29 Septenber 2005 | A CHEM CAL MECHANI CAL PLANARI ZATI ON SYSTEM W TH AN
ADJUSTABLE FORCE APPLYI NG Al R PLATEN 5 BACKGROUND OF THE9ISWWEMbeON0E. Fiel d
of the Invention 10 This invention relates generally to chem cal nechani cal
pl anari zation (CWP) systens, and nore particularly, to systens having
force applying air platens. 2. Description of the Related Art In the
fabrication of sem conductor devices, there is a need to perform Chem cal
Mechani cal mmwmmmmcmmxpsmmmmmmwﬁ SYSTEMSWITH, ANuf fi ng and

waf er cleaning. 15 T, ?J A?gl’ I? are in the form of
mul ti-Ievel structur Qkﬂﬁ %Em{:? E}i@g‘h i’lﬁ or devices having
diffusion regions are forned. |In subsequent |evels, interconnect

metal ligation lines are patterned and electrically connected to the

transi stor devices to define the desired functional device. As is well
known, patterned conductive |ayers are insulated from other conductive

| ayers by dielectric materials, such as silicon dioxide. As 20 nore

nmetal lization | evels and assom ated dielectric layers are forned, the need
to planarize the dielectrbe RO U HEENNENTION hout pl anari zati on,
fabrication of additional netal I i zat| on |layers becones substantially nore
di fficult duEeltiof thednhémiioar variations in the surface topography. In other
applications, netallization line patterns are formed in the dielectric
nmateridl , and Uhirinveatiod rehds gemelbito ohanied] encpleanical piRdrikalioh GOPIP sBIBRS S
metal | i zat|8 25 L n the prior art stens typically inplement belt,
orbital, Bt Gl oigSystems Rgying ’ﬁ%?ﬁpﬁ’l gFdratens, prushes are used to
scrub, buff and pollsh gne or both sides of a vvafer Slurry is used to
facilitat e Dedcrapfienpfdhe Relateddrdner ation. Slurry is nost usually introduced
onto a nmoving preparation surface, e.g., belt, pad, brush, and the |ike,

and di stri but eth eneefablidigion wmelarcaﬁd@mr FEAC BeRSisWEheda® ﬁeh@nﬁlﬂlfeﬁﬁcﬁl of the
sen conduct or wafer being buffed, polished, 30 or otherw se prepared by the

CVP pr oces¥echanigal Fiasatizain (GYP) epegbings: dicludingpelivhing, befBag myd wafer cleaning,
15  Typically, integrated circuit devices are in the form of mulii-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 the desired functional device. As is well known, patterned conductive layers
are insulated from other conductive layers by dielectric materials, such as silicon dioxide. As
20 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, metallization line patterns are formed in the dielectric

material, and then metal CMP operations are performed to remove excess metallization,

25 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
onto a moving preparation surface, e.g., belt, pad, brush, and the like, and distributed over the
preparation surface as well as the surface of the semiconductor wafer being buffed, polished,

30 or otherwise prepared by the CMP process. The distribution is generally accomplished by a



29 Septenber 2005 2 conbination of the novenent of the preparation
surface, the novenent of the sem conductor wafer and the friction created
bet ween the sem conductor wafer and the preparation sffSapembEr 2iiSe 1
illustrates an exenplary prior art CWP system 10. The CMP system 10 in
Figure 1 is a belt-type system so dedignated because the preparation

surface i ombBingish @35 Molehdnt bHtRE pRPArhSdH Juefade? the HoveRbmtof theBmicopdultains 24
which drive the pad in a rotational notion as indicated by belt rotation
di r ect i onafafeiapéihs fogion sragied detweon the serpigaRduglopyaigr andhthe pparatipn syfacecar i er

14 is rotated in direction 16, which can be either clockw se or
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novenent of the polishing pad 18. The constani. fl ow f air erefore
provi des a4contesfarer dfishi saehdP HERCHRD fqt"n w'b‘Bll‘quﬂl ‘“‘b‘h g"ﬂé‘%‘ﬁe or

traverse. IgnfRpbhlisat ?hepﬁ)‘tdtr'ﬁg IwWagkr 18 lidiheY agilic8 QERM Bk ﬁﬂlslﬂﬂg pALIEDWED 45
sol ution such as NHAOH cont ai ni ng di spersed abrasive particles is

i nt r oducedop¥ite @ravmnpbsh ‘et GMR/W@SS 1Spmc1f9MP@a¢qe§ﬁeS Bquippdgiigant fore)F fode
| nt egr tgﬁa‘pg d? z?nrdt thorrhe %aéllr,: g 22 1s ;‘Oqllcﬁﬂqg ! ?ﬁbﬁB@'tlt)eOPMﬂgmg ad 1Igemlartgssur e

bei ng 8cessing.” 1n practice e carrier 14
is | ower goid Qsﬁﬁpert pﬂ{d wHhich g p@dy th witfiérl €. tThe pltaétem issdesighat with ian atrhe

direction 16. In addition to 20 be|®9 | ower ed g | oad. cel | gqléq)ﬂ%ﬁ\g

desi gned tRapEoY ¥ high és deigned 4p SURRY Aormstarti Ty of A8 {HrR; RQvemeR or

| ess pr eszﬂé'il?hlhgs dael%dq(ﬂeEQﬁsta%t A& bi SEMhRfefdE %eﬁlﬁsa&&@lsﬁﬂﬂ JucHién bﬁ:r which

i nstructe e t he pressure adjustnment. Accord g , hot only is the
EP

spi ndl e debé gfuieumg oad kHoan waverad Td dagilitate @pleahelgaﬁlue:ya mpesed el graaqEeoysyt
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as tra ms‘[OUI e carrier eve i ropriate
paraneterSOftlBe\cﬁetsle the carrier 14 is desi gned to place a force onto a
novi ng polishing pad 18,

Typically, a load cell (LC) is integrated as part of the carrier 14 to enable monitoring
of the pressure being applied to the wafer during processing. In practice, the carer 14 is
lowered onto the polishing pad 18 while the wafer is rotated in the direction 16. In addition to

20  being lowered, the load cell (LC) is designed to provide pressurc data to monitoring
electronics. If more or less pressure is needed for a particular process, the spindle is
instructed to make the pressure adjustment. Accordingly, not only is the spindle designed to
move up and down, rotate at a particular rate, but also continuously adjust the force on the
wafer (in the form of pressure) as transmitted by the carrier 14 to achieve the appropnate

25 CMP parameters.

Because the carrier 14 is designed to place a force onto a moving polishing pad 18,
frictional forces will build at the spindle so as to generate mechanical hysteresis. These
frictional forces are known to reduce an actuator's (which is designed to apply a force to the

carrier 14) ability to maintain a constant force during small amplitude variations in carrier 14



frictional forces wll build at the spindle so as to generate nechani cal
hysteresis. These frictional forces are known to reduce an actuator's
(which is designed to apply a force to the carrier 14)p Sbichibey2003 mai ntain
a constant force during small anplitude variations in carrier 14 29

Sept enber 2005 3 vertical position duéring polishing. The chall enge of

mai nt ai Ni NGriRalC fRitANdurin@ golisiElhg. | Mhe dRAIRGES 0P MaRddihia B iangonORAT RkdeOMfring
therefore conplicates the design of the carrier 14 and its acconpanyi ng

el ect r oni queciseh polishing| eperatianss geeefara sempligasnth dlesigre o dhs caraera i @pdpisex
controls ar I u j f pli.gcation I e
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exists for a chem c%l mechani cal pl anarji.zation system that capn provide a
st abl e Sand"HeEiNENe 19me5sc i Ctoamalogﬂgélpﬁl%tfecw%ﬁ%%’ {59/ e, g Vg 0 OF
THE | NVENTJgON Broadl y speaking, the present invention fills these needs by
provi ding a chem cal nechanical planarization systemthat has an

adj ustabl e platen. The adjustable platen is designed to apply.a force to
an under si de ofln visw oééheifgwgwgg,@awe@mwthgar@;ﬁéwal@@ldmchmaﬂ BlapHBAINAYFEBr | s

Py | oWkt bALRRABhILADRYSL: e PPLERLORRAltBaEh eve Lhe

appropriate anarization result. | e appreclated that the
present invention can be inplenented in nunerous ways, including as a
process, an apparatus, a system a device, or a nmethod. Several inventive

enbodi nents of the present igvention are d i below. In one
embodi Hent, a cheni cal mchmmﬁégp) system having a
polishing pad, a wafer carrier, and an adjustable platen is disclosed. The

adj ust abl e pl atggpadt s]i[)é'zlﬁilng,dﬁﬁ ResPhith @htBR disahéhe 3RRedl by PRAIdiNYJa tchéhichlS
integrated in the platen body for applyi n‘g air ressure to an undersi de of
afe a

t he pol i shineshagiea. planagieatiopfsypjemr thpighas bit#he platent o The, adjpstalle platgsoiy t o

enabl e nov nt, of e ten 0 r - ung i de of

the polis i ﬁédp%da.‘pajﬁ ?g(g @e r{’@rﬁ%mﬁdgnﬁgé? g@% %‘gtq%g%%flé% gﬁér%tgﬁy, aﬁﬁ t he

| oad cel | dasrieednfsingaly dslvdred imeifppitioraoveratic polisharlg padato achieverchecapropgiaef a

force P5e| np anaa?i%tiogcll‘estu t. Etgﬁoulfgl gee gp?)}e(ggtc%fthgt t EE\: pe&lerlltsumeplgon can be implemented in
numerous ways, including as a process, an apparatus, a system, a device, or a method.

Several inventive embodiments of the present invention are described below.

In one embodiment, a chemical mechanical planarization (CMP) system having a

polishing pad, a wafer carrier, and an adjustable platen is disclosed. The adjustable platen

20  includes a platen body and an air bearing that is integrated in the platen body for applying air
pressure to an underside of the polishing pad. A set of bearings are connected to the platen

body to enable movement of the platen body closer and further from the underside of the
polishing pad. A load cell is connected to the platen body, and the load cell-is configured to
output a load signal that is indicative of a force being applied to the underside of the polishing

25 pad. An air supply for applying air flow to the air bearing is also provided. The air flow is
adjustable in response to changes in the force being applied to the underside of the polishing

pad.

In another embodiment, an adjustable platen is disclosed. The adjustable platen

includes a platen body having a top region and a bottom region. The platen body is oriented



25 pad. An air supply for applying air flowto the air bearing is also
provided. The air flowis adjustable in response to changes in the force
being applied to the underside of the polishing pad. 29Bcpraiteer00s

enbodi ment, an adjustable platen is disclosed. The adjustable platen

i ncludes a platen body having a top reyion and a bottomregion. The platen
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platen desig I'sC en |nc udes a AVINg a top
regi onlﬁndslésebtaﬁd fanherefgpind the uﬁbﬁslﬁé af the lheai;pohshlmsadt i Tha edrtidgaidasvemeht aifear 20

Dol SN Rt oD Sab B0 R ok, B hEB B bEhaRtsh e le O°
the |inearfopeld fliuAderidcofMiEear polishing pad.
In still another embodiment, a platen design is disclosed. The platen includes a platen
body having a top region and a bottom region. The platen body is positioned under a linear
20  polishing pad of a chemical mechanical polishing (CMP) system, and the CMP system is
designed to receive a wafer to be polished on a top surface of the linear polishing pad when
positioned for processing by a spindle and carrier of the CMP system. An air bearing is
coupled with the platen body at the top region, and the air bearing is configured to deliver a
fixed air flow to an underside of the linear polishing pad. A load cell for determining a force
25  being applied to the underside of the linear polishing pad by the fixed air flow is integrated
with the platen body. An actuator provided to vertically adjust the platen body closer and
further from the underside of the linear polishing pad.
The advantages of the present invention are numerous. Most notably, by having the
platen apply controlled forces from under the polishing pad, the spindie controlling the wafer

30  carrier can be greatly simplified, and can eliminate the need for a splined spindle and



positioned for processing by a spindle and carrier of the CMP system An
air bearing is coupled with the platen body at the top region, and the air
bearing is configured to deliver a fixed air flow to 22 feptetddres20is of the

| i near polishing pad. A load cell for determning a force 25 being applied
to the underside of the linear polishifg pad by the fixed air flowis
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advantages of the invention will beconme apparent fromthe follow ng

detail ed description, taken in conjunction with the acconpanying draw ngs,

illustrating by way of GMWIQN‘O,RWMRAMNGSHVGHH on. 10 BRI EF

DESCRI PTI ON OF THE DRAW NGS The i nvention, together with further advantages

thereof, ‘may. besf iRn eeliRe difurtlePLARRES détedrifhal Bhd BIRGASRCL PLT ON

taken in conjunction wth e acconpanyi ng draw ngs. I gure s an

i |1 ustr at i wferanho W thefallnwmgalepiriptin fakdndn cenjoncGMPwitl steciczonifanfing tiagings.shows a

chem cal mechani cal planarization (CW) systemincluding an adjustable

pl aten, in accdiglante aniillistratien shvbyogiamexdmplfry pHer $or €@s@rystéivent i on. Fi gures

3A-3C show a nore detailed views of the adjustable platen relative to the
15 Figure 2 shows a chemical mechanical planarization (CMP) system including an

adjustable platen, in accordance with one embodiment of the present invention.

Figures 3A-3C show a more detailed views of the adjustable platen relative to the

linear polishing pad, in accordance with one embodiment of the present invention.

Figure 4 illustrates a platen delivering a fixed air flow and being adjustable in

20 vertical position to generate a desired pressure to the underside of the linear polishing pad.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An invention is disclosed for a chemical mechanical planarization system that includes

an adjustable air platen. The adjustable platen is designed to apply a force to an underside of

25  the polishing pad during operation. Air is preferably supplied in an adjustable and controlled
manner through the platen and directed toward the underside of the polishing pad. The force

is preferably monitored by incorporating a load cell into the platen, and adjustments are made

to the air flow to appropriately modify the applied force. The carrier, however, is simply



| i near polishing pad, in accordance with one enbodi nent of the present
invention. Figure 4 illustrates a platen delivering a fixed air flow and
bei ng adjustable in 20 vertical position to generate 28 Stprimbed2(@Sessure to
t he underside of the linear polishing pad. DETAILED DESCRI PTI ON OF THE
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order to pspesifideletadls.t ooty mstnder wtlhkdowmy paceds ieepp he&endt bedly ABdckbéy inl t
will be ap%zr.lentf however, toarrﬁne 10 skilled in the art that the present

i nventi on W& 'BETISF AP PIIFCGHATIL BRSCWE e RIFSCH ifVeBion hese  speci fic detail s.
In other instances, well known process steps have not been described in
detai |l in orderFigné 2tshowd) i El@sical iieban@IAB SlakiRizhdR (OMIDQPSterh 16 Mcifihg &l gur e
2 shows a chem cal mnechanjcal planarization (CW) system 100 i ncl ucﬁ ng an
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i nvent | pn. CNipeydom G ikl | (o aRAohs - LGk, ALe
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including a wafer 12 that is designed to be lowered over the moving surface of the polishing

pad 18 during processing by a spindle. The carrier 102 is connected to a spindle holder 103

that secures a spindle 107 in an aligned position relative to the polishing pad 18.

20 In this embodiment, the carrier 102 is designed to have a vertical motion such that the
wafer 12 can be moved up and down relative to the polishing pad 18 and also be provided
with rotational motion as induced by the spindle on the carrier 14. Once the carrier 102 is
moved to the polishing pad 18 surface and polishing commences, the carrier 102 is no longer
monitored for controlled adjustment up or down to achieve a varied pressure for processing

25  the wafer 12. In this embodiment, the adjustable platen 122 is designed to either apply more
or less pressure under the polishing pad 18 in a location directly below the carrier 102. The
applied pressure therefore exerts a force to the underside of the polishing pad 18, This force,
as will be discussed below, can be varied to achieve the desired processing of the wafer 12.

The adjustable platen 122, as shown has a platen body having a top region and a bottom



including a wafer 12 that is designed to be | owered over the noving surface
of the polishing pad 18 during processing by a spindle. The carrier 102 is
connected to a spindle holder 103 that secures a spi rdlSeptthber 20082n al i gned
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i vel? ot cofifedis £RBEMRIEETEE by w i LE Al Bl I P B bthescs 15

n
deliver optimzed air owto egrons un b ?ﬁ%ﬁ?ﬁﬁnﬁhd 18.
In this malf?eare, itlae wabedimtdt, springbleaded! iIs higsl maondr ke apjubtablenplaganel 220wsii r ed

by an end user, The air bearing 124, in one enbodi nent, provides the air to
Che regi oM BE7IER PR 1B NSHPhGISTPIeE PHECAI S BT 6 rferncehe

air forns quifadd. ITHUSHBIeAR shdBod 1NBLIBRRN 4 &medira3% HalislBufiéifoWndsl cefynbace of
t he polishing pad during operation. The adjustable platen 122 10 is coupl ed

to a ref erBifcloadealk @adyrsp typy ofdsadsel! (thay @epsums resaeys, ARLs Fhanaldgy signalai r
bearin L N i i 2 i ner,, the
adj ust %I e&%%gﬁgﬁn f li g 1%%%? ?&%g%gr}%ﬁ?@e %gﬁl B%%ﬁ]é)g%% g&a‘{ ark{ gilljat[’!}’al ac{l]%([l;i ong: rbgssed
posi ti on thdtPU-SOGWRY 1bwgmofilheenseh and mompressinif bad celT henilullé eroenTensducérace

130 al so hﬁ%h%q&%?ﬂ?ﬁ&ﬁ%T%QQahQ?ﬂx'S coupled to a load cell 136.

The adjustable height connector 134 is shown in simplified form, and it should be

understood that any conventional load cell connector or structure that may be adjusted for

20  platen height by a mechanical device, such as a lead screw, a piston, a shaft, an actuator, and
the like can work. The reference surface 130, as used herein, should be understood to include

any surface that can provide support or the adjustable platen 122. The load cell 136 is
designed to measure the amount of force being exerted by the adjustable platen 122 as it
pushes downward toward the reference surface 130. In this embodiment, the load cell 136 is

25  designed to provide a load signal 142 that indicates the amount of loading being experienced
by the adjustable platen 122. The load signal 142 is provided to a comparator 146. The

comparator 146 is further configured to receive a command signal 144 from a control station

145.



The |l oad cell can by any type of load cell that neasures pressure, outputs
an anal ogy signal 15 that can then be digitized for analysis. One exanple
comercially available |oad cell may be a LPU 500- LRC9ISepteprbef 2008 t ensi on
and conpression | oad cell available from Transducer Techniques, |ocated in
Tenecul a, CA. The adjustabl e height cdnnector 134 is shown in sinplified
form and it sRkgul dvddeknownd@r sn@Qdstitivat 149 YanCRNUGAL th Giradidd Q&Gciﬁ@bf pre-
connector or structure that may be adjusted for 20 platen height by a
mechani calPregsayimed pressures 48d gtheregntralling parargetprs $hab are appropagte foragivaiGMFor |
and the |jke. - - : | oul d
be under stoggrgnﬁq?o\re%%]g’egqaen%a ﬁr%g%gic% %g%dafgjgtr}]lg’ {r%gw té&]zﬁ%agrﬁ % ’q{éér{alf ’rs{g
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of for%e bei n% eXﬁréeg b%/ t he ad'du.stalbl e pl at.@n 122 as it gushecg downwar d
t owar d >t h&OPRITBPE 18 ¢ Frmpatalgnid s Clpgonics Wid dPRermPatefhe conmalpignd3e | s
25 desi gnad4 ehREOMhdSeimal 198@ pPddRIBd sigdbl 1§ hénhe ik BsPrep{atSof the afpliRbidn S

| oadi ng bei ng experienced by the adjustable platen 122. The | oad si gnal
142 i s pr dvindesafarmancecihte atdre beirg appHed. Ao shnaathsrsignabl] sistsyprligd to 2
configure | a command signal 144 froma control station 145. 29
Septemer%gg?gggﬁégg?'s wel | known, a control station 145 can be used to
provide a recipe of pre programmed pressures and other controlling

par anmet er s t hafThaflewappralisr i ¥} ie désigned tagbaconplei/e angiresupply dp2. Fesraiesupply| e,
the reci pe . gan be designed for th I hi [ ' t r
combi Tk | e co Mo due B 116k 2 4E B BADE R bERcEln Bbiiine Y Drfe Bt
provi ded tax fldvecintoNEMEROHa0 kecdidd the Rignalorfp athatappropriutk arheune beait pesivesisw | |
then conpare the command signal 144 with the |oad sjgnal 142 to produce a
si gnal 155UPHif threughipe %F?ﬁ’ﬂkh'}eolr%ttﬂ@ea?&ﬂisfagl&_t B Hid BY! @NW‘PWH&SP nce
Wi th the rgchpg daghfouRPR Lipgdly R BIEOWiGSME prisei@bvill Bd cksrtciiUiphtht @lddr0 a
flow control 'er 150" The flow controller 150°is designed to be coupled to
an air supptfgceldahe mishiag pad dpdhgng the pra&essmgrefidee walpr 42.r Asuppe wir finyels as
one th b t a.cl ean oMy QL ligke. .08 L.
contr ol ep&%gﬁgﬁggﬁer élgéa‘:‘lrvsélﬁla‘feh%f thg nn&d?ﬁlﬁé%?dtlﬁéga‘bpr ogr%tag'?l éﬁaﬁgth%wo air
pressure ienlarged, while still exerting additional pressure to the underside of the polishing pad 18.

It should be noted that all control for additional pressure is controlled by the adjustable
platen 122, and no longer required of the carrier 102. As such, the carrier design can now be

simplified as it only requires the control of up-down parameters and rotational parameters.

20 Figure 3A shows a more detailed diagram of the adjustable platen 122 relative to the
polishing pad 118, in accordance with one embodiment of the present invention. In this
illustration, the carrier 102 has been applied to the polishing pad 18 so as to bring the surface
of the wafer 12 in contact with the polishing pad 18. During processing, it is assumed that
appropriate amounts of slurry have been applied to the polishing pad 18 to achieve the

25  appropriate level of polishing. In the down position as shown by up-down position 105, the
spindle 107 is designed to be in rotational movement. In this embodiment, the air cushion 128
is shown with an air flow 180a that produces a gap 140a. The variable air flow 127 is, in this
example, applied at a reduced amount since the recipe for the particular CMP operation may

not require large pressure from under the polishing pad 18. During operation, the load cell



supplied through the air supply line 126 to the adjustable platen 122. By
applying additional air flow through the air supply line 126, additional
pressure will be exerted to the under surface of the28depshibeg2@isd 18
during the processing of the wafer 12. As nore air flowis 15 directed to
the under surface of the polishing pad 18, a variable gap 140 will becone
enl ar ged, 188id gositlink linfex@itioh By ﬁ?@f‘ldaﬁ@?ﬂnalplr@,sﬁhﬁﬁﬁistﬁp%llﬂﬁ W Slopipdaf the
polishing pad 18. It should be noted that all control for additional
pressure il86controlled by the adjustable platen 122, and no | onger
required of the carrier 102. As such, the carrier design can now be

sinplified as iffad@itb¥al PRI RUedifR8 aPQﬁrttfn‘iE' duig HiZ Hmﬁotg:{i&glﬁﬁ,%évaﬁﬁ e

rotational parameters. 20 Figure 3A shows a nore detail agram of the
adj ust abl eirgloat E37 willapplyladditiomal wip flowel 80p b prothicng gopevhich8s slightlpbacger tmnce

w th one odj nent__of .the present.in tion. In.thi illustratjon, the
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processing, it is assuned that appropriate amounts of slurry have been
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| arge pressus,ahd Friviohdddeices Wt @ liinphtic e POdhudSs ofME ifge ARG hOToadldeg | oad
cell 29 Segtenber 2005 9 136 is providing information b¥_may of | oad

si gnal 14230.gf dips; org gppyratetpreedesuife caiidipganasiret andin gim appligdidi t i onal
pressure is desired at any tinme during the polishing operation, the

variable air Flgaw iPdhowslykt ABMeYeadid drandddidtdbld pavh 180R wiRcPhodueg a gap
which is slightly larger than 5 140a. In thiS enbodi nent, |inear bearings

200 enabl @irdloshigfsupming te Bietaprzpupply dine p26 Andibemiozsto thelundersdratf the palisbisgair i s
2 Cage 2001 5° T8 fe Hcseob §y AL TR oo oot LR Rhe PR 800 G R i 1T
al | ow t he 3Ashsifiilad@etamseradditionpl Anflow dias béen prodded| the Glap QM0 gt 3A is
I ntroduci r1]1 waigcrza(aseo to\(ga%ci%ggse&to'wnli}l Figure 3B. As additional air is supplied through the

air supply line 126, the adjustable platen 122 will move downward toward the reference

surface 130. This movement is also monitored by the load cell in terms of force, thus

20  providing the accurate feedback to the pressure control system.

By way of example, the adjustable platen 122 is shown with shafts 206 in a moved-in
position within the linear bearings 200. As shown in Figure 3C, in one embodiment, the load
cell connector 134 will preferably compress a spring 133 or other suitable resistive element.
A Z-adjustment 135 can also be included for fine tuning of a reference surface. The Z-

25  adjustment 135 can be, for example, a lead screw, an adjustable connector, a piston, or other
suitable device that con provide precision positioning. The spring element 133 may have a
mechanical stiffness that can be varied in order to vary the mode of operation of the proposed
invention. When the stiffness is low relatively speaking and the spring 133 is compressed for

a given pressure setpoint, the adjustable platen 102 will be driven upward when less air is



is also inportant to note that the frictional forces present in the prior
art do not apply to the 10 linear bearings 200 since the platen 102 is not
in frictional contact with the polishing pad 18. Thug9 Septenibei 23050nal
forces wll not inpact the nmeasuring of the force through the | oad cell
136, and thus, nore accurate force red@lts can be nmeasured and in turn

appl | ed.  Flghiicd, 38 RS 8 LaRDONRET RXGIPLR BL pldiss Y Wt ferh iRl 122

in which inCreased air s supplied to the air supply ne 126 an

t her ef or e eguilibhemunhies siate pofferrddeemladdiaéritnthe Bechardeal 8tiffidse odithe prong &80b i s
illustrated .to be nore intense than the ai.r, fl ow. 180a of. Fi gure A.
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provi di ng e accurate to e pressure system By way of
exanpl e, the adjustable platen 122 is shown with shafts 206 in a noved-in
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is lowrelatively speaking and the sgri ng 133 is conpressed for a given
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the wafer. Note that_in this alternative o

provided. The PPC 302 is configured to receive a position signal 320 from the comparator

142. The comparator 142 is configured to receive the load signal 142 as well as the command

signal 144 from the control station 145.

20 As mentioned above, the command signal 144 provided to the comparator 142 is in
accordance with a particular recipe that is designed to define the variables for the polishing of
the wafer 12. In this embodiment, the air flow provided by way of the air supply line 126 to
the adjustable platen 122 will be fixed 301, instead of having a variable air flow 127.
Accordingly, it is not the air flow that will move the adjustable platen away form the under

25  surface of the polishing pad 18, but the platen position controller (PPC). Accordingly, if more
force 1s required, the adjustable platen 122 will be moved closer to the under surface of the
polishing pad 18. If less force is required, the adjustable platen will be moved away since the
air flow is fixed. The fixed air flow 301, however, will still provide the air cushion 128

between the polishing pad 18 and the adjustable platen 122.



enbodi nent, the platen is not driven upward when the air supply is
decreased. O course, during a CVWP operation, the load cell 136 w |
continue to provide loading information by way of theé9lSepdmbeZls 142. |f
the recipe supplied by the control station 145 requires |less pressure to
be applied to the underside of the politshing pad 18, the command 10 si gnal
144 will be adjuste LN 4 N otely2yp1: 1) f

controller 150 hltljgﬁs %%%ﬂﬁﬁﬁng’ggé%%ﬁ%ﬁ?oug dre‘ﬁ%b%\%dry t‘slrtgjt“ppl y ?ﬁo%gﬁoff%%?’gure 4
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which is alfienGrRfii SUa&drierdd ﬂ{eoéégﬁﬁbﬁ alirGflerSis Bl guidtd by BN systest ead
of coupling the adjustable platen 122 to a reference surface 1350, a shaft
304 coupl etgattr@ayan@u@mn op &esicral bearias Brides. | Bre ajrppajng3lesign suay be eipelg@dne the PPC
302 is conf] 1 oar ' Si.tion Si 320 fr n o'
142, The. QBHBeRE il EnlySSRek GulRR Rl P gRiBUT vediiys " PIS IR ORRRTRAL
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122 wi 10  biestpiledetthgn, the easties axkfas hieddaiepiptcn of athaload applicatiqn@gint2 7
Accordingly, it is not the air flowthat will nove the adjustable platen
away formthe - LSkl ] hﬁ,qm
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Wil stilltoteeuhd@rdd® iRistrageesdil @6t katfctiveeindarintdition & ros b tedlimided & 8heand
the adjustable platen 122. 29 Septenber 2005 11 In this enbodi nent, the
shaft 394 detsilsigavenrherein byymanbe ppdidied pwithiny the seape apd pauyalenty f the appendad at or
can be a ngghanically actuator, a pneumatic actuator, a hydraulic actuator,
or an

What is claimed is:



el ectromagneti c actuator. The controls for such actuator devices may be

cl osed | oop servo- driven, this is in fact preferred. The adjustable air
platen is then guided by a bearing systemb5 that may i28depttemben200r sever al
beari ng guides. The air bearing design may be single zone or nulti-zone in
either single quadrant or nulti-quadrant variations. The spindle is
sinplified considerably by elimnating the splined shaft requirenent and
replacing it with a nore inexpensive conventional spindle shaft. As

descri bed above, closed |oop control.over force is done using a | oad cell
as a force transducer. In one enbodi S the load cell may be 10
installed either on the carrier wafer head, the platen or at the | oad

appl i cation pdi.nt. Achtwisghnehiganial etpomgption (EMP)osysteas hpwes adeddishinged i n
sonme detail for _purposes of _clarity of understandin it.wll be apparent
that cer tReFn® WhiHEEE R ARd %%ﬁJFﬁtgﬂTP {58, Wﬁﬁglﬂﬁtablﬁrpgfﬁ?‘?%ogépn\ﬁqghi n the scope
of the appended cl ains. Accordingly, the present enbodinents are to be
consi dered as 4platgsbed;i ve and not restrictive, and the invention is not to
be limted to the 15 details given herein, but may be nodified within the
scope sand equianahierticaring integratedpianthedplatshabady. fonharplying @irapissdre 0 a9

Sept enber 2005 12 C ains. 1. A chem cal nechanical planarization (CWP)
system ha‘#ﬂdﬁﬁfldé (SII‘fi%‘Wi%ng%éd, a wafer carrier, and an adjustable platen,

th dj ust abl | at i sing: | at body; ir b i
Nt eqr at od i n & b 0B ENETES SOTeCKSrio AppP ARy 1Y [rae fedeneia hE ST de of
the pol i slgéd;%h(%gdérgf%ﬁﬁérggg&Bl%acfnh&gi?ie%?ﬂ%ﬁﬁiﬁg?éPad‘.-he pl aten body to enable

novenent cl'oser and romthe underside of the
Cel 1 bei ng’ cont fagtiieh e cofmesithon o8 rrosaur ey of) SFPERERin R LT
force)dei g, aPPhdaackigl Uhe id a8l 8f af fofddepeimohppifing thadnderside of the
polishing pad;
an air supply for applying air flow to the air bearing, the air flow being adjustable
in response to changes in the force being applied to the underside of the polishing pad;
and
15 a comparator for receiving the load signal and a recipe command, the recipe
command being indicative of a desired pressure and the load signal being indicative of an

actual pressure.

2. A chemical mechanical planarization (CMP) system of claim 1, wherein
20 the platen body has a top region and a bottom region, the top region being proximate to

the underside of the polishing pad and separate from the underside of the polishing pad by

a gap.

3. A chemical mechanical planarization (CMP) system of claim 2, wherein
25  the gap increases as the force applied to the underside of the polishing pad increases, and

the gap decreases as the force applied to the underside of the polishing pad decreases.



an air supply for applying air flowto the air bearing, the air flow being
adjustable in response to changes in the force being applied to the
undersi de of the polishing pad; and 15 a conparator f@p Sepeaibet 2005t he | oad
signal and a recipe command, the recipe conmmand being indicative of a
desired pressure and the | oad signal being indicative of an actual
pressure. 2. A chem cal nechanical plaffarization (CW) systemof claim1,
wherein 20 the platen body has a top region and a bottomregion, the top
regi on being proxinmate to the underside of the polishing pad and separate
fromthe underside of the polishing pad by a gap. 3. A chem cal nechani cal
pl anari zati on 4 CVP)A SH&hRA foec}i?ah%aﬂﬁl?anaﬁﬂﬁbﬁ"(m\d@% fof gRPlaiMQ, dasles as the
force applied to the underside of the polishing pad increases, and the gap
decr easesoaprising: f orce applied to the underside of the polishing pad
decreases. 29 Septenber 2005 13 4. A chem cal nechanical planarization
(CWP) system of fled adrioller fou Blippdying teraprficesd rogthe airbkowmgcont rol [ er for
supplying the air flowto the air bearing. 5 5. A chem cal nechanica

pl anari zation (CMP) systemof claim1l, wherein the actual pressure is
reduced to approximate the desired pressure. 6. An adjustable platen,
comprising: 10 a plAtah,befheAakia0ofnkiPRi6LOEOR) A0ded d1addiam [eptrem, t he
pl aten body bei'ng oriented under a |1 near polishing pad; an air bearing

i nt egr at egle withdl préveurpligtedncddad ypmbxittate the gesiredipoassurehe ai r bearing being
configured to apply an air pressure to an underside of the |linear polishing
pad; and a set of bearings connected to the bottomregi on of the platen
body to enable 15 controlled novenent of the top region of the platen body

closer or furtfier fzomyhlhic platen, comprising:

10 a platen body having a top region and a bottom region, the platen body being

oriented under a linear polishing pad;

an air bearing integrated with the platen body at the top region, the air bearing

being configured to apply an air pressure to an underside of the linear polishing pad; and

a set of bearings connected to the bottom region of the platen body to enable
15  controlled movement of the top region of the platen body closer or further from the
underside of the linear polishing pad depending on the applied air pressure, the applied air

pressure being configured to exert a force to the underside of the linear polishing pad.

7. An adjustable platen as recited in claim 6, further comprising:

20 a load cell connected to the platen body, the load cell being configured to output a

load signal that is indicative of the force being exerted to the underside of the linear

polishing pad.

8. An adjustable platen as recited in claim 6, further comprising:

25 an air supply being provided to the air bearing, the air supply having a flow rate

that defines the air pressure.



underside of the linear polishing pad depending on the applied air
pressure, the applied air pressure being configured to exert a force to
t he underside of the linear polishing pad. 7. An adj ugP&epembeal} as
recited in claim6, further conprising: 20 a |load cell connected to the
pl aten body, the | oad cell being configyred to output a |oad signal that
is indicative of the force being exerted to the underside of the |linear
polishing pad. 8. An adjustable platen as recited in claim®6, further
conprising: 25 an air supply being provided to the air bearing, the air
supply having a flowrate that defines the air pressure. 29 Septenber 2005

14 9. An adj ust abl pl.afueRAbRSplhREi iLdedited Chatland, 8, whkdreinntheheir aflow fisow i s
adj ustable in response to at least the |oad si ?nal fromthe load cell. 5
10. An adidjistshly ie respenserio asleast thetleat! ignad framthg1asdicRly i ntegrated into a
chem cal nechanical planarization (CW) system the systemincluding, a
carrier for holding a wafer to be processed, the carrier being designed to
| ower the wafer onto a top surface of the linear polishing pad that is

substantial ly gver hRedjusdbrsiabl & fbidddan clal@ SlBeingimtegejtedsinthd ehqpiiatlen as
recited in claim 10, wherein the exerted force to the underside of the

| i near pahechhiicg madrization( @M zystemt besysemafclidiidbi ng processed. 12. A

pl aten, conprising: 15 a platen body having a top region and a bottom
region, the platgAechidyolaigngwafeoss be predssahdbe carrici being dpognedip hgVPad of a

chem cal mechani cal polishing (CVP). syst,. th > system.i,S haned to
recei ve athpatader ¢mo ti’etoﬁofr“if@ﬁ"eﬁgélﬁ iin?aéﬁol‘g?%%t?ég&%f ﬁégﬁt?n$3g¥ Oggf P%hi ng
pad when @OSSI atbilé)@g%nf or processing by a spindle and carrier of the CM
system PR earing coupled with the platen body at the top region,
t he ah{ bearing being

11.  An adjustable platen as recited in claim 10, wherein the exerted force to

the underside of the linear polishing pad is translated to the wafer being processed.

12. A platen, comprising:

15 a platen body having a top region and a bottom region, the platen body being
positioned under a linear polishing pad of a chemical mechanical polishing (CMP)
system, the CMP system is designed to receive a wafer to be polished on a top surface of
the linear polishing pad when positioned for processing by a spindle and carrier of the

CMP system;

20 an air bearing coupled with the platen body at the top region, the air bearing being

configured to deliver an air flow to an underside of the linear polishing pad; and

a set of linear bearings coupled to the bottom region of the platen body to enable
controlled vertical movement of the platen body closer and further from the underside of
the linear polishing pad, the vertical movement of the platen body determined by the air

25  flow, the air flow being variable so as to set a desired force to the underside of the linear

polishing pad.



configured to deliver an air flow to an underside of the |inear polishing
pad; and a set of |inear bearings coupled to the bottomregion of the

pl aten body to enable <controlled vertical novement of2%Swptepitet 20030dy
closer and further fromthe underside of the |inear polishing pad, the
vertical novenent of the platen body d?éernined by the air 25 flow, the air
fl ow being variable so as to set a desited force to the underside of the

| i near polishing pad. 29 Septenber 2005 15 13. A platen as recited in
claim 12, furtl3er cdpjatdnsismepited in daith tZ/firthanicegpasiag i n t he pl at en body,
the load cell being configured to generate a load signal that is

i ndicative of @loadicdEitegtnédam thephgndody ttRelldad ctlhbeingdenfidudel ofgehtrate | i near
polishing pad. 5 14. A platen as recited in claim13, wherein the current
force is ffsigngl thet isvmdicativeefl geympridorasrheanggxeatef e thaanderddept thel ow to
t he undersi { i near polishing pad. 10 15. A platen as recited in
clain112,h?%ryﬁépmg§ﬁ%rising: an air supply for providing the air flowto
the air bearing, the air supplying being controlled in response to achieve
the desired force. 16. A pl aten, conprising: 15 a platen body having a top
region and a bottomregion, the platen body being positioned under a

li near polishilfy patl Phtemagresited H) clai AanWBHRINGSF CurER foTcenpymo ©m the
CWP system. esi r i f 0, i g rface
of the THELMEEAEERECLE BRRIHR B MR iRl P nRRLLE BE Ol bORNER (1C
and carrigyd. of the CMWMP system 20 an air bearing coupled with the platen
body at the top region, the air bearing being configured to deliver a
fixed air flow to an underside of the linear polishing pad; a |load cell for
determning a force being applied to the underside of the |inear

10 15. A platen as recited in claim 12, further comprising:
an air supply for providing the air flow to the air bearing, the air supplying being

controlled in response to achieve the desired force.

16. A platen, comprising:

15 a platen body having a top region and a bottom region, the platen body being
positioned under a linear polishing pad of a chemical mechanical polishing (CMP)
system, the CMP system is designed to receive a wafer to be polished on a top surface of
the linear polishing pad when positioned for processing by a spindle and carrier of the

CMP system;

20 an air bearing coupled with the platen body at the top region, the air bearing being

configured to deliver a fixed air flow to an underside of the linear polishing pad;

a load cell for determining a force being applied to the underside of the linear

polishing pad by the fixed air flow; and

an actuator vertically adjusting the platen body closer and further from the

25  underside of the linear polishing pad.



polishing pad by the fixed air flow, and an actuator vertically adjusting
the platen body closer and further fromthe 25 underside of the |inear

pol i shing pad. 29 Septenber 2005 16 17. A platen as r 9 $eptkniber 20@5 m 16,
wherein the actuator is one of a nechanical actuator, a pneunatic
actuator, a hydraulic actuator, and anlglectronagnetic actuator. 18. A
platen as recited in claim 16, wherein a gap is defined between the 5
undersi de of the linear polishing pad and a top portion of the air bearing,
the gap proviting Aplakimrasgedtedomclon 16,ehdréin gz acpaitdrshompofpadechbficalA

platen as recited in claim 16, erein the spindle and carrier of the CW
Pyet om omct Heee e A mear e fo ki 2B ALHEC RO SR of | and
excl udes pressure 10 sensing and adj ustnent.

18. A platen as recited in claim 16, wherein a gap is defined between the

5 underside of the linear polishing pad and a top portion of the air bearing, the gap

providing an air cushion for the linear polishing pad.

19. A platen as recited in claim 16, wherein the spindle and carrier of the CMP
system only includes vertical position control and rotation control and excludes pressure

10  sensing and adjustment.



