SYSTEM AND METHOD FOR PRODUCI NG DAMPI NG POLYURETHANE
CvP PADS Background of the Invention Chem ca
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mechani cal polishing or CMP, is a technique used to

pl anarize the top surface of an in-process

sem conduct or wafer or other substrates in preparation
of subsequent steps or for selectively renoving
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reduce the stiffness of the pad. The reduced stiffness
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ar BITRIPR Bordtlgyil%g[or@gruh ¢ pad and subsequently released ‘as elastic energy
during the polishing cycle. The latter is believed to contribute to the phenomenon
of dishing of metal features and oxide erosion.

One attempt to describe damping effects quantitatively has used a
parameter named Energy Loss Factor (KEL). KEL is defined as the energy per unit
volume lost in each deformation cycle. Generally, the higher the value of KEL for
a pad, the lower the elastic rebound and the lower the observed dishing.

To increase the KEL value, the pad can be made softer. However, this
approach tends to also reduce the stiffness of the pad. The reduced stiffness results
in decreased planarization efficiency and increases dishing due to conformation of
the pad around the device corner.

Another approach for increasing the KEL value of the pad is to alter its
physical composition in such a way that KEL is increased without reducing
stiffness. This can be achieved by altering the composition of the hard segments (or

phases) and the soft segments (or phases) in the pad and/or the ratio of the hard to

soft segments (or phases) in the pad.
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can be achieved by altering the conposition of the
hard segnments (or phases) and the soft segnents (or
phases) in the pad and/or the ratio of the hard to
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material, resulting in a final product that has unique properties and is particularly
advantageous in CMP pads.

In one aspect, the invention is directed to a system and method for
producing a microcellular polyurethane material.

The system includes a urethane prepolymer and a curative. When combined
under polymerization conditions the urethane prepolymer and the curative form a
solid product having a Bashore rebound that is less than 38%.

The method includes frothing a urethane prepolymer to form a froth and
curing the froth in the presence of a curative, thereby producing the microcellular
polyurethane material, wherein a solid product formed by polymerizing the
urethane prepolymer in the presence of the curative has a Bashore rebound that is
less than 38%.

It was discovered that systems that are combinations of polyether urethane
prepolymers that contain aliphatic isocyanates, such as H12MDI or HDI, and

curatives that include aromatic diamines tend to form highly damping polyurethane
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ur et hane prepol yner and the curative forma solid
product having a Bashore rebound that is |ess than
38% The nethod includes frothing a urethane
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components and has many advantages The highly damping polymeric material of

the invention has high energy dissipation and can absorb irregular bouncing and
oscillating energy at the polishing interface to yield better uniformity. CMP pads
manufactured from this material provide good WIW and WID uniformities, smooth
polishing performance, low dishing and/or erosion. The pads generally have a high
degree of stable hardness or stiffness, providing good planarization performance
and long pad life.

Testing and comparing material properties is simplified by using solid
products, formed by combining a urethane prepolymer with a curative under
polymerization conditions, rather than microcellular samples which require
additional process steps, ¢.g., frothing, and/or ingredients, ¢.g., surfactants.

Advantageously, the material can be prepared using precursors that are
commercially available thus simplifying and facilitating the overall fabrication

process. Aspects of gas frothing and casting can be carried out using standard
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the manufacture of traditional and advanced
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technique for testing the rebound of a material. The Bashore rebound test is known

in the art and is described, for instance, in the American Society for Testing and
Materials (ASTM) Standard D-2632. Other methods for measuring rebound also
can be used, as known in the art.

The polymeric material is a polyurethane, i.c., a polymer containing
repeating urethane units. The polyurethane is produced from a system that includes
at least one urethane prepolymer and a curative. The system can include other
ingredients, ¢.g., surfactants, fillers, catalysts, processing aids, additives,
antioxidants, stabilizers, lubricants and so forth.

Urethane prepolymers are products formed by reacting polyols, ¢.g.,
polyether and/or polyester polyols, and difunctional or polyfunctional isocyanates.
As used herein, the term “polyol” includes diols, polyols, polyol-diols, copolymers
and mixtures thereof.

Polyether polyols can be made through alkylene oxide polymerization and

tend to be high molecular weight polymers, offering a wide range of viscosity and
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limtation of the invention. The principles and

features of this invention may be enpl oyed in various
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Pol yet her pol yol s can be made .t hrqugh al kyl ene oxi de

pol yner Thgmogfcorppon 1socyanates utilized in preparing urethane prepolymers
are methylene diphenyl diisocyanate (MDI) and toluene diisocyanate (TDI), both
aromatic. Other aromatic isocyanates include para-phenylene diisocyanate (PPDI),
as well as mixtures of aromatic isocycnates.

In specific aspects of the invention, the urethane prepolymers employed
include aliphatic isocyanates such as, for instance, hydrogenated MDI (H12MDI),
hexamethylene diisocyanate (HDI), isophorone diisocyanate (IPDI), other aliphatic
isocyanates and combinations thereof.

Urethane prepolymers also can include mixtures of aliphatic and aromatic
isocyanates.

Urethane prepolymers often are characterized by the weight percent (wt %)
of unreacted isocyanate groups (NCO) present in the prepolymer. Wt % NCO can
be used to determining mixing ratios of components for producing polyurethane
materials.

Urethane prepolymers can be formed using synthetic techniques known in

the art. In many cases, suitable urethane prepolymers also are commercially

available.
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and so forth.

Examples of polyester urethane prepolymers include, for instance, a TDI
polyester urethane prepolymer designated as Vibrathane® 8570, having a NCO of
6.97 wt %, from Chemtura Corporation, Middletown, Connecticut. Other suitable
polyester urethane prepolymers include but are not limited to Versathane® D-6 or
D-7 from Air Products and Chemicals.

The curative is a compound or mixture of compounds used to cure or harden
the urethane prepolymer. The curative reacts with isocyanate groups, linking
together chains of prepolymer to form a polyurethane.

Common curatives typically used in producing polyurethane include
4,4'-methylene-bis(2-chloroaniline) methylene, abbreviated as MBCA and often
referred to by the tradename of MOCA®),
4,4'-methylene-bis-(3-chloro-2,6-diethylaniline), abbreviated as MCDEA;
dimethylthiotoluenediamine, trimethyleneglycol di-p-aminobenzoate;
polytetramethylencoxide di-p-aminobenzoate; polytetramethylencoxide

mono-p-aminobenzoate; polypropylencoxide di-p-aminobenzoate;
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prepol ynmer. W % NCO can be used to determ ning mXxing
rati os of conponents for producing pol yurethane

materi als. Urethane prepolyners can be forned using
synthetic techniques known in the art. In many cases,
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or polymer structure, polymer cross-linking density is increased by introducing
tri-functional agents for damping performance. Preferred examples of trifunctional
agents include triols, for instance aliphatic triols such as trimethanolpropane
(TMP), alkoxylated aliphatic triols, ¢.g. ethoxylated TMP, such as TP30, available
from Perstorp Corp., polypropylene ether triol having, for instance, a molecular
weight of 100-900 and aliphatic amino triols such as Vibracure® A931, available
from Chemtura, tricthanol amine (TEA), and others. Mixtures of triols also can be
employed.

Triol levels can be optimized for damping performance. Relative to the
entire weight of the curative, triols or modified triols, e.g., alkoxylated triols,
typically are used in an amount within the range of from 0.2 to 15 weight %. Other
ratios can be employed.

In specific examples, the preferred curative for use with aliphatic (HDI or
H12MDI) polyether urethane prepolymers is a mixture of Ethacure® 300 in
combination with 5-10% wt triol, and in particular the combination of Ethacure 300

with 5% TMP.
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Corporatlon rrginia), IS a mxture
c opitodictithay hds brdbionhdrkishighah labm)t-38§V6 -ab alcaenedbythcrbBashord

rebound test. Highly damping solid products, ¢.g., having a rebound lower than
35%, were obtained from systems that include H12MDI or HDI polyether
prepolymers and a curative that is a mixture of Ethacure® 300 and 5 weight %
TMP.

The solid product can be used to screen candidate systems with respect to
other properties such as hardness. In preferred examples, the solid product has a
hardness in the range of from about 30D to about 85D, e.g., from 55D to 80D. The
Shore D scale, utilizing Durometer testing, is a well known approach for defining
hardness of polymeric materials and generally is applied to plastics harder than
those measured on the Shore A scale. The Shore D hardness was measured
according to ASTM D 2240.

Other properties that can be studied and compared using a solid product
formed by combining a urethane prepolymer and a curative under polymerization

conditions include processability, i.c., the ability to form froth and mixing,
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Et hacure(r) 100 (al so from Al bermarl e Corporation)
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3, 5-di et hyl t ol uene- 2, 4-di am ne and
3,5-diethyltoluene-2,6-diamne. In addition to the
aromati ¢ di am ne conponent, preferred curatives

i ncl ude one or nore other ingredients. For instance,

to mjdlcal tanoﬂﬁ aF Fh proc‘ieucg\on{sm s O é&’ré\eggsﬁ)?%yea 1nm15 osegsci;ing,

St? yrrer Cross I'S |ncr

byvﬂséﬁs[@d)lﬂﬁier@sﬂeﬁll rdl¢m€ bf ﬂ&afnoﬁ@ﬁ&t 8.¢f, aDId awir dygrocessing, pot
performance. Preferred exanples of tri functi ona
agbfe solphendsefarth. ol s, for instance aliphati c triols

Sy Sl BB N AL BT g

avaddt&ibing rhicevdies sived {lbl@@ﬁlﬁlch tRALA BT P YdraRe botaedesses
triol having, for instance, a nol ecul ar_ wei ght

f
10@@@@1 HAREORPTAIE SUSh AArids ante rheoﬂt@cgla%f the material During CMP

¢ PERRERERE Vo oy OOUAE S PO e gy of e

aI soripaseebe enpl oyed. Triol | evel s can be optim zed
for danpi ng perforrrance Rel ative to the entire weight
of the eeweadliapproaghasspibypseddaimpagmigrpgiugturg tythe

ot ARG il porptl B ARG KT ReSHy B
r aparasles authk hepw @pBancricmispsphdres fiteampthefbuid (48 or liquid),

preferred curative for use wth_ aliphatic (HD or
H1 20010 fopB| Vo drelsa g s dpianssh RypBpthingrass indo g visoRus§ystest

gff‘&:'ﬁhg gﬁ% it ull(ﬂ ?G%V%P&pdn@qﬁélp ﬂnf’&dhﬁpg égr%%’s% tﬂt{gb@{ %VI cltlehrmcal

he conbi nation o acure
S%emﬁb@ivmtgmse t@gagailissprofludty &clvasiag prapot ynerusaddsolved gas
curative can be determ ned, for instance, by taking
i nfOOfO%@BHWFS PHY SRENEHNOGS. gi ven ur et hane prepol yner.

The cur ﬁ{ %Qalfqﬁleggfjﬁlg ih@nBbY St FoaSORIAGE bPMe bid volume

am ne an oxy groups at
is formed by frothlng with a gas such as nitrogen, dry air, carbon dioxide, rare

gases, ¢.g., helium, argon, xenon, as well as other gases or gas mixtures. Gases that
do not cause chemical reactions such as oxidation reactions in the foam are
preferred and are referred to herein as “non-reactive” or “inert” gases. Particularly
preferred is nitrogen.

Frothing is described, for instance, in U.S. Patent No. 6,514,301B, issued to
Brian Lombardo on
February 4, 2003, the teachings of which are incorporated herein by reference in
their entirety. Preferably, frothing produces microstructures with adjustable pore
size and distribution. In one example, the microcellular polyurcthane material has
pores greater than about 30 pm.

Frothing the prepolymer can be conducted in the presence of one or more
surfactant(s), ¢.g., non-ionic or ionic surfactant(s). Including a surfactant can be

particularly beneficial in systems having low viscosity.
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t heoretical amount. In other enbodinments, triol can be
added individually or with ingredients other than the
curative. The Bashore rebound preferably is neasured
using a solid product obtained by conbining a uret hane
ggﬁglo't Iy}ée gab‘rfleng%t% (f;osalglﬁtlsg%gferre o o at%t}l/%mlcrogntactture in polyurethane

pefiaf@ialstadd G4 l5cticOEd Wdataen attIBz!i%t ﬁﬂp’d@! fdtd 18 allfvkstich &dlpatition
product. Cenerally, the solid E@oduct is formed

Wi @MOM@b}Cémdrm@ﬁ@h@lmé pbsytastant of the pir pelymer interface and
| ”{e%&% f‘f f‘uﬂét{o%grf#ﬁrSu]IS”w%Qﬁe‘:]g(@g&ers' zed voids into the

ence of frothing,

f ur t her 1di geusbledo kabaw. suffuehgrwigeh, priRpalsyd®ith aupadifiv e
conbi nations polynerize to forma sol i d product that
hagreghape prsnaymesseasibhpindegss ot gugferably msme sinerc pyocessing and

B et RPHRCULPRL bl AN AR 8, SALLAY RIRANHScred o

Ing a re oun ower

f r oary g pireressih g adnditictsuelg., kcaNREmperatitd o@bysaicheariations,
prep ol¥ners and a curative that is a m xture of
Et Riqate eriploygd darier Brogessigtalsn arg/preforprd. ébwaﬁalm fad that

¢ aghr %taﬂ?fe(ﬂecttlgn %81518 gffe&%%ﬁ&ﬂﬁ?r?ﬂﬁ%é@?&%% . e?t[l §t§’81§(f§ but also

properties such as

expmalses att 1hq)o$1xahu ghrph@audl pbigedic haiteivdssset o tlagufacture
ran of from about 30D to about 85D, e.g., from55D
adfhe Shore D scal e, utilizing Dur orret er

Lgf’g'nggExérfipl ¥‘P§u|1tafl§lg %\’1\”@%@@?5 %gﬁglﬁ éﬁgcgﬁg %dg c&gts such as, for

appistaﬁde,tc(?pqltlmsﬁslooatahﬁmgjar ledshame block cornprlsmg
polydimethylsiloxane and at least one other block comprising polyether, polyester,
polyamide, or polycarbonate segments.

In specific embodiments the surfactant is a polysiloxane-polyalkylencoxide
(or polysiloxane-polyalkylene oxide) surfactant. Polysiloxane-polyalkylencoxide
surfactants also are known in the art as a silicone copolyols and can include
polymeric, oligomeric, copolymeric and other multiple monomeric siloxane
materials.

Polysiloxane-polyalkylencoxide surfactants can be copolymers that
comprise a polysiloxane backbone comprised of siloxane units, and
polyalkylencoxide sidechains. The polysiloxane backbone can be either straight
chain, branched chain or cyclic in structure. The polyalkylencoxide sidechain of
copolymers may include polyethyleneoxide, polypropylencoxide,
polybutyleneoxide macromonomers and so forth, or mixtures thercof. Optionally,
the side chains may also include polyethylene, polypropylene, polybutylene
monomers. The polyalkylencoxide monomer can be present in an amount greater
than about 10%, preferably greater than about 20%, and more preferably greater
than about 30% by weight of the copolymer.

10
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solid product fornmed by conbining a urethane
prepol yner and a curative under polynerization
condi tions include processability, i.e., the ability
to formfroth and m xi ng, chenmi cal stability of the
product ,vi Saarvis . slurries enploved in CVP processi ng,
Vi scosi P3 et el T eugeime i el Ao
€. Brefertddlare BoIypidGyRhEHEESIid@haiBOlant isfddchL® @mpraf SO
forth. For CWMP applications the danping materi al
pr p¢lzethplepeaxddayndrmobarrorilenc, oxidmat 4imela gatia efrfene apeus 1:2 to
Sié&ﬁ%ﬁgjds which typically are fornmed by processes
target éd at incorporating such voids into the
st r uct upgtioflatli @sdfalt £¢ cédolyrbets hagnehhqbailaelgitir@iping from
the voids or mcropores retain slurr¥ for polishin

TO

¢ heboi 20R0E @Hout hE0.ARH sraele, PreviafoBpaLHaRD aout
b ' ] t h
et U e b BDls RLERREL o 20008 BRUES ROp B more

uspiegeribll fidin it 26,0EE tosabolt 5&0W lahdwiopopryfsedbl € from about
m crospheres, filled wth fluid (gas or liquid), and
s02%.899 19, 2bgsi #50%)-s0 can be forned by frothing gas

ool yur ef RERGY SR Ao AGIsBRRYA0eRBR B I frssgpgmpntion

chedan leak arseeadd toisign vff 1o this bdu04Q a8\l pradem@blydéss than about
decr easi ng £ressure to cause djssalved gas to form

buBd MY Mo AndipoRR INEFerahly kstthan phowgecniNine. Ehampfass tegpion is
RSOGO b 3R PRI D0 XA
ai 8 0.1€abhoright exdude atr2af €. gases, e.g., helium argon,
xenon, as well as other gases or gas m xtures. Gases
that dolhoFOROAUEES cHehtveA Ross Adigsdaam dgight aklcesdhamihanh 60
r eRGihRRSs hﬂmﬁ,*b‘?effe&%[? REEthan about 40 mm, more preferably less than
about 20 mm, and most preferably less than about 10 mm. The Ross Miles foam
height test is performed according to ASTM C1173-53 using 1% by weight
solutions and taking 5 minute readings. Additionally, the copolymers can have a
hydrophile-lipophile balance (HLB) greater than or equal to about 4, preferably
greater than or equal to about 6, and more preferably greater than or equal to about
8.
Examples of commercially available surfactants that can be used are some
available from GE Silicones under the designation of Niax®, for instance L-7500,
L-5614, L-1580; from Air Products and Chemicals, e.g., under the designation of
DC-193, DC-5604 and DC-5164; and from Dow Corning Corporation, Midland,
Michigan, e.g., under the designation DC-309, 5098EU and Q2-5211 (a
methyl(propylhydroxide, ethoxylated) bis(trimethylsiloxy)silane).
The surfactant preferably is selected based on parameters such as foaming

intensity, stability or cell size obtained during frothing. For many urethane

prepolymers that include aromatic isocyanates, a suitable surfactant is Niax®

11
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No. 6,5 14,301B, issued to Brian Lonbardo on February

4, 2003, the teachings of which are incorporated

herein by reference in their entirety. Preferably,
frothi ng produces nicrostructures with adjustable por e
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In&ky@g@gl§ surfactant can be particularly beneficia
i n systems having |ow viscosity. A stable froth (foam
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pol yuret hane materials and is believed to result, at
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gr edpecttd tlhe tdrel wekhta pregolyrh& aadsutfadhe. SOrfSﬁhlﬁCatmoamts also
surfactant which, when used with a specific urethane

pr &0 GHBFCss sl Hayts prioudesd Harfépﬁresm@@ abl APy cags, a
5[@#8&%&&&%&9 a{ﬁ@ou%m ?&Muﬁ Blpyk! Bk mﬁ;& ts%g be,sqlected.
sta al n en Su ?

e an Rerr egrlty Jec

varyi ngTh¢ ogess usd fﬁﬂﬁiﬂmﬁng(iths polgng@ric nedteail optlonally can include
tenperature or pressure varjations, typically e oned
d uP‘i hRGingregicass Py aalca@lyaielilereripecssing pidsy@g- mokbrelease

t t | |
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SI ze, aQatalypsy foaibstgae aan‘et@hpdmrds pek yreerdded, nytiealiyah Small
used to manufacture CWP E . npl es, of suitahle
sufPatR AP dcqerunty &éhgmma li?ﬁ%tl%luwléﬂiltt hping cepumeddn thegyrocess.

Suitable catalysts that can be used to produce polyurethane from prepolymers
include amines and in particular tertiary amines, organic acids, organometallic
compounds such as dibutyltin dilaurate (DBTDL), stannous octoate and others.

As known in the art, fillers can be added to affect polishing properties of a
CMP pad, e.g., material removal rates, to promote porosity or for other reasons.
Specific examples of fillers that can be utilized include but are not limited to
particulate materials, e.g., fibers, hollow polymeric microspheres, functional fillers,
nanoparticles and so forth.

In another aspect, the invention relates to preparing a damping
microcellular polyurethane material. In a preferred process, a urethane prepolymer
preferably is combined with a surfactant and frothed to produce a froth which in
turn is combined with a curative. One or more optional ingredient(s) e.g., catalysts,
fillers, processing aids, additives, dyes, antioxidants, stabilizers, lubricants and so
forth can be added to or can be present in the prepolymer, curative or surfactant.
One or more such ingredients also can be added during frothing or to the resulting

foam.

12
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pol ycar bonate segnments. In specific enbodi nents the
surfactant is a polysil oxane-pol yal kyl eneoxi de (or

pol ysi | oxane- pol yal kyl ene oxi de) surfactant.

Pol ysi | oxane- pol yal kyl eneoxi de surfactants al so are
known i he art, as silicone copolyols an an .
el ude i 2w Sontdiad Aot ORI Y RuPe AR B apine
MUEG Ui P entRREDAREINEM S laP¥R0es With @Fdsgli$zed or non-pressurized tanks
Pol ysi | oxane- pol yal kyl eneoxi de surfactants can be

copis] diftsibgtiemgtsteapaprtheeniigoiyysisoxane backbone

conpr i SFndm&li gﬂagéq%ggpﬁgi }roc'thir%gg Egrla%%skééln %4 %xglﬁliti% glre range of

si dechal ns. xane oneé can be

st fraingidbutcItab AboldaoThed. cl3dithaldut CYLIH; ErotHinGtimy chnib&within
The pol yal kyl eneoxi de si dechain of copolyners ma

i nBrcaeesyifipan pRAUs AR dxpkaut 2HbMjpep ghe Adoitegen, flow can be

T R R —
I ngdcedearpied yihinythenage POy LbEVI500 &0 atiak FOOL iptidgs per minute

nononers. The pol yal kyl eneoxi de nononer can be present
i n(BfManount greater than about 10% preferably

greater TL?%\;[ &?}j %gha%gg%?@g%ﬁéﬁ Bh&LEHSR thddf 5Rl&le, e, up

t han abou by wel

copalbpner0 Reloyglidisd. eneoxi de si dechai n nmacr onononer s
are preferred. Also, preferred are pol ypropyl eneoxi de
si dechail A& frofifasisangds@resli i §hed€fﬁiﬁnic% pﬁt@e curative to produce the

po#Mg&gybﬁgggﬁg ¢ and pol ypropyl ene oxide at a nole
ratio o

romabout 1:2 to about 2:1. Particularly
usef ul @agingapolby vertdicted\wby®uaingtlccforimadntowanglds for instance a
rangi ng.from about 2,000 .to about 100, 000

pr B0k} spbledprprodwing a %85}1@@@1\{[8 pagoMold gime%él%hggllldes'hapes
useful in manufacturing CMP pads are known in the art.

Curing or hardening the froth to produce a microcellular polyurethane
material can be carried out in an oven, ¢.g., a box oven, convey oven or another
suitable oven, at a suitable curing temperature and for a suitable period of time.
Systems such as described above can be cured at a temperature in the range of from
about 50 to about 250°F, e.g., 235° F, for a period of time of about 30 minutes. The
curing process and its end point can be determined by evaluating the viscosity and
hardness of the system.

Curing can be conducted in air or under special atmospheres, ¢.g., nitrogen,
or another suitable gas or gas mixture.

After it is determined that curing is completed, for instance at the point
when the system in the mold can no longer be poured, the hardened microcellular
product is released from the mold and can be post-cured in an oven at a suitable
temperature and for a suitable period of time. For instance the hardened product can
be post-cured at a temperature within the range of from about 200 to about 250° F,

e.g., 235° F, for several hours, ¢.g., 8-16.
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to about 40, 000. The pol ysil oxane- pol yal kyl eneoxi de
copolynmers of the present invention can have a surface
tension of | ess than about 40 nNNm preferably Iess

t han about 30 nvvn1 and nor e preferably Iess t han

about 2 ce.ten sure

w1 et npo P ppuS G S B BRIbAR ni SRS niGged a
UStddgh Rndpeladard YoEpaHold of @bvwral Mduitto %@aﬁor Hﬁger

copol ymers can have a Ross Ml es foam ht of |ess
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and abpy°

refer an ab mm The Ross

Ml es fmﬁéfhia&:lrlgh&antlﬁ% aldSns@@erﬁm raf@0s o absut ABTtMabout
d 173-53 usi ng 1% by wei ght solutions and taking 5
i thgécmemﬁfer@ Ly m&unfhedﬁ@gq §f, frqrhéb%&cﬁ(vﬁ@b@ut -have

gqﬂgﬁr ggmogg ue{ tﬁ;‘&ﬁ’rﬂéﬁt? tf?@l%a?&&e%s SH’th@fm SHoEd ugirr peof}ﬂ'g?ri’c[%aterial

ab@dhtlfaraﬁgbioﬂmdrﬁabdsLeBertabbo'ut@()Bater than or equal to
about 8. Exanples of commercially avail able
s ur f act SAH size rﬁéfto ISEATCH dO AS RPN BT Bl %ﬂoanfthr@ﬁghout

R R SUR 95 e SR B e o DikorABb 2 s (umy o
Ch%’ﬁuc 206 ume .I1g somel ppteifid instanles) o aichoporefsiddis dter than about

DC-5604 and DC-5164; and from Dow Corni ng Corporatio
M %1‘1) aﬁ@onmw fparsxagplg withip &@rra%?eofof&ﬁg ti>8 o Ei@“?sé@o um

pd, YARNE 1(920 {1(1 pyl hydroxi de,
oxy é% |s(trPnet silane). The
surfactBmhanmé%eaahmgem&nsdhﬁmﬁﬁdomasewﬂﬁm par anet ers
such as_f oam ng
Without wishing to be held to a particular mechanism or interpretation, it is
believed that frothing with a non-reactive gas, e.g., nitrogen or another inert gas, in
the presence of surfactant affects pore distribution and size during foaming. During
frothing, the surfactant appears to control pore size and distributions by controlling
surface tension at the air/liquid interface.
CMP pads manufactured using a system and method such as described
above can be used in planarizing or polishing semiconductor, optical, magnetic or

other substrates.

EXEMPLIFICATION

General Prepolymer Casting Procedure

150-200 grams of each prepolymer were weighed into a pre-weighed pint
tin can (~500 ml). The tin can was placed on a hot plate and the contents were
heated to 70° C, as monitored by a thermometer, while stirring. The tin can was
then placed in a vacuum chamber to remove any dissolved gases for about 3-5

minutes. The temperature of the prepolymer was measured again with the
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intensity, stability or cell size obtained during
frothing. For many urethane prepolyners that include

WwW@e@amed3e2 i socyanat es, a suitable surfactant iBCT/US2008/066565
Ni ax(r)L-1 800 (a polydi net hyl sil oxane pol yoxyal kyl ene
bl ock copol yner surfactant) available from GE
Silicones. Preferred surfactants for frothing
al i phatic isocyanate pol yether prepolyners, e.g.,
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samples were cut with a utility knife to test the easiness of the cutting and the

20  brittleness or strength of the material at this green curing stage. Both button and

slab molds were demolded at about 20-30 minutes to check the demoldability.

The buttons and sheets were then post-cured for about 16 hours at 235° F.
They were conditioned at room temperature for at least 1 day before hardness and
rebound tests and for at least 7 days before any other physical testing.

25

Prepolvmer Frothing with Surfactant Choice

500 g of the chosen prepolymer (melted overnight, if needed, in an oven at
150° F) was poured into a dry quart-sized tin can (de-rimmed). A surfactant was
selected and 7.5 g of a chosen surfactant was added into the can. The can was

30  placed on a hot plate for heating and then equipped with a holding chain attached to

a stable stand, with a copper tubing inserted into the bottom of the can for nitrogen
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nanoparticles and so forth. In another aspect, the
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ur et hane prepol yner preferably is conbined with a
surfactant and frothed to produce a froth which in
turn is conbined with a curative. One or nore optiona
ingredient(s) e.g., catalysts, fillers, processing
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f r B nghomixes vaiecttesheutiteq roishenscs nHinyg (Pan fheuniform
C%%ﬁé %%ﬂ@"h&ﬁm 'he QORM, QF tq%'h%‘t Elt%{e sui tabl e gas, using
nt suc S comerclal Ca

equip efs with pressuri zed

Or NON- PRAEShY feaPratas kistharen edashdd 1B IFAMANELEBY QMR
ot her m xing systens. In many_ instances, typica

f r SOHICFEUTE @Rphithe Mpdre $psad BEs Wcraspe NS0 Pémgéméasuf@dd?ﬁ a
ab&%ﬁoéé%e{) And gﬁ%t eﬁ ggbt!:%nﬁ%va% tP] s %(;1% gn LPs ?1?18 rd %%318 Fect pirzhour

frot Fom a

t o(sﬂﬂm)t Eﬂﬁhg“mhe uiteen G@shing wds staﬂed aaee lighiddewet anthla &an
within the range of from about 1 to about 20 standard
c ubRe lm@@(ﬂlaﬁséfrmﬁ@med fram thegor parby & aHenfer {iptmnsvelpae
r |
NS Rl YL, 00, ORI PLA PgBRird gan

cofuditlid ﬁ)@tshlngrvolmde calpuletsaiiising e §nowhl pait diasleae (typidal 30%
atnnspheres The froth cast and cured in the presence

of INCHasQurlRe ifipghed prenabymeravasaapglly G atkiac ARasen pyative
CARHHABEAMRE GORUIGh S O RAEIBGLRE o PAME Nt O 2

I nstance sul't produci ng a
desired CMP pad. Ml d di nensi ons and shapes
Frothed Prepolymer Cast with Curative Choice

About 150 g of the frothed prepolymer at 150° F was poured into a dry pint
tin can (de-rimmed). Stopwatch timing was started and the calculated amount of
the curative choice, ¢.g. ET5 (95% E300 + 5% TMP), in a 500 ml brown glass
bottle kept in 150° F oven for use was added into the pint can with a disposable
plastic pipette in about 40 seconds.

Mixing the mixture in the can with a 1.5 inch-wide metal spatula was
immediately started and was continued for one minute, avoiding any air bubble
entrapment. The reaction mixture was poured into two molds: 1 inch button mold
and 1/16 inch slab mold, both pre-wiped with Stoner M800 mold release agent and
pre-heated at 235° F in an oven before casting.

Both filled molds were placed in a box oven at 235° F. The timing was
closely monitored and the mixture viscosity in the can was frequently checked with
the spatula until it was no longer possible to pour the mixture for the pot life
measurement which was typically 6-7 minutes. After 10 minutes, the flat portions
of the button samples were cut off with a utility knife to check cutting

processability. Both button and slab samples were demolded in about 30 minutes
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bPPO maseslymer, LF,
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w Nmo“’“@“ Waﬁ@ﬁafm‘ LFHG@O 4iDUpoly:80r pepalyout, 10 8vinka NCO
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pogﬁh?eﬂ ¥t i Parepio
aboyth mBRR name, chemical composition, supplier, and % NCO.

RS p1§

hardnzg&ggég%

n1c ocel | ul_ar

TREASITIgH by Gheir

Table A
Preploll)yrner Cognell;cial Isocyanate BaPcolggile Supplier | % NCO
A LF750D TDI, LF polyether | Chemtura 8.79
B PHP-80D TDI, LF polyether Air 11.1
Products
C L325 TDI/HI2MDI | polyether | Chemtura 9.11
D LFG740D TDI, LF PPG Chemtura 8.75
E LW570 HI12MDI polyether | Chemtura 7.74
F LFH120 HDI, LF polyether | Chemtura | 12.11
G 8570 TDI polyester | Chemtura 6.97
Example [

Several curatives were evaluated for each of the polyurethane prepolymers

identified as A through G in Table A. The curative tested included a commercially
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Cell size, also referred to as "pore" size preferably
is uni formthroughout the material. Mean pore size can

Wh2000/0293k2 rage of from about 2 mcrons (M) tRCEDB2DSE/066565
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15
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25

30

200 mMm In some specific instances, the nean pore size
Is greater than about 30 microns (mm), for exanple
within the range of from about 50 to about 100 nm and

| arger, e.g., up to about 120 mm and hi gher. Pore area
% can r.ange .fro out 5% t ut..60% W ut

i CREERRRRE AR rm g B AbRLP e Y lIn Atbermart

I nCerpRERioa) identifiéd hdrsine IF30y Stthiduad® fl 0O { b A 1vérhdaria
non-reactive gas, e.g., nitrogen or another inert gas,

i nComergsioas ddrnéifiof heigi asck HM baipradielsalispwated herein as BDO;
di gﬁ({ §6Q7$11a1 %@xtﬁﬁg of 51%%121%? rdiarrllgn%soa%{a] A8 %ﬁ?év@geg %so]tiﬁi (f $A1 0,
the surfactant appears to control pore size an

di BT5] BWDI0, B35 hyd €M 0,Qind iden&lus fatews.ensi on at the
air/liquid interface. CWP pads nmanufactured using a
system and nmet hod such as descri bed above can be used

in planarizing or Lshi ' ductor, optical
magneti c or otherEgg%sﬁggpgéﬁﬁE;EE@LlFICATION Genera

Prepol vimer Cast i ngAP0eCE3DOre10%9300 grans of each
prepol ynmer were wei ghed intooa re-wei ghed pint tin
can (-500 ). ThETOMEShTWasTMPaced on a hot plate

and the contents ﬁ@zﬁﬁﬁhﬁﬂukgqﬁﬂ?c’ as nonitored by
e

a thernoneter, while stirring. tin can was then
pl aced i n a vacuuRITHamieo 3. rmeviPbve any di ssol ved
gases for about 3-5 mnutes. The tenperature of the

prepol yner was negéﬁy%ﬁEHQQﬁhHVﬁghﬂihethernnneter and
was mai ntained at 60 C. If needed, the prepol ynmer was

heated again on the hot plate. The actual weight of

t hehpredMP yseimettanbipeoiane, B0 ivawdified SIMR an@a08IT Btaalayiphatic

]9 pg%;rqsoﬁglole Pbe¥ce?1ltja%tesr gr%tvgferi]g ttpre]fcel\,l\giggshtTa%fle lt ES‘.S tsylls?en({satrlllat were
studied, each system corresponding to a combination of a specific urethane
prepolymer and a specific curative. Table 1 identifies each system by the letter
corresponding to the urethane prepolymer (from Table A), followed by a numeral
related to the specific curative employed. For instance, system E5 included the
aliphatic isocyanate polyether prepolymer LW570 and the curative ETS5; system F3
included the aliphatic isocyanate polyether prepolymer LFH120 and the curative
ET5; and G2 included the aromatic isocyanate polyester prepolymer 8570 and the
curative E300.

The solid product obtained by combining, under polymerization conditions,
the specific prepolymer with the specific curative in each system was evaluated
with respect to hardness and Bashore rebound. In some cases, other parameters
such as processability and CMP slurry immersion also were studied.

The solid product obtained using system C1, where the prepolymer was
L325 and the curative was MOCA is a comparative material formed using

L325-MOCA. Microsphere fillers are added when the material is fabricated into a
polishing pad.
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prepol yner on the scale within 30 seconds and a tiner
woer®pesssed i mredi ately. Unl ess ot herw se i ndPCHUS2H08/066565
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bubbl e ent rappl ng. The m xture

it 18

8u]tl fj 421% an(ﬁj was

was then poured into button or slab al um num nol ds,

pre-sprayed with nold rel eaggyagent,
235 F in a box oven.

and preheated to
Seven {7) buttons having a

dianeter 1" and a height of 0.5" were prepared
El astso ];;]kc sheets prepared vvere @P‘[\HE 1/ 16" or 1/@ Bashore
i nc Qrepolgmens| cOmdtict ed | r{% oleninags P 3&ebound
F. The life of the m xture ﬂlt ried until| they)
m xture |n the tin could not be poured. After 10
m |nut (ﬁxl t he bEFTIOP d t H& qven 55
and th&2top|portions of thA&bution s@hpl es| wer/é cut 42
with aAbtility knife tjo t&9%5 theé eas9hess of (he 37
cuttinggand|the brittllenegsi®r $trengg h of| thegs 41
materlgg at [This green CUEpQ@ S{age. »Both butgn and 4o
sl @b—Tolds—ywere uenm dedat dbUJl 20-30m nmeb to
cheek ye—deno- The t+ons—and DIICC Wwere
th I’\a"f cred go b@lqu_g holrs 29 235 %ﬁn\/ \Wer n66
Cco dl tB%mpd at roomt prmpE%Qerp for 9216 | paqt 81dav 45
beff or Bhar dhess and r ebould5t ests an® for |at Béast| 7 39
days b4 ore|any ot her phyEBTtll {esti®%y. Priepolkoner 37
Friot hipg w th Surfactant £Ropce|500 gy of the ghbosen 37
priepol ynmer (nmelted overnight, 11 needed, 1jn an ovep at
Cl 1325 MOCA 90 72 58
C2 E300 96 73 39
C3 ET5 100 73 44
C4 ET10 95 72 39
DI LFG740D MOCA 75 43
D2 E300 95 73 38
D3 ET5 95 75 38
D4 EP10 95 73 41
El LW570 MOCA 95 73 40
E2 E300 95 70 40
E3 E300 95 70 38
E4 E100 95 70 41
E5 ET5 95 68 32
E6 ET10 95 69 38
F1 LFHI120 BDO 98 65 47
F2 E300 95 70 42
F3 ET5 99 67 34
F4 ET10 95 64 37
Gl 8570 MOCA 95 73 30
G2 E300 100 70 29
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150 F) was poured into a dry quart-sized tin can
(de-rimmed). A surfactant was selected and 7.5 g of a

W@ baemore3sur f act ant was added i nto the can. ThePCEEOSM8%066565
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pl aced on a hot plate for heating and then equi pped
with a holding chain attached to a stable stand, wth
a copper tubing inserted into the bottom of the can
for nitrogenbubbling and with a nmechanical mxer with

a er—The coppe bing—v commected—tora

poty Henre—(PE—tubi “5 3%& gr‘y)’dg.i.tro A W“k L,
a et er The Im y&Tsmag 1t ZZn 31
rotati®hs per mnute (rpo¥AtSr Unifo? ni xi ng7@hile 31

heating the tin can on the hot plate. Wen the
tenperature in the can reached 150 F (neasured by a IR

t th i Xi ' dt
1500 1 priTREaEer B eny BT W RuRBEEPs Va0 FogeR: 4t %oom
buRblpeRBurdaSamplenethLRMigh viRcsit@REa Vsﬂnﬁ_@ lH3chalie8bnRekhan usual
hour (SCFH). Timng the nitrogen frothing was started

anpottlife Excgpfi far baswde Epnthe emajamgwamplesmeadeniedingTable 2

nmeasur.ed fromthe top.r.pmby a ruler for frothing

vor THETHHEE G RGeSAREN 507 120 m nut s of frothing,

the |'i qgérdie¥@blcvagrdasd Fdhadrialrehi@antd\e stdbdlitivAder CMP
vol unme cal cul at1on using the known can di aneter

(t flpirzaiucBa9sdinsluase)l2 fme CrbatMistogbectionioy vt BagesSlurry Cu
ma cast with the.chosen curative within 30
i ﬁgﬁéé)%ﬁ%ﬁkaéifi]trtsiuﬁfta%\eﬁT%c\?lg?\log}" a tenperature of 150 F.

Fr ot hed AR{cRR @hdBEMERS AIMABN BEUC AL E 3/ €2 GEwhROdtind Bbe
g of the frothed prepolyner at 150 F was poured into a
drstalent tin can (de-rimred). Stopwatch tining was

startedgand lcul at e nt he curativ .
o2 gt 195U, SR U SHERUD ot
br @Mtnﬂﬂn@%&nﬁl@.t High W sdokity Msd Bs preQone h JafipldsTS avd G4, Samples
added into the pint can with a disposable plastic
pi péené G3vapdumping. Sustemdsharrsteiizag byneryrow viseosithi indheded
caﬁz\‘%& 133 a 1.5 inch-wide netal spatula was
The data indicated that aliphatic isocyanate polyether prepolymers tended
to produce a solid material having a Bashore rebound lower than that of solid
materials obtained using aromatic isocyanate polyether prepolymers. Adding triol,
in particular at optimal levels, to the aromatic diamine tended to reduce the Bashore
rebound when compared to neat aromatic diamine.
A preferred system was the very low viscosity system F3 which resulted in

a material having a Bashore rebound of 34%. Also preferred were systems E5 and

G2.

Example 2

Surfactant screening was performed using systems E5, F3 and G2. The
surfactants screened were (Niax®) L-7500, L-5614, L-1580 obtained from GE
Silicones; DC-193, DC-5604 and DC-5164 from Air Products and Chemicals; and
DC-309, 5098EU and Q2-5211 from Dow Corning Corporation.

Results regarding foaming properties are shown in Table 2.
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| onedF
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To

LF,
80D

d n 1cat%s no ?oarmng, F indicates some foaming and FF indicates partial
foaming. FFF and FFFF indicate, respectively, strong foaming and very strong
foaming.

As seen in Table 2, in the case of aliphatic isocyanate polyether
prepolymers, DC-193 (D) and Q2-5211 (Q) produced strong or very strong

foaming.

Example 3
Systems identified in Table 1 as A2, A3, B5, C2, C4, D2, D3, ES, E4, F2,

F3, G2 and G4 were used for further frothing and curing testing.

First, prepolymers in each of the A2, A3, B5, C2, C4, D2, D3, E5, E4, F2,
F3, G2 and G4 systems were frothed with nitrogen using the surfactants, surfactant
levels and conditions shown in Table 3. Generally nitrogen flow was at 5 standard
cubic feet per hour (SCFH). In Table 3, L stands for Niax® surfactant L-1800; D
for DC-193 and Q for Q2-5211 and the right hand column lists the approximate

volume % increase that was observed in each case.
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conmer ci al nane, chem cal conposition, supplier, and
UNCO. Table A Exanple 1 Several curatives were
wee@bnozasenl for each of the pol yurethane prepol BEBDS2008/066565
identified as A through Gin Table A The curative
tested included a comerci al | yaromati c di am ne
identified herein as MOCA; Ethacure(r) 300 (from
Al bermar| e Corporation) identified herein as E300,
Et hacure{r 00 (from Al bermarle rporat i .
Cdont 1 1 1B RAR Qe B8TeRuARE EREY S BRPRCR M iy o
hepeidicemidebdlluRngolsereiank sith)lesir Bpeiticad P8 nti6rocellular
di am nes and triols, abbreviated as EPI O EA O ETS5,
ETpdyuEtirge grgerglspropregeiediar Tabdatt-as f ol | ows: EP10 =

E300 + 10% TP = +:.-10% A9 E = t
200 1 ST 5 g S SR ey R o
5 El df @epolin@Qumd LOMovEMR ied én TABTe D Sre further described by surfactant

tri met hanol propane, TP30 is nodified TMP and A93 1 is

anty®Fi lsrl pné/on fpteng anditionme Ferintapessthe pample idgntificd as F3-b
pe T ISt Were . '

DELASRLR0ER, STATAE AL bl Y IR REAIREE A e o
s pPCi-193csunfaetahin Besupfaciant Iy g bf A3PHR SRR 1500 RPM atikivig for 120
Table 1 identifies each systemby the letter .
comiEgf ARl Fygineghe reuliingdfesh i the Bppseiaed! the qusa vedbl e
A), followed by a nuneral related to the specific
curative enployed. For instance, system E5 incl uded
the aliphatic isocyanate poly ether prepolynmer LW70
and the curative ET5; system F3 included the aliphatic
i socyanate poly ether prepolyner LFH 120 and the
curative
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under pol ymer i REX/USI08/066565

the specific prepolynmer with the specific
curative in each systemwas evaluated with respect to
har dness and Bashore rebound.
paraneters such as processability and CVMP slurry
i mrersion also were studied. The solid product
obt ai ned using system C, wheble3the prepol yner was
L325 and the curative was MOCA is a conparative
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pol|i shivh@ N | e A2 (LF750D\maiy MOCAOUHEY ppproximate
BaChorqjrebo@ﬁﬂ@@ﬁd42@@@@6qﬁa gg@g)ac a Tbaac hmarkelume
Tah| Sanpl 8erf®2ntB3 and B4 ound (Mdihe phicraabe(%)
at 10 nm nutles Eﬂmroon1tenperature. Sanpl e E2 had hi gh
Vi g .ty and e d a I o r tih al pot
V105 30 GSTP L B3 05T 3, Tonggr thap eyl 7
preqeﬁtzﬂﬁ in Thble 2 exhdbi tedﬁﬁhﬁg@ﬂate 60 25
pracesgabi l|i t V0.5 Bever al 18@nplles M@fe tlest 88 f of 25
chem adald r gsi st.&nce jor s5@bilji t yiseoder] CVMROSI urry, 30
sugh as aci|d slurry [SS12 from Cabot Mjcroel ectfonics
ang Basg, SIurrysgu 2- Uqgorronyggggﬁjr bu56ace 25
;ﬁ;"u&%y APy, e SgTPeS i A DO P Eh
harldnées® gQyst ii‘! hadlao U|QE%D|f} 6rn°u?te§0in
a danpi ng arml e Hgh vi scosi ty also|was presient in
sanpl eB5E5 |andl. 8. Sanpll6@ E3 ank$b063 ver e6@anpj ng. 30
Sygqtens chdracterized by very | ow visqgosity included
C2 151 150 1500 60 30
C4 151 150 1500 60 30
D2 151 150 1500 60 30
D3 151 150 1500 60 30
E5 151 190-210 1500 90 5
E4-a 151 190-210 1500 90 5
E4-b 1.5Q 185 1500 50 35
E4-c 1.5D 185 1500 16 50
F2 151 130 ->100 1500 120 30
F3-a 151 130->100 1500 120 30
F3-b 1.5D 140 1500 45 30
G2 1.5D 185 1500 60 34
G4 151 180 1500 60 <5
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F2 and F3. The data indicated that aliphatic
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Sy:tei"ﬂ; E5—and—&2—Fx allpl e Surfact Tt SCi’ eeft Ag—WaS——
per f or usi mg $H%  E5, Egn%?’d GR. M998 POl f aplanisea %
screenedPwer e | ( F9D | -[7506e/cm)s61h. SizelG@D obt ai ned
fromGE Silicones; DC 193, DC-5604 and DC- 5164 from
Al Progugts and Clggm cals; apdoDC- 309, 5RIBEU and 15-20
@521 b Brom Dow (ggr ni ng| Cor m@gatl on. Reéyl s 152
regardi foa 'ng %r7oper[|es @r SO |n6éaole 142
2. Tﬂ‘b"‘%ﬂ’h5| e— 0O+ pdiecates nog-foam uer - freheat GS
sonpe—fodhg—and—FF—ndi-cates ,{?é)rti al—oeamng- 3%
FFEE indicate] respectively strong foam ng and vpry
st ong Abani ng. As 6deen ijn TabBl¥® 2. in thé7case|of 15.5
al ijphatAXxbi socyanattéd pol yet he0.98r epol yners, DC-193 (D)
and Q2-624 1 (Q prgaduced strorg® or yery g&rong 20.8
foamng. Exanple 3 Systens identified in 1able [ as
A2[TA3 BB, G2, A2 T8 B 7oF4 T 2 59 273

C2 57 0.77 63 27.7

C4 56 0.75

D2 56 0.80 57 28.8

D3 56 0.80

E4-a 67 1.01

E4-b 57 0.74

Ed-c 54 0.66 106.2 31.2

F2 57 0.85 >100

F3-a 56 0.86

F3-b 61 0.96 87.2 18.4

G2 53 0.76 74.7 34.6

G4 72 1.21

While this invention has been particularly shown and described with

references to preferred embodiments thereof, it will be understood by those skilled
5 in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.

24



F3, & and 4 were used for further frothing and

curing testing. First, prepolyners in each of the A2,
WRANIB®32LC2, C4, D2, D3, E5, E4, F2, F3, & aneCTAS2008/066565

systens were frothed with nitrogen using the

surfactants, surfactant |levels and conditions shown in

Table 3. Cenerally nitrogen flow was at 5 standard

cubic feet per hour (SCFH). In Table 3, L stands for

Nhﬁ&rims%ﬁgggtant L-1800; D for DC-193 and Q for

Cz-gf’ £40d" the right hand colum lists the

approxi mate volune % i ncrease that was observed in

each case. The froths were then cast and cured in the

pr ésencd syptemHer pigdaeing 8 GNP prddbe &ystane egapiising: ar

pol yur ef hane | es .. Pr L es - M Gl [ 1wl

pol yur e%‘h ane® ?@E@P ?a lsnngr%g%pé %agsé %I?éléé l{aﬁlc %Jg%?'%%% ﬂoke%er

seen in the pepblyhrActngbLRNoRhc-hablabs1dhcartichuro@ayt;

of the conbi nati ons of prepolynmer and curative

i dent i f Ped i acuabyethat meldesan semate deplinpandy

surfact@nt tYR&y | evel and/or frothing conditions. For

instanc€ the sanple identified as F3-b was forned by

frothing the prepolymer LFH120 with nitrogen, in the

presence of DC-193 surfactant, at surfactant |evel of

1. B PHRIhgsystign eE0BmpMvRERITge fal 13 ppaliprylited falng

curing the resulting froth in the presence of the

curative ET5. Table 3Table 4 Wiile this invention has

begn pafTh¢ eysteat byCriraunwaedirdescri bed with references

to preferred enbodi nents thereof, it will he . .

under st bod by ithAgsPectdr ptheogetical arpeudythe ewative iyrin fipgrange of

changesﬁgguig%qbgqg details may be made therein

wi t hout departing fromthe scope of the invention

enconpafised basctl be tiappehdetht bfis owaiVainciudingl tAe amchatis :

1. A systemfor producing. a CMP pad, the system .

conpr i sfliggrneand tge friobtthe fried isprpssgt Wrihe peptivgigen agpunt within

al i phat ¢ i p - )t epol ymer, and

po|ysi|%§5ﬁ§gﬁﬁﬁﬁgﬁﬁﬁ|§%%#%§% g@éﬁffactant; b. a

cur at i vai.t hatheisnfhatekgSs pudsat antht isgsteh anmamanownavithin the range

of from 0.3 to 5 wt % based on the total weight of prepolymer and

surfactant.

4. The system of Claim 1, wherein the aliphatic isocyanate is selected from the
group consisting of hydrogenated methylene diphenyl diisocyanate,
hexamethylene diisocyanate, isophorone diisocyanate and any combination

thereof.
5. The system of Claim 1, wherein, a solid product formed by curing the

aliphatic isocyanate polyether prepolymer in the presence of the curative

has a Bashore rebound less than 38%.
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c . atriol. 2. The systemof Caim1l, wherein the

triol is an al koxylated triol. 3. The systemof Caim
wazoomezasein: i . with respect to a theoreti cal PERDIWE/066565

the curative is in the range of from90 to 105% i

based on the total weight of a curative including the

aromatic diamne and the triol, the triol is present

in the curative in an amount within the range of from

0.2 to 15 ight % . or 1] h urfactant is.present

"nfihe. SR oo Snet oM YRR i Fom

0.3 to b W PHotasesh HiphbhieisbOfadhte\Woly@tter pfepPly@ite itk inert

and surfactant. 4. The systemof Caim1l, wherein the

al i phat 8@, insbe prenence of & pelabitaxanetpolyakylcneoxddowmpfactant, to form

consistgﬂglpgn ydr ogenat ed net hyl ene di phenyl

diisocyana%é exanet hyl ene dii socyanate, isophorone

di i socyanat ep@Rshedipyig tiiothad theprédeeéesifan dbomdtiediamine and a
systemof Claim1l, wherein, a solid product forned by
curing #i% aliphatic isocyanate pol yether prepol ymer

in the presence of the curative has a Bashore rebound

| ess than 38% 6. A method for producing a CVWP pad, the
meyhod Thepieididg Claim. 6, wirdih ig tabl 8lah phakilated triol.

i socyanate pol yether prepolynmer with an inert gas, in

the presence of a pol ysil oxane- pol yal kyl eneoxi de

sugf act pl o PR d Lifklipand b. polymeri zing t he

froth in € presence d6f an aromatic diam ne and a
triol. i with respect to a theoretical amount, a curative that includes the

aromatic diamine and the triol is in the range of from 90 to 105%;

1l based on the total weight of a curative including the aromatic
diamine and the triol, the triol is present in the curative in an amount
within the range of from 0.2 to 15 weight %; or

1il. the surfactant is present in an amount within the range of from 0.3

to 5 wt % based on the total weight of prepolymer and surfactant.

9. The method of Claim 6, wherein the aliphatic isocyanate is selected from
the group consisting of hydrogenated methylene diphenyl diisocyanate,
hexamethylene diisocyanate, isophorone diisocyanate and any combination

thereof.

10. The method of Claim 6, wherein, a solid product formed by curing the
aliphatic isocyanate polyether prepolymer in the presence of a curative that
includes the aromatic diamine and the triol has a Bashore rebound that is

less than 38%.
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7. The nmethod of Claim6, wherein the triol is an
al koxylated triol. 8. The nethod of Caim®6, wherein:

WO 20090293P2 r espect to a theoretical anobunt, a CRCHUB2088/066565
that includes the aromatic diamne and the triol is in
the range of from90 to 105% ii. based on the total
wei ght of a curative including the aromatic di am ne
and the triol, the triol is present in the curative in

0
o i Rrpehd P bt Pleelh B bl g B g o
the r anggm@fsifig:om 0.3 to 5 wt % based on the total
wei ght of prepol yner and surfactant. 9. The nmethod of
O ai m 62. whefreihing herciiang Reepplymes i {pamat fothsansk| ect ed

f romt hﬁ glr ?g%énfggﬁ #‘I%th %Qhe ére? %r 0Pg @%{ ?ge %erl&y }zrggucmg the

di pheny ene |sdc an

isophorﬁﬁ@o&ﬂmﬁm?ygmaﬁﬁn@nd any conblnatlon t her eof .
10. The nmethod of Claim#6, wherein, a solid product
f or med BYeEis prglid pedyet fpﬁaftd Ry pedpmgEHag dhepprangepolymer

prepol y g g&gé&% oS c%li]a&fv as 4 B%Fﬁcﬁé te‘t)%uié&; ;I"}\% o{rhgﬁ hydes

t he arona I'am ne and as a

r ebound that is less than 38@611 A net hod for

produci ng a mcraocel lular polyurethane material, the
nmethod Egmﬁth@ﬂﬁéﬂaam 11 Wbtﬂﬁtnrfbe BT IRGACesemytigdiamine
to forn&ﬂi%ﬁﬁﬁh; and b. curing the froth in the

presence of a curative, thereby producing the

m crocel [ ul ar pol yurethane, wherein, a solid product

for med bK pol yneri zing the urethane prepolyner in the
pr édencéhometind of Glaity Ve whatcinthaausibane nrepsivmer is @8 gliphatic

than 38%ﬂ)cyanate polyether prepolymer or a polyester urethane prepolymer.

14. The method of Claim 11, wherein the urethane prepolymer is frothed in the

presence of a surfactant.

15. The method of Claim 11, wherein the froth is cured at a temperature within

the range of from about 50 to about 250° F

16. The method of Claim 11, further comprising post-curing the product of step

(©).

17. The method of Claim 11, wherein the solid product has a hardness within
the range of from 30 to 85 D and the microcellular polyurethane material

has a hardness in the range of from 30D to 80D.
18. The method of Claim 11, wherein the microcellular polyurethane material

has a density in the range of from 0.6 to 1.0, a mean pore size in the range

of from 2 to 200 um or a pore area % in the range of from 10 to 50%.
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12. The nmethod of Claim 11, wherein the curative

i ncludes an aromatic diamne and a triol. 13. The
woreaocboek3ef Cl aim 11, wherein the urethane prepPCT/IE2008/866565

an aliphatic isocyanate polyether prepolyner or a

pol yester urethane prepolynmer. 14. The nmethod of C aim

11, wherein the urethane prepolynmer is frothed in the

presence of a surfactant. 15. The nmethod of Caim 11,

wh e|n th is cured at a.t re w

rarge oft g e s b b TR AleeRe H Hlal pisfcca
of CIalﬁyﬂkqnﬁﬁédbﬁCbﬁﬁﬂprISIng post-curing the

product of step (c). 17. The nethod of Caim 11,

wherein the solid product has a hardness within the

L ?gﬁr gf@hsfg[s]@ nfg? g}rol%gs %% g n%cgolg]:gltﬂu ar 0 rgt%fulj]e tl?e sH/stern
fron13C£bﬁ¢w1 ). 18. The net hod of Cla|n111 mhereln

the mcrocellu yur et hane material has a densit

in the famye ﬂ)rffnogsrw@ agd putatige, vehaypianwpet eonshiped Wﬁ%f

1 RS AT S0k 9 RBRRESu 5 1 L 0E orm

m croceh h@licaprop@dtmumag hawsheratrefoual that ddugatabysthhad a
met hod of Claim6. 20. A systemfor producing a

m cr ocehdrdness vt theasanpgd frony 30 &% Igmconprising: a
ur et hane prepol yner and a curative, wherein, when
conbi ned under polynerization conditions, the urethane
prepol yner and the curative forma solid product
havi ng a Bashore rebound that is | ess than 38% and a
hardness within the range of from 30 to 85D.
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