Polishing Pad With Controlled Void Formation CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]This application claims the benefit of U.S. Provisional Patent Application 5Serial No. 61/041,422,
filed on April 1, 2008, which is fully incorporated herein by reference. FIELD OF THE INVENTION
[0002]The present invention relates to a chemical/mechanical polishing pad for use in polishing
materials, such, as in semi-conductor devices formed from a relatively flat or thin 10 semi-conductor
material, such as silicon. The polishing pad may include a fibrous polymer matrix containing/voids,
where the void geometry, distribution, size, etc., is regulated to targeted levels by manufacturing
protocols. BACKGROUND 15[0003]In applying CMP (Chemical Mechanical Planarization) as a
process step in the manufacture of micro-electronic devices such as semiconductor wafers, blanket
silicone wafers and computer hard disks, a polishing pad may be used in conjunction with an

abrasive-containing or abr%ngﬁ{/ggfélﬁérm%iésﬁFézﬂd%i%ygr,n_.gméfhg‘%wface of the device. To

achieve a high degree of planar e sur vice, typically measured in the 20 order of
Angstoms, the slurry flow should be distributed uniformly between the surface of the device and the
pad. To facilitate such unifo@MQHStRBAEBENE ENEOSRERATED I6FRKICATINEVes or indentation structure
may be providedoon a polighingppadscbheaphdrakityatigrooves mayshaverndividpakgreove widths of
0.010 inches tos0:08Q,R¢hess AeRLlS L1 AL dncheria AASANChes ARdidisiance.petween adjacent

grooves of 0.12 inches to 0.25 inches, 25respectively. [0004]While the grooves may provide the
above-mentioned benefits, nevertheless, they may not be sufficient to effect local planarization on the
die (or single microchip) level FIELD OF THE INVENTION

[0002] The present invention relates to a chemical/mechanical polishing pad for use
in polishing materials, such as in semi-conductor devices formed from a relatively flat or thin
10 semi-conductor maferial, such as silicon. The polishing pad may include a fibrous polymer
matrix containing/voids, where the void geometry, distribution, size, etc., is regulated to

targeted levels by manufacturing protocols.

BACKGROUND

15 [0003] In applying CMP (Chemical Mechanical Planarization) as a process step in the
manufacture of micro-electronic devices such as semiconductor wafers, blanket silicone
wafers and computer hard disks, a polishing pad may be used in conjunction with an
abrasive-containing or abrasive-free slurry to affect planarization of the surface of the device.
To achieve a high degree of planarity of the surface of the device, typically measured in the

20 order of Angstoms, the slurry flow should be distributed uniformly between the surface of the
device and the pad. To facilitate such uniform distribution of the slurry, a plurality of
grooves or indentation structure may be provided on a polishing pad. The plurality of
grooves may have individual groove widths of 0.010 inches to 0.050 inches, depths of 0.010
inches to 0.080 inches and distance between adjacent grooves of 0.12 inches to 0.25 inches,

25  respectively.

[0004] While the grooves may provide the above-mentioned benefits, nevertheless,
they may not be sufficient to effect local planarization on the die (or single microchip) level
on a semiconductor wafer. This may be due to the relatively large differences between the
grooves and the individual features, such as inferconnects, on the microchip. Advanced ULSE

30 and VLSI microchips, for example, may have feature sizes on the order of 0.35 micrometers



on a semiconductor wafer. This may be due to the relatively large differences between the grooves
and the individual features, such as interconnects, on the microchip. Advanced ULSE 30 and VLSI
microchips, for example, may have feature sizes on the order of 0.35 micrometers (0.000014 inches)
that are many times smaller than the width and depths of thé individual grooves on the polishing pad.
In addition, the feature sizes on a microchip are also thousands of times smaller than the distance
between the adjacent grooves, which may result in nonuniform distribution of the slurry on a feature
size level. [0005]In an effort to improve upon the uniformity of local, feature-scale .planarization, CMP
pad manufacturers have in some instances, provided asperities or high and low areas on the surface
of the pads. These asperities may have a size ranged from 20 to over 100 micrometers. While, such
asperities may be closer in size to that of the microchip features, as compared to the grooves, the

asperiies Mmay chadfJT:shapBAA sizs duingihe.NOUPBIOG iPaRSR. AN R (eAHie continuous

regeneration by abrading the polishing pad surface with a conditioner fitted lamond abrasive

particles. The digFBRLEBF PRt S B IR B AAMGHEF L Oh MGy SeAhatas surface
asperities that aré tiefe srvdidr dtm the siewt frittionahe oakettbetweaviieh pad , rtét shurey-and the
surface of the devieenandiRxpesedrenaspeltasde:mainiain consistency of planarization. The
conditioning process, however, may be unstable, as it may utilize the sharp diamond particles to sever
the deformed asféfitles. Thg s‘ﬁv&éﬁ%éooﬁw&’%fﬁﬁﬂﬁe@%sﬁéﬁﬁé@mﬁy ketbéettwektrolled,
resulting in changesdmtie Si¥@, shapewdnareistrbutioncofthetaspe ntiegithatimtusmiay cause
variation in the ugifasmity.obPlanarizatiomepuathermergydhefrictional heat generaiedfiem conditioning
may also contribute 'iﬂotgg?cr%c’@{e%nifﬁ'iﬂ%u% planarization, Q%S%p%nsgzig% ttgg S l?‘ace roperties of the
pad, including properties such as shear moduﬁjs, l?1a_r§¥1ess and compressiBm 3‘7% ARY [0005a]In
a first aspect, théFTESprOAEBYA i BMBECSTfOMARG T EHE aReFiB chinivd Safaiizdtion polishing
pad comprising: pht#icingoeesomp ositionpiteooumpasitignandudingiadeptr hokalements in the form
of a fabric and atlgast @ie0fadRebMearateastive: Rl petuhersin saidpolymer. or prepolymer

is dispensed overarsua}é_}glS Qne&\]/gorkd?f elements in. a mold'%reoq]%%ég a first das %odg e composition;

. ondifiofher continfiously scrape o) 5 Spentes ormed.as
using the gas to produce a pﬁuraﬁty O]PVOI S |nytf?1e Eomposmon wherein said vol s“@e Ine a space of

0.1 gm3 to 1,000 melzzﬂf[@’ctioml contact between the pad, the slurry and the surface of the device, and
expose new asperities to mainmin consistency of planarization. ” The conditioning process,
however, may be onstable, as it may utilize the sharp diamond particies to sever the deformed
asperities. The severance of the deformed asperities may not be well controlled, resulting in
changes in the size, shape and distribution of the asperities that in i may cause variation in
the uniformity of planarization. Purthermore, the frictional] heat generated from conditioning
may also contribite to the non-uniformity of planarization, by changing the surface properties

of the pad, including properties such as shear modulus, hardness and compressibility.

SUMMARY
[0005a] In a first aspect, there is provided a method of forming a chemical-
mechanical planarization polishing pad comprising: _
providing a composition, the composition including a network of elements in the form
of a fabric and at least one of a polymer or a reactive pfepo}ymer wherein said polymer or
prepoiymer is dispensed over said network of elements in a mold;
introducing a first gas to the compbsiti on;
using the gas to produce a plurality of voids in the composition wherein said VOidS‘

define a space of 0.1 um3 to 1,000,000 },Lm3;
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forming a polishing pad including said network of elements in the form of said fabric dispersed within
said polymer or said reactive prepolymer including said plurality of voids formed in the pad, wherein at
least a portion of said network of elements is connected to at least portion of said voids; and

wherein said network of elements comprises a plurality of soluble fibers, wherein said fibers have a

length in the range of 0.1 mm t0.500 mm and a diameter in the.ra of 0.1 pm to 100pm and_are
orosent at & loverof SSEUL G ) T0E Gy L R (AT e To0bE b o SR s
there is providéidparméthdidhiof faiimpotym chemigd] renethamcaghiararinalidinpolisbingu pagycemgasiging:
providing a co sition, the caomposition including a network of elements and at least one of a
 Dotymer and ot b e e e R R e X ey o At in
the form of a fabriiopwhexiivoids;said network of elements has a dimension of length, width and/or

thickness and said fapyic. SXORIRAR GlRSHE RAAKNALYAR 67 FhengIng cne. of Sidengl width
or thickness dimension by the application ot a force in the presence of one of said pdlymer or reactive
prepolymer; relthessihgvsaidefgtben Wisarage Said Faricesstvers andlzad imastoinetof saigk leh@ythuwidth

analor thicknesednenean A0elh chandesdnavelieie 75,0ns oLaplualiy olvqdsand  forming

a polishing pad including said network of elements in the form of said tfabric dispersed within said
polymer or saifiié¢zidtive prépelysnerdnshedingsais ploratitd afrueitisifof foediiptheheadearherein at least

a portion of sa&lcg&%%g%ﬁ?%%@%&ﬁ E@&gﬂggg@%}g at least apportion of said voids. [0005c]In a third
eda al’p

aspect, there is provided a chemical planarization poﬁgﬁfﬁ 'pad comprising: a network of elements
in the form of a fabrigrelispeesedamnisititiclist e apolprladioe 4 reaveite Prelsoloptaan daidersbric

exhibiting an glastie ferayveny ohd-Q 10,9900 RpbiRILy. ol Ngids formed:inhe.paskihereilatdeast a
portion of said network of elements is connected to at least a portion of said voids; said voids define a-
space of 0 1 piaidiy efd0EmaD e Sm of a fabric, wherein -

said network of elements has a dimension of length, width and/or thickness and said
fabric exhibits an elastic recovery of 1.0 to 99 %; changing one  of said length, width or
thickness dimension by the application of a force in the presence of one of said polymer or
reactive prepolymer; removing said force, wherein said fabric recovers and at ieast one of said
length, width and/or thickness dimension again changes in value to form one or a plurality of
voids; and

forming a polishing pad including said network of elements in the form of said fabric
dispersed within said polymer or said reactive prepolymer including said plurality of voids
formed in the pad, wherein at least a portion of said network of element sis connected to at jeast

apportion of said voids.

[0005¢] In a third aspect, there is provided a chemical planarization polishing p.ad |
comprising: _

a network of elements in the form of a fabric dispersed within at least one of a polymer
or a reactive prepolymer, said fabric exhibiting an elastic recovery of 1.0 to 99%;

a plurality of voids formed in the pad;
wherein:

at least a portion of said network of elements is connected to at least a portion of said
voids;

said voids define a space of 0.1 um® to 1,000,000 pm®
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said network of elements comprises a plurality of soluble fibers in an amount ranging from about 2% to
75% by volume of the polishing pad, said fibers having length in the range of 0.1 mm to 500 mm and a
diameter in the range of 0.1 p.m to 100pm; and at least a portion of said voids contain at least a
portion of said network qf element éPOO6 A first method of forming a chemical-mechanical
planarization polishingBad & Brovit&§ s P@ﬁ%lﬁ%\ﬁahﬁa&%’oﬁg 8N TlEsOmp cenont ranging
comprising a nitaodsoft elrmenssandatierssiane siizpaly MeY 30 SYSAHVE BIERAYMEk. QRS May
then introduce a.gas to tg@comgﬂogsiggn and utili%g-:- t%(g%a%to produce a plurality of voids in the
composition. | b’?]ﬁ Se2onB TEPRGC S YSRGS EshiRbl rhethsniCerplaasdization polishing pad is
provided comprising prdsdstingatbamyiesiticn; dheceanpasisian incHiing Bsnatwerk af sfemgatsand at
-least one of a polymer and a reactive polymer. The network of elements has a dimension of length,
width and/or thick¥@8k, and sfesiohshid téhgthnydidifroicthivkness: dimension isishapged by the

application of a forg@inidhecpresRRGR AfARE obtheRelymetarsaactiveRreralmerWhen the force is
removed at Ieaste%g]eén%f %ﬁiﬂ }eeagtgjt}%a@/g?%gyorewg nesstidimengiion th8n changes in value which then

It a V& pre mer. ne, ma I INTroguce .
leads to the formation of one or a plurality ‘of voids. The sécand method mﬁy Be Used afone and/or in

conjunction with #fe1if% STREHGHEONETHEY &15E BRRa s CaMBTiAAbIPET & PeISARRrHh a reactive
prepolymer. [000gl-¢hemicalsmschanical planarizationpelishing.nad isAlsaproyided, comprising a

network of eIemer;%sisdis v%re?ecg) n\{gitginn a v(l)c!}gmgrc, a Glsurglllitgi‘g)z voidstifor,me% in the pad afnd at least a
portion of said NEtWork of Elements 18 connected 1o at 1east 2 PO bF S 08 s gx ©
elements and at least one of a polymer and a reactive polymer. The network of elements has

a dimension of length, width and/or fhickness, and one of said length, width or thickness
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BRIEF DESCRIPTION OF THE DRAWINGS [0009]The above-mentioned and other features of this
disclosure, and the manner of attaining them, will become more apparent and better understood by
reference to the following description of embodiments described herein taken in conjunction with.the -
15accompanying drawings, wherein: [0010]FIG. 1 is an example of voids in a polymer matrix;

- [0011]FIG. 2 is anaother example of voids in a polymer matrix; [0012]FIG. 3 is an example of
indentations in & PAYHEFMatrix stack for forming voids; 20[0013]FIG. X544 3B EH8wing die effect of
water content on void content; [0014]FIG. 5 is a table showing the effect of pre-heating fabric on void
content; [0015]FIG. 6 is a table showing the effect of gap height within the mold on void content;
[0016]FIG. 7 is a scanning electron micrograph of a pad cross-section showing void 25content for a
mold gap height of 40 mils; and [0017]FIG. 8 is a scanning electron micrograph of a pad cross-section

showing void centani-fok anmaldgap:Repgbkiel 40 BHS. in the presence of one of the polymer or
reactive prepolymer. When the force is removed at least opne of said length, width or
thickness dimension then changes in value which then leads to the formation of one or a
plurality of voids. The second method may be used alone and/or in conjunction with the first

5  method. One may also use a combination of a polymer with a reactive prepolymer.

[6608] A chemical-mechanical planarization polishing pad is alsc provided
comprising a network of elements dispersed within a polymer, a plurality of voids formed in
the pad and at least 2 portion of said network of elements is connected to at least a pordon of

the voids.
1
BRIEF DESCRIPTION OF THE DRAWINGS

[6609] The above-mentioned and other features of this disclosure, and the manner of
attaining them, will become more apparent and better understood by reference to the
foliowing description of embodiments described herein taken in conjunction with the

15  accompanying drawings, wherein:

[0010] FIG. 1is an example of voids in a polymer matrix;
[0011] FIG. 2 is another example of voids in a polymer matrix;
0012} FIG. 3 is an example of indentations in a polymer matrix stack for forming
voids;

20 (0013} FIG. 4 is a table showing the effect of water content on void content;
[0014] FIG. 5 is a table showing the effect of pre-heating fabric on void content;
[0015] FIG. 6 is a table showing the effect of gap height within the mold on void
content;
[0016] F1(. 7 is a scanning electron micrograph of a pad cross-section showing void

25  content for a mold gap height of 40 mils; and

[0_017} FIG.8isa scanning electron micrograph of a pad cross-section showing void

content for @ mold gap height of 10 mils.



DETAILED DESCRIPTION [0018]It may be appreciated that the present disclosure is not limited in its
application to the details of construction and the arrangement of components set forth in the following
description or illustrated in the drawings. The embodiments herein may be capable 5 of other
embodiments and of being practiced or of being carried out in various ways. Also, it may be
appreciated that the phraseology and terminology used herein is for the uapose of description and
should not be ré’ﬁ%@p/&zglﬁ?\imiting. The use of "including,” "comprising,"’%?’ ﬁ%{'\(}ﬁ"?é%é‘hd variations
thereof herein is meant to encompass the items listed thereafter and equivalents thereof as well as
additional items. Unless limited otherwise, the terms 10 "connected,” "coupled,” and "mounted," and
variations thereof herein are used broadly and encompass direct and indirect connections, couplings,
and mountings. In addition, the terms "connected" and "coupled" and variations thereof are not
restricted to physical or mechanical copraations pesorpings [0019]The present disclosure relates to
chemical mechanical planarization polishing 15 pads which may be used in the process of polishing or
planarizing a st#¥ffate, sUEH"a% Aesiibrrdrme riirh B 8IFsFin G R Fattixthayrié  itléthermoplastic or
thermoset polynpeksytimoiudingspidd yi retiareopoly darbonates pelysulifenapohfpiienytene sulfide,
epoxy, various RaMesiers: PR iIRIdes. RO LS POlYRIefiSdRRIYAGRIAIES: be capable

polymethylrpetb)?g l%tn%sd dgolxvinrpéloc%h!gridegdﬁgo }f/i0 %LF'C(?&QT%% %?%/ngn derivativ §ngitor copolymers of

the above. In one 8examp e,tstﬁe po?lsﬁ%ﬁr pad matrix Fe. the volume ‘defingd y a given pad) may
include a poIyu%‘éen@}ﬁ?ﬂgf?ﬂI%é}f‘ea‘f]?ﬂ&ﬁ@g%ﬂrf@da‘@?é’ﬂ?? Eppied 5 ero<enifik BHaTST Polymerize the

urethane pre-péfymgio] 80204 Fhecpolishingpadimiag.indiude of Mrorhidee Of elements, guch as a network
of interconnecting.agtias nendntetcennestingselemeania disparsed:uithinithe.pelymess The 95 elements

may be formed of.fibers. JN& fibersmay besoluble (€-0-ia sty psed with the pd when the pad is

used for polishing, such as an aqueous slurry), insoluble or a mixture thereof. In addition, the fibers

may have (1le| en“&ﬂ,ﬁﬁtﬁﬁe ‘r‘(é%l@]gdof @ﬁ“m«ﬁ]ﬁ% SGBdrﬁarﬁz:.tions thereof herein are used broadly and

encompass direct and indirect connections, couplings, and mountings. Tn addition, the terms
“connected” and “coupled™ and variations thereof are not restricted to physical or mechanical

conuections or couplings.

[0019] The present disclosure relates to chemical mechanical planarization polishing

5  pads which may be used in the process of polishing or planarizing a substraie, such as a silion
© wafer. The polishing pad matrix may include thermoplastic or thermoset polymers, including
polyurethane, polycarbonate, polysulfone, polyphenylene sulfide, epoxy, various polyesters,
polyimides, polyamides, polyolefins, polyacrylates, polymethyimethacrylates, polyvinyl
chlorides, polyvinyl alcohols andfor derivatives of or copolymers of the above. In one

20 example, the polishing pad matrix (i.e. the volume defined by a given pad} may include a
pelyurethane pre-polymer and a curing agent, supplied to crosslink and/or polymerize the

urethane pre-polymer.

[6020] The polishing pad may include a number of elements, such as a network of
interconnecting and/or non-interconnecting elements dispersed within the polymer. The
25  elements may be formed of fibers. The fibers may be soluble (e.g. in a sturry used with the
pd when the pad is wsed for pelishing, such as an aquecus slurry), inscluble or a mixture
thereof. [n addition, the fibers may have a length in the range of {J.]1 mm to 500 mm,
including all values and increments therein and a diameter in the range of 0.1 pm to 100 pn,
including all values and increments therein. The network may be provided as a fabric. The
30  fabric may be a wovérz or non-woven fabric. Non-woven fabrics may include, for example

carded, spunbond, or melt blown fabrics. Such fabrics are typically provided in a sheet form,



including all values and increments therein and a diameter in the range of 0.1 gm to 100 pm, including
all values and increments therein. The network may be provided as a fabric. The 30 fabric may be a
woven or non-woven fabric. Non-woven fabrics may include, for example carded, spunbond, or melt
blown fabrics. Such fabrics are typically provided in a sheet form, which may be characterized as an
expanse of flat (planar) material (e.g. being thin relative to length and width) which is generally
manufactured of 8t&Wi¥e%provided as a roll. Other sheets of material Fi&{FRTIEEERBrous mats.
[0021]The elements may be present in the polymer at a given volume. For example, 5 the elements
may be present in the range of 2 % to 75 % by volume of the polishing pad, including all values and
increments therein. The elements may be relatively evenly distributed within the polishing pad itself,
i.e., for a given portion of a polishing pad, substantially the same volume of elements may be present.
In addition, the glemaRfsJoaY.BeRRSIlaNggdayers Hiauareukinevalugeiofdhgpelishing pad, such
that a layer of the.I0 palymer max, hepresant.and.en a.aver, ol.clements. may bypresent Itis also
contemplated that the elements maygbe positioned in certain geometries around the polishing pad. For
example, the ef8RTERTSATRY BEPBERIEHETESE Spiral, in concentric rings, or in a diamond or similar

intersecting patigi; [0022]heinalishing @a}geggﬁynq@%@g[&ql@ A RUrality.of paresQiidvoids, herein after
15 referred to as "voids". The voids rpaymbe formic% Qerrejlg )yiléhou} the use oflag%oextéernal additive
having a preformeee and's rﬂc?ﬁPé%i%ia voltinte.” ecp%res orvoi énfr:nﬁay défine a*’ﬁ:?a’ce of 0.1 pm3to
1,000,000 pm3I"iieftidint) anvraIdes BAETRe FfEfits tHEFffE &Eh Y FOOTYHTEL 200,000 pm3. The
voids may be fartndidly physital ohithemighltiateractitns withintheopalymerliforexample, the ability
of the polymer tauahithhe individuahslemepts may:26-influenae thescreatiopafnaidsvie., when the
polymer poorly wets t@deimgi"idld% elements OyL%i]g% may b]escreat%gi argqpag ztne incg_l)ifvgﬁieual elements or

; I SUC, :
when the polyn%)er f}aﬂy wetd the individual e ements, volds rﬁ%gypge sul stantlanrreduced and/or

eliminated 1§00 23E3h B RGBT EESHvEpt! RREY Ye appretsatel Hke SrEsmuyCelect a given
polymer resin tiat frovidestaparticmartcomtaccandgleswitbrtbresdfived Serfateisuphithér 25 when the
liquid resin curesawihiméigfibas Refwopksiacdesitackpaidisizadmay hescraateddilirisnreentemplated that
contact angles g%iggmggegﬁggli&%g&resin _(prior to_cure) qnd the surface _of a s_elected fiber may be
adjusted such that a hydrophilic surface is associated with a hydrophobic resin, so that the contact
angle is relativdbgfigh (i.e Tyreaterith ariS:degrées)dd b ey aiso ecappradiatedithditone may utilize a
hydrophobig surfagedimcRMRIAGLIOTMWIIAR may be formed herein without the use of any external

additive having a preformed and structured void volume. The pores or voids may define a

space of 0.1 um’ to 1,000,000 um’, including all values and increments therein, such as 100

um’ to 1,000,000 um®. The voids may be formed by physical or chemical interactions within

the polymer. For example, the ability of the polymer to wet the individual elements may

20  influence the creation of voids, i.e., when the polymer poorly wets the individual elements,

voids may be created around the individual elements or when the polymer fully wets the

individual elements, voids may be substantially reduced and/or eliminated.

F0023] Expanding upon this concept, it may be appreciated that one may select a
given polyier resin that provides a particular contact angle with the fiber surface, such that
25  when the liquid resin cures within the fiber network, a desired void size may be created. It is
contemnplated that contact angles as between a liquid resin (prior to cure) and the surface of a
selected fiber may be adjusted such that a hydrophilic surface is associated with a
hydrophobic resin, so that the contact angle is relatively high {i.e. greater than 90 degrees). It
may also be appreciated that one may utilize a hydrophobic surface in combination with a

30  hydrophilic resin. Furthermore, one may use resin/fiber combination that may be



30 hydrophilic resin. Furthermore, one may use resin/fiber combination that may be intermediate in
their hydrophobicity or hydrophilic character, sothat again, upon cure, a desired void volume may be
produced. [0024]In one example, illustrated in FIG. |, the pores 102 may not be connected with the
network of elements 104 in the polymer matrix 106 (i.e. the volume occupied by the 5 polymer). In
another example, illustrated in FIG. 2, the pores 202 may be connected with the network of elements
204 in the polyrﬁf@rzﬁ%{%ﬁ%%& As seen in FIG. 2, a void may surround Pe'ﬁirbﬁrszao?)sgrzﬁfglr? of one or more
elements. As shown, a portion of the network of elements 204 may be within at least a portion of the
pores/voids 202. Stated another way, at least a portion of the pores/voids 202 each may have a
volume which volume may contain at least a portion 100f the network of elements 104. [0025]In
another example, the voids may be formed by incorporating an additive within the elements or coating
the elements with-aragditive-thalsreayvelailizeandierm.agas and.thegrefoiemnacgiven void size and
distribution. Thgeggeqigéxlg‘mﬁgtgg{g&;gdgg%yide voids either upon a chemical or thermal reaction that
may release gas or cause expansion due 15 to exposure to heat. Those of skill in the art will
appreciate thati@ddimay tHerefoesusge, allbiowah gnaddéhtiwhichrmaldbenderstooti@sd chemical
component that,#en:exRASHHRA:J14aR eoyioRmeRial cendiion (sughdiRal)ianaduces a gas. In
addition, the voids, may be created by uilizing, hollgw fibers, I0.496 £xample. 5, fipgrs may extend or
release a gas u%on the addition of’_lWeat. Furthermore, the'voids may be created upon activation by a
given 20energy"E8UREE LB 20HE A PR THRATOR, At TBHB M A TURNEFL AP, illustrated in
FIG. 3 the voids!hayroaiarebtecbbyostatkienys | ayerwsfitheopisiy e myatdx 80€ineinditg a number of
elements 304, wheseidtieat least a portion of the pores/voids 202. Stated another way, at least a portion

of the pores/voids 202 each may have a volume which volume may contain at least a portion

10 of the network of elements 104.

10025} In another example, the voids may be formed by incorporating an additive
within the elements or coating the elements with an additive that may volatilize and form a
gas and therefore, a given void size and distribution. The additive may therefore provide
voids either upon a chemical or thermal reaction that may release gas or cause expansion due
i5  to exposure to heat. Those of skill in the art will appreciate that one may therefore use a
blowing agent which may be understood as a chemical component that, upon exposure to &
given environmental condition (e.g. heat), produces a gas. In addition, the voids may be
created by utilizing hollow fibers. In one example, the fibers may extend or release a gas
upon the addition of heat. Furthermore, the voids may be created upon activation by a given

20 energy source, such as lasers, UV, irradiation, efc.

[0026] In a further example, illustrated in FIG. 3 the voids may be created by
stacking layers of the polymer matrix 306 including a number of elements 304, wherein the
polymer matrix 306 layers may include indentations 308 in the surface 310. The indented
surfaces 310 may form the voids when the layers have been stacked. In an addition example,
25  the polymer matrix may be cracked to form voids or a laser, etching or embossing may be

used to form voids.

160271 Fhe voids may form a void volume within the polymer mairix, such that a
given percentage of the polymer matrix by volume defines voids. In one example, the void
volume may be in the range of 5 % to 25 % of a given volume of the polishing pad, including

30 all values and increments therein. In another example, the void volume may be in the range



polymer matrix 306 layers may include indentations 308 in the surface 310. The indented surfaces 310
may form the voids when the layers have been stacked. In an addition example, 25 the polymer matrix
may be cracked to form voids or a laser, etching or embossing may be used to form voids. [0027]The

voids may form a void volume within the polymer matrix, such that a given percentage of the polymer

matrix by volumvgodzefinsss&\slgoids. In one example, the void volume may lIJ,ngfn stg‘eg%’%@%% of 5% to 25 %
of a given volume 81'thé polishing pad, including 30all values and increments therain. In another

example, the void volume may be in the range of 10 % to 75 % of a given volume of the polishing pad,
including all values and increments therein. [0028]The voids may be relatively evenly distributed within
the polishing pad itself, i.e., for a given portion of a polishing pad, substantially the same volume of
voids may be 5 present. In addition, the voids may be positioned in layers throughout the volume of
the polishing paglisuch that & layen ebmaids mayoheipsesentanthihan alayed atidwepolymer matrix
may be presenf, It.is also contemplated that the voids may be positioned in certain geometries around
the polishing pad. For example, the voids may be positioned as a spiral, in concentric rings, or in a
diamond or sinilié28intersedtingopatterrie 16[08RIFEhe polishingypad iray'beifommeddiy preconditioning
the polymer or pretopelymehany cHkaivasme paddilivas anddbe:elemants oThaiprepalymer may then be
combined with fne.gurfygs.eh A lionAl A ueaAng fiznensed. aver ie slpmentadn a mold. The

mold may be held at a set temperature or a temperature profile until polymerization proceeds and the
polishing pad &y B SAYaikeEl PHe R icR G 1he BuPAHTE Witn e orERSIy iePIREY 15 result in
relatively highem#htleselb pueight batyreronbitpiibipas & reldr steokr asstigntigioreitidrosslinking
occurs) gellatiogeaibhigepalishing: padnmay:ihenrbewemavedan e posihaiieddasan@yemfor a given time
and temperaturg, [003010nce the nalishingpad iscwed. the.surface of the polishing pad may be

found or buffed to remove any surface layers. Any grooves, indents or perforations may be added. 20
The polishifig pdtkthay alsbbedaninated teyabsubpad bsirgeanlisdhesive psiyelaras arpressure sensitive

adhesive. polymer, any curatives or additives and the elements. The prepolymer may then be combined
with the curatives or additional additives and dispensed over the elements in a mold. The

mold may be held at a set temperature or a temperature profile until polymerization proceeds

and the polishing pad may be obtained. The reaction of the curative with ﬁw prepolymer may

15 result in relatively higher molecular weight polymer which may be understood as curing or (if

crosslinking occurs) gellation. The polishing pad may then be removed and post-cured in an

oven for a given time and temperature.

{00301 Once the polishing pad is cured, the surface of the polishing pad may be found
or buffed to remove any surface layers. Any grooves, indents or perforations may be added.
20 The polishing pad may also be laminated to a subpad using an adhesive, such-as a pressure

sensitive adhesive.

[6031] Bxpanding upon the above, the prepolymer may be reactive, and itself may
have a number average molecular weight of less than or equal to 10,000. For example, the
prepolymer may inchide reactive end-groups, which may then be joined together by a
25 curative, where a curative may be understood as a co-reactdant for the reactive prepolymer.
For example, the prepolymer may include a reactive organic base end group, and may
specifically include an amino (-N¥,) or hydroxyl (-OH) terminated polyether, and the
curative may include an isocyanate (-NCGO) compound containing two or more tsocyanate
groups. The reactive prepolymer may also include hydroxyl terminated polyesters, or
30  hydroxyl terminated polydienes, such as a hydroxyl terminated polydiene, such as hydroxyl

terminated polybutadiene. Furthermore, as may be appreciated, when the combination of the



[0031]Expanding upon the above, the prepolymer may be reactive, and itself may have a number
average molecular weight of less than or equal to 10,000. For example, the prepolymer may include
reactive end-groups, which may then be joined together by a 25 curative, where a curative may be
understood as a co-reactant for the reactive prepolymer. For example, the prepolymer may include a
reactive organic base end group, and may specifically include an amlgpé%rNHz orh droxyl (-OH)

terminated poly‘gﬂw%'f) A& the curative may include an isocyanate (-N Uggﬁpgg}ﬁ%é containing two or

more isocyanate groups. The reactive prepolymer may also include hydroxyl terminated polyesters, or
30 hydroxyl terminated polydienes, such as a hydroxyl terminated polydiene, such as hydroxyl
terminated polybutadiene. Furthermore, as may be appreciated, when the combination of the curative
(diioscyanate compound) and reactive prepolymer is adjusted such that some residual level of
unreacted isocyanate einajanie GnlRssdhar qreguapbiodytwaightjpescent; ak0.4-h:0 weight percent)

one may then inligduee A 36leEIqd %}%@&%M&e{e g)vm@nhmaaf ihen reastwith she jsocyanate to form

carbon dioxide, which as noted, may be relied upon rovide void formation within the pad.

[0032]In that reedgrb’ &g%’té’?ﬁ?ﬁ?/%’g ﬁ%é‘?&&’é‘ada%eé fﬁlec{ilnjmécﬁléln? WHER E8ifibied with a
isocyanate, whitst isatheréfticasapipresrvpomerir ittt providesnasovirdensy Jasivhiatehiay used to
provide voids, Qthek lowing:agemtismeypiaclude any organic compound that either rearranges and/or
itself has a vapor pressure sufficient to convert into a gas form, 10 and again, provides voids within the

pad. Typically, 8f&#may udl SEJHpEndHt tHET d’b%n%xb@%ﬁ@‘foahé'a?k@’ﬂﬁ%F?@I&rr“ﬂﬁﬁes or converts to
a gas. For examplepshetnaipaiiine AN oriratdaively kwavshe dularwdightsfresrbehalogenated
freon-type compaungsy el @xamiplecene maysusanghieratifiuiemethane {GitkdpdBiawing agents may

therefore Incliq,CHMPERARELOARRS A0ALEXRANAANCNLLEAANR I3 sleasad QliRle, solids that leave

pores when 15 leached out, liquids that develop cells when they change to gases, and chemical

agents that deé‘B%”ﬁ&gepé?vf%eéc‘iol?ﬁdvétrh%g’?rﬂ?ﬂeﬁ%@%}}ﬁ SAE 5%olh %Cﬁglgc’?fﬂ efi ugf"f)lowmg agents
range from simpleosets Sercpids apampiancorstivAebicEpborare Edmp kX itkBEgen releasing
agents (AIBN).dO@33By Wway ebrdnore-specificrexampiesnare may-gpambinegcantydrexyl terminated
' example, one may use chlorotrifluromethane (CTFM). Blowing agents may therefore include

compressed gases that expand when pressure is released, soluble solids that leave pores when

15  leached out, liquids that develop cells when they change to gases, and chemical agents that
decompose or react under the influence of heat to form a gas. Chemical blowing agents range
from simple salts such as ammoniom or sodium bicarbonate fo complex nitrogen releasing

agents {ATBN).

[0633] By way of a more specific example, one may combine a hydroxyl terminated
20  polyether with a diisocyanate terminated compound and react to form a pelyurethane in the
presence of a blowing agent {e.g. less than or equal to about 5.0 % by weight of a blowing
agent). The diisocyanate may include both aliphatic and/or arcmatic type diisocyanate
compounds. For example, the diisocyanate compound may include methylene bisphenyl
diisocyanate (MDI) or toluene diisocyanate (2.4-TDI or 2-6-TDI). The polyether may
25 include polyethylene oxide, polypropylene oxide, and/or polyethylene-polypropylene
copolymer. Such polyether may have a molecuiar weight of equai to or less than about
10,000, In addition, one may include isocyanate compounds that have a functionality of

greater than 2 (o provoke some desired level of crosslinking.

[0034] The polyurethane formulations noted above may also include an extender,
30 which may be understood as a relatively low molecular compound which may react with the

reactive prepolymer and provide higher overall molecular weight. Typically, such extenders



20 polyether with a diisocyanate terminated compound and react to form a polyurethane in the
presence of a blowing agent (e.g. less than or equal to about 50 % by weight of a blowing agent). The
diisocyanate may include both aliphatic and/or aromatic type diisocyanate compounds. For example,
the diisocyanate compound may include methylene bisphenyl diisocyanate (MDT) or toluene
diisocyanate (2,4-1DI or 2-6-TDI). The polyether may 95 include polyethylene oxide, polypropylene
oxide, and/or p&yezf‘r%/llé%é-’gpolypropylene copolymer. Such polyether nF%}” %/0385}%66 ecular weight of
equal to or less than about 10,000. In addition, one may include isocyanate compounds that have a
functionality of greater than 2 to provoke some desired level of crosslinking. [0034]The polyurethane
formulations noted above may also include an extender, 30 which may be understood as a relatively
low molecular compound which may react with the reactive prepolymer and provide higher overall
molecular weight. diypicatiyeuchuaxigneersiaiehesesampaundasueh asgelati/stylow molecular

weight (less thagor £01al. (0,300 iy sy, compannds andiosdiamine. sampguns,Such dinydroxy
|

compounds and/or diarnine compounds may include the use of ydroxy and/or diamine
functionality on 5‘&“57’ﬁ?\“é‘f?&“ﬁlﬁa%rlgﬁ“&iflﬁgﬁcu?ﬁ85é?f/%[’ﬁf?ﬁ%fﬂ%ﬁ?&’i‘ﬁﬁﬁf“ﬂ%ﬁ&?}‘ﬁ&ﬂ/Eﬁe appreciated
that the compo%@rﬁl#@ﬂ@?ﬁﬂi%@%@%ﬂshmg pad herein may include one of a polymer (of relatively
high molecuylar ht, e.g, a nyn pegt%ﬂyﬂerrc?l(g”ebren‘,gI(elgc:cl,llflf;a}3 el J?et %ﬁno‘égﬁon%o%-)ror Qne of a reactive
prepolymer (as notéd, a number average molecular wei hto ess than or equa t0 10 ,000). The
polymer may tHREHIBRP LI BAE Rt TS ESRRp R 6Pﬂé’ﬁ?§;(ﬂ StEo AV AIRRAT YW ah# then at lower 10
temperature, solidifyr¢o providedordppotishing pad Product. Tineofeactveprepolymef2may therefore be

one that may be.eureshisethe-presancaiahaigaserstani)iedelntivelyohighes smaleenlgr weights (e.g.
number averagﬁe@@lg%lé'%ﬁevﬁig Qt%agﬁbqy GF &Q&%@Qw!ﬁaﬁ&‘%ﬂ%ﬁ‘ o %189”:5%‘294@3010'{1%[3'” that one may

utilize a poI mer as noted abave, in combinatign with a reactive rep ol mer/curatlve as agaln noted

above. 15[0036fPHHAY HOR B é‘bﬁl}pé’b‘iféfcgda R R P& PR fib 5”r°é“[?tﬁ’if%°d5ﬂlé?é1fﬁ‘/as die network of
elements, and ytseibesr sisabe apapticuted favet ofavate Phofstiprs iz sciatrdtethdigwith (e.g. 0.1-5.0%
by weight), the matendn-hgpresenceafamigocylandieymay oivestiseoiithe gengratian of gas and the

formation of VOU@&%HP& tibers Al inferiace WHSIRINS GORMIPRRENIS MEGhdbALS he diisocyanate

reactant which is prlmarl 3/ targeted for reaction g%wnh the reactive prepolymer may come in contact
tive med/curative, as again note
with residual water, as an a mospheric leve i of fhoisture, on or within the fibers, and react to form

carbon dioxide gas) therehy@:&Wﬂ:g)vrlﬁﬁaﬁ@l@M@&d whichvisditeatht-assogiatediwith thendiber (e.g., a void
that surrounds gll.qr }?‘o‘?%m%!}lt?fMsﬂglef)oegt%%domm{rw&x} sHERIESHIR N ableast @ portion of the

network is W|th|n such voids, or at least a gortlon h voids contain a portion of the 25 network of

elements. It may &Ee et e LS rER Bt A TAB G SRR it Oéﬁﬁ?éefhlgﬂre%ﬁﬂa‘? water will be
prone to provid® &higksiirs|atives lehofuBriGoritents 087 s e Politiirty pheiatears away during
planarization or-pelishing:the Telemenisiandionyeidsimayibeicxpesed mitherethattements and/or

voids may he S@l%lﬁe“ﬁ%@@i@ﬁ&%@h the Relishind.spldionsthaglaments and/ok vgids may provide
voids of 30vary|n]gt;0

%Eenc %V@?of meisture, on or within the fibers, and react to form carbon dioxide gas,
thereby giving rise to a void which is directly associated with the fiber {e.g., a void that
surronnds all or a portion of the fiber). Stated another way. such resuvlts in at least a portion
of the network is within such voids, or at least a portion of such voids contain a portion of the

25  metwork of elements. It may also be further appreciated that fabric material that contains

residual water will be prone o provide a higher relative level of void content.

[0037] As the polishing pad wears away during plaparization or polishing the
elements andfor voids may be exposed. Where the eiements and/or voids may be soluble
upon contact with the polishing solution, the elements and/or voids may provide voids of

30 varying gecmetries.



WO 2009/123659PCT/US2008/078610 [0038]It may further be appreciated that such voids may be
particularly useful when combined with a network of elements which is soluble in a slurry used with the
pad when the pad is used for polishing, such as an.aqueous slurry. When such a soluble network of
elements is used (such as soluble fibers), and the network of elements dissolves, the space 5
occupied by the network of elements may now be occupied by the slurry. Here, b¥ virtue of the voids
being formed atbtiftifidsibers, once the fiber dissolves, the volume of $gacdWHidi hay now be
occupied by the slurry increases by the increased volume of the voids. Thus, such pads will be able to
retain relatively higher amounts of the slurry. [0039]With respect to process conditions, it has been
found that void content may be 10varied particularly by the water content provided with the polymer,
surfactant level, by preheating the network of elements and by changing the gap height within the

mold. [0040]FI@edsshows ithat,withamdngreasedmtbaewatedcaatentindhepelsmesgarethane) from

0.5% to 1%, along with an Increass inhe. surfactanievel, flom,0.k% 19.0,2%,the.ygid content of the
pad increases and the pad crlienstty ecreases. 15[0041]FIG. 5 shows that when the network of

elements (fabrit) i prednBaRed e Vbl oMt watriies W (e ph HBRdR MEdases as
compared to théeysits corantshowrrirbEl ey, [004R R o6 shelwsetiativblen. the gags height of the
mold is chasngestdipita 3:30eMils ork of elements may now be occupied by the slusry. Here, by virtue of

the voids being formed around the fibers, once the fiber dissolves, the volume of space which
may now be occupied by the slurry increases by the increased volume of the voids., Thus,

such pads will be able to retain relatively higher amounts of the slurry.

{00397 With respect to process conditions, it has been found that void content may be
10 varied particulariy by the water content provided with the polymer, surfactant level, by

preheating the network of elements and by changing the gap height within the mold.

{6046] F1G. 4 shows that with an increase in the water content in the polymer
{urethane} from 0.5% to 1%, along with an increase in the surfactant level from 0.1% 10

(.29, the void content of the pad increases and the pad density decreases.

15 [0641] FIG. 5 shows that when the network of elements (fabric) is pre-heated, the
void content decreases and the pad density increases as compared to the void content shown
in FiG. 4.
[0042] FIG. 6 shows that when the gap height of the mold is changed from 130 mils

(0.130 inches) to 100 mils (0.100 inches), voids can be developed, and the void content may
20 be made to increase for a network of elements {a fabric) in conjunction with the formed
polymer, in the absence of a gas. That is, voids can be formed due to what may be
understood as primarily mechanical means, such as the elastic recovery of the fabric from a

given compression within the polymer, as explained more fully below.

[0043] First, it is worth noting that reference to gap height in FIG. 6 is reference to
25  the height of the enclosed volume of the mold. Tn this particular example, the mold also had
about a 34 inch width and a 34 inch length. However, any dimension of mold is
contemplated herein that would be suitable for production of a polishing pad. Furthermore,
the mold may be such that it also includes relatively small openings in connnuanication with
outside air, so that the mold may be vented and/or air may be drawn into the mold to forin the

30 voids. That is, with respect to the data shown in FI1G, 6, the fabric employed had a specific

10



(0.130 inches) to 100 mils (0.100 inches), voids can be developed, and the void content may 20 be
made to increase for a network of elements (a fabric) in conjunction with the formed polymer, in the
absence of a gas. That is, voids can be framed due to what may be understood as primarily
mechanical means, such as the elastic recovery of the fabric from a given compression within the
polymer, as explained more fully below. [0043]First, it is worth noting that referen gap height in
FIG. 6 is refere%‘t?)ez%g%}tﬁg height of the enclosed volume of the moId.’%ﬂT{ﬁlsgﬁggﬁ%ﬁar example, the
mold also had about a 34 inch width and a 34 inch length. However, any dimension of mold is
contemplated herein that would be suitable for production of a polishing pad. Furthermore, the mold
may be such that it also includes relatively small openings in communication with outside air, so that
the mold may be vented and/or air may be drawn into the mold to form the 30voids. That is, with
respect to the daiashowivdn: FiGmbs. thecbabsityempioyecihadanspecificvdhiclamessyaf about 130 mils.
Aﬁrordlngg’, W@%@ Hel_ f dingie rﬂ@'%@ék\?@ﬁa&‘ig’mﬁﬁ%%'%&;Q@%j@ﬁmﬁpﬁﬁpﬁ%h%%o ml"sg the f?bgc
will not undergo, significant compression. Alternatively, when old gap hejght mils is applie
to this same 136%%? %?gk ?Va%{rlié, l.ﬁoctgﬁa%é}m th[t)roéac%i e%‘,liﬁ‘%lta ’fﬁ%ﬁgg rl%l%vslﬁ%én b%gé§%pressed. Then,
upon release of B 8uERRIMINELEEA, RHdTaBAtcH) e UIETE gl 48t FeRbTERFY Which may then
operate to dravswlr dntpréhom dddfamid intorthe:pdly e epstherebyryestitingamnivoidformation. The drawing
in of air or any gthergasmay hedgsired, May.hedhentesyltehithe fealiserthatihe formed polymer may
adhere to the fa@@ric and when the fabric rebounds, a regiaon %f redyc ressure ma be locally

he dred, :
formed, thereby ‘F’é\ﬁiﬁlgoﬁ\:mfﬁé availab aSgrgasyt eroasge aﬁﬁy(()]ﬁ? végr{%,s ‘?b‘%vs‘ﬁ% ensuin atvoélld development.

As can therefor&BEeEHenyay gdis R éight Brrcstrimendhe BTG ©hRtit 1<mmverrsiv (8.7%) and at a
gap height of 10@smitsnthebvdidato iterdiseredsed o diatvelsbkighehvathes(@9.5790). [0044]It may
therefore be appreciatad that witbrespectieapRiing s.fake -k a.selactee fadrigione may apply such
force to at leas gne gl s, Aaical dimensipusal the. 4 fabrie. sH5h aseilher dig. fpbric length, width

and/or thickness. Upon application o orce to one of such indicated dimensions, the fabric may then
change one of (REHTASHEBHE HF ARGVt G thickness. When the force is removed at least one of
said length, widiagy thickness dimension.thgR-againichangessryalugg:g diedfabgc,seeks to return

to its original dig@ggg(i%s&which then Ieadﬁ, Io the f(glimegtion qf one or a Qlurali.t of vtgids. For example,

X i Ity o1
90 when the force is removed the network of lgfetr?\aen%? which have' been com ?Egseg, may undergo

recovery, and aSREtEEPHENE" thi S RTSy IREN TR U BINIRG in G SPREY L8 Hrid WsiP formation.
[0045]Accordingly, kit infirayddinonivenint tbrcompréss dnukecdace the dafsridons of
length, width or thickness. When the force is removed at least one of said length, width or
thickness dimenston then again changes in value {e.g. the fabric seeks to retum to its original
dimensions) which then leads to the formation of one or a plurality of voids, For example,
20  when the force is removed the network of elements, which have been compressed, may
undergo recovery, and as noted above, this may then lead to drawing in of some gas and void

formation.

[0045] Accordingly, while it may be convenient to compress and reduce the fabric
thickness in a selected mold, followed by removal of the force and void formation, it should
25  be understood that one may even enlarge the dimensions of length and/or width and/or
thickness of the fabric with a similar result. In addition, one may reduce or enlarge all of the
dimensions {length, width and thickness) if desired. Accordingly, in the broad context of the
present disclosure, one may utilize a network of elements (e.g. a fabric), which fabric, when
undergoing a change in dimension {either increasing or decreasing one of the length, width or
30 thickness), will cause one or a plurality of voids to form within the polishing pad volume. In

such regard, it may be appreciated then when, ¢.g., enlarging a particular dimension of length,

[



thickness in a selected mold, followed by removal of the force and void formation, it should 95 be
understood that one may even enlarge the dimensions of length and/or width and/or thickness of the
-fabric with a similar result. In addition, one may reduce or enlarge all of the dimensions (length, width
and thickness) if desired. Accordingly, in the broad context of the present disclosure, one may utilize a
network of elementso,egel.zgé% fabric), which fabric, when undergoing a chlgcn Sizr(}ﬂgi/i"%%r(l}sion (either
increasing or d&i:rezas{ng one of the length, width or 30thickness), will cause one or a plurality of voids
to form within die polishing pad volume. In such regard, it may be appreciated then when, e.g.,
enlarging a particular dimension of length, width or thickness of the network of elements, and then
allowing for recovery, one may form voids as the network of elements may be understood to then
shrink in one or more dimensions, along with any associated polymer or reactive prepolymer, thereby
resulting in voidvfarpatinmeb] 00A6 Ekthemaenenit, maynbe.appreciatech that for aagiteen fabric, one may
now select such fabric denending,LpeRLR elastic. chArARIANsliG.te Bniheelastis reasponse) which

elastic response may be ?mplo,%ed for volg Cf}or ation. In tthe cont?xt Ofﬂt_,h? ree%sgng ing\l/ention, itis
contemplated tﬁlé’fef]rsfémfsaﬁﬁrégrhvéy,a%ra‘(ésﬁf\%npé)pvﬁfégrfbefléévﬁﬁbs EorTESponding diménsional change,
have an elastic'reEBeHref 1.0 %-99%, including all values and increments therein. 10 The fabric may
also have an elgglg elonoalian ahun n.and nclisling 2083 Alkpainbe.lpdisalad.elastic recovery

characteristics. As may be appreciated, relatively greater amount of elastic recoverg/,will lead to
relatively highePEVARS OGS S I LFANR TR ESTRETIER (e Eey Ao lEmg 1 EiRaL &R Kigher amounts of
void formation. /Adesmer suethdireaoyed o iddderapre datbdcthsrbofabriprdienvimgeairelastic recovery of i%
to 10% may besuffigiart fai ibdevelopment obveidsiamd dogivan CoMBR fypeapplicaten. [0047]The

actual differencg,jp,Ihg, yojgl &a%m%g&dyg dpithe.use, of whabwas drseribgd ahaueRzmechanical

means, is now shown in FIG. 7 and FIG. 8, respectively. From these S ning electron microscopy
photos, eath ta}}gﬁ%{‘%@%iﬂfﬁg%‘aﬁ%& }Fﬁtébﬂfﬁlc%f O it s dellﬂsctleu((a]hrﬁ1 % “gﬁ%h‘n‘eg?ﬁavﬁtﬁfze the elastic
recovery of the flsAiedtelaravirgesyistertHeFofi eth 20 Db yRIET Hiser M) (8 G VBIEE ithin a chemical
mechanical polishingipadoSychilmethedrafderming uoidsithnogg horecoxeny iofthe faditic to an applied

force, may thergfore e used.alang,angionin conbination.with thedseahidyalatilizing gas (e.g. from
an additive that formstead as dya%rto hefglé) as Toted above. That is (}Qe vol%ti%Lr}gcg%tsfgrnd drawn-in gas

¢ h .elastic recov ] .
may be the sam@’ e.lé., t étyamaylcbo:ﬁﬁ1 e air). or ﬁcecveﬁ}{é)y be éolffleréﬁltlae. e., air versus nitrogen).
15

development of voids for a given CMP type application,
[0047] The actual difference in the void content due to the use of what was described
above as mechanical means, is now shown in FIG. 7 and FIG. 8, respectively. From these
scanning electron microscopy photos, each taken at about the same magnification, it can be
seen that one may utilize the elastic recovery of the fabric to draw gas into the formed
20  polymer, thereby creating voids within a chemical mechanical polishing pad. Such method
of forming voids through recovery of the fabric to an applied force, may therefore be used
alone and/or in combination with the use of a volatilizing gas (e.g. from an additive that
forms a gas due to heat) as noted above. That is, the volatizing gas and drawn-in gas may be

the same (e.g., they may both be air), or they may be different (e.g., air versus nitrogen},

25 [0048] The foregoing description of several methods and embodiments has been
presented for purposes of illusiration. [t is not intended to be exhaustive and obvicusty many

modifications and variations are possible in light of the above teaching.

12



25 [0048]The foregoing description of several methods and embodiments has been presented for
purposes of illustration. It is not intended to be exhaustive and obviously many modifications and
variations are possible in light of the above teaching. CLAIMS What is claimed is: A method of forming
a chemical-mechanical planarization polishing pad comprising: providing a composition, the
composition including a network of elements in theGoABDf a fabric and at least one of a polymer or a
reactive prepolymer wherein said polymer or prepolymer is dispensed over said network of elements in
a mold; introtiwinty alfirsedés to the composition; using the gas to produce a plurality of voids in
the composition wherein said voids define a space of 0.1 [ltm3 to 1,000,000 nin3; 10forming a polishing
pad including said retaisRbpiemits Merdcriesheuid rmlsna i sl hins R KhsapoiRer or said

reactive prepolymepipeliing spighoiiainhotygisssiesmpdiinithe Padwainaseiletdeash ampastian of
said network of elements is connected to at least portion of said voids; and wherein said network

of elemehts EmEE Al B SORMIE RSERL, WRATLYS BERO1SRH P I A IERYAMH e range of
0.1 mm to SQQdpuTy Reeia dipeeiarovetheidargedsk O umeinsLaG wniand are present at a level of

about 2% to 75% b){/r&/l%Iéjurglﬁgo;c H}gt %gshgm%gg (R)?%O%itﬂ;l;e method of claim 1 wherein:
using the gas to produce a plurality of voids in the composition wherein said voids
define a space of 0.1 ;111’13 to 1,000,000 ;xmB;

10 forming a polishing pad including said network of elements in the form of said fabric
dispersed within said polymer or said reactive prepolymer including said plurality of voids
formed in the pad, wherein at least a portion of said network of elements is connected to at least
portion of said voids; and

wherein said network of elements comprises a plurality of soluble fibers, wherein said

15 fibers have a length in the range of 0.1 mm to 500 mm and a diameter in the range of 0.1 pm to

}{)Opuﬁ and are present at a level of about 2% to 75% by volume of the polishing pad.

2. The method of claim 1 wherein:
the step of introducing a first gas to the composition is accomplished by a component

20  of the composition which volatilizes to provide the gas.

3. The method of claim 2 wherein:
the component volatilizes as a result of at least one of a chemical reaction, thermal

reaction and exposure to heat.

25
4. The method of claim 2 wherein:
the component comprises a blowing agent.
5. The method of claim 2 wherein:
30 the component is provided with the network of elements.

6. The method of claim 1 wherein:



the step of introducing a first gas to the composition is accomplished by a component 200f the
composition which volatilizes to provide the gas. 3. The method of claim 2 wherein: the
component volatilizes as a result of at least one of a chemical reaction, thermal reaction and exposure

to heat. 25 4. The wethod J‘clal 2 v(\I/h tn h?oqger:n Ooneonttcom ”Sc%%qahbs#né'i\f'[?g ent. 5, The
method of claim 2 WREHE 30H L(’:%rr]ﬁ’paonlesng|sS provi ed With the nétwork ents. 6. The method
of claim 1 whigreing agentheisiephefdintrpokicimg.a fiest digistorhiecgepesitidre iszaccomplished by
exposing a blowing agent within the composition to a condition which generates the gas. 7.The -

method of claim 6 wherein: 5die blowing agent is provided with the network of elements. 8.The
method of claim 1 Whenesthod of claim 6 wherein:

5 the blowing agent is provided with the network of elements.

8. The method of claim 1 wherein:

13a



the composition is provided by placing the network of elements into a mold and thereafter introducing
at least one of the polymer and the reactive prepolymer into the mold. 9. The method of claim 1
wherein: 5The first gas is introduced to the composition during a gelation of the composition in a mold.
10. The method of claim 1 wherein: the ne Wor of elements is onnectlntg 10 e method of
claim 1 wherein: thnRIBH 67 B ARG By VA TSy WAL IR el o HHtnoa of claim
1 wherein: 1batdefst atpaltiongfithesnetworkhefrelemenisdsivydrephiipeh3lyhne metkhadofidlaim 1
wherein: the fibers are provided in a form of a sheet. 20 14. The method of claim 1, wherein said
network of elements has a dimension of length, width and/or thickness, and one of said length, width
or thickness Qjimen§imﬂstbhén@euiby]ﬂvé1appﬁcation of a force in the presence of one of said polymer

or reactlgle prepolyrﬂl ,thereln said fo df rc& %Ele%sg tofns width and/or
thickness changes In ?/az 5 form one or a p urallty of@vm 1 %ear'r?et (gflaws} "Wherein said

first gas compriskk air. 16. A method of forming a chemical-mechanical planarlzatlon polishing pad
comprising:

10, The method of claim 1 wherein:

the network of elements is interconnecting.

10
11.  The method of claim 1 wherein:
the network of elements is provided in a layer within the pad.
12. The method of claim 1 wherein:
15 at least a portion of the network of elements is hydrophilic.
13.  The method of claim 1 wherein:
the fibers are provided in a form of a sheet.
20

14



10providing a composition, the composition including a network of elements and at least one of a
polymer and a reactive prepolymer, wherein said network of elements comprises a plurality of fibers in
the form of a fabric, wherein said network of elements has a dimension of length, width and/or

thickness and said fabric exhjbits an elastic recovery of 1.0 to 99 %: chan ing aneof said length, width
o1 15 thickneds dirlORGSS T LAt o e RACE T IS BrLnE g SP R e
reactive prepalitmesifembidhgsaidfores; wherdinesaitl, faldit ractvexscandiatdeast onelofigaiddength,
width and/or, thicknﬁgstdimepsi%r%gain %h%)nr%ges !}n ve%lue fo f{org? neor a plur%l't 0] voids; angl_

. 1 € ] O .%’l
forming a poqllseh?ﬁg péadoirr]lc?ucﬁng sai nne \eN of e e?neor?ts IQn the f r(r)nyé) eéala abric (5jr(§:|%p ]rge

within said pelymeér stiddidaesctsreqrspolgracieschming said lpngthlity idfhvadéofdenes thed,
whereinsat Igg%%g%t}gj%og&aég nggﬁlquyqu&mgnt sis connected to at least apportion of said voids.

17. A chemical-mechanical planarization polishing pad comprising: 25a network of elements in the
form of a fabric dispersed within at least one of a polymer or a reactive prepolymer, said fabric

exhibiting an elasti¢recovany of 4:A:1P1990erdRlitedity: hyeidaformedt in the pad; wherein: at least a
portion of said network of elements is connected to at east a portion of said 30voids; said voids define

a space of 0.1 um3 to 1,000.000 um?' said network of elements comprises a plurality of soluble
fibers in an amountyanging from-ahauk 28ede b navelupripkiheipolishing.padd saidpiikers having

NGt e Fan g O O e s cormpesiion. e e e lnding B etvont of BIEmants and & Gast
one of a polymer and a reactive prepolymer, wherein said network of elements comprises a
piurality of fibers in the form of a fabric, wherein

said network of elements has a dimension of length, width and/or thickness and said

fabric exhibits an elastic recovery of 1.0 to 99 %; changing one  of said length, width or

15  thickness dimension by the application of a force in the presence of one of said polymer or

reactive prepolymer; removing said force, wherein said fabric recovers and at least one of said

length, width and/or thickness dimension again changes in value to form one or a plurality of
voids; and

forming a polishing pad including said network of elements in the form of said fabric

20 dispersed within said polymer or said reactive prepolymer including said plurality of voids

formed in the pad, wherein at least a portion of said network of element sis connected to at least

apportion of said voids.

17. A chemical-mechanical planarization polishing pad comprising: .
25 a network of elements in the form of a fabric dispersed within at least one of a polymer
or a reactive prepéiymer, said fabric exhibiting an elastic recovery of 1.0 to 99%;
a plurality of voids formed in the pad;
wherein:
at least a portion of said network of elements is connected to at least a portion of said
30 voids;

said voids define a space of 0.1 um’ to 1,000,000 pm™

15



at least a portion of said voids contain at least a portion of said network of elements. 18.The pad of
claim 17 wherein: a void defines a space of 100 um3 to 1,000.000 um3. 19.The pad of claim 17
wherein: the pad has a volume; and the voids comprise 10% to 75% of the volume of he pad. 520.The

pad of claim 17 Wher%ln the ) Q;i olume; .and th ‘kmqu prﬁe 15% to. 25% of the volume of
17 W r

16 WOT cmen S ’FISE:S a Crs 111 an mom an gl n
the pad. 21. The paa of Eraim arein: 1otke hativ dléments’i§ mterconnedti Ef

of claim 17 whereiboth2het Wbk nf eldments ibcgrovited imd, Iwérfﬂvﬁﬂmhatheg)adoﬂlﬁﬁ?»iﬂEhslgaOiof
claim 17 wheyeiry ot o35t A.parian e SR NRWR.ALIPBIPNIR & hrdiarhilig:

at least a portion of said voids contain at least a portion of said network of elements.

18.  The pad of claim 17 wherein:
a void defines a space of 100 pm’ to 1,000,000 um’.

I5a



24.The pad of claim 22 wherein: the fibers are provided in a form of a sheet. 20

19.  The pad of claim 17 wherein:
the pad has a volume; and

the voids comprise 10% to 75% of the volume of the pad.

5 20.  Thepad of claim I'7 wherein:
the pad has a volume; and

the voids comprise 5% to 25% of the volume of the pad.

21.  The pad of claim 17 wherein:

10 the network of elements is interconnecting.

22, The pad of claim 17 wherein:

‘the network of elements is provided in a layer within the pad.

15 23.  The pad of claim 17 wherein:

at least a portion of the network of elements is hydrophilic.

24, The pad of claim 22 wherein:
the fibers are provided in a form of a sheet.
20



