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| TLE POLI SHI SEM CONDUCTOR SUBSTRATE BACKGROUND OF THE
| NVENTI ON 10 the Invention. This invention r&0dAMJABY22003

pol i shi ng pad usé@?"“ﬁ”or the grindi ng, |apping, shaping and polishing of
sem conduct owoubsed ates, wafers, netall urgical sanples, npé@ﬁ%gﬂlgé,}(
surfaces, optical conponent, |enses, wafer masks and the i ke. More
particularly, the present invention relates to polishing pads used |n t he
chem cal mechani cal polishing of a sem conductor substrate and nethods for
their use; 2. Discussion of the Relatpggyat. A sem conductor wafer
typically includes a substrate, such silicon or 20 gallium arsenide
wafer, on which a plurality of integrated circuits have been forned.
| nt egrated circui tROBISHINGPADSIFOR ASSEMHGGNDUMATOR SUBSTRAXE i nto a
substrate by patterning regions in the substrate and | ayers on the
substrate. The layers are generally fornmed of materials having either a
conductive, insulating or BAGKGROUND O THEINVENTIONTr der for a device to
have hi gh yields, it is crucial to start 25 with a flat sem conductor wafer
and, as 0 result, it is often necessary to polish a sem conductor wafer. I|f
t he process lstepslr'@odmdlgeeﬁtmhri cation are perforned on a vvafer surface
that is not plangp, various robI ens (a result in a large
Wie

n oc iC
nunber of i noper IY¥EN e t?ﬁo?" &P “%g pi"ﬁufevé!gfqrc'ﬁ?i dingy leg’

semi conduct Oghaping @8 olshird bf: sdrhiSondudtor SubIRAES SuTers,t BethiBirpicalon/iE] ve | ines
or simlar 30 strlr:cﬁture above previ ousl y formed structure. However,

prior surfacBeReRnEts Hifass; epfipksprnonetelentss wifes ’éésé‘staafaél&r]élﬁhyMﬁ\‘e a waf er

hi ghly i i egpdrBéulariyl it Presans anv%ﬁtﬁ@ﬁre@itesui&eﬁﬂlﬁhmg|}ﬁﬂﬁbée‘énm fht QueiRal trenches
and other simlar types of surface i rrﬁe}% arities. G obal planarization of

such surface@e?t@mﬁéd’@g%hé‘?%/oftaée’éﬁg’ﬂﬂuéma e @%ﬁ?‘l’flsé‘?r theit¥ss: duri ng
photollthography, as well as renoving any irregularities and 35 surface
i nperfections during the sequential stages of the fabrication process.
10 JANUARY 2303 \Riscussiop uhithe RefatedsArt) 15629 -2- ' 5 Al t hough several
techniques exist A%eﬁ’b%H&xx%toWa‘i’ér @gﬁ%ilgﬁﬁcﬂhé&n%hﬂs}f tep&faﬁeaésae&h@dﬁp AR
chem cal mechani cal anari zat1 on I ng tec ni ques have achi eved
wi despr ed® ugalljen tatselpdewaﬁer,pe wiich spipfalityeofantegated ciscudig hiayrgbaeh éorpadi ous

stages of de t LA tQ L I and
rel igabi lity. M#%?é%ﬁg{rgﬁé &Eg%bﬁgﬂﬁﬂe%%%fﬁy%g@ \éﬁ e|%ng"( Ck}&gg ol ves the
circul ar not pastermifg aegldhs waftbe substrate andc Byers c;!lnl thd shbstraiar d‘hprlemﬂla@ with a

pol i shing pa r Wi t-h ﬁ-glnv Lon t ypi h y-active,
pol i shing sl en%%WT?/’%ﬁ%%%I of Im%ts [ ﬁg%g‘glhg gi\%elrl éblcé@dgyvegomﬁﬂr% o
applicati onssenscmiduamgﬁmare dnerden frfaatevige ehays ihigh ywelddy itg fruciahig startgi d pad

materi al 35 angitgaay ﬂBeser%lic%rslgdcto're\gafér ’hraseg result, it is often necessary to polish a

semiconductor wafer. If the process steps of device fabrication are performed on a

wafer surface that is not planar, various problems can occur which may result in a
large number of inoperable devices. For example, in fabricating modem
semiconductor integrated circuits, it is necessary to form conductive lines or similar
30 structures above a previously formed structure. However, prior surface formation
often leaves the top surface topography of a wafer highly irregular, with bumps, areas
of unequal elevation, troughs, trenches and other similar types of surface
irregularities. Global planarization of such surfaces is necessary to ensure adequate
depth of focus during photolithography, as well as removing any irregularities and

35 surface imperfections during the sequential stages of the fabrication process.
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~groups: polymer-inpregnated fabrics; mcroporous filns and cel |l ular pol yner
foans. 15 For exanple, a pad containing a pol yurethane resin inpregnated
into a polyester nonwoven fabric is illustrative of the ¥ JANUMRNIB008uch
pads, illustrated in Figures | and 2, are commonly nmanufactured by
preparing a g89h2sous roll or web of fabric; inpregnati ngpdragseb/deid ¢ Wi th
the polyner, generally pol yurethane; curing the polyner; and cutti.ng,
slicing and buffing the pad to the desiZed thickness and | ateral 20

di rensi ons. Polishing pads of the second group, are shown in Figures 3 and
4 and congi st of m r flk o d 0, eri al
which is %ften an i'&ln%h%g&% eccriﬂf %%ﬁr]’?@%(s)féx% etof ?I?Sé& g‘g”(ragehpsfu?ff%gzjgm%gt ous filns
ar e conposedpotessessaploaymngathemienl mechhiiyal planenidation ot pdishing tedhwykds hdve cal
pores. 25 Polishing. pads .of the third.qaro are gl osed cel |l .pol r foans
havi ng a bul B FRIdESPTeRdbanee i paseias e ity of e oo e HecmroBalies i n alt
t hr ee di mensePdsviceAtabfivadioplie odder SolGipeovp adeltl S pérépmense ndnddrelisbiklyguines 5 and

6. The volune porosity of c¢losed .1 s pQlyner foa i S pi cal |

di scont | nuoUETEEhETEB) FRBIER RS ITUR (S Py Y Enah e Rien e ¢
transpor toi swafes ufidfl a doholpd ddwalvardapredsiiteciitt b polishiigupRidsanirittd 3@hahannel s,
grooves or perforations, tg’ ihg]grm{e I_aterﬂ,l .slyrry transport during

pol i shi ng. Ffﬂn"%l‘t’ﬁﬂ?letya’éfl 19 wahé-&%{éle’im SHFE ¥HE t hree mai n groups of

pol i shing pads, thgidal gﬂmﬁgtpﬁds@@hm&@ﬁimmﬁg@ plicaB6hs| §ichaH aMQ A

Publ i cati on No. 6/ 15887, t he g{ge_q fication of which is jncorporated
herein by remanistued giipgpoth spft @abrigigined enalstialiand nay bepdpssidied iy tseeds ar e
descri bed 'ngééugéz 88131@;% atfd I‘a%ﬁcéﬁacrgéor&ﬁlﬁlﬁﬁ%d Saluthr YR Rame, 994, 141,
5,020,283, 5,1 7,59 , 5,217,910, 5,297,364, 5,394,655 and 10 JANUARY
2003 WO 0®| oBorgsameiyy 4 Rdgpntaging a pplyuretpng resgoinpaagnated e p pely¢stas aoRons  of
whi ch are al ] e I | ; ferience. In
order for VB Sadrahor eafvEiof it abhe, (e Pads, SR i s Bl

pl anari zat i oh, arg|cammpniyempagacjured 8y direparing @t ¢aptingays trple qpovebsef fgricur f ace

becones irrpoqﬁ]@g, : -0 cl.a operating
at high rot at | Oﬁ%ﬁtl%ﬁzﬁ%gﬂg#He%pé@gﬂ%gﬁﬁﬁﬁ%%ﬁf;@g, ds“?‘b#?‘ftpp OW 'acr 0ss

t he poli shi napdpadtingysligingeand dufling thenpadnitd dhendesiteds tickgess atrls latgralor
surface %Jalg;ij}r%%g&{spss the substrate or article, or deterioration of the

pol i shing pa a result, various efforts have been nmade to inprove
slurry delivery. MPolisiexgpadk ef thtséSondPaveareNdhowb iMBigur283 and4 Gialodongst al .

di scloses th e of |ar and,smal |l _fl ow channel s t erm.t transport of
Sl urry acrosd HEFofbious ibBall" Bl Rosied g8 FERT ol T oBERE”No.

5, 533, 923 t oinfpinepmated Fabrienf tht fiadt grotlp.s Thezs psroas filhs B& compapedlofensetésdfct ed t o

i ncl ude condyits,whi.ch pass.thro . | east a portion of the polishing pad
to permt fld%évr\}l%%ly P ﬁgt%loﬁ??sgﬁlqFnﬁgcyﬁﬁ%}c?'{goregl mlarly, U 'S. Patent No.

S, 554, 0625 t 0 Br ei \Potjsingepadalof thiethirdi hes @re pidsed bélhgolpmer amk aaingg spaced
apart holes to distribute.slurry across. the rface, Alternatively,

U.S. Patent tf\‘gk p%rSS'é', E’f‘?s‘s%ti’“f‘ mgéﬁngoxg{]y S?rﬂlﬁ‘l%{éc‘f‘@ileta’eﬁ dﬁ)‘ﬂf@g’&?f orced
system t hat Ahkxingplé 6f sutihe paOnefredefiRd iy sanwal Bhe @ilife poBde) ¢f0 cycl e
peri odically i ni num (] lurry flows into space between the

beéwe?n l.e. ail ry |1
waf er and pad9sed SeHlshelymesdeamy §dwpiqally discontumouse thereby dphitiimp hplk §lUrgr ¢ he
abrasi ve nattwngpdf, WiRrePaer} @aepbedes H&ﬂemﬁegac&wré aftBikially texturBR Wit S

5,489, 233, 5,533,923, 5,554,064 and, 5,562,530 are each incorporated herein
30 channels, grooves or perforations to improve lateral slurry transport during polishing.

For a more detailed discussion of the three main groups of polishing pads, their
benefits and disadvantages, see International Publication No. W096/15887, the
specification of which is incorporated herein by reference. Other representative
examples of polishing pads are described in U.S. Patent Nos. 4,728,552, 4,841,680,
35 4,927,432, 4,954,141, 5,020,283, 5,197,999, 5,212,910, 5,297,364, 5,394,655 and



25 by reference. Al though known polishing pads are suitable for their

i ntended purpose, a need remains for an inproved polishing pad which

provi des effective planarization across an |C substrate, 1QAENHPA:RY)200& use
in CVMP processes. In addition, there is a need for polishing pads having

i mproved poly,ghhigesef ficiency, (i.e. increased renoval rat®eusositsetomPr oved
slurry delivery ?Q . high and uni form degree of perneability of slurry

t hroughout pad in all directions)) irrp'r:b‘ved resi stance to corrosive
etchants, and |l ocalized uniformty across the substrate. There is also a
need for pol Rad .gondi

condi ti onlgngsrﬁrggtﬂgds a?PcfElflﬁﬁétO?lg%rq éghr g%oéll ?i&g‘ne !ﬂgpﬁ%hﬁllcﬁ%lg c(ljrre havi ng
t o be repl acetirety by referdride.J ANUARY 2003 WO 001 02708 PCTI US99/ 15629 -4- ' b5

SUMVARY OF THE | E T rese inventio ates to hlng pad
whi ch includes a Néﬁr < F:@HJO aﬂ%r‘%‘g ?}ﬁglf]ga{]gh"ﬁ%u\?set mv@%r d°particles
of syntheti CplamnzmonThmnpode}ivSrysattastirs&tbatnms t6 s ap@hﬂﬁngzeukfday tecatnest or m
conti nuous and tortgous ﬁg}rconnect ed net rk of 10 gg*‘ g Y 5 ssages.
The present FHRPEAR ﬂr@?@d’o 108 OCHES SSPHHA é’ﬁl?qs@o?)eé ing &4 high rafats % surface
and a boté ompeetdsforpresaunet, iadayiate Slubp FowCLrdse theptlishifig il Mas gide sikd 8 | ayer on
the bottom surfac but .not on the top surface wherein the cells are

connect ed t ht fif POHRMNGFIerr RACK SHidace Aol Acoes thyrubstrafen @y aTigle 9t ¢ he

bot t om sur f ageterfokdtidn oA} polikhing Had.PrARSE Msult, VBB forR 0e bednddngde 00 a
polishing pad that does not swell in the presence of water, acids or alkali

and wher ei n HHEOYSINT, Belgry oEeF emplse U-SnBated Ne: 00479238 46 Fpkvidtal-abl e.

Furt her mor e, qibdiGsePth8 6N 1higY BRH 4l fichy ShaRRlI ﬁmeﬁgn m«aﬁ’spbﬁ\ér s a99§st om
surface that is essentially inpernmeable to polishing Slurries

addi ti on15 t hiée pyréasepf FWGNNW pad. &.pdlateshNags. pid a\vﬁhgmahlhm/@tr%ge por e
di aneter t ha&lsdl&eé:ﬁpﬁﬂhﬁg i QRbthR a9 ldcﬁdw@é @Imn B&B tl{raﬁgﬁxsaé lr/ga&*a | ow

non-uni formty. thif's 1nvention I's apo |ng I nproved
pad/ adhesi vepqrtlﬂnewfthe@ohshm m981te prinniyflow of dfe mdilehlpg elvamit Similarht oh i s

useful 1N 8 PhENGS5ELYs0h piay 00k Lol AeARR BRI ikt BT UL 21

chem cal ani cal I shi ng ‘cations and rve poli Shl ng
with mni mmapstt rllalesm distributel Shie'fr'@czmse theJphd kefac@nze(bmaltrynb[l U Pasht Mg pads,

the poli nfg OQ@kul%}sLQ ?ifi dfggla?ed 3'3’:“ sga)forged &? Jbgﬁo@% f&% ?I%Lc{gg'g assur es

controllalesurryrm I'e”a directly
affecting poﬂorosﬂnohlglg}mwﬁﬁr m;x(aq)admjcmg\pmkhcalﬂy bétwememnnmmimm ehurrgo

manuf act uri | fi ons. arti,cul ar
pol i shi ng pg% lgﬁ)h%i(foerbeeg"veen Y %f %aﬁg Aogla’fl‘glélal ?eis auﬁéql(?%epous
st ages of | @ut abowvingtfootheiabrasivajnatued btheV]ilaﬁho ceddeahd wafedlsupfak). si.g1g

71 ow whi ch | A POPR AP OCt En PR SFORRD e dh T UL dHBoai ment

thi's i nvemt iyrefesenee.pol i shing pad substrate. The polishing pad substrate
i ncl udes sintered 81au hlgllo%% p%fxshtnbgegagDEreasgltta{bfe tror ﬁmr mt(-el;lr;lied Bl?rlp{)s:sep zll ne%dpad |

remains for an improved polishing pad which provides effective planarization across

an IC substrate, especially for use in CMP processes. In addition, there is a need for
polishing pads having improved polishing efficiency, (i.e. increased removal rates),
30 improved slurry delivery (i.e. high and uniform degree of permeability of slurry
throughout pad in all directions), improved resistance to corrosive etchants, and
localized uniformity across the substrate. There is also a need for polishing pads that
can be conditioned by multiple pad conditioning methods and that can be

reconditioned many times before having to be replaced.



+10 JANUARY 2003 WD 00l 02708 PCT/ US99/ 15629 -5 5 substrate has a top surface
and a bottom surface skin |ayer, and the pad top surface has an nean

unbuf fed surface roughness that is greater than the meantQdAMJIARY 2008ace
roughness of the pad skin layer. In another enbodinent, this invention is a

sintered urelRanfnesi N polishing pad substrate having a tpPrEshses, a
bottom surface having a skin layer, a thickness of 10 from 30-125 mls, a

density of from0.60 to 0.95 gmcc, a 'p‘bTe volume of from 15 70% a nean
top surface roughness of from 1-50 m crons and a nmean bottom surface skin

| ayer roughness of |ess thasummﬁﬁﬁsr Eﬁ@hﬁﬁaﬁ mean surface roughness
ayer is an

of the boftom surface skin ess he nean surface roughness of
the top surface. 15 In still another enbodinent, this invention is a

polishing pad. T olishing.pad, includes,.a polishin d subst rat.e that
el udes s, nt er ed BAPEFRRERIR R e e PR e BRLFIch D NBR R B o
substrat e haporaud supsteite havirg simeted plrdtieoof syuthbicesiakiThelpayoms sutstrate ife pad

top surface has an, n unbuffed surface roughness that is, greater.than the
o Ut £ o AR AR OF A nis coPopRE fad HRre Pl Rhek HEBHOPT Shing

pad 20 aliso tapelladdessagedracki ng sheet, and an adhesive | ocated between the
backi ng sheet and the bottom surface skin |ayer. BRI EF DESCRI PTI OF THE
DRAW NGS 25 FI G 1lhedresentdnysaioneplsa fé‘éFFEﬂNﬁ%P’BQP%PﬁW(@B\}PP HrfacHand op vi ew

of a comer chabftom svrdict amdl thl@ﬁ"isygﬁﬁ ©hIBa 88 R @thaR @l skBNb oRake BiolNe pri or
art at 100x nagglflcatlon. FI G is a SEM of the cross-sectional view of a

conmer ci al | ysuipss Puiprboh e yersutrerivisgein thereBo e sppnsgted Sogghoutfle pad or art

at 100x nmagnibinGRd dop BurfadQudit Bey Fead 1R botedth lredcBSkih @Rer/i €W Oof a commercial 'y
avai l abl e m croporous filmtypé polishing pad of thé prior art at 100x

magni fi cdfi on. Fl Ghegressnianwmipnplse Frlates osspalisking oadrhay ey nof swell in
commer ci al | y gyl ablfwikC hARCS UG ilahk Wh%r\éﬂxﬁth@?é é@!sm@acgg& 6d rehfifedPr 1 OF art
at 100x magnification. FIG 51s a SEMof the top View of a conmercially
avai | abl e cetdhgl wedijyovsiable. 35 foam type polishing pad of the prior art at

100 egn 121 oyl LSRR 000095 08 FETLLRRRISORE, 6
that is essentially impermeable to polishing slurries. -
20 In addition, the present invention is a polishing pad having an average pore
diameter that is capable of polishing IC wafers at high rates with low non-uniformity.

Also, this invention is a polishing pad with an improved pad/adhesive
interface.

The polishing pad of the present invention is useful in a wide variety of
25  polishing applications and, in particular, chemical mechanical polishing applications
and provides effective polishing with minimum scratching and defects. Unlike
conventional polishing pads, the polishing pad may be used on a variety of polishing
platforms, assures controllable slurry mobility, and provides quantifiable attributes
directly affecting polishing performance and control of the semiconductor

30  manufacturing process for specific applications.

In particular, the polishing pad of the present invention may be used during the
various stages of IC fabrication in conjunction with conventional polishing slurries
and equipment. The pad provides a means for maintaining a slurry flow which is
uniform across the surface of the pad.

35 In one embodiment this invention is a polishing pad substrate. The polishing

pad substrate includes sintered particles of thermoplastic resin. The polishing pad



rcel lul ar polymer foamtype polishing pad of the prior art at 100x

magni fication. FIG 7 is a SEM of the top view of a sintered thernoplastic
resin polishing pad manufactured with 12-14 nil urethanelQ ANVARY Q088 in a
nold sintering process at 35x magnification. 10 FIG 8 is a SEM of the
Cross-secti O@E|00/w7ﬁlv of the polishing pad of Figure 7 at 3iqi®gistd cati on.
FIG 9is a SEMof the top view of another enbodi nent of a polishing pad of
the present invention at 100x nagnifi catfon. FIG 10 is a SEMview of a
cross section of a sintered polishing pad of this 15 invention that was
manuf act ug ed_] I I i | - i g a
parti ol o 5 7 eoPrl R s loPhBhE A3 BRARITC LRIt EhARESA RRARERED B |
pad i s shownari mesrhentuéfed etirfach eoughugse grad phgredted than ke theantunbufdd surfaeer f ace
portion of the pad i oride tated in the bottom of the SEM m crograph. The
SEM ni cr ogr afﬂ’fglggﬁs ?‘i?(eepr‘? & mgﬁfr'rragni fication. 20 FIG 11 is an SEM of a
Cross section Vi €w anbther ahttddenan, tiiscihvention ises sintepsl wrsthamegregiapolbishiighi s

i nvention that S nuf act ured. b belt sinterin rocess,. usin r et hane
bar 1 el o6 hastd bRl g faotisiacs a oo purBr o bk YT DB RASR O o

great er uhanfr&e 01 Mk b ity vE HOEM.B@S 0.0K ghv/dd] a poeGroluifegst fiant a5+ on.

FI GS. 12A ando 2B are si d%scrosgl?sec | on_ vjews of %{Pe ti?rgbcf)orti on of
sintered 25 (FatRFAD PREFHSHINS eé%%‘%“?‘%ﬂr JrigERs ant @ PRREOTHITEIT RS whi ch
have had t heikin a9 ﬁiﬂ%ﬁxﬁ%‘@f fed hee20 hitRorsEMetdin e mldal surfire Rivgheeas 6fon. The
pads shown in FIGS. 12A and 12B were both manufactured by a belt sintering

met hod usi ngth@rhettemwriastoskin Jyas is lessothan thg mean suifacg raugbpsss Arths fPm | ess
than 200 nmesfy, e 9reater than 50 nmesh. The surface of the polishing pads
were buffed usi ngI a wide belt sander using a 30 Iess than 100 mcron grit
pol yest ef5 backed latstB enetberismbodinenizthis iypntipnds 2 pplisdhing rade (e 261IBEY vi ews of

the top surf : : Uy {.N
pol i shi ng pagﬁgwﬁc}%&%lsTg'i&i%lrll%/?ﬁéﬁr#@?ﬁ%ﬁ%@?%gchng%ﬁ@%?g?%gh’lgi&ﬂtﬂ%oﬁﬁiticm ering
process usi nigsity dhhaslshingmed erbstath hed y dommsupiaee nsll acbostomesurfagegikingayst, fr om
about 200 ne t ' | ef f ect
of sintered %@g&ﬁgﬁdgagga&%ge@gggmggrfgﬂa%%@rcé5%%%%;@2%%2%%% formty
fol | owi ng pothe skeiap gnbded shirfadetreughnesgiof thespad bpgom /iRy Thea®limepd02708
T U899 208 infludes MELARE PRt aROLEHERIPLELed QbR shdaPantt 211 o
represents tungsten wafer rnwafer non-uniformty ( I’ percent.
FIG 15 is athpbotomnfsutfanegkindayemaf er t ungsten renmoval rate for several
si ntered urethane polishing pads having varyi ng average pore dianeters
where the X-axis

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1 is a scanning electron micrograph (SEM) of the top view of a
commercially available polymer-impregnated polishing pad of the prior art at 100x
magnification.

FIG. 2 is a SEM of the cross-sectional view of a commercially available
polymer-impregnated polishing pad of the prior art at 100x magnification.

30 FIG. 3 is a SEM of the top view of a commercially available microporous
film-type polishing pad of the prior art at 100x magnification.

FIG. 4 is a SEM of the cross-sectional view of a commercially available
microporous film-type polishing pad of the prior art at 100x magnification.
FIG. 5 is a SEM of the top view of a commercially available cellular polymer

35 foam-type polishing pad of the prior art at 100x magnification.



+represents the average pad pore dianmeter in mcrons and the Y-axis
represents the 10 tungsten renoval rate in /mn. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention relates to a poli shil@gAMdARY 20603

i ncl udes an open-celled, 15 porous substrate conprising sintered particles
of syntheti g4 &uhkfts The pores of the substrate are characteqivg®ds@s havi ng
a uniform continuous and tortuous, interconnected network of capillary
passages. By "continuous" it is neant “Oftat t he pores are interconnected

t hroughout the pad except at the bottom surface where an essentially

| mper vi ous Dot ¢ Ok s L2 SRl G e A PESRAUERIP WHiebleNd 20
process. The porous pofls Ing pad substrate is mcroporous,” i.e. pores are
so smal |t hatellolaeyolymer firm-type polishing pad ofthe prorairtcrt dfOxamagnifica@ope. | n

addition, the por r i i but e 0 h i .dj ractions,
as illustrated i I’Ilﬁ é’l g‘ﬁ%@g&f&? %Et)’?et“&gansg@%?&lh?én%é%aggeﬁﬂgégi#é@;e& alﬁs readily
wet t abl e andpanufeeturedowitti H:14Annd drethiine edsinaspieres iamamadld sinetihgprecdskhetr3wpl asti c,

t he poli shi nrg %afd i.s nonswelling in the presence of 25 water, acids or
alkali. It iC2& &8 "Yreferred that the pad be manufactured froma single

mat eri al 1650 t hat HIG. § & alSENDGLME OrdSs-debtichalRaew iof tHepohdhihg faddBIghtt 7@t cont ai n
unreact ed thernopl gstic precursor conpounds. The polishing pad substrates
of the preselXMagPdsi®n are prepared utilizing a thernoplastic sintering

process that applAi@ss FaBEMbf fhe t6Ovibw OF arbtiter RRYedithembral pylisHINEPddCof Pr €SSUT €
to achieve the desired pore size, ?or95|ty, density and thickness of the
1

substrate. TRePEsnHnveRtion Al 00y magytigativsur e means | ess than or equal to 90

psi and preferablpyg! g5 o S1 vidw 8fl4 Blosd Rclléh 54 sinfetedi politARsd pddr &ftBir ed t hat
the thernoplastic resin is sintered at essentially anbient ‘gr essure

condi ti offs. Inyenkew gt deparamefietusd ipremolhEnETieE STosessomingyHERAS ¥sipesi n
used, the pqla'vﬁqg'arlagni@feqizm%}nrg@{oﬁ A3 0 tFes o ouPMRIAAE. RAL pdf AFEL er
between 1 um and 1000 um Typi cal |y, e average pore dianmeter of the

pol i shi ng paddéushown i e fapl df theamigeogfaph whild thetboBom gkinlswiface pegionnf tha 10
JANUARY 200 9 ddig, 1 ; gy, 1.e.
pore vol ume,SPa et %%%@gdgﬂé@a%ﬁgg%&m qap%'r eltrféér g@%yﬂggogv@grﬁ%S% and
50% has bedpkeh@tifx megnifiedtidn.accept abl e pol i shing pads possessing the

necessary, f| exi bighht y) %ﬂqn%‘ﬁwl?}f'é Ebsd BecHSE viehf 0P 3V Snda2d &%ﬁﬁ{enﬂe gd that
si ntered urethane pads having an average pore dianeter of fromabout 5

m crons to glebshtingpd ofithis iomention tet wasshanufasfuseddiyl abeltsinierimg pi@eslvsing 10
mcrons to 7 1 G re..excel l ent | 0} i shin C wafers and give
ol | shed. v i PRl € aARy ofu e b ol P S0 Sl "hof | she
waf er surf agkbamWmeshiviherein thy SBMabdsttakepar astxtmeagnification. t hi n waf er

ngégm ;g;-m' T %/ I( ) Y%%\ﬁ%é]%’fi égﬁ\ég\ysigg crgsstsgcrh%lsl tvxeer\}vsvg%td%rto;i) %orliigl? of ;[ir(la’cgregl s a
25 urethane thermoplastic polishing pads of this invention which have had their top
surfaces buffed. The SEM is at 150x magnification. The pads shown in FIGS. 12A
and 12B were both manufactured by a belt sintering method using urethane
thermoplastic particles having a size of from less than 200 mesh to greater than 50
mesh. The surface of the polishing pads were buffed using a wide belt sander using a
30 less than 100 micron grit polyester-backed abrasive belt.

FIGS. 13A and 13B are overhead SEM views of the top surface and the
bottom surface of a sintered urethane resin polishing pad of this invention that was
manufactured by a mold sintering process using urethane particles having a particle
size ranging of from about 200 mesh to about 100 mesh.

35 FIG. 14 is a plot showing the effect of sintered urethane pad average pore

diameter on tungsten wafer uniformity following polishing wherein the X-axis is



+by dividing the standard devi ation of renoval rate by the average renoval
rate over 15 the wafer and the quotient is then nultiplied by 100. The
renoval rates were measured at 49 points along the di anstJANUARY 2088er

wi th 3mm edge excl usion. The neasurenments were nade on a Tencor RS75

manuf act ur edyByodthes™ Tencor. Sintered pads of this inventigiyuddassdd an
average pore d| arreter of from about 5 microns to about 100 microns are able
to polish tungsten wafers to give a pol1shed wafer having a 20 tungsten
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orbital speedrethane? B6lishing) pads Shving Wafyingvavietige pofe didfdetets/ where the dedxisa P
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(W) IS aoneal%ggt@l@ﬁlotd]eatmwﬁmn peak to trough 30 hei ght of the surface
wavi ness. The di stance between the wavi ness peaks and troughs are greater

t han the distance between individual peaks and troughs which are neasured

to determne surface rsgREANGIS DESCYGPTION CIEPAE INVENERNI € of the
uniformty of the surface contour of pads of this invention. Preferred

pol i shing pads of this i nvention wll have a surface wavi ness | ess than
about 100 mi cronsrgy HverorReRieSt &imﬁxﬁéﬁa&»bﬁ‘i@h RRRHEs AAdpli- EJIEE'S 10
JANUARY 2003 WO 00l 2708 PCT/ US99/ 156 w de range of

convent i dhal PArps FAbPTais Eqreprising] mernwamlewéamthﬁtlp tesitpr dbemorep @i &et i on
provided thaf,tig r5si %rngﬁé fhgﬁﬂ%' ot Gmi’orx‘rnop@o%uﬁﬁJuLeQnds%Pﬁ&J{e WSt e

utilizing a sintering process hernoplastic resin inc

exanmpl e, pol intareophestadoratwiak of ghpillary pedshgesr iBye’ contjtuons?’, it s meantd ¢izt ltmns

pol ycar bonat t ol yam de,
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t her eof . Typéssetinly impervious bottons sldatlaymlfblynswufmgpﬂhbllbw wessurs siagalgl e of

being re d h d a surfactant, dispersing
aid or o? ﬂergrgﬁerg%(agﬁg (l?rrglésnggﬁs{u? & pafﬁ&ggﬁte ’selgl“ctrﬂ)gfouts’hlee PRE? r?D ﬁo oSt :ﬂc resin
used consi st thateﬂas;emm Iad deyn ofily awithhihe b foes triictoseeysel. Ninpedbiyion e!hb]@am ark
preferred uret t er stic,i.s Jexin urethane thernopl asti

manuf act ur edg %'% éﬁg?% °@o oP%idt il é’l’eé’f‘@? ﬂf’ﬁ@w‘% ‘%Feétﬁé%e

t her nopl ast i Eurtlﬁﬁﬁbra,rtﬁe ﬁ'aﬂnbms&ﬁeuxs reatiily Textable QﬁDlwheﬁJﬁiaﬂlg'acpﬁE& bawdfar sizes

Soherical | rBrie peliens eraplsste MeSising sl R ARE U R S he

t her mopl ast i wategatids ﬁraalltahclles alsprprﬁ'érréd(lhaltliﬁ pardl YeOnanufictubedUeh disingy to vary
the 20 character.i mer mat.r.i X. %gthetherrm‘glastlc resin

t
particles ar®e ﬂ?%@lﬂ%? Hes ]bqé’?‘{gle’g@@ “‘rf"Qf)‘pB%U%‘l' FrtsheBld o ermpls vgFate desir ed

particle si zmemwp@@umm@mrﬁ@ah@ si ze reduction techni ques, such as
mechani cal gri ndi , et-mlli E% bal Il mlling, screening, classifying and
the Iike. Wen a jshigs padeiuhiisres of the m%sgnwqungmﬁ§@oprenafedvutuhlzmsé

appreci at ed B¥midp@age Shdtérirgd pl'd%e§shﬁla€ir§pph&atm1hllﬂﬁl rét ng Blesdufte HegsmaONENt s 25
of the blend nmay be adjusted to achieve a desired pore structure in the
fini shed30 atmospheric pressure to achieve the desired pore size, porosity, density and thickness

of the substrate. The term "minimal or no pressure" means less than or equal to 90 psi
and preferably less than or equal to 10 psi. It is most preferred that the thermoplastic
resin is sintered at essentially ambient pressure conditions. Although dependent on
the type and size of synthetic resin used, the polishing pad substrate can have an
35 average pore diameter between 1pum and 1000 pm. Typically, the average pore

diameter of the polishing pad substrate will range from about 5 to about 150 um. In



'product. For exanple, an increased percentage of the first conponent nmay be
used to produce a product having a snmaller pore size. Blending of the resin
conponents can be achieved utilizing comercially avail at) dANUARY 2003

bl enders and simlar equipnment. In order to obtain the desired polishing
pad physi cal wghppesst i €s, the particle 30 size of the ther nmilgdbiseg esin
used in the sintering processes should %ange from about |ess than 50 to
greater than 200 mesh, and nore preferabry between | ess than 80 and greater
than 200 nmesh. It is nost preferred that essentially all of the
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eterm ne Y, rocedure e th 1n Exa e 1. T pol 1 shi ng
pads of 'the HPRSGHEE Snin sruehyebe’ Boapay beat APVIIRS Lhweitcha
sintering teablmlqu kol dn@di@peroloB lidcaek. i n the art using a continuous

belt or closed nold prqcess. One such clased np t echni ue is described in
U.S. Patent No. 4%5“8@9”%8“%%‘&5 9f; tE%%‘P‘SWd@PL%‘H H ‘ﬁB’dP’ﬁ@Péﬁ ed

herei n by rekgseheewatifdstd Wavideds o) TPh cheddurd 6f 1hB GnXiRGA S Peak Ao itfdGEHTOPI asti ¢
resin, such as pol yurethane 35 thernoplastic resin having the desired
particl e 3 z&eight of thessurfacerisayinesss Hhsidistancebriweandhe wapness aeaks pid GQughsi ze of
from!ess than BRaEPHhnt ReOHORIAR" vdhah FRRIGRP PeglsSadl B6Gghs wiith HRNUARY
2003 WO 00l 0270 PCT/ US99/ 15629 -11- ° bottom of a pre-shaped two
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optional ly t
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resin. The mof thi§ wventios aill hant 2 $ve cwwmmsed:bss thae gbout \} 0 priveies andanasksi n

t hroughouf t T cavity is then heated to sinter the
particl estst o] tf%gdrlglegﬂ‘eﬁ%%out J158“.‘{(333%{??e for sintering the particles involves
heating the nold evenly up to a pre determ ned tenperature over a
pre-determned tinme period, maintaining the nold at a set tenperature for
an additional pre-determined time period, and then cooling the nold to room
tenperature over another pre-determned tinme period. Those of ordinary
skill in the art will appreciate that the thermal cycles can be varied to
15 accomodat e changes in the materials and nolds. In addition, the nold
can be heated using a variety of methods, including using m crowaves,

el ectrically or steam heated




+hot air ovens, heated and cool ed platens, and the |like. After sintering,
the nold is cooled and the sintered polishing pad substrate is renoved from
the mold. Controlled nodification of the thermal cycle nd/JANUARY 2003al t er
the pore structure (size and 20 porosity), degree of sintering, and other
physi cal praoggpddssw of the final polishing pad substrate nairrse@ise29The
preferred nmethods for manufacturing siptered polishing pad substrates of
this invention will vary dependi ng up(‘)ﬂ'the si ze and physical properties of
the desired of the polishing pad substrate. For purposes of describing the
preferred sinteriyng L4 L QL . SHLE 11 be
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In order to obtain the desired polishing pad physical properties, the particle

30 size of the thermoplastic resin used in the sintering processes should range from about
less than 50 to greater than 200 mesh, and more preferably between less than 80 and
greater than 200 mesh. It is most preferred that essentially all of the thermoplastic
resin particles have a size range that is less than 100 mesh and greater than 200 mesh.
By "essentially all" it is meant that 95 wt % of the thermoplastic resin particles fall

35 within a size range and most preferably 99% or more of the thermoplastic resin

particles fall within the most preferred size range.



-increasing nold size. Therefore, it is expected that a 12 inch nold will be
vibrated for a period of tinme ranging fromabout 15 seconds to about 45
seconds while a large 24 inch long nold will be vibrated@ dANJARY20830f
time ranging fromabout 60 seconds to about 2 m nutes or |onger. The nolds
are preferablyyogppat €d on their edges to insure 30 properppPpgihhsof the
particul ate polynmer material inside the nold cavity. The charged vi brated
nmold is then heated at a desired tenperl@ture for a period of tine
sufficient to create a properly sintered polishing pad substrate. The nold
shoul d be_heated o a t erafure above the thernoplastic.resin SS
transitiof terrperfé‘[ eenf%gglénefl{e%'g? e ‘#eﬂsétt‘" {aéﬁsp?%}gé}%gmgﬁag%gg%%ﬁay
slightly excepatetit hesiBpartidiey shogdnasé highlyasegulareh tshapg. [Tthe use of frregdanty ef er r ed
that the nold be. heated to.a erature. of between 20F bel ow t o _about 20F
above. t he meRPRLPENR s SpidRd B Reeh e fefiiee POoobr e 0 Bra BrRE06/ 15029
-13- 7 5 t heprowfdingsd high veid ivoluhns éxtlthe bbrots substtate, &bl exartiple, 3004 ok geéunan! th be
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si nteringopr geab&moplatticasiin PhrtitISSHRURIBY A8 130 3 Ephatidal in SHap€ Bipssibledepend
upon the thernoplastic resin used. For exanple, with Texin 970u, the nold

shoul d be hekt &Brefeed grabadimens; the synthsiic sqsinpartislesdiane 3 pulk Shore Dhbardngst 372F
t o about 412Fwasud@fogr ably from about 385F to about 392F. It is also
preferred that polishing pads nmanufactured according to this invention are
sintered at anbi ePelishingpadsfsubstraiep obthisdnveptier produesddising dhsmeplastie &9pihi cal

met hods needpffciBeinSferilPploBGERaRRre Hakh R{u‘ﬁé%&Bﬁw‘lf&etéﬂe&ixfe"k@ud}p&dimﬁﬁV' ty to
increase the density of the sintered thernoplastic product. I5 The nold
shoul d bd5 heanddistributipnhpnlishing rags apd avalitiots.& psedafenis, scrayhing, leigydr CMP f or m on
the polishin S t r i We i | d
Shoul d not bERaSFod gy ot o bshdy e AU ot BBLE P Boly ol o1 4
be al | owed t thermepddstic tesinghagictes Havimgwreimaguiarer spherical skape and pbylk ShoreD t i ne
ranging fro 1 ut-es. p I ] out 4 to
5 nutes. £ BaEReoRus Al B Fafh PRl SRRt RET Rl bl Bl RO

t hen be nmai ntypicayhate atSheret A hgrdtess betweenaisSu ebdubd ©8 zcang erafaablp betiveere8y angi ng
from abo 5,1 put t Q. ut, .3 .nutes or re, and,prefer a

peri od o#Bti ﬁﬁeg ?%ng‘?lﬁﬁglflsr%gn% %agosﬁP%%gthgv% ‘%)‘jtr}tni‘oﬁérffl ?91 ?\xt}} étsa}cc@g%lrl\é/g{c\)@r;pl etion
of the heati pgishingpatest dnd integried atauitevaddr strifiee nudlty.i s reduced steadily to a

tenperature of fr about 70F-120F over er.i.od .of . time rangi 25 from

about 5 m nutes. | DU berhipd feb el BRng e e PE: A8 Fed Lo

cool to roomHegioliching padeandnie ebifgno tpheyidecconkibtengand akteptablrgembidl ested pad

substrate is he si ntergfleﬁpag of . this invention may
te

nmoved fromthe | d.
alternately B’gﬁﬁdﬂﬁf”é%%rgﬁl Lﬁ%“ﬁﬁedi ge%—%‘ﬂarﬂdi FEat PRY ALt Aot N Steh a
met hod i 25 defgérielftidndhip breSthePabwnthrdigh v2rt®h3b perhikability and the amount of

polishing slurry remaining on the polishing pad, as determined by the dynamic slurry

capacity test, the procedure of which is set forth in Example 1. Flow through
permeability is defined by the amount of polishing slurry flowing though the pad, as
determined by the procedure also set forth in Example 1.

30 The polishing pads of the present inventions may be prepared utilizing
conventional sintering techniques known to those skilled in the art using a continuous
belt or closed mold process. One such closed mold technique is described in U.S.
Patent No. 4,708,839, the specification of which is incorporated herein by reference.
Using a closed mold sintering process, a thermoplastic resin, such as polyurethane

35 thermoplastic resin having the desired particle size (e.g. screened mesh size) and

preferably a particle size of from less than 80 mesh to greater than 200 mesh, is placed



+30 the specification of which is incorporated herein by reference.
Typically, as the size of the polishing pad substrate becones |arger, it
becomes nore and nore difficult to vibrate the nold in cHUSANUARY 2003e
pol i shing pad substrates that have an appealing uniformvisual appearance.

Therefore thﬁolb@/bimd ine sintering method is preferred for pdgudspidédact ure
of larger polishing pad substrates of this invention. 35 In the belt line

sintering nethod, the properly sized and-dri ed t hernopl astic is charged
evenly onto a snooth steel belt heated to a tenperature of from about 40 to
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t her mopl ast i get Sérfefdtind ForP i ERIHondS HS-ddtefRingd tihatpeiodf indaber f@lih@heand
bottom surfaces of the resulting pad but which does, not confine the

resul ting paBroldyegoomy ssmperaturg veryaaeihsape-Astermined timesperiod pIBp%r ¢l es of

sintered pol pRfHaRgsiRdn S8tk VAl SHpREialeihat VAP RyIB N BIAGS WaGd RY the
above-described Sintering processes. 20 Table 1 ProperProper|

- Si nt er ed®pt pvETHNEHAIK phAsEes in Hie|naateialsand mopdsplyyddition, the mokl@n dgheay. 0. 90Por e

Vol ume 9% - ( fignHorit tfidthotts  Métading MR BGoW AV R cABaHE br £tBam hbated
Pori si met er 1- 10005- 150Har dness, Shore A55-9885- 95E| ongation to Break - %

12" Subst r at b#(i30E4S rged anhencledrplatensBrashtne likgy 2ifter sintering, the mold is
S00Lese. Than S00CaTo LRrEd MIKARE B bfng: Brebicd 8986 P CoREEr Sl ss -
si 500- 2, 500780difcO0AI of trethamadbicydle yay betBed tol @er BGOI@O sBOVOCo ipzeea) bi l it -
90- 100- 10Rebound I8 005G BRNERN JAR FYSLAGRorRRNIBAGS TraPoliihy a0 10
substrate material.
The preferred methods for manufacturing sintered polishing pad substrates of
this invention will vary depending upon the size and physical properties of the desired
of the polishing pad substrate. For purposes of describing the preferred sintering
25  conditions, the polishing pad substrates will be divided into two sizes, “large pads”
and “small pads.” The term “large pad” refers to polishing pad substrates that have an
outside diameter of more than 12 inches and up to 24 inches or more. The term
“small pad” refers to polishing pad substrates having an outside diameter of about 12
inches or less.
30 All of the pads of this invention are prepared using thermoplastic resin
compositions. The sintering methods used to manufacture polishing pad substrates of
this invention will be described below in the context of using the preferred urethane
thermoplastic in the sintering process.
Thermoplastics such as urethane are typically supplied as pellets. The
35  preferred urethane thermoplastic, as supplied, typically has a pellet size ranging from

about 1/8" to about 3/16". Prior to pad manufacture, the urethane elastomer is ground



+PCT/°US99/ 15629 Unbuf f edMean Top SurfaceRoughness*

(pm 1-501- 20Post - Buf fi nAver age Bottom Ski nLess than 103- 7Roughness*

(gum) unbuf f edWavi ness mi crons10035 5 *Measured using a p‘lﬂﬂAgIUEARY 2003
profiloneter. The sintered polishing pad substrates of this invention have
an unbuffed QgghoPey ed tap surface and a bottom surface skidrisaysszs The
bottom surface skin layer is |ess poroys and as a result, snoother (Iless
rough) than the unbuffed top surface. ‘lE-is 10 preferred that the polishing
pad bottom surface skin | ayer has a surface porosity (i.e., the area of

openings Lo ' | h ' 0 f d
surface), I')t h%?ﬂgﬁg@u gégé}g")@of| %g@&fhgﬁcl?ﬁsgzeuﬁb%ﬁéﬁgg%% tgg’ﬁ‘tegﬁ? ace
porosity. Mogreatprtbire2Mhgsh andprefouiblysthiampgrtiokdiz oanging fisim abogtilesstban 8houl d

have a surfag I osi th [ t least. 50%] es a o] i.shing pad
top surface rﬁ%?}ggol gr;‘;?tgﬁhmll ?topmrg"fSﬁ'pr et er rﬂé%lgi%reﬁWé{t{cghéz%gfiﬂ%hpﬁé%egd bottom
surface ski ntheaysolyneey ds esbsaiugl] ahd pamioles undyapecpmed Surther by, dryingd, dss t han

10% of the area, of the pol.i shi ad bottom.skin c i st of openings or
pores that eR? ghﬁgf’ﬁ?}bm{g't?éhefmeﬁ‘g Vgt o oRR 0 ?f?ﬁ“%%sﬁ@%@&? Lubstrate. The pad
bottom sy face skit s préfedd that ties et Qebiithié td3i@ paliles hfttdeied nAtilphac@atinand
occurs where, the urethane el astoper coptacts the bottom nold surface. The
skin 20 | ayel®ss Btk e F‘?‘%&f‘nﬁ‘ﬁ@ﬁg@d‘ﬁ@ﬁ flﬁyfﬁ@alﬁilﬁﬁ?rm|%8‘é{|q%§e‘&‘
sintering tenpabRiud Ricktto bRrROFIraRe ARhactt bAaRIAREY0hd GHRIl tpalidhing ef f ect

of gravity on the sintered particles or both. Figures 10-12 are cross

section SEMsD¥F substpatesr eHorplates rsfl maudaciusipnentt jis @lso defprred, that, thengyound

essentially §4rR860arb bR Hed RS leRBVS MafPEReSth d2ddral ducel the ot Wehithd &a i ncl udes
pol i shi ngs pad substrates includin bottom surface 25 skin | ayer and al so

pol i shi nd® pathesardhe danglly qfﬁhW‘%‘ﬁgPﬁEhiﬁéP?‘b%bét[ﬂW-ace skin layer is renoved.
A polishing pad subafbat®@ idaat, dpRbMdBsRpRAIE AMeatl taREmalkiH kayRr s
useful for sem conductor manufacturing resulting in a polishing pad who's
bot t om sur f aptwepirs thespolishingapady of Haeinventione Tholsize f Ay rpquﬁhﬁgd@lishim@p@m i shing
Pads by | am tak fpehdboert (Y 1A AP ChTBN BAFIY Bie-bElplEhMutalylC | =0t "
the 10 JANUKRY sRO0Ss WiEel0n/aD@ro8n FET haiSo Squaicst Sectdrgulal cavity ranging in
20 size of from about 6 to about 36 inches in length and width and preferably from about
12 inches or about 24 inches in length and width. The mold sintering process is
initiated by placing a measured amount of sized particulate urethane elastomer into
the mold. The mold is then closed, bolted together, and vibrated for a period of time
ranging from about 15 seconds to about 2 minutes or more to remove any void spaces
25  between the urethane elastomer particles. The mold vibrating time will increase with
increasing mold size. Therefore, it is expected that a 12 inch mold will be vibrated for
a period of time ranging from about 15 seconds to about 45 seconds while a large 24
inch long mold will be vibrated for a period of time ranging from about 60 seconds to
about 2 minutes or longer. The molds are preferably vibrated on their edges to insure
30  proper packing of the particulate polymer material inside the mold cavity.
The charged vibrated mold is then heated at a desired temperature for a period
of time sufficient to create a properly sintered polishing pad substrate. The mold
should be heated to a temperature above the thermoplastic resin glass transition
temperature to a temperature that approaches and possibly slightly exceeds the
35 thermoplastic resin melting point. It is preferred that the mold be heated to a

temperature of between 20°F below to about 20°F above the melting point of the



+5 pad substrate. The |lam nate preferably includes an adhesive and a
renovabl e backi ng. When the pad is associated with an adhesive | am nate,
the pad top surface is exposed, the adhesive |ayer is as$otANUARYM2063t he
pad bottom surface skin |layer, and the adhesive separates the backing

mat eri al frogplhepad bottom surface skin layer. The backipgrai@bedstal nmay
be any type of barrier material that is_useful in conjunction with 10 an
adhesive | am nate including pol yner sheefs, paper, polynmer coated paper,
and conbinations. It is nost preferred that the |am nate consists of a
backi ng tepl I I film
| ayer mhirT:g:lh, {}ﬁeﬁﬁ%pﬁa?%?{e?lg ug%ﬁ\./g\?%sggggéﬁg)‘ﬁgg% %ogé séh(ﬁ)&gsqc\c/ﬁg% g%?/%ar en%%ﬁgeecond
adhesi ve | ayef fhuR28°R helopado botdmperaure f sboet shnimalbrety tr theAnmeitetg poief er r ed

| am nate is 444PC or 443PC nmapuf act.ured.by 15 the 3M Corporation. The

pol i shi ng palfmPErafEef S/t F@}?B&ftﬁg‘ef‘ﬂBsegﬂ%ﬁgéﬁt%gﬁéoﬁgﬁs‘ | ayer to expose the
adhesi ve. Ther eaf TiRractvaktepptratfy dhgsdnadllj of @uisacdepehd wpoa tixothestvphgtiorachi ne

by associating. the exposed adhesive ontg the surface qf a | i shing machi ne
table or pl afeg'ﬂ. uspthe ¥y F*emplen dthy ‘F"d’%i939“’o et’ﬂ%ldb%f’?lgdbeopg%‘?‘?b[?f

pol i shi ngo paghah@itcaM #RnipeiafudCr fradhhidut $720Pkd Sau 128k, 4hd h@serm}d fiekher
| i quids from perneating through the ﬁ)ad and contacting the adhesive | ayer

t hereby i ni ahost %5 Hite rbgyt 382 Fof It ia@lsadtefanredethpioprlishing wedsrmenvéacpied shi ng
pad and the g&kid?rﬁ‘ 89n{{Bfivinién §éérsfhﬁ8r@d aP@hbiRfy ;S‘rgsseﬁg.s ] ot Hofd@\eNt i on may
be associated w a polrshing machirne wth or" wthout the use of a

sub- pad. A spisepacringechanidiat adethpdsiseed t e gioet oniotrewna thd piessRE witlgoltheshi ng pad
to pronote upiform .Of ct.be en ishi nd an i ntegrated
circuit waf e{r%o[ ) ltﬁ%"ﬁcﬁe g?%%lﬁﬁrﬁ'lt%\.ﬁgflp “’ge"gﬁéo“-“%g"aﬁf%s"p %@8@, is it located
bet ween tthe pol i stiengoldatouldibk deaied pl ahenizoant poditorpol dllohi ngkipagyer Bef or e

use, the sintered poli.shing pa nder go _addi ti.onal nversi.on. and/ or
condi ti oni ngh) eoﬁél?eqor% 1%‘9%1 “E%{?TF%%?gﬁIBF ,acﬁﬁigﬂ% flﬁtfeﬁ%g'gﬁg ntl)otﬁf)hé’flﬁiasurfaces
of 30 the suhathehtsed iaimddiatedy toathednirabtempernmrahue itGhaildhe miowted to gteehski nni ng,
texturing ang ofher, technjques known to.those skilled_ in the art for

conpl eti ng a&'ﬂ SRR ge B%‘Fi%?ﬁ%‘gpm? s‘.’fsﬁ*—*BF ranging, from ghout gotPi Yhing pad
nﬁy beI nodi fh'?dltds@_r iogd and@mﬁra&lyaaﬂhimeutmersqgmgk ﬁ'oicnﬁﬁé wgeumglcdf t}&z gt
channel s, perfarations, grooyes, textures). and, edge shapings. addi tion,
Che. bol | 20 nEaHRe PIvRGFeT T MBI Shhe ks b Todinfiied Gelipiren Frpbiagme fich s

al um na, cer p@iodOsiT 88 irahgirl frbdabold b ahinGtes 2b lB6OR T mAMesNbX indfeCandt her eof ,
for enhanced nechanjcal action and, renoval . 10 JANUARY 2003 WD 00/ 02708
- 17 PCT/ Us99Prefeghbotora perigdof ime rangingdramyahout [P 1aboyt 20 8HRME pad subst rat es

i ncl ude channel s YgdnCdtpleBion bPiHd HeRBEKRPD BRI e MrattieNETthdRbIdEE Red@bdd0SS t he
pad top face having a distance fromone another ranging fromabout 1/8" to
3/ 4" and pr efteadily|ty a temperateer of from abeidi 10\ Ioh20°F aver p aried of Umgupgingave a
depth equsvakeRlapb ARRLEX Ly BOE 1 FALRL of oYL nldf & diiGugand b by the

pol i shing pad substrate and a wdth ranging from about 20-35mls and 10
pref erably atsorron Swipertur@athiessmpory thsartsulives pplishingr sintered opad| subgieatrest i shi ng
pad substrat o%dﬁmﬁhélﬁ&lﬁnti on may optionally be surface nodified with
grooves, perforations and so forth. Before use, the top pad surface is
typically buffed The simteled pad ofrttiieinvirdiop avaynatenatdby be mntifactored ysimgiashi ng

slurry. The Qﬁgﬁnerm%erﬁ% rQé‘l!ﬂJde Cgup,l\{ a%@(hoqqg E'é)sgnl%%qﬁj[,py Patent No. 3,835,212,

30 the specification of which is incorporated herein by reference. Typically, as the size

of the polishing pad substrate becomes larger, it becomes more and more difficult to
vibrate the mold in order to produce polishing pad substrates that have an appealing
uniform visual appearance. Therefore the belt line sintering method is preferred for
the manufacture of larger polishing pad substrates of this invention.

35 In the belt line sintering method, the properly sized and dried thermoplastic is

charged evenly onto a smooth steel belt heated to a temperature of from about 40 to



15 those of ordinary skill in the art. In a preferred buffing nethod, the
polishing pads of this invention are nechanically buffed using a belt
sander with a belt having a grit size of from25 to aboutO JANUARY@¥)3and
preferably about 60 mcrons to give a polishing pad having a surface
roughness (Ral dalozd§sSs than about 20 um and preferably froprppeydhisedst O
about 12 um Surface roughness, Re is defined as the 20 arithnetic nean of

t he absol ute departures of the roughné§§"profi | e. The pad top surface
buffing is usually performed on a polishing pad substrate prior to adhesive
| am nati op. buf £ i t he i shi bris and
the botto 19 %@ﬁ%‘ﬁo"g tg%r tm o"?t {emggl;[aeu gﬁgh é’fﬁno oa‘r‘g@%g&l anﬁ?

met hods pri opowmrllannmﬁnﬂgoﬁ the mael ahxbhtbem}bmmg meqﬁﬂumdmwnshrbuglea adhesi ve

I 25 Th dh I d h d
pol | Shi g mESTVREE Ehdly MU, DDt FOVBE 5o BHed Bt | bod

above if t heyenipamuaﬁir_aq;bﬁap&ymtbexaﬁglﬂg)ﬂbr&iasm 5@higtted i@lﬁhbgllit%\tmﬁ(yeémd/ or

patterning processes, if any are erta en, are co et p i s once
agai n cl eane®o8t %Ffe?gﬁ'n{‘} M’Eﬂ%fg e, ranging rrg ISJE‘H“‘% igfbl astic
bag and sbor egukig sinfkepolster skt ik lquick! Q@&M &bﬂosmttanﬁa&b@mh@ plcaratpuf f t he
bottom surface skin layer prior_ to app Iy an adhesive tq the pad bottom

surface. Buf Faplfsrepm Eﬁﬂiﬂe@FHr%W?tP’écfé"%R‘PWt?dVé‘r‘teﬁ topt Birdesafier StHedPONn of the
adhesive to H{g. pad resulting in a significant inprovement in the

pad/ adhesi ve peel strength in conparison to pads w th unbuffed bottom skin
surfaces. Bottom Alierpativelyputhe i sinteredy pplishingc gy | ofhdis bipvention nBehobe 35 t hat
is capable o i t Fxaip! es of
usef ul bufflkﬁiﬁeﬁégéﬁ?ﬁgmﬁlggg ﬁg%gh}’ mgﬁsg Ifl? glro&rn?tgl?lggsg&osganders and
bel t sandér s thgimeéplastic suz@nnmpﬂvusze@(aanqmﬂ@ocm”m@ethpw wgdostassagaces 18 5
belt sander buff the pad
bottom surfa?:g{hggﬁg%ﬁ% ﬁge({%gwglrcnggces B son?ﬂgglgan ﬁmﬁ cfgg ‘have a grit less

t han about | 00 i Tahdnd below wdnmzmthemhgsxmdrdpenmenf smtefﬂlcwlialu'yg bad buf f ed
once or nore Lr |rrent Si nter hi ng pad
of this invef q@%ﬂeslcﬁg 81 Vent%n%ﬁglgctaf eg b?' {T}Jge A SUT eas‘érébe\(}m rﬁg\};ﬁ)%ess Yot t om
buffer surface porosity that is less than the surface 10 porosity of the
pad top §§rface Fol | owi ng buffing, .E@vbgffed pad top and bottom surfaces
are each“Cleaned with a brush/vacuum After vacuum ng, the vacuuned
surfaces are| bl own Propértpr essur|i ze@PraperlytSinfegeibve oSt  @fptinhan r emai|ni ng
particles frpmthe buffed surfdces. ITmediately prior to use, CWP dolishing

pads are typ|eabinésigiken-1n by I5 apphyiipd a CVP [sTurry 3507 he pads and

thereafter exggg;tgg pads 1q polisng g ggondi TTons.  EXxagn.6p o1 ysef ul
pol i shing papp, Knles D ods |are descsiRed T UST Pateiswos. 5,|61 1, 943,

and 5, 216, 843Poﬂsﬂﬂet§r eci atigns of which are |ncprporate her ei n {by
reference. TPLS_IT] on ETICOTTPaY methods|for—po {5y the
surface of ap @%flrtolre];){am |§Lﬁ conpri se;m?%e steps| of contacting at| | east
one polishin t r..wﬂij & surfaseﬁf +he-article
i n the prese; oot 2\ g o! IR AV nm\vl! nn a deci A%% nnrfi n Of

sai d surface in reI 39'%8?\ to said surfa4‘57 or altlernative

novi ng the a relation to the pad—The polishing pgads of
ed duri A83P%e various stafld>df 1C

the present |Fiegatioafp
(24" Substrate)
Taber Abrasion (loss of Less Than 500 Less Than 200
mg/1000 cycles)
Compression Modulus - 250-11,000 7000-11,000
psi
Peak Stress — psi 500-2,500 750-2000
Air permeability - ft'/hr 100-800 100-300
Compressibility - % 0-10 0-10
Rebound % 25-100 50-85
Mean Top Surface

Roughness* (pm) 4-50 4-20




'25 fabrication in conjunction with conventional polishing slurries and
equi pnent. Polishing is preferably perforned in accordance with standard

t echni ques, particularly those described for CWP. In addlQ JBNUARY¥ 2003
polishing pads may be tailored to polish a variety of surfaces including
met al | ayer syoQ¥bdgs | ayers, rigid or hard disks, ceram c |@y@isso/pegh t he

i ke. 30 As noted above, the polishing pad of the present invention may be
useful in a wide variety of polishing applications and, in particular,

cheni cal mechani cal poli shi ng applications to provide effect| ve poli sh| ng
w th m ni wWﬁﬁUuﬁ‘e&)”' g, dnu defects.  As an atterngtive to conventTpnal

polishing p oam T cl sting—pad—of—thepresent—nventtommay beused on a
variety of p% H ; 1°8t f or s, assures_ 5 controll abl e ﬁl rry nmobjlity;
and provi des d 357 1e attr butes di'rectly affecting 0 JANUARY 2003

WO 00/ 02708 &p&@m—wfnf”ﬂse and—gcont+rol—pf the
manuf act uri rgéﬁrla%%%%‘mfgfmspec fic st theat?ons. The fore}ja ng desgription
of preferredRengfwaisiétls of the invention has beep presented for purposes
of illustrafiushulied) description It is not intended to he exhaustile or to
linmit the i nWayiness(miesonshe prelise for hO8i scl osed| and modfificatiohs 10 and
vari ati oss dMeapuebisiigs pontabl gtofiladfetérhe above teachi ngs, or may be acquired
frompractice of the invention. The enbodi ments were chosen and descri bed
in order to explain the principles of the invention and its practical
application to eﬂ‘abblﬁtemdq)ohﬁilﬂglﬁd stbstratee ofithis ihentibn hiwzemtdnbuﬁfdal\@lani on in

vari ous enbodi nts n ario dific uifed.to the
o Pent o peu i, fusfhlt avbt ot petade, TO i T hie e e LT i e
IE?(XE/EF_ IE gnzbeeﬁgﬁﬁonelahm ah’ﬁﬁﬂt?brﬁ(?jdﬂﬁer Fpasaken tﬂagmeat mxguﬁadtopheﬂficeeuui;]val entz
(0] e (0] ow rocegures we se t et er.m ne S |ng pa
properti®@s tpﬁe:} E?}tthet %ﬂﬁﬂ bottomy "ﬁlfﬁrblﬁé‘ﬁq%'f‘tg?réaﬁf’ PRROp! Hb{&ﬁr lity:

Slurry flowmatRa tolﬂro@aghlgsatopml:uﬁtbmgomé s‘ﬁﬂ&ed@@@ bh afe WabTEd oy adium
filtration aB‘Ear at us av i ablféf rom Fj scher oration. The apparatus

consi sted ofSutppey gt ds ‘Pt gt &% dse thpgithe ““ab“#é‘é:l?a P sueface RoRRSHY n e vacuum

line, and a pr&¥@bly! thelbKshing a8 ¥SHtdm an @ﬁalfdcegﬁoﬂ&]ﬁadela%rfﬂo (fm&;ty?zﬂa‘t‘”y and
was used wi t hout ané/f,fvacuum The di anmeter of the up | ower reservoirs
(1]

was about 3.iS#leash5&pdess thandhepalishing Ppd PP Sﬁff?q?é’oé@ﬁt’ellt 'éﬂ“QShEWE’B’F@ om
surface @f g EORBEHRE AT Vot sulfBed RASHIE hfav@esgéﬂﬁanyné LiicE { BbsBsiy2
polishing pad substrate having a dianeter of 3. pl aced at the bottom
of the upped.eéasethgn 0% sfthegrpaof Fhemgllmmbpﬂ%éﬁnb@m%eﬁ openngs9d t he
UpPer T eSer ygick b ifto G ihiBfl5r ke daa @t %dvsﬁ&%aie, open at both ends, was
then place firmn 5 top o dt revent any liquid from seeping
around the pad suhb¢ aa,cbbot;qusuomqmrelayermeregp@ﬁwnﬁthp sigtering wepses@ad ed i nto
the cylindrigal V@lﬁl%eche ﬁ{eﬂﬁné Bafoflbr ComtaAt¥ the Egﬁor% ngl@&; Qlﬂ‘ e. TRE unt of
liquid col | ected b ower reservolr was wei ghe e slurry ow rate
was cal c20l atlexgr fﬂ]mg‘ll'ﬁl’dﬁ wiodi lrkglyt dve twdiethcofocalized sitering tampetatuyeglthby ti me

(300 second%ttom mold surface and/or due to the effect of gravity on the sintered particles or

both. Figures 10-12 are cross section SEMs of sintered pads of this invention, each
including an essentially closed pored bottom surface skin layer.
This invention includes polishing pad substrates including a bottom surface
25  skin layer and also polishing pad substrates in which the bottom surface skin layer is
removed. A polishing pad substrate that includes a bottom surface skin layer is useful
for semiconductor manufacturing resulting in a polishing pad who’s bottom surface is
essentially impermeable polishing liquids.
The polishing pad substrates of this invention are manufactured into useful

30 polishing pads by laminating an adhesive layer to the bottom surface skin layer of the



+10 JANUARY 2003 WD 001 02708 PCT/ US99/ 15b29 -20- ' 5 Dynamc Slurry
Capactivy Test: The polishing pad substrate polishing slurry capacity was
determned by the dynamic slurry capacity test, which i slGMNUARN 2003

pl aci ng a pad of 3.5" dianeter on a liquid reservoir cup having a di aneter
of 3.4". mﬁ reservoir cup was placed in the centegcfisodiidsdy 9€r
open cont al ner an C in turn, was placed on top of the platen of a Hyprez
Il polisher (manuf act ur ed by 10 Engis-&rporation). To neasure the slurry
remai ning on the polishing pad, liquid was distributed onto the top surface
of the polishin nter at
varying f% o V\Pq,ds bsg Thg a?mnateq?rg{ al% )pmagc?ets% %@? ixgﬁael‘gmogiblé l&a%klgg.t ermi ned
by neasuri ng\mbletlﬁmsadlmtassmfmateldquthchntddhésn&dammhﬂeythppadmla'smfhce frexpegied,t he

polishing p | ow over. the ujd tha gwept over
Pre pad" 5o sy s gt R el e i BT s il oSl 8E gROCPL O

S Ihur r ydr enai thQveOﬁ:pirble% mad>ac1¢wg]§m@tahauﬂlro@i e pfb& bsttd?xtrl] Edice sidn lldjrfér. V(ﬁieg ht OIof
the pad prio t t t t t

A ter s ho adekgmasFalHEY & v fype hGraebmaE Rty BRuh eI RRioponE £ ze

measur emgfit SaVediRsite I2NiAate et PoldmEubiRELs Opapll) péHinied cBats® fpept,yand
porosi meter. 20 Shore D and Shore A Measurepents: Shore D and Shqre A

har dness neaSmbinaiaes [dy aostmRietered fhat edaminate,gopsists RE 2 hagkigmAlsEalset fort h

in ASTM No. [R2AQ. bySAdJamémG@ﬂ»@@f tmné\a%édh@,da Mb@r il 16yer GARES ik YurfiBishod
consists of imersing 1 X I nch %Ies of ad substrate in a bath of

CVP slurry a@OVP@6M@éPﬁ96¢ adlmlée lzser( eyeopnd a@zsm@lm/@ abptidthe Bafl LOstAMI es wer e
pre-vei ghed g Cé)g{l )e/xt Bgﬁd@??ﬁfeﬁ]quﬁﬁnétg if papd! riﬁPC%uﬁ@tqreﬁaﬂpl es are

taken out of t ter ours and t e excess slurry’on the
surface 0% tthe3bh@0mmtl¢rerroved by blotting. The pad sanples were then

wei ghed again to .
bet \?veen tﬁe wet mﬂll%g)ﬁ ﬁ?ﬂ#ﬁ;? E’/”%"g t@%?f?@%ﬁ‘gg’gp?g%@dﬂ?&é\% t y| el ds
the slurry 3@ihesipaciTherehfier @acﬁbllpladg gadpb eattadlied ®©| @ rnojishieg awrichip e\hxl ue is

nul i pli ed by 300, L 0, OLUB.neLBBLOENL (Bl Wk, §RRRiNng madflnd MY 2003 VO

platen. The low surface porosity of the buffed or unbuffed polishing pad bottom

20 surface inhibits polishing slurries and other liquids from permeating through the pad
and contacting the adhesive layer thereby minimizing disruption of the adhesive bond
between the polishing pad and the polishing machine surface.

Polishing pads of this invention may be associated with a polishing machine
with or without the use of a sub-pad. A sub-pad is typically used in conjunction with

25 a polishing pad to promote uniformity of contact between a polishing pad and an
integrated circuit wafer that is undergoing CMP. If a sub-pad is used, is it located
between the polishing pad table or platen and the polishing pad.

Before use, the sintered polishing pad may undergo additional conversion
and/or conditioning steps, including for example, planarizing one or both surfaces of

30 the substrate, critical cleaning to remove contaminants, de-skinning, texturing and
other techniques known to those skilled in the art for completing and conditioning
polishing pads. For example, the polishing pad may be modified to include at least
one macroscopic feature such as channels, perforations, grooves, textures, and edge
shapings. In addition, the polishing pad may further include an abrasive material,

35 such as alumina, ceria, germania, silica, titania, zirconia, and mixtures thereof, for

enhanced mechanical action and removal.
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they may then be grooved or patterned as described above if they have not already

been modified. Once the grooving and/or patterning processes, if any are undertaken,
are complete, the pad is once again cleaned of debris and packaged in a clean package
such as a plastic bag and stored for later use.

30 It is desirable to mechanically buff the bottom surface skin layer prior to
applying an adhesive to the pad bottom surface. Buffing the bottom surface skin layer
improves the adhesion of the adhesive to the pad resulting in a significant
improvement in the pad/adhesive peel strength in comparison to pads with unbuffed
bottom skin surfaces. Bottom surface buffing may be accomplished by any method

35 that is capable of disturbing the integrity of pad bottom surface. Examples of useful

buffing devices includes brushes with stiff bristles, sanders and belt sanders with a
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Polishing is preferably performed in accordance with standard techniques, particularly
those described for CMP. In addition, the polishing pads may be tailored to polish a
variety of surfaces including metal layers, oxide layers, rigid or hard disks, ceramic
layers and the like,

30 As noted above, the polishing pad of the present invention may be useful in a
wide variety of polishing applications and, in particular, chemical mechanical
polishing applications to provide effective polishing with minimum scratching and
defects. As an alternative to conventional polishing pads, the polishing pad of the
present invention may be used on a variety of polishing platforms, assures

35 controllable slurry mobility; and provides quantifiable attributes directly affecting



‘defects and scratches. In addition, the polishing pads of the present
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10 Further representative exanples of another embodi nent of polishing pads
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Flow Through Vertical Permeability: Slurry flow rate through a polishing

pad was measured using a vacuum filtration apparatus available from Fischer
Corporation. The apparatus consisted of an upper liquid reservoir, a neck for
25 attaching a vacuum line, and a lower liquid reservoir to collect the liquid, i.e. slurry,
and was used without any vacuum. The diameter of the upper and lower reservoirs
was about 3.55". A 3/8" hole was drilled in the center of the bottom surface of the
upper reservoir. To measure the slurry flow rate, a polishing pad substrate having a
diameter of 3.5" was placed at the bottom of the upper reservoir and an O-ring was
30 placed between pad and the upper reservoir walls. A cylindrical plastic vessel, open
at both ends, was then place firmly on the top of the pad to prevent any liquid from
seeping around the pad surface. Approximately 100 grams of liquid was poured into
the cylindrical vessel at a rate of 25 gm/s for 4 seconds. The amount of liquid
collected by the lower reservoir was weighed. The slurry flow rate was calculated by

35 dividing the weight of the collected liquid by time (300 seconds).
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Taber 0. 16810. 18079’03@_%2&3%%%%:%%&&“ e (p\M‘e' L’l?é ?néaﬁxrérﬁ‘éﬁs were determined
using a ruler or by using a mercury porosimeter. )
20 Shore D and Shore A Measurements: Shore D and Shore A hardness
measurements were made in accordance with the procedures set forth in ASTM No.
D2240. '
Sturry Capacity Method: The slurry capacity method consists of immersing

1 x 4 inch samples of a pad substrate in a bath of CMP slurry at room temperature

25 (25°C) for 12 hours. The pad samples were pre-weighed dry before they were placed
in the slurry. The pad samples are taken out of the slurry bath after 12 hours and the
excess slurry on the surface of the pad was removed by blotting. The pad samples
were then weighed again to determine the wet weight of the pad. The difference
between the wet weight and the dry weight divided by the dry weight yields the slurry

30 capacity for each pad sample. The slurry capacity value is multiplied by 100 to give
the percent slurry capacity.
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typically to a temperature above the Texin glass transition temperature (about 32°F)

but below the melting point of the polyurethane (about 392°F), to sinter the particles.
25 The actual sintering conditions were determined separately for each lot of
thermoplastic resin since Tg and melting point temperatures varied from lot to lot.
After sintering, the mold was cooled and the porous substrate was removed from the
mold for further processing and conversion into a polishing pad. The substrates had a
bottom surface skin layer formed from the bottom of the mold, any varying average

30 pore sizes and Shore A hardness values.
The porous substrates were cut into circular polishing pads 12" in diameter.
The average pad thickness was approximately 0.061". The pads top surfaces were
buffed using a commercially available hand sander with 150 micron grit particle belt
to ensure that the top pad surface was parallel to the bottom surface. The bottom
35 surfaces of the pads were then de-skinned to improve wettability using a conventional

orbital hand sander having a 150 grit A1,0, paper. The bottom surface of the pad was



The representati ve pads were evaluated for their ability to polish tungsten
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The two plots are found at Figures 14-15. 25 The tungsten wafer polishing
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of the pads |rrpir’ove WaflsPee F St engida W W &Q,mggt,buﬁ?mmiﬁé di ng the
hi ghest peel| st rendtohsy,.wbaé I s cll fpdred |sm/mm)10 JANUARY 2008 Pad
Resin (um)
Particles
70 F 50 1.8 5.6 18.6
1
1 70 F 50 3.8 11.7 16.8
1 70 F 50 7.3 9.9 154
1 70 F 50 14.6 0.2 4.0
2 50 F. 100 1.8 |0 15.4
2 50 F 100 3.8 0 9.0
2 50 F 100 7.3 0 7.3
2 50 F 100 14.6 0 1.0
3 50 M 250 1.8 112.8 1.7
3 50 M 250 3.8 114.8 0.6
3 50 M 250 7.3 112.4 1.7
3 50 M 250 14.6 37.4 2.2
4 70 C 300-350 | 1.8 103.2 1.6
4 70 C 300-350 | 3.8 67.3 4.3
4 70 C 300-350 | 7.3 16.7 5.4
4 70 C 300-350 14.6 6.1 1.8

As indicated in Table 2, synthetic resins of varying bulk Shore D hardness and

15  mesh sizes may be used to yield useful polishing pad substrates. It is contemplated
within the scope of the invention that the polishing pad properties may be tailored
depending on the particular polishing platform, the wafer/substrate being polished,

and the type of polishing slurry being used. In addition, it is recognized that
additional macroscopic features, such as perforations, channels or grooves, may be

20 necessary to achieve a polishing pad possessing the desired flow through

permeability.



‘WO 001 02708 PCT/ US99/ 15629 -30- ' 5 CLAIMS 1. A polishing pad substrate
conprising sintered particles of thernoplastic resin, wherein said

pol i shing pad substrate has an average pore size of froniQdANUARYiI2003ns to
about 100 microns. 10 2. The polishing pad substrate of claim11, having a
tungsten W Wi ghs8s t han about 10% and a tungsten pol i shi ngeyadosngheat er

t han about 2000A. 3. The polishing pad_substrate of claim1 having a
tungsten WWNU | ess than about 5% and'33tungsten polishing rate greater

t han about 2500b. 15 4. The polishing pad substrate of claim1l having a

t t VAU | e % . 5 | & | t t
than about 2500a TanRd iftile AMAE0GH, e BT AR SEINAD W Sudfoat o
t her nopl ast i gerfoesedon 2 dugoo Ryto-Foydec B TabledBop Palishieri Gydilableofrord eStruessl on,

fl uorocar bon,. pol r.bonat e ol yest | yacryl at e ol yet.her

pol yet hyl engr,) ‘%69%%E&°%50W§?Cét ﬁ'ﬁhg‘?ésﬁlg??s@}i}?%koe smb"&ﬁ%/ﬁgtgﬁmng%%ry and

copol yner s apulishing tcondidorisheThobolishingThedd wad affixed @npathespodisher atieh ¢éfe cl aim 1
wherein the thernmopl.asiic resin 25 is urethane resin.. 7. Th ol | shing pad
Substr ate of SHPIETEE ARERE: 1P AuTis oT 5o “avehuas drigdeed Wi Bolth 100

m crons. 180 e wkhénBitiohiap pfvdesd anld, shepsaifien tie soffacel oflitie phd Wae sfiratet hatilpad has a
wavi ness | ess that al%out 35 mcrops. 9. A sintered urethane resin polishing

pad subst r at @ Rad " brokep gn s dibf Relishing prde b thespresent mvention uerA gse ki n

| ayer, wher eimbaliinteRmicaly follias téndsith BkARS fay&fonf 4 WifesRay altaé%smnl s, a
density of fromO0.60 to Q.95 a pore volune of from I5-70% and an

( ) gm cc, : ,
aver age por ethickness of amr@fﬁna!skyﬁooﬁgmsmoﬁﬁgntsaera%l}’{-ﬁééé, Wedrgme based a2 10
JANUARY 2003080 L137 AinftecHirPB9 100 rmiokkion, AwAVIIRRSS TIRShuhiagh about
| 00 microns wherern the pad has a tungsten WWU | éss than about 8% and a
t ungst en*pol dediverad onta e pagpsing aperisiili ramo (avalgdofrom dMatesdx; MerelgSpd
COMPIT ST NG: _60)do RIS oBlalPshind AL 2% HNy (LR Tor Q00BN IR hid
particles of thernoplastic resin, erein sald polishing pad substrate has
a top surf acemayaliralg and abanrelavin fotapgrtics pfesssefort ig Makls S. divg campaetivem sur f ace
including a | ' . : Q]rtl]% erein
the pad top @%&g%ggﬁn@gﬁﬁgk%%?@%lg‘ﬁ g%%%gagr‘g%ge%ﬁéggﬁﬁg Ibgl?sga erﬁ%she% t he
mean unbuf f eldys ovEathermab ogide @sder dlie $dne mdishibg comlitans sétafosh abavewtiBeei n t he
pad has v e r 4 f from.about. 10 m.cra Q 70 m crons
and a \A/agtliﬁ'ngggéso%‘ rflgg‘éa?fal%neaar\n%é%’c?ﬂfcﬁefﬁﬂ prrﬁpg’ftlc?ﬁsa;re %S(’as © %(r:tb imngﬁ’g%%et; and c. an
adhesi ve | ocat ed between the backi ng sheet and the bottom surface skin
| ayer. 11. The polishing pad of cl ai ginraﬁ j ncl udi ng at | east one nacroscopic

feature sel ected from channels, perf e|ons, grooves, textures, and edge

shapi ngs. 12. The pol imhiskigg padl substr at ¢ Qfungdten RemovaliRateiAimid)e |pol i shi ng
pad has a dgrsahiple f from0.50 to 0.95 gifcc. 13. Theggpol i shing pgd
substrate off Gahplgn 10 wherein the polishing pad has gepore volune |of from
15-70% Comparative Pad — Thomas West P777 6805

Comparative Pad — Freudenberg Pan W 3292

Comparative Pad — Rodel Suba™ 500 1224

(Embossed)

Comparative Pad — Rodel Politex® 4559

(Embossed)

As noted in Table 3, the polishing pads of the present invention provided

25  consistent and acceptable tungsten removal rates while minimizing pad induced
defects and scratches. In addition, the polishing pads of the present invention allow

for the control of several pad physical properties related to pad polishing performance
including polishing pad substrate porosity, slurry flow, surface roughness,

mechanicals and the like. As a result, the polishing pads of this invention provided an



14. The polishing pad of claim 10, wherein said thernoplastic resinis
pol yvi nyl chl ori de, po(yvinylfluoride) nylon, fluorocarbon, polycarbonate,
pol yester, polyacrylate, polyether, polyethylene, polyamM@dANVARY2&0Bane,

pol ystyrene,

ur et hane resi

pol ypr opyl ene,

n.

and copol yners and m xtures thereof.

pol i shi ng paggdéhglgate of claim 10 wherein the thernopl aspéfusPdakdei S
10 JAN UARY 2003 WO QQI 02708 PCTI US99115629 - 32- '

15. The

5 16

The polishing pad substrate of clainlr@4having a tungsten WW\U | ess than
about 10% and a tungsten polishing rate greater than about 2000A. 17. The

Pﬁ}a%ygbgséﬁ%ggé@\%ibfé %@an about

pol i shi ng padeneoriraies ampfinished surfaicest er ed ur et hane resin polishing pad

pol i shi nggpa
3% and a tun

substrate having a top surface,
wherein said substrate has a thickness of from 30-125 m | s,

a pore vol EKAMELE 2om 15-70%
an average pore dianeter of from

fromO0.60 to

surface roughness of from 1-50 m crons,
about 10 to about 70 m crons,

STRATE b

0. 95 gm cc,

)

ter

DAV

a wavi ness | ess than about 35 m crons,

a bottom surface including a skin | ayer,
a density of
a 15 nean top

a nean

bott om subf ace skFirtHepyspresématiybreanples of mdthei fibodiklentiof polishingheidebh t he

mean surface
mean surface

hness of t

oo DR Sy eton, are Bty

he botHg

e

ce skin | ayer

Hang

oty i orBan

an t he
B%an about

5% and a t unggsdcHitatitl dnd M Bghnipk 2 20indEQaher 2, tiratr@pyhthe@0@An phiticles backi ng

sheet; and c,

an adhesi ve_| ocat ed between the backi ng

sheet and the bottom

surface skin pdaygymg Shore D Hardness and mesh sizes. Relevant pad characteristics and
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20

*Pad made from Texin 950u urethane thermoplastic having a Shore D Hardness of 50

and Fine Mesh Size.
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*Pad made from Texin 970u urethane thermoplastic having a Shore D Hardness of 70

and Fine Mesh Size.
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Air  Permeability | 5183+ 174.2
ft'/hr)
Elongation to Break 50.5
%)
Peak Stress (psi) 572.1
*Pad made from Texin 970u urethane thermoplastic having a Shore D Hardness of 70
and Medium Mesh Size.
10
TABLE 8
Properties Pre-Buff Post-Buff Pre-Buff Post-Buff
(Avg. values) Condition Condition Condition Condition
Pad A* Pad A* Pad B* Pad B*
Thickness 0.0531 +0.0003 | 0.0525+0.004 | 0.0535+0.004 | 0.0523
(inches) 0.0003
Density (g/cc) | 0.7753 £0.0037 0.7887 0.7857 0.7909 *
0.0060 0.0061 0.0045
Surface 11.3+1.3614 7.8 £0.9381 11.05 + 1.473 7.05
Roughness 0.8062
| (Ra) (Microns)
Shore A 92 £ 0.000 92 + 0.0000 93 £0.5774 92+
Hardness 0.0000
Peak Stress 942.59 855.390 937.35 945.851
si)
Break at 71.2 63.2 68.1 68.1
Elongation (%)
Compressive 9198 + 55.30 9219.4 + 9243 + 63.54 9057 +
Modulus (psi) 73.234 157.7
Flexural 291.901 235.078 241.698 224.221
Rigidity (psi)
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EXAMPLE 3

A sintered polishing pad substrate manufactured from fine Texin 970u
urethane thermopolymer was prepared in accordance with the method described for
preparing Sample 1 of Example 1. The polishing pad substrate was evaluated with the
bottom surface skin layer intact for slurry capacity and slurry flow-through rate. The
slurry flow through rate was measured according to the methods set forth in the
Example introduction. The slurry capacity method is also described in Example
introduction.

The unconditioned pad had a slurry flow-through rate of 0 grams per second
and a slurry capacity of 4.7%. It is believed that the slurry flow-through rate was 0
because the polishing pad substrate top surface is hydrophobic prior to buffing and
repels water containing slurries. The top surface of the pad was thereafter conditioned
according to the buffing method described in Example 1. The buffing step
mechanically conditions the top pad surface and converts the top pad surface from
hydrophobic to hydrophilic. The buffed pad thereafter exhibited a slurry flow rate of
0.234 grams per second and a slurry capacity of 5.3%. Next, the bottom surface of the
same pad was buffed and broken-in according to the methods set forth in Example 1.
Thereafter, the pad exhibited a slurry flow rate of 0.253 grams per second and a
capacity of 5.7%.

These results indicate that buffing the top surface of the polishing pad
improves the slurry capacity and the pad flow-through by converting the pad surface
character from hydrophobic to hydrophilic.
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prepared according to the method described in Example 1. Average pad pore
10  diameters were determined by randomly selecting a sub-lot of 4-9 pads from a lot of
pads produced on the same day. The average pore diameter was calculated for each
pad in the 4-9 pad sub-lot (except that only 1 pad was used for the 21 micron pore
diameter point) and an average sub-lot pore volume was calculated and used for
plotting purposes in Figures 14-15. A single pad from each sub-lot was randomly
15  selected for polishing. In all, eight pads, having average pore diameters ranging from

about 18 to about 30 microns were used for tungsten wafer polishing.
The representative pads were evaluated for their ability to polish tungsten
blanket wafers using a IPEC/Gaard 676/1 oracle machine for one minute with Semi-
Sperse® W2000 slurry manufactured by Cabot Corp. in Aurora, Illinois. The machine
20 was operated at a down force of 4 psi, an orbital speed of 280 rpm, a slurry flow rate

of 130 mL/min, a delta P of -0.1 psi and an edge gap of 0.93 inches.
The tungsten wafer WIWNU and tungsten polishing rate was determined for
each pad and plotted against pad average pore diameter. The two plots are found at

Figures 14-15.

25 The tungsten wafer polishing results show that tungsten WIWNU improves
with increasing pad average pore diameter while tungsten wafer polishing rate

remains essentially unaffected.

EXAMPLE 5
30
The effect of buffing the pad bottom surface on pad/adhesive peel strength was
evaluated in this Example.
Pads were prepared according to Example 1. The pad surfaces were buffed
with 2 passes (180 degree rotation after first pass) on a standing belt sander

35 manufactured by Burlington Sanders using 0, 2 or 6 buffing passes, 50 grit size paper,
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~$Nk 21 7r r@&hnes\sqrﬁw%ttom surface including a skin layer having a mean unbuffed surface
roughness, wherein the pad top surface mean unbuffed surface roughness is greater than the
mean unbuffed surface roughness of the pad bottom surface and wherein the pad has an
average pore size of from about 10 microns to about 70 microns and a waviness of less than

about 100 microns;

b a backing sheet; and

c. an adhesive located between the backing sheet and the bottom surface skin
layer.

11.  The polishing pad of claim 10 including at least one macroscopic

feature selected from channels, perforations, grooves, textures, and edge shapings.

12.  The polishing pad substrate of claim 10 wherein the polishing pad has
a density of from 0.50 to 0.95 gm/cc.

13.  The polishing pad substrate of claim 10 wherein the polishing pad has

a pore volume of from 15-70%.

14.  The polishing pad of claim 10, wherein said thermoplastic resin is
polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon, polycarbonate, polyester,
polyacrylate, polyether, polyethylene, polyamide, polyurethane, polystyrene,

polypropylene, and copolymers and mixtures thereof.

15.  The polishing pad substrate of claim 10 wherein the thermoplastic

resin is urethane resin.
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5 16.  The polishing pad substrate of claim 10 having a tungsten WIWNU
less than about 10% and a tungsten polishing rate greater than about 2000A.

17.  The polishing pad substrate of claim 10 having a tungsten WIWNU

less than about 3% and a tungsten polishing rate greater than about 2500A.
10

18. A polishing pad comprising;

a. a sintered urethane resin polishing pad substrate having a top surface, a
bottom surface including a skin layer, wherein said substrate has a thickness of from
30-125 mils, a density of from 0.60 to 0.95 gm/cc, a pore volume of from 15-70%, a

15  mean top surface roughness of from 1-50 microns, an average pore diameter of from
about 10 to about 70 microns, a waviness less than about 35 microns, a mean bottom
surface skin layer roughness of less than 20 microns wherein the mean surface
roughness of the bottom surface skin layer is less than the mean surface roughness of
the top surface, a tungsten WIWNU less than about 5% and a tungsten polishing rate

20  greater than about 2000A;

b. a backing sheet; and

C. an adhesive located between the backing sheet and the bottom surface

skin layer.



