DESCRIPTION INTERPENETRATING POLYMER NETWORK
STRUCTURE AND POLISHING PAD, AND PROCESS FOR
PRODUCING THE SAME TECHNICAL FIELD [0001] The present
invention relates to a process for producing an interpenetrating polymer
network structure. The present invention also relates to a polishing pad
and a process for producing the same. Particularly, the present invention
relates to a polishing pad to be used for flattening an insulating layer
surface and a metal wiring sufacesforedn a semiconductor substrate
made of silicone. BACKGROUND ART [0002] Patent Document 1
discloses a polishing pad comprising a polymer polymerized from
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monomer and causing a polymerization reaction “of the monomer. - 1

0003] However, a conventional polishing pad was insufficient in in-plane
uniformity of a polishing rate

TECHNICAL FIELD
(00017

The present invention relates to a process for
producing an interpenetrating polymer network structure.
The present invention also relates to a pelishing pad and a
process for producing the same. Particularly, the present
invention relates to a polishing pad to be used fox
flattening an insulating layer surface and a metal wiring
surface formed on a semiconductor substrate made of

ailicone.

BACKGROUND ART
000z}

Patent Document 1 discloses a polishing pad
comprising a polymer polymerized from polyurethane and a
vinyl compound. Patent Document Z discleses a process for
producing a polishing pad, which comprises the steps cf
immersing a polymer molding in a solution contalning a
polymerizing menomer and causing a polymerizatlon reaction

of the monomer.



during polishing because of large variation in properties in or between
pads. Also, low pad strength causes problems such as quick abrasion of
the pad and a short pad lifetime during polishing. [0004] Furthermore,
since a polymerization reaction begins while a polymer molding is
impregnated with a monomer and viscosity increases in the production of
these polishing pads, there arises a problem that an impregnation rate to
the polymer molding decreases and the time required for the production

[ dmereases. In order to avoid an increase in viscosity, an impregnation
temperature must be set to a low temperature and impregnation at a low
temperatureskeguires canenrg impreghation tige: kyrthetmaere; a drastic
decrease in the impregnation rate caused by an increase in viscosity is

i previented by adding anoigarsic solventtola polynerizing imbnomer td e
prepare a solution. Therefore, the step of removing a waste organic

digpivant Bitércompretibfi ot iie psolymerizatiorawas Féquired! [Pateperties
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during polishing.
[C004]

Furthermere, since a polymerization reaction begins
while a polymer molding is impregnated with a monomer and
viscosity increases in the production of these polishing
pads, there arises a prcblem that an ilmpregnation rate to
the polymer molding decreases and the time regquired for the
production increases. In order to avoild an increase in
viscosity, an impregnation temperature must be set to a low
temperature and impregnation at a lcw temperature reguires
a long impregnation time. Furthermore, a drastic decreass
in the impregnation rate caused by an increase in viscosity
is prevented by adding an organic solvent to a polymerizing
monomer to prepare a solution. Therefore, the step of
removing a waste corganic solvent after completion of the

polymerization was reguired.

[Patent Document 1] International Publication No.
Wo00 /122621
[Patent Document 2] Japanese Unexamined Patent



The object of the present invention is to provide an interpenetrating
polymer network structure which has excellent uniformity of properties
and is produced with high efficiency, and a process for producing the
same. Another object of the present invention is to provide a polishing
pad which exhibits high in-plane uniformity of a polishing rate during
polishing and has good flattening properties capable of eliminating a level
difference in a short time, and also exhibits a small difference in polishing
rubliopesties-betwesn-padsand has dmpraveshpad lifetime during polishing
and is produced with high efficiency, and a process for producing the
same. [00061 in order to achieve the above objects, the present invention
includes the following constitutions: (1) A process for producing an
b ifrftérpenetrating polymerVRBtIMGIK structure, which comprises the steps of
impregnating a polymer molding with a radical polymerizable composition
[O&8kthining an ethylenically unsaturated compound and a radical
polymerization initiator; and polymerizing the ethylenicaily unsaturated
compdlfid firas3- sWollEAStAE G The POV MORinginpregRatet with
. _the_radical polymerizable composition; wherein a chain transfer, agent
Dt it e e e

and/orara
o-RQlymerizable.compasiton and/or fhe POYMer,y 15 produced with
high efficiency, and a process for producing the same.
Another object of the present invention is te provide a
polishing pad which exhibits high in-plane uniformity of a
polishing rate during peclishing and has good flattening
properties capable of eliminating a level diffsrence in a
short time, and also exhibits a small difference in
polishing properties between pads and has improved pad
lifetime during polishing and i1s produced with high
efficiency, and a process for producing the same.
[0006]

In order to achieve the above objects, the present

inventicn includes the following constitutions:
{1 A process for producing an interpenetrating polymer
network structure, which comprises the steps of
impregnating a polymer molding with a radical polymerizable
composition containing an ethylenically unsaturated
compound and a radical polymerization initiator; and

polymerizing the ethylenically unsaturated compound in &



molding before impregnating the polymer molding with the radical
polymerizable composition. (2) A process for producing a polishing pad,
which comprises the step of forming a polishing pad using the
interpenetrating polymer network structure obtained by the method
according to (1). (3) A polishing pad comprising an interpenetrating
polymer network structure containing a polymer molding and a polymer of
an ethylenically unsaturated compound, the polishing pad having a

siuckness of 1. mm Pr%%rep%@gg@e%iam&%r&o ) MM, 0L MAre i@ﬂ‘%ﬁe&'ﬂ & he
m | IS

weight ratio of the poTyme ng at any position of the polishing pad is

+Yithin, a range gt X3,(%p) where X (%) denptes,an average weight ratiq of re -
the polymer molding based on the total weight of the polymer molding

aandthe ethylenigall: ansaturated aempound pelymet : [000F]1-Ageerdingito
the process for producing an interpenetrating polymer network structure
tof the=present drnventionpthere Bahcbecabtamed@aminterpenetrating polymer
polymer network structure which has excellent uniformity of - a properties
mandis praducedsvithrhighcefficiensy .- [0008] Alges ‘aceonding fo theth the
process for producing a polishing pad of the present invention, there can
rggical polymerizable composition.
(2} L process for producing a polishing pad, which
comprigses the step cof forming a polishing pad using the
interpenetrating polvmer netwoerk structure obtained by the
method according to (1).
(3} A polishing pad comprising an interpenetrating
polymer network structure containing a polymer melding and
a polymer of an ethylenically unsaturated compound, the
polishing pad having 2 thickness of 1 mm or more and a
diameter 300 mm or more, wherein a welght ratio of the
polymer molding at any position of tne polishing pad is
within a range of Xt3 (%) where X (%) denotes an averags
welght ratic of the polymer molding based on the total
weight of the polymer molding and the ethvlenically
unsaturated compound polymer.
(0007}
According to the process for producing an
interpeneirating polymer network structure of the present

invention, there can be obtained an interpenetrating

polymer network structure which has excellent uniformity of



obtained a polishing pad which exhibits high in-plane uniformity of a
polishing rate during polishing, has good flattening properties capable of
eliminating differences in level in a short time, also exhibits a small
difference in polishing properties between pads, has improved pad
lifetime during polishing and is produced with high efficiency. BEST
MODE FOR CARRYING OUT THE INVENTION [0009] In the present
invention, the interpenetrating polymer network structure means a

o rpelymer havinga istrysturein whigh pelymennetweorks: eompposed of a
plurality of polymers are interpenetrated with each other in a polymer

{ Oixed system composed of the plurality of polymers. Also, it may be a
structure in which a structure comprising continuous phases each being
compbséd of adiffgrdht Kindoof:pelyriers issstabilized byJomhatios of a
polymer network. [0010] The interpenetrating polymer network structure

POihithe ! Bredent irention caR behtained i inibtegh&tiig aiolyher - 5

. molding composed, of a portion of a polymer with an ethylenically
O et iratEd KOMIEUR oSG Ahotiar Khior s fllyrsroanee

urRINTerizng the ethvenically, ansaturated compaunc. The poleling pad,
Oth € present Invention Is composed of an In r[%ne rating polymer

flattening properties capable of eliminating differences in
level in a short ftime, also exhibits a small difference in
polishing properties betwesen pads, has improved pad

lifetime during polishing and is produced with high

efficiency.

BEET MODE FOR CARRYING OUT THE INVENTION
[CO02o]

In the present invention, the interpenetrating
polymer network structure means a polymer having a
structure in which polymer networks composed of a plurality
of polymers are interpensetrated with each other in a
polymer mixed system compesed of the plurality of polymers,
Also, it may be a structure in which a structure comprising
continuous phases each being composed of a different kind
of polymers is stabillirzed by formation of a polymer network.
[0010]

The interpenetrating peolymer network structure in the

present invention can be obtained by impregnating a polymer



network structure. [00111 in the present invention, the chain transfer
agent means a compound which reacts with a growing radical in a
radical polymerization reaction thereby terminating an increase in a
polymer chain length to produce a low molecular weight radical having
reinitiation ability. [00121 Examples of the chain transfer agent include
alkylmercaptans such as n-butylmercaptan, isobutylmercaptan,
n-octylmercaptan, n-.dodecylmercaptan, sec-butylmercaptan,

nSeg:dodecylmercaptan; and t-hutylmercaptan, aromatic [mercaptans such

as phenylmercaptan, thiocresol, and 4-t- butyl-o-thiocresol; thioglycolate

o ©stars:sueh g5, 2- gthylhexythioghselate aad ethylthioglycalaten ot her
mercaptans having 3 to 18 carbon atoms such as ethylene thioglycol;

k aramatic hydracarizon-based shayrttansfem agents sudhvasnical ly
a-methylstyrene dimer, toluene, and ethylbenzene; and carbon

utetrdchieride] Thenalkyinsercaplen poay bé any of printery -Secondasy and
tertiary - 6 alkylmercaptans, and may have a substituted alkyl group.

1THesE JRyImercaptacs fifay e GSed BIoREH T ebMblAgticH -ARfdRg
these, an aromatic hydrocarbon-based chain transfer agents and

" HetRaptans Having an a=_kyl group of 4 to 12 carbon atoms are
[%qurjably used. Specific examples

In the present invention, the chain transier agent
means a compound which reacts with a growing radical in a
radical polymerization reactlon thereby terminating an
increase in a polymer chain length to produce a low
molecular weight radical having reinitiation ability.
[0012]

Examples of the chain Transfer agent include
alkylmercaptans such as n-butylmercaptan, iscbutylmercaptan,
n-occtylmercaptan, n-dodecylmercaptan, sec-putylimercaptan,
sec-dodecylimercaptan, and t-butylmercaptan; arcmatic
mercaptans such as phenylimercaptan, thiccrescl, and 4-t-
butyl-o-thioccrescl; thioglycolate esters such as 2-
ethylhexyl thiogiycolate and ethyl thioglycoiate;
mercaptans having 3 te 18 carbon atoms such as ethylene
thicglycel; aromatic hydrocarbon-ased chaln transier
agents such as c-methylstyrene dimer, toluene, and
ethylbenzene; and carbon tetrachloride., The alkylmercaptan

may be any of primary, secondary and tertilary



thereof include aromatic hydrocarbon-based chain transfer agents such
as a-methylstyrene dimer and toluene; and alkylmercaptans having 4 to
12 carbon atoms, such as t- butylmercaotan, n-butylmercaptan,
n-outylmercaptan, and n- dodecylmercaptan. [0013] In the present
invention, the amount of the chain transfer agent to be used is preferably
from 0.01 to 20% by weight, more preferably from 0.01 to 5% by weight,
and particularly preferably from 0.05 to 3% by weight, based on 100% by
a Iweightettherethylenically-unsaturated:-compound: L Whenthe ameount i
less than 0.01% by weight, the effect of the chain transfer agent
Thdeterierates.rin contrast wheny the:amesnt slmoee thanisodaynweight,i or .
mechanical properties such as the strength and elastic modulus of the
ATreB(ltihgep6lyniet deterierales [GO1A] I8 #¥é present inVention ntheradictt
polymerization inhibitor means a compound which has high reactivity with
a8 hadicaltn FFAdRRIGSOIFmenZatioh reaciion Eystehs Hhd 7 réabs with
thr% radical to produce an inerté)roduct. The radicalfplymerization

“AhRibitoris BrerérablyFa compotind HaViny aromatic rihg artFaFILEst one
e YO aroup, [0QARS Examples of e radical. polymerization inhibitor

7 ransfer

agents such as o-methylstyrene dimer and toluene; ang

alkyimercaptans having 4 to 12 carbon atoms, such as t-

butylmercaptan, n-butylmercaptan, n-octylmercaptan, and n-
dodecylmercaptan.

[0013]

In the present invention, the amount of the chain

transfer agent to be used is preferably from 0.01 to 20% by
wéight, more preferably from 0.01 to 5% by weight, and
particularly preferably from 0.05 to 3% by weight, based on
100% by weight of the ethylenically unsaturated compound.
When the amount is less than 0.01% by weight, the effect of
the chain transfer agent deteriorates. In contrast, when
the amount is more than 5% by weight, mechanical properties
such as the strength and elastic modulus of the resulting
polymer deteriorate.
[0014]

In the present invention, the radical polymerization
inhibitor means a compound which has high reactivity with a

radical in a radical polymerization reaction system, and



include hydroquinone, hydroquinone monomethyl ether, topanol A,

catechol, t-butyl catechol, 2,6-di-t-butyl-4- methylphenol, phenothiazine,
a-tocopherol, pentaerythrityl-

tetraxis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate].,
N,N'-hexamethylenebis(3,5-di-t-butyl-4-hydroxy- hydrocinnamamide, and
bis(1,2,2,6,6-pentamethyl-4- piperidyl)
2-(3,5-di-t-butyl-4-hydroxybenzyl)-2-n- bu.tylmalonate. It is possible to use
-Lompounds;selected fram these ragical polymerizatiop.inhibitars alone;qr.
in combination. [0016] In the present invention, the amount of the radical

r Relymerizatiop-inhibitak ispreferablyfrom 0:00%t0-0:5%: by, weightranding
more preferably from 0.001 to 0.31 by weight, based on 100% by weight

netthejethytenically unsaturated compeund. (00175 Thecethylenically .
unsaturated compound in the present invention means a compound

[ having a radical polymerizable carbon-carbon double bond. Specific
examples thereof - 8 include methacrylate esters such as methyl
methaéryfdte, @thyt méth&cryiste CR-prépyl Fisthacrylateli-propyl 1 tor
methacrylate, n-butyl methacrylate, i-butyl methacrylate, t-but

I
ifetacryate, 2 ethy i ﬁ@fﬂé&%&%&%@d&%%@tﬂ%ﬂyl&ﬁ?ﬁﬁauryI

-methacrylate, tridecyl methactylate, .\ ccnol, 2, 6-di-t-butyl-d-

methylphenol, phenothiazine, o~tocophercl, pentaerythrityli-
tetrakis{3-(3,5-di-t-butyi-4d-hydroxyphenyl}propionate],
N, N’ -hexamethylenebls (3, b-di-t-butyl-d-hydroxy-
hydrocinnamamide, and bis(l,2,2,6,6—pehtamethyl—4—
piperidyl) Z-{(3,b-di-t-butyl-4-hydroxybenzyl)-Z-n-
butylmalonate. It ig possible to use compounds selected
from these radical polymerization inhibitors alone or in
combination.
[0016]

in the present invention, the amount of the radical

polymerization inhibitor is preferably from 0.001 to 0.5

a\@

by weight, and more preferably from 0.001 to 0.3% by weight,
based on 100% by welight of the ethylenically unsaturated
compound.
(00177

The ethylenically unsaturated compound in the present
invention means a compound having a radiceal polymerizable

carbon—carbon double bond. Specific examples thereof



n-stearyl methacrylate, 2-hydroxyethyl methacrylate, 2- hydroxypropyl
methacrylate, 2-hydroxyeutyl methacrylate, dimethylaminomethy
methacrylate, dimethylaminoethy  methacrylate, diethylaminoethyl
methacrylate, methacrylic acid,glycidyl methacrylate, tetrahydrofurfuryl
methacrylate, cyclohexyl methacrylate, benzyl methacrylate,
2-phenoxyethyl methacrylate, isobornyl methacrylate, polyethylene glycol
monomethacrylate, and polypropylene glycol monomethacrylate; acrylate

iresterssueh as meathyl- acrylate  isoamyl acrylate clauryl acrylate, stearyl

acrylate, phenoxyethyl acrylate, tetrahydrofurfuryl acrylate, isobornyl

etacrylate;-2-hydroxyethyl acpateyaneh<a-hydrexypropy! aceiaig; 1
monosunctional ethylenically unsaturated compounds such as

medcrylomtiike; emethacnydenitrle k- styrenel asmethytstytene, hydraxystytens; ,
and a-methylstyrene dimer; and polyfunctional ethylenically unsaturated

t -sorpeunds- Suchras eiffylene glyeol dirrsthacsiates rinethylolpropaney L
trimethacrylate, neopentyl glycol diacrylate, 3-methyl-,5-pentanediol

nedidarfate 21 B:hékardiol didGy s Dibaiyk2-ethydsyd pripanedivhate.
diacrylate, 1,9-nonane diacrylate, dimethyloltricyclodecane diacrylate,

“Fririethytolpropane triachylate; and pentacrythiitol tetraaeyiate “Fhese
hiﬁgﬁgﬁ%ﬁg%&@S%%%%@Qf%ﬁﬁ@%gn —%@h%%g§%gé¥yu%g£ggcrylate,
dimethylaminomethyl methacrylate, dimethylamincethyl
methacrylate, diethylamincethyl methacrylate, methacrylic
acid,  glycidyl methacrylate, tetrahydrofurfuryl
methacrylate, cyclohexyl methacrylate, benzyl methacrylate,
2-phenoxyethyl methacrylate, iscbornyl methacrylate,
polyethylene glycol monomethacrylate, and polypropyliene
glycel monomethacrylate; acrylate esters such as methyi
acrylate, isocamyl acrylate, lauryl acrylate, stearyl
acrylate, phenoxyethvl acrylate, tetrahydrofurfuryl
acrylate, Llsobornyl acrylate, Z-hydroxyethyl acrylate, and
Z2-hydroxypropyl acrylate; monofuncitional ethylenically
unsaturated compounds such as acrylonitrile,
methacrylenitrile, styrene, a-methylstyrene, hydroxystyrene,
and o-methylistyrene dimer; and polyfunctional ethylenically
unsaturated compounds such as ethylene glycol
dimethacrylate, trimeéhylolpropane trimethacrylate,
necopentyl glycol diacrylate, Z-methyi~1,5S-pentanediol

diacrylate, 1,6~-hexanedlicl diacrylate, 2-butyl-2-ethyl-1,3-



[O0Ii8] Among these ethylenically unsaturated compounds, a compound
selected from methyl methacrylate, ethyl methacrylate, i-propyl
methacrylate and t-butyl methacrylate is preferred from the viewpoint of
ease of formation of closed cells, good impregnating properties of the
monomer, and high hardness and good flattening properties of the
resulting interpenetrating polymer network structure. [0019] The radical
polymerization initiator in the present invention means a compound which
is decomposed upon heating, -irradiation with Jight or irradiation with
T3 %%%% 8fprgo%%)%é%lra:%jledal.lEgar%Sfé%noEf tﬁie%acdrlgé]ar;%o?Ymerization

diﬂ!%@% include azo compoyinds and perpxides. Specifie examplesthereof

includé azo-based polymerization initiators such as

¢ 12 2'-azebisisobutyronitele; 2:2'y agebis2-methylbutyronitiile), These
2,2'-azobis(2,4- dimethylvaleronitrile), 4,4'-azobis(4-cyanovaieric acid),

et i-azehisteyclohexane=kcarbenitile)ana 2, 2'-azabis@ 1H2d alone or in
methoxy-2,4-dimethylvaleronitrile); and peroxide-based polymerization

cimtiators: such as rumen hydroperoxide, t- butyl hydroperoxide, dicumy'
peroxide, di-t-butyl peroxide, t-butylperoxy-2-ethyl hexanoate,

[¢&-BhByperoxy isobutylate, t-butylperoxy pivalate, t-butylperoxy benzoate, t-

Rmong these ethylenically unsaturated compounds, a
compound selected from methyl methacrylate, sthyl
methacrylate, i-propyl methacrylate and t-butyl
methacrylate is preferred from the viewpolnt of ease of
formation of closed cells, good impregnating properties of
the monomer, and high hardness and good flattening
properties of the resulting interpenetrating polymer
netwerk structure.

[0019]

The radical polymerization initiaftor in the present
invention means a cempound which is decomposed upon heating,
irradiation with light or irradiation with radiation to
produce a radical. Examples of the radical peolymerization
initiator includse azo compounds and peroxides. Specific
examples thereof inciude azo-based polymerization
initiators such as 2,2’ -azobisisobutyronitrile, 2,27~
azobls (Z-methylbutyronitrile), 2,2’ ~-azobls(Z,4-
dimethylvaleronitrile), 4,4’ -azobis(4-cyanovaleric acid),

1,1"-azobis{cyclohexane~l~carbonitrile), and 2,2’ —~azobis{4~



butylperoxy acetate, diisopropylperoxy dicarbonate, di-s- butylperoxy
dicarbonate, benzoyl peroxide, acetyl peroxide, and lauroyl peroxide. The
amount of the radical polymerization initiator to be added is preferably
from 0.01 to 5% by weight, and more preferably from 0.05 to 3% by
weight, based on 100% by weight of the ethylenically unsaturated
compound. [0020] In the present invention, the organic solvent is an
organic compound which does not substantially react during

mePlymerization of the ethylenically;unsaturated.campoynd .and is. liquid at

a normal temperature. Specific examples thereof include hexane,

podimethylfor- mamide; dimethyksulfoxide, ethaneland methanol, The | +-
expression ,,substantially containing no organic solvent” means that the

buambunt; of-thesorganitesolvent:isigssthan 4% by weight-based on=100%de,
by weight of the ethylenically unsaturated compound in the radical

t -polyrierizableycdmposition € aryor: tetrachidridey toluene andscbutylate,
ethylbenzene are usually known as the organic solvent. These

L -EompolRds ds riot tefrespond -1t toliheisrganie Solent @s Used herein
since the effect as a chain transfer agent is known, [00211 in the present

PUhyeRio tHe 3aGiE A Soly etz ABEC BEmpBSIHEH niedrist Cofmsositibi S~
bd%¥ggg@g¥¥mﬁ@%2§%onate, benzeyl peroxide, acetyl peroxide,
and laurcyl peroxide. The amount of the radical
polymerization initiator to be added is preferably from
0.01 to 5% by weight, and more preferably from ¢.05 to 3%
by weight, based on 100% by weight of the ethvylenically
unsaturated compound.
o026

In the present invention, the organic solvent is an
organic compound which does not substantially react during
polymerization of the ethylenically unsaturated compound
and is liguid at a normal temperaturse. Specific examples
thereof include hexane, dimethylformamide, dimethyl
sulfoxide, ethancl, and methancl. The expression
“substantially centaining no organic solvent” means that
the amount of the organic solvent is less than 1% by weilght
based on 100% by weight of the ethvlenically unsaturated
compound 1n the radical pclymerizable composition. Carbon
tetrachloride, tocluene and ethylbenzene are usually known

as the crganic solvent. These compounds do not correspond

- 13 -



mentioned ethylenically unsaturated compound and the above- mentioned
radical polymerization initiator. Furthermore, antioxidants, age resistors,
fillers, colorants, mildewproofing agents, antimicrobial agents, flame
retardants and ultraviolet absorbers may be added in the radical
polymerizable composition. These compounds are preferably used in the
amount of 3% by weight or less in total based on 100% by weight of the
ethylenically unsaturated compound. [00221 The radical polymerizable

- £amposition is; preferably a compaosition which daes ot %%?étae”rr"@é'éét as a
contain the organic solvent from the economical point of view o

ecessity of the step.of removing an,organic solvent. 00231 In the present
invention, the polymer molding means a solid polymer substance at a

[ normal temperature. The molding may have a solid, hollow, or foam
shape. Although properties of the molding are not particularly limited, it is
necessary-that the:ractical polysmerizable compositionas - 221 yeerporateck:
by impregnating the molding with the composition as a result of
cimpeersiohan the compositions CEheréfore Civistredessary-that eomotding
is composed of the material having affinity with the radical polymerizable
MBRIFOSHibrEaRd afsolas flexibitAVNIER erabEs §felling anc the above-

mentioned radical polymerization initiator. Furthsrmore,
antioxidants, age resistors, fillers, colorants,
mildewproofing agents, antimicrobial agents, f[lame
retardants and ultraviolet absorbers may be added in the
radical polymerizable composition. These compounds are
preferably used in the amount c¢f 3% by weight or less in
total bhased on 100% by weight of the ethylenically
unsaturated compound.

[oozel

The radical polymerizable composition is preferably a
composition which does not substantially contain the
organic solvent from the economical point of view of
necessity of the step of removing an organic solvent.

[0023]

In the present invention, the polymer molding means a
solid polymer substance at a normal temperature. The
molding may have a solid, hollow, or foam shape. Although
properties of the molding are not particularly limited, it

is necessary that the radical polymerirzable compesition is



of the polymer molding by incorporation of the radical polymerizable
composition. Although it varies depending on the density or impregnating
amount of the radical polymerizable composition, the volume of the
polymer molding after impregnation is about 1.03 to 5 times, and usually
about 1.03 to 3 times, larger than the original volume as a result of the
swelling. [0024; Such a polymer molding is preferably composed of a
polymer containing a polyethylene glycol chain, a polypropylene glycol

1 nEhaIn oF 2:polytetramethylens glycol .ghain, Spedific examplesthereof
include polyester and polyurethane. [00251 The form of the polymer

complging iscpreferably-a foam eantaining-closed cells pach having:an orn .
average cell diameter of 10 to 230 m, more preferably 10 to 120 pm, and

TheartiCulady preferably 20:to:60-pmt The sturfacewor slice surfacerefdibed of
polymer molding was observed by a scanning electron microscope (SEM)

that amaghification of2004iiés 1 13 and images wers analyzed pysan zable
image processor, whereby, all cell diameters in the images were

CORBaSHrettand 8 “ndmber-avéragesof themiwas takeRlasan avefagaicall ing

diameter. [0026] , , , :
f the polymelr molding by incorporation of the radical

o)
polymerizable composition. Although it varies depending on
the density or impregnating amount of the radical
polymerizable composition, the volume of the polymer
molding after impregnation 1s about 1.03 to 5 times, and
usually abeut 1.03 te 3 times, larger than the original
volume as a result of the swelling.

[¢024]

Such a polymer molding is preferably composed of a
polymer containing a polyethylene glycol chain, a
polypropylene glycol chain or a polytetramethylene giycol
chain. Specific examples thereof include polyester and
polyurethane.

[0025]

The form of the polymer molding is preferably a foam
containing closed cells each having an average cell
diameter of 10 tec 230 um, more preferably 10 to 120 um, and
particularly preferably 20 to 60 um. The surface or slice
surface of the polymer molding was ocbserved by a scanning

electron microscope (SEM) at a magnification of 200 times



The apparent density of the polymer molding is preferably from 0.1 to 1.2
g/cm3, and more preferably from 0.5 to 1.0 g/cm3. The apparent density
can be measured by the method described in Japanese Industrial
Standard JIS K 7112. Furthermore, it is preferred that the radical
polymerizable composition incorporated into the polymer molding does
not penetrate into cells in the polymer molding and the cells of the
polymer molding are remained as the cells even after the ethylenically

aHHSlgEyé%t@ Sompound,is, polymerized iqﬁ?ﬁ#ﬁﬁ state, SEthe»\PnoéX”é'%y

molding. The apparent density of the resu |s?1|ng pad’is prefera

= from-Q:2,to 1 1g/emss and mere preferably.from Q640,11 g/cm3; [9027]

The polymer molding of the present invention is preferably composed of
npelydrethane and is particularhy preferably apalyurethanemolding
obtained by mixing two solutions of polyol and polyisocyanate. As used
dhereinethe polyol means a compound having two or more hydroxyl
groups. The polyol includes, for example, polypi selected - 14 from
[ pBK/etherpolyol, polyesterpol'yol, polycarbonatepolyol,
polycagrolactonepolyol, ethylene glycol, propylene glycol and glycerin, or
a mixtureofiRpGramore Kinds of them.t [0o 28T EXARIDIES bfites 1s

pgg¥g§g¥?ga%?ggmg?fuggayg2 g/cm’, and more preferably from
0.5 to 1.0 g/em’. The apparent density can be measursd by
the method described in Japanese Industrial Standard JIS K
7112. Furthermore, it is preferred that the radical
polymerizable composition incorporated iﬁto the polymer
molding does not penetrate into cells in the polymer
molding and the cells of the polymer molding are remained
as the cells even after the ethylenically unsaturated
cempound is polymerized in a swollen state of the polymer
molding. The apparent density of the resulting polishing
pad is preferably from 0.2 to 1.1 g/cm?, and more
preferably from 0.6 to 1.1 g/cm’.

[0027]

The polymer molding of the present invention is
preferably composed of polyurethane and is particularly
preferably a polyurethane molding obtained by mixing two
sclutions of polyel and polyisocyanate. As used herein,
the polyol means a compound having ftwoe or more hydroxyl

groups. The polyel includes, for example, polyol selected



isocyanates such as tolylene diisocyanate (TDI), diphenylmethane
diisocyanate (MDI), polymeric MD!, and naphthalene diisocyanate;
aliphatic diisocyanates such as tetramethylene diisocyanate, and
hexamethylene diisocyanate; and alicyclic diisocyanates such as
isophorone diisocyanate, hydrogenated TDI, and hydrogenated MDI. It is
possible to use isocyanate selected from these isocyanates, or a mixture
of two or more kinds of them. 0029] Upon preparation of the polymer

f r@lding therpalymer molding may:contain,in addition to.pelyel-and,c 1 vo 1
polyisocyanate, crosslinking agents, chain extenders, foam stabilizers,

pohlowing agents; resinifying catatysts foaming, catalystsoantiexidants, age
resistors, fillers, plasticizers, colorants, mildewproofing agents,

anghtimicrebiahagents aflama retacdarits fard altraviotet absdrbers. '0030).
Although the process for preparing a polymer molding is not particularly

[Yimitted, methods such as injection - 15 molding and reaction molding
methods can be used. In the preparation of the polyurethane molding, the
ponuF@Eﬁé”ﬁé"erﬁofﬁl}?ngt%eprﬁfélré{lﬁ@%‘fﬁi%a%y@ﬁﬁdﬁﬁg%?@%lc

i sgg'gér?qa%l g%esth%‘ﬁf%'“a%a @@Pé&?%%“%%‘?gec%‘%ﬁé Instanly, mixing raw

y collision’in a mixing head, ora

diphenylmethane diisccyanate (MDI), polymeric MDI, and
naphthalene diisocyanate; aliphatic diisocyanates such as
tetramethylene diisocyanate, and hexamethylene
diisocyanate; and alicyclic diisocyanates such as
lsophorene diiscocyanate, hydrogenated TDI, and hydrogenated
MDI. It is possible to use isocyvanate selected from these
isocyanates, or a mixture of two or more kinds of them.
[002¢9]

Upon preparation of the polymer molding, the polymer
molding may contain, in addition to polyol and

polvisocyvanate, crosslinking agents, chain extenders, foan

h

stabilizers, blowing agents, resinifying catalysts, foaming
catalysts, antioxidants, age resistors, fillers,
plasticizers, colorants, mildewproofing agents,
antimicrobial agents, flame retardants, and ultraviclet
absorbers.
[0Gzo]

Although the process for preparing a polymer molding

is not particularly limited, methods such as injection



so-called low-pressure injector for mechanically mixing raw materials fed
in a mixing head using a stirring blade. 0031] The process for producing
an interpenetrating polymer network structure will be described below.
The interpenetrating polymer network structure can be produced through
the steps of impregnating the above-mentioned polymer molding with the
above-mentioned radical polymerizable composition containing an
ethylenically unsaturated compound and a radical polymerization

initjator; and polymerizing the ethylenically unsaturated compound.ina .
EoNAA STALS of T pORMEF oI TmpFSGNALSE Withtn TAdical 17~

oPolymerizaple 8%mf8%'t:p°81%%%%%Hé%cgsﬁé?;dﬁﬁ?d“C'Q}?e"".rr‘?o Lyurethane
Interpenetrating polymer network structure of t e%fesentl vertion,

nbelorgdhe step. of impregnating the polymer molding with the radical

polymerizable composition, a chain transfer agent and/or_ a radical
mPOlmefizationdahibitenaresaddeshtothe sadical pehumerizabier instantly

composition and/or the polymer molding. [0032] 16 It is a feature of the
mpresent invention ¢hdt=a ehain transfes agentandionatadicahead, or a
polymerization inhibitor are allowed to exist in the system in the steps of
s impreghating the polyarermoldingwith the' radical cpelymetizablenixing raw
composition and polymerizing the
materials fed in a mixing head using a stirring blade.
(0031}

The process for producing an interpenetrating polymer
network structure will be described below. The
interpenetrating polymer network structure can be produced
through the steps of impregnating the above-mentioned
polymer molding with the above-mentioned radical
peolymerizable composition containing an ethylenically
unsaturated compound and a radical polymerization
initiator; and polymerizing the ethylenically unsaturated
compound in a swollen state of the polymer molding
impregnated with the radical pelymerizable composition. In
the process for producing an interpenetrating polymer
network structure of the present invention, before the step
of impregnating the polymer molding with the radical
polymerizable composition, a chain transfer agent and/cor a
radical polymerizaticn inhibitor are added to the radical
polymerizable composition and/or the polymer molding.

[0032]



ethylenically unsaturated compound. The interpenetrating polymer
network structure obtained by this method displays excellent mechanical
uniformity in mechanical properties such as tensile strength and tensile
elongation. Furthermore, when the interpenetrating polymer network
structure is used as the polishing pad, the step of CMP polishing
becomes stable because of high in-plane uniformity of a polishing rate
during polishing, excellent flattening properties, improved pad lifetime and
-small difference in propertigs between palishing pads90331 The reasen:; »
is'not clear, but is thought to be as follows. When the chain transfer agent
t dsadged dusigthenproguctionssinee guisk heat generation upgnithe:or
polymerization reaction is not observed, and also the temperature in the
z reactiorsystenvissalmost constant everttimeiand-the palymerizdtion
reaction stably proceeds, the chemical composition and properties of the
Lrresaing tikterpenetrating polymer networkistidictGrecarexgaiform.
Therefore, the polishing pad produced from the polymer - 17 network
P Shiietire exhitsits StaBrepropertieslifl the plater bf tHeipslishing pad and
etween a plurality of polishing pads. The chain transfer agentis
S A s R R o el R
péﬁy%ééh%é %%%Q“%%%ﬂk%@?g”b”éQ%ﬁ%%d%gPQQéyéhﬁetbod displays
excellent mechanical uniformity in mechanical properties
such as tensile strength and tensile elongation.
Furthermore, when the interpenetrating polymer network

structure is used as the polishing pad, the step o

Fh

CMP
polishing bpecomes stable because of high in-plane
uniformity <¢f a polishing rate during polishing, excellent
flattening properties, improved pad lifetime and small
difference in properties between pclishing pads.
(00331

The reason is not clear, but is thought to be as
follows. When the chain transfer agent is added during the
production, since guick heat gensration upon the
polymerization reaction is not observed, and also the
termperature in the reaction system is almost constant over
time and the polymerization reaction stably proceeds, the
chemical composition and properties of the resulting
interpenetrating polymer neiwork struciure are uniiorm.

Therefore, the polishing pad procduced from the polymer



interpenetrating polymer network structure. Therefore, it is particularly
preferred to make chemical composition and properties uniform in a
plurality of polishing pads when the interpenetrating polymer network
structure is sliced to produce a polishing pad. 0034] It is estimated that,
when a radical polymerization inhibitor is added to produce a polishing
pad, the initiation time of the polymerization reaction is unified in the
entire reaction system and the process from the initiation to the

nSempletion of the polymerizaton reaction become almost the same In the.

entire reaction system, thus obtaining an interpenetrating polymer

o Netweark-stryctyre-and, a:palishing pad in whichithe sesulting eured adicle, o
shows small variation in properties and high uniformity. The radical

paolymerizatiom inhibitor is, particutarhyreffective temmake the in-planective
direction chemical composition and properties uniform in the production

f of the integpenetratingrpolymer nefwark structure IT erefarefiteis in the
particularly preferred to make the in-plane direction - 18 chemical

tlcompositioriand ploperties anifeim inthen festitivgsdlishing pad. [6035;
As described above, the radical polymerizable composition is preferably a

igaﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁbﬁ%ogg%ﬁﬁer network structure. Therefore, 1t

is particularly preferred to make chemical composition and
properties uniform in a plurality of polishing pads when
the interpenetrating polymer network structure ig sliced to
produce a polishing pad.

[C034)

It is estimated that, when a radical polvmerization
inhibiter is added to produce a polishing pad, the
initiation time of the polymerization reaction is unified
in the entire reaction system and the process from the
initiation to the completion of the polymerization reaction
become almost the same in the entire reaction éystem, thus
obtaining an interpenstrating polymer network structure and
a polishing pad in which the resulting cured article shows
small variation in properties and high uniformity. The
radical pelymerization inhibitor is particularly effective
to make the in-plane direction chemical compeosition and
properties uniform in the production of the
interpenetrating polymer network structure. Therefore, it

ig particularly preferred to make the in-plane direction



substantially contain an organic solvent from the economical point of view
of necessity of the step of removing an organic solvent. However, in a
conventional production method, when the radical polymerizable
composition does not contain an organic solvent, the polymerization
reaction initiates and viscosity increase while the polymer molding is
impregnating with the radical polymerizable composition. Therefore there
was a problem that the impregnation rate to the polymer molding

cndegreases and.thetime reguired for the reduction increases. In the

present invention, when a chain transfer agent and/or a radical
reROlymerization inhibitor are @llowed to coexist in the step of impregnating
the polymer molding with the radical polymerizable composition, an
[ Oingfelase in viscosity of the composition can be prevented. Thus, it
became possible to use the radical polymerilzable composition which
does Aot sligstantislly contain thé oeganic solvént; therstep ofirémoving
the organlc solvent becomes unnecessary, resulting in decreased
COBldEétiory RodF aRd prEdiittion step,CERE ahlincrease I predidtionot
efficiency. - 19 [0036] Although only any one. of the chain transfer agent
SUGR 3Reé Tadicdl polYmeriZation Mot may be Bdbed FRibré Ssreferably

o R9M0,2r¢ afided since g syneraistic effectis. £XeMed 1e step of

removing an organic solvent. However, in a ceonventicnal
production method, when the radical polymerizable
composition does not contain an organic solvent, the
polymerization reaction initiates and viscosity increase
while the polymer molding is impregnating with the radical
polymerizable composition. Therefore there was a problem
that the impregnation rate to the polymer molding decreases
and the time required for the reduction increases. In the
present invention, when a chain transfer agent and/or a
radical polymerization inhibitor are allowed to cocexist in
the step cf impregnating the polymer molding with the
radical polymerizable compositicn, an increase in viscosity
of the composition can be prevented. Thus, 1t became
possible te use the radical polymerizable composition which
does not substantizily contain the organic solvent, the
step of removing the organic solvent becomes unnecessary,
resulting in decreased production hour and production step,

and an increase in production efficiency.



[0037] The chain transfer agent and/or radical polymerization inhibitor
may be added to the polymer molding, or added in the radical
polymerizable composition. Also, a chain transfer agent and/or radical
polymerization inhibitor may be added to the polymer molding and also
may be blended in the radical polymerizable composition. When the
chain transfer agent and/or radical polymerization inhibitor are used for
both of the radical polymerizable composition and polymer molding, the

) or different compound may be used for both. 0038] When using the
radical polymerization inhibitor, impregnation and/or polymerization of the
radical, polymeizahle composition are preferably perfopmedinthe oo ang
presence of an oxygeri gas or an oxygen-containing gas for the purpose

+ Rf ephancing a-palymerizatien nhibitory effect. ipdhisicasgsgxamples-ef
preferred radical polymerization inhibitors include phenothiazine,

o hydeoeriinone; chydreadingnednoramethyh etherd-autyl-cateehial: and + 20
topanol A. As the oxygen-containing gas, air, oxygen and a gas prepared

eby dilating them with an inert gas are used. Examples of the inert gas
include nitrogen, helium, and argon. When diluted, the oxygen

[ @grcintration is not particularly limited and is preferably 1% by volume or
more.
The chain transfer agent and/or radical

polymerization inhibitor may be added to the polymer
molding, or added in the radical polymerizable composition.
Aisc, a chain transfer agent and/or radical polymerization
inhibitor may be added to the polymer molding and alsc may
be blended in the radical polymerizable compesition. When
the chain transfer agent and/or radical polvymerization
inhibitor are used for both of the radical pqumerizable
composition and polymer molding, The same cor different
compound may be used for both.
[co38)

When using the radical polymerization inhibitor,
impregnation and/or polymerization of the radical
polymerizable composition are preferably performed in the

presence of an oxygen gas or an oxygen-containing gas for

f

he purpose of enhancing a polymerizatlion inhibitory effect.
In this case, examples of preferred radical polymerization
inhibitors include phencothiazine, hydroguinone,

hydroguinone monomethyi ether, t-butyl catechol, and



The oxygen-containing gas to be used is preferably dry air, or a gas
prepared by diluting dry air with nitrogen in view of cheapness. 0039] The
chain transfer agent and/or radical polymerization inhibitor preferably
exists in the reaction system in a uniform concentration since it controls
the manner in which the radical polymerization reaction proceeds.
[00401 One of the methods of uniformly distributing these chain transfer
agent and/or radical polymerization inhibitors in the reaction system
ojjgludes,for example. 3, method.of adding the raw materialin e, ., .,
Ereparatloh of the polymgrgmoldlng.%r e‘Xg%p?e, ih the p‘repar%{ﬁgﬁ1 of ¢ @
geleopamer molging atpavyethang, g.chain.rangfer agilL angloraeg
radical polymerization inhibitor are mixed with polyol as a raw material of

I rethane, and then the jpolyol,and polyisocyanate are subjegted:tos
reactive njection molding using a reactive injection molding (RIM) - 21

argethod,ithus making #possible toahiain a polyerethane opolymer stolding
in which the chain transfer agent and/or radical polymerization inhibitor
peareidistiibuted ihian unifdrmroontentration: Subsequéntly, the patymer: more.
molding is impregnated with a radical pclymerizable composition and
The oxygen-containing gas to be used 1is preferably dry air,
or & gas prepared by diluting dry air with nitrogen in visw
of cheapness.
[0039]

The chain transfer agent and/or radical
polymerization inhibitor preferably exists in the reaction
system in a uniform concentration since it controls the
manner in which the radical polymerization reaction
proceeds.

[0040]

Cne of the methods of uniformly distributing these
chain transfer agent and/cr radical polymerization
inhibitors in the reaction system includes, for example, a
method of adding the raw material in the preparation of ths
polymer molding. For example, 1in the preparation of the
polymer mplding of polvurethane, a chain transfer agent
and/or a radical polymerization inhibitor are mixed with
polyel as a raw material of polyurethane, and then the
poilvel and polviscovanate are subiected Lo reactive

"injection molding using a reactive injection molding {RIM)



the radical polymerizable composition is polymerized to obtain an
interpenetrating polymer network structure having a chemically uniform
composition, comprising a polyurethane and an ethylenically unsaturated
compound polymer. [0041] When the chain transfer agent is mixed in the
preparation the polymer molding, the content of the chain transfer agent
is preferably from 0.01 to 20% by weight, more preferably from 0.01 to
5% by weight, and still more preferably from 0.05 to 3% by weight, based
on 100% by weight of the polymer molding. When the content is less

Ghai 0:01% by Weight dné éff%ﬁﬁéﬁméech%% franérel dget 1’ Hoféxertsd

03 metimes..in contrast, when the, content is more than 20% by wei
‘echanical pgropgrtles S\,A&C rgls g rengttﬁ and elastic r%oduﬁ?s ‘s QQ/ oF

r %E%%‘ira{s% [[\)QrQég]% The content,of the.chain E@”&E%%%\E{%H‘% Rolymer

Iding can be measured by quantitative analysis of a solution prepared

u@yﬁml%ﬁcf&lﬁtm@&mﬂmgs followed- By Spxhlet extyaction Witho 1 ding

chloroform using gas - 22 chromatography. Examples of another method
i of unternlydistributing.these-chiain trapsfeyagentssand/oeradieal 1 ¢ icn and
polymerization inhibitors in the reaction system include a method of
t addingra chaindtransferagentiandformadicat polymerizatibpmerized to
obtain an interpenetrating poclymer network structure having
a chenically uniform composition, comprising a polyurethane
and an ethylenically unsaturated compound polymer.
0041}

When the chain transfer agent is mixed in the
preparation the polymer molding, tThe content of the chain
transfer agent is preferably from 0.01 to 20% by weight,
more preferably from 0.01 to 5% by weight, and still more
preferably from 0.03 to 3% by weight, based on 100% by
weight of the polymer molding. When the content i1s less
than 0.01% by weight, the effect of the chain transfer
agent is not exerted sometimes. In contrast, when the
content is more than 20% by weight, mechanical properties
such as strength and elastic modulus may detericrate.
[0042]

The content of the chain transfer agent in the
polymer molding can be measured by gquantitative analysis of
& solution prepared by grinding a polymer molding, followed

by Soxhlet extraction with chiloroform using gas



inhibitor of a comparatively low molecular weight in the radical
polymerizable composition. Chain transfer agents and/or radical
polymerization inhibitors with a large molecular weight are not uniformly
distributed in the polymer molding since a diffusion rate in case of
impregnation with the polymer molding is low. In contrast, chain transfer
agents and/or radical polymerization inhibitors with a comparatively low
molecular weight are distributed in the polymer molding in a uniform
cheepcantration;since a diffusion rate in case of impregnation with the
polymer molding is high. Therefore, the resulting interpenetrating polymer

netwark siuchue drecomes shemically homogenepusAs the ehaiu+ ing
transfer agent and radical polymerization inhibitor, for example, a

thecrapound havingresmhotecutarweight af 350 erlessds preferablyiused: on
Examples of the chain transfer agent having a molecular weight of 350 or

infesk inclyde aromatic hydrocarbony having armbletalar weight of 350 or
less, such as a-methylstyrene dimer, ethylbenzene, and toluene; and

admercaptan having BPaIRYEGroupeoT4 LY earboAai6ms, PR3vseeH astion

. t-butylmercaptan, n-butylmercaptan, n- octylmercaptan, and

e e

&8yinfercaptai Bxampledofthe “tadicat polynterizétichinhibitor

- AvNg amolecular Welght3sg ot less nclude hydrgquinone, :
Fydroguinongmono me?hyl cther, catechor, t-buty'catechdi®Ehlyf 9=t e
and/or radical polymerization inhibitors with a large
molecular weight are not uniformly distxibuted in the
pelymer molding since a diffusion rate in case of
impregnation with the polymer molding is low. In contrast,
chain transfer agents and/or radical polymerization
inhibitors with a comparatively low molecular weight are
distributed in the polymer molding in a uniform
concentration since a diffusion rate in case of
impregnation with the polymer molding is high. Therefore,
the resulting interpenetrating polymer network structure
becomes chemically homogenecus. As the chain transfer
agent and radical pelymerization inhibitor, for example, a
compound having a meclecular welght of 350 or less is
preferably used. Examples of the chain transfer agent
having a molecular weight of 350 or less include arcmatic
nydrocarbons having a molecular weight of 350 or less, such
as a-methylstyrene dimer, ethylbenzene, and toluene; and

nercaptan having an alkyl group of 4 to 12 carben atoms,



pyrocatechol, 2,6-di-t-butyl-4-methylphenol, and 2-t-butyl-
4,6-dimethylphenol. 00441 In the interpenetrating polymer network
structure, a weight ratio of the polymer molding to the polymer obtained
by polymerizing from the ethylenically unsaturated compound is
preferably from 100/5 to 100/300, and more preferably from 100/50 to
100/200. When the weight ratio is less than 100/5, properties are nearly
the same as those in the case of the polymer molding alone. In contrast,
= yhen fhe.weight, ratio.is more than 100/300, the fime required to
impregnate t é%oTymer moﬁ}hg With thé ragicaFBolym’erliable

- comppsition hegomes tpq,long;and therefore itjs notzpreferred. (0945, .

The step of immersing the polymer molding in the radical polymerizable
r sampositionlispreferably performed : at-a-tenperature oflib:to 6QG for 3

hours to 20 days, and preferably 3 hours to 10 days. X00461 - 24 Using
withiesintérpenetrating polymarnetworkistaucturen:obtained bydhe nonemono
above-mentioned method, a polishing pad is produced. The polishing pad
migtprodueed by formibgthe Lintdrpenétyating: pelyhier networktstiucture

into a predetermine shape and a predetermined thickness and
pyrocatechol, 2Z,6-di-t-butyl-4-methylphenol, and Z-t-butyl-
4, 6~dimethyliphencl.

(00447

In the interpenetrating polymer network structure, a

welght ratio of the polymer molding to the polymer obtained
by polymerizing from the ethylenically unsaturated compound
is preferably from 100/5 te 100/300, and more preferably
from 100/50 to 100/200. When the weight ratio is less than
106/5, properties are nearly the same azs those in the case
of the polymer molding alone. 1In contrast, when the weight
ratic 1s more than 100/300, the time required to impregnate
the polymer molding with the radical polyvmerizable
composition becomes too long, and therefore it is not
preferred.

00457

The step of immersing the polymer molding in the

radical polymerizable composition is preferably performed
at a temperature of 15 to 60°C for 3 hours to 20 days, and
preferably 3 hours to 10 davs.

[004¢6]



optionally forming grooves on the surface. [0047] The thickness of the
polishing pad is preferably 1 mm or more. The thickness of the polishing
pad is preferably 5 mm or less. Regarding the size of the polishing pad,
the diameter is preferably 300 mm or more. Regarding the size of the
polishing pad, the diameter is preferably 2.m or less. When the thickness
of the polishing pad is less than 1 mm and the diameter is less than 300
mm, polishing pad lifetime may decrease. In contrast, when the thickness

of the polishing-pad-is Mmeye-than b mim; apd the diameter of the; polishinge

pad is more than 2 m, it is difficult to replace the polishing pad and it may
obbhegcome impossible: toouniferaty: iappiyitona polishing surface Hable. 10048] s

As described above, when using the production method of the present
rinvention, alimifopmlpatishing padihaving zsmalt variatiorf imracchemidat
_ composition can be obtained. One aspect of the polishing pad of the
ingresent iventibn ds REpolshing ad esmpFising ant iiftefperetrating

polymer 25 network structure containing a polymer molding and a
PIEOIyhierofdh ethylhically uhsaiFaRuCImpstnd: thé Poishint pad

havingwiqjme% of 1 mmo(%_rrergo(r)(%a@g1 a g?g%teat&ra 300 mm or more,
ORyhersin Wé%ﬂpfﬁ% gfthe polymer mgldlng at any position of the
[0'%91“751'"“9 pad is

The thickness of the polishing pad is preferarbly 1 mm
or more. The thickness of the polishing pad is preferably
5 mm or less. Regarding the size of the polishing pad, the
diameter is preferably 300 mm or more. Regarding the size
of the polishing pad, the diameter is preferably 2 m or
less. When the thickness of the polishing pad is less than
1 mm and the diameter is less than 300 mm, polishing pad
iifetime may decrease. In contrast, when the thickness of
the polishing pad is more than 5 mm and the diameter of the
polishing pad i1s more than 2 m, it is difficult to replace
the polishing pad and it may become impossibkle to uniformly
apply to a polishing surface table.
(G048}
As described above, wh=n using the production method

cf the present invention, a uniform polishing pad having
small variation in a chemical composition can be optained.

One aspect of the polishing pad of the present invention is

a polishing pad comprising an interpenetrating polymer

i
o
o

4



within a range of X3 (%) where X (%) denotes an average weight ratio of
the polymer molding based on the total weight of the polymer molding
and the ethylenically unsaturated compound polymer. As described in the
Examples, the composition at each position of the polishing pad is
measured and a weight ratio of the weight of the polymer molding to the
total weight of the polymer molding and the ethylenically unsaturated
compound polymer is determined and the average is taken as X (%). A
ndPeAsWed moipURL valie D Re weightjatg ol ihe polymEs malgng 1s X
3" (%) or more and a maximum value is X + 3 (0) or less. A” weight ratio of
pcﬂn{ﬁ@_ﬁ[l%a&!ﬂ %@M@Fﬁ%‘é@ﬂ?oﬁ@%a@bﬁﬁ%@ 2Ry, R9SHAN omée _
polishing pad is within a range of (100 - X) 3 (%). ;0049] The weight ratio
o®f the, pelymeranalding.to the: thylenically-unsaturated cempeundd a
polymer is obtained by measuring an infrared absorption spectrum. The
direight: ratia 6f the polymer molding:te the ethytemicallyr sihsaturdatedhe
compound polymer can be calculated by a ratio - 26 of an absorbance of
P abgoepticopaduliar &5 thigpolymer trnolding totdrs absdrbdnce®fpac is
absorption peculiar to the_ethylenically unsaturated compound polymer.

YiindélaR apéritiretiarheter Varie€ tepending®on 8 meaBufifig AStRad S

wg¥%g%egg%QQE@yn%§%§%§§Hggé¥aggik§85§ng¥g%’on the total
weight of the polymer molding and the ethylenically
unsaturated compound polymer. As described in the Examples,
the composition at each position of the polishing pad is
measured and a welight ratio of the weight of the polymer
moiding to the total weight of the polymer molding and the
ethylenically unsaturated compound polymer is determined
and the average is taken as X (%). & measured minimum
value In the welght ratic of the polymer molding is X - 3
%) or more and a maximum value is ¥ + 3 (%) or less. A
welght ratic of an ethylenically unsaturated compound
polymer at any position of the polishing pad is within a

range of (100 - X} £ 3

ol

7.
[0049]

The welght ratio of the polymer molding to the
ethylenically unsaturated compound polymer is obtained by
measuring an inifrared absorption spectrum. The weight
ratio of the polymer molding to the ethyienically

unsaturated compound polymer can be calculated by a ratio



according to a conventional infrared spectroscopy, the aperture diameter
is about 1 mm and a weight ratio of both polymers with respect to the
region of 1 mm order is obtained. When using infrared
microspectrometry, the aperture diameter is about 100 pm and a weight
ratio of both polymers with respect to the region of 100 mm order is
obtained. When using Raman microspectrometry, a weight ratio of both
polymers with respect to the region of 1 pm order is obtained. In the

o£iNterpgnsrating, EQ'yﬁ%era@%WPﬁ:'ryfg yeure of E@%p@?%l{‘@@ﬂgﬂvﬁ”ce

the polymer molding and the ethylenically unsaturated compoun

mopelyRer -aresmixedsvany finely and thesweight raticafhothis: uniformen
the region of about 1 um to about 1 mm order, the same results are
= tobtamedwhen measured arsing anynmethad P[00 The polishingzpad of
the present invention preferably has a tensile breaking strength of 13
a2 pMPausrEmote EHes polishiing padeafahe presemnt inventiobgpreferablythasad,
_tensile breaking elongation of 1500 more. The tensile - 27 breaking
thétrénith ahtteRsile* bredking elDR§ATICTHEré’ ¥ahfes-obtdiiedBynp e,
performing a tensile test at an environment of 23C and 50%RH according

GGG K 71158:1998 L GEr the tohditions ot 2 diStick BetieBH chiicks of

ape MM A0A 3 festspeed of 50, mm/minute using aNoy L smallsized oo,

polymers with respect to the region of 1 mm order is
obtained. When using infrared microspectrometry, the
aperture diameter 1s about 100 um and a welght ratic of
both polymers with respect to the region of 100 mm order is
obtained. When using Raman microspectrometry, a welght
ratio of both polymers with respect to the region of 1 um
crder is obtained. In the interpenetrating polymer network
structure of the present invention, since the polymer
molding and the ethvlenically unsaturated compound pclymer
are mixed very finely and the weight ratic of both is
uniform in the region of about 1 um to about 1 mm order,

the same results are obtalned when measured using any

The polishing pad of the present invention preferably
has & tensile breaking strength of 13 MPa or more. The
polishing pad of the present invention preferably has a

tenslle breaking elongation of 150% or mere. The tensile



specimen (thickness of specimen: 1 to 2 mm) . When the tensile breaking
strength is less than 13 MPa, polishing properties such as in-plane
uniformity of a polishing rate during polishing and lifetime deteriorate.
When the tensile breaking elongation is less than 1500, polishing
properties such as in-plane uniformity of a polishing rate during polishing
and lifetime deteriorate. The tensile breaking strength is preferably 50
MPa or less. When the tensile breaking strength is more than 50 MPa,
o fhe pad tends 1g become brille  The tenslle breaking elongation Is,
pre eranlﬁy i,”(f(?db%br more. When Ehe tensile Bre%klng e‘TTongatlon iS more
»ihan.1,000%.;the elasticity of the, pad heomes too strang. [Q051] The
polishing pad of the present invention preferably contains closed cells

egachhaving.an average calldiameter of:10 ;239 pm, The average=celloos
diameter is preferably from i0O to 120 pm, and particularly preferably from

u204e 604 m.chhd sudace oefslicecsuttaceef the polishingpad-wast 58 mm
observed by a scanning electron microscope (SEM) at a 28

apagnification=pf<200 timMe$ andrirfrages were aalyzediy. an imtagel - sized
processor, whereby, all cell diameters in the images were measured and

SAHUHIBEr-aVerag e ot tierf wadakenas ant averagetelt didfeter tOf

the surface of the polishing pad, flat surfaces and openings derived from
t%@ﬁ%&ﬁﬁ@ﬁﬁﬁflng strength 1s less than 13 MPa, polishing

properties such as in-plane uniformity of a polishing rate
during polishing and lifetime deteriorate. When the
tensile breaking elongation is less than 150%, polishing
properties such as in-plane uniformity of a2 polishing rate
during peliishing and lifetime deteriorate. The tensile
breaking strength is preferably 50 MPa or less. When the
tensile breaking strength is more than 50 MPz, the pad
tends to become brittle. The tensile breaking slongation
is preferaply 1,000% or more. When the tensile breaking
elongation is meore than 1,000%, the elasticity of the pad
becomes too strong.
[CO51

The polishing pad of the present invention preferably
contains closed cells each having an average cell diameter
cf 10 to 230 um. The average cell diameter i1s preferably
from 10 to 120 um, and particularly preferably from 20 to
60 pm. The surface or sliice surface of the polishing pad

was ocbserved by a scanning electiroen microscope (SEM) at a



exist in a proper ratio. The number of cells on an optional slice surface is
preferably from 1.0 to 1,000 cells/mmz2, and more preferably from 200 to
600 cells/mm2. [00521 Apparent density of the polishing pad of the
present invention is preferably from 0.2 to 1.1 g/cm3. The apparent
density is a value measured by Harvard type picometer using purified
water as a medium and can be measured by the method described in
Japanese Industrial Standard JIS K '7112. When the apparent density is
madesst that-02) local soothngss masg becamespooria polishing<groperties
~and global- level difference may increase. When the density is more than
imagesaraftemag occtif it polishing proferties IFHE apparerit density T 9es
more preferably within a range from 0.4 to 0.9, and still more preferably
W FRnT 6 4E % 85 F0053! e polishiTg Had Of the resentinvention ¢ana"
be_used for polishing semiconductor substrates such.as silicone wafers;
=7 GRGCAl retber Sdh 55 Tenel and 28 ‘SIGEIoNE matoral Sush a6 © D%
. qiaanelie ieads ad hard sk, Badieylad ctigpelishing pad elthg,y
present invention can be used as a polishing pad for a polishing
exlreatment-of semicondyetor wafers ag materalsitoe palishedfar the

purpose of flattening semiconductor wafers using a chemical

optional slice surface is preferably from 10 to 1,000
cells/mm®, and more preferably from 200 to 600 cells/mm®.
[0052]

hpparent density of the polishing pad of the present
invention is preferably from 0.2 to 1.1 g/cm’. The
apparent density is a value measured by Harvard type
plcometer vsing purified water as a medium and can be
measured by the methed described in Japanese Industrial
Standard JIS K 7112. When the apparent density 1s less
than 0.2, local smoothness may become poor in polishing
properties and global level difference may increase. When
the density is more than 1.1, scratch may occur in
polishing properties. The apparent density 1s more
preferably within a range from 0.4 to 0.9, and still more
preferably from 0.45 to 0.85.
[0053]

The polishing pad of the present invention can be
used for polishing semiconductor substrates such as

silicone wafers; optlical member such as lens; and



mechanical polishing (CMP) technique. In the CMP step, the polishing
pad is used for the purpose of polishing a semiconductor wafer surface
by performing relative motion of a semiconductor wafer and a polishing
pad using a polishing slurry comprising a polishing agent and a chemical
solution, thereby flattening and smoothing the semiconductor wafer
surface. 0054] The polishing pad of the present invention can also be
used for polishing optical members such as optical lens, optical prisms,

e lopticabfiliersrand ightiguides:n Exampies.ef-natesialssef epticak membersk s .
as subjects to be polished include glass, quartz, quartz crystals,

P sapphirgs r transparent eesing,ilithiupetantdlateh and fithismtnidbaten t ion
[0055] Examples of other applications include applications in which

cayallitim afsehide, gallivim pHospEoRasS indium splissphois fefriteatment of
alumina, silicon carbide, silicon nitride, ceramics, alloys, and resin as

S YOS Bie- PoliERed T 302 EXEMPEES 16056] THe preseft fivention Wik
now be de;ecr;bed_in detail b / way of Examples, but the present inverrlltiop 1

P RBE Timiited therets "EvAusiohs Ware peffomiéd by the's-19 @ chemica

mechanical polishing (CMP) technique. In the CMP step, the
polishing pad is used for the purpose of polishing a
senmiconductor wafer surface by performing relative motion
of a2 semiconductor wafer and a polishing pad using a
polishing slurry comprising a polishing agent and a
chemical solution, thereby flattening and smoothing the
semiconductor water surface,

[0054]

The polishing pad of the present invention can also

be used for polishing optical members such as optical iens,
optical prisms, optical filters, and light guides.
Examples of materials of optical members as subjects to be
polished include glass, gquartz, gquartz crystals, sapphires,
transparent resins, lithium tantalate, and lithium niobhate.
[0055]

Examplies of other applications include applicetions
in which galliium arsenide, gallium phosphorus, indium
phosphorus, ferrite, alumina, silicon carbide, silicon
nitride, ceramics, alloys, and resin as subjects are

polished



following procedures. [Average Cell Diameter] The surface or slice surface
of samples was observed by a scanning electron microscope "SEM2400"
(Hitachi, Ltd.) at a magnification of 200 times and images were analyzed
by an image processor, whereby, all cell diameters in the images were
measured and an average of them was taken as an average cell

diameter. [Apparent Density] Apparent density was measured according

to the method described in JIS K 7112 using a picnometer (Harvard type).

[Tensile Test] Using a tensile testing machine RTM-100 (manufactured by

ORIENTEC Co., Ltd.), a breaking strength and a breaking elongation
ExXwera fieasured under the following measuring conditions. An average of

5 specimens was taken as a measured value. Test room temperature:
[023€ | Humidity of test room: 50% Shape of specimen: No. 1 small-sized

specimen described in JIS K 7113:1995 Thickness of specimen:ito2

mm DitariceFétiveeh chiticks: B8 i -Tést'$peed 56 fmhfute: detall

[Measurement of \{VeightbRatio of Polyurethane and Polymethyl
byM%ﬁ%uﬁﬁaﬁﬁamp es, but the pfesent i1nventidn 1g not
limited thereto. Evaluations were performed by the
following procedures.
[Average Cell Diameter]

The surface or slice surface of samples was cbserved
by & scanning slectron micrcoscope “SEMZ24007 (Hitachi, Ltd.}
at a magnificaticn of 200 times and images were analyzed by
an lmage processor, whereby, all cell diameters in the
images were measured and an average of them was taken as an

average cell diameter.

[Apparent Density]

Apparent density was measured according to the method
described in JIS K 7112 using a picnometer (Harvard type).
[{Tensile Test]

Using a tensile testing machine RTM-100 (manufactured
by ORIENTEC Co., Ltd.), a breaking strength and a breaking
elongation were measured under the following measuring
conditions. An average of 5 specimens was taken as a

measured value.

Test room temperature: 23°C
Humidity of test room: 50%

¥

(93]
Y
i



A sheet to be measured was cut into pieces measuring 600 mm x 600
mm, and then finely out into 400 pieces measuring 30 mm x 30 mm. In
the center of each piece, an infrared absorption spectrum was measured
by the following procedure and a weight ratio of polyurethane to
polymethyl methacrylate was calculated from an absorbance ratio of
absorptions derived from polyurethane and polymethyl methacrylate. With
respect to 400 pieces, a weight ratio of polyurethane based on the total

snueight ef polydrethane \and polymethyl metbacryjate was detetmingd. and ,
then the average X, the minimum value and the maximum value were

Jideterminesl: Device: Fourier transform infrared absorption spectrometer
"AVATAR360" (manufactured by Nicolet Co.) Attachment: horizontally

Thinstalled onesrefleetiomATR measutingrdevice "OMNI-samoler" ATR
crystal: Ge, incidence angle: 45 Measuring conditions: number of

Dispaniity nbyes2 timiesc k82 ¥8sdling power: 4 cm-1 Measuring
position: Surface center, front surface and back surface of a specimen
E?ﬁéaﬁﬁ’r‘?r?dj?, ot X BEATS 2R in- thickness AnaIyS|s method: Absorption
l\55\t 1105 was d as ab orption d rive from urethane

m- gs% absorp (1(
R OTptsIT At 1750 i Was u?ecf ds % %H*aee Béfro?ﬁ%oﬁ)?r]ré]fﬂﬁzhyl

Methacrylate]

A sheet to be measured was cut into pieces measuring
600 mm x 600 mm and then finely cut into 400 pieces
measuring 30 mm »x 30 mm. In the center of each piece, an
infrared absorption spectrum was measured by the following
procedure and a weight ratlo of polyurethane to polymethyl
methacrylate was calculated from an absocorbance ratio of
absorptions derived from pelyurethane and polymethyl
methacrylate. With respect to 400 pieces, a weight ratio
of poclyurethane based on the total weight of polvurethane
and polymethyl methacrylate was determined, and then the
average ¥, the minimum value and the maximum value were
determined.
Device: Fourier transform infrared absorption spectrometer
“AVATAR3IGO” (manufactured by Nicolet Co.)

Ttachment: herizontally installed one-reflection ATR

measuring device “OMNI-samoler” ATR crystal: Ge, incidence
angle: 45°

Measuring conditions: number of scanning times: 32 times,



methacrylate. A weight ratio PU:PMMA of polyurethane and polymethyl
methacrylate (hereinafter referred to as PMMA) was calculated from an
absorbance ratio ABS (PU):ABS (PMMA) of two absorptions. In the
calculation, analysis software "OMNIC E.S.P. 5.1" attached to the device
was used. Regarding data processing of spectrum, the following
procedure was carried out: (1) auto base line collection, (2)
auto-smoothing, (3) Y axis_normalization, and (4) peak detection
refEvRlidtibrcstPalishingl'Using "Suba400" (manufactured by Rodel Nitta
Corporation) as a cushion layer, a polishing pad to be evaluated was
Megppliet Gsing Sidouble factd-ddifesiid apl to* produce M fatmiRatey Pack
pg_lishingogad. The Iagminated poljshinrg p?d was agpliedxog a surface
“Ufable 6f a boﬁsfﬁﬁﬁ Gevice %‘i%%? after ﬁ'essiﬁrﬁ a diamond corditioner
thgg:qi%%tstge laminated polishing pad under a pressure of 0.05 MPa, the
polishing surface table was rotated at a rotational speed - 33 of 32 rpm

an@nd,the-copditioner was fatated an arotational ;spegd of 304pmin the
same direction. While feeding purified water on the polishing pad at a rate

abefckg0- mi/minutey eanditioningof fhe: pelishieg pad-was petfermed for £
minutes. [00571 A 6 inch silicone wafer for evaluation was mounted to
m° was used as absorption derived from polymethyl
methacrylate. A welight ratio PU:PMMA of polyursethane and
polymethyl methacrylate (hereinafter referred to as PMMA)
was calculated from an absorbance ratio ARS (PU) :ABS (PMMA)
of two absorptions. In the calculation, analysis software
COMNIC E.S.P. 5.17 attached to the device was used.
Regarding data processing of spectrum, the following
procedure was carried out: (1) auto base line collection,
(2) auto-smoothing, (3) Y axls normalizetion, and (4) peak
detection
[Evaluation of Polishing]

Using “Subkadld” (manufactured by Rodel Nittas
Corporation} as a cushicon layer, a polishing pad to be
evaluated was applied using a double faced adhesive tape to
preduce a laminated polishing pad. The laminated polishing
pad was applied on a surface table of a polishing device
and, after pressing a diamond conditioner against the
laminated polishing pad under a pressure of 0.05 MPa, the

pollishing surface table was rotated at a rotational speed



a polishing head of a polishing device and then rotated at 40 rpm. The
laminated polishing pad was fixed on the polishing surface table of the
polishing device and then rotated at the same rotation direction as that of
the polishing head at 40 rpm. While feeding a silica-based slurry at a rate
of 180 mL/minute, polishing was performed under a polishing pressure of
0.06 MPa for one minute and a polishing rate of an oxide film of the
silicone wafer surface was measured. After polishing, while feeding
opurfied-waterrimmediately after pelishing:so as ot e dey, the Wafer i onal
surface, the wafer surface was washed using a polyvinyl alcohol sponge
spaddhert ddéed byrsprayingadry scompressed aisn[0058] iTwerfly avafers for
evaluation were polished and the 20th oxide film polishing rate was
PHigasufst . weier T continususirpolshineg ther500th exide fitm pbliskiAg rate
was measured. - 34 [Polishing Rate] By measuring a wafer thickness
riéfotE Aha after olishing: USing & Iight interiéidntedype fhickifesie rformed
measurement system “"Lambda Ace" VM-8000J (manufactured by
fBﬁlﬁl%N@ REEN MFG. CO., LTD.), a polishing amount (a polishing
per unit hour was calculated. A test wafer for evaluation in which a
thermal oxide film having a

A © inch silicone wafer for evaluation was mounted to
a pelishing head of a polishing device and then rotatad at
40 rpm. The laminated polishing pad was fixed on the
polishing surface table of the polishing device and then
rotated at the same rotation direction as that of the
polishing head at 40 rpm. While feeding a silica-based
slurry at a rate of 180 mL/minute, polishing was performed
under a pclishing pressure of 0.06 MPa for one minute and a

pelishing rate of an oxide film o

h

the silicone wafer
surface was measured. After polishing, while feeding
purified water immediately after polishing so as not to dry
the wafer surface, the wafer surface was washed using a
polyvinyl alcohol sponge and then dried by spraying dry
compressed air.
[0058]

Twenty wafers for evaluation were polished and the
20th oxide film polishing rate was measured. After
continuously peolishing, the 300th oxide film polishing rate

WAS measuread.



thickness of about 1.2 pm is formed on a 6 inch silicone wafer was used.
[In-Plane Uniformity] A polishing rate was measured at 49 points of a
wafer in a diameter direction and then in-plane uniformity () was
calculated by multiplying a value, which is obtained by dividing a
difference between a maximum value and a minimum value by 2 times an
average at 49 points, by 100 In-Plane Uniformity (1) _ (Maximum -
Minimum) x 100/2 x Average [Flattening Properties] Forty wafers for
[ pevalsiation weregpplished and then polished using an oxide film wafer with
a repeating pattern having a pattern height of 0.60 um and a line&space
havingy atlitresof:300cpra aivdt& space 0k 386 i, olishimgawas péfermed
by the above procedure. During polishing for 30, 60, 90, 120, 150 and
Po1865eR6ndS tHe nieastifément was péformted dRa the time fettiired for
a level difference to - 35 _be decreased to 0.10 §m as a resylt of fl@ttenin%
neG AT 8ehinel’ 16859 “(Cbinparitive EXample 1 In FHISC AW tHatérial
opiBRkcand,a secang ray maiefial tanicof an RIMmalding maghine, fhe ,
ollowing raw material compositions weré charged and, after - oaﬁlng a
polishing rate) per unit hour was calculated. A test wafer
for evaluation in which & thermal oxide film having a
thickness of about 1.2 um is formed on a & inch silicone
wafer was used.
[In-Flane Uniformityv]

A polishing rate was measured at 49 points of a wafer
in a diameter direction and then in-plane uniformity (%)
was calculated by multiplyving a value, which is obtained by
dividing a difference between a maximum value and a minimum
value by 2 times an average at 49 points, by 10C

In-Plane Uniformity (%) = {(Maximum - Minimum} x 100/Z2
x Average
[Flattening Proparties]

Forty wafers for evaluation were poiished and then
polished using an oxide film wafer with a repeating pattern
having a pattern height of 0.60 um and a line&space having
a line of 300 pm and a space of 30 um, polishing was
performed by the above procedure. During polishing for 30,
60, 890, 120, 150 and 180 seconds, the measurement was

performed and the time reguired for a level difference to



nitrogen gas in the first raw material tank, the raw material compositions
were poured into a die and then cured to obtain a polyurethane molding
measuring 850 mm x 850 mm and 12 mm in thickness. The resulting
polyurethane molding had an apparent density of 0.82 g/cm3 and closed
cells having an average cell diameter of 28 pm were observed. <First
Raw Material Tank> Polypropylene glycol 85 parts by weight Diethylene
glycol 15 parts by weight Tin octylate 0.5 part by weight Silicone-based
pdoam-stabilizer 3 partsay weight Burifiedwates 0.3 par hy-weaight 2
<Second Raw Material Tank> Diphenylmethane diisocyanate 120 parts by
daweight rihe. following radical polymerizable composition was prepared
and the above-mentioned polyurethane molding was immersed therein at
[ (ZOC for 7 days. As a result, the polyurethane molding was impregnated
with the entire amount - 36 of the radical polymerizabie composition. A
{GfETHREL retibY Bf thefFilydrethane molding to the radical polymerizable

composition was 100/150. Methyl methacrylate 300 parts by weight
AzobisioButyronitrile69 65%%§W&igﬁ1&ﬂ¥e BEIyuFeti&e Moldmg

mSyollen by, impregnation wag interposed hetween twa glass plates viaa., .,
gaslt<eta madeé o
material compositions were charged and, aiter loading a

nitrogen gas in the first raw material tank, the raw
material compositions were poured into a die and then cured
to obtain a polyurethane molding measuring 850 mm x 850 mm
and 12 mm in thickness. The resulting polyurethane melding
had an apparent density of 0.82 g/cm® and closed cells

having an average cell diameter of Z8 pm were observed.

<First Raw Material Tank>

Poiypropylene glycol 85 parts by weight
Diethyiene glycol 15 parts by weight
Tin octylate 0.5 part by weight
Silicone~based foam stabllizer 3 parts by weight

Purified water 0.3 part by weight

<Second Raw Materlal Tank>

Diphenylmethane diisocyanate 120 parts by weight
The following radical polymerizable compositicon was

prepared and the above-mentioned polyurethane molding was

immersed therein at 20°C for 7 days. RAs a result, the

polyurethane molding was ilmpregnated with the entire amount



vinyl chloride, followed by sealing by :fining the periphery. The radical
polymerizable composition was cured by heating at 70C for 5 hours and
heating in an oven at 100C for 3 hours to obtain an interpenetrating
polymer network structure. The resultant interpenetrating polymer
network structure was released from the glass plates and the weight was
measured. immediately after drying at 50C for 12 hours, 100C for 12
hours and then at a normal temperature for 12 hours, the weight was

ofmeasured] /As:a resultyree weightllesswas vt confirmed whenybampareid:
with that before drying. [0060] The center portion of the interpenetrating

o TpElyerChetwoTk Birhetune 48 thethickneRs direéiiciwasslicad ahgable
surface-ground to obtain a sheet having a thickness of 2 mm. No. 1

COBRaR-SiZed spEimeR Was’ Bunched out from the sheet, and then a tensile

breaking strength and a tensile breaking elo ion were measured and
ot o be TL 6 MPaand 270%, - 37 Also & 6. Tehial Ssed Spébmen

1 WES prnghed P%I th the, end portion of the 6*.‘%%%@@?5%‘@%@?29 08

breaking” strength and a ténsile breaking elongation and

MPa and. 240%,,[0Q61] With respect 40 a.sheet hayng-a thickness 02 14«

mm cut from the center portion in the thickness diréction, a
interpcsed between two glass plates via a gasket made of

vinyl chloride, followed by sealing by fixing the periphery.
The radical polymerizable composition was cured by heating
at 70°C for 5 hours and heating in an oven at 100°C for 3
hours to obtain an interpenetrating polymer network
structurxe. The resultant interpenetrating polymer network
structure was released from the glass plates and the welght
was measured. Immediately after drying at 50°C for 12
hours, 100°C for 12 hours and then at a normal temperature
for 12 hours, the weight was measured. As a result, a
welght loss was not confirmed when compared with that

before dryving.

The center portion of the interpenetrating polyvmer
network structure in the thickness direction was sliced and
surface~-ground to obtain a sheet having a thickness of Z mm.
No. 1 small-sized specimen was punched cut from the sheet,
and then a tensile breaking strength and a tensile breaking

elongaticn were measured and found to be 11.6 MPa and Z70%.



weight ratio of polyurethane to the sum of polyurethane and PMMA was
calculated. As a result, the weight ratio of polyurethane in 400 pieces
showed an average of 43.3%, a minimum value of 37.3% and a
maximum value of 49.2%. A ratio of the polyurethane molding to the
ethylenically unsaturated compound polymer was 100/130.9. [0062] The
sheet having a thickness of 2 mm cut from the center portion in the
thickness direction was punched out to obtain a circle having a diameter

205600 mym and emlgitkc_esqagge&n-ggcg Qm%e measyring Lo mm.dn widh, .y

0.5 mm in depth and 30 mm in pitch was formed. on one surface to

= roguce-a palishing padshhe polishing pad had-an apparent density of
0.85 g/cm3, and closed cells had an average cell diameter of 34 pm.

sQpenings derived fremscells (895 zcellsimmR) were obseresl avthel to be
surface. [0063] As a result of evaluation of polishing, the 1st and - 38 the

9 28thpalishing F2i€s were respectively 1,800 angstroms/minute and 1,850
angstroms/minute, and in-plane uniformities were respectively 15% and

[4B89%. JAfter polishing 500 samples, the polishing rate was 800
angstroms/minute and in-plane uniformijty was 30%. With respect to

flattenifig Propértis “fratténify Fetftired pBRSHInG forist s&condet 2 mm

cut from the center portion in the Lhickness direction, a
welght ratio of polyurethane to the sum of polyvurethane and
PMMA was calculated. As a result, the weight ratio of
polyurethane in 400 pieces showsd an average of 43.3%, a
minimum value of 37.3% and a maximum vaiue of 49.2%. A
ratio of the polyurethane molding %fo the ethylenically
unsaturated compound polymer was 100/130.6.

[0062]

The sheet having a thickness of Z mm cut from the
center portion in the thickness direction was punched out
to obtain a circle having a diameter of 600 mm and a
lattice pattern-lilke groove measuring 1.5 mm in width, 0.5
mm in depth and 30 mm in pitch was formed on one surface to
produce a polishing pad. The polishing pad had an apparent
density of 0.85 g/cm®, and closed cells had an average cell
diameter of 34 pum. Openings derived from cells (395
cells/mm’) were observed on the surface.

[0063]

As a result of evaluation of polishing, the Ist and

- 38 -



[0064; (Comparative Example 2) The 1/5 and 4/5 portions of the
interpenetrating polymer network structure of Comparative Example 1 in
the thickness direction were sliced and surface-ground to obtain sheets
having a thickness of 2 mm. No. 1 small- sized specimen was punched
out from the center portion of the sheet, and then a tensile breaking
strength and a tensile breaking elongation were measured and found to
be a tensile breaking strength 9.3 MPa and a tensile breaking elongation
thef £809%, ARd astensile brdaking SiFrEngth=or8:9 IMParand & ¥énsile

breaking elongation of 19(_)%(5%006351 In Comparative Example | and
SNESmparatve Exampte d, théreivas gsnfinfd & temarkalte' differaRde fif

the values of the tensile breaking sirengih and the tensile hreaking

Lmé"l(”f)ngaﬁon of’thweet%%sﬁee?éjsef%lece ﬁgvmg a thickness of & (3Cuetr2 mm

pcaniaingd from the same. @I‘?%?Qeﬁéﬁri% Polymer, 39, Netwoi structure

betweenthe center and peripheral parts In the same sheet, and between

arihecentersheetandthe surface layersheetin the thicknessedireetian,
[0066] With respect to the sheet having a sheet having a thickness of 2

rempeobtained from theil/§ portion inthes thicknassddirection e weight ratio
of polyurethane to the '

polishing for 150 seconds.

100641

(Comparative Example 2)

The 1/5 and 4/5 portions of the interpenetrating
polymer network structure of Comparative Example 1 in the
thickness direction were sliced and surface-ground to
obtain sheets having a thicknessz of 2 mm. No. 1 small-
gslzed specimen wasg punched out from the center portion of
the sheet, and then a tensile breaking strength and a
tensile breaking elongation were measured and feound Lo he
tensile breaking strength 9.3 MPa and a tensile breaking
elongation of 180%, and a tensile breaking strength of 8.9
MPa and & tensile breaking elongation of 190%.

[C065]

In Comparative Example 1 and Comparative Example 2,
there was confirmed & remarkable difference in the values
of the tensile breaking strength and the tensile breaking
elongation of the tensile test piece having a thickness of

about 2 mm obtained from the same interpenetrating polymer



sum of polyurethane and PMMA was calculated. As a result, the weight
ratio of polyurethane in 400 pieces showed an average of 36.4%, a
minimum value of 30.6% and a maximum value of 42.4%. A ratio of the
polyurethane molding to the ethylenically unsaturated compound polymer
was 100/174.7. [0067] As is apparent from the results of Comparative
Example 1 and Comparative Example 2, both sheets showed an in-plane
large distribution wide of the composition and also there was a large
ndifference in-ceropesitins between ribe centes sheetiapd the sutface fayer s
sheet in the thickness direction. [0068] (Example 1) In the very same
Imdiner a%in ComparatveExampled, exveptthat ¢he fdllowingnd the
composition was used in the first raw material tank and a chair, transfer
SagentEontaining Ethyibeaend i dnamountsf 10.296 by WWeight based
~0on 100% - 40 by weight of polyurethane was used, an interpenetrating
er network structure and a polishing pad were produced. <First

Raw %r}i]alr'l'asnkgclgol géo}?kllen&%l%%ol 835 vparts gy eight _D{_ile;;hﬁlene
glycol 15 partsebypwelgh%/ thybeh2eme 28 parts by wal Eﬁ%tﬂﬂ octyldte®
tgf%@%gggvg¥gatmm,obtained from the 1/5 porticon in the
thickness direction, a weight ratioc of polyurethane to the
sum of polvurethane and PMMA was calculated. As a result,
the welght ratioc of polyurethane in 400 pieces showed an
average of 36.4%, a minimum value of 30.6% and a maximum
value of 42.4%. A ratio of the polyurethane molding to the
ethylenically unsaturated compound polymer was 100/174.7.
[GCe7]

As 1s apparent from the results of Comparative
Example 1 and Comparative Example 2, both sheets showed an
in~plane large distribution wide of the compesition and
alsc there was a large difference in composition between
the center sheet and the surface layer sheet in the
thickness direction.

(00681
{Example 1)

In the very same manner as in Comparative Example 1,
except that the following composition was used in the first
raw material tank and a chain transfer agent containing

ethylbenzene in an amount of 10.2% by welght based on 100%



Silicone-based foam stabilizer 3 parts by weight Purified water 0.3 part by
weight The resulting polishing pad had an apparent density of 0.87
g/cm3, and closed cells had an average cell diameter of 35 pm. Openings
derived from cells (400 cel'_s/mm2) were observed on the surface. A
tensile breaking strength and a tensile breaking elongation of a sheet
having a thickness of 2 mm obtained from, the center portion of the
interpenetrating polymer network structure in the thickness direction were
byrespectively 32 MRa antd 2220%: [)069: As aaresuliof evatuationtofng
polishing, 1st and 20th polishing rates were respectively 1,820
poangstroms/minute ahdu:820 angstiomsimihite; and inaplame paiformitiesed.
were respectively 8% and 7%. After polishing 500 samples, the polishing
<Fraté Wad?t 816 Ehgstromsiminute and in-plane uniformity was 8%. With
respect to flattening properties, - 41 flattening required polishing for 120
PodadyndsY 180670 ERRple 2) In the very samemEAREradih Borparative
Example 1, except that the following composifig)n was gs%d in the first

Dl%%&%a%r'ieaﬁéﬁﬁ?%ﬁd a chain transfer agent contéjlﬁf?lboa Qim%?ﬁﬁgﬁ/rene

£-dimerdn, an.amount of 2.9% by weight based 55 . ¢ 1y weight

Tin cctylate 0.5 part by welght
Silicone-based foam stabilizer 3 parts by welght
Purified water 0.3 part by welght

The resulting polishing pad had an apparent density
of 0.87 g/cm3, and closed cells had an average cell
diameter of 25 pm. Openings derived from cells {400
cells/mm”) were observed on the surface. A tensile
breaking strength and a tensile breaking elongation of a
sheet having a thickness of Z mm obtained from the center
portion of the interpenetrating polymer network structure
in the thickness direction were respectively 132.2 MPa and
270%.

[0069]

As a result of evaluation of peclishing, lst and 20th
polishing rates were respectively 1,820 angstroms/minute
and 1,820 angstroms/minute, and in-plane uniformities were
respectively 8% and 7%. After polishing 500 samples, the
polishing rate was 1,810 angstroms/minute and in-plane

uniformity was 8%. With respect to flattening properties,



on 100% by weight of polyurethane was used, an interpenetrating polymer
network structure and a polishing pad were produced. <Second Raw
Material Tank> Diphenylmethane diisocyanate 120 parts by weight
a-methylstyrene dimer 6.5 parts by weight The interpenetrating polymer
network structure had an apparent density of 0.86 g/cm3, and closed
cells had an average cell diameter of 35 pm. Openings derived from cells
(367 cells /msn2) were observed on the surface. The. tensile breaking

£1Stength and,the tensile breaking. glongation ghthe.sheethavinga
thickness of 2 mm obtained from the center portion of the interpenetrating

[ ceolymer network structure in the thickness direction were respectively
15.8 MPa and 315%. [0071] With respect to the above-mentioned sheet, a

( Aneight #atio of polyurethane to the sum of polyurethane and PMMA - 42
was calculated. As a result, the weight ratio of polyurethane in 400 pieces
showelhaf ave rageyofs4di8%6) anmsinindim Valieouh38:. 2%l and axamp le 1,
maximum value of 42.3%. A ratio of the polyurethane molding to the

eRtRyENically unkaturatedtompotntipeRinerilas’360/128%. 0072} Asta £ 5©

result of evaluation of polishing, 1st and 20th _
raw material tank and a Thaln transfer agent containing a

o-methylstyrene dimer in an amount of 2.9% by weight based
on 100% by weight of polvurethane was used, an
interpenetrating polymer network structure and a polishing
pad were produced.
<Second Raw Material Tank>
Diphenylmethane diisocyanate 120 parts by welght
o-methylstyrene dimer 6.5 parts by welght

The interpenetrating pelymer network structure had an
apparent density of 0.8e¢ g/cm®, and closed cells had an
average cell diameter of 35 pm. Openings derived from
cells {367 cells/mm?) were observed on the surface. The
tensile breaking strength and the tensile breaking
elongation of the sheet having a thickness of 2 mm obtained
from the center portion of the interpenetrating polymer
network structure in the thickness direction were
respectively 15.8 MPa and 315%.
[0071]

With respect to the above-mentioned sheet, a weight

ratio of polyurethane to the sum of polyurethane and PMMA



polishing rates were respectively 1,860 angstroms/minute and 1,890
angstroms/minute, and in-plane uniformities were respectively 7% and
8%. After polishing 500 samples, the polishing rate was 1,810
angstroms/minute and in-plane uniformity was 7%. With respect to
flattening properties, flattening required polishing for 120 seconds. [00731
(Example 3) The 1/5 and 4/5 portions of the interpenetrating polymer
network structure of Comparative Example 2 in the thickness direction
wawere: slicedzardisurfacegroand ta ,obtaim sheetghaviag acthickness of 2
run. No. 1 small- sized specimen was punched out from the center portion
podt/ Wi Sheste and tHéld arénsitsbrsakirfe steengtiv andse teAsiflbréaking
_elongation were measured and found to be a tensile breaking strength
RS PESE tinsilé biéaRing 8lohgakanBf IR4%S afd éfgen%ﬁe A
breaking strength of 15.6 -MPa and a tensile breaking elongatjon of

L3106 T 43 G0 TAT With respatt Ta ShB8t hdving 8 thickHes< of 2 im
ut.from the center portion in.the thickness direction, a weight ratio of
A BT S of P ethng ahcl PUNIA sias calculated. AS a
[ofespsllt, the weight ratio of polyurethane in 400 pieces showed an average
of 39.6%, a minimum value of 37.6% and a maximum value of 41.7%. A

As a result of evaluation of polishing, 1st and 20th
polishing rates were respectively 1,860 angstroms/minute
and 1,890 angstroms/minute, and in-plane uniformities were
respectively 7% and 8%. After pclishing 500 samples, the
polishing rate was 1,810 angstroms/minute and in-plane
uniformity was 7%. With respect to flattening propérties,
flattening required pelishing for 120 seconds.

(00737
(Example 3)

The 1/5 and 4/5 portions of the interpenetrating
polymer network structure cof Comparative Example 2 in the
thickness direction were sliced and surface-ground to
obtain sheets having a thickness of 2 mm. No. 1 small-
sized specimen was punched out from the cenier portion of
the sheet, and then a tensile breaking strength and =z
tensile breaking elongation were measured and found Lo be
tensile breaking strength 15.7 MPa and a tensile breaking
elongation of 214%, and a tensile breaking strength of 15.

MPa and a tensile breaking elongation of 310%.



ratio of the polyurethane molding to the ethylenically unsaturated
compound polymer was 100/152.5. 0075] In Example 2 and Example 3,
there was a small difference in the values of the tensile breaking strength
and tensile breaking elongation of the tensile test piece having a
thickness about 2 mm obtained from the same interpenetrating polymer
network structure in and between sheets. Also, there is a small difference
in an average of the weight ratio of polyurethane between the center
sheet and the surface layer sheet in the thickness direction. As is
apparent from the results, there is exerted the effect of decreasing
distributiam of- therearmpasitian #mthe: thickriess direction by-adding a’chain
transfer agent. [0076] (Example 4) In the very same manner as in
c'Coniparative Exaenple 1, pexcept thait ithé folloWing sompositionavds. ased a
in the first - 44 raw material tank, a polyurethane molding, which
webAtEing, 2 A3 @ chail fransfe? dyeht a-a-niéthylshffené difierintagliane and
amount of 0.09% by weight based on 100% by weight of polyurethane and
PiEtb E6ritairis ' doset Eélts having d%?%bﬂ:ﬁren%&%n@ﬁ;} 8f6.31%g/tMand

o2 average cell diameter of.80.om, wag produced, <First Raw Materla
minimum value of 37.6% and a maximum value of 41.73%. A
ratic of the polyurethane molding to the ethylenically
unsaturated compound polymer was 100/152.5.

[0075)

In Examplie 2 and Example 3, There was a small
difference in the values of the tensile breaking strength
and tensile breaking elongation of the tensile test piece
having a thicknese about 2 mm cbtained from the same
interpenstrating polymer network structure in and bhetwsen
shests. Also, there 1s a small difference in an average of
the weight ratic of polyurethane between the center sheet
and the surface layer sheet in the thickness direction. A&s
is apparent from the results, there is gxerted the effect
of decreasing distribution of the compcsition in the
thickness directiﬁn by adding a chain transfer agent.
[0076]

(Example 4)
In the very same manner as in Comparative Example 1,

except that the following composition was used in the {first



Polypropylene glycol 85 parts by weight Diethylene glycol 15 parts by
weight a-methylsty.rene dimer 0.2 part by weight Tin octylate 0.5 part by
weight Silicone-based foam stabilizer 3 parts by weight Purified water 0.3
part by weight. The following radical polymerizable composition was
prepared and the above-mentioned polyurethane molding was immersed
therein at 20C for 24 hours. As a result, the polyurethane molding was
impregnated with the entire amount of the radical polymerizable
r GOMRResition Aweight ratig af thepolyrethane mealding, to; the radical : .
polymerizable composition was 100/30. Methyl methacrylate 300 parts by
a sweighh AAzohis@methylbuyronjtrile) d-mpars byweight Thever in the
polyurethane molding swollen by impregnation was interposed between
amwoglass platés vicoa gasketrnade ot dvinyl chioiides; followerhby séaling
by fixing the periphery. - 45 The radical polymerizable composition was
PCelifed Py résting at Z0€For 5 howrs: and Hedting frean ©veA &t 1008 for 3
hours to obtain an interpenetrating pglymer network structure. EO??] The
STEEMET portionof the Tdsuting-interpBnetiating poljiRérAstwork striérire te

gn étae thickness direction was
O um, was produced.

<First Raw Material Tank>

Polypropyiene glycol 85 parts by weight
Diethylene glycocol 15 parte by weight
g-methylstyrene dimer 0.2 part by weight
Tin octylate 0.5 part by weight
Silicone-based foam stabilizer 3 parts by weight

Purified water 0.3 part by weight

The following radical peolymerizable composition was
prepared and the above-mentioned polyurethane melding was
immersed therein at 20°C for 24 hours. As a result, the
polyurethane molding was impregnated with the entire amount
of the radical polymerizable composition. A welght ratio
of the polyurethane molding to the radical polymerizable
composition was 100/30.

Methyl methacrylate 300 perts by weight
Azcobis{Z-methylbutyronitrile} 1.5 parts by weight

The polyurethane molding swollen by impregnation was

interposed between two glass plates via a gasket made of

vinyl chloride, followed by sealing by fixing the periphery.



sliced and surface-ground to obtain a sheet having a thickness of 2 mm.
[0078] The above-mentioned sheet was punched out to obtain a circle
having a diameter of 600 mm and a lattice pattern- like groove measuring
1.0 mm in width, 0.5 mm in depth and 18 mm in pitch was formed on one
surface to produce a polishing pad. The polishing pad had an apparent
density of 0.32 g/cm3, and closed cells had an average cell diameter of
85 pm. Openings derived from cells ;76 cells/mm’) were observed on the

msurface. [0079] As.a result of gvaluation of polishing. the 1st and, the 20th,

polishing rates were respectively 1,220 angstroms/minute and 1,240
= @ngstrems/minute -and insplang cuniformities were tespegtively 9% apd,. 3
10%. After polishing 500 samples, the polishing rate was 1,220
nangstromsiminute and inmplang amniformity was 3% 46 20180k
(Example 5) in the very same manner as in Comparative Example 1,
sexceptthat the following composition was used as the radical
polymerizable composition, an interpenetrating polymer network structure
[ @pd 4 polishing pad were produced. Methyl methacrylate 300 parts by

weight
The center portion of the resulting interpenetrating
polymer network structure in the thickness directicon was
sliced and surface-ground tco obtalin a sheet having a

thickness of 2 mm.

[06748]

The above-mentioned sheet was punched cut to obtain a
circle having a diameter of €00 mm and a lattice pattezn-
like groove measuring 1.0 mm in width, 0.5 mm in depth and
18 mm in pitch was formed on one surface to produce a
polishing pad. The pelishing pad had an apparent density
of 0.32 g/cm’, and closed cells had an average cell
diameter of 85 um. Openings derived from cells {76
cells/mn’) were observed on the surface.

[0079]

As a result of evaluation of polishing, the 1st and
the 20th polishing rates were respectively 1,220
angstroms/minute and 1,240 angsiroms/minute, and in-plane
uniformities were respectively 9% and 10%. After polishing
500 samples, the polishing rate was 1,220 angstroms/minute

and in-plane uniformity was 9%.



Azobisisobutyronitrile 0.9 part by weight n-octylmercaptan 0.9 part by
weight The resulting polishing pad had an apparent density of 0.88
g/cm3, and closed cells had an average cell diameter of 34 um. Openings
derived from cells (390 cells/mm2) were observed on the surface. A
tensile breaking strength and a tensile breaking elongation of a sheet
having a thickness of 2 mm obtained from the center portion of the
interpenetrating polymer network structure in the thickness direction were
[ orespectively 16.0 MPa and 310%. [0081] As a result of evaluation of
polishing, the 1st and 20th polishing rates were respectively 1,900
( Fangstrom$/minute and 1,900 angstroms/minute, and in-plane uniformities
were respectively 7% and 8%. After polishing 500 samples, the polishing
rate was 1,850 ahystremsimirute canckin-plané€ omiforrnity. wasiBemwith 1,
respect to flattening - 47 properties, flattening required polishing for 120
©X$onds 1 JO08ZIEXamply 6 ¢h e Saaid manfer 88t Soniperative
Example 1, except that the following composition was used as the  radical
1’aﬁdﬁr‘?‘iri?&&l@“&:%ﬁﬁ@é?&@n,%ﬁ?&béﬁ@ﬁaﬂ@“ pOTREFPRERVOTR StriiEture

p&yy%%Poggyﬂgpgd§%§g%%g¥gcggd a polishing pad were produced.

Methyl methacryliate 300 parts by weight
Azobisisobutyronitrile 0.9 part by weight
n-cctylmercaptan 0.9 part by weight

The resulting polishing pad had an apparent density
of 0.88 g/cm’, and closed cells had an average cell
diameter of 34 um. Cpenings derived from cells {390
cells/mm®) were observed on the surface. A tensile
breaking strength and a tensile breaking slongation of a
sheet having a thickness of Z mm obtained from the center
portion of the interpenetrating polymer network structurs
in the thickness direction were respectively 16.0 MPa and

310%.
(00817

As a result of evaluation of polishing, the Ist and
20th polishing rates were respectively 1,200
angstroms/minute and 1,900 angstroms/minute, and in-plane
uniformities were respectively 7% and 8%. After polishing
500 samples, tThe polishing rate was 1,850 angstroms/minute

and in-plane uniformity was 8%. With respect tc flattenin
¢ Y g



Methyl methacrylate 300 parts by weight Azobisisobutyronitrile 0.9 part by
weight a-methylstyrene dimer 1.2 parts by weight Hydroquinone
monomethyl ether 0.06 part by weight The resulting polishing pad had an
apparent density of 0.86 g/cm3, and closed cells had an average cell
diameter of 34 pm. Openings derived from cells (391 cells/mm2) were
observed on the surface. [0083] The measurement of a relaxation time of
an interpenetrating polymer network structure by a solid NMR (nuclear

pAANENE fesonanae) Juetod gueaied ihals sieptre I whioh PMMA T3
dispersed in'several tens of nanometers in a polyure%hane molding an

[ bwe polymer chains of polyurethane and PMMA are mutually penetrated
to cause entanglement of polymer chains. Namely, the fact that the

( relaxation time of the interpenetrating polymer network structure is longer
than that of the polyurethane molding - 48 alone and that of the methyl
methadrylaté polyemer aleme, mevealed that the interpenetrating polymere 1,
network structure is formed. [0084] The center portion of the

eintempenetrating polyndrl petwark strueture i the thicknessdirectivhwas

sliced and surface-ground to obtain a sheet having a thickness of 2 mm.
radical polymerizable compesition, an interpenetrating

polymer network structure and a polishing pad were produced.

Methyl methacrvlate 300 parts by weight
Azobisisobutyronitrile 0.9 part by weight

x-methylstyrene dimer 1.2 parts by weight
Hydroguinone monomethyl ether 0.06 part by weight

The resulting polishing pad had an apparent density
of 0.86 g/cm®, and closed cells had an average cell
diameter of 34 um. Openings derived from cells (391
cells/mm?) were observed on the surface.

[00831

The measurement of a relaxation tTime of an
interpenetrating polymer neftwork structure by a solid NMR
{nuclear magnetic resonance) method revealed that a
structure in which PMMA is dispsrsed in several tens of
nancmeters in a polyurethane molding and two polymer chains
of polyurethane and PMMA are mutually penetrated to cause
entanglement of polymer chains. Namely, the fact that the
relaxation time of the interpenetrating polymer network

structure 1s longer than that of the polyurethane molding



No. 1 small-sized specimen was punched out from the sheet, and then a
tensile breaking strength and a tensile breaking elongation were
measured and found to be 15.5 MPa and 320%. [0085] With respect to
the above-mentioned sheet, a weight ratio of polyurethane to the sum of
polyurethane and PMMA was calculated. As a result, the weight ratio of
polyurethane in 400 pieces showed an average of 40.1%, a minimum
value of 38.6% and a maximum value of 41.1%. A ratio of the

alpelkyutethane moldingdndhe etnlenieatyh unsatusated.compeund: pelymer
was 100/149.4. [0086] Using the polishing pad, polishing was evaluated.

refsaa edsulty de Lstand Rothppolishing rates mwelgrrespeetivety &,850
angstroms/minute and -1,900 angstroms/minute, and in-plane
stunifdriiifies Wefé Faspectively 7% and 7%. After polishing 500 samples,
theﬁdpolishing rate was 1,850 angstroms/minute and in-plane 49 _
iformity was 7%. With respect to flattening properties, flattening
requirrggqpoliggi{l Iffor %%Olsecon s.t;,00871 _t(ExamEPIe l%The 1/5 and 4/5
portions ‘of té intérpanatratify Polyrier hetwork SHciTE of ExArpiE®in
nePgdhickness dicection werg sliced apd surfage-around to obtain sheets
surface-ground to obtain a sheet having a thickness of 2 mm.
No. 1 small-sized specimen was punched out from the sheset,
and then a tensile breaking strength and a tensile breaking
elongation were measured and found to be 15.5 MPa and 320%.
[cogs]

With respect to the above-mentioned sheet, a weight
ratic of polyurethane to the sum of polyurethane and PMMA
was calculated. As a result, the weilght ratio of
polyurethane in 400 pieces showed an average of 40.1%, a
minimum value of 38.6% and a maximum value of 41.1%. A
ratio of the polyurethane molding to the ethylenically
unsaturated compound polymer was 100/149.4.

[0086]

Using the polishing pad, poiiéhing was evaluated. As
a result, the lst and 20th polishing rates were
respectively 1,850 angstroms/minute and 1,300
angstroms/minute, and in-plane uniformities were

respectively 7% and 7%. After polishing 500 sampiss, the

polishing rate was 1,850 angstroms/minute and in-plane



having a thickness of 2 mm. No. 1 small-sized specimen was punched
out from the center portion of the sheet, and then a tensile breaking
strength and a tensile breaking elongation were measured and found to
be a tensile breaking strength 15.6 MPa and a tensile breaking elongation
of 312%, and a tensile breaking strength of 15.5 MPa and a tensile
breaking elongation of 316%. [0088] With respect to the sheet having a
thickness of 2 mm obtained from the 1/5 portion in the thickness direction,

urfy # WQ“E‘F&“QQ pelyurethane tothesum of pelyyrethane and BMMA: ¢ 5,

was calculated. As a result, the weight ratio of polyurethane in 400 pieces

£ showed: an averageref 8%:9%:; an mininfum value of38:7%sand a
maximum value of 41.4%. A ratio of the polyurethane molding to the

{ thylénically unsaturated compound polymer was 100/150.6. [0089] In
Example 6 and Example 7, there was a small - 50 difference in the
(zahgeslef the tensile breaking strength and tensile breaking elongation of
the tensile test piece having a thickness about 2 mm obtained from the
same Jhterpenetidtingpolymer hefitiork strutfiite it BRAPEATESR tdigets.

Iso, distribyti fth ht t t f | 6 and
o E e 7 (R RnEbt Were T6SpeetNEN) B0LLLE 4 ey nd 56 G4 L (1

d?@gé%lon were sliced and surface—-ground to obtain sheets
having a thickness cf 2 mm. No. 1 small-sized specimen was
punched out from the center portion of the sheet, and then
a tensile breaking strength and a tensile breaking
elongation were measured and found to be a tensile breaking
strength 15.6 MPa and a tensile breaking elongation of 312%,
and a tensile breaking strength of 15.5 MPa and a tensile
breaking elcongation of 316%.
(00887

With respect to the sheet having a thickness of 2 mm
obtained from the 1/5 porticn in the thicknsss direction, a
welght ratic of polyurethane to the sum of polyurethane and
PMMA was calculated. As a result, the weight ratic of
polyurethane in 400 pleces showed an averags of 392.9%, a
minimum value of 28.7% and a maximum value of 41.4%. A
ratic of the polyurethane molding to the ethyvlenically
unsaturated compound polymer was 100/150.6.
10089]

In Example & and Example 7, there was a small



composition distribution width in the sheet surface was small. It is also
apparent that since the composition of the center sheet and the surface
layer sheet in the thickness direction are almost the same, the
compositing is also uniform in the thickness direction. Namely, it is
apparent that both uniformity in the sheet surface and uniformity of the
composition between sheets are improved by using a chain transfer
agent in combination with a polymerization inhibitor. [0090] (Example 8)

a1 ¥singdhe polyurethane, ray. material composition.of, COMNAIAtVe .o p g ep

Example 1, a polyurethane molding containing closed cells having an

anaPparent densitafQ.5d g/em3and: an average:cell diameter 0677 pM.ce
was obtained. [0091; The following radical polymerizable composition was

haprepared and dhe abovesmentignegpalyurethane motding wass e
immersed therein at 20C for 24 hours. As a result, the polyurethane
infpelding Wassimpregpatediwith thetentire agmounttofrtheiradicadl between
polymerizable composition. A weight of the polyurethane molding to the
sheaglical pdlyrperizablet émposition vwals 100750 “Mekty| Fréthacryfate 300
oo A T Y DY L £ 5PN Y YL e
respectively 40.1+£1.4 (%) and 39.9%+1.4 (%) and a
composition distribution width in tThe sheet surface was
smalil. It is also apparent that since the composition of
the center sheet and the surface layer sheet in the
thickness direction are almost the same, the compositing is
also uniform in the thickness direction. Namely, it is
apparent that both uniformity in the sheet surface and
uniformity of the composition between sheets are improvad
by using a chain transfer agent in combinaticon with a
polymerization inhibitor.
10090]
{Example §)

Using the polyurethane raw material composition of
Comparative Example 1, a polyurethane molding containing
closed cells having an apparent density of 0.51 g/cm? and
an average cell diameter of 77 um was obtained.

(00917
The following radical polymerizable composition was

prepared and the above-mentioned polyurethane molding was



n-dodecylmercaptan 0.7 part by weight The polyurethane molding swollen
by impregnation was interposed between two glass plates via a gasket
made of vinyl chloride, followed by sealing by fixing the periphery. The
radical polymerizable composition was cured by heating at 70C for 5
hours and heating in an oven at 100C for 3 hours to obtain an
interpenetrating polymer network structure. 0092] The center portion of
the resulting interpenetrating polymer network structure in the thickness
iced and syHace-gro 0 in a,sheet inga .
ekess o1 2 . [3093] The abbve mertoned shset wae pusdied b
40 phtain &, circle-having;adiameter of 600.nam and-g lattice patterns like ;.
groove measuring 1.0 mm in width, 0.5 mm in depth and 18 mm in pitch
oWasfermedianone surface i prodiice @npd2: polishing pae=fhe: polishing -
pad had an apparent density of 0.55 g/cm3, and closed cells had an
paverage:telh diamétér of 88qpmr@penings derived froar ceks (75
cells/fmm’) were observed on the surface. [0094] As a result of evaluation
cenpelishingnthedst did’ 20%h polishing rates were respectively 1,200

Methyl methacrylate 300 parts by weight
Azobis (Z-methylbutvronitrile) 1.5 parts by weight
n~dodecylmercaptan 0.7 part by weight

The polyurethane molding swollen by impregnation was
interposed betwesen two glass plates via a gasket made of
vinyl chleride, followed by sealing by fixing the periphery.
The radical polymerizable composition was cured by heating
at 70°C for 5 hours and heating in an oven at 100°C for 3

hours to obtain an interpenetrating polymer network

structure.

[0092]

The center portion of the resulting interpenetrating
poiymer network structure in the tThickness direction was
sliced and surface-ground to obtain a sheet having a
thickness of Z mm.

t0093]

The sbove-mentioned sheet was punched out to cbtalin a
circle having a diameter of 600 mm and a lattice pattern-
like groove measuring 1.0 mm irn width, 0.5 mm in depth and

18 mm in pitch was formed on one surface to produce a



angstroms/minute and 1.,230 angstroms/minute, and in-plane uniformities
were respectively 10% and 9%. After polishing 500 samples, the
polishing rate was 1,210 angstroms/minute and in-plane uniformity was
9%. [0095] (Comparative Example 4) The following raw material
compositions were charged in a first raw material tank and a second raw
material tank of a RIM molding machine, were poured into a die and then
cured to obtain a polyurethane molding measuring 850 min x 850 mm

poqq%gaﬁgmaaahickf@és%pm% tesulling.pelyurethane malding had an. ; + .,

apparent density of 0.77 g/cm3 and closed cells having an average cell
o fdiameterof32 pm were 1ehserved (<HIrst RawsMaterial Jlank>e 1 1
Polypropylene glycol 85 parts by weight Diethylene glycol 15 parts by
diweight Tin DchyidatenQ.5 part by weights » 53=8ilicone-based Joamsstabilizer
3 parts by weight Purified water 0.3 part by weight <Second Raw
ceMatetiah TanksrBipheayimeatiane diisocyamateat20 parts by weight The
following radical polymerizable composition was prepared and the

| (fbtk-mentioned polyurethane molding was immersed therein at 20C for

3 days. As a result, the , , _
As a result of evaluation of polishing, the lst and

20th polishing rates were respectively 1,200
angstroms/minute and 1,230 angstroms/minute, and in-plane
uniformities were respectively 10% and 9%. After polishing
500 samples, the polishing rate was 1,210 angstroms/minute
and in-plane uniformity was 9%.

[C095]

(Comparative Example 4)

The following raw material compositions were charged
in a first raw material tank and & second raw material tank
cf a RIM molding machine, were poursd into a die and then
cured to obtain a polyurethane molding measuring 850 mm x
850 mm and 12 mm in thickness. The resulting polyurethane
mclding had an apparent density of 0.77 g/em’ and closed
cells having an average cell diameter of 32 um were
ohsarved.

<First Raw Material Tank>

Folypropyliene glycol 85 parts by weight
Diethylene glycol 15 parts by welght
Tin cciylats 0.5 part by weight



polyurethane molding was not impregnated with the entire amount of the
radical polymerizable composition, and therefore immersion was
continued. After further immersing at 20C for 4 hours, namely, 7 days in
total, the polyurethane molding was impregnated with the entire amount
of the radical. polymerizable composition. A weight ratio of the
polyurethane molding to the radical polymerizable composition was
100/160. Since the organic solvent component is removed after curing, a
s eightata.of dhe pelyurethane meldiing to the radicalpolymedzeble
composition is substantially 100/120. Methyl methacrylate 300 parts by
pwveight= Azgbisisobutyronitrile 1.5 parts by weightznydeeang:100-parts by
weight The polyurethane molding swollen by impregnation was
< interposedbetiveen twolglass:plates via a gasket made of vinyl chloride,
followed by sealing by fixing the periphery. The radical polymerizable
Dephpositiontwas eurediby heatieg-at 70C in a waterdsath foo% heafssand
heating in an oven at 100C for 3 hours to obtain an interpenetrating
polymér fiehiork Striedures The drtefpendirating PolymerRetork 1 on was
structure was released from the glass plates and then vacuum-dried at

PEBEfor 12 H6ur and tHBR 4t TH0ETor 12 hélts 16 T&moveS Esmponent” s

1 Whigh.can b removed under reduced pressure. 10090] ocuie, the
polyurethane molding was not impregnated with the entire
amount cof the radical polymerizable composition, and
therefore immersion was continued. After further immersing
at 20°C for 4 hours, namely, 7 davs in total, the

polyurethane molding was impregnated with the entire amount

h

of the radical polymerizable composition. A weight ratio

1y

of the polyurethane molding te the radical polymerizable
composition was 100/160. Since the organic solvent
component i1s removed after curing, a weight ratic of the

polyurethane melding to the radical polymerizable

composition is substantialiy 100/120.

Methyl methacrvlate 300 parts by weight
Azobisiscbutyronitrile 1.5 parts by welght
n-decane 1G0 parts by welight

The polyurethane molding sweollen by impregnation was
interposed between two glass plates via a gasket made of
vinyl chloride, fcllowed by sealing by fixing the peariphery.

The radical polymerizable composition was cured by heating



The center portion of the interpenetrating polymer network structure in the
thickness direction was sliced and surface-ground to obtain a sheet
having a thickness of 2 mm. The No. 1 small-sized specimen was
punched out from the sheet, and then a tensile breaking strength and a
tensile breaking elongation were measured and found to be 10.3 MPa
and 260%. Also a No. 1 small-sized specimen was punched out from the
end portion of the sheet and then a tensile breaking strength and a tensile

b%aJ%ng elongation and_found to b5e %g MPa ané]l Jﬁ90%5 The sheet was
T I T~ Dati . i H Tin H
. punched%uta an gergunéf fo obtain a circle ﬁa\ﬁﬁg a diameter of 600 mm -

a+2nd gethickpess; of, 2, mm and paying 2 laftice patternslike . GrOONE 101 ymer

measuring 2 mm in width, 0.6 mm in depth and 40 mm in pitch was
neformed onene sukHace torproduee apolishing :pad. Tthe pelishing padhad
an apparent density of 0.80 g/cm3, and closed cells had an average cell
s tdiameter0f33 pral OpeaihgsS-deriveddram £ells (350 eellsimm 2)were -
55 observed on the surface. [0097] As a result of evaluation of polishing,
vatstandia 1E0thaiolishing rates werdraspestively 16700 angstromsiminuté
and 1,650 angstroms/minute, and in-plane uniformities were respectively

noYgus arfd I796 Witet FONShing: 160 Sarmpless e poliSHIAG Yate wasit 00

angstroms/minute and in-plane uniformity was 28%.
recduced pressure.

0096

The center portion of the interpenetrating polymer
network structure in the thickness direction was sliced and
surface—-ground to obtain a sheet having a thicknsss of 2 mm.
The No. 1 small-sized specimen was punched out from the
sheet, and then a tensile breaking strength and a tensile
breaking elongation were measured and found to be 10.3 MPa
and 260%. Alsc a No. 1 small-sized specimen was punched
out from The end porticn of the sheet and then a tensile
breaking strength and a tensile breaking elongation and
found to be 9.2 MPa and 190%. The sheef was punched out
and ground to obtain a cilrcle having a diameter of 600 mm
and a thickness of 2 mm and having a lattice pattern-like
groove measuring 2 mm in width, 0.6 mm in depth and 40 mm
in pitch was formed on one surface tc produce a polishing
pad. The polishing pad had an apparent density of 0.80
g/cm’, and closed cells had an average cell diameter of 39

um. Openings derived from cells (350 cells/mm®) were

I
(@)
o

I



[00981 (Comparative Example 5) In the very same manner as in
Comparative Example 1, except that impregnation was performed under
the condition of 60C, a polyurethane molding was immersed in a radical
polymerizable composition for 5 hours. As a result, curing proceeded
before impregnating the polyurethane molding with the entire amount of
the radical polymerizable composition and thus the polyurethane molding
and the cured radical polymerizabie composition were not integrated.
L0099‘1 %Example 9) The following radical polymerizabie composition was

Oprseeﬁfar% and tEléepoTﬁtﬁ fHane molding produced in Comparative

[55( rﬂple 4 was immersed at 40C for 3 days. As a result, the polyurethane
molding was impregnated with the entire amount of the radical

polymerizable camppsitien.A156. weight ratio of the palyurethane . 4

molding to the radical polymerizable composition was 1 0/120. Methyl

1methaerylate 309 pasisy weight -Azehisiselutykonitritey 4.5 parts by
weight 2,6-di-t-butyl-4-methylphenol 0.2 part by weight The polyurethane

ampidingrswollemby=impregnaticr was cinterpesethhetween twoiglassplane
plates via a gasket made of vinyl chloride, followed by sealing by fixing

uthefperiphiergs were respectively 16% and 17%. After

polishing 100 samples, the polishing rate was 1,400

angstroms/minute and in-plane uniformity was 28%.

10098]

(Comparative Example 5)

In the very same manner as in Comparative Example 1,
except that impregnation was performed under the condition
of 60°C, a polyurethane molding was immersed in a radical
polymerizable composition for & hours. As a result, curing
proceeded before impregnating the polyurethanes molding with
the entire amount of the radical polymerizable composition
and thus the polyurethane molding and the cured radical
polymerizable composition were not integrated.

[C099]
(Example 9}

The following radical polymerizable composition was
prepared and the polyvurethane mclding produced in
Comparative Lxample 4 was immersed at 40°C for 3 days. As
a result, the polyurethane molding was impregnated with the

entire amount of the radical polymerizable composition. A



The radical polymerizable composition was cured by heating at 70C in a
water bath for 5 hours and heating in an oven at 100C for 3 hours to
obtain an interpenetrating polymer network structure. The interpenetrating
polymer network structure was released from the glass plates and the
center portion of the interpenetrating polymer network structure in the
thickness direction was sliced and surface-ground to obtain a sheet
having a thickness of 2 mm. [0100] The No. 1 small-sized specimen was

we E@'HE“%@%TVQ%‘ £%S?>%%ty§9%ﬂ%@1§ tensile:breaking:steength anda
tensile breaking elongation were measured and found to be 10.3 MPa

oo and260%HAls0 @Necksmall-sizegdsspetimen was punched out from the
peripheral portion of the sheet and then a tensile breaking strength and a
Meténgilerireaking veélongation and found to be 1012 MRa and260% 1[1101]
57 The above-mentioned sheet was punched out and ground to obtain a
A7 clpéleravinyg-a didméeter o600 mm and a thidkiess 6Ttz mivly anelitaving
a lattice pattern-like groove measuring 2 mm in width, 0.6 mm in depth
2 and 40 mmtinYich WasTormed dhlone surfale to pfdducera palishing
pad. The polishing pad had an apparent density of 0.80 g/cm3, and
Closed L& it arr avtage e tiarietet of 38°urfY ORBMGR darvat =2

in@%gBﬁg§$3ggéﬁﬂégn@%%“§f%QQS%?EQes via a gasket made of

vinyl chleoride, followed by sealing by fixing the periphery.
The radical polymerizable composition was cured by heating
at 70°C in a water bath for 5 hours and heating in an oven
at 100°C for 3 hours to obtain an interpenetrating polymer
network structure. The interpenetrating polymer network
structure was released from the glass plates and the center
porticn of the interpenetrating polymer network structure
in the thickness direction was sliced and surface-ground to

chtaln & sheet having a thickness of 2 mm.

The No. 1 small-sized specimen was punched cut from
The sheet, and then a tensile breaking strength and a
tensile breaking elongation were measured and found to be
10.3 MPa ang 2560%. Also a No. 1 small-sized specimen was
punched out from the peripheral portion of the sheet and
then a tensile breaking strength and a tensile hreaking
elongation and found to be 10.2 MPa and 260%.

[OlOl}



on the surface. [0102) As a result of evaluation of polishing, the 1st and a
10th polishing rates were respectively 1,700 angstroms/minute and 1,650
angstroms/minute, and in-plane uniformities were respectively 8% and
8%. After polishing 100 samples, the polishing rate was 1,700
angstroms/minute and in-plane uniformity was 8%. [0103] (Example 10)
In a first raw material tank and a second raw material tank of an RIM
molding machine, the following raw material compositions were charged
and, after loading a nitrogen gas in the first raw material tank, the raw

material"GoMpo¥tions Wer& potred mtd a*tié and e cufet- 16 oBtan aund

. polyurethane molding measuring 850 mm x 850 my d 12 mm.in
‘"&ié&ﬁ‘éﬁs‘s”‘? Therest %\rg];]qpao yur}gth%ngelr%%%?n“gL- ggn h6a% ah apparerit

cfepsitv.al0,/ % g/cpm3 and;closed %I'% hawing an aé%@%er%e—'hqié‘g‘%‘%%%e

32 pm were observed. <First Raw Material Tank> Polypropylene glyco
m§§aQ?f‘§n@_/ W%DHQ'%@H%H‘? glycol 15 Pﬁz'%tsc?é@/ﬁ%'gﬁ'hdﬂ@ @C%at‘f_no-éitch

part by weight Silicone-based foam stabilizer 3 parts by weight Purified
whaterd:dparthy welghturface o produce a polishing pad. The
polishing pad had an apparent density of 0.80 g/cm®, and

closed cells had an average cell diameter of 39 um.

Openings derived from cells (350 cells/mm’) were obzerved

on the surface.
[0102]

As a result of evaluation of polishing, the 1st and a
10th polishing rates were respectively 1,700
angstroms/minute and 1,650 angstroms/minute, and in-plane
uniformities were respectively 8% and 8%. After polishing
100 samples, the polishing rate was 1,700 angstroms/minute
and in-plane uniformity was 8%.

[0103]
{(Example 103}

In a first raw material tank and a second raw
material tank cof an RIM molding machine, the following raw
material compositicns were charged and, after loading a
nitrogen gas in the first raw material Tank, the raw
material compositions were poured into a die and then cured
to cobtain a polyurethane molding measuring 850 mm x 850 mm

and 12 mm in thickness. The resulting polyurethans molding

- 58 -



2,6-di-t-butyl-4-methylphenol 0.1 part by weight <Second Raw Material
Tank> diphenylmethane diisocyanate 120 parts by weight The following
radical polymerizable composition was prepared and the
above-mentioned polyurethane molding was immersed therein at 40C for
3 days. As a result, the polyurethane molding was impregnated with the
entire amount of the radical polymerizable composition. A weight ratio of
the polyurethane molding to the radical polymerizable composition was
h=300/120, Methyl. methacrylate 300-parts by weight, Azobisisobutyronitrile
1.5 parts by weight 2,6-di-t-butyl-4-methylphenol 0.1 part by weight The
haRalydrethane moldingswolleaibyisuegaationwas interposed behween
two glass plates via a gasket made of vinyl chloride, followed by sealing
<FRy fiting.the petipheryl Thewtaeical polymerizable composition was cured
by heating - 59 in a water bath at 70C for 5 hours and heating in an oven
Poatyl00® fore3 hodis/tocdbtain an interpenetratihy polymer metwerkint
structure. The resultant interpenetrating polymer network structure was
Difeténserifom theylass plates and the centerpoitivhtof the welght
Jinterpenetrating polymer network structure in the thickness direction was

T 1 4licdd @t Srface-ground to obtain a sheet hAving 2 thicknés¥ ot 2 1hm.

SJ?%QéLe-based foam stabilizer 3 parts by weight
Purified water 0.3 part by weight
2,6-di-t-butyl-4-methviphencl 0.1 part by weight

<Seccond Raw Material Tank>
diphenyimethans diisocyvanate 120 parts by wsight

The foilowing radical polymerizable composition was
prepared and the above-mentioned polyurethane molding was
immersed therein at 40°C for 3 days. BAs a result, the
polyurethane melding was impregnated with the enﬁire amount
of the radical polymerizaple composition. A& weight ratio
of the polyurethane molding to the radical polymerizable

composition was 100/120.

Methyl methacrylate 300 parts by welght
Azobisiscbutyronitrile 1.5 parts by welght
2,6-di~-t-butyl-4d-methylphenol 0.1 part by welght

The polyurethane molding swollen by impregnation was
interposed between two glass plates via a gasket made of
vinyl chloride, followed by sealing by fixing the pariphery.

The radical polymerizakle composition was cured by heating

- 50 -



A No. 1 small-sized specimen was punched out from the sheet, and then
a tensile breaking strength and a tensile breaking elongation were
measured and found to be 10.3 MPa and 260%. Also a No. 1 small sized
specimen was punched out from the end portion of the sheet and then a
tensile breaking strength and a tensile breaking elongation and found to
be 10.3 MPa and 260%. [01057 The sheet having a thickness of 2 mm cut
from the center portion in the thickness direction was punched out to

. Obtain a circl% hgyling,a giém%et?r of %OO mm and a, thickness of 2 mm and
lI’h g, wat?r. atl L Hexy NOUL S ng heati ﬂ%} P dn L.OVern
aving a fatticé pattérn-like groove measuring 2'mm in“width, 0.6 mi in

depth.and i pItc S | 2d op.one - A / olvmer
aboﬁgﬁing pé%ﬁ?’?elﬂg%iﬁs i%@pggﬁ qéngap%afg%t eéanséi)tty;&r (_%%’%% ag}?cn% ©

néhd.clpsed £glls had an averagecell:diameter:of 39-p+ QRERIRIS 01 yme r
derived from cells (350 cells/mm?2) were observed 60 on the surface.

n§3106; Assa resutt ofevaluation ef:polishinge dst-anrd a120th palishing and
rates were respectively 1,700 angstroms/minute and 1,700

taagstomsiminute; and inplane uniformitiesaveratrespectivelyn8% andwork
8%. After polishing 100 samples, the polishing rate was 1,700

s axgstroms/minutd andirdgiane anifératiniwas 7965 sliced and

surface~ground to obtain a sheet having a thickness of 2 mm.
(0104]

A No. 1 small-sized specimen was punched out frém the
sheet, and then a tensile breaking strength and a tensile
breaking elongation were measured and found to be 10.3 MPa
and 260%. Alsc a No. 1 small-sized specimen was punched
out from the end porticn of the sheet and then a tensile
breaking strength and a tensile breaking elongation and

found to be 10.3 MPa and Zo(%.

The sheet having a thickness of Z:-mm cut from the
center portion in the thickness direction was punched out
Lo obhtain a circle having a diameter of 600 mm and a
thickness of 2 mm and having a lattice pattern-like groove
measuring Z mm 1n width, 0.6 mm in depth and 40 mm in pitcl
was formed on one surface to produce a polishing pad. The
polishing pad had an apparent density of 0.80 g/cm®, and
closed cells had an average cell diameter of 39 um.

Openings derived from cells (350 cells/mm®) were observed



(Example 11) In a first raw material tank and a second raw material tank
of an RIM molding machine, the following raw material compositions were
charged and, after loading a nitrogen gas in the first raw material tank,
the raw material compositions were poured into a die and then cured to
obtain a polyuret'ane molding measuring 850 mm x 850 mm and 12 mm
in thickness. The resulting polyurethane molding had an apparent density
of 0.82 g/cm3 and closed cells having an average cell diameter of 28 um
onwelre obserfeds <First Raw Material Tank> Polypropylene glycol 85 parts
by weight Diethylene glycol 15 parts by weight a-methylstyrene dimer 0.4
[ Opart by weight 2,6-di-t-butyl-4-methylphenol 0."i part by weight Tin
octylate 0.5 part by weight Silicone-based foam stabilizer 3 parts by
weights- &1 Toiitied wated 023 paris weighP <SedohieRaw M afstial 2
2(\T%nk> diphenylmethane diisocyanate 1.20 parts b Weiﬁht The following
'FetlicAl pofymélzabie composttion Wwis prepared and’ the
above-mentioned polyureth olding was immersed therejn at 20C for
e A4 & 1AL, (8" poly UTSthaRs molding Was inpregRatbc Witk 16~
unSAreAmount githe radical polymerizable compgsition, A weight ratio, ;
100 samples, the polishing rate was 1,700 angs%roms/minute
and in-plane uniformity was 7%.
(Example 11)

In a first raw material tank and a second raw
material tank of an RIM molding machine, the following raw
material compositions were charged and, after loading a
nitrogen gas in the first raw material tank, the raw
material compositions were poured into a die and then cured
to cebtain a poelyurethane molding measuring 850 mm »x 850 mm
and 12 mm in thickness. The resulting polyurethans molding
had an apparent density of 0.82 g/cm’® and closed cells
having an average cell diameter of 28 um were observed.

<F'irst Raw Material Tank>

Polypropylene glycol 85 parts by weight
Diethvlens glycol 15 parts by welight
a-methylstyrene dimer G.4 part by weight
2,6-di~t-butyl-4-methylphenol 0.1 part by weight
Tin octylate 0.5 part by weight

Silicone-bhased foam stabilizer

o

parts by welight



of the polyurethane molding to the radical polymerizable composition was
100/140. Methyl methacrylate 300 parts by weight Azobisisobutyronitrile
0.5 part by weight The polyurethane molding swollen by impregnation was
interposed between two glass plates via a gasket made of vinyl chloride,
followed by sealing by fixing the periphery. The radical polymerizable
composition was cured by heating at 70C for 5 hours and heating in an
oven at 100C for 3 hours to obtain an interpenetrating polymer network

. Strueturg. Jhe tesultant interpenetrating polymer netyork gggu%@@%\@s
d

released from the glass plates and the weight was measured.
<dawnediately after-drying atr50G for 12 hours, i00 C for 12 hours and then
at a normal temperature for 12 hours, the weight was measured. As a
d resulty al weeightless wasmnotceafiemed when campared withithat beffare
drying. - 62 0107] The measurement of a relaxation time of an
interpéhietraftingpolymer netork struetuyedy azsoliteNMR(Dacleapn was
magnetic resonance) method revealed that a structure in which PMMA is
P HSTRFSEY AT Sevetal RS 6F “HEiomeRES oPSmaleiR & plylirdthaRe vas
. molding and two polymer chains of polyurethane and PMMA are mutually

IRt ted o cause éntanglemeritof polyiier chdiis. Namaly: - “he

polyurethane molding was ilmpregnated with the entire amount

h

of the radical peclymerizable composition. A weight ratioc

By

of the polvyurethane molding to the radical polyvmerizable
composition was 100/140.
Methyl methacrylate 300 parts by weight
Azobisisobutyronitrile 0.5 part by weight

The pcolyurethane molding swollen by impregnation was
interposed between two glass plates via a gasket made of
vinyl chlcride, follcowed by sealing by fixing tThe peripher
The radical polymerizable composition was cured by heating
at 70°C for 5 hours and heating in an oven at 100°C for 3
hours to obtain an interpenetrating polymer network
structure. The resultant interpenetrating polymer network
structure was released from the glass plates and the weight
was measured. Immediately after drying at 50°C for 12
hours, 100°C for 12 hours and then at a normal temperature
for 12 hours, the weight was measured. As a result, a
weight loss was not confirmed when compared with that

before drying.

)



the fact that the relaxation time of the interpenetrating polymer network
structure is longer than that of the polyurethane molding alone and that of
the methyl methacrylate polymer alone, revealed that the
interpenetrating polymer network structure is formed. [0108] The center
portion of the interpenetrating polymer network structure in the thickness
direction was sliced and surface-ground to obtain a sheet having a
thickness of 2 mm. A No. 1 small-sized specimen was punched out from

[ othesgenter portion of the sheet, and then a tensile breaking strength and a
tensile breaking elongation were measured and found to be 16.6 MPa
and 310% -MNe.sk:smalrsizedr specimen:was punched ot from the end
portion of the sheet, and then a tensile breaking strength and a tensile

1 niyregkinte elorigationwergmmeasuredand found¢o besl6:5 MPaa@hdd NMR
300%. [0109] - 63 With respect to the above-mentioned sheet, a weight

(npatibesfpolirefiahe toIReSBARTE! paljtretianeand PMMALwas?
calculated. As a result, the weight ratio of polyurethane in 400 pieces

S t3htvied an ‘dvetage st 44866, ' minfthGm ue Bf 2269 and'&€ns ©f

maximum vanRe of 44_1[ %. A ratio of Ehe Q%Iggrethane ;’no.lding to the
na&%?eﬁ“rcraﬁlyoanssé%ﬁra &d cérrhp%u%% pyolfy rwas 100 M@. ﬁri OTWO

polymer chains of poelyurethane and PMMA are mutually
penatrated to cause entanglement of polymer chains. Namely,
the fact that the relaxation time of the interpenetrating
polymer network structure is longer than that of the
polyurethane molding alons and that of the methyl
methacrylate polymer alcne, revealed that the
interpenetrating polymer network structure is formed.

[0108]

The center portion of the interpenetrating polymer
network structure in tThe thickness direction was siiced and
surface-ground to obtain a sheet having a thickness of 2 mm.
A No. 1 small~sized specimen was punched out from the
center portion of the sheet, and then a tensile breaking
strength and a tensile breaking elongation were measured
and found to be 16.6 MPa and 310%. No. 1 small-sized
specimen was punched out from the end portion of the sheet,
and then a tensile breaking strength and a tensile breaking

zlongation were measured and found to be 16.5 MPa and 300%.

[0109]



The above-mentioned sheet was punched out to obtain a circle having a
diameter of 600 mm and a lattice pattern- like groove measuring 1.5 mm
in width, 0.5 mm, in depth and 30 mm in pitch was formed on one surface
to produce a polishing pad. The polishing pad had an apparent density of
0.84 g/cm3, and closed cells had an average cell diameter of 34 um.
Openings derived from cells (392 cells/mm2) were observed on the
surface. [0111] Polishing was evaluated. As a result, the 1st and 20th
polishipg,rates were respectively 1,90 angstrome/minyfe.and 1,900 ; ...
angstroms/mlnutg, and in-plane Gniformities were respectlvetly 7%A) and

8% After pelishing. 500, samplesthe palishingyate was 1890 anda e

angstroms/minute and in-plane uniformity was 8%. With respect to
wilatteningu praperties xflattening: requireghpolishing for 120 secends. [0112]
- 64 (Example 12) The 1/5 and 4/5 portions of the interpenetrating
ppdlymernetwvork stractiresobExamplenl2dn the thickness ditectibnikeres
sliced and surface-ground to obtain sheets having a thickness of 2 mm.
mNoi Musmali-sSizedcsshetimért wasd panshed outtfrom the cehtet portion dt
the sheet, and then a tensile breaking strength and a tensile breakin%
I glorfyation Werehfie 3ured arerfolifid 16 beé a-tenshé bidakingnically

unsaturated compound polymer was 100/132.5.
101107

The above-mentioned shest was punche& ocut to obtain a
circle having a diameter of 600 mm and a lattice pattern-
like groove measuring 1.5 mm in width, 0.5 mm in depth and
30 mm in pitch was formed on cne surface to produce a
polishing pad. The polishing pad had an apparent density
of 0.84 g/cm’, and closed cells had an average cell
diameter of 34 um. Openings derived from cells (392
Cells/nmﬁ) were observed on the surface.
(01117

Polishing was evaluated. As a result, the Ist and
20th polishing rates were respectively 1,900
angstroms/minute and 1,900 angstroms/minute, and in-plane
uniformities were respectively 7% and 8%. After polishing
500 samples, the polishing rate was 1,850 angstroms/minute
and in-plane uniformity was 8%. With respect to flattening
properties, flattening required polishing for 120 seconds.

[03172]



strength 17.5 MPa and a tensile breaking elongation of 330%, and a
tensile breaking strength of 17.3 MPa and a tensile breaking elongation of
330%. [0113) With respect to the sheet having a thickness of 2 mm
obtained from the 1/5 portion in the thickness direction, a weight ratio of
polyurethane to the sum of polyurethane and PMMA was calculated. As a
result, the weight ratio of polyurethane in 400 pieces showed an average
of 40.4%, a minimum value of 39.0% and a maximum value of 41.8%. A

{ Eratiopof ¢hé polyurethane molding to the ethylenically unsaturated
compound polymer was 100/147.5. [0114; In Example 11 and Examplel2,
there Was a gmalindifféréncecinithe values ofite tenisilertareaking strepgth
and tensile breaking elongation of the tensile test piece having a

PothiGRREsS 8bBHEE nimiobtained ffom fiedame -165 iRtefpénetratingress

polymer network structure in and between sheets. Also, distributions of

dltﬁ%%élaﬁt i ofSpolytiretiiiie SFEXAMPIIEE ARE Example S inthest

sheetwer res ectlvel 43.01.5 (%),and 40.41.4 (o)an composmon
oY stn%utlo% Wi t‘[r% in the heé? surfacéNa was ‘smait. I% iS aI:so%app%renjtnt‘ﬁn as

puiRee the compasition,of the cepter.sheet and fhe sydace layer sheetiny, .,

the thlckness direction are almost the same, the compositing is
a tensile breaking strength and 2 tensile breaking

elongation were measured and found to be a tensile breaking
strength 17.5 MPa and a tensile breaking elongation of 330%,
and a tensile breaking strength of 17.3 MPa and a tensile
breaking elongation of 330%.

[011Z2]

With respect to the sheet having a thickness of 2 mm
obtained from the 1/5 portion in the thickness direction, a
welight ratio of polyurethane to the sum of polyursthane and
"PMMA was calculated. As a result, the weight ratio of
polyurethane in 400 pieces showad an average of 40.4%, a

inimum value of 39.0% and a maximum valus of 41.8%. A
ratic of the polvurethane meclding to the esthylenically
unsaturated compound polymer was 100/147.5
[0114:

In Example 11 and Example 12, there was a small
difference in the values of the tensile breaking strength
and tensile breaking elongation of the tensile test piece

having a thickness about 2 mm obtained from the same



also uniform in the thickness direction. Namely, it is apparent that both
uniformity in the sheet surface and uniformity of the composition between
sheets are improved by adding a polymerization inhibitor. [0115] As
described above, in the interpenetrating polymer network structures of the
Examples and Comparative Examples, there was a difference in
mechanical properties, although apparent density, average cell diameter
of closed cells and number of cells are the same. The interpenetrating

1 polymer, petwork stryctures.of the Examples-showed highytensile petween

breaking strength, high tensile breaking elongation, small distribution of
sthe tensileshreaking: strength and-tensitle breaking elongationdepending
on the position, and high uniformity when compared with those of the
o Coymparative cExdamplesnFlethérmere the:polishing pads obtained:frem were
the interpenetrating polymer network structures of the - 66 Examples
r showed High ih-planetuniformity ok dbrid§ CMR - folishing:&Ad @xcellent
flattening properties and remarkably improved pad lifetime. INDUSTRIAL
CAPPLIE BTEIT@T@EWWEDI%%&p&@oFﬁ% preseht MVenficit cif be

usi for glis,hin%gemiconductogguggg%tessisygga}_ gilié:%eg\éa}f 1S of
SBptical membets Such asi&ns; and HEE P "

the center sheet and the surface layer sheet in the
fhickness direction are almost the same, the compositing is
also uniform in the thickness direction. HNamely, 11 1is
apparent that both uniformity in the sheet surface and
uniformity of the composition between sheets are improved
by adding a polymerization inhibitor.

[0115]

Ls described above, in the interpenetrating polymer
network structures of the Examples and Comparative Examples,
there was a difference in mechanical properties, although
apparent density, average cell diameter of closed cells and
number of cells are the same. The interpenetrating polymer
network structures of the Examples showed high tensile
breaking strength, high tensile kreaking elongation, small
distributicn of tThe tensile breaking strength and tensile
breaking elongation depending on the position, and high
uniformity when compared with those of the Comparative
Examples. Furthermore, the polishing pads obtained from

the interpenetrating polymer netwerk structures of the



electronic materials such as magnetic heads and hard disks. Particularly,
the polishing pad of the present invention can be used as a polishing pad
for a polishing treatment of semiconductor wafers as materials to be
polished for the purpose of flattening semiconductor wafers using a
chemical mechanical polishing (CMP) technique. - 67 CLAIMS 1. A
process for producing an interpenetrating polymer network structure,
which comprises the steps of impregnating a polymer molding with a
Exradicat polymerizalite ctompositiem eontairfingantethylénically upsaturated
compound and a radical polymerization initiator; and polymerizing the
poethylerical§ruhsatifratedeeompoand i answollerbstatel sBthesolymer
molding impregnated with the radical polymerizable composition; wherein
regehatranstBiP BgeRtaRa/or atradiicalBolymerization inhibitor are added
to the radical polymerizable composition and/or the polymer molding
before impregnating the polymer molding with the radical. polymerizable
SRR ﬁigﬁnA%JLhﬁR@fﬁfﬁor pr_oducing an _interper_letrating polymer
network structure according to claim 1, wherein a chain transfer agent
[oelrlqu?r a radical polymerization inhibitor are added to the polymer
molding. 3. The process for producing an interpenetrating polymer

network stryeturesaceerdingitoclaim e, whetsin the ghaift ion can be

used fcor polishing semiconductor substrates such as
silicone wafers; optical members such as liens; and
electronic materials such as magnetic heads and hard disks.
Particularly, the polishing pad ¢of the present invention
can be used as a polishing pad for a polishing treatment of
semiconductor wafers as materials to be polished for the
purpose of flattening semiconductor wafers using a chemica

mechanical polishing (CMP) technigue.



transfer agent and/or the radical polymerization inhibitor have a molecular
weight of 350 or less. - 68 4. The process for producing an
interpenetrating polymer network structure according to claim 1, wherein
the chain transfer agent is at least one kind of a compound selected from
mercaptan having an alkyl group having 3 to 12 carbon atoms and an
aromatic hydrocarbon-based chain transfer agent. 5. The process for
producing an interpenetrating polymer network structure according to
claim 2, wherein the chain transfefagent;is added to the polymer molding
in an amount of 0.01 to 20% by weight based on 100% by weight of the
polymer molding. 6. The process for producing an interpenetrating
polymer network structure according to claim 1, wherein the radical

1 polymérizationarstbitoristatdeastone kind oha eopporindz havimgeo 1 ymer
aromatic ring and at least one hydroxyl group. 7. The process for

D protucing & irtérpenetratingpolyimer hesrorkstrugtiiresaceording to
claim 1, wherein the radical 'polymerizable composition does not

ERBSERRAI CorftaiRan Wigafic Sohent B ThefprbRess for produtiRg afmble
inter enetratln mer. network structure accqrdln to claim 1, wherein

Sttt e et A e Tl

compound and a radical polymerization initiator; and
polymerizing the ethylenically unsaturated compound in a
swollen state of the polymer molding impregnated with the
radical polymerizable composition; wherein a chain transfer
agent and/or a radical polymerization inhibitor are added
to the radical polymerizable composition and/or the polymer
melding before impregnating the polymer molding with the

radical peolymerizable composition.

2. The process for preducing an interpenetrating polymer
network structure according to claim 1, wherein & chain
transfer agent and/or a radicel polymerization inhibitor

are added to the polymer melding.

3. The process for producing an interpenetrating polymer

network structure according tTo claim 1, wharein the chain

-+

~ransfer agent and/or the radical polymerization inhibitor

have a molecular weight of 350 or less.



from methyl methacrylate, ethyl methacrylate, i-propyl methacrylate and
t-butyl methacrylate. 9. The process for producing an interpenetrating
polymer network structure according to claim 1, wherein an ethylenically
unsaturated compound is polymerized in the presence of an oxygen gas
or an oxygen-containing gas. 10. A process for producing a polishing pad,
which comprises the step of forming a polishing pad using the
interpenetrating polymer network structure obtained by the method

- accordifig #5 an§ dhe SHcldimsd 6°9: 413 A polishirigSpad-6mprisingan/™e*
interpenetrating polymer network structure_containing a polymer moldir]%

©<5Hd" § polyEr 8F n SHYTEMCAIN Grisaturhied comBoang, the" BGISHIAG "

< - g hiaving.a thickness of L mm or morg.and a diameter, 300,mm of mare,

wherein a weight ratio of t]he polymer moi%llng at any po?ltlon of the

¢ -BRlishing padis withina range.of X3 (%) where X(p0) denoles an . ,non

average weight ratio of the polymer molding based on the total weight of

acthespalymermalding:and the ethylenically - unsaturated composnds e
polymer. - 70 12. The polishing pad according to claim 11, which has a

agtensile breaking strength of 13 MPa or more. 13. The polishing pad
according to claim 11, which has a tensile breaking elongation of 150% or
more. 14. The polishing pad according to claim 11, which

- 5. The process for producing an interpenetrating polymer
network structure according to claim 2, wherein the chain
transfer agent is added fc the polymer molding in an amcunt
of 0.01 teo 20% by weight based on 100% by weight of the

polymer molding.

5. The process for producing an interpenetrating polymer
network structure according to claim 1, wherein the radical
polymerization inhibitor is at least one kind of a compound
having aromatic ring and at least one hydroxyl group.

7. The process for producing an interpenetrating polymer
network structure according to claim 1, wherein the radical
"polymerizable composition does not substantially contalin an

organic solwvent.

8. The process for producing an interperetrating polymer

network structure according te c¢laim 1, wherein Lhe



contains closed cells having an average cell diameter of 10 to 230 pm.
15. The polishing pad according to claim 11, which has an apparent
density of 0.2 to 1.1 g/cm3. 16. The polishing pad according to claim 11,
wherein a weight ratio of the polymer molding to the ethylenically
unsaturated compound polymer is from 100/5 to 100/300. 17. A process
for producing a semiconductor device, which comprises the step of
polishing a surface of a semiconductor substrate using the polishing pad
e tdredrding atolclainm $2 £18.2A pdlywrethaneanadlding comprising aselected
polyurethane foam, which contains a chain transfer agent in an amount of

L0001 M920% ByewerRRt Based on 100%4 bysweightof polytrethaneo Pat

methacrylate and t-butyl methacrylate.

9. The process for producing an interpenetfrating polymer
network structure according to claim 1, wherein an
ethylenically unsaturated compound is polymerized in the

presence of an oxygen gas or an oxygen—containing gas.

10. A process for producing a polishing pad, which
comprises the step of forming a polishing pad using the
interpenetrating polymer network structure obtained by the

method according to any one of claims 1 to 9.

11, A polishing pad comprising an interpenetrating
polymer network structure containing a polvmer molding and
a polymer of an ethylenically unsaturated compound, the
polishing pad having & thickness of 1 mm or more and a
diameter 300 mm or more, wherein a weilght ratio of the
polymer molding at any pesition of the polishing pad 1s
within a range of Xi3 (%) where X (%) denotes an average
welght ratio of the polymer molding based con ths total
weight of the polymer molding and the ethylenically

unsaturated compcound polymer.



12. The polishing pad according to claim 11, which has a

tensile breaking strength of 13 MPa or more.

13. The polishing pad according to claim 11, which has a

tensile breaking elongation of 150% or more.

14, The polishing pad according to claim 11, which
contailns closed cells having an average cell diameter of 10

to 230 um.

15. The polishing pad according to claim 11, which has an

apparent density of 0.2 to 1.1 g/cm’.

16. The polishing pad according to claim 11, wherein a
~weight ratioc of the polymer molding to the ethylenically

unsaturated compound polymer i1s from 100/5 to 100/300.

17. A process for producing a semiconductor device, which
comprises the step of polishing a surface of a

semiconductor substrate using the polishing pad according

to claim 11.

18. A polyurethane molding comprising 2z polyurethane foam,
which contains a chaln transfer agent in an amount of 0.01

to Z0% by weight based on 100% by welght of polyurethane.



