WD 01/ 074535 PCT/ US01/ 09870 | FI XED ABRASI VE LI NEAR POLI SHI NG BELT AND
SYSTEM RELATED APPLI CATIONS 5 This application is related to co-pendi ng

U S. App.wBan/o7438s 09/ 386, 741, entitled "Unsupported Chemcaalsohvemsh@ni cal
Polishing Belt,"” filed August 31, 1999, which is incorporated herein by
reference in its entirety. FIELD OF THE INVENTI ON 10 The present invention
rel ates generally to equi pnent for processing sem conductor- wafers. Mre
particularly, the present invention relates to a fixed abrasive polishing
belt and an assE&}&EdABRMRVBdLMAR POLISEHHN Q@ BEbLEFAND SYSTEMi shi ng
of sem conductor wafers. BACKGROUND 15 Chem cal nechani cal polishing (CWP)
I's used for @il{?ﬁ‘ R SIgHM tor wafers during processing of the

waf ers. Many s e%s ngJhPeLmn%‘ggpgtgt:ure of sem conductor devi ces produce a
highly irregular surface on the front side of the wafer which contains the
senmidconduct or devilbesappligattnrdie related to pppending RbSnApps Sart Noa®d/B86,.94bf t he

devi ces on the.waf, man cess| te requ re pl anari zing the
waf er _surfacgpnﬁw—%{ %ﬁﬁ?%?do{:geﬂfﬁl Q@gﬁﬁgﬁ gﬁﬁ?@% Jﬁe‘?gé‘ﬁﬂgi{ii’ on of a
met al i nt er cQYOEGLhikRYEhcolpdeatdPhétin by MfaliRleiiA &4 chfifedf. 10 deposition to
reduce the peaks and valleys on the surface over which the netal is

deposited. In conventional planarization technology, a sem conductor wafer
is supported_face down a](ﬁli nst_a mnovi ng polishing pad. Two types of

pol i shi ng or FIBEDhOSEHENYERMBENt us are commonly used. In rotary

pl ri zing techngho wafer is;secured,on a chuck and is brought into
Corithet “wi th o ponrmsrsiulifetior SRR, fuioti LRt vae a
fixed abrasi ygm{Rhdeabt Wwater AVRAIpRALHIEH, MBe piclgnt WRicRtidn réfaRs & a Fik¥gd
abrasi ve polishing pads typically requires a subpad in order to achieve
the desired pbemsmeipplishiog bplt apéan psseacteddineanpolahet for chedicahinegh®icabr essur e
di stribution aﬁross {.he .vvaf(g{r surface. An exanple of a fixed abrasive pad

useful in a POIsHYE BT SEMACPHBINAS UGS em i s disclosed in U.S. Pat. No.
5, 692, 950,

BACKGROUND
15 Chemical mechanical polishing (CMP) is used for planarizing

semiconductor wafers during processing of the wafers. Many steps in the
manufacture of semiconductor devices produce a highly irregular surface on the
front side of the wafer which contains the semiconductor devices. In order to
improve the manufacturability of the devices on the wafer, many processing steps

20 require planarizing the wafer surface. For example, to improve the uniformity of
deposition of a metal interconnect layer, the wafer is planarized prior to deposition
to reduce the peaks and valleys on the surface over which the metal is deposited.

In conventional planarization technology, a semiconductor wafer is

supported face down against a moving polishing pad. Two types of polishing or

25 planarizing apparatus are commonly used. In rotary planarizing technology, a
wafer is secured on a chuck and is brought into contact with a polishing surface.
The polishing surface may include a fixed abrasive for contacting and polishing
the wafers. Use of fixed abrasive polishing pads typically requires a subpad in
order to achieve the desired planarization property and to control the polishing

30 pressure distribution across the wafer surface. An example of a fixed abrasive pad

useful in a rotary planarization system is disclosed in U.S. Pat. No. 5,692,950,



WO 01/ 074535 PCT/US01/09870 2 issued to Rutherford, et al. In that patent,
the fixed abrasive material is adhered to the rigid |ayer (e.g.,

pol ycar bomeatoe)7458thi ch then is adhered to a soft resilient pPcaysni/oossuch as a
foam In a second type of planarization technology, called |inear

pl anarizing 5 technol ogy, an endl ess belt2travels over two or nore rollers.
The wafer is placed against the noving polishing surface of the belt. An
exanpl e of such a systemis the TeresT CWP System manufactured by Lam
Resear ch Cor pisbed toRutherferdpat al. Icghat petent, she fikedcabrasivalinateriabschdhered 1. Pat .

Nos. 5,692,947, .5,.762, 536, d 871, 390 nd.i n,conmonly assi.gned

co- pendi ng U. .“5{83%’%@?‘ 'ap%?r%%atﬁb/‘%%@ g‘ﬁ‘ifs adherad ta@ sofiresiligerlaeas.

Chem cal MecRaéd &4 fd3al.i shing Belt," filed August 31, 1999. Wile the

conventional linear belt technol ogy has been very successful, roomfor

i nprovenent renai isa st@nddyzngl @andrizaton tchaslbgy; cpliéd Bidanlapatsingsuch  as
[ | on systens, have heretofore been difficult

th d i t | t

to0 geuig oh?efci’ﬁ%@rgg’pﬁ'a‘?ﬁ‘ga f‘{sl‘i g]it gavely everdwo orpporgirplers. The waferde plased ause
the rigid nmatgti.al t ' rasj erials does not

r eadi : 3| bend%%\s/lgé t?%}eiﬁ)?gﬁ@r@mg% hﬁﬁé@ﬁé\lgégﬁsﬁt%ﬁtpﬁ%g%’é:an%'?tﬁr,n lﬁfler eis

a need in t heheFéred"SrCHIP Syspenonrdufiohirediby DadeRésedroh Cdrporafén, BYBmdyst ens
that allows for. the use of fixed abrasive materials. 20 SUWRRY By way of

i ntroduct i onCahfgmiagwhichys disslosedin Uny. Rgt. Nast 55682.947 cHaea,636, andechani cal

| anari zatio em. | ornmed froma fi br asi terial
gttachlaé tl) §’8§7(?§3 9?ur (i;%leépg#rﬁ %nygﬁsdg%esd;c%%%‘ﬁhl X%o?’tppr %é?el.ﬁg’he landl ess
| ayier can beoasy 7AW éfled "DRLYIPIHed Gmrﬁéélqdde&ﬁmcagpaﬁmr%g%%ﬁg“ fildd €ngt h,
0

durability and 25 flexibility. The foregoing di scussion preferred
enmbodi nent s KWagustedn 1B9Bvi ded only by way of introduction. Nothing in this

o o O D SRS e A hntionh et Bt B3hiclSey s seh Yooy Sudbetepu " "
room for improvement remains. For example, fixed abrasive polishing pads, such
as those used in rotary planarization systems, have heretofore been difficult to use
15 on linear planarization systems. The difficulty arises because the rigid material
used to support the fixed abrasive materials does not readily bend over the rollers
‘of the linear systems.

Accordingly, there is a need in the art for an improved polishing belt for

linear CMP systems that allows for the use of fixed abrasive materials.

20 SUMMARY

By way of introduction only, an improved polishing belt for a chemical
mechanical planarization (CMP) system is formed from a fixed abrasive material
attached to a top surface of an endless loop support layer. The endless layer can
be any suitable polymeric material having sufficient strength, durability and

25 . flexibility.

The foregoing discussion of the preferred embodiments has been provided

only by way of introduction. Nothing in this section should be taken as a

limitation on the following claims, which define the scope of the invention.



WD 01/ 074535 PCT/ US01/ 09870 3 BRI EF DESCRI PTION OF THE DRAWNGS FIG | is
a perspective view of the |linear chem cal nechanical polishing system
accor di ngwoo1a7gssef erred enbodi ment of the invention; Fl GPC2/us®1/09830 de vi ew
of the systemof FIG 1; 5 FIG 3 is a side view of a first enbodi nent of a
belt for use in the systemof FIG 1; FI& 4 is a side view of a second
enbodi nent of a belt for use in the systemof FIG 1; and FIG 5 is an
expl oded per | | < use in the systemof 10 FIG 1.
DETAI LED DES%W@&@E MWQ&TS Referring now to the
drawi ngs, and initd.al to FIGIRES. 1 a , a chem cal mechani cal

pol i shing or pl anglrllazba)t{? DREICREFYe Wry 8%%3@%"@%@4@%?1%03@011&@0% The
systemis no r red by 15 Lam Research
Cor por at i on, rtgqnnaﬁ??MCa t}_?i rﬁ%%%c?%@%ﬁogg%%g&ﬁé’g? Pat . Nos.
5,692,947, 5,762, 536G, 2analside 8itly 30Me spitémef FIGi ¢h are incorporated by
reference herein i& their entireties. The system 100 includes an endl ess
bel £ 102 t ensi one& IOp2is@eide yiew olg fipspembedingent ghia belt fesasadn thel system1d. The
system 100 a gncludes a platen 108, a polishing head 110, and a wafer
carrier 118 withi’h the polishing head 20 110. The system 100 in the

i1l ustrated enbodiPIGN4 id Ssideaeinest £ gicond amdbilmaint 8Pa 8Ll frGIE: GRRLuCt O

waf ers such as the sem conductor wafer 116. However, the operative
principl es efftemed FlG. Liandsyst em 100 may be applied to chenical

mechani cal poli shi t ot her rkpi eces as I1.. The rallers 104, 106 are
nount ed on spi ndl ﬂélgés m&w}oaggénﬁmg\l/v& V?W\‘Aﬁﬁé belifor yse 1p the gystem ofig
i nqloude rol | ggGppds 144, 146 and are spaced to retain the belt 102 and
nove the belt 102 to permt linear planarization of the wafer 116. The
rollers 104, 106 are turned by activation of spindle 105 or spindle 107
by, for exanmPETAIMEDDESGRIPTION OK THiE PREFERRED EMBOBMENTS ndi cat ed
by the arrow 122. The rollers

Referring now to the drawings, and initially to FIGURES 1 and 2, a

chemical mechanical polishing or planarization (CMP) system is shown generally
at 100. The system is modeled on the Teres™ CMP System manufactured by

15 Lam Research Cofporation, Fremont, California, and described in U.S. Pat. Nos.
5,692,947, 5,762,536, and 5,871,390, all of which are incorporated by reference
herein in their entireties. The system 100 includes an endless belt 102 tensioned
between a first roller 104 and a second roller 106. The system 100 also includes a
platen 108, a polishing head 110, and a wafer carrier 118 within the polishing head

20 110. The system 100 in the illustrated embodiment is adapted for planarization of
semiconductor wafers such as the semiconductor wafer 116. However, the
operative principles embodied in the system 100 may be applied to chemical
mechanical polishing of other workpieces as well.

The rollers 104, 106 are mounted on spindles 105, 107, respectively. The

25 - rollers 104, 106 include roller pads 144, 146 and are spaced to retain the belt 102
and move the belt 102 to permit linear planarization of the wafer 116. The rollers
104, 106 are turned by activation of §pindle 105 or spindle 107 by, for example, an
electric motor (not shown) in the direction indicated by the arrow 122. The rollers
104, 106 thus form a transport means for moving the belt in a continuous loop past

30 the workpiece, wafer 116. Other transport means include combinations of wheels,



104, 106 thus forma transport nmeans for noving the belt in a continuous

| oop past 30 the workpiece, wafer 116. Other transport neans include

conbi nat iwpd1of4seheel s, WO 01/ 074535 PCT/ USO1/ 09870 4 pulPlCepsornoas7o

t ensi oni ng devi ces which mai ntain proper tension on the belt 102, along
with their associated drive elenents suchdas electric notors and nechani cal
| i nkages. Operational paraneters such as the speed and tension of the belt
102 are controlled through the rollers 104, 106 by a controller (not
shown). The eoleysanddensionmay devicésuwlich mumassproperdensidrhen thecght02)g devi ce

whi ch operates in response to ,data and jnstructions stored in an .
associ at ed n@ﬁwﬂwlt@gf‘rﬂsFWu% ryeaiemsntssuch geelegiicmatprsmandingeshanisak y) | y
described ingth

Lo above. Thaidkes; iR parngR i es e heed iR By of 1 e RO BB 176

may 10 be mooreltedathebughitied rdidrs 104p1106 by AycoraeNerhdtshon)r TRY caftyol@rher
sui t abl e nechanical technique. The polishing head 110 is nounted on an arm
and3is novaBay ineludea pracesror gnater edmpYieNg devieewhich eperatdsdn resphasetsl i shi ng

head 110 | j | j.shi : to th fer 116 i nst_the belt
102, The pol Refag tnlfickidls Q8 35 iselded mmPR “Orerption gl st 04" 5 1o
further cont kplterhn@0ROMosfuNY dRE@ UL U.S NPatetN &N ls,%@§,9i4$, 5969588 gpPosite

t he polishing head 110 bel ow the wafer 116. The belt 102 passes between the
front surfacé,813%frefdmeduanbovel 16 and the platen 108. The platen 108

applies pressure_to the helt 102, for _exappl.e | I e confact with the

Ee:t 1?2 or by SJIBBI‘XHI}?FQP%‘@WM@Frpogghl%%‘i‘dd{@fﬁgw rléf&@)’of t he
el In so ¥:Tntel WY QT ISP ;yll,q;a y pressure
inlt((:)ontrol I g%leégozones or ar eaus1 0 et e gﬁ%‘%gﬁrckéégg%@g?&cg%}?tragﬁoof t he

control | er (modchamoairtgchnkqre. Stemulishingthieed 1 bhesmowytedeon anmangead is adi al |y on
the surface of the platen 108, This controlled apﬁi cation of pressure

through the Fhaable te@g extanbwadericentsel of thecontepllepoilhe polighnmhenadyl 18cr oss t he
sur26e 117, Sl o AR R e FBROESTh bl 2007,
conponent of prdigureli€ifidicdtedBEIGN 1 GF/the arrow 126.
15 To further control the polishing pressure, the platen 108 is located opposite
the polishing head 110 below the wafer 116. The belt 102 passes between the
front surface 117 of the wafer 116 and the platen 108. The platen 108 applies
pressure to the belt 102, for example by direct contact with the belt 102 or by
supplying pressurized air or water to the underside of the belt. In some
20 applications, the platen 108 is arranged to apply pressure in controllable zones or
areas of the platen 108 under control of the controller (not shown). For example,
the zones may be arranged radially on the surface of the platen 108. This
controlled application of pressure through the platen 108 allows the belt 102 to
polish uniformly across the surface 117 of the wafer 116.
25 A dispenser 112 dispenses a liquid agent or slurry 113 onto the belt 102.
The liquid or slurry 113 is an important component of the chemical mechanical
polishing process. The exact components of the slurry are chosen based on the
material to be polished or planarized. For example, the slurry components for
planarizing a silicon dioxide layer on the surface 117 of the wafer 116 will differ
30 from the sturry components for planarizing a metal layer on the surface 117.

Similarly, the slurry components appropriate for a tungsten metal layer will be



pol i shing process. The exact conponents of the slurry are chosen based on
the nmaterial to be polished or planarized. For exanple, the slurry
conponentwofoe745ps anari zing a silicon dioxide |ayer on theczurshaems7d17 of
the wafer 116 will differ 30 fromthe slurry conponents for planarizing a
metal layer on the surface 117. Sinmilarly, the slurry conponents
appropriate for a tungsten netal |layer wll be WO 01/074535 PCT/ US01/ 09870

5 different fromthe copponents fofr a coppﬁr | ayer. For uniform

pl anari zat i oﬁmg?rempfg?‘i“ rmPeRentssior g58PPLRyarnEer umiéom planaizstiosjoar ry be
di stributed : - 117 re 116, The |, quid or
slurry 113 dg)ég%%%’ai?%Sgﬁﬁ)glétggtnﬂ)}éﬁéégg&dgi% rs;ilg{-yvl?ag]@(%&n%gﬁeéj nts Y SO ﬂ% stem

optional |y i gaffactesl Tofheeiaféroner ThiJiquither dluenl $3 bes fotihdas® aly lobfe bel t
102 to keep the belt's roughness or abrasiveness relatively constant. As

t he belt 102abraa*wmomnemts-po| I shes the wafer 116, there is sone deposit of
the . material re ed fromt.he fer 116 on..t.he face o he helt 102. |f
t oo 5rmch mat er i gmllﬁ rSX%ertnhoé)ttlgﬂ?qy\g@gfuﬁsia 8$ﬂ<{lhgmg@ﬂ§!ﬁq‘%@a{séﬁ% _ d on

the belt 102 ¢hd bait 162 foay he bat’s rtighhB PPablash@Red¥rblatitiI9Rotitadtk A% and the

uniformty of abrasion across the wafer will be degraded. The conditioner
115 cl eans athk betit02planarires os polishee thef wafee 1 b therg 02sonde gepassit of etk

conditioner is digclosed, in co-pendi U. S. p. Ser. No. 09/188, 779, .
entitled " m%ﬁléﬁﬁnﬂﬁ%ﬁ%}ge%@?efcﬁﬁd’iﬂttﬁsﬁv@e&f thspels i o porimuskd i n
Chem cal Mec Al AL Bal | AR : entire
di scl osure o V\##%ffr(ﬁé | n(l:lorpolrlg?8%%&%%%“?;&gg?éﬁlgﬁggiﬁ??{é?g%’?ﬁgoz S
prefCer abl y ameraovidl eate of depbdli i2owilbdepiquickiohndsthie mgifbahity of\abrhsio®

suppl ementary reinforcing.or supporting conmponents such as stainless

steel, reinf @Froshiierwafer wilbpe degraded. Megongitionep 153 pleprs and ronghengithey of a

ti f | [ 1 2 t 102 4.
PP xed abr asi SuTReEor FEBELIGZ0A ikl cBRabiodds e Bedfitoqpidd U S urt ace
of a support Agﬁzfsa.msmmmm éntitled "M@théPand Appaatug 76! @§§diﬁ&ﬂﬁ§(aas shown

in FIGURES 1 & 2). The fixed abrasive material provides the surface for
pol i shi ng t h&olishing Pad Used en Chemedal Meichani¢al ®lanandatiotfitedd¥ovembeaPer 205

pr 01V§ des the 1'63&%2 Ieﬁ Ie dslstcrigsn etgf \]:vg&:h qgl%%ripggéteé ﬁgrsein n}j reference.
The belt 102 1s preferably an endless loop fixed abrasive polishing belt

with no supplementary reinforcing or supporting components such as stainless
steel, reinforcing fibers or fabric. FIG. 3 is a schematic side-view of a portion of a
first embodiment of the belt 102. The belt 102 includes a fixed abrasive material

20 201 substantially coextensive with a top surface of a support layer 205, which is in
the form of an endless loop (as shown in FIGURES 1 & 2). The fixed abrasive
material provides the surface for polishing the front surface 117 of wafer 116, and
the support layer 205 provides the mechanical strength for mounting, tensioning
and tracking the belt on the rollers 104, 106. The support layer 205 is preferably

25 manufactured of a single, substantially uniform layer of polymeric material, by a
process such as hot cast molding. The polymeric material is of a substantially
uniform thickness and structure. Thus, the belt 102 1s manufactured without
reinforcing or supporting layers or supporting components, such as aramid fibers,
fabric or backing materials such as stainless steel.

30 The fixed abrasive material may be any suitable abrasive known in the art.

Typically, the abrasive material will be an aggregate of abrasive particles. The



and tracking the belt on the rollers 104, 106. The support l|ayer 205 is
preferably 25 manufactured of a single, substantially uniformlayer of

pol ymer i cwoati@er4sas , by a process such as hot cast nol di n@CTAIse1/pslymeri c
material is of a substantially wuniformthickness and structure. Thus, the
belt 102 is manufactured w thout reinfor&ing or supporting |ayers or
supporting conponents, such as aramd fibers, fabric or backing materials
such as stainless steel. 30 The fixed abrasive nmaterial nay be any suitable

abr asi ve knowkrasireipaerals includep butare pot imeed tn, partictesitoatdextompdundse an

aggregat e of Y ticl es,. 1/074535 PCT/US01/ 09870 | .

abrasi ve mat g?@é&ib)}’lﬁgﬁo@&glﬁ%g rhé:%-gee’r?m"?lf ’zaenggf"&’ a?)cgmapg?rgge,cﬁarlag?de
conpounds,  eBfipoaRdD¥héless KhckitsRarbidk] Greasiliddt/ Sirbide) béBRcavids, and
manganese; carbi de conpounds, such as black silicon carbide, green silicon

car bi de, bor ¢ungstentxiaghyde, titamymitcarbide rdiardend; mitrides compeurisdech as sitioord;

nitrd des conpounds such as siligon 5 nitride,. cubigc boron nitrjde,
hexagonal bor%tﬁgﬁ’i ‘E“i’i“ij orop Agtrife, eﬁf?%%na? h%'ioé‘d’f‘t.r sﬂ&ﬁ‘?"&ﬁ?‘fs thezeedr r ed

abrasi ve mat gihal; £ fv i i 6Rp 950 and

5, 958, 794, botsh 5?“%‘?0 arsagr#ncg%lg%ﬁglts gﬁb ﬁgﬁcee?lgagiledrwg]ﬁ%rs ég?:té%ﬁ' their
entireties. 569995 ald 5,957 bati sfewhizhearé mcofpoeited hétein hiaefaeddd iakness of
about 10-100 , 10 microneters, and nore parti-cularly, about 30-70

mi cronet er s. thiieertirsliesof the abrasive particles nmaking up the abrasive

mat eri al depends i 0 he oY osi-tiaon of ,th rasive
material and any IIF gﬁ%&lﬂg{é&{% 5%9?\&33@4@ frlétegﬁcbégggigp%e%o %?&6‘38 havi ng
an verage paficidth@ers] & mMbrediae@diirlyl, ABSutBIOLO microfefer & "ELESiSe 8f e
preferred. Even nore preferred are abrasive articles in which the 15

aver age abr agbasivsapartiddessmeking up she\abrgsivematertahdependsircpatrepar thel n a nost
preferred enbaodiment, the particle size is about 30-70 nanpneters. To
Vol a har ni ng R apmeodigh of s EsieomalsEetR A R Mo BIRE NS wher e
the vafer Suigcs.i AbfsiTRipaicheiIASinOR AoPigdhaRitlé S56nS héhidind Mduk 5On

di oxi de-contai ning surfacé), the abrasive particles my have a Mhs

har dness 20 macrometersgreprefarredhEmerninont préferfeideare bbmsive artjvdestih alldsh they be

use% in conbination . ) .. .
1 average abrasive particle size 1s no greater than 1 micrometer. In a most preferred

embodiment, the particle size is about 30-70 nanometers.

To avoid harming the surface of the semiconductor wafer (particularly
where the wafer surface is a metal oxide-containing surface such as a silicon
dioxide-containing surface), the abrasive particles may have a Mohs hardness

20 value no greater than about 8. The abrasive particles may be used in combination
with filler particles. Examples of preferred filler particles include carbonates (e.g.,
calcium carbonate), silicates (e.g., magnesium silicate, aluminum silicate, calcium
silicate, and combinations thereof), and combinations thereof. Plastic filler
particles may also be used. The abrasive particles preferably are resistant to the

25 liquid medium such that their physical properties do not substantially degrade
upon exposure to the liquid medium.

Also preferred are abrasive materials that include a plurality of abrasive
composites arranged in the form of a pre-determined pattern. At least some of the
composites may be precisely shaped abrasive composites. All of the composites

30 preferably have substantially the same height. The composite height preferably is



with filler particles. Exanples of preferred filler particles include
carbonates (e.g., <calciumcarbonate), silicates (e.g., magnesiumsilicate,
al um numwbploloatse; cal cium silicate, and conbi nati ons theceafSpr/omna

conbi nations thereof. Plastic filler particles nmay al so be used. The
abrasive particles preferably are resistaht to the 25 liquid nedium such
that their physical properties do not substantially degrade upon exposure
to the liquid medium Also preferred are abra}sli ve materials that include a

plural ity of DRurgdebanaBawlOGmicrens, Mogeryer.the ghrasiye artisle prefarabliet er ni ned
tt . A ' ' d _ab [
o A Al iR ST, TR e B UL RO v

conposites. he conposite ave su

hei ght. The conpofrbferdtty,shbstaitedllgratitufithd 5brwi>v8&619g6§s%§ hibeTSUBSRALAPB 70 7
no greater than about 100 mi crons. Mreover, the abrasive article
preferably ithesameshape. Examplespbrepresertotive ghapesinchilegubics qylindeicalent i et er

e e, LGN RO o il Bl Hioesd coaaRl™ ! o

i ncl ude cubi ccros%y#éml&mkh a flaPfob S0FhdS and BEMADPHLK G shapst af¥wid] a5 t r uncat ed
pyram dal, conical, truncated conical, cross, post-like wth a flat top

surface, and coerhisgsioas ithereofs Hdpabrasas omelfosdes are prdferahlyi spased dpartefodm The

abr asi ve conposjtes e prefergbly spaced gpart from each other. For
exanpl e, t hefaﬁlag;ﬁv&éal‘r;ﬂr&gmeff, ey owd becarvided in %gfa%e?ﬂoagé@d ridgeted apart
from each ot E,’(ds?gJ EIRER, Lr of - conposites.
The support Ir}’gé%r %gt f?:é;ﬁnlteg@ g@g{] @E{:}% agf gﬁlﬁ%n)%nerl g%r?g’?%é;niaaé al1\:/L\A‘9§ h

suf fo ci ent stdogdp@ites. fl exi bility, and durability, and includes a wi de range

of rubbers and plastics. Particularly preferred rubbers and plastics
i ncl ude, but are nidie suppaitiayer 283 capbsanyvetuiablepolyreriamatesial wihyest er s,

pol yethers, e l.es, agl des: al r bonat s ol yet heyl epe

pol ypr opyl ené@%??%&?g%@%’flgﬁf% .Jaﬁgj/ uxb%)%arn ,lflc 58?% }"Xfeaﬁ?ag%fﬂ@@ﬁﬂ ic

pol ynmers, si ldndQiastics.! Phrtiselarly préfefréErubblReind plastiePinRRfle, butakehsy but adi ene
rubbers, and various copolyners of styrene, butadiene, and acrylonitrile.

The pol yrer i dimatedsto, polyurethanes,ipodrneascpolpesters,qrolysthers tepoxies,pblyamhides,
15 polycarbonates, polyetheylenes, polypropylenes, fluoropolymers, vinyl polymers,

acrylic and methacrylic polymers, silicones, latexes, nitrile rubbers, isoprene
rubbers, butadiene rubbers, and various copolymers of styrene, butadiene, and
acrylonitrile. The polymeric material can be thermoset or thermoplastic, and solid
cellular. A solid layer is preferably uniformly solid throughout its length and cross
20 section. In cellular layers, the cells can be open or closed and can be fdrmed by
any suitable means, including but not limited to blowing, expansion, frothing, and
inclusion of hollow microelements. In one application, the polymeric material is a
microcellular polyurethane having cells or voids on the order of 0.1 to 1000
micrometers in size. The belt should be sufficiently elastic to maintain tension
25 during use, i.e., not to relax and loosen during use. The belt may be expected to
operate at temperatures ranging from -60 to +150 °C.
Especially preferred polymeric support layer include a SCAPA® belt,
manufactured by SCAPA Precision Belts of Salem, New Jersey, and the IC-1000

pad manufactured by Rodel, Inc., of NeWark, Delaware.



cellular. A solid layer is preferably uniformy solid throughout its |ength
and cross 20 section. In cellular layers, the cells can be open or closed
and can bwofooomsaes by any suitabl e nmeans, including but necThisoi/ewsd to

bl owi ng, expansion, frothing, and inclusion of hollow mcroelenents. In
one application, the polyneric material i& a mcrocellular polyurethane
having cells or voids on the order of 0.1 to 1000 mcroneters in size. The

belt should be sufficiently elastic to maintain tension 25 during use,
i.e., not to rel adhgitrer gbiasiye materny 204 ds atRrhed ta thesupport layrpQs eylaryo

operate at tey r | N 60 to +1 . _Especi.al preferred
pol ymeri c sugg}gﬁl‘g%ﬁ{?ﬁlrﬁlﬁnﬁ@%&&? Eaé%%?rre?erﬁeéjl a?gcglﬁﬁ‘ﬁd'gﬁtg{@r%ﬁ ‘gfi‘ SCAPA
Preci si on Bebt&sitt s&adigve adNelve € 8 € thi ¥ actured by
Rodel , Inc., k)of SNev?/ar Ii Dael amrggm Oﬁygrﬁlgg%hgncﬁu S}P@%B{g@%ﬂ& l%’he fixed
abr asi ve mat examplesof piessuse sensition adbesives suitpplefor thisyppirp@@hnddydathpse sui t abl e
at t achnent rrgterial 03. The B_Lefe[.red attachﬁnt material 203 is a
predsure senSPTAAAR LatEKSEFRFLTQPML orvlic polymers grgonolymers (&8or t ape) .

Repr esent at i yelyba¥AERISRE aRE i AV €4 Y "};,%g for this
pur pose i ncl Bdg t hose 5 basgg{eg?w%ﬁ%%;?%%k,’%}@g%,éisa(g%iﬁ& p Il;?llrrers and
copol yner s ( butyl ethepphlipd adiearvey, rableeradtesivdsa(e. gnalayaal mbbérg seslictics) , Vi nyl

ethers (e.g., polyvinyl n- butyl ether), alkyd adhesives, rubber adhesives
(e.g., natur&P U%&@WE@?‘%@MWPS; therfobr Onripreferradasesspre senditive xt ur es

thereof. On red. ensiit.] hesi ver .
| sooctyi acry PARETRLS S i oER B B w8 QUORHEt o Bnes servitives o
adhesi ve is pdkdseredb byeftiablyamirted orcdated bn@ihe Hable side & tisd slRagle t he

abrasive article using conventional techniques. As noted and descri bed
above, in it ertinlgmsieg conveptenakteshniques support |ayer 203 is formed of a

single | ayer of pql r{c terdal ., such.as.a polyyrethane, In alternative
enbodi nents, the %g?’r{g%%?dg “h %%edbr‘?ﬁ?’tlflbﬁsé@ _gr%‘%ﬂ%HPe‘étxﬁWﬁPBPO% 15
second | ayer |gkr 20PR fBrrhél 6Ch siAYR/ayed Of PElyRRARINDALHIM {thtBS RBWYERIAE .
support layer. The additional Tayers can be nade of any suitdble polyneric

mat eri al i ndh aliémativeudsblzndimentsthe dbeit d62 cBy hpve multiplelagerkt For exdmhply ex

beneath the harder ) . .
13 second layer or even a third layer can be combined with the polymeric support

layer. The additional layers can be made of any suitable polymeric material
including rubbers or plastics. By putting a softer sublayer beneath the harder
support layer increases the overall rigidity of the belt 102 but still allows enough
softness so that the polishing layer can flex to conform to the surface of the wafer
20 116, and to be able to bend around rollers 104, 106. Thus, by adding additional
layers, the polishing performance of the belt 102 can be tailored to the workpiece
or to the CMP system.
FIG. 4 illustrates an alternative embodiment of the belt having multiple
sublayers. The belt 402 includes a fixed abrasive material 401 attached by an
25 attachment material 403 to a support layer 405. Suitable fixed abrasive materials,
attachment materials, and polymeric materials are the same as those already
described. A bottom side of the support layer 405 is attached to polymeric
sublayer 407. The polymeric sublayer 407 generally is any polymeric material
that is softer and more porous than the polymeric support layer 403. Suitable
30 materials for the polymeric sublayer 407 generally include polymeric foams. An
especially preferred sublayer is the Thomas West Pad 817 manufactured by



support |ayer increases the overall rigidity of the belt 102 but still

all ows enough softness so that the polishing |ayer can flex to conformto
t he surfawe w7458 wafer 20 116, and to be able to bend aroarcsor/odsiers 104,
106. Thus, by adding additional |ayers, the polishing perfornmance of the
belt 102 can be tailored to the workpiece® or to the CWP system FIG 4
illustrates an alternative enbodi nent of the belt having nultiple

subl ayers. The belt_ 402 inclydes a . fixed abrasive material 401 attached by
an 25 attach &R H}C-’ﬁ%d“PBY‘é?l‘“suﬁ%E‘g?Wq Z@éﬁrb%@m sidg;of thisipolymereey

abr asi ve mat qkdaks; ' ol ' ri;al s;,.are the
sane as thosgé%?rligldtym %%%E%B%%%%g%%%a |g1é)@ be/ %ﬁ‘ééeﬁﬂg‘g%cr%f‘ dlsg &Y°1405 i s

attached to pehyofyhighlygobbuyslyrderic mateeiah il alloevs the Selbtawamtf@ thaener al | y
is any polynefic material that is softer and nore porous than the
pol yreric suﬁi%u‘l?lﬂg’a‘%ideﬁmldmﬂ%ﬂ’@ rglergayithous being demaged, ydiileras the

sublayer 407 ! 28 e . LC.: Al specially preferred
subl%yer i's tsﬁ@%%x@éﬂéﬁé S%H%add’? @f%%%%?%%?%@c? nglel 01/ 074535

PCT/ US01/ 09870 9 THeuls cii htive AryCsuitalbl dBHERNMA Rocedsatyi fhPEffedive THE DOt t om
side of the polyneric layer is in turn attached to a’stainless steel |ayer

409. Because 9pktatioac dhffesanbpelyshing foglssmaypfequirg diffdrentheitdersetimo | Difforent
material, it allows the belt to ' nta'~nlthe fllgiéi bc'hbity needed to ride
around t he rdYQTEPECGAIZAYIAY FrAuds ticraptbelt Witths: Alsordilfersnt types of e

provi di ng th%oﬁ@ﬁiﬁ@!ﬁéﬁrﬁgﬁ?@@ﬁf&éﬁ?v&‘aﬂIihi@kﬁés%l anta‘%iiﬁ‘ere;[ﬂ%lé?%t s can have

any suitabl e di nensions necessary for effective operation. fferent

pol 1&hi ng t odhisknesges afimultiplediagérer Eithertthe top @rtgitfom sudfdckeofthe belweak peece

sizes may require different belt wdths, Also, different types of
pol i shing mayFOPYERPT ¢PNGATE ‘éfr‘éﬁ?“’ﬂv‘eﬁd*’éwd tonateh dhesprofilgef the waskriaee r el at i ve

10 t hi cknessegs.: ' ' r . rnf aces of the
belt can be q%o e‘g}%{?d Q%%nggtéﬁgl?e rgﬁ fes:b\?msé‘@%?h‘ggg‘é%%g%%@r@%ebe Fofile of
t he workpi ece beiExgniplarysfir@ensiond for thetteit 1026inélalé 8 tisiclatess BPO.020 LITW200
structures below the belt. Exenpl arfy di nensions for the belt 102 include a
t hi ckness of ioclpany a nompgd innge kengthofP0ro kd G inches nlarthe dhigtrated fendodimarg,

i nc{‘ges . Int Qﬁe bélltsuasrg rsgtég ?oreurrs%%hxnﬁgtreresm CMP system available from Lam

Research Corporation, Fremont, California.

The edges of the belts may be smooth, textured, or patterned. The edges
may contain holes or other physical features that serve a functional purpose, such
as aiding in alignment and tracking of the belt in use or such as aiding in triggering

20 or counting, The edges of the belts and any related features may be formed during
molding or may be created in a secondary manufacturing operation such as
cutting, drilling, lathing or punching.

The belts can have holes that penetrate all layers. FIG. S is a perspective
view of a portion of the belt 102. In FIG. S, a viewing hole 502 has been cut in the

25 belt 102 to expose a portion of the workpiece, wafer 116 (see FIG. 1) during
polishing. Further, a trigger hole 504 has been formed in the belt 102 and is
associated with the viewing hole 502. The holes are useful for allowing slurry
transport or for optically monitoring the condition of the workpiece during
polishing. |

30 Thus, the chemical mechanical polishing system 100 of FIG. 1 includes a
monitoring system 135 (see FIG. 2). The monitoring system 135 persistently or



15 the belts are sized for use with the Teresa CMP system avail able from
Lam Research Corporation, Frenont, California. The edges of the belts may
be snoot hwotoextassed, or patterned. The edges may cont ai nPooluss/@s7ot her
physi cal features that serve a functional purpose, such as aiding in
alignment and tracking of the belt in usdOor such as aiding in triggering
20 or counting. The edges of the belts and any related features nay be
formed during nolding or may be created in a secondary nanufacturing

operati on sud@srigdicaliyshingsdightipnithe bejt 102t As thy eewipghokd 502 passes thel t s can
have hol es that .penetrate .all | ayers. Fl 5 IS a perspective view of a
portion of tABENEFH ?mllﬁsﬁhé%%gergmﬁg&ﬁ%aﬁgﬁ%g@@%‘p@ﬁgsm ®ut in the
25 belt 102 G£4i8atB 85 thedndRHdrin@byStbmt 135 WA thOVRGR ( 1)
during poli shi nlg. Furteher, an rlyggrgr hol e 504 halgg g@%%?%%%gd??ﬁesghgebelt

102 and is dssmondommp system 1 heshunesiigiy onother Bixtgy dh ¢hentmdlieB02ainetheisef ul  f or
aII%vm' ng slurry ..transport. OL {90 opt, cal | m)niééoi'.i ng E&)Eﬁa condition of the
wor Rpi ece dur"i“%’@;‘ty%‘gtﬂfig’?ﬁvﬁﬁg 8 %‘i ﬁ%ﬁ’em F5uFfsthe light Qr other gnergy) i shi ng
system 100 o ' o= T 1L ORl : . . The
nonitoring sggﬁféé%dl a’fkggdrngﬁ%tsvel?\‘tvf{g Orlé.\/\%&%%a%%b %@%ﬁ&%ﬁ?)@&%ﬁt&;ﬁo

peri odi cal | y tisineesiringghstemrcah lpeovidd an idzcatida of ke poliskingprogress SQRe passes

the nonitoring system 135,  the trigger hole 504 engages a sensor (not
shown) to ir@&gﬂ@emdo%ghﬁﬁﬁgg%rho?@5%@@%hﬁ phwed wath any suisableelationl e i s

t. | .t [ ' . Shi | i gh . oth
ner gy on ¢ ndS BENEing e SE' BARYHGAR PPHETof ieRiRATRGsorbi thiedink & oo
meggur es t he Hold$u2 May Bé RstinedNA tybelt. cAdEifibRAl HBRS indre A8} ieacyLRMdNY hol e.
By neasuring the energy and its variation, the measuring system can

provi de an i drtiquandycr nuinbehef gaghisampleg cpllentedeper revolution ofGhPbelpd02m 100. The
tri hol e 504 b it h. i t.abl ti tQ th | ew

"1 Guer Fole's01 iy o ehaceh.ut gy i b 5 el lion b e
502 may be f%’é@ﬂaih%réaggf 5 elt 1B%hhy Qfﬁé%#g}deﬁgtgr&% %’ile{i@f-‘a GPHH &Y L1 on

on o ttﬁle bel t

frequency or nunber of data sanples co revo
102. may be affixed with membranes or sheets or plugs that serve as transparent
15 widows or optical pathways for use in monitoring the condition of the workpiece

during polishing. Thus in an optional embodiment illustrated in FIG. 5, an
optically clear panel 506 is positioned over the viewing hole 502. The belt may
contain any of various types of sensors that may be used to monitor conditions of
the belt, slurry, and workpiece during polishing.

20 The belts of the present invention can be made by any suitable
manufacturing method. Examples of methods include but are not limited to
extrusion, injection molding, hot casting, pressing, rotational molding, and
centrifugal molding. A belt with multiple layers can be made by directly forming
one layer to the next, as noted above. |

25 While a particular embodiment of the present invention has been shown
and described, modifications may be made.' It 1s therefore intended in the
appended claims to cover all such changes and modifications which follow in the

true spirit and scope of the invention.

30



The belt 102 can have vari ous depressions or protuberances. The belt 102
or certain areas of the belt 102 may be transparent to el ectronmagnetic
radi at i orworor/omays be af fi xed with nmenbranes or sheets or pCagsol/sto serve
as transparent. 15 wi dows or optical pathways for use in nonitoring the
condition of the workpiece during polisHhilng. Thus in an optional

enbodi nent illustrated in FIG 5, an optically clear panel 506 is
positioned over the viewi ng hole 502. The belt nmay contain any of various
types of sen S ngtdﬁay be used to nonitor conditions of the belt,
slurry, and 3&%%5 ‘during polishing. 20 The belts of the present

i nvention can be made by any suitable manufacturing nethod. Exanples of

met hods i ncl ude byt ar | im.t,ed to xirusio i njection | di ng, hot
casting, pressi ngti‘ r ot 2TP§L£WP flﬂp%a,woe{ﬁalec?;%? '}Wad T’mWB‘F'ﬁi‘F%ﬂm‘;‘&lbel t
with nmultipl %oligﬁﬁé%ﬁé}ﬂ, the bBRUSmPHsipT ectly form ng one layer to the next,
as noted above. 25 ile a particul ar "enbodi nent of the present invention

has been shown and descuppat layanfivrmhingsdn enmbessdgofyandade. It is therefore
intended in the appended cl ai to cover all. such changes and i

modi¥ i cations which fol® tior?e{}sﬁ‘@dapwgeé‘&?tﬂ‘?laétﬁﬂh%ﬁ‘ﬁﬁgablpa%tl?@eisﬁ%}ftion.
30 WD 01/ 074535 E%OHS 09870 11 WE CLAIM 1. A belt for polishing a

wor kpi ece in a | ar chenical nechanical polishing system the belt
conprising: a support layer formng an endless |oop; and 5 at | east one
fixed abrasive materi alThettiehofiethimilt wheteih eadtsupprat Riyelecomiprisegaad support

| ayer. 2. The belt of claiml1, wherein said support |ayer conprises a

pol yneri c matefymgric matenigle pelt of claim2, wherein said at |east one fixed
abrasive material 10 is substantially coextensive with said at |east one

side of said pol yreri ¢ SURRRAE claim 2, wherein said at least one fixed abrasive material
10 is substantially coextensive with said at least one side of said polymeric support

layer.

4, The belt of claim 1, wherein said at least one abrasive material is

attached with said support layer by an attachment material.

5. The belt of claim 4, wherein said attachment material comprises a
15 pressure sensitive adhesive.
6. The belt of claim 2, wherein the belt excludes reinforcing elements

and supporting components for supporting said support layer.

7. The belt of claim 2, further comprising a polymeric sublayer
attached with said support layer on a side of said support layer opposite said at

20 least one abrasive material.

8. The belt of claim 7, wherein said polymeric sublayer has a higher
porosity than said support layer.

9. The belt of claim 7, further comprising a metallic reinforcing
element attached with said polymeric sublayer on a side of said polymeric

25 sublayer opposite said support layer.



| ayer. 4. The belt of claim1l, wherein said at | east one abrasive materi al
is attached with said support |ayer by an attachnent material. 5. The belt
of claimwopomerses n said attachnment nmaterial conprises a PCH/USOEGIO0 €
sensitive adhesive. 6. The belt of claim2, wherein the belt excludes
reinforcing el ements and supporting cong@nents for supporting said support
layer. 7. The belt of claim2, further conprising a polymeric sublayer
attached with said support Iayer on a side of said support layer opposite
said at 20 |east léhe dihedsitvaf chaimel,ivatierei8 saiflre ldast enecdbradieé mmaferiabher ei n
said polyneric subla has a her rosity than said support |ayer. 9.
The belt of SRS Xtﬁfﬁsf Res °§‘5F?%P{“§PH -a metallic reinforcing el errent
attached with said polyneric sublayer on a side of said polyneric

subl ayer 0ppOSi t e 9al O THURAAS olaHer, wIRATAATATAR BCTALERN ASRT0) 12 10,

The belt of claim1, wherein said at | east one abrasive naterial —conprises
at | east one wmpmesmdpnstmnb cdrbideWoenpoehd. of claim 1, wherein said at |east
one abrasive material conprises at |east one carbide conpound. 5 12. The

bel t. of cl aim 2, erei aj.d pol. ri.c material conprises a polyurethane.
13. The belt of cl rmz'[%jaﬁkﬂéi fﬁ'&&*ﬁﬁ%ﬁé@ém&mlqwﬁmqusaf a

singl e, subst réhbhge uni form layer of polyneric material. 14. The belt of
claim1 wherein the belt conprises at |east one viewing 10 hole formed in

the belt to expose a portion of the workpiece during polishing. 15. The
belt of claim 14 fldrt héﬂxedxeltmﬂclamnngz twheggmswﬂmhpporf hwyemed fabridabed ofel t and

associ ated wi th_sai Hibeast one vie hal e. 16. The belt of claim 15
wher ei n sai d S8l$.¢4 stta‘H gaSﬁ’bP p(plgmenc material.
14.  The belt of claim 1 wherein the belt comprises at least one viewing

10 hole formed in the belt to expose a portion of the workpiece during polishing.

15.  The belt of claim 14 further comprising trigger holes formed in the

belt and associated with said at least one viewing hole.

16.  The belt of claim 15 wherein said at least one viewing hole is

located along a centerline of the belt.

15 17. A belt for polishing a workpiece in a chemical mechanical polishing
system, the belt comprising;:
a polymeric support layer forming an endless loop and
manufactured exclusively of a single, substantially uniform layer of polymeric
material; and

20 at least one fixed abrasive material on one side of said endless loop.

18.  The belt of claim 17, wherein the belt excludes reinforcing elements

and supporting components for supporting said polymeric support layer.

19. A chemical mechanical polishing system for polishing a workpiece,

the system comprising;



| ocated along a centerline of the belt. 15 17. A belt for polishing a

wor kpi ece in a chem cal nechanical polishing system the belt conprising:
a polynerwosoppest | ayer formng an endl ess | oop and mamrafrashuosdo
exclusively of a single, substantially uniformlayer of polyneric
material; and 20 at |east one fixed abrat3ve material on one side of said
endl ess loop. 18. The belt of claim 17, wherein the belt excl udes
reinforcing elenents and supporting, conponents for supporting said

pol ymeri c support | ayef CORtgnuons e&%ﬁ%“ﬁﬁéﬁﬁﬁﬁwowwrﬁipﬁwg em f or

polishing a [ LSIing. 1/ 07 PCT/US01/ 09870
13 a conti nu}gﬁgé{%:l)g%ﬁg%ﬁﬂ% 5%%3%%@%%%%% ?‘?@e‘%‘ég ¢ l%%?f?/)rr%% P'(-:facenat eri al
having at | e@igteddnghdabrasi ve material attached with at |east one surface

t hereof; and transport neans for noving the continuous |oop belt past the
5 wor kpi ece. 20. The stranspartaneansfpmmevingitke e¢miinupus taopbspast theans
conprises a liur.ality of rollers over which the continuous |loop belt is
ext énded, th OFIEHI?Céers bei ng selectively rotatable to nove the conti nuous
| oop belt linearly past the workpiece. 10

20.  The system of claim 19 wherein the transport means comprises a
_ plurality of rollers over which the continuous loop belt is extended, the rollers
being selectively rotatable to move the continuous loop belt linearly past the
workpiece.

10



