; $9R' e3eGA@TATCDt 6G61 GTG#h 2 5 APR 200;i 1. CARRI ER HEAD W TH CONTROLLABLE
PRESSURE AND LOADI NG AREA FOR CHEM CAL MECHANI CAL POLI SHI NG Background The
present invention relates general ly to chenical mechani cal 2§g|sh|ng of
substrates, and rore particularly to a carrier head for che
mechani cal, polishing. Integrated circuits are typically formed on
substrates, particularly silicon wafers, .by the sequential deposition of
conductive, semnm conductive or insulativelrayers. After each layer is
deposited, it _is etched to create crrcurtr%,features As a serres of | ayers
are sequent FARRIEFHEON &L W PRz SN Y SENG
the substrate, i.e., thﬁoﬁxéﬁﬁﬁﬂcﬁﬂrﬁé@ﬁAﬁ;cﬂﬂepéﬂPékEﬁ&e becones
i ncreasi ngly nonpl anax oblenms in the
phot ol i t hographic steps of the integrated circuit fabrrcatron process.
Therefore, there is a need to periqdically planarize the substrate surface.
Chem cal nechani cal polishing (CVPES cepted net hod of
pl anari zation. T a r
substrate be nnunhrt%%p%ﬁ@%ﬂcgr%‘g%ggé%o |is%?%ggga%ée%%£§%ﬁg g>§ %gg{ﬁl surface of
t he substmathanicpuapedla@amgspfasm@@&mmmgspoHndﬂmq;qypirﬁﬂumkxﬁlﬁrumg pad

may be either a "stapndard" fi xedabrasi ve d. A standard polishing pad
has a duraBIEaFﬁﬁﬁﬁeﬁéadsJFFa€§ﬂmWﬁéﬂe§§°§ 1%%3 %ad has abrasive

particles held i ”n?t&é’f‘é@é&mé‘lr&?%é air%euycﬁ{ééfi h@@ﬂnga%des a
controllable load, 1.%e., pressure, % 2 substrate to
push it agabasratlee,pplamhlcrmg.ap'a& sSdme:omamarf@rrshezkr}s tilrec |lagpiemtfiai bl e
menbr ane t hat prQVIdS% a mounti,ng surface for the substrate, and a

r et ai ni ng9RPR§IES“RoPE FREUGHdVEat S rerdr iy i ke e

Pressur ',Zi‘thF a0X R¥Revaiheh el ed Q*&a@%?f ali‘%@wd ithe o |edile ¢gpnbrane
controls t oad on the substrate. ishing slurry, including at | east
one chem cakhyer eartmuera'géretatuandl.abh@sraveqlareta cfedayidrsa ssteandard pats

is used, is suppli tq the,surfac he, p i shi ad. The effectiveness
of 5 VP BFOGEBL AL vhAeRERiTEd) A9 ArsH5e) | e HtRs O HPHRF RO

resul tingghipbsh 20LERCYubRIrat®®! li-gcal eareo%mﬁs) sk fdatdesshd absence
of | arge- scal e topography) of the substrate surface. The polishing rate,
fini sh andubbttates becotheteimarvedsinglye nesplana sl ufhi £ omimi@anaon, the

relative ggg%gcge%Q%%QnEgeﬁ¥é %&% in the photolithographic steps of

the integrated circuit fabrication process. Therefore,
there is a need to periodically planarize the substrate
surface.

Chemical mechanical polishing (CMP) is one accepted
method of planarization. This planarization wmethod
typically requires that the substrate be mounted on a
carrier or polishing head. The exposed surface of the
substrate is placed against a rotating polishing pad. The
polishing pad may be either a ‘‘standard’’ or a fixed-
abrasive pad. A standaxd polishing pad hags a durable
roughened surface, whereas a fixed-abrasive pad has abrasive
particles held in a containment media. The carrier head

provides a controllable load, i.e., pressure, on the
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and pad, and the force pressing the substrate against the pad. A
reoccurring problemin CW is the so-caxled " edge-effect” e. " the

(i.
t endency of the substrate edge to be po~,ished at a differenz r@wan t he
substrate center. The edge effect typically results in non-u pf r

polishing at the substrate perineter) e.g., the outernost three to fifteen
mllimeters of a 200 mlIlinmeter (nm v&afer. A related problemis the
so-called " center slow effect” , i.e™ the tendency of the center of the
subst r at e SBHEFAKRISTD PSR hickl . aBuimel ythe prkishinatpadhe Somention is

directed t . I e C ' chani cal . pol i shi ng.appar at us.
2I 5 APR Zé%f%%eﬂeg%drér]i%rc%‘g%%a%agf%gﬁl res["m%epr %‘%’b?(i%)g%‘f l—:-pzé‘lﬂ'ég%%gpﬁt I gast
parti al | y nzaundet byuretdde stof | b hbubdbrddeneandd 4 dr@e SL60RG PLRgSLETI bl e

chanber positioned tohatg‘%y a downward force to the first chanber. A | ower
surface ofalite the SUBFEATE Poreathniehe mRntcing syFEarceurface to apply a

pressure tﬁ}%sﬁﬂ%ﬂ ai%%?%¢§€l§eiéé£o rS@ Qﬂ%eaﬁﬁ%?rﬁggé:%l e size, and

the first and secon nfigure T pressure in

the first filanitdre aewsrdrse tdsnturabs utlee dpgdd ash tthé heulssbsieat e An the
| oadi ng area,, and a second pressure in the second chanber controls the
si ze. of t ROYIGHHING SHEEY ! IR A oMY R FRRBRERDIY t¥FEPCt HES ude

one or nor t q | fﬁg A verti V, e y.form
at least p rétho'f r}glné uﬁo%g% ar%/q%fe?helgegcon r%c}'aé:«g%ﬁéa gﬁgﬁgahb;é%. A
housi ng mesudyd icehnerttdod eswof acerofeclsdapdl behiiag thadd chanber nay be
di sposed bet ween tgg gfg_usi ng and the base. A retaining ring may be

e

connected to the B SCREINERRS S RE SuLNEr BESCEER ARy Bife MEASHXEE head.

by its polishing rate, and by the resulting finish (absence
of small-scale roughness) and flatneas (absence of large-
scale topography) of the substrate surface. The polishing
rate, finish and flatness are determined by the pad and
slurry combinaticn, the relative speed between the substrate
and pad, and the force pressing the substrate against the
pad.

A reoccurring problem in CMP is the so-called
‘‘edge-effect” , i.e,, the tendency of the substrate edge to
be polished at a different rate than the substrate center.
The edge effect typically results in non-uniform polishing
at the substrate perimeter, e.g., the outermost three to
fifteen millimeters of a 200 millimeter (mm) wafer. A
related problem is the so-called “ center slow effect” ,
i.e., the tendency of the center of the substrate to be

underpolished.

Summary

In one aspect, the invention is directed to a

carrier head for a chemical mechanical polishing apparatus.



A boundary between the first and setond chanbers may be forned by a rigid
menber or a flexible nmenber, and the second chanber tray Forma generally
annul ar volune or a generally solid volune. The | ower surfa&g.)[gé t first
fl exi bl e menbrane may provide a nounting surface for the su R VA
second fl exi ble nmenbrane nmay extend beneath the First flexible nenbrane to
provide a nounting surface for the susbstrate, The vol une between the first
flexible nmbrane and_ t he second flexi ble nenbrane may define a third

pressuri zABFe CEREHSET Nepte Nas & Fixsh pixe amtizaid exahambem\ath| lrdgy 0

contact wi : of cond.flexible menbrape is the

| oadi ng %ggltggl%%l%&%égb ré tf&%%z%@eﬁﬁ%%w"%% s Pat&ECOrKE | over
surface presberlizaple fchaxidere pritidMeday RQPISX R iRl od de f 1 ui d

fl ow between the first _and second flexible nenbranes when they are in

cont act . R FhesfiFgspshamhex;ct dr daweyr povifticenad it fd nste Flesstblzhanber,
and the §i exi r ds around an _qQuter surface of the
first su%%@rg%a&!ter g’é{gﬁg@g\% ﬁl&a%%é;?e%ﬁa%% flcgo r%?fqge ap(?ﬁetsis&}‘Fe% Wutki de t he
first chanbetrazed ithe flosstin exidal &avEny aneomrAXANG gy A SeRENt i ne
path between the first structure arid the first spacer rin?ﬁ,ﬁaround an

i nner sukh8c&igPtt RE iSO shambarsy aren ¢anfdeymed, snduidath aupper
surface @t e fuk erf.yd g. . # e | ocated
in the tgg{ggcﬁg&%&%?&eg{% %r | r??%%é%%ﬁﬁ%ﬁ g{!erree rraé;es and
posi ti onagpldesutcotng tsdbstiratie dapdid 4 cdiue) Wrea A SRT GNGes@HRORr i ng
may be | ocated outside the third chanber above the second support ring, and
the secoR¥eFEEXEpH® Hifhsarond Fhamtar] GaRtrdd f&% i@t W ween t he
second sggggr-;lgsggé%ture and the second Spacer rang. around an inner
surface o he Jsécond spacer ring, and outwardly around an upper surface of
t he second spaceImplementataonshef tbepethyehhtonnmept innliudedonecbed to a

carrier head for chemnm cig a first

| nmechani cal polishi nx& havi.ng a base,
f1 exi bl e "RERDPINENFoHAIPWiDig LA RT A KGTRIEHD MINEDR (RRFE  The
first flexibl r [ t L hes a
first prgl‘é?lljrfi%zxgﬁlrge% %hr%rfa%ce)réd% a ﬁ%@?ﬁ%&égﬁ ﬁgﬁ@%@ﬁ%@l bl e
menbr ane ppesstsuon gabde ddmmbermuntA fpuwiricacmy dhappnhectlsks e 40 a
substrate i.n a lLeadin rea_having a controll able size. The second flexible
menbr ane 5o &#‘a%dtQ diﬁt’é‘gg‘d\—) %tﬁi’ﬁf% Mhe B9 r1SSRIEE dret R e
portion R diedPasfs Kk IHddeh FSELANLPT hAAE SOMDeLegobhat a
first pressure™n the first pressurizabl € chanber ‘controls the pressure
appl i ed tehet kwsubst retintain e csubatratehengatia the orakpiessbeadi n t he

d ch trqls the si f the | padi .| th t,
SheC nvend Bhurefihy Setaldit WAE Lirdd apd e dthd S d Bl be o e
pol i shi ngaddI®bya Dasia)id rédisdr fdeXd bf PeXBHDE aRGMIBOF | | §Rd Ensecond

fl exi bl e menbrane portion, and a third fl exible nenbrane portion. The first
f1 exi bl e aesenhrdiERey oTREXERNTR S Rerex Hl i heapagkar ovebwhaeod &ir st

pressuri | s wer r o] irst, flexible menbrane
provides%%Qﬁﬁﬁﬁpﬁﬂggghﬁfg%%ﬁﬁ%g'a‘gu%si$§§€.£W%€§%%c %dt??e +bF& nmenbrane
portion @qt@mmémmﬁfhﬁ@anbpsprwﬂdaeairﬂ@ﬁnﬁiﬁ%cwﬂf@éeswﬂ gnbl e
chanber, and a | ower surface of the second flexible nenbrane contract a tap
surface RHEIGSstOF |2xFeFendehbesiel ¢ MmambPBaae nHYr exteaad hgngath
controll e Si Jhe. thy i bl e port j p second
flexibleqﬁ%ﬁgiﬁﬁgiﬁ%r |%§F%E¥%¢é¥ Qéetgﬁﬁpé§$§%e§ %b?ﬁf%gapégggé??zable
chanber s hitie asdbdtStats eSSTHE vOline BeEwadnpLtReSHirgabEterhbiber
controls the pressure applied to the substrate in the |oading area, and a
second pregerane pahet e seCepdnbbexibher BrEoraResM2K 8rLiRE PoAHIRE area.
I n anot her t ' Lon kS dik e arLl ag_for chem cal
mechani c réﬁﬁﬁ%&ﬁ?éwgaéﬁﬁﬁgéifirgiebFéggﬁgg%%%%g%gahﬁthgggoﬁaybﬁgsing
nember. TherdbIstiMtaséogtaBtbeithnehudpgper bukEhcpr esSUthecharbeid and a
| oner surface of the first pressure chanber is bounded by a flexible

nenbr ane #krriblovnearane $8t t8eriaeeing appryty apply pressure to



2 5 APR 2000 6 load to a substrate in a | oading area hawing a controll able
si ze. The second bi asing nmenber is connected to the first biasing nenber,
and the second biasing nenber controls the vertical position_of the first
‘bi asi ng member so that the second biasing menber controls t88 APR@MBf t he
| oadi ng area and the first biasing nenber controls the pressure applied to
the substrate in the |oading area. |4 another aspect, the invention is
directed ' he r ' rec ical..pollJ shi ng..having a

f 1 exi bl ettlr?%rr%r%n%reﬁ; ffi' p?fgqvélf gleosvs%e%un alél’% %%;uf}éegeflfggéfe aﬂs?fg’s]?hf%t e, neans
for cont mebxagien ney e ft extuss ng ghasvide Wiy Eldaddisyvadp! s to the
substrate, and nmeans for_controlling a pressures applied to the substrate
in the | &ddiSty Feqnd, forsiel ke franbranes jwhamttihey iareliiected to a

met hod f Q¢ cal mechanical polishing a substrate. In the nethod, a
substrate 19 held against a polishing pad with a carrier head, a load is
applied to the sabSiratesuppartoatirngtareamait poaitiofbdchnshae ithet he
carrier head, the size of the loading area is controlled with a second

chanber i¥Eke & RO theh xS tatf hax ks grenbr gt paxd Seterds t he

substr at i ifqg__f;%g! @mgt S t ol iLnvention s

di rect ed%fg)%gldtnaﬁl%gleoe? etec méJf; su s{f%sf%%frcta:%%?cﬁ%ﬁ%'f a

cheni cal frirehampederpdighiney s tpeiBidiond® swididdh wheheddet in a carrier
head is connected to a pressure source. The pressure in the_chanber is

measur ed SAARSUN AN ST fENRE ARt JeTkeans ey HeEM elBuRe in the

chanber i | Gul te J J te

recei vi né’%sr%% gt:ienaelt ?%thh\e/\q%a%}ﬁee% %%?%éﬁe%eﬁﬁgf%%ﬁmﬁée@féég APR 2003
deri vat i epaderplrement aircansl ¢ tirmenvantiare ey sl et hepdeét owi ng
features. The substrate y be indjcated as pr‘gé?ent if tt}g%d rivative
exceeds &iOG«t iy PEHAFY appund 3% YRPSRAYREIRIL FRRBSELFFBt exceed a

critical I Nt 3065 nd NRuddEnt d 5@% d M Wdse thecdob o ng. Both
the pr ess%’%eéég"nchﬁ% | oadi ng %r ea éﬁwt heéﬁ'hem Il‘e rre*rbr ane aga{:nst t he
subst r at eheayHierd/ athizanben oapsns dtlee f St rsomuthzderengof lekhibhe

Non-urrifarm poli shi'{]ﬁ of the substrate is reduced,, and the resulting

f1 at ness YRR R RO SLARAT R SHEF PR ovarl. f g rsWaRaRt&ges and
features gf ivent i id | tnd t b & 0 0G4 §ESERLPLI ON,
i ncl udi nﬁﬂieﬁfaé\jvi ng an %%isrg&%%ﬁ%erg%¥%%i%ﬁc%f t he D?avvi ngs FIG 1
is an expinded gqlemipectdiwereitdwe odecondesippdrirectegi cahd poheshengnd
apparatus,. FIG2 is a schematic cross-sectional view of carrier head

accor di ng ¥k JrRAnG MR EreRY G R SSERPERE YRRt eRrEFeE subst rat e
backi ng 358l dodd WULPErC At -Gét E0aRE EhE sécolfd Ghdleandifl are

schemati c cross-sectional views i1llustrating the pressure and force

di stri butdmwsurmsh an Zigpwhesuckdcd | @ki bthe seabndnepadeESrisg, apdds8 are

schematic cross:-section views ill us%rati ng Eﬂe vari ahl e | cadi ng_area of
r

|
an i nt er RHCYARETHIF rHheUFP oM BRELREF P Bal® SR BP9 A NSt the

substrate. In another aapect, the invention is directed to a
carrier head for chemical mechanical polishing having a
bage, a first flexible membrane porxtion, and a second
flexible membrane portien. The first flexible membrane
portion extends beneath the basge and defines a first
pressurizable chamber, and a lower surface of the first
flexible membrane portion provides a wounting surface to
apply a pressure to a substrate in a loading area having a

controllable size. The second flexible membrane portion



25 APR 2003 s FIG 6 is a graph illustrating the relationship between the
di aneter of the contact area and the pressure in the upper floating
Chanber. FIGS. 7A and 7B are a graph illustrating the pressure and
derivative of the pressure (dP/dt) in the |ower floating ch2®bAPRazR
function of time during a substrate detect iron procedure . FIG 8 is a
schematic cross-sectional view of a carrier head having an internal support
plate . FIG i s schemati c cress-seCtianal view of a , carrier head

havi ng a FPERI6Fe rdfd hileriple memranel pows iprs tiverrits dase and

CroSs-secli@RaksViue g ; hayi fl exible br ane t hat
directly contla(l?tssat ‘#g‘&fgﬁsﬁ?{%sgﬁl&#}%%ggr %gﬁq%ﬁ%ogﬁ e &G 11 s a

schemat i cpteessresdat ittvealf ivistwptie seairiizRib1Rke athahi®eirn God tH1\E iy sensi ng
the presence of a substrate. Like reference nunbers axe designated in the
vari ous dPEGPRYEE: §PPRdiecate Hhre subshaiats im tdieelonds ngumera wiand a

o Struct OF S ef ae S Beaty 8 S CRER: a0 S Pl o f bt &
substrat eshéOlmabling area.

In another aspect, the invention is directed to a
carrier head for chemical mechanical polishing having a
base, a first flexible membrane portion, a secend flexible
membrane portion, and a third flexible membrane portion.

The first flexible membrane portion extends beneath the base
to define a first pressurizable chamber, and a lower surface
of the first flexible membrane provides a mounting surface
for a substrate. The mecond flexible membrane portion
extands beneath the base and defines a second pressurizable
chamber, and a lower surface of the second flexible wmembrane
contacts a top surface of the firgst flexible membrane in a
loading area having a controllable size. The third flexible
membrane portion couples the second flexible membrane
portion to the base and defines a third pressurizable
chamber g¢ that a first preasure in the second pressurizable
chamber controls the pressure applied to the substrate in
the loading area, and a second pressure in the third chamber
controls the sgize of the loading area.

In another aspect, the invention is directed to a
carrier head for chemical mechanical polishing having a
first biasing member and a gecond biasing wmember. The first
biasing membexr includes a first pressure chambexr, and a
lower surface of the first pressure chamber is bounded by a

flexible membrane that provides a first surface to apply a



be polished by a chem cal mechanical polishing (CW) apparatus 20. A
description of a simlar CVMP apparatus may be found in U S. Patent No.
5,738,S74. the entire disclosure of which is incorporated herein by

fef erence. The CMP apparatus 20 includes a series of polishi2§ ARR20®ns 25
and a transfer station 27 for loading arid 2 5 APR 2003 9 unl oadi ng the
substrates, Each polishing station 25 bncludes a rotatable platen 30 on

which is ed_.a.palhshi R t is_a six-inch (150

m ol met e}Q)L’ a8 gé’i Sh?-dbl ngc%ﬁ?‘zeg%q’m ﬁ°r?e‘1‘2‘%js&é{egarr§t%’&n& § ,Cﬁ"’fy?e”r?qéiaﬁ]e% 3a
and pol i skisg.padhe? semprie haaing wanibed nehesrnectied ®icerohd fristhstrate
tois a twelve-inch (300 ml]ineter) dianeter disk, then platen 30 and

pol i shi ng®pagi8s m&wfam the Saront e sing imembesr comgiraigstthol i shing
processes), fe IS RO ; oMM} )= o4 I n,.30.at_.thirty to
t wo- hundr egeﬁg\%gl u iogsr}s?\i%er m ﬁ&%%ﬁ&h%&gﬁqﬁg&%rﬁ}% é%‘artottaﬂei onal
speeds nagebends bd s ibgc mepdisirs iong redat ithre 25 28w ff thchdlodditig!darean
associ ated Bag cogdi tioner apparatus 40 to maintain the abrasive

condi t i on8RdoFhend IFST; Q}iaﬁd'%@afi‘.e"ﬁeé‘] GO 153 S Sl PFasF W e @Rrrlidad agent
(e. g., deponi,ze faor hde l4:5h and a chem cally- reactive
cat al yzere?eghg. gug%?:grsastieu%rﬁ§gr o%%%gl?@r rgl%);(%ade pol i shing) may be supplied
to the surface ofipoancther psped?, byha invdhvtonsisrdyfrécveq gonyb2. |f
pol i shing pad, 32 hie %l standard ,pad, slurry 50 rraoﬁﬁal so include abrasive
particl esSpE¥igr heaq fox igal; grechardesdoncddishdng haying |y,
sufficien J L "@é:% id 0 r t; i i.shi ng pad
32. S urrg}ré%cgrsag)éa?r%] i\ﬁr?cl%glges p@ﬁﬂﬁ%pﬁ%{#ﬁ%z% ggly(fkﬁeogndfm whi ch
provi de ashbghrptessmeans for eomtixicaliing Eadide aif tshd ol «@seh in

pol i shing and conqitioning cycle. A rotatahble nmulti-head carousel 60 is
suppor t ed¥B3<} E’eg’Féﬁd d@s%%éi&%d %t%@“gﬁw'am MeAE di¥el axis 64
by a carougghk 50l ASPRENNY W td rs sO includes
four carri g? ﬁggg s?stems 70 rmuntpgaﬂgen )t°2 %Aé&%t%g lglpcstg{reousel
support pletdiGg atremqual angul ar interval s about carousel axis 64. Three
of the carrier head sxstems gositi on_substrates aver éhe gol i.shin

a

stations, and r une? PP HRBEE 4P PPEFT heli ©sYBYEREPBCEFVESTE EEBSFPag‘e from
and del i Vgpgnbhe reD e %410 rdi a9l &lo Sl ion .o Tesdarausel pptor may

orbit the carrier head systens, and the Substrates attached thereto, about
t he carouskle methocdet weawhidtaars iishihel dtagadinar anpalisttinmgiat widdti on

Each carrier head system 70 .i nc] udes a polj shi or_carrier head 100. Each
carri or hBaGaEee S dBstadn PR AR TR ] (AR ey i 2

i ndepende'ito'aml,%t &hdld YoidSfid @Bt idhaadi gl SdilcahdfoF BN R ousel
support plate 66. A carrier drive shaft 74 extends through slut 72 to

connect asdae iodr tiead oastiald aremtics asiyshiolved wi ttthea resmosd ofiamber
car ousel, coyver 6 to carrier head, 100. i S one

one-quarter a ) The

Carrior dAryENeh SAERRY M- O AR i "EANT R GTE SR POEVERA! ¢y
be suppor @ @t tdeladd Ahes EYM)sWitE ha@n be |inearly driven along the
slot by a radial drive notor to laterally oscillate the carrier head.

During actual pol ¥8hangthelr agpstty htheainventhendd saddrgosiad dved at and
above the three palishing stations. Each carrier_head 100 Lowers a

subst r at e"!er’hh 6’%_ aécetm?m&_t:f? dt i% ‘?1%’?)%% DA TR tarT ijlﬁé(ll%eg%rh%l ds the
subst r at e drerpesll it sl gdEl AnFhepaedrd ang ehstmebnbgs a force

across the back su.rface of the substrate. The carrier head al so transfers
torque fr ohanpenrive stafrian herd sihscornected cte i AgPrea UG FOULALF i er

head 100 ipcl udes a housi 10 base assenbl 104, a,qi al _mechani sm
e wh o PP Rt o Adirars e estuade o) 5 rdfbionge
time, and the derivative of the pressure in the chamber is
calculated. Whether the substrate is adjacent a substrate

réceiving surface in the carrier head is determined from the



2 a APR 2003 m | oadi ng chanber 108, a retaining ring 110, and a substrate
backi ng assenbly 112 which includes three pressurizable chanbers, such as a
fl oati ng upper chanber 236, a floating |ower chanber 234, and an outer
chanmber 239. A description of a simlar carrier head may bezgwygdzmgﬂ u. S
application Serial No. 08/ 851,260 by Zuniga, et al., filed My 21, 1997,
entitled A CARRIER HEAD WTH A. FLEXIBLE MEMBRANE FOR A CHEM CAL MECHANI CAL
PCLI SHI NG SYSTEM and assigned to the assignee of the present invention,
the enti?®tY8t}+88ure of which is incorporated herein by reference. The
housi ng 10Z can (@eYoTgT<Tol} [ : t reyith during
pol i shi ng about ﬂz;?tﬁjlaxi S ofﬂrjc(’)!%%t(igj%n O?ﬁél%%f?éqg%gs?lgg%?ggl ;E/We

per pendi £ol bowing' fhatsurbaceTak thbspohtshimay pead itidicagedldsshi ng.
Housi ng 102 nm bg ggneralLﬁ ci.rcul ar ig shape tq correspond to the

ci rcul arPERRFRGur &t FBR grTiKatiyEserGee R0 ETHSRCSedaINSe@T cal bore 130
may be f t hgough e IS a h i.tlsonal es (only two
passages&%%getlgg g?etPFlSg?gz?ggvfnagﬁéiB§§ %%%egggghgxﬁﬁﬁ'ug t he housi ng
for pneuvaiwne.control of the carrier head. Orings 13e nmay be used to forty
fluid-tight seals, between th assages through the housing and passages

t hrough the dri \?éivsq{‘é:fatg.esﬁf%feb'g"é% Lreeion Ry | kel yast F8al |y novabl e
assenbl y ben Si e 4 1nchydes a
general | f/J)??g?gﬂgﬁnulgg?Hbgg% ?%%,S;g%eoﬁggr lagﬁéar]f%%??'% %é%% éilfr}tcata mechani sm
106, andfbhekibie wmembpanenggidfstAthassahstiate mey be endildd aiegh t he body
of the ginbal nechanism the annul ar body, and the cla ring, ,and two
fixtur esCAURERBBLBr EPF dBOR LRLARERY Pﬁé?ﬁ%&’@o cb‘ﬁﬁﬁ’e‘émi?%ﬂ%@}tm

bet ween PpusiBdsdBardhid Baseed I 04410 ; flyidly
coupl e pggsggg ?é% Fg one of fhgégﬁgnég§S%P% §E€§R§§$§Bg§%§?ﬁéﬁaggg%bIer
112) e. gfinthanbér tBeé8sulisteated apassmpeoiredl,. shown) nay extend through

annul ar body 1.40, and two fixtures. (also not sho ma rovi de attachment
points to Conne&thed | ‘f‘hrl“'ea?%ea’b%ta%%%uﬂ%%s‘?ﬁgg\g%?%%ﬁgfﬁgﬁ Wildnmnly Qo4

to fluidby Sﬂgﬂl:@nEhQrBﬂi klds troat 8d 1 PgS Ree dipelike haysing ity apecond
chanber 1 n substrate backing assenbly ™12, e. (., chanber z36.” The gi nbal
mechani sdraeénger antiscildmgase assenbly to pivot with respect to housing

| 02 so that the retaining ring may renmain substantially parallel with the
surface of the polishing pad. tinbal nmechani sm 106 includes a ginbal rod
150 which fits into VeéfiQPJD@?&fi#t?%%aéfdtﬁefbféwiﬁgéing 1.52 which is
secured to annul ar bo : y i Vertically al ong bore
130 to provi de VEIGi chlisoanoexplodedcpesspebtyveéOdiewubfi 8 pheméntad any

| ateral not|on,of base . assenbly 104 with respect to housing 102 and reduces
momenent "§ERBPAFEG B?Sﬁﬁiﬁﬁﬁeﬁé 35358 of the substrate against the

retaining ring. gidbap {8dal50nLeRNriACEYE8sasRES8AR1194elNBE aXt ends the
I ength of the ginbal rod to fluidly couple bore 130 to a third chamber in
subst r at sapydlepetsk @dsiordiry tw fhe @iRgasnt ZWermtHeon oadi ng chanber Z08

is | ocated betwe hoysj ng_10 bgse.assenbly 4 applLy.,a_load, i.e.,
a downward press€£%'0$ &giﬁﬂt%nigggggevégge I? Té%?t%%gev§?¥kégﬁ position
of base agmemdly ¥iwn il iddtikPUdadidl wag, 32 is al so controlled by

| oadi ng chanber 106. An inner edge of a generally ring-shaped rolling
di aphragm 160 nefI@8. ctAnped #B hoesEaheneRibycxpspnAectionsg vieyslG2. An

outer ed of .roll.in i aphragm 160 Y. be cl ed..t o base assenbly 10a by
2 5 APR 2005 SEI e DIk STHY L0 THRICS (9 1T o S 30 160 seal s t he
space betNBenR HaUHAY Ak Ante hasRAasenbl y x04 to define | oading chanber

Z08. A first punp snot shown) may be fluidly Connected to | oadi ng chanber
108 by passage 1BRGEe EBBntndl SBherpr esbgmatic chosiEc8eichdosrdntydevwsd t he
vertical ,pqsition .of se asse 04.. The retajping ri 1 may be a
gener al | ﬁ'& YR Q:W%gtaréeecﬁ?’éﬁa%élt%%a%{ﬁ%raﬁ%@eogfa a%ré&g %?rbl y 7.04,
e.g., by fehkikll ZGmbiaie fftbd tite PddPeldet hoad eafli PYe chanbeside8 and base
assenbly 104 i s pushed downwardly, retaining ring 110 is al so pushed
downwar dithet swssisa%e | oad to polishing pad 32. A bottom surface 124 of
retaining ring 110 may be substantially flat, or it may have a plurality of
channels to facilitate transport of slurry fromoutside the retaining ring
to the substrate. An inner surface 126 of retaining ring | 10 engages the
substrate to prevent it fromescaping frombeneath the carrier head.
Referring to FIGS. 2 and 3, substrate backing assenbly 112 includes a
flexible internal nmenbrane 116, a flexible external nenbrane 116) an
internal support structure 120, an external support structure 230, an
internal, spacer ring 122, and an external spacer sing 232. Support
structures 120 and 230 and spacer rings 122 and 232 nmay be " free-floating"

b

oy



2' ~ APR 2003 14 inner flap 204 that extends fromthe corner of L-shaped
portion 202, an annular outer flap 206 that extends fromthe outer rime
L-shaped portion 202, and a perinmeter portion 208 that ex'ﬁfggb} ah@ynd
internal support stricture 120 to connect L-shaped portio Rfl3 cent r al
portion 200. The rimof inner flap 204 ie clanped between flexure ring 152
and annul ar body 140, whereas the rim of outer flap 206 is clanped between
outer clanp ring 164 and lower clans ring i44. The vol une between base
assenmbly 104 ang‘%te?rﬂa? HeFikthel hest faging bl xelayienabipf | ap 204
provi des SUZabl I 1zNQ 4.0 234. e annul ar _vo| une

bet ween nggégésgﬁgl 39%‘5%5%3%:%?3%??%%%%?%%%%% }Q}e P SENS WY i nner
fl ap 204thaduppeer £lbapiiat cimimoees a pressurizabl e floating upper chanber
236. A second pun})s(rnot shown) may be connected to the unillustrated
passage to directt9%ui th Y. 7B pRRs2 FHAPR aslbuptraningorheut of the |
floating h e ALhi L u sho y .be .connected to
bore 1309%}%&%{1}%0? Hg ? Ieﬁga téL.vtge. o fgtglaeg.,% r%%%ﬁfraes (\glpl/ ,C{E:%ntl(f1 &Q—'eo[}'tmﬁr

Fl oat i ngflomeinghahbmbe234s BheEunetdnn pEME ivenidinlisig ke susasdte in the
upper chanber and the vertical position o the |ower chanber) arid the third
punp contPERSCERB PBreSsEM&S-n the | ower chanber. As explained in greater
detail below, thegpress eah%clfxé%i gci"c%’ﬂs&@@i@ﬁélzggew LE gontrol a
contact area of internal nenbrane z16 against a top suriace Of external
menbr anecétaie¥fhhepdt baviegomeh pmvercailt suppcdte pdrata 0of the substrate

agai nst which pressure |s applied, i.e " the |oading_area, whereas the
third punp cont o4& ther8lodnfiRPema el e ccHRe & heestibepprht ¥ieW efieal eading -
area. Th .ern [ i d fr.al ty 2 ~ APR 2-3
15 210 tﬁ?ttgyc'%)g(%egI ?gﬁggé,\;&v%gtae#ﬁgwg&%pg%&#%ctﬁtép%ol]35(])' provi de a
mount i ng surfaceFl®. engape shechematiat €rogndsacpeohatt efe@oblfi an 27. 2 that

extends in a serpentine path between external. support_structure 230 and
ext er nal C3pEAEF Feag MRV ing ke Hexikde memtranmddiats SBSELor exanpl e,

an edge XEern "’W : { wer clanp ring
144 and rgfé‘%‘%lg%itﬁgkﬁen% 110. e%ﬂé%%vlgﬁgq%eﬁﬁ%‘%%r nal menbrane
11.6 and externafIGenblane dlB8cHehahis arpsessertiabhd wuker ofhanber 238.
Thus, outer chanber 8 can actually extend bel ow the | ower chapber 234. A
fourth pGRETERS AV t?evégﬁrf‘ecft% SRPHIR e BRIRR rREt2 1 | ui d)

€. 0., 2 @APetSdel.as six, Into or out of outer chanber z38. The fourth punp
controls the pressure in outer chanber 238. The internal support structure
120 may be a genkilt| yefegedcannuinbereaskher debapedtieddyin chet ewkivgsisde

floating J ower chanber 234 to intain the desjred_shape interna

menbr ane df pyings &hartei3He t:{:ﬂ‘? n%?‘?f’aﬂt%Up r’feg‘?lf?f}é)?%%u'ﬁlﬁ?/r b‘élgh

di sk- shaged chedy: Wi B DAY Atdd¥s AfnADENt W BsméRE RAAT OUEBa1 TD8d

di sk- shaped support structure would provide a backing surface to prevent :
t he substiuaicd iforomdrs it demegre ds ke twrsvar pi ng. The i nternal spacer ring

122 is a generally rigid annul ar body which may have a " C-shaped" cross,
section. The internal spacer ring may include a cylindrical portion 190, an

annul ar upper flange 7.92, ange@gipg@u[b@gcf%gioﬁl ange 19e. The internal .

spacer ring 122 may be |ocated in outer chanber 238 above internal support
structure 120. TRefammingr HoodG .f langaiel & cwrehEWRIp@mtet 1 ikl

i nternal support .structure,, whereas annul ar _upper .f|ange can 2 5 APR
2003 16 éﬁéﬁg‘%ﬁé&&ﬁﬁ?%ﬁigoﬁ? ??hﬁ?grgoiéﬁhéﬁ é§?® nal Spacer .

ring 232.appdiatuld es0al Aegbsapepdioni scf &r BeMliohrache! applrauandag! astic

material, such ag an el astoner, an el aetoner coated fabric, or a thernal
pl astic ctmsfomt (ITPE)S. cPatenkYNRELT 738aFVabl eher shtDYEoSd 86f oRREr K
bel awar e, or ,a. conbination hes teriaxs. (Preferably, internaX

menbr ane Oﬁ)éﬂ?‘lsc o’f“r%v\h%‘t:gfggs"a#gxﬁﬁf“ 1Ph§?§ &x gfﬁgf%er'renbr ane 118. As

di scussed above, TaeC @Me Yt UL AU @M L B Il s@pidd OPE 2001 DhhiRger nal
menbrane 7.1s can contact and apply a downward | oad_to an upper surface of
ext ernal FeHbreme 29sandha Eyapsfsrt esasienr éd £rrod@ddime &%cer nal
menbrane to the substrate in the |oad~,rig area. The bottom surface of
central portion 200 of internal nenbrane 116 may be textured, e.g., wth
smal| grooves, to ensure that fluid can fl ow between the internal. and
external menbranes when they are in contact. The perinmeCar portion 20s of
the internal nmenbrane extends upwardly around an outer surface 1B0 of

i nternal support structure 120, and inwardly between |ower flange 194 of
internal spacer ring 122 and an upper surface i.82 at the internal suppoz-~t
structure to connect to the | ower edge of L~ehaped portion 202. Th.e

L- shaped portion 20z of the internal cnenbrarie extends inside cylindrical

A NN o C — o o A NN Y o o o o



2 5 APR 2003 17 support structure z30 nmay have a generally rigid

ri ng-shaped portion 170 with art annular projection 1,72 that extends
downwardly fromthe ~cimof the ring-shaped portion. AIterqg$i¥ﬁ££Q&
‘projection 1,72 may be positioned to contact a top surface A t er nal
menbrane to pxeferential~,y apuly pressure to selected areas of the
substrate, as discussed in U S. Applrcation 5exial No. 08/ 907, 81v, by

St even Munuadingethal subkithadeAugu , - A | t RxER HEAD
W TH LOCAL PRESSURE ik el ﬁ’ﬁ‘f&ﬁ’%ﬁéﬁiﬁ%&éﬁ‘%ﬂ%@sm NG
APPARATUS R@hddasshgretiatabilhepdsteynad oh whdopr dsemil dded SNtion, the

entire di s) o Lech is.invarporated herein by reference. The
praj e i oégjllléH%g§ %3&/{1? r'magfbﬁugag’é@f'@ell)g &Ft&clﬁigfgiélclha%éﬁoof
conpre~d1hib1£m€ﬁéﬁ§iak,e&éhﬁ-&ﬁﬁﬁr(§PPfﬁ§§1Q EEQQﬁSQQQﬁ%tQXIEﬁQP 170. The

external. spacer ring 232 1's a generally annular méenber 05|tion§ﬁ bet ween
ret ai ni ngtReRgrlavenndOeandr palisbibgapedl 38. mSyebief mballty twexiter nal spacer
ring 232 c d ve external support structure 230. Externa
spacer ri%@gggg #ﬁc?%%@ggEQCyliﬁ%x?ggﬁtﬁ8ggiﬁﬁ 18423 kWA VR ARGE 310G on 186
whi ch exteiuibinet¥ay diyaineverddt sk, ~€hean&§E§an31@ eha' ?5%'1%&9% ng 1.10
to m~,ntain the |ateral position of the external spacef ring. ernal
menbr ane 34 .Way sbe yeeurathdrtyr sukchessheetifoened.of Farf mestbl e and

el astic rial. _such a hl or apt epe_or, et hyl ene pr.opyl ene rubber, or

si | i cone. fi%%%%%,gigﬁ?ggﬁspoPtE%ﬁg??ddEFVFh@°E?Feﬁﬁ8¥ FEAWFAne defines a
mounting futdeee poicshcasubal entetyvber 638 AGHFRNCLRULLET A7 pox] ends in
a serpentine fashion between external support structure 230 an g&ternal
spacer rimgeEe, talbhovghnpeneperrebaghaseratseibhnll 8peadsd mataiiei ng ring

110. 2'~ AP R 200 18 eci.fically, perinmeter portion, 21 xt ends upwar dl
around an“%u éz-g%%?fgsigfﬁ?ﬁgofkégé8§naﬁ @BBpSBthﬁFU&PG @%93GP inwgrdly Y
bet wveen f4eageieedi PAAOE-ARLLLBALrSABEETatiiBI483Rc2RA iARa RPeResUr face | 96

of external support structure 230, upwardly az~ound cyllndrlcgﬁ portion 184
of extez-daragspueecronihylonrofanbiet pehiehingrpag.to a ri mport~. on 214

whi ch is clanped,b n, < r..clam ring 144 and retaining ring 1,10 to
forma fluid-tight %l\é%e;y Ed')véforrétealsrble{ﬁ na %‘ﬂoef‘?(?%fn"%l@?ﬁatt e ®xt er nal

menbr ane @xientdsedekueed Ebi PREHEOPo214nh2nd)t BACOU! ShetijaaBhgr Of the
upper surface of external. spacer ring 232. The external nenbfane 7.1.8 nmay
al so i nclueechivei ertpbreron (18 -t hpetesgsenos hygwerdke fetrweside. z~t er nal
spacer ri | 22. and external spacer, ring,Z32. The external rnbxane may be
pxs-nnldegg}}%gfggg &Y p ﬁtfﬁggzﬁgﬁe£°lgthgpﬁgpﬁﬁ,QFIEP 1Fg35§n§@& into ox
out of fleatbpdal evebifbanBelur2ds riase0RkkOk 2t he 1¢oWIMALE 1 RLESSIH & 20f
internal nenbrane i.16 against extelL' xial nenbrane 118 and thus agai nst the
subst r at e18ahdeFrOEArdePpdap A UENY0 581 Mt adBof ivglidg abpasiviearber B6 to

control t t ,grea of ko nal; rane 116 .against.external nenbrane
1z8. The gﬁff??§g%f(gégfVe%1gggghigboggg%ogffoFxﬂgfh%Fﬁ§BF3§§§ﬁg area and
t he presstypiappliedstfifthdéentbslngtry Wl brovededpital nesed hdr §fer ence to

the schematic diagrans_of FIGS. 4A_and 49. Referring tv FIG 4A a
hypot het i E3F SREIRFgRPY18BABHAPAS B8l sRANTIVY Xingeudes §2-ingdadesoat i ng'

fl i bl t i | | h 5. As
Lhar no cSFeERTCapiay! 8298 MEDeR BRI AR B SWANRC M, "S5 T
be gener aptysspberrtabeand paldshingnpad G2 Rrethe erkowFvexcna. f the

menbxane i s_cot ~tpressed, a.‘%‘.i ( .between a rigid plate 304 and substrate
10, the fRORXPRiNG ABALFIREIKLPRiING2 CYCAPR 2000 19 deforminto an obl ate

shape whi ch cont g¢t Ry e | y.circul ar ntact region
308, Assuni ng that g ar T Son RS- Bl T ERRRHE, Ko ke rvBRoRIRY Y &inre
menbr ane 8gAtetopostbakanadngoregeid eheldan RFIA<a cdrenedAPakid e

di fference between the inteznal pressure pl in the chanber 306 and the
external BYe@sfRECPSESFREOFIRSGMBE Y-Ineki ghevienbr v tlateas- is the

surface a optac i.QN ot i t ~+ Of contact region
305 w11 Faraluet Bbltpcleed” st cEMTen Mo AN ne R o o e
and pressure can be obtained by a two step process where the pressure pl is
sel ected, and the applied force F is adjusted to determ ne the di aneter of
the | oading area. Although FIGS. 4A and 4g illustrate the concept in a

hi ghly schematic fashion, the invention nmay be generaXy inpl enented by
applying a dowmmward force to a free-floating nenbrane chanber.



Referring to FxGS. 5A arid 5%, the contact axes of internal menbrane 116
agai-nst external nenbrane 118, and thus the |oading area in which pressure
is applied to substrate ~.0, may be controlled by ~raryxng the pressure in
floating upper Chamber 236. Hy putqpixlg fluid out of floa2PrAPRIB#Sar
chanber 236, L-shaped portion 202 of internal nenbrane 1~.6 xe drawn
upwardly, thereby pulling the cuter gfdge of central portion 200 away from

t | gremdr ing t i amet t he | oadi .
Conver cel § Ty REe ooBR0oLEChEREL e E SuBTT BhrSinknbar S3YB 1Y, SoRubed
portion 20@raofsehtaxbal 6aenbThnes1d6 thef oagedexr ReRdABRsRARAZ 2O

domnmardug, Ihereb%%gushing central poxtion 200 of the Internal nenbrane
into cont®RITWeH BrhaterefBeankhe 1BohRahiRgr ehat hgneheaddamatepfof t he

| eadi ng . I hd 28, gl L d,.] ed | er .chanmber, z38, L
shaped pg???dﬂigggggfﬁ?ﬁ?e?%%#eﬁ%n%%gﬁé9%§sgiéﬂﬁgFggéeuBRBWdFyg t her eby

decr easi Mipliteexh avip¢ esubsthataoad~thg Breasfdhugtatosarrvge head 100, the
di anet er of thq%Loading area W ll depend vn the presatures in both the

upper chdEX=end"PHRE it r “ERAhbERe FRTELEHphaRG exapemao0and thaneter of
chamber D3E e ocs o EhOREa Py BEet 87 RESRE LR LR-HRREL R¥EY PEsRoEhn bo
det er m negheypeikipshine nstat bons oandatbel etadsbyr Fotat torl enent anal ysis. In
the graph in FI t he x-axis represents the pressure in the upper
chanber 234 andGFﬁ‘g}\/-Rgﬁlfrr@ﬁa&@M_et“hé’ocdﬁﬁié{de&r éa PolHSIENG & graph
ont Aot o O SAPEIEE Aral Eo R R B he ot o
chanber 238 atass sabowlt | kesl dyntaeié| ~hhdwingepbadent (y aphtbiragPpeaeure Pl

oscillates in a radial slot 72 formed in carousel support

plate 66. A carrier drive shaft 74 extends through slot 72

to connect a carrier head rotation motor 76 (shown by the

removal of one-guarter of a carousel cover 68) to carrier

head 100. There is one carrier drive shaft and motor for

each head. Each motor and drive shaft may be supported on a

glider (not shown) which can be linearly driven along the

slot by a radial drive motor to laterally oscillate the

carrier head.

During actual polishing, three of the carrier heads

are pogitioned at and above the three polishing statioens.

Each carrier head 100 lowers a gubstrate into contact with

polishing pad 32. The carrier head holds the substrate in

position against the polishing pad and distributes a force

across thelback surface of the substrate. The carrier head

aleo transfers torque from the drive shaft to the aubstrate.

Referring to FIG. 2, c¢arxrier head 100 includes a
housing 102, a base assembly 104, a gimbal mechanism 106
(which may be coneidered part of the base assembly), a



in Quter chanber 238Pressure P2 in Lower Chanmbsx 234P2-P1402~. . 07. , 50 .
54441. 02. 0Z. 04063. 03. 50, 54083. 04. 01. 04103. 04. 51. 54125. 05. 50. 54145. 06. 01. 04l
65. 06. 5~..54185.07.02.0 Carriex head 100 may al so be ogexa%ed in a 2 ~
*APR 2003 21 " standard " operating node, in Wich frosting cN s 233 and
236 are vented or depressurized to |lift away fromthe substrate, and outer
chanber 238 is pressurized to apply awniformpressure tv the entire

backsi de.of t.he Suhstrate. revious~. Vv di ed,, O reqcqurring

pr obl em FRAENPS & Sl%f-etfnﬁfoogﬁ;%rrﬁﬁasltﬂlﬁg/o&rfsqigﬁéumaﬂd;teae Sggbrﬁﬁ:e%a.teji owever ,
the cont pgldkablee dsaastivly anes wartibe dieide wargeisaignizgigid shing
profiles in which the center of the substrate is und%épollshad by appl yi ng

a sequenchagbeys.i shidhy aft epLlgatiing (RIS ChRA™IREt 436 of2 tHe36ef ng ar ea.

Cubstr o, Been, AR, g T R g D A “ A SRRl

regi on haw RO A iadidi e 2er iy Heas®aend siiraidreh {tr,uand ddEni gt tosh a
still larger region having a radius r, for a th~.rd duration T, . Th~.s

ensur es Seatiadhdlcdi f08 8GR, 36 ihLWilahe subish ratfel k8@ ¥ar- 25b. BPNith a
total tane acr.d pres equ r.e | sk -paLformties. As
previ ousgﬂ}"l&i &é%‘%% Wg%}cﬁﬁﬁ %W&# ﬁw 1%*{21# nlga~uni form
pol i shi ngygAicalnMRIga AT hoStBsiN@ SysTiMERid 3¢ Byned Spagke ring 232
may be used to control the pressure d~.stribution ;Pp|led by externa

nenbr ane absdgnee athdhaitpressnt cdeentsheri (Rl R8T asAHFSERRYES ?h U S
Applicatiqgn Serjal. No.. 09/ iga, et al., filed Cctober
9, 1998, Wg’fh‘i 1% *A‘W%WW% %%lv_%%%g%ENBRANE FOR CHEM CAL
MECHANI CP~L POLZBHsNgousidgaiszgeat be idennzesednee diritviee shadtems

invention. the entire disclosure of which is incorporated, herein by
r ef er encdio thatate fawmrewh cuging ppel 1 ghing PRt tFR ®%18rAal spacer ring

can be sel ected t 2' .~ APR 20 i t i ress appl i ed
at the cdrettHin ;)]noe7 e@?f“ééﬁai‘%r%%ﬁ%ﬁ%‘gg%%ﬁ%eg %ﬁ%‘?‘%\\éﬁ%ﬁr?m#fe‘r@. I n order
to remove, e seihst rele poDidhieg Pphdshpgngagol i shbhting Hppedinghander 236
is pressurized to force projection 1?Z of external support structure 230

downwar dimeyades ngenewl Lppet reut dacénopbanet kP naPrHEMBPERe 2180 Thi s forces
t he external nbr ane. | a t stra : a se@al. The
loattng FErarTar! Soged Sifla £20RAGE Khe buhBerarbstoabe puiheneua s@

vent ,
vertical bore 130 may be formed through the houeging, and

three additional passages (only two passages 132, 134 are
illustrated in FIG. 2) may extend through the housing for
pneumatic control of the carrier head. O-rings 138 way be
used to form fluid-tight seals between the passages through
the housing and passages through the drive shaft.

The base assembly 104 is a vertically movable
agsembly located beneath housing 102. The base asaembly 104
includes a generally rigid annular body 140, an outer clamp
ring 164, gimbal mechanism 106, and a lower clamp ring 144.

A passage 146 may extend through the body of the gimbal
mechaniem, the annular body, and the clamp ring, and two
fixtures 148 may provide attachment points to connect a

flexible tube between housing 102 and base assembly 104 to



e.g.) connected to the external atnmaephere) and outer Chanber 238 is
depressuri zed. This causes. the external nenbrane 118 to be drawn ~. award~.y
to vacuum chuck the substrate to the carrier head. Then the _f| oating upper
chanmber 236 is depressurized to draw the internal and ext ¢ NAPREMBr anes
upwardly and lift the substrate off the polishing pad. Finally, |oading
chanber ~.o0e is evacuated ro lift bagﬁ%assenbly 104 and substrate backing
assenbly away fromthe polishing pad.” The operation of carrier head 100 to
| oad a sfibsidayecbupdet haseasei éB4hsadone pXahhtechsmhersnin?, dechuck the

substrate froma pgol ~ ahi ag_pad, at i shing statipn 2 and_unl oad .t he
~aubstra?%bﬁ?5ﬁ$?h aEﬁ?P?egsESQBEXth%é FrgnéFggggggfigﬁsz7,Ai§e§8ﬁﬂarized
by the fghbg&gag(hablgaowh¢aﬁa9pe&@bhme§h99agh.ahah1§&ab%89t&a©t lagger
assenbxyl nfl ate MenbranePush substrate into MenbraneG i

vaferoutéWOeﬁ@véHFEﬁeéééﬁ@véﬁFv&b@ﬁﬂboW@VvEﬁPVéﬁ?véﬁFﬁégﬁﬁéﬁtGpﬂ@ﬁ@entvacuu
mvacuunvaguyovacuynl peyasuy Iy e aiAKAEUHIYACUYEL and base

assembly 104 to fluidly couple the unillustrated passage in
the houging to a gsecond chamber in gubstrate backing
agssembly 112, e.g., chamber 236.

The gimbal mechanism 106 permits the base assembly
to pivot with respect to housing 102 so that the retaining
ring may remain substantially parallel with the surface of
the polishing pad. Gimbal mechanism 106 includes a gimbal
rod 150 which fits into vertical bore 130 and a flexure ring
152 which ie secured to annular body 140. Gimbal rod 150
may glide vertically along bore 130 to provide vertical
motion of base assembly 104, but it prevents any lateral
motion of base assembly 104 with resgpect to housing 102 and
reduces momement generated by the lateral force of the
substrate against the retaining ring. Gimbal rod 150 may
include a paasage 154 that extends the length of the gimbal
rod to fluidly couple bore 130 to a third chambexr in
substrate backing assembly 112, e.g., chamber 234.

The loading chamber 108 is located between houeing
102 and base assembly 104 to apply a load, i.e., a downward
pressure or weight, to base assembly 104. The vertical
poeition of base assembly 104 relative to polishing pad 32
ig alae controlled by loading chamber 108. An inner edge of
a generally ring-shaped rolling diaphragm 160 may be elamped
to houging 102 by an inner clamp ring 162. An outer edge of
rolling diaphragm 160 may be clamped to base assembly 104 by



2 5 APR 2003 23 Tine delays nmay be taken after the i.nflatian) pushing and
griping steps, reapectiveZy. Dec uck OperationSteplnitial StateApply Seal
ForceGip SubstrateLift SubBtrate from PadLift Ring from

‘padout er vent vent vacuunvacuunvacuuniower vent vent vent vent ve AtSUSPR2003nt pr essuz
~epr essur evacuumvacuunRi ndpressure ~preesur epressurepressurevacuum Ti ne

del ays nmay be taken after the sealing3 gripping and lifting steps,

respectively. Unload QperationSteplnitial StateExtend Lower Assenbl yRel ease
Substrat@EFéEE R 8§43t ¢ THus, rolling diaphragm 160 seals the

ot St A S L G L IR T e
be takenlehdéngt lehafmbewelioty add first pump (not shown) may be
fluidly connected to loading chamber 108 by passage 132 to
control the pressure in the loading chamber and the vertical
position of base assembly 104.

The retaining ring 110 may be & generally annular
ring secured at the outer edge of base asgeubly 104, e.g.,
by beolts 128. When fluid iz pumped into loading chamber 108
and base assembly 104 is pushed downwardly, retailning ring
110 is also pushed downwardly to apply a load to polishing
pad 32. A bottom surface 124 of retaining ring 110 may be
substantially flat, or it may have a plurality of channels
to facilitate tranasport of slurry from outzide the retaining
ring toe the substrate. An inner surface 126 of retaining
ring 110 engages the substrate to prevent it from escaping
from beneath the carrier head.

Referring to FIGS. 2 and 3, substrate backing
assembly 112 includes a flexible internal membrane 116, a
flexible external mambrane 118, an internal support
atructure 120, an extermal support structure 230, an
internal spacer ring 122, and an external spacer ring 232.
Support structures 120 and 230 and spacer rings 122 and 232
may be ‘‘free-floating” , i.e., not secured to the rest of
the carxrier head, and may be held in place by the internal
and external flexible membranes.

The flexible interxnal membrane 116 includes a
central porticon 200 which will apply pressure to the
substrate in a controllable area, a relatively thick annular

portion 202 with an ‘‘L-shaped” cross-section, an annulax



el ection steps, respectively. zn order to determ ne whether the substrate
was 'succesefusly attached to the carrier head after the 7. Qadi ~g or
deCGhueki ng operations, the CM5 apparatus may performa substrate detection
procedure. This procedure starts with outer chamber 238, upgp®apR #83i ng
chanmber 236 and | oadi ng chanber 10s under vacuum) and |ower floating
chanber 23~ vented. The |l ower floating chanber 23~ is connected tQ a

pressure $aHEEE FAkRA 2bigX rezsux’ €. Leferring to FzG_ ~a, the pressure in
the ~. ower floati ng chan‘ggrami gx%%glg%r &&O8K té*e %?x?eKPRfZéO@hzwefdmcti on of

time. Refpoxtagnt @0El, Gan7Bnnulearf buglerdeniayabioge chdp/ dick 26t Iﬁ_o%r% sure in
the | ower f]oati ri]ﬁ clr’}ag‘t)eg1 is calculated as the chanber s preéssuri 78d. I f
the gubetTAreTi §F Bt prE88Red PREtEORCR 0Zhanbdr anbkkibeweatpoatdky and
have rr~oppg orgXPaBRteRBsC t b bstrate is present and chunked
to the carrier head, “ hgsvg:}é%\%&i %nkﬁgkggm%ﬁpgﬁﬁﬁbﬁ%gf—‘rﬁe1I2i°mtt°ed, and
consequengdyneqe brebsped por€henl guer anbasbatrwil okt $6nT80e AUkl V-
Therefore, .if_jhe subs%iate may be detected by determ ning whether the
derivati ve*BFPHt TPREEXELBHS294 GLEt clappedabatween Fhesure-ringallseal ue Ca

may be d ! j |1 h eri.vat ve dP/ dt_exceeds .t he
criyti cal ei%/xg(lH &Hﬁ?g%ﬁgﬁaﬁgagﬁbﬁg’??g{aggi ghprgélé'n?? mg?ﬁe%éf‘ﬁeﬁoﬁaﬁé, Zf the

derivati velaikpeld beeweantoaxeeedlbimf ehihfl g8k YAhUBokhy LASR tggngubstx~. te
is absent, Lower floating chanber 234 nay be returned to a vgcuum after the
subst r at -4t ecTPONVBIBREdReEWESN CBABRerESemBLEr LPAgand EnGeraalin anot her

enbodi ne m&@é L e e 0Pa~l es.a.general | | sk-shaped internal,
support p%te !%%ai% a?ﬂ%t}ogg éggiggbg?’x.lle?rbg#ﬁée%bilgﬁPVﬁaeﬁpBer chanber
236a and gressunizabler ELbavbry 234ar dhembeiepsal nepbrapguiifa is a

general l'y circular sheet, with a central portion 200a, an edge portson 240
secured t¥PbHHER bekussnbaseasgamblyi 1aAnandr inheshadr membraneod 16l ap 242

secured t t 4 [ n S ort_pla 120a.. The central
or 1 on 20U of P FenFERCef cdnfitr, PARE" 20 SRR BhrBx EEns aPRan=LanRe:

pl at e. 120a puessiy hzableaflogtiagenppsbanbramBadazigher Ea§ebBﬁdVEhH@E

bet ween the backing plate and the base assenbly that is sealed by edge
poxtipn 2 %fgl'i‘?ff’g)r HARY P8 sHBRAREtedshodehenudilleat ratedppassebanber
236a. 2 HrHHR 2008375 The, diskasha i QLe I o] te.120a

i ncxeaees the contact ar eg; beétl\/\sgaeﬁ'f%glt‘i %g %ggér%ggn‘%%rgg&gfaﬁg‘eﬂoati ng
| over chafifeat 233 upTée exawben| 236ppOoRt tRirdCHUND 2368 BRYwhICHEYeLA

ri ng- shaped ortiﬁ?n 1704, a{l annul ar fl ange gorti on 178a that projects
upvar dl y SPER AT iR rPetgel 3 FPngisnahedl fhRifoneig70ad gRE.aspehj ection
172a that ds; goynuar gi o] . oyt ngsshape ortion
170a to c%é;g%?' a:h upper gﬁ?fé%eg})éggiggr%érggrgﬁ%géﬁégl g%g' ‘Fl)'hg | . angE
port Xon l&zewd mwtRreeltrelppuhe predstueeirz3fhemaypde shambed wwd nternal

support plate 120a to interna nmbrane 116a. Alternatively, external
support s %c\feu_z%l%%ap%%b@_‘f? eggfo;ﬂ’ﬁﬁ Fhavhesr eRanbbe Bidrdcarr-, er
head | dOgpurghcéditifold €néagheOBuse M hatnk016QLE! ﬁﬁa\‘ﬂﬁé{i 10Qs
8pec~.fa.eall.y, the pressure in floating upper chanmbex 236a control s the
oont act &PEd dinedeln geeater ndebaihebayavnsthe hpreapseresinf dteatfinghe
external, r 3G i he. pressure i.n floating | owex _chanber 234a
control s L%EE%E?Hessur%{.a%%) i & P pc?’_ﬂérg#]bgt?a?gaf’ﬁ BRE2xBAdiRGearad. Tv
renove a maHstand @16 gdea ol i 8bnguPedce§ bP2bxt BINEPPEXmERANREY, 13362 i S
pressurized to force projection 172a r~rr externa2 suppoxt structure 230a
agai nst t Hippeihe s9eend gpumyt conttotenbhanaréd8asf Thesspregsaeet he

external ne n inst the substrate, tqQ forma f]uid-tight t9sal
t her ebet mﬁéﬁ%&%ﬁ R idmate }%V\%Ppiﬁﬁabef"izs‘ thFeEI?aégﬁgo&Féla:chanber
2382 i e dpAeanrdHe ki Or@Ublmb NeoR¥EST BaL LECABLANGra08LR8L Lhe cit er nal

menbrane. Finally, the floating uppex cha~tbex is depressurized to pull the
subst r at SWRTLEHeE pod i G nkepdtng Refearing to FzG 9, in anot her
enbodi nent

CATTTHe external membrane 118 includes a central portion



2 5 APR 2003 26 head 100b may include an external, nenbrane 118b having an
annul ar Zip 250. Wien outer chanber 238c is evacuated, |lip 2S0 may be
gul | ed agai nst subst'rat€ 10 to ;~oxm a seal and inprove tgﬁ‘éﬂfggﬂ}chucking
of the substrate, ae described in U.S) Patent 3~pplicati ' Na.

09/ 149, 806 by Zuniga) et al., f~,led August 31) 1998, entitled A CARRXER
HEAD FOR CHEMZCA. L MECHANI CAL POLI BHJNG and assigned to the assignee of
the present invention, the entire dzecl osure of which is incorporated

herein by 1Pefdidn Bt FRIRIPPHYY t & FH R L FURRPEh AHRICRHER A TRt carrier
head loogfdﬁld@% fodhOghé dbhLxd et%%@ t?h«_BCs Pall Skaspaped
t I on of f

backi ng ruature 122c. A Tenter port xex1 bl e nmenbrane 118c
ext ends |lpelrimeizokiprrsionc2 12 et 2 cextepiavinien caerpentt wge spriflace to

engage the substrate. 11 perineter portion 2s2 of the flexible nenbxane
ext ends mﬁﬁﬁﬁﬁﬂl?ﬁﬁF?Q%%ﬂ?WBP%EQnﬁé%%FESW?r%%ﬁi XN BBAL FPRERT backi ng

structur %in@%ﬁ@@%@%&@&f&@%@%& NSd &l 69s @b TRer £4ARREGp I ch i's
cl anped between a clanp ring 266 and an upper surface 270 of backing
struct ur el 22ige axectlae ewternil aperiyfandivdy e psl ampeddbspeeen ring 120c

to b I d bet t aj ni i 7.10 d dy 14 Thus, th
vol e b, AT we A e B P s I b0 bR ed il fo T emn®
a pr essurﬁ%}h{ffﬁ Jséaaééﬁgiﬁ@&@ﬁafhamaﬁéf%sa@ﬁdt@ﬁ?aﬁaﬂ%%wﬁa base

assenbl y backa. ng structure 1 Z2c t 1s sealed by inner and outer
fl aps 26@Endiefiheefa neseasprizaile zabter f thambey 2pper ThambeeuP886c. one

o hoar (RS A6 S0 PErSphiS SRYSTS ROIMECEan FBUFF oaRARaoF ot -
chamber 2%fcfé%?@ﬁié€§§~§n§é~bﬁo@ﬁySﬁﬂg B&2-0RAese88 280phshagaseiassenbly

104c, and a passage 282 through back~,ng structure
1.22c. Fitd dese@89%flaidd €86. pravaae, astahaendipai knsof F PHEXPEl e t ubi ng

Lhe backi SEEST IGRTPEE | 83 Bonndt FALCRICHITR TRATFAF| RIS DACEeRAnbl

234C. ThegbolfompsthEaceagr4 of the backing structure may have a projection
276 that extends downwe,rdly froman outer edge of the structure. 7~
plurality of grodies i3n&EIngl duppdxs formmture PR IMBE R dte 274 of

backi ng structu 122c,t.o_ensuxe that flujd can e d bet ween
t he backiﬂﬁ“%ﬁi\fifuf:igéhdai"ﬁﬂ?f‘e%ﬁﬁf‘%’ﬁﬁhﬁ?&ﬁe?’ga? é%%tgr%%l ii?llt;ggg@et he
pressure ﬂ.‘oﬁf@n PRSWeNehbBRl B84 RWEhacRaERAM Shek delsh rielde shapieaelf
pxessure and [ oal~.ng area of flexible nmenbrane 116c agai nst the substrate

can be comhtekrhedl. membrasepldst-he Adgernasivelyomtitge IHGSIRINFUPRPTT

downuer dl FERHACUPEaPEYa Pood BENGEAFERo Soaat a0 S FTaAS] & membr ane.
and then fheatiRes! ewerethadgh.234he Fiskrelbaiped taupEotumciatiuee
substratewogld provide a backing surface to prevent the substrate
from being damaged due to warping.
The internal spacer ring 122 is a generally rigid
annular body which may have a ‘‘C-shaped” cross-section.
The intermal spacer ring may include a cylindrical portion
190, an annular upper flange 192, and an annular lower
flange 194. The internmal spacer ring 122 may be located in
outer chamber 238 above internal support structure 120. The
annular lower flange 194 can be supported by the internal

gupport structure, whereas annular upper flange 192 can



the carrier head. Referring to FIG 11, i,n another enbodi nent, carrier
head 1.00d, which is simlar in constzuction to carrier head 100e) may
i.riclude a valve 300 in backing structure 122d to fluidly couple uppex
‘chanmber 23rd to | ower chanmbex 234d. Valve 300 includes a d2SkARRZMEd val ve
body 302 and an annul ar valve f7.ange 304. Valve body 302 may Eit in an
aperture 306 in backing structure .22d, and valve flange 304 nma,y be
adhesi vel yootoomd esvép axtepnsurka 3250 in t tu 122d. An
annul ar seal 308 fits in a shalIogfaeprgs%3?€ﬁ¥5283§.&Egtﬁgggﬁ?? ce 312
surroundi rAPIGRY tLFRI3BB2. 2 5 APR 2003 28 A pJ.urality of vertica
channel s 3s4 may fQred through di sk-shaped val ve body 302 above seas
3 8-kl Re

308 to flu~.dly coupl €& ZRrs3dd SaAd Fepaec pdnivef 1236dleval ve

fl ange 304iEtel H$t B fhexeF €aBPr sudl =, e I 302 downwar d7.y
av that vertical channels 314 gb‘a‘t1 az%ﬂu a,?fss:%%ﬁ\!&é%B %g %¥%§g°Tﬁlé val ve.
However) i993%ad LHBECI02Ti g thernal uplestiy, el ietonde CPRE) wiélgno | onger

be cont act Vil ~dy xetd flujd may_| eak through channels 314. As

such, val \%f’@%w%{fag%a %%n 1RY #B%\%‘r"tc%sn%%\"aﬁﬁﬂfdbﬁhﬂwﬁﬁﬁer°€haavber z36d

will be i redbiirth CISHLEE CEtid &8 o GerlRWe! Sp eré’@i%,le 1%9@%@;{1*36 used to
a

sense whether a substrate has been chucked to f~.exible ne e -118d.
Speci f i camgmbrarg rkk6 nemseorenmt cfegd of peelisle et han uapeérsdanber 234d can

be made wi_ith.a pres e uge, (not shown) after the upper chanber is
pxessuz' i f'}eed"boﬁf{)neoeﬁgé'e t ’o‘%@‘?s%?%rﬁ}%‘?"?s %\/%%%‘h’c‘%ﬁfahﬂ% XRGEPn @hfar nber
234d_shouldbreard1s gonerb 1250 (e MBI mdMoENG | 168 Qln CYGIUBL LS R

chanber. Then, after the | ower chanber i s evacuated, a second neasurehent
of the pr&PRine d Mavynwardckoad ard ean i wpper syt asanst afxt éendl essur e

gauge. The first a ecqnd essure neasurenents may be conpared to

det er m ne WRHRITRRS {}ﬁ%es'sug@f? Q{%a SIS TGS CRERNER chie ket enakhe
carrier hegthbddnd Rt shstd @it Mase cassf C44g chugkce ible
menbrane 118d will be mai ntal ned insicifose pir{%)%gin%?y tv the sug%?égﬁ by a
| ow pressuerfimmer-adft dsiviesh ndrt Subs20atef amtdheal | meminhensenbs angy

Consequently, valve 300 will remain .ased in its Cosed position, and the
preesuz’ etbletyl ttsﬁ% r tanbett I‘?“.‘ab]ra]etW‘?‘FF’%‘on%‘? ERsSere et nEieide. n

the ether diandldd BdtweDStRA hi St DL i unked to
the carrier head, then 2 5 APR 2003 29 when %ﬁxﬁearl ?Réa}%%ér{ﬁ%%;‘gﬁgg
evacuat ed,theyexns o merantart 11Sthepéritsdtder goutpivan dtys dhethéexi b7. e

menbrane wilJl thus apply an upward force tv va~. ~re body 302 and _will open
val ve 30_0,“1“?1%’?53/ “ﬁo"g?%al‘%e c‘?fﬁ?f?&% r‘l‘%”%’p‘#@( THA ra‘?ﬁ‘ﬂt?’é SPHERC hanber
236d. Thi gareidl tifatfd tidll LSt aWr@ttu Rl PPPET okl ARt r 2BP Und £ 049N

| ower chanber 234d. Conseguently, the resulting pre~asure in the upper
chanber wildwese flamge (194 t¢f MMl sspacenotipy es2htand as upper

vacuum chucked to .the flexi ble menbrane than if the substrate is properly
at tached. “tHi's*<h flfd(.}r e?ée%y“b‘é?%gc‘i‘éﬁp‘?gt REBATHPLT ~AnSPRBEST hEC

Bubet xat e die Gliwdeebddh (e CagHifdd ek ih BOAI aPparal #82908d net hods for
sensing the presence of a substrate in a carrier head are described in
psndi . ng Bextigghd GhtebrEiferintergal osr@soass9xbendprigsBezmari et al .,

filed May s 99° 7, ent,itl CP~ ER READ W TH A SUBSTRATE TECTI ON
MECHANI SMcéé‘%‘iqrd%\% @&f?%ﬁi&hﬁ%ﬂ“‘gdﬁl i\fé"é’)&?éﬂ?l’%ﬁﬁ%‘%&?an a4t 8Lt he
assi gnee afhd hmtdRENtepd@ntd oy 13, entire disclosure of which is

i ncorporated herein by reference. A variety of coz7tiguration$ are possible
for a carrier headRfhGEtRFPRIMERPHOre Sitaetiren 2 3Rorise Xamated tiside

fl aat ~, b ith | S I .. Th
upper ang T AT S8 Pl nfetal ndiotgnd £R8pof coRERRRARe, or
by a re7, aldnustand i10igl thaGK Yok £in SR dds STl ChHEBe dheesbbshh@t e can be

contacted directly by a flexible nmenbrane in a variable |oading area, or an
i nternal mswIzERe daid Ul et B¢l | therestesual svembrane agsénssl thenbr ane

- : | ‘could be_eith
(i ngehaped B A A W e e oy SRRRRARELLY s ExRRR 3003 30

The present invention has beers described in ternms of a nunber of

enbodi nents. The inventiori~ however, is not limted to the enbodi nents
dep~.cted and descri bed. Rather, the scope of the ~.nvention is defined by
t he appended cl ai ns.




2 5 APR 2003 31 What is clainmed is: 1. A carrier head for a chem cal
mechani cal polishing apgaratus, conprising; a first pres~surizabl e chanber
at least partially baunded by a fi.ret flexible nenbrane, a 7.ower surface
of the xirst flexib~. e nenbrane providing a first suxface t25ARR 2003
pressure to a substrate in a | oading area having a controll able size; and a
second pressurizabl e chanber positiongd to apply a dowward force to the

first cha ' fyjyst_and _second cha rs are configured such
that a fi %??bﬁf\gggﬁe&. n thei#qsrr%iay gﬁaavrﬁ)e%( %ﬁ%ﬁ? t"ﬁ@’rﬁ gSngFwhapad ed to
the subst pateiom W wdadi g Arefil &xAhrd R BIES WL | econd
chanber cantrols the size of the Ioad?ﬁg area. 2) The é§}f¥g%ﬂﬁ%§d at claim

1, furtheFOWSHSECSY, fFom Wy ixia 18f ihwebtingratmpddipdarion at | east part a
an upper LY e vnd..pre i zabl.e che~nber. 3. The carrier head
of c~.ai mﬁg?’.&?ﬁ:ra%éﬁgel dnf%i%gien%g:lao'}lgﬁ# TG & ESsdtiones FuGanEasta®  and
a third chapbexrdiazeros®d the! woderdma hundirang o ptﬂgﬁf%&.iaﬁ.l;%%&@ ri ex
head of claim 3, further conprising a reta~, ~nx~ng ri ng connected to’the
bape to nPIRESLEE,tenhSedgrtadreeseneft Fhehsubstaiage head discussed in

U.S. Application Serial No. 08/907,810, by Steven M, Zuniga,
et al., filed August 8, 1997, entitled A CARRIER HEAD WITH
LOCAL PRESSURE CONTROL FOR A CHEMICAL MECHANICAL POLISHING
APPARATUS, and assigned to the assignee of the present
invention, the entire disclosure of which is incorporated
herein by reference. The projection 172 may be formed by
adhesively attaching a layer of compressible material to a
lower surface of ring-shaped portionm 170.

The external epacer ring 232 is a generally annular
member positioned between retaining ring 110 and external
membrane 118. Specifically, external spacer ring 232 may be
located above external support structure 230. External
spacer ring 232 includes a cylindrical portion 184 and a
flange portion 186 which extends outwardly toward innerxr
surface 126 of retaining ring 110 to maintain the lateral
position of the external spacer ring.

External membrane 118 is a genexally circular sheet
formed of a flexible and elastic material, such as
chloroprene or ethylene propylene yubber, or silicone. As
noted, central portion 210 ¢f the external membrane defines
a mounting surface for the substrate, whereas perimeter
portion 212 extends in a eerpentine fashion between extermal
support structure 230 and external spacer ring 232 to be

clamped between base assembly 104 and retaining ring 110.



5. Thc~ carrier head of claim1l1l, wherein a xigid nenber forma a boundary
between the first and second chanbers. 6. The carxier head of claim1,
t~rherein a fle~ei,ble 2 5 APR 2003 3z nenber Fornms a boundary between
the first and second chambers. 7. The carrier head of clai2h APRV@® ei n t he
second chanber ternms a generally annular volune. 8. The carrier head of
claim1l) wherein the secend chanber fqorns a generally solid volune. 9, The
carrier h%gqugf cégif11, wherej n_the IYdwer surface of the first flexible
menbr ane provi det a munt ThYTELTY BB F PNt Aike tkeRas eupvardivieararnder
head of clgh Bdsef UsEREAcE0IPL1SEN n L b n xt endi ng
beneath the second flexible nenbraﬁzg?iﬂﬁgcg?%%§¥% %§ﬁ§§€§%gng§ace for the
substr at e.1TMardhs ketveer fbanyefperbionlof ekesrnal tépaveruring between

the first ' a he.second f| exi bl e nenbrane defines a
third pre§%§h?¥%a Q%ﬂ%ﬁ er?egg?éTﬂ% BTEFETRYL RARPOFE PR T RYTE! 220 her

conpri si NaipwdddBF SHEPME ¢y BLAGEILEE pOFRiSy gy the Li a and
wherein the first flexible %Enbrane ext ends ar%%%d gné%%?%?ggur g%%rof t he

first suppovig midctand. then quewardly etoheadinfpeltaion 1214 fwhibbr ia
COTPT! S AL SRR oL Vel 4he LPELER.  Snd "Rl DLE g RRST Bt e
to form a fluid-tight seal. A ™ free span’’ portion 216 of
the external wmembrane extends between rim portion 214 and
the outer diameter of the upper surface of extermal spacer
ring 232. The external membrane 118 may alsc include a
thick portion 218 that extends upwardly between intermnal
gpacer ring 122 and external spacer ring 232. The external
membrane may be pre-molded inte a serpentine shape.

In operation, fluid is pumped into oxr out of
floating lower chamber 234 to control the downward pressure
of internal membrane 116 against external meumbrane 118 &and
thus against the substrate, and fluid is pumped into or out
of floating upper chamber 236 to control the contact area of
internal membrane 116 against external membrane 118. The
ability of carrier head 100 to control both the loading area
and the pressure applied tc the substrate will be explained
with reference to the schematic diagrams of FIGS. 4A and 4B,
Referring to FIG. 4A, a hypothetical and highly schematic
polisher 300 includes a ‘‘free-~floating” flexible membrane
302 that defines a pressurizable chamber 306. Assuming that
no external pressures axe applied to flexible membrane 302,
it will be generally spherical and have an interior pressure
P,. However, if the membrane is compressed, e.g., between a

rigid plate 304 and substrate 10, the flexible wmembrane will



"2 ~ APR 20d! 33 positioned to surround the first supports structure. ~,4.
The carrier head of claimx3, wherein the second support structure ~.s
general ly annular ~,n shape. Z5. The carrier head of :clagg%%fR t her
conprising a first spacer ring positioned in the third ch er "between the
first and second fl exi bl e nenbranes, d wherein the f~.rst flexible
menbrane extends in a serpentine path between the first structure and the

fiz~st Spac@Srhi Do ERUSN1 A0 BREE Suﬁieg_eceatal@@sf&ﬂétsﬁﬂggggtr' ng, and
outwardly around an upper surface o? the Tirst spacer ring. A TheRcarrier
head of d ajendSalliyreiecutanpedstagt aregtdndsspacessgbmgngoeRbhed out side
the third chapbey above the second support .ring, and wherein the secor~d
flexible'ﬁkﬁﬁé AEst 2hlsePRI LS8 ef pRATIWRT Daf PE Rt ck® Ehe*¥ERBEBNd support

SLr0CtUr S e $65076SBCEL, 1hOMs LRICH: B0, LIRETESHRLRCE gl cecond

spercer ring, and ou aroun su

ring. 17.a8hgs café i @EFHE0ENOE BLEWERA G h¥herebPndl PoFésoayef pl Ngy Ridest
spacer ring extends oven a portion of the second spacer ring, so that
pressuri zzhamrenf3 heandcone ehbeboal appeeesra Bowwmodridimge the t he second

suQort r} e carrier hgad of_.claim17, wherein the second support

ring incl .i%%éé'ﬂ%'ﬁ&lné?nﬁr of 28t fo i % it FHF AFRARERISF (AT Rt a top

surface ofedlsy s£60Nd Theyi bt Re "BIRRAPEr D, 2B APRRWIRfion Zhg The
carxier head of claim1l.0, wherein the f~.Tst ~f7.exible nenbrane is

movabl e iwi 1l domt@tvemibh: an upper surface of the second Exexi bl e nenbrane
in the ~.oading area to apply pressure to the substrate. 24. The caxrier

head of cl aim Z9~ wherein the | ower [surface of the first flexible nenbrane
ig textured to provide fxu~. d fPo® TXpen the first and second flexible

Consequently, any circular contact profile and pressure can
be cbtained by a two step process where the pressure P, is
gelected, and the applied force F is adjusted to determine
the diameter of the loading area. Although FIGS. 42 and 4B
illustrate the concept in a highly schematic fashion, the
invention may be generally implemented by applying a
downward force to a free-floating membrane chamber.
Referring to FIGS. 5A and 5B, the contact area of
internal membrane 116 against external wembrane 118, and
thus the loading area in which pressure is applied to
substrate 10, wmay be controlled by varying the pressure in
floating upper chamber 236. By pumping fluid out of
floating upper chamber 236, L-shaped portion 202 of intexnal
membrane 116 is drawn upwardly, thereby pulling the outer
edge of central portion 200 away from external membrane 118
and decreasing the diameter of the loading area.
Conversely, by pumping fluid into floating upper chamber
236, L-shaped portion 202 of internal memwbrane 116 is forced



menbranes when they are in contact. 21. The carrier head of claiml,
further conprising a first guppoxt structure peeirioned inside the first
chanmber, and wherein the first flexible menbrane extends aggqéFh out er
‘surface of the first support structure. 22. The carrier he f im 21,
where~.n the first support Structure is generally annular in shape. 23, The
carrier head of claim2l, whereinzphe first support Structure corqprises a
general | y, di sk- shaped, body, having.a plurality of apertuxeg_thexethrough.
2 The IiiardRRac- BRTEpY e fo eRbfra] ledre FORGE 4 oFF i BRed outs de
wher ei X~ {fte fnal ahethbiené bl gr Seob3EXce Rath betyesm thenbisst sipucture

and around an inner surface of the first outward7.y around an upper surface
of furtheéandtohpereanyng the flavetehanberhe ahdadim@naeean alserpentine the

o oHpre e Sirgetensnber! a0
35 25, ARG AP L8 P RTR 18PCRaCRak St BRI FERFRAGE 20 kaing: o

base; a f3Hgded | pyiblonPobr gpei PYLihal OfetbPbng Xl £80Ss b@&?@%@ tht base and
defines a fi~cst pressurixabl e ahanbex, a | ower surface of the first

fl exi bl e upwAwdhe, pohereby plevietaing tbendiageserfafethe hpading pressure

t bstrate i | oadi ' trollab] | Ze; d d
{1 exi bl o HEfbr anbBBt {Fort That SEORFRSLORe Fh? SKHHPESFE oF nhbr ane por L1 on

to the bassadiwlydgfésoni Pl S@EPERAPERSEHE BARLBUELAMDEI bSOt PRE dpblf st
pressure in the first pre9euri zabl e chanbex contro~r the pressurée applied
to the suthamear andttke| outengchawberand a second pressure in the second

chanber control s, the eize, of the loadin rea. 26. A.carrier head for
eheni oal nechani @‘51 9 %“ﬁ:’g‘rﬁﬂ’gg}@g%%%sq %’gﬁa aﬁ‘};?s%ee;r é’f_fcférhset “‘fo_ﬂq:@gftbl e
nmenbrane pekd i 9o LhehnexiENdss bepeaphebbgrbasent ngefl 8Badbbtr 885,
presauri ~abl e chanbex, a |ower surface of the first flexzble nmenbrane

portion prewex-chgmbernpdati agdsontarechambarsap8t iat ehownsauoR¥GH| éxi bl e
menbrane portion_th ext ends neat h_the base and fi second
pressuri ¥ Bndreep, <& ﬁe?ggﬁ‘g‘iége%f g&%"%ﬁbﬂﬁé‘??ég% §rrrerrb_rane
portion ceateeisc8d Byt ePnftef atemehtt ARaliy¥8k. T exi bhe geaphang rFica

| oadi ng area having a controllable size; and a third fl exi bl e nenbrane

portion t&attbeustasishrvepresantel bhebprensnbeann pbet bpperochhdbesse and
defines a,1pirdsPLESSYLh%ED! SeflBURGE oS EnkNBhnRalt *SheR! CSTHES sl B8
graph lines 402-418 represent the relationship of the upper
chamber pressure to contact area for various pressures in
the lower chamber 236 and the outer chamber 238, as

summarized by the following chart:

Graph Line Presgure Pl Pressure P2 P2-P1l
in Quter in Lower
chamber 238 Chamber 234
402 1.0 1.5 0.5
404 1.0 2.0 1.0
406 3.0 3.5 0.5
408 3.0 4.0 1.0
410 3.0 4,5 1.8
412 5.0 5.5 0.5
414 5.0 6.0 1.0
416 5.0 6.5 1.5
418 5.0 7.0 2.0

Carriexr head 100 may also be operated in a



~SAPR~ 36 second pre$suxi zabl e chanber controls the pressure applied to the
substrate~in the | oading area, and a second pressure in the third chanber
controls the size of the |oading area. 27. A carrier head for_chem cal
*mechani cal polishing, conpz~iaing: a first biasing nenberzﬁnﬁ?%énﬁg a first
pressure chanber, a |ower surface of the first pressure chanber bounded by
a f7.exxbl e nenbrane that provides & first surface tv apply a load to a

substrate in a | oading area having a coatxol J.ahl e size; and a second

bi asi ng nEMSENATTFhecRRETAF i Mdest 1t dhih FeiRsdrdng khankers B asi ng
menber c LN I gal LLLQn. t L kSt . L as er eo
t hat thqu%%g%%ébggéPﬁaﬁﬁéﬁgg? ggg?%%%gg%gédngei%?étﬁgé?ogggﬁggggea and

the firstalbststage reabdr oudbatr ochsmbae pBéssarprapphridetiotbheppllystarate in
t he | oadi ng area. 28. A carrieg head far_ chem mechani cal pol i shing,

, cal
conpri si L EOFT R BFEURBNBPaRBSt ARt 1P oPRAES 19 BlintPRgSRRPra8ESfor a
SUbSU T at e; Means 0. CAN I kEM it i df, Und ARAH G HL i Yt ol @ | ead

is applied to the sudbstrate; "and neans for controlling a pressure applied
to the sube®ribs endn-thefdrmagehdshing. o29thd subhvdater cehermircal nechani cal

poli o1 19,2, SU031 LS cSOMRLLTLRG, DOLdLng 2-BuPRRg dgEns 2 ol iohing
compensate for polishing profiles in which the center of the
gsubstrate is underpolished by applying a sequence of
polishing steps with different diameters of the loading
area. Foxr example, the carrier head may be used to polish a
region of the substrate having radius z, for a first
duration T,, then polish a larger region having a radius I,
for a second duration T,, and then polish a still larger
region having a radius r, for a third duration T,. This
ensures that the different regions of the substrate are
polished with a total time and pressure required to reduce
polishing non-uniformities.

As previously discussed, another reoccurring problem
in CMP is non-uniform polishing near the edge of the
substrate. However, external spacer ring 232 may be used to
control the pressure distxibution applied by external
membrane 118 near the substrate edge. Specifically, as
discussed in U.S. Application Serial No. 09/169,500, by
Steven Zuniga, et al., filed October 9, 1998, entitled A
CARRIER HEAD WITH A FLEXIBLE MEMBRANE FOR CHEMICAL
MECHANICAL PQLISHING, and aseigned to the assignee of the
present invention, the entire disclosuxe of which is
incorporated herein by reference, the surface area of an

upper surface of the external spacer ring can be selected to



~ 5 APR 2003 37 carrier headf apply~.ng a load to the substrate in a

| oading area with a first chanber in the caxrier head: controlling the size
of the loading axes with a second chanber in the carrieroapR 283 creaxing
relative notion between the substrate and the polishing pad. 30. A nethod
of detecting a substrate in a carrier head for a chem cal nechani cal
pad.ishi.ng system conprising: connex2ing a,chanber in a carrier head tv a

[l s cal O TR GLAPIAE RE GO b o £ Ve (e by che
det er m ni rg(eg}_q{ahlerméfﬁgr&g@sg(ga@}ee 'Mﬁ@@é‘zpérﬁh@@éfﬁt e receivi ng surface

in the carrier head fromthe derivata.ve . . The net hod of claim 30,
i uxt her conpr|5|nénlwdﬂcatt@grBNQNEthbessm®smaﬁaezirpne§hntpbﬂiwhdng
derive~ tlme xc eds val.ue. net hod. of a further

conpri s~. & %?‘f’rfbgt‘ﬁééec’?lh%h%'ﬁ%%’f r%%% e %5%% ¥rifed h'%ac’ dgg?’r”%\t i ve does

not excee%zag, fé’dii&@'l%ﬁ' &€ ext¥rnal support structure 230 downwardly

s9. AU. A3 h. AA. A9(F. ALH. A{. AL A. A9. AL. As. A{. AU. A. A . AUs. An

sL. AA. AL. Agaissgt Ahe) ypoper surface of extermal membrane 118. This
forcea the external membrane into contact with the substrate
to form a seal. The floating lower chamber 234 is vented,

e.g., connected to the external atmosphere, and outer

chamber 238 is depressurized. This causes the external
membrane 118 to be drawn inwardly to vacuum-chuck the
Then the

subgtrate to the carrier head. floating upper

chamber 236 is depressurized to draw the internal and
external membranes upwardly and lift the substrate off the
polishing pad. Finally, loading chamber 108 is evacuated to
1ift base assembly 104 and substrate backing assembly away
from the polishing pad.

The operation of carrier head 100 to load a
substrate into the carrier head at transefer station 27,
dechuck the substrate from a polishing pad at polishing
station 25, and unload the substrate f£rom the carrier head

at the transfer station 27, is summarized by the following

tables.
Load Operation

Step Initial | Retract Inflate Push Grip

State lower Membrane | substrate Wafer

assembly into
Membrane

Outer |vent vent pregsure |vent vacuum
Lower |(vent vent vent vent vent
Upper | vent vacuum vacuum vacuum vacuum
Ring vacuum vacuum vagsuum vacuum vacuum |
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Force from pad from Pad
Outer |vent vent vacuum vacuum vacuum
Lower |vent vent vent vent vent
Upper |vent pressure | presgsure | vacuum vacuum
Ring pressure |pressure | pressure |pressure vacuum
Time delays may be taken after the sealing, gripping
and lifting steps, respectively.
Unload Operation
Step Initial |Extend Release Eject Deflate
State Lower Substrate | Substrate Membrane
Assembly
Outer | vacuum vacuum vent vent vent
Lower | vent vent vent pressure vent
Upper |wvacuum pressure |vent vent vent
Ring | vacuum vacuum vacuum vacuum vacuum

Time delays may be taken after the lowering and

ejection steps, respectively.

In order to determine whether the substrate was

successfully attached to the carrier head after the loading

or dechucking operations, the CMP apparatus may perform a

subgtrate detection procedure.

This procedure starts with

outer chamber 238, upper floating chamber 236 and loading

chamber 108 undey vacuuwm,

vented.

and lower floating chamber 234

The lower floating chamber 234 is connected to a

pressure source at a fixed pressure.

Referring to FIG.

TA,

the pressure in the lower floating chamber is measured as a
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~910988&' (The 1dvEk¢shapadogntyrnal support plate 1l20a increases the

contact area between floating upper chamber 236a and
fleating lower chamber 234a.

The external support structure 230a may include a
ring-shaped portion 170a, an annular flange portion 178a
that projects upwardly from an inner edge of ring-shaped
porticn 170a, and a projection 172a that extends downwardly
from the outer edge of ring-shaped portion 170a to contact
an upper surface of external membrane 11B8a. The flange
portion 178a of external support structure 230a may be
secured to intermal support plate 120a or to interxnal
membrane 1l€a, Alternatively, external support structure
230a may be free-floating in outer chamber 238,

Carrier head 100a functions in a fashion similar to
carrier head 100, 8pecifically, the pressure in floating
upper chamber 236a controls the contact area of the internal
membrane against the upper surface of the external membrane,
and the pressure in floating lowexr chamber 234a controls the
pressure applied to the substrate in the loading area. To
remove a substrate from the polishing pad, floating upper
chamber 236a is pressurized to force projection 172a on
external support structure 230a against the upper surface of
external membrane 118a. Thig presses the external membrane
against the substrate to form a fluid-tight seal
therebetween. Then the floating lower chamber is vented,
and outer chamber 238a is depressurized to pull the external
membrane against the internal membrane. Finally, the
floating upper chamber is depressurized to pull the
gubstrate off the polishing pad.

Referring to FIG. 9, in another embodiment, carrier

I ss
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250 may be pulled against substrate 10 to form a seal and
improve the vacuum-chucking of the substrate, as described
in U.S. Patent Application Serial No. 09/149, 806 by Zuniga,
et al., filed August 31, 18998, entitled A CARRIER HEAD FOR
CHEMICAL MECHANICAL POLISHING, and assigned to the assignee
of the present invention, the entire disclosure of which is

incorporated herein by reference.

Referring to PIG. 10, in another embodiment, caxrier
head 100c includes a single flexible membrane 118c and a
disk-shaped backing structure 122c. A center portion 260 of
flexible menbrane 1l8c extends below backing structure 122c
to provide a mounﬁing surface to engage the substrate. A
perimeter portion 262 of the flexible membrane extends
upwardly and inwardly around a cylindrical rim 264 of the
backing structure. The perimeter portion 262 includes an
inner flap 266 which is clamped between a clamp ring 268 and
an upper surface 270 of backing structure 122c, and an outer
flap 272 which wraps around spacer ring 120c to be clamped
between retaining ring 110c and annular body 140c. Thus,
the volume between backing structure 122c and flexible
membrane 118 defines a pressurizable floating lower chamber
234c, and the volume between base asgembly 104 and backing
structure 122c that is sealed by inner and outer flaps 266
and 272 defines a pressurizable floating upper chamber 23éc.

One pump may be connected to floating upper chamber
236c by passage 154 in gimbal rod 150, and another pump may
be connected to floating lower chamber 234c by passage 134
in housing 102, passage 280 in base assembly 104c, and a
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fluidly couple the passages the passages through the base
agsembly and the backing strueture to connect passage 134 to
floating lower chamber 234c¢.

The bottom surface 274 of the backing structure may
have a projection 276 that extends downwardly from an outer
edge of the structure. A plurality of grooves 278 may also
be formed in bottom surface 274 of backing structure 1223c to
ensure that f£luid can be evacyated from between the backing
structure and the flexible membrane.

By controlling the pressure in the upper and
floating lower chambers, both the contact pressure and
loading area of flexible membrane 118c against the subatrate
can be controlled. To remove '‘the subatrate from the
polishing pad, floating upper chamber 236c is pressurized to
force projection 276 downwardly and create a seal between
the substrate and flexible membrane, and then floating lower
chamber 234c is evacuated to vacuum-chuck the substrate to
the carrier head.

Referring to FIG. 11, in another embodiment, carrier
head 100d, which is similar in construction to carrier head
100c, wmay include a valve 300 in backing structure 122d to
fluidly couple upper chamber 236d to lower chambexr 234d,
Valve 300 includes a disk-ghaped valve body 302 and an
annular valve flange 304. Valve body 302 may fit in an
aperture 306 in backing structure 1224, and valve flange 304
may be adhesively secured to a top surface 312 of backing
structure 122d. An annular sedl 308 fits in a shallow

depresaion 310 in top surface 312 surrounding aperture 306.
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lower chamber 234d and upper chamber 236d. Valve flange 304

acts as a flexure spring to blases valve bedy 302 downwardly
so that vertical channels 314 abut annular seal 308 to cloee
the valve. However, if valve body 302 is forced upwardly,
then the seal will no longer be contact the valve body and
fluid may leak through channels 314. As such, valve 300
will be open and lower chamber 2344 and upper chamber 236d
will be in fluid communication wvia channels 314.

valve 300 may be used to gense whether a substrate
hag been chucked to flexible membrane 118d. Specifically, a
first measurement of the pressure in upper chamber 234d can
be made with @& pressure gauge (not shown) after the upper
c¢hamber is preasurized but before the lower chamber is
evacuated. The upper chamber 234d should be isclated from
the pump that pressurizes or evacuates that chambex. Then,
after the lower chamber is evacuated, a second measurement
of the pressure in the upper chamber is made by means of the
pressure gauge. The first and second preasure measurements
may be compared to determine whether the substrate was
gsuccessfully vacuum-chucked to the carrier head.

Tf the substrate was successfully vacuum-chucked,
flexible membrane 118d will be maintained in close proximity
to the subastrate by a low pressure pocket between the
substrate and the flexible membrane. Consequently, valve
300 will remain biased in its c¢losed position, and the
preesure in the upper chamber will remain constant ox may
increage. On the other hand, if the substrate ls not

present or is not vacuum-chucked to the carrier head, then
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3we P End@iE: (3324 is evacuated, flexible membrane 1184
will deflect upwardly. The flexible membrane will thus
apply an upward force to valve body 302 and will open valve
300, thereby fluidly connecting upper chamber 234d to upper
chamber 236d. This permits fluid to be drawn out of upper
chamber 236d through lower chamber 234d. Consequently, the
resulting pressure in the upper chamber will be lower if the
substrate is not present or is not vacuum-chucked to the
flexible membrane than if the substrate is properly
attached. This difference may be detected to detexmine
whether the substryate is chucked to the carrier head,
Similar apparatus and methods for sensing the presence of a
substrate in a carrier head are desc¢ribed in pending U.S.
application Serial No., 08/862,350, by Borig Govzman et al.,
filed May 23, 1997, entitled A CARRIER HEAD WITH A SUBSTRATE
DETECTION MECHANISM FOR A CHEMICAL MECHANICAL POLISHING
SYSTEM, and assigned to the assignee of the present
invention, the entire disclosure of which is incorporated
herein by reference.
A variety of configurations are possible for a

carrier head that jmplements the invention. For example,
the floating upper chamber can be either an annulaxr or a
golid volume. The upper and lower chambers may be separated
either by a flexible membrane, or by a relatively rigid
backing or support structure. The substrate can be
contacted directly by a flexible membrane in a variable
loading area, or an internal membrane can contact the
interior surface of an external membrane in a variable
contact area. The support structures could be either ring-

shaped or disk-~shaped with apertures therethrough.
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The present invention has been described in texms of

a number of ewbodiments. The invention, however, is not

limited té the embodiments depicted and described. Rather,

the scope of the invention is defined by the appended

claims.
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bounded by a first flexible membrane, a lower surface of the
first flexible membrane providing a first surface to apply a
pressure to a substrate in a loading area having a
controllable aize; and

a second pressurizable chamber positioned to apply a

downward force to the first chamber, wherein the first and
second chambers azre configured such that a first pressure in
the first chambex controls the pressure applied to the
substrate in the loading area, and a second pressure in the

second chamber controls the gize of the loading area.

2. The carrier head of claim 1, further comprising a
vertically movable base that forms at least part of an upper

boundary of the second pressurizable chamber.

3. The carrier head of claim 2, further comprising a
housing cormectable to a drive shaft and a third chamber

disposed between the housing and the base.
4, The carriex head of claim 3, further comprising a
retaining ring connected to the bape to maintain the

gubstrate beneath the carrier head.

5. The carrier head of claim 1, wherein a rigid member

forme a boundary between the first and second chambers.

6. The carrlier head of claim 1, wherein a flexible
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member forms a boundary between the first and second

chambers.

7. The carrier head of claim 1, wherein the second

chamber forme a generally annular volume.

8. The carrier head of claim 1, wherein the second

chamber forms a generally solid volume.

9, The carrier head ¢of claim 1, wherein the lower
surface of the first flexible mambrane provides a mounting

surface for the substrate.

10. The carrier head of claim 1, further comprising a
second flexible membrane extending beneath the second
flexible membrane to provide a mounting surface for the

substrate.

1. The carrier head of claim 10, wherein the volume
between the first flexible membrane and the second flexible

membrane defines a third pressurizable chamber.

12. The carrier head of claim 11, further comprising a
first support structure located in the first chamber, and
wherein the first flexible wmembranre extends around an outer

surface of the first support stxructure.

13. The carrier head of cllaim 12, further comprising a
second support structure located in the third chamber

between the first and second flexible membranes and
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positioned to surround the first sSupports structure.

14. The carrier head of claim 13, wherein the second

Support structure is generally annular in shape.

15. The carriex head of «claim 14, further comprising a
firat spacer ring positioned in the third chamber between
the first and second flexible membranes, and wherein the
first flexible membrane extends in a serpentine path between
the first structure and the first spacer ring, around an
inner surface of the first spacer ring, and outwardly around

an upper surface of the first spacer ring.

l6. The carriex head of claim 15, further comprising a
second gpacer ring located outside the third chamber above
the second support ring, and wherein the second flexible
membrane extends in a serpentine path between the second
support structure and the second spacer ring, around an
inner surface of the second spacer ring, and outwardly

around an upper surface of the second spacer ring.

17. The carrier head of claim 16, wherein a portion of
the first spacer ring extends over a portion of the second
spacer ring, &o that pressurization of the second chamber

applies a downward force to the second support ring.

18. The carrier head of claim 17, wherein the second
support ring includes an annular projection extending
downwardly to contact a top suxrface of the second flexible

membrane.
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22. The carrier head of claim 21, wherein the first

support structure is generally annular in shape.

23, The carrier head of claim 21, wherein the first
support structure compriges a generally disk-shaped body

having a plurality of apertures therethrough.

24, The carrier head of claim 21, further comprising a
first spacer ring positioned outside the first chamber, and
wherein the first flexible membrane extends in a serpentine
paeth between the first structure and the first spacer ring,
around an inner surface of the first spacer ring, and

outwardly around an upper surface of the first spacer ring.
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10%" & ()the substrate in the loading area, and a second pressure in

the second chamber controls the size of the loading area.

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

a firat flexible membrane portion that extends
beneath the base to define a first pressurizable chamber, a
lower surface of the first flexible membrane portion
providing a mounting surface for a substrate;

a second flexible membrane portion that extends
beneath the base and defines a second pressurizable chamber,
a lower surface of the second flexible membrane portion
contaeting a top surface of the first flexible wmembrane in a
loading area having a controllable gize; and

a third flexible wembrane portion that couples the
second flexible membrane portion to the base and defines a

third pressurizable chamber so that a first pressure in the
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a first biasing member including a fixst pressure
chamber, a lower surface of the first pressure chamber
bounded by a flexible membrane that provides a first surface
to apply a load to a substrate in a loading area having a
controllable size; and

a second biasing member connected to the first
biasing member, the second biasing member controlling the
vertical position of the first biasing member so that the
second biasing member controls the size of the loading area
and the first biasing member controls the pressure applied

to the substrate in the loading area.

28, A carrier head for chemical wechanical polishing,
comprising:

a flexible membrane that provides a mounting surface
for a substrate;

means for controlling a size of a loading area in
which a load is applied to the substrate; and

means for controlling a pressure applied to the

substrate in the loading area.

29, A method for chemical mechanical polishing a
substrate, comprising:

holding a substrate against a polishing pad with a
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carrier head;
applying a load to the substrate in a loading area
with a first chamber in the carrier head;
controlling the size of the loading area with a
second chamber in the carrier head; and

creating relative motion between the substrate and

the polishing pad.

30. A method of detecting a substrate in a carrier head
for a chemical mechanical palishing system, comprisging:

connecting a,chamber in a cazrier head to a pressure
source;

meaguring the pressure in the chamber as a function
of time;

calculating the derivative of the pressure in the
chamber;

determining whether the substrate is adjacent a
substrate receiving surface in the carrier head from the

derivative.

31, The method of claim 30, further comprising
indicating that the substrate is present if the deyivative

exceeds a critical value.

32. The wethod of claim 30, further comprising

indicating that the substrate is abaent if the derivative

dees not exceed a critical wvalue.



