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a rotating polishing pad 102. The polishing pad 102 is made of a resilient matertal and is often

25  textured, to aid the polishing process. The polishing pad 102 rotates on a platen 104 or turn table
located beneath the polishing pad 102 at a predetermined speed. The wafer 105 is held in place on the
polishing pad 102 by the arm 101. The lower surface of the wafer 105 rests against the polishing pad
102. The upper surface of the wafer 105 is against the lower surface of the wafer carrier 106 of arm
101. As the polishing pad 102 rotates, the arm 101 rotates the wafer 105 at a predetermined rate. The

30  arm 101 forces the wafer 105 against the polishing pad 102 with a predetermined amount of down
force. The CMP machine 100 also inclndes 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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irplemented as a single model or multiple models) of the pad wear and wafer planarization processes
25  to predict polishing pad performance and to extend pad life. This results in an increase in the number
of semiconductor 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.
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25  determined maximum and minimum values.
In at least some embodiments of the present invention, the 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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In at least some embodiments, the pad conditioning parameters of the pad wear and pad
recovery mode] further incindes frequency of conditioning, time of conditioning, or speed of
conditioning disk during conditioning.

25 In at Jeast 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
mode! 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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material removal rate and the pad wear and conditioning model to maintain wafer material removal
rates within the maximum and minimum removal rates, and conditioning the polishing pad using the
updated pad conditioning parameters.

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 - (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 (2), updated pad conditioning parameters within defined

maximum and minimum values, wherein the updated pad conditioning parameters are calculated by
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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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20 with the following drawings.

Figures 1A-B show a CMP machine. Figure 1A shows a top plan view of a conventional CMP
machine. Figure 1B shows a side sectional view of the conventional CMP machine from Figure 1A
taken through line A--A.

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-secticnal 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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i nvent i énused in a general sense to include any substantially planar object that is subject to polishing. Wafers
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20  architecture deposited thereon.

The polishing pad 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 mechanisimns 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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sur face phRakidFasméaQonstant, 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” range for wafer material removal rates. The
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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steps 5 ]ﬂ(a) §t§[§ 900, that is, a set of experiments used to define the model, the relationship between wafer

material removal rate and a first conditioning parameter x1, e.g., conditioning disk angular velocity
(rpm), is determined using the selected polishing system. The relationship is determined by measuring
wafer material removal rates at different 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 cartied 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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'S As 1s described above with reference to FIGs. 3 and 4, once the equilibrium wafer material
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 Iike. Additional polishing results

in loss of surface roughness due to orientation in the opposite direction, and so wafer material removal
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and minimum conditions may be determined for any combination of polishing pad, wafer and polishing

slurry known in the art. Additional parameters, up to x,, may be included in the model and their
minimum and maximum values determined as indicated by steps 640 and 650.
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
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m ni nrum and rzﬁ_éi m val ues determ ned as Jindicated by steps 640 and 650. The
nodel can be ﬁ%&%wfwﬂagmﬁawaa%&w@waﬁ rpigs yEhip thegihiginaura ppdpainum;  can pe

r eppesentiedatly rates (the “acceptable rates™) by controlling the conditioning disk speed and direction, and,

optionally, by contrelling 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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speed), freqency) are h
20  invention, and the curves generated as in FIGs. 7 and 8, values for 6;- 84 ¢~ ¢4 minimum and

maximum values for wafer material removal rate, conditioning down force and conditioning disk
rotational velocity are determined. An algorithm that models the wafer planarization is defined, and a
first set of pad conditioning parameters may be determined for a polishing system of interest, either
empirically or using historical data or data from the DOE.

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.



The objective function is to maintain renoval rates within the m ni nrum and
maxi mum 25 al |l owabl e rates (the "acceptable rates") by controlling the

condi tioning disk speed and direction, and, optionally, by cont rgldEiCQﬁS

ot her factors such as frequency and duration of conditioning, corq it Qng
di sk down force, speed of translation of the conditioning disk across the
pad surface. Each of the conditioning paraneters is maintained within their
det er mi ned bomReat it leanshniel e@ibSdiment® of thepfesen Mvadiibn, th@xpdiedcuaditicesng as wel | .

30 The CWVP par amet er vari abl e nd constants.fromthe del t hen be
D ooy SRS GRSt B tesIa e TR BRI BT PGPS e petoeen

appr opr icatveh.yinvedgotatioh €nal) B apméRiate ifl tidsdasthilVs FHEE @ FSver hB@mbAIRF QMteestahe wWaf er
material renoval rate _and the pad life, as shown_in FIG 9, Paraneters from

the badetiaiigspenisd 2ad beprsumental §suin 4o B mpudE fte echPn oot PERPEFS902,

whi ch runs t hgnedeatatiB frSih A PredREQGHE Sofled Un P tRSHABIRY OF the GddeMb h&Bunt
nmonitors and nodifies the procCess tgarameters. The actual output 35 (i.e.,
measur edof dhietars contribyting dorthe grogess i(thisraay bs imprevdiuiteenbseguer demriengiofthed out put

(i.e., tad@sh pr&%gg?,\@{riaﬁ@hts%)omgcgépﬁ@ihﬁﬂ' bt thalR¥alGehb vt 0v2PBme fdpfesdic bf erence
906 between the actual output 904 and 19 DEC 7005 14 the predi Cted output

905 i s dlegradationdCMEpad pplsningd By ddentityingiped ewdifyiag the padapnditienial prdsess to
appr opr I8t fh¥ror GERACHARS ﬂé}ﬁ@dc IREE! i f Bterdd! GorVAGERS ard Yaintained
Updat i nga.rm eflorpar ar_ret_"er}sanfgor .e_eag@d;c[?c ntro é?s %tgsed or}’ eq. 3. a:me(k,)
+ g 1€ (kwithopioveicpndiionigs) of Wieenondikon pads, ecgiraperatingrzhossthe eaturakian pointaf e gystanys
paranet er est] . | LRt ' P P . oredi ¢ti on
error. Estimate ga}oﬁgifgﬁlggggﬁgﬁfgﬁ]{m gsgpgﬁegggﬁgfﬁcﬁg%@ﬁy t\i}\iﬁ’%ﬂgﬁ'c’g} eglgéég as a
measur e sbéwmmciqi heTtes rthe method/ suggests thitithe maeki meefl act arrectdiyr 1906%dd therdeviaieh
enpiricall . i ng .. ISt .In | east e Lents,
tho. gai qroripiBGie il 0 gaifFlcs B 68l NG unidhafbly iy RGeS BT o ARAAI ™
e ][rbodi rrmatameteks; ot thédarapighe cf?ecaqu@hanglﬁlggbﬁ_rame&rﬂoo Byicm%ay»; Bfa tex gregtl e ex@nts @ris gs g
o] rves._r e.gener [ i shing system.of interes cribe
abods 1 P I EPEARRE B EP pofld o oRRiek el AR Shhon BioB Fa Pses OB o
and condchttheridjugtmedi ts lkeacot ditel oyazbmpeisgiont Thabchdsiorapopiimizati@uproess thatds
gener at ed _usj a ndar d. i.shi..n roc w th .al erati.n .
dond t1 dieii s SOPAL R R bR p 8 S il e, BB F bR hstor m
i nvest i gadatmn thellarameemploafeydipck canbrohgpajifich tanektena foewhigathe metidvdll vduatto dree  hel d
const ant__incl ude polishing pad size, polishing pad conposition, wafer

. prediction erfor, . . : ) . .
conposi t fgn, ?)o i'shing tine, polishing force, rotational velocity of the
pol 28hi ng padjncarig bagt sisteonia indeedtandiahy optfmitde itwpiaasible Thempidcdllabhe qitar anet er s
I ncl ude a{tld.tll.east0 t rgig Uaan%Itgr sdoaecgd glréd.di rgct i on k.. he c%ndi tioni nl% di sk;
however SOXHSTESRSIZ NS PAIRRYIAT 809 A00CSH IO MRPAFE APIC POPHECHRRANC WA PR e model
such as Fshenampiencdndifionihg idown frced, @aeh n&g e safto 4 basanbatlie ik the snitdl stubg maxbe

Ir B\]/__e n}[, ;)inrgzrer%geﬁ?(ﬁ% %55%%213’ eﬁ]c%)e/sq]eenrl i1astrrelcgnit%rsed Itc'? de'fcl,rrrGuSrie tlZe gfpecci:t t%is cYu?xlglél 84 gr? tli'ne 61- 04,

system. It should be readily apparent that other factors relevant to pad wear and conditioning may be

25  evaluated in this manner. By way of example, conditioning time (residence time of the disk on the
pad), conditioning disk transiational speed, conditioning down force, and the like may be investigated
in this manner. In addition, the model may be medified 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 1009 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..



maxi mrum val ues for wafer material renoval rate, conditioning dowm force and
conditioning disk rotational velocity are determ ned. An al gorithmthat
nodel s the wafer planarization is defined, and a first set of padg DEC 2005
conditioning paraneters nmay be determined for a polishing system of
Interest, either enpirically or using historical data or data fromthe DOCE.
25 An al gorithm which nodel s the pad wea and pad recovery process is input
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Thus, the nethod suggests that. t he nodel need not correct for 100% of the

devi ation fridwipeageRanbsRIpgiised YingAny npmbsr of diffsyenpuresd gonwotier edP

uncer t aipblishirgbalif) ETHERASY hi@Hlerdhs CRAP GuliiiRpad it el Whish arlzedfallydasiR of t he
ef f ect of chan |ng paranmeters too quickly or to a too great an extent. It is
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overconpensat ion. This |l eads to an Oglp)lt m zation process tha

nd
takés séehorMigrodedtitonish Someragps Ausera dpranaiRedel ®d6ARRG: TeHy0dd 49 Qpqbhiagpace e
of a gaiRodeB€bPbratifn, Newark, DE), OXP series polishing pads (Sycamore Pad), Thomas West Pad 711,

813, 815, 815-Ultra, 817, 826, 828, 828-El (Thomas West).

Furthermore, any number of different types of slurry can be used in the methods of the

invention. There are numerous CMP polishing slurries in the art, which are generally made to polish

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 , MSW 1500,
MSW2000 series, CUS series and PTS (Rodel).

35 In at Jeast 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.



updating the paraneters for feedback control qualifies the extent to which
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conput e(ROMY 1060 and random access memory (RAM) 1162 constitute the main memory of the system. Disk

controller 1164 interfaces one or more disk drives to the system bus 1156. These disk drives are, for
example, floppy disk drives 1170, or CD ROM or DVD (digital video disks) drives 1166, or internal or
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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t he waf el

P& o I 3 kkjorrgz’ltlon mclulye magnetic, electronic, or optical (including holographic) storage, some
combination thereof, etc. In addition, at least some embodiments of the present invention contemplate
25  that the medium can be in the form of a transmission (e.g., digital or propagated signals).

In general, it should be emphasized that the various components of embodiments of the present
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 impiemented 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.



10 N3....Nn, and y nunber of control paraneters, Y1,Y2,. Yy, then S =

WNL(N previous - N current)2 + WN2( 2ptevioue - N2current)2 + ...
VWANn( Nnpr evi ous - Nncurreo)2 + WA Qprevious - 03curren)2 + Wi(dprevil bliisC 7005
-dcurren) 2+ W1(Y previous -Ylcurrent)2 + W?2(Y2previous - Y2eaacent)2 +
Wry( Yyprevi ous -Yyeurrent)2, where W, is a weighing factor for paraneter x
(e.g., N1, N2, YlI, Y1, F, etc.), co islthe pad 15 rotational velocity, and d
is the conditioning pad direction of spin. Qher pad conditioning paraneters
can be included in the function. The gptim zati on process then seeks to
mnimze S. Thus, the method of the ©P#B€ent invention can be used under
condi ti ons when the polishing paraneters are held constant or when the

pol i shi paranmeters are to be changed through optim zation. Various aspects
of the g&@§%ﬁ?"F Vention that can be controlled by a conputer, including 20
conputer or other controller 902, can be (and/or be controlled by) any
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el ectrical cables and/or conductors and/or optical comrunication (e.g.,
infrared, and“he |ike) and/or w reless communication (e.g., radio
frequency (RF), and the like) can be used as the transport nedi um between

t he external 35 devices and conmunication port 1174. Peripheral interface
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3. The method of claim 1, wherein the first set of pad conditioning parameters are determined

empirically,

4, The method of claim 1, wherein the first set of pad conditioning parameters are determined using

historical data.

5. The method of claim |, wherein the first set of pad conditioning parameters are determined using the

results of the design of experiment {DOE).

6. The method of claim 1, wherein the pad conditioning parameter of the pad wear and pad recovery

model further comprises a conditioning parameter selected from the group consisting of frequency of



signals fromthe conponents via the | ow power radio receiver. The | ow power
radio transmtter and/or receiver are standard devices in industry.
Al t hough system 1111 in FIG 11 is illustrated having a single prog $pon;a
single hard disk drive and a single |ocal nenory, system 1111 is gtlonally
sui tably equi pped with any nultitude or_ 10 conbi nati on of processors or
st orage devi ces. For exanpl e, systen11fﬂ1 may be replaced by, or conbined
wi th, any suitable processing systemoperative in accordance with the
prlnC|pI L.Qn. i cated
Cal cul ot oy Bhing TRARY TF B Bhink 5 BEERERN RMGT L BRond P QLS SRRCKEL.
conputers, as well as processing systemnetwork conbinations of t he sane.
15 FI G ql t n r
roct um 1288 GET A ForAGeR] ROuEARaR ndQURIY BrabBRCTP SUORIBLY! ons.
As one éxermpiieg tlmdnfﬁgmﬁzmwmwnb@ltméaﬁ th Pl wairsinddedngisionipg | el andedaid n
FIG 11 as floppy disks, or a COD ROM or a
dlgltaldmgﬁﬂgﬁgFg Hm&FFqéﬁgggﬁkﬂﬁﬁyg&%xanple a multi byte locale for a
single byte | anguage and the programinformation for controlling the above
system %OTﬁs?ﬂﬁltl%dt (t!seclg&mut“%rew PEr iRt MRk Rps a%Oes%% rgameﬁld?% ein.
Al ternative 0 and/or RAM 1162 illustrated iR can al so be
used toCﬂ%ﬁﬁﬂéuwh@dﬁW@@P&WﬂPﬁWﬁﬂﬁﬁt|on that is used to |nstruct the centra
processing unit 1158 to performthe operations associated with the instant
processes. Qther exanples of suitable conputer readable nmedia for storing
i nf or mapi ok MAEPLEE clﬁﬁgﬁewﬂl@emeti%fﬂfldh|S?Ject%51r togisRTEER] VArRPEY Ui TRiiFPHIS Bghaphi )
St or age meSOREB nars@¥id Nation thereof, etc. In addition, at |east sone
enbodi nment s oF t he present invention contenplate 25 that the nedium can be
in the formof a transmssion (e.g., digital or propagated signals). In
gener al 10.iThe sR0ul df BeireNphR&Iz@6d updarl ptadlammbmglﬁar@@&&@ @Ebﬂip‘d?t@cf aRblapgierent s
sof t war e

of the present n be. i enent e ar dwar

Conbi malie SR LI Y E Ry S e REREEL Waithayae U6V dAponde SaHL eps
woul d beaferphesi®néeaai ntehgfsdviesseman giigand GEk WaE Gebedpesd @fon t he  functi ons
of the present invention. Any presently avail able or future devel oped
conmput er software 30 | anguage and/ or hardware conponents can be enployed in
such enbodiheenthsd ofcldhe, phegse ik sieppadnthioogh (d) krerepeatadrpl e, at | east sone of
the functionality nentioned above coul d be inplenented using the C, C++, or
any assenbly | anguage appropriate in view of the processor(s) being used. It
coul d alzdhbecthwd oftdagm 1i wheaein ihatsep pf @tculzéngapdated pakerhdisiocing asradietva i@ sielp
transpo arious users. 35 Al though various
enbodln%ﬁ%gné%e F%@géggggf&égﬁ%hgﬂgééﬁﬁ%s of the present invention have
been shown and described in detail herein, those skilled in the art can

readi| Y1 jjeﬁ'lesr(ﬁebg%f% gfanﬁ’ M, g’]{c}e‘ﬁg theengmghmsu% ttop%fe'r %a%r&?r&tuﬁzalt B?esﬁ the

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

i

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

rate.

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

the maximum acceptable wafer polishing time.
16. The method of claim 1, wherein the wafer material removal rate is defined by the equation
RemovalRatelgiy = f{wdisInin+ flgin s leondirioning 1o s direCﬁOI}, 72]2;:),

where g, 1S the angular velocity of the conditioning disk during conditioning of the polishing pad, t is

the time of conditioning, f is the frequency of condition, direction is the spinning direction of the



What is clainmed is: 1. A method of conditioning a planarizing surface in a
chem cal nechani cal polishing (CMP) apparatus having a polishing pad

agai nst which a wafer is positioned for renoval of material therefrphpangpa
condi tioning disk is positioned for conditioning of the polishing pad,
conprising the steps of a) providing a pad wear and conditioni ng nodel that
defines wafer material renoval rate as2h function of at |east one pad

condi tioning paranmeter selected fromthe group including rotation speed and
rotation dlrectlon of ~a conditioning disk; b) polishing a wafer in a CW
appar at GRIAYE disk. ppg Tyis g’étswﬁﬁp”tﬂasaeeé%HietCP%fhﬁ‘Wg‘lbpf’é%kM’ﬂge% idgniggted to

mai nt ai n mafer material renoval rates within preselected m ni mum and nmaxi mum
removal ra eterm ni ng, a waf terial rate qccurrin
during éfa '%i 19ds ‘i)ﬁf %d clopigg:2 Ba%’dwﬁ‘i)‘" egweg%at‘ iHg %@g@fﬁo ToRY MESHY P4 %‘Fupg‘b

par anet ecrnsmbas@djr PEGhigadads ot es Mnited naedar fromterifad, corh@idigahe sk of: of sai d
step (c) and the pad wear and conditioning nodel of said step (a). 2. The
met hod of claim 1, wherein step (d) includes cal cul ati ng updated pad

condi ti oni nga)preanidingrige rdloiondinbaiveenvaflest omt gidi @hdiriendy ahramatee and thfen t he
maxi mum and H%quuuno Fg%a%mrates 3. The nmethod of claim1, wherein the
first set of ¢ Eond? iohing paraneters are determned enpirically. 4. The
met hod of clain11, wherein the first set of pad condltloning paranmeters are
det erm ned gl g il RLAGRL AR bRyimin TS RELDA Al 6 AlMohe JHNETGHDbE
first set of ‘pad con Ioning paraneters are determned usin 6 I'ts
of the desi grerafctasxqdthareaitr n{aDO@) remeyal Fkeeandet hod of claim 1, wherein the pad
condi tioning paranmeter of the pad wear and pad recovery nodel further
conprises a conditioning paraneter selected fromthe group consisting of
frequency of ¢)2@casdinglititei tshtipeshipd ndtniisimunf andomafimpimnvaiugs oAtk atr laass loat iperhal
speed of con i.gping. 7. The method of claiml,
wherein the %Balg?'g%él&a%ﬁ%%ﬁgﬂlﬁleg%feﬁg&%g%le{%gters are cal cul ated by
determining the difference between an output of the pad wear and

condi ti efitg m'%ﬁ’.g@bf @5!91 @al&fﬁerelg%‘% Eadi e ﬁ!l@fcgﬁdm@rﬁr?g' ;Ba@zlmerté?"c’gr\‘nﬁxlxseE @'bﬁué?lfty step
(c). 8. The nethod of claim7, wherein said ference i s adjusted usi'ng an
est i mat & pERTEIEE et thed’vaffefdpwabﬁt%gs deheet ede @erabﬁe@ ifgwtiengolpdie hse'sy o P& The
met hod g%d&b%thﬁﬁm&QQFEIn the gain is selected to represent variability or
reliability in measured paraneter. 10. The method of claim 1, wherein
the updated pad conditioning parameters are updated according to the

equat i ong kK mhthgd (df-didim) 17, WHEEIR ke 125 18asITBAS P& LoMBfi@lindTRhBMER] chBpRMal

rate, k, is a calcul ated
conditioning disk rotational speed.

20. The method of claim 19, wherein the at least one pad conditioning parameter further comprises

conditioning disk rotational direction.

21. The method of claim 17, where the at least one pad conditioning parameter comprises one or more
parameters selected from the group consisting of conditioning disk down force, conditioning disk
rotational rate and direction, frequency and duration of conditioning and conditioning disk

translational speed.

22. The method of claim 17, 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.

23, The method of ¢laim 17, wherein the maximum value for the conditioning parameter is the value

above which no incremental increase of the wafer removal rate is observed.



wafer material renoval rate, g is the estimate gain, and (k-(k)) is the
prediction error. 11. The nethod of claim1l, wherein the steps (b) #hrou h
(d) are repeated. 12. The method of claim1l, wherein the step of chl quaﬂing
updat ed pad conditioning paraneters in step (d) conprises executing a
recursive optimzation process. 13. The nethod of claim1, wherein the
maxi mum val ue for wafer material renmoval rate is the saturation point of
the wafer material renoval rate vs. conditioning down force curve. 14. The
met hod imm i n_the maxi num val or wafer material rate
is the ?‘hin 'Y H’FthP%?fe la“fé “rh“éelﬁé‘ieﬁlbla‘”lﬁ’f“‘@‘ﬁi ?htge CQRHQP@P%P%THB&%‘iiillﬁﬁirii?‘i/tgi‘t

for waf govigaties malmmeweiéadembadieatd. S defined by the maxi mum accept abl e mafer
polishing tinme. 16. The method of claim1l, wherein the wafer materi al

removal rate is defined by the equation RernovalRate] nim=f (LJdid, , J
Imn , 23 caadiethodni aighy 17, fidihee@kipoibing:T2] m ), where 0Odsk is the angul ar

veIOCit t he o ndi tigning,dis con onin of the polishi pad,
o LRk SFRE g TreBhgreconr ] pRANRO CPR R diirL 1 DR B 1ot on
IS t he e:mﬂimnmmg pﬁh&llihﬁelt sdieviadfto triaitatOw dDECha2OibreRdval coesditthioprasgecitd kojniand T2

is the 3 & Q iovaliatesdnc(?uc{: nc(:jontalltlglqldgglsgcﬁﬁéslon% SH%E%% n(lrjécgi(l)nom ng. 17. A

met hod © an con oni or optim zation
of the pad conditioning for polishing pads used to renove naterial froma

waf er, &0 miag%a %atte{ %a%%glprﬁmgval raql% occgitrl%r Wumiige cfpo“la’i]?hu?% 6}'[ | %nc?hl p between at

| east one arP’fémoval rate; and
b) deternining nHXinuniand nininunivalues for each of the at | east one pad

condi ti oni, mg Qigﬁ Q%Eegaﬁr %n@lﬂ%&%ﬁar%@t@s bARY S\Eoﬁa aid SO Med" & mzﬁﬂgal g oval

recordi ng i ps and” m ni mum and” nmaxi num val ues" of at | east
one padrateconidiht:ip@dii“ngr palr eomditieringamadel He nwérfar walmoveddriat aqeovall gites Thidim#thod

of clai m.dfumgreliRuhlenda l&ast one pad conditioning paranmeter conprises a
plurality of paraneters and the wafer renoval rate is defined as a wei ghted

function of the plurality of pad conditioning paranmeters. 19. The net hod of

clai m ¥ maenght bhela ZBE%&reiﬁnﬁe R téa Tﬁﬂl édneiiibngg iaﬁié’i‘éiseﬁrec&m?'é!eé%%
condi tioning disk rotational speed met hod claim19, wherein the

at | eas@et%‘i‘?@“‘tgaéiwc@iFfEiieli“ieoi}ﬁt‘Hﬁ“p%{’r a‘i‘f%‘tte(if tflﬁirpﬁiiié?YeaEéﬂ‘;brcP%%om%oﬁ'ﬁiiﬁcli%ﬁisﬁ’é di sk
rot at i ofdrmiiel @Glet @BteridtemdRe nMet hod of claim 17, where the at | east one pad
condi tioning paraneter conprises one or nore paraneters selected fromthe
group consisting of conditioning disk down force, conditioning disk

27. The method of claim 25, 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.
28. 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 that defines wafer material removal rate

as a function of pad conditioning parameters by:

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

wafer material removal rate; and

(i1) determining maximum and minimum values for each of the at least one pad

conditioning parameters and the wafer material removal rate; and

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



rotational rate and direction, frequency and duration of conditioning and
conditioning disk translational speed. 22. The nethod of claim 17, wherein
the relationship between the at |east one conditioning paraneter ahﬁﬂmaﬂﬁﬁ
renoval rate is determ ned by increnentally varying the conditioning
paranmeter and neasuring the resultant wafer renoval rate. 23, The nethod of
claim17, wherein the nmaxi num val ue fo#¥ the conditioning paraneter is the

val ue above which no increnental increase of the wafer renoval rate is
observed. 19 DEC 2005 22 24. The nethod of claim 17, wherein the m ni num
value for the corf@MdiigiaRransraned BF YR FROVYaMEe that provides the m ni num
waf er renoval rate. 25. The nethod of claim 17, further conprising:

polishing a wafer in a chem cal chani cal poljshin ) .apparatus under a
first set of(\{\’kf)1 B ShE8 a7~ o‘r‘?ltﬂbcb&e AReRRY é‘“%f’élaeflérf‘eﬁt gfbéaﬁg/ﬁpoﬂ‘?‘ag NERE peters

mat eri al remaMading axb.elauomtghmk pmeﬁa{aec:sbeﬂ ﬁﬂdnunwnona@demitﬁrummteﬂﬁwakr rates
i ncl udi ng condi tioning, di sk .rotati and direction deternlnlng a
waf er mat er i BfCPEAGUA IW&?éVSEbﬂ??‘%6ddﬁ$PH82§$PHXﬁBW]@ﬁ?ﬁ%rﬁT ep; and
cal cul ati ng updat ed pad condltlonlng paraneters based upon sai d deternlned
waf er materi idrenn d P% (p ? nlqg to
mai ntai n waf'st “FRTEPTER ""? Srn%?}%”a F%WOJ% X Oh‘i“ﬁ“‘}ghé‘”"%& ‘8%8 Bih me
renoval rates. 26. The nethod of cIa|n125 wherein the updated pad
condi tionin calcu t'ners at a cond Ie% 2321 eetrserblarsle m;%mtsgled étgrr%eng Efer
bet ween an o put O?I%H% PlRedr “aId""é dmflonln an
det er m ned wadteral maiheval adtte mémd/aﬂep (W 7nd Tl’rcepade?tdaoahdocfonchlt:mng ﬁﬁdelmhematarm t he
updat ed pad i tioni r . o the equation
k) g (- TR GRG R REATERELE: A SmHRdRl BRGS0 P o a . T
a calculated wafer material renoval rate, g is the estimate gain, and
(k- (K, ) do. i REGHEhIGN pohking Bfface yak%x%ql AleraROf hilsARE N agl)eﬁ‘ﬁgsr' zing
surface in a chem cal ne hani cal “pol i shi ng appar at us V|n
pol i shi kyingadobigfinshigad ssinsh Whiclief wifey i p@@jgpquofﬁédemwl of arpsvial theseframensd al
ther ef r%ﬁ@&qn@dlsmB@Latrdnmonganqit@hﬂngatp@ﬁdhgmgm dohriGAEE tegisng of the
pol i shing pad, conprising the steps of evel opi ng a pad wear and pad
condi tioni ng nodel that defines wafer naterlal renoval rate as a function
of pad condifigRidig PPIPREL LS cBMitiokihy nfd&l Qlﬁdi”d@f'id%g whie n{a%hataea@ama% Ref ween
at | east one pad conditioning paraneter and wafer material renoval rate;
and (ii) det!&rsionpha lstebanea Ca’ﬁéf“ﬁﬁ”’r‘ﬂ RR{AReles Rifehatfidsnti B @HN B MY NAZPININBES L one
pad conditiQNieM§ AT ARl leist 3fhal REARhRE pAFh&Ed Al ey dmdvaitrie; and (iii)
recording the rel ationshi ps and m ni nrum and maxi num val ues of the at |east
one pad

b) polishing a wafer in the CMP apparatus under a first set of pad conditioning parameters

selected to maintain wafer material removal rates within preselected minimum and maximum
removal rates;

c¢) determining a wafer material removal rate cccurring during said polishing step;

d) calculating updated pad conditioning parameters based upon said determined wafer material

removal rate of said step (c) and the pad wear and conditioning model of said step (a) and
e} conditioning the polishing pad using the updated conditioning parameters.
30. The method of claim 1, wherein the polishing pads is conditioned during polishing of a wafer.
31. The method of claim 1, wherein the polishing pad is conditioned between between wafer polishing.

32. The method of claim 1, further comprising conditioning the polishing pad using the updated



| 9 DEE ?QQ® 23 conditioning paraneter and the wafer renoval rate; (b)
polishing a wafer in the CVWP apparatus under a first set of pad conditioning
paraneters including conditioning disk rotational speed and directlidolt, 7005
selected to maintain wafer material renoval rates within presel ected

m ni rum and nmaxi mum renoval rates; (c) determining a wafer material renova
rate occurring during said polishing step; and (d) cal cul ati ng updated pad
condi tioni ng paranmeters based upon said determined wafer naterial renobva
rate of said step (b) and the pad wear and conditioning nodel to maintain
waf er HﬁP@PWHW3W¥WﬁﬁﬁH rates within the maxi mum and m ni mrum renoval rates.
29. A nethod of conditioning a planarizing surface in a chem cal nechanical
pol i shi ar a havi olishin ad a st_which a wafer is
Pos! ¢ 1 onodb R BBt s e PR arert BataRe SO gerI b1 Biony Saree s
posi ti omedfrdmrcompngdigd: i oni ng of the polishing pad, conprising the steps of.

a) prOV|d|n and conditionin nDde t hat def. nes. waf nate ia
Pbroval® g B0 Ging8h BR SRR ufe® plarraie TR o e SR GF and

t hat IdE@hﬂﬁbﬁSgﬁﬂnammﬁHMbmﬁdmﬂﬁﬂﬁﬂﬂmw,Va|ue for each of the at | east one
pad condi.tionin nd the r olishing a wafer
in the %ﬂﬁpgi é%ﬁ%%dhammOQmﬁﬁPg?“”m%P%?m8 d)cgﬁﬁp f%ﬂm%aﬁbaraneters

sel ect ed ctioroti@i ameaatxmlyva:be;ﬂed”rm GhleieatuamertbtvabnnroaeIeSpmtmglthe pﬂ%m ecztdg'adt fheni mum
and maxi m r enpy. d{r aLes; mat er | renmoval

opsraling arameter e TOh t1 mn %15 [ Qg n Ifu1%t1 il pad wear cf[a ad recoyery mbd E
occurrlﬁb dife ng sai d polis 5% d) ca cd atlng upﬁ %& ad

condlt|mmHMQﬂpamamaawa&rm@$edIumnmhgmmdaﬁammﬁmﬁm@ﬁamﬂﬁenmgaM@mmatnwh@n@val

rate of ondi ti oni ng nodel of said step
é%hg8§5‘%P%ﬁ%ﬁ%g%ﬁ%%%SBQ%ﬁ%ﬁgﬁﬁg uglng the updated conditioning

paraneters 30. The nethod of claim1, wherein the polishing pads is

condi t 'fhnGIﬂe qblg;a'r%lgs Qpélhlﬁhbﬂgwl%frelﬁ tl%];a%rcon%ﬁ%omﬂ@%aﬂﬁ%@gdotqge h@%ﬁrlandgtmr ein

t he pol i shing is conditioned between between wafer polishing
met hod IG‘FOV@Wa}Pﬁdei furthgr ccR@prised ppdnditiagn & GRrEMETCo At eripdt Aiem piae igshiP nggnpde i ng
the updatgd, br gon%gm%go@quélnc? @f géﬂtdltl%ﬁ]lhé] InPRIREBSBR! Sree Pt colfitiBRRANIAL Mﬁm%or

condi tioni ng polishing pads used to planarize substrates by the renoval of
mat er i agondifipib®ef rom conprising: a carrier assembly having an arm
positionabl e over a planarizing surface of a polishing pad; a conditioning
disk attached to the carrier assenbly; and an actuator capable of
cont r ol 15 ride ARPHREF &F i IRIMpat AT ER UBFAEd, Bad SO ENGI PRIZTBFIER 215 calgttrb IV er
oper at i geehMinGRUPBRrdnee bhRe@Cilaipit, of tthe paD R&rodnli fad GpaNaY | et Bl actagat or
to adjust the

material :emoval rate measured for a wafer polished under a first set of pad conditioning

parameters.

36. The apparatus of claim 35, 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.

37. 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:

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



operating paraneter of the conditioning disk as a function of a pad wear and
pad recovery nodel, the nodel defining a wafer material renoval rate as a
function of pad conditioning paraneters including at |east one of 19 [EC syys
conditioning disk rotation speed and direction. 34. The apparatus of claim
33, wherein the pad conditioning paraneters of the pad wear and pad

recovery nodel further conprises a conéhitioning paraneter selected fromthe
group consisting of duration of conditioning, frequency of conditioning and
transl ati onal eed of conditioning disk durin condi ti gni ng The

appar at us of ™cfe Efrfmn@g the,f Eprenah bERESR Byt .\tqabﬁidrfgn?ja?'atﬁet@t%aﬂért%e

cal cul at ed byata sfefegrayi ning a difference between an output of the pad wear
and pad recovery nodel and a wafer nmaterial renoval rate neasured for a

waf er polished under a first set of pad conditioning paraneters. 36. The
appar at 86 Taé median st 32im Whemeiem dohd tiorpsiaganghadofabnghdtweanandg opditi aifgt iesdel ar e
updat ed accor dj 0 the equatio Ko- o (k, ), lere k is a
nmeasur eY® vilétf’cé?c’ ﬁg’t“e F & OUPeTREVEI"Er tAG(!Sk i?{am'% Sgeeg’aiiléelﬁf'%ﬂ’ eddlgeii\iﬁ'?éj} Rt

r enoval fréqakiey ofjcongitibitiee @€tuianddtend apdad obdaadi{idaing disk,du)ing ¢amdiibeingr edi cti on
error. 37. A conputer readable medi um conprising instructions being executed
by a conputer, the instructions including a conputer-inplenented software
appl i cas$. ofhefrogdian efiehirc 87, mbedenihe aliffergot iis hdjngedp nOCL 818 estinge gaistpriactd ons
for |npia rr%nn tFecE]eadQ:It)l(i) te]:(;sn§ conpr {eSI ng: a) receiving data froma chem cal
mechani gal" 05|s E; 6ot relatn 0 the wafer renoval rate of at |east
one wafer pr ocessed in the chem cal mechani cal polishing process; and b)

cal cul a t he t & O par ters
i thin b e AR B Sl Rl Bl B Sl ‘ﬁﬁﬂh%@igii@%@“ 7
condi t i Ghiampripareagreti tr srearavatitidaatregoct®. DE(: 2U05 25 by determ ning the

di fference between an output of a pad wear and conditioning nodel and the
data of step (a). 38. The nmedium of claim 37, wherein conditioning

par anmet ¢ sThofmadhen phdlaimedy. whaleit ohed mekioninnglusolde wafen meatesial eamavel fajeoimthehe
group CONGhEh hitfh et ofofhidh kP RREL, coliliifld & it Ao Of

conditioning, frequency of conditioning and transl ational speed of

condi tioning disk during conditioning. 39. The nedi um of claim 37, wherein
the di f{£He06R4iILS oREaS I LA HRINEe AAxiIBSM VIRE SorGRIrG niidrRl remvaiq@tt &Uhahiiag

updat ed Fad condi tioning paraneters. 40. The nmedi um of claim 37, wherein

cal cul aff*ng updat ed pad conditioning paraneters in step (b) conprises
executing a recursive optimzation process. 41. The nedi um of claim 37,

wher ei n the maxi mum val ue for wafer material renoval rate js the saturation
poi nt of3 tHe Wetep ofat'@im af. PBsiealhe mipErs valeo Al FABHiIMAETdbRMS8Y E8¢ ur ve.

defined by the minimum acceptable wafer polishing time.
44. A system for 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:
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 speed and direction of the conditioning
disk;
b) polishing means for polishing a wafer in the CMP apparatus

¢) measuring means for determining a wafer material removal rate; and

d) computing means for updating the at least one pad conditioning parameters based upon a



42. The nmedi um of claim 37, wherein the maxi mumvalue for wafer materi al
renoval rate is the initial rate. 43. The nedium of claim 37, wherein thﬁ
m ni rum val ue for wafer naterial renoval rate is defined by the m hikum
acceptabl e wafer polishing tinme. 44. A systemfor conditioning a planarizing
surface in a chem cal nechanical polishing (CW) apparatus having a
pol i shing pad agai nst which a wafer is?positioned for renmoval of nmaterial
therefrom and a conditioning disk is positioned for conditioning of t he
pol ishing pad, conprising: a) a pad wear and conditjoning nodel th

def i nes vaf oF S HaTEFIAFTEAGHAFHE S8e PP GEEFD B G Pod KL ErigE fpoaalg
condi ti oni NgmP@& aTRtaiiSn WAL Wehkdig] feoddli r@Bs FABIAdhanekitiuhesid @mifm tdval
conditioning disk; b) polishing nmeans for polishing a wafer in the CW
appar at us c)mﬁéasuring means for determning a wafer material renoval rate;
and d) computing neans for updating the at | east one pad conditioning

paranet ers_based u BEL, 0c.26 wafe erial renoval rate neasured
usi ng ng%ng‘eosfys@fl % %}E‘)“ gﬁ’dw Hn paaarsi/\é%{rOf §! a&@ o ‘ieoPﬁdnb‘)“% HSH8E BB nt ai n
waf er mater id@tenh@edvaksingt esheM t Risiiltst heofmaxd nuaesagnd Mbni Mexperigsmy al (DOEAL es.
45. The system of claim 44, wherein a first set of the at |east one pad
conditioning paraneters are determned using the results of a design of
experinmnrr@DSEkni46cmTheM$y@ﬁ&nidﬁ ml&hn1dﬁ-mMMQmeiManQmakaﬁasfﬂmn@ﬂpad
conditioniqg gneter 1 @qﬁg @q |on%n g wggrnl%e (m
conpri sE& 8RBT ERE HbO paranfgt Ormpéléeiseacf% i‘o%l ptanagleber oup Ut onsi st p
frequenamm@ﬁgcmnﬂmknqnﬁngxmmmn@tmmmmohfamnﬁbmngmnmgmmandmlmﬁﬂtmameMmhgspeed
of condht mm %Dd#bnnduring conditioning. 47. The system of claim 44,

wher ei n F% &P 014t cul ati ng updated at |east one conditioning
paraneters |ncludes calculating parameters such that the paraneter is within

the detgyf f
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wherein the u east one pad Ioni paramnmeters are cal cu

by det eparimiterg inchdegiéaffubation wabetrasedt that torupapanetafis whein pheddetgraifned mdnimum
condi ti onj NG 1HPQ£L and the wafer material renoval rate neasured using the
nmeans o steBn %9 The system of claim44, wherein said difference is
adj ust ed usi ng an estimate gain prior to calculating updated conditioning
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updated at |e€ast one pad conditioning paranmeters in step (c) conprises
execut i by actereeunsi e opiarerice absteepravceqgput of the pad wear and  conditioning

model and the wafer material removal rate measured using the means of step {(c).

49. The system of claim 44, wherein said difference is adjusted using an estimate gain prior to

calculating updated conditioning parameters.

50. The system of claim 44, wherein the step of calculating updated at least one pad conditioning

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

51. The system of claim 44, wherein the maximum value for wafer material removal rate is the

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

52. The system of claim 44, wherein the maximum value for wafer material removal rate is the initial

rate.

53. The medium of claim 37, wherein the maximum value for the conditioning parameter is the value

above which no imcremental increase of the wafer removal rate is  observed.

54. The medium of claim $3, wherein the minimum value for the conditioning parameter is the value



51. The system of claim44, wherein the maxi nrumvalue for wafer materi al
renoval rate is the saturation point of the wafer material renoval $@gepﬁs.
conditioning down force curve. 52. The system of claim44, wherein } L 200
maxi num val ue for wafer nmaterial renoval rate is the initial rate. 53. The
medi um of cl aim 37, wherein the maxi mum val ue for the conditioning paraneter
is the value above which no increnmentdl increase of the wafer renoval rate
is observed. 54. The nedium of claim53, wherein the m nimum val ue for the
condi tioni ng paranmeter is_the value 19 DEC 7965 27 that provides the m ni num
waf er r'8HB(Pxides §e Binigym WAl {FBoXH ¥ or conditioning a planarizing surface in
a chem cal nechani cal polishing (CWP) apparatus having a polishing pad

agai nst ich a wafer .i.s .positioned for. renoval of material theref and a
Condi 1 gt SnpbSr BY et g COMEL Pane iy o RHEVYH PR St

conpr i Sippaatushaving padliskear pad Aghito wdich b onfen @ posidededtthratmoed bhastenaflercfomt er i a
removal rate as @.functiop of at .l east oneapgg conditiop}ng ar.anet ers

incl udifg at 188LEgKe 8P r o at PEH O Hee P ant dilPRRE | ol of™® t RESHBHdI R oni ng
di sk; bymariged:i shing pad for polishing a wafer in the CWP apparatus c) a
tool for determning a wafer material renoval rate; and d) a

conput er-inpl enented software application with instructions for updating the

at | east one)apalddveoadi dohdionig mpaibtetdefiss basedateixo neneovalabie ks arinetidnal at

renoval ratqeneasurggm%ﬁkgﬁéneans of. and t@ﬁmﬁ%d ar

st ep. (¢ an
condi tioni ng Rodel el n ipﬁra\l}\]/ﬁttegrmcrlrlﬁmgrﬁt gﬁaztroélﬁggé rares. W fj ]ﬁelcﬁor{ ?\fe

maxi mum and tid conditioningdizal rat es.
b) a polishing pad for polishing a wafer in the CMP apparatus
¢) a tool for determining a wafer material removal rate; and
d) a computer-implemented software application with instructions for updating the at least one
pad conditioning parameters based upon a wafer material removal rate measured using means of

step (c) and the pad wear and conditioning model to maintain wafer material removal rates

within the maximum and minimum removal rates.



