; e3ef bbcDd: ezZpf 6f Tf 0x92 March 2004 1 METHOD AND SYSTEM FOR CHEM CAL
VECHANI CAL POLI SHING W TH A CYLI NDRI CAL POLI SHI NG PAD BACKGROZM:ch2664E
INVENTION 5 1. Field of the Invention The present invention relates to
chem cal mechani cal polishing (CWP) systens and techniques for inproving
the perfornmance of CMP operations. 2. Déscription of the Related Art 10 In
the fabrication of sem conductor devices, there is a need to perform

_(I:_ hem c?: mph?IEEH?IEANIEﬁYS?EgW_QR EMM!CAWEQHAN@WJ{_ lléING: eani ng.
ypi cally, integrated circui re . mul ti-Ieve
structures. At the substMW%&*L&W@%PQ&HS@&@MaW ng di ffusion

regions are forned. In subsequent |evels, interconnect netallization |ines
are patterned and electrically connected to the transistor devices to
define 15 the desired funcghenaROTIND OF PHE ENVENTIONOWN, patterned
conductive layers are insurate rom ot her conductive layers by dielectric
materials, s c‘}e@s silicon dioxide. As nore netallization |evels and

associ abed d#'@ ttF'Fi“‘f%'@Ps are formed, the need to planarize the
dielectric material increases. Wthout planarization, fabrication of

addi ti onal net dhkiprasentanvémiperslatze ¢o thanisallbmechanicall potishing CMB)f systains adde t o

t he higher variatjions in.t surface 2 ography. I n other applications,
met al | i zat§GRaPe rHﬁ??@?‘ﬁgﬁ%l?eé%q@%c?%iéﬁ?ngrafl)@?/sect ric material, and then
nmetal CMP operations are perforned to renove excess netallization. Figure

| A shows a schematic diagram of a chem cal mechani cal polishing (CW)
process 10, consisting of a CWP system 14, a wafer cleaning system 16, and
post - CVP pr og&ssintign b theREIGfedAgeM conduct or waf er 12 undergoes a CWP
operation In theilpCIVE’ 25 systeem 14, the sem conductor wafer 12 is cleaned up

in a wafer cleanin stem 16. The sem conductor wafer 12 the raoceeds to
post - U pr oc o4 thi faPHCafi P SURISOWRICET Gt B do REdop REHiERysheica

di fferent rﬁe%%ﬂie-@gioﬁgﬁgggqimp]ggam&ﬁsg biginpanadeist &%iné?ﬁ??%b&lk? gt/agmted

| ayers, sputtering, it raphy, and associ ated etchihg. system
14 typi callrguit deYicweae Sy shefarmoofmnbiteself ssruchiagsd | Ah theaswdbsipast iletel, ngan8Btarhe
surface ofd t.he fer Such conponents cgn be, for ex le, an orbital or
Cotati onalevicss Wavine SHBHIR JoEPEh He FaWcdor & soREAPe oI Clso| MERORI .

The pad i tg@difizdi®onliied §@lpaderiBd endéle@ribAlyydonREdiane thBkgisistdr. dekite®REdHnk ON,
the belt pad is put in notion and then a slurry material is applied and

spr ead 1bv &lie dasired fiprictioral sleviche Agels twablaknown, pattarped easiductivedlayiers iareginstlatedy on
it is novi e t ' 0 e o] he. sur f
e pere i B BERIGRE ey’ B byl HESE AR bgE A0SRo

pol i shi ng npadlliz@iohdeddle dnd Bssaciatdaditlogripll@eay agUohaed;, themded tdiplayiari the

i ntroduced, The wafer, nmounted_on a polishing carrier is |owered onto the
surface omieleriricmaresi] ingrosses. Withpwi lanasigation, fabmication et addivienat eetailization
desired t g, a5 BLRARS! @Btahal§Uhietaittigdl ¥us TR AhE Gighel NArRO AT id $het ent
to be clearied In thg wa gr clI%eani ng slyster% ?g 10 %eth the Ilﬁn%:rZaes?ﬁr_:l‘rgli:;aC§
necessi20y tépmgraphyt i Inl et applicoiops,exetsllizetiar bse pattrrisc aecfdrmoed imthgediclacttier
substrates, .nore ur at e urenment and .control of the CVP pr.ocess is
equired DT RRGRE CHE o rAP R RSP Bged cod eXGrsS (HRALBRAIORT ocess
should be to maxim ze the removal rate and uniformty. As is well know, the
renoval rate c&iguse ldeshomsi nechetmpatiediagram'of aRdheoi¢abmecRenical glolifking (EMBPV,
where the renov rate.of 15 erial in Angstrons/im nute i.s a functi of
Downf or ce PIEFShe CPREYpE Qélao ysy(s%)n, Il)\?\a' i H”%%ﬁ (g%qnﬂ'@ ?’ﬁéenhlgs?%msg'dﬁp
Coef fi Ci epfocessin® N8t AMierdeieptitditRbiop waldiel X heitkgrE aCOMPOSHEritm @f tht aMp
slurry, the process tenperature, and the pad surface. Therefore, one way to
i ncreasé thucpdpthe sepicendugiar pafar d 2aip slopnedhep ik orafergadeaning systenpdbi dhieng
pad with i la,?%t r g r ver .. when the
20 waf er isg’ﬁg%gﬁ'f%’ 0 Frllg tg%ﬁ%?ﬁ?@é%&&?%@ &g}ré\gc}fgﬁgtcl?é w\/\l}a%?e\gﬁmgg?\fersu er
in that stundergowink|ofsevdraladiffermt €sbricatidrhepdoatidnk) mclvdingr additionhl depokitioaasfse
the wafer to break,, and excessiye force can cause non-uniformrenoval

rates. |ni&EH fPBkring Pﬁﬁoﬁﬁ“%ﬁ#&r%@qs?cﬁt‘?ﬂ fitglﬂngay stall friction produced
by high pressure on the surface of the wafer, and by notor torque. Further,
it has been sheéwoMhaystanmd# égscally iddwidsaystemoammpaotnts Fdryhaddlingeariepdishing

| ocal d.gl obal 25 uni form ty. Another way to jncrease renpyal rates and
uni 1 or w1 SHage SR UEUEY Thie Siell GUPRToRF PRESHST FtTIblG, FoRONaY PHOPEdSe
in velocity can al so be done in conjunction with the application of nore
pressure. The limting factors for achieving increased |inear velocity

i nclude carrier size and nass, the |arger physical size of the CWP system

and notor torque. 30 For exanple, sone belt-type CVMP systens can be quite
| arge, thus requiring nore torque and power to nove the belt. Consequently,
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2 March 2004 3 If linear velocity were sonehow increased, a hédropl E&i ng
effect could start to occur between the surface of the wafer aftarehgl04
pol i shing pad. Hydroplaning is believed to occur due to the increased

| inear velocity of the wafer and the fact that a filmof chemcals (e.g.,
slurry) cover the polishing pad surface? 5 To illustrate another pr obl em
with convaﬁghmgabad}I\& aykitearrtheltr pdlishimpcpada I Thenpad lixselfrasiaypicallsi quadesof18- 1C.
As is well known, present CMP systemsbﬁgre used to r.em)vg nmetal | izati on,

mat er i al , PRUjEIthEge Sy 1 eperafianathe brbitpad 15 pyd8 matiogang thaped flutry malqryy
Figure 18is o) hilPshienes ' L OMBS e ¥R phQ Rayibk SREASH it
102a- 102dlsh ggﬁglgﬁsﬂétc evgi"?% sf[uﬁfgéé;m g‘BIglgi/j%d: ?02 t hat \}I#il I a\tr)leéuse to1
creat e neisahovingesa deditet matt the ovaifatds losmeeed A0 thePirface aDthe delppdl.y Shgilarhe
metal layer 104, a thjn rrier or liner. layet (not,shown) .is deposited
over the” ShiotionaCirrotbl AP s iporibing PRE IORiehSrE T RE R b,
titanium g Efug%’ is Afoduled.! e vAILEr, WeRihtddO6n hIPRIIRAE (clitier T Riverdd18nidEhE!

| ayer 104 i1s applied over the oxidé |ayer 102 conpléetely filling the

i || ust r at ewtfdce evfctiespdBRimg1pRid. In rthisi manner,1he wafey sntfaeen tat @vRedis] webda
performed pon the .etal | ayer 104 t.o move t.he exce t al nd barrijer,
Bnd smoot REFETG Sipyanty sqnhedy; T alss, s T3 Sakio PR deaprd 1 1 tralet
102a- 102d cehm¥g kydtd@dewi th the renaining metal fromthe nmetal |ayer 104,
and runni ng throughout the oxide |layer 102 as netal lines. As shown in

Figure ,1C, defqgr.mties known as "erqsion’,.and "dishi.ng". occur .t he

bl anar 1Ged sur AUk U TSRS tEoessihdon B Efid: baunE® sRCEH, Bl on

t echnol ogYar 8645 sEhrated O mohe aEutirdte Endaviieaeft Oid thRrolaifethe | CM®! praysssiip
contact with and polished by the polishi ng@belt or pad and slurry. Because

of the di fewirehdhsn pravided bnsygersfiegimelogyi dihe gaabobHier¢MP, pragrss sheuldnbe 49

| ayers, r .of 1 i.eni ticaptl. I e ed
and the anierisien B et JREO0 BERIGTERE of o kit B FoRoPCR! E6FRECT.
at a hi ghgétefmined thyaPrebohh Efeatioar @emobalr Rher = apPVxivtiere ®Maceniohsl raed aif

| ayer is renmoved in the oxide regions 106 25 between the netal |ines 104,

cont i nl'ed Msfesiab HsARGSRMS/ REY(S is ajiangtiga of iRawieres KOLnd; Iineas &/ eheaity) (V); Wk  at
108. Conti ' ver, i . i

ayer oveX e SRR GoeflIOWR §looneu RERRTDEH by U CIEARAE oAMBotREL bR oy
t 0 conpenslatrg, the procass tampemtire, and tieqgladasgacebut t oo nuch over-polish can
result in erosion or |ocalized thinning of the oxide illustrated at points
106. As is wel rond SR @gg j I Rﬁ*ﬁ '

i npact on the gé’g‘?%ﬁ‘gé’iﬁ(}?g% |%?§%§38?ar%tr£e}grcgl?g% Cl gﬁﬁhg%ag%%l%%g%@ efrom
t he waf er polishingvpad vitB(Q@dredset ramaivety aff presserd Grggdownfordehepweseq wieadhé or

CWP s ens_that eff.icigentl | ow increases in_linear velocity and. al so
21 o Phoats as sahscip uiopad wib S sE TEE e raley AR Shirvis ek Sre PR B
the di sadvanifagaptodhe biifle R¥Af@wIBER could Baust BleORFBS10i lledkl, BRPExEQTRIblck cand
force should be controlled to achi eve increased renoval rates and

uni f or mi t gause NORWINEOPR eTaeYak sdless ukf addition athigh dewndprce SUNMMRY berstatifriction

J ' ' i fill h ds.
or ovi di gt 8y BRERARE: onf FBEERE @Rk Bkl s SRR SBRFRS 1M o

renoval ratas.shdhe GMP isorsdsty dbwafcd @an Sicinillyi déddast NsstRaRes bid | d1GRARr
vel ocity over the prior art wthout the previously associated 10

det ri méht M@t s of di shing, erosion, and hydropl ani ng, and can
incorporate real-tinme insitu nonitoring of material renoval to provide
preci se and cownodict ahlyao indresse pemeas sitegand inifimmity ds keindfase tic alekdity ot

t he preseﬁ%i vention carhbeb,e i npl emrented i n nunmerous ways, jincluding as a
process, H%b‘ii%t pd. gl y’é‘F’@%% 1p yelprite can alsonke depe IsCoruasian, ikt the e
enbodi nen i irpv [RTaTa NP ' : .
ebodi mont TP A< 8L B B olrC e AR AE T AORR S5 MrgaleL L WBlociy,

t hat hol dénchul¢ qaicatsigs aad wedserthe ngerphfscal isizelof it GMP $ysteonand motos trijirat

the surface to be proce i posed. The system al so includes a roller
that | 80 cE0n pRumls PR BIE00t TR 398588 of Be e TS R 1RriS e o cup
or buffi ngndpewat iomdve Tiebdlo! Conseh@rllyefing® vielRity il QoARinBbAN CMPASRS RS
surface is applied against the rotating wafer at a roller contact fegion.
The 20 r oot bypificiontly dgrensechas a surface area that is |ess than the wafer
surface area. In addition to rotational novenent, the roller also has
transverse novenent, and as the roller is applied against the wafer
surface, the roller also noves across the wafer fromone region to another.
In this manner, the entire surface area of the wafer is processed. In

anot her enbodi ment, a nethod for chem cal mechanical polishing is

di scl osed. 25 The method includes rotating a carrier that holds a wafer.
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The nethod includes rotating the wafer and applying a rotating surface onto
a portion of the wafer. The rotating surface is then noved be Waseh 2004 r st
region and a second region of the wafer. The method further includes
defining a linear velocity at a contact surface of the 5 wafer, and
applying a force against the wafer at the contact surface. By mani pul ating
the force and f{fii}iRa val&iQGIdrY sdheldveineRASACh hdobRamg difeet caaldstart td ecoay al
and therefore the process of preparing a surface of a wafer is controll ed.
The rate bétweemtheaurfaesmotaths ovaser andrihe pelishing padapiiledreplaning inbaieved o perar

Phe. pr oselte Ipertrona Botany-anar tinekhind AEHE picl fim P Engitagaees o

control agdrpyesicsitepotithihdpadiMrtad. buf fing processes achieved allows for
the fabrication of nore conplex nmulti-layered integrated circuits. The
ability_to increase |ljnean velocity. r I j '

i ncreas®s t he ?83 us{)rfl{eraé]?r%’\t/%ﬁ roggegﬁ %Bﬁ{ag?‘%élﬁ?&alﬂ @{[pgﬁt@%dggg&? Eﬂ”@’é‘%‘ﬂf’? in

a hi gher pfageas Figged hBoLOhMAY is el krdevnppesessCMP aystans aref axed toonrtraet
region of the wafer instead of the prjor art continuous, full -@g‘;‘f ace
processi ngetajlizatian material.suglat sappeia bl olits mefal lings ipamPXids vt Jodigue e

Another ady 3Rl 98P ol RAHBLAINEE « LWSEREI 100, edcies SIBACHITRAL. bOAeitalindes

a sensor to non n-situ nmaterial renoval. Prior art
necessari the @idd lagére)2nthiterillaie wsedty aleate onetalrines mdthén theexpder layert1l@2s Roior

processi ng, but the present invention provjdes for asurenent .and
eval uaf? o% NPTYIH@ t}{eHEetblrléFés@f'rPgtth@F%l&i (Hﬁl.nefl'ﬁlyg 13 EPW?S tsgﬁm‘ea V&8 t he
20 pr 00CS 8P shifa] 0&@%@@9 nPASRS Qih LEKiIBA Glthiad, AuRRtide IR the like

condi tions e actual wafér being processed while it I s being processed
makes t heapr eedsoi tigg barier. efThei thatmetaldlager H4piseapipdied ovhe thdeomidel 14yer 102r e

ona” un t ofsbieisit, Rl b piRkRted Gfeed o 10EE o Bare i, oo SR o
meet s t hapedieRbforrded bh TR m¥tal Byl Ai480 B0 PdTINe @k BRE me@d], dddeodpfi&S 88 smooth

invention affords a nore efficient and nore econonical use of precious fab
fl oor dpathe. suffage abithd oside dayes 02tsugh thaitibe drenches| 402a-d0ad stayt fikkeds yathethe

and. aavantetyubingane it dte BT 15ER Bhnof reRbBdBRaeARl b Ehnar bR a2 ®

fol | ow ngngedl ainked description, taken in conjunction with the acconpanyi ng
drawi ngs, 30 illustrating by way of exanple the principles of the present

i nvention. 2 I : / » pr.esent
mventi o wi 11 ASenpdn R Fiedi 1 EERTE kb P ok g Tc sting; SSu R BE
i N conj unglanerized suffatd@ pRENONMPEAY] TGR AEFMIRGS. 10 ourkd@l itdchhélbgy UMB systems,
description, |like reference nunerals designate |ike structural e|lenents. 5

Fi gur e 2P AU FaHEe shriseh hibeivaler 1 abvas 8T conlachwith aafl PRktRE by 4B Pelishingich or
(CMP) pr OB% Snd st ‘.JdEE'&uQe esc}:lﬁkﬁﬂbesainvﬁfrcﬁ{esscb Y Bdde %Rd ﬁﬁ?xie?”{)\d th
5. 1B's al s th a rret al Fayer

post - CMP processin I gure ows a typic ubstrate’w
over an owietid leperer ratd-iof)uereovidC chhnges digmeficmtle suthstlapdre aof plocgssed ahB thét er

processi ng. usin resentl vai | ahl e technal ogy. 10 Fjgure 2A is a
e MR RN R T R A e LA R AT N
enbodi MentpeOharbidlebRHES SR okiBY.eMricBNthe FlcdN18ye2Bs shp¥RdaRhERKkideeBRns 106
di nensi onal view of a CVP apparatus with a roller having a | arger dianeter

t han t Be between thenmeladdines 20, qontjowes procdssing cen gswitsincthe alishiigeshopm m thaf er
st 2ce N80, R T PR, e RS e BRI,
one enbodiorenthe @kideh €THer @6&RE khdWe B FOVer-polishing” is often needed to compensate for
variations in thickness, but too much over-polish can result in erosion or localized thinning
of the oxide illustrated at points 106. As is well known, dishing and erosion 106 can have a
30 negative impact on the performances of a finished integrated circuit fabricated from the

wafer.



Figures 4A - 4C illustrate yet another enbodi ment of the invention that
utilizes a sensor to provide in-situ nmonitoring of material reMarel2®dring
the CMP process. 20 Figure 5 shows a CMP System Diagramwi th control and

f eedback signals, in accordance with one enbodi nent of the present
invention. Figure 6 illustrates the CM™ apparatus housed within a CW
process syst eme0RlOSHIIR: (ofl MU tifer® J0WheRd fbOUMIK sictha aiaaBriatin Mtbw

nmet hod operations perforned usinhg a 25 CVP apparatus, in accordance with
one errbodmtcmasesah linear yel@siyrendi Mhmmcremﬂmm@mtmgmenwlmpmmdr pRInst

PREFERRED ENB S An ention ste d d g
CVP oper atheoX bﬁ” Qytethe dbﬁ’a\é‘é%g?é)r?g Of nfeﬁiie "23%1"1@88 cil . Q?focﬁ]%@
fol | oW Ng¢HEsS Ghbmnl i BN .coRtSTRIGOKS aSHSE ﬁxhc@ea@@d gknbval ﬁtd\ﬂaﬁlﬂl uHH@rﬂmVy af ehset
forth in order to provide a thorough understanding of the present

i nvent i Dnplanarizgd|shrfacs aftbkevefebod, however, to one skilled in the art, that
the present invention may be practi ced vm'thout sone or all of these

specific details. In other iISIVMIMARY.QOFAHE KNVENTION ess operati ons have
not been described in detail 1n order not to unnecessarily obscure the

Bpparatus 200, st aian’ Qb SnRE e TEAGRe by BEMB A TN Sitam o1,

The COVP appapaivides 308e a0V Enifraakiid eontid04bibobdong racyaThe CMR spah allbat a
waf er surface area 202" is exposed for processing. The wafer 202 is

pr ef er abl §0f§®mﬁl@dt ingreaprs 1 Hipgdr erplogmnowthngpwmww Hsl RS@‘SIO‘E%@SSQW%Q es
that 1 f |1
Chat 10, B o TR, BSOS, SR PS8 Mo oo

drive shakiwu 2fitbsngohmeretigdeinova tb@ﬁiﬁddﬂ;ﬁeaﬁe ﬁrhbccmabrlalﬂe w264 prduviesding. slt
configured to provide a rotation conmponent 207 tQq tpe carrijier 204 and
t her ef or e skanld be appesciptadothabther pressph iBienoeD Cath B dMRleREiEd BHLRAUMGPUS BE%Y | on

ot at] NSS! o rgaRt ekl BRnf st B8 meli, PRl AT Oto

i s appl i edmbdtimenstadtheopratenaiiventidharofesctibeddldver i s substantially nornal
to the rotational axis of the wafer 205. Although not shown, the shaft 208
can be de to %@éﬁ n

conventlgrgnal gé‘ggﬁs@%ﬁb F@?gtﬁehgﬁ nol o Ese(ﬂ(%g% |tsrhg glg &nlﬁ%l esraocafneerr 210
has a prodes hokisrdndaetaBR( wafer.s I‘I(im/rwafar Ellgulﬂ en 3he mtrnchsq:ﬂmt hia: alrfaad to he
brush, or any oi&her swtaﬁme 20 ter tl %
oper at i onPrIsEIseS iexResed Sﬁ@tem 83 GInE dezsl%frq ler Hﬁb}slfé’ae% ﬁé’rg‘f'ﬁii‘ f“’ 8
such that ot he,prf Bﬁﬁésbrﬁéﬁ ﬁsaﬁs‘:éd 2 NP of B@fflh@lob&ratlgﬂso TiR RABY fo@ﬂesaﬂﬁdhﬂﬁﬁlet he
waf er 202 The roller 210 wll therefore only contact the wafer 202 at the
surf ace areatimepionesd shdacgeis rapplmdt ageinssihe fr@t@@ng)wafer aes rallep contactghgighd The

' coneP il cHBrdefon s Tnbhrse A R RRL S 30Gusubif S8 7y dedficadp

This is sirgafidiat aivesest, thcefonet alsdabs Pahsversamhovelyent, Al @B afllep s hpaied
woul d place the entire surface of the wafer 202 in continuous contact with

the pol i sHB#BstShe Malkee sefacs, (hagolnr alseimovepgergespihe ader frare onvreginsoiaraapthsr. 200
I's orient g &Qnﬁé?qhw@ﬁtﬁg séx% el e oo &hﬁfls ﬁ&&kéehon This is one

enbodi nent to maxi N ze t I clent use o ace 1n a fab, but the 30

apparatus 200 could easi|y be configured to a horizontal or oth
orientation deperBPthe sRdPEmEN, @pBriad dprgchemural apschanicd pplishisg is dszsc}va%h

2004 8 fheyt %@Ed&ﬂc faQkd I%Eatlﬁéq cﬁmgfék‘ uedhagah E‘ert e ?:BIHQI h(ﬂg H@f\ﬂfer?sgghat

pr oduces a |linear ve ocity a surtace o t he wa 202 et ween the
cont act suinef surﬁacc)uf thenmfcﬂﬂ)Zbe prnoassad ie nkx;mtcdrefﬁhc ntcﬂmdlfuﬂharmdedlﬁscmta;mga t he
surface of li 202 ,11 Q .vel omdtg/
roller about an axis of rotation, The Toller is covered by a process surface such as a pad or
brush as used in CMP or buffing operations. The rotating process surface is applied against
the rotating wafer surface to define the roller contact region. The area of the roller contact
30 region is less than the area of the wafer surface. The roller contact region is further moved

transversely across the surface of the wafer to accomplish the CMP or buffing process.



herein is defined where the roller 210 neets the surface of the wafer 202)
can be increased 5 by increasing the dianeter of the roller 23Mareh e 2B
shows a roller 210" with a larger dianmeter than the roller 210 of Figure
2A. As nentioned above, the increased dianeter of the roller 210" in Figure
2B creates an increased velocity of thedroller process surface 220, which
produces an in ' hERhetCh Bfel i §utfale Of a WakervaliBEloRd2

bet ween contacﬁ{gﬂﬁﬁg%gwggtlingg’%%%nkmﬂﬁg?%gﬁygﬁfy, 10 a larger roller

210" wi | | Th¢ sethoddolcdesactatingythe Wafert andrapplyingna rdtesing suffaeconse atppalionedidhe 202,

which is illustrated.by the increase [pn.the s ration be t act
surf ace oﬁ’la%eir'n é‘ée Ecit?t'“.‘g qulrpapg lsutﬁﬁ‘bpé’f’ %‘tﬁet‘f"ﬁ?ﬂ a f‘ﬁsz T¢RPThe" ‘@(8)%(2 F%’PO ?]oér:ltqgénd
CMP procegsfeds Trefet6d $hithed ificlG@®Reletninees Mhcdr Ralocitd Gl Wdentury sirfaceast thé
processes acconplished by a buffing or polishing 15 action using

ng a CWVP
appar at s wafdnf dridnappl ing) e rferca| dgginsintie veaferoal the compect suifpgee gBy maniailating the

h ' ield ' 500
gt ons i AR PAUG R Sombtcl ssirre FitpBf oAk Al S Fullhe oty

The procegpppiraipdd durfabé oCL£RERT Iscohliellab ertatraenf afmpal tahilsigbarnbhitdrbd by
introduction of a chem cal conpound such as slurry (or any other chem ca
conpound Hoplempnting msenperithatpgovddesferdback ndormation Frgarding ﬁ@ remyal Bt
mechani cal processes described with reference to Figures 2A-2B, and with
hi gher |inear vata@idniass antic ipRBEmdnatibn aeananyeima\sabstamiabs Mukt ngalilp, thO00
angstrons/ m nute and hi gher can be achieved. As nentioned_above, .the rate
of remd¥akontenl and presisianpidhe EMRer bytfipg processerahisye aﬁ‘ﬂ”ﬁfﬁ’éﬂiﬁré@{l@ﬂﬁ‘on 0
coefficient. < ] ' Folg I ' [

Wil 25 1 Asre ROEPEK I LA ANeRAd B BeARAP o IRfan! ek WipeRF ahl

Fi gures 2pAreasile ABrind pruct iy inoreases clanrabcof raoealsear pribharit Nohenyudaes his
technol ogy risks to a wafer sjnce the mg%er is.mounted _on a solid S&E%ace
and i s nofesglideapbighpt Rrocessghragatyt, vk the Procsseing #f aurfaps, Comsrt feedon of e ck

pressure prLefiih&sg @}ﬁ‘e P}i&“ﬁt E&h@%&‘i’ mg-kﬁfﬁi& ?@ﬁ%ﬁ?i%& fdtEcidhRnahe! ity
to easily increase the finear velocity between the contact surface outlines
212/ 2125 . ahd grifem fAénanizdd 841228 show the roller 210, 210" with the contact
surface outlines 212/212' at a center region of the wafer 202. Al so shown
is the ability j r r and
Shat ¢ 208, s feae P o B L B e e &
2 March 2@94nchitootredlitome 24-Fitu heserdal r wivogsl. c Pnioacit negssanly t2anateh enateridl er

t act [ 212a j s defined bet t he. tact f tli 212.
The. cont aBmetH o ganipbids RePommeters O sttt SHOH FECEBL AT IAgTDRET (F he

vaf er and palgaagentR8ie0MuMord Jflﬁin‘geffﬁ@ ﬁrdc%hsirﬂg'zdggﬁa'ﬁ@ﬁ.e ThRabillth & fdhip8latd the

noved to different position over the wafer Because the wafer is under
rotati 80 Plotess dsdt Broceggisand basedeony ihp mstesial and emproamental consditiens df dhdadtigpl
positions of the roller 210.myving. in._on f ran [ di . a or
Bt r ansveratrd e reeo B R Bob drdifiefandheb MROSSEIT B A Sty 3
confi gur eendr® pedcide! Tha dehang €6t @brer @Enpdek diulii-hgersdfidegratd cieditd foquieés the t he
edge of the wafer in_the transverse direction 218a, Another enbodi nment

coul d confPiity b Rrpdselyprdpniformly plaggrgeimylii-layreedyigiacsse gichihe presepldnyeMtion and
travel 10 tQ{hs cepter region in the transverse direction 218b. In any
enbodi nent, however, the wafer rotation 217 causes the entire surface of

the wafer to be_ processed by the, process surface 220 he roll er, 210, and
thus (KB cont adtiallir s BE r@&tqnmﬁgneﬁf?ﬁ@ %ﬂ@n&@ﬁ%@eﬁ% FPRCSHIHEY B t he
waf er surfage Rbeinitd2use BUbrebBBY U5 N18hr GRREACThDEINBA TorlAButibRAbiAGATY! | er
210 and the rotating warer 202. 15 Figure 3 shows a cross-section view of

t he CVP apgdicet ths sg06m footpmriad pdenareand ¢ribanees omerbld gravesstcoofrok he present
invention. This cross-sectional viewillustrates various conponents of the
roller 210. I n dthérSaspdROgid RVt esto@ﬁmcﬂfr@s%ﬁf‘ilfnvérﬁibﬁmrill%gc?ﬁl@ﬁpﬁa‘?éﬂt?fon?éh@ I'S

defined as a tubular structure 222. Preferably, the tubular structure 222
i s made offokavaing| desailedt descriptiona rigkest ke conjneionawithhie accompaiying risamgings,o

bl h | ' ff [ 20 wafer duri CwP ion.
acshodh, WRERYREBL bGPl BeBPRHBRs sFuf biRhfiitbhd 2,1 nar el and

the tubul ar structure 222 provides the cylindrical shape with the benefits
of strength, rigidity and |ight weight, however a solid structure can al so
be used, and other materials for construction may be plastic, rubber or
alloy. Surrounding the tubular structure 222 is the process surface 220. As
di scussed 25 above, the process surface 220 can be a pad, a brush, or any
other material best suited to the requirenments of the CMP, buffing, or

cl eaning process to be acconplished. As is well known, the CVP process is
used in a nunber of applications in sem conductor wafer fabrication, and

o o Y NN PN o . ] v o



Figures 4A - 4C illustrate yet another enbodi nent of the i nvegM or’h#@g
utilizes a 10 sensor 234 to provide in-situ nonitoring of nat axg val
during the CWP process. In the prior art, in order to nonitor renoval
rates, it is generally a requirenent that the CVMP process be stopped in
order to accurately measure materi al rfroval . Once degree of renoval is

determ ned, the CMP pr o GRIEFPESURIPTION'OETHE DRAWINGS ng a sl ow down in
the processing. The illustrated enbodl ment denonstrates real -tinme, in-situ

nonitor capabiljties 15 .ensyring.preci .an I r TR ile
i nprovi ng pr ocib%il?{aseflﬁr%ﬂ% lﬁﬂt .gnl?n‘? irgﬁdrﬂg %B?é}%thga %‘% %?o%)glswsvfl S é?gﬁq\,gd
at an out géscrip@dmih corfihctibn Wig thefaesonspantiagelrawiags. 202 facilmtedindcdssaplicbove,
the present invention can be configured to start CMP processing at a center
regi on 230ke wferenps nyaresdls depignatedikesuycirdelegienisi t can be configured to
start the CMP process at an outer region 232a of the wafer surface area
202' . The rol | pigul QAo ahsthemftic dlapmm pbt ahemital iRchaiat pelishimg KYMPYr ce
214 such that the process surface 220 'is appli edsag_i%ai nséhﬁhe waf.er surface
area 202' PIspEhingludingrSMPslemof clespiae SYHER AN RIS OS5 Pe out er
region 232a at the area of contact defined between the contact surface
outlines 212 (&ggushDBwBhows Fiypleabsubaifut@ @jth aThealdeyes over2@bxide leymf i gured to
nonitor the region being processed (here, the outer region 232a) through a

edback 2562 pigfiest ML Lbhe Sl B8l e P She el Byl or

of measurenent ack as 1s known i n I'n on

sensor mayvdiRbk CMPredhagloggensor or the like. Still another exanple of a
sensor is a spectrorefl ectoneter, which can be obtained from Nova Measuri ng
I nstrugents of o : ] 0 ' nd
or nt 07t he. CRISThE EAds EMERy iR RABRG S { M ot BB o
232a t owaeabodiencefithepresagiioRn@@2b. | n one 30 enbodi nent, as the process
surface 220 noves along the wafer surface area 202', so too will the sensor
234 move from %r&% O9R&hoWE IhPMer’ iR &iﬂl\éﬁ{i&%% GRS 6ERICMIP PR S3dPa kdler
conti nuous, rea -{I me, 1n-situ nonitoring of material renbval. In Figure
4B, it cahaviag aéapertdiahettitban thelrellerad Biguse 2dbvi ng from t he outer regi on 232a
towards the center region 232b, and 2 March 2004 11 the sensor 234
mrrors the rmﬁgggﬁ? . i ; : j YEES r 210
and sensor 234 nf??ﬁulgeg.gﬁﬁéggﬁ&?&%f&g%{/ﬁggg%ﬁ@?nuougc%g%da@%drllg\lbadi ng
t he actisabpossihiovaltaat adgiomsshawparti cul ar wafer surface area 202', the change
inrenoval rate in different regions of the wafer surface area 202', and
end point of t?fgu%:@ sRERE §XFossisbetlch ﬂﬁ@”o‘f‘tﬂ@m atdhs Ihh&orRAdcAdth ohenal
data provi ded the sensor 234 wll be used by the CMP systemto vary the
f or ce 214 cmbolliment olthapiesentav@ntiomf er rotati on 217, and other paraneters to
achi eve opti mum uni form CVP process. Figure 5 shows a CVMP System Di agram
250 with cont r@hgt—@admeﬁni@amfstﬁwmlﬁothleﬂeﬁﬁsaahﬁﬁn&emen ihlerftidf tRathAfi-eeRt Of
t he presentinvention. As discussed above, the sensor 10 234 provides

real -t i me sensar i pravide in-siby manjtasingtof magivirl pmarvebduring thg Chvbprosesk: 234a. Dat a
coll ected by the sensor 234 is communicated to a control station 252
throughpa sens@igii@IPomses &i ONE S¥hén DiAghRe wafD ekt Mnd fobebaeR NGMals? 3
nmeasures the depth of material on the warer surface area 202'. The data is
sent to tBecardance vlithamgembadingnt of the presenidiigstor.esponse 260. In the
illustrated exanple, the control station 252 is a conputer workstation to
15 allow for o @ illigdidtes Othe VEMPaRpRSatud dodse@V ittt aOOMRips¢dedsy system
printing, and other workstation functions. |In another enbodi nent, tﬁe
control stB¢PHHE252 can be a hardware conponent outputting system commands
based on input signals. In yet another enbodi nent, the sensor response
signal 260 is @ugpelt7 shoesat ievdansidgrandefiginghretboh bpahticisgierformahesifg at i s
eval uated wi th other para ters_{s{uch as é_i me, tenperature, roller rotation
20 219 25w&MF apparalps.dn accprdangs, with gae pyRp¢imsAt fithe BISSULHYEROM A on t he waf er
surface area 202'. This information is used to cal culate and nonitor the

rate of materi aDETATDED DESCRIPITONOF FHEFREFERREECEMBOBIMENTS

associated linear velocity, force application, and to nmani pul ate system
paraneters to i : F L EMR f -at | ses
the data it col e%:n?g&%% %pgrs angﬁgggﬁtis;ftoggertfg&gg %%%%‘%‘@H @?laﬁ d
positi on aemicootlbaer walbsstis aiscRbed. RAsthdi iplosmgdieatription, tureerownd $pecifizlddtdils
nmounted on the shaft 208. The shaft 208 is attached to a notor 253. In one
enbodi nent of the present invention, the notor 253 can be an A/C servo
notor to maintain a constant and controllable rate of rotation. The control
station 252 continuously nonitors the output fromthe notor



253 via a control/feedback signal 256a, and the control station 252 outputs
commands to the 30 motor 253 via the control/feedback signal 2¥bach 04
control notor speed and resulting roller rotation 219. 2 March 2004 12 As
di scussed above, the roller 210 has roller rotation 219 and al so has
nmovenment in a transverse direction 218.7 As the wafer 202 is processed, the
roller 21 v | imWreke pre@n®vemam. LIowilhbe
center regrieggt 1‘%%[521'1Q#BWﬁiﬁggé?%rQ@ng;%@gﬁt@g% to the outer region 232a,
or in whi sideveoodihowetirpto omreskibetiin b ag, that thecpresent prvesidersmay bs prediged es

(see Figure 2C). The shafi 208 is.mounted on a rt st at
enabl es tWéthf“&)‘vgﬁ’%ent‘“iaﬂl ?ééhels? éﬂ%‘i}g?éig%aﬁf'r e@[ P%’%P%S&ncgsjp\[ﬁ%iﬂkué‘?ﬁéﬁé?ég9254
i's nmonit opgGatihstha6e ftHcERlesetiBdd @Mle£2n bhder doCoinh&desdagibdsackre shopraten2 56D,
and the control station 252 comrands the transverse novenent 218 of the
suppor t5 sinventiam e 254 via the sane control/feedback signal 256b. In one
enbodi nent of the present invention, the support structure 254 also 10

enabl es the app{gu?@ﬁAQQaQﬁrcé Qléhsdhdl ABw i1 CMEf dpp2RfisVBO0CIh dcsoldandeswili r ed
to the roller 2I0 and results in the process surface 220 being applied

agai nst t hee wmbedimsnt phths present Jventionh dhe JFAMPoINPREEHH Showsn Carpis s 304 5
i ntai t t t 2 t | o 2t
Contr ol |t Relaisns S p° PRl WA Hirfe’ds 302, KRG P prov Bt LT TRR D, O

shows t he wgdriZablie pRedraiTy kedured towhd edrridb200hsihg kifovail & chilomnihbogradres titht
controlled by the control station 252. A carrjer rotiﬁtion cont rol

and
feedbadk #eghaer 2058rempinstaitachid dusingipspcepsipgandomubsigntatly Rigyant eé%aé%f{}qu 252,
and the c : m;(: k ral 4,5 I ' :
rotation g%%%g%P§an 'ﬁ£%§€§§§&éﬁgﬁéﬁ5§§%-ga?ﬁ??@ﬁ%éPﬁgggﬁﬁg??ﬁﬁf%ﬁ%*“é?gure
5 denonst patheanite 284hbibihie oonfigfuredatoypreadd i eptaticn annpohient 20R¢o dervarrar 28bhd
f eedback of the present invention. |t j nticipated that,. i 0 addition
to the il Pu&therpferg cRUEAFataEps Pfﬁ‘ﬁé”a&fr?pi& oW R J1EhAXY rmaitlpngp o nonitor
such variabl es as tenperature and pressure in the processing environnent,
and achi eve opt rolter ENPisphowasanfigirbd on eahaft 26& ThashafeP@hdefmes acotatiomd i on

of processing data and precise, contro] of syste ari abl es,_ Figure .
11 Dot 15t 85° 018 6t BpLAbROL ST IS8 OMPORT 240 enPoRb o dbe dylcah s
encl osur e 24Q; th%fmmeg iggﬁbgtﬁgg@ye%@a% thdRoteMRaIPxAC SIS Re i fek 205 CARhOSIN 1 270

woul d be constructe oy, or any other ‘
| ow- part i ehdved,ethgahat 208 ngn rbet madeato tdiatt anddxdrt pr desirde astount ofitaques upipgrt

and the ability to introduce prqcessin terials |jke slur nd cheni cal s
and r ermv@‘"b‘ﬁ?pé?‘i‘i’glgﬁ?ré _angﬁg?wqu@&sgn @§F’é‘hﬁ’%ﬂ@f‘%§lﬂﬁré’luﬁr7qu ascf“e%rlf)&??@d to
house t he (MRcapRAlAtdMowa0d. Fighlel YewhitBT @hSbe?d HallOa Hickh{ bRy ithdPNditable
apparatus 200, 30 maintain the necessary processing environnent, and

per f or B9 amatestah ghat (il ovorbrier AdlesisaslaCYRt operaiton, puiling o aleaningd Affpreei Aatisovp
rocessing. .. rGh 4 13 i { r k . | rent
b “the- 1 ndeisn TLSdr RSl T e REEERENEERY 8 ipe Rl 2GS R RGN

vertical peswhie0n02.TiTRe cifer 210 6&EH Shayfotcetnle ROhtagUhe wATD 200 av titbesurfabe area
structure and support to operate the CWVP apﬁarat us 200, and provides_the

necessar y dHRd batveen qagfacppusfacs opiigesdth Hsheuléor PP@QI‘B%M}“%’EO@P{ 20y,
and ot her yor 06RS5iR6h of HRSHGA P is 985 FeniiAths RohGE WRk Al fbsess YBERE S200T
processing are transported to the process system encl osure 270 and

i nt rodzsedf it wlich@1pr cBes 3§ pignificeithyodifierdnt blyanwpridreare CMiR tilnpldniegtabies tthat
suited to a particular fab's faciliti ocesses, and . resaurces. anpl es
of such miHUUEIHeh R cRnE aTTere ol tgresier, 288 & BN uanE e St BE sy Re

i ke. The sYIteRITAGRA D YISt €M encl osure 270 introduces the necessary
materials of processing such DI water, air, 10 and chem cals, gasses and

o The- or ocessHgtealted dfr P sphERERR0h s caat D MCHED 0P an S EeiPd, "
mai nt ai ns pokiiof.NihisOR o8 teadboa it tid BRNirdize thecefftREEER hEOME b, HUCTheas

tenperature and pressure according to the requirenents of a particular
process$0 ABPABEY 00 cpuldmerlp by cenfigussdsiochhenivontsd oF sthey grigntatipnedrpsndiag ORe
transport . r out of the processing 15 environnent. As
is well kﬁ&&ﬁ%nﬁﬁgZ@g?2§gﬂg§%&§%&?htroduced by a side entry point, a top
entry point or any other entry point that will facilitate the transfer of
wafers in and out, while maintaining | ow particul ate generation. The entry
poi nts can be controlled by way of a door or hatch that will enable
precision control of the internal environnment during processing as

descri bed above. 20 Figure 7 shows a flowhart diagram 280 defi ning nmet hod
operations performed using a CVMP apparatus, in accordance with one

enbodi nent of the present invention. The nethod begins at an operation 282

Y o S



2 March 2004 14 application of force against the wafer surface_ duri t he
CWP process. The carrier should also be of a Iight-weight nat%Ma&q:h%“t he
carrier is rotated during CWP. Exanple materials may include hard plastics,
al um num stainless steel, etc. Next, the nmethod proceeds to an operation
286 where the wafer is attached to the & carrier. The attachnent can be
acconpl i shed i Thamyatiln iller t18t appdiel digaimstuthe! yptatink dwafbe 202 fpreodices @I bear

during the CVP operation. Sone exarH)I es of attachi ngl{he fer ifrri{]e
carrier i velpeiticatithe surfaccedfaibie mpderadl2cbatwpenothe Sopagshrtace optines G121 R84 cal
cl anpi ng. .ever " [1S..; I t m@ : ffbgi ent
strength ?%Y}ﬁ%ﬁgg% F}lgcel\ﬁlxlgg g‘r’a?‘f\l p é@%&ﬂ alcf: gﬁ%}%e&%gﬁprl e 'g{?’;{ﬁ{ggl?ﬁ%@érlgtsﬁt‘gg&and
under t hehapipl ik datihanwbire filks atlebf1@meets iy surfade Ghde wifer 2@d)enan ibs indreasethed,

t he net hod advances to an operation_ 288 where, as nentioned above, the
carri er5 i By insteasiag thegligmetet aftheaglier 21& attached to the carrier, the wafer
rotates with the carrier. A next operation 290 is the application of a
rotating roll eFigagyvimghdvsy wiies1 8 withacergagdiamster thad thecrobles2 10hef Rigiire 2A.

surf ace. eration_ 290 occurs in rocess envi nent. i nt Q.15 i ch
cheni cal s{%dpe@iﬁ’é‘ﬁﬁ_’ éﬁ?v%d%é%ﬁﬁ?ée‘gtd?quru?ﬂeg‘,% rgﬂgr_ ??(Ea%{:ﬂéenapn‘frF §uéld to
facilitat g gedjgél\ll)ﬁig)r gﬂ%hﬁ%ﬁ@ﬂ P9ces? sufh &) WAL pRIAUER anT fiRrea @ frAkAear

region is deflne e process surface that covers the roller contacts
t he waf er velbdityacr tedarfee ofithhwafee 262 betwdemeomaat surdace putines Bed, In¢ideniglher i s

rotating. Therefore en. the process surf.ace is applied agal nst e fer,
[ doeddnauarger ol 2100HLelsS AR Slat 63 quind o8 G st BiR A yrdiadh
across 20upié KiiliGiatdd MRHRT incRGEOMME GEYaratiRDIsW EOtHERDRAtach SurRicacmiiet  of
the roller over the wafer, there will be cases where only the outer

portions 812the wafer are being processed (e.g., the roller is placed over
an outer portion of the wafer) and cases in which the entire wafer surface

i s being procegsgdni&s@od thdhd Rihe CME opéraiatVEMH Poceis ik @kedhertiiare
wafer), with each rotation of the wafer. In contrast wth prior art

desi gns, genestidennes thet inplude snopembert progeses apgompdishedsy p uHingrorpodishipg | er

' | 1y.i i th ' f . f..th
e, Hhati S PR Bibardbe, phitie LBl Y FRTR ] O R AR o, "€

surface (en@mpaSOnihesd ORI eHak | Eﬁld he toategial hetinopall trarulafr uportbi 600 of
the wafer surface rotates through the rotatin rocess surface of the
rol | er. THEgsxURYminYejandifsame AppHeatiogs. upstopfl00emgstromsimipuigy, chhe pracesent er

of the wa UTEISC OB HAIASIWRY e SERbUASH NG B cHeRtfical
center) i ggﬁ{errlﬁgg pgons Saﬁgg%ﬁp%tlb%ﬁfhﬁﬁgﬁgawgr : ﬂ]‘el'hle roller (ISS p%s??(l:aoned

at the cepbmpownl spckhbs slbey erging ithey chemical compound suitable for buffing or polishing)

20 and, using the same mechanical processes described with reference to Figures 2A-2B, and

with higher linear wvelocities and increased force, removal rates of up to 4000

angstroms/minute and higher can be achieved.

As mentioned above, the rate of removal is a function of force, linear velocity, and

the Preston coefficient. Therefore, increasing the force and/or the linear velocity will

25 increase the rate of removal. The embodiments illustrated in Figures 2A and 2B show that
force can be increased without the current technology risks to a wafer since the wafer is
mounted on a solid surface and is not susceptible to bowing or uneven force distribution due

to back pressure profiles. The illustrated embodiments also demonstrate the ability to casily
increase the linear velocity between the contact surface outlines 212/212°. Figures 2A and

30 2B show the roller 210, 210” with the contact surface outlines 212/212’ at a center region of
the wafer 202. Also shown is the ability to introduce a transverse movement 218 to the
roller 210 and shaft 208. As best illustrated in Figure 2C, the wafer 202 which is under a



or end of the process depending on whether the roller is mvegh{r&%pe
outer region to the center region or fromthe center region t & er
regi on. 2 March 2004 15 The nethod then proceeds to an operation 292
where the rotating roller is noved across the surface of the wafer as
illustrated in Figure 2C. The roller na%/ nove fromthe center region to the
out er regidlion0217, has kololler comyct reyien f210m tthe rallet eontaetgiegiont 212ahis definedr
region, or the roller nmay nove in ané direction agoss any Zﬁ%{ on of the
f

waf er surbeipeemthet spatast sedarerauies £18f Hirecqmast swdacs; QUi I ShoWwn i
needed mﬁé}h%%@ﬁtek&%m Jf?lpeo\%ﬁfﬁdocﬂ edé@rr%gq(gl* mﬁe WHRL (P RuSEATO Wt the FOer is
ro e of t

novenent t'he er acr 0SS sur fac e waf er noves th_e cont act
area acr omsvid® diffefeacgostfontdver ihafveater20d. Beogrse sheegafer isnderfriotagion 2&gither t o

a second region until the CMP proce i s .conpleted t ired result.
i s 1 9 ¢ @A RAPS TspEsset s mElE SO gBabs el Rete o AD) RSP i e o
i's removeds f M LRE 4Gk 8200 dohslERADERQIHRS18® the next stage of the

fabrication process. For exanple, the next stage following a CMP operation

b | eani t age. wh t i d f CMP_i \ th
'Y prepar ed ol SKARRITE: i oilr 250 sRlE oF serrdparart it BBl &
oper at | Ontmafpﬁzdzeﬁ?ﬁrf‘%l )&?éﬁ@ le@tbe BPMHE WdféEiR thotratkviise dRBtidnaI8hS Arlti@r .

oxi de, nmetal, and t e) during the fabrication of wafer into integrated
circuits. ehodimeonyriubd egnfighe thafater 230 tustart Bt thaedgaliegion of dkehwalier and travel

representing one integrated circuif chi he chi ps, ar. h I LAt o
sui t abl® philg SEMer 589 i‘%%“éd%ﬁ‘@&sei ‘#\’E"'S“%{P%]e%r ﬁ‘é&“’ég‘ab‘%{%@}é‘e,ﬁgﬁ%ﬁqg“}%ﬁ
consuner el P GueR el Glrfack BT Ih8 vidlérSo bb pritkised bh @k f16653s slatiee 2bed in
terms of several preferred enbodinments, it will be apEreC|ated that those

ski | | ed i of thegolert21@pand thus dhenepnidst sipfase @ytlings 2be €9 MPLEPIESHY SEANG POgNEs on
fudvi . o ) ’ . T ot
and saqur v HeaneE? Sytice apée R B FbRY S Brhdet BhARAT R ol Yfler DR b o

i nventi onrdgmgdgidiglr 2021 such alterations, additions, pernutations, and
equivalents as fall within the true spirit and scope of the invention. Wat

i | aijped i S: . 2 h . i hanj | i shi
bystemito50) . EiEHEy Papals & it eeeSh N o i clte il TRET LA RE WRR' 10
waf er (203pe iembadigdnt iofahe Présent aivetion, t Mhiswedoss-sdedvnal gview vilbsratsuvirane

area (202'); and 5 a roller 6210 .having a process surface (2@)) that is
conf i gur e€omponegtsaiahe olienly.oln bis qrafosiragnt of thet prasenbinventine ther ofer 21018
wherei n t hee S h ol | ol i at a
Fol | or confi BEamnTE RRRrEpy). Pref iy ok R A e s e
surface aseal orldhy2othés mbierfhlcthht weaigidpnagh tpahatdbitegapplicstém afsforecagagdt an

claiml, further co jsing:.a drive shaft 0 bei.ng,.connect e 0 a.
backe: 4t SIS {BriSg o LMP SRRkt Ay S o EUGREL0 AR HRGHERTEAY trbodiBeflaier
15 3. A chemdhl, TS BRNuER: 8RIHIODREY pASde8 TheSylinfitdl Qagcnwith McBehefildii@r €i n
the roller"has a |inear velocity conponent that” is governed by a dianeter

of the rolstrength,tfigidity anddigheweight, yhossnpionsalid Bengierecaanfalipube dsado andotkegse
as the di arrazt e Stof the roller ase chem cal mechani cal polishing
Ite

Syst om as Py ohpiGEfn Hhy pOFRRES fbverr dlof
Surrounding the tubular structure 222 is the process surface 220. As discussed

25 above, the process surface 220 can be a pad, a brush, or any other material best suited to the
requirements of the CMP, buffing, or cleaning process to be accomplished. As is well

known, the CMP process is used in a number of applications in semiconductor wafer

fabrication, and the process surface 220 can be changed or modified to best suit the
requirements. Examples of process surface 220 materials include IC1000 and Porameric.

30 IC1000 and Porameric can be obtained from Rodel of Newark, Delaware.

A center region 224 of the roller 210 includes the shaft 208 which defines the axis of
rotation 215 (e.g., Figure 2A). The shaft 208 is mounted on a bearing 226 and gimbal 227.



20 conprising: a shaft (208) being defined through the roller_and i
configured to support the roller when applied against the vvaf%Maé?hfqgé
roller contact region. 5. A chem cal nechanical polishing systemas recited
in claim4, wherein the 25 roller has a ginbal nmechanism (227) that is
coupled to the drive shaft, the ginbal Wechanismis configured to

conpensat & GacuRedn al%vieﬁfb'?&nzﬁ iDapprano theashuft 268 darisly CMP odratems Wiae farbe
roller is applied to the wafer. 2 March 2004 t7 6. A chem cal ch%[;i cal
‘e

pol i shi ng2bysttemsteered ecibe aalldr?10 (thiongh the\gheli 0% bepang 346, apd gimbah ¢ e
against th at _the rolle ' ] abl e. 5
29T A ehenftiisl HEbREH O fBioCE1 S SR AE proEE APtk I R ABIR AoifRU: SrpleE D
the rol | epgl syhichvgeo ihas othtic@nSVET 3L thdi procdss aarfbet 2Bk and the wafer sedaaenared t he
waf er and a second region of the wafer. d for che&ﬁ?hlle nechani cal
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process be stopped in order to accurately measure material removal. Once degree of
removal is determined, the CMP process can be restarted, thus imposing a slow down in the
processing. The illustrated embodiment demonstrates real-time, in-situ monitor capabilities
15 ensuring precise and uniform material removal while improving processing throughput. In
Figure 4A, the CMP process is started at an outer region 232a of the wafer surface area 202°.
As discussed above, the present invention can be configured to start CMP processing at a
center region 232b of the wafer surface area 202’ and it can be configured to start the CMP
process at an outer region 232a of the wafer surface area 202°. The roller 210 which has
20 roller rotation 219 is acted on by force 214 such that the process surface 220 is applied
against the wafer surface area 202’ which also has rotation 207. The processing begins at
the outer region 232a at the area of contact defined between the contact surface outlines 212
(as shown in Figures 2A-2C). The sensor 234 is configured to monitor the region being
processed (bere, the outer region 232a) through a feedback 234a process that utilizes laser,
25 electron, or some other form of measurement and feedback as is known in the field. In one
example, the sensor may be a metrology sensor or the like. Still another example of a sensor

is a spectrorefiectometer, which can be obtained from Nova Measuring Instruments of Israel.

When the sensor 234 determines or predicts the end point of the CMP process, the

rolier 210 will move from the outer region 232a towards the center region 232b. In one

30 embodiment, as the process surface 220 moves along the wafer surface area 202’, so too will
the sensor 234 move from the outer region 232a towards the center region 232b for
continuous, real-time, in-situ monitoring of material removal. In Figure 4B, it can be seen

that the roller 210 is moving from the outer region 232a towards the center region 232b, and
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"egl On13 n%g prso%?c%rs]drea{l-et icc,) rfn-(gftu tm%%itoring of the CMP process using feedback 234a. Data
collected by the sensor 234 is communicated to a control station 252 through a sensor
response signal 260. In one embodiment, the sensor 234 measures the depth of material on
the wafer surface area 202°. The data is sent to the control station 252 via the sensor
response 260. In the illustrated example, the control station 252 is a computer workstation to
15 allow for operator input of variables, data evaluation, display, printing, and other
workstation functions. In another embodiment, the control station 252 can be a hardware
component outputting system commands based on input signals. In yet another
embodiment, the sensor response signal 260 is output from the sensor 234 to the control
station where it is evaluated with other parameters such as time, temperature, roller rotation
20 219, wafer rotation 217, and the position of the sensor 234 on the wafer surface area 202°.
This information is used to calculate and monitor the rate of material removal on a particular

wafer surface area 202°, associated linear velocity, force application, and to manipulate

system parameters to achieve optimum CMP processing.

The control station 252 uses the data it collects, monitors and evaluates to command

25 roller 210 position and roller rotation 219. As discussed above, the roller 210 is mounted on
the shaft 208. The shaft 208 is attached to a motor 253. In one embodiment of the present
invention, the motor 253 can be an A/C servo motor to maintain a constant and controllable

rate of rotation. The control station 252 continuously monitors the output from the motor
253 via a control/feedback signal 256a, and the control station 252 outputs commands to the

30 motor 253 via the control/feedback signal 256a to control motor speed and resulting roller

rotation 219.
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10 enables the application of force 214 on the shaft 208 which is transferred to the roller 210

wafer to conplete the preparing. 2 March 2004 19 16. A net Qf%g%?
(0¢; ng:

and results in the process surface 220 being applied against the wafer surface area 202°. The
control/feedback signal 256b is maintained between the support structure 254 and the control

station 252 to control the application of force 214,

The embodiment shown in Figure 5 also shows the variable parameter of wafer

15 rotation 217 as monitored and controlled by the control station 252. A carrier rotation
controt and feedback signal 258 inputs the carrier rotation to the control station 252, and the
control station 252 outputs control signals via the carrier rotation control and feedback signal

258 adjusting the rotation 217. Figure 5 demonstrates one embodiment of many
configurations for the control and feedback of the present invention. It is anticipated that, in

20 addition to the illustrated parameters, the control station 252 will also monitor such variables
as temperature and pressure in the processing environment, and achieve optimum CMP
processing by real-time measurement and evaluation of processing data and precise control

of system variables.

Figure 6 illustrates the CMP apparatus 200 housed within a CMP process system

25 enclosure 270. It is anticipated that the CMP process system enclosure 270 would be
constructed of steel, alloy, or any other low-particulate-generating material that would
provide structure, support, and the ability to introduce processing materials like slurry and
chemicals and remove by-products. The CMP process system enclosure 270 is designed to
house the CMP apparatus 200, deliver wafers 202 to and from the CMP apparatus 200,

30 maintain the necessary processing environment, and perform any other functions necessary

to facilitate safe and efficient CMP processing.
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system enclosure 270 also enables the transport of the processed wafers out of the processing
15 environment. As is well known, the wafers can be introduced by a side entry point, a top
entry point or any other entry point that will facilitate the transfer of wafers in and out, while
maintaining low particulate generation. The entry points can be controlled by way of a door
or hatch that will enable precision control of the internal environment during processing as

described above.

20 Figure 7 shows a flowchart diagram 280 defining method operations performed using
a CMP apparatus, in accordance with one embodiment of the present invention. The method
begins at an operation 282 where a wafer is provided to be processed in a chemical
mechanical polishing (CMP) operation. As is well known, wafers are commonly stored in
cassettes and transported to different stations during fabrication to complete the desired

25 process operation. Thus, in one embodiment of the present invention, a wafer can be
provided from a cassette and handled by an end effector for safe delivery to the CMP
apparatus. Once the wafer is provided, the method moves 10 an operation 284 where a
carrier is provided to hold the wafer during CMP operations. The carrier is a part of the
CMP apparatus, and in one embodiment, the carrier has a solid surface onto which a wafer is

30 placed. Although any carrier structure that provides rigid support for a wafer can be used,
the carrier will preferably approximate the diameter and shape of a silicon wafer used in
semiconductor manufacturing or other similar substrates. Further, it is anticipated that the

carrier would be constructed of a material of sufficient strength and rigidity to support the
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the carrier.

A next operation 290 is the application of a rotating roller having a process surface

against and across the wafer surface. Operation 290 occurs in a processing environment into

15 which chemicals, or chemical compounds or mixtures, etc., have been introduced to facilitate
the polishing, buffing, or cleaning operation. The contact region is defined where the
process surface that covers the roller contacts the wafer. In accordance with the method as
already described, the wafer is rotating. Therefore, when the process surface is applied
against the wafer, it does not define a contact region as a singular, static band or chord across

20 the circular wafer. Accordingly, depending upon the placement of the roller over the wafer,
there will be cases where only the outer portions of the wafer are being processed (e.g., the
roller is placed over an outer portion of the wafer) and cases in which the entire wafer
surface is being processed (e.g., the roller is placed over the center of the wafer), with each
rotation of the wafer. In contrast with prior art designs, it should be understood that the

25 process surface of the roller is not actually in contact with the entire surface of the wafer all
of the time. That is, the roller is only in contact with a portion of the wafer surface (e.g.,
contact region) during the time that particular portion of the wafer surface rotates through the
rotating process surface of the roller. The exception is when the roller is placed directly over

the center of the wafer and some center portion (defined by a small point at the center) is in

30 constant contact with the wafer. The roller is positioned at the center only at the beginning
or end of the process depending on whether the roller is moved from the outer region to the

center region or from the center region to the outer region.
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variations must be removed. The movement of the roller across the surface of the wafer
moves the contact area across the surface of the wafer and progresses from a first region to a
second region until the CMP process is completed to the desired result. This is the final
operation of the CMP process and when complete, the wafer is removed from the carrier and
10 transported to the mext stage of the fabrication process. For example, the next stage
following a CMP operation may be a cleaning stage where the residue of CMP is removed
and the wafer is prepared for the application of a photoresist layer. Of course, the CMP
operation may be repeated several more times for different layers (e.g., oxide, metal, and the
like) during the fabrication of wafer into integrated circuits. Once complete, the wafer is cut
15 into dies, each die representing one integrated circuit chip. The chips are then placed into
suitable packages and integrated into a desired end device, such as a consumer electronic end

product.

While this invention has been described in terms of several preferred embodiments, it

will be appreciated that those skilled in the art upon reading the preceding specifications and

20 studying drawings will realize various alterations, additions, permutations and equivalents
thereof. It is therefore intended that the present invention includes all such alterations,
additions, permutations, and equivalents as fall within the true spirit and scope of the

invention.

What is claimed is:
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5 a roller (210) having a process surface (220) that is configured to rotate as the
roller rotates about a roller rotating axis, wherein the process surface of the roller is applied
against the wafer at a roller contact region, the roller contact region being less than the wafer

surface area.

10 2. A chemical mechanical polishing system as recited in claim 1, further

comprising:

a drive shaft (206) being connected to a backside of the carrier and configured

to cause the rotation of the wafer.

15 3. A chemical mechanical polishing system as recited in claim 1, wherein the
roller has a linear velocity component that is governed by a diameter of the roller, the linear

velocity component being configured to increase as the diameter of the roller increases.

4. A chemical mechanical polishing system as recited in claim 1, further

20 comprising:

a shaft (208) being defined through the roller and is configured to support the

roller when applied against the wafer at the roller contact region.

5. A chemical mechanical polishing system as recited in claim 4, wherein the
25 roller has a gimbal mechanism (227) that is coupled to the drive shaft, the gimbal
mechanism is configured to compensate for non-alignments between the wafer and the roller

when the roller is applied to the wafer.
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8. A method for chemical mechanical polishing, comprising:

10 rotating a carrier (204) that is configured to hold a wafer (202) in a vertical

orientation, the wafer having a wafer surface area (202°);

rotating a roller (210) about an axis of rotation, the roller having a process
surface (220); and

applying the process surface of the roller against the wafer on the wafer
15 surface area at a roller contact region, the roller contact region having an area less than the

wafer surface area.

9. A method for chemical mechanical polishing as recited in claim 8, wherein

the rotating of the wafer is caused by a drive shaft (206) being connected to a backside of the

20 carrier that is rotated by the drive shaft, the holding of the wafer in the vertical orientation is
configured to substantially prevent the wafer from rotationally moving with respect to the

carrier.

10. A method for chemical mechanical polishing as recited in claim 8, further

25 comprising:

defining a linear velocity component that is governed by a diameter of the

roller, the linear velocity component increasing as the diameter of the roller increases.
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10 between the wafer and the roller when the roller is applied to the wafer.

13. A method for chemical mechanical polishing as recited in claim 8, further

comprising:

applying a force to the roller and during the applying, in force being a

15 controllable force.

14. A method for chemical mechanical polishing as recited in claim 8, further

comprising:

moving the roller in a transverse direction across the wafer surface area, the

20 transverse direction defined from a first region of the wafer to a second region of the wafer.

15. A method for preparing a surface of a wafer (202), comprising:
rotating the wafer in a vertical orientation;
applying a rotating surface (220) onto a portion of the wafer; and

25 moving the rotating surface between a first region and a second region of the

wafer to complete the preparing.
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wafer, linear velocity defined by the rot}ating wafer and the rotating surface; and

manipulating the linear velocity to control the preparing of the surface of the
wafer.
17. A method for preparing a surface of a wafer as recited in claim 16, further
comprising;
defining a force at the contact surface of the wafer, the force being applied by

the rotating surface against the contact surface of the wafer; and

manipulating the force to control the preparing of the surface of the wafer.

18. A method for preparing a surface of a wafer as recited in claim 17, further

comprising:

moving the rotating surface to enable a shift in the contact surface of the
wafer in a transverse direction from the first region of the wafer to the second region of the

wafer; and

manipulating the linear velocity and the force at the contact surface, as the
contact surface shifts in a transverse direction, to control the preparing of the surface of the

wafer.

19. A method for preparing a surface of a wafer as recited in claim 18, further

comprising:

calculating a rate of removal achieved by the preparing of the surface of the

wafer; and
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5 20. A method for preparing a surface of a wafer as recited in claim 15, further
comprising:
introducing a chemical compound onto the surface of the wafer during the

preparing of the surface of the wafer; and

applying the rotating surface against the surface of the wafer at the contact

10 surface with the chemical compound on the surface of the wafer.

21. A method for preparing a surface of a wafer as recited in claim 15, wherein

the preparing is one of a CMP operation and a buffing operation.

15 22. A method for preparing a surface of a wafer as recited in claim 15, wherein
the rotating wafer has a wafer axis of rotation, and the rotating surface has a rotating surface

axis that is substantially normal to the wafer axis of rotation.

23. A method for preparing a surface of a wafer as recited in claim 15, further

20 comprising:

measuring an amount of a material to be removed in the preparing of the

surface of the wafer using a sensor (234);

locating the sensor over the wafer during the preparing of the surface of the

wafer to measure the amount of material to be removed; and

25 using a result from the sensor measurement to calculate a rate of removal.



