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W TH PRESSURI ZED MEMBRANE 5 BACKGROUNG OF THE I NVENTION 10 1. Field of %

t he | nvenfyioaa/49diss | nvention rel ates generally to chem calpcdramiaBedg!
pol i shi ng apparatuses, and nore particularly to platen designs using

pressurized nenbranes and pi ezoelectric elements for inproved performance
in chem cal nechanical polishing applications. 2. Description of the

Rel ated Art 15 In the fabrication of sem conductor devices, there is a
need to perform Chem cal Mechanical Polishing (CW) operations, including
polishing, buffing and wafer cleaning. Typically, integrated circuit
devices are in the formof nulti-level structures. At the substrate |evel,
vtransi stor devices having diffusion regions are forned. In subsequent

| evel s, inter conne@?"??é‘i”gq’ |BLATEY FATH | SRESSIHEERMNMBRMEY and el ectrical ly
connected to the transistor devices to define 20 the desired functional
‘devi ce. Patterned conductive |layers are insulated from other conductive

| ayers by dielectric materials, such as silicon dioxide. Aﬁ

metald i zation |levels and associated dielectric layers are WWHUWIHWHI%C’
to planarize the dielectric material increases. Wthout planarig

fabrication of additional netallization |ayers becones substantlany nor e
difficult due to the higher variations in the surface topography. |In other
applications, 25 netallization line patterns are formed in the dielectric

material) and then nmetal CMP operations are perfornmed to r ess
metal lization. In the prior art, CVMP systenms typically inpl g&m@mm@gmmmmm
orbital, or brush stations_in whi ch bel ts ofds or brushes

scrub, buff, and polish or&ﬂlﬂmﬂﬂ!ﬁwﬂm Slurry is asge*to
facilitate and enhance the CWVP operation. Slurry is nost usually introduced

WO 0f) 4980PBieRCof theQhvdiodb 2 onto a novi ng preparation surface, e.g., belt,
pad, brush, and the |ike, and distributed over the preparation surface as
wel | as the surface of the sem cong,uct or wafer being, buffed, polished, 8r

ot herwi se pr epBisedverianelatgipegnasiiys o chemeica Berhapica d’r‘?hﬁ@n%é‘ﬁﬁ‘%féﬁ“ﬁ%ﬁ ‘an

acconpl i f

he moveRsh pate TP ERIE uafeR oA o s el FORC BB HEHENERE, |
the seni gaRevat gerfothade iaktHemival pectiaaical paiRhingrabplicatiohd.gure 1 illustrates
an exenplary prior art CWP system 10. The CWMP system 10 in Figure 1 is a

belt - typg' Ptxmons&tﬂgﬁemg&gqtbecause the preparation surface is an
e

endl| ess

15 In the fabrication of semiconductor devices, there is a need to perform Chemical
Mechanical Polishing (CMP) operations, including polishing, buffing and wafer cleaning.
Typically, integrated circuit devices are in the form of multi-level structures. At the substrate
level, transistor devices having diffusion regions are formed. In subsequent levels, interconnect
metallization lines are patterned and electrically connected to the transistor devices to define

20 the desired functional device. Patterned conductive layers are insulated from other conductive
layers by dielectric materials, such as silicon dioxide. As more metallization levels and
associated dielectric layers are formed, the need to planarize the dielectric material increases.
Without planarization, fabrication of additional metallization layers becomes substantially
more difficult due to the higher variations in the surface topography. In other applications,

25  metallization line patterns are formed in the dielectric material, and then metal CMP operations

are performed to remove excess metallization.

In the prior art, CMP systems typically implement belt, orbital, or brush stations in
which belts, pads, or brushes are used to scrub, buff, and polish one or both sides of a wafer.

Slurry is used to facilitate and enhance the CMP operation. Slurry is most usually introduced

5

)



18 mounted on two druns 24 which drive the belt 18 in a rotational notion
as indicated by belt rotation directional arrows 26. A wafer 12 is nounted
on a waf ewgeadses4, which is rotated in 10 direction 16. THea/uidbd2eg waf er
12 is then applied against the rotating belt 1 Swith a force F to
acconplish a CVP process. Some CMP procgsses require significant force F to
be applied. A platen 22 is provided to stabilize the belt 18 and to provide
a solid f . L pply . Y, . ' an
2qucous TF atieiRE bRRARkON shaRE Pt Al b bt s, B W Yep iy ROT b08k

parti cl esrepatidi fuRE 8dlweID 9§ Rt fade dffike ywadiesndbdtor WaterbeRgansfedf pdRhed) ot ng,
15 buffing and polishing of the surface of the wafer is achieved by using

van end| estherpidsei pigpargd fadthgl GMP pecesst t+ The distipition| isygenerdly nsromplishgd gwdai s

d_of, . fib i als. | fix abrasives, :Fi 2
o5 dor coprifeioR A, BF mio et e Bl Rioe kiR Aot R oo BR AT Al i L
*30. Khe wakeindgadidith déAdEBetwes t:hs WéricbRduces? vated dhdake pﬁgafdﬁé@mrfh@é-.d 14

and the platen 22 20 positioned bel ow the wafer head 14." The wafer head 14
includes a fixed retaining ring 32 that holds the wafer 12 in position

bel ow t he wafEgutechdlusttateBenvaxemplane pef art CMERosysennh@y (The GMR ssterp104nt he

pol i shi ad an elt 18. The polishi,n | at,en 22 is closely spaced froma
pol i shi %gﬁfsgl gradlgegq-{ypigygmlhsoa&;mgflﬁrg?p%g? &hesq}-g%aé?thnéuﬁaf%gs qngenglgesgﬁ?e air
beari ng”1g Rghidd 88 kw0 AEuBELNRARhLdMe RhAbediM 4 Piofhtions! A6k drBAY iRgicR8d bjBelt The
air bearing between the platen 22 and the 25 pad 18 has been conventionally

used i n mtatmhtdireptionab acpwai26. & wafer d2ris mobitethiong wifet headsi4, frdiieh is Totated in

' in_th [ i ng, ai hol | | inth
o1t b oatehigh 4« 1 ot weler 18 6% perienafgnsraf itulierbeunfE R adnbef o
the plat &‘deoﬁll%nhpaﬁm BHIcELs. eMP g;acéahe%tre@ui?e?sigxgﬁem Fbiod métbelahpgézhigszx an

air delivery“zone e alr froman r source is directed throug

hol es duplateg 22db psdvided, totstabdize shabdli $$ambtotprevide a sbkdsunfiape ohio whishdés bpplygt ed
past the 30 platen _edge. WO 02/ 49805 3 PCT/ USOL/ 5?1625Nﬁéﬁ n'é%]tcl le air
del i ver ytheowaer 13.n8luary 28icemposing phan pauspiy eolytion FehAs, iH typng

varied rgag] . ne . | t 11ghi .
pol i ahi ngepded sARRTREIGAL hodhl SR’ dethe WARE 12" MR itcakPl¥scribing
t he gpnepuffing an@pokMiiyg 6f e wuifagagfans eafer 05 achizeBd by hueing ahendlesopglishingtpad
est abl i shi n‘g different distribution profiles for different zones. 5
Mor eover glugdigo belt 19e Typieglly.ghe peljshingrad: is wempgsedgparowsna firgps materiglseand; pe
pressure, Q he ai.r bearing varies with the gap between the pad 18 and the
pl aten ZECI(SI”ﬁﬁePraWeSf he pad 18 is pushed toward the platen 22 in one area,
the pressure of all areas of the air bearing are affected, thus adding
unwant ed conpiigid ¥ id @ deble@VRvpbD & 28fventional i veaferoheddhendf slatey confjguraticer 80.i s
a need for a nmethod that establishes %eater 10 i ndependence of the air

t

di st bufhe rwqﬁ‘?rphﬁaﬂe@ﬁ pletes mfizmézn eimelygesr ﬁ@i weieadead) ldsangdpihe shater 22
e 301 noRibe o it RSt Rl b e ORlBhH sl SRl B3

holds the wafer 12 in position below the wafer head 14. Between the wafer head 14 and the

platen 22 is the polishing pad and belt 18. The polishing platen 22 is closely spaced from a
polishing pad or belt 18 with a very thin air space, referred to as an "air bearing”, being defined
between the platen 22 and the polishing pad 18. The air bearing between the platen 22 and the

25  pad 18 has been conventionally used in an attempt to create a uniform polishing of the surface.

To maintain the air bearing, air source holes generally are formed in the platen 22 and
are arranged in concentric ring patterns from the center of the platen 22 to the outer edge of the
platen 22. Each ring establishes an air delivery zone where air from an air source is directed
through the holes during polishing, thus establishing the air bearing. Air is exhausted past the

30 platen edge.



SUMVARY OF THE | NVENTI ON PCT/ USOL/ 50625 Broadl y speaki ng, the present
invention fills these needs by providing inproved performance in a CWP
process uyopa/i4eso8r essuri zed nmenbrane and pi ezoel ectric el @ganise1/8625s

repl acenents for a platen air bearing. In one enbodinent, a platen for

i nproving performance 5 in CMP applicatgons is disclosed. The platen

i ncl udes a nenbrane di sposed above the platen. Di sposed bel ow t he nenbrane
s a plurali ty;@im@fpnl AF deliAdld ebsest ARARE QistibideR PrbAL e B ARaliBe can be
membrane. In this manner, zonal control Is provided during the process.
| n anot herieé rbdidilyras tneceasary 46 ewhitve optiguabpolishingeby oaryathe epalishiGyRate in each

R v e N I A ER T
Furt her i . > el , o
Furner SBEUHIE LR LG BRSO BRI AR AGE Lo

*di sposed bel ow t he nenbrane, which are capable of exerting force on the
menbrane. A fMbidoeer, theadie bedrimg is Mpryeensitve ey Eanditions e Hon eCiviblaphe ipeaturond i S
di scl osed i n_anot her emhadi nent of the present .invention. The Elaten .

| themg 18 is

i lncl udesihe ai5barrng Yaries wifh be gap betwern theinagefrand fhe platepdde dTiind
t . , )
Phe. poi iRRREDHRH B pikdf 28hEEREL thd Gre SR B CarBlsordRPAly bkt alrllied O"

pr ovi dedhddiaddigp Grveartddqrislesigso the)C pllot&s, anot her system for inproving
performance in CVP applications is disclosed in a further enbodi nent of the
present invention. The systemincludes a wafer head 20 capabl e of carrying
a wafer, and I8 pisw ohithy fesgeoingedhereoised nesfofort hanethed thaeeginblishes geoater

i nclyuded i.n e syst i S«a.Rlaten havi j e I A . t L t] oned
bl i + retfpshiiicE o5 Bl ilipBu it ol PohPIoCARE, Aflde) ot SraBihid 8
exerti ngpdlRhiag edle tine eisH izohé NeddRhentHd\vantha 96@ES | Aoned RdAMBHEA ! inkiravidgr s
and pi ezoel ectric elenents of the enbodi nents of the present invention

i npr ove mpenufasturing Bexibilithandfuapienglityeess by provi di ng i ncreased zonal 25
control to the pressurized nenbrane. Further, unlike a conventional air
bearing, the enbodi nents of the present invention greatly reduce the anpunt
of air needed during the CVP process. Mreover, a CVP process using the
pressuri zed nmenbrane or piezoelectric elenments of the present invention is
not as sensitive to conditions as conventional CMP processes utilizing



WD 02/ 49805 PCT/ USO /50625 5 air bearings. Unlike air bearings, the
-pressure of the pressurized nenbrane or piezoelectric elenents of the
present iwWoARikgR does not experience as great a vari ance prgygoReégaenced by
air bearings when the gap between the polishing pad and the platen varies.
Thus, if the polishing pad is pushed toward the platen in one area, the
pressure in other areas of the pressurlzed " S menbrane or piezoelectric

el enents are not as affectedya A [ when utilizing an air
bearing. Qther aspects and &¥eaH werre+ on Wi | | become appar ent
fromthe follow ng detail ed descrlptlon taken in conjunction with the

Tovent on G Shsesbie, B B R OV O et SRR BT B R BB Peglas
, The i npmfdrmnce imgﬂMErpmcdskl ubing tahpressadved egesartchardepibzoehmyridelsmeiis as

under st ood by reference to the foll OWI ng description taken in conj unctlon
‘Wi th theteR %ﬁ%ﬁ;ﬁ?frﬂgp tea\mrr}g%gnng} Qi canbodsmenty a platen for FIBEROWH‘tgé%el QHmance

exenpy ary @]I(/lp) Ohnof F gltogv.fﬂa N egﬂél %ndh?de@ aqﬁéﬁ Ellaﬁg diébgé’gd%foo% the d)laten.

convent i 'ona guration
showi ng Bispbsddetel6w rtﬁ¢ memjram a pluﬁﬁf}obﬂﬁﬂm@r\fﬂlidﬂefsrb Aile & BReting folchon
present invention; ure 4 is a detailed diagram shovm a platen

confi gur theimsmbrape. a@dgqsdeamér,mm cemfralds emwgﬁﬂﬁng e (EM% ppeesent
invention; Figure 5 is a diagramshowi ng a platen configuration having

vari ed annul ag, Qﬁcﬂgr%eéﬁbod@ ﬂcg%&&&gl?ﬁg\r{]\fng %ﬁ&?@.ﬂ{ Cﬂ{n M]{ : 1&5&8&”{5

I nvention; Fi gure con at1on,

accor dana@clméch "Blie @@féﬂﬁiﬂ&ﬁﬂbs afwadfdichend esmle oﬁmryingoaﬂwaﬂe'ﬁ dﬁuwcﬂlsﬁﬁglwlta
top view show nﬂ@an annul ar bl adder con uration, in accordance with an

enbol nepesitienedinelqyt theayafer headnFudher nml in the systemyis agplaten kaving :nglealbpanﬁt en

Erour o prufSHied BRIGH AhF BPRS g Boi Pthe: AR JTERL, Petighy B Pasdely Atbbedd
accor danggowl thO nthbekheS WARHI H@Edpable of BRerlh ftB4 o theaRdrhBiane. and

A further platen for improving performance in CMP applications is disclosed in another

embodiment of the present invention. The platen includes a plurality of piezoelectric elements

15  disposed above the platen. In operation, the piezoelectric elements are used to exert force on
the polishing belt during a CMP process. In this manner, zonal control is provided during the

CMP process.

In addition, another system for improving performance in CMP applications is

disclosed in a further embodiment of the present invention. The system includes a wafer head

20 capable of carrying a wafer, and a polishing belt positioned below the wafer head. Further
included in the system is a platen having piezoelectric elements positioned below the polishing

belt. The piezoelectric elements are capable of exerting force on the polishing belt.

Advantageously, the annular bladders and piezoelectric elements of the embodiments of

the present invention improve performance during a CMP process by providing increased zonal

25 control to the pressurized membrane. Further, unlike a conventional air bearing, the
embodiments of the present invention greatly reduce the amount of air needed during the CMP

process.

Moreover, a CMP process using the pressurized membrane or piezoelectric elements of

the present invention is not as sensitive to conditions as conventional CMP processes utilizing



Figure 9 is an illustration showing a CMP system in accordance with an
enbodi nent of the present invention. WO 02/ a9805 PCT/ USOL/ 50625 7

DETAI LED wbYekbdst! ON OF THE PREFERRED EMBCDI MENTS An i nvemcTausoi/sosds scl osed
for inmproved performance in a CVP process using pressurized nmenbranes and
pi ezoel ectric elenents as replacenents fsor a platen air bearing. In ' one
enbodi nent, a pressurized nenbrane is provided, which provides zonal

control j h : 4 i [ .
embodi e Pt o QikEi: BRTRE K Ao BT A NG pipoleBAH himyalle Br piubylEtic
provi de elements ©b therpabsetltiinvagidnndoeCBt petiese. aslghedt heafiadeamierperibasal byir on,
numer ous, specific details are set forth in onger to provide a. oror%g
-under st aPFIFAES when Hie gapsbveen; thy epkishéng Pad ang the PREemYAsIes o AUS, b therorShipg
one skil : t . P\ L on. i 1 ut
come:or B isgftshelf cBUrd B8 Ll E nP ORF G, LB GRIMA I Bihel Brclt BT Bt
‘Process meRPFanb ay Pic2BtleRtEe RleARB rd @6t afteted ds dtiferaiehe wondd bé when utilizing
unnecessarLIg obscure the present invention. Figures_1-2 have been

descri beth ainbeasings Qshert aypeqss prd adivantages giithe igvendion willabpcame sApaaieniyframghat en

configurati on 300, .i ccordance,. wi t.h an .e i ment of the pr nt .

i nventi oﬁalmf’ﬁg ;&‘%&?ﬂ%ﬁ @?ﬁ?Ptb?ﬂ‘ afa}(?)rh %Oﬁoqjﬁﬁﬁge n%tg \’\%ef & pﬁ?’éﬁ%‘%@z aé’(}P%Sg a
ret ai ni Nguktedis %éy%f’c}ﬁdmgle\fmé Bfin®PRs BPGk inveAgen.bel ow the wafer head 302.
The pl aten congiguration 300 al so includes a platen 308 disposed bel ow a
polishing belt 310. The platen 308 includes a pressurized nenbrane 312
pressuri zed via annul ar bl adders 314. During operation the platen 308 is
pl aced agai nst the polishing pad or belt 310 that polishes the surface of
the wafer 306. To pronote polishing uniformty, each bladder 314 nay 20 be
individually pressurized via an air source. Advantageously, the annular

bl adders 314 inprove performance in the CVMP process by providing increased
zonal control to the pressurized nmenbrane 312. Unlike a conventional air
bearing, the pressurized nenbrane 312 of the enbodi nents of the present
invention greatly reduces the anount of air needed during the CVMP process.
25 Moreover, a CWVP process using the pressurized nenbrane 312 of the
present invention is not as sensitive to conditions as conventional CWVP
processes utilizing air bearings. Unlike air bearings, the pressure of the
pressurized nmenbrane 312 of the present invention does not experience as
great a variance as experienced by air bearings when the gap between the
polishing pad 310 and the platen 308 varies. Thus, if the polishing pad 310
is pushed toward 30 the platen 308 in one area, the pressure in other areas
of the pressurized nenbrane 312 are not WO 02/ 49805 PCT/ USA /50625 8 as
affected as other areas would be when utilizing an air bearing because the
bl adders are




decoupl ed fromeach other. r Figure 4 is a detail ed diagramshow ng a

pl aten configuration 400, in accordance with an enbodi nent of the present

i nvent i onwolgagegakat en confi guration 400 shows a pol i shi ng pealdsonsaid

positi oned above a platen 308 having a pressurized nenbrane 312 pressuri zed
by annul ar bl adders 314. As shown in Figure 4, each annul ar bl adder 314
conprises a thin tubular material 402. In one enbodi nent, the tubular

mat eri al 402 of each annul ar bl adder 314 is pressurized via air. However,

it should be noted that BREER DESCRIPTEON OF-THEDRAWINGS pressuri zed
utilizing any other neans capabl e of pressurizing an annul ar bl adder 314,
such as a 10 fluid) as w arent to those skilled_ in the art. The

Il b
.pressurized nEpinysation o tBﬂZW% &9“@%?%@3‘33&@??8&%%’ pegdepirdersioad py) |
e abl . . f ore a SOl et
S A8 AR S oy 0y ey

‘bl adder swRith: provi de i ncreased zonal control during a CVP process. To
further increase zonal control, the size of the annular bl adders 314 15
within the pressurized nmenbrane 312 can be_varied, as described in greater
detaid subseqgtigntel yilluptraes &n exemplagy grigh MRS a pl aten confi gurati on
500 having varied annul ar bl adders, in accordance with an enbodi nent of the
present invenki on.,:Ihe, bl 1 i i i des.a . 308
having a proolBitAR deRBU G0N SAHEM Al aRD R iSeR cRRREIOLT,
shown in Figure 5, the platen configuration 500 includes annul ar bl adders
314 havi ng 20Figafeyi3ngs 9 Zspraivbsivowingecd fplared | oonfipivatiemnin adccdidabde mgth3 hd
decrease in size as the annul ar bl adders 314 approach the edge of the

pl at en 3er8bodimgntyf|the pregrnt iMgNHOIEMP process, nore difficulty occurs within
about 10-15 nm of the wafer edge. Fox this reason, one enbodi nent of the

Phe ol ze of o Tigitb.h B & RRERRS RS shinBaf bl oot B9, Mkodafde0Rh A8
Si mi{@r | ymbedinesy dffiee pRBé invehtibhle wafer typically requires |ess

resolution, the central annular bladders 314 often are |l arger than those at

t he edge of the platen 308. Figure 6A is a _top view of an annul ar bl adder
confi gur at i onFiggmEad isp diaswpusierdngp platea forfigwationhtvieg vanied sgpalag hladders, in

i nventi OE‘FS@%@?@@EL@E? loﬁﬁ’r?e%"t oﬁﬁgbgeg‘gﬁt%%%o .,OOa i ncl udes 30 concentric

annul ar n one e i ment, each’ concentric annul ar bl adder
314a of WO 02/ 49805 PCT/ USO1/ 50625 9

Figure 6A is a top view of an annular bladder configuration, in accordance with an

embodiment of the present invention;

15 Figure 6B is a top view showing an annular bladder configuration, in accordance with

an embodiment of the present invention;

Figure 7 is a diagram showing a platen configuration, in accordance with an

embodiment of the present invention;

Figure 8 is a top view of a piezoelectric element configuration, in accordance with an

20 embodiment of the present invention; and

Figure 9 is an illustration showing a CMP system, in accordance with an embodiment

of the present invention.



t he annul ar bl adder configuration 600a fornms a conplete circle about the
center of the platen. In this manner each annul ar bl adder 314a can be

i ndi vi duavbyzpesessuri zed to provide zonal control during tog/Shhs@rocess.
To further increase zonal control during the CVWP process, the | ength of
each annul ar bl adder can be reduced, as7ydi scussed next with reference to
Figure 6B. 5 Figure 6B is a top view showi ng an annul ar bl adder
configuration 600b in accordance with an enbodi nent of the present

i nvention. The BETAIAEDIDESCRIPTION OFUFHE IRREFERRED EVIBODIMENTSNtri ¢
annul ar bl adders 314b. Unli ke the enbodi ment of Figure 6A, each concentric
annul ar bl adder 314b_ of .the annul ar bl adder configuration 600b does not
form a conpl Ak Bventjcd ipdlisclessd fosnineprovsd peEfopnancenin pa GMRoROESS: PEing

annul ar 1 I fl .0, 6 [ in
2176 Qe Rbafitai moaBrfes ktfpRAUER, QLABRS b INARBRA 1600 bR CRPbeARE! B8
‘of the pindte@ibodientPNpretsieided BRYrandUs br@ided OVHichPReRESs zomal eonttof diriy thy

general ly occurs w thin about 10-15 mm of the wafer edge. Fox this reason)
one énb process ‘g gopeansrén blagderantln onfurther embedimens opiezactastriteelements axaf er

dge by d i i ze of | | add 4h 15 d
of rne” MATET 2P Aty wEE Rayidtastalshrblo! bRt e TME Progs iy W Eyie o
| ess 1 esqkdHption; nitiGroae8etRlc BN sebtRAtRI0dE3 1 Provided thdthigh Rh8Gtah AR

those at the edge of the platen. Advantageously, enbodi ments of the presSent
i nvent i oof therpresant ipesnfion.mitnw8l benapperens droiievert ipose $hjllest iovthel ari ghdt e prasend
zonal cantrol via menbr ane.pressuri zed, usi,ng i nternal 20 annyl ar

bI acder STVeRR e B ATIRAHES WO TS BSEAGT FFeAPIeGHE BFialS TPy mstances,
per f1@y MAPQE khBwiNRoRR! Rt ka8 SndtYoebh AMEAHHRE ih ARSE SrdeRORA to GRfieEbarity 2
pi ezoel ectric transducers. Many polyners, ceramcs, and nol ecul es such as

wat er arabspae thenmragenyinvehtéon.zed, havi ng sone parts of the nolecule
positively charged, while other parts of the nolecule are negatively

charged. Wen_an electric field.i pplied t hese materjals, fhese
o ov zed o5 FIBWES dr La4F boR (Retref UBoieut A Kb PBPE AR | FISFOPdS § SEEFE ng
in i nducgg ﬂilg[og' §1§téﬁ‘ bR fton 8O CH QbcdRlantt YRR arSE Safﬁ'ieﬁxt Yr {H8Cpresent
mat eri al . Eu hetrnore, a permanentl|y-polarized material such as qua?tz
(Si @2) adnvdmionu Mheiplstemtenf{gisalionP00indlhdegsraowlaferhend 32davinga feiatdidg whg 304 he
mat er i al chan%§§ di mensi ons ai esult of a in& sed nmechani cal] force.

T fgﬁen i

21, a .
Thesld meiérd HeLerai0 pregeeeeaey che aypder iad eny oRFEoRs 3 glso
pi ezoel i f ) I n i 2/ 625
0" of ectirabd, & nyeEh, SR BHEORE HeloBCh OGS bt IO Bhuce S0 ehaR k.
Thi s phegresyariged membiaes 1 2pressieized @R dnnglat bladdeas 31he reverse piezoelectric
effect. Hence, one enbodi nent of the present invention utilizes
pi ezoel ectric_materials to provide tonal control durin CMP praocess.

. . ng. a
Figure 7 is aPWingPRHRUeDhMicnBlatenyi0s 'érplyseécf\»smn@m@tpqmgm@opadiw bt dtishate
with an ephodi i ' : . i i 0
el ude <P oLRg i Setdl ds i RARE 306,18 6EGhGE Bolifif GRSl eR iRt 5 P mé
ret a@oni nge (rididdeddy. predsuaizedd tviorn ir goaicen AQGaritsgepasty,t thenashube! Bladdehe 314
pol i shing belt 310. The platen 308 of the platen configuration 700 includes
a pl ur alimpyost ppifesreancecipy the EMBepipeesy 0y @ravidinsdnpwpsngd eoral ranirehitathpel t

o1 o2 R g 1, R P B e 9

pol i shi ngf weiehotiniehts 6RER feRADaIveRtidH SregllyProdates e affRynbef hif dbatied Wlkiny
activated to apply tonal force to the polishing pad. Advantageously, the

pi ezoel etbe OMP praspssat s 702 i nprove performance in the CMP process by
_providing increased tonal control to the polishing belt 310. Unlike a
convgnti onal @ ri i | ric al ..nents
o the 15 pr 2ol ER BP phOGs L utf el ARBe 7 ofhe WSSRIRRIRT,
.the CVP jamoe &ssonsivive @6 \¢fiditiass a9 ddivérdtnal EMPUpiod€ded RUTIHIRN fir boarfdds. WInkess
usi ng the piezoelectric elements 702 of the present invention is not as
sensi ti vair Bmm@imur@sofdbﬁ@msswdlm@wam 3t ot the presant invegtien goes not

bearings, Unlike air bearin the force,exer.ted th igzoel ectric

ol errent SSROIUNSE o greal do e R eeeried SVt Heies Bhek B Bp dEPVS e
vari an_(:ep(ﬂi%hﬁé?fll HOCHE thy plieroB308 RARE! MHEs,WheHe fdlighiighal &108€ Pushbe toward
polishing pad 310 and the platen 308 varies. Thus, if the polishing pad 310
i s pishethe plaien 208 incons) asea thespressure igrmthesrazess of the prmgz@mcmbmngﬁlg laze not
polishing belt 310 by other piezoelectric elenments 702 is not as affected
as other areas would be when utilizing an air bearing. Figure 8 is a top
view of a piezoelectric elenment configuration 800, in accordance with 25 an
enbodi nent of the present invention. The piezoelectric element 702
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pl aten. Each concentric piezoelectric elenment 702 of the piezoelectric
el ement configuration 800 varies in size depending on a particular

pi ezoel ecwpiog/sgdognent ' s 702 proximty to the edge 5 of thechdbese2AS
menti oned previously, during a CMP process, nore difficulty generally
occurs within about 10-15 mm of the waf@r edge. For this reason, one
enbodi ment of the present invention increases resolution near the wafer

edge by i Rg dge
of Cthe” i iR b afcad Hideld b BRnHABIRE b ot SCRERE Wb i’ BBlaghid

r equi r eddecegded fremleath other.t he central piezoelectric elenents 702 often are
| arger than those at the edge of the pl aten. Unlike an air bearing, the
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‘protection omwear to't aten sacrificlral mater

posi t5i orfdd pusitivaed abdwe mphtearsoaﬂﬂvinlgm medsugibsdugembldane 342 ;dessm:&ﬂdﬂr anamlar
with reference to Figure 9. Figure 9 is an jll ustration show ng

syst em Juiedd er%h%ﬂwhemm%wq bnesshi arpRlar Gladdee 344 é’@&i’tﬂs%ﬂéhﬂ tpulathe
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pol i shi ng nounte rrve e polishiTng

20 310 ipresdufigddavizon] 'Huwever,ds shodldché edtedythae|the neiidin @fateial ORI edabe
arrows 906. A wafer 306 is nounted on the wafer head 302, which is rotated

in di requesshrizggutiliving ant etherigeanscapabboef pressurizing ap ghnwar blgdden3i4.1sueh as a
r ot |ISh bel t force F to acconplish a CVMP process.
ngbGV%ILB& apgar&p&gqg?sgﬁplﬂ?gém he #tce F to be applied. A platen 308,

haV|ng plezoelectrlc el ements 702, is provided to stabilize the polishing

25 belt 310 amge tﬁed&ﬁﬁﬁédj%e"mt&@dd diz WiréfRAB10 BoRpiibEsCA shtoof Pildkible emyuRfigl,
an aqueous solution such as NHaOH or DI

306. Slurry 904 co Igﬁua
cont ai nifwitablespalesaly inplude;i n@ytpaﬁmﬂq;lsd@on,sthnmmetﬁdmfﬁegi, siotrlese steehf pedke an@f er

306. Th ocess of .scrubbi ffin the surfac

wal er " B8 atey STy Apniaedh e R iR, T by e troatitl 2R ettoed ng
bel t 310du -Bépd @RfPl ﬁmcéé@e mu'rtﬁs'ﬂ 1'%9reﬁ@jzdn§1 é&%Pstﬁ‘éjsﬁé oP feCihnular bfaﬂ@ér9‘3§4
materials and 30 |acks fix abrasives. /9805 PCT/ USOL/ 50625 12

Di s plds edwitkin weepressusized n@gdraned 12iven po Ivmdd, agddsembedﬁm(gmatcraietawlcsnbmqucm]y
material 914 fed roII-to roll over the platen 308 via rollers 916. During

use, the sacr icig 14 .is fed slow.y over |aten 308 to

br ovi de- pr of GBS ris o e SRS & PErRaET OB BBAT L REviRE pered e o

mat er i alp)@ddird, $n ARERARE: A5thidRnfBinR 6L RS PPEsRR iRP&RDn. Hihelpliich dBARRE atioh NE
500 includes a platen 308 having a pressurized membrane 312 pressurized via annular bladders
314. As shown in Figure 5, the platen configuration 500 includes annular bladders 314 having

20  varying sizes.

More specifically, the annular bladders 314 decrease in size as the annular bladders 314
approach the edge of the platen 308. Generally, during a CMP process, more difficulty occurs
within about 10-15 mm of the wafer edge. For this reason, one embodiment of the present
invention increases resolution near the wafer edge by decreasing the size of the annular

25  bladders 314 near the edge of the platen 308, Similarly, since the center of the wafer typically
requires less resolution, the central annular bladders 314 often are larger than those at the edge

of the platen 308.

Figure 6A is a top view of an annular bladder configuration 600a in accordance with an
embodiment of the present invention. The annular bladder configuration 600a includes

30 concentric annular bladders 314a. In one embodiment, each concentric annular bladder 314a of



5 sacrificial material 914 is worn, rather than the material of the platen
308. Hence) the piezoelectric elenments 702 or the pressurized nenbrane are
pr ot ect edwiorea/gpspear caused by the friction of the rotatingdialdosBicag bel t
310. Al though the foregoing invention has been described in sone detail for
purposes of clarity of understanding, i9 will be apparent that certain
changes and nodifications may be 10 practiced within the scope of the
appendeduclahilsr biag&SR rc@hﬁ%lr!hor[ @&)apffoﬁﬁ?gfcoﬁi BOLITRE Lo the E&t&f‘oﬁg@ %’a@&r ed
as illustrative and not strictive invention is not to be'limted
to the datthis magmerefmclnemﬂullar blndﬂemmzlabmnnml irfdid duadiyt p:iessuhlzed $e ppeviden donal
eqU|vaIents the a ded cl aj ns. Is clainmed | 021 498 5 13
‘CLAI M5 PeRfT .PK’Cﬁ?SaMFB?T INGFEASEFORY CoBirP q’f’é‘ﬂééﬂ EMEcprangsshe

mechani ¢ | I(EEEMD spgsed
above thlgh%ﬁgtk g'{?ﬂ dﬁgﬁ aét'h S‘?‘E’? ??%/dug gﬁﬁﬁ%%(ﬁé)%%@sﬁ%%gs%ggel ow t he
‘menbrane, wherein the plurality of annular bladders is capable of exerting
force on the Figoter@és a Bop Hepl shbwingoan aremidrédadder cdnﬂgmrahonvﬁﬁ)ebeﬁ acddadance
menbr ane corrprl ses, a soft and flexible rrat erial. 10 3. A platen as reC|ted
in cl ai nvih apsEbedimant e termsesnenvetion: $as waf@ﬂaéldﬁa?@flgmatlﬂn 908k inelude

recited qu%a@&iglr: ;Hné?lai"‘i&?afd%& 518, p'dﬁﬁlﬁé 'the/ gﬁ@p&%&‘gk o HbRE9eA Seat%HgEan

c.
annul ar varyl ng di mensi ons en®as reci aim

4, wher einuRif blidder 314dbdd elicsarRRE bﬁadad@ﬁflgiraﬁmoﬂbadcea néy fora aRbimpleté b1a¢1e
annul ar bl adders near the center of the platen. platen as recited in

E: ai m 1, abpekthe eengexcaf the rpléﬂtgn Hach seaeensic anpnulas) bladﬂer t3}4bfof dbe anmlarghladder
el o Buliioh By VK by EFHi G SARRIRE bnf CRARER N i,

IS pressméba@hmhgbla@nng a gas. WO 02/ 49805 14 PCT/USA /50625 8. A platen
as recited in claim6, wherein each annul ar bl adder is pressurized

As mentioned above, during a CMP process, more difficulty generally occurs within
about 10-15 mm of the wafer edge. For this reason, one embodiment of the present invention
increases resolution near the wafer edge by decreasing the size of the annular bladders 314b

15 near the edge of the platen. Similarly, since the center of the wafer typically requires less
resolution, the central annular bladders 314b often are larger than those at the edge of the

platen.

Advantageously, embodiments of the presenf invention improve performance in CMP
applications by providing increased zonal control via a membrane pressurized using internal
20 annular bladders. Other embodiments of the present invention also improve performance in

CMP applications by providing increased zonal control via piezoelectric transducers.

Many polymers, ceramics, and molecules such as water are permanently polarized,
having some parts of the molecule positively charged, while other parts of the molecule are
negatively charged. When an electric field is applied to these materials, these polarized

25 molecules align themselves with the electric field, resulting in induced dipoles within the
molecular or crystal structure of the material. Furthermore, a permanently-polarized material
such as quartz (SiO) or barium titanate (BaTiOs) will produce an electric field when the
material changes dimensions as a result of an imposed mechanical force. These materials are

piezoelectric, and this phenomenon is known as the piezoelectric effect. Conversely, an applied



utilizing aliquid. 5 9. A systemfor inproving performance in chem cal
mechani cal polishing (CMP) applications, conprising: a wafer head capabl e
of carryiwe @uqegser; a polishing belt disposed bel ow t he wefrarsoie@ds and a
pl aten havi ng a nenbrane positioned bel ow the polishing belt, the platen
further 10 including annul ar bl adders digposed bel ow t he nenbrane, wherein
the annul ar bl adders are capable of exerting force on the nenbrane. 10. A
system [ ' [ =gl BRiKRA : 4 at i:ses
a2 sort e IR chl B pRpolBARE Rl (TREA Eitnsloly T phEndigRn 8
wher ei n kivevreasralécirostoict daler sheareeersé pieaseléctide efifevensi ons. 12. A system as
recited in claim1ll, wherein annul ar bl adders near an edge of the 20 platen
-are smal l er than annul ar 0Elkadder near the center the platen. 1

f 3.. A
system as. rechipRig. OAE GPBROGEeNt, Bfa i Prossht HAVATHOR A14113pS BikePeIEStHC pRatoiials to
i ndivid i zed e e r ) 0 05
187 pCr (BRI HEDAGRE {hhaRC shhd oCME, h&BeA0NBSE ¥ 16 CRNREANSnowtDa aidl

A systemas recited in hereirn t f'orce
exer ted cpfignstion VOOmMaMhcc@ndancs withams Embodithent of e prekéms invamtibel tTHeoplaten

provi de zonal contral systemas_recited in

cl ai m 13°0n{gEFAEPR wcw% g Q?aa?vag}@efgré%q%zafapégéﬁozw wafgr; 346, 37¢ havipgs a
16. A : ht o i L. Yy i
oressur ) STk 364 faddbich 2bligr0d RR6Gl AP R AHLALBINT0. 2 e

i n chem cal nechani cal polishing (CWP) applications, conprising: a
plurality of Pheptudre808iof tht phadt somfigupnivad7Glmetudebha plusdliey of Whiezoelectriche
plurality of piezoelectric elenments is capable of exerting force on a

pol i shi ngjements 703 gispgsed efavatherpolishing belt éﬁO-i Rudngpparation, hedpletem 38hisalecedr i ¢

fiel ﬂ) | Saéﬁ%r%g tﬁeopﬁfshin\é%a% cgrn)eeltp.% l%zfﬁgl! &ﬁ}sm::sc th%lsﬁﬁﬁpct Of the wafer 306. To promote

polishing uniformity, each piezoelectric element 702 may be individually activated to apply

zonal force to the polishing pad. Advantageously, the piezoelectric elements 702 improve
performance in the CMP process by providing increased zonal control to the polishing belt 310.
Unlike a conventional air bearing, the piezoelectric elements 702 of the embodiments of the

15 present invention greatly reduce the amount of air needed during the CMP process.

Moreover, as with the pressurized membrane, a CMP process using the piezoelectric
elements 702 of the present invention is not as sensitive to conditions as conventional CMP
processes utilizing air bearings. Unlike air bearings, the force exerted by the piezoelectric
elements 702 of the present invention does not experience as great a variance as experienced by

20  air bearings when the gap between the polishing pad 310 and the platen 308 varies. Thus, if the
polishiﬁg pad 310 is pushed toward the platen 308 in one area, the force exerted on the
polishing belt 310 by other piezoelectric elements 702 is not as affected as other areas would be

when utilizing an air bearing.

Figure 8 is a top view of a piezoelectric element configuration 800, in accordance with

25 an embodiment of the present invention. The piezoelectric element 702 configuration 800
includes concentric piezoelectric elements 702. Similar to the annular bladder configuration of
Figure 6A, in one embodiment of the present invention, each concentric piezoelectric element

702 forms a complete circle about the center of the platen. However, to further increase zonal
control during the CMP process, the length of each piezoelectric element 702 can be reduced,

30  as shown Figure 8.



19. A platen as recited in claim17, wherein the plurality of piezoelectric
el ements conprises piezoelectric elenents of varying di nensions. 20 20. A
pl at en aswparisbgd i n claim 19, wherein piezoel ectric el enpgirdyddgads2e&n edge
of the platen are snaller than piezoelectric elenents near the center of

t he pl aten. WO 021 49805 16 PCT/ USOL/ 59625 21. A platen as recited in
claim 17, wherein each piezoelectric elenent of the plurality of

pi ezoel ect I CughRiTlehgAnkR df kit duakhch &%Eén\fﬁé ?ﬁsz&éle&ﬁ@ blendenf 962 aﬂ?}b”St
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R e b L e e e e e

-‘appl ixat ofhs plagsmipri si ng: a wafer head capabl e of carrying a wafer; 15 a
pol i shing belt disposed bel ow the wafer head; and a platen having a

pi ezoel ectric el ements positioned bel ow the poI i shing b wherein the
pi ezoel ect ri cA8ITBFREHANEd anrewea&(i&bﬂlm acMbt pragessoma® cﬁiﬁmkypﬂwr@ﬂy REOHEI t .
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activate p1rezoe rrc e em as recl
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02/ 49805 17 PCT/ USOL1/ 50625 27. A systemas recited in claim?26, wherein
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edge of the platen.

Unlike an air bearing, the embodiments of the present invention make physical contact
with the polishing belt during the CMP process. As result, wear on the platen may be increased
do to friction from the polishing belt. To provide additional protection from wear to the platen,

15  a sacrificial material can be positioned between the platen and the polishing belt, as discussed

next with reference to Figure 9.

Figure 9 is an illustration showing a CMP system 900, in accordance with an
embodiment of the present invention. The CMP system 900 in Figure 9 is a belt-type system
having an endless polishing belt 310 mounted on two drums 910, which drive the polishing belt

20 310 in arotational motion as indicated by belt rotation directional arrows 906. A wafer 306 is
mounted on the wafer head 302, which is rotated in direction 908. The rotating wafer 306 is
then applied against the rotating polishing belt 310 with a force F to accomplish a CMP

process. Some CMP processes require significant force F to be applied.

A platen 308, having piezoelectric elements 702, is provided to stabilize the polishing

25  belt 310 and to provide a solid surface onto which to apply the wafer 306. Slurry 904
composing of an aqueous solution such as NH,OH or DI containing dispersed abrasive
particles is introduced upstream of the wafer 306. The process of scrubbing, buffing and
polishing of the surface of the wafer is achieved by using an endless polishing pad glued to the
polishing belt 310. Typically, the polishing pad is composed of porous or fibrous materials and

30  lacks fix abrasives.



5 individually activated to exert force against the polishing belt. 29. A
systemas recited in claim28, wherein each piezoelectric elenent can be

i ndi vi dualybyzasdosvat ed to adjust force resistance agai nst pclraispnbdc3si ng
belt. 10 30. A systemas recited in claim24, wherein the force exerted
agai nst the polishing belt is transferrggl to the wafer to provide zonal
control during a CVMP process. 31. A systemas recited in claim 24, further
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5 a plurality of annular bladders disposed below the membrane, wherein the plurality of

annular bladders is capable of exerting force on the membrane.

2. A platen as recited in claim 1, wherein the membrane comprises a soft and
flexible material.
10
3. A platen as recited in claim 2, wherein the membrane comprises polyurethane.
4. A platen as recited in claim 1, wherein the plurality of annular bladders
comprises annular bladders of varying dimensions.
15

5. A platen as recited in claim 4, wherein annular bladders near an edge of the

platen are smaller than annular bladders near the center of the platen.

6. A platen as recited in claim 1, wherein each annular bladder of the plurality of

20  annular bladders can be individually pressurized to exert force against the membrane.

7. A platen as recited in claim 6, wherein each annular bladder is pressurized

utilizing a gas.
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a polishing belt disposed below the wafer head; and

a platen having a membrane positioned below the polishing belt, the platen further
10 including annular bladders disposed below the membrane, wherein the annular bladders are

capable of exerting force on the membrane.

10. A system as recited in claim 9, wherein the membrane of the platen comprises

as soft and flexible material.
15

11. A system as recited in claim 9, wherein the annular bladders are of varying

dimensions.

12. A system as recited in claim 11, wherein annular bladders near an edge of the

20 platen are smaller than annular bladders near the center of the platen.

13. A system as recited in claim 9, wherein each annular bladder can be individually

pressurized to exert force against the membrane.
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10 17. A platen for improving performance in chemical mechanical polishing (CMP)

applications, comprising:

a plurality of piezoelectric elements disposed above the platen, wherein the plurality of

piezoelectric elements is capable of exerting force on a polishing belt.

15 18. A platen as recited in claim 17, wherein an electric field is used to activate the

piezoelectric elements.

19.. A platen as recited in claim 17, wherein the plurality of piezoelectric elements

comprises piezoelectric elements of varying dimensions.
20

20. A platen as recited in claim 19, wherein piezoelectric elements near an edge of

the platen are smaller than piezoelectric elements near the center of the platen.
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plglzahty of piezoelectric elements can be individually activated to adjust force resistance

against the polishing belt.

23. A platen as recited in claim 17, wherein a sacrificial material disposed above the

10  platen is used to reduce wear on the platen.

24. A system for improving performance in chemical mechanical polishing (CMP)

applications, comprising:
a wafer head capable of carrying a wafer;
15 a polishing belt disposed below the wafer head; and

a platen having a piezoelectric elements positioned below the polishing belt, wherein

the piezoelectric elements are capable of exerting force on the polishing belt.

25. A system as recited in claim 24, wherein an electric field is used to activate the

20 piezoelectric elements.

26. A system as recited in claim 24, wherein the piezoelectric elements are of

varying dimensions.
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29. A system as recited in claim 28, wherein each piezoelectric element can be

individually activated to adjust force resistance against the polishing belt.

10 30. A system as recited in claim 24, wherein the force exerted against the polishing

belt is transferred to the wafer to provide zonal control during a CMP process.

31. A system as recited in claim 24, further comprising a sacrificial material

disposed above the platen, the sacrificial material being used to reduce wear on the platen.
15

32. A system as recited in claim 31, wherein the sacrificial material is slowly rolled

across the platen during a CMP process.



