WD 01/ 74535 PCT/ US01/ 09870 FI XED ABRASI VE LI NEAR PCLI SHI NG BELT AND SYSTEM
USI NG THE SAME This application is related to co-pending U S. App. Ser. No.
09/ 386, 7TMQ o1/et383 t | ed " Unsupported Chem cal Mechani cal PoPCEUSoIgIB® t, "
filed August 31, 1999, which is incorporated herein by reference inits
entirety. FIELD OF THE | NVENTI ON The present invention relates generally to
equi pnent for processing sem conductor wafers. Modre particularly, the
present invention rel at esgix@rPaBRASAE IBREARIPELIAING NI ng belt and an

associ ated |inear poli Sh?%i% 'Féi\tﬁ U 30 me Pol i shing of

sem conduct or wafers. BA em cal mechanical polishing (CW) is
used for planarizing sem conductor wafers during processing of the wafers.
Many steps in the manufacture of sem conductor devices produce a highly
irregular surface on the front side of the wafer which contains the

seni conduct or deVhis epplidationligeiatedio covpemiigs U App) Seadis!irdmgds 141, of the
devi ces on the wafer, many grocessi ng steps _require planarizing the wafer

surface. Fomtisled Thinsuppostefl igaltMec 1@@?@#&*@&361&'1@%’54\%@3@ a netal
i nt er conne Lo the wafer (.,s planardzed prior to deposition to reduce
t he peaks ;#%bgéﬁugvg%Cﬁq%g{eg&efﬁgﬁy&#gfe%ﬁbﬁg PHE et al is deposited. In
conventional planarization technol ogy, a sem conductor wafer is supported
face down against a noving polishing pad. Two types of polishing or

pl anari zi ngFBIdarQF FHEANVISNTRON used. In rotary planarizing technol ogy,

a wafer is secured on a,chuck and is brought into contact with a polishing
surface. The polhepresgntéuvention relaips Beraralbictoeguimnyend ferpraesssiwst or
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waf er surface. An exanple of a fixed abrasive pad wuseful in arotary
- pl anar i zatpashngsafeemicondistor wafats.i n U.S. Pat. No. 5,692,950, WO 01/ 74535
PCT/ US01/ 09870

BACKGROUND
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
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
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
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,



2 issued to Rutherford, et at. In that patent, the fixed abrasive materi al
is adhered to the rigid |ayer (e.g., polycarbonate), which then is adhered
to a sof woees74sBent | ayer, such as a foam In a second tpOEUSI1/09870

pl anari zation technol ogy, called |inear planarizing technology, an endl ess
belt travels over two or nore rollers. 3he wafer is placed against the
nmovi ng polishing surface of the belt. An exanple of such a systemis the
Teresa CWP Syst em manufactured by Lam Research Corporation, Frenont,
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09/ 386, 741, heHEI lager (egn hogateazn@hnc éﬂlenl\zs@ﬂhmed;m a Roft restienglapet, t |, °

filed Aug %g’a (;L 9 V\hl | e the conventional |inear belt technol ogy has
been very successff room for inprovenent remains. For exarrpl e, fixed

abr asi ve” pol i shilg, 86 ty gb‘@ahplaﬁﬁnidﬁ%ﬁ%éﬁ?ﬁﬁ) “ce[lfaﬁ%léggél tion

systens, have heretofore been difficult to u i zation
syst ens. THechiioldgycan texydlam teltdrdyelsanveetwher moga rblleest éﬂfhealvafeﬂfsqﬂade@ suppor t

the fixed abraS| e mat.eri .does_not _readily, bend over . the rollers of the
li near systi&fst 6’6?‘65‘%51%5 gyycface of eﬁé“é‘d%%‘%@ﬁ ©of secya sistampr oved

pol i shing Rgl {ref@m alﬁx\féét&@? e use of fixed
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formed froma fixed abrasive material attached to atop surface of an
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only by wayA@dust ®fri@ggction. Nothing in this section should be taken as a
limtation on the fol | ow ng cl.ai ms, which define the scope of the
i nvention. WO 0iWhis#s eoveuBoEl 1987 delt technology has been very successful,

room for improvement remams.l For example, fixed abrasive polishing pads, such
as those used in rotary planarization systems, have heretofore been difficult to use
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.

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
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.



3 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of the

| i near chem cal nechanical polishing systemaccording to a preferred

enbodi newoof/74sB®2 i nvention; FIG 2 is a side view of therepssernsfo FI G 1;
FIG 3 is a side viewof a first enbodinment of a belt for use in the system
of FIG 1, FIG 4 is a side view of a gsecond enbodi nent of a belt for use
in the systemof FIG 1; and FIG 5 is an expl oded perspective view of a
belt for use in the systemof FIG 1. DETAILED DESCRI PTI ON OF THE
PREFERRED HBRIELF IHPSCRIFEIGN OFTHBDRAWINGE awi ngs, and initially to
FIGURES 1 and 2,'a chem cal nechanical polishing or planarization (CWP)
systemis shown H&nénakipgrspective0dew hthedymtechdnsicatodedhadicanpdlis@inger esTM CVP
Syst em manuf a}ctured b Lam 1[Res arch Corporation, Frenmont, California, and
descri bed i¥SRIPSCOPRIE RFpre %fegg?én sfmeny of gbe wgntiod 5,871, 390, all of

whi ch are incor I : : redimd R.their entireties. The system
FF?GaF?Qa Q%ig lvf(?éx? Bgﬂlﬁesxst% & (FIG'. i

100 i ncl udes an endl ess ensi-one between a first roller 104 and

a second rol | er FIG63 iFhsidewidve 6f 4 Bidstahitp diheltwiabeh foPhsligthe §Btendof
pol i shing head 110, and a wafer carrier 118 within the polishing head 110.
The syst emF#60lin the illustrated enbodinent is adapted for planarization

of sem conduct f.ers.such as_the sem.conductar fer 116., However, the

operative pri ncicilgp\évg l%ﬁﬁlé%ivé%vf) af‘%cé’néf&béﬁ#‘&%}gﬂ%é;b\gﬁég%ﬁﬂlpé}ae to ' cheni cal

nmechani cal spabmSIFRIG, ¢f aff her wor kpi eces as well. The rollers 104, 106 are

mount ed on spindl es 105, 107, respectively. The rollers 104, 106 include

rol | er pads 144 FIG46 isanlespledsiparspbctive vietadfie bdlefobeké inlthe systerd ofove t he

belt 102 t(riﬂg}e mt linear planarization of the wafer 116. The rollers 104,
d

106 are tu by activation of spindle 105 or spindle 107 by, for exanple,
an electric notor (not shown) in the direction indicated by the arrow 122.

The rol | er HEFAGT EFPHEJERIFPIGNOF FIRANK EFARIIED FMVEEBIENTE Pelt 10 2

conti nuous Toop pas
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
Lam Research Corporation, 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
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
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 gpindle 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

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



t he wor kpi ece, wafer 116. Qther transport neans include conbi nations of
wheel s, WD 01/ 74535 PCT/US01/ 09870 4 pulleys and tensioning devices which
mai nt ai n wo opets3t ensi on on the belt 102, along with thei PCEES@i98t0ed drive
el ements such as electric notors and nmechani cal |inkages. Operational
paraneters such as the speed and tensio of the belt 102 are controlled
through the rollers 104, 106 by a controller (not shown). The controller
may include a processor or other conputing device which operates in
response t qoulldfs anddsioRfiigr désided Whit MaBfaih Préper AGSREI G & HERTRDY -

Operation and control of the system 100 is nore fully described in U S

Pat ent Nos.alengwrthdheir agogigtedslieve ederdents s@hiaszdertnefetorednd meahaieal The

waf er 116 i,s,mounted onp the polishing head 110, The wafer 116 nma be
mount ed and @B n@aerpﬁo%l? Qégmb"s’ert? él'}%h?ﬁ ‘%‘6 Seeedanddgnsien, Of)ﬁhﬁiﬂmsl@étaé%ge
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novable to égﬁlﬁg%{gﬁﬁoﬁ deFi F}gﬂg}%ﬁ??gﬁl, %)f th%éﬁélggwgs%gngﬁ?%m%phead
110 appl i esapinshidesiprogesporeasather domputiagwietiee wihich egsates in fesporkelts 102.

The poli shi pressure is indicated in FIG | by the arrow 126. To
further, c ¥l mgiEucinos staredyinneassoeiated mprmeny a Qneratvm. ang qostral efithepposi t e

t he poli shi ead, . b, between t he
front surf a%e eﬁl’lgg)o’% }I?%Ig%v\@ %%Sjaﬁl%@gnﬁggl %teag E@gh§§%;9%f?2%§§%e A4 08
applies pregpUBe0 fdferfrdbtotove 102, for exanple by direct contact with the
belt 102 or by suppl |n% pressurized air or water to the underside of the
belt. In some aﬁﬂleiwaﬁ\t;i‘é 6 1s mhuntedl andhe palfshing keaddl e Theovafppl 16 mapssure in

control | abl,e zones,or reas.of. th | at en.108 under control, of the
controller t(erfo’“%tﬁ%%‘i.r‘gﬁﬂF 8&%’&5‘?@?8“‘%’1‘@%%@ ?‘Yt}?;ﬂ?%rﬁu&ﬁﬂéd radial ly on
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t hrough the platen 108 all ows t 102 to polish across the
surface 1l7mofatiditn amedsdentihder dordrad pétiesvontrblerdi Bipepudishing Head@id agent or

slurry 113 onto the _helt 102. The liquid or ,slurry 113 is an jnportant
conponent APPUR%2PA PIesgiyR i aWafebbW%%ﬁl%ﬂEﬁgﬁbw- Thepddishing

component s b hReisThiibidd H FIGPEFthelAR59198 the
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
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.

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
from the slurry components for planarizing a metal layer on the surface 117.

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



material to be polished or planarized. For exanple, the slurry conponents
for planarizing a silicon dioxide |ayer on the surface 117 of the wafer
116 wil | vbodi/ees3s from the slurry conponents for planarizi pPgr/@Sommsio | ayer
on the surface 117. Simlarly, the slurry conponents appropriate for a
tungsten netal |ayer will be WO 01/ 74535 PCT/US01/ 09870 5 different from
t he conponents for a copper layer. For uniform planarization or polishing,
it is inportant that the liquid or slurry be distributed evenly across the

surface 117differen€onpfhercoliionerdid €orl 4 epppdr Biyess | Rorfunifbda plaRsizidn bnCl ude any
| oose abrasive conponents. The systemoptionally includes a conditioner
115 that t rRdishinghi isimpartaat grat theﬂémé pt slugy b@dl&t@@ﬁed preenbpheross nheughness

pol rshos. 1 rurims of/ BEESHHEF IF 8% iad R anolio e dose hoRulBRe s Tebuea 11 om

t he waf er 13 9%e EdiB: gﬁéhtsace of the belt 102. If too nmuch material from
the surface 117 of tlt)'ue wafer 116 is deposited on the belt 102, the renoval
rate of the bel tThﬁ)@swm bptibraly auileddsya eomditioner UG ﬁmttrbatytlmfsuaﬂacasf on

across the %lr \& '%Gg)ria fded. The condit.i oner eans and roughens
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Pl anar i zat i matetiaf tehesreligtopirtierwafer lll@eﬁthetstmefae@bfﬂﬁ BéltSl‘C)QOSIﬂfo@ Mhchvhi ch is
i ncorporated herein by reference. The belt 102 is preferably an endless
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substantially coextensive with a top surface of a support |ayer 205, which
isin the Slmfaneof therbedind)2e sA prefeped esndstharven is dis¢to@dRESOpeid®e. UThe fi xed
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The suppor
1998, the entire disclosure of which is incorporated herein by reference.

The belt 102 is 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
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
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 is manufactured without
reinforcing or supporting layers or supporting components, such as aramid fibers,
fabric or backing materials such as stainless steel.

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



manuf actured of a single, substantially uniformlayer of polyneric
material, by a process such as hot cast nolding. The polyneric material is
of a subswant/7#B3y uniformthickness and structure. ThusPCTAS0®BI 102 is
manuf actured without reinforcing or supporting |ayers or supporting
conmponents, such as aramd fibers, fabgic or backing materials such as
stainless steel. The fixed abrasive material may be any suitabl e abrasive
known in the art. Typically, the abrasive material will be an aggregate of
abr asi ve pabrasitearnateiiaB iNfludd, /bad a3moPGiiIdded, 129816 offo:ald asrhyeurdBt eri al s

i nclude, but are not Iimted to, particles of oxide conpounds, such as

oxi des of c8fh anpxides pLegsamm, silipenpalmina, dantaluns and mengarrseecarbidebi de

ds, h as. bl ack sili i n sili bi de,, b
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such as si ltif@flen SrbideOtanittPédrbiaer MRmBh Aififles REXPECRA sRROBiIbAT | de; and

m xtures thereof. Especially preferred abrasive naterials are those
di scl osed imtrideScutiaboronastrideSh@@go9d Goemunifides 8nd Sdxtubesttheredf. whi ch are

i ncor por at herein by reference in  their entiyeties, |n neral, the
abr asi ve S@F?léﬁy BF‘%@&‘? ghrgsipematerials arg thase %:?F{% H‘cU-lé)Pfg O%vi croneters,
and nore p ' t Gr | - abrasive
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particul ar therpaigictie@n of the abrasive material and any |iquid used during
the process. Abrasive particles having an average particle size no greater

than about 5 nilorasnerabitke abrasipe aratariabgreferably has eshigkedss of abowl@-H¥Y asi ve
ticl in which th b ' i cl ' | t th |

i or onet er iR tgts. ond e PBeRRFARR b mioraidl; ohe S PETE “hpouy

30- 70 nanorg e péEac@yﬁiaﬂidtgafmeabﬁagﬁewté@aqeg'énéshﬁ pﬁﬁgfg(%{?'ﬁ?ém or wafer

(particularly where the water surface is a netal oxide-contal ning surface

such as a gdriigdar coamositobe-afdhe abmsivg nstariaherd anyt heuidbsedduringpthet | cl es may

have a Mbhs hardnesgs .val ue no, greater than ahout.8. The abrasiye particles
Pt

may be usedPFPSSoAbIARYS RATICIGT hEViRg R gYCrpss RaTHPlESizemo grantethan rred
filler partheh&fefeliCl PreferREd ¥3Rh Gfork Préferred are abrasive articles in which the

average abrasive particle size is 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 1s a metal oxide-containing surface such as a silicon
dioxide-containing surface), the abrasive particles may have a Mohs hardness

. 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
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

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



cal cium carbonate), silicates (e.g., magnesiumsilicate, alum numsilicate,
calcium silicate, and conbinations thereof), and conbinations thereof.

Pl astic WoOber4s3particles nay al so be used. The abrasi ve parwselm®s70
preferably are resistant to the |[|iquid nediumsuch that their physical
properties do not substantially degrade?7 upon exposure to the liquid
medium Al so preferred are abrasive materials that include a plurality of
abrasive conposites arranged in the formof a pre-determ ned pattern. At
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t he sanme shape. Exanples of representative shapes incl ude” cubi c,
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may be provided in the formof elongated rid spaced apar rom each
ot her (sucheachathe. Edreexasipld, sheysmiebepravidedpaitie fofm af@hrpaiddaidgethe support

| ayer 203 can be any_suitapl e pol ric material with suffjcient strength,
f1exibili tys,Paﬁ?fﬁaRPE{gB‘ini‘?aP ot gsq%ﬁgﬁl%aéélaan%f@@% g PRGIMGer s and
pl asti cs. P@J@&ﬂggrly preferred rubbers and plastics include, but are not
limted to, polyurethanes, polyureas, polyesters, polyethers, epoxies,

pol yam des, pol Yhasupposaileger 208 Icyebbaxuy suittble pslymprio pydt& e with
fl uoropol yners,. vinyl olﬂérrpr_.s, acrylic and nethacrylic polyners,
silicones, Wfﬁ@lﬁéfs%tf%gﬁh sibilipanddurabilifys ardincludes avaide panggdif ewebarsibber s,

and vari ous_cppol.yne f.styrene, butadien nd. gcrylonitrile. The

pol yneric nat e@?%?cstfﬁngcgl%rhy&ﬁ%ggg r%bbef%%[}‘ﬁ%lﬁfa}ﬁ?ﬂﬁl‘g?&%r]?&?gr&qo& cel lul ar.

A solid | aygihited td) pRlydiathhiesUpoiaesd, poRektess, hOIyeMeRO oxidsS pbigagiidesand cross
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
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
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 Ne\;vark, Delaware.



section. In cellular layers, the cells can be open or closed and can be
formed by any suitable neans, including but not limted to bl ow ng,

expansi owobr/otskd ng, and inclusion of holl ow m croel enenPET/UBI/KE
application, the polyneric nmaterial is a mcrocellular polyurethane having
cells or voids on the order of 0.1 to 1800 microneters in size. The belt
shoul d be sufficiently elastic to nmaintain tension during use, i.e., not
to relax and | oosen during use. The belt nay be expected to operate at
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pol ynmeri c rafieleiuging couoentpabteplpliypgset hane. I n alternative enbodi nents,
the belt 102 can have nultiple |ayers, For exanple, a second |ayer or even
a third layer cahsbetedanédptcabas ebovenan osigplest embogdipeant, the sypport The
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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
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
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
materials for the polymeric sublayer 407 generally include polymeric foams. An
especially preferred sublayer is the Thomas West Pad 817 manufactured by



softness so that the polishing layer can flex to conformto the surface of
the wafer 116, and to be able to bend around rollers 104, 106. Thus, by
addi ng aodddvi/orsad | ayers, the polishing perfornmance of therbsdt09g®2 can be
tailored to the workpiece or to the CWP system FIG 4 illustrates an
alternative enbodi nrent of the belt havim®mg multiple sublayers. The belt 402
I ncl udes a fixed abrasive material 401 attached by an attachnent nateri al
403 to a support |ayer 405. Suitable fixed abrasive materials, attachnent
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the belts are sized for use with the Teres™

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
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. $ is a perspective
view of a portion of the belt 102. In FIG. 5, a viewing hole 502 has been cut in the
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. .

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



Research Corporation, Frenont, California. The edges of the belts may be
snoot h, textured, or patterned. The edges mmy contain holes or other
physi cal Wweat/mses t hat serve a functional purpose, such BRET/@AREI/g70i N
alignment and tracking of the belt in use or such as aiding in triggering
or counting. The edges of the belts andi@ny rel ated features may be forned
during nolding or may be created in a secondary manufacturing operation
such as cutting, drilling, lathing or punching. The belts can have hol es
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102 may be affixed with membranes or sheets or plugs that serve as transparent

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.

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.. |

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

true spirit and scope of the invention.



or certain areas of the belt 102 nmay be transparent to el ectromagnetic
radiation or may be affixed with nmenbranes or sheets or plugs that serve
as transpeoent453m dows or optical pathways for use i n nonPCDURSKIgIBTIE
condition of the workpiece during polishing. Thus in an optional

enbodi nent 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 nonitor conditions of the belt,
slurry, and workpi ece during polishing. The belts of the present invention
can be madeWlyChiMMui t abl e manuf acturing met hod. Exanpl es of met hods
include but are not limted to extrusion, injection nolding, hot casting,
pressing, rotational molding, and centrifugal nolding. A belt with

mul tiple layers kban b belider pglishingct wogkmienerth adinsaechemieal mechehisahext , as

not ed above, \Wi l e apti.cul ar _enbodi ment of the present invention has
been shown poé'\lé%méésg%ﬁ%bgjg,beﬁocé’mﬁr‘fé%'ons may be made. It is therefore

intended in the appendgfof1ajerfolnting @ @hdR odPCahd-hanges and _

nodi fications which followin the true spirit and scope of the invention.
WO 01/ 74535 PCT/ US01/#9&EDond fixed/dbrating¢ Matctial Attdwhled withr atjedst eie sige af

wor kpiece in,a |line chem cal mechanical polishing system the belt

conpri si ng:$S §HER%Ta{aY?rayer forming an endl ess | oop; and at |east one fixed
abrasive material attached with at |east one side of said support |ayer.

2. The belt of aim i i PG r I S: pol ymeric
material . 3. Thgi'bel t'ﬁ%ﬁﬂ%ﬁ%ﬁ?&%ﬁfﬁvﬁg@’gl n s%?dﬁgtﬁl?ygeggtgﬁ%ﬁg&f?xed abr asi ve
materi al  ipolpmbst amtdralll y coextensive with said at | east one side of said
pol yneric support layer. 4. The belt of claim1l, wherein said at |east one

abrasive material is . . . .
3. The belt of claim 2, wherein said at least one fixed abrasive material

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

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

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

sublayer opposite said support layer.



attached with said support layer by an attachnent material. 5. The belt of
claim4, wherein said attachnent material conprises a pressure sensitive
adhesi vew@01/H4%85 bel t of claim 2, wherein the belt excl udeeTUSIINMIBTICI Ng

el enents and supporting conponents for supporting said support |ayer. 7.
The belt of claim2, further conprisingisa polyneric sublayer attached with
sai d support |ayer on a side of said support |ayer opposite said at |east
one abrasive material. 8. The belt of claim?7, wherein said polyneric

subl ayer has a hi@her Thbelosf tiginh hawheritsSd pOIRhst chd¥Bfasivd mAkBgaibel t  of
claim?7, further conprising a metallic reinforcing elenent attached with
sai d pol ynefqneri&sgpphlpast ang oxidg epsmpsfundai d pol ymeric  subl ayer opposite said
support l|ayer. WO 01/74535 PCT/US01/09870 12 10. The belt of claim1,

wherein said at ast Y terial onprises at | east .one oxide

conpound. 11. Thieﬁbelrﬂgge@?gla%r&?’ ‘5’\%8%} ?@%?ﬁﬂﬁggpn?g vgmatelialasi ve

mat eri al C@Mﬁ@@&tﬁhsﬂo@@%hr&d@c&ﬁp&idﬂie conpound. 12. The belt of claim 2,
wherein said polyneric material conprises a polyurethane. 13. The belt of

claim2, wherein said support layer is fabricated of a single,

substanti al | y unlZor nThebelt ob¢laisa Ly wheten said polyaleric materifl eompkisessd cl ai m 1
wherein the tielt conprises at | east one viewing hole forned in the belt to
expose a po?‘”'%rﬁ ®t he wor kpi ece during polishing. 15. The belt of claim

14 further conprising trigger holes formed in the belt and associated with

sai d at | east onsvi CYheBeIngF GaintS; wABSREd ool 31 BopRReSopasal d at

| east one viewing hole is located along a centerline of the .17, A
belt for poinghjsupsantigbkpiifom laperaofpobmerad matedhlani cal  pol i shi ng
14.  The belt of claim 1 wherein the belt comprises at least one viewing

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.

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

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;:



system the belt conprising: a polyneric support layer form ng an endl ess

| oop and manufactured exclusively of a single, substantially uniformlayer
of pol ynavdo1/74583 eri al ; and at | east one fixed abrasi ve nRCEUS@/098T0 one
side of said endless |oop. 18. The belt of claim17, wherein the belt
excludes reinforcing elenments and supp®rting conponents for supporting
said polyneric support layer. 19. A chem cal nechanical polishing system
for polishing a workpiece, the system conprising: WO 01/ 74535

PCT/ US01/ 09870 13 aacontinwmusdsop pﬁbmkdOfesmmuxbbwanyhpﬂwncn¢ayer of

polyneric mater| havj east one .abr asj t attached with at

| east one SIS a“PH@F Leagtong “}S}szrf’é‘f)tﬁpgl ﬂ‘uesde‘f"gﬁ géﬁ%ntl nuous

| oop belt B?e‘?éot{&?d wor kpi ece. 20, The system of claim 19 vvherel n the
transport neans’ conprises a plurality of rollers over which the continuous

| oop belt is extendeganigeet mehdsefos movitigtiie sehtmious ddop et pestthlee t o nove the
continuous |loop belt linearly past the workpiece.
workpiece.
20.  The systefn 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.



