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mechanical planarization in which the manufacturing of the fixed abrasive

10 substrate occurs in situ, being incorporated into the same process path as the

chemical mechanical planarization process.

BACKGROUND OF THE INVENTION

Semiconductor 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,
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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;



15 of a circuit is created on a first level and conductive vias are nade to
connect up to the next level of the circuit. After each Igyﬁr l%f mee
circuit is etched on the wafer, an oxide layer is put down al$ Wi ng the
vias to pass through but covering the rest- of the previous circuit |evel.
Each layer of the circuit can create or add unevenness to the wafer that
must be snpot hed out before generati the next 20 circuit |layer. Chem cal
mechani cal planarization (CW) tech ues are used to snooth or planarize
the raw waf er and each | ayer of nmaterial added thereafter. Avail able CWP
systens, comonly called wafer polishers, often use a rotating wafer hol der
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does not contain rasive particles abra5|ve substrate can be
pr oduc ¥ RPN SAORN MKl Regamne Afegd te the backingthpishy eepling pixedess. A

vari et yabodsiveaubstrags: an€onmonl y used, i ncl udi ng a continuous roll, a closed
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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.



wafers using a single process path QG her enbodi nents may provi de nethods
and apparatus which allow both continuous fixed-abrasive siljstgrat @4
manuf act uri ng and conti nuous wafer polishing using a single process path.
Furt her enbodi nents may provi de nmethods and apparatus for conbi ned
manuf acturing of a fixed-abrasive substrate and wafer polishing where the
conponents of the fixed- abrasive substrate can be reclainmed and recycl ed
for further use in a fixed-abrasive substrate manufacturing process.
According to a first aspect of the pregent invention, there is provided an
apparatus for polishing a sem conductor wafer conprising: a conveyor
adapted to transport a backing along a process path; 3 0 SEP 200 4 2a a
patt erni ng devifgesordingdo pHird asnertng theerdsent investioprtbete isproyiqeld\ reetipatdfer n on to
the backi &gatih@a @xdBriRE Sistrhte BndSimaithnBEUsAPoNing 2 sbRichificRRGkLNg; a first
contai ner DpOSLLI oned al ong the process path and adjacent to the patterning
devi ce, the TIPS container desi gned to deposit an abrasive/binding agent
m Xture onto t hwovidiacd aviasivathinging egeat mdduresdraita @ntinuossly moverbagkiaglg t he
process path a i j ] Jxation
Ghofl YRRl RRTL bRARY iRt mfx{ug)estt) B @BREy mb\ify bk

station configured to expose a backing upon > | I ndi ng agent
m xture has bee?ﬁnexﬂ’@ﬁ'bes?ebf trelbinding aggnt Madiee (e spniinugudy mRdng %ﬂﬁi"ﬁ%thﬁ@gbi ndi ng
agent - m xtaieating afitsdcabresivabdtisicate; t 0 t he backi ng t hereby creating a fixed-
abrasi ve subst rgal€uqi [eShi: Lon.positioned al ong the
process path andhggn\/\snﬁg _ra gg%%ﬁi%gﬁ%\%&mé@%ejk?{ é%gséf eas‘?ﬂb%trr‘la?e P ﬁé:g‘\e/\"é‘f;%r

pol i shi ng "8¢HeRicHh PlaRatgstion Prgess: WheTein the aeisiobalfidradtberpirgsivedrindinglaeprtr t i ng a
seni conduatigreva fhercostindodsyimdving Badkingtand Botishig i TsehichRivabvdtbaviguhst rat e
such thatﬁxéélgbréiﬁteesrub&%ga@%P@ﬁo?rngdfoﬁ&}cn%% ; of the fixed abrasive substrate,

and a substrate. suppor spose eneat’h the fixed-abrasive substrate and
opposite the wafer caner. According to a second aspect of the present

invention, there_is provided an agpar atus for polishing a sem conduct or
waf er conpri si RRE &é‘?\?’é’:yﬂp“éﬁﬁﬂ PRAWINGShsport a backing al ong a process
path; an electrostatic patterning device, the electrostatic patterning

devi ce desi gne y I n electrostatic field of predeterm ned pattern
and density on?Fd&ﬁH@"%ﬁ'ﬁ%ﬁﬁ%, -aprasiye subsisie Riandiactyarg statigrand A @ﬁ@'eﬁﬁe
process panechanidalpiinadzation statidrhesingl esligl©piodédspath.

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



patterning device, the first container designed to deposig ﬁrg P 2004
abrasi ve/ bi ndi ng agent m xture onto the backing; a polynerfz L-Ei on station

posi ti oned 4,he process path and downstream from the fi ai ner,
t he polyrre‘r;@z@?'iq%ig station configured to expose a backing ul{odolrnl&gv%ﬁ%t]

abr asi vel bi ndi ng agent m xture has been dgposited to conditions which cause
t he abrasivel bi ndi ng agent m xture to becone affixed to the backing and
creating a fixed- abrasive substrate; and a wafer polishing station

posi tioned al ong t hElGrIitlusiatesanialiamat vompediaenhof pdixed-ehasiyosybstatiezat | on

station, the I Shi 10N - | Sl r I er._assenbly
for supporti n‘é‘@%&%&%&%ﬂ!{fg gﬁ@?%%%#%?“%gg‘%%%{lﬁgﬁgpor ‘P‘r‘méﬁf‘ e Wt ér toward
t he substrate smogblprodeas pithe waf er contacts the surface of the fixed

abr asi ve substrate, d substrate support.di spased beneath {he
fi xed- abrasive subsFﬁg‘t“eﬁlﬁﬂ'}jL ﬁﬁ@i‘t\"’?‘@“\' %“Wéii“@?“tegr"‘ﬁ%?m“ﬁméag 0.9 2b

Accordsng to alédp sudstaspect of the present invention, there is provided a
met hod of creating a fixed abrasive substrate and sinul taneously polishing
a sem conductor wafer conprising: providing an abrasive/bi ndi ng agent

m xture and a continuously novi ng backing; applying the abrasive/binding

agent mxture ‘I%Tﬂ&ﬁﬁ%ﬁﬁéggﬁﬁpm g‘gﬁ%’iiﬁﬁs ITL ¢ PREE

abr asi vel bi ndi t he I nuously novi ng backl ng t hereby
creating a fixed- ubstrate; and polishing a sem conductor wafer

with the fixed-abr agmdﬁggigg?e?&r&%&ogﬂﬁg%?g{&e yg%%m&%m@ sﬂ?t@ﬁliigat i on

process, wherein the acts I XI ng the ng age m xture
t o t h&0cont i nudesiipedrbslowdhds podviidey fartbe mehufstiuregpfialfixed ebiasive dulestrate inaf er

with the fixed:abrasive syubstrate are perf d goncurrently. BRI|EF
DESCRI PTI ON OF S B RS R Rroosss pesBes aaMP otniee &l digpraipic S1aMC  r at o
manuf act uri ng Fakysiin 20 dompKdifiT firdd-atiRGANILGRte RlaARRAEUARE HBTorSIBiddoN
using a single process path. FIG 2 illustrates one_enbodinment of a closed

| oop system 32@hempabmechayicalpiimprgggion satpn 24asinggsBrle process path 32 is
et Gt RO eyl el IO AP LS, o
a 15 - fixed-abrasive substraie 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 trémsported 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 ﬁxed—ab[asivhe substmie or to untreated backing. The



single process path. FIG 4 illustrates an alternative egoodi rre&é of a
systemusing a closed 5 |oop substrate. DETAI LED DESCRI T SiPoriMHE

PRESENTLY PREFERRED ENMBODM ENTS According to a preferred enbodi nent of
t he ‘present invention, a systemis 10 described bel ow that provides for
t he manuf actywpgyfks;a fixed-abrasive substrate in situ, Opc@ssIPidsl; of the
sane process path as a CMP nodule. A diagrammtic view of a system 10
conprising a fixed-abrasive substrate nme#dufacturing station 20 and a

chem cal nechani cal planarization station 24 using a single process path 12

is shown in FI Qernil'or f\%tﬂ;ﬁ‘as?\%@ﬁ%ﬂg

| . n.the use of a
consunmabl e IS fi xed-abrasive su st{%g%j%kefsﬁgﬁﬁgag&?ﬁ?lr% %%ra%k)l/ngg%‘ﬁr IIc‘"er for use

in CMP processesthe ttinsive@indig ogmtimbyut kanbgenapilisds for a single process path
12 whi ch i ncor por at e?’héﬁré&gs'paﬁtl‘i%%ﬁe%’aq’[y?}bgéehgﬁttﬁe m&@ﬁ%&u g and wafer

polishing. The fixed-abrasive substrate Is manufactured at one station
al ong the procestciag H iapefiontbysleaasdd@nd preparrd fordpd-appsivesubstratt a subsequent

station gl ong t hfaf:06ASSat R itrad N&nHk36HQSRI TRY Ai2MbrRAyH AK) des a net hod
of creating a fixed abr asi ye substrate and sinultaneously polishing a

seni conduct or wePBYed g bagsing dfpipdied ahrpyirstbsisple mapachingg sation@ner al |y, a

conveyor 16 transfetieSixedatzathe kit fe 20 is BasltiRGedl the 3bBEbr 36 ritspGRSS path 12

from"a fi xed-abﬁafsi ve substrate__manufacturing station 20 to a wafer

pol i shing stati GRF B¥d-24mEveRtalds fothy SMEstation Paslerdhelixediabigive r anspor t ed

towards the fi xedbsibieas isfilissdasthe du@r PoRIhRGbdeEs. Phter B ALddOB Q. Where an
the backing 14 is transported

abr asi Vﬁé:bi ndi ng agent._m xture s applied. As C
al ong t procesgé‘bsgﬁtﬂ%g 13 begvsed in s (DU pores: bHh O beckiiegderd g fizgl or  the
fixed-abrasi ve suhsivé abebdSolaifnbdsihascibd@ teVR iRy fatR4 268 ulespused in the
waf er polishing process. The term backi n? 14 refers specifically to the

T

substrate 30 ortfERENHTEUdsPEiPETapsieubshily BgnAIsi8Eve substrdte or to
untreated backing. Th&eddifk cabi G xRS db3fad YelitddfordbhiRIB87 - 4 term

or fixed-abrasive substrate 28 refers to treated backing or backing to
which the abr adPUEARTnEF G gaaRrantre ey ensiiediaashespPstyp MpRdecturig process
path 121gener al Isptigit TG 2B 66nd the frb®sd fathl 10w B wTBNAETple TdaRds Jpagding 14 is

optionally cl ean gsigengpﬁgag I%)%% b];&ringflizi?(ed_ abrasive substrate
For CMP processes to effectively and efficiently polish semiconductor
wafers, optimally, there is a velocity differential between the wafer and the
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



5 manufacturing at a substrate cleaning station 18. The fiietgﬁr jve is
then applied to the backing 14 at a fixed-abrasive substrat n cturing

station 20 f the fixed-abrasive substrate 28 i s manuf he
conveyor 1?9@é{1ﬁ§%7orts the fixed-abrasive substrate 28 to ?ﬁ{gﬁ%‘)g’%’atipn

24 where the fixed-abrasive substrate 28.§s utilized in the wafer

pol i shing process. After the fixed-abrasive 10 substrate 28 has been used
in the CM' process, both the backing 14 and the fixed abrasive may be
reclai med or r cbyith the fiyedrabastiestbeintes2 Sandda npinzer refating with sespestquent

rounds of ixednahsaehissvtBnbial os ML LRRLH O B wARRHE Bt 2 E shajPe Of

fi xed-abrasi ve substrate g’r a particu app many
be nore than oribafthg adragerakicite ismbistaiwetidn ferafigoifiabout$0 fimistoadboardod0, 22

al ong the proc - 12 tpo al.lo or Ltipl e rounds of fixed abrasive
appl i cation to%?ﬁ'éggigﬁ’%%Ofiﬁ‘#‘%&%ﬁﬂag‘%ﬂ&%@g@{yﬁﬁwﬁ” rapdamy mofign
ef ficiéntly polwisibh aeRisclesaiailpill ofieht aFes .of @il fiibaldbyasiveREb@rate282 M OCi t'y
differential between the wafer and the polishi ng@materi al . For nost

appl i cati ons ud¥PRPimeion ayidesitprmdgnaterial gemeyvab Fopy tho wafer wéouton, t he

manuf act uri ng QhtrbiRidg YREmaf bye substrate proceeds at a slower rate
than the wafer polishing. The fixed-abrasive substrate manufacturing may

proceed at a rate ofOnstpyeferréd dmbodimbitrifithe reseinoinverdtionric Hovwmin FTIG. 2. In

date t if f t.rates.while naiptaini i nt ti
of “botn the 11 Xeiseh e dreR henn s Eloh rabial g St frdiednborre P
functiton, the wﬁm@mmdwmd@%ﬁ%ﬁ&mﬁag%ﬁhgamgimmﬁhd;Béié%hng wi th

respect to the conveyor as the fixed- ‘abrasrive Substrate 28°is proceeding
al ong the proce&dasedlgop backing 52 whichfpons aeamplete loas thataepeatedly sicubatsst y

differential b M%etﬂ gf%g/i r i 3 { J.xed: abrasive substrate
28. The vel oci '?{l/ ?é}rben 'gﬁ%@%@ﬁ%@%@?@%‘?EQ"&%@@IB‘@& ut 50 ft/mn
to about 400 f tpattemingltherdaiowshiahn @sihe Sackidiss Y wigi®ppliegionssas al ong 30

t he process pat fixed rate correlated tqg the rate of its

12 at el ) .
producti on. Th&PraRarE& nt iixturg - dhg bindingasent is 3 pplyater prycusson waickonp

nodul @524, is BHEHHed o 887 -5
contact with tll’ilig fi xedé-g‘})%@fl\%gtsubs%rgglﬁgx\gg%ﬁééﬁg%n%% ‘83@?9‘3‘%% ing with

respect the firseglinponrsisesfshdisckmps248 miliple mnidoof fivfedtdbeasivelsabstiase

optimally at a ra uch hat. t he .average velocity is maintained in the
range of about %lhfatc}%m“ﬁaﬂ 3"?65(5’863}9;% ft/mn. The path of notion of the

wafer is optimally & caveydal coaiasloMemdveitnt 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



5 which uses substantially all of the area of the fixed-abrasive substrate
28. This type of notion provides uniformnmaterial rengvg Isg onmghe waf er
wi thout introducing systenatic defects. One preferred enbodi nent of the
present invention is shown in FIG 2. In general, the system50 shown in
FIG 2 is aydfpgd;! oop systemfor fixed-abrasive 10 syb&idsilfss

manuf acturing and wafer polishing using a single platform using a closed
| oop backing 52 which forms a conplete |leop that repeatedly circul ates

al ong the process path 56. Cenerally, the system 50 utilizes electrostatic

patterning to create Ki 52 to quide gpplication of
the abrasive/ bicRehHh ontztilgg‘% an%(t eepmtf???agﬁf’%f%‘bgsﬁaé dlr‘é‘:t&‘e%‘it%r
precursor whi chofte pmihymn pﬁthmhmnebbpﬂmglagent m:mﬂ){e pigielthabadhiing SThEhsy st em 50
al so provides QbmdilihindiBibElchlithts 4EURE Dhe b no?%cgac%gawbt gestiple

rounds of fixed-abrasive manu *shing. A
conveyor 74 congreéqegchﬁugﬂdmﬂmdmwﬂmpbmdnnm@\f&%&mey]gemeﬂnrocess pat h

56. The gonvey Ohufdh- GpRAGHAln shéhaagﬁﬁ%pte%o&mgnIPQ%ﬁltl%oé;% ofifls kil recti on of

20 the arrow shown iIn e ‘conveyo 1€t 0 move in
the reverse dir é’@?tf%ﬁﬂc nrmﬂgg odtich %h@féwswheﬂdmhq meyirgbapey apdithen t hr ough

nul tipl e rounds b is Atpliabio YR/ cRAPG Qs QML o3 XleMh& @@Elaﬁ&iﬂo&nltl‘?@ fr oma
single fixed-abrasive substrate  manufacturing sta i 0 e conveyor 74 may

be a beltless cBHFEgS? 2u thhebrasve/bisdog pergt mixtuss is pprlied foxbechatgedarcase substr at e
serving as the plat fmeaam?@bkrmmgager@e&m{&em@a@@s%ﬁ&ms taH@‘iJ bygd- abr asive

substrate nanufacturin station (shown as conprises a
patternﬁ hg devi 8 abygsiv “d“&%tﬂg%W’éWBPﬁH}ithﬁm‘%ﬁéﬁﬁhe@mhfmﬁ%eiﬂf@@ an

abr asi ve/ bi ndi ngregge8tn mnggwﬁgbir@i Yétht is dEMVGE B J-xation devi ce
64, as illust ratgrgd in |§ “Th HQ %%t e]? nlﬁngﬁ:l EP\@/I gréan%ﬁﬁﬁaaﬂoflenbodl ment is

an el ect rost at i &ryaeHer ﬁ?r\‘i@“ﬂ‘gel @m}%@h@%&m cemposnd. t e abragvessdtiecal fi el d.
Exposure of t heﬂ A& IRYur3E nla bl Biver8d RES thi Etﬁ‘isnfe)bﬁldglg gée%g%b&%%fggb 4 VO

el ectrostatic char eof a prédetermned pattern an

01/ 74537 PCT/ usmalsemvally bgmggansaques yigwre phabrastye Riddip B Rr prEpisee] ect rostatic
patternisng serV@agerhRively/ 1B londphenR @l 8t fide ffephBRIyADRE L the

abr asi ve/ bi ndi ng %rgelr‘{t 5(m xt lrJrIrpe gn oaS, b EI nqu‘p ﬁ?stwe?d;n adi ve/ bi ndi ng
agent m xture i%EeRkOPAIREEH apcé)mtXﬁ@mdheea&gasv(yp/bmﬁ:@g Perakdoniginet0niThp t he

greatest char gea@ngivtifing I AxBES LPRkAIEHopALL RERiHInERY], §SppRaMRY be any
of & 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



5 nunber of nechani snms such as the type commonly used gp pggégﬁﬁgiers and
for electrostatic printing in which a charge is placet @n‘ Vi ng paper
and t hen ﬁQﬂﬁﬁ ks, applied to the charged areas. In this ¢ ar ge
is placed on t'gkﬁbacking 52 and t he abrasive/ bi ndi ng agen?ﬁﬁyg%ﬁ@g&?s
applied to the charged areas. The abrasivg/binding agent container 60
receives, contains, and-deposits 10 the abrasive/binding agent m xture on
to the surface of the backing 52. In the present enbodi nent, the binding

aglent itsha poltwhqonmheempg@tqrﬁu@nV%h«areﬁ@!gd aéms}veaf@dip&ﬁgc%mhgymd, orba

pol yur et hane- ursor may be

delivered into the abrdasive/binding agent contalner as a substantially
x&%nﬁé?@félﬂﬁbdvafg f@r@fe@&l l\.{éa%rﬂo ed gasﬁﬂ %féﬁé sgsfte%

honbgeneous mi xt ur eltefbasking $P wad abprdsipoingrtere ipthes expsoed toldn affitaionat i vel vy,

t he conponents,may be .added separately to t .abr.asi ve/ bindin agent

cont at ner 60 2T Shedn e TrrBREgn R e aftfrg B BREUS AT i HiAton0  The

abr asisve/ bi ndi 8¢/ i@gRIHuchhsd UNelase? it et OV REdIXATY calif€ tHegRlynBrxt ure, is

appli'ed to the backing 52 fromthe container 60_ As the abrasive-pol ymer
precursor m wiwqr@&@ﬁé’sﬂsw@@lww%%w&p RelymeHze d thereby bedommg 52,

the mixture is t -t %%gg ﬂ%d—!aﬁ\‘a&' £ ’ :

el ectrostatic % a?‘g{g%ﬁﬁ%ﬁg‘gﬁ%&% : {Pﬁe acki nlg %g’%véttgﬁaﬂ%glst&gd

abr asi ve/ bi ndi mghepdishingipcdagse appl i ed then npves along the process path
56 and i s exposed t br asi ve/ bi ndi agent i xture renpval Vi ce
which in the pr esenﬁ‘e%aﬁi’ﬁé’r’(f’s Mﬁ%ﬂﬁ?@%%@%ﬁ?%ﬁ%ga The
vacuup f orce gerREPEPhe RenRRBE T4 %o The\(DAP YMYiBH 66 WHER it 8 usdPIFPYBIEXCESS
abrasi ve/ bi nding agent m xture fromthe backing 52. There nay be -excess

abrasi ve m xt usesigoriducios wasts. | A platen gssamidy A38.alispokrd beheath thedfixgdiabragivet er ni ng

on t he backi ng This excess S .renoved fore rasl L xture is

Fixed to the B 3 AnP i s aaREH 26 Shfedsific AROARE ST | 00 |

the pattern ancbni@Bsistposition gelsivead theQnaferoiritd 75. Fixampléa 6DCNMHE @baglegener at or

62 woul d use a house vacuum 30 SEP 2004 WO 01@]4537_ PCTI USO / 09887 -7 and

contai n a sepavhichrcan be used ix this pragess ara the (TEBELr adlistivgsystemayailablent

m Xt . Ate tyl C e = O\AG . - al one
Ufse KB %ﬁ%&%ﬂgg\‘&, HURoh CoE ol s A {13618 ‘5

system The backi rasive mxture I's en exXposed to an

affixation deﬁppléedaﬂgteﬁais,tSmtagElameﬁ)rA. @ﬁaudﬂesmﬁt&afdr haﬁan_‘sfdr«dd:sbrihed_iavi ceis

an Lrradiati ong o pdeu] G, $50350 18 5 5 ¥ob, 305t MBS P 2 Ton
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



precursor in the abrasive/binding agent mixture to polynerize and thereby
becone affixed to the backing 52. This creates the fixed-abrasive substrate
54 that is used in the polishing process. The fixed abfaSEPe!Mhbstrate 54
then proceeds al ong the process path 56, 10 carried by the conveyor 74 to

the CWP Stat%ﬁﬂlfégl‘ where it is used to polish sem condu&é%gp@gﬁ q
: - e 54 an

pl at en asse di sposed beneath the fixed-abrasive

opposite the vvafer carrier 76, supports .ghe substrate 54 and controls its
position relative to the wafer carrier 76.- Exanpl es of CWMP nodul es which
can be used in this are t | i shing. system avail abl e 15
from Lam Resear CquﬁEbc s Pad %P%Wﬁ’i‘m @R‘X%ﬁﬁﬂrﬁ%@e%‘g‘i‘cgi%}iﬁ% SRYHEGRI | abl e
from Applied Mubadii eilrte,abﬁam;arttaeaba theGAe rdexangdl f@seaé lrmaszﬁfg carriers are

described in 2 799 and 5, 857,899, which are
i ncor por at ed herae?[tr%g)r%m Pﬁixéen%gﬁg 0 accommodat e the rate at which

fi xed- abrasi ve substTmSebMMCb@lHMMm Hois uged ¢, cldan andsprepaeftey mbkisg t 0 use a
CVP system whi CBZ%}Q%@& th bﬁamtﬁ{acﬁ{\ﬁgttgr %i@lalrtﬁ§pﬁﬁ ul;sf?ag& aga.njﬂgl XEflzAbr asi ve

substrate such as the (bsidian system I Xe ve substrate

54 is used in tﬂ%“eﬁbp 6“6’F‘F eﬁpﬁ@eﬁwé@fgclsd balingyandiclepry s dacking/Brof t he

abrasive can be cleerRuaE SRR othGUS LR FRES 1REEiuld iRRAlre wid 1gd- abr asi ve
substrate. The recl arratl on station 70 is used to renpve the abrasive and

bi ndi ng agent f PEAFFEHOT Baleringgr shrasivefhinding apentmixtan=pplieatipon 70 nay 25

recover the abrasivespaitiinties, fhragﬁkénhﬁv@héﬁahwfopahwm&od?ﬁ&&dﬂe which is
renmoved, fromthe, backi F% 52. Recovery of abrasive may occur in situ, or the

abr asi v¥ pol y me ORI Praitaganpfacthrngsd walky Rofis g Bé.'&%lf’ B§cesopaiind recovery of

t he abrasive rrayvha&iﬁulie arcerwhﬂﬁkmg ft{e@ﬁi’aﬁm:rnﬁ@%@&ﬁ n@a&rbtoi%mﬁﬁm&ége

abr asi ve/ pol yner ure is . remmved fromthe backing it istreated with
a 30 chem cal rrﬂ?f”dg aﬁkﬁ’éta“‘ij? ishgpg %SW“‘E)‘BTO&% r‘éiﬂh‘h?@¥e€é'§’@§lv? he abrasive
particles. Examﬂsweaf:pehemmhcmmwres whi ch coul d be used for

recl amation include ‘%@3‘}‘?‘? ﬁli’ 2094 174537 PCMUS01109887 - 8 sulfuric
aci d/ hydr ogen per oxi FRqdimegyot, & éﬁﬂ"ewtﬁaﬁe Hrakgiugegmedis pol yner

mat ri x.15The abr asi axce.emmtmeehmacmamaml Reduieasy e kiagle brffork@ySBwh N MakKi ng
dsed 1o ¢l ean Al EpUFa e RETERTHYS SAaBerght FEREcHom FE0creh now
backing for ini kG, Uss multipte @uhsichal Thofh-eanbigyedabsirae 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)



72 washes debris off of the new or recycl ed backing and él ears the backing
52 of electrostatic charge or other such characteristic c?xﬂﬂ‘ld
interfere y processes of patterning or abrasive/bi

m xture appq@éﬁg&gpﬂ. As seen in FIG 2, the present |nvent|llokgll/§ 1 7f or

si mul taneous fixed- 10 abrasive substrate granufacturing and wafer poli Shl ng
in a single process path, wherein the acts of affixing the

abr asi ve/ bi ndi ng agent m xture to a continuously noving backing and

pol i shing the seni cd‘rhdlsponmyowbzfecramhetarbeltlws édmey:braﬁaﬂ&hlaﬂy v&ubsﬁer ate are
performed conc I Qt her enbodj br a ve substrate
nmanuf act uri ng :ru’baﬁﬂélxz rﬁj 8012:%%’% H’élc ctﬂpaﬁ'ﬁ O fospdul e
usi ng a si ngl e tht fikébsbradice sibeile cirlseReGs the lﬂf&mféﬁﬂ&dra‘ahﬂﬁ%hl\/&n%%t rate
manuf act ur i ng e?t_lon showy as 20 apd 22 in FIG | has nultiple

conponent s. I3 RSB asi hreoryayst Faptbl20omprsesurotagzedyoliers edamal tof FI G

| conpsi ses tthm&etﬂa[akm 198V TRE cdilRyor %6 $he/
cont ai ner 110, the abrasi \%e/bl ndi ng aacént %ugﬁjrfée ?Aecﬁi)"nggrelw ce %f’ﬁ and

20 an affixat i dhe brolingd 02 rlpngjthe processpetd 106. FI G 3 Ref erring to FI.G 3, a
conveyor 126 transp ack al qn ocess
path 106. The conve%&ﬁf%gb%%& ?%a li)e & 4P, t@%ﬁ?ﬂﬁ‘ E‘as t he
arrow,shown in IBIZ‘ﬂlaiaan wmfaracmmms rmrleaaknpla e backinl B2 da8be

rounds, of application of abrasive to

direction. For e if. multjp
t he backi ng 10:!’%4< Bsan"élf’é'élg W‘i}""ﬂf%ﬂ'ﬂﬁ%‘ lppp, ogasannuler pr sasnd diskasi ve
subst jgte, the me&m&m&,%&@&g@@ > 30A% 60 88ng $ %}@{g&%ﬂ PJ Q4 h one

cycl e of abrasive application reverse and
anot her round df adibeadashionaiorig thapmnsstpaﬂtmé dackeseddoop banmngflsnﬁshlomg 102.

Al ternatively, ussed abov not met hod .f o ng nmultiple

| ayers of fi xe(i'fil EE# Q/rgstag o Sﬁ%&*ﬁ E’T{)"? ?aéed(lf%cl "r‘l‘i‘?“?fcfig“rﬁﬂ"? PRcess30

fi xed- abr asi ve paapieocmmesbﬁfdaﬁﬁals&ha%&lw@seamqa%a nclude ROV, as 20

an in . e cdnveyor
d 22 FIG 1 3 SEP 2904 WD 01174537 PCT/ US01/ 0988 -9 Th y

126 can be a béplmgn%ﬁv@bandmm@w y when the backing 102 used. is
a confj4nuous feed r i) 1 he

fi xed- abrasi ve subs?\%gt Fr?ms{é?ggi ggﬂgﬁe g‘?’?br m anl'(ilje Ao gﬂ&“fl onal
conveyor belt pr@im@tewdjeymlﬁdubasmﬁ@we ;nrbdmﬂtbrfl&ﬁltmmd;ﬁe&zdmk‘&rl zed
rol |l ers adapted o 5 rec ckin Th or_126 supports the
backi ng 102pan6n ?[gﬁgf)eofi& tﬁe 1a1xeda abrasxge su%strate 154 is usede aCMP procegspthe

abrasive is removed from the backing 102, and the backing 102 is recycled and

ity

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



t he backing 102 al gng the process path 106. The fi xed-abrasive substrate
may be produced using any type of backing 102 that can Besgpqmggor a CWP
process. For exanple, the backing 102 can be produced as a conti nuous feed
roll, a closed |oop, or as annular or round disks. 10 For continuous feed,

shown in FI e backing 102 is a long roll that prog in a linear
fashi on al O%O?Hg%%r ocess path 106. A-cl osed-| oop backi ngcer%%;',mgﬂovm in

FIG 4, forms an endless belt |oop that -reepeatedly circul ates al ong the
process path 160. Exanples of materials that can be used for the backing

i nclude Kevlar, [ , ¥l an d po rethape. 15 Referring
again to FIG 3. °hp %gfg%%%gﬁ%ﬁ% 'ZThe?%ﬁacvl\?ﬁ @2ésvegercw%artlﬁ?[Btcg?rgedﬁwg‘&uced, may be
utilized as a . simmgfetsriged ptterd awt degsity a Thadlectpitaic psterpngeioved to afkast  mul ti pl e
use, after the fixXasAbRARIY S LRRLEALE (A0l Dok ocess; the
abrasive is remved ?‘Sr om t ﬁé %ack?‘ng _105, gﬁ@?#?&é@%@ﬁ%ﬁ%@ recycl ed
and reused to riERdnsfdi Thoppmanddegsiyiof s elperosiaticthese chos@fod n pr epar at i on

for use §n the fipyediabh avivyirUbs bdpaicon R UbiRG g HRLQCESE: t he backing
102 is prefer abl%ggrll&e]%rzled by a substrate cl eaning device 122. Before

abrasive is appl t he backing 102, the backing 102 is cleaned to

renove any debris orinsnwaste@8odiméme theubstthid @ated@R U Be mm%ﬁﬁsﬁz@m d al so
renove any el e&)t i resent on the backing 102. It is optinal

rostatic c arg}e r _
to have the 25 5@1&?%@ foseiicaon gt bgairpvefpindinggart Pogee Brapabizenat  unwant ed
debris or el ect radbaive tcthabgking DS Wieh the AbraifAiling debnt bdd@upisocess of

abrasive, application to the backing. 102 The substrate patterning device
108 s Dbt onal FUbEetD P s G Hegne {1 BB dRaTR gD 1 of
application of tlieresabtiasdhedlidi ndi ng agent m xture. For 30 exanple, in one
enbodi nment, the substra pat f er ni_ng. devi.c 08 may. emt an electrical
field to which the bad ?ﬁgs%@%g&ﬁg@wg?g"&e&lp éSrOQB?féEF‘gj]ctE‘eﬂB%SP‘gti cally 30
SEP 2094 WD 01/ T#saonRGH AfctuBtsktbedBdnts inLichlies aitnereishe thmekh g 102. The
backi ng 102 is electr.astat.icall harged wi.th.a. predeterm ned pattern and
density. The el g%‘f?‘rm slt(8 Z advafice ?f)e{dPﬁV lﬂ%g‘g g?rgsé?%rgd‘%taﬁ?ﬁﬂmrf'he

abr asi v8 bi ndi ng ageTite ahiasivedisiadigrgett oortabim I K retedivies hablirsiva/bidingppl | cation to

(e 2cking 108 TGRS AV GRR e Sab B SRR Sh 0,
of abrasi ve on tbresive/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



backi ng 102. I n another enbodi nent, the substrate pattergi ng device 108
prepares the backing 102 for application of the abrasiv / Bi BEPn@ l’fagent
m xture bywvw@plydspg an  adhesive to the backing 102. \When th€rmsornoss7

abr asi ve/ bi ndi ng agent m xture is 10 ‘subsequently applied to tlﬂe 1i)ac i ng
102, the abrasive/binding agent m xture -ldadheres to the adhesive. Use of
the substrate patterning device 108 is optional, and the present . invention
al so includes emhodi nents in which it is not necessary-to pattern the
backi ng 102 i n BUVANE & gronumsst 349 remeveppisus! ?‘ﬁd?’qf‘*g“a&&ﬂlaqm%. 15
The abrasi ve/ bi p@tdd8. BHSMrasRINBIHAChovidR: Fb%%@ﬁ!ﬁ&xgh@_@i%&@ﬁét‘(ﬁﬁ Jleng
agent mixture, coptains the abrasivel/ binding agent m xture, and deposits
the abrasi ve/ bius@raef thesafer heing pelished. Abrasive paaisles womaoaly uskdin CMP

abr asi ve/ bi ndi gﬁﬁ ' }8 gr?;é- Y e rasivel pi ndi ng
agent m xture P%’lg%gtrsﬁt t aha%lgg&%na y od%igzgg%rﬂﬁ)ﬁ}e%’ ?‘%?%aﬁ%seﬁ’gk‘%ﬂ “%02.

Al ternatively, andeliamdndasi ve/ bi ndi ng agent 20 container 110 may receive the
abrasi ve and the bingi ent separately.and. provi de nixing of the
conponents to produ::]li'eg%gﬁ%'safggﬁf'Fﬁﬂ’?atﬁ%%dﬁévg‘? e abipiveds Gusp q%ﬁiaﬁé agent
m xture before which sawgpthe 8btative tWechme kifliad IPfe bhékifP R efhe j ment, the

abr asi ve/ bi ndi ng agent. m xture is deposited on the substrate 102 in the
form of a fil ma¥enimgbe Polyneta aipolymen arasunson ArAYRther agar shat pgises the

e e A A T Bl

abrasive and bi ndi ng agent on t I'scusse
det ai 110bel ow, tineudd adrplatror bthgepolpéstaktypsiongpoands, mddiriogs aengoljies i S

| aced on the backing 102 | he atterned with.a ser. or other source
- that resul ts ir?“?‘ti@s 8?%@@’1%%‘?’6‘ °mﬁélvﬂ%‘?fb‘ffto£1&tﬁté> _&B‘rI&gﬁ”’V@lbi ndi ng—
agent m xture tQerhiiRshRsindbd B4 . ﬁ%J%e@Pﬁgﬁyﬁﬁrmc@e%ﬁy%%ag rﬁ?”

based on the process and t he type of wafer belng asi ve
shoul d be har d A& BIegEseINRIS HpeREXPOSEre tBS@USHENIrpA04nta\Baditivi AB&7

PCT/ US01109887 -.11- L Shi envi ronnent and to renopve terial fromthe
vater o the. o SEhdpieDSisteReh Bile o oG AR s Wik atksel fo. s of
enoughlSso it doﬂﬁaﬁdhtﬁdi%ﬁ@em)%inﬁdjédﬁﬂﬁﬁ@ﬁﬂREﬁaswﬁﬂgdﬂq{eaﬂ pol i shed.

Abr asi ve particles cr mpnly used in CVP. pol i shi r;ﬁ Sﬁ/stem;_ i ncl ude al um num
oxi de, cerium oxi de, gaive/bimdyng agent mixfure i optimally, ghaspmsrothés 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



The binding agent is the material in which the abrasive is suspended and
whi ch causes the abrasive to becone affixed to the back%qﬁéégg DThe bi ndi ng
agent may be a polyner, a polyner precursor, or any other 2 at causes
the abrasive to becone affixed to the backing 102. Exanpl es of binding
agents may 10, Iﬂﬁéyﬂe acrylate or other polyester type GQIRRHIMAS:; and

vari ous ot her ynmers such as those available from Norton, a division of
Sai nt - Gobai n Industrial Ceram cs Inc.,_jhatrobe, PA, In the case of a

pol ymer precursor, polynerization of the precursor occurs upon exposure to

sonme environnental condjtion. le, different types of polyner
precursors may pBFyifert BlawaR N %&Sﬁ%g’ﬁ'ﬂ%"%ﬁ%‘i Eﬁ“’tdrt&%ﬂ%ﬂrg%ef“ﬁ&ﬁi ation (W),

i nfrared radi at ivaboupt E{)rasnde&&ﬂrnglageg\hm;xt@é heat . The abr asi ve/ bi ndi ng agent

m xture is opti mally ch Stfwce i,s.abl dress.. Abrasive is

di stributed hompgenebis yxal " bmeﬁ?mﬁhebac %Ozw PR ¥he surface of

t he fixed-abr asmedlmmsdmbtbeelsmlmsdlegmtho h’«somttafﬁ@mtcame backing $@hi conduct or
wafer dufing pold, 3 digodifiRnd tﬂ@afﬁ%tio@ﬁ&rlc%lrpgn{g OV ASHLARL SR e, 69 substrate

is snoothed, there 1s a need to expose brasi ve. dressing is the
act of exposing @Blrfﬁells%seéﬁbq\’hefﬂsthﬁrqﬂ@d@e@ffh‘i Hesiyebinding sagnireimivteris as a result

of the polishing maq&@&éemm&r?o%@@otéﬁé 20k Ras RBGRI hEIPY Rl devi ce 112
renbves excess IE')raswe/ binding agent m xture romtﬁe backi ng 102 before

t he abrasi ve/ bi Atiiqhgre-prieranddatauseiabiagkad appliciion isxlé%ll retheritieg thsacki ng 102. One

exanpl e of an %hemtaﬁeéu@ehsuﬂmgxﬁ%nwmapa%ogethééf%xmn @eyf@cuum force
generator. A vacuum force generator used with a separator to gather

the excl¥ss unbolrfiprefmblysragiss e aﬂieﬁgleaﬁé AR theﬁi‘“}@f@ﬁ’é“’e bstetndior ve types of

abr asi vel bi ndi ngy, 'fHeaffﬁgﬁﬁﬁai'evzgﬁf"m%yEQ-ZUV'}@&%ICWS& boRbdRfle conpressed
gas bl ow of f nmethods. The blower is used to force air_ 30 over the surface

of the wafer, th@ﬁ’éﬁkfsF‘e&?ﬁ?fﬁhgpﬁﬁﬁ‘dﬁh‘ﬁa‘é[b%“é?&”!ﬁ‘é}gﬁi%?ﬁ‘ai“ﬁ‘&“%gent 3 0 SEP 2001t

VIO 01/ 741--37 PCT/ [ 1fif bkQRBEFnt by BEhathotibxed A il REIRG MYybe used with a
cat cher adapted to gather the excess . unbound_abrasi ve/ bi ndi ng agent

mi xture. The af PPYEFTIGHOHREbY Felting an Riksdeeking 2 Frerampl. whoethg appropri ate

condi tipns whi ClbiraaidSgent ed RiapeH ?{ﬂ&‘;ﬂ&@ﬁ@r iheirhereiRiedtd dxseds e the backing
102- 5 In one errbodl ment, the affixation device provides UV irradiation,

such as a UV | ad@plied abefieqplyaisepramigemixiuee 1 His sppyarsiaifiranditiqas fo cause
abr asi vel bi ndi ngopgeitiatiéd ofkiképBlytnSr precursor and affixation of the abrasive-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



applied as a sheet or layer to the backing 102, the abrasivel bi ndi ng agent
m xture is not pre-patterned because a bl anket applicat] GnSEe PEpdd rat her
t han t he Wé)e&%@ﬁt atic nethod, for exanple. For a bl anket lication, the
af fixation devi c® 10 114 preferably creates the pattern dedl 0yEhe

fi xed-abrasive substrate. For exanple, tie affixation device 114 may be a
UV source Bich uses photomasking techniques to generate a pattern in the
abr asi ve/ bi ndi ng agent m xture. The binding agent may becone affixed-to the
backi ng 102 by TeRsafedlyeiicylates aleng theposass Piitgglfmﬂe@mﬁﬁémmtzkfmqomzhop:or

XL €. | uher © shitin, o B A0 RAUEA1 L thol To AR IRIB LR ARl

i rradi ation device exposes t ap rasi ve- pol ynmer precurs W xture
to the appropr subsératsaneliuctiomand GVPque@ssipg | Beteetzatccasive foundgopiitedrer

precursor and affixation of the.abrasive-polynmer mxture to.the backing
D05 her eby o Aeiar8 bRt proslG R RROVE RSt e Siele Qe dovies

pol ynef i zat i on 162 oldhis the backitig 150 F thtefixeHAbraie Fbstratee TNO Sublend D5kt r avi ol et
20 radi ation ( , jnfrared radiation (IR, laser light, or heat. The

chemi cal rrecha#l\%'é?‘hﬁ‘ir&W&WQﬁ”&W“F@W‘“&%@EW&%P&Wﬁwwsher, i's

used to pl anar iHehakin b2, 30 by SRS HERN" é’@e&'ﬁied-ﬁ&ﬁ.ﬁ ' Grded

present inventi on_,‘::l t ﬁg Cl\’/P sgr/st em 116 | s%"ﬂlln l'1Tne” wt J}ﬁl@ I x%%{ha rasive.
substrat e manuhdditional abrasiyebiodingsgetmiixtite ecandieragpliedor ocess path 106. A

pl aten .25 assenbly.l11 [ osi.ti-oned beneath 1 he fixed-.abrasive substrate
104 and opposite thﬁ‘@\ﬁ?ﬁfﬁ% r?‘?‘ﬁd‘lﬁ‘ﬂgfg%%"%ﬂgpgﬂlgwi B apstaton n g
contrids its positeivaiferRlistiny§steh HiRQl-¥bthfve SB5ESTs cofizpbigs of a COWP
nodul es which can be used in_this process are the TERES rm poli shing

system avai | abFeeeporaied pachsureliehios nsedaithe CMPpedtont , CA. and the Obsidian
Sy T Aol 1 LS B oL 7

enbodi nent of the prese I'n ha cl ose 0op
cl osed | oop bauiaymijlizS52 ndmabnesiee lopriptaieg podishing sath & didokded 2Rt 40 01/ 74537

PCTI USOL/ 09837 :,13 repeatedly circylates alang.th rocess_path. In one
enbodi nent  of gacbl%%tgé!&pﬂozi ggﬂpﬁ’sém%f’ﬂ n-APrgaIy I‘ﬂ‘BSBP"Bg’E_ﬁPﬂ&dM i s used
for mitiple rasnas 0fsdiPI6dAB RS n&miealasmﬁfve%&h@@%@m%

processi ng. Between successive rounds of f.ixed- abrasive substrate
product i on andc@iftpicesafeng, the substrate cl eaning device 5 162 cl eans

(e Sacki 1o, 152 O e3ge el ARLPRI B R R T BB 0

affixed to 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 fal! within

25 the scope of the appended claims and equivalents thereof.



t he backi ng 152, or by otherwi se treating the used fixed-abrasive substrate
so that additional abrasivel binding agent m xture can bﬁ aEISI i ed. The
cl osed | oop enbodi nent shown in FIG 4 allows continuows op atllbn 10 of
the wafer polishing system Fixed-abrasive substrate is continuously
regener at ed plied for use in the CVWP nodule. At required,
each of the vglggl\'}é%znbodi ments described herein nay uti Ir}%?gg{g%g%sﬁ-abrasi ve
| i quid during polishing, such as deionized water, to facilitate the
pol i shing process. The non-abrasive |liquid my be applied via 15 nozzles 32
(see FIG 1) to the region of the fixed-abrasive substrate intended for
contact with a vafgigg There has been disclosed in accordance with the
present invention, a nethod and apparatus for fixed-abrasive substrate
manuf act uri ng and waffadaim: pol i shing using a single process path. Al though
the invention has been described 20 and illustrated with reference to
specific illustrative enbodi ments thereof, it is not intended that the
invention be limted-to GRagerausfigelishing ¢ecrdersdentoraafes cominisioe: skilled in
the art sill recogniZ@nldyatad¥dd dtrh@pst AEkiRPHbde .Gt Qpgmcan be made
w t hout departing fromthe spirit of the invention. It is therefore
intended to " include whPHEIOEHEYISR e ReBtnesYicsdseianedds srbions and
nmodi fi cations t pagerd @ b thaibhdking to %déd&ﬁos&%ﬂﬂﬁan&%raﬁib@orﬁ@ﬂﬁrbg%_ﬁ?| ai ms and
equi val ents thereof. 3 0 SEP 2004 WD 01/ 74537 PCT/ USOL/ 09887 -14 CLAI MS |
claim |. An apparatus fdPspsniEs;ngticned alpegnergessorthaard ebacesiipri sing: 5 a
conveyor adapt echelpatdriia@RRE thefirRA6Hihing dadi@BdtoAepsPaeMBasRBbikding Pat t erni ng
devi ce, t%he patt er ni %devi&e designed to apply a pattern on to the
-backing!®o gui dEETEHBENE PN PackiREabr asi ve onto the backing; a first — ——
cont ai ner posi tioned al oagfhGoA6e psitRAINIARhd-aBRA ato the patterning
device, the first contaj ner |cllj_esi ned to gqe)gosm .an abrasjve/binding 10
agent m xture offfWSRE FAR K dig copfpings the AHPRAER sttion GogRsYSHS XR8%H al ong t he
process path andackih@wpsi wigeHabiaoabibdieg idefitsiixaRMastictdepodild@oal f i xati on
o o O iRy B e BASKL AP WGl FRLESE L 0 "o agent

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.



conditions which cause the abrasive/binding agent m xturg to beconme affixed
to 15 the backing thereby creating a fixed-abrasive subs rttSEP 2Bl a waf er
pol i shing §lgd i Posi tioned al ong the process path and d A5, rom
the affixation station, the wafer polishing station conpri g’l ng-srg%%{ler
carrier assenbly for supporting a sem contiisct or 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 di sposed beneath
the fixed-abrasive 4subs Pé?@‘%tHﬂacé’Bﬁ%%ﬁtPé’fﬁ“Hg Wharelp theaffixation spatiop.  An

appar at us accokgiifdtltRidéahdihdonherein the patterning device applies an
el ectrostatic charge of predeterm ned pattern and density on to the

backi ng. 3. An apparatus according to claiml wherein the patterning device

appl i es an adhesivecto t a%%%{ - 0 -2 1/ 74537 ;
PCT/ USOl / 09887 - 15°4. A‘trﬁlga par a %fogénﬁgotr§§%f§q%he\éqﬁgﬁﬁﬂQV\%Qngaﬁwf‘he

af fi xati on statomprisesmilf¥ laskt r avi ol et radiation. 5. An apparatus according
to claim4 wherein the affixation station 5 conprises a W laser. 10 15 20
6. An apparatus according to claim4 wherein the affixati-on station

conprises a W phot ognski A apgieitisRcoring 0 cRBRAANHedSin AP Liddd shfiog! @i M |
wherein the affixation station emts infrared radiation. 8. An apparatus
according to cFempisesaldyY phefompkingdeviceat i on station enits heat. 9. An
apparatus according to claiml further conprising an abrasivel binding
agent renoval 'station positioned along the process path and adjacent to

the f1@st contai ner7. t heAn eppavaths &caddingto dhih dRdbréin teaifBx ol SEEEH

abr asi vel bi ndi nq. ent, m.xture fromthe surface of the backing.
; eguts ?tgiared radl)a(iﬁon. . o 9

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; |



10. An apparatus according to claim9 wherein the abrasive/binding agent
renoval station conprises a vacuum force generator. 11. Atﬂ @tus
according to claim9 wherein the abrasive/binding 25 a@;e t%?@ al station
conprises a conpressed gas bl ower. 12. An apparatus for polishing a

sem conduct %0\6@;3{7 f:orrprl sing- a conveyor adapted to trf%}?lﬁo‘gff"tgfsq backi ng
al ong a process path; an electrostatic patterning device, e'electrostatic

-patterning device 30 designed to apply-lénh el ectrostatic field of
predeterm ned pattern and density onto the backing; 3 0 SEP 2001t WO

01/ 74537 PCT/ QSOL /09887 , 518 ol lof otsitﬁg@ﬂgg,@@g pROAL bluPRadaalang L he process

path and adjacent to the electrosta 2r hi ng devi ce, st
cont ai ner desi grkscelacyosiuio patiamingdeviah thrdirsy egokdineddosgnealge deposii st ure onto t he

backi ng, a pol ygeLii¢abihfl SkalhifteRAS il 2d&y; al ong the process path and 5
downstream fromthe first contalner, the _gol yneri zation station configured
to expose a backing upoAPHHPEHAUGHSREPRAIFBPIFHRNEE g RRECSHPE ide has been

depositesl to0 C@BEhitiean FomihaoiistGausfertheoditeasiivebibion dbifgurRgent nmixture to
becone affixed to thF gacki n land cr_ee?%i ng a. fi xed-gbr asiye supstrate; and
a wafer polishi fPStaPIoETE PR G iRE Y ‘H@%taﬁ‘é“‘&“ﬁ%f& % hse deradtet 10

downst r eam f r omtd fmditiohsywiieh cadk ileAbatiedtieing dgée mvadire fo aednedfixg (st at i on
conprising a wafer carrier assenbly for s rtipng a sem conductor wafer
and for transp ettiaﬁﬁ"gtzw © atfrglﬁrgl’)‘?)'bfﬁ“?ﬁ%&g%bﬂ‘pate such that the wafer
contacts the surface of athafer polixtéd) stdtiviagisiviencgulsg rhapencesapath andsubst r at e
support. di sposed beneath the fjxed- .abrasive substrate and opposite the

waf er c%lofri er. %%qug?a Emrgﬁ eaﬁp!'ﬂrﬁrslza “2:“05(53(?i lT|J"nlrg‘;eVf'a('il)'er(":,’f’lg‘;lslﬂitr[?‘gitit“?nurther conpri si ng
an’ abr asi ve/ bi nahpripinggenitfer carienassembly &risgupopiosa tamicvediical onfyr idddopr ocess
path and adjacent to the first nt al ner e re al station_having a
vacuum force génerator h&éﬁgfebﬁgg%t esalbsgiﬁf/sué"ﬁ &gtcth%‘%%l]@/%ﬁp&%ctf %‘e FefSve excess
abr asi ve/ bi ndi ngf e fiaglebtasing substrae, dndamuitstige sppdradipost békvathtadkiedg; 14. A

met hod of creatiyg i‘%SLé%ﬁp%raﬁs‘?pﬁgéit\é%E%% )sirate and sinultaneously polishing

a sem conduct or Wwat er
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



provi di ng an abrasive/ bi ndi ng agent m xture and a contin OﬁsééPiﬁﬁ novi ng
backi ng; applying the abrasive/binding agent m xture to th nt lhousl y

~nmovi ng backi ng, fixing the abrasive/binding agent m xtur t he _
continuous%@ﬂﬂﬁ%%%ng backi ng thereby creating a fixed-abraSF%ﬁE@UE%??ate;
30 and polishing a sem conductor wafer wjh the fixed-abrasive substrate
in a chem cal nechanical planarization process, wherein the acts of 3 0o

SEP 2004 WO 01/74537 PCTI US01/09887 -17 affixing the abrasive./binding
agent ni xt ure #fdxingdheahrasivadeinding agend miguisdekherpntipuresiyohegng bagkirige

concurrentl y.  Segiphink e BicopA G AR 1R Rl Rl O

sel ect ed from pdrformgd copuaendi. st i ng of al um num oxi de, ceri um oxi de,
manganese oxide, silica, and dianond. 16. The nethod of claim 15 wherein
the abrasive conprises silica. 17. The nmethod of claim 14 wherein the

bi ndi 5y agent is a 0! Yk metiod of Eiem TEtWHREEIR thewbaisiVe IkseleRidSiom e bi ndi ng
agent is a polyner precursor. 15 19. The nethod of claim 14 wherein

af fi xi ng the afc4Broesisingof Alyminyanexidescgtivp oxids, marganess EXidgotilitay anbvi ng
backi ng conpri §ggofixP0osi ng the continuously noving backing to heat,

wher eby the abrasive/binding agent m xture becones affixed to the
continuously noving backing. 20 20. The nethod of claim 14 wherein affixing

t he abrasi ve/ bi ndi ng. agent i xtyre.tq_.the continuously myvi ng backi ng
conprises exposing the g@ﬁﬁmp&mﬁéﬂq}?ﬁe%ﬁ@ﬁ%ﬁﬁw ?H‘f‘?eﬁrsgi&a-r adi ati on,
wherefgy the abrasive/binding agent m xture becones affixed to the

conti nuously novi ng backi ng. 25 .
: . 1 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



21.. The nethod of claim 14 wherein affixing the abrasi V%}&i ndi ng&ﬁgent
m xture to the continuously noving backing conprises ex %Pt
continuously noving backing to ultraviolet radiation, whereby the

abr asi ve/ bi ndi ng agent m xture beconmes affixed to the continuously noving
backi ng. 30@? ?‘gEP 2004 WO 01174537 PCT/ US01109887 -18 22. The met hod of
clai m 14 whefePW¥e backi ng conprises a continuous f e8GTFEN%%823 The

met hod of claim. 14 wherein the backingtgonprises a closed 5 [oop. 10 15 20
24. The nethod of claim 14 wherein the abrasive/binding agent m xture is

removably affixed ta,the_backi 25.. . The od .of claim?24 further
conprising: renovi ngzzat Fgea %ﬁ"ggﬁ%'?‘{‘ﬁ Iérwmgﬁp"?h%baﬁ PREMETBPndi ng agent

m xture fromtkectaokifeedradf a first fixed-abrasive substrate; processing

t he abrasive/binding agent mxture to renove at |least a portion of the

bi ndi ng agent fromthe abrasive; recovering at |east a portion of the
abrasi ve; and using $he Feoeedefclaiprigdytboremthe hapldngrompeseae closedof a second
fixed- aprasiveisybstrate. 26. The nethod of claim 24 further conprising:
removing at |east a portion of the abrasive/binding agent m xture fromthe
backing of a first fixed-abrasive substrate; recovering the backing of the

first fixed-abrasive4subsiemdied of QiiRNARMIBGInAhSBRERNELhdiXeth-Alt RSV e

substrate i ncor poratl,ng e, '\ sgyered backing. 25

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





