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pad r’rus;[l rotating polishing pad 102. The polishing pad 102 is made of a resilient material and is often
25  textured, to aid the polishing process. The polishing pad 102 rotates on a platen 104 or turn table
located beneath the polishing pad 102 at a predetermined speed. The wafer 105 is held in place on the
polishing pad 102 by the arm 101. The lower surface of the wafer 105 rests against the polishing pad
102. The upper surface of the wafer 105 is against the lower surface of the wafer carrier 106 of arm
101. As the polishing pad 102 rotates, the arm 101 rotates the wafer 105 at a predetermined rate. The
30  arm 101 forces the wafer 105 into the polishing pad 102 with a predetermined amount of down force.
The CMP machine 100 also includes a slurry dispense arm 107 extending across the radius of the
polishing pad 102. The slurry dispense arm 107 dispenses a flow of slurry onto the polishing pad 102.
It is known that the material removal rate provided by a given polishing pad decreases

exponentially with time in the manner shown in FIG. 2. As a consequence, the polishing pad must be

35  conditioned (e.g., using a conditioning disk 108), between polishing cycles. Doing so roughens the
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“conditioning” operating parameters of the conditioning process. In at least some embodiments of the

present invention, conditioning parameters include pressure (conditioning disk down force) and

velocity (rotational speed of the conditioning disk), and can also include other factors, such as the

frequency of conditioning, duration of conditioning and translational speed of conditioning disk across

30  the pad surface. The model selects, and then maintains, polishing pad conditioning parameters within a

range that does not overcondition the pad while providing acceptable wafer material removal rates.

Thus the present invention provides a process for the feedforward and feedbackward control of the

CMP polishing process. Although the invention is described herein with respect to the use of a disk,

having an abrading of surface thereon, which is pushed against and moved with respect the pad, the

35  techniques of the invention may be applied to other conditioning mechanisms.
In one aspect of the invention, a method of conditioning a planarizing surface is provided in a

chemical mechanical polishing (CMP) apparatus having a polishing pad against which a wafer is
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parameters are updated according to the equation, k = (k1 )+ g* (k - (k1 ), where k is a measured

wafer material removal rate, k; is a calculated wafer material removal rate, g is the estimate gain, and
(k-( k;)) 1s the prediction error.

30 In at least some embodiments, the first set of pad conditioning parameters are determined
empirically, or using historical data, or using the results of the design of experiment (DOE), a set of
experiments used to define the model.

In at least some embodiments, the pad conditioning parameters of the pad wear and
conditioning model includes frequency of conditioning, or time of conditioning, or the translational

35  speed (a speed of motion of the disk other than disk rotation) of the conditioning disk during

conditioning.
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curve i.e., where increases in down force do not affect removal rate. In at least some embodiments, the

20  minimum value for wafer material removal rate and hence minimum acceptable conditioning
parameters is defined by the maximum acceptable wafer polishing time.
In at least some embodiments, the wafer material removal rate is determined according to the
equation:
Yi=pxi+ 1

25  where ¥ is the wafer material removal rate for a conditioning parameter x;, p; is the slope and I, is the
intercept of the curve of the defining the relationship between ¥; and x; where other factors that may
affect wafer polishing are held constant.

In at least some embodiments, an updated pad conditioning parameter, x;,, is determined by
solving the equation:
§i+ -1 i E‘ Ay

30 X, = W ,

I+
Pi

where ¥;, is the target wafer material removal rate, W; is the weighing factor for conditioning parameter

x;, and Ay is the prediction error for wafer material removal rate.
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where ¥, is the target wafer material removal rate, W; is the weighing factor for conditioning parameter
20 =x;, and 4y is the prediction error for wafer material removal rate.

Thus, polishing pad life is extended by using a more desirable conditioning disk down force
and angular velocity while keeping within the acceptable range of wafer material removal rate and by
adjusting the conditioning parameters whenever the removal rate drops below the acceptable removal
rate. By applying a “one size fits all” approach to pad conditioning parameters (e.g., by determining

25  conditioning parameters without accounting for a change in actual wafer material removal rates),
conventional processes overcompensate, thereby removing more pad material than is necessary and
accelerating pad wear. The invention thus provides more optimal conditioning parameters, i.e., only

those forces necessary to recondition the damaged pad.

Brief Description of the Figures
30 Various objects, features, and advantages of the present invention can be more fully appreciated
with reference to the following detailed description of the invention when considered in connection

with the following drawings.
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pad. Figure 9 is a model based on Figures 7 and 8 for predicting and modulating the removal rate for
the next wafer removal.
Figure 10 is a side sectional view of a CMP machine for use in the method of at least some
25  embodiments of the present invention.
Figure 11 is a block diagram of a computer system that includes tool representation and access
control for use in at least some embodiments of the invention.
Figure 12 is an illustration of a floppy disk that may store various portions of the software

according to at least some embodiments of the invention.

30 Detailed Description of the Invention
Novel methods for feedforward and feedback controls of the CMP process for maximizing the
life of the polishing pad are described herein. Extended pad life results in reduced down time for the
CMP process because the polishing pad can polish more wafers over a longer period of time without
requiring replacement or adjustment (e.g., removal of the pad). The term wafer is used in a general
35  sense to include any substantially planar object that is'subject to polishing. Wafers include, in

additional to monolith structures, substrates having one or more layers or thin films deposited thereon.
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of jye paf. gblislﬁﬁg pad provide a model for optimization of the planarization process. By using this

model, the pad life can be extended without compromise to the wafer material removal rate by adjusting
the conditioning parameters during wafer polishing. In particular, conditioning disk down forces (F)
and conditioning disk rotational (or angular) velocity (rpm), and optionally other conditioning
parameters, for example, conditioning frequency, disk translation speed, and duration of conditioning,

30  are adjusted during the polishing operation in a feedback and feedforward loop that predicts and then
optimizes pad conditioning operating parameters.

According to at least some embodiments of the present invention, an initial model is developed
based upon knowledge of the wafer polishing process, and is used in at least some embodiments of the
present invention, as is shown in a flow diagram (FIG. 5). Based on that initial model for a given

35  wafer polishing recipe, e.g. the wafer and polishing pad parameters remain constant, initial processing
conditions are identified that will provide a wafer material removal rate between a preselected

minimum and maximum value for a given set of conditioning parameters, hereinafter, the “acceptable”
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parameters,
Pad conditioning optimization is carried out with reference to a specific polishing system. That
30 is, the conditions which improve pad lifetime are specific to the type of wafer being polished, the slurry
used in polishing and the composition of the polishing pad. Once a wafer/slurry/polishing pad system
is identified, the system is characterized using the models developed and as discussed herein.
Exemplary polishing pad and wafer parameters include polishing pad size, polishing pad composition,
slurry composition, wafer composition, rotational velocity of the polishing pad, polishing pad pressure
35  androtational and translational velocity of the wafer.
In at least some embodiments of the present invention, it is envisioned that a separate model (or

at least a supplement to a composite model) is created for each slurry/polishing pad wafer combination
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speci fi hi ng pad and waf er speeds and the
Minimum and maximum values for the model variables are determined in step 610 of FIG. 6.

The saturation point identifies the maximum (or substantially the maximum) removal rate for this
polishing system where all other polishing parameters are held constant. It likewise identifies a
maximum conditioning down force, since additional pressure overconditions the pad and does not
30  substantially improve polishing rate. A minimum material removal rate is dictated by production goals,
since a minimal wafer throughput rate is needed. Thus the minimal conditioning down force is also
defined based on throughput. Once minimum and maximum values for conditioning down force are
defined, the range is divided into  steps, e.g. n equal steps, which encompass the acceptable working
range for conditioning down forces. The value for 7 is selected so that a step in value, e.g., from X to
35  x+1, is meaningful, for use in updating model parameters in a feedback control algorithm.
In step 620, as contemplated by at least some embodiments of the present invention, the

relationship between wafer material removal rate and a second conditioning parameter x,, e.g.,
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g‘lgorithms can be constructed in step 660 based on the above models using various methods. The

algorithms can be used to optimize parameters using various methods, such as recursive parameter

estimation. Recursive parameter estimation is used in situations such as these, where it is desirable to

30 model on line at the same time as the input-output data is received. Recursive parameter estimation is
well-suited for making decisions on line, such as adaptive control or adaptive predictions. For more
details about the algorithms and theories of identification, see Ljung L., System Identification - Theory
for the User, Prentice Hall, Upper Saddle River, N.J. 2nd edition, 1999.

The wear and reconditioning of the polishing pad may be modeled by eq. 1:

35 P CldLlfe - f ( disk [Ddlsk ’ tcondmomng ? f T ) (1)
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(i.e., measured removal rate) 904 is monitored and compared to the predicted output (i.e., target

removal rate) 905 calculated by estimator 903. The difference 906 between the actual output 904 and
the predicted output 905 is determined and reported 907 to the estimator 903, which then appropriately
generates updated parameters 908 for the process 902. Updating model parameters for feedback control

30  isbased oneq. 3.
k= )+ g * (e — (k) ®

where k is a current parameter, k; is previous parameter estimate, g is the estimate gain and (k-( k;)) is
the prediction error. Estimate gain is a constant selected by the user, which is a measure of machine
error or variability. Gain factor may be determined empirically or by using statistical methods.

35 By way of example, a series of curves may be generated for a polishing system of interest as

described above for determining the relationship between wafer material removal rate and conditioning
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Also, in at least some embodiments of the present invention, the updated conditioning
parameters may be determined by interpolation to the appropriate parameters, which may lie between
curves. Interpolation may be appropriate in those instances where a fewer number of curves are
initially generated and the experimental results do not provide a fine resolution of the parameters.
30 While deviations from the predicted rate reflects, in part, the inability of the model to account

for all factors contributing to the process (this may be improved with subsequent iterations of the
feedback process), deviations from the predicted wafer material removal rate over time represent a
degradation in CMP pad polishing. By identifying and modifying the pad conditioning process to
account for these temporal changes in polishing performance, optimal wafer material removal rates are

35  maintained without overconditioning of the condition pads, e.g., by operating below the saturation point

of the system.
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rate (w) of the conditioning disk. The carrier assembly may have an arm 1050 to which the

conditioning disk 1030 is attached and means 1060a-d to move the conditioning disk in and out of

30  contact with the planarizing surface. For example, the controller 1040 may be operatively coupled to
the moving means to adjust the height and position of the arm carrying the conditioning disk (1060a,
1060b, 1060c, 1060d). Similar controls for control of the position and movement of the wafer may also
be present. In operation, the controller adjusts the operating parameters of the conditioning disk, e.g.,
down force and rotation rate, in response to changes in wafer material removal rate. The controller may

35  be computer controlled to automatically provide conditioning according to the calculated conditioning
recipe. Thus, the apparatus provides a means for selectively varying the pad conditioning parameters

over the operating life of the pad 1080 in order to extend pad life without compromise to the
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posi tion of FlueheahsreCay hymbg of d{iﬂ’ex@ﬁmyiiet bfyhirfcaflibs Ksed ithﬁ@ﬁmthodsQﬁQﬁ 10600,
osi ti n and n the

var el by iogo ThgEes Rt Y Basbae Fait: T HESLMPor Bl TEpe Pl
oper at i g@cifiatyPerifaficaloi sthovadt ¥afers) Bx@mPiaskslurfiednclude Semi-Sperse® (available
as Semi-Sperse® 12, Semi-Sperse® 25, Semi-Sperse® D7000, Semi-Sperse® D7100, Semi-Sperse®
D7300, Semi-Sperse® P1000, Semi-Sperse® W2000, and Semi-Sperse® W2585) (Cabot
Microelectronics Corporation, Aurora IL), Rodel ILD1300, Klebesol series, Elexsol , MSW1500,
30  MSW?2000 series, CUS series and PTS (Rodel).

An example of the algorithm for calculating the conditioning recipe from wafer material

removal rate data may be defined as:
Yi=pxi+ I, (4)

where J; is the wafer material removal rate for the conditioning parameter x;, p; is the slope and /; is the
35  intercept of the curve of the defining the relationship between $; and x;. Letting x; = Fyq, X2 = Qi X3 =
Js X4 = teondirioning, and x5 = T3, the following relationships may be established from the model:

},1‘]=p].X1+II forNi#i‘] #Nip 15 (5)



down force and rotation rate, in response to changes in wafer materi al
renoval rate. The controller may 35 be conputer controlled to automatically
provi de cwodetidxsm ng according to the cal cul ated conditi oRCAgISOY/E®bPE.
Thus, the apparatus provides a neans for selectively varying the pad

condi tioning parameters over the operating life of the pad 1080 in order
to extend pad life w thout corrprom se tld the WD 02/102549 PCT/ US02/ 19062
14 pl anari zation pr8cegs2dtlzt he wafer 1090. &HeF7 Hies of devices whéble,
e.g., other conponents have their height, positions, and/or rotations

adj usted are al so c@nteénpltabed by at | east séndVidimédiment s of the prf@sent
i nvention. Additional apparatus utilized to inplenent the feedforward and
f eedback | oop include=a:%idin 5 thickness ne#suY:émefitV ool to provide(S)

t hi ckness data needed to calcul ate wafer material renoval rate. The tool
may be positioned opis thexspolsi shing appar at us f@dV.a8xst#V.provi de i n-1ine,(9jin
situ. neasurenents, or it may be located renote fromthe polishing

appab at wderePhietht petictrd yemisel raipt is die ,slopk el Iri thalinterespoinsheicequationmdcind M. c al
]Er?g?nur erre?etsgr{tnﬁs 8%%'1? @F’f%gﬂéof"%%éj con Itﬁ%gsnﬁ)?%@aqg cﬁ ?5}1 Hac{re %Ehttlgr%\%ﬁerarh ghélgorc]ifﬂibl €
AZ). A (of)ﬂnpmvemtlonm;ﬁy lreluli® allibr 4 siubsnd of tﬂ’)es@@hcbcdndltlenmglparmmtcm:al pad

condi tioni ng on .t ured fi kness.and al cul at ed
removal rat eEa(glrrpl of%%o@ht%%éa CF s Con?ﬁ’ N i |“faher ma@élv.fam 8va55a(t:eorP%chng to the
i nvent i oombided i aisinglo leguating, @gmcatdeﬂnasdwtwmgﬁt@rcoamtiutpmqu sdvhiigrtapphe atfes (M rra
W th,i AP rr RC) I lied Material s,
Cal ??or nlgée% emovaﬁrawes@g\r%a%%ﬁl ‘A\nfg remova]I Al m%yﬁ)gtdgfcan Bel AB@T i shed using t he
concepts di scussed her eiyre W1g + e e Mg +tmu/4arW%yaot limted to thosdlGade
of silicon, tungsten, alum num copper, BPSG USG thernmal oxide,

si | i conwheledV:éch Wéighieg factndanld AW k WaHelVeeWs i+ 3%, +alVel Thexteighaw fadtar eef . The

i nventi Y, e r

convent Fasedlf REFAAERS RIAY AbYDURlerdl S SR} ol KRR R e, ot e
art whi efe aassoeiage mith ai fossatisivieg Hin eq it hapenslty ftmctimnnqyd)leylmenmnedlmmﬂy OIany
padyhi %2 781 106 a(gepdl tioned can be eval uated and optim zed using 20 the
inventio el n. errpl ary polishing pads include Epi cTM polishing pads
(Cabot M cr odheprediotiingsror 0o wplsr maietal renyabuate, Ak js thadiffRones beiveen @e pBOBLed| C
1010, | { Newar k, DE), OXP series
pol i shi n%g‘,ﬂ‘)églg’atws%‘ggh%‘?l%& agfe(“@%g%tﬁ ’ Ehlggcgq%ll 813, 815, 815-Utra,
817, 826, 828, 828-El (Thomas Westdy.= JFUI/thernDre any nunber of diffédfént
types of slurry can be used in the nethods of the 25 invention. There are
numer ous CVPTpopediptiangrior iy ipddde gengraferpan updated wafprappteriabregromalmalp:ly. Fheleew o

pol hgh pl%gpcg&gésgd é;()g%fggdbggf(teql@wmbgem conductor wafers. Exenplary
slurries include Sperse(r) (available as Sem -Sperse(r) 12,

Semi - Sperse(r) 25, Semi - Spersg(r)xD70 Yeperse(r) D7100,
Sem - Sperse(r) D7300, Sem- zrlgrzds%?: mS’Sperse(r) V2000, ar%lz)

Sem - Sperse(r) We585) (Cabot M croel ectronics éorporatl on, Aurora IL),
Rodel l%n%lopQgﬁzeg %ngtgll Xiy 1§déterrrhnellelby ea 01'3’ MBWL500,

$— I~ A
W.
X, = P I , | (13)

where 7, is the target wafer material removal rate.

25 The optimized parameters are used to update the new CMP polishing recipe that is sent to the
tool for use in subsequent polishing steps. Thus, the model is able to adapt as more data is received to
improve the process without any external control over the process.

Various aspects of the present invention that can be controlled by a computer, including
computer or other controller 902, can be (and/or be controlled by) any number of control/computer

30 entities, including the one shown in FIG. 11. Referring to FIG. 11 a bus 1156 serves as the main

information highway interconnecting the other components of system 1111. CPU 1158 is the central



30 MSW2000 series, CUS series and PTS (Rodel). An exanple of the algorithm
for calculating the conditioning recipe fromwafer material renoval rate

data nmay we odabismed as: Yr = p,xi + i, (4) where y; is tros/uvsat/egemat eri al
renoval rate for the conditioning paraneter xi, pi is the slope and Il is
the 35 intercept of the curve of the fining the relationship bet ween vy,

and x;._letti and
5 = T B ead P birat ol endy sptogkabftidn b e dksg *1,
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2 =208 o e S D S i R 1 o, (7
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t he | nvexadrhad Rartteyvds r1(t68,| déhesd arious cﬁskslubsemd aifsk tchmﬂerpad optoomel ctemoesl ng

paraneters ch of codt tors tributin
ot o a1 enbapiss s PR RS R e BRI B A BRI e
t he wei lgafﬁ@mhyecbm dls;ﬂnyt]ﬂa& Dfsplega!:MSfcam:ba)rsedmchsiphxymgfagraphﬂ:ﬂ mumasrfwb. removal
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+ VWD + (\&Burﬁltﬂ&ﬂmg; fM&,xaxﬂsie ommgllmcalg)nfp@ﬁtldms (apmal fﬁeﬁenalfvmbazbtrmyl calblas amiz)r ng any
penal ties als def ect nuni f rm't of,, deposi tion c., that
are as s%oé’fi‘é‘f%gawcfr I‘fpt%’a OGP I%(iignbn? eﬂ the 19%) anf‘norwa R (R mn?ﬁ%%:t Yon may
be det efers, m&h‘b RdSlt]ﬂbﬂdyQEF)l, yndahe 111€e5cetm>beunsedreg tﬂelt&hspbrtmkimddiemeeﬂ' the eptesdi cti on
error f mat er i al i I fferen t he
pr edi ct‘gdlcesr gamupiggton pogq% eﬁa}l gléetljfra(ée Peh Eérmva % i keygo‘mpﬁhovvncpl n eq.
11. dy myusy liﬂnpernﬂfhmg mptedatmto lo:enrasmmed todup $E0. ﬁxoa@emrtcameseaomp:p)dm's,ed waf er

ma‘t FSr IZa%ms rigifel@or %ﬁi}%{@%'&%@ %1 1g§are teé\fj ! (c:i;or mfra da %jce%" Orinttraqu feedback

1 an ararreter X;+ is
det er m tadmivgrsenr. opliBnally Wilized whed the cordyuter system is used in conjunctlon with one or more

of the processing components/stations that transmits/receives data via infrared signal transmission.
Instead of utilizing an infrared transmitter or infrared receiver, the computer system may also optionally
use a low power radio transmitter 1180 and/or a low power radio receiver 1182. The low power radio

20  transmitter transmits the signal for reception by components of the production process, and receives
signals from the components via the low power radio receiver. The low power radio transmitter and/or
receiver are standard devices in industry.

Although system 1111 in FIG. 11 is illustrated having a single processor, a single hard disk

"drive and a single local memory, system 1111 is optionally suitably equipped with any multitude or

25  combination of processors or storage devices. For example, system 1111 may be replaced by, or
combined with, any suitable processing system operative in accordance with the principles of
embodiments of the present invention, including sophisticated calculators, and hand-held,
laptop/notebook, mini, mainframe and super computers, as well as processing system network
combinations of the same.

30 FIG. 12 is an illustration of an exemplary computer readable memory medium 1284 utilizable
for storing computer readable code or instructions. As one example, medium 1284 may be used with
disk drives illustrated in FIG. 11. Typically, memory media such as floppy disks, or aCD ROM, or a
digital video disk will contain, for example, a multi-byte locale for a single byte language and the
program information for controlling the above system to enable the computer to perform the functions

35  described herein. Alternatively, ROM 1160 and/or RAM 1162 illustrated in FIG. 11 can also be used to
store the program information that is used to instruct the central processing unit 1158 to perform the

operations associated with the instant processes. Other examples of snitable computer readable media



X,+ = W (13) A where y;+ is the target wafer material renoval rate. 25
The optim zed paraneters are used to update the new CVP polishing recipe
that is swotoeta@sshe tool for use in subsequent poli shingPsrase2/190hus, the
nodel is able to adapt as nore data is received to inprove the process
wi t hout any external control over the process. Various aspects of the
present .inventiqn that. can be controll by a co ter, including conputer
or ot eGSR B PaRigysel: ARASHEN SRTToBIc FePHEH fl?fgfqlff@dl%z}apﬁﬁystwa% e

(I:Q OPt rol /cﬁmﬂiﬁ&tllgiﬁglere%?, e&i’lgh Edd%iog, Atk B gmb&l%n@ﬁ@f&lﬁl% fbeﬁtﬂm@_ht@n cﬁﬂterﬁlplate

ef erri o FI | a. bus serves, as the main informtion hi ghway
interco &?PWSNFH@HBTHH3e%ﬁﬂﬁ%ﬁ@ﬂ?@“%wnéV%f@%@T¥PTW%§ﬁ9%@Hﬁ9is t he
central WO O Q2mH 2 shsuld bSOdhia2hat #6 vEri&Hs e&EpoRenty &l dmboflindeh@ oB#8 bREBnt
perfgrnin cal cuj ati ons ag%}%og}c operations required to_execute the

pr oc®ss 8 CHHODSHAB M RETeE e 1 Rapdvase. sbrare prirembinaipriergpl) fn syeh ¢rphodiments,

pr ogr amghe VRAGH cOpdheils BRY dteps WGMbe 1hHIOmaNE ih A @R aRDQSBIWRERS perfolfMle 1162
constltgﬁg.thegggln mepory, of the system controller 1164 interfaces

- Di sk
one or dongiok fbe grepspb W veriopn Ay Prepeaty pYfdabla srgutue fexclongd spuppisreltwae o f or
S exanpliggudet eyt idsisreiompifents tdbe dHipldyied RAEIOEMUM Il of e Plesiit SR Bnth SKS)
drives i%GG, or internal or _external hard drives 1168. These various di sk

drives ARCTAMBIR € SAthsOPF afiee Bnelagaily giafongdifoveeouldbedmelsmapied pingthace 1172

i nt ¢0f acrs, dHagphssdmbly hBg@ie afpespiietesn viok OF 1B HiREsdPRiANBDUS clbhsd e be

di spl ayed. on. di splay .1148, Di splay 1148 can be used in_displaying a

gr aphi c MR ER0{IHER lﬁﬁgwnmEHWEﬂﬁﬁB%FW%ﬂEHVPﬂﬁ“%%PéFWHﬂe%%WWE@§t%ﬁ%ﬁ“%s t he
ot her caggonents of the system descri bed above can 10 occur utilizing, for
exanpl e, co ication port 1174. Optical fibers and/or electrical cables
and/ or  condenieed VAT SR gPEPEa I hich HerRPRhedrRopiaser the RpseRRENtONIAVE he

| i ke) ambe¥nGhow draldessibeDidabtail Gérbin Ofose SBIIEH in tKeaet can Fh@OURRRY morFdther @@6kdt he
liﬁﬁ% can, be used gs the trans oat medi um bet ween the external devices and
comitini ERPYEREPY ?l%?ﬂW?mﬁéﬁﬁﬁﬁﬁ B8 interface 1154 interfaces the keyboard
1150 and nouse 1152, permtting input data to be transmtted to bus 1156.
In addition to these conponents, 15 system 1111 al so optionally includes an
infrared transmtter and/or infrared receiver. Infrared transmtters are
optionally utilized when the conputer systemis used in conjunction with
one or nore of the processing conponents/stations that transmts/receives
data via infrared signal transm ssion. |Instead of utilizing an infrared
transmitter or infrared receiver, the conputer systemnay al so optionally
use a low power radio transmtter 1180 and/or a | ow power radi o receiver
1182. The low power radio 20 transmtter transmts the signal for reception
by conponents of the production process, and receives signhals fromthe
conponents via the | ow power radio receiver. The | ow power radio
transmtter and/or receiver are standard devices in industry. Although
system 1111 in FIG 11 is illustrated having a single processor, a single
hard di sk



"drive and a single local nmenory, system 1111 is optionally suitably

equi pped with any nultitude or 25 conbination of processors or storage
devi ces. Worozammapl e, system 1111 nay be repl aced by, or eomiisopdostth, any
sui tabl e processing system operative in accordance with the principles of
enbodi nents of the present invention, |nclud|ng sophi sticated cal cul ators,
and hand: hel d, | aptop/notebook, mni, I§ai nframe and super conputers, as
wel | as ?H€e33|ng syst em net wor k conbi nations of the sane. 30 FIG 12 is
an iIIustratl n of an exenplary conput er readable nmenory nedi um 1284
utilizable 1%onputer readabl e code or instructions. As one
exanpl e, nedlun11284 may be used with disk drives illustrated in FIG 11.
Typical |y, memaryedBRIdirdoskitidind pldn@de Hirsdkdn a Q{enﬁca@BeMal(%hsﬁmg(éCMPB al
video disk will contain, for exanple, a nmulti-byte locale for a single byte
| anguag@PReFdstrEng ppelishingprdaeainprattichn Wadvr ixRastipdad forgme ad obwsaleral dpesfiom t o

enabke tiea &ﬂH}HHﬁIﬁ% dik10is PBLifi el RondiddR &k P pdRh gg)% IcBaskidhRr R feps of:
Al ternatively, 1160 and/ or RAM 1162 |IIustrate G 11 can al so be

used to stoppp RNEn%@QﬁHQ%hhﬁﬁa&ﬂﬁkhﬁgnkﬂﬁ&m&&ﬂﬂé@&m&ﬂmma§ﬁ&%ﬁhﬂkﬂ@a&@”tra
proce55|ng unit 115 erformthe operations associated with the instant

pr ocess &¥ctiey ¢ gt leﬁwaégowtl%wg@%m@e@oﬁmf lepst pruePABTtianing BRI bying 02549
PCT/ USO2{a3:3@@72and hfinib@n wtRE:l Ng i nformati on include magnetic, electronic, or
optical (including holographic) storage, sone conbination thereof, etc. In

addi tion, at b} gashing QRRIEWHPGE CVENdpPariths ddder PESSSNds ph&‘c‘!c%ﬁftioﬁiﬂg ﬁﬁﬁlh@té?@' ate
thaigthe medi um can be in the formof a transm ssion (e. gital or

pr opagataeFtedityraintn witer musial mmovilrateywiiypselesizy ﬁa@rnf@oﬁnfl ﬁ&fmﬁlﬁeremavql ous
conponerdis; of enbodi ments of the present 5 invention can be inplenmented in
har dwar e, software or a conbi nation thereof. In such enbodi nents, the

various conpeyedtsmianida ¥hRPHate@l kéndiel thEBtRNRIRIRHNd Sidwliomed E’,and/ or
software to performthe functions of the present 1nvention. Any presently

avai | abl e or df viltil@ing@péhainad caaRHing bars@éttvBsiRd uﬂ)calrkgidaig@nﬁﬂéﬂ Wiferhadi&haar e
conponent s can bf@g@%mg ed in such enbodinents of the res i nvention.

For exaRpio¥aliaeo d ge pad, @egr 3pd eqrgHigning tpodel f2 maine Wéa 3Ll d be

inpﬂ@nenmﬁdmuabmgnmﬂ&mﬁmx&ﬁnﬁaﬁqmﬁmm@ﬂ&n@ﬁﬁeﬁhlMmlanguage appropriate in
view of the processor(s) being used. It could also be witten in an

i nterpretiveeetnditoning fe pelisinggad davachansliated anipidhing atametdisl t i pl e
destinations to various wusers. Although various enbodi nents which

i ncorporate the teachings of the present invention have been shown and

descri bed i n2dekaméthdiesfeiaim 11 Wigsen 8k codd@ibning phradetdfslcompiiselce@idnihgdowh S €
many other varied 15 enmbodi ments that incorporate these teachings. WO
02/ 102548°°PCT/ US02/ 19062 18 Clains Wiat is clained is:

20

3. The method of claim 2, wherein the conditioning parameters comprise rotational velocity of

the conditioning disk.

4. The method of claim 2, wherein the conditioning parameters comprise one or more
25 parameters selected from the group consisting of rotational velocity of the disk, frequency of

conditioning, duration of conditioning and translational speed of the conditioning disk.

5. The method of claim 1, wherein the step of calculating updated conditioning parameters
includes calculating parameters such that the parameter is within the determined minimum and

30  maximum values.

6. The method of claim 1, wherein the updated pad conditioning parameters are calculated by
determining the difference between an output of the pad wear and conditioning model and said

determined wafer material removal of step (c).



1. A nethod of conditioning a planarizing surface in a chem cal nechani cal
polishing (CMP) apparatus having a polishing pad against which a wafer is
posi ti onewofienoxsenoval of material therefrom 5 and a conacriusny/myeni sk i s
positioned for conditioning of the polishing pad, conprising the steps of:
a) providing a pad wear and conditioni nlg nodel that defines wafer materi al
renmoval rate as a function of at |east'”one pad conditioning paraneters,
said at |east one conditiaoning paranmeter havin maxi mum and m ni num

val ues; b) pdti'8hmRGoAClRATEYS, WAcrein saidipfierpirals alindedising an sstimapesgaingsior Y pad
condi ti QRMSRIHAIRE RhitiddnSHhfedgd to maintain wafer material renoval
rates within presel ected m ni mrum and maxi nrum renoval rates; c) determning
a wafer material renoval rate occurring during said polishing step; d)

cal cgl ating wpdt pdnBage GaRdi @vh&ah% Jga&@dﬁh%ﬁdl@aﬁe afaﬁgférssa@é degé&er m ned
wafer material renoval rate of said step ( pad wear and

condi t i @pdondjngio delequasiomak mt (&) ) gialeer (et W:ltelr@k is h&naammi/\&:iferrmmsd wirtokal maté,he
maxi nrum and mdm renoval rates; and e) conditjionin the i shing pad
using t Ke? iﬁpfgkffét? QBFrAPIAl YO Bhigng isdhsestpate R, ?%’ét(gff‘d) &rt rsﬂlﬁt}oy etror.
wherein the conditioning parameters conprise conditioning down force. 20
3. The nmethod of claim2, wherein the conditioning paraneters conprise
rotational vé d&t wthed of gl leBhupip ihsiicayDidhoreh @ arerRgeaifdt hod of claim 2,
wherein the conditioning paraneters conprise one or nore 25 paraneters
sel é8ted fromthe group consi st ng of rotational velocity of the disk,
frequency of 10C319ﬁip?th@£‘?fﬁbalm duvherdipthe Gfst g AEpadi C@?ﬁlﬁ@llfwrmfaﬁﬂe&ifsqfﬁ’aﬂqt@med
speed of,phgagondi tioning disk. 5. The method of claim1, wherein the step
of cal cul ati ng updated conditioning paranmeters includes calculating
parameters such that the paraneter is within the determ ned m ni numand 30
maxi mum val ugs. TR mém(?d 615%13519@ x%ere[% f?lla gﬁ's%set d%'oﬂdlﬁ& &"iﬂ.ﬂaﬁ %gs a?tgﬁletermined
condi tioning paraneters are calculate etermning the difference

bet \I\éenuahgblﬁpm?ﬂd%# t he pad wear and condl tioni ng nodel and said

determ ned wafer material renoval of step (c). WO 02/102549 PCT/ US02/ 19062
19 7. The nmethod of claim6, wherein said difference is adjusted using an
esti mat e gai A2.pFheonethes of chifirs U velteravythe fickasat df rrdredidifianagrapstessnst dategmingd 8.
The net i : ning paraneters are
updat edmgc@grééélﬂgsgﬁ%gestl e e%tnl}egﬁDEﬁqage %Wloﬁg{égﬁd{ep(kl)) where k is a
measured wafer materi al rem)val rate, is a calculated wafer materi al

renpy al rate 13. gTﬁesmétﬁ'&l o%%falimt &hege?lll fle nﬁ%qlu%vaﬁdg f))r) wétgr &J?&aﬂeﬁ%baﬁ%t@ L@l ror.

saturation point of the wafer material removal rate vs. conditioning down force curve.

14. The method of claim 1, wherein the minimum value for wafer material removal rate is

defined by the maximum acceptable wafer polishing time.

25
15. The method of claim 1, wherein the step of calculating updated pad conditioning

parameters in step (d) comprises executing a recursive optimization process.

16. The method of claim 7, wherein the estimate gain is an indication of variability or

30  reliability in the measured parameter.

17. The method of claim 1, wherein pad life is defined according to the equation:

P aszfe - f ( disk ? Codzsk ° tcondmonmg 4 f T. )

where Fg is the down force applied by the conditioning disk to the CMP pad during conditioning,

35 s is the angular velocity of the conditioning disk during conditioning of the polishing pad, ¢ is the time



9. The nethod of claim1l1, wherein the steps b) through e) are repeated. 10
10. The nmethod of claiml, wherein the first set of pad conditioning

par anet erwoaraoxet ermi ned enpirically. 11. The nethod of PClraisu/19062her ei n
the first set of pad conditioning paranmeters are determned 15 using

hi storical data. 12. The nethod of clmégj. wherein the first set of pad
condi tioni ng. para rs are determ ned u5|n t he resul .design of
exper | ot OISR By MBS GRS SHbdeR HeReape Sprd hBERgu T

wher ei n dutieg sopditioming.val ue for wafer material renoval rate is the

saturation point of the wafer material renoval rate vs. conditioning down
force curve. 14. The nethod of claim1, wherein the m ninum val ue for wafer

mat eri al remgaiThé AbBod & clAkafl] NRskiDIhe tWir MRAEHALEINGGE RS i BLmenBf BF eflibshi Ng
time. 25 15. The nethod of claim 1, wherein the step of calculating updated

pad gonditioning axi mid) CPEPLIBES execu of ecur si ve
optlﬁlzatlon process%gggkggﬁ% néiﬁﬁghﬂf&éwgkﬁf "’aﬁéWQWﬁﬁhﬁg zét ‘mat e gain
is an indication of variability or 30 rellablllty in the neasured
paraneter. 17. The method of claim1l, wherein pad life is defined according
to the pat SHadi ng% [

wher e Fgfnsk Itd%nstthe E&%&%ﬁc@gg%fgd gggfe%g“dm t r??ké%%’téu tro %ddgﬂfclléi]éslﬁdltném?

pad dur kng torariar vediy of e comgioging rélskéumrrge:oaﬁg@mwof\m ifhing pafl, #ihke ume
condi ti @pi h , i me
S0 b/ 1 SoLAGiRNRE TR BEERGY Lo, L 92‘3?1* iR NpB8 PRfbco Ié%%ﬁljci:g}ﬁ o
cond?t i gwringrendioniag.t he sweepi ng speed of the condltlonlng di sk during
condi tioning. 18. The nethod of claim1, wherein the wafer material renoval
rate is defined by the equation 5 Re inoval Ratejmax = f (Fdisk | max

di sl max f | mdR The methed of2lajmy wherein tie wafer miatsriplh remexahiietis datérmipediagrording taher e
Fdl sk |§mggﬁﬂg9mn force applied by the conditioning disk to the CW pad
during conditioning, CO disk is the angular velocity of the conditioning
di sk during conditioning of the polighipng.,pad, t is the tinme of
conditioning, f is the frequency of condltlon and T2 is the sweeping speed
of {he %aéltytlg 31w Hatikial rdi@o AV FatdOr &%gitﬁ)hlﬁ@bﬁgnetél%q, T e IBpOA 198 ae! @l m

1, wherein e wafer material renoval rate is eternlned according to the
equati o ,Lpter?ept of-th?)«mgve of the'defining the relationship between y; and x;.

20. The method of claim 19, wherein the updated pad conditioning parameter, x;,, is

determined by solving the equation:

A W A
Yir =1 A -Ay
20 X, = r—,

Pi

where y,, is the target wafer material removal rate, W; is the weighing factor for conditioning parameter

x;, and 4y is the prediction error for wafer material removal rate.

21. An apparatus for conditioning polishing pads used to planarize substrates by the removal of

25  material therefrom, comprising:
a carrier assembly having an arm positionable over a planarizing surface of a polishing pad;
a conditioning disk attached to the carrier assembly;
and an actuator capable of controlling an operating parameter of the conditioning disk;

a controller operatively coupled to the actuator, the controller operating the actuator to adjust
30  the operating parameter of the conditioning disk as a function of a pad wear and conditioning model,

the model comprising:



15 where yi is the wafer material renoval rate for a conditioning paraneter
X" pt is the slope and Ii is the intercept of the curve of the defining

t he rel atworghiys4bet ween y; and xi. 20. The net hod of cl aiPeTA®p2/¥eer ei n t he
updat ed pad conditioning paraneter, x;+, is determ ned by solving the
equation: Yt+ - Ii - W ' AY 20 xi+ =T PA where yt+ is the target wafer
material renpval rate, W is the WFi hi% factor for conditioning, paraneter
xi, and Ay i SCEHENEE SG{EPRSHASHPOR! Hagas Ramshomavas FoitoBRB YRS EoligE An
appar at usndininaQilidoive forBgandRbhBiinig RRASatitmattel 0 pl anari ze substrates by
the renoval of 25 material therefrom conprising: a carrier assenbly
havi ng an arm positionabl e over a planarizing surface of a polishing pad;

a condi ti oni ng. #hSdppahtudeh@&ntN, hGeif telva8dr nRESE MY val ARds 8llerBfafcHat or
capabl e of controlling an operating paraneter of the conditioning disk; a

cont?olP@P“Bﬁ@?&#ﬁﬂ@ﬁ?nboupled to the actuator, the controller operating
the actuator to adjust 30 the operating paranmeter of the conditioning disk
as a function of a pad wear and condPtT##ig nodel, the nodel conprising:
WO 02/ 102549 PCT/ US02/ 19062 21 determ ning wafer material renoval rate as
a funct "OFredy s isgvaies materirbRmaY it [ore ERFRIONHE pYameET *»Cofidhe SRRl itk down
force angercspaef the &G thH ®Kini@ tRtrb1bnkiRp Betwéen y; 41A&;. appar at us of clai m 21,
wherein the wafer material renoval rate is determined 5 according to the

equation: y, = p,xi + 1" where yj is the wafer naterial renpoval rate for a
condpt i oni ng opaTRIBhH&ALX of clflim22] WhdrdlE 112 hpRE AR cdnditoRink PerambeBt &1 GePt of the
curve of the defining the relationship between yj and Xi. 10 237 The

appar at (etegHingd byjsphving thagqustionn t he updated pad conditioning paraneter, Xxi+,
is determned by solving the equation: Ic -WAy xi+ =T Pi  where yt+ is
the target wafer material renov _Ifygﬂg_ ~1S the weighing factor for
conditioning paranmeter xi, and’Ay I‘s Wwhe %rediction error for wafer
material renoval rate. 15 24% The apparatus: of claim 21, wherein the
updat ed pad conditioning paraneters & e updat ed

where ¥, is the target wafer material removal rate, W; is the weighing factor for conditioning parameter
x;, and Ay is the prediction error for wafer material removal rate.

15
24. The apparatus of claim 21, wherein the updated pad conditioning parameters are updated

according to the equation k = (k — 1)+ g* (k — (k — 1)) , where k is a measured wafer material removal
rate, k-1 is a calculated wafer material removal rate, g is the estimate gain, and (k-(k-1)) is the
prediction error.
20
25. A method of developing a pad wear and pad conditioning model for optimization of the

pad conditioning for polishing pads used to remove material from a wafer, comprising the steps of:

determining the relationship between at least one pad conditioning parameter and wafer

material removal rate; and

25 determining maximum and minimum values for each of the at least one pad conditioning

parameters and the wafer material removal rate; and

recording the relationships and minimum and maximum values of the at least one pad

conditioning parameter and the wafer removal rate.

30 26. The method of claim 25, wherein the at least one pad conditioning parameter comprises a
plurality of parameters and the wafer removal rate is defined as a weighted function of the plurality of

pad conditioning parameters.



according to the equation k = (k -1)+ g * (k - (k -1)), where kis a
measured wafer material renoval rate, k-1 is a calculated wafer materi al
renoval reoDe2/15u4s the estimte gain, and (k-(k-1)) is thecTarseziwsi on
error. 20 25. A nethod of devel oping a pad wear and pad conditi oni ng nodel
for optim zation of the pad conditioning for polishing pads used to renove
material froma wafer, conprising the 2 eps of: determning the

rel ati onshi p between at | east one pad conditioning paraneter and wafer

mat eri al r end{al hermatod of g3 ES, dersmihedt frstpag Wﬁmp@zganmﬁ PRFAIFATS SATRPEISeSf or
each of c¢faioting iBRASwWRRPad conditioning paraneters and the wafer
material renoval rate; and recording the relationships and m ni nrum and

maxi nrum val ues of the at |east one pad conditioning paraneter and the

waf es 1 enovabe Mot of Shain] IPwHRLR A oPleadt b M 2haid¥ARE ShilubRErAhed SaSt one
pad conditioning paraneter conprises a plurality o p§ aneters and the

waf er r eqreiRFies qoadidoning ¢jgf ofpenabritea wei ght ed function of the plurality of
pad conditioning paranmeters. WO 02/ 102549 PCT/ US02/ 19062 22 27. The net hod
of claim 25, wherein the at | east one pad conditioning paranmeters conprises
condi t i oni ng2%i Blie raktlyad of olage25, 5vhai@ theTt eastondpad cofidigdnarigmpa@imetshemagirises e at

| east o i.tLonl r r Loy Y Weral di sk
ot at i ogpo? ap RSk Aol AR Ehnslohd S Zona MY G AT AL S RHIRREC
cond@ t i disk retptional aaie freguepangficosdigonigeandmonditioréngodiskatrapslatiopalspéedct ed from t he
group consisting of conditioning disk dowmn force, conditioning 10 disk
rotational rate, frequency of conditioning, and conditioning disk
t ransl at i onaB0.sPeauth@®f cliine2hwthbroh thd relationship2Btweehibe efi lenst dne corelitainingns hi p
bet ween t ndi tioning -par rand wafer..renpval rate is
det or i Rgie oo §ARE ARSTAE B0, RALAIRIS LaS AL b ERE IS
measur i agl méssurmgshe reauttentwafeerenrogaipetal rate. 15 31. The net hod of cl ai m 25,
wherein the maxi mum val ue for the conditioning paranmeter is the value
aboV® which no increnental increase of the wafer renoval rate is observed.
32. The net hdd Tfe nedttaidrof 25im 2 ehediein thedh@aximminivaloe foa khgeofiditionidgpacartt tsitni ng
par amet 9&'1’1111i %o;[l hv%%ichzooi.\r/lg‘rleuet 1rilc(f\’r%1 J Veiv(\:/I errgrplgva - neiigglfné‘ey\\/@‘ er removal rate.
33. The'nBthod Of Cctaim 25, further conprising eS8 epsof : polishing a
wafer in the CMP apparatus under a first set of pad conditioning paraneters
rSne'n??TLﬁ’ld a;g ;( { ar‘rllnglrﬁ},oe r?,%\g/lrgilmnfﬁt, (\?vlilé:r%iln t}qeergu]?l\l/rrafl;m (/a Eeet%r %ﬁne Eglddgiog{ng%)grgr%gttere ig the

20  value which provides the minimum wafer removal rate.

33. The method of claim 25, further comprising the steps of:

polishing a wafer in the CMP apparatus under a first set of pad conditioning parameters
selected to maintain wafer material removal rates within preselected minimum and maximum removal

25  rates;
determining a wafer material removal rate occurring during said polishing step;

calculating updated pad conditioning parameters based upon said determined wafer material
removal rate and the pad wear and conditioning model to maintain wafer material removal rates within

the maximum and minimum removal rates; and

30 conditioning the polishing pad using the updated pad conditioning parameters.

34. The method of claim 33, wherein the updated pad conditioning parameters are calculated
by determining the difference between an output of the pad wear and conditioning model and said

determined wafer material removal.

35



25 rates; determning a wafer material renoval rate occurring during said
polishing step; calculating updated pad conditioning paraneters based upon
sai d det ewpiopgakswaf er material renoval rate and the pad wearusanthos2
conditioning nodel to maintain wafer material renoval rates within the
maxi mum and m ni mum renoval rates; and _30 conditioning the polishi ng pad

usi ng the updated nin The met hod of i m 33,

wherein the 3%@1‘ g%ﬂﬁo%&%mﬁ? '?eﬁgtﬁ‘f)al? P‘?gﬁ’%dr%onglfl@lﬁ%l’%ﬂ}l%{?féde B i

det er m piagiihes ofdi eﬁﬁz@i‘bﬁ nee épeﬁ)ﬁﬁ gn S?Dgé)uvg%he%( k & 2 SneR @R dNGREr Iﬁ’fﬂglal removal

condi ti oni ng nodel "and sai detérm ned wafer material renoval 5 WO

02/ 102548e, RGF A \BOHARDO6Rr m&8rizB femoVhleraterd i daet estimatd gdimadB(k-(idae [sehenprédlﬁlon

updat ed t?ad condl tioning paraneters are updated according to the equation
* (k - (k -1)), where k is a neasured wafer material renoval

rate5 kI IS a caI cul ated wafer material renoval rate, g is the estimate

gai n; and (k- iction. .err ter readaple
medi um corpr 24 Ao PRt SR RGP B iy Pl SISUPLDY < porpate.
instr ucﬁﬂsamslonnﬁéludinglgccanpmmixuplahentmﬂoﬁwaﬁtagﬂmsmfntmw@eﬁmal mehidien for a
chem cal chani cal cess he instructions for inplenenting
the pr oS néaf%?%s tb%ﬁstf%é 3@1}@@ fnen%g thegesety W@“PHEP%&F P chen ca
mechani cal rel atin

Teast one wafreRBRReBm ket BriiricaboliRumind g PENARE T ROREE, and
b) t@l cuf atdasigne afanpiobmsedai the ofiensitt metahicalpptisiirethr@as; aendi t i oni ng
paraneters within defined maxi mum and m ni nrum val ues, wherein the updated
pad conditi oh) ngcmamgnfedirmtlﬁ dain ef ste;i @) lupdagd pay condizlosingpaningtets ethili defissdence
bet ween_an._out pyt .of C oni..n ta of step
(2 35 rEm BBl By PR RS B SR DB e RS = B B .
nmechani detbrnpaihg S idiffprepGViciweea pp autpttws a hadveag adl qooditiatingugodrd endabadatsst swpi ch
a vvafer( s positioned for renoval of material therefrom and a conditioning
disk is 605|t|oned for conditioning of the polishing pad, conprising the
ste of : (a) devel oping a pad wear and pad condi tioni ng nodel by: 20 (i)

par amot o andl- MBFPSET PRI & HBUAT VR AHFCrIg BEORPH B S Pm

and mn hppamtus ahviesa fxdrshlagpzhi aghinftivehichta Wafasg pcmimeneplafdr removed of inatadial therefrom

par anet fida caéggiltiglplgg 1§ 1% Ii)osrlrt?'otngd %or cond%{cr)g}{lg of fn pglishmg pad, comprising the steps of:

(a) developing a pad wear and pad conditioning model by:

20 (1) determining the relationship between at least one pad conditioning parameter and

wafer material removal rate; and

(ii) determining maximum and minimum values for each of the at least one pad

conditioning parameters and the wafer material removal rate; and

(ii) recording the relationships and minimum and maximum values of the at least one

25  pad conditioning parameter and the wafer removal rate.

(b) polishing a wafer in the CMP apparatus under a first set of pad conditioning parameters
selected to maintain wafer material removal rates within preselected minimum and maximum removal

rates;
(c) determining a wafer material removal rate occurring during said polishing step;

30 (d) calculating updated pad conditioning parameters based upon said determined wafer
material removal rate of said step (b) and the pad wear and conditioning model to maintain wafer

material removal rates within the maximum and minimum removal rates,

wherein the wafer material removal rate is determined according to the equation:



(i1) recording the relationships and m ni rum and maxi num val ues of the at

| east one 25 pad conditioning paraneter and the wafer renoval rate. (b)
pol i shi ngve oxaéxn9 i n the CMP apparatus under a first set @®@CTA®A2/19062
conditioning paraneters selected to maintain wafer material renoval rates
W thin presel ected m ni rum and maxi num renoval rates; (c) determning a

wafer material renoval rate occurring ddring said pol i shing step; 30 (d)
cal cul ating updat ed pad conditi oni ngy'pa'?lé ters based upon sai d deternined
waf er terjal val te of sajd step, (b) and the pad wear and

condi t i SHEHd’ ﬁﬁ[&evi’ ?rérlal%aﬁ‘ieﬁioﬁal\ﬂﬁ? aC?P&ftlé’g‘}nﬁlparF“é‘ﬁtB%Ipb PSR YORs; a‘P‘Iiui[ i Phe

maxi mimigsdepToftherturvd m@flnrng&melaﬂm@mlgbaw&a@ Wafxe landhk @pda@ld pp@moval rate
is determ({led according to the e‘?% ion: WO 02/102549 PCT. USOZ/ 19062 24 VI
= P1xi +£°F ‘“Wf@rpélai}“etef’ iy 1 R LlWe?f’]e‘!’rnr‘a’é}l‘eetqlé*?’f’(ﬁ?{}al rate for a conditioning
parameter X;, p;, is the slope and I |s the intercept of the curve of the
defining the relationship bet weev)p _and Hd § and t he updated pad

conditioni ng paraneter, x1+, det e‘r by sol ving the equation: A+ =
Ay Xi+- T A where y;+ is ’fthé targﬁ wa'rer material renoval rate, WNis
the wei ghing factor for conditioning‘paraneter x1li and Ay is the
predictiqgn error for wafer materi al val rat nd (e) conditionin the
Dol i shi HE Rt 0 et Hatel PSR BRLTE Birit HY "Fiebinsdrdondor cppliseninge

for coneu,tmcmy1mgle@reﬁicaaamozlfagwa$¢trrﬁawﬁ1mmoaaled@mlcpal mechani cal pollshl ng
(CWP) apparatus having a polishing pad and a conditioning disk,
conprising: &) éngisichivgee palivtling @adidingand W@ate® calditohiap paehtiees waf er
material renoval rate as a function of at |east one pad conditioning
paraneters including rotation and direction of the conditioning disk; b)

pol i8hi ng WE@BSAfSS’é’telﬂﬂirlcSﬁHﬂtﬂn@ Apdnefizihgdukfae 1%@199@-&@&%%1031@0&%1@@&41’)' ng
means for determnni n&&ﬁ waf mat er.i,al renoval rate; and d) cal culating

means fGPPaE?ﬁ'(‘f 'Hg 2 BA P8R "l“}dc?rﬁoﬂ dtiomipelish 095®Eed upon said det erni ned

wafer material renoval rate.of sai te ) and the pad wear a
condi ti oni ng L%Blaéll Wetabar}‘?’eff’ ng/ﬁ‘?‘g} th trfgfléfis or g PPy g %a{%‘Fﬂcﬂoq ffe
maxi mumagkaght Gﬁd'paﬂumdttﬁmg@hraﬁlaﬂeﬁﬁmchﬂﬂlg rotation and direction of the conditioning disk;

b) polishing means for polishing a wafer in the CMP apparatus
15 ¢) measuring means for determining a wafer material removal rate; and

d) calculating means for updating pad conditioning parameters based upon said determined
wafer material removal rate of said step (c) and the pad wear and conditioning model to maintain wafer

material removal rates within the maximum and minimum removal rates.

20



