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LAMRP149+. P/ ASP *159159* 1 *(@00002* METHOD AND SYSTE L

MECHANI CAL PCLI SHI NG i dl TH A CYLI NDRI CAL POLI SHI NG PW/’WMMQ David T.
Frost 5 BACKGROUND OF *THE | NyENTION 1. Field of the Invepiion e present

i nvent ilOMPEPEP/ASP t 0 chemi cal nechanical polishing (CWP) systems and

t echni ques for inproving the performapce of CWP operﬂﬂmummmwumummscri ption
of the Related Art 10 In the fabricatfon of sem cond , there is
a need to perform chem cal nechanical polishing (CVP) opegg@éhons, buffing

and wafer cleaning. Typically, int e&r ated circuit devices are in the form
of nufti-| evMETHQRANRSYSTEM FOR GHRMEEAL MESHANICAK PAIJSHING ces

havi ng di ffusion regj re [gﬂafjc I ﬁm&? evel s, interconnect
metal lization i nesq}a&ehspgtcfeyelf%{e agAcf' gl) ectrica Ir%/“(k:onnect ed to the
transistor devices to define 15 the®4B¥H8E functional device. As is well
known, patterned conductive |ayers_are_insulated from other conductive

| ayers by dielectric materials, sulfvidd. &reSfcon di oxi de. As nore

nmetal lization |levels and associated dielectric |layers are forned, the need
to planarize the dielectric material increases. Wthout planarization)
fabrication of additional i i econes substantially nore
difficult due to the hi ghmh(gmgﬁﬂ. Lﬁ.c&i]séi‘r aee 20 topography. In
ot her applications, nmetallization |ine patterns are fornmed in the

di el ectl.iKieldnofgthe dnyentiah t hen netal CMP operations are perforned to renove
excess netallization. Figure | A shows a schematic diagram of a chem cal
mechani cal Pht ipsdseginveniibirelpteo aesherhital amehaitalngplzhing (AP wgéteis lhd a
waf er cl eaning system 16) and _post-CMP_processjng 18. After a sem conductor
waf er fechiiep §IdTpIoiNR thprsriarmance of GME apertionSsyst em 14, the

sem conductor wafer 12 is cleaned in a wafer cleaning system 16. The

sem cordiesoniptiert ef thiPRelated Artoceeds to post-CVP processing 18, where the
waf er may undergo one of several different fabrication operations,

i nedudi ng addi the ofablicatemosf tsemitoafudtary dedcess phirt € | D @eed hotpetiotogeaiibyl,
and associated etching. A CW°P system 14 typically includes system
conponefteshansgal (pahghingd CAAR) pearatiansnbutbiogtand wafer sleanige. (Twpicalyeintagratedych

conpon e@i&éui? QEW?@S’ arfeal'ﬁ e afgprl'x &f rﬁﬁ'ltigl%pcilt s@)‘ucﬂfresr . OtAqtthQ rg%strate level, transistor

devices having diffusion regions are formed. In subsequent levels, interconnect

g

metallization lines are patterned and electrically connected to the transistor devices to define
15 the desired functional device. As is well known, patterned conductive layers are insulated
from other conductive layers by dielectric materials, such as silicon dioxide. As more
metallization levels and associated dielectric layers are formed, the need to planarize the
dielectric material increases. Without planarization, fabrication of additional metallization
layers becomes substantially more difficult due to the higher variations in the surface
20 topography. In other applications, metallization line patterns are formed in the dielectric

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

Figure 1A shows a schematic diagram of a chemical mechanical polishing (CMP)
process 10, consisting of a CMP system 14, a wafer cleaning system 16, and post-CMP

processing 18. After a semiconductor wafer 12 undergoes a CMP operation in the CMP

19
n

system 14, the semiconductor wafer 12 is cleaned in a wafer cleaning system 16. The
semiconductor wafer 12 then proceeds to post-CMP processing 18, where the wafer may
undergo one of several different fabrication operations, including additional deposition of

layers, sputtering, photolithography, and associated etching.

A CMP system 14 typically includes system components for handling and polishing

30 the surface of the wafer 12. Such components can be, for example, an orbital or rotational



Y, LAM2Pt 49+. P/ ASP 2 polishing pad, or a linear belt polishing pad. The pad
itself is typically made of a polyurethane nmaterial. In operation, the belt
pad isg $M514yﬁnq%|on and then a slurry material is applied and spread over
the surtace o e belt pad. Once the belt pad having slurry on it is
moving at a desired rate) the wafer i;s |owered onto the surface of the belt
pad. Simlarly, in 5  rotational or orbital CWP systens, a polishing pad is
| ocated on a rotating pIanar surface, and sIurry is introduced. The wafer,
nDunted po er. 1.s.l,.owere ce of wthe O|IShIng
pad Pt in@enidhcrt BoHARARL: RIS Wi PRELSHE B GrBany Bl L 1
subst arﬁdlﬂh&maﬁmtéml InTbﬁer\Qﬁ*ér? Ithé Belt P& isSANtin htbtied dpldahesd smmt hteyiaf er

cl eaning system 16. 10 Wth the increasing necessity for nufti-layered
conpl exs gppliast andespreadipverhesurfoce ofthe belt pad. e@nemtbstbchtp@d)hamgelmm wie

measur enent a d contro f th requitr r b

cur r ent™PELRA P(Siﬁvredfﬁte %awa%f @@5}%5\9@0‘356 ufagﬁgﬂ egfaP%cp fﬁ’g'e r%/he
r enpval rofadloRalast Grbitd] CNIFisy dtem&Sa pslishitlgl pdﬂngrtstatetm o RN plhddr QuFade, AR
determ ned by Preston's EQuation: Renoval Rate = KpPV, where the renova
rate ofslumay wmatoducrcdlsrlmngster onsuntedon e pcahstunfgmauuaran lmf/erbdmtcntlmesu(fﬁx)e and
Li near OCI Kp bei ng, the Pres eff ci ent onsta

et or niGHbE By Hge | cPHQmIEa[P‘Sc'BFFHB’ér eaet SutareaR 5y doSirid th bEqaamnzed i

t enper d & e,
remai"s“?%t?t“%ﬁ” HIMARITRIAEES GHCLEL 15 b RIS UOOE AR B
i ncreaskd amounts of pressure (e.g., downforce). However, when the 20 waf er
is applied to the pad with excessi ve force) the wafer can suffer in that
stress Wi | | wigh meaﬁ&t@ﬁﬂ%eﬁhéssltymr ulti1dyeratedopiplhitelt s Fabricakdntirgemaf er
to break, and excessive rce can cause non-uniformrenoval rates. In

addi t i oviafen sehstratedomefopeurats measireatenbynd cantrol of thei GMBpraseseis tequinecyh

he sur f f.th Furth h
Peen: SHBh BT BES Ko ey orife scihon e GE Prob R B fe Fiwmideang
gl obal (35 raifbi it g uﬁtf@hhﬁy Vs LRl REGPRSRe tamwlrateetaﬁ?oead%ﬂmédqryﬂ

is to increase the velocity of the pol |sh|ng pad. The increase in velocity
can al Sressen’doBqudtionc orRemaval oRatei +hKpRY, aplpﬂre cthei mmayal rretee ofregietialein The
ting factors, for, achievin creased r vel.oci t, cl ude reier

i Do arheraoms bty isrly Brciing of JATIPZE () 00 eatp et Ut OKE beitg: que.
For exe}ﬁ@l’@stoﬁ%&qfﬁepphﬁoﬁ%% deteiinstsyt ﬁ%g&?ﬂ:ap&rﬂgbéﬁoﬁ 6f g s I$he
requiring nore torque and power to nove ‘the belt. equent | ear
vel oci tpyodess tompeeatbiepmad thEad sysfaeens cannot be efficiently |ncreased.
LAM2P149+. P/ ASP 3 If linear velocity were sonehow i ncreased, a hydropl ani ng
ef fect coul Theefiré, dne WAHCLY inbfRhavese rehevalualeana beftotarpply/\mfeeWafaﬂdgat\m the
pO|IShEV3 pad. Fydroplanln is believed to occur due to the increased
| i near F'@J‘éBtRPdo‘IV“t’ Hecragsee raraents RE Preseyret (e downfpracdf Rpwepiesarser dgy.
Slyprry) r To kLl Ust
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As is weinkfelkied\s thefiride NaféﬂWme(SbtﬂHB:aﬂieethHS\&tﬂertt@ b kD ued amea_hk/e st eem
material) such as copper, to isolate netal lines in an_oxide |ayer.
Fi gur e capse aen-gaiferan reapeval 1ades.j B adehitipn. v/ igh osyberce 4 dmitsd. byrﬁtéHcfﬂeson

cr eat o PRORURd By HEEH bR Srigfle iffec Hrde WA ark ey bitihr Bl BdfRR: b

et al |bayer shbddh thatt ficteddig idetvnedrcd | (¥r at@yy ddeedass hismh) ldcal dg@ogiobed
over the entire surface. As is known) materials such as silicon nitride,

t i35ani wmiermityde, and the |ike are used for the barrier. Then, the netal
| ayer 104 is applied over the oxide |layer 102 conpletely fiIIing t he

i |l ustrat edAnpthacivey td i2ecaid Pomovah rdtesgandeuni formag iy enincreasd theveldraty of ehen
perfornmed on th tal layer 104 to renoye the excess netal, and barrier,
and sché?SI ﬁ“‘t”ﬁé’agSq:Sﬁr'?Cé‘E‘"’é at VF'I‘?B‘%??‘H%‘SP§ &Pna frocRRCtnay Itk e ?Rpg’ﬁé‘rﬂé’s
102a- 1Q2¢h stk d¥eshir! q%emrﬁlttngfrsctaerrar Eﬂl{‘&lgﬁhﬁteagéd)ﬂh%;ﬂ@emﬁtismélﬁbfceéangrgﬂ
and runni ng throughout the oxide |ayer as netal [i1nes shown 1 n
Fi gur e siz€, andeharsnthiei legek poysicad size exf abe @MP apderhdindhnowt tacoer Fon exztreple

planari zed surfac oints 106 and 108 respect] vel In curre
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Because ofet pﬁggﬂf f %?%Eg&&?y lﬁ,ar dneé)gﬂ%p gt‘r?’g‘ o&t?adl a?Q%rﬁ[gd ar ri %rcldﬁlg&ndbe
met al leffycest]y inateaseal renoval changes significantly as the |ayers are
processed and the different |ayers are exposed. The softer netal |ayer 104

is renoved at a higher rate than both the harder barrier and oxide. Once
t he netal Iayer |s reaned |n the oxrde reglons 106 betmeen t he netal i nes
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LAMRPt 49+. P/ ASP 4 force should be controlled to achieve increased renpva
rates and uniformty of the planarized surface of the wafer. SUWARY OF THE
LNVENTI ON_ 5 Broadly speaking) the present invention fills these needs by
provrthﬁ Bt ystem that provides increased, uniforn) and controllable
removal rates. The CMP system all ows for srgnificant increases in |linear

vel ocity over the prior art w thout the previously associ ated detrinental

ef fects of dishing) erosion) and hydroplaning, and can incorporate

real -tinme insjtu itoring of terial re 0. pr recrse and
control | abl é? iAB‘f"’ér"e B e ﬁ@me L@r%“ﬁﬁ-l %ng&%écéao atart fRoguEs ent

i nventi F@-ﬂ:t S an
appar at %’ési) ‘éé’r{'gp_-s ute—t%t?ég v?’gfeelr%?aa ng&#ﬁd'}ga%ever g?lj 5f';nve ?v%&g%&og?m{s of
t he predento uhwemzmd lmeer delecity bithebedfemand thedfiaet thabadilmeof chemiClIP (eyst em

is disclosed. The CVP sy stem includes a carrier that holds and rotates a
waf er . SI*H’é'yi/\%ﬁVéF”iesPOrli‘éi"ﬂgcﬂ‘? SHEa%arrier so that the surface to be 15

progessed 'Sro%iteét?a‘tga Jh& p%tssregmgﬁt %&Jeﬂﬁbhﬁ%@s?&kg\prem@% @1%@@5@(1 by

a process surface suc as ‘a pa bru as used

oper at intdds to FiguresolB-aC. rAd atveezll krow) preseiteC VPt sybtiens ape oseelsts rembf/ace is
plied gai nst the rotating wafer at a roller contact region. _The roller

cont acmet b?@iwnhﬁ%‘eﬁalsWe?ééoala%fatotlﬁ‘éﬁtei@et?’elsfsest“ha’r"tO{‘i‘i’é I‘WéFFelIn Figure,tR, ar ea.

| n addi r% ogﬂie er%)? W%@EQ& até g@zrﬁleha{es eﬂﬁ 189& h% r@@ée‘ﬁ%%&%d in

novenen er 'S ap 0 ‘agal nst h waf er surface, the

rol I er tiﬂsl @odmyexsmz:mswut B@u%@ﬁ@ bréafeqm&nﬁndse:@tmﬁ theDoxiao1dyer 102.NPHib td
manner) the entire surface area of the wafer is processed. |In another

entfbdi npwivmgathﬁmerﬁidayre@ri% rpetlﬁrcbammﬂmr tayer (ior rsfmwwgis idepepited loyertlie The

met hod i ncl u t at,i ng, rrier hat.,.hol d The car er..hol ds
The. v PREstiEse A} Ratrbfle? piliafuch Sainden P, BrblumatBfer BdigiugtTne
et hod y§dy foRede Baméﬂidnrenr %aﬁétaaaﬁeﬂmnpt;i;ﬁrea@b@;%e @rtlce><1h§erqfozrc%hﬁﬂé:ei9 The
roller is covered by a process surface such as a pad or brush as used’in

CMVP or ﬁlblufg‘ thngll@petesittmnms 1Re-103datn Figupe HCesmventidrat EMB haappeiqned agai nst
the rota r sur.f.ace li)gtdefi ne the roll e([fl ratact re ar ea of

the 1 oPREpMGsdiTL e el IBVET 109 o8 Erno¥e the ErdeSe el R o PR SBopthitfe, The

rojqer s&‘PzEHeaa@ther&Qdié)ﬁ éxsldMuEH@t’iat @H&V@éitché@f@éelr@@ sYayaﬁl'léHS@lth e ﬁ:‘rﬁaﬁiﬂﬁg
the wafer to acconpli sh the CMP or buffing process. In yet anot her

enbodi metl fram thetrhetdl faper e prd runging throughow thé omdwehet)@r 102 asliretdldimesi. The
met hod includes rotating the wafer and applying a rotating surface onto a

portion of tAseshowhnAlREESHC) BdFinGtivwkywn dhe‘erasiant’i agl ‘disHing totcur ohahe
noved between a f| rst regiqon and a second region of the wafer. The nethod
furt herP lpparizgd syrf 8t 3L ROMgYS éoﬁiaﬁédPS\f‘é‘iPS‘éti‘te}y aln gurgesi technolagyr GMP systemfe

waf er, (én%p%t'l}llja 9o W A€ RARY tmtcgﬁta th @%Bopﬁtegl(ﬂx E)oﬁkiﬁhé‘% ¢ oPY

nanipula orce and 11 near’ vel oci conta ace e rate

of20 enoy:l anﬂrstlhrt')heBecfaQEeott the diff@emzs 115hﬂﬂn¢$&©b&‘rei axdded theibdrfies; aall thhe mafabr i s
control I ed. The rate of renoval can al so be nonitored by inplenenting a
sensor layers. f?r‘fbt?f @BOYA chBBRas Signibeanalyi tfnthieelgmréuaﬁ@prqréssieénwarher%ifféremrhe

advant esqnt n S sk, bly,
e coniiep dhe tfosBA AL sdr Hl OO fo BMnfRAI M LHBALY fle dMIHORINE D,
for t heha‘raérrbamérl and oxideroDRcecthopheal 183drtis rdnmded thebeige a¢gionC 106 betveen The
ability to increase linear velocity and 10 pressure during processing

i ncr eastte mayd lings é%fcon@mﬁemmmsmgﬁan ssuliin thenishing showo Esthetmesak linesiat i n
ghernopr t hrou ut. but th cessin rface ont act
Féb on B GEHRr PR AR vt nsbrerY P renov P daud Wi e PR
pr ocessTHd prace® Bowdn MBI @veLpblishingbis€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 negative

impact on the performance of a finished integrated circuit fabricated from the wafer.

30 In view of the foregoing, there is a need for CMP systems that efficiently allow
increases in linear velocity and also allow increased amounts of force to be applied against

the wafer without the disadvantages of the prior art. The increases in linear velocity and



and uni form pl anari zed surface. Another advantage of the present invention
I's the enbodi nent that includes a sensor 15 to nonitor real-tine, in-situ
materi gl, 2@gﬁxﬁkM,Prior art necessarily evaluates material removal to
rani pul at e e paranmeters of processing, but the present invention provides
for measurement and eval uation duringgthe processing operation. This
ability to mani pul ate the process as It proceeds and based on the materi al
and environnmental conditions of the actual wafer being processed while it

I's bein rocessed nmakes . the processing nore efficient and 20 mare precise.
The. denthitE (OPHoPE CORBIEE thlATIEveayiretes edigyaf ctiet PhupRLomaty o o8 he
abi | i typlafaffRiCusfate/oftthe wafdrf or My planarize nufti-layered surfaces) and
the present invention neets that need. Finally, a preferred enbodi nent of

the present invention affords a nore efficient and nore econom cal use of
precious fab floor space. The vertical orientation substantially 25 reduces

the systemfootprint of prigQr_art _and enhapnces overall process control.
Q her aspects and advant agmmmgaS%n wi || beconme apparent
fromthe follow ng detail ed description, taken in conjunction with the

acchbnpanyi ndBrdadiyispgaking, [the pteseritiingertipn\idls theseenaedpbg proddingi nCMP egstah t he
present invention. LAMZP,%49+. P/ ASP 6 ﬁﬂRl EF DESCRI PTI.ON OF THE DRAW NGS
The pr e¥@hProvidesrinersaseds pniferan.randdfoniroliarle remayal Biest ener @MEosystin ddlows | ed

descri pkj : : L . : Litate
Cocr RSP HHAC 8Tlht Ibli, ARENPR B0 6 BBl Pt
el enment detrimehtag effects Af shivhivig, @residrg; atli iy debplgiing) aid eancipesrpeidte rEt-tiamd mal

pol i shing (CWP) process, including a CVWP systeqL a waf er cleaning system
and pos#iowenipere:esmatsriakregaeval RPN isRTaciss prd gentenlisblerwafer processingrelt al

| aygr owmer oxi.de. ' S rate of Figure 1B
ar 18r pHEIE b MpARiAY Bar she BHEnCIBHRIE chBer BB S IF gty B4 1
a t hr eeindludiis a9 Aaprovéseard hppartiVe, aRpaEM, WSdevide 8€aahetadge Idveral Gitentive

enbodi ment of the present invention. _
embodiments of the present invention are described below.

In one embodiment, a CMP system is disclosed. The CMP system includes a carrier

that holds and rotates a wafer. The wafer is held on the carrier so that the surface to be

15  processed is exposed. The system also includes a roller that is covered by a process surface
such as a pad or brush as used in CMP or buffing operations. The roller rotates so that the
rotating process surface is applied against the rotating wafer at a roller contact region. The
roller contact region has a surface area that is less than the wafer surface area. In addition to
rotational movement, the roller also has transverse movement, and as the roller is applied

20  against the wafer surface, the roller also moves across the wafer from one region to another.

In this manner, the entire surface area of the wafer is processed.

In another embodiment, a method for chemical mechanical polishing is disclosed.

The method includes rotating a carrier that holds a wafer. The carrier holds the wafer so that

the surface of the wafer to be processed is exposed. The method further includes rotating a

25  roller about an axis of rotation. The roller 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
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.

30 In yet another embodiment, a method for preparing a surface of a wafer is disclosed.

The method includes rotating the wafer and applying a rotating surface onto a portion of the



Fi gure 2B shows anot her three dinensional ;/i ew of a CMP apparatus with a
roller having a |larger diameter than the roller in Figure 2A. Figure 2Cis
a crosi-ﬁg}gtigﬂg g{jew of a wafer surface area to be processed with two 15
possi b AME AT regi ons shown. Figure 3 shows a cross-section view of the
CVP apparatus in accordance with one gnbodi nent of the present invention.
Figures 4A - 4C illustrate yet another enbodi nent of the invention that
utilizes a sensor to provide in-situ nmonitoring of material renoval during
the CVMP progess. 20 Figure 5 shows CVP Syst.em Diagramwi th control_ and

{ eedbaitFes] (hTin tyating SYBAES (1R HNER DSHECSBI UK FREIT B1G B REeQicegion of the

| nvent ARy FrAbinfeRod itk idi6des BSifhE aCRRAF ekRic) hd¢hd

process s;stem enc %sure. IéfygsguéeeS @éﬁsﬁ% a fFowch:a?t ??g%ﬂrlt%ér% é‘g?a?%%h"
met hodwafery and applyjrey & dorre cigasisn theaw2fer @VEheappracatsusfacd. n Bycmanigalatiagvthé h
one enbhodi nent. of the present inventjon. DETAI|ED DESCRlI PTI ON OF THE
PREFERIGEES ERBORPVENGIS! }-\(rlatiﬂf’ﬁ/é?ﬂt?‘arf'ugjfm% bt Big© FF@’?Y@!S A hergfpre detRspefshg
M opgf 8&39&&% Ul RS, hted ILARUUA! The YAE BF Perhdhal LAFAIBS B mdrlidkliPs
follown escription, numerous specific details are set torth i1n ordet to
provi diampletrieating gRensod ¢ras provildes Jeafbat himformesiontregandiap theoremdvial witd.| be
LAM2P149+. P/ ASP 7 under st ood) however) to one skilled in the art) that the
present invention nmay be Eracti ced without sone qr gll of these specific
details. InldeRdvantagasHidas prasent inkersian 57 Fay andsEbstintinhs Mesidothly.Hben
descri ' L ' t

 mvent P dnfsfsioh B MOEhRGE bl IRGRRRARchioled BRSLE BephE sBRaBh of

i N accaiod@eemphext muthiyersdodioyenéd ofrcditte Pheability tdpdasoNinediheelodity and
apparatus 200 shows a carrier 204 holding a wafer 202 such_that a wafer
sukd acpressuse duping pracesxipsdecreasss thy mie oF removat pueipsier arpo Notsonly ey His y

secured Q. . ri 204 i t S t Ahe
wat or bl i AChigRe a-fles g oLyt A nd BORRRIACK o (hacE HOMAATeRIR o HRE | 1o
waf er Waﬂﬂﬂiﬂﬁeﬁd)bﬁtﬂeomﬁdﬂaﬁ U@mdﬂx@pw fbh-shﬂ’éébepﬁocéssiﬁghgi&@d i in@dr_e oﬁn&'bﬁla_\&e
shaft 206 is connected to a backside of the Garner 204 which is configured

t o progidieniformpplaniizedsenpenent 207 to the carrier 204 and therefore cause
a rotation of the wafer 202 about a wafer axis of rotation 205. A roller
210 i s showAmtheriaguareageoof thegiredent #38ntidhis thhahtbodiiBerdehatrirsludes atersoonal

axis 215 of the roller about which a rotatjpqon conponent, 216 is applied, The
r okt i Bhamoniter sreghtimes inssity Hpaterl gsmovals BEPR At APqe5SaRdY ypivates: material

rotati analy . %ﬁfijpl}lg@ tlﬁ‘@éﬁf&n?e@és gﬂf%&g?ﬂ%m Otiﬁg'%mentt Seri Ero%@&s p be

nmade to rotate and exer esire noun gue using convéentiona

gear s miedsurerment dreicévabladigy .dukingtthe proestsinl opsrition. HEhis abliy t@ hfhnimdata the
process surface 220 (as sgomn in Figure 3) which can Fe a.pad, brush, or
any ot RROCeSS A% i iprecerds ard aasedipsy th mMatesyy dadrenvirgnygental gop So W&tﬁcﬂﬁi

buf 11 ng,. s yheap] (IR i2bdin ' RSoraksSRB horROB KGR ahdial

t he pr oélfeégs&s‘fﬁp gdggssé\owrgk ﬁrl\%%rélglglsperra%ﬁ%oeﬁ?kgspgjl Fpég gglagns? tﬁrel war gr 202.
20 more precise. The demand for more complex multi-layered integrated circuits requires the
ability to precisely and uniformly planarize multi-layered surfaces, and the present invention

meets that need.

Finally, a preferred embodiment of the present invention affords a more efficient and
more economical use of precious fab floor space. The vertical orientation substantially
25  reduces the system footprint of prior art and enhances overall process control.
Other aspects and advantages of the present invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the present invention.



The roller 210 will therefore only contact the wafer 202 at the surface
area defined between contact surface outlines 212. It should be noted that
by using a roller 210, the sane portion of the wafer 202 is not in

cont i nﬁgﬂéplé%rﬁ"%’t with the process surface 220 of the roller 210. This is
significantly different than prior art CVWP inplenentations that would pl ace
the entire 25 surface of the wafer 262 in continuous contact with the
polishing surface of a pad or belt. As depicted, the CVWP apparatus 200 is
oriented with the wafer 202 in a vertical position. This is one enbodi nent
to maxi m ze the effi cBRIEFRIIESERIEFHON OFTHEDRAWINGS he appar at us 200
could easily, be configured to a horjzontal or_ otheg orientatjon depending
on requi renﬁt‘i‘?é’r%?ﬁﬂt 'é?g?sl‘?tl‘)&b‘f’@l ?%@399%8@‘5“?3‘804'% tl?"ofoé]ﬂ“ﬂ@g Aefelled desCoplpn| i ed
agai ns fatu f . i " J : e of
The. vy DTSR RgeRcEsmERR R ALNARE, T H A R bbn, WRE rBBE D, S
t he | i nemeraledasignile lite stituetusalrelementaf t he wafer 202 (e.g., linear velocity
as used LAMPP149+. P/ ASP 8 herein is defined where the roller 210 neets
thes sur f ace Paduré N\ WREWE a2RRemERd dRigrai CdfeRSREmMPY] imMbeh&asdl NblishRgdicaviey er

of the roller 210. Figure 2B shows a roller 210" with a |arger dianeter

t han t Bepcess) insfudinga Byftera, 2wafenslegningisysien, anbpest-GMEB pregsssinged
dianeter of the roller 210" in Figure 2B creates an 5 increased vel ocity of
the roller pigredB shows acypi2dGubstiute vithraadetakblayamovienan easle layerl | near

velocity on_fhe surface of the wafer 202 bet n contact surface outlines
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pri nt : he wafer 202, which is illustrated by the increase
in thegihé%g%a¢%t@g®°% n the contact surface outlines 212'. It is

under st ood at e.tefms é:l\/P oper ation fangjlﬁ:PP Bro ess_as used herein are
10/ eneral FEEUE 20niscd HTeS %enéﬁva ueP! B FPRAELLS, In. ACHANHansh G thgne,
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understood by one sKilled in the art to enconpass those operations that
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reference to Figures 2A-2B, and with higher linear velocities and increased
f orce, possitde edntacitresions showt 0 4000 angstrons/ mi nute and hi gher can be

achi eved. As nentioned above, the rate of renoval is a function of force,

| i near vel oFiguye 3adhdwishe cides-REctiohoviewastf the (MRt appiteusefroaccordance eddi oge t he
force and/or the_ |inear velocjty will increase the rate of renoval. The
enbodi HBRPLImMeNf okthe Presgnt iAVENtiglr es 2A and 2B show that force can be
increased without the current technology risks to a wafer since the wafer
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center i st S the ability to introduce a
transv%%cggdaﬁg%gjﬁ%]nc{h%fwoggm%ﬁe%frt}ﬁ?‘g?eﬁg gfrll?jn'shaft 208. As best
illustratedg n Figurne 2 he er 20 i ch is under tation 217, has
a roller cohigys @éBP%Ff‘?%%%E PB‘W%PEA@BW%%W%& Sné%aprf’%esaeﬁsﬁigbl

bet weeghdibr&ont act surface 30 outlines 212. The contact surface outlines
212 are shown in both a center region of the wafer and an edge regi on of
the wafer tg:] sir.ale : i t i r ¢ iukin@ns
over the wa? }e%’ulrégzg.ho ec%?gg’%#;%\ll\{ﬁ é'eIJPeﬁ{eghﬁq de?éﬁ\(}gt te?%tfngngl@%{ﬁg reg?:gons
2172 r eMRasrateX anpt@rdancAMAR1cenii lihe t oftile piebent amveneindl ng posi tions of
the roller 210 noving in one of a transverse direction 218a or a transverse
direction 218b. In one_enbodinment, the roller 210 could be configured to
start in the PEFASLE CRHTION: OF-FHE PREFERREDISMBORIMENESedge of the
wafer in the transverse direction 218a._ Another, 5 odi nent coul d
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enbodi nent, however, the wafer rotation 7 calses the entire surface of

t he waserrfotth iberdgeraoeseeide bythohaighr vslessasiing af che2@@saft inhentionl | Brwidllbs and
thus the contact surface outlines 212 do not represent static points on the
waf er surface area 202' ) but regions of contact between the rotating
roller 210 and the rotating 10 wafer 202. Figure 3 shows a cross-section
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wafer during a CVWP operation. As shown, the roller 210 in the illustrated
enbodi nent is cylindrical, and the tubular structure 222 provides the

cyli ncmwfﬁhgs Qgp 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 gr alloy. 20 Surrounding the tubul ar
structure 222 is the process surface 220. As di scussed above, the process
surface 220 can be a pad, a brush, or any other material best suited to the
requirenents of the CVP, buffijng) or cleani rocess to be acconpli shed.
he 1 's CIRET Q0 R er e (P Silesh B ot A RE AR B oY b EHe 1
sem c fer I L ; ke S; C anged
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obt ai ned from Rodel of Newark, Delaware. A center region 224 of the roller
210 i NBYUHO8- t he shaft 208 which defines the axis of rotation 215 (e.qg.,
Figure 2A). The shaft 208 is nmounted on a bearing 226 and gi nbal 227. As
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whi ch also " has rotation 217. |If the process surface 220 and the wafer
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sl.ogw down in the processing. The illustrated enbodi ment.  denpnstrates
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el ect nhevwater 202 1Enddnebhnudusiconatt withsher groedss sarfatefl 220difalokradler 250k Thisn i n
the field. In one exanple, the sensor may be a nmetrol ogy sensor or the

|i ke. issignificandly ndiffersns thane pepr 4ts e implemenggtions (thateVPeld: Plaer dhe enipiech

C b i [ . ele. e e sensor
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rol | erre@iifermentd™aid HaiilhbleFedonecegut er regi on 232a towards the center region
232b) and the sensor 234 mnors the novenent. |In Figure 4C) the progressive
nm8Pement ofTheorqtating rollegn2 Hh dpphierd GLainsi theo Ftatinge svalearn 802 gvediice M lipedvi des
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anticipated that this and additional data provided by the sensor 234 wl|
be used by the CWP systemto LAM2P149+. P/ ASP 11 vary the force 214)
roller rotation 219, wafer rotation 217) and other paraneters to achieve
optimum uni form CNLP process. Figure 5 shows a CWP System D agram 250 with
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10 operator input of variables, data evaluation) display, printing, and

ot her workstation functions. In another enbodi nent, the control station 252
can bemf?M Qﬂvﬁ(s% conmponent outputting system comrands based on i nput
signal S. I'n yét anot her enbodi nent, the sensor response signal 260 is
output fromthe sensor 234 to the control station where it is eval uated
with other paraneters such as tinme, tenperature) roller rotation 219, wafer
rotation 217, and the position 15 of the sensor 234 on the wafer surface
area 202'. Thjs infor ion. i sed to calcul gte an {tor,the rate, of

mat or | Brrepitarned PER e folitsiat TR ShirRdr e AescBR) L Berdabefoy

l'i near inced RiigiiMe dfaet& TR tgtRE AR, and to manipul ate system paraneters to
achi eve optimum CNLP processing. The control station 252 uses the data it
col l ects, nbiguro28 showsavallem? EX with & targarrdiarBéter thiah éhe f1@r Rd8 iof Foguraf4.
roller rotation 219. As discussed, above) _the roll , 210 1's nounted on the
shaft S8ameRiRneghBidvepdhs increased metET Of o rliera 50" i Figiie il GEAE of

t hes pr i L Qs o] intain
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cont i nuelosity omtire dunfase bhthe ouetfE202f betwednoonrast surfaed dudlires 2 12 bnincidenfallgdback
si gnal A 256a, aglrthe control station 252 outputs commands to the 25 notor

253 vi lergieolemt Kby ilcalemBrorues yipseerfeekPny Qe sBITacReloine syrfen 2@ gvhich
resul ting,&pld £h El%tiﬁ&' 28 1% 1% separadbs bESREA tﬁéoéb‘ﬁ‘%actEmaéeoddéﬂeszzg@’.has
roller rotation )é ang al so has novenent I1n a transverse direction 218. As

the wafer 202isiunderstamisthacd thet feems ONIR ropefkfionavid SCMIPOpi@cédscasviaedrhe?éld drg om
the outer region 232a to the center region 232b, fromthe center region
234b t senendl QUNHiRabingledn #y pwmber of Procesigsi 2osamptishad, i aitaffing er pebdingf a
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di r ect bguondda8s thoyP ppératiGs tHat el adhdtetisl romBVAIGaRbRNY tb 360 ¢OiYstromsAhiatiiedn
252 via a control/feedback signal 256b, and the control station 252

commané’d itheore applicariges, upltaN®o 4engspomsiminptenplmproressigenerally msoesegp &9 t

Vi , al [ feedback gi b nbodi
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app i caiy Wiheé chemiesl 2drhpoiind Raitgdlaf for 208fiMki 6 pbEsHiA@NSAET LSidet thet Bne

roller 210 and results in the process surface 220 being applied against the
waf er mgehanienl preeessedesciihed avith referenese b digures ghalB5 apdowith digher nlinganed

bet th t st t 25 d th | station 252 . trol
Che apprPeses R ioyBrd Eorsa zemera AR5 ohitfaf A00hdnatioinourinue oad B8 Shbus
t he vapd adMi®aar aneter of wafer rotation 217 as nonitored and controlled by

the control station 252. A carrier rotation control and feedback signal 258
i nputs the Aarmé¢ndionedabevepthetratetdfaemowalind function of {Rse, lingad velpeity.omdrtls 10
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present invention. It is anticipated that, in addition to the illustrated
par aneinsreased Mithouhtheotursnatécbno@gy rigks to al walfemsinice dhe swafér isampaiieed onag
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apparatus 200 housed wthin a CMP process system encl osur
arls ci fhatlzdat hedocityheet@hén thecoetst syfateouttined 242 B’ 2FigunsidAland2Bshswithe t ed

f | ,or. her | ticylate: ing. i al
mout a il 2 Xp; SR sSuisarect Sifines2aplT A5 Cbaer fbidtoiane SRR ng
mat eri g, dhols iglih Byili%“ﬂ) #ProRR&M GahseRB IndvRARNE 20Y 10 HRdNEeS 210 RRd ShdRt

process system encl osure 270 is designed to house the CMP apparatus 200,
del i ve20&wahebsst 20@sttaedandFigure 2C, He voNEr 2()Ppahizhus uddd a notation 21, hasea roller

o T acti e reEEn 3 f er AT EnftiesipEph et st A e belmeen oo Rar ERge o
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carrier 204 in a vertical position. Th process systemencl osure 270
provi daesl srhedgetregionwf ¢cheawdfes tpidlustrate chad e mtler its meo eliRo ajpffercat prssitXiB,ovand
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Wafers for processing are transported to the CMP process system encl osure
270 and introduced into the processing environnment by whatever 30 nethod is
best suited to a particular fab's facilities, processes, and resources.
Exanpl es of such nmethods include end effectors, cassette | oaders, robots)
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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

preci sitON2BUAtYSF of the internal environment during processing as

descri bed above. 10 Figure 7 shows a §Iomchart di agram 280 defini ng nmet hod
operations perforned using a CVMP appafatus, in accordance with one

enbodi ment of the present invention. The nethod begins at an operation 282
where a wafer is provided to be processed in a chem cal mechanica

pol i shisHgtingonm ensheg Besibens ofsthe sollgs 210 meyipg ingecf s wansverseriastions Idaea i n
casset ansnar to different stations during fabrication to

conpl eia:[ﬁ}nﬁggaée{sh?ér}%gﬂégg'r ocess operation. Thus, in one enbodi nent of the
present i nvdntdnerembbdnaéml theanllbe2 ) could éd confogured castarttih ehacehtdrangibos df by
an end effector for safe delivery to the CVWP apparatus. Once the wafer is

provi délp Wakes 202tanddransl & theoedgs fpbe atafernintBe tipgvessedirastion &8s Another ded
to hol - r ' NS ier .l

appar ac ool oot byl e dRAE AN art BOE RS Rigiont oP e dtclnd BT o1
a waf efo iige tdplregion in Met thaidgérs@ ditectivnd1eb. Ih ratiféﬂib@didi@it, hyveskieel@Be tiafeir d
support for a wafer can be used, the Garner will preferably approximte the
di anet eetatian 28hapeses theensirg pedarevaiftbe wakesdo bp precepsediyube progeshskrtace 320 ng

or ot her . sim. tes, Furth i 1] tjcl ed that..the carrier
Soul a0 ELAEEE1E dRa WRLES coftblisfifthce diduin Ao Phbnchl Sht PRigRI OE!
suppor twdferesupfabé hrea202M baf refefins ®f 28Rt Hetwérh the t@atistifJIRE 2101dhd e rbfaﬁn%ﬁp
process. The carrier should 25 also be of a light-weight nmaterial as the

cal®i erwadfer 3B at ed during CMP. Exanple materials may include hard plastics,
al um num stainl ess steel, etc. . Next, ¢ thod proce to an operatjon
286 whor & ¢ HAEMEr oG et iberdoyeiebtcle Ve SRy 20, e ERp R Pk
acconplong NafbddimeRy of BRE YredeRtinVidib. STRIA" Slo¥s-Etidnilh eie‘Oﬁiﬁ]]?ﬁstﬂa&s Pl s

during the CVP operation. Some exanples of attaching the wafer to the 30
car ri eccompohente of treunohher 81 @cin ¢us ambodimane of theupresend inventsioonthe aollerelfani cal

I i . t thod | t t h t t b f fticient
atr engtHInes Rof dOuE yERBe 2Ry Lackranty. 1B° bl GRFare 722 bomage pbSHHS and
ungdsr the) 3pRhy oatdr QRatbfiall ALK @giggexmgxb 6 en4B1E Ghd Qﬁpli’&fi@ﬂg JfYoRbtRENHRHa the

met hod advances to an operation e, as nentioned above,
LAMR P14&ferPdusBz 4 £ MReopeaatianer As showhathedrollSi Atk int be ilbiserated enshiadiroérgdst o

appl | caV Bt B RilE RoiTer ARG HeouusdiS ShabE Vi deichiy of |
across sFan?gtﬁf,aH fdi@uar{oaﬁgm QREhAL hARevaPQ QARUESudrite Scail ACE TR ABAS TN logfarENt

into 5 whith chen’cal s, "or chhem cal conpounds or m xtures, etc., have been
i nt r oduaeridlo fdraonstrtcaion madyebeplbsthrubdper budlfayng, or cl eani ng operation. The

confact region is defjne ere the_process surface t overs the roller
combact s’ ¢ MEMERNE|he SOMA GHHEU P HE S HE DB TGN 25 20 c ARYIIBSER BREE: ¢ he
waf er inge HAdcakd Q@rfac@hﬁﬁ@fcgﬁ e Y%A, LNERE,06C Sy D Antietial 8eR! dfdd agahast

the wafer, 1t does not define a contact region as a singular, static band
or chorejueneEss dfttbe CME,Hudfing,®rweidaeing phocess o regdogomppéi pleadd | Agisupdhkndven,

pl acenent the raoller, over the fer, there wi]l be case ere.only . the
out er H&F%"ngms?s%t*ﬁéswam nynEeTy iwgflwtt?@éérééameev@f%m&%éf%ﬁ%‘?ﬂ% Bl aced
over a . r

ur f ace's B e RaHabE 220 Lar P HIEEN o ARIGRE RPoesl ey MRrRBS TxABRS

t ha5 wafoéipygcend surfaea@20rmatatialorincfidd He1008f awd. Pdrameiait 1@$000narich Ppraneric avat

designs, it should be un erstoo%tet hat the process surface of 15 the roller

i's not bS@PEPé‘qu)fr‘PrﬁWﬂa It\I_e‘(XFfl% f’?_é?"aé‘l"lti re surface of the wafer all of the
time. That ig ceﬁtaeregfgnl p L 6f5th)9'}éﬂeﬂ ﬂOCiﬂﬁlhagst th¥sh t@O@%ﬁibl?HFﬁ’rﬁesttﬁg a¥RTofr
surface (e.g.) contdct region uring the tinme that particular portion of

t he waftemtisn 2l ficegr, Rigire 2A4)hrThegshafth208 stradumed pn adeasing @26ame gifnbhh227.
roller. The exception_ is when the roller is placed directly over _the center

n the ;
of t he Atedigfusgifigaboypelfasems Kt 1sppplipd to theehri @98 Kiriae SMiP) onsaations ol he feree
cerger hihSel ] t : 0 : i th,oned
at 20 e A YingoRel il Aelo oMb HE sk 408 Hearilp 226 L RO 1he
whet herrolidre2 I0ohdsea roller drdtton 209 rmt hise pricess suefaco 220 ds appliciagaist g ivafer or
fromthe center region to the outer region. The method then proceeds_to an

oper at 28R voyoh gliehas refation 2y Athedirpesss surfars\ 2l anck bgsvatpresiace #82 2 t he
waf er [ ] i ] 0 er
Fagt on TeonPHRBERL Eflgndlt £ B i burtdcaf afPaChadiBY DY Bl MBF grocdSRET
the center region, or the roller may nove in any direction across any
region of the wafer surface as the requirenents of the process dictate.
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15 and the wafer is prepared for the application of a photoresist |ayer. O
course) the CVP operation may be repeated several nore tinmes for different
layers fofuor B ipde, netal, and the like) during the fabrication of wafer
tnto in egra%é circuits. Once conplete, the wafer is cut into dies, each
die representing one integrated circyjt chip. The chips are then placed
into 5 suitable packages and integrated into a desired end device, such as
a consuner electronic end product. While this invention has been descri bed

in termns everal preferr, enbodi nent.s, i iJ | b | at t,
hose SLf GRF i RiRk AP EH o AaHSsgP e Tt oGO NS JERIRY dbg FEATs 28R ds
studyi pohuhfa & £Ymsh 2 hd ehRFe b &EnsYAHt RH S ek %Eﬂv@%ﬁ’th@ﬁfﬁcteis ace 220
pernut ati ons and equi val ents 10 thereof. It is therefore Intended that the

pr esentand theenafeosurface laraded28 ddrisgiCVRipoeesatnigapsyatiadeli t i ons, per nut ati ons)

and equivalents ag.fall . wthin the true spirit an cape of the inyvention.
What ?s cl aifngtey 44 - 4C shpe vet appiep e Oéj_")ﬁ'%é’c}lt. € RE‘F{H}H%ES‘P‘ HBﬁ?Fén?cal

pol ¢ shi [JEXM AT r £ . /
vl o) R T e g O P Pl R e

pr oces prisuart,doerddrad mianitoo rdmaopal eaes, it is gersralyos ragueemeht eiat thetGV@pradessit a
roll er rotatp{ﬁgg axi.s, wherein the process azurface of . the roller is applied

agai nsPe SIRPPRAFIBOTEET 1P ACAUrUELYC BIgRSYEE malefia) femEal r (nce degrist A Fem dh

bei ng . : AET] [ i.shi ng
oyst S EEninBAnE RPHECesE id BE fesBhR, hes ibeshfh S BRGRIA A broPEishel
connecfad itlosteatbd Ehsbodémendt déreofsararesr realtime o if-biguirrmonitar capabHitieh eensotiag | on

of the wafer. 3. A chem cal nechanjcal poljshing systemas recited in claim
1, 1whePescierand upiform maeriplyeme Vil wails IMpIPYag ProesHRS Hrrughmyss [p Figet dfned
by a di 8 r | et bei onf j gur ed
0y § o HERENEE, soest S Bielar drBytct BEfAEn, 28081k e SOMRBRHoc Bl 0N AS
nmechanidsatisspd bWy, g ﬁmsetne iaitibe ead BEl configirad o dtart IANPhROce3SINPat Sicegter 20 a

shaft being defined through the roller and is configured to support the

rol | er regh@n232b 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 roller

15  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 (here,

the outer region 232a) through a feedback 234a process that utilizes laser, electron, or some

20  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
spectroreflectometer, 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

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

25  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

the sensor 234 mirrors the movement. In Figure 4C, the progressive movement of roller 210

30  and sensor 234 continues. The sensor 234 provides continuous data including the actual

removal rate on a particular wafer surface area 202°, the change in removal rate in different

regions of the wafer surface area 202’, and end point of the CMP process. It is anticipated

that this and additional data provided by the sensor 234 will be used by the CMP system to



applied against the wafer at the roller contact region. 5. A chem cal
mechani cal polishing systemas recited in claim4, wherein the roller has a
gi mbal nmechanismthat is coupled to the drive shaft, the ginbal mechani sm
rs 25 EOMRPPYURY™ 0 conpensate for non-alignments between the wafer and the
roller when the roller is applied to_the wafer. LAM2P149+. P/ ASP 17 6. A
chem cal nechani cal polishing systemlés recited in claiml1, wherein the
roller is applied against the wafer at the roller contact region with a

controll able force. 7. A chem cal nechanical fol i shing systemas recited in
cl ai m yarvutherferas 3 He rallergrorasion; Zl Spipdar moktiQNt71dn 40¢ oftier Parapetes Homshifken a
first regi : d a second region of the wafer. 8. A nethod for
chem cgﬁglﬁgghgr&f%@fcggf (F;’:E?ﬁ?ér%‘g) conprising: rotating a Garner that is

confi gured tRigirel Msiiowwrh eTMPt Swstenh (Bingrany 26Q withvedrerol andf faedbatR sigrads, imnd
rotating a roller about an axis of rotation, the rol]ler having a process
sur f ac@ccosdancgppitly ong embediment ©f dhe; presentdnyentione A dissussgd Aba¥e, thesensar er
on the f . r ; Jer ' . co t
Fogh on 2oL eF it 2% pkalGHhE or RAPERES pHERICRInE REEN FagPBAEL o,

chem cgbllggtechdni ®al sepsdri W ng camniigiddiet! td 1 Comion Hatio @52 tArdugR 4 Qémbt NY
of the wafer is caused by a drive shaft being connected to a backsi de of

t he cargspense fignali260r dnaneemodiment thevaengdraddd) measairgsothdidegthodf matriahemwr i s
OO | e RB POA0 yB S oS R 2o T
as rechb@dId teGliadtraté eXaniplé)@he EEHTRI 'sfitiBA 252 is a computer workstation to allow for
10  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 219, wafer rotation 217, and the position
15  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
20  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
25 motor 253 via the control/feedback signal 256a to control motor speed and resulting roller
rotation 219.
As discussed above, the roller 210 has roller rotation 219 and also has movement in a
transverse direction 218. As the wafer 202 is processed, the roller 210 moves along the wafer
202 from the outer region 232a to the center region 232b, from the center region 232b to the
30  outer region 232a, or in whichever direction the needs of a particular processing requires (see
Figure 2C). The shaft 208 is mounted on a support structure 254 that enables the movement
in the transverse direction 218. Support structure 254 is monitored by the control station 252

via a control/feedback signal 256b, and the control station 252 commands the transverse



defining a linear velocity conponent that is governed by a dianeter of the
roller, the |inear velocity conponent increasing as the dianeter of the
tol | er |p&£l?s§§m,25 11. A nethod for chem cal nechanical polishing as
reci t ed™ R aim8, further conprising: supporting the roller by a shaft
bei ng defined through the roller, whepein the shaft supports the roller
when applied agai nst the wafer at the roller contact region.
LAMRP149+. P/ ASP 18 12. A method for chemnical nechanical polishing as
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polishing as recited in c further conprising: applying force to
t he rolforee 2dddordthei shpftt 208 whishyis rtga)lsfemdftortbe rddhrr?goaandomwm lratiieepribaess
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region of the wafer to a second region of the wafer. 15. A net

pr epar ithegapplisatidractfonde Z14waf er, conprising: rotating the wafer; applying a

rotating surface onto a portion qf thg \é\@fer and 20 npvi ng the rotating
surface bet wdenembediment sBvaninaRigUEE S ﬂthP@@tB?l V3Fiablgepdtametert ¢f Wéfﬁil ete
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defined by the rotating wafer and the rotating surface; and nani pul ating
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LAV Plﬁ%usp Ag“?ﬂ% rotation 217. Figure 5 demonstrates one embodiment of many configurations

for the control and feedback of the present invention. It is anticipated that, in 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-
15 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
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
20  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,
maintain the necessary processing environment, and perform any other functions necessary to
facilitate safe and efficient CMP processing.
As discussed earlier, a preferred embodiment of the invention is oriented with the
25  wafer 202 and carrier 204 in a vertical position. The CMP process system enclosure 270
provides the structure and support to operate the CMP apparatus 200, and provides the
necessary facilities for processing such as electrical power, water, air, and other processing
chemicals, gasses, and other materials. Wafers for processing are transported to the CMP
process system enclosure 270 and introduced into the processing environment by whatever
30 method is best suited to a particular fab’s facilities, processes, and resources. Examples of
such methods include end effectors, cassette loaders, robots, and the like. The CMP process
system enclosure 270 introduces the necessary materials of processing such as DI water, air,

and chemicals, gasses and compounds for slurry, and also transports the by-products of



19 17. A nethod for preparing a surface of a wafer as recited in claim 16,
further conprising: defining a force at the contact surface of the wafer)
the force bein plied by the rotating surface against the contact surface
of the"ﬁﬁ’f’g“?*‘g‘?‘nﬁ’% mani pul ating the force to control the preparing of the
surface of the wafer. 18. A nethod fq preparing a surface of a wafer as
recited in claim17, further conprising: noving the rotating surface to
enable a shift in the contact surface of the wafer in a 10 transverse

direction fromthe first region of the fe o the second region_of the
waf er; PEOfEssiag PpuPhthe myoqereng ienéﬁ?nm@tomaﬁ’dp@ﬁwf%&@ %Itc?cgw %‘801@15&
surface,. .as: r . shi - t Lr -
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conprising: calculating a rate of renoval achieved by the Preg‘ari ng of the
sur f ac8Ygemienslofpmreel70 alsegenshles ghe Hanspgrtiafdhe prassssed afaders oyt ahtheimiacessnge at

t hecco face: t 0 . Sshi i ;
ai 2ot ehatonRl K8l FRUBYRE MERRERHERTEE ilticksd b LALERATYSIR 3400
met hod eh@y poimtpaahGther st poimt eat avilbdhaiitasesthe erantfed of wafdraimandoutf whilber
conprising: introducing a chem cal conpound onto the surface of the wafer

dur } ng maRtaptiR W Ayticrlatengenstatioac d P@;enfrbrep%ﬁ &an ba gantzolind by, yay 1af ardpoat i ng
. , Wi h
chen c5F PaBhBh A1E&RHIE BESisfin, EOrordhe HrelndP ofiRHien: HEhE tod3ait 1o

surf acqegdrivadwBé@y, as recited in claim15, further conprising:

LAMRP149+. P/ ASP
10 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

15 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 to 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

20  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
application of force against the wafer surface during the CMP process. The carrier should

25  also be of a light-weight material as the carrier is rotated during CMP. Example materials
may include hard plastics, aluminum, stainless steel, etc.

Next, the method proceeds to an operation 286 where the wafer is attached to the
carrier. The attachment can be accomplished in any manner that would securely hold the
wafer in place during the CMP operation. Some examples of attaching the wafer to the

30 carrer include vacuum, electrostatic force, surface tension, or mechanical clamping.
Whatever method is employed, the attachment must be of sufficient strength to hold the wafer
in place while the carrier is being rotated and under the application of force by a roller. Once

the wafer is attached, the method advances to an operation 288 where, as mentioned above,



20 measuring an anmount of a material to be renoved in the preparing of the
surface of the wafer using a sensor; and |ocating the sensor over the wafer
during tr&f re jng of the surface of the wafer to neasure the amount of
mat eri al® zgpﬂgé'pfr%é#mved; and 5 using a result fromthe sensor neasurenent to
calculate a rate of renoval. 21. A mefhod for preparing a surface of a
wafer as recited in claiml5) wherein the preparing is one of a CW
operation and a buffing operation. 10 22. A nmethod for preparing a surface

of a wafer as recited ip claimls5, wherein the rotatin fer has a wafer
axi o ofing gadier i ol  WoCs GRS atraed Rbe SR abE ARG IS YA B hat
is substgndd ally normal to the wafer axis of rotation.
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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 constant contact with the
20  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.
The method then proceeds to an operation 292 where the rotating roller is moved
across the surface of the wafer as illustrated in Figure 2C. The roller may move from the
25  center region to the outer region, or the roller may move from the outer region to the center
region, or the roller may move in any direction across any region of the wafer surface as the
requirements of the process dictate. This may be needed when some known topographical
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
30 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
transported to the next stage of the wafer fabrication process. For example, the next stage

following a CMP operation may be a cleaning stage where the residue of CMP is removed
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studying the drawings will realize various alterations, additions, permutations and equivalents

10  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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10anBroller 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.

2. A chemical mechanical polishing system as recited in claim 1, further
10  comprising:
a drive shaft being connected to a backside of the carrier and configured to cause the

rotation of the wafer.

3. A chemical mechanical polishing system as recited in claim 1, wherein the
15  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
comprising:
20 a shaft 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
roller has a gimbal mechanism that is coupled to the drive shaft, the gimbal mechanism is
25  configured to compensate for non-alignments between the wafer and the roller when the

roller is applied to the wafer.
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rotating a roller about an axis of rotation, the roller having a process surface; and

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

area.
15

9. A method for chemical mechanical polishing as recited in claim 8, wherein the
rotating of the wafer is caused by a drive shaft being connected to a backside of the carrier
that is rotated by the drive shaft, the holding of the wafer 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

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.

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

comprising:

supporting the roller by a shaft being defined through the roller, wherein the shaft

supports the roller when applied against the wafer at the roller contact region.
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comprising:
defining a gimbal in the roller to compensate for non-alignments between the wafer

5 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, the force being a controllable

10 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 transverse

15 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, comprising:
rotating the wafer;
applying a rotating surface onto a portion of the wafer; and

20 moving the rotating surface between a first region and a second region of the wafer to

complete the preparing.

16. A method for preparing a surface of a wafer as recited in claim 15, further
comprising:
25 generating a linear velocity at a contact surface defined on the portion of the wafer, the

linear velocity defined by the rotating wafer and the rotating surface; and

manipulating the linear velocity to control the preparing of the surface of the wafer.
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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

5 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

10  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

15  comprising:
calculating a rate of removal achieved by the preparing of the surface 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.

20 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 surface

25  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, further

comprising:
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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

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

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.

10 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.



