POLI SHI NG PAD, POLYURETHANE LAYER THEREFOR, AND METHOD OF PCLI SHI NG A

SI LI CON WAFER BACKGROUND [ 0001] This application relates to articles and
met hods fwo 20tverssal - nechani cal polishing. I n particul apCTiuseotionsamg i on
relates to a chem cal - mechani cal polishing pad for precisely and rapidly
polishing a surface of a sem conductor wafer or the Iike. [0002] In recent
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sem conductor chips as circul ern layers are laid dowm. CWMP technol ogy
is well known, and is typically acconplished using a polishing pad and a
pol i shi ng conposition. [ 0003] The fabrication of sem conductor wafers
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The polishing fluid is often alkaline and may contal n an abrasive material,
e.g., parprdsotoanaxinee therdenstty @€ inpagratéd ¢isalts perprter.onivetranclPpleiashi ng can be
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wafer production process. As such, semiconductor wafer production typically involves the
use of at least one, and more typically more than one polishing step.

[0004] The polishing steps typically involve rotating or rubbing a polishing pad
and semiconductor wafer substrate against each other in the presence of a polishing fluid
or composition, usually using a controlled and repetitive motion. The pad aids in
mechanical polishing of the semiconductor substrate, while the polishing fluid aids in both
mechanical and chemical polishing of the substrate and facilitates the removal and
transport of abraded material off of and away from the rough surface of the article.
Typically, a polishing fluid is interposed between the rough surface of the article that is to
be polished and the work surface of the polishing pad. The polishing fluid is often
alkaline and may contain an abrasive material, e.g., particulate cerium oxide or silica,
among others. Polishing can be used to remove either metals, dielectrics, or other
materials in the electronics industry.

[0005] Various CMP pads of different materials have been described or are in
current use, for example a metal pad described in U.S. Pat. No. 6,022,268; a polishing pad
containing particles as described in U.S. Pat. No. 5,489,233; a polishing pad of polymer-



materials in the electronics industry. [0005] Various CWVP pads of different
mat eri al s have been described or are in current use, for exanple a netal
pad descrwbedio13sid4S. Pat. No. 6,022,268; a polishing p&dTasatiaiodd4ns)
particles as described in U S. Pat. No. 5,489, 233; a polishing pad of

pol ymeri npregnat ed woven fiber sold under the trade name POLI TEX; and a pad
of a polyner sheet containing void spaces fornmed by in situ production or

i ncorporation of hollow fill materials (sold under the trademark | C 1000).
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semiconductor wafer, the chemical properties and mechanical structure of the CMP pad
can deteriorate. As a result, the efficiency of the polishing pad can decrease, for example,
the polishing rate can be reduced, and increased surface roughness, undulations, and/or
damage can result. Frequent replacement of an expensive polishing pad by a costly new
pad is undesirable. Furthermore, even when a pad deteriorates only slightly over time, the
conditions of polishing such as working pressure, rotation speed of a polishing plate, and
temperature and flow rate of cooling water for the polishing plate can require continuous
control to cope with the degree of deterioration, in order to obtain the desired polishing of
a surface of a semiconductor wafer. It would be desirable to obtain a CMP pad that has
improved resistance to deterioration after repeated polishing of wafers.

[0008] Thus, there remains a continuing need in the art for improved CMP pads,
particularly pads that provide polished surfaces with low defects. It would be a further
advantage for such pads to have good resistance to deterioration, as well as good polishing
efficiency, workability, and low cost. It would still further be desirable to more finely

control or tailor the abrasive properties of the polishing pad to balance its ability to remove



a surface of a sem conductor wafer. It would be desirable to obtain a CW
pad that has inproved resistance to deterioration after repeated polishing
of waf er swO[20008372FThus, there remains a conti nui ng needPCm/usb@oasd41$ or

i nproved CWP pads, particularly pads that provide polished surfaces with

| ow defects. It would be a further advantage for such pads to have good
resistance to deterioration, as well as good polishing efficiency,

wor kability, and low cost. It would still further be desirable to nore
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of tan d &br HMGConddcan wifeatomdPdes Opolfurethin® arharfid1 1] In still anot her
enbodi nent, a p0|yurf%5%ﬂ%a,gt%ﬁOLﬁio&%Qprg glishing
a plurality of cells having an average diameter of 20 to 200 micrometers,
wherein
the polyurethane layer has:
a KEL of about 1 to about 500 1/Pa at 50°C,
a storage modulus of greater than about 100 MPa in the range of 20°C to
50°C,
a tan  of less than about 0.070 in the range of 20°C to 50°C,
and a ratio of tan 6 at 50°C : tan ¢ at 20°C of 1.2 t0 3.0.
[0011] In still another embodiment, a polyurethane layer for forming a polishing
pad for a semiconductor wafer comprises a polyurethane foam, wherein the polyurethane
foam has
a density of about 640 to about 1200 kg/m®, and
a tan d of less than 0.070 in the range of 20°C to 50°C,
and a ratio of tan 8 at 50°C : tan 6 at 20°C of 1.2 to 3.0.
[0012] In another embodiment, a polishing pad comprises any of the above
polyurethane layers.
[0013] A method of manufacture of a polishing pad comprises polishing a silicon

wafer, comprising applying a particulate media against a surface of the silicon wafer, and



pad for a sem conductor wafer conprises a polyurethane foam wherein the
pol yur et hane foam has a density of about 640 to about 1200 kg/ nB, and a tan
d of | esswOhlar/B381270 in the range of 200C to 500C, and &Cratse@oosesi;n d at
500C : tan d at 200C of 1.2 to 3.0. [0012] In another enbodi nent, a
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DETAILED DESCRIPTION

[0018] An improved polishing pad comprises a mechanically frothed polyurethane
foam formed from a specific combination of an isocyanate prepolymer, hydroxy-
containing compounds, and a silicone surfactant, and comprising particles of a
hydrophobic polymer, which results in finer cell size. Such polishing pads have a high
polishing rate and provide polished surfaces with very low defects, even at the 0.20
micrometer detection level. Less heat build-up is observed during polishing, which can
potentially provide a more stable performance with time. Thus, the polishing pads can
also have excellent resistance to deterioration even after prolonged use.

[0019] The polishing pads comprise a matrix of a mechanically frothed
polyurethane foam and a plurality of particles of hydrophobic particulates, for example,
particles of a hydrophobic polymer. As used herein, the term “hydrophobic particulates”
means particulates that have a low surface energy, for example, a critical surface tension
of less than 40 mN/m, specifically less than 35 mN/m, more specifically not more than 30
mN/m, for example 15 to 25 mN/m. Preferably, therefore, when a polymer is used in the
hydrophobic particulates, the polymer contains only a small number, if any, of hydrophilic
functional or ionic groups and, more preferably, is free of hydrophilic or ionic groups.

[0020] The hydrophobic polymer is not particularly limited and can comprise, or

consist essentially of, fluorocarbon, fluorochlorocarbon, a siloxane (e.g., an -R,SiO- unit,



al so have excellent resistance to deterioration even after prol onged use.
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Exemplary fluoropolymers include poly(tetrafluoroethylene) homopolymer (PTFE),
poly(hexafluoroethylene), poly(tetrafluoroethylene-hexafluoroethylene), and
poly(tetrafluoroethylene-ethylene-propylene). A specific exemplary fluoropolymer is
PTFE, which can be fibril forming or non-fibril forming.

[0022] The particles can be about 3 to about 100 micrometers, specifically about 5
to about 50 micrometers. In one embodiment, particles are about 3 to about 30
micrometers in median diameter, specifically about 25 micrometers, which have been
shown to produce a polyurethane foam having an average cell size of about 20 to about
200 micrometers, specifically about 50 to about 100 micrometers, as determined by SEM
(scanning electron microscopy). Fluoropolymer particles of that size, for example, are
commercially available from a variety of sources. Bimodal, trimodal, and higher modals,
of different particle sizes, can be used.

[0023] Fluoropolymers can be a fine powder, dispersion, or granular form,

including a coagulated dispersion made by coagulation and drying of dispersion-



Exenpl ary fl uoropol yners include poly(tetrafl uoroethyl ene) honopol yner
(PTFE), pol y(hexafl uoroet hyl ene),

pol y(t et naibl2oovicet2hy| ene- hexaf | uor oet hyl ene), and PCT/US2010/036418

pol y(tetrafl uoroethyl ene-et hyl ene-propyl ene). A specific exenplary
fluoropolyner is PTFE, which can be fibril formng or non-fibril form ng.
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to about IBnHRERBAFIEEs Granuledi R (abasieflaprocyers) iR alflgringtnd sthyieme
i T OMet ey ol Cly 1AV Bl RINRALLPLAHUE SndoRRlcs:Bh IANRLE gam havi ng. an

average cell "size of about 20 to about” m croneters, specifically about
50 to aboumcdo@ariclesref dhogt 30te ajeut &P mierenicton (SENE Swedarhpiaduas| €t r on

m cr OSCOp?é?anuﬁ' H@c{rﬁg&%ﬂ%ganﬁ)@c} b%érﬁéall?iﬁc}ug@‘&o é&lﬁ)ﬂ’aé{l%g%liﬁ,ﬁm &ze AT €

|
commer ci al’l'y aval froma variety sour ces. trinodal, and
hi gher nodkab than afoudil §F micemmetggarti cl e si zes, can be used. [0023]

Fl I fi I s '
uor opol yIrer Sgdéglliﬁa@ge IeésegFﬂB%‘ﬁfé&fve 9&%@?%%8&@?&%0%54 cg*;thef or m

i ncludi ng a coag érsion made oagu Ion an yi ng of
di sper si opaonfhact-torachglRdipositiemaan barcadljREt(rpoley bevnadfl audinaetkiltiene) , FEP

(fluorinated ethyl ene pr ene or.. PFA.(per.fl uoroal koxy) . made by
Suspons o oRepT B PR RS e AR bR and b R80T 30 1o
about 40 rmyrefutieh.emseehatl, offtetied @addticd afaraddua 1 to BbeutGrvasight aercdnt uor opol yner s
can be cryo i call round to.exhibit a.nmedi an rtjcle size of less than
about 100 W &0 BBt 51 POHEDATe TTBHE ShERSHIOD. PRATGHY 8RYI & 1 7 cul at o

f 1 uor opol yes, ag@nboanpediticatl€bdaod yubetiBREY:fod iitstal poORASInt f@migan be

readily determ ned by one of ordinary skill in the art, depending upon the
desired prroPR¥it%8s of the polishing pad, and the pol yurethane fornul ation.
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t he abr asibgleved that the presence of the hydrophobic particles increases the stability of small cells

in the mechanical frothing process by reducing the surface energy. This results in the

presence of a larger quantity of small cells in the polishing pad. It was unexpectedly

found that, as a result, certain of the performance propertics of the polishing pad were

significantly improved, as described in the Examples below, including high polishing

efficiency, low polishing temperature, and low level of defects.

[0026] In addition, without wishing to be bound by theory, the surface energy of

the hydrophobic particles in the polyurethane matrix may disrupt the “wetting out” of the

slurry during polishing. Furthermore, it is believed that the presence of the hydrophobic

particles in the polyurethane causes slurry particulates, during polishing, to be held longer

or trapped in the non-hydrophobic portions of the surface of the polishing pad. It is

believed that such phenomena, among others, can account for the polishing pad providing

an improved amount of polish without causing defects. The lower surface energy of the

hydrophobic particles may also result in less friction during polishing, leading to lower

polishing temperatures.



particles of a polishing conposition or slurry. Wthout being bound by
theory, it is believed that the presence of the hydrophobic particles
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by reducing the surface energy. This results in the presence of a |arger
quantity of small cells in the polishing pad. It was unexpectedly found
that, as a result, certain of the performance properties of the polishing
pad were S|gn|f|cantly i nproved, as described in the Exanpl es bel ow,

i ncl udi ng hi ghl9987] E}rﬁmﬁgh@flqaﬂlﬁlﬁéﬂ@QPOW\ﬁﬁhﬁ’éﬂ foaning it sdgercdfiaiet  and | ow
| evel of qga@%c%mpb@@@t@donip@sﬁ@@h Bfgﬁl'ﬁc p%@%ﬁat%cﬁﬂioﬂ&lt}&c% Wakpd by

theory, the surface energ ydrophobic particles in the pol yurethane
mat ri x nayctmeélwdrpgerrmtalmm qur@n@m,ta'foaﬂ stahidizig syrfagtagiy pRdhycasdyst-shi ng.

Fur  her Mol Geud ) 3. RELARYEH o RtchdR BEATROBECOL, JRalvidipRgb © particles

in the pon rethane causes sl ur articul Ing, to be
hel d | ongéaviog ait afvamgedalumoftgn@temlmnhwtra@@ Roibk polyaicthangrediodl hatiegsur f ace of

th I : hs: bel i
A T o T S LY T
wi t hout c&ush prgpadphes trs forfted bly casetingsantdicti emerie expgssaff amhbnshg/;dna:tphmbl c

particles ore t i.n s friction durin olishing, leading to
Power *por CeRTRg! PRHERLpactle pEBSer el R B P SKFBURES por yur ot hane
f oam mat r ipslyhgdrbo/l-tedaihing MageriaBae polyels dexopigslibelodn 1o onpérisidirgendnhor gani ¢

ol yi socyanat e conponenf. reactive th n active h en-containin
Bomonent PORPOAMIERABr AT el PHCPRRE Pert S el Sy gan ¢ |

EOl yi SOCya@&ﬂlﬁfﬁne&[oﬁbx@éss ttﬁkfﬁst@elﬁﬁthé&y lfeﬁl{gm:hbe’tl @N@%%Qalenm@b{mmelgsoﬁ@n i nteger
avi ng an aver age v of greater than two, an I's a pol yurethane
radi cal h&6 S9YIValep éﬁ@@xmm he pelyRlody 3 SpesiiceabadiBIcat & CuBrRSEEAt | on

Conventloﬁé&bﬂm&ﬂﬁl c?&m&;9&%%%&%ﬁﬁﬁuﬁﬁﬁ&ﬂWHﬁﬁQ@wyaﬁ&ﬁa@&ﬁwﬁor”Ed by
reactlng a stoichionmetric excess of ﬁg@ ylsocyanate as descri bed above

with an a®ehyethayamaigad e fras Adagebly e meht The apouaiefighisopypgate used

p0|yhydrO%Mhvﬁ?@ﬁ@h@ﬂ&&mﬁﬁ%%?&@%@nQﬁmQ@h&?%%mﬁﬁﬁﬁébQﬁQb@&h&M’ I'n one
enbodi nent, thé pol yi socyanate is used proportions of about 30 percent

to about 200 pB}Oé&]nThemwmf@ﬁbftSpn@n@&e@ésnth@lnélysne&na@qﬁfoammgry bei ng based
upon equi \ééﬁlﬁ&‘ﬁﬁ)n%n'vé@%@éél?%gn?&%wn&ﬁ{e 0?%'p§?u?eman9£61€% o%¥d. thn the

polyol. In a speci ' , a conposi ti conprisihg an I socyanate
pr epol ymegeiesal pthe totad FE@0 [equif glenthedotalactipt lpidrogan foarsbaitspobychretohane mat eri al

that formy, 3, fAeshiRH v ol T MPAG1end 3P FEBYRE coftfvaR 2 RENGRBES, HEEd

hydroxyl hydrogen, of the active hydrogen reactant, and preferably a ratio of about 1.0 to
1.05 equivalents of -NCO per active hydrogen.

[0029] The active hydrogen-containing component can comprise a mixture of
different types of active hydrogen-containing components, including triols, diols, and
compounds having an average hydroxyl functionality of greater than 3.

[0030] In particular, the active hydrogen-containing component comprises
polyester polyols and/or polyether polyols. Suitable polyester polyols are inclusive of
polycondensation products of polyols with dicarboxylic acids or ester-forming derivatives
thereof (such as anhydrides, esters and halides), polylactone polyols obtainable by ring-
opening polymerization of lactones in the presence of polyols, polycarbonate polyols
obtainable by reaction of carbonate diesters with polyols, and castor oil polyols. Suitable
dicarboxylic acids and derivatives of dicarboxylic acids which are useful for producing
polycondensation polyester polyols are aliphatic or cycloaliphatic dicarboxylic acids such

as glutaric, adipic, sebacic, fumaric, and maleic acids; dimeric acids; aromatic



will vary slightly depending upon the nature of the polyurethane being
prepared. [0028] The anobunt of polyisocyanate used in the

pol yur et hsioeofoorsgizag conposition will vary dependi ng upeaTiuseomasune of the
pol yur et hane being prepared. In general, the total -NCO equivalents to
total active hydrogen equivalents is such as to provide a ratio of 0.8 to
1.2 equival ents of -NCO per equival ent of active hydrogen, e.g., hydroxyl

hydrogen, of the active hydrogen reactant, and preferably a ratio of about
1.0 to 1. O52dquyliggcidnpuchgf pht ﬁ@?hﬂaélwvétqﬁ%%b@wd% tity29¢ orfHgheact | ve

hydr ogen- ot gad ho1GeatRRDRER s sﬁ@rfhs‘f)?fm{e'llﬁf% aBid Mk T £ aﬁ’ﬁyd%ésfa%ﬂe“t types of

active hydrogen-contai ni ng conponen including triols, diols, and
conmpounds s¢faid nlgyle@ﬁteeﬁxﬁmla@éan ﬂlﬁlwmdef, nhthlelc(ﬂnbyquﬁy apfl dgﬂaeélatl er than 3.

[0030] I nt&%{httﬂa to ﬁle?scotf' yﬁm'&’tg{s%% s&ﬁ’é‘&s@& ”Elf.l:g) %%FQ&‘BH%PE ycfOMPr i Ses

pol yest er S an pol yether polyols. Suita ester polyols are
i ncl usi ve esﬂ:r mdlshlgﬂmfnderaslaast one qyrbadesttr snoobmerob yxsiplified by diSc Batbg®Ndsi ¢ aci ds

or ester- f39f2F“3ﬁ<gth S ﬁh‘é%tzil‘ﬁf"ﬁ 3t1%gbg§)fan%?58%5f43 S%QQM9§T¢C€1§§Ster%$n%El%rsa“d

hal i des), e polyol’s’ obt ai’n i ngope nmerization of
| act ones mwhwhéupﬂea@dmﬂde)@@Myohmpn@@kymahbmnauaaﬂnmymnammbﬂhenabIe by

reaction of c |ester wth ol s stor.oil polyols.

S bl e areSAkIRg R Gt s il oudosff ERGRORME Bei de wii ch are
usef ul fowmmmmdummngngakyﬂﬂm@en@aﬁqmnmp@hye@h@ﬁepqhmah&mﬂmaﬁaliphatic or
cycloallph ic di ar boxyl i c CIdS baci c,

tari e
e on e P ahesenaf Bl et R el a8 1ol SRl P BrRORIIS A1 45 such

as pht hal Inﬁxtufese@hlblﬁbﬁigl Ay oa@dfthefoe@btnlg@blyestacpoq@ls tPoiyeasi polyols tiddgher
functional  pol ycarboxylic¢ acids such as pyronellitic acid; as well as

anhydr i dedFoanacapElasiIcs pipIc aswl pltealic gpiydgide. aaq isrhthalig aid felimahylna) i

anhydrldeem&@@f@hﬂﬁmamhwkﬂﬁ@E&kﬂﬁ&@kﬁymﬂhe polyners of cyclic esters can
al so be used. The preparation of cyclic ester yners fromat | east one

cyclic ester nBRherolyssheaReliglp Fan t@@bﬁ}n%byheﬁéﬁ@ﬁtﬂ adgigion gf gbylensng t hr ough
3,021, 317’0x1%es]-§1%h94§1§thy1@ﬁ'éj0;§degﬁr%p et oxrttl dn@RliGufeY feteor, 85 haler sONOMEr S i ncl ude

but are not [imted to d-val éro [ actone; e-caprol actone;
zet a- enanﬁ)hbfhﬂ&tcw@n1QQQélpﬁmtﬁa$q€§lPS sthylenetlycol. @mylen@glgcol trimethiisho et hyl -

monoet hyl - canﬂz%pgéésgwc&ba gtahgtﬁ&of'@%utahéﬂlugep?g@ﬂtaﬂeﬁﬁl Rol. %%@%ﬁg pol yoi

may conprl e capro ester aromatic polyester
pol yol s, etkyll érh%*dgftay@bd)l 13211012121@1@Xm§®h 2;113*6}@1@ dighd-cptlxtenenss! tonpri si ng any
one of thg; Qf&aIPUN%IRABYSELR R Y Uiken ], ¥&RLfR1e R ¥ Bl TRIE
diethylene glycol, (2-hydroxyethoxy)-1-propanol, 4-(2-hydroxyethoxy)-1-butanol, 5-(2-
hydroxypropoxy)-1-pentanol, 1-(2-hydroxymethoxy)-2-hexanol, 1-(2-hydroxypropoxy)-2-
octanol, 3-allyloxy-1,5-pentanediol, 2-allyloxymethyl-2-methyl-1,3-propanediol, [4,4 -
pentyloxy)-methyl]-1,3-propanediol, 3-(o-propenylphenoxy)-1,2-propanediol, 2,2'-
diisopropylidenebis(p-phenylencoxy)diethanol, glycerol, 1,2,6-hexanetriol, 1,1,1-
trimethylolethane, 1,1,1-trimethylolpropane, 3-(2-hydroxyethoxy)-1,2-propanediol, 3-(2-
hydroxypropoxy)-1,2-propanediol, 2,4-dimethyl-2-(2-hydroxyethoxy)-methylpentanediol-
1,5; 1,1,1-tris[2-hydroxyethoxy) methyl]-ethane, 1,1,1-tris[2-hydroxypropoxy)-methyl]
propane, diethylene glycol, dipropylene glycol, pentaerythritol, sorbitol, sucrose, lactose,
alpha-methylglucoside, alpha-hydroxyalkylglucoside, novolac polymers, phosphoric acid,
benzenephosphoric acid, polyphosphoric acids such as tripolyphosphoric acid and
tetrapolyphosphoric acid, ternary condensation products, and the like. The alkylene
oxides used in producing polyoxyalkylene polyols normally have from 2 to 4 carbon

atoms. Exemplary alkylene oxides are propylene oxide and mixtures of propylene oxide



from e-caprol actones, adipic acid, phthalic anhydride, and terephthalic
acid or dinethyl esters of terephthalic acid are generally preferred. [003
1] Pol yetwenopol3guks can be obtai ned by the chem cal ad@ctriusnolof3@hkyl ene
oxi des, such as ethyl ene oxide, propylene oxide and m xtures thereof, to
wat er or pol yhydric organic conponents, such as et hyl ene glycol, propyl ene
glycol, trinethylene glycol, 1,2-butylene glycol, 1,3 -butanediol,

1, 4- butanedlol 1, 5- pentanedlol 1, 2- hexyl ene egcoI 1, 10- decanedlol
1, 2- cycl oNeshatwine pxide. Pelytewangthyiengipglyetha: diglar shiedleslmixiugs yish prero| |

et hyl - %or@&ﬁércﬂ&%%n@an spec B} HeftRned. 3T lfé%omélsq{%%d abova-cBEHL ARgd Ol
thyl ene gl ycol, (2-hydroxyethoxy)-1|-propanol,

2- hydr@%y@@h6&WW“WJB@®@HUWHKBH@Q hydroxypropoxy) 1- pent anol ,

(
((312 hydr oxynet d@@%]t A e Hﬁ)&?aggl)fﬁo Oanglﬁy?{%%fgr@té%%ﬁn%ag?ggl apol ,

| 'yl oxy-1, 5-pe propanedlo

4-
di
4-
1-
3-
[4,4 - pe mryju@x RI(O;@BHnyD]{ ]. viheBein an)@jgﬂmtl of a polyvalent hydrocarbon radical; a
3
d
1
3
1
|

- (0- propenyl:p )5
iisopr op‘i}%]a\'é1 B(ey 2 1'10 8§ @{agtﬁg%e ‘g};l ?ﬁ% P cach Oc%uerrrenfe 15 in ?te@%%%nénet riol,
, él.,z 1;] E:] r i2rrett hl}cllusivet(}btafea,blyB) Ihnd.;zj irreanfed)dcytreﬂcp n?nMeger having a value of 2 to
- (2- hydr an r OXYPr.OpEXy) -
o opantronergl 15y HEE RERISAS. s dh aire s B0 Vv anedi of - 1,5
-t SR[[@@LH@);@HM?@M@WR e dhyleht 18thv@a®on radical and z in each occurrence is
trig[2- X thyl] propane, diethylene glycol,
dlpropylezé ‘%% ? &%3%$§%¥Q?E§ltol sorbitol, sucrose, |actose,
al pha- et hyl gI (093] Afutherkypbat e ﬁwagdﬁ;dogﬂam@@shaﬁlal tHaveh ac upaliyaer s,

phosphoric acid, benzenephosphoric¢ acid, poly hosphorlc aci ds such as
tri pol yphBeBRGF Peyed cPmpesipnio faf%ﬁvwwa%%% Fteyigrisaily HPWH%}P@] condensat i on

product s, nAdmbR&yilhi a‘&%lyoTﬁkede@érlb)éJi 8Ne. SOXdtElR NoUS 8Lk 151, ME abeiurdofol YO
xyalkylene pol yol's nornmal Iy have from2 to 4 carbon’ atons. Exenpl ary

al kyl ene &bﬂ%%lnawéorawéﬁwe@rw refRTcaes: and2blf popgeBes & prﬂdaﬁpg BI§8 oxi dewi th
et hyl ene Q&'nﬂ@smo'r:l@lnﬂuﬁg Bé‘?iﬁhlkmé RS PRbYRL Q?ﬂ’enéj 'bﬁiadlgﬁe 9ln fylﬁ&lne cRABGdeM Xt ure

with one or nore other can be speC| I cal i oned. Thé polyol s

| i sted ab@méo‘@@lfrﬁﬂb’éﬁnwéﬂm}ﬁewf%@ raghonteEs aéedanéerrd@@éhedcmlmﬂbem- [0032] A
speci fic Cfﬂe%ﬁ?eﬁ% @Cﬂa}'eﬁ{ r'S‘?J.ta‘tﬂ t}%l?é)@ 1ﬂcﬁ1d5 %E@ﬁs%taﬁﬁ dgs%ﬂﬁédaiekéfnag vd he fornula

R (CCnH2n) z a wherein S ogen or a pol yval ent rocar on radi cal ;
a is an i pneydd.S(Patent N023 3. B8). éﬂqmﬂtw bydrhgenveahteings oofnpRlenhmaﬂalsach

occur r onog S B RkERELol LB, Sobfo it AEh WO R DREARLER, Y b1 015 o 100,

Speci fi calpblyhydrbaripob (léf higatenpdbyH877¢24A); hadrexylhenfiortahpodyformals (U.S.
Patent No. 2,870,097); fatty acid triglycerides (U.S. Patent Nos. 2,833,730 and 2,878,601);
hydroxyl-terminated polyesters (U.S. Patent Nos. 2,698,838, 2,921,915, 2,591,884,
2,866,762, 2,850,476, 2,602,783, 2,729,618, 2,779,689, 2,811,493, 2,621,166 and
3,169,945); hydroxymethyl-terminated perfluoromethylenes (U.S. Patent Nos. 2,911,390
and 2,902,473); hydroxyl-terminated polyalkylene ether glycols (U.S. Patent No.
2,808,391; British Patent No. 733,624); hydroxyl-terminated polyalkylenearylene ether
glycols (U.S. Patent No. 2,808,391); and hydroxyl-terminated polyalkylene ether triols
(U.S. Patent No. 2,866,774).

[0034] In a specific embodiment, the active hydrogen-containing component

comprises a higher molecular weight polyether polyol and/or polyester polyol and a very

low molecular weight polyol as a chain extender or crosslinking agent. Preferred

polyether polyols include polyoxyalkylene diols and triols, and polyoxyalkylene diols and



Rt (OC Hg) OH , wherein Ris a divalent hydrocarbon radical and z in each
occurrence is 2 to about 40, specifically 5 to 25. [0033] Another type of
active hywpagen3smat ai ni ng nmaterial that can be used i sPaTskyPs64p®| yol
conposition obtained by polynerizing ethylenically unsaturated nononers
with a polyol as described in U S. Patent No. 3,383,35 1, the disclosure of
which is incorporated herein by reference. Suitable nononmers for producing

such conpositions include acrylonitrile, vinyl chloride, styrene,
but adi ene g Wifh pelaviwergingfor gelyacivenisilneiefted %W aipelymey chars adir at ed

MONONEr'S A AS Mefdok ek-RAGY 9@%{@& 9919015 BrelR&a3RRUGIBALAONED U. S. Patent.
Suitabl e polyols include those |istéd and described herei nabove and in U S

Pat ent No. 3, 3@@33]5E>@mpiahjevwiqwamhyld¢ro’g€egiﬁem anteidag aadeosnekingray al so

pol yhydr o2& g Be IR Al QUSRI RHEAS TRV NIARUL hetbge o

pol yf or maitgolf adSectr@atheviog Naolepul@Agsigg Tiom fbatit 30de#@). tThe ghaycextemdles (U. S.

P No u. S
Pat o0t N0 Gof A, 00 ARG PNV e Ry ssLers

2, 602, 783 wekh p8fGaldy frzmm@utaego 12p8dcht UPBeight, bRAEJ WiGthe and v@:;g’bﬁ@f 1845) ;
hydroxyrret %’ hygr m nat Ferfl uor rret hyl enes (U.S. Patent Nos. 2,911, 390

and 2,902°2 W§m8W1m %?Orﬁll??g? d pol yal kyl ene ether glycols (U S. Patent
No. 2, 808, 391 (]BB@]tT}ﬁlb iPaheghbd¥oment, 3B (2yb)l porhp’(dfeﬁl)@shrptl&rsmpﬂ@hﬁdc

ﬁ%?glxﬁyl G R e D By Ry o TR ool 8o CBoumtg. 2 866, 774)

[0034] In spec&neny b tetvedrh 0 000EANR30d, herr@gietivieal YE 0O §EIF00.0MhdpolydicC onmponent

conprises a_hi mo| ecul ar wej ght olyether ol yol and/ of oI ester
pol yol andi%¢ vgweﬂawrm%mea?f &épéﬁ 1 PERYR) ¥ Bairdemanher gkl ORdly or

crossl i nkinge ﬁ{gﬁﬂibly i?rt@f4@r Aqﬂef@@w;ﬂﬁﬁermmmlysoi @1y&9&1@&1mh%@xml kyl ene

di ol s and tr| oI S, {)o yoxyal kyl ene diols andtriols with poI ystyrene

ana/ or po Xt ur es
d/ sRegEicyrmhrilinient, ehegrokimesg diphise noksthsbryjdrediole marespecali!inp

thereof . BB@E@EJ g@ﬁopofﬁé‘%i%& @fpo@;%t)’aﬂleﬁly?erné e éﬁ«?%o@&a§ﬁ9£@é@ﬁﬁt9@%ns {,p035]
Exenpl ary very |ow nol ecul ar vei ght chain extenders and cross-Ilinking

agent s i néhpigEcddbkasive C@Iinmlrsd‘@rmhe@jﬂb?llskyl ene glycols and/or pol yhydric
al cohol s, pref 0§ﬂT'ﬂ1€tﬂo ) SundiEhet S HRsS = éﬁ‘%vkrp&leaen%hﬁfew e RIGY from

about 200 to 4 |n ext enders an ross-l1inking agents are used in
amount s f mershadeage Mofectlor wbighit(MY0 thes scirip 2090, preferably 100 to 1000, more

preferably 150 to 400. (Unless otherwise herein indicated, all molecular weights are
weight average molecular weights.) The hydroxy number can be 200 to 2000, preferably
500 to 1500. A preferred triol is a polycaprolactone triol.

[0038] In another embodiment, the polyol component further comprises a very low
molecular weight (below about 200) diol, including but not being limited to, dipropylene
glycol, 1,4-butanediol, 2-methyl-1,3-propanediol, and 3-methyl-1,5-pentane diol. This
compound can function as a chain extender in the reaction mixture for the polyurethane.

[0039] In one embodiment, the reaction mixture for forming the polyurethane
comprises a polymeric diol, triol, and a low molecular weight diol as a chain extender, in
combination with a polyisocyanate prepolymer. In this embodiment, the weight average
molecular weights of the polymeric diol is greater than that of the triol and diol compound
by at least about 1000. Specifically, the active hydrogen-containing component comprises
about 50 to about 90 parts by weight (pbw) of the polymeric diol, specifically a polyether
glycol, about 5 to about 25 pbw of a triol, specifically a triol having an Mw of about 80 to

about 2000, and about 1 to about 25 pbw of a chain extender. In another embodiment, the

10



wei ght, preferably fromabout 10 to 15 percent by weight, based on the
total weight of the active-hydrogen-containing conponent. [0036] Thus, in
one enbodwvoento/13812¢ pol yol conponent conprises a pol ynerCt/useab/obavs ng a
wei ght average nol ecul ar wei ght of from about 650 to about 2900,
specifically of between 1000 and 2800, nore specifically 1500 to 2500. The
polyneric diol can have a hydroxy nunber of 10 to 200, preferably a hydroxy
nunber of 15 to 50, nore preferably 20 to 40. A preferred polyneric diol is
a pol yoxyaftkghageegotopeining ¢pnzpoasss epmpiésceiontiehiepbout Shpatsdiwmsehitc diol is a
pol yet her (198%)‘11)@tlQ'p%lymePfQH{S)ll,%gé;clﬁ?ﬁ%/gg%&yetﬂer%gjcx@%b%‘é 101Y$0 20 hB& oge of

pol yt et ranet hyl ene et her Tound advant ageous for inproved
abr asi on ¢ovpradaboutd toatwat 2¢pboy of a gh@oI¥lendtie pol yol can further conprise a

triol. In one ' ' ' ver cul ar wei ght
(M) that is 8@?%%&”@%?@&%% %g%nﬁlﬁd‘g}&“%o@etﬁ%% bl y 150 to
400. (Unl eswbgs hethohghkohdceitmnningdoopsvads (el dirgsllgplyods orveilghinguding wei ght
aver age M e ; r 200 t.0 0,
preferabrghggg%g&n%§%%55§W%7%@%%Eé%&%éﬁbggﬁgﬁgmgﬁﬁ?%ggfgg%@t%ﬁggtrioI.

[ 0038] I nabmotl heto aboirddd mevarious dnebodohensl depondonenthe flesirtdh &rmmeengr i ses a very
| ow nol ecul ar ight .(belo bout .200) diol., incl udi but. not. bei ng

o ted ¢ SRR ou T P B b g et IFOF stpaR P 5B anect of
and 3- met pyd edn, Havpenita hgdrohityotumbENd 300 BFP.aLkdtieiGad chulst hdstaldsd@xg hai n
extender in the.r jon m xture faqr the pol yurethane. 03 I.n one

enbodi mentumbiion SEEN 8 ArkiRE reieot BRrRRg DRE  BOR bF StHAR cBor s ses a
pol yme mr) I C heldrokyl n_tm{ﬁal is de&}"méq as thewarisdr @ﬁhﬁlﬁgrlam'bgmtaﬁ_ﬁihmgl_ya&xﬁlg eﬁl@h‘?ﬂ ext eﬂder ,
in conbination with a pojyisocyanate prepolyner. hi this enbhodi nent, the
wei ght av Qréb%cqmleé%mugr@%wgﬂ%ge Brdrelisds prafret ihe ftly gretylatcd drafadYe t han t hat
0 e tripRlpa@@of 1%ark IR Ir Rikndts dPRBLIsARMUW: .otheP 8k L i Y, €

f the tripadpaeof 1k Jr Akudts PBbIIAMY: vIAOR oUSPEGEL ffdld . th

active hydrogen-containi ng conponent conprises about 50 to about 90 parts
by wei ght a(‘ﬁbng- dhe hyswoxybnymer can dsodre defiprddivithegaupiona pol yet her gl ycol ,
about 5 to about 25 pbw of a triol, spgghddgal ly a triol having an Mv of
about 80 to about 2000, and abou@Hf*toxggput.25 pbw of a chain extender. In
anot her enbodi nent, theactive hydrogen-contai ni ng conponent conpri ses about
60 to abowthefth QHIL the bydrvgil ghinbdrpb e pofyol, i tpodvyiags fuactitinality tispsahd i cal 1y a
ggl %/g\tNhg][ agelr%g%%luhlbgg% ; @régyltgg)ou%?ggrtmo gcu?ebo\ql pco){yoflartlc{ 1|\/[O\;V’ is t nedavgrggem 1 to about

molecular weight of the polyol.

[0041] The particular polyol components, i.e., the molecular weights and the

hydroxyl number are further selected so as to provide a molecular weight between

crosslinks of about 2,000 to about 10,000 Daltons, preferably about 3,000 to about 6,000

Daltons. The molecular weight between crosslinks (M,) is calculated by dividing the total

weight of material by the sum of the moles of each reactive component each multiplied by

its functionality minus 2.

[0042] A wide variety of surfactants can be used for stabilizing the polyurethane

foam before it is cured, including mixtures of surfactants. An organosilicone surfactant,

for example, is a copolymer consisting essentially of SiO, (silicate) units and (CH3)3SiOy 5

(trimethylsiloxy) units in a molar ratio of silicate to trimethylsiloxy units of about 0.8:1 to

about 2.2:1, specifically about 1:1 to about 2.0:1. Another organosilicone surfactant

stabilizer is a partially cross-linked siloxane-polyoxyalkylene block copolymer and

mixtures thereof wherein the siloxane blocks and polyoxyalkylene blocks are linked by

silicon to carbon, or by silicon to oxygen to carbon, linkages. The siloxane blocks

11



[ 0040] In general, the average wt. percent hydroxy, based on the hydroxyl
nunbers of the hydroxyl-containing conmpounds (including all polyols or

di ol s), iwoOl200W13g720t her cross-1linking additives, filler#CTASed1008@ME S,
catal ysts and pignments, if used, can be about 150 to about 350 in various
enbodi nents, depending on the desired firmess or softness of the polishing
pad for a particular application. For exanple, a relatively firmer pad can
have a total hydroxy nunber of 300-350, a softer pad can have a total

hydr oxy n@pBeisehpydrosabapploxaseraursrel hypgeaysamee ohtt lepalidoxaleyess ky nunber of
200 to 30Qicdhger BYAK OX¥binAREN 1ihBagleT ANEH: ASortiblEo fHHTRAYoxPiIMbAd | Or ams of
pot assi um hydroxi de required for the conplete neutralization of the

hydr ol ysi $loskoepmprisoexyekaleneioypsend vy natealeter ¢ \Vave gidcast epakedees 0dm 1gr am
of pol yol ] r ) i r. M t., Ot r = Li.nking

adl t1 ves “TppEhEcEBoPboRia 4ehedn oo cphbiyP e BBk el REF el

56. MOOOx/ pMydxyatketea hloCk domptikeeoxygliylong/grownsribé preafionphaenpdley dbve gnlys t he

aver age f i | | S vdr.ox oMps per

ol coure. STE BUPE btk Wby b1 E U E R e MR BB ML Ml XPE Dol v
[ 0041] Theopbhstricturt ean girol bgakedowinpop@yntismethylsidoxand eekime eadidcdublarvei ght s and

t he hydroxyl, nunber are further selected so.as to provid | ecul ar

wei ght - boP SRS S s AiuEnal. Capyiios gignas haRTe-Reb o keins dRek
prefe[abLyqﬁbﬁmﬁgamﬁ@?ﬂbﬂn&bﬁmﬁdGggepgﬁahN@mQQBIhe%muMgmﬁBﬁm?mﬁnght_bftﬁeen
crossiin | S at e I dl n t t ot al .. wel (0] terla

CheS sum s stk onsna SRST MR B Bikar Il Sl b b e R e it | Ts

functi onalaifbym pbiliser 2an {aBQ42], 05 Wi deo V@t BtprtObr Gedtdraaieddhshctabube used for
stabilizing the,poléyrethane foam before it is cured, _including m xtures of
sur f act antos the ARGy 38w ompanet s Lhe apquahef orgagpsibiceaepiirictapisin dheg ool yrer

consi sti ngoRaeaRhd Arhyla®ins ShAnerhiSddirhGRLEILMN D Svt 80D abSHHED A6 9n the
(trimethylsiloxy) units in a nolar ratio of silicate to trimethylsiloxy

units of &HBUPDH. 8:1 to about 2.2:1, specifically about 1:1 to about 2.0: 1.

Anot her  or ganofjoh41CR REmBHO aRlcRRlysS baRbAhASIy hsed B ARzt el ¥ackibPsS- | | nked
si | oxane- pol yoxyal kyl ene bl ock codpol yner an&,nlxtures t hereof wherein the

si | oxane [Bicdedesanaiscopobyakyih Kiplagie Hylwerscaaaning poerpnpy can be used in
the foam preparation. Such catalysts include organic and inorganic acid salts of, and
organometallic derivatives of, bismuth, lead, tin, iron, antimony, uranium, cadmium,
cobalt, thorium, aluminum, mercury, zinc, nickel, cerium, molybdenum, vanadium,
copper, manganese, and zirconium, as well as phosphines and tertiary organic amines.
Examples of such catalysts are dibutyltin dilaurate, dibutyltin diacetate, stannous octoate,
lead octoate, cobalt naphthenate, tricthylamine, tricthylenediamine, N,N,N',N'-
tetramethylethylenediamine, 1,1,3,3-tetramethylguanidine, N,N,N'N'-tetramethyl-1,3-
butanediamine, N,N-dimethylethanolamine, N,N-diethylethanolamine, 1,3,5-tris (N,N-
dimethylaminopropyl)-s-hexahydrotriazine, o- and p-(dimethylaminomethyl) phenols,
2,4,6-tris(dimethylaminomethyl) phenol, N,N-dimethylcyclohexylamine,
pentamethyldiethylenetriamine, 1,4-diazobicyclo [2.2.2] octane, N-hydroxyl-alkyl
quaternary ammonium carboxylates and tetramethylammonium formate,
tetramethylammonium acetate, tetramethylammonium 2-ethylhexanoate, and the like, as
well as compositions comprising any one of the foregoing catalysts.

[0044] Metal acetyl acetonates are preferred, based on metals such as aluminum,

barium, cadmium, calcium, cerium (III), chromium (III), cobalt (IT), cobalt (I1), copper

(I), indium, iron (II), lanthanum, lead (II), manganese (II), manganese (I1I), neodymium,
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silicon to carbon, or by silicon to oxygen to carbon, |inkages. The

si |l oxane bl ocksconpri se hydrocarbon-sil oxane groups and have an average of
at | east woaaowalsgrrges of silicon per block conbined in earaskimioages. At

| east a portion of the polyoxyal kyl ene bl ocks conpri se oxyal kyl ene groups
and are polyvalent, i.e., have at |east two val ences of carbon and/or

car bon- bonded oxygen per bl ock conbined in said |linkages. Any remnaining
pol yoxyal kyl ene bl ocks conpri se oxyal kyl ene groups and are nonoval ent,
i.e., havaickel(}).pakadium Ehcoteriugaramiugy seddmbdpbiyan Heauek yyeduper bl ock

conbi ned i fi$@l And dnBkFESIum AAGHEEX cSJafa%{ i %ﬁ(?@ﬂe@n@@iopﬁe)wl (‘ﬁ't) Fdko?

polydlnethyIS|1oxane backbone and sol ubl e pendent groups. Additionally,
convent i ofadwWibtsgaekspeskitacttonaiher dl%?@b’iﬂ@%y%ﬂtkwl@rh)eﬂné dedvetiewpbirgatereh such as

t hose des% ng%q%fltggeylag%{lggegﬁlg{)e A, g%h%ﬁre 1@46%1210&3/1%?6@? %50811101%1 868, 824,

2,917, 480; an anount * 0 e orgdn05|llcone
polyner ub@dﬂakmamWWQMmQﬂaunwuxethanwVHﬂ¢¢1@n@ﬂw1®w5me096to 10 wt. % parts

or greater, &%ﬂgc%%n%% Gﬁ%h%)taﬂggg@ aﬁx’éee@gagﬁ%irg‘eé?%Q%Qh?@a%ﬂviﬁp?&Pﬂﬁ%f The amount

of organ05| cone s ane’fornul-ations, in one
enbodi nentgxidity. about 1.0 wt. Wbto about 6.0 w. Wbon the same basis. [0043] A

nunber of the sts ¢ nventlon taI reaction of the
i socyanate con@@%gl ﬂf?%angmggﬁﬁ (Zg %? f%g %%t can be
used in ttaeetﬁaammee(pamaén damlysﬁwshhscats@ﬂ 1ysdsrﬁmbﬂglass@e@Ug§ammemaﬁtd i norganic

acid salt alllc derjvat.i ves .of nuth | ead, tin, iron,
o ol 3 Ak SRR R E Ritieroreted it by Petfice o Set) SRPE 21 e

ni ckel , Ce@rdvi®: hmlaydadyewmh Allawatind Mr tEORPEfed niRINGAGER, andthezi rconi um  as
wel | as phosphi nes and tertlary organi ¢ am nes. Exanples of such catal ysts
are di but PrOCEerres Pghaaids JeTBPROIS ProFare Fy e B logt ERATERIGEeSE | ead

octoate, R4, ﬂ&%ﬁt@ﬁﬁﬁ@wréd ihedRwl adtiREzores bRl Ry lcapediasdmes N N N, N -
tetranethyl et hyl enedj am ne, 1, 3,3 -tetramet hyl guani di ne,

N, N, NTSf ﬂfeéhain@mtwy|r15681th330%ﬂtaa¢1@tﬁ i fhiivee, ofiN Wirlihaseppr ke fR&6TB1 ani ne,
N, N-di et hyl&thankirpiig ats gcssg'czlée(} &éla?yn(ﬁ%MioH%@Mﬂe@ﬂ&c@@Pé&%&% is

s- hexahydrotri azi ne, o- p- (di mét hyl am nonet hyl ) phenol s,
2,4, 6-tri s{leveretp ﬁgsummtﬁmmmﬂyhlﬁhmémw anmpmvmeﬂmeﬁwglybv@hémlm He,

pent anet hYﬂedénEtOPbﬁle g@l‘?ﬁﬂéﬂﬁﬁ@ RBetiot f’l’ng 'h%ﬂ? cﬁ‘)ﬁF}J 1Be [ngthg ?olces(g gﬁgcq
N- hydr oxyl ernary ammoni um oxylates an tetr %ylannnnlum
f or mat e, taé*tamgequh yhdpnrvidesumpayed plysical propestms shohl aa wompicesmnzeetihfiihexanoat e,

and the | Ie&%odiﬁ%m, the ratio of metal acetyl acetonate to acetyl acetone is about 2:1 on a weight

basis.

[0046] The amount of catalyst present in the reactive composition can be about
0.03 wt% to about 3.0 wt%, based on the weight of the active hydrogen-containing
component.

[0047] In one embodiment, when water is used as the blowing agent, FeAA is
selected as the catalyst. Other catalysts or adjuvants, e.g., amines, can be used to adjust
the relative reaction rates of water and urethane. The water reacts with the isocyanate
releasing CO,. The use of FeAA with acetyl acetone catalyzes the curing reaction in a
delayed fashion, which prevents premature curing and therefore allows the chemical (and
optionally physical) blowing to continue unhindered. The catalyst eventually permits a
full cure of the polyurethane foam. The metal acetylacetonate is most conveniently added
by predissolution in a suitable solvent such as dipropylene glycol or other hydroxyl
containing components which will then participate in the reaction and become part of the

final product.
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wel | as conpositions conprising any one of the foregoing catalysts. [0044]
Met al acetyl acetonates are preferred, based on netals such as al um num
barium csorbwm3sal ci um cerium (111), chromum (111), pcohmsbkeio©bd4ys cobal t
(rrr), copper (1), indium iron (I1), lanthanum lead (11), manganese
(1), manganese (111), neodym umnickel (I1), palladium(ll), potassium
samarium sodium terbium titanium vanadium yttrium zinc and zirconium
A specific catal yst is bis(2,4-pentanedionate) nickel (lI1) (also known as
ni ckel acet yl at¥tdhBiceoburegaae-&rpingcompastien ¢ dwdicy capriisg ethpieptionds t her eof

suc h as dia@(ﬁﬁ'&ég @EﬁgnﬂinQGh %%MM%%;RH&E or Mk ﬁglﬁh'mg pad, for example, its .
di phenyl nitril ediacetyl acetonato nickel, bis(triphenyl phosphine)di acetyl

acet yl acetbmsyoorfitedk efopering anhis partiqalar Bea gsjapolighengilad oa vamams evoflFe AA)  has
good rel at. RN : { [ t b vi : - icity.
0045] 1 nst8- TRk i 00 ALY plnef Y kol S0l ARl AR O Y
met al acetiph oaidet armkdafts rniaydessntc demt yesariantsa ¥ Vihitabaizes echnidvctivo itloml y

assi gned gt 945 to Sinpson, which is incorporated herein
by refer e#%@ucﬁﬁg%%?%ﬁndz%%?gehe provi des heat |atency, which allows tine

for the requir P49 Kienpglishizpspad gy otivdalpt dvetainpdditiedal pesicleared:. paoiclts

del eteriou enpture curi uring low.tenperature processing. However, as
he’ rat er oaeF e Ab g R s e PR SRR M RIS Ba: ur e of -t he
ur et hane maxdrial € thd @S Tht paticicedaylbe abationgriicesppolyrast pafticles Wohipodifee r enoval
of acetyl ace%o e togft er mﬁtq its associﬂ%ed del.a in%»fu c%lon, t he net al
acetyl ac®FHHEY & §-LEPPYNSPTHCIPRS RS RaEcles, RaTeRYC RigHey S53EDRE ty and
provi de apﬁi_bbés,Wa@ﬁﬂh-sblameng@fclegaltmahly;a@lﬁs ﬁlﬁrebheﬂﬁ@dlyﬁfer pd&@clfmbwcsié&ane
reaction. is high reactivity late in the processing cycle is advantageous
and provi #8SCIChSFEEPPiFSi IR RFESIEs: @%ﬂ@ﬁl@wala@éwﬁwg?&?%blget. In this

enbodi mentyartitREcdneiaBradive, R hdl-aBeSley In RELS ONRLBrakRe pEAEN, fFCRIANE 1S about
2:1 on a weight basis. [0046] The anmount of catal yst present in the

reactive CohpfosmERbIxidearichas apsiat oadoslegieddion hpggrr @noisiitoe! 2BEEed on t he

wei ght of ({ibe 1@mtd y&iabﬁﬁ"oﬁi@%‘rrﬁﬁﬂ&, Qﬂa%h&gl, 9@?8?19@&5%@&&%@&1; Ady one
enbodi nent, when water is used as the blow ng agent, FeAA is selected as
t he cat al yembingionetheecaf. &F ¢ siligongrartady, beran nisrideedigmondy ghmels or eseamide used t o

3;'{ ust t h&@g&gﬁ%gaﬂ GRE Libr Qv Al Redes Rbin ¥R BFid @ ARG TRGMRLer reacts
hybrids of inorganic and organic materials. The particles also can be polymer particles

such as polystyrene particles, polymethylmethacrylate particles, liquid crystalline
polymers (LCP, e.g., aromatic copolyesters containing naphthalene units),
polyetheretherketones (PEEK's), particulate thermoplastic polymers (e.g., particulate
thermoplastic polyurethane), particulate cross-linked polymers (e.g., particulate cross-
linked polyurethane or polyepoxide), or a combination thereof, as described in U.S. Patent
No. 7,204,742, The composite particles contain a solid core (e.g., a metal oxide, metal,
ceramic, or polymer) and a polymeric shell (e.g., polyurethane, nylon, or polyethylene).
The clarifying particles can be phyllosilicates, (e.g., micas such as fluorinated micas, and
clays such as talc, kaolinite, montmorillonite, hectorite), glass fibers, glass beads, diamond
particles, carbon fibers, and the like.

[0050] Small amounts of water or an auxiliary blowing agent can be present in the
polyurethane-forming compositions. For example, high-boiling fluorocarbons, e.g., those
boiling above about 40°C can be used. Specific fluorocarbons include the Ucon
fluorocarbons and FREONS boiling above about 40° C., for example 1,1,2-trichloro-1,2,2-

trifluoroethane and isomers of tetrachlorodifluoroethane, tetrachloromonofluoroethane,
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rel easing CO2. The use of FeAA with acetyl acetone catal yzes the curing
reaction in a delayed fashion, which prevents premature curing and

t her ef or ewal2bovisst2he chem cal (and optional |y physi cal ) Poiraseeig/os@igont i nue
unhi ndered. The catal yst eventually permts a full cure of the polyurethane
foam The netal acetylacetonate is nost conveniently added by
predissolution in a suitable solvent such as dipropyl ene glycol or other
hydr oxyl contai ning conponents which will then participate in the reaction
and becomenp@etikef Tharpuxtipryeensr ddowesh if ©ogBiecorrsyson haret famsmrersming

conposi ti op,viAb dnddbfedx ﬁ%mrduﬁﬁg RLDEIingRY IneRadas@Ateld suBSaddgpendi ng on the

desired properties of the polishing pad, for exanple, its abrasive or other
propertle@ﬂﬂ@ﬁdnwﬂbﬂﬁﬁrtlcular use as a polishing pad on various work

pi eces. Exenpl gdox O]aﬂ% f?én}{ &EmhDEh gynocf&\é&?b RESIREH Snﬁ&@%tl@%'v titanium

dioxide and ir ant|OX| ts |ozonan ane retardants, WV
st abi | i zecsppegivditt i v@yiiald emponanondirstiydecpotonterisg cammneie | i ke. [0049]

R T

i ncor por atweti aifmtlvfctrinmgrms ard mbdem‘rmirieé amamht Iﬁheneptagas ischespacated in® thbdr asi ve
particles

articl co site rt| S capsul at ed
Dot ol oo iabg b by ARk fiao S AR R AR i Rnse st SRESAT Tl e,
wat er - sol wHobert pﬁbt‘e’t bcdreGakeamikerti Mbtk}raﬁﬁalt‘tﬂtﬁﬂﬂg)fs pre‘ﬂélﬁedpﬂ;l iyieforphkdy ©l es,
conposite rticles rga | es no an|c cIe clarlfylng
ool eo 1Bl it o PR EEan bl o R oayh EE s PrRR e B sy b Ve i
nat ure. Tlpeefabmgzlst Becap@Idfiite bie@pnekOindexalyal dlabtign mﬁ;veazemﬁtdaélreamtﬁl@ such as

a nmetal oxide selected fromthe group, consisting, of um na, silica,
titania, G&1F &N BAwebHhigh argepseam %amﬁﬁaﬁf@gw&om dW&Fﬁé&F WPUHLRY t her eof ,

and conbi ngkd PASn-tABHRAFith B cBmPdlehCoIMOIRTuR Hhase. BREPHhE dabdsGR1udgdi anond,
garnet, or ceram c abrasive material. The abrasive particles can be hybrlds

of metal &%iceEDlaIreushaarhoE digridgyasdifipgrosarbomsdhay arsinormaly Bicganilc materi al s.

The parti gL 8nekSPera@its PEnPOL ¥EESe RAEducEd ERleSHERURSs ROhY SdudT §RE&BRT L1 Cl es,
pol ymet hyl met hacryl ate particles, liquid crystalline polyners (LCP, e.g.

aromati ¢ ©bpoOPYEs Maxes owmraberﬂrﬁgn mesm haloeseingritmegpherp b fhetbisasingtotier ket ones
(PEEK' s), é)tlﬂég# &t a% Qﬁoﬁﬁﬂn@ép ! f’heQQéc}ﬁQfﬁEa? béa(tn'ilng n]ﬁergﬁﬁlgp}r%ﬁ ?s

t her nopl ast i ur et ane particul ate cross yner
partlcuIaE@Kmp@égﬂﬁﬂR@ﬁsmﬁEVEWBﬂhah@)®QOQQMgépmx&ﬂbmep@wqmﬂeawblnatlon

ther eof, %ﬁuggfségdvgﬁ%nialpreydi@ angf’ﬁb?%ixing equipment can be used and no special

equipment is necessary. The amount of inert gas beaten into the liquid phase should be
adequate to provide a froth having a density at ambient atmospheric pressure of about 30
to about 60 pcf (pounds per cubic foot), specifically about 45 to about 55 pcfand less than
about 50% to about 90% of the density of the liquid phase prior to frothing. The
mechanical beating can be conducted over a period of a few seconds in an Oakes mixer, or
for about 3 to 30 minutes in a Hobart mixer, or however long it takes to obtain the desired
froth density in the mixing equipment employed. The froth as it emerges from the
mechanical beating operation is substantially chemically stable and is structurally stable
but easily workable at ambient temperatures, e.g., about 15°C to about 30°C. The
consistency of the froth resembles the consistency of acrosol-dispensed shaving cream.
[0052] The frothed mixture can be continuously fed onto a substrate film, which
can also be utilized as transfer means in the production process. A substrate film can also
be referred to herein as a first carrier or bottom carrier layer, but it can also be stationary,

depending on the particular process. Furthermore, the upper side of the frothed mixture
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No. 7,204,742. The conposite particles contain a solid core (e.g., a netal
oxi de, nmetal, ceramc, or polyner) and a polyneric shell (e.g.,

pol yur et hsioepiomgB2a, or pol yet hyl ene). The cl arifyi ng pacriusb@s/osans be
phyllosilicates, (e.g., mcas such as fluorinated mcas, and clays such as
talc, kaolinite, nontnorillonite, hectorite), glass fibers, glass beads,

di anond particles, carbon fibers, and the like. [0050] Small anounts of

wat er or an auxiliary bl owi ng agent can be present in the

pol yur et h&HELS IPYHISGY Eoniptire pretestiverdm, dsx d thegeo o $eEeRy FItQor ocar bons,

€. 9., thogg:BoITHAGr RRAE tlﬁ%ﬁed‘%@a@ﬁ%&& g@ﬁhé‘rﬁ&‘ﬂ be §Hﬁ€d1cfh'e&b$tlv98{ ocar bons

i ncl ude the Ucon fl uorocar bons and [ i ng above about 40 C, for
exanpl e 1upner2nq lowghiwer fgms.jang shaped rrith 3 Ql@?tdétfm‘dﬁé 1tamfai:%mﬁ@pt§d fpm

tetrachl org?h&l ﬁgogqqqﬁggaﬁess ShARH! HAIRAIHOY RELDAG L, KRR ubde. The

auxi liary agent I's not nec ssary, e use pur poses of
prOV|d|ngﬁ@nrwud@@eexbénsm@ﬁC@UMﬂmgmﬂeat curing |n t hose cases where such

added expansi ofyss iGRG dpeb 3 he TSy [BTERLIRLER] 2ol SuRiadyced by

mechani cal | y reactrve ¢o ocyanat e conponent,
active hydreolmlmabﬁothmg andn@lowmlgpdmeretmadnymbf@me@mg pmrcbmpérems for

froth-stabiljzin urfactapt, catalyst and ot her tional, additives) with a
frot - or AryCaade T spERaper et e miiherh B RSl ehcor por at ed
into the hmgundgph@ﬁ@wbwhﬁnq&ahk@ﬁmwbgamhng:bmwmﬂag&ugumdmpbaﬁe in high
shear equi nt such as xer or .an kes m xer. chani cal

o1 omi ng 1 0BRe et it el iopSRE s Mt Finifeg N B s iath &t cor | s t han
chen cal | Wifelmauwel§, eiempdhaitsgas lRhasel Riudnhalyfto eenBuidphansduripg gker ably air

because of |ts chfwﬁness and ready availability. However, if desired, other
gases can HEIANRHITYAINERISFYS gaseous at anbi ent conditions and which are

substantially [oasn]tm%cﬂémars@@ﬁatbwcawlériaa@wpmmqms 1y f3gs 4dgqui d phase.
Such ot her gases i nclude, for exanple, nltrogen car bo i oxi de, and

f1 uor ocar BEMIREORREOHEKGTAP s @@%@%atw e fhg Grred @%@Pt&mﬁf@@n The gas

can be i ntrhedycsdn Hi‘h@l%na‘?s” £% #sBbs@teichn H&%n&%ﬁbtoﬁ%&?&s‘tﬁ’éﬁ&fre@” Cakes
m xer or it can be drawn in fromthe overlying atnosphere by the beating or

whi ppi ng degreoef sappariang flegibaity. thei deaired depise abieleasabidisy frgye sicintpddpmat i on
pr ef er abl ¥0§t%nﬁ%q%kgl%l(ﬁ}atlgﬁse%%gér ?1&@&‘[95%‘[@5%%@‘[ 31‘%%? Et@elz&}o pSI g

(pounds force per square Inc Convent | ona readi [y avail abl e
m xi ng eqmobn@nﬁmwandb®Iméeﬂwbndwnmh@pbwnahamqunﬁwéWtcmﬁmnE@ééﬂmry. The

amount - of nla%@iraf cad e cga%&f Fith é RiQsd &gtnllé qi! ge &H&%ﬁn&l@ QHA S(tIlb p[?dte can be
coated with a material intended to be transferred to the surface of the cured polyurethane
foam, for example a polyurethane film that is releasable from the substrate. A fibrous web
or other filler material can be disposed on the surface of the substrate, and thereby become
ultimately incorporated into the cured foam. In another embodiment, the foam cures to a
substrate. Thus, a substrate can be optionally part of the final product, instead of being
separated from the foam. In one embodiment, a conveyor belt can be used as a substrate
and have a plain or a textured surface.

[0055] In a specific embodiment, in order to enhance the structural strength of an
article such as a chemical-mechanical polishing pad and to improve the handling
properties of the product, a substrate film is cured to a polyurethane foam sheet, i.e., is
bound to the polyurethane sheet. As hereinafter described with respect to a production
method, this substrate film can also serve as a transfer means for the frothed reactive
composition in a production apparatus, such as described in U.S. Patent No. 7,338,983.
Therefore, the substrate film can be a polymer having low heat-shrinkable properties, such
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adequate to provide a froth having a density at anbi ent atnospheric
pressure of about 30 to about 60 pcf (pounds per cubic foot), specifically
about 45 wo 2atvon387285 pcf and | ess than about 50%t o abo®CTAG10/03d4h%
density of the liquid phase prior to frothing. The mechani cal beating can
be conducted over a period of a few seconds in an Cakes m xer, or for about
3 to 30 mnutes in a Hobart m xer, or however long it takes to obtain the

desired froth density in the m xing equi pment enpl Oﬁgd The froth as it
ener ges fra@)mlt/ffﬂéyl@f@dﬁa@ht@&te &Y thopdyeerderisa 2 physiabdtcagh raistiyle éheni cal |y

stabl e angnke ﬁ)l"creléﬁlgl%%lylaXOI%r abk&nduhd ﬁ@ﬁﬂahc)é ﬂwel‘tﬁp kPnedt o iR Y

tenperatures, e.g., about 15C to about consi stency of the froth
resenbl es h@%ﬁ@g@@ﬁgﬁ Ju edrditorgf fidpe corspiising asrpé»ﬁseéducélr@awlmgleﬁn, st¢19052] The

frothed T{pé{yl ze C&% Bf@m‘g drﬁgg%ﬁé/algoelgﬁ(gngr %Cﬁ%ps%g 5%91*1{1155'\@1&‘6’{“ ch can

al so be er nmeans in the uct1on process substrate
film can allwschyenffeef the pdhing prepemticnofake atifle pwn vden thieepbspratelfdmtiom carri er

Layer. buboldeg @R ALa%RR SAAUENAN Y pdBRSAIMAD ISR LHLAr PrOcess.

Furt her nore recan rovided with a
surface prfiodtdgyti ofer polyumthaat ﬁ:camr ef mﬁf &d’aternt NerﬁaﬁSﬁ 148 t@Cds@cmSoPawrmp

carrier. u i esir t he reac |t| n, can be

sandw che;ﬂqobgméé%dtﬂ OerfcpPéﬂ]%FrﬁleS l(il fOfniﬂIp gﬁ%@ Fﬂ '3"a sheet form
withits mlﬁaeceuqmgnnaﬁh@ebeftrocfm @ttgllim)ﬂltd’tgruaﬂﬂfk |H1 snott lieir eﬂnb@cﬁmempnhé roll ed,
wher eby a f ur et hane sheet is.produce romwhich t ol i shing
RptheC AR &t Wit B RS S et e U B D Y Sl

by a conblsmﬁﬂﬂa@a@uwciﬁewhmain@ahaniowy hbihgd @mgadd! ow ng. I n one manner of
pr oceedi ng, the co onents for producing the | ow denS|ty f oa g}g e., the

i socyanate conpd ong pabodimenfaficy e pylerretigpp BRI @RI Stralﬁjdrophob. c

particles f[heco%hl%bédﬁén aﬁé@%&%l Eﬁﬁzﬂ{gzm&@ﬂv@é&/to(ath@ﬁ[ng%% fok v@sophe first m xed
t oget her and then sulecte to mechanical frothing with air. Alternatively,

the conpoReksthngopss o Heameaaiesh ereangiyfaingl npdange gutdlhaasingdic ng t he

mechani calgod, %rhe'xélﬁpl%%%ﬁ@m&@@%ht 18e @rc@?éddﬁl%,on%é&ﬁﬁab&ﬁ&?of‘%ﬁe carrier can
be played out fromsupply rolls and ultina rewound on take-up rolls

upon separfesn vatcfizloi ﬁent@bteémerpbllrfsmﬁlebmsrﬁéllméﬁqr pymeses of Exmingrnof
material s ;f; altsﬂr?lo% g%M Ofiglg?%ql on factors such as the desired
g% eX|

degree of s ort an | ty, e desired degree of releasability from
the cured foan{OOé?)]sztxfteraltrmfomhes lcated anbewsedd ércan fhombe paRsadde a codling zegiveet s of

metal suc th@l% i?its %&Jﬁcﬁ?fan?rts&ﬁa!bie c%roling device such as fans. In one embodiment, where

appropriate, the substrate is removed and the foam can be taken up on a roll.
Alternatively, the foam can be subjected to further processing, for example lamination
(bonding using heat and pressure) to a substrate, if desired.

[0058] In a final step, in one embodiment, a long, foamed polyurethane sheet is
obtained, which can be punched out in the shape of a CMP pad as a final product. A final
inspection can then be carried out. Alternatively, the foamed polyurethane sheet may be
cut into individual sheets, while a final inspection is carried out, so as to be shipped in its
current final shape for later processing into individual CMP pads. The thickness of the
cured polyurethane foam is about 0.5 to about 5.0 mm, specifically about 1.0 to about 3.0
mm.

[0059] The polishing layer can be modified by buffing or conditioning, such as by
moving the pad against an abrasive surface. The preferred abrasive surface for
conditioning is a disk which is preferably metal and which is preferably embedded with

diamonds of a size in the range of 1 um to 0.5 mm. Optionally, conditioning can be
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pol ymer films such as pol yethylene terephthal ate, silicone, or the |like can
be used. The material can be coated with a rel ease coating. In one

enbodi nerwp 20te13812hst rat e can be coated with a materi al PCmtusSaaio®3d408 be
transferred to the surface of the cured pol yurethane foam for exanple a
pol yurethane filmthat is releasable fromthe substrate. A fibrous web or
other filler material can be disposed on the surface of the substrate, and
t hereby becone ultinmately incorporated into the cured foam |n another
enbodi menconduREed fighepietrnesotaroadigonag fluidepreferpbly 2 vatardissed i€ can be
optional | ¥oR&hineQbralibendidifidl product, instead of being separated fromthe
foam In one embodi menlg,‘ a conveyor belt can be used as a substrate and
have a pl ai n of0080} Extnefigingslayd dergher ¢@aBBYs grpovas. spawelhi ad@nbodi nent, in
order to -e t : jche - "

chem cal - ﬁe&?ﬁgﬁﬁl@asg‘%ﬁ“ﬁ% %%16}%)05@5 5?&%@#&%@@%@%%@hﬁ%ﬁl‘%ﬁhﬂgagﬁ%pert i es of
t he produetrossghgabfce afitee palisiing &yeurldd gtoove, gehyaly; endienrerfbobonssheet , i.e.,

i s bound . . i . de i . W respect
to a pr odhﬁg If%l @gﬁ%@fﬁ&{ﬁ%ﬁg@ﬁg ?ﬁlt%ﬁ &ﬁl’p(@ggnntdg{lg% éggr; b@ﬁg%%wr ansf er
means f or stiseat cat Ined tweachore diftampgebtd @tteing far gampigatcombinagparfat us, such

as described in U S  Patent No. 7 338,9 erefo e.substrate film
can be a DORSHRN I T Sl e PR S B Rer st TRAENE Vet hyl ene
t er epht halcad i i BieThrm Hhinepiodryones, shated Repotesp byteetad grobvesngirhl oreBagdri bl e to a
tensile force aglg;(ked qﬁ a roller machine, and resistance igr operties to
heat appl iFEY'BY KRR MY ang QanbEROPIgIQUS of MOPICHMEINAY s ng a pol yner
such as pebyetwfityn Thppblikeink phd subst-yEsptidaall yaurtid tympiingh osddraidrele can be al so
used. The thicknesses of the fil wi |l not adversely affect the polishing
proper t i e@PYRIShEANIPAFH Iyt ¢ CRESINTHE £ HIMOPF PG ERSE HHES t 0 a

pol yur et hapenf 0amBhERL). TR iRcISRACITshch HeRed dﬁﬁhslu&ﬂﬁﬁ%gﬁsm.b? cast onto a
first layer of a polyurethane foa S. Patent . 6,884,156 to

uret hane foam as in U S
Cabot or @p@allpgﬁ@mlsswé.re%qr&ﬁ,%s&k&%ﬁhewomlﬁw@i%@rawrlfct.o bymeedt oam pad
can be i nteaffinkyoreRfSin st CMAOAkEMo NG tedfni@gtnesi ve, to forma

conposite structure. In another 'enbodi nent, "the polishing pad can be a

conposi te pad EWaprTheipgtfomppneméirtas pdighing padopiteed congalspdep infieencddgind

o el Sy TSR esL e o BB
conposi t i earf¢rafanesris alpe dapeadenbdmali aspctsi of thbalolistengpiocass anditbainiemagtionsne f or
Eﬂ.r teagr et ?}gtly&%glt g%ﬂ%gﬁ{?ﬂg%%?@?&ol, Ao GMRELALHEES e Larffftl. Nt @l ned in a range
[0062] In order to provide desired mechanical properties to the foam, particularly
superior polishing properties for a polyurethane foam, the average cellular diameter of the
foam can be about 20 to about 150 micrometers, preferably about 50 to about 100
micrometers.
[0063] In one embodiment, the polishing pads have a density of 30 to 65 pounds
per cubic foot (pcf), or 480 to 1040 kilograms per cubic meter (kg/m?), specifically 40 to
60 pcf, (640 to 960 kg/m?).
[0064] Surface roughness values are measured after conditioning. In some
embodiments, the polishing pad has a surface roughness of about 2 to about 25 micrometer
Ra, specifically about 3 to about 20 micrometer Ra.
[0065] The polishing pads can have a hardness of about 45 to about 65 Shore D.
In yet other embodiments, the polishing pads have a hardness of about 55 to about 63

Shore D.
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foam for exanple at about 900C to about 2200C, depending on the
conposition of the foammaterial. D fferential tenperatures can be

est abl i shw0 2bov13gaposes of forming an integral skin onram/usatwios@isur f ace
of the foam [0057] After the foamis heated and cured, it can then be
passed to a cooling zone where it is cooled by any suitable cooling device
such as fans hi one enbodi nent, where appropriate, the substrate is renoved
and the foam can be taken up on a roll. Alternatively, the foam can be

subj ected to f {0phln ope ermbedkimeny, the gyfaesensrsvef themolgtitorrd @Bendindieusi ng heat

and pressureye a{b%utal SStbI BSduk % RiN/inf spe&REd§%bodt90 28dbolituBnNiRahorst €p, 1 n one
enbodi nent, a f oamed pol yuret hané sheet 1s obtained, which can be

punched o@pectilfwaklm og‘n%()pté apput 35 aiPmpbagedien te Fpyikds l\@frtmplowg thpya|
i nspect i ory Bs%ﬁ@dltoB%Qnth‘? aﬁ@E He%sf& ei%ﬂlhteélnﬁcﬁf C‘ﬁ&{ & leMbodiRRn r%‘%@@ﬁﬁ sRplcy ur et hane
ua e a

sheet may be cut into indivi eets I'nal” i nspection is
carried owfmeyoWweﬂmmamgfsﬁi@pm@mmﬂi@t@ﬁnﬂmﬂmglammnabmsh@pgmbmﬁSIater

processi ”%N/ﬂaf Qe fpdhnYy) a%gl?{lsgg’gboﬁl?%gmﬁg 1;35\% ﬁm’}?cﬁﬁy QJO];J ﬂ?tIO%H&ﬁ

pol yur et hane Jam 1S Specitica 8ut 1.0 to
about 3. Onﬂwhlbﬂ@&@ﬂﬂﬁﬁbwbﬂnﬂahmhgmﬂayegﬂmSﬁmb@dmmdmﬁumdnﬁy buffing or

condi tionin suc in aln t an abrasive surface. The
preferredngg?ﬁg?Q%“%%F$éc§(%8¥%8%WHP Ya di sk which is preferably
metal and whi cfo0b3] meqfoaﬂﬁﬂfgpadeadmddﬁdamﬁzladdymnqi&sefdﬁamﬁcze in the range
of 1 mMmmto 0.5 t|o i onj, conduc n the presence
of a CondmEBRIHREPIS 6N et B 5 Bt Sreosatisd TR L EMEFREnG Abr sl ve
parti cl es Ne00&R] Wilke 1p@1l Whith rsgleieayefcoﬁprateJaeiy réfordhdel it @S cigir@gy es, channel s,
and/ or perfor%tlons Such feg %res can facjl %ate the | ateral trgnsport of
a pol i shi NGELBAPELIATBI cxRiPESathiveow g gdichehaviRs IHEFPURT RG2BRIEH. The

grooves, GB@Hﬂﬁ(ﬁJTﬁ@ﬂ%&ﬁni@ﬁﬁﬂﬁéﬁl&ﬁ%e@%ﬁmﬂ%1MBt@8Mm§Mkkﬁ@bﬁe@@&iern and
can have any suitab dept, dth. The polishing pad substrate can have

two or noFEesgMhicBieRphgeFaldhpytaine prfsa visqops eanyhieh & it BRaSe Withithsn of | ar ge
grooves a@ﬁiaﬁ PRd but9h 99%4'@&% 0%§0f%§§ér\>lllﬁlq{% iRl The RREEHs N2 mRedBp233. The

grooves can be in the fTormof 1inear grooves, sl ant ed grooves, concentric
grooves, dhsideatee g which & oiatgrialfreboigess ancastieysatidoths Nise e s{pesp mepsaresdlied can be

conti nUOUSeAL. AANTIANL AN chlleCRASEL MY ThIBR1EAh SAGRAL, DSt rat e

optionally Yfurther conprises one or nore
related to material properties through the ratio of stress to strain (this ratio can be defined

as the modulus). Thus, the ratio of elastic stress to strain is the storage (or elastic)
modulus and the ratio of the viscous stress to strain is the loss (or viscous) modulus.
When testing is done in tension or compression, E' and E" designate the storage and loss
modulus, respectively.

[0068] The ratio of the loss modulus to the storage modulus is the tangent of the
phase angle shift (8) between the stress and the strain. According to the equation, E"/E'=
tan 6 and is a measure of the damping ability of the material.

[0069] In addition to the parameter tan 9, as defined above, another parameter for
predicting polishing performance is known as the "Energy Loss Factor," ASTM D4092-90
("Standard Terminology Relating to Dynamic Mechanical Measurements of Plastics"),
incorporated by reference in its entirety, which defines this parameter as the energy per
unit volume lost in each deformation cycle. In other words, it is a measure of the area
within the stress-strain hysteresis loop.

[0070] The Energy Loss Factor (KEL) is a function of both tan 6 and the elastic
storage modulus (E') and may be defined by the following equation:
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apertures, transparent regions, or translucent regions (e.g., w ndows as
described in U S. Patent No. 5,893, 796). The inclusion of such apertures
or translwoento/Bgions (i.e., optically transm ssive re@COASPI0S3EAES| r abl e
when the polishing pad substrate is to be used in conjunction with an in
situ CVP process nonitoring technique. [0061] The perfornmance of the
polishing pad material can al so be influenced and sonetinmes controlled

t hrough ot her Eﬁ{Sical p&pggrties ?f t he polishing pad, although pad

per f or mance i sKElsoydPEndERt! 6fnd N aspects of the polishing process and

the interagti-ans ibgtpaggnR pad, slurry, polishing tool, and polishing
conditions, for exanple. [0062] In order to provide desired nmechani cal

properties to tAElkBwrhighsatheivelue af KL superid.cengdly thhlowgr esloetict i es for a

pol yur et h . of e i f. the f 1, be about
20 to abo3?%3%8qg$g%gﬁgﬁéggﬁgéfgfé%g I%H%Egﬁ%hggﬂ% a%b%ﬁ?gggg?ﬁ?%roneters.
[ 0063] | necumrey eniivoidihtndat heat hed tho Fdnsmingpqraelsis Kaved imthdeaditdy of 30 to 65

pounds per i . 0 s 40Q. ki 1 i - ter

(gl md) - Sl fRscyBE hesahes8p b 00 ORGPy SR, £

r oughness thealavesf KiEe. fieqsadr the lafdr dre etasticicboumdi g inclaasestbarBEE&ndlne) thent s, t he
pol i shi ng d has surface roughness of about 2 to abo 25 mcroneter Ra,
peci 11 caPhg Sl v Sl S St 3N Fiboh e Bt Rk e BR Ui CehEh g, pads
can have aahassdhiagsn ddereatadyblivhingt dficteyts &bl Shahe pbentidd pydlenst her

enbodi nents, t i shin d ve har dness of ut 55 to about 63
Shore. D [ 0066 (PREoH Birtahahe (B) fie i des Bt 5P 0har BR mstifeht ng. pa
after gri ngingthetathdde fayeathic MechahilbauilyGOatimperapeor bt abiq 4atmut 20 to
about 40 MNm nore specifical |y about 30 to about 35 n.m based on the

Fowkes MetRddAEmI GyanA dregiracselsidipdianssep Ebhisselculaicg rengdissayadingnt

t echni que defiRd abdies TRFRARBIoTRRIModul] 08 KIED can b SsEmedsuicdat Ry r et hane
material, as produced (before grinding) can be about 10 to about 35 nlN'm

speci f i call{yPeEAieat cISCitldy Yisrcragrentpirrrrsrehe pedil fmpsratye gpeutor20 to about
25 M m  bas&the0Nddalle NIRRT b@tLhﬁg cBIAYE QViithe _a§b NEsiBRR n8 lﬂfeﬁmlrend

contact -angl e nmeasurenent techni que, as described in the Exanples bel ow.
[ 0067] Thevighandresking denpreesure &re. peatioled thgaloes af &Ho Ppetineiagpreschef dynami c

unity).

[0073] In one embodiment, the polyurethane polishing layer exhibits a storage
modulus (E") of greater than about 100 MPa, specifically about 100 to about 1000 MPa,
each over a range of 20°C to 50°C. Such firmer polishing pads are useful as, e.g., a
copper or oxide polishing pad. In another embodiment, the polyurethane layer exhibits a
storage modulus (E") of about 40 to about 200 MPa over a range of 20°C to 50°C. These
softer pads are useful, e.g., as a barrier polishing pad. In either of the foregoing
embodiments, the polyurethane layer can exhibit a ratio of E'at 50°C : E' at 20°C of less
than 1.0, specifically about 0.5 to about 0.8. In yet other embodiments, the polishing pads
have a storage modulus E' of 250 to 650 MPa in the range of 20°C to 50°C, specifically
300 to 600 MPa at 40°C.

[0074] In one embodiment the polyurethane layer can exhibit a KEL of about 1 to
about 500 1/Pa, specifically about 10 to about 400 1/Pa at 50°C, more specifically about
50 to about 300, each in the range of 20°C to 50°C. In yet other embodiments, the
polyurethane layer can have a KEL of 100 to 250 1/Pa at 50°C. These ranges are suitable
for a firmer polishing pad that can be used, e.g., for copper or oxide polishing. It is also

possible to manufacture polishing pads having a KEL of greater than about 1,000 at 50°C,
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mechani cal analysis (as described in J . D. Ferry, "Viscoelastic Properties
of Polyners", New York, WIley. 1961 which is hereby incorporated by
ref erencewOnoiosseatirety). Viscoelastic material s exhi lpct/usetlo/osd4s€ous and
el astic behavior in response to an applied deformation. The resulting
stress signal can be separated into two conponents: an elastic stress which
is in phase with the strain, and a viscous stress which is in phase with
the strain rate but 90 degrees out of phase with the strain. The elastic
stress i sAiGheashe uschl farhes degiiadolidhingnagh 18 2pneiehs Brreasepbediggntan el astic
solid; they W 3eaURing idyESSn TBASULES of IREL FEPPE KD et ilig ARG @M i al behaves
as an ideal fluid. Thé elastic and viscous stresses are related to materi al
properti espacHicalighOth&Or ati o of stress to strain (this ratio can be defined
as the nodul us , i s el I r Strain.i Jpe storage
(or elastic) nfao&ﬁ]ﬁféﬁ R&ﬂfeﬁ%ﬁég%eg&gﬁ atq%{eé §f|1§%:sct)lﬁa§ﬁ)é rélzgle?ibn%gtoféqg is the
| 0SS (or ‘o S&QUIhe polgukthane M @xhibies tatio@f tad SAORE A Nart @AI0ON 0OT.2 EORPr €ssi on,
e the storage, and | oss. nodul

E' and E" designate | ,. respectively. [0068] The
ratio of fHAMYLLIHREE tte&’ot‘?fjeb%'g%‘?f&dbls Belirpd g e OYe&rR&é’%Pa%?e t he
phase angloeth%@bﬁﬂm{gq;)adm{ PRGN AR 1SWESEs et athifck akdducAs aRN6l i@ to the
equation, E'/E = tan_d and is a neasure of the ing. ability of the

da
mat eri al . dplpodaghen rsibigngeaf dis nobshirgerada desrmed hetedn This believedtetiBy above,

anot her p%[@@ﬁ%ﬁfienfcgbropfd@f\iﬂﬁ(ﬁfshiﬂgpa‘ﬁlrﬁﬁﬁﬂe%th%té&&%@&?%e%erk Whings the
"Energy Loss Factor,” ASTM D4092-90 (" Standard Term nol o elating to

Dynam ¢ Meetigt prdblo Wiees i geapravnsthast lep| raliqne golishing pedsr §W&?%ﬂefl§§ngl%f erence in
ost 1 eaRh o S O S B R AR AT o1 The ar ea
wi t hin t henodule gl the tagidaltdny Sleieregisies 20 6ah30°COOT OprioFmend@ré tgypoliguee Fact or
imy e delhan By Cha"{or FaRRE EaTETi on: KEL = tan dv10 12/ [E *(I + thn
d2)] wherein E[007€] The peaduied md if @BAt{eriFhldyhi lgherdetdoeratealutieg ufe. KEL f or a
ner oy 15 ePaieeT e BlablS. SAIR R UARR IR Y MR IP S B, DX oG as
heat, and nidiespeeifiedlyileng tiRArt0®enibe oblaticé basked ol 16.2p ach andt. sulkisfeciugat |y
Llelgﬁgfed ¥ legslt gr} 3600 ,nsggc? ica §' fess arE 510600 ,O r!nlor%rgll)eré 1cgl¥39 Jes?s'thacr;le 5000, %Lrl ¢ the
obtained at a 0.20 um cutoff.
[0077] The polishing pad can be used alone, or optionally can be mated to a pad
carrier. When the polishing pad is mated to the pad carrier, the polishing pad is intended
to contact the work piece to be polished and serves as the polishing layer, while the
substrate serves as a subpad.
[0078] In a specific embodiment, the foam is cast onto a first, uncured layer of a
polyurethane foam, as described in U.S. Patent No. 6,635,688 to World Properties, Inc.
Subsequent curing of both pads provides an integrally bonded composite polishing pad.
[0079] Other exemplary subpads include polyurethane foam subpads, impregnated
felt subpads, microporous polyurethane subpads, and sintered urethane subpads. The
polishing layer and/or the subpad optionally comprises grooves, channels, hollow sections,
windows, apertures, and the like. The subpad can be affixed to the polishing layer by any
suitable means. For example, the polishing layer and subpad can be affixed through
adhesives or can be attached via welding or similar technique. An intermediate backing

layer such as a poly(ethylene terephthalate) film can be disposed between the polishing
layer and the subpad.
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the value of KEL for a pad, the lower the elastic rebound. To increase the
KEL val ue, the pad can be nade softer. However, this approach can tend to
reduce thwo=bioff3sess of the pad, resulting in decreasedPpoltusgiioogs418
efficiency as well as other potential problens. [0072] The storage nodul us
(E') and Energy Loss Factor (KEL) can be neasured using the nethod of
Dynam ¢ Mechani cal Analysis at a tenperature of 00C, 200C, 400C, 500C and

700C, and frequency of 10 radi ans/sec. KEL is cal cul ated using the equation
defi ned above. [0PRQT Thetq wberatasHer thierd) 438 beprofmed by measd@one imBasditr ed at

various teEpghabl g pa@%%t@éaln%e?}odh@m; eﬁﬁﬁﬁlﬁgoﬂehﬁﬂthe Shtagent the useful

tenperature range fo ol i shi ng Modul'us or KEL w Il change as
little as ppb@@i‘SblTéle aﬁwdww@dm@rpqlm@aWRtt@nallvcheea@ilﬁfgi tp eneprascatheire (.

aratio OIPO Fﬁ%lﬁﬁ two tenperatures approaches unity). [0073] In one
enbodi nent, t e pol yur et hane polishing |layer exhibits a storage nodul us

(E') of greatef008harheglobehingi®d i\paticudplysifddciat dsg ilammnctiwitﬂoa about 1000
Mpa, each cf?e\{flgalqnercﬁﬂgc%l gghsglggﬁﬁ/@égp%g%usSl‘fﬁ%\camg 94‘&!1 t(ﬂbﬁ%gseg%ds are

useful as, 1%'Sh ano enbodi nent

t he pol yurpelttdnawmch arg&en irexdei i9iirt mommdmamvermtultMre@Ets)frcmﬁ orhbdylineds) t o about

200 MPa over. a 0C. These s fte%lt]tl)%és are useful, e.g.,
0

ran
20 o bEF it A0 o e pat e e P PR e B T REN s The
pol yur et haﬁﬁth@{ylﬁén G.’adSh i@xhitioht The 4apphiatus 0in farth@tcoMPAE a calier dfat RADG of I|ess
than 1.0, eC|f|c ut 0.5.to out. O. et ot her.enb dlrrents
tha ot s AR PceS B aYiRar cop gt lngiciye Bt R paE RO o 1 ange
of 200C t of BRQClishRgalf TEapdliyhid®Of thewokbidaypadal14Qles plhddGvidla | N one

enbodi ment the pol yur.et hane | ayer can exhibit a KEL of about 1 to about 500
|/ Pa, spe@PRtiPaniRn nelury! taswern teopork pisee i BoRtshing Pyl ki i cal |y

about 50 tvahautve 3D&ch gﬁ‘lﬁlh s ﬁhtb B@raﬂ@:ﬂ%sm slig@Qforttod 0P ARGvork Picdeh Ot her
enbodi ments, the pol yurethane can have a KEL of 100 to 250 I/Pa at

500C. Thes#ler riglish e @oskecsh |Tée MP WPRPRFAE Bsomy sHichls (AR R USean be

used, €. gmanl 8f whiPRRRknOn A¢hdgt POl RIBEHIL pddtaldoTa@bSRc@RRRRLE O
rranuf acture polishing pads having a KEL of greater than about 1,000 at

500C, whi cirokbsdimgdeolyseful for, e.g., barrier polishing pads hi any of the

; b | f KEL at
{56991 79, STEOYUEN o S HLSHIANE UG I BEpaafho of KEL 2

polishing machine employs a down force of 35 to 700, preferably 70 to 500 g/cm (0.5 to
10 psi, specifically 1 to 6 psi), a platen speed of 25 to 400 rpm, preferably 50 to 200 rpm, a
carrier speed of 25 to 400 rpm, preferably 50 to 200 rpm, and a media flow of 20 to 500,
specifically 100 to 200 ml/min.

[0083] The working film, or surface layer of the work piece, that is the subject of
chemical mechanical polishing according to the present invention can be a silicon oxide
film, amorphous silicon film, polycrystalline silicon film, single-crystal silicon film,
silicon nitride film, pure tungsten film, pure aluminum film or pure copper film, or an
alloy film of tungsten, aluminum or copper with another metal, formed on a wafer during
manufacture of a semiconductor device such as a VLSI or the like. The working film may
also be an oxide or nitride film of a metal, for example, tantalum or titanium.

[0084] When the surface of the working film is a metal, the polishing rate can be
vastly improved by adding an oxidizing agent to the polishing composition applied during
the polishing operation. The oxidizing agent used can be appropriately selected, for

example, based on the electrochemical properties of the working surface.
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[ 0075] The pol yuret hane can exhibit a tan d of less than 0.070 in the range
of 200C to 500C. The pol yurethane can exhibit a ratio of tan d at 500C :
tan d at WOQ@oof3sk42 to 3.0. Again without w shing to becChaseaobyssishreory,
it is believed that the inproved performance of the polishing pads, in
particular the | ower polishing tenperatures, are due to the low tan delta
(higher resilience) of the polishing pads described herein. It is believed
that the higher resilience provides polishing perfornance with faster

recovery bet weERSploPihemyery risagsa cambrpalighod Vithelbe Pgjshige atd Beludhan | ess
resilient \paldrpfbige RAFSs, (RLNGBthAISmENGH DY ribR (RROVRINISE. 4 hoprat . | ower

pol i shing tenperattres result. Further, Sincé the ratio of the modul us and
the tan dalctads)i Bagnpiag hdeds, errayzo digleatris (0.0) layhe. peymatafime €-of org#ec pol i shi ng
pads is c i i i S F 7 T ol i.shi: pad is
character??@%éﬁgqgwkgaggﬁgg%@%?gég%%{gﬁ%?ﬁggﬂg%ggﬂékﬁéggﬁg%%%%%gpln t he
exanpl es, sestaesf(@GEMPBafieldemidsog disphan a8500sr sipweleftranad Wyrkipesses, t han 2000,

nor e speci g . i 0, nm cut of f.
N et ont - Pl ek R UohoBtc A R ORE 1888 e Wpafisdi T

speci f i calsiligonl mgglet drdow BRGOtrcamtdral)@bd/ar metdl-@ntamifs Beru@m o ubpdek, [ 0077] The
pol i shi ng can be used. al on r optionally can be ted.to a pad

Dot o O Rt el e i el Shan BB SRR AR B g Dot shi ng
pad is i nksivedandld, allge caol, dntenixoick thotceH e Thotche "pohostve dg@nikks estres as t he
polishing |ayer, whil. he substrate serves subpad. .[0078]. In a
et o atibanieatie difi g gRb 7l BEE o7 Biotgrlif Do RS g aver of

pol yur et hareetrdr@aagﬁbtiogfsnﬁlemﬁiomd rightl diJ?kSgyp?@lh 1@ngvemurfﬁcegﬁeﬁ c68Pride® W)r: FI
Properties, Inc. Subsequent curing of both pads provides an.integrally
bonded coﬁf%‘%‘i‘&héspgﬁﬂsskrﬁtﬂ’ﬁ SPAREC CRERP Y ISERN S REpBlcdRaferial pp@Rlei nel ude

pol yur et hane beadnsubRadsyerd NBIL&I RHeRE 1€ |atunSikd) BRES titdiiaC EQROSiRYSIA,

pol yur et hane subpads, and sintered urethane subpads. The polishing | ayer
and/ or t h&sEiBBatagistipcialcrRLBingr theiel gingddiden. thenuerk gicse CHEPMBlirsect i ons,

Wi ndows,  apfik E’srs@rﬁiagﬁﬂﬁ of &)%silkjti Jf@ny G018 HRRAEL FRRiD e AhIL ¥Reh L O The

polishing | ayer by y suitable neans. For exanple, the polishing |ayer and

subpad camomposafs insdadr, fhicngHe. antid situdes (og. wamlupeniaide dithidemitadeel di ng or
LTt I A0 PP 258 0 U e P P e

silicides (e.g., tungsten silicide and titanium silicide), nickel-phosphorus, alumino-

borosilicate, borosilicate glass, phosphosilicate glass (PSG), borophosphosilicate glass

(BPSQ), silicon/germanium alloys, and silicon/germanium/carbon alloys. The work piece

also can comprise, consist essentially of, or consist of any suitable semiconductor base

material. Suitable semiconductor base materials include monocrystalline silicon,

polycrystalline silicon, amorphous silicon, silicon-on-insulator, and gallium arsenide. The

work piece can comprise a metal layer, more preferably a metal layer selected from the

group consisting of copper, tungsten, tantalum, platinum, aluminum, and combinations

thereof.

[0086] The polishing pad can be used for applications where the surface being

polished is susceptible to damage. In one embodiment, the method is used in the

microelectronics industry to remove excess metal and/or dielectrics from integrated

circuits, for example, on a wafer. In particular, removal of selected layers from an

integrated circuit is facilitated, i.e., the polishing pad as described herein improves the

removal process without damaging the delicate printed circuit lines or the underlying

substrate material.
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| ayer and the subpad.[0080] These substrates for the pad can be produced by
means known in the art. For exanple, the pad substrate can be produced by
ext r udi ngwoneioof3s2he af oresai d pol yners. The extruded cepoiusa®E0/0a641pol yner
can optionally be nodified to increase the porosity or void volunme. [0081]
The polishing pad is particularly suited for use in conjunction with a
chem cal - mechani cal polishing (CWMP) apparatus. Typically, the apparatus
conprises a platen, which, when in use, is in notion and has a velocity
that results fF9RYIoh Bideayarietyiohpalishing compesitisna panhseiseshvithrhe pplithinghi ng pad

substrate,i$ $Lﬂ:h%91ﬂf5@§ﬁf0n¥\4 Qaltl)h@oniﬂrﬁé g quﬁﬂlgarﬁprv(@% Wa{ep otr Q%nﬂ:ldat en when in
motion. The apparatus can further conprise a carrier that holds a work

pi ece to tm,fdpm ¢onkpedngAn @emicaehichgguchrrchnminphelgn penkingtips withayasarp ant he
pol i shing aﬁﬁd %,,Qdfluntﬂnf ﬁ?& 'tl%alﬁ?ang%ﬂagrcoﬁ_g eﬂﬂ&ﬂlé *Ma%ﬂes%f %ﬁcﬁe wor k pi ece
es ace w'th da poli

typically ta ' ' AR ntroduced between the
wor k pi eceombidatidne thetdoDsridrgtipzedly age m‘rmgre ﬁdﬂ;@ves elllczlatans veidizogageis Gtéher, so as

to abrade Blglteagéetl%%l?lﬁ e&@g&&@&m@?{&bﬁ%ﬂh at %J&%dwg}é o@érﬁﬁe 0)%33&91%Biu o polish

t he work ara Pe'an apparat us, many
of which @mull&mmtassmrm b@nanganata'hmtqsmﬂlmﬂamroglquadotaé.ssm odatelpercbed Wt h

| i near poI| hi n 0 one.particul ar .enbo ol i shing
surt acen s ity mnB Fn iy S A By ENE st el 30 1o
7|00 pr ef @h@dph?‘tuﬂgﬁtut &id QlicghclyRdié ﬁbflcﬁ ahg})ﬂ(&plﬁolﬁﬁqutglggmicf)mbabélynl to 6 psi Zj, ?
aten speed .o 51to 400 r refera to r carrier speed o
D o 40D TR e P HB 5 BB e e e ORIV MbHor 20 Lo 200,
speci fi calpblystifesuTordteidn, édﬂlplexuﬁgle%&]; (eTé'lemM Jiinand pdlyrarbsxystiadi@ce | ayer

of the work piece, .that t he ect chemi cal nechanlcal pol i shi ng
accor di ng PReSPRPEC ?ﬁ“i@s@}ﬁitsu ?ﬂ}%f‘&lﬁ? lhelaﬁlfl%elas e N8 fi 1 m anor phous

silicon fipkiBimRRINE bYisbadzbletRnBtdidz6RNgind1iRk, (@indBhie a6l YfliRkalsle! 1 con film
silicon nitride film pure tungsten film_ pure alumnumfilmor pure copper

film or Qﬁnzaﬂ%«g}mmbwm 1P AR EIOBI, eﬂé)ﬂ‘iﬁ?ﬂﬁﬁ‘#ﬁeo‘rﬂe%?fﬂ@?mw&liﬁ’“&not her metal,

for med 0”aﬁnm@ﬁ&knﬁughﬁﬁmﬂﬁQMﬂﬁﬁéMﬁﬁt@%m zﬁeﬂhﬁﬁﬁﬂﬁﬁkﬁﬁaﬂﬁvW&&oﬁych as a
VLSl or the Iike. Thée working filmmay al so be an oxide orf nitride film of

a metal, ﬁdﬁetbﬂdn%)‘ll érlazmaqml%ﬂm@nbwogu@mnnm relicyboRAimeydening rgarine.f ace of the
wor ki ng f 'phﬁpcﬂ'aﬁnéa SrH'?étﬁ}LlJle @&2&91120%1 bt hAG- 1CR E‘tlj&%ole) organic acids (e.g.,

para-toluenesulfonic acid, dodecylbenzenesulfonic acid, isoprenesulfonic acid, gluconic
acid, lactic acid, citric acid, tartaric acid, malic acid, glycolic acid, malonic acid, formic
acid, oxalic acid, succinic acid, fumaric acid, maleic acid, and phthalic acid), pH adjusters
(e.g., hydrochloric acid, sulfuric acid, phosphoric acid, sodium hydroxide, potassium
hydroxide, rubidium hydroxide, cesium hydroxide, and ammonium hydroxide), buffering
agents (e.g., phosphate buffers, acetate buffers, and sulfate buffers), ionic or non-ionic
surfactants, deflocculants, viscosity modifiers, wetting agents, cleaning agents, and
combinations thercof. The selection of the components of the polishing composition,
which can be used with the polishing pad, and the relative amounts thereof, depends
primarily on the type of work piece being polished. It will be appreciated that the
components of a slurry can be combined in various ways to form the slurry in situ.

[0088] The invention is further illustrated by the following non-limiting examples.

EXAMPLES
[0089] In the following examples, the materials shown in Table 1 were used.
Table 1
Component Description and Trade Name Supplier
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vastly inproved by adding an oxidi zing agent to the polishing conposition

applied during the polishing operation.
appropri awvelyigesiedt ed,

for exanpl e,

The oxi di zi ng agent used can be
based on the el ect PoThispI10AB6418

properties of the working surface.[0085] Oher work pieces that can be

polished with the polishing pad include nenory storage devices,
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copper,
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nRTO9O PA € E)&E@M@’ prcEE et |theI [ﬂ&ﬁfctl&ﬁé faRd Iﬁﬂlyufrétﬂdfﬂe tfdih?nsgfs&llﬁ

XE‘IH@P%&S@S fqllewgeﬁ’arfrﬁéthﬁapliyglrﬁowgowa C%talﬁstb@lddgéépt% Efoabm i cations
wher e t he (&t &¢snd@l Beher additives were mixed and placed in a holding tank with agitation

and under dry nitrogen. This mixture was then pumped at a controlled flow rate to an

Oakes-type high shear mixing head. Part B (the isocyanate component) was separately

pumped into the mixing head at a controlled flow rate relative to the flow rate of part A.

Flow meters were used to measure and adjust the flow rates of the various raw material

streams. Dry air was introduced into the mixing head using a gas flow rate controller to

adjust the airflow rate so as to create froth.

[0091] After mixing and mechanical frothing in the high shear mixer, the foam

was pumped through a flexible hose and out through a rigid nozzle. The foams were then

cast onto a coated release paper that had been dried by passing it through an infrared dryer

just prior to the point where the foam was introduced. The release paper was drawn

through the machine at controlled speed.

[0092] The coated release paper was then passed through a curing section for

about 2 to about 8 minutes, consisting of exposure to heated platens kept at 120°C to
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polished is susceptible to danage. In one enbodi nent, the nethod is used in
the mcroelectronics industry to renove excess netal and/or dielectrics
fromint eyoavwdi3gizacuits, for exanple, on a wafer. |n pacriusadianicsmenova
of selected |ayers froman integrated circuit is facilitated, i.e., the
pol i shing pad as described herein inproves the renoval process w thout
damagi ng the delicate printed circuit lines or the underlying substrate

mat eri al . h0087 A wide variety of polishing conpositions can be used with
the pol i sHPE tﬁ)’a?olse“@ubfﬁheé@ﬁ%ﬁeﬁ:|Céf*f§0111615§pf‘11§1gfeﬁt}ng@@ﬁr‘9ﬁflfssé\ WIiES fwibBCTcar ri er
(e.9.. Wabgkons QerekePi 2t 080 FE ALY TEQPlodd WAGHRR p%&ﬁtﬂfofagﬁw&ﬁg s&H6h as an

al cohol in conmbination with water), an abrasive (e.g., alumna, silica,
titani a, dégereulting sheetvas, digaut. femion sur’r’mgwe%planarlaﬁu 2 EWBE PRitcang Ither eof ),

and opti onpal N i

peracetic aéh%?ﬁggr gﬁ%ﬁ%@i%%?g@k¥g§%%§feﬂﬁgJ%gggyékﬂ%g%gﬁgé§ngﬁgperOX|de,
annnnlun1péth@fmﬂehm@pmhs%pmnMMBﬂhaﬂgaﬂaw@SOb@matﬁvanUMOgronate
potaSS|un1| i mferricyanide, iron nitrate,
cerlunfanﬁnnlunﬁﬁfg §Q£B&lﬁ?§d? 8&§h%§§%?d phosphot ungsti ¢ aci d,
siliconol ybdic (E)éB]drheasmdplphwsrph@mdluyfngltke faklnvd)lg metbpdsosidennditiduisbi t ors (e. g.,

ol yst yr onesul FERHTheRToAdu R R RaduraSople gos g% FatPEg g
poIy-carbQMyga@U@emdﬁgaphnsphbmmcaaﬁﬂdm$(ﬁmdIﬁmhh@mkmgﬁ©fd$hm1@helat|ng

agents (e. tri i ndol e, __benzi m dazol e xazol.e-benzotri azol e,
o e it it T gng Shesli TESoain s R SLaa R e LRI na:

alm’roni a, eﬁdalybeﬂaqldanamm? HE 0. ﬁNfsaan Ifced, aaynaghylslw@fo @dwmlnmen 1nﬁtﬁlugi ne,
g ut am ne utam c acl tl‘yt an, amno-|l Htetrazol e 7 yar oxy-
5- et hyl - 1088 0450 g; aEf‘afaH@Eﬂ‘&%eﬁ@?E @Hfbg?&aﬁaf?ﬁlﬁénm%taf f‘@ﬁ‘%ﬂ@l‘&f&fdﬁéa adeni ne,

guani ne, pht bedazicPin to-108Ihing dEoRSNEQAIy AZ LR dydBic viscoelasticity

4-amno-1,2,4-triazole), organic acids (e.g., para-toluenesulfonic acid,
dodecylbeﬁ%%ﬂ%@&ﬂﬁgwm@“aC|d i soprenesul fonic acid, gluconic acid, lactic

acid, citric aﬁfo?s ﬁ&?%ﬂBésqa&&'(ﬂELw 'rﬁloaﬁfd%n lelél%Ql'e{c?ﬁniﬂ&?ﬁyAS'ﬁMO”' ¢ acid,

fornlc acid, oxalic ac succinic’acid, fumaric acid, €l c acid, and

pht halic é}ﬂf)@@ 90 pfStaadgrd@eemlsol()g' Ryelatingytal DornmmoMech?amaUMemreﬁlwmscof aci d,
phosphori xi de r ubj m hydr oxi de,
cesi um hy }agﬁﬁsg)éln%gﬁaﬁm m% crehex 1% I;tg %&t@é Hg]u%ll eme%ﬁconﬁitlon%wer éj &g. .

phosphat e dbwtfibar sbpvacet at e buffers and sulfate buffers) ionic or

non 1 oni ¢_sur { et s, hAREHLRALE 1tk SERSH b TPl Lhhiens L1 0 20Nt
determined using an electronic force balance, and the density was calculated using the
formula: Density (kg/m®) = [Weight (kg) of Specimen]/ [Volume (m®) of Specimen].

[0097] Cell size was determined by a scanning electron microscope (SEM).

[0098] The Surface Energy of the surfaces of the pad with a skin, as produced
before being ground and after being ground, was determined using sessile drop
goniometry. This technique is a known method used to characterize surface energy.
Sessile drop contact angles of water and diiodomethane were measured using image
analysis (Tangent Method 1) with the Kruss DSA-10 MK2 Drop Shape Analysis System.
Droplets were delivered at a controlled rate and volume, with specimens held in place on a
vacuum stage. The two-component Fowkes Method was used to generate surface energy
values from the mean (n=10) contact angle data. Effort was made to place the droplets
between the surface features of the polishing pads, such as grooves or perforations, and

drop size was reduced to avoid capillary interaction with the grooves. The data excluded
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conmbi nations thereof. The selection of the conponents of the polishing
conposition, which can be used with the polishing pad, and the relative
anount s twenewf13sTepends primarily on the type of work pCEaS2010i08¢18
polished. It will be appreciated that the conponents of a slurry can be
conbined in various ways to formthe slurry in situ. [0088] The invention
is further illustrated by the following non-limting exanples. EXAMPLES
[0089] In the foll owi ng exanples, the materials shown in Table 1 were used.
Tabl e 1[ O0TajurapesEhast drplchtivedies wroevidarbandrthrimean (et 9 righie csayur et hane
foanms usedniif &B& 16X ATRIIEScd STIRSed RYli@WEe (R&BeaAh Thdi€2 POl YOI conponent,
catal yst, and surfactant {(foam stabilizer) and any other additives were

m xed and_placed in a holding tank viablsZagitation and under dry nitrogen.
Thi s mixtlure was then punped &efezencont r Rdfgrencklsoifaceat ¢ t o an Oakes-|t ype

hi gh shedar m xi ng head. Part| BSpthe i|socyamahendomponent) Rasensepar|at el y
punped i ntlestheuidi xi ng head |at a cont|rBithlgDiffeow |rPafae | Medpatse VePolar tthe fl ow
rate of pawhte (150w et ers weGebharded ROMea®I80e |2600adjA0s 1 Be.71%qw r at es

of the vdrpi@dsmedwnd@ivers al [streqrs. [Boygodi r4gwas |1 nia odsced, i| nf 3ot e i xi ng
head usi no,d gas flowrate controller|f to gdjust tlhe aifrflow fate sq as to

create fraghy, JPRFcddent St & Wil XE 4, Resami ¢ nng 1 the high
shear rrixe;{?lgt ue%?rg#%nc\%rs p\fjnpr)etd%rougﬁga@ex?gbl gﬁeﬁ%se and out through a
rigid nozzle. m%]fmr@wp?aﬁshxn@%dm&& 1Rl Rr2n&RRd18ekcha GPS&isR@pser that had
been dried by passing it through an infrared dryer just prior to the point
wher e t he coRghY RN IREE 3dieldS prhdinganachine. phpetlishiag cemesiionmedpugh t he
machi ne atp GORNOR 66 (BB AR kistiG ¢AGt e1k § glie@sg paper was then
passed t hrough a cur?%g %ectﬂiyg)n f%rlsabout 2’ to %@{opz?gg m nutes, consisting
of exposure tol(HealRads pierstaaplszekdpt totat nunrGO oS defetGOBBEY. 23 eigromster of

t her nocoup| . < i . i . per platens
wer e kept Baz'? %15%8@& %kée&{gz)?f’e Pl{;lg%%:étr&gmé tﬁ%‘e%ﬁ{h%élsefs%%%%% ]hrggulﬁg) hgﬁcool i ng
section. Thier ofepotstii amginebeetrcwss! rdpresegwhe; si?m@ldtrmplbimfﬁa&etsmﬁaswgﬂeanari zgd, a
groove pattern 0 > pl anari zed surface, and the product nmounted to
a subpad gélg%%%gﬁ%lggtﬁboéw}sjgo provide a finished polishing pad. A
plurality of specinens was obtained for evaluating performance as a

cheni cal - dsehplnilcal pol i shing pad. [0093] The sanples were tested using the

follow ng met hﬂﬂ%l]aggoﬁ&@%iaﬁé 1396% 'was prepared by the above-described process using

the formulation shown in Table 3.

Table 3
Ex. 1
Component Parts
Part A
PTMEG 60.60
MP Diol 13.70
Triol 13.41
Surfactant 1.88
Catalyst-1 5.81

PTFE No. 2 4.61
Total, Part A 100.01

OH # 284
Part B

Isocyanate 94.46
Total parts

[0102] The materials produced in accordance with this formulation were rigid,
microporous, high modulus polyurethanes. The Mc (molecular weight between

crosslinks) of the foamed, cured polyurcthanes was equal to 4521.33 for Example 1.
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[ 0094] Storage nodul us was determ ned as described in U. S. Pat. No.
7,217,179 using a strip having a wwdth of 3 mm a thickness of 1.5 nmand a
| engt h ofw@2orm3g1zt from a cured pol yuret hane sheet. TheCsiuse@omastisreasur ed
in a DVA operating in tensile node a frequency of 1.6 Hz, 0.5 N static
force, a dynamc bias of 0.05% and an initial |oad of 50 g. The sanpl e was
equilibrated at -20 OC for 10 m nutes and then ranped at a rate of 5C per
mn to 1200C using a comercially avail abl e dynam ¢ vi scoel asticity

measur i ng i nst FURBINEC teptolpomytenzd &rgye inddP palishine. qorenplangrizatign b8s  and tan d

wer e det ergidiedy QMng%Sgé\ﬂs% ggd 8akip }'étpaf)%rdg bR 1 RkEAYHo R BhnpR 1t 0 Dynam ¢

Mechani cal Measurements of Plastics"™), ‘incorporated by reference inits

entirety. Wi deasomparadod Q@ﬁ?;elmélii?é I@H)Oaéi%l? Psledarafrsipecd t{m@e‘] andn| ess
ot her wi Seq Qsd'ﬂi%tlé%ootélﬁp‘ﬁ%d %Qstteé%éd @ﬁ??sﬁEA d{’%/esuﬁ;tpa%%dﬁﬁﬂém uI B ﬁé@r m ned

using an electronic force ance, and t ensity was ca usi ng the
fornul a: BehBagsythe KG/ 1TBpd)= I wbgﬂotretéllngy)nsaﬁtenaoehﬂ imean}ive pofohingpad P8) of

Specinen] 7

m croscope %E%%’le%g%ggf{o_ﬁaﬁsd%ﬁ%\? ner&oaﬁ?g%ﬁggglg? %@gés&oa}ig%)he pad with
a skin, as;vnﬁxrtlmjlmeﬁmlomdrbwewrbeemgnlgﬂ@ﬁnnbhemm:i dédintogar vy Y. gincendh  was

determ ned. usi n on o Thi s Iechnl e i s a,.known nethod
Deed o cHiEie BBl b iRRa PR STRbibiond b ek En ST R0 Tt
andhdi Lod@mh@nmcme eCompaidita f?\l&hﬂglsblﬂfﬁ@ﬁy anahohsdved byl ﬁmglenﬁhg et hod 1)

wth the Kruss. DSA- 10 Shape, .An SIS S ets were

el 1ver od OXTRIB SHIT BT ST e B A g A T FT B et S R EBT T ol ace on
a vacuum siage Thkhastdene ©0 bR ARNTC 1 fovkas ph@aﬂmﬁe wemplsedMPageser at e

surface energ¥ val ues fromthe nmean (n=10) contact angle data. Effort was
made to pl8¥E'Yhe droplets between the surface features of the polishing

pads, such as grofVesn&hl RRIRRY ald ‘@Nfhin R&Xer HheRf¥mae WasvNedWeRGboto avoid
capillary interaction with the grooves. The data excl udedneasurenents where

dropl et didseBningdonVivgsthepidsarere Gnditionas AR iI P{*‘Ff‘élf"{“hafhﬂl”tefl yHtey. thiont act  angl es

exceeded +¢roob (BB pRLexhibted & Bfiboth, oI WAS- o8l HpaRSkE] RE&DpBrisbabh&néve Tabl e 2
*H gh purity re%gent grade water (conforns Po ASTM D-1 193, Type 1) [0099]

The CVP pd&kd BHiaxgibpedia disgonsnyoss vedout diat whrehplieved torpedierip éﬁlmq@mqr@wnng of
of the PTFE filler.

[0105] Certain polishing parameters were tested in order to determine their effect
on the removal rate profile, including the back pressure behind the wafer, A more uniform
removal rate was achieved using a back pressure of 3 psi and a slurry flow rate of 200
mL/min slurry flow rate.

[0106] Polishing of wafers, also referred to as planarization, was evaluated after a
standard pad conditioning cycle of 10 minutes followed by planarization of 10 filler
wafers (6 oxide fillers and 4 copper fillers), followed by a copper monitor wafer for
removal rate evaluation. This was sequentially followed by two more copper filler wafers
and a second copper monitor wafer. For the inventive Pad P-1, a sequentially third copper
monitor wafer was polished. All CMP process conditions were based on the optimal
conditions for the pad determined as described above. The wafers were cleaned using a
standard cleaning process to help obtain accurate defectivity measurements.

[0107] Copper monitor wafers were polished using the indicated pre-polishing
sequence, and their removal rate profiles were measured. Screen capture of the defect
analysis was obtained for the wafers polished by the P-1 and C-1 pads. The results are

shown in Table 4.
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copper using an | PEC 372M 165 polishing machi ne.
was DANANO Cu390 (800 g slurry, 300 g. distilled water,
[ 0100] Pawie 208v38mmal yzed for total

m cronmeter or 0.20 mcroneter size cut-off,

def ect anal ysi s,

t he size and nunber

The polishing conposition
138 g OF H2Q2)

nunber of defects uPCmFISa010/02&18
enpl oyi ng screen capture of the

in which color of spots in an inage were used represent

of defects in a wafer

usi ng an AVAT/ Orbot W5- 736.

Exanple 1 [0101] A polyurethane |ayer was prepared by the above-described
process using the fornul ation shown 2hlctfabl e 3. Table 3 [0102] The
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[0104] Renoval rlate (RR) amB"within| wafer nonuniformty" (WWWU) were both
determ ned. While the pads were condltioning on the platen wth distilled

wat er, the ICI&ﬁﬁ%CBgfgga exhi itegﬁﬁgaﬂﬁm out 3§q%@ﬂnce

conpari son, CEIENIE L H (’j‘?rs°8Bﬁ’Ff P]rarﬂ"iﬂ@“%efhe at vvas

bel i eved tCMbgadiitevilldd 4 ol ens prabatt UD0ngt themdAhnEa WIMND of about 4%,
and about 4,000 total defects (0.25 um cutoff). The inventive Pad P-1 showed a

comparable removal rate (about 9,500 Angstroms/min) and WIWNU (about 4%), with
greatly reduced total defects (800 — 1,000). This is a 4-fold reduction over the IC 1000

pad polished wafers. If the cutoff for the defect analysis is changed from 0.25

micrometers to 0.20 micrometers (a more difficult test to pass), the decrease in the number

of defects for the inventive samples is even more striking: about 31,000 total defects for

the prior art top pad and about 2,600 to 4,000 for the inventive pads. These results

indicated that the excellent polishing performance of the present CMP pads provided

improved performance compared to a CMP pad meeting industry standards.

[0109] In addition to the results shown in table 4, the polishing temperature of the

surface of the pad during polishing was measured using an IR thermal gauge.

Comparative Pad C-1 had a temperature of 125°F (52.7°C), while the inventive pad P-1

had a lower temperature of 119°F (48.3°C). Another run using another sample of the

comparative Pad C-1 and a pad manufactured using the formulation in Table 3 had a

surface temperature during polishing of 120° (48.9°C) and 110°F (43.3°C)

[0110] To determine whether extended polishing would affect defectivity, removal

rate, or uniformity, of the inventive pad, the previously tested Pad P-1, made using the

formulation of Example 1, were used to sequentially polish additional wafers as indicated
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[ 0105] Certain polishing paraneters were tested in order to determne their
effect on the renoval rate profile, including the back pressure behind the
waf er, A wonreilwunssf2er mrenoval rate was achi eved usi ng aPobaais2guassius e of 3
psi and a slurry flowrate of 200 nL/mn slurry flow rate. [0106] Polishing
of wafers, also referred to as planarization, was evaluated after a
standard pad conditioning cycle of 10 mnutes foll owed by planarization of
10 filler wafers (6 oxide fillers and 4 copper fillers), followed by a
copper ot {81e fatlharprecseure gy ieatcaycatialyewpdiptiat addiionatiive ovide fileruent i al Iy

fol I oned by bYRA Qd&@d?lgﬁtﬁvofcgyﬂe? BRI 30 $hefd QQOl?pé %&M VERRPE his WAL t OF

waf er. For the inventive a sequenti al copper nbnitor wafer
was pol i shedrepaited ONPtipesoddys f@r@ﬁ@mmlpdﬁsthwﬁwb@@é&v 'czfser % He Pop il

condi ti ongudiff, LRk A%g&’e gﬁ %Mﬂl d Iﬁﬁleqeﬁa%lud%ﬁ g%ﬁ <hed [ f&?ofvﬁﬁ%s wer e

cl eaned using a stan I"eani g procéss to he talrn accurate

def ecti vi sgqueeasi W@fmﬂ’thSOXI({e(ﬂl@fS] 2 Coppetillarn monger wiéreros4 \M@eﬁdlersshed usi ng
the indic eg d re fyles were
measur ed. %@ggggﬁ§%291ﬂ§£&§§n§h q@%@%??%ghékgﬁkgﬁ“quy bgﬁﬁgglg he wafers
pol i shed byMbﬁﬁm@é]ampdiﬂkm,pﬂdmnmmheamemuﬂtﬁeameaghhwwnlmﬂéﬁhﬁle 4. Table 4
[0108] Tc%ﬂe experinmental results show that for copper planarization, the

| C 1000 Pad provided a rempval rate of about 9,400 Angstroms/nin, a

W WANU of about 4% and about 4, 000 tTabel5 defects (0.25 nnlcutoff) The

a Pad P | chowed a3 comarahl e rnrmu:xl rata (ah

I nventl \I T AT T GTTOUV A \.I\Jl AT AWy L = MUO
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-

t

B!

P

0.
waf ers. r—th o) hre—defeq frad 1 —s—change 9]
; 4 58 Rl 10856k b samar Y§io$, J 4
m cronetiers to L J: croneters (a|nore dI?PICU|t t est pass), the

decr easg 4 m the, GURRET 0bggdefects figrothe |1@gg-1n[| Ve sa 'S even |nore
striking: about, 315fP0 total defects (or t he prior art top pad and gbout
2,600 tget 000 FQrnlhe [ o8ggNti Ve padgy, Thesgs resul ts 1 naggated that |t he
excel | erft pol i|shixngeper f or mance of [the present CMP pads$ provi ded i ngroved
per f or tgnce compaf @t 0| eo@MP pad meedy ng [ismdustry stamndasds. [ O0I09]| In
addition to theacegults shown in table 4, [the polishing tenperature |of the
surface of the pad during polishing was nmeasured using an IR thernmal gauge.

- o=

T

[0111] The results in Table 5 show no apparent deterioration or other trends.
Removal rate for Wafer 7 was slightly higher, about 10,000 Angstroms/min vs. an average
of about 9,500 for the others. Also, total defects for one of the wafers (Wafer No. 5) was
about 2,000, which is over two times that of the others, which likely may have been

caused by the sample wafer rather than the polishing pad.

Example 2

[0112] Various formulations were prepared containing hydrophobic particles.
FIG. 1 shows a scanning electron microscope (SEM) of a polyurethane material generally
produced according to the examples described herein without PTFE particulates and FIG.
2 shows a comparable formulation with PTFE particulates. It can be observed that the
general effect of the PTFE particulates in the polyurethane foam is to produce smaller and
more uniform cells, based on the SEM image.

[0113] The skin surface of the polyurethane material of FIG. 2 was measured using
the above-described Surface Energy Test. The results for contact angle (CA) and surface

energy are shown for in Table 6.
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Conparative Pad C- I had a tenperature of 125F (52.7C), while the inventive
pad P-1 had a |l ower tenperature of 119F (48.3C). Another run using another
sanpl e ofwohelwssparati ve Pad C-1 and a pad manuf act ur e@CwAiSR@L00bE18
formulation in Table 3 had a surface tenperature during polishing of 120
(48.9C) and 110 OF (43.3C) [0110] To determ ne whet her extended polishing
woul d affect defectivity, renoval rate, or uniformty, of the inventive
pad, the previously tested Pad P-1, nade using the formrul ati on of Exanple
1, were used to sequentially poljs h T#HKi% i anal wafers as indicatedin Table
5. The procedur e| vidsdeed Tadddientli bl I y pPokichergnmdithdi ti onpl two oxilde
fillers, followed B¥ican dodinehonpl two FopeYedal | ers, aHdompRmt a copper
nmoni t or waf er. Thinsn §yol ecmds+ne|reat d/-f[Disperst | (Rgpolal [itis|Dishax [rexanpl e, f or
the | ast Menkkedk| Wb érizf,21 helRagd B | 2200 add] ts@rs.dspp. dohes sequent i al
polishing Tn Table 4, had additionally polished the rollTow ng sequence of
wafers: 2 oxide fillers er fillers, nonitor wafer no. 4, 2 oxide
fillers, 2 copB)é|14]1‘T11ulsell'f*§belliift’)friﬁ|1O that thouaeeqneqef thashydporhebig @articles lopsrs 2 copper
fillers, pmniHRl e‘ﬁ@t%?'bf e ol%re%aﬁ)exﬂlgt@m{l' i ﬁfrﬁmg alempﬁ{)hsiﬂ p@(’i $he and

nmoni tor wafer no. 7. esuPts are shown in bel ow. Table 5 [011 1]
The resul skin |smrfﬁpab$ producst 0w brecereymd awkioh C@ern@hfydhcammnreé surfacherergy @nds.
Renoval r er 7 was slightly higher, about 10,000 Angstrons/mn
VS. an avgﬁejjﬁfggg%tﬁ%%out 9,500 for the others. Also, total defects for one
of the wafers (Wafer No. 5) was about 2,000, which is over two tines that
of the ot W&pspleshidch |ikely may have been caused by the sanple wafer rather
than the polis wer e prepared
cont ai ni ng hydtU %]o'@%ge par Eg}lglégat%:?%&%eM%gmmgﬂgOdE@g F%Esg(f%ctron

mcr oscopeol(y@EWne)mafarlépidd)wt eth@MeE politheng, by vgene theldoyceprgneétheaccor di ng to
the exanp r W I 2 shows a
conpar abl Igg %lgﬁﬁ‘?‘gé‘?gﬁ O\E/qvl‘gl ﬁéag%%%?‘% focr:u{rﬁf@%é#@wég&ﬁ&%n% lsagrf}%éjd that the
gener al ebhédhsaifontthetweThEdaons olvatie$atilen7 teee pglayedr et hane foamis to
produce smaller and nore uniformcells #a;ed on the SEMinmage. [01 13] The
skin surface of the pol yurethane materl of FIG 2 was neasured using the

above-described Surface Energy Test |ExbhigldesUEksanglon contact angle (CA) and
surface
Material Parts Parts
Part A
PTMEG polyol |66.41 63.41
MP Diol 7.89 10.89
Triol 13.41 13.41
Surfactant 3.76 3.76
Catalyst-2* 5.81 5.81
PTFE No. 2 4.61 4.61
Total, Part A 101.89 101.89
OH # 2380 315
Part B
Isocyanate 93.01 106.65

* Diluted in polyol
[0116] The microporous top pads produced in accordance with Examples 3 was
similar to the formulation of Example 1 above. Example 4 was a formulation for a more
firm material. The firmer material of Example 4 contained a relatively higher proportion
of low molecular weight chain extender, and the softer material of Example 3 contained a
comparatively lower proportion of low molecular weight chain extender.
[0117] The various materials were then subjected to dynamic mechanical analysis.

Since chemical mechanical polishing is usually not conducted at below room temperature,
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energy are shown for in Table 6. Table 6 [01 14] Thus, it is believed that
the presence of the hydrophobic particles |lowers the surface energy of the
pol yur et hsioeormaser2dal . In form ng the CMP polishing padpcrhms2akiodcdssir f ace
as produced can be ground, which can nodify the nmeasured surface energy of
t he pol yuret hane. Exanples 3-6 [0115] These exanples illustrate adjustnent
of the nodul us properties of a polyurethane material for use in a CW
polishing, by varying the concentration of the various conponents of the

reaction rioceuptefdrdp apdpiCrige prawnise bylawdeamapies Bet dndlalso Tepmpiigievebased on

;gf’yg}m[B%@%ﬂk@h}a&’@ﬁﬁomoit@) I%Eﬁlhlo%n %ol%&e%%@gg@%ﬁ%-are%‘é} fifTabldd ! uted in

e ‘'m croporou op pads pro I'n accordance w th Exanpl es
3 was simlar to the fornulati on of Tekkeidpl e 1 above. Exanple 4 was a

formul ati on for a norePfdpertp meEerd al|ExPhe |Ex€ar|Citt eni al of Exanple 4
contained a relatively| higher |proporjtion af | owl|nol ecul ar wei ght chain
extender, and the soft|@ azaiCer|tdl of|SExanpb® 3 qbi¥t ai ned a conparatively

| ower proportion of |oMMAol ecul ar wgi ght ghain extender. [01 17] The

vari ous material s wereH aidorCGsubBf%®ect gdsx o g9¥eéim gligéchani cal anal ysis. Since
chem cal nmechani cal pol(M8Hing |is usdyally not conducted at bel ow room
tenperature,the resul t g #c60°203&nd F0TC ar|@5spr eg&ted |bel ow for Exanpl es
3-4 and al so a conpar afM¥® pollji shing pad, [CG2 (I[C 1000 top pad from Rohm &
Haas). Results are shoymném Tablo# 8.|0V3bl g0.871* Di|86tepancy between
measurenents for Exs. [@ZA and C 2B |possibly attjri butable to perforations
in the sanples. [0118]|Tthais, baséd gnotthe (p.esul t{goson Table 8, it was found
that a polishing pad sjdmd t anegously |havi ng conparatively higher storage
nmodul us and | ower tan |daada/ or|0loemer|0KEL Was74pr qaossed,l i n which the KEL
ratio and/or tan d ratjsoecdenonstrategd rel gtively | ow physical property
changes over the rel evi&gL at enpey at ur|es r angesef upisto 500C. These properties
were found to be assocpeigd /M|t h advant aggous palishing efficiency at a

| ower defect |evel, as|Kmelal as/lbower|8é enpgest-ur 574pr oduced duri ng
pol i shing. A graph of eIt (1/Pa

KEL (1/Pa) |201 126 295* 713*
at 50°C

KEL ratio |2.0 1.8 1.5 1.7
50°C/20°C

Tan o ratio |1.47 1.38 1.04 1.15
50°C/20°C

E' ratio 0.72 0.75 0.68 0.69
50°C/20°C

*Discrepancy between measurements for Exs. C-2A and C-2B possibly attributable to
perforations in the samples.

[0118] Thus, based on the results in Table &, it was found that a polishing pad
simultaneously having comparatively higher storage modulus and lower tan  and/or lower
KEL was produced, in which the KEL ratio and/or tan § ratio demonstrated relatively low
physical property changes over the relevant temperature range of up to 50°C. These
properties were found to be associated with advantageous polishing efficiency at a lower
defect level, as well as lower temperatures produced during polishing. A graph of tan
delta vs. temperature is shown in Figure 3 for inventive Ex. 3 and comparative Ex. C-2A.
This graph shows that the tan delta of the inventive compositions is less than 0.070 over a

range of 20°C to 50°C.
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delta vs.

tenperature is showmn in Figure 3 for inventive Ex. 3 and
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Example 6 was of a higher modulus (firmer) polyurethanes. The material of these top

pads were then subjected to dynamic mechanical analysis, as before. In addition, further

samples of the formulations of Examples 3-4 were tested. Multiple samples (A, B, etc.) of

each pad material were tested and the results are shown in Table 10.

Table 10

Property |[Ex. |Ex. |Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex.

5A |5B [5C 3A 3B 3C 4A 4B 4C 6A 6B
Density, [50.1 |51 [69.3 [46.5 |51.2 |69.8 |46 69 51 452 |52
pcf (802) |(B17)[(L110)[(745) |(820) |(1118)|(737) |[(1105)[(817) [(724) |(833)
(kg/m’)
E'at20°C (188 |133 |344 |428 |517 |905 |527 |1020 (676 (637 |779
(MPa)
E'at50°C [82.8 |55.0 (153 (300 |379 |636 |394 |787 [515 540 |635
(MPa)
Tan dat [0.109|0.106/0.120 |0.0453]0.0457]0.0503|0.0407]0.0406(0.0402(0.040 |0.0321
20°C
Tan dat [0.157|0.171]0.159 |0.0654]|0.0574]0.0626|0.0533]0.0500{0.0503(0.0487]|0.0361
50°C
KEL at 572 |786 (344 |106 [88.2 [55.4 |77.1 |(39.7 |59.4 [62.8 |41.1
20°C
(1 /Pa)
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conbi nabl e and inclusive of the recited endpoint, as well as throughout the
range. The terns "first,"” "second," and the |ike do not denote any order,
guantity,wonroio3sniance, but rather are used to disti ngRCThiSere/ oad4esrent
fromanother. Al references are incorporated herein by reference. [0123]
The present exanples and enbodi nents are to be considered as illustrative
and not restrictive and the invention is not to be limted to the details

given herein,__but may he nodified within the scope agnd equivalence of the
appended c[%lns. WH&E0 | 2d7 i g1511, BHarle’ 4 a8 867 brning a
pol i shi ng a;”@br as ct or |waf ef in thg pol yuretlhane|l ayer
conpri ses: Ur et n—wherel yur etthanet f oam hasla density
of about 6 Dot B, |&hb H- 'ﬁf”%flé%ll§mha9?%g an

aver age di of aboutl 20 to about P00 m croneterls; and particles of a

hydr ophobi ¢ pol yner having a critical surfaée ener gy bf | ess than 35 ni' m

and having a nmedb 8Bl b Gk &stlts Table 30 1iPwdOBukl B4 QERbAIcHIe Rsuldhe
pol yur et hane | ayer of claim 1, wherein the critical surface energy of the

hydr ophobiceulg&e phtainedsfor 3 palghing pad havgeran improypdrefgpyabinedfisgaappately of cl ai m
1, wherein: t hydn i v j)an particle

si ze of 5%#%g239%%€?%%§§§$£T i&&gﬁga%g$¥ﬁ?§?%§ﬁ§£ ayé?xg¥£§&§in1l, wher ei n
t he hydr opbebiee tgak ynedhibitarpglics @8 of andar foroar pealntends tuothddt olktedy bon,

si | oxane, et hyl ene,. propyl ene, or butyle repeat units, o .conbi nati on

conpri si ndHt Wneadtindhets S Eretht W&g&?%@%&&@%r% FRonigtedugi yur et hane
| ayer of ¢dvapmgsttal pIRES icRadoBeovee B AdlcvdRi ttmp&atdrelhttRIoPagtPRACOTh@ Si | oxane.

6. The pol yur et hane Iazer of claimb5, wherein the repeat units are
t et r af | uordewich firmapgss of thepdad iy lrepdiculprapplicagppdriveysantidoppd on the

di met hyl sig) Q3RNRaterR b¥h EPGish &L AAY KRN s ir AT RAMI Y Btes Md RLLPRDINAR ), ON
conprising at |east one of the foregoing nmononers. 7. The pol yuret hane

| ayer of anperintiadvepiegesif this Weciipd isdphdbiity tppiogyasr range of densities and thus
poly(tetr afrgﬂ'ég ro?ﬁltoﬁ'lyl{ \gﬁll?‘}he same formulation. Higher densities for a given formulation

will produce higher modulus along with fewer cells. Thus, the mechanical and polishing
performance properties of the pad can be adjusted by independently controlling the
composition and the density.

(13 29 &,
a

[0122] As used herein, the singular forms an,” and “the” include plural
referents unless the context clearly dictates otherwise. The endpoints of all ranges reciting
the same characteristic or referring to a quantity of the same component are independently
combinable and inclusive of the recited endpoint, as well as throughout the range. The

29 <

terms “first,” “second,” and the like do not denote any order, quantity, or importance, but
rather are used to distinguish one element from another. All references are incorporated
herein by reference.

[0123] The present examples and embodiments are to be considered as illustrative
and not restrictive and the invention is not to be limited to the details given herein, but

may be modified within the scope and equivalence of the appended claims.
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8. The pol yurethane | ayer of claim1, wherein the pol yurethane is the
reacti on product of an isocyanate-containing conponent; an active

hydr ogen-wOrbeV1381lg conponent reactive with the i socyanaCeASomoABiIng
conponent, and conprising a pol yether polyol of the formula

R (OCnH2n) zOH] a, wherein R is hydrogen or a polyval ent hydrocarbon radical;
a is 2-8 and equal to the valence of R n in each occurrence is an integer
from2-4; and z in each occurrence is 2 to about 200; a silicone

sur f act antWhaajs¢laimedibal yst for curing of the foam 9. The pol yurethane | ayer
of claim8, wherein the isocyanate-containing conponent is a prepolynmer and

the reaction produci B@r&eﬂﬁﬁéﬂa (fckl&tihﬁﬂéWolfshfﬂg?@&fofrﬁs&ﬁi@&élﬁ@tﬁrFhe
pol yur et hane foam 18 The p %lluret hane | ayer claim9, wherein the

i socyanat &%ﬂ‘ﬁlﬁr%?ﬂ’@%bﬁﬂﬁgﬁéﬁ YESRPPTISES a prepol yner that conprises the

reaction pr Oduﬁ:bol%reﬁiaﬂg ﬂo%ﬁc\y@e‘?@}ﬁ e GBRRUAA: Watnhha@! ycol . 11. The
pol yur et hane | ayer claim 8, wherein the polyet her polyol is

pol yt et r anet hyl ene 9e4q11\é¢y qflaheus 640 wrboqtHR0Qke/yiraae hane | ayer of claim 8,
wherein the active J‘Mﬁx’ Rg%@c&fm@ihghﬁ'gve %@H%{%ﬂ:} of Mol o GOSREHGES a di ol

chain extender. 13. T ol yur et hane claim8, wherein the
surfactant is miatentigrdraslyzabl e silicone gl ycol copol ymer. 14. The

pol yur et hane ! B"#ﬁgle Jfa(illyglle% eqthV1¥nggflg@ctaﬁ411¥ﬁsvﬁ1én%r ro?p:ﬁsat%g ?yur ot hane

acet onat e. u er o Im1l

f oam has anbﬂ&rmldthyvmg a ﬁneﬂnan paratiesntze Qﬁl)toklgl) microrhétersA pol yur et hane | ayer for
R e A
density ofthedlydtoph@idpdriclaboud to3AONkg/ m , and a pI ur aI ity of cells having
an average di age t erThe po?yuretthane Payer of ¢ {alnrlnf wﬁeréln the particles of a hydrophobic
polymer have a median particle size of 5 to 50 micrometers.

4. The polyurethane layer of claim 1, wherein the hydrophobic polymer
comprises fluorocarbon, fluorochlorocarbon, siloxane, ethylene, propylene, or butylene
repeat units, or a combination comprising at least one of the foregoing repeat units.

5. The polyurethane layer of claim 4, wherein the repeat unit is a fluorocarbon
or a siloxane.

6. The polyurethane layer of claim 5, wherein the repeat units are
tetrafluoroethylene, fluoroethylene, trifluorochloroethylene, dimethylsiloxane, butylene,
ethylene, propylene, or a combination comprising at least one of the foregoing monomers.

7. The polyurethane layer of claim 1, wherein the hydrophobic polymer is
poly(tetrafluoroethylene).

3. The polyurethane layer of claim 1, wherein the polyurethane is the reaction
product of

an isocyanate-containing component;

an active hydrogen-containing component reactive with the isocyanate-containing
component, and comprising a polyether polyol of the formula R[(OC,H,,,),OH],, wherein
R is hydrogen or a polyvalent hydrocarbon radical; a is 2-8 and equal to the valence of R;
n in each occurrence is an integer from 2-4; and z in each occurrence is 2 to about 200;

a silicone surfactant, and

a catalyst for curing of the foam.
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and the pol yurethane | ayer has: a KEL of about 1 to about 500 I/Pa at 500C,
a storage nodul us of greater than 100 MPa in the range of 200C to 500C, a
tan d of wesei1wi3sre40. 070 in the range of 200C to 500C, aau/us201a03@1of tan d
at 500C : tan d at 200C of 1.2 to 3.0. 17. The pol yurethane | ayer of claim
16, wherein the surface energy of the pol yurethane | ayer as produced is 18
to 30 MV m 18. The pol yurethane | ayer of claim 16, wherein the

pol yuret hane is produced in the presence of a ferric acetyl acetonate

catal yst. 19. Adpol ytheaoharrhangaaer afglaing 8y Whargin shepwicyamierrgnighéng or a

sem condugh QR i€k propBiShe! dhdtiiercRAbY Hfo%h&%@@béeﬁ‘ﬁf%&haﬁﬁ&i%fr%@d @

pol yur et hane foam wheréin the pol yurethane foam has a nsity of about 640
to about PrEOcghau®lywetbang feaam d of | ess than 0.070 in the range of 200C to

500C, and a r aﬁ(i).o thego%ﬂglgeﬂ%tne ﬁgg‘%\{/g%&hﬁg’ \ghe%in J?h%%%c?%a :confaingy 0- 20 A

polishing pad for a sem-conduct er,’ conprising ayer conprising the
pol yur et hapepdreatmooiprieds aiprepolynies thapdompTises thotepaston mepdpetchf @ diigdcpdnate20,

wherein t i Bbi a defect rate of |ess than 3500 based on a 0.25 nm
cutof f. 2g$m$ﬁ§d§§ﬁﬁ§%%§g pad of claim 20, wherein the pad exhibits a

def ect rate of 11.essThelp@iyuROIR0O lager & cRir2 @, winrau thefpblye®8: polyvd ispol i shi ng pad

of claim 20 wher&ip tgﬁ p?lishing surface has been ground to renove the
skin fromPPREUERFRYEs dperghsel i shing pad. 24. The pol yuret hane | ayer of
claim 20, wherél.n tTe pdlurshnehyswtichte 8ofhdréie tHakii Myl ebmy@taifing t her

conpri ses grooves 5. The pol.j ging ad of claim20, wherein the polishing
pad is a SgWB%?F?E“ HOTBWﬁg?QPE aﬁﬁgﬁﬁ’?yurethane foam as a top polishing
pad on a substiate TiayRiyuehhaasolbesf cpoh gunkiréiane shoamndis .el ast omeri c

mat eri al %Qntdi? ig?e,rall andep to the top polishing pad.
ydrolyzable siticone glycol copolymer.

14. The polyurethane layer of claim 1, wherein the catalyst is iron acetyl
acetonate.

15. The polyurethane layer of claim 1, wherein the polyurethane foam has a
density of 640 to about 960 kg/m’.

16. A polyurethane layer for forming a polishing pad for a semiconductor
wafer, wherein the polyurethane layer comprises a polyurethane foam, wherein the
polyurcthane foam has

a density of about 640 to about 1200 kg/m’, and

a plurality of cells having an average diameter of 20 to 200 micrometers,
and

the polyurethane layer has:

a KEL of about 1 to about 500 1/Pa at 50°C,

a storage modulus of greater than 100 MPa in the range of 20°C to 50°C,

a tan § of less than 0.070 in the range of 20°C to 50°C,

and a ratio of tan § at 50°C : tan & at 20°C of 1.2 t0 3.0.

17.  The polyurethane layer of claim 16, wherein the surface energy of the
polyurethane layer as produced is 18 to 30 mN/m.

18.  The polyurethane layer of claim 16, wherein the polyurethane is produced in

the presence of a ferric acetyl acetonate catalyst.
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26. The polishing pad of claim?20, wherein the polishing pad is a conposite
pad conprising an unfrothed top polishing pad that is sinmultaneously cast
wi th a nmewbaniocabizy frothed subpad. 27. A nethod of pol iPshiusgoia/osd4is con

waf er, conprising applying a particul ate nmedi a agai nst a surface of the
silicon wafer, and rotating a polishing pad relative to said surface,
wherein the polishing pad conprises a polishing | ayer conprising the

pol yur et hane foam of any of clains 1-18. 28. The nethod of claim 27,

wher ei n pol i shithg Asrobyretsan dayer fopfopning stohyginesedifere sempiopduciy vafcown f or ce

of 35 to t ' ed of 25
76 200, Ppig BRI Pl Ry B dheh e bk GSRE

foam has
a density of about 640 to about 1200 kg/m’, and
a tan § of less than 0.070 in the range of 20°C to 50°C,
and a ratio of tan § at 50°C : tan 6 at 20°C of 1.2 to 3.0.

20. A polishing pad for a semiconductor wafer, comprising a layer comprising
the polyurethane foam of claims 1-18.

21. The polishing pad of claim 20, wherein the pad exhibits a defect rate of less
than 3500 based on a 0.25 um cutoff.

22. The polishing pad of claim 20, wherein the pad exhibits a defect rate of less
than 20000 at a 0.20 um cutoff.

23. The polishing pad of claim 20, wherein the polishing surface has been
ground to remove the skin from the surface of a polishing pad.

24, The polyurethane layer of claim 20, wherein the polishing surface of the
polishing layer further comprises grooves.

25. The polishing pad of claim 20, wherein the polishing pad is a composite
pad comprising the polyurethane foam as a top polishing pad on a substrate layer of
another polyurethane foam or elastomeric material that is integrally bonded to the top
polishing pad.

26. The polishing pad of claim 20, wherein the polishing pad is a composite
pad comprising an unfrothed top polishing pad that is simultancously cast with a
mechanically frothed subpad.

27. A method of polishing a silicon wafer, comprising applying a particulate
media against a surface of the silicon wafer, and rotating a polishing pad relative to said
surface, wherein the polishing pad comprises a polishing layer comprising the
polyurethane foam of any of claims 1-18.

28. The method of claim 27, wherein polishing is by means of a polishing
machine employing a down force of 35 to 700 g/lem?, a platen speed of 25 to 400 rpm, a
carrier speed of 25 to 400 rpm, and a media flow of 20 to 500 mL/min.
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