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a 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 predeterrined speed. The wafer 103 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 sluiry 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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25 The model predicts polishing effectiveness (wafer material removal rate) based on the
“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 abradinglof 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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pad conditioning parameters to reduce said difference, wherein the updated pad conditioning
parameters are updated according to the equation, k = (&, )+g* {k - (kl )), where k is a measured
wafer material removal rate, ; is a calculated wafer material removal rate, g is the estimate gain, and
(k-( k;)} is 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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removal rate is the saturation point of the wafer material removal rate vs. conditioning down force
curve 1.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:
i =pxi+ I,

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 J; 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:
n W, ..
Yir —1; "_‘;”'A)’
30 X, = 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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P In at least some embodiments, the updated pad conditioning parameter, x;,, is determined by

solving the equation:

W,
v, =1 ——L.AD
. uy;+ W 3

(L]
P

where i, is the target wafer material removal rate, W; is the weighing factor for conditioning parameter
20 x;, and Ay 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 Figares
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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speed exerted by the conditioning disk on the polishing 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 repiacement 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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life cycle of the pad until no more actwe sites are available.

The chemical and mechanical processes described above during planarization and conditioning
25  of the polishing 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 jeast 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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prevent e%i-arne €15, the%bn\%ggona{ nr% sgeq overcompensate, thereby removing more pad material than is

necessary and accelerating pad wear. The invention thus provides far more optimal conditioning
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  and rotational 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 shurry/polishing pad wafer combination
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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 n steps, €.g. n equal steps, which encompass the acceptable working
range for conditioning down forces. The value for » 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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describe the relationship among the variabies of the system. Feedback and feedforward control
algorithms 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 Saddie River, N.J. 2nd edition, 1999.
The wear and reconditioning of the polishing pad may be modeled by eq. 1:

35 Paszfe = f (F disk ? wdisk ? tcona‘itioning ? f * T 2) (1)
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25  process, and the estimator 903, which monitors and modifies the process parameters. The actual output
(i.e., measured removal raie) 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 997 to the estimator 903, which then appropriately
generates updated parameters 908 for the process 902. Updating model parameters for feedback control

30 isbasedoneq. 3.
k= () + g * e~ (k) ®

where k is a current paramneter, £; 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



speed of the conditioning bolder as shown in the exanple CVWP device of FIG
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in discrete increments or steps, defined by way of example, by the incremental curves shown in FIGs. 7

C

and 8. A suitable number of curves are generated so that steps are small enough to permit minor

25  adjustments to the conditioning parameters.

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.



descri bed above for determining the relationship between wafer materi al
renoval rate and conditioning 19 DEC 2005 12 down force and conditioning
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25  adevice 1000 such as the one shown in FIG. 10. The apparatus has a conditioning system 1010

including a carrier assembly 1020, a conditioning disk 1030 attached to the carrier assembly, and a
controller 1040 operatively coupled to the carrier agsembly to control the down force (F) and rotation
rate (o) 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 antomatically 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



degradation in CVWP pad polishing. By identifying and nodifying the pad
condi tioning process to account for these tenporal changes in polishing
performance, optimal wafer nmaterial renoval rates are 35 nalnta @ﬁﬁL?@ShOUt
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may hav@lamwmslmBOEIQMQWetthe cond|t|0n| ng d| sk 1030 is attached and

means 1060a- nove t he ondMlkonl n in a (t)h
u ermore, any num er o rent t es o unycan euse m e methods of the

25  invention. There are numerous CMP polishing slurries in the art, which are generally made to polish
specific types of metals in semicondnctor wafers. Exemplary slurries include 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 Semt-Sperse® W2585) (Cabot
Microelectronics Corporation, Aurora IL), Rodel ILD1300, Kiebesol series, Elexsol , MSW 1500,

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:
Vi =pixi+ I, (4)
where ¥, 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 J; and x;. Letting x; = Fyq, X2 = @i, X3 =
J+ X4 = teonditioning, a0d x5 = T, the following relationships may be established from the model:
P=prx+1 for N; #x; #Niw i (5)



30 contact wth the planarizing surface. For exanple, the controller 1040
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1060d). Simlar controls for control of the position and nove
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rotation rate, in response to changes i Swaf er material removal rate. The
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Newar k, DE), F? series polishing pads ycanor e Pa Thomas St Pad 711,
8132081 pre %g—t@{*qdr%onthsiqﬂdb@m 2'81“3828 El (Thomas Vest). Furthermore, any
nunber of different types of slurry can be usedyin the nethods of the 25

i nvention. There are nunerous W%wxs-h g+§u—r—r iAds in the art, which{@je
generally nade to polish

and optimized parameter x;, is determined by eq. 13.

o W, .
Yia “Ii_"ﬁ,'—'Ay

X, = I R (13)
£ :

where y;, 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



specific types of nmetals in sem conductor wafers, Exenplary slurries include
Serni -Sperse(r) (available as Sem -Sperse(r) 12, Sem -Sperse(r) 25,

Sem - Sperse(r) D7000, Sem -Sperse(r) D7100, Sem -Sperse(r) D7300

Seni - Sperse(r) P1000, Seni-Sperse(r) W000, and Sermi- Sperse(r) V58850 {Babot
M croel ectronics Corporation, Aurora IL), Rodel |1LD1300, Kiebesol series,

El exsol , MSWL500, 30 MSW200O0 seri es, §EJS series and PTS (Rodel). An
exanpl e of the al ithmfor .calcul condi ti.onin e fram waf er
o | aPecpiaOF b &R Berri e el nt e 1R ekagRRy RS0 Bl AT ¢
t he waf @focemtedsfiealbodiarnty af the ietert dveiitivd ac oallat odherd progrivas. amaﬁenlyxﬂexmryl s the

sl ope a LS. the 5 interce urve of the. definin
rel ati ozgﬂ*/’a 1?)@? Wgéﬁ" m agfiees e gﬂ’ewgﬁ? canstifgte the mgin TaemoRy PPBPE sysem. Digk 4
= tc, ndicbit@mer m64%ﬂ§l¥&es-on-570r nioﬁahm@dri»@wm sryedeﬁibx@ n$4Y. PEhesEdiskaiivesiralfbi shed

fromthe nodel "1 =Pl + 11 + Kk 2005 Y2 =
P2 X2 + example, floppydiskdrives 1&70 ox 4D RQM. %V% @wtalvedw #%tgbéwﬁs &@Eﬂf iptggnalioy:
#x2 VI eﬂteﬂﬁﬁl hafrd)HmMK 11683 THRlevatibus difkidNvedaid dikitakiollers)ard SbtichAldePleas, #X5
#N, ,, + 5where |s thgsd{)redlcted renoval rate@ng is the_sl ope

and | is theA @aac@@rfa%l isnipy, 1148 aprbpexmits jnfqsmatieniromn s byp kb tand

| ower b‘BHHﬁ@%&’e&BQﬁEpIa&%&S fBispidy Pﬁfstch&b'é @sredi}?&l @ﬁ@%égﬁﬁmwuﬁﬁﬁﬁéﬁ%&@r

Model s he 1 nvention nay |nc ude al a subset of" these pad

condi ti &qwnmhm@regten@ééwmﬁ sycheas ﬁ!a@th@bwnomm pighe siistesy desaribad ahoyei g

to fer ch

dot 1% s ordE bk, drRBNER, bbb ntTiontr 1IPHORRS! fifleSyrdlck e A Mot

renoval cersnetorskind/oneyitisal mmcamon(emma:@am thelikd) endierf Wingdess bymmppnication Y =

\NLYl + and WI
%J%a%%@wcy % %lll ng toras{éfual;z&t e et e?%g‘d‘ﬁ’ggﬁﬁiﬁl. m zi ng

any pende\tum@nd emgnummgpmlll;ﬂdé’bepi;@ mgfmnlitﬁﬂrmuetfgceafheckeﬁmsndtﬂé%andet c.,

t hat acEP%t udSHse é%hﬁﬂm\@rnﬁ t?%tga/iogdre tSALhREY tWhs ¥146) 15 9ddon bRRsP S8R ch¥ned, Unct i on

may be ermn
15  system 1111 also optlonally includes an infrared transmitter and/or infrared receiver. Infrared

transmitters are optionally vtilized when the computer system is used in conjunction 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 a CD 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

25  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 asscciated with the instant processes. Other examples of suitable computer readable media



15 by using historical data. The prediction error for wafer material renoval
rate, Ay, is the difference between the predicted renoval rate, y, and the
neasured renoval rate, y, shown in eq. 11. dy =y-y (11) The predlctlon error
is used to generate an updated wafer naterial renoval rate, f,,+ |FHECH8Ik
20 predictor based upon the feedback eq. 12 will be: Yi+Pixi+Di+~ i i W
and optim zed paraneter x;+ is deternin% by eq 13. L. i+WXx,+=y

W
Pi (12) 13 he target waf | ..remval te. 25 The
Dot ) o il gpaion ity Mhehico et Bic, HOPHEA LA PRI SBRER oM a |
sent to dohmmat;@pdhexﬁ@fr etd S ddditivH 2k KA @xﬁbdacﬁﬁbrﬂgof&h@ﬂésenﬂ'ﬁu@noﬁ benteimpiat 1S
able to adapt as m)re data is received to i rove the proces vmthout any

ext er nal thet g ipgshiump, gy begip the formp efadtrangmyissign, ©- gpqigital & REpPag#ed 3 i nvention

that can be cQREERAiEshodd 1R enPRRNHeR khat the Ghrikslis @&np&eﬁmui aﬁbdaim@tshﬂrthe present
controller 902, can be (and/or be controlled g’%) ny nunber of

cont Pol /iBYRRR &R be Jpplemented wdardwags, spitwge a0 @agmﬁevfn Iy-pych empodimentar rj ng
to FIG ddvaiopdcontpb ééltsgaﬁﬁ\éﬁ?s #8ulli BE itRbMedtdf 9 %%M%Hybﬂmet%&f&ﬁ%@c“ ng
t he other conponents of system 1111. 'CPU 1158 is the central 19 DEC 2J 5 16
pr ocessifHertigns af thsf presgat @X@P@fm Apeprewptly angiletde enfpirg denelopadsompetecsoipereat i ons

s el | e B PR Sy b SR O "

nenory (HRarjampis 2t leashsomier afthe fuhsionalitn mestinped akwive coudd ba/istplamentsil oiing ekt r ol | er

11644 nteyf ' Yo TATRY : 1 di sk
i s F 5 BFE BB 1aRRE, iR (o bO ok Bor RS BN el fRoud dE3Be

(di gi t al writied émardintekpsgtive ienvieenned6®ch ayJavaandtranspored togmtlidgple déstibations dvanas

1168. Thg ? various disk drives and disk controllers are optional devices. A
di splay Interface 1172 interfaces display 1148 and permts information from
the bus 1156 Althouglevagioupéralyglinents whiclpinagrparatéghe tEAC!;plBayf the pr@sepeinvintionba i n

di spl ay'ﬂéﬁneﬁlgtgxhﬁﬂé‘&e%@ﬁbeﬁ%? f(;l}c?{:{:flﬁ&e sl?ﬁé?ﬁg‘ﬂ[}; ke S8h§ bRl vaREY ' CeS

such as er co onen e system descri pea agove can
15  embodiments that mcorporate these teachings.



10 occur utilizing, for exanple, conmmunication port 1174. Optical fibers
and/ or electrical cables and/or conductors and/or optical comunication
(e.g., infrared, and the |like) and/or wireless conunication (e.g., radio
frequency (RF), and the |like) can be used as the transport nediqqgﬁitﬁgen
t he external devices and comuni cation port 1174. Peripheral int J 1154
interfaces the keyboard 1150 and nulIsdMiSI52, permitting i nput 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.

| nf rar eWhatis aemiswilit ers are optionally utilized when the conmputer systemis
used in conjunction with one or nore of the processing conponents/stations
that transmts/receives data via infrared signal transm ssion. |nstead of
utilizi hg anAi nfistixrdedoft r amdiiobingr aorplamfiriag edurfaeeeiivern, dhhmicglonpedhericdyst em
may al so ,opti y. . use | ow power,.radi p transm.tter 0_and/{.or .a.|l ow
MWl T L B A L T R A T
si gnal #eonviledephicon thyrerompanieat @ndifioting dnkodupdsitoned facesdijticaing ofetbei ves
signal s fr§n1tQF conpon nt? vi@ the | ow power radio receiver. The | ow power
radi o t PUKYAF PHefomIRE e B 8 ver are standard devices in industry.

Al t hough system 1111 in FIG 11 is illustrated having a single processor, a
single hard disk . drive . and a single |ocal nor system 1111 is qptionally
su Cably - equi perdfk erpdyarand PE@nisR s Behdstes 13l SreproeiBigRtt o

St or ageagdeviinegs. ofFQrleRX awgppa, cosdfistng pardrleterpyaid @t leagploae eondityningr pacaredr ned

W th, aﬁé_suitable rocessi ng systemoperative in accordance with the

pri nci plBEEF LY WERYE" 6F"PThe present invention, including sophisticated
cal cul ators, and hand-held, | aptop/notebook, mni, mainfranme and super

conput ers, wel | . as processi temnetwork c i nati.ons of the sane.
SOTRG 3o B ERsrirRal bt oh BF P cBHBIAL B e ot GhamE SR
medi um A28detdit iskle@ad k@ mai@in S0 RgteGAMBUbRI riteadaiine peedetedr mintsih bat i ons.

As one exanple, nedium 1254 may be used with disk drives illustrated in
FI G 11T PENCENTY, eénory nedi a such as floppy disks, or a CD ROM or a
digital video disk will contain, for exanple, a multi-byte locale for a

single byte | anguage and the programinformation for controlling the above
system to enamegfmlﬂwgemw@fﬂ%reﬁewﬂ B HEE BIEE HEORGELEr | bed her o n.
Alternatively, ROM 1160 and/or RAM 1162 illustrated in FIG 11 can al so be

used to store the progr n1infornﬁéj8n %?at .S used to instruct the central
processi ng ufli calgalgiae g Jeast o PRRted o pist £OREIRNIngs PIRMSIEEY Biet huRYe Stifist ant

Pr 0Ces s @fermidel QFaf i a€ SenfivalSidiel SR SQNRYLRS the @Al ahieanTedhditiont® fblel 20US
17 for storing information includg_nﬁgnetic, el ectronic, or optical

(i ncl udiongpiiyn 8geapaices! reneyahees WHHEhe BeHBIRAN BiriPHBrapival ates and
addition, at |east sone enbodi nents of the present invention contenplate
that the mediumcan be in the formof a transm ssion (e.g., digital or
propagat ed s§)ghglidgningthe pdisbipgpad ystnedisoil fegstisae widaied sprddépningparapirsyar i ous
conponents of enbodi nents of the present 5 invention can be inplenented in

hardware, software or a conbination thereof. In such enbodi nments,
2. The method of «claim 1, wherein the conditioning parameters comprise

conditioning down force.

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 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



t he vari ous conponents and steps would be inplenmented in hardware and/ or
software to performthe functions of the present invention. Any presen;lg
avai l abl e or future devel oped conputeri9software |anguage and/or haf el
conponents can be enployed in such enbodi nents of the present invention.
For exanple, at |east some of the functionality mentioned above could be

i npl enepitranbtusiimgudeheca@pla.ﬂ_'ﬁ)g Gaamemrs aury thals éwbparathaerg iragethmp reogatérangd i n
view of u&%@&ﬁ%ﬁ%ﬂ&%%lup ing used. It could also be witten in an
interpre Ve environment such as Java and transported to nultiple
destinations to various users. Although various enbodi nents which

i ncor pog at e chi pg Loinventibop haye p

descri bged mjf%et a| heO?e?lr?% Logvekggeﬁrfﬁﬂed |;|Qin thg art canr al(g}1 %Méé\gw se nmany
ot her vealquistbd 15 devguiingrain diffekace ibaiogrpen atieput lnédke peholimes! cqr@tmngg DEC
206 CL | f conditioning a planarizing
surfaceé\ll)wawgﬁgndle%é il wﬁgn#%grl'&m@] I scﬁgt%g(((?CI\/P) appar atus having a

pol i shi ng pad agai nst which a vvafer is positioned for renoval of materi al

t heref rom anghe 20Rg 91”ln? rfe‘l%nk @Oa‘ff‘e}e%&e% &Bstgao%%g'a%” Rﬂqa& ghife
pol i shi ng pad,” conprising a) provi |ng a pa

condi t i pfir geatmthehg timkateddelfdimmmg\mfametematerl al renoval rate as a functl on
of at |east one pad conditioning paranmeter, said at | east one conditioning
paraneter having maxi mrum and m ni num val ues; b) polishing a wafer in the
CVP appér at uSheunoeghoda dfi catm sét \ﬂfere}iradtheoumiiateﬂopitdwgconqiiama'ngt pranget egted to
R it L o L SRR
occur r i mgtedalr iemgvas antel, pohs $hczhg1153¢dep/pfed)namiab wnahvehgitaty liedst esometeugadat ed
pad condldtz(o& ?gﬂpar am%%resmbased upon said determ ned wafer materi al

r enoval a{ 8 sal%es% f 5 and the pad wear and conditioning nodel to
mai ntain wafer materi al rem)val rates within the maxi num and m ni num r enoval
rates; nd e), con Ln the i shi the at | east one updated
condi t| ni ng%}bedP%{ﬁ%iogrc » WheRR ﬁjéts'ﬁB bg?hp %f‘%ﬁﬁe °RfA%Hei n the conditi oni ng
paraneters conprise condltl oni ng down force. 3. The nethod of claim 2,
wherein the conditiqni par ers conprise ratation velocity of the
Condr t 1 hi n it S ok AERRL PR SRaR 5% iherth AORHio N Gn A e RS e

par anet @iamaetphpisiealgne or nore paraneters selected fromthe group
consisting of rotational velocity of the disk,

11. The method of claim 1, wherein the first set of pad conditioning parameters are

determined using historical data.

12. The method of claim 1, wherein the first set of pad conditioning parameters are

determined using the results of a design of experiment (DOE) used to develop the model.
13. The method of claim 1, wherein the maximum value for wafer material removal
rate is the 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.

15. The method of claim I, 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



frequency of conditioning, duration of conditioning and transl ational speed
of the conditioning disk. 5. The nethod of claim1l1l, wherein the step of
cal cul ati ng updated conditioning 19 130DEC2C05 paraneters incl u?gﬁ 005
cal cul ating paraneters such that the paranmeter is within the de mned

m ni nrum and nmaxi mum val ues. 6. The nethod of claim 1, wherein the updated
pad condiiabilgninribe peasamepersetare  cal cul ated by determining the difference
bet ween an out put of the pad wear and conditioning nodel and said

determ ned wafer material renoval of step (c). 7. The nethod of claim§6,
wher ei ni7sai dlidinfettedeficlein & vedjarspaddifuisidnigned acoostinmntatile qgaiten: prior to

cal cul ati ng updated conditioning parameters. 8. The method of claim1,
wherein the updated pad q&?}tl? ng parramater gvr)e updat ed according to
the equation k = (k,)+ %&‘) disk* iy K °1 8’a measur ed waf er

material renoval rate, is a cal cuI ated wafer material renoval rate, g is
t he estwlwed & gaisnthe amln (ﬂorce ﬂﬂplll):c) bys titeheorpiitedingt disk ter ther CMP. pﬁ'd]e:lunieg hod of
claiml, erein the e t hod of

Cl ot m EodREiE ding PerbReaebebihoa et e BoBar HE oA isetig bl T B¢

det er m}j’d)ﬁdm%nﬁid[ I ahd yhme b sofEht&)nn’%t}‘\Bdh@fred}lﬂeﬂdymﬂcpnmm @idnT4 Behd dwespinget of
pad condltl ?g ara Ctﬁ‘r{js are determned using historical data. 12. The
met hod 84 RIS Uik RGP Nget  of pad conditioning paraneters are
determ ned usi ng the results of a design of experinent (DOE) used to devel op
t he rmdel thod of claim1, wherein the maxinum val ue far wafer

mat eri al® rerﬁ\?é’?eﬂ]opg‘f glayy L osrednipg Vater @ﬁteﬁﬁlr?ﬁ‘o"ﬁ rafe B IGUTELPY BEFSRIA renpval
rate vs. conditioning down force curve. 14. The met hod of claim1, wherein
t he m ni num val ue mat_e @ NNV afmax i s def nae affhe maxi num
accept abl e waf er pgﬁu'é&mﬁ?g{’?]r“he ‘?@“"]‘Phg% 0 re eoliniom zm'%h 'i)’n the step
of cal cul ati ng updated pad conditioning paraneters in step (d) conprises
execut iwgra f.ecisr dievdowpt fiorre z giplioh hyr deessnditibing Thiek ntet thedChIP ehdaiduridg

me[ ﬁ:ancoﬁcm?on%i%l gg,:;g? %?L%_?lgul%&%g%%@dhp%ﬁl d)r}ld?lon1|ngrdls?{bhdlr:,ﬁ%gco%dﬁlonm fltﬁgl : !st y
def i nedhotigty dadhgy tsotleheémeqiatandinionin®atilis fle freduendyddf condBiali $kd d; is the

tcondi rslw%QplmggSPeJd’ ofTh% c)ohdlt!onmg disk during conditioning.

19. The method of claim 1, wherein the wafer material removal rate is determined

according to the equation:

Vi=po + I,

where J, is the wafer material removal rate for a conditioning parameter x; , p; is the slope and /, is

the intercept of the curve of the defining the relationship between ¥; and x,.

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

by solving the equation:

§’i+—li — LAY

xl'+ r
' Pi

It

where 7,4 is the target wafer material removal rate, ¥, is the weighing factor for conditioning

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



}y DEC2I I fl where F,,,,k is the down force applied by the conditioning disk
to the CW pad during co[lditioning, cv,I,,k is the angular velocity of the
condi tioning disk during conditioningf the polishing pad, t is|gfyg e
of conditioning, f is the frequency of condition and T2 is the smeeplng
speed of the conditioning disk during conditioning, 18. The method of claim
1, wherein the mafer naterial renoval rate is defined by the equation Re

i noval Rat e] Fdls t .coiuliliaili nln , 12
]inn wh Fg,, ts the 88ﬂﬂ’%%rce éﬁ%ll%ﬁ;byaT%e‘%Ondl naaie nmé d ‘'t o the
CwvP pad&ﬂumhﬂgmoﬁeﬂmbbmbnmm@pmngcheuamguiaﬂmmél00|ty of the cond|t|on|ng

di sk during conditioning of the polishing pad, t is the tinme of
conditioning, f is the frequency of condition, and T2 is the sweeping speed
of the ¢naliniigonhageldiigkhidubétivgenc @ndedst amengad kOndiildréngrgtabadteof arell aiafer 1,
wherein the wafer material renoval rate is determined according to the
equat i offateil remavairate: |+ “yhere vy is the wafer material renoval rate for a

conditioning paranmeter x; , p, IS the slope and 1, is the intercept of the
curve of the definjn relatlon p. bet wee et hod of
claim léemrwli’t‘é\‘tt‘v’e|‘"‘H"“t”l’r‘g1 ga‘t‘@dmﬁ‘é\dv Ftafo't B 88 %‘&araégé‘t%ro"expag C‘i’"@'“&@‘t’ﬁr nm ned

by sol vpdigndihieariGh@i hformatXiiat rdMovii ritezanli - a . WI where y,+ is the target
wafer material renoval rate, W is the weighing factor for conditioning
paranmeter x" and dy is the prediction error for wafer material renoval rate.
21 1gOH2QERg 2the AldiBAdMGd aild demhﬁrpiaﬁg mafiadmyealiesarnd padac dnagi bhorHadg
nodel for, optim zation, of the ondi tioning, conprising the steps of.
deternlﬁWH@OFH%pggPﬂ?Fﬁﬂgﬁﬂﬁ‘%é’Rﬁ@ﬁmﬁt | east one pad conditioning paramneter
and wafer material renoval rate; deternlnlng maxi mum and m ni mum val ues for

each of _the at |east ,one pad con ni ng parane ers and the wafer materi al
removal 2+ at el Mandefedor i ng*ihe 4 S F%ﬁ%hf hSs ﬁndeﬁinﬂﬁﬁnt 4 ISR val ues

of the glah&astcompispada Gmdiid i odfi NErdiaietal and therwakpbvd ermnalisr at e.

22. The nethod of claim 21, wherein the at |east one pad conditioning
defined as a weighted function of the plurality of pad conditioning parameters.

23. The method of claim 21, wherein the at least one pad conditioning

parameters comprises conditioning disk down force.

24. The method of claim 23, wherein the at least one pad conditioning

parameter further comprises conditioning disk rotational rate.

25. The method of «claim 21, where the at Jleast one pad conditioning
parameter comprises one or more parameters selected from the group consisting
of conditioning disk down force, conditioning disk rotational rate, frequency of

conditioning, and conditioning disk translational speed.

26. The method of claim 21, wherein the relationship between the at least one
conditioning  parameter and wafer removal rate is determined by incrementally

varying the conditioning parameter and measuring the resultant wafer removal rate,
27. The method of claim 21, wherein the maximum value for the conditioning
parameter is the wvalue above which no incremental increase of the wafer removal

rate is observed.

28. The method of claim 21, wherein the minimum value for the conditioning



parameter conprises a plurality of paranmeters and the wafer renoval rate is
defined as a weighted function of the plurality of pad conditioning
paranmeters. 23. The nethod of claim2b2 wherein the at | east one pad

condi tioning parameters conprises conditioning di sk down force. DPHDECTHES

met hod of claim 23, wherein the at | east one pad conditioning paraneter

f ur t her parompariistbs vadondhith provides e mkoimoh atfeortalovalatte. 25. The net hod of cl aim
21, where the at |east one pad conditioning paraneter conprises one or nore
paraneters selected fromthe group consisting of conditioning disk down
force, Zondi Theometing! dfickkn 2 btfatheopahprisagdie stapegliency of conditi oning, and
condi tioning disk translational speed. 26. The nethod of claim 21, wherein
the rel ationship between the at | east one conditioning parameter and wafer
r enoval palahieg i=s wdét einnihae My abpacatmndeal ;| y‘lrstvm ycifngadt khendatomdigt payameiers
paranete measuring.the resultant wafer,renmy nate. 27. Th hod of
cl ai m 2%, e“&,ﬁd[f)e[f]ﬂn&a}?e Sk iTRTHA §afmovat G, Wahia ot eiCtgHI %Elm%}é aé’%e aé(;’r'%:'}\E S the
val ue akewvealwhésch no increnental increase of the wafer renpbval rate is
observed. 28. The nethod of claim 21, wherein the m ninmumval ue for the
conditioning 22 paraneter is the value which provides the m ni num waf er

r enoval ddt@inéhing adaferhaerint tdhadalohte ob@irimgising wid fodishicpsigr;i si ng the steps of:
19 DEC, 2005 polishing a wafer in the CMP apparatus under a first set of pad
conditioning paraneters selected to maintain wafer material renoval rates
w thin @ﬂ@ﬁﬁihgcmﬁ@mﬂ nlbaalumoanidouniag(i mnmneteermmaeld rgfoes; saﬁletmmniemg v\afewaf er

materi a rate oc r|n durin olishing ste ca cu

Updat ed™BEEICHRAIY B RG (5 BHECES "Hasa (R0 BETY elBiHhoa fararar

mat er i afemoedrpaal withad ﬁe&ﬁdmtuhﬁanﬂ&hdnm&i‘reﬁﬂd] e0Rddnkdi oni ng m)del tO mal nt ai n

wafer material renoval rates within the maxi num and m ni num renoval rates;

and conditioning the polishing pad using the updated pad conditioning

par amet emgitiodidg thE pelisieigipad uohg B apdited Pad dnaitionifg pdiemetpdat ed pad condi ti oni ng

paranmeters are calculated by determ ning the difference between an out put

of the pad wear and conditioning nodel and said determ ned wafer materi al

renmoval 30.31. Tl%emam@dwogf ot laigd Siqu Zawrevmhemei upd e umat@dd.na;dngopﬂhﬁqéta@i ng
araneters are ated accordin t he uat i on =

\a/here karp g cgloul gpg}! e deGREHRIS o ‘Eﬁf’e?cé qyeeR afil, ORt,P‘;“ %fa{g‘?;a%dul‘éﬁax(%d

waf er nﬂ&i@:ﬁhcﬁﬂlorﬁ@ﬁ%l and said determined wafer material removal.

31 The method of claim 29, wherein the updated pad conditioning parameters
are wupdated according to the equation & = () g * (k¢ - (k)), where k£ is a
measured wafer material removal rate, %&;, is a calculated wafer material removal

rate, g is the estimate gain, and (k - (k,)) is the prediction error.

32. A method of conditioning a planarizing surface in a chemical mechanical
polishing (CMP) apparatus having a polishing pad against which a wafer is positioned for
removal of material therefrom and a conditioning disk is positioned for conditioning of the

polishing pad, comprising the steps of:

(a) developing a pad wear and pad conditioning model by:
(i) determining the relationship between at least one pad conditioning parameter
and wafer material removal rate;
(ii) determining maximum and minimum values for each of the at least one pad
conditioning parameters and the wafer material removal rate; and
(iii) recording the relationships and minimum and maximum values of the at least

one pad conditioning parameter and the wafer removal rate.



rate, g is the estimate gain, and (k - (k1)) is the prediction error. 32. A
nmet hod of conditioning a planarizing surface in a chem cal nechani cal
pol i shing (CMP) apparatus having a poldsshing pad agai nst which a wafeppg 109
positioned for renoval of material therefromand a conditioning disk is
posi tioned for conditioning of the polishing pad, conprising the steps of:
(a) developing a pad wear and pad conditioning nodel by: (i) determning the

rel ati onshi p, bet ween at | east gne d conditioni ng ramet.er . and.waf er

mat eri al ren@Sa‘fO\f\@};{?%;a il 1ﬂeﬁ’ r hi AP HEK| H%Jr%{ é“ngps 'Sr??Erﬁgn?a&aF%ngnggig each
of the piraheast selagepado omdidthini onifeg paredinket emsvaindrdtdse wafier pratedrcicdl
renoval rate,; gfd‘éiii) recPrding the rel ationships and m ni rum and nmaxi num
val ues Gf""P'HB 2%t TPRREP TR 3RS conditi oni ng paraneter and the wafer renoval
rate. 23 19 DEC ?1105 (b) polishing a wafer in the CVP apparatus under a
first set of pad conditioning paraneters selected to j ptai n waf er

mat eri al renﬁs%‘ﬁterf“ért”égsawfgh‘?‘ﬁer ELRVALRIE GcuR g I IRS %ﬁ’l‘i{j&ﬂﬁ&i”&f}ﬁ?;remval
rates; (c) determining a wafer material renoval rate occurring during said
polishing step; (d) calculating at | east one updated pad conditioning

par anet er ba@&d“&ﬁ%ﬁ“%aﬂdﬁﬁﬁeﬁéﬁdﬂﬂ@ﬁjWﬁ#eW“HﬁP@WgaP”WEﬁﬁVg?“PaP@”megaid
step (Clet@Rhel NevaRRD R[] aRGhoveONdiet | @Nishig reaglel (cf OaddBi Mk aiphd Wakar dxateri al
renmoval rates within the maxi rum and mninumrenoval rates, wherein the
waf er neREiPaiPe r @geial tor dpEntrid drtier e adeeral nittso WHEY edFat PHIUIYA=p:

j 1" whgliEniYimunSrelbeal Wadser material renmoval rate for a conditioning

paranmeter xj, pi, is the slope and |I; is the intercept of the curve of the
def i ni nyhergia theayadrinmsipsial ismmed! ige s dytermipy acgordiggtp thpequgpenat ed pad
conditioning paraneter, x,, is determ ned by solving the equation: xi+ Yf*

| . AY T where jr,, is the target w@tgﬁpmaterial removal rate, W is the

. . . . h 13 {3 11] . . .
wei ghing factor for conditioning paraneter- x;, and Jy is the prediction
error for wafer material renoval rate; and (e) conditioning the polishing
pad usi filert e iathel eakt nmeial upodakbdate dodh tdoadititidng parameter x,, p;, is the slope

and [, is the intercept of the curve of the defining the relationship between 3, and
x, and the updated pad conditioning parameter, x;, is determined by solving the

equation:

5\'f+ _I:' *E‘Aj}
X, = Wy

+ p"

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

removal rate; and

(¢) conditioning the polishing pad using the at least one, updated conditioning

== Ixear A,

parameter.

33. A system for conditioning a planarizing surface in a chemical mechanical
polishing (CMP) apparatus having a polishing pad and a conditioning disk,

comprising:

a) a pad wear and conditioning model that defines wafer material removal rate as a
function of at least one pad conditioning parameters including rotation and direction of the

conditioning disk;



paranmeter. 33. A systemfor conditioning a planarizing surface in a chenica
mechani cal polishing (CW) apparatus having a polishing pad and a
conditioning disk, conprising: a) a pad wear and conditioni ng nodel that
defines wafer material renpval rate as a function of at |east qmejrpagys
conditioning paraneters including rotation and direction of the

condi tioning disk; 24 b) polishing neans for polishing a wafer in the CWwW
apparatus c),Jreasurin ans..f or det.er.mnj,ni a wafer material renoval rate;
and 16 pec BOEg ARt Ry TheafHEIE R Se¥RhSe: "one updat i ng. pad
condi tioning paraneters based upon said determ ned wafer material renova
rate of said ste c). and. th ad wear. and .conditioning nodel to nmaintain
waf er nateri %leerag ﬁea?scajff)'ége(%?ﬂﬁ'frﬂ'?%a ‘fﬁ%r%&%aﬁ{ﬁ'ﬂoﬁﬂdatﬁ’i% num renpval rates.
34. An apparatus for conditioning polishing pads used to planarize
substrates by the rempval of material therefro conprising:. a. carrier
Sl y havPhi S e s o e SpIaTE N ST oREf BHERTRSTES dposed

pol i shi mghn padl datcanined twabdsti mgtetlils kenalvilacde df tsidt Bep q@y rrherthasmeniday;anand an
act uat or gagable oflconLrolIin an o@eratin% QaraHEtgr of . the condi.tioning
di sk; a“TEHPPBE MEchePaPR el T BasT e ng A AucH et e 187 mA e 8%t PSIPRE

oper at i pghotdieatact uator to adjust the operating paraneter of the
conditioning disk as a function of a pad wear and conditioning nodel, the
nodel defining a wafer material renoval rate as a function of pad

condi ti @ni NgARPGIAttRY fRAESRBIOAINE, pSiRhilg ORRE adde JoP PladifEk e Eibshays Y fHeni MuUM
and maxi nrum_yval ues. 35, The apparatus of claim 34, wherein the conditioning
paranet@F?VQBﬁBWFggtmﬁﬂﬂﬁ?f?ﬁﬂWﬁG:down force. 36. The apparatus of claim 35,
wherein the conditioning paranmeters conprise rotational velocity of the
conditioning disk. 37. The apparatus of claim 35, wherein the_ conditioning
par anmet &r ErES PRI JHE NS0 fiiie POJTANARB RFS & elfaridRe FPOHEL Al agPe}Lfﬁamg

consi sthqag of rotational velocity of the disk, frequency of conditioning,
duration of conditioninpg and transl ational speed of the conditioning disk.
38. The? &Pigdicaingdiskprtacned ththeparmighasenbYt he wafer naterial renoval rate is
determ ned according to the equation:

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 the operating parameter of the conditioning disk as a function of a pad wear and
conditioning model, the model defining a wafer material removal rate as a function of pad
conditioning operating parameters, said operating parameters having minimum and maximum

values.

35. The apparatus of claim 34, wherein the conditioning parameters comprise

conditioning down force.

36. The apparatus of claim 35, wherein the conditioning parameters comprise rotational

velocity of the conditioning disk.

37. The apparatus of claim 35, wherein the conditioning parameters comprise one
or mare, 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.

38. The apparatus of claim 34, wherein the wafer material removal rate is determined

according to the equation:



25 Y =/Ti +1i, 'S UEC ' 'IUUS where y;, is the wafer material renoval rate
for a conditioning paraneter x,, p,, is the slope and |, is the intercept
of the curve of the defining the rel ati’onship between and . 39. They yt{ 7i0b
apparatus of claim 38, wherein the updated pad conditioning paraneter, X,.,
is determned by solving the equation: W Y;+-lirWY X+ P, where y" is
the target wafer material renoval rate, W is the weighing factor for
conditioning paraneter x, and Ay ig=the+prediction error for wafer materi al
removal rate. 40. The apparatus of claim34, wherein the controller
conprises instructions fo cal cul ati ust ed op erati.n r amet such
S R Rt Ry $ s e e A et
val ues. llﬁelcepﬂ_mm&mp&rcﬁﬂﬁsdeﬂfnng{hahﬂhtﬁﬁﬁshl]&f\mw&dnnaﬁdhe adj ust ed operating
paraneter is determ ned according to the equation k = (k,)+g * (k - (k -
1)), where k is a neasured wafer material renoval rate, k - | is a
cal cul ated Wahelapparditey ol cldi@NMDY, alvhdréth Sthe Qiplifted HRd ewhlifBiieg Gatamerednsl. (k - (K
1) is the prediction error. 42. The apparatus of claim4l, wherein the
adj ust eetypEEed Py ARV ipaSFeYEeni s cal cul ated by f determining the difference
bet ween an out put of the pad wear and condl tioning nodel and a neasured
wafer material renoval rate. 43. Aaco ut &y 4ﬁadable medi um conpri si ng
i nstructions being executed by a c ﬁpufeny e instructions including a
conmput er-i npl enent ed sof tware épﬁ'fT‘C’d‘tT‘O‘l’T—f‘OT_sa chemi cal nechani cal
pol i shing process, the instructions for# npl ementi ng the process conpri sing
the steps of: a) receiving data froma chem cal nechanical polishing tool
rel ati nghére .hs t%aftzegetr\eetfavmhterimlazte@ovm ratk, Weérstheowe‘glviag dactqrfoc essl@dhning t he
chem cal nechani fy gﬁ) g F?‘b r ocess; ? P a qtflétatlng, fromthe data of
step (afaralﬂ?f%fa{‘taen pad" & 8ITaAIt oA Orﬁ”aa;f%w%l LRLeROY 426 | QU 7005 defi ned
maxi mum and m ni mum val ues, wherein the updated pad condi ti oni ng paraneters
o S e, BaEs oM B9 50 Ler FOO LR LR Rt 212
calculating adjusted operating parameters such that the updated operating parameter is within the

maximumn and minimum values.

41, The apparatus of claim 34, wherein the adjusted operating parameter is determined
according to the equation £ = (ki)+g * (k - (k - 1)), where £ is a measured wafer material
removal rate, £ - | is a calculated wafer material removal rate, g is the estimate gain, and (k - (k- 1))

is the prediction error.

42. The apparatus of claim 41, wherein the adjusted operating parameter is calculated by
determining the difference between an output of the pad wear and conditioning model and a

measured wafer material removal rate.

43, A computer readable medium comprising instructions being executed by a computer,
the instructions including a computer-implemented software application for a chemical

mechanical polishing process, the instructions for implementing the process comprising the steps
of:

a) receiving data from a chemical mechanical polishing tool relating to the wafer removal

rate of at least one wafer processed in the chemical mechanical polishing process; and

b) calculating, from the data of step (a), updated pad conditioning parameters within



nodel that defines a wafer material renoval rate as a function of at |east
one pad conditioning paraneter having maxi nrum and m ni nrum val ues anﬂiﬂﬂeﬂuﬁ
data of step (a). 44. The conputer readéble nediumof claim43, where ‘t%e
conditioning paranmeters conprise conditioning down force. 45. The conputer
readabl e nedi um of claim44, wherein the conditioning paraneters conprise
rot at i orffinsdemadinpy td pREMEBNGiltsFoneigndihg Ripdde! Patheorbimmince parpPBYHAII®

medi um Qf.GhRl my4éetemﬁg§we R &R0 Dbl iaR %R ATRE §ad W&P TR RRAIBRENLT
nmore paraneters sel ected fromthe group consisting of rotational velocity of
the di skodef fhagiciiney aofaferongetidl opinag! rdteae forrtion of ghdiash i prg enditioning
transl atj.onal., 8RERAAInINEd GANND LANRG Bk 34 ofifep (e conputer readabl e
medi um E&C giﬁ]%%, mﬁgVei% %a?dldiffgrence ?éoai?ﬂéFed using an estimte
gain prior to calculating updated conditioning paraneters. 48. The conputer
r eadabl g ,nedi [ e Whar el nrt heLpdat ad, condiitiLan

par anet 21r4's ar@g]ug&gtqltltaeg gé]g%%redilng U"t?dorbtrhé(‘aq 'eq%gtivg%ml? :]‘%kl) éIrl lg Hé E}%m—mefelgi)),
wher e k compaserreasione dowafferce.mat eri al renoval rate, k1 is a cal cul ated wafer
material renoval rate, g is the estimate gain, and (k - (ki)) is the
prediction error. 49. The conputer readable nmedi um of claim43, wherein pad
life is defidd engotai regddble nddeimequiatirion:44Paddicidire the feofiffidpwshke Ha@ndtesk |
tconditigning + f +T2 re En, k.is.the down force applied by the

condi ti GATRE P eonELelely eﬁ%‘éﬂfé’ﬁ‘r"‘?ﬁ&k condi tioning, Wiisk is the angul ar
velocity of the conditioning disk during conditioning of the polishing pad,
t is the, ti of conditioning, f.is the frequency.of, condit.ion and T2 is the
Sweepi ndt® spedf STTRS SRRy i St iR dng PR e
conput ercompacadie er mede pamadetes| @letted Jromnthergeiun doh@stingfof rrotamdmal velbeityarfoal

rate is.defined by the uation 27 Re_naoval Ratel max = f fF ]Jmax O.]max f
R B R U A A T R g
4 9 UO ?ondifidriie didkere Fd, ., .k is the down force applied by the conditioning
disk to the CW pad during conditioning, co, &k is the angular velocity of
t he conditioning disk during conditioning of the polishing pad, t is the

time of 400ndiThi clompater Featlsbld Medfureglienty 40f waasidi daiddiffeande Ts adjSstddnesing

i d of th dj t.i oni di sk. during conditioning. 51. The
Conput e FAEEA RS UG I1RE MR 5o oGP R PG et er material rempval

rate is determ ned according to the equation:
48. The computer readable medium of claim 43, wherein the updated pad conditioning
parameters are updated according to the equation &k = (k))+ g * (k - (k;)), 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))) is the prediction error.

49. The computer readable medium of claim 43, wherein pad life is defined according fo

the equation:

P adLl.f e= f (F disk * mdi:k ’ tcﬂndftianing ’ f b) T2) !

where F,u is the down force applied by the conditioning disk to the CMP pad during
conditioning, @y is the angular velocity of the conditioning disk during conditioning of the
polishing pad, 7 is the time of conditioning, f'is the frequency of condition and T, is the sweeping

speed of the conditioning disk during conditioning.

50. The computer readable medium of claim 43, wherein the wafer material removal rate

is defined by the equation



Yi = Pix'i +1 , wherey, is the wafer material renoval rate for a :

conditioning paraneter x,, p, is the slope and |, is the intercept of the

curve of the defining the rel ationship2between y, and x,. 52. The cldnfit &5

readabl e nedi um of claim51, wherein the updated pad conditioning

paraneter, Xx,;, is determned by solving the equation; yi+ - Ii - W ay W

P, + where y,, is the target wafer material renoval rafe, Y&*IS t he wei ghi ng
rkr)

factor for condi ReewivalRat affa‘rﬁ(léd[,k]&f,m@pﬂfdﬁ]xstcx,,ﬂsﬂmp n error for
wafer material renoval rate.

where Fuy is the down force applied by the conditioning disk to the CMP pad during
conditioning, w.y is the angular velocity of the conditioning disk during conditioning of the
polishing pad, ¢ is the time of conditioning, f is the frequency of condition, and 7, is the

sweeping speed of the conditioning disk during conditioning.

51. The computer readable medium of claim 43, wherein the wafer material removal rate

is determined according to the equation:

Vi=px+ 1,

where ¥, is the wafer material removal rate for a conditioning parameter x;, p; is the slope and /; is

the intercept of the curve of the defining the relationship between ; and x;.

52. The computer readable medium of claim 5[, wherein the updated pad conditioning

parameter, x,., is determined by solving the equation;

I

r
X = s

Pi

A W, .
yi+—I'“ﬁ}£—'Ay

where y;. 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.



