}
;e3eZ|j6TZr 25 June 2002 TITLE POLI SHI NG PAD FOR A SEM CONDUCTOR SUBSTRALE
5 BACKGROUND OF THE I NVENTION 1. Field of the Invention. This invention .
relates to a polishing pad used for the grinding, |apping, shepufg2e0d
pol i shing of sem conductor substrates, wafers, netallurgical samples, i o0
menory di sk surfaces, optical conponent, |enses, wafer nmasks and the |ike.
Mor e pa:ry the present invention relates to polishing pads used in
t he che MW W al polishing of a sem conductor substrate and nethods
for their usg. cu55| on of the Related Art. 15 A sem conductor wafer
typically i néf®eres a substrate, such a r'—-E licon or gallium arsenide
wafer, on which a plurality of integrat rcuits have been forned.
I ntegrated circuits are chemcally and physically integrated into a
substrate by pattermmnmmmmesﬁmwwemlmmr the
substrate. The layers are generally formed of materials having either a
conductive, insulating or 20 sem conducting nature. In order for a device
to have high yields, it is i sem conduct or waf er
and, as If;lgresult, it is of BCA{HRI ) ,} Nfr i conductor wafer. |If
the process steps of device fabrication are perforned on a wafer surface
that is not planar, various problens can occur which nmay result in a |large
nunber of iﬂoperaﬂ@%@ﬁ—é@%ﬂn—t@' exanple, in fabricating nodern 25
sem conduct or int r ia t i nes
or si i ar ot ruot Paanauion’ SAS o 4 ppRaRRE BRI Br U BHRANEVRPIE, |
surface for rrsitapmg afd polidhewg o semmohdqmtmusdbatrﬂes apafgrsamtbyalm’rglealmfnptes,hl ghI y

irregular, wth eas of vatlon troughs, .trenc and
ot her s M 1 afnefigRedBBsuBieaeRial Padinpnsi FESS Ry Ao QOB such
surfaces is patassdy, YthEOpremt”iﬁve&ﬁ@ﬂ%fa&s% PEIRhihgOpadsOge8 i Uhé REemical
photol i thography, as well as renpving any irregularities and surface

i mper f ect | onBeehanicalpelbingaf dessiieandyetapaubsisate prdmetiods foxthesuser ocess.

25 June 2002 -2 Although several techniques exist to ensure wafer surface
pl anarity, processes enploying chem cal nechani cal planarization or

pol i shi ng tezhni qDiseussiveobihieiRels@diidespr ead usage to planarize the
surface of wafers duri.n he varj ous aiages f devjce fabrjcatiap in order
Lo i mprof® yi el d, AptHEPHANTION Rfer enisally] eluges p subSiesim e 35 cnelHramapT
mechani cal pghhﬁ:‘ﬂ' ddgbnfdeGVEE, danIihbH%%l&ﬁﬁtféfﬁﬁfélg@a’ied@%du%‘ h@fe Beel@biiledunder
a controll ed downward pressure with a poli'shing pad saturated with a
convent i onal Integrptied sgiropite rasen chemigallyc ends whygieallys mtegratetl uinkoy 2 Jybsirata| by

pol i shing pa f, 0, p a r

manuf act ur edggtseli‘}lsr(f?fé I%?lﬁﬁ%dﬁtthg Jéfb §t|?$t9%mﬁ g‘g’gf?g?}él{r?tg gu%ngg Srhg'\{g%ﬁrgs?gﬁ fied
inthree 1 oggremlb's fopaky mer - mqmmjmahedng abithars;a ntmfdoawwumsﬁiahmg and

cel lul ar ans. For exanpl e, a pad coptaining. a pol.yurethane resin
Tor egnapba KmonRetg aebts. T ton dediniee £ Pt e diefus? Rl ypil Bkt ot
group. Such Rpagsa fial Eéiﬁfcbﬁd&%r‘ waiar%ae& & reddk, 3o 526 BerCREBERANY tdTBAIshact ur ed
by preparing a continuous roll or web of fabric; inmpregnating the fabric

with the pol ymppn@etoerveafmy Hdhymr@ctelaanteps oﬁdwng: fahdcagsionyare perfarted ron a
tting, sl d to the d d thi | at er al
i monst on, - BRTaAftksthab o MRS S RS CAF o oTNEF Al ML S o

4 and consi Slarge number of inoperable devices. For example, in fabricating modemn

25  semiconductor integrated circuits, it is necessary to form conductive lines or similar
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

30 depth of focus during photolithography, as well as removing any irregularities and

surface imperfections during the sequential stages of the fabrication process.
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of m croporous urethane filns coated onto a base material which is often an
i npregnated fabric of the first group. These porous filns are conposed of a
series of 20 vertically oriented closed end cylindrical pore35 jiei0ebi ng
pads of the third group are closed cell polymer foans having a bul k
porosity which is randomy and uniformy distributed in all three

di nensi ons. An exanple of such a pad is %epresented in Figures 5 and 6. The
vol une porosity of closed cells polyner~“féans is typically discontinuous,

t hereby inhibiting bul k slurry 25 transport. Were slurry transport is

desired, the pads ar tured ith cha ooves or
perforations to irrpf't\‘gt{}guq tsaze géh?lﬂ'i}est PAs ;5%retns'6rﬁr P”ﬁgﬂ pE‘F?"éﬁm}anﬂf&}s’r a
nore det ai | egrodessepianploningfchtmral MecRni¥al plagirRbits &fpdli@hinghbdhﬂ \%@Qﬁavet hei r
benefits and di sadvant ages, see International Publication 96/ 15887,

the speci fi cashieyed Sndesnread upageilo plapaie shcctirizes of Walsts W‘Sr‘%‘@@ouﬁqﬁé‘%

representati r . S.1.Pat ent
Nos. 4,728, 5%2‘16216%41 S J”?j c%é?oﬂé’zﬁ'mi Q?ﬁlﬁ@?ﬁ%Z@gﬁ%{a%‘%'% ,
5,212,9108 5g@&7@136¢m1&1%mmmﬁalaprdlshmg$"GM?é) #e0Wes 3hSctBbar2Ridtion lo€ a
SRR L e DT RN TN
effective pl gopiehdcal @ypmﬂiywhemldiﬁylauwey Anfingishirr), but i on to the pol i shing
surface becones 5 |rrportant For ?l shing processes, especially those

operating at hi ghTypigaltnobisking @p‘éﬁe@@ll&le fraolishiag applivatiennsech asl @Mrpyalfel ow
across the pol.i sALOLIAR h% ri%?d bR @8&}—15’1@%8 rnéﬁépﬁé cl%?s'l poor

i
surface qual Ity across e subs e or*ar erlora |on the

pol i shi ngp pagroups palmuhmregmaned mcafmmrdpsrdma\ﬁanbeﬁm celhder ;iodymdsmbme
slurry deliver exa U. S. Patent S, 4 k et al. 10

. 89, 233.to Co
di scl oses thg %%"émé? C pRR éo%fﬁ‘&‘%l’?ly‘fr?@%ec‘ﬁé‘ﬁﬁ'é‘P‘échBtegé‘FtPnatP YesiSE ROt of

slurry acr Osﬁloﬂfé}?faﬁﬂé ﬁ@ﬂﬁsl?z{tlv% o‘f Phd ﬁrspgﬂohﬁ hisfiéh illdstate®BH BighredA- and
5,533,923 to Shanouillian et al. discloses a poli hln pad constructed to

i ncl ude condgi e mmmlwagsmtfmtmgrbyaprepm a@Op@mtquérrOBf ort web pd| fabti¢ing pad

5. 64, 064 1 o TEPEPUBBEARGbAT Wil o ilake. Sl et B PRy mepc oo

15 apart1siol asd tonttihigs tsticingt endslu:mfﬁng ake @as tohﬂxepalésxﬁddr ftlﬂﬁl&lessNaIn&r Iatdralvel v,
U S Patent No. 5,562,530 to Runnels et al. disclosed a pul sed-forced
system t hat dimensions. or the down force holding a wafer onto a pad to cycle

periodi cal ly betvepgdi gbf{he%eco%h dub, hre QGwA g{ﬂgﬁ&@%eanﬁqté@ﬁ%nﬁﬁe

waf er and pad) and nexi mim val ues ry squeeze | ow ng for
abr asi ve nat of eniofopbtoms parethane efrlmdecotated «mtbea teise fraatenjal Whish B0ofen eamt s

oy 1ot or ehco MREPHGTLHOR SURegoT g eketorp B PE B PFBH AT a3 dF erae
pur pose, 2@ ne@tically oriented closed end cylindrical pores.
Polishing pads of the third group are closed cell polymer foams having a
bulk porosity which is randomly and uniformly distributed in all three dimensions.
An example of such a pad is represented in Figures 5 and 6. The volume porosity of
closed cells polymer foams is typically discontinuous, thereby inhibiting bulk slurry
25 transport. Where slurry transport is desired, the pads are artificially textured with
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
30 examples of polishing pads are described in U.S. Patent Nos. 4,728,552, 4,841,680,
4,927,432, 4,954,141, 5,020,283, 5,197,999, 5,212,910, 5,297,364, 5,394,655 and



remains for an inproved polishing pad which provides effective

pl anari zation across an | C substrate, especially for use in CVP processes.
In addition, there is a need for 25 polishing pads havi ng i nproxaé2002
polishing efficiency, (i.e. increased renoval rates), inproved slurry
delivery (i.e. high and uniform degree of perneability of slurry throughout
pad in all directions), inproved resistance to corrosive etchants, and

| ocal i zed uniformity across the substrat®: There is also a need for
pol i shing pads that can be conditioned by nultiple pad conditioning nethods
and that can reco I gqned y .tinmes before having to be repl aced.
25 June 20025"5)@ 2%8) @ileﬂ-l@sl E&qhﬂqﬁﬁoﬁ%géﬁﬁom?ﬁ?gﬁt hegping iy g‘ﬂis to a
pol i shi ng paghiwy rdféehdédes an open-cel | ed, porous substrate having
sintered particles’ of synthetic resin. The porous substrate is 5
characterized by la emdef domCMBnand wihes poléshing ttenjmiques rtbepmidmeeffediweetv\or k

of capillary S.S The esent venti.on al so tes to oI I shi ng
pad' havi ng & &.‘3‘ %g’ &‘Eryarﬁig{’%e%cﬁ“fjoaﬂ gﬁ’ﬂ‘f‘&ﬁe %a 559“{;&%% EOMSd and
Whi ch hasg a 1§i§)bﬂaﬂtaFﬁf mafly paghb@tﬁr@u@sﬁarés?saalwho@%p&ﬁhﬂg% hig@ProfitbhaAC e
wherein the cells are connected throu the pad 10 fromthe top surface

until they rpaeds of peespes dradeguateslarmy Rlow perpesy the plolishing padhmay giventisedd al so

i as o al RPUri®ih [RRRAe g, BRSAe QUAL atilsd bR ABERAESE Malh®

readi | y wet tdedrioratiourdfhthe ipolishing baad pmssemtsultnvmusoeffms hﬂvladidcﬁ hnmg tpad

hawngabottomsurface 5th Is essentially i r |sh ng
slurries. | imRmye:$umY #ﬁ%emrgé‘grﬁxamfﬁem ﬁor?aileé‘tzrﬁ O{T@niﬁg %hg an
aver age for Edlgun&eﬁh%rus& 'Elﬁargesarﬁasﬁ?alﬂl ffow? EhdtlelsSH Sﬁ%ﬂnit Qraw@ao?tr@f @ﬁﬁa&&sr ates
with low non-uniformty. Al'so, this invention is a polishing p

i mproved padhashése Oéalsﬂhémlesbmg }20 Th8. Eﬂibmtsﬁm rfgS33a 3ab &hlamOpﬂlea;‘eattal

par 1 curar . SRERFEAP RGN b ey oh b BRE raf i Bh oGl <
effective pqidrﬁckn ofthei ;iomsmng\ rpaaum perfit Clowngf dibotishiag tsfurrynBinkitarly, U.S.

conventi onal_ pol i shi nsg pads, _the polishing Bad mai/wge used on a variety of
pol i shi ng plBAmEMNes 3 400f &2 Brejveseh et ﬁlbﬂés‘%l g3 # pohighing pad, contpining spasedes

quant | 11 8! ek bl BB ILE0 bhikeohialliang! ARBLAGVAIEITS! PRERANGNC

control of sem con uct or acturi'ng process eCI
appl i cat i ons$,562,530 to Runnels et al. disclosed a pulsed-forced system that allows for the down

force holding a wafer onto a pad to cycle periodically between minimum (i.e. slurry
flows into space between the wafer and pad) and maximum values (slurry squeezed
out allowing for the abrasive nature of the pad to erode the wafer surface). U.S.

20 Patents 5,489,233, 5,533,923, 5,554,064 and 5,562,530 are each incorporated herein
by reference.

Although known polishing pads are suitable for their intended purpose, a need
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

25 polishing pads having improved polishing efficiency, (i.e. increased removal rates),
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

30 reconditioned many times before having to be replaced.



In particular, the polishing pad of the present invention nmay be used
during the various stages of IC fabrication in conjunction with
conventional polishing slurries and equi pment. The pad provi des jseans for
maintaining a slurry flow which is 30 uniformacross the surface of the
pad. In one enbodinent this invention is a polishing pad substrate. The
pol i shing pad substrate includes sintered particles of thernoplastic resin.
The pol i shing pad - 5 - 25 June 2002 substrate has a top surface and a
bottom surface skin layer, and the pad top surface has a nmean unbuffed
surface roughness that is gre ) nbuf f ed surface roughness
of the pad skin layer. |n another8Rdotines : iy

: rention is a sintered
uret hane resin polishing pad 5 substrate having a top surface, a bottom
surface having a skin layer, a thickness of from30-125 mls, a density of
from0.60 to 0.95 Hif pesenhinyertionvelatesto apolishing pad-widel ingludessan apsp-cslied ace
roughness of fr Lcrons. and, a n pott sur.fa skin | r, .
roughness of R3S %ukgt%atg]&%%ggr%gnesm%%&g@ OFF?glt%gfﬁr{eséﬁr ﬁﬁ%@o?ot%é%g@@ Bf the
bot t om sunf achagilsiciizéd st ai gnifodss cofit@tioid andeRRUSEY, fiRRohMMGINB&ES o of he
top surface. 10 In still another enbodiment, this invention is a polishing
pad. The pol i“8Rill3y pasgagescl udes a pol i shing pad substrate that includes

sintered particles i i : i SIidg: has
a buffed top surf acgieaél%&gllngﬁl? l??c‘i’ agsg{xt%%%%@g%gg gg@%@@e@gm@ﬂﬁoéwégg%@t tom
surface has a bnitohasefperandiwhicl Bspen lvelfedt dyel Which dds & skindayet @anehe bothme ki ng

sheet; and an hesive | ocat ed bet ween t.he backi ng sheet . and the buffed
bottom 15 sur' ﬁ%e?glﬁﬂoéﬁn%%ﬂls AN _e‘?ﬁﬁﬁaﬁw ﬁ?t@i ?l'{oq °_t§‘8§ﬁ ing
el ectron 4 criggh @itop StffhceQintil they téaRh WeDbitB MrfabddB ki@l | y avail abl e

pol ymer -i npregnat ed polishing pad of the prior art at 100x 20

magni fi cati on. FI GThe prgsent gppniagn plse relptes do 8 pelishingpad,thahdesss not swell in
comercially i | -k O J Shl f e i rt at
100 magn {1 0¥ Ples@te Rk R RN RRE G W ) B Crles LHEbEtfiic

avai | abl e mi aobpaeadity Weitatile/pe pol i shing pad of the prior art at 100x.
magni fication. 25 FlLG, 4 is 'S‘SSEM of. the cross-sectiopal .view of a

commerci al Iy avail ¢ rihegpere, PEﬁ‘ig“tfi’i“fe]‘ﬁ‘?‘%/f?é" Fﬁ%ilsblélﬁ_i’ haying "b‘P°t{°I‘f‘és‘5_faF6r art
at  100x n@gnithitGakdseRtially ipemndadledo phlidtilg diligickoP view of a commercial |y
avai |l abl e cel lul ar_ pol yrrer ‘foamtype polishing pad of the prior art at 100x
magni fi cati on. a8 apidriton gig2pregentingyention is & polsWiing padnkavingoas avesage povell

view of a co ially. M| . W tyvpe s hi pad
of “the pri or SrpeisftrelisBARmERRISRPE I Yers B kY BRI BBREY o1
a sintered thernopl agkeé,CthisHivential isS i pudispiag paanwithcanuimgstoved bad/adhbsivan |

uret hane resi.n spheres in a nold sintering process at 35x 5 magnification.
FIG 8 is a 3B¥M'8f%the cross-sectional view of the polishing pad of Figure

7 at 35x Jgagni fi cattpofidhing Pad Sf theFbat it RAGLORs ViR @l a IRQE D&riety of
enbodi nent of a polishing pad of

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

25 directly affecting polishing performance and control of the semiconductor
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 sturry flow which is

30 uniform across the surface of the pad.
In one embodiment this invention is a polishing pad substrate. The polishing

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



the present invention at 100x magnification. 10 FIG 10 is a SEMview of a
cross section of a sintered polishing pad of this invention that was

manuf actured in a nold sintering process using urethane resin having a
particle size ranging fromabout 200 neshsto about 100 nesh. Thejtapegh the
pad is shown in the top of the mcrograph while the bottom skin surface

portion of the ) orlen ated. ip the ttom e. SEM cro ph The
SEM ni crograpwb%&’é h attSRé‘H age apgh E?f&’é‘h?‘fr %Fl’f‘B?ﬁye'Fla@g‘ pad é‘)paSH agaias e a

Cross sect i onpd£\Wn O %rﬁ%@rﬂgg%ﬂh'&%t 'Elﬁ?% @éata RRhi §81 Adar b @fedt L%r%acE
i nvention that was manufactur y a belt sintering process using urethane
parti cl es havitonghrespafithe gddesksi lzgerr ange of from |l ess than 200 nesh to

greater than 50 nesh er ei .he S was taken at a 50 rra ni ficatjon.
FIGS. 12A and 12B @raélmﬂweaemg?%glgmsgﬁ inyEntipndf@ setered aret ;5?§Ft PQJHL’(‘S‘S pad

t d t ' I fy 4 h
had thet r 1 op Buryd AELAELB3lhcd 3ol B Ble 4 Rty EMILARIE ik 12V
shown in Fl GS30-12Amileda dBitwerf drdao0I60marodsagiieeea pbie wlired bf Siont w-lﬂﬂ%,

met hod usi ng urethane thernoppl astic particles having a size of fromless
than 200 meshMed Gpsutfase rf)%ﬁﬁﬂﬁ@fi@%éﬂ migrpas §E#?§t?é“ Bettam sunfrse iskini AT pads

were buffed u Lt

pol yester-bac@gg&a rgf;g:\?/se{?% |2t05rﬂEF(gé M%ﬂgandh%%gsgﬁgoé%?ﬂ gffgﬁiﬂg\%(;en\}vs of
t he top surf aagfaenskin hgetiptcsothns thenaas smffaca raighhes efithatat duafaee. r esi n

pol i shi nggqoad of this_invention that was manufactured by a npld sintering

process u ng ur et W=l asather embadimeny; ‘ﬁ& igventpn 154 golgbmglpg@ a5 ¢! h“’Bmepaf‘rom
about 200 mes cltugesa'(p fshﬂx%&;aﬁ%ﬁlfktra@ C}Eﬁt induded sﬁ'lt«?lec? arfiPRVL P e fpif‘sﬁ%‘s
si ntered urethane pa averdge pore Amet er - on st én waf er orm 't

fol | ow ng pol Thhpolighing paciubstrdie has-ebxiffeditsp surfabe dndebiffiddottomenefge »mmlelpor e
dianeter in mcrons and the Y-axis represents tungsten wafer wi thin wafer
non- uni f or mi t {e (hffpdibpttom selaes has aFSPEf\acelBorpgtyaleﬁfl Hranghe thyHed temh syécer a
tungsten remoyal;, g%é‘e £ £ aﬁ%\éﬁésﬁle 154 e?\g M ifd Q@Qﬁ Qﬂéétﬁﬁaﬂﬂtﬁ@fgé bh@th N9
varyi ng average por ianeters where EAxI gpr esents the average
pad pore th amairface.in m crons and the Y- aX| S represents the tungsten renoval
rate in ~Jm n. DETAILED DESCRIPTI ON CF THE INVENTI C]\l 10 The present
invention relates to a polisk¥eg FDESGRIEHQ . el | ed, porous
substrate conprising sintered part| cles of synt hetl c resin. The pores of
the substrate are characterized as having a uniform continuous and
tortuous, 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
20  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.
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.
25 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

foam-type polishing pad of the prior art at [00x magnification.



i nterconnected network of capillary passages. By "continuous" it is meant
that the pores are interconnected throughout the pad except at the bottom
surface where an 15 essentially inpervious bottom skin |ayer skquSgdgri ng
the | ow pressure sintering process. The porous polishing pad substrate is
m croporous, i.e. pores are so snmall that they can be seen only with the
aid of a mcroscope. In addition, the pores are distributed throughout the
pad in all directions, as illustrated Ff-Figures 7-13. Furthernore, the pad
top surface is readily wettabl e and, when manufactured out of a 20
preferred urethane thernmoplastic, the polishing pad is nonswelling in the
presence of wateFlGagiigs SEMapkshg crops-sctongl siewreff @ rqomumemiaily taveailahdel be

manuf act ure ' 1 Lt ] |

conpositi onq?alﬁllg&irpto S éortr}?;l Jﬁ rt}%[%@p?&%}?g% ﬁﬁuélé}fe}% %ercf{ r?%@%g’?%g%tl%&ecur sor
conpounds. The pblGshisrdBEMdf thebep viawer acintérhé therasplastid regmiolishing pad
prepared utilizin 2 rnopl astic sintering process that appliegs

m ni mal or Bﬁ&@’é%@b@iﬁ&“g rﬁ%@?ﬁ"@?‘f‘ép]bqr%%‘g‘&@o 1N Proce é‘tgw@%i red
pore sizg, pRpAFichiion density and thickness of the substrate. The term
“mnimal or no pressure" neans |less than or equal to 90 psi and preferabiy
| ess than or equElG.t&isBEEM iof thetcross-seasiomalpview ef thedpalishingtad of fegumropltist i ¢

resin is si . sentially anbient pressure conditions. Al though
dependent ogggk%g%lg&%@%é and size of synthetic resin used, the polishing

pad substrate caRIGavi aSEMWEtiRgRp Meve oflamities @mbadimer bf b golskiag pddep um
Typically, the average pore dianeter af the polishing pad substrate wll
range from Qﬁdﬁ?segt‘f‘lﬂené‘ﬁﬁﬁfl@dn?ﬁ“hécapﬂn- 25 June 2002 g_ addition, a

porosityg i.e. pPefs wismmbﬁawg @bQWecd o AR i RGRY oﬁé}%gsgé@f)fe{mp' y

between 25% and 50% has been found to yield acceptable polishing pads
possessi ng tiventiac dws avag rharatichirkd iy aamdlddsintziing i procdss wamg. uidthahavesimow

determ ned that sintered urethape pads Vi ng.an_av e po di ter of
from about 831ie 7 BRUC S e pRmE BomAPer g meif4® Al TR desBahy o din
about 10 m ?_ﬁ&&%hb@n b ttop/6X thd ﬁﬁ&B?r_a hBX &R Hotdin ékin B@ificeiioRtebnl JF th@f er s
and give polished wafers with very Tittle surface defectivity. An inportant

pol i shed wapad isseriengated dhe betgra ofithe SEMamicregrintt a fecS BN, wicrpgraphwomf er
non-uni for ”ﬁ#k%n{at"éﬁx\/\ﬁyé%iﬁcw(?wu of a tungsten wafer is reported as a
t [

per cent age. IS ca ated 1 o by dividing the standard devi ati on of
renoval rate by FH& &lds ageSEMnof al crosst sectiom rviewn eofina fsimterzd durethanguesin ent i s

th ltiplied.by 10Q.,.Th | rat d. at 49 points_ al
the i anet aPOTITRRALET I e PR R e e B8 ofh St dine refSt Pitear o
nmade on a TeRGRne PartiR1d¥BRVINE G pHrEéle Bite e TITESH lesditRAL2 60 2k So Bleafehi S

i nvention, having an aver'agfé(spore di aneter of from about 5 mcrons to 15
about 100 nitlkand@dneshavhertie theSEN Was faken ab $Gnmagnifeafiong gi ve a pol i shed

waf er hgying a t t VEB] f. t % | s than
about 5%{ and mgw%‘r@e%/}gdb Yy ?rgsfs'sdet%aa{srsl Sg‘%&r}t&w‘%}o oéﬁ'ét?lghgnﬁﬁ’?ﬁoggsglttééﬁéwmu
refers to theethheiherafopiastic/pghsidng phdsedf dhiis ihvenkion wizitkerhavhdtadhtheir heen
polished with a poljshi of i S _invention Jusing a 20.IEIE$$ rd
676/1 oracl é%ﬁgﬂée$of§%§@§’m8%§gbﬁrlf*ﬁmg_&?ﬂ@s@?%@%&égeﬂnév A

manuf act ur ey 78 Redre GRUtR - mhiLfAMHRE by |d IbeROkifiterihBe ¥R RiSingaGretiagE at ed
at a down force of 4 psi, an orbital speed of 280 rpm a slung flow rate of

130 nL/mi n, tkermeplasticpasticlehavingss sizn @f fione lege than 09 meshy 3o gredtersthannddt her

i nportant para r _of the.sint.er. l.i shi AL R .1 ' 1s 25
known agg vva\Weﬁg‘s?tsr.ﬁc w{@qcﬁ 8 ggle(ﬂ?élgllngg gg&?re‘léézﬁ P{g&%(?aﬂﬂgfar\réglé ri%ﬁfrtng%ngigthﬁ% % rough
hei ght of t hess $hshf18@0enivmuighepslyesttrcbadkal reveliritveen t he wavi ness peaks and
troughs are greater than the distance between jndivj ﬂtj?al peaks ang tEroughs
whi ch are measur géG$ol%t9é¥irﬂ3%a§%PY?i€@dr§€Mhﬁ@§§.° st,°P\A&U¥4‘fésa§‘ i
measure of ' ' d Greftahl 36t PORSHRY p&f oPaAS iffentiéll that Ryt i on.
Preferred p%{&?gxﬂfﬁgéﬁ%é;bdfsblgg&é% tﬁi'n S %nven??‘on%?l %a\{e ;3. scﬁ.rlf acé1 wavi ness
| ess than abmamufat@@edrby ronsld sirdenngspropese fusing birgthhrss partinles haviogta B8tiele cr ons.
30  size ranging of from about 200 mesh to about 100 mesh.
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



25 June 2002 -9 A wide range of conventional thernoplastic resins nmay be
used in the present invention provided that the resins nay be fornmed into
an open-celled substrate utilizing a sintering process. Usef ws June 2002

t hernopl astic resin include, for exanple, polyvinylchloride,

pol yvi nyl fluoride, nylons, fluorocarbons, polycarbonate, polyester, 5

pol yacryl ate, pol yether, polyethylene, polyam de, pol yurethane,

pol ystyrene, polypropylene and the |Iiké&-and m xtures thereof. Typically,
the resin is naturally hydrophilic or is capable of being rendered
hydrophilic with the addition of a surfactant, dispersing aid or other

sui t abl e ne¥Eege pad pase giapetsr iopiqrenstang ke Y raxisispresents tungsteh wafsedthionsi st s
essenti al | t : WRUVSS| | yuret hane. A 10 preferred urethane
t her nopl asﬁa(g;ﬁ@n e%ro{r}lﬁﬂgﬁane )Sﬁ é;}%%gl astic manufactured by Bayer

Cor por ati on. Prdl@r &blisya plotofTampstenuiwafeh anmgstchaenophlaatd for yevethl airerd€Xxi n
970u, and Teﬁhn 9§§u . Usi g particul.ar sizes (e.%, ultrafjne, fine, nmedium
coarse, et T§YKGP ﬁh‘ﬁéspa@ h3ving, varyjng average,more digmeters where fthe, Xsaxig

m xtures angyeRmRi Malavadge pALbSR! diafbtet B mtctohd GhATR 88LLIE rifr&dcisRRE LT Cl €5,
prior to sintering, is a useful way to vary the characteristics of the

pol ymer mattwigstenvgaeval mase invdintinpl astic resin particles are large, the
particles may be ground to a powder of the desired particle size range

usi ng suitable size reduction techniques, such as nmechanical grinding,
jet-mlling, ballnil |DEDAIISED GESCRIPTION OF YHEINVENTION i ke. Wien a bl end
of thernoplastic resins is 20 used, it will be appreciated by those skilled
inthe art that the ratio of the conponents of the blend nmay be adjusted to
achi evgpa desir ' £4-0] e, an

i ncr ea?gd per ce??lg gésg?tsi{“f\egﬁw geg%tééc}gtﬁ‘ggggﬂﬁ? : ﬁé@%@{ hﬁgggh%soﬁg&rp gg)&glgwé
product hawonapszsubstritd eomprining sinteeed Rirtelds of spithethe resesi The popsneithe can be
achi eved ut | kzingycomger?ially avai l.abl e nL¥ers, bl enders apd sim | ar

equi prrent . SUBSTRF SR PR B RRE] A | Yot  BRTOTY | SRR ] 2y oS,
properti es,infeR\nitdd Kt@orki &H:a@fllabhﬁasfsi%ﬁ.”w agdniti@ub@di ip g/ fRshti thatt the
sintering processes should range from about |ess than 50 to greater than
200 nesh, deEEsnase dntprcannecied|thropghayt dhe pads exachhat e botwmy serface rwhasan 200

nmesh. g4 i d i . of t asti.c resin
parti cl1tess %g%@éxﬁglbg?r? &'&%ﬁ%é}%?ﬁ%ﬁﬁ?@%ﬂ%ﬁ?ﬁ{rﬁ%gbég@ ttr’r%?ﬁvaﬁr}ggsggggl e?‘hg han 200
mesh. 30 Byprbeessehe pbloys adlishing padssubsstzate id hhacropsrows, 1%. pordshaee sdematbpl asti c
resin partigles fall_ within,a sjize ran and nost preferably 99% or nore of
the t her mogfigiahey: Carchs seep.gnty witidhe &R kg FHFASIORE: tpAddpons the BOgesears o
range.  2%4istHb@ed Afidugdit | the 0N AIMAAdERGMons, WAE Nl1Gstiae in dBRRES V7-13.eSS

rigid substrate is desired, the synthetic resin particles chosen are highly

i rregul ar ifurtheapese, tiepad op syffage is sepdilyyejtableanddwhen maspiastures gyslof dved t o
’ : . . _ TS o
T e S B BTSRRI YA LORSER KL et o

void volu € porous s e er. Inb5
anot her enbwatenacits omdlkali. althis glse prederresd thit, the pad be manfacaired Gomaadsingiost r at e

is desired, the thernmpplastic resin particles shouyld be as close to

Spher: cal - TRAEHEsS T 105 BOPaBecOR M £ORRaF BPh 880 & BBIOH Eonie TSt ¢
resin partigL@splaNepRciiblcorBifdsD hardness between 40 and 90. Polishing
pads/ substrat es "of tﬂi s invention, produced using thernoplastic resin 10

particles in sinfherpalighipg peé sulestrateh @f ¢hebpresent dnvedtion apsr prepated ufilizing i2ve

slurry gonttol and.distri.bution, pglishi rates _and qual it e.q. I.ess

def ect 2% schemdRge Shleink| oo b caplis  Alrial N A itk BT S ¢ e
synt heti c rgmiokpheit preshes taichigeltyedeirs@perct sigs, poplsig! densite andthivknessc| es
having an irregular or ggherhcaL shape and a bul k Shore D harqnegi het ween
45 and 75. ¥oh¢ sybstigepdbe SiBs THRMEL ORLRIGIUES IReARs defs thapprieapal 43 >4 pst

typi cal Iy Nl RsANIRLIORRPICRI YECT i3 TadsPptRGH df (@ Bdrbhaicad! ¥
bet ween 85 axfgprgfg' ‘%es po?‘?sﬂl g pad Ig%bstlr at esphave been found Itﬂo exhi bi t
accept abl e 1eNR is sintered at essentially ambient pressure conditions. Although dependent on
30 the type and size of synthetic resin used, the polishing pad substrate can have an
average pore diameter between lum and 1000 pum. Typically, the average pore

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



polishing rates and integrated circuit wafer surface quality. It has al so
been found that an inter-relationship exists between the structure of the
polishing pad and the ability to provide consistent and accepisafihe20@&mVva
rates 20 while mnimzing pad i nduced defects and scratches. Inportant to
such an interrelationship are the flow through vertical perneability and
t he anobunt of polishing slurry remaining on the polishing pad, as
deternmined by the dynamic slurry capacity8test, the procedure of which is
set forth in Exanple 1. Flow through perneability is defined by the anpount
of polishing slurry fl owi ng though the pad, as 25 determ ned by the
procedur e al $gdisien; 3 perosity.n.- ea@awwoéumc, betyecep @bPuth 5%y aw&ab,ouwo%here&rréﬂb nt

i nventions -3

nown 10 hodt AEP 1 ehaRe Sy, has R TGRSR ARABIHALAAEMETAIGHEE,
process. CnethmmﬁeﬂhqsﬂduhﬂﬁﬁambmhdnHQGnus:descrlbed in U S Patent No.

4,708,839, the spegification of which is i n rate erein by reference.
L eds

30 Using a cl osed havgpﬂgv&efqg@uﬁpégggguera fyng &L AFerags R as
pol yur et hgne dhgds0dH f?&h'a%oﬁteﬂnibr&?svﬂo'190ﬁth©0‘¥ﬁi%fcfn§danﬁ%$dt Plefert]¥ %etw%eﬂ
screened nesh S|z“£ and preferably a particle size of fromless than 8

mesh to greatabputt irons teeatout 76 mpiceppedre exeslliehyne polding Elwrafwrs el gmmt om
oo o Rl ol SRl ek AEI55) B8 P s
surfactant prsuficet Ondmﬁmlfqﬁﬁfl@t | @iyt parhietersol @ twithinprvafer tivd-dnifeemity ow
characteristigcs of esin. The nold is closed and then vibrated to
evenly spread M PYINE A i Sensstepavateripregorted pt 4 Peragiéagio tds ealeulstgd | s
then heatgd tyy dilighey thteftalﬂafdt dehfion I9EHR rarl theatersgect o8 raftd QP | N0
the particles”involves heating the nold evenly u eterm ned

t enper at ur e dhewaferpansl diet qnotient ds tthere nmpidtiplied, bythﬁt a'll"hc mgnowé rate dveat a
set tenperature f or, addi ti.ona e r.m ne e nd then
ool | ng’ ¢ ne. iiseenid P APtk Al Bl oF Hop ey viFanBE bastpelions B¢
period. ThosendburéMefts didta inads lohlal Tdnbort S750mhnihéthred BRIECA Aleficdr N Bintérb®

t hermal cycles can be varied to accommodate changes in the materials and
nol ds. | n addedy ehthig inventiony haxingiaa dyvsmege aoresdiametsr o fiogt gboyt 5 rpicreng 40

i ncl udi nggusi I

neat od and ccariid OBRHES re SPF A jinkstQh wBRAEIE GPL ReNiB) wte paiLE
cool ed and t lengstent Wi WIN(J aifiledsi thap pmhtslﬂ%sprdembiyslessethmvebbtﬁ S&%nantienasbl d.
Control l ed 15 ey pé;ca on of Pe thermal cycle may be used to alter the
pore struct uPEp@plydesst mb@? degree of sintering, and other physica
properties of t he ThieN8tm p@tﬂg%tzhr\mm's%t @i WANEUAMS. 2 RGBSt @ﬁ&t oed
nmet hods for nmanufacturing S|nteredszollsh|ng pad substrates of th

i nventi on wi [blanketr yafge teat dias §eerppelished with aepadishiingipadiof dhis prvspléon u%Eg & the

or of orr edds AEEGIA BAeh (R mephia rnEiminglo Sk SERES G ATO Byl  "°

di vi ded i nt o nhamftited by" Caic@eCqpdin’ Aargh, mma»tsl el machihBewdsesperatedage pad”
refers to poljshing pad substrates that have an outsjde dlaneter of ., nore
than 12 i nch&@Wadarcspirpsian orerialspesd fA88 oy stusryflove pate pf Rigml{mined s t o
pol i shing padefyPSrLalGsi BV AD Wreodegle@net er of about 12 25 inches
or less. All 8? t he pa§§ of th?gép%gentPon are prepared using thernoplastic
resin corrposi t i onsAnoiler isipottenti pacanmelertoddise smmbdtpnlmhmgfpadbﬁtlm etitiohiing pad
substr at this inventio escri bed b ow in the coptext of
sing ¢ heSpr PRV ARV ENBPIRTAS | MeRRTe AL (61 ReSy BB E b s,
Ther nopl ast i qgjghti6fth8Sutihéd Wavifesd! The Midtatad batwebiPeivaRimss paks Mdtroubhs
preferred urethane thernoplastic, as supplled typically has a pellet size
ranging fr omaaqacsmater/ thant thea distancg, besweenpindiyidual pralis rmdutr@ttahar‘éhmb hase

ur et hane el a 4l 2 f.er Ygag,eund
to a nean par st?zgétg#ﬁg Fosrlﬁ %es]g %%QBOTﬁé%ﬁ‘ngﬁ ésgrlga ?"ﬁéanong mesh
and pref erabltmtfonnmy pﬁtltel surfacs cargourasfiadgof thisvinabticn. IRrs&n’edhpmhMgmmlh to
greater than 200 nesh, t he desired artlcle Si he ur et hane

P her nopol Yrrerof 185 GBYERHRBETae Adbitpes Weaes 165 duatsout | o PP sApadnost ng,
by 5 poli shi ngefefabMeditha® bbsilt 35BhibRMs known to one of ordinary skill in the
art. It is preferred that the sized urethane resin particles are dried
until they contain less than 1.0 wt % noi sture and preferably until they
contain | ess than about 0.05 wt noisture prior to sintering for the

manuf acture of both large and small polishing




pad substrates. For |arge pad manufacturing, it is also preferred that the
ground 10 particles are polished to renove sharp edges in order to reduce

t he pore volune and increase the density of the sintered poli shijng 20ed
substrate. As discussed above, standard thernoplastic sintering equi pnent
is used to prepare the polishing pads of this invention. The size of the
resulting polishing pad will depend upon the nold size. Atypical nold is a
t wo- pi ece nold manufactured 15 out of staPbnless steel or alum numthat has
a square or rectangular cavity ranging in size of fromabout 6 to about 36
inches in length and width and preferably fromabout 12 inches or about 24
i nches in | ength afavide @ange of senvestiona itharaoplgtipresive smyibs ysed in he sty

PLACI 19, 2 Ty O VPPl BRI GBI, e
of time 20 raniizig far simteringUprotésssedizefis thernedplastic Zresinnitichrie Ofornexantle

i brati ng t1 MR CH RERE ASB NP L BUSTn HoBaErs SOVFARPBHBrROY SN 5
expect ed tshagp(ﬁyélc?ylﬁﬂaf:h gHB/'eﬁl)eY,“ L#SOI}Q%))(&%E a\fgﬁﬂflafn%e, Ia g?é@ké?ﬁan@f Ebl Ry A1 Ng

from about 15 seconds to about seconds e a 24 1nc g nold
wi |l be vibr apadypropylene pod ithel lisé and mixtang itegedfr Typialbytthéese domaterally 25

about 2 m nutes, or,.l.onger. The nolds are prefergbly.vibrated on.their edges
to insure pr o??’éirmpﬂ%l&ioﬁglso‘fap?ﬁlg %ﬂag?lflé ur!eﬁg e‘{)ﬁﬂyamr‘mﬁ‘afvét i@F ?“ﬁét}od‘eof te

ol d cavity. stitac@her giferdinbr aide@r NBthet istitit)e nmbBAR! editals prel@Sdd eRht the
tenperature for a period of tinme sufficient to create a properly sintered

pol i shi ng padhempaplasiic aesiryaedgonsisis gasentialbeofrethemaonlestig resimpelyurethare. afove

t he ther I } ' ASSm j . epne TR&E re

t hat appmcﬁéjgfegrﬁge‘%gggﬁl y sHﬂgﬂﬁ gf g%ggléést e @hgé@r%%@a@ﬁ@ res?tr?'};

nmel ti ng poi ntBayer Cospgratdrer Preferabhythet Tewimuethabethepadpdabtic asal dre Mpxin®70w,e of
bet ween 20F bel QiN to 7g(g)out 20F above the nelting point of the 25 June
2002 -13 t herSI XN P esin used. Mbst preferably the nol d shoul d be
heated to a t errpe_f@&iug §apticuldraiized Q€ gD &ltRMInk Ofife, LRETNGH AkdMreR, %Qg%nd%‘d?éém ent
to the nmelting point Tenperature of the thermoplastic resin used in the
sintering pr drregiflar, pharighl, reunde flakesror noirtiremand ¢dmbindtians wheseof) défhend

upon the er I tesin. used. . For ex | e,. W th xin., 970 t nol d
shoul d be¥%ea@g‘8{&§£gg§d§eﬁ%ﬁ rﬁ%‘cx%d paﬂora{ot éwg%? ufe? o‘fseglﬁo%g%btéu'td 3@79\% to
about 412F, asthrqarerfsdcsalol ythd polynh andtridSSWheo thd thermoplastic teksini parti¢leo are
preferred th ol.i shin gﬁads manuf act ur ed aaccor di ng{gég thjs.invention are

sintered at affieHte may. be grpugf e, PRFASOT the desifsd Bardicls sizsdangsislg

et hods need il 458 doditibfl SRRk IR 85 RUE Rt BlifiainBe ik TRl bBIRY Y
e no

to increase the density of the sintered thernoplasticC product.

shoul d be heamdiingrscreenivng, elassifiingrand the diket Whén ahlend of ithermgplestict xgsindism on

t he poli sk ng d. tr hot & ur f during.sipteri.n T

should notd bouftlp SERhfesBRa AR08 ARt AP i ot B BB ¢
be al | owed t oof €RChichd anghe b Rustedtde actitvca @écifedapsd BtiuciRed irD theofinishade
rangi ng fromabqut 3 to 10 15 nmjinutes or nore anddﬁreferably wi thin about 4

to 8 m nutes PiOgHSt: KOr sEyPRls; Ayinsreased perrentegn gt hediecompppait maypedisediog

then be maint %!o'aﬁ& &br @%ﬁzﬁvﬁ%%sﬁl%go% §2€ ﬁ%dﬂlﬁgl?rﬂilé) staf ofdﬁerft@% ng

from about 5 nut'es '[0. _a 0 m nut'es or nore a prerera or a
period of ti nke achigyiedmtitizcimgmcatmmercidlly availablo mix@s, blemistsemd stupidar equipmwientt i on

f the hegti t the t ture. of the.nold, i d 20 steadily t
2 temper aftr o of { PATEALEORTE HeoArg ap himiepih BhgieR] PRESRER PRl
about 2 mi nut sige bpthe WRdtinoplistit fudinaise®in 18 isixterinperodeksds should finge Flogveddut O

cool to roomtenperature whereupon the resulting fpoI i shing sintered pad
substrate is k& POrtogreaterctham POO 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.
30 By "essentially all" it is meant that 95 wt % of the thermoplastic resin particles fall
within a size range and most preferably 99% or more of the thermoplastic resin

particles fall within the most preferred size range.



The sintered pad of this invention may alternately be manufactured using a
25 belt line sintering nmethod. Such a nethod is described in U S Patent
No. 3,835,212, the specification of which is incorporated heregsndyroo2
reference. Typically, as the size of the polishing pad substrate becones

| arger, it becomes nore and nore difficult to vibrate the nold in order to
produce polishing pad substrates that have an appealing uniform visual
appearance. Therefore the belt |ine sintdPi-ng method is preferred for 30

t he manufacture of |arger polishing pad substrates of this invention. In
the belt line sintering nethod, the properly sized and dried thernoplastic
i s charged evenly brens embodiaen, whenea loser depgitys degs rigichsubstrpteriadgsiesdpthef r om
about 40 to t

Fenper ature o RsH AR Ratices Hlo@R At niEhil BORNE bR rhBUPRE Brepuiay

pl ate and a bsHapedpirticles) isl#aé:e'{addatbe:eqsthd rpamldsrfrmghclangomtemgedm dweerbyat a

set rate which al |l ows tH ol yner. tp be ex %sedtoth ar ure
for a period BOVidinga hig dioﬁjg #%‘?ﬁ“ég%mm‘?ﬁﬂ St dor Sragmie 5° 5
nore and py ef gl ¥nibeRingenb Siefd HP%heP uem,n%a@gfepgoﬁ wbséattec;s ae%ued

m nutes. The resulti nlgaam nt er ed po eet is quic % cool ed to room
]

tenperat ure athd theraroplagtiv fesinepattindes shodehbeansdasattorspharicehimstfape s apssihle.2
t to 7 t f t 'y d
ol 1 shi ng. padth Sitefitsed shhafit AU bIEIOIS patii e PRb B spbdn FaithEt:s

cl osed nol d ppawesss0 Hidcd0. a conti nuous cl osed-nol d thernopl astic sintering
process uses a nold that confines the top and bottom surfaces of the

resul ting pad but W}Sbwgdl?égsqbé‘{atéiﬁffthlﬁé‘“teﬁtéorb@SQQ“FP%@S%)&@E@@QE?S“We 1
bel ow sunpgr i ﬁd?ﬁ clkdh B bé?lhggﬁoc%sg Hald BSe v Euﬁ&l NG &k (ﬁ\%@@ GVe! ﬁﬁ@ontrol .
f IS I nventli oV

Substrates o manuf'act ured by the escrl sintering
processes. ~ @dHidtibutiorPpolishirRratoeand quslityt @re té@})deefmjsn‘léhrat&nmg ®tc.) in CMP

m | s30- 12535- 70Densi t 5 Vol.une

Por | o1 ot or 1S IGIEG OA AP EGEbSRESEp s Sgjeds font paricles &€ Polyurethane
Pori si met er 1-| 4580 rieirtipeades ﬁhﬁfg&nﬁé@gtﬂﬁ%sﬁlﬁcmﬁé&m 5 gulRr SRke B %
12" Substrat e40- 30045- 70El ongation to Break - % 24"

Subst r at e50- JoudEss betwgeeds Apd 48 Balighirg padsubsiratepproduesdeSpmssic partiokso Les s

I 200 A B KOSl AU S 5
%0- 100- 10Reboamid93/@ Thit Qﬁbﬁﬂnﬁ@ bixh subktrpte ShateabeenRbundh e £s3hibitgayceptabie (ENBd
4-50 4-20 Zgolijsﬂlrr]lg rgtgs and integrated circuit wafer surface quality.
It has also been found that an inter-relationship exists between the structure of
the polishing pad and the ability to provide consistent and acceptable removal rates
20 while minimizing pad induced defects and scratches. Important to such an
interrelationship are the flow through vertical permeability 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
25 determined by the procedure also set forth in Example 1.
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.
30 Using a closed mold sintering process, a thermoplastic resin, such as polyurethane
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



-15 Mean Top SurfaceRoughness* (gyn) 1-501-20Post - Buffi nAverage Bottom

Ski nLess than 103- 7Roughness* (p. munbuffed ~aviness (mcrons) __ ~ 100 35
*Measured using a portable profiloneter. The sintered polishi2sgupaxbo2
substrates of this invention have an unbuffed open pored top surface and a
bottom surface skin |ayer. The bottom surface skin layer is 5 | ess porous
and as a result, snoother (less rough) than the unbuffed top surface. It is
preferred that the polishing pad bottom surface skin | ayer has a surface
porosity (i.e., the area of openings to the interior of the sintered pad on
t he unbuffed top pad surface), that is at |east 25% 1| ess than the unbuffed
pad top surf acthepbotosn tof. a W-ehqpeéftwoaﬁch mbhk cpatyi shithegdq:sadd bo\teﬂ orfleki n

surface shoul,d have a surface or 0Si a t .| east s t han
She oor'i oh nSmneEE RHRASE bR PR mited og Biesded Hith Pt s B

pol i shing pagriiofot mebl?ufaft@ﬁeinﬁktua h&iab lhameeﬁ@%etwdw !hd?@ct&iﬁﬁ:@@? the
por05|ty i.e., less than % of the area of the polishing pad bottom skin

consi st of ofssmi gy weldosctosed prd ther vibmaied ot evenbespreaddhe msmdhroualeoupmeu shi ng
pad sub Stg at %oldT&%ltﬁgq‘fg%&arga% se%ﬁe% }fe}g'l{eg tl) %%ﬁger tfléS %&ff{lcﬁ?sé tﬁéetﬂ&r !

sintering process ane con achts t he
bottom ol d eyeld doe sinfdrings Kien phmy,leg 1fm1mt herting stheombldl evenly uvgue i qré-he

hi gher localized sipterin erature at the bottom npld surface and/ or
due to the efFEREIING (eginera qw " # REe- ‘é‘itﬁf“é‘f“é‘dlfﬁ%i’?“‘l‘{n mgpnpgithe meldatdes

10-12 are cr@§Semp&hivpd fo%EM a@&1t1§ﬁﬂ2ﬁé—3&eﬂﬁﬁ§d Gne Pirdd] Qﬁ{cﬁﬂkh%oln%ﬂ{%hi .

I ncl udi ng an essentially closed por bottom surface skin layer
i nvention i nwloliiés rpoini tdmipregatpeed ovarbastother e}zre-ldntchumedglrae petivdm Fhestaefe skin

| ayer an als oI| ad su trates [ bottom urfac Kin
ayer ot R0 ¢ e YR SR e Miscthertt sy i vBSEr t ace
skin layer l@ccbﬁmidahtd‘@fangmmmﬁu@h@l& afi@ ol B¢ I sddidgor!, BfeUhd1H REn bdhekted

pol i shing pad who's bottom surface is essentially i nperneabl e polishing

i quids. 25 ¥HBE poRFeH Qfgnf}aad% eméttda%a punyHMIGrANEVesh oleptiraly efrsécamnbratedct ur ed
L1 sl Al ethap. Bads b ALIRASN, AN VRulAuEAlE RO o
an adhesi ve eoulechandetha‘saibéred bahsltmtgpad substrate is removed from the mold. Controlled
15  modification of the thermal cycle may be used to alter the pore structure (size and
porosity), degree of sintering, and other physical properties of the final polishing pad
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
20  of the polishing pad substrate. For purposes of describing the preferred sintering
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
25 inches or less.
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.
30 Thermoplastics such as urethane are typically supplied as pellets. The
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



25 June 2002 -16 When the pad is associated with an adhesive |am nate, the
pad top surface is exposed, the adhesive |layer is associated with the pad
bottom surface skin layer, and the adhesive separates the backji ngenoberi al
fromthe pad bottom surface skin layer. The backing material may be any
type of barrier material that is useful in conjunction with 5 an adhesive
| am nat e i ncl udi ng pol ynmer sheets, paper, polyner coated paper, and

conbi nations. It is nost preferred that -tl2e | aminate consists of a backing
mat eri al covered by an adhesive layer, followed by a Mylar filmlayer
which, in turn, is _covered by a second adhesive |ayer. The second adhesive

| ayer abuts t fRd B'E%gerﬁlﬂt’tcé)‘ﬁ%‘ﬂﬂnﬂa@ea giepp PREIsls SlZW)rfr[f%OF“ esefteary af mesh angt e | s
444PC or 443PgnRp Etaa%ur&s'h 24 Jrrel by @M@@g&% Iroagg gtﬂﬁn Q%Ldtt&t Pen

used by renoving e protective paper esive.
Thereafter t hmepinlto givatey thard 20@ ra¢shac Heubet the alepivéd 9hmt1n@ siee loif rthe byrethane
associ ating the X sed adh nto th surface of I|s machi ne
table or plat qul%rwlssﬁ a 3‘2)"7 BETHELps opay h‘emfﬁff H‘btfﬂ?’ rl’
pol i shing pad mhtxrgrarw aﬁﬁbf}ﬁﬁﬁlethﬂbkhdnbﬁtoRﬁte'o?Btdlﬁa@'s]d'llﬁh@ﬁe a0d ot her
l'iquids from pernmeating through the pad and contacting the adhesive |ayer

thereby mi ni m zi ngltds Biefppier dha ttfe si%¢d uzairane iresin B@mlewte\r}é@d untibthey IcpBigiong
pad and the p i i may
be- associ at carh it 4 0,0F PRuR ACHRE-ER, il By RS Yy chlrSapalf B0
sub- pad. A sufxs mad;ture phyptocahﬂct;tngrfc&dhet mafwiagturecd dmthv\batg@ and smglbpolishinrgg pad
to pronote unifor tact hetween a, pol ishing p a an, i nt egrated
circuit waf erpt%a'mSF t"ﬁrno‘:Cé’rr gﬁtgﬁg%\rpaﬂﬁtcﬂgl%bt Faglse §r ?f{]d‘?aé the grepng: ed
bet ween t he pﬁi.rlﬁ@é B ﬁ?ﬂt@hédat@'r@me(re Eltar?;ﬁ é‘dke@'ﬁﬁ oPdé? t@@dhé&‘ﬂt@q)o?@%luﬁf‘cf £Hde
use, the sintered polishing pad may undergo additional conversion and
condi tioni ng Biceepse thﬁﬂeﬂsudlorﬁ&lefswere&adﬁhmgmdamﬂmam ng one or both surfaces
of 25 the substrat cl eani.n m nants., de-s ni ng,
R ifehief Moo ORIoRR, B IRGE, SR RIRRRy FhEH B

texturing and ot her ni-ques

conpl eti ng angrep@dhd pelizhing padk o i iveribs, ’ﬁﬁ:rsxwambeesuttt@ pelishixty pe@ pad
may be nodified to include at | east one nmacroscopi c feature such as

channel s, per W} denedfgipoptsomeld sigex futyrisal mald isagaostess meld mppufastyrad on,
the poli Sli]é Ngomtadt szeés%téJ%F aluﬂﬁhﬁiﬂqhsﬁ'?)a?g shuard or T4, Palr 'ca @?H&hwaﬁn
alum na, ceria, gernmania, Si tania, zi'rconi a, a m xt ur es -t frer eof ,
for enhanced siecbfftorabogtdt tocmbowtr&di mehmvralength apg vﬁdﬂl@nﬂWerahE' firomiabout

preferred that,snmall polis ad. s r at,es. |ncI eIs orientated
e  Checker biaities obehaf thheBeniniemgh ahi Fiidihg 1h6 fnild At e B
di stance fr omrmueedassat)therngr@ﬁﬁhﬁ@e& mmxﬁtwtstzea Ipdrticulte (réthadd@lRtcderiald v
"/4" apart. In addition, the channels should have a depth_ equival ent to

appr oxi mat el yﬁ'éd%m e anidiis thap elosade bejtedetpeathers andheibrsind forpmgrind @f time
bstrat { ]
substrat e, | sﬁ‘?’ﬁg o 5]5’&9'1 Qedoh@ ﬂg@gﬁu x?xgmu%érﬂr ﬁor@ﬂﬁjreﬂ{o%fe u bst%qg&

25m | s. Po S nmanu acture romlarge poli ng pa tes of
thi s inventi obetwagn thpmr&thmiele}astmmes patialee r‘mﬂrrﬁolédubmttdg tgne)wldemcrease with

f d f h [
but fed | n_or dBPieaInR R tre ThAeter. ot avstel PBAE ish bRl etrerd o
The pads mey bl $e8hnbYoriih #th 86kt 1S Aodit 1918861 25 B Ml Beaige dan the

art. In a preféerred bufflng{wmet od he polishing pads of this invention
are nmechani caincl langfmeld widli gﬂfaaﬂgélfq?r apenigd of Wimetraggingfromabeihg0 accgnds tosi ze
of from25.to S ef er

pol i shi ngéspad taol?’?%m;’gtgssg}rg&g% r@ggﬂnéssgsrgp %%rXbl?%étggt% ?ﬁ%ﬁ%ﬁ t[(ga% Bm and
15 preferabl yproparpaabmgtof ﬂtetmnaiumtﬂpolﬁnﬁrmteﬁalﬁﬁsi@ﬁhemmm Ra is

defined as the arithnmetic mean a Iute departures of t 0 ess
profile. The pad t E %&%@bwﬁf‘tﬂg 1%@ rtﬁttﬁgweawra wpe%ﬁdﬁ
pad substrat eopfdnersukﬁbléﬂ he i A 91%} ‘sﬁtfére lisﬁ a&’%ﬁﬁétﬂa& TR mold
pol i shing pads are cleaned of deb and the otto non- poli shed surface)

is treated bysheult bedwatsdato artcmperrkterezabwettﬂmctbelpmpdnstw aesinrglasst tragpitidne pad

bottomto pressure sensitive adhesive | am nate

pads my  Pheh Gt HTEcaE cetpralle it Spr L A MR ey e Ry M en
be grooved or ieahésladtiedresin HRRmE Peift. ADOWE piefertddehahave nivdd R heaely tbeen
nodi fied. Once the grooving and/ or patternln rocesses, if any are

under t aken, atempemtwecafcbetvens HHE ‘P%O\t)ﬁ@@balg‘ai(ﬁ}’c#b@aﬁé@ sreltingopoigt af dhe
packaged in a cl ean package 25 such as a plastic bag and stored for |ater
use. It is desirable to nmechanically buff the bottom surface skin |ayer
prior to applying an adhesive to the pad bottom surface. Buffing the bottom
surface skin layer inproves the adhesion of the adhesive to the pad
resultrng |n a srgnrfrcant |nprovenent |n the pad/adhe5|ve peel strength in

o Y N 1 . a o o ™~ 2 a2



belt sander being preferred. If a belt sander is used to buff the pad
bottom surface, then the paper used in the sander should have a grit |ess
t han about 100 microns. In addition, the pad bottom surface @afajute0buffed
once or nore than once. In a preferred enbodi nent, sintered polishing pad
of this invention including a buffed 5 bottomsurface will have a bottom
buffer surface porosity that is |less than the surface porosity of the pad
top surface. Follow ng buffing, the butfisd pad top and bottom surfaces are
each cleaned with a brush/vacuum devi ce. After vacuum ng, the vacuuned
surfaces are blown wth pressurized air to renove nost of the remaining
particles f rthnnmdp&stiuiés«i;duxdlr Mostrsrefeibly mﬁmmblasbdqld pe heated o asampativire
pol i shi ng pad are |caIIy broken-in by ap aClVPsIurr.to the pads
and thereaft (?éﬁxﬁg o ‘ﬁaastemeﬁ‘@ﬂ"i’sq'hoﬁg % lent dRs theomeifing Pt

usef ul pol i sBieraRiaelo P g BlerhSp 1B OGP udth G HRSETLMRbbBeH: S Patent Nos.
5,611, 943, ang]BSag?%0843 thgp spec&?ﬁ‘éat?%ns of h asre i ncor por at ed
herei n by ref er enbBle actial T&mwratmehoseorwlal sfocoansso deresd egonmsbd tusmbplastic
pol i shing the surface of an rt| co rls cont,acti ng
at | east %one CBJBI?SS i n ’tW eé‘g}e%? O'I’ n?jl glﬁ éﬁ‘ﬁﬂstf%gleg éftgc%’dof t he
article in trh&n&ﬁxfbﬂ%@@ex@ﬁemux%kmm 4¥dufI12°F Yo abshit YEPWY iahd prefel@bly’ £6m
portion of said surface by noving said pad in relation to said surface, or

al ternative ahowi B\@S°FH9 ahout 3928F p| ht1$ elsmpireferred that palishing pedpaenufpteredo

pol i shi ng pads ihve 0 ur| e vari Qus
v ages of | coepamine. S 1B A biog ¥ Fberah LA B, HOBSeRnalt” s iy B
slurries andgd@ébﬂsmﬁéchaiﬂeﬂl:ﬁéthm riedd 6 B aised by inetdak® tﬂ&plressmrae\ﬁﬂmd&nce
wi th standard techni ques, particul arflitg t hose described for CWP. In

¢

addi tiont0 t H@OMaV%YnFQﬂQCE&iﬁéhWSlBéO pigteaed ttlempﬂﬂ 3stip PEodpgti ety of _
surfaces includi ”ﬂ?éfﬁ.toi’d ﬂg’ﬂnot elaea?%i'ove b@%zecfn?al pfog ﬂtSfalgw gsﬂhlsiag r fo€ramc

25 |l ayers and the e pol |ng pa resent
i nventi on rra@onh@nuheemlishmg mdmuea&@pﬁmwudﬁcephinmmmm@m hembldstoulind, in

particular, ¢ 1 cal | i cat.ions oV effectlve
Dol | shing. wi T Ohiheme ARG AeE P Al devetEofBlint R8s ARGud s RIGHEEG Fach
convent i onal thedekigdt 'f@n;ﬂs’rlﬂﬁrc dWRE aPSHoktSPéritl PRENRS ranBRg3fofr 86ART 3 ithvient i on
may be used on a variety of polishing platforns, assures controllable

slurry nibi musutesa)ﬁmqspewﬂe rabligithin abentct tor § ww@%%mmth@b@glyn@gfeé&q ng
25 June 2002¢ g@% pPAceésh' stﬂ{)ﬁi&[ﬁch% l?er‘:qaﬁ&']ﬁédo% ol té%l{? tRPLLAGE Hrland

process for sp I C appli ca I ons oln escription of pre érred
enbodi ment s pdricdhef tmwerahgmg fras dbewtns pnammsttedatfcmt Jounhoses odfmore and

illustration a CI’I i S. nNQ exhaustive or to
linit the i nl?ngFﬁbg}h 5’13‘?%‘8? ?@g’f“gl“'lfﬂ“d?'% ggé?iab%goﬁﬂthFFcatl ons and
variations are poﬁﬁbrbb&nbl@tléﬂ gmne%aﬂﬂges ﬁb%{@temsdwr%?m@hdmys Ruagaqui r ed
frompractice of the invention. The enmb ments were chosen and descri bed

in order2to ﬁmﬂautn a te@rxn@ranncuqﬁlfssn @bouth¥°FrI6PH ower apdriod of gime ranging
application skl e art t t he e tio

VaFi oue. enbollBmaRPY Zingrst abeflQuBinbieE offors T BRlF E A AR LSRP, ' e
particul ar U&ermtt@ﬂpéra@%iwhékupcﬁl the! fRdledg Jib&-fﬁshfhgeslﬁt@fdﬂe})ﬁﬂ sub&ratavent i on
be defined by the cI a| ns EPended her et o, hei r equival ents. EXAMPLES

15 The fol | offmRyeHL were used to determ ne polishing pad properties

throughout the Ex Hg)kﬁfered:g TS BY f Ate REEP B0 Ycn Pl d O

rate through a po I'ng pad was neasured u acuum tration
appar at ugs avbélt bid sn'fenngméﬂmdh@ucl?@ n@thgslois aesopibed .S Haterd N 3683952181 ed of

an upper i q{f'niedsptragﬁga{tl\é?ll of which is nl)(cofrporatcd 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
30  the manufacture of larger polishing pad substrates of this 'invention.
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



attaching a vacuumline, and a lower liquid reservoir to collect the
liquid, i.e. slurry, and was used w thout any vacuum The dianeter of the
upper and | ower reservoirs was about 3.55". A 3/8" hole was deflhedo0n the
center of the bottom surface of the upper reservoir. To neasure the slurry
flowrate, a polishing pad substrate having a 25 dianeter of 3.5" was

pl aced at the bottom of the upper reservoir and an Oring was placed

bet ween pad and the upper reservoir wall-sl4-A cylindrical plastic vessel,
open at both ends, was then place firmy on the top of the pad to prevent
any liquid fromseeping around the pad surface. Apgroxinately 100 grans of
liquid was poberid80t ebavieethe ynélhing inoint seaweraturatofathe ghermeplastic gesls e 4
seconds. The QUi 0 collecte A e lower reservoi S

wei ghed. Tho VG §/S Phoshlifid &n 1k B 55 Sibel %’;‘/‘ﬂaﬁ JReplate [y dliEe ¢ e
col | ected |i oontleckiyn lovem a( 388t ReL @hith) allows2the PoRenctQ0 De- dPoldANBIthe tapkddl 'y
Capacity Test: The polishing pad substrate polishing slurry capacity was
det er m ned byleRPFAYIHRRR Pead ok yme smeing fomabout Juminites;te apawti2saytep pr

pl aci ng a a sl I . i [ [ di ter
0 3. 47, e mdty 4 prof@aBE s (AR of B} SerlgRERUR, oL TS sl HED
a;p/ en co ln'lt ain le'.esukﬁxigcﬁinte&d}pnlytmnr rsgeeg/eis céqdbhlge:dobd td u?).nm te)mm_?tmleamd praﬁérﬁlﬁy

prez pol i sher (manufacture ngi.s rporation).. To neasure the
ST brry 1 ena ETRICL TG R i) BT R CmRUES 4 b ings SHeCHEPE BE. ¢ op
surface of thgepolishing pad, rotating at a predeterm ned speed, at its
center at varying flow rates using a peristaltic punp. "Flow through" was
det erm ned by neadMiarpajivelye Higosittered polishing tneds et & | ipvensione atayd be
t hrough the {.shi ad. " d" S . f_Lquid
t hat smp{b oég?&?%gﬁg%gp %%gﬂ\l/\%lg E%:gﬁsgaé&%& pﬁocg %é §%@gae§&glﬁlggﬂé§%?eginﬁ‘g?. The
"amount of slthérmpplastidsinieriflg procesicusend mold shat abafiesttheltopyand bottomcsuifags t he

wei ght of the pad prior to the addition of the siuytry fromthe wei ght of
the pad at t erofihresiting pacthus phi oaeﬁemﬂnfnﬂeﬂecrsw%ng@a&é@géﬁents: The pore

si ze_measur ement s Bee1 Uelof SirRGIAS M8 phgsital BORIE oPUntNNSIRNHE IR Y

porosi meter. Shore D and Shore A Measur nts: ore D and Shore A hardness
measur ement s substratased this inventioor damifactuied byttheahovocieshiibed sitaring pradassenn ASTM
No. D2240,. Slurry Capacity Method: The ,gzl’%qéay capacity method consists of

a

I nmer si ngf520 1 x 4 inch sanples of a p strate in a bath of CVP slurry

at room tenpgrat ur epegpdety f Or 12| houppepekfieSindéredanplies weO@tiniuven el glied
dry before they were placed in € slurry. The pad sgnples are taken gut of

the slurry bawirafT r_n;]fs MOUT S ATt tHe €XpEss St Ur Ty (O the ;gisface of the
pad was renoy : UZ Hag—Therpad sanp wetr-e—thernr—wet wa'f,yﬁn atn—4 0
det er m ne t h\‘ wpnsl an—r\ ""F, tJﬂ:C r\'\nl. Thr\ : .:%:glsnr eree s T hr\t \ \_,Tﬂ ot

wei ght and tf@"Eer/OmE‘ég%f‘(%gvi defl by the ﬁr?p wei ght (i el ds 28650 urry
capacity for «Pﬁﬁﬁmﬁiﬁﬂ) sanple The slurry capacity vallue is nmultiplied|by
100 to give tmaepgcfemDiaimterW)chaci ty. I8Q8PLE 1 3Q Sanpl &si commerci al
Texi n pol yur ettHgRerisiatett) al s hav| ng varyi ng bul k Shorle D hardness val ues
and of varyi n@laekieks, ShgRkA were ffozen to 3594 t| eness |and 25-95une 2002 -21

cryogeni cal | Yy g4 1o BRalPAeJ 1 C| €S and [yplagh Cl assif[i ed DYy g8Cjpeeni ng |as
fine mesh (F) (PP u%?ﬁjitéﬁm mesh (M. Texin polyurethang |ater classified by

screeni ng as TESH m?) WaS|TTot—gro U%_L The—grmarmy—sLgRzpToduced
i rregular, sp?r,,giﬁ?désbéhsubos/“t antially f?at 0(s)haped pawder s. Bq:p%&fi ne rnesh
@ ﬁ%s{ra&%l\a\u oAl b 1 1 . nnah

(F) is chara =2 ea—a5 g S—resh—stre—fttrer—thar—300—papsh—the
medi um mesh i%” Ahrasionlossol” def i ned 12e5S KB ﬁ@)a megh si£8S 139400 ha 50
and coar ser 1m0 yales)h  whilelthe course nesh matdarial is charact eni zed

as having a nésmpsessionddedules- t han 50 M¥RILAGE pol ydr et hAAR0-hB0OGg a [Shore
D Hardness off psi0_was Texi n 970u_and t he pol yuret hane {mat eri al _havi ng 3

Shvre D Har diy@esk Shess0 pss Texi n{ 950u. 300-Bls@0scr eendd powds0-200®r e pljaced

in the bott oMt pédmedBitil Smrm0! §.  The  100-800 100-300
Compressibility - % 0-10 0-10
Rebound % 25-100 50-85
Mean Top Surface
Roughness* (um) 4-50 4-20

(Unbuffed)




anount of powder on the bottomof the nold was not critical, but was
sufficient to conpletely cover the bottomof the nold cavity. The cavity
was then vibrated to spread the powders evenly over the bott@njsneZ(@2e and
ensure conpl ete coverage of the cavity. The nold was then heated utili zing
a conventional sintering process, 15 typically to a tenperature above the
Texin glass transition tenperature (about 32F) but bel ow the nelting point
of the pol yurethane (about 392F), to sintes-the particles. The actual
sintering conditions were determ ned separately for each |ot of

't hernopl astic resin since Tg and nelting point tenperatures varied froml ot
to | ot. After|Meah &Fop Bgrfadehe nol dl was cool ed and the porous substrate S
renoved from rngug’;ﬂeml({jmf)or further processdhng and anversi qQmQo nto a
pol i shing pad| pddiBu$ rates had] a bottom surface sk{n |ayer formed ffom

t he bottom of PSS ARGV AT VI g aVEL@%‘?hé?Plr(Ti STZzep anmd Stigre- A rardness
QuUS"~S I'n i

val ues. The pp ubstrates werge cut o circular Polishi ng pads 12 in
di aneter. The_%&%@gi 35@ thi ckness was a
' alas D

pproxi matel y{ 0. 061". The pads| top
surfaces were avai-l-ab i

nNang 2106 vy

mcron grit paMMAVEICES (HHCY e_t ha ace whs parall el
to the bottom*Meesuedusimhe podalilomodilometees of the pads were then de-skinned
to inprove wettability using a conventional orbital hand sander having a
150 grit A120 paper. The bottom surface of the pad was attached to the lip
of the Iiquid reseT’okintdrbpolishirigiaissubkieatssl dfTthiy ihVeatiop daeesn tibudld@bpedo t he
pad with a 1/8" strip of 3M Brand 444PC adhesive. The fl ow t hrough vertical
per meabi | ity ®0dioR surfssandsf bestam swifacs skinglaysy. Eheebationysuface kindar der e
measured ai VL.l Il Lz feeth in
tho Exarpi 5 s PTuEailEYa o5t EERost K pub R B PEARERY P snfe R

pol i shi ng pad puifaresicthatr the poiishing pads bottdno surface skifidbyer Has keshrface poadsity (2e.,
Sanpl eShore D _Hardness of. Syntheti.c Resin Particl esSize*Pore, Ave e §ze
(oo Sl urry FOISWER O ERPOBY (P (B ilisTREabiths plereyl i j@Bnibe Hmbyited, b pa
Pad170F501. 85 shrkfzef W(AAR5 AB1634t12 584 GesB I tHATBE AinBIEF L padiibo %ﬁwg%si%- DREOF100
1.8015. 42S0OF1003. 809. 0250F1007. 307. 3250F10014. 601. 03SOWVR501. 8112.81. 7350M25
03. 8114. 80. 638wfeally, the pplighing pad hpternskipsuriace shopbboc sguface porsity theh70C3
00- 3503. 864. 3 - . 4470 - : ~ iqdi cat ed
'n Table 35 SURRnaR S0l et ife RS o St tedor B Aol pruBiee
sizes may be tisatthd golishmigpad bektoln pofacs bkindayeatavudsséntiallg o sutfadcesporosity,
contenplated within. th cope of the inyention.that the pol.shing pad

e oper i o5 mayebibst i J0%iotiEs G algoRPERDE BAH bp R SR DRSS GPBIat Pr m
the waf er/ subsbfeatitat BRRDinR®tHeShRfor 6Mfle bOEshingARdhbdrkd. shing slurry being
used. In addition, it is recognized that 10 additional macroscopic
features, such as paeped hottomssurfapaplin(layepis geaed, duringthe sindeningcrroesss 9nd o
achi eve apol i mrggvh%i?edgﬁgiéﬁﬁﬁé Bﬂasttopﬁr Qgﬁqa&?‘i‘hef L&%ﬂé '}g&tigﬁﬁlrf?@er TRRDI %&& Y.
Prelimnary polishing studies using e polishing pad Sanples 2 and wer e
perfornmed on aayst farmatdomid mesidikety Guelithe highpr Idohlized gintéringatempéramrd atahe

Struers 15 Diyi sion, Radi oneter, Aqericag I ng. st]ake, Chio) to simulate
actual i ndust PYUYBIPEH; Wetiee Pr ghe o %W_eer}%ﬁ‘ ngﬁamjy ﬁadhs\égﬂ%ﬂ PREEEHAL o
the polisher woi Filgeregqabﬂze?@'m RARESSEMs of Bfteiel padSofOthislitenBas cigs Vet

wi th deionized water to star
including an essentially closed pored bottom surface skin layer.

20 This invention includes polishing pad substrates including a bottom surface
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.

25 The polishing pad substrates of this invention are manufactured into useful
polishing pads by laminating an adhesive layer to the bottom surface skin layer of the

pad substrate. The laminate preferably includes an adhesive and a removable backing.



25 June 2002 - 23 the wet conditioning process and, thereafter, the
surface of the pad was saturated until the pad was broken in. The polishing
pads of the present invention were used to chem cal |l y- mechanisahde)2002! i sh a
tungsten barrier |ayer on a wafer having a tungsten thickness of

approxi mately 8000 using Sem - Sperse WA355, an alum na based 5 polishing
slurry manufactured by Cabot Corporation, Aurora, Illinois. The slurry was
delivered onto a pad using a peristaltielfpunp (avail able from Masterfl ex,
Model 7518 60) to sinulate actual slurry delivery at a flow rate of 100
m/mn. The tungsten renoval rate and other relevant properties are set
forth in TablWhen thegad ioaspeniated with gn eglssive larainptsethe ipad Kep swpfare istixposed,

l'i shi . al li-sh I
Oxi de under 1o Dol B R Ao SRR MRk it SRR RBbrhd, WA Tl B BT

renoval rate adhebivd deparates itigy/baekingmpeaidl ifos the adlbsomaurfhey dkfin layerlaDhe 3.
Tabl e 3 Polishin PadTun step Renpval Rate ~lI/m nSam|e 25694Sam|]e .
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polishing pad substrate porosity, slurry flow, surface roughness,

mechani cal s &HHagenkin jayer. Asmgstypxefgrred lamieate iy 444RCher HARE BrnvfaptgradRient i on
provi ded gn 2. 8 EGhiskEoR! t€rnative to comercially avail abl e pads by

of fering accepﬁ% abl e renmoval rates and finished surfaces. 25 June 2002
-24 EXAMPLE 2 Fur tThepoligiingpehit atédley remaning else mbteatinvd paper Rydradierpose thd

pol i shing pads, of th resent. i nvention re nyfactured utilizjng the
brocedur e SeaRST¥eh | FHerREE s, Befishing, PR a1 Bcanprishine RecHAY Bl o
2, the start 'aQél)cﬁaYlH% R efpdsB@ ahddRel drftd B SiRfhcy JEW ﬁtﬂisﬁh@rrﬁaéﬂiﬂ@fa@[b%ﬁ and
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three intervalaen. Joedew syufeed norositplof dwi brffadusr infled podishing Hadhitorm. The
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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
20 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
25 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,
30 such as alumina, ceria, germania, silica, titania, zirconia, and mixtures thereof, for

enhanced mechanical action and removal.



10 TABLE 4 Pad Property*Pre-Buff. ConditionPost-Buff
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size of from 25 to about 100 microns and preferably about 60 microns to give a
polishing pad having a surface roughness (Ra) of less than about 20 pm and

15  preferably from about 2 to about 12 um. Surface roughness, R, is defined as the
arithmetic mean of the absolute departures of the roughness profile.

The pad top surface buffing is usually performed on a polishing pad substrate
prior to adhesive lamination. Following buffing, the polishing pads are cleaned of
debris and the bottom (non-polished surface) is treated by heat, corona, and like

20 methods prior to laminating the pad bottom to a pressure sensitive adhesive laminate.
The adhesive laminated pads may then be immediately used in a polishing machine or
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

25 such as a plastic bag and stored for later use.

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

30 bottom skin surfaces. Bottom surface buffing may be accomplished by any method
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



TABLE 7 Pad Property*Pre-Buff ConditionPost-Buff ConditionPost-Break
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EXAVPLE. 3 A sPRERPEEE pte Sifoyg Rl Eheitne efties Bom e Br TS o 1
970u 10 Immediately prior to use, CMP polishing pads are typically broken-in by

applying a CMP slurry to the pads and thereafter exposing the pads to polishing
conditions. Examples of useful polishing pad break-in methods are described in U.S.
Patent Nos. 5,611,943, and 5,216,843, the specifications of which are incorporated
herein by reference.

15 This invention also encompassed methods for polishing the surface of an
article which comprises the steps of contacting at least one polishing pad of the
present invention with the surface of the article in the presence of a polishing slurry
and removing a desired portion of said surface by moving said pad in relation to said
surface, or alternative moving the article platform in relation to the pad. The

20 polishing pads of the present invention may be used during the various stages of IC
fabrication in conjunction with conventional polishing slurries and equipment.
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

25  layers and the like.

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

30 present invention may be used on a variety of polishing platforms, assures

controllable slurry mobility; and provides quantifiable attributes directly affecting



ur et hane t hernopol yner was prepared in accordance with the nmethod descri bed
for 5 preparing Sanple 1 of Exanple 1. The polishing pad substrate was

eval uated with the bottom surface skin layer intact for slurrjJoap22ty and
slurry flowthrough rate. The slurry flow through rate was neasured
according to the nethods set forth in the Exanple introduction. The slurry
capacity nethod is al so described in Exanple introduction. 10 The

uncondi tioned pad had a slurry flowthred§h rate of 0 grans per second and
a slurry capacity of 4.7% It is believed that the slurry flowthrough rate
was O because the polishing pad substrate top surface is hydrophobic prior
to buffing anPelisBipg| perfpmmance ndarontioy @ff dhe jmanufaghering Pre¢ass alos secise pad
was thereaftey p@i%i?dnts.i oned according to the buffing nethod described in
Exampl e 1. The b Ing step 15 nmechanically conditions the top pad surface
and converts the tophepdaeging deseriptiamhyprbfapddotmbodimehtsdofotiiei inventiohhkeas

buffed pad thegreafter exhibited a_.slurry flow,rate.of 0.234 gra per
second and a E‘f‘“f&rﬂf?se&?ga%f PyPRies ®f :B%Strf‘\%% and ﬂ@c’aﬁtﬂ?%nﬁslﬁ r“loég'éte‘gfedttﬂé’es ame
pad was buf f eghiafddivera?k8 liminNth@GRrndbl®h 1 prédseRikaslscIsRl, AT MddiftatdRNp! e
1. Thereafter, the pad exhibited a slurry flow rate of 0.253 grans per

second and a 2©! vajsiens greqrossblydn lighteafdhe abayettsachingscen may fgtacquired frgmt he
]Efp surface of, the é}%ﬁmeﬂﬁ%ﬁ?aﬁ‘hé gBB&}’iﬁl%nEs erd 'cH{)&% af%%p(?e%%tri%deﬂdorgaetopad

owt hrough Dy converti ng € pad surtace character trom hydrophobic to
hydrophi lic. epldxXAMPlpkndipleliof thx amqehior @asd ritsgractidak apglicatipn s henableednseen
pad average pqore dianeter and.polished tungsten wafer surface defectivity.
Ur et hane resi ﬂ“ﬁ?ﬂ s Hiengyt ffhﬂ‘gl‘%%eq‘% Inyeation BH vVaiQus  embagliments ﬁ@gﬁ%‘hdaﬂous

descri bedyd n feaiRhons: as'%Y@&ﬁ‘{Q]& tcPﬁ% ﬂgﬂgcgla?ﬂlsgké}ﬂ&hﬁlﬁ%]g‘!‘qf & FEnBEAMHAE thePY

random y selecting a sub-lot of 4- a roma to pads produced on the

same day. Thesaperefgthganentomrbet defingdsby athe utlained appendedicherptad and thes 4- 9
pad sub-1 ot (exceaﬁ)é}tt hat only 1 pad was used for the 21 mi cron pore 25
June 2002 - 2s“HYHEl S, poi nt) and an average sub-lot pore vol une was

cal cul ated and used for plotting purposes in Figures 14-15. A single pad
fromeach sub-lot was randomy selected for polishing. In all, eight pads,
havi ng average pore di ameters rangi n&&é&%ﬁﬁut 18 to about 30 m crons
wer e used1§ or tungsten wafer polishing. 5 The representative pads were
eval uated tor their ability to polish tungsten bl anket wafers using a

| PEC/ Gaard 6761 1 oThelfellovdogipreefwes wree nsedutoedaterintinSepolisitpeped prepdtes

sl urry manuf a&%u\lrﬁild tbt¥1 gabot1 Corp. in Aurora, lllinois. The nachi ne was
operated at a GOWICFOPEe*BPPE5psi, an orbital speed of 280 rpm a slurry

flow rate of 130 mifmvd ThavugdkMepiddl Phnkbabilipsi SIaRY Mo ealganeighaf pOlishing

i nches. 10 The tungsten wafer  WWNU and tungsten polishing rate was
det er mi ned fopad was measured using a vacuum filtrafion apparatus available from Fischer

20 Corporation. The apparatus consisted of an upper liquid reservoir, a neck for
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

25  diameter of 3.5" was placed at the bottom of the upper reservoir and an O-ring was
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

30 collected by the lower reservoir was weighed. The slurry flow rate was calculated by

dividing the weight of the collected liquid by time (300 seconds).



each pad and plotted agai nst pad average pore dianeter. The two plots are
found at Figures 14-15. The tungsten wafer polishing results show that
tungsten WWNU i nproves with increasing pad average pore di anetRhe 2007 €
tungsten wafer polishing rate 15 remains essentially unaffected. EXAMPLE 5
The effect of buffing the pad bottom surface on pad/ adhesive peel strength
was 20 evaluated in this Exanple. Pads were prepared according to Exanple
1. The pad surfaces were buffed with 2 pa3kes (180 degree rotation after
first pass) on a standing belt sander manufactured by Burlington Sanders
using 0, 2 or 6 buffing passes, 50 grit size paper, a tool gap of -5 mls
and conveyer speed B¥nammcSlurpy Gapariix Fast| Thetpodisking ped substrafespalishingfsfusyy pad,

and buffed pa ed b . l.e..9 ad
bef ore adhesi gﬁag{)f?'éit@?%ﬁrfa’e%{ &Sﬁ%e&r?g}aﬁ‘{%p@uh&}%@ %Srcj&l t§§t7 }”?1;5“'?‘3‘% ?3 m’m%h bl?l

buf f 1. 761bf / i placing ajymd dfis.5" diamete bnl Hlifhid resefoit amye haGAY a Admewribf BAY t he
D e e B BRal BT SRR ool SEE e b SodaRBSEnET
2002 CLAINS Lin firl)GhdsSpladed RAfpCOMei bl of% Byple!Il HBIifr RAEnIHARCH Ay
further conpri syng sintered particles of thernmdplastic resin, wherein’said
pol i shi ng padErgipSormarationhsTamsadufethetshprysienfaining amthegpobighing gad diquisiwas
surface wherej.n the. buffed bottomsurface has. a surfac grosity less than
The butted  ofPuhPRAce e B LERCR B1 fcholiting S (D55 8 Rotrkulin o
bet ween the bgfkd, agits befdr abvdtyingeldvwitftechsigd 4 perlssdltid pafp. Flowkrongh"iwdii ng

pad of claim]l wherein the buffed top surface includes at | east
determined by measuring the amount of liquid that actually permeated through the

10  polishing pad. "Flow over the pad" was the amount of liquid that swept over the pad
and was collected in the larger open container. The "amount of slurry remaining on
the pad" was calculated by subtracting the weight of the pad prior to the addition of
the slurry from the weight of the pad after the addition of the slurry.

Pore Size Measurements: The pore size measurements were determined

15 using a ruler or by using a mercury porosimeter.

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.

Slurry Capacity Method: The slurry capacity method consists of immersing

20 1 x 4 inch samples of a pad substrate in a bath of CMP slurry at room temperature
(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

25  between the wet weight and the dry weight divided by the dry weight yields the slurry
capacity for each pad sample. The slurry capacity value is multiplied by 100 to give
the percent slurry capacity.

EXAMPLE 1
30
Samples of commercial Texin polyurethane materials having varying bulk

Shore D hardness values and of varying mesh sizes were frozen to brittleness and



one macroscopi c feature selected fromchannels, perforations, grooves,
textures, and edge shapings. 15 3. The polishing pad substrate of claim1l
wherein the buffed top surface has a nean roughness of from 25 fune2002

m crons. 4. The polishing pad of claiml, wherein said thernoplastic resin
is 20 polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon,

pol ycar bonate, polyester, polyacrylate, polyether, polyethylene, polyam de,
pol yur et hane, pol ystyrene, pol ypropyl ene2land copol ynmers and m xtures
thereof. 5. The polishing pad substrate of claim1 wherein the
thernoplastic resin is 25 urethane resin. 6. A polishing pad conprising; a.
a sintered uclypammIIV@Wndpmtq Barmﬁlgs padi laéﬁxb%ztss@eé biyperesying dsdim aksh @)

i buf f ed b ed. b f
Surt ace’ por otid Rt hR D! Skl Rl tehand Tpph blaSacthby 3iPeithg RSl oq
top surface; mesh gc baedsi igt ghmald; TRE Gindalp adbe,ﬁ’omehom%Amr bgheeen bshe

backi ng sheet and  the buffed bottom surface A 9 AL. A

A’ . A9y. Ah9. Abptapfially flatashaped mowd %L ﬁhe&ﬁm aesh (By I%E@m@ewegl aad@yinge A

. A.99. A384. W Y |
$u| wr mhc”Y] cai ca f\w]-lcéa] ca @aﬁﬁggﬁ ca caS Q gg]amc Ta edt]ﬁn‘?'d r h Vm ac"a] ca
] ca] c”a] c”a] nedlesiad ﬁa@rcth@mﬁ@h@d:ﬂ'@]rsm]tmmo mesh while the course mesh matenal is

PR oLl N S A sl anlee) oo

7rErET ty " #SERGE I ARHBEds W 0 G a¥ TR 9d 0Raahe Al ed] Lmaﬂumh@ﬁhnam@]acmb%ﬂ ca] c
a] ca] ca] ca] ca] ca] ca] ca&ga] caj ca] ca] calca]c”alcalcalcalcal & 2)** #--

w /| @001111 PHardussafi s masTenn 08 ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca]
E]aLfg} gg}%g} ggll Egt@%‘%%%@%%@%‘%%c@‘&%] ifidhe bottom of a two-piece mold. The
<Q<<<9==5>>>EM3RR Ui ABwderrbn g betadm ajfahd emld ajas apc eritica), dagt aeak caffecignc & cal ca
Jeal ool ool cal cabeal, b e BlAgh felaboah s Ak oalas ALY\ B dss

W) V\V\W Xy XXYQ@EAJ the ]pb%%&'s%é]ﬂ]y] SRl aed btordhirfdce ahg 3h&ad @6:11 I%lecc%}v%k& gf cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca) ca] ca] ca] cal | w] cXgegj g. 1 qqq
rhrrrHstt, uutheveayitywwihe mold was then heated utilizing a conventional smtenng process,

Ko eule ﬁcaﬁx%% ol 4 SRS RN LB CEGT k% B BORLARLERLECAT Rl [y ey
ca] ca] ca] ca]j B@db‘ei’dv@&]eqﬁélﬁﬁk it 3f el @mbﬂe“abead mPEﬁl&&HeﬁﬁieQﬁ}thsca] ca]

ca] ca] ca] ca] ca] ca] ca] ca! CB&} ) TR _d&STaf } xsni d_Z] c] ca] ca} cal ca] ca]]ca] ca}ca] ca

] ca] ca] ca] cafba] ¥y apiateriog] canrdiipes | werpc dypteaniagd ceepariev] fos tcal cal M\

a) cha] cal ca] e eNaas) AP ST At %i?“"@f%ﬁ%%ﬁf’% P

cajcalc a] c a] Adiec sintetiag cthelinoaif ords] con] ecladifdth¢ parjons pubsjret] was| embead frathdbd ca] ca

] caJ ca]c”?

et 2| Bl o e plospesing s cqmygpsionpio Roljshizg g Thp SSERPE B, ca o
a] ca] ca] ca] C Bbcth Gadfice] kil Gke Bdritiopdis M Bdttom bf HeSm6ld| ualy 9ayMbabMEd ca] ca
U] ca] ca] ca] ca] ca] ca] ca ca] caU] ca] caU] ca] ca] cal] ca] caU] ca] caU] ca] ca] ca] ca] ca
] c~a] ca] ca] c Rpe)zes andahqrs Yximgdnegss va ues

Akr| | wmhc] XS g] c%]_lgg}) sﬁﬁ;] c‘a,]”ce 5@&%}5@%{%@]&%{]&&] Lcal ca

L;: E\Z\/;r ETE%:’EZ/;E:J] 2](}'?11: ;iaakc p]ld: d]lckg]esa]éuag]:pp]wcg];ﬁglgdhg@]i] cthe ggdsctg}) Ecurfices weé% L

u u
kf [ Vimhc®%c] %ff‘é‘]a]*%n g]'\f'lff g‘]?}é L]%@Ja‘}"’elh]s ‘L‘g?f %’ﬁ]?\]:&g’] @&]ren giteartiole, ]’E‘é] c"a]o
caU] cal] ca] cgd ‘éﬁs]u?@hﬁ@ll?éiidi) &ﬁl&fé&%ﬂ SIENQS the bottom surface. The bott

Jb" #*/ 9?LQzupkf " [ Vmhc”Yc] ca] ca] c”a] ca] cal ca] ca] ca] ca] ca] c*a] ca] c’\a] ca chalc
a] c*a] ca] capurdades alhE padcwpisd @a}lc-alpoa Q] inwrave] wetlabHity psikg alcomentione ) - s@l

0% ()-&9 10%
109 () - So1ob %h?ﬁo Sﬁ%x%“(a)v M0 g, The bqttom girface oL hepaq 363 () -
D "10%&' ()-! atth¢ht@%atHe) lip of i}ilsOMﬁud )'eservmr that captures the slurry that passes through

30 the pad with a 1/8” strip of 3M Brand 444PC adhesive. The flow through vertical

permeability and the amount of polishing slurry remaining on the pad were measured

at various slurry flow rates utilizing the procedures set forth in the Example
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5 As indicated in Table 2, synthetic resins of varying bulk Shore D hardness and
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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

necessary to achieve a polishing pad possessing the desired flow through

permeability.

Preliminary polishing studies using the polishing pad Samples 2 and 3 were

performed on a Struers Roto-Force 3 Table-Top Polisher (available from Struers

Division, Radiometer America Inc., Westlake, Ohio) to simulate actual industry

polishing conditions.

The polishing pad was affixed onto the polisher with the

double-sided adhesive. The surface of the pad was wet with deionized water to start
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tungsten removal rate and other relevant properties are also set forth in Table 3.

Table 3
Polishing Pad Tungsten Removal Rate (A/min)

Sample 2 5694

Sample 3 4862

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

15  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

20 effective alternative to commercially available pads by offering acceptable CMP

removal rates and finished surfaces.
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-26 -
COFk 0.61 +0.03 0.46 + 0.02 0.61 £ 0.55
Mean Top Surface 387174 31+4.4 1571238
Roughness (um)
Pore Size (microns) 61.73 £5.13
Pore Volume (%) 33.56 + 1.85
Air  Permeability 518.3+174.2
(fo/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.
5 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*
Thichaess 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 £ 0.0060 | 0.7857 £ 0.0061 | 0.7909 +

0.0045

Surface 113+ 1.3614 7.8 £0.9381 11.05 £ 1.473 7.05 %
Roughness (Ra) 0.8062
(Microns)
Shore A 92 +0.000 92 +0.0000 93 +0.5774 92 +
Hardness 0.0000
Peak Stress (psi) 942.59 855.390 937.35 945.851
Break at 71.2 63.2 68.1 68.1
Elongation (%)
Compressive 9198 + 55.30 92194+ 73.234 | 9243 + 63.54 9057
Modulus (psi) 157.7
Flexural 291.901 235.078 241.698 224.221
Rigidity (psi)
Taber Abrasion 0.1681 0.1807 0.1917 0.1534
(wt. Loss in
grams)

10

*Pads A and B made from Texin 970u urethane thermoplastic having a Shore D

Hardness of 70 and Fine Mesh Size.

The results above show that polishing pad top surface roughness is improved

by buffing and then by break-in.
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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

5  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.

10 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

15  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

20  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.

25 EXAMPLE 4

This Example describes the relationship between pad average pore diameter
and polished tungsten wafer surface defectivity. Urethane resin polishing pads were
prepared according to the method described in Example 1. Average pad pore

30 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
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Figures 14-15.
The tungsten wafer polishing results show that tungsten WIWNU improves
with increasing pad average pore diameter while tungsten wafer polishing rate

15  remains essentially unaffected.

EXAMPLE 5

The effect of buffing the pad bottom surface on pad/adhesive peel strength was
20  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
manufactured by Burlington Sanders using 0, 2 or 6 buffing passes, 50 grit size paper,
a tool gap of —5 mils and conveyer speed of 10 fi/min. The peel strength of the

25 unbufffed pad, and buffed pads are reported in Table 9, below.

Table 9
Treatment of Pad before adhesion Peel Strength
application
No buff 0.54 1bf/in
2 pass buff 1.76 1bf/in
6 pass buff 1.47 Ibf/in
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CLAIMS

1. A polishing pad comprising;

a. polishing pad substrate further comprising sintered particles of thermoplastic
resin, wherein said polishing pad substrate has a buffed top surface and a buffed
bottom surface wherein the buffed bottom surface has a surface porosity less than the
buffed top surface;

b. abacking sheet; and

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

2. The polishing pad of claim 1 wherein the buffed top surface includes at least
one macroscopic feature selected from channels, perforations, grooves, textures, and

edge shapings.

3. The polishing pad substrate of claim 1 wherein the buffed top surface has a

mean roughness of from 1 to 20 microns.

4. The polishing pad of claim 1, wherein said thermoplastic resin is
polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon, polycarbonate, polyester,
polyacrylate, polyether, polyethylene, polyamide, polyurethane, polystyrene,

polypropylene, and copolymers and mixtures thereof.

5. The polishing pad substrate of claim 1 wherein the thermoplastic resin is

urethane resin.

6. A polishing pad comprising;

a. a sintered urethane resin polishing pad substrate having a buffed top surface, a
buffed bottom surface wherein the buffed bottom surface has a surface porosity that is
less than the surface porosity of the buffed top surface;

b. a backing sheet; and

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



