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present invention relates to systens and net hods for
pol i shing mcrofeature workpieces. In particular, the
present invention relates to nechanical and/or

chem cal - mrechani cal polishing of mcrofeature
wor kpi eces with workpiece carrier assenblies that

i ncl ude piezoelectric nmenbers. BACKGROUND [00021
Mechani cal and chem cal - nechani cal pl anari zati on
processes (collectively, "CMP") renove material from
the surface of microfeature workpieces in

| eri
ot oGOYSTEMS AN MEEHOHS FOR MEGHARICARANIIQRR CHEMICAL-

e’ reMECRARIEA] POUSHTRE. G AICROFEATURE TioRAgE S

and a planarizing pad 40. The CWP machine 10 may al so
have an under-pad 25 between an upper surface 22 of
the platen 20 and a | ower surface of the planarizing

TedHMICAL KELRe assenbly 26 rotates the platen 20
(1 nla‘i cated by arrow F) and/or reciprocates the platen

20 back and forth (indicated by arrow G. Since the o
pl anafheiprgseald im@ntionatretatefe dot systemsu ainer methods for polishing
t he pl anari zi ad 40, npves with, the platen .
'HGF?fFéB?%PaWP&QE?%n. i%o@%r‘i'c?}gé' ctgreri%gsﬁ%tadné%t% iglates  to
ica" rhigalfiiethaical icroRSatil w8 ith
il ari clierhieappiceiiafcal BORMIT Bf figr el S fierkbleces wi
werkpigoesidriientssapalnlied/thabh heludenpiezoelectrsumemberg?2.  The
carrier head 30 nay be a weighted, free- floating
wafer carrier, or an actuator assenbly 36 may be

BACKERAUND t he carrier head 30 to i npart rotational
notion to the mcrofeature workpiece 12 (indicated by

Pl W%%Q]%ﬂgél%néf %@{@g—ﬁ%ﬁdﬁ%@g&g@%@%@ér@@é‘s‘ée@r(éollectively,
"BRIPYSPEINGVS IRdebial [fRS4iheTIsarfatanefr imicrojeatare Adorkpieces in the

pl anari zi ng sol ution 44 define a planarizi ng%_rredi um .
prbductinre pbmicraelegtraniy deviees and AL preghgls: crigkge 1 schematically

ifluesqlr)avtgg arrragtg}ryi 8'M achine 10 with a platen 20, a carrier head 30, and a
planarizing pad 40. The CMP machine 10 may also have an under-pad 25
between an upper surface 22 of the platen 20 and a lower surface of the
planarizing pad 40. A drive assembly 26 rotates 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).
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the surface of the mcrofeature workpiece 12. The
pl anari zi ng solution 44 nmay be a conventi onal

w@hio4hsseyy Wit h abrasive particles and chem cetBUS1084/012765

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

abrasive particles. In nost CVP applications,

abr asTiye psdnarilzirﬁﬁﬁadm amd asplepapaingi soleoradd defede arplanarizing
nonabr asi ve polishing pads, and cl ean nonabrasive .
reedivrm §rat ngehanicalyband/py shemigallyanechagicallysemeyes material from

the Stbiela b fuPRlealte Sonfiice 120 e RBHARNG i ion 24 may be
éé‘éﬁ\i/é‘r‘itidt?ﬁg@l\ﬁlﬂ SRIrfP SRR émgsw@r {i€es ahd Efsraidathat etch and/or

agal nst pl aharizi ng pa 40. More specifically,

dlidize gheisurfaceasf 186 mienefeaturg workpiess 12 eomthe plasariaing solution
wor kpi ece 12 agai nst the planarizing solution 44 on.a .

44 gy b ianFlaan t perakiasiye pl@w?ﬁnsﬁgﬂwtﬁwltﬁaﬂt aerasiygparticles.

th . . ' .
BBt PR bR BDLR, oo 8 5 s Y oY PartSat the oo or
riShddrgsitk GietisBiHg bads WanhH Ptiess richabrlsivegsintidng hethout abrasive
pl anarizing surface 42, the planarizing nmedi um

particies arewmsedicnl fixadsabrasyef palishitg pa@ds.wor kpi ece 12.

accur B BI435E8J0E & TRALE? MOROIBEAnz WHNARE.GMB, mesfine 10, the

P 458 4350 ool oty shans 0 farn

4mr Memgbecifivhity) thet earriar Headn80 ogeneraby péssdse the microfeature
wor kpi ece_is renmoved nore quickly ;‘an material from

workpiese 12egainglthe ¢lanmizing seldiony?4 19 aRipesrzing susface 42 of

h i f f i i ‘
BRI BT ARl 1S 18P0 moves to
tRt Gofidiecd! BHdRiandthile Prardrizleyruaiatel @2cesAsnthe microfeature

sel ected areas of the workpiece. These carrier heads, _
waorkpieze, 1Baubs sagainst! ther plavaciking suifacs A2pItbe plasarizing medium

retiavee eteral e e dech Pt e elRFES 12 1 orce at  the
peri I , :
fair {@%rcohggb%@gégg &@m%tgﬁﬁeg@b t ugéﬁe?}?nbt? (??%cet ﬁeunlformly

pibhar surfhe | orc ahé 2eoikpicdotonemabld preciserfabtieation of circuits and
wor kpi ece. Furthernore, conventional bladders are _
pfaterpatierns dAviarnEerp seEace can rapwlt fakexamRlevhen material from

re%ir%e oﬁi@%&%rk&fecy}g r%%%%ﬂ%@ Hﬁﬁcklyj ﬂwaarpmétéﬂgl’ from another
area during CMP processing. To compensate for the nonuniform removal 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
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-2 WD 2004/ 098829 PCT/ US2004/ 012765 with nultiple

bl adders form a conplex systemthat is subject to
wae@aiodsseant downtine for repair and/ or mai nt BCTEEHOSM®)4/012765

causi ng a concom tant reduction in throughput. BRIEF

DESCRI PTI ON OF THE DRAW NGS [0007] Figure 1 is a

schemati c cross-sectional side view of a portion of a

rotary planarizing nachine in accordance with the

withi fulfisle- bl2R8R fbirBuaec@mplexa systeaiathiat is subject to significant
cross-sectional view of a systemfor polishing a _ )

daowaotinfee &rurepaib rengierc 13inteasnee. d £ausing ehcepeomitant reduction in
enbodi ment of the invention. [0009] Figure 3 is a

theeHghelh ¢ cross-sectional view taken substantially
along line A-A of Figure 2. [0010] Figure 4Ais a

Bﬁiﬁ?"ﬂéﬁ?%@ﬁllﬁ’gld}{lw FHE Dh?wvmcés plurality of

€20 nmenber s arranged concentrically in
accordance with an additional enbodi nent of the
i nvefiguwe.1 i9alsghemalier erodB sestianalcsidentiew afop portion of a rotary

l anform view of a plurali t,éhof I.ezoel ectric nenbers
p&nealﬁgwnaﬁh@egma@cs)wa&@w' W@e‘gwrtq’ft-an addi ti onal
enbodi ment, of _t ' ' i
ver U1 (.2 e BB secBhAl blEH Rt poisning 2
m?ﬁbr@éiaré%rmééeemsadc@wm\anh oak erabediatent of the invention.
chem cal - nechani cal polishing of mcrofeature _ _
wor kFigre 3 isThéchematic Thoss-sfaliona yiaw tasnesdbstartialyeglong line

thr@? hout_to i nclude substrates in or on which
Amt Wet% oni ¢ devi ces, mi cro-nechanical devices,

dat af@@é%ﬁ@&%‘a‘emﬁ?ti@% piinfém el F &P pfir8lity of piezoelectric

f abr exanpl e, ature wor kpi eceS can

mieenbere rremyddctarcentrfoally in gcessiancbswittaar additional etmbdiment of
substrates, or many other types of substrates.
treuinveetidmre, the terns "planarization" and

"plapari zi ng" ' i | : _ _
anar Eiouré 4K I gg%%@%tw e P%@Z&r’ﬁgvgevp R Pt Gpiezoelectric
members arranged in a grid in accordance with an additional embodiment of the

invention.
DETAILED DESCRIPTION

A QOverview
The present invention is directed to methods and systems for mechanical

and/or 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 to provide a thorough understanding of certain
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[0014]

"polishing"). Several specific details of the
invention are set forth in the followng description
wW@eah4i098889 gures 2-4B to provide a thorough PCT/US2004/012765
under standi ng of certain -3 WD 2004/098829
PCT/ US2004/ 012765 enbodi nents of the invention. One
skilled in the art, however, wll| understand that the
present invention may have additional enbodi nents, or .
ehibdidiraehir of trbpdienton.s Ohe tshdledninetita art, maweber, will understand
practiced w thout several of the specific tmJleatu
thetpthe msasent inventien| mﬁynaau@sew'ﬁpn% en @Fntﬁneor that other

ofEReinefly & T HERILE e i REFRRc Byfad300etal 8F the speciti

G ADYIEAY Gn HABRiRITBESrBdh, the et hod

I ncl ude etermning a status of the characteristic of '
the Orer @spetuct ther kyieatien seplmeatead fto oan method for polishing a
pol i shing cycle and novin arrler head a

rrp@pf%atwﬁgwoﬂgae% BV Poea Eatsisiiticr In G ETIRGAImENt, the method

5480 AT B 0, B D g werkoice

sbparaté Froph e lpbﬁehmlgrd?f@leeéﬂd mMbeingad dagrierhieead @insifor a polishing
carries a pluralit i ezoel ectric nmenbers. The

pedtratadiveuot therOthﬁ[: tmm tm:'p mlvof@etpreemkme@@ @gayist ghe polishing

pog oe" cetBiminie Bp5etRits: 8f bl BTG [ g “Ficrofeature
V\fé@&gl?bél %@Eah‘?‘é}sﬁeéﬂ‘%l&f cbh%sobeﬁlgﬁélﬁ)ﬂdf';ﬁem@@th% members.

mnlngthe st at us of the characteristic can
Thec metieod efuether rincigdes sapplying poessone agaiast té dacasside of the

of a layer of the microfeatuyre rkpi ece, .and e .
rru@rsf%uay NOHPIRHRTASPPNSE 16 e ORI oeH Siatiingh Ut chazacteristic

o Eriefy 2Rt 3gst g o (i B EIecfip TRARBER, ° BRicHhiping the status

oPtd Ehidratferistie caprintlede fdeeeimuhlﬂgla“rlsudfabeilj@rhtber ofgnkidkness of a
of thi's enbodi nent, the status Is a first status and

latylee ofvtbel«puce@‘eatmea~¢rkpacem@ndpﬁh@c%tatuaqot e cagr@@&erlstrc can be
t he net furth d t

detSErieopip s maont el st s g i RS it op reenged in

a Wi ROACEAELR, SRR BHbMer PEREAYIPRARIASE néde 11 St

ure prece an etermnlngaflrst st at us

of t Ire anbttrercdspreick bf thisferabadiment] thecstatisatsuadirst status and the
wor kpi ece.  The second m crof eature workpi ece is
workpieeeris @ Hiist twerkpiecst i cihés eagpgek the method further includes

determining a second status of the characteristic of the first microfeature
workpiece after applying pressure against the first microfeature workpiece and
determining a first status of the characteristic of a second microfeature 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
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[0017]

wor kpi ece. The nethod further includes noving the

carrier head and/or the polishing pad relative to the
w@ndvedsew r ub t he second mi crof eat ure wor kpi eCBCT/US2004/012765

agai nst the polishing pad after determning the first

status of the characteristic of the second

m crof eat ure workpi ece. As the workpi ece rubs agai nst

the pad, pressure is applied against a back side of
determimed fitst atatusfafdhe roéwamtemtez:ef the semcgnmrn@eaiure workpiece

apfidhe fgieos e BEs 2o HAMSBGAR L I BeIRET UG REGPNd status of
tr{# Efﬁér}a fsig ot tpéﬁ?stmefd?é%t% % i géet he second

ure WOr KpI ece erence between a

desi pe@tisdrahispednst thee ireintioni isedirestedntd at systemofor polishing a
the characteristic of the first m crofeature

mmkqaturﬁewormeeq; hanmg@rcrm@aeusm im@nenemhepisrents the system

dl r‘%ﬂt ?@gjc?m&eﬁ Stgﬁ{ﬂ%ﬁég%’ % bli/ ﬁﬂgwegn cgg{:ﬁ?&%&{mcrofeature
t et o
B S8 S (SN, B PReape e bR e, Aoy 3T vorkotece carrie

a@éerhblyl byp@lfshmgapedlp&mtrormbﬁmmbdes thmmrlqdebs/ calréer assembly for

wor Kpi ece carrier assenbly pol i shi gg
Ppshing oifign MicTpferture w&or\hete@sl éoelamr ﬁt%rgg@ﬁ!sl @ plgtus of the

RS A<t e B EL R SE} DbckBEH, 456 2 At ctrgbly coupled to

tH8 \%ﬂé‘p‘?@ééléﬁrrﬁé?é%@ér%@/ treélgleeo@@am@membéwethé%nshmg pad, and
coupled to the workpi'ece carrier assenbl

the é«zolel ethe i conteatleer san thavepd |ogmmgerpe&a3/a@im meg@igm containing
ave a ut er .readabl e

|1
AL GHBRTATh gNe| 1A% BBV OB B ne of « he

abov g8t hods. B. Polishing Systens [ 0016]
BFl gu?‘e@h matic cross-sectional view of a

syst EigutéQ it @ sgremativ crgss-sectionalfvéew of @ systémi@Oefot p2lishing a
in accordance with one enmbodi nent. of the invention.
m@fegt@&eewpmmeqe]&ﬂaaégcaorgﬁpcwm e ﬁrmchamsat of B’H‘Z‘ invention.

c@ W?%%?egr S%W%ﬁﬁf 3,5?%&%@&%0%@ is shown),

céﬂt%lleram@) (%h'&%\ﬁrf atrgyaticel) éE@ra(bW@pré@h@nWe' CRIF ¥achine 110,

operably coupled to the contr ol In the system
anda, metrelogyttool b (ghosin mmm@mm nperaﬁh;ecclhplelzirteslse controller

f fil
180. Ir|1 thne( g))stem 100, the metrology tool 170 determines the thickness of film(s)

on the workpiece 112 or another 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
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[0018]

[0018]

on the workpi ece 112 or another characteristic of the

wor kpi ece 112. The netrology tool 170 transmits the
wa@l210a/098324 he controll er 160, which uses the dap@r/us2004/012765

control the CMP nmachine 110 during polishing of the

wor kpi ece 112. [0017] In the enbodi nent shown in

Figure 2, the CWP nmachine 110 includes a platen 120,

a workpiece carrier assenbly 130 over the platen 120,

fbdr 1RBsaNgHeZd _o?@%e%%ércfysl&'c%g be érhﬁnﬁbl%?%uc%ﬁfbo having an

wor Kpi ece carrier assenb 130 can be couple
Lppen @il atetcpupisstentbleyactddtof absemblyctBinaThe abayning oingold6 extends
the workpi ece 112 across a pl anarizing surface 142 of
areung|the SLUPPPRgNemaen 484 ang PraiRCts |tpwatq Hieworkpiece 112 below a

enbodi.ment., th r kpi rrier assenbly 130
Q%mg&oéthﬁe%%p%@éQW?%méﬁa support nenber 134 and a
retangl Gﬁeréég@cﬂ%@ tﬁ%uﬁh%dirﬁeﬁtbethéu\%ﬁ(ﬁﬁece 2aMfer assembly 130
2004/098829 PCT/ US2004/ 012765 nenber 134. The support

imelaties aldhvamber b4 anthenneddhid 38 sl agluralitynof piezoelpptric members

0 el B54E8S% 35T b M i 3 1s o
' : i eg b .

SS30BRE 585G T8l [ SLRREEN Sy Rl A of Fowre 2

l%ﬁféﬁﬂ% & RigufeseZbasd e nin, tHendiustiaked emsbadiment the giezoelectric
assenbly 13 i ncludes a chanber 114 in the head 13

mmbarq_on @(B are taylfa(m!gegi eansentricatly dviﬂ’érn‘_(ﬂ@@ chamber 114. For example,
T SR o id e bR R 9 t s
ak@f@?nfd‘t@?t egtachs Virdl skr! difndre &f the9eR&mBer 114, a second

ring’to Figures 2 and 3, in the illustrated
pieroedectdot menheerpilébbelhast anc outarrmidéarsete50Dar @igure 3) at least

arranged concentrically wthin the chanber 114. For
SBRERITEICIY SO 49 U5 (6 AT IRE G OF SIS 6ROFIRG g nember 1503,
ter, di - (Ei O o A=
=B s WRECkIsblrc' et 79057 heh E PuldR e BF LR igure 3) a
Ié@sﬁoﬁéprd&irﬁé’ ejual oM enndrodarheter aof ¢he esecond Fiezoelectric
e

di aneter D2 s igure 3) at |east approximtely equa
membee 150her Inliciinen embedinenrtss ithe tpigzaeleetriscmembers 150 can be

RRGed PPaTk Bom S AEPT D5 Of PrTRE Tie ufel G4Efter D2 of the second
pREAYeN tﬂ?é@%@b@‘g?ﬁ%ﬂ CdnNBel HR' 1HHrAMRE Shnef difReter of the first
piezoelectric member 150a. In additional embodiments, such as those described
below with reference to Figures 4A and 4B, the piezoelectric 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 150. 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
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1 [0022]

menber 150b. In other enbodi nents, the piezoelectric
menbers 150 can be spaced apart from each other. For
we@npdss2o t he outer diameter D2 of the second PCT/US2004/012765

pi ezoel ectric nenber 150b can be | ess than the inner

di aneter of the first piezoelectric nmenber 150a. In
addi ti onal enbodi nents, such as those described bel ow

with reference to Figures 4A and 4B, the piezoelectric
piszdeieciricayembess 50 fexesist asfieises againsbrthe workpiece 112, For

ion Refe rin

%Pv{p! RN Rk i lashi a1 50 fmndeldtgnd everts
gér%e ;’ %gtaﬁ{st"‘gl ﬂ)er&,\rﬁag %hfbfs‘ﬂh n\%?ﬁp‘?é@' 2as In additional

N | nner identified Indivi

ettbddidents, heppiddoelddide omémbe\nal 150.5¢3n dre Lqmmg:zed/atdgether or
154 (|dent|f|ed i ndi vidually as 154a-c), and a | ower
lmdiVldU@BB (identified individually as 155a-c) opposite

t hat W? gcé' S«gaé'pgagqsi@%%g:ﬂ?’f’&@ﬂ@ @ei?béﬁ@% & Controller 180
oﬁ%ﬁ%@y S%o%éféd 1R r@é?&é\éctnc%éﬁ\bbﬁ*@180&60éé|leﬁﬁﬁlélyﬁenerglze one or

O are energi zed, the nenbers 150 expand
ntsrenofithe |pjezoegctfic anemberss 150. acMaomlgpemfm:ailg the eontroller 180 can

D. The expansion of the -6 WO 2004/0 83\2 .
provideguoiags toris piszasiestrsc Members reggh @peslestrical coupler
1I§gg %@%‘f‘éc{iﬁ%al fcltbr%g}f@r[)féeéz %gﬁ ér]ré,llade':s‘?ﬁ %W@%@b%t atd attached to the

ctric ne

pRiRIclbatad ndltberse15G  Thel edritfolferatBl Astorainyty |cmatrers the position
regl on of the workpiece 112. In additional

aedboagnitude oftthe foree debycselpeting therrieacriecttis member(s) 150 to

ener.gi zed, to ethr or_,, indiyidual | )

hBraizs 0k vama e SoupaPy LGB pPReRAY) (i Sogtrolier 180 can

lr?r,‘PG é%h'l?rcdl’ﬁr%lleP RipaHd/ Q@léma?féstdbnttrl?oﬂePtoeFéé%N%CMrél‘éss signals
ers 150 to selectively energize one or nore of

frbhe the eoniedkart t6Q rherdﬂwrserhﬁbdmhmte ﬂmacomrnl&rsyl 6Q Anad 180 can

controller 180 can rovide a v e to th
cpmsprale: threug wised, MtRTeA, o 19 QUeBEY.r PEAther methods.  In

<G e BtimdRe, SR B ok Rl ERpb TG members
180y Withoul tefating Witretheldéhtasiepriéongl y cont rols

the position and magnitude of the force F b
sel edhienyonkipieqs earcier @ssemblma%@aog‘yrtmsomcdude a flexible member

190 that encloses the chamber 114 and separates the lower wall 154 of the
piezoelectric members 150 from the workpiece 112. The flexible member 190 can
be silicone or any other suitable material that protects the piezoelectric members
150 during polishing 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 to 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.
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energi ze and varying the voltage. In one enbodi nent,

the controller 180 can include an IC controller chip
war@4m98829 enat i cs controller to receive w rel eBET/US2004/012765

signals fromthe controller 160. In other

enbodi nents, the controllers 160 and 180 can

communi cate through wired, infrared, radio frequency,

or other nmethods. In additional enbodinents, the

Aftert detdreninibgOthearstatper at éhe heharaeteoistiecofr the neotkpiace 112, the

rei60l0pH 0941 { keI uas B te 4o e ORI 6P 3 J0¢ Gaptroller 160 can
! Uéﬁ %ﬁi%gfé&ﬁﬁm@sg o6RiBl& fﬁ%f‘?ﬁés He'Qatd t?cﬁ?gcﬂﬁ’ry?he polishing

and "Separ at es ovver wa

c%gbﬁe mn@réosb@@tuéaw eatEDraroliep 1e0osan ieewpiekgarc o Helermine the
he flexi bl e member 190 can be silicone or any ot her

positiarbard etreagthabf thaaiorms)f@qw@dt ieeprovisieoaiganerally planar surface
Oy B PriEee 31 opr ey B8 pBiloay af 270 sistermaines that a
i uiﬁepé#’ﬁ’&téﬂ gkf?? tﬁ@ufr?é’r'kgfék?)fesﬁé RSs Ee@’@aﬂéﬁhféﬂﬂess than at a

itio br ane t ween

cpneérO@g-mmrmethmnmme&ém m;dtmheommlml ¢8@ cdrl2nergize the first
[00221 The netrol ogy tool 170 neasures the status of a

Wtaaur@@meebw w0 expit ke Eree F129ajBsi0ne Rgimeter rggion of the

wikbiEe, BB BEURAS, e hBb By Fobf Ffban Shsdfife the status

of tReNBAdratRstit Aséford HAFEN afBAINE vdrRBiekh ¢ﬂ<2161§3at€écfﬁéd to the
| ayer of the workpiece 112 at several sites. -7 WD

WZHEHIBOQSQQUIGPCES‘&SEDW4”G@Z76$Umb|@r degwices I’ﬁﬂﬁ‘JU@ trhetrology tools
t at f . th h t i.Ssti f th k 2,, t .
TR BRESH (ko NovRoNrsuliBe e Rumials, R4 B Brerary) plier simitar

T
dklftes. hﬁe Ldrﬁl Sgﬁebsd'cfrﬁeﬁgsgtt%a? r?"t’f('i:borﬁ roﬁét?&ogg%‘&§%an be used

control

i deterhiimg thes yiches oMy chagoteridticcal |y, the control | er
160 can use the data to determ ne the position an

st r edyomecaspas of éhlée@nb@@fm%dthedngtr@kﬂgaetoal @Zﬂ@lw |d)etermmes

o 80 R e BRele HEUST B 4 BB o, Weasuring
o e g oo g e el 0 1
defermindnéf thenpost-palishlrgy status eidhgicharadteristic 3 the desired status.
For example, the controller 160 can determine if the surface of the workpiece 112
is sufficiently planar and/or if a layer of the workpiece 112 has a desired
thickness. Moreover, measuring the status of the characteristic after polishing
allows the controller 160 to track the wear of 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

-8-



[0024]

(0025}

{0026}

pi ezoel ectric nenber 150a to exert the force F agai nst
the perineter region of the workpiece 112 during

w@oioksbEseyy. The netrol ogy tool 170 can det er ni PET/URB04/012765

status of the characteristic before and/or after the

wor kpi ece 112 is attached to the workpiece carrier

assenbly 130. Suitable devices include netrology tools

manuf act ured by Nova Measuring Instrunments Ltd. of

ehdr ek tharmblishing cyclei | dxccoeﬁémglyestradkingaduetdiffaeence between the

enbodi nents,, tool.s other than netrol o tQol s can
PRaBaLeT Grdoelaiacs HUSMESS OVT & SiiBe hPUiAIEess allows the

R 180 BRSPS e 7 oo

char ggieeicohtrolierof 6Dheamos Dbt tite 1dAlishine parahetéisndncluding the
Measuring the status of the characteristic after

applied Hom@sawmwspmusénmg)ﬁub@eqtantmkpcece@etb@sﬁﬂr@\ the difference
gbep e ines Paieron Sthifs B ing gelarmuied s s Ma fopdlestc of the
p?jg\% §ﬁ§1vﬁ?r%<})fecbht% Eb’r‘hé@ﬁ% rff|°¥ Wﬁe%ﬁ%?ﬁeﬁf@h{lﬁ%achﬁle 110 or other

I Clen pI anar e work p1 ece

fdclard‘lasoaeﬂmpreedf aftér phiisirsg théthickrezss ofeadayemaf a merkpiece is
status of the characterjstic after i shin

I, )
oreniot shein dhe GOBetRd §ricknrse. (the Ganiiollsr 1t Laa; aditphthe applied

36, . nl WA ' .
o8, R i ) B EateRecl R e matera
r&%%@%&rﬁ%ub‘é@buéﬁﬁ%@:e&éﬁ 9araddatibesl deBodRnentsadhe system

he wear of CwWP machine 110 by determ ning the
160frhayem¢en¢ieda@meérqdmgy tan! ersaad dbe afontratler 160 can adjust the
Peliahiag: BRFEReIEr S MU I ecEPRIE] THEe8ndased, flgon an expected
sf%?#: ﬁ?st'ﬁt%hgﬁ&]a% erE'}glﬁnegPo e ork@\gcgw eiggcl'a?ll'ngﬁe"rlgmbodnments the

syste&em@@ratahyneclbde@ savsop o anaiifor emepmmdmy wédre wohkpiece surface
proj ected and determ ned statuses of the
duringapekishingi c lof sughe aBbe@MenEs,athe montrallep!60 can adjust the

4/ 098829 PCT/ US20Q4/ 0127
B{RNBS PAP o U SR GPPIBT dore i BPglghe monitored
d d [
P B et he cont rof | er 160 (0 det or m ne

Omear Othet ﬁenﬁl!lﬁ%alﬁanhloﬁélmmdtﬁOMmﬁm control | er 160

can adj ust the polishin aramet er ncl ng th
Flgj;ures 4A ap 28 a?e IOschemat?c SfopI pla%f%lrmg v:ews of several

configurations of piezoelectric members for use with workpiece carrier assemblies
in accordance with additional embodiments of the invention. For example, Figure
4A illustrates a plurality of arcuate piezoelectric members 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

-9-



[0027)

[0028)

appl i ed forces, when polishing subsequent workpi eces,
based on the difference between the projected status
wa@pa4obss29let er m ned status of the characteri stPCT/OB2004€12765
previ ous wor kpi ece to conpensate for wear in the CW
machi ne 110 or other factors. For exanple, if after
pol i shing the thickness of a |layer of a workpiece is
greater than the projected thickness, the controller

piddet@dtrie thepbetd 850 Pk @rthndedl pea grichwitdvee plurblityeof @ws R;-Rqg
ot her poli shi n? paranmeters to increase the materi al

andr phifality of colipes wartond PRRE diusirated eghpdimenkithe piezoelectric
nbodi th 100 i ncl,ud .

SBRBEHTED B S Bt S Eqgpaagncing o

cf,uﬂfatw%obt)ﬁ{’é gﬂa%%?”i‘?%eiﬁ ur‘eng} WA vidiR i@@ﬁ'de‘?ﬁer assembly 130
orces, ased upon an e p%cte st at us O? t he

(Flar& QY el atititiophl embodimémtsethe iz of kachipiezoelectric member can
enbodi nents, the system 100 can include a sensor to

deoreaser ta icreraaathit feselutione UBr ®ibee mbedimests, ter pigpoelectric

r&%\bég {:]%E bleg%qsrgﬁa?(ﬁ%%ﬁ})éﬁ&@@%\?ﬁﬁ?[%{cﬁggﬁe F{bmgdfa‘ms orin a
sﬁ-@@é kfdief or ces, based upon the moni t or ed pl anarity of
tne

wor kpi ece. C. Other Configurations of _ ‘
Pi ez @neatvactayendfethe ga@Ghilg sysgamssofdheaidsti@edrambodiments is

FRSTR & oR T hs BB T KBeciens copenge o @ e
SRS SrSEAGLARICE T SRg, T A0 iz e convro

ehablgsethed ENIP| pricest e eomsistently tandaceurkatelyeproduce a uniformly
i ezoel ectric nmenbers 250 arranged generally

planasesiacsalany the) worlspigeal | Mergoven, ihe systeni gantdlppeadiust the
i ndi vi.dual | 251 a-d). ' ' Vi .
aphfied kB ahooiind beenaar o SeRRut e harnibPEMP machine.
A%l%ﬂwer' AdvphAss of tROMLERALY whikpidiecZariepabsémbiddhettat they are
50 can be arranged differently. For exanple, each

sipheizpetiean r existingbesysteans bendpacensegentlyf r cedudee downtime  for
other piezoelectrjc nmenbers. 100261 Figure 4B is a

maRGRENFe ANGPTIERAT AN YFale %rﬁaéerégmwh%%_ of

prez rl e . , .

erbo i fiedpredtii. dif BY erbrRg R g SpBhiR AR ents of the
iffVeRtioR3 4 9dety B8scribed herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended

claims.

-10-



[c1]

[c2]

[c3]

[c4]

pi ezoel ectric nmenbers 350 are arranged in a grid with
a plurality of rows RL-R10 and a plurality of colums

w@ie00098829 n the illustrated enbodi nent, the PCT/US2004/012765

pi ezoel ectric mnenbers 350 proximate to the perineter
have a curved side corresponding to the curvature of
the chanber 114 (Figure 2) in the workpiece carrier
assenbly 130 (Figure 2). In additional enbodi nents,
the size of each piezoel ect iGlcAlMS@ber can decrease to
i ncrease the resolution. In other enbodi nents, the

pi ezoel ectric nenbers can be arranged in other

ﬁpfi urations, such as in quadrants or in a single
IViectlgiM[ 0027] One advant age of the polishing systens
of the illustrated enbodinents is the ability to
apply highly localized forces to a workpiece in

response tR andthed 96f e?@ﬁsl?ﬁr% CBarftSehtireC gftﬁrkbié%e having a

wor kpi ece. This highly localized force contr
chaabttesstit)dhemrethod cesyrising:onsi stent |y and accurately

pr odu a unifor pl_apar surface on the workpiece. )
Nbr eﬁﬁz?fmmm ?yg{%ﬁ‘ﬁ @Qﬁp‘ﬁl chargajeristic (afetheaplisrogepture workpiece
forces an LSy ; .account for wear of

the CWP ég&%ﬁ%@%&ﬁéﬁ%é@ﬂ%@é}}y&& of the illustrated

wor kpheviag Geastrors sbataresr héad Al 4 PrRinafizmg Seif relative to

than existing systems and, consequently, reduce
downti me ftbe othar wfienrierainindthe statis efnthec chatacteristic of the

h hput . 10028) F he .f i ' il
O oor e MR 43RESS B k) Bl 4 iy of
i nvention dp Refibelgsamd bed herein for purposes of

illustration, :l)ut that' various nodifications may be
made applying tprdssurat againt anbatie sige of tthendicsofeneuref workpiece in

the invention. Accordi ngl , _the invention is not. )
limted eXB¥NSE 0659t4€é f&%ﬁ@ﬁ&@JUS&fM%fﬁarﬂch by controlling
2004/ 0988 / L/ | ai c

B8 BB A TR gl ()

1. A nethod ftor poll ure kpi ece
having a characteristic, the nethod conpri sing:

2. The method of claim 1 wherein determining the status of the
characteristic comprises determining a surface contour of the microfeature

workpiece.

3. The method of claim 1 wherein determining the status of the
characteristic comprises determining a thickness of a layer of the microfeature

workpiece.
4, The method of claim 1 wherein determining the status of the

characteristic comprises determining the status of the characteristic with a

metrology toal.

-11-



(5]

[<6]

[e7]

determining a status of the characteristic of the
m cr of eat ure wor kpi ece separate fromthe polishing

weymte9ssapvi ng at | east one of a carrier head BEMUS2004/012765

pl anarizing mediumrelative to the other after

determining the status of the characteristic of the
m cr of eat ure workpi ece, the carrier head carrying a
plurality of driving nenbers; and applying pressure

agai st a Trec nethde offclaine 1nvheddimaherstatuer éarmpedses a first status

resFonse_ to the determ ned status of the .

apWlathec Mueiofeatire Wwerkpiecs| Femprises a §esit mismefegtunenworkpiece, and
lural ity of drdvin s. [c2) 2. The nethod of

“@leéPmfsﬂ%ﬂ%ﬁ“&f’f“&‘b?@?ﬁ‘?‘ﬁﬁ%s-t he status of the

char L ; e o f

of t SreiRigCa SPRURBLSCHELTE Phiffbrise SRt tibrofeature
cl ai m 1 wheorkpiecdebftemappigng hpressateusagdindththe first microfeature

characteristjc conprises determning a thickness of a
| ayer of MWREKREEROf eature workpiece. [c4] 4. The

The. SErmiing, Fuprel SRSy B HER Bitiatcof Kobesartd, icrofeature
of the chafarpiBEESIHE subbhy micrBRéatalONorksiske beldg }eﬁ?ferent than

2004/ 098829 PCT/ Us2004/ 012765 [c5] 5. The method 0
cl ai m 1 witha tirst mibeofeatare wockpipee;ses a first status

and the. m cyofeature rkpi ece conprijses a first . .
i or BRUMAPLISRST RPP &E e Sheer hsadate (hecr Repreia medium relative
further ceumpyd g 'r%Férerﬁ&bﬂhiﬁ%g‘tr}%eﬁr%?%ta°tb§td1'§h8fch'ép§cteristic of
characteristic of the first mctoreature workprece

after appthe sgeqricesierofeaiga wetkpldee, bnust m crof eature

wor kpi ece; determning a first status of the .
char AEPYING tRTESEHren aGABSld avi Racks sideir ef ther iggreed, microfeature

the Secon@/oﬂ;%gée&’ %o%t?gﬂfrﬁoia?clga?teio?\% g%ftRSrSIHraﬁtDan 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 status of the characteristic comprises determining the
status of the characteristic in a first region; and '

applying pressure against the microfeature workpiece comprises applying
pressure against the back side of the microfeature workpiece in the

first region.

-12-



[c8]

[c8]

[c10]

[e11]

the first mcrofeature workpiece; noving at | east one
of the carrier head and the planarizing nedi um

WO 200a098829 to the other after determ ning the PCT/B82004/012765

status of the characteristic of the second
m cr of eat ure wor kpi ece; and appl yi ng pressure agai nst
a back side of the second mcrofeature workpiece by

controlling at |east one of the plurality of driving
nmenbeBs i nThedpethed afcleife 1auierein thelplurality oftdriving afembers are

b 1St he_. d m f eat ,
AeFna A EBREH TRl ol vbPi El e iR todnstihg microfeature
Wworkpidre é&h?fi%é‘@éht?&ﬁﬁ@ dt |sHsPbHE Athd ESncentpcal‘lsy arranged driving
characteristic of the first m crofeature workpl €ce.

edlbeds. The met hod of claim | wherein applying
pressure against the mcrofeature workpiece conprises
appl yi ng pressure agai nst the workpiece to provide a

desirgd st r eristjic of the kpi ece.

[c7] 7. i el o ci%@ ﬁhéxﬁ@ Q]%Pf%%’ﬂ)éﬂ\ffc{ﬂ"ﬁbg fijggnbers are
NG Oh & gri@hanachRbleih | pdfif! bRASsAE! 5dThel e tiftrofeature
status of the characteristic in a first reglon; and
vepkpigoegcqmpsses eonlgaliing tat témst rer of tet drigingankmbecs arranged in

60£)H ses applying pressure against the back side of
PEING crof eat ure wor kpi ece in the first region. -12

WD 2004/ 098829 PCT/ US2004/ 012765 [c8] S. The nethod of
claim1 wherein the plurality of driving nenbers are

arranged cimesmttiod of tigim 3nfuriMeercdmprisiig:yi ng pressure

agai nst the mcrofeature workpiece conprises

cont rdgteimiging a8 sgsendnetabss ofietheosberacteristic yof the microfeature
arranged-driyin mepbers. [c9] 9. The nethod,of claim

1 wherein V{’?{Bp Iﬁ%ﬁr a?fi?;fory %‘?plk'ﬂgvi NG SHEtfhepgatist the microfeature
arranged inrﬂp@cEdanénd wherei n applying pressure

agai nst the mcrofeature workpiece conprises :

cont trackinggthet diffeearnceobetwafent delediredistatusearizb tree second status of

arranged in . . ‘
g the characteristic of the microfeature workpiece to determine wear in
at least one of the planarizing medium, the carrier head, and a

conditioning stone.

11.  The method of claim 1 wherein:

determining the status of the characteristic comprises determining a thick
area and a thin area on the microfeature 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.



the grid. [CQ 10. The nethod of claim1, further
conprising: determning a second status of the

WO edvagsseeri stic of the mcrofeature workpi eceCHUS®N4/012765
appl yi ng pressure agai nst the mcrofeature workpiece;
and tracking the difference between a desired status
and the second status of the characteristic of the
m crof eat ure workpi ece to deternmine wear in at |east

[c12)  One of2 t heThd anahodioielamdi upherehe applyi dgépréssaﬁe agathsl the back

conditioning stone. [cll] 11. The nethod of claim1 .
side: ceinpriseet er mi ning the status of the characteristic
conpri ses . de& ar e

the rAMEANSHAG Lk i n‘-i(iFﬂn&%ﬂwg%ﬂ%[agﬁg,frha%ﬁ%ggﬂﬁ%n To Exert a first
agai nst ”& Qtﬁﬁe@ t |c Hﬂma‘cﬁefrdfgpiﬁér?x éfefa'ttﬁr%tworkplece and

pressure area of t emcro eature

wor kpheviag ahd = lsastanre drvieganembat frione thehfirst positionf to a second
the m crofeature workpi ece, wherein the second
pressure iROSHIG & &Xert A-9E00NE Pressure againgtethe. back side of the

------ 4/098 PCT/ US2004/ 012765 [cl1l2] 12.
The net ho@'&foéﬁ%rﬁv‘f) gﬁ%cgl n applying pressure

agai nst the back side conprises: arranging the at
| east one driving nenber in a first position to exert
[c13] a firng prhessetbodgaf agimt hevierein $headriving meembers comprise a

PRI G IREASE ST BrBRIDST 1 309 JURTBITb ROPBOUNGogb RSt one o the
95 G BT 5P AU R FIBHSE0A08 ' Sqer members
nmet hod of claim 1 wherein the driving nenbers conprise
a plurality of piezoelectric nmenbers, and wherein
[c14] ont Adl | | wgnwﬁhméa&pohﬁmn@ﬁ mWéOfeaturﬂW@fkﬁ@%é?aymg a region with
%’égtezr%smgg % us OP g c% rac?gﬁétlcort]ﬁe %etﬁ § cg}n%%lgenl ectric
moving at least one of a carrier head and a planarizing medium relative to
the other, the carrier head carrying a plurality of piezoelectric
members; and |
providing a desired status of the characteristic in the region of the
Amicrofeature workpiece by energizing at least one of the plurality of
piezoelectric members based on the predetermined status of the
characteristic to exert a force against a back side of the microfeature
workpiece, wherein the predetermined status of the characteristic is

obtained separate from the polishing cycle.

[c15] 15.  The method of claim 14 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 region; and



[c16]

[e17]

[c18]

[c19]

[c14] 14. A nethod of polishing a mcrofeature
wor kpi ece having a region wwth a predeterm ned status

wW@Rooa/0gd829 act eri stic, the nmethod conprising: neEI/NR84/012765

| east one of a carrier head and a pl anarizing nmedi um
relative to the other, the carrier head carrying a

plurality of piezoelectric nenbers; and providing a

desired status of the characteristic in the region of

the proyiding & desiratostepiseeletheycharaeigristiogn #ve Iseaend segion of the
of the plural.i of | ezpel ectric nmenbers based gn . .
the predet BfHPIREIE &{’)(ng@f:et%y CPEIOHNSr ?st%e&OPS piezoelectric
exert a f%\%ﬁwb@%a@é Gh BRCHeteiAed st Bfﬂ{é%ﬁﬁ‘a%feeristic of the
wor kpi ece, erein the predeterm ned status of the

char act er i sgdand regiarptiee secbrekpisretiectricomentber being different than
pol i shing cycle. [cl15] 15. The nethod of claim 14

wher ei n t HBerfEgt piRZeRIRBIICIBEMREF.| r st regi on, wherein

the at |least one of the plurality of piezoelectric

menbers conprises a first piezoelectric nenber, and

wher ejg) t hphdrehBabd Wit Bigim CPAPWheksin ﬁ? eﬁlﬂ}d?iit)ng?fa tpri]%zoelectric

status of the characteristic of a seco region o
meémbefsateiaranged sorcentricly, sedovtenedyprovidiagrige desired status of

different than the first, regiop; and -14 WO )
the g ?M%Q@'WU%&W@?ET&%%# ane ef thejeeneenirically arr anged

p?%%}éféct% r@&ﬁp@ﬁar acteristic in the second region of

m crof eature wor kpi ece by energi zing a second
pi ezoel ectric nmenber based on the determ ned status
of the characteristic of the second region, the

secorld . pi ewelmeethode ofrediBisn  b&i whetin f thee miutatityh oft piezoelectric

first piezoel ectri.c nenber. 16]._16. .The t hod of

PR ALPBORC IR E Sharaid BpEGinGTRvbTe s ARSIEd status of the
e Q I o -

IR SNSRI ok Yo el mmbers

acamgedirdhegeidgi zi ng at | east one of the

concentrically arranged piezoelectric nmenbers.
18.  The method of claim 14 wherein providing the desired status of the
characteristic comprises: '
arranging the at least one piezoelectric member in a first position 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.

19.  The method of claim 14 wherein providing the desired status of the
characteristic comprises energizing at least one of the piurality of piezoelectric
members based on a predetermined wear of at least one of the carrier head, the

planarizing medium, and a conditioning stone.
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[c20]

[c21]

[cl7) 17. The nethod of claim 14 wherein the plurality
of piezoelectric nenbers are arranged in a grid, and

wob@re98s2pr ovi di ng the desired status of the PCT/US2004/012765

characteristic conprises energizing at |east one of
t he piezoelectric nmenbers arranged in the grid. [cl1l81
18. The nethod of claim 14 wherein providing the
desired status of the characteristic conprises:
ar r andf-ng AnhBeifiod a5t p@isking ez oplusalityi of rmiebefeatureaworkpieces,
({?igﬁt. osition to exert a first force against the
I¥P%e of the nicrofeature wor kpi ece; and novi ng
t he €2 t A5 : fe LSt
o]t O e LT i1 %, SR HERT 008, T picrofeature
agai nst t heotxpidcesi de of the m crofeature workpiece.
[c19] 19. The nethod of claim 14 wherein providing the
desi me@visgAtleagironesel a cagierchead enfa planarizingsmedium relative to

o1 ezoel cctn Pt e e, P4t bend St B akbublor arving gemoers
of atcdr@fiingPadens 66@0&%%!8@!%’36%%%@\%m@t‘nﬁ?ﬂg (jgééztg‘gy pressure

medi um and a conditioning stone. -1 200470
PCT/ US2004gzlrestes bpck 8]de6f the first hoidrdfeatuyrel werkpiegeain response

I lit f, m f eat kpi : :
Bt ! 8 1R S ) B e PRt of o
first mecr IEgcggg{u?e Mp&&g&&ce; novi ng at | east one of

a carrier he and a planar'i zing mediumrelative to

t he aeterminingea sicohdrstaesdofhiteg oigarackdristial oft theofirst microfeature
driving nenbers; controlling at |east one of the :

pl ur al i ty WsITkpiecsi fterneemeqIing Rtalessy oneesf dhe plgmlitstof driving
a back si Q&C{% rthe first mcrofeature workpiece in

response RS deternined first status of. the

char getérigiigC aofirst NRafust 8t a ;&@Féﬁt@ﬁéﬁﬁ %f"‘@?i‘éﬁo‘?ﬁe'fnicrofeature

deternmining a _second status of the characteristic o
t he first warkpieteather second microfeature workpiece being different than

the first microfeature workpiec;e;

moving at least one of the carrier head and the planarizing medium relative
to the otheri and

controlling at least one of the plurality of driving members to apply pressure
against a back side of the second microfeature workpiece 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.

21.  The method of claim 20 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.



wor kpi ece after controlling at | east one of
the,plurality of driving nenbers; determning a first
wGar@ungssed a characteristic of a second nmi cr of BEAT/USM04/012765
wor kpi ece, the second mi crof eature workpi ece being
different than the first m crofeature workpiece;
nmovi ng at | east one of the carrier head and the
pl anari zing mediumrelative to the other; and
[c22]  cont r32l i nghetmethest obokairaf 2@ wéheobinr déiermirihg dhe Viirsty and second

R R RN LR p—
i. ' f . acterj sti f. th

A8L8 58 Ckabef bP i o e R B G P bt d

between a desired status and the determ ned second

status of the <characteristic of the first
{c23]  ni cr c2&at ufke wnethpdeafeclajm 20 whereifhdeterrhiming dfie dirs and second

0 wherein deternmning.the first and second statuses )
Sg?thisﬁé Of oihse cRrasiPestn théhéfifﬁ@t micEpisREdeuWOrkpiece comprise

JEARNFET O TP ST sPEbT Aihad Br 36 §Eari8li GobuBoa metrology
tBEIT/ US2004/ 012765 [c22] 22.. The method of claim 20

wherein determning the first and second statuses of

the characteristic of the first mcrofeature workpiece
er, of .the

conprjse et er mi_ni,n thickness of a l.a .

(24 fiy stézfn' crﬂ?eeé'f%bgd\)@r %'P”é@@.» ?L(@'E%’] cergpr 'SI*\H/S trRGMiRg; the difference
behweEh 2 dULIPE® sthtd8 RGMha! J&e?n@iﬁgﬁ' {]&Bpa'ﬁ?t%%c&nme characteristic
statuses of the characteristic of the firs ,
ofri theofiesit microfemtinel aoekpieoe rtosdetetmiray Wweadrng tahdebstr she of the

nd second st at H_]ses of }_‘he characterjstic with a '
ar&'%wefm the ¢arpig[ head, anfkaRendisioning steaem 20,

further conprising tracking the difference between a
desired status and the determ ned second status of the

[c25)  Char 28 er iTHd metifdd bhelafrh RBtwitBrelrPiHRABIUFAityor KALRGEmEmbers are
determ ne wear in at |east one of the
arranged concentrically, and wherein controlling at least one of the plurality of
driving members to apply pressure against the first microfeature workpiece
comprises controlling at least one of the plurality of concentrically arranged

driving members.

[c26) 26. A method for polishing a microfeature workpiece having a

characteristic, the method comprising:
determining a 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; and |
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pl anarizing medium the carrier head, and a

condi tioning stone. [c25] 25. The nethod of claim 20
wob@neyss2e he plurality of driving nenbers are PEr/DS2VQ€2765

concentrically, and wherein controlling at | east one

of the plurality of driving nenbers to apply pressure

against the first mcrofeature workpi ece conprises

controlling at | east one of the plurality of

concenearianging ableashgene aofrtheipigraignbedevingodénbzss based on the

nmet hod for_ poli shi n a mcrofeature wor kpi ece havi ng

char act er i@BPBOFthB anar ity Pf HrpEUEReR): Ofd&eemiﬁﬂfﬂ@tuée workpiece

status of M} pqg ﬁmrﬁs%%cge of _the_ m cr of eature
rat'e

wor kpi ece ‘pol i shing cycl e;
arrangi ng a pI urality of driving nmenbers in a carrier
head based on the determ ned status of the

[©27]  char a&&f.er i Be oethehdf deim@6tweeneirenarity of a surface

) e S Bk b e
L A

surface ofmémeenirca ﬂfﬁqidsl‘tmn/!@fééwrﬁé ¢lrstcféfden©n ‘lHi‘éEworkplece and
polishing cycle. [c27] 27. The method of claim 26

wher e'eﬁrrang@gpube aunwgofm@mberSng:qmmﬂmsS m@vmgu he ofirst driving
first drivin

d
conpri ses "3?’98?%@ Rgt ﬁg&grﬁ&onsgt\' g&éf'én eFe??Pda Yorce on the
first posijdRpiecs, fedfirst ﬁo&héﬁtbei[fq SﬁfePéhtttHEn the second position.

wor kpi ece; and rearranging the ving nenb

conprises noving the first driving menber. to a second

posi tjon exer secon e, on the morkplece
(28]  the & st et ‘Efeqﬁ'@” gﬁﬁ"fcf'@fé'fﬁ‘t than the second

Phe g Plaralty Fioriiha, AMAEE: EQfheRiseta e urfint Pefibr,

dri vign@angeiPehe driving members comprises positioning the first driving
member to exert a first pressure on the workpiece; and

reérranging 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.

(c29) 29. A method for polishing a microfeature workpiece having an
estimated surface contour, the method comprising:

arranging a plurality of driving members in a carrier head based on the

estimated surface contour;
~ monitoring the planarity of a surface of the microfeature workpiece during

the polishing cycle; and

rearranging at least some of the plurality of driving members based on the
monitored planarity of the surface of the microfeature workpiece

during the polishing cycle.



arrangi ng the driving nenbers conprises positioning
the first driving nenber to exert a first pressure on
W0 ba4nesskpi ece; and rearrangi ng the driving nmeP@BEDS2004/012765
conprises positioning the first driving nenber to
exert a second pressure on the workpiece, the first
pressure being different than the second pressure.
[c29] 29. A nethod for polishing a mcrofeature
[c30]  wor kp3@ce hheimethad of et wherainf ace contour, the

I AT R N SR
f ' j ' it .
o RN e R iR R cnn

cycl e; andmepafydranaifiiet posilieRes exante st fohce bhWhéWorkpiece; and
of driving nenbers based on the nonitored planarity

of tHeaganging: tbe whiwing gnembaruireomprisgs evevinguthagfirst driving
the polishing.cycje. -18 2004/ 098829

PCT/ uszood)“@%@f%sic’ [3c§@f3°'\§/%). P&F{HOM et EXCBr acSEFARG dforce on the
wherein: t b Iy £ I~Wi ' .
flrst dri WaPieted the Hiret posiiok! B dRifiLfi f1aihES8cbnd position.

conprises arranging the first driving nenber in a

first position to exert a first force on the
€311 wor kptlece; Thenmethed et alein 2§ Whereilti vi ng nenbers

; . by e ¢ q
N NG R R S

t he fdrfsrigiRgsiHe Q!ﬁivP@Tﬁﬁerﬁbéfserc%mprts'é@DpbBi‘?ioﬁﬁ’ﬁ;O'ﬂﬁe first driving
posi tion. c31] 31. The nethod of claim 29 whérein:

t he pl ur almembef talekert adirstepriessgrecomthe weorkpiéce; sind

driving menber; aryanging the driving nenbers . i .
conpiFaEENGEG s T4 Rembeis: ComPUER PaRMURS e first driving
exert a .f'rﬁértnﬁ)BF gﬁ.sléf(e?rtoé‘ Sn&%rlgé'sﬁfee;ona%.\yorkﬁiece, the first
rearrangi ng the driVving nmenbers Tonpri ses positionhing

the first plesstiredeing different than the second pressure.

[c32) 32. A system for polishing a microfeature workpiece having a
characteristic and a back side, the system comprising:
.a workpiece carrier assembly configured to carry the microfeature
workpiece;
a plurality of driving members carried by the workpiece carrier assembly;
a planarizing medium positionable under the workpiece carrier assembly
for polishing the microfeature workpiece;
a tool for determining a status of the characteristic of the microfeature
workpiece; and
a controller operably coupled to the workpiece carrier assembly, the
plurality of 'driving members, the planarizing medium, and the tool,
the controller having a computér-readable medium containing

instructions to perform a method comprising —

-18-



menber to exert a second pressure on the workpiece,

the first pressure being different than the second
wpe@smmmses [c32) 32. A system for polishing a PCT/US2004/012765

m crof eat ure wor kpi ece having a characteristic and a

back side, the system conprising: a workpiece carrier

assenbly configured to carry the mcrofeature

wor kpi ece; a plurality of driving nenbers carried by

t he wor kpi ece castermining tanbliajus of ihleasraractenigticefthemicrofeature

posi ti onabl e under the workpiece carrier assenbly for

pol i shing the nicrof watkpiecesergate komatheqenlishiid cycle;

et e 10 ShAkR AL R BERE T AbRsBL sty sssomoly an

coupl ed to the worKpjRCe 4ty MeaRMP! wlafii¥ to the other after
plurali-ty of driving nenbers, the planarizing nmedium

and the tool, the cdetermirirg thevistajus of the characteristic of the

conmput er -readabl e nmedi um containing instructions to
perform a method confiGreigature- workpiscensnrooss29

PCT/ US2004/ Olﬂ%ﬁ?plyﬁ? ﬁe%%@#égggéfﬁgt @bkt Nidd the, microfeature

characteristic ar € Wor Kplrece separ

fromthe polishing cystpiediii i@pahsé @83he Uttedhinklestatus of the
wor kpi ece carrier assenbly and the planarizing nmedi um

rel ative to the otheghartcteristidbysomtnelling ahleast aneof dhhe plurality
the characteristic of, the mcrofeature workpiece; and
appl ying pressure agdiHMNG AEPRRR: si de of the
m crof eature workpiece in response to the determ ned
status of the characteristic by controlling at |east

[c33]  one @3.t heTha gystent gf clafim &2 whegimthdphusalityadrivi®y members are
The system of claim 32 wherein the plurality of ‘
afrangesyinfgrd iR thg workpiece carrier assembly.

[c34] 34. The system of claim 32 wherein the plurality of driving members are

arranged concentrically in the workpiece carrier assembly.

[c35] 35. The system of claim 32 wherein the tool is configured to determine
the status of the characteristic of the microfeature workpiece when the

microfeature workpiece is carried by the workpiece carrier assembly.

[c36] 36. The system of claim 32 wherein the tool is configured to determine
the status of the characteristic of the microfeature workpiece before and/or after

the microfeature workpiece is carried by the workpiece carrier assembly.

[c37] 37. The system of claim 32 wherein the tool is configured to determine a

thickness of a layer of the microfeature workpiece.

[c38] 38. The system of claim 32 wherein the tool is configured to determine a

surface contour of the microfeature workpiece.

-20-



[c39]

[c40]

[c41]

arranged in a grid in the workpiece carrier assenbly.
[c34] 34. The system of claim 32 wherein the plurality

w@pRoodpsseng nmenbers are arranged concentri cal PET/UR20051@12765

wor kpi ece carrier assenbly. [c35] 35. The system of

claim 32 wherein the tool is configured to determ ne

the status of the characteristic of the mcrofeature

wor kpi ece when the mcrofeature workpiece is carried

by t hgowor kpé egssterar off elairas3Z2MHetein & ]plAlityTBE driving members
system of claim 32 wherein the tool is configured to

enprise Aglunatity of pieggelsctricyeembgract eristic of the

m crof eat ure wor kpi ece before and/or after the
m crof eature workpiece is carried by the workpiece

o B Al o RS AR 51 2 hlinga o s

drid cknegsiorefwith | ay preddtetrhieedi statliisadfure oMerégtedistic, the system
[c38] 38. The systemof claim32 wherein the tool is
onpniiginged to determine a surface contour of the

m crof eat ure wor kpj ece.  -20 2004/ 098829 .

T/ 2 ORI 6 B B30 SS8MON CRVGHRRH oo ey, e microfeature
wherei n t hgofoiscd:i ty of driving nmenbers conprise a
plurality of piezoelectric nmenbers. [coo] 40. A system

for polplatdlity of pierosiecdticr memidekpi careet aby nthea eakgiece carrier
side and a region with a predeterni ned status of a

char acteri%sﬁeé“?oly;he system conprising: a workpiece

carr iaegléﬁa?fi@ ﬁ?%cﬁ{]{dyEgéiﬁgnéﬂeﬁ{c@f'm@\ﬁr}g{gggég 88 lrCassembly

Wwor kpl ce, a prezoel ectricC

carried byfot peliswing the edcofeatusy worpier®! y; a

pl anari zi ng medi um positionabl e under the workpiece

carr iasrto@s%énwﬁrmfrumg polstaiis mf theecharactarisdicuek the microfeature
wor kpi ece; akt 0ol .for, determ ning a status of the

char act er i YT C€'&E Fﬂg m crof eature workpi ece; and

a controller operably coupled to the workpiece carrier assembly, the
plurality of piezoelectric members, the planarizing medium , and the
tool, the controller having a computer-readable medium containing
instructions to perform a method comprising —

moving at least one of the workpiece carrier assembly and
the planarizing _medium relative to the other; and

providing a desired status of the characteristic in the region of
the microfeature by energizing at least one of the
plurality of piezoelectric members in response to the
predetermined status to exert a force against a back

side of the microfeature workpiece.

41. The system of claim 40 wherein the plurality of piezoelectric

members are arranged in a grid in the workpiece carrier assembly.
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a controller operably coupled to the workpiece carrier
assenbly, the plurality of piezoelectric nenbers, the
WEl@nads2zd ng medi um, and the tool, the cont retT/E82004/012765

havi ng a conput er-readabl e nedi um cont ai ni ng
instructions to performa nmethod conprising noving at
| east one of the workpiece carrier assenbly and the
pl anari zing mediumrel ative to the other; and
[c42] provi4f.ng Eheiesys’t@ﬁ of atlain 040t waeodiar e epluality o©fh piezoelectric

the region of t m cr of eat i zing_at | east

BAGbBIS BRI B GRa CPUGR T CaNE P BP A KPR LS ST DN,
response to the predeterm ned status to exert a force
agai nst a back side of the m crofeature workpiece.

[ca3] [ C41]4311. THee sgstetrest elaim 40 whéfbintaeebbl Ishﬁorﬁlgur@di ith Wetermine
of piezoelectric nenbers are arranged in a grid |

thee stauk ppbcthec sharactedistiendi ythe- micuufeatuoa/ m@ece when the
PCT/ US2004/ 012765 $c42 42. The stemof. claim E
MIRETERIe H‘@%P'&Fﬁl' Fgr W%@o‘@?'ﬁi\éﬂﬁq%carﬁ‘@&ﬁé?%mg Ye
arranged concentrically in the workpiece carrier
assenbly. [c43] 43. The system of claim40 wherein the

[c44] tool 445 cOTHe gystemh doclaih @Onvherein hiee sbalt isscarffiguhed to determine
characteristic of the mcrofeature workpi ece when the

the statue af the cheragieastic o§ thaxricrefedlyre M@"W?R%l@é@e and/or after

REibRfe AR BiRoipes tarad bdFe HakBRLR oriti fisShnoly

status of the characteristic of the mcrofeature
wor kpi ece before and/or after the mcrofeature

[c45) wor k@iSece Tire syatemnenf digint mmwpitbeéoobmrdoaﬁgured to determine a
assenbl c45] .45. The_system cl ai m 40 wherein the
t@'&é’i‘esf%gfc%iﬁﬁegﬁlﬂf gbe FBCFQEQ%W@‘N@ i€G8hi ckness of a
| ayer of the m crofeature workpiece. [c46] 46. The
system of claim40 wherein the tool is configured to

[c46]  deteudi ne The systéacs oigint 40iwhefeihithe tbolrisfovafigured to determine a

wor kpi ece. -22 _ i
surface contour of the microfeature workpiece.
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