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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 nechanical and/or

chem cal - mechani cal polishing of mcrofeature

wor kpi eces with polishing machines that include

CHROLISANG MARRRESIRGIEG UibER%RABSs ANBMETHODS FOR

r enyae @Hmrc%&%kwmﬁﬂek@nm eMECHARICAEEOLISHING OF

wor kpi eces in the production o m croel ectroni c

devi ces and ot her N\NIORODEEATUREWORKRERE®t i 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

r urface 22 of the platen 20 and a | ower surface
T%Ng;&-ﬁ%rlsn ng pad 40:. The under-pad 50 provides
a thermal and nechanical interface between the

NeHHeZ | g f &Q‘/Qnﬁ&‘i’ r%ihef?é" ! Bhé‘rﬂng%h%s&‘%ﬁenﬁ{dhods for

pl a
26 rotat aten 2 y arrow F)

palistiing mmfaatwetmkplw:epl ahqmrﬁﬁjlbadheamésém invention relates to
(indicated by arrow G . Since the planarizing pad 40
meshanica ﬁaa/qr&hqwc@naeeh@aaalwhshm ofgnighefier rﬁgfvfgréfa"eces with
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which a mcrofeature workpiece 12 may be attached, or
BATKGRMNBCe 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, an

act uMenhaamnanq chemiggl-ne aﬂa‘@herdanarlzat@rba( GM&") VEmocesses
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rotary CMP machine 10 with a platen 20, a carrier head 30, and a planarizing pad
40. The CMP machine 10 may also include 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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[ 0004] The planarizing pad 40 and a pl anari zi ng
sol ution 44 define a planarizing nmedi umthat

wore@hasssenl | y and/ or chemical | y-mechani cal |y rPODUSR04/012760
material from the surface of the mcrofeature
wor kpi ece 12. The pl anarizing solution 44 may be a
conventional CWP slurry wth abrasive particles and
chem cals that etch and/or oxidize the surface of the
heaar3y erimpart siatiriatorotioh, todthetrhisrqfieature iveirkpiese! 12 (iodicated by

44 may be a "cl ean" nonabrasive anari zi ng sol uti
amomhdman@{br seaipiecpln tecverkpiecent %é@k eng f glb?mégfﬁt% by arrow i).

onaanECpBbdher Eont o0 AR HEeRARY Sl BRaEE 908 @ blanarizin
n?éa.um i §n‘(&dﬁ%ﬂ%‘ﬁl!?@rﬁ%r\’@herﬁ@étl%—%eﬁﬂ\a@ﬁc%lly&é@hcﬂ/@s material from

ed- abr asi ve shi ng pads To planarize the
the eufaeatitie nmrbtn&we darkpiade 121e Tﬁprlammhmng sobytiond4 may be
carrier head 30 esses he wor k ce 12 face

aaepnvestionaeCMR A ryzwﬁl@ g@slvq@a £% ap g&e,mnggl%pat etch and/or

e it 557g 8 1 S rIERTEALIS RTEBRES £ W' RRANAS soluton

49' t‘ﬁ@x?rbez aNgleaH frfribfdsied pladaeuzm%earut@nrwnmmt #frasiaedparticles.
aten 20 and/or the carrier head 30 noves to rub

lm hneosft/ciBM;E’i applicetiongaabeasienslypries avithy ABEpse pagiclep are used on
he. m crofeature, work

qgngfqgaqnﬁ R Ishipgapads; pang fpéecemglabgqbﬁbg %QM@HS Mfinout abrasive
pr?ﬁt"‘@%{?ér&%g& bﬁ'ﬂxfegoiﬂrég'i?efﬁ%ﬁb g4y, wor kpi ece 12.

orce generate cti1on“bet ween the
mcr qfoepltanaazmmmlertoéeétareamnrkmecqslwmm ﬂne]@l\aiacnnamwme 10, the

will, -at _any given instant, xerted across
cotriarsaeach B0 BreSoes s BEENSLe 1B ERHgwI ACAIRG the Blanarizing pad

{1o t
Sl RS oddl (R G, TREETTO aHP Biédihe g et
V\Vdrﬁ;gleéé RAghRst #es plahapiRiny eolutibhsd4 once prartarixmgl surface 42 of
he m crofeature workpi ece 12 i ncgosul on. The
trhe ptariavizing pad €6, andthe platen 26i anajortheeariab hrpd Sfemeyes to rub
agai nst  the retalnlng ring 33, .which exer

138 WP PiRASa 1 el it A U RGP udP ki A% g, Migrofeature
wgbggﬂalteb 2 LQQQ?@J&‘? rﬁrﬁﬁﬁﬁ f{gﬁéceCQQS it8é eahariARE medium

y produce a Unl ar surface on

réPbkes eagRriad fondithe fad:@CUfSthefwbanwde d8. ohei focee tgsenerated by
and photo- patterns. A nonuniformsurface can resul

flitiorehetwsies) thatmaieraieatire VOrkpigeedveand s planagizing pad 40 will, at
a\gﬁzéﬁlgrﬁ (xzrgﬁt'gﬁt STOVEEL ' BER s SRS CutrabB At BN ABleck! P brimarily 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 woarkpiece 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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-2 WD 2004/ 098832 PCT/ US2004/ 012760 during CWP

processing. In certain applications, the downward
w@e@g®esse2 of the retaining ring causes the unBeT/UpEM4/012760

and the planarizing pad to deform creating a

standi ng wave inside the retaining ring. Consequently,

the planarizing pad renpves nmaterial nore quickly

fromthe region of the workpiece adjacent to the

iR f ' f &#l pre@sure of

B sl abp AT e e I Al SiERgUre of the
réising oingscausey the tundleogpadeara theaplanasmingaeas tndefoem, creating a

wor kpi ece. (0007] One approach to jnprove the .
standing | weve finsidgo theyiretainiagr fidge Conseayently the,Rlagarizing pad

remevabREdl e Oy K e TaBioR Gt Wppidt duRicent to the
sgﬁeifdg@? g(f;ﬁe thEA SRk sl F8isns antHxRbikps &S Fadigllyooutward and inward

areas of the back side of the workpiece to
fione treasave hd hust theaCMIRiprocessamay inat preducend\pdandrr sufface on the
correspondi ng areas on the front side, These carrier
weskiecehowever, have several drawbacks. For exanpl e,

ai 1 1 0TH EPrg R igi e oo PR TGP VERGIIOET SEabt is to use o

cBffdrRizRT withintefueand exfriontbisdddrs thatdredalate trer dewnward forces
fairly broad area of the workpiece which limts the

oabselected areas afithe whekpievdhwafdesa kiaddgrst gan exert pressure on

sHRclE) Brran ol e FacEnie g BEchRiKE e, fo HiitRhge Hh6 rate at which
MRAtERLER Vel 18 E:Bﬁlegﬁmiﬁgcbréﬁé(‘cm tHe fra@€lisidedn. These carrier

carrier heads wwth nultiple bladders forma conpl ex
hegsschowbedr, have seyeral drawbadys. f Feraexardplenthentypical bladder has a

repai r and/ or maj nten r}?e usi ng, a cor}com'qtjant

cupeRs:edgR that (g prﬁt .'Clzﬂggesﬁx & HBFOHP PKaward, force at the
. ¢ . ; .
oBFERY R0 PVl IERS:Soddr ey Bty i o tne

vidiRpieBE AHEH BmitsNBe ablilitdlto loedtize freddowhward force on the workpiece.
i ncrease the frequency of scratches and ot her defects

metherm_ere_w;ocmwe@ﬁ'@_nabmmgrspa{ﬁ plieadfillegd with compressible air that
bR mfusd il 3 R ieoT G 2R S 2By Varrigr heads with

RGead @B Fyan d OsnpekisyBiehd it a§ e8BjekPtd SigRlficant downtime for

uni orn?y planar surtaces on workpi eces.

repair and/or maintenance causing a concomitant reduction in throughput.
Another approach to 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 to 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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BRI EF DESCRI PTI ON OF THE DRAW NGS (00091 Figure 1 is a
schemati c cross-sectional side view of a portion of a
WO 040a/09883pl anari zi ng machi ne i n accordance w tPCT/82004/012760
prior art. -3 WD 2004/098832 PCT/ US2004/ 012760 [ 0010]
Figure 2 is a schematic cross-sectional view of a
portion of a CMP machine for polishing a mcrofeature
wor kpi ece in accordance with one enbodi nent of the
[oo10] i nvenFigare 2[i9@ksthemagidratoShsestions oleavet & ?)oﬂ@éh of a CMP machine
f|oI anformview of a plurality of magnetic field _
96 aPleRing & migrefaaiure WMKpiREehNMRCIORdanesowithane embadianent of the
'éggﬁtié onal enbodi nent of the invention. [0012] Figure
Oy schemati c top planformview of a plurality of
ragneti ool , . . o
oot or s S i Eefc 163 pleRort s b o BRAL of Fhagnetic fieid
sowees farruse 004 EMPirpachking in aceodadmesatitit an additional embodiment
cross-sectional view of a portion of a CVWP machine in
dbeirMamtienwi t h anot her enbodi ment of the invention.

L L LT S——
siPESH fRNIseOh 4 OMP WESHIh® T ab88HRhcEiV@tH gn%ioﬁtgd?}w&\l/lgmbodiment

schematic cross-sectional view of a portion o
afdledinvention. accordance with still another enbodi ment
i nvention, ure 7.is a schenntic

ft 0Q16] Fi
0013 Or os HIGURT BrARCORBRGE oSS ARIOTA! YLD EPORE T CMI machine

; ' ' af. the
ECEORERES it oty BEBRATIRRE S TREDED: e [ 0017,

[0014] The [Higgren® ig\eerschematis diosedeetdohavessl el shidhd under-pad in
machi nes and nmet hods for mechani cal and/ or

acrerdange-withcvelranathepempedimeant 6f the nwventiabur e
wor Kpd: T rm. "m crof eat ure wor.kpi ece" i.s .
oo 1O MBIGGES (o A Bl IS S R W DhSAn i LRA machine
lrggtégcﬂgthggéé ggtw StillEnotEesemBbatsrTRs e rvahtids Vi ces,
[0016] Figure 7 is a schematic cross-sectional view of a portion of a CMP machine

in accordance with yet another embodiment of the invention.

DETAILED DESCRIPTION

A Overview
[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 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 2-7 to provide a thorough understanding
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[0018]

[0019)

el ements, and other features are fabricated. For

exanpl e, mcrofeature workpieces can be sem conduct or
wod0e/09883y] ass substrates, insul ated substrat eBCT/USI004/012760

many ot her types of substrates. Furthernore, the terns

"planarization" and "planarizing" nmean either formng

a planar surface and/or formng a snoboth surface

(e.g., "polishing"). Several specific details of the

of "B&RMin @MBBEmests bPhé ihventidie Ohé enilled pedws iapt, ilowever, will
and in Figures 2-7 to provide a thorough understandin
undieistand taatohesEz sealTinveption /nay heve ddditinaiiambodiments, or that

olfato pEbocUTERs ohaas SrNAIA oY s et MibER Beral of the

e it . i ; 1k th
SERKEENANTES bbIBRR RIS folRARG aeBEripiat, | OL0CL. 1 out
seveigie Odspdee ofsRies| invenfieatisr elirectend adnadpolistiing machine for

followi ng description. [0018] One aspect of the )
niechamidad @ndéordtheaseicabimeshanisal palishiag ehoricieéeatyre workpieces. In

PP POPOATFS. \ibs KBRERBE. KOs A (ki JTAlg ¥ PfigBort surface, an
uﬁﬁ%h—PQ@ dg?ﬁédi' ‘E')?Stgé s‘u%?bﬁ 4 0RY aAd A RRPKPieSe! ChAf as¥embly over
under-pa ed by d a

carr he support surface, an '
th®tadsle e CEhe andeepad $wsndicavity end theecaradrt asserhily is configured to

under-pad has a cavity and the carri Ly i e
cafa gﬁipeﬁeawre dmrkpleéem thefaashipe fﬁbhé’éﬂsﬂ&gﬁzmagnem field
machi n r,Ln a j i SO e .

PR oio Bl dhoBeEraer 4 natefic, e TP € Seayity and
nishelorERmMEARe HRgosal vilhit theltaatys eThavivdynetérheological fluid

cavity. The magnetor heol ogical fluid changes o
chiasges ivigcasityhwithinhthe savity undssr thenénfluencaesl éhermegeetic field
magnetic field .squrce. The ange in.the viscqosit
PR ie CHeREB B P A1ScPRlY af St griBologeal il cRanges the
.| . I n .
SHRPRSEIENY) b o g et s gabeing, g raonet
fieyd sbarcendecarpiad, byt thee wndé&ppad,etheawoilkgpieces sarrigryassembly, or the

the table. In another aspect of this enbodi rr&% tlhe .
tablger IpaaNather @geact of ithis: embodiment, 4he HNdcRAd includes a first

SEH 8550 LR REs BB B AT PP B et st
aPH thB&ekBMERUHERel S directed to an under-pad for use

> aAnother aspect of the invention is directed to an under-pad for use on a
polishing machine in the mechanical and/or chemical-mechanical polishing of
microfeature workpieces. In one embodiment, 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 another pattern. In another
aspect of this embodiment, the magnetic field source includes an electrically

conductive coil or an electromagnet.
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pol i shing machine in the nechani cal and/or
chem cal - mechani cal polishing of mcrofeature

WowRrkpIssses. | n, one enbodi nent, the under-padPCNUB200€612760

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 magnetorheol ogical fluid

i n t enothet fa‘ﬁge&ﬂ‘lef thegnedritidredd eifiecdd td W dnethadgefs polishing a
viscosity within the cavity in response.to a mnmagnetic
niceafgaturg wn&mgrp@cwltfofatmlss%daaﬁ@ne hen@gc@,.ceyner head, a

AclRbtarRed Ad aRintérBhe 2 fid, AR BAR! 3pigng gmbodiment,
tRE AdtRbd ﬁcﬁﬂ% eés rr%fr\]nﬂq"éﬁeégpé’ﬁ’é BetHe ¢ ﬁ;@r %Ea%dcthfa' @d!ﬁ‘;hmg pad

source 1 nc ectricall conductive coll

relatioertorthgrather tdSruwr%OmﬂdrOW Wﬁfﬁphﬁ%)égélmtzmpohshmg pad.
00201 Anot her aspect of the invention is directe
enebdedPad has @ Savily andna ww@pm@lwpwpﬂ@sedlmw% within the

Bt The TaFR DB CReR, Rl R B Rp Rl BF P under-pad
by erfdraneg Eembagnetid BelEloesbridictHed@iscHsIl H0thet magAstorheological

one of the carrl er head and the polishing pad
flued avithie the caétywofidhet endenpade m onef espenteof this embodiment,

oRRerat g e v aatet Maifeam RESTR o ezl o wresBtbanet or an
A &m’é‘ﬁ;&ﬁ'}] duRRvktsi The method further includes

changi e conpreSS|b|I|ty of the under-pad by

agenelmjhlshglgesmg__tl c field to change the viscosity of
t he magnet or heol ogl cal fluid within the cavity of the
underF-lM@ 2)ip asehemptie cress-sastionahtyirw e CMP machine 110 for

PBEREBL A et EafiPe Norkbiechr] ﬁ%ﬁn"?%%é%%i*g?\&féﬂ Bl Srfodiment of
tHeO irivniting, Syied enP nfAthlhe FHOURCIudes & @la?é?hqfﬂbt hGvorkpiece carrier
cross-sectional view of a CVMP nachi ne 110 f

apsembhyi 1§0aovdrcthef pkaten & 2o rangl acwamaﬂzmg mxtdrékﬂ)anoep!ed to the
th one EbOdl ment of the mvBB/tJil:g@ ch i ne
leten 120 dbe WorkplRCE DT 2555 sapde FRHPIEATO & actuator
agggﬁg%w 3]138?@%&5 oécgf'%gpétﬂaﬂﬂ?) Jtaomo%d e RLERdA 92 across a

cou
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 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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[0024)

pl aten 120. The workpi ece carrier assenbly 130 can be
coupled to an actuator assenbly 131 (shown
waedveoessszal | y) to nove the workpiece 112 acr OBGT/ES2004/012760
pl anarizing surface 142 of the planarizing pad 140. In
the illustrated enbodi nent, the workpiece carrier
assenbly 130 includes a head 132 having a support
menber 134 and a retaining ring 133 coupled to the
PR lowdegracde3454 THEhe @amtfpmtsmbetrné%ycamrﬁes@mce 156, a

annul ar housi ng having an upper plate coupled to th
secondtsorfage sl&rhoppasite. theHisst surtaas hp, rancganmxtefasurrace 158. The
and_ p.

S B RS = REERE ehinaRB 0B Fdgctvel crance
PP Bl (o104 OGP0k g 47 TSI 401190 con oo

mmﬂubmedlasﬁ»ngmme@ bubbéns, tovated tfalotics, h@:mpd:sutdy rghd/or any
rate, defects, planarity, and ot her characteristic
othten siditahiei rmaleniglsr &t ene. aspret aidbis pawomenhetbeamder-pad 150

pp%&wﬁﬁé%ﬁ%?i&ﬁ%l@%é@%?ﬁ?%@aieﬁf e MRgpa st 1o mm.
B e e TGS B0 2 Ffer e 190 5 be foss than 05

nirh4r greatecdihvan f0I6@. i s defined by a first surface 1586,

ans ﬁo&?néf%féﬁagl%po SbOdENY 15 Gayly 152 ¢ontains
h f
‘?ﬁ%ﬁieﬂ ('teﬁ%tgc?]ﬁpérﬂ es% g@gb%& I#Lx‘é%pér%e to a magnetic

flénﬂeFopéﬂarhE[é tﬁ'élemﬁdw ot rhagnenhdelogloan filiRC160 edn increase
usi ng pol yners, rubbers, coated fabrjics, conposites,
frmiAcHseasity smHar tasthat @m@tﬁaoért@aa wiscosityaka z[@@éldts%lﬂ material

dtggéﬁgf\rée?gﬁl ﬁle&gtpgl)@ir?pg Sf%r@g gﬁgf@gr\%'{:& @Ssoln additional
e i

lriLOtsnnsnt)lOﬂ?éspcmserte thepragnetic flelldsarm#bounermagnetcbrheologlcal fluid
cavity 152 contains a _magnetorheol o i cal fl wq? 160

16A 10y Haﬁ@ﬁevng/mtty iR F?Srpé’@ﬁ@ﬁ@ dhe %grmsrf@d
];T;Slng‘pg g@fﬁ%@@ aﬂ% f uiﬂ.g“‘heé‘gﬂélgﬁgs ‘r?::g\'ggﬁgt|c field source 170 that is

configured to generate a magnetic field in the cavity 152 of 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
illustrated 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 6, the platen 120 may not carry the magnetic field source 170. For
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[0026]

[0027]

froma viscosity simlar to that of notor oil to a
viscosity of a nearly solid material depending on the
w@oedoanpgsy2 and magni t ude of the nmagnetic fiel d. PETIUS2004/012760
addi ti onal enbodi nents, the magnetorheol ogical fluid
160 may experience a smaller change in viscosity in

response to the magnetic field and/or the
magnet or heol ogi cal fluid 160 may decrease in

e%ﬁ?%ﬁpﬁ% Wﬁrﬁﬁg&]&g&ﬁe 8sé bIVH@lﬁtthé? gférﬁﬁr%nd 95@4]40 and/or the

urt her includes magnetic fiel
wRier-padl 730 thatairy the ondgrgticdield sog@ee‘rm e a nmagnet i c

field in the cavity 152 of the und ad 150. he,
i 11 udnreneaspaelod ?mbpﬁ’&"%!gﬁ& i ’@P@h@su{ aism'ncludes a

c@)ﬁgogggjg ngpg @ﬁy i&&gﬁgﬁ‘% n@%ﬁa}gﬁeﬁ@ éfegd sﬁﬁl’é’e 170 to selectively

éﬂ%’ i2eTRB Raghetid iRl $dpes 1%8S CTH eontp6iiarv 99 Eélectlvelt\; energizes
reference to Figure 4, the magnetic field source 17

thamagnetic ekt soiurcel 1KD cwhi¢h cgenasatesi & magm@tgméeld tor change the

ischsit o (e TBaOTelpreoGieal THET TB0) udkyhiag Caviy G52, As the
I

Rt 5 S S P ooy o v

uNteplpddnosy de@ﬂeas@rserF@rueiaan:melWhenfthtahaagngmmemglcal fluid 160
field source 170 and an upper_surface 124 of the . )
hasaadﬁgllzosmtyy the eindgereadptRP is selatively dpfiexible in a direction D.

nb .
SERRIRL e S5l TG SE° AR, Dt iy g e e
AR ok s o o b e

fietd soerrcea‘s&bbfoye 13ajng, Mdtoraiﬂ&flp@lhﬁlglngamorkn@cean d/ or
t he under an carry.the neti c fleld S
170. g@‘ﬂ @p%f&Feé f‘?th%"r%%Eﬂ)EP 78 Idgpincludes a

ﬁ@%‘:%%agg Ex]@l{\ﬁlhsﬁg'gge##dﬁd quggqje{r?éé@%é@ a?uBeé %@'c%nd stage in

wifitie thevehder-gaeridz s bbeerailgnedrpressiblel sDuring th@Ofirst stage in
The controller 190 selectively energizes the magnetic
whieh dhe dmdﬁf-nam 15@niscirarge tee RlanariZing past 140 fefféqiléntlb creates a

SRR R Tl T AR IAIERUAY, Sesbl mounts of
RERSLAENERAAglech 12, 01bn(pgeese 150, poversy,can rcle &
segrificare, nuwhiber bhecfestsnen thdsoifacg oithd imorkpieé® 112. For example
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]

has a high viscosity, the under-pad 150 is relatively
inflexible in a direction D. Accordingly, the
wa@eou0e88Ber 190 can dynamically control in reaPCT/URE04/012760
the conpressibility of the under-pad 150 by varying
the power applied to the magnetic field source 170
before, during, and/or after polishing workpieces.
[ 0026] One enbodi ment of a process for polishing the
9 | éritdits of polishin

YRS AR aBvadgaR i (i TBatre 1S I ATIAOR Cap e harans of polishing
M@Iwbrkpmmemg e thatid Quridergadegatll potishipg ethsl Wagkpiece using a
During the first stage_in which th nder-pad 150 i.s

ceamyessiple pngdakpad; afgdﬁfﬁaeriuétagﬁﬁu eﬁqﬂ%ﬂ G workpisce. More

Belaie Bioinie-6rf H PHERT 3'1%r BRI e on the
/c ggiégé(érmﬁ@h rBﬁﬁ)vé»':tﬁe deRyERY fom Wplahgﬁts@rfece '

I cant nunber ‘of defects on the surface of the

ovor kidikee Chhfigurationsxaiipaenetic FieldiSouroes anghUndei:Pads

fromparticles in the plana bzm Iut| n_t hat becom? |
t r ape@unest v%’ena'ﬂ‘lile:agl SHar iS¢ gﬁd QR10P 6or{rhewews of severa

fa
G5O A R S O g s
walreaaditish@erRBadiffehts @ﬂmeelﬁvéhmlﬂeFecbxamptynﬁldjwe 3A illustrates a
surface of the workpiece 112. Typically, in th

pémrladjty ofemagnetie fightispuises 2175barr§n9@<ﬂ iR a@w@éwtrbaeolurahty of rows

Fa] B Bt S RS Rt TR0y 3hE8; RERFESTogs arodmate to
thé %%?%déleﬁlcéﬁﬂav%ué f@?%d)ﬁldeh@\a%kr@s @ﬂdébﬁthﬂﬂﬂa é@tvature of an

cause in low density areas of the vvoragfece
uhﬁér-p[aaozmhé)magreeﬁmrﬂeld)fsoum-:eSCWOrraam be aperaply teupled to a

nmbodi t th bilit
AT b b S L S3095, L0 ocion of g ner-pac.

t@hggcgﬁbﬁlhbgﬂ;a ocified 2(@1@%@88852th5>C;Ha§ﬁ%ﬁ94ﬁ%82§99rces 270 can

ge of this feature
dél%t'é’éefé to@ cheif tHeSre@bILn@lnl suuhnihat tahmumnhmgwcrmmmm rows and
a hard under-pad and polishing the workpiece using a
oodnrpn@sembleelimdjer pad at different st ages of
pl an a_wor ece. eci o
under '%‘af& g%ﬁsé\‘?? raalg Vpcpgﬁ%ﬁavﬁmaﬁg %Hﬁhgggf giaonetic field
sbpg%eg‘r"%zg)?f(ﬁfeﬁtlﬂég IRBNAGAP R 1370a08) 66t BcddraBhédewith another
embodiment of the invention. A first magnetic field source 370a, a second

magnetic field source 370b, and a third magnetic field source 370c have generally
annular configurations and are arranged concentrically around a fourth magnetic
field source 370d. In other embodiments, the magnetic field sources 370 can be
spaced apart from each other and/or 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]

C. O her Configurations of Magnetic Field Sources and

Under - Pads [ 0028] Figures 3A and 3B are schenatic top
w@b@nafossar vi ews of several configurations of PEDNS100€012760

field sources for use in CVMP nmachines in accordance

wi th additional enbodi nents of the invention. For

exanple, Figure 3Aillustrates a plurality of

magnetic field sources 270 arranged in a grid with a

| i of r - | f
TR6 P oot [RUFRE  BLUAPRA Bl obBATRe platen 420
af th&@Bldarkil Pay e 48. CThy edeiptel 45@hasaf EARROASE wiint & plurality
the curvature of an under-pad. The magnetic field

ofsceite4522¢ Nt ntagneterheblogiced fipicetE@ disposedmithin the cells 452a-
oo B SRl BTN o ookl D Bhis BRI B ouretins
: S _ _
affl B TR banderftitalf iR, £ ird ¥ 48R DTRE ddls 452a-c are
definé @y aTHst SafacEE56am Secomesurfa@23Y bpposiee B fisst surface

a schematic top planformview of a plurality of
468 gadhird stifecel 458pand esfoprih gurtaset499 eppesits theatiind gurface 458.

R abinesof 5 RS oo 08 A6 18098 BRBRs8] witnn the
cSfE UtDo-FRINSL bef | &'nﬁo%v%rﬁ@, 3(eR: adNfhae! eE&ribed below with
nagnetic field source 370c have generall annul ar

referdriceltoRigores5 aaml uader-pad @agénclude eediffererdinumbarafroglls and/or
a fourth magnetic field source_370d. In other

thenealisi sambe ,arr}amgeﬁag,aeqmgr ant ePafigyatess 370 can be
cont 1HercRFoectier 1 ot el e, dioidraliffebhaanetts 1R sources

476 BdSRITRIBIAGVIRILARE - 8847028 careed dfy ah€MBnd@rchadied50.  The
410" in accordance w th anot her enbodi nent of the L
magreticifield sTreesMY hratshpositianed te splastivelyaanarateomageetic fields

. CWP hi pe 11 ' d ab i th f er ) :

PR BN 67 IS AaReTs ot XaRenaditFh Sagaals fel€saucy 470a s
o i ol Rt cAdcto ot Bz cospany st
pdRdns oftHaCuRAAeMHAI SRR cAC heUSanPresBitie aehiltnett@vPportions of the

ugaérljlpgcgﬁééoar;%atrg?rFérngiaunqglg, %nthuengr%bgi%jerﬁﬁusg%tggeirq Figure 4,
a second magnetic field source 470b generates a magnetic field in 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 and/or 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]

and the planarizing pad 140. The underpad 450 has a
cavity 452 with a plurality of cells 452a-c and a

woragamesssheol ogi cal fluid 160 di sposed w t hi n PEEUSI04/E12760

452a- c¢. A first cell 452a and a second cell 452b have
general Iy annul ar configurations and are arranged
concentrically around a third cell 452c. The cells

452a-c are defined by a first surface 456, a second

surf guguib B lg@géhétﬁahb%réésf-§éctﬁjﬁaﬂ 356 view Bf dh hhdéfipad 550 for
surface 458, a fourth surface 459 opposite t

usei onl asOMPamECHE®: in Stcrdanee withuarether embedlment of the invention.
nagnetorheolo ical fluid 160 are dlﬁposed within the

The uedespad 559 ingudes ariitalityedh colls 588 agapgeddn a grid with a

5] BEChBERRG 16t Bad soEIEFARF B uE RIS e BBjis 552 are defined

g fipst suHé%eQS%M @ sevbridies #fdcenBBsloppoditediHe fiseBlrface 554, a third
configuration. [0031 The CMP machi ne 410 al so i ncl udes

| swr\?acarfaﬁa tandbé fougherface 2 opposite the #icd §udem |5f5|8edThe cells

Wﬁf&%ﬁ& Yo ¥he periiog rJ&Z?SC@%(/st e eh caksbonds with the
CEJEY%} é4§§ ﬁcﬁ_}é?; &55@9 “Fﬂé 8 %é’%re cepﬁgufe%eﬁﬁgi‘é@eﬂ% discrete

exanp magne

popticrese 67 0l$1el Srnag@étlothemaghctab fqmem@oe ﬁ&gm@n&t)l C In additional
field in the first cell 452a. Accordingly, discrete

%Wlemﬁ?ﬁt&‘offhﬁrﬁéZQl@&éfﬁe s&Hs 4512 eam d@@r%aﬁqat%mrga%e the resolution

sEgh ol ier Bt Rttt 2o s s 4, SadflLr

4,  FigeeopdisngaHekhfatlc @o@sfs‘é@fléﬁaldf\?l@h/ BERC OMPRSnachine 610 in
magnetic field in the second cel . Consequent |y,

acberdameomtl_mfandtfmmambodmaeht4c5fotheemvesﬂomw Tive GMEomachine 610
c%%ho'ed@muéZaé Bye BAP fracting, A0 ldidtugsse oy i refkedrice to Figure
2R BB MR plrﬂa 611 IR a Yarldifzing pad 140, an under-

at'e e nmagnet| C
péd0150 eanlying thee pldnarizimydpad i M0, eplaten @ﬂ@eddﬂimgntﬁehander-pad

under - pad 450 between a | ower surface 454 and the
1§@c@ﬂd amrkak@éemrlet assembly 3D aerdne planar@irg pad 140. The

n u | f.f n n 0 e
PRRr B30 (R bl B0 152 cnfisilbe S HRBRe ShaP BBl fig de0. The
V\Rﬁ lbb@%‘ﬂrléﬂ‘a%&ﬁbly' EORhMded B hékd EBQeﬁa\ﬁﬁ& ‘a 'S,Upport member
Itional enbodinents, the wunder-pad 450 cah be used
6614 amh;amatammg mng 63X bmuplednmtgermipportsrmmberrﬁ&zypéﬁwe support
of magnetic field sources, such as magnetjc fi

ny,qmtp@reg%hggnalpglu@gr & g{yrg@tytﬁ magnetic 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 reference 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}

pl aten as described wth reference to Figures 2-36,. 6

and 7. -10 WD 2004/098832 PCT/ US2004/ 012760 [ 0032]
WO-2@u0e8832 i s a schematic cross-sectional top vPEWUSIO0HO2760

under - pad 550 for wuse on a CMP machi ne in accordance

wi t h anot her enbodi nent of the invention. The

under - pad 550 includes a plurality of cells 552

arranged in a grid with a plurallty of colums C1-C8

PR LR BB il 758, TS Fillh®eRIq SBurce 770 carried

bYPERS | pl@témeﬂ@ r StTHsar firader-foet, 730 tfhag Ob savifyack555ntaining a
and a fourth surface 559E§E osite the third surface
negmetaiheotagical fluid 166y ok machine PP fudhesr ingludes:a reservoir

TR B Sl RSP TS S BURL B¢ o wonster e
TSI 100 AN MO SaITEROsRE oGRS Te2. A

cBhdegit 768tdxteradihg thighighcam apedueng26 umthmpiadam &20rend an aperture
resolution such that a much | arger. nunb

78h0rths rosanels Telksoyroe T s HIFS e pavly ZoRdd F?acreservo'r 762

SHEOSPRSNI TRt v B, PRSI TG, g, pegion of e

E%;ga BRIGIEA 16 A 60cRémtBe TesRMvalr 162 tdwmecwmwm B® increase
dlscussed above with reference to Figure 2. For

thex qorpbsyret fre tvPcavityhi7d2. 610he nocm@edapmsaueeum g cavity 752

ass%di&‘a%;y 3urer B oBmedn bR Y ba S AAE785) Zh ey, the
PBH° 748! 657 vRERdea AonBIYIeIMeRNElarhBBIBIcANaNid 1180 from the

as a cavit
céﬂt}t aspitoghe rrmgnﬂinuormeabomc@sef thei cbrﬂxﬁfess‘mhiy of the under-pad
wor kpi ece carrier assenbly 630 includes a head 632
7hEvi ng a support menber 634 and a retaining ring 633

54" EZom; e fkgiRg il By EclGtaL Rt SPBERG erpfffiEnts of the
irfVERtibA Q‘?av%ﬁ?eer?@ééér%&cﬁﬁeﬁém eRNRUrpbSedTBEMEkiratibh shisthat various

In at least a portion of the cavity 152 prOX|nate to
mddificatioksi may lmsanna@e vatrmmﬂqmﬁs@ framzo‘,i'n@luspmtyand tecope of the

CVP. machi ne sel e t|veI
T OREPBS SRS TtonENGRIER [5aTpt TB01ES 8x59R as by thengppended
C&magplece carrier assenbly 630.
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[c1]

[c2]

[c3]

[c4]

(5]

[0034] Figure 7 is a schematic cross-sectional view of
a CVMP machine 710 in accordance with another

weninaadssent of the i nvention. The CVP nmachi ne FADUSIHa$ 012760

be simlar to the CVW machine 110 di scussed above with
reference to Figure 2. For exanple, the CWVP nachine
710 includes a workpiece carrier assenbly 130, a

pl anari zi ng pad 140, an under-pad 750 carrying the

pl anari zi ng pad 140, a -11CYWIMG04/ 098832

PCT/ US2004/ 012760 pl aten 720 carryi ng the under-pad
750, and a magnetic field source 770 carried by the

| aten 720. The under-pad 750 has a cavity 752
IBetci@im:ng a magnet or heol ogical fluid 160. The CWP
machi ne 710 further includes a reservoir 762 in fluid
communi cation with the cavity 752 and a punp 764 to
transfer t t-or 1694 e j e i
vt 1 75 ol R rRAcHie (T8r JRgchatieal Bl LigARA Afechanical
polishing sfgnichofeatiire avorkpieces|rthe #aschine chmppising:n 720

and an aperture 772 in the magnetic field source 770
couplatabie\bavingia Sunprt BYTaeR reservoir 762 and the

DU e B A A SR e B, e

the cavitha{fig h@avitgr ease the pressure in the cavity

752. The increased pressure in the cavity 752 .

accorali wotkpieced .zassiet hasseomly eovehithet yakle, tthe carrier assembly
under-pad 750. Aljernatively, .the unp .764 can

transf er é:qg‘ggy;qﬁ]tooqar%g ”ﬂé@ﬁ%&g{%@'g{%%ﬁ fluid 160

from il fidd? i f8E10hEnd BFe 1 hdlGieiRS feld in th
t he cé()%?ge@?ébf'?’llfit 5%’%%%@' rlf'ger-pa% n750. f(%% Fr o(ran n the
the foregwavggy; andwi || be appreciated that specific

enbodi nents of the invention have been descri bed

her eignmegpetaingelogicabfluid indke cavitbn, but that vari ous

nodi ficati ons may be nade w t hout deviating fromthe
spirit and scope of the invention. Accordingly, the

i nvent i on e Befistihgihachifs CEPElars PWHErEINAREBEREY comprises a
clainms. -12 20041098832 PCT/ US2004/ 012760

plurality of discrete cells arranged generally concentrically.

3. The polishing machine of claim 1 wherein the cavity comprises a

plurality of discrete cells arranged in a grid.

4. The polishing machine of claim 1 wherein the under-pad further
includes a first surface and a second surface opposite the first surface, and

wherein the cavity is enclosed between the first and second surfaces.

5. The polishing machine of claim 1 wherein the magnetic field source
comprises an electromagnet configured to generate the magnetic field in the

cavity.
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(c6]

[c7]

[c8]

[c]

[c10]

[c11]

[c12]

[c13]

CLAIMS |/We claim Icll 1. A polishing machine for

nmechani cal and/or chem cal - mechani cal polishing of
wWOon@ao9s83at ur e wor kpi eces, the nmachi ne conpri si PQI/U82004/012760

tabl e 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 ¢ eat Ure pENLING dRichinerefBkiimc! Whekrsinthermagnetic field source
configured to generate a magnetic field in the

coayirisgs amelestricaijycoodtelivegpitapnfiguied t¢ genreate dbe magnetic field
,écé% 2.. The polishing machine of claim1 wherein the

IRINE E9Vibonprises a plurality of discrete cells

arranged generally concentrically. (c31 3. The

pol i shing machine of claim1l wherein the cavity

conprz.ses The pblidtihg mackinelios elatmel aglersinahe anagrktiofield source
grid. [c4] 4. The Fﬁg{i shing machine of claim] wherein
€

dompriseses plonality of romagrelelesanged concentricale and a
second surface opposite the first surface, and
wherein the cavity is encl osed between the first and

secongl Surft@ﬁﬁ!'i?rhﬁé}na%hiﬂ_é‘%f ?%'ir}ﬂ“Wﬁ@réTHQHé Ra@hetic field source

claim’l where e magnhetic field source conprises

camptisesta pitkality of etsttiomagetbts arrgageddn @ grite magnet i c
field in the cavity. -13 W 2004/098832
PCT/ US2004/ 012760 [c6] 6. The polishing machi ne of

laingl i 0t i i _ - ' t
an-eltbor r i posa FRIRGS B elefhc) MRSHER inf SFndfeld source
i$ BSrriopeiHectablel d  in the cavity. [c7] 7. The

pol 1 shing machine of claiml wherein the magnetic
field source

10.  The polishing machine of claim 1 wherein the magnetic field source

is carried by the under-pad.

11.  The polishing machine of claim 1 wherein the magnetic field source

is carried by the workpiece carrier assembly.

12.  The polishing machine of claim 1 wherein the change in the viscosity

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

13. 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;



conprises a plurality of electromagnets arranged
concentrically. [c8] B. The polishing machine of claim

w0 200h@9888 t he magnetic field source conpri SEBCHUS2004/012760
plurality of electronmagnets arranged in a grid. [c9]
9. The polishing machine of claiml| wherein the
magnetic field source is carried by the table. [010]
10. The polishing nmachine of claim1l wherein the
magnet {eridd; i51C 8ssdrablg aidvigl odrilBesyststaramh@ carrier head
[cll]%l Wr@'}ﬁ%@%ﬁ%ﬁ?ng maghi ne@%f claiml1l wherein the
magnet i ¢ fcoaptbdstuthe drive systemethebgarrier ead heire configured to

gf‘;f imerl ﬁ’g&?&b {lp)ét ngi%%q%ﬁéééi ﬁ/%?lﬂﬁggl;é ggr'aa ?{I{}aaccgrijv%ehgstem being
of “tne ungePTRUEY fo 1t 8188 o1 BRaCEIETEPRBGE! 1, Microfeature

mechani cakycRgieee witte the doliskipbapad; alvhersin ithei cagrief head and/or
m cr of eat ure wor kpi eces, the machi ne conprisin

oa
tabl e; anthedablepsdmayaplectelative e thaptser therUB the microfeature
under - pad havi | osed cavité; a polishing pad

ce

for poli smmbbggﬁ]wszé%%”%?%? , the polishing

pad _baLld.: ; - and

2004%@5%&%4}@5535%%?'6%'a'at\%ggﬁs?ﬁ debpad; an

assepfidayithg enclosed cayity, ewharein aheaviscesithefithe fluid in the

coupled to the drive system the carrier, head bei . .

conf i gur e@nclpserolc@vitneChangass dsder et%r'PHP@E%e aﬂﬂ%ﬁe viscosity

drive syste gﬁilng configured to nove the carrier

head to er?&% the microfeature wor kpi ece with the

pol i shing pad, wherein the carrier head and/or the

table is novable relative to the other to rub the )
[c14] M crdideat (e potiskipgemachige of tclaime fSowhaneiny thaenciosed cavity

c\é%?s%%pl%o h{/ %lf lcj?srcr&te cleﬁgsatrr nrg%é'gneb}wte?aﬁyocérl?ceentricany.

[c15] 15. The polishing machine of claim 13 wherein the enclosed cavity

comprises a plurality of discrete cells arranged in a grid.

[c16] 16.  The polishing machine of claim 13 wherein the viscosity controller

selectively generates a magnetic field in the cavity.

[c17) 17.  The polishing machine of claim 13 wherein the viscosity controller

comprises an electromagnet to generate a magnetic field in the cauvity.

[c18] V 18.  The polishing machine of claim 13 wherein the viscosity controller

comprises an electrically conductive coil to generate a magnetic field in the cavity.

[c19] 19.  The polishing machine of claim 13 wherein the viscosity controller

comprises a plurality of electromagnets arranged concentrically.
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[c20}

[c21]

[c22]

[c23]

[c24]

[c25]

[c26)

[c27)

a fluid in the enclosed cavity, wherein the viscosity
of the fluid in the enclosed cavity changes under the

WO pdokessse of the viscosity controller. (cl4]PABUSZoh€012760

pol i shing machi ne of claim13 wherein the encl osed

cavity conprises a plurality of discrete cells

arranged generally concentrically. [cl15] 15. The

pol i shing machine of claim 13 wherein the enclosed

cavi t30. cOriwe |p©esh|agphaclauhetcyf claindi % méeeeioethlesviscosity controller
arranged in a grid. [cl6 6 The pol i shing machi ne of
COmRiHeER RiEALY Pl et g @It dniaeridsel ecti vel y
generates a magnetic field in the cavity. [cl7] 17.

The polishing machine of claim13 wherein the

Viscos ty [ed (fd?ishﬁ*f e SEFS cRIime M8C Wrpiigian ere tcﬁ’\ange in the
generate a magnetic field in the cavity. [cl18] 18. The
wisdasithiof gherfioid crangfesdhaicompgessibility of theeundereaed.t y

controller conprises an electrically conductive coi

to generate a magnetic field in the cavity. [c19] 109.

Th h f 1 [ . .
Vi : C% s /%rgqir{%?rﬂdaefcgro%%ér ?Jsﬁg]g éo% g: Hﬂta[:ﬂﬂ]e in the mechanical
ér%?ﬁ%ﬁhﬁec%hwwhgﬂﬁ Qﬂtrﬁlc?@ﬂelaywe Wérk\ﬁ@ces the under-pad

Rlport
2004/ 098832 PCT/ US2004/ 012760 [c20] 20. The pol i shi ng
ammpnsrmg of claim 13 wherein the viscosi ty controller

conprises a pluralit | ect r omagnet rran

or 1 6.8 PEdy nSludirg 2 fi/fsf’ Suflpf, ARERD S TG appstdo the firs
wherein t Nggq| f dig; d
changes t@r?g%brgggs ?be‘(ﬂv?éﬁ’mé ﬁrsgeaﬁdg%d& niaces an

22. Anmageetorhadlobimal ﬂarei mrthacpulty.shl ng machine in the
mechani cal and/ or chemni cal - mechani cal polishing of

m crof eat ure workpi eces, the under-pad conprising: a

Doy e, B bhd by BTSSR RL A s oo apen

fdhe the 80N SUFBEOBY £ Uistaresef etdedn approxtmatel 0. 5 mllhmeter to
magnet or heol ogical fluid in the cavity. [c23] .

appoeximadely d0 mllihete2e wherein the first surface |s
spaced apart

24. The under-pad of claim 22, further comprising an electrically
conductive coil carried by the body, wherein the electrically conductive coil is

configured to generate a magnetic field in the cavity.

25. The under-pad of claim 22 wherein the cavity comprises a plurality

of discrete cells arranged generally concentrically.

26. The under-pad of claim 22 wherein the cavity comprises a plurality

of discrete cells arranged in a grid.

27. The under-pad of claim 22 wherein the magnetorheological fluid

changes viscosity to modulate the compressibility of the under-pad.



[c28]

[c29]

[c30]

[c31)

[c32]

[c33]

[c34]

fromthe second surface by a distance of between
approximately 0.5 mllinmeter to approxinmately 10

worRdokiopasser s. (c24) 24. The under-pad of cl ai MPCQRUS2004/012760

further conprising an electrically conductive coil
carried by the body, wherein the electrically
conductive coil is configured to generate a nmagnetic
field in the cavity. (c25] 25. The under-pad of claim

22 whzg ei nat angﬁn{gtmaclmnerfcsemeahahmealartoyor ehemical-mechanical
di screte cells arranged generally concentrically.
rajisbjngel mmefamw@rwcpfé@lastﬁs(:m MASRINGHOMRTISIAGe cavity

L | it t [ d
a1 a8 Fede g debPiaETREE o ol aim 22 whorein the.
magnetp ém%» %%'dcé‘émfeh%P the® @aggs& irfee@sét thd Sable, the under-pad

nodul at e conpressibility the under-pad. -

2004/ 09883Raag /A4Saciy ofldigeeté cagltie88. A pol | Shl ng

machi ne for mechanj cal and/ or chem cal - mechani ca

pol i shiwRrkpiecs: earsiee ASSPEIOHO VBT dBeablen rnﬁ%ﬂﬁ)"ﬂe a microfeature

conpri si n%gﬁ@%‘% e having a support surface; an

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

the unERIraPgbf r’ﬂagrhétﬂ: flelg|souptdd Moﬂfquﬁleé &6 lePerate magnetic fields
cavities; a'workprece carrier assenbly over the table

for car ryiingarespondingscavities; mdkpl ece; a plurality of
magnetic fi ur.c nfl ner at.e rragnetl c
T el e Bl T Bl TS b APt

magnet or heol ogi cal fluid in at Ieast one of the
cavities. [c29] 29. The polishing nmachine of claim 28

wher 291 t MEhdlipd qsmg regohine @ claim 28iwhengiacthgeatiscratd gavities are
concentrically 30. The polishing machine of
arrmgﬂdzsemm@#lﬁmnw@rléa%)cr ete cavities are arranged
inagrid. [c31] 31. The polishing machi ne of claim 28
wherein the magnetic field

30. The polishing machine of claim 28 wherein the discrete cavities are

arranged in a grid.

31. The polishing machine of claim 28 wherein the magnetic field

sources are arranged generally concentrically.

32. The polishing machine of claim 28 wherein the magnetic fieid

sources are arranged in a grid.

33. The polishing machine of claim 28 wherein the magnetic field
sources comprise a plurality of electrically conductive coils configured to generate

magnetic fields in corresponding cavities.

34. The polishing machine of claim 28 wherein the magnetic field
sources comprise a plurality of electromagnets configured to generate magnetic

fields in corresponding cavities.



[e35]

[c36]

[c37]

[c38]

sources are arranged generally concentrically. [c32]
32. The polishing machi ne of claim 28 wherein the

wor@neeess2 fi el d sources are arranged in a griPCT/PsB84/012760

33. The polishing nmachi ne of. claim 28 wherein the

magnetic field sources conprise a plurality of

electrically conductive coils configured to generate

magnetic fields in corresponding cavities. [c34] 34.

The pod i shingeffehbh 9olibhiplgahninkfofdairel Workifet@aritt i polishing
field sources conprise a plurality of el ectromgnets
madiingunadng @ gamier dte@dyragpelishing fpad|, énd an under-pad carrying the
correspog&i B% cayities. -17 WO 2004/098832

etshinspped, tHEIeHOof COBIPTENT A net hod of pol i shing a

mcr d Ur e ; gggm i

havi ﬁbgghgaarqulé\%rt ga@?hgnaggﬁl?rsrﬁ%]dgéﬁg% gn ahﬁ‘?}ad relative fo the
under - pad &tAef Yo hdbtthe mi@ﬁdafbafnirégﬂmﬁiedehswiahhm polishing pad,
conprising: noving at |east one of the carrier head L
and t he pdhesindej-paddhavinata cavityoantha magnelorheplegisal fluid in the
the mcrofeature rkpi ece agai nst the polishing pad,

t he under-‘ﬁ?&’dtyhﬁvé\ﬁg a cavity and a magnet or heol ogi cal

f 1 ui dupdIhet [ VA 3 i r irBfiihch t i
of "t AT the Qoiptes DML BR 1AL Whden BAEBY QT eI & magnetic
change t hefield goasiangeothet viscositynef theh ewgngterdleotdgical fluid within
within the cavity of the under-pad. [c36] 36. The

met hod of tERHAVtESf iHBHer-Bather ati ng t he nagnetic

field conprises energizing an el ectromagnet to

generate the nmagnetic field in the cavity. [c37) 37.

The g hodrid mbiod 35 Mhipt €35 visdrelimigemeratirgg AgnNeiaighetic field
field conprises energizing an electrically conductive
aonprises gaeegiaing anheclacigomeagoet telgenerate: ke daagnstic field in the

c38] 38. The nethod of claim 35 wherein:
avity:

37. The method of claim 35 wherein generating the magnetic field

comprises energizing an electrically conductive coil to generate the magnetic field

in the cavity.

38. The method of claim 35 wherein:

the cavity comprises a first cavity;

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 a second
cavity of the under-pad, the second region of the under-pad being

different than the first region.

-18-



[c39]

[c40]

[c41]

[c42]

[c43]

the cavity conprises a first cavity; the magnetic
field conprises a first magnetic field; changing the

the conpressiblity of the under-pad in a first

region; and the nethod further conprises changing the

conpressibility of the under- pad in a second region

by generating a second magnetic field to change the

Vi scosdty t t Qi ' if |44 itdithe & ic fi

Second” Lo, EIERNRF AARFCT NI Sriid the tmagnetic field
risetegemerdtihgithg matirfetierfietd withaan magnetticrfetid segiaencarried by a

-18 WD 2004/ 098832 PCT/ US2004/ 012760 [c39] 39. The

tablenerupied ¢0 thenwndepRd.ei n generating the magnetic

field conprises generating the magnetic field with a

magnetic field source carried by a table coupled to

the unsler - pRél. mbal oﬁ%laiﬁh@wméirgfgegig@étméﬁhe magnetic field

wherein generating the magnetic fiel nprises

@emenisgs ggnératingetheanagnétiefidldwith aamegnedicifield iseuace carried by
source carried by the under-pad. [c4l1l] 41. A nethod

toe Ltﬁ'tﬂeirﬂﬁdng a mcrofeature workpiece with a polishing
machi ne having a carrier head, a polishing pad, and an
under-pad carrying the polishing pad, the nethod

conprifi ngA iBiHodd oftipolisiipy anaicedfealgecaoripiecaiavth a polishing
and the polishing pad relative to the other to rub )
rachine havirarueaTiRb hgside Gepalifing: Pach @ngoan smdegPgddcarrying the

t h der - pad hayi /11 d t or heol ogi cal
ralsrit Red ABE mabPRRoRBNG Yo cai 1y modulati ng the-

CONPr ASSing %ti lﬁst‘ﬁnet branhe Refieitbding h?é_‘ﬁb!ﬂs_hi?]@ I'p’o@;:ihrglative to the

Vi scosity o e magnet or heol ogical fluid w thrn .
cavity of ather toimdertheanicrdfeaiire ARorkplecenagaiost tife polishing pad,
claim4l wherein dynam cal ly rmdulainnqthe . -
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.

42. The method of claim 41 wherein dynamically modulating the
compressibility of the under-pad comprises energizing an electromagnet to

generate a magnetic field in the cavity.

43. The method of claim 41 wherein wherein dynamically modulating the
compressibility of the under-pad comprises energizing an electrically conductive

coil to generate a magnetic field in the cavity.
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[c44]

[c45]

[c46]

[c47]

conpressibility of the under-pad conprises energizing
an el ectronmagnet to generate a magnetic field in the

w@ awi1098833 c43] 43. The method of claim4l wher BCTIUS2004/012760

wherei n dynam cally nodul ating the conpressibility of
t he under-pad conprises energizing an electrically
conductive coil to generate a nagnetic field in the
cavity. -19 WD 2004/098832 PCT/ US2004/ 012760 (c44] 44.

A meyaod o nmhbéhcbfhgolashmgra)frmemfeatunerwmk@«m:amwuﬂm a polishing
pol i shing machine having a carrier head, oI I sh %
npachineuhaving armesriephgadas rRalisgincheadpand &0 HE ﬁ&&adt rying the

t hod t | east f th
PRUSAG A Bet Ristoos PREPRSIR o1 S6Tve lo the other to.
f “b Rﬁt‘g‘\hﬂé & ge REDHER 1 kairRs ‘Pxe%@aéﬁtﬂhé ﬁéﬂlmﬁg phdnelative to the

e“under-pad having a cavity wwth a plurality

Of dl scr etothereld rubatie mlcnwwte)mbpmgecagalmtutr@ palishing pad,
at | east one of the cells; and, dyn m c @ﬁ Paj at i n% d
t he con‘pré@%lulﬁﬁf'to?dtﬂ‘a%ﬂg 8y avith @ 7Y l&cgg;e ells and a

changi ng the vi.s id
winin s negiaSiERidded i FPERst ﬁﬁ ??-*8%5@‘?% &

linh Thé €omppesiibilidy bagiregidnyof the under-pad b
mdupg%?ﬁgéét]ﬁgneégﬁﬁ?gsm blomb?y oI llfWe re |Qon of the P d
under - pad changinigs dise e\nsq:@ltzn ng the magneterbealpgieal fuid within a
generate e correspondi ng cell.

t fi
[c46] 46. %@ﬁggggﬂa@aq?ﬁ%ﬁ ?M” BrPRGr ei n wher ei n

dynam cal |y nodul ating the conpressibility of the

regi on of the under-pad conprises energizing an

el ect45 calThe methddctof velaimi K44t ovrwe'mr admwnina@meﬂodulating the
field in the corresponding cell. [c47] 47. A neth

q@mprgwh@ltsa @ dher sagiere otk sbgelPEd LOFYIISES: r@“efg'z'”g an

el et oty B € nBopgfi el e iRl &E ™

haV|ng a cavity and a magnetorheol ogical fluid in the
cavity, the nethod conprising: noving at |east one of
the &8 ri dihemathazhof dlaien géIwhareimwparein slyaamieallyonedelating the

compressibility of the region of the under-pad comprises energizing an electrically

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

47. 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 under-pad having a cavity and a magnetorheological fluid 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

with the under-pad having a second hardness until a surface of the

-20-



[c48]

[c49]

other to rub the m crofeature workpiece agai nst the
polishing pad wth the under-pad having a first

whaoodioesss2 until a surface of the m crof eat ur ePCEURL004/012760

| east generally planar; and noving at |east one of the
carrier head and the polishing pad relative to the

other to rub the m crofeature workpi ece agai nst the

polishing pad wth the under-pad having a second

har dness W)\Fdrbfe%t&%rﬁﬁf’eéﬁheﬂ% endPfoiNO wREHIrDBRBAR hardness is
PCT/ US2004/ 012760 m crof eature has reached an

endpoi nt, differaritthaménd secanchhaminess. i s di fferent

than the second hardness. [c48] 48. The nethod of

claim47, further conprising changing the viscosity of

the R anctae ek e 7 Jutob oY rpRRTEE viscosity of

tﬁg ﬂgﬁgnét%ﬂﬁ’éﬂoﬁééﬂﬂﬁﬁﬁm’ treABdvidPto Chandeetiy hapdnaedsabfithe under-

rein noving at |east one of the carrier head
gattfromehpdirssirandgepadb the secdns bardeespad havi ng t he
first hardness occurs before noving at |east one of
the carrier head and the polishing pad with the

undergpad A i EnE8 S SESANY7 \ERES fovirfl at least one of the carrier
head and the polishing pad with the under-pad having the first hardness occurs
before moving at least one of the carrier head and the polishing pad with the

under-pad having the second hardness.
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