DESCRIPTION TITLE OF THE INVENTION: POLISHING PAD AND PRODUCTION METHOD
THEREFOR, AND PRODUCTION METHOD FOR SEMICONDUCTOR DEVICE 5 TECHNICAL FIELD
[0001] The present invention relates to a polishing pad capable of attaining, with a stable and high
polishing efficiency, a planarization processing of an optical matter such as a lens 10 or a reflecting
mirror, a silicon wafer, a glass substrate for a hard disc, aluminum substrate, and a matter or material
for which a high-level surface flatness is required in, for example, an ordinary metal polishing
processing; a method for producing the same; and a method for producing a semiconductor device. 15
The polishing pad of the present invention inggrﬁ&}lgﬁ);%geful for finish polishing of a silicon wafer or

2 glass piece, BACKEROUNDART0002] 204p general theymitsas polisning.pf & sefpisapductor wafer

suchasas ens, a glass substrate, or some ot 0 rough polishing for a

main purpose, ek adiysting e pelishrchatierBllatiessand Rlang fyerpgs@anfinish polishing

for a main purpose of improving the matter in 25 surface roughness, and removing scratches. [0003]
The finish polishing is usually attained by causing a sueded artificial leather made of a soft foamed
polyurethane to adhere onto a rotatable table, and rubbing a wafer against 5 the leather while a
polishing agent wwherain gotlpidal silica is contained in an aqueous alkali-based solution is supplied
thereonto (Patent Document 1). [0004] However, when the polishing layer, winch is made of the 10
foamed polyuretiiane used for finish polishing, is low in flatness, there is caused a problem that tiny
undulations are generated in the surfaceofthemattertobepolished. The-L.11-1y undulations have been
in particular considéred totsss aproblene it therfield lef recehtfinisto polishimg Phags cikhab been

of attaining, with a stable and high polishing efficiency, a

planarization processing of an optical matter such as a lens

10 or a reflecting mirror, a silicon wafer, a glass substrate for

a hard disc, aluminum substrate, and a matter or material for

which a high-level surface flatness is required in, for example,

an ordinary metal polishing processing; a method for producing

the same; and a method for producing a semiconductor device.

15 The polishing pad of the present invention is particularly

useful for finish polishing of a silicon wafer or a glass piece.

BACKGROUND ART
[0002]

20 In general, themirror polishing of a semiconductor wafer
such as a silicon wafer, a lens, a glass substrate, or some other
is divided to rough polishing for a main purpose of adjusting
the polished matter in flatness and in-plane evenness, and
finish polishing for a main purpose of improving the matter in

25 surface roughness, and removing scratches.



15 Intensely required in the market to supply a polishing pad capable of attaining a further decrease of
tiny undulations. [0005] The present inventors have suggested a polishing pad comprising a
polishing layer comprising a thermoset 20 polyurethane containing, as raw material components, an
isocyanate component plus active-hydrogen-containing compounds comprising 1 to 20% by weight of
a low-molecular-weight polyol having a functional group number of 3 to 8 and a hydroxyl group value
of 400 to 1,830 mg KOH 25 / g and/or a low-molecular-weight polyamine having a functional group
number of 3[050 %%gd an amine value of 400 to 1,870 mg KOH / g (Patent Document 2). Although this
polishing pa |% characterized by being excellent in endurance and self-dressability, it has been made
evident that the padT%ha§ aroom ul.kgther improvglq]aeﬂ tgbg%tcgnlynlér&d%lations in.a matter to be

foraf
polished. [0006] %tentrﬁgcurﬁgrﬁjﬁs isted uﬁsbelfow statés that when the’ microrubber A hardness

value of a polishing pad s af least 1210 graligr than the Asker,C pardnessthereaf.and the Asker C

hardness is 60 or more, the polishing efficiency of the polishing pad can be made compatible with the

flattening performancethareef at a high level. Hawever, this dacument neves gisclasesia specific
formulation or composition of a 15 polyurethane foam constituting the polishing pad. Furthermore, the

present invemters dnvastigations bave peadesit exident that anly by optinizing the relationship between
the microrubber A hardness value of a polishing pad and the Asker C hardness thereof, the polishing
pad cannot gairthe:effect ©f tecsensing 20umyaunduldtionssasidesdribetoabdve. RRIOR ART
DOCUMENTS PATENT DOCUMENTS [0007] 25Patent Document 1: JP-A-2003-37089
thereonto (Patent Document 1).
[0004]
However, when the polishing layer, which is made of the
10 foamed polyurethane used for finish polishing, is low in
flatness, there is caused a problem that tiny undulations are
generated in the surface of the matter to be polished. The tiny
undulations have been in particular considered to be a problem
in the field of recent finish polishing. Thus, it has been
15 intensely required in the market to supply a polishing pad
capable of attaining a further decrease of tiny undulations.
[0005]
The present inventors have suggested a polishing pad
comprising a polishing layer comprising a thermoset
20 polyurethane containing, as raw material components, an
isocyanate component plus active-hydrogen-containing
compounds comprising 1 to 20% by weight of a
low-molecular-weight polyol having a functional group number

of 3 to 8 and a hydroxyl group value of 400 to 1,830 mg KOH

25 / g and/or a low-molecular-weight polyamine having a



Patent Document 2: JP-B1-4237800 Patent Document 3: JP-A-2008-207319 SUMMARY OF THE
INVENTION 5 PROBLEMS TO BE SOLVED BY THE INVENTION [0008] In light of the
above-mentioned actual situation, the present invention has been made, and an object thereof is to
provide a polishing pad capable of decreasing tiny undulations 10 generated in the surface of a matter
to be polished, a method for producing the same, and a method for producing a semiconductor device.
MEANS FOR SOLVING THE PROBLEMS 15[0009] In order to solve the problems, the present

Inventors have made eager investigations, paying attention to an En-plane variation jn the mifrorubber
A hardness ST SRR 4 EF Rk T/ BRoR beint obAl B9 ABALH G ey br Hotn te 20 a

polishing surf ide th f. As a result, the present Inventors have found out that by adjusting the
En-plane v;hrfa io%siﬁ?he%rnﬁﬁorubbgr E%%r Hgssg%%?inogr I(te? S, tt?é%togn?%%r a(%é of the polishing pad

can be madg ynitorm.and 1igy; undylafigns gensraied indbe surfaceaha matter to-he, pglighed 25 can

be decreased. Furthermore, the present Inventors have made eager investigations about the

formulation/compositianfer adjusting the in-planewvayiation,in dhe micerubbenA hardpess of the
polishing layer into 12 or less, so as to find out that the adjustment can be attained by a

formulationicgmposiien asoe deschibedhelowy [0018hen t Hudss the polishingupad ebthe present
invention is a polishing pad having a polishing layer comprising a thermoset polyurethane foam,
wherein thespalishingrayer bhas an in-ptasn@.10 variation of 12 or less in microrubber Ahardness, the
variation being obtained by measuring the polishing layer from a polishing surface side of the layer; the
thermoset polafréthane foam contains, as raw material components, an isocyanate component, and
active-hydrogen-containing compounds, and the 15 active-hydrogen-containing compounds comprise
a trifunctional polyoPR&¢Rg ab feasione términatedhyaroxglgmupthaeis & Becomdsdy hifdroxyl group,
and having a hydroxyl group value of 150 to 1,000 mg KOH / g in an amount of 10 to 50 parts by
weight for 1%%@%@&%@&%@Waéﬁﬁﬂéﬁy&%@er?—%ﬁéﬁﬁﬁ@ dfpaings. least 12

10 smaller than the Asker C hardness thereof, and the Asker C
hardness is 60 or more, the polishing efficiency of the
polishing pad can be made compatible with the flattening
performance thereof at a high level. However, this document
never discloses a specific formulation or composition of a

15 polyurethane foam constituting the polishing pad. Furthermore,
the present inventors’ investigations have made it evident that
only by optimizing the relationship between the microrubber A
hardness value of a polishing pad and the Asker C hardness
thereof, the polishing pad cannot gain the effect of decreasing

20 tiny undulations as described above.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0007]

25 Patent Document 1: JP-A-2003-37089



[0011] The thermoset polyurethane foam constituting the polishing layer of the polishing pad
contains, as raw material components, an isocyanate component plus 25 active-hydrogen-containing
compounds comprising 10 to 50 parts by weight of a trifunctlonal polyol having at least one terminated
hydroxyl group that is a secondary hydroxyl group, and having a hydroxyl group value of 150 to 1,000
mg KOH / g. When a thermoset polyurethane foam yielded from these raw 5 material components
constitutes the polishing layer, the in-plane variation in the mTcrorubber A hardness of the polishing
layer can be adjusted to 12 or less, the v%ri.ation_beirlg1 ggtﬁ% egd by measuring the polishing layer from
the polishing surface Bide 6 %%qgﬂ}‘gf}%s a rer%It],BEhis polishing pad can decrease tiny undulations
generated in the sugg%ee I(])Lalgnatter to b%poli?pgg._gla% %e_ gy such advantageous effects can
IDE: .

. ocument . .
be gall-led is unclear; however, it is assumed that through the trifunctlonal polyol, three-dimensional

crossed moieties are Introduced Into the 15 thermoset polyurethane, resulting in the matter that the
in-plane variation in the mTcrorubber A hardness of the polishing layer is set to 12 or less. [0012] It is

preferred indhgppolishing pagthakthendC agtive-hydrogen-containing compounds comprise a
bifunctional polyol having at least one terminated hydroxyl group that is a secondary hydroxyl group,

and haying araygirexyd groumralgeofdr0e0, torl00Ng Kt g in an amount of O to 20 parts by
weight for 100 parts by weight of the 25 active-hydrogen-containing compounds. The use of this
bifunctional [y RS a chain extender makes it possible to decrease the in-plane variation in the
rarcrorubber A hardness of the polishing layer, the variation being obtained by measuring the polishing
layer from the polishing siugfate sidechof Heolagenesta sesudt, due pelishing pad neakestihpossible to

attain a further decrease in tiny undulations generated in the surface of a matter to be polished.
present invention has been made, and an object thereof is to

provide a polishing pad capable of decreasing tiny undulations
10 generated in the surface of a matter to be polished, a method
for producing the same, and a method for producing a

semiconductor device.

MEANS FOR SOLVING THE PROBLEMS
15 [0009]

In order to solve the problems, the present inventors have
made eager investigations, paying attention to an in-plane
variation in the microrubber A hardness of a polishing layer,
the variation being obtained by measuring the layer from the

20 a polishing surface side thereof. As a result, the present
inventors have found out that by adjusting the in-plane
variation in the microrubber A hardness into 12 or less, the
front surface of the polishing pad can be made uniform and tiny
undulations generated in the surface of a matter to be polished

25 can be decreased. Furthermore, the present inventors have made



[0013] In the polishing pad, it is preferred that the thermoset 10 polyurethane foam has substantially
spherical bubbles having an average bubble diameter of 20 to 300 pm. When the polishing layer is
formed by use of the thermoset polyurethane foam, winch has substantially spherical bubbles having
an average bubble diameter of 20 to 300 pm, the polishing layer can be Improved 15 in endurance.
Thus, when the polishing pad of the present invention is used, the polishing pad can keep high
planarrzatron characteristics over a long term, and is also Improved in polishing rate stability. The
wording "substantiall)ﬁ/ﬁsgherical" denotes a s‘fher'cgl fgrm and an eIIiPtic form. 20.Bubhbles in an elliptic
g

form denote Bdbbles vﬁﬁléjf?atti]ooﬁé:tm%%ﬁ e RMEtAL HRA the "SRG diaREte %r(ratio of L/S)
of 5 or less,_preferably 3 or less, more preferably 1.5 or less. [0014] 25The present invention also
lates 1 8 IR 100 [ S BB o ol e S6n OF pohg oL A Eal foarming

method to prepare.afoamsaispgrsed wethane compasitan, containing, as ray,materialgamponents,

an Isocyanate component plus active-hydrogen-containing 5 compounds comprising a trifunctlonal

polyol compaund, in;an amauntof 19 1o S0martsby weight Jhis.trifuncilopab pelyalicorapoynd being a
compound having at least one terminated hydroxyl group that is a secondary hydroxyl group, and

having=s hydeaxyt graup valuewf 150 to 1,000 mg KOH / g; the step 10 of painting the foam-dispersed
urethane composition onto a planar member; the step of setting the foam-dispersed urethane
composition toofodm a polishing layer comprising a thermoset polyurethane foam having substantially
spherical bubbles having an average bubble diameter of 20 to 300 pm; and the step 15 of ada usting
the polisfing layer Intbw@sunifdrm tickneds Thippddatingraethodsaakes it pessibietoiproduce a
polishing pad winch decreases tiny undulations generated in the surface of a matter to be polished.
[0015] 20F trtHekAtvka Aheastdserit iventidplrekiiés t AarethouPfap picduting s-sermitondtctor
der/Ice, comprising the step of using the polishing pad described in any one of the above-mentioned
paragraphsROhCBRd @ polistPa surfieeofa sBMiEoHdutiorWatéry @5 has an in-plane

10 variation of 12 or less in microrubber A hardness, the variation
being obtained by measuring the polishing layer froma polishing
surface side of the layer; the thermoset polyurethane foam
contains, as raw material components, an isocyanate component,
and active-hydrogen-containing compounds, and the

15 active-hydrogen-containing compounds comprise a trifunctional
polyol having at least one terminated hydroxyl group that is
a secondary hydroxyl group, and having a hydroxyl group value
of 150 to 1,000 mg KOH / g in an amount of 10 to 50 parts by
weight for 100 parts by weight of the

20 active-hydrogen-containing compounds.

[0011]

The thermoset polyurethane foam constituting the
polishing layer of the polishing pad contains, as raw material
components, an isocyanate component plus

25 active-hydrogen-containing compounds comprising 10 to 50 parts



BRIEF DESCRIPTION OF THE DRAWING [0016] Fig. 1 is a schematic structural view
illustrating a polishing machine used in a method for producing a semiconductor 5device. MODE FOR
CARRYING OUT THE INVENTION [0017] The polishing pad of the present invention has a
polishing 10 layer constituting a thermoset polyurethane foam, which maybe referred to as a
"polyurethane foam" hereinafter. [0018] Polyurethane resin is excellent in abrasion resistance, and
can be a polymer that can easily obtained with various 15 physical properties by changing the
composition of raw, m%teri s thereof variou.s(r%/a; d fugther tl-rﬁrein, substar#](ieall spherical fine bubbles
o

can easily BeYfofinéd E/é) éehahichifoani ethd 5(8)%;& Sfé§r}ﬁerae%f dﬁnﬁ Amechanical

frothing method)..Far. these reasons, polyurethane 20 resin is a material particularly preferable for the
constitiing THAtSHe S B ey OB 22 Bl BAGe L hat SRS an

Isocyanate campeRent, and aeiye-fygioganscantaiing compoLpds (Sychas 2@ ko /

high-molecular-weight polyol, a low-molecular-weight polyol, a low-molecular-weight polyamine, and a

chain extender).{@Q20]; +nAsithedsoqyanate-eempanert apy.compeind knewpara the figld of
polyurethane maybe used without especial restriction. 5 Examples thereof include aromatic

diisocyanatgs sueh as 2:4t@pluane disecyanate; 2:6-toluane gdiisacyanate, 22/«diphemdmethane
diisocyanate, 2,4'-diphenylmethane diisocyanate, 4,4'-diphenylmethane diisocyanate, polymeric MDI,
carbodiimidermpdified MR (farexample, vHELKINATDE Nk (Katde name) smmarfufadtered by Nippon
Polyurethane Industry Co.,
polishing layer can be adjusted to 12 or less, the variation
being obtained by measuring the polishing layer from the
polishing surface side of the layer. As a result, this
10 polishing pad can decrease tiny undulations generated in the
surface of a matter to be polished. The reason why such
advantageous effects can be gained is unclear; however, it is
assumed that through the trifunctional polyol,
three-dimensional crossed moieties are introduced into the
15 thermoset polyurethane, resulting in the matter that the
in-plane variation in the microrubber A hardness of the
polishing layer is set to 12 or less.
[0012]
It is preferred in the polishing pad that the
20 active-hydrogen-containing compounds comprise a bifunctional
polyol having at least one terminated hydroxyl group that is
a secondary hydroxyl group, and having a hydroxyl group value
of 1,000 to 1,500 mg KOH / g in an amount of 0 to 20 parts

by weight for 100 parts by weight of the

25 active-hydrogen-containing compounds. The use of this



Ltd.), 1,5-naphthalene diisocyanate, p-phenylene diisocyanate, m-phenylene diisocyanate, p-xylylene
diisocyanate, and m-xylylene diisocyanate; aliphatic diisocyanates such as ethylene diisocyanate,

2,2 ,4-trimethylhexamethylene 15 diisocyanate, and 1,6-hexamethylene diisocyanate; and alicyclic
diisocyanates such as 1,4-cyclohexane diisocyanate, 4,4'-dicyclohexylmethane diisocyanate,
isophorone diisocyanate, and norbornane diisocyanate. These may be used alone or in combination of
two or more thereof. 20[0021] It is preferred to use, out of the above-mentioned isocyanate
componentg,%n aromatic diisocyanate. It is particularly Ebrg{]%rred to use at least one af toluene
diisocyanate “dipRenyimEthane diSocyahate, Al 25 CarsadiffidEdicdinied disienyingthahe
disocyanatg,, [0022]., (I s Important for Ine present nvention (o comprise 2, (rjunclionalpolyal
having at least one ermlnateci]hyB rox;?l group that'is a secondarychyd]?oxy group, and having a

hydroxyl 5 grpupyalye 6t 150 10,1000 mg KQH / g, This trilynciianal polyql may. pe,synthesized by

adding propylene oxide (PO) to a trilunctlonal initiator such as glycerin or trimethylolpropane by a

method knayw, by, thage skilled in thenant The hydraxyd grewp value: can he adjysted byschanging the
addition amount of 10 PO, and is in particular preferably adjusted Into the range of 150 to 500 mg

KOH / g. Thercententpfdhe trilngctionak polypl rwhighohassatileas epertermmatedoaydroxylgroup that
is a secondary hydroxyl group and has a hydroxyl group value of 150 to 1,500 mg KOH / g, in the
active-hydrager-coatainingtlh campoikdsds set ntothe vangelof 45 10406 partshy weightfor 100
parts by weight of the compounds. [0023] It is also preferred for the present invention to comprise
a bifunctionahpolyolriandrg af leastend terniinated hydioxh@0 group that is a secondary hydroxyl
group, and having a hydroxyl group value of 1,000 to 1,500 mg KOH / g in an amount of O to 20 parts
by weight fdr®@03parts by weight of the active-hydrogen-containing compounds. The amount is more

preferably from 5 to 20 parts by weight, in particular 25 preferably from 10 to 20 parts by weight
therefor. The use off* the polishing pad, it is preferred that the thermoset

10 polyurethane foam has substantially spherical bubbles having
an average bubble diameter of 20 to 300 pym. When the polishing
layer is formed by use of the thermoset polyurethane foam, which
has substantially spherical bubbles having an average bubble
diameter of 20 to 300 um, the polishing layer can be improved

15 in endurance. Thus, when the polishing pad of the present
invention is used, the polishing pad can keep high planarization
characteristics over a long term, and is also improved in
polishing rate stability. The wording “substantially
spherical” denotes a spherical form and an elliptic form.

20 Bubbles in an elliptic form denote bubbles having a ratio
between the long diameter L and the short diameter S (ratio of
L/S) of 5 or less, preferably 3 or less, more preferably 1.5
or less.

[0014]

25 The present invention also relates to a method for



this bifunctional polyol as a chain extender makes it possible to make a further decrease in the
En-plane variation in the mEcrorubber A hardness of the polishing layer, the variation being obtained
by measuring the polishing layer from the 5 polishing surface side of the layer. Examples of the
bEfunctlonalpolyol, winch has at least one terminated hydroxyl group that is a secondary hydroxyl
group and has a hydroxyl group value of 1,000 to 1,500 mg KOH / g, Include 1,2-propylene glycol,
1,3-butanedEol, and 2,3-butanedEol. 10[0024] In the present invention, as any one of the
active-hydrogen-containing compounds, the following may be used besides tdbne] above-mentioned
wEfunctiond] BOST, 41 BTGHEHORA SolyBIah actVe hyardten-sntaig SmBoaid 18 usable
ordinarily in tggl}llréigalcfgejl% 061; Iﬁg}yurgthce}]nedf I exam I%,e a hijggé%(_)gfulaer}v%eight Pg‘{yol a
Iow-molecu%r-welgﬁt po yo?, a omﬁmcﬁecﬁlar-we%ﬁﬁ%\yamaEne, Or & chain extender. 851&%
20Examples of theshigh-moleplar-weight palyol lnclude any pojyetherpolval, typicgl examples thereof

including polytetramethylene ether glycol, and polyethylene glycol; any polyester polyol, a typical

example; thqrgg&;&l%@g pelybytylene ﬁ(iﬁea@é:@%&oiﬁé&%m%%%PI%’OL 25 examples
thereof including polycaprolactone polyol, and a reaction material made from a polyester glycol, such

as polysaprelagtone andamalkylengsashenateany: pelyestes polysarbanate patyol yielded by
causing ethylene carbonate to react with a polyhydrlc alcohol, and next causing the resultant 5
reaction mixturestocreact With ansargaaictdicarbaxyllgiand; any potycarbonate podyolyielged by
transesterlflcatlon reaction between a polyhydroxy compound and an aryl carbonate; and any polymer
polyol that is arpolyettiebpolyol whereip polyihéreparticles are disperset: These may-be used alone or
10 in combination of two or more thereof. [0026] Examples of the low-molecular-weight polyol
include trimeiAsIgioh e gy detint diglyéefif CDR2Brhexanstriok frietvapslamined peataergthritol,
tetramethylolcyclohexane, 15 methylglucoside, and alkylene oxide adducts of these examples. These
may be used %ﬁﬁé?ﬁﬁ’ﬁr CBRTIRAiGh 8FRd of AtbrettherédtO[atR7KOH Ekarfipleshyt théSP
low-molecular-weight polyamine include ethylenediamine, tolylenediamine, diphenylmethanediamine,

20 an]_doalky%epé’)?iagf (S A4S ESPIP B %8855@%%%@3%%&9%@% &fbetidstl Slone or in
S i Iod 5L e olont e b gL et fyepe b
composition to form a polishing layer comprising a thermoset
polyurethane foam having substantially spherical bubbles
having an average bubble diameter of 20 to 300 um; and the step
15 of adjusting the polishing layer intoauniformthickness. This
producing method makes it possible to produce a polishing pad
which decreases tiny undulations generated in the surface of
a matter to be polished.
[0015]
20 Furthermore, the present invention relates to a method
for producing a semiconductor device, comprising the step of
using the polishing pad described in any one of the
above-mentioned paragraphs concerned to polish a surface of a

semiconductor wafer.

25



25 neopentylglycol, 1,4-cyclohexanedimethanol, 3-methyl-1,5-pentanedlol, dlethylene glycol,
trlethylene glycol, and any low-molecular-weight polyol. The following may also be together used:
monoethanolamine, dlethanolamine, 2-(2-aminoethylamlno)ethanol, monopropanolamine, and any 5
other alcoholamine. [0029] The chain extender is an organic compound having at least two active
hydrogen groups. Examples of the active hydrogen groups Include hydroxyl groups, primary or
secondary amino 10 groups, and thlol groups (SH). Specific examples of the chain extender Include
4,4'-methylenebls(o-chloroanllin (MOC@? 2.6-dIchloro-p-phenylenedlamine,

4,4'-methyl§r§{e1b§ (2@8&%@8&5 n%F 3, -EIS%%%W%IO)-Z,4-to|uened|amIne,

153,5-bls(mﬁ5 Ithlo)-2,6-toluenedlamine, 3,5-dlethyltoluene-2,4-dlamine,
3,5-dlethyltoluene-2,6-dlamline, trimethylene glycol-dl-p-aminobenzoate,

1,2:bs(2-aminophegy thojethane, 42xdlaing:3.2-letby)5,5-methydiphenymathane, 20

N,N'-dl-sec-butyl-4,4'-dlamInodlphenylmethane, 3,3'-dlethyl-4,4'-dlamlnodlphenylmethane,
m-xylylenedlaming, N, )'»dl-secRutyl-pphenylenediaming, p-phenyencdlacine xylyepedlamine,

and other polyamlnes; and the above-mentioned low-molecular-weight polyols or 25
low-majeculas-wieight polyamines. These may be used alone or in combination of two or more thereof.
[0030] The ratio between the isocyanate component and the active-hydrogen-containing
compounds may be variously changed 5 in accordance with the molecular weight of each of these
materials, desired physical properties of the polyurethane foam, and others. In order to give a foam
having desiFstDpropertiés, Rire followinyintliék ig prefsfabiNfrom 0.80 to 1.20, more preferably from
0.90 to 1.15: the number (NCO index) of
[0017]
The polishing pad of the present invention has a polishing
10 layer constituting a thermoset polyurethane foam, which may be
referred to as a “polyurethane foam” hereinafter.
[0018]
Polyurethane resin is excellent in abrasion resistance,
and can be a polymer that can easily obtained with wvarious
15 physical properties by changing the composition of raw
materials thereof variously; and further therein,
substantially spherical fine bubbles can easily be formed by
a mechanical foaming method (examples thereof including a
mechanical frothing method). For these reasons, polyurethane
20 resin is a material particularly preferable for the
constituting material of the polishing layer.
[0019]
Polyurethane resin mainly contains an isocyanate

component, and active-hydrogen-containing compounds (such as

25 a high-molecular-weight polyol, a low-molecular-weight polyol,



10 isocyanate groups of the isocyanate component relative to the number of entire active hydrogen
groups (hydroxyl groups + amino groups) of the active-hydrogen-containing compounds. If the number
of the isocyanate groups is out of this range, the resultant polyurethane tends to undergo curing
insufficiency 15 not to gain a required specific gravity, hardness, compressibility nor some other
property. [0031] The polyurethane resin may be produced by a known urethanizing technique
such as melting technique or solution 20 technique. When cost, working environment and others are

considered, it is preferred to produce the resin by melting technique. For the production of the
palyursthar® (o0 BRNGFR pastiormal indtiad ST OHE SHOt etnd iy €8 10032] 257 he

thermoset p St]hane foam which is a forming matter for the polishing layer may be produced by a
mechanical foaming method (examples thereof including a mechanical frothing method). [0033]

SParticularly preferred is a.mechanicalfpaming methad using a silicops syriagtant thaf isg.copolymer

of a polyalkylszloxane and a polyether. Examplés of a preferred compound as the silicone surfactant

Include SH-4927and £ 5340 (manuiactured, by Daw Corning bray. sjlicene Coe Lid.}, and 10 B8443
(manufactured by Goldschmzdt GmbH). [0034] If necessary, the following may be added (to the

resin): & stabilizep sueh a8 apcatioxidantce lubrisaRk apigmest & /filler-ar agtistatie agent, and other
additives. 15[0035] A description will be made hereinafter about examples of a method for producing
the thermoset potyiretbane dadmconstitutiag the peolishing layedi This pohyianethane foam producing
method has the following steps:
2,2’ -diphenylmethane diisocyanate, 2,4’ -diphenylmethane
diisocyanate, 4,4’ -diphenylmethane diisocyanate, polymeric
MDI, carbodiimide-modified MDI (for example, MILLIONATE MTL
10 (trade name) manufactured by Nippon Polyurethane Industry Co.,
Ltd.), 1,5-naphthalene diisocyanate, p-phenylene diisocyanate,
m-phenylene diisocyanate, p-xylylene diisocyanate, and
m-xylylene diisocyanate; aliphatic diisocyanates such as
ethylene diisocyanate, 2,2,4-trimethylhexamethylene
15 diisocyanate, and 1, 6-hexamethylene diisocyanate; and
alicyclic diisocyanates such as 1,4-cyclohexane diisocyanate,
4,4’ -dicyclohexylmethane diisocyanate, isophorone
diisocyanate, and norbornane diisocyanate. These may be used
alone or in combination of two or more thereof.
20 [0021]
It is preferred to use, out of the above-mentioned
isocyanate components, an aromatic diisocyanate. It is
particularly preferred to use at least one of toluene

diisocyanate, diphenylmethane diisocyanate, and

25 carbodiimide-modified diphenylmethane diisocyanate.

10



20[0036] (1) A silicone surfactant is added to at least one of a first component including an isocyanate
component, and a second component including active-hydrogen-containing compounds, and then the
component to which the silicone surfactant is added 25 is mechanically stirred in the presence of a
nonreactive gas to disperse the nonreactlye gas thereinto as fine bubbles. In this way, a
foam-dispersed liquid is prepared. The remnant component is added to the foam-dispersed liquid. The
components therein are mixed with each other to prepare a 5 foam-dispersed urethane composition.
[0037] é§k}A sjlicone surfactant is added to at least one of a first component including an
Isocyanate %% ent, and a second component including active-hydrogen-containing compounds,

and 10 then the flrs&%ng secong lpgén#orpongs are mechanlctall. ns\:/_tler%ecdilg nthﬁ Jpresence of a_ nonreactlye

gas to disperse the nonrgac%trﬂ}oe gas thereinto as ine bubbles o prepare a oam%?gprelrggd%rethane

composition. [QQ38] 15The foagy dispersed,yrethane composiion mayhe prepareg by, a machanical

frothing method. The mechanical frothing method is a method of: putting raw material components Into

a mixing chgmbep ofiamixing: head while-3 nopieactlye gas isIncoraorated thereinie;.andmixing and

stirring the components 20 by means of a mixer such as an Oakes mixer, thereby making the

nonreagtlyejgas:nto dhe state affime-bubbles @ngifurtagr digpessingtthe bubbles:ite theneaw material
mixture. The mechanical frothing method is a preferred method since the method makes it possible to

adjust the densijy of the/2bpalyurethanedoans easiyiby the aditgiment oktheédn¢arporatedh amount of
the nonreactive gas. Moreover, the method gives a good production-efficiency since the method
makes it possiblertocshiapeadontinuoustpa polybrethane/foam having substantiathy splerdcat fine
bubbles having an average bubble diameter of 20
by a method known by those skilled in the art. The hydroxyl
group value can be adjusted by changing the addition amount of
10 PO, and is in particular preferably adjusted into the range of
150 to 500 mg KOH / g. The content of the trifunctional
polyol, which has at least one terminated hydroxyl group that
is a secondary hydroxyl group and has a hydroxyl group value
of 150 to1,500mg KOH / g, inthe active-hydrogen-containing
15 compounds is set into the range of 15 to 40 parts by weight for
100 parts by weight of the compounds.
[0023]
It is also preferred for the present invention to comprise
a bifunctional polyol having at least one terminated hydroxyl
20 group that is a secondary hydroxyl group, and having a hydroxyl
group value of 1,000 to 1,500 mg KOH / g in an amount of 0
to 20 parts by weight for 100 parts by weight of the
active-hydrogen-containing compounds. The amount is more

preferably from 5 to 20 parts by weight, in particular

25 preferably from 10 to 20 parts by weight therefor. The use of
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5to 300 pm. [0039] Thereafter, the foam-dispersed urethane composition prepared by this method
is painted onto a planar member, and then the foam-dispersed urethane composition is cured to form
10 a thermoset polyurethane foam (polishing layer) directly onto the planar member. [0040] The
nonreactive gas used to form the fine bubbles is preferably an incombustible gas, and specific
examples thereof 15 include nitrogen, oxygen and carbon dioxide gases, rare gases such as helium
and argon, and any mixed gas of two or more of these gases. The gas from which water is removed by
drying is most preferred from the viewpoint of costs, [0041] 20As a stirring machine for making the

t
AR 1 et MR e CR R entt du et kY Sl b U o

machine may, be Lﬂ%gd gvi?gg{gg_@eglglcrgggiscgqghS@%cific examglees of the machine include a

homogenizer, a Dissolver, a biaxial planetary mixer, and a 25 mec an}/é%ﬁr%&llr?é] machine. The shape

of one or mpre Strying,vanes pihe stiting mashing 15 natpayicylarly imitag, Awhippet-shaped

stirring vane is preferred since the use thereof gives fine bubbles. [0042] 51t is also preferred to use

different sti&s@gﬂaae@egsiM&hgftiﬂg&@fpﬁ%@a&m the foam:digpersed.1 1guidhinthe forming step,
and for the stirring for mixing the first and second components to each other. In the mixing step, the

stirringss ngidequirechtp be stining for farming bubbles, 30 and-thense-ef astirting machine that does
not generate large bubbles is preferred. Such a stirring machine is preferably a planetary mixer. Even
when the same stitringomachiad isousedhn the Haaminglsiep ofpre paringithe feanr-dispersad 11guld
and the mixing step of mixing the individual components with each 15 other, no problem is caused. It is
also preferred ¢opsentiie nashire winile stiriing corditionz are adjusted, fdrekample, thergta-L.11-1g
speed of the stirring vane(s) is adjusted as the need arises.

value of 1,000 to 1,500 mg KOH / g, include 1,2-propylene

glycol, 1,3-butanediol, and 2,3-butanediol.

10 [0024]

In the present invention, as any one of the
active-hydrogen-containing compounds, the following may be
used besides the above-mentioned trifunctional polyol, and
bifunctional polyol: an active-hydrogen-containing compound

15 usable ordinarily in technical fields of polyurethane, for
example, a high-molecular-weight polyol, a
low-molecular-weight polyol, a low-molecular-weight polyamine,
or a chain extender.

[0025]

20 Examples of the high-molecular-weight polyol include any
polyether polyol, typical examples thereof including
polytetramethylene ether glycol, and polyethylene glycol; any
polyester polyol, a typical example thereof including

polybutylene adipate; any polyester polycarbonate polyol,

25 examples thereof including polycaprolactone polyol, and a

12



[0043] 20In the polishing pad according to the present invention, a substrate layer may be laminated
on the polishing layer. When the substrate layer is laminated on the polishing layer, the substrate layer
is not particularly limited. Examples thereof Include nylon, polypropylene, polyethylene, polyester, 25
polyvinyl chloride, and other plastic films; a polyurethane foam, a polyethylene foam, and other
high-molecular-weight resin foams; rubbery resins such as butadiene rubber and Isoprene rubber; and
photosensitive resins. It is preferred to use, out of these examples, nylon, polypropylene, 5

polyethylene, polyester, polyvinyl chloride, and other plastic films; and polyurethane foam,
PoyethylonEd85os AR TR At TBEE. oF EiGhtTEORTSAE. Td Shhe Sy inay be a

double-sided t(? e.ora in%e-rsliged arggesiryeé[i\%e f@gesinglg-sid%dcgdh%snive Iaélfréhs regf is to be
bonded to & T Iafaepns [%% ]O ' The substrate lollyer pre?era%ﬁ/nhas 4 hardnéss eyqua fo or more
than that of the fQQ’%%tHQES fpam fo.give doughness 1o, the; polishing, pad. The thickness ofthe
substrate layer 15(when the layer is a double-sided tape or a Single-sided adhesive tape, the thickness
of its substrate) ds W%VQ%&V%'@E%% %@@&Qrﬁ,f%%@)’rf@{@ 2Q,10:1.00Q pm 1ogre preferably from
50 to 800 pm from the viewpoint of strength and flexibility. 20[0045] Examples of the means that
can besadoptedde paintihe foam-dispersediurgthaneseompgsition ante theplapar menaber;Include
gravure, kiss and comma and other roll coaters; slot, fountain and other die coaters; a squeeze coater;
a curtain 25segater; aynd=othenpaiatipng meansy However Hhe tears-may hief any tmeans capable of
forming a uniform painted film on the planar member. [0046] It is highly preferable to heat the
polyurethanesfeamion between a polyhydroxy compound and an aryl carbonate;

and any polymer polyol that is a polyether polyol wherein

polymer particles are dispersed. These may be used alone or
10 in combination of two or more thereof.

[0026]

Examples of the low-molecular-weight polyol include
trimethylolpropane, glycerin, diglycerin, 1,2, 6-hexanetriol,
triethanolamine, pentaerythritol, tetramethylolcyclohexane,

15 methylglucoside, and alkylene oxide adducts of these examples.
These may be used alone or in combination of two or more thereof.
[0027]

Examples of the low-molecular-weight polyamine include

ethylenediamine, tolylenediamine, diphenylmethanediamine,

20 and alkylene oxide (such as EO or PO) adducts of these amines.
These may be used alone or in combination of two or more thereof.
[0028]

The following may be together used: ethylene glycol,
1,2-butanediol, 1,4-butanediol, 1, 6-hexanediol,

25 neopentylglycol, 1,4-cyclohexanedimethanol,
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5 obtained by painting the foam-dispersed urethane composition onto the planar member and causing
the components to react with each other until the composition comes not to flow, thereby post-curing
the composition since the post-curing produces an effect of improving the polyurethane foam in
physical 10 properties. The post-curing is preferably performed at 40 to 70C for 10 minutes to 24
hours, and this operation is also preferably performed under a normal pressure since the shape of the
bubbles is stabilized. [0047] 15In the production of the polyurethane foam, a tertiary amine catalyst, or
any other known catalyst may be used for promating the polyurethane reactjon. The kind and the
achiton amSUE ST Qe P AT, cORT PG BoGd Wi & AL SR after the

step of mixing the 'ndividléalaZO ccirgﬁg%er]rts Wiﬁh each othﬁ is ﬂ;lWiQ in qfr] er 'ipolﬁ 8ainted onto the
c

planar men%e¥.c[(f) ﬁSﬁJhe prcl)K/uret ane foam rﬁé}?ﬁ%b‘%o uded ih a batch manner ofﬂv%/gl%hing the

individual components. ,Gharging {he comnonents, A8 tp aeantaingL andstben stiging fhg components

mechanically, or in a continuous production manner of supplying the individual components and the
nonreactive,gag continuously 1o a-stiring maghine, stiving thess.rompenents meehapically, feeding
out the foam-dispersed urethane composition and then shaping the 5 composition into a shaped
product. [0Q49)er 4N dhe polshing pad producing method of the present invention, it is necessary that
after or while a polyurethane foam is formed onto a planar member, the polyurethane foam is 10
adjusted Intpced @niform thickness. The method for adjusting the polyurethane foam Into a uniform
thickness is not particularly Minted, and examples thereof Include a method of buffing the foam with a
polishing member, &ha: ecinethod :of pressing sherfoany by Uses ofr@ pressing plate. AWheaathe foam 15 is
buffed, a polishing layer having, on the polyurethane foam surface, no skin layer is yielded. When the
foam is pre$sed, acpdlishiny RyepRaviagooRr the poianethanedbaimsurfiadel asskiny tiyes &yielded.
Conditions for the pressing are not particularly Minted; preferably, the temperature of the foam 20 is
adjusted to HEYRSs HnSHOR FHIRTGINigHEF J0B50] PT1TRE Yoarmh-diSHEIREd UretahB Tomposition
prepared in the above-mentioned manner is painted onto a releasing sheet, and a substrate layer is

laminated oAt® S fodMUisPerde Piretiihe 28 compBSifiar. “ThErsafRr- b5y tdrihf hetdam-dispersed

extender include 4,4’ -methylenebis(o-chloroaniline) (MOCA),
2,6-dichloro-p-phenylenediamine,
4,4’ -methylenebis (2,3-dichloroaniline),
3,5-bis(methylthio)-2,4-toluenediamine,

15 3,5-bis(methylthio) -2, 6-toluenediamine,
3,5-diethyltoluene-2,4-diamine,
3,5-diethyltoluene-2, 6-diamine, trimethylene
glycol-di-p-aminobenzoate, 1,2-bis(2-aminophenylthio)ethane,
4,4’ -diamino-3, 3’ -diethyl-5,5’ -dimethyldiphenylmethane,

20 N,N’-di-sec-butyl-4,4’'-diaminodiphenylmethane,
3,3’ -diethyl-4,4’ -diaminodiphenylmethane, m-xylylenediamine,
N, N’ -di-sec-butyl-p-phenylenediamine, m-phenylenediamine,
p—-xylylenediamine, and other polyamines; and the
above-mentioned low-molecular-weight polyols or

25 low-molecular-weight polyamines. These may be used alone or
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urethane composition while a pressing means is used to make the composition Into a uniform
thickness, a polyurethane foam may be formed. Tinsmethod1s a particularly preferred method since
the polishing layer can be controlled Into a highly uniform 5thickness. [0051] The material for
forming the releasing sheet is not particularly Minted, and examples thereof may be the same resins
and papers for the above-mentioned substrate layer. The 10 releasing sheet is preferably a sheet
small in dimension change based on heat. The surface of the releasing layer may be subjected to

releasing treatment OOSZiLThe ressing means for qgking, énto a uniform thickness, 15 the sandwich
sheet c:ompjolgeﬁ%qa dreted né) gh&@’t?tﬁ)erfd%%-%lis% Ysed urethane composition (foam-dispersed

urethane lari%% ? the substrate layer is not particularly limited. For example, a coater roller, a nip
roller or some other is used to compress the sandwich sheet Into a constant thickness. 20 Considering

that after the comprﬁéinga@fosig%%g@nb%esi %%Jgg%dgg%%roplequgn%%ab%}el.z to 2 times

larger than that before the compressing, it is preferred at the compressing time to make "50 to 85% of

the thickne%scoafitb@w%@ciegb%t%eﬁ@%mrﬂ'@egyﬁ o Malye.of the clearance of the,getgr or the 25
(6]

nip" - the thickness of the substrate layer and the releasing sheet". In order to yield a polyurethane
foam having a spesificgravity afi@.2 terd:Snibisqreferied.thagythe toam-gdispessed urethane
composition has a specific gravity of 0.24 to 1 before passed through the roll. 5[0053] After the
sandwich sheetds nadde, |Intosthe amiforys thickness dbe pobrirethane faanywbtaihed byreatsing the
components concerned to react with each other until the foam comes not to flow is heated to be
post-cured.ohditibrs for 10 the pdst-curing ake thé samé agidesctibedragbye.d0e54]ies, Thereafter,
the releasing sheet underneath the polyurethanefoamlspeeled. In this case, a skin layer is being
formed on the pofykethianeFoamdevhersthersdlgiedanefoam 0. 80 to 1.20, more

preferably from 0.90 to 1.15: the number (NCO index) of
10 isocyanate groups of the isocyanate component relative to the
number of entire active hydrogen groups (hydroxyl groups + amino
groups) of the active-hydrogen-containing compounds. If the
number of the isocyanate groups is out of this range, the
resultant polyurethane tends to undergo curing insufficiency
15 not to gain a required specific gravity, hardness,
compressibility nor some other property.
[0031]
The polyurethane resin may be produced by a known
urethanizing technique such as melting technique or solution
20 technique. When cost, working environment and others are
considered, it is preferred to produce the resin by melting
technique. For the production of the polyurethane resin,
either a prepolymer method or one-shot method may be used.
[0032]

25 The thermoset polyurethane foam which is a forming matter
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15 is formed by a mechanical foaming method as described above, the unevenness of the bubbles is
less generated in the lower surface side of the polyurethane foam than in the upper surface side.
When the lower surface side of the thus-formed polyurethanefoamlsusedas a polishing surface, this
polishing 20 surface is a surface wherein the unevenness of the bubbles is small. Thus, the polishing
pad is made better in polishing rate stability. The skin layer may be removed by buffing the
polyurethane foam after the releasing sheet is peeled. [0055] 25The thickness of the polyurethane

f [ t ticularly limited, ' ferably f 0.2t , f ly f 0.5t0 2 :
10056] The PAiyurBiite e AoAGoLY B e Sobee-MErbAbHS BragLEton Pt Banes

substantially spherical bubbles. The. polyurethane.foam according,to the present invention may be a
foam havin SO S BDGES, e Thaines oo iR 0BT FOTAS average
bubble diargl%t%gfjghge bubbles in the polyurethane foam is from 20 to 300 pm, preferably from 50 to
100 pm. When the bubbles are continuous bubbles, the average diameter of circular openings in the
surfaces of thg bdhbles is preferably 100 pm or less, more preferably 50 pm or less. 15[0058] The
specific gravity of the polyurethane foam is preferably from 0.3 to 0.6, more preferably from 0.3 to 0.5.

If the specific gravityis-lessihan 0:3, the pelishing layes onpaddends:to e koo highrie pREesity So as to
be deteriorated 20 in endurance. On the other hand, if the specific gravity is more than 0.6, it is
necessary tosmake thesria materials hitaclomtecrosslinkageadensity iryaeder da naake the polishing
layer Into a predetermined elastic modulus. In this case, the polishing pad tends to be Increased in
permanent strainatb el 25 deteriorateddn @ndodaneeher. Examples of a preferred

compound as the silicone surfactant include SH-192 and L-5340

(manufactured by Dow Corning Toray silicone Co., Ltd.), and
10 B8443 (manufactured by Goldschmidt GmbH) .

[0034]

If necessary, the following may be added (to the resin):
a stabilizer such as an antioxidant, a lubricant, a pigment,
a filler, an antistatic agent, and other additives.

15 [0035]

A description will be made hereinafter about examples of
a method for producing the thermoset polyurethane foam
constituting the polishing layer. This polyurethane foam
producing method has the following steps:

20 [0036]

(1) A silicone surfactant is added to at least one of a
first component including an isocyanate component, and a second
component including active-hydrogen-containing compounds, and
then the component to which the silicone surfactant is added

25 is mechanically stirred in the presence of a nonreactive gas
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[0059] The microrubber A hardness of the polyurethane foam is preferably from 40 to 90 degrees,
more preferably from 50 to 90 degrees, the hardness bell-1g obtained by measuring the foam 5 from
the polishing layer side thereof. If the microrubber A hardness of the polyurethane foam is out of this
range, the surface of a matter to be polished is easily scratched. [0060] About the hardness of the
polyurethane foam, the Asker 10 C hardness thereof is preferably from 10 to 90 degrees, more
preferably from 20 to 80 degrees. If the Asker C hardness is less than 10, the polishing pad tends to
be lowered in endurance, arﬁl a matter to bevpollshed tends to be detg'lorat%f % atness after

polished. Ohha %ﬁ&FﬁgnE if the rﬁ]é?dance?s IS rﬁ&% Hé%rfblé& Se%ise & MRS stiFface'dF a matter

to be pollshgﬁ is eaS| scraliphed %Pgl%rse% u e Qf aof the ollshlng padrrgf the present invention
is not particu arﬁ/ Iimi €d, and may aFong strip s ape havm]a %pafeng’[h a%ou toTb m, or may

be a round shape haying adiameter fahgut SPJ.159;eM[0064] | ; oy, sHhe frppL surface of the

polishing layer may have a convexo-concave structure for holdlng/renewmg a slurry. The 25 polishing

layer made @&&Eﬁamga%@@’l@ip%@@g%%l%% H&'@H'n&a%%ff%?@k?@f‘a&/@ 39%@58% of
holding/renewing a slurry, and when the convexo-concave structure is formed in the polishing surface,

the holding asgnienewingrafaisiuyoanrke meare effeetivaly attained. Moreover, the structure makes it
5 possible to prevent a matter to be polished from being broken by adsorption between the pad and
the matter todae3palished. The form of the convexo-concave structure is not particularly limited as far
as the form holds/renews a slurry. Examples of the convexo-concave structure Include X (stripe)
grooves, Xl 10 lattice’grodves | concentrc gfeavesn throaghdibles, thilingthdles s potygonaf calumns,
circular columns, a spiral groove, eccentric grooves, radial grooves, and any combination of two or
more of the§é §PGoves et convexsiéatcavelstRrYFres eaciPgensrlly havttkefsia vegularity.
However, in order to render 15 the structure a structure having a desired performance of
hoIdmg/renéWWi%%%F&Fry}r‘tﬁé%@rﬁ%ﬁﬂ%cfﬁhy%ehéf%@‘éﬁqn PO pith YoMt gdte depth or

some other inside individual areas thereof. [0063]
10 then the first and second components are mechanically stirred

in the presence of a nonreactive gas to disperse the nonreactive
gas thereinto as fine bubbles to prepare a foam-dispersed
urethane composition.

[0038]

15 The foam-dispersed urethane composition may be prepared
by a mechanical frothing method. The mechanical frothing
method is a method of: putting raw material components into a
mixing chamber of a mixing head while a nonreactive gas is
incorporated thereinto; and mixing and stirring the components

20 Dby means of a mixer such as an Oakes mixer, thereby making the
nonreactive gas into the state of fine bubbles and further
dispersing the bubbles into the raw material mixture. The
mechanical frothing method is a preferred method since the
method makes it possible to adjust the density of the

25 polyurethane foam easily by the adjustment of the incorporated
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20The method for forming the convexo-concave structure is not particularly limited, and examples
thereof Include a method of using a tool, such as a bite having a predetermined size, to cut the
polishing layer mechanically, a method of causing a resin to flow in a mold having a predetermined
surface shape, 25 and curing the resin to form the structure, a method of pressing a resin by use of a
pressing plate having a predetermined surface shape to form the structure, a method of using
photolithography to form the structure, a method of using a printing method to form the structure, and a

method of using a laser ray, such as 5 a carbon dioxide gas laser ray, to form the structure. [0064]
The polishifT REA bf the BHdRe IR tbr VEalB8 & pif hreh a BIShiBR Shes: R Betic onto &

non-polishing surface side of a palishing layer. When a substrate layer is laminated 10 .qnto the
poliehing 120 £ ok s Sate T BoTeh e ok A Al Ty BA tHereRshion sheet

in this order, [00R3L Lhe Gushinn, (cushian.layer)ds a membaL 15 coranesating fox properties of

the polishing layer. The cushion sheet is required in order to make both of planarity and uniformity,

which have g radecff relatigashipimiih each-pther inchemical mechanicalpolizhing, compatible with
each other. The planarity is the following flatness at the time of 20 polishing a matter to be polished

which Ras fine igggulafities generated when a pattern is formed in the matter: the flatness of the
patterned region. The uniformity is the evenness of the whole of the matter to be polished. In
accordancewitls properties of the polishing layer, the planarity is improved, 25 and in accordance with
properties of the cushion sheet, the uniformity is Improved. In the polishing pad of the present
invention, it is prefeffedteoasecas théeushiamsteet arsheet softéhthan thepotisting dayer.

prepared by this method is painted onto a planar member, and
then the foam-dispersed urethane composition is cured to form
10 a thermoset polyurethane foam (polishing layer) directly onto
the planar member.
[0040]
The nonreactive gas used to form the fine bubbles is
preferably an incombustible gas, and specific examples thereof
15 include nitrogen, oxygen and carbon dioxide gases, rare gases
such as helium and argon, and any mixed gas of two or more of
these gases. The gas from which water is removed by drying is
most preferred from the viewpoint of costs.
[0041]
20 As a stirring machine for making the nonreactive gas in
the form of fine bubbles, and further dispersing the bubbles,
a known stirring machine may be used without especial
restriction. Specific examples of the machine include a
homogenizer, a Dissolver, a biaxial planetary mixer, and a

25 mechanical frothing machine. The shape of one or more stirring
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[0066] 5Examples of the cushion sheet Include fiber nonwoven fabrics, such as a polyester nonwoven
fabric, a nylon nonwoven fabric, and an acrylic nonwoven fabric; resin-impregnated nonwoven fabrics,
such as a polyester nonwoven fabric Into winch polyurethane is Impregnated; high-molecular-weight
resin 10 foams, such as a polyurethane foam, and a polyethylene foam; and rubbery resins, such as
butadiene rubber and Isoprene rubber; and photosensitive resins. [0067] The means for bonding the
cushion sheet is, for example 15 a means of sandwiching the polishing layer and the cushion layer
between pleces of a ou le-sided ta e, and then pressm the sandw h. [006 c]glnthe polishing pad of

the present YAvention, a d%Eb%rs}l %ﬂ%ﬁ&hﬁ‘é@ bE 18id ok tHe i caerﬁr% fUhicH is t6 be bonded

to a platen. &%069 A sem icon gtor device is 1ﬁzroduced t?reorulgehdaéoroces of usmgﬁtrklle
above- mentlonéO polls% éopadsto poﬁlsﬁ% Surface of 25 a semlconcﬂjc?or wafer. The semlconductor
wafer is gengrally a-mattey wherein a wiring metal and an oxide film are laminated on a silicon wafer.
The method and machine for polishing the semiconductor wafer are not particularly limited. For
example, as Hlystrated 161 fig. 1, the polishing is performed by use of 5 a polishing machine equipped
with a polishing table 2 for supporting a polishing pad 1, a supporter (polishing head) 5 for supporting a

semiconductor wafert4,ia backingonember dor applyitg an evendiiessurerto the wafen ianska
mechanism for supplying a polishing agent 3. The polishing pad 1 is bonded 10 onto the polishing

table 2 throdigh, tareexample] agovhkle-sided tape; tolbe fited -onithpdakle® 1 The palishinghtable 2 and
the supporter 5 are arranged 161 such a manner that the polishing pad 1 and the semiconductor wafer
4 supportedfomrthiese meambers 2Aantb, respectivety; ang fadced toiedchoothbr Thermenidels 15 2 and
5 have rotating axes 6 and 7, respectively. In the vicinity of the supporter 5, a pressing mechanism is
located for pasting i s@Ricondactor weden4 ohftethe pdlishifgpadxing step, the

stirring is not required to be stirring for forming bubbles,

10 and the use of a stirring machine that does not generate large
bubbles is preferred. Such a stirring machine is preferably
a planetary mixer. Even when the same stirring machine is used
in the foaming step of preparing the foam-dispersed liquid and
the mixing step of mixing the individual components with each

15 other, no problem is caused. It is also preferred to use the
machine while stirring conditions are adjusted, for example,
the rotating speed of the stirring vane(s) is adjusted as the
need arises.

[0043]

20 In the polishing pad according to the present invention,
a substrate layer may be laminated on the polishing layer. When
the substrate layer is laminated on the polishing layer, the
substrate layer is not particularly limited. Examples thereof
include nylon, polypropylene, polyethylene, polyester,

25 polyvinyl chloride, and other plastic films; a polyurethane
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1. The semiconductor wafer 4 is polished by pushing the semiconductor wafer 4 onto the polishing pad
1 while the 20 polishing table 2 and the supporter 5 are rotated, and further supplying a slurry thereto.
The flow rate of the slurry is not particularly limited, as well as the load for the polishing, the rotation
number of the polishing table, and the rotation number of the wafer. These are appropriately adjusted.
25[0070] In this way, the surface roughness of the surface of the semiconductor wafer 4 is
Improved, and scratches therein are removed. Thereafter, the wafer Tssubjectedto dicing, bonding,
packaging and others to produce a semiconductor device. The 5 semiconductor device js used in, for
example, arl &AHMETE BIPEESSHA Hevice, 6F & MBMOR). Ko fondy 8F 2 HA SUbRHAtE 167 Arhard disc
can be finisfr1- Soiirs{h%% <j;1rr]n tsh_e same manner as describgd é':lgove. 10 EXAM@EE%JOOZ&J 4

! ; tad
Hereinafter, the present invention will'be described by way of working examples. However, the present

invention is not imited to.ihese working examples, 15100 £2] Measrement of Mifrorybier £ Hardness:

A mifrorubber A hardness meter MD-1 (manufactured by Kobunshl Kelkl Co., Ltd.,) is used to make a

measurement. SRecifically, g polishing l%@%@?ffﬂ%@@%@ﬁ@%ﬁ% is cut out Into a size

of 30 mm x 30 mm to prepare a sample. About each of any five points of this sample, from a polishing

surfaces side thieyeef, the: hardpessvalue is, peasyred.yTheraverage yalugitherest is defined as the
mTcrorubber A hardness. The difference between the maximum value and the minimum value 25 of

the respective hasgdnessivalues measheedattibenfiveqaainist isydefinedfasthe iarplane Warnation in the
microrubber A hardness. [0073] Tiny Undulations: 5A noncontact proffiometer (New View 6300,
manufacturedgh-molecular-weight resin foams. The substrate layer may be
a double-sided tape, or a single-sided adhesive tape (the
single-sided adhesive layer thereof is to be bonded to a
10 platen).
[0044]

The substrate layer preferably has a hardness equal to
or more than that of the polyurethane foam to give toughness
to the polishing pad. The thickness of the substrate layer

15 (when the layer is a double-sided tape or a single-sided
adhesive tape, the thickness of its substrate) is not
particularly limited, and is preferably from 20 to 1,000 pm,
more preferably from 50 to 800 pm from the viewpoint of strength
and flexibility.

20 [0045]

Examples of the means that can be adopted to paint the
foam-dispersed urethane composition onto the planar member
include gravure, kiss and comma and other roll coaters; slot,

fountain and other die coaters; a squeeze coater; a curtain

25 coater; and other painting means. However, the means may be
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by Zygo Corp.) is used to measure the Ra of each of five points of the front surface of a matter to be
polished under conditions that the lens power is 2.5, the zooming power is 0.5, and its bandpass filter
is set to 200 to 1,250 pm. The average value 10(nm) thereof is defined as the -LEI-1y undulations.
When the -LEI-1y undulations are measured, the used polished matter is apolished matter obtained by
polishing according to the following polishing manner. [0074] 15Polishing Manner: Double-sided
Polisher Setting Conditions Double-sided polisher: 9B type double-sided polisher,

manufactured by SpeedFam Co., Ltd. Processing pressure: 100 g/cm2 20Table rotation number: 50
it i3 pep et etk e ot e e

The numberrﬁo}‘n heercharged substrates: 25 25Each of the substrates is continuously polished until the
substrate thickness is turned to 85% of the initial thickness. The used polishing agent is prepared by
the foIIowing mqtg?d: [0075] Polishing Agent Preparing Method: 5To water is added a product
SHOROX A-10 (manufactured by

It is highly preferable to heat the polyurethane foam

5 obtained by painting the foam-dispersed urethane composition

onto the planar member and causing the components to react with

each other until the composition comes not to flow, thereby

post-curing the composition since the post-curing produces an
effect of improving the polyurethane foam in physical

10 properties. The post-curing is preferably performed at 40 to
70°C for 10 minutes to 24 hours, and this operation is also
preferably performed under a normal pressure since the shape
of the bubbles is stabilized.

[0047]

15 In the production of the polyurethane foam, a tertiary
amine catalyst, or any other known catalyst may be used for
promoting the polyurethane reaction. The kind and the addition
amount of the catalyst are selected, considering a period when
a mixture yielded after the step of mixing the individual

20 components with each other is flowing in order to be painted
onto the planar member.

[0048]
The polyurethane foam may be produced in a batch manner
of weighing the individual components, charging the components

25 into a container and then stirring the components mechanically,
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Showa Denko K.K.), and these are mixed with each other to prepare a polishing agent to have a
specific gravity of 1.06 to 1.09. [0076] Raw Materials: 10Individual raw materials used are as follows:
(1) Active-hydrogen-containing compounds Polycaprolactone polyol: "PLACCEL 210N
(PCL210N)", manufactured by Daicel Chemical Industries, Ltd.; the number of functional groups: 2,
and hydroxyl group value: 110 mg KOH 15/ g Polycaprolactone polyol: "PLACCEL 220 (PCL220)"
manufactured by Daicel Chemical Industries, Ltd.; the number of functional groups: 2, and hydroxyl

group value: 56 m KOH/,g, 20Polycaprolactone polyol: "PLACCEL 305 (PCL30%)" manufactured by
Daicel ChefmicaidGsties PRIHAE R %%E%SPfﬁfg&f{%P SUBE 37 AR yifroxy %F’&u yValue: 305 mg

KOH / g, Poé%tetrgrq]ergh)élenrel sther grl}/(gzr(l)l "e%'lé G\/lOOO(;, 2% (gpl%r}lg@%tgr d bgoMits%}b_isQirg:Qemical
Corp.; the number of functiona groups: 2, an Jhygrgxy? group value: ? KO llg, d
Polytetramethyligng ether.glyeal /P TM%QOQEIIHB%%‘CE‘E%"%QWME%M%*}} Chenigal, Gogpy; the
number of 5 functional groups: 2,"and hydroxyl group value: 37 mg KOH
the foam-dispersed urethane composition and then shaping the
5 composition into a shaped product.
[0049]

In the polishing pad producing method of the present
invention, it is necessary that after or while a polyurethane
foam is formed onto a planar member, the polyurethane foam is

10 adjusted into a uniform thickness. The method for adjusting
the polyurethane foam into a uniform thickness is not
particularly limited, and examples thereof include a method of
buffing the foam with a polishing member, and a method of
pressing the foam by use of a pressing plate. When the foam

15 is buffed, a polishing layer having, on the polyurethane foam
surface, no skin layer is yielded. When the foam is pressed,
a polishing layer having, on the polyurethane foam surface, a
skin layer is yielded. Conditions for the pressing are not
particularly limited; preferably, the temperature of the foam

20 is adjusted to the glass transition point or higher.

[0050]

The foam-dispersed urethane composition prepared in the
above-mentioned manner is painted onto a releasing sheet, and
a substrate layer is laminated onto the foam-dispersed urethane

25 composition. Thereafter, by curing the foam-dispersed
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1,4-Butanedlol (1,4-BD), manufactured by Nacalal Tesque Inc.; the number of functional groups: 2,
and hydroxyl group value: 1,247 mg KOH / g, 10Trlfunctlonal polyol having at least one terminated
hydroxyl group that is a secondary hydroxyl group: (a) Propylene oxide adduct of
trimethylolpropane, "EXCENOL 400MP", manufactured by Asahl Glass Co., Ltd.; the number of
functional groups: 3, and hydroxyl group value: 415 15 mg KOH / g, (b) Propylene oxide adduct of
glycerin, "MN400", manufactured by Mitsui Chemicals, Inc.; the number of functional groups: 3, and

hydroxyl group value: 415 mg KOH / g, 20(c) Propylene oxide adduct of glycerin, "MN10Q0",
e B G OB G R B BT ST BT S B e h ARG S oup value:

160 mg KOH / ... (d) Propylene.axide adduct of glycerin, "MN2000", 25 manufactured by
Vit Cher Ao T A it Do of TGt oSt RS St Ve 13 g KOH

9, (e) Propylepe oxideaddyct of iimethylalpronane, SEXCENOL.89QMEL, manutaciyred by Asahl
Glass Co., Ltd.; the 5 number of functional groups: 3, and hydroxyl group value: 865 mg KOH / g,

Bifunctional-pRlyQls hayving-at leastaneterminated hydroxylgroupthatisa secondany hydrexyl group:
(a) 1,2-Propylene glycol (1,2-PG), manufactured by 10 Nacalal Tesque Inc.; the number of functional
groupss 2, angilydrexy group value: 1,472 mg KOH / g, (b) 1,3-Butanedlol (1,3-BD),
manufactured by Nacalal Tesque Inc.; the number of functional groups: 2, and hydroxyl group value:
1,247 mg KOH Ag]15(111) Foaming agent
The material for forming the releasing sheet is not
particularly limited, and examples thereof may be the same
resins and papers for the above-mentioned substrate layer. The
10 releasing sheet is preferably a sheet small in dimension change
based on heat. The surface of the releasing layer may be
subjected to releasing treatment.
[0052]
The pressing means for making, into a uniform thickness,
15 the sandwich sheet composed of the releasing sheet, the
foam-dispersed urethane composition (foam-dispersed urethane
layer) and the substrate layer isnot particularly limited. For
example, a coater roller, a nip roller or some other is used
to compress the sandwich sheet into a constant thickness.
20 Considering that after the compressing, the size of the bubbles
in the foamed layer becomes about 1.2 to 2 times larger than
that before the compressing, it is preferred at the compressing
time tomake “50 to 85% of the thickness of the cured polyurethane

foam” equal to a value of “the clearance of the coater or the

25 nip” - “the thickness of the substrate layer and the releasing
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B8443", manufactured by Goldschmldt GmbH. (1v) Isocyanate component

Carbodlimlde-modified diphenylmethane dllsocyanate (MDI) "MILLIONATE NIL", manufactured by
Nippon Polyurethane 20Industry Co., Ltd. [0077] Examples 1 to 5, and Comparative Examples 1 to 3
An active-hydrogen-containing compound and an foaming agent were charged into a container to give
blend proportions 25 in the upper columns in Table 1 (each of numbers therein represents the number
of parts by weight of one of the raw materials when the total amount of the polyol compounds is

regarded as 100 parts by weight), and stirfing vanes were used to stir the blended components
Vioorously S Aaton MMBEFE ArbBOTHR Tob ATTANES 16 Like BBLIEY hid e Rath b eystem.
Thereatfter, the ca@odélplggimtoglfée MDI was ac]i:de@ethrer%lchg)agclvghl\écplggne_gaéues Ilsst%d in Table

1, and the réaction gystem was Stirréd for about'1 minute to prepare each f6am- |sﬁ)eer]s:e§ urethane

composition, J0{QQ /8] comgggf’t{%‘%r afl loamsdispersed yrethane composifonivas paipied onto a

releasing sheet that was a PET sheet (manufactured by Toyobo Co., Ltd.; thickness: 75 pm) subjected
to releasingfreatment o fargha foamsdispersed urethane layer. 15 The foam-dispersed urethane layer
was covered with a substrate layer that was a PET sheet (manufactured by Toyobo Co., Ltd.,
thickness: 188m). A nip roll was used to make the foam-dispersed urethane layer Into a thickness of
1.5 mm, and the workplece was primarily cured at 40C for 30 minutes. 20 Thereafter, the workplece
was secondly curedrhattZ0C tore3 baurswodarm lagealyurethang=foant foameddayerd.rkhis producing
method corresponds to a one-shot method since the active-hydrogen-containing compounds were
caused to réactdireetly withithedsdoyanatéeorapdrent tolpreduceitiey25s polyurathahe foam.

components concerned to react with each other until the foam

comes not to flow is heated to be post-cured. Conditions for
10 the post-curing are the same as described above.

[0054]

Thereafter, the releasing sheet underneath the
polyurethane foam is peeled. In this case, askin layer isbeing
formed on the polyurethane foam. When the polyurethane foam

15 is formed by a mechanical foaming method as described above,
the unevenness of the bubbles is less generated in the lower
surface side of the polyurethane foam than in the upper surface
side. When the lower surface side of the thus-formed
polyurethane foam is used as a polishing surface, thispolishing

20 surface is a surface wherein the unevenness of the bubbles is
small. Thus, the polishing pad is made better inpolishing rate
stability. The skin layer may be removed by buffing the
polyurethane foam after the releasing sheet is peeled.
[0055]

25 The thickness of the polyurethane foam is not
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[0079] Thereatfter, the releasing sheet was peeled. Next, a slicer (manufactured by Fecken-Kirfel
Gmbh & Co.) was used to make the polyurethane foam Into a thickness of 1.3 mm. In this 5 way, the
precision of the thickness was adjusted. Thereafter, a laminator was used to bond a double-sided tape
(Double Tack Tape, manufactured by Seksul Chemical Co., Ltd.) onto the front surface of the
substrate layer to manufacture a polishing pad. Comparative Example 31 [111110Z ET 1

particularly limited, and is preferably from 0.2 to 3 mm, more
preferably from 0.5 to 2 mm.
[0056]
The polyurethane foam produced by the above-mentioned
5 production method has substantially spherical bubbles. The
polyurethane foam according to the present invention may be a
foam having continuous bubbles, or a foam having independent
bubbles.
[0057]
10 The average bubble diameter of the bubbles in the
polyurethane foam is from 20 to 300 um, preferably from 50 to
100 uym. When the bubbles are continuous bubbles, the average
diameter of circular openings in the surfaces of the bubbles
is preferably 100 um or less, more preferably 50 pum or less.
15 [0058]
The specific gravity of the polyurethane foam is
preferably from 0.3 to 0.6, more preferably from 0.3 to 0.5.
If the specific gravity is less than 0.3, the polishing layer
or pad tends to be too high in porosity so as to be deteriorated
20 in endurance. On the other hand, if the specific gravity is
more than 0.6, it is necessary to make the raw materials into
a low crosslinkage density in order to make the polishing layer
into a predetermined elastic modulus. In this case, the
polishing pad tends to be increased in permanent strain to be

25 deteriorated in endurance.
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[0059]

The microrubber A hardness of the polyurethane foam is
preferably from 40 to 90 degrees, more preferably from 50 to
90 degrees, the hardness being obtained by measuring the foam
from the polishing layer side thereof. If the microrubber A
hardness of the polyurethane foam is out of this range, the
surface of a matter to be polished is easily scratched.
[0060]

About the hardness of the polyurethane foam, the Asker
C hardness thereof is preferably from 10 to 90 degrees, more
preferably from 20 to 80 degrees. If the Asker C hardness is
less than 10, the polishing pad tends to be lowered in endurance,
and a matter to be polished tends to be deteriorated in flatness
after polished. On the other hand, if the hardness is more than
90 degrees, the front surface of amatter tobe polishediseasily
scratched.

[0061]

The shape of the polishing pad of the present invention
is not particularly limited, and may be a long strip shape having
a length of about 5 to 10 m, or may be a round shape having a
diameter of about 50 to 150 cm.

[0062]

The front surface of the polishing layer may have a

convexo-concave structure for holding/renewing a slurry. The

polishing layer made of the foam has many openings at its
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polishing surface to have a function of holding/renewing a
slurry, and when the convexo-concave structure is formed in the
polishing surface, the holding and renewing of a slurry can be
more effectively attained. Moreover, the structure makes it
possible to prevent a matter to be polished from being broken
by adsorption between the pad and the matter to be polished.
The form of the convexo-concave structure is not particularly
limited as far as the form holds/renews a slurry. Examples of
the convexo-concave structure include X (stripe) grooves, XY
lattice grooves, concentric grooves, through holes, blind holes,
polygonal columns, circular columns, a spiral groove, eccentric
grooves, radial grooves, and any combination of two or more of
these grooves. These convexo-concave structures each
generally have therein regularity. However, in order to render
the structure a structure having a desired performance of
holding/renewing a slurry, the structure may be changed in
groove pith, groove width, groove depth or some other inside
individual areas thereof.

[0063]

The method for forming the convexo-concave structure is
not particularly limited, and examples thereof include a method
of using a tool, such as a bite having a predetermined size,
to cut the polishing layer mechanically, a method of causing
a resin to flow in a mold having a predetermined surface shape,

and curing the resin to form the structure, a method of pressing
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a resin by use of apressingplate having a predetermined surface
shape to form the structure, a method of using photolithography
to form the structure, a method of using a printing method to
form the structure, and a method of using a laser ray, such as
a carbon dioxide gas laser ray, to form the structure.
[0064]

The polishing pad of the present invention may be a pad
wherein a cushion sheet is bonded onto a non-polishing surface
side of a polishing layer. When a substrate layer is laminated
onto the polishing layer, it is preferred to laminate the
polishing layer, the substrate layer, and the cushion sheet in
this order.

[0065]

The cushion sheet (cushion layer) is a member
compensating for properties of the polishing layer. The
cushion sheet is required in order to make both of planarity
and uniformity, which have a tradeoff relationship with each
other in chemical mechanical polishing, compatible with each
other. The planarity is the following flatness at the time of
polishing a matter to be polished which has fine irregularities
generated when a pattern is formed in the matter: the flatness
of the patterned region. The uniformity is the evenness of the
whole of the matter to be polished. 1In accordance with
properties of the polishing layer, the planarity is improved,

and in accordance with properties of the cushion sheet, the
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uniformity is improved. In the polishing pad of the present
invention, it is preferred to use, as the cushion sheet, a sheet
softer than the polishing layer.

[0066]

Examples of the cushion sheet include fiber nonwoven
fabrics, such as a polyester nonwoven fabric, a nylon nonwoven
fabric, and an acrylic nonwoven fabric; resin-impregnated
nonwoven fabrics, such as a polyester nonwoven fabric into which
polyurethane is impregnated; high-molecular-weight resin
foams, such as a polyurethane foam, and a polyethylene foam;
and rubbery resins, such as butadiene rubber and isoprene
rubber; and photosensitive resins.

[0067]

The means for bonding the cushion sheet is, for example,
a means of sandwiching the polishing layer and the cushion layer
between pieces of a double-sided tape, and then pressing the
sandwich.

[0068]

In the polishing pad of the present invention, a
double-sided tape may be laid on the surface thereof which is
to be bonded to a platen.

[0069]

A semiconductor device is produced through a process of

using the above-mentioned polishing pad to polish a surface of

a semiconductor wafer. The semiconductor wafer is generally
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a matter wherein a wiring metal and an oxide film are laminated
on a silicon wafer. The method and machine for polishing the
semiconductor wafer are not particularly limited. For example,
as illustrated in Fig. 1, the polishing is performed by use of
5 a polishing machine equipped with a polishing table 2 for
supporting a polishing pad 1, a supporter (polishing head) 5
for supporting a semiconductor wafer 4, a backing member for
applying an even pressure to the wafer, and a mechanism for
supplying a polishing agent 3. The polishing pad 1 is bonded
10 onto the polishing table 2 through, for example, a double-sided
tape to be fitted on the table 2. The polishing table 2 and
the supporter 5 are arranged in such a manner that the polishing
pad 1 and the semiconductor wafer 4 supported on these members
2 and 5, respectively, are faced to each other. The members
15 2 and 5 have rotating axes 6 and 7, respectively. 1In the
vicinity of the supporter 5, a pressing mechanism is located
for pushing the semiconductor wafer 4 onto the polishing pad
1. The semiconductor wafer 4 is polished by pushing the
semiconductor wafer 4 onto the polishing pad 1 while the
20 polishing table 2 and the supporter 5 are rotated, and further
supplying a slurry thereto. The flow rate of the slurry is not
particularly limited, as well as the load for the polishing,
the rotation number of the polishing table, and the rotation
number of the wafer. These are appropriately adjusted.

25 [0070]
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In this way, the surface roughness of the surface of the
semiconductor wafer 4 is improved, and scratches therein are
removed. Thereafter, the wafer is subjected to dicing, bonding,
packaging and others to produce a semiconductor device. The
semiconductor device is used in, for example, an arithmetic
processing device, or a memory. A lens, or a glass substrate
for a hard disc can be finish-polished in the same manner as

described above.

EXAMPLES
[0071]

Hereinafter, the present invention will be described by
way of working examples. However, the present invention is not
limited to these working examples.

[0072]

Measurement of Microrubber A Hardness:

A microrubber A hardness meter MD-1 (manufactured by
Kobunshi Keiki Co., Ltd.,) is used to make a measurement.
Specifically, a polishing layer of a thermoset polyurethane
foam is cut out into a size of 30 mm x 30 mm to prepare a sample.
About each of any five points of this sample, from a polishing
surface side thereof, the hardness value i1s measured. The
average value thereof is defined as the microrubber A hardness.
The difference between the maximum value and the minimum value

of the respective hardness values measured at the five points
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is defined as the in-plane variation in the microrubber A
hardness.
[0073]

Tiny Undulations:

A noncontact profilometer (New View 6300, manufactured
by Zygo Corp.) is used to measure the Ra of each of five points
of the front surface of a matter to be polished under conditions
that the lens power is 2.5, the zooming power is 0.5, and its
bandpass filter is set to 200 to 1,250 pm. The average value
(nm) thereof is defined as the tiny undulations. When the tiny
undulations are measured, the usedpolishedmatter is a polished
matter obtained by polishing according to the following
polishing manner.

[0074]
Polishing Manner:
Double-sided Polisher Setting Conditions
Double-sided polisher: 9B type double-sided
polisher, manufactured by SpeedFam Co., Ltd.
Processing pressure: 100 g/cm®
Table rotation number: 50 rpm
Polishing agent supply rate: 4 L/min
Charged substrates: TS-10SX, manufactured by Ohara
Inc.
The number of the charged substrates: 25

FEach of the substrates is continuously polished until the
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substrate thickness is turned to 85% of the initial thickness.
The used polishing agent is prepared by the following method:
[0075]

Polishing Agent Preparing Method:

To water is added a product SHOROX A-10 (manufactured by
Showa Denko K.K.), and these aremixed with each other to prepare
a polishing agent to have a specific gravity of 1.06 to 1.009.
[0076]

Raw Materials:

Individual raw materials used are as follows:

(i) Active-hydrogen-containing compounds

Polycaprolactone polyol: “PLACCEL 210N (PCLZ210N)”,
manufactured by Daicel Chemical Industries, Ltd.; the number
of functional groups: 2, and hydroxyl group value: 110 mg KOH
/g

Polycaprolactone polyol: “PLACCEL 220 (PCL220)"”
manufactured by Daicel Chemical Industries, Ltd.; the number
of functional groups: 2, and hydroxyl group value: 56 mg KOH
/g,

Polycaprolactone polyol: “PLACCEL 305 (PCL305)”
manufactured by Daicel Chemical Industries, Ltd.; the number
of functional groups: 3, and hydroxyl group value: 305 mg KOH
/9,

Polytetramethylene ether glycol “PTMG1000”,

manufactured by Mitsubishi Chemical Corp.; the number of
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functional groups: 2, and hydroxyl group value: 110 mg KOH
/g,

Polytetramethylene ether glycol “PTMG3000”,

manufactured by Mitsubishi Chemical Corp.; the number of
5 functional groups: 2, and hydroxyl group value: 37 mg KOH /
g

1,4-Butanediol (1,4-BD), manufactured by Nacalai Tesque
Inc.; the number of functional groups: 2, and hydroxyl group
value: 1,247 mg KOH / g,

10 Trifunctional polyol having at least one terminated
hydroxyl group that is a secondary hydroxyl group:

(a) Propylene oxide adduct of trimethylolpropane,
“EXCENOL 400MP”, manufactured by Asahi Glass Co., Ltd.; the
number of functional groups: 3, and hydroxyl group value: 415

15 mg KOH / g,

(b) Propylene oxide adduct of glycerin, “MN400”,
manufactured by Mitsui Chemicals, Inc.; the number of
functional groups: 3, and hydroxyl group value: 415 mg KOH
/g,

20 (c) Propylene oxide adduct of glycerin, “MN100O”,
manufactured by Mitsui Chemicals, Inc.; the number of
functional groups: 3, and hydroxyl group value: 160 mg KOH
/9,

(d) Propylene oxide adduct of glycerin, “MN2000”,

25 manufactured by Mitsui Chemicals, Inc.; the number of
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functional groups: 3, and hydroxyl group value: 112 mg KOH
/g,
(e) Propylene oxide adduct of trimethylolpropane,
“EXCENOL 890MP”, manufactured by Asahi Glass Co., Ltd.; the
5 number of functional groups: 3, and hydroxyl group value: 865
mg KOH / g,
Bifunctional polyols having at least one terminated
hydroxyl group that is a secondary hydroxyl group:
(a) 1,2-Propylene glycol (1,2-PG), manufactured by
10 Nacalai Tesque Inc.; the number of functional groups: 2, and
hydroxyl group value: 1,472 mg KOH / g,
(b) 1,3-Butanediol (1,3-BD), manufactured by Nacalai
Tesque Inc.; the number of functional groups: 2, and hydroxyl
group value: 1,247 mg KOH / g,
15 (iii) Foaming agent
“B8443”, manufactured by Goldschmidt GmbH.
(iv) Isocyanate component
Carbodiimide-modified diphenylmethane diisocyanate
(MDI) “MILLIONATE MTL”, manufactured by Nippon Polyurethane
20 Industry Co., Ltd.
[0077]
Examples 1 to 5, and Comparative Examples 1 to 3
An active-hydrogen-containing compound and an foaming
agent were charged into a container to give blend proportions

25 in the upper columns in Table 1 (each of numbers therein
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The number of functional groups rrnMinin

represents the number of parts by weight of one of the raw
materials when the total amount of the polyol compounds is
regarded as 100 parts by weight), and stirring vanes were used
to stir the blended components vigorously at a rotation number
0of 900 rpm for 4 minutes to take bubbles into the reaction system.
Thereafter, the carbodiimide-modified MDI was added thereto to
give NCO index values listed in Table 1, and the reaction system
was stirred for about 1 minute to prepare each foam-dispersed
urethane composition.

[0078]

The prepared foam-dispersed urethane composition was
painted onto a releasing sheet that was a PET sheet
(manufactured by Toyobo Co., Ltd.; thickness: 75 um) subjected
to releasing treatment to form a foam-dispersed urethane layer.
The foam-dispersed urethane layer was covered with a substrate
layer that was a PET sheet (manufactured by Toyobo Co., Ltd.,
thickness: 188 um). A nip roll was used to make the
foam-dispersed urethane layer into a thickness of 1.5 mm, and
the workpiece was primarily cured at 40°C for 30 minutes.
Thereafter, the workpiece was secondly cured at 70°C for 3 hours
to form a polyurethane foam (foamed layer). This producing
method corresponds to a one-shot method since the
active-hydrogen-containing compounds were caused to react
directly with the isocyanate component to produce the

polyurethane foam.
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[0079]

Thereafter, the releasing sheet was peeled. Next, a
slicer (manufactured by Fecken-Kirfel Gmbh & Co.) was used to
make the polyurethane foam into a thickness of 1.3 mm. In this

5 way, the precision of the thickness was adjusted. Thereafter,
a laminator was used to bond a double-sided tape (Double Tack
Tape, manufactured by Sekisui Chemical Co., Ltd.) onto the front

surface of the substrate layer to manufacture a polishing pad.
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0>1 00 Z400 Isocyanate component Foaming agent  [0081] It is understood from the results in
Table 1 that according to each of the polishing pads of Examples 1 to 5, tiny undulations generated in
the surface of the polished matter were 5 decreased since the in-plane variation in the microrubber A
hardness of the polishing layer of the pad was 12 or less. DESCRIPTION OF REFERENCE SIGNS
[0082] 101: polishing pad 2: polishing table 3: polishing agent (slurry) 4: matter to be
polished (semiconductor wafer, lens or glass plate) 155: supporter (polishing head)

[0081]

It is understood from the results in Table 1 that
according to each of the polishing pads of Examples 1 to 5, tiny
undulations generated in the surface of the polished matter were

5 decreased since the in-plane variation in the microrubber A

hardness of the polishing layer of the pad was 12 or less.

DESCRIPTION OF REFERENCE SIGNS
[0082]
10 1: polishing pad
2: polishing table
3: polishing agent (slurry)
4: matter to be polished (semiconductor wafer, lens or
glass plate)
15 5: supporter (polishing head)

6, and 7: rotating axes
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6, and 7: rotating axes CLAIMS 1. A polishing pad, having a polishing layer comprising a
thermoset polyurethane foam, Swherein the polishing layer has an in-plane variation of 12 or less in
microrubber A hardness, the variation being obtained by measuring the polishing layer from a
polishing surface side of the layer, the thermoset polyurethane foam contains, as raw material
10 components, an Isocyanate component and active-hydrogen-containing compounds, and the
active-hydrogen-containing compounds comprise a trlfunctlonal polyol having at least one terminated
hydroxyl group that is a secondary hydroxyl group, and having a hydroxyl 15 group value of 150 to
1,000 mg KOH / g in an amount of 10 to 50 part KL)bIAyI\l}\/)gight for 100 parts by weight of the
active-hydrogen-containing compounds. 2. The polishing pad according to claim 1, wherein the
20 active-hydrogen-containing compounds comprise a bifunctional polyol having at least one

terminated hydroxyhgroup that is.a.se ary;hydeoxyl group, and having a hydr grqup value of
1,000 to 1,500 mg KOH / gﬁ?rjlalan arﬁogr;.lftpgf 0 to Zoqggrts y Wleight f(?r 100 parts gié}%veigmf the 25

active-hydregen;coataining s8MPEURds.ane £3ar he polishing pad according to claim 1, wherein the
thermoset polyurethane foam has substantially spherical bubbles having an average bubble diameter

of 20 t@ 300 pm. 5 whe Ae AnmetbodJon produging adpelishing pack compiising thessteprofossing a
mechanical foaming method to prepare a foam-dispersed urethane composition containing, as raw
material componentsean isocyanateocarbpenernt plus 310 @stiye-hydrogen:eontaining=dcergpounds
comprising a trifunctional polyol compound in an amount of 10 to 50 parts by weight for 100 parts by
weight of thetactivedwydrogersesntaining tomppandsthe driflagtonal polyck composhdbeing a
compound having at least one terminated 15 hydroxyl group that is a secondary hydroxyl group, and
having a hy@8keds grouplyeue bf 186 td 2300 mg KOH / g; the step of painting the foam-dispersed
urethane composition onto a planar member; the step of setting the foam-dispersed urethane
composition to form & PRI IaFEr RompHehid a Bfefid8etontains, as rawmaterial

10 components, an isocyanate component and
active-hydrogen-containing compounds, and
the active-hydrogen-containing compounds comprise a
trifunctional polyol having at least one terminated hydroxyl
group that is a secondary hydroxyl group, and having a hydroxyl
15 group value of 150 to 1,000 mg KOH / g in an amount of 10 to
50 parts by weight for 100 parts by weight of the

active-hydrogen-containing compounds.

2. The polishing pad according to claim 1, wherein the
20 active-hydrogen-containing compounds comprise a bifunctional
polyol having at least one terminated hydroxyl group that is
a secondary hydroxyl group, and having a hydroxyl group value
of 1,000 to 1,500 mg KOH / g in an amount of 0 to 20 parts
by weight for 100 parts by weight of the

25 active-hydrogen-containing compounds.
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20 polyurethane foam having substantially spherical bubbles having an average bubble diameter of 20
to 300 pm; and the step of adjusting the polishing layer into a uniform thickness. 5. A method
for producing a semiconductor device, 25 comprising the step of using the polishing pad recited in
claim 1 to polish a surface of a semiconductor wafer.

10

15

20

25

3. The polishing pad according to claim 1, wherein the
thermoset polyurethane foam has substantially spherical

bubbles having an average bubble diameter of 20 to 300 pm.

4. A method for producing a polishing pad, comprising
the step of using a mechanical foaming method to prepare a
foam-dispersed urethane composition containing, as raw
material components, an isocyanate component plus
active-hydrogen-containing compounds comprising a
trifunctional polyol compound in an amount of 10 to 50 parts
by weight for 100 parts by weight of the
active-hydrogen-containing compounds, the trifunctional
polyol compound being a compound having at least one terminated
hydroxyl group that is a secondary hydroxyl group, and having
a hydroxyl group value of 150 to 1,000 mg KOH / g; the step
of painting the foam-dispersed urethane composition onto a
planar member; the step of setting the foam-dispersed urethane
composition to form a polishing layer comprising a thermoset
polyurethane foam having substantially spherical bubbles
having an average bubble diameter of 20 to 300 um; and the step

of adjusting the polishing layer into a uniform thickness.

5. A method for producing a semiconductor device,

comprising the step of using the polishing pad recited in claim
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1 to polish a surface of a semiconductor wafer.
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