; e3ekIJKFFAH4I ZZJ6JTJbj 9 OSCI LLATI NG FI XED ABRASI VE CMP SYSTEM AND METHODS
FOR | MPLEMENTI NG THE SAME 1. Field of the Invention The present invention
rel ates generally to chenical mechanical polishing (CW) systens and

techni ques for inpr gﬂmﬁﬁﬂm f ormance and effectiveness of CWP 10
operations. Specifi , esent invention relates to3CHP)\glysi0éds that
use a fixed abrasive pol*c®eng pad arranged in a web handling system 2.
Description of the Related Art In the fabrication of sem conductor devices,
there is a need to perform CMP 15 operations, including polishing, buffing

and waf er cl eanigRCIDVATING| EIXEDABRASBE CMP SYSTEM AND METHODShe form
of mufti-level structures. At the substrate |evel, K transistor devices
havi ng di ffusion regions ar E el s, interconnect

nmetallization lines are patterned and electrically connected to the

transi stor devices to define the desired functional device. As ,Mﬁmmmmmumm
known, patterned conductive |ayers are insulated fromother 20

| ayers by dielectric materials, such as silicaon dioxide. AsS nore  «sesi66+
metal lization | evel s and an; J&Me formed, the need
to planarize the dielectric material increases. Wthout planarization,

fabrication of additional netallization |ayers becones substantially nore
di fficult HuFieldof the Invetiom vari ati ons in the surface topography. |In other
appl i cati ons, allization line patterns are forned in the dielectric
Taterial, and 250 RESCHRAMERD Sl BTieBY o hegirT Jrdanes PUE (VRS
netal | i zat §afems! And NRcRHiG®s. #rt impAdRinDy thee PerforRAded! hivd | dTrcavaidks Rt TmP
orbital, or brush stations in which belts, 'pads, or brushes are used to
scrub, buf éperativaispcSpesifically the psesent wiverisorpfelatesvtd E€MP Systemy that useeal fixed
facilitate_,and enolp‘)lche tﬁg CMVP .0 era i%d.SI urr I's nmost usually introduced
onto a rmv?%%er% L1 L] gfﬂ%egé , ec.d'!, ]'brégiy,s e\éhd, brush, and the Ilike,
and 30 distributed over the preparation surface as well as the surface of
the sem conductor wafer 3 0 JUL 2003 2 being buffed, polished, or

ot herwi se Pr Besariptiopofithe RelatedAbtess. The distribution is generally
acconpl i shed byra,coghinatl o of e.p i ra;ﬁe,

t he nmovenent ofInt eré ?&H@%E)dr?dgg%%@é&g?‘g@@%a%ﬁé t?érrlp'clfi %S;Bgar &e}ét@égf%et ween

t he semxoostuations, inafudingapslishing, puffipgrantdi wifes vichwiag. Tpkdatlyy mtdgrated eitdiat es

an exenpl ar rior,art CMP system 100. The CVP system 1Q0
P deXzic%s are in the form of ¥nult?—level structures. At they substrate level, transistor devices

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

In the prior art, CMP systems typically implement belt, orbital, or brush stations in
which belts, pads, or brushes are used to scrub, buff, and polish one or both sides of a wafer.
Slurry is used to facilitate and enhance the CMP operation. Slurry is most usually
introduced onto a moving preparation surface, e.g., belt, pad, brush, and the like, and

30 distributed over the preparation surface as well as the surface of the semiconductor wafer



in Figure 1 is a belt-type system so designated because the preparation
surface is an endl ess belt 108 nmounted on two druns 114 which drive the
belt 108 in a rotational notion as indicated by belt rotation directional
arrows 116. A wafer 102 is nounted on a carrier 104. The Sa nje 1@
rotated in direction 106. The rotating wafer 102 is then b Wa é%u nst 1
o-the rotating belt 108 with a force F t@ acconplish a CWP process. Sone
CVP processes require significant force F to be applied. A platen 112 is
provided to stabilize the belt 108 and to provide a solid surface onto
which to apping bdffedyvpbléshed,oan ofBlerwisy pilebaredohng)dmi CMP pravessaqThe ulistdbibtican N
such NH40H or wat er _cont ai ni n% di s er abrasive particles is

i ntr oduced gsbeg? L 3FOBPIEHD f prbmstion ge'}?rfa%@ée’ﬁf"f 4k pIsBRrAon geFfacentheand

pol i shi ng I
20 75 oyl MobaopBlodd gy L PG B sl s

conposed ofwab@randshepreparbticusirfang.eri al s and | acks fi xed abrasive partl cl es.
After the polis olishes a Jimted n r of ers, sur f of
the pad 55" conaipinaaTufies e aedpiar gt Lot s 1Dhhe The CMR sitmridl v
material s %Fiéﬁ?e B s Belt- @BE’ s?s@erﬁ%déﬁ"ghét@& Be‘ca&?é“iﬁ)é%?eﬂafa@i%hfsﬁﬁaé@,ﬁﬁ &h endless
Subsequent to cl eaning and conditi oning, olis have a

signi fi cantbehrh%nnowfteq)anmvol dryms hidd wbtnmdmvatthabhlédOsantzheotstmnfahwtloﬂ ashe

pol i shing pa 0 in a ffectlv ness.

ol 1 ohi ng ptesifLsy Py inldtcR bt iomd e 06 Roverst Tof Inmoupieif STF Bpmie Tos.
materi al i trhelchrriefd 04 i Rtatkd in 8iectidAl 106N ITHE BRtin S WwWalferDFO2! ig RhACAPlied apdifist
entirety. The renoval of the useddgol i shi n pad and its 25 subsequent

r epl acer®ntheyatating bedinl QSowith i8i fatpedaty aegomp §h 2iMP dspeasyi fgmg diegesses

i nt ensi ve. t de r e f,
nocesear 11 peiestditan) cort ' b bEPRRACCA ol Pl Bl [P RARASTTHE et 108
thus reducasd t&pmﬁi&mﬁohd Isﬁrme&sm@%vhidhetofapp@gm wafer 4 0De SturiyhEr8edomipdsing oft S
in the art for a chem cal mschanl cal JBOl i shing systemthat wil] enable

pol i shi ng $BraaHes spjution yich NPl rorJa} igtes cﬁmauw digpprsed abrasivg particigsais3
t hat I ft
te use dedRudubees ety brtht Baftrdo2n e profiseof Scrtihg St il it ot

| NVENTI @bl SheBsunfadé pf thp eférris achibvedryasanmgt ani endbass polnshﬁng pal glhabie thebels 108,
provi di ng ratus,..and rel ated for eff LS ent | ol i ayer
LT aces oft VRicEl Be,RALAbGS ke FomphieHaiiaprgus ohEowwe Rgbidind Ak fe

to inpl erre%ragwg?hhﬂysng pad strip that is |ess expensive to maintain and
is nore efficiently serviced after it loses its effectiveness to 10 polish.

In preferred enddir themodishing @aghpolishies auyrrpad number ¢f wafdrsatheavifoee qfché pad i lsg

Dopr ect at e oRHPR R0 g aLEhin SHOORCraRvEF shaeher PR R o e DY

i ncludi ng dse paficRs SeMmovad fAMP Ahé twiifer. 2 SubSdfubRtMo ledfiicCand eb6nditidh démdxe
Several inventive enbodi ments of the present invention are described bel ow

15 I n one @pbdumgpad wilbhavgearsignificant amennicef paginlessthatigmamnvmiachgshiorthe surface
di scl osed. pr‘e apCBXEm%B 36 2hikingd e HHERng pBRtd RIAL M9 PRGVIEP FRS JdRHingGa0een

a first poin
also loses its effectiveness due to normal wear of the material itself. As a result, the

polishing pad must be replaced in its entirety. The removal of the used polishing pad and its

25 subsequent replacement with a new polishing pad is very time consuming and labor

intensive. Additionally, the time needed to perform the replacement necessarily requires
that the polishing system be taken off-line, which thus reduces throughput.

In view of the foregoing, a need therefore exists in the art for a chemical mechanical

polishing system that will enable polishing surface layers of a wafer using a polishing pad



second point. The first point is separate fromthe second point. Al so
included is a feed roll having a supply of the polishing pad strip, and the
feed roll is configured to define a |location of the first point. A take-up
roll is further included and it is configured to collect at 20 | east a

|l i near portion of the polishing pad strip. In another egb[}d_lmerMQBa

chem cal nechanical polishing (CW) apparatus is disclosed. Afirst roller
is situated at a first point and a second roller situated at a second

poi nt, such that the first point is separate fromthe second point. A

pol i shi ngthaewd 18dsexPeristveab MPaihtainl Hdas nfnél effactivaly defvitededTtbr SRGI4E Adpraest the
first roller and a second end secured to the 25 second roller. e

pol i shi ngefiestiveness pf the pelishingyur ed t o provide a surface onto which a
substrate to be polished is | owered. Preferably, the polishing pad strip is
a fixed abrasive pad and is configured to receive chemcals or DI water so
as to facilitate a renoval QUMMARY OF THRINVENTI@N of the substrate. In
still a further enbodi ment, a nethod for polishing a semiconductor wafer is
30 di s osed. The nethod includes providing a polishing pad strip that is
to be connecte 4 first J . int.
The et hod- ¢ hereed thgakthe, 87 esénelRRARER sichéstineBBRY ofViuify 35 58006
Once the gsabidladd tra¢thodsnfor Sefipiphtlye Golithifg Nayer i facespef a Sdehiforiductos avdfemt ed
between the first point and the second point. The sem. conductor wafer is

t hen appl Preferablys the GMP system m&;dﬁﬂgrreéihtoﬁ'gnrﬂaae@t# pplishing: padnsirie thahds dgep

| t ; . A e
Phe. po ; sTendiet 80 et aid fs iffe WEIGHAT AR Mords J0GT G LAaR GO0 | 0
Fur t hetopalisht He prefedatiernbodiments idie potishihg padiis afikedamasivepaoltshing ped dthipg

oscil I ating, polishi ad strip, and controlli setting qf. the |inear
Vel oci ty Gt Branyesdhebisong felioindg ke fhihi e Sobersisd e wero
can i ncl UG & be Bnglerhited B nfithefol§ w5, HBhudfhgPRCa ?Irdcb& aﬁ&gﬁarams, a
controlling a setting of the tension of the to oscCillating polishing pad
" strip. Thsystetyandexipesord methodpiSeveral inventivetemhodiments ofthe pueseniinyentront axd| vy,

i nst ead oé a.c%u%%nuous belt polishing pad, a supply of polishing pad strip
i s provi d&g° Na feed roll and a take-up roll in a web handling
arranggsrent . Thisne énﬂf&dﬁﬁ_érﬂﬁq tisdicalahédhanizalfolishig POMES hipparakidds 8istlofedM t h
fresh portions of the polishing pad strip can be acconplished 15 utili zing

m ni mal eTheoOMB mppamtus;igeindésca polishing pad st defingd betiween Ry firshpoinsrand 2 he

™ ' on : ; Ly
expod 11 SRV boibl TR BT MiA RSB Rt ol SR ReCheo” Kake, HARlds 16 foeg gt
pol i shi nghsxsd ersupply of e pdlishingayddngrip) Bhdrahe €deliewll BNconifiguiddr PUAETIE a

Accordingly, .the apparatus and the nethods of the present 11 nventi on provide
for pol i sleFatipnfithe Hest pojph A tae-up (Rllng further igluded and ¥s pepfigared t9-pollogs at s

| ess e I+ A8 i b I re-effectively serviced after its use
degr ad%ogeftgﬁgé\ée?%% |&§lgt§e§?ﬁsthh®%gglﬁlﬁi ng. Ot her aspects and advant ages
of the inventilmnamsthér bmbodimeapparchemidal anedhiasichio pblishimgy (C(MB)i bpphratus is

Serctt P SRk oL SRR A PSS RERY RGSHRARPS ¢ g,

2a03 point, such that the first point is separate from the second point. A polishing pad strip is

also included and has a first end secured to the first roller and a second end secured to the

25 second roller. The polishing pad strip is configured to provide a surface onto which a

substrate to be polished is lowered. Preferably, the polishing pad strip is a fixed abrasive

pad and is configured to receive chemicals or DI water so as to facilitate a removal of
material from a surface of the substrate.

In still a further embodiment, a method for polishing a semiconductor wafer is

30 disclosed. The method includes providing a polishing pad strip that is to be connected



5 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will be readily
understood by the followi ng detail ed description in conjunction with the
acconpanyi ng drawi ngs, and the like reference materials 5 designate |ike
structural elenents. Figure 1 illustrates an exenplary prlor art é:I\/P
system Figure 2Ais a cross-sectional view of an oscill atd r@gJUiVP stem
I.n accordance wth one enbodi nent of thegpresent invention. Figure 2B is a
cross-sectional view of an oscillating CW system illustrating the 1 o
systenis tension setting nechani smand velocity control nechanism in

accor dancebuywebn afirsthwinteamdadserend point.t The mee}aﬁmxeh imchinies @pplyfrigoal tedsidf tos a
cross-sectional  view of an oscillating ystem illustrating the feed

rol I 's desthgnpalishing| RrdasiniprpPace mquieflrsql t?‘ﬁémptﬂ mnh%gthsaap@hmgppadu #irip 1s

accor _dance ifidled Blwd Eﬂkeﬁﬁ?ggilﬂve pgl'fe Qodd Foilll, e TR e ARG Wafbr is fthr €

2D-1 is a an V|ewo an Ing pad strip, In accordance Wt
yet anot heappinsﬂad itheeodciltdting fpeligiing pad smvteruomncEltlymCMPZMesss ‘Ehe method

cross-sectional view of an abrasiye po stri reveal | t he
plurality &M 1ReJHde AAPLYHIBa2 Eﬁ“éﬂal {‘]‘BP‘Q dBr e.w@slﬁasma& FEp ofore the
accordancey t fBEN [ re
A is a cr o 1&1‘3 éb'?lt%%g{?ﬁ J\?%‘\llv&([?%e Oii/‘l%)r‘a{se;lgl'? {é‘eml?llﬁézﬁﬁ I C d dﬁ%{qg&!{lﬁgﬁoégoﬂ@ﬂ

actuators hnenrpmlnctty ofi¢hit oswilldtiag piolstingped swip; hed Icerlttolhxig t Isettihg @d theliheannd

t he take- roll e rd t th nbodi t
ot ho- pr oSEREY afdfE Snlating rollsRing T, SEP0c ab siddit e, 4R Tnifbd Canp e bie

system deponltbig 4 (¥Asion DF BIE polisIHAS badstAs] édd%n&ﬂﬂmﬁ%'s@&in@bf VRSN of the
nmechani sms, i n accordance with yet~anot her 25 embodrnment of the invention.

Fi gure 44 bscillating pokishing pacstep. vi ew of the CVP systemin which the tension

Z(r:]f)'tj ﬁ;?r an(r)§| ﬁ@ﬁ \tfa% agteg o}' t{i\e ﬁresen{ mrvce)ntllc()anr gfe nurr]ne?gt?sorﬁ%& t:%ly, in te:tid of a

continuous belt polishing pad, a supply of polishing pad strip is provided between a feed

roll and a take-up roll in a web handling arrangement. Thus, replacing used portions of the

polishing pad strip with fresh portions of the polishing pad strip can be accomplished

15 utilizing minimal effort and in significantly less amount of time. Furthermore, the re-

supplying of the polishing pad strip can be achieved easily and expeditiously thereby

minimizing the length of time needed to take the polishing system off-line thus having

minimal effect on the throughput. Accordingly, the apparatus and the methods of the

present invention provide for polishing surface layers of a wafer using a polishing pad that

20 1is less expensive to maintain and is more effectively serviced after its use degrades the
effectiveness of the polishing.

Other aspects and advantages of the 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 invention.



the present invention. 3 0 JUG 2003 6 Figure 4B is a cross-sectional
view of the CMP system depicting the system s tension setting nmechani sm as
wel | as velocity control mechanism in accordance with yet another

enbodi nent of the invention. Figure SAis a cross-secti onfl vugwmm t he CWP
systemin which the feed roll and 5 take-up roll maintain agnc‘ ofittol both
the tension exerted on the polishing padsstrip as well as the |inear
velocity of the polishing pad strip, in accordance with yet another

enbodi mrent of the invention. Figure SB is a cross-sectional view of the CW
system depicting the syBRIFKDESCRIPTIONIOFIMEIDRAWINGS! mechanism in
accordance with yet another enbodi nent of the invention. DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An invention for a CMP system

whi ch enabl es efd.LcCj pal L.shing:[f . t . [
descri bed. The g\}g ’%%“émﬁg’?@bé‘rg‘ﬁ yb% %F‘ie’#éﬁ{“g@'g&’%& th@%gﬁggﬁhﬁua%é?‘?d

| ess expendesceiption iredonjuaictiomwithithe agompedying dentings, st the dikd refbteace materialkes
its effectiveness to polis referred enbodi ments, the polishing pad is

h, In
a fixed abfssgate [k sty %%ﬁnt#he fi xed abrasive polishing is preferably
provided as a p@ﬁéu?%"l 'ﬂﬁlsﬁﬁx‘és%Ei&nﬁl?x?ydo?aﬁ@lﬂ?%&ﬁgnba ween a feed roll and

a take-up. This confirguration is re red to herein as a web handling 20
arrangenment . | nFiguwe 24l isancrogs-skesionalptiewmf anuoeillatisg GMPi fyseny dn aictardance
set forth in. order tq. provide a tharough understanding of the present

i nvention. “’i"_thWlef”_bﬂg“gﬁﬁg«gtg’fzﬁﬁmﬂﬁw&gﬁ to one skilled in the art, that
the present inveirdIBNBY &B8sPicdfidbhal SsewVof BR Wscitiahiky OMP bistéth, [1IRRE&Ring the
specific details.” In other instances, well known process operations have
not been0 deystemlscansion gesting mecharisra end rislocity contrek meckanisng, inbancordencehwith

present iny Lon,., 25 Fi e 2A is. a cross-section view of an oscillating
CwP system%é?rﬁnﬁbo. ggcg}tgghgénr epﬁmggr@no hbodi ment of the present invention.
The CWP syst em Rghiré DCHs GUErBss2Rclionll Wikks ofl ah &5R6i11a0N Cmafﬂ&ﬁ,l flivet@chgathea
first point 211 a. The feed roll 212a is configured to hold a roll of a

pol i shi ng [eed relsidssign so holdiaglamnlp sunply ofthe polishing,pad stepcn ageordancsywfyet
point 211b j | lLS: iment, symmetrically across from
the feed rS?@H%léétgooghﬁé}ftgfglg']ag%%bflgggﬁgg) to receive the polishing pad strip
202. Thaesdi r ect Fijusd 2iD<leis hglaedewtdian fabrdive polishing@psl stiip, inGdCordarttAittayed
take-up roll 212b is estimated to be apout 20 inches. O course, the

di st ance banetegmbodiment @f thenressabigvertion: ake- up rol | 212b may vary

dependi ng on thes hij e | ] i t ‘%ﬂl?ﬁ t he
fee roll 212a aggg%tpfgbtza eclf B?g Sgreg%& B@Z@%sdf}gs%%é ogg{égmﬁdnﬁgﬁ’%g%ag&lgal
nmot or . Pr efher plotajity ofi poststcentamingratphurality of asteasive gantickes, suadcobdanse avithi yatct
drive servo. The internal tors are designed to allow the feed roll 212a

and t ake- upnqtherembpapneny of theiRessBLNEeNYPRe " eci procat i ng notions of the feed

roll 213q and t aigRd 3m0kd a2dréfs-§ctisial 116w PR tRNCIEP Rpdlemt il WHidh BRCidnkidhe
at a linear velocity ranging fromabout 140 feet per”second to about 350
feet per seduadrs aragoaitioned ta theeaght\aaddeithy left: é thae feefl goll candathe dakergp roll,

operation w | so. depend on t.he forece at i C ol i shing head hol ding a
warer 10 Eonlsseein GRGand i Vot B0 Er oottt oF EpreSi BRREGE "V 1 1
of the linear vPigaed BB Rndl ctdis-séqions! dic® gefRr AMB sgatmpdapicing HhenGystdne's

wel | known Preston''s Equation, According to Preston's Equatiaon, Renobval
Rate = KpPigEnsighepetting cande vislogity r gomirals meghanismy, ins ageqrdanaei dvithofyebodtiothsr ce
(P) and,li %ﬁBdiM%hP&ftBé('rﬁzgﬁﬁ wth Kp being the Preston Coefficient, a
constant determ ned by the chem cal conposition of the slurry (or fixed
abr asi ve mat eri Riguié 4Anis ahanssesectional tview psfothesEMRe spstemt inr evhichnthet teasipad
surface, ampng ot her variables.,kn tHis enbodi nent,  tension actyators 2l4a
and 214b a?@“%%iﬁr? seraecisr e dhq idlagaplighs: Merceadangeoyith yebapothey digent 0f) |
212b, respakiddehdinvddifont €NSi On actuators 214a and 214b are configured to
controllably pull on the feed roll 212a and take-up roll 212b thereby
causing the feed roll 212a and take-up roll 212b to exert tension on the
polishing pad strip




20 202. It should be understood that each of the tension actuators can be
any type of linear actuator. For instance, each tension actuator can be
replaced with cylinders, coils, screws or |linear notors. Positioned above
the feed roll 212a is a load cell roller 208a defined by g)zrﬂgl bﬁréﬂ[ﬁat
measures the tension exerted on the polishing pad strip 2 4 h i de
closest to 25 internediate point 207a (egg., left side). The | oad cel

roller 208b is also defined by a roller that nmeasures the tension exerted
on the polishing pad strip 202 on the side closest to the internedi ate

poi nt 207b (e. gFiguté 9Bt isSa @BJss-stdtionbl Sicax affhee CMINGystaad degitling e Systed@8b
is positioned symetrically across fromthe load cell roller 208a and
directly aboenissiingiRrechanisey as well gs veleeity conteol mechapism, émpergriange sxith yet202
is |located : |l rollers 30 208a and 208b, and the | oad
cel | roIIe?@ﬁgggﬁﬂgﬁgﬁgg§Eﬁgﬂg%%%ﬁ?igured to provide a |l ocation 30 ~U
2003 s where thFigned 5AhE agcrpssckestioriap vitdi2of thedGMPesystem ihwhgh theGiedandll and

orientation. For hnstanpe, t he gu ﬁg ori,entatiqn nay be about 90 degrees

so that dnfAFetuRdot saniainand cop tgpsiphexarisd oa<he pplishing rad stm 23 sl

| | AR . i
ol 1 er 1 xagearear WockiHR (¢ FolltiR Syt o neoRlanb Wiflysf 40 EhitR BN, P
roller 5 208the iventies fromthe idler roller 210a, is positioned an idler

roller 210b. The, idl rollers 210a and 21Qh ar esi gned t.o.support the
bol  shi ng pad S FIENE SPofch SpASRAICHEL P Pr Ao GRE® S0 deeighie Dl gyetems
described ahg\R-and bERcity Bnttd |n?€ch£rﬁ§ﬂ1?fn%c3&1@%1&'\9itl?%&banﬁfh%r Eﬁ]ﬁé’&iﬂﬁ:ﬁ} of the
designed to allow the |'oad cell rollers 208a and 208b to neasure only the
hori zontiél mygnigement s of the forces applied on the load cell rollers 208a
and 208b. The horizontal 1o conponents of the applied forces are equival ent
to the tension exerted on the polishing pad strip 202 on the left side and
the right side GETARED DESCRIPIRON CPTHEPREFERRED KPROBIMIENISIesi gned
to carry a wafer (not shown 1n the frgure) and rotates In a rotatlon
direction 205. A platen 206 is positioned horizontally between | oad cel

rollers 208a ang 2 . Pl LS. confi d to stabilize the polishing
bad Strip 202 agiguigh (Y EENE Sydin LA TG SRRMER IR T Suiris
pol i shing beadaRds ddstribed e HRaSMP, systbmiBefoR®db) iplerhénts 0 pblishing Pl thiy ik d&se

bet ween the platen 206 and the polishing pad strip Z02 to control the
renmoval raf¥PENRIvElite maiaiain prst &y mor eiciantly spayiesd after ©resesritsoeffertivencss He

ol ishin St i 1 j: i.Sé 1 Gl a
Dol i ani ng PaLe Th phetele bibdyinel @ poRflPlPls SRt AL PRvo B BP0 2 The
sur f ace anfixédebnasive pohshitgdiscpreéessbly Hoovided b a polislihg pad heipdtha0ds eqmletted
t he wafer (not sh in the fiqure) . against .the l'i shi pad st r.i )2,
the abr asi bawse £ Feenaell aid & pkefion (v AgnBuOR 1 15rstsD it Besfeis Db RATRIRE by
el i m nabj Ngrif}RmeRC AAThd MlbRi séription! ﬁMn_Er‘é}Pi ﬁieﬂiﬂ%&ie?&?l’s%?é A6E £ 8 dr@drio

Al t hough a slurry containing abrasive particles is not required, a liquid
sol uti on (proyide aNha®ugh undirstapdiag pf the pessheimabition dewil] be undérstoodthowelver,
pol i shing proce 25 epicted in the enbodi nent of FEigure 2B a certain
Por ¢+ on ot 4 1 Sl 46 prReCing s BTanon 08 b tised s Bgfne B AT 55
is fed arothesk tpificodétaite! In betel @fistants awelNUne WS récess B?enﬁﬁ&ﬁ' RiveltIbedd 1b.
After polishing a given nunber of wafers, the portion of the polishing pad
strip 202 defedbediadetalip grdes noblorunppqessartheobysnkerthe prssens investien.f ect i veness
and nust. be rep ] t i Sty I '

repl aced by an g%ggeg%& l%gﬁﬁgg%ﬁggfdlﬁﬂg?%%%%ﬂﬁﬁg %lg%ﬁ%ts %ﬁgz%iﬁ g%%?" cgf

t he feed rwith ofid embodicext ofxht peespatlinedntion. The CMP k¥steni ROB irdFigarck 24 iricfudéd 2,
utilizing a_pro bl e.amgunt (e.qg., enough to place a.fresh paortion of
the pol i shi fdzan Hes pﬁﬂg@@&s afirstpoig ZHdan Thedsed rolle 12 eﬁe&qq%{'éu@édg dold pe
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necessary, |less frequently and for a significantly | ess anmount of tinme
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to causing mnimal effect on the throughput of the machine. Al so clearly
shown in Figure 2B are the tension actuators 214a and 214b which are
configured to controllably pull on the feed roll 212a and take-up roll 212b
causing the feed roll 212a and take-up roll 212b to apply Qprjgks to the
polishing pad strip 202 at the first internediate point 207a and the second
internedi ate point 207b, respectively. Bue to 15 normal wear, the polishing
pad strip 202 can stretch, thereby causing the anmount of tensi on exerted on
the polishing pad strip 202 to reduce. This systemis designed to nmaintain
a desi r ed 21 2nand fakeyupisll DI2bcizagstintagedt foebeaboun t200inchest cOf icbarse.ethei distance
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control signals can be processed using any other suitable well 30 known
processi ng techni ques (e.g., software/hardware conbinations). For instance,
the PID 3 0 JUL 2003 n electronics can be substituted with other
circuitry that can process and control the signals as nmay be desired.



As clearly evident fromthe enbodi ment of Figure 2C, the feed roll 212a is
designed to hold an anple supply of the polishing pad strip 202. Utilizing
mninmal effort, the feed 5 roll 212a can be re-supplied with the fresh
polishing pad strip 202 thereby having m ni mum effect on taﬁﬂj hzzlrﬁblghput of
the CMP machine. Figure 2D 1 depicts one of many types of3 '-p hi ng pad
strip 202, which has a fixed abrasive pglishing |layer. The approxi mate

t hi ckness of this type of polishing pad strip 202 ranges from about 0.004
inch to about 0.010 inch. Enbedded and extended through out to the surface

of this twheredhe polishsiy pia spiaysl262 Isi dAugdddoahengeameiRl ofiértatondi FoRfdtaee] the
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preferably used to facilitate the polishing process.

25 As depicted in the embodiment of Figure 2B, a certain portion of the supplied
polishing pad strip 202 held in the feed roll 212a is fed around the load cell rollers 208a and
208b to the take-up roll 211b. After polishing a given number of wafers, the portion of the
polishing pad strip 202 which came into contact with the wafers loses its effectiveness and
must be replaced. The used portion of the polishing pad strip 202 is replaced by an unused

30 portion of the polishing pad strip 202 by way of the feed roll 212a indexing the polishing



The enbodi nent of Figure 4A depicts an oscillating CVMP system 200b that is
simlar to the enbodi nent of Figure 2A, with the exception that the tension
actuators 414a 15 and 414b are positioned outside the idler rollers 210a
and 210b. In this enbodi nent, the tension actuators are ¢ higﬂLeﬂygo pul
on the idler rollers 210a and 210b so as to cause the idler "r e Z 1 Ca
and 210b to exert tension on the polishigqg pad strip 202. In this case,
there will be points in tine when the vertical portions of the polishing
pad strip 202 will not be at a 90 degree angle relative to the polishing
regi on (€. ghd st 0% utilieing( b glatinabRSarhsunt ¢6.81, @Boughfto il e AAkdsh HoRbnPEthe
strip 202. Nevertheless, the tension can be controllably adjusted to a
correct degqlishimgipadatrip 202 ey thaipletear 2060 Fhpéndeningroansss dhe nsed postions qfghe
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rol | 212b neHiZiRaiand sake-upf rollel@bgamnpplygirassyes toribe pelishing padostrip 282 g ¢he first i on
of the pol.ishin ad .sthp 202.,. Figure .SA depicts .an cillatin system
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il lustrat ' ' ' . : | 8
ends & t coreirBl ep@dh By by o Wb AT AR SO Fee nd igbR BuEEL 28 ahd 214800
t ensi on- angppledwthetiyedooiltn10h hed tak&-up 2610218) esspadtively. a tension setting

GO VP e A e PRI e 2 B

t ensi oM OULPYL  ShEiRr b?zeefi‘ fifdal RN aaggrtvﬁf OF Ifjr¥ Q&Bk{nlﬁ’s}el&% | e6ntRARR: 220a.

Thereafter, a velocity edback I's sent fromfeed ro 212a to a P1D 324a
al so posi t Subseglienily,hanten$ion t settzigo nemnmingd e leshért yupplind r mhiuatly 360 antonmtigally
subsequent  operation, ,a. 20 .vel oci setting.co nd,.,Supplied either

anaal 'y GPRBEh e ihiobt gRedin S T HPHEAS! 2R e e SR ste T BRI 223,
t he Pm 324@ngeR dénsonv@iltpgi sighaPtd B édnsfonddvmtrol Gedibe 2264 Sikidh RMilso/ £ pakidfithe
control 326a. After, rece|V|ng t he _tension output signal and the velocity
out put si dfersion-velecityepentepilen dd0a, eFimelly.ythe densian capprgh devieri326a.sends relaasier
and vel Qci ! f 212a. 25 Simlarly, a tension feedback
and a V%Io i §h§§§%ﬁggﬁ%§§ga§§§8£§{+be|y fed to an anplifier 322b and a
P>13 324b, whi cla alile manterodn dmhglifiee222bwhitH-iy @ lparttidf\a tensidr-otlbeity caifitoller
Then, a tension setting conmmand is fed to the anplifier 322b, which in

turn, sendeOBJecevesentengian derdgack EiRyrmagnal from {oadel Tolsr2UBE oRybsgaueatyra|

326b, whi j: L on- - i: I
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vel oci t ~ JUL, 2003 14 conirol 326Qh . After receivin e tension output
s gnal T EELE 3§ Fron SORrel drvie Z16He WS GO AR ol B E et HaPgD
326b sends out a tension and velocity signal to the take-up roll 212b.
Dependi ng on the tension and velocity signals received by the feed rol

212a and 5 take-up roll 212b, the feed roll 212a and take-up roll 212b nay,
if necessary, each rotate inwardly in the direction (TA) so as to adjust
the tension exerted on the polishing pad strip 202 to a desired level. Once
the tension applied to the polishing pad strip 202 is set to a desired

| evel, the feed roll 212a and take-up roll 212b start, preferably, a
synchronous reciprocation thereby causing the polishing pad to oscillate at




to polishing head 204. Thus, in this enbodinent, simlar to some of the
enbodi nents, the feed roll Z 12a and take-up roll 212b can change, if
necessary, the velocity of the polishing pad 202 so as to maintain a
desired velocity for optinmum polishing performnce. At hogg@M ZDM egoi ng
I nventi on has been described in sonme detail for purposes Of Ity of
understanding, it will be apparent that ggrtain changes and nodifications
may be i5 practiced within the scope of the appended clains. For exanple,
enbodi ments descri bed herein have been primarily directed toward wafer

pol i shi ng, chmmiéen206.t Ry dhd eensiodedontrobdeviba26beemts! 4 3dtision Spdlabi thes
are well suited for precision polishing of any type of substrate. )
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controlled tension to the polishi'ng pad strip. 2. chenm ca ani ca
pol i shi iy (heNiPeamyglemtyt efsthapolishong pad stnipAA02ishodld HeSmamtuneidrwitine the soge off |

d the t - |1 fl dt i pI. t that t | i shi
o e ool W 08 RN AR IS ThOTRSR BBty e BAGHRRL ARG,
first poi npoRRKbuld'Be HRANT Qd;ﬂ‘éhﬁ@ntlf’oy ﬁaecﬁsdwaahlzw&r@ﬁke@B BRI2125) Bes{dedP)
apparatus as recited in claim2, 2o | e rate defines a

) 20 wherein the %rogramm
| i near vel mepsupingdhe veleciopf 8iei prlishing padrstyp 202.athgfeederallol 29eandetake-up goll
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the first point.
15 maintain a desired velocity.

As an example, the feed roll 212a initially sends out a velocity feedback to a
Proportional, Integral and Derivative (PID) 224a, which is a part of the tension-velocity
controller 220a. Then, a velocity setting command, either supplied manually or
automatically using a computerized device, is fed to the PID 224a. Finally, the PID 224a

20 sends out a velocity signal to the feed roll 212a.

Similarly, the take-up roll 212b sends out a velocity feedback to a Proportional,
Integral and Derivative (PID) 224b, which is a part of the tension-velocity controller 220b.
Then, a velocity setting command, either supplied manually or by way of a programmable
machine, is fed to the PID 224b. Finally, the PID 224b sends out a velocity signal to the

25 take-up roll 212b. The velocity signals received by the feed roll 212a and the take-up roll
212b are the determinative factors as to whether the feed roll 212a and take-up roll 212b
must maintain or change the rate of reciprocating. Although the tension-velocity controllers
220a and 220b have been illustrated using exemplary electronics, it should be understood
that the electronics and control signals can be processed using any other suitable well

30 known processing techniques (e.g., software/hardware combinations). For instance, the PID



4. A chem cal mechanical polishing (CWP) apparatus as recited in claiml1,
25 wherein the first tension actuator is configured to controllably pull on
the feed roll so as to apply tension to the polishing pad strip, and
wherein the second tension actuator is configured to controll abl ull on
the take-up roll so as to apply tension to the pollshlngfbﬁdjuhrﬁmg 30
JUL 2003 16 5. A chem cal nechani cal poljshing (CW) apparatus as recited
inclaim4, fi~rther conprising: a first load cell roller; a second | oad
cell roller, the first load cell roller being defined at a first

i nt er medi aél@ctﬁmli&'d&h beRabstifeed ¥ dthdr Rbuit§Ithatlcah pRIcediQind Gofl@dl the digahls As
second internedi ate point, the first internediate point and the second

i nt er medi anay podefiredei ng | ocat ed under and supporting the polishing pad
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mechani cal poli’'s apparatus as reci

conpri si ngto }aﬂ@hﬂtaﬂipldafpplyedf ﬂh@dﬁhsﬁlhg pﬁ@lstrﬁam(m valziag Iimﬂmhzﬂ ofifoltQ &t feod
defined between the first intermediate pqint and the second internediate

poi nt, ttherob Z2lZasan be rorimplied withithe Bﬁ%wczi@h@am@é sHIpFZR therely havips minimum
pol i shi ng e%goﬁﬁfét éﬁn@é%‘?t i qgacthghthe polishing pad strip, the
0

pol i shi ng ad I'S sem conduct or wafer to be polished. 15
7. A chemi cal nﬁcghmnzmal depidts ei o@m@@/@peapﬁmeapolshmg paé(stﬂpaﬂOZ 'wisitiaihas &,

further co in a.f i dl roller I oned het wee first point
and the fi %%dq%ﬁqsg i&‘f‘g %r nf{le o nes of 41t YPpe o ﬂ?h@mwﬂt%ﬂp
mai ntain a &Q‘iﬁééﬁfﬁmﬂ B! Al 1?64%04%&&0 6R}" HeEﬂl‘BE&feﬁ' Heﬁféng@cgth%x{ggl%u@t a

tangential 1 nterface wt I rst |nterma|ate poi nt ef I ne first
| oad celd thelsirface fitbis aypeerfqodishidg pad stoipl 202 apo sdverab tereke- &mlemsmnalt;’fretrssammd

,P gl 2;“ ﬁ? gl %Rlﬁh%%ﬁ@f&dmgg%gége ?Qﬁ %%rcglsts-se(t:tpo%a %‘é\% tllned;Loqlrshirngg)lpla stni O%i gur ed
shown in Figure 2D-2, reveals that each post 202’ contains a plurality of abrasive particles
having an approximate size in the range from about 40 micrometer and about 200
micrometer.

15 Another embodiment of the present invention is shown in Figure 3A wherein the
tension actuator 314a is positioned to the right of the feed roll 212a. In a like manner, the
tension actuator 314b is situated to the left of the take-up roll 212b. In this embodiment, by
respectively pulling on the feed roll 212a and take-up roll 212b, the tension actuators 314a
and 314b will cause the feed roll 212a and take-up roll 212b to controllably exert tension on

20 the polishing pad strip 202.

For example, in the embodiment of Figure 3B, the tension actuators 314a and 314b
control the amount of tension exerted on the polishing pad strip 202. This is achieved by
the load cell roller 208a sending out a tension feedback to the tension/velocity controller
220a, which in turn, after internally processing the tension feedback, sends a tension signal,

25 to the tension actuator 314a. Similarly, the load cell roller 208b sends out a tension
feedback to the tension/velocity controller 220b. Once the tension/velocity controller 220b
processes the tension feedback, internally, it sends a tension signal to the tension actuator
314b. Depending on the tension signals received, if necessary, the tension actuators 314a
and 314b, may change the amount of force each of them exerts on the feed roll 212a and

30 take-up roll 212b so as to achieve a desired tension.



velocity for the polishing pad at a tangential interface with the second

I ntermedi ate point 25 defined by the second |oad cell roller. 8 A chem cal
mechani cal polishing (CMP) apparatus as recited in claim5, further
conprising: a first tension-velocity controller; 30 JU%t§O§3 second
tension-velocity controller, each of the first and second ' | ocity
controller being configured to receive ajdension feedback signal, a tension
setting command, a velocity feedback signal, and a velocity setting
command, and each of the first and second tension-velocity controller being

configured to oOhgsitheadesittd Gersyors &t det rfor dicgpelishinptpal teips202) the spichrdi@us
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220b, each sends out a velocity signal to the feed roll 212a and take-up roll 212b.
10 Depending on the velocity signals received, if necessary, the feed roll 212a and take-up roll
212b may change the rate of reciprocating, thus fixing a new linear velocity for the
polishing pad strip 202.

The embodiment of Figure 4A depicts an oscillating CMP system 200b that is

similar to the embodiment of Figure 2A, with the exception that the tension actuators 414a

15 and 414b are positioned outside the idler rollers 210a and 210b. In this embodiment, the
tension actuators are configured to pull on the idler rollers 210a and 210b so as to cause the
idler rollers 210a and 210b to exert tension on the polishing pad strip 202.

In this case, there will be points in time when the vertical portions of the polishing

pad strip 202 will not be at a 90 degree angle relative to the polishing region (e.g., where the
20 platen 206 is located) of the polishing pad strip 202. Nevertheless, the tension can be

controllably adjusted to a correct desired level. It should therefore be understood that is is

not necessary to have the vertical and horizontal portions of the polishing pad strip 202 at a

90 degree angle at all times so long as the polishing pad strip 202 provides the desired

optimum polishing condition at the location where polishing is to be performed on the wafer
25 surfaces.

As shown in the embodiment of Figure 4B, the load cell roller 208a sends out a
tension feedback to the tension/velocity controller 220a. After internally processing the
tension feedback, the tension/velocity controller 220a sends out a tension signal to the
tension actuator 414a. Similar signals are also exchanged between the load cell roller 208b,

30 tension/velocity controller 220b and tension actuator 414b.



wherein each of the first and second tension-and-velocity controller

I ncl udes a tension and velocity control for setting each of the feed rol
and the take-up roll, respectively. 12. A chemnmi cal mechanical polishing
(CWP) apparatus as recited in claim1l, 25 wherein the polishing pad strip
is made froma fixed abrasive material. 13. A chemical netifagiycaldfBol i shing
(CWP) apparatus as recited in claim1, wperein the polishing pad strip, the
feed roll and the take-up roll define a web handling arrangenent. 30 30
JU, ?~"'~1is 14. A chem cal mechanical polishing (CW) apparatus as
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pol i shi ng peie gelishingpadsap20%he first point and the second point; and

| shing B ! . . . ond o
o A Mot hoa f ol SAdeplus ] Slillitnl CMBSSLER 0BG Y ibaRBl 10 Ba 20
f urt her 1€ otageupiral):212p phapntain andodoatrok hothsthé tanision exertéchan ied polishing peadsteipr i p

DO e et e S Sl r oo AEbaslS 1L ensin
pol i shi ng Rpaghtsishabe Esmplefelytidn RIABIAERDRGhe ERIP §si¥RI S04, for polishing a
sem conductor wafer as recited in claim1 S, further conprising:
As illustrated in Figure 5B, in a CMP system 200c’, the load cell roller 208a sends a
tension feedback to an amplifier 322a that is part of the tension-and-velocity controller
15 320a. Thereafier, a tension setting command, supplied either manually or automatically
through a computerized device, is fed to the amplifier 322a. Then, the amplifier 322a sends
a tension output signal to a tension and velocity control device 326a.
Thereafter, a velocity feedback is sent from feed roll 212a to a PID 324a also
positioned within the tension-and-velocity controller 320a. In a subsequent operation, a
20 velocity setting command, supplied either manually or by way of a programmable machine,
is fed to the PID 324a. Then, the PID 324a sends a velocity output signal to the tension and
velocity control 326a. After receiving the tension output signal and the velocity output
signal, the tension and velocity control 326a sends out a tension and velocity signal to the
feed roll 212a.
25 Similarly, a tension feedback and a velocity feedback are respectively fed to an
amplifier 322b and a PID 324b, which are part of the tension-and-velocity controller 320b.
Then, a tension setting command is fed to the amplifier 322b, which in turn, sends out a
tension output signal to a tension and velocity control 326b, which is also a part of the
tension-and-velocity controller 320b. Next, a velocity setting command is fed to the PID

30 324b, which subsequently sends out a velocity command signal to the tension and velocity



30 nmonitoring a linear velocity of the oscillating polishing pad strip; and
3 0 JUL 2~~ 19 controlling a setting of the linear velocity. 19. A nethod
for polishing a sem conductor wafer as recited in claim15, further
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Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
15 practiced within the scope of the appended claims. For example, embodiments described
herein have been primarily directed toward wafer polishing, however, it shouid be
understood that the polishing operations are well suited for precision polishing of any type
of substrate. Accordingly, the present embodiments are to be considered as illustrative and
not restrictive, and the invention is not to be limited to the details given herein, but may be

20 modified within the scope and equivalents of the appended claims.

What is claimed is:
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a feed roll having a supply of the polishing pad strip, and the feed roll defining the
first point;
a take-up roll configured to collect at least a linear portion of the polishing pad strip;
a first tension actuator connected to the feed roll; and
10 a second tension actuator connected to the take-up roll,
wherein the first tension actuator and the second tension actuator are configured to

apply a controlled tension to the polishing pad strip.

2. A chemical mechanical polishing (CMP) apparatus as recited in claim 1,
15 wherein the feed roll and the take-up roll are configured to reciprocate so that the polishing
pad strip oscillates at a programmable rate at least partially between the first point and the

second point.

3. A chemical mechanical polishing (CMP) apparatus as recited in claim 2,
20 wherein the programmable rate defines a linear velocity for the polishing pad strip in a
direction between the first point and the second point as well as between the second point

and the first point.

4. A chemical mechanical polishing (CMP) apparatus as recited in claim 1,

25 wherein the first tension actuator is configured to controllably pull on the feed roll so as to

apply tension to the polishing pad strip, and wherein the second tension actuator is

configured to controllably pull on the take-up roll so as to apply tension to the polishing pad
strip.
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6. A chemical mechanical polishing (CMP) apparatus as recited in claim 5,

10 further comprising:

a platen defined under the polishing pad strip in a location defined between the first
intermediate point and the second intermediate point, the platen is configured to provide
support for receiving a polishing head that is to be applied to the polishing pad strip, the
polishing head is designed to hold a semiconductor wafer to be polished.

15

7. A chemical mechanical polishing (CMP) apparatus as recited in claim S,
further comprising;

a first idler roller positioned between the first point and the first intermediate point,
the first idler roller configured to maintain a constant positional velocity for the polishing

20 pad strip at a tangential interface with the first intermediate point defined by the first load
cell roller; and

a second idler roller positioned between the second point and the second
intermediate point, the second idler roller configured to maintain a constant positional
velocity for the polishing pad at a tangential interface with the second intermediate point

25 defined by the second load cell roller.

8. A chemical mechanical polishing (CMP) apparatus as recited in claim 5,
further comprising:

a first tension-velocity controller;
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10 a velocity feedback signal, and a velocity setting command, and each of the first and second
tension-velocity controller being configured to output a velocity setting signal and a tension

5 setting signal.

9. A chemical mechanical polishing (CMP) apparatus as recited in claim 8§,
wherein each of the first and second tension-velocity controller includes a tension control
for setting each of the first tension actuator and the second tension actuator, respectively.

10

10. A chemical mechanical polishing (CMP) apparatus as recited in claim 3,
further comprising:

a first tension-and-velocity controller;

a second tension-and-velocity controller, each of the first and second tension-and-

15 velocity controller being configured to receive a tension feedback signal, a tension setting
command, a velocity feedback signal, and a velocity setting command, and each of the first
and second tension-and-velocity controller being configured to output a tension-and-

velocity setting signal.

20 11. A chemical mechanical polishing (CMP) apparatus as recited in claim 10,
wherein each of the first and second tension-and-velocity controller includes a tension and

velocity control for setting each of the feed roll and the take-up roll, respectively.

12. A chemical mechanical polishing (CMP) apparatus as recited in claim 1,

25 wherein the polishing pad strip is made from a fixed abrasive material.

13. A chemical mechanical polishing (CMP) apparatus as recited in claim 1,
wherein the polishing pad strip, the feed roll and the take-up roll define a web handling
arrangement.

30
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0 a ﬁrst(i()iler roller positclc)med between the first point and the first intermediate point;

and
10 a second idler roller positioned between the second point and the second

intermediate point.

15. A method for polishing a semiconductor wafer, comprising:
providing a polishing pad strip connected between a first point and a second point;
15 applying a tension to the polishing pad strip implementing a first and a second
tension actuators;
oscillating the polishing pad strip between the first point and the second point; and
applying the semiconductor wafer to the oscillating polishing pad strip.

20 16. A method for polishing a semiconductor wafer as recited in claim 15, further
comprising:
applying a chemical solution to the polishing pad strip before the applying of the

semiconductor wafer.

25 17. A method for polishing a semiconductor wafer as recited in claim 15,

wherein the polishing pad strip is a fixed abrasive pad.

18. A method for polishing a semiconductor wafer as recited in claim 15, further
comprising;

30 monitoring a linear velocity of the oscillating polishing pad strip; and
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