2 5 AUG 2003 A CARRI ER HEAD FOR CHEM CAL MECHANI CAL POLI SHI NG A SUBSTRATE 5
Cross-Reference To Related Applications. This is a continuation-in-part
application of copending U S. Patent Application Serial° No. 0O

filed September 8, 1998, the entire disclosure of which is 10 %@BBS&& ed
herein by reference. Background The present invention relates.generally to
chem cal nechani cal polishing of substrates, and nore 15 particularly to a
carrier head for chem cal mechanical polishing a substrate. Integrated
circuits are typically formed on substrates, particularly silicon wafers,

by the sequential deposition of Ac6ABBEERyHEABefPRonductive or insul ative
20 layers. After each-gmyRiat MetaRasidad pdl1dBnet GhegiiorrRATEr €at e

circuitry features. Asa serres of tayers are sequentiially deposited and
etched, X he outer or uppernost surface of the substrate, i.e., the exposed
surface of the substrabgs-hegeresckncoensingky Appplieaatonhi s nonpl anar
25 surface presents problens in the, ho%olithogra hic ste S gf %Qe
integrated circuit faEP?éaP?oﬁ.cﬁpﬁéggg.l?ﬂéFEfBFEF apﬁiﬁg td°8 Réed to
peri odi cal | yopbaaanyze.chepatibatr applisatiianesSecheadi Nal. HOCRARI A6,

pol i shi.ng ( i g ope 30 _agce ho ._pl anar.i ian.,  Thi. .
planarizatig%T%QtESB e?gﬁfc V|§5§§q3?b sgpﬁgfgtaggg&égpkgtgfbgﬁ%ggn%gd on a
carrierlor potbshongthdatierehe bypusédrsuckace of the substrate is placed
agai nst a rotating polishing pad. The polishing pad may be either a
"standard" or a fixed-abrasive 35 pad. A standard polishing pad has
durabl e roughened surface, whereas BackgE@uasr asi ve pad has abrasive
particles held in a ggati-axenlt HBdeatibhe reabities’ geerdalngvitdes a

controllabl e |oad, _i.e. ressure, .on.the r i
" chemical mecha%ica pollsgingﬁo u%%%s &%te%? %%%Pm%re

15 particularly to a carrier head for chemical mechanical
polishing a substrate. ’

' Integrated circuits are typically formed on
substrates, particularly silicon wafers, by the sequential
deposition of conductive, semiconductive or insulative

20 layets. After each layer is deposited, it is etched to
create circuitry features. As a seriesAof layers are |
. seqﬁentiélly deposited and etched, the outer or uppermost
surface of the substrate, i.e., the exposed surface of the
‘substrate, becomes increasingly nonplanar. This nonplanar
25 éurface preéents pioblems in the photolithographic steps of
the integrated circuit fabrication process. Theréfore,
there isla need to periodically planarize the substrate
‘surfacé.
Chemical mechanical polishing (CMP) is one _
30 accepted method of planarization. This planarization method
~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.AAThe
polishing pad may be either a “standard” or a fixed-abrasive
35 pad. A standard polishing pad has durable roughened
sﬁrface, whereas a fixed-abrasive pad has abrasive particles
held in a containment media. The'carrier head provides a
controllable load, i.e., pressure, oh the substrate,to push



25 AUG5 nme it against the polishing pad. A polishing slurry, including

at | east one chemically-reactive agent, and abrasive particles, if a
standard pad is used, is supplied to the surface of the polish2AcAh@M The
effectiveness of a CMP process may be neasured by its polishing rate, and
by the resulting finish (absence of snmall-scal e roughness) and fl atness.

(absence of jkapge-nsealt@et gmgrsfmmg) pafi.t he gehstshane suufrage. ikbéuding
polishing rate, finish an tlatq3§s ar%.deterninedggé_t eagﬁgeand 10

slurry combPhat®dit PRE FSBGRE 'YpEEd bt e 8 tte sfaf&” '8nd pad, and
the force pressiingeashe ifubststatrelaagaipast itshesepad.isOseppldeldetroetbeunt er ed

in CVWP is that ce or.t.i the substrate is often underpolished.
This 15 pr O%I%é:nf;’éc\ﬁni%é%q:lr?aey oelltscehrrlr?%{jptah}&g' "center slow effect", may occur
even if pressure is ufiforafifecippianedst o ft ke BE Ryiafe s Sofmavhdes HISSErEes.

Anot her. pr j iffi Y JdJ4% k ' SHPstirats faepanke
pol i shi ng p§§J§3¥% égngﬂ%ék£3%#%%iﬁhﬂkggnq¥%p%§%ﬂﬂé€hp efed. Aéanentioned,

a layer of $lfursmplils sqgs il’édlql‘élqsfﬁg and dde toteshelaiands &f J&F99men t he

substrate i Ssclacebddriyrads Wid i Relishngrpad, the polfiattng
tension of the slurry generates an adhesive force i.ch  .binds, the
substrate tdalfe pfdil%sgﬁ’f nadlcg | a bS5 s i AR FE S & ey et 137 £ i cul t

"to renove thasubstdaiei fdoinihechgatklalyipicapard thetwahstitet esulsstrate
vacuunt chucked, to t he erside of the carri.er hﬁgg" : Iy head
is used to q'rbq*rtRiaeé’t h%mgtr}%%‘? FEPECT I T hor TS HT Y p%%@ﬁ%aﬁ”fﬁ t'ggé' -

carrier heagad. retracted fromthe polishing pad, the substrate is lifted -

of f_the pad. However, ife tfieosiif astobsian fiol dip0d hensubstéaieron the

polishing pad is grea an the vacuum chucking force holding, the
substrate d@Pthon 0¥ idre heddstraen Iho Lt turderuptishedni oS t he

15 problem, which may be termed the “center slow effect”, may
occur even if pressure is uniformly applied to the backside
of the substrate. " '

S Another\problem is the difficulty in removing the
substrate from the polishing pad surface once polishing has

20 been completed. As mentionedg a layer of slurry is supplied
to the surface of the polishing pad. When the substrate is
placed in contact with the polishing pad, the surfade
tension of the slurry generates an adhesive force which
binds the substrate to the polishing pad. The adhesive

25 force may make it difficult to remove the substrate from the
pad. ,

Typically, the substrate is vacuum-chucked to the
underside of the carrier head, and the carrier head is used
to remove the substrate from the polishing pad. When the

30 carrier head is retracted from the polishing pad, the
substrate is lifted off the pad. However, if the surface
tension holding the substrate on the polishing pad is ‘
greater than the vacuum-chucking force holding the substrate
on the carrier head, then'the substrate will remain on the

35 polishing pad when the carrier head retracts. This may
cause the substrate to fracture or chip. In addition,
failure to remove the substrate can cause a machine fault

' requiring manual intervention. This requires shutting down -
2 o



35 polishing pad when the carrier head retracts. This may cause the
substrate to fracture or chip. In addition, failure to renove the

substrate can cause a machine fault requiring nanual |nterven§59§ E@g§
requires shutting down 2 2 AUG 2003 the polishing apparatus 5@

t hroughput. To achieve reliable operation fromthe polishing apparat us,
the. substgage mf{%vl%gpr t%@ould%c%a%%a%n%%whbhw egs. aSRveval

t echni ques have been enpl oyed to reduce the 'surface tension between the

substrat e af§lile lsorPsiiaty opdd oroide W&H%@Hma@@é‘r USe &Pfde the

substrate RebszeRtdl Ineneffa it el dss ihrg 1 tet @sbsreeahatm@ fumfvaess.t ensi on
before vertically ret ractl head. This echnj

t.he carrier ue
however, scratch or ot¥eh ag'e %Pd@él‘%%ehf(yes&)ﬁﬁnr% gé/e CEsI i gﬁﬁcgff t he
edge of the tpel issjﬁﬂa@qoaﬁbn51'ﬁre el dle canfstgurtat ieowd dfhet poldwiRing

appar at us ﬁa{gl s%nfcoe{ ﬁgl csrﬁlo%ue cfs éoe% ucuec%ébxrgq}ﬂgetrratt%chm que is to -

‘treat the s ce © to re e surface tension.
However , thlk@rllﬁrt’teadﬂm qufef |’@1mcnola313/kEIySJ qest dsshineakardds vt fac@at ment  of

the pad surf S é&ﬁ the fd sy ang fdatness nefd t hehis

substrate and Tec ce the po |s I ng rate Anot her techni que is to eEply a
downwar d pr deaine que Mas e HIL 1 hRCEATEH ot © theiriess darage, th

pr eventioé%%ﬁ)&ﬁﬁe BB hh§I§dé£ otk £ Niies f@idd g M e t;istewmngnt pﬂmtck: ng
process wever i s techniq require .co neunati ¢ ol s
for the carriR§ Wnltﬁ]ad%??fb%ur% ns‘? utc}f%@%famﬁ FRry iy hgla{P may
prevent the ;amiimlm 0cf>f DBi;B§Stld§ehItn:1\léle edge of the substrate.
Summary In one aspec e I nvenhlluo(gu% {cec{lc}% f o8 Ccanti §ée hfj_adtﬁé)r

a

chem cal mechani cal %g B‘fz" e carrier ead s a base
and a fl exi m@llsli%ihgrqn@dahe exdendi bige b@mﬁ@@th@nﬁa@e t oHeueYler athis

pressurijzabl & ChBeL - 1 & LoWes1JHEace-LLs4 P81 [ | 8%4Ps€ch - treatment of

the pad surface may adversely affect the finish and flatness
of the substrate and reduce the polishing rate.
Another technique is to apply a downward pressure
to the edge of the subétrate to create a seal that prevents
20 ambient atmosphere from interfering with the vacuum-chucking
process. However, this technique may require complex
pneumatic controls for the carrier head. In’addition, the
structure ofﬁthe carrier head may prevent the application of
pressure to the edge of the substrate.
25 |
Summary
In one aspect, the 1nventlon is dlrected to a\
carrier head for chemical mechanlcal polishing of a
substrate. The carrier head has a base and a flexible
30 vmembrane extending beneath the base to define a
pressurizable chamber A lower surface of the flexible
membrane provides a mounting surface for a substrate. The
flex1ble membrane includes an inner portion and an outer
expandable lip portion. The lip portion is configured to
35 inflate or collapse and arranged to break or form a seal
with a substrate positioned against the mounting surface,

according to pressure changes in the chamber.
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menbrane provides a nounting surface for a substrate. The flexible

menbr ane i ncludes an inner portion and an outer expandable |ip portion.
The lip portion is configured to 35 inflate or coll apse and arégﬂgﬁg

break or forma seal wth a substrate positioned agai nst the

surface, according to pressure changes in the chanber. 3 2 5 AUG 2003

| mpl ement ations of { NenbRueRtiaR iR bRCkHIC 1A08ntebaREG Shcllfe one
following. A portion o I exi menbrane nay be folded._to define the
lip portionorTRere gt ﬁ@ﬁt@@dhﬁw}nﬂhcl6d@05tﬁ68k@§ tﬁefﬁéﬁﬁlééﬁnunlcatlon
W t{l thed5 ﬁ!&%@ﬁk Ithel Hag;t Béap t:;i@ﬂrctédo&torf@)éh fiinel wde Qﬂpupbeltl@@[t Tael Q}Apr N
par and a pocket ‘| ocat.ed bet ween e.up ower rt.s xi bl e
menbr ane f uPOkér ORadPaivn dirdd (ﬁﬁgkeﬁoﬁg|5&uﬁg|HQHmP81FﬁElSBp§ﬁ%h &ﬁ The
f 1 exi bl e5nedheirdre . rﬂﬁhdlﬂﬂﬁﬂpbﬂﬁﬁdnud%yaﬁn@ﬂmdbamnwm@@egomﬁmmn haQDWQra

f t 10 end th t d d

ria'[ Z| ner en QJQCI n%‘ft@@cg‘r pr?%)(eq%%'r el Icpr?e E}'&ga %%f?o%g)p%% a%%cq]rl p portl on to
mai ntai n thepas:ttrs;ct (ed  filetseigylid yneofoetrfeend ifur themt imery. s udep a@orelqg@n may
form the Selontlidh (AR AUPSIS AhE. WARR B GhATAGT, | SuapuALRncld | P

portion seal substrate en the chanber is
pressuri zed mam faqfiﬁlhﬁé? igyplarde theammﬂém VoMY Pgiticdn ditidid @ fetiidd o

chem Caho”‘?fé]ﬁi"j(‘cﬁn&iﬂﬁ&mﬂ@ edi;étﬁzﬁttr@de drid 20 Resddd wied sgainsd @ a
‘mounting surface of a flexible. nenbrane of a carrier, head, the fliryﬁ‘ble

menbr ane defiShiHig et Pressurk Z%Ib?%e%ﬁ%ﬂ%e?u%qqﬂ Gheedds M
i ncluding  aniexpandia ecd ik Pordimntia $imictwemmin eedt oy vof itlidel ip
chanber. The c anber tﬁéev€ﬂgated Io coII se the 25E§KRﬁﬂ9§Q[e lip portion

and form a %% Wih t Rt ton QTR ST (TRt S ed from a
first | ocat i subdtorate s/dmmdtﬁlencamammer AIB/&’HEBIQEEtGEﬂ t HEhé nbipteont ey
| ncl ude, %;ﬁ 3%19 Th&eéfb\ﬁ% &ady sec l@ﬁge&lél{'&)@fldl§o
, renoved ron1 I shihg” pad orn1 |s app
pressurlzed

In another éspect, the invention is directed to a
" method of chemical mechanical polishing. A substrate is
20 positioned against a mounting surface of a_flexiblé‘membrane
 of a carrier head, the flexible membrane defining a
-préssurizable chamber within the carrier head and including
an expandable lip portion in fluid communication with the
chamber. The chamber is evacuated to collapse the
25 expandable lip portion and form a seal with the substrate.
- The substrate is transfered from a first location to a
.secénd location. |
Advantages of the invention may include the
followihg. The substrate can be reliably loaded to and
30 removed from thé polishing pad. A uniform load is applied'
to the substrate during polishing by allowing removal of air
trapped between the substrate and the flexible membrane.
Other advantages and features of the invention
w1ll be apparent from the following descrlptlon, including
35 the drawings and claims.

Brief Description of the Drawings



to the substrate during polishing by allow ng renoval of air _trapped

bet ween the substrate and the flexible nenbrane. O her advantages and _
features of the invention wll be apparent fromthe follow ng2d&eaies i2pg3i on
including 35 the drawings and clains. Brief Description of the Draw ngs 2
AU G 2003 5 10 FIG 1 is an expl oded perspective view of a chem cal
mechani cal polishing agrar at us anl Expd ddeda peehpertii&eCass 9ECHI onal view
of a, carrier head accordi.ng.to the present inyention. FIG 3 is an .
enl arged vi &WFFS en@%n&g%f}eé’(?l&lshlﬂ%ap?@ﬁ i'ng a flexible lip at the

edge of a flexible n@me.ae.idlaGschdratsio atriorg-aechdlonsili vg.epadt Bl G

illustratin carrier, head. FIL.G .4A..s a _view,of the rrier head of FIG
2 net hod o%a%ernloe\% rkllge(-:‘aé{1 ts}’lu St a]tneq ftroor}-‘lht%é)rflielné: aln\ﬁeélv%(iofrl't he carrier head

of FIG 2 method of réi® iy is subsimlamgdd omevhe 5 the ganmisy- Seedi ofal
view of a cafrd ery MMty I LA 9 14008 RYI lyellod e il

menbr ane extends ~ over 't i'p portion. schenmati c
cross-secti GHHORAN®Y of a carrier head in which the flexible menbr ane

includes an expandablgrd i maord ipRi R0 Jf Ghe Adddiust nales & metdhod of
pol -i shing a ilsluubssérraatti%gona 6Ilneptol'lloic'lS h()ifngre%o(jxfiur?g} rgg sturﬁ)estcr%rgei efrrorllnea}cqmeOf FlG 6
lO' polishing pad. - : »

FIG. 4B is a view of the carrier head of FIG. 2
‘illustrating a method of removing a substrate from the
carrier héad, . |

FIG. 5 is a cross-sectional view of a carrier head

15 in which the edge portion of the fleXible membrane extends
over the lip portion.

FIG. 6 is a schematic cross-sectional view of a
carrier head in which the flexible membrane includes an
expandable lip portion. ’ ‘

20 - FIG. 7A illustrates a method of polishing a
' substrate on a polishing pad using the carrier head of FIG.

FIGS. 7B and 7C illustrate a method of removing

the substrate from the polishing pad using the carrier head
25 of FIG. 6. ’

FIG. 7D illustrates a method of removing the
substrate from the carrier head using the carrier head of
FIG. 6. '

FIG. 8 is a schematic cross-sectional view of a

30 . carrier head which includes a flekible membrane with an
expandable lip portion and a separate flexure.

Like reference numbers are designated in the
various drawings to indicate like elements. A letter suffix
indicates that an element hés a modified function, opefation

35 or structure.



FIGS. 7B and 7Cillustrate a method of renovi ng the substrate fromthe
polishing pad using the carrier head 25 of FIG 6. FIG 7D illustrates a

nmet hod of renoving the substrate fromthe carrier head using 25%@@'[}§ er
head of FIG 6. FIG 8 is a schematic cross-sectional view of .a .
carrier head which includes a flexible menpbrane with an expandable Iip

portion and a separate flexure. pdig 1&f asence guiders are designated in
the wvarious draw ngs to_ indicat i Ke i

= Tike stements. Aletter suffix. jndicates
that an el ement has a BRIGHIEP fithdtiont, o &5 6‘}?r93§”g?5t§:tart§(ﬁ L]Toe."”.l(iS 2
5 AUG 2003 Det gid eikH®RS @y [ i cierRei£T mdhdni dd1Gpblienamy (OMRY substrates
10 will  be palished a em cal . nmechani cal pol..shi C\VvP I S
20. A descr PR of° ?/051 m%]aégﬁ}ﬂ%ﬁ)lp% a?]ﬁsa rf%}’“lslager%f%o%na(? |§nr%9%ém%§’$ent
No. 5, 738, 5k fdumndnin rg. i skdosar eNo of 5 M3 &H714 i oorqydriate dl isarlgisn gy
reference. The GM> rat u i ugdes I]%\g_r FRCH base 22 with a
~table top Zﬁyﬁnunﬁggp?%é?%%%réé? g?éennd% e pﬁ%r od?%? cover (not
shown). Table top 23 sUppdidB aprariess 020 1npbldeshingletes irEh e bafe a

transfer stagjopi@f § ofapPdiHY 2 2NHLMMH O NG YD SAH R £Sr enddieald T AN
station may forma generally square arrangenent with the thr ee@pgelbé ?ﬂl}cl ng

stations. ERWEPHIFEHg(Re At FRARhel utRRLA TR AJT RGP

‘whi ch i 30pl aserhi éh o | ST PDoRad2 S2. ahd suUbsifister 1ddtSiam 27 ghdr | eddi(xRP0
millinmeter) or tw‘eive-i nch ‘ﬁéoo €1 |1 rrﬁ\er% di afet er, di sk, then cg}lrat en 30
and pol i shi igPPa L SFRY | SYRSEEDLES t ehES bFERHTTE S FRcHEd 1Y of AHbr
respecti vel ygelRtad Ehy 3@quaye ber congentret witla phat enree i pel 26himy or (not
shown) | ocatgd, jpsjde machine base 22. For nost polishing processes, the
pl-aten drive notor rotates platen 30 at thirty to two-hundred revol utions
per minute, although Each polishing station includes a rotatable platen

15 30 on which is placed a polishing pad 32. If substrate 10
is an eight-inch (200 millimeter) or twelve-inch (300
millimeter) diameter disk, then platen 30 and polishing pad
32 will be about twenty or thirty inches in diameter,
respectively. Platen 30 may be connected to a platen drive

20 motor (not shown) located inside machine base 22. For most
polishing processes, the platen drive motor rotates pléten
30 at thirty to two-hundred revolutions per minute, although
lower or higher rotational speeds may be used. Each |
polishing station may further include an associated pad'

25 conditioner apparatus 40 to maintain the abrasive condition
of the polishing pad. |

A slurry 50 containing a reactive agent (e.g.,
deionized water for oxide polishing) and a chemically-
reactive catalyzer (e.g., potassium hydroxide for oxide

30 polishing) may be supplied.tO*the surface of polishing pad:
32 by a combined slurry/rinse arm 52. If polishing pad 32
is a standard pad, slurry 50 may also include ‘abrasive
particles (e.g., silicon dioxide for oxide polishing) .
Typically, sufficient slurry is provided to cover and wet

35 the entire polishing pad 32. Slurry/rinse arm 52 includes
several spray nozzles (not shown) which provide a high
pressure rinse of polishing pad 32 at the end of each

" polishing and conditioning cycle.
: 6



| ower or higher rotational speeds may be used. Each polishing station may
further include an associ ated pad 25 conditioner apparatus 40 to maintain
the abrasive condition of the polishing pad. A slurry 50 contg@nAﬁ%;ﬂma
reactive agent (e.g., deionized water for oxide polishing) an

chem cally- reactive catalyzer (e.g., potassium hydroxide for oxide 30

pol i shing) may be supp| 'r%q:att%btﬂée m%lirtfla@x%a@f cla%h%@ln@sopaanS%dbzhgaa
conmbi ned slurry/rinse arm52. If po |sh|ng pad 32 is a stand rd pg? slurry

50 may al so GAFONEEd SARPRSty ©135&r (G Past Ce SgVeTs i cdit Q’P&% dE€PFEr  oxi de
pol i shing) . apbyRl adfWet ndHine elses|2pr .y Gagopisev @@qbpb@thmerteam wet 35

the entire pollshln ad 32. Slurry/ri ar sever pray
nozzl es (notSUERKHH Yl $rovicde BOSHi &% 59315‘ 914 %g“é? L& SCs |r§ilg pad
32 at the emhrm‘uﬁacraxmleizsrbm@ araraoredi tcdnimg seeaibd.y 602 a8 cAlUBIZ003 A
rotatabl e I tlh-lr}leeaqj car oszeI }&qb ll '}1 atajlgggfoql eﬁar&u%%cl%ﬁ%orftolﬁl ate 66

and a cover 68, posﬁ?roned ove 1 owet i'ne bas Car ousel :
support pl at@lﬁﬁtels hesappors ey’ & reumtterd pnstcaaznmﬂi reatEcad- tHetEorp 0

about a5 ca0usgla Xl iy O DY;  GAFPUS el B O ARARITDIdfc DGt d Mirdd ot

machi ne base carousel 60 1 ncl udes four carrier ‘head, systens
70 mount ed drhttarré@u:epear s\'tﬁﬁﬁ)rftyifﬂ%'ﬁ% waeeigie @it hay s irRES A about

car ouseh gaxipg, Bdsh HH&R w{r pit s TRF riedm rw@rss@t@r@ pciad iien @nsh dw | of
substrates and 10 olrs

hem p ressi ng 1 hem agai nst the ollshl ng pads
of the polilsht RPEteivhsSt ﬁ’ﬁe‘y th%n%a?# @? ?%Scte ngs a

substrate frpé@@ﬂdeﬂe&lm&mee stibsth r @it d@ll\témsﬁm mkastmtérco The
carousel notor orb t, the ;arr

head syst Lates
at t ached thetrﬁ“bs B%Ejfo%a% ous *h%x?ar%‘ﬁs%]ztn\?f\(/geq’g%r ﬁﬁ&e’y gﬁfsﬁ?ﬁ% stations
and the traccalhexestlaéa@nsyEaelhsnaamdethﬂealdosiym’ee@|a1t¢@|@1@%datfp%¥$’é% ng or

carrier %ead dﬂ&?t @P@u&?{réfis h@@%%@@eéﬂ%@@@ﬂ%ﬂlné Of 84 £803504d 1 S

own aX|s I ndependen at er al
the transfer station.

Each carrier head system includes a polishing or
carrier head 100. FEach carrier head 100 independently
. rotates about its own axis, and independently laterally
20 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 ohe—quarter'of cover 68) to carrier head 100.

_ There is one carrier drive shaft and motor for each head.
25 Each motor and drive shaft may be supported on a slider (not
.shown) which can be lineafly driven along the slot by a-

" radial drive motor to laterally oscillate the carrier head.
During actual polishing, three of the carrier
heads are positibned at and above the three polishing
30 stations. Each carrier head 100 lowers a substrate into
' contact with a polishing pad 32. Generally, carrier head
100 holds the substrate in position against the polishing
'pad and distributes a force across the back surface of the
substrate. The carrier head also transfers torque from the
35 drive shaft to the substrate. -
Referring to FIGS. 2.and 3, carrier head 100 _
includes a housing 102, a base 104, a gimbal mechanism 106,

a loading chamber 108, a retaining ring 110, and a substrate
- .



20 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 notor 76 (shown by the -renoval of one-quarter of cover2 $@uct 03
carrier head 100. There is one carrier drive shaft and notor for each
head. 25 Each notor and drive shaft nay be supported on a slider (not

. shown) whi deekindeassemalyyl i veh &omgintieosof dysiniadicrdeve

motor to | atgszhly aﬁsﬁ%lf&ﬁﬁdtfﬁ Gag Il gy head s JNrd 0g actwal pold SN

t hree of the carrier eads are positioned at and above the three 1pollshl ng

30 stations.P¥aeWtdRrieE akad ﬁDbeqid@@Ysﬂar shp%tr grtihied it 8 th a

pol i shi ng pa@tﬁﬁ.wﬁ?mematLEXIEaErM@MB@&@@ FdR0n heiesT ¢Ae edysAn edzer i n

position agaj pol i shi ng ad and distributes a force across the back
surface of t Qﬁgﬁﬂg?r&%%mfhea‘& r#F et IReddt Rl BRe (R EHLIRES Yor'R from the

35 drive sha;ﬁrewnthiansemsidm; eth&eéletir@gdi@cféﬁ&e 2ofnghBchcasri er head
100 |nclude§ng POU?IP% a ase 104 |nbal mechani sm 106, a | oading
chanber 108, “ACPERSF Al 7Y ?%8 40V BRAEC LRGBSt rate 7 2 5 AU G 2003 backing
assenbly 112. A descm@@usnngfl@Zscamllae cannéeted headdmaye behdHundd ito U. S

ot tled A Gt ER SRRt e Yol o BRer et G b F R AT TR Cal
5 POLI SHING BY&TEM chndls asgbghedtialliliecpasseyhbeubirt he tb@e@@hfaﬁﬁvéﬁt|on,

the entire dtﬁélgéyighpﬁgwﬁhahdm?mgnﬁaipgﬁeﬁgd hE5 88 InYChehBELNESS is
- Housing 102 can be conneCted to drive rotate therewth during

pol i shi ng abbdtabRdaRkpEween BPUELRE 199 and Qh?%hlpé BAbaPRAY| &l $92ds
~ perpendicul ai.&0, t hedswhwaee prekBbarepl tshbagepadadur Thg v@ktsbang Loadi ng

ohamber 100 &SsabosELET, BEbLCTu BTN d0% ) bagend0d o aPRL Y agshond,
relativedo pohtshﬂmgdphg 32afdsngl sbatbecohtBol | ed by | oadi ng chanber 108.
Substrqte backi ng asseg@£¥t};geiggkggﬁ8 §s§3889§t112 includes a suppdrt
structure 114, a flexure diaphragm 116 connecting support
strﬁcture 114 to base 104, and a flexible member or membrane
118 connected to support structure 114, Flexible membrane
20 118 extends below support structure 114 to provide a
- mounting surface 192 for the substrate. The sealed volume
between flexible membrane 118, support structure 114,
flexure diaphragm 116, base 104, and gimbal mechanism 106
defines a pressufizable chamber 190. Pressurization of
25 chamber 190 forces’fleXible membréne 118 downwardly to press
the substrate against the polishing pad. A first pump (not
shown) may be fluidly connected to chamber 190 to control
the pressure in the chamber and thus the downward force of
the flexible membrane on the substrate.
30 Housing 102 may be generally circular in shape to
correspond to the circular configuration'of the substrate to
be polished. A cylindrical bushing 122 may fit into a
vertical bore 124 through the housing, and two passages 126
and 128 may extend through the housing for pneumatic control
35 of the carrier head. : A
Base 104 is a generally ring-shaped body formed of
a rigid material and is located beneath housing 102. A

passage 130 may extend through the base, and two fixtures
_ g _



structure 114, a flexure di aphragm 116 connecting support structure 114 to
base 104, and a flexible nenber or nenbrane 118 connected to support
structure 114. Flexible menbrane 20 118 extends bel ow support 2%&@®t re 114
to provide a nounting surface 192 for the substrate. The seal

bet ween fl exible nmenbrane 118, support structure 114, flexure di aphragm

116, base 1042 andi gimatlamtﬁmcﬁénaﬁ%crd@ﬂm@foﬁlw &3S Wonhafdte achanber
190. Pressurfzatgjn g{ 25 chanber 190 for Qﬁ%fl exi.bl e

ran
downvar dly (3  Hiatrat s, K35 9 b AN pump
(not  shown)campleheddadagh yl Tdnnegpassdae cdhidhber 190 to control t he

pressure in the chanb r bIe

menbr ane on t he subst?faltgé%%usr ngpfl)‘%%gl edr[{)e g\%[r?cegrazﬁtd1 Cl rcu ar :
shape to° cortlexpmdl to the owen|swr turd |cgﬁ1rkaasebril%4r thea siult?éftlﬁratlélgt o be
polished. A gy 'Mrd%n@%%%&QB 18y, f'élahrgi QClehg Vlezfzt iR} ROTRAA%d

through t he housi ng, and two passages 126 an ext end through t he
housi ng for Ehetmif i 0T refrews oF ktchlet%arrrqters}}féfﬁtl) BdseSepd s(npt

gener ?lhl K ri élgov&hi)ggﬁa& b@éiycémwgli%%fto %Iac?iéj% nltaflhlﬁrttcﬁ|d_'aﬂ"ébtt Sa Imatcsd

enea ousli n assage ma exten r an

Tt o o5 815 8k sy TOSTR TGS (A eln el o G o AL S A

connect 1& fttloardsjdne ¢aber bkt svedowinoasd r@réﬁ)ﬂlmmmmﬂmt@tfummq

coupl e pass O fsr}Bé’(fPEféé‘ﬂf 1381::@@ g 54 lr@aﬁ@e f&&%‘ébtc? Jenbrane 140 may

be 5 attache ower sufface ase ring 142 to
defrne a bl aefdefeddiion Gl a%p(seén§IG423 hafrore @e%@@mﬁrtt @h@e11@405y Screws

or bolts (n0§ul§§@¥\€')stﬁué€&f?@dliﬁ'0’éo SPOYE) o "BYn D LONRSET S E0eblgpider 144

to direct a fluid g such as air, 1nto or out of the bl adder
and 10 t her gh§REMEE o} 18 %I%%ﬂﬁtdsbﬁa%%%ﬁ?% ey SHRPEPRY STPREYIRE 114

Speci fi qa | yaddl edses1 wﬂeﬁwrbetuseﬂet@eﬁaﬂép BorPLOh €6t i BRe 1S i BeeLE) G

3) froma support plat 70. of u ort ructure 114 to ess a. ce tra
‘a%ea of erXPEIe P 8 %b mec a 18 permits Dbase 185 éo P

with respect to hou51ng 102 so that the base may remain
substantially parallel with the surface of the‘polishing
pad. Gimbal mechanism 106 includes a gimbal rod 150 which

20 fits into a passage 154 thfough cylindrical bushing 122 and
a flexure ring 152 which is secured to base 104. Gimbal rod
150 may slide vertically along passage 154 to provide
vertical motion of base 104, but it prevents any lateral
motion of base 104 with respect to housing 102.

25 An inner edge of a generally ring-shaped rolling
diaphragm 160 may be clamped to housing 102 by an inner
clamp ring 162. An outer clamp ring 164 may clamp an outer
edge of rolling diaphragm 160 to base 104. Thus, rolling-
diaphragm 160 seals the space between housing 102 and base

30 104 to define loading chamber 108. A third pump (not shown)
may be fluidly connected to loading chamber 108 to control
the pressure in the loadlng chamber and the load applied to
base 104.

Retaining ring 110 may be a generally annular fing

'35 secured at the outer edge of base 104,'é.g., by bolts (not
shown). When fluid is pumped into loading chamber 108 and"
base 104 is pushed downwardly, retaining ring 110 is also

pushed downwardly to apply a load to polishing pad 32. A
9



menbrane 118 agai nst substrate 10, thereby applying 15 additional pressure
to.the central portion of the substrate. G nbal nechanism 106, permts base
104 to pivot wth respect to housing 102 so that the base nm
substantially parallel with the surface of the polishing pad. G nbal
mechani sm 106 i ncludes a ginbal rod 150 which 20 fits into a passage 154

t hrough cyl ibedriorals unifalieng 9B2 2 fand tad rfinex wriegr iing. 5% Wi ch is secured to
base. 104. G I 0 slide . vertically al a rovide
verti cal nDtslr‘T‘%n to qéaslé‘@l(ﬁ,%ycﬁutoﬁ ﬁtpﬁgyegﬁag%ﬁypﬁgggggﬁi %l%t i‘l:glgmé ! ase
104 with redpedtadid iftads g atGords ofh slmrery dadge olutsigendhal Ingptaining

ring-shaped yiQld R0 11l PIYAGDIL0 TRY she Gl & Je0 13U NG Q4 iy gan

inner clanp ring 162.. An outer clanp ring 164 may clanp an outer  "edge of
rol I'i ng @i aphimggnmlisendngasaddrel GabstHiate rgr@l Preyendi dphtagm PECP3EPs t he
space bet weerrdisdmi tH3d nd-dasae3the}d t o define | oadi ng chanber 108. A
third punp (not shown) may be fl ui dl%hconnect ed to | oading chanber 108 to

control the pressure SUPRHE |VaHTAF Ehdniver arrdPhE atEadapii%d to  base
104. Ret ai niaysdnibly 11Q neye heies gangicadt Yo largaullano,riatg andulsac Woeedrat t he

"nto 1 oad ng GG 18 bt BHuE 0 P SRR A dtmar P e ta g i ng
110 is &Pso 1 pusieed kooven vl na it loy a:mﬁly-shdpmtl iy ipb Imesthany TFIHdIBJZ.él_ A9 26
;‘AluatG, 28?3i ?%n%%%\%g g&%l%?%ﬂﬂé%ﬁc gr%%é@ﬁ%%%a@?@?e?ﬁaﬁ%ﬁ% lo?‘/
slurry fromsutfce ahesuraihimgpte i bt ey fe siaparaied APm vgresur face
Beoa g T RS T E M emasees A Sumte o pave yfdenes
backi ng  as Y - e RIES KRR e it a]tgf‘ﬁi{l% Al Tovet a%a%m
172, and5an ZnmthAare upper3mhanad Me Spumned timltaie @ dr Cedpy df support
generally digféégaffg.rifgcgéﬁi fgang}£§ké%ion 179 (see FIG. 3) may
extend downwardly from a central region of the bottom
surface of the Support plate. The projection may be formed
by attaching a carrier film to the bottom of the support
20 plate, or it may be formed integrally with the support
plate. Support plate 170 may not include apertures through
- the area above projection 179. Alternately, the apertures
may extend through both the‘support plate and the
projection. ‘
25 Flexure diaphragm 116 of substrate backing
assembly 112 is a generally planar annular ring. An inner
edge of flexure diaphragm 116 is clamped between baSé 104
and retaining ring 110, and an outer edge of flexure
diaphragm 116 is clamped between lower clamp 172 and upper
30 clamp 174. Flexure diaphragm 116 is flexible and elastic,
although it could be rigid in the radial and tangential
directions. Flexure diaphragm 116 may be formed of rubber,
such as neopfene; an elastomeric-coated fabric, such as
NYLON™ or NOMEX“; plastic; or a composite material, such as
35 fiberglass.
Flexible membrane 118 is a generally circular
sheet formed of a flexible and elastic material, such as

chloroprene, ethylene propylene rubber or silicone.
’ 10



plurality of apertures 176 forned therethrough. The outer surface of
support plate 170 may be separated frominner surface 196 of retaining
ring 110. by a gap having a width of about 3nm An annul ar rece9% AU® 2003
having a width WL of about 15 2-4nm e.g., 3nm may be fornmed in the outer
edge of support plate 170. In addition, projection 179 (see FIG 3) may

ext end do‘“““r"%%ﬁl‘;r %@in%rg%%t hal &g&ilﬁ'ae%f hhgnHQEt thﬁHﬁf 28§, ofnt he
support pl até. € projection may be o.rmagL y attaching a carrier filmto
the bottom ehniersedger POzt iphatl8?2 whiich rufebdst arpuad khegrPEPFy M th the
support  pl al@ng P@Q%%eghabet%7@enﬁﬂaﬁ%%d Bekwdenapaet ugpoklir pughe the

area above projection 179. Alternately, the_ apertures _na tend .t hrough
both the su toplest €1a/@ tHe prdicedt ifdrx1P3s #FBXBPEt&PépﬁryéggH?‘ifE of

substr atg b%@#ﬁéf’ﬂlﬁis m?bl@lyllf%dx@ aajgﬁrmlru@el ygmLa@aWeangumrr bogtisn

i nner edge .0 exur e di aphragm. 116 i s clanp et ween, base a
retaini ng H%ﬁf;ﬁﬂi(%ﬂ%ﬁ &ﬁrg&P lé%béxbfx¥$: r & p&F&BﬁF&éﬁPf%%ipg § afped
bet ween | owesubdtamtel 1D aakd Uppathe3Gadrangr ha4d.Fl &her ¢ uticdphmead®4116 i s
flexible and elastjc, althqugh it .could be rigiq.i I1al aRe
tangenti al %q,aitce[ci oqr%‘.erﬁlg%?)een_ |aécp rraegcrﬁsflé7%&9%%#%?%%%}%3%%&',
such as neomrmehe;s arhielkast,omerg .¢- cdatdd tfwilird @s $bdickas they @negr NOVE
X"4; plagtic, : ites: 1ad as 35 fiberglass. Flexible
menbr angéllg)?rg{laﬁbgﬁﬁ y?%c%tgriéﬁ#a‘?lo%ﬁ%‘e:%ﬁ' formed of a flexible and
elastic material, suclhss LighlRpr@nel 8 @My dife RdgsIBRP st t@per

silicone. 10rror  AHGIRAS Rl &uueniang 2l & i nedidamaiutangy sportion
180, an annul ar edge portion 182 whjch extends around the,C ques Oifnner
support pl at 48 G- S EhpRit ettt the c?r%ua& A% TR 95

OVET ™ Cl anp
172, and a fpextidre 18P PortianIB6 méristarbe extsendOuwdmarith y1§8§ onf a ip

et o 51 PPLASE ACEL, BOT 40 od S RE B gs2 o cantact o

184 is Specifically, the lip portion should extend sufficiently
downwardly so that if chamber 190 is evacuated and flexible
membrane 118 1is pulled upwardly, rim 188 of lip portion 180
still extends below projection 179 on support plate 170.

20 This ensures that a seal can be fdrmed between the substrate
and flexible membrane 118 even if projection 179 prevents
the application of pressure to the edge of the substrate.

As discussed in greater detail below, lip portion 186
assists in the removal of the substrate from the polishing

25 pad. ,

| In one implementation, the inner and edge portions
of flexible membrane 118 may be about 29-33 mils thick,
whereas the juncture section'may be about 60-66 mils thick
and may extend inwardly from the edge portion about 1-5 mm,

30 e.g., 3.5 mm. The lip portion may extend downwardly at an
angle of about 0-30°, e.g., 15°, from inner portion 180, and
may extend about 1-5 mm, e.g., 3.5 mm, beyond edge portion
182. '

As previously discussed, one reoccurring problem

35  in CMP is underpolishing of the substrate center. Carrier
head 100 may be used to reduce or minimize the center slow
effect. Specifically, by providing support plate 170 with

projection 179 which contacts the upper surface of the
11



| ocat ed generally beneath recess 178 in support plate 170, and is thicker,
e.g., about twice as thick, than inner 10 portion 180 or edge portion 182.
The lip portion 186 may be wedge-shaped and- taper from a thickypgsgicapgt
equal to that of the juncture to a thickness at its outer rim 188 about
equal to that of inner portion 180 of flexible nmenbrane 118. outer rim 188

of lip 15 t 1.0 ngl ’ , , ifdcalbly,
-the | Pp pofﬁloénﬁs ljoégﬁndé%(&#e}ﬁedalggﬁe?%%]g%ghp H%mrﬁslcqu/alrsdét{ %’Ioglotqt a%‘i:e]‘:a‘ gﬁg%er :

190 is evacudted ey kil sulsiprair 196 i winslsud agfwarcdidi tiqnaliss of
lip_portion d80sstd Iha®BENGsH PR OV P91 £§ddOM 4o’ & ORI dn il At1g 170.

20 This ensures that, a seal can be formed between the substrate an

_ f
f1 exibl e meHRIHEPALBRIETF IR FeckhdrCaTeHrAV drits SUHETRR i catiiien of
Erlessurle_st 0 éd&i@i@@al _gfpﬁéf@s@_t@jsm@i@aseéstw% wf mﬁh 'ﬂgﬂb@r@tﬁ ftdﬁi ai-lh
elow, lip portion assists in the, removal of the substrate fromt
pol [ shing. JEBGEE O Oe T BATE ot FORTOYHRT | HHERSTAH P e ¥ T bride of
fl exi bl e memedmeindd 8timaycdretabositoR%e B8Beat ] sad hlickqussdikrisadl the Fahbsottur e
section may . 60- 1 hi d y A t
- edge porti onﬁé%g%?gﬁl%g)n%?r%%%\é&g i&géggﬂrr?nm‘rh]?ﬂé%%% I o'gé%/rafyééei(r']t en
downwar dl y agnihre giggelotundont WhBCD, ie. gunconspratedmermier portion 180,
and may gext gpg-pbQuL 1-5 nMm e.g., 3.5 nm beyond edge portion 182. As
previously discussed, one reoccurring problem 35 in CW is under$olishing

of the substrate centefRerwapelbshhradidosomaiebrdusel 1S +2RIEEPSF Athini ze
the center s¢owchehbeet196PES| Th€a@hhychBYkPERYI shibgt SalpPOEd Plektbld0 with

j ecti 179 which t th f the 11 2 AU 200 f i bl
Terbr ane | n AOBRARRSI 1001 r baFhr LBNEaE: CHPERCReLr® | he ERRParedt conitt - ©
subst rat e- r ecasei h@4 sandaoackandi st onaturpr 232 uo £ nelye beo hpphied bgdbl adder
144 to yhe potentiallyy upder POLLINEAGEY Qhothet NErGENLR" 1R cliPCis the

substrate. This , , o
difficulty in removing the substrate from the polishing pad.

However, carrier head 100 substantially eliminates this
problem. _ o
Referring to FIG. 4A (for simplicity, only the
20 elements involved in attaching and removing the substrate
are illustrated in FIGS. 4A and 4B), whén chamber 190 is
evacuated, inner portion 180 of flexible membrane 118 is
pulled inwardly. This causes a decrease in pressure in the
'_volume between the backside of the substrate and the
25 mounting surface of the flexible membrane. The decrease in
pressure causes lip portion 186 to be drawn against a
perimeter portion of the substrate to form a seal
therebetween. This provides an effective vacuum-chuck of
the substrate to the flexible membrane. Thus, when loading
30 chamber 108 is evacuated, substrate 10 will be securely held
to the carrier head. 1In addition, the seal is sufficiently
fluid-tight that it may not be necessary to apply an
additional downward force to the portion of the flexible
‘ membrane over the perimeter of the substrate to form the
35 seal. Consequently, the seal may be implemented without
requiring additional pneumatic controls in the carrier head.
Referring to FIG. 4B, to remove the substrate from

the carrier head, fluid is pumped into chamber 190. This
12 S



5 additional pressure increases the polishing rate at the center of the

substrate, inproving polishing uniformty and reducing the cenggg g%@w
effect, as discussed in U S. Patent Application Serial No. 08RgoAY

filed August 8, 1997, the entire disclosure of which is incorporated
herein by 10 reference. Wen polishing is_conpleted, fluid is punped out

of chanber 140 AN KL N8 YRSKALR (oillseki Bl ecaliehiane 118

Then | oading c I'S evacuate se 104 and backi ng
structure 1I2nsftunche §doltics iivg tpaerrs s vrenConseduspsty, &t Rer thPBbI em

in OW is thee @ifddculipydrainenRyiviat e sulsty ake yf Feont Reepol i shing pad.
However, carrier head 10Q substa tlaII el im_ nat es thbﬁvgrobl g} Referring
to FIG 4A (FRSTiaRs 4 cf'% Ris HHSPKhd PG A e Rsite s & achi ng and
renovi ngst henes:uhsdd rHeataghd amsﬂﬂatﬁ r atrﬁz? tﬁb Hcﬁ&wa‘k@nbms‘éﬁ)re \iirem dﬂn&rrbgr
190 is evacuat e ner t on exi.bl e menbr ane 8 1

i nwar dl y. Tlﬁrgl%ralﬁoers -y rBe et:i%e ﬁ?’ﬁ?’e]s%d?eé@%qehéen\?&e %ets\?\lé)esayi{aﬁg
backsi de of fidwen silbstaatel andchdde 25[‘hHJLtI1'tch’Ig1€5£lH fca?ce_]umfcm fllieexiddioatld
menbrane. T re 8

agai nst a r|obgr ?‘grre @éeg%r%b JP‘{ e su r&‘é % gﬂf ecjos%g&g%er ebet ween.
Thi s provi degheanl i frex tien \mcmrrﬁ mr@ry viRn sﬁl&tlrnét@éf R 1 tHO T | i bl e
menbr angg ThiSex WhHED rhﬁ@gl,}g}ge %@Wﬁ%?é&&jdvﬁl\,@/ﬁﬁgﬂt ed, substrate 10 will

be securely held tot carrier head n addition, the seal is
‘sufficientiy fluid-tig@Ee¥herd %o nallnotr b tRIeaiead H iamtudes

addi ti onal ']S@vmhy@gm%i@r@@nkbﬁaﬁéf\elmtuwé%ﬁolclh@ drexihile pdmtninsmnm@a/.er the
perimeter of the substrate_t orm the sea uent t he

be i npl ement®¥y ITYHOLRIE refut Jr%gl PR FI%eﬁa@?% e‘%ﬁ? I‘%ﬁl%ql)%é %
carrier headthe Rexﬁ’eerl oglindFl @l 48, r face eoDvsupher ts ubsd tat 70 ramnd t bee

carr | er (Bead, fLuT 8} pUTped: Lok g, Ehanberg 1900 fU1 Sndfade S AHh200geauses

i nner portion ge ou
portion 182a of flex1ble membrane 118a includes a folded

portion 198 which extends over lip portlon 186a to connect
to juncture 184a. The folded portion 198 may fit into
recess 178a in support plate 170. Support plate 170 may

20 also include a projection 179 that is formed integrally with

. the support plate. R
' Referring to FIG. 6, in another embodiment, a

carrier head 100b includes a flexible membrane 118b having
an inner portion 180b, an annular edge portion 200 which

25 extends around the edges of support plate 170, a wing
portion 202 extending radially outward from an upper end 204
of edge portion 200 to retaining ring 110 and base 104 to be
secured therebetween, and an expandable peripheral lip
portion 206 to contact a perimeter portion of the substrate

30 loaded in the carrier head. Wing portion 202 is integrally
joined to the flexible membrane and replaces flexure 116 of
FIGS. 3 and 5. Edge portion 200 is located generally
between wing portion 202 and expandable lip portion 206. A

"Spacer ring 208 includes an inwardly-extending flange 210

35 that extends into a gap between the wing portion and the
edge portion. The spacer ring generally surrounds the edge
portion to maintain the structural integrity of expandable

13



juncture 184 to pivot downwardly. Consequently, lip portion 186 pivots
upwardly so that it lifts away fromthe substrate. This breaks the seal
bet ween the flexible 5 nmenbrane and substrate, and the downwar @ Hr&ssange
fromthe inner portion of the flexible nmenbrane renoves the substrate
fromthe carrier head. The thickness of juncture 184 should be selected to

provi de suffii;¢j eRfrtild @0‘-6\/ mﬁx%ne%lé'in%etrhal@o tl@egr'e%s@(iritzé@') ggvots upwardly
when the inner portl on of 10 fl exi ble nmenbrane 118 is urged downwardly.

Referring t &¥1@1ined datgti er head 100a includes a flexible menbrane 118a
that folds over |ip panigaoriabiea.lipApcadvian age @fxtdnds irlaile:LerIEIyt ation is

that the gap hetwe the ut er lin cal. surface_of ,suppar e 170
and the. 15 RISt S5 BOROHoy 390G o 4 e o Rt aP TEOEE S
por ti.on %82a lafx ift Jex indreb meeredb rldred 118@ |pmdtudms 204 glagede Formiesh 171998 whi ch

ext epds overfolﬁfrpqoréﬂ 33318&%1{ oo§%%eﬁ]les)%l% or?&&w nje8§>% gép e fol ded

portion 198 recess 1 port plate
170 may 20 a}mmeﬂﬂmdeoletmmjw|m J;metmaqoﬁtslqrorlrﬁé)@ iimteyredl IYPRAT h

the support pl.al oy RELEd rd Neouidr FldRe G1g 11 aNGl N RITHRMIERNE upbexCqiaiter
head 100b includes a flexib mbr ane 118b havi an inner portion 180b,
an annul ar th%’ﬁ?(ﬂﬁ%l?clﬁf e lbiehds Rt 34 Edfes ot %u’%ﬁﬁq

gloate ]}Z@d Q:cyﬂuﬁ\ﬂn@é)ifz%%@mﬁ&? Eneir@ich rtggcr adlzgilcmtgwﬁ vmldonzam%n upper egd
4 of edge portian to retaini 11 104 to be secure

t her ebet meer?’P%?fbdaaj?ll%xJp%éé%W%l%ré}g% be parbgfﬁc?%% t4%ontact a
perinmeter paibhotratet h@p@tb:isﬁ@alely,SOexpmﬁmblm l1he partrier Mdshwlng
portion 202ISI e th i

flexure 116 %}ft (%,19% éé{n%iﬁgi E%%"Senq'ﬁor 1 é rT]]Iaoc %%gl (gfe]g%}ga

bet ween wi nglmrpmnthEZZ%dee&mmlamJeow|}pr<p]3¢¢tmﬂ2b"69 o spRReFt r| ng 208
- I ncl udeg san AL dy yo ext gndi ngy, £ Adgergd0 a3éeai\a&a@xl5@nﬁ§m@aoo@ta@@n

bet ween the ng portion and the edge portion. The spacer |n$¥(gene ally

~surrounds t h’éh%dg‘ébs]éé@?? oﬁn@ofwm%ﬁf eHRr 3Re UH%}Pa?V‘?Iht & Jggtion
expandabl e 1879 prevents the application of pressure to the edge of the

substrate. ,
In one implementation, inner portion 180b of

20 flexible membrane 118b may be about 29-33 mils thick,
whereas edge portion 200 may be about 150-250 mils thick.
Lip portion 206 may extend downwardly at an angle of about
0-30°, e.g., 15°, from inner portion 180b, and may extend
about 1-5 mm, e.g., 3.5 mm, beyond edge portion 200.

25 Referring to FIG. 7A, carrier head 100b is used to
apply a uniform load to a substrate during a polishing
operation. To perform the polishing operation, substrate 10°
is first vacuum-chucked to flexible membrane 118b and placed
on a polishing pad 32. The vacuum-chuck procedure is

30 performed by evacuating chamber 190 and forming a seal
‘between substrate 10 and expandable lip portion 206 of
flexible membrane 118b. During this procedure, air may be
trapped between the flexible membrane and the substrate. If
the trapped air is not removed, it may exert a force on the

35 substrate when a load is applied to the backside of the
substrate during a polishing operation via a rigid object,

e.g., a projection extending downwardly from the support

14



2 5 AUG 2003 lip portion 206 when chanber 190 is pressurized, as.

expl ained |l ater. Expandable |ip portion 206 extends radially outward from
edge portion 200 and inner portion 180b of 5 flexible nmenbrane 215386 2009
portion 206 may be formed by folding the portion of the flexible nmenbrane
between perinmeter portion 200 and inner portion 180b into an upper part

216 and a | f._par, . ' r : I art
215 dofi nes A ossEkan A Hhe Rt o B g R o S £5ER P PP
190. An out subsitmaX22 of expandable |lip portion 206 may be angl ed toward

the substrate. Speci fﬂx‘iﬂﬂ&é«bl@ﬂ%@%‘%‘{%&:‘dnp Y E;]Jx%'%i%@@_' shaukdtoext end

sufficiently downwardly "so that rim expandable |ip poition 206
ext ends bel GRNNVS s G aPPe bR iguppdriters Riiagiad the PHPStEARSEr 88 t hat a

seal cansbe goaringd eptpseens2 t e sty henprd ifdteXidhagpeenhoaneol18b even
LD OLECt O L PLEVSIS o L APBL P LAY, f BLSSSAT S g (e spdoe of <he
menbrane 118mbmyrdie ab@dclas: IR 0nidfs dxpiatidabiterlegs pedge opoR0i6en w2dChnay
angl o of abait 1o 0 s S BR it Tty Yo LAty extond
about 1-5 mpresgpyiz:d ymtheeyiorfd edge pontidmRD0ln A% Ref expangiald eFl G
SA’ _cargper lr}.g:ﬁ%c;roé)itbﬂ S gsed Ax?roxﬁ?soﬁ*py %&ﬂ;ﬁ%{%dxﬁ%ﬁ%@ xRS
uring a polishing operation. To performt pol1shi ng operation
substrate 10-9Q 91d rrackeie (@A chdokandab ke ekimIRO et 1P 186 HrdtHhced
on a polishidy fad Rlekdhe) y JerEBEuCk] Pr ooesd U d s i%h Red frofdrad py
evacuati ng chanber 190 and form ng a_seal et ween substrate 10 d
expandabl & AT GOt | HFGDS Ghe FI0 bl herkiieL A SR AIN (7J Ch om
procedure, ailie nybdierate Appieer dief waeredkind | tbxé bd €a Ivesdinvaseen driee thiep
35 substat SUHTH TRLGTH St Tl o (he Darkethe oY rir i g 1
during a polhahe rigeepetadpoad ihetween gf texobp betmembrane 118b and the :
substrate is forced out when a load is applied to the
substrate at the beginning of the polishing operation.
Throughout the preSsurization precédure, spacer
20 208 surrounding edge portion 200 allows expandable lip
portion 206 to maintain its structural integrity by
preventing the pressure in chamber 190 and pocket 220 from
pushing edge portion 200 too far out and deforming-
expandable lip portion 206.
25 Referring to FIGS. 7B and 7C, expandable lip
portion 206 provides a reliable means of removing a
substrate from the polishing pad after a polishing
operation. Once the polishing procédure has been completed,
chamber 190 is evacuated to remove the substrate from the
30 polishing pad. Arrows BB show evacuation of chamber 190.
The evacuation of chamber 190 collapses inflated expandable
lip portion 206, and atmospheric pressure is exerted on
expandable lip portion 206, és shown by arrows CC. Spacer
208 is not shown in order to illustrate the atmospheric
35 pressure being exerted on expandable lip portion 206.
Further evacuation of chamber 190 lifts flexible
membrane 118b upward, as shown in FIG. 7C. A low pressure

region 281 between flexible membrane 118b and the substrate
15



e.g., a projection extending dowmmwardly fromthe support 14 2 6 AUG 2009
pl ate, thereby preventing application of uniformload to the substrate.
Expandabl e |ip portion 206 provides a way to renpove the trapgﬁg ﬁgr fter
pl acing the substrate on 5 polishing pad 32, fluid is punped in § h er
190 to pressurize the chanber and apply a uniform load to the substrate.

Pocket 220 qfs expandabhg, i POrddioRy 236118119 ¢ it ahleuind geQMMuAkCat i on

with chanber 190, 1s also pressurized hy the inflow of fluid and. inflates
expandabl e PFESNGSodd GrRTaire RUGRS AAesHE prmestFanLatilsh GRUSREP

190 and poszlpzértaﬁ} 25@81’&%%&%% iﬂiﬁﬂcﬁllryf- i@y 1206 itﬁld;c rs‘db@ttedlr*]ceas_' trtmef pocr:lket‘
is pressurized.. .The expansi on of the |i portjon forges t rim.of .the

T exi bl e nertElidhRr 45 dTf TR SRS FE e Ot A i (D SHE (Sedr

bet ween Bhe griqpdix jpatdl oto aittte tierculistyriate. to A radsulfilexdipieai r t hat
may have been.tra etween f.l exihl. nq_nbra nd .t:he rate is
forced out egnrlloraarf)eg:lglél% %%%Ti%be tgoﬁ% E‘te @ seu'bs?lﬁja%]%eaf; ’hellg)e&oﬁﬂj‘ﬁr%l of the
pol i shi ng opdtattiiorht Mhrlealghouthe euhsrtessis izatdarn pedehd d0Wpacer 20
208 surroundi g £GP 100 Z0RSAL | e SxRANIAN ecddip RO A AGR T O

maintain its struct integrity by preventing the pressure in chanber
190 and pock¥d220 from pushing edge portion 200 too far out and deforning

expandahle |ip portiong206. 785 Ref&rrd s teh &l Lo V8L Gpbdduexpandatd e 1ip
portion 206 provides a_reliabl eirre ns_of Oebrmv' nég substrate fromthe
pol i shi ng pa%‘kéﬁ.’i%?t% HoPP shEhh e’bg%?%é)l]o(ﬁw. Cﬁ'l%% %ﬁ‘éh%cﬁ(?]slrﬁ %$rocedure
has been compet#tionchanhes 1R€ svbevactatesl ¢louclesdvieo tttee sclistiet e from
evacuat | on HSTRMhLe o0 ChPrapLods: ITEY e Explnabhrer 155 Tt im%os,
and at nosphearad P2 esandeths earotsedl orotakpandable the porrien Posd bs
Zth‘r’m""gpﬁéirsﬁgr&é!‘éi%n@&agﬁévezgstkéné@ér sHONPi b PRYET shOwh] | USth Abset he
: 190 and pocket 220 are pressurized, as shown by arrows DD.
Spacer 208 surrounding edge portion 200 allows expandable
lip portion 206 to maintain its structurél integrity by
preventing the pressure in chamber 190 and pocket 220 from
20 pushing edge portion 200 too far out and deforming the -
expandable lip portion. The pressurization of chamber 190
and pocket 220 expands flexible membrane 118b and inflates
expandable lip portion 206.. The expansion of the edge
portion forces the rim of the flexible membrane away from
25 the substrate, thereby breaking the seal between lip portion
206 and the substrate. The substrate then drpps ohto the
transfer station. Expandable lip portion 206 provides
carrier head 100b with a reliable means of removing the
substrate from the carrier head after a polishing operation
30 by pressuriiing chamber 190 and pocket 220.
| Referring to FIG. 8, in another embodiment,
carrier head 100c includes a flexure 116 secured to retainer
ring'llo and a flexible membrane 118c with a rim 224 secured
between .support plate 170 and lower clamp 172. The flexible
35 membrane 118c includes an expandable lip portion 206c. A
spacer 208c surrounds edge portion 200c to maintain the
structural integrity of expandable lip portion 206c when

chamber 190 is pressurized.
16



35 pressure being exerted on expandable |ip portion 206. Further
evacuation of chanber 190 lifts flexible menbrane 118b upward, as shown in
FIG 7C. A low pressure region 281 between flexible nenbrane?gyﬁ@ha t he
substrate 15 2 5 AUG 2003 is created by the lifting of flexible ne
118b. The ©pressure difference across flexible nenbrane 118b causes |ip
portion 206 to press fiHdy6BOH R dlie SRt relfifralSlddRauiresce f
between lip portion 206 and the substrate. is 5 propartional, .to the force
trying to s&fdaEd fedd bt WOc rintiire 81 igb SURshate adus (Fifid 2LThEr efBFe,
~lip portionpredirdy iyl hodtisatdie S3had Rttt aSedtRdl &fo head iEd0heas
lifted upmarqﬁég\rennve the substrate fromthe polishing pad. 10 FIG 7D
i|lustrates Tenmoval procedure of the substrate fromcarrier head 100b
after thé polishing dieratiesentOnioerdriel gulists dieern sdedmciked tio thegms

carrier  heads, ' ' ifis the su t e of j,shi; d
32, and the%ﬁraoﬁgg@%t¥2%%§$ﬁ44%%' carﬂr%r?zlr éercgi C:;ns’ f{')ovi)é;}seilf"l ol%éloggove
a transfer stimited (totthkdosm)od hemire rdeption: etk pbokescidgedr e Rather,
pressurized, 1135 SR by 86L& Oy R 1 oroPAS &le 0% USY ol ip&ddaey por ti on
200 al l ows expandable lip portion 206 to maintainits structural integrity
by preventi ¥He- pressure in chanber 190 and pocket 220 from 20 pushing
edge ponfgi on 200 too far out and deform ng the expandable lip portion. The
pressuri zation of chanber 190 and pocket 220 expands fl exi bl e nmenbrane
118b and inflates expandable lip portion 206. The expansion of the edge
portion forces the rimof the flexible nenbrane away from 25 the substrate,
t her eby breaking the seal between |ip portion 206 and the substrate. The
substrate then drops onto the transfer station. Expandable |lip portion 206
provides carrier head 100b with a reliable nmeans of renoving the

substrate fromthe carrier head after a polishing operation 30 by

pressuri zing chanber 190 and pocket 220. Referring to FIG 8, in another
enbodi nent, , ' '

17



carrier head 100c includes a flexure 116 secured to retainer ring 110 and
a flexible nenbrane 118c with a rim 224 secured between support plate 170
and | ower clanp 172. The flexible 35 nenbrane 118c includes an %ﬁgﬂﬁdgﬁLe
lip portion 206c. A spacer 208c surrounds edge portion 200c t@ t

the structur@lAiMiiegrity of expandable lip portion 206c when chanber 190

is pressurized. 16 2 § AUG4003 hEaﬁi %lﬂ %'Pﬂe&g.c%'ldm%'é@x%hﬁ@aq p8MR¥Alng
procedures of carrier head 100c of i's substantially simlar to the

procedures 99 %ﬁ%@%v&%ﬁmﬁ%ect to carrier head 100b. The
present invention has abeﬁrgéies,ﬁd bed in terns of a nunber of enbodi nent s.
The i nventi on, homever s not. limted to the enbo Rl t nd -
descri bed. Rather, éﬁﬁﬁﬁ?%ﬁ RGP 5N Fe 55 TSRS ?gd ibﬁﬁi a%%pgnded
clains. %0 lclkﬂrfe AUpﬁeHm&ﬁa%M chbmb&rgarar |le1wd1eaxi11fﬁ;arcect®e?mt©al

hani cal ] o] f1 exi bl
rorbr ane. extarting Sarr S fing e BHeke MR rver. o

| ower sur f aceibeft ratiee, mmlm@cmmmlmq@@mmlwe@m@é%r a
substrate, thg fl e AE %ﬁ%@oié‘cl rbﬂn fo pord iyt iRd. an outer

expandable |1 p ortlon ip porti |gure to'inflate or collapse
and arr anged-ans: isnsad ter mof kafeen or ﬁﬁllaﬂﬁt% ands istanged gesittsste

agai nst jphe fmyntd @Qaalsufhfﬁ?ea Aacor € thy ﬁd)snpcrlQﬁ&ltI e fdgestid idimting
chanber. 2. The carrier <ﬁ%n§ l_eclalrnl rein a portion ._of ., the flexible
h

menbrane i s THIREt ALY O IRFEHIHG SIS, I‘I’h‘éh%a?l?'q“& Thead of

claim?2, wherein the lip

2. . The carrier head of claim 1, wherein a portion of
the flexible membrane is folded to define the lip portion.

15
3. The carrier head of claim 2, wherein the lip
portion includes a pocket in fluid communication with the
chamber. |

20 4. - The carrier head of claim 1, wherein the lip

portion includes an upper part, a lower part, and a’pocket
located between the upper and lower parts.

5. ‘The carrier head of claim 4, wherein the flexible
25 memberane further includes an edge portion joined to the
upper part. -

6. The carrier head of claim 5, wherein the flexible
memberane furfher includes an annular wing portion having a
30 first end joined to the edge portion and a second end
| secured to a retainer ring.
7. The carrier head of claim 1, further including a
spacer Surrounding an edge portion of the lip portion to
maintain the structural integrity of the lip portion.
35
8. ’ The carrier head of claim 1, wherein the lip
portion'forms the seal with the substrate when the chamber

is evacuated.
18



portion includes a pocket in fluid comunication wth the chanber. 20 4.
The carrier head of claiml, wherein the |lip portion includes an upper

part, a lower part, and a pocket | ocated between the upper angén&%
parts. 5. The carrier head of claim4, wherein the flexible HBne

further includes an edge portion joined to the upper part. 6. The carrier
head of claimb5, wherein the flexible nenberane further includes an

annul ar wi ng portion having a 30 first endJEO|ned tq the eggﬁ?qprtlon and
a second end secured to0'R€ rAAEEIT 1837y.0% CH@ Car W cPai m 1,

further inclpgitigm bxsam«ﬂeertﬁelrgéamdmgm atheedgs pardticowindn the [dhpmbert | on
to maintain the structur integrity of the lip portion. 35 8. The carrier
head of cl aith BFSHEte] %1$%e lip portion forns the seal with the substrate
when thebSchanber is evacuated. 18 2'5. AUG 2 5 9 The carrier head of

flhgl (r:nhgnb\gfeﬂ?l ot oesl pcajgﬂ%%%%\gcar rl erA%é %ﬁﬁ% HRelidinginen

I'S pressurize enlca mechani cal
polishing off & subisitrrates, corppissing: a base; and a flexible menbrane
extendi ng beneath the pasgsdo 549 define a pressurizable chanber and
provide a nmounting surface for a substrate, the flexible nenbr
including a fol ded pot t FERx el ? ReRP EAR @ xARRIIRG | PePeRER i e ?ﬁ?lqﬁa
pﬁrtl OB 1©onfdegﬁ@@l @riﬁr@{ﬁé@ﬁgﬁélbl@lcfé@érﬂb@r s&ad méxhl% perbpherrd area of
t he substrate e chanber, is vac e carrier
clai m10, whidte Ehc? °Yid gb]B?FF%Eebr@é?syf q%]e%lm?ﬁ‘l?ﬁa’i‘%el%% $ ?e when
t he chanber folded portion deflnlng an expandable lip portion, the lip
portion configured and arranged to form a seal with a
peripheral area of the substrate when the chamber is

15 evacuated.

11. The carrier head of claim 10, wherein the lip
portion breaks the seal with the substrate when the chamber
.is pressurized.

20
12. The carrier head of claim 10, wherein the lip
portion includes a pocket. ‘

‘13. The carrier head of claim 12, wherein the pocket
25 is in fluid communication with the chamber.

14. A chemical mechanical polishing apparatus,
“comprising: ’
a rotatable polishing pad; and
30 a carrier head including
a base, and
a flexible membrane extending beneath the
base to define a pressurizable chamber,
a lower surface of the flexible membrane
35 ‘ providing a mounting surface for a
substrate, the flexible membrane
including an expandable lip portion

- positioned and arranged such that when a
19



. is pressurized. 20 12. The carrier head of claim 10, wherein the lip
portion includes a pocket. 13. The carrier head of claim 12, wherein the
pocket 25 is in fluid communication with the chanber. 30 35 145 fyclhggi ca
mechani cal polishing apparatus, conprising: a rotatable polishing pad; and
a carrier head including a base, and a flexi ble nenbrane extendi ng beneath

the base to define a pressurizahlssteharders pdsiltowiied WdaiasstoftHde
flexi ble menbrane providing a nounting surface f substrate,

ra t he
f1 exi bl e menbrane includi ng an "&Xp4 Kl '%Ceporqftk}eor%lppé%‘?]ﬁ%cf‘nand
arranged such that when a 19 2 6foMIGC @VBoSesiubstyatle wisclpdsid isoret rada nst

-t he nounting surface, trhe 1ip pgy t%a Mse L‘% [?Loé’s‘ﬁ'[rer%gcr}farﬁé_aé &Vﬂn;[a d he

substrate in response to pressure c ges | e cha t hod of
chemi cal Smechani cal - pol i shing, @wRreBsing: positioning a substrate against
a nounting surface 10 of a flexible nenbrane of a carrier head, the

flexi ble nenbrane defining a pressurizable chanber within the carrier ‘
head and i nc}®ding an %)éb%‘%h%%l‘éf | ¢heperal grechetica PebhFRHIEat i on with

t he chanber;cengevaihgg the chamber to collapse the expandable 15 lip

portion and forma seal with the substrate; and . ,
. positioning a substrate against a mounting surface

10 of a flexible membrane of a carrier head, the flexible
membrane defining a pressurizable chamber within the carrier
head and including an expandable lip portion in fluid
communication with the chamber;

‘ ‘evacuating the chamber to collapse the expandable

15 1lip portion and form a seal with the substrate; and

transferring the substrate from a first location
to a second location.

16. The method of chemical mechanical polishing,
20 comprising:
positioning a substrate against a mounting surface
of a flexible membrane of a carrier head, the fleXible
membrane defining a pressurizable chamber within the carrier
head and including an expandable lip portion in fluid
25 communication with the chamber; A
placing the substrate on a poiishing pad; and
pressurizing the chamber to inflate the lip
portion to break a seal between the substrate and the lip
portion.
30
17, The method of chemical mechanical polishing,
comprising: ‘
positioning a substrate against a mounting surface
of a flexible membrane of a carrier head, the flexible
35 membrane defining a pressurizable chamber within the carrier
head and including an expandable lip portion in fluid
communication with the chamber; |

polishing the substrate;
20



transferring the substrate froma first location to a second Iocation 16.
The nmethod of chem cal nechani cal polishing, 20 conprising: po |t|o g a
substrate against. a nounting surface of a flexible nenbrane'%g ier
head, the flexible nenbrane defining a pressurizable chanber mnthln t he
carrier head and including an expandable.lip portion in fluid 25

comuni cation wth theehaieng MRC iIdMhre LWpHorat @ ekaa peliweknnghpad;
and pressuri,zing the chanper t |nflate he i is rt|o % break a seal

bet ween t he StbHAYHHEH AR Ke Y -C3F of cheni cal

nmechani cal palbsthiatgs; conpri sing: p03| ti oning a substrate agai nst a
nmounti ng surface of er bl e ne

cargier i ble 35
menbrane defining a pres ezranollneg q_ﬁﬁaenﬁseltb%]tanqen R a ?)lqelrs t]%gf g)%)ﬁg
i ncl udi n§ ararexpancebiey Is‘q;laqucmt,l caamd n fluid com‘rum cation with the
chanber; polishing th anber to
forma seal between tﬁ)ersé%)é}prrlg%) qon an J‘Aégnrgéjgs rate atdteg%htper(;% hi n of t he
substrate; tRsiAr rinduerk susstIerle Hetoreen pdie s gede aed Sil”eﬂ"l
unioadi ng stgbi o, andl Eeseisd 20 Jies CHAPnte I v dditd | P portl on

to break the seal] between the substrate and the |lip portion to position
the substratEdhtdt he unl oading station. 10 21

10
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