WD 02/09906 PC 11JSO /41513 3 1 JAN 1005 APPARATUS AND METHOD FOR CHEM CAL
MECHANI CAL  POLI SHI NG OF SUBSTRATES 5 BRI EF DESCRI PTI ON OF THE | NVENTI ON
This invention relates to a new and i nproved apparatus and net hod for

chem cal nechanical polishing of thin discs, and nore particularly, to a
substrat gohndved € carrier for a chem cal mechani cal &%dgﬁh‘f pg machi ne.
RELATED APPLI CATI ONS 10 This patent application is re?ate 5 co- pendi ng
patent application Serial Nos. 09/628,471 (Attorney Docket No.

A- 691741 M5S) and 09/ 628,962 (Attorney Docket No. A-69228/ MsS), both filed
si mul t aneously herewi th, and both incorporated by referaepgtm_mﬂfn] their
entirety. BACKGROUND OF THE | NVENTI ON 15 Manufacture of sem cohductors has
becone increasingly conplex as the device densities increase. Such high
density circuits typically require closely spaced netal interconnect |ines
and nultiple |ayers of insulating material, such as oxides, fornmed atop
and between the interconnect |lines. Surface planarity of the sem conductor
waf er or substrate degrades as the |layers are deposited. CGenerally, the
surface of a layer will have 20 a topography that conforns to the subl ayer,
and as the nunber of |ayers increase the non-planarity of the surface
becones nore pronounced. To address the problem chem cal nechani cal
polishing (CWP) processes are enployed. The CMP process renoves materi al
fromthe surface of the wafer to provide a substantially planar surface.

More recently, tHBPARATHSANR QO EQR (FEMICAL MECHANIEARS t he

I nterconnecting lines. For L1 ng copper |eads or

i nterconnect lines, a ful |WPWW§S deposited on the surface
of the wafer having grooves WO 02/ 09906 PCTII1S01/41513 -2- 3 1 JAN 2005

formed in an oxide |layer. The netal |ayer may be deposited by sputtering or
vapor Jdeposition or b¥E _iE IUNKRDTHE EINMENBIOMNnal t echni que. The

oxi de |l ayer, s L 8 Senti 0 doed silicon dioxide, .i.s usually formedby
cheni cal ~vapor ﬁﬁegpo& P?tgl% %I} Q“’f‘ﬁgn% @P%aﬂég}}?@%%{ﬁgﬂl@?ﬁli re surface
of the waf mechanidal pslidiricofitih GisdsdaorOyLtcully,] e sRkh@or whittianigual | eads
16 are defined by renoving the nmetal |ayer fromthe surface
for a cheniical mechanical polishing machine.
_ RELATED APPLICATIONS
10 This patent application is related to co-pending patent application Serial Nos.
09/628,471 (Attorney Docket No. A-69174/MSS) and 09/628,962 (Attorney Docket No.

A-69228/MSS), both filed simultaneously herewith, and both incorporated by reference

in their entirety.
BACKGROUND OF THE INVENTION
15 Manufacture of semiconductors has become increasingly complex as the device

densities increase. Such high density circuits typically require closely spaced metal

interconnect lines and multiple layers of insulating material, such as oxides, formed atop

and between the interconnect lines. Surface planarity of the semiconductor wafer or

substrate degrades as the layers are deposited. Generally, the surface of a layer will have

20  atopography that conforms to the sublayer, and as the number of layers increase the
non-planarity of the surface becomes more pronounced.

To address the problem, chemical mechanical polishing (CMP) processes are

employed. The CMP process removes material from the surface of the wafer to provide

a substantially planar surface. More recently, the CMP process is also used to fabricate

25  the interconnecting lines. For example, when depositing copper leads or interconnect

lines, a full layer of the metal is deposited on the surface of the wafer having grooves



of the oxide. The CWP process may be used to renove the surface netal

| eaving the |leads in the grooves. The | eads are insulated from one anot her
by the intervening oxide layer. In general, to carry out the CVP process, a
chem cal mechanical polishing (CwW) 10 machines is used Many types of CWP
gacr'”eswﬂﬁﬁmﬂﬁ€d in the sem conductor industry. CWP (ﬂgﬁ%typlcally

npl oy a rotating polishing platen having a polishing eon, and a

smal l er diameter rotating wafer carrigr which carries Ege ﬁq@ﬁr whose
surface is to be planarized and/or pofished. The surfa A e rotating

wafer is held qr. urged. agaifst t rotating, pol.ishing pad A slurry is fed
to the sur ?ir&fgd?m[‘ﬂgﬁﬁ&yg‘shﬂ}?d“ﬁglgayﬁ‘édnﬁm%omipgﬁl"ﬁtﬁ“’éﬁ°Tt‘ﬁ’§°RNafer. One
exanpl e of as#ﬁ-moﬁro}@ aBf bthed il irvertfoRs tedfub "TH: oxi

5, 964, 653. he carrlyerihead dtfﬁgglc%n?ed by tt he u%g%lgpog%deeﬁ@eﬁ%?ﬂa%es a base
and a f| exidoped onendoped siticomdiexide i usually formdikhy ehéntical efpondepbditici(CVPcond, and

anbers are i ndependently

third cha rs. essures wWthin the h
control | agﬁﬁeﬁ‘faﬂ"?ﬁa@vwgﬁ eRpre;spRce 05&3(?&1-?%@66?5@?%“196% BROREEs20 of t he

f1 exi blse mambeincdoRdi Weﬁﬁéﬂ%' F'Hﬁgﬂl I e. The
carri ersehead of ’?ﬁhﬁa%%%éagsatent a so)Hiré\H(E:l u SQQ‘E’W'S}%@%‘E&%%%%% etoa
drive shaf of thesxideg Tho EMPoprocessinhy be ased teririone the3arfide ange 1daving fie base. The
gi mbal includges an inner race connected to the base, an outer race

connect ed 199t mdbearonyse The iends arp insulated Fomioag angther tue the intervening giider al i ty  of
beari ngs | ed in the gap. 25 Because a ginbal is used to align the wafer
carrier with the polishing pad in known CWP systens, the frictional |oads

on the wafer cahmeﬂmﬂﬁobmjmt&d@ﬂ?@m&@ohﬂhﬁﬁﬁh&bﬁmﬁﬁaﬁﬁdﬁhlﬂhﬁd&@)ﬁgai nst the
€g

vvaferdguri n%P oli.shing. In particular, the nultiple rees of freedom
provi ded byP ‘ﬁ’é“@ﬁ%ﬁ‘él YRS Pachinss areuged e e serpicondpeter indnsity. | oads,

e
whi ch genegqip )ﬁaaﬁﬁég . tﬁtﬂ? Eﬂ:%? ]“]? f t o ,nor mal
forces 30 extendi ng gg‘?‘g‘gﬁ | uyaépqto f@Hsu glgfegﬁo %\é%ﬁg%l@rg lE‘ﬁereby
directly aftferon,ang at snenllpr dismetererotatifig whfer vafiar whiglntditdés thé@afepwhedei ng pad.
The coupling_of, these frjc.%ﬁlnal forces to the wafer  effect the pressure
]

di stri buti §#a68 S4Q ke pipanigat wlopprlished. JThe syrfacs of e saittingsrafminhld ore WO
R e i T e
appar dbus patidumeg polishingef theedda. OBIJECTS AND SUVMARY OF TI E | NVENTI ON
One example of such prior art systems is described in U.S. Patent No. 5,964,653.
The carrier head disclosed by the ‘653 patent includes a base and a flexible member
connected to the base to define first, second, and third chambers. Pressures within the
chambers are independently controllable such that biasing force of corresponding portions
20 ofthe flexible member against the wafer are independently controllable. The carrier head
of the ‘653 patent also includes a flange attachable to a drive shaft and a gimbal pivotally
connecting the flange to the base. The gimbal includes an inner race cormected to the
base, an outer race connected to the flange to define a gap there between, and a plurality
of bearings located in the gap.
25 Because a gimbal is used to align the wafer carrier with the polishing pad in
known CMP systems, the frictional loads on the wafer cannot be isolated from the
pressure distribution against the wafer during polishing. In particular, the multiple

degrees of freedom provided by the gimbal may disadvantageously convert frictional
loads, which generally extend parallel to the surface of the wafer, to normal forces
30  extending perpendicular to the surface of the wafer thereby directly affecting the pressure
of the wafer against the polishing pad. The coupling of these frictional forces to the wafer
effect the pressure distribution across the wafer which is turn adversely effects the



Accordingly, it is an object of the present invention to provide an

I nproved 5 chem cal nechanical polishing (CW) apparatus and net hod. More
specifically, in one aspect of the present invention, CWVP apparatus and
method is provided including a wafer carrier capable of retaining a wafer

such t hajygiBeeedr €ssure distribution of the wafer agajgétﬁg R} i shing pad
nEC D

I s i ndependent of the frictional Ioads | nposed on t ring a
pol i shing procedure. 10 In another ﬁect of the present |4 Jpﬁﬁptlon there is
provi ded a chenical nechanical polis |ng apparatus |nclu ng” a wafer

carrier havi fer r ur [ waf er agai nst a

pol i shi ng b%]ggmi‘ﬁm? ﬁf’rr'”\r@'ofﬂont}]e Ffass oftg o coqlingly # e ¢ he

pressure ofmﬁ,h%dr(gt{alaﬁgmma%egﬁalaww&he pol i shing pad is controlled

I ndependent|y of the wafer pr essure system bi asi ng the wafer. 15 In yet
" M Y T4

anot her aspect of t heDiECIS _ . IONi er includes a
flexible ﬁ@cgrﬁg%gnlﬂaamfl uraI %}% I&%ﬁ%}%ﬁé‘iﬁéﬁrﬁ%ﬁegaﬁhere% whi ch each
i ndependent |y i HPPP¥E zones or
regi ongy on chdrGcalad gtﬁ% a?&par&@ﬂ:{ e anount of pressure
applied to the chanbers and erefore contrg]:l the extent of the material
renoval rate athteespemﬁm;rpmmnBra@ehmahepreﬂntzmmhom CMP appdratts glid | ng t he

20 CWP pro The .fo ot her ects .of the i nvention are

achi eved b;‘;ﬂeﬁmﬂ ‘a?‘{m%té‘i‘ﬂgﬁ @ﬁgr?g" fegtaningagyafir sychithat thenaf er
carrier ass,%é/ Pth\é‘@fa%f gﬁﬁ:&{ § hlféje‘m arrier
head housi ng rot at abI y nounted O aail}%lS ggal%(ril er sotfglﬁ\gn? rame, with a
base i ncl udoadgimpoied|ondheswafpadusibg y palishing prdacedpré.he base to the wafer 25

carri 21,0 housi nﬁlasucﬂﬁt hat roﬁa@ﬁonal torque is transferred fromsaid wafer
carri e head PEFSCTt pyquppn phere iy npraydeda henyicel

frictional yeandRalp arphﬁgm; h afed @Sk a%&r; stagl d waf er
carrier head hou5| ng duri nmechani @%F a{poT'l% I ng-operation.

More speci forcbmhhgthetvta&r\agﬁmt apdrshmgpachmhmﬂata;nmgmwmaf&maﬁmm marrier

support 30 f a waf carrier head housjin fabl e nounted on the
waf er carr PaE r"gntg e Tetginjog %WH@%g?lﬁ'gmé pdaid roptrpllad) ows

oper ating %%&&H?Qf&x@%a‘f@?ﬁ%suf@iy&tbﬁﬁm?ﬁgﬁtéﬁfwe waf er carrier head

housi ng such that totational torqie is transferred fromthe wafer carrier
WO 02/1§9906 PCTinyg@npthdarasmect afth@rﬁenml\rem%c waferctaherimeindestdiekible waf er

fo ?ret o RGPt by s Py Ghsbeby b Pl Yep g b | o

against the wafer at corresponding localized zones or regions on the wafer, to selectively

control the amount of pressure applied to the chambers and therefore control the extent
of the material removal rate at the corresponding localized zone on the wafer during the
20  CMP process.

The foregoing and other objects of the invention are achieved by a chemical
mechanical polishing system employing a wafer carrier assembly having a wafer carrier
support frame, a wafer carrier head housing rotatably mounted on said wafer carrier
support frame, with a base including a bellows operably connecting the base to the wafer

25  carrer housing such that rotational torque is transferred from satd wafer carrier head
housing to said wafer carrier base independently of frictional loads transmitted from said
wafer carrier base to said wafer carrier head housing during a chemical mechanical
polishing operation.

More specifically, the wafer carrier assembly includes a wafer carrier support

30 frame, a wafer carrier head housing rotable mounted on the wafer carrier support frame,
with a base including a bladder bellows operating connecting the wafer carrier base to the
wafer carrier head housing such that rotational torque is transferred from the wafer carrier



constraining relative radial notion between the retaining ring and the
wafer carrier head housing; and a retaining ring bellows, operatively
connecting the retaining ring bearing 5 to urge the retaining ring against
a polishing nenber. A chanber formed by the bl adder bellows, the wafer
carrier Qaspodeg the wafer carrier head housing nay bg ﬁ@éﬁ{ized to |oad
the wafer carrier base against a polishing nenber, dcgg 3 of any
frictional |oads on the retaining rLEQ In an addItIO?EJ @ﬁ@gdlnent t he
waf er carrier feather |ncludes a fl exi bl e menmber % cted to the

base anddHﬂ% { a rs a lower surface of the

fl exi bl e merber pr%{\%tﬁ%ﬁﬁf aél g@&qﬁrﬂgﬁ@ﬁm%@m ity of

i nner port lcemﬁcteda&sqcmﬁﬁﬂgmﬂghbéaﬁﬁgeﬂﬁdhvmdmemai‘ve%ﬁm motioh Mvhileyy Of
chanbers to define corresponding |localized regions or zones on the surface

of the waf &postrainigytiativeirdial motipn batween dhs refainfrigingend the ehfesednderhlbatrber s ar e

i ndependen ol |able. 15 BRI E CRI PT1 ON THE DRAW NGS The
acconpanyi %ﬁ%mgaﬁm efp‘éwﬁ’ﬁ grﬁn&tl‘}é‘i“ig of this
speci f iscat kdiitge tht reufhingtifg RARAG poBMsy ﬂePeAb QQgi her with
t he descrlptlon serveto explalnthe principles o e |nvent|on FIG 1

is a perspédiqmdhﬁwmma'bemdthawmmmmhopmhgmhyb@rﬁpﬁ%atdjs in 20

accordance w,th t res |nvent| FIG,2 |[s an_ enl arged perspect|ve
view of a \;ﬁflél? Frr g%ﬁ“ﬂ Rempes, ndepepdant obany fngfiogalot j onal

vi ew of thwé@me%hg[—mgssenbl y shown in FIG 2 taken al ong i ne 3-3,
and showi ng the fluid connection system 25 FIG 4 is a different sectional
vi ew of the Wafletana&hhmmmmnbemdfmmierﬁﬁhﬁjnchﬁ&shﬂvﬁblgm‘eiilbetel ectri cal

or caortD | nPHIBR ahchese wuiefres Bl G e i PO GRS ol or

carrier heﬂ%ﬁgmwpﬁ%g@ﬁmm aéé%‘i?? ﬁreuég{}ﬁ’ef?mggﬁ%ralged by the

respectively. 30 FIG is a schemati C view o
waf er carr mmﬂghwtbtewﬂh&on@/af@ﬂ plyatitysdf chambdre to define ngrapaidag cal

e o B s BRSSP 0 Sl B RLSRE ™
cach of said chambers are independently controllable.
15 BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and form a part of this
specification, illustrate embodiments of the invention and, together with the description,

serve to explain the principles of the invention.
FIG. 1 is a perspective view of a chemical mechanical polishing apparatus in
20  accordance with the present invention.

FIG. 2 is an enlarged perspective view of a wafer carrier assembly shown in FIG.

FIG. 3 is a sectional view of the wafer carrier assembly shown in FIG. 2 taken
along line 3-3, and showing the fluid connection system.
25 FIG. 4 is a different sectional view of the wafer carrier assembly shown in FIG.
2 showing the electrical connection system.
FIG. 5 is a top view of the wafer carrier head of the present invention.
FIGS. 6A, 6B and 6C are section views of the wafer carrier head shown in FIG.
5 taken along lines A-A, B-B and C-C, respectively.
30 FIG. 7 is a schematic view of pressures generated by the wafer carrier head of
FIGS. 6A-6C against a wafer during a chemical mechanical polishing procedure in

accordance with the present invention.



FIG 8 is atop view of the flexible nenbrane in accordance with one

enbodi nent of the present invention. FIGS. 9A and 9B are section views of
the flexible menber in FIG 8 taken along lines A -A and B -B,
respectively. 5 FIGS. | OA and | Qb are an expl oded perspective views of a
waf er cawg®iedead shown in FIGS. 6A-6C. FIG 11 is ?gﬁﬁdg}'mﬁgic bl ock

di agram of a control systemin accordance with one enbodi nent” of the
present invention. FIG 12 is a sectign view of the wafldrJANa}085 er head
shown in FIG 5 taken along 10 the center in accordance w th anot her

enbodi nent of t 3 - LQR. -13A and 1 are.sectional views
of the flexibl ﬁ%&?ﬁ“ﬂ%@@%&ﬁﬁ&%ﬂwﬁw iﬁ"%?ﬁﬁ‘ diglent

respecti veloytheipfesas @nvestionce Wit h anot her enbodi ment of the present

i nvention. DETAILED DESCRIP'T' I ON OF THE | NVENTI ON 15 An inproved chemi cal
mechani cal pol i E¥iSh§A eud pB aregertionvicws pfthe flerable nwmber in EReg iakencalongy,  of

signi ficant. adyan the inventors have devel oped a CVWP apparatus and

met hod whi C |Xn* @%@BaM%Cam er capable of retaining a wafer such
that tlse pressuFKsS. 04 khd POY m@an ekpléded perp&stiva IR 6f a Rafelabridd hag pad is

I ndependent of the frictional |oads inposed on the wafer during a

pol i shi ng @S. ¥pbGover, in another enbodi ment 20 the CMP appar at us

ol
and met hod i ncl a wafer .carrigr havin waf er. pressure system for
bi asi ng the vvafgﬁfzégia\aﬁgeﬂ?ﬂf)@mks‘ﬁwBgad,%n%ﬂﬁyﬁe”f'g{)aﬁ?%%ﬂ‘éeﬂﬂi@mf or waf er
retention, dn%diﬂﬁit@h&k%s&{t%ﬁoﬁ. of the retaining ring against the
polishing pad is controlled independently of the wafer pressure system

bi asi ng t he wafB¥G. 1A sectomaiaw of thewaferotatteer headrsbowi imdii6. kenhdong esent

I nvent4,on t.he f.er carrier..includes a. flexible nenbrane 25 having a

pl urallioty gl}“?\#%ﬁgg?cg'%?envgg‘%ﬂﬂéﬂe%?ﬁo%g%meﬂ f)eé‘ﬁﬂb_ntly urge agai nst
the wafer to dElGSIE3A@hd ESRADSécibnd] Ofevs iof 18 fRRIBRSn@bbef RIIC WS akY t he waf er
surface. These chanbers are |ndeg;ndently pressurized to selectively

control t haloagbuastA-dfang BeBongspectivglypini ageprdance with ahoethds embodiment ofi éheef or e

control th; (P the material renoval rate at the correspondi ng
| ocal i zed onekﬁc;l%&ftﬁ){el' waf er surface during the CWP process. 30 Thus, of

signi ficant advant ageDETAH Ry PESCRIPTION (UF THE DVVENTEIN a wafer carri er
whi ch enbodi es desired design parameters for_ wafer retention and pressure

appl i dation.  Cheimproyedehemicel pacshapiqal palishios {CIVB) synismds prowidechtMore i s to
support t g,k idcily, Of\niti ARUviniEe MOIAMORBAR LSlsp @ TeMPpgaatus and

method which includes a wafer carrier capable of retaining a wafer such that the pressure
distribution of the wafer against a polishing pad is independent of the frictional loads

imposed on the wafer during a polishing procedure. Moreover, in another embodiment

20  the CMP apparatus and method includes a wafer carrier having a wafer pressure system
for biasing the wafer against a polishing pad, and a retaining ring for wafer retention, in
which the pressure of the retaining ring against the polishing pad is controlled
independently of the wafer pressure system biasing the wafer. Additionally, in another
embodiment of the present invention the wafer carrier includes a flexible membrane

25  having a plurality of chambers formed therein which each independently urge against the
wafer to define corresponding localized zones or regions on the wafer surface. These
chambers are independently pressurized to selectively control the amount of pressure
applied to the chambers and therefore control the extent of the material removal rate at
the corresponding localized zone on the wafer surface during the CMP process.

30 Thus, of significant advantage, the present invention provides a wafer carrier
which embodies desired design parameters for wafer retention and pressure application,

One of the necessary functions for wafer retention is to support the frictional loads for



-6 3 1 JAN 1005 polishing. According to the present invention these |oads
are transferred to the spindle bearings wthout the use of a ginbal
structure, as is seen in the prior art. In prior art system a ginbal is
typically used to align the wafer carrier with the pad. As descri bed
above, Wylohhhdgs 91 Nbal arrangenent, the frictional |Oﬁ?ﬁué%lil4fs|ilf wafer are
not isolated from5 the pressure distributed to the wafer cfurlng pol i shi ng,
thus resulting in uniformty problems. In contrast, the/fN ggent invention
I solates the frictional forces fromthe pressure distributed to the wafer,

and enpl oy ]&Eﬁhi .cl Si on align the retaining ring.and the pad, and
al | ows conpli ante é é’ﬁ%bt eepmm%g%lﬁv%\a%éﬁeﬁdo@ﬁc%mﬁgﬂﬁﬁﬁﬂ ®whi ch
aligns t hbeariggsewithidut the ubeofROHinS Al shictiiRTasSH kdeAGH the! prior 8!l 1 Hfbriaf

I ndependence o the@ir essure 10 distribution fromthe frictional |oads on

t he waf er, systean, g gimhahis typically psedrio alignohpwafer cherder withdeppaddAndescritiedt he
retaining rning fraomt waf er pressur.e st.em whi ch al |l o) th i ndependent
control gfwg‘wrl GE W@%%ﬁ@i@ﬁﬁ?&%t gﬁeﬁiggm froﬁmhe
nomi na$ pOfhe Prbsiite RiskitutEdQo (e watch Fating Solfthing Vi Reulife i BESN Ry Ne

uniformty of the OCMP process by controlling the edge effects Caused by
the pad. 1Boblemsrlopendrasti the presentmwsnimpdsslates thidiictionalfarcestiemshepredsire

o e R B oS SRSt o B St i " 11
conj uncti hridRAl1bWeconiphgct béhimi e WS 15 s TE a AEARE idhBtae which ailins!| b€

understood that they are not intended to |Imt, the invention To those
enbodi ment the wafer pith thepolisking padtshdaden\loatddition fodndeperelevieetfithe messa:

LT R e TR R RSt Bl S
cl ai ns. T%Wdﬂ%ﬂme%ﬂgmkmmm&ip&sédd‘?y RRRRANSwame desi gnat ed

by like reference nunmerals throughout the various figures, attention is
direct ed twdepeient confilel ehthe s¢iaining aingh pressued ompushian, asadesipsl ifiohi thg appar at us

30 in accordance wi.th the prese 25 jnvention inclyuding a.plurality of
pol i shi ng Wﬁ@ﬁ%%‘ﬁ%ﬂg‘r ?ﬁﬁgteagﬁeﬁg?“éfsq’\?éo Wr?@#ﬁﬁﬂlp“ﬁ‘ﬁﬁﬁgﬁfma

conbi nat i opMiPGRctieRbyaBatrali@Ané silge strads Alsedby tiRpdda Waf er carrier assenbly
38. The chem cal nechani cal pglgi shi ngpéClVP a?g%rat us 30 is provided to

proceds one or Reberencs millinost b%mﬁ@l in gietgidrte ithe, bpecifip ebiodiongntsoofpibki sh t he
surfaces Oﬁvﬁﬁbﬂcﬁﬁnp%‘?%‘ﬁ;@ﬁch%ﬂﬂuﬁé@%ﬂg%&@epss .an unggrs‘gﬁi%?gaﬂgterl al .

Vari ous processi’ng ers mus
noni t or ed ieention ivill ealesribal in PorPaREGH With thb ERUIG0 BAY prefdad ethiSoduhiai, Cal
mechani cal, pal i shi n(? throughBlut. For exanple, slurry flow distribution to
t he it 'will be understood that they are not intended to limit the invention to those
embodiments. On the contrary, the invention is intended to cover alternatives,
20  modifications and equivalents, which may be included within the spirit and scope of the

invention as defined by the appended claims.

Turning now to the drawings, wherein like components are designaied by like
reference numerals throughout the various figures, attention is directed to FIG. 1, which
shows a chemical mechanical polishing apparatus 30 in accordance with the present

25 invention including a plurality of polishing stations 32 supporting an abrasive polishing
pad 34, a combination loading and cleaning station 36, and a wafer carrier assembly 38.

The chemical mechanical polishing (CMP) apparatus 30 is provided to process
one or more substrates and is particularly suited to polish the surfaces of silicon wafers
“W” to remove excess and undesirable material. Various processing parameters must be

30 accurately controlled and monitored to maximize wafer processing throughput, that is
chemical mechanical polishing throughput. For example, slurry flow distribution to the
platens, pressure distribution of the wafer against the platens, the relative velocity of the



pl atens, pressure distribution of the wafer against the platens, the
relative velocity of the WD 02/09906 PCTIUSO /41513 -7 31 JAN 2005 waf er
and the polishing pad and the condition of the polishing pad are inportant
factors in determ ning the throughput of a CWP apparatus. The CWP

appar at uwpIRwee! udes a machi ne base 40 with a table § g},@,ﬁ,gpynt ed
thereon. The table top 42 supports the series of polishing stations 32 and
the conbination 5 |oading and cleaning station 36. TRd Y 1ghi ng stations
32 and the | oading/cleaning station 36 are linearly ali gned The

oacl ol ! VAR s 4 s O g S ondd o R g receiving

I ndi vi dual wafers from a di ng appar at us vvas I'ng the
vaf ers, | oémdetegmiting thethmughpuhofe CME appdratns.carr i er assenbl y 38, receiving

the wafers from, t waf er rrrier assenbly 38, washing the vvafers agai n,
and finally tr?ﬁl?f(g&? g% ‘{% 4Gwitygtabls g‘!ﬂ ntsdhni ng

station 36 Q&,@kﬁg Q n 44 and an
abr asi ve p(t)q 'S |ng ﬁ e eghga osﬁzjcur ggrjeﬁf)a?liaﬂl?he p aogn 44 is
pr ef er bl y legliting and olamnhgssmionBlﬁatThctphs]dn@ﬁmﬂi@e 302 snd g loxdin@dl€dningl %t o

three tines | arger than the dianeter of the wafers to be polished. The
pl aten 44 Ffﬁ?‘m&g q"ﬁ%"&ﬁjﬁlﬁ?eé- Qﬂﬁ%mﬁﬁpﬁ’ﬁlﬁﬁ"ﬁ@ Bkipls ﬁalp@onsOt atably 15

driven by ﬁﬂ geap%m Le neans,
and ot her nent st a‘éﬂlgir“éﬁglg\gg)gﬁatll%ﬁ ener a ‘%Q jtr% nati ng
particles, wafees lmmmmmmmmmbmm td@dﬁmhﬁleavuférﬁlﬁolﬂm i shi ng

pad 34. For t polishi roce ses the pI aten 44 rotates at
appr oxi matgﬁe @ carngy B8 Vashing aferpAzain, s finplly teesharing heeds nmay be

used. 180 T%M@lerm%,ﬁ%ggﬁpﬁﬁ abI y formed of a conpliant, and

of t en porous materi a ant polishing surface. The poli shing
pad is attachecEanbmlhhngktanmzmbMdas/amtthhﬁﬂmﬂA&ﬁmmMﬁe?ﬂmgve | ayer.
t

The polishin na ve a hard upper er and a softer [ower |ayer.
The upper Pa&eaér’a é‘%@‘ﬂ?ﬁ?— ﬂ?ﬁ?émﬂ%iwe}ﬁpghmm@p ed suchiihatitsower | ayer
may be conggsy @W;ﬁg §86tof et tidab g, elrd2fge. 25 Each
pad surface may be "abr ade Sgta pag{ncon t1oner %g%ad\?ltﬁr%&g conaltloner
head 50 di pqdi;hetl 'Blepdamn#rma‘}ﬂ)etmtambt;aldmnumm stamhmstmplamyotsqablgl fic radius

on t he_pad e |ns e e rel |ve notion js created.
The pZ%I pFEIYePl ﬁ@’?&’i‘% #“H"én H‘galg‘@m 4“? B'ﬁteB iye, e gt pad 34 so
that it W tdmgdh &ﬂ?ﬂm\éﬁzlsﬁscgﬁt?o'lbstg QErderating bonfamih&in %E!Sm@@i ﬁmmdbawface of
the pad and wafer. The condi'tioner may inc

the platen 44 and thus below the polishing pad 34. For most polishing processes, the

platen 44 rotates at approximately 50 - 500 revolutions per minute, however other speeds

may be used.

20 The polishing pad 34 is preferably formed of a compliant, and often porous,

material with a compliant polishing surface. The polishing pad is attached to the platen

44 by a pressure-sensitive adhesive layer. The polishing pad 34 may have a hard upper
layer and a softer lower layer. The upper layer may be a polyurethane mixed with fillers.
The lower layer may be composed of compressed felt fibers leached with urethane.
25 Each pad surface may be abraded by a pad conditioner 46 having a conditioner
head 50 disposed on an arm 48 that may be positioned at any specific radius on the pad,
and loaded against the pad while relative motion is created. The pad conditioner 46
maintains the condition of the polishing pad 34 so that it will effectively transport slurry
to the polishing interface of the pad and wafer. The pad conditioner may include a
30 washing station to remove slury and wear materials.
A slurry containing abrasive particles such as silicon dioxide in a transport fluid,
and possibly a chemically-Teactive catalyzer such as potassium hydroxide, is supplied to



30 washing station to renove slurry and wear materials. A slurry containing
abrasive particles such as silicon dioxide in a transport fluid, and

possi bly a chem cally-reactive catal yzer such as potassi um hydroxide, is
supplied to WD 02/ 09906 -8 PCT/USO 1/41513 31 1A N 2005 the surface of the

pol i shi ngoadlesdst by a slurry supply port in the centepe sowﬁd)' aten 44 or
a di spenser tube above the pad (not shown). Alternatin y, the slurry can

be delivered to the surface of the psa_d t hrough the wa rmf&ﬁﬂﬂﬁier. A
sufficient amount of slurry is provided to maintain a maxi mumrenoval rate

f material f ; f ' | i-shi ng. f
carrer samsauibe ofife Bt Pad 34 by €l Sloplybof L bRER or T pen 4,001 o
carrier suppadispehdentube #dve the pad(pctshewn)f AltemitiveB theBMAYBHIbedALVREEA he tabl e

top 42 along an x-axis along a suitable track 54, The wafer carrier
support f r ihibesuriage of therpad dthraugh-the wafeg sarrieter A 3effivient srasustrehsluny ishi n an

xz-pl ane. ’Eﬂ . rier. 38 celwV nd haql.ds .10 fer and presses
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pol i sheng giudrgipelisheap. f or pol i shing the wafers. The wafer carrier support

frame 52 and wafer carrier 38 preferably include seal ed cover plates and
encl osures to niWeferoamner suppor firmeds is posifonedabovathemarhing bpssr Theovafer gener at ed

by the co r o rin ual_polishing,. t fer carrier 38 is
poSi t i onegP %{l agnﬁl: Cag t{)Ho%vuﬁeeo%Z %@P‘é’rﬁ& f%"gﬁnﬁr% Wilc’btoﬁll‘f"gﬁ%l%%ﬁgﬁt@&ﬁmﬁ. An

act uat or hanit-ets Mbigishitdbiearask HN b wafefEerid suppoititatie SHippMBiiRiwaaar i er 38
and the wafer attached thereto with respect to the wafer carrier support

frane 52 arAmRSJormavament within ap re-plpoe.i She Wefercarica 38 reueivesreriddioldsar ri er 38

ur ges ;phe r ' t I.shin 34 ferri to FIGS. 2, 3 and
4, thébwaf g;&fc%a?lrdiiesr g eﬁleigéeimr a‘ﬁef%?%%@?%n%ﬁgﬁm%ﬁp%ﬁqrﬁp&nWead 56, the
support fr polishing statioti S0 bl Ithe wateds. THOWafer ERAerBMIoROrdnitesMBlger carrier
38 within the xz plane, and a drive assenbly 58. The drive assenbly 58

i ncl udes WafepgHrie3P prefrabdt nglyde isepled covamplates and encldsures tg pusimizer ane ( not

shown in F %ﬂiaﬂ' viﬂ%l%ﬂﬂi' q.br 9 pas hr ough bore 62
havi ng an g(;(l S %ﬁﬁtggten S appclrl%igl e eﬁy%egr gﬂ%&gﬁ%e the table top
42. The drive owinghbipalpslisiing thervwifatdasiersAbpasitionadlitiand@bboveaglathal t 64
concen#r,i C@al and.rotatably connected to the nmounting fl ange 60 by a
sui tafPe béhofanghshingsiaiion g eAn srfuatorhoused itfin thesuppayt fime e the a waf er
Carri €r  wafer carrier 38 and the wafer attached thereto with respect to the wafer carrier support

- frame 52 and into contact with the polishing pad 34. The wafer carrier 38 urges the wafer

against the polishing pad 34.

Referring to FIGS. 2, 3 and 4, the wafer carrier 38 generally includes a wafer

20 carrier head 56, the support frame 52 having actuators (not shown) for moving the wafer
carrier 38 within the xz-plane, and a drive assembly 58. The drive assembly 58 includes
a mounting bracket 60 rigidly mounted on the support frame (not shown in FIGS. 3 or 4.
The mounting bracket 60 has a through-bore 62 having an axis which extends
approximately vertically above the table top 42. The drive assembly 58 also includes a
25 cylindrical head shaft 64 concentrically and rotatably connected to the mounting flange
60 by a suitable bearing assembly 66. The head shaft 64 rigidly supports a wafer carrier
head body 68. An electric motor 70 rotates the wafer carrier head 56 relative to the wafer
carrier frame 52. Preferably, a large diameter carrier motor 76 is used to provide
clearance for the through-bore 62 which contains fluid and electrical conduits. The carrier
30  motor 70 includes an electric motor stator 72 mounted on the mounting flange 60 and an
electric motor rotor 72 mounted on the head shaft 64. Preferably, the motor 70 is a
brushless DC motor in order to minimize generation of contamination particles. The




head body 68. An electric notor 70 rotates the wafer carrier head 56
relative to the wafer <carrier frame 52. Preferably, a |arge dianeter
carrier notor 76 is used to provide clearance for the through-bore62 which
contains fluid and electrical conduits. The carrier 30 nmotor 70 includes an

el ectri cwipiweost at or 72 nounted on the nounting flan @T,gg 1ANg; an electric
notor rotor 72 nounted on the head shaft 64. Preferab ylnbfnz tor 70 is a

brushl ess DC notor in order to mnimge generation of co tion
particles. The WD 02/09906 -9 PCT/USO /41513 31 JAN 2005 conponents of the

not or may | h te cover to protect them
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the cheni abim femhinadwefttnt (inyS{plal oR RERF BbMENRARS Yhsng dRtraRAGbrithe Waf er

agai nst the surface of the polishing pad 34, wafer carrier 38 and 5 wafer

carri er heddemigal smeshapisabpplishing appatatugiprasessi on until the wafer is pressed
agai nst the pokj shi 4. The f carrier I s.raised,so, that the
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pad durs ng wafe cirfierteh®56 &k mioved Ak diRRENDRIN] e WP pradsédl@aimbtakd ons 32 and
t he | oadi ng/ ¢l eani ng" station 36. Preferably the CWP apparatus applies a

force of apphdvugpad 84.yThemmiersariar38isaisedso the theorafergeriecheadffandgke ) to t he

waf er and t ) be .vari.ed durin ol.i shing.. Th el ectric notor
70 rotates %&ﬁﬁﬁér c %yg?mﬁ%é’&h g‘ﬂﬂﬁ&%‘ﬁ@p{“%&]ﬁwg‘?’igﬁﬂ%ns per
mnute, al tiopetkhig fations PRAAIhBXIRSC] Glafien 86 appropriate. As noted
above, the platen 44 rotates at about 300 - 500 revolutions per mnute. It

is preferred t hBreferably theCMP apparatusapplies a fiirce ¢fapmakimatelytwo kegen prmads and t he

pl ate re ' ua not perfectl .synchronized so as to
averaglé)a paﬁ%ﬁ%ﬁﬁ#ﬁdﬁ?&%g e °g"5§5%§n%vﬁ%°‘{lfg’gﬂgﬂ‘g’ﬁ@ﬂ&i% on the
appl i cat i oRlectit @Rtck TONGtaths Biedwlirl daftief Abad TG bbdht BOEVS00 febdisidndpbng the
fluid systemand the electrical system respectively. Referring to FIGS. 3

and 4, a t sarepalthoyghother spedasapybreslectednsappropriatss |Aspoiafl shove theiplatdnead shaf t
64. The tulyl Lt2n4 6 | all.y _t he ngth.of the head
shaft 64. hé%‘%ﬁ%%‘?"é’a Zogp lﬁ@g‘%‘é&%r&%‘i{’q‘%yhﬁpb é‘é’iﬁ’é&ﬁ\?g"‘?’é‘f“ 80 for
el ectrical speeds dfiths waftr casrier héddtahid the pRite ate subddntinlly a{um, BRWB pep@ctly a rotary
el ectrjcal -pags-, through 82 and a fluid rotary coupling or rotary
f1 ui d-léass-%?ﬁ@&ﬁ?ﬂmstaﬂm@wwmfﬂmﬁ%m&tWWBewwm@mdui t 76.
Accor di ngl &&%ﬁ}cgﬁ&{_i cal circuit and a fluid circuit
FIGS 3 and 4 are different section views illustrating the fluid system and the
electrical system, respectively. Referring to FIGS. 3 and 4, a tubular conduit 76 extends
concentrically within the head shaft 64. The tubular conduit 76 extends substantially the
20 length of the head shaft 64. The conduit 76 includes a plurality of passageways 78, 80
for electrical and fluid lines. Both an electrical rotary coupling or arotary electrical-pass-
through 82 and a fivid rotary coupling or rotary fluid-pass-through 84 are operably
mounted at the top of the conduit 76. Accordingly, an electrical circuit and a fluid circuit
operably extend from the non-rotating wafer carrier support frame 52, through a
25 respective rotary coupling 82, 84, through the rotatable head shaft 64, and to the rotatable

wafer carrier head 56. Specifically, an electrical circuit passageway as well as a phurality

of fluid passageways extend through the conduit 76 and allow an electrical supply and a
pluratity of pumps and/or valves to be operably connected to the wafer carrier head 56.

In the illustrated embodiment of FIG 4, an electric passageway 78 is provided for

30 the electric coupling of the electric motor and for any electrical sensors which may be
provided on the wafer carrier head 56. Six fluid passageways (two of which are shown

in FIG 3 as 61 and 63) are also provided to fluidly connect six independently controlled



operably extend fromthe non-rotating wafer carrier support franme 52,
through a 25 respective rotary coupling 82, 84, through the rotatable head
shaft 64, and to the rotatable wafer carrier head 56. Specifically, an

el ectrical circuit passageway as well as a plurality of fluid passageways
extend t wgui@bbes he conduit 76 and allow an el ectrical pspypg)¥,qhd @
plurality of punps and/or valves to be operably connecfgg &? ﬁ e waf er
carrier head 56. In the illustrated eppodi nent of FIG 4, % @ ectric
passageway 78 is provided for 30 the electric coupling of the electric
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on the carrier head base 92 to form a closed bladder 95 having chambers formed therein
(also referred to as a compartmentalized membrane), and a retaining ring 96. The wafer
carrier 38 of the present invention utilizes a bladder bellows 98 to connect the bladder 95
20  to the carrier head body 68 in such a manner that the carrier head base 92 can
accommodate misalignment between the wafer and the polishing pad 34.
The wafer carrier body 68 is comnected to the head shaft flange 86 by a wafer
carrier top plate 100. The carrier head base 92 is operably comnected to the carrier body
68 by the bladder bellows 98. The bladder bellows 98 operably connects and transmits
25  torqueto the carrier base 92 and the carrier head body 68 to rotate the head about an axis
of rotation which is substantially perpendicular to the surface of the polishing pad 34.
The bladder bellows 98 have a cavity that is pressurized, and that pressure is defined as
the bias pressure, which balances the force the flexible membrane exerts on the wafer.
This bias pressure may be varied in order to control the force exerted on the membrane.
30 The bladder bellows 98 may be formed of any suitable material which allows for the
transmit of torque, provides compliance in the z-direction, and has a pressure capacity in
the range of about 0-40 psia. The bladder bellows 98 is preferably formed of metal




acconmodat e m sal i gnnent between the wafer and the polishing pad 34. The
wafer carrier body 68 is connected to the head shaft flange 86 by a wafer
carrier top plate 100. The carrier head base 92 is operably connected to
the carrier body 68 by the bladder bell ows 98. The bl adder bell ows 98

oper abl ywgppest s and transmts 25 torque to the carri,@lc gbq,g 1 2 and the
carrier head body 68 to rotate the head about an axis ﬁFMNoE ion which is

substantially perpendicular to the s_Lirlf ace of the polishing 34. The
bl adder bell ows 98 have a cavity that 'is pressurized, and that pressure is
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in FIG 6A where fluid passageway 101 extends through the top plate 100
and fluid Phstbatpenbsing enpled viedlgxiblernressn ling 205 F16Gi 667 shhwaahotimes 8uid92, t he two
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head body 68 by the bladder bellows 98. The bladder bellows 98 permits the carrier base
92 to pivot with respect to the wafer carrier head body 68 so that the wafer carrier base
92 cap remain substantially paralle] to the surface of the polishing pad 34. Specifically,

20  thebladder bellows 98 permits the wafer carrier base 92 and a wafer mounted therein to
rotate relative to the polishing pad 34 and pivot to accommodate both misalignment with
the polishing pad 34 and irregularities in the wafer such as taper. The bladder bellows 98
also transfers the downward pressure from the head shaft 64 to the carrier head base 92
independently of lateral loads. Thus, the bladder bellows 98 is isolated form any side

25 load, such as the shear force created by the friction between the wafer and the polishing
pad 34, from the wafer. Accordingly, the pressure exerted by the flexible membrane 94
on the wafer against the polishing pad 34 is independent of any side load created during
the polishing process. Further, the frictional loads are isolated from the distribution of
pressure to the wafer.

30 An inner surface 122 of the retaining ring 96 defines, in conjunction with the
bottom surface of the flexible membrane 94, a wafer receiving recess. The retaining ring
96 prevents the wafer from escaping the wafer receiving recess and transfers the lateral




92 to pivot with respect to the wafer carrier head body 68 so that the
wafer carrier base 92 can remain substantially parallel to the surface of
the polishing pad 34. Specifically, 20 the bl adder bellows 98 permts the
waf er carrier base 92 and a wafer nmounted therein to rotate relative to

t he pol i ggoagedsgd 34 and pivot to accommodate both mgé\hh TR with the
polishing pad 34 and irregularities in the wafer such 39 @p@pjﬁ The bl adder
bel lows 98 also transfers the dovvnvvgal?g pressure fromthe hedd shaft 64 to
the carrier head base 92 independentlTy of |ateral |oads. Thus, the bl adder
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wafer. This provides a significant advantage over prior art wafer carriers.

The retaining ring 96 is mounted on an annular retaining ring mounting member
140 which is received in an annular groove of a retaining ring bearing 142. The retaining
20 ring 96 may beretained by screw threads, or any other suitable means for constraining the
ring 96 in all directions. In the exemplary embodiment, the retaining ring bearing is
comprised of a flexure member 142.  Alternatively, the retaining ring bearing may be
comprised of a hydrostatic bearing (not shown). The flexure member 142 is
interconnected with the wafer carrier head body 68 by the retaining ring bellows 144, The
25 retaining ring bellows 144 is pressurized to bias the retaining ring 96 against the polishing
pad. The retaining ring bellows 144 may be formed of any suitable material which
provides compliance in the z-direction and has a pressure capacity in the range of about
0-40 psia. The retaining ring bellows may be made of plastic or metal, however plastic
is preferred since the retaining ring bellows does not couple torque to the retaining rings

30  unlike the bladder bellows.
Asnoted above, the inner surface of the retaining ring 96 defines, in conjunction
with the bottom surface of the flexible membrane 94, a wafer receiving recess for



15 polishing to be transferred to the wafer carrier body 68, or preferably
to the shaft 64 (which is rigidly fixed through top plate 100) by the
retaining ring 96, instead of to the wafer. This provides a significant
advant age over prior art wafer carriers. The retaining ring 96 is nounted

on an angg @kese&t ai ni ng ring nounting nmenber 140 whi P{lrfhﬁllf4f‘s‘i?i ved in an
annul ar groove of a retaining ring bearing 142. The retalinin 20 ring 96
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PCT/USO /41513 -13 31 JAN 2005 receiving the wafer 97. e retaining ring
96 prevent Ftamee RAE O6 te thenwvalercenprianpoiy $8\independentlyced the ipeessure of theand

tran r .] ai. fr .t he fer,.tp the fer carrier,. head bod
68. :srg ?I%@n@%@éﬂ ?%oq’ P?dg%aqnfjﬁn‘feﬂﬁngﬁrﬂ@ﬁme%@he Wafery
carrier hewslfer fzatveciiie ﬁﬁﬁw By rAlGRIng HRIRRb ISR i&&oﬂﬂ(%]%k‘fh%r native

enbodi nent, the flexure nenber 142 may be replaced with a bearing to allow
rel ative nPFEsSHFs exquird byiharetainingiring op dhetpolishingipad, the presest ivemtionalowsot | on of

t he retainy ' | I nfluenci ng t.he Load on e. retgining ring.
Of signif %g%?ﬁ%%gﬁgg%%&h %lng%gagéq?gsw%ntqﬂpmg@n@ BB“PE%\ on the
retaini ng flixug: Mémbe 18N maybé Beastied by efraik gsliseS B 11 pLEEPEN M Rith Ynfiart he
pressure of the 10 retaining ring 96 against the polishing pad 34 and

i ndep demf?ofb'f‘*ﬁeﬂ@fﬂm@%@gwsmc@lwvm@fﬂmmfﬂm@mmg pad By

allowing the i BELSA b R SGL (ﬁgﬁ !l P Pk £SS xerted by
t he retaining %g on the pb |S%|S{r,{gq%a ,teﬂile pinelgs‘xgﬁt 81 éﬂ‘?%n&ﬁl | ows
flexible membrane 94 is connected to a backing plate or the carrier base 92 to form a
closed bladder which includes a plurality chambers 106, 108, 110, 112. For example, thé

flexible membrane shown in FIG. 3 includes four vertically extending concentric flanges

20 114, 116, 118, 120 which, when connected to the carrier base 92, define a first central
circular chamber 106, a second annular inner chamber 108 surrounding the first chamber
106, a third anmlar middie chamber 110 surrounding the second chamber 108, and a
fourth annular outer chamber 112 surrounding the third chamber 110. Pressurization of
the chambers controls the downward pressure of the wafer against the polishing pad 34.

25 The membrane may be constructed of any suitable material, such as a flexible
elastomer. Preferably, the membrane is a silicone rubber material having a Shore-A
durometer hardness in the range of about 40 to 80. The membrane material should have
good bonding characteristics with stainless steel, and should exhibit chemical resistance
to acids and bases. '

30 A first annular flange may 114 be secured in a first annular depression or groove
on a bottom surface of the carrier base and locked in place with a first insert ring 124
which is releasably received within the first annular depression. Similarly, second, third



the control of edge effects, such as edge fast polishing. The | oad
contribution by the flexure nenber 142 nay be neasured by strain gauges
151 placed on the thin annular 15 portion 146, and m nim zed by verti cal
novenent of the wafer carrier by the actuator. As described above, and
shown i nwgnjweg detail in FIGS. 8, 9A and 9B, the f\,@‘?bgulﬁlﬁ?nbrane 94 is
connected to a backing plate or the carrier base 92 to,torma cl osed

bl adder which includes a plurality chgnbers 106, 108, 11@) VAR 20050, exanpl e,
the flexible nmenbrane shown in FIG i ncl udes four vertically extending

concentric %g é} 120 conn cted to t he
carrier basaé&g’gﬂﬁ%e 2261’?2:82 30]1&0 th n%&%’?ﬁ%&'ﬁ 1P second
annul ar i nmmhhmfmmmﬁmbhﬂn&vé%&p%ﬂ?er 106, a third

annul ar m ddl e chanber 110 surroundin second chanber 108, and a
fourth annul ar Woéﬂh%@ﬁb eregudated WEOQ(hWSHO‘E!BaWabMO

Pressuri za SONL St awnwatr d. pres f the wafer
agai nst thtéb'%%fﬁ sﬁl ng pagﬁg%ﬁ@% )ﬁ%sém%éﬁgﬂﬁgﬁﬂgwtﬂ’ ck 15'?4%3'&"? of any
sui t ablse maliearoiatyl fluid Yapliag, the Edn@uit, Theheal WRH MINBE 86, B SEARHYer menbrane

is a silicone rubber material having a Shore-A~ duromneter hargness in the
range of albedn 68 thrpeghgpsuitible fividinessxtending dirough th blatider fallevs Qﬁ)ml bondi ng

characteri nd sh t chem

resi st anceﬁr{)@gg"s@gﬂg&ga@%ﬂ} o g'ﬂh}a?l Qanﬂﬂifdé’PéP‘ﬁ“ﬁhﬁ'ﬁnM" 9."4 be
secur ed i N régulated Shuidyresshre Sode: AR pkRBly LonitbR@hthe 8o, RN HASIHY ace of the
carrier base and |locked in place with a first insert ring 124 ich is

rel easabl ychahsrsyed within the first annul ar depression. Sinilarly, second,

0,02 550y AR 180 e R U bR, 1L

third and tiettiepressursih that chaRb@ w6l PORaRAnALORNR Of th SSERSTbdSlaNe wify PUNP OF
ot her swtabl e re(%ul ated fluid pressure source (not shown) is operably

connect ed befareed @rm@m@gwstéh%m&abﬂbshm ufgesithet wafercui t whi ch

extends th | i.n t he, co t he head shaft
f1 ange 86, %E Wa?0 §tpr| er ﬁ“‘gf% gﬁ%@@“ﬁ% b indspen '&?ﬂl tﬁmm d line
ext endi ng mmwfmmmzmmwwﬂmobémammﬁmwr rier

head Simlarly, second, third and fourth punps or other regulated
flui d resg FIICEORF ces  ar e operably connected to the second, third, and

fourth — chambergere specifically, in the preferred embodiment the flexible membrane 94 includes
a first circular inner portion 132, a second annular inner portion 134, a third annular
middle portion 136, and a fourth amnular outer portion 138 located beneath the first, -

second, third and fourth chambers, respectively. As such, the pressures in the chambers

20 cancontrol the downward pressure applied by the respective flexible memibrane portions

to a corresponding portion of a wafer against the polishing pad. While four chambers are
described, any number of two or more chambers may be used, and the invention is not
limited to the one example shown.
Generally, the outermost annular membrane portions 136, 138 are more narrow
25 in the radial direction in comparison to the first and second membrane portions 132, 134
in order to provide accurate pressure control of narrow edge regions adjacent the edge of
the wafer independently of the pressures applied to the center and middle portions of the
wafer. In one example the first 132, second 134, third 136 and fourth 138 membrane
portions have a radial width of about 30mm, 30mm, 25mm and 15mm, respectively.
30 The pressures in the chambers may be independently controlled to maximize the
wniformity of polishing of the wafer. The average pressure in any of the chambers may
be controlled independently of the other chambers during polishing so as to compensate



10 As a punp forces a fluid, preferably a gas such as air, into one of the
chanbers, then the pressure in that chanber will increase and the front of
the flexible menbrane will be forced downwardly or outwardly agai nst the

wafer. This in turn urges the wafer against the polishing pad. As each of

t he changy@eiy be i ndependently pressurized, this %@ﬁ“ﬁ’ Isgg sel ect ed
| ocal i zed regions of the wafer to be polished at a fas 4 than 15

ot her regions. Mirre specifically, inJBDe preferred entlodiMetils t he flexible
menbrane 94 includes a first circular inner portion 132, a second annul ar

i nner portig@n. ﬂs]ﬁ?? rd annular mddle portion 136, and a fourth
annul ar outer %%;ﬁfp?on 8 located beneath the first, second, third and

fourth chanber sThe fiaiide iewdkane IAdeforntlito hieh eSRkE®RSof the Wafr,CRgber s 20
can control the downward pressure applied by the respective flexible

menbr ane p&XARIG: &f the wafer is wapediorbawed the floxiblesrembrrang, willfineffealyeinfarm t he

pol i shi ng | r rs are. d | bed, nunber of two or
nor e chanbg'?glencgé}]o{!)rgoggeéd, nd lietf?ge?meﬁ*t ?Sbtﬁﬂ?sﬁﬁgte%ﬁ r‘gﬁ“"t‘ﬁﬂ]t he one
exanpl & shepstirmGeivkikss Yariatibes oaiieX0iTALE bf tBEWaeR ThiE By AR QLPRvidRLS 136, 138
are nore narrow 25 in the radial direction in conparison to the first and

second meniticaload o thei wafer shopld remain sphstantiallyr uriforpreven ifcthere axersurfacepr essur e
control of . ed i.Qns..adj acent the edge of the wafer
atties;ontie tak idEGr dic :

I ndependent presst d to the center and m ddl e portions of

the wafer. |n Dipeaticu)Rwafdr bodded siito #132vafd B¢ B8 Wraks feceitviih tleskIFmaNd fourth
138 nenbrane portions have a radial w dth of about 30nm  30mm 25mm and

15nm r espdhethagksidg of e wafer ghuiting the Sexiible msmbernanTher waferesan be helddapendent | y

contr IIedgg m?ﬁi ) ni f or m | ishin f the wafer. The
averagg pr €88ure |%ﬂf§%§tﬁ%§]tp§”éﬂ% Jgﬁgﬁgﬂ%@%%@%%oﬁ%&xmﬁﬁendemly of
the ot her ehmmaemsbeldiawhgn 26/ ol G@, S prdferbBly GOFRE BE AL ehaifBeR2FARI06 - 15
PCTI USOL/ 41513 31 JAN 2005 for uneven polishing. The flexible nenbrane 94

def or st o flgkible embeng frhold the wafert he wafer. For exanple, if the wafer is

war ped or bowe { fade! P8 Wl in effect conform to the
contours of thgmv?/ar pegogﬁeﬁ)ﬁeﬂ@%ﬁﬁﬁggp{aﬁgeh eagf“f‘setﬁ‘g’loéheﬁ“eﬁ‘brane w | |
5 confirm sy bifedto e dntedice détvedsthowaterid pad. (Theovattk atdtBe phblahg paihus, of

particyl ar advantage the | oad on the wafer should remain substantially
uni forl ev &t% profgted, howevsrthis 1s not arequirement. One or both of the wafer and

pad may be moved linearly. As the pad and wafer are urged against each other, material
- on the surface of the wafer is removed. One example of a CMP process that may be
practiced with the apparatus of the present invention is further described in co-pending
US Patent Application Serial No. 09/628,962 (Attorney Docket No. A-69228/MSS)
20 which is incorporated by reference in its entirety.

Of sigmificant advantage the present invention provides for independently
varying the pressure within the chambers in the flexible membrane via the separate fluid
passageway systems to urge the corresponding portions 132, 134, 136 and 138 against the
wafer at corresponding localized regions or zones on the wafer surface. This allows the

25 apparatus of the present invention to control and vary the amount of material removal at
each of the localized zones on the wafer surface. In particular, a plurality of zones are
defined on the surface of the wafer and correspond to chambers formed in a membrane
that engage the wafer. Preferably, the zones are annular; however, the zones may be
formed of any snitable shape. Referring to FIG. 7, one example of these zones are

30 schematically illustrated, and are further described in co-pending application Serial No.
09/628,471 (Attorney Docket No. A-69174/MSS). By varying the pressure in the
chambers, the rate of polishing on the wafer is controlled at the localized zones on the



irregularities off the back side of the wafer. In operation, a wafer is

| oaded onto the wafer in the wafer receiving recess with the backsi de of
the wafer abutting the flexible nenbrane. The wafer can be held by 10
vacuum chuck force fromthe underside of the flexible nenbrane 94. For

exanpl e, w #@edsm can be drawn in any one of the, and g{fﬁg%zsqu in two, of
the chanbers of the flexible nembrane to hold the waf&rp. urface of

the wafer and the polishing pad are l_Jfﬁqed agai nst each’ buMel05 A s urry is
fed to the interface between the wafer and pad. The wafer and the polishing

pad 15 ar o ... h ver this |.s not a requirenent. One
or both of eﬁ,ﬁ%} Wa%ér %@ﬁ%?g%tﬁ%%w%g%%ﬁsﬁﬂim O5As the pad and waf er
are urged agai nsSpeéificillypthi pressuiPipplibdlo th®Wwafe9s SdpataRfEcofroldddy e er 1S

renmoved. One exapple of a CMP process that may be practiced with the
appar at us d¥esfye myagh abthe chambstsias indicated thetarrows BePq in Bigd7.i Theaesufiéndi ng  US

Pat ent ld.cation.Seri 094628.962. (At t or n C No. A- 69228/ MBS
20 whi c??s@%&%@@b %P%&‘SW@%“W??“@RW%%&‘@%%% cant )
advant aje  tcoatrqlinShe pressire it the BorRksbalAg hirerd A6 RARGIRA thot zoN@Ta¥d NY t he

pressure within the chanbers in the flexible nmenbrane via the separate
fluid pas$h 5y suitable gembdr of two or mensaomtis myy poddfineh Fuitha, 134, 136

el
d 138 ' f t ding.l | i '
The vaf er e Rhes e OF o3rdp SRE SHRRT Mo st BlbscalBei®inyont | on o
control andn\afmitartshapedispriférred forME dftePbone® TRVAL piiferrédaintbolimentIthd OCal i zed

zones on the wafer surface. In particular, a plurality of zonées are

defi ned on Heybragng coniains fopr chambes definingfourczonese thedord zones btingmenpsisédor med in a

menbr TaleTTy __Preferably . the zones are annul ar,
howevgirb,e ttﬁggéec?nes nay E%on%‘f{hnﬁea%'ﬁ%ﬁwg%@?ﬁ?ﬂ% shape. Referring to FIG
7, one exanpl e Prfeidbbs theOMP sppafatus 3Oths ﬁi‘i@diiliﬁxkr&ﬁiohl)wiil inchidd bridloPFroreaNd are

further described in co-pending application Serial No. 09/628,471
(Attorney BiEiuetenss that provideinfgrmptionseearding ithegprogressionaf polishing rof thee

chanbers, r LShi . wafer is.controlle t the localized
zones on the \T/\Dq%g}‘ %5{8%5 %{;&%ﬁ%ﬁ% 1gmgval ratg\ﬁf%kgg\éqnélme
cor r espondisurfact of tecvafaf This, peferbBNt salRaNVET frowids BN SboublRRCi Ti cal 'y,

the pressure applied.to the wafer is separately controlled by the pressure
in eacH of W‘@H’Sﬁ’ﬁ@r"ssf’%ﬁlirﬁ’ﬁl@aﬁ elrbowe tor’y tmes finer tpn thewigthgf the.  The

result 'S zonesformed bythe chambers in the flexible membrane. This includes the effective spot
size of the sensor as well as the effective sample spacing. Sample spacing is a function
of the relative velocity between the sensor and wafer, and the sample rate used. The most-
appropriate type of sensor may vary depending on the type of material being removed.

20 For example, when removing an oxide layer, interferometric sensors as known in the art
may be employed. Alternatively, when removing a metal layer, a reflectance sensor may
preferred to measure the presence or absence of the metal layer on the surface of the

wafer. Further, the absence of the metal may be used to signal the endpoint. One
example of a sensor that may be employed with the apparatus of the present invention is

25 described fully in co-pending US patent application Serial No. 09/628,471 (Attomey

Docket No. A-69174/MSS) which is incorporated by reference in its entirety.

Moreover, by using information about the initial coating thickness on the wafer,

and the polishing time, endpoint information may be used to calculate an estimate of the
removal rate, and this information may be used to predict the polishing characteristics of

30  subsequent wafers. Thus, the information provides a means for controlling the CMP
process parameters such as pressure velocity, and the like when polishing subsequent
wafers, and is referred to as “run-to-run” control. Also, the instantaneous endpoint signal



that concentric zones or regions on the wafer surface can be polished at
different rates by 5 controlling the pressure in the correspondi ng chanbers
46. Al though four zones are shown in the figures, any suitable nunber of
two or nore zones may be defined. Further, the zones may be of a different
shape angganme@t |imted to an annul ar shape, aIthOﬁggr ﬂ@mﬂﬂ§U|ar shape
Is preferred for the outer zones. In the preferred e ody nt," the

menbrane contains four chanbers defi_bpg four zones, tW?Jﬁﬁ%@ zones bei ng
conprised 10 of one circular center zone and three annul’a 3ncentric

zones. Pre &RId % th .esent inyention. wll include
one or norf(iaﬂl n-é' ?Lrglgeecnsors %ﬁé’@%?%s\%temﬁﬁg}“ﬁ??‘@hﬁxﬁaﬁ%%@% he

progr essi ofocalizet edgichd of theafdr it redMime tontrtbe key parameter during polishing
is the renoval rate of material fromthe surface of the wafer. Thus,

preferably, a seaYe@} methpdspmeay e upedo torapiogide aprogesst kentdh formtheal rat e
wth a spatji LIt of about.2.to,5 tines finer .than the wdth of the
zones formkéf%ﬁ%ﬁ%ﬁ e@eﬁ%z‘q‘}t@wg\l@%ﬁﬁ & foregideremovl des t he
ef fectsve epgdlishifig,ABickiesd iMbrmeishGhayte wbed lo Msasind ek edl kME A@ER! € spaci ng.

Sanmpl e spacing is a function of the relative velocity between the sensor

and waf er , PrEsryreisontaiiei ascordingly tedufiitencrithe rameval ratgipdeppndenttyeintuypeneof  sensor

'y d ' the t . | al ' d. 20 F | e,
e enovi T Sies, The Pl St LB ey e PR of R 5 e o
maybeenpl opgation\whivhNstdiés\Rat the MAYEHRl r@hovY] fk (Ml(mtiﬁlgivleﬁ‘ﬁf{he ustfoh! ect ance

sensor may referred to neasure the presence or absence of e netal |ayer
on the sur?ﬂ&‘kﬂviﬁbﬂemwﬂmﬂﬂmﬂwedmaﬂmmmmhmay be used

to sigpal | ng . anpl.e .of ,a sensor.that may be empl oyed with
t he aggar a%@ﬁmﬁ’%@ﬁéﬁe@%ﬁfl%ﬁ WMS%?PWF%‘VI 9"?‘;&00- pendi ng
US patent mylipkirbaitieonthéinond ). A @6 Rsipliof 61thés PRYess Enaltivhs &R

A-69174/ M5S) which is incorporated by reference in its entirety. Mreover,

by using i b§ fupdin ghe errending nHS ipatent applieation Sexial tNvi. ORIG28,8620(A tlomeywaf er, and
t he poli shi AR oint information may be used to cal cul ate an
estimate o e%a 'ré?r%?% rate, and this information nay be used to predict
the polishing dwaingahesl mwilislisg, @fe nfBfinAioh A0M1BRImMAYIR répresdit4fie lokdle

i nf or rrgtion provides a means for controlling the CMP process paraneters
such a2 predagiptiorapastiquias zong qrregine. Vsingthiginformesipn, futheroverobisingnft  waf er s,

ondpor nt - s et GBS may b eBich B Ak b hodublyd e Pl BEHBAICRECRT et by o
r ef | ect ancersspading neomparsmenste d Atditiomtlycthist forirati@my aday 'Rt el oneieh of the

| ocalized regions on the.wafer for feal tine control.
t wafer to adjust the pressure (Lstn%utmn such that local endpoint for each of

the pressure zones is reached at close to the same time.

20 One example of a control schematic is shown in Fig. 11. Fig. 11 shows a block

diagram of one example of 2 control system that may be used with the present invention.

The control system is comprised primarily of a process controller 200, pressure

distribution controller 202, sensor 205, and a wafer database 204. The process controller

200 receives data establishing the process parameters or recipe, and sends commands to

25 the CMP machine 206 to control the CMP process. Additionally, coupled to the process

controller 200 and the CMP machine 206 is the pressure distribution controller 200 which
controls the pressure within the chambers of the flexible membrane.

The pressure distribution controller 202 receives data via two routes. First, the

pressure distribution controller 202 may receive data representative of the reflectance

30 measurements in each of the zones on the wafer directly from the sensor 205. The

pressure distribution controiler 202 includes hardware and software configured to receive

the reflectance measurements, determine the appropriate pressure adjustment needed (if



Several nethods nmay be used to provide process control for the

conpartnental i zed nenbrane and feedback techni ques. For exanple, for oxide
renoval 5 or polishing, thickness information may be used to neasure the
renoval rate, and the pressure is controlled accordingly to influence the

removal wj@edddglependently in any one of the zones. [ Qﬁ)’ﬂ‘@gy
description of the renoval rate is an adaption of Pres 3n S "éguati on,

whi ch states that the material rem)v_eils_rate (MRR) is gi eHNbZﬂU& he equati on
MRR=r pPV, where kp is a constant influenced by all processing paraneters, P

Is the 10 |- 8 n | 8oL i ve .vel ocity.. Agcordingly,
the pr essu@%ﬁ%@%ﬁ?’gg‘i th?%éjefllhénéasz aiy]%é‘?%eéé@’ “{“ﬁlaﬂ? ﬁg@‘ﬁ(’ eﬁygﬁg@ A furt her
descri pt i othepfestltewithip Heestféct £uaeds dppeupriateaThe refectzabd Whtd fford the séRsPendi ng US
patent application Serial No. 09/628, 962 EAttor ney Docket no. A-69822).

Duri ng net ialsedransypitted;to, andstoradrintheyw asel2) e may one represent the

| ocal . 15 endpgint. .for..a rticular zone .or, region. i ng thi

i nf or mati on, fﬁ@t ! L3 ov'é“rwp%ﬁti’%jﬂﬁ% %F'ﬁe{éﬂlfgn%}“@%“?lﬂr?égé’ .ag@orr educed in
the zobe Dbihrdshéld ¢iligs foreachT Bie Sotcs areBohddRstht MafefatabteP0£ S RRGHE ilFes
conpartment. Additionally, this informati on may be used on the subsequent

W?ferhto aﬂF@!ﬁn'w'Mbéhﬁmh y trﬁilﬂrlﬂﬁfhomh@preisimtdisltrﬂm&'bn eontioliernt f or eaf:h
of the pr e _Zones .i.s. r.eac t close to the tige. .20 One exanpl e
of a contrgﬁ%wd’%b@%‘m W&P%Fheﬁﬁ?ueffoigg??&%gﬁﬁdmck di agr am
of one exafsple@artt valueDidnh Ble sEnssF 208 dndabndiR)idAR 19 ARATMP Whchifle 208 @sent

invention. The control systemis conprised prinmarily of a process
cont r ol | er adiwd thepressurg i eachijof the 49ney wrapprptiste |Additioni daseswshias B85, and a

e b 3o BT fia? o bR P s R rRlh e S RAR D rachi ne
206 to coninapbe shift tEWMR WifdC@ikbase 1 dististan Aelednin@ YR HfprdRiate FreRiRCESS

controller 200 and the CVMP nachine 206 is the pressure distribution
control | eradimei ch controls the pressure within the chanbers of the

fl exi bl e menbr r I SLriuti cont,rol l.er. 202 recei ves data
via two rout esaﬂ&?tg%}, ﬁheﬁiéﬁgrogéhgf?%‘%eﬁ%hﬂogﬂb@%ﬂ??‘ﬁ%]oé'w may
recei ve datsed toanemtedidabitiobthoCMPeodeal BpRifREILE modél bisRasinkBIPridesl N each of
t he z?nes & the wafer directly fromthe sensor 205. The pressure

i

di st ritDut i 9 thegreltiseq wusheent phie (MR prasessuarmeterido dettarzilos thede¥Pgur ed to
et PECRE O IRl il SRRRPRLLALG 7 o5
above focus primarily on selectively controlling the pressure in the zones to provide for -
substantially uniform polishing of the localized regions of the wafer. This minimizes the
occurrence of over-polishing in some regions and under-polishing in other regions. The
20 model based detection system, in addition to providing sﬁbstantially uniform polishing
of the wafer, also provides real time control of certain of the other CMP process
parameters to improve the overall CMP process.
Thus, information from the wafers before polishing can be very useful for process
control. This is termed “feed-forward” control. Also usefulisinformation on previously
25 polished wafers. This is termed “run-to-run” control. In-situ measurement of the state
of the wafer surface during polishing provides “real-time” control.
Fig. 12 is a section view of the wafer catrier head shown in Fig. 5 taken along the
center in accordance with another embodiment of the present invention. As described
above, the membrane consists of four concentric chambers, numbers 251, 252, 253 and
30 254. The walls that define these chambers are in turn each connected to a rigid support:
259,260,261 and 262, respectively. These rings are mounted to the underside of flexible
member 263. Flexible member 263 is mounted to the underside of bias plate 264. Bias



31 JAN 2005 any) within each zone, and then sends a signal to the CWP
machine to selectively adjust the pressure within the subject zone as
appropriate. The refl ectance data fromthe sensor is also transmtted to,
and stored in, the wafer database 204. In an alternative enbodi nent,

pre- det ewd desbopr essure profile values and/or 5 threghpigh % yes for each
of the zones are stored in the wafer database 204. These values are then
transmtted to the process controllerjg200 or the pressur ¢ANIEGgS ri buti on
controller 202. The pressure distribution controller conmpares these val ues

to the act 26E&ntdins"ErunitRt bESIREaRE: MALIBES: and sends
a signal t(?ﬁttehe CwP mach? ne 206 to ad usta't%hﬁeﬁg?zés’%?gﬂ?%%éa@ﬁaof t he

zones as apprteythe pressure eaertbidon dgid Kinge58, 268,26 hamd262 JrespddlivelyeTipdfbe) t hi ckness
of the wafer 208 and/.or. the, po lish thickness of the wafer 210 nay be
sent  To ¢ hemERe PRGEb is.aesioBaE ox bl by nespin e miat BES Ioihe oprech ¢

pressur e aeliid pBGiiin, tepraSHtdRichERRACISICR), 983 151G PlagludUeRY | ON, MOdE!

based detection nay be ‘used to nonitor con process.

Speci f Bcal lyge thepwiaftr (hetshowm)apainsd theypotishingaad (ddb stiown).t Sienvlteboudly, 1k adj ust ment
of the CVMP_process par.ane Sgrzééci %_ﬁtgﬁgr tailor the CMP process to the nost
effective f?&ﬁ@’hmp# e & 23 3% way e yarsdstosentrelahe prepte  above
focus pri | Seinfiet di ' ' nes to

br ovi do.  oexered b lhe BRH ool GRBL bkl TP pielEreR b 183 B0 P8 O o

t he waf er . afidid58 will be adjusted toinimintaio the smosthastirankitionsstwenbdjstinnifehitasO e r egi ons
and under-polishing in other regions. The 20 nodel based detection system
in additioﬁ“‘f‘%mﬁeﬂ i di ng substantially uniformpolishing of the wafer,

al so ppovi des rg@gd 13A A% 138 : ' : . cess
paranmeters to irrg%ove t he %%%ﬁﬁ%f%@%@‘?‘%’ﬁ%@%’%ﬁ%ﬁ%& fromthe
waf er s bef bnes 4ol and Bi-B\gespentivbly, inacoprdasefwith dnothepenthodisment 6fld prédent Thi s i s
terned "feed-for d contr .Al.sq pseful is information on previously 25
ol | shed vaEon H mERtFsCkT s i fod 6 aBmiprcompPRR by FReS ipRieacr enent
of the staiing®2 k8 ciifeli @ bhaittef EvRII M NIhPRE St ééhﬂ& eh§al -ti me”
control. Fi g?ng(lzz IS _g section view of the %P}é%%%? eag)ggthglsm in Fig.
5 taken al thgakepecontirieuering. nAbsoosrlocations alvinghepeniphary ofthe outier XD tareof t he

prese i ny Lon, descri bed boye, the nmenbrane cqnsists of four
conceg{sri c@#fn%é??ﬁgﬂmﬁ%f&’ﬁgﬁ 5&'@3‘?\"&" §6]a°?’5"35m"-l*1‘?§5 %HélﬂF’él t hat

def i ne theaewcﬁhammmmeajﬁmﬁgtmmcfrhﬁqnmfhsemﬁﬁuﬁcﬁoﬁb?mﬁmrti 259,
260, 261 and 262, respectively. These rings are nounted to the underside of

flexible PEHYEcORpYmmiseRpauee thapressure PEachicompartmeneis maintied throwfghr si de of
bias pl at e, 264 . Bl a8 system, the small restrictors or tubes 274 allow the pressure within the

chamber dividing tube 272 to be an average of the two adjacent pressure chambers. This

20 - insures that the most appropriate pressure at the transition from one chamber to another.
It is important that the inter-chamber restrictors 274 offer a higher flow resistance than
the passageway into the pressure chambers from the pressure regulators. It is also
umportant that the flow restriction presented by the inter-chamber restrictions 274 is equal
for each of the restrictions.

25 An improved apparatus and method for chemical mechanical polishing of
semiconductor wafers has been provided. The foregoing descriptions of specific
embodiments of the present invention have been presented for purposes ofillustration and
description. They are not intended to be exhaustive or to limit the invention to the precise
forms disclosed, and obviously many modifications and variations are possible in light

30 of the above teaching. For example, the apparatus of the present invention may also be
employed in backside grind applications. The embodiments were chosen and described
in order to best explain the principles of the invention and its practical application, to



WO 02/ 09906 PCTI USO01/41513 -19 31 JAN 2005 plate 264 contains a nunber of
concentric chanbers: 255, 256, 257 and 258, which control the pressure
exerted on rigid rings 259, 260, 261 and 262, respectively. Therefore,

once the assenbly is positioned for polishing by noving bias plate 264 to
the corre@oxyovmEti cal position, the pressures in chanpgﬂﬁ 252, 253 and
254 may be adjusted to 5 urge the wafer (not shown) agal nst e polishing
pad (not shown). Simultaneously, the,gpressures in chgqb k% 55, 256, 257
and 258 may be varied to control the pressure exerte b@ 8 chanmber

sidewal | s Qfjer ' rs. 255...256,. 257 and 258
will be adjust de]%agife%qleﬁggfﬁggé %Z%gmgzttéﬁe%sei&%%stﬁ? FYRAtOR: VAR acent
menbr ane  cmbpdirdents with varids odificatibasesareduitalifo the parfiirusdRhtetpRIg, Of t he
flexible nﬁﬂger i.n igw8 taken along lines A-A and B-B, respectively, in
accor dance H‘F“Q‘H’dgﬂ seapp etthenpention ba defingslbyshaelaims appended beveto Tk nenbr ane
270 is divgﬂgg%%ﬂﬁgmgnnular conpartnents by rings of flexible tubing 272,
al so called a chanber dividing tube. The ends of the tube are seal ed
together to make a continuous ring. At sone |ocations along the periphery
of the tube 272 are 15 smaller inter-chanber restrictors.or tubes 274,

whi ch serve as flow restrictions for fluid flowinto and out of the

di viding tube 272. This allows the comruni cati on of adjacent pressure
conpartnments. Because the pressure in each conpartnment is naintained
through an active control system the small restrictors or tubes 274 all ow
the pressure within the chanber dividing tube 272 to be an average of the
two adj acent pressure chanbers. This 20 insures that the nost appropriate
pressure at the transition fromone chanber to another. It is inportant
that the inter-chanber restrictors 274 offer a higher flow resistance than
t he passageway into the pressure chanbers fromthe pressure regulators. It
is also inportant that the flow restriction presentedby the inter-chanber
restrictions 274 is equal for each of the restrictions. 25 An inproved
apparatus and nethod for chem cal nechani cal polishing of sem conductor
waf ers has been provided. The foregoi ng descriptions of specific

enbodi ments of the present invention have been presented forpurposes of
illustration and description. They are not intended to be exhaustive or to
limt the invention to the precise forns disclosed, and obviously many
nodi fi cations and variations are possible in |ight 30 of the above
teachi ng. For exanple, the apparatus of the present invention may al so be




enpl oyed i n backside grind applications. The enbodi nents were chosen and
described in order to best explain the principles of the invention and its
practical application, to WO 02/09906 PCT/US01141513 -20- 3 1 JAN 2005

t hereby enable others skilled in the art to best utilize the inv?té’&)n and
various enbodinents wth various nodifications as are suited to N 2005
particul ar use c@l@imgipl ated. It is inénded that the scope of the

i nvention be defined by the clains appended hereto and their equival ents.

3 1 JA¢4N 20 e r assenbly rr use.in a chem cal
rechani cal %gr?fgﬁ%cgﬁasse%ﬁggﬁ%? |{nsa| gaa\ ﬁ@?'cﬁlaﬁq“?@?g SYSIPOr OTRISIRG: a
waf er carrier head%feusamgsmp’patt&lah;e m)unt ed on said wafer carder support
frame; a wafer car art d, flexjble nmenbrane
connected to the gw%@{ca?g‘?rﬁ?eea? géﬁtn{%b&ép?‘fﬂ%ﬁ%"%sﬁﬂdwaﬁf negrsupBRitentri c
chanbers; afremeai ni ng ring, operatlvel y connected to a retaining ring

beari ng which al [F%% rcrae'!_ ative axial notion while constraining relative
radi al notion be LR %fqagFal ning ring and said wafer carrier head
housi ng; a ret ai aimmpanngenmké@ﬁéxuiﬂem@wrmé YorfRBRAGb @5k Wared 8hidief B4 HdNY
ring beari n Q0 & ai retaIlr g él ng agai nst a polishing nmenber; and a
bl adder beI \Dé %38 éfﬁ"ﬁ/ O HHiER 'FHB WBe'S waf er carrier base to said wafer
carrier head houalratglrm'@h\gt h@érdtl@él?i:brﬁ}fb%ledttgraq'@%ﬁrﬁg F:ﬁé‘Béﬁrﬁ{dmcﬁé sSai d
waf er carri head waf er carrier base, wherein a chanber

fornmed by s%’% VB Iaéhﬂ'jgi"l‘l% I"‘%B%"”%’E“EPQ/\E’?%’FE fadiglingqtiopchaweermenid S%tald*mi’ner
carrier heaandisaldiwaferrgayrid?hicpd BoasiAg;zed to | oad said wafer carrier base and

conmpartnental i zed fI exi bl.e nbr ane agal nst the polishing nmenber,
i ndependent of 84§ af”r"’l%@’?%ﬂ%’ﬁ’“ﬁ?&&@“ Y%cheéttalﬁﬁ‘ldrfgtﬁwh@”ﬁ@\éeﬁmﬂel n the

conpart ment eigiezai fetaning ring @Qﬁhét@ﬁoihﬁﬁg@nérﬁﬂ@fauﬁ”face DFOVI di ng a waf er
receivi ng surface Il nner portjons associated with

respective ones 8beg'sdtgF'ag?Jfg’l‘ftsaﬂﬁefz§;}{3b‘F°r@8%@rﬁafq Y3eh SABIeF Basqforbaidwefer
pressures wartiemhesgidiousingsaichl treh adthss il REGue iB SaRsRH.A Frodh é—‘a‘?@@v‘éf@r N

head housing to said wafer carrier base,

wherein a chamber formed by said bladder bellows, said wafer carrier base, and
said wafer carrier head housing may be pressurized to load said wafer carrier base and
compartmentalized flexible membrane against the polishing member, independent of
any frictional loads on said retaining ring

and wherein the compartmentalized flexible membrane has a lower surface
providing a wafer receiving surface with a plurality of inner portions associated with
respective ones of said plurality of concentric chambers such that pressures within each
of said chambers are mdependently controllable.

2. The wafer carrier assembly of claim 1 wherein said retaming ring bearing is a flexure
member.

3. The wafer carrier assembly of claim 1 wherein said retaining ring bearing is a hydrostatic
bearing. '

4, The wafer carrier assembly of claim 1 wherein said retaining ring bellows is pressurized
to a pressure in the range of about 0 to 40 psia.



2. The wafer carrier assenbly of claiml|l wherein said retaining ring
bearing is a flexure nenber. 3. The wafer carrier assenbly of claim!]
wherein said retaining ring bearing is a hydrostatic bearing. 4. The wafer
carrier assenbly of claim1 wherein said retaining ring bellows is
pressurized to a pressure in the range of about O to 40 psi g, mg%@ r JAN
2005 5. The wafer carrier assenbly of -22aim 1, further conprising:

nmounting flange connected to said wafer carrier support franme, said
mounting flange having a substantially vertical through-bore; a
cylindrical head shaft rotatably connected to said nounting flange and
concent i cal The watepcarsigr assembilylot tiziout Hutther eprrprisingn el ectric motor havi ng

a stator nounted i t] l.ange .and.a rotor nmoynted on,said,
cylindrical head %ﬁ};@ ? F'rq%@%&%?é?aé‘gﬁ'ﬁgﬁf%@g%Isﬂ'/p%‘f#@?’&?rﬁaid MREPkRG,
the flexi bl dlangethesing a subistatdisiiy vartida) threegtopste; t hi rd and fourth flanges,
each flange bein r.ed.to a.l r, surface of the wafer carrier base to
define first, seg%ﬁ’af‘;'gf'ﬁ%#‘&?dﬁﬁa‘?ﬁ%‘??ﬁ CHRRY o s3id ajpupting fange apd The

waf er car ri esonasstendlly\disgosed i saib twbggrebsresamdl first chanber is circul ar
and has a radial_w of ,about 30 I sai econd chanber. i s annul ar and
has a radial wi dt%ry\%lg E@Bﬁ?‘o%v'%ﬁ s‘g'[.rﬂ]'(ﬁm{‘ﬁ’lg ISiEl nfing fanga ad amiohas a
radi al wi dt meofnted ontsa@cviimgricahidesbstaftf ourth chanber is annul ar and has a
radial width of about 15 mm 8. The wafer carrier of claim1l wherein said

psia. S Thel oyl BB Heh R it SRRk ing PeubBr AbRp e e,
t ult;u: amecent thitd @db:adh !ﬂgn@med’u ﬂ?r@I He]r;g/\&édﬂi'éd wal |dwaead-fa€cl@ai‘f}tne ﬁaﬁ?ﬁ -

t ubul ar ng. a [ It 0 assageways 1or coupliin ul

li nes tcg"u&gQg%ée{r?d%%‘re%‘p?%%%‘ﬁr%‘!’2@ %yfaumgﬁwﬂgfanr&¥e%qtue'w oral t3 of

chanbers, '
7. The wafer carrier assembly of claim 6 wherein said first chamber is circular and has a

radial width of about 30 mm), said second chamber is annular and has a radial width of about 30
mm, said third chamber is annular and has a radial width of about 25 mim, and said fourth
chamber is annular and has a radial width of about 15 mm.

8. The wafer carrier of claim 1 wherein said bladder bellows is pressurized to a pressure in
the range of about 0 to 40 psia.

9. The wafer carrier assembly of claim 5 further comprising:
a tubular conduit extending concentrically within said head shaft, said tubular

conduit including a plurality of passageways for coupling fluid lines to independently
pressurize said bellows and saig plurality of chambers,





