: YZ{ \ e3ef N*f K$*"6T*k m~. A CARRI ER HEAD WTH A FLEXI BLE MEMBRANE FOR A 5
CHEM CAL MECHANI CALMWHM YSTEM Background of the Invention 10 The
present invention i ’m application of Singapore Patent
Application No. 9703975q4,and reI ates generally to chem cal nechani cal
pol i shing of substrates, and nore particularly to a carrier Refa APROI002,
chem cal nechani cal polishing system 15 Integrated circuits are typically
formed on substrat eﬂﬁwﬂm” ly sili gon waf ers, by the sequenti al

deposi tion of condu mmlm)nducu vé or insulative |ayers. After each
| ayer is deposited, thaglgyer is etched to create circuitry features. As a
series of layers are sequentially deposited and etched, the outer or 20

Upge{ pgtste sggi gﬁg of n;ép?m H2h8 wkTe A Etﬂwxgasaots%@wﬁ %ﬁugfe rt herface
subs S i a 0 su
presents 5a probl em f or thiha?#%ﬁg %C’E{Aﬁqgh é&‘ﬁs*ﬁ%ﬂgkgg& I f the outer

Cu C11 \Jul acvt urcT.

surface of the substrate is non-planar, then a photoreS| st layer placed
thereon is also non-planar. A photoresist 25 layer is typically patterned

by a photolithographi c appar aths_kbpg@nj aSes antighiod mage onto the
photoresist. If the outer sur substrate | ufficiently

non- pl anar, then the nmaxi mum hei ght difference between the peaks and

val | eys of the out&he surdseoeg dmyeekt@ed st heddeptirmfl f eppdiodtidre iofagi ng
appar at us, ﬂg g& Yidlehe 39 Fgﬂ}?@asémm eNtoo B% OPerd % f%us L@faéésggfenwgﬂf‘y

onto the oute bstrate sur prohibitively expensi

desi gn newtﬁhéb%%@%g‘}e&}b‘ﬁpécaév?%@ssmd\% ﬁé %?Pﬁ%ﬁ@?edafdéﬁpﬁeoﬁa%@uéar%
In addition, aschheidealcdierstze s dan hotegadAd ek cHi LS NAGRHES

smal l er , shorter wavel engt hs 2 ~ APR 2002 of light nust be used,
resulting in a further reduction of the avail able depth of focus.

Therefor®, there i|3Inteqeacd (alpeuimjim ltypptahby | Zerntelde oaubsthstataesyr f ace
to provide tJ.glly. p u e hani cal

pol i shi ng (%{/E)lgggg% e gagéec}é i tsh’o?gfo%h%l gé;h reﬁizté{"gloﬁleg% {?(ﬁ gﬁarl zation
rret hod typu@@hpyt;‘e@wmcpnapcth‘ee ubdnsatat bee aviered fbter ceaaorh gpyer is

pol i shing h,%gqsﬁg@ eHROSedesut f ace iy 18 thessuhsitratier i ssddan Ll .aged,
agai nst a rotating poI i shing pad. The carrier provides a controll abI e Ioad

i e., pres$§raesoff tyRyedFhstrateItN Prddy fepegfissserdnet potd sHifgophar n
addi tiomo Uﬂ)@eeﬁbﬁt eé’urrf&y:er ataﬂeetswm\értde akl tltm%abxﬁ'aééd)rblﬁ&faweeﬂft’hﬁé
substrate an %I go i.shi ng pad. A% i.shi %g |hncl udi ng an abr§5| ve
and at | east*°gh&%ch er‘ﬁec 7- FESETIVE Hde AP éﬁ St 'BUtEd "6Ve

pol i shi ng padtftoe ppm/sedﬁsala abo}alsewefoahermcamt@qﬁaneldomatuihenainmtfelctacer
bet ween t he Jpag.

N

agﬁker surface of the substrate is non-planar, then a
photoresist layer placed thereon is also non—planar. A photoresist

25 layer is typically patterned by a photolithographic apparatus that
focuses a light image onto the photoresist. If the outer surface of
the substrate is sufficiently non—planar, then the maximum height
difference between the peaks and valleys of the outer surface may
exceed the depth of focus of the imaging apparatus, and it will be

30 impossible to properly focus the light image onto the outer substrate

surface.

It may be prohibitively expensive to design new
photolithographic devices having an impftoved depth of focus.
35 In addition, as the feature size wused 1in integrated

circuits becomes smaller , shorter wavelengths



substrate. 20 A CW° process is fairly conplex, and differs from sinple wet
sanding. In a CVMP process, the reactive agent in the slurry reacts with the
outer surface of the substrate to formreactive sites. The interaction of

t he polishing pad and abrasive particles with the reactive 29 5iApPRS2002sul ts
in polishing. An effective CVP process has a high polishing rate and
generates a substrate surface which is finished (lacks small-scale
roughness) and flat (lacks |arge-scale fopography). The polishing rate,
finish and flatness are 30 determ ned by the pad and slurry conbi nati on,

the relativ pe bet n the substs at d, the force pressing

t he subst ré‘[efeﬁﬁggilctnﬂu%goepa .e%egﬁé%ﬁn@gidﬁ?ﬂ ef%aﬁr{gierfesrsecg%cﬁlf&hi sh can
create def exfiitte avhidlaffe Hapth & Sadhsfrates, the selection of a
pol i shing pad and urry conbipation is usugl di ct at,ed t he required
fini sh and fIatnesz%eﬁf¥8ﬁethéggr80ﬁ§tPapﬁfg,LghgeﬁbPﬁéﬁ?géyrate sets the
maxi mum t hipdugtyatitz e ft Heh es ybod t ri i en G5 i A rtas yscoviilte ol i shing rate depends

upon the_forcge pressi t he substrate agaj nst the pad. Specifically, the
greater Phis¥ %#%ﬂ£1§ fﬂ&ﬁﬂﬂrt oIS EH AP rate. If the carrier head

appl i es a non-uni f ehamiead. meecRanithlt Pe116neagr iiemphead gpelies nore force
to one region of the substrate than to another, then the high pressure

regi ons WLBCIRPERS imgtdird £ff Slansmi 2 aow giidss flenaggiz@tsiomherefore, a

non- uni f or Mdal MpIrasuly Py NHLA RO By it ddencuiisdd ate. 15
An additional consi"deration in the production of integrated circuits is

process andProfiRRTiATIAY iRGLishingHieafk a TgyeRpcaed surface; ebw def ect
rate, eagh «HIE BRI 4G BN Ialdh bl tb‘:?aq_(}létsrhecﬁdﬁmrngz;&bsﬂiaéﬁj! ly
I ol 1 shed appr oxli

simlar conditions. Each substrate shou 20 be p ‘ tely
the sane amatht SKhe RArmRh prawgen o eantxaklabl esdlpadcantii-# 1y i dentical .

In view of gqj i ]: ani cal
pol i shi ng pll[;égsrgaﬁeg’ %nriq%h%ﬁbesmez%s@epo I gqh:{e%s ?T#r:%?ggﬁlgﬁt \fﬁﬁhe provi di ng
t he desire@dlighigws el .andf iaddit i@pediid cnnien may motiade tmechani cal

gﬁlblstsgln??al y uira1c|¥e?%r%%ﬁ%gﬁs%ﬁgésﬂes%sﬁé éﬁﬁmtr%%gelo%ﬂcﬁe | nvention
30 In ohé gpeicthinchepgst.esentpalmadritidrslivwrniir dctddidiong araabmysiend for a
;“E[]},‘;ﬁ'r . TEHAYCA e WY ISHY MhHRRUALNS e A AT NGRY §YPr 1 ses a base,
distributed over the polishing pad to provide an abrasive
chemical solution at the interface between the pad and
substrate.
20 A CMP process is fairly complex, and differs from
simple wet sanding. In a CMP process, the reactive agent
in the slurry reacts with the outer surface of the
substrate to form reactive sites. The interaction of the
polishing pad and abrasive particles with the reactive
25 sites results in polishing.
An effective CMP process has a high polishing rate
and generates a substrate surface which is finished
(lacks small-scale roughness) and flat (lacks large-scale
topography). The polishing rate, finish and flatness are
30 determined by the pad and slurry combination, the
relative speed between the substrate and pad, and the
force pressing the substrate against the pad. Because

inadequate flatness and finish can create defective



2 ~ apR 200z _ g _ structure connected to the base by a flexure, and a

fl exi bl e menbrane connected to the support structure. The fl exi bl e nmenbrane
has a nmounting surface for a substrate and extends beneath the support
structure to 5 define a chanber. |nplenmentations of the invent, B h@ﬁ%ude
the follow ng. The flexure may be secured between an upper CIJL% 5

| ower clanp, and the nenbrane nay be secured between the | ower clanp and

t he support structure. The 10 flexure may be substantially horizontal and
annular, with an outer circunferential™pbriion attached to the base and an
inner circunferential portion _attached to the support structure. The
support str&ebstsarey.i fdleugelestimmucs & Pedishiadcpadurad slarey A
portion of pherGhamien 320\euhl 1WNRRIBLRITRY RRCORRRGIREG B akRperture
through the plate to a portion bélow. An outér edge of the support

struct ure napdhlatacgswnwiidien phejsecongtriadntshe thgr Podd shda@ may

i ncl ude one L& O he _f Wi g Si n .ahlse to a drive
shaft to ?Orggfggg Fh%P%wﬁFﬁ?hgﬂbFﬁ%ﬁ“ﬁﬁgﬁﬁaﬁﬁg#ﬁ%i@gggﬁﬁﬁ gonnecting t he
housi ng t eppalragast.o pernit the base to pivot with respect to the

housi ng, a retaini i t 0, S r

flexible nenbrane,ng%% g&%%%@?ﬁg ﬁ%%%a%%éﬁ?%%ﬁ%%%??ﬁ%yt%%Hﬁgdgl%ggﬁggthe
base to appkheasubsdoemeardadnsts mhe pad.he Spacd £ithd lyousheg grmateave a

subst anti al .vergdical SS ~and t [ I ani include a rod
withits up%ﬁ%seﬁ%r%%VdE%Fe%gﬁgﬁgég%% g%éﬁémgigsgggg'Th§¥5$§§a| mechani sm
may i ncl udecarirder hgadaappliitts @ sphenndflorautleadsuidf.@ce ddnmdeted to a
| ower 30, end _of .the,rod, and i mhbal race wi.th a spherical dnner surface
gngagi P&fh&Zﬁéég:ngjﬁisépﬁ(?%sﬁﬁ& tf%srtcreu&ou 5},: ifgi&%e O;n&}hie%nbr ango(r)rgy
e confi gur edbstdatichathan dovantthel,eshere thie hig %l$lsBire AR -
5 is substantially bal.anced by an upward.pressure on the support structure
so that a dﬁahﬂa 5y§$§§§@ﬁg St éﬁ@@ etﬁ@”ngﬁﬁﬁéﬁgei§e§&5§F%ntialIy
thefsarre aST&e&@M&@f 3 .dlaprffb‘iﬁ"’urﬁffwmoumh d Ry ireswlef ihhmdmmﬂmrigm.m A
surface 5 areg .of the |ower surface the support structure may be
approxinatepfié@&ﬁn%(9§;g§ﬁ1%59§95%5¥1ﬁ t he upper surface of the flexure.

An outerigliameter ofntA8dct 86RalBy¥oRheide€sstibanimntipet Bfodhet®dRroof the
support structure. 10 There gy,be a gap between the suppg@ structure and

T .
the flexurelNER@rat&e GHEFWE 52 150 PEATE SthRETy RTERY Sy §FaRE 1dit¥uct % to
carrying a hlapwi@vient0 ik garld fiorLeg a o defeidic ehatld)eeap | n anot her
aspect, to a carrier head incl udes a .15 housi_ng, a base, a | oadi ng
mechani sm SNECESHiLTeaIs WhstHATEs Bhomle fienpal 1sbesannsids ncl udes a rod

havi ng an ugp®ls et isl11daklihidiaspessdiiiti diie PassRdaubitiA’ ehewyulgs and a
slightly flexible nenber connecting a_|ower end of the rod to the base. 20
| npl enend @it PEnPodi sthredl By SPRTOF iMadiedde thite SRR dMONGE PRe thath&achy be a

ring with anpeiRfiatdd QUHSNIRls uRdtlaindl 2009 e¢ledd ilc@it.he rod and an
outer circunferential portion connected to thée base, The nenber may be
bendabl e vertical | yIBuviee ¢fgrlier faragping, there is a need for a

chemical mechanical polishing apparatus which optimizes

polishing throughput while providing the desired flatness

25 and finish. Specifically, the chemical mechanical
polishing apparatus should have a carrier head which
applies a substantially uniform load across the
substrate.

umma v i
30 In one aspect, the present invention is directed
to a carrier head for a chemical mechanical polishing

apparatus. The carrier head comprises a base, a support



25.A stop may be connected to the upper end of the rod to limt downward
travel of the base. In another aspect, a carrier head includes a housing, a
base, a | oadi ng nechani sm connecting the housing to the base to control the
vertical position of 30 the base relative to the housing, anqhgﬁﬁgs L on
attached to a | ower surface of the housing to stop an upward 0B% tne
base. 2 4 AP R2UD2 - 6 |In another aspect, the carrier head includes a
base, a first flexible nenbrane, and a gecond flexible nenbrane. The first
menbrane has a nounting surface for a substrate and defines a first

chanber. The $e¢ond LIRBNRAE do GRNMMRELDY @ (e .hage ah pesitioned

above t he flrsp menbrane to define a second chanber. e second nenbrane is
posi ti oned fil@xddier memdpangarapesiad &othehsuppostt mamwchwrevhen fluid is

forced int h I t.at) f .t  nvention include
the foll ovm&rrftge. ?}%gﬁﬁl%sﬂ%naenépaﬁga?g%@%t@@h%gﬁt%cae rsk(tgﬁg}pondrt structure
whi ch is conbstired e @ncheXrarslshpenddtdx he. sTippogdc shountnmeans nay be
position§d e GRNtacs aﬁiﬁ%}er t he support structure or the first 15

R R

menbr ane. suppor ure may be connected to the base by a flexure,
and the first nmenbimptemeptédtiansacliethé oimventkornindbbudat thehe support
structure %%1QeLLne t Ji St chanberb The s%ppor%tstructure nmay_include a
support ring, nd e S KT M e r%afeﬁél r%jmbt iShed 20 (WES& end

t hr ough t helaept @ndfa tleweaumiantp,r iangl tthec mrimbataniehemafyi bet sedrexne. The
carrier he$9 pparatus with a first fluid supply

b d i | i shi
connect ed 8tg%énfﬁﬁgfﬁéﬁ%ﬁbgﬂggﬁgzg%g%@%fFHP@°§Gp5F§u€6Hﬁ§bte5TFb t he

second PRSFAG&ur@Nthady IRNSAULS AN ITHANG YISt all @HSU AN dr)e WEagpnd
chanber. I n another aspect, the carrier head includes a base, a support

structure @OnRESESd Gid ML arandial pomtdeny @ttachedstonshe Rise on) and

a second MARDEARR P il £ efadh thilalS poPRARNARR tRRheldOR of $hedPsd to and
30 extends beneath the base to define a first substantially circul ar

chanber . TRETSEEHFE -neMiCafdBRGTS GHAUSTUSnEEY docandeeNeddWadieat h t he
support st ryelglbd 20 defdilardplated AR BoZtdonS@0RHes ehahdRid aldoweannul ar
er

chanber_surroundi ng the first chanber.

S the plate may be connected by an aperture through the
plate to a portion below. An outer edge of the support
structure may have a downwardly projecting lip.

The carrier head may include one or more of the
following: a housing connectable to a drive shaft to

20 rotate therewith, a gimbal mechanism pivotally connecting
the housing to the base to permit the base to pivot with
respect to the housing, a retaining ring connected to the
base and surrounding the flexible membrane, and a loading
mechanism connecting the housing to the base to apply a

!5 downward pressure to the base. The housing may have a
substantially vertical passage, and the gimbal mechanism
may include a rod with its upper end slidable disposed in
the passage. The gimbal mechanism may include a bearing
base with a spherical outer surface connected to a lowver

0 end of the rod and a gimbal race with a spherical inner
surface engaging the bearing base.

The support structure, flexure and membrane may be

configured such that a.downward pressure on the flexure



| mpl enent ati ons of the invention include the followng. A lower surface of
the first nmenbrane portion 5 nay contact or be attached to an upper surface
of the second nenbrane portion. In another aspect, the carrier head has a
support structure having a bottomface, a flexible nenbrane gigf App ngpa
chanber, and a port for applying a vacuumto 10 the chanber. There is a
recessed region in the bottomface of the support structure. The nenbrane
is arranged and configured to be pulled gnto the recessed region if the
chanber is evacuated to produce a reduced pressure area between the

flexible megRrangseRthtdd 1URPSa 15HdeACS 15n_°f.xﬁﬁafrﬁb§trre%ts%-reﬂb‘% regessed

region distributed in an asymetrical fashio n anot her aspect, the
i nvention i SUBPPEEt 8¢ rustanetSvodhet SefowRyate PFESSETCe a8f thes@dger ate in

acarrier Naleng ekl aGAMRClounsRalRd Y 1A chie! $hmd0aldl SXidAJERAPr ane

having a mounting surface for the substrate, Is pressurised. second
chanber forREEsSEYre s&cotdel Pomliionseeilr he membranest Fr ssfiaee s al so

pressuri zed e . g€ d Ry .S PQSt o] t st
menbr aneZ§b85§Qt ﬁg %&ntll ng s%&?aflgge gg‘leTﬁggggggna(&%ﬁtg%%%F Fl%}"fseael ed. A
substrat e | sppkazatasgdiynsiquieie tepanisiurgacer fxea, ofndthiel wpgeirs f orced out

of the firs er. A r egt redyce Lessyr i chyck-t he
substrate t%ugggggoﬁﬁt?R% gﬁﬁ gggﬁ T gngyﬁggpﬁgggﬁﬁgqi%%tkges S chanber

i S neasur edmaysbeoiésisi than3@n mpterxediametes obificlthee suppofral | owi ng. | f the
second pressyre IS greater than the first pressure, then the substrate may
be i ndi cat ef §EC5P§ ent. If the second ~ 4 APR 2002 _ g _ pressure is

equal tadhe first THessungy béea sgdxstbetvesmytiie susbert esk asctussi ng. I n
anot her aspect,ﬁhheF&nvention is6%irected Fo a net hod of chucgingla
substrate tB8°8 FBEnEASEUEErt 208 SReESsMAY, PRcA RESFA9R LHESHGR: Lhes
positioned 8gppbt 3trwdtuire] taUchaeyiny a CauibeiniteadheFlgaipd tics forced

into a first chanber .defi ned byfa irst flexible nenbrane to apply a
downwar d pr E8EGPe ¥ §1ET T AW artatbgs §PPsubstrate, and fluid is forced out

ofng second chgrberI%OaMh@ﬁdabye@ﬁgc@w SR @ ehd £d Euhd:%ﬁ%@%ss(:ﬁnd

menbr ane, upwar dl.y an reate a . reduced pressyre region bounded by the
annularfﬁ?eggﬁﬁlgﬁucﬁ &ﬁée@u@s@P&%&“ﬂo?@ﬁgaﬁééﬁﬁiﬂ dsérﬂi@@?llnplantations
of the invepbkABniBa. Udenehgik®afoheewaRisnlRfclubsls EEFBGEARG VIRY G@nt act
either the substrate, a support structure, or the second nenbrane. The

first chanbBPPREy endcisdddaid vasdsprasedoidnthearasitggednothehe i nvention

i ncl ude t hepbakhaw, n@gndlhe sqagrh!t% read180B! hemba rukbhakltlhingdat o the
substrate. 20 The carrier head is able to vacuum chuck the substrate to
lift it offlPHEIpBRPsKitnGheadod to the base.

20 Implementations of the invention include the
following. The member may be a ring with an inner
circumferential portion'connected to the rod and an outer
circumferential portion connected to the base. The
member may be bendable vertically but is rigid radially.

25 A stop may be connected to the upper end of the rod to
limit downward travel of the base.

In another aspect, a carrier head includes a
housing, a base, a loading mechanism connecting the
housing to the base to control the vertical position of

30 the base relative to the housing, and a cushion attached
to a lower surface of the housing to stop an upward

motion of the base.



Addi tional advantages of the invention will be set forth in the description
which follows, and in part will be obvious fromthe description, or may be
| earned by 25 practice of the invention. The advantages of the invention
may be realized by neans of the instrumentalities and corrbina&ié)[&%B
particularly pointed out in the clains. Brief Description of the a&@%mw
30 The acconpanyi ng drawi ngs, which are incorporated in and constitute a
part of the specification, schematicallygillustrate the present invention,
and "2 4 AP R 2002 g _ together with the general description given above

and the detalled deserd plily AYSILDC Ge OFfVfal nEXR! 2hE1b4EsPR NI D! €3
of the invention. I's an expl oded perspective view of a 5 chem ca
mechani cal bakeshenfiagpafdexdblel gempragea golemntsiescongp flisgtikdfe a
carousel, w upp h aTo s . ' rti.al
cross-sectr%%ngeﬁgﬁ/o?hfhgqéggoEggﬁgéﬁgFFE%Gé gfgﬁégﬁﬁﬁé fﬁéé%ﬂﬁfr
partial |y aaleubsheatiei endi dgfimesf at farstnpbambed -by Thiee s@dRmghpar at us.
FIG 4 1% an3SReURE §<CLORRLSRal QRRkntl BY! JACRIILE ARad dyyaccor dance
with the presen? I nvent 1-on. I%. g s a cross-sec%ional view of the carrier

head of FI &héd fliosg membrane tbsdeif&netcai segoscheimamber.exFheded and
partially cross-sectional perspective view of the carrier head of FIG 4.
FIG 7 is as§888§BPF@gEF8§S3§egﬁfgﬁé nﬁpeﬁboFxgr aFrF@fﬁ%@f in which a

bl adder is pesbsuorednt ahedi fdatsity mafbraneachea fledidlies feraeshentfd G 8 is
a schematic ross-sectigna view of a carrier head which includes two
chambers. FF&e §SFONg SOR i‘c cross-sectional view of a carrier head in

whi ch a upport pl atmplemasestionyl eferlod ZvenSigpoinclndg. théG 10 is a
schematic croii-sectional view of a carrier hegp illus}%;ti ng a gi nbal
mechani sm i ReL4AFARTa githSalf iESdy MEMOTANGi RBY| DPaBEE2SNE2 £P i% an expl oded

and parti al b\MppbeeS 52 usetireONdli PersPeohnee tede oot hleh®agieri®yl arechani sm
of FIG 10. EFG. 12 is a bottonlvi%g of the sgpport @Iate of the carrier
head shown £heEp&e.g The second membrane may be positioned to
contact either the support structure or the first
15 membrane. A support structure may be connected to the
base by a flexure, and the first membrane may be attached
to and extend beneath the support structure to define the
first chamber. The support structure may include a
support ring, and the second membrane may be positioned
20 to extend through the center of the support ring to
contact the first membrane. The carrier head may be used
in a polishing apparatus with a first fluid supply
connected to the first chamber, a second fluid supply
connected to the second passage, and a sensor for
25 measuring a pressure in the second chamber.
In another aspect, the carrier head includes a
base, a support structure connected to the base by a
flexure, a first membrane portion, and a second membrane
portion. The first membrane portion is connected to and
30 extends beneath the base to define a first substantially
circular chamber. The second membrane portion is connect
to and extends beneath the support structure to define a



2 4 APR 2002 - 10 FIG 13 is a schematic cross-sectional view of a carrier
head illustrating the vacuum chucking of a substrate. FIG 14 is a
schematic cross-sectional view of a 5 carrier head including a stop-pin
assenbly. Description of the Preferred Enbodi ments) Referring2#%oAFR @021,
one ox nore substrates 10 will be polished by a chem cal nechani cal
polishing (CMP) apparatus 20. A conplete description of CMP apparatus 20 10
may be found in U S. Patent Applicatipom Serial No. 08/ 549,336, by Perlov,

et al., filed October 27, 1996, entitled CONTI NUOUS PROCESSI NG SYSTEM FOR

CHEM CAL CLpERheHNGy anfAsY dRefiked 2 2nw t9fe the present

invention, the entire disclosdre of which iI's 15 hereby 1 ncorporated by
ref erence. £Ac86r ghambes -t he i nvention, CMP apparatus 20 includes a | ower

machi ne base 22 vM#ékﬁsﬁéﬁ%ixig@s2§5npmgtggvég@{ggni@@gu%?rgg?vable upper

outer cover (not s e top 23 supports a series I shing 20
stations 25allesbngnd 254 owarnd sarfemesodr thieatfiiast2 menbrames! grordtiatn on 27.

forms a ge a ar rr i.th t r | i shi tations 25a,
250 and SRV TraeRELoF, B, TS T, 8 At WBalel’ RRAERCSn S o e vi g
I ndi vi dual seabstr aembradef pomtdonoadi ng 25 apparatus (not shown), washing

t he substrates, | di ng the substrates into carrier heads (to be descri bed
bel ow), receivi ngoltarhearg?u’bg?Fa?%%e?fbnﬁ?%ec%’éﬁ?%rhﬁ%%ggfs sﬁ‘?%"fﬁe
substrat essagacaurantaiviimal lay dotaesf €acieng at £& exibdler ieedraaek to the

| oadi ng apparatus. 30 Each polishing station 25a-25c includes a rotatable
plat;ng30p§ﬁfﬁﬁgEﬂ FSCEF§GE%VaI 'FEM°H 385 §fplﬁﬁn§LB§W%§F€miGQ:s an

ei ght -iy@hthe0@hanpedi.amaheire i3 4 ARGe38@d reqlondiizk theh®dtloat en 30 and
pol i shi ng Qad 32 will be about twent inch&g in diameter. Platen 30 is
pr ef er abl y28°PaPit 5Bee SHPRAE UMY Bnl es 8Os PEBRIANG: d ScSFFed3sd by a

st ai nl ess ghaetopfagated itwe behahfl 1@d0otintBoeRk k@cedssed region if
the chamber is evacuated to produce a reduced pressure
area between the flexible membrane and an upper surface

15 of a substrate. The recessed region distributed in an
asymmetrical fashion.

In another aspect, the invention is directed to a
method of sensing the presence of a substrate in a
carrier head. A first chamber, formed by a first

20 flexible membrane having a mounting surface for the
substrate, is pressurized. A second chamber formed by a
second flexible membrane toc a first pressure is also
pressurized. The second membrane is positioned to
contact the first membrane above the mounting surface.

!5 The second chamber is sealed. A substrate is placed
against the mounting surface, and fluid is forced out of
the first chamber to create a reduced pressure region to
chuck -the substrate to the mounting surface. Then the
pressure in the second chamber is measured a second time.

30 Implementations include the following. If the
second pressure is greater than the first pressure, then
the substrate may be indicated as present. If the second



5 platen drive notor (also not shown). For nost polishing processes, the
drive notor rotates platen 30 at about thirty to two-hundred revol utions
per mnute, although |lower or higher rotational speeds may be used.

Pol i shing pad 32 may be a conposite material with 10 a rough r‘ﬁi Roﬂlshi ng
surface. The polishing pad 32 may be attached to platen 30 b% P 2
pressure-sensitive adhesive |ayer. Polishing pad 32 nay have a fifty m|l
thick hard upper layer and a fifty mll thick softer |ower |ayer. The upper
| ayer is preferably a material conposed of 15 pol yurethane m xed with ot her

fillers. The |ower layer is, preferab eri CoNpos conpressed
felt fiber PHSSHS t%q%]ét%%nt?}eAE%%W%%ﬂedye{W%o?&%ﬁ t®ad, with
the upper Imayebeampiseted d<LMdddirmnd the | ower | ayer conposed of SUBA-4,
is available from 20 Rod%b, I nc., Iocgked.i n Newark, Dﬁl aware (I C 1000 and
SUBA-4 are product ‘RaABEtBETRAGREC Y nkDf. 1REERTASN 4R A ESCEE O 253 25¢
may furthemdtyhddider aghasientg ad esuipsitr Lo did | DnFurdPineg adwsfdde &Ach pad
condi ti ogler apparatus 40 has a rotatabl e arm 42 hol di ng, 25 an i ndependentl|y
ot | oS CGRAANSI d1eaad s SHALEAT Sokd ORI YA SR LASE P46, The

condi ti onemARAITTY Usurfddd adfSa tder 06l iKda. ofpiled PO | 66FEEd Pk §0 t hat
it wll~effectively polish any substrate_ pressed aaal nst it while it is

rotating. %0 SALgtGRamRer AREINRAPLY 3 st lg gnemprangi bpi zed

water for Qe RoldSiHwid P aSh¥E B dd Uritfu B Garesid# con dioxide for
oxi de polishing) and a chemcally-reactive catal yzes (e. g

pot assi um rpsaate, and i ofpoforaed qulr Qfialesgrendehapbers suppl i ed
to the r f s i.shd Sﬂl-fkpl i ci ent
slurry ?g provi edd&% azcln)gvé;?orgﬁghﬁg?p%%g tgén#i;'{%l poli s%?él%w%a@&%%%%\o or

nmor e i nt er MRNaRdE Yvertd mreate i aneedied piwb Bbte aregwsihowmded bey ween

re | nt er HRNARCELY . egpen: oy ween
he subst r a0 AEHe, $AE W e Ul Mibetand Vo 000 Bt e o) 11 1o

rot at abl e mMrfiadeead carousel 60 is positioned 10 above | ower nmachi ne base

22. Carousel 60 isI@EEEREE?%% gfcg%eg’nggﬁgﬁ_ggl ggg}égte\%@% t her eon about

a carousel axis 64 arousel notor asse in base 22.
Cent er pbstfc8A ey t SThee ol mats ghersiupEroy tmayt aton tGic@netl theor e 68.

Mul ti - head 60, I carrlj head t 70a, 70b, 70c,
and 70d. Thsﬁagbcras%%eéﬁ‘feoac a%%ﬁe%? S%I%L?teerfs orﬂe(?{g} evesaea%%%/%orﬁ%ﬁﬂ?? ates and
pol i sh t heMhey formessichprbhemmegai irstlude golarshiley pasild®e on pl aten 30 of
polishing stati onsAégg- %50. On% ﬁé the. carei er.hei\d sy }le rﬁcei.ves a
substrate from and BEFETEr €5 esﬂlB‘s’FPéi‘@“tan 39&% ersn?&ﬂ" GH139: The
f?ur carri theaxhs:;eaﬁt em;-lsd?OaapﬁIhdet' fare umm&'l mpl]m&ccatrmu?eé mtsmwt 6521:@]' ?te 66
at equal,angul ar. interwvals out, carousel axi s : nt er pos al | ows

t he car%)%sgl%em) NN :}b i ZEP% Pt U S S 8 c‘blqﬁlee SR D orbit
the carrienlifradtsyfiftnshe/ Gelixhirancpddie substrates attached thereto,
about carousel axi 4. .Each carrier head_system 70a:70d includes a

pol i shing or carri 5?%8&8“?30? E&BﬁagﬁfrPgr¥ﬁ5a§“¥85tﬁﬁaeﬁéﬁbﬂegﬁ ¥&Fot at es
about its durtaxiin tard Esdmndepsdeniich [fildreald,y aysdidd gpese iwh B radi al

slot 72 formed.in carousel support plate 66. A carrier, drive shaft 79
connects a &arerr4Re %té’t%)o%%%&ﬁti%"t S BN & HERFID R¥hown by the

renoval 26f preetguay teff tfe invention. The advantages of the
invention may be realized by means of the
instrumentalities and combinations particularly pointed
ocut in the claims.

Brief Descriptjon of the Drawings

30 The accompanying drawings, which are incorporated
in and constitute a part of the specification,
schematically illustrate the present invention, and



2 4- APR 2002 - 13 cover 68). There is one carrier drive shaft and notor
for each head. Referring to FIG 2, in which cover 68 of carousel 60 has
been renoved, carousel support plate 66 supports 5 the four carrier head
systens 70a-70d. Carousel support plate includes four radial slgts 72
generally extending radially and oriented 90 apart. Radial sl APR m
ei ther be cl ose-ended (as shown) or open-ended. The top of support plate
supports four slotted carrier head 10 s%gport slides 80. Each slide 80
aligns along one of the radial slots 72“nd noves freely along a radial

path with respect to ¢arousel support plate Tw |inear bearin
assenbl i es B?EEEBFreH&ﬁhrSBPaEe§P6917§°FSr§BBSSPtgégéﬁ §$PH %®¢As

shown in F'§§ta21éﬁddgsceiﬁh1bhng§beheBE&60 , ag8evhl Yol B& QQQ% anedi | 82
fixed to carousel supportﬁglate 6, and two hands 83 (only one of which is

i | | ust rat edPFARFLELes) ofj kB8 LHVENtdEN80 to grasp the rail. Two bearings 84
separate each hand ﬁﬁ;hf romd aid Spdhdd ﬁg%é&f‘;@e‘.f&g ifmgt h nmovenent
t

t her ebet ween. Thus, e linear bearing assenilies permt the slides 80 to
move freéiychemhgaiameaha§n§a§ PQllAhbearapgasa§9585 anchored to the outer

end of one of the r@ids ﬁzlprgvﬁ e alrc_slr(;)cog:p idg@%%&l‘ééhf 25, £0 ng

off the end of the rails. One o contai ns an
unlIIustratbﬂetﬂPEadeboﬂeaagvrngoyédlty or nut flxed to the slide near its

dri ven by a sl de radal® ot ot Hb i 6 SR S e FBE B SUppor
pl ate 66. Vhenousebros7FEGrn§ béadgséipnes 863, shndep8ftdmiléy wadi al ly. The
oo o S5 Bfab b HEBRARTLEY RUCERES LRahIBGOEREEUEY smeRebshn 70
pl ate 66. FIG. 4 1s a schematic cross-sectional view of a
carrier head in accordance with the present invention.
FIG. 5 is a cross-sectional view of the carrier
head of FIG. 4 along line 5-5.
15 FIG. 6 is a schematic, exploded and partially
cross—-sectional perspective view of the carrier head of
FIG. 4.
FIG. 7 is a schematic cross-sectional view of a
carrier head in which a bladder is positioned to directly
20 contact a flexible membrane.
FIG. 8 is a schematic cross-sectional view of a
carrier head which includes two chambers.
FIG. 9 is a schematic cross-sectional view of a
carrier head in which a support plate is used in place of
25 a support ring.
FIG. 10 is a schematic cross-sectional view of a
carrier head illustrating a gimbal mechanism including a
gimbal body and a gimbal race.
FIG. 11 is an exploded and partially cross-
30 sectlonal perspective view of the gimbal mechanism of
FIG. 10.
FIG. 12 is a bottom view of the support plate of
the carrier head shown in FIG. 9.



A carrier head assenbly or system each including a carrier head 100, a
carrier drive shaft 74, a carrier 5 notor 76, and a surroundi ng
non-rotating shaft housing 78, is fixed to each of the four slides. Drive
shaft housing 7B holds drive shaft 74 by paired sets of |ower ring bearings
88 and a set of upper ring bearings 89. Each carrier head ass@rbAPR 23 be
assenbl ed away from 10 polishing apparatus 20, slid in its untightened
state into radial slot 72 in carousel support plate 66 and between the arns
of slide 80, and there tightened to g?é§£ The slide, Arotary coupling 90
at the top of drive _notor. 186 15 couples two or nore fluid or electrical

li nes 92a-92c i nt o Fffred 3ok Sndr SCORRIRTISs CFLSSTAL G 3 & l8taref &1, Three
punps 93a- Ror Y DR £ONNELEEErd 0ihd Ut e | vASSUR28926k1 hgSBEChi vel y.
Channel s 94a-94c and punps 93a-93c are used, as describéd in nore detai

bel ow, to ZPRFeid®®ical |y power carrier head 100 and to vacuum chuck the
substrate to the b mMqQf ;teh fal 3l 3 lelL : I 0Us; Kmpdi yrent s of
the carrier head dggE?i&gdl%e%p%?%EH%EQQgggpggcs%%ﬁﬁ*ﬁkgbﬁgled toi¥ﬁe same
fluid |iRescarridduatad henely@dingnd ofCPRTPER c2d$CMPLY punps may change. 25
During actual polishing, three of the carrier heads, e.g., those of carrier
head systens 70a-70c, are positioned at and above respective polishing
stati ons 25a-25c. e g mipthicon dbh ot henpref er red Emboaime Ebntact with
pol i shing pad 32, rry .50 Is.as e 30 i a.kar. )

mechani cal poli shi %%(}g?rtiﬁlg g%bs??r%ét é"orotn\r/%/afo%r m %e%élgﬁértirgarr{%gegl 100

uni formy Iwidds hérepslibshedtlby agacimenichk pethashicogl ppdlishing APRP2002 -

15 The sub i pi ta jecte | t]pl ol ishing steps,

i ncl udi ng aasﬁréﬁae%%?g i%% n‘é é‘%’é%f%'th)% (glé?ﬁgﬁgﬁgtg%l‘iéﬁiﬁéps?%.arf—'gPst A8 i n
pol i shi @§ siap,beisfabhg prer? o nePaténstMmppbic2Shon ceesriel Read 100 may 5
apply a for (0)74] ely four _to ten un r _square,Lpch (psi) to
substrate ﬁ?%égggﬁgébé%gﬁ%eg¥%Y1o%%,a%éTrfgfé%g%agﬁﬁﬁrngi’ab%?§’nore or

| ess force.erfoit bxdn@ONTINGOUS PROGES PING s$YSTEMt EPR OXEMICKL per formed at
station 25 i y_apply a 10.force of abput three psi.
Carri er m%ﬁ%#@%ﬁ@%ﬁﬁgg mgaa%ﬁbg%ﬁd atb%utf%? h??f&g‘?%et%g- Flﬁﬁdl’ ed
re\éol uti pnﬁmehm& niﬂwﬁenﬂaﬁﬁgf:@ amﬂl%% f:élrdiiﬁqil&@.afbh é@ﬂo‘gnﬁdr giétﬁ at

subst an éafgy the same rate. ner a %? carrier head 1 ol ds the

substra LRRY nRCQ RO S R e evenly distributes a downward

pressure across thgcbaeﬁi&grk@cehgfihbgnagaggrey@.aﬁ@grggm%iqm head al so
transfers torque fromjthe drive shaft to the substrate and ensures that the

substrate YRRS B i IPYP o MERR PITR Tarvileh hidrPb® BRI 43 pol i shing.
Referring toUrdte ¢héresdrdn@ra heafboudol é noppetesodt PUsbrdr 1020t a base
104, a gi nbal nechany 106, oadiqg mechani sm 10B, a retaining ring 110,
and a subst%@)bacﬁ%g]'%s%%&%/ SUBPO RS hGIRTIRS 192 PRLlHEhidGnected to
drive sbeftstikicdng 254 £ 23LrENd tIEQPMAA o Edbs fdr rotation 497 which is

subst anti al | er pendi cular to the surface of_ the polishing pad. The
| oadi ng mﬁ%ﬁ#ﬁ@?@%s@?im ot FRRGF Hot | $EHAPS ARERRIEReNDS to

apply a | oagditH the ©hEVYET TEIPIRS SeH £ 1idi0s s, 351 Odng Thee base 109 is

fixed relative to polishjng ﬁad 32 by | oadj ng mechanj sm 108. Pressurization

of a chamberF TTfE Hosthta oHH Dbt e wipl & fingiienat@f backi ng assenbl y
112 gener atfsc iy MYy ed ki { W1 ffa Prs bt Ro66s AW from a loading

25 apparatus (not shown), washing the substrates, loading

the substrates into carrier heads (to be described
below), receiving the substrates from the carrier heads,
washing the substrates again, and finally transferring
the substrates back to the loading apparatus.

30 Each polishing station 25a-25c includes a
rotatable platen 30 on which is placed a polishing pad
32. If substrate 10 is an eight-inch (200 mm) diameter



~ 4 AP R 2002 - 16 downward force on the substrate backing assenbly. The
downward force on the substrate backing assenbly presses the substrate
agai nst the polishing pad. 'The substrate backing assenbly 112 includes a
support structure 114, a S flexure 116 connected between suppojt, structure
114 and base 104, and a flexible nenbrane 118 connected to s % 2002
structure 114. The fl exi bl e nenbrane 118 extends bel ow support structure
114 to provide a nmounting surface 274 f?i the substrate. Each of these

d

elements will be 10 explained in greatef~detail below Housing 102 is

generally circular in shape_tq.correspond,tQ t ckKLcul ntigurati on of
the substrattésSto EQeBoPEEEGB.g?h&“ﬁoaggﬁgh§ﬁglEggsbgnugﬁguﬁgr% %&ging pl ate
120 and a gepehal! Yneylkisndni salameeesi.ngPlabeh230 15 poefemgbAybal22 may

i nclude an upper hub portion 124 and.a.l ower hu rtion 126. The,l ower hub
portion nayrﬁgééa31§nﬁﬁP@Fanaﬁ§téFaﬁﬂ&ﬁsfhétﬁSgegiﬁgﬁ 68# ggﬁ?Q$ﬁg housi ng
plate 120 ngysguihoerd Is@eenl bubteor drareldhfadnd (hetakhiowed to w@pper hub
portion 122 by bolts 128. Both 2 housinghpla e 1%0 and houshn% hub 122 may
be formed oPlatgnndgdyesmotr Lo 3senPRinmS R AnnuFRF BO8hi B9 113108 be

att ached, fggoeéégake,th ariadhasitwe, rotatelsopeatenr B@cetlaboaft housi ng
pl ate 120. shion 121 may fit into a recess 12~ 25 in the h?¥§ing plate so
that the cuShi&RYs teofH Argge TEYORMEIRNG PR¥t R NUGRer 3 of the

housi n | a i I e isO ased.soft stop to limt
gop t3.%we'%‘|s o %Cig?:%@‘:d 2%la@Wonfal! s?gl%'arsm ;!’tag;b‘é p

the upward travel of base 104. Cushion an open-cell pad, such as
a fifty ml thick PRRYTShAR®apRG03AVERY dbt 2 fFAMPFRHES  MaFRTiz} WEkAr k,

Del awar e, The [ i C 4385 deWo S 132 whaich
connectgg% gpﬁggggﬁﬁ §ngfé%%ﬁfﬁﬁéber ﬁ%b pg??ig%q%fkgggéggFo%erwghfface
136 of | owebehalstasheidoto plateaPRRbY?2 & Pressuze-sansiitiyee adb® siye

connecti ng sag t: | £q0l &el Q014 i id-4 1 ght
manner nmay %ea@%%dnt ggag'ﬁsﬁlgl\gglﬁasoﬁ)rg a(r:%ytlg% gf IaI tgv%grtﬁ%glpgrh?icgénwfgg In
addi tion, aupgetr dlayeer tinshla KEfEyl 38 Indhick eedterodgwent Raysantral axi s
of the housi O 4 I 0 g N £32, and
central borgﬂ%g%%grprloa i ei;s %%‘J{?% g tgsg%tg\;i\/?fe%% ?%é“l%gﬁ?% g’rf head is
at t achedl § o pollgudeithanehafitxedA wiydh edbhiegalf idlelrisng Th2 loweredaviEn in
central bore 138 d.i par.t y I far ig ql.ower hub
portion I26}8Tﬁ5§?%ﬁ¥§%f%ﬁggfgﬁﬁfhbﬁ%ﬁggﬂéﬁgﬁ %éﬁgﬁ%ﬁ%% uggigthe
crosssect i ofdlberisc\l)eaattmd orited wate tdunad . adg woamonntterordlayeim t he i nner

Thter gl | sEON S TRt o Toery oyt ety SR ARY, ©

housi ng 102 an@al dhevd csdeaf tlaker campomededd SUBA-ids tisermviaiiflagd esE tdmat t wo

upper ST alRoR3s atppdemns bt My He gt iRag o ST 1T

SUBA~-4 are product names of Rodel, Inc.).

o]

Each polishing station 25a-25c¢ may further include
an associated pad conditioner apparatus 40. Each pad
conditioner apparatus 40 has a rotatable arm 42 holding

25 an independently rotating conditioner head 44 and an
associated washing basin 46. The conditioner apparatus
maintains the condition of the polishing pad so that it
will effectively polish any substrate pressed against it
while it is rotating.

30 A slurry 50 containing a reactive agent (e.g.,
deionized water for oxide polishing), abrasive particles
(e.g., silicon dioxide for oxide polishing) and a

chemically-reactive catalyzer (e.g., potassium hydroxide



20.dowel pin holes in drive shaft flange 96. This circunferentially aligns
passages 130 and 132 with channels 94a and 94b (see FIG 3). Central bore
138 will be aligned with central channel 94c. A flange 148 projects
outwardly from upper hub portion Z24 of housing 25 102. Flange 148 nates to
flange 96 of drive shaft 74. A circular clanp (not shown) nayzglﬂgﬁzyjange
148 to flange 96 to securely attach carrier head 100 to drive®sha Z.
Base 104 is a generally ring-shaped bodX | ocat ed 30 beneath the housing
102. The outer dianeter of base 104 may Be'approxinately the sane as the
outer diameter of housi La2§ 120, and .t,he, i nner_ di anet er of_ base 104 may

be sonmewhat P& §&iden &P M%Yretidr IPRGES HUFHRYTHRCe % APR 2-2 -

18 126. A peuisHimceakb30fby he dlasery mippdas tabearsaul arsuffidiene and a
| ower surfacgﬁ}SO of base 104, includes an annul ar recess 154. {gbgmqnular
depressi on S8 TRY 15 BIVHRRd FufRlsH d&k e SRRl 18 ROWIFNIRG be

fornmed 5 of padiip.d MRieidrimdne i dadiatgNwastaing e3atsianl $8a a
fiber-reinforced plastic. A bladder 160 may be attached to a | ower surface

150 of bade a4 53 fddePoRSd1ANRed RAHRe ™ NAEANCATE NGB PAHFE NG anp ri ng

166. Menbrane kG20RRhe B Ididharysd ar T shestind addivddlaq@erial,
such as a silicon rubber, having protrudi ng edges 164. The clanp ring 166

my be an a®hel Subssdates iaty they sagsed omones aatliighing statiien e wi ngs

107. R pIur%H&Eﬁ%?Eholes, spaced at equal angular intervals, pass
g

vertically throu he 15 cl anp ring.El As di scussed bel ow, one of these
holes (on the |eft Aidetatable mu}thmhedd csrduselabpassagesivlohed

Fo seour 20t REou a1 s e 240 Rl el G0 R e i g
edges 164 oR Z@nkammmss €62 ande Hotatesh\khexeogs ab®utofa clamguselng 166. The
cecurod to Baer U LEAAN R ISR Tt SE TR P i T 7
hand si de of22t.hi Segrtess et ihauppoawshec segeused cupgortolpd ate Bed as 25
Dol uns 170 2R & oY B8e a5 HRE AR ST and (s
aligned Wbt lrax rderrt ineald Eaetages D9, TOgsd0k04.andl fliOd.ur §htede oy be
I X B ST I, I s
bl adder 160pwaild st wireerd ibye pdxs s imef ahenc adalineg he gRadizdlinddpad 3T i ve
shaft 74, pags3ae 3 30" RISy st1%iond 2537352002 onelLs the
carrier head systems receives a substrate from and
20 delivers the substrate to transfer station 27.
The four carrier head systems 70a-70d are mounted
on carousel support plate 66 at equal angular intervals
about carousel axis 64. Center post 62 allows the
carousel motor to rotate the carousel support plate 66
25 and to orbit the carrier head systems 70a-70d, and the
substrates attached thereto, about carousel axis 64.
Each carrier head system 70a-70d includes a
polishing or carrier head 100. Each carrier head 100
independently rotates about its own axis, and
30 independently laterally oscillates in a radial slot 72
formed in carousel support plate 66. A carrier drive
shaft 74 connects a carrier head rotation motor 76 to
carrier head 100 (shown by the removal of one-quarter of



fl exi bl e tube snot shown), passage 1S8 in base 104, and passage 172 in
clanp ring 166. If punp 93b forces a fluid, preferably a gas, such as air,
into volune 170, then bl adder 160 will expand downwardly. On the other 5
hand, if punp 93b evacuates fluid fromvolunme 170, then bl adder 160 will.
contract. As discussed bel ow, bl adder 160~may be used to appl2/4 ARROMar d
pressure to support structure 114 and fl exible nmenbrane 118. @G nbal

mechani sm 106 pernmits base 104 to nove with respect to 10 housing 102 so
that the base may remain substantially parallel with the surface of the

pol i shing pad. Specifically, the ginbal mechanismpermts the base to nove
Vgrti cal ly, cover ﬁ)qlng mrﬁ dfs rdriea]gdmih?ﬁ,dhranré ltsmaﬁlty(and icrlncetor Lo rotate
about an axi s para to the 15 surface of the polishing pad, with respect
t o housi ng f@fp%(jﬁ",do‘gi mbal mechani sm 106 prevents base 104 from novi ng

laterally. i.e., alpageaPifyi toprrel ~2p!l ihowhbenpebi-ehi 88 padcavbliBenespect
to the housing. G nbal nechani sm 106 i s unl oaded; that i no downwar d
L ik

pressure 20 8% h&sHBeed reRavst FARIYTE Y HYRRAF | HRARMTSmto the

base. Howevehe i didiiadi dPethal SPfrhnd MANSiRd anaidifsd vagipsdh as the
shear force created by the friction between the substrate and polishing

pad, to thePHa¥s ddicplay fiour madiadi Shotos Tciaaneral g miendinago, a
flexure rin Ty ) I : Gl ) upper end
of gi nbal r%&jd%éouig}i]t#%o%{r&%a asiggfgbe a%%%t?hrg\gg%agy%&%??gl ];Légshi ng 142.
The | ower edtWferihthadlaser d s(af tshevd tor RsT-adidarh 18he 30op

Al ternativel ) ﬂg’?ﬁ; I F{?gi, { I t of ginbal
rod 18Q Thé%i nn er(fgﬁ'(r)%{efll%eh reé}?n%&ffgﬁ@hﬁ]dﬁt}teﬁ%%nh ower clanp 186
and uppel0clsapporgn, s Marse &) t h&amh el sty d bfalfignaurad ariqigpne 28 $ARR 2002
- 20 182 Tgaclred da e Jaelo Wl ase P Wind a6l SIS 48] MY

anp 4 rews

be used to secure | ower c to upper “clanp , and s may be
used to secuwespddx e qamyskd? supprade pliGte GobalTwod ik mbpeatide S

vertically alqn ssage 188 .so .t hat_ base 109 ve vertically with
respect to 5855| 3’ %rl-aio%éavtergacg} s ar%'ochﬁg%e?@?erﬁlﬁppa?ﬁ}:l%ﬁ al notion
of base 104 sdiiide réfspect to housing 102. G nbal rod 180, upper clanp 184
and lower_clanp 10 186 _are for f rigi terial such,as st ai nl ess

st eel or{?al um num Iﬂ-‘BmBSEI'? ?Fggg?g'r?ngngB ) 3§Cﬁtziﬂ3ﬁ€ PRAFiRE, is
formed of aammdettdiyelindllwieidhle nwtlerfizalfixkre tfd edyomsdINgupserd al i s
selected to able tao w thstand hi strains, induced pivoting of 15

t he base wi tpﬁ’%rteespbgsdt a{,—i’)& % ﬁtﬁi’éﬂh% v&qxﬂ‘d’utonr?r @%i“ﬁb‘,é}gﬂf to have a

nmoder at e el ddtliustmiddisin HIS.f I3x fixed ny BAAdes 8uftfd gradg el astic that
the carrier _can under smal |l piyvotin tions.wthout stantiall

changi ng t hé3*oad %éf%e&rﬁlrﬁ?pc% tsr?é’%rr(%t%aﬁ A rqq{’é}j al%i%f’é’f ,ratﬁe %?0
flexure 20Nngad prafifdecifred \and Gnddthaimdvienrinte ttheribe tiveditn tthudie side

| oad fromthe base to housing. The flexure ri is not as flexible as
menbr ane 162 %%ng gFsemqlies e SlAgess B&HAu d be

flexi bl e enmdgle tfrdeAryridldmpeaidlt Glpteot7250 that one 25 edge of the base
is approximtely fiye to ten mlsngjagher t han the edge of the opposite
base. The flexure ringeAhinBeSFoP BRCBOREH GE P tRE | eut e ANYSOBHEPREN-,

avai | abl e f oEmubepadi 1of 84 IpHew@inys slaldanwate)f i eidtaidRintalliie flexure
ring may%ge formed of a . lam nate of gl asslffi bers 30 and epoxy resin, such

|
as Gl0. eSEENG Rf fLBP @D &Fd The RS i n P Qe AT 836 but
is rigidinghliRid &l dorftdi®d ia@Nunild AR tRLEeaded receiving

cavity or nut fixed to the slide near its distal end.

The threaded cavity or nut receives a worm-gear lead
screw 86 driven by a slide radial oscillator motor 87
30 mounted on carousel support plate 66. When motor 87
turns lead screw 86, slide 80 moves radially. The four
motors 87 are independently operable to independently



-zl A stop 190 is secured to a top surface 191 of the ginbal rod by three
screws 192 (only one of which .is shown due to the cross-sectional view).
Three pins 194 (again, only one pin is shown) project horizontally from5
stop 190 and fit into the three slots 146 in bushing 142. Pins 194 are free
to slide vertically, but not laterally, in slots 146. Thus, b2%ecARRZ2an
nove vertically relative to housing 102 without affecting the rotation of
the carrier head. In addition) because ginbal rod 180 is 10 free to slide

i n passage 188, pressure cannot be appl %d’fronlhousing 102 to base 104

t hrough t he gi nbal nechan|3n1 Stop 190 glso I| g ﬂ wpwar d travel of
base | oad 1MAVEotPReIBHF SvifesxfeRBPoh SfIPﬂé }P P héad™ Pins 194 will

catch agalnégrghgemogﬁpgbkgdg@a&QS5&5 of vertlcal slot 196 to halt the
a

downward travel of the G nmbal nechani sm 106 may al so |ncI<¥

vertical passage 195 FFTHRF d} 20 S¥EeRyf & 2 gi mbal
rod, the uppegagkagp, heae &b@ |Q“@ér@héﬂpdrEQeP§§S§ﬂe7196aC@QBQ§b% upper
surface 134 of housi ng hub to a |l ower surface of |ower clanp 186.

0-rings iESmﬂﬁ9rb86se@nﬂn@05ﬂ§§9§§één9nnBDsﬁPﬁgting sbafrobrugiagseal
between gi mhgl %gdflﬁgdagg Bdeh BY ife. 5$n§ 3 gbsa' Besl ki QRa2k base 104

relative to ousi n IS contro mechani sm 108. The
| oadi ng nechanssnglﬂ&lhdéQSadchanbeha2907HobatlebedweenShgﬁsﬂnyexoz and

base 104, Chahenc20ns b9 IR BYageabingohgserify baspousengsioz. The

seal |ncludes an | nner an outer
clanp ring 286h EaapheagheﬁdZasahmbhynaynbbefesﬁembéédaawaxtﬁrnml t hi ck

i h . 4 i . C d tion.
bt Conag"BEheehigeaBhakbY 2, BRRAT oty Gnfhghslhdd pgect o0, 2
212. I nner koge Zafiell dilaphi7dagim26drpesed suppbmrlplabé bé&sendO4, with

i nner edge ti Qver ri 2 Lgh, tun Lo th ter edge of
rim 152 ﬁ%gwéanﬁggiﬁﬁmiogfiégg§8déﬁomg8§|t Fﬁ%h?éﬁﬁ?ﬁﬁ§85g#o base 104.
The inner chgaappr the sésde.primarily on rim 152 and has an outer lip 216
whi ch projects over_ ri 214. |.nner r|n 204 secure to e 104,
for exanple, by bolzfsr%‘yt%mm]rjrﬂ Q?fio %e dt kf@ém 202
againstJhaseo&ﬁ4eslﬁwGUBermekenwlunagozoeleetused1tmlﬁeal9daaph&agn1202 to
housi ng 102, The rotrudi ng_out er edge f _diap m ests in a
groove 220 SA*8n Eﬁ58r°§uwgﬁﬁecgfn85?§ra%?aﬁﬂ fl'ﬂgg g EBF££ 2ﬂanp ring
206 is ZecurndSEOpEmpsiagapBatemi?Obeecgnnebyeaotb?f222dfnonbeldzhhe 15
out er edge i aphra aga st t surface o usj pl at e
190" Thus. BAE" s LBBREAELIBLN noRBRRB® 152930 SRE<BnHoRINES s daA =8 B0 1 or m
chanber 200arBUﬁBe83aaéSﬁGsEk§bea)1ﬁHMobe aepagct Bd1be, chamber 200 via
fluid line 92a, rotarélcou pling chapnel 345 20 .in drive shaft 74, and

passage 230PRRURBEIFA XOE°"FFuFarerEf pasgi §3d EAcKageugrehuck punped

into and outhef sahatbgte288 tRecBBttOm bhetheada2ppbireHeh8.basg &R4. |f
punp 93a puggs fluid jnto chanber 200, the, vol unme of the, chanber wll

i ncrease an BénglﬁﬂbﬂFFWeBES of the' carrier head described below,
pumps 93a-%3c remain coupled to the same fluid lines,

although the function or purpose of the pumps may change.

25 During actual polishing, three of the carrier
heads, e.g., those of carrier head systems 70a-70c, are
positioned at and above respective polishing stations
25a=-25¢c. Carrier head 100 lowers a substrate into
contact with polishing pad 32, and slurry 50 acts as the

30 media for chemical mechanical polishing of the substrate
or wafer. The carrier head 100 uniformly loads the
substrate against the polishing pad.



25 .pushed downwardly. On the other hand, if punp 93a punps fluid out of
chanber 200, the volune of chanber 200 will decrease and base 104 w || be
pul | ed upwardly. The optional cushion | 21 may be positioned in housing
plate 120 directly above inner clanp ring 204. 30 Cushion 121 acts as a
soft stop to halt the upward notion of base 104. Specifically,2 WAR Panber
200 i s evacuated and base 104 noves upwardly, the inner clanp ring 204
abut s agai nst cushion 121. This prevents any sudden 2 4 APR 2002 - 23 _
jarring notions which mght cause a vacUfinrchucked substrate to detach from
the carrier head. Wen drive shaft 74 rotates housing 102, di aphragm 202

al so rotates. BecalRe diulpstrmafa 202 typlonhattsubjectrddse MOUt iyle nner

clanp ring e b ik : n i 1 LOO a S or.t
ctruct uro 169 1 ghdfgna5beY | snEBhdLEg an il pbREshE6°HERRCHRRCE
structure afiinalt poheédhfingxishep.neRbranbewnkinapsdisbiagestRgtai ning ring

110 may be secured at the oute d .the_b 104, Ret.aini_ng ring 110
is a genera?FVaQEXngprfﬁﬁghggi%gaglgﬁbgéghtggfg§gflg?agoﬁpgnﬁf rface 230.
When fl uisd apppynmpedoirreeoofhappeox2ndtedy fiane t64tea poshed gewnwardly,
retaining ring_110.is,also.pushed do rdly to,apply._a load to polishing
bad 32, " an FRHBFE1ANER, 1BEAT530 SpERERARR A3 PAE"PubsRabRRE, °
conj unct i onsvathonsyncargienr haad 204 abyf hepillhl morenbrantessl&orgesubstrate
recei ving rgcess 234 Thg retaining rigg %LO pr%vents thﬁ substrate from
escapi ng t hEOFeBBRTPhE r £0Zs@ AhB2¢Er RRIASPINELEEPRY ePEFALAYd from t he wafer
to the 20 bpgeforpkd AtNgtaitAgnliEchayake igrdbeal aobamdypla@tlycaor a
ceram c material . Retalnlngprlng 110 may be secured tqQ base 104 by, for

[

exanpl e,1hofPECS40L PRONJITNFER, PPt ai FPRGLEENECEED H&y TPRELESe one or nore

passages 238;22ie2nReal 100t B hBBAL SHARAGEtd32wbCh@Rdedker surface 236.
As di scussed bel ow, passages 236 provide pressure equilibrium between the

outsi de of FRAXCLHEAPBE REIITMARHLS-gaBlBieRedl ARA FREX4EE headt RA@0support

structure iQaQrdetat@ @RsWLBsthRCINENY ¢Rk BBNEMRALeQf the support 30
structure. Retaining ring 110 may al sO include an annular rim 292 which

fits around the out@neFzki cgadiifde biherd el A@doldsifig syt rase be pl aced
over carrg e5gheadel@BeSBolishing pad and evenly distributes a

downward pressure across the back surface of the
substrate. The carrier head also transfers torque from
the drive shaft to the substrate and ensures that the
substrate does not slip from beneath the carrier head

20 during polishing.

Referring to FIGS. 4-6, carrier head 100 includes

a housing 102, a base 104, a gimbal mechanism 106, a
loading mechanism 108, a retaining ring 110, and a
substrate backing assembly 112. The housing 102 is

25 connected to drive shaft 74 to rotate therewith about an
axis of rotation 107 which is substantially perpendicular
to the surface of the polishing pad. The loading
mechanism 108 is positioned between housing 102 and base
104 to apply a load, i.e., a downward pressure, to base

30 104. The base 104 is fixed relative to polishing pad 32
by loading mechanism 108. Pressurization of a chamber
290 positioned between base 104 and substrate backing

assembly 112 generates an upward force on the base and a



2 4 APR 2002 - 24 that it rests on rim242 of retaining ring 110 and
extends over housing plate |120. Shield 244 protects the conmponents in
carrier head 100, such as diaphragm 202, from contam nation by slurry 50. 5
The substrate backing assenbly 112 is | ocated bel ow base 104. Substrate
backi ng assenbly 112 includes support structure 114, flexure 446rRRNA02

fl exi bl e nenbrane 118. The fl exi bl e nmenbrane 118 connects to and extends
beneat h support structure 114. Tn conjunction with base 10 104, support
structure 114, flexure 116, and gi nbat k&chanics on 106, flexible nenbrane
118 defines a chanmber 290. Support structure 114 and attached flexible
menbr ane 11d6wawerdu§pendednftgﬁ1babétlehebyaﬁkéRGrésismbthe gbgport
structure 1 h p d a e f or med
n' base | 040K EHarRF S phngnet BBaE S EE, bapkttar Nk bERS <2 S]

suppor t r|nghé56ubanranaubga1hsmethelpaﬁiﬁamngapddan @Fhrubabstppte cl anp

282. Suppori _ring 250 is righd, ne r i h ul ar outer
portion 252£3ﬁhl§gtﬁf@ﬁ@?ignhg?a?nfgﬁgﬁsggr%ngﬁg%§9§¥g3%88? rlﬁ % may
have a genegaekurpl adar coanectedr batee@ftsupphra dumnmmndbyipnopadt|ng I|p
258 at its puter e. passages_ 2 ext ertical
t hrough i nnBRS Bo ggnaﬁgza EigﬁbbgF mﬁgggﬁﬂﬁ 338 8§H E?e% gPower su?face
256 'to an upppposr kaeactGeeofliahe Theeflpﬁ&b&enmeﬁbraﬂeuﬂaB gaends262 nmay
be forned i gn upper surface 264 oﬁ gr% ortlon 252 og t he su port ring.
B ! g

Support ringe ?pﬁétféFﬁﬁﬁtHFe PV§FS|H|@§§n Bglsu§ AfLexi bl e

menbr ane 11§7h8far6kh@ubabsﬁbeeé f opEed at ahkkexebbfeand Qiastbe material,
such as hi ghstrength silicone rubber. anbrane 118 may have a protruding

out er edéb ©7plajingdr inogreasess daEaAhLlaRElPW18 2 ~ APR 2002 - 25 extends

around a | ower cornesuHing UOris r¢é}&£§1&ﬁtc1f&z1?§§ il e ground an
outer surface 268 of outer portion_ 252, and inwardly al ong an ugper surface

264 of out eFOBEREPERI2ED. tbposwepﬁgreeeefégeraﬁiﬁﬁnﬁifaﬁéelpsbg Fayef it

into groove¢26@e fBeicHEs. OfTﬁbeﬁbﬁkﬁnHEHHEﬁﬂae$1§n'§nﬁb§HEeﬂoQ§EW%e” | ower
cl anp 280 and supgort ring fléxure 116_is a enerallgaglanar

annul ar ringlakpe apeaE§63|§eﬁF§§F%VeCVh1PHé19éﬂtPeaﬁlﬁgrééPl 10 and nay
be f1exiy eyghsihgl ﬂubnlbbemwdaalslaae LﬁnG?BE!rahuQ' pBetigRs12ihg pEmt eri al

of flexure 116 1s sel ected have a durone nmeasur enent between 30 on
t he Shore A@séaw&rahéb79°§ﬁlpﬁe1%ﬁ®reTDﬁséQWéF mﬁb Rarsipal may hpEgure 116

TRy he 3 T UEbERa3YEY 832RE0RECRRanaBndOuBLAZ! AUBT pExEeghed £ArIc such as

ar a co te nate as fibergl ass.
Fl exure 116hoHsthg DéassnéaﬁamawnserrpgnﬁbnewanahuthOttennré26|ngd182 but

may be appr 'H?Eﬁgﬁga%ofhg&#Q'ﬁuBS bLexbh! ¢25® rBB?télﬁszpeEbEhca"y’

flexure 7. 1 shou suppor structure to nove vertically by
about ordd t Bausiong EﬁatﬁcﬁZOThédobPEFléggbubflﬁﬁemaVebglﬁormeée@ﬁred

bet ween '0“@Ea§H}%§§es{gglogrb %gmlgﬂmand retaining ring 110. The i nner

edge of flexure i S secured between | ower clanp 280 and upper clanp 282.
25 Flexure 116 projAmctanniuier diyshiamldls may dshetimagisidit fiat o recess 154.

AL PBLAERE? £ apoARatyketet g MBecdyadealpp ber g, 250 TRy

housing plate 120. Cushion 121 may fit into a recess 125

25 in the housing plate so that the cushion's bottom surface
is flush with the lower surface of the housing plate. As
discussed below, the cushion acts as a soft stop to limit
the upward travel of base 104. Cushion 121 may be an
open-cell pad, such as a fifty mil thick POLYTEX™ pad

30 available from Rodel, Inc. of Newark, Delaware.

The housing hub 122 includes two passages 130 and

132 which connect an upper surface 134 of upper hub

portion 124 to a lower surface 136 of lower hub portion



The space between fl exi ble nmenbrane 118, support 30 structure 114, flexure
116, base 104, and gi nbal nmechani sm 106 defines chanber 290. Passage 196

t hrough gi nbal rod 180 connects chanber 290 to the upper surface of housi ng
102. Punp 93c (see FIG 3) may be connected 2 4 APR 2002 - to chanber
290 via fluid line 92c, rotary coupling 90, channel 94c in drh%eAp?

and passage 196 in ginbal rod 180. If punp 93c forces a fluid; pre erably a
gas such as air, into chanber 290, then the volune of the 5 chanber wl|

i ncrease and flexible nenbrane 118 wi+l1be-forced downwardly. On the ot her
hand, if punp 93c evacuates air fromfluid chanber 290, then the vol unme of
t he chanber1aél | NefieaaEeamH3tﬁerneabnaoelmglh passageem3apMardly It is

preferred t use gas.rather tha 10 Li as LS
oy essi b LexhaleOfRpes (ABE BRBPNT, &8, 31 EYRAHRFERHE SndngER, MRxeBs®

mount i ng suméaﬁeea7én Ebweagspﬁtheblmgﬁ eﬁbsbwetehma perposnt tased in
substrate recei ing recess 234 F CESIde t he substrat

posi ti oned @a?%gt 380 e ﬁﬁUﬁFm%gvgﬁ fﬁﬁg ThE égé e™3Y th egabgﬁPﬁge may
cont act Bhethéiéeﬂtkhm 828sobfstppOhbusing AlHY.t hoowghgkl exobl e nenmbrane
118. By pung id out of chanb 290 igg cent.er of f |bIe ngnbrane
| 18 may be ﬁuP WP ypaﬁaaSEFI 0oandpbgér | pRdosgntFely QEBsﬂ te is

positioned ggappstigBUAt ENGigutigre 8441 nhenueneraaéetéecaeea ok flexible
menbrane 118 will create a | ow pressure pocket between the menbrane and the

substr at e. qﬁFéchﬁﬁlEPe§§9r€r$B€k§baﬁFrl 5a€Mhhﬂ€ﬁ&§thhB5§hB§tﬂé?e to the
carrier heaﬁsagﬁegartterlHeeQnEQleﬁeybdfgslQﬂepseds bb¥reeat byl habl e | oads

to the substrate and the retaining rin ommmar ressure”of flexible
menbr and0118edgai A4t SapBedair 1ovwes behtperreanbyzﬁhe Phessupdots chanber

290. The dow@éatgnmpesaarsfoanteaatglego&hneué190398egek3§ ~pol i shing pad

32 is controlled by b he pressure I n chanb e pressure in
chanber 290sespéendicxiry) are f@ameénateeguhlngnguhgrllotegveéaannto the

pressure '”tg%aﬂﬁﬁér2891§HBEEéSiegufﬁ?ﬁ%tQE 83§ﬁ§ﬂ €142 4tﬁ§

i n chamber he’pressure in ¢ reat er e pressure
in chamber 192 may Pead hard DéaappC|%dteglﬁbtaSHthaﬁlngmlaburEhef

i ndependent a ads permit optimzation of the retaining 5
ring Iog§ i%ﬁggger ?ghnﬁﬁeﬁkge the edge effect, as described in U'S, patent

application Serial Tdp.c@¥8ieg87 RAMGsing 162 qudm@e ot b\ ,Gdadnnier et al .

entitled gﬁ;ﬂg@ AR €§P§§QEE§%EE§%L§%NFE§tF%JéjQ%QQERIN sT?%g%hWRCL THE

EDGE EFFE and~assi gn e -assignee
shown) are fit into two dowel pin holes (not shown) in

upper surface 134 of upper hub portion 124 and two paired
20 dowel pin holes in drive shaft flange 96. This
circumferentially aligns passages 130 and 132 with
channels 94a and 94b (see FIG. 3). Central bore 138 will
be aligned with central channel 94c. A flange 148
projects outwardly from upper hub portion 124 of housing
25 102. Flange 148 mates to flange 96 of drive shaft 74.
A circular clamp (not shown) may clamp flange 148 to
flange 96 to securely attach carrier head 100 to drive
shaft 74.
Base 104 is a generally ring-shaped body located
30 beneath the housing 102. The outer diameter of base 104
may be approximately the same as the outer diameter of
housing plate 120, and the inner diameter of base 104 may
be somewhat larger than the diameter of lower hub portion



10.of the present invention, the entire disclosure of which is hereby

i ncorporated by reference. Flexure 116 inproves the uniformty of the | oad
applied by flexible menbrane 118 to substrate 10. Specifically, because
support structure 114 may pivot and 15 nove vertically relative to base 104
and housing 102, the support structure may remain substantialgy grr 2do2el to
the surface of the polishing pad. Because flexible nmenbrane 11B is
connected to support structure 114, the flexible nmenbrane will also remain
substantially parallel 20 to the surfacéBof the polishing pad. Therefore,
the flexible nmenbrane may adjust to a tilted polishing pad w thout
def or i ng t h@6por A saposurfaceedSlans (&g base dagduses Ba anmledt e.

Consequent | vl B8 03408 1RGIURH AR Wel JFCBRSR WY AEL6HRD idn (he
pol i shi ng paa 25 1s tilted with respect to the carrier head. Flexible
menbr ane 1l18nnmadefrecssiso 1dt.ch ArhanpadRei depate ssdiont date mAY. beor exanpl e,
i f substrat 1,S s\ar, q ah ihl ra 1 | lqlyg | e form
to the contgg;gegfl hgg%géagg%gu g%rgﬁgg Tﬁﬁ?,ﬁ%ﬁ§|¥%§j@§ %%e%%g.su strate
wi |l rendd nofiniaf ariie ena tiefr italle sacir @ ss alfuadavim, r salinliesisesteelt o
backsi de of _t ubstr. iti;on, the load to substrate 10 w ||
remain subs?a??P%FF?e&ﬁkﬁ%F%Q%sggsgﬁeﬂiffering pressures. 2 4 AP R 2002
28 _ Specifically, Allekaddes 1b6pemaytisesappachedttocautewdt 4sanflateexi bl e
menbrane 11 (o] e vertically relative to base.104. Wien.fl uid.is punped
into chambe 5?9620 ae"furlfngw B?ﬁﬁdl%;e(fefll cf"aaoa?ﬁ\ﬁd'u”(ﬂey,a i"}?g\‘bggé"iengwtahe
vol une of tRaeaddackdener riBecaks: t Merdraneb162nmay dee abds \Wnidulidre
support ructure 114, this vertical .mtion does not def ormthe edge of the
B SR
f1 exi bl €&ke OLognSGHaMtley MatRE 1adr &R 27 &iSdiid FEFRRETY1S at the

| over edge @hvsinRPPriotirivddngléddds 1@an! y Thebslami aling ties saye bdeoad 10 as
the remai nder of the flexible nmenbrane.  The flexure 116 prevents support

structure 1BR ARGUERE(DHLY Ravdngne T$herss CIesS HEHIOR A8shect to base

104. Fl exur entlOdindnsfi®ies amy .t opdwa ur@ad t ysEh nd dde sipaiceld @ral force
fromthe rotating polishing pad 32, to 15 base 1Q4, which, in turn,
transfers tK8UPadnGy icuINtGrIER svhPed§h Vit H&R lst Ffonshi fde As base 104

rotates, 14| @iuh® Fifal Sa s Al seldOHailve, SRR HiHese Wl ekl4 oand
flexible nmenbrane 118 to rotate thereby, causing substrate 10 to rotate

with carriefh@r ileEtsgdde P£ FI§-Féddt feyndee Usede s @ PESSa9®Pdd £ ucture

114 and fl ephllma®ROINE rbh8 oA ®16ReIUEed anteacaddedeO Jhdhed he
presence of flexure 116 does not create an additional downward pressure at

the edge of hokest may Biod drbeditdn&o mesmner $hg CadmPemingoitet taee | over
surface 150n43e0f B@5@skethblld &1udRiek1q 6o, Olpeehs ud1tRy WdyesntiGaiypul ar
recess |54. A part of structure 114 extends outwardly un erneath flexure
116 beyofdl mesbxengeRfentargoifdt p&Aee Wingsuld? Sfpsdrampsiriaet déé-114 and
flexure 11 6qpiee f@AMOWsAdn2A Y HA iR ediiAeandNaT HedAUR1ctlnfRce 256 30
of support ring 250 is a%PrOX|nater equal to the tot§

may be secured to base 104 by screws 168

Clamp ring 16
(only one screw is shown on the right hand side of this
cross-sectional view because the other hole is used as
25 passage 172). Clamp ring 166 seals membrane 162 to base
104 to define a volume 170. A vertical passage 172
extends through clamp ring 166 and is aligned with a
vertical passage 158 in base 104. A fixture 174 may be
inserted into passage 158, and a flexible tube (not
30 shown) may connect fixture 133 to fixture 174.
Pump 93b (see FIG. 3) may be connected to bladder
160 via fluid line 92b, rotary coupling 90, channel 94b
in drive shaft 74, passage 132 in housing 102, the



sur.face area of the upper surface 268 of support ring 250, annul ar upper
clanp 282, and flexure 116. Since chanber 290 extends around both upper
surface 258 and 2 4 APR 2002 - 29 |lower surface 256, the same pressure

i s -applied by the chanber to the upper and |ower surfaces. Thus, a downward
pressure on the flexure plus the weight of the support structuyg AFR 2002
substantial |y bal anced by an upward 5 pressure on the support ring. The
passages 260 through support ring 250 provide pressure equilibrium between
a portion 294 of chanmber 290 that is +orsated above the support structure
and the remai nder of chanber 290. There is a gap 296 between support
structure 1f¥edfbhadtthe l[noer shkawhacepassagexuv® idcbasenlDér &pnder cl anp

280 may be configur so_ th a 6 s o] o] ferably near
t he outer e83§56$ tﬁzzsh5p8$%m§t?ﬁ§$u}ge ForFL§§ﬂ§|§§b Eor?é§eg cl anp need
not extend ﬁlﬂlﬂhepmajerabmytargaurfauehzss mirsuppbotvolugeZBEO 15 Wth
this conflguratl ressuri,zed d poli shi ng,
flexure 11608 ggiﬁﬂﬁr Hgg gimfﬁgaﬁg 5?%%”%Fd§§p 298 SEbeEontactlng
support $ruswr eitlgumpi B8B ébecﬁaeespmht@nfﬁémthelfulnexmve derennot
contact the su&gort structure, at least_a gortlon Ee 20 omnmard
pressure onPt eFckBPewidlt FaREFaFEed £ dbEaRAFRY PP @”11@ 24€REr than

support Stryééuﬁﬁﬁlﬁé uIQHStbeQB§§§ Bhéobﬁﬁgr@“pﬁﬂﬁggfé 86" ¥appeer 114
sufficiently so t di scussed’ above, downwar d pressure on the

f1 exure pIu§t¥H§tEEPgﬁi4oantﬁée§ﬁbber@e@gr§@?uéiﬁre|Q#mhﬁ%newn|ally

bal anced b)@é@hé‘ﬁi‘@ﬁ\dléée é&:'ﬁ'&t@nbégé §u§>p96tmé+89w1ifher9§§ééee§o236
through retaining rin can grOV| pressure equilibrium between gap 296

and thel&nb%ﬁé% bﬁgsﬁaetbatp heshang rneudrqmmmwa%agm@%lso that air
can be Vemﬁ&’réii’&ltthHaEhEOsh%BcéUBPOEEeSééi'fEHiﬁ‘ n%éd' s free to nove

vertically.” A carrier of polishing apparatus 20 operate as
foll ows. SubResdfécadlys tbadgambalmecua@wmmegmbgs tke basesteate

oot ve S ReFe YRt phityl 08 RACKSN B0 Phul BEFUPBLARE Bn ABHY L D0 TRUT 9

surface 274 exi hbrané punps |hto der
160. This causet biaddertQG@Otatexphthand daiscpsuppdel Ebsthecture 114
downwar glgy s or 114 uses lip 2S8 to
bress R tgeraferPELEAecBb1 dnghaHRBP LI Fh (LERMEE: Je8 BRYEERS, D CT0

creating a 1D&rd HpghveseaGIabaﬂhmeeUgalam 10e BnbgenESebaihehopunp 93c
evacuat es cgggpe&?ﬁgggg gif? Suogllo?fgﬁgsgﬁeagggk ?fi&feg flexible

menbr ane 118" and bstf reV| v descti bed.
Final ly, punbeQBalpahpsgfpadd Guthofespanbeto26®etbohsingbas©1mﬁﬁu

substrate b %gﬁgg%§§5f82|¥31& 1ogggd§u9ﬁ££a{§,lgooééwﬁwggéispéggupgd or out

of the transtfer s
20 is applied from the housing through the gimbal mechanism

to the base. However, the gimbal mechanism can transfer
any side load, such as the shear force created by the
friction between the substrate and polishing pad, to the
housing.

25 Gimbal mechanism 106 includes a gimbal rod 180, a
flexure ring 182, an upper clamp 184, and a lower'clamp
186. The upper end of gimbal rod 180 fits into a passage
188 through cylindrical bushing 142. The lower end of
gimbal rod 180 is attached to upper clamp 184,

30 Alternatively, upper clamp 184 may be formed as an
integral part of gimbal rod 180. The inner edge of
flexure ring 162 is held between lower clamp 186 and
upper clamp 184, whereas the outer edge of flexure ring



15 Carousel 60 then, for exanple, rotates the carrier head to a polishing
station. Punp 93a then forces a fluid into chanber 200 to | ower the
substrate 10 onto the polishing pad. Punp 93b evacuates volunme 170 so that
bl adder 160 no | onger applies a downward pressure to 20 support structure
114 and fl exi ble menbrane 118. Finally, punp 93c may punp a EAFT{]EDUZ
chanber 290 to apply a downward | oad to substrate 10 for theq%oll I ng
step. In the alternate enbodi nents of the carrier head 25 di scussed bel ow,
el ements with nodified functions or opergblons will be referred to with
pri med reference nunbers. Elenents which are nmerely changed in size or
shape will begpeler (edukaaMbN HAPiLIEY CaleLEBCEsHUgRCLase RR XDl &,
certain of t e carrier heads 3 i Scussed below are configaréd for
pol i shing a Scxewach8{7158ynbkl hgetiets) sdcunet éowenbsiampel8%hsochppges to

Substrate w FLoR: L4 Pag, sEBRE, 1A, AEPTBE"H948 BB SRRLEE SheRuBe T

el ement s changﬁd ise tbabapur pf0de beimbhérred 1B80wnek plided reference
nunbers. addltl '

di scussed ab h nts di scussed
bel ow, aIt ﬁﬁﬁtbﬁﬁg%y93é°§§c §5Féﬁﬁ|3§§oﬁ EbaEOgFFﬁléaﬁlﬂgg §9¥Sa2c,
reSpectiveIyvetbecammposetgrrEupett?ngohouge??unpztnayooéaage ﬁhﬂgal
articul ar e connecte (0] . Tere res re ¢ ers in
P Tt or ko8 DBE ReRvEnes ARy Larpra) makion ot bREslbiySER BrG 7 in

anot her enbodespatt tB8 nbuemnglanhar parts are referred to with prined

ref erence nunbers, bl.add 160'_1is p05|t|o ed beneat ase 104 so that
menbrane 162' may dlsrié@ﬁ Rht Y PR @cde‘iﬁgltﬁ”qq SEHR

nmenbr ane 11818¢5akar Foemelead %@eldvaauuﬂamypk%éubssr atasnilasg fashion
simlar to that of the carrier head of FIG 4. Specifically, substrate 10

i s inserted PREBLsABSELERANEBeei iPHEVREceSdesuTeWFingt hB2padRsi8E of the
Subst ral e abhbhingnBBYEL] NsSUELARA 8F4a0holbextbly FRAREANE 118. 20 Pump

93b punps air 1 nto vol une to inflate bladder hi's causes
menbr ane 162materapply aheoﬁhﬂepaepreggumetarnebtiy selaatadntibabeportion

of LPper Sureges p00u0L,ChaxkbhecRPabEanhs! 18nautbiongr 524681 Ag" bl dti ot

seal between the flexib nbrane an stra unp 93c may
evacuat e ¥3 utbheob@asef wéhBniespegy te §heab9ualngm1ﬁ#ébgutebpg@kéngand

vacuum chuckahliee sURSLEhenbAckhE oCRILLET chRad1 Tber erRLersex D! oRgef i ts

of using blad er 160". Bl adder 160" provi es a soft an or na cki ng
far 30 flexibBe NEnbﬂﬁﬁec1§8tlYThéﬁe£®¢ethhénthﬁeCQHQHQErCBB endewgbed and

Lhebaue of PharS elfortAPHpkednk MHBEALY: | QubOLERE RG] iEREASEHE CRRKS

t he edge of t ave a gen cause t herearsns hard
edge load distrlbutlon on the retaining ring. However, the

20 flexure ring is sufficiently rigid that it effectively
transmits the side load from the base to housing. The
flexure ring is not as flexible as membrane 162 or
membrane 118. Specifically, flexure ring 182 should be
flexible enough to permit base 104 to pivot so that one

25 edge of the base is approximately five to ten mils higher
than the edge of the opposite base. The flexure ring may
be formed of a hard plastic, such as DELRIN™, available
from Dupont of Wilmington, Delaware. Alternately, the
flexure ring may be formed of a laminate of glass fibers

30 and epoxy resin, such as G10. Flexure ring 182 may bend
slightly in the vertical direction, but is rigid in the
radial direction.



2 4 APR 2002 - 32 to create stress on the substrate, the substrate is |ess
likely to fracture during the chucking process. In addition, the depth of
the suction cup is controllable. Once substrate 10 is chucked to the
carrier head, bladder 5 160" may be inflated or deflated. If bladder 160

is inflated, menbrane 118' and substrate 10 will be pushed dogr}'wi?glzﬁP
whereas if bl adder 160" is deflated, nenbrane 118 and substr&t'e % | be
pul | ed upwardly. One problemthat has been encountered in chem cal 10
mechani cal polishing is that the attachmeht-of the substrate to the carrier
head may fail, and the substrate may detach fromthe carrier head. If this
occurs, the operatoP #EPPndtthhd salfecured/itoual tppolssiafase HAL afe W ri er

head no | ONGprmsat 183 bhCCALDE! EBLEws| 1o Nioniy ShéUGEI @RicR ELP apparatus

wlll continue to operate even thoug substrate I's no | onger being
pol i shed. Thshowmsdes tonthendrossrsestional ovigwut . ThreedpinsnlS4 | oose
substrate, i

e C i , k bout by
t he novi ng cgﬁﬁ%ﬁght€9%¥a%ﬁg %ﬁg %8 g%%gﬁLIﬁé?ﬂ%geeggﬁgf$§t%gﬁgg?gaﬁthe CwvP
appar at us Si tstedp IO | andi Higt diht o sthvai threays Hetnsgks 6t trerbsshihgal é2. A CWP
apparatus utd]]zi carrigr _he 100’ e _operated to sense th resence
of a substre&%ﬁgl¥§%ré?%mgk%gpggafggdﬁg?%ﬁ?ﬁc? ’t?ﬁFsﬁ%@t?ﬁEﬁr?gl  ssing
from 25 the iarsiets hbdd, theusppbaseutldayamimeste tveropesadlpr and _
damage. | Ref i 16 1 chousuBBoLR: BLPno0 APt e B he aFR e ShoRang o
pressure gaugee &fhlr;piemeldeéd,n. a fhuadditien 3bé&2iudetyaval otadyl8oupki ng 90

d 3b._Val 2 and 304 hown in shadow b th
ol cmont S 10; LAY YR ch 19 Coby DRCTRSR ML h DTS BRI HGHEE obe (REPLFRI or

head previ ouitom desesimgdloded baseelBP2thsough? thfRRMOHR - 33  cl osed,
vol une 170 nf, [essure gauge 304 may npeasure the

is sealed from pu 93b a
pressure in ’T)‘f%%b‘?fb’rs"iﬁoﬁt?gtﬂg%i% S?o Fﬁ’é:s 7che, dowiaed Jora¥ek et whet her

the carrier Bussl Tokd eb6d Ut Yp EEVEKE lovEE- xS At &6 thd b P¥Ber The
substrate |§F#§?ded nt o ggbst te receiving recess 234 so that~the

backsi de of subBt RSt B¢ ot bt S el M Surthe em Aledee3h9b ni | at es

bl adder 180'of ordof o) S€Rbt bEiseesd hiexi the dBRwaARe ddfv@ndpupsirate 10,
Then valve 302 is closed 10 to seal volunme 170'. Pressure gauge 309 is used

to nmeasure t ©ressure in bladder |60. Then, punp 93c evacuat es chamber
290" to create a | ogiRba3sSHeehapcleal 1@t Wa9NatBe fhexihke amwabiang and the

substrate.
passage 196 formed along the central axis of the stop,
the gimbal rod, the upper clamp, and the lower clamp.

20 Passage 196 connects upper surface 134 of housing hub 122
to a lower surface of lower clamp 186. O-rings 198 may
be set into recesses in bushing 142 to provide a seal
between gimbal rod 180 and bushing 142.

The vertical position of base 104 relative to

25 housing 102 is controlled by loading mechanism 108. The
loading mechanism includes a chamber 200 located between
housing 102 and base 104.

Chamber 200 is formed by sealing base 104 to
housing 102. The seal includes a diaphragm 202, an inner

30 clamp ring 204, and an outer clamp ring 206. Diaphragm
202, which may be formed of a sixty mil thick silicone
sheet, is generally ring-shaped, with a flat middle

section, a protruding inner edge 210 and a protruding



Finally, punp 93a evacuates ‘chamber 200 to |lift substrate 15 10 off of the
pol i shing pad. Pressure gauge 304 then makes anot her neasurenent of the
pressure in bladder 160" to determ ne whether the substrate was
successfully vacuum chucked to the carrier head. On one hand, if the
substrate is present, then the 20 | ow pressure pocket created9beiapreng he
fl exi ble menbrane and the substrate will create an upward force on the
substrate. This upward force wlll cause the substrate to press upwardly on
menbrane 162'. This will reduce the volug®2 ef bladder 160" and thereby
increase the pressure 25 in volune 170'. On the other hand, if a substrate
is not presesttén elgecalpier Ihned, etigen2d0 ofwdddphoagm 2ORI rlestsppn ed to

t he menbrane and e pressure.in volunme | 70" wll n,.const ant

Therefore, iFlﬁréégng gaﬁﬁe?§64 Hé&guﬁggeé Sg%gsaﬁgn?ﬁEFé§§e°ggﬁbﬁrrent
with pu][rpl |93§139epzm@ihngtahr rﬁhb ngﬁbalﬁber oBQﬁr, etige GWPraﬂnpalsgt us has
successful ly vacuum _chucked t he subst e to t carri . Pres e
gauge 304 nmay al so H@%&%W%oﬁ‘?%%@él%ﬁﬁﬁﬁ or° t1RA Pj;) ‘gjs%&?re %5%

Vﬁl une 17@ t@ ba2e4165’R 206é 1ind8r dehmpt rhh@ pessenpeinhrily swogtimate in
the carrier

| f ressure ag a decrease in t ressure
of vol ume 1' 162 apdgh SmﬁPIQqué SﬁBrélg W H& sBBSPPStE Bgﬁﬁeéadﬁp & i shi ng
stations or @@ﬁ“ee@nﬁeﬁohﬂﬁﬁﬁnﬁlﬁbabbqn15 %B@u&eﬁr@BSBQBeSH@MIOEorthen this
is an indication that the substrate has detached fromthe carrier head. In

this circunsE#ABRleopBYaPPAES HaF/bEohiiEmdYah@ldnshenbnpper 808 Mferted of
t he prOble”‘dgaFBkﬁgmhﬁég $§Q1n§ESBaBE'hb§eS a different nethod 10 to
tarnin

attach the re ring t base. Retaining ring 110° may be secured

to base 184 by a retQitfnEARR e 819.20hely dizahity $rak «dBEhragm H202
secured to b@éehégéﬁﬁéf §6Q6%T§L2pr&%ue§ga' Bhearpeagg gey ggtch in a

proj ecting | edge retaining’ring annular |ip 316.
Referring todiaghreygm A03nsesss dnbadogrenve LRAOwANcRNsLpPRAr spafesear e

referred 1o yet Qu@?&'bbiaﬂg ed rﬁfo%re”%t%”g%ﬁigngﬁ hg' 9beNg ds%@:@zrel

i ncludes a generally circ |nner chanber a“generally ann
outer 20 chahbeh0332ngupieundﬂﬁg,|nner,chanbeitSZGZZLntphBO&drmher head of

FIG 8, Sltbbssﬁ@é&?f nglé' 2 813 ranéml%éz E%EHg‘Fstﬁ PBREL o EH%%rfg, %ﬁ%‘;y

flexure 116 exi| Ie menpr anée
i ncl ude an ubQBSlngnp&ane bBOnenﬁhaﬁe pbatspac25b32ﬁeandhaubdmgrlﬂénbrane

or menbrane ggamhgreagﬁuppersea gbt%nggg chgmgggcﬁgéed to support

structure 11 rane i §conn directly to base
104. The upper nenbriame 33k defeaeBIG Nner mdyarkEe red@ie ctvdk risa scloamiies r

T e 20l 0EeOULELAChBTSSh S28ead ELEHL 08, TRTORARRRRLRATE) ) PEone
rubber. 20a #4nAPRiZO08haf8574, and passage 130 in housing 102.
Fluid, preferably a gas such as air, is pumped into and
out of chamber 200 to control the load applied to base
104. If pump 93a pumps fluid into chamber 200, the
volume of the chamber will increase and base 104 will be
25 pushed downwardly. On the other hand, if pump 93a pumps
fluid out of chamber 200, the volume of chamber 200 will
decrease and base 104 will be pulled upwardly.
The optional cushion 121 may be positioned in
housing plate 120 directly above inner clamp ring 204.
30 Cushion 121 acts as a soft stop to halt the upward motion
of base 104, Specifically, when chamber 200 is evacuated
and base 104 moves upwardly, the inner clamp ring 204
abuts against cushion 121. This prevents any sudden



Upper nenbrane 324 may be a circul ar sheet of "a material, such as a
hi gh-strength silicone rubber. |Inner nenbrane 324 may have a protrudi ng
outer edge 328. The outer edge 328 of upper nenbrane 324 may be captured 5
between an annul ar wing 332 of an annular clanp ring 330 and a rim 334 on
flexure ring 182". Clanp ring 330 may be secured in a recessz§sﬁpﬁqhween
flexure ring 182" and base 104 by bolts 168". The clanp ring~presses the
i nner menbrane against the flexure ring to forma fluid-tight 10 seal. The
space between upper menbrane 324 and gi @Bal nmechani sm 106 defines generally
circul ar upper chanber 320. Lower nenbrane 326 nmay al so be a circul ar sheet
of material jakepng neRlbasewB2ehmay ghaveaaser at vaduom-chwekets edge 338.
The attachnent of outer Eenbrﬁgs 326 %@ suppart ﬁ%r cture 114 is simlar to
the attachn8HPSEF3FReXPOPE RERLEIFR F1§ CEXEdF50fE3  ructure 114 in FIG 4.
ISpeci fi ?:al ly, 8ut egwmedﬁﬁ&!%ﬁgggve%ﬁrhmﬂdv&s?ﬁ?gb amm:: @ﬂwﬂ:bqﬂ%v\een
ower clanp nd support rin . e spa et ween | ower, nenbr ane
326, inner géﬁbPiﬁB 39k2t63se ?%EF“#@eQ&F@ ff@% gﬁa dEpponrestettfe 114
defines genemakl Y02nBY ahnew elamparielg 202, The pask @ilqaf rFEkeane 118"
bel ow chanber 320 provides a circular inner portion_ of the substrate 25

mount i ng sutfadddi QPeaQQFﬁésﬁoFHRR?Qﬁ SHENGTEREE iié"lﬁgFﬁwnﬁﬁéﬁﬁbr 322
provi des ancgnpdiar 104! 8y Flekue afld th%UQ%Eb%trQ BRIt eS dnface. A
bottom surface 340 of _inner nenbrane 324 may be attached, e.g., by an
adhesi ve, t@t&achpdsdlexdiblemegprageeiddnBlaRe 1928t eAl ternatel y, 30 upper
menbr ane 324 and | 2 i rdi a single

| ower menbr ane. %gﬁﬁﬁiaggniog%gg¥% é?% %%ﬁ%ﬁﬂ%ﬁgﬁﬁ%¢83 %9%§ fluid

| i ne 92c10 r edgey oéoliplei #gs8010dhar n®etadaing ginge 1102 isr aAgRN2EEL LY 36
shaft 74, a a 94 .. i I i 1 S lear | 92b may
be connectegq?gaéﬁtg?n hgﬁggpg3%g%ﬁgﬂﬁﬁﬁﬁgaﬁgkqugg,b§35§%§¥g§upq¥hg 90,
channel 94b28A.dr Mhensidudd74s puspege in32 ichambesi 2§0 ead hafslecild e 5

fluid conneqrop, gl SRAMML:AY°S9%E 138 a0 11045209 3 Rassage 344 in

clanp ring rrier y vac and sénse“the presence
of substrat dovowardilye toarppdy leddadn ta padhisbingi pekdaB2t.o Rmatinofert he

carrier a . %0 ificall.y, Al vacyu hucki.n
process,f%u%ﬁggigkgggﬁpg#pr??%ﬁhlpﬁﬁghﬁﬁtgﬁ°cﬁ%§%g§532§$ g%& Pﬁgtfgglouter
annul ar por wiich obumtibgasaerfa@e 29 4prds$lexibdel meabanet 148hstarate 10 to

forma fluid-td eal . val ve 30 see .kl .1.g.cl gsed a first
neasurenentgféggPEF%eQSFgggﬁgg %ﬁqgﬁfe%3gﬁa EFG§§§£ﬁ§§P§kéﬁnﬁyqaguge 304.
Then punp 9Bcereatsatae isubetrattenifeomn3z8capiogesdhe aeked~ings sercessocket

vacuum chuched FASSEPER; SRE° Aakiegpdy PR RRE shE BHERR SEehace. 20

vacuum chuc ressur e asur éd by gadge d-irnc
Anot her 20 oblasm.t hat has been encountered in chenical mechanical polishing
is that the edge o rent rate

(usual Iy faster, bL%étg%elci}sjr?%tn%ﬁt@ %f%\?é%’?%%g&ﬁalc?hgg%g%t%g%féﬁ%sgh%st rate.
This may oceur accemamfict hateeddlis ®eithdning 23ngpplivedalyobehsesurely at e.
O ComRensate Labet W, Bl chbi, oHhrRs MR Tks dpirnALb g aBer 372, M
the edge of reheindihgt rdhg 13 0palaysinkguder enel oW MotrbapaisBageenaes, the
pressurg2¥ﬁggkgeggggg %ﬁ%nggker surface 232 to an outer surface 238.

As discussed below, passages 236 provide pressure

equilibrium between the outside of the carrier head and a

gap between the flexure and the support structure in

order to ensure free vertical movement of the support

30 structure.
Retaining ring 110 may also include an annular rim
242 which fits around the outer circumference of base

104. A shield 244 may be placed over carrier head 100 so



30 322 may be nade greater than the pressure wi'thin inner chanmber 320
thereby increasing polishing rate at the substrate edge. By selecting the
rel ative | oads, nore uniform polishing of the substrate may be achi eved.

2 ~r APR 2002 - 37 The carrier head 100 of FIG 7 may al so be used to
apply different loads to the edge and center of the substrate, ,To create a
pressure differential between the center and edge of the subs?ﬁaﬁ%ﬁzmﬂadder
160" begins in 5 a deflated state and chanmber 290 is pressurize to a
desired pressure. Then bl adder 160" is paflated so that nenbrane 162
contacts the upper surface 300 of flexible nenbrane 118. This effectively
seal s an anﬂHer%QuﬁeﬁgﬁobhiQ&mpD4&06f0&e¢haﬂha§ 2&agfaamnan? rcul ar inPer
10 portion 302 of chanber 29Q. To.incr e the.pressyre _on. t center o
the substraB8tePds,oyes ﬂ"ﬁ’é‘sg e?lﬁ'ﬁr?pei%?c rr%lgcﬁcéﬂﬂl &r(f?tieﬁ;[%os g &ul ar
inner porti eamp@RenBacansea@uHier p@ald A00304uch 3eakiddphyaymadde, 160', its
pressure does not change. To decregse the pressure on the center 15 of the
substrate viESOR FPHtEAdneFdon nﬁiyﬁfy ‘evacuate i nner portion 302 after

bl adder 160" fornms the $884trst&C8a8RING a8ssd¥?ly i 5120is bpvdgdear cl anped
to flexible menbrane 118, the seal created by bladder 16Q'. 20 may not be

conpl et el y Pedoy- bagier 10fher SHBSE r e PR Sy AEFERPLY 1ddk &  t he
menbr anes u§h?§o%f o302 a1, 3% fidne UN® IaeE f@."e‘i‘ﬁ%‘lreemeFE}Fanét may

be necessar periodically performthe procedure described above. 25

Referring t31l8-G The ifd exibtliee memhtradiondds, conngisiteh toi mindare¥FAnds ref erred
towth tri B'e%e%rt'h”%ﬁgpg;f:%?% WHEHY.4,SURR 3RS ubReKIRd AT Y ge 112

i ncl udes a support rat her than a support ring. Support plate 350

i s a genk? alllog,dissippstrap st mveduresd s Flexuse ddfporndsodddadre 114 " ',
the entire [t e e ey n [ \with resphest.to base
104. Annul agii?\%@trlcg g:rr)p 1% ﬁ&gﬁé\#ﬁg;aramlégég% %I;Eﬁﬁt{égﬂetslg I'A t"2‘%2)02 38
_ may be se d tSopperddgd nuertiinen 1382 akga tlexlidtle by bolts 284
" Suppor t Rl @350 4%, 2 SRl HLANAEAlG0 S 3eR5h 1SuppOr
plate 350 is suspende& I n"cha r %ﬁ) 6& | éxur &7 16 plurality of
apertures 3Theesugpednterstiruaitiy e Hrldugiaya fdentiat opahiel epad@d fufrmde support
pl ate to, connect | r surfac 52. to an .upper suyrface 360. Apertures 354
connect gp o iaé‘r?”%% &E%&?zfngtec'% %@(fmec{l Hno%gtsgd 860\7@dt3ﬁ§t§dﬁ’d'd‘rgt plate to
a ring 110.

Support structure 114 includes a support ring 250,
an annular lower clamp 280, and an annular upper clamp
282. Support ring 250 is a rigid member which may have

20 an annular outer portion 252 and a thicker annular inner
portion 254. Support ring 250 may have a generally
planar lower surface 256 with a downwardly-projecting lip
258 at its outer edge. One or more passages 260 may
extend vertically through inner portion 254 of support

25 ring 250 connecting lower surface 256 to an upper surface
266 of the inner portion. An annular groove 262 may be
formed in an upper surface 264 of outer portion 252 of
the support ring. Support ring 250 may be formed of
aluminum or stainless steel.

30 Flexible membrane 118 is a circular sheet formed
of a flexible and elastic material, such as a high-
strength silicone rubber. Membrane 118 may have a
protruding outer edge 270. A portion 272 of membrane 118



10 .portion 358 of chanber 290 " ' | ocated bél ow the support plate.
Alternately, lower surface 352 of support plate 350 may have a recessed
region, with a single aperture connecting chanber portion 356 to chanber
portion 3S8. Flexible nmenbrane 118 is cl anped between support 15 plate 350
and | ower clanp 280, and extends beneath the | ower surface of the support
pl ate. when punp 93c evacuates chanber 290 " ', flexible rrenbrb’neﬁPRl&U
pul | ed upwardly agai nst support plate 350 and into apertures 354. |If the
backsi de of the substrate is 20 pl aced-agsi+«st nmounting surface 274, then
the extension of the flexible nenbrane into the apertures creates a

plurality Ofek@&haéesﬁaﬁﬁdp@Ck@hér368rhetwesnshbposﬂbﬁiﬁgtzsandtthQ
fl exi bl e menbrane (see FIG 13). These Iom#prgssurgﬁg 3 ets vacuun}chuck
0

the substrat®580 BPEaDYlypFPRRAh@RGOUERE FREBAER t BREBTin the CWP

process is gbéitﬁahtisﬁn ERHDYhQSth? éweﬁgraheuﬁpea15b9faeélzbunafpad As
pl’eVI ously | scussed th | ayer o sl urry 1s Su8 ied to the surface of
he

the pol i shi ngubed. PewEhoRh3520 sasgtra@éneoﬂdaet%7 fpoerkERng pas, the
suxf ace t@ﬁsmggefittbﬁta'gfaxvgea ate?hé”eéggeéfvfléQiBE w@e&BrQths the

substrate to t pol1shin this surface tension Ing the
substrate onlifelporiampag patwesnglewesrclapp42@prapdosupportt angt he
force hol di nggghe substrate on the carrier head, then when the carrier head
retracts, the substrate will remain on the pO|IShI pad. One arrangenent
for reliabl y renovi e Hdexunshsiltatis fa @nneya ol Pg-lﬂ ;?amulsalshom in

G 12, As pigyn '?1EtS&e1¥1st?S £18kibRU" LAN: A 98??%55?5d§§?cE95

| ower surface e asymeiric ra radr a ric hat
is, the sdppand mhatbenﬁyexmbnederanlgmda137bhanrhdhpbrandeSaagdnamaarea

372 10 witho a res. . Are Q. ner ge th an
angle a betmgéﬁeggiéﬁa'186€éAﬁ3 §7g?n8§ 5?§xu5€ %éafg ﬂ?gg gaﬁ%the edge
of poz~tion Bé&4#eod duppmeteplméasﬁSémenatbetwééan3exbﬂnﬂhegshOréhA center
of the support Iated § Lﬁ %Fe va uun}?huck Eg of . the subgtrate, the
asynmmet ri cal >af ?r?But ©Bt g ffg&s 33 8SU|% i f2 Eﬁréggnﬂgtrica
application ﬁiexnrep%hﬁdmaprbe aortbbesubathate. néhprengnnnnrlcal force
creates torque,_on the substrate which t nds erent.i y Lift one
edge 20 ga§58m?Féfecgﬁ£§df BRFthe>PS |§ﬁ|&8L§ o%hﬁéME%%UCas t he
adhesi ve forpbadﬂbctoothe sbmpoyisarhaterlebssosh agdflberQMGSSthe
reliability vacuu hUCkI he substrate to e carrier head. Referring
to FIG 14, fL §Hﬁ?h eﬁBBH?ﬁeh? s?ﬂeﬁé gh?%ﬁe #ﬂ?* i PaFdenaFBereferred
towth QUade@kerégSﬂﬁd }eﬁerﬁﬂeemﬂynbérSpptbﬁlﬁ@tél?fabeﬁﬂekﬂﬁhédéé a
stop pin ass to limt on_o upport structure
114"". 1In thgfb§¥Pf§rmﬁ@HHaB? #i B 1 PthﬁgFab%¥{|5%e§®rg5h16 ghoulfdpor t
ring 25020 haslawgeappaktysuedcedrshapedt@rmaeese@ftp@alﬁp bpngpottrface
381 of the med ed- ﬁgﬁpeg i nner _portjon has an gggu%ﬁr ecess 382 forned

t

t her ei n. Thr%% ore 8D PNAY- 3850 oRFGEHNE Eherurenbhf is

secured between lower surface 150 of base 104 and
retaining ring 110. The inner edge of flexure 116 is
secured between lower clamp 280 and upper clamp 282.

25 Flexure 116 projects inwardly from its attachment point
into recess 154. Annular upper clamp 282, annular lower
clamp 280 and support ring 250 may be secured together by
screws 284 to assemble support structure 114.

The space between flexible membrane 118, support

30 structure 114, flexure 116, base 104, and gimbal
mechanism 106 defines chamber 290, Passage 196 through
gimbal rod 180 connects chamber 290 to the upper surface
of housing 102. Pump 93¢ (see FIG. 3) may be connected



2 4 APR 2~2 - 90 due to the cross-sectional view), positioned at equal

annular intervals, fit into holes 386 in base 104"". The stop pins 384
project outward horizontally and into angular recess 3B2 in support ring
250"". If fluid is 5 punped into chanber 290, thereby forcing support

structure 114 downwardly, an upper rim 388 of support ring 250"" may catch
agai nst stop pins 384 to limt the dowward travel of the suppbérAPR 2002

structure. The annul ax upper clanp 282"" includes one or nore 10 radi al
grooves 390 (only one is shown) in upper26urface 391. Wien bl adder 160 is
i nfl ated and nmenbrane 162 contacts annul ar upper clanp 282"", radi al

grooves 390 forchatisene? 80 beiaecfhuiticel poet Pdas vdétavyuoeupdingf S8hanber 290
| ocated on either si of bl.adder.. T i 0 0 . into two
separ at e por?ﬁ?ﬁ%ﬁfsgﬁﬁt1§h8ﬁhvfns Ef %g %ﬁégégééggﬁei%ébé#?ﬁ%éggécking
assenbly 112rés BHOWN If puhpweBedfopsesi anfloidpoprefiengblybat gaan be seen
in FIG 4. These chanpel s, perm ess eguilipbriu nsyre, uni form

pol i shing. 22'%h ¥ppd r3u?$§8ecégggﬁf ?éﬁaiﬁﬁﬁa Eﬁﬁgg§%gmgnﬁg ﬁQSe a series
of concentrigh&mperl *illi §oese30e. aAd SLégibienmémbraneald8 wober beurface
150 of base 104"" al so | ncl ude series _of _cqnceptric ciprcular ridges
394. When th%°’é%‘?‘??€¥wﬁ‘ééﬁd#¥'asggnﬁ"%d?tﬂffh;‘?gaaih anF‘PnBEES 110" "
attached to dpseudfds"aiti d96m 89diwi thamBbe £90)i gpes B8R4 @BUupencl the
outer circunferenti al gortion of flexure 116 therebetween, This _provides an

i nproved cl arRe WPRRRPBE cYahi sdeRECRFEXARE FRENMERPRANG WL FhePRi fBAFed

mechani sm maypy, S£4 Yge anY-§Qapsdfékead3eolagé"a\r/%aa bhtReratAEN184"". Stop
190"" may be connecled to top surface 191 of ginbal rod 180 with a single
central B t1b@sidTheceeperal 9ps| £SIMBrAuGORRTESALNERti cal passage 397

therethrough to provigle @Jddidirfaced ¥ F1dl0dbre Hemfzealign betveen
upper surface 134 of housing 102 and passage 196 in ginbal rod 1B0O. An

annul ar seal PBY6L e EhaameBRAPEdSEF 635€sééti onDrEYNGePRSEENEBINOI d shi el d
244 on rim 242, 0f rh€La1 B 18 BokiPYordedOin su&é?éﬁé”ga%ﬁ%gfﬁgége.@gd 11,

in another enbodi nment, a carrier head 400 I ncludes a gi ani sm 406
whi ch i ncl udé34 avigthbthebbagksbdeant thgi sbhstrate resitheoned agasnat

flexure nisng:nPufiolfiy iRE 10-24BSL ankhal cabangesche Libsbeuskngaybase and
gi mbal mechani sns, thesé parts wll be referred to W Eh Rew rersrence
nunbers. | n contaabtthexcepsedslipsébBsedl Beppertt héngoddid nghrevbhni sm

retainer ri u b ing assenbly are simlar to the conponents
15 discusseggﬁfggg%éf@%@%géﬁ?oggFG. 4, and will be referred to with

unprimed reference rRyipaimping fluid out of chamber 290, the center of
flexible membrane 118 may be bowed inwardly and pulled

20 above lip 258. 1If a substrate is positioned against
mounting surface 274, the upward deflection of flexible
membrane 118 will create a low pressure pocket between
the membrane and the substrate. This low pressure pocket
will vacuum-chuck the substrate to the carrier head.

25 Carrier head 100 provides independently
controllable loads to the substrate and the retaining
ring. The downward pressure of flexible membrane 118
against substrate 10 is controlled by the pressure in
chamber 290. The downward pressure of retaining ring 110

30 against polishing pad 32 is controlled by both the
pressure in chamber 200 and the pressure in chamber 290.
Specifically, the load on retaining ring 110 is equal to
the pressure in chamber 290 subtracted from the pressure



Carrier head 400 includes a housing 402, a base 404, a ginbal nechani sm
406, | oadi ng nmechanism 108, retaining ring 110, and substrate backing
assenbly 112. 20 Housing 402 includes a housing plate 420 and an
integrally--attached housing hub 422. A cylindrical cavity 426 is forned in
bottom surface 424 of housing 402. A cylindrical plastic bushing 520 fits
into cylindrical cavity 426 with its outer surface abutting 2% %Bﬁéﬂﬂg 402.
A circular flange 428 with an inwardlyturned Iip 930 projects downwardly
froma top surface 432 of housing hub 422 into cavity 426. housing hub 422
may al so have a threaded neck 434 and two vertical dowel pin holes 436. A

threaded periyeliciniut 989 ( scer ELAS pads dfe 3ih [dhaiey 19Gnge 96 and be

screwed onto threaded neck 434 of housjing hub 432 to secure caryjer head
400 to drivedrgrtier 74han phe ppeesuve imchyRef20®r BRI PR Uikl thl

torque piri fﬁ@g&fﬁ%gﬁg’}m?i EBnbot @M spHid aLkdedénadn €l proj ect

upwardly i nt ousing h n addition, two passages (not shown in this
cross-sect i creitxoklgbbe sbozdanpermi bpoBt ¥t 7akion 39f fheotRY RN H® 422 to

bot t om sugf acs, 42ff°a53??ﬁ ép%igs%ﬁeﬂfﬁ%i%%déﬁgﬁ%@ﬁe&f ,f h @sbaszn 440

fornmed in"an ‘Upper surface ereo sin as a at” annul ar
surface 444 desenibed ninali$ at pabenvnappblestiem Sepsiallde+ or que pin hol es

448 may be f5§i§%5Fh}fthﬁgédSH&53Cf9ff§9 g’ fbé%ﬁ&f&Irgﬁﬂginﬂ basi n 440.

Two verti cal que™p ar é use ranster torque Trom hbusi ng 902
to base 404.ertictled METHODSANB0APPARRTEGS I EOR USING tHrREBAPNINGORENG438 in

housi ng 402 L ect d yaido} el Vi r i N 448 in
15 base 404. g?%gﬁgﬁnggg\gg%ek?‘?%gtoérg(ﬁié@dge/ég%?%ﬁ?cg#%ﬁ# naér.%'é |E\3/|eng
torque pilo hof eshédfirebent Oinvensidd? tine deracte tadigekopire 460 wimiphace

laterally. Thus, base 404 is f t ticall lative to housi
402, but i f TSRS AOSNFRFRPERTSR BY TRESYSIGTe pins will force 20 the.

base to rotate as wElllexullee 106 iingprodes ahe anfffioeminlyl yfelhet loald permt
404.rel ative t 402. G nmechani sm 406

a slight pivoti f. ba o] usi n I
i s desi gned QQpiﬁkng%aggeﬁbﬁl?omﬁWQB??ei?gg Tt ?FEﬁﬁﬁﬁnﬁi'axis paral | e
to Lhe 25 sw;ﬁmﬁfi@alh?. pbéb&h'ség?@pﬂ?lﬁtldstgﬂﬁ@ﬁhré O imapfpiesatana 107,
Wi th respect to housi 402. Specifica 404 j vot out. a point
| ocat ed gﬁ ﬂﬁ@v%UY?ﬁﬁggﬁ}gboFF AFhYS pha %%?egfi%aﬁnqéggééﬂ%%ﬂ%@g'iﬁ%?udes a
gi nbal body #hgfhopt géthattaaeemdP2refanli ssb$tandtdllly SdraBpel ngo 966, a
bi asi ng nenber 468, _and a stog 4&g‘ G nbal gody 460 i ncludes a cylindrical
gi mbal rod 45 V\ﬂi’Effﬁ?o?EcFE uBRAF S ERPR e he HETREBAsE WP 1 Bear i ng base
474 i ncl udesnémispdeé i TaB o9t eonreEtagetd 7Huppdrd ARiZHZre 114, the
flexible membrane will also remain substantially parallel
20 to the surface of the polishing pad. Therefore, the
flexible membrane may adjust to a tilted polishing pad
without deforming the portion of the membrane near the
edge of the substrate. Consequently, the load on the
substrate will remain uniform even if the polishing pad
25 is tilted with respect to the carrier head. Flexible
membrane 118 may deform to match the backside of
substrate 10. For example, if substrate 10 is warped,
flexible membrane 118 will, in effect, conform to the
contours of the warped substrate. Thus, the load on the
30 substrate will remain uniform even if there are surface
irregularities on the backside of the substrate.
In addition, the load to substrate 10 will remain
substantially uniform even at differing pressures.



- 43 wth three radial slots 478 (only one is shown in the cross-sectional
view of FTG 10) which extend fromthe edge of outer surface 476 to gi nba
rod 472. The | ower surface of bearing base 474 has a Y-shaped depression 5
(not shown) which contains biasing nmenber 468 when gi nbal nechani sm 406 is
fully assenbled. A cylindrical recess 480 may be forned in thelﬁg&ggg?
surface of ginbal body 960, and another cylindrical recess Y., y

formed in a top surface 484 of ginbal rod 472. Recesses 480 and 10 482 may
be connected by a vertical passage 486- ZAite pin 464 includes a guide rod
490, a disk 492 which projects radially outwardly fromthe | ower end of

gui de rod 49%peainflieatpher ftakupeoldbt permiidsd suppbet bstruvatvfrediik 492.

Spring 466 fits Lnto.recess 480 in e t { ha 472, and

gui de rod 49@n€fkgﬁrﬁéfﬁiWeﬂgﬁapﬁt%}?négd%gg%r?gggiggifgh%ﬁiggéééiﬁgal
mechani sm i shaseerbied, whba Fpuidgisspunppdessed bhamben 28O, t Hperfirdi sk
992 and the er . porti 496 .of recess 980. 20 G nb race 462 ti ar ound
gi nbal body ﬁgg ﬁhg?rQEEEQSH 88§8”25§iy61hBﬁFe?iﬁEg4€éen§?fFW8I8geE§eflat
out er portg ogh&ABe¥i CBekagke ©@Reafilekibléunénbearkdimandsawiedgenahaped

i nner portion S02 which fits ingg deﬁressioE 442. A?igheéical i pner surface
504 of wedgeSYBRPSREPSHTHGELFSN 1882 EALSgEEIEAERL pRAFF 2RI 988 POt ur face 476
of bearing basgofm4théheagenettChne 8Q6xMBYebrefbtah8l 0 Congeqaantage 504 of
gi mhbal race 462. G nbal racg 462&ga%ebe secure screws

e

> g to base 409 with
(not shown) WRBCROPREE Phr Sd§HK1D pPEaRe5HO%aRl FREOIPEEEI GPRE 96
threaded recggggsrtNrifg hqaewiImea?8a§isabaeahe&aﬂﬁﬁ the gemer abbu
Y-shaped, and includes three arnms 510_which project outwardly froma

central ddctasntbecrempdndsy ofr kheefieniblecBARPEANS. 2 ~ APR 2002 - 49
section 512 has a leﬁ#lr]gi%ﬁ@fé%é%%& UHgSHE %}r&%%‘ré)r!lﬁlgﬂ?& t he

center of the recess |aS|ng menber 468 fits into the Y-shape
depressi on (hbexthéanpephrene dddefsrBerotabéngi Hithasesregt thebasek 492

of 5 guide pkRs464chi| kN r LN W p hca ohectian 494
engagi ng con?ggf dggkgggkogqglgggﬁéggggi%gyn%h%g?é4ggéaThéug§n%§5%8gof
bi asi ng nenb&rigtgopriehorcer agn thet sonaBing pedishingaped43a, akd into

not ches i i I 46 S be.u to
secur e a?%g E%ﬁgtgggfn%gﬁgpéc§n4gg¥RCngga§?§§£? E%ghg§¥gn?30g8gglggsenbled,
gi mbal race 282 rbrowghbr gdmbglbmechandsmahBébi aBEnharenbed ze8aressecured

to ginbal ra i-d in nt - hil.asj a spring
466 urges gigggﬁg§8d§H26§l%g 5%&3F§?9 gggélgbo%??ﬁgggrgg?ﬁééﬁgﬁbgg4so t hat
spheri cal ouard flekdbdeimembrabealilfgtbazetate thepebysedamgangst

P o chadBEsfhEAC1o0s Sedbal chocedfer Tog s gk 99,072 of
gi nbal bd&fy 460 is fFuethermore, flexure 116, support structure 114
and flexible membrane 118 are configured and arranged so
that the presence of flexure 116 does not create an
additional downward pressure at the edge of the flexible
membrane. From its attachment point at lower surface 150
25 of base 104, flexure 116 projects inwardly into annular
recess 154, A part of structure 114 extends outwardly
underneath flexure 116 beyond its attachment point to the
flexure. Support structure 114 and flexure 116 are
configured so that the surface area of lower surface 256
30 of support ring 250 is approximately equal to the total
surface area of the upper surface 268 of support ring
250, annular upper clamp 282, and flexure 116. Since

chamber 290 extends around both upper surface 258 and



20.to slide vertically in cavity 426 relative to housing 402 arid to pivot
in tw dinensions relative to ginbal race 462. \Wen the ginbal pivots, arns
510 will slide in slots 978. However, because biasing nenber 46B is fixed
to-gimbal race 462, the downward force fromspring 466 is 25 not
transmtted to carrier base 404. Because there is no outward pjgsgpg 92"
the center of the base due to spring 466, the | ower surface of the base
remai ns substantially planar when gi nbal mechanism 406 is attached. Stop
pin 470, which has a threaded | ower partigpn 30 528, fits into a stop pin
hol e 522 defined by downwardly projecting flange 428. The stop pin extends

through an apgrdurg, peac@tatee Q%t%@fpfé‘ﬁsﬁ@MQiébAﬁ'Pi@daﬂﬁ te Scr eved
i nto passage 486 of ginbal rod 472. The recess - PR 2D~~ - 45 482 in

gi nbal rod £rRmReL &R othRl YPReGANDSloOWehetir Tacesf stpSpid 470 catches

agai nst |ip d3hrd | P de8 &9 Endn £1dher dnvareh dokéd Dghof o gi el
mechani sm 406 and base 404 relative to housing 902. The stop pin 470 may 5

al so i ncl udSUPRRTY | TEFUPEEEAGES SHPT ALY RBIARIRT ¥ IB2UBFaFBusi ng
422 to pagsgfe & lfbrglfqi?@' sESb A 2r i TP BAC (588445 280 FRYoRE

connected via flui Ine 92c, rotary coupling 90, central conduit®94c in
drive shaft SUPPQES shiRd 5280 | previge @pressure REshhonBen e tivelen e2ess 480

10T S A0 g SR Fl A A

FIG 10, c 1s used ation o he carrier
head. Carri evupprack 490ruatuné sand ncheideena Fder yo Hueclpnldér n2ghani smto

flush slurry out fr p .296 bet | exur and support strycgture
114. The slurry purgggﬁgbﬁ§ngsﬁ??ﬁ??@d%&gggsgsééggﬁég §§ P& &Qﬁends
vertical b9 fammntppelower f sicef &58 of flewurearléon Afrubdr slywert ring 2S9,

radially outwardly,dnto_outer poriion 20 2 and u | y_through | ower
clanp 280 ofc\,%aé‘%l 2?9%(51 r%‘])éué? u?%‘/f{)%?ﬁ%dznse%%mtsrﬁ%% gbyf n%l"ffo%ea
vertical pagsagel @Bl mreferdbby theargthdasetededde fokithie SIpapy be
connect ed tot}h%aggssage 532 at énw surface 442 of base 404. Afitting
534 may conrect” If)%’ssala%ﬁva?xas‘?:ﬁ n BES U (TR ARRT 0t | S teRPor t
ring Q0_ Thel) ittie ngap3do naytdre suxfate 28BNl tnthgdr Dasend 0450 proj ect

downwar dl rqugh vol une_294 of chamher 290, .and be slidab di sposed in
pasoagevdy WO ARLD ATRe f et TR [UTHE 1 20 b Hor QLB BA 30
passagevay SRfring Gdligsimds. £ Rkgr O3 6raya P e cigth tehPagsdgevay 530
via fluid line 92b, rotar pli 90, channel 94b in drive shaft 74, a
passage thr%%s?ﬁggingfédfl%bﬁﬁmhtac?w APIRBR StTCtYTexi bl e
fluid couplilig .(alsindettisdoftde Pt ih oD IKldtlhe dwesagemay 532 in

base 404, and fitting 539. Pu 92b may force a liquid, e.g. deionized
wat er, thromtﬁfs%a%é%f/u%rn‘}t)cﬁtﬁ Hurty ¥§%6th gaPasion of the

20 downward pressure on the flexure is transferred to
retaining ring 110 rather than support structure 114.
This reduces the load on support structure 114
sufficiently so that, as discussed above, the downward
pressure on the flexure plus the weight of the support

25 structure is substantially balanced by an upward pressure
on the support ring.

The passages 236 through retaining ring 110 can
provide pressure equilibrium between gap 296 and the
atmosphere cutside of pollshing head 100. This ensures

30 that air can be vented from the gap so that support
structure 114 is free to move vertically.

A carrier head of polishing apparatus 20 may
operate as follows. Substrate 10 is loaded into



5 ‘Punp 93a may be connected to chanber 290 via fluid line 92a, rotary
coupling 90, channel 94a in drive shaft 74, a passage through housing 402
(not shown), a flexible fluid coupling (not shown), and a passage through
base 404 (al so not shown). Punp 93a nay be used to control 10 the pressure
i n chanber 290) In sumary, the carrier head of the present inviﬂéﬁog
suspends a support structure fromthe base of a carrier head b? 2d08s a
flexure. A flexible nmenbrane is connected to and extends bel ow t he support
structure 15 to define a chanber. By pregguri zing the chanber, an even | oad
can be applied across the substrate. In addition, the flexure allows the

support StrUEEBE%ra%@drTe*&'é%vti*Px%b%Téers%Elsﬁxtﬂti'tﬁ ERED Aks ilde R/ Ghend nove

vertically with respect to the "base. he load is 20 applied nore

uni form y acPUBSLEREeeAbULE ige MOMNAANGF SUFEasen2das. ERPXiBlesent
[ ti h I b ' t fs ' . Th
i nvention hag.heenndesq e?’_u‘n& ??%uﬁ%s rf@.u@.gle lﬁrtroe%&%@&(}' g%gn'd €

I nvention, however, is not limt e enbodi nents depicte
descri bed. 2ThRst keuseshbladdes 360 He enpand emd farse FAPRPrtt he appended

clai ms. o 4:0PR:2002 1147 BAUMB A A GRS IRhRd iR chemGaloor
mechani cal™ pOl'i'shi'ng "appar atus, conprising: a base; a support structure
connect ed tostiractase Ry 4a cllumesr diyo 288 to peessyvdehel edgedegendent |y of

Lo oase, Rtk AR 135 IBNGes A e e B0,
structure tocdehtiagaabdundai-tighta spadsatr thableelgehathahe sidistirate .
oo o HERele B9 WAoo ke AL Ml A i ver L o1
support sitQ uptressuirec poddketa bpeneeal If)l exjibilled meadir anet arl8r iamd ahé t he
(Lo bl e, reBLans o SIS M 20 Db LR RGeSt e: 8 A
base; Finally, pump 93a pumps fluid out of chamber 200 to lift

base 104, substrate backing assembly 112, and substrate

10 off a polishing pad or out of the transfer station.

15 Carousel 60 then, for example, rotates the carrier head
to a polishing station. Pump 93a then forces a fluid
into chamber 200 to lower the substrate 10 onto the
polishing pad. Pump 93b evacuates volume 170 so that
bladder 160 no longer applies a downward pressure to

20 support structure 114 and flexible membrane 118.

Finally, pump 93c may pump a gas into chamber 290 to
apply a downward load to substrate 10 for the polishing
step.

In the alternate embodiments of the carrier head

25 discussed below, elements with modified functions or
operations will be referred to with primed reference
numbers. Elements which are merely changed in size or
shape will be referred to with unprimed reference
numbers. For example, certain of the carrier heads

30 discussed below are configured for polishing a six-inch
(150 millimeters) diameter substrate. The changes to the
size and shape of the elements to accommodate polishing

of a six-inch substrate will not be discussed in detail,



a retaining ring secured to the base; a support structure connected to the
base by a first flexible nenber so as to be noveabl e i ndependently of the
base; and a second fl exi ble nmenber having a nounting surface for a
substrate, the second flexible nmenber connected to and extendi ng beneath
the support structure to forma boundary of a pressurizable chgnker 2002
wherein the support structure and first flexible nmenber are configured so
that at |east a portion of a dowmward force on the first flexible nmenber
caused by injection of fluid into the chgnmher is transferred to the
retaining ring. 2 4 AP R 2002 -48 4. The carrier head of claim 3, wherein

an inner pogfdoR,;af terfenﬁéﬂés dhanddd erdenhifie U Rivife Qe refe PHL @I HOrtion

of the nDuntln surface of the second fl exi bl e nmenbrane. 5. The carrier
head of cl aihth RiHaIRY FRLERNSTIMBREES t he outer portion of the support

structure fromthe rANGHAR®bhONagf d&B@uBbéat abboyi big emaber. 6. The
carrier head of claimb5, wherein the first flexible menmber can extend

dommmardly|th9QMm9Qﬁﬁ)Qﬂ$¢ﬂﬁﬂ94xhﬂ%ﬁﬂnr&}ﬁhﬂ#%ﬁuﬁkﬂﬁssﬁ3ﬂnﬁlﬁe 7. An
appar at usg f iq.pe(_rg e %ﬁ{ég‘gm St efds v P9 ﬁecarrler

head haV|ng a ase an rane coup ed to 't base to define a
boundary of pa;rquaﬁ Q:!hafmmthl I@ﬂ\etrh%m\im mﬁy tCH'earfg%-m b nenbr ane

provi ding a su rﬂ L?@'Jf\r/%%%%gc)ﬂcbr?ber NASUUM SOUT S8 £O0 ted to the

chanber to é@éﬁ a pressure sensor to generate
an out put S|pg:reas|s,unmeﬂmnb¢hse martherd heterert camtfodpmenk surh that if the
substrate is _att.ach tg the substrate receiving surface and the chanber is
evacuat ed, fﬁgﬁﬁasg} neasures a first pressure that is different froma
second pkessure fhaReﬁemkdngesalfIGf ﬂhezaubsbthbe eabedioendtt dnhed to the

et 1ol AN AR B EEIN SIS AR S e
t he out put mthﬂrsﬁ%bﬂ&dﬂemuﬁﬁ&ﬂtms(ﬁositmdnéﬂ btﬁﬁaﬂh1béu£(&ntlsm head
el udes = SR SIATEL 1 POV AP BLESINE SSIRL |5y Pliged Lo prgure the
appar at us obcﬂaﬁﬂnﬁiewaaénmbmﬁmaﬁeqnnd chanber is |ocated above the first
chamber sg that invard ot 9.3 168% (Ll SnlENR 208 2 OTRLSSSRS .
fashion similar to that of the carrier head of FIG. 4.
Specifically, substrate 10 is inserted into substrate
receiving recess 234 with the backside of the substrate
abutting mounting surface 274 of flexible membrane 118.
20 Pump 93b pumps air into volume 170' to inflate bladder
160'. This causes membrane 162' to apply a downward
pressure directly to an annular portion of upper surface
300 of flexible membrane 118'. This creates a fluid-
tight seal between the flexible membrane and the
25 substrate. Then pump 93c may evacuate fluid out of
chamber 290 to create a low pressure pocket and vacuum-
chuck the substrate to the carrier head.
There are several benefits of using bladder 160°.
Bladder 160' provides a soft and deformable backing for
30 flexible membrane 118'. Therefore when the chamber is
evacuated and flexible membrane 118' is pulled inwardly
to form the low-pressure pocket, the edge of the pocket

will have a gentle slop. Because there is no hard edge



t he second chanmber. 10. A nethod of sensing the presence of a substrate in
a carrier head, conprising the steps of: pressurizing a first chanber
formed by a first flexible nmenbrane having a nounting surface for the
substrate; forcing fluid out of the first chanber to create a reduced

pressure region to chuck the substrate to the nounting surfii?;'ﬂg%m%
measuring a pressure associated wth the carrier head to det rﬁ et her

t he substrate was successfully chucked to the nmounting surface. 11. A

met hod of chucking a substrate to a nownt3izng surface of a carrier head,
conprising the steps of: positioning a substrate against a nounting surface
of a carrier theateadtal stxraywrdathdsubdtmasre,swhfeacnbst matfd rist fdsxi bl e

menbr ane t hat, ,def.i nes boundary, of, a first.chanber; forcing fJuid into a
second chanb q‘teolyag:ﬁ ?rf%&ﬁﬁé%%lﬁ}ges% SNSRI BFSCETH T ad® of t he
first menbrangdit iz, re redptm,ofirvhe Gudvign loupd iauteoift ddid db Yest
chanber to create a_second regi.on Qf reduced pressure that i unded by
Che i1 st roghan (ORSHIAES IO b ahuRed §4 fRe SRRthtF it Ssemhe
nmet hod of ¢l gign'lmhy beelreiInfed dnadildedd.nt q f I sRieand ggranker causes
a second flexible nmepbrane to extend dowwardly to directlx}contact t he

upper sur f acéndl &4eS f NP LANR R and subgsRasgd O gt 1 berpushadiod of

claim1 1, werhgivadng Nthdrdddl i NN ddire xS AN G JE¥ENa 1GR1S Yfendb Bl Nd
fl exi bl e menbrane to extend downwardly and apply a downwardly pressure to a

support strudfd'e anthisuRihkats khe'iddpde plleck upvandd ¥ rst menbrane.
14. A carrier head fgheCReBhEa tREBANLSAbeOR! £88B6AAL e £OAPE hSEREMiRaPASE;

10 mechanical polishing is that the attachment of the
substrate to the carrier head may fail, and the substrate
may detach from the carrier head. If this occurs, the
operator may not be able to visually observe that the
carrier head no longer carries the substrate. In this

15 situation, a CMP apparatus will continue to operate even
though the substrate is no longer being polished. This
wastes time and decreases throughput. In addition, a
loose substrate, i.e. one not attached to a carrier head,
may be knocked about by the moving components of the CMP

20 apparatus, potentially damaging the CMP apparatus itself
or leaving debris which may damage other substrates.

A CMP apparatus utilizing carrier head 100' may be
operated to sense the presence of a substrate. If the
CMP apparatus detects that the substrate is missing from

25 the carrier head, the apparatus may alert the operator
and automatically halt polishing operations to avoid
wasted time and potential damage.

Referring to FIG. 3, apparatus 20 may include a
valve 302 and a pressure gauge 304 placed in a fluid line

30 92b between rotary coupling 90 and pump 93b. Valve 302
and gauge 304 are shown in shadow because these elements
are not used in conjunction with the embodiment of the

carrier head previously described. When valve 302 is



a flexible nmenbrane coupled to and extending bel ow the base to forma first
chanber having a first pressure, a |ower surface of the flexible nmenbrane
providing a nmounting surface for the substrate, wherein a first |oad
applied to the substrate is controlled by the first pressure; a retaining
ring coupled to the base; and a second chanber having a secogq RPR 502
t he chanber | ocated above the base to control a downward | oal on the base
so that a second load applied to the retaining ring is increased by

I ncreasing the second pressure and deera@ased by increasing the first
pressure. 15. A nethod of chem cal nechani cal polishing a substrate,
conpri si ng: dlasdéid)g v lsunestIHl ‘e i tdead exhrfirosr phagd 9Btyiargd predsirat e

nmount i ng surface a retaining ring; selectin first pressure for a
firet chamb@Aude (i BAY Motk TR e TR tn i R adnd lbet rate bei ng
controlled by the fResturpirgsuberIgndiseapphragus seceadsﬁeeﬁﬁétﬁeior a
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membrane 118 and substrate 10. Then valve 302 is closed

10 to seal volume 170'. Pressure gauge 304 is used to
measure the pressure in bladder 160. Then, pump 93c
evacuates chamber 290' to create a low pressure pocket
between the flexible membrane and the substrate.

Finally, pump 93a evacuates chamber 200 to lift substrate

15 10 off of the polishing pad. Pressure gauge 304 then
makes another measurement of the pressure in bladder
160' to determine whether the substrate was successfully
vacuum-chucked to the carrier head.

On one hand, if the substrate is present, then the

20 low pressure pocket created between the flexible membrane
and the substrate will create an upward force on the
substrate. This upward force will cause the substrate to
press upwardly on membrane 162'. This will reduce the
volume of bladder 160' and thereby increase the pressure

25 in volume 170'. On the other hand, if a substrate is not
present in the carrier head, then no upward force will be
applied to the membrane and the pressure in volume 170'
will remain constant. Therefore, if pressure gauge 304
measures a pressure increase concurrent with pump 93¢

30 pumping air out of chamber 290', the CMP apparatus has
successfully vacuum-chucked the substrate to the carrier
head. Pressure gauge 304 may also be used to

continuously monitor the pressure within volume 170' to



fjf(.Xan{qugb\Vq]caLﬂca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calcalca! M2 gh[\& +, NP[aB C X Y
{vgl gb] X]]]ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™al A 200
S!V!r!s!!!!!""n"m#####_@&*G*S*AfB*:++,B-}mﬁnhcAYIgb]X]]]]ca?caﬁgg]cglca]cau
] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] caU] ca] c
aU] ca] ca B-00033@A355666A6666} 77788[ 9-93999: ;
711 zupkfal\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] caU] ca] ca] ca] ca]
ca] ca] c’\a][ cabeg]eﬁzt] taeC Plreslenitiec A)fC dlhea|stdstr ate<dr<thle-|carxder head.
>S6>7>G7> >>>>
AN B] B ) o BEPROSR: FEPOAUABERE T 2] ¢ SOCHOPSRUI P BRAAT A cal cal
R i o e S S A e et e cal cau
r ni a\ Ul.cal] ca] ca] ca] ca
] ca] ca] ca] ca%@&ﬁ@ﬂb@g;@%%ﬂt@é]mscﬂrcéﬁ]@%ﬁm h| A% 3e0 ca] ca
U&;;&;${€?%f%nd gdgrfﬁffer station, then this lﬂ an iﬁdlﬁatlon]thﬁt I cal
r adddi nvqrrr ca ca ca] cal ca] cal.ca] ca] ca] ca
] ca] ca] ca] ca] %‘ ]r@é]etczl a@g%%é]aféﬂeéa]fdf[ (‘Fd-]e(,ra] -ca]’day] ca] ca! 5
DRY this circumstance, operations may be halted and the CMP
l%@B$&/(~zupkf [ VU ] ca].caU] ca] ca ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] cal] ca] caOPEIRLAY ddieriiechafald e RIRAe®R] ca! | yAj nxz| d@nu
<zupkfa\WJ ] ] ca] ca] ced £2] 2] kaiga] 66] cal &gl @@1991&@1 &aailfééfaﬂ crterbgal cal
ca]ca]ca]caLﬂca]ca]ca]ca]ca]ca]ca]ca]ca|#07(5<lr X/ <A
i’{ v]q| g]b\ ij?] [-a Bt Cé’a]té’@] Fatedrddiee Aied] &8 G@Fcé’]aé@] caRedpaddrice G‘dlﬂ‘?a] ]CaU
ca] caj] ca] ca 'C (}_%lolc c * %Jk,g caj ca
] ca] ca] ca] ca%lgg} cg%]%ﬂ}p] c u] ca %]g] ca caéo}tl] g)ga ;ﬁy ?Tl% a%]ccﬁac (%aU] caj

cal] ca] cal] cThe WEﬁEiﬂiﬁ&& etz 34 secured to base 104

23%22{%2?2;?059%“%%1:;?@ e

: C=Q=V=>>* 21 PRGN, ZUredledalicd] edngaldd)] calida @al] ca] ca] ca] ca
]ca]ca]Cﬁif % 3&%% ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calC DFDD3EEYS-
FYGGHHHHHHT | @ LL N wr } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca$eﬁ§ca}ngL$cafb@]c&]ca@ca@c@@ea]em@cd}me@ta]ma]ca[mﬁ];

 &$10988& () 4l ?f%ﬁ%%ﬁg%bgg%Q%&aQE4£§¥E¥¥eG>E%Lﬁq%ﬁ WouBie primed

&LYnPAd0% & () -
10904 q93$10We(r)eﬂd@KW ( )ca'r%.]eﬁ:o/dw&d N00{" &I DTG s( Ja- omRIRAINER' () - }

7?03&?§Ftifi6é%%% ™ %%{%%& &Q@kf%g A@E%eQ%lf@ annular outer
:\6xY7.!F20$¥hhﬂMmm&3Qp %ﬁtmwﬁhﬂﬂmg'ﬁﬁﬁbxowﬁa&b@y 3RY.10% & ()-!"s
"109%1& ()-19s "10%AEK ()eCarrier head of FIG. 8, substrate backing
assembly 112" includes support structure 114, flexure
116, and flexible membrane 118". The flexible membrane
118" may include an upper membrane or membrane portion
25 324 and a lower membrane or membrane portion 326. Lower
membrane 326 is connected to support structure 114,
whereas upper membrane 324 is connected directly to base
104. The upper membrane 324 defines inner chamber 320,
whereas outer membrane 326 defines outer chamber 322.
30 Flexible membrane 118" may be formed of a flexible and
elastic material, such as a high strength silicone
rubber.
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membrane 324 may have a protruding outer edge 328. The
outer edge 328 of upper membrane 324 may be captured

S between an annular wing 332 of an annular clamp ring 330
and a rim 334 on flexure ring 182". Clamp ring 330 may
be secured in a recess 336 between flexure ring 182" and
base 104 by bolts 168". The clamp ring presses the inner
membrane against the flexure ring to form a fluid-tight

10 seal. The space between upper membrane 324 and gimbal
mechanism 106 defines generally circular upper chamber
320.

Lower membrane 326 may also be a circular sheet of
material. Lower membrane 326 may have a protruding lower

15 edge 338. The attachment of outer membrane 326 to
support structure 114 is similar to the attachment of
flexible membrane 118 to support structure 114 in FIG. 4.
Specifically, outer edge 338 is secured in groove 262 and
clamped between lower clamp 280 and support ring 250.

20 The space between lower membrane 326, inner membrane 324,
base 104, flexure 116, and support structure 114 defines
generally annular outer chamber 322.

The portion of membrane 118" below chamber 320
provides a circular inner portion of the substrate

25 mounting surface, whereas the portion of membrane 118"
below chamber 322 provides an annular outer portion of
the substrate mounting surface. A bottom surface 340 of
inner membrane 324 may be attached, e.g., by an adhesive,
to a top surface 342 of outer membrane 326. Alternately,

30 upper membrane 324 and lower membrane 326 may be
different portions of a single lower membrane.

Pump 93¢ may be connected to inner chamber 320 by
fluid line 92c¢, rotary coupling 90, channel 94c in drive
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AT s pee 1078211 52940760 eRET 3888t endCking process, pump
82b may pump fluid into outer chamber 322, causing the
cuter annular portion of membrane 118" to press directly
against substrate 10 to form a fluid-tight seal. Then
valve 302 (see FIG. 3) is closed and a first measurement
15 of the pressure in outer chamber 322 is taken by gauge
304. Then pump 93c evacuates inner chamber 320 to create
a low-pressure pocket to vacuum-chuck the substrate., If
the substrate is successfully vacuum-chucked, the
pressure measured by gauge 304 should increase.
20 Another problem that has been encountered in
chemical mechanical polishing is that the edge of the
substrate is often polished at a different rate (usually
faster, but occasionally slower) than the center of the
substrate. This may occur even if the load is uniformly
25 applied to the substrate. To compensate for this effect,
inner chamber 320 and ocuter chamber 322 may apply
different loads to the substrate during polishing. For
example, if the edge of the substrate is polishing more
slowly than the center, the pressure within outer chamber
30 322 may be made greater than the pressure within inner
chamber 320 thereby increasing polishing rate at the
substrate edge. By selecting the relative loads, more
uniform polishing of the substrate may be achieved.
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desired pressure. Then bladder 160' is inflated so that
membrane 162' contacts the upper surface 300 of flexible
membrane 118. This effectively seals an annular outer
portion of 304 of chamber 290 from a circular inner
10 portion 302 of chamber 290. To increase the pressure on
the center of the substrate vis~a-vis the edge, pump 93c
may force fluid into circular inner portion 302. Because
outer portion 304 is sealed by bladder 160', its pressure
does not change. To decrease the pressure on the center
15 of the substrate vis-a-vis the edge, pump 93¢ may
evacuate inner portion 302 after bladder 160' forms the
seal.
Since membrane 162' is not bonded or clamped to
flexible membrane 118, the seal created by bladder 160°'
20 may not be completely fluid-tight. Therefore, fluid may
gradually leak between the membranes until portions 302
and 304 have the same pressure. Thus, it may be
necessary to periodically perform the procedure described
above.
25 Referring to FIG. 9, in another embodiment, in
which similar parts referred to with triple primed
reference numbers, substrate backing assembly 112'‘''
includes a support plate 350 rather than a support ring.
Support plate 350 is a generally disk-shaped body.
30 As part of support structure 114''', the entire support
plate may move vertically and pivot with respect to base
104. Annular lower clamp 280 and annular upper clamp 282
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may be secured to an edge portion 362 of the support
plate by bolts 284''"'.
Support plate 350 has a generally planar lower
surface 352, Support plate 350 is suspended in chamber
5 290''' by flexure 116. A plurality of apertures 354
extend vertically through a center portion 364 of the
support plate to connect lower surface 352 to an upper
surface 360. Apertures 354 connect a portion 356 of
chamber 2380''' located above the support plate to a
10 portion 358 of chamber 290''' located below the support
plate. Alternately, lower surface 352 of support plate
350 may have a recessed region, with a single aperture
connecting chamber portion 356 to chamber portion 358.
Flexible membrane 118 is clamped between support
15 plate 350 and lower clamp 280, and extends beneath the
lower surface of the support plate. When pump 93c
evacuates chamber 290''', flexible membrane 118 is
pulled upwardly against support plate 350 and into
apertures 354. If the backside of the substrate is
20 placed against mounting surface 274, then the extension
of the flexible membrane into the apertures creates a
plurality of low-pressure pockets 360 between the
substrate and the flexible membrane (see FIG. 13). These
low-pressure pockets vacuum-chuck the substrate to the
25 carrier head.
One problem encountered in the CMP process is
difficulty in removing the substrate from the polishing
pad. As previously discussed, a thin layer of slurry is
supplied to the surface of the polishing pad. When the
30 substrate contacts the polishing pad, the surface tension
of the slurry generates an adhesive force which binds the
substrate to the polishing pad. If this surface tension
holding the substrate on the polishing pad is greater
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than the force holding the substrate on the carrier head,
then when the carrier head retracts, the substrate will
remalin on the polishing pad.
One arrangement for reliably removing the

5 substrate from the polishing pad is shown in FIG. 12. As
shown in FIG. 12, the distribution of apertures 354
across lower surface 352 may be asymmetric rather than
radially symmetric. That is, the support plate may
include an area 370 with apertures and an area 372

10 without apertures. Area 370 may be generally wedge-
shaped, with an angle a between 45° and 180°. Area 370
may also be located only near the edge of portion 364 of
support plate 350, rather than extending to the center of
the support plate.

15 During the vacuum-chucking of the substrate, the
asymmetrical distribution of apertures 354 results in an
asymmetrical application of an upward force to the
substrate. The asymmetrical force creates a torgque on
the substrate which tends to preferentially lift one edge

20 of the substrate away from the polishing pad. This
reduces the adhesive force due to the slurry surface
tension, and improves the reliability of vacuum-chucking
the substrate to the carrier head.

Referring to FIG. 14, in another embodiment, in

25 which similar parts are referred to with quadruple primed
reference numbers, the carrier head includes a stop pin
assembly 380 to limit the downward motion of support
structure 114"".

In the carrier head of FIG. 14, inner portion

30 254"" of support ring 250"" has a generally wedged-shaped
cross-section. An inner surface 381 of the wedged-shaped
inner portion has an annular recess 382 formed therein.

Three or more stop pins 384 (only one of which is shown
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due to the cross-sectional view), positioned at equal
annular intervals, fit into holes 386 in base 104"", The
stop pins 384 project outward horizontally and into
angular recess 382 in support ring 250"". If fluid is

5 pumped into chamber 290, thereby forcing support
structure 114 downwardly, an upper rim 388 of support
ring 250"" may catch against stop pins 384 to limit the
downward travel of the support structure.

The annular upper clamp 282"" includes one or more

10 radial grooves 390 (only one is shown) in upper surface
391. When bladder 160 is inflated and membrane 162
contacts annular upper clamp 282"", radial grooves 390
form channels between the portions of volume 294 of
chamber 290 located on either side of bladder. The

15 separation of volume 294 into two separate portions is
not shown in FIG. 14 (because the substrate backing
assembly 112 is shown in a lowered position for
polishing), but can be seen in FIG. 4. These channels
permit pressure equilibrium to ensure uniform polishing.

20 An upper surface 238 of retaining ring 110" may
have a series of concentric circular ridges 392. An
outer annular area of lower surface 150 of base 104"" may
also include a series of concentric circular ridges 394.
When the carrier head is assembled, with retaining ring

25 110"" attached to base 104"", ridges 392 will mate to
ridges 394 and pinch the outer circumferential portion of
flexure 116 therebetween. This provides an improved
clamp which prevents the flexure from slipping.

The gimbal mechanism may include a Y~shaped stop

30 190"" with three arms 194"". Stop 190""” may be connected
to top surface 191 of gimbal rod 180 with a single
central bolt 396. The central bolt 396 may have a
vertical passage 3397 therethrough to provide a fluid



"10965& ()-!1& "109%&'()-!& "10%& ()-:10%& ()-$10%& ()-wi [M!1& "10% 10
10 10! &5! 109& () -f!
3"3"10965& ()-!3"3"10965& ()-! G3"3"10965& ()- _n}[9M ! 3"10%& ()-y& A 3"10%

& ()-y& 1 110%& ()-'c !10%& ()-, MLO%&' ()-L$10%& ()-no{|}~wi[M!1 3"10% 10
10 24 APR 2002
10! C 3"109& ()-y& “3"109& ()-y&  ~3"10983& ()-y& 3"109& ()-y&-m[<M!! "1

0% ()- (' 1"10%& () -
("M 10%YY& ()-!' P 10%c& () - MLO%&' () - #104&' £)-oi WUBM 11961 " 109& () -
("IM109% ()- (PFUIMI0%R ()- (YPIT109& () -
connection between upper surface 134 of housing 102 and
passage 196 in gimbal rod 180.

An annular seal 396 with a C-shaped cross section

may be used to hold shield 244 on rim 242 of retaining
5 ring 11i0"".

Referring to FIGS. 10 and 11, in another
embodiment, a carrier head 400 includes a gimbal
mechanism 406 which includes a gimbal body 460 and a
gimbal race 462 rather than a flexure ring. Due to the

10 substantial changes in the housing, base and gimbal
mechanisms, these parts will be referred to with new
reference numbers. In contrast, except as discussed
below, the loading mechanism, retainer ring, and
substrate backing assembly are similar to the components

15 discussed with reference to FIG. 4, and will be referred
to with unprimed reference numbers.

Carrier head 400 includes a housing 402, a base
404, a gimbal mechanism 406, loading mechanism 108,
retaining ring 110, and substrate backing assembly 112.

20 Housing 402 includes a housing plate 420 and an
integrally-attached housing hub 422. A cylindrical
cavity 426 is formed in bottom surface 424 of housing
402. A cylindrical plastic bushing 520 fits into
cylindrical cavity 426 with its outer surface abutting

25 housing 402. A circular flange 428 with an inwardly-
turned lip 430 projects downwardly from a top surface 432
of housing hub 422 into cavity 426. Housing hub 422 may
also have a threaded neck 434 and two vertical dowel pin
holes 436. A threaded perimeter nut 98 (see FIG. 3) may

30 fit over flange 96 and be screwed onto threaded neck 434
of housing hub 432 to secure carrier head 400 to drive
shaft 74.
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formed in its bottom surface 424 which project upwardly
into housing hub 422. 1In addition, two passages (not
shown in this cross-sectional view) also connect top
5 surface 432 of housing hub 422 to bottom surface 424.
Base 404 is generally disk-shaped, with a basin
440 formed in an upper surface 442 thereof. Basin 440
has a flat annular surface 444 surrounding a flat-bottom
depression 446. Two torque pin holes 448 may be found in
10 upper surface 442 of base 404 surrounding basin 440.
Two vertical torgque pins 450 are used to transfer
torque from housing 402 to base 404. The torque pins 450
fit securely into torque pin holes 438 in housing 402 and
project downwardly into receiving torque pin holes 448 in
15 base 404. Torque pins 450 are free to slide vertically
in receiving torque pin holes 448, but O-rings 452 hold
each torque pin 450 in place laterally. Thus, base 404
is free to move vertically relative to housing 402, but
if housing 402 rotates, then the torque pins will force
20 the base to rotate as well. The O-rings 452 are
sufficiently elastic to permit a slight pivoting of base
404 relative to housing 402,
Gimbal mechanism 406 is designed to allow base 404
to pivot, i.e. rotate about an axis parallel to the
25 surface to the polishing pad and normal to axis of
rotation 107, with respect to housing 402. Specifically,
base 404 may pivot about a point located on the surface
of polishing pad 32. Gimbal mechanism 402 includes a
gimbal body 460, a gimbal race 462, a gulde pin 464, a
30 spring 466, a biasing member 468, and a stop 470.
Gimbal body 460 includes a cylindrical gimbal rod
472 which projects upward from a bearing base 474.

Bearing base 474 includes a spherical outer surface 476
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with three radial slots 478 (only one is shown in the
cross~sectional view of FIG. 10) which extend from the
edge of outer surface 476 to gimbal rod 472. The lower
surface of bearing base 474 has a Y-shaped depression

5 (not shown) which contains biasing member 468 when gimbal
mechanism 406 is fully assembled. A cylindrical recess
480 may be formed in the bottom surface of gimbal body
460, and another cylindrical recess 482 may be formed in
a top surface 484 of gimbal rod 472. Recesses 480 and

10 482 may be connected by a vertical passage 486.

Guide pin 464 includes a guide rod 490, a disk 492
which projects radially outwardly from the lower end of
guide rod 490, and a spherical projection 494 on the
bottom of disk 492. Spring 466 fits into recess 480 in

15 the bottom of gimbal rod 472, and guide rod 490 of guide
pin 464 fits inside spring 466. When the gimbal
mechanism is assembled, the spring is compressed between
the top of disk 492 and the upper portion 496 of recess
480.

20 Gimbal race 462 fits around gimbal body 460 and
rests on base 404. Gimbal race 462 may include a flat
outer portion 500 which rests on annular surface 444 and
a wedge~-shaped inner portion 502 which fits into
depression 446. A spherical inner surface 504 of wedge-

25 shaped portion 502 engages the spherical outer surface
476 of bearing base 474. Three notches 506 may be cut
into inner surface 504 of gimbal race 462. Gimbal race
462 may be secured to base 404 with screws (not shown)
which pass through outer piece 500 and into receiving

30 threaded recesses in the base.

The biasing member 468 is generally Y-shaped, and
includes three arms 510 which project outwardly from a
central section 512. The top surface 514 of central
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projection 494 engaging conical depression 516 of biasing
mermber 468. The arms 510 of biasing member 468 extend
through slots 478 in bearing base 474 and into notches
506 in gimbal race 462. Bolts or screws 518 may be used
10 to secure arms 510 to gimbal race 462.
Once gimbal mechanism 406 is assembled, gimbal
race 462 is secured to base 404, and biasing member 468
is secured to gimbal race 462. Guide pin 464 contacts
biasing member 468, and spring 466 urges gimbal body 460
15 upwardly away from the biasing member so that spherical
outer surface 476 of bearing base 474 is pressed against
spherical inner surface 504 of gimbal race 462. The
gimbal rod 472 of gimbal mechanism 406 engages an inner
surface 521 of bushing 520. The gimbal body 460 is free
20 to slide vertically in cavity 426 relative to housing 402
and to pivot in two dimensions relative to gimbal race
462. When the gimbal pivots, arms 510 will slide in
slots 478. However, because biasing member 468 is fixed
to gimbal race 462, the downward force from spring 466 is
25 not transmitted to carrier base 404. Because there is no
outward pressure on the center of the base due to spring
466, the lower surface of the base remains substantially
planar when gimbal mechanism 406 is attached.
Stop pin 470, which has a threaded lower portion
30 528, fits into a stop pin hole 522 defined by downwardly
projecting flange 428. The stop pin extends through an
aperture 523 at the bottom of the stop pin hole and is
screwed into passage 486 of gimbal rod 472. The recess
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482 in gimbal rod 472 fits around flange 428. A head 524
of stop pin 470 catches against lip 430 of flange 428 to
limit the downward motion of gimbal mechanism 406 and
base 404 relative to housing 402. The stop pin 470 may
5 also include a vertical passage 526 to connect top
surface 432 of housing 422 to passage 486 in gimbal rod
472. Pump 93c (see FIG. 3) may be connected via fluid
line %2c, rotary coupling 90, céntral conduit 94c in
drive shaft 74, passage 526 in stop pin 470, passage 486
10 and recess 480 in gimbal body 460, and slot 478 to
champber 200. Thus, in the embodiment of FIG. 10, pump
93¢ is used to control the vertical actuation of the
carrier head.
Carrier head 400 may also include a slurry purge
15 mechanism to flush slurry out from gap 296 between
flexure 116 and support structure 114. The slurry purge
mechanism includes a passageway 530 which extends
vertically from upper surface 258 of inner portion 254 of
support ring 250, radially outwardly into outer portion
20 252, and upwardly through lower clamp 280 of gap 296.
The slurry purge mechanism may also include a
vertical passage 532 extending through base 404. A
fixture 536 may be connected to the passage 532 at upper
surface 442 of base 404. A fitting 534 may connect
25 passageway 530 in base 404 to passage 532 in support ring
250. The fitting 534 may be fixedly connected to base
404, project downwardly through volume 294 of chamber
290, and be slidably disposed in passageway 530 of
support ring 114. The fitting 534 may be sealed in
30 passageway S30 by O-rings 538.
Pump 93b may be connected to passageway 530 via
fluid line 92b, rotary coupling 90, channel 94b in drive
shaft 74, a passage through housing 402 (not shown), a
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flexible fluid coupling (also not shown) such as a
plastic tube, passageway 532 in base 404, and fitting
534. Pump 92b may force a liquid, e.g. deionized water,
through passageway 530 to flush slurry from gap 296.

Pump 93a may be connected to chamber 290 via fluid
line 92a, rotary coupling 90, channel %4a in drive shaft
74, a passage through housing 402 (not shown), a flexible
fluid coupling (not shown), and a passage through base
404 (also not shown). Pump 93a may be used to control
the pressure in chamber 290,

In summary, the carrier head of the present
invention suspends a support structure from the base of a
carrier head by means of a flexure. A flexible membrane
is connected to and extends below the support structure
to define a chamber. By pressurizing the chamber, an
even load can be applied across the substrate. 1In
addition, the flexure allows the support structure, and
thus the entire flexible membrane, to pivot and move
vertically with respect to the base., Thus, the load is
applied more uniformly across the entire back side of the
substrate.

The present invention has been described in terms
of the preferred embodiment. The invention, however, is
not limited to the embodiments depicted and described.
Rather, the scope of the invention is defined by the
appended claims.
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1. A carrier head for a chemical mechanical polishing apparatus,
comprising:
a base;

a support structure connected to the base by a flexure so as to be moveable
independently of the base; and

a flexible membrane having a mounting surface for a substrate, the membrane
connected to and extending beneath the support structure to define a boundary
of a pressurizable chamber, wherein a portion of the membrane along an edge
of the mounting surface is vertically movable relative to the base.

2. The carrier head of claim 1, wherein the support structure includes
a generally cylindrical outer rim, and the flexible membrane extends around a
rim of the support structure.

3. A carrier head for a chemical mechanical polishing apparatus,
comprising:
a base;

a retaining ring secured to the base;

a support structure connected to the base by a first flexible member so as to
be moveable independently of the base; and

a second flexible member having a mounting surface for a substrate, the
second flexible member connected to and extending beneath the support
structure to form a boundary of a pressurizable chamber, wherein the support
structure and first flexible member are configured so that at least a portion of
a downward force on the first flexible member caused by injection of fluid into
the chamber is transferred to the retaining ring.
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4. The carrier head of claim 3, wherein an inner portion of the first
flexible member extends over an outer portion of the mounting surface of the
second flexible membrane.

5. The carrier head of claim 4, wherein a gap separates the outer
portion of the support structure from the inner portion of the first flexible
member,

6. The carrier head of claim 5, wherein the first flexible member can
extend downwardly into the gap without contacting the support structure.

7. An apparatus for a chemical mechanical polishing system,
comprising:

a carrier head having a base and a flexible membrane coupled to the base to
define a boundary of a first chamber, a lower surface of the flexible membrane
providing a substrate receiving surface;

a vacuum source connected to the chamber to evacuate fluid from the
chamber;

a pressure sensor to generate an output signal, wherein the carrier head is
configured such that if the substrate is attached to the substrate receiving
surface and the chamber is evacuated, the sensor measures a first pressure
that is different from a second pressure that would result if the substrate were
not attached to the substrate receiving surface; and

a processor configured to indicate whether the substrate is attached to the
substrate receiving surface in response to the output signal.

8. The apparatus of claim 7, wherein the carrier head includes a second
chamber, and the pressure sensor is placed to measure the first and second
pressures in the second chamber,
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the second chamber.

10. A method of sensing the presence of a substrate in a carrier head,
comprising the steps of:

pressurizing a first chamber formed by a first flexible membrane having a
mounting surface for the substrate;

forcing fluid out of the first chamber to create a reduced pressure region to
chuck the substrate to the mounting surface; and

measuring a pressure associated with the carrier head to determine whether
the substrate was successfully chucked to the mounting surface.

11. A method of chucking a substrate to a mounting surface of a carrier
head, comprising the steps of:

positioning a substrate against a mounting surface of a carrier head that is
provided by a lower surface of a first flexible membrane that defines a
boundary of a first chamber;

forcing fluid into a second chamber to apply a downward pressure to an upper
surface of the first membrane in a first region; and

forcing fluid out of the first chamber to create a second region of reduced
pressure that is bounded by the first region to chuck the substrate to the

mounting surface.

12. The method of claim 11, wherein forcing fluid into the second chamber
causes a second flexible membrane to extend downwardly to directly contact
the upper surface of the first membrane.
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14. A carrier head for chemical mechanical polishing, comprising:
a base;

a flexible membrane coupled to and extending below the base to form a first
chamber having a first pressure, a lower surface of the flexible membrane
providing a mounting surface for the substrate, wherein a first load applied to
the substrate is controlled by the first pressure;

a retaining ring coupled to the base; and

a second chamber having a second pressure, the chamber located above the
base to control a downward load on the base so that a second load applied to
the retaining ring is increased by increasing the second pressure and

decreased by increasing the first pressure.

15. A method of chemical mechanical polishing a substrate, comprising:

holding a substrate with a carrier head having a substrate mounting surface
and a retaining ring;

selecting a first pressure for a first chamber in the carrier head, the load
applied to the substrate being controlled by the first pressure; and

selecting a second pressure for a second chamber in the carrier head, the load
applied to the retaining ring being increased by increasing the second pressure
and decreased by increasing the first pressure.



