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the sanef kgBific subsequent layers. A planar surface of the substrate is desirable for various reasons, one
30  of them being the limited optical depth of the focus in photolithography which is used to pattern the

material layers of microstructures.

Chemical mechanical polishing (CMP) is an appropriate and widely used process to remove excess
material and to achieve global planarization of a substrate. In the CMP process, a wafer is mounted
35 onan appropriately formed carrier, a so-called polishing head, and the carrier is moved relative to a
polishing pad while the wafer is in contact with the polishing pad. A slurry is supplied to the
polishing pad during the CMP process and contains a chemical compound reacting with the material
or materials of the layer to be planarized by, for example, converting the material into an oxide, while
the reaction product, such as the metal oxide, is than mechanically removed with abrasives contained
40  in the slurry and/or the polishing pad. To obtain a required removal rate while at the same time
achieving a high degree of planarity of the layer parameters and conditions of the CMP process
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allow the pad conditioner, that is, at least a carrier including the conditioning surface, to be moved
with respect to the polishing head and the polishing pad to rework the polishing pad uniformly while
30  avoiding interference with the movement of the polishing head. Therefore, one or more electric
motors are typically provided in the conditioner drive assembly to rotate and/or sweep the

conditioning surface suitably.

One problem with conventional CMP systems resides in the fact that consumables, such as the
35  conditioning surface, the polishing pad, components of the polishing head, and the like have to be
replaced on a regular basis. For instance, diamond comprising conditioning surfaces may typically
have lifetimes of less than 2,000 substrates, wherein the actual lifetime depends on various factors
that make it very difficult to predict the appropriate time for replacement. Generally, replacing the
consumables at an early stage significantly contributes to the cost of ownership and a reduced tool
40  availability, whereas a replacement in a very advanced stage of one or more of the
consumables of a CMP system may jeopardize process stability. Moreover, the deterioration of
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30 provide, upon receiving a sensor signal from the second drive assembly, an indication for at least one

characteristic of a consumable member of the CMP system.

In accordance with still another illustrative embodiment of the present invention, a method of
operating a CMP system comprises obtaining a sensor signal from an electric drive assembly driving a
35  pad conditioner of the CMP system and estimating a condition of the pad conditioner on the basis of

the sensor signal.

In a further embodiment the method further comprises predicting a remaining lifetime of a
conditioning surface of said pad conditioner on the basis of the estimated condition.
40
In a further embodiment the method further comprises controlling operation of the CMP
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In a further embodiment the method further comprises determining an allowable range for said sensor
signal.

30
In a further embodiment the method further comprises indicating an invalid CMP system status, when

said sensor signal is outside of said allowable range.

In a further embodiment the method further comprises determining a remaining lifetime of said at

35 least one consumable member when said sensor signal is within the allowable range.

In a further embodiment the method further comprises relating at least one of a removal rate and a

polish time for a specific CMP recipe to said sensor signal to determine said allowable range.

40 In a further embodiment said sensor signal represents a motor torque of said drive assembly.
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t he goope of which is defined by the appended claims. 30 Wth reference to
the drawi ngs, further illustrative enbodi nent of the)&Iesent invention will

now be described in nor PHEAEEP, Dﬁg}lll’"{l%ﬁgﬁﬁﬁwﬁ PBpresents a CWP

system 100 in accordance with the present invention. The
While the present invention is described with reference to the embodiments as illustrated in the
following detailed description as well as in the drawings, it should be understood that the following
25  detailed description as well as the drawings are not intended to limit the present invention to the
particular illustrative embodiments disclosed, but rather the described illustrative embodiments
merely exemplify the various aspects of the present invention, the scope of which is defined by the

appended claims.

30  With reference to the drawings, further illustrative embodiment of the present invention will now be

described in more detail.

Fig. 1 schematically represents a CMP system 100 in accordance with the present invention. The
CMP 100 system comprises a platen 101, on which a polishing pad 102 is mounted. The platen 101 is
35  rotatably attached to a drive assembly 103 that is configured to rotate the platen 101 at any desired
revolution between a range of zero to some hundred revolutions per minute. A polishing head 104 is
coupled to a drive assembly 105, which is adapted to rotate the polishing head 104 and to move it

radially with respect to the platen 101 as is indicated by 106.

40  Furthermore, the drive assembly 105 may be configured to move the polishing head 104 in any
desired manner necessary to load and unload a substrate 107, which is received and held in place
5
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configured to receive and process a 30 signal fromthe drive assenbly 112,

whi ch basically indicates a frictional force acting between the
Contrary to conventional CMP systems, the control unit 120 is configured to receive and process a

30  signal from the drive assembly 112, which basically indicates a frictional force acting between the
polishing pad 102 and the conditioning member 113 during operation. Therefore, the signal 124 is
also referred to as “sensor” signal. The ability of receiving and processing the sensor signal 124 may
be implemented in the form of a corresponding sub-unit, a separate control device, such as a PC, or as
a part of a facility management system. Data communication to combine the conventional process

35  control functions with the sensor signal processing may be obtained by the above communications

networks.

During the operation of the CMP system 100, the substrate 107 may be loaded onto the polishing head
104, which may have been appropriately positioned so as to receive the substrate 107 and convey it to
40  the polishing pad 102. It should be noted that the polishing head 104 typically comprises a
plurality of gas lines supplying vacuum and/or gases to the polishing head 104 so as to fix the
6
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shar%esgepends on the status at least of the conditioning member 113. The sensor signal 124, for example

representing the motor torque or motor current, is received by the control unit 120 and is processed so
as to estimate the current status of at least the conditioning member 113. Thus, in one embodiment of
the present invention, the motor torque may represent a characteristic of the conditioning member 113
to estimate the current status thereof. That is, the motor torque characterizes the frictional force and

35  thus, the conditioning effect currently provided by the conditioning member 113.

Upon receiving and processing, for example comparing with a threshold value, the control unit 120
may then indicate whether or not the current status of the conditioning member 113 is valid, i.e. is
considered appropriate to provide for the desired conditioning effect. Moreover, in other
40 embodiments, the control unit 120 may estimate the remaining lifetime of the conditioning
member 113, for example by storing previously obtained motor torque values and interpolating
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the conditioning effect provided by the conditioning members 113 represented by curves B and C.
The dashed line, indicated as L, may represent the minimum motor current and thus, the minimum
conditioning effect that is at least required to provide for what is considered to be sufficient to
guarantee process stability during polishing the substrate 107. Consequently, three time points t,, tg,
35  tc indicate the respective useful lifetimes of the three conditioning members 113 represented by the

curves A, B and C.

In case, the curves A, B and C are obtained by simultaneously polishing actual product substrates 107,
the control unit 120 may indicate an invalid system status once the corresponding time points ta, tg, tc

40  are reached.
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condi ti dh% mB'I‘" f?fée“m“@y%‘teémn!mlh 1Bypecido tig deterlorauon of the polishing pad 102. To this

end, a specified CMP process, i.e., a predefined CMP recipe, may be performed for a plurality of

30  substrates, wherein frequently the conditioning member 113 is replaced so as to minimize the

influence of deterioration of the conditioning member 113 on the measurement results.

Fig. 3 schematically illustrates, in an exemplary manner, the sensor signal 124 obtained over time,
indicating a decreasing frictional force between the conditioning member 113 and the polishing pad
35 102, wherein it may be assumed that the reduction of the conditioning effect may substantially be
caused by an alteration of the surface of the polishing pad 102. In the present example, the pad
deterioration may result in a slight decrease of the motor current signal, whereas in other CMP
processes, a different behavior may result. It should be noted that any type of signal variation of the
sensor signal 124 may be used to indicate the status of the polishing pad 102 as long as an
40  unambiguous, that is, a substantially monotonous behavior of the sensor signal 124 over time, at
least within some specified time intervals, is obtained. As previously pointed out, with
9
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It should be noted that in the embodiment described so far the sensor signal 124 represents the motor
current of at least one electric motor in the drive assembly 112. In other embodiments, the sensor
signal may be represented by any appropriate signal indicating an interaction between the
35  conditioning member 113 and the polishing pad 102. For instance, the control unit 120 may supply a
constant current or a constant voltage, depending on the type of motor used in the drive assembly 112,
and may then use the “response” of the drive assembly 112 with respect to an alteration in the
interaction between the conditioning member 113 and the polishing pad 102. For instance, if an AC
type servo motor is used in the drive assembly 112, a constant current supplied thereto may result in
40 an increase of the rotational speed, when the frictional force decreases upon deterioration of
the conditioning member 113 and/or the polishing pad 102. The change in the rotational speed may
10
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!3(? compensate for the decrease of the removal rate. In a further example, the total polish time may be

adapted to the currently prevailing removal rate indicated by the sensor signal 124.

In other embodiments, representative characteristics of the CMP system 100 other than the removal
rate may be related to the sensor signal 124. For instance, the duration of the polishing process, i.c.,
35  polish time, may be determined for a specified product or test substrate and may be related to the
sensor signal 124 as received during the polish time for the specific substrate so that in an actual
CMP process, the sensor signal 124 obtained by the control unit 120 may then be used to adjust the
polish time based on the determined relation for the currently processed substrate. Consequently, by
using the sensor signal 124 alternatively or in addition to estimating the status of consumables, the
40  process control may be carried out on a run-to-run basis, thereby significantly enhancing process
stability. In other embodiments, the sensor signal 124 may also be used as a status signal
11
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Industrial applicability

35  The present invention may advantageously be used in mass fabrication of integrated circuits, thereby

providing enhanced process control and thus production yield.
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stability. In other enbodinents, the sensor signal 124 may al so be used as
a status signal 11 WO 2004/ 106000 PCT/ US2004/ 005523 representing not only
the status of one or nore consumabl es but also the currently prevailing
performance of the CWMP system 100, wherein this status signal nay be
supplied tg a quiIity managenent systemor to a group of associ ated
process an |l ogy tools to thereby inprove the control of a conplex
process sequence by commobnly assessing the status of the various process
and 5 netrol ogy tools involved and correspondi ngly adjusting one or nore
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nodi ficatigas and variations of the present invention will be apparent to
those skilled in the art in viewof this description. Accordingly, this
description i s SUNPRBINEgsAIhsensod S@@ah‘b’lthleﬂtlda‘tf?r@écw%taj and is for the purpose
of teaching those skilled in the art the general nanner of carrying out the
30 present invention. It is to be understood that the fornms of the
i nvention éhownThnshethet of chéd 3hehedeth sadt & et bee dhakrterldc ifvtudes esent | y
preferred nbo nts | ndustri al appllcablllty 35 The present invention
may advant § 9rcs &CtingeRetWRe T cendftiningcsirfagnobihe pad sardaftlwr éndeuits,

t her eby pﬁ&iéhﬁ‘fg’}ﬁd%ﬂﬂﬁé‘%ﬁ&a@ér%ﬂ%C‘Rﬂ"g}rs?ém.and t hus production yield.

ne or

5. The method of claim 1, further comprising controlling operation of said CMP

system on the basis of said sensor signal.

6. The method of claim 5, wherein controlling operation of said CMP system
includes readjusting at least one of a down-force, a polish time and relative speed
between a substrate and a polishing pad on the basis of said sensor signal.

7. The method of claim 5, wherein controlling operation of said CMP system

includes readjusting a drive signal to said drive assembly on the basis of said sensor
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12 CLAIMS: 1. A method of operating a CMP system conprising: obtaining a
sensor signal froman electric drive assenbly driving a pad conditioner of
the CMP system estimating a first condition of said pad conditioner and a
second condition of a polishing pad in contact with said pad conditioner
on the basis of said sensor, signal; and, predicting a remaning lifetine of
t he condi t FSHdEgreadiuptinge? g‘flv%ﬁg’éﬁlb%ﬁl‘ééﬁ&? seynkly awrihe hesinfsprd §PSXhe first
estimat ed ¢opdisti and ndi i I lifetime of the polishing surface of
said polis gﬁ%%?@%n tﬁglt{?gﬁs}%lsé?% 9t he second estimted condition. 2. The
met hod of claim 1, wherein said sensor signal is indicative of at |east one
of a revolution of a east .one el ectric notor, of said drive assenbly and
2 toraue. o sar & Bithd b ERTiGHE B BdOnie IHdENDE SrVIRIRERY  wher ef n
esti mati ngcsapdkigondi tion of the pad conditioner includes: establishing
reference data for at |east one characteristic of said pad conditioner;

and conparing sebtdinggwssigna ifpnak conditionsaiddve assemblyod adayiB sygemTseed net hod of
claim 3, vvgllerr1 ibréinse}igll gttvelog%f}e ne %?araot ristic.incl de%s atorf(gfiscltd' onal
force acti né et WeeR & S mai’t 18 ﬁ’ﬁ Sart Ocreor@fletaﬂ%aﬁ%%? DA ohe %and a
pol i shing padk sheghmig; operati on of the CVMP system 5. The nethod of claiml,
further conprising controlljing operation of said CVP systemon the basis
of said sensor &itigiaing agonditien of & pekishing rad-fsrid CMBesyeem anghe bt ofrigid
operation aneﬁ id CMP system includes readjusting at | east one of a
down-force, “a polish tine and rel ati ve speed between a substrate and a

pol i shing pad oadjudimglatiast ofe sadeds prnaeer 8i gitgproceds sejuendeadthd badis of ai m 5,
wherein control]ing operation of said CVMP system includes readjusting a
drive si gn%ﬁldﬁﬁlr’%aé?chp‘ﬁlsg’% sandifignon the basis of said sensor 13

i ncludes readjusting a drive signal to said drive assenbly on the basis of
said sensor signal to adjust a conditioning effect. 8 A nethod of

control ling a plbecmsthodefund, imheleindsaihatdeaSvPhepprocass parametamprdligles gt

i gnal bai et iRPLarPOBEr QAR bR Shn e TR BE it o Binich R BBl oF 2

mot or of se@MPp system, a polish time and relative speed of a pad and the polishing head.

10.  The method of claim 8, wherein said at least one process parameter includes a
deposition specific parameter of a deposition tool arranged upstream of said CMP

system.

11.  The method of claim 8, wherein estimating said condition of said polishing pad
includes:

establishing reference data for at least one characteristic of said polishing pad;
and

comparing said sensor signal with said reference data.

12.  The method of claim 8, further comprising estimating a remaining lifetime of the

polishing pad on the basis of said signal.

13. The method of claim 10, further comprising:
estimating a polishing profile of said polishing pad on the basis of said signal;

and
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drive assenbly; estimating a condition of a polishing pad of said CWP
systemon the basis of said signal; and adjusting at | east one process
parameter in said process sequence on the basis of said estinmated
polishing pad condition. 9. The nethod of claim8, wherein said at |east
one process paraneter includes at |east one of a downforce exerted between
t he polishing pa¢emmiding thofé¢nohitiog speealic parametetito @vFds psleponition prefileshat i ne
and rel ati . t | i_shi ad.,. 4 Jhe . of claim
8, mmereinﬁ‘Sfﬁgggiﬁ%%§9%§%8&%&%€§§%gggﬁ%ﬂéggP%%H%Pﬁégglﬁmgﬂggégﬁﬁ?on
specific paraneter of a deposition tool arranged upstream of said CWP
system 11. The nethod of claim 8, wherein estimting said condition of
sai d polishfng 6éﬂﬁfWH@F9@%@9“é§%%%@F@HPH@“H&P@FE%%@gdata for at |east one

characteristic ' LS b : i i .gnal
with said referg%gggggﬁg&B%gghggg%%gﬁﬁgﬁa§¥ﬁ?g§%§$§gx?§$9ﬂ§§8@2%8§$§?ng
estimati ngswstreteni ning lifetinme of the polishi ng pad on the basis of said

signal. 13. The nethod of claim 10, further .conprising. estinmating a

pol i shing prof i f 84T R PYHPEACRG REP SRptihee Iadhie a%%rst_sfiwa SSFFRY:;  and
14 determ ni ng f Bg) SGROSIANLESRBG! Eduplddab aBLGH dre RERUILIE ifcIGBROS t1 on
profile of a Ilayer fornmed using the deposition tool consi'stent with the

esti mat ed [e$tionhiclgtriprodior;eind 14. A system for chemical mechani cal
pol i shing conprising: a.novabl e and actua %e olishing h configured to
receive and hol ﬁC?’ﬂg}&IuBGeO%rggﬁB’sﬁopﬁ?cg‘?thgq %P@?ﬁ%&leﬁgg&nﬁgﬁﬁt ay Sgﬁo pl at en
that is cogfleshsébleesf fheebn@sliung Beife bfburedaoRaArIARE bpdrAINEF tRSSRADI Y
coupled to a second drive assenbly including at |east one electric notor;

and a cont sl segend drpyseassamblisisywhespingbe eentrod unihds fithes poritgurse Pagvdds.i r st
d d ' i t Lol uni ' af j. QU trol
the opor at 1R sy RE ARG} Sl M SR L Ba YN DB, B8 BHOEOrbeRRN O

control unbiie ¢hardewtistie bf & oovsudbledndrobepr ethélstemipon recei vi ng a sensor
signal fromsaid second drive assenbly, an indication of at |east one
characteristic of a consumabl e nenber of the system

15.  The system of claim 14, wherein said sensor signal received from the second
drive assembly is indicative of at least one of a revolution of said at least one electric

motor and a torque of said at least one motor.

16.  The system of claim 14, wherein said control unit is further configured to control
at least one of the first drive assembly and the polishing head on the basis of the sensor

signal.

17. A method of estimating a lifetime of consumables in a CMP system, the method
comprising:

determining the status of a first conditioning surface of a pad conditioner at a
plurality of time points while using the first conditioning surface under predefined
operating conditions;

establishing a relationship between the status determined for each time point and
a sensor signal indicating at least one parameter of a drive assembly for driving said pad
conditioner; and

assessing said sensor signal when operating said CMP system under the

predefined operating conditions with a second conditioning surface on the basis of said

15



15. The system of claim 14, wherein said sensor signal received fromthe
second drive assenbly is indicative of at |east one of a revolution of
said at | east one electric nmotor and a torque of said at | east one notor.
16. The system of claim 14, wherein said control unit is further configured
to control at l|east one of the first drive assenbly and the polishing head
on the basrdatigishipdo seimase a rerhajniaig lifatime af atdedsbenaofonswnittamenpen of theet i ne

of consuna?ﬁi§5%$x§ CWP system the nethod conprising: determning the
status of a Tirst Conditioning surface of a pad conditioner at a plurality
of time points while using the first conditioning surface under predefined
operating conditions; establishing a relationship between the status

det er i ned 1Bor dhe methadeof shaimt] 7afthenceypprivng etigibing pattusafishlgagdtoneeast one
par anet er .V, : i Vi i . Lfioner; and
assessi ng g%?@“@é%é@?ﬁ§§§ﬁ§kxﬂégﬁﬂg%%%%ﬁ?ﬁd%?%ng%ﬁﬁﬁggg?%n1under t he
predefined operating conditions with a second conditioning surface on the
basis of said 15 relationship to estinate a renmaining lifetinme of at |east
one consumabl e nmenber of the CMP system 18. The nethod of claim 17,
further conprising estimating a status of at |east one consunable
conponent of said CMP systemon the basis of said signal. 16
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