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SYSTEMS AND METHODS FOR MECHANI CAL ANDY OR CHEM CAL-
MECHANI CAL POLI SHI NG OF M CROFEATURE WORKPI ECES
TECHNI CAL FI ELD [ 0001] The present invention rel ates
to systens and net hods for polishing mcrofeature
wor kpi eces. In particular, the present invention
relates to nechanical and/or chem cal - nechani cal

e avs T AR E IRl S F ORE GRS AN o CR ML
BACKSERSHNRICROGSBLISYRNG O B CROF EATURENW-ORKMECES!

pl anari zat1on processes (collectively, "CW") renove

material fromthe surface of mcrofeature workpieces

in the production of mcroelectronic devices and ot her

roducts thure 1 schematically illustrates a rotary
wth a platen 20, a carrier head 30,

and a planar|2|ng pad 40. The CWP machine 10 may al so

haveTﬁgt&ag t mgnﬁaq heise o %yswranaumm@%robonshmg

the p I ower surface of the planarizing
mimdfefureAwdirkpieces.s e | partisulant thespresent imvandign2elates to

misshanieal Sauor eBemiA et refohib S FFforefing WthEfleces
with %ﬂﬁkbnéb@ GaRd #Ademblias tisstheeule pidkelatite mapaieras,

the planarizing pad 40 noves with the platen 20 during
pl anari zati on. [00031 The carrier head 30 has a | ower
BAGKGROUNDt 0 which a microfeature workpiece 12 may
be attached, or the workpiece 12 may be attached to a

resijid / n rf e

cor ng?Hﬁg'ggp 3%‘}1#‘;)/‘1%%{1@8 m@?éﬁ%nlgéﬂ ?@%ﬁ gtgﬁngprocesses
(cotbetivehygr FCRIP") orendoven ahaterial fmrsnertbéys%acaayofbesmcrofeature

attached to the carrier head | art ’h‘ija i onal

ﬁﬂiﬂ"%ﬁ?st § theeproductier of m&m%?w'% Vices @ fefogycts.

BUFEY Ll s s aitoh S enpe bt

cau'aér deadriD, ;aml arplanarizing paldud0.o T hedCR? inechine 10 may also
VR AT AR SPEGBEEY SRkt 203 She et 7 anc
loWes ﬁ}HJc%CSf e b%dﬁzﬁ’fgobﬁétm.e Aqirkei 86seriBly I qotates the
platen 20 (indicated by arrow F) and/or reciprocates the platen 20 back and
forth (indicated by arrow G). Since the planarizing pad 40 is attached to the
under-pad 25, the planarizing pad 40 moves with the platen 20 during
planarization.

The carrier head 30 has a lower surface 32 to which a microfeature
workpiece 12 may be attached, or the workpiece 12 may be attached to a
resilient pad 34 under the lower surface 32. The carrier head 30 may be a
weighted, free-floating wafer carrier, or an actuator assembly 36 may be
attached to the carrier head 30 to impart rotational motion to the microfeature
workpiece 12 (indicated by arrow J) and/or reciprocate the workpiece 12 back
and forth (indicated by arrow I).

The planarizing pad 40 and a planarizing solution 44 define a
planarizing medium that mechanically and/or chemically-mechanically

A-o
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pl anarizing solution 44 may be a conventional CWP
slurry with abrasive particles and chem cals that
etch and/ or oxidize the surface of the mcrofeature
wor kpi ece 12, or the planarizing solution 44 may be a
"cl ean" nonabrasive planarizing solution w thout

b [ ticles. | t appli i .
refies: el iR g g 1T, oG ke mERMPRREL iRpigee d %0 The
plARARRRG SOIGoP A4 Fhay BeP adsondditlicplaf WMPOBRIIARItHeabrasive
solutions wthout abrasive particles are used on

partigled- abdashemigalsi #hatnetehdandionooxidizey theastiFipse ehethe

: ¢ KDj 1 h hi . )

mitrfeaufe; WhrkpliR T "B il pléile S sl 2 RS 8a "clean

nctbrasive tplanariting aiohztiono withgut @bradive mptidles.i cll most CMP
the carrier head 30 generally presses

applicatiorsatabrasivio siysties with absagive partigies é;eg'ﬁ%ﬁq 9on Agnabrasive
reat £ . .
ot 313 P PR SIS e prtcies v

useﬁmm ltii(edl-eachs’ﬂib pomf d padsib t he \r/]\orkpi ec;e 12 agai nst

t he aparizing surface 42, t m craofe e .

vor W Dlerize e SNisteaiure HoEkmpes J2 it e GME rachipe 10,
h NakLAi ' f rial h

thb Safich opd| 39, TRESSHE HAEDYRRIBCETN2 (dcoabiy 0afiRe the

plananizing gadl 40.aMoracspedificelly, theodartier headn3d genesally presses

B S SR S ok BRRRFRELSINE 44 on
plBRE A QUALEL ubastane Pladfid padl A0, BxaTRé Platemr®@and/or the

material fromone area of the workpiece is renoved
cardeehead 8RInyovasale ruethe warkpieee h2aaaainetithe péanarizing.gurface

4Z SRR Gl WerEERE 2"l abfiot HRERIna R o surtpoe
AMithB plErRPeER clilmt it cVesangtatid] &lone the Fastdef thel Wetkpiece
exert downward forces on selected areas of the

12wor kpi ece. These carrier heads, however, have several

dra k 0 t BVAe] I a I

CurvEE GV ChroRReR st  BEngiBhiR) RS aCElralély Broduce a
unviforirdy piaiamrevafabel oncthealvotiipdeqeeto rexlable phécise fabrication of

conventi onal bl adders cover fairly broad ar

.COIl . d a_of the
cifgyit janst ehoionpatterns;  Angenynitormnsyifase €8 reeuli o8 eenple,
f ] FIROVEY Fhore quickly than
oGINEBAS A5y gt Gpfece H IoLRY foro quickly
matsrial dosn lahettarrarehaturinghCMR progessinigs e Toosnmpenssite faethe
downward force. 1Jna}ddition. Cﬁrrier hea%s vviéh .
nQRYNifopNeremoval of material, carrier heads have been developed with
expandable interior and exterior bladders that exert downward forces on
selected areas of the workpiece. These carrier heads, however, have several
drawbacks. For example, the typical bladder has a curved edge that makes it
difficult to exert a uniform downward force at the perimeter. Moreover,
conventional bladders cover a fairly broad area of the workpiece, thus limiting
the ability to localize the downward force on the workpiece. Furthermore,
conventional bladders are often filled with compressible air that inhibits

precise control of the downward force. In addition, carrier heads with multiple
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-2- bladders forma conplex systemthat is subject to
significant downtinme for repair and/ or maintenance,
causi ng a concom tant reduction in throughput. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0007] Figure 1 is a
schematic cross-sectional side view of a portion of a

bléc%qa;%yfgﬁ%ag [%rgbﬁg?)g ,_s%hi Iga'(]I g gctggétdﬁagf;gmcgnt rdB&m’ume for

reﬁéi?%ﬁdﬁﬁ%élﬁfé@ianbéewélﬁm@ascb‘hb@mlt%ﬁf reRfdictisAiimthréughput.
m crof eature workpi ece in accordance with one

of the _invention. 0009] Figure 3 is a

nent
B%'tﬁfeﬁﬁﬁ@'?%@&@ﬁc'ﬁ”%mwi@ § aken substantially
along line A-A of Figure 2. [0010] Figure 4Ais a

SCh‘?ﬂ@tﬁH 5C 1 1i8P; RIARRUHD YosW Lktign&l &bia! vikw f){/ai ;r)]ortion of a

pi ezoel ectric nmenbers arranged concentri cal
rotary platanzingwnadchiae in addordiaope wittnthediriogart. of t he

001 he i . .
ol i 2 e sghomalf ks 3ertnal IPWTte S oR AR 2

m@%‘@ﬁ@?@' vdo"r‘kp"%e@?1 g%%‘f%ﬁ?ﬁ%éh @ﬁg‘éil?jg%ﬁé %oéblgs%g &f ‘thé’ ﬁ%ntlon

OverRigwe 3 (0 a2jchematior erosaisectional tviem taken sub%taetjalhbalong

.and yst ens for mechanical and/or
"@H‘é%%} ani cal polishing of microfeature

lﬁ?gl%e&m Tige of edohenibitiel Abgaplirfor®r tigheast” Splunssmt:y of
t hroughout to include substrates in or on whic

piedasiesitie c meswhersd arranged rﬁQf\c@ntf@@thlr\:aMC@é@mf& with an

e ot her features are
d?:@ aié&‘@g’%ﬁﬁ‘g &5%‘3 veqﬁ%rr}] crof eat ure wor kpi eces can
be FaghreomBicikorn vethensaticgltess pkamfisin aview, ofi esydlatatity of
substrates, or many other types of substrate sh
pigagelemrieuRemberk araagRg iIngd £ in, ae¢Aangg wvith an additional

emg%ﬁ,t;@;,# Bi‘ﬂ'%ln@r%br?' ther formng a pl anar surface
an

ormng a snooth surface (e.g., "polishing").
Sever al speC|f| c details of the invention are set
DEDANLED BDEIGRIFINOMNM ng description and in Figures 2-4B
to provide a thorough understanding of certain
Aen‘o imsiréts of the invention. One skilled in the art,
ho : Il understand that the present invention

MY The present invention is directed to methods and systems for
mechanical and/for chemical-mechanical polishing of microfeature
workpieces. The term "microfeature workpiece" is used throughout to include
substrates in or on which microelectronic devices, micro-mechanical devices,
data storage elements, and other features are fabricated. For example,
microfeature workpieces can be semiconductor wafers, glass substrates,
insulated substrates, or many other types of substrates. Furthermore, the
terms "planarization” and "planarizing”" mean either forming a planar surface
and/or forming a smooth surface (e.g., "polishing"). Several specific details of
the invention are set forth in the following description and in Figures 2-4B 1o
provide a thorough understanding of certain embodiments of the invention.
One skilled in the art, however, will understand that the present invention may

have additional embodiments, or that other embodiments of the invention
-3-¢
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have addi ti onal enbodi nents, or that other enbodi nents
of the invention -3-0 may be practiced w thout
several of the specific features explained in the
foll owi ng description. [00131 One aspect of the
invention is directed to a nethod for polishing a

kpi ece h ra ristic. ln.on

' f eat i h t _
mgkRRIinRericed; WENOWe SRverel 9F e cpasiicotaatifergeXPlaingd g the
foﬁéwﬁﬁ%é‘égﬁpﬁ&ﬁ-eri stic of the microfeature workpiece

arate

sep omthe polishing cycle and noving a carrier
headOaeddspect af gbeiishemtiprp isd direttedi fve at methas fermpelishing a

b, t ' f. eat , kpi ' th Lishi
mistesirer WARAGH PN R CREREIREF e RS Raisfineithe
methddiBcludies 'RtEMIHING A8t Bfthe dhracRiikti€ bf fRAMIGLRAture

carries a plurali &z@of pi ezoel ectric nmenbers. The

workpiese saparaterframdhe gelishipgioyrieqnst @oyingea cagigr fieadzand/or

o A B BE 004 o Y BRI, §SR0F b
thengsidhing padt afteadetarnfininf thee statie 2dethectharacteristierst. the

Determ ning the status of the characteristic can )
micrRieghie d ¥oskesPng BN uFdRsies BeAt odlsoo Cagahi & kplBElity of

wglodottehaivdle. Merbrel e IR RN Srpogre
agastobobuck ositle dhahei aicrefemture evorkpieeesinc aespense fo the
IFRTBEA Pt oY dhe; pRATaRiERSH o SRergngnal IRAstadpR Al the
pi?%oél@étﬁﬁem%ﬂfﬁé@m Dét@ﬁniﬁf@f e | tafis! of % e SéRirHSteRBEc can

e workpiece 1s a first rkpi ece. In I s aspect,
intlde ndeteoirfing taesurfacel gdstourdet ex ihickmessa of ea dagler of the

ikt B S e el LIS it Sha BRI C A bo
detbanipbaalvithe aVHtRIIGEE todNd dake gi@zebféﬂ:]grﬁ: frhémberd ajams be

of the characteristic of a second m crofeature

arangest isaegrid;enceoticallysi arrin Begthar oalierk j§ theccarger head.

et AP aroet BB oo NG I sfo RS BLARE statlS and
the WhirkpietBés BAlrbtbon@idid Inethitd Astedt othbhmethiddefurther maludes
t he second m crofeature workpi ece agai nst

defommisining perorist SEUBITeIN® ANAGOITISUR, ¢ ihes fEGgpeature
A PiocE O BBV Brflosr S SePARLReTHSE TER ARy poriecs
any detenmining safiist istatus axfi thetcharbetekistic dé acdeddme scrofedture
workpiece. The second microfeature workpiece is different than the first
microfeature workpiece. The method further includes moving the carrier head
and/or the polishing pad relative to the other to rub the second microfeature
workpiece against the polishing pad after determining the first status of the
characteristic of the second microfeature workpiece. As the workpiece rubs
against the pad, pressure is applied against a back side of the second
microfeature workpiece by energizing at least one of the piezoelectric
members in response to the determined first status of the characteristic of the

second microfeature workpiece and the difference between a desired status
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m cr of eat ure wor kpi ece by energi zing at | east one of
the piezoelectric nenbers in response to the
determined first status of the characteristic of the
second m crof eature workpi ece and the difference
between a desired status -4-0 and the deternined

second status of the ch t f th
ark] 15t ARIBBINGr ISeB08. SHO08 P A rOTTGRORtC bt (i st
mid?g@a?u,gr{m{,,ﬁ @Céect ed to a systemfor polishing a

m crof eat ure wor kpi ece having a characteristic. In one
enbofinotbet aspa@ ofsty\euenemtm \sodreciedude vaossat@mcfar pplshing a

ass%ré‘? Lé%e %"E'fg %?5(35'@?@9&3&5} "8 ?e@e%rgég?%od;ment the

systermi ftbidYed h@ w@ﬂk!)i@@ﬂee@érﬁéﬁ riseembhs edtifiguretl to carry the

pol i shing pad positionable under the workpiece
migsefeiatureawetpigoe, fao plusality sefi n@zoﬂl@ctﬁ%mrﬁr@med by the

wiREHRE e ok o0 rrEHEE R g g e

carfeE r@éé@ﬁblgpﬁirahiqrsﬁmgpltﬁd hﬂcmll‘@tm;r kwompEmaaral mol for
assenbl y,

pi ezoel ectric g%) } ol | %
d%iaamrmwatsﬁaius ebkhe eharagtaristis (of #ie migro %’ﬂgv Work P'ec and a
b t '
SRR Sy, 48, B! USRI gerl, o
plé’ad)elehﬂringné}miew;str{eomlfﬂhn’@ pade abdi theatoot hélteet controller can

cross-sectional view o tem 100.fo lis

haeos GBRUIPRTeRsIAs B S gng, Mauheions i, péaf dhe of
th@%@- ﬁtlorﬁgdltn'é ddwention. The system 100 includes

a mac

Ine 110 (a portion of which is shown), a
B contPolidhing $@stefmshown schematl cally) operably coupl ed

to the CWP.machipe 110, |
(ShHBUE ot SENPPRTCrBRSsRg Tl Y b % pedtem 100 for
pcﬂ%ﬂiﬁgob | Ricrdfeftu ré r@vdrhﬁleéé %ﬁﬂnlﬁ&:orﬂéﬁcéf&ﬁmod)r&g gntbedliment

eterm nes the thickness of filn(s) on th
ofuibelkipvertion 1Phe syatem ABP ingdudes & €M mashiste ﬂh‘é (a portion of

B0 56 4 PG 6 LR ehe b bR i to
théOG‘I\‘IFNmbbﬁin@MﬂOH@hdnS mb!r@lc@yr tcft:g pm I(shd)wg srfhdmaatlcally)
wor kpi ece 112. 0017] In the e

opgrghlvecaupledhto therconitaliend BQldmth@ wa@e%ﬂ 1§0pthﬁ miptrelagy tool
1 'tg)n %éﬁ%lﬁgg thé" thickneds MY (s) 3% e WdrREieB 3 £ oF 2hother

characteristic of the workpiece 112. The metrology tool 170 transmits the
data to the controller 160, which uses the data to control the CMP machine

110 during polishing of the workpiece 112.

In the embodiment shown in Figure 2, the CMP machine 110 includes
a platen 120, a workpiece carrier assembly 130 over the platen 120, and a
planarizing pad 140 coupled to the platen 120. The workpiece carrier
assembly 130 can be coupled to an actuator assembly 131 (shown
schematically) to move the workpiece 112 across a planarizing surface 142 of
the planarizing pad 140. In the illustrated embodiment, the workpiece carrier
assembly 130 includes a head 132 having a support member 134 and a
retaining ring 136 coupled to the support member 134. The support member

5.0
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pl anarizing pad 140 coupled to the platen 120. The
wor kpi ece carrier assenbly 130 can be coupled to an
actuator assenbly 131 (shown schematically) to nove
t he workpi ece 112 across a planarizing surface 142 of
the planarizing pad 140. In the illustrated

d h k nbl 30
194 Ba0 ecar anpilar DuSRa A At HEpeF PlatenBUbletds the gciyator
aéﬁn%lg'm riTRE r@énm@um%%goeﬁt@ﬁd WRAMHd tr{%@ﬁﬁor@%mber

The support nenber - can an annul ar
13basd mgo;ls;ata towasdh the porkpiees ¢ 1 ?.(heﬂxma battarh eimnof thet support

asse : e retaining ring ext ends aroun
ﬂﬁ,’ n’ﬁl 131. Th i ni [ 136 d d
S‘éort menber 134 and projects toward the

wor Kpi cﬂ?@aéﬁé’cthﬂ"tﬁiﬂ emBedihidAt! thd \Qbrﬂpﬁ&e%ﬁ}ﬂéf Iassembiy 130
menber 134. 0181 In one asp ect of this enbodi nent

inclydesoa m%@@rcaﬂm iBr tf@s@@ﬁﬁl §32.@nd ianpluralily of plezaslectric

ik 1503 R edficiPetafl s fSnied 'y Me CAGRBEL TFA e s

scaasm@métmcrdﬁsgs&cmoaal hiewa takéheralbscarﬁraq?%lﬁﬁgtur@w-A of
vi ew_t aken substantlallﬁalon line A-A o ure 2
Figdice Pr | Rgferaingi igurigsres gnand 3,iiR thadllystraied reemléqdlment the

I
PIEERILLIE el A0S SHEEY CHERIRANE e ghamber
16k afpt exampﬂe ra firgli ;ﬁemﬂle@mg Sme?hebGBOém ms:uafr ?lameter
ure at le | hat e

outer di a appro
D‘egﬁaur% %emapé oxBRlEly @dliahdo %mﬁﬁ'&r ét@metsr of the
h%%?&é}dfl 4 %ZQ@%O%EJ( ;'Snbﬁoé%ﬂfn‘ﬁrméﬁ%r'ﬁ%b%soéﬁ Sﬁte‘? @élﬁét‘é’r D2
(Figure 3 I"'east approxi nmately equal
(FlgtmerS)dlaar‘reasirapprdxh'eaﬂaly squapite zbel merlcbamretebreof the first

150 and a thir |ezoel tr G 150c¢ .ha
pigeadectfif dndmioer bR er 8 1810 iepdalasir JBPE ety has an
heg.i a 0
OLREH Blarter s (Figlre &) 28D I SistoaphiRiniarhlequal fo the inner
digmetascdiciber secomdnpiezeelesticomemizersiiliiad I pitrar embmilments

b it saPhneRy d S PeratttE aPe B e Bl nror

exaimisie, easRéediatieteND, of ti5d s@tRiPgleeélkechiceRder 150B.can
In additional enbodinents, such as those descri bed

beplassvihant her isner sirnaetes offthguirst pigxogiastiimember 150a. In
adﬂ'ltg%%lf'e?g% q;&%&&@ TRYtH38Y% eyl drioRbChEIoW #fiSreference to
Figures 4A and 4B, the plezéelectric members may have different shapes
and/or configurations.

Referring to Figure 2, in the illustrated embodiment, the piezoelectric
members 150 have an outer wall 152 (identified individually as 152a-c), an
inner wall 153 (identified individually as 153a-b) opposite the outer wall 152,
an upper wall 154 (identified individually as 154a-c), and a lower wall 155
(identified individually as 155a-c) opposite the upper wall 154. The head 132
has a surface 115 that abuts the upper wall 154 of the piezoelectric members
160. Accordingly, when the piezoelectric members 150 are energized, the
members 150 expand downwardly away from the surface 115 in the direction

D. The expansion of the piezoelectric members 150 exerts a force against
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[0019] Referring to Figure 2, in the illustrated
enbodi nent, the piezoelectric nenbers 150 have an
outer wall 152 (identified individually as 152a-c), an
inner wall 153 (identified individually as 153a-Db)
opposite the outer wall 152, an upper wall 154

theaOTRplagen 141 50" XTI R Tigucee 20 e, Pikzoalatne Fiamber
150330?5‘ e\‘\@?d;zétﬁ"&nd@ﬁer‘f@%dfé'r@g F hafairtst Sl (petipfetéd PediBatof the

abuts the upper wall 154 of the "piezoelectric nmenbers
wdrkpiecactt2.di lngaqq:tum rembedipienta clhecpiezeelpeirisememirys 150

are enerqgi zed, the nenber 50 expand downwardly away
%%Wpﬁ@q%qff%%gqqu '?%'VFHéuﬁi rection D. The

expartsd Workdictd Q;aﬁh@r@@ée@ﬁlﬁlﬁl BORIAMRI IndlbBesxectmtraller 180
force against -6-0 the workpiece 112. For exanple, in

opargblweccwpl%éOfthaspfego@zJ@@l%menmtterﬁeTﬁ&b|t0 seigpdively energize

oIS O o5, FppAREISEL, A Rl v

copitiipfier MEBY Tant proviiezaeldlge ¢o nth&bprezoém*cncc anetmbers 150
ener gi zed toget her or | nd|

d ly.
thisiakp B celestsical @pua@ge%y U%Lq#m ?C%%«% ru?jé% can include
s ipad ecéﬁflsa(}e Qﬁﬁ&ﬁé& WPCfHéO éﬁ@zc;é?eéthé RiefARG5 €650 C The
nenbers 1 y en

to selective rgrze one or nore o
cdnt@llpr QBOedoeotmmglyrmnihelstthﬁosmm andpaaghitiecd bf/thet fosce F

oSty Sisl oS B, ps o
Vd&grré?l ah. dfe B?)%:rﬁbﬁ?ttﬁé%'ntr%ﬁé&ph% chpBineRdel A 10 E@ntroller

Wi res t at are attached to the piezoelectric
cmmabdrastel@@atld?neontroli&rr’tolrewlvawrtﬁe@aﬂghﬁ@ fyoraghe rcontoller

t d f.th
16y 1R By’ SRESHmaRE! bid Phnfudr aeLhig o, Bin, comynynicate
thAIUGHY dinddNdnfriRd, alkici@@qubfcPner otiadieinéds.t hia addttlonal
controller 180 can include an IC controller chip

and
erabedimanis.i tbe eontroller 6P qan ererate, therpiezrelestris gwamtsers 150

s Bf Bl it ool a0 T2 e Through

W I €The Iwﬁrkpieeé ca@@waésreamly‘mm canh firtter imetudeds. fléxible
addi ti onal enbodi nents, the contr(gller 160 c

mefsbes( B0 et §Hee%A beiaHambRi i and separgesig lpwer wall 154
of%tgh\%nwﬁgbfgcﬁré HBerd Ul Wﬁ’gpf‘?%fwb# feck8912[ 0G4kl | flexible

piece carrier asse further inclu
membleeXidd ean brendikronkdOr ahﬂtotbercsmtaiﬂ;e nhaterbbthad prafests the
pleagodeigtg g Irr%te(ren etrg e1 éé) Vﬁt}rin\galplolighﬁﬁg and prevents the planarizing
solution 42 (Figure 1) from entering the chamber 114. In other embodiments,
the head 132 can include additional membranes between the piezoelectric
members 150 and the workpiece 112.

The metrology tool 170 measures the status of a characteristic of the
workpiece 112 before polishing so the data can be used fo provide a planar
surface on the workpiece 112 during polishing. For example, the metrology
tool 170 can measure the thickness of a layer of the workpiece 112 at several
sites. After determining the status of the characteristic of the workpiece 112,

the metrology tool 170 provides the data to the controller 160. The controlier
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of the piezoelectric nmenbers 150 fromthe workpi ece
112. The flexible nenber 190 can be silicone or any
other suitable material that protects the

pi ezoel ectric nmenbers 150 during polishing and
prevents the planarizing solution 42 (Figure 1) from

tering the chapber 114. In o enbodi nent s,
nggaan bsran autometedqerosgas crpfal efrﬁéﬁ%) HarR e, ?‘?ﬁek@hc‘%m@"'”g

B EASIEL I, MATS P Rikeiy e SHROMBE HBR do€ the pata o

dethanimet &re grasdiont ande strengthpioédbe 1ﬂﬁc¢mfreqmrqgﬁ>ltos pravide a

ogTerelicrEBRE shidtes Sndna arke RS ien rhy oRbitie. Bl Betroloay

tobh@?ﬁﬁiét@r’nﬂﬁés th&oh Eé]é} &taé‘ d@?ﬁ%iéﬁrédi@n to‘f“tﬁlé Qﬁfrﬁpi%f:eaﬁz
| ayer of the workpiece 112 at several

haﬁeaegrmatern@qumsstfaamatoa Q&téercmmmrthetworhpieqmém the

coBt 385 el I T WAl B 1988 o e
fofidt Foggdifistatie0 mét@ri@@ﬂﬁﬁoﬁﬂﬁé warkgiecé ha uéiﬁﬁg tpfishing.
data in controllin t he polishing cycle.

Thegmatralegy tqpl 1t7ﬁecafb Hetesming thesptagas of the Ph%faﬁm@t*pd)efme
arﬂﬁ&eéﬂérnﬁ Srkﬁ?eqd {5 l@gﬂaélli«%cffﬁg l'Pe \%rlzpt@ct% Qhfrier assembly
requited to e a genera anar Feurt ace COR T RE

13mr k@lﬂablellﬁwdésr nmhad@l metrbfogyheodn‘et mdrm@ctuteizblbylﬂbva
determ pes that a er at a perineter region of
Mgaswincetstruments, 44d agfglsé%ﬁ' &n£ﬂﬁh@k SHkar ¢Rvices. Ip add't'°"a|

erﬁ@%ﬁﬁerﬁ@gcbeﬁ &hel ﬂ% éﬁ?ﬁl cah be usa n%c{ SH |ne the

can €energi ze t rst ezoe ectric nme
statm:se)fesrd:hatraetensm ce F agai nst t he per| mster reg| on of

t he mork i ece n ol.i shin g

{ oo IR bEBLaSsert: of s Bt he mafology 87470 also
d&éﬁ\ﬁlﬂé& ei’HeS tét&tugef)f’ tRe %HQI‘a‘Eﬂieri%fttbe bf tt‘h@ erﬁbéé e—; 13 2after

is attached to the workpiece carrier asse

padighingbl Meawﬂngemeu statusdef tl'l@tol“x@rmgszrlstm&errmiéhm alloyes the
coipDBY 0 B2 P, O Mol ool et s

thé Qfdsireat Sieitud. h%ﬂ@kémbwythboéémrd]l%ﬁ 180 ¢aaddétermine if the
determine the status of a characteristic. [0023 In

susfaee s@fpther werkpiees @%@dsuﬁﬁtenﬂw@aﬁalt eorEyyif o dayer 7f the

wtkBRee Ut RS Wby Btk Mo RAARSHGhE Fhtus o
the ichtirsctestichafterhmlishingr alliwscthef d:cmtrcﬂlei' i18Ditodradk theswear of

t he
the retaining ring 136, the planarizing pad 140, a conditioning stone (not

shown), and/or other components of the CMP machine 110. For example,
the controller 160 can track the wear of the CMP machine 110 by determining
the difference between a projected status of the characteristic and the
determined status of the characteristic of a workpiece at the end of the
polishing cycle. The wear of the CMP machine 110 affects the polishing of
the workpiece and consequently there can be a difference between the
projected and determined statuses of the characteristic of the workpiece at

the end of the polishing cycle. Accordingly, tracking the difference between



[0024]

[0025]

[0026]

controller 160 to determine if the post-polishing
status of the characteristic is the desired status.
For exanple, the controller 160 can determne if the
surface of the workpiece 112 is sufficiently planar
and/or if a layer of the workpiece 112 has a desired
thlc over surln t he sta s of . the

they PIPIRATSS ol et bEd SRR Rdeb eneS chvRkpiehss pllpws the

cérﬁFblremboquaeEéHuM@%a@ﬁn tHé"@MIfh?ddhimQHG ng 136, the
planari zi ng a condi tioning stone (not

showhhe caambrpﬁer aaeaeqancad;pshthﬂ polighing pacapetarghinguding the

2 B “WReS ielitinS 1 3ub s Bl o Peyifese. Thgsdon  the

diffefdrityee pefvdst mgar@je@feu etdtad aicaths defteriied status of the
characteristic and the determ ned status of the

charaetegistic of the poeviauswoatkpieee taiconmensage Hr weaar in the CMP
m@l?b@%?‘ls g Xg'lo %tﬁﬁsgwgﬁf e?%mb[be lf@ﬁ)e f%hl?ﬁg thtQhickness of

a ctaya&m@mdrkpmbeﬁg geeatebéhan thd bﬁrjed:teé tb&:kmesm thieecontroller
and determ ed statuses of th

te
g‘JFégt%‘ﬂPg‘t itee ofPRIIRE \(Braes: ethe shwelk ﬁ'@%n&r optheRepolishing
p%%*é‘@*s% e, HF Shtefal Jombidlf Fohd shiteqiortieitieces.
Incadditiana ee‘mbsdmfentmrthal systen all0ommytritd inclodé raoimednolalfOtoo]

11 AN g GoNTBI 160 Bap aciustad St Be:narantelers: fycliting the
gbsﬁlu%'duﬂiré& thesedPOpbh &h ERpESRd ¥BARK BPhé hBfacteristic of the

sequent wor kpi eces, based on the difference
workpigaen1 e Ipotercansbodiments, thedsystem déileean instlids atsensor
of t

gl 1t PR o7 e Winsb@Re S fiach il GRIenn suon

eﬁlbéﬁi@rﬁéﬂs Fahe exentpbifer Hboalchar d@lillstsfhd‘q:dliéﬁlﬁdﬂlpéfaﬁ@%rs
a layer of a workpiece is greater than th

mpludjngcﬁiw amiliednfyses.t Rasedndp@l Ithe Mpsdotash péanamy of the

w%&@e%%pl'ed forces, the dwell tine, or other polishing
Ki%ters to increase the material removed from

Csubs@thet Conflgukdtiorsesf . PietdeleddctMembersenbodi ment s, t he
system 100 may not _include a netrol ogI ool 170 agnd
t he c‘SHEGrSoI%ra”%GBcé‘ﬁea%ﬁh%ﬂati%éOBoPﬁ@ Ay views o several

cMigBrRIdHsS of L ' ?@Eagfee ict riﬁerg%@?é iBf {198 Chith n Qtﬁﬁgﬁeég’oéhrrier

an-expecte atus of the aracterlstlc
assenhtpleeaa aktarddneeovitte additiondi Bmhlosi;mems dyﬂaeenverﬁm)n For

ex(:ﬁgr?;pgls,n g udeu{% d@,ﬁ;ﬁﬁﬁﬁpﬁp‘t&ﬁéf tapc%la anar| ﬁgctrlc ntxembers

250 arranged generally concentrically in a plurality of rings 251 (identified

individually as 251a-d). Each ring 251 is divided into generally equally sized
piezoelectric members 250. In other embodiments, the piezoelectric
members 250 can be arranged differently. For example, each piezoelectric
member can be spaced apart from the other piezoelectric members.

Figure 4B is a schematic top planform view of a plurality of
piezoelectric members 350 in accordance with another embodiment of the
invention. The piezoelectric members 350 are arranged in a grid with a
plurality of rows Ri-Ryp and a plurality of columns C4-Cp. In the illustrated

-g_o



[0027]

[0028]

enbodi nents, the controller 160 can adjust the
pol i shing paraneters, including the applied forces,
based upon the nonitored planarity of the workpiece.
C. O her Configurations of Piezoelectric Menbers
[00251 Flgures 4A and 4B are schenatlc top planform
V|e ever al urat| | el gctric
badnd He HeZoniech Tt s S moxtrte s Brmerueternave
adepRIdigne %oWe%BoﬁGﬁﬂbttb Qﬁ@ Eu ﬁlé*ﬁﬂ@' JTRAE ThAMBER9 14 (Figure 2) in
invention. For example, ure 4A illustrates a
thel woekpiege oarrmrcamemmy éﬁ@eﬂ rei 2). nimladdélonalsemboduments

] e 01 SR sb el b ate "aBoBalally iheRiare the

rdsbnﬁ:oa51 Irﬁ @thér d&Abbainterasnenal uez@ale@kﬁcy rAbA®@rs can be
pi ezoel ectric nmenbers 250. I'n other enbodinents, the

apapgestincether eonfigiifations, 5ch @srintsaiagrania gedn a single circle.

e T e

isnteeteility tb bt highty losatiEed forees abemworkpiéep irpleyponsanto a
view of a plurality of piezoelectric_nmenbers 350

précaaienmingd shamcianisting! BRoWarRRe. ofot'%é"Qth}%‘FﬁllZ@a force
gt SRR 57 QP JoeEss @ IReBlsfarRly 8R ooty Hhiouce a

umifdruﬂylsplaiﬂar@.ﬁfaclenom tilee |Wdrhpiecet elulorecsfe@ thebeyteentan also

adjlst Beramping arces S17 pelshing PaRRFIpan APHRLTJoF Hear of the
CP Vrﬁéb‘ﬁlﬁe"f AH&h‘éPaé%tédé" &fF i Hé”ﬂu@t}asbﬂ mfo'ﬂ?plece carrier

wor K prece carrier asse Fi gure 2
aaﬁdmbhesnalthahlbmdlarerﬁlmplertthansaxzsélngfssebejhs and consequently,

|ezoe ric nber an decrea e to |ncrea
BB SoRGHMS ¢ BRI AHAB L0 ¢ (R, Iab) ieire ¢ areater

. can be arranged in ot her conflguratlons such
as In quadrants or in a single circle. [0027] One
adv dnfoay theforegeingolitivglhibegnrpreciatad trat specificlambediments of

EREHRF e, ber A8aBtad hiedif (@RBnpogb T dr iusEfon I ot

vathhasapicdificitioas ohaly hise Waadei witlkoutTHewating from| ®eakpiriedand
force control enables the CVP process to caonsjistently

scope elclberinventipnsr Hacerdingly. dhefiyertipnis et dimitad @B @6 by

Mor eover, the system can al so adjust
th%ngﬁﬁg |e§£§%fces and polishing paraneters to account

for wear of the
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CWP machi ne. Anot her advantage of the illustrated

wor kpi ece carrier assenblies is that they are sinpler
t han existing systens and, consequently, reduce
downti me for mai ntenance and/or repair and create
greater throughput. [0028] Fromthe foregoing, it

m II be appreciated that specific enbodi nents of the
C i on have been descri bed herein for purposes of

illustration, but that various nodifications nmay be
made w t hout deviating fromthe spirit and scope of

the invention. Accordingly, the invention is not

limted except as by the appended clains. -10-0

CLAI'VS: A. mthmi Hotl minshmgl ias Imigpleatvre rwedkaianee having a

cteristic, the nethod
Cf@éﬂégﬂgﬁ"héh gpﬁlthpg‘rsﬁﬂgh rst status of the
Charc%téﬁﬁulnﬁtg @ firstt Bt wfofrRAlchaRactavisticp bf dRe S ierbfdzture
fromthe polishing cycle; noving at |east one of a

carrier HeRKpiRGE S@P@F%Iﬁaffqrﬂlﬂﬁ@ pRbshipgcyeleati ve to the
gthgfrgg?i%%rt Iéjaestt% éqgatlng? h% 58 3had %Hén?iﬁgtrﬂg? Hm relative

isticC h m Crofeature
carrier Hodde @ﬂﬁewaftw detemhiningl ﬂwte;fursn‘stdmsvofrtgemha’mtenstnc

appl yi ng pressure against a back side of .th

mi cr of eatfr @wwmf%ewrenwor@%sm Farigr jﬁa@r CRRYio @
first st istic by controlling at

| east ongﬁlHr%“wh ﬁ&}ﬁﬁé;ﬁ—[ﬁﬁ%% drivi ng nenbers;

det eapplying@pressre aagalnslt at beckoside loé thun enicrofeatiss workpliece in
the mcrofeature ece ressure. ..
hoai nst | TReboneS R SRlSTne pret S0k of el S Rgteristc by
differ encc%n%w@e& léaéi%ﬂermhétpﬂﬁaﬁtmdmm@ FREs;
status of the Characteristic of the mcrofeature

wor kistemrining desemonidnetatuseaf then characteristicorfethsf migrefeature
pl anari zi ng, medi u the Fgarrl er_head,

Sondi t | o GTPEESArtelnaRRIRT A Bfsrire 39ahet the Jmigralgature
t he back woigicek; bh¢ M crofeature

tracking the difference between a desired status and the second status
of the characteristic of the microfeature workpiece o determine
wear in at least one of the planarizing medium, the carrier head,
or a conditioning stone;

wherein applying pressure against the back side of the microfeature
workpiece comprises controlling at least one of the plurality of
driving members based on a predetermined wear of at least one
of the carrier head, the planarizing medium, or the conditioning

stone.
2. The method of claim 1 wherein determining the first status of the

characteristic comprises determining a surface contour of the microfeature

workpiece.
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wor kpi ece conprises controlling at | east one of the
plurality of driving nenbers based on a predeterm ned
wear of at |east one of the carrier head, the

pl anarizi ng medium or the conditioning stone. 2. The
met hod of claim1 wherein determining the first status

of the aracteri stic.cq i ses determning.a, surfac
contur ol e REthpd PEPBIE o Wheikis eEfactuing 11 s ey S tne
cHErhORASHE  ebRipfisds WarRiéthiiniAgt &f MHitkHesEh&ff id SlaysF abfiSthe
of the characteristic conprises determning a

midipfgiatre warkpigceayer of the i crof eature workpi ece.

4. The nmethod of claim 1l wherein determning the first
status of the <characteristic conprises determning

t he gt at uph@méthéd éh%ﬁﬁt1%héﬁéir?déiérﬁlirﬂn B fifdht Qfhtus of the
tool. 5. The nethod of claim1l wherein the

cheraeleristic woapiser pieieaminingihe séalug ofi ther characteristic with a

rkpi , and wherein the nethod further conprises:
m%@?@%ﬁﬁ&hg a first status of the characteristic of a

second m crofeature workpiece, the second

m cr of eature wor kpi ece being different than the first
m crof eat Uree methegi ef elairbvii hesein thes tmisrafeature hworkpiece

ler he I ARy ' relal
ocfiatast o 3 (P e AP RBIERE i Bt e et further
comigvisest eri stic of the second m crofeature workpiece;
and appl yi ng pressure agfai nst a back side of the

secdilemiprgr a drstrdatuggy KB? ébérwe'?féi‘a’tqf@ ﬁewcbmicpreﬁe@tture
f ot i g y

Lo the doreiRplece; thd ool HidherealitELRbRpichd BERRY Aferent

of the sdhandhafistolieatfestarevaokipiesse and t he

di fference between a desired statys and the determ ne
sgcdﬂav'”gt%}t 'G@Stof’“fh'-g 'E‘ﬁa?%{éf%heﬁi%"(g?h? harzg medium
m cr of eatyyy vwokmee%eﬁaﬁzhedé@ﬁﬁﬁmgoihélfﬁm-.tlatus of the
wher ei n applyi ng pressure agai nst the
characteristic of the second microfeature workpiece; and
applying pressure against a back side of the second microfeature
workpiece by controlling at least one of the plurality of driving
members in response to the determined first status of the
characteristic of the second microfeature workpiece and the
difference between a desired status and the determined second

status of the characteristic of the first microfeature workpiece.

6. The method of claim 1 wherein applying pressure against the
microfeature workpiece comprises applying pressure against the workpiece to

provide a desired status of the characteristic of the workpiece.
7. The method of claim 1 wherein:
determining the first status of the characteristic comprises determining

the status of the characteristic in a first region; and
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m cr of eat ure wor kpi ece conpri ses applying pressure
agai nst the workpiece to provide a desired status of
the characteristic of the workpiece. 7. The nmethod of
claiml wherein: determning the first status of the
characteristic conprises determining the status of

the characteristic in.a fipst reqgeon, a - .
appl%ﬂﬂ%ﬂn%r BESHE a@%ﬁ'ﬂ%tt tb%e"ﬂ?’%&%‘&%ﬁ W%ﬂ(\i&?)eﬁ%pic&rzn rises
conpr i sesypphfiig Yiregsieeagaingt 494 sk tide bAdke smitofebiure
t he m'crofpeature wor kpi ece in the first region. 8.

The net howprspiesedn thelfikghEe@PR the plurality of driving
menbers are arranged concentrically, and wherein
appl yi ng pressure against the m crofeature workpiece

CONTY.i SesTHOMetifdd bhaladh 1 adeteifrthe Gluraly of driving members
concentrically arranged driving nenbers. 9. The nethod

aref agpaged 1cantanticalyhans wharery, appIviRg WIRESWEnBgRst the
. e opid
e8] Wichplecd ddilorigdd! eHRIGAIRGARR YieA PoRESHTe the

copeshfriehlly agranged dasinganembirs.he driving nenbers
arranged in the grid. 10. The nethod of claim1
wherein: determning the first status of the

CharqiCt ehid hitfHTBF bBAR. £ SerEhth8Plurdiy Bidiiie etfiblers

a thi'n area on't m cr of eat ure wor Kpl ecé;
aréppirdngedpries aurgridagahds twiereinb aapiplyingle pozsspré sagainst the

applying a first pressure at t thick atea of ,the ..
migrefeatusat wp@mﬁpm'ssﬁdcamf@@a%rﬂi Eﬁaéis%}ee oft phﬁhglrlvmg

mbMbRréhfanddd }mera “of eature workpi ece, wherein the
second pressure Is different than the first pressure.

11. The nmethod of claim 1l wherein applying pressure

agai nst the back, side c ri ses: arranging the at

I eas1.t0-one Wﬂ?@ ?r%eﬁﬁ'é‘?q;"‘}ﬁ)h%fefq'rst position to exert

a  fddistmiRl \érfﬁ'ﬁﬁ%t&sbff chaakichisfle cBmprides determining

m crofeature workpiece;, and noving the at '| east one

drivi ng rethibek afeacand aghiniarea opdbetmisrofeatuse workpiece; and

applying pressure against the back side comprises applying a first

pressure at the thick area of the microfeature workpiece and a
second pressure at the thin area of the microfeature workpiece,

wherein the second pressure is different than the first pressure.

11.  The method of claim 1 wherein applying pressure against the
back side comprises:
arranging the at least one driving member in a first position to exert a
first pressure against the back side of the microfeature
workpiece; and
moving the at least one driving member from the first position to a
second position to exert a second pressure against the back

side of the microfeature workpiece.
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second position to exert a second pressure against the
back side of the m crofeature workpiece. -13-0 12.
The nethod of claim 1 wherein the driving nmenbers
conprise a plurality of piezoelectric nmenbers, and
wherein controlling at |east one of the driving

menber s ri ses . energqgizjng at. | egast. one of the .

pi o2 b1 ect iy BERad QL LWhetola thiE By fpembr, gomerise a
pl0tAitP b Ble2bBlcvRickRichfforh adhd WhdréidLoPirollitigh 4t 18ast one of the

predeterm ned status of a characteristic, the nethod

drivingrmembgrs enprigesatenesgizingomé leasta ongr of dhenhpiggoglegtric
a planarizing nediumrelative to the other, the
"®r head carrying a plurality of piezoelectric
menbers; and providing a desired status of the
characteristic in the region of the mcrofeature

wor kp3-ec oA imetbadrafipaliahingta mierefeaiuee werkpircephaiing @t fpgion

wip 2EA8E ik SRl PraRsBe o B RIS,
a baglsvinigtft |edstione offd cavice dtad andod sRinacizingwhediannrelative
the predeterm ned status of the characteristi

; 1S .
obt ai ned todparaiber. the gafries hrad eArYigo aelpahtmﬁpls?ﬁe'ecmc
providi ng the desired status of the characteristic
conprises energizing at |east one of the plurality of
pi ezprelvieiig iac desindrd rstatubasfe theo charguteristiceinnthec degiearof the

of at |least one of the carrier head, the planarjzi .
medi um  JRICIOREIHIBMAKPIeGe BYCRRerdTINg atgastane,el the pldrality
claim 13 j j [ j ; i

chor o » (e ASLE ESRAPS SRR AR rbaE i of
pi ezoel echei charaategistic toomert seforae fagainstpa dwaskl siderofcthe

nmber, o int .meth furt i. :
Gotorm i iraleehie nofbidta, "Vheteh BE! nerBiBSEE staws of
regi on Ofthb%aréf%téﬁétfcﬂétdﬁﬁné@rsbﬁbﬁté ,frotrﬂﬂﬂw_esﬁﬁuygﬂwdg cycle;

region being different than the first region; .

pr owhbienedn prerddingethesdasited statuneofctier abamactertstie ¢amprises

the Seconéjnérsgin%qato Ifeast one of the plurality of piezoelectric members
based on a predetermined wear of at least one of the carrier

head, the planarizing medium, or a conditioning stone.

14. The method of claim 13 wherein the region comprises a first
region, wherein the at least one of the plurality of piezoelectric members
comprises a first piezoelectric member, and wherein the method further
comprises:

determining a status of the characteristic of a second region of the

microfeature workpiece, the second region being different than
the first regicn; and

providing a desired status of the characteristic in the second region of

the microfeature workpiece by energizing a second piezoelectric

member based on the determined status of the characteristic of
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the m crofeature workpi ece by energizing a second

pi ezoel ectric nenber based on the determ ned status
of the characteristic of -14-0 the second region, the
second pi ezoel ectric nmenber being different than the
first piezoelectric nmenber. 15. The nethod of claim13

o' anged Benaered abidh. Bies <SRRG WegoalfEl,ariber being

desired giffakdHt tRan iH@fir%hPfe%@b%irﬁiﬂn@n%i‘p” Ses
energi zing at | east one of the concentrically

arranged pi ezoel ectric nenbers. 16. The net hod of

renbl s alds drPRgen PR b3 St 1 GrupivLpCplezortporric
mieftbesie sareedriahgéd Sodtfoentriallghanac lbieraih! Browiing | e Sdesired

energi zing at least one of the piezoelectric nenbers
statusa®fethe ncharacigristic ggmpriges nengrgizing all deastione of the

i roviding.: j tus of the
C%@%ﬁ@c‘{@ iagriétlngeg g’ﬁ%&%‘g‘gﬁé ﬁ%ﬁ%@ng the at | east one
pi ezoel ectric nmenber in a first position to exert a
first force against the back side of the m crofeature

wor k*rﬁ-eceTh%ﬁuew?Qi elgclaire hd whersin Sir pluraliyerlepiazpelectric
RS o4 el i 2 MR e R R B85 s of

thel chabetdristic vomisrses eenckfizing ktleast fome O thehprgoslectric
plurality of mcrofeature workpieces, conprising:
maesrarRged i thesgridt at us of a characteristic of a
first mcrofeature workpiece separate fromthe
polishing cycle; noving at | east one of a carrier head
and ¥.pl artes nsthod wédlainm 13 Wwhicreia providiniethet desiredt status of
carrier head having a plurality of driving nenbers;

the Sharantenisiy RMPESES one of the plurality of driving
PF???F%QEI?QO ?Igrglta\(u rltgé’év\tne(?tﬁ‘(é‘pipgecz@%‘?écﬂﬁé nReRBEK ir? ladfrsPhoki®n to
exert a first force against the back side of the microfeature
workpiece; and
moving the at least one piezoelectric member from the first position to
a second position to exert a second force against the back side

of the microfeature workpiece.

18. A method for polishing a plurality of microfeature workpieces,
comprising:
determining a first status of a characteristic of a first microfeature
-~ workpiece separate from the polishing cycle;

moving at least one of a carrier head and a planarizing medium relative
to the other, the carrier head having a piurality of driving
members;

controlling at least one of the plurality of driving members to apply

pressure against a back side of the first microfeature workpiece
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-15-0 in response to the determ ned first status of
the characteristic of the first mcrofeature
wor kpi ece; determ ning a second status of the
characteristic of the first mcrofeature workpiece
after controlling at | east one of the plurality of

char act er adceopre o B Ren i ittt thdtagteristc of
separ at e fhedirst RecrBfiatsiei werkpilee, the second

m crof eature workpi ece being different than the first
i créeteaminirg wer Igsicend; stausngf atha ceharagiasisie ohethe first

oo RS Sl E00P i 5 6k ot e

of dri vi nguradityoef driving apphperspr essure agai nst a back
side of the second m crofeature workpiece in response

to tYRiCHBINNGANWE Slatds of sapharagtentstie of chapaei® misiofeature
of the seggAGkidHeLr QRhidl §r r%eg&mﬁt%le, the . second

di fference t ween desired statu he determ ne
second sinarofeatdret hevock@ieaet ebeingi cdiffererte tharst the first

m crof eat ure e/vork [ ec?. and tracking the difference
bet ween &S CHAKPISSENd the determined second

st alpgviply RSP IMCELHS LaRidRThddiPahdi 'Rk ﬂhg?@%iﬁgtddé&um

wor kpi ecé to determ ne wear 1 n at |east one

pl anari zinetptivedditbenothdre carrier head, or a

condititorlwlimrbg1 ftlon ; Wwherein control i .at | east one
SRR ¢

of TR §2%ton i4Jihg ALY O Y™Ving, IgMBPES &, APPlY

agai nst threshaek ayaiistoh bhekSsidendf My Aedhd! fhicrofeature
wor kpi ece conprises operating at | east one of the

pl ural i t ywerkpiepei n Hgspenisete thes datesmined fisslestatus efdthe
e ! gL e, B, SOERE leHE, ffiecs, and e
The net haflffefenceaiatwé8nehéesirat et anhd ithg deteenfingdssecond
and status of the characteristic of the first microfeature workpiece;
and
tracking the difference between a desired status and the determined
second status of the characteristic of the first microfeature
workpiece to determine wear in at least one of the planarizing
medium, the carrier head, or a conditioning stone;
wherein controlling at least one of the plurality of driving members to
apply pressure against the back side of the second microfeature
workpiece comprises operating at least one of the plurality of
driving members based on a predetermined wear of at least one
of the carrier head, the planarizing medium, or the conditioning

stone.

19. The method of claim 18 wherein determining the first and
second statuses of the characteristic of the first microfeature workpiece

comprise determining a surface contour of the first microfeature workpiece.
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second statuses of the characteristic of the first

m cr of eat ure wor kpi ece conprise determ ning a surface
contour of the first mcrofeature workpiece. -16-0 20.
The nmethod of claim 18 wherein determning the first
and second statuses of the characteristic of the

hi ceesar e Retioph SToeBIme T8 WEETaR cieiPaBIRG the fist and
sé’@frﬂ@phsﬁﬁﬁsesz%f ﬂﬁ'éecHEHlﬂ’&lsﬂfc oF ahd 4%t iR Sie Eturﬁ workpiece

determning the first and second statuses o
cqinprise t dgtepniningfat thicknasst offi ar tfyeat of dheofiksii ederofeature
W§ﬁ(§pé(§|‘?se determining the first and second statuses of

aracteristic with a netrology tool. 22. The

met hod of claim 18 wherein the plurality of driving

menbers are arranged concentrically, and wherein

cont4bl | i the anethsssof oslainaf 18 h&hel}ellrurctﬂtetmmo'fg diné Viins and

t
ARG PRt dhel BF el BaRATAR bLahe IFt rbicRRgtute vesgtece
copngrigyf déteempling tHd finst Bhd GeBEARAAIGSES ¥f the! dtfa&tristic with a
drivin rrerrbers 23. A nmethod for polishing a

meirelogy de@lur e wor kpi ece having a characteristic, the
nmet hod conprising: determining a first status of the
characteristic of the mcrofeature workpiece separate

f r org2. he Thal ingthictoraing 1 8anhéred the Slurdlivy afdﬁwingﬁnembers
driving menbers in a carrier head based on th

I8 REARGeR FORCRRITISAY. BRE Whereibt eontsalling afolﬂasb raney of the
piﬁr'&ﬁ bfiﬂﬁwhéym‘gfnb% %‘fé fag{h?y ﬁf’eégﬂl?e L%g% fri2k §RL Lffrﬁgn-\;]cdofetature

|ece urin Cy rearra

wdrkalebe sImep rigest d:mt;dllmgabt teasofonérof\/thegalummbs coasatrically
poni tored planarity of the surface of the

a"iﬂ”@PEJfCE'Mnﬂ@ eMR§Rpi ece during the polishing cycl e:
deternmining a second status of the characteristic of
the mcrofeature workpiece after rearrangi ng at | east
som23of theneithiodi fior potisiiagsa enicrofeature workpiece having a

characteristic, the method comprising:

determining a first status of the characteristic of the microfeature
workpiece separate from the polishing cycle;

arranging a plurality of driving members in a carrier head based on the
determined status of the characteristic;

monitoring the planarity of a surface of the microfeature workpiece
during the polishing cycle;

rearranging at least some of the piurality of driving members based on
the monitored planarity of the surface of the microfeature
workpiece during the polishing cycle;

determining a second status of the characteristic of the microfeature
workpiece after rearranging at least some of the driving
members; and

tracking the difference between a desired status and the second status
of the characteristic of the microfeature workpiece to determine
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tracking the difference between a desired status and

the second status of the characteristic of the

m crof eat ure workpi ece to deternmine -17-0 wear in at

| east one of a planarizing nmedium the carrier head,

or a conditioning stone; wherein rearranging at | east
sonme of the lur n copprises

os: t 1 oni Heabn PElstst oBrestor AT Kty R oM e FRGRR peac
nmenber s bgsgegoRditioningadeher m ned wear of at | east one

of the carrier head, the planarizing nedium or the
condwhemin nearangiag atdaeastrsemexafibe plaralityaphiigng members

ese o SHaPheL Bobbintle, 4 A 08 BRI By v
conpr i sesmeahibrgibaget o 4 iprrédetérmme@igweareob@r [elst éne of the
first position to exert a first force on th

wor kpi ececar“ﬁhhe@‘ééh?dﬂ%ﬁaf&"ﬂgwB"Qﬂi"-l'mr %th@é:,mtpnmg stone.
conprises noving the first driving nenber to a second
position to exert a second force on the workpiece,

the 24.r stTivoaidthod obelaire 28 Whergimt than the second
position. 25. The nethod of claim 23, wherejn:

pI urtﬁ'?l Rlyradty frdrMing MAARRE SO & firsf dyi IVl‘thmam rsng
g ) et VRS B3Ry P

pr essur e raentbes mvtarﬂrpi positioabn exed rar st forge thethd arkpigce;
menbers conprises positioning the first driving
menber t A¥ert a second pressure on the workpi ece,

L:‘gsrfghf%hgin%ﬁ%es \HriRing€ hitnBbrs! 86@pliséd doting Hechifs driving
‘member to a second position to exert a second force on the
workpiece, the first position being different than the second

position.

25.  The method of claim 23 wherein:

the plurality of driving members comprise a first driving member,

arranging the driving members comprises positioning the first driving
member to exert a first pressure on the workpiece; and

rearranging the driving members comprises positioning the first driving
member to exert a second pressure on the workpiece, the first

pressure being different than the second pressure.
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