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This invention relates, in general, to manufacturing seni cohdudtbr
conponents, and nore particularly, to detecting concentrations of
conponents in mxtures used in the manufacturing of sem canduct or
conponents. 10 Background of the Invention Chenical-Nbchanﬁ@ﬁpaﬁgﬁishing
(CWP) slurries can be used to planarize netal layers. Such CWP slurries
can include a buffered | ution, i di zer rasi ve. The oxi di zer
chem cally pas§M@§ Sﬁgﬁa %ﬁ%ﬁ%ﬂgﬁgﬁ?wggrasive physical ly
pol i shes or renovedsOMRONENHANK GEE - i‘§“softer than the
unoxi di zed metal . OVP SRQELISHRNGIOSTEM TEERFI GRingsten netals require
preci se quantities of the oxidizer, which has an extrenely short useful
j§ifetime. Therefore, the new quantities of the oxidizer nust be added to
the CVP slurry to maintain tHidd ofithedseatiyn chem cal activity. Prior

t echni ques for determ ning when additional anmounts of oxidizer are required
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Background of the Invention
Chemical-Mechanical Polishing (CMP) slurries can be used to planarize metal layers.
Such CMP slurries can inchude a buffered solution, an oxidizer, and an abrasive. The oxidizer

chemically passivates or oxidizes the metal, and the abrasive physically polishes or removes the

15  oxidized metal, which is softer than the unoxidized metal. CMP slurries for polishing tungsten

20

25

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 sluiry to maintain the

necessary chemical activity.

Prior techniques for determining when additional amounts of oxidizer are required
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
slurry 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
CMP systems. For example, many CMP systems use large day tanks that hold significant

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



25 CWP systens. For exanple, many CMP systens use |arge day tanks that hold
significant quantities of CVMP slurry to be used during an 3néir§ d or at
| east during an eight hour 1 1 0 NOV 20Q4 SC 10854ZK manuf &c ull Mgﬁ@hift.
These day tanks consune | arge anmounts of floor space and are expensive.
Furthernore, |arge anounts of oxidizer nust be added periodically to
several types of CMP slurry stored in day tanks. Nbreover,s§19§§ﬁ%%tch of
CWP slurry may have a residence tinme or dwell tine before the CWP slurry
can be used or beyond which the CMP slurry may not be USﬁg. 5 Ther ef ore,
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problems as new batches of slurry are introduced to the day tank and/or as
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chem cal additions. Accordingly, a need exists for a method of

Manufiget Wbieddn S8yTt£RE dMUr@ves @paniendtsof Chit shirmcinaylbsveaa msigepestimepr easi |y,
accurately, and cost-effectively detecting and controlling a 10
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need exi sts tor a CMP systemthat can easily, accurately, and
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o‘f heTheﬁfﬁr& @Sﬁ%ré? ﬁ@%‘ﬁgﬁ%w co%ﬂgr;[g%?g in arﬁ%\/llllﬁg Irﬁs?ée;/l.a@téri g?d) Descr i ption
of the Drawi.ngs .15 The i.nventi i | e r r r adi n
of (a6 SRty GioTeblh b iy ot as A B0 feck O g8 N0
acconpanying drawng figures inp which: . FIG | illustrates a cross-sectiona
vi eviseful fep?ég?fjﬁ%hb%ﬁ%l%c%%‘édrﬁ“ééh‘?rﬂlﬁ%lﬂgﬂiué’a?' pol i shing systemin accordance

~with an enbodi nent of the invention, FIG 2 illustrates a flow chart of a
}Ymet hod oquqandmgé)ctamq:ngexastg@m & Fredhad: of m@B‘ﬁ%ﬁH‘é‘Fﬁ semiconductor components

that includes a process for easily, accurately, and cost-effectively detecting and controlling a
10  concentration of a component in a mixture. As applied to CMP processing, a need exists for a
CMP system that can easily, accurately, and cost-effectively detect and control a concentration

of an oxidizer or other time-sensitive chemical components in a CMP slurry.

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  in accordance 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;




20 in accordance wth an enbodi nent of the invention; FIGs. 3 and 4
illustrate fuzzy |ogicygraphs for the nethod of FI'G 2 in accordance with
an enbodi ment of the invention; 2 16 F Q V 2004 SC | 0854ZK KH{G. 2804
illustrates a fuzzy logic table for the nmethod of FIG 2 in accordance with
an enbodi nent of the invention; and FIG 6 illustrates an?ﬁ(lr?@rs Ett%zy | ogi c
graph for the nethod of FIG 2 in accordance with an enbodi n? of the
invention. 5 For sinplicity and clarity of illustration, the draw ng

figures illustrate the_.general nper f thl inth
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reference nunerals in different figures denote the same el enents, and

des canibodingms ofthe inyerten; andf wel | - known features and techni ques are omitted
to avoid wunnecessarily obscuring the invention. 10 Furthernore Hg‘\?\/ terns
first, sd®Gn6illustrtes andtoarrfutry logip grapbeicte msikad of flfe ,méfﬁ’%;“c%&‘t . and
the like in the description and in the clains, if any, are used for

di st Rebogiientohhé weentiorsi i | ar el ements and not necessarily for describing
relative positions or a sequential or chronological order. However, it is
ynder st oqg; tibplicitshddiadionanistatitn, tHecrawive fighes iltiesetithegenerémahnerar
Capabl e of operation in other orientations or sequences than described or
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) descriptions and details of well-known features and techniques are omitted to avoid
unnecessarily obscuring the invention.

10 Furthermore, the terms first, second, third, fourth, top, bottom, over, under, above, below,
and the like in the description and in the claims, if any, are used for distinguishing between
similar elements and nbt necessarily for describing relative positions or a sequential or
chronological order. However, it is understood that the embodiments of the invention described
herein are capable of operation in other orientations or sequences than described or illustrated

15  herein. It is further understood that the terms so used are interchangeable under appropriate

circumstances.

Detailed Description of the Drawings
FIG. 1 illustrates a cross-sectional view of a portion of a Chemical-Mechanical Polishing
20 (CMP) system 100. In particular, a portion of the chemical supply portion of system 100 is
illustrated in FIG. 1. CMP system 100 comprises a vessel 110 having a first input port 111, a
second input port 112, a CMP shurry output port 113, a CMP slurry sensing port 114, and a CMP

slurry fill level represented by a dashed line 119. In the preferred embodiment, CMP sharry

Lo



20 (CWP) system 100. In particular, a portion of the chem cal supply
portion of system 100 ihs illustrated in FIG 1. GWP system 100 conprises a
vessel 110 having a first input port 111, a second input port(1N2y a00EVP
slurry output port 113, a CW slurry sensing port 114, and a CVWP slurry

fill level represented by a dashed line 119. In the preferred enbaodi nent,
CWP slurry 3 1 0 Nov 2004 SCI 0854ZK out put port 113 is | oc&F&ef¥éKow t he
CWP slurry fill level, and input ports 111 and 112 are |ocated bel ow CVP

slurry output port 113. Also in the pr rred enbodi nent .. CMVP rr
Senstmtort |0 losairdbaouciiai b SBpO! This i 3ot Ao bl KR ¢ 1)

| evel, and CWP slurry sensing port 114 is also | ocated above input ports 1
| | lacwed b@owTEMPr dampevtpubporiidde plefiarthe greferred gnbodimedle ANB VB i nput
ports Ill and 112, CWP slurry output port 113, CMP slurry sensin port

114, seadifilz pdre 1 MR Istated heldw blipliepet 16 adghp Cithdurri dilldevadf andrCMbes 110

al so conprises an internal wall 115 defining a reservoir 120. In the

pr ef @i digipore TRl IR Tocat¥Phbove kiput okt dnd 1At Thensasonoforshawvprdferrdd G 1)
may extend fromwall 115 to increase the turbulence within reservoir 120.

Isn trtﬁgti{’er ﬁ&&i&@%ﬁ&ﬁ?@?hﬁ? 01 aePRElCMEA QuAg bulfit 8RN BOUCMELBrrsensiigef er abl y
I ghtly so tha I

Seal'e punps coupled to input ports 111, 112 can be used

to %ﬁﬁﬂléﬂggﬁﬁgéﬂﬁ’ﬁﬁgf@ﬁgﬂ%%ﬁ%ﬁ%§§¥§§§§&“5%9~through i nput ports 111, 112

and use urry out of vessel 110 through out put
Can i nol Yeeseh LR PR oY R IR g g ko 120 i p AT (o
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conprise a dynam c m xi ng device 130 |ocated at the bottom ?H v%%Fel 110.
Dev iitcecases thed furbuiersg| Wighiny reessvain é 2&\vHAnstbe rmrgfesipd gmbodigisat sssel 138 ands an
10 reservoir 120 are preferably sealed tightly so that pumps coupled to input ports 111, 112 can be
used to pump the slurry components into vessel 110 through input ports 111, 112 and can also be
used to pump the slurry out of vessel 110 through output port 113. In order to seal vessel 110
and reservoir 120, CMP system 100 can include a compliant o-ring 117, a rigid lid 116, and
mechanical clamps 118 removably coupling or securing lid 116 to the top of vessel 110. O-ring
15 117 is used to provide an air-tight seal.
CMP system 100 can also comprise a dynamic mixing device 130 located at the botiom
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 slurry can be delivered into the bottom of reservoir 120 through input port 112. As an



exanpl e, device 130 can include a rotating stirrer or blade 131 that is
magnetically coupled tg a magnetic actuator 132. lIn this gandhnﬁﬂﬁ;of
devi ce 130, blade 131 i's located within reservoir 20 120, ‘and!'magnetic
actuator 132 is |ocated outside of reservoir 120. During the operation of
CWP system 100, a first conponent of the CWP slurry can be ggh%%2 dinto
the bottom of reservoir 120 through input port 111, and a s& %ﬁponent
of the CMP slurry can be delivered into the bottom of reservoir 120

t hrough input port 112. As an 4 . SC108547K example. th ' ent can
be asxampleditheefirst eaiapargat @85 ﬂ"ﬂﬁt%ﬁ BWOBEB%WP%%P gg%dv%esg%%@rggr?}%;ed of
silica particles in a liquid suspension or a quuidrca Ltpr. The éWP slurry
can aingwisehef sheppartees iofa bauie suspeimisonei 40 ednss | ThorMESIHEY 80 4%yt f er ed
solution. As the conponents of the CW slurﬁy are introduced in the

desi beagbnipaisédof dther coapenants such 29 forkewinpls, 2 boffeph seitian. | Hs theFoRPenenty
conponents together to formthe CWP slurry. Accordingly, device 130 is

pr ef grpbloyp blﬁﬁﬂh&cﬁnﬁd&@@@m the desdired uhtipmtd sesdrlair 486, devitesl3olynamicalishe
conponents of the CWP slurry can be m xed together imediately after being
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additiona unts of” the conponents of the CWP slurry are introduced into
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111, CWP system_ 100 additionally conprises. a 172 co 0. | nput
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reservoir 120 through input port 112. Punps 171 d 172, ¢ al be used

to fresepwin 129 ©NPcrspsgrthy apguntgfl %WW@W@M%&%%J’PG g@ﬁl 3 %ghd to

deliver the
10  level indicated by dashed line 119.

CMP system 100 also comprises a pump 171 coupled to inpuf port 111. Pump 171 forces
the first component of the CMP slurry into reservoir 120 through input port 111. CMP system
100 additionally comprises a pump 172 coupled to input port 112. Pump 172 forces the second
component of the CMP slurry into reservoir 120 through input port 112. Pumps 171 and 172 can
15 also be used to force the CMP slurry out of vessel 110 through output port 113 and to deliver the
CMP slurry to the semiconductor, dielectric, or met_al layer to be planarized or removed.
CMP system 100 further comprises an optical sensor or refractometer 150 located
adjacent to CMP slurry sensing port 114. A first portion of refractometer 150 is located external
to reservoir 120, and a second portion of refractometer 150 is 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



CWP slurry to the sem conductor, dielectric, or netal |ayer to be

pl anari zed or renoved. ,CVMP system 100 further conprises an optical sensor
or refractometer 150 |ocated adjacent to CWP slurry sé‘n&iM@t’)pﬂiﬂﬁ 114. A
first portion of refractometer 150 is |ocated external to reservoir 120,
and a second portion of refractoneter 150 is |ocated inter ngébégg zgservoi r
120. 20 In particular, the second portion of refractoneter 8nds
through CVWP slurry sensing port 114, fromwall 115 into reservoir 120. In

the preferred enbodi nent, the_second portion of.refds,a rotrudes
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portion of refractoneter 150 5 1 0 Nov, 2004 SC108547K does not e hﬁend into
a centtealof plor CMhslofrys beds dedated1ing Edativelyt high taneenfial VeI LEg\Gh Of at ed
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preferred enbodi nent, CWP slurry sensing port 114 and interface 152 are
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avoi etecting or sensing any vapors within reservoir 120 above the CW
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refract o%étaé‘rexfg’@i%cﬁﬁpar%ﬁ)éﬁe)egeralSgrtliag%ela51, and an interface 152 exists.
bet ween t he CMP_s] ur d prjsmlsl. Ll SR dmadrafed@oe 10
comsPrBErally &5ilpbF r@m 38‘? r@'ﬁ{ofﬁ%ivésﬁonlég @geﬁéﬁ]ﬁa ly3}9:C(5upl et or secured to
~vessel 110 by nechani cal cl anps 53, and Q-ring 154 is. e ween t he
} wal lTrviote, Clebifasnigr r Jhis cenabagdymens, @f Tejigctopgter rlglor é’?f?ﬂf‘g% & pﬁ%gc]i%tr%’ %ng%ﬂ to
provide an airtight seal between refractoneter 150 and port I’L5]14.
interface 152 exists between the CMP slurry and prism 151. As an example, prism can be

10  comprised of sapphire.

Refractometer 150 is removably coupled or secured to vessel 110 by mechanical clamps

153, and o-ring 154 is located between the wall of CMP slurry sensing port 114 and

refractometer 150 in order to provide an airtight seal between refractometer 150 and port 114.

As the CMP slurry is introduced into reservoir 120 and is pushed upwards within reservoir 120

15  towards CMP ouiput poﬁ 113, the CMP slurry moves pass CMP slurry sensing port 114 and

refractometer 150 so that refractometer 150 can detect a concentration of the first component in

the CMP sturry. In the preferred embodiment, the first component is comprised of hydrogen
peroxide.

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

20 | port 113. Sensor 160 measures the flow rate of CMP slurry out of reservoir 120 through CMP

sturry 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



As the CWP slurry is introduced into reservoir 120 and is pushed upwards
within reservoir 120 15 towards CMP out put port 113, the rHap4oOVes
pass CMP slurry sensing port 114 and refractometer 150 sg\/ﬁhgbv 4
refractoneter 150 can detect a concentration of the first conponent in the
CWP slurry. In the preferred enbodi nent, the first corrponentscj §&ppri sed
of hydrogen peroxide. CWP system 100 al so conprises a rowré@% sensor 160
coupled to CWP slurry output 20 port 113. Sensor 160 neasures the flow

rate of CMP_ s]| ur out of reservoir 120 th | & :
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signal to adjust the flowrate of the first conponent of the CVMP slurry
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other features not illustrated in FIG 1, but known to those skilled in
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first and second conponents of the CWP slurry. The supply tanks can be
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zompsmim@cg;mgallaycgs.uses CWP system 100 (FIG 1). At a step 205 of nethod

10 FIG. 2 illustrates a flowchart of a method 200 of manufacturing a semiconductor
component. Method 200 uses CMP system 100 (FIG. 1). At a step 205 of method 200 in FIG. 2,
a semiconductor substrate is provided. The semiconductor substrate can include at least one
semiconductor epitaxial layer overlying a semiconductor support layer. Next, at a step 210 of
method 200, a plurality of semiconductor devices are formed in the semiconductor substrate.

15  Then, at a step 215 of method 200, a first layer is formed over the semiconductor substrate and
the serﬁiconductor devices. As an example, the first layer can be a dielectric layer comprised of
silicon dioxide or silicon nitrate. However, in the preferred embodiment, the first layer is
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




a sem conductor substrate is provided. The sem conductor substrate can
include at |east one sem conductor epitaxial |ayer overlying a

sem conductor support layer. -Next, at a step 210 of net ,
plurality of sem conductor devices are fornmed in the seniggﬂd§@€d¥ﬁ4

substrate. 15 Then, at a step 215 of nethod 200, a first Iagéi ésﬁg@or med
over the sem conductor substrate and the seniconductor devPtd® an
exanple, the first layer can be a dielectric |ayer conprised of silicon

di oxide or silicon. nitrate. However, in . th refer ' he
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al um num titanium or tungsten. When conprised of a nné%%% the.first
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first and second conponents of a mxture are provided and m xed together.
I n t heqsiel &y sl Genbodidranhe ptefieredienthodiendng the vParyd sacpiyd cqrpRonents gre
conponent is an oxidizer such as, for exanple, hydrogen peroxide; and the
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essi’ng. t preferred enbodi nent, the first and second

-conponents ar.e .m. xed or i er wwthin reservoir 120 of FIG 1.
Al s SRR W@%?‘ﬁgaﬁse“ﬁgg%?%ﬁo?%gﬂlgi rst and second conponents are
dynam cal |y m xed together .by, for e | e I - dnitdaur t her
in the pr¥keythedirsf cg BE‘?%%/(?mRrﬁgd P??g rogem, g%%gﬁéﬂ%gl%tgﬁﬁﬁg s Ig?lé nm xed

together to form a honobgenous m xture @%.solution
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Eeroxidq, t he nixtgre has a limted %igigine due too%gg:geﬁg osit%on of
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225 of method 200 in FIG 2, a first additional amount of the first
@OoNpan®atadded to the mixture at a first injection rate or pump output volumetric rate. As an
example, pump 171 in FIG. 1 can operate at a first stroke speed and a first stroke volume to
provide the first injection rate. Pump 171 can be used to add the first component into reservoir
120 in FIG. 1. During optional step 225 of FIG. 2, the second component can also be added to
the n;ixture. As an example, pump 172 in FIG. 1 can be used to add the second component into
15  reservoir 120 in FIG. 1.
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, automnated, 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



10 can be added to the mxture at a first injection rate or punp output

volunetric rate. As an; exanple, punp 171 in FIG jl can ope{ﬁtﬁ gt @first
stroke speed and a first stroke volune to provide the first™i P cg n

rate. Punp 171 can be used to add the first conmponent into reservoir 120
in FIG 1. During optional step 225 of FIG 2, the second C§@ﬁﬁﬁﬁz can
al so be added to the mxture. As an exanple, punp 172 in F n be
used to add the second conponent into 15 reservoir 120 in FIG | . Next,

at a step 230 of thod 200 in FIG 2. a.concentratiqgn of t.h Lr

conpdHBnt Asran; iempls, 1hg baundaryolarercis 4 agd, é’g?cgaﬂy &P hSYLRYS .(%Atfg b gﬁgte‘xarrpl e,
refractonmeter 150 (FIG 1) can be wused to quickly perform.ste .2@0. In the
pr ef empeensnirotdi aktizersansis Ziggoif ©f 1he pesPRE GOMAEHL (0T thy ARfRHYE 85‘3‘? dir 120
(FIG 1) while dynami cally mxing together the first and second 20
conprhedhjuid bothidaryflagt js ast omrised obeidier liquid eempangaigrod e EMIT Byiryescha nore
accurate neasurenent of the concentration of the first conmponent than a

s| ovgst fok bS8, ME QRaRScanSirefor 8R0abirsdleugheiclow abithe poefamed erdbodimenty dfer act i on
of a portion of the mxture. In the preferred enbodinment, the portion of

he it 15 15RMY b&Rc Abufl SRHVE MYty particlésh €TCvRadhrd theNENEXx2EX04
éCI %Wugﬁﬁrﬁ‘% As an exalflrpl e, the boundar}; | ayer is a liquid boundary

| ayeéféa%gﬁ,g H& ﬁ%g b(%nd Pla ér,[ ﬂ'ﬁea rgﬁ:?c@m&@péhinég,ra I}l@ﬁ t%%l_%ﬁe Zl%él,id faekriab swh@voi d of

_ther onponent,” 0 ~abrasive particles. i qui d boundary | ayer
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bet ween prism 151 and the
10  layer surrounding the CMP slurry abrasive particles. The refractometer can be configured to
detect a specific range of index of refraction. As an example, the range of the index of refraction
can be approximately 1.333 to 1.340 when prism 151 is cﬁmprised of sapphire and when the first
component is comprised of hydrogen peroxide. The measured index of refraction is directly and
linearly proportional to the concentration of the first component within the mixture. This index
15  of refraction measurement is not affected by the color, turgidity, clouding, solids, concentration
of solids, or flow rate of the mixture. The concentration determined in step 230 is subsequently
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 determiqed 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



CWP slurry within reservoir 120 (FIG 1). The refractoneter optically
detects the angle of the Ilight reflected off of i}nterface ﬂ Zaq[ﬁrm ne
the index of refraction of the liquid boundary 10 | ayer surroun ng

slurry abrasive particles. The refractoneter can be configured to detect a

specific range of index of refraction. As an exanple, the rsﬁg 59‘2}%{
i ndex of refraction can be approximately 1.333 to 1.340 wh ggr 151 is

conpri sed of sapphire and when the first conmponent is conprised of

hydr ogen, per oxi de. asured r.ef i
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of the m xture. The concentration determ ned |n step 230 i s subse%uentl
usedirsiosighel & svbsrguentlyewomettedriptectt ilesst ongs and pRssibletwo, fzy (MO BHBREET t he

m xture. Then, at a step 235 of nmethod 200, a flowrate of the mxture is
det eftvadatidés. rf&ﬂ&um&ﬂe thﬂowmateﬂaﬂaphaedmwﬁétlecmst@d inte@ spepngis@nal can be
used to performstep 235 in FIG 2. The flow 20 rate determined in step 2

dySASWRSEHUBN | DEOUFEGL 10 AetAr dlafiple thie cecuhdi sigret tehoberatarrdndrortzhe fir st
corrpgnent of the m xture. The sequence of steps 230 and 235 can be
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in rate dettermned in step 235 are used to
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) exatgie é’st%aéﬁqsp%g%d'Ié%&ﬁétgeiw@éesgeﬁ PR 8hE: Vol tage. Tﬁ?s Fitet signal
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is converted into a second signal 5 by flow rate sen ). As an
18 x anmgeationtrate or gwep Aok rgigfpr @arﬁfﬁéoaipew ghthegpixtpre. TR aetalts ‘ngSt"P 245

are explained in more detail hereinafter with reference to FIGs. 5 and 6. As an example, steps
230, 235, 240, and 245 can be performed within 30 seconds.
Next, at a step 250 of method 200, a second additional amount of the first component is
added to the mixture at the second injection rate. The second injection rate will most likely be
15 different from the first injection rate. As an example, pump 171 in FIG. 1 can operate at a
second speed to provide the second injection rate. Pump 171 can be used to add the first
component into reservoir 120 in FIG. 1. During step 250 of FIG. 2, the second component can
also be added to the mixture. As an example, pump 172 in FIG. 1 can be used to add the second
component into reservoir 120 in FIG. 1.
20 Then, at a step 255 of method 200, the mixture is applied to the first layer over the
semiconductor substrate, and at a step 260 of method 200, the mixture is used to chemically-

mechanically polished to planarized or remove the first layer.

10




voltage. This second signal is subsequently converted into at |east one,
and possibly two, additional fuzzy |ogic paraneters or variﬁgl ' éﬂg
details of these conversions into fuzzy logic variables aré e@@yi g in
nore detail with respect to FIGs. 3 and 4. At a step 245 of nethod 200, the
fuzzy logic variables are used to determne a second 10 inj et} te or
punp stroke rate for the first conponent of the m xture. The &e aiI's of
step 245 are explained in nore detail hereinafter with reference to FIGs.
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can be used to add the first conponent into reservoir_120 in FIG 1
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m xture. As an exanple, punp 172 in FIG 1 can be used to add the second
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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



5 20 mA. The y-axis or vertical axis represents the fuzzy grade of the
fuzzy logic variable. The y- axis ranges fromO ta 1. The, fuzz %O[ﬂi C
variables illustrated in FIG 3 include Negative Low (NL'b, Nlaéa i0e Medi um
(NM, Negative Small (NS), ZeRo (ZR), Positive Small (PS), Positive Medium
(PM, and Positive Large (PL). In a Statistical Process Con%{am gé (@)
nmethod, the NS and PS fuzzy |ogic variables can represent & imts
while the NM and PM fuzzy |ogic 10 variables can represent specification

limts- le, th f [ f
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grade of approximately 0.8, and the second fuzzy logic variable is NMwth
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graph used in nethod 200 of FIG 2. This graph in FIG 4 converts the
secapprosingiedl 04 om the flow rate sensor into at |east one fuzzy logic
variable. The second signal is a current in FIG 4. The x-axis or
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two fuzzy logic variables. The first fuzzy logic variable is, PS with a
10 uz yariahleadigteppined 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 producés a fuzzy logic variable PM. Additionally,
the intersection of the NS column with the PM row produces a fuzzy logic variable PM, and the
15  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



approximately 0.6, and the second fuzzy variable logic is PMwith a fuzzy
grade of approximately 0.4. 5 FIG 5 illustratesia fuzzy |ogic table used
in method 200 of FIG 2. The table of FIG 5 converts the lfliZt§V 1288k c
variables fromFIGs. 3 and 4 into other fuzzy logic variables. The table
in FIG 5 includes seven columms representing the seven fuzzy | qgi
variables in FIG 3, and the } table in FIG 5 also has sev%%lqsg&gﬁ
representing the seven fuzzy logic variables of FIG 4. The tw fuzzy

| ogi c variables determned.in FIG 3 re nd, N nd et zzy
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of appr oxi.nmat el e ~Rercent PS. FIG 6 illustrates
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FIG 6 cgpverts the co Sit uzzy | agic. variabl I he
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approximately 4 mA to 20 mA. The y-axis or vertical axis regre enths t he

f uz pyorgarid @ ho fthirth second Jontica| detegtion gyeleats myghs fggjer and more accurate than the

10  fificen 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 of 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
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conposite fuzzy logic variable. The y-axis ranges fromO to 1. The graph in
FIG 6 includes seven,fuzzy logic variables: iINM NS, ZR, PS, PM and
PL. Continuing with the exanple fromFIG 5, the conp05|tpgfﬂgqy2mmm|c
variable of 75 percent PMand 25 percent PS produces a current of -
approximately 15.5 mAin FIG 6. This current is supplied to theﬂgunp for
the first 5 conponent. As an exanple, the 15.5 mA can be s Ko punp
171 in FIG 1 to establish the second injection rate for t he flrst
conmponent of the mxture. Therefore, an i rov d netpgﬁ nuf t.uring a
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m xture or CMP slurry can be altered dependi ng upon the naterial to be
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1 0 NOY 2004 . SCI 0854ZK punp stroke vol une instead of, of U ' Eaditl4 on
to, the punp stroke ratie. Moreover, the nethod déscribed herein is not
limted to CVMP processes, but can also be used for other prigclé8§€4Ksuch

as, for exanple, sem conductor wafer cleaning where the index of refraction
of the solute is different than that of the solvent and provides a

signi ficagLAdkENge in the index of refraction 5 depending on its
concentration in the solvent. Accordingly, the disclosure of enbodi nents of
the invention is intended to be illustrative of the scope of the invention
and is not intended to be Ilimting. It is intended that the scope of the

i nvention, shal | § 3 E! % J LERt ok ﬁﬂgn f eShnpnd:ne appended

cl ai ns. 131' 1 Oﬁ(ﬁéag%ﬁqé% &%ﬁi"@gﬂf A ?re? od of ﬁanﬂ acturing a

sem conduct or copponent conprising:, formnpg a first |ayer over a
senicondd&ﬁﬂn%ﬂégﬁE%Wé?@bggV?ﬂ?ngH”ﬁP&PﬁE@ conprised of a first conponent
and a second conponent; optically detecting a concentration of the first
conponent priovidirgea mixtengrcempgiaeil ofz éfﬁbmml?@eﬂq"ﬁéldrﬁ SEEQRCECADPIRREf i r st | ayer.

2. The nethod of claiml further conprising: providing an oxidizer for the

first congarem detanihg apoavdntiation afithedirstxiowpohant it the mistwadrcdonponent . 3.
The nmethod of claiml1l or 2 further conprising: 10 adding a first additional

ahount Ofapbﬂ%émé%ﬁxm@ﬁ}sﬂ@eihe mxture at a first rate

) 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 first component further comprises adding
the second additional amount of the first component before applying the mixture to the first

layer.

15



before optically detecting the concentration; and adding a second

addi tional amount of the first conponent to the mture at Te} SeTwigg4rat e
different fromthe first rate after optically detecting thgqapRsentration.
4. The nmethod of claim3 wherein: 15 adding the second additional anmount of
the first conponent further conprises adding the second additional anount

of the figst CPRPRBELH oPeffth® c2PRIBINY Wikeeifi Xture to the first layer. 15
1 0 NOV 2094 SC10854zZK 5. The nmethod of claiml or 2 or 3 or 4 wherein:

opticall yo SebRetddthh® i REEAMAL Tulihih! BhpRQAPLLACHOREIEA Yndet ecti ng

t he n ion o I'rst conponent in reservol I'1e dynamcally

m xi ng together. th first and second co nents .in,the .reservoir, 6. The
net h‘E?&C‘EﬁtraE‘P’éi%tEe g’lrStZCOS‘?pO@e‘Hrmf WC%OFU‘%IEFEEIIWQ}YS%% O%BX‘E%BG an
addi ti onal amount of the first conponent to the mxture at a rate after

opt i firat angd sdeandaoimpgnenie ircibaeesaxviostt i on. 7. The nmethod of claim6 further
conprising: detecting a flowrate of the mxture; and using the flowrate
to determine the rate. 10 8. The nmethod of claiml or 2 or 3 or 4 or 5 or 6
or 7 wherein: optically detecting the concentration further conprises

measur i ng an i1&exetRbd of QAR bi PBr Obr 2 oP9hAIRR cOnphibiBgm xture. 9. The
nmet hod of claim 8 wherein;
5 adding an additional amount of the first component to the mixture at a rate after

optically detecting the concentration.

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.

16



measuring the index of refraction further conprises providing the portion
of the 15 mxture to he conprised of the first canponent. 10. The method
of claim1 or 2 or 3 or 4 or 50r 6 or 7 or 8 or 9 wherein: Dbfit Ng¥ L2004
detecting the concentration further conprises neasuring an index of
refraction of a boundary |ayer of the m xture. 16 METHOD OF MANUFACTURI NG
A SEM CONDUCTOR COVPONENT AND CHEM CAL- MECHANI CAL POLI SHI Ns& 198 SAER/
THEREFOR Abstract of the Disclosure A nmet hod of manufacturing a

sem conduct or. conponent includes formng a first |ayer over a

sem conduct or SMEFHOD&F MANTEAGHURING ¥t SERMICOMIUGEEIROf a first conponent
and a second conpOOSMONBNT AN ICHEMIG L -MIECIHANMGAENt rati on of the first
conponent in the m xtureQLBMINGESTEMIHIFREPORt ure to the first layer. A
chem cal - mechani cal polishing (CW) system (100) for use in the nethod

includes a vessel (110) hawyi@a@ofiheSdisdioypd port (I 11), a CWP slurry
output port (113), and a CWP slurry sensing port (114). The CWVP system
al so includes a refractoneter (150) adjacent to the CWP slurry sensing

port.

A method of manufacturing a semiconductor component includes forming a first layer
over a semiconductor substrate, providing a mixture comprised of a first component and a
second component, optically detecting a concentration of the first component in the mixture, and
applying the mixture to the first layer. A chemical-mechanical polishing (CMP) system (100)
for use in the method includes a vessel (110) having a first input port (111), a CMP slurry output
port (113), and a CMP slurry sensing port (114). The CMP system also includes a refractometer

(150) adjacent to the CMP slurry sensing port.
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