| NTERPENETRATI NG NETWORK FOR CHEM CAL MECHANI CAL POLI SHING [0001]
The present invention relates generally to the field of polishing
pads for chem cal nechanical polishi ng, In particular, the present
invention is directed to a chem cal nechanical poli shi ng pad having a
polishing structure useful for chem cal nechanical polishing
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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



the past ten years in an effort to optimze polishing pad designs.
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[ 0009] Defect formation in CMP has origins in both shortcom ngs of
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5 interpenetrating network, wherein the interpenetrating network
conprises a continuous non-fugitive phase and a substantially
co-continuous fugitive phase; and wherein the polishing | ayer has a
pol i shing surface adapted for polishing the substrate. [0015] In
anot her aspect of the present invention, there is provided a chem cal
mechani cal polishing pad for polishing a substrate selected from at
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a portion of a dual-axis polisher suitable use wt e chenica
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variety of ways, including the use of composite materials having hard and soft layers bonded
to one another. While composites offer improvements over single-layer structures, no
material has yet been developed that achieves ideal planarization efficiency and zero defect
formation simultaneously.

[0013] Consequently, while 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



[0018] Figure 2 is a highly enlarged, partial, schematic,
cross-sectional, elevational view of a chem cal nechanical polishing
pad of one enbodi ment of the present invention. [0019] Figure 3 is a
highly enl arged, partial, schematic, ptan view of the polishing pad
of Figure 2. [0020] Fi gure 4 is a highly enl arged partlal

schematic, cross- sec% vational view o em cal nechani cal

al
pol i shi n§"FREBIINGHE o‘?ﬁ]?eﬁ%ﬂﬁled?tefpﬁ‘ée“&?%%’é‘?WO‘ikrﬁ?é’H‘P%?r? BRI

Fi gure Spbifiditive phask aBih sitaEtialRAot dodlinucs§ h%&nfelp%asecéxﬁﬁsne‘faﬁftﬂeonal
el evational, "view of a chem cal nmechani cal polishing pad of one

embodi meRelishingdayer lpﬁs@sf-@hﬁhmmwfm eAepte dgrpfisting)the sulgtress. a si de
per spect m(ﬁ O]\f/fnt 88%%% en§ In@kes ?m{%ﬁcg.a%%%f ldAQaBﬁ‘ 21 20 amcal

enbodi ne gure 'S a
vi ew of polishiegipadfor pelidhany a:ﬁbstpmé seddeted dropast [edst @ﬁzeaf amﬂxgdetmnbstafe h:lne

resent |nve depi ctin roove pattern.in th shin
Pt oo, oRte Db e S enduy SOl b Arartine” 2 RO b s RtFine 28

pol i shi nmtaﬁaleeitn@n@uﬂﬂm%e&@mheqme ﬁetﬁﬁﬂ%ﬁa{vofkrb\bﬁmﬂs&m Qaphidus N9 a
groove pattern in the polishi nq surface 025] Figure 9 is a top
3

pl an vi ewprofughive pbase abd a pebsteanalbyzo- q@mm@m ﬁgltw@h@ﬁe, wh@re@ﬁbmnm@aﬁwef
e, o S T T SRH B ORGP S RSB
pol i shi ngolphigeferens tiarleflierenticuddted nergitiesaet; whereanthe substhapalbt i ng a
ggp?:a(r:]? !ccggon%];mcg)u% rngC;{l‘get II)h%QeS is %ISPO%EOO & t%gg'etn%{llgted rilntcterrs]t?tlzﬁ g%ela Sarzl'ildn\%hereln
the polishing surface is adapted for polishing the substrate.
[0016] In another aspect of the present invention, there is provided a method for polishing a
substrate, comprising: providing a substrate selected from at least one of a magnetic
~ _ _substrate, an optical substrate and a semiconductor substrate; providing a chemical o
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.
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.



[0027] Figure 11 is a top plan view of a chem cal nechani cal
pol i shing pad of one enbodi nent of the present invention depicting a
plurality of perforations in the polishing surface. DETAILED
DESCRI PTI ON [ 0028] The term "chem cal ®ond" as used herein and in the
appended clains refers to attractive forces between atons and
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" nterpe@ﬁz{cg_ti ng pol yner network" as used herein and in the appended
clainms refers to a polyneric network conprising a continuous
non-fugitive polyneric phase alkTAlLEDIMSARIPTEIN y cO- cont i nuous

fugitive [(Hﬁlﬂlﬁer gel(‘:m R %?n%éa!%gﬁ'egsnusw Eergigghé invtge Q}?ple}{ggd’ cila(t:lms refers to
attractive forces between atoms and encompasses covalent bonds, ionic bonds, metallic
bonds, hydrogen bonds and van der Waals forces.
[0029] The term “fibrillar morphelogy" as used herein and in the appended claims refers to
a morphology of a phase in which the phase domains 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 substantiaily 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



7 phase (a) is not covalently bound to the non-fugitive phase and (b)
cannot be separated fromthe non-fugitive phase unless chem cal bonds
are broken within at | east one of the ﬁhases. [0034] The term
"macrotexture" as used herein and in the appended clains in reference
to the poIishing surface refers to larger size textured artifacts
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[0037] The term "substantially free" as used herein and in the appended claims means less
than 5 vol%.
[0038] The term "substantially circular” as used herein and in the appended claims in

___ reference to the polishing elements means that the radius, r, of the cross section variesby < _
20% for the cross section.
[0039] The term "substantially circular cross section" as used herein and in the appended
claims in reference to the polishing surface means that the radius, r, of the cross section from
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



[ 0040] The term "substantially co-continuous” as used herein and in

t he appended clains refers to an interpenetrating network in which

the fugitive phase is at |l east 80 w% continuous. [0041] The term
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{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
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[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 10 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
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pol yet hy hfafgiaQ! I)I@@Ihe afpettdl 51 theay eddtoldiin engex % hyaiddynangaregidnado8fa@s 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



[ 0053] In sonme enbodi nents of the present invention, the fugitive
phase optionally includes one or nore additives to facilitate the
controlled rate of dissolution or disintegration of the fugitive
phase. In sonme enbodi nents of the predént invention, the fugitive
phase optionally includes one or nore surfactants or other materials
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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.



[ 0057] In sonme enbodi nents of the present invention, the
co-continuous fugitive phase is water soluble. [0058] In sone
enbodi nents of the present invention, the continuous non-fugitive
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of the i meidrvelineivthin e deticolatadmeiwarkisperimed ot the ob-avmihunes fugitive phase.
occupi ed; by .t - ' fugidii n.s spects of.,.
these ombouriaset FAILBHPHAmsHE kS BPTFunt Bra ™ SRR TohRsRminy
mor phol ogy reticnlasdietvaak &cdcsusiéd bhds eo-esmimibuehgisive bide C iNdontelepets of

{hose. anbisth FRREEehgS ol YRSt v g e phage g e —
i nt er conpaebads BELPRA Ny Me SLIMBEMNR fudERESR. In some aspects of these
embodiments, the continuous non-fugitive phase has a fibrillar morphology. In some aspects
of these embodiments, the continuous non-fugitive phase has a double gyroid morphology.
In some aspects of these embodiments, the continuous non-fugitive phase forms an
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 Jong 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.



[0061] In sone enbodi nents of the present invention, the continuous
non-fugitive phase has a fibrillar norphol ogy conposed of a
multiplicity of polishing el enents, wherein a cross-sectional area of
each polishing elenment along a Iong dilfrensi on thereof varies by < 30%
across the long dinmension. In sone aspects of these enbodi nents, the
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embodi nents of thé present invention, the chem cal nechani cal
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a contact adhesive. |In sone aspects of these enbodi nents, the

adhesi vethe §a% lggieeand the palishigigtlaxee adhesi ve. [0066] In some embodi nents
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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.



[0067] In sone enbodi nents of the present invention, the chem cal
mechani cal polishing pad has a polishing surface that optionally
exhi bits macrotexture to facilitate polishing the substrate. In sone
aspects of these enbodi nents, the macrlétexture is designed to
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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



15 aspects of these enbodi nents, the nmethod further conprises

condi tioning the polishing surface. In some aspects of these

enbodi nents, the co-continuous fugitive phase is 100 wt % conti nuous.
In some aspects of these enbodi nents, ¥he co-continuous fugitive
phase is 80 to 100 wt % conti nuous. In some aspects of these
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carrier support assenbly (not shown) o rotate wafer 112 and

these features will be shown to function in a way tﬁat 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.



[0074] As those ordinarily skilled in the art will appreciate,
pol i sher 100 may i nclude other conponents (not shown) such as a
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heati ng system rinsing system and varléous controls for controlling
vari ous aspects of the polishing process, such as follows: (1) speed
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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.



18 the polishing pad increases the |ife of the polishing pad as well
as its bulk stiffness, the latter contributing to inproved

pl anari zation. Optionally, the unit cell's nean w dth 227 does not
equal its nean length 229. For exanplé7a mean width to nmean |l ength
ratio may be of at least 2 or of at least 4 to further inprove
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are staggered such that wear occurring parallel to the base |ayéer 240

encount espgcasiat ¢ mean pd¢h 218 é@pﬁqdrhe@f and firenghoni é@tt\‘:nm“ma@rréﬁﬂlgla@@ﬁleat a
gi ven po!{rﬂbm%tﬂ: N}pﬁ?ﬁ taﬂgﬁj ?H? Perk}d?lﬁ}le tﬁ@&@ﬁfgg%‘? gtlrtfc?d}§t ]ﬁ)% the

smal | fraction o con actlng area
several sdshnataisciwdrk of bleinkms 2041208 hasgmednadreigt 214 stdi m&naiah‘ hiegﬂuc es

or elim t need to r.i odi r canditi nthe ad,
i o 1 outly T r ot M e Akt et eroL ST Sk R} if SaiBi ¢
operati n \ﬂﬁ@ﬂ eaclr fHck (STt iLa sl kattdngR:nd BSlRUEEm b enatbngtitRCedges
|ntroduct|on of conductive-lined grooves or the incorporation of a

conduct oy 8{ibp spatiakbeiil isering éhefq%fé? of caplyfgeitnd afdharwppti@ it apevhplegri d -
or netal ¥$ can transformthe pads into eCWP ("el ectrochem cal
mechani ca T%]anarization") pol i shing pads. These pads

t hr ee- di [08AE]i Theaheandkight X14stb meab widh ﬁh&ra{ua(of tlemante 2f®isias lkasig. Jredi um

flowin th drodynam.c, reqgi.on 203. an nsi.st e ace
St ruct ur ERTEPRER AR Ay Sucid SBsrr Bl SHIBT % B S ARDUF R Rl S
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inprove the renoval of spent electrolyte fromthe eCVP process that

may i npr 8veAUHF F&?FW?‘@%’F“W%‘* é@%ﬂﬂﬁ%%fég@rwmmﬁ elFiFl@%?%ﬂ69Ulf6d to
substant ktffkewhé}ﬁt@&k %@5&1&%@%&&@ zfos\e@n SARNB iR Eda8Ls, EQgen%l sina‘y the

within the drodynam ¢ region of poﬂ?s hing texture 2
t he onl yursonatmmémdm cdlelements 288 lpmcadg herond theappermogOiBterennérting

o oot SHEpARLad gL ey s AAARSRER s ftfthe Phistlal TrE ReighE ol lemenys
secure aﬂl&alﬁﬂtw&npl&rﬁals@la@& 20 ahd t}er@pérﬁmpmhw&hnmgn@g elmaﬂtaoa Q4 Hghly

208. COrres Qndln d volu exi n an i vi dua

el enent EB‘Pe g gf&?ﬁ aW?B‘F‘ijm\?BY Hﬂ%melF‘H”Hé%’ﬁ &% % tt"é%’t gtydna“y
prefer abimga&m cHnfenbe104280 208 quﬂmzﬁ&é B6idgs 1Al & S bu@ﬁas . ¢h efieRkP
204 and 2 tionally 19 wever, polishing el enments 04 and 208

may hav ep%llsht@g mxwr@);%@ rrtsedsatélﬁer ety seale oaviredHorgpod plnaiagiondat Brlecally
rigidly g&{ag 156t HorRPRnEMdcAISs B NASELH RY E‘Eal%ggmlhgﬁhty%ﬂ e RibilRy f:{‘ﬂ;

pitch 21 mai ntal ns-pol 1 shi'ng el enent's In a“substantia
upri ght wrtiugresset icods. of Elenentsi 288t at i on of el errents 208 is further

mai nt ai n |nterconn cti,n n 4 a $03 209 that
Connect |7 Sb it ERERfite Bras ATE e iihiad Sph e s T o et
may i ncl bBﬂleZZEnthadhl{ESdlMﬁwﬁfg Ohedi width 220ndd hﬁleﬁlﬂbﬂglﬂi 22b e TRéEe aini? Qd I sahade
209. Preferably, junctions 209 represent an interconnection of the
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



20 polishing elenents 208 remains within 10 percent between the
initial polishing surface and the half-height 215 of the vertical
colum of unit cells 225. As noted previously, it is further
preferable that the vertical positiond8of interconnecting elenents
204 are staggered to mnimze the change in total cross secti onal
area as the elenents wear down. [0082] QOtr onal |y, IS possible to
arrange P6PPEHNEPadiRaieasesstho bl af thepodie pYerlﬂg’ﬁéi lﬁﬁumaﬂs the latter

polishin e V.
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el enent sequal ithineand ength glﬁb Upireggmple amapmﬁhtq vehnt lkiagth ranmoena}fchemé*cat leary

el errentsZ%94 Qﬁ E)tres etrri')mmalvnt Irr‘E € ﬁam ng and eff V8. i
stiffnes§“6f eg upl ngs PPVePe gé) rf A5G, g’dﬁﬁ’%ﬁ 1n[gtap1i) gauons.
possi bl erICbxaﬂip!éfSrﬁmtd&Hs d}ﬁiﬂ&hfe)(teﬁdedtl'hﬁz@ﬁdlIléiig‘tmlllabmf}ir@vﬁ@ﬁlfﬁf 208
in drfferen ons to fine t%me renoval rates and polishing o

vaf er unP®l Wg@?ﬁmepﬁrf%gwﬁ%é plapgrizagion; 3ad ppit gells vity gxigaged rqracal fength

pol i shi ng;iel-8MBHa3e h‘l%rcaﬂémgﬁ&mrh ;[nF. Cn?(fe?ésfopﬂlglﬁo%%%_@t ﬂaé Dpnce.

hydr odynam ¢ regli on 203, suc ar c nel s
radi al cHRFRkeAs ad\cauragedﬁ ﬂlahlghlmaahalmugbﬂ te nmansrpdthaatxoozlfatmrmlns 20$hmthat the

i ntroduct f.the facrllt em)v
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across a el enent s preferred that height 214 remains within

20% of tF’ﬂéCa%té‘rt@ééf%é’iféﬂlﬁj“fr&ﬁ@uﬁr@ﬂé%?bﬂt%/‘?f thetaTSrIgCHians REA o waght t he
average bephght 2ognd  oP YRR MR l%ﬁaﬁre%mgyererﬁ&ﬁ@zwwm arr{yy& ;ﬁ%ﬁeasmée@seof

average height within polishing texture 200 tional ting
devi ce, wuvingadowa, kulthese aty @Ial-gsgeédl ragicatay asb¢<mcbet dements 206. nRryferably, the

peri odic i ni_f,qr
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polishin urface. For exanp cuttin ol i shing el enents _having
circul ar Q@%&@Q@Pr%ﬁl ggpe.grd ﬁﬁé‘? %‘m\rrﬂc?? F‘Bﬂﬁ@{g constitates yalldraction Yof the
pol i shi ngyd) Icsﬁaétmgtareantrﬁrsaaqabwwprazrshmg%fwaﬁdr bsRated With Siillat }éol%iunge' ght
ensures that all polishing el ements 208 of polishing texture 20

wel | as sharactevistioscod medveesry ehmmatesthestegdrimpesiogioglly dressivs cphditien bt Pad
wear , ;{;ﬁsg@c QA ﬁr&) cﬂﬁoﬁlﬁ) gﬁd@%e ;{ag% h%) rﬁﬂb&&% its 0831%{?&%%05?60 ause

i ndust ri ave I nery uneq ual pressure
at diffe Fmﬁenhm@aparfmmnonm thrdn@hwm‘ ]md tha mﬂroldea:tmusné cdnhhcﬁv&a,rincbdrgrmme

generated under the fer is sufficient to.cause the wafer to depart
froma pg? IpGogRpratiR ot A §°lgﬂﬂ@ar SUPR A OPHEENE f&reraﬁan%& Fug PvORky e Bl
l'evel of poh@whethan ltrangf&npﬂéspb@ iRtol TP mr&etrmhrn&lar ﬂgcr@hr%memarﬁn%&%nﬁbo
not contact the wafer. However in any regions of polishing pad 104

wher e comnelabingpads B@madwhrqesinawiqnéhmmk sﬁrsctwamayrf@mh@rﬁ pedjshing
el ement Sn?eﬁ%maﬁo&&%fr%%cﬁo% ‘;icerg 5‘2 %{Hm%ﬂg{a 1585 ﬂ@e §&@§g%for

Furt her mbre, "since the un |ng el
wi || typideahddingeEndp wpiilivatidns. ﬁymheheeecbtbaltaacmcrme hﬁpulxsbmgfmepmhn 86w g,

an initiagl li,sh surfac rea .wll i cal onfor
he. bend Mo el 8 i Mo e P b SR el 185 Ty FrvP°
wear to fheicessdint ang IlmFrob@pmsdﬁnﬁ eEtRREMINSrocdtanges i n di r ect i on
experienced durin shi nﬁ; create multiple wear pattern
{0080] Prefera Iy, substantially no co—contmuous fugitive phase material 205 exists w1thm
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,



[ 0084] The di nensi ons and spaci ng of polishing elements 204 and 208
are chosen to provide both high contact area 222 between the pad and
waf er and adequate open area 226 to enable slurry in the hydrodynam c
regi on 203 to renove polish debris. Typically, the continuous
non-fugitive phase 207 (i.e., the pO|IShIng elenents 204 and 208)

constitufes |ess, han 80 cen in ad vol une asured
above t hEOHYERPP n?ﬁiﬂé‘faaéaﬁé fpay ﬁ%‘fé W.Oﬁggr@%we Siing
208 Consélbﬁnhﬁtﬁzﬁiﬁﬁ§ rlkﬂ%nafﬁﬁemroﬁ@&id 13f Hak@ajih@ hiyg Maﬂﬁaﬁ%s\&ﬁé Biic 218
measur ed above the base |ayer 240. For exanple, typically elenments

204 and ZEENgRIns gekishie dements2)87e p setangel it upsigpttienisting Phroresfatine
d,
Cont act - S actiu 18 ipffiel ¥ kil by Qb ALAE PN R SNREIR 200 AL

vol unme neament edjacdnopdisting emmsmy end zam Th”ébmrceomszoannamhcludsarc

trade-of f ,bet ween t hese ectlv i n nts
204 and SBETIT R L b e A R cp sl et
augment srephigerit 04 fker6@Rbah o@t&%a&%amﬂialsraaai%@tspr&feﬁb a@re@sa 226
creating nore obstacles to slurry flow 230 in the hydrodynam c region
203 and infpscanperbion P Bie spra mefsridlsbr i s. An essentlal feature of the

pr esent

suffici eLdaF@rﬁ' gﬂ(jfgl?eéatﬂgt[meg{e%l? Q’?g to a pé@véhe{@ék}%g%ﬁ@s% nellfr?{:mh
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the ratigle@énté 208 Rive & vidth210 bndPikdh DN B Acht RIMIERISIn 309 dfahd HRrapk dlichh 310
of polishing elenents 208 may optionally be at least 2. Wth these

limts, BiEnisprestivaly inthg prbdinglpyes 282 bstvapn ¢antasbmpaperckfb apd halfbeight
li sh t
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hei ght 2dikt D10 @ prldRiB BadGe Ahintvichip 0d% %htmgvﬁb@mﬂﬂﬁor%ﬂ@h rfespecnvely,
optionally be at least 4, to maxim ze the_open area 226 in the

hydr ody n#rh¢relishing #ﬁygn@z(tret%een cgptagt masmher 206 ngihafheight 21§ gy particular,
co-conti YA f se
207 and B £ O o B e K g ¢ he
pol i shi npyneticas@dft © \@ﬂdn £l f@é@&atmmzsls@m pdllskmn@perdmmn&eerﬁrcfcably the pad

di st ance be ween th| nve b Q0 Pol i shi ng
Fext or o BRGAME rasp Ciegeie Blenty FERPOY e HE sk B o E st
shape of adjeht§hindtigneranithedde, @anhzxig&lé@dmezmtaheans pre&slably hive a
respect to slurry flow 230 that occurs predominantly in a horlzontal

di r ect i ohngaeshaps pduptherdrdlitgigicrassieny Pglu%hff’écé’* digpet wsmw&gﬁ featuges
regi on 2Q3u,: #lecfAstdtioRd a8da 2200k B8R polsIARIYIGN &I d&%&t'ﬁfﬂcoﬂﬁxé&a&@ a
wel | - establ i shed di scipline of engineering and forns part

sci ence inghe verd¢ay diggspion.e dhusasiphbshiessdlements 208 amwalfntdurmpeh%mlmfmd the
autonDbl r tive
o o gaor e 2R SeERN B Sttt 0l aRy 22 BN IRES ey AL

| atter hcmtesqaheu@éqeae&aszzammvydesd@rnatum:fahh polasﬂnrtgha(tsmabﬁamdal{a\a@ pad
macrostructure or, nlc ostructure..In es enc&Bstrean1|n|I$¢conS| ts in

choosi ngcoaw{jﬁeam?&ﬁ*fﬂpg FeRsate pRlbingperal XAl thenfodR Sirogtsh s

such thagisn p@mﬁﬁgﬁ@ﬂ mlﬁih?lleq»aﬁérﬁé(& WErsRaSSuBddpidnsl the €odl kaE8gsS Fot | ON
wi t hout separating fromthe surface and formng recircul at] ng eddi es

that conBWReses Piihe seeraficaiion.phg ralishing syfach prtesiisiarriesesis thaswiaeethr
Cross- Segfﬂoqﬁghlﬁ%gieﬁlg?tp b6 ST R Gre®; X an?F %lgft%‘éﬁ@]%‘tﬁféhﬁé surface.

Cross-secti on I ng el enent s
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



23 material deposition may be enpl oyed, as well as el ectrophoresis,
phase nucl eation, or other nethods of establishing a tenplate for
subsequent material self-assenbly. [0088] The continuous non-fugitive
phase 207 (i.e., polishing elenents 284 and 208) and base | ayer 240
of mcrostructure 200 may be made of any suitable material, such as
pol ycar bonat es, pol ysul fones, _ng/_l ons, polyethers, polyesters,

pol yst yr eplishingglamenis208 seryainy withigd 0 ypaisenypetvweaer Hgdnijielnobighing surface and
POl YVI Y bl R 1621 RN Lt Pric AALY S L EREFseeyiously. it is further
pol ypr opyl'enes, “pol ybut adi enes, pol yet hyl'ene i nines, onur%t anes,
pol yet heprefudflothasthe patiyd podasys g ddtyredrectingralahesits 20l ayk ehgppeed to

epoxi es, si.licones, copol rs thereof (such as, polyether-polyester
copol ymafné‘}‘fm%ﬁge %}&ngﬁégﬁf&%éwl_on (?I“?asaﬁiltjkffgd@%"_ﬁgﬁ?% d?’d?‘l- and 208 and
base | aygjos2POptienalllisie phivIRRearfhepdIRRing efe) gﬁt"sﬁﬁs [Rdpetddddro e

|« ?.S
ceramc, glass, netal, stone, wood, or a sSolid phase of a 'sinpl eo
mat er i al seygehpelishing slenpgisi288i—igr eiaaimtenths pelishingrrlerp@®s madcdepsise Cagdar

240 may f ' : Fai b h .
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for the pwrfiried i nterommntctgigtel angenpd R0 de D:Eent trdr aimtei € the tspavirgumdfefigttivev e
phase 205.and-base layer 240 is limted by its suijability for .

pol i shi n§UHs ?ﬁﬁ%&@ﬁﬁ%ﬁe&&?ﬂn&n&aﬁﬂg} STt & R o 5 a%éfeer%a_sﬂy of
manner.  HeFolidHihg/elehtHiPash 208 MRYifleRnRERNO BRYuRUEhAP) SatbBlr 1 al ,
such as the materials nentioned above for the continuous non-fugitive

phase 20polshitgtyasefer apidernpy( Fupbirinots, Hds pessibie0d amenge ¢t padinhing ylements

include a f r ' t. to a.plate e, | at en 130
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| ayer, stiednnés, 3 Yshessly, eadis ohdnne v ccuaddasdiviehbayeBror 2gital chdinelRe The
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a hook aHHTOFI%’BHPEEXE%%@%CR?@@EIl’éaér%ﬁﬁlﬁﬁferfefflﬂ‘éa?QEl%% dsptis fpal may

i nvent i ofmjrBvd FOHsEIE Bf weREufiforAly e fiber-optic endpointing devices
270 or simlar transm ssion devices that occupy one or nore of the
voi d spat@§3blt igwstiembicribatiheiehti? & doolistimodonemh208ds unsfimgcrosallur e
300 of F'eg}ﬁ’é&s.ﬁt'iig#;?%%&‘hﬁa%héiaﬁbﬁ DS RESHRMN 2?%‘6‘?9&'&5&%@%@@“&8@5 a
conti nuous non-fugitive phase®Torm ng open interconnected networkKs
conpri si pgfedtdyransinpethini l0fed th avakdge Anighe snd ¢evennfoud prgfenaly, zandiad to
fully vertical extension, the invention conprehends a cantinyous
non-f ugi wfb@alp(_h aEbe PYTHES i ReBig tﬁﬁ%ﬁﬁ"ﬁf Pﬁmaﬁ@sﬁ&wm device,

el ement s gidh a4h ikGife, WBL S ebBrofRy Bla886H Msek ﬁﬁ??&ﬂi&ﬂcaﬂy%ﬁ’t Q€ pSIBRE eletndnite
voi d spaces within the polishing texture that are not occupied by the

cont i nuotsa yatermbgicht. Rurthamacse, thy dipmele pandesnge daf dheeguttingladelspg pptjonally
curved, . or ) 1L i t t us
o e PO P Ot pATRRESIR! roRiaRBA N

t he i nvepbiishingafemdatsi ldgmgtarcisslessrostseaionrwatedrglodilimedwemaltetut e, and
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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



sufficient interconnection in three dinensions is present to stiffen
the overall network, that a wearing of the network in a horizontal

pl ane fromthe top surface produces sl ender elenents having locally
unbuttressed ends that provide conpli dhce with a workpiece over short
| ength scal es, and that the space not occupi ed by the continuous
non-fugitive phase and length to wdth ratio of the el enents conform
to the gBdhebsd@nglenforexgmplenamindial sigalay torryrfreavill waag e form an angled top
illustra ' ' P i
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properties present ‘i nvention ere elements 306 formthe
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226 of polishing texture 200, is.large enough tao allow polish debris
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[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



26 440 is stepped such that a repeating series of wedge-shaped
sections supports the network. The structure shown in Figure 5is
approxi mately one repeating unit. Simlar to the pad of Figure 2,
adhesi ve | ayer 445 secures base | ayer 2240 to optional subpad 450; and
optionally includes endpointing device 470. [0093] The invention
provi des the advantage of decoupling contact mechanics fromfluid
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varies b%/l%{i 0% for the crgss section. [0095] In Figure 6 there is
provi ded 3% WBFutysirepotha dITG5H% of a cheni cal mechani cal pol i shing
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6 depicts a single layer chem cal "irechani cal polishing pad 5 The
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any suitable manner, suc as adhesive bondmg, 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



[0096] In Figure 7 there is provided a top plan view of a chem cal
mechani cal polishing pad of one enbodi nent of the present invention.
In particular, Figure 7 depicts a chem cal nechanical polishing pad
600 having a polishing surface 602 wi 2h a groove pattern of a
plurality of curved grooves 605. [0097] In Figure 8 there is provided
a top plan V|em10f a chem cal nechanlcal pol i shing pad of one

enbodi mefatesal depesitipndaasiite quppleisd; asivell as eleairenhetesisr Phass gigleation, gepther s
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pattern of a Blura I'i near grooves 625 in_an X-Y grid pattern.
[0099] | PRLEngf Yléneihﬁcﬂﬂ%;tﬁsep?]é"”ﬁbﬂéb Otides aoimaylﬁp%rﬁiemwe&fyleale%hem cal

chani c 0 i on.
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I nvention. In particular, (ﬁgure 11 depicts a chem cal mechani cal
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per f or at @5 d 848 layef 340 mG) &sfbe made of a composite of a polymer with one or more non-
polymeric materials.
[0089] In general, the choice of material for the continuous non-fugitive phase 207, the

- — — co-continuous fugitive phase 205 and-base layer 240 is limited by its suitability for polishing

an article made of a particular material in a desired manner. Similarly, subpad 250 may be
made of any suitable material, such as the materials mentioned above for the continuous
non-fugitive phase 207 and base layer 240. Polishing pad 104 may optionally include a
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 layer 245, hot
melt adhesive, a mechanical fastener, such as the hook or loop portion of a hook and loop
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



. A chem cal mechanical polishing pad for polishing a substrate
selected fromat |east one of a nmagnetic substrate, an optical
substrate and a sem conductor substrate; conprising: a polishing

| ayer conprising an interpenetrating r'?étvvork wherein the
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consistent with the present invention is described with respect to an alternative surface
polishing texture 300—a side cross-sectional view of Figure 4 would have a similar
asymmetrical pattern of interconnected reticulated unit cells within polishing layer 302.
Similar to the pad of Figure 2, adhesive layer 345 secures base layer 340 to optional subpad
350; and opticnally includes endpointing device 370. Polishing texture 300 comprises a
continuous non-fugitive phase 307 and a co-continuous fugitive phase 305. The continuous
non-fugitive phase 307 comprises elements 304 and 308. Polishing texture 300 differs from
polishing texture 200 of Figure 2 in three aspects. First, the elements 308 of polishing
texture 300 are not strictly vertical but are positioned at a variety of angles between 45 and 90
degrees with respect to the base layer 340 and the horizontal plane, and a few of the elements
308 are curved rather than straight. Also, the interconnecting elements 304 are not all
horizontal but some are positioned at angles of 0 to 45 degrees with respect to the base layer
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



6. The chem cal nechanical polishing pad of claiml, wherein the
polishing | ayer conprises 0.5 to 80 vol % of the continuous
non-fugitive phase. 7. The chem cal nechani cal polishing pad of
claiml, wherein the continuous non-fad§itive phase i s non-water

sol ubl e and the co-continuous fugitive phase is water sol uble.

8. The chem cal nechani cal polishing pad of claim1, wherein the
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hydrodynamic region 303 not occupied by co-continuous fugitive phase 305, while still
providing vertical distance between this conveyed debris and the wafer,
[0092] An additional embodiment of the invention is shown in Figure S and consists of
polishing layer 402 having a continuous non-fugitive phase 407 comprising a regular-spaced
interconnected tetrahedral lattice of elements 404 and 408. All elements 404 and 408 are
shown as identical in length and width that join at junctions 409, though this need not be so.
In the embodiment shown, the unit cell is a regular tetrahedron in which each (of four) faces
- is anequilateral triangle, the side of which is the pitch 418 of the network, and solid members
having a width 410 run along only the four edges of the spatial unit, leaving the center of
each triangular face and of the spatial unit as a whole empty. Because of the symmetry of the
tetrahedral lattice, a side cross-sectional and plan view of Figure 5 would form the same
reticulated pattern. This polishing texture provides the highest possible stiffness because
triangularly faceted polyhedra are non-deformable. As the structure wears, free ends are
formed on elements 408 that provide local deformability and compliance to the workpiece.
In the embodiment shown in Figure 5§, the tetrahedral network is constructed on a slightly
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



wherein the substantially co-continuous fugitive phase is disposed
within the reticulated interstitial area; and, wherein the polishing
surface is adapted for polishing the substrate. 10. A nethod for
polishing a substrate, conprising: 26 provi ding a substrate
selected fromat |east one of a nmagnetic substrate, an optical
substrate and a sem conductor substrate,; providing a chem ca
mechani c440 ipsteprsdisuep fhalcp 1epsating seriepof wedgershapedysestions sppPEs g naiwork.
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[0094] In some embodiments of the present invention, the chemical mechanical polishing pad
has a central axis and is adapted for rotation about the central axis. (Sce Figure 6). In some
aspects of these embodiments, the polishing layer 510 of the chemical mechanical polishing
pad is in a plane substantially perpendicular to the central axis 512. In some aspects of these
embodiments, the polishing layer 510 is adapted for rotation in a plane that is at an angle, 8,
of 80 to 100° to the central axis 512. In some aspects of these embodiments, the polishing
layer 510 is adapted for rotation in a plane that is at an angle, 8, of 85 to 95° to the central
axis 512. In some aspects of these embodiments, the polishing layer 510 is adapted for
rotation in a plane that is at an angle, 6, of 89 to 91° to the central axis 512. In some aspects
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, r, 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, r, 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 # to the central axis 512.



30 12. The chem cal nechani cal polishing pad of claiml,
wherein the continuous non-fugitive phase is not covalently bound to
t he co-conti nuous phase. 13. The nmethod of claim 10, wherein
t he continuous non-fugitive phase in #he chem cal nechani cal
pol i shing pad provided forns a three-di nensional network that

conprises a plurality of, hexahedral unit cells conprising a plurality
i nt er coniY824]dn Fignre ey isgrandasiasiop plan visat ofseehgmica méqslpalp@ldmﬁshmg pad
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six faces, wherein each flace Is a square or rectangle, wherein the
subst ant ingdhyicd polidhing pad &8 heving & polishpigaydadeH0g ivdihasgrdowgiprtiem of he
reticul aﬁlﬁﬁlﬂy%tf%{lr%gé éljog’!/esvﬁtﬁg.d vol urre.
[0097] In Figure 8 there is provided a top plan view of a chemical mechanical polishing pad
of one embodiment of the present invention. In particular, Figure 8 depicts a chemical
mechanical polishing pad 610 having a polishing surface 612 with a groove pattern of a
plurality of concentric circular grooves 615.
[0098] In Figure 9 there is provided a top plan view of a chemical mechanical polishing pad
of one embodiment of the present invention. In particular, Figure 9 depicts a chemical
mechanical polishing pad 620 having a polishing surface 622 with a groove pattern of a
plurality of linear grooves 625 in an X-Y grid pattern.
[0099] In Figure 10 there is provided a top plan view of a chemical mechanical polishing
pad of one embodiment of the present invention. In particular, Figure 10 depicts a chemical
. — mechanical polishing pad 630 having a polishing surface 632 with a combination 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 chemical mechanical polishing
pad of one embodiment of the present invention. In particular, Figure 11 depicts a chemical
mechanical polishing pad 640 having a polishing surface 642 with a plurality of perforations
648.
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I claim:

1. 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 substantially co-continuous fugitive phase is at least 80 wt% continuous; and,

wherein the polishing layer has a polishing surface adapted for polishing the substrate.

2. The chemical mechanical polishing pad of claim 1, wherein the chemical mechanical
polishing pad comprises a hydrodynamic region proximate to the polishing surface, wherein the

hydrodynamic region is substantially free of the fugitive phase.

3. The chemical mechanical polishing pad of claim 2, wherein the hydrodynamic region
extends from the polishing surface into the chemical mechanical polishing pad to a depth of 1 to

100 microns.

4, The chemical mechanical polishing pad of claim 1, wherein the continuous

non-fugitive phase forms a reticulated network.

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.
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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 polishing surface is adapted for polishing the substrate.

10. A method for polishing a substrate, comprising:

providing a substrate selected from at least one of a magnetic substrate, an optical
substrate and a semiconductor substrate; o

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 substantially
co-continuous fugitive phase is at least 80 wt% continuous; and, 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.

11. The chemical mechanical polishing pad of claim 1, wherein the continuous
non-fugitive phase forms a three-dimensional network that comprises a plurality of hexahedral
unit cells comprising a plurality interconnected polishing elements that define a reticulated
interstitial void volume; wherein each hexahedral unit cell comprises six faces, wherein each
face is a square or rectangle; and wherein the substantially co-continuous fugitive phase is

disposed within the reticulated interstitial void volume.
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12. The chemical mechanical polishing pad of claim 1, wherein the continuous non-

fugitive phase is not covalently bound to the co-continuous phase.

13. The method of claim 10, wherein the continuous non-fugitive phase in the chemical
mechanical polishing pad provided forms a three-dimensional network that comprises a plurality
of hexahedral unit cells comprising a plurality interconnected polishing elements that define a
reticulated interstitial void volume, wherein each hexahedral unit cell comprises six faces,
wherein each face is a square or rectangle, wherein the substantially co-continuous fugitive phase

is disposed within the reticulated interstitial void volume.



