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located beneath the polishing pad 102 at a predetermlned 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 against 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.
Over time the polishing pad loses its roughness and elasticity, and thus, its ability to maintain
desired removal rates (polishing rates). It is known that the material removal rate provided by a given
35  polishing pad decreases exponentially with time in the manner shown in FIG. 2. Further the decreased

removal rate requires ever-increasing conditioning parameters, e.g., down force and/or conditioning
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of semlconductor wafer or other substrates that can be polished with a single polishing pad, thereby
providing significant cost savings in the CMP process, both in extending pad life and reducing the time
devoted to pad replacement.
The model predicts polishing effectiveness (wafer material removal rate) based on the
30  “conditioning” operating parameters of the conditioning process. In at least some embodiments of the
present invention, operating parameters of conditioning include angular direction and angular velocity
of a conditioning disk (where a disk is used to condition) during conditioning, and may also include
other factors, such as the frequency of conditioning and time of conditioning. The model selects, and
then maintains, polishing pad conditioning parameters within a range that does not overcondition the
35  pad while providing acceptable wafer material removal rates. Thus the present invention provides a

process for the feed forward and feed backward control of the CMP polishing process.



t hen mai ntains, polishing pad conditioning paraneters within a range that
does not overcondition the 35 pad while providing acceptable wafer nmateri al
renoval reDe2/103FIs t he present invention provides a pro®esushorvothe feed
forward and feed backward control of the CVMP polishing process. WO
02/ 102548 PCT/ US02/ 19061 3 In one aspett of the invention, a nethod of
condi ti oni ng Ieonslagpralr of therigvegtier, aoethiod obco@iUfoniappalkedraEg atkca g &CB i shi ng
pad and, i I i n
Bopar at (e CAdahe R pARpE B S cARRRE d X ML IONEL o Wt UpERlEE
mai nt ai Appasshvsrundraaddt sdt of mwadmom@;asanwtetrmetccq@d &sredlmtam@dlfmnatenulrremmﬂ
maxi numre[t(% Mlﬂ’l rgﬁ%fegt&-i rrrﬁl%ﬁl%rah{] 1? V\%frgmo rlrfal‘cl,asurrlenn%\/w fer a[ rlalereog\(/:alljr ring
during sai po e ng step; ase upon wal er et eri al
renofal ratagceyrring puifalgeeﬁdpahishmmubpiqabnlan@, pasedmmlesmﬂ V(tafbl’ mtenala:emovwfa@n
gg;gr ![ Iallé%c{aﬁeg‘f%«ﬁ!:ondﬁ tbg %ﬁ)%t%métera‘o 1%21114111 vﬂlfler n%ct]ealtal rgmovagyates W nltgelh mraxai}ngr% an(ffl nd
par anet anmmufﬁhanupdatee;chnpachda@mnhgtthecmhﬂglmdasmg me spduted paahbqnditlamegl using a
pad vvea ad. r v b IcuI n fer mat eri al noval rate
as a fu %ﬁlgo?he'F?teghé@é%ofq%ﬁ?nﬁ b aérH%F% er%aklugatl nelg&iPAG v e B At ]falec}icgncloﬁ‘aydl sk
rotati omﬂel@peédﬂamg vdfaramtarlalrr;:mawﬂrad;bea:serfmcnomq ﬁaheordltfohmg@ammetbzet ween t he
caI | a a0 r a n
g(?ledgn%gl go'gF?O hil %%kle@t tgorna er sé‘fl 16"*0?1%% m&‘iedest%llf mcfl " P f %I?fgrﬁ%cee be{ I?tehen t he
updat ed caiomﬂ@dandmea@rqdavdmaeeml @meval pdastaed caladagiog dpdag:du)ad tdnémenmgtl on k =
(k1) + ranet er cuI at ed
par anet Barral(éléé IS tc({é&ucpsehd \ﬁ'ggﬁ]e%ce w%lgrem the ué)ﬁéi{e(? cong%tnamgfr Pa)raxtletteer§ ?r)e (1% is the
predi ct a@Brd@fgltothe efgﬁtlbllil Iai:( dagts (&GJ(‘El erviaeeh Hie A hRastfed phAmbly €11k bﬂdfh,latéd’le
first set of pad conditioning paranmeters are determned enpirically, or
usi ng hPERBetPrealimeateds the estimagiagpin 0 (7)) isttke prpdigtion egfesi gn of experi nent
(DO . In ajyd @@&tm@e;ﬁb&ﬁma@é ST igveRfiod, hféfirgw&ra% béa%nalh&l@qﬁra%&gg drk ONi g
paranmeters of the pad wear and pad recovery nodel further i1ncludes
f r equen€sferBineg smaircrldn Ph‘@f‘ngéhlStthiCﬁléla@f origig theiresltnef, thedesign afpxpeimeshd?OBpeed
of condi ti onig 1dkiSbmébhbdemGRNHiHel iPRhRGh, th%%ad Ebnﬁftmhﬁé‘?&rarﬁ&g?oﬁﬁpﬁﬂ WBpt s
of the invention, the step of determning the wafer erial renpbval rate
i ncl ude&died &spyeymeded f%l%mcltw EReieay Yeputitonigeordfmes consiitiosingry. I n at

| east  sQpRIB6R0BPMSndfiodifbedidk NERE éRRitiohile st ep of cal cul ating updated
pad_condi ti oni ng‘égpar aneters in step (c¢) includes executing a recursive

opt #%i zat i on!Ht Hagseme gipbadymepgs qf é&glevegwe the st9p GtidetaEmIning the,wlergaaterial

cal cul aﬁdmagama@mcmu@snhéagnﬁg&W&rtﬁcﬁfégsmefo?@;;ndtah@r Rataeter is within 25
det erm ned nmaxi mum and nmi ni num val ues. In at |east some enbodi nents of the

present i nveltd b seeeHRdimng of theimgniéen, 6 atep Pt cpleelating ydatyd pad copdifionieg | ity

| n the pmﬁaé@dl d@@r@rrﬁél@des e@eﬁhrgme@asm dpﬁnﬁzauanfwocre@sn&an afleabRHe 0.5 to
ainisjn range about 0. 0.9. In at | east sone

enbodl n%‘ﬂ Oéhm%&d%@@Sﬁa’aulefa}&ﬁowlwwwa%sﬁu@ thatthepaamesssiyidin by 30
det 2§ M @didighirRd akinfinbA@enikRiuweRean out put of the pad wear and pad
condi tioning_nodel and the wafer nmaterial renpval step (cz. In at | east

sone enbodi nBErt geastts?fpeseral?qdfr%qngrpé ghejpeesgRt iy vgptiomdthe gain is an indication of variability or

reliability in the measured parameter, and the gain is in the range of about 0.5 to 1.0, or gain is in the

range of about 0.7 to 0.9.
In at least some embodiments, updated pad conditioning parameters are calculated by
30  determining a difference between an output of the pad wear and pad conditioning model and the wafer
material removal step (c). In at least some embodiments, this difference is minimized.
In at least some embodiments of the invention, the steps (b) through (e) are repeated.
In at least some embodiments of the invention, the maximum value for wafer material removal
rate is the saturation point of the wafer material removal rate vs. conditioning down force curve, or in at
35  least some embodiments, the maximum value for wafer material removal rate is the initial rate, or in at
least some embodiments, the minimum value for wafer material removal rate is defined by the

maximum acceptable wafer polishing time.
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conditioning disk during conditioning.
25 In at least some other embodiments of the present invention, the gain is an indication of
variability or reliability in the measured parameter.
In another aspect of the invention, 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, is provided. The method includes:
30 a) determining the relationship between at least one pad conditioning parameter and wafer
material removal rate;
b) determining maximum and minimum values for each of the at least one pad conditioning
parameters and the wafer material removal rate; and
c) recording the relationships and minimum and maximum values of the at least one pad

35  conditioning parameter and the wafer removal rate.
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25 In at least some embodiments of the invention, 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, or in at least some embodiments, the updated pad conditioning

parameters are updated according to the equation k= (k - 1)+ g* (k B (k - 1)) , where k is a measured
wafer material removal rate, k1 is a calculated wafer material removal rate, g is the estimate gain, and
30  (k-(k1)) is the prediction error.

In another aspect of the invention, a computer readable medium is provided having 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 include:

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

35  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 defined

maximum and minimum values, wherein the updated pad conditioning parameters are calculated by
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(iii) 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
including conditioning disk rotational speed and direction, 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, and

(f) conditioning the polishing pad using the updated conditioning parameters.

In another aspect of the invention, a system for conditioning a planarizing surface in a chemical

35  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 includes:
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Fi guresta}t@ﬁgros%oizvmeaAga{P machi ne. Figure 1A shows a top plan view of a
convent I Ofa

Figure 2 shows an example exponential decay of wafer material removal rate and the

25  equilibrium state of the removal rate that occurs between Figures 3B and 3C.

Figures 3A-C are cross-sectional views of polishing pads. Figure 3A is a view of a new
polishing pad. Figure 3B is a view of a polishing pad after a single (or few) conditioning event. Figure
3C shows an old polishing pad whose surface asperities have been smoothed out by repeated
conditioning.

30 Figures 4A-C are cross-sectional views of polishing pads. Figure 4A is a view of a new
polishing pad. Figure 4B is a view of a polishing pad after conditioning in a first angular direction.
Figure 4C shows the same polishing pad after conditioning in the opposite angular direction.

Figure 5 is a flow diagram of the feedback loop used in at least some embodiments of a CMP
process optimization.

35 Figure 6 is a flow diagram illustrating an example of data collection and generation of a pad

wear and conditioning model.
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subsgg ant i Al repdeﬁ&ﬁédr;ﬂgje ct that is subject to polishing. Wafers include,
in additional to nonolTth structures, substrates having one or nore |ayers

or thin fil nEheyolighiigpad surface needs to maintain a certain level of roughness and elasticity in order

to provide the required wafer material removal rates in a CMP process. The roughness and elasticity of
the pad decreases with successive wafer polishes, thereby reducing the wafer material removal rate.
Initial polishing pad surface conditions (asperities 320) are shown in FIG. 3A, at which time surface

25  roughness is at a maximum. After the pad has been used for polishing, these asperities are pushed
down, often in varying directions. To compensate for this, and restore at least some of the roughness of
the pad, the pad is conditioned using, for example, a conditioning disk that rotates, for example, in the
direction indicated by arrow 340 shown in FIG. 3B. Although the invention is described herein with
disk style conditioners, the use of other conditioning mechanisms is specifically contemplated. This,

30  however, introduces a directional bias into the pad surface features 320. Subsequent conditioning
operations using the same direction of conditioning may lead to increased directionality in pad surface
apserities, thereby blocking the flow of the slurry in the pad and also reducing the contact surface
between the pad asperities and the polishing wafer. This is shown by the even greater directional bias
of the asperities 320 of FIG. 3C. As a result, wafer material removal rates worsen as directional bias of

35  the pad surface features increases. FIG. 2 shows the decrease in removal rate over time as a result of

the conditioning process shown in FIGs 3A-C.
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conditions are selected to prevent overconditioning of the pad.

Referring now to FIG 5, wafers are polished according to the initial conditions in step 500. The
30 thicknesses of the polished wafers are measured and a wafer material removal rate is calculated in step
510, which information is then used in a feedback loop to maintain the wafer material removal rate
within the accepted range. The actual removal rate is compared with the predicted removal rate
(derived from the pad wear model). Deviations, i.e., prediction errors, are used to adjust pad
conditioning parameters in step 520 according to the model of the invention to compensate for the
35  reduced polishing capability of the polishing pad as identified in the model and/or to correct for any un-

modeled effects. The polishing pad is conditioned according to the updated conditioning parameters in
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di scuss \?vgfep r%gt%}ia 'rerr%gv%f%éeg‘gtydifferent conditioning disk angular velocities with wafer parameters
such as polishing force, polishing duration, etc., held constant. Thus, a wafer is polished under
30  specified conditions, e.g., for a specified time and at specified polishing pad and wafer speeds, and the
rate of material removal is determined. Pad conditioning and wafer polishing (the “polishing event”)
may be carried out simultaneously, i.e., using an apparatus such as shown in FIG. 10, or pad
conditioning may be followed by wafer polishing. The conditioning disk velocity is increased
incrementally from wafer to wafer (or thickness measurement to thickness measurement) with all other
35  parameters held constant, and the wafer removal rate is again determined. A curve as shown in FIG. 7
may be generated, which illustrates the effect of the conditioning disk velocity on the wafer’s material

removal rate for a given polishing system (all other parameters being held constant). The curve is
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the initial
removal rate or the minimum acceptable material removal rate is reached, recovery is possible by

reversing the direction of pad conditioning (see, FIG. 4C). With reference to FIG. 8, a curve is

30  generated to illustrate the effect of direction of conditioning pad rotation on wafer removal rate (all
other variables held constant). Curve 800 represents the increase in wafer material removal rate with
time (as determined by number of wafers polished) for a given angular velocity as the flattening of the
polishing pad surface is alleviated upon conditioning in the reverse direction. The removal rate is
shown as increasing linearly with time until a saturation point 810 is achieved, which is typically less

35  than the initial maximum removal rate of the pad. In at least some embodiments of the invention, the
curve may be linear or non-linear, e.g. expotential or quadratic, or the like. Additional polishing results

in loss of surface roughness due to orientation in the opposite direction, and so wafer material removal



renoval rate. Successive curves 720, 740, 760 may al so be generated for
different conditioning disk 15 velocities (here increasing velocities are
shown). TWe meamsyal rate range 780 defines the renoval ratreT/usaxigeem and
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removal rate and the m ninmumrenoval rate is production determ ned.
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The model can be represented as raw data that reflects the system, or it can be represented by
30  equations, for example multiple input-multiple output linear, quadratic and non-linear equations, which
describe the relationship among the variables of the system. Feedback and feed forward control
algorithms are constructed in step 660 based on the above model using various methods. For example,
the wafer removal rate may be defined as the weighted contribution of all the pad conditioning
parameters, x; through x,. The algorithms may be used to optimize conditioning parameters using
35  various methods, such as recursive parameter estimation. Recursive parameter estimation is used in
situations such as these, where it is desirable to 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



10 steeper the slope of the curve and the nore sensitive the recovery
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recei ved.  Recursive_par ter estimationis well-sui

deci si oH’éhCBtﬁ& F-Y freow Eﬁeﬁ?(gselovﬁobtg? REPesARotpriAl Y5 apters At s Assumeg A ah I?Pét ©B%t r ol
or adaptmy®linéRiftid @esat iM@htidHh& ¢ (8he)] T,$svabpiteed) Nd F(fBQhédHIRe WM t heori es
of identification, see Ljung L., Systemldentification - Theory for the

User, PF&ititce HaII Upper Saddl e River, N.J. 2nd edition, 1999. In at
Ieast sorre emh@(djjd&iﬁ{?é Sim&fontide rrﬂilﬁéi@fﬂinoivﬁl\lﬁ&l Within the gnitvm dﬂd@haklin{uﬁl is a
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optionally, by controlling other factors such as frequency and duration of conditioning, conditioning
disk down force, speed of translation of the conditioning disk across the pad surface. Each of the
conditioning parameters is maintained within their determined boundary conditions, i.e., minimum and
maximum values, as well.

30 The CMP parameters (variable) and constants from the model may then be programmed into a
computer, which may then constantly monitor and appropriately vary the parameters during the process
to improve the wafer material removal rate and the pad life, as shown in FIG. 9. Parameters from the
base study 901 are input into the computer or other controller 902, which runs the wafer polishing
process, and the estimator 903, which monitors and modifies the process parameters. The actual output

35  (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
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25 An algorithm which models the pad wear and pad recovery process is input into the estimator
and a predicted wafer material removal rate is calculated based upon the model. The actual results are
compared against the predicted results and the error of prediction is fed back into the estimator to refine
the model. New conditioning parameters are then determined. Based upon the models described
herein, these parameters are just sufficient to revitalize the pad surface without overconditioning. Thus,
30  the smallest increment in conditioning parameters that meet the model criteria is selected for the
updated conditioning parameters. Subsequent evaluation of the updated model will determine how
good is the fit, and further modifications can be made, if necessary, until the process is optimized.
In at least some embodiments of the present invention, the conditioning parameters are updated
in discrete increments or steps, defined by way of example, by the incremental curves shown in FIGs. 7
35  and 8. A suitable number of curves are generated so that steps are small enough to permit minor

adjustments to the conditioning parameters.
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in this manner. In addition, the model may be modified to include additional parameters in the model.
It is envisioned that at least some embodiments of the present invention may be practiced using
a device 1000 such as the one shown in FIG. 10. The apparatus has a conditioning system 1010
30  including a carrier assembly 1020, a conditioning disk 1030 attached to the carrier assembly, and a
controller 1040 operatively coupled to the carrier assembly to control the down force (F) and rotation
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
contact with the planarizing surface. For example, the controller 1040 may be operatively coupled to
35  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.,
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30  specific types of metals in semiconductor 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 Semi-Sperse® W2585) (Cabot
Microelectronics Corporation, Aurora IL), Rodel ILD1300, Klebesol series, Elexsol , MSW1500,
MSW2000 series, CUS series and PTS (Rodel).
35 In at least some embodiments, the method of the invention can be used to predict pad life for
tool scheduling. For example, if the number of wafers, after each condition cycle decreases, one could

predict a pad life end point and use that prediction to schedule retooling.
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external hard drives 1168. These various disk drives and disk controllers are optional devices.

A display interface 1172 interfaces display 1148 and permits information from the bus 1156 to
30  bedisplayed on display 1148. Display 1148 can be used in displaying a graphical user interface.
Communications with external devices such as the other components of the system described above can
occur utilizing, for example, communication port 1174. Optical fibers and/or electrical cables and/or
conductors and/or optical communication (e.g., infrared, and the like) and/or wireless communication
(e.g., radio frequency (RF), and the like) can be used as the transport medium between the external
35  devices and communication port 1174. Peripheral interface 1154 interfaces the keyboard 1150 and
mouse 1152, permitting input data to be transmitted to bus 1156. In addition to these components,

system 1111 also optionally includes an infrared transmitter and/or infrared receiver. Infrared
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invention can be implemented in hardware, software or a combination thereof. In such embodiments,

the various components and steps would be implemented in hardware and/or software to perform the
functions of the present invention. Any presently available or future developed computer software

30  language and/or hardware components can be employed in such embodiments of the present invention.
For example, at least some of the functionality mentioned above could be implemented using the C,
C++, or any assembly language appropriate in view of the processor(s) being used. It could also be
written in an interpretive environment such as Java and transported to multiple destinations to various
users.

35 Although various embodiments that incorporate the teachings of the present invention have
been shown and described in detail herein, those skilled in the art can readily devise many other varied

embodiments that incorporate these teachings.



conductors and/or optical comunication (e.g., infrared, and the |ike)
and/or wireless comunication (e.g., radio frequency (RF), and the |ike)
can be uswo 0agozshe transport medi um between the external PETAS02/c®s1 and
comuni cation port 1174. Peripheral interface 1154 interfaces the keyboard
1150 and nouse 1152, permtting input idata to be transmtted to bus 1156.
In addition to these conponents, sys¢§n11111 al so optionally includes an
infrared transmtter and/or infrared 8% ver. Infrared WD 02/ 102548
PCT/ US02/ 1906vhat ik8lairhairisnm tters are optionally utilized when the conputer
systemis used,in cqoniLungtion with one or. nore, of the processj.n
component s/ <t MEHET ChaPO PARS P PR PRE SHUSE Mgy L RIS Bl LPgHEAD)
transnmi apﬂaﬁiﬁls haliAgh pelbh@f patt dghingti Wl@lhaﬂwélfﬂf if plfsﬁiidnéd fans ol in m@teridl Iﬂ‘fef'eﬁﬂ’ogﬂ
receipver, . the conputer. system . so. optionally use a |Low power radio
{r ot it SRR PR G BB bt it gt e eaivihe ot st Gou shior
r adid 05 tr ana}rbtotvﬂtngtar;ga s@hrtagd torait®hi@p &}odél@ﬂiat a&ﬁﬁmvmmnﬁyﬂaq IS e Are ﬁs @}‘ t he
roducti.on.process, and recejives signals fromthe conponents via the |ow
Bower r 5‘5?5&‘3@5 egshpne PpA gondifipning parm tﬁﬁ‘i“@“‘%?%???ﬁ‘f’? f@?gg r@#@“%&%% ver are
st andar domdigtionip@sliskn i ndustry. Al though system 1111 in FIG 11 is
illustrated having. a single processor, a single hard disk drive and a
singl e IocalgﬁﬁﬁgﬁV?a§V§g§Hﬁgg EmgmﬂﬂfWﬁﬁ%ﬁg?“?h%ﬁﬁ%??”ﬁﬁﬁ?%B@ﬂmﬁf$h any
mul 1 t uekgeotsd to AdinGdPifaBhAtQt] BinoPslQRESHEHIS pratel e haftuhemt aRSimueme¥anpl e,
system 1111 nmay be repl aced by, or conmbined with, any suitable processing
systenlgﬁﬁrative in accordance with the principles of enbodinments of the
present i nven) daerminifgh welfermgatei Rinsdvhicak @ccuelcluting @idpolighitk fiend- hel d,

| apt op/ not ebqok i ni, i nframe, and super. c ters,. wel | “as processing
syst om net woflk S RadS R Enditiaing Ripameio B tubonseiddRigFmingd Ve of
an exempdnaivyl ra® Ipsaidestep (Epdhd lepadesmrayd aditishing 2Bdel ot bdid #eflapand or storing
co ter readabl e.code or jnstru tLon%. é? ne exanpl e, nedium 1284 may be
Usedwi th  dPLROHOEE temelidiespd i b pidiied o AP femor y medi & such
as floppy disks, or a CD ROM or a digital video disk will contain, for
exanpl e, a ol The Bythed dfRtah @, Fiei@stSp @Y inelubdstglchiamepuUPefe B cbitBtionR{z0gr am
information for cantrolling the above systemto enable the conmputer to

per f or nPERESP RPHBAE Wi gl 5V EF I Rtin He iy P YN IREMETPED T4/ or
RAM 1162 illustrated in FIG 11 can also be used to store the program

i nfogmati on Bh@the mShotP&EE1AA 1] Wiskdit! Gk fidd Sot CLPHATBAdIRITREE R rsUid detckhrBd t O
performthe operations associated with the instant processes. O her

exanpl e€™Bfcdlyi t abl e conputer readable media for storing information

i ncl ude magnetic, electronic, or optical (including holographic) storage,
sone conbi N3t rRmdH&T §laim ¢l PherdifMn@ Gk bdt Qf‘%adQBndit?tﬁaﬁg pARR R RO IRMes Of

t he present invention contenplate 25 that the nediumcan be in the form of
a transhishigeriebdap.  digital or propagated signals). In general, it should
be egqiphasi zed that the various conponents of enbodi nents of the present

i nvention ca i I ] f : i L on.

thereof 1 Susly Bhacemid, WbihONR: Ko oF R Conl 1A RIR A0 Blingd o

i mpl enentiegkhe resHisof hadesigorad ererigentt(WEe to performthe functions of the
present invention. Any presently available or future devel oped conputer

sof twar e 6. The method of claim 1, wherein the pad conditioning parameters of the pad wear and pad

30 recovery model further comprises a conditioning parameter selected from the group consisting of
frequency of conditioning, duration of conditioning, and translational speed of conditioning disk during

conditioning.

7. The method of claim 1, wherein step (d) of calculating updated conditioning parameters
35  includes calculating parameters such that the parameter is within the determined minimum and

maximum values.



30 | anguage and/or hardware conponents can be enployed in such enbodi nents
of the present invention. For exanple, at |east sonme of the functionality
ment i onedwalweme2sepul d be i npl enented using the C, C++, oPCargsoas®enbl y

| anguage appropriate in view of the processor(s) being used. It could also
be witten in an interpretive environpgnt such as Java and transported to
mul tiple des§.i Tiatoeohta of GlaM@l,ivHdfein S Bpcated Pad AnHIROKEE pMAhiter Sre RABAGEABNL S

t hat incorpor at % e te%(éhi ngs of thﬁ present inventlon have been shown
and destTBRE e diEleiande DRRYeER fi ot eChERIS Yeagandpopdigonips medehendaaii | y devi se
nmany ot fdrmitdd wefdr merhadén®at & stepad). i ncor porate these teachi ngs. WO

02/ 102548 PCT/ US02/19061 19 Clains What is clainmed is: 1. A nmethod of
condjtioning a planarizing surface in_a chem cal mechanical polishing (CWP)
appar at us ha¥i Hy 2ethadiof §lRinkg Wistpimigid dierensn iscadivgtedasiog an estipys B pAedof or
renoval c.@h10R¢ §dhRl cddafioBink 3fameteANd a conditioning disk is positioned for
condi tioning of the polishing pad, conprising the steps of: a) providing a
pad wear and conditioning nodel that defines wafer material renoval rate as
a function Bk The methed of deim S adiersioribid gdinoin selertqdde sapessent viriebiligdirmeliabidityaini on
speed atﬂg&%su@hh%ﬁﬂet‘é{‘ of a conditioning disk; b) polishing a wafer in the
CWP apparatus under a first set of pad conditioning paraneters 10 sel ected
to Mhintain wafer material renoval rates within presel ected m ni num and
maxi mum r enoMalThe pethed pf ddimdle benginrthaupdatedpddeonditereng mrantegmoaralipdagtie

i ur i id i shy :wd | cul ati t ed . pad
o B P S e R 8L Tk B R 5o e PR el Bhoval o o
rate ofy $ai dicSleR wakr nﬁ&ﬁaﬂr@ﬁo%%té{‘@%th@&gnﬁ@%ﬁng 4R7L-PY)) e e ARl gy, St ep

(a) and 15 e) conditioning the polishing pad using the updat'ed conditioning
paraneters. 2. The method of claim1, wherein step (d) includes cal cul ating
updat ed pad Bordde miethail afclaipal ahereiorthe steps MAithroeghrieleas wpeatedt eri al r enpval
rate within the maxi rum and m ni mum renoval rates. 20 3. The nethod of
claim1l1, wheyei i . Se f. pad. conditionin ra rs_are

determ ned el(ra?’r'rpTlm? H(%%lo{l §f a%mﬁ%ggrﬁgﬁ%os %oogg%:l%déﬁgﬁlﬁf,gda\?ﬁid rag?%\n {588 r st set of
pad cor@idnictmd ingtep &) anmprses exr@ingetrenmveegdtimizgtiaegprértesst ori cal data. 25 5.
The nethod of claim1, wherein the first set of pad conditioning paraneters

ar e, det er m ned ., USI the results. of the desi.gn.of experi.nent ).. .6. The
mecitha of it el bEiTesto WhisSia He S NG e BRH SR o e near
and padsatugfion poioid the wadctebatdrial teheral coerp: cadiioaing domh farerurng. par amet er

sel ected fromthe group consisting of

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

initial rate.

25
16. The method of claim 1, wherein the minimum value for wafer material removal rate is
defined by the maximum acceptable wafer polishing time.
17. The method of claim 1, wherein the wafer material removal’rate is defined by the equation
max max max max > . max
30 Re movalRate]min = f (wdisk ]min ’f min ’tconditioning ]min ,dli‘ECZZOI 1, T2 ]min )’

where w 4 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, direction is the spinning direction of

the conditioning disk, and T5 is the sweeping speed of the conditioning disk during conditioning.

35 18. An apparatus for conditioning polishing pads used to planarize substrates by the removal of
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;



frequency of conditioning, duration of conditioning, and translational
speed of conditioning disk during conditioning. 7. The nethod of claim1,
wher ei n swep2(1ds4©f cal cul ati ng updated condi ti oni ng par amerarss2/18961

i ncl udes cal cul ati ng paraneters such that the paraneter is within the
determ ned m ni mum and maxi nrum val ues.21WO 02/ 102548 PCT/ US02/ 19061 20 8.
ThF nFthog ghcﬁgaﬂmi@$RMMQyaﬂ@kgmf?uadaﬁ@ﬂ%paﬁm%nadb&h@@&ngmﬂ?kﬁEﬂk@kﬁ are
cal cul at e . determn the diftrerenc etween an out put of the wear
and cona‘iletqps%fﬂ?ﬁfafméﬁf OF e caniiipring sl A HBEIT &P hHEE AR CERATAMOGE: f ep
(c). 5 %e el criphisdgof claim8, wherein said difference is adjusted using
an estinmate ain.Qrior to ngcula}ing updat.ed condi tjoni ng paranet?rs. 10.
The met hod of *EMHPAE YafematarifeRpa’ G 2 weiy dopdeendriopiappusgsiers including
vari abi lcbiditiodingldakiréidn spyediand dirdt@oireasur ed paranmeter. 10 11. The net hod of
claim1l1, wherein the updated pad conditioning paraneters are updated
according to the equation k.:]%k1%+_g * (k - (k1)), where k is a nmeasured
waf er materi dP- Terappapiup gt daim 18 wheseip theppe eonditioningatametpra rbihe 53d wesraidal
rate, g phdrebd\RryaRddeMitiBerdBinPrised A doddlifohind birainstet RRcRE BHnGld SOupRoLhQing o5 12.
The met hod of claim1, wherein the,stepsa§b) t hr ough (%) are repeated. 13.
The met HB@tg of cpaditiqming, fipaiersypf conditioning apd tranglationabipeedel pepbiicweng sl during
condpt i @pidMbningar aneters in step (d) conprises executing a recursive

optim zation process. 20 14. The nmethod of claim 1, wherein the maxi num
value for wafer material renoval rate is the saturation point of the wafer
mat eri al r em3Q-alherapparaips of dasmdidt Wiamein gie diiarentois edjugied wsing anBstinEgegaietohod  of
clain11cd&m§5§%ﬂwhggi&gﬁhﬁyﬁggﬁgﬂgmgpr waf er material renoval rate is the
initial rate. 25 16. The nethod of claim1, wherein the m ninum val ue for
wafer material renoval rate is defined by the maxi mum acceptabl e wafer

pol iLl&8hi ng ti Bé. Therappahims pfedldiod 8oWhastimiheupdatedped eonditiohimg warbhweteryatearpdakd

renoval rate is defined,byt gquat 30 ,Re fnoval Ratet - .x = f t va
Lk alpifne S oeGpER Ao (S P W R U w8 R Rl bt sy pbielenier
co di skgj s atheuanowher m¥elif edriovaithie! 118 ie@Bcthitt 43, A8d G (%)5) id telpRQiction error.
conditioning of the polishing pad, t is the tine of conditioning, f is the
frequency of condition, direction is the spinning direction of the
condi t i oni ng2&i Aknethed @t Foveloging jad weas shdppdspedidonyte morel fopprtinizasian abtheli sk
durb0g eaNHnbitionhd b @lﬁhﬁi? pad¥hs @B HnRvY ShalePh] FRANE ke BbAGH AR the iR gs:pads
used to planarize suBstra es by the renoval of

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

material removal rate;
b) determining maximum and minimum values for each of the at least one pad conditioning
parameters and the wafer material removal rate; and
25 ¢) recording the relationships and minimum and maximum values of the at least one pad

conditioning parameter and the wafer removal rate.

23. The method of claim 22, 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

30  pad conditioning parameters.

24. The method of claim 22, wherein the at least one pad conditioning parameters comprises

conditioning disk rotational speed.

35 25. The method of claim 24 wherein the at least one pad conditioning parameter further

comprises conditioning disk rotational direction.

26. The method of claim 22, where the at least one pad conditioning parameter comprises one

or more parameters selected from the group consisting of conditioning disk down force, conditioning



material therefrom conprising: a carrier assenbly having an arm

posi tionabl e over a planarizing surface of a polishing pad; a conditioning
di sk att awbed/10254¢ he carrier assenbly; and an actuat or capablusSonioosct
controlling an operating paraneter of the conditioning disk; WO 02/102548
PCT/ US02/ 19061 21 a controller operatixely coupled to the actuator, the
cont r ol ldesk r@penatrho gnd difecad, Badueficylaad dethtisiof coliicangl Alicogimaamaker of the
condltlonln disk as a function of a pad wear and pad recovery nodel, the
nmodel %@Pﬂéﬁmgeternining wafer material rempoval rate as a function of
pad condltlonlng parameters including 5 conditioning disk rotation speed

and directiony. 8 mdih& &Qmﬁ@tz UsheRfin ﬁé@dﬁbﬂﬁlpaé{weﬁma auasst Qﬁeﬂkoﬁﬁﬂghlﬁg oni ng
par a ters of the pad wear pad recovery nodel further conprises a

condpt ﬁﬁawateb%#&?&réf‘rm%véi ré@tl%féftqm@ﬁsi priscigpsriplcrEnshe ?@dﬁlpnmaamwern of
CondltlQﬁdﬂ@mmﬁﬁﬁﬁyﬁaﬁ&mﬁwmﬁﬁﬁﬁ%aﬂfmy ng and transl ational speed of

condi tioning disk during 10 conditioning. 20. The apparatus of claim 18,
wherein the difference is adjusted using an estimate gain to calculate
updat ed pad @&ndhanghodef clsiin 3detheresn thg mapimuniahie syl eenditionihg prramater 1gthe
wher ei n vElﬂ@aHbQQ%FcH'n&%@reﬁﬁﬂQI l&lér@a&% e&hpa,a@%%in%m A & obRflRked according to
the equation k = ere ﬁ is a neasured wafer

mat éPi al renoval rMe k|IS acahmlﬂedvmﬂﬂ material renoval rate, g
is the esti nﬁ?eleahﬁhO(h@fctlaémlz kijeiri the toirémpm evaline for dre cendituning3@ramétenisttieod  of
devel opi,fge nRA o%@%th@ﬂﬂu@ﬂﬂw&?e@gérﬁd onipag nodel for optimzation of the
20 pad conditio I shi ng pad% used to renove material froma

waf er, conprising the steps of: a) determning the rel ationship between at
| east one padOcﬁmﬂmﬂh®hﬁm@hpaidmﬂkemnqnﬂmgafer mat eri al rennval rate; b)

condt 11 oni g o o R CHe R ikl P orRere i Bhine 85 25 o)
recor di ngedtddgo meingdin wafsmqﬂsrwa regnavhlratativitian presetecteduninivabmmd nakinuhereabvdl east
one pad [ oni renoval rate. 23. The net hod
of clalﬁ¥%gg%ﬁﬁgfmn&g?ﬁ gngégﬁ?%m“P””-“ngait.on.ng par anet er conpri ses
a plurality dgérmp@ngawtter sa@nd rd:ﬂmawalfe@ccurmgﬂuahg sad polislsnglgép;ned as a

\'II'\ﬁleg rr]r;?ﬁo]; u g?él&ﬂqﬁm%ﬁ.lg%a@e% Va?al!i %enl%n O%"f%.‘é partamf:ters ?s%d %goqldslaltgl &8 {%rr g%cp afer 1 matgr{ 24.
par et esnvelontp ridibs padcwerd artd ndifigninl wédet Biradintain adaffs pra&dal r&ﬁo@ﬁrate?hﬁhmet hod
of cl ai ﬂ@ﬁﬁ 0 pad conditioni ng paraneter further
conprlsgL%%% %%ﬂ?%ﬂﬁggﬁfkﬁgﬁé |%ﬁ%l direction. 26. The nmethod of claim
22, where thendﬂwhmaﬂmI@hémpﬂdd@amﬂmtumhkﬂgmpamAWEmegpummgmsses one

31. The method of claim 30, wherein the updated pad conditioning parameters are calculated
25 by determining the difference between an output of the pad wear and conditioning model and said

determined wafer material removal.

32. The method of claim 30, wherein the updated pad conditioning parameters are updated
according to the equation k = (kl )+ g* (k - (k1 )) , where k is a measured wafer material removal rate,

30  k;is acalculated wafer material removal rate, g is the estimate gain, and (k-(k;)) is the prediction error.

33. 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:

35 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 defined

maximum and minimum values, wherein the updated pad conditioning parameters are calculated by



or nore paraneters selected fromthe group consisting of conditioning disk
down force, conditioning WO 02/ 102548 PCT/ US02/ 19061 22 disk rotational
rat e and woreaoiseh, frequency and duration of conditi oni n@CTAarsd2/19061
conditioning disk translational speed. 27. The nethod of claim 22, wherein
the relationship between the at | east gpe conditioning 5 paranmeter and

waf er r eemmahing et diffefendebedkeanng duthyt of A paden@n huadd doydiviédiyd Medel ARl thodeh fisepi ng
paramatﬁa: and nmeasuring the resultant wafer renoval rate. 28. The net hod
of clai )22, wherein the maxi nrum val ue for the conditioning paraneter is
the val ue above which no increnental increase of the wafer renoval rate is

observed. 10329TheTh&IEbIQAMOS, FheddiltAddiatinh 8pdited chitBidhidd Jhmedea iHGudedr t he
conditioning paraneter is the value which provides the n ni nrum wafer

removal CHEHBINE Berametars SHebt s ghegrrageter iwithin the deier@ined SHRipIE;aRg maximupL| | shi ng
a waf er vigest he CVMP apparatus under a first set of pad conditioning
paraneters selected to maintain wafer material renoval rates within
presel ected m ni num and maxi num renoval rates including conditioning disk
rotational speebheapilium pe@aimaa; wipseie thaidiiferrgceais adieied yeenganicstimategnineior tat e
occurri @gcgg{ngqua%ipqdpgditggjn?gaéﬁlgtgl;& cal cul ati ng updated pad conditioni ng
paraneters based upon said determned wafer material 20 renoval rate and
t helpad wear and conditioning nodel to maintain wafer material renoval
rates w t hi n36.t e madwimmohalamd3mviereiu calquéating apdated tped conditidniog patarhétemimgept he
pol i shi - US| . . Ltioning parameters. 31. The net hod
of cl ai pr?§grﬂﬁ\1/\%§ér%gﬁﬁl?ﬁé&gggjg?&g@%gﬁggﬂ%{st| oni ng paraneters are cal cul at ed
25 by determ ning the difference between an output of the pad wear and
condi t i oni ng3hobe maihon stildm 3devierdn the thaviafuer vahmtfer wabr maeray@inova 2ate khe

d gf claj.m 30 ereln the updated pad condi.tioni araneters are
upda edﬁlezﬁ%t%r(%{rl%ﬂ Pr%’é“tt"}éﬁf Re eérqn&%fl?légm?(vagral(elyf' : C)OH‘ﬁH%mD‘g ‘%Wnr}g ffgi“rﬁ-, where k is
a nmeasured wafer material removal rate, 30 kl is a calcul ated wafer
mat eri al r end8.alhernaddaym of dlBmi3Bewiesdin e haxigain val@for Wafer(ddtdral temotdl @ate is
pr edi ctlé]on enrar. 33. A conputer readabl e nmedi um conprising instructions
bei ng eXSMYAF By a conputer, the instructions including a
conmput er-i npl enented software application for a chem cal mechani cal
pol 2&hi ng pr 8% B, mddien bftSdit BGLWIRRSn e MirdiAIMEARS Firvehfd AR tPRNEAER] rate is
conpri si r}g:dES a%gé{.ecei Vi n% data from a chem cal mechanical polishing tool
rel at i ng°Hgd Phibe pipimpagerpirhle Walfr golisBing iey east one wafer processed in the
chem cal mechani cal polishing process; and b) calculating, fromthe data of
step (), upg@tgeheddd ofnditibhiRdh PEnpiciha BBtes f vnbRich ARhidi@bpoliimyE vpand
m ni num val uei, wherein the updated pad conditioning paraneters are
cal cul aﬁ@araw A gpolisssg RadpeEgintySdush fosEer 1s positioned forremoval of material therefrom

25  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 that defines wafer material removal rate
as a function of pad conditioning parameters by:
(i) determining the relationship between at least one pad conditioning parameter and
wafer material removal rate;
30 (ii) determining maximum and minimum values for each of the at least one pad
conditioning parameters and the wafer material removal rate;
(iii) recording the relationships and minimum and maximum values of the at least one
pad conditioning parameter and the wafer removal rate;
(b) polishing a wafer in the CMP apparatus under a first set of pad conditioning parameters
35  including conditioning disk rotational speed and direction, 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;



23 determning the difference between an output of a pad wear and

condi tioning nodel and the data of step (a). 34. The nedium of cl aim 33,
wher ei n caiboaheasithg updat ed conditioni ng paraneters i ncl u®es/uss2/cmbrul ati ng
paranmeters such that the paraneter is within the determ ned m ni nrum and
maxi mum val ues. 35. The nedi um of cl ai2m 33, wherein the difference is

adj usted usi @ cmue.ﬁﬁg mfamd gad dongitibidhg ﬂia@ame@ﬁ's Basb@ipon Yaitd Belarin@ikbdRager

condi ti onij ar ters i um of ¢lai.m 33, wherein cal cul ating
pdat ed TRl BRRT T < S6p HraeLPE ety i copt Bt BmEREE 0l
recursi vetetipitrbiidwbiated Wi inABESSximdrh-and Aehim@airetidvaf raeh,abhin 33, wherein the
maxi mum val ue. for wafer_ mater.ial renoval 5 t he saturation point

of the waf er DrgPRfitiopng hepolishing padasipg thed’@ﬂ?i?‘f‘foﬁﬂll"lﬂﬁn%lweft?ﬁ ‘ce curve. 38.

The sredi um of claim 33, wherein the maxi num val ue for wafer materi al

renoval rate4isa sydn Fddcbdddlonindb@landindSurfldden FEslndéR Qlfeclﬁh@élgbl%ﬁmg"(‘hﬁfﬁ' n

the m ni mum val ue for wafer material renoval rate is define
m ni nunPRREESISIABRS RRtisene Bl deamptigrighiaaterppositionest fipremeyal @Bwaieml&wmf@na

pl anar i zhdWcontitibBsEdibinis Yol ﬁﬁkoﬂﬁﬁﬁuﬂﬁ@ 'oP b PP YoifAd),: apparatus
having a polishing pad against which fer is positioned for renoval of

material t hePed Rae}r‘(fealz@dﬁﬁlefh%f)%ﬁ%ﬂdﬁ tbﬁldﬁ@neé wafer matepaldpmehisis as @ function of

congdd t i eNéRborfpad md@@hmg baralgeta@@hchﬁ%p&h@dnwd h&ish Bfe &nditioRhg g&i-el opi ng
a pad wear and pad condifioning node|l that defines wafer material renoval

rate as a fBhe?lisbﬁgéﬁea‘b%fﬂflﬁ%‘ﬁlﬂ?&?wﬁwgﬂp%ﬁﬂﬂﬁﬁt’@r%usby (i) determining the

rel ati onshi pcpgaiesagss ﬁtaanls e&%teteﬁlmﬁangﬂ%f‘epﬁﬂiehmqah&al pet gpeter and  waf er
mat eri al renpval rate; (ii) determ ni ng nmaxi mum and m ni num val ues for

each of the & Cifl@%@wg@ﬁénspfawpdé%@?@ POHitRBInG arrameles based HaPm Hieafopasprial

mat er i atenfoRAMMa nehsdke@ usink inledns/of 60 @) Al thdSad vilaRiddQBRd RS AR o Mha¥ATHh and
max] frum val ues of the at |east one, pad conditioning paraneter and the

waf et r& (/‘QPte’f‘%if‘Enoveb‘)ateﬁEYI“P@H‘PWX&“%F@WHHH‘PHEﬁ VB 3par at us under a
first set of pad conditioning paraneters 35 including conditioning disk

rotational Sﬁ@eﬂme%?gerﬂbf Q8itd ANwh&h afetfﬁgi sLiQr PR &B@h&m‘(ﬁ%aﬂm&i@§ gtial renoval

rates within preselected m ni rum and maxi num r enoval (c¢) deternining
a vvaferd??%ffné‘}efl&ﬁmg tgseralts of dhecdegian ofrexpermeati?@R- sai d pol i shing step; WO
02/ 102548 PCT/ US02/ 19061 24 (d) cal cul ating updated pad conditioni ng

parggret er's bas efhupoth, Sl 08t §f C]R \é\@z(gldltlo % Bgljal@lletefs %FBX ﬁ!id \;J%S‘ gm(Pgads ai d

step (b) and the pad wear and con n| ng no to maintail
recovery model further comprises a cond1t10n1ng parameter selected from the group consisting of

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

conditioning.

25 44. The system of claim 41, wherein the step of calculating updated conditioning parameters
includes calculating parameters such that the parameter is within the determined minimum and

maximum values

45. The system of claim 41, wherein the updated pad conditioning parameters are calculated by
30  determining the difference between an output of the pad wear and conditioning mode] and the wafer

material removal rate measured using the means of step (c).

46. The system of claim 45, wherein said difference is adjusted using an estimate gain prior to
calculating updated conditioning parameters.

35
47. The system of claim 41, wherein the step of calculating updated pad conditioning

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

48. The system of claim 41, wherein the maximum value for wafer material removal rate is the

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



material renoval rates within the maxi rumand m ni rumrenoval rates, and
(f) conditioning the polishing pad using the updated conditioning

par anet erw0 02502418 A system for conditioning a planarizi n@CIUshaC®6i N a
chem cal mechanical polishing (CW) apparatus having a polishing pad

agai nst which a wafer is positioned foR5renoval of material therefrom and
a conditioning disk is positioned for conditioning of the polishing pad,
conpri sing: 4). Bhepasternelainnd, wiedh the Rixingimiragel fot Wakr deédanemova i e is the
material . renpval rate as a function of 10 at |east one pad conditioning
par anet 88 ¥fcl udi ng rotation and direction of the conditioning disk; b)
pol i shing neans for polishing a wafer in the CVP apparatus c) neasuring
nmeans for determning a wafer material renoval rate; and d) cal cul ating
means for updating pad conditioning paraneters based upon a wafer materi al
removal rate measured using neans of step (c) and the pad wear and
conditioning nodel to maintain 15 wafer material renpoval rates within the
maxi mum and m ni mum renoval rates. 42. The system of claim4l, wherein the
first set of pad conditioning paraneters are determned using the results
of the design of experinent (DOE). 20 43. The system of claim4l, wherein
the pad conditioning paraneters of the pad wear and pad recovery nodel
further conprises a conditioning paraneter selected fromthe group
consisting of frequency of conditioning, duration of conditioning, and
transl ati onal speed of conditioning disk during conditioning. 25 44. The
system of claim4l, wherein the step of cal culating updated conditioning
paranmeters includes calculating paranmeters such that the paraneter is
within the determ ned m ninum and maxi num val ues 45. The system of claim
41, wherein the updated pad conditioning paraneters are calculated by 30
determ ning the difference between an output of the pad wear and
conditioning nodel and the wafer naterial renoval rate neasured using the
means of step (c). 46. The system of claim45, wherein said difference is
adj usted using an estimate gain prior to calculating updated conditioning
paraneters. 35 47. The system of claim4l, wherein the step of calculating
updat ed pad conditioning paranmeters in step (c) conprises executing a
recursive optimzation process. 48. The system of claim41l, wherein the
maxi mrum val ue for wafer material renoval rate is the 40 saturation point
of the wafer material renoval rate vs. conditioning down force curve. WO
02/ 102548 PCT/ US02/ 19061 25 49. The system of claim4l, wherein the

maxi mum val ue for wafer nmaterial renoval rate is the initial rate



