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‘EFFECTOR FOR A CHE mﬁmWMWWWNWMEAL PLANARI ZATI ON SYSTEM AND METHOD THEREFOR
5 Background of th e present invention relates, |n3gqm§ngo3to
chem cal mechani cal pl amaozzati on (CVP) systens, and nore 10 particul arly,

PRVIT NV

to a pad conditioner coupling and end effector for a CMP tool. Chenical

nmechani cal planarization (al so referred to as chenlc
polishing) is a proven process in the manufacture of H@ @ ”ﬂ@legrated
n or ‘deaari zation

circuits. CMP is used 15 in alnpst all stages of seni co

al 1 ous the cpEp! LORp9YbARR! CBLENEhHI BfpV Ly Ef«ﬁkceban%hzgt cagmandf or

gl obal wafer planarization to produ ensity vias and I nterconnect

| ayers. NhteHzﬂﬁ?ﬁﬁﬂﬁcﬂkuﬁﬁ%ﬂﬁﬁiﬁﬁQRPNrﬁ%ﬁ?ﬁMﬂAﬁﬂeﬂEﬂﬂQﬁrTﬁﬁREFOR
manuf act uri ng process include single and polycrystalline silicon, oxides,
nitrideg, pol yi m des, al um num tungsten, and copper. In general,

sem conduct or wafer polishing occurs on a rotating disk known as a pl aten.
The rotating disk is a 25 sSpportowid unt whe forvdritei ool | shi ng process. A
polishing nedia is placed on the platen. The polishing nedia is conpliant
and allows the transport of a chem cal/abrasive slurry. One type of

pol i shi ng medi &hs RE§RANUriEtRIHe Pad e IBfee Dol rurdararmel paeP | Flegnydes!

grooves or ﬁ@ch@ﬁﬁaéﬁtppaﬁaiez@fpaﬂtecﬁépréysﬁéagﬁpgﬁa m@r@0||3hln9 process

begi ns ol ishjng.slurry being a to the polishi dla surface.
A Sem dindREEFLGaLBF1T s b YBgRES  FORDHE SRS TTORREPEoPTarGr St o t he
surface of ¢fitepobrshonganedPatodlpredeterm ned force is 35 applied to the

semi conduct of valgy: 10 GRemeal dy %Iﬁbgféﬁ%ry [£1DY &8 DOLL4 A, Of. L he

surface of the processe e se or  waf er and
chemlcal mechanical po 1sh1ng) is a proven process in the

manufacture of advanced integrated circuits. CMP is used

15 in almost all stages of semiconductor device fabrication.
For example, chemical mechanical planarization allows the
creation of finer structures via local planarization and
for global wafer planarization to produce high density
vias and interconnect layers. Materials that undergo CMP

20 in an integrated circuit manufacturing process include
single and polycrystalline silicon, oxides, nitrides,
polyimides, aluminum, tungsten, and copper.

In general, semiconductor wafer polishing occurs on a
rotating disk known as a platen. The rotating disk is a

25 support structure for the polishing process. A polishing
media is placed on the platen. The polishing media is
compliant and allows the transport of a chemical/abrasive
slurry. One type of polishing media is a polyurethane
pad. The polyurethane pad includes grooves or

30 indentations to promote slurry transport.

A polishing process begins with polishing slurry being
applied to the polishing media surface. A semiconductor
wafer is brought in contact with and coplanar to the
surface of the polishing media. A predetermined force is

35 applied to the semiconductor wafer to chemically and
abrasively remove a portion of the surface of the

processed wafer. Typically, the semiconductor wafer and



30 May 2003 2 the platen are rotated during the polishing process.
Pol i shing slurry is continuously provided to the polishing nmedia during the
pol i shing process. Particulates fromthe sem conductor wafer andodwaeyR003
polishing slurry beconme 5 trapped and build up as sem conductor wafers are
polished. This results in the surface ofythe polishing nmedia being

non-uni form The particul ates can al so scratch and damage the surface of

t he sem conductor wafer. Pad conditioning is a process to renove
par;iCulateshéopﬁﬂdeﬁpeﬁé ﬁ@t&ﬁ@an@%simgryhérpalasnoh@sﬁfageﬁedia Pad
condi ti oni aparizes. tiyv r rial,
and rougheggoﬁﬁggéﬁ f%g%rgf %%eg%g RS %%%f OVléW|oggD % ngg ?
condi ti oni reappadar Ly nblre B@lébhésgvprﬂgtes;aIPaptosglaheSSﬁrbmcehef t he

15 po"Sh'nQeﬂ?@bﬁdu@@@rCQQFPPl¥n&s§§eﬁ@dp8999hih@néﬂ@r@?pﬁé@EHé i ncludes a
di sk haV|ng a collet connected to an ugger surface of the disk, An abrasive

di sk i s adheStRREY BPInBRhifi BRI 7§ SEPachRAUEDOR %%f?6ﬁ1§ﬁ?f8€é16?e9he di sk
exposi ng anTmbsaBeyelSHriﬁCeheAsﬁﬁféceubflBhﬁBﬁ&li@hih@ rédtal beingo give

t he pad con i.oni pp us, s | ar_conpliance,

connects tog?%e cof? ﬁ &ﬁ% %%n %lon?ﬁggg a?%fugéhggﬁgt?amagﬁth t he
pad cond|t|bhenguap@aea@ﬁsthﬁdsemgcpndushongwaédra during a pad

condi tioni ng prp&&Séoﬁ&mfmsné hes bestr g&sild tso leﬁéﬂycui epad

condi ti oni Ng Process 1S er or red gft er a seri es}?é-? wafers aveglgeen
pol i shéd. Iﬁn%aFP?%EIBPllﬁhén%oFigﬁFﬁgfﬁﬁﬂlé P@léﬁhHPG|Bﬁ€HaaftBPda waf er
| ot has bee@opﬁ@ﬁ@&ﬁeﬂgdaESbOplhﬁatnﬁesrenalped Bprsémecemeéaylon Three

probl ens arl fromithis_ s Qnin ar at.u First, the
coil cut in ﬂgv%§9|é?doyaﬁ gd §8§d ?nﬁ %a?gf Eglsgﬁo?thfective
i n mai nt ai nPagishéngbmadiae sBriaceaparapaélcpodnheosungaeppatathe

pol i shi ng ”ﬁgbé éﬁnQHL§519@”Hhté99§l aIQSsEe§HEtsh§f§c808fUEhE0r”‘Surface
-on the pO|IS medi a whi ch 35 direct npacts the sem conductor wafer

pol i shitry uﬂ?%bgﬁfP9 m?S%aexaﬂﬁ?eCOWHeng&duESHdP?PoﬁPﬂSlEbBQFQﬁus coul d
chatter durapgaaapad ¢ﬁaduﬁeenanglpROﬁasSngnéetollae MByin2803d3teerhai n

operating condltlons |l eading,.to Io ot CrLOss th al.i shi ng
medi a. Secondt -t ha" 5faCFoP§etgﬁp$ g %&a lXon ?onlnggggparaggs can

conpl etely @ro@@chhelcéﬂﬂycattﬁﬁhedth@ @obbétomeﬁﬂééﬁceebﬁ tbei diiskg the 5

conpliance Eupetiag Wht Borgsulti BA-kgss. of apebishing Radmbhat pgseneThird,
t he paﬁ condltlonlng Eparatus gerlodlcallg fails causing increased
I1.

mai nt erféhceCBt 1Ehet §oFeTREERALT h© 8ﬁs?8?€§aFBs|ﬁ8P§a§88u38§t and
| ower waf ercohpoighpat of tmheotashefty. cdheetakl upethé wechani sm obeurs when

the abrasiv FEUEB %t&@ﬁﬁh?seegﬁ?ggﬁﬁ RBFQ£§88Sb8§Br€HE gggque on the

coil cut co e co tua s in-tension and cones apart.
The pad con@PﬂﬁéﬁFﬁ@léﬁpapaﬁﬁ§t€§naéénﬁhapapﬂlﬁpﬁﬁgsméﬁlﬁoﬂéélﬂﬁa? ot her

conponent s pédtb@n@mPlbthgcgmoa@sdaaag@dveéStA@cgédtngbﬁult@ would be
advant%ggoui to h&{ ad ¢ ndltlonang Eparatug fgr a chen c %gchanlcal
pl anar i%at i OXPLE8E H¥hat ﬁa? nPBPeE L PEEPEbPIPEGSPn 1S RERGPARE r?
envi ronnment aardriper edseafpeki shivergbernf ppiiitiiedcr 038 pasedicadndyctae
wafer. It m@B&QsRﬁanmedia is conditioned after a wafer lot has been
processed due to the time required for the operation.
Three problems arise from this style of pad
30 conditioning apparatus. First, the coil cut in the collet
of the pad conditioning apparatus is not effective in
maintaining the abrasive surface parallel to the surface
of the polishing media (angular compliance). The result
is a non-uniform surface on the polishing media which
35 directly impacts the semiconductor wafer polishing
uniformity. For example, the pad conditioning apparatus
could chatter during a pad conditioning process under



20 further advantage if the pad conditioning apparatus was i nexpensive and
al |l oned easy replacenent of the abrasive surface during nornmal maintenance.
25 Brief Description of the Drawing FIG 1 is a top view of a clemapl0o03
nmechani cal planarization (CWMP) tool in accordance with the present
invention; 30 FIG 2 is a side viewof the CW tool of FIG 1; FIG 3 is a
side view of conponents conprising a pad conditioner coupling and end
effector; FIG 4 is a top view of the static plate illustrated in FIG 3;
35 FIG 5 iseatainsspeeatingatosdﬂeiuhemﬂeédihg sbahighphatielot EpGrs4;
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ef f ect or atop view o oat 1 ng até rllrostra
Cross- sect|bﬁath%|E@dv¢énﬂbil@héngl@EP@ﬁQtQS gﬂﬂ epeppabeépndl ppenehe

coupl i ng anslogndcu@ 1§taS§ﬁ@bb891epet@fksét §¢ I@bb@gt% thgeDrawings In
general , chem c apari zation 0. renove materia

ni ca
or a glébalc??Pﬁf??8ﬁ1 uBFBbggsﬂﬂtglﬁﬁsB}té ge EﬁnachBFlﬁﬁfﬂg Pedeal Iy, a
uni f orm anofihétnésaat eThalkdj sthenpaédcasdbssohhegseppesadust or waf er

periodically fails causing increased maintenance of the
CMP tool. The downtime translates to increased cost and
lower wafer throughput of the factory. The failure

10 mechanism occurs when the abrasive surface catches an edge
which places extreme torque on the coil cut collet. The
collet eventually fails in tension and comes apart. The
pad conditioning apparatus can come apart with such force
that other components of the CMP tool can be damaged,

15 Accordingly, it would be advantageous to have a pad
conditioning apparatus for a chemical mechanical
planarization tool that has improved reliability in a
manufacturing environment and increases polishing
uniformity across a semiconductor wafer. It would be of

20 further advantage if the pad conditioning apparatus was
inexpensive and allowed easy replacement of the abrasive

surface during normal maintenance.

25 Brief Description of the Drawing

FIG. 1 is a top view of a chemical mechanical
planarization (CMP) tool in accordance with the present
invention;

30 FIG. 2 is a side view of the CMP tool of FIG. 1;

FIG. 3 is a side view of components comprising a pad
conditioner coupling and end effector;

FIG. 4 is a top view of the static plate illustrated
in FIG. 3;

35 FIG. 5 is a cross-sectional side view of the static
plate of FIG. 4;



15 leaving a highly planar surface on which to continue wafer processing.
Any non-uniformty in the polishing process may result in a loss of yield
or long termdevice reliability problems. Uniformty is the neaserapf003
variation in surface height across a sem conductor wafer. 20 Sone comon
types of chem cal nechanical planarizatign processes in the sem conductor

i ndustry are used to renove oxides, polysilicon, tungsten, and copper.

Chem cal nechani cal planarization tools currently used in the sem conductor
industry are cappbl es ofs aght &yivewSonadles fddoimg tyldte theluangeced 6- 12
percent. Thi el ,of uniformty is sufficient for building devices having
critical dinensions™n the range of 0.18 - 0.35 mcrons. In the future,
polishing unifEIty7iisthecrasgeseft loBapesidmtvigw |lobethegiioatins t he
senlconductgiatgdggtgyG306nD§§§ towards critical dinmensions of 0.10 mcrons
and bel ow. An area that een identified as having a significant inpact
on waf er uni forft®y #s'¥HehpoPadt PRAHERREDCAHM NS 3o Sofhduct or waf er
i's polishederfbetpol bshFng. nedhasenbiaae nust renmmin planar and support the
35 transport of the polishing slurry to achi eve consistent wafer
uniformty. The conplexity of the planarization problemis further
exacerbated by an increase in wafer 30 May 2003 5 dianeter. The

sem conductor industryy.g 1ﬂe%h%e%r g%ﬁ of GoRYEr %é% m 200 m || ineter
waf er diameters to 300 W 1Tieter wa i aneters. IS a top view of
a chenil®al mechanical 5 planarization (CMP) tool 11 for i nproving the

uni formty of aI@%éﬁ@ﬂQlﬁ%@@I@&Pt@écM@rﬁﬁéai %E&ﬁ@fﬂﬁ@@ﬁow tdwk hei present
I nventi on.

ol 11 co r'ses | aten. 1 ionized (D) water valve
et ot i SR 8, srTa e aRaEeER AT Bt ol tBhn e OB hER R R PR oEE
di spense basid&, o8 soamdinitondngtarnwa8era sédeslimlve @9ifarmasmamnt
generator 2Q¢ ﬁa%@i?élcéérkéﬁoééﬂ‘g&roégdtﬁedgbﬂﬂbéﬁﬁu&E%} water valve 22,

and a spray_bar . Platen 12 supports various polis medi a and 15
cheni cdls used8vViBIpprafarhzy 815966e§§é§a§ﬁd8now écgeHPCGHBEéPBP vafer.

Pl aten 12 Iprb&ébé&hby nn69 ﬁBnnEhQEoﬁmihya$nath§1pUMthlﬁgapBb@éssSt66|- A
not or ( not shomn% ﬁg ? E en 12. Pl atgn 12 |smc§gable of rotary,
orbital, MY near tﬁ8n at °ggef s@ﬁgégaBFe 8fiFr 5Bk ¥588ds. Dei oni zed
wat er vaIverQ3lhh$laDY|Ppublamd anUodfputmit¥heési hpat mpssoorneéted to a D
vater sour cGa- CRALEAl 161 LEYELEY (BOLRENAMALSENaDLER: BbndLeBlCh PL 1AL er

valve 13. DI water is provided to milti-input valve when DT 25 water
val ve |ssgﬁﬁbFeﬂmoﬂbFVPanBétCvﬁmﬁéaiQmﬁFpéﬂécaﬂfPé?@ﬁ?lﬁﬁFéPFals to be
punped to dpspeaseeba&nliheAQeaxaaﬁbecebrthadhyne§ afemakeni abs rehbeh are

i nput to ”“B&id%g %8%2 gg %gTarguggggggalg Egégr and dei oni zed wat er.

I n an enbodrnen |-|hpu
Chemlcal mechanical planarlzatlon tools currently used

in the semiconductor industry are capable of achieving

25 wafer uniformity in the range of 6-12 percent. This level
of uniformity is sufficient for building devices having
critical dimensions in the range of 0.18 - 0.35 microns.
In the future, polishing uniformity in the range of 1-3
percent will be required as the semiconductor industry

30 moves towards critical dimensions of 0.10 microns and
below. An area that has been identified as having a
significant impact on wafer uniformity is the polishing
media on which a semiconductor wafer is polished. The
polishing media surface must remain planar and support the

35 transport of the polishing slurry to achieve consistent
wafer uniformity. The complexity of the planarization
problem is further exacerbated by an increase in wafer



30 14 has a first input connected to the output of DI water valve 13, a
second i nput connected to a slurry source, and an output. Control circuitry
(not shown) disables all the inputs of mufti-input valve 14 or goahags00dy
conbi nati on of valves to produce a flow of selected material to the 35

out put of nufti-input valve 14. Punp 15 gpunps nmaterial received from
mufti-input valve 19 to dispense bar 17. The rate of punping provided by

30 May 2003 6 punp 15 is user-selectable. Mnimzing flow rate variation
over tinme adtemens!i onise peemitsndberdt oimdwstey atly usih echaegrotdes ndhi num

bunp. 155 HoGr W T Hpdt EORnady dl O THee bUrB . o ﬁﬂ%g%@%Weﬁﬁh
an out put . mikhbnskeebavafiani dokdetd®ral | ows chenmicals, slurry, or wat er
to be routed topgispensg %anﬁ %& @PU§ebﬁ@%15Eﬁ"$é%ﬁ%H- bas an |nput

connected to_the output an out put. An ternate approach
utilizes a PtApe¥biakeheh ﬁ%’iﬂ%)r|%?Obe1hgf‘ﬁr‘?Wﬁ%ﬂv%%gd?%%e%%bf%’é}?l’ﬁ? For

exanpl e, Ch@fﬂé)aib611§ﬂ1éldir§emﬁ@&i&hcu\@f elra &€ hi hayEec Gr Paipe t it h congects to
di spense ba % %g folgvl§ The use of multiple punps allows the different
materials t preC| e?y di spensed in different conbinations by
control | i ngChet¢dbwl t atenpfisasha nbptatrenl 1by & tdetonizespohl hgwauep.

Di spense baga e di 5t 1k byt £8; b u€a4,§1vélwya HlimP 1 ¥at 21 4pBb0n g PO! i shi ng
medi a surface. Dispense bar 17 has at |east’ one orlflce for dlsgen5|ng

mat er i &° on?%Ft%%anPigh?ﬁg fredi aP_nFe el B spensendif1a7ing dx8pefided

above and exte&agsoovgIvel agpnalaa&@uxer@@m@rm.erwj aSwﬁlféi:rd:@bli:EéerVGF t he
majority of the%gurfaée of, the. carrier arm?2

di a.
Suspends a S8T Abhatifo? GateN:S Do L TR B Nyt S22 SR B S PR A et e

carrier is kann28ted to wafer carrier arm21. The mafer carrier is an

assenbly for hqgldifng, the %M%Ho%fﬁlﬁW%&% doywn and

nalntalnlng a surface of the sem conductor waf anar to the surface of
t he poI|shlﬁﬁeﬁéﬂ?ésdﬁ??ﬁgtgop%ﬁ%abbF?sﬁlRﬁoﬁ?%%%§5519%f%F Rarrier arm21
appl i es a usemisehectodlewdownt orpeao&hom hes polb $8a hyy nedia sarfhaﬁel I n

general, wafer,carrier_arm?2l is, ca tar Qn,as
| i near nDtlén hTﬁ% %eﬁ?%gﬁﬁucfo?tal$?? s%e%? %oﬂgﬁé t“%%rrl r by 35
vacuum Wafeeupiesiee ntaten has aPiatgln 1 Apus @aﬁalalse@f)ndctﬁpm 30 May

2003 orbital, or linear motion at user-selectable surface
20 speeds.
Deionized water wvalve 13 has an input and an output.
The input is connected to a DI water source. Control
circuitry (not shown) enables or disables DI water valve
13. DI water is provided to multi-input valve 14 when DI
25 water valve 13 is enabled. Multi-input valve 14 allows
different materials to be pumped to dispense bar 17. An
example of the types of materials which are input to
multi-input valve 14 are chemicals, slurry, and deionized
water. In an embodiment of CMP tool 11, multi-input valve
30 14 has a first input connected to the output of DI water
valve 13, a second input connected to a slurry source, and
an output. Contrecl circuitry (not shown) disables all the
inputs of multi-input valve 14 or enables any combination
of valves to produce a flow of selected material to the
35 output of multi-input valve 14.
Pump 15 pumps material received from multi-input valve

14 to dispense bar 17. The rate of pumping provided by



Vacuum generator 20 is a vacuum source for wafer carrier arm21. Vacuum
generator 20 generates and controls vacuum used for wafer pickup by the
" wafer carrier. Vacuum generator 20 is not required if a vacuum 3094y 2608S
avai l able fromthe manufacturing facility. Vacuum generator 20 has a port
connected to the first input of wafer cagrier arm21. Servo valve 19
provides a gas to wafer carrier arm21 for wafer ejection after the
pl anari zation is conplete. The gas is also used to put 10 pressure on the
backﬁLdg ofpamp?isrldUﬁb?g péaeathzaélonMiﬁlmmﬁthglfnhe vater profile. In
an enbodi mept _o £ 00 1 g9a [ 0 fe agpler ar 21 is
ni trogen. Servané ve X@rhé mgn ﬁ%pu goﬁ nec Hg m¥@ ?P%ogén soﬁrgg and an
out put connadfiedted nhersebenm1m$mumpuequiraéfélowarater whircRkl.

Condi ti oni ngeanAL18LgcUssd EHe§@9EYsa“s§QE§§'VgreB? @BE@EtOVPQHbolg
surface of the ollshlng media. In an di nment gf condi t |on|n§ﬁ%rn118

the abrasi vB2&n eFFBBFoFopgeHFﬁﬁntPlEB%rPVtBEFOQ PHEELGAPREE ¥Re 20

pol i shing nedi andTha speedtat which the end effector is drawn across the
pol i shing nmedi a,surf varj a a fo eren

friction ratesq%u%p?gg?ﬁggﬁﬁﬁ%%%ﬁﬁf% 00|?§g%$ % emlé %fin% ponéhéng medi a
as the end Bifweter wovbe fporedntoutiéspanesa berah7|nn§nsaeeae RBrThe

abr asi ve enﬂas£%§§30ﬁ6ph§ea5hz@ﬁﬁbbeceﬁhbébbagtaeéh@ syepaceo@ngupbeans and

roughens the surface to ard 1n_chem cal transport. Conditioning arm 18
typi cald% i $5capdbre BPtBHER rSPaPﬂBﬁépaéﬁdaPpéﬁéFQtPBﬁéPzﬁﬁt?oﬁum?he
pressure OrfdQW@EOhCﬁatb&ﬁaUhBeeﬁd pkbectier apphiepeheet bar3@7sur faee of

the pol ishi gg grdia L 6oatagll ed, by, condit hon|agear mLif) nDLevat er yal ve 22

has an input ¢ er“$olirce an ut connec to an
i nput of sptaytbQDDZSCtSptaydbapezselb@tud@@léoéérﬂés oﬂhgpwéﬁ Rdzzl es that

35 are angl gd)t9pheMYELERLEAbLAL EheMyt ke pehiShihrg ABdiasuLtace.
Activating DI water valve 22 enables water to flow to spray bar 23 and out

of the Spra§rRE622P&Y. ISPy Sed3dNNEY T566818 FRMP28251PERs Pihe renpval of
spent pol i skongrshainhy ane mabM|®ut@te$ éubhngaaem@bushyngtgrocess or an

insitu pad condltl qnign process FlLG a d i he chem ca
mechani cal ngngrlzag ﬁuPENP)Dﬁoanff ow%ﬁlﬁlétg.bﬁg %Onditioning arm

la is shomnchﬁmhcalﬁadsdaﬁdwblQMeBIc@@pbﬁnQDBQ angoan sbagJefieddeor 32.

Vaf er Carr'%br@%@b21 b&s@@%@@ Wat-h 18 ﬁ%@rb%rléﬁéQ”Bhﬁ 34 fa cealklirer ring
35, acarrier film3 and a sem conduct or _wa CWwP tool 11 further 10

i ncl ude a 86??§ﬁ§ﬁﬁgn@&F§r3§l REERI enﬁﬁﬁﬁ§%§?g geﬁéétséféﬁgﬁger 38, and

an encl osureidPense bar 17 is suspended above and extends over platen
12 to ensure material is distributed over the majority of
the surface of the polishing media.
Wafer carrier arm 21 suspends a semiconductor wafer
25 over the polishing media surface. A wafer carrier is
connected to wafer carrier arm 21. The wafer carrier is
an assembly for holding the semiconductor wafer prcocess
side down and maintaining a surface of the semiconductor
wafer planar to the surface of the polishing media during
30 the polishing process. Wafer carrier arm 21 applies a
user-selectable downforce onto the polishing media
surface. 1In general, wafer carrier arm 21 is capable of
rotary motion as well as a linear motion. The
semiconductor wafer is held onto the wafer carrier by
35 wvacuum. Wafer carrier arm 21 has a first input and a

second input.



Polishing nmedia 33 is placed on platen 12. Typically, polishing nedia 33 is
attached to platen 12 using a pressure sensitive adhesive. Polishing nedia
" 33 provides 15 a suitable surface upon which to introduce a pol Beaw2003
chenmi stry. Polishing nedia 33 provides for chemcal transport and

m cro-conpliance for both global and | ocal wafer surface irregularities.
Typically, polishing nmedia 33 is a pol yurethane pad, which is conpliant and
i ncludes 20 smal | perforations or annul ar groves throughout the exposed
surface to ai dVarwhegesrdatransibris Laradwm ass:smrbelyf@zl vafmects to waf er

carrier ar”&gﬁrlé?fékﬁr¥§sse@?édu§ LoV g5 f? ?@QQ?%&8§5¥%%h whi ch to

rotate sem conduct or ef 41°Tn refation 1o rrier assenbly
34 al so put%O%tﬁ@hﬁmﬁﬁﬁuwﬁr@%e@nf@énV%ﬁﬁﬁu@%%kum@?%rthq vafevl d it agai nst

pol i shing neghai83. Aramben &@Q&r§@@ﬂﬂioaié0M§tU§§ﬁu99@&r9f|deéguﬁﬁl0” of

carrier assenbl 34. Carrjer.as 34 includes vacuum a as pat hways
o oS Rt ety et LEDEE B R T p e o S Fony RgbaR Al pas pathvay

sem conduct¥acwath egeddraand épepassenpcnmdu@mmecmedeto4ﬂhafferst
pl anari zati g ué”oﬁewgéarrcgéfié?r S?Pb'ys%évbs g §é99§d8£8v9§8¥'99

angul ar conpénsati on rer-arm cannot Fin e sur f
senlconduct%@smb@evaﬁﬁreﬁaé¥+9rp@éma?lt%°¥h@a§%rs%3¢9Eé°6faﬁ%ﬁrshhﬁg medi a

33. Pl anar ﬁp@ﬁ@@izgei@ﬁeﬂst8@m§yé{@ceST@é §§g19@nﬂy§&0ﬁs@af@6 Bdtand
pO|IShI%g media 33 is essent a* § % i shin unlfornlt% é e of

carri er 3@r%®§u§%0%n9t9§s%ﬁﬁ y+34 that %%ﬁ%%ngﬁféggf }aﬁﬁﬁh? ion
d|fferencest@etm&enolhEhQOWashrngrsﬂiiacesIalhmmsmbedlmenduofoCMmafer 41 to

ncline Treebyy iy relal onsto.caTELET T IL2Ly SerLogpdueyop vaber 41

contacting pol1shihg med oFces carrier asse 4°toIncline to a
posi ti on wheteregent woSeavparesvar &9phapaant bnppe éﬁb@ﬁ@?edchprﬁer ring 35

and carrierpft} 3@ 565Pe6t hM8! ¥nTr 6LEbAL aBgnhetdegepbcondustebnaf er 41
during.the O|IS ggwgrocess Carrlernéing 35, as it name inplies, 10 is a

ring h |ng BRCF nR feheCeFT5pPr 0kPnétely equal to the diameter of
sem conduct or vdretitilonife armgl8 sisommedtted dpplaran eabossevd| end4.

Carri er ri”&f?%c@ kgﬂﬁtﬁeg‘QBPQHEEOBf“@BSrpéi QﬂﬁﬁgnﬁEPEQ"yI% afarrier

assenbly 34 an ysically constrains sem con ucto rom 15 novi ng
laterally. %ﬁ?@@é@eFFlﬁf36°F§lEl@6Hﬁ6néﬁW of/ t RBesappBrtvst OBt ure of

carrier assenbbyrsf. iSaBEhfh nnhahaﬁypé@beQStaesyﬁi@é@ef@f sgai conduct or
table fricti char,a otation due

waf er C rev
to slléﬁagep?ﬁl? ta7i BRtd- ca ?e?pgggeﬁ% Fna g?ﬁﬁgPFzéPion. I'n
addi ti on, t@eaﬂaraceosé|th9|§o$hsghhbymedmplBanfaas an aadlablehEO

pl anari zat | 06nPLACESS. 0PNEhLI ARERG -8R 18118:8nt EABSLALLAN GEChENi s L hat
noves a pad conditioni ng assenb gge npri sing pad conditioner cougllng 31

and end ef f eeeBPF1RY V?éﬁ?étVeQF pBQF?Fbﬁg(HﬁéysFF8ﬁ1Wﬁ@lécﬁﬁv hgol'i shi ng

process) toend effector moves from an outer area to an inner area.

25 The abrasive end effector planarizes the polishing media
surface and cleans and roughens the surface to aid in
chemical transport. Conditioning arm 18 typically is
capable of both rotational and translational motion. The
pressure or downforce that the end effector applies to the

30 surface of the polishing media is controlled by
conditioning arm 18,

DI water valve 22 has an input connected to a DI water
source and an output connected to an input of spray bar
23. Spray bar 23 includes a series of spray nozzles that

35 are angled to remove material from the polishing media
surface. Activating DI water valve 22 enables water to
flow to spray bar 23 and out of the spray nozzles. Spray



contact of a surface of polishing nedia 33. Conditioning arm 18 provi des
both |l ateral and up/down novenent of the pad conditioning assenbly. Pad

" conditioner coupling 31 connects to conditioning arm 18. End ef 8éday 2683
connects 30 to pad conditioner coupling 31. A notor (not shown) rotates pad
conditioner coupling 31 and end effectorg 32. Conditioning arm 18 cannot
consistently bring the surface of end effector 32 co-planar to the surface
of polishing nmedia 33. Pad conditioner coupling 31 provides 35 angul ar
conpl i ance barnBBnéal owantadr asnyea sus f aseent p@ﬁlemiegtgluﬁiycanplanar to

abr asi ve sprasec 30 RRatBENg {opSHibRehe PRALEORChE B THLPLACEES. ( 20e of
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consi st ency®" ghttar<realttBhsCare EEngf?l & 15 TRAPErEttPe® 1t is
wel | known @harleheasaembbf Béacei oarryprcalhg Bhereasesrwprhitémpébat ure.

In chem cal jggchanigabophababkzakeen. sihe tappesaiuie ehrthe pl anarization
process is held within a_certain range o control the rat§%15 of reactlon

The te&ﬁerafﬁ?euﬁgsCBnPPeFFEHnBymﬁ@é chBAGRINS8MOPREE éXchanB8Rt3s is
connected texphahear128fornbiokh éeelosgrandscool ing. For exanple when

first starting a ye %}e{n%o}l dor af rlgef éa(%nellé rg%é?g@effturngfcali% such

approxi mately roomtenp r'at ur e. XC eat’s
that the CMPopishbeéng medapovs aSpaeaecbed1hedphﬁhﬁnuhitEﬁpega@ure to ensure

a ”‘n'”U”‘CB?Q&Qéker§éﬁ5h€ﬂvé358h8§99és BYPicALhY mB&2L 8%Chapgyere38 uses
ethylene glycol 'as the tenperature transport/control mechanismto heat or

cool plfaten 1?“l§3bﬁﬁnﬁPﬁ§a§8cHE§§|VﬁlﬁﬁfEPSlPHFSG@ﬁeaacﬁéﬁFéanﬁechanlcal
pl anari zat i ORefpl 6€E€$S ppedueﬁsnbemédlﬁos3epaaphaescabtleheassembly 34

retains heat  oFLexall g e LeReal uLe Bt (Ul £l bhe) CNB) prggespegGour s

i ncreases the ra g of enlca reaction 12407
exchanger 3@a38reﬁ§ufe§ethaFGGHéacmPlssoce§¥pﬂ§a%éVemPalpﬁédéﬂeﬁﬁﬁﬁéd

naXInun1tenpgrggugepgmghrghggng ﬁB&'”uHhEﬁaQEIQmeilaﬁt gxeeededygMachi ne
nount s _37 ra|3féchen1 nmecha anari zation tool 11 ab ve fl oor |evel
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Carrier assembly 34 connects to wafer carrier arm 21.
Carrier assembly 34 provides a foundation with which to
rotate semiconductor wafer 41 in relation to platen 12.

25 Carrier assembly 34 also puts a downward force on
semiconductor wafer 41 to hold it against polishing media
33. A motor (not shown) allows user controlled rotation
of carrier assembly 34. Carrier assembly 34 includes
vacuum and gas pathways to hold semiconductor wafer 41

30 during planarization, profile semiconductor wafer 41, and
eject semiconductor wafer 41 after planarization.

In general, carrier assembly 34 is designed to provide
angular compensation. Carrier arm 21 cannot bring the
surface of semiconductor wafer 41 exactly planar to the

35 surface of polishing media 33. Planar contact between the
surfaces of semiconductor wafer 41 and polishing media 33

is essential to polishing uniformity. One type of carrier



30 May 2003 11 feature to level CMP tool 11 and are designed to absorb or

i solate vibrations. Chem cal nechanical planarization tool 11 is housed in
an enclosure 39. As stated previously, the CVP process 5 uses 30 Mayi2093
materials potentially harnful to humans and the environnent. Enclosure 39
prevents the escape of particul ates and cchem cal vapors. Al noving
el ements of CVMP tool 11 are housed within enclosure 39 to prevent injury.
10 Operation of chem cal mechanical planarization tool 11 is described
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35 condfrai hs senitondecidy wafEpndl SEaReBeT yaRRr PRENLRERCcRIBRLcBPri er

assenbly 34¢n304Mihdtct NPEt s¥al ¥6nddct Srewabbedat 0 prewi dengl usry to punp
15. Punmp 15 provides the slurry to dlsPen§§ baé manifold 16 Tgfislurry
Yo’ di speh

flows througtPeFSheRskC haf T Finf f 3F 818 EELBEr T199wRRr 8110 F s
del i vered tgeemheostuntace wafpol ishcogecapdrac8BlyPeoi odircakkyas88mdéyoni zed

d teethe : . Y )
vater valvesd3hg ng%ggg{;z}g{%%am&egewaeHggggﬁpﬁﬁsr 8 #Zoho

di spl ace the slurr fromdrying, | I ng, or agglonerating
in di spénsembuing Batauyl2po3 Gariyer ThélWoBPohsop pPEPEASRD &f dENEn

di stributing,tperpokishibpgreheri shiyithr augbaplyt Be, suchaeeeof £pohi Shi ng
medi a 33. Typica slurry is_delivered constant te Bhroughout t he

|1y, ' t a
pol i shi ng BEE§§?¥5avﬁF§F¥E§rFPErSQWhFﬁﬁgPﬁgﬁrrg? Fﬁs4ﬁowétposition over
pol i shing neditaBBe Yaletioarli ehaarnotl2tiptacesteeprevadtcrorapaber 41 in

contact w tﬁug%sg&@g Jadl 2,331 (REbLCE oaB3eHbLY. 3d<BhOYL0SS BNgUhET
conpensati on_ Thereby _Fa I'ng the surface of sem conductor wafer 41 Copl anar
to 10 2% sBifaesisptpeni shiRgaABdracB3. tPel FaRFAGIchéMMsiPy SeoFBFSY

pol i shing nedhpl8ant\VEeancakki €6 8he 2laputs-dewshopeecessseni conduct or
wafer 41 to pro i

te friction_between the sl|ur and 1 conduc waf er 41.
Pol i shi ng nedi a %%gfgl%%ﬁ?%n%ﬁmf£§ iﬁeﬁi%ﬁfn?;%ﬁéﬁgrﬁggkgg gﬁl%@éﬁ 15
chemi cal s ofhotvhe sl prdycbodikdwndnderssembdyndanpor shabePadl even though it
i's being pr@éﬁ@@g%%ﬁbgsgghgﬁiﬂglBﬁhbﬂa uedi arrA3cheatobyirlds supeish the

system_heat exchanger anges from heating RLaten 12 to cooling platen
12 to &ntrBPsikécpat@vay ERem &aF pehéiFoRCl1shing process) to

contact of a surface of polishing media 33. Conditioning
arm 18 provides both lateral and up/down movement of the
pad conditioning assembly. Pad conditioner coupling 31
connects to conditioning arm 18. End effector 32 connects
30 to pad conditioner coupling 31. A motor (not shown)
rotates pad conditioner coupling 31 and end effector 32.
Conditioning arm 18 cannot consistently bring the
surface of end effector 32 co-planar to the surface of
polishing media 33. Pad conditioner coupling 31 provides
35 angular compliance to maintain an abrasive surface of end
effector 32 co-planar to the surface of polishing media 33

during a pad conditioning process. The abrasive surface



20 I't should be noted that it was previously stated that platen 12 is
placed in notion in relation to sem conductor wafer'91 for nechanica
pol i shing. Conversely, platen 12 could be in a fixed position a0 May 2063
assenbly 34 could be placed in rotational, orbital, or translational
motion. 25 In general, both platen 12 apg carrier assenbly 34 are both in
notion to aid in mechanical planarization. Uniformty of the chem cal
mechani cal planarization process is maintained by periodically conditioning
pol ;shi ng @ﬂi@@%f@@épmz _1&|i|blzéildﬂé§\/tﬂ$e b@ffﬂcd\ﬁcﬁ@rp@ﬁimrh@mé@ia
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t he pad congk¢honig8g P8OCeBSat 20xERERGEr N8 baskcbnEt€ed2tovai etenalei er

arm?21 lifts carrjer, assenbl 9 frompolishin ia 3 ter e chem ca
mechani cal %?5ﬁ%?#9a??% l%?o%%gsc?%?%%ﬁble %ﬁ.g§é$§%gta§??ér§5F%?21 noves
senm conductotanaiey dlwaben peedéoerpilardrarehiforthechmrpgravaterigarrier

arm 21 25 t r89Yﬁ§téf?19eaﬁu€é e¥afgre4l hoaf PRELLAGE-f 98 HBLEading.
Vacuum generator 20 is then disabled and servo valve 197is opened providing

gas to%lar rPeRtaRsbAbFYCRAThAT eFREt CHRePPBFPERHSsBRPEBNBUCt or wafer 41.
FIG 3 is apsédete¥rfinell nonpaorntempepptusengoaepadrd0acabdimtaner

coupling 58 . en fect 7 ad_condj L co LN ri ses
shoul der sc?§§§l§8} 5%?§%%§SbgéF?nagggg?'a g%gkggf%YétggéE,8§§§8§§QE3, a
wave spring384usaadebhylenei agyppat @assbheEhgmpefacude 57 has an abrasive

surface foryabragdbpg/8oatEbaCReBhadiBRl t8NhBAL 38rMBEbLE. pERLegf foct Or 57
periodically requires replacenent. The design of_ pad conditjoner coupling
58 al | @k rébpalng succeg81ve wafers througg a chemica mechanlcai
planarization process produces heat, for example, carrier
assembly 34 retains heat. Elevating the temperature at
which the CMP process occurs increases the rate of
chemical reaction. Cooling platen 12 via heat exchanger
30 38 ensures that the CMP process is below a predetermined
maximum temperature such that a maximum reaction is not
exceeded.
Machine mounts 37 raise chemical mechanical
planarization tool 11 above floor level to allow floor
35 mounted drip pans where they are not integral to the

polishing tool. Machine mounts 37 also have an adjustable



30 May 2003 14 renoval and repl acenent of end effector 57 during schedul ed
mai nt enance of a CVP tool. Ideally, pad conditioner coupling 58 is both

" torque rigid and angularly conpliant. A notor rotates pad 5 congdDtM&y2003
coupling 58 during a pad conditioning process. Torque rigidity of pad
conditioner coupling 58 ensures that thejtorque of the notor is transferred
directly into the pad conditioning process that abrades the polishing nedia
surface. Applying the torque consistently to end 10 effector 57 in the pad
condi ti oni nfeptocesso alé¢oas e sost aLk dmd berabdaseshed end yalassissot he
entire surfa gglaéggy#g£a89$?£|ance of pad conditioner coupling 58
conpensat es for angular differences between the plane of the abrasive
surface of end @fdEctdr Bl cde Pplag iorati®n Heoslur¥lades dfousrd pl i shi ng
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and bend|nglﬂnnéﬂtrmhe@aﬂeﬁemdbéloner nougpe@gfse otdetact, snepscmnnnn
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surface of an end grabs or es”on Ishing nedi a Surface.
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t he p0|'Sh'ﬁﬁf@?dpéliEhihgCE@lh§U9M§i¥m§ﬁ£§BeS E@Qtrék@ﬁ§ﬁ§er358NbreOVer
the entire torgue nedia_is transferred

o et bR b P RE T ot 85a) PrefaterT tabd, LombErabt anroqahstng

rel ease. Thehem30aMayiZ200Bel5ltuprgubavs &rmnsimumedetotpad cendi whener

coupling 58 ES?H#E%”Q Eﬂeﬁlggﬁe&éeh?R?Egingl g?QEa€E8H”g Lhespad A

condi ti oner~coupl Fior ar | oner cou |ngs of t én
cat ast r ophi Barpy ﬁaPVeEnpihtgncé%dwhiﬁh Bubécﬁaééshhéy BafAst 3w LAstand t he

torque applbgd BY LheappRbRE1, TB@bE@Q1908Q|lhﬁ8§E £68RbhNg violently comes
i and roduce ext ensi ve do

apart i ch can_damage the CWP

repai r .““Pad co%jta Bn%?rléb%]bl?% %JB TS I%Ot%l%t%t%%%l?%%gmﬁT?rtorque of
the notor wéheut 41 al bgacedOabr adpradeteBhboukdepostténs . 50Tbonmectust ati ¢
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coupling 58, shoulder screws 50 are nmade_ of 400-series stainless steel or
other high 3frengeRriBEcPPAPEPLHaPai8 PHPERGFOLS Semiconductor wafer

41 and moved such that a surface of carrier assembly

25 contacts the unprocessed side of semiconductor wafer 41.
Both the vacuum and carrier ring 36 hold semiconductor
wafer 41 to the surface of carrier assembly 34. Carrier
ring 35 constrains semiconductor wafer 41 centrally on the
surface of carrier assembly 34.

30 Multi-input valve 14 is enabkled to provide slurry to
pump 15. Pump 15 provides the slurry to dispense bar
manifold 16. The slurry flows through dispense bar
manifold 16 to dispense bar 17 where it is delivered to
the surface of polishing media 33. Periodically,

35 deionized water valve 13 is opened to provide water
through dispense bar 17 to displace the slurry to prevent

it from drying, settling, or agglomerating in dispense bar



15 to a chem cal mechanical planarization environnment. An opening is fornmed
in static plate 52 for each shoul der screw. Correspondi ng t hreaded openi ngs
are forned in floating plate 55. Each shoul der screw is placed 3tMayw20Gkh
opening in static plate 52 and screwed to a 20 correspondi ng threaded
opening in floating plate 55. The shaft ijbength of shoul der screws 50
determ nes the maxi num di stance between static plate 52 and floating plate
55. The heads of shoul der screws 50 have a | arger dianmeter than the
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angul ar conpli ance” of condi tioner coupling 58. The angufar conpliance
of pad condF?PbﬁePecéﬂpﬁlﬁgxgé HPFohsOPhandbFasFversaFFaBR1Yf 34ngo8tfect or

57 to be CObQIpmaeemn&h 3@thh§oﬁ9hlSkaQtﬁEﬁ'arsﬂkéﬁgeaﬂubhag tbeipad
conditi n rocess1 % %b g g% cogprlses a first A surface and a
second NsHPPSEE. SP] CPBF £8 i S?HEaeFrSﬁFﬁm faffhat is
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pl anari zation egyj 9 SHCthaScRansLy ! flophaloless sheel.pigall et Ts
formed centrally on t irst j or sur ace e co Is a clanp that
process is malntalned by periodically condltlonlng

polishing media 33. CMP tool 11 achieves better wafer

30 polishing uniformity than currently available CMP tools
used in the semiconductor industry. In particular, CMP
tool 11 allows an insitu pad conditioning process which
takes place during the semiconductor wafer polishing
process. Furthermore, CMP tool 11 produces a more uniform

35 flat polishing media surface at a lower cost and reduced
tool downtime with a pad conditioning coupling and end

effector described hereinbelow in more detail. Insitu pad



30 May 2003 17 connects to a notor shaft for rotating pad conditioner
coupling 58. Screws 53 acts to tighten the collet around the notor shaft.
In an enbodi nment of static plate 52, the major surfaces are cir8uMay 2008
second maj or surface of 5 static plate 52 is a support structure for wave
spring 54. Wave spring 54 is placed betygen static plate 52 and fl oating
plate 55. The side profile of wave spring 54 shows a sonewhat sinusoidal
shape havi ng upper and | ower peaks for respectively contacting static plate
52 and 10 fdeertiitienilraf & rifre oA D praficaw tofr MRS EPIHN G 159wt ihgshow a

rom | oat ATt R Bt b b oa Ao Weeh "t der AeYaw i o
| ess than titse mdirst ancief dyet veeeh caom aipyrem tared rlapnweraqieale ffr vieeve spring 15
54. Thus, ﬁ%w]qssf@a Uhd | MGRIMLLSSEh A SNOUA SRV A0, are [ ast ened

to floatin ate 5 I'n an e . condi t1oner” coupling 58, wave
spring 59 itdGrade fitemar jrngsneaitte P istdHisnarse ftadell opri WP et @i . Wave
spring gg rzllxlawasa, ditade gi_ae:_xiirbxt fhe:npenfi,Z%rggmﬁﬁabwrﬂm :fmlcael&s,«s Fe%a_fc’;ﬁ, mve
spring al | ows pad. condi ti.oner .cquplin 0 be angul.ar conpl i ant en
25d condi t EHOTRISUAI g IS § B BHITEIHE dover e i at (HE SRl Tl or
surface of oft athee qiiledre & icenon-pariald elhd edlhiestsiurd geeoadsg,he pol i shing

medi a. Vave, ﬂﬂ%ﬁ%{}%&ﬁﬁ&%ﬁﬂ{ﬁeﬁ%{%&%@%né t:ﬂgﬂ'ﬂs‘hé:z%r{‘cac& planarity

bet ween the abrasive surface of en ace of the
pol i shitfg rreidita. tise Qi s =it PB4 3§ ows! Bufgniti enieHonf orce to be
applied to ahEanNdind QT SOUR) inkH 58 Sorfdde feth LONY tdrgdd digePr ocess.
The desi gn of Jave spri£g 30 54 ensuyr.es ttht bot h the][%m uI]Qr cor | i ance
and downf orEF i g | HE et© Toret requt et ONPTE5s have
spring 54 ithd ipwdrsvindg nedipeqtldamedi stncey dar pat tiswmablaedhecd orce

required tQ GONPrass YeVESAL N Bh | AFTRASES, 1N dB & ided Sy000pr essed.

Thus, the m'nirfum 35 force to conpress the initial distance occurs when end

ef fect 5P 57N it TRCHMESCROMT i it RIF T HS e SHl Tyt nBiF 2 Cermi’s 1€ deal
conpl 1 Bt Uhen. end ST ector BT fiier cantate Tho pol LS g modl s L8
conpl i ant en end e tor irst caontacts the polishin [ 0
achi eve co\-l%%rnra?rijtil.a%g%‘?tk%n%lrsﬁf%?scee < afpiltl‘%am?%p%r}%an% efg rg%%%/e
renoval of adiel goimaniiremt st reswneved foonspihay e cohdier brg vidierpad

polishing praeess: &siNglpréSed®, planarize the polishing nedia. The |inear
spring_constant of wave spring 54 allows this additional force to be

appl i ed% o pad ReFsditivherr God® ifnd 5& witHGh CHusiSiy Tohtdet! HetSween
static pl ateabRiandadsaatbiyng3pl Bt@m5o0lishing media 33 after the

chemical mechanical planarization process is completed.
Wafer carrier arm 21 moves semiconductor wafer 41 to a
predetermined area for cleaning. Wafer carrier arm 21
25 then moves semiconductor wafer 41 to a position for
unloading. Vacuum generator 20 is then disabled and servo
valve 19 1is opened providing gas to carrier assembly 34 to
eject the polished semiconductor wafer 41.
FIG. 3 is a side view of components comprising a pad
30 conditioner coupling 58 and an end effector 57. Pad
conditioner coupling 58 comprises shoulder screws 50,
polymer bearings 51, a static plate 52, screws 53, a wave
spring 54, and a flcating plate 55. End effector 57 has
an abrasive surface for abrading a surface of a polishing
35 media. End effector 57 periodically requires replacement.

The design of pad conditioner coupling 58 allows rapid



10 A coil or conpression spring is not suitable for pad conditioner
coupling 58. For exanple, the coils of a conpression spring would have to
be approximately 0.32 centineters in dianeter to provide sinlag0May2003
conpression characteristics. The conpression spring would be larger, 15
heavi er, and woul d cause a reduction injangul ar conpliance. Moreover,
additional parts would be required (nore conpl ex) having nore wear points
whi ch woul d generate nore particul ates thus contam nating the CW

envi lronrrentrerhdwaﬂcﬁr}icﬂ Offe p Y& e YT £ Xe 1 St ot oo L dnfrﬂ@g m)(rje di ffi cgl t
to clean at ate 55 co |rst maj or surface and a secon
maj or surfacfa}1 éllhnpecglr?ajtntf%jaorcsu? ace&\g% (foatl ng pI ate 55 is a support
structure for aealsly,i mpdb4ornfig iseeond avlomss b dce koftlf Itoatdury pl ate 55

5 325 sunpagia staaciyse Lory enshS 186 0T BTnoldk ARoestiodi grat of pad

condi tigner coupling 5 g.plate 557s circular.in s Fl oati ng
pl ate 58 |scqu<?¥f‘é’o°1??’6n‘¥%1u973a%%gl § dwatng <2 rﬁ%‘ér‘?%lnqhytls‘?%rh% %ﬁ?ic‘%l%%s not

corrode Ig'ﬁaﬁdﬂﬁéﬂl J_eajlcﬂrﬂqlham %édpi@rﬁtgi%i?ﬁ?ﬂ%%ﬁwli@@ﬂ@meﬁmfe&ﬁ 30OI
passi vat e nl.ess_stee e-side ilmb56.is used. 1o tach_en

D oct o SEHa (Y ERe FoRTIT b it TRUET b e r el ket SRREFVE on
bot h si des tﬁetwﬁﬁf¢¢mmltxmmﬂmgsprmmb$$ImmSB dlsrzdepl thetpobishiagds in the
pad conditi @?@@ b VEL Ye tached to
t he secondlﬁgﬂgg %%? §§% oﬁé?§P%f¢§g§% ate %&Q1?§n % ould ge ﬁ%te t hat

doubl el18i dREFFHRT s5hotn perraptht F9N & & bRbR tRF OC8DS M1 209319 1 oati ng
plate 55 btﬁursadf@n@&a@@@oﬂme@«de@iie@&@mé%?tmé é@@iﬁ@eglurfa\deeffector

57 conprises a ar_surf e and (%a5|v surf ace,. ;ran odi nent of
pad conditione Q?qgﬁﬁNQQQf NG P oML B 1Y U 1 Thape. The
pl anar surfeoeressat ¢ached amgmh@re&pbs@deedaesbeewsemfehe piadeudfe- si ded
film56. Thﬁhéb£@§é¥§véuééﬁ§§c@fo@ngnéféﬁféé%o§757SaHéeghé %§§£§d§fthe

pol i shing medi a during pad conditioni ng process. ernative to
adhesi vei y %ﬁ?a%%?ﬁ@c%nﬂfe??%c@%%l%bl?% W?%éflﬂ@1%¥af% s%nF§05 pre’s fit.
An area forawmeim nguemicefcﬁecém Sbrestdorvrdand the seepadesorfane of

flloating plate: 951 dhee 81 £3,L00LL 03I 00 PL At £ 8o hesbapedoshibl prato the

pl anar surface 0 eS| ned " Tor an i érence
fit when enfo epafécmmdstzwxsezpre@@ebllmt@8f|o@@rmgalpam*ey%f & 4 is atop

view of stalypfa Pl esprhbbUstrah@detfeFt G 37 THe LR ¥hevniblysteates the
C|rcular shape of static, plate 52, a collet 61, shoul der screw holes 62,

and 2028ccee! h%men@Sme@b?l%Frhﬂgl%h%eﬂ??aFP9d+Bh%Peﬂglﬂrg?aﬁﬁc pl ate 52.
An openi ng iscfossed tHeC@hiEbrrﬁitszdﬁfrerlél a{bﬂ@sa@ﬁi botidreguatbpgor shaft.

Shoul der scrf%éggles 6$ gg i & on&g&trigg% %;ougglgmﬁensrlphery of

static pIate ace 'S Sy Fica | ance static 25
plate 52 |sumbf%¥@HtYA@©b@§ﬁe@ %@@%Fﬁ@deﬁb@rsﬁeﬁﬁy iscpeesssfpé f#n each of

the shoul deresGIEVWLROLRS B2t t AECESSpALLE %631@5119%? Aeli98l stierheepl aced
thr OUQI} static Clpyplcally,f Okgottl't]epa[ rrga/r? 1t10r?£xd ceoupelC{r?tg 555 o Fil.l% 3.
polishing media are rotating during a pad conditioning
process. The motor driving the polishing media places a
significant amcount of torque, shear, and bending moment on
pad conditioner coupling 58. In fact, one common failure
30 mode for a pad conditioner coupling occurs when the
abrasive surface of an end effector grabs or catches on
the polishing media surface. Prior art, pad conditioner
couplings often chatter, galling the surface of the
polishing media if it continuously catches and releases.
35 Moreover, the entire torque of the motor driving the
polishing media is transferred to pad conditioner coupling

58 if end effector 57 grabs and does not release. The



FIG 5 is a cross-sectional side view of static plate 30 52 of FIG 4. A
retaining lip 64 is formed on the outer edge of the second major surface of
" static plate 52, Retaining lip 64 is a retaining structure for geWagR0089
54. Wave spring 54 of FIG 3 has an outer dianeter smaller than the 1 nner
di aneter of retaining lip 64. Wave 35 spging 54 (FIG 3) fits within
retaining lip 64. The upper peaks of wave spring 54 (FIG 3) contacts the
second maj or surface of static plate 52. Retaining lip 64 30 May 2003 20

prevents wayerSps i Ng @aﬁﬂ&r& ﬁcﬁ opsncexwmﬁm:gomhtwcb@bum@cmt ably
(increase in o &r di arrlneter%W %Q q? resrsed FI.G 6 |s atop
Viow of 1 ot e pds e e el ! Pl d Rt SFFtha R the
circul ar shap%dntl¢m©®1¢@@pbi@geaﬁﬁﬁ arP upperaretpadi agndipi @Bert hr eaded

open'ngs'Tkoﬁgﬁaﬁ§%€%¥%%th%€ag roéﬁ$@gli§tﬁgpinghltﬁa§3c¢§d{@{@@d around

the circunference of floatin ate for  retalning wave sprin 54 of FIG

3. Thr eadePPRMFhgshed QQn%%Fr%%ERﬁﬁPQ% t%%dt¢¥%%euﬁpﬁ}%%ds%bu¢ screw
hol es 62 ofmdttdx. 4. TH@rp@@e@oxﬁ)@ﬂmd&g@r 7do@5|5.'611¢@nﬁwlém‘@ﬁﬂ/|¢’or@é§0&1§|afl@ar t he

periphery of floatin n|n 71 are tapped to a screw
t hr ead patt%?%c}én%la?e% T@%esﬁ%%lgkg %%?Jcej ‘l‘:‘f%eéteﬂ‘?\fg%ded hol e 72
is 15 deS|gﬁ@@ht:maofdrarepaEM/th@@ ¢sn@sbdom@rrequbln@dSinecable57 of

FIG 3. Foreg éﬁéef'uAF]? ﬂ% é‘%?“ﬁﬁe'ﬁoé&f%‘?@hb@t%‘éﬁf&@é‘ hol e

72. The Iength aft of aded fastener 1s greater than the
t hi ckné$s o‘?rf‘li%f&%g?lg plate 55. An Allen wench is 20 inserted through

access hol e 63 sfolflder %é@ﬁ&%ﬂd@hé@%ﬁmtwe aswl sl vensedh idar ough
floating plate 55..The_Allen gose _en ef fect or

eaded d
57 of FIG B &5°the: Al T2n HeaRY f‘&%?tén%f %?(?eﬁagdfﬁ%ﬁb%gf?%‘é? no%pl ate 55
al l owi ng fo%8i tshoapddrreopeat ahdald mapgeactnehf-seres7stginless

cross-sectignaly side vigw Qf f| 0akLy fh€erPaft ELGE QreTbﬁpeﬁVloﬁed

|
cross-sectional side view IF USt rat egtﬂ per retal ni ng rea
openi ng$ 71t° ahdchenbget @%@%ﬁﬁ%ﬁ@llPbaqﬂrl£%bé?nr%@&%ﬁ?ﬁ@ePFp 730 s 30

formed on t@@e@uﬁ@rlgdg@rﬂédfLﬂaétélglellawt5552Up@ereaehasnbagdérp 73 is a
retaining structure.for wave sp Eﬁ ?aﬁ?éﬁve spring 54 3 has an
3

out er d|ane?%reshal?%Fr?ﬁ%ﬂn?ﬁeg nek &7 ?Su%ﬁ%rgorT% nlng lip 73.
Wave springfbdath@ pBytéi 5. wi EaAch shpeideet acnéviglsi pld8sed3thTheghower

peaks of waa@eégéhﬂﬂg5ﬂn(51£% 18)peentasy Lhe Lbeshedmiorasurface of

floating plat retaining | g prevents, wave sg |ng 54 éFIG. 3)
from %0 Nﬁ@r@@@@ogglng threaded ope 1ng 1n floating plate

shaft length of shoulder screws 50 determines the maximum
distance between static plate 52 and floating plate 55.
The heads of shoulder screws 50 have a larger diameter
than the openings formed in static plate 52 to retain

25 static plate 52. Since static plate 52 and flcating plate
55 are not rigidly fastened to one another they can move
freely (in a vertical direction) to attain a non-coplanar
attitude in relation to one another. This free movement
allows pad conditioner coupling 58 to be angularly

30 compliant to maintain end effector 57 co-planar to a
polishing media surface.

From a rotational perspective, the positional
relationship between static plate 52 and floating plate 55
is fixed by shoulder screws 50 making pad conditioner

35 coupling 58 torque rigid. In general, the motor is chosen
to have sufficient torque to eventually break free should
end effector 57 grab the polishing media. The design is



expandi ng outward unacceptably (increase in outer diameter) as it is being
conpressed. Shoul der screws 50 of FIG 3 screw into 'threaded openings 71.
~ The threaded portion of shoulder screws 50 5 (FIG 3) has a | eng0Mhg2603
than the thickness of floating plate 55. Thus, shoul der screws 50 (FIG 3)
do not extend through floating plate 555¢gLower retaining lip 74 is al so
formed on the outer edge of floating plate 55. Double-sided film56 of FIG
3 10 is adhesively attached to the second maj or surface of floating plate
35 bFnd e;f§£$@?157oﬁfhEﬁ&iiBgaﬂhE§h§6£ub§téﬁtheslyng@&texpﬂﬁsddshfs of
oubl e-si de 1lm56 (FI 3 Lower re Lip_74 retapn nd effector
57 (FIG 3) ?F%nmﬁn9|%5p? %h]f afln%a%%g% i Peitng $§,B?§e 15
di anet er ofC@ﬂdléi@&@toCOEFl(F@Cﬁ83}8cahlmend@%dgw@dcmoprawehhserference
fiv with | ouepakebal BpOcbbP ddunEifloclhaciohasd. (FIG 3 [s then press fit

to the second mpjor surface and Is retained without the need of

doubl e- $i ded fIR%wJ( Reary)gs 2h Pyew P aldndi ¢ ot EStpl i ng 58
and end effgcf@wSSBOOfrEthaﬁlh@ aonassenbied statec ﬁBQtGOBdltiMBEél
coupling 58 [of0) es.38 e, b2 yersprin floatin | ate 55,
pol ymer bearlng§{ “gh u?%ewggg lncgﬁggand s%#eag %%d gg g Qﬁa 54 is
pl aced bet weentR§ soatactpraGGOBS hﬁUWéEOastﬁglplBl@t655bu@ndoes not

protrude fr9ﬁbﬁb§e§eseygw§usbaceMe£a§ta&&elehésep§3du5@hy9§emb@ﬁélngs 50
are placed In openings_of static plate 52, shoul der. screw 1 s pl aced

t hr oughtYa p%P?H%FtbﬁaPﬂﬁgféﬁH éPEPlEhﬁlBPélSQl%ﬂdaFﬁgt%ﬁeHh?OCMPOEPPﬁg

plate 30 55pr5§§beﬂgn§aﬁhgé|dﬁrtﬁérQéﬁl5@n@@6ﬁbﬁsﬁ§§eﬁﬂbélﬁ§rIng 54 pl aci ng
a force on boi % t|c g&ate 5% and _f @ing p%ate %5 Ebubl S|ded filmb56
tPatto El 258

attaches en@® dondd ?Fﬁagﬁl paleEohEP ?lgn “coupl i ng 58

is designedfr@cmmDhsmandrsalmmhschcaselmpﬁdVﬁboastpnthepauem@ndﬂtioning
process. Thg.BRLANE9f pRAA EQEQtEanSEv9QHHhéHE 58okMpaghgithe tipping

nonent. In general, a_Tow ght I's desirable to mnjm ze 30 May 2003 22
t|pp|n&5nDnEﬁ%YE§E§é§159rPﬁEhVéPE§ tRAFEtan BeluPpri BE2ES"BReSapparatus via
t he rotatingegalrehhbglopdiaatPohothast elpaiineehdgt kopeteaotipli Bgarce

typically have h s,.th 5 At X .e, .pad
condltlonergg 8%&% ngggggﬁoFgaggﬁoSg%?%Oﬁspgﬁ8§e§$%8%d§gﬁgghﬁgg
appl i cati onphaseashei gachopoappeoxbaaréhyg 3sopieaendnens ﬂhﬁ@hnalloms

retrofittingsLpta &Hregakhx ﬁ!étéaébe egyi BHeBhbo&aheHEabiropggof the forces
that are placed on a pi. cal g% condi ti oni ng apparatus require design

fornul@CbtlFPE?hElﬁaﬁénﬁPéPélPBo se?@?émeéwpeééﬁﬁgﬁeﬁF§ PEPFSTfdhd second
vari abl es aﬁﬁtbhepbﬁﬁqge Fakineg andsceveakupiians per nhnuberekpanawher that

drives @ poLLaling.PLaten  TNe,BLALen. 8,85 URRYT bosthuet ie o the

pol i shi ng ne rirable 1's a“gear ox reduction unit which is
used to redB@éUFﬁé ﬁé@@FaPPoﬁélﬁﬁﬁ fEAGELE aﬂaFHe5§IEPeﬁaSTﬁ§r@°H?eln

efficiency kessesohntboirhokhengoboktandsgearbexahbat agheehdthenkaken into
accoungﬁgo B %ggg SI%QBEEC%G&%gCOV%%dg%IgnInglg%d gndltlonerjcoupllng 58.
A fourt
surface of floating plate 55 corresponds to the angular
compliance of pad conditioner coupling 58. The angular
compliance of pad conditioner coupling 58 allows the
abrasive surface of end effector 57 to be co-planar with
30 the polishing media surface during the pad conditioning
process.
Static plate 52 comprises a first major surface and a
second major surface. Static plate 52 is formed from a
material that is materially strong and does not corrode in
35 a chemical mechanical planarization environment such as
passivated stainless steel. A collet is formed centrally

on the first major surface. The collet is a clamp that



20 variable is the platen dianeter. Afifth variable is the coefficient of
sliding friction corresponding to end effector 57 noving agai nst the
polishing media. A sixth variable is the worstcase downforce apf0iMay 200pad
condi tioner coupling 58 during the pad conditioning 25 process. A final
design consideration is the dianeter ofyend effector 57. For exanpl e,
static plate 52 and floating plate 55 each have a dianeter of approxi mately
5 centinmeters for a 200 mllimeter sem conductor wafer application. The 5
centi et er cbhrameites Edlmmmoﬁmﬁféhﬂﬁﬂnfdﬁ)fﬂﬂ&tﬁn@apndfemmdfﬂfﬁnémr t he pad
condi t1on! g BOGEPS YLt Madsefs 4 TG £Ud Y. n%%{%ftq% (B8] e L RLOAOL @

insitu pad c ning during watfer polishi ove st ed
par amet er s, theanafend ntim flor quien | ara e ifesd trued s$1'€%t4<€)déﬂ¢f@e ot palehe

condi t i Onefm&fts&:o'édhgfé@e@a&r@ecﬁ?cﬁﬁéﬁm atred. sJé‘t?nch'rﬁ%ﬁéf‘gsﬁ@Pé@é &n naking
pad condltloner c gllng 58, torque rlgld are shoul der screws 50. Shoul der

SCrews B tinhoty O DRE VIRt £ o RV SreS® T t oF que and
si de | oadl ng Mé@fﬁn@fS@hﬁllpﬂHcé&rMé@if@lfatalQQﬁ)lmé|52TE&1®CI1

sem conduct ooyl ef MR BT OCesspay . ApDrox ApL el ¥e O, &, ceptinml ekp in

di aneter whic S|gn|f|can y over desi ghed for t tion.
Simlarly, %?mm d@rsw@v@t 591 hiasel dauf f$1tamth4wwdum@ag@rm®nlo‘a¢m

crO_SS_-secti s F SR S é@ﬁewléomﬁcﬂﬁn@ey@étfcpfspmé%ynﬂ%

anti ci oadj ng con tlgns Stati c, $ ate 52 and floatlng ﬁ f e 55 nust
be str g ﬂ@' ?ﬁ@g RHAresP3t dynamh ¢V FTBx? hg ' BYe pik hbh@nt ¢ béNur g under
all condi t i sisw dvmﬁfmmlmessmmpéactmav@fipmim@QSQIapp11®$cknﬁ65cestchatter
o AL SBfa i LLorer SPUPLTBgS Nk e [QUNLS Qo YLLALE, dup,

sllp/stlck act 1 on du I oni e’ Vi atlon 15
pr oduced val¢1wt1®n@f|fﬂ $1h@f‘ab®és¢@¢lho$hwlbd@bl$@h¢ngl$rebl¢as sthJac*ehﬂhl ch

reduced p0|d§§&§ﬁc@99é@wééﬁfgﬁ”ﬁ§ eﬁ“Qn@'ﬁ8ﬁéftyeafﬁoﬁﬁﬂéb@n§§rb§§e'nabOVe
the uniformty and anarlt%EP of pol i shi ng nedi a |rectl% acts the

uni for APty df - a SEWF coRdvet rh%?e? bb?n%o%% ?%ﬁ%ﬁ %ﬁe?h%hQ of i shing
nmedi a surf aseret as0 cape af esbe@nadde 6 | Pavavingl prtecd55havelia ahlckness of

appr ox et ey, Da e SenLLTBAg! Sol01: 2,200 SLLLL L oo sesonducton vafor O

process. The ness 1s Sel écted Ci ent
mass to danpemaddrbrevna PRePEnihedt eaDBlesprateoh ppobrennarepial.

elimnates the W$@g|g§rpﬁgb§mdppg probhess pgcause the §§&ected t hi ckness
to SOl?ﬁ t he f%rner ro lemis su%stantlall greater %han U|re to sol ve
e

the | atter Prioptehet* g RERETBhed %b?%?ha%% ®, SREVRIspPi SsBffes a dual
30 role. F|¢smd1mamnespcoug15AgpS&vtdebeaaggthartpnpbmphmensuwhenhaadend

ef fector STcheooPs,epPLAAar 149 SBe;PobLshbRg a5ha aun! afg. Segond, wave

spring 54 prevents static ron1co tactln oatlng plate 55 as
nore force $%C%%%Im@aoFosﬁéﬁaE%nﬂftFBﬁE%CCBh%F?nB SBSdG?PnﬁaFﬁé1§$ bad
Condltlonln@h@r@@§§§ceTb§ ﬁhérp§1@§h§ﬁgCﬁeﬁﬂﬂ cowatver shoingesangbher when

defini ng how wave spring 94 should R, fiede, A.cURromise petueen ggapl iance

abrasive surface of end effector 57 and the surface of the
polishing media. Second, wave spring 54 allows sufficient
downforce to be applied to pad conditioner coupling 58 for
the pad conditioning process. The design of wave spring

30 54 ensures that both the angular compliance and downforce
conditions are met. The force required to compress wave
spring 54 is linear with respect to distance. In
particular, the force required to compress wave spring 54
increases the more it is compressed. Thus, the minimum

35 force to compress the initial distance occurs when end
effector 57 first becomes compliant to the polishing

media. This is ideal since pad conditioner coupling 58 is



30 May 2003 24 first determ ned by selecting a nmaxi num angl e that pad
condi ti oner coupling 58 fust conpensate for in the CWP tool. For exanple,

" an angul ar conpliance requirement of 5 degrees or less is suitaB0MapR0G3P
tools currently used 5 to polish 200 m|linmeter sem conductor wafers. The 5
degree target was sel ected because a huggn trying to make the abrasive
surface of end effector 58 parallel to the polishing nedia by eyesight can
neet the 5 degree requirenent. 10 The nunber of inflection points in wave
spring 54 aﬁé@&t@n@@ﬁaﬁngU&@mppp@m&i@@@@ @ﬁdvéife@@oioﬁanﬂeétection under
downf or ce Ioadlngt_s pa ad_c gn I tioner . cou %% The bfst go | i ance

W t hout aII%&a%@ f atic %? 12529t TP?%@C {?%% %?a?ea%% en under
maxi mum antAqd pat @a 1 5 ¢ oaeli ng)aplslae:dlnmerdrwmihetii@rdszwestrﬂmmel of
inflection @W&”éént&%&ng%@gPfgsuP@PngofP% '@H@r 1Pb A 8Ge O8y f 95 £ 8y 200

mllineter seniconductor wafer CMP too |'ection points conprising
3 upper Si nfPeEisHhNPPRPICIHdES Yohkras nfe el%%’f‘%rb%)‘? ngie FT‘H?%S%PP%WS f or

symet ri calmefiand phandinéoadspging Eboeatamg @fam£v55spﬁ1mglaulon to
static plate, 52. The. hel%ﬁt of VE%%g ﬁ% 54 is Iated by taki ng t he

defined heightO%F PAES 3Rttt B2 ??% hp1 8293 0
centinetersqoa@dtswm¢ra@@umglm@eS&owbth@Utheagﬂisgo¢osta¢tcbptm@en52 and

floating platg: 23 Eﬁa@@d5£h da§96§81$€9p1§88'5§d defl ection for spring

prel oad. In an enbodi nment condi tioner coupling 58, the outer

di amet é0 of wave &P} mF mm&re?e%ﬂtqrauwng/ is9 A9t PrEraP B> B0 B3dat i ng
plate 55 whibgdtibeohanetodbarByesgi s conceRAnpLa) | yneesbiakned by shoul der

screws 30 50. The spring rate of ve S ng, 54 i s selec%eg t 9 ve a
cafety marof FBFC15 500 PO LA KPRl rBRT RuR? dBRntRP RS ARt F & DoSpad

condi ti onerceouphéngrénin pgadmebadi tPoproyipeosesslas Xompaeesspning 54 is
chosen SUChcﬂQ?écéé?iéﬁléé p'?ﬁ& 53m399?§i8§té£919§a&@u?&”ﬁécia9§€ran0ther

under a downforce one and tinmes 5X)." For “exanpl e, wave spring 54
conpri $°ng 59571¢¥¥s?%?nW@%%dsFééﬁelﬂ EBRUFELOR 1N38NHARY2P003 25 C/ CHI00, 5
centineter @@Mﬁlldh@@EtEMobéMVBg,3aMﬂ¥E$oﬁ§LXpaﬁfbeﬁbu06 pelﬂéthraad a

free helght of ap roxg §n%¥ centineters [ egy ui gs g L thlckness of
appr oxi mat e @ b 049 R ent XFEga gra UFatnPot"b 085 & nV|Hegers to neet 5
the safety qemgrateVﬁveesparhgcsgahasttbespcehbamedatcngptbgséuy under

qui escent CQHG&EbRHéntThEIHrQh@@glbﬂcrﬁé§@5 bhei1tat hguembh i ewehiwaue spring
54. The stress on wave sErln 'S calculated under maxi mum | oadi ng.

Cal cul #% ng"Phe 2dTfésulttahP aéFPéctlon will determine if wave spring 54 is
functional under1s@mximym]loed 59. cderfedés guerlide wdjoaveuspacagand i s

derived from EQSoﬁ&rrﬁﬁﬁo%a gHkatLon R”dkgkggsmgéo@gg@%b% Lgom a prel oad

to using maxi rum an enbo I'ren condi tToner coupling 58,
15 the preIﬁh@aéhnaapéa§9r5ﬁgl§4aaﬁpﬁﬂ8r§ é?épétprﬁefgreaﬁﬁﬁ sRaANE, 000, 000

whi ch neet85@r0dwﬁélQecbﬁeuméﬁsﬁngﬁrgae@roﬁaxuauahhgaguage By R@wai t shoul d
be appreciated that a chem ca nechanlg EL g i zation too

provi déd f oPUPReFFUSSEYFRHTEoABFt FBAI RGT waFBraBoFWgﬂBﬁBeBFocess
t hat of pad conditioner coupling 58, floatlng plate 55 is

circular in shape. Floating plate 55 is formed from a
material that is materially strong and does not corrode in
a chemical mechanical planarization environment such as

30 passivated stainless steel.

Double-sided film 56 is used to attach end effector 57
to floating plate 55. Double-sided film 56 has an
adhesive on both sides of the film. Double-sided film 56
is compliant which aids in the pad conditioning process.

35 Double-sided film 56 is adhesively attached to the second
major surface of floating plate 55. It should be noted
that double-sided film is not permanently attached to



i nproves the sem conductor wafer uniformty in a production environnment. A
pad conditioner coupling has been provided that is torque rigid and does
not twist, flex, bend, or chatter under worst case sem conduct 0B02Abay2063
pol i shing conditions. The pad conditioner coupling is also angul ar
conpliant such that an end effector maipntains coplanarity with a polishing
nmedi a surface during a pad conditioning process. A wave spring is used in
t he pad conditioner coupling for angular conpliance. 30 30 May 2003 26
CLAIMS 1. A Yt condelatomeds doutpl i 9grdnawi e banguitent exodipd £ Bexcteoangi7 t or que
rigidity conprj 'IEE @ a first support structure having a first najor
surface and a s condanhjor surface; a wave spring coupled to said second
maj or surface dndsgEifadton Sumsomristeud wlenaaishnf@ase spvd i havi ng an

upper peak and & JOVeIrPLAK; 1) 8565k SHRPOT &£ STLMCL KL havhpg a first
maj or surface co,uF)I ed to said wave spring and a second major surface; and a

pluraliPy df° Uer8 s cFehS FIRer ¥F P babh ShothtRY SerevfPe] sTR®ingly
ext ended t hpamgHr therfadsti Suppoadhdd b riled U o o f astientde t QuBface
correspondi i ng_ | he, second oft_structure.in order to vary an
angl e bet weé(;lﬂ C?Cﬁgbrﬂf??ss g%é\dﬁs%(‘:o%éc} sﬁ%g%r?g%??h‘(’: usr%rsf?%e p? ovide a tor gue
rigid and affiecroronplianeseddecordiadondre ROl Pshithe pedizoddr thoner

coupling ofp4d atdndi Mk ehd SAb&eddrst support structure, said wave spring,
and sai% second support structure are forned fromstainless steel. 25 3.

The padVcondi t FBh&LEFIRG NG d° AR S tafdrd FHALURMY ef &t 57
centrally locatBshtoingaptatée rss 1@ orpsesd acee of Smi slrdarsér support

structure. 4 The; pade conditionst souplipg.Qlsclgimd WOSLShNsyrsace
of floating plate 55. The area in floating plate 55 is
shaped similar to the planar surface of end effector 57
15 Dbut is designed for an interference fit when end effector
57 is pressed into floating plate 55.
FIG. 4 is a top view of static plate 52 illustrated in
FIG. 3. The top view illustrates the circular shape of
static plate 52, a collet 61, shoulder screw holes 62, and
20 access hole 63. Collet 61 is centrally located in static
plate 52. An opening is formed in collet 61 for receilving
and holding a motor shaft. Shoulder screw hcoles 62 are
formed concentrically around the periphery of static plate
52. The placement is symmetrical for balance when static
25 plate 52 is rotated. A polymer bearing (not shown) is
press fit in each of the shoulder screw holes 62. Access
hole 63 allows a tool to be placed through static plate 52
for the removal of end effector 57 of FIG. 3.
FIG. 5 is a cross—-sectional side view of static plate
30 52 of FIG. 4. A retaining lip 64 is formed on the outer
edge of the second major surface of static plate 52,
Retaining lip 64 is a retaining structure for wave spring
54. Wave spring 54 of FIG. 3 has an outer diameter
smaller than the inner diameter of retaining lip 64. Wave
35 spring 54 (FIG. 3) fits within retaining lip 64. The
upper peaks of wave spring 54 (FIG. 3) contacts the second
major surface of static plate 52. Retaining lip 64



30 said second major surface of said first support structure includes a
retaining structure for said wave spring. 5. The pad conditioner coupling
of claim1 wherein said first major surface of said second supp@OtMay 2003
structure 35 includes a retaining structure for said wave spring. 6. The
pad conditioner coupling of claim21 whepgin said wave spring includes three
upper surfaces for 30 May 2003 27 coupling to said second major surface
of said first support structure and three | ower surfaces for coupling to
said first pméfmnﬁyr&@ﬁ@ obr smd ds s econE. S&ppﬂfémséﬁpaﬁﬂiﬁg Suftwadbie pad
condi ti oner €I|n f% ?i§|n11 mhereln galg cond ngéor surfﬁce of said
5 'S

first summﬁ?a r%c r%?%%e%er et e fFom Saf Fraf maj or

surface of canpreesedd support structure under qU|escent | 0 conditions to

prel oad said wavg; Spg 1”59 ‘a %oﬂhﬁ&@%ﬁ%éﬂ%r LUl 490G, Ofp £4 ai g 7

wherein a plurality of holes are concentrically fornmed in said first
suppor t Ost r tee uF @ VikeY et hlashrarasi tye of lepehthgshaBeapt foPaRHNY

concentricaplyténsspi gnsecped sepponingt Lust use, tnbheseea spedipguraljty of
holes in said flrst agg or%gs uctyre ali i L ural%%¥ of, openi ngs
t

h d
in said secohd SUHpd E e, %%eﬁhﬁgg?ﬂﬁi%?z %Pu?él??y ™5Beni ngs in

sai d ;econdas@@@@rthstcuccuméeeenaeeofappedti@g PhetepabScoadi ti oner
coupl i ng Ofr§£§+ ?fgé%%e k@ﬁ&ughngf ?1@'“53"%MrQEdQB'MHSBhﬁﬁérb gs

wherein each po g aced In a correspondih sai
first é@ppo@@r§?$ﬁ%ﬁﬁrﬁoanﬂnﬁh %%?nUEaEhthShﬁﬁl§ﬁ6uﬁaéﬁwsﬁpéﬁé p3 Bfaced

through a CDIGgSpondnge@@é&nBﬁeb@ﬁ@Bnglaﬁﬂef@gh@éﬁﬂriéalm9 pokEegapondi ng
opening in sai econd_support structure. cqndi ti oner
coupl i ng of "¢fai M'7 Rﬁﬁ?%ﬁgrga?g §$86§%89nPg8é d?gtan ggﬁgen sai d second
maj or surfa@Ee@ingaialfarsttspp@drtosaracrawethndaSapdtterstandjor surface

of said secpgde SYPPOHbLSHEYCLULEwLS585-Aekegi ged by aagbafl hohengbhief said
plurality of shoul der screws and wherein said shaft length is | ess than a

di st and® bet@etaeRettppetdp@akCaRY YRECRonEr UpeEkt Bf TEREVGA®Edspri ng.
effector 57 of FIG. 3. For example, an Allen headed

fastener is screwed in threaded hole 72. The length of a
shaft of Allen headed fastener is greater than the
thickness of floating plate 55. An Allen wrench is

20 inserted through access hole 63 of FIG. 4 to the Allen
headed fastener and advanced through floating plate 55.
The Allen headed fastener will break loose end effector 57
of FIG. 3 as the Allen headed fastener extends through
floating plate 55 allowing for its rapid removal and

25 replacement.

FIG. 7 is a cross-sectional side view of floating
plate 55 of FIG. 6. The cross-sectional side view
illustrates upper retaining lip 73, threaded openings 71,
and a lower retaining lip 74. Upper retaining lip 73 is

30 formed on the outer edge of floating plate 55. Upper
retaining lip 73 is a retaining structure for wave spring
54, Wave spring 54 of FIG. 3 has an outer diameter
smaller than the inner diameter of upper retaining lip 73.
Wave spring 54 (FIG. 3) fits within upper retaining lip

35 73. The lower peaks of wave spring 54 (FIG. 3) contact
the first major surface of floating plate 55. Upper
retaining lip 73 prevents wave spring 54 (FIG. 3) from



30 May 2003 28 5 10 11. The pad conditioner coupling of claim1l further

i ncludi ng a doubl e-sided fil madhesively coupled to said second naj or

" surface of said second support structure. 12. The pad conditi ongd0 MayR0089
of claim 1l further including an end effector having a planar surface and
an abrasive surface wherein said planarasurface of said end effector is
adhesi vely coupled to said double-sided film

. A AS&. AS9e. Af & AS9. Ay9R. AS&. Af . A@ ASE, . Af 9. Af & A, R A@. AS&. Af 9. AS. AS. AS. AS
& Af 9. Af & AbEp#AidiNig ASERwAS] AR a scepved®llygr efbcrease in outer

}xsnid_ Z]cg% g@% ﬁ]gg]f Lfgg§%Lg$Lg§$ég+§§é§g£ca]ca]ca]ca]ca]ca]ca]ca]ca]

ca]jca]calc caJca]c<aJc
KLABABG7BCVW xsﬁhqiﬂz}@a]%ar]@eq A ] A Ca)T e eal e ddjeegdad ca] ca] ca] ca]
ca] ca] ca] ca}s, @ﬁfﬁi§aifa]cﬂiéa{ﬁ§i§é$& &84 £8hH SHEXEKINPEe B: screys

}xsni d_Z] ca]ca] ca] ca] ca] ca] ca] ca]ca]ca]c %ca%ca%caica]ca]ca]ca ca]ca]ca]ca]
ca]ca]cé]ca Et¥ca %%]%a %%?E%lless e thickness of floatlng

ylz! " a8 888. ' -tThus/ / §R401dd 322423 xsnb0l_Z¥ra] caj capcadcadragnal cal ca

%gg%gngaggg%ggﬁgﬁ gg%é@%ﬁg]égégg]gg]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!42

<T<V<===AA3B} x S vkt 7] vei} &) trg chl]ma]‘bal]%aa}bs%} cjwege drajean] @aen] ca] cal cal
ca] cal ca] calg C@%cglsawﬁtcalse&cafcal 684686 3B48E8Y E0RCs PaPPDPPL EME\ E] EEE

EEEKFLFEFFF[ HV HHI | } xsni cal ca] ca cal ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]&&]ca}%a?@%f%éY%éYcé Eéf@%?cé?c%%%af%%?ﬁ%]@éDPBJRRRRE
floating plate 55. End effector 57 of FIG. 3 adhesively

attaches to the exposed side of double-sided film 56 (FIG.
3). Lower retaining lip 74 retains end effector 57 (FIG.
3) from moving from floating plate 55. Alternately, the

15 diameter of end effector 57 (FIG. 3) can be designed for
an interference fit with lower retaining lip 74. End
effector 57 (FIG. 3) is then press fit to the second major
surface and is retained without the need of double-sided
film 56 (FIG. 3).

20 FIG. 8 is pad conditioner coupling 58 and end effector
57 of FIG. 3 in an assembled state. Pad conditioner
coupling 58 comprises static plate 52, wave spring 54,
floating plate 55, polymer bearings 51, shoulder screws
50, and screws 53. Wave spring 54 is placed between

25 static plate 52 and floating plate 55 but does not
protrude from the second surface of static plate 52.
Polymer bearings 50 are placed in openings of static plate
52. Each shoulder screw is placed through a polymer
bearing and static plate 52 and fastened to floating plate

30 55. Pastening shoulder screws 50 compresses wave spring
54 placing a force on both static plate 52 and floating
plate 55. Double-sided film 56 attaches end effector 57
to floating plate 55.

Pad conditioner coupling 58 is designed to withstand

35 worst case conditions in a pad conditioning process. The
height of pad conditioner coupling 58 impacts the tipping
moment. In general, a low height is desirable to minimize
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- Yo R,
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WKL () 20N S@ANEPE (dl SHIONffded SGHQUAO% (1048QH0R>E ()~ 4B 10%
?‘() YY99109%&' () - 10ee}L9+I fs- "10%>& ()-!tfs- "109@9&f )-!fs-
10%99& () _typical pad ondltlonlng apparatus requ1re design formula
, PLOY%&' () - S@ 319%&Rh§) phpnah@¥d 080M/Bof) s234 bATXOHR ! ¢3RPBhENEST10FRY6)- &S 10%&
I()_Y%&gloqgﬁ&)éeég§§ 39§§ables are the torque rating and revolutions
per minute of a motor that drives a polishing platen. The
platen is a support structure for the polishing media. A
15 third variable is a gearbox reduction unit which is used
to reduce the revolutions per minute at the platen. There
are efficiency losses in both the motor and gearbox that
should be taken intoc account to prevent significantly
overdesigning pad conditioner coupling 58. A fourth
20 wvariable is the platen diameter. A fifth variable is the
coefficient of sliding friction corresponding to end
effector 57 moving against the polishing media. A sixth
variable is the worstcase downforce applied to pad
conditioner coupling 58 during the pad conditioning
25 process. A final design consideration is the diameter of
end effector 57. For example, static plate 52 and
floating plate 55 each have a diameter of approximately 5
centimeters for a 200 millimeter semiconductor wafer
application. The 5 centimeter diameter allows sufficient
30 abrasive surface area for the pad conditioning process yet
has a sufficiently small foot print to promote insitu pad
conditioning during wafer polishing. Using the above
listed parameters, the maximum torque load and maximum
side loading on pad conditioner coupling 58 can be
35 calculated.
The limiting factor on making pad conditioner coupling

58 torque rigid are shoulder screws 50. Shoulder screws
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10 ° enocugh to resist dynamic flexing or permanent bending
under all conditions. Another design factor affecting
plate thickness is chatter. Prior art, pad conditioner
couplings were found to vibrate due to slip/stick action
during the pad conditioning process. The vibration
15 produced variations in the abrasion of the polishing media
surface which reduced polishing media uniformity and
planarity. As mentioned hereinabove, the uniformity and
planarity of the polishing media directly impacts the
uniformity of a semiconductor wafer being polished on the
20 polishing media surface. Static plate 52 and floating
plate 55 have a thickness of approximately 0.65
centimeters for a 200 millimeter semiconductor wafer CMP
process. The thickness is selected to give floating plate
55 sufficient mass to dampen vibration. Dampening the
25 vibration problem also eliminates the flexing or bending
problems because the selected thickness to solve the
former problem is substantially greater than required to
solve the latter problems.
As mentioned hereinabove, wave spring 54 serves a dual
30 role. First, wave spring 54 provides angular compliance
such that end effector 57 becomes coplanar to the
polishing media surface. Second, wave spring 54 prevents
static plate 52 from contacting floating plate 55 as more
force is applied to pad conditioner coupling 58 during the
35 pad conditioning process. The characteristics run counter
to one another when defining how wave spring 54 should be

made. A compromise between compliance and stiffness is
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.1 10dd0 The number of inflection points in wave spring 54

affects the angular compliance as well as total deflection
under downforce loading of pad conditioner coupling 58.
The best compliance without allowing static plate 52 to
touch floating plate 55 (when under maximum anticipated

15 loading) is achieved with the fewest number of inflection
points. For example, pad conditioner coupling 58 for a
200 millimeter semiconductor wafer CMP tool has 6
inflection points comprising 3 upper inflection points and
3 lower inflection points. This allows for symmetrical

20 and planar loading of floating plate 55 in relation to
static plate 52. The height of wave spring 54 is
calculated by taking the defined height of pad conditioner
coupling 58 (for example, 3.0 centimeters) and subtracting
the combined heights of static plate 52 and floating plate

25 55 and then adding the required deflection for spring
preload. In an embodiment of pad conditioner coupling 58,
the outer diameter of wave spring 54 is restrained by
static plate 52 and floating plate 55 while the inner
diameter is concentrically restrained by shoulder screws

30 50.

The spring rate of wave spring 54 is selected to have

a safety margin of 1.5. For example, maximum downforce
applied to pad conditioner coupling in a pad conditioning
process is X. Wave spring 54 is chosen such that static

35 plate 52 and floating plate contact one another under a
downforce one and half times X (1.5X). For example, wave

spring 54 comprising 17-7 PH stainless steel in condition
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functional under maximum loading. The fatigue life of
wave spring 54 is derived from the stress calculation
conditions of operation from a preload to using maximum
loading. In an embodiment of pad conditioner coupling 58,
15 the preload on wave spring 54 allows a cycle life greater
than 1,000,000 which meets production requirements under
maximum loading.
By now it should be appreciated that a chemical
mechanical planarization tool has been provided for insitu
20 pad conditioning during a wafer polishing process that
improves the semiconductor wafer uniformity in a
production environment. A pad conditioner coupling has
been provided that 1s torque rigid and does not twist,
flex, bend, or chatter under worst case semiconductor
25 wafer polishing conditions. The pad conditioner coupling
is also angular compliant such that an end effector
maintains coplanarity with a polishing media surface
during a pad conditioning process. A wave spring is used

in the pad conditioner coupling for angular compliance.
30
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surface and a second major surface;

a wave spring coupled to said second major surface of
said first support structure, said wave spring having an
upper peak and a lower peak;

10 a second support structure having a first major
surface coupled to said wave spring and a second major
surface; and

a plurality of shoulder screws [wherein each shoulder
screw is] slidingly extended through the first support

15 structure and fastened to a corresponding opening in the
second support structure in order to vary an angle
between the first and second support structures to
provide a torque rigid and angular compliant pad

conditioner.
20
2. The pad conditioner coupling of claim 1 wherein
said first support structure, said wave spring, and said
second support structure are formed from stainless steel.
25 3. The pad conditioner coupling of claim 1 further

including a collet centrally located on said first major
surface of said first support structure.

4. The pad conditioner coupling of claim 1 wherein
30 said second major surface of said first support structure
includes a retaining structure for said wave spring.

5. The pad conditioner coupling of claim 1 wherein
said first major surface of said second support structure
35 includes a retaining structure for said wave spring.

6. The pad conditioner coupling of claim 1 wherein
said wave spring includes three upper surfaces for
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of said second support structure under gquiescent
10 conditions to preload said wave spring.

8. The pad conditioner coupling of claim 7 wherein a
plurality of holes are concentrically formed in said
first support structure, wherein a plurality of openings

15 are formed concentrically in said second support
structure, wherein said plurality of holes in said first
support structure align with said plurality of openings
in said second support structure, and wherein said
plurality of openings in said second support structure

20 are tapped.

9. The pad conditioner coupling of claim 8 further
including:
a plurality of polymer bearings wherein each polymer
25 bearing is placed in a corresponding hole of said first
support structure and wherein each of the shoulder screws
is placed through a corresponding polymer bearing and
fastened to the corresponding opening in said second
support structure.
30
10. The pad conditioner coupling of claim 7 wherein
said predetermined distance between said second major
surface of said first support structure and said first
major surface of said second support structure is
35 determined by a shaft length of said plurality of
shoulder screws and wherein said shaft length is less
than a distance between the upper peak and the lower peak
of the wave spring.
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11. The pad conditioner coupling of claim 1 further
including a double-sided film adhesively coupled to said

second major surface of said second support structure.

12. The pad conditioner coupling of claim 11 further
including an end effector having a planar surface and an
abrasive surface wherein said planar surface of said end

effector is adhesively coupled to said double-sided film.
10



