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POLI SHI NG PAD FOR A SEM CONDUCTOR SUBSTRATE 5
BACKGROUND OF THE | NVENTI ON 1. Field of the I nvention.

This invention relates to a polishing pad used for the grinding, |apping,
shapi ng and polishing of sem conductor substrates, wafers, netall urgical
sanpl es, 10 menory di sk surfaces, optITRE conponent, |enses, wafer nasks

and the |ike. Mre particularly, the present invention relates to

pol i shing pads used in the chem cal mechani cal polishing of a

sem conduct or subsPORESHING RAhBOR AGEMACONDYETOR SUBSPRATE D scussi on
of the Related Art. 15 A sem conduct or wafer typically includes a
substrate, such as a silicon or gal Il ium arseni de wafer, on which a

plurality of integrated ci BAKGROUNDIOF THE INVENTION | ntegrated circuits
are chemcally and physically integrated into a substrate by

pat t er ni ng regions in the substrate and | ayers on the substrate. The | ayers
are ger al lfleit%fﬁglg{'e [E%eri al s having either a conduet ive,

I nsul ati ng 1Ty nature. In order for a device to have

high yields, it i¥higrinoédiont fel@éakd a polishiigd Mad skdtfos aht ohiidigs, dappiag.er
and, as a result it is often necessary to polish a sem conduct or

wafer. |f th@apmce@speleseﬁg of saewpe@qﬂabwbém%nwak@s, peeteburgical samples,
waf er suyf acx%eﬁlﬁﬁ{ dis® sﬂ%?%bgﬁ?t{al c&% bPus i%ﬁé’ %Fer‘%ﬁ‘&kg%ﬁﬁ rth&"ﬁ'kﬁh 1\’/18%

result in erapl e

fabricating mdaﬂm;z&he mc@ntﬂnﬁb@rrelatﬁse@rpdlﬁﬂmg pads uised In thes clitmeslsar y
to form conductive |ines, or sim structures above a previously
formed st ructgehanicahpglishing ofja; Séml‘é’ﬁﬂ?‘é@es“ﬂ’é‘ifﬁﬁ@ﬂ%ﬁlethOds f‘éﬁtb@ﬁ Up@aves t he
top surface topography of a wafer highly irregular, wth bunps, areas

of unequal el evation, troughs, trenches and ot her simlar types of surface
irregularitizs. Qisoassion afithe RekitedAref such surfaces is necessary to

ensure adequate 3 of facus ducin otoli as
removi ng SNy | rregﬁe&??&@gtoaﬁ&afﬂ typl%aHVf‘gE'glg eﬁ“&’ ?=o (ﬂf’r ? queor
sequenti al stAGRS fenidiwiBDOhGMIERY PABRESSE integrated circuits have been formed.

Integrated circuits are chemically and physically integrated into a substrate by

patterning regions in the substrate and layers on the substrate. The layers are
generally formed of materials having either a conductive, insulating or
20  semiconducting nature. In order for a device to have high yields, it is crucial to start
with a flat semiconductor wafer and, as a 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
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.



- 2- Al t hough several techniques exist to ensure waf er

surface plaparit processes enpl oyi ng chem cal nechani cal )
pl anari zat w&oo&ﬁdﬂol i shing techni ques have achi eved wi §EIAISEUP6 age
to planarize the surface of wafers during the various stages of device

fabrication in order to inprove yield, "performance and reliability. In 5
general, chem cal nechanical polishing ("CMP") involves the circular notion

of a waf er un C I . ressure wth ol i.shi. pad
saturated with a ﬂﬁﬁo‘%lngéﬁle?iﬁo%egﬁflﬂﬁ%}é%{g RS #F&-Sggff‘%/é’,l% Pshi ng
slurry.  processes empldyipg ¢hbmizal inséHanitaPpldfarivatioh ab belishing Rehhiglidsthve
applications, such_as CVP, are .mapuf actured using both soft and rigid
pad materi Ackieyg wr\&;p{gsgc.l Bpagede plaggrizethe Firace o wafrpdying the various stages

For axampl ©F S0AcE BEREAGE S G BPARALT. YIQETpdRinhile M e BBNEE 107
pol yest & rg,nneral, chemieal enechatiicalcpolishing | (S EMPY) iiveoleds theecifculas tm@tiomusf a Such
pads, illustrated in Figure and 2, are conmonly nanufactured by
preparing a¥ ﬁPP‘i”R‘Io%EO‘ﬁBH“Iegdﬁ’“W‘%PWF%? ivath a polishipg mag satursgd vl 2 abri ¢
with the p : d g fwén 1 'Q‘gr&he pol ymer; 15 and
cutting, ﬁ%?ﬁg‘°§%§%§{ﬁ4’*3&ﬂ%ﬂ%§& téﬁ?llglsgﬂ{c?em red thickness and | ateral
di mensi ons. Typical polishifp padshivaidalpe der miflishing apphicatibngrsmojp as &MP,sdrewn i n
Fi gures 3 an and .consi.st uret hane fi oated onto

d f. m ! |
" Base mat cRtfaqiiea st i aqft and righl Sid Rttt oak oe clespilien dn fipe
group. 1phesgomns BHﬁnIeirJiﬂﬁre%ﬁ@ce& e1ppies §flicRipofort iR SinA ceRflar R?ﬂ?gfek FHnsY

oriented closed end cylindrical pores. _ Pol 1's pads of the
third grouFarresamplssagad edritaipmigyamalyirothmee tesin ingpregnated intoud polpestarsiony whi ch

I's random y_and .. for. i stributed in all three.di nepsi.ons. n
exampl o or g HPEH Mudtriy? ol inn GSl winte? surh B0 ifirated i ey hand
porosity of2 are _coﬁ‘hﬂ@rﬂg hfluiffctRed Wyehreb SRS al contitBbusatdll ofl ivedbOBE itsH#HRYS |
thereby inhibiting bulk slurry 25 “transport. Were slurry transport is
desired, tHEDRENStng @eafahricrw@g thel pplyrast; genstplly nofiyurethane; isaripg the p Ves or

perforatlio tQ i-0pr u S t | Ng: L.shi For
e or e et anfe il Hfing Nl Byrile o i RERRL lackld McRAcel M Suierl.
their dimesdioniss and di sadvant ages, see International Publication No.
W96/ 15887, the ..Specification of which js incgrporated herein p

ref erence. O her P@W@g@ﬁ#w@ t@@ S%mng SEOURNHESROWR i B1GUESH; %ﬂidp‘ba%de %RI’éISY

7554, 141, E BitRhe doQi, fhnd SO0 el P Py syl B,

impregnated fabric of the first group. These porous films are composed of a series of

20  vertically 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



-3 - . 5,489,233, the specifications of which are al so each

I ncor por at egolvefegton i n their entirety by reference. PCT/US99/15628
order for CMP and ot her polishing techniques to provide effective

pl anari zation, slurry delivery and dist¢Bbution to the polishing surface
becones 5 Il nportant. For many polishing processes, especially those
operating at high rotational speeds or pressures, inadequate slurry
fl ow acr oss 5(489,233| ithdisperificationspf gihich rars elsooeach incarperated thereim g theiki ng
rates, poor surfa.ge (}uality across the substrate or article, or

det eri or at i GAUEHY PHEFIISNGSshi ng pad. As a result, various efforts have been
made to | DRV Erdet Wof YCHIB! 1aH@T dther QolisHiAF PleBhnifhes. t&Qr8Vide Nefective
5,489,233 to Cook et al. 10  discloses the use of Iaygg and smal |l flow
channel s t o phenarization; ashemo rdelivérys pud rdjstebutions to the pdlishingr swdaceobecgmes| i d

polishing pad. U. S _Patent 2:0. 533,923 to Shanpuil i J .

di scl os eg a lWP#@‘ﬁi ﬁgr Bgay@%ﬁg}gp%grtoggss?so efl??&aﬁ}éigg%s& &g gg\%\hﬁlgﬁ r%tg;sxgnal
through at |sgasis o _res_sureE’,QhﬁddSﬁat@fshfrﬂBﬂ@@|a'bﬁﬁ!'s e pelibhing merwhy gieaiead the
polishing slurry. £I mlarly, U S Patent No. 5,554,064 to Breivogel et

al . descri bewnamiformspalishingates.opecti swrfage gpalityacigss the sabstratiype article, or

5. 562, 530t SRTMAIRE O e POTERE oS & roPh FP bk Bl LT bRl il T

for the dowimprove él8i§eddliobsi NYoR ex@hysle, OIS.OPaemaNo! 6,4892838 toeCoskdiecal.| y
between mnimum (i.e. slurry flows into space hetween the wafer and
pad) andOmexdisalosey thess of darge ayd smalk dewrhannels i pergylt BaRspert o SIFY2CE98asi ve

nature of t r . f U TN , 233,
5 535, 923, Se8R TP aaNa olgBheL O FARR! Not 533288 o BTk A4F,
reference. discloses a polishifg pabetgitrisstedud jpohids bominiteaddticiapass shrotigibbicledsbia
their intended purpose, a need remains for an_ i nproved polj shiﬁgspad
whi ch provi destien pEthe RIshingRad; to e gy 9f dhe polishipg slamy,, sumilsly, U-S.
especially f i ot ot 45 25
pol i shi ng palgd;te ;bg(fr?gs %ﬂgﬂ\égﬁ%ﬁgﬁsﬁiaﬁg&g tlségioar(;%%lgs?ﬁ{i .alg. c@%dgﬁg;gg&d
renoval 15at esppart holes to distyibute abingl acrosg thiepad/surfaci Adterimtiyklya RES uPaténmdrNo.
degree of perneability of slurr t hr hout pad in all directions),
i nproved r est3¢%armbio; “W}sreéé‘i-\ﬁé“&s&ﬁi\érﬁ’f“ésfeggﬁg‘ﬁe sydtem I%éﬂ?‘é’égorﬁﬁs A8¥Ri t v
across the t 2 ah ' | Hepud {
can be cond?i;d%n%og&lgg an‘ﬂfg{efgilltg %g%@z%%&ffﬁi@%&g&ﬂ%@&;ﬁgﬂ? ﬁ{a{&(‘: gtlrl]1 e 30
r econdi t i oneffowsmingo spavebebetanr the veafemandt padh end epdxdmunh. 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.



-4- SUVMARY OF THE | NVENTI ON

The presen lon relates to a polishing pad which includes an -

open- cel | eg'd&%‘i% porous substrate having sintered particl §§T6’§9%!W¥9net ic
resi.n. The porous substrate is 5 characteri zed by a uniform continuous
and tortuous, interconnected network of *~ capill ary passages.

The present invention also relates to a polishing pad having a top surface
and a bottom surface mm%m disn—un%mwnd whi ch has a skin

| ayer on the bottom surt ac surface wherein the
cells are connected throughout the pad 10 fromthe top surface until they
reach the bottom,surfac present invention

al so rel ates to 2BFe ﬁﬁ“ﬁﬁm’ﬁ&dﬁ%ﬁép #pelishing Pas%@hﬁm ,nppludes an opgrcelledsence
of water, JprslE s(ﬁbst?dti‘ ﬁﬁﬁn@@ﬁtéﬂ@tﬁﬁﬁh@le& bes thORs Y r’flfbé?orB@J‘sﬁgﬂé ghgler ed
to be readlly wet t abl e. Furthernore, the esent 1 nvention is
a pol i sRi nghpagterized by a undformmcentifuause ah8 tortuats, |mtmfsrmctedlﬂeywonkpef meabl e
In addition, the present inventionis a

to polishi | urries.
pol i shi ng %gﬁl HAHEEH aver age pore di aneter that is capable of

polishing I C waf eFlﬁ:pﬁ‘éseﬁﬂ 1ﬂbeﬂtﬁh%§so"i’e1a{bs koW thB&nh@bi(PﬁzW a top surface and
Al so, this invention is pol i shing pad an 1 nproved pad/ eslve

i nt er f ace. ajgpttom surface and M@Clplélth p@l@ﬁ(ﬁomsﬂ whlch ﬂl@s prskmahiyen cm/&mtbomm s I
f ul t t ,
chen cal stk bu oL 58 thekop surfaccfiherin e ire SRR Aitunal didbad o

pol i shitog \fidnhtheitep Eﬂtfdc&ﬁahﬁltﬁby fgclahe baebRCdusfacd Eitih ker. convent ' onal
pol i shing pads, the polishing pad may be used on a varle&{ pol i shi ng
pl atforms, assurddicdBprepbinvaniion alsq rqletesﬁﬁba Ipolishing pad plras oqsagorqsmik inf i abI e

attributes ﬂ?}eﬁ% eséi’l'cé ‘3?%@& {dfs%?tajk'aﬂ B8 WrEhif %}egfadftgégﬁ#}?% c%%%e%glgciere

t he sem con uring process

| n parti cultabe redihlypmétlablu ng pad of the present invention may be used
during the rious stages of | C fabrication in conjunction with
conventional poli é‘ﬁi”?@’%‘?u I pregent lnven'éﬁﬂlsécﬂﬂlﬁh‘é Pad kpeinp agoemvitass a

means fgr mt;gégéﬁtﬁgy%ﬁérﬁ{egme%? 8530 uniformacross the
surface of the pad n on odinment this invention is a

pol i shing pad sibsgddition, thﬂp@qunﬂ inybntivg is a polishthgs pdsk havahg an ravkrage possi nt er ed
particles %Eangert]e%rtﬂqes 95.51} Lﬁa of % ilsr}nnér f@wg{%rs atmlgr}tqraPes with low non-uniformity.
Also, this invention is a polishing pad with an improved pad/adhesive
interface.

20 The polishing pad of the present invention is useful in a wide variety 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 slurry 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




-5 - . substrate has a top surface and a bottom surface skin layer,
and the padwgsyeef ace has an nmean unbuffed surface rowgviesos/15dasit . i S
greater than the mean unbuffed surface roughness of the pad skin

| ayer. | n anot her enbodi ment5-this invention is a sintered

uret hane resin polishing 5 pad substrate having a top surface, a bottom
surface having a skin layer, a thickness of from30-125 mls, a
density of fsubstrafe K3 a top Sw¥ceqnd abottampsurface/skin tnyen fand thepadsop surfaceins, a

mean top surface ro ss of from1-50 mcrons and._.a nean bottom surface
skin |ayer %ﬁ%&@q’g&ﬁlsg 4 FPé’ﬁmﬂ?S ﬁ%‘%r‘ﬁrggea\’ﬂetﬁ%r? s Reangn utgﬁﬂstgga ©

h f kin | is | th th
roughness of, u%esgﬁﬁgg&t%gﬁ%&ace skin layer is |less an e nean

surface roughngss of. surface. . In still another
enmbodi ment, thi s Inranetiter embodinzenp,athissinvenyiopaid. a Fintergb urethanggresin polishing

i ncl ud i shi d t that includ i nt er. ticl f
{her mopt ot 1ad substaf B 0D Bt AR Bt ik A SHE J R A hfBes i, o0
a bot t om surggs &osKismilgyLlensity of fdf¢ 016060 R95 ERfccs dIfoRé Poluate &Nfromals-

unbuf f ed surface roughness that is greater than 15 the mean unbuffed
surface rougli¥essmein topesupface toughesss ofi fonc 50 Thisrqns [2nd 14 meprpkeitom surfages o

ncludes & bekt ng. Shegte 20 A A005SLXG,| ShRIT dRERUBPRARIE SISO
DESCRI PTI ON {F bbHBmDRMIcRIGRI fayer is less than theFiean butfacaArsuphneisngl tHeewbpr on

m crograph (SEM of the top view of a comercially avail abl e

pol ymer -i0nprsagfaee-ed pol i shing pad of the prior art at 100x

magni fi cati on. . .2 1Sa.4 . I - SQCtA - ¥iew of
a commercially a\/I:S‘i ﬁtlé]b‘fneo t}% eﬁl'bg%‘“ge%’rth %&g?%ﬂé‘%‘t‘égepﬁgﬁsfi@%ipﬁg' p% hsﬁ?g
prior art atpaHOAXua®gNpdlishiigipad substrate that includeddifderall pticleSofhefmébglasticop
view of a commercially avail abl e m croporous filmtype.pol.ishing pad
of the priorresing The polishingwadhFubstateihgna top surface and a bpjtem syrfage skingayeh  he
cross-sectiopal 4.Yi Lei Wi ' ]

filmtype po&lads%llg r?gwpg(géj S%Fa%tg hrﬂégpz)lgi in(é‘il)éralnaurnf%ii':Ejtf%"Ji %%J(g%eéﬁ‘dﬁkf‘%e?%: g{a‘?gér)lé]% T than

FIG 5 i a thEvheah drbaffed putfacewonghrese ofitherpaidabdtipnasmaidcabl Ehecdlishingrpad

ol yner f t I i shi d h '
ﬁagxi ficati oflso ?n%mdeg/ g%agk?né ghelee %ng %n agixesgveeloga{tltag [)et%/reten te g'ag:%(ng sheet %1_(1

the bottom surface skin layer.

BRIEF DESCRIPTION OF THE DRAWINGS
20
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
25  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.
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.
30 FIG. 5 is a SEM of the top view of a commercially available cellular polymer
foam-type polishing pad of the prior art at 100x magnification.



FIG 6 is a SEM of the cross-sectional view of a comercially avail able

cel | ul ar Q}{%H&e& foamtype polishing pad of the prior art at 100x '
magni fi cat i /02707 FIG 7 is a SEM of the top vi ew FCTASP/H562% ed

t hernopl astic resin polishing pad nufactured with 12-14 m | urethane
resin spheres in a nold sintering process at 35x 5 nmmagnification.

FIG 8 is a SEM of the cross-sectional view of the polishing pad of Figure
7 at 35x 93 t . i a SEM of .1he t V|ewof
anot her enbodi gﬂ? oflgga gg o t}rxlc cross-seﬁtloﬁlilGWea/ a cosrgrﬁxfrc?;ﬂ e?ﬁaillg at 100x

‘magni fi cat eeliular polymer foam-lﬂ']ﬁpoh@hmg pad Sfte prieyan bt BO(Mrﬁﬁ@nﬁ&ti‘ohon of a
sintered poI i shj c70 g . nventlon that was manufactured in a
mol d sintering %ﬂg thetep Misweofasintgred thermoplastie resinpolishingpad; ze
rangi ng fromahQute :{,qu 234 ad is
shown in tﬁe top o the m cgrgglrngﬁﬁﬂ%é?‘ospﬁﬁép no%-?@}ﬁi §Ete%§§p‘f“’%sea‘38?uon of
t he 5 pmdgnificationent ated in the bottom of the SEM ni crograph The SEM

m crograph was t.ak x_magni ficatjon. 11 is an
SEM of a cross éﬁ%tsiléﬁe#l@\ﬁfgfe cqoss; Seetgnelivigeafithe polisbing pad °f Flﬁ‘&f?ﬂs% ng pad
of this i nygnhhanfitdiah was nenufactured by a belt sintering process using
uret hane particles having a particle size range of fromless than 200 nesh
to greater FiGh&his aSEM I thitepeiiew ofi en@kén emlsodimkmtrofat palishing pad of

magni f i cat A and 12B are side cross section views

of the top BBFqurgﬁnB‘?nugPﬁfgﬁé‘dmgm 1408 hane t her mopl asti ¢ pol i shi ng pads
of thif inventipis Wogh $'EMev1€ﬁdoﬂd"é}b§s §éeﬁon of a sﬁ&téxfea%ﬁsmg faal of lie SEMi's

at 150x magnification. The pads shown in FIGS 2B were both
manuf act urayensipnathbte was ghamugadtyrgd e tahmgld, smtﬂgmarmpm elsmg ure@hwp rmepn astic

oeh CThe B Redtle e ngif RbinbRu AW e e T30 100 b B enSfieg) *°

sander usi gl ig shown inl 88 $op &RRe HIErofiabh Whilg fthd b&ﬁirﬂﬂ&h%ﬁrfﬁk%cﬂ&ﬁo@bﬁﬁél ve

bel t. FIGS. 13A and 13B are overhead SEM views of the top
surface anepd;is@rientatedygithe hotiemiofdee SEMamigrograpled ThebEMhmigragiaph B8 i shi ng
pad of éhlﬁkélpélt% ﬁ)lg diRdkioes - manuf actured by a nold sintering
process usi ng ure ane particles having a particle 30 size ranging of from

about 200 nesh FiG. abbuﬂ ait OSEMesh a cross sectxon view| &1 alsinuetedaumthane gbsaimi ng t he

effect of sintered _ urethane pad, avera ore ter on tungsten
waf er uni fRAL ’ﬁ\i"c“ﬁ peg of ‘ﬂ)‘&”i thaf ey tured By ake )ﬂ CIng process using :
- - urethane particles having a particle size range of from less than 200 mesh to greater

than 50 mesh wherein the SEM was taken at a 50x magnification.

20 FIGS. 12A and 12B are side cross section views of the top portion of sintered
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

25 mesh. The surface of the polishing pads were buffed using a wide belt sander using a
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

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




average pad pore dianmeter in mcrons and the Y-axis represents tungsten
waf er w t hi wo oo/0270maf er non-uniformty (WWW) in percent 399,15628F| G
15 is a plot of tungsten wafer tungsten renoval rate for severa(US| nt er ed
ur et hane polishing pads havi ng varyi ng &verage pore dianeters where the
X-axis 5 represents the average pad pore dianeter in mcrons and the
Y-axis represents the tungsten renoval rate in A/mn.

DETAI LED DE®Gigephl QircOfiamicer ilvildxonsCixid thd ¥ -axis represenfEhtengsteeswifer ivittiint i on

relates to_a.polishi i ncl udes an open-cell ed, por ous
substrate ¥ P?glllﬂ’d.n’gﬁ‘ﬁfgyw%r‘??ﬁqcﬁg of synthetic resin. The pores of
t he substr gl B B L£Ht apaﬁgété&%?e? tﬁﬁgﬁ'téfﬂgﬁeﬂld'&gl F0¢ Rr &9&%1 SRy and

tortuous, i nt erconnect ed nétwork capi | l'ary passages
“conti nuou@rethane|ps>11ﬁ1§aatpadhehavmgevarymg Perags pore dlatneuensowhemtﬂxd Xhaxesughout

t he pad. ex t fhe bottom surface where .an 15 .e tially inpervious
bot t omd5sk| %pf)egylgt t#n%%%ra%eup 801:[e @WBWH?&&W@ a?ﬁn‘?‘@?ﬁﬁ‘s represgiiy tisss.  The
por ous p0|t@§5t9ﬂr@@&l]a§tﬂ@§fﬂ%ﬂnl S mcroporous, i.e. pores are so snall

that they can be seen only with the aid of a microscope. In addition, the
pores are di stributed throughout the pad in all directions, as

illustrated in Figur ; ﬁ [ surface is
readily wettable andfﬁg Aﬁ'?EDD Sd.(L:,L e u@ﬁm&ﬂ}? erred urethane
thernopl astic, the polishing pad is nonswelling in the presence of

water, acids or_alkali. It is also preferred that the ‘pad be manuf act ured
from al&ingl e The PWEQ@rllﬂ‘@ntl%quﬁ@&tolﬁpqlﬁhMErmgé\dEdumc udes amppearni-¢alled, and it

The. pol | srPgT, Pt Gl pinierkd RN BY sk GuRF oy oo B e

utilizing subgfratet lamr nﬂrakmérizedsaﬂtmvmg Pr QAEGiEn,! ahtiflits! @5dMteinigys, OF no
pressure b at nospheri ¢ pressure to achi eve the desired pore si ze,
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no pressur Ja=F=T)) [ I y | ess

t han or eq %{e to 16ér;€)§|ﬁl.eEtjg&Mﬁ%1§HH%e é?e?’g% ahﬂfe %ﬁ},’}? ﬁgrrfgréop

resin 1% sessemially mipeeeioesbotbhyskimiiayentfonnedaring thonet prgmreh Aiﬂtéﬁh@l 0
dependent on 30 he type si ze of synthetic resin use t he pol i shing
pad subst r%&e%aril}?awg‘g%poahs ing-RAd, SHYElrs ie MiFTRRATONS, b"etﬁﬁé%snarefpeﬁmq"m and
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-8 - distributed throughout the pad in all dlrectlons as illustrated in Figures 7-13.

Furthermore, the pad top surface is readily wettable and, when manufactured out of a

20  preferred urethane thermoplastic, the polishing pad is nonswelling in the presence of

water, acids or alkali. It is also preferred that the pad be manufactured from a single

material so that it is homogeneous in composition and it should not contain unreacted
thermoplastic precursor compounds. _

The polishing pad substrates of the present invention are prepared utilizing a

25  thermoplastic sintering process that applies minimal or no pressure beyond

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

- 30 the type and size of synthetic resin used, the polishing pad substrate can have an

average pore diameter between lpum and 1000 pm. Typically, the average pore

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



addition, a porosity, i.e. pore volume, between about 15% and about 70%

preferably bet ween 25% and 50% has been found to yield acceptable

pol i shi ng’ PARAYBHYsessi ng the necessary flexibility anBCE’d%Saﬁﬁﬁﬁy in
use. W have now determ nedthat sintered urethane pads having
an average pore 5 di aneter of from él§o‘ut 5 mcrons to about 100 mi crons,
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were made on a Tencor RS75 nanufactured b LA- Tencor. Sintered . _pads
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The t "t ' tot W VWNU qf t t heet
ol anket mmf@%mﬂ"}%%"e ﬁf}lr“ﬁ%%’i"gbwg&% 8 rsp%ﬁiag%pﬁﬁcgﬁf} ol FAEult et i on
using afy ngyelriﬁiﬁﬂ a3 HarlﬁiZiﬁ{ deRitRl 6F FEROVAINRLS BY 11 SvefigdUeovhlifte over

Sem - Sper s 0 Slurry manuf act ured by Cabot Corp. in Aurora,
IIlinois. The wafehiané thasjuopientaisetiemtmultiplied bytol@).f cFheerapoval yates veare

orbital speed of 2 rp slurry flowgsate of 130,00/ M n, . lta P
of -0.1 psi BFFUR] 33%830315%%8@ ﬁl_eg%axpﬂgqq st.ﬁew e Wlﬁ] 3@ %&%@me’ﬂpgﬁant
par anet er o efsifentnfy WERINAR! dnsdT&EoPRE79 nanfifabtur&l Y KI 21 Tefco? S Sintdge@Wn  as
wavi ness. Waviness (W is a neasure of the nmaximum ngeak to trough

hei ght of treds ofithiadeventionaving ahevegrast pave diaeatoreeniremebapt, b meiseongdaks and
troughs,g %%)ﬁgfoe(gﬂh?c%lﬁ:raé% Elﬁlr@ é%f)‘c?isﬁg@é&ﬁ%ﬂgs%gﬂle'a%li\éh l\fepﬁmgnd

t r oughs “whi 0 rmne surface ‘roughness.
wavi ness i suagABAWIVENUT oft less than abouti 1096, rpreferably idse tisanr ftmat S¥Qrnd mosof pads
of this invention. Preferred polishing pads 30 of this invention wll

have a sur fryeterabhy lesethan pbeut 3t/hfan about 100 mi crons and nost
pr9ef erably |ess ’f‘lt@&n‘ﬁb'q{lﬁgs?é% WIRMNI® refers to the WIWNU of a tungsten sheet or

blanket wafer that has been polished with a polishing pad of this invention using an
20 IPEC/Gaard 676/1 oracle machine for one minute with Semi-Sperse® W2000 Slurry
manufactured by Cabot Corp. in Aurora, Illinois. The machine 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.
Another important parameter of the sintered polishing pad of this invention is
25 known as waviness. Waviness (W,) is a measure of the maximum peak to trough
height of the surface waviness. The distance between the waviness peaks and troughs
are greater than the distance between individual peaks and troughs which are
measured to determine surface roughness. Thus, waviness is a measure of the
uniformity of the surface contour of pads of this invention. Preferred polishing pads
30  of this invention will have a surface waviness less than about 100 microns and most

preferably less than about 35 microns.



A wi de range of conventional thernoplastic resins may be used in the
present wd deefyyi on provided that the resins may be formeegmisasss
open-cel |l ed substrate utillizing a sintering process. Useful

t hernopl astic resin include, for exanple9- pol'yvi nyl chl ori de,

pol yvi nyl fl uori de, nylons, fluorocarbons, polycarbonate, polyester, 5

pol yacryl ate, polyether, polyethylene, polyam de, pol yurethane,
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achi eve a deghd eekiR9s@u.Structure in the finished product. For exanple,
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a product havi ng Wsingeparéeulgrosieessiee ulmpiinedifing, sredivme ga855en cteon@hdiepss can
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physi cal 19r ofRfhbsiastict hesipagdrii€le prior t6i siftefihgt he 4 heefbpwagt foc vagsithe used
in the sintering processes should range from about less than 50 to
greater thanchaacteristiss offhe pohangs matExabWhepethgelbgrmenlasticrresingpartiplgs are
greater than . ' A . [ ALY Al .

t her nopl asti (1:aggﬁg tﬁge&gtsl?lhé ‘5%‘ tblg%?éas tg\? oz‘f%s% i é’gﬁ%a‘%g‘zg‘{]ﬁ%?qess 1ﬁ%eljsarslé)e!; %Stzlillrlgloo
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95 wt % of the_thernoplastic resin rticles_fall thin a,size range
and nost pr efEHERgl 5rTeH9RE claggifng find fhe iltfer WGP 2stled Pégeﬁmplamcpaeﬁmﬁ i es

fall wthyn phg MR&H %}a%@%cfﬁ%{)ﬁ} fHosé S8E] in the art that the ratio of the components

-10- ne enbodi nent, en a [ ower density, rigrd
substrate i sofl¢lss bledd mine be adjusted to achieve a desired pore structure in the finished

)

product. For example, an increased percentage of the first component may be used to
produce a product having a smaller pore size. Blending of the resin components can
be achieved utilizing commercially available mixers, blenders and similar equipment.
25 In order to obtain the desired polishing pad physical properties, the particle
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.
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.



synthetic resin particles chosen are highly irregular in shape. The use of
I rregul arl shaped particles is believed to keep the particles from
packi ng cl ﬁ%"“{“aa’ét her thereby provi di ng a high void P6F{%2%1562% he
porous substrate, for exanple, 30%or greater. In 5 anot her enbodi nent,
when a higher density, stiffer polishing’pad substrate is desired,

the thernoplastic resin particles should be as close to spherical in shape
as possi bl e. n d r | En t he.synthetic.resin. particles
have a bul k Shor %leh%rﬁb né@é&’ bt g%&%e& 512%’ I53%,rigly substrate is desired, the
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55 to about . Te | Shi pad
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found that an i r-relationship exist.s between the structure of, ) t he
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the pad, as 25 det erm ned bg the procedure also set forth in Exanple 1.
e

The pol i shibagingssdetween he apd dseMolishing pad swbstmtey poedyse fome suakt pariicdeng

| .S ' ' t iLled in.the art,using a
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I's incorporated herein hy reference. 30 Using.a closed nold sintering
process, apphg}l%fﬂtﬁsqlﬂéntpggfeﬁ,clrgwéwa&g spgaspualitane t her mopl astic
resin having the gesiidoSleR bdddths 5 iR r i

preferably a partllg%l eog%égeq%% f?om 1é§§§§%ar?s@% e%e%gfg?tg%g@te}%t%@?g{;ﬁf 200
mesh, is pltlacpelishing pad and the ability to provide consistent and acceptable removal rates 11 -
in the_bottqom of .a pre-shaped,t lece nold cayity to the desired |evel.
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powder ed sytt@@lh@dHship 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




prior to incorporation into the nold to inprove the free-flow

charact eri siwe¢gy@hoi he resin. The nold is closed and t heecvussvased t o
evenly spread the resin throughout the 5 mold cavity. The nold cavity is
then-heated to sinter the particles together. The ‘heat cycle for
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refers to polishing pad substrates_having an outside diapeter of about 12
25 inches oRoY #Egvens, heated and coolad platens; gad theghiker After sinterngs tho molg &

prepared usi pg,tner{RlsaRite 8513831('11)‘&5%361 sub&?ﬂpﬁsxipﬁf.oggé frgﬁ@e?ﬁcﬁa.eaoﬂgoll hods

used to manutacture polishin strates o Invention wll be
descri betb betmodificatidin ef clntherhalodyclesimag Hehesepefatter €t poretshaoctare (size and

t hernmopl astic in the sinterin rocess. 30 . . Thernpplasti¢cs such as
ur et hane ar ePPPEHOafFEfeS agﬂmegaga@d&mré{ sicalypygperties ogﬁie;%ai eelishing pathe

t her nopl ast i &bsﬁ%te%‘é%&lidl.ed, typically has a pellet size ranging from

about 1/8" to about 3/16". Prior to pad manufacture, the urethane el astoner

is ground The preferred methods for manufacturing sintered polishing pad subgt?ates of

and preferably cryogrou to.a nmean particl.e si of fromless_.than 50, nesh
and o s RN v Aot R b SRy Ry SieabrPpPieR oL e des it
from abopd | 86 thet pARKEE pad substrARS NF6OpEpBSsesf a&aﬁbi%gqhm&emmﬁﬁeﬁ

desired particle size of the urethane t her nopol'yner is obtained, the
particl es magonstitienss heopdlishmigepadispbeiratésnyill by 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



5 polishing or by any other method known to one of ordinary skill in the
art. It is preferred that the sized urethane resin particles
are dried l%??qm??'?ey contain less than 1.0 wt % noi st RECE/UHY15628
preferably until they contain |ess than ,about 0.05 wt % noi sture
prior to sintering for the manufacture 0f "both | arge and small polishing
pad substrates. For large pad manufacturing, it is also preferred that the
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equi val ent thegnelde Thsi moldgs thenralosed, bolted pgetledryiarel vibratduefor heyerioplofisitiec resin
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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

25  about 2 minutes or longer. The molds are preferably vibrated on their edges to insure
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

30 temperature to a temperature that approaches and possibly slightly exceeds the

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 resin used. For exanple, with Texin 970u, the nold should be heated to
and ”&Wﬂﬁﬁhﬂﬁf at a tenperature of from about 372[ err] Fpronsoauds2s
412[err]F, and preferably from about 385[err]F to about 392[err]F. It
is also preferred that polishing pads namf actured according to this

I nvention are sintered at anbient pressures. 1In other words, no

gaseous or nechani cal nethods need to be used to increase the pressure

wi thin the lfermopidstic esin tised! Mostpreferablytthembéhsiicnyd bé hedtad i ateenperhture

t her mopl asti c product. The mol d should be heated in. a )

hori zontal pdsiiom20fB belpwicn askempseraljie abeut equivpigpintgnthenameling ity pad

substrate battom [ ' ri.0g; . d not be
heat ed i me “@P%ﬁaﬁﬂ% éﬁ@%&ﬂ%@gﬁ%&@é %é%pdg?cg{nutg;gg%lﬁ n%[psrgzgéé%.l d be allowed to
reach t he deFhe fudl ecrpperatuty chossrewily offvotise pdepend updn themthermoydastiy f r om

about 3 to 10 15 m nutes or_ nore and preferably w thin about 4 to 8
ni nut es Br orfesiReussdgi HAT gyample; yath Texin, d7Gu, ntge p‘PB@e?&Q“ldl'ﬁ@ E‘Eﬂtﬁd dnRdg

t hen be mai nt ai ne the e t 0 o | t

e Do T b E b AGTTABGR 58 Dol 4127, B ety i
preferably faouf388F @datdut BOIE. r INW 4180 prefénraddoudt pdfshin: padiUinanXadtuftdt es.
Upon conpl etion of the heating step, the tenperature of the nmold is reduced

20 st eadi | yaccording tmfhds invgniom fref sipisréghatuambnionteprepsurasy [ kv pther siesds, L0

period of tinme rangin .y fram 2, m.n S. t bout. 1 1 0 r
Por e The oot S aRhanics) R RPHE RS 1o’ oS WK FPigkRa B0 M prithll WGP AR
the resujoti rkﬁol@lcﬂaiv% td hicEdasy e denFbIdshteridehérmoplastic pasdaved from t he
nol d. e sintered pad of this invention may alternately be

manuf act ur ed usi ngheanmid shopdd behepted 4n @ korizegtahpositian ts@liawaa skinhlgyer to
g e ! " . Prpig O
hoor por at edr oo 8 pEhiiEbadbubsial dditom surtade MopRB S T hnflq HRR" 1 S

pol i shi ng pagbtdelhestediramedatiet thadested terhpdramesrst insHonldbelaliowel wWirkddhcul t
to vibrate the nold in order to produce paqlishing pad substrates that
have an appe®Figesired temperpties Ay & Shert Aspiedr eintime rpRgings Gew abpuitpbie 10 ne
sinteri ﬂﬁq1 i f : %H{ 0ol ke shi ng
pad subs rgf%ls os%?kﬁésr%iaﬁggﬁ%?%ﬁl& V%ﬂlmw&ltwlg@n t s?r(@éﬂ(l@?%fémggﬁ!{f giréi ng
met hod, the lpgatipgmprocesd. ZEbk mott stroubtithich demgihtagiedat itlee target texhperatac: foranl y
onto a snooth steel belt heated to a t erature of from about 40 to

- 14- RAESOG OBEME fqnsm&bﬁ%l glhput ré%f‘w@‘s (8 4bput SRp@mites gr gporerrnd

t her nopl ast i Gref @I for Beriod of RS FohHRRE 1 BRAN: SGRiMiEL e and a belt
hotding the plate 1s drawn through a convection oven at a set rate

whi ch al | ows t he Poby wempletionof eheplsatitlg tstept the tempgrture of the mopd isatedneedf or a
period of tine ranging fromabouf 5 mnu about 25 mnutes or 5
o & ance%r HEAdB! § 4 GmBeriur SR f9atb TP o PresA ABRA OF ey TpEe

m nutes. Thegom about 2 minutes to about 10 minutes or more. The mold is then allowed to cool

to room temperature whereupon the resulting polishing sintered pad substrate is
removed from the mold.
The sintered pad of this invention may alternately be manufactured using a
25  belt line sintering method. Such a method is described in U.S. Patent No. 3,835,212,
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
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 stee] belt heated to a temperature of from about 40 to



resulting sintered polymer sheet is quickly cooled to roomtenperature and
pref er abl Yw aches roomtenperature within fromabout 2 mnutes to 7
m nutes aft erooé(’)%?ﬁl ng the oven. Al ternati vECY/USPHIS628
sintered polishing pads of this inventi@g may be 10 manuf actured in a
continuous closed nold process. Such a cbnti nuous cl osed- nol d

t hermopl astic sintering process uses a nold that confines the top and

b f o I ti. t ch,d 1 Nf i t he |
Cesul 1 ng pRSTE0E, abble tdmbRiRg dilieRitcratily Sl heneTidiet Ao, Lhs
properties pafwdst g anmhﬂned[ loﬁhhélgla@@dnd a beltShdldinzathe PIAE i Gi'a"‘wd h¥&uph £

manuf actured by the above-described sintering processes.
Table 1 ~ convéction ovenpf gsst fa}e which allows the potysperr tw@ewm«bcp the target

%t '73“ m Dgeryﬁké;f‘d?%}%'lod Bk ifhe ranging from about 5 Bn%utgsogéa%out 25 minutes or

0.70-0.80 more anBqrefeisblyfor d’/i)eno(dl-ig' time ranging from aboul $-t6015 minutes. The

25-50 LiSi. rreter erage Pore D ameter err 1- 1000
5-150 S(u&gi Yaner sheet is q\qgk]drggglipd tgmné th;nl:(w[rature] gnd preferably
55-98

20- 300 reaches room temperat%_v%gun from alﬁixg @g@ 9&,{3 rté ,? @fn%%s aﬁeEleglitil&g tt%’ N to
Break - % oven. 50- 300 : 60- 150 (24" Substrate)

Taber Abrasion ( Less Th 500 Less Than 200

nmg/ 1000 cycl es) Al?ematwﬂé'rrpfbésﬂlﬁﬁe%ﬂ@wg pads of thlszwv&qthyoggy gb§5 00
7000- 13000 Gnanufagtur®in a contin3aR6IoRd R8s, Such 10890531
750-2000 VAT permeability - ftfe%fﬂdﬂlhrs uch a cqnitpughs, closetm
100- 300 thenngnhptacessienng iprocess Wges a mold that confines thé)tob(hnd bottom surfaces

50-85 afﬁS“dF 2 R9f i yich does nﬁo@gﬁﬁsﬁwvﬁm pad edges.
4- ig Table 1 below*sutfimarizes thé YA YPdperties of sintered polishing pad
substrates of this invention manufactured by the above-described sintering processes.
16 Table 1

Property Properly-Sintered Optimum
Thickness - mils 30-125 35-70
Density — gm/cc 0.5-0.95 0.70-0.90
Pore Volume % - (Hg 15-70 25-50
Porisimeter)
Average Pore Diameter (p) ~ 1-1000 5-150
(Hg Porisimeter)
Hardness, Shore A 55-98 85-95
Elongation to Break - % 40-300 45-70
(12" Substrate)
Elongation to Break - % 50-300 60-150
(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* (um) 4-50 4-20
(Unbuffed)




Mean Top Surface Roughness* ([err]m 1-50

1-20 REsdordedt | ng Aver age Bottom Skin rd19eSHolisaas 10
3-7 Roughness* ([err]m (unbuf f ed) . Waviness (mcrons)

100 - 35 *Meapgur ed using a portable

profil oneter. The sintered polishing pad substrates of this
I nvention have _an_unbuffed open pored top surface and a bottom surface

skin layer. TiMedaoTdpoBarfacef ace skin layer is 5 | es§ porous and as a
result, snootihgh ﬁh&gsmﬁygh) than the unhu§g ed top surface. 1-pois
preferred thatpogﬁguﬁﬂll shi ng pad|bottom surface skin fayer has a surfaced
porosity (i.éd € ca of topem s Lo the T terTor—of Lt hEe—sTTteTle
pad on the ur ‘fefﬁ}%:ém §1§m surfac%s,sulaﬁalt is at|least 2 'O?:I ess tHan
t he unbuff ed SRS hce pordsity. More pref erably, the polishing
pad bottoms i(anbuffeddce shoul d hdve a surface porosity that 10 s at lieast
50% | ess t har) Whengss|(ingéroms) pad tlop surfacKOporosity. 1t is m3st preferired
that the pol i*VMesagredaginyd peartabiprbfilomesdsi N | ayer have essentially no
surface porosity, i.e., less than 10% of the area of the polishing pad
bott om ski n consi st of openings or pores that extend into the interior
of the polishing r : . : [N

| ayer is created (Fj)ﬁ% ﬂg{éﬁ?ﬁﬁ%‘{’ &P F‘riléu%srtr g&egsosf-[g'igaﬁ\%%ugﬂgfggﬁrz “\%‘Z@% ‘?é?g

ur et hane el aspared topcsurfaae taind alfbettbmt supfacerskid 1aysrf dlie. bottoen skiface skin layaty ir
formation is nmost likely due to the higher |ocalized si ntgﬂitng t?rrperature

at the 5 DISIRARP a7 Yesiele smogfhsy Ugsreropah) than die wibulisd t9p sWlacs- dhist he
sintered party =11 P ar r | : of
sintered pad %#eﬁ?ﬁ?ﬁsatit}rﬁgﬁgﬁ g%,pagatg)#% ﬁlss‘&pﬁc%éﬂ(ﬁch %%E%es??é%% ?ﬁﬁ%[&w
por ed bott om therdrex of Lpemngayethe Herior of the sinfBhéds pad oanthieoumburfied udp spad
pol i shing pad substrates incl udj a_botfom surface kin | ayer _and

al so pol i shi myTHse> Siibds pipes 490 e enaty | %uﬂﬁ%{fﬁﬁp%wa%@agﬁmﬁr%ﬁyeﬁ?@
removed. A pokfhitly e PoBithsd paf BottohR skih MaHEEE Shodl P RAVOy e Ick 3fofosty! that

| ayer is useful for semconductor manufacturing resulting in a

pol i shi ngtOpadiswhdeast HBPhptless than theqwlisking pad teys senfadeaidrgsiiynpké isremist preferred
polishing liquids. 25.. The_pol i.shin ad substrates of this .
oventi on ar ke PRbehipe ged Rt e s a3 Re Sl oty st Phsitng an
adhesi ve | ayeie,lgssthen POYITIhSaES afﬁlegyﬁii&ihglﬁﬁ‘d b&ttorh BRin consisPad oEétﬁﬁésr(ﬁrt e.

The | am nate preferably includes an adhesive and a renpvabl e backi ng.
pores that exténd into the interior of the polishing pad substrate.

(%))
(i @)

The pad bottom surface skin layer is created during the sintering process and

15  occurs where the urethane elastomer contacts the bottom mold surface. The skin
layer formation is most likely due to the higher localized sintering temperature at the
bottom 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.

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.



- 16- When the pad is associated with an adhesive |am nate, the pad
top surface, s exposed, t he adhesive layer is associated with the pad
bott om sur&égo’%zﬁ%n | ayer, and the adhesi ve separ at es PCHBYEIhg
material fromthe pad bottom surface skig | ayer. The backi ng materi al
may be any type of barrier materi al t hatt®rs useful in conjunction with 5
an adhesive | am nate including polyner sheets, paper, polyner coated paper,

and c ' ' ) ] rned. t hat, the | am nate consists of
a backi ng nat er iqg% bl asg&gbd&%drggﬁ%?/agﬁgsgg hlglglln\?ge’ ﬁjgy%a;% top 81"&%%8 °‘S§Psﬁ‘iw| ar
filmlayer thei adhesive laysrnis dssociated withotter psll byttémsaeoe skih &5y Carldar . The

second adhesjve, | ayer abyts the pad bottom surface skin | ayer. A nost
pref erred Ié‘iheﬁ‘é(f’éel?aéatﬁﬁﬁp@aﬁkmﬂmm thetnadhotten suyface gkindayer. The

Cor por ati on : . L shi s ' .1 he.
Cor por | Q"eacking patrial may B8Pt BPbAFRRLHEL HAH WL STIRH B i
pol i shlj rﬁgdﬁad.adhesatet hmh?:te Umc]?dlpglpoighnf ergsheansl . ﬂpmrppolmn:g c;)g(glagfugre;glang t he
ol Bten. ThesOrENREIsa b 1 BREGPRJTES Rl URPER FOTFSLPY 8 bagking ShateRFl pad
bottom 15 CByv | 08N4 dWeti - S B I [ nﬁnp |- QUi ds

pernmeati ng ?drﬁegeagﬁy taﬁeé%’?%’% H&S‘e‘r, ?A%%ggn%%tﬁgﬁt e g%ﬁéﬁ%gﬁllgy%ly’ﬁ E]er eby
M ni m zi ng eivsreddyi osecond adhesixd baysr.vEhdsrednd adhesivbdaywe exbutsthe pad bettomg pad
vt oh. iR SESAR L 3 Biereminns 4R e SR B B o
the useif @e3NPCBASSratdnSUDL-pad is typically used in conjunction with 20

a polishing pad to pronote uniformty of contact between a polishing pad
and an i nt 'Bleg peliskingipad is wseddyeemoviag thesprotedtiveypapey laghfto dxpose thelb- pa(cji
Is used, is_jt .l ocated bet.ween t he.polishi,ng pad bl e or platen an
the poli shiaﬁi&eﬂgﬁ. Théreatter the Pdgg%r Baqﬁég,attf‘ﬁ?fds?ontaep %ﬂ)‘&ﬂ |Wﬁ'§ d may

under go addiskbcistitly BeNeAPbSIdOsthesive oARA{HR suefaBd io‘fiaoﬂélikﬂirfgt fRehiné MHIedE ng for
exanpl e, planarizing one or both surfaces of 25 the substrate, critical
cl eani ng t cPlateppvEheclont swrfasgrirososityeoss therbtiffed, on wnhuffedrpplishing pad bataner

condit e rigr ik IRRERE close o, ek Riha SRR RS osage o

nodi fi ed t candreohtadingitheladhesive layer therebymiviimising disruiptioh of ehs ddlesis beRdn nﬁl S,
perforations, gropves,  textures, and, edge . Shapings. In addition, the
pol i shi ng Bﬁﬂw%é‘fg? pekishine l?atl‘#é’r“a(ﬁ]ée H‘ﬁlsg’ﬁgé’ézi“@gleﬁ&ffé?q‘ al, 30 such as

al umina, ceria, @Egfs i ia;?ads SF ltﬂiE?nvehii&r?gja?’bezisﬁfd?ﬂiz@wiﬁl@pmghtiﬁg facifer eof . |

for enhanced ne nical action and fenoval.
-17- 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.



It is preferred that small polishing pad substrates include channels
orient at ed wo goo2tv7a2 checkerboard or other pattern across theqraikness2s ace
havi ng a di stance from one anot her rangi ng from about 1/8" to [err]
and preferably [err] apart. In addition;17he ‘thannel s shoul d have a
dept h equivalent to approximately equal to about half the 5 depth of the
pol i shing pad substrate and a width ranging from about 20-35m|s and
preferably about BSsipreferrébthas binaly pplishingrpad Sulestrates dn¢lnderchanngls gsientated ng

ad substrate f this _invention may, optjonally. be r,f ac i f]ed
\I?vi th groovesina g}_‘e"iﬁgpfrgr"létsoiﬂltﬁﬁiaﬁ?fh agwsp lgTetﬁf’.dl Bhtacenattngs ?%‘g% %'ég{eé,’ﬂet he
top pad surf Qn?(ﬁhérsraﬁ%i%il%%ﬂayabgﬂtf figd tBWAOraﬂﬁrprEerﬂgi‘?A't Yadn J4aditionp tiee

absorbent to a polis g slurry. The pads nmay be buffed by any nethod used
by t hoschamhelsrshipwldrhave lai depth pquivalentr to  apprexipatgly eqadl touaborhbalindiod,

the polishin ds of ... this inventi ar. hapi | i | a
bel t sand®r aﬁ"ﬁ%ﬁ@ ﬁ’&&"hﬁ*&v%ﬁ S“I.Zﬁ& © an awé‘?t?gglgqlggrﬁ%%ll féé‘?g d(a%#?é!gg .

m crons and prA&akgbinout R8Hils6 0 Polighint) pads netinvtactured fron@ dbigehpelihingdphivi ng
a surface roughnesS (Ra) of less than about 20 [err]mand 15 preferably
from about 2substratssuef s gnventionf mex eptingalrske sprfaes modifiedfwitl jgraevashe
arithnetic rre%rtl oﬁ t he ag l.ut e departures of the roughness profile.

The pad top B ?ré_ @Soat?f]fsl %rﬁ?'s usual ly perforned on a polishing pad
substrate Pr iBR¥ort as@dhe sop/ pad aurEsRBtis @ypicdis! bioféd{h bidef tognake hike pad

pol i shing pads are cl eaned of debris and the bottom (non-polished

surface) 19 s maseaksorhspt ipmpolishingshiury. ahke padsanapbe byffadfpnanypmethed pged by

| am nating the : SgU i1t ' }nat

The adnesi ve roanhaR g Sl a TP R Breriniat ek BERRGH, e DAMBE e of
machi ne or this iveAlonay nbehanivallig badfed chsing P belt eanmied with ddeltridvant algove i f

t hey have not_ alread n nodified. Once the %rgoogqgg_and/ or

y bee .
patterni ng pegeefsiEan 35 toyahout 00 mirapns, pirch preferably ghout HQ,magrans {4 EIVGY | s
once again cleaned of 1S .a C ' C C S a
pl astic bag gﬁg&é?%g’ggdg%’?ﬁqs &t (Ea\% f%%e%ﬁﬁgﬁﬁlesk & Afe?ePf Rlﬁ@(zagg‘lnrzggl Eﬂlt gn &
mechani cakly Fpéférfabl flol0itoat M Stdr AbaGe 13Kim. | Suttice Mougtinekq R, is defiapdlagithg an
adhesive to the pad bottom surface. Buffi ng t he bottom surface skin |ayer
i mproves t he atifiimsticaneagfofithrabsalvissdeparturss phthegaushmesuprofilly in a signifi cant

| mprovenent in th / | Str | ' : .1 h
unbuff od 30 ' bot (ORISR SariE PaB e bR et IR bR Rt
acconpl i shed pbiygr a6 ydieeiveddmination. tHuilowisg daffigl eheopolibhirigipdiisnaye teheaned of
integrity of pad bottom surface anpl es of usefu buffing deﬁkces

. Ex ful
i ncl udes” br ugikds #nd fhe bpitempinesmolisheds sice)s 1safgatsd ity Beatdeorong, wil gke
- 18- 20, DthoiAE to RirdiRginy &E 954 Bttorhto @ ph&ishreS@RYGTe hihedRRdathakil f

t he pad bottom surface
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 pattemning 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



t hen the paper used in the sander should have a grit |ess than about 100

m crons. la'ooo/oz addition, the pad bottom surface may be buffed once or -
more than ONEE (Y a preferred embodi nent, sintered p8FFASPHHad of
this invention including a buffed 5 gottom surface will have a bottom
buffer surface porosity that is |ess th& “the surface porosity of the
pad top surface. Fol | ow ng buffing, the buffed pad top and
bott om surf e ] vice..After
vacuum ng,  ReoRECbARE B POl OH o belt ponlld B o' BRI RS BT oGt
renove nost theh thepaper nsedninrthe pander sHoakd havera gritclesshbe dbsutr fo8caRronk0 In

| medi ately prior to u CWVP |l i shing pad re typically broken-in by
appl yi ng a 10, L#l? Wﬁ?‘%‘?&l ﬁé)l'g Camay %eg%éqqaém"e?bdgﬁ’fﬁg onsgdsine g ~
pol i shi ng ferre@ Odpab ddi . sTakEP flanal L.shing: . '

met hods ar eprgeegg ri bedadinﬁé%’. % beﬁslggégeﬁfﬁ&ﬁggm g%%ﬂ%"&%@,{gﬁgh@ gq}ﬂ%@ 843,
the sped f i bottomosrfast wilihave abettom buffensufaee porosity thtieless thanrtké aurtigee. 15

This inventjaon.al enc assed nmet hods for polishing the surface of an
article V\hi%%o%g'rf%ﬁ‘%@ép?qﬁé‘u ¥%ps of contacting at |east one polishing pad

of the Pr eRdIRiwihg BafFing) thevbuitfed: fit oy rdnd Wotdn Eugr?ac% fa}dp%a%hi dlednb®
I y and e

presence of a polishing slurr _renoving a sired portion of said
surface by with p hrpsbéviaenysa deviee. r Aftert vaguurningsthie racuumed sswfatescaze blown with

| t i i.ng th ticle platf i, l.atian to th d.. The 20
Bol  shi ng. TEBUAR AL sBReus moptkiIns TRl PHClss Bomie MRER RUTE ous
stages 10f 1C  ImmédidiElyCalioroRn usk, COMPUPSIishR ?A&Shaﬁo@ﬁﬁ:@ilﬂ'%&exz@ﬂl by hi ng

e p

slurries and equi pnent. Pol i shi ng is preferably performed in
accor dance aRPhing aaMEr sfurrcianihgunads apdthéreafleardxposing the tpads do petishinged f or

CVP. In addjt.i t Li shi ads .nma taLlored to lis

variety of Cyg hl!ri lag%sﬁg%}rgcﬁ S%?%Agﬁgt gﬂafl%é?(g,gr%%rﬂ?eﬁﬁ% Iage?g?sf”a{’]?ﬁﬂf}ruﬁar d

di sks, cer datent Nos. 5@1¢993 amell 512¢6,84Kethe specifications of wiish RS @ftoARPMEl t he
polishing pad. of the present invention may be useful in a W de variety

of pol i shi M§rAPPY IfeiNehs and, in particul ar, chenical nechani cal

pol i shisag appl i & : Vi t.d L .SHLE8l: W 1.8

scrat ckzigng and R ?%%P 2@? % ﬁéaAg&ggﬁ%%st%g rﬁr%lltﬁ?ﬂ&/)sg k‘?‘ﬁ%@%‘%@&%?&cgﬁ‘ﬁ Zhi ng

pads, the putidlswhch pemipu$est the stéps ofpc@smmingi atvieadtiome polishing pakdf o a
r.es . controllable slurry nmobility;

2nd pr ovi dEBRRCAYPTIBRE S R 86t wileiiy T PisteRat a polishink sy
for speci f 0 eVt OISAROTAAS 6 iR btk o9 miNing 34 PR AN Al 00T
preferred éutianti regnaltsruative hmoving ethe i asticlaglatform 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




been presented for purposes of illustration and description. It is not

i nt ended t owp&oR2707€xhaustive or to linmit the invention to tlperRisesisegs f or m
di scl osed, and nodifications and variations are possible in |ight of

t he above teachings, or may be acquired .fijpam ‘practice of the

i nvention. The enbodi nents were chosen and described in order to

explain the principles of the invention and its practical application to
enabl e one polishitd | Jepfbrmandeh@ndyr ¢orit@l Ubf Ithe embunefattamagt probessn foraspeific
enbodi nents and, wiith various 10 nodifications as are suited to the
particul ar u8eplicghie®sapl ated. It is intended that the scope of the

i nvention be defin chal Ok : L s :

equi val ent s. Gtle WrdeBineCi& APt RP BE PAGEOE %ﬁl%gdllﬁéﬁqlﬁ &gﬁg{ inveption has

The fol | owi nyedir preeshited forvpmirposes efl ilhatrdtisre and descpiptioshilhis petdniendabtd bes

t hroughout the Exanples. . . ) X Fl ow Thrqugh Vertical ;Perjeability:
Siurry flow Fahastys ol ipnlimitdhe inentign to the R{aﬁ%&%héﬁgw% and mpgiacaiions m
filtration a . ' Fi : j

appar at Us. ol SRiMfiond 48k bt bf ABhT4/SHY FhoicactiBELR MMk acalibd fom |
a vacuum | i npractioel ofi theoinwentiangquThle embedivents werecahoserc and Hescribediiind prder ¢o

slurry, and. was used w t hout ,any .vacuym The .di.anet.er. of the per and
| ower reser vG?‘lr’]lémvﬁe p%pl%BEtth%? tron, @#sts PBrtcal APPHFtanate Fx}?hk'eﬁgne

center of the ek toThe bt BGRiIRE tg@?nvention WPRSFiotL eRbYdidents [shd RAth Wadichi e
slurry flow rate, a polishing pad substrate having a 25 di aneter of 3.5"
was pl acad amddifications esraefsuited taitheqrarticadarse icontemglated. Gtris mjendzd that the

pl aced between pad_.and the upper reservoir _walls. A cylindcical plasti.c
vessel , openscop% °5ttﬂﬁo¥‘i‘fe%tﬁ8’s, e\l\ggé’leﬁe ypfhgcéafq‘? rﬁnygle)#%t ﬁ?@re?‘bpglﬁf tE"HE pad
to prevent aryyivhighisd from seepi ng around the pad surface.

Approxi mately 100 grans of liquid was poured into the cylindrical
vessel at a rate of 25 gm's for 4 seconds. The anount of liquid 30
collected by the | ower reservoir was i.qhed SThe slurry flow rate was

cal cul ated by dividing the weig ﬂg—collected liquid by tinme (300
seconds) 45 -20 -

Dynamic Slurry Capacity Test: The polishing pad substrate polishing slurry
capacity was det erfienotowing procaduragriners nsad {p defgaring\palishing padi prepeiies
perfornmed by i ad of 3.5" dianeter on a liquid reservoir cup
havi ng a di anﬂﬁogghogﬁ)k}%.c%&gﬂp%sp The pad and reservoir cup was placed in
the center of a | aRiew THetglc Veitiah ®ermdability: Slurry flow rate through a polishing

pad was measured using a vacuum filtration 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).
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5 in turn, was placed on top of the platen of a Hyprez Il polisher
(manuf actured b Engis Corporation). To neasure the slurry remaining
on the pol i“é‘h?‘ﬁéﬂ?ad, l i quid was di stributed onto thePCIf/S163% e of
the.polishing pad, rotating at a predet 3rm' ned speed, at its center
at varying flowrates using a peristalti Q'purrp. "Fl ow t hrough" was

determ ned by neasuring the anount of liquid that actually perneated

through the 10 pelishin ad~_"Flow qver t ad" t he anpunt of |iquid
that swept over t $1uP Capagit & ﬁ"? Bgﬁsé'gng ﬁvﬁa’srfaﬁe ‘SIHB%ﬁﬁmy

cont ai ner. Ehsaciti Wid etePinired by the Id9@hiei ShNrP Bapacity test,\WhieRYs p¥f@simfed!yul at ed
by subtracting the wei ?ht ,of the pad prior to'the addl_t I on _o? the
siurry fronplasmgwepahel 35" diameterion ptliquid reserygiti euipobavig tdiargeéter of)3.4".

Pore Size o | asur enent.s were deter.imn 5
using a ru:Vg?é%%c?g};&'h%gga;g%ﬁ&?a%@%ceég?g%c eég?a larger open con?amgheﬁgﬁ’D and
Shore A $kapinefipwss placed Shaog ob the glafinosLa MypréANIepslisher (mARTSSHIrEADYL S
were made in accordance with the procedures set forth in ASTM No..

D2240. Engis Corporatipn), 19 negasureithe shvay raaainingeonsthe peljshing pasd, liguidevasod

consi sts of g i | subst r | 0 bat h
of ap o1 ur HsEERRSH BitoPle o lirod BE e PRRNER. Big YoRBbSH S prllcerihed
sanpl es wer spepdeatimicgiteriatdryyihge floweaateh esingve perigthitic imp. "Fldw tHrbeghs Ividisr v -
The pad sanHI es ,ar(ﬁ taken qut of the slurry bath after 12 hours and the
excess sl ur fistegringd, by Jusasuing e aneu af ligwd thateegllyperpneated Hgoughnthepad

SoNP! 210 ot Sd05 PR BOG AN PRT A G SBIR SIihE v Y AL el

pad. The ditference 25 between the wet wel vi ded |
by the dry ael whs colieetedsintthe lasgarrapgn containeap@he¢ t'ymbunt of ablimpashawngploa. The |

| i t I ' I.tiplied. by 100.to give the percent slurr |
zal;;(r:iyt ;épat 5 ;}ad'v a8 Calcilated byI gllbltrgctmgy the weight o 'the pPasRReT 0 @ggygdition of ey |

Sanpl es of gRWRALCHGh HEWEBhPHH b SRR hd RiaRidrAd ind@uhyg varying bul k
Shore D hardness "val ues and of varying nmesh sizes were frozen to

brittl eness and PoreSize Measurements: The pore size measurements were determine@1 -
cryogenj.cal dinto.particles and | ater classified by screening as
fine sz ( n@ﬁﬂﬂ&aor{(ﬁwgg.%%nr]nﬁ% st.l &%i n pol yuret hane | ater classified

by screening as c8kdre® and ShoieAMEdshirenimtsI0t gSRatB0D Fde SBbeNAi RardadseP

produced irregul ar, spherical, or substantially flat shaped powders.
The fine ne@Rasupsments Weeermadeoin aceprdgncerwith tae 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



5 nmesh size finer than 100 nmesh, the nediumnmesh (M particles are
defined as payborx7éy mesh size finer than 50 and coarser FdsobdSs28esh,
while the course nesh material is characterized as having a nesh size
coarser than 50 nesh. The pol yurethane hati-ng a - - Shore D Hardness of 70
was Texin 970u and the pol yurethane material having a Shore D Har dness
of 50 was Texin 950u. 10 The screened powders were placed in the
bottom of a tcvgmgphiealéy gniudd ifith gparticles andristen tlassifipd byl screeming las finstrheshn @) t he

nol d was not crlt s.sufficien etel .cover the
ot tomof | hastureamesh (HHS Tok Ry AGaRe ater,slpe ey Seretning 4850858 { he
powders evenlyesAVRY) Was MRt remd UrTIRC griddifdg eﬁ&i‘rﬁo&ﬁ@ﬁ”ﬁ%@ulﬁfv ftRE8a10 for

the cavity. The nol’d was then heated utilizing a conventio I ntering
process, 15 subqimﬂaﬂlwﬂatcshapddemdm urTéled'um/meslhéFIr@(charagita'mdtasdnmng an

t t | t.h | £.i ' f th
pol yur ot hline "eeBdtze 1aiso tiah DR ymesh gRE e ot (uf Brrbpladafe deineds hfpea
sintering Coﬁﬁléshls%sﬁﬂ@ e ﬁfd%oﬁ%@r AR 200 hedsH, While 8RGdutLim&h material is

thernopl astic resin since Tg and nelting point terrperatures varied from| ot
to |lot. cmnaeﬁenmdnSehang a mpsh sigd epayaes thao Si0adeshn dThetpwlyuehase baing rat e

boi i <hi ng. pac OB it af P Vs st 9700 S e BRAERR Pahe e el PR

from the bot tpHafdnetd¢f IOk 4h Texity 95y Yi ng aver age pore sizes and Shore
A hardness val ues. The porous substrates were cut into circular

pol i shi nd%pads 12'Therscerenespewders were plased it theglotsanl of rai tMmis@e wadd. The
i mat el 5 d :
oot Ty Sl 46 ot A4S BBt RS n R T el i o

to ensure thabnipleaely apvpathesbotioar of dasmpil 8advigl The chﬁt)bG)&aECtHérﬁ witrae@ to The
bott om surfaces of the pads were_ then de-skinned to inprove

wettability (§Bfead the E%‘M%F\FY%PVGY the bettemtsurfapgard g@ugreeorngl@tq-@vgragg@f grit
AL203 paper. glheafig)t ol Sblhts Hen! Rl ity a convBhhidE Sh qéhffsg ek, O
e §faf rou Y% he

the liquid reservol’r that capturest s urry passes t
pad with1a 1/A@picaty fopa cndrn;ﬁawareaahdvézﬂzﬂd?cemd hptask \teansitiog témpayatule ¢abght 329F) i cal
perneability and t he anount of polishing slurry remaining on the pad were

measur ed bu, pelow, the melting peipt ¢f thepphyiteethanei(phoyt 392 thetopvinter therpasticles.

forth in the ﬁf%amuﬁl sintering _conditions were d 2 -
I ntroduction. The test reSLﬁts anc? ot hgre e I|ler(1ig Sf)%aéateWarfglét%arclhstl?tcs&are

set forth inthermoplatit eesih biakoWg and meltmg pomt temperatures varied from lot to lot.
Table 2 r Por e Slurr Verti cal
Li qui d Ai?ernPntenng, :t].ger Bsglas coolede and the pwasglgsn'qtp a\(ﬁ)s/ remoygd, framyhei t y

Remai ni NGy 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

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
25  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
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
attached to the lip of the liquid reservoir 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



of Synthetic Si ze (ft/mn) On Pad _
Resin err Particles 1 70
F 580 00/02707 53[ ] ”?-, 6 18.6 1 PCFRIS9915628 . |
50 . 3.8 11. 7 16. 8 29 1 70 F 50
7.3 9.9 15. 4 1 44770 F 50
14. 6 0.2 4.0 2 50 F 100 1.8
0 . . ... F 100 3.8 0
9. 0 Zmnjoﬁuéhon. S”Bhe ?est results zgx%oother polfBP}g pad charfc?nsgcs arg set forth in
7.3 2Table 2 belowa0 F 100 14. 6 0
1.0 3 M 250 1.8 112.8
1.7 3 M TableZg . 114.8
0.6 Sample M TPore  2PSlurry | Vérital q a
1.7 3 M | Averase2P B -
ge X eability ining
2.2 4 C | s 3P "g@*g )
1.6 4 C 3pb- .8 k!
4.3 4 c [®#m  3po-350 [7.3 16. 7
i. g 5 7 1 % :'JALISQ o) er SDOU nsl'g.nr?J nco (".Fl-g\'fr\r WA a¥al bul k
Shore D har :;I]nncc and 2% i 6 , 3‘8Qnr‘| lwizl eld 1 Qlt§f u yI’\nr|gi shi ng
pad substrdtles. 11|79 contedfiated|50 wifR3n thk99cope ofl 1BHe invedtion
that the pdlishing|@ad propdrRies e be tpi4.6red] 0.2 depardd ng on tthe
particul ar |@lishipgopl atforjrB the (waber/subgtrat pobei ng paliisshed, - and
the type off polishigg sTurry@perng|yggd. Th3gdditjen, Tt 19ggcogni z¢d that
10 additi rbai TeC gécopi T f[garures ’IOEUCh §3perr bdfl OTTS, (,fhﬂnnel SOr
grooves, recessqat t© hreve Hottshrng—pad—gssesstagit he
desired flcﬂz”‘”‘“ ﬁO e+ meab'LmQ 146 OD“—'-J”.“.r Mg pel-shi ng
st udi es usi g t he 1§9L shi ng er Sany QQ 2 hh8 3 wplk2.8 rfglr’inr nmed on a
Struers Rot| Forcel30Table-1d4 Poli{288r (a8l ablel¥4-®m St @fs 15
Di vi si on, R&di omet €60 Ameri cd Mnc. , |\266t | akk7.30hi o) 1324 si nuljdt® act ual
I ndustry 3 polisbdng condiMi ons. 25be pol i46i ng| a4 was affld xed onfo the
pol i sher wijify the [70 doubllg=si ded 3pdlx8s! Veg Thel gy ace ¢fj § he padjwas
wet with d szn| Zed %[ er 1o % dal' l 300-350 | 3.8 67.3 43
"23 - 4 70 C 300350 |73 (167 54
4 70 C 300-350 | 14.6 6.1 1.8
5 As indicated in Table 2, synthetic resins of varying bulk Shore D hardness and
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
10  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
15  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



the wet canditioning process and, thereafter, the surface of the pad was
saturated uwodon2707 the pad was broken in. The polishing pagsdoskes
present invention were used to chem cal | y-mechanically polish a
tungsten barrier |ayer on a wafer having23-tungsten t hi ckness of
approxi mat el y 8000A using Sem - Sperse[err] WA355, an alum na based 5
polishing slurry manufactured by Cabot Corporation, Aurora, Illinois. The
slurry was the wetdwonilitioning pyotess and) dhkreaftenghe syr€adesifahé pad wasrpat@atediunab! e

from Masterfl.e del, 7518- 6 to sinulate actyal slurry deliver

2t a fhow 1 att® B B8 LR . T oLty BAS OF the Fresay dnveniion wita Wehds

rel evant pr oaserhicsﬂ,{a{eehaﬁﬁéanfyqﬂi@h IaQuJ%Péneoaﬁaﬂﬁg er’H'R Waklr' N4Fing a tungsten
a | abl I I ng pads Jlgto pgflsh

purposes, commercially avail able polis re al so use
t he tungst en thigknesspf approwimately r8OAPAossingeSemidBpers¢® Wak®s ) aini altunitg based

conc 78, S Ao o g SR, L S A

;g?l e( i/ ) delivered onSto a plad u;iB@'aip‘éﬁlbt@Eic%%ﬁlp (available from MasterfiéR 9810861 3ROV al
e m n . oanple .
5694 Sohin simgilate actual slurry delivery at a flow rate of 100 ml/min. The tungstéB62

Conparative - t P77 . .6 Conpar.ati ve
Pad - Freu deE e?\bal %lg gs\(? 0%% relevanz propertigs gge set forth leigl%g}fr%rt iFoL cpmp -an?'&)del
Suba[ err] 50@urposes, commercially availablé B8lishing pads WeFO B8 9ed to polish thORBE&ET | ve
Pad - Rodel Politex[err] . _4559 . (Epnbossed)

As noted!?n 1aysT evy, themeal nxidesendey thmsrmepolishing)eerkitiens set dorth eboye: o¥haled

15 consiste n.renoval rates whi.le mnimzing pad
Mduced - NpghRl BRERRLAT bHBSRISRn RS M i S rortim P iRds ot ¢ he
present invention allow for the condhieB of several pad physical
properties rglated-to pad- ngl shing performance I ncl uding polishing
pad substratlp_porasityP lsﬂmtg;?ﬁd ow, surf ade FengstereRemoval Rates@imim)cal s
and the |i kel Sanpla2result, the polishing pads of this ifsntion provided an
20 ‘effectiveSahplednative to commercially 4vailable padggdpy offering

accept abl e OMBomparatiV€PRVATh6mbEWRPTF7 NI §hed SUTT aceSggqs

-24 - 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 additio_n, 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.



EXAMPLE 2 Further representative exanpl es of another |
enbodi nent of polishing pads of the present invention were ' |
manuf act ur P W%1972i ng the procedure set forth in the 5  sPELUSPUL?¥n and i
in Exanple 2. As in Exanple 2, the star#)zng synthetic resin particles |
had varying Shore D Hardness and nesh sfZzes. Rel evant pad characteristics |
and properties were neasured at three intervals - before buffing,

foll owi ng buffing and after br ' e pad characteristics are set
forth in Tables 4, 5, 6 and 7. 103w

TABLE 4 Pad Property* Pre-Buff. Post - Buf f Condi ti on

Post - Break-1In . Condi tj on . Thi cknes

(i nch) 0. 050Furthep ggpresentative) expraples) of gpother @nﬂgg@gent(pfdwlghmg paﬁs Shore
Har dness A 04 {9 .

Density (g/t(}:l%)presenQane}lS%éN ers.rﬁwfa&%ed ]‘mg.é% ﬁg Bﬁ)ce‘ﬂge s%g?%%h [uértPT 0. 033

Conpr essi bidpetific4tidn and id EkampleZ2. As in Exampl@2,/the GtaBiéng synthetic reékid pgréicke 0. 71

0

geatg(lzund ( /()had varying Shorgﬁéia%%@egsz and mesh %zdfeﬁg Rél%ﬁ%g pad charqy%%gtiz%g%ck
Mean Top S ; i 82
Roughnegs tt{réﬁér}fi?% were meé%géraeatéll% g l?tr%n(,:al!soﬁ sb)¥ ford bél %ﬁ%S fo%(.w%lf g bilfff I%g? e
Vol ume (%) after break-dd.. Th@pddcharacteris¢srare sdedomtipbTables4, S266nd7. 49. 67
(ft[err]/hr) El ongation to Break 93.5 (% Peak
Stress (psi) 991.5 *Pad made from Texin 950u uret hane
t her nopjgasti c having a Shore D Har dngagot 450 and Fi ne Mesh Size.
TABLE 5 Pad Property* Pre- Buf f Post - Buf f
Post - Br eak || nPad Property* Pre-Buff. Post-BaditiCondition | Post-Breakdmd{ t i on
Thi ckness (i nch) 0. 0Y3 Coriifion 0.070 [err] 0.[007 0.072 |0.0007
Shore Har diiéSgcifess (inch) /P 0259+ 0.002 0.049 + o2 | 0.05538¢409024 | 2
Corr) 0. 004 Shore Hatpess A OF TG L TGO g o8 LTI B02sq  P- 0t
5 40 69 |Densityfsleg)ngion| 0780042 | 52 0.7610.04 0.69£0.033 -}
59 14.54 | Compressibility (%) 47+1.7 2.7+0.89 4.1%0.71

Rebound (%) 54+ 15.7 54.8 + 16.64 39+ 797

COFk 0.40 £ 0.02 0.44 + 0.009 0.58 £ 0.015

Mean Top Surface 15.6+1.3 16.1+1.8 6.8 +0.82

Roughness (um)

Pore Size (microns) 32.65+1.71

Pore Volume (%) 344+3.12

Air Permeability | 216.67 £ 49.67

(ft*/hr)

Elongation to Break 93.5

(%)

Peak Stress (psi) 991.5

*Pad made from Texin 950u urethane thermoplastic having a Shore D Hardness of 50
and Fine Mesh Size.
TABLE 5
Pad Property* Pre-Buff Post-Buff Post-Break In
Condition Condition

Thickness (inch) 0.073 £ 0.002 0.070 + 0.007 0.072 + 0.0007

Shore Hardness A 76+2.3 77+£2.9 842+ 1.2

Density (g/cc) 0.61 + 0.040 0.63 £ 0.02 0.61 £+ 0.006

Compressibility (%) 7.0+ 3.8 35+0.74 2.4+ 0.69

Rebound (%) 731294 674 +7.74 59 + 14.54




-25 - COFk 0.47 0.02 0.63 0.01 0. 53
0. 003 f7Sur f ace 29.3 4.6 33.6 3. 6%cT/Us99/18638 5
2.3 Roughness ([err]m Pore Size (mcrons) 83.5 4.59 Por e
Vol ure (% 46.7 1.85" Al r Pesneability: 748.3 [err] 27.1

(ftflerr]/hr)

El ongation to Break - 28.2 Peak Stress (psi)

187. 4 *Pad made from Texi n 950u ur et hane thernppl astic having a Shore D
Har dness of [¥DFk and Medijum Neah+9io2e. 0.63 + 0.01 0.53 + 0.003

TABLE 6 Medi®Top' SBERC" 293+ X6 PUL] 3364364 FOY-Bds+03

Post - Br eak | Condi t1 on tion

Thi ckness. (iriQugness (un) 4o | o 504 0—D4t—0—003——6-1040—0—BO27

Shor e Hardnei’@féASIZe(mlchj n a483.5+4.59 R7 0.74 4.6 [err] 0169
Density (g/ qdpere Volume (%) 86 0.407+1.85 0{87 0.06 0.189 [err] 0.d59
Conpr essi bi l{iAly ( %ermeability 0. 7948.3 +27.1 3.2 1.5 6.5 1.5

Rebound (99 | (f*/hr) 771 8.3 6 20.3 35 8.67 COFk
0.26 0.01 [gioneats ﬂq B‘?&fkl 0. 00928.2 0. 71} 0.091 Meary Top Surface

13.0 1.7 (yc“))nga ° 0 4.0 0.p9 Roughness ([err]rr)

Pore Size ( ' 22 CS 24 Pore—fottome \/g 40—F —%

A|r Pern'e" L_\7 Ql'-\874 /'Ff nrr'llhr\ nnnntLan [ aY Break
77.8 d?@del%d@sfsom dsxip 950u rethasgba P ast b BV GRS 1) HeRPee 40

ur et hane themg&mﬁllﬁemllzgg a Shore D Hardness of 70

Si ze.

and Fi ne Mesh

TABLE 6
Pad Property* Pre-Buff Post-Buff Post-Break In
Condition Condition

Thickness (inch) 0.042 + 0.003 0.041 + 0.003 0.040 £ 0.0027
Shore Hardness A 93 +0.84 87 +0.74 94.6 + 0.69
Density (g/cc) 0.86 + 0.60 0.87 £ 0.06 0.89 + 0.059
Compressibility (%) 3.4+0.79 32+£1.5 65+1.5
Rebound (%) 77 +8.3 46 +£20.3 35 £ 8.67
COFk 0.26 + 0.01 0.46 + 0.009 0.71 £ 0.091
Mean Top Surface 13.0+1.7 11+£0.0 4.0+ 0.69
Roughness (Lm)
Pore Size (microns) 22.05 £ 2.47
Pore Volume (%) 40.7+2.14
Air  Permeability 233.3+£57.85
(f/hr)
Elongation to Break 77.8
(%)
Peak Stress (psi) 503.4

5

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

TABLE 7
Pad Property* Pre-Buff Post-Buff Post-Break In
Condition Condition

Thickness (inch) 0.063 + 0.002 0.058 £+ 0.004 0.058 £0.0017
Shore Hardness A 81+1.5 88 + 0.54 92 +0.77
Density (g/cc) 0.74 £ 0.02 0.79 + 0.02 0.78 + 0.023
Compressibility (%) 6.5+23 2.9 +0.05 35122
Rebound (%) 77 £12.7 65+ 14.0 65 +26.52




TABLE 7
Post - Br eak

Thi ckness MMM32707
Shor e Har dness
Density (g/cc)
Conpressibility(%

Rebound( %9
-26 -
0.61 0.55
15.7 [err]
61.73 [err
Per meabi | i
50.5

Texin 970u
Medi um Mes
Properties
(Avg. valu
Pad A*

Pad Property* Pr e- Buf f Post - Buf f
I n Condi ti on Condi tion
0.063 [err] 0.002 0.058 0.004 PETAS89/156289)017
A 81 1.5 88 0.54 92 0.77
0.74 0.02 -26-5. 79 0.02 0.78 [err] 0.023
6523 29 0. 05 3.5 2.2
COFk -, T 10612003 oo o 0.0z 0p1E053 b
Mean Topp3ifarsy sur3%ds 7.4 38.371 +3.44 15.7£28 4.4
| Rogghness (umRoughness ([ err]m Pore Si zE (nicrons)
PbrelSize (micronsPor e §ni73aes 3% 33.56 1} 85 r
Pore Vg]ﬁgle@%%. 2 3356+185cLQrrj/7nr) ongation T B][ eak
k—SEresstpst) 572—% *Pad—rade from
&&Egﬁ??%gf Jell %Fﬁ&ﬁhzging a Shore D Hardn'ess of 70 and
. _TABLE 8
Elongatiqn to_Bgeek 50st - Buflf Pr e- Bu!f Post -|Buf f
Ep) Conditiof Condi tilon Condi tf on Condi ti on
Peak StRasl (pkt) 57Pad B* Pad B* Thi cknesjs

0.0531 0. 8P&Bmad® fiomBexi®) 9PGAuretHdn® thétmopladiethavind I8ote D Hardness of 70
and Medium Mesh Size. 0. 0003

(1 nches)

Density (g/cc) 0.7753 0.0037 0.7887 [err] 0.0060 0.7857 0.0061
0. 7909
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*
'I_'hiclmess 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 11.3+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 9219.4 + 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)
*Pads A and B made from Texin 970u urethane thermoplastic having a Shore D
Hardness of 70 and Fine Mesh Size.
10 The results above show that polishing pad top surface roughness is improved

by buffing and then by break-in.
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then by br edjotiofh surface skin layer intact for slurry capacity and slurry ﬂow-throrlTlgh r?te. The?/ -
EXAVPLE 3 A sintered polishing pad substrate nuf act ur ed

from fine Teskirry dtpwy through rfgﬁ é’t’%aﬂég&up@r mqg IEHO tha_snghgimselégfoilthoi;l thearrpl .
d ' i crishe or . r.epar, n a .
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skin | ayer iintredictiber slurry capacity and slurry flowthrough rate. The
slurry flow through rate was neasured according to the nmethods set forth in

t he 10 Exanpl elhenincenditieneshpadrhed & slirpyflewsarongly rate of dgrams ales second
described i %mmlr? capacity of N FRAYE L) Phieved 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



10 The unconditioned pad had a slurry flowthrough rate of 0 grams

per second and a slurry capacity of 4.7% It is belieyed that
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in the 9 pad except that only was used for the 21 mcron
pore each pad and plotted against pad average pore dlameter The two p@s are found at

di anet er p0| nt) and an average sub-lot pore volume was cal cul ated and used
for pl bgvtr;sn}f gﬁr poses in Figures 14-15. A single pad from each sub-I ot
was randoniy he%ahgs@élﬁdafe?ﬁaonghhg bdsatis sh@wahht, tuREa WENRU Rapongs

average pore dianeters ranging from about 18 to about 30 microns were
used for tovigs umaamfgepa(b@lvmm rRgre Bliameter whileThmgstepr wateh trotishing pates wer e
eval uated for their lﬂg 4 pol i sh tungsten bl anket wafers using a
| PEC/ GAAr d TERHEP SSPl lﬁﬁ%ﬁ ?ldé for one mnute with Seni- Sper se 2000
slurry manufactured by Cabot Corp. in Aurora, Illinois. The machi ne

was operated at a down force of 4 psi,_an orbital speed of 280 rpm a
slurry flow rate 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 lbf/in
2 pass buff 1.76 Ibf/in
6 pass buff 1.47 lbffin




of 130 nmL/mn, a delta P of-0.1 psi and an edge gap of 0.93 inches. 10

The tungst ewovsmfoero’W VWU and tungsten polishing rate was det ecfinpefas
each pad and plotted agai nst pad average pore dianeter. The two plots are
found at Fi gures 14-15. -29he tungsten wafer polishing
results show that tungsten WWAU i nproves with increasing pad average
pore dianeter while tungsten waf er polishing rate 15 renmains essentially
unaf f ect ed. Bufﬁng the bottom surface of the pads improved paf>pabPhtrerfgth with a 2

The effect qf ad _bottom sur.face on pad/ adhesi ve peel strength
was 20 evépﬁgﬁg% IP% ? gﬁ‘ Pads were prepared
accordi ng to Examghst i claified Rad surfaces wer e buffed wWth 2 passes
(180 degree rotation after first pass) on a standing belt sander

manuf actured by Burlington Sanders using O, 2 or 6 buffing passes, 50 grit

si ze paper, a tool gap of -5 mls and conveyer speed of 10 ft/mn. The
peel strength of the 25 unbufffed pad, and buffed pads are reported in
Tabl e 9, bel ow. Table 9

Treat ment of Pad before adhesion Peel Strength

application No buff

0.54 I bf/in 2 pass buff

1.76 I bf/in 6 pass buff

1.47 I bf/in -29 -

Buf fing the bottom surface of the pads inproved pad peel strength with a 2
pass buff yielding the highest peel strength. What is clained is:
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A polishing pad conpri sing; a. a polishing gad substrate
further coW@042M§ sintered particles of 5 thernopl asti cPERAUSH/I0 er-ei n
sai d polishing pad substrate has a buffed top surface and a buffed
bott om surface wherein the buffed bottofsurface has a surface porosity

| ess than the buffed top surface; b. .a backi ng sheet;
and C. an adhesi ve | ogat et ween t he backing sheet and the
buffed bottom 10 surface skr&iﬁ%ﬁ—%gr. 2. The
polishing pad of claim1l wherein the buffed top surface includes at

| east one nmacroscopic feature selected fromchannels, perforations,
grooves, texturds, A polishingpidcompaisings. 15 3. The

pol i shing pad suybstrat f.clai [.e} in: I 0 t he
buffed top surf &ee | g g ?@Sr%“ig }ngéxb\é\?%%ﬁxgtp@%oﬁﬁgmg &ﬂ&?%f %aﬁicﬁ?e()f
pol i shi By pREMRplasti@ielin, Wheithifsatd Polishiig fadaubRiiabis £ buffed fop surfade and
pol yvi nyl chl ori de, polyvinylfluoride, nylon, fluorocarbon, polycarbonate,
pol yest er, a buffedbottgmsugiaeq whersin the bried bejtym sirgaeding 2 sysiagaReTasty less

pol yur et ha . pol ypr opyl ene, and copol yners and m xtures
t her eof Qﬁantﬂ?hxﬁ‘é&’{oggﬁrfacerhe pol i shing pad substrate of claim1l wherein

the thernopl astibc resibacking shées; amdet hane resin. A

6.
pol i shing pad conprising; . a. .sintered, yret resin
pol i shing pad s@bst r&Pé‘%h‘éﬁ}Y%b’Céteﬁ@P%nt%b“?‘mg g&ﬁ"f apc | eab"’g?FBf °Bbt t om

surface,wherein ottom skin surface has a surface 30 porosity
t hat igoless théhggﬁgkétgggge porosity of the buffed top surface;
b. a backing sheet; and

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.

15
3. The polishing pad substrate of claim 1 wherein the mean roughness of

the buffed top surface is from 1 to 20 microns.

4, The polishing pad of claim 1, wherein said thermoplastic resin is
20  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

25 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 skin surface has a surface
30  porosity that is less than the surface porosity of the buffed top surface;
b. a backing sheet; and

* c L M S *



-31 - . C. an adhesi ve | ocated between the backing sheet and the
buffed bott yp gRédrce skin layer. PCT/US99/15628
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c. an adhesive located between the backing sheet and the buffed bottom

surface skin layer.

* ¢ L M S *



