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PROCESS PATH 1 n (57) Abstractﬂ\IMMSE&?RD@E{SSrMWH are provided for
conbi ning the manufacturing of a fixed-abrasive substrate and the chem cal
mechani cal planarization of sem conductor wafers using a single process
path (26). An electrostatic patterning device (58) produces C an

el ectrostati ¢ ¢y peOPTHE PRYENEIONned pattern and density on a backing
(52). An abrasive/binding agent container (60) deposits an

abr asi vel bi ndi ng agE®hd pretent iventivi relats soithie @hemichl tbchabidslila@ritdidh of The
mxture is attracted, to th backing(SZ) iin the pattern of a the
el ectrostatic SHEicgRiucir W Bacdahirasive ybstratn ) Mpesparéaularlyethex cess

abr asi ve/ bi ndi ( radi ati on
device (64) fi gggé}?%gue%%%ﬁ%&ttgaﬁﬁ&eﬁ ecEﬁfé&H‘& [ﬁ&%o%ﬁ\?eyo?ﬂ( 74) carries
the fixed- abramw@mbplanmcélsm)wm&tﬂeenmﬁﬁd@tmhgtofﬁmﬂzﬁﬂ)abmﬁve SEP 2004 WD
01/ 74537 PCT/ 1JS01/09887 . MET AND APPA FOR FI XED- ABRAS|, VE

SUBSTRATE NANUE‘i@%Hﬁ ORISR %ﬁfﬁgéﬂ NSABINEP S €PATH 5
"FIELD OF THE Im%iﬁw@ggmubﬁbwn relates to the chem cal

mechani cal pl anarization of sem conductor wafers using a fixed abrasive
substrate. Modre particularly, the present invention relates to an inproved
system and net hod for cherri cal mechani cal planarization in which the

manuf acturing gf éitaﬁﬂi Vlﬁ‘}]?ﬁ%ﬁ{ rate occurs in situ, being
i ncor por at ed |ntA € sane process pa as chem cal rrechanl cal

pl anarization procesémiconductor wafers are commonly constructed in layers, where a portion

15 of a circuit is created on a first level and conductive vias are made to connect up to
the next level of the circuit. After each layer of the circuit is etched on the wafer,
an oxide layer is put down allowing the vias to pass through but covering the rest
of the previous circuit level. Each layer of the circuit can create or add
unevenness to the wafer that must be smoothed out before generating the next

20 circuit layer.

Chemical mecharical planarization (CMP) techniques are used to smooth

- or planarize the raw wafer and each layer of material added thereafter. Available
CMP systems, commonly called wafer polishers, often use a rotating wafer holder

that brings the wafer into contact with a polishing pad rotating in the plane of the

25 wafer surface to be planarized. A planarization liquid or CMP sturry is applied to
the polishing pad to facilitate the removal of material from the surface of the
wafer.

The polishing pad may utilize a loose or a fixed abrasive. In the case ofa

loose abrasive, the polishing pad is generally made from a nonabrasive material,



BACKGROUND OF THE | NVENTI ON Sem conductor wafers are conmonly constructed
in layers, where a portion 15 of a circuit is created,on a_fi }' | evel and
conductive vias are nmade to connect up to the next | evell SEPti@ circuit.
After each layer of the circuit is etched on the wafer, an oxide |ayer is
put down allow ng the vias to pass through but covering the rest of the
previous circuit level. Each layer of the circuit can create or add
unevenness to the wafer that nust be snoothed out before generating the _
next 20 circuit layer. Chem cal nechanical planarization (CMP) techniques
are used woopm9t h or planarize the raw wafer and eagtrbswyesssof materi al
added thereafter. Available CW systens, commonly call ed wafer polishers,
often use a rotating wafer hol der t WAt brings the wafer into contact with
a polishing pad rotating in the plane of the 25 wafer surface to be

pl anari zed. Aajd @dgiidadatidrARuidiitichelaifra QMP skt cotaihiag aRpitegdnicRs t he

polishing pad tp facilitate the r v of . material fromthe surface of the
waf er. The poﬁcgﬂ‘f"ﬁﬁ G meye ﬂf‘tf""l‘fggmgl‘ﬁs gaz ‘% cfafqrxéﬁm%‘ﬁf%%fiave. In the

case of a | ofizgel sbbkias ite polishiepaddd geabinifgmprdidnsa gixaee af dbyasiade from a
nonabrasi ve material,,.3.0 SEP 2004 0117437 2 CT/{ USO . UQO887 and the
pl anari zat i onpTrﬁ‘aﬁ‘lfﬁa‘l"gd"égeaﬁ%“r%ﬁﬁﬁf(?/dqga%msgt%ﬁ%sg%tﬁtag?E‘FH FUBFY ve particles
and chem cal s ligtidgenrmipniees nobtosainabrafivopattidhs. surf ace of the wafer. In the

case of a {1 xed AL a4t Geah LN RA 1S IBRETE L LTRlE [T oM 2

m xture of abrasive particles in ng age 0 a backing or
substrate, anéha@d? pelishingprpoesst Aomricty pEigimas e erawmaddlyusdd delydote acont ai n

abrasive par ! bflis hilch ddsiAlr Rl AifsSHA A URE AP RyREQMHEST L N any

formthat can be use ina CMP polishing process. y of forms are
comonl y usedCMBmeagsi thefixgd-abresiveisvhststfss arpgdncally ednoiderdd tamopnablennul ar  di sks,

and round di S fuudl ol BRAREutkBuds B2 uslly pREALES Bom b ifealfactpd- abrasi ve

substrates are gene y consi dered consu products. Fi xed-abrasive
substrat es ar 8pghiarand ape ysurexprasivel Qnconameple of speh paredpbasivppbitate and are very

expensive. Ong exRbbf 3R hafltibRdbY Kedaabr asi ve substrate is produced by
3M and distributed by” Rodel . - _ :

SUMMARY

Embodiments may provide methods and apparatus for combining the manufacturing of -
fixed-abrasive substrate and the ghemical mechanical planarization of semiconductor
wafers using a single process path.

Other embodiments may provide methods and apparatus which allow both continuous
fixed-abrasive substrate manufacturing and continuous wafer polishing using a single
_process path. '

Further embodiments may provide methods and apparatus for combined mahufacturing
of a fixed-abrasive substrate and wafer polishing where the components of the fixed-

abrasive subsfrate can be reclaimed and recycled for further use in a fixed-abrasive
substrate manufacturing process. '

According fo a first aspect of the present invention, there is provided an apparatus for
polishing a semiconductor wafer comprising: '

a conveyor adapted to transport a backing along a process path;



SUMVARY Enbodi ments nmay provide methods and apparatus for combining the
manufacturing of fixed-abrasive substrate and the chem caj pgf

pl anari zation of sem conductor wafers using a single process t 7Tt her
enbodi ments may provi de nethods and apparatus which allow both conti nuous
fixed-abrasive substrate manufacturing and continuous wafer polishing using
a single process path. Further enbodjnents may provide nethods and
apparatus for conmbi ned manufacturing “®f a fixed-abrasive substrate and

waf er polishing where the conponents of the fixed- abrasive substrate can
be reclainmed and recycled for further use in a fixed-abrasive substrate

manuf act ur i %dﬁéﬂﬁ@iﬁwc@(ﬂ‘f&ﬁéﬁbﬂﬂd&vﬁe Ebé@‘%edaté 8 3? th]ttérn Bn & RgENt

i nvention ere is pro an apparat us % seri conduct or
waf er c%’?’ﬁ?? |Q¥5’ed§p&5‘ﬁ?é’f/6?a%fa§¥ﬁw0ﬂ'&e‘?Ef‘cﬁﬁgport a back| ng along a process
path; 3 0 SHRtcaMAindr ;ﬂ:&ltlandwéitbr@rtﬂé F@c@iﬁ\ﬁaﬂﬁandtdﬁlﬁcﬁﬁtté% aREmgVi ce

d d f
cee 9058 QERLAGRE BEITR 9ol bttt qﬂéﬁﬁﬁﬂ%ﬁ%ﬁ'ﬁ he process

. pat h arlcHog:acent to the patter n| ng device, the first container designed

to deposit ap shbas da0Rad ghﬁ?r&egs §%t§ gg%ﬂﬁsérﬁam k| ntgf"ream o

affi xation station S|t|one
the fifirgcortgineratihg a@%@i’ﬂﬁ%ﬁlh@d taexposen badkirfd yponadiicho expose a backi ng

upon V\/f'ﬁlﬁéklveﬂlhfdﬁf@agéﬁtbh:ﬂdl‘e%s%gé‘rf‘@ed&&gd% EolitonD Whidn A5RQ%He €d L0 conditions

whi ch c%tfj% rasi vel bi ndi ng qbg?ent mxture to Becorre affixed to the
backi n¥ITAEDYIngAgent migute tp becamie affsied 4o the bagling thareby creatinga ftefler ' pol i shi ng
st at i orabpazbietsubstat; ahd)ng t he pr ocess pat h and downstream fromthe
affixation:s e 0 statlo onprising a wafer carrier
assenbl y for"ti‘%{Je’(p}nmsr{I gﬂé‘[\@" oésthE%n qg'?pr\‘?\%elsﬁpa H‘STE SYoIHEWBIE ng the
waf er taﬁmb@h ?ztﬁ@nstbbmfeapdlshug htatm;mannmhnegwafaﬁr camiet agkblylier sur f ace of the
fixed ahipfsinga SHASIHALG walhnd BRI b WBRPLharnfhe BAREGREACAL N the

fi xed-abr asi ve substrate an go er caner to a
second BRifRevalercontastshesisiace piivefiedehrasiva substiate, pnde sehstratersupppibar at us f or

pol i shidighoBedififegt BB bMEIE 5utfsRER Ind bPSbsite the wafer carrier.

According to a second aspect of the present invention, there is provided an
apparatus for polishing a sericonductor wafer comprising:’

a conveyor adapted to transport a backing along a process path;

an electrostatic patterning device, the electrostatic patterning device designed to apply
an electrostatic field of predetermined pattern and density onto the backing;

a first container positioned atong the process path and adjacent to the electrostatic
patterning device, the first container designed to dep05|t an abrasive/binding agent mixture
onto the backing;

a polymerization station positioned along the process path and downstream from
the first container, the polymerization station configured to expose a backing upon which
abrasive/binding agent mixture hafs been deposited to conditions which cause the
abrasive/binding agent mixture to become affixed to the backing and creating a fixed-
abrasive substrate; and

a wafer polishing station positioned along the process path and downstream from
the polymerization station, the wafer pofishing station comprising a wafer carrier assembly
for supporting a semiconductor wafer and for transporting the wafer toward the substrate
such that the wafer contacts the surface of the fixed abrasive substrate, and a substrate
support disposed beneath the fixed-abrasive substrate and opposite the wafer carrier.



a conveyor adapted to transport a backing along a process path; an
el ectrostatic patterning device, the electrostatic patternihd &gp ¢4
designed to apply an electrostatic field of predeterm ned pattern and
density onto the backing; a first container positioned along the process
path and adjacent to the electrostatic patterning device, the first
cont ai ner designed to deposit an abrasive/binding agent m xture onto the
backi ng; a pol ynerization station positioned along the process path and
downstream from. the first container, ®Bhe polynerization station configured
to expose a backi ng upon which abrasivel bi nding agent m xture has been
deposited to conditions which cause the abrasivel binding agent m xture to
becone affi xed Aesording thathiil agpeaind themeesemtinyertion] therd is padidesiaveetisadst r at e; and
a waf er podrediing BgxdbtdsAB siRFA ANaRuRINEARIY ARG AGeRRoRRLA: @y downstr eam
from the (%ol yOerization station, the wafer polishing station conprising a
waf er carri ?iggsenbly for supporting a sem conductor wafer and for
transporting t hwovidificean abiasivedlintiing aganbsitxiupe and ssavatinubl mdiey wkieg, cont act s
the surface of 4ginkineamrRREBRUNG agPRIAL B thedfl oéég}Prﬁ&Jiﬁthb%ﬁkir? pport
di sposed beneath_the fi xed-flbram ve substrate and opposite the fer
carrier. 3 0 SEP™8W ¥ spaskebridinp qgent modpre (g thecontinueusly mevingackipe thereby
i nvent i on,credting e fixes-gbrasive datdtratenet hod of creating a fixed abrasive
substrate and si i.Shi . ] t fer . conprising:
provi di ng an agdr.nglé5 })ﬁ/sgy& g?%%%%@g%ﬁﬁfﬁ%tﬁ 6%3&%%8&%&%05% ?t}r%ﬁeo'ﬂé |°9‘*rﬁ'8 i ng
backi ng;  "3¢BPYahBlatatigation PrasesseViaTeid the gicta gbaffixing the eresivedinding agemtt i nuousl y
novi ng baakixing;to thefcbitbaGlytnhwing baadig\wal bb:@ﬁh@me?ﬁmgnd&iétxi WaFEr i tﬁbéﬁe
cont i nuou l . [ reating a fixed-abrasive substrate;
and pol i sﬁixﬁ%gga?g%%ug%%&éggB‘Ir“%\ﬁrﬁ%géra"vﬁ”feﬁéyf he fixed-abrasive substrate in a
chem cal nechanical planarization process, wherein the acts of affixing
t he abrasive/binding agent mxture to the continuously noving backing and
pol i shing the &@%&%?‘OW&%FHWQWWWS fi xed- abrasi ve substrate are
performed concurrently. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G 1
illustrates a :#éeld-a rasi xe?qs bstrate manufacturing station and a chem cal
mechani cal pl andPi'24Siais adixed-ahiasiys sHhstate magiiacyrind stationandia chemigal o
i |1 ustr at evedwsicalptandization stafioreusirigassityld popessypathem

FIG. 2 illustrates one embodiment of a closed loop system.



3 0 SEP 2004 WO 01/74537 PCTIUS01109887 -3 FIG 3 illusgr t$ﬁ3
alternative embodi ment of a fixed-abrasive substrate manuf ri ng station
and a che hani cal planarization station using a si Ss
path. FIG I{ﬂ%gtrat es an alternative enbodi nent of a sy sl?%lrlrlﬁst?g'{b%&?
closed 5 |oop substrate. DETAILED DESCRIBTI ON OF THE PRESENTLY PREFERRED
EMBODM ENTS According to a preferred enbodi nent of the present invention,
a systemis 10 described bel ow that provides for the manufacture of a

fi xed- abrasi ve subsPHatZillugtrai¢stag altemative grabadimentiof e fegdrebrasive eubstrplat h as a

CVMP nodul e. Bk fi.xed- abr asi ve
substrate nanu?lla%tgga?l ng%s%tl%{l on *’z%I a@@@@éﬁ@%ﬁ%@ﬁ%%&@? usbﬁ'ga?ﬁari zation
station 24 usi single moeegs pathr ocess path 12 is shovvn in FIG 1. Were

conventional syste e on the use of a co.surra | S fixed-abrasive
substrate froma tgh(fﬁ‘ %)‘ilf’ftﬁﬁt?ﬁ?ﬁ ‘E‘F“Yeo‘?m %?%H§§§Q§ﬁ’s?‘ﬁ

di scl osed syst esgpuueMisdes for a single process path 12 whi ch incorporates
fi xed- abrasive substrate manuf act uri ng and wafer polishing. The

fi xed-abrasive substrate is manufactured at one station along the process
path and then used in the CW process at a subsequent station along the

process path, Terdis £ ﬁﬂ? ﬁﬁg %Rt@atl ng a fixed
abr asi ve subst D § neously pol1shing a sem conductor wafer. The

system 10 is i FIG 1. Generally, a conveyor 16 transports a

substrate or backi ”Qo&f’rdﬂn W9 ﬁ:fe 0 ol a&é@ﬂf&%gﬁsgﬁa nf:tbff,%%gé’@é 'Ve

substrate nmanufacturing tat ng stati
backi b 14 is #@bscuibed bdt}'efdhaawdvudelsfonthauﬁpuﬁdzm dfavfaged sbtasive bitbstrtedhr aS| ve

substrate rranuf cturin at on 20 whe r asi ve/ bi nd| n ent m Xt ure
o o Ae s s et A hS S e st B s B MY BRGuEr . (PGRBRERRRIaY 12 the

treated porti oafatystém 10 36tpiging S fix&-abrhdiee dubXiedde ARKAHEMANS SRR BT £428,
reaches the CVMP nodule 24 and is used in the wafer polishing process. The,

term backi ng 12 cheinispkmehanical Maniarigation statien J4iseing aisenglesproenss patb 2 ay porti on
of the fixed- alyhagh v dS WikhEodtivelintf Uys @Ak 3y BRHE R o I Wnsindbe" 20011

15 - fixed-abrasive substrate from a third party supplier for use in CMP processes, the
disclosed system provides for a single process path 12 which incorporates fixed-
abrasive substrate manufacturing and wafer polishing. The fixed-abrasive
substrate is manufactured at one station along the process path and then used in the

, CMP process at a subsequent station along the process path. The disclosed system

20 provides a method of creating a fixed abrasive substrate and simultaneously

polishing a semiconductor wafer.
The system 10 is illustrated in FIG. 1. Generally, a conveyor 16 transports

a substrate or backing 14 along a process path 12 from a fixed-abrasive substrate
manufacturing station 20 to a wafer polishing station 24. The backing 14 is

*25 untreated as it is transported towards the fixed-abrasive substrate manufacturing
station 20 where an abrasive/binding agent mixture is applied. As the backing 14
is transported along the process path 12, the treated portion of the backing 28, or
the ﬁxed—abrasi\ie substrate 28, reaches the CMP module 24 and is used in the .
wafer polishing process. The term backing 14 refers specifically to the substrate

30 or backing portion of the ftxed—abtasitte substmte or to untreated backing. The



WO 01/ 74537 PCT/ L) S01/09887 - 4 termor fixed-abrasive ubstrag 28 refers
to treated backing or backing to which the abrasive/bi @EPag m xt ure
has been applied. The process path 12 general |y proceeds |n the foll ow ng
manner. The backing 14 is optionally cleaned and prepared for
fixed-abrasiywgoftbst rate 5 manufacturing at a substrate gloghiMsStation
18. The fixed abrasive is then applied to the backing 14 at a

fi xed-abrasi ve substrate manufacturing s#ation 20. After the

fi xed-abrasive substrate 28 is manufactured, the conveyor 16 transports

t he fixed- abrasi SURS . _ t

fi xed- abrasi ve \4 st(a‘%ﬂéﬁgsgvei%gbshr%F??&Wté%%ed ?%ﬁbwgﬁmg% Eg process.
After the fixed- féb?@@i“@@ir@@gsgﬁusmixaﬁ%h@8eelflasplbéen used in the CM' process,
poth the backing 14 @bl falii9%endtly BRlelkls e Miodifh AP Ayer recycl ed at

the reclamati on station for use in” subsequent roun | Xxed- abr asi ve
substrat e nanuf eekirg Hys OE@BQWGI%@F%W‘ Efﬁéfqd)f?fé"lxsﬁl afrpsivedulsbetasi ve substrate

desired for a pahidufabluahg at3BRshASdIRAMe LR 8. TRONxLSLARIE AN one
fi xed-abrasi ve substrat epirir%nuf acturin 15 station 20, 22 along the process

path 12 to al | oviPPEH eiie Lrosing 1f 8t rftxed-arasye,substratp prgeyiersriag sbiiandli on to t he

backi ng 14. For Mﬂﬁme@aﬁﬁ&ems@ité 2Tk indRlrenaal e bddveyR 16 trihspdsi sh
sen conduct or

fea r’rE %é F(3re|s avelomttx dlfferentlal bet ween
the wafer and t HE® s 1aP"§ fiatedf tofhe CME stafionst cHrh@siusi ng a system
according to theupkesenis lﬁﬂzddrhvmatvla@ﬂpohﬁﬁi@g Iff&dabkf AGent ﬂ%d%m&ib@

fixed- aﬁéam ve su stra%e proceeds at_a rate than the wafer

pol i shi The EFCS4 F‘%Fstie?f’e‘“%ﬁéller@f[i)ep’ﬁ%ﬁ%?%%fklfirbﬁc‘r‘@lgrfﬁy“d e Bsded at a

rate of about O.abrasiv®Glly Y iBcldiRe@htQbbycldd 4t AeRédMRtiod RatRG 09 FRRLda e these
different rates ile mai ta ni ngl?contlnuous operation of both the fixed-

abrasi ve subst r SUECHER P fagtreerrsiata M@ UeRP function, the wafer

carrier .25 30 is prBépféﬁcﬁﬁEMltﬂ@MpMﬁﬂéd-ib%ﬁE bubgeratd de&rerd%rlch%&mmr the
conveyor as the fixed- {ﬁbr asi ve substrate 28 is_proceeding along the

process path 12 2Pplicatian, thess grapsbp merg thapenedtad-pprisiis syrsireie meyuiagturingr ent i al
bet weenis he waf gtatiedr(, RBlodheiteets Rt teMowabr @giiMe s fiadse 28. The
velocity differe enerally . in the range of about 50 ft/mn to

ti.a
about 400 ft/ mi ﬁgraﬁ‘?ﬁeeappf%g?fltﬁﬂ}eﬁ%/% Yubstrate 28 progresses al ong 30 the
process path 12 at aFcfrO&ﬁdprﬁ@Es@s ﬁ@ﬁﬁoﬁbﬁjﬁﬁﬁeﬁ&leﬁhﬁpdh@ﬁ &miidonddeor Pr oduct i on.

-tIJ_Pgu gmif lernt Ohel %«a ers, Eptlma Y, tl‘Yerg' 13%61%@ di I;elngrgl between thé \stercal\r{cl?thrgodm e 24, 1s
polishing material. For most applications using a system according to the present
20 invention, the manufacturing of the fixed-abrasive substrate proceeds at a slower

rate than the wafer polishing. The fixed-abrasive substrate manufacturing may
proceed at a rate of about 0.1 inch/min to about 1 inch/min. To accommodate -
these different rates while maintaining continuous operation of both the fixed-
abrasive substrate manufacturing function and the CMP function, the wafer carrier

23 30 is preferably moving or rotating with respect to the conveyor as the fixed-
abrasive substrate 28 is proceeding along the process path 12. It is important to
maintain the velocity differential between the wafer carrier 30 and the fixed-
abrasive substrate 28. The velocity differential is generally in the range of about
30 ft/min to about 400 ft/min. The fixed-abrasive substrate 28 progresses along

30 the process path 12 at a fixed rate correlated to the rate of its production. The
wafer, held in place by a wafer cartier 30 in the CMP module 24, is brought into



3 0 SEP 2004 WD 01/74537 PCT/1JS01/09887 -5 contact wi m‘n igg:g
fi xed-abrasive substrate 28 and is noving or rotating-with?r czﬂﬂlft he

fi xed- abragj trate 28. The notion of the wafer is opt'flﬁa},tlI a rate
such that %%g‘fg\g/%rsage velocity is maintained in the range % E%&‘%%%’o
ft/mn to about 400 ft/mn. The path of .smtion of the wafer is optimally
a sonewhat random notion 5 which uses substantially all of the area of the

fixed-abrasive substrate 28. This type of notion provides uniformmateri al
removal from t HOWSE Mﬂ‘ﬁf’cﬁ?@dtabquﬁﬁségﬁ@lw s mayingcor dethteg with Grspect
preferred embodhaeRtd rati @ﬁg ' o ' ' G, 2...1nh
general, the system 50 s lgﬁ%&%n Pé nglﬁ{s%gggfg%ﬁ%\ggo tg?/ésilye%afr%? such

fi xed- abr asi ve thaiGhe abrgageatetocity iuhaiotained iy teerrdngead faboyw @0 fFhing absingroa
single platfor

ysi a closed I o backing .52 ich forns conpl ete | oop
that repeat edl ;r/?d g"?‘cﬁﬁ%’i’%@(’ ﬂf"g‘f‘fboﬁﬁ‘ﬁ“ﬁ?e&% gnﬁsg@ew&‘rfé‘f‘ I {notipR o
syst ems50 uti | ielish akeectibseatially 81 oPfb bRANAE fDRAWLRRIVG sAbdald B men t he
backing 52 to %i de ag | i cation Qf the abrasive/binding agent m xture. The
bi ndi ng agent ¥P%OB @?%R'OHF[W@HPW?%fﬁ‘B"‘ﬁ'@)ﬁ?Wéﬁ‘F?’é@%‘ﬂﬂ]@sﬂposure to W
radi ation. The iﬁﬁf&&;ﬂg@ﬁgﬁw ides for the recycling or reuse of the
backing 52 in multiplé founds of fiIxed-abrasive substrate manufacturing
and waf er pol i shi ng.On& prefavrel/embaiimenfitind presentinventmmdnshoodn inREGb2CK Nng 52

al ong the proce th 56. JJhe con r..74 generally transports the

bac k?ng 52pi n ﬁ%ﬁ“&ﬁ PR 5§f3ﬁ0‘2’6 “%/ Egé)gr‘? B\ﬁgqiﬁ%%‘?p isg‘lls"‘ffi‘ %’rsé‘,"d fastvRe

conveyor 74 iSs&bﬁﬁt@ﬁhﬁ:ﬁ&uﬁﬂ@’&d@aﬂ%lﬁﬁﬁgh%gqisﬁ@[étﬂl&form}rgéi youl d al | ow
e/ bi ndin

t he backing 52 to pass through nultipl'e rounds of abrasiv g ‘agent
m xture appl i c&l9seslqop beaking 82 which imseaicampletsilaap thairepeatedly cirmbatdsact ur i ng

station. The cg,m%y |4, e nveyor...w t he .. backi ng 52 of
the fixed-abrasiv @%B@%@gf \?%ér%%m;lg’ @%g&s&nﬁ?gﬁﬁwg@cﬁ%e pr esent
embodi ment, t hepaftemag:-takreat amtstibai thabeckimgnsd aividd pplicsionlof g (Shown as

20, 22 in FIG ,ﬂ}i’%’éc%.'ses a patterni n%_ devi ce 58, an abrasive/bi nding
agent cont.ai ne v ageptaBPyis g iLhg bindimngagantds g pelymenpregursorislicke 62,

and apsaf f i xat igdfhlg1kE6n Sthosits td U:\M%H{aﬁ&ﬁdTﬁJ‘sﬁieﬁ 502a1foT v@gé Igg&m ng

device, in this eénmbodinment 'is an electrostatic pattern vice 58
whi ch enits an regyvsling prhsefafdhebackingdin endiiple rembscekiixeg-dbasive subsrate

manufacturing and wafer polishing.

A conveyor 74 controls the movement of the backing 52 along the process
path 56. The conveyor 74 generally transports the backing 52 in the direction of
20 the arrow showr;. in FIG. 2, but the conveyor 74 is also able to move in ﬁe reverse
direction. This would allow the backing 52 to pass through multiple rounds of
abrasive/binding agent mixture application from a single fixed-abrasive substrate
manufacturing station. The conveyor 74 may be a beltless conveyor with the
backing 52 of the fixed-abrasive substrate serving as the platform.

.25 In the present embodiment, the fixed-abrasive substrate manufacturing
station (shown as 20, 22 in FIG. 1) comprises a patterning device 58, an
abrasive/binding agent container 60, an abrasive/binding agent mixture removal
device 62, and an affixation device 64, as illustrated in FIG. 2.

The patterning device, in this embodiment is an electrostatic patterning
30 * device 58 which emits an electrical field. Exposure of the backing 52 to the

electrical field produces an electrostatic charge of a predetermined pattern and



electrical field produces an el ectrostatic charge of a predeterni ned
pattern and 3 D SEP 200'4 WO 01/ 74537 PCT/ USOL/ 09887 -369d§gpig[mgon t he
backi ng 52. The electrostatic patterning serves to direc e pattern of
the application of the abrasive/binding agent m xture onto the backing 52.

The abrasiyg{Ri-pding agent mxture is attracted to theg@hRage; the
backing 52 wth the greatest charge density. The electrostatic patterning

device 58 may be any of a 5 nunber of meghani sns such as the type conmonly
used in photocopiers and for electrostatic printing in which a charge is

pl aced on the mvi r,and, then oner is applied to the charged areas.
In this case, Fﬁ%nsé %r?%gg?ds(mﬁsgﬁcﬂﬁ eé)eﬁ{r?sﬂagc p?)‘%&ﬂ??ggsaw ° giget qﬁé’aﬂem
abr asi ve/ bi ndi ngf tigeplication bikhestirsivappiding dgdnomixuee edtathg dstkipesas Thel he
abr asi ve/ bi ndin 98Nk [ 0 LV, cont.ain d. osits 10
t he abrasive/ bi %%Irlang a%détgrﬁoa%%n&ﬂqﬁ{r;rg§Soaﬁt¥a1%%§ltt%t§§%rﬁ?s g%:hélb% i"lgﬁg tg ing 52. In
the present enistsdiesheharge dehsity bThahleetyonaiie prtidrmngdayek jémey pragwfsor, such as
a poly- qacryl at ggl I 2 0 . The

uhikE B OTRAND S 06 18 0 Y gD A0S 1 R RRp R

abrasive and the polynmer precursor ) I vereo
abr asi ve/ bi ndi nglectEngiatit praving i wiigh agbarggis placest dadkemeving daperinhtbgeneous

m xture of abragpyg DB IATREr o d U LG T B Riis cake Al hSLLALILYE Yoind NE CcOnponent s
may be added se erllr a?gﬂ?eto t he rgabar asi ve/lst')f nditngG g igh'[ta}{%ooxltt%elt ner 60 and

m xed in the abP#¥inga?Brdihe hssvgbinding serpbmirire seppliThe thathamsd wredsbi ndi ng

agent nixture, or a%aaﬁrys%n)@fm%ager@e&me%@@reeajw%,%ﬁmmé,ﬁn biigd to the
backi ng 52 fromthe container 6 As the abrasive-pol yner precursor

m xt ure!% s depo¥iePirasivytirdingrge situr nafo Bosulcadidebaddded3. Sothet he ni xture
i's 20 attract edpfe@nt B&olRRKI M6 bindink Qgehhgaﬁagqﬁgr{pﬁecgrfsml Bn géagéiﬁ ostatic
Wi

charge on the backing 52. The backing 5 e abrasiv I ndi ng agent
m xture appl i ed2@Heeriypssveapund. shypaltiectipnedes sompennd. Sthe abrdsivesandfposed to an

abrasi ve/ bi ndi ngoAB&Becuritay e adIRERY Rlo HEWHRMHIRD o} ‘ ent
enbodi nment is aﬁc\,/ggﬁt?nﬁc?orrceay% generatoor 62r %)#e}{d\%lgg%%% (;&F{c%é&generat or 62

appl i es a vacuufijResitiplly floélﬂgqn%\?’éxt@ﬁ@%as%ﬁ%ﬁwebpwmrm- agent mixture
from t hg backi n@teativd)QhEcotRPYnddt ma§He ERRd %Eéélyﬁgth%&&ﬁ'\;e%i@fgt TI s not in

the pattern of the eleCtrostatic pafternj n/g_ on the backing hi s excess
i s rempoved bef opfEMicRBe0endmixgd torthg abrgsiyepinding agest qoniginetlic Kihng 52 so t he

abrasive is apphir&flelotdind8zdhpGldddd oPrdsie/pbGmBalt Gt AR RS itk
to the backing 52 from the container 60. As the abrasive-polymer precursor
mixture is deposited from the container 60 to the backing 52, the mixture is
20 attracted to the backing 52 in the pattern of the electrostatic charge on the backing
52,

The backing 52 with the abrasive/binding agent mixture applied then
moves along the process path 56 and is exposed to an abrasive/binding agent
mixture removal device which in the present embodiment is a vacuum force

.25 generator 62. The vacuum force generator 62 applies a vacuum pressute to
remove excess abrasive/binding agent mixture from the backing 52. There may be
excess abrasive mixture that is not in the pattern of the electrostatic patterﬁing on
the backing 52. This excess is removed before the abrasive mixture is fixed to the
backing 52 so the abrasive is applied to the backing 52 in the pattern and density

30 desired. One example of a vacuum force generator 62 would use a house vacuum



30 desired. One exanple of a vacuum force generator 62 mu[{ig :’J]?Dﬁ a house
vacuum 30 SEP 2004 WO 01/74537 PCTIUSQO /09887 -7 and *cdne 3 lfsepar at or
to recoverwid§i#4se ai ned abrasivel binding agent mxture. - lvely,

t he vacuum force can be provided by a stand-al one system #ef/ﬁ%dg@%ér% 52
and abrasive mxture is then exposed to ap affixation device 64. In the
present enbodinent, the-affixation device is an irradiation 5 device 64
such as a WV laser which emts UV radiation causing the polyner precursor
i n the abrasi vardsontitmgsepggpéartto peopvertae feslagped shspsivedinding agent atiytulsecone
affixed to the R%E‘L ' €:dhd BRIk strate 54
that is used ‘;\n t é%ﬁesﬁ%%ﬁg?%gg%gﬁe%el Hléggs%@é gl?lhégysu istrate 54

t hen proceeds al onglittelmcking 62 asd piaradivé thixturtGs then exmdedstp antedfixagioneyor 74, to
the CMP station 66 re it is used.to poli .sem conduct or..wafers. A

bl aten assenbl §o4e, St Sguer B EHE O PR S TR o5 LSRR e 54" and
opposist e t he wgdvede @iafuth 85 a U, 1ases RHIH smitd ©VTHdisidndiabsiRgtiRdlyni@nt rol s its
position relative to _the wafer carrier 76. Exanples of CVMP nodul es which

C . nmp )

can be used i nPteffrsorgr Sicabrasielbindiag gmbixturs tp pplymgrizganddhesbunbecapiee 15
from Lam Rese r fﬁ{@htﬁh’ i%a%%ﬁ’n hsi:di lLabl e
from Appli edaél\gi?grg@a esl,mcgi a Aara, .ergs}gdrrp eslg% \As%tgtrﬁﬁ%a?ﬁadgl?g are
descri bed in idthe pHlshimgtprddess. 5, 803, 799 and 5, 857,899, which are

i ncor porated herein_b r.eferenc T ommpdat.e t he . rate at i_ch

fi xed- abrasi ve subWMd?;WHgS‘%ﬁ‘ﬁ%é@f‘ﬁ?@'ﬁ’?@ﬁ#’%%ﬁ%ﬁﬁ%éé use a
CMVP spst em whi giriéPbypihg SohleGor e, 86 tHY ENIP 2RtibR 86 Mhbrelitis W& {olpphish abr asi ve

substrate such as tHe Qobsidian system After the fixed-abrasive substrate

54 i s used in sandcaiiRcioowats. igp sambly 6$.adispesad begeati therfivedrabrdsive
abrasi ve can be,recovered and..rgused to na addij ti I i xed- abr asi ve
batr e M oSubhERg R LESoRMd ARG Al e BN bsr ST 5aF 0 LV
bi ndi ng agent &onowlstibgobiiol rel@ivedo thwatteednaeis. BxambRt o POCMIOmbayle 5
recover the abrasive particles fromthe aprasiye/ polyner mxture which is

renoved from t WeicHgankbeused gn thigpragess aredhe 1ERES veolshipg sydtem available u, or the
abr asjgve/ pol y ' LR LA e pﬁﬁ{? I very of
the a 5:/a_si ve %@m{?&%iri rerm%cg%’ f@%ﬁteg:éigﬁocegg)spat }E%.n?%?ﬂ?ﬂg P

abr asi ve/ pol ynApplixddviatedals,sSantnGlasg CAr. diratidplesiod elafen garfigrs ar¢ déssribeddat ed wit h
a U.S. Patent Nos. 5,803,799 and 5,857,899, which are incorporated herein by

reference. To accommodate the rafe at which fixed-abrasive substrate can be

manufactured, it is preferable to use a CMP system which rotates the wafer with
20 respect to the fixed-abrasive substrate such as the Obsidian system.

After the fixed-abrasive substrate 54 is used in the CMP polishing process,
the backing 52 and/or the abrasive can be recovered and reused to make additionat
fixed-abrasive substrate. The reclamation station 70 is used to remove the )
abrasive and binding agent from the backing 52. The reclamation station 70 may

.25 recover the abrasive particles from the abrasive/polymer mixture which is
removed from the backing 52. Recovery of abrasive may occur in sifu, or the
abrasive/polymer mixture may be removed from the backing 52 and recovery of
the abrasive may occur remotely from the process path 56. As the
abrasive/polymer mixture is removed from the backing 52, it is treated with a

30 chemical mixture that dissolves the polymer and releases the abrasive particles.

Examples of chemical mixtures which could be used for reclamation include a



30 chemical mixture that dissolves the polyner and rel easés the abrasive
particles. Exanples of chem cal m xtures which could be used for
reclamation include a 3 0 SEP 2094 WD 01174537 PCMUSO1X @9887 20048 sul furic
aci d/ hydrogen peroxide m xture or a solvent which dissolves the polyner
matri x. The rasi.xe particles can then be recovered for .0 maki ng
addi ti onal f‘?gggﬁgﬁr asi ve substrate, The substrate cl ean%"%’g&gg“\’?f’@e 72 is
used to clean and prepare the backing 5852 for reuse or to clean new
backing for initial use. The substrate cleaning device 72 washes debris

off of the new or rec ed backing and clears the. backing 52 of
electrostatic chaFgE ‘%@hﬁrﬂ@“ p§‘i?§%° E“H%F‘é%“taeﬁ"ﬁ’g‘fti é"%?l‘fﬁ’tﬁ’e B§PAbTRE er f er e
with the, processds Uk appatitegrarticieg caorthaalbe asbweddomedisath mgegt m xture
application. As a§(§g5h | Aol aRasife subfi§ePr €sent i nvention allows for
si mul taneous fixed- 10 abrasive substrate manufacturi ng and wafer polishing
in a single process Ptshbstratgileprdigreyine2is tised &f clerh id@remgretthebacking
abrasi vef bi ndi NG ag30lke B8 Lkfnel/bali OB AHAHS Hhe SRULDARAF NG, aNd
t'h the ubstr

pol i shing the sem conductor water w f1xed-abrasive ate are
per f ormed concur’?&ftheydebnipoff REthe ehedeoreed bagkingardiclear thetbeckiriaid o§ ubst r at e

manuf act uri ng memukditatié ShafdGr & RGH HhctdRERA: &Rl iRbARAWAE AL On  nodul e
using a single platformis shown in FIG 3. The fixed-abrasive substrate

manuf act uri ng s PHCPBT of BHISHINEAS 2bmpsivefhipding agen mpyiue anplippiignnul t i pl e

conmponents. The fi xegs bl AV, fbPStdnfiheeniBNoAs tor St Banesils#bQn 20 of FIG
| conprjses the ﬁrat.ter ing device 108, the abrasivel binding agent

contai nér 110, EHeSEEEEABHHcTTng 28d wAer Belisiiag B2 SipglpBrosess BRI ce 112, and
20 an af fixati omwheeiitEeackbfaffiking s hbradiRebiddinghlbéat mBaurRef Lobfieudy® FIG 3, a
conveyor 126 trans Oét i_the éax,bstr te or backing 102 along the process
path 106. The cB’r‘W@% pekipg gndipalishing the segpcopducips waterwitihe fxsdabrasidn  of t he
arrow shown in kit@ratSare betfor@eddohcurdflscont rol l ed to nove in either
direction. For exanple, if | tiple roynds of applicatiaon of abrasive to
t he backing 102 ar e%ﬁﬁé@é@gﬁ? “Ffﬁ%ﬁ?dgag’@éﬁ(et“ﬁ’é“q gnuggturipgaedulior asi ve
substratse, the aarudyQicalaRdhaidaOMnatihBoaediNGingQdinkle pREGEAESholAT OUgh one
reverse and proceed again for

cycle of abrasiyve applicati and then .
anot her round of“erégrgsﬁ??"ﬁ%bq?r?sé"itsi‘%ﬁat? BagysEingatopRheVRE Hri%acki ng 102.
Al ternatively, asPIGi bhassiafipieddaipbnenBNVlid led-aRbdM@dubs@tite manufacturing

station 20 of FIG. | comprises the patterning device 108, the abrasive/binding

agent container 110, the abrasive/binding agent mixture removal device 112, and
20 an affixation device 114, illustrated in FIG. 3. -

Referring to FIG. 3, a conveyor 126 transports the substrate or backing 102
along the process path 106. The conveyor 126 generally proceeds in the direction
of the arrow shown in FIG., 3, but can be controlled to move in either direction.
For example, if multiple rounds of application of abrasive to the backing 102 are

25 necessary to produce the desired fixed-abrasive substrate, the conveyor can allow
the backing 102 to proceed through one cycle of abrasive application and then
reverse and proceed again for another round of abrasive application to the same
portion of backing 102. Alternatively, as discussed above, another method for
applying multiple layers of fixed-abrasive to the backing 102 is to include multiple

30 fixed-abrasive application stations along the process path. (Shown as 20 and 22 in
FIG. 1)



applying-multiple layers of fixed-abrasive to the backin 102 |s to I ncl ude
mul tiple 30 fixed-abrasive. appl I cation stations along th at h.'
(Shown as < in FIG 1.) 3 SEP 2904 WO 01174537 PCT, 9887 -9
The conveygﬁ)%D%gn be a beltless conveyor. Particularly Véﬁlﬁgﬁg’gssﬂacki ng
102 .used. is a continuous feed roll or a c¢4osed |loop, the backing 102 for
the fixed-abrasive substrate can serve as the platformand no additional -
conveyor belt is necessary. The conveyor itself 126 conprises notorized
rollers adapted to H"hle@om'rayer bZ&JmMem@eE&SsmﬁveymoMynﬂlarli%eﬁumports t he

{1 xed- Sbr asi va SUBREARE By B piRat BRsICo Ry e B Foine ke 200 |

that can be useabe figed-abrW subkPME S5 sehay as &mmotmkﬁonmem%eﬁ@n be
produced as a ?é tinuous feed roll, a closed | oop, or as annular or round
di sks. 10 For i PRESTE0T el coRYRYRR itpelt Elbgomprisesfrotaized ollers edapted t@ | ong

rol | that proceggsved lshcﬁmglmgafrhé e&%}g& %%Bsg&&%@g%ﬁgﬁjoﬁ%&‘g%{?sgof% o

A-cl osed-1 oop backing 152, shown | 'ess
that repeat edl yhebackingd02 sikmgdh‘gpltoh@ssmmd@ﬁs path 160. Exanpl es of-

materi als that can k| n | nc Kevl ar bonat e,
nyl on, and pol yuret lEglne g(fg&%el yerTr "\Eﬁg(émggaqyﬁ@ebm%& £102, in
vvhlchgever formlﬂfztlnacmhsdweddor o¢Hs$|Fcibela:aﬁle§th6b§tﬂdu9%1@9caB'b@dUCt or a
mul ti ple-use prod For rrulthgederguse after the fixed-abrasive substrate

104 is used inPR® B Hromdiguoys iy slosed Ipep, og avareylar poraund diskaicki ng
102, dthe b d |
30 e b3k chdinkBds feé%rsﬁMh?ﬂ@@ the ‘?i}f'lgl‘r?éjldﬂs g‘i&%ﬂt@ﬂgﬁ:}t'ggo: 15 <1 ve

fi xed-abrasi ve substrate. preparaftion use In
subst rat e manufimgdigedrieshiqualorgsthe ptdvessipatikiosy Mﬂﬂsadﬂomwckinghlsg shoganed by

a substrate cl evice 1 or asi ye |s d to the backing
102, the backi Eﬁl?h@% ?%m}‘ﬂangﬁ Sﬁ'ﬁﬁq?@?@@@'ea f’)‘F‘? MR POgeSTat eri al .

The cl eani ng prpaterss. Bungles bf MrafefiaR\Rat cailbe B8 Fo RS irladdReARESENt ON
the backing 102. It is optimal to have the 25 backing 102 processed’in this

manner to ensuPebcakenaiewmineandpolyqethare. ol ectrical charge does not
interjgre wth the RERCERSln R85 e BRI HliGhe foRasHs "9 102

produced, may be utilized as a single-use product or a2 multiple-use product. For

multiple use, after the fixed-abrasive substrate 104 is used in a CMP process, the
abrasive is removed from the backing 102, and the backing 102 is recycled and
reused to make additional fixed-abrasive substrate.

20 - In preparation for use in the fixed-abrasive substrate manufacturing
process, the backing 102 is preferably cleaned by a substrate cleaning device 122.
Before abrasive is applied to the backing 102, the backing 102 is cleaned to
remove any debris or unwanted material. The cleaning process would also remove
any electrostatic charge present on the backing 102. [t is optimal to have the

25 backing 102 processed in this manner to ensure that unwanted debris or electrical
charge does not interfere with the process of abrasive gpplicﬁtion to the backing
102,

The substrate patterning device 108 is optionally used to pattern or prepare

the backing 102 for application of the abrasive/binding agent mixture. For i

30 example, in one embodiment, the substrate patterning device 108 may emit an

electrical field to which the backing 102 is exposed, thereby electrostatically



The substrate patterning device 108 is optionally used to pattern or
prepare the backing 102 for application of the abrasigvglg' pdz'glgg agent

m xture. For 30 exanple, in .one enbodinent, the substrate patterning device
108 may emit an electrical field to which the backing 102 is exposed,

t hereby ele ically 3 0 SEP 2094 WD 01/ 74537 PCT/[{ 09887 -10
char gi ng thg‘%égﬁfg?%’g 102. The backing 102 is el ect rostat‘fcc?rg[ﬁ]vﬂggﬁarged wth

a predeterm ned pattern and density. Thm®-el ectrostatic patterning serves
to attract the abrasive/binding agent m xture and to control its pattern

of application t ' 102.. The patter d density .of the
el ectrostatic chcgl?'gg&é%%g%#‘gfn@% -+ foebakin @? ilsoegecp Bgéglﬁ%[gﬁg?fﬁﬁd t?‘J".“OZ depend on
t he desired pat tpedsteghingdpagien ael density h&he diabhkitaty pitB2ning sarvanottaest enbodi nent ,

the substrate papd @Mi@gﬂ%@% &&&;@Jnsmfroﬁ%olﬁ{ag?fgeﬁﬁo;f%@g%ﬁ%% $.9"

t
application of the abrasive/binding agen . ying an adhesive
to the backi ng 1@gingiidn Thheatters aakdopdlyiof e eleejraagbneharge shosendoi s 10

subsequent | y apphp@didio Read@GkoNgepdQPon thd RsirAPash ¥eHRLNAI NG agent

m xture adheres tQ the adhesive. Use of the substrate patterning device
108 is optional, adiive t%e present invention also includes enbodinents in
which it is not neceBS@btierleMbiimég the dubrate paedlinGiclde 1dshr@auamce of

appl yi ng the abraéii.ve@gi ndiﬂ%?a en@ m xture. 15 The_abrasi ve/ bi ndi ng agent
contai ner 110 r FeR0-EHarRisptioliolbp RrFiiiehydinggart mhiture b @PLYW A ai ns t he

abr asi ve/ bi ndi ngdiegiato thi bcking102aVehes ¢he @bdatise/BiltEng abit asitielbi ndi ng agent

m xture,.on to the backing 102. The, abrasive/bi.ndi.ng agent . container 110
may recg?ve t he 4 FcﬁlgP{l)’ea%Bliwﬁd‘? fhg %5‘8%11%%?? F’%"“?‘ﬂn FEFHYE is ready to
be applied to théhdsmekéimaditGe. Al ternatively, -the abrasive/binding agent
20 contai ner 110 may, . receivV e abrasive .the bjndj phg agent separately
and provide mxing of Q?ﬁg S@Sﬁ%%?@ﬁ??gé%v'ﬁﬁ@gEfcf’e?“%f‘aLﬁ‘ﬁ'lstgedﬁ?sf’%ﬂ ly
honmbgeneous  abrigsitioalalo irgtudes enbodimentsinxwthithét ibedtaeRssarty td gati@p@lel ed to the
backi ng 102. | n,anpot .enbodi nent... t he abrasi.ve/ bi ndi ng agent m xture is
deposited on trll)g&énﬁrl}g??naqgmfﬁg%f’?‘}yl% S PEPIC “déflgfaig"?“rtr{“Bg”'f'ayer of abrasive
and bi nth ng agent - THhe ab@Svedlindisg agedt bomtadnen §1 agetirtes the AradiveSindkt0 i s used to

B e e L k850 S 5L 20 B 0B k. Dok 102
abrasive/binding agent mixture on to the backing 102. The abrasive/binding agent
container [ 10 may receive the abrasive/binding agent mixture in a form that is
ready to be applied to the backing 102. Alternatively, the abrasive/binding agent

20 ' container 110 may receive the abrasive and the binding agent separately and
provide mixing of the components to produce a substantially homogeneous
abrasive/binding agent mixture before it is applied to the backing 102.

In another embodiment, the abrasive/binding agent mixture is deposited on
the substrate 102 in the form of a film or layer of abrasive and binding agent. The

25 abrasive/binding agent container 1 10 is used to place the film or layer of abrasive
and binding agent on the backing 102. As discussed in greater detail below, the
film or Jayer of abrasive and binding agent that is placed on the backing 102 is
then patterned with a laser or other source that results in the polymerization or
melting of the abrasive/binding agent mixture to the backing 102.

30 The abrasive patticles are chosen based on the process and the type of
wafer being produced. The abrasive should be hard enough fo withstand the



filmor |ayer of abrasive and binding agent that is placed on_the backing
102 is then patterned with a | aser or other source that r 8sGEP 200 t he
pol yneri zaty@pyfs37 el ting of the abrasive/binding agent mpidi&fe9ssyne
backi ng 102. 30 The abrasive particles are chosen based on the process and
the type of wafer being produced. The ab#lasive should be hard enough to
wi thstand the 3 0 SEP 2004 WO 01/ 74537 PCT/US01109887 -11- polishing
environnment and_t.o renove material fromthe _vyehf_er in the planarization
process- The ab?‘ggsp%eé‘ﬂglﬂ"%ﬁmﬂ&ﬁf@\f‘é‘f‘?v%‘@@ﬂ?t o Bisgaferdn the pleesizatian damage
the surface ofplobssh&ibriid ol hob&Ar, bRRbRShNBHRBHdoES fist ggr;gmey used
in CMP polishing systens include alum num oxi de, "cerium oxi de, nganese
oxi de, silica, Susfaghef the siafenbeing pelitheddAhrpsivgeatticles commontytused wl CME whi ch
the abrasive is L.ck Sy 0 _becone .affi xed
to the backing %ogféﬁ&lgﬁgﬁ %F%&ﬁﬁgmggg%@?r%@é’lftgh'gm%%{%h%ﬁga%esﬁm%ﬁmw’
precurSor, or amyl diarhad. agent that causes the abrasive to becone affixed

to the backing 102. .es of binding.ggents 10.i ncl ude acryl ate or
ot her pol yester typeﬁé’g’% %ﬁf&?“éﬂbﬂ}a@?%ﬂ&“%‘mgﬁngwwpsﬁﬁaa@ t hose
avai | abl e from which iiisesithd bdtaSivO Ricoms affixeaPak Badifsl 2. e biddgh M CS

Inc., Latrobe, PA 1In the case of a polyner precursor, polynerization of
the precursor REERIEAPRMPUNBESs 8 Pelymsr piesarsen of ariberiagent dhat dauseothe For

exanpl e, differ - ' ! S ] en_exposed
Co 15 ui tr avi ol SR B T i 30 PO R GBS o
heat . 19he abr asinvledbiangliereer athenpolpestirdys: dconpophdsyand variohosther pobyriérsi S abl e
to self dress. rasive i i stributed hogpgeneously.in the binding agent
- or-'matrix The g’gﬁﬁa‘i‘gseoq‘“ﬁwgeﬁ??@g‘?%% 1Vﬁ3sﬁe§§fﬁﬁl®%5§%ot h as—+t-
contacts a Serﬂ)&@zﬂ@@?ﬁ&,&a&ﬁ%&@ﬂﬁ%ﬂtﬁ&c&%ﬁPbl?ﬂner [ﬁ%c&&g, ?&I{r&é’:‘?&ﬁ% of N€
a need to e

fixed-abrasive 20 substrate is snoothed, there’is Xpose nore
abrasi ve. Sel f -th¢ prstser qosurs ppon exposWE tesqrustnviyoabentaliopaditinnt Rer sur f ace of

t he pol i shing sul t.of the ol ishin rocess. The

abr asi ve/ bi ndi reatinis, diffefbot (ks Seixhd Sre BRI Shentfesed & i nai ng

agent 1 xtur e fulomidleerabiadbn APV, dadrdbel adRtibh@rRIsRS livie/ &itedi. Ny 25 agent

m xture is affixed t,l% t he backing 102. One exanple of an abrasive/bindi ng
e abrasive/binding agent mixture is optimally chosen so it is able to self-

dress. Abrasive is distributed homogeneously in the binding agent or matrix. The
surface of the fixed-abrasive substrate wears smooth as it contacts a
semiconductor wafer during polishing. As the surface of the fixed-abrasive
20 substrate is smoothed, there is a need to expose more abrasive. Self-dressing is the
act of exposing abrasive on the surface of the polishing member as a result of the
polishing process.
The abrasive/binding agent removal device 112 removes excess
‘abrasive/binding agent mixture from the backing 102 before the abrasive/binding
25 agent mixture is affixed to the backing 102. One example of an abrasive/binding
agent removal device 112 is a vacuum force generator. A vacuum force generator
may be used with a separator to gather the excess unbound abrasive/binding agent
mixture. Alternative types of abrasivelbinding agent removal device 112 include
air or other compressed gas blow-off methods. The blower is used to force air

30 over the surface of the wafer, thereby removing unbound abrasive/binding agent



agent refro\/al device 112 is a vacuumforce generator. A vacuum force

generator nmay be used with a separator to gather the G%C@ﬁ:j’u? und

abrasi vel bi nding agent mxture. Aternative types of abr el*Bt'’ndi ng

agent renoval device 112 include air or other conpressed gas bl ow of f

met hods. Th I is used to force air 30 over the sur he waf er,

t her eby renne‘\‘//pngy%%bound abr asi ve/ bi ndi ng agent 3 0 SEP chgg%?QWOll 741- - 37

PCT/ [ 1541109887 -12 m xture. A blower may. be used with a catcher adapted to

gat her the excess unbound abrasive/ binding agent m xture. The affixation

device 114 exposes the backing 102 to appropriate conditions which cause

the bindi ng agerdP™ - BeUOHE =3F by Wed“ith2 ?aﬁcéle%&mdﬁagﬁmg‘cgﬂw one

enbodi ment, t he wabdund abrhgdve/bilingagenpmbirdles UV irradi ati on, such as a W

| aser as discussed oV, .n the case where the rasivel.hi ndi ng agent

mture i s appted b rafilhdeit: FASCUIHG A% ARG " 0

abrasi vel bi ndi ngoadjéms whick tawsethe bisdinpxgegteboerti¢ dfixrd o hebakise 162 bl anket

app! i catd on 1S YRt &ablbfiond RAMekiSn a8k EEIARRL BY Wb BRLNOG: of pOvexanpl e. For
e a éfera

a bl anket application, t I xation device 10 114 pr bly creates the
pattern desired lesar asiiscysped @brvabinghd aaee whsissthe dhrasive/pigding esenimikere is he

affixation devi 1ked4s MBMe WERE 1B 6P st /R ' t echni ques
to generate a pgﬁger%‘gi n ttﬁglagetr)yglsl?%e/[b?ndf ngaagen"‘;b E}ﬁg?ﬁ%ﬁﬁl)&rﬁ% bi ndi ng

agent nay beconds gt prexatierned begnuseladiaekat gpplioationis usedarthardian shet i on or by
mel ting onto the;dbRGkkib fethQP for EAmpRX TP BankdhiphiRabdiChe ARxdoRdL/AG agent used

is a pogyner precursor; the irradiation device exposes the applied
abr asi vl pol yner! 1ppiekiablysreaiss the patismdssited an B Sirespbragive subeidn: thobns t o cause

pofymerization Qkadl& RIS dBViECUE $RY bR T vabilrtes@tidhAResthotbfSsking
abrasive-polynmer nixture to the backihg 102, thereby creating the

fixed-abrasi ve derBfiyestoectoate a paigin fspYanyerbadnesant Bt ons may i ncl ude,

for exanpl e, _exposurﬁmtbmdulgfagr@v:h@,l&Eqra&fmdit@&m@kiﬁm,byi nfrared radiation
(TR, laser light, or heat. The chem cal nechanjcal planarization (OWP)

system 116, or WRAPEFrizafe qrdy aplling an igdasdbaskingsi0anEeriexamnly whese fhen

sem cocghuct or WatRmg aghHEesed BiaPelyiner frétersoDihe FRaktid @R dxPbes hBe CMP system
116 is "in line" wth the fixed-abrasive substrate manufacturing system as
part of a singl éplﬂ%&‘éf%%"eﬁ?{mwi%@“ﬂ‘ BIREEA ﬂ?*’?@’%@?@r?ﬁwmﬁ@, “a¥ positi oned
beneath the fi xggyAbiAtbe ey inkieuktidnd Bix@PRSHE frasive-polymer

mixture to the backing 102, thereby creating the fixed-abrasive substrate 104.
Such polymerization conditions may include, for example, exposure to ultraviolet
20 radiation (UV), infrared radiation (IR), laser light, or heat.

The chemical mechanical planarization (CMP) system 116, or wafer
polisher, is used to planarize or polish semicorductor wafers. According to the
present invention, the CMP system 116 is “in line” with the fixed-abrasive
substrate manufacturing system as part of a single process path 106. A platen

|25 assembly 118, is positioned beneath the fixed-abrasive substrate 104 and opposite
the walfer carrier 124, and supports the substrate and controls its position relative
to the wafer carrier. Examples of a CMP modules which can be used in this
process are the TERES™ polishing system available from Lam Research Corp.,
Freemont, CA. and the Obsidian System from Applied Matertals, Santa Clara, CA.
30 FIG. 4 illustrates an embodiment of the present invention with a closed

loop backing 152. The closed loop backing 152 forms a complete loop that



the wafer carrier 124, and supports the substrate and controls its position
relative to the wafer carrier. Exanples of a CWP nodul es (WgEEh?8f4n be used
inthis p re the TERES rm polishing system avail abl e _from Lam
Resear ch Cgﬁ%(ﬁ?ﬁsér eemont , CA. and the Obsidian Systemer%T%c’BF’f’%ﬁ"
Materials, Santa Clara, CA. 30 FIG 4 illstrates an enbodi nent of the
present invention with a closed |oop backing 152. The cl osed | oop backi ng
152 forms a conplete |oop that 3 0 SEP 2004 WO 01/ 74537 PCTI USCOL/ 09837 -13
repeat edl y ci r &eregicdly ciicalatys aleas Preguaeess pathnin ong egrhedimepbaf aelpsedddom cl osed

| oop system I ek I LEkDl e .rounds of
fixed-abr asi vets?%%(g’stﬁf g@%édgg‘@’d'g%‘19528%%%%8%3"@@@%{33%@ Ogggéﬁ%bﬁaséﬂeccessi ve
rounds of fi xedubstbtegspdustioniet CluParpresstiogt Betweamslic@Fverandssf fig:d-t he
substrate cleanin ice 5 162.cle he backi 152 of ] .

t he-fi xed- abr a?!’r\?givgg%ssﬁ?tgtp&]d“ Oélﬁlgmgﬂ%e?‘?%ﬁ%cﬁ“gﬁ??gea"lﬁaﬁ“‘fge%%ﬁeng t he
abr asi¥e/ bi ndi 162 algems therbackind S bathetaddbenrivaiibssar. The badlendprkisng 152,

or by otherwi se,tregting the used f{ixed-abrasive substrate so that

addi tional abr &?P%i by W&&éﬁ@ﬁ%‘%@%ﬁ?‘%&%ﬁdwﬂ&%@d | oop
embodi ment. SO, Badidfs P52, br B bHFWISOREA Y CHSuRR Fid-bifsivd Qv Ghark BE AT o7

pol i shing system Fixed-abrasive substrate Is continuously regenerated and
suppl i ed for uedditional pbraguebindimglagent Miktuoican beappli@ui r ed, each of the

above enbodi ments describ her ei n. utilize on- abr.asi ve |iquid
during poli-shing, s %?lg?ﬁg%qpoﬁwe@ggﬂ%& “m'f"oﬁ&r g_@'ﬂ?‘f’i Chugnyeps OQSFﬂ%i ng
procepd. The nofithelwaie polisHihdisistn ToBixEPatid fBstdt@isbantiRwallps 32 (see FIG
1) to the region of the fixed-abrasive substrate intended for contact with

a wafer. Ther eT9ggacpied andisuppliekion usmingbeCMPamedulei t h t he present invention,

a nethod and appar &E?% i i . acturing and

waf er polishing us'ﬂ% g{oﬁé*gﬁ%?%%lg@%e:ﬁ?w% P ﬁ%lﬁla{{]@? ﬁ%ml mventTon has
been descri bedn®§ ufilige a2 hénushirasiteditiuid diringpodisking sutloasdetomided avatdr] @St rat i ve
enbodi ments thereof, it is,.not intended that. the.invention be limted to
t hose il ust raﬁcﬁg"tﬁwlm Br.ocq"ﬁogge nqu?gqa\%‘éie BW‘?H@YQP@quIV‘# ecogni ze
that wariati onfosid 39eicFIGAT) 8% ©aion e (HERHRd-2Biakve HbsHER htkh om t he
spirit of the invent%i?gn. | t i)s ther%agre i-ntended to " ingﬁiuddeégv‘\;l&{hi n the
invention all ¢em#ctydihiswdfons and nodifications that fall within

There has been disclosed in accordance with the present invention, a

method and apparatus for fixed-abrasive substrate manufacturing and wafer
polishing using a single process path. Although the invention has been described
20 and illustrated with reference to specific illustrative embodiments thereof, it is not
intended that the invention be limited to those illustrative embodiments. Those
skilled in the art will recognize that variations and modifications can be made
without departing from the spirit of the invention. It is therefore intended to
include within the invention all such variation-s and modifications that fall within

25 the scope of the appended claims and equivalents thereof.



.25 the scope of the appended clains and equival ents thereof. 3 0 SEP 2004
WO 01/ 74537 PCT/ USOL/ 09887 -14 CLAIMS | claim |. An apparatus for
polishing a sem conductor wafer conprising: 5 a conve?oB SEBpﬂmﬁ to
transport a backing along a process path; a patterning device, the

patterning Qﬁghﬁﬁigesigned to apply a pattern on to th%cgﬂﬁ5ﬁ§&7to gui de
deposition of an abrasive onto the backing; a first container positioned

al ong the process path and adjacent to -idhe patterning device, the first
cont ai ner designed to deposit an abrasive/binding 10 agent m xture onto

t he backing; an affixation station positioned along the process path and
downstream fromgehenfd rst container, the affixation station configured to
expose a backi ng upon which abrasive/ binding agent m xture has been
deposited to conditliaams: whi ch cause the abrasive/binding agent mxture to
becone affixed to 15 the backing thereby creating a fixed-abrasive
substrate; and a wafer polishing station positioned along the process path
and downstream fronk-t heABRFHRRE fo5 Rokshige p stmicanfectagaater cqpaitisivgi ng st ati on

conprising a wafer LanidysradRneRiRhiépdrod bBkRPAssapRocBssPeMi conduct or waf er
and for transporting the wafer toward the substrate such that the wafer

contacts the surface of tPRileningdgviesyths griemiingdlewpgylesipapddo applyp a substrat e

support di sposegatenaah thettackidsitX gddaRpatiod 8f ansbRSVE &1 8 tRNE:@pPosi te the
wafer carrier. 25 2. An agparatus aqcorging %o claim| wherein the
patterning device appl i &ESHRU@MEROFHIRS RIcEE BhHEPEES RHh 45 ediadcBtifi ned pattern
and density on ti@ fafe@nin®asickiB: firs-coMiin@ ABAI8A 14icEeE & rRdebRdmkai m |

wher ei n %he patternin devi%F appl i es an adhesive to the backing. 3 0 SEP
2004 VOD1/ 7453 FETHEIRIERAY obiskng. 1o —

an affixation station positioned along the process path and
downstream from the first container, the affixation station configured to expose a
backing upon which abrasive/binding agent mixture has been deposited to
conditions which cause the abrasive?binding agent mixture to become affixed to
15 the backing thereby creafing a fixed-abrasive substrate; and
a wafer polishing station positioned along the process path and
downstream from the affixation station, the wafer polishing station comprising a
waler carrier assembly for supporting a semiconductor wafer and for transporting
the wafer toward the substrate such that the wafer contacts the surface of the fixed
20 abrasive substrate, and a substrate support disposed beneath the fixed-abrasive

substrate and opposite the wafer carrier.

2. An apparatus according to claim 1 wherein the patterning device
applies an electrostatic charge of predetermined patiern and density on to the
"95 backing.

3. - An apparatus according to claim | wherein the patterning device

applies an adhesive to the backing.



4. An apparatus according to claiml wherein the affixatjon station emts
ultraviolet radiation. 5. An apparatus according to clai b SERer884h t he

af fi xati onggd @liis 5 conprises a W laser. 10 15 20 6. An PRARG
according to c?algjr?l 4 wherein the affixation station conprises 02755&%7

phot omaski ng device. 7. An apparatus aceti-ding to claiml wherein the
affixation station emts infrared radiation. 8. An apparatus according to
claiml wherein the., affixation statign ts heat. 9. An apparatus

em, . é I
according to claimf fur@HéPP%?%T%%ﬁm‘%ﬂr%f%lﬂEﬁ HExHpnpsion r enoval

‘station positiegneciAhvisle hdighdy ocess path and adjacent to the first
container, the renoval station designed to renove excess abrasivel binding

agent mxture fromthe surface of the backing. 10. An apparatus accordi ng

Lo.clalm o wherel n 51 oRhaSiELPLAGLARL SHR LAIRN B SRS RIE!

vacuum f orce generator. ppara accordrng P&

abr asi ¥e/ bi ndi ngmpa&sadévidaserenoval station conprises a conpressed gas

bl ower. 12. An apparatus for polishing a senm conductor wafer conprising- a
conveyor adapted to transport a backing along a process path; an

el ectrostatic pattesni NgAR aisefus 4d6rdRles CIAR UAMIoiR M BHRIY BR¥Lce 30

designed to apply an electrostatic field of predeterm ned pattern and
density onto £oEPH%e R phaomasiiog deyicet WO 01/ 74537 PCT/ QSOL /09887 -16 a
first container positioned along the process path and adjacent to the

el ectrostatic patterning device, the first container designed to deposit an
abr asl®e/ bi ndi ng ag@nt nAxhppaeatadcoodditg th akiith Ngvhereip GleyatRedtivatstafibn St at i on

posi i oned al ogg{ 0GB PEGETPaL N o

2 An apparatus according to claim 1 wherein the affixation station
emits heat.
15
9. An apparatus according to claim 1 further comprising an
abrasive/binding agent removal station positioned along the process path and
adjacent to the first container, the removal station designed to remove excess
abrasive/binding agent mixture from the surface of the backing.
20
106.  Anapparatusaccording to claim 9 wherein the abrasive/binding

agent removal stafion comprises a vacuum force generator.

[1.  Anapparatus according to claim 9 wherein the abrasive/binding

25 ~ agent removal station comprises a compressed gas blower.

12.  Anapparatus for polishing a semiconductor wafer comprising:
a conveyor adapted to transport a backing along a process path;
_ an electrostatic patterning device, the electrostatic patterning device
30 designed to apply an electrostatic field of predetermined pattern and density onto
the backing; |



5 downstreamfromthe first container, the polyneri'zation station
configured to expose a backing upon which abrasive/bin?quﬁﬁggﬂginixture
has been deposited to conditions which cause the abras |5t nd'’hg agent
m xture to become affixed to the backing and creating a fixed-abrasive

substrat e; fer polishing station positioned alo cess path
and 10 doma‘ggf’gg%%f romthe polynerization station, theq%ér%%rglm%%ﬁqi shi ng

-station conprising a wafer carrier assdfbly for supporting a sem conductor
wafer and for transporting the wafer toward the substrate such that the

waf er contacts the surfa f f i [ ral: d a
substrate support di sposggfsﬁ%ﬁé&gr{éﬁpotsﬁl[éﬁgfgg%?égabérg%g%g&ng%@g%cpg@e and
opposi t e t he waftsrelestpstitie pattetBngl@vice\theding eqnésings desigooktdidenysitan cl ai m 12

further conpri si,pQsain@kE Ashitaldi-RH R B3GRt renmoval station posi ti oned
al ong the process path and  ad]acent to the first container, the renoval

station having a vacuum f8plBerzgigiaberrosifens glaagthe proggsppah @dvacuum f or ce

to remove excesaoab{naahﬁe{nhﬂlerﬁi&tra&taﬁ)ergg@dmynghﬁtigﬁ gafon@pRtigh@d ir f ace of the
aprasive s

backi ng; 14. A nethod, of. creatin f.ixed. bstrate an

si mul t aneously “POFY %mckﬂgﬁp?&h‘%&ﬁ’dﬂﬁ%?d‘ww “‘é’ﬁ‘r‘FﬁF‘i‘S}e .ep?f'l‘tﬁchi di ng an
abr asi ve/ bi ndi ng agéiibnsihithaee Rdbasietiditpuens nyxurd b tvemagikaeki ng;
appl yi ng the abr,asi ve/ bi ndi ng agent m xture to the continuously noving
back, ng: af T xi NG PR SEPEARHITHG SIS ur o to the conti nuous!y
novi ng backi ng t her eby ce eafet podistdng statiepaitivagialoeg g pakesapah a@d0 and

pol i shi P)g a sem conguct tsrga%ogi xed-abrasive .substrate in a

: AOWRSTe ﬁ_l’ m%@f efy \é\'}.it E ) the Wafer polis statj

chem cal” nechanica p?“é AritT AL o Zﬁ‘ TeesET herafn e B9 of 3 0 SEP
2004 WO 01/ 7453 2ompGhigldSefdr 0888 Assemily fakdppuitingja tdndcoathrcas water iddifedi Ng  agent
m xture to the continuousl DV b clgri n nd. poli shin @he em conduct or
Wefer with the FrRetaE ARG IR e Rl SR Rt B v S

of the fixed abrasive substrate, and a substrate support disposed beneath the fixed-

abrasive substrate and opposite the wafer carrier.

15
13.  Anapparatus according to claim 12 further comprising an
abrasive/binding agent removal station positioned along the process path and
adjacent to the first container, the removal station having a vacuum force

generator designed to apply a vacuum force to remove excess abrasive/binding

20 agent mixture from the surface of the backing;

14. A method of creaﬁng a fixed abrasive substrate and simultaneously

polishing a semiconductor wafer comprising:

providing an abrasive/binding agent mixture and a continuously

25 moving backing;

applying the abrasive/binding agent mixture to the continuously
moving backing;

affixing the abrasive/binding agent mixture to the continuously
moving backing thereby creating a fixed-abrasive substrate,

30 and polishing a semiconductor wafer with the fixed-abrasive

substrate in a chemical mechanical planarization process, wherein the acts of



10 15. The nethod of claim 14 wherein the abrasive is sel e@tggpggﬁpthe

group consisting of alum num oxi de, cerium oxide, manganés Tder’'silica,
and di anopgd. The method of claim 15 wherein the abrasi onprises

silica. 1%011# 53&9t hod of claim 14 wherein the binding agé’#&"‘fsgu 8B‘()I yner.
18. The nmethod of claim 14 wherein the bijndi ng agent is a pol yner
precursor. 15 19. The nethod of claim 14 wherein affixing the

abrasi ve/ bi ndi ng agent mxture to the continuously noving backing

conpri ses exp githeabyasivd/pinding pgent miviuregoBlgdantiguausiyeening ekingby t he
abr asi ve/ bi ndi ' ' ' usly novin
acking. 20 20 g Bk nRa Tier i WEHhcl ol 0 SRS Y TOVI N

abr asi ve/ bi ndi pgfaoedtonauiettiy.e t o t he continuously novi ng backi ng

conpri ses exposing the continuously noving backing to infrared radiation,
whereby the abrasive/binding agent m xture becones affixed to the

conti muously movi ngishackindenetidd ot tlairk!1€ ViRt theQhralvaiiBeldbtetineta af fi xi ng
t he abrasive/bi nding agent mxture to the continuously noving backing
conpri ses expoSicHB consisting of alpminve 9xidenseiivg opsideanppgapesc @Pﬂﬁ@aﬁ}ﬁ@b and

radi ation, whegghy ghe abrasive/binding agent mxture beconmes affixed to
the continuously novi ng backing. 30 3 0 SEP 2004 WD 01174537 PCT/ US01109887
-18 22. The nethod of claim 14 wherein the backing conprises a continuous

foed roLl, 28 The metnad ofutl el s WIRiSh e iosRaS kgL S oL o0 2
10

17.  The method of claim 14 wherein the binding agent is a polymer.

18.  The method of claim 14 wherein the binding agent is a polymer
Precursor.
15
19.  The method of claim 14 wherein affixing the abrasive/binding agent
mixture to the continuously moving backing comprises exposing the continuously
moving backing to heat, whereby the abrasive/binding agent mixture becomes
affixed to the continuously moving backing.
20
~20.  The method of claim 14 wherein affixing the abrasive/binding agent
mixture to the continucusly moving backing comprises exposing the continuously
moving backing to infrared radiation, whereby the abrasive/binding agent mixture
becomes affixed to the continuously moving backing.
25 |
21.  The method of claim 14 wherein affixing the abrasive/binding agent
mixture to the continuously moving backing comprises exposing the continuously
moving backing to ultraviolet radiation, whereby the abrasive/binding agent
mixture becomes affixed to the continuously moving backing.
30



20 '24. The nethod of claim 14 wherein the abrasive/bi nd‘i;:?gi ars%%n% m xt ure
Is renovably affixed to the backing. 25. The nethod of 40404r t her
conprising: renoving at |east a portion of the abrasive/binding agent

m xture fromthe backing of a first fixed-abrasive substrate; processing
t he abrasive/binding agent m xture to renove at |least a__portion of the
bi ndi ng ageﬁ{o?wﬁ?ﬁ?t he abrasive; recovering at |east a 58?@?06{9983? t he
abrasive; and using the recovered abrasiige in the preparation of a second
fi xed- abrasive substrate. 26. The nethod of claim 24 further conprising:

renoving at |east a portion of t abrasive/ bindi.ng agent m xture fromthe
backing of a first filiXedJFaebrP‘gléqd\?gaglﬂlbét"F 5?51,"&:?%3%39%?0 Y*F Ae backi ng of the
first fixed-abr aswtineostdgdtolat e; preparing a second fixed abrasive
substrate incorporating the recovered backing. 25

23.  The method of claim 14 wherein the backing comprises a closed

5 loop.

24, The method of claim 14 wherein the abrasive/binding agent mixture

is removably affixed {o the backing.

10 25.  The method of claim 24 further comprising:
removing at least a portion of the abrasive/binding agent mixture
from the backing of a first fixed-abrasive substrate;
processing the abrasive/binding agent mixture to remove at least a
portion of the binding agent from the abrasive;
15 - recovering at least a portion of the abrasive; and
using the recovered abrasive in the preparation of & second fixed-

abrasive substrate,

26.  The method of claim 24 further comprising:
20 removing at least a portion of the abrasive/binding agent mixture
from the backing of a first fixed-abrasive substrate;
recovering the backing of the first fixed-abrasive substrate;
preparing a second fixed abrasive substrate incorporating the
recovered backing.

25



