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present invention relates generally to the field of polishing pads for

chem cal nechanical polishing. In parlti cular, the present invention is
directed to a chem cal nechanical polishing pad having a polishing
structure useful for chem cal nechanical polishing magnetic, optical and
seni conduct or 2L B4 TINGIHINORILFOR CHEMECALMPCUANGALRALIMINCed circuits
and ot h[{@boﬂ' %ﬁr@%h@i_n@@ﬁ’t cﬁﬁ%laté’é‘éeh;érﬁil?td RY¥ §eRl &ffpoligl?iﬂgékﬁ@lé f39 ché&fighiconduct i ng
and dielectric materials are deposited onto and ‘renov froma surface of a
seni condechianicalyaflishing Thi partiayler, sheofresenhohventiongis dgrected tmalcleming and

dielectri terials be deppsi.ted usin nunber of deposition

t echni qoeanEakAYRIaE #6a ey R & POLSIRG SHRZUTF s STBEr AOvReh METBEEEST ng | ncl ude
physi cal |Ng %H%g bl ahE ¥ Micofd R fr kWA es@S Sputtering, chem cal vapor
deposiﬁ#yh ?%VD ,ggﬁggéa-gnﬁancgg C eﬁical fﬁpor deposition (PECVD) and

el ect r géhedi laahe fabatativg, ofan®pgttdienss arffdostharelectmonicadevices,mulgpledayencodude

wet and dry jsotropic, and anjsoiropic etching, anong others. [0003] As

| ayers Ondpgiingy %eérrlsm&ugtl%eftdeil@fesﬁrncyn%rﬁﬁg?&e@ap%@[{@@m@dsmpmd PPer nost
surfac = neonduct or
o ocessracs o et bRy ARG, Tl BB RY coE e S OB R an SSMERREL ) e,
t he wafmaterige dmytbe depogited ndingzathmbePbAdeositiah itewhnighiesi S€dmmoh@epssitiayi ng

undesi red surface topography and surface defects, such as.rough surfaces,
aggl onelFehnigresi @Pﬂamgzvaferr@f@ﬁ%ﬁpmga@qlv@@fwawalg‘@pogé%p&@@ﬁaéPXPa, Brhat ed

| . . 4 . . . . her cal
roehani SaPURa e Py oAy copRaiTbh RV DR AL BlnaRt A Bl vy Bbo SIST °
pol i sh R esdslstobhasicsleabe) dnoh® btherlf @dnmbmrent@ay eohhiqial in€lvRk a

wafer carrier, or polishing head, is nounted on a carrier assenbly. The
pol i shi Wef adday iseireric epd apiseErpiapighipesimengrshere wafer in contact with a

ol XL RS DL1R, RR Bl BTGB R Pugld

pr essur ¢ thevafee Beddhtes\Wdheslaran d Beedus s fiblequRatsemiSh itk foa pRRYSSinG (eqr. Sl Urry or

ot her polishing nmediumis dispensed onto the polishing pad and is drawn

i nto t hacghizateweqnres fie waferlo have aglet pukicacthe apégr neqds tefbeedanagetd. shi ng, t he
pol i shi d [ .cal |y F r tive t n nother . t he
pol i shi @gﬂaﬁ%g‘?‘g{l al{sge\@i ﬁoer r{‘gelé? kl%g tuhléées\l/\r/gﬁEl gér?acte ﬁé&\ﬁé%l’gly ag\%g %&o(%&ecgs’ts lf/c ically

annul araspehgisdirfages, aﬁglsmemtemhﬂeﬁb]lis,rkgysft@lghtﬁae datiéi®, edratchéantedotantinged f ace
di rectlé confronts the polishing layer. The wafer surface is polished and

made pl layeip opipatelielsi cal and mechani cal action of the polishing |ayer and

P ARk Aok 8097 R P A SRRREREAERL 31 0

common technique used to planarize or polish workpieces such as semiconductor wafers. In

conventional CMP, a wafer carrier, or polishing head, is mounted on a carrier assembly. The
polishing head holds the wafer and positions the wafer in contact with a polishing layer of a
polishing pad that is mounted on a table or platen within a CMP apparatus. The carrier
assembly provides a controllable pressure between the wafer and polishing pad.
Simultaneously, a slurry or other polishing medium is dispensed onto the polishing pad and is
drawn into the gap between the wafer and polishing layer. To effect polishing, the polishing
pad and wafer typically rotate relative to one another. As the polishing pad rotates beneath
the wafer, the wafer sweeps out a typically annular polishing track, or polishing region,
wherein the wafer’s surface directly confronts the polishing layer. The wafer surface is
polished and made planar by chemical and mechanical action of the polishing layer and
polishing medium on the surface.

[0005] The interaction among polishing layers, polishing media and wafer surfaces during

CMP has been the subject of increasing study, analysis, and advanced numerical modeling in



CVWP has been the subject of increasing study, analysis, and advanced
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[0007] Conventional polishing pad conditioning is achieved by abrading the polishing
surface mechanically with a conditioning disk. The conditioning disk has a rough
conditioning surface typically comprised of imbedded diamond points. The conditioning disk
is brought into contact with the polishing surface either during intermittent breaks in the CMP
process when polishing is paused (“ex situ”), or while the CMP process is underway (“in
situ”). Typically the conditioning disk is rotated in a position that is fixed with respect to the
axis of rotation of the polishing pad, and sweeps out an annular conditioning region as the
polishing pad is rotated. The conditioning process as described cuts microscopic furrows into
the pad surface, both abrading and plowing the pad material and renewing the polishing
texture.
[0008] Although pad designers have produced various microstructures and configurations of

surface texture through both pad material preparation and surface conditioning, existing CMP

pad polishing textures are less than optimal in two important aspects. First, the actual contact



surface texture through both pad material preparation and surface
conditioning, existing CMP pad polishing textures are less than optimal in
two i nmportant aspects. First, the actugl contact 3 area between a
conventional CWP pad and a typical workpiece under the applied pressures
practiced in CWP is small-usually only a few percent of the total
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sub-surface damage. Being blunt and irregular in shape, asperities on conventional CMP

pads also lead to unfavorable flow patterns: localized pressures of fluid impinging on
asperities can be significant, and regions of stagnant or separated flow can lead to
accumulation of polish debris and heat or create an environment for particle agglomeration.
[0010] Beyond providing potential defect formation sources, conventional polishing pad
microtexture is not optimal because pad surface conditioning is typically not exactly
reproducible. The diamonds on a conditioning disk become dulled with use such that the
conditioner must be replaced after a period of time; during its life the effectiveness of the
conditioner thus continually changes. Conditioning also contributes greatly to the wear rate
of a CMP pad. It is common for about 95% of the wear of a pad to result from the abrasion

of the diamond conditioner and only about 5% from contact with workpieces. Thus in



of a CW pad. It is common for about 95% of the wear of a pad to result from
the abrasion of the dianond conditioner and only about 5% from contact with
wor kpi eces. Thus in 4 addition to defgct reduction, inproved pad

m crostructure could elimnate the need for conditioning and allow | onger
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sur f aceforinhatiehsinaitanacaklyme m ght support the accurml ation of stagnant

sturry and3]08|orllssequen ly\,lveville pad microstructure and conditioning means exist for
contemporary CMP applications, there is a need for CMP pad designs that achieve higher real
contact area with the workpiece and more effective slurry flow patterns for removal of polish
debris, as well as reducing or eliminating the need for re-texturing. In addition, there is a
need for CMP pad structures that combine a rigid stiff structure needed for good planarization
efficiency with a less stiff conformal structure needed for low defectivity. Also, there is a
need for CMP pad structures that provide a high void volume in the polishing layer proximate
the polishing surface to facilitate good slurry access to individual contact points with the
workpiece, but which do not present a large void volume within the polishing layer distant
from the polishing surface (which void volume might support the accumulation of stagnant
slurry and polishing waste).
[0014] In one aspect of the present invention, there is provided a chemical mechanical

polishing pad for polishing a substrate selected from at least one of a magnetic substrate, an

optical substrate and a semiconductor substrate; comprising: a polishing layer comprising an



[0014] In one aspect of the present invention, there is provided a chem cal
mechani cal polishing pad for polishing a substrate selected from at | east
one of a magnhetic substrate, an optical substrate and a sem conductor
substrate; conprising: a polishing |layer conprising an 5 interpenetrating
network, wherein the interpenetrating network conprises a continuous
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mechani cal polishing pads of the present invention. [0018] Figure 2 is a
hi ghl y whéramgbel intgraendtrating setwomtatomprisss e sontsrumus oprdfugisvephase embe vi ew of a
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BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Figure 1 is a perspective view of a portion of a dual-axis polisher suitable for use
with the chemical mechanical polishing pads of the present invention.
[0018] Figure 2 is a highly enlarged, partial, schematic, cross-sectional, elevational view of a
chemical mechanical polishing pad of one embodiment of the present invention.
[0019] Figure 3 is a highly enlarged, partial, schematic, plan view of the polishing pad of
Figure 2.
[0020] Figure 4 is a highly enlarged, partial, schematic, cross-sectional, elevational view of a
chemical mechanical polishing pad of one embodiment of the present invention.
[0021] Figure 5 is a highly enlarged, partial, schematic, cross-sectional, elevational, view of
a chemical mechanical polishing pad of one embodiment of the present invention.

[0022] Figure 6 is a side perspective view of a chemical mechanical polishing pad of one

embodiment of the present invention.



[0021] Figure 5 is a highly enlarged, partial, schematic, cross-sectional,

el evational, view of a chem cal nechanical polishing pad of one enbodi nent
of the present invention. [0022] Figurg 6 is a side perspective view of a
chem cal mechani cal polishing pad of one enbodinent of the present
invention. 6 [0023] Figure 7 is a top plan view of a chem cal nechani cal
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clains refers to a norphology of a phase in which the phase domai ns have a
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di rensions. [0030] The term "fugitive phase"” as used herein and in the
appende%”%lc%li ns refers to a phase that nelts, dissolves or disintegrates
upon exposure to at |east one pirihepMUscrivri@y Medi um and heat. [0031] The
term "hydrodynam c | ayer" as used herein and in the appended clains refers
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1ot e MethBativh dpieES helbiagt Roma ng SR AR SO LENt bR i BB e e s 1 of er s

to a nepypik knydRiIRhibphddardl wAet MEAUSORRR- fugi tive phase and a substantially
co-continuous fugitive phase, wherein the fugitive phase (a) is not

coval enfl0g9bhmrm dfibhilar nonrphalygy i sscuspthhereincand i ithe gaended denseplrsabed from
the none-l Inlcj) i};[oil(;/g%l or% g%%%seuirr]llw rich ﬁl@ep@ageaéomains have a three dimensional shape with
one dimension much larger than the other two dimensions.
[0030] The term "fugitive phase" as used herein and in the appended claims refers to a phase
that melts, dissolves or disintegrates upon exposure to at least one of the polishing medium
and heat.
[0031] The term "hydrodynamic layer" as used herein and in the appended claims refers to
a region of a polishing layer proximate the polishing surface which is substantially free of
the co-continuous fugitive phase.
[0032] The term "interpenetrating network" as used herein and in the appended claims
refers to a network comprising a continuous non-fugitive phase and a substantially
co-continuous fugitive phase, wherein the fugitive phase (a) is not covalently bound to the
non-fugitive phase and (b) cannot be separated from the non-fugitive phase unless chemical
bonds are broken within at least one of the phases.
[0033] The term "interpenetrating polymer network" as used herein and in the appended

claims refers to a polymeric network comprising a continuous non-fugitive polymeric phase

and a substantially co-continuous fugitive polymeric phase, wherein the fugitive polymeric



bonds are broken within at |east one of the phases. [0033] The term
"interpenetrating polynmer network"” as used herein and in the appended
clainms refers to a polyneric network copnprising a continuous non-fugitive
pol ymeric phase and a substantially co-continuous fugitive polyneric phase,
wherein the fugitive polyneric 7 phase (a) is not covalently bound to the

non- f ugpHaky &) Rrasg e ovdlehtyBoudnd ete Hoa-fagiiat phad ahdl 0B cahh6t teRpird@ttfione phase
unl ess chem cal bonds are broken within at |east one of the t‘fzhases. [ 0034]

The t er e naprdvgitiescphase unlgss ghsadcal bpedsrare hrpken withen adershertiolcthepheses.n

referen pQl 1. shi ur ref. L [ ger. sl textur rtifacts
t hat na(/b%%séloiTr}%f%geggldq%%/&Oge%g%%s F%g%%shl??e\}rl?%%q mglé‘lf ? %‘% glfi F%glélgrrl]sdﬁor% Freglg?'noni ng of
t he pol ths Pohghistidurace reféi903 RrgekRizeti@tined AaTat tiRk Mm99 belim@osedsbyused herein
and in the appended clainms. enconpasses nmaterials that have a solubility in
wat er atmboseings skiving, perfpiatiag and/spmaghinig of dle palishimgsureeyr at e upon

submer sj i iy " The t.er.m " pal i shi medi um' as used
her ei n @ﬁgs]i ?hétl\%};elgaﬁ{')%&v&g% %?ﬁlgsaglgsgggénrﬁglsasngsmgggr Iﬁjgpéée-dc%%ﬁl 8i ni ng poli shing

sol uti ogomPEssBOMafRaklsitEAt@racORbEUBIlifginSOAtkl 4t 05SC of &WChmasoladl asd waidhr ee and
reactive-liquid polishing solutions. [0037] The term "substantially free" as
used hed@not dasigfegnateruponspbanasiod s VetergontEhes.ess than 5 vol % [0038] The

term"s tially cireul ar'. as,used.herein and in th ended clains in
r ef e_ren@@%ﬁ%@%o?&éﬁ%‘%m&ig&%n?’ssusﬁggﬁr?'}%mt eeal)rpgaﬁ?fiﬁigcﬁgms of the cross
sect i Onen¢afipgssedparticle2OUealfihg bblesheiButRHAS hhdhon-pa83Rlcohbenih€Edlutions,

"substantially circular cross section"” as used herein and in the appended

cl ai ms susheeplipgine-dree end Factiva-liqwi pglighung sedetionsans that the radius, r, of
the cro ian f h nt.r.al i S. he..outer ripher f, the
bol i oni 02 20T @n et i SER R o ieleih Bnd 1P AbRIndRE ClalilCintnl 13"

[ 0040] thhgstere "substantially co-conti nuous” as used herein and in the
appended clainms refers to an interpenetrating network in which the fugitive

phase i ¥038] Thaierm Senhatamtiallyrpiranlarlgs upaide1gin Tadin e gppended elagns bl e” as

i <soor atcs? et RBRAHGIn ol 1 R 87 e oo fnbgby & 250 v

enbodi e, Sorahe thes casgnt i nvention, the chem cal nechani cal polishing pad
conprises: a polishing |ayer conprising an interpenetrating network, wherein

the i ntU9PRleRka term " supstantiadlyicivculgrr ¢rogsssegtion s used berewomdrin e appengsdase and
2 SuDS S Ablfer e SOBLLDHGHS, LHBLL IEnPRAPSE r1Ek WIFR! Bol R hSHY "0
the central axis to the outer periphery of the polishing surface varies by <20% for the cross
section. (See Figure 6).
[0040] The term "substantially co-continuous" as used herein and in the appended claims
refers to an interpenetrating network in which the fugitive phase is at least 80 wt%
continuous.
[0041] The term "water soluble" as used herein and in the appended claims encompasses
materials that dissolve, dissociate or disintegrate upon exposure to water.
[0042] In some embodiments of the present invention, the chemical mechanical polishing pad
comprises: a polishing layer comprising an interpenetrating network, wherein the
interpenetrating network comprises a continuous non-fugitive phase and a substantially
co-continuous fugitive phase; and wherein the polishing layer has a polishing surface adapted
for polishing the substrate. In some aspects of these embodiments, the fugitive phase does
not contain abrasive grains (e.g., cerium oxide, manganese oxide, silica, alumina, zirconia).

In some aspects of these embodiments, the fugitive phase does not contain a pharmaceutical

active. In some aspects of these embodiments, the fugitive phase does not contain an



for polishing the substrate. In sone aspects of these enbodi ments, the
fugitive phase does not contain abrasive grains (e.g., cerium oxide,
manganese oxide, silica, alumna, zircgnia). In sone aspects of these
enbodi nents, the fugitive phase does not contain a pharmaceutical active.
In sone aspects of these enbodinents, the fugitive phase does not contain an
8 agrigictiMiral ackivt (/8. b Ferbllizergink@ticide] B@bicideNSRIdohtel ddBectd6f thesel de) . I n some
aspects of these enbodinents, the interpenetrating network is an

i nt er petiebadiments thoinjereenayating pRWOrlo AR InterpeseRBingHIbINGFNStEOBf t he present

i nventi t ] [ i Shi . hSEes,; RELLShing
ayer cos BRERERERImdRE DAR: SRsc AT LR Ie B REGHRRR L RURBRE S 0T, g
net wor Keon@pit{des: s@polishingrihyerconpriomn ah igteipe @ rating setvasikl, whasinghant i al |y
co-contjinuous fugitive phase; and wherein the polishing | ayer has a

pol i shi MEFTRAEH A REAPka®mITSEs HEPNEHPPNAMBIZEMsNhase and 4 sibsteptiallyspect s of

det o nt e B TyghiVE SRR B Shers AL HONBHTY RS 180  pRE NS oSS ' 7
pol i shi fog pblaghirig ths sshshERl dadoms agpeeloffitesetmbadigientyUfHeidegrBldfy | arge to

di ssol ve 100% of the fugitive phase material with a saturation of <80% The
sanpl e §oftinegusness ob ther fyaiive phaseds defeaningdpy salvendgxtraction methpdadogys Kdien
renoved ter - dri . T i he t to
e S AL G A5y BT oS0 OB GBS G

cont i nuUBsspl@s@0%os1l tHe FipsitveYhavé urtial Wih b ugutdtva ofR86%. akhedam@ieuk lefof t he
14 day subnersion. In sone aspects of these enbodi nents, the fugitive phase

i s at | whsergedon fhrepaientor iddaxs The ek dhracemoned framsae sisoanddried, the
fugi tive, vQQi%ﬁ%&efs[PgQanﬁﬁe mﬁ%xgn%&a@g{eg;&gg60@5@9%@&&&8@ r‘;ichrttggfrg

enbodi nent s, ugitive phase i's cont1’nuo

aspect ssubnetias A OODOEHnIROb S pHabewbuldilbde\® WiYaLits fugRBvel phaldf akedalt of
continuous. [0044] Selection of materials for use in the continuous

non- f ugtheildsappeyeerpion) [mamariagppcts wbthesqerabodimpnty, the fegiduephnse israt9ast f or use

N2 9 HERORUATING. ARSHAL AN BF B HRRLERLS TRE iRl o B

subst ance or ¢ I nation ances. odi'ments of the

pr esent with\¢eitinuds. InhneaiRpédisiothest@mbodghérty,@hPhandre phaspisiosas 100 wkast one
of a polynmeric material and a non-polyneric material. In sone aspects of

t hese efsbianeasntls sompaspeststol ﬂ&?@%mgeﬁiimeﬂ&i thefagigraplase dnP? 1osEY W% onposi t e
of a pg(!r%(.g%'sc material and a non-polyneric material. [0046] In sone

enbodi nENL'S of t he present invention, the continuous non-fugitive phase

conpri sE®44] PEbtBRIOf enat@ialy forluse inths osminasRerdrsfugitivelitas gnbddidenhs, the
polymeric material conprises a polynmer selected from pol ycarbonates,
pol ysul fuiabiity efthesesmatgrply derrisedn a gpysh pelishing opgseigpstioy p snksirategnade of@

polymer 5, RhYIBLEN e JTRORRGNbALESubshAtaey! Nyl chlori des,
[0045] In some embodiments of the present invention, the continuous non-fugitive phase
comprises at least one of a polymeric material and a non-polymeric material. In some aspects
of these embodiments, the continuous non-fugitive phase comprises a composite of a
polymeric material and a non-polymeric material.
[0046] In some embodiments of the present invention, the continuous non-fugitive phase
comprises a polymeric material. In some aspects of these embodiments, the polymeric
material comprises a polymer selected from polycarbonates, polysulfones, nylons, polyethers,
polyesters, polystyrenes, acrylic polymers, polymethyl methacrylates, polyvinylchlorides,
polyvinylfluorides, polyethylenes, polypropylenes, polybutadienes, polyethylene imines,
polyurethanes, polyether sulfones, polyamides, polyether imides, polyketones, epoxies,
silicones and combinations thereof.
[0047] In some embodiments of the present invention, the continuous non-fugitive phase

comprises a non-polymeric material. In some aspects of these embodiments, the



pol yvi nyl fl uori des, pol yethyl enes, pol ypropyl enes, pol ybut adi enes,

pol yet hyl ene i m nes, pol yurethanes, polyether sul fones, polyam des,

pol yet her i m des, pol yketones, epoxiesg silicones and comnbi nations thereof.
[0047] In sone enbodi nents of the present invention, the continuous
non-fugitive phase conprises a non-polyneric nmaterial. In sone aspects of

these enRostIpRBES matehia] &mpas RALYIERICE GelBREETTLA! ccbARTR! FIARS nRtal UWRsHeance
sel ected from ceramc, ?I ass, netal, stone, wood, or a solid phase of a
e

si npl e Weedor alsolidphpse of g simpl¢ ossial (ere.siome enbodi nents of the present

i nventi the formyl ation of  .the fugitive phase is .selected. such that the
fug t1 VORGSR el 8l s Preskitly <ntp AE FmlfaioGr a6 Ru e el

di sint ?@ﬂ@te@l_ssubllpﬂﬁtﬂ?éﬂ‘@gi!tlﬁl@ph@e?)Troﬂiﬁiaﬁztth@ﬁ&isﬂfngt§ﬁ€fa@@ﬂn’eﬁ§]|dr1‘sﬁoﬂ7€§jblum and
specific polishing conditions (e.g., an el evated tenperature above nelting

poi nt oflisiategrasessipoa eppesurote abfeastene of g palishinghageym apd spesific palpbings of
these enbadi nents, the fugjtive phase proxi mate the lishin rface

ol ts, ORLiS LeEopn SRl Fule R BT R B bE B B PRI e i

and/ or gpAREPhEsePOin M peanof theinwidiRentaitBe AQMRR sHakEploRithdte tHeat € at

whi ch the non-fugitive pﬁase IS worn away durlng poli shi In sone aspects

ng.
of t heseolishivg@irfagetmelts; Hissglues eridisintegiates aippw expsisare torthg BOli§giD@dtl@du@uch t hat

t he heat_and dypamc.forces. generated duri Li shi in the area.of the
pad pr o TRrBSH HE PRIty FLEL S gomiargte i B et ! Whishthe SprEfugiliye

el ti Ngphadé KSKbrHtavap dafing bslidhiRgr latsoRe agectssT thas@iehibo@inkias enddfugitiveat e t he
polishing surface. In some aspects of these enbodinents, the fugitive phase
f or nul aphaspfarmulngion ds sedectadesich et thedsat anskdynamic fpressigerdrited dosdgum (e. g., a

slurry) causes the fugitive phase tag disspolve ar disintegrate .over.time at
> uni 1 oL et PR BOERuS e ntRiing Sy fise ot SRCERERLRARER pe know
how t o seltig! ditdofutfoadiridisifepRA6E of Bk TdiBYd Phst BroRiMNMe g pdIRhHRSUIBE. rat e of
melting, dissolution or disintegration for a given polishing operation.

[ 0049] Insomsraspesithefidhessrembodiments, (g fugitiyephasscformulaton jsonleetedsueh hat o

el evated .t ratures present durin ol ishing. .[.OOS0] |n .sope enbodi nents,
the' t ugt 4L TBRadE R B BIREN ks £t sPHBEHAL L saf e R e SR Dol o ng
nedi um {igintborat@By RO S Wifdih)JimelrbleSRTRit&SOREbSordinatNESR iefHeQei w@int s, the
di ssolution or disintegration of the fugitive phase is dependent on the pH

of the kit Bow tgyseleps theufugitive ahaseformulationiiginrpvide Preatesireshiaje of melonges or

disinte rsaie[lso vm%?s.egégr%ﬁgg to a eqooc!lf g.hi rg% rrﬁdi umwith a pHof <6 or > 8
(i.e., Wor Wetit élll_ : f%(%g_‘ﬂ]] I},_ SAMe KRB a?‘me_nts of the present
i nvent i @049t hesoliédnt boden BaIRe ARIPFE fHaSe Reltdsbnxpsaltt & &BéREd al . 1 n some

aspects of these enbodi nents, the fugitive phase conprises a material that
i s sol ulshweraturanprgsané dungrpelishingat a rate of 0.01 to 10.0 ng/ min under

[0050] In some embodiments, the fugitive phase dissolves or disintegrates upon exposure to a
polishing medium (e.g., an aqueous slurry). In some aspects of these embodiments, the
dissolution or disintegration of the fugitive phase is dependent on the pH of the polishing
medium. That is, the fugitive phase only dissolves or disintegrates when exposed to a
polishing medium with a pH of < 6 or > 8 (i.e., a non-neutral pH).

[0051] In some embodiments of the present invention, the fugitive phase comprises a
hydrolizable material. In some aspects of these embodiments, the fugitive phase comprises a
material that is soluble in an aqueous medium at a rate of 0.01 to 10.0 mg/min under
polishing conditions in which the chemical mechanical polishing pad and the substrate are
moving relative to one another at a rate of 1.0 m/sec under a nominal down force of <1 to 5
psi.

[0052] In some embodiments of the present invention, the fugitive phase comprises at least
one of a water soluble material, a water disintegratable material, and a material that melts at

the temperatures present during polishing proximate the polishing surface of the chemical



polishing conditions in which the chem cal nechani cal polishing pad and the
substrate are noving relative to one another at a rate of 1.0 m sec under a
nom nal down force of <1 to 5 psi. [G052] In sone enbodi ments of the
present invention, the fugitive phase conprises at |east one of a water
soluble material, a water disintegratable material, and a material that

mel t s amecHahiRal glRRiIngtpdd e$n unesasptctsluf thege aobddiemg, the uditivd ghaséie pol i shing
surface of the chem cal to nmechanical polishing pad. In sonme aspects of
these effsRIisAbRtlgast preeof (agpalymerippatsaial &‘dﬁfﬁd iftoas thgtpol yemerizatpie obat leagt

pol ymer | i i . I ey .0f -at St rpnomner
Cel st el g e A88 DRt ad LM i ARIHIR A S bR, bR i O RRIDCOT

mal ei ¢ acid;ilgdroryalkoxareylkig| hdreyyaditye mdibyedrydaty alkydyliPeptasiidohatethylvinyl
N-vinyl-2-pK{noIidone,_neth | vi nyl ether,_N—vinYI f ormam de and
N, N- di nethety Nadpyl foaparaide agd %\bN;ﬁb@é&lbracmém(l@; g polysacoBaridei(e.g.ya.Bandodext ri n) ;

a cel |l ul qsi ri . se,

cel 1 ul obSUISHTRIG 4 Bl e MUFCMRRUrEE] (HNRSE: FRIRBTE D0t 1y 1 cne
oxi de; mpethlylebilpsed; S potedmat gy vipgl alt o R agodyetioadiel dxids puflalhe; a Sobhated
silicate; polyethylene glycol solids; paraffin waxes; _and, agar starches.
[0053] PHyisenranes fpls fade; spdivpesibizate; dptyethyleastalyse! salids; paighfi waxephase

opti ona i one or nore additives to facilitate the controlled rate
of diss%#%?%%g&ggﬁgisintegration of the fugitive phase. In sonme enbodi nents

of the Os3EMtsoiweIBod@ents bEthE pedsthtvigvdinian &the Pidivnapiaye optivlalid ésclqdee or
nore surfactants or other materials to facilitate the dissolution of the
fugi ti vene gsraere aflditives tadagblatosthe sentradledunte of dosaptiomosdipitegraiioniontlitt s of t he
pr esent

TN R

hydr odyiahides sredir@iore SuFadisitant otk vaterige (facilige thegdisdongiopdsies fughiveone
aspects of these enbodinents, the hydrodynam c region contains < 5 vol %
fugi t i vehash idethemoliphing mediingome aspects of these enbodi nents, the

Py O 0 RS i SRS Sr e Buokplefhl L 48 RORRE mEBLAI Alolish e SHE,

aspects ese e I men e odynam € region contal

2 vol % §ongprisey & hpdrad gndiEit eEdicn Fro&ﬁn@t@t@tb@%@ﬁﬁﬁﬁg afrficbewhereilabeli nents, the
hydrodynam ¢ region contains |less than < 1 vol % fugitive phase material.
[ 0055] ~hyfrebmemétssinniie pebstaptially fep phide Augitive pliase ot samreaspests shihase | ayer has

AR o L N L G e N O e e e U

hydrody%a region a €€ O I've phase. some

aspect sagpbctt bethesecsiasdiments sthe hidgrod ueiio et shtdifgk O ol % flitiRe pHasen one
side by the ﬁollshlng surface and has an average thickness across the
pol i shi mgtepald lafome pepertropiihese sawodimentso the hydpulynamigfregipagentains less than

<2 vol% fugitive phase material. In some aspects of these embodiments, the hydrodynamic
region contains less than < 1 vol% fugitive phase material.

[0055] In some embodiments of the present invention, the polishing layer has a
hydrodynamic region that encompasses the polishing surface, wherein the hydrodynamic
region is substantially free of the fugitive phase. In some aspects of these embodiments, the
hydrodynamic region is bounded on one side by the polishing surface and has an average
thickness across the polishing pad of 1 to 100 microns. In some aspects of these
embodiments, the hydrodynamic region is bounded on one side by the polishing surface and
has an average thickness across the polishing pad of 1 to 50 microns. In some aspects of
these embodiments, the hydrodynamic region is bounded on one side by the polishing surface
and has an average thickness across the polishing pad of 1 to 25 microns. Is some aspects of
these embodiments, the average thickness of the hydrodynamic region remains stable during
use of the polishing pad. In some aspects of these embodiments, the average thickness of the

hydrodynamic region varies by <20 % over multiple polishing operations (e.g., after



enbodi nents, the hydrodynam c region is bounded on one side by the polishing
surface and has an average thickness across the polishing pad of 1 to 50

m crons. In sonme aspects of these emfhgdi ments, the hydrodynam c region is
bounded on one side by the polishing surface and has an average thickness
across the polishing pad of 1 to 25 mcrons. |Is sone aspects of these

enbodi npdliskingt08vARY. Aol LEALSSE tREsclefbobialinRd YiadUepa detBicRiksE 8fNS stabl e
during use of the polishing pad. In sone aspects of these enbodinents, the

aver agehydnodyamssregfontvasies hy drlody waed multiphs plishiagiopsrabgnx [aGoste@vpactsmul ti pl e
pol i shi oper at i,ons .g., after polishing,1Q wafers).. In.sqnme agpects of

t hese e&ﬁgﬁﬁ%ﬁ@fﬁogm nﬁs(e%é%gevl’séaég tﬁﬁ%‘%ﬁﬁgi@e&? drtoaéna%'ff&?%%ﬁgmsc yr%gi/gn vari es
by < 100v& aMfiplepblidnddoR@dtiondl Ng operations. In some aspects of these
enbodi nents, the average thickness of the hydrodynam c region varies by <5

% over [0Rb} §f phecavigtage shickipse pEihathy dredyndnaig 3egion vanidseignibeaags ovei tRaess of

t he hydgodynam.c regi an i.£s. signif.icantly over ti durj. ol j shi
(e rineiving T S At uldiios BT md B A4 he Palit e PaPRla
change @adgd hRl Mt elieroffl Wb RadrhLinnBe hyirbighaMieFe@EbhNagy lsé eFArpe. FBy al so
change. For exanple, if the average thickness of the hydrodynam c | ayer

shri nksexantpde, Vighe eecrage thagknessiof ghe hysdodymamed ldy¢nshrinks, the vadwina gf peleshingy
decrease and the. mcro.flow patterns of t polishin medi pm i n..t.he

nydr ody RS HEiTORE Ry MRRBEnSC A e Rk ahd PR TeR P Bhat B pBie:

pol i shi nedigpehahd KirodYradidAlgiorahy changé Beeral@d M PoliskinB@peralbn the
hydrodynam c regi on expands over tinme, the volunme of polishing nmedium held
i n the pdlishingaiperationanitemiatively) if dei avgraga thickngss efcthe Axdrodyminiregion f | ow
patterns of ,the sl ur in the. hydrodynam c, | ayer .chan .and the vol une
of essentrady §yer fugnlikvolhuns Shnolish REd e b Hhe el AR e chani cal

pol i shi pdisRmg@ patl nlayl ik SRS BieANiefo fldWBattdrANMdMAE sRikyNE tIRPBfRSdyPBmiClap&! | shi ng
operation. Stagnant poli shi ng medi um held in the chem cal nechani cal

pol i shi may peangeeand thevelnmeiod esdeatialiosagnanipadishing umadiem iheld infthesdiemicalat er i al
debri s, ich gol i g mat §ri.ﬁl. rr%#/ i nctl udgr abr asj ve frop t he (gobi shi ng medi um
and var PSTENGAERUISBS R e APSFASE QETIUNT SRMRPISEING OBERUOR{QPAURLIRUI at i on of
such sobpegatBat fS"tzi%i‘a'antqﬁiPirshﬁlg infedikif helaRadheiRG altcRalical pelittifd pai Magl may
hinder the free flow of slurry within the interstitial openings in the

pol i shi regult mytbe undgsirable ppemaioim efgolig mebiritd debirts, which sapgimatenial oy one of

or di nar) il] i.n the ,art..wi.ll recognize that chem chani cal

ol | o TSk abraive 8 Skt e RERdap iaalle SRR E T B R ar 1 on
that neplogess dTHS @dotBfulatin HisatiARIAAESaltdeBrisliH BK tNerRical BechahRW Y rel ative
to the rate at which the non-fugitive phase wears améép may exhi bit

non- uni paishingped fusyrhindse the faen Powios Blurry voun thei interstisiabepeanstgis iythsper at i on
(2., BRI G, LR e AL O L R BN SR inte st
:Opets Qﬁt @t tilMdcbghie€ Nk gifenhidAtmechaRigAl folikhilE pAEOT hlprddehd intdridnRAth f the

fugitive phase formulation that melts, dissolves, or disintegrates too quickly or too slowly

relative to the rate at which the non-fugitive phase wears away, may exhibit non-uniform

performance from polishing operation to polishing operation (e.g., from wafer to wafer) over

the life of the polishing pad. Accordingly, given the teachings of this application, one of

ordinary skill in the art will recognize that a chemical mechanical polishing pad of the present

invention with a fugitive phase formulation that melts, dissolves or disintegrates too quickly

or too slowly will not be optimized from polishing operation to polishing operation (e.g.,

from wafer to wafer) over the life of the polishing pad.

[0057] In some embodiments of the present invention, the co-continuous fugitive phase is

water soluble.

[0058] In some embodiments of the present invention, the continuous non-fugitive phase is

non-water soluble and the co-continuous fugitive phase is water soluble.



invention wwth a fugitive phase fornulation that nelts, dissolves or
disintegrates too quickly or too slowy will not be optimzed from

pol i shing operation to polishing operation (e.g., fromwafer to wafer) over
the life of the polishing pad. [0057] In sone enbodi nents of the present

i nvention, the co-continuous fugitive phase is water soluble. [0058] In
sone enfios9nmsbsiceinbodan@resttht praswsrihvention tthe ce-omitinusas fugiwefhagd fnee phase
is non-water soluhle and the co-continuous fugitive phase is water soluble.
12 [ 00%WP eKROYENE Neaberaerats durse nolighipgesent i nvention, the co-conti nuous
fugitiy I . glo I.Shi ng.
[0060] PAPIRR0RE choditRR: SFRP Bk o fiBh, (HERGHANGES (U LA R RHaE

non- f udfotmy e rqticamed feowonk. dn sehe aspgeatsed thest wmbkdimentss atrteasas pertion offthe hese
enbodi nent s, least a portjon of interstitial void volune within the

_at | t d
reticul lafeéﬁltﬁg‘_(% R Uy YEInE eieulatsersk SOTRSA-DyUBE FPYEIUOBHBRIIUEH Ve cupi ed
by the s&ﬁ%h&f@?ﬁyt Lh%%btdo\ﬁﬁnmﬁ?fﬁ%iti%‘?@aggg}m&?ﬁ&g oFﬂ%&? enbodi ment s,

at least 50 vo e interstitial vo ume wthin't reticul at ed

net wor kembslimems it Gadsty0 ¢di% cfahe ondrititiad wsidiwodurhé wethphths ecticutatasbmewakpect s of
t hese enbodi nents, at |east 75.vol % of the interstitial void. volune within

the retis OEFURISSPINEE foTCRNGIRUCYS Aagiinuphivse.t Mesomespesty piitieseMRAgimeRfe abhase. I n

sone as o i (W PNt it al
vord vorRETS uBhp bDRR NGB RO Sl i e S Bed by oocBpEABL M 0 o
fugi ti ve-@ntiaaous fogisioaphasepée teme bspebis 9€ tiesbatdbodimieats, HQeasoh0wdios dOMevol % of
the interstjtial,, void voJune within the reticulated network |is occupi ed by

the co-Risattitialivrid velwne virkinghgesticulated ngtyyrrk asoreupisd by theveaseorsieds nents, 50

to 99 v%%{’ggﬁ@me 1h B4.8E ﬁ%ﬁeus%'f R OB 04 its Vs & %l% 1ot TR V4 &f%@m&?tnﬁg wor k

is occu the co-continuous fugitive phase. ‘[ n sone aspects o hese
enbodi nesid solurtte wicthif $hevieti8alatd hbwvarkisarcstipitd &) theaiodcontinusmes fagitive phidee
reticulated network is (F)ﬂcbgapi ed g}s the co-continuous fugitive phase. In
sone asieems agpecispidhese smbodimet sV t9 R veloh el HigauisrsHEaAL Yaigvelugs WHERBe has a
fibrill I l: g;‘gq%q t t I nuous
non- f ug‘?l'lt% fé\}}é%{l%h@s%g%%ré ‘SO%@%dﬁg@?g?&@é’}‘%ﬁgf@gy. ngés’!glrr%e@glse pag@%cgso((gﬁ t hese
enbodi mhadessmUddin eant7isno 9as ottdf thegnterstieiapitdd eolfuatensitlan thd rtiedlaednect ed
network of structural nenbers. [0061] .In sonme enbodi ments of the present

i nvent i BAWORKHE OeBiRGARYOE CAGANIRIgUS fuatiyRivse. nlissomg aspests o thesenor phol ogy

conpose, : 4L plicl Pkt shi i -sectional
o on of RGPl e Rn RENASTIAL, SloSTENA: B, dnsChEmaRD ! 2
30% acr ofstheserenbodimge i, mensintinuousmondfipitias phase haoh dbhlds gysnid eirphwiddgy, t he

cross-sectional area varies by < 25% referab < 20% pnore preferably <
10% acr@ssé’nleﬁépqc&fbf t q:qemeﬁgqogﬁpgnts, the cc?ntiguous non- uélitive p age forms anp y

interconnected network of structural members.

[0061] In some embodiments of the present invention, the continuous non-fugitive phase has
a fibrillar morphology composed of a multiplicity of polishing elements, wherein a
cross-sectional area of each polishing element along a long dimension thereof varies by <
30% across the long dimension. In some aspects of these embodiments, the cross-sectional
area varies by < 25%; preferably < 20%; more preferably < 10% across the long dimension.
In some aspects of these embodiments, the cross-sectional area of each polishing element
along a long dimension thereof is substantially circular. In some aspects of these
embodiments, the cross-sectional area of each polishing element along a long dimension
thereof is streamlined with respect to fluid flow in a plane of the cross-sectional area.

[0062] In some embodiments of the present invention, the polishing layer comprises 0.5 to 80
vol% continuous non-fugitive phase material. In some aspects of these embodiments, the

polishing layer comprises >1 vol% to < 50 vol% continuous non-fugitive phase material.



In sone aspects of these enbodinents, the cross-sectional area of each
polishing elenent along a |long dinension thereof is substantially circular.
In sone aspects of these enbodinments,13the cross-sectional area of each
polishing el ement along a | ong dinmension thereof is streanlined with
respect to fluid flowin a plane of the cross-sectional area. [0062] In sone
enbodi neos3| lafsoineenibodiediits ofhtie pidsent.intdheionahé Fdsliisrhglg lay&@rhas anprdrags 0.5 to
80 vol % continuous non-fugitive phase material. In sone aspects of these
enmbodi niBiskaesshd0 thbhrQ @Hﬁ-ngi $0iRe3sPedFrpt thewesershodjmpenss tthe rolsthinglayerd@at i nuous
non-fugjt. [ aly | 0 ' present

i nvent ?%ln%v\éﬁ%gﬁggﬁes {Jﬁjgd alfgﬁﬁﬁséslgggﬁ%\? : zggsedﬁ?ﬁlg%%gjlgg@? %@S%éogﬁ%\g mils.
| n sonmelagshashs andragehtbRénetoddD e h2Gmilshe pol i shing | ayer has an average
thickness of 30 to 125 mls. | n some aspects of these enbodi nents, the

pol i shil9§64) laypameggbodimeniephige Prassriipsagopthe chamjcalmeghanisal podigkng Pré sone
embodi rﬁ@%ﬁ}?ﬂghihg&r@c@%ma%&Ya%@tafe?%eagltﬂ%d%g afié a@ﬂ&ﬂ@@h& lishRlg! Shi ng pad
has a polishing Surface wth a surtace area neasured In a plane ;%arallel to
t he polsusfacaithat changescsy ¢ h6% wlangétipldyolishidPopevationstilet i gflee ppldshighiong

operati ons Si .e., after polishing 10 wafers)..ln sone aspects of these
enbodi MBRELS). IHOMsASPeys ﬂéths%‘anwgﬁ@% thg/pelishing 3eh ghangesaliyer ak: ynage 2 o
still reb o4 bn sone enbodi ments of the present

i nvent :%%Er?{% eggh%ﬁtggﬁoﬂﬁ%g%@g% 1|c§(r)(;l i shing pad conprises a polishing

| ayer i[0065]flacethewntbodandasef thapessentlinvendor, ths peatisalahedhassel podishiagipagdnt s,
the polishing layer.is attached to the base | ayer using an adhesive. In sone
aspect sCOBPTiskRa ROSMNSIRY R e Tagadavitlyp BaseJayer s I eqma s0gCts phHCH: essur e

sensi ! | u st {5 Spoling IFRLts SARS) AT bERTLARLLAENESIHRS ANG sGAPDI nat 1 ons

t her eof n sone aspects of" these I ments, adhesive is t nelt
adhesi vapedthofthese ansipelthentofthé hdresive idbwticrafian ptdseure acixtdvevrlhesves, hant act
adhesive. In sonme aspects aof these enbodi nents, the adhesive_ is a pressure
sensi t i welt a‘éh?é’é’%épnt[deb%%]:“}"?ﬁ angirembisdannibarest ol some 3spectenfthestvent i on, t he

chem c 0 L i sh PLI 1.Shi : | ayer
and a TIOEFHENL B A BREH £Holath nBRIRE, BESeR: RRELEO R BYRlp e (Y he
pol i shi adpesiay Bra conBRb6adhekive s imsonesdpditerontheseodm bdiempiite the hdhesivens aon, t he
chem cal nechanical poljishing pad has a polishing surface that optionally
exhi bi t RFCHHES SRERYUREEYf acilitate polishing the substrate. In sone

aspects t E 1 i . i.ghe at

| east o[nogg?)]f Hhessﬁéjreop aﬂ?lﬂgﬁg téf)th% %ﬁsﬁﬁégéng%{lﬁéﬁffﬁegnﬁngl%%%ﬁ%%ﬂ%ﬁg@g?f y the
sti f f nessnmfsed hpolighirg lapérng bhseyeyer ahd ar leskt ore adijgomed {aet mterposdd betwveen

facilit t% tt]e transfer ,OL, polishing debris away fromthe area between the
pol i shiﬁﬁ aserlpyse @nd the Rolishivg e at e, In sone aspects of these

[0067] In some embodiments of the present invention, the chemical mechanical polishing pad
has a polishing surface that optionally exhibits macrotexture to facilitate polishing the
substrate. In some aspects of these embodiments, the macrotexture is designed to alleviate at
least one of hydroplaning; to influence polishing medium flow; to modify the stiffness of the
polishing layer; to reduce edge effects; and, to facilitate the transfer of polishing debris away
from the area between the polishing surface and the substrate. In some aspects of these
embodiments, the polishing surface exhibits macrotexture selected from at least one of
perforations and grooves. In some aspects of these embodiments, the perforations can extend
from the polishing surface part way or all of the way through the thickness of the polishing
layer. In some aspects of these embodiments, the grooves are arranged on the polishing
surface such that upon rotation of the pad during polishing, at least one groove sweeps over
the substrate. In some aspects of these embodiments, the grooves are selected from curved

grooves, linear grooves and combinations thereof.



enbodi ments, the polishing surface exhibits macrotexture selected from at

| east one of perforations and grooves. In sone aspects of these

enbodi nents, the perforations can extaad fromthe polishing surface part
way or all of the way through the thickness of the polishing layer. In sone
aspects of these enbodi nents, the grooves are arranged on the polishing

sur f ace[0968]nntsbate enfrodimattadf tha pedseitlievensidn,dtie polgshiry lagdr sptionalty dxditsits one
groove sweeps over the substrate. In_sone aspect§ of these enbodi nents, the
gr ooves? BREFOEf e FURPTTBER GIRAVE dattefno b &ame pspRela PT HieebtBBOdREN WS nat i ons

t her eof j t ' At LoR L he

pol i shi %8 &Y%ag%@ggﬁr?% %ﬁ ?ﬂ}%zﬁ %ﬁ %@Qamn%g%%giﬁiggﬁg%népﬁ?@%%ﬁg’ t}éér oove

pat t er ngrobve stem aspeEces a piurblite ©F ganvedi nsoins aspdees ofghese\eenbpdinhents) tizonpri ses
at | east one groove., In so aspects of these enbodi nents, the, groove

pat t er nAldGHPICSHSOY 1§ |S§P9}F5§ryanu PRYes, FRIGHS BEPOYEHRRG compbingtipnse

enbodi i ,

ctrai greeooaemeAtp s EEroRRN L IaBo R Fitehl RILELLN P BREEE

enbodi némigh, intlhéingy fooweanpat te@noentisc gebeest earved grooaeycasy-hatc gsdoyns (eng:] udi ng,
for exanple, conc ri.c grooves, curved grooves, cross-hatch grooves (e.g.,
ar r angediTangedas %??"r%lgrlﬁ 2585 Pef surdags). %@z@a}r dsighs (sghixaeontesi gns
(e.qg., 3 i i t'ype i i gns
(o5 PRAEEIN ool AR, ckflal HRAS (KR (AP B (HEn) SRRSO e
enbodi nthatesf. Inlsemgraspaces @ath¢serembiodims@its theegtobveopatteandeaiected droaerandom,

spiral, cross-hatched, X-Y gri he onal , triangular, fractal and

conbi na?ﬁnﬁ?fgm’tsﬁg?leW?S‘Fﬁcgwgs%@ﬁgxa_@f’mllhté‘é‘ég‘g%‘bgéf%?ﬁ comipatngove
profil ethkf%_oﬁeﬂnes%hl%ddsﬁéc%fth@s%tma,l;ﬁ{ntwtﬁefgergw@fgrghie i 'sglgét@@#o or the groove
cross-section may be "V'-shaped, U'-shaped, triangul ar, rhonpoid,

saw t ootebtanguiak wilrbtraighti sideswhlhesetbé gtoove ormss-asypien imsaydfe "\ hempedenbodi ment s,
the gropve pattern i s a, groove desi t hat changes_ acrqgss the polishing
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[0069] In sone enbodi nents of the_.present j.nvention, the.chem cal nechani cal
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t hese eddmsdiesrents, the chem cal nechani cal polishing pad is adapted to be

affixed to the platen usin | east .one of essure sensitive, adhesive
and vacwgr?] angmmewlrgmé0@%@&8%%{%%&@&%@'3 Bee e iat PRhIERE et hod
for pol fs%ﬁ%él%%%ﬁ&?fa@é@wgﬁg:ﬁg{téf% p@fsgfﬂggﬁx&%&. %H@éﬁxé%&ﬁecﬁ%f%és@d from at

| east one a magnetic subst an opt1i
embodiments, the chemical mechanical polishing pad is adapted to be affixed to the platen.

In some aspects of these embodiments, the chemical mechanical polishing pad is adapted to
be affixed to the platen using at least one of a pressure sensitive adhesive and vacuum.

[0070] In some embodiments of the present invention, the method for polishing a substrate
comprises: providing a substrate selected from at least one of a magnetic substrate, an optical
substrate and a semiconductor substrate; providing a chemical mechanical polishing pad
having a polishing layer comprising an interpenetrating network, wherein the interpenetrating
network comprises a continuous non-fugitive phase and a substantially co-continuous fugitive
phase , wherein the polishing layer has a polishing surface adapted for polishing the
substrate; providing a polishing medium at an interface between the polishing surface and the
substrate; and, creating dynamic contact at the interface between the chemical mechanical
polishing pad and the substrate. In some aspects of these embodiments, the method further

comprises interfacing the polishing pad with a platen of a polishing machine. In some



substrate and a sem conductor substrate; providing a chem cal nechani cal
polishing pad having a polishing |ayer conprising an interpenetrating
network, wherein the interpenetratingisnetwork conprises a continuous
non-fugitive phase and a substantially co-continuous fugitive phase ,
wherein the polishing | ayer has a polishing surface adapted for polishing
t he subgpeas 6f thpseinbsbiditgerdts,nbd frﬁﬂioﬂ@fuﬂmIcUﬂi‘pﬁEes&i@ndllﬂlbﬁi’nfgaﬁepdﬂ@mfgen t he
polishing surface and the substrate; and, creating dynamc contact at the

i nt er f atEfapRt esemerasRecihebthess emthodiments dne COpefrqt@leﬁgfuﬁaweaahasetlﬁéOQ W%t r at e.
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N SOME ARARALS h% ﬁs}ga@g’gg%wggrﬁkédmﬁ%ﬁﬁé@tgp%nﬂ &Q?@u&@ﬁ@[}{: ?]sg@ 0 Come

|nterfaC|ng e po I'sh

15 aspHEwt%tortheses. elffzodicnepdcss oftthesermaitodiindnty, thedo- emmnbﬁseﬁlgﬁivdi tioni ng
t he pO|IShIn% surfacg In sone aspects of t hese enbodi nents, the
co- cont PIR&dIs OﬂQQPQVGé”ﬁﬁﬁgwﬁﬁsIﬂe@nﬁﬁﬂwcﬁ@ﬁﬂﬁﬁ%@ﬂ?omﬁﬁn§oﬁ€ aspects of

these eé?@&hﬂﬁ@&s ﬁ%fn@@ ﬁ&’se‘i99§ 'td‘ﬁéeb‘s’\gt e#gﬁtﬁﬁu\éﬁs pﬂ"’s%&'a%g@c@s bPihest00 WL

cont i nuous ects 0 ment s - cont I nuous fugitive
phase i|an®dihentdGhe vé-Yormbmiousn fgitive phassioIve tasP@ot% whtintese epdneli nents, the
co-continuous _fugitive phase is 95 to 100 w % continuous. |In sone aspects of
these SREGHPHBATembodimenss.tbnsyhstiale SOmperesiassrighakratiesnedgemiconducton o,

conti nug ?§ In some aspects of these enbodi nents, the substrate conprises a
series of patterned sem conductor wafers. [0071] Referring to the draw ngs,

Fi gur e [D0gENRefatring to thaudravarigg sFighee ppemaally flleskdteethe plinary thaalrestofias chemi cal
mechani cal pol i shing i sher 100 suitable for use with a polishing

CVP) pol
pad 104dysf-axiggh @n@glelﬁt(whaﬁ%ﬁéﬁé)ql!tsﬁingréGMPémOtheﬁéaﬂ m&at&ﬁ‘ef%ma«r Withiapoliskieg a
pol i shi 10%yo?'ihe]12r§sen?ﬁl £ P pﬁlg p%géﬁ&' Lagq 11 95 a &%ﬁ@l&%&goﬁn

articl such as sem cond or wa proc npro

ot her V\llm’vkr[g €pdishigGurfagy BH)Sfor tomtoniagah aﬁtid;e:; |sa¢/h az;rsemigﬂﬁhu@r whféfr(lllr&t ion
storage di sk, anmong others, so as tq effect pollshlng of the polished
sur f ace(P1aggssedpr Pﬁ@omﬁm%@m Workpieasr e 8 e glags, dt aaq& msghw@gm?gmttfm 120.

Pol i shi 13180 H?g%‘?gaf‘%% dﬁﬂ(aé(rﬁbr? othBfsOLEN tBQHe&g)% lflﬁ% bt egfggg’l\{e%ssu}ﬁ IR PRying a

depth 1 Fesen i'nvention gen I'nc rovi

pol i shi ofghé awekpid@8n Vhetﬂ”teﬁncep@if a }Sdsllshglgtrﬂedluhﬂm()@o(lﬂlgglmdﬁl)n hmnrmm hi gh
void fraction qr percentage open volunme versus solid volunme in a
hydrodyﬂﬁﬁH&EOPE@W%ﬁP@@Sﬁ@H@FégfthQgﬁéFﬁ$ﬂ§8pol|sh|ng | ayer 108 froma

contl a2 [ PhE n% Gk i EnRlIA &ef@i&%élﬁ‘éesﬁ;?cg\flﬁﬂg@%llﬁﬁﬂ%ga&exal(fse&zit g of simlar

or ide croscopi c o oscopl t eac el enent

const r apsltingttexane 200 (Frgmrre 28hakdng 8 h@h violidfradtiod dr pefkntapactompnowpiree by
t hese elenents is small relative to the total _ space, avail abl e, the spaci ng
of i ndi VaTeHsapliéyelweisiis ajhydeadynamicaregion 483 thereafebxsforming palishingd#xsr 108 and t he

el eme“tﬁ?rgl confh &S HORGELiRTe pRack MAG A 207 05h B d ¢t a¥btild S kihfi& getwork with

respect
identical macroscopic or microscopic slender elements, each element constrained at one or

more ends, such that the total space occupied by these elements is small relative to the total
space available, the spacing of individual elements is small relative to the size of the wafer,
and the elements are interconnected in three dimensions to stiffen the network with respect to
shear and bending. Preferably, the elements have microscopic dimensions to create a
microtexture. These features will be shown to provide both higher real contact area between
the pad and wafer and more favorable slurry flow patterns in the hydrodynamic region 203,
which is not occupied by a co-continuous fugitive phase material 205, between the pad and
wafer than are realized using conventional polishing pads, as well as providing a self-
renewing structure that reduces or eliminates the need for pad conditioning. In addition,
these features will be shown to function in a way that imparts stiffness to the pad at the length
scale required for good planarization efficiency while allowing compliance at the shorter

length scales required for low defectivity.



shear and bending. Preferably, the el enents have m croscopic dinensions to
create a mcrotexture. These features will be shown to provide both higher
real contact area between the pad ande¢wafer and nore favorable slurry flow
patterns in the hydrodynam c region 203, which is not occupied by a
co-continuous fugitive phase material 205, between the pad and wafer than
are realodzEPAIBhEU 0GRVt IUdB Pblifkdhd 540 10d R&EEed &SpMRhl138s PRt&vi3l Ry a sel f-
renewi ng structure that reduces or elimnates the need for gad condi ti oni ng.
| n addi ©ofasable ahawe s gotpigenalpeis 134 by atpdatemhdrirer (eotishenwn). oW afes 132 weay behat i nparts

stiffne e at ¢ ngt h |l e required for nari zation
of 1 o cappdsd NG BRf Bhrrch Fas 8P RoraBRR Bl P RA! B PRORRIENEES 0T
for | owpdeddefedrh Viotationdituxid m7®"ﬂfliﬁ'% 1301eWafd Qaiy 139 6laydeatinelal gihibaigd pad 104
nounted on platen 130. Platen 130 is rotatable about a rotational axis 134

by a pllinkese (ot shawr)ribat alawamatenidR ép assamepapsprst veryphehteaobparallelds er
i . that i s -0t at ab t ignal_axis 14 lel to, and
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aspect very slightly non-parallel to polishing |layer 108, 1n which case

rot at i oftEingPelishing 4 Wafercaprgy 138 mayrie syppestad by aeeaey suppert assembly (nat| udes
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assenbl §urfa6e116 shagwhpolatiail lagert 10810 tiadt @ desiteIrprdskdreadxistPb@westetha pdvmrgar d
pressure F to press polished surface 116 agai nst polishing |ayer 108 so
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pol i shi | ay [ olishing. Polisher 1 o .include a polishing
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one or aeidds afpetif tHetpllisking prdcats sudfasviall @xs: 1 Lspasdicqetoliefiang spiactods04; (2)
controllers and selectors for varying the rate and | ocation of delivery of
pol i shi 19§ oneel kath ebthetrotatipral gates of wafer tnandmalishiag pad 184 @ eanizplletsrand

control |} sure F i t waf er i.shi d, and
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rot at i ogtaktroB¥ds Snd 4le@brstibecomddofling Bt Bickdiee FAppRéBbdt@Bed thaxiderladd of the pad,
anong others. Those skilled in the art wll understand how t hese conponents

are conilishegaadaand (4) equtoner exdualers fand Relectersdet eantiellingdps fasationel of themis
not neceoanny L 14109Re Rk raftive o riitiot bxis 43436 e Had MBI RERC | CE the

present 1 nventi on.
Those skilled in the art will understand how these components are constructed and

implemented such that a detailed explanation of them is not necessary for those skilled in the
art to understand and practice the present invention.

[0075] During polishing, polishing pad 104 and wafer 112 are rotated about their respective
rotational axes 134, 142 and polishing medium 120 is dispensed from polishing medium
dispenser 146 onto the rotating polishing pad. Polishing medium 120 spreads out over
polishing layer 108, including the gap beneath wafer 112 and polishing pad 104. Polishing
pad 104 and wafer 112 are typically, but not necessarily, rotated at selected speeds of 0.1 rpm
to 150 rpm. Pressure F is typically, but not necessarily, selected from a pressure of 0.1 psi to
15 psi (6.9 to 103 kPa) between wafer 112 and polishing pad 104. As those of ordinary skill
in the art will recognize, it is possible to configure the polishing pad in a web format or into

polishing pads having a diameter less than the diameter of the substrate being polished.



[ 0075] During polishing, polishing pad 104 and wafer 112 are rotated about

their respective rotational axes 134, 142 and polishing nmedium 120 is

di spensed from polishing nedium dispanser 146 onto the rotating polishing
pad. Polishing nmedium 120 spreads out over polishing |ayer 108, including
t he gap beneath wafer 112 and polishing pad 104. Polishing pad 104 and
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and the uppernost interconnéecting el enment 4 are highly
unconstrained ends of elements 208 projecting beyond the uppermost interconnecting

elements 204 are free to flex under shear forces during polishing. The heights of elements
208 between the base layer 240 and the uppermost interconnecting element 204 are highly
constrained and forces applied to any one element 208 are effectively carried by many
adjacent elements 204 and 208, similar to a bridge truss or external buttressing. In this way
polishing texture 200 is rigid at the length scale required for good planarization, but is locally
compliant at shorter length scales by virtue of the local deformability and flexibility of the
unbuttressed ends of elements 208.

[0078] The interconnecting elements 204 and polishing elements 208 combine to form a unit
cell 225, the unit cell having a mean width 227 and a mean length 229. These unit cells have
a reticulated or open-cell structure that combine to form the three-dimensional network. In
some embodiments of the present invention, the interconnect unit cells have a height of at

least three unit cells and preferably at least 10 unit cells. Generally, increasing the height of



constrai ned and forces applied to any one el enent 208 are effectively
carried by many adjacent elenents 204 and 208, simlar to a bridge truss or
external buttressing. In this way poljgshing texture 200 is rigid at the
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polishing pads. These pads’ three-dimensional network structure may facilitate polishing

medium flow in the hydrodynamic region 203 and maintain a consistent surface structure for
demanding eCMP applications. It is believed that an increase in polishing medium flow in
the hydrodynamic region 203 may improve the removal of spent electrolyte from the eCMP
process that may improve uniformity of the eCMP process.

[0080] Preferably, substantially no co-continuous fugitive phase material 205 exists within
the hydrodynamic region 203 of polishing texture 200. That is, the only solid material in the
hydrodynamic region 203 is the continuous non-fugitive phase material 207 of which
polishing elements 204 and 208 are comprised. Optionally, it is possible to secure abrasive
particles or fibers to polishing elements 204 and 208. Correspondingly, no void volume
exists within any individual element 204 or 208; all void volume in polishing texture 200

preferably exists between and distinctly outside polishing elements 204 and 208. Optionally,



medium flow in the hydrodynam c region 203 and maintain a consistent surface
structure for denmanding eCMP applications. It is believed that an increase
in polishing mediumflow in the hydradynam c region 203 may inprove the
removal of spent electrolyte fromthe eCVP process that may inprove
uniformty of the eCVP process. [0080] Preferably, substantially no
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adjacent junctions 209. Furthermore, polishing elements 204 and 208 preferably have a
linear shape to further facilitate consistent polishing. A direct consequence of these features
is that the cross-sectional area 222 of the polishing elements 208 does not vary considerably
in the vertical direction. Thus as polishing elements 208 are worn during polishing and the
height 214 decreases, there is little change in the area 222 presented to the wafer. This
consistency in surface area 222 provides for a uniform polishing texture 200 and allows
consistent polishing for repeated polishing operations. For example, the uniform structure
allows polishing of multiple patterned wafers without adjusting the tool settings. For
purposes of this specification, the polishing surface or texture 200 represents the surface area
of polishing elements 204 and 208 measured in a plane parallel to the polishing surface.
Preferably the total cross sectional area 222 of polishing elements 208 remains within 25

percent between the initial polishing surface or contact elements 206 and the half-height 215

of the vertical column of unit cells 225. Most preferably, the total cross sectional area 222 of



| i near shape to further facilitate consistent polishing. A direct
consequence of these features 1is that the cross-sectional area 222 of the
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direction. Thus as polishing el enents 208 are worn during polishing and the
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polishing elements having a circular cross section at an angle will produce a texture of
polishing tips that interact with the substrate. Uniformity of height ensures that all polishing
elements 208 of polishing texture 200, as well as all interconnecting contact elements 206 in
the plane of wear, have the potential to contact the workpiece. In fact, because industrial
CMP tools have machinery to apply unequal polish pressure at different locations on the
wafer, and because the fluid pressure generated under the wafer is sufficient to cause the
wafer to depart from a position that is precisely horizontal and parallel to the mean level of
the pad, it is possible that some polishing elements 208 do not contact the wafer. However in
any regions of polishing pad 104 where contact does occur, it is desired that as many
polishing elements 208 as possible be of sufficient height to provide contact. Furthermore,
since the unbuttressed ends of polishing elements 208 will typically bend with the dynamic

contact mechanics of polishing, an initial polish surface area will typically wear to conform



cut the polishing elenents at an angle to alter the polishing surface. For
exanpl e cutting polishing elenents having a circular cross section at an

angle will produce a texture of polisghing tips that interact with the
substrate. Uniformty of height ensures that all polishing elements 208 of
polishing texture 200, as well as all interconnecting contact el enents 206
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this  clements 208 may optionally be at least 2. With these limits, elements 204 and 208 may
occupy up to 50 percent of the polishing pad volume measured above the base layer 240, the
contact area 222 of polishing texture 200 may reach 25% (that is, the square of one minus the
width/pitch ratio) or greater and the open area 226 is 50% of the available area (that is, one
minus the width/pitch ratio) or greater. It is further possible that the ratio of the height 214 to
the width 210 of the polishing elements 208 may optionally be at least 4, to maximize the
open area 226 in the hydrodynamic region 203 (i.e., area that is not occupied by
co-continuous fugitive phase 205 or continuous non-fugitive phase 207) and to allow polish
debris to be conveyed horizontally among the polishing elements 204 and 208 while still
providing vertical distance between this conveyed debris and the wafer.

[0085] Polishing texture 200 is further optimized by choosing the cross-sectional shape of

polishing elements 204 and 208 to be streamlined with respect to slurry flow 230 that occurs

predominantly in a horizontal direction relative to the polishing surface in the hydrodynamic



bal ance, the ratio of the pitch 218 of polishing elenents 208 to the width
210 of polishing elenents 208 nay optionally be at |east 2. Wth these
limts, elenents 204 and 208 may occypy up to 50 percent of the polishing
pad vol une neasured above the base |ayer 240, the contact area 222 of
polishing texture 200 may reach 25% (that is, the square of one mnus the
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of fluid approac S circular cross-section, thus it is preferred in the
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case of a ocess havi n a very high rat of platen speed t .carrier
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el ement ﬁygr%Z rﬁe[woezsgguf%tdneétﬁs, REcChast PayELhﬂO, P ﬁ&iénod}‘ a polisher, e.g., platen
130 of Figure 1. Polishing layer 202 may be secured, via base layer 240, to subpad 250 in

any suitable manner, such as adhesive bonding, e.g., using a pressure sensitive adhesive layer
245 or hot-melt adhesive, heat bonding, chemical bonding, ultrasonic bonding, etc. The base
layer 240 or subpad 250 may serve as the polishing base for attachment of the polishing
elements 208. Preferably, a base portion of polishing elements 208 extends into base layer
240.

[0087] Various methods of manufacture are possible for polishing texture 200. For
larger-scale networks, these include micromachining, laser or fluid-jet etching, and other
methods of material removal from a starting solid mass; and focused laser polymerization,
filament extrusion, fiber spinning, preferential optical curing, biological growth, and other
methods of material construction within an initially empty volume. For smaller-scale

networks, crystallization, seed polymerization, lithography or other techniques of preferential



[ 0086] As shown in Figure 2, polishing pad 104 includes polishing | ayer 202
and may include in addition a subpad 250. It is noted that subpad 250 is
not required and polishing |ayer 202,say be secured directly, via base

| ayer 240, to a platen of a polisher, e.g., platen 130 of Figure 1.
Pol i shing layer 202 nay be secured, via base |ayer 240, to subpad 250 in

any suitalgl dEBGsﬂﬁdSn may 6l eﬁ%lc@@ﬂ%'v\’&l Q@?@Btﬂagho@mg phastShitGeaBioR! GOMET €
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serve ol i ng base for Ihe ments 208.
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fastener. It is also within the scope of the invention to implement one or more fiber-optic

endpointing devices 270 or similar transmission devices that occupy one or more of the void

spaces of polishing texture 200.

[0090] The polishing texture 300 of Figure 4 illustrates that the present invention

comprehends a continuous non-fugitive phase forming open interconnected networks

comprising elements positioned at all angles from fully horizontal to fully vertical. By

extension, the invention comprehends a continuous non-fugitive phase forming an entirely

random array of slender elements in which there is no clearly repeating size or shape to the

void spaces within the polishing texture that are not occupied by the continuous non-fugitive

phase, or where many elements are highly curved, branched, or entangled. Familiar images

that, as continuous non-fugitive phase microstructures, would fall within the scope of the

invention are bridge trusses, stick models of macromolecules, and interconnected human

nerve cells. In each case the structure must possess the same critical features, namely that



fastener for securing the pad to a platen, e.g., platen 130 of Figure 1, of
a polisher. The fastener may be, e.g., an adhesive |layer, such as a
pressure sensitive adhesive |ayer 24524hot nelt adhesive, a nechani cal
fastener, such as the hook or |oop portion of a hook and | oop fastener. It
is also wthin the scope of the invention to inplenent one or nore
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340 and the horizontal plane. As such, polishing texture 300 consists of unit cells, but the

cells vary in shape and number of faces. These features notwithstanding, height 314 of

elements 308 does not vary substantially within polishing texture 300 between the polishing

layer or polishing element 306 and the half height 315 of the polishing texture 300. Second,

there is more variation in the width 310, pitch 318, and cross-sectional area 322 among

elements 304 and 308 than in the corresponding attributes of polishing elements 208. Third,

the slurry flow through and among elements 304 and 308 in the hydrodynamic region 303

follows more irregular paths than the slurry flow through polishing elements 208 in the

hydrodynamic region 203. Nonetheless, polishing texture 300 embodies the essential

properties of the present invention where elements 306 form the polishing surface. In

particular, the elements 304 and 308 interconnect at junctions 309 to form a network

interconnected in three dimensions to a sufficient degree to impart stiffness to the polishing

texture as a whole, while the unbuttressed ends of elements 308 provide local flexibility to



texture 300 are not strictly vertical but are positioned at a variety of
angl es between 45 and 90 degrees with respect to the base | ayer 340 and the
hori zontal plane, and a few of the elggents 308 are curved rather than
straight. Also, the interconnecting elenments 304 are not all horizontal but
sone are positioned at angles of 0 to 45 degrees with respect to the base
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of unit cells, I's vary i1 n shape an er of faces. These
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center
wedge -shaped base layer 440 so that no planes of the network are positioned exactly parallel

to the plane of contact with the wafer. At a given point in time only a subset of members 406
are wearing along their longest dimension, while most of the area of contact is provided by
the smaller cross sectional areas 422 of elements wearing across their shorter dimensions.
This provides the feature that the contact area remains essentially invariant over the height
414 between the polishing layer or polishing element 406 and the half height 415 of the
polishing texture 400. Across the wedge-shaped base layer 440, the mean area 426 for slurry
flow in the hydrodynamic region 403 not occupied by co-continuous fugitive phase 405 may
vary slightly. Although not depicted in the drawing, in some embodiments of the present
invention, the co-continuous fugitive phase material could have a top surface that coincides
with the polishing interface (e.g., when the co-continuous phase material melts upon

exposure to heat present during polishing). To minimize this variation, in practice base layer



each triangular face and of the spatial unit as a whole enpty. Because of
the symmetry of the tetrahedral lattice, a side cross-sectional and plan
view of Figure 5 would formthe sanme ageticulated pattern. This polishing
texture provides the highest possible stiffness because triangularly
faceted pol yhedra are non-deformable. As the structure wears, free ends are

formed Qo igheppidsuck 8t b RePea@iP¥ers of Red@de-GRDET §-ALAY Suppertdithe deRIdrRNCce t o
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enbodi ments of the present invention, the chenical nechanical polishing pad
has a cent PR laxpmeasptcissofdbiesp eadoflimrentsothetpodishiap dayer S heiscdaptedforaxi s. ( See
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of these embodiments, the polishing layer 510 has a polishing surface 514 that has a
substantially circular cross section perpendicular to the central axis 512. In some aspects of
these embodiments, the radius, 1, of the cross section of the polishing surface 514
perpendicular to the central axis 512 varies by < 20% for the cross section. In some aspects
of these embodiments, the radius, 1, of the cross section of the polishing surface 514
perpendicular to the central axis 512 varies by < 10% for the cross section.

[0095] In Figure 6 there is provided a side perspective view of a chemical mechanical
polishing pad of one embodiment of the present invention. In particular, Figure 6 depicts a
single layer chemical mechanical polishing pad 510. The chemical mechanical polishing pad
510 has a polishing surface 514 and a central axis 512. The polishing surface 514 has a
substantially circular cross section with a radius r from the central axis 512 to the outer

periphery of the polishing surface 515 in a plane at an angle 0 to the central axis 512.



pad is in a plane substantially perpendicular to the central axis 512. In
sone aspects of these enbodinents, the polishing |ayer 510 is adapted for
rotation in a plane that is at an anghe, 0, of 80 to 100 to the central
axis 512. In sone aspects of these enbodi nents, the polishing |layer 510 is
adapted for rotation in a plane that is at an angle, 0, of 85 to 95 to the
central[009¢qi 18 Fﬁ%@re 7 tReRAFBrASRAG Bp ?fantdm 8f @,@@@Hﬂcmﬁ&&mfcmepdmhing hadg | ayer
510 is adapted for rotation in a plane that is at an angle, 0, of 89 to 91
to t he dfent embodixiest sfithe praseridmeengiope &n partioflar, Higwe drdspititneehesicalhe
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aspect splefalityt dfessvedspeslics0ss, the radius, r, of the cross section of the

polishing surface 514 perpendicular to the central axis 512 varies by < 20%
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pol i shing pad of one embodi nent of the present invention. 1n particular,
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peri phery of the polishing surface 515 in a plane at an angle 0 to the
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of curved grooves 605. [0087] In Figure 8 there is provided a top plan view
of a chdiadahe pmbbdinicobdf theprestritigvensidn. bf pashienlembigiired Atdepictstawhepried ent

i nvention, part
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polishing pad of one enbodi ment of the present invention.” In particular,

Fi gure 648.depicts a chenical nechanical polishing pad 630 having a
polishing surface 632 with a conbi nation of a



plurality of perforations 638 and a plurality of concentric circular grooves
635. [0100] In Figure 11 there is provided a top plan view of a chem cal
mechani cal polishing pad of one enbodggnent of the present invention. In
particular, Figure 11 depicts a chem cal nechanical polishing pad 640
having a polishing surface 642 with a plurality of perforations 648. 28

cl ai m Helaim:chem cal nechani cal polishing pad for polishing a substrate
selected fromat |east one of a magnetic substrate, an optical substrate
and a seni conductarchenisst meghanicabpahishingipad forgpopishing laisnbstrass selecteshipp @t ng an
i nterpenetrati net wor k. wherein.. interpenetrati net conprises a
cont 1 B bR Bt e e o o SR R P R BRS¢ ve
phase; mtpristigrei n the polishing layer has a polishing surface adapted for
pol i shing the substrate. 2. The chem cal nechani cal polishing pad of claim
1, wherein tdeolishiagilexer comptisiagias aiteipendtebing getvwak.conpri ses a hydr odynami ¢

| . i compr i ses a hydr odynar
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1 to 100rigeesdspted far pofishingbesubsiratéechani cal pol i shing pad of claim 1,
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5. The chemical mechanical polishing pad of claim 1, wherein the continuous
non-fugitive phase has a fibrillar morphology.
6. The chemical mechanical polishing pad of claim 1, wherein the polishing layer
comprises 0.5 to 80 vol% of the continuous non-fugitive phase.
7. The chemical mechanical polishing pad of claim 1, wherein the continuous
non-fugitive phase is non-water soluble and the co-continuous fugitive phase is water soluble.
8. The chemical mechanical polishing pad of claim 1, wherein the co-continuous
fugitive phase melts upon exposure to heat generated during polishing.
9. A chemical mechanical polishing pad for polishing a substrate selected from at
least one of a magnetic substrate, an optical substrate and a semiconductor substrate;
comprising:
a polishing layer comprising an interpenetrating network,
wherein the interpenetrating network comprises a continuous non-fugitive phase and a
substantially co-continuous fugitive phase;
wherein the non-fugitive phase forms a three-dimensional network that comprises a
plurality of interconnected polishing elements that define a reticulated interstitial area;
wherein the substantially co-continuous fugitive phase is disposed within the

reticulated interstitial area; and,



wherein the interpenetrating network conprises a continuous non-fugitive
phase and a substantially co-continuous fugitive phase; wherein the
non-fugitive phase fornms a three-di nensi onal network that conprises a
plurality of interconnected polishing elenents that define a reticul ated
interstitial area; wherein the substantially co-continuous fugitive phase
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layer has a polishing surface adapted for polishing the substrate;

providing a polishing medium at an interface between the polishing surface and the
substrate; and,
creating dynamic contact at the interface between the chemical mechanical polishing

pad and the substrate.





