DESCRI PTI ON | NTERPENETRATI NG POLYMER NETWORK
STRUCTURE AND PCLI SHI NG PAD, AND PROCESS FOR
PRODUCI NG THE SAME TECHNI CAL FI ELD {0001] The
present invention relates to a process for producing
an interpenetrating polynmer network structure. The
present invention also relates to a polishing pad and
a process for producing the sanme. Particularly, the
present invention relates to a polishing pad to be
used for flattening anPkPeRI&Et{Py | ayer surface and a
metal wiring surface forned on a sem conduct or
substrate nade of silicone. BACKGROUND ART [0002]

Pat ent Docunent .1 di scl oses a polishing pad

TN TR R gt BV o GIABHE I AN S REPR S eI R Y ST o | AP e Plah@H ING
and a vinyl conpound. Patent Document 2 discloses a
PAlhr gEHs PREIEPT ook i FRPRUPDIG shithgs &, whi ch
conprises the steps of imersing a polyner nolding in
a solution containing a polynerizing nononer and
causi ng a polynerization reaction of the nononer.
TECHNICAL FIELD :
[0001]

The present invention relates to a process for
producing an interpenetrating polymer network structure.
The present invention alsc relates to a polishing pad and a
process for producing the same. Particularly, the present
invention relates to a polishing pad tc be used for
flattering an insulating layer surface and a metal wiring

surface formed on a semiconductor substrate made of

silicone.

BACKGROUND ART
[0002]

Patent Docﬁment 1 diséloses a polishing péd
compriéing a polymer polymerized‘from prolyurethane and a
vinyl compound. Patent Document 2 discloses a procéss for
producing a péliéhing pad, which comprises the steps of-
immersing ‘a polymer molding in a solution cpntaining a
polymerizing monomer and causing a pélymérization reac?ion

of the monomer.



[ 0003] However, a conventional polishing pad
was I nsufficient in in-plane uniformty of a
polishing rate during polishing because of |arge
variation in properties in or between pads. Al so, |ow
pad strength causes problens such -as qui ck abrasion
of the pad and a short pad lifetinme during polishing.
[ 0004] : ~ Furthernore, since a polynerization
reacti on begins while a polyner nolding is
[00RpPegnated with a nonomer and viscosity increases in
the production of these polishing pads, there arises
a pr 6BreNethat &RANVAPLegRAt B/ rahe FoPeRe VS yner
. nol ding decreases and the tine required for the
ingpddacticon iincieapégnel Fnaf@arifty afoird Parlishéirgagate
in viscosity, an inpregnation tenperature nust be set
duréng bewisenaper degeesaneli Apregnaeirdatdarna Jrowroperties
tenperature requires a long inpregnation tine.
inFort hetwere, paddraskieodetpeapedi attdeginpreygaati phoblems
rate caused by an increase in viscosity is prevented
sublr addiongciénabrganpo sdl vért prol anpokyméoirzi pgd lifetime
nononer to prepare a solution. Therefore, the step of
- duréngvpngiahwagt e organi c solvent after conpletion of
t he polynerization was required. [Patent Docunent
[Okblmt ernati onal Publication No. WO0O0/ 122621 [ Pat ent
Docunent 2] Japanese Unexam ned Pat ent
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 tﬁat an impregnation rate to
the polymer molding decreases and the time required for the
production increaées; In order to avoid an increase in
viscosity, an impregnation temperatuie must be set to a low
tempe;atdreland impregnation at a low temperature reguires
a long‘impregnatibn time. Furthermore, a drastic decrease
in tﬁe impregnation rate céﬁged 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 waéte,orgaﬁic solvent after completion of the

polymerization was required.

[Patent Document 1} International Publication No.
WC00/122621
[Patent Document 2] Jépanese Unexamined Patent



-2- Publication (Kokai) No. 2000-218551 SUMVARY

[ 0005] The ai mof the present disclosure is to
provi de an interpenetrating polymer network structure
whi ch has excellent uniformty of properties and is
produced . with high efficiency, and a process for

pupnedueing thexsamevo Annider2iagniof the present
di sclosure is to provide a polishing pad which
exhibits high in-plane uniformty of a polishing rate
sufiMhikRg polishing and has good flattening properties
capable of elimnating a |evel difference in a short
[(0Ci0reé, and al so exhibits a small difference in

pol L.shi ng _properties d_has. i ppr .
pad'TFil fe It?neggurthe %P$§g\§l ngagﬁg"?gg%rg ucgg %ﬁ%%lde an
inhbgbeeétratEm@y,p@ﬂ@m&rpromesmoer ptoduting thé&ich has

eGP T ent n B BB Vi 861 GRS A U0BE0t i f SRRBICRG e
higANséFtidtiONSi, and a process for producing the same.
Another aim of the present disclosure 1s to provide a
polishing pad which exhibits high in-plane uniformity_of a
poiishing 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
poliéhing properties between pads and has improved pad
lifetime dufing polishing and 1s produced with high
efficiency, and a process for producing the same.
[0006]

In order to achieve the above aims, the present
disclosure includes the following constitutions:
{1} According to a first aspect, there 1is provided a
process for producing an interpenetrating polymer network
structure, which comprises the steps of impregnating a
polymer molding with a radical ‘bolymerizable composition
containing an . ethylenically unsaturated compound and a
radical polymerization initiator; and polymerizing the

ethylenically unsaturated compound in a



(1) According to a first aspect, there is provided a
process for producing an interpenetrating polyner
network structure, which conprises the steps of
i mpregnating a polymer nolding with a radica
pol ymeri zabl e conposition containing an ethylenically
s ahuratad ¢ @ﬁedp%ﬂ%@rr%mlngp%g@ A OPNsith the
initiator; and polynerizing the ethylenically
- ragisatluratletiecoppblndconpasishoht enhstraie af chhen transfer
ol.ymer | di ng _i,npregnat.ed w.th the r.adj.cal
@ Eélltyn%l}cil}z%grol ® %8%%‘%%& ipéjr%;ym\%:érzeaitéog c nall%)lttf)é:ns%reer adaed
tcagent and/en adlaticeakapakyremnpzat toani ahilpot othar golymer
added to the radical polynerizable conposition and/or
m@ﬁéﬂﬁm%@f%ﬁﬁ?ﬁa%g%@{% T eighaeT fﬂﬁi%aﬂyﬁr&t% the
rafldingow kBt Dent adi&abo Pol yorer i zabl e conposi ti on.
2) A process for producing a polishing pad, which
(20onPr i $E9ANE stieF of PFBIIAIRY a Hol PehiFigiPad kding which
J.nt.er e [ p net : t ‘
SBCArncd By ¢ R Pethod Seeordi g To () F (F8ausing che
ingelribshiengapady compritsic ngedmoiriit exrtpreirdturat | ok sgelegndry the
network structure taining a polynmer nolding and a
meﬁgp§ﬁ8F08Fdé%ge%%y?ggicalIy unsat urat ed conpound, the
(3pol Bshiong spadghguingoapt-hisékgeas dahtdrpemerradiegapdlymer
a dianmeter 300 nmm or nore, wherein 2 wei ght tio of
netHETFol PREFCRBIAI nGOAE “ARY Bosrt | BRLGFSE he™Butt&Ri nge @
pol@felrs Wit high a JraRgenehaX3y( XinvheneaXed%) c8epotes, the
an average weight ratio of the polynmer nolding based B
podashhact dtad hevghy of thEchotSaePinol dMRg Andmehe and a

ai8hBykeni ead | yunsat yrated .Gamound, Polyimele  EQ0PSalr the
ccording to a second aspect, there is provided a
popryeees sndlotimgr odticiamy appel tstm ngfpadhe whpéhshing pad is

SRRl SECRf L1082, RO "L 8a0, e
we@lhhai neg- by tife teé hed 1gmedef hobdi @bpovased0087] the total
weight of the polymer melding and the ethylenically
unsaturated compound polymer.

[0006a]

According to a second aspect, there 1is provided 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 as defined
above.
r0007]

According to the process for- producing an
interpenetrating polymer network structure of the present
disclosure, there <c¢an be obtained an interpenetrating

pelymer network structﬁre which has excellent uniformity of



Accor di ngt ot hepr ocessf or produci ngan i nterpenetrating
pol ynmer network structure of the present disclosure,
there can be obtained an interpenetrating pol yner
network structure which has excellent uniformty of
properties and is produced wth high efficiency.

rkb$Q08} d RGOS ding, A he rRhegess.f or
P pgogucﬁﬁgag pg%?g ?ng pad;bf théﬁbresént digclosure,'
[Okkéie can be obtained a polishing pad which exhibits

hi gh.in-plane uni.form.ty of a palishi.ng e '

poIE%ﬁPhg,aﬁggrgégg ngtt%#ane%¥%ﬁ%?%ié%%%adgﬁ§%§%%ng °

policAtAgt | pigd didf ergrcesrepehevelisal@swstgrt thieme, can be
al so exhibits a small differen l.i shi

: einnmp :
obpPdPEFt i es Bet @R pad¥ic had r8§@dgﬁ53 | PRgpi pbn-plane
und¥Ebi-RY+ POliesh Ngoangh i:8q preduced Whyh Jy1gRkhing, has good

.efficiency. BEST MODE FOR CARRYI NG OUT, THE | NVENTI ON
flp@@@g}ng properties capable of eliminating differences in
level in a short time, also exhibits a small difference in
polishing properties Dbetween .  pads, has improved pad
lifetime during polishing and 1is produced with high

.efficlency.

BEST MODE FOR_CARRYING OUT THE INVENTION
[0009]

In the present iﬁvention, the interpenetrating polymef
network structure means a polymer having a structure in
which polymer networks composed of a plurality of polymers
are inteipenetrated with each other in a polymer mixed
system composed 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 stabilized by formation of a polymer network.

[G010]
The interpenetrating polymer network structure in the

present invention can be obtained by impregnating a polymer



In the present invention, the interpenetrating
pol ymer network structure neans a pol yner having a
structure in which polymer networks conposed of a
plurality of polymers are interpenetrated with each
other in a polymer m xed system conposed of the
plurality of polynmers. Also, it may be a structure in
which a structure conprising continuous phases each
o eLng co osed of a different kind of polyners is
m i BrF GHet RS 0™ Pol &y hst! Xﬁﬁ@wﬁ%@h[%mlo]
The nterpenetratlng pol ymer network structure in the
etV SECHIve MSEH Vet S5k SEBRA Y w%trﬁr%‘glﬁa& iFptgher
polyner mol di ng conposed of a portion of pol ymer
K1 rak SHYINEHi-c a0 AR et e cfé}ﬁoﬁmwlenlcally
constituting another kind of a polyner, and
unggltyRatiesl wgmpsenst-hy Feai BalLyhingapasaréd toenpoenant
The polishing pad of the present .invention is
ingempyesed isf campiosest pénetr ariteynselgamat imat or ke r
' structure. [0011] In the present invention,
nete réhaitwuctawsf-er agent neans a conpound whi ch
reacts with a growing radical in a radica
LOpalyneri zation reaction thereby term nating an
increase in a polyner chain length to produce a | ow
nol ed¢ol ahewpirgbentadneainthaw, nghreeichiatimattirem gl iagent
[0012] -~ EXanpl es of the chain transfer agent
mebane| adeocaplynnewbaphang8asteh wash a growing radlcal in a
n- but yl mer bapt an, . i sobut yl nmer capt an,
raﬂioaﬂybm&y@amhaﬁt1bhd®@e©yhmMWﬁm@ﬂﬂhy terminating an
sec- butyl mercapt an, sec-dodecyl nmercaptan, and
intrbabyl mar eapbagmear eifatiinG 1ot aptan$rsuiftas low
phenyl mer capt an, thiocresol, and 4-t-.
mobutylarovthihaer esal cathhagliyeolratie iesterisrs Wi 1as 2-
et hyl hexyl thioglycol ate and ethyl thioglycol ate;
[0012]

EXamples of the chain transfer agent include
alkylmercaptans such as n—butylmerCaptah,_isobutylmercaptan,
n—octylmercaptan,'nﬁdodecyimercaptan, sec—butylmércaptan,
sec—-dodecylmercaptan, an t¥butylmercaptan; aromatic
mercaptans such as phenylﬁercaptan, thiocresol, and 4-t-
butyl-o-thiocresol; thioglycblate esters such as 2-
ethylhexyl thioglycolate and ethyirthioglycblate;
mercaptans haﬁing 3 to 18 carbon atoms such as ethylene
thioglycoi; aromatic hydrocarboﬁ—based chain transfer
agents such as a-methylstyrene dimer, toluene, and
ethylbenzene; and carbon tetrachloride. The alkylmercaptan

may be any of primary, secondary and tertiary



mer capt ans having 3 to 18 carbon atons such as

et hyl ene thioglycol; aromatic hydrocarbon-based chain

transfer agents such as a-nethyl styrene diner,

tol uene, and ethyl benzene; and carbon tetrachl oride.

The al kyl mercaptan may be any of primary, secondary

and tertiary al kyl mer capt ans, and may have a

substituted al kyl group. These al kyl mercaptans may be

used al one or in conbination. Among these, an
alky brarFerhydfocanrBoiabasedecRasHbetansted adénilsvandp-

nmer capt ans havi ng an al kyl group of 4 to 12 carbon
Thetonslyémprefetabbymnasele 8peci Rilenexaipliescohbiaotion.

i ncl ude aromati c- hydrocar bon-based chain transfer
AmggentBesachaasaaomsthyl Byyrene rédionebaand tbhaeneraander

i al kyl mercaptans having 4 to 12 carbon atons, such as
agebut yéneroaptaptansbbtylingr eaptdhy lngootipl oér éaptany

~and ndodecyl ner capt an. - [ 0013] In the present

carimvendtons dhe pnefiatabl yt heedhai f¢cbfiist erxagents t o

be used is preferably fromO0.01 to 20% by -wei ght,
themsef pretenabl ¥yrbmnami 0. Afdroch¥by-meight chand transfer

"particularly preferably fromO0.05 to 3% by wei ght,
agdasedsonh 100% bye vy Ubt yobnthainthykaai eallh¥ne; and

unsat urated conpound. Wen the anount I's less than
2l By 0 bypvehghtavihg ef tect2otatbenchabistranshess «-

agent deteriorates. In contrast, when the anount is

butipres £ bt 559 by- M@tgmﬁerﬂﬁﬁhaﬂlCﬂLo@t9@ﬁékb§§t§H9haﬁ§ n-
the strength and el asti cnodul us of the resulting

dodpdtyiRE relgbeshorate. [0014] : In the present
i nvention, the radical polynerization '"inhibitor

omp%ps a conpound whi ch has high reactivity with a
cal in a radical polynerization reaction system

andIn the present invention, the amount of the chain
transfer agent to be used is preferably frbm 0.01 to 20% by
.wéight, more preferably from 0.01 to 5% by wéight, and
particularly preferably from 0.05 ﬁo 3% by weight, based on
160% by weight of the ethylenicélly unsaturated compound.
When fhé amount is less than 0.01% by weight, the efﬁect of
the chain transfer agent deteriorates. In contrast, when
>the amount is moré than 5% by weight, mechanical prOpertiés
sﬁch 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



reacts with the radical to produce an inert product.
The radical polynerization inhibitor is preferably a
compound having aromatic ring and at -l east one
hydr oxyl group. [0015] Exanpl es of the radica
pol yneri zation inhibitor include hydroquinone,
hydr oqui none nononet hyl et her, topanol A, catechol,
t-butyl catechol, 2,6-di-t-butyl-4- methyl phenol,
phenot hi azi ne, a-tocophero
reggﬁﬁa@rl>tﬁlhr‘tbﬁy|r@é&l@&| O3 HEPBICH AN BERAFE. LURpHDxy phihe

enyl ) propi onat e],

ramnalh@x@émeﬁw@ﬁé@mseglha%tqn bt predampdrlokyphyirqund . - -

nnamani de, and bis(1, 2, 2,6, 6-pentanet hyl-4- :
hagppgrﬁ@ymptlc ring and at least one hydroxyl group.

2-(3,5-di-t-butyl-4-hydroxybenzyl)-2-nbutyl nal onat e.
[OPEails possible to use conpounds sel ected fromthese
radi cal polynerization inhibitors alone or in
conbErampérs pO0LBE radicall pallymegrigsédon inhibitor
i nvention,,the anount of the radical polynerization
incabidki hedriosupnefer ablyy rocorir®ng0 haner®: o lbye i ght |
and nore preferably fromO0.001 to 0.3% by wei ght,
. tobased an tad¥%chylweitghtitofl tdee eeinil e, caldiy-t-butyl-4-
unsat urated conmpound. [0017] The ethyl enically
methsapheatéd pampotihdaizdniehe cpresenhanpigntdeontawansh@tyl -
conpound having a radical polynerizable carbon-carbon
tededhlie [Bend, sSpeeit-batelamplgsitdsmeeinyl) 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-
butylmalonate. It is possible to use compounds selected
from these rédical polymerization inhibitors alone or in
combination.
[0016]

In the présent invention,. the amount of the rédicalr
polymerization inhibitor is preferakly from 0.001 to 0.5%
by weight, and more preferably from 0.001 to 0.3% by weight,
based on 100% by weight of the ethylenically unsaturated
compound.

[0017]
The ethylenically unsaturated compound in the present

invention means a compound having a radical polymerizable

carbon-carbon double bond. Specific éxamples thereof



i ncl ude nmethacryl ate esters such as nethyl
nmet hacryl ate, ethyl nethacryl ate, n-propyl
net hacryl ate, i-propyl Methacrylate, n-butyl
nmet hacryl ate, i-butyl nethacrylate, t-butyl
nmet hacryl ate, 2-ethyl hexyl nethacrylate, isodecyl
nmet hacryl ate, n-lauryl nethacrylate, tridecyl
met hacryl ate, n-stearyl nethacrylate, 2-hydroxyethyl
nmet hacryl ate, 2- - hydroxypropyl nethacryl ate,
lnziwwer@ﬁyb@pywlﬁéehaﬁmﬁhat@uc@nm@tWWUMmlnmﬁéh@mrylate,
met hacryl ate, di net hyl am noet hyl nethacryl ate,
etdivét hyltamicnedthyl, methaemil at¢hametadcey! icpaoipg,l
- glycidyl nethacrylate, tetrahydrofurfuryl
- membbhagipitat e n-oytlydhexyhamettiacryl dt-butyl methacrylate,
benzyr net hacryl ate, 2-phenoxyet hyl nethacryl ate,
t-baalar ngk haetaetyl, hte s tpoliyettyl ere hglygdbhte, isodecyl
nononet hacryl ate, and pol ypropyl ene gl yco
mefhaerglhaeryhatanratr ykahe cestiens, su@hdasynemﬁyhacrylate,
acrylate, isoanyl acrylate, lauryl acrylate, stearyl
n-ackylat emcphaneyyathyl caekyiratgethelr abydaetyntueyl 2-
acryl ate, isobornyl acrylate, 2-hydroxyethyl

' hyd@bxbpkepyﬂnﬁethMQFQéX@E09¥hy@&bﬁ&%ﬁ@§l methacrylate,
nmonof uncti onal ethylenically unsaturated conpounds

difdeRyvaamagoukenitr nbenhaMethacky! eniblihl e am$he@Re:
a- met hyl st yrene, hydf oxystyrene, and a-nethyl styfene

me€hABEy180d, peh&tﬂpggmgﬁ@btﬁyhyh%@h@@&&xa@esa&e&aﬁ%lelc
conpounds such as eth yl ene gl ycol dinethacryl ate,

ac&&'”8§P¥£8y9rH@@HQcE&&H@Eha%%¥&%h§dr6?ﬁ9?ﬂ&?h glyco
di acrylate; 3-net 5- pent anedi ol di acryf a

me%héchfgesd'8#a§bﬁ@&¥hah§th%cleﬁke2 BEH%&llme%hacrylate,

pr opanedi of acryla 9-nonane diacryfate

24?hgﬁggggﬁh&i'ﬁgghggf %Q@eg|§g5$5§hgi methacr ate

rinet propane t |acrylate pentaery rlt6|“

poRgEEngéxéagfyggﬂeﬁ888ﬁg¥hﬁgk Tpkk oA BEakBdopy ene

g e Eén%?x%“%g§%§f§@8“”shms%nyz

- aCﬁ§§% &t eb L BREPLpr G RS net P Rtsti nEtEprese

o o e T e S B OB R A BRI s 0o

'a6¥%?t%%2h£??§§?ﬁ L RFSHErthet AoFROEPFUCEOVE. pBULaTe, 2nd

2 R B b B L BE B bR GARER C1 S abCo gL EaOhY
heatin irradiation with |i iation with -

rirra
un%%&#%&f%% vl ot dhagrc PryEoaibredeot the .
radi ca ner|zat|on initiator include azo
%%W%B%Lﬂg Der DXV ERES, SPERFFNYLEXYRBI8s PReFag¥styrene,
i ncl ude azo- based polynerlzatlon initiators such_as - '
% %Fm%ﬁkﬁﬁ%?%%%%%beﬁ?¥rlF@ Eoéyfunctlonal ethylenically
azobi s( 2- nethylbutyronltrlle) 2,2' -azobi s(2, 4-

un%ﬁ?&ﬁ%@@@a¢%mERW@¢$|%yc 423 chbybPaeagEyandval eri c

aci d), 1' -azobij s('cyc| ohexane-1-carbonitrile), and
dl@p@ha%gbbﬁg?A_trlmethylolpropane trlmethacrylate,

neopentyl glycol diacrylate, 3-methyl-1, 5-pentanedicl

diacrylate, 1,6-hexanediol diacrylate, Z-butyl-Z-ethyl-1,3-



met hoxy- 2, 4-di net hyl val eronitrile); and

per oxi de- based pol yneri zation initiators such as

curmen hydr oper oxi de, t-butyl hydroperoxide,. dicunyl

per oxi de, di-t-butyl peroxide, t-butyl peroxy-2-ethyl

hexanoat e, t-butyl peroxy isobutylate, t-butyl peroxy

pi val ate, t-butyl peroxy benzoate, tbutyl peroxy

acetate, diisopropyl peroxy dicarbonate,

di - sbut yl per oxy di carbonate, benzoyl peroxide, acetyl
prpeppgriddel dadciradpéyl pefoxicdéncTiid agwydiiteof the

radi cal polynerization initiator to be added is
dipeshglably ifvero0e0hneo d3e Yy adieghtt r iawd hydod propane

preferably fromO0.05 to 3% by weight, based on 100%
trpgcugilghte obnthecathylrgnhealty tesabacatéd teonpdonde

[ 0020] In the present invention, the organic
etbplepataild yannergamet edorpoprdwlsi chndbes used alcone or in

substantially react during polynerization of the
cogbhyhenpoal | y unsaturated conpound and is liquid at a

normal tenperature Specific exanpl est hereof include
[Obegane, di et hyl formam de, di net hyl sul f oxi de,

et hanol , and nethanol. The expression "substantially

cont an8h8§gtheser ganytefobueny" viranarbhat tbhepamdsl a

of the organic solvent is |less than 1% by wei ght
cobpseddone100%ehy rwenght ol 1t he téblyleniteql kyhyl

unsat urated conpound in the radical polynerizable
me€0AROSILELEN. 1CpEbRR 1t Abracki-gnide, ahel wepetgnd

et hyl benzene are usually known as the organic :
meSRA¥EDLatdhesepcerpRYRdS rédonNOheCAkaPRANE olf0chhRe of
- Organic solvent as used herein since the effect as a
fo§ﬁ§tﬂohr@@SE@65é9e851&§,k39W@-ih@@%&baﬁing proBet€es of

present invention, the radical polynerizable
 th&0APRsShErON;ABANS A FAMFRRSKLEI QR ACeRLA F1RY ttheng

above- nenfi oned e?hylenlcally unsat ur at ed conpound

orébhdr-t hesabeverpentionedngadiheal ROl MBL: 28t KR ymer
initiator. Furthernor e, anti oxi dant S, age resi stors,

_ne{&$£gr§trggkﬁgénts, m | dewpr oof i ng agents,
anti m crobiral agents, flane retardants and -

[O@i%faviolet absorbers may be added in the radical
pol yneri zabl e conposition. These conpounds are

P e Sk R A o A
in&gﬁéigﬁaﬁSQnQOQDSHHSOund which is decomposed upon heating,
irradiatign with ligh£ or irradiation with radiation to
preduce a radical. Examples of the radical polymerization
initiator include azo compounds and peroxides. Specific
examples thereof include azo-based polymerizatioh
initiators such as 2,2’ —azobisisobutyronitrile, 2,2'~

azobis (2-methylbutyronitrile), 2,2’ -azobis (2,4-
dimethyl#aleronitrile), 4,4’ —azobis{4~cyancvaleric acid),

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

._10__



[ 0022] The radi cal polynerizable conposition

is preferably a conposition which does not

substantially contai nt he organic sol vent fromthe

econoni cal point of view of 'necessity of the step of

renovi ng an organi ¢ solvent. [0023] In the

present invention, the polyner nolding neans a solid

pol ymer substance at a nornmal tenperature. The

nol di ng may have a solid, hollow, or foam shape.
met@dd}hﬂl&’ghl—mhmmemyls&llca‘rdme:mdlem ngrat epeobxide-based

particularly limted, it is necessary that the
pohymﬁaﬂﬁaﬂﬂdmnnﬂﬂtmﬁﬂaxaanmhnas(numen hydicosgoratdd, t-

by i npregnating the nolding with the conposition as a
butyas Wlyid refp drmsErdd ,ondiiquntyie pearqpasid,i aft. - Thereflones rdtide,

is necessary that the nolding is conposed of the
t-ptyeplealoxdiavi-_g i inddanosittd) theundigatoxy iscbutylate,

pol yneri zabl e conposition and al so has flexibility
£—biftiyapeenall es veieldd NG -0futhng el ymfemd diang by

i ncorporation of the radical polynerizable

butéﬂ'@%‘i%‘;&y‘ Qe tAlthoush ddp et dependi Mgrihdthe  di-s-

ensity or inpregnating anmount of the radica

but?{qlp)é'f%&'yz@glc%rm%“b@hzcjﬂe Pl of  Adhe: ol Rk i de,
ding after inpregnation is about 1.03 to tines,

anc@Nd4s4al Iy ahquyfe 1. 9.t 9m§uh't”%§ char %@ﬂ:@qn the
original volune as a result of the swelling. [0024]

pol %'}ﬁaf%‘}l'o%m?&u'{fﬂacﬂdlg t'oS HY eflablis canpased, of ﬂom

ol ymer containing a pol yethyl ene glycol chain,

- 0. oﬁoklép%ep%f%%l%'%co e &0l 12 ere% %W'(ﬁ‘%o 3%

pedl I'C exanples t ude

by %%h%%%{e%a%%%.QQJWHﬁﬁIQ%n%Elght of the ethylenlcally
unsaturated compound.
[0020]

In the présent invention, the organic solvent is an
organic compbﬁnd which does not substantially.react during
polymerization of the ethylenically unsaturated compound
and is liguid at a normél temperature. Specific examples
thereof include hexane, dimethylformamide, dimethyl |
sulfoxidé, ethanol, and methanol. The expression
“éubstantiaily containiﬁg no organic sclvent” means tﬁat
the amount of the organic solvent is iess than 1% by weight
based on 100% by weight of the ethylenically uﬁsaturated
fcompoupd in the radical pclymerizable composition. Carbon
tefrachloride, toluene and ethylbenzene are usually known

as the organic solvent. These compounds do not correspond

- 11 -



, [0025] The formof the polyner nolding is

preferably a foam containing closed cells each having

an average cell dianmeter of 10 to 230 pm nore

preferably 10 to 120 ' pm and particularly preferably

20 to 60 pm The surface or slice surface of the

pol ymer Mol di ng was observed by a scanning el ectron

m croscope (SEM at a nmagnification of 200 tinmes and

i mges were anal yzed by an image processor, whereby,
taalthec @lrg agdiianstodrae itn asheisavhdes aier & imgas Uted erftcd as a

nunber - average of them was taken as an average cel
chdiiamgtrens fe@02@jent is krnfw.apparent density of the

pol ymer nmolding is preferably fromO0.1 to 1.2 g/cn8,
[Cadd Inore preferably from0.5 to 1.0 g/cnB.- The

apparent density can be neasured by the nethod

descitbedel préapaneseviemdustr,i aheStrandard HoI ietlik2ble

Furthernore, it is preferred that the radical :
copobyiet baabkencorp esintpcei direo Ipertatied nignttad Réove-

pol ynmer nol di ng does not penetrate into cells in the
mepoliyied aehg¢iegiaad ivhenceldsaafed Rempehye anthagbove-

are remained as the cells even after the
me@thyhea gadkyaungatyniad campound tiistRel.y k28 rhbre,

a swollen state of the polyner nolding. The apparent
anfensh bynek,t hger esulildtRg sNoldighiera, Pad 13- apief er abl y

fromO0.2 to 1.1 g/cnB, and nore preferably fromO0.6
millBeliptodfenB. ab@PZE, antimicH®iRal waRh ol diing.of

the present “invention is preferably conposed of

reRgk¥Hnethang and hs iRt GWRrtoe B eher 8l Y ied in the
pol yur et hane nol di ng obt.ai ned by m xing two sol utions
raBicRO! 8k yARE i BAkYIS eCYRRALe i S USREIsbeL&hBounds are
preferably used in the amount of 3% by weight or less.in
total based dn 100% by weight of the ethylenically
unsaturated compound.
[0022]
lThé radical polymerizablé composition is preferably a
compdsition which does not Substantially:contain the
organic solvent from the economibalwéoiﬁt_of ﬁiew of
' :necessiﬁy of thenstep of-rempving an organic solvent.
[0023] |
In the present invention; the polymer molding means a
“solid polymer substance at a normal tempefature. 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 polymerizable composition is

_12_



t he polyol means a conpound having two or nore

hydr oxyl groups. The polyol includes, for exanple,

~pol yol selected from polyetherpolyol,

pol yest er pol yol , pol ycar bonat epol yol , :

pol ycapr ol act onepol yol , ethyl ene gl ycol, propyl ene

gl ycol and glycerin, or a mxture of two or nore

ki nds of them [0028] Exanpl es of the

pol yi socyanate include aromatic i socyanates such as
ineotybenecdi bgotyanageal TDU) thdi phédyhaevhthethe

di i socyanate (MDl), polyneric MDI, and naphthal ene
compdsocyamate; a at¢phati cfditwecyanat 88 shehcagpositicn.

tetranet hyl ene dii socyanate, and hexanet hyl ene
Thei¢Socyanat el s amdcabseygl thadi tbecyahdirg sechoaposed of

i sophorone diisocyanate, hydrogenated TDI, and
théydiogehal ed=WMbhg dffisippssibhethe uséitsbcpangierizable

selected fromthese isocyanates, or a mxture of two :
compofdt Boki Mekd Dfsd heas FOORIpility whibnnepabmasaéwemllng

of the pol ymer nolding, the -polynmer nolding may
of comd ap L yiher atsi ding bo potyeboandipnl yEsenyanatiecal
- crosslinking agents, chain extenders, foam
po§m@rizaﬁc@1@,c@hmﬂ@l@ﬂentzsltmﬁﬁgmliﬂumi@é adséSding on

foam ng catal ysts, antioxidants, age resistors,
thd i dd@ESey HF @ﬁpﬁégﬁ&ﬁln§0&%§ﬁtsaf ni-hdewpaoehing

agents, antim crobial agents, flanme retardants, and

poltd AV Db et DR PEE Son| 0B8] volume oﬁjﬁﬁguﬁalyﬁgr
process .for preparing a.polymer molding is hot

mo RA{Ad CHb AL} Viddd P g ogh 1 IRt NOdgHsuEh1 8831 Bbest Eoes, 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 preferablyicomposed‘of a
pdlymer containing a polyethylene giyéol chain, a
polypropylene glycol chain or a polytetramethylené glycol
chain. Specific exampies thereof include'polyester'and-
polyurethane.h |
- [0025]

#The form of the polymer molding is preferably a foam
containing-closed cells each having an average cell
diameter cf 10 to 230 pym, more préferably 10 to 120 um, and
particularly preferably 20 to &0 pm. The surface or slice

surface of the polymér molding was observed by a scanning

electron microsceope (SEM) at a magnification of 200 times

_..13._



nol di ng and reaction nol ding nethods can be used. In
the preparation of the pol yurethane nol ding, the
pol yur et hane nolding is preferably obtained by a
nol di ng for slab nol ding nethod using a high-pressure
injector for instantly m xing raw material s by
collision in a mxing head, or a so-called
| ow- pressure injector for mechanically mxing raw -
= materials fed in a mxing head using a stirring
2Tyl a2 9§ D0 e analyzeghdhra eS8 roPrERRRT hy Wereby,
i nterpenetrating pol ymer network structure will be
ajd%s%?fbé%ﬂ%@’@/@s The Rt erpedret rig Fhgngot yimd ared wor k
structure can be produced through the steps of :
NYgR ey aae thile dibovetarentd lovre e H oty mere adali gt Wi t h
t he above-nenti oned radi cal polynerizable conposition
diggmttmi ng an ethylenically unsaturated conpound and
a radical polynerization initiator; and pol ynerizing
[Ghas et hyl enical |y unsaturated conpound in a swollen
state of the polyner nolding i npregnated with the
radi ddile pgiparemitzasns iconposiithomollymdthenqirddcessi  or
produci ng an interpenetrating pol ymer network \
prstfrarcthine fofort e Ipriesant2 igweent,i and befrer erelfe rst@y From
of inpregnating the polynmer nolding with the radica
0 foltyarer.iz aplcen’conplesi 4peareat chahnityanshebe ageatured by
and/ or a radical polynerization inhibitor are added
tHeO nidtthddadietalr ipeldy/ ey | Zakd re: £o masi 410k anfaiddhe JI1s K
pol ymer nol di ng. [0032] It is a feature of
71tiPe preseRtribyent ienikhat e ehaidn thaansher rageptl
and/ or a radical polynerization inhibitor are all owed
pd1gmeX iStapik thenestamnd nddersdepseofi dipregnatd Ngner
the polymer nolding with the radical polynerizable
mAJTRRS Idde@n rand Relatreidezing: 4 hasetdhyvlenialddl ymer
unsat urated conpound. .- The interpenetrating polyner

1 HWRS kirdt et Wl 10btal ned By, thlesy meihod dish! a¥sSnained

excell ent nmechanical uniformty in nechanica

asPROReId18S eueh as denside strenathcand, tensidifated
el ongation. Furthernore, when the interpenetrating-

ORI i@e?wyﬁfe%tirzw Yre a‘h_sswlqder@ssﬁ&% RY +SP B%1 ymer

pad, the step”of CMP polishing beconmes stabl e because

mogtji?liggh .Tﬂé pé?ﬁgfgﬂg Qémsﬁ)l.yot)fatﬁg! Eéglﬂ]giflgi ?géfshi_ng

during polishii excellent “flatteni ng prope
pa'dn'ﬁnso&%%f%%%bll%%o%e Oﬁ@d_tsd'%l .ll ?/f re% § LBre
~ properties between polishing pads. 033] .
preferably from 0.6 to 1.1 g/cm’.
[0027]

The polymer molding of the present invention is
preferably composed of polyurethane and is particulariy
preferably a polyurethane molding obtained by mixing two
solutions of polycl and polyisocyanate. As used herein,

- the polyol means a compound having two or more hydroxyl

groups. The polyol includes, for example, poliyol selected
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The reasbn is not clear, but is thought to be as
follows. When the chain transfer agent is added
during the production, since quick heat generation
upon t he pol ynerization reaction is not observed, and
al so the tenperature in the reaction systemis al nost
constant over tinme and the polynerization reaction
stably proceeds, the chem cal conposition and
properties of the resulting interpenetrating polyner
fraat gell eshegerdye lar @odyessempolherlef mod,yaaidonatepolyol,
pol i shing pad produced fromthe polyner network 7
podveapt ele cérhiebiotly odt ablité ypeopectiives li,n priveydlearse gdfycol
- the polishing pad and between a plurality of
angobilghengnpads. aThe xthaienoffr &wsf e agemt kisids of them.
particularly effective for nmaking the chem ca
[D8dAposition and properties in the thickness direction
uniformin the production of the interpenetrating
pol yRrampgtwovk sheupblyésothenefer énciliidies aromatic
particularly preferred to make chem cal conposition
isaogapaoper tiea usi tetylencadpbubalisnptel (@oim)shing
pads when the interpenetrating polynmer network -
dlﬁhéuptMéehaﬁesau@eacyanat@dmmaia peloilshicrd cpabr, and
[ 0034] is estimted that when a radica

nap@tﬂﬂféhéa&h@@obghhetberaﬂ&pﬁ@@@@ Uﬁlﬁb@@ﬁ%%t@s such as
pol i'shi ng pad, e Initiation tinme of the

tePehMEBRZahkonikeaelhanRtks HAHf hedaiRthhecentire
reacti on systemand the process fromthé initiation

dli@oé§§n§98P|§ﬁaoﬁlQEyEEQCDQHXQEE?é%EE%@ eRGt Lan
becone al nbost the sane in the enfire reaction system

isd rQQéaﬁEthc9thEEefH?H%Eg@hb@%dp@bzne%nﬁehg% enated
structure and a polishing pa whi ch the res

MpEUr ed ard i.¢les shows: smadd A a%sé@zlsﬁg@e! QePé@P@&ttﬁf%n amese

high unitformty. The radic yneri zation in tor

1sé§¥§§£{éQU| £|¥ ﬁﬁ&@ﬁEéVSftQWHaB§ EB%e'Qlﬁhgngf t

ection c em cal conposition and properties uanorm
{O®@9fhe production of the interpenetrating polymner
network structure. Therefore, it is particularly

F”F”ﬁg&ﬁ“b%&b&?§€l$ﬂeof”tﬁéa§819h5§°R0981ng, the polymer
molding may contain, in addition to polyol and
r”pglyisocyanate, Crésslinking agents, chain extenders, foam
stabilizers, biowing agénts, resinifying catalysts, foaming
Catalysts, antioxidants, age resistors, fillers,

. plasticizers, colorants, mildewproofing ageﬁts,
éntimicrobial agents, flame retardants, and ultraviolet
absorbers.

- [0030]

Although the process for preparing a poiymer molding

is not particularly limited, methods such as injection

- 15 -



chem cal conposition and properties uniformin the
resulting polishing pad. [0035] As descri bed
above, -the radical polynerizable conmposition is
preferably a conposition which does not substantially
contain an organic solvent fromthe econom cal point
of view of necessity of the step of renoving an
organi ¢ solvent. However, in a conventiona
- production nethod, when the radical pol ymeri zabl e
mob@n@@samdona@©@sonomot@nm@|mebm0@$gaﬂncbsouveﬁt Trheche
pol yneri zation reaction initiates and viscosity
premersasen whiit | end heo polyaehanol db hging, i hheegnayitngthane
with the radical polynerizable conposition. Therefore
motdeng ivmsome peodbem obhatithe hypz egnadioog fatresiaebt he
pol ynmer nol di ng decreases and the tine required for
moldmnqenhmﬂ¢dnu$Imgeasbsgh+pré®®up@es&méctnveﬁbromnstantly
when a chain transfer agent and/or a radica
mipohy ek zadt o & hdi by t ©61 Bt ©1 @h | Owved mbx¢ngxhshd;nor a
the step of inmpregnating the polynmer nolding with the
sof@di Tad Poryhes & 2abd ei 6 PaPost t f ON, mash&NCELa’e kixing raw
viscosity of the conposition can be prevented. Thus,
matdrDECANBPOSSi H 81 OnySeedheus sl cal spotyiesi Bable.
- conposi tion which does not substantlally contain the
[o®FOani ¢ solvent, the step of renoving the organic .
sol vent becones unnecessary, resulting in decreased:

produed i ol ahd pF @&l&@iﬂ;go r$t§9te§§@n@£‘réﬂﬁzﬁ§a§@lym;%.

i n production efficiency Al t hough only

ne%r]@n.secﬁjc&n?e chei D B& a@éé@fl@@@%em fe radical
pol ymeri zation inhibitor may be added, nore

1n&gf§éﬂéﬂ¥é&J9R%g%@iﬁm@?dﬁ@t@éﬁ@es@f&&ﬁ@f@'é&hcb§f£§8£uced
I's exerted The chain transfer agent and
thf&ﬂgﬁxﬂhe steps of impregnating the above mentloned
polymer molding with the above-mentioned radical
polymerizéble composition containing an ethylenically
unsaturated compound_and a radical polymerization
iﬁitiator; and polymerizing the ethylenically unsaturated
compound in a swol;en state of the polymer molding
impregnated with the radical polymerizable composition. 1In
the‘process for prodﬁcing an interpenetrating polymer
network struéture of the present invention, before the step
of impregnating the polymer molding with the radical
polymerizable comﬁosition, a chain transfer agent'and/or a
radical polymerization inhibitor are added to the radical
polymerizable composition and/or the polymer molding.

[0032]
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pol ymeri zation-inhibitor may be added to the pol yner

nmol di ng, or added in the radical polynerizable

conposition. Also, a chain transfer agent and/or

radi cal polynerization inhibitor may be added to the

pol ymer nol di ng and al so may be bl ended in the

radi cal pol ynerizabl e conposition. Wen the chain

transfer agent and/or radical polynerization

inhibitor are used for both of the radical

pol yherizabl Eezonpesifi bheandepenynerveanl dpngthehea chain

sanme or different conpound may be used for both.
tr{0938F agent aWfidarusi ngdihelrndigabrpokyieni zahibator

i nhi bitor, inpregnation and/or polynerization of the
areaﬂlbaﬁe@otgnexlzabke tbapesgstenniarehprefepabby

performed in the presence of an oxygen gas or an
impxygent tont ahai pglgasrfoolthegpuiposehef redhaati ng a

pol yneri zation inhibitory effect. In this case,
pokyxaspl eshbé poepesiedonadhdapopehynerizat tba

i nhi bitors include phenot hi azi ne, hydroqui none,

ethyTs Utk NDReun®aouR: byl ebhpound: buthd oateghaietanding

: topanol A. As the oxygen-containing gas, air, oxygen

poBffle 8 QaSwHFEPaf edcbirdi butkngelihem vhib asthoer tiigasays
are used. Exanples of the inert gas include nitrogen,

exfel 14 B0eh a5 0081 Wehodhnk vl edn hBenhoXYE8D properties
concentration is not particularly limted and is

sud¥ ef erabhy; 186 by ¥PhUAeaAk OBR8ile-elongation.

" Furthermore, when fhe'iﬁterpenetrating polyme; network .

‘structure is used as the polishing pad, the step of CMP

polishing becomes stable because’of-high in-plane

uniformzéy cf a polishing rate during polishing,'exéellent

flattening properties, improved pad lifetime and small

- difference in properties betWeen polishing pads. .

10033]

%he reason is not clear, but is thought to be as
follows. When the chain transfer agent is added during the
produétion, since guick heat generation upon the
palymerizétion reaction is not cbserved, and also the
temperature in the reaction system is almost constant bver
time and £he polymerization reaction stably proceedé, the
éhemical composition énd properties of the resulting

interpenetrating polymer network structure are uniform.

Theréfore, the polishing pad produced from the polymer
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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 polynerization
i nhi bitor preferably exists in the reaction syStemin
a uni formconcentration since it controls the manner
in which the radical ponneFization reaction
proceeds. [004 One of_ the met hods of
nEIHEFOT rﬁtyfud%téltrﬁ ﬁtﬁh%q%e%@%lﬁfqmee? Jdbetifﬁe Plan@
and/ or radical polynerization inhibitors in the
oty &A@ iRSH 1§yt éimy] |a@dieéﬁeweré>@arﬁ%falat%t%o%¥lshmg
adding the raw material in the-preparation of the
P3sEl-y Penﬁhaﬂﬁgtfﬁﬁﬁféﬁaﬁﬁﬁét iF PREtpreparati edfeictive
the polynmer nolding of polyurethane, a chain transfer
Foggawt<iand/tdre gheadiced! qsoinatErt iZat oW iHdsitorearian the
m xed with polyol as a raw material of polyurethane,
thamdrelsen ditre qsdloyounddd ipoliyi Sdtsy arratdecarieors ubj edted
to reactive injection nolding using a reactive
injtjrecniedr avdndi g LyREW) network structure. Therefore, it

is particularlyrpreferred to make chemical composition and
properties ;niform in a piurality of polishing pads when
the interpenetrating polymer network structure is sliced to
produce é polishing pad. |
[0034]

It is estimated that, when a radical polymeriéation
inhibitor is added to produce a polishing pad, the
' initiation time Qf the polymerization reaction is unified
in the entire reaction system and the process from the
initiation fo the completion of the polymerization reaction
bécome almost the same in the entire reaction éystem, thus
cbtaining an interpenetrating polymer network sfructure and
a polishing pad in which the resulting curedrarticle shows
small variation in properties anakhigh uniformity. The
radical polymerization inhibitor is particularly effective-
to make the in-plane directicn chemical compositionrand
properties'uniform in the production of the
interbenetrating polymer network structure. Therefore, it

is.particularly prefeﬁred to make the in-plane direction



met hod, thus making it possible to obtain a
pol yur et hane pol yner nolding in which the chain
transfer agent and/or radical polynerization
i nhibitor are distributed in a uniformconcentration.
Subsequently, the polynmer nolding is inpregnated with
a radi cal polynerizable conposition and the radica
pol ynmeri zabl e conposition is polynerized to obtain an
i nterpenetrating polyner network structure having a
cheghierd T at dypemi § orm zodposerevhicsonpr fsinglia the
pol yur et hane and an et hyl enically unsaturated
reoonpoundopbl ymeng pOHO41] When the chain
transfer agent is mxed in the preparation the
[CQmdd lynmer nol ding, the content of the chain transfer
agent is preferably fromO0.01 to 20% by wei ght, nore
~_ pr efzer abdaeifitem Gidvd 0 5% byadecghtpopdkeistidblaore
preferably fromO0.05 to 3% by weight, based on 100%
contybaned gt 0f diher @edlynera nebabagi t Whenwit heh camdeniot s
l ess than 0.01% by weight, the effect of the chain
sudg:aisi €41 Bgefdnt $iMadn exerd et SOPBFEMESErdm Elpat r ast
when the content is nore.than 20% by wei ght,
ecdRE{aH Cabo PLORESF RSy SMEMBSeSt1ePash and etastie
nodul us may deteriorate. [0042] - The content of
rentdi¥8 fha D df%aﬂ@rs@g%ﬁu N HAR-RA YRl JRlchiRe tGahal
be neasured by quantitative analysis of a solution
prRhLRargd v ard nding, a 1ol yA@! D! Sb Dene £ 01 d191ed by
Soxhl et extraction with chl oroformusing gas .

confyrﬁs%@@grc%gy-not cont &Pl e5- 94 anot here et hog, of

formy distributing these chain transfer agents

pol ﬂzgﬂd&ﬁ%eé@é'c{f?a{ﬁﬂi & NhLBIYOLS A § N crease
eaction systeminclude a nethod of adding a chain '
i ) . . Y : S
TSRS Ry LSl o ol PRI LI E0 g maqicas
polég«:e iazda{bcl% é)OQIll}ngbEir‘ll. Zab! € 16 QMAas td QiGN LY ANSh ALy,

nt's and/ or radical polynmerization inhibitors ™with

| X J i ght t [ :
’(:ha%,I g:?{elggllﬁﬁe)%ee&n% [ o VEL yneﬁr?g ﬁ%l?eg%%%lﬁgf rﬂl%lda_-ng decreases

e po i I nce
and TSI 0 PR, Sd TRLAGHELLPT MBI g

and/.or_radical E*Ong ner '%raéy'l% b1 nabé%:l’é'ogns%%h

Agents,

PreF e Smpdt att vty 180 ho ar wei ght - are’di stT
i.n the pol yner | ding .i. uni formconcentration . .
radiitade 0 GIIT UG Br Phtd TP Rabe BFC | Hbragra o Wt 10
t he pol r nol ding is high, Therefore,.the resulting

the et ety T Ve PR SR e Hedonete
Qhenicalgy honogeneous. As. the-chain transfer, agent .

radigd Iy R A PG | PR Bt T o Hor Do Ekaltpl e S @Sty

- _conpound having a nol ecul ar weight of 350 or_less is

of et é?roéf&l%?%ég? Baks geo‘fe%%dchgiww s PEFCEGent
havi.ng a nol ecul ar wei ght of_ 350 or |ess include _

Posgibrat i%© MR S UGS TraviRfyL derot Teiut ar R Y Hgin which
350 or less, such as a-nethyl styrene diner,

~doegt B théee N it 1001 G8HE LThrfd $re? €%t Hh HaWi i ark e

al kyl group of 4 to 12 carbon atons,
step of removing the organic solvent becomes unnecessary,

- resulting in decreased production hour and production step,

and an increase in production efficiency. -
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such as t-butyl nmercaptan, n-butyl nmercaptan,
noct yl mer capt an, and n-dodecyl ner capt an. Exanpl es of
the radi cal polynerization inhibitor having a
- nol ecul ar wei ght 350 or | ess include hydroqui none,
hydr oqui nonenono net hyl ether, catechol, t-butyl
catechol, t-butyl pyrocatechol, S
2,6-di-t-butyl-4-nmethyl phenol, and 2-t-butyl-
= 4, 6-di net hyl phenol . [ 0044] In the
[4tht%r penetrating pol ymer network structure, a wei ght
ratio of the polyner nolding to the pol ymer obtained
by p&lyFReUuRl my iy oyt ity 1T clld in s aifeir esgent and
conmpound is preferably from 100/5 to 100/ 300, and
thep e arcefle bl wod ¥ iora U007 Sonhid 007 200y Wherddé@d, more
wei ght ratio is less than 100/5, properties are
predarap vhé Sdne s adibse 9imasher caweenfisthiec pof feelr is
nol di ng al one. In contrast, when the weight ratio is
exggrted.han 100/ 300, the time required to inpregnate
the polynmer nolding with the radical polynerizable
[Cd@vdosi ti on becomes too |ong, and therefore it is not
preferred. [0045] The step of imersing the
pol yifee whladiong: riamstieer reagingalarpd opmerd iadd le
conposition is preferably perforned at a tenperature
podfynkr itzat6@@ fioth i o snao 20 ohiksd tandeips eferaidy 3
hours to 10 days. [0046]
molding, or added in the radical polymerizable composition.

Aléo, 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 coémposition. When
the chain transfer agent and/or radical polymerization
inhibitor are used fo; both of the radical pglymerizable
- compeosition and polymer mclding, the same or different .
compound may be used for both.
[0038] |

When using the radical polymerization inhibitor,
impregnatibn and/or polymerization of the radical
polymerizable compesition are preferably performed in the
presence of an oxygen gas or an oxygen—éontaining gas for
the purpose of enhancing a polymerization inhibkitory effect.
In this case, examples of preferred radical polymerizZation
inhibitors include phenothiézine, hydrequinone,

hydroguinone monomethyl ether, t-butyl catechol, and
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Usi ng the interpenetrating polynmer network structure
-obt ai ned by the above-nenti oned nethod, a polishing
pad is produced. The polishing pad is produced by
form ng the interpenetrating pol yner network
structure into a predeterm ne shape

and_a _predeterm ned thickness and optionally form ng
grooves on the surface. [0047] The t hi ckness
of the polishing pad is preferably 1 mmor nore. The

topanekness aef thiae poldshingipading pref,erdhl,y dkygarorend a
| ess. Regarding the: size of the polishing pad, the

‘gadigrEi£fed LPref piabhy S08nmm o dwrendegagas ngréhesed.
size of the polishing pad, the dianeter is preferably

ExZnil & d€She Wiah-t hgad hi ckness of t tdgepol hehing, patd
is less than 1 mm and the dianeter is |l ess than 300

ardBh . POleshing upad;, | ithel iR, J@y deeeasesildh Gantiast,
when the thickness of the polishing pad is nore than

pa fanand  he i aret efgof o t f%f%&é§f§”9%ﬂ§@'ﬁélﬁ@éeor more.
than 2 m™ it is difficult to replace the polishing

Th%’géjx % —;é%ﬂ%&f&@r@aé r@gls}ge? b%%%% gi]é”bfé’fé'}é{"‘lgﬁﬁp&‘z’y air,

shing surfate ta

or td(%s Jpér %g%ﬁtﬁgf)evcf’b :[‘ll%?il@%l c?%}? EPIJ_DWH[ %l‘@?&@@rq Prfl viewr

nvention, a u m pol 1'shi ng pad” havi ng -
small _varjation in a chem cal conposition can be
Of(éﬁ%é%ﬁ?.éthe aspect of the polishing pad of the
Io@gffent invention is a polishing pad conprising an
interpenetrating pol yner |

The chain transfer agent and/ér radical
polymerizaticon iﬁhibitor preferably exists in the reaction
system in a aniform concentration since it controlé'thé
manner in which the radical polymerization reaction
proceeds.

[0640}

| One of the methods of uniformly distributing these
chéin transfer.agént and/or radical polymerization
inhibitors in the reaction system includes, for example, a
method of adding the raw material inlthe preparation'bf the
polymer melding. Fof example, in the preparation of the
- polymer molding of polyurethane, a chain transfer agent
and/or a radical polymeriéatipn inhibitor are mixed with
polycl as a raw material pf polyurethane{ and then the
poiyol and polyisocyanate are subjected to reaétive

"injection molding using a reactive injection molding {RIM)

_21_



network structure containing a polyner nolding and
apol yner of an ethylenically unsaturated conpound,
the polishing pad having a thickness of . 1 mmor nore
and a dianeter 300 mmor nore, wherein a weight ratio
of the polymer nolding at any position of the
polishing pad is within a range of X3 (% where X (%
denotes an average weight ratio of the polyner
= mol ding based on the total weight of the pol ynmer
mernblodi, g harsd riahe ret Ryl ermiscaldlye uns atturedtred gaipourdthane
pol yner. As described in the Exanples, the -
podgmeas irilainat ieacth ijpdsitthecorchafirt herapelfieshiang padndy’or
measured and a weight ratio of the weight of the
raRolcyme horgheirng at-0 chhe rihatalt oreiaglet ddfs ttdieyreldy ier a
nmol di ng and the ethylenically unsaturated conpound
unf@oie o ctdet-ariioned sndskthaeaveyagehespbakasragoXding
(% . A neasured mninmmvalue in the weight ratio of _
1stﬁﬁ,ﬁ@bﬁﬁﬁédnﬂh@hng k&d&caﬁ3ﬁﬁﬁ&m@rﬂﬁﬁbiea@@m@051tlon and
HHX|nun1vaIue is X+ 3 (% or less. A wight ratio of

thanh rabhyken F@@H&nﬁ raRSatE alRth AN PR ratz N o
position o e polishing pad is within a range of

obtkQ8 anXint3rb¥%heth@@4%y polymerT R tWRIrEhts il ref hav1ng
the polyner nmolding to the ethylenically unsaturated

a €0ERGWAd:poLY.TRL S eRLANed Y MRaASWIING AR RARARA hane

absorptlon spectrum The melght ratio of t'he pol ymer
anGD L %%h&@eh&‘%aﬁtlﬁ} 'u%%'a%%ﬂr'a){:e@%%‘h&bfo%%d p%qu}ﬁ%li“d

pol ymer can culated by a ratio of
[O@Q§?rbance of absorption peculiar to the polyner

nol'di ng to an absorbance of absorption peculiar to

;he fhay! @HECéhEXn“‘E%Q‘h‘é“ﬁ%‘i:e%g%%p‘}%n%&%'d%'I‘Br thal Nce

n aperture dianeter varies end

h . ]
or EEP4EOR FELTEL 05 380, ORVELMLORE SAChio i
- AIRISEEI R D BN AU

n
(L2090 9L o1 BMGOr der oS gplalned. Wien shio .

ospectronetry, he ap derturé 3lanet

pr? gt Qigto 8§ gﬁ f%guéaﬁgdggaﬁg%ggﬁaln§5M§:1
Webaﬁﬂ BglgﬁSngiﬁngfég 87 o Thets sBporeBroat phe 1852

ord s obtaine In, the rp r at p
th38; RoPk PP UEEAPEtof the GHIESenP T AUBnCaT SIHCS Eife
‘ yner nol din d the ethylenlcall unsat ur at ed
0B o anaOBoF JHEF Clr SOREEatSver v h REVTLARE: | FASer Bt
ratio of both is uniformin thﬁg;e%Fon of, ahout 1 pm,
copbehbodf TR BP@@rzOt’h@Yséi’ﬁég ShaPd Capt RFREGTties .
when measur ed. usi ng any nethod. [0050] The
SUEBI?§hﬁﬁﬁeBthanﬁhﬁ16?@%@n@°ﬁﬁ&éﬁtWéﬁ EP@F&P&EP?ehaS
a tenS|Ie breaki ng strength of 13 MPa or nore. The
LO B ilshing pad of the present invention preferably has

a, tensile breaking elongation of 150% or nore. The
t ensihe content of the chain transfer agent in the

mm a
IILOE‘Z‘O tg%
Fhf Par

polymer molding can be measured by gquantitative analysis of
a solution prepared by grinding a polymer moiding, followed

by Scxhlet extraction with chlercform using gas .
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breaking strength and tensile breaking elongation are

val ues obtained by performng a tensile test at an

envi ronment of 23C and 50%H according to JIS K

7113: 1995 under the conditions.of a distance between

chucks:-of 58 mmand a test speed of 50 mmi m nute

using a No. 1 small-sized specinmen (thickness of

specimen: 1 to 2 nm). Wen the tensile breaking

strength is | ess than 13 MPa, polishing properties
chsoreht @grémapl ane uniformty of a polishing rate

during polishing and lifetime deteriorate. \Wen the

t endsis@nbreake Ngpwdiongatneomes ¢esent hramilp0dgstributing

pol i shing properties such as in-plane uniformty of a
theot | iy tees Oer | agepod | shd Hgr anddi cé etpakymerization

deteriorate. The tensile breaking strength is
inlpilefesebl yn SthdPeeorti@sssyhen theltessileebreakong

strength is nore than 50 MPa, the pad tends to becone
adddnd td eshalire t#enstter beakt ngnelongaddodal Spolymerization

preferably 1,000% or nore. Wien the tensile breaking
intelongst ion 4 SscampLrdthiare Iy 008%md hecel ast i€l iyt ofnt fige

pad beconmes too strong. [0051] The poli shing _
radpagh Ofpd hgndir esaite | QW 4 O P ef errabily et NS agents

closeé)cells each having an average cell dianeter of
and/ 0230 PMo Ihgndves Ao el hh th ABE 81y i sn pL ef grgbl y

from10 to 156 pm and particularly preferably from
mo dl%ﬁ%@i@hdtTfhefes%J@%pfdﬁhifedf%m%@é ihetne

pol i shing pad was observed by a scanning el ectron

po Nt 0$PRE {SEMn &t A gfeanification of 200, &#ﬁes and

di ;
I"mages wer e anal yzed by an 1 nmage processor, er eby,

. 1 _di i n i sured
i pf Sort OTH AR e MEREE YL S THRSNIEE ARt

ndliPTBLEL: O s, aurSage, o, e p0l bong oAk I ot

surfaces and ive rom-<cells pr

. ES R tiQ... I - - |
J_nh(;e_’%)'tlsctof v WP AL 5 5t %%%F@P%C&féﬁéwe—?zgg%]o%e

Ional SliIce surrace IS rom

. cel.l.s/ ,..a mor eferably from200 to 600
i1 SFHRTIE s IS JHST HAIS L1 ZAH L0800
ol i,shi.n ad of the .present invention is preferably

coREnrtg b Hinpe et aie by ARl IR VT s a
._val ue neasur.ed Harvard ty i conmeter, ysin
impf ST P HAAEL RS PLEO TR AL Mnerafore,

descr.i bed in Japanese | ndustrial, St

2t h dard JI S
ehe g e e B SRE R L R A e

| ocal snoat hness may becone poar in polishin ‘

oo FPIES Caid Yo BRI TERIS i fFerSfcé ey iereiss,
When the density is nore than 1.1, scratch may occur
298N FOA RGP &ﬁéﬂqe&zaﬁ?@%ﬂﬂﬁ?@f‘tt%nﬁﬁ SR 2
preferably within_a range from0.4 to 0.9, and still

COmRGI i éferablty G045 W BB T [DU53)T 1ess 1s

preferabiy used. Examples of the chain transfer agent
having a moiecular weight of 350 or less inciude aromatic
hydrocarbons having a moleculgr welght of 350 or less, such
aé o-methylstyrene dimer, ethylbenzene, and toluene; and

mercaptan having an alkyl group of 4 to 12 carbon atoms,
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The polishing pad of the present invention can be
used for polishing sem conductor substrates such as .
- silicone wafers; optical nenber such as |ens; and
el ectronic materials such as nagneti c heads and hard
di sks. Particularly, the polishing pad of the present
i nvention can be used as a polishing pad for a
pol i shing treatnment of sem conductor wafers as
~ materials to be polished for the purpose-of
-suydhatase i -l SelmomRictTor Wi s st Gt e héni cal
nmechani cal polishing (CMP) technique. In the CW
odtvepie nde ol A shichgr pald sy lasad-Fran he Eparpdse of the
pol i shing a semi conductor wafer surface by perform ng
raddlcatli we Inte v adfien siediidoriduc tterviwef er anld@ilar
pol i shing pad using a polishing slurry conprising a
wepglhtstiitng radersts and: laxdsh éridcal qusiolautd .oy dtvereinenemono
flattening and snoot hi ng the sem conduct or wafer
mesimyflaeehdQ054]techol, tHimtpdl istHiendhqiad tofbutthe.
present invention can also be used for polishing
pyapidatalchale meres-dsiuah-tas vaptd-ced t Hyensheropt,i cald 2-t-butyl-
prisnms, optical filters, and |ight guides. Exanples
4, &f-dieicemivakheofolapt i cal menbers as subjects to be
pol i shed include glass, quartz, quartz crystals,
‘[osapphi res, transparent resins, lithiumtantal ate, and
['ithium niobate. [0055] "Exanpl es of ot her
appl Tgathens nickGipede taRRlingaticaRgdr ndtivelt Waldriubure, a
arseni de, gal|lium phosphorus, indium phosphorus,

welighttl ket idl WA Rdbe PJliw@n eaNliidey +5 Iﬂrféorpdnyﬁﬁérde)btamed
ceramcs, alloys, and resin as subjects are polished

by polymer121ng from the ethylenically unsaturated compound
is prefeiably from 100/5 to 100/300, and more preferably
from 100/50 to 100/200. When the weight ratio is less than
'100)5, proeperties are nearly the same as those in the case
cf the poiymer molding alone. In contrast, when the Weight
ratic is more than 160/300, the time required to imprégnate
the polymer molding with the radical polymerizabie
composition becémes too-long, énd therefore it is not
preferred.

[0645}

| 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 days.

[0046]
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EXAMPLES [ 0056] The present invention will now
be described in detail by way of Exanples, but the
present invention is not limted thereto. Eval uations
were perfornmed by the foll ow ng procedures. [Average
Cell D aneter] The surface or slice surface of
sanpl es was observed by a scanning el ectron

m croscope "SEMR2400" (Hitachi, Ltd.) at a

magni fication of 200 tines and i mages were anal yzed

by amsinggenpr ocesspencvhet ehy, pallmeel hedivanet ecgutdure
the i mnages were neasured and an average of them was

| obtakﬁ@daﬁyaﬁh@vsbagg gehkidhagekechobAppapent sBeRsgi bYl is
Apparent density was neasured according to the method

pr88séehbedrHd pﬂlaéﬁl?ﬂglzpa@lm B PREARIES €T £ HAI ¥l €he
type). [Tensile Test]

interpenetrating polymer network structure_lnto a

'predetermine shape andwa_predétermined thickness and

optionally forming grocoves on the surface.

[0047]

The thicknéss of the polishing pad is preferably 1 mm
or moré.. The thickness of the polishing pad is preferably
5 mm or less. Regarding the size of fheipéliShing pad, the
diameter is pfeferably 300 mm or more. Regarding the size
of the‘polishing pad, the diameter is preferably Z2 m or
less. When the thickness of fhe polishing pad is less than
1 mm and the diamete£ is less than 300 mm, pclishing pad
lifetime may decféase. In contrast,-when the thickness of
the polishing pad is more than 5 mm and the diameter of the
polishing pad is more than 2 m, it is difficult to replace
fhe polishingrpad and it may become impossible to uniformly
apply to a poclishing surface table.

[0048] |

As deséribed above, when using the production method
of the present invention, a‘uniform pblishing pad having
small variation in a chemical composition-can.be ocbtained.
One aspect.of the pelishing pad of the present invention is

a2 polishing pad comprising an interpenetrating polymer
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Using,a tensile testing machi ne RTM 100 (manufactured

by ORI ENTEC Co., Ltd.), a breaking strength and a
- breaki ng el ongati on were neasured under the follow ng
measuri ng conditions. An average of 5 specinens was
taken as a nmeasured val ue. Test room tenperature: 23C

Hum dity of test room 50% Shape of specinen: No. 1
smal | -sized speci men described in JIS K 7113: 1995
-~ Thickness of specinen: 1 to 2 nm D stance between’
nediwicks s thgtarkesiorspeedind G mdinimint enclding and a
polymer of an ethylenically unsaturated compound, the
polishing pad having a thickhess of 1 mm or more and a
diameter 300 mm or more, wherein a weight ratic of the
polymer molding at any position of the polishing pad is
within a range of X+3 (%) where X (%) denotes an average
weight ratio of the polymer molding based on the total
weight of the'polymer molding and the ethylenically
unsaturatedicompound polymer. A4As described inkthé 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 mdlding and the
ethylenically unsaturated compound polymer is determined
and the average is taken as X (%). A measured minimum
value in the weight ratio of the polymer molding is X - 3
(%) or more and a maximum value is X + 3 (%) or less. A

weight ratio of an ethylenically unsaturated compound

polymer at any position of the polishing pad is within a

-

range of (100 - X) £ 3 (%).

[6049]

The weight ratio of the polyﬁer melding to the
ethylenically unsaéurated compound polymer is obtained by
measuring an infrared absorption spectrum. The weight
ratic of the pelymer molding to the ethylénically

unsaturated compound polymer can be calculated by a ratio
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[ Measurenent of Weight Ratio of Pol yurethane and
Pol yrmet hyl Met hacryl at e] A sheet to be
neasured was cut into pieces neasuring 600 mMm x 600
mm and then finely cut into 400 pieces neasuring 30
mmx 30 mm In the center of each piece, an infrared
absorption spectrum was neasured by the foll ow ng
procedure and a weight ratio of polyurethane to
pol ynmet hyl . net hacryl ate was cal cul ated from an

of ads oilbances @t | @f ofb abspet pbn opscaerdvedo f tlom polymer
pol yur et hane and pol ynet hyl nethacrylate. Wth

mo I@SPEeCto tan 406 pilesess af webghtpt ath opefupohy ur et tiane
based on the total weight of pol yurethane and

et ippl yetdyl y nethaciyi et €@ wespdeher o Ntk r and itrhen drhe
average X, the m ni num val ue and the nmaxi num val ue

apdel erded eianed. vievi sedebonaigg &4 anss afdasnt 184 efethod,
absorption spectroneter "AVATAR360" (manufactured by

+hdN €0} et 0. Jp i trachyrent spbetbaantat1ys | NSt lethmple,

one-refl ection ATR neasuring device "OWI -sanol er”

ackIRILystals Ghvdde] dence; anghead 4pdR@ssid by, the

condi tions: nunber of scanning times: 32 tines,
apd ASPLY I DL ROVIES 15 4 60 de MBagHriig POt 100 r S EAGE both

center, front surface and back surface of a specinen
poi?ﬁ%%ginkﬁ3fa§ﬁé§€“&§ @h@n}égiéﬂi&fnﬁ§ﬁm 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 microspectrom@try, a wéight
ratio of both polymérs with respect to the region of 1 um
order is obtained. In the interpenetratiﬁg polymer network
structurelof the present invention, since the polymér
molding and the ethylenically unsatu;ated compound polymer
'are mixed very finelyrand the weight ratic of both is
uniforﬁ in the regioﬁ of about 1 pm to about 1 mm orcer,
the same results are'obtainéd when nmeasured using any
method.: |
[0050]

The éolishing pad of the present invention preferably

has a tensile breaking strength of 13 MPa 6r more. The
polishing pad of ﬁhe present invention preferably has a

tensile breaking elcongation of 150% or more. The tensile
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Anal ysi s nmethod: Absorption at 1105 m1 was used as
absorption derived from pol yuret hane. Absorption at
1150 mwas used as absorption derived from pol ynet hyl
met hacryl ate. A weight ratio PU PMVA of pol.yurethane
and pol ynet hyl nethacrylate (hereinafter referred to
as PMVA) was cal cul ated from an absorbance rati o ABS
(PU): ABS (PMVA) of two absorptions. In the
- cal-cul ation, analysis software "OWNIC E.S.P. 5.1"
bratdciged trengide dod denwds eusatka Regardin adatar are
processi ng of spectrum the follow ng procedure was
vadalesi edtedted by aetrd drasend ineaowlillectticon, a2)an
aut o-snmoot hing, (3) Y axis normalization, and (4)
enpealongenec tifo 3 Ev ankatsitéR Fofa Ralridiionglo JIS K Wslidvgl 995
"Suba400" (manufactured by Rodel- Nitta Corporation)
unge ra ttes ook iltayers, od poldistiangepaek thwacre cévalkisatoed 58 mm
was appli-ed using a doubl e faced adhesive tape to.
anplr adttee ta sparidnatie @ Opaimi/shing epackinbhe Nam Natsetk11-sized
pol i shing pad was applied on a surface table of a
sppebinshi Nnghdeknee sand, sakiamepr-essitag 2an@i}anORden: the
condi ti oner against the | am nated polishing pad under

teaspnessueakohqgls@rehM@anh tike 1peld sy iIsumMrace dallseing
was rotated at a rotational speed - of 32 rpm and

prb?@r@@@@i tlueRek svas -patake drdl¥ AniakatldonRalpe1 iSPeed; rate
of 30 rpmin the sane direction. Wile feeding. -

duPdhif bediwat ey angdt he rpelinshing Haddttea rRhenotrLd00
nmL/ m nute, conditioning of the polishing pad was
teH@Eﬁ@rgﬁgaking elengation is léss than 150%, polishing
properties such as in—-plane uniformity of a polishing rate
during polishing and lifetime deteriorate. The ténsile
breaking strength is preferably 50 MPa or léss.‘ When the
tensile breaking strength is more than 50 MPa, the pad
tends to become brittle.. The tensile breaking elongation
is preférably 1,G600% of more. When the tensile brezaking
elopgation is more tham 1,000%, the elasticity of the pad
becomes too strong.
[0051]

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

was observed by a scanning electron microscope (SEM) at a
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for 5 mnutes. [0057] , A 6 inch silicone wafer
for evaluation was nounted to a polishing head of a
pol i shing device and then rotated at 40 rpm The
| am nat ed polishing pad was fixed on the polishing
surface table of the polishing device and then
rotated at the sanme rotation direction as that of the
polishing head at 40 rpm Wile feeding a
silica-based slurry at a rate of 180 ni/ m nute,
magol f sthngomast peed or ieds unér 12 pok i s agapeeszed eopfan
0.06 MPa for one mnute and a polishing rate of an
imaxé derdid ssof, theesebyconk! wad el Siwfatersasn the images
nmeasured. After polishing, while feeding purified
weratmsasunedi atel y attieer poreshyagosotlasmnotst bakky as an
the wafer surface, the wafer surface was washed using
avearypt yve Nyl dbdeobel . sponge: andr faea df i €de byospslaymamgrad,
dry conpressed air. [0058] Twenty wafers for -
flevadwetdons Welie Pedhshed andivhe 206h oxide prémrably
pol i shing rate was neasured. After continuously
ext | Shi DG réher 509t ho oximde: friunBpoldShidig o alre aas
nmeasured. [Polishing Rate] By measuring a
optadre1 tdi ckoessr petor es apte adt o1 poftshi NG si NP GO

l'ight interference type thickness neasurenment system

celi@m@a AR VBN Lyl aGtd exh oy DAY l?;%@l\is/mm
EEN MFG. CO., LTD.), a polishing amount (a

Odgg ishing rate) per unit hour was calculated. A test
mafer for evaluation in which a thermal oxide film

haV'p[ig;%érﬁE ckness: of  Abgid aﬁoﬁlmlags 308 "BE O & fesent |

i nch cone mafer was use
invention is preferably from 0.2 to 1.1 g/cm®, The

apparent density is a value measu;ed by Harvard type
picometet using purified water as a medium and can be
measured by the method described in Japanese Industrial
Sﬁandard JIS K 7112. When the apparent density is less
thanf0.2,-local smoothness may become pocr in polishing
'préperties and global levél differénceKmay intreéSe,\—When
the density is mofe than 1.1, scratch ﬁay occur in
polishing properties. The abparent density is more
preferably within a range from 0.4 to 0.9( and still more
preferably from 0.45 to 0.85.
100537

The polishing pad of the_present invention can be
used for polishing semiconductor Substrates such as

- silicone wafers; cptical member such as lens; and
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[In-Plane Uniformty] A polishing rate was

nmeasured at 49 points of a wafer in a dianeter

direction and then in-plane uniformty (% was

cal cul ated by nultiplying a value, which is obtained

by dividing a difference between a maxi nrum val ue and

a mninmumvalue by 2 tines an average at 49 points,

by 100 In-Plane Uniformty (% = (Maxi mum -
* Mnimum x 100/2 x Average [Flattening Properties]
elwrttrpn\mf aag:efrom lev sugdt iaon e tpiot i Tsteds st thverd disks.

"polished using an oxide filmwafer with a repeating
Pagaticadariavi ngea ppdtiterimch@isghto foft s 6Orpmrahdiravention

.l'ine&space having a- line of 300 pmand a space of 30
capmpeepalsieshiarrg aves Ipetfiorgred oy dther ghovesiprior ddigatment of

During polishing for 30, 60, 90, 120, 150 and 180
sesgconds.ctioe wagesiy erentatwas. sier flor red randi 4thed tiowe the

required for a level difference to- be decreased to
pu@pbB@epmias latntesnﬂntg efenfilcatricemitiog: weest cdet arsrﬁlrn;eda chemical

[ 0059]
mechanical polishing {CMP) technlque. 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 smooithing the
semiconductor wafer surface.
[0054]

The polishing pad of the presént invention can also
be used for polishing optical members such as optical lens,
Opfical prisms, éptical filters, and.light guides.

Examples of materials of optical members as subjects to be
polished ihclude.glass,'quartz, guartz crystals, sapphires,

transparent :esins, lithium tantalate, and lithium nicbate.
[0055]

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

polished
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(Conpar ati ve Exanple 1) In a first raw
material tank and a second raw material tank of an
- RIM nol di ng machine, the following raw materi a
conpositions were charged and, after |oading a
nitrogen gas in the first raw material tank, the raw
mat eri al conpositions were poured into a die and then
cured to obtain a polyurethane nol di ng measuri-ng 850
mm x 850 mm and 12 mmin thickness. The resulting
pol yur et hane nol di ng had an apparent density of 0.82
g/ cnB8 and cl osed cells having an average cel
Exéﬂﬁﬁgggr of 28 mwere observed. <First Raw Materi al
ank> Pol ypropyl ene gl ycol 85 parts by wei ght
O&%éﬁhylene gl ycol 15 parts by weight Tin octylate0.5
' par by wei ght Silicone-based foam stabilizer3 parts

Vﬁ%iﬁqg%r E}‘gﬂlﬁ ergvé/\@é e&Q ﬁlfﬂrﬁovpybé!\eﬁ@%rfk%w detail

by way of Examples, but the present invention is not
limited theretc. Evaluations were performed by the_
féllowing procedures.

[Average Cell Diameterj

The surface or-slice sﬁrface-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 méasured and an average of them was takén as an
average cell diameter.

[Apparent Den81ty]

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., Lfd.), a breaking sfrength and a breaking
elongation were measured under the foliowing measuring
conditidns. An average of 5 specimeﬁs was taken as a
measured value.

Test room temperature: 23°C

Humidity of test room: 50%



Di phenyl met hane dii socyanatel20 parts by wei ght

The follow ng radi cal polynerizable conposition was
prepared and the above-nenti oned pol yuret hane nol di ng
was i mrersed therein at 20C for 7 days. As a result,

t he pol yuret hane nol ding was i npregnated with the
entire anount of the radical polynerizable
conposition. A weight ratio of the polyurethane
~nmolding to the radical polynerizable conposition was

shdp8/ 380spMet hyh - Mebhagr yhat @300 zpar kpebY el GRlscribed in
Azobi si sobutyronatrile0.9 part by wel ght The

jIQOkyugggh@gg5nnld|ng swol | en by inpregnati on was
I nt er posed between two glass plates via a gasket nade

ThQEkMéQ¥| o§h%_ﬁéb§§zenf:0ﬂ| owed by sealing by fixing the
peri phery e radi cal polynerizable conposition was

Di6HEBEe DY hEaLENELALKEOCSE0k S hours and heating in an
oven at 100C for 3 hours to obtain an

Teggtg*@g@etggtﬁﬂgm99h¥ger network structure. The
resultant interpenetrating polymer network structure

M@Q§u£s$SE§egf ALt EpkEeRg a8S, '@E%guggggéggfgﬁaggglwﬁathyl

nmeasur ed. ely after dryrn

for 12 hours and then at a nor nal
Me@@%%g %%ggg for 12 hours, the meight was neasured. As

a resulf..ga «‘é‘@ % m%ggér%SwQQt cGeNtLENeE WRED [oasuring
conpared wth't ef ore " drying ‘
600 mm x 600 mm‘and then finely cut into 400 pieces
measuring 301mm x 307nmn In the center of each piece, an
infrared absorption spectrum was measured'by the following
proccedure and a weilght fatio 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 polyﬁrethahe based on the total weight of polyurethane
and polymethyl methacfylate was determined, and then the
avaerage X, the minimum value éhd the maximum valué were
determined.
Deﬁice: Fourier transform infrared absbrption spectrbmeter
“AVATAR360” {manufactured by Nicolet Co.)
Attachment:rhorizontally installed one-reflection ATR
measuring device “OMNI-samoler” ATR crystal: Ge, incidence
angle: 45°

Measuring conditions: number of scanning times: 32 times,
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[ 0060] The center portion of the
i nterpenetrating polyner network structure in the
t hi ckness direction was sliced and surface-ground to
obtain a sheet having a thickness of 2 mqmm No. 1
smal | -si zed speci nen was punched out fromthe sheet,
and then a tensile breaking strength and a tensile
breaki ng el ongati on were neasured and found to be
11.6 MPa and 270% Also a No. 1 small-sized specinen
rewadvpngchedeout 4f e t he end portion of the sheet and
then a tensile breaking strength and a tensile
Mebseakhggpebbhgaht opuandctoundite, bExrOn8 MRafand 240%ack
[ 0061] Wth respect to a sheet having a
subthbeknessa ofpdcmrtuinchrom hhe3cent er 3par ki @nminnikhhe
thi ckness direction, a weight ratio of polyurethane
thi@khBessum of pol yuret hane and PMMAA-was cal cul at ed.
As a result, the weight ratio of polyurethane in 400
AnRLP6ES ROOMEA: amAVEI AR 0fa 3l B% ' myaknuBeyakye of
37.3% and a maxi num val ue of 49.2% A ratio of the

abBOLYUI &4 havei fok df Agmt %o![ grethyheni caldy-pinsat usat edsg
conmpound pol ymer was 100/130.9. [0062] ' The

m'sheet ,Rawi 99 ankBi-ekness Rfr 12 M Hoarddiecent er
portion in the thickness direction was punched out to

mef.’l'?é@:f?lét&i rai %élﬁ;ﬂ{‘%a?cﬁé Wiﬁﬁwfoﬁg&bm%&e and

attice pattern-like groove neasuring I.5 mmin

po%\%rgébhyp' é?igﬁ-(ﬁ:%eé%‘%ﬁg% h (ﬁQE‘e?ﬁQaﬁ%EneréEgeéﬁﬁ}ﬁgf,QE@ﬁm)

one” sur produce a polishing pad.

waOLL 8010 ad-had an 2ppALenhdepsiiy 8ks0:85) OhREB  pum)

an average ce aneter o

Ofg&%%}g‘%&%ﬁ&t eé Is\lj?[gﬁa];{ehoén &aeié&légﬁgo%,ceiﬁﬂﬂ@g YECare
“OMNIC E.5.P. 5.1” attached to the device was used.
Regarding data:processing of-spectrum; the following
procedure was carried out: (1) auto base line collecticn,
(2) auto-smoothing, (3) Y axis normalization; and (4) peak
detection

-{Evaluation of Polishing]

Using “Subad(0” (manufactured by Rodel Nitta
Corporation) as a cushion layer, a pclishing pad to be
evéluated was applied using a double faéed adhesive tape to
produce a laminated polishing pad.” The laminated polishing
rad was appliéd on a surface table of a polishing device
and, after pressing 2 diamond conditioner againstrthe
laninated polishing pad under a pressure Qf 0.05 MPa, the

polishing surface table was rotated at a rotational speed
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[0063] As a result of evaluation of polishing, the
1st and the 20th polishing rates were respectively
1,800 angstrons/ m nute and 1, 850 angstrons/ m nute,
and in-plane uniformties were respectively 15% and

- 16% After polishing 500 sanples, the polishing rate
was 800 angstrons/m nute and in-plane uniformty was
30% Wth respect to flattening properties,

= flattening required polishing for 150 seconds. [0064]

- of Cotrparmtive ExanpbedR)ioner waTheoddBedingh 44 Srotational
portions of the interpenetrating polyner network

sstedict Ur 20 of priCompatiat | vendExainpéet lon n g iehifelendssy
direction were sliced and surface-ground to obtain

- pishieetsd haviarg an ttheknessslofng paat No.a lrsiml o £ sized
speci men was punched out fromthe center portion of

mit heirsheet , candh ¢ heni g tehsihe heeaking Stdengidh Bt @rmed

tensil e breaking el ongation were neasured and found
fd1o beniandensi | e breaking strength 9.3 MPa and a

tensil e breaking elongation of 180% and a tensile
[duseaki ng strength of 8.9 MPa and a tensile breaklng

el ongation of 190% [0065]

A 6 inch silicone wafer for evaluation was mounted to
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;Silicdne wafer
surface was measured. After polishing, while feeding
purified water immediatély after polishing so as not to dry
the wafer sufface, 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

cdntinuously peclishing, the 500th oxide film polishing rate

was measured.
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In Conparative Exanple 1 and Conparative Exanple 2,
there was confirnmed a remarkable difference in the
values of the tensile breaking strength and the
~tensile breaking elongation of the tensile test piece
havi ng a thi ckness of about 2 nm obtained fromthe
sane interpenetrating polyner network structure
bet ween the center and peripheral parts in the sane
sheet, and between the center sheet and the surface
[pbayehisheritén the thickness direction. 10066]
Wth respect to the sheet having a sheet having a
t hi ckpessz Ofir 2ndma obs aénethf comethepd fbrporhionfiBr
the thickness direction, a weight ratio of

poPObNURgt hanegto 1hensumetrpekyuret hape andcRivMAswas .
calculated. As a result, the weight ratio of

me POL YA EL NABEs t n 490 phas escshovmdzanoavenagarattured by
36.4% a mni mumval ue of 30.6% and a nmaxi nrum val ue

Pa 0 1 BRod Yechrtatiee of chhe pebyyi ekhape: BBk dngmbanthea
et hyl eni cal | y unsat urated conpound pol yner “was

poﬂg%%g(ﬁl-;at%g%g} unit ho®® k8saPRAREDELEAOMA Mgt wafer

results of arative Exanple 1 and Conparative

fofagwgﬂfééﬁo@oiﬁdﬁﬂfgﬁfﬁsbﬁﬁ@ﬂa§nokﬂdel@ﬂ@mlﬁég§ng a

distribution wde o e conposition and al so there

thf@%n@%éa%ﬁeaﬁ%ﬂée[eﬂcgﬁi¥ggggpﬁéhtEHnab%tTﬁ@ﬂ £B®icone

cent ér” sheet and the ayer sheet in the
Wa%géc%g§sﬁségyection. [0068] (Exanple 1)

[In—PlaneIUniférmity]

'A polishiﬁg rate was measured at 49 points of a wafer
in a diameter direction and then in-plane uniférmity {%)
was calculated by multiplying a value, which is cbtained by
~dividing a difference between a maximum %alue and a minimum
- value by 2 times an average at 49 points, by 100

In-Plane Uniformity (%) = (Maximum — Minimum) x 100/2
x Average
[Flattening Properties]

Forty wafers for.evaluation were poiished and then
‘polished using an oxide'film,wafer with a repeating pattern
having a patterﬁ height of 0.60 pm and a lineé&space having
a-line cof 300 uym and a space of 30 pm, polishing was
performed by the above procedure. During polishing for 30,
606, 90, 120, 150 and 180 seconds, the measurement was ;

performed and the time required for a level difference to
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In the very same manner as in Conparative Exanple 1

except that the foll ow ng conposition was used in the

first raw material tank and a chain transfer agent

cont ai ni ng et hyl benzene in an anmount of 10.2% by

wei ght based on 100% by wei ght of pol yurethane was

used, an interpenetrating polyner network structure

and a polishing pad were produced. <First Raw

-~ Material Tank> Pol ypropyl ene gl ycol 85 parts by wei ght

“beDilethyhend gbytold5SuparssabyeselghtfEChylbeniege®ss
parts by weight Tin octylate0.5 part by wei ght

deSetmcoed- based foam stabilizer3 parts by wei ght

[0059]

(Comparative Example 1)

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 polyurethane molding measuring 850 mm x 850 mm

and 12 mm in thickness. The resulting polyurethane molding

* and closed cells

had an apparent density of 0.82 g/cm
having an average cell diameter of 28 um were observed.
<First Raw Material Tank>

Polypropylene glycel 85 parts by weight

Diethylene glycol‘ 15 parts by weight
Tin octylate - - - 0.5 part by weight
Silicone—based foam stabilizer 3 parts by wéight

Purified water | 0.3 part by weight

<Second Raw Material Tank>

Diphenylmethane diisocyanate 120 parts by weiéht
The following radicél polymeriéable composition was‘

prepared and the above-mentiocned polyurethéne melding was

immerséd thereiﬁ at 20°C for 7 days. As a result, fhe

polyurethane molding was'impregnated with the entire amount
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Purified water0.3 part by weight The resulting
polishing pad had an apparent density of 0.87 g/cnB,
and cl osed cells had an average cell dianeter of 35
pm Openi ngs derived fromcells (400 cells/mR2) were
observed on the surface. A tensile breaking strength
and a tensile breaking elongation of a sheet having a
t hi ckness of 2 nmobtained fromthe center portion of
the interpenetrating polymer network structure in the

of tiheknegscdi resliasrnesel tespapbEvel yn13.2 WPaglandratio
270% - [0069] As a result of evaluation of

of Pehd Shb g rdekaa8dnd08hngot bshhagrsai €81 WpbBymerizable
respectively 1,820 angstrons/ m nute and 1, 820

coPOSt £ 0o®/ M ouieo/and. i n-plane unifornities were
respectively 8% and 7% After polishing 500 sanples,

Methp RRLEShiPG sake was 1, 810 angsty@myaadats, and ght
in-plane unitTormty was 8% Wth respect to

nzdbAtienng, propertigs,  flatteni ng reqfedPldisHg
for 120 seconds. [0070] (Exanple 2)

The polyurethane molding swollen by impregnation was
iﬁterposgd between two glass plates via a gasket made of
vinyl chloride, folléwed bf sealing by-fixing the periphery.
The radical.polymerizable composition was cured by heéting
at 70°C fdr 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 wés released from the glass plates and the weight
was measured. Immediately after drying at 50°C for 12
hgufs, 100°C for 12 ﬁours and then at a normal temperatuie
for 12 hours, the weight was measured. As z result, a
weight loss was not confirmed when compared wifh that
‘before drying.

{0060]

The éenter portion of the interpenetrating polymer
network structure in the thickness direction waé sliced and
surface-ground to‘obtain a sheet having a thickness of 2 mml
No. 1 small-sized specimen waé punched out from the sheet,
and then a tensile bréaking strength‘and a tensile breaking

elongation were measured and feound to be 11.6 MPa and 270%.
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‘In the very sanme manner as in Conparative Exanple 1
except that the follow ng conposition was used in the
first raw material tank and a chain transfer agent
contai ning a u-nethylstyrene dinmer in an anmount  of

2. 9% by wei ght based on 100% by wei ght of

pol yur et hane was used, an interpenetrating pol yner
network structure and a polishing pad were produced
<Second Raw Material Tank> D phenyl net hane

‘Aldbi s06yanat eh20 1paritze by paeiighin aarethylstad ene from the
diner6.5 parts by wei ght The i nterpenetrating

enpobyAeR oREBWO kK oS tahdetiuze dhathean sappalante dens tihpf
0.86 g/cnB, and closed cells had an average cel

stdeameheanal a35cpi 1Q0eHLRGS rdelvedafirom celd Stk to be
cell's/mMmR) were observed on the surface. The tensile

o _brgaki ng4stnength and the tensil e breaking el ongation
of the sheet having a thickness of 2 nmm obtained from

[obhejcenter portion of the interpenetrating polymer
network structure in the thickness direction were

reSpﬁEEhV§E¥ﬁéét8tNP% @ﬁ@e%lﬁ%mhgozlkmcknes\é'toh: 2 mm

respect to the above-nentioned shéet, a welight ratio

cuPf rRalyuRet Pape tothe ;sum;af pal x&a&%ﬁ&%@% and-MRL, 4

weight ratio of polyurethane to the sum of polyurethane and
?MMA‘was calculated. As a result, the weight ratioc of
poiyurethane 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.
[C062] |

The sheet having a thickness of 2 mm cut from the
center portion in'the thickness difection was punched out
to obtain a circle ﬁaving a diameter of-600 mm and a
lattice péttern—like gréove measuring 1.5 mm in width, 0.5
mm in depth and 30 mm in pitch was formed on one surface to
produce aAﬁolishing pad. The polishing pad had an apparent
density of 0.85 g/cm’, and closed cells had an average_cell
diameter of 34 pym. Openings derived from éells (395
cells/mm?) were observed on the surface.
[0063]

As a result of evaluation of pclishing, the lst and
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was cal cul ated. Asa result, the weight ratio of
pol yur et hane in 400 pi eces showed an average of
40.3% a mni num val ue of 38.1% and a maxi mum val ue
of 42.3% A ratio of the Pol yurethane nolding to the
et hyl eni cal |y unsaturated conpound pol yner was
100/ 148. 1. [0072] As a result of evaluation of
polishing, 1lst and 20th polishing rates were
respectively 1,860 angstrons/ m nute and 1, 890
thangsthopsl héhine, randsi vepranespartovedYi esBWere
respectively 7% and 8% After polishing 500 sanples,
angherpo$ /shiwge rane Wa85Q, 810shngss foasy e nueed ahd-plane
in-plane uniformty was 7% Wth respect to .
unffatmeniag peroper¢spsctivatyehbhganequet ed Agaldshi ng
for 120 seconds. [0073] (Exanple 3) The 1/5
poahsh#4d pob tsaonslef, thieei poeipbnegratiagepsl §o@er
network structure of Conparative Exanple 2 in the
and bt cknessithtrecinoni wepeasti apdfandi surdase3 @t ound o
obtai n sheets having a thickness of 2 nm No. 1

reSp@att - 56 zeth Sipeci e np nase punehedf dat t &1 ony t hegeenter
portion of the sheet, and then a tensile breaking

po3igsengd hfand 50 t easbhes br eaki ng el ongation were
nmeasured and found to be a tensile breaking .strength

rod&s¥ MPa and a tensile breaking el ongation of 314%
and a tensile breaking strength of 15.6 MPa and a

(coRpstdei bt eakimgn €l pngation of 310% [0074]

The 1/5 and 4/5 poitions of the interpenetrating
polymer network structure of Comparative Example I in the
thickness direction were sliced and surface-ground to
obtain shéets having arthickneSS of 2 mun. 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 of 180%, and a tensile breaking strength of 8.9
MPa and a tensile breaking eloﬁgation of 190%.

[0065]

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

about 2 - mm obtained from the same interpenetrating polymer
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Wth respect to a sheet having a thickness of 2 mm
cut. fromthe center portion in the thickness
direction, a weight ratio of polyurethane to the sum
of pol yuret hane and PMVA was cal cul ated. As a result,
the weight ratio of polyurethane in 400 pieces showed
an average of 39.6% a m ninmum val ue of 37.6% and a
maxi mum val ue of 41.7% A ratio of the polyurethane
7 nolding to the ethylenically unsaturated -
n%ﬁﬁéﬂﬁ&ﬁa%ﬁe RECVERS 19 5o o SR peripligral parts
nple 2 and Exanple 3, there was a small difference
in ﬁqehe%% FEEeeH s EiHias BrivakG Y-t rdiRstth Al the
tenS|Ie br eaki ng el on atlon of the tensile test piece
SURAPCFg la YiHi ckyvéds 1ab i lgBt S 8 936t he sane
i nt er penetrating pol ymer netmork structure in and
en sheets. Also, there is a small difference in
an average of the weight ratio of polyurethane
bet wléiht fre spenttert os séeed it e wurd dcsHepfethastiewt 2
in the thickness direction. As is aeparent fromthe
thiegolelss, afhér aui obéxdmesd e eflfect/ ofpaddragasimghe
di stribution of the conmposition in the thickness
thdicksetsison i ciddinng aa wehaiht tradnsf erf agenturt0Giz6] to the
(Exanpl e 4) In the very sanme nmanner as in
su@owpapatlivue ebams ent], FeRPeptad hatl dhletfeal | oBisng result,
conposition was used in the first raw material tank,
thea pelightetirane il giolgu retitamecaint adis piasces cimiwed an
transfer agent, a a-nethylstyrene diner in the anount
avelka@Ge09% B .vei, glat miasednoval00%dly Meightaref a maximum
pol yur et hane ‘and al so contains closed cells having an
vadppapgnt2dansi t ¥ oft0o3drgteaBpanguastavaragelaehly to the
di ameter of 80 pm was produced. <First Raw Materi al
ethgnkrically unsaturated compound polymer was 100/174.7.

[0067]

As is apparent frqm the results of Comparative
Example 1 and Comparative-Exémple 2, both shéets showed an
in-plane largé distribution wide of the composition and
also there was a large difference in composition between
the center-sheet and the surface layer sheet in the
thickness direction.

[0068]
(Example 1)

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

ethyvlbenzene in an amount of 10.2% by weight based on 100%
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Pol ypropyl ene gl ycol 85 parts by wei ght Diethyl ene
gl ycol 15 parts by wei ght a-nethyl styrene diner0.2
part by weight Tin octylate0.5 part by weight
Silicone-based foam stabilizer-3 parts by wei ght
Purified water .0.3 part by wei ght
The-foll owi ng radi cal polynerizable conposition was

- prepared and the above-nenti oned pol yur et hane nol di ng
was i mrersed therein at 20C for 24 hours. As a

by st dheppbiyts et henevam| diag, was 1npe egaatedawl td
the entire anount of the radical polynerizable

po CENEROShd tdr k Aswehghlir£ aihnd Hfpdhespohyuped hagee produced.
nol ding to the radi cal polynnerizabl e conposition was

<riLO0/ 30w Medhyitiaethackyl at e300 parts by wei ght

Polypropylene glycol 85 parts by weight-
Diethylene glycol 15 parts by weight
Ethylbenzene 25 parté by weight
Tin octylate | 0.5 part by weight
Silicone-based foam stabilizer 3 parts by weigh£

Pu%ified water . 0.3 part by weight

. The resulfing polishing pad had an apparent density
of 0.é7 g/cm®, and closed cells had an average cell
diameter of 35 um. Openings derived from cells (400
cells/mm?) were observed on the surface. A tensile
breaking strength and a tensile breaking elongation of a
sheet haﬁiﬁg a thicknessjof 2 mm obtained from the center
portion of the interpenetrating polymer network structure
iq the thickness direction were respectively 13.2 MPa and
270%.

[0065]

As a result of evaluation of polishing,-lsf and 20th
polishing rates were respectivély 1,820 éngstroms/minute
and 1,820 aﬁgstroms/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,
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Azobi s(2-nmet hyl butyronitrile)1.5 parts by wei ght

The pol yuret hane nol ding swol |l en by inpregnati on was

i nt erposed between two gl ass plates via a gasket nade
of vinyl chloride, followed by sealing by fixing the

peri phery. The radical polynerizable conposition was
cured by heating at 70C for 5 hours and heating in an
oven at 100C for 3 hours to obtain an

i nterpenetrating polynmer network structure. [0077]

fl’élﬁee@em;en;e@@ntﬁe@n ool it rice Wt 1 igdeespenet rat i ng
pol ymer network structure in the thickness direction

rowas]sliced and surface-ground to obtain a sheet
having a thickness of 2 mm [0078] The
(E2BRye=nenti oned sheet was punched out to obtain a
circle having a dianmeter of 600 mmand a lattice

Patt%nthbk%eegoeﬁeerr%%@rngsl 1@ WP AR FampT® 1,
in depth and 18 mnmin pitch was forned on one surface

exk@pRr edusce +&-PalJj13hiAg, é;\g%mpmeitg@ﬂ shidg, fRad 1@@%@ first

apparent density of O. g/ cnB8, and cl osed cells had

<o REISLERE Sobh hpre el 82 s ot it <
'-a+ﬁg55§§§tyrene dimer in an amount of 2.9% by weight based
on 100% by weight of polyurethane was used, an
interpenetreting polymer network structure and a polishing
pad.were ?roduced. |
<Second Raw Material Tank>
Diphenylmethane diisecyanate _ 120 parts by'weight
o-methylstyrene dimer | 5.5 parts by weight

The interpenetrating polymer network structure had an
apparent density of 0.86 g/cm?, end closed cells had an
average cell diameter of 35 um. OpeningS'derived from
cells f367 cells/nm?) 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 iS.S MPa and 315%.
[0071]

With respect to the above-mentioned sheet, a weighﬁ

ratio of polyurethane to the sum of polyurethane and PMMA
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[0079] As a result of evaluation of polishing, the
1st and the 20th polishing rates were respectively
1,220 angstrons/ m nute and 1, 240 angstrons/ m nut e,
and in-plane uniformties were respectively 9% and
10% After polishing 500 sanples, the polishing rate
was 1,220 angstrons/ mnute and in-plane uniformty
was 9% [0080] (Exanple 5) In the very sane
manner as in Conparative Exanple 1, except that the

waf otd bvi hgt ednpdss td oreswalst usdk agse et raafi calof

~ pol ynerizabl e conposition, an interpenetrating

po polyeEnamet ivor KO8t pueteaseshnded pol avhiragepal WBré%, a
produced. Methyl nethacryl ate300 parts by wei ght

minimum value of 38.1% and a maximum value of 42.3%. A

ratio of the polyurethane molding to the ethylenically

unsaturated compound polymer was 100/148.1.

[0072]

As a result of evaluation of polishing, 1lst 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 polishing 500 samples, the
polishing rate was 1,810 angstroms/minute and in-plane
uniformity was 7%. With respect to flattening properties,
flattening regquired polishing for 120 seconds.

[0073]
(Example 3)

The 1/5 and 4/5 portions of the interpenetrating
polymer network .structure of 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 center portion of
the sheet, and then a tensile breaking strength and a
tensile breakiné elongation were measured and found to be
tensile breaking strength 15.7 MPa and a tensile breaking

elongation of 314%,-and a tensile breaking strength cof 15.

MPa and a tensile breaking elongation of 310%.
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Azobi si sobutyronitrile0.9 part by weight

n-octyl mercapt an0.9 part by wei ght The

resul ting polishing pad had an apparent density of

0.88 g/cnB, and cl osed cells had an average cel

di ameter of 34 pm QOpenings derived fromcells (390

cells/=2) were observed on the surface. Atensile

breaki ng strength and a tensile breaking el ongation

of a sheet having a thickness of 2 nmm obtained from
[Oﬂﬂé center portion of the interpenetrating polymer

network structure in the thickness direction were

resp@tthvessrast OtwPa ahacB81b8yigo81Fhicknesspgfa2 mn

result of evaluation of polishing, the 1st and 20th
cupofiehi hger aeebevepertéspedni vBRythighpess direction, a

angstrons/ mnute and 1,900 angstroms/ m nute, and
weighplaaelgnofopuiyuesthene tespbet Bvel 9L 79pandrgthane and

After polishing 500 sanples, the polishing rate was
PMUZ 8508s angstubasédi nie andesnlipl aee urd @ tgtvasof

8% Wth respect to flattening properties,
poliattenang ieqdddedipokisshhngefiornl2®esagends. 3P0682] a
minimum value of 37.6% and a maximum value of 41.7%. A
ratio of the polyurethane molding to the ethylenicaily
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 distribution of the Eompqsitibn in the
thickness direction by adding a chain transfer agent.
10076
(Example 4)

‘Iﬁ the very same manner as in Comparative Example 1,

except that the followiﬂg composition was used in the first
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(Exanmpl e 6) In the very same manner as in

. Conparative Exanple 1, except that the foll ow ng
conposition was used as the radical polynerizable
conposition, an interpenetrating pol ynmer network
structure and a polishing pad were produced. Mt hyl
nmet hacryl at e300 parts by wei ght
Azobi si sobutyronitrile0.9 part by wei ght
a-met hyl styrene dinerl.2 parts by wei ght Hydr Oqui none

raWORQRELhYt eLher 05 06opatitcbMakei 8Pt ding, whIBB contains,
resul ting pollshlng pad had -an apparent density of

asoaséhgiﬁhgraﬁggegl9%%§t9e£|§wﬁ@€h§ms€y§éﬁged§ﬁEE in the
di aneter of 34 pm eni ngs derived fromcells (391
am&&ht SLEME) o ¥er 8, OPseENedn9B.thgnsunbacsy LB9§8L or
polyurethane and also contains blosed cells having an
apparent density of 0.31 g/cm3 and an average cell diameter

cf BO um, was produced.

<First_Raw Material Tank>

Poclypropylene glycol ' 85 parts by welght
- biethylene glycol | 15 parts by weight
c-methylstyrene dimer : C.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—mehtioned polyurethaﬁe melding was
immerséd 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
Qf.the polyurethane molding té the radical polymérizable
composition &as 1006/30.

Methyl metﬁacrylate 300 parts by weight
Aéobis(2—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, fellecwed by sealing by fixing the periphery.
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The nmeasurenment of a relaxation tinme of an
i nterpenetrating polynmer networkstructure by a solid
NMR (nucl ear nagneti c resonance) nethod reveal ed t hat
a structure in whidh PMVA is dispersed in-several
tens of nanoneters in a pol yurethane nolding and two
pol ynmer chai ns of pol yurethane and PMVA are nutual ly
penetrated to cause entangl enment of pol yner chains.
< Nanely, the fact that the relaxation tinme of the
THentrerdpietelt readliyig: polapmey drwedpwy ke it ueturentesd lngefating
than that of the pol yurethane nolding alone and that
atof7d%e Mt My Ihdmthasiy i ipal yireraralong, Jevieal ed for 3
that the interpenetrating pol yner network structure
hdsrd atdgreibtJi0084] interpentheLEMEHJAGd 0 afwdhe
i nterpenetrating polyner network structure in the
sthicgkness direction was sliced and surface-ground to
obtain a sheet having a thickness of 2 mqmm No. 1
(ol - si zed speci men was punched out fromthe sheet,
and then a tensile breaking strength and a tensile
br eaki-ag @n@:%&a%%?% o)l %f“ec@l%urr%%ﬂ&qﬂfgo%ﬁér%e%%t H:ating
0

15.5 MPa and 32 [ A085]  Wth respect 'to the

pcARRNS. FRALIANEE 15hRG A MEIGNY NiAld, Qs ROIAUIEINARE, 5

to the sum of pol yuret hane and PMVA was cal cul at ed.

s1A% R IS lgﬁﬁfé ig?dﬁﬂa'ﬁHid%éHiﬁﬂﬁléﬂééﬂ"HE%ﬂ %go

pi eces. showed an erage of 40.1% a mninumyv
+ =138 LY. and raxi mum val ue of 41.1% A ratio of the
péﬁyurethane nol ding to the ethylenically . ‘
{O%@%qturated compound pol ymer was 100/ 149. 4. [0086]

The above-mentioned sheet was punched out té obtain a
~circle having a diameter of 600 mm and é 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 0732 g/cm®, and closed cells had an-average cell
diameter of 85 pm. Openings derived.from Cellé (76
cells/nmf) were observed con the surface.
[0079}

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

and in-plane uniformity was 9%.
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Usi ng the polishing pad, polishing was eval uated. As
a result, the 1st and 20th polishing rates were
respectively 1,850 angstrons/ m nute and 1, 900
angstroms/ mnute, and in-plane uniformties were
respectively 7% and 7% After polishing 500 sanpl es,
the polishing rate was 1,850 angstrons/ m nute and
in-plane uniformty was 7% Wth respect to _
flattening properties, .-flattening required polishing
[OO%@H 120 seconds. [0087] (Exanmple 7) The 1/5
and 4/5 portions of the interpenetrating pol yner.
(Exgﬁrw%r%)structure_of Exanple 6 in the thickness
Irection were sliced and surface-ground to obtain
shee(;s {having a LHLCKNESS 0T 2 iMMeigya bRl Imsihgad 1,
speci nen was punched out fromthe center portion of
excteg‘% .Scrtll.%ett *th%E%otlrlﬁr&ri g‘%?rl#o%i%%ﬁl"d&% %Edsreec{‘%lé“ and a
tensiTe breaking el ongation were neasured and found
t.o _he a.tensi.l reaki .engt . and. g ;
radica Ol %rLfgﬂi %nggfgﬁﬁb o f 2ﬁé%é¥%% ing

. n
tensi Fe "breaki ng el ong atensile

po 1&%%%5 ét%%gsﬁtrg ns%tifg%ocfu 22 dRa and g, fensile preaking ceq.

Methyl methacrylate - 300 parts by weight
Azobiéisobutyronitrile 0.9 part by weight
n-octylmercaptan 0.9 part by weilght

The resulting polishing pad had an apparent density
of 0.88 g/cm®, and closed cells had an average cell
diameter of 34 pm. Openings derived from cells (390
cells/mm?) were observed on the surface. A tensile
breaking strength and a tensile breaking elongation of a
sheet haviﬁg a thickness of 2 mm obtained from the center
porfion of the interpenetrating polymer nefwork structure
in the thickness direction were respectively 16.9 MPa and
310%.

(0081]

As a result of evaluation of pelishing, the 1st and
20th polishing rates were respectively 1,900
angstroms/minute—and 1,200 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
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[ 0088] Wth respect to the sheet having a

t hi ckness of 2 nmm obtained fromthe 1/5 portion in

the thickness direction, a - weight ratio of

pol yuret hane to the sum of pol yuret hane and PMVA was

calculated. As a result, the weight ratio of

pol yur et hane in 400 pi eces showed an average of

39.9% a mni-num val ue of 38.7% and a maxi num val ue
- of 41.4% A ratio of the polyurethane nolding to the
prebbyhtesisGaldly ritesding ateticeapeuwnd spakymfo A ¢ seconds.

100/ 150. 6. [0089] In Exanple 6 and Exanple 7, there-
roegsja small  difference in the values of the tensile

breaki ng strength and tensile breaki ng el ongati on of
(ekBeptiensgil e test piece having a thickness about 2 mm

obtai ned fromthe same interpenetrating polyner

net WLk 8Lr yet-Yr eaid aRdnbet weenskealbs raAi% Example 1,

di stributions of the weight ratio of polyurethane of

exEXaPLe,6 and %6@&%%%né)b%mbg%i%ﬁ%%tw@%r%sed as the

respectively 40.11.4 ( and 39.91.4 (% and a

raBQEBQ§EFF9BF?h§E£h%UEB O@H@EBnLna%hgn%@%ﬂéﬁ%¥g§%¥%g

was s Is al so apparent that since’'the

poggHBQShEEQBerﬁEQ%c%%E%eBnﬁhge o@@%ﬂ%ﬁ%&%5JQﬁ§fJZﬁg@uced-

eet I'n the thickness direction are st the s

.Megﬁ§%gﬁggggk 'Qgtgs al so uniforn1in3%2$p%%%%kg§s§eight_H

Ion. mel'y, it is apparent t

B LOEPEBgd G5 gheet surface ang dk Lot i ol b

WEEN sheets are i nprov

chain.transfer .agent in conbinatio ith .
“*38?5?%?%%’5??8&% bi t or. [0090] I'. ' paxfs by weight

Hydroquincne 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 éverage cell
diameter of 34 pm. Openings derived from cells (391
cells/mm?) were observed on the Surface;'

[0083]

The measurement-of a're;axation fime of an
interpenetrating polymer network Structure-by a solid NMR
(nuclear magnetic resonance) methoed revealed that a
structure in which PMMA is dispersed in - -several tens of
nanometers in a polyurethane molding and two polymer chains
of polyﬁrefhane and PMMA are mutually pehetrated to cauée-
entanglement of polymer chains. Namely, the fact that the
E relaxation‘time of the interpenetrating polymer‘network

structure is longer than that of the polyurethane molding
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(Exanmpl e 8) Usi ng t he pol yuret hane raw

mat eri al conposition of Conparative Exanple 1, a

pol yur et hane nol di ng contai ni ng cl osed cells having

an apparent density of 0.51 g/cnB and an average cel

di ameter of 77 pmwas obtai ned. [0091] The

follow ng radical polynerizable conposition was

prepared and the above-nentioned pol yurethane nol di ng

was immersed therein at 20C for 24 hours. As a
aloesung tieet pol yurethaney hoheli nge wasa i epregyrat edz Wb,

the entire anount of the radical polynerizable

reCHIpasi thaon. tHA: wehight pefie t et pod yow eftraneneoldrg t o
t he radi cal pol yneri zabl e conposition was 100/ 50.

stiveithyte net hacrmyd@t e300 parts by wei ght

[0084]

The center portion of the interpenetrating polymer
netwqu structure in the thicknéss direction was sliced and
surface-ground to cbtain a sheet having a thickness of 2 mm.
No. 1 small-sized specimen was punched out f:Qm the sheet,
and then a tensile breaking strength and a tensiie breaking
elongation were meaéured 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 avérage of 40.1%, a
minimum value of 38.6% and a méximum value of 41.1%. A
~ratic of tﬁe'polyurethane molding to the ethylenically
unsaturated compound polymer was 100/149.4.'

[0086]

Using'the polishing pad, poli%hing was evaluatéd. As

a result, the lst and 20th polishing rates were
‘respectively 1,850 angstroms/minute and 1;900
angstroms/minute, and in-plane uniformities were
resﬁectively 7% and 7%. After polishiﬁg 500 samples, the

polishing rate was 1,850 angstroms/minute and in-plane
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Azobi s(2-nmet hyl butyronit ile)l.5 parts by wei ght
n- dodecyl nercapt an0. 7 part by wei ght The
pol yur et hane nol di ng swol |l en by i npregnati on was
i nt erposed between two gl ass plates via a gasket nade
of vinyl chloride, followed by sealing by fixing the
peri phery. The radical polynerizable conposition was
cured by heating at 70C for 5 hours and heating in an
oven at 100C for 3 hours to obtain an
unuftoectrrpé:nfewa@t i’"fg pBi.yrerespendr kostlastenang po9perties,
The center portion of the resulting interpenetrating
flpaitpmem onetemorikc est pydtiateirion fidre U clevegsisdi recti on
was sliced and surface-ground to obtain a sheet
[OR&Vilng a thickness of 2 nm [0093]. The
above- nenti oned sheet was punched out to obtain a
{Exianglle RHavi ng a dianmeter of 600 mmand a lattice
pattern-1ike groove neasuring 1.0 mmin width, 0.5 nm
i n depthlghdak8 ﬂﬁﬁl@qmﬂﬂdeMmf'MMHﬂﬂmUmTpHMEﬂﬂHﬁEmﬁ
to produce a
polymer network structure of Example 6 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 thén
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 reépect 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'showéd an average of 39.9%, a
minimum value of 38.7% and a maximumrvalue of 41.4%. A
ratio of the polyurethane moiding to the ethylenically
unsaturated compound polymer was 100/150.6.

[0089]

In Example 6 and Example 7, there was a small
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pol i shing pad. The polishing pad had an apparent
density of 0.55 g/cnB, and cl osed cells had an
average cell dianeter of 83 pm Openings derived from
cells (75 cells/m®R) were observed on the surface.

[ 0094] As a result of evaluation of polishing,
the 1st and 20th polishing rates were respectively
1,200 angstrons/ m nute and 1, 230 angstrons/ m nut e,

and in-plane uniformties were respectively 10% and

ai PP rMieri RolhShi 00,590, 8anpl esent Nee PoFHéShing sat&ngth

was 1,210 angstrons/ mnute and in-plane uniformty

an%@??ggéléQggégkfﬁgn@?&ﬁ&éﬂfoﬁyéfpfﬁe4ﬁen51le tdb€ piece

ow ng raw material conpositions were charged in a

natifisla réW&é%%f%éaéb$§9k2%Eﬂ G- 585009 £Av, MBL e i ahe
tan

ding machine, were poured into a die

; inegg%é§§@rg§ggyH%§§9§%g'He@wgpkyyﬁsaaégﬁenyﬁdéﬁ@ between

arin mm and 12 mmin thickness. The
Sh%%ngligﬁ%%Pgﬁé% g/gﬁg%lﬂgiqiose §ﬁﬁ§%?ﬁ3}éﬁf
oo BGRB8, PR LE, DR g bere
red¥SOlvely 10.121.4 (%) and 39.9:1.4 (%) anda
composition distribution width in the sheet surface was
smail. It is also apparent that siﬁce the'composition of
the center sheet and the surface layer sheet in the’
thickness direction are almost t@e same, the Compositing is
also uniform in the thickness direction. Namely, it ié
apparent that both unifeormity in the sheet surface and
uniformity of the comfosition between sheets are improved
by usiné a chain transfer agent in cémbination'with a
polymerization inhibitor.

[0080]
(Example 8)

Using the polyurethane raw material composition of
Comparative Example 1, a polyurethane molding containing
'leseq;cells having an apparent density of 0.51 g/cm’® and
an average cell diameter of 77 pm was obtained.

[CO91]
The following‘radical polymerizable composition was

prepared and the above-mentioned pelyurethane molding was
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Tin octylate 85 parts by weight 15 parts by wei ght
0.5 part by weight Purified water0.3 part by wei ght
<Second Raw Material Tank> D phenyl net hane

di i socyanat el20 parts by wei ght

Vimmersed therein at 20°C for 24 hours. As a result, the
polyurethane molding was impregnated with the entire amount
of the radical polymerizable compositidn. L weight of the
polyurethane molding to the radical”polymerizable

composition was 100/50.

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

The polyurethane molding swollen by impregnafion 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 70°C for 5 héurs and heafing in an oven at 100°C for 3
hours to obtain an interpenetrating polymer network
structure.

[0082]

-The center portion of the resulting interpenetrating
polymer hetwork structure in the thickness difection was
sliced and surface-ground to obtain a sheet having a
thickness of 2 mm.

[0093]1

The abo%e—mentioned shéet was punched out to obtain a
circle having a diameter of 600 mm and a lattice paftern—
like groove measuring 1.0 mm in width, 0.5 mm in depth and

18 mm in pitch was formed on one surface tc produce a
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The follow ng radi cal polynerizable conposition was
prepared and the above-nenti oned pol yuret hane nol di ng
was i Mmersed therein at 20C for 3 days. As a result,
t he pol yuret hane nol di ng was not inpregnated with the
entire amount of the radical polynerizable
conposition, and therefore i nmersion was conti nued.
After further inmersing at 20C for 4 hours, nanely, 7
days in total, the pol yurethane nol di ng was
poliimiiegnai=ed With pbeienthfyepanouatl eh thearadicaknsity
pol yneri zabl e conposition. A weight ratio of the
of RolmsurptdrdneanBl diBgetiocthesr adicah pokymeri zable
-conposi tion was 100/160. Since the organic sol vent

o1 GQTRANIH gi3s penoyednahter dewhivag, facwecght sraiso of
‘the polyurethane nol ding to the radical polynerizable

ce10QTRASH L ;8P| SpsHbstanbhakhy éqgﬂae Met hy!|
nmet hacryl at e300 parts by wei ght

[ 0 0P bi si sobutyronitrilel.5 parts by wei ght n- decanelOO
parts by wei ght The pol yur et hane nol di ng

Snollsen DY LARr 8GN MaS WCLROSEH BRI WGSH (MR and

glass pl ates via a gasket nade of vinyl 1l ori de,

-20tho 0‘1‘9’1% %%Q:e'sngieqye floddg. i Reri pheyy. The

meri zabl @ conposition was ‘cured by

angnsec romsgmi%altéognig] 1§t2’§}}0%\r84@3%§{£[m1§1dwr rﬂ{‘qm -plane

I'n an oven ours to taln an

un%éﬁe g%g:{%&%n%é) é@?ﬁvéﬁ?mmrk %%f%ﬁtur%ftgqepollshlng

atlng p yer ructure wa
sod SGREL 9 O AT 3 00T R
mm%ennéﬁﬁg_c%gg A¥§lg¥nch can be renoved under reduced
[0085]
(Comparative Example 4)

The following raw material compositions were charged
in a first réw 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 melding measuring 85@ mm X
850 mm and l2'mm in thickness. The resulting polyurethane
molding had an apparent density éf 0.77 g/cm® and closed
cells'having an average cell diameter of 32 um_wére‘

observed.

<First Raw Material Tank>

Polypropylene glycol 85 parts by weight
Diethylene glycol 15 parts by weight
Tin octylate _ 0.5 part by weight
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[ 0096] The center portion of the
i nterpenetrating polynmer network structure in the
t hi ckness direction was sliced and surface-ground to
obtain a sheet having a thickness of 2 mm The No. 1-
smal | -si zed speci nen was punched out fromthe sheet,
and then a tensile breaking strength and a tensile
breaki ng el ongati on were neasured and found to be
- 10.3 MPa and 260% Also a No. 1 small-sized specinen
S was- quuadiretk d uto dmr orb abvel lerwde por t | npefttshbysheeghénd
then a tensile breaking strength and a tensile
 Pupridalkkichgrzgleongat i on and found to bé.9. 2akPabgnde188%
The sheet was punched out and ground to obtain a
<Smdwlde FwviMig caridilametrer> of 600 nm and a thi ckness of
2 mm and having a lattice pattern-like groove
Digasiyrlintg: A emd i smcdtdn atl: 6 nn1in1depphraedb90wﬁﬂghﬁ
pitch was formed on one surface to produce a
pol i ghengpadwithe Relichi ng ipac hadhare appar@ittion was
density of 0.80 g/cnB, and cl osed cells had an
prayeiRge GRl Ithdl aRtwl-fnt3% e LsirgshO8) i fdPMas
cells (350 cells/mMmR2) were - observed on the

inbdidsace tHOQIH at 20°C A 3 eslild. ohsevakiatiien ehe
polishing, 1st and a 10th polishing rates were

pd1§sReAHM] Ynoh Ay aNgs tAms/HA e anfl W1i18P%he entire

angstrons/ m nute, "and i n- plane uniformties were

anicRERECI Bl LEMANI im0 RO ISHING €0, and

sanpl es, the polishing rate was 1,

thf%%%?g{r%‘ﬁ’nﬁﬂe% iSrANhd e @ng i f%&@eEy f‘()@%h%%@mmersmg

at 20°C for 4 hours, namely, 7 days in total, the
polyurethaﬁe molding was impregnated with the entire amount.
cf the radical polymerizable composition. A welght ratio
of the polyurethane molding to the radical polymerizéble
composition was 100/160. Since the organic sclvent
component is removed after cﬁring, a weight ratio of the
polyurethane molding to the radical polymerizable

composition 'is substantially 100/120.

Methyl methacrylate 300 parts by weight
Azcbisisobutyronitrile 1.5 parts by weight
n—-decane 100 parté by welght

The pclyurethane molding swollen by“impregnation was
interposed between two glass plates via a gasket made of
vinyl ¢hloride, followed by sealing by fixing the periphery.

The radical polymerizable composition was cured by heating
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(Conpar ati ve Exanpl e 5) In the very sane
manner as in Conparative Exanple 1, except that

i mpregnati on was performed under the condition of
60C, a pol yurethane nolding was imersed in a radica
pol yneri zabl e conposition for 5-hours. As a result,
curing proceeded before inpregnating the pol yurethane
nol ding with the entire anmount of the radica

pol yneri zabl e conposition and thus the pol yurethane

at My°di NG and;dhe wied fadizalopal e iZzeédteng in an oven
conposition were not integrated. [0099] (Exanple 9)

at e foldanwing sadi aal el irerd:z abl e soopostd t Dy Waslymer
prepared and t'he pol yuret hane nol di ng produced in

net%'mﬁars%tfd@c@@nplrﬁe“r iWes ribareised ialy 400 iy Jcdaysk

a result, the polyurethane nol ding was i npregnated

stfchtt rté'"%aaesntﬂé'leea?é@yrﬁr&t{ ’r,tt{beoc%?éjé§3élap@éé’f@{di zahd e

conposition. A weight ratio t he pol yur et hane

we BRI RS0 S, el b preesi g s 1
hours to remove a component which can be removed under
reduced pressure.

[0096]

" The center portion of fhe interpenetrating polymer
network structure in the thickness direction was sliced and
surface—ground to obtain a sheet having a thicknesé 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 smail—sized specimen was punched
out from the end portiéﬁ of the sheet and thén a tensile
breaking strength and a tensile breakiﬁg elongation and |
found to be 9.2 MPa and 190%. The sheet was punched out
and ground te obtain a circle 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
i£ pitch was formed on one surfacé to produce a polishing
pad. The poliéhing pad had an apparent densify of 0.80

g/cm’, and closed cells had an average cell diameter of 39

um. Openings derived from cells (350 cells/mm’) were
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Azobi si sobutyronitrilel.5 parts by wei ght
2,6-di-t-butyl-4-nethyl phenol 0.2 part by wei ght
The pol yuret hane nol di ng swol | en by inpregnation was
i nt erposed between two gl ass plates via a gasket nade
of vinyl chloride, followed by sealing by fixing the
peri phery. The radical polynerizable conposition 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
- obar rivizice igpe nefer atidtageal ynmer network structure. The
i nterpenetrating pol ynmer network structure was
[onel7zgased fromthe glass plates and the center portion
of the interpenetrating polynmer network structure in

the thi gkressldi ECthan Waas osl bEegoandrsuiof,age+gaadnd
to obtain a sheet having a thickness of 2 nm [0100]

10the pmlshlﬁ@i'ﬂa‘t%lsz%r%p%lsp%&t\m%l@uﬂcm out from
the sheet, and then a tensile breaking strength and a

an@8Rehe /A eakieng 8 angall anguerewpaswied ancd auwngiane
to be 10.3 MPa and 260% Also a No. 1 small-sized

un3PECHITRA WS e P URGHRE taWk 1 @t Re parisphefator
portion of the sheet and then a tensile breaking

po?té%glg%%h 1@@%83@2%%%%@ %lill%gu%lgo 2931 qnand opund
angstroms/mlnute and in-plane uniformity was 28%.

{0098]

{Comparative Example 5)

| In the Very same manner as 1in Comparative Example 1,
except that impregnation was performed under the conditipn
of 60°C, a polyurethane molding was immérsed in a radical
polymerizable compositibnrfor 5-hours. As a reéult, curing
proceeded before impregnating the polyurethane meolding with
the entire amount of the radical polymerizable composition
and thus the polyurethane molding and the cured radical
polymerizable composition were not integréted..

[0095]

(Example 9)

The fOlloﬁimg radical polymerizable composition was
prepared and the polyurethane‘molding producéd in
-Comparative Example 4 was immersed at 40°C for 3 dayé,_ As
a result, the polyurethane molding was impregnated with the

entire amount of the radical polymerizable ccmposition. A
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The above-nenti oned sheet was punched out and ground
to obtain a circle having a dianeter of 600 nm and a
thi ckness of 2 nmand having a lattice pattern-Ilike
groove neasuring 2 mmin width, 0.6 mmin depth and
40 mmin pitch was fornmed on one surface to produce a
pol i shing pad. The polishing pad had an apparent
density of 0.80 g/cnB, and closed cells had an
average cell dianeter of 39 um Openings derived from

we:&ﬁitl S_ca(tgftg seldsd )y nweltehobsefivedi on thetiserfadecal
-As a result of evaluation of polishing,

po##%%f%%aﬁﬂgﬂé%ﬁgﬁéhﬂﬁﬂﬂEﬂﬁﬁglw@xﬁgomere respectively

700 angstromns/mnute and 1,650 angstrons/ m nute,

isdane, unidorniti es were respectihvelsy n§%.@Adnt
8 o After polishing 100 sanples, the pollshlng rate

WA {{romed mnute and inqplape Rl HYr Metiyht
AZwasl % [ 103] (Exanmpl e 10) Inﬁé flrs?rrav:\L}Sé

2, %5%; %%%ﬁ?fﬁﬁéHH&ram’nabeQ'ﬁhr%a%§ Qb idMmt

thefolhwmngrawrmtmwa

Conﬁ@ﬁgﬁiqgéiln%?ﬁﬁpﬁqrst ﬁﬂugwéiiﬁﬂi+ tan atlon was

nitroge raw materi he raw

mt%ﬁ}_{pg;[js'%ao 0{@@%{%&& f@gsergfyegg %f ?T%Qéfe@%&@e@f

n a poI ur'et hane nol asuring

Vlrrb@ yur e(%lﬁlargnﬁee' mncf%lzowrren81 @ét%ﬁ;%’gire ens?t%ﬁ%;]lg%zﬁghery'
ThedI ﬁ\:%tcéarr&d Cl]%%r?%]f%gfe aélnll n%sejdtlgkl{ﬂgge 8%(:3/51?‘& ?tlng
at-g%lé in a water bath for 5 hours and heating in an oven
at 100°C for 3 hours to cbtain an interpenetrating polymer
network structure. The interpenetrating polymer network
structure was released from the glass plates and the center
portion of_the'interpenetrating polymer netwdrk structure
in the thickness direction was sliced and surface-ground to
obtain é sheet having a thickness of 2 mn.
(01001

The No. 1 small-sized specimen was punched ocut frém
the sheet, and then a tensile breakingrstrength and a
tensile breaking elongation were measured and féund to be
10.3 MPa and 260%. Also a No. 1 small-sized specimen was
punched out from the péripheral portion of the sheet and
then a tensile breaking strength and a tensile breaking
elongation and found to be 10.2 MPa and 260%.

[0101]
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Pol ypr opyl ene gl ycol 85 parts by wei ght D ethyl ene

gl ycol 15 parts by weight Tin octylate0.5 part by

wei ght Silicone-based foam stabilizer3 parts by

wei ght- Purified water0.3 part by wei ght

2,6-di-t-butyl-4-nethyl phenol 0.1 part by wei ght

<Second Raw Material Tank> di phenyl net hane

di i socyanate 120 parts by wei ght

The above-mentioned sheet was punched out and ground
to obtain a circle 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 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 6f'39 um.
Openings derived from cells f350 éells/mm?).wére observed
on the surface.
(01021
As a result of evaluation of polishing, the 1lst 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 sampies, the polishing rate was 1,700 angstroms/minute
and in-plane uniformity was 8%.
[01C3]
(Example 10)
| | In a first raw material tank and a second raw
‘material tank of an RIM molding machine, the following-faw
materiaiWCOAPOSitions were charged and, after loading a
nitrogen éas in the first raw material taﬁk, 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 peolyurethane molding

-~ .58 =



The follow ng radi cal pol ynerizable conposition was
prepared and the above-nenti oned pol yuret hane nol di ng
was i mersed therein at 40C for 3 days. As a result,
t he pol yuret hane nol ding was i npregnated with the
entire amount of the radical polynerizable
conposition. A weight ratio of the pol yurethane
nol ding to the radical polynerizable conmposition was
100/ 120. Methyl nethacryl at e300 parts by wei ght
hamiéﬁﬁ@ﬁéﬁﬁr@@ﬁéii%e&f 5 par tg/ oy’ weidghilosed cells
, 2,6-di-t-butyl -4-nethyl phenol 0.1 part by wei ght
navigy Rol yakethane- ool di ngnswor | &n by hiipiegaatih ofrvas.
i nterposed between two gl ass plates via a gasket nade

<rOfsvimwh @t ori de, rd.0b) oved by sealing by fixing the
peri phery. The radical polynerizabl e conposition was

P f{ﬂa feating.1in a water bathgat pZQ€sf g 2chouis
<i§ﬁg ég%?nga%ﬁyan oven at 100C for 3phoufs (o] obgain
Diéﬂhy

re

J{Eﬁé pge{gﬁééﬁti ng pol ymer netwonk struct uke,oThet

ul t ant terpenetrating pol ymer network Structure

Tiﬁ%g%%{#g%%ed fromthe gl ass plate%_@ggaggebge@ggght

por -the interpenetrating polyner

Sigﬁ&@éi%g%&%éﬁ i;{‘aﬁffi(jéé‘} ckness g[aarrg%te hggrn MAS

ced and surtface-ground to obtain havi'ng a
pudfoKREss, of 2 mm [0104] 0.3 part by weight
2,6-di-t-butyl-4-methylphencl 0.1 part by weight
<Secohd-Raw Material Tank>
diphenylmethane diisocvyanate 120 parts by weight

The folleowing radical polymerizable composition was
prepared and the abovewﬁentioned polyurethane molding was
immersed therein at 4C°C for 3 days. As a result, the
polyurethane molding was impregnated with'the enfire amount
of the radical polymerizable composition. A weight ratio

of the polyurethane molding to the radical polymerizable

compositidn was 100/120.

Methyl methacrylate 300 parts by weight
Azobisisobutyronitrile 1.5 parte by weight
2,6-di~t-butyl-4-methylphenol 0.1 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
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A No. 1 small-sized speci men was punched out fromthe
sheet, and then a tensile breaking strength and a
tensil e breaking el ongati on were neasured and found
to be 10.3 MPa and 260% Also a No. 1 small-sized
speci men was punched out fromthe end portion of the
sheet and then a tensile breaking strength and a
tensil e breaking elongation and found to be 10.3 MPa
and 260%- [ 0105] The sheet having a thickness

inofa ZiEvequtbduromd e cemer PN 4y theat igkitesth oven
di rection was punched out to obtain a circle having a

atdilameterraf HHUWB atd @ ddiic ke sis) of rple e andi AV dIg/me r
a lattice pattern-like groove neasuring 2 mmin

neh@tdl, Q.16 dedan d@'ﬁbhr@@dlﬂgnlfmhhlﬂeﬁb%%@t%tflﬁ@%@lymer
on one surface to produce a polishing pad. The

neRQkirkhishgRad; had,an epparent depsidne of14 58%1941§éﬁ3,and

and cl osed cells had an average cell dianeter of 39

thRM-eQRen Res-defd wad tfr{eomr&%ﬂg%r(e%ioa&eﬂd %ﬁdﬂp@aefﬂﬁ{eecwork.

observed "on the surface aresult

st@f cevakuaty %eofthq@wn%ysnghﬂe%tlw B 200 Roligh ng

rates were respectively 1,700 angstrons/n1nute and

subrh0Q_ g%%rcpr&! Grpuke, ga@qila_e& @'laaﬁ%oq‘”ﬁfﬂ{lre%{e%ss of 2 mm.

were reéspectively 8% and 8% After i sh
q@les the polishing rate was 1, 700
angs Eronms/ m nute and i n-pl ane unlforn1ty was 7%

(Exaﬂphg.lﬁ)small—51zed specimen was punched out frém the
sheet, and then a tensile breaking strength and a tensile.
hreaking elongation were measured and found.to be 10.3 MPa
and 260%. Also a No. 1 small-sized specimen was punchéd
‘out from -the end portion of the sheet and then a tensilé-
breakinglstrength and a tensile breaking elongation and
found to be 10.3 MPa and 260%.

[0105]

The sheet having a thickness of 2-mm cut from the
center portion in the thickness direction was punched out
to cbtain a circle hafing 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 to produce a polishiné pad. The
" polishing pad had an apparent density of 0.80 g/cm®, and
closed cells had an average cell diameter of 32 um.

_ Openings derived from cells (350 cells/mm®) were observed
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In a first raw material tank and a second raw
materi al tank of an RI M nol di ng machi ne, the
following raw material conpositions were charged and,
after- loading a nitrogen gas in the first raw
material tank, the raw material conpositions were
poured into a die and then cured to obtain a
pol yur et hane nol di ng measuring 850 nm x 850 nm and 12
mmin thickness. The resulting pol yurethane nol di ng
onhaﬂeanuaﬁ@aeent density of 0.82 g/cnB and cl osed
cells having an average cell dianeter of 28 um were
[obbserved. <First Raw Material Tank> Pol ypropyl ene
gl ycol 85 parts by wei ght D ethylene glycol 15 parts by
wei ght @-neshyt sbyreneldateeh. dfpaslibyimg) ghtt and a
2,6-di-t-butyl -4-net hyl phenol 0.1 part by weight Tin
2006t ybat €0i bgpant ebywhekghtsSekt coseybasedof oam
stabilizer3 parts by weight

angstroms/minute and 1,700 angstroms/minute, and in-plane
uniformities were respectively 8% and 8%. After polishing
100 samples, the polishing rate was 1,700 angs%roms/minute
and in-plane uniformity was 7%.

(Example)ll)

In a first raw.material tank and a second raw
material tank of an RIM molding machine,_the:following raw
material_compositioné were charged and, after loading a
nitrogen gas in the first raw material tank, the raw
matefial compositions were poured inté a die and then cured
to obtain a polyurethane molding measuring 850 mm x 850 mm
and 12 mm in thickness. The resulting polyurethane moiding .
had an ébparent'density‘of 0.82 g/cm’ and closed cells
having an average cell diameter of 28 um were observed.

<First Raw Material Tank>

Polypropylene glyccl 85 parts by weight
Diethylene glycol - 15 parts by weighf
c~-methylstyrene dimer - 0.4 part by weight
2,6-di-t-butyl~4-methylphenol 0.1 part by weight
Tin cctylate ' 0.5 part by weight

Silicone-based foam stabilizer 3 parts by weight
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Purified water0.3 part by wei ght <Second Raw Materi al
Tank> di phenyl net hane di i socyanatel20 parts by wei ght
The foll ow ng radical polynerizable conposition was
prepared and t he above-nenti oned pol yuret hane nol di ng
was i-nmersed therein at 20C for 7 days. As a result,
t he pol yuret hane nol ding was i npregnated with the
entire amount of the radical polynerizable.
-~ conposition. A weight ratio of the polyurethane
VPumuEdBdgwaaethe radi cal pol ynmeri zab e3 conposhy i onlwas
100/ 140. Met hyl nethacryl ate300 parts by wei ght
<SAzolids iRseb ity eaniatlr iTzel>5 part by wei ght The
pol yur et hane nol di ng swol |l en by inpregnati on was
dibheerposetiabet Wweasctowangltass pl at es2¥i paat gask eve hgie
of vinyl chloride, followed by sealing by fixing the
peri pher ¥olTheinhadireali cpal paarinzallzebdenmposiptisdn iwas was
cured by heating at 70C for 5 hours and heating in an
preyafedt ah00Ehkonbdvhowen ttionehl aidl vairethane molding was
i nterpenetrating polynmer network structure. The
imhegkktanheir-atar penetorat ifdg polisRer. netwar kestit uct uhe
was rel eased fromthe glass plates and the wei ght was
poﬁ?@%@&ﬁ@ne'ﬁ&ﬁ@h& Mﬁsaﬁh@&e@hﬁkﬁgiathDQhEO@nlare amount
‘hours, -100C for hours ‘and then at a nornal

oft @RRERALYER 1S 86 1#%1&%%14 henprisghti osas Reasuire. résio

a result, a weight |loss was not confirnmed when

fCQHEab%QyW&%QhEB%tn@ﬁiﬁ&%‘@%V%%%-radlcal polymerizable
composition was 100/140. 7
Methyl methacrylate 300 parté by ﬁeight
Azobisisobutyronitrile - 0.5 part by weight

The polyurethane molding swolleﬁ by impregnation was

interposed between two glass plates via a gasket madg 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
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
hﬁﬁrs, 100°C for 12 hours and then at a normél temperature
for 12 hburs, the weight was measured. As a result, a

weight loss was not confirmed when compared with that

before drying.
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[0107] The neasurenent of a relaxation tine of
an i nterpenetrating polynmer network structure by a
solid NMR (nucl ear magnetic resonance) nethod
reveal ed that a structure in which PWA is dispersed
in several tens of nanoneters or smaller in a
pol yur et hane nol di ng and two pol yner chai ns of
pol yur et hane and PMVA are nmutually penetrated to
cause entangl enent of polynmer chains. Nanely, the
[CI@EY that the relaxation time of the interpenetrating
pol ymer network structure is |longer than that of the
pol yrheetrsre: moheh hgo Al Dne= g t hat  ofme het ned hyl
Met hacryl ate pol yner al one, reveal ed that the
int artespenet t atd ngo pahyene ned wor Kt sheucteirieyi s ol imdiMR
[0108] The center portion of the
(nidef 1P aned &t i O gr fob ARt e Nahaoikd St &uet Le€ that he
t hi ckness direction was sliced and surface-ground to
st @bt ashaetchawinmg Bs tdi ekaessd ofn 2saverAl Noend of
smal | -si zed speci nen was punched out fromthe center

nal9fdd O ofr thes sheetin andod hpararh 0S| thel 81 8gkhRg two
strength and a tensil e breaking el ongation were

polpasurad and dounsh §orbendhe bahPapamnt 340%udeal 1y

smal | -si zed speci nen was punched out fromthe end

perRO 441y OEow@ué@e@fltaﬁgﬂeﬁ@ﬁﬁ art gBsiherbe8akinegd wNamely,
strength and a tensile breaking elongation were

the'! QQNQPQjRQUP@héﬁé@@bQGtéméF@fa@ﬁeSgggérﬁgﬁggﬁeting

th respect to the above-nentioned sheet, a we

' ‘ -th I d
of rpémgcg%%ﬂﬁn%@@&é 0; § foﬁggog%&e YHL et hane,an

was ated. As a resu e weight ratio of

ro L B o e T T Vel e
nefacdht 2o LA, 1 dhe PoLYUL eLhapg. folding to the
e yﬁ ent cally unsat urat ed conpoun po‘_f\ymsr was

1n€é¥¥é§%'£§ting polymer network structure is formed.

[0108]

'The center portion cf 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..l smail—sized specimen was punched out frem the
center portion of the sheet, and then a tensile breeking
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 ene portion of the sheet,
and then a tensile breaking strength and a tensile breaking
elongation were measured and found to be 16.5 MPa and 300%.

[0109]
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[0110] The above-nenti oned sheet was punched

out to obtain a circle having a dianeter of 600 mm

and a lattice pattern-like groove neasuring 1.5 mmin

width, 0.5 mmin depth and 30 mmin pitch was forned

on one surface to produce a polishing pad. The

pol i shing pad had an apparent density of 0.84 g/cnB,

and cl osed cells had an average cell dianeter of 34

pm Openings derived fromcells (392 cells/mR2) were

obsefiigd oesdeetsird dde {@WEHment ioneRplsheithg avaseight

evaluated. As a result, the 1st and 20th polishing
ratatee o wgrcd. yrespectievel oy t1hed O0umngs toroolgs e thire: aardd PMMA

1,900 angstronms/ m nute, and in-plane uniformties
waseraa respectid .veRy A%rand18% tAkt ecipblti shitng 500

sanples, the polishing rate was 1, 850
pcAngStartonsyam imu tde tand. d de gl sAnevathidroratidne gaas> B8%3 W h a

respect to flattening properties, flattening required
mipghughiviag Jeolo f120 sEconds.a [miklizdum (vEXanplef 142).5%. A

The 1/5 and 4/5 portions of the interpenetrating
ragley B vmed Wk sldiein encofdibxargy echkl dthythehically

thi ckness direction were sliced and surface-ground to
ur@RiRid tshe i RAM NG A it ks s ogf /13218, No. 1

smal | -si zed speci nen was punched out fromthe center
ropamtji on of the sheet, and then a tensile breaking

strength and a tensile breaking el ongation were

rlreas ghed 2aRd Laund e s dansidse ghfn%@ie&%utﬂﬂce'@ﬂiﬂam a

7.5 MPa and a tensile breaking el ongation of. 330%

ci82d B e8NS & RYiealdiit i endf Rudfarky -3 IMR&: @ Bt tern-

tensil e breaking el ongation of 330%
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/cm’, aﬁd closed cells had an average cell |
diameter of 34 pm.r Openings derived from cells (392
cells/mmz)‘were observed on the surface.
[0111]

Polishing was evaluated. As a result, the 1st and
20th pélishing rates were respectively 1,%00
angstroms/minute and 1,900 angstroms/minute, and in-plane
- uniformities were'respectiveiy 7% and 8%. After polishing
500 samples, the polishiné rate was 1,850 angstroms/minuté
and in-plane uniformity was 8%. With respect te flattening
properties, flattening reguired polishing for 120 seconds.

[0112}'
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[0113] Wth respect to the sheet having a

t hi ckness of 2 nmm obtained-fromthe 1/5 portion in

the thickness direction, -a weight ratio

of pol yuret hane to the sum of pol yurethane and PMVA

was cal culated. As a result, the weight ratio of

pol yuret hane in 400 pi eces showed an average of

40.4% a m ninmum val ue of 39.0% and a naxi mum val ue

of 41.8% A ratio of the polyurethane nolding to the
(Eetithylenl2al |y unsaturated conpound pol yner was

100/ 147.5. [0114] In Exanple 11 and Exanpl el2,

t herehavab/a zmal £/di petence ¢h the vateesenéttrheing

tensil e breaking strength and tensile breaking
poEyroagat¢iomook theutensel eft Bghmplecklhauwi hgeathickness

t hi ckness about 2 mm obtai ned fromthe sane '
diretet penesrat shgcpal ynar snecwoekgsbuudt tvbeocbhaandsheets

bet ween sheets. Al so, distributions of the weight
havatd 0z ofh pokyss et bane ah. Exanplie sida anes Exadpdgedidndém was

the sheet were respectively 43.01.5 (%9 and 40.41.4
pufdBe@nsi:a £OEMOShei @8ndest pbbuibonow dhb kRethe sheethen

surface was small. It is also apparent that since the
a €ONPOS th e ofnghereenyen shaeh epdsihe surhachgl ayer

sheet in the thickness direction are al nost the sane,
14N €OIPOSE £ NBe b SuALE0HAT EOLANI Dot Be LhiekBess breaking

ditrection. Nanely, it is apparent that both
st U4 M1 Ys iwpd henghgetguiiacerandiHpi EopALLY i8h bRe3zos,

conposition between sheets are inproved by addi ng a

am£QAyQ§Héffgi6¥béﬁbﬁ$iE@Een Qﬂlék 17.3 vPs 9RSCLI Pefsile

above, In the interpenetratiing polynmer network

brSfEHEd Ugfénggt#?ﬁ Exagphes and Conparative Exanpl es,
OLe : T

ere was a di rence I n nmechanical properties,
1o I§pough apparent density, average cell dianeter of
~closed cells and nunber of cells are the sane. The

| nt %\lep&{‘%%%m%é(}fl 1?8'%’1‘1@%19?&%‘%5%&& “QtHﬁfékS%?£E<|§5h2 mm

Exanpl es high tensiT e breaking strengt

oot PPkl 00, phonget L on, Tl OLsLILBUL B0 Lo, o

.tensi rea

weﬁ%ﬁﬁ] ééf@ %ﬁgﬁgc%ggegﬁ%EQEFﬁo?%éigam'gfﬂgghgarethane and

11 f ormi npared W ose of o
einfPIDRY ative, Exarpl es; Furthersore:, d he agli shing, ngds
_polyurethane iﬁ 400 pieces showed an average of 40.4%, a
minimum value of 39.0% and a maximum value of 41.8%. A
ratio of the polyurethane ﬁolding to the etﬁylenically
_ unsaturated compound polymer was 100/147.5.
[01143

In Example li and E%ample-lZ, there was a small

difference in the walues of the tensile breaking strength

and tensile breaking elongation of the tensile test piece

having a thickness about 2 mm obtained from the same
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the interpenetrating polynmer network structures of

the Exanples showed high in-plane uniformty of

during CWP polishing and excellent flattening

properties and remarkably inproved pad lifetine.

| NDUSTRI AL APPLI CABI LI TY [0116] The pol i shing

pad of the present invention can be used for

pol i shing sem conductor substrates such as silicone
“wafers; optical nenbers such as lens; and el ectronic
infgredsrgits agdely @ lvagpietiad weexd s tamg thigied id1 sl between

Particularly, the polishing pad of the present
shemrent | Bhscandbetyskdtasna pél £5hi ngipad fteicig of .

polishing treatnment of sem conductor wafers as :
patgeritilasict o fhExpoltilshdd faod tthemphepdse iof the sheet were

flatteni ng sem conductor wafers using a chem ca
revpelrdnivedly gol.i0ghi-rng ((CVRna déhridud. (3CLAINS a
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 adding a polymerization inhibitor.

[0115]

As described above, in the interpenetrating polymér
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 interpehetrating polymer
- network structures of the Examples showed high tensile
breaking strength, high tensile breaking elongation, small
distribution of the tensile breaking strength and tensile
breaking elongatioﬁ depending on the position, and high
uniformity when compared with those of the Comparative

Examples. Furthermore, the pcolishing pads obtained from

the interpenetrating polymer network structures of the
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1. A process for producing an interpenetrating
pol ymer network structure, which conprises the steps
of inmpregnating a polynmer nolding with a radica
pol yneri zabl e conposition contai ning an ethylenically
unsat urated conpound and a radi cal polynerization
initiator; and polynerizing the etnylenically
unsat urated conpound in a swollen state of the
pol ymer nol ding inpregnated with the radical
Ex ayel herre rdhratsice Rdarfpoist 1 otiie e e el e el i Hrs ffF
agent and/or a radical polymerization inhibitor are
poldddena @rnichesycadi ot pol g iZub| er @oo'st | ¥ and/ or
t he pol yner nol di ng before inpregnating the polyner
remaodigildg vintpr orveed rzdd clad feolmaer i zabl e conposi tion
2. The process for producing an interpenetrating
pol ymer network structure according to claim1,
wherein a chain transfer agent and/or a radica
INTRHETRTEYT ZERAIGCABIL BIY or are added to the pol yner
nmol ding. 3. The process for producing an
[0lirg]er penetrating pol yner -.network-structure according
to claim1, -wherein the chain transfer agent and/or
t he Tradieali palngerdzadi arhd nhdrdror draxental vl eou ey
wei ght of 350 or less- 4.The process for producing
used fidH eypengtinal | S POdbydBrt et ke SdTact seh as
according to claim1, wherein the chain transfer

si18%@Me v fRrd eagic onel kidthof s as gepoasinckse) este@d
from nercaptan having an al kyl group having 3 to 12

o1 AR ALY AN ANs @EIONBY 1162 Y&l DE af bois basedhghai disks.
transfer agent. 5.The process for producing an
radt&IIRENSS F AIHNG PO ¥BLg pad of the present invention
can bé 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.
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network structure according to claim2, wherein the
chain transfer agent is added to the pol yner nol di ng
in an anount of 0.01 to 20% by wei ght based on 100%
by wei ght of the polyner nolding. 6. The process for
produci ng an interpenetrating pol ymer network
structure according to claim1l, wherein the radica
pol ymeri zation inhibitor is at | east one kind of a
conpound having aromaticq-fhRgsand at | east one
hydroxyl group. 7. The process for producing an

i nterpenetrating polyner network structure according
to claim1, wherein the radical 'polynerizable -

ition does not suhstantjal o -
1.:8F3§2%ﬂégés é}:ﬁko&%g{t%%h{%J#%fﬁ%ﬁéﬂfb@ﬁh§”§5ﬂ¥ﬁér

0Cess produci ng an

, i nterpenetrating pol yner_ net.: cordi ng
| nefPet & Ut iiser € l%/ ecomé?rhl;//\%egni%% %Eélﬁga(?ﬁr at ed

~compound is a conpound sel ected’, f - I :
SRR e PO A NS IS 3 R aEgfY polymerizeble
- methacrylate and t-butyl thacrylate.
o QTSI &O%W%ga%neﬁr%g rble%%ﬁ%tlfrﬁ%a%% Thed

network structure according to claiml,, wherein
compMyiEmthld yamsa brt gt %%%‘Hjsn%%%ayﬁ%?i ze &i n

the presence Of an oxygen ﬁgs or _an o en-containnga
pobgre 12010 AT GRORELFRFCDr DAGYT Y- 2 POt T Shr e pad, |

whi ch conprises the step of formng, a polishing
swokleny ttate mbrigendePbYNwg POt YH? %ﬂ@gﬁgﬂag?gu%gﬁ ethe

obt ai ned by the nethod according to any one of,clgins
radi¢al Qpolymerizable compositiony whereln a chain transfer

ageht and/or a radical polymérizatioh inhibitor are added
+o the radical polymerizable composition and/or the polymer
molding before impregnating the polymer molding with the

radical polymerizable composition.

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

are added to the polymer molding.

3. | The process for producing an interpenetrating polymer
network structure according to claim 1, wherein the chain

transfer agent and/or the radical polymerization inhibitor

have a molecular weight of 350 or less.
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ABSTRACT . The present invention relates to a
process for producing an interpenetrating pol yner
network structure, which conprises the steps of

i npregnating a polyner nolding with a radica

pol yneri zabl e conposition contai ning an ethylenically
unsat urated conpound and a radical polynerization
initi-ator; and polymerizing the ethylenically

4. Unsﬁ{élrg@i&ﬁe&pwr&rd}cﬂh@lﬁg\ﬂéheﬂnﬁé@;ﬁ@n@ﬁré@ﬁlg polymer
‘ pol ymer nol ding i npregnated with the radica

net RO Y NBY +430h fo COPROSEIAOM o WBEEEHNT A FhaFAi I ensf @hain
agent and/or a radical polynerization inhibitor are

radéfled 19-4he; £ adi cpba ol ¥AET kZak SfC_Q”E@:ﬁ}'ﬁ&uzQﬂ sadieted
t he pol yner nol ding before inpregnating the pol yner

FromOh&h- AW & M 1-0e, & adh cad ol &%ﬁbZﬁQbﬁnﬁom@ 13 OParbon

According to the present invention, a highly uniform

-atorh%t & nggﬁ ﬁ&w&l@% HP&cQEEMLBaééaUEBHES £R8nbeer

e presen I nvention also provides a
ageﬁgllshlng pad which is exhibits high in-plane
uni formty of a polishing rate during polishing, and
al so has excellent flattening properties and inproved
pad lifetinme during polishing, and a process for

- 5. prQﬂH§i§§£é£§%SP@P'producing an intérpenetrating polymer
network struéture according to claim 2, whe:eiﬁrthe chain

transferragent is added to the polymer molding in an amount
of 0.01 to 20% by weight basedron 100% by weight of the

polymer molding.

6. 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 polymexr
network structure according to claim i,_wherein the radical
‘polymerizable composition does not substantially contain an

organic solvent.

8. The process for producing an iﬁterpenetrating'polymer

network structure according to claim 1, wherein the
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ethylenically unsaturated compound is a compound selected
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 preocess for producihg a polishing pad, which
comprises the step of forming a polishing pad using the
interpénetrating polymer network structure obtained by the

method according to any one of claims 1 to 9.
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ABSTRACT

The present invention relates to a process for
producing an interpenetrating polymer network structure,
which comprises the steps of impregnating a poclymer molding
witﬁ a radical polymerizable 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
polymerizable composition; wherein a chain transfer agent
and/or a radicai polymerization inhibitor are added to the
radical polymerizable composition and/or the polymer
molding before impregnating the polymer molding with the
radical pelymerizable composition. According to the
present invention, a highly uniform interpenetrating
polymer network structure can be obtained. The present
invention also provides a polishing pad which is exhibits
high in—plane.uniformity of a polishing rate during
polishing, and also has excellent flattening properties and
improved pad lifetime during polishing, and a process for

producing the same.



