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WORKPI ECES TECHNI CAL FI ELD [ 00011 The present

invention relates to polishing machi nes and net hods

for polishing mcrofeature workpieces. In particular,

the present invention relates to nmechanical and/or

chem cal - mechani cal polishing of mcrofeature

wor kpi eces with polishing machines that include

crenSANG ARG WRBERGADs AR MeT1ODS FOR

' MOVAEEHAUICAL ANDTOR EHICREMEC HANIEAEBULBHING OF

wor kpi €ces i n the production m croel ectronic

devi ces and ot her MIIGRIDEEATURE WERKRIEE®Sti cal |y
illustrates a rotary CVP nmachine 10 with a platen 20,
a carrier head 30, and a planarizing pad 40. The CW
machi ne 10 may al so i nclude an under-pad 50 between an

upper urface 22 of the platen 20 and a | ower surface
Tﬁ*ﬁ”@%‘-ﬁﬂékﬁzi ng pad 40. The under-pad 50 provides

a thermal and nmechanical interface between the

pl anghzZi d; ,E?hﬁ I i Al e s

26 rg-{Haetz gg&f e '6\4%{‘ gﬁﬁiz I ?lgn%f ?g’thgé@ngynga;drg% F)%i?ﬁrTJﬂjlélthOdS for

palisting mizcofeatretvesrkplezes! dherarfibulapctheapresént invention relates to
(indicated by arrow G . Since the plaparizing pad 40, ,
meshanicel ked/archemicainpesbaigalsrplishing ofpnigrataalurggverpieces with

PRy Pagings 1A FoiBh LogthBH6L P e "alr face 32 to
which a mcrofeature workpiece 12 may be attached, or

BATKGRKMNBCe 12 may be attached to a resilient pad
34 under the | ower surface 32. The carrier head 30 may

be a weighted, free- floating wafer carrier,

or an
act uManhaainatnang chemiopl-mechanicehglanarization: {fCMet") vwrocesses
2004/ 098832, PCT/ 1152004/ 012760 . head 30,to. i npar :
PR MG AL BT e TGS O DRBeTeATAF SV isPlBseBaR the production of
i . . HI t . .
riBHERA Dol M Aph ek T BLAF Y, Rttty ustates o
rdt@80e MM hechiiren 40 iwitng pisten 20, anchraephead 8Dz and a planarizing pad

48.OI’ILJI§; %rl]\né%gcegiriwg e‘IOamglyaaqgé iir%ci.fgge an under-pad 50 between an upper
surface 22 of the platen 20 and a lower surface of the planarizing pad 40. The
under-pad 50 provides a thermal and mechanical interface between the
planarizing pad 40 and the platen 20. 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 50, 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 31 may be attached to the carrier
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medi um t hat nechani cal ly and/ or
chem cal |l y-nechanically renoves material from the
waenkaessnf the mcrofeature workpiece 12. ThePCT/US2004/012760

pl anarizing solution 44 may be a conventional CWM

slurry wth abrasive particles and chem cals that etch

and/or oxidize the surface of the mcrofeature

wor kpi ece 12, or the planarizing solution 44 nmay be a
heat Snto impaairotationsl mcﬁmrtozthagnmmafeatwe warkpiege 12 (mducated by

a?rBLZiﬂ o/ tcipiecain R W Kalncoe| 3 BhEk BRL00 BngiGsiprRY arrow 1

| hi
o hab LI B ARG S S ¢ lnaricin
ridafGH - tRA ﬁﬁécﬁﬁn&@ily ?ahtﬂﬁi' cﬂféi'ﬁaca[l hahicdllyaeaiovee rhatrial from

m crof eature workpl ece 12 with e CVWP nmachi ne 10, the
thesurface bt :&itrpfeaﬁﬂesvmrkplmr‘l@n ¢be planarizieg salition 44 may be

. h d fi
a?q%élvgéinaﬂaf el wilh abaiye Breldes sbf snanica dlet ptoh andlor

ogpﬁh égcéa ;@@e@y&?‘?ﬁbﬁ%%&%gg? IS‘\% %'ﬂég Oﬂéngﬁ‘ziﬁg solution

4k Wﬁa?'b@t §MeiAnandhabrddiee pwrfarﬂrngﬂeaidmaﬂ witheest dbrasive particles.
t he wor kpi ece 12 agai nst the planarizing surface 42.

ImmashCMPoaplications, abvesivsi sluErias withabragienparticas are used on

npaabEe e ROLRTGE et Ae sl PBRabRs R, SRl yihout brasive
paRRIELLRF UGG ﬁ&@& L PYasifé belitiRgheidgeen the

M cr of eat ure wor kpliece 12 and the pl anari zin ad 40
wi | | Togsianamze me/mmrofmm wollkpiecee i 2onthathen machme 10, the

S e U G55 B bl o panarizn pac
AR SR, U ] A o

hgpigte rmf@gémsteth@oplanaﬁzmgleofutmm oh an plafteeizing surface 42 of
frlctlonal orce drives the mcrofeature workpiece '

12
thegpianatizingepac:4@i andhiher platers20 ane/@rheartier Bead 30 moves to rub

count rbal a o, mai.nt ai k
et Lol G SR BltEe 1 A oo
Fl&ﬂé@é Gl'2yr ﬂég\s? the eﬁlé’r‘iéﬁﬁn RLpfRe 49 ﬁ%%léﬁanzmg medium
pleces e precise f rlcatlon of circuits
r@ﬁdvﬁlﬁtaienatafrbﬁf tre faenoftime fveorkpiegef 42.e 'Eba forseugenerated by
for exanple, when material from

frigBoRMaIBen 4he EHOTEGRIN BORRIBRE | 210 enp GNEAFIng: R 40 will, at
a%;rr] %tnpe%r irstart, bezex\éﬂeéoaocé} Q9% sufdd H?%Q@%d?ﬂﬁiéﬁg 12 primarily in

the direction of the relative movement between the workpiece 12 and the
planarizing pad 40. A retaining ring 33 can be used to counter this force and hold
the microfeature workpiece 12 in position. The frictional force drives the
microfeature workpiece 12 against the retaining ring 33, which exerts a
counterbalancing force to maintain the workpiece 12 in position,

The CMP process must consistently and accurately produce a uniformly
planar surface on workpieces to enable precise fabrication of circuits and photo-
patterns. A nonuniform surface can result, for example, when material from one

area of a workpiece is removed more quickly than material from another area
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during CVWP processing. In certain applications, the
downward pressure of the retaining ring causes the
waoineemdgsazl and the planarizing pad to deform PRCREBIMNE012760

a standing wave inside the retaining ring.
Consequently, the planarizing pad renoves materi al
nmore quickly fromthe region of the workpi ece adjacent
to the standing wave than fromthe regions of the

' | toai ¢ rqwrivigravpressure of the
B e e e e acas o
retairiihg ringaedysiesdhe uhadeopadare tgpplanahizing pagtaodeforme creating a

lanarity of a workpiece surface is to use a ,carnier..

shaningyi wave rinsieEo fhex B2IXnar 1189. bl entii: thip Rigdgrizing pad
t he downwar.d, forces. e ; .
roroNRS SRABHA, HRLE ekl i 6 FaPgruf wbBbiece adjacent to the

s&ﬂcﬁﬁ%%véﬁﬁéﬁ Im tRerdpeis of e Wbripisceridiallypoetwapd and inward

I
Increase the rate at which material is renoved from
front treswanei Tanus; daes CMP phecdssomay sioll roduessa pdamarn sface on the
heads, however, have several drawbacks. For exanple,
WORkPIEGi cal bl adder has a curved edge that nakes it

diffi | t. i .
Ser | L bobBaEE ol Y6 PRI S fRrsech chftco s to use o
céﬁi‘.fr! Redel Wikl irReger ahd eRRrionbidduees ¢hathmotulatentesddweward forces

ability to localize the dowmmward force on the

onos&lpciteck areasuof Hbenwpekpieemy ehiessh hladilergJear exeg pressure on

5 i Yo BT, bt 1 o i
niAbfisels kefsledVirbhh cOMEEpNEng | EHE 'oh Y Foat elIW| These carrier

systemthat is subject to signhificant downtine for
headsaj howensrphaveisevenshdeawbacks, nioreexammplentheatypical bladder has a

et 80 b kR 1 Aol o, Rere e PR INa fyge at the
.P?ﬁ&%?%t ;Mﬂg{%’g?ﬂng&@ﬁg’%bwﬁ?é%%% rg%‘fegﬁj’l%?@a@brea of the

woRkgieas anidielidits gve aplityfo loeatite tresdawdwardorce ehehe workpiece.
on ~ the workpiece because. particles in the . )
Fortheemors, eprventionah biasddene areaplied fillgs: waibncemeressible air that

.wor kpi ece_and th l.anagi z] e TYS, e i,.S. .
‘ PEFSRIONT© tcﬁé%ﬁoﬁ’?‘%‘ﬁ\”ﬁf@fog‘?fs&sﬁ‘g gl catriér heads with
idian LIHSeR SySRmvH R agsect BREiBhificant downtime for
M@ EAdacts 361 aamsensys (006" Ergure 1 !gs a
repdieand/oe nainienasee caosialg s corcamitantadection in nowghput.
rotary planari zi n? machi ne i n accgordgance with the .
pri oAngther approach o improve the planarity of a workpiece surface is to use
a hard under-pad to reduce the deformation caused by the retaining ring. Hard
under-pads, however, increase the frequency of scratches and other defects on
the workpiece because. particles in the planarizing solution become trapped
between the workpiece and the planarizing pad. Thus, there is a need 1o improve

the polishing process to form uniformly planar surfaces on workpieces.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic cross-sectional side view of a portion of a rotary

planarizing machine in accordance with the prior art.
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-3 WD 2004/098832 PCT/ US2004/ 012760 [0010] Figure 2 is

a schematic cross-sectional view of a portion of a CwW
womoso9ses2 for polishing a mcrofeature workpi eE/i$2004/012760

accordance wi th one enbodi rent of the invention.

[0011] Figure 3Ais a schematic top planformview of a

plurality of magnetic field sources for use in a CW

machi ne in accordance with an additional enbodi nent

po10)  of t IRigureve Ry 4 @Bhemnfid 2tods-sputiendPview of & Fbﬁlmt ofca CMP machine
planformview of a pluraljty of magnetic tield
feropelishing armigsefephura vawkpiegeHn re@cofdameowmﬁae ambodiaent of the

addi.tional enbodi ment of the invention. [0013] Figure
lqlvqrglog schemati c cross-sectional view of a portion of

ooty & CMPigmemAss g'nébl'%ﬁ ﬁ@g‘ﬁaﬂfdr ﬁ@W &es @%ﬁﬁﬁéﬂ?ﬁ\%gneﬁc field

of the I nvent | ure IS a sC
souires-feeasedna CMP maohinein accarddace paith am additional embodiment
accordance with yet another enbodi nent of the

of fheeinveslion.[ 0015] Figure 6 is a schematic

v CLOFREIIE A BB Ay L BTBRY SFmebet e

shipe8tfbPlse [u%léMFFhﬂiéhﬁ}eﬁd éccﬁ)réﬁr"i@TWithCan addlt:onal embodiment
cross-sectional view of a portlon of a CVMP nmachi ne I N

obtiwonsemtien.wi t h yet anot her enbodi ment of the

DETAI LED SCRI PTI A.
 [o01a) I'I'E\ée t@ff%ﬁas aq%mm%u%E TOSHISFERPRH oW @ %Y" oh i AEMP machine
Ir3&cMy m 8&1 ‘?B?‘ élﬁbe@{j@rﬁi Cur e

c en1ca|-nec an|c n1cr
foo14)  Wor kplgeeess :sThestmmatmmcrogésemﬂrmivmbkmmeaf BA uA€dr-pad in
t hroughout to include substrates in or _on which

aeﬁq,rfia@%mthoﬁt a@ngthar esebodimenbohibenavention. devi ces,

oo 3 PR o R B eroR e PR ST 3R R ot o o machine

inQRcoRdRrRNWMe 5aN aneiir emiBdsent 8PekliRv&stior. nsul at ed
substrates, or many other types of substrates.

[0016] Fur t RigunaY ds atsehietmaticecrogs-aaclionzad viamof ambrtion of a CMP machine
i dRePRFarch Wi y S BReiBbt FbokBh St e Phidions " 2
DETAILED DESCRIPTION

A Qverview
[0017] The present invention is directed toward polishing machines and methods

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 andfor forming a smooth
surface (e.g., "polishing"). Several specific details of the invention are set forth in

the following description and in Figures 2-7 to provide a thorough understanding

-4-



[0018]
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surface (e.g., "polishing"). Several specific details

of the invention are set forth in the follow ng
walsngsesd on and in Figures 2-7 to provide a tHOIOseM/012760

understanding -4 WO 2004/098832 PCT/ US2004/ 012760 of

certain enbodi ments of the invention. One skilled in

the art, however, will understand that the present

i nvention nay have additional enbodi nents, or that

o BRAIFBRASATRBAE 6f HéInVerRAL | OnaTKilBg ir B Brehowever, wil
severa of the specific features explai ned in

uhterstarid ﬁmtﬂgeqﬁesemmmentlom ooayshawm additippel egibadigents, or that
invention is directed to |ISh in chi,ne
ofeE nambedimens) o thehdryenfionh ey Erarag&?ﬂs,w{fha”foﬁe"ef al of the

Sl et s e Bu T e R 99@8“3%@5*5? "surface, an

“”debn‘éaqasgébf I FAthY ihbenteiprer tirsttetiaes, a apdlishing machine for
iece Carrier assenbly over the table. The

memﬁanmadndlm checugaltimeananicalepalishingof aierefantyrg workpieces. In
oncamREdRNty 6he TRshidgSng Hegne Bl TEV NG EospRRbit surfacs, an
uﬁﬁ%f Qgé‘ Cgﬂ'iéffbg GhE %gg?caléﬁfﬁgﬁghﬁd d ﬁbﬂ(&ilébé Bﬁrrié@\és*sﬁmbly over

magnet or heol I Spose

tHeridble.. THeeundgmsad haed ogvibaand ltoe @amﬂraasmbly iS conﬂgured to
viscosity within the cavity under the i nfl]u

nce
camyreemicrofeatle woskpieee. Tmem%ﬁwée Wriele! lécf%?s?t'vaalf’e'ﬂc field

h h
LB EIRERR ST BBl SRR U e oy e
n{;{ﬁn%hc?rﬂgﬁg;gﬁ?d‘ Piuid Blgpﬁ&grﬂ‘ Qlithh thel @ity s T maighetirhebledical fluid

e under-pad, the workpiece carrier assenbly, or
chéreges afdoesity nudimntﬁm casipeandsr thei influspeeli ofethe ragnetic field
under - pad j ncl udes a fi rs'iy Qﬁ rface a a_sec

squicRact)e SRANSMET &R ViSFOp %8eanBEruEaRBiRL i cpanges the
c@ﬁ%{%&ﬁl“@'}ﬂ‘ttﬁg%nﬂﬁ g 5 rdcrécﬁspéc‘?%ig-hs /éi‘;%étﬁfneﬁf’ nBetmagnetic

1on 1's |rec ed to ‘an under-pad for use

fil Sourpa!is Varmed Mycthienender-pa: theckankpise eandiesrassembly, or the
chem cal - mechani cal polishin of m cr of ea

tabde k pire@sothamaspees ehitigi aeRedinent, améﬁnéﬂcp%dm%ggs a first

<585 g AR, PTG URARER e e

A ) el Udes. a magnet or heol ogi cal Ti.ul "

in thaomlaapecrbé the invention is directed to an under-pad for use on a
polishing machine in the mechanical andl/or chemical-mechanical polishing of
microfeature workpieces. In one emibodiment, the under-pad includes a body
having a first surface, a second surface, and a cavity between the first and
second surfaces. The first surface is juxtaposed to the second surface. The
under-pad further includes a magnetorheological fluid in the cavity., The
magnetorheological fluid changes viscosity within the cavity in response to a
magnetic field. In one aspect of this embodiment, the cavity includes a plurality of
cells arranged generally concentrically, in a grid, or in anather pattern. In another
aspect of this embodiment, the magnetic field source includes an electrically

conductive coif or an electromagnet.
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{0022

magnet or heol ogi cal fluid changes viscosity within the
cavity in response to a nmagnetic field. In one aspect

wmtoothesszenbodi ment, the cavity includes a pl urCK/US$2004012760

cells arranged generally concentrically, in a grid, or

in another pattern. In another aspect of this

enbodi nent, the nmagnetic field source includes an

el ectrically conductive coil or an el ectromagnet. -5

WO 2Q(HRE8 88 BICH H2 GRvEriba7 G0 dir88RiL t\zp nfethod spfepblishing a
of the invention is directed to a nethod of polishing

microfeatucs eworjme&mrvwm e PAishinG rr;@q:hl@ﬁu havirgcki garrier head, a

peﬂv' ”Ep%f @rgH%rr] HB' 8&@6@ Ol SE1' @@Ps?‘:rp\g gﬁg 4R one embodiment,

7 t h&E mcludéQﬁxga i angeéﬁ%r@'ﬁﬁt drRgr géaﬂ eé@@tthéfbi‘)hshmg pad

e carrier pOIS I Ng pa relative
rélhﬂv@tthéhe mherurl@ tuvethii mronbfeatmrea.va@cpiqneeagalagtatmspohshmg pad.

t he polishing pad The under-pad has a cayity a
Tﬂegpradefrm@w@g.%gavw and ainaasiaerhaologival ied @am%%ﬁ within the

C@%’ﬁ‘b niég ?rgcletw{itfurg}?eﬂ tﬂ&luk?%g%h%ﬁg@%' tﬁg éé:'ﬁﬁgreg?ibmgy of the under-pad

atind E%Qgﬁé’tr@ﬂé‘lﬂ% dHamgel mws&os:wfoftthé maﬂnetorheologicai
magnetorheol ogical fluid within the cavity of t

fluidd sithiradhe | cavitye obsh@ asndsir-padl. s lanboei aspact qf fhis embodiment,
0BGt ol SDSaReE Tl cripisdy Pretsiatia Ae Sitiomaghet o an
efé%kﬁgéﬁ %n@(xﬁh{r‘é@ ol 00211 Figure 2 is a schematic

v

Cross-secti ona I ew of a CVMP machi ne 110 for

Bpol i Palisiging ﬂsmmﬁeature wor kpi ece 112 in accordance '
wi th one enbodi nent of the invention. The mach

110 Frgurao%ss & pehanatic smssaseriong! ¥ew @éran P'machine 110 for

oS3 el BB 1203650 B sl Boociment o

trféafnﬂlbﬁf oﬁSWCMPlﬁ%cﬁﬁﬁa Pe0 Gedlndes atlateh 19@@ Udiwirkpiece carrier
assenbly 131 (shown schematically) to nove the

asseriiplyet20 Xier dhegslaten 1B0aamadi aipkenariringdead 440ccoupied to the
I d 140. In.th | | d enbodi t
B 3Pk T G STKPIRRR CERUSLABI AN Th 67 BesSUMIEH Jo s actuator
3 .
co\lﬁw d?{;?“ suppogﬁﬂncé‘% ?qdwa\,%e&@ 2‘,’{’1% {e'tcgﬁé* goross a
Iéﬁén.@hg éfm‘fm ol the glanstiziog ipadi 140. aim mﬂmtmtetieembod:ment

th%Ol\JtvolrEplece carrier assembly 130 includes a head 132 having a support
member 134 and a retaining ring 133 coupled to the support member 134. The
support member 134 can be an annular housing having an upper plate coupled to
the actuator assembly 131. The retaining ring 133 can extend around the support
member 134 and project toward the workpiece 112 below a bottom rim of the
support member 134,

The CMP machine 110 further includes a dynamic under-pad 150 that
dynamically modulates its compressibility to control the polishing rate, defects,
planarity, and other characteristics of the polishing process. The under-pad 150
has an upper surface 153 attached to the planarizing pad 140, a lower surface

154 attached to the platen 120, and a cavity 152 between the upper surface 153
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the actuator assenbly 131. The retaining ring 133 can
extend around the support nenber 134 and proj ect

wa mosoassizhe wor kpi ece 112 bel ow a bottom ri m GfCH/6%2004/012760
support nenber 134. [00221 The CWP machine 110 further
i ncl udes a dynam ¢ under-pad 150 that dynamcally
nmodul ates its conpressibility to control the polishing
rate, defects, planarity, and other characteristics

afl theelonel istiifare PSACEI® cavity UBRes- dstthetbBy déisstaurface 1586, a
upper surface 153 attached to the fﬁsanarl zi ng pad 140,
seconmhenrface fl 4¢ opposie dhe o sairiaget Hhd, minst am omm sugiage 4 58. The

%&ﬂé@é@%ﬁpr%@w%%%ﬁ b PDhes sy hading.uid 4 deleqtively change
sec@Fec?% Wht&y &S%SU%TLM B3 Tt u?k!fe??g@ can be

surface opposite t e first surfa

nmldlfﬁlumd esirgl pbReeerd SAubbErs, coatact Yalirics, icomposites, and/or any
configured to hold a viscosity changin fluidto
other sifable ynajreaige lrt pee &k ithis| empodimene the under-pad 150

ARS8 RoA Ler G SO RAITAR 52 S o BERISAFEF 0 .

48 | . DBE t
o o aert e, FATIALE STy, 120 cprpelog n 0

mai obgreatentharpt@rimately 0.5 mmto approxi mately 10

mm | n other enbodi nts, the thickness T t .

e page  GsPean 6t FaSe QRSB mihe Caybat 152 feteins @
|

S PraB8RR 18 S Sl VFeRIPH Rlieneb & magneti

fidlaatF orhaeagsieVvirecwstdsityi of the snagrsetotiteciogleghfiliidcI 60 can increase
field, For exanple, the viscosity of the

frfnmgfh ¥iseORHEY sagvularatp thetplimoby eihio arr@fs%ssfer offa pgady solid material

dheifiian Jhe qdieriveehd el 4 s koo JRIE; | ) aaditional
TS o s o b e
ineviseositynioereapense lie the reagnetici field iandiai the magnetgpbeasiegical fluid

to the magnetic field and/orth gnetor egl pgi cal
160 may d %Egaﬁ%w WisePElsie rﬁﬁp‘%)“%% ﬁﬁnﬁggﬁﬁﬁge to

| n) TSNP mactBhé 1 1H Rk fRA c@%B’ﬁ%ﬁ*@% §efd <alitdq70 that is
ccglglghgw e dehorays @emag@etac figlgriatthe davity d 5Roftthe uepaler-pd 150. In

the under-pad 150. In
the illustrated embodiment, the magnetic field source 170 includes an
electromagnet that is selectively energized to generate the magnetic field. In
other embodiments, such as those described below with reference to Figure 4, the
magnetic field source 170 can be an electrically conductive coil, a magnet, or any
other suitable device to generate the magnetic field in the cavity 152. In the
itlustrated embodiment, the platen 120 includes a depression 122 that receives

the magnetic field source 170. Accordingly, an upper surface 172 of the magnetic

- field source 170 and an upper surface 124 of the platen 120 carry the under-pad

150. in other embodiments, such as those described below with reference to
Figures 4 and 8, the piaten 120 may not carry the magnetic field source 170. For
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the illustrated enbodi nent, the magnetic field source
170 includes an electronmagnet that is selectively

webmrgsserd to generate the magnetic field. |n por/bsI004/012760

enbodi nents, such as those descri bed bel ow with
reference to Figure 4, the nmagnetic field source 170
can be an electrically conductive coil, a magnet, or
any other suitable device to generate the magnetic

e&hﬁﬁ? :1@ n:\pgq@?é’éqt éf?tarilié?ﬁ% dbhe1 30, the PldrtirBshg pad 140, and/or the

| udés a depreSS|on

unkiet-pa@Cre0 858n cbh? tﬁammgnencfnew sosmwer £40.170.
Accordingly, an fp er surface 172 of .the

fi el dnsne aspadtoofaids ambogifaents ire 4P 1mackhipe; fn@ also includes a

hﬁgﬁg@ﬁﬁsééér Iy gguﬁlﬁgetrg' @@g\aaiégggc k&lcg\ﬁ%??en 170 to selectively
eh%?@%@riﬁé ntlg% Ecgﬁ'éﬁsso‘br@é‘ﬁé TIRE cBhRO RS ‘_ﬂét@sé!%)twéw energizes

ield source 170. For
tﬂ@%@%&ﬁﬂemﬁéwﬁém Otich (genaralsisea magnetm Ifdpidetna change the

carrier assenbly 130, the plana n d/
swsst)an@relthq)amaqw%faﬁpfe@ﬁa&ﬂtJHL 1@9 f%FeF%V' olP2e As the

v%ﬁ,t{qgﬁﬁ% | S@E@é@lgul% gﬁ fﬁ?ﬁ?—; gegfe cérﬁﬁr ility of the

F\PJ ad 1?3 HB@rém@etF@r é)tﬁhﬂesWh@ﬂethb%agnetorheoioglcai fluid 160
gtIV energi ze the magnetic field source 170

hﬁbea dvight r\@$¢caltylﬂme sisdecprdelaP ineelgtively inflexibleniihat dicection D.

AcrarIEODhethe, ey apO: RN megnenuIdosaioki Ty igRf tme  the
c&ﬁﬁ:r@%&%@ fsf‘fhec %rypé'QBiaEO £5 vahfing hé %@We? wpdfied kethe magnetic
Magnet of heo

oqgl cal ['uid 1607 i nc¢r eases,

fléﬂ:’@d&tlﬁmel 1\310 bewrr]e)fddrmg amdf}t&raﬂmqbolssbtfnlgem%rk?ggs For
exanpl e en the nagnetor eQl O ul
hi gh Qne esadjmeph ot arfar@fc%%lgoflg ?!ﬂg @%W%cha' 12includes a

ARG Sk e R o SR S g sond stege i
vJI-E&\ tﬁ@'mﬁcﬁ@rspbéu |1'50V15°Eehé!%llyrmﬂpméib1é0 !Durmgrmenfgst stage in

power applied to the magnetic field source_ 170
Irortbe Lmderﬂ:gad 460/ isrharth é'ne ;ﬂ!ﬁnafmm@ pask &ﬁ@ &fficiently creates a

ps,gg’p%{ %gq%gﬂb rﬂé{%ﬁ% gggeag ?é qu.gg\gerpﬁ@ (/\h %{,ﬁé%ﬁéﬂgeamounts of
nggggﬁér fag ti"négv Reaera | ynd e a eﬁg%@%ﬂd hlader ican create a

IS genera Yy fessib
s@#ﬂléﬁhttrhﬁntﬁerr 6t d@f’eameom the whifade bhmwm@ekplﬁeel 11120 Fsr example,

hard, the planarizing pad 140 eff|C|entI¥ creates

the defects can result from particles in the planarizing solution that become
trapped between the planarizing pad 140 and the surface of the workpiece 112.
During the second stage in which the under-pad 150 is compressible, the
planarizing pad 140 removes the defects from the surface of the workpiece 112.
Typically, in this embodiment, the under-pad 150 is not compressible during the
first stage of the polishing process because a compressible under-pad does not
efficiently create a planar surface on the workpiece 112 and can cause dishing in
low density areas of the workpiece 112.

' One feature of the CMP machine 110 of this embodiment is the ability to

change the compressibility of the under-pad in real time during the polishing
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[0028]

[0029]

[0030]

pl anar surface on the workpiece 112 w t hout renoving
excessive anounts of material fromthe workpiece 112.

wd ba4jogssez under - pad 150, however, can create aPCT/US2004/012760

significant nunber of defects on the surface of the
wor kpi ece 112. For exanple, the defects can result

-fromparticles in the planarizing solution that becone

trapped between the planarizing pad 140 and the

f
Y755 568 e B0 ipiseminaasepolsin

tiné avaarkipidoeg using B4 Garc rundes-piade adelf potnshmg othet weorkpiece using a

surface of the workpiece 112. Typi in this
cemnsassl’elet Uﬂﬁﬁépaﬁd%tr dﬁ@deﬁtséta%sn%ftc sizing & Workpiece.  More

SHREARE o P 26 BRI cRRABS P S surfp on the
mfdrﬁ&b@e @ngl tﬁBﬁrreﬁié"vEQﬁé daredtd ronPiHeEPpianer dddaead can

ause dishing in Il'ow density areas of the wor kpi ece
CL12 QthepConferdtieaswfd neticd-ieldS der-PaHs s

enbodi ment |s t he abl|lt% ?n ? |
conpiFi@uesi 134 yard ehRe aj d@Ft‘%'Qﬁ ¥n ‘?Féaplat”f‘?@ dYipwsg of  severa

il g RS 5 BRI s

Wit i ditioha dassdintentobf Dl ingdntish. Foeexampsts, ﬂ@.lreﬁmumstrates a

a hard under-pad and polishi ng the workpi ece u5|nq
pwamye:sfsnageem field powrcas Z7i0r arsapged &t £gadd yyith a plurality of rows

R};ﬂ%ggﬁé, %{j Wgéﬁ:tmr l%'hﬁﬁﬁ ﬁ%% ap‘ég dﬁ%&aﬁtﬁ# inélﬁir %@grge% proximate to

tﬁc%‘ genmé"t &?ﬁa@@da Bh%d §|@IEVtﬁal kRerrdshesds witrothd Bervature of an

nar surface. her Configurations of Magnetic
uﬁdef-ﬂa&ouﬂ'm naagj'\aﬂmdéeld%dsrc[asozgp Ealgub@somxabh@l cggpled to a
are schematic top pl anf

)
ceaﬁpiprageqﬁf@ta)fnaeasﬂe&e@s\( #fﬁ%fé%?ﬁrsﬁgg fPartions.of gn under-pad.
R NSRRI ASHET JABCEZe hf h8 Uk h?ﬂé' field sourges 270 can

e i hventi on. For exa

debtdtEbrtatinsreasenherrekolionfsuthghet eomiiclellarger u*mﬂ:er?dfcrows and
arranged in a grid with a plurality of rows R1-R8 and

caluping carn bg usedcol ums C, - C8 The magnetic field

sources proximte to  .the b

o1 de FlaeB B9 Besptinteatls Bn o RRTREt VighC P A B iafl o Heldnetic feid
sHies P‘?Q gEEﬁtlf‘“@d} WﬁHIv‘Fdel!?' ‘éss euDeas #1OadcHrdatee with another

operabl’y cou con | er to’'generate magnetic
eMb@idﬁhﬂemm otdheeswendong Wmfrrstonmguetlanf ielddeouneed370a, a second
magnetic field source 370b, and a third magnetic field source 370c have generally
annular configurations and are arranged concentricaily around a fourth magnetic
field source 370d. In other embodiments, the magnetic field sources 370 can be

spaced apart from each other andfor arranged in other configurations such as in

quadrants.
Figure 4 is a schematic cross-sectional view of a CMP machine 410 in

accordance with another embodiment of the invention. The CMP machine 410
can be similar to the CMP machine 110 discussed above with reference to Figure
2. For example, the CMP machine 410 includes a platen 420, a workpiece carrier
assembly 130 over the platen 420, and a planarizing pad 140 over the platen 420.
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[0031]

In additional enbodinents, the size of the magnetic
field sources 270 can decrease to increase the

wWo gmobesson such that a nuch | arger nunber of POTESZ0L012760
colums can be used. [00291 Figure 3B is a schematic
top planformview of a plurality of magnetic field
sources 370 (identified individually as 370a-d) in
accordance with another enbodi nent of the invention.

The GIWP soartias 476urRErgRiderar (derPad ARR s wEB 162 bfaten 420
a@cg ?‘58?“%&9{@:&@ o arteiLidBerpRrfl 430 hat ippavigngb2ueth a plurality

d con rically around a fourth nmagnetic

- of ¢atlsi52mic ead Y ignetorbetlegicalfiuid tEMdisposed withinthe eells 452a-

field sources 370 can b apart fram each ot her .
it ool AsRBEnd A S60RBY Col HEEBhals BHact@ly fTBCIAr FoTigurations
adrant s. Ei. e ' tJ .
et 36 Htabiass e 3ol S4RTRRR At | The cells 452a-c are
@ﬁféﬁ irdyl S0l ber acserd Biieoppositet thenfirst surfa
d e C%g@ngﬁ]v: éndle]ﬂf410t4!3§'aﬁ be si &_@liiﬁ‘;?@t‘g Fﬁ%pCl\/P m;chilne SHnase
4596,0a thist ssfack 468yendiat fourtbfseirfaseetfboppegitecthepthindosurface 458.

oierdl a5 S SIELLESS 8 Bt v o
1 Z] " 4 . .
oS ERETS AL s B et BB o

reierdne to IMGlned® sarfanderdpad pad ind0de et differertt membeataficells and/or
420 and the planarizing pad 140. The under pad 450 has

the eedisican besarranged in gidifferent gonfiguraliPns 452a-c and a

regnhe B! Adcfife 410" plhor PR HeS L pitaHly. O fapfiBi€ eld sources
4ﬂ?'7(‘c?aéHt#faéda lidtafP iy WO%tt'tJO'&érrie’tnda tiee aundergest 450. The

concentrically around a third cell 452c. The cells o
méGRetic fisldesouteds AFO &g podilionad tuselectivelygengratedvagnetic fields

e T oot e 4ol BV Gt Bt 470
péﬁ%@g%ﬁé@ﬁ%gf'ezglm?%?ﬁgﬁg iy He'fie cel 4508, Accordingly, discrete

are di sposed wthin

p&Bbhs of5ife- enddripand HEO earbbei campressthie iwhile oiteseportions of the
descri bed below with reference to F

undetepach480 cae hand! s exagiriecineihe %h%&he%‘g’i@gﬁqﬁéed in Figure 4,
a ggaérﬁ% matg{ﬁr%gﬁ %lekc? 5§32 0B J MRS S nfaghelit §6fhn the second cell
452b. Consequently, the region of the under-pad 450 defined by the second cell
452b is hard while the regions of the under-pad 450 defined by the first and third
cells 452a and 452c are compressible. In one aspect of the illustrated
embodiment, the magnetic field sources 470 are electrically conductive coils
embedded in the under-pad 450 between a lower surface 454 and the second
surface 457. In other embodiments, a CMP machine may include a different
number of magnetic field sources andfor the magnetic field sources may be
positioned in other locations in the under-pad. In additional embodiments, the
under-pad 450 can be used in conjunction with other configurations and/or types
of magnetic field sources, such as magnetic field sources that are carried by the

platen as described with reference to Figures 2-3B, 6 and 7.
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[0032]

[0033]

[0034]

[ 00311 The CWP machine 410 also includes a plurality
of magnetic field sources 470 (identified

woO ndiwosgsral |y as 470a-c) carried by the under -pEadusEboy612760

The rmagnetic field sources 470 are positioned to

sel ectively generate nmagnetic fields in corresponding

cells 452a-c. For exanple, a first magnetic field

source 470a is positioned to generate a nmagnetic

fiel {5Gs Stic cftt@sedihal Hif'dloly of aHCHRier-pad 550
ort?:(l) dre ?q?l’?egﬁl r-I pad 450 can gdé:]gr%gessaﬁg P for

u\?bldrﬁa @MPY mE@hhedﬁSada:brddre:e with @molttest éﬁbodmrﬂm‘fdhe invention.
For exanple, in the enbodinent illustrated in Figure
The Uﬁd@e@@ﬁlcﬁﬁﬂagrﬁéﬂeﬁ B @!|umfgmfc%ells7552g@'ﬁ@mcw A& grid with a

Prtﬁg et| f@{-‘lrﬁ%d L 0s é_epg@%:?%% (g)gﬁélﬁégzabmg&tée%%%ére defined

bi?ohrge@%cé Sshaﬁ %eyeha QuHaee '55% @mé?e‘e m@mrsﬂ&maé@%zt a third

ned by t rst and thir |'s 452a and

" sdface 858, aoopa éasihisarfate 558coppyaitet thef thitdesurface 558. The cells

i ustrated enmbodi pent, the magneti c f| el d sources
S520PRIAReLa 1T ATNElSh NAVE; 9 CURY SIdR Hhak GRHeFPORsR With the

cﬂ@%ﬁw&p&%éf a%?—i)@egﬁ L[Pl ll§ %‘Iﬁfge éﬁ?ﬁf:@%&&ﬁ%cawe discrete

pﬁﬁﬁﬂﬁsn%f”ﬁbie' 'ﬁ@égﬁéﬁome@lddlﬁélefﬂmd nggbe (jFi{furﬁHQnetl dn additional
field sources and/or the gnetl c field sources ma

epiwidimnented then sizehef theocalis 602 ¢an dreraasgeic maeaaaq}/he resolution
di.t | enbodi d 450 b d
el it A RUER GArOaf [EMBeh oF M NG Soifits 630 b ety pos
of ”?‘@ﬁ%'@ i '§E9h§ﬁ5il&3:?gs§-§ﬁ&lcﬂ'§ai npewest & Eive %achme 610 in
sourc hat are carrie y the [aten as describ

abcdroaned avithanother ergbodiment 21B,thé lawmmn The\OMP machlne 610

2004/ 098832 PCT/ US2004/ 012760 b?OBZ%@ bgure_ IS a .
car herrimilar ta hesCMEmashine 1) 2RRVE Y t%awr@@oto Figure

2?&5&%&‘1’&0&%"%%@"&%?0% PEfRIEA Bt 88 196, an under-

pé@eﬂsmdéérr?n@ théagblbhﬁrlﬁhlgqﬁd 94653 ple&sm@ﬂ@ tarnangthe under-pad
urality of colums Cl-C8 and a plurality of

15@,V\ancma warkpm@e calrisr assenably GRG pved thebplangrizing pad 140. The

oSU51 B8 e A S AEE PRBERH BB ke 0. T
wég{gaé&ecéﬁ%r%%%ﬁitffd mbmde‘i HzRCE32 Thvi Jﬁ‘% %éﬁtt member

roxinate to t eri nmeter ave a curved Side 't
Smmsawemnmgtrtng 883 cnmpWed to ¢hefsuppertundmbep&B4550he support

o3 car inalads o8 iy o masnetic field sources 670 that are
configured to generate magnetic fields in at least a portion of the cavity 152
proximate to the workpiece carrier assembly 630. Accordingly, the CMP machine
610 can selectively control the compressibility of the under-pad 150 proximate to
the workpiece carrier assembly 630.

Figure 7 is a schematic cross-sectional view of a CMP machine 710 in
accordance with another embodiment of the invention. The CMP machine 710
can be similar to the CMP machine 110 discussed above with raference to Figure
2. For example, the CMP machine 710 includes a workpiece carrier assembly

130, a planarizing pad 140, an under-pad 750 carrying the planarizing pad 140, a
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[0035)

portions of the magnetorheol ogical fluid 160 (Figure

4). In additional enbodinents, the size of the cells
whhdsomesdecrease to i ncrease the resol ution msoLbSikEE12760

a much | arger nunber of rows and colums can be used.

[0033] Figure 6 is a schematic cross-sectional view of

a CVMP machine 610 in accordance with another

enbodi ment of the invention. The CWMP machi ne 610 can

pt%g?riir?gq{:%r{ijﬁgf Bg L&M%@ag; ér:ln%) Iaghiﬁﬂéﬁ%ﬂp%ﬁrd@ 770 carried
bf Lthd rﬁbt&?ﬁ%ﬂ) Pl i | grhdeg-prafl 7510, ha?d1 amd@.n%m I&ehtaining a

carrying the planarizing pad 140, platen 6
meagnelsrhgoldgical fidéd 16ad T%OMPanmca:nm?ka‘wmerdaﬁlud@ﬁ a reservoir

nbly 630 th 40. The
785’.3&%%:@@8%?@@ Sg@w ﬂgg %ﬁft}?% @gpgmp 764 to transfer the

mEoDRinEBRR fifts a0 behidh g%sﬁwy"rksﬁ;ﬁgogtﬁﬁéé@won 762, A

c@M@?VSB esfe @hrb@l Ai 4N apertineg? 268 th thmuplla@'l VEOtdmei an aperiure
port menber he support nenber 634 _can

772 die naramailcaﬂreldwqwce@@’ﬂe@wkﬁ thaicavity £e4 tetae ragervoir 762

andadps PHHﬁ% Zg4of t erﬁ@ﬁﬂ/ t'C%p Qﬁ;%feeﬂ F%aﬁaﬁétuon of the

m‘é@h%ﬁﬁrﬁ&@lgﬁ?ﬁf C'ﬂ%‘fd 489%%@?@5@9@#@6@ l%girﬁé cavy B¢Pto increase

an selectivel y cont r ol
theoppessigebinl ithy Gﬂvulyhé‘srznde'l’hqaadcmaeequmssutae in othet lea@vity 752

el e o ST b SR M, o

p@rﬁgomﬁcﬁ‘ahg@%t 1%r‘?@qg}em”ﬁﬁgnﬁ{orﬁ&ﬁob%éﬁ%dgﬂﬁgefrom the
cavily ¢52 qyaﬁédegbﬁm 762 Horinteasedbet compressibilitg . of fhe under-pad

exanpl e, the CVP machine 710 includes a workpi ece
78@rrier assenbly 130, a planarizing pad 140, an

e

m&/ ﬁtlHﬁ“P\%Qg‘Eﬁa‘é}f crfdé%gi @e 2 Théﬂlﬁﬁéé@d &F Fﬁ%{réﬁ*or? Ut that various

arri ed der-pad 750 has a

nﬁé)ﬂdaﬁoﬁé&naprﬁeamadw \nathomag:lwtajngefubmgthmlspfritwmd seope of the
The CWP nmachine 710 further i ncludes reservoi

invantiomi dAeaseinghs dheolRvankien ih ot iiieg excent s @vplglﬁpappended

764 to transfer the nmgnetorheological fluid 160
Clgi%een the cavity 752 and the reservoir 762. A
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conduit 768 extending through an aperture 726 in the

pl aten 720 and an aperture 772 in the nmagnetic field

source 770 couples the cavity 752 to the reservoir 762

and the , punp 764. The punp 764 can transfer a

portion of the magnetorheological fluid 160 fromthe

reservoir 762 to the cavity 752 to increase the

pressure in the cavity 752. The increased pressure in

th %®¥§Fy 752 accordingly reduces the

coﬁﬁ Ibility of the under-pad 750. Alternatively,

the punp 764 can transfer a portion of the

magnet ophaRIRSH GF pdilsirty BOhirofsatlRe worRyisty wit? d Polishing

the reservoir 762 to increase the conpressibility of
machite bavog-a sarriersosad, 0 psjisiFing mach e aegmdeg—,pad%/ cairying the

.he appregci ated that specific enbodi nents of the
po[q%%ﬁggbﬁef{gg&mge%q{n@%1991 bed herein for purposes of

i | hidsArigpat leBst one of T cardier Buad amadhé ipotishing pagaeldtive to the

made wit hout deviating fromthe spirit and scop

{ e of
the i notheriterrubaheomigrataajure; werknigaehagainst she,polishing pad,
limted Lai = ;
1" el Réyindta 8ARDEAY o ReBBbredBgleal il in the
a pol i sbavity, e lehnity iroidigg &a plralite of kiistreteacqdis! arsdmigeyi in a
pad, and _an under-pad carrying the  pol.ishjn ad, the
met hod GBARAVNIh ! Ieaskitwg taws oh il RBUGA (eRgt Bife rqolinns of
head angeﬂgn%npol ishing pad relative to the other to
rub the m¢rofeature workpi ece against the polishing
padhandihg thedmmpmdsibiity of thecandarnpaghbyggenerating a magnetic
magnet o ological fluid in th cavit the cavity .. .. .
ol uar Rgdaton s (e yiechPite o8 the MagreigHEIGaaT thid within
grid hamen&\??dfggﬁlgggppégy\s of cells and at | east

two col ums and changi ng the
conpressibility of the under-pad by generating a

e i ed o L i bl e s
comPHQ@é 'é?%‘??iz%g EReerRirbpfhghbt abagdndrai ehei MaghaRs deidth the
cavityhe magnetic field

3. The method of claim 1 wherein generating the magnetic field
comprises energizing an electrically conductive coil to generate the magnetic field

in the cavity.

4. The method of claim 1 wherein:

the magnetic field comprises a first magnetic field;

changing the compressibility of the under-pad comprises changing the
compressiblity of the under-pad in a first region; and

the method further comprises changing the compressibility of the under-
pad in a second region by generating a second magnetic field to

change the viscosity of the magnetorheological fluid within the
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conprises energizing an el ectromagnet to generate the
magnetic field in the cavity. 3. The nmethod of claim
1 wherein generating the magnetic field conprises
energi zing an electrically conductive coil to generate
the magnetic field in the cavity. 4. The nmethod of
claim1l wherein: the magnetic field conprises

magnet i §6¢9ry aﬁgf%aﬁgr%n@%p%ﬁﬁﬁé%% |f?9'9n<5§ ﬂ{‘%@%ef-pad
he. undBerBReIe e R S, C The method
further conprises changlng the conpressibility of the
magne: | Epi ERined G isaige t HENSTPEC GRS (e magnetic fiek
com@%«?%?%@?ﬁa{qhg%é ah C‘:dfléYHt\mrpatnggneti’t?’ﬁeIQ s%@i?&ngamed by a

er=pa e second”regi on of

tableiodapleddd théendgr-gadf erent than the first reglon 5
The nethod of claim1 wherein generating the nmagnetic
field conprises generating the nagnetic field with a

magnet i gpp g%ééihcg@quﬁ%léﬁ‘{ ry j@hé}é[ genPathhgt A4®! RAghBtic field

t he under-p e met ho aim 1 wherein
cormpaaes genegtingetheamagnietic fiiedd withcanmpagnatic tieldsarcagarried by
etic field wth a nmagnetic field source
the u ﬁ??ﬁ%%r the under-pad. 7. A nmethod of polishing a
m cr of eat ure wor kpi ece with a polishing nachine
having a carrier head, a polishing pad, and an
under - pAdmmmq'lo‘fgmeIs@mg)@I nyﬁlof@ﬁtpmj wqrhgenetwuﬂm a polishing

mack i DRiich <GPt 4 GRS OR el A Bl g Bfring the
pohgmﬁg Bh@rﬂfe%btﬁo%l YpRsia§e agai nst the polishing pad,

t he” under - pad having a cavity and a magnet or heol o q?l cal
f | mayingat least ene of 816 carderpaadiand the peligbingtrasyrelative to the

compresgh Al Nibothe' mfcrgfé%?ureo\%grmeéélgagin@ the polishing pad,

the under-pad having a cavity and a magnetorheological fluid in the
cavity; and

dynamically modulating the compressibility of the under-pad by changing
the viscosity of the magnetorheological fluid within the cavity of the
under-pad with a magnetic field source, the magnetic field source
including a plurality of electromagnets arranged in a grid having at

least two rows of cells and at least two columns of cells.
8. The method of claim 7 wherein dynamically modulating the

compressibility of the under-pad comprises energizing at least one of the

electromagnets to generate a magnetic field in the cavity.
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the viscosity of the magnetorheological fluid within
the cavity of the wunder-pad with a magnetic field
source, the nmagnetic field source  including a
plurality of electromagnets arranged in a grid having
at least two rows of cells and at |east two col umms
of cells. 8. The nethod of cIai¥17 mherekn dynam cal

mo8ul at Prgrethed Qfopplisaing @ Mmickpieature, avay) aispg pah a polishing

e B3R 151 2H081 5 cHRSRg 25, o 15y pac comin the

polisfing prd, thidmethdd compesihgd of polishing a mcrofeature
o 5ot Bt A BB AR e to e
pol i shi thdrad, nibthe T8 RGP WoPkpiée ; BRHIr3Y e dloﬁgﬁhg pad,

one of the carrier head and the polishing pad relative
to t he the bedetpad hiavingea savibomihta pkiraily lodidisosete cells and a

agai nst _the polishin d, . the under.- havi ,
oo ! it eSe gl Jfy in;lCledsE Sl SE I Gl fhe discrete
magnet ogBRPbeRigCatrandad th hyrRf hh@ng tat A88stalvot Rvecahd &it least
the discrete cells being arranged in a grid having at

| east t w0 colnngi@ngt | east two col umms; and

dynani. cal | ' &ssi-hi Litk '

of Ot el Ut EPRERET Hir 2 i B ieriba by
magnet ochgndingi el vidcasHy Woft lhe ma?ﬁetdﬂ@écﬂcgidhhmuﬂflvbithin a
of the under-pad. 10. The nmethod of claim9 wherein

dynani caprrgsprimlingeehgl theeundeimadssibility of the

regi on of the under-pad conprises energizing an

el ectronmagnet to generate a magnetic field in the

conpesprnei mgettet! of 1¢laimh® nehdéeth oflymdmicallp wheukiting the
dynam cal l'y nodul ating the conpressjbili tﬁ of the _ .
Compé%ﬁﬁﬂ?i“tdf qfhéhemmorpaef cth?prli‘ "F@%r@‘?"ﬂp eHnenergiang  an

clecb T e B IEbYACRU o SSReg Byt

pol i shing a m crofeature workpiece with a polishing
machi ne_havi n% a carrier head,, a polishi

, d, ;
undidr - pre_c anethod g of hE'_a"Bo!g'l SKhergin, a@YnQrH%aﬁgr mogmjat'%g the
comPRESIGRYoftRS régiBRYI Ehé tinfibRbdd TR hergiging HfElectrically

‘conductive coil to generate a magnetic field in the corresponding cell.

12. A method of polishing a microfeature workpiece with a polishing
machine having a carrier head, a polishing pad, and an under-pad carrying the
polishing pad, the carrier head carrying a magnetic field source and the under-
pad having a cavity and a magnetorheological fiuid in the cavity, the method
comprising:

moving at least one of the carrier head and the polishing pad relative to the

other to rub the microfeature workpiece against the polishing pad
with the under-pad having a first hardness until a surface of the
microfeature is at least generally planar; and

moving at least one of the carrier head and the polishing pad relative to the

other to rub the microfeature workpiece against the polishing pad
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pad having a cavity and a magnetorheol ogical fluid in
the cavity, the nmethod conprising: noving at |east
one of the carrier head and the polishing pad relative
to the other to rub the m crofeature workpiece

agai nst the polishing pad wth the under-pad having a
first hardness until a surface of the mcrofeature is

at | easwithdRgruidej-nadahaing anRecand hrrdaess ddl a shgage of the
the car HI%E&E@Q% A9 r 3 ft%ﬁ%'g %&gpgirﬂf\%égiﬁiﬁé’ first ﬁg?cﬂ?ess is

other to ru e nMcro pl'ece agai nst t

pol i shi diffeperat thathIhe 8epond haldnessder - pad havi ng a
second hardness until a surface of the mcrofeature
has reached an endpoint, wherein the first hardness is

di t 1 . )
0 551 SThol i SAEFPY, APPEREampritin SoaTy Beisoty o
the tizgnetarhedlogiuadiflogl drathd lcavity ton chaege dhé thardesshahthe under-

t he hargdness of the under- d fromthe first hardness
pad fiyrn Heb GBE aciTesedadts soaand RaediedBhod ot oi ai m 12
wherein noving at | east one of the carrier head and

the polishing pad with the under-pad having the first
handnes$heauettod dktlaime TBwhepintmbdagtatdeastaine bk the carrier

arrier head,and the pglishin wLth th nder - pad
nead iich e ROla0uiD RacHaMb e nogEeBd halind i e i ocurs
beer?rmBﬁﬁ 24t fealst NG/ Of 1) B} hdlRf BARI B2l polRMind PaBowith the

of m crofeature workpieces, the machine conprising: a
undempad hbvingribe sesappbardrassf ace; an under-pad carri ed

by the support surface of the table, the under-pad
having a cavity; a workpiece carrier assenbly over the

tahbe, ANBoksHihd ShadRimeTRIrY meePBhicalA1d/60 chdicalanechanical
m crof eat ure wor kpi ece; a magnetic field source

polishimg phmierafaaturgewerkpieces, theymachnef ¢anarisingt he
cagitémé h%@gngaa%gggh%h a%g;ogi cal fluid in the cavity;
an under-pad carried by the support surface of the table, the under-pad
having a cavity;
a workpiece carrier assembly over the table, the carrier assembly
configured to carry a microfeature workpiece;
a magnetic field source configured to generate a magnetic field in the
cavity; and
a magnetorheological fluid in the cavity;
wherein the cavity comprises a plurality of discrete cells arranged in a grid

having at least two rows of cells and at least two columns of cells.

16. The polishing machine of claim 15 wherein the magnetic field

source comprises a plurality of electromagnets arranged concentrically.

17. The polishing machine of claim 15 wherein the magnetic field

source is carried by the table.

-16- °



wherein the cavity conprises a plurality of discrete
cells arranged in a grid having at | east two rows of
cells and at |east two colums of cells. 16. The
pol i shing machi ne of claim15 wherein the nmagnetic
field source conprises a plurality of el ectrorragnets

arranged concentrically. 17. The polishin chin
cl 48m 15henpelishing H@aﬁ%@ﬁepf clpim |t wogrei: the E"&QFPB@ field

sou@é lévﬁﬁrrfe?ibé &r@derecgéﬁ_ The polishing machine of claim

er el n e magnet1 ¢ field source is carried by
t he under-pad. 19. A polishing machine for nmechani ca

and/ or chem cal - mechani cal ol i shi g of rof eait urti1
woﬂ&pi eBeBolighieo maaaning Eﬁnﬁ%‘%‘ﬁﬁ@a anical

r e support

poli PGt nictfediEre watkoletes, vh? sﬁﬁ@?ﬁﬂ@v’?'ﬁg & cavity;
a Malbdplrmmg:asupportmsfaubj y over the table, the
carrier assenbl confjgured to carr m ¢crof egt ure
woPR pinsieepad RaGies: PY the SupPeBSWERGELAF R iakle; Bhe' Under-pad
gener at gw;, c field in the cavity; and a
magnet oﬁﬁ\go ogical ' fluid in the cavity; wherein the
magn&torkpiece| dasienr esseblyr iaves thepltablg, i the ogarrier assembly
el ectromaghets, . arranged.in.a qrid ing at |east two
rows of %%nQ%e%ﬁ%CQEW%e@H"% ec"&?rﬁ%ﬁ{? ®obf cells. 20.
Thg mabh&ii %Idf%lﬂl'réh? dhfighidno Yenandtel 8 magnedy ified in the
conpriSes a plurality of discrete cells arranged

gener al tgvigyoaodntrical ly. 21. A polishing nmachine for
nechanlc C ani cal polishing of
mi BIOTEs %ﬁ’“&"?&ﬁ’ﬁ%ﬁ’f@ f’P]teh(l"‘["vl?‘g’(:hi ne conprising: a
t alyhereiR the! MegGndtRHfi610 Wolueck t:oni;imees abpRiralithef eleciromagnets
under - pad having an_encl osed  cavity;

arranged in a grid having at least two rows of cells and at least two

columns of cells.

20. The polishing machine of claim 19 wherein the cavity comprises a

plurality of discrete cells arranged generally concentrically.

21. A polishing machine for mechanical and/or chemical-mechanical

polishing of microfeature workpieces, the machine comprising:

a table;

an under-pad coupled to the table, the under-pad having an enclosed
cavity;

a polishing pad for polishing a microfeature workpiece, the polishing pad
being coupled to the under-pad;

a workpiece carrier assembly having a drive system and a carrier head
coupled to the drive system, the carrier head being configured to
hold the microfeature workpiece and the drive system being
configured to move the carrier head to engage the microfeature

workpiece with the polishing pad, wherein the carrier head and/or
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a polishing pad for polishing a mcrofeature

wor kpi ece, the polishing pad being coupled to the
under - pad; a workpi ece carrier assenbly having a drive
system and a carrier head coupled to the drive
system the carrier head being configured to hold the
m cr of eat ure wor fhe driv

kpi ece an e system.beji ng .
conf i guthegtakle rfﬁ\)got@\@e crﬁ?’?tl"@r o ey OLtib‘!re SR %Tﬂ gmcrofeatu re
m crofe 0l | rféfﬁa ol i shing pad,
wher ei n%ﬁgﬁ%%érﬂ??é@gﬁ@%ﬂe{% } r (!)’17- O the table is
nmod afgcesity banirelisrtat lédst proxigate to thebunder-pad;rasfdeat ur e
wor kpi .ece ai nst the pq)ishing.pad; a viscosi cy s
ot il Br T enclosedceBaimnnereil e Gaahsny potuine, fyid, n the
fluid ignéBged Eé\ﬁﬁ/eqih"é%bé)’unﬂﬁlertﬁbn iﬁﬂl%n\ébs‘%ﬁsfﬁﬁy WWdcosity

n
the flurd in the ¢énclosed cavity changes under the
i nf | uencentodllerhe vi scosity controller; wherein the

CORh8RR 158 SobibsBA BV BN bl hatndbr s bl grranges
cel |'s ajiy gtid IHRAfly dVBasOiwg Wb calleldrdl atddastiia® columns of

pol i shing machi ne of claim?21 wherein the viscosity
control f@lfs. selectively generates a magnetic field in
the cavity. 23. The polishing machine of claim 21
wherein the viscosity controller conprises an

el gt r oTRENRIlishihgoiaRhieCof clan2t iwhdreil the vistbsity controller
cavity. 24. The poli shi ng_machi ne of claim21 wherein
i

seleclively Denerates acoagnatia figld it iepeadlys an el ectrically
conductive coil to generate a magnetic field in the
cavity. 25. The polishing nachine of claim21 wherein

t hg3vi sTRgigalishmgt mdlchile of el 3 witerginutial Visyosify controller

el ectromagnets arranged concentrically. 26. The
compises BN eiegtimagnetde gengrate 20maeaets Aeldhe tha £aYdY-i n

the viscosity of the fluid changes the

conpressibility of the under-pad. 27. A polishing

maghi neThepatehimgninaghingndf elzimh2mwrareimetHeaviscasity controller

pal i shing of m crofeature workpi eces, the rracPi ge )
compifpy AR erptrically conductive coil to generate a magnetic field in the cavity.

25. The polishing machine of claim 21 wherein the viscosity controller

comprises a plurality of electromagnets arranged concentrically.

26. The polishing machine of claim 21 wherein the change in the

viscosity of the fluid changes the compressibility of the under-pad.

27. A polishing machine for mechanical and/or chemical-mechanical
polishing of microfeature workpieces, the machine comprising:
a table having a support surface;
an under-pad carried by the support surface of the table, the under-pad
having a cavity;
a workpiece carrier assembly over the table, the carrier assembly

configured to carry a microfeature workpiece;
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a table having a support surface; an under-pad carried

by the support surface of the table, the under-pad

having a cavity; a workpiece carrier assenbly over the
table, the carrier assenbly configured to carry a

m cr of eat ure workpi ece; -18- 0 a magnetic field source
configured to generate a_nmagnetic field in the . _ .

cadi MpgngHg fiel %rq%ége%dcéq) ganegrate @ MREneligifield in the
wherei n the . npgnetic field source is carried by the

wor kpi ece carrier assenbly. 28. The polishing nmachine

of achagmetdrhediegiealfiuichen thedeavityad further includes a

first surface and a second surface o site the first .
Suheen' kit dgnedd: HSENouRE i Retehdn, ife WEHRE carrier
the firgksamgysecond surfaces. 29. The polishing

machi ne of cla m27 wherein the magnetic field source

conpri ses an el ectronmagnet configured to generate the

magpetic field in the.cavity.. 3Q_ The poljshin

rrag i _ne‘i-B‘F’ e‘i"ﬁhfﬂgz??%%éf?eei% “)t{?l'g" : gWEf’f _ nfthgllg.\o%srbqﬂdcgurther
inclfdEBPEl AR SUMRECHHA | & Hdo¥n@ OfGHsdd BPpeSitd tReMirsgeUfEce, and

C
to generate the nagnetic field in e cavity. 31. The
whepinitbé cagtynisaroleseds beivgiemthe firsteans seqans! -in
the viscosity of the magnetorheol ogical fluid changes
the conpressibility of the under- pad. 32. A polishing

nmaohi nethar Psws_m.agn HAthinBd P! cl&iE T alvhaRah &Rk Calagnetic field
polishing of mcrofeature workpieces, the machine =
sourcengMmplises an alegramagmetieaidigused te gepreatetbetmagnetic field in
thetatlale, t he under-pad having an enclosed cavity; a
fﬁﬂ%@hing pad for polishing a mcrofeature workpiece,
t he polishing pad

30. The polishing machine of claim 27 wherein the magnetic field
source comprises an electrically conductive coil configured to generate the

magnetic field in the cavity.

31. The polishing machine of claim 27 wherein the change in the
viscosity of the magnetorheological fluid changes the compressibility of the under-

pad.

32. A polishing machine for mechanical and/or chemical-mechanical
polishing of microfeature workpieces, the machine comprising:

a table;

an under-pad coupled to the table, the under-pad having an enclosed
cavity;

a polishing pad for polishing a microfeature workpiece, the polishing pad
being coupled to the under-pad;

a workpiece carrier assembly having a drive system and a carrier head
coupled to the drive system, the carrier head being configured to
hold the microfeature workpiece and the drive system being
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bei ng coupled to the under-pad; a workpiece carrier
assenbly having a drive systemand a carrier head
coupled to the drive system the carrier head being
configured to hold the m crofeature workpi ece and the
drive systembeing -19- 0 configured to nove the
carrier head to engage the mcrofeature workpiece

wi th t heopiiguredi tlegMeve, thensagiar berd dar engagedhg) microfeature

and/ or , L @uri o r t]
rub the“fr%hg)r[%%gﬁ tl!l.ir g’%?ﬁ*ﬁﬁ%c‘% dggdéﬁféggtrpgmééﬁs@ [ ?Lelatr?gand/or
pad; a thestabletiy monablel tetativet td s totiperota nelt éhe anichefeature

under - p and a f| u{ in IPIe encl osed cavity, wherein

ad; J
t he vi SE’QEKR‘?C%ﬁg@'ﬁé eRQlisning pRed; encl osed cavity
chg s lsgf%m&ﬁ?r_ét'?éé}éi‘?ﬂ&ﬁrr%‘te&@%é’uﬁ&é}fﬂl)édf and

cont erein the viscosity controller conprises
a pl fiuid| int theofenelosetlr cavityn eviserein tihe gdscasity sofgthed fluid in the

121115 Bk S8 AV, it ekt SRS HEECDr L yconty

32 wher gpmrdileg: encl osed cavity conprises a plurality
of discrete c_e1 |'s arranged generally concentrically.
34whareinritier visaasityo contrellesncempeises ta miunglivh Ph elegiramagnets

i or of caraPaShah B B8nGi RN By BLEGIE 43t teast two
body i nghlugirydofacdilgr st surface, a second surface

juxtaposed to the first surface, and a cavity between
the first and second surfaces; a magnetorheol ogi cal

cab?i ed By oRENidadiRe HUBEIGPE Whtdhn M Efciosed cavit
comprses ki pluralisf 6t discrefecsiRvarrangethgeserally bencanttitaly.

conprises a plurality of discrete cells arranged in a
grid. 35. The under-pad of claim 34 wherein the first

o 3t ancAnoy BBTEELIBE se of ALPRIEhBGC LN i B Mlechanical
and/or chemical-mechanical polishing of microfeature workpieces, the under-pad
comprising:

a body including a first surface, a second surface juxtaposed to the first
surface, and a cavity between the first and second surfaces;

a magnetorheological fluid in the cavity, and

a magnetic field source carried by the body for selectively generating a
magnetic field in the cavity;

wherein the cavity comprises a plurality of discrete cells arranged in a grid.

35. The under-pad of claim 34 wherein the first surface is spaced apart
from the second surface by a distance of between approximately 0.5 millimeter to

approximately 10 millimeters.

36. The under-pad of claim 34 wherein the magnetic field source -
comprises an electrically conductive coil carried by the body, wherein the
electrically conductive coil is configured to generate a magnetic field in the cavity.
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approximately 10 mllimeters. 36. The under-pad of
claim 34 wherein the magnetic field source conprises

an electrically conductive coil carried by the body,
wherein the electrically conductive coil is

configured to generate a nagnetic field in the cavity.
-20- 0 37. The under-pad of claim 34 wherein the .
cadlty Etoapirdsepad o claim Srywhereinthe cayily gampgses a plurality

or 19§ TS LnSBIEETRER ARG 5, 1 1o P

changes viscosity to nodul ate the conpressibility of

t he under-pad, 39. A pol.ishing machine for rrecPlan'lOCéal )
and®or ERRrindar-nac phnlaig) 34,phegein ipeomagneihegiogical fluid
I ' LEI 0. t  AaVi Ng a
charfls Yot to MR N ATARIBEBIBFLS fe BRich o2 00 |
surface of the table, the under-pad having a
plurality of discrete cavities; a vvorkgi ece cafrrier

as3®nbl 4 Belishing,dnaghine fo5r Meshaticaly aRdiArcFgmigalmechanical
po|isyg{r#&gﬁib%fe%uﬂb%&]kgb\éeef thEAABERINE cohfbibiRpur ces

ured to generate nagnetic
coa taide dadinaca sapport sarfaeeyd a magnet or heol ogi cal fluid

in at | east one .of the cavities; ereipn t di scret

L o LSBT RPg TSt RN T, SUPRYT FuraeE o The PaiE) TE fher-pad
r ows i &0l ums of cells. 40.

The pol i%ﬁ'ﬁ%é‘%@?ﬁf%gﬁ%@nﬂﬁmﬂei n the magnetic

f i @ lworkpiegecearriar esaemily) eveydne tableyfar ocarasing ia anickofeature

41. The 8%' Lshing machi ne of claim 39 wherein the,
magneti‘@ P&SE sources conprise a plurality of

el £plurbfg! dfmEgREtitchid M SotPddsS cHritfurdd 1@ dehardle Meagriatic fields
magnetic fields in corresponding cavities. 42. A
pol i shiingomgspprRdinggavitieshantdcal and/ or

o R eLTREORU G o RE et TE RUERS )i g
supRerdin ey disemste cavities are arranged in a grid having at least two rows

of cells and at least two columns of cells.

40. The polishing machine of claim 39 wherein the magnetic field

sources are arranged generally concentrically.

41. The polishing machine of claim 39 wherein the magnetic field
~ sources comprise a plurality of electrically conductive coils configured to generate

magnetic fields in corresponding cavities.

42, A polishing machine for mechanical and/or chemical-mechanical
polishing of microfeature workpieces, the machine comprising:

a table having a support surface;

an under-pad carried by the support surface of the table, the under-pad

having a plurality of discrete cavities;
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an under-pad carried by the support surface of the
tabl e, the under-pad having a plurality of discrete
cavities; -21- 0 a workpiece carrier assenbly over the
table for carrying a mcrofeature workpiece; a
plurality of magnetic field sources configured to
generate magnetic fields in corresEPndin cavities;

and Workpigeer earkies asseamly aver dhe dagle faedmdne amicfeature

cavi ti e@br!&ﬁf@éeei n the magnetic field sources are
arranged In a grid having at least two rows of cells

ang pluraligasitmageetiofieldrsountes edmfigurdd to Geaeraie insingmadic fields
machi ne, of claim42 wherein the magnetic field

sour pes'”c‘?ﬂ?fﬁﬁp%dﬁ‘gpqq}’l‘tﬁq; lai?d_of el ect ronagnet s
Coﬁfrﬁétg{e?%h'égl fRiCiN®RIest dne bf Bkdavities:
S | t 44, Th I

correspondi ng Cavities. . e pol i shing machi ne of
cl wherel? th enagnetichiicldi scerees acmaimanged dn @ ged rhaviwpat least

ener al concentrj cal o =22- 0
g Mo rows o cell's ancJ Xt Ieastztwo columns of celis.

43. The polishing machine of claim 42 wherein the magnetic field
sources comprise a plurality of electromagnets configured to generate magnetic

fields in corresponding cavities.

44. The polishing machine of claim 42 wherein the discrete cavities are

arranged generally concentrically.
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