlling a 10 concentration of a conmponent in a m xture.
As appl i edota/8CP processi ng, a need exists for a CMP systmmtsmaliican
easily, accurately and cost-effectively detect and control a concentration
of an oxidizer or other tinme-sensitive chem cal conponents in a CWVP shiny.
Brief Description of the Drawings | 5 The invention will be better under
stood froma reading of the follow ng detail ed description, taken in

conj U”%{ah%&u%é BhikheriRee QW%HD@ &lez%@ﬂrg@arﬁélgﬁkr 65116 s‘#@éeczﬂxd did Epehsive.

illustrates a cross-sectioral view of a portion of a chem cal nechalucal

pol i Shigh YLD A ﬁ{sd@n&?m By HRR IRk cly 1 Seeflf Sl U i 2

illustrates TRRuUfrACt UL Ng A aem ¢ uct or

conpon 2 . accor wth an e the inventiaon: FI.GS. 3 and
¢ Syt o ot gpire. Fepi T&gﬁg‘?ﬁi%sl&rm% N
. enbodi ment of the invention; WO 01/89767 PCT/USOL/ 111 ~3 FIG 5

i | | ust Aweld&ims efors yhq GMPslyrgpran bnemseq Webwquhwbﬁ P gurrpmay pefhedised wit h
an 1 enbodi nent of the invention; and FIG 6 illustrates another fuzzy

| ogb c ghenpfors,ghe large qrentiiias of ICMNEP glurry in thealoy tanda g bave tesiencsrthodproblemsof
the invention. 5 For sinplicity and clarity of illustration, the draw ng

fi gur eas néwumtched ef slaey genetmlducedninahe ddy ok shd/oc s ohler amdlyeigesrbmoadiits t he
drawing figures are not necessarily drawn to scale. Additionally, the same
r ef er epsulnifBRAdngst be djul-éfcanta EHepHisLaddenat € the same el enents, and

descriptions and details of well-known features and techniques are onmtted

to avoid una\%eﬁaﬁ@yd |a>’né895e%§’i§ R o h@tﬂoavcﬁ%m@aa& r%':ééiﬁlttﬁ{dﬁ&&e cothpheh®r M5

first, second fourth, top, bottom over above ow, and
he | I
é. St 'néﬁ.f 'sfﬂc.lﬁcﬂ?beﬁ%%és PR @?%Mlﬂt ot QPRtecived Nerecthf ot %gn%oéfm%. i ng

OSIIIO

tive uent i chr Ji 0,
undr sEReER ey r?eC"é’PRS’(‘} Gt o, s RROSS %0%8%??‘8%& e
capabl ion in _other orientatio Qr _.sequences th descri bed or
i |1 ust %&@%aﬁf SS9, PRCURIALY, (DF COMERLIESTYSON dP ik ANEHRoNELAEONCER AR ar o
i nter changeabl e under appropriate circunstances. Detailed Description of
the Dr ahwhepsdizermr othar fimessepsitieaschemisabeampanehis gha CME 8w a portion of a
Chem cal - Mechani cal Polishing 20 (CW) system 100. In particular, a portion
of the chem cal supply portion of system 100 is illustrated in FI G 1. Qw
system | 00 conprises a vessel 110 having a first input port 111, a
Brief Description of the Drawings
15 The invention will be better understood from a reading of the following detailed
description, taken in conjunction with the accompanying drawing figures in which:
FIG. 1 illustrates a cross-sectional view of a portion of a chemical-mechanical polishing
system in accordance with an embodiment of the invention;
FIG. 2 illustrates a flow chart of a method of manufacturing a semiconductor component
20  inaccordance with an embodiment of the invention;

FIGs. 3 and 4 illustrate fuzzy logic graphs for the method of FIG. 2 in accordance with an

embodiment of the invention;



~

- tur bul ence

second input port 112, a CWP slurry output port 113, a CWP slurry sensing

port 114, and a CW slurry fill level represented by a dashed |line 119. Tai
t he pref avootis®edbodi nrent, CMP slurry 3 VWO 01/ 89767 PCT/PGIYUSDAITIA3 43
output port 113 is located below the CW slurry fill level, and input ports

111 and | 12 ar a located bel ow CWP slurry output port 113. Also in the
preferred enbodi nent, CNLP slurry sensing port 114 is | ocated bel ow out put
port 113 and the CWP slurry fill level, and CWP slurry sensing port 114 is

al so | ocat eficabPyRish Ryl ReHt PgklhbRNEr He?metho8 JFEAGONSInt RkoddhRsewih @her r ed
5 relative locations of input ports 111 and 1 12, CWP slurry output port

113, nggéiﬂﬁﬁ; ihogneﬁr&xﬁl4, and the CWP slurry fill level are
er.

expl ai ne ereinaft essel 110 al so conprises an internal wall 11 S

defining a yoir 120. .In.the. preferred enmodi t L1 1 i ot h,
but fins (nBlC-ehiIates fEosher fizy LOBIC eph forrie AR G 2 b pcbbichde SRS
i.thin reservojr 120. In the preferred enbodi nent, vessel 110
and 1027 g8kedjRERt of e igyenti9pef er abl y seal ed tightly so that punmps coupled to
input ports 1 1 1, 112 cazi be used to punp the slurry conponents into
vesSel 110 Fonrsbuplicityrgndiclasty p§iltustration] the dpawvina figuies 8lusaatg deiganerabipnarhe
slurry out of vessel 110 through output port 113. In order to seal vessel
110 andf rcesgmueton, a0 cle@vRtss ins tlemdi®Gng digures cdra deot anecessptilyadtawo- o sepld17, a
rigid lid 116, and nechani cal clanps 118 renovably coupling or securing lid
1 16 tadtitenilbp 1 sates sefbrehcel fuméalsiingliffdrerdt fighress dempedtieosapictalérmentsyrand
air-tight seal. CWP system 100 can al so conprise a dynam c m xi ng device

130 | ogadeiptics bhe® BRhilOMrolvelgssRh TehflresDRNH CRcARGudly Rad dhdittbd 181 %06idt he

CWP slurry within reservoir 120. As an exanple, device |30 can include a

rOtatiﬂ&x%%%&h?%b&%ﬁ%@%ﬂﬁn&%ﬁmhhat is magnetically coupled to a nagnetic
. I's

act uat or n t enbodi nent of device 130, blade 131 is |located within

! | . . JAsLis i
1255 1 ngt v spr BB G CBORY FBL . 1. AR Sshthlirbolt RGP |

slurry ¢ be delivered.into the potfomaf reservoiy 120 through.input port
15" % e e, ehe GleaRson B! THBS BnI ARy St FH AT R B
bottom of reservoir 120 through input port 112. As an. 4 V1'0 01/897G/
PCT/ USeimilps 1eleysenis g BOt nereseribys HOle gpjstinmat rebatiye posipnsxpigpzEaveigl dthe
second conponent can be an abrasive conprised of silica particles in a

| i qui dckiosplegisilomderr Howdvquiitis sadersteed thnhthe Enodimantsyofithe ivertipnixeserdhiegr i sed
of other conmponents such as, for exanple, a buffered solution. As the
conponaeatim @t chpebldChPopdrationyinastBer ovientativnedr sequétves desi desctibedtor ollustiated
reservoir |20, device 130 dynamcally 5 m xes the conponents together to

f o t RerefaVPItSk Unther viNdeRtodd thAtythe daMisG® wsdd akes iridreliamipedily uhdee ajppbpaiaieacent
to input ports 1 I | and I 12 such that the conponents of the CWP slurry
can be maxgghd.eget her inmmediately after being introduced into reservoir
120. As the CWP slurry is m xed together, additional anounts of the
conponents of the CMP slurry are introduced into reservoir 120 to increase
t he amount of CWMP slurry in reservoir 120 up to the CW slurry fill 10

| evel indicated by dashed Lin 9. . sy.stem 100 al so conprises a punp
171 coupled to input port e?ﬁTiﬁﬁﬁﬂéﬁP 1%3% Ee%%%e first conponent of the

CWP slurry (pto reservoir |20 through input . pou | ]. SYyS 00

2ddi &1 onal 1 FIt Ol Sues 5 gt o L SEPasT S ChesBical-Hipohaniea ol hipe
forces the second conponent of the CMP slurry_ into reservoir, 120 t hrough

i nptit  FeMP) sygem PRpsin pertieiley, #ppriiemof Heghe@icgk suppbe PPRion g SstERel 1S
slurry out of vessel 110 through output port 113 and to deliver the CW

sl ur ry iliustrataé i EHF.conGMR eystentlil 8 eempiisss aoressebtl 40 hpvipee first ipputproginbkl 2ed or
removed. CWP system 100 further conprises an optical sensor or

r ef r ackevord éipul péit Il 2. at @dPatliracamputiport TVP, sCMPr shursyesenising pprirli4,labhd.a GMPi r st
portion of refractoneter 150 is |located external to reservoir 120, and a

- second sp@ktfilpMevef rdpeésemel Byed @ishbd $ak 1199) daahe Grédféria BrabodiMedite OMY @luiry120.

20 In particular, the second portion of refractonmeter 150 extends through
CWP slurry sensing port 114, fromwall 115 into reservoir 120.



In the preferred enbodi nent, the second portion of refractoneter 150
protrudes into reservoir |20 away fromor beyond wall 115. However, the
second powvOicomIwl refractometer 150 5 1'~" O 01/ 897C7 PCPOyAKMAMNL33 does
not extend into a central portion of reservoir 120 so that interface 152 is
not | ocated within a vortex of the CW slurry, but is located in a
relatively high tangential velocity region of the CWP slurry within
reservoir 120. In the preferred enbodi mrent, CVWP slurry sensing port 114 and

e 3,057 36 | 9atachel UL Ee ARSI, bl &\é%lrts' ndi gt £ by

dashed avoi d detect’ing or“sensing any ors wthin reservoir

REPRACKHR é%eko&g@é#%ﬁ eCp St ST meraled B JREDARFI oo, ER7 iRy

Di vision of Rose t A tical, |ncarpor i j Thi s
embodi ARRREAOT, A e 33@%“1@6?‘& i3 dahepﬁgﬁvﬁ’rﬁl‘i@ihﬁiﬁvg? AN S 150
exi sts between the CVP shiny and prism 15l exanpl e, prism 151 can be
10 conpenswedosfl1ddpplip rl‘écatqlieﬁbpa% npHepEts g Gmfisl 1?e e 5%591150@& Hhesgipisferedeur ed
to vessel 110 by nechanical clanps 153, and o-ring 154 is |ocated between

t he5 wakdlatofe 1@MEoss of inpus ports hig qydrtlzlmnhsidnvemmpméﬂé; ClvBUslimy eendi®e t o
provide an airtight seal between refractoneter |50 and port 114. As the CW
sl ur ry pbi% 114 tane eheo@dPishirgy file kel expldfleddrteinaftepushed upwar ds wi t hi n
reservoir 120 15 towards CMP out put port 113, the CWP slurry noves pass CWP

slurry sensiggePPIdt aldoléommpihes 8 hcthArRAET 151REGin5 4 Radrvéiel 2@ Caieprrfer®d0 can
detect a concentration of the first conponent in the CVWP slurry. In the

pref er gfﬁ cﬂpwmnﬁ B%mfo H, Bl ARTRRD Siwi PO/ In$kxRind Y 988N 15 to

per oxi system | sd conprises a flowrate sensor 160 coupled to

CIVPsIurr ort 113 6 1180 9fqOWP
slurry r%?h epg%%“ﬁ%l rwff% Iieﬁe%?}sﬁa%vﬂ% t?ur rgé%%(f%mttbg&detn P\%eése? ens %19 160
can be a IeveI sensor IS, prefer |nsta aneous sor,
b o e K B BT s B W@ﬁ@fé by PRI AR va P dEe
sensor 160 provides a first signal to adjust the flow rat he first
conpon#&#Rd tgpumpdhepry componentsipiggiesss! 110 brayeh sarpeportscy Ly &?‘i %“&@"l'ﬁput
port 111 and into vessel 11 0. Refractoneter 150 provides a second signal to
adj ust usddetofpuow thatshiref outtod vessekt Lcbrpishentpubport Hd3 Clp order g geal M?S(S‘Elgﬁ 0i nput
port 111 and into vessel | I 0. CWP system 100 al so i ncludes other features
not il lndtesaived 120, EIMP sisterhutOOksaavincltde & komelimitid-tiegl 11 4 higidakid 116;0md
exanpl e, CWP system 100 further conprises supply tanks for the first and 5

second nfeRaHde Blatp®1l 18 Rem&MBlysdoupling orlseeuriiglfl V14 ks topadt essel dLI ©dinigo
punmps 171 and | 72. CWP system 100 add| tionally conprises a carrier assenbly

f o1 5 SURPP{stisBPtoPprSRAL 6@ BRUEhOkal.

CMP system 100 can also comprise a dynamic mixing device 130 located at the bottom
of vessel 110. Device 130 dynamically mixes the CMP slurry within reservoir 120. As an
example, device 130 can include a rotating stirrer or blade 131 that is magnetically coupled to a
magnetic actuator 132. In this embodiment of device 130, blade 131 is located within reservoir

20 120, and magnetic actuator 132 is located outside of reservoir 120,

During the operation of CMP system 100, a first component of the CMP slurry can be

delivered into the bottom of reservoir 120 through input port 111, and a second component of the

CMP sluity can be delivered into the bottom of reservoir 120 through input port 112. As an



substrate that optionally has a plurality of netal and dielectric |ayer s.
CWP system 100 additionally conprises a platen for mechanically polishing
the sem cw@dUEYD? substrate or any of its dielectric or nmepct/ukayrrs. 10
FIG 2 illustrates a flowhart of a nmethod 200 of manufacturing a

sem conduct or conponent. Method 200 uses CWP system 100 {FIG 1 ). At a
step 205 of nethod 200 in FIG 2, a sem conductor substrate is provided.
The sem conductor substrate can include at | east one sem conduct or

epi t axigg@lm Ié,yﬁi% %%go}r?oﬂ&t%aﬁ %Q‘aﬁ%&%;,%%%lﬂ@p&'béd l‘:@lﬁg&nenwg {be & apfasiveEP
210 of nethod , a pluralrty of sem conductor devices are forned i n the
sem co Nel tr .15 Then, at a.step 215, 0f .nethod 0, a first
Tayer  RHPHRA Bher A fiesap A RGN eRbubR B TR e TR o et
devices. As an exanple, the first layer can b dielectric |ayer conps

[ ced o SPRPHE WiHE SEmBPREgH S8 A AR apELS: RGeS SoIpton. p&s [ SpmpPRRIS
-enbodi nent, the first layer is conprised of a netal such as, for exanple,
copper of the rVIRUsrrst are dnigasvcedin the desited matioftmresesmeir il 3@ dleyice 4 3fdynamicallye
first layer can be used as an interconnect |ayer. 20 At a step 220 of

met hod 8¢, the icomporants wgetberdtocform dreeGMS diirra  Aicxardinglyadevipr 630 Bquefarabilyni xed
together. In the preferred enbodi nent, the mxture is a CWP slurry; the
first daardredibceitIo dipudpbrs 2er asditi? agh thanthexanfinents by thicoQRiP ghatfoainde; and
t he second conponent is an abrasive such as, for exanple, silica particles
suspengifled fogdthet GmediaRly hfedr beivy Mtrsduted ifRNeddredir 020.7 As W ONMPBRNLY is
PCTIUSO / 111~3 conpri sed of other conponents known to those skilled in the

art of GMBY RiBHES %hgﬂionélnar;rlr@ﬁmogfﬁﬁrao oﬁéﬂ%é)g'ﬁ RNEMH Elﬁrr? irarr'ei %@ggwa%&nd

conponents are m xed or conbi ned together wthin reservo FIG 1.

Al so i . fer. ' t (I 0 1
aynam ST DL pEEaRIAR it of, CUR ShshE 85,88 195w 8 TR ERE udf .,
in.the preferred.5 e i , the first and second conmponents are m xed
toéét hé&efﬁﬁpﬁﬁﬂmbédﬁgﬁag‘@gggé m xture or solution, which facilitates

uni form CVMP _processi ng. When the first conponent is conprised of hydrogen
per oxi de, t & Rpystem 0% also gomprises agumpfldl coupler ie inpptiRe 1dédc Bwmedi7l fyresof
hydr ogen peroxide into oglggn and water. Accordingly, at an optional step
235 of theliibeomBTennohe CMP sk int resaanit § S roughofipee port { Ho EMPaystem
conponent 10 can be added to the mixture at a first injection rate qr punp
out put 100khdditionally coatpeisesis pamp éX2npipdsd tounput bokt 118. Au@p 17cfrcespersatendat a
first stroke speed and a first stroke volunme to provide the first injection
r ate. chuppneht af haICMER shus§dnib Fes@eidirt 120 thiough inpONRANEIY. Pudds 17¢s8d Y78 ¢anl20
in FIG 1. During optional step 225 of FIG 2, the second conponent can

al §9 balsaddeded @ HRLS e &M QurrSutdP vE3aM0&hroR thdpdrD1 3 £3d td d6iRr e used
to add the second conponent into 15 reservoir T20 in FIG 1. Next, at a

f L g p m'2 )%{I\ﬁl?glu&gtt?glg g%@%@%ﬁ%&r%iel%c 2 &%ﬁﬁqgsegﬁdé%]pl%garfzgg of lehdlefOMponent in

tetected or ne an exanpl e,

refractomet %%ﬁ%ﬁg! ﬁ%(% if%)rtlgeg’ncotr)ne rllégsed% ﬁo?%@é’l! (s:elﬁlséi(rt §1e C{ngt?%%%nslétgxp 13(? %cal[ t he

preferred e 0 1's per i =S n reservoir 120
(FIG Iﬁi?mhilegwrricall. m Xi toget her. the first and_.second 20
Conponliptiht RSB Sersihematiad%. A5} RSiet §F ezt g0 By GRS temlor o
accurate neasurenent of the concentration of_ the first conponent than a
sl ow t it® FesELvels 18[),0%1513% second portion of refractometer 150 1s located internal to reservoir 120.
20 In particular, the second portion of refractometer 150 extends through CMP slurry sensing port
114, from wall 115 into reservoir 120.

In the preferred embodiment, the second portion of refractometer 150 protrudes into

reservoir 120 away from or beyond wall 115. However, the second portion of refractometer 150



Step 230 includes neasuring an index of refraction of a portion of the
m xture. In the preferred enbodi nent, the portion of the mxture is
conpri sedweX0189fgundary |layer in the CVW 8 WO 01/ 89767 PellT/uSiily11.is1- 43
slurry. As an exanple, the boundary layer is a |iquid boundary | ayer
conprised of the first conponent, or the oxidizer, and is devoid of the
second conponent, or the abrasive particles. The |iquid boundary |ayer is
al so conprised of other liquid conponents of the CWP slurry such as, for
exanpl e lIE I . a5 it | r.ed
Qloed i tekfgﬂ% 0 S%Iéﬂag Bﬁ‘ft@h of H:?el@gﬁ 350 ¥ tthaﬁﬁé(rjﬁE@ $52 ik ot llaﬁat%# %%t in'd

enbodi nent , I qui ndary layer 1s located around eac

abrasiv rii.cl measure t he index of . refraction.of.this_ boundar

-l ayer, V? Hg)?P g?%a@ﬁ%n%_@rer P @%i lﬁggcaée%l ]ing%fe)i%tme guglﬁﬁ gansggﬁtlleg Vr%laotc;e}# i’ lgrg ﬁgﬁl%s,
for ex e rism151 (Fl 1) toward interface 15 FIG 1) between prism
157 and Bkt R Rserio o To i8Rl sgphitn GMP RISy ShoRe e
-optically detects the angle of the light reflected off of interface 152 to
dot er niZHb IFREGe rhaare fogatsc belew g M Ry it ewclpadicatsd Py dsshedy e 119 o
surrounding the CWP slurry abrasive particles. The refractoneter can be
confi g@veld delgclirg ereenang puciappis withigresesvoir hesbaye theefMEAwrgh. As an

exanpl e, the range of the index of refraction can be approximately |.333 to
1. 340 when psisnesdaibld, SeftaptpmétaretbOofandeppmiode REFR AGEDS tPhacetd Refractongianent
is conprised of hydrogen peroxide. The neasured i ndex of refraction is

di r ect lcymadeebidliyn @eHilable PHROROME | UMl DRidiHE of FEERbimRt ARdlytedal,t IR€orbbiatld of
conponent within the m xture. This index 15 of refraction neasurenent is

not af figGle Caforhile qgésogarﬁ%difrﬁltndhf ¥ef1_'|_a%{0%é@grn950 E&h#x‘(i)'s’ri]:s dag?HErﬁ.nH 12 @ MO

solids, or flowrate e m xture. e concentr at ermned I n step

230 is; Ler.m.ne 0 I Rl ' first
compondEEE LR HREer (e P AR5CE, L AL BF Eybobinl Pl bie 70
thgom' xture is detected or neasured. As an exanple, flow rate sensor 160 in
FI &0 1 Cemprifed Qi SERPIIS herform step 235 in FIG 2. The flow 20 rate

determ ned in_step 23.5 i s subsequent Idy used to determne a sec,oad

i nj ection r &elagtgmetend>¢ isemoyehlp sonpiad rseewed i wesseld 1 0fayamesbaniss! cdampps
steps 230 and 235 can be reversed. Next, at a step 240 of nethod 200, the
concentlp3t poh atERgr kdnésd lecatedt bgwegn thenavallhef f¢MR slaerg seosiag npaved 1# nagk ep
235 are used to determne fuzzy logic paraneters or variables. As an 9 WO
01/ 897 @fir4e®mdis(A1Y01ihlordd texanyile an wirightradalxbetiveanatefractbmeter déhand pdtilhd.st ep
230 can be converted into a first signal by refractometer 150 (FIG 1). As
an examsl e OMIR slutrfyS$ irfifodnedd ifnref@vdir C20° #18Nis pokhed vpIalrdOwithid reservioiin B0
signal is subsequently converted into at |east one, and possibly two, fuzzy
| ogkC RENAGE TP ofipuy pbitaRBethe (EMPtél‘lﬁ{yTﬁfol%s pdrs (¥1‘1|/[P\/Mhlr%1 Sendi@l §Jobi N@daridn

step 235 is converted into a second signal 5 by ow rate sensor 160 (FIG

1). 1@, LR ! IO .
L) STARAAILD o e RSea A1l GAD e if e iy eohlioos

Into at east one,

Possi bl bXb JARS! Uk WRE prdiEZY O SeRhB TRL LSNP ARlERea SRRy IGAAI ' S
of these conversrons Thto fuzzy Iogi ¢ variabl es - are descrirbed I'n r
detail with respect to FIGS. 3 and 4. At a step 245 of nmethod 200, the

fuzzy PSG¥yariabl es are used to determine a second

CMP system 100 also comprises a flow rate sensor 160 coupled to CMP slurty output

20 port 113. Sensor 160 measures the flow rate of CMP slurry out of reservoir 120 through CMP
slurry output port 113. Sensor 160 can be a level sensor, but is preferably an instantaneous flow
sensor. As explained in more detail with reference to FIGs. 2 through 5, flow rate sensor 160

provides a first signal to adjust the flow rate of the first component of the CMP slurry through



10 injection rate or punp stroke rate for the first conmponent of the

m xture. The details of step 245 are explained in nore detail hereinafter
with ref ewOm®9Ie FI Gs. 5 and 6. As an exanple, steps 230,pc36S0124f43 and
245 can be performed within 30 seconds. Next, at a step 250 of nmethod 200,
a second additional anobunt of the first conponent is added to the m xture
at the second injection rate. The second injection rate will nost |ikely be
15 different fromthe first injection rate. As an exanple, punp 171 in FIG
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refractonet er convert the index of refraction into a current having a
magni t eenep@&nbmdy il 280 apep CMP systenahe0 (. Y apire step F5@1 methed AY¥kg HE. 2,
convert the 11 mA output into two different fuzzy |logic variables. The
first huzmycondgiter substrablie pravidd8. Whehsenituxringtog selehiratef caapipelogé pateadtyor@. 8,
and the second fuzzy logic variable is NMwth a fuzzy grade of
appr oxkemicehductdr 2pitdbalAbier vetlyihg atsemicoadactdusipyort dgyict. YWeapht useh 110 ofet hod
200 of FIG 2. This graph in FIG 4 converts the second signal fromthe
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comprised of a metal such as, for example, copper, aluminum, titanium, or tungsten. When
comprised of a metal, the first layer can be used as an interconnect layer.

20 At a step 220 of method 200, first and second components of a mixture are provided and
mixed together. In the preferred embodiment, the mixture is a CMP slurry; the first component
is an oxidizer such as, for example, hydrogen peroxide; and the second component is an abrasive

such as, for example, silica particles suspended in a liquid carrier. The mixture can also be



represent control limts while the NM and PM fuzzy | ogic variable can
represent specification limts. As an exanple, the flow rate sensor can
convert tWOM[B8Wrate into a current having a 11 VWO 01/BH7US01/11143

PCT/ USCL/ 111. 13 magni tude of approximately 16 mA, and the graph in FIG 4
is used to convert the 16 mA output . into two fuzzy |logic variables. The
first fuzzy logic variable is PS with a fuzzy grade of approximately 0.6,
and the second fuzzy variable logic is PMwith a fuzzy grade of
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"3 were NS and. NM, and the two fuzzy logic 10 variables determnped in FIG 4
vere PIyRgicpi myied togetherslt tipp axasip! %,ngsv@efbislrmf ¥yl | Bgitherviathepredaradn  he

table of FIG 5 produces four other fuzzy logic variables. For exanple, the
i nt &r sewbpdiment, thehizrshmdosskendnconipohents arephixed togpthetiodesn a hbmpgcgnou@gnme
variable of PM and the intersection of the NMcolum with PS row produces
a fuzzyr bdgtien, whaichabéiBtatdvun#ohan CMabtassinghe i ntersection of the NS col um
with the PMrow produces a fuzzy logic variable PM and the IS intersection

of the NS coVHenmhovAkd chMPordat ﬁ@&nﬁr@@&@ﬁﬁy&oé@z}ﬂoﬁl@glr& M@ktida€ aRmnited

Accordingly, the four resulting fuzzy |ogic variables are PM PM PM and
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| ogi c varl abl e of approximtely rcent PM and 25 percent PS
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current for the punp.that controls the second injection rate. The x-axis
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represents the fuzzy grade of the 12 WO 01/897G7 PCT/ USO01/111-~3

conpos iptavideythg firdt anjectionarateaiPump Thiecan-bedised tenpdiethe fiirgrmogpooent intTheseryoaph i n
FIG 6 includes seven fuzzy logic variables: NL, NM NS, ZR PS, PM and
PL. Confd muFig wi Duringeptesnahyibe22y of¥Id. G, tli, setdrel @myoasititean hlsa by addel ©

vari abl e of 75 percent PM and 25 percent PS produces a current of

appr oxitemityte 1 A.s anlamplef-pimp 672 TFIE. dwah ®BlusédStoidAphd Sdotidcdni@npitiiatol or
the first 5 conponent. As an exanple, the 15.5 mA can be supplied to punp
173151 nrdbfooiri2b e ERL.Gbl i sh the second injection rate for the first
conmponent of the m xture.

Next, at a step 230 of method 200 in FIG. 2, a concentration of the first component in the
mixture is optically detected or measured. As an example, refractometer 150 (FIG. 1) can be
used to quickly perform step 230. In the preferred embodiment, step 230 is performed in-situ
within reservoir 120 (FIG. 1) while dynamically mixing together the first and second

20  components. This fast, automated, and in-situ measurement provides a more accurate
measurement of the concentration of the first component than a slow titration process.

Step 230 includes measuring an index of refraction of a portion of the mixture. In the

preferred embodiment, the portion of the mixture is comprised of a boundary layer in the CMP



Therefore, an inproved nethod of manufacturing a sem conductor conponent
and chem cal - nechani cal polishing systemtherefor is provided to overcone

t he di sadvam/ages of the prior art. The thirty second opt iP€aIUSHetHES i on
cycle is much faster and nore accurate than the 10 fifteen mnute titration
cycle of the prior art. The optical detection is in-line and non-intrusive.
Of line sanpling is not required, and no reagents are required.
Accordingly, mnimal training is required to use the CW system or nethod
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wi t hout departing fromthe spirit or scope of the invention. For instance,

t heS nukapidupuadarailaysr sdecatest amunbeashof dhrcaprosivepartiles. by mepsuse therjadex of
conpositions of the m xture conponents are provided to facilitate the

under strefragiiog o6this heuridayelyérotheanfiacieetanshingsoy lighd dhtough arsotid miateriot oyl of
the invention. Furthernore, the conponents of the m xture or CMP slurry can
be al t esefdr deqeplel prismu poN (Flke 1redvedrd ahtedfarebies 2p@1G.s Nelsbtweenpprésnan 5 ¥ enld the

Addi tionally, the fuzzy logic can be used to adjust the 13 WD 01/897Gr
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stroke rate. reover, the nethod described hereinis not limted to CW
process; : ; S e bEXAIR! €,
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PCT/USU1/111-t3 1. A nethod of manufacturing a sem conductor conponent
conpr i $hmpeonendisreonyprised of yndragay perogider The sesabwerhindex of refigbier iadérectprandi di ng
a mxture conprised of a first conponent and a second conponent; optically
det ect ilingarly mropational d¢ ittenconterittation of § fustrpopendnt iwithih themixdure.e Thisdndex
applying the mxture to the first layer. 2. The nmethod of claim1 further
conpr i of nefracho®eaiungnen iOxatdifeeted herthd belof, irgiditg Octowdiag) tsolidd) doweaatibnng an
abrasive for the second conponent. 3. The nmethod of claim1l or 2 further
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the mxture at a first rate

used to determine a second injection rate for the first component of the mixture.
Then, at a step 235 of method 200, a flow rate of the mixture is detected or measured. As
an example, flow rate sensor 160 in FIG. 1 can be used to perform step 235 in FIG. 2. The flow
20  rate determined in step 235 is subsequently used to determine a second injection rate for the first
component of the mixture. The sequence of steps 230 and 235 can be reversed.

Next, at a step 240 of method 200, the concentration determined in step 230 and the flow

rate determined in step 235 are used to determine fuzzy logic parameters or variables. As an



before optically detecting the concentration; and adding a second

addi tional anount of the first conponent to the mxture at a second rate

di f f erentw@oopmt®whe first rate after optically detecting tPETASICRNHS at i on

4. The method of claim 3 wherein: 15 adding the second additional anount of

the first conponent further conprises adding the second additional anount

of the first conponent before applying the mxture to the first layer. 15
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The nmethod of claim8 wherein: neasuring the index of refraction further
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measuring an index of refraction of a boundary |ayer of the m xture. 16
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f S&10v@B % fom the refetemesr: This waxis rangsp dropEappreximately 4 milliAmperes (mA) to
10594 09%%& () -f$10%& ()-f$109%B& ()-y
#1096820 M4 5 The y®ais (O vemicalopdsrepiesants the fuzzy geappf theduzzy logic variable. The y-
105, ' 1109%6& ()-& 10%& () -f F#109%& () -f, #1096&' () - f #10%& () - y#109%B&' () - | ##
$° $39n UsliEPEnged Grom 0 to 1. The fuzzy logic variables illustrated in FIG. 3 include Negative Low
(NL), Negative Medium (NM), Negative Small (NS), ZeRo (ZR), Positive Small (PS), Positive
Medium (PM), and Positive Large (PL). In a Statistical Process Control (SPC) method, the NS
and PS fuzzy logic variables can represent control limits while the NM and PM fuzzy logic

10 variables can represent specification limits. As an example, the refractometer may convert the
index of refraction into a current having a magnitude of approximately 11 mA, and the graph in
FIG. 3 is used to convert the 11 mA output into two different fuzzy logic variables. The first
fuzzy logic variable is NS with a fuzzy grade of approximately 0.8, and the second fuzzy logic
variable is NM with a fuzzy grade of approximately 0.2.

15 FIG. 4 illustrates a fuzzy logic graph used in method 200 of FIG. 2. This graph in FIG. 4
converts the second signal from the flow rate sensor into at least one fuzzy logic variable. The
second signal is a current in FIG. 4. The x-axis or horizontal axis of the graph represents the
output current from the flow rate sensor. The x-axis ranges from approximately 4 mA to 20 mA.
The y-axis or vertical axis represents the fuzzy grade of the fuzzy logic variable. The y-axis

20 ranges from 0 to 1. The fuzzy logic graph of FIG. 4 also includes seven fuzzy logic variables:
NL, NM, NS, ZR, PS, PM, and PL. In a SPC method, the NS and PS fuzzy logic variables can

represent control limits while the NM and PM fuzzy logic variable can represent specification

limits. As an example, the flow rate sensor can convert the flow rate into a current having a

11
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5 FIG. 5 illustrates a fuzzy logic table used in method 200 of FIG. 2. The table of FIG. 5

converts the fuzzy logic variables from FIGs. 3 and 4 into other fuzzy logic variables. The table

in FIG. 5 includes seven columns representing the seven fuzzy logic variables in FIG. 3, and the

fable in FIG. 5 also has seven rows representing the seven fuzzy logic variables of FIG. 4. The

two fuzzy logic variables determined in FIG. 3 were NS and NM, and the two fuzzy logic

10 variables determined in FIG. 4 were PS and PM. The intersection of these four fuzzy logic

variables in the table of FIG. 5 produces four other fuzzy logic variables. For example, the

intersection of the NM column with the PM row produces a fuzzy logic variable of PM, and the

| intersection of the NM column with PS row produces a fuzzy logic variable PM. Additionally,

the intersection of the NS column with the PM row produces a fuzzy logic variable PM, and the

IS intersection of the NS column with the PS row produces a fuzzy logic variable PS. Accordingly,

the four resulting fuzzy logic variables are PM, PM, PM, and PS. These four fuzzy variables are

averaged to produce a composite fuzzy logic variable of approximately 75 percent PM and 25
percent PS.

FIG. 6 illustrates another fuzzy logic graph used in method 200 of FIG. 2. The graph in

20  FIG. 6 converts the composite fuzzy logic variable of FIG. 5 into the second injection rate for the

first component of the mixture. The x-axis or horizontal axis of the graph in FIG. 6 represents

the input current for the pump that controls the second injection rate, The x-axis ranges from

approximately 4 mA to 20 mA. The y-axis or vertical axis represents the fuzzy grade of the

12
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Eo EEFz BiEte@d BfibgpraQintately 15.5 mA in FIG. 6. This current is supplied to the pump for the first

5 component. As an example, the 15.5 mA can be supplied to pump 171 in FIG. 1 to establish the
second injection rate for the first component of the mixture.

Therefore, an improved method of manufacturing a semiconductor component and
chemical-mechanical polishing system therefor is provided to overcome the disadvantages of the
prior art. The thirty second optical detection cycle is much faster and more accurate than the

10  fifteen minute titration cycle of the prior art. The optical detection is in-line and non-intrusive.
Off-line sampling is not required, and no reagents are required. Accordingly, minimal training is
required to use the CMP system or method described herein. Furthermore, the optical system is
estimated to be approximately $30,000.00 to $70,000.00 less expensive than a conventional
titration system. Thus, the method and system are also cost effective. Moreover, the fuzzy logic

15  control system provides a faster and more accurate response that will not overshoot the intended
target and that will also not oscillate around the intended target.

Although the invention has been described with reference to specific embodiments, it will
be understood by those skilled in the art that various changes may be made without departing
from the spirit or scope o.f the invention. For instance, the numerous details set forth herein such

20  as, for example, the compositions of the mixture components are provided to facilitate the
understanding of the invention and are not provided to limit the scope of the invention.
Furthermore, the components of the mixture or CMP slurry can be altered depending upon the

material to be polished or planarized. Additionally, the fuzzy logic can be used to adjust the

13



10f y2@0%& () - LO@LOY%D& ()-f3. $10%B& ()-,," ' 10%& ()-f*S10%& ()-f' #109%0&
()-/GEEEEEEHIHDC 10 1 10Sf$10%&R' ()-& ! 109 ()- 105 105 105,v;

t 109%6& ()WOBHSIIBE' () -4M 10%&' ()-dHH |11 ClJJaBbC 10 1 PCT/US01/11143
10S#109&' () - S#H109& () - %409k’ () - SH109%& () - S#H109%& ()-!F

"109%&' () - JJAKKLALLAEDC 10 1 10!"1'109%&' ()-S

109& () - SH109&' ()-&sS&10%& ()-Y' !10%& ()-S@0%& ()-LLYMVN NNdEbC 10 1

10SI . 109&' () - S@ #109%&' () - S9O*#10%&' () - S(#10%&' () - &Y&R10Y& () - SH#10%&R' () - NNJOO
m?ﬁ%%ﬁoﬂe JAhE Bead)of, d0mIAdkPn to, the ump stroke rate. Moreover, the method
100& (] - SAT00&: () - So#100& (). sO@RL0%E () - ObP| PP QUIENBC 10 1
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) - XXXX3lopeR®EI9a its@oncentration in the solven. Accordingly, the disclosure of embodiments of the

invention is intended to be illustrative of the scope of the invention and is not intended to be
limiting. It is intended that the scope of the invention shall be limited only to the extent required

by the appended claims.
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@310%& () p%t'f léﬁg%‘%ﬁix@w 11:91@1‘%56@01’ a first component and a second component;

optically detecting a concentration of the first component in the mixture; and

5 applying the mixture to the first layer.

2. The method of claim 1 further comprising:
providing an oxidizer for the first component; and

providing an abrasive for the second component.

3. The method of claim 1 or 2 further comprising:
10 adding a first additional amount of the first component to the mixture at a first rate
before optically detecting the concentration; and
adding a second additional amount of the first component to the mixture at a second

rate different from the first rate after optically detecting the concentration.

4. The method of claim 3 wherein:
15 adding the second additional amount of the firsi component further comprises adding
the second additional amount of the first component before applying the mixture to the first

layer.
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7. The method of claim 6 further comprising:
detecting a flow rate of the mixture; and

using the flow rate to determine the rate.

10 8. The method of claim 1 or 2 or 3 or 4 or 5 or 6 or 7 wherein:
optically detecting the concentration further comprises measuring an index of

refraction of a portion of the mixture.

9. The method of claim 8 wherein:
measuring the index of refraction further comprises providing the portion of the

15 mixture to be comprised of the first component.
10.  The method of claim 1 or 2 or 3 or 4 or 5 or 6 or 7 or § or 9 wherein:

optically detecting the concentration further comprises measuring an index of

refraction of a boundary layer of the mixture.
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