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(57) ABSTRACT 

A polishing pad, a polishing laminated pad and a semicon 
ductor Wafer polishing method all of Which prevent a leak of 
slurry from the gap betWeen a polishing substrate and a 
reduction in polishing ef?ciency caused by a scratched and 
a Window member and enable the optical detection of the 
polishing end point to be carried out ef?ciently. 

The polishing pad comprises a polishing substrate having a 
through hole extending from the front side to the rear side 
and a light transmitting member arranged in the through 
hole, and the outer Wall of the above light transmitting 
member and the inner Wall of the though hole opposite to the 
outer Wall are bonded together With a photocurable adhesive 
such as a polyurethane(meth)acrylate to ?x the above light 
transmitting member in the through hole. 
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Fig. 17 
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POLISHING PAD AND METHOD OF POLISHING A 
SEMICONDUCTOR WAFER 

FIELD OF THE INVENTION 

[0001] The present invention relates to a polishing pad and 
a method of polishing a semiconductor Wafer. More speci? 
cally, it relates to a polishing pad comprising a WindoW 
member for optical end-point detection, Which prevents a 
leak of slurry from the gap betWeen a polishing pad substrate 
and the WindoW member and Which enables the optical 
detection of the polishing end point to be carried out 
ef?ciently Without a reduction in polishing efficiency caused 
by a scratched surface to be polished and to a method of 
polishing a semiconductor Wafer With the polishing pad. 

DESCRIPTION OF THE PRIOR ART 

[0002] In the polishing of a semiconductor Wafer, after the 
purpose of polishing is accomplished, the determination of 
the polishing end point for terminating polishing can be 
made based on a time obtained empirically. HoWever, vari 
ous materials are used to form surfaces to be polished and 
the polishing time differs by each material. It is conceivable 
that the material forming the surface to be polished Will 
change in the future. Further, the same can be said of slurry 
used for polishing and a polishing machine. Therefore, it is 
extremely inef?cient to obtain the polishing time from these. 
To cope With this, researches into optical end-point detection 
devices and processes using an optical method capable of 
directly observing the state of the surface to be polished are 
noW under Way as disclosed by JP-A 9-7985 and JP-A 
2000-326220 (the term “JP-A” as used herein means an 
“unexamined published Japanese patent applications”). 

[0003] In the above optical end-point detection devices 
and processes, a WindoW Which is made of a hard and 
homogeneous resin capable of transmitting light for end 
point detection and having no essential property of absorb 
ing and carrying abrasive grains contained in slurry is 
formed in a polishing pad, and the surface to be polished is 
observed only from this WindoW (JP-A 11-512977). 

[0004] The polishing pad having this WindoW is manufac 
tured by pushing a WindoW member into a hole formed in a 
polishing substrate. This polishing pad has a problem that 
optical end-point detection may become unsatisfactory due 
to a leak of slurry from the gap betWeen the WindoW member 
and the polishing pad substrate because the WindoW member 
becomes loose during polishing. 

[0005] To solve the above problem, US. Pat. No. 6,045, 
439 discloses a method of bonding a WindoW member to a 
polishing pad substrate With an adhesive and enumerates 
polyurethane elastomers, rubber cement and epoxy-based 
adhesives as preferred examples of the adhesive. The poly 
urethane elastomer adhesive has great adhesive force and 
excellent durability and ?lls the gap betWeen the WindoW 
member and the polishing pad substrate by sWelling after 
curing, thereby contributing to the prevention of a leak of the 
slurry. HoWever, it involves the folloWing problems: (1) the 
curing of the adhesive takes long, thereby reducing the 
production yield, and (2) the WindoW member is distorted by 
the sWelling of the adhesive at the time of curing, Whereby 
part of the WindoW member may project from the surface of 
the polishing pad substrate and accordingly, a polishing pad 
having a smooth surface may not be obtained. MeanWhile, 
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When rubber cement or a commonly used adhesive such as 
an epoxy-based adhesive is used, part of the adhesive may 
be solidi?ed While it over?oWs into the polishing surface of 
the polishing pad or part of the adhesive solidi?ed during 
polishing may fall off as a fragment, thereby scratching the 
surface to be polished. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention Which has 
been made to solve the above problems to provide a pol 
ishing pad comprising a WindoW member for optical end 
point detection, Which prevents a leak of slurry from the gap 
betWeen the WindoW member and a polishing pad substrate 
and Which enables the optical detection of the polishing end 
point to be carried out ef?ciently Without a reduction in 
polishing ef?ciency caused by a scratched surface to be 
polished, as Well as a polishing laminated pad and a method 
of polishing a semiconductor Wafer. 

[0007] Other objects and advantages of the present inven 
tion Will become apparent from the folloWing description. 

[0008] The inventors of the present invention have con 
ducted intensive studies on a polishing pad used for polish 
ing, making use of an optical end-point detection device, 
speci?cally a method of ?xing a WindoW member to a 
polishing pad and have found that ef?cient polishing can be 
carried out through optical end-point detection by bonding 
and ?xing a light transmitting member as the WindoW 
member in a polishing pad substrate Without a gap betWeen 
them With a photocurable adhesive to prevent a leak of slurry 
from the gap during polishing and a bad phenomenon such 
as scratching. The present invention has been accomplished 
based on this ?nding. 

[0009] That is, according to the present invention, ?rstly, 
the above objects and advantages of the present invention 
are attained by a polishing pad comprising a polishing 
substrate having a through hole extending from its polishing 
surface to the opposite surface and a light transmitting 
member arranged in the through hole, said outer Wall of the 
light transmitting member being bonded to the inner Wall of 
the through hole opposed to the outer Wall With a photocured 
adhesive layer so that the light transmitting member is ?xed 
in the through hole. 

[0010] According to the present invention, secondly, the 
above objects and advantages of the present invention are 
attained by a polishing laminated pad comprising the pol 
ishing pad of the present invention and a base layer having 
light transmission properties formed on the surface opposite 
to the polishing surface of the polishing pad. 

[0011] According to the present invention, thirdly, the 
above objects and advantages of the present invention are 
attained by a method of polishing a semiconductor Wafer 
With a polishing pad, Wherein the polishing pad or the 
polishing laminated pad of the present invention is used and 
the polishing end point of the semiconductor Wafer is 
detected by an optical end-point detection device through 
the light transmitting member of the polishing pad or the 
polishing laminate pad. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a sectional vieW of an example of a 
polishing pad of the present invention; 
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[0013] FIG. 2 is a sectional vieW of an example of a 
through hole formed in a polishing substrate; 

[0014] FIG. 3 is a sectional vieW of another example of 
the through hole formed in the polishing substrate; 

[0015] FIG. 4 is a sectional vieW of still another example 
of the through hole formed in the polishing substrate; 

[0016] FIG. 5 is a sectional vieW of a further example of 
the through hole formed in the polishing substrate; 

[0017] FIG. 6 is a sectional vieW of a still further example 
of the through hole formed in the polishing substrate; 

[0018] FIG. 7 is a sectional vieW of a still further example 
of the through hole formed in the polishing substrate; 

[0019] FIG. 8 is a sectional vieW of another example of 
the polishing pad of the present invention; 

[0020] FIG. 9 is a sectional vieW of still another example 
of the polishing pad of the present invention; 

[0021] FIG. 10 is a sectional vieW of a further example of 
the polishing pad of the present invention; 

[0022] FIG. 11 is a sectional vieW of a still further 
example of the polishing pad of the present invention; 

[0023] FIG. 12 is a sectional vieW of a still further 
example of the polishing pad of the present invention; 

[0024] FIG. 13 is a sectional vieW of a still further 
example of the polishing pad of the present invention; 

[0025] FIG. 14 is a sectional vieW of a still further 
example of the polishing pad of the present invention; 

[0026] FIG. 15 is a sectional vieW of a still further 
example of the polishing pad of the present invention; 

[0027] FIG. 16 is a sectional vieW of a still further 
example of the polishing pad of the present invention; 

[0028] FIG. 17 is a sectional vieW of a still further 
example of the polishing pad of the present invention; 

[0029] FIG. 18 is an image diagram of part of the pol 
ishing pad shoWn in FIG. 17; 

[0030] FIG. 19 is a sectional vieW of a still further 
example of the polishing pad of the present invention; 

[0031] FIG. 20 is a plan vieW of an example of the 
polishing pad having a light transmitting member ?xed in a 
through hole formed in the polishing substrate; 

[0032] FIG. 21 is a plan vieW of another example of the 
polishing pad having light transmitting members ?xed in 
through holes formed in the polishing substrate; 

[0033] FIG. 22 is a sectional vieW of an example of a 
polishing pad comprising a ?xing layer; 

[0034] FIG. 23 is a sectional vieW of another example of 
the polishing pad comprising a ?xing layer; 

[0035] FIG. 24 is a sectional vieW of still another example 
of the polishing pad comprising a ?xing layer; 

[0036] FIG. 25 is a sectional vieW of a further example of 
the polishing pad comprising a ?xing layer; 

[0037] FIG. 26 is a sectional vieW of an example of a 
polishing laminated pad of the present invention; and 
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[0038] FIG. 27 is a diagram for explaining a polishing 
machine using the polishing pad or polishing laminated pad 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0039] The present invention Will be described in detail 
herein under. 

[0040] The polishing pad of the present invention com 
prises a polishing substrate having a through hole extending 
from its polishing surface to the opposite surface and a light 
transmitting member arranged in this through hole. 

[0041] The above polishing substrate has a polishing func 
tion by itself, preferably can hold slurry on the polishing 
surface and can retain the residual dust after polishing 
temporarily. More preferably, it can maintain its shape even 
When the light transmitting member is arranged in the 
through hole. It doesn’t matter Whether this polishing sub 
strate has light transmission properties or not. The planar 
shape of the polishing substrate is not particularly limited 
and may be circular or polygonal such as quadrangular. The 
siZe of the polishing substrate is not particularly limited as 
Well. The thickness of the polishing substrate may vary 
according to application purpose but 0.5 mm or more, 
preferably 1 to 3 mm, for example. The thickness may be 
totally constant or partially different. 

[0042] Preferably, the polishing surface of the above pol 
ishing substrate has a structure that at least micro-holes (to 
be referred to as “pores” hereinafter), grooves, depressions 
or ?uff is formed during polishing in order to hold slurry and 
retain the residual dust after polishing temporarily. They 
may have a predetermined shape such as a dot pattern or 
random shape. They may be formed in advance or formed 
during polishing. Fluff may be formed by surface reneWal. 

[0043] The polishing substrate is selected from (1) a 
polishing substrate Which comprises a Water-insoluble 
matrix material (A) and a Water-soluble substance (B) (in a 
form of particle or ?ber) dispersed in the Water-insoluble 
matrix material (A) and forms pores or grooves during 
polishing, (2) a polishing substrate such as a foamed mate 
rial Which comprises a Water-insoluble matrix material (A) 
and pores dispersed in the Water-insoluble matrix material 
(A), and (3) a polishing substrate Which consists only of a 
Water-insoluble matrix (A) and can be ?uffed by surface 
reneWal. 

[0044] Various material may be used as the above Water 
insoluble matrix material An organic material is pref 
erably used because it can be easily molded to have a 
predetermined shape or properties easily and can provide 
suitable elasticity. As the organic material may be used a 
thermoplastic resin, thermosetting resin, elastomer or rub 
ber. They may be used alone or in combination of tWo or 
more. It doesn’t matter Whether the above Water-insoluble 
matrix material (A) has light transmission properties or not. 

[0045] Examples of the above thermoplastic resin include 
polyole?n resin, polystyrene resin, polyacrylic resin such as 
(meth)acrylate resin, vinyl ester resin excluding polyacrylic 
resin, polyester resin, polyamide resin, ?uororesin, polycar 
bonate resin and polyacetal resin. They may be used alone 
or in combination of tWo or more. 
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[0046] Examples of the above thermosetting resin include 
phenolic resin, epoxy resin, unsaturated polyester resin, 
polyurethane resin, polyurethane.urea resin, urea resin and 
silicon resin. They may be used alone or in combination of 
tWo or more. 

[0047] Examples of the above elastomer include styrene 
elastomers such as styrene.butadiene.styrene block copoly 
mer (SBS) and hydrogenated block copolymer thereof 
(SEBS), thermoplastic elastomers such as polyole?n elas 
tomer (TPO), thermoplastic polyurethane elastomer (TPU), 
thermoplastic polyester elastomer (TPEE), polyamide elas 
tomer (TPAE) and diene elastomer such as 1,2-polybutadi 
ene, silicone resin elastomer and ?uororesin elastomer. They 
may be used alone or in combination of tWo or more. 

[0048] Examples of the above rubber include butadiene 
rubber, styrene.butadiene rubber, isoprene rubber, isobuty 
lene.isoprene rubber, acrylic rubber, acrylonitrile.butadiene 
rubber, ethylene.propylene rubber, ethylene.propylene.diene 
rubber, silicone rubber and ?uorine rubber. They may be 
used alone or in combination of tWo or more. 

[0049] These materials may be modi?ed by an acid anhy 
dride group, carboxyl group, hydroxyl group, epoxy or 
amino group. The hydrophilic nature With the Water-soluble 
material (B), abrasive grains and an aqueous medium con 
tained in the slurry used for polishing of these materials can 
be adjusted by modi?cation. The modi?ed materials may be 
used in combination of tWo or more. 

[0050] The above Water-insoluble matrix material (A) may 
be a crosslinked polymer or non-crosslinked polymer. At 
least part of the matrix material (A) is preferably a 
crosslinked polymer. For example, When the Water-insoluble 
matrix material (A) is a mixture of tWo or more materials, at 
least part of at least one of the materials is a crosslinked 
polymer. 

[0051] When at least part of the above Water-insoluble 
matrix material (A) has a crosslinked structure, elastic 
recovery force can be provided to the polishing pad. There 
fore, as displacement caused by shear stress applied to the 
polishing pad at the time of polishing can be suppressed, it 
is possible to prevent the pores formed by the dissolution or 
elimination of the Water-soluble substance (B) from being 
?lled by the plastic deformation of the Water-insoluble 
matrix material (A) When it is excessively stretched at the 
time of polishing and surface reneWal. It is also possible to 
prevent the surface of the polishing pad from being ?uffed 
excessively. Consequently, the retainability of the slurry at 
the time of polishing is high, the retainability of the slurry 
is easily recovered by surface reneWal, and further the 
scratching on the surface of the material to be polished can 
be prevented. 

[0052] Examples of the above crosslinked polymer 
include polymers obtained by crosslinking resins such as 
polyurethane resin, epoxy resin, polyacrylic resin, unsatur 
ated polyester resin and vinyl ester resin (excluding poly 
acrylic resin), diene-based elastomer (1,2-polybutadiene), 
butadiene rubber, isoprene rubber, acrylic rubber, acryloni 
trile.butadiene rubber, styrene.butadiene rubber, ethyl 
ene.propylene rubber, silicone rubber, ?uorine rubber and 
styrene.isoprene rubber, out of the above thermoplastic 
resins, thermosetting resins, elastomers and rubbers, and 
polymers obtained by crosslinking polyethylene or polyvi 
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nylidene ?uoride in the presence of a crosslinking agent or 
through exposure to ultraviolet radiation or electron beam. 
Ionomers may also be used. 

[0053] Out of these crosslinked polymers, crosslinked 
1,2-polybutadiene is particularly preferred because it can 
provide suf?ciently high light transmission properties, is 
stable to a strong acid or strong alkali contained in many 
kinds of slurry and further is rarely softened by Water 
absorption. This crosslinked 1,2-polybutadiene may be used 
alone or mixed With other rubber such as butadiene rubber 
or isoprene rubber. 

[0054] The above Water-insoluble matrix material (A) may 
contain a material having a functional group. This material 
may be hydrophilic or hydrophobic. To improve compat 
ibility With slurry, it is preferably hydrophilic. Examples of 
the hydrophilic material include the above materials modi 
?ed by at least one selected from polar groups such as acid 
anhydride group, carboxyl group, hydroxyl group, epoxy 
group and amino group and (co)polymers comprising mono 
mers having a functional group. 

[0055] The (co)polymers comprising monomers having a 
functional group include copolymers comprising an. 
aliphatic conjugated diene monomer (to be referred to as 
“monomer (a)” hereinafter) as a polymeriZation unit, (ii) a 
monomer having at least one polymeriZable unsaturated 
group and at least one functional group selected from the 
group consisting of carboxyl group, amino group, hydroxyl 
group, epoxy group, sulfonic acid group and phosphoric acid 
group (to be referred to as “monomer (b)” hereinafter) as a 
polymeriZation unit and copolymers comprising (i), (ii) and 
(iii) a monomer having at least tWo polymeriZable unsatur 
ated groups (to be referred to as “monomer (c)” hereinafter) 
as polymeriZation units. 

[0056] Examples of the above monomer (a) include 1,3 
butadiene, isoprene, 2,3-dimethyl-1,3-butadiene and chloro 
prene. They may be used alone or in combination of tWo or 
more. 

[0057] Out of the above monomers (b), monomers having 
a carboxyl group include unsaturated carboxylic acids such 
as (meth)acrylic acid, maleic acid, fumaric acid, itaconic 
acid, tetraconic acid and cinnamic acid; free carboxyl group 
containing esters such as monoesters of a nonpolymeriZable 
polycarboxylic acid such as phthalic acid, succinic acid or 
adipic acid and a hydroxyl group-containing unsaturated 
compound such as (meth)allyl alcohol or 2-hydroxyethyl 
(meth)acrylate, and salt compounds thereof. Out of these, 
unsaturated carboxylic acids are preferred. They may be 
used alone or in combination of tWo or more. 

[0058] The monomer having an amino group is preferably 
a monomer having a tertiary amino group. Examples of the 
monomer having a tertiary amino group include dialkylami 
noalkyl(meth)acrylates such as dimethylaminomethyl 
(meth)acrylate, diethylaminomethyl(meth)acrylate, 2-dim 
ethylaminoethyl(meth)acrylate, 
2-diethylaminoethyl(meth)acrylate, 2-(di-n-propylamino)et 
hyl(meth)acrylate, 2-dimethylaminopropyl(meth)acrylate, 
2-diethylaminopropyl(meth)acrylate, 2-(di-n-propylamino 
)propyl(meth)acrylate, 3-dimethylaminopropyl(meth)acry 
late, 3-diethylaminopropyl(meth)acrylate and 3-(di-n-pro 
pylamino)propyl(meth)acrylate; N-dialkylaminoalkyl 
group-containing unsaturated amides such as N-dimethy 
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laminomethyl(meth)acrylamide, N-diethylaminomethyl 
(meth)acrylamide, N-(2-dimethylaminoethyl)(meth)acryla 
mide, N-(2-diethylaminoethyl)(meth)acrylamide, N-(2 
dimethylaminopropyl)(meth)acrylamide, N-(2 
diethylaminopropyl)(meth)acrylamide, N-(3 
dimethylaminopropyl)(meth)acrylamide and N-(3 
diethylaminopropyl)(meth)acrylamide; and tertiary amino 
group-containing vinyl aromatic compounds such as N,N 
dimethyl-p-aminostyrene, N,N-diethyl-p-aminostyrene, 
dimethyl(p-vinylbenZyl)amine, diethyl(p-vinylbenZy 
l)amine, dimethyl(p-vinylphenethyl)amine, diethyl(p-vi 
nylphenethyl)amine, dimethyl(p-vinylbenZyloxymethy 
l)amine, dimethyl[2-(p-vinylbenZyloxy)ethyl]amine, 
diethyl(p-vinylbenZyloxymethyl)amine, diethyl[2-(p-vinyl 
benZyloxy)ethyl]amine, dimethyl(p-vinylphenethyloxym 
ethyl)amine, dimethyl[2-(p-vinylphenethyloxy)ethyl]amine, 
diethyl(p-vinylphenethyloxymethyl)amine, diethyl[2-(p-vi 
nylphenethyloxy)ethyl]amine, 2-vinylpyridine, 3-vinylpyri 
dine and 4-vinylpyridine. Out of these, dialkylaminoalkyl 
(meth)acrylates and tertiary amino group-containing vinyl 
aromatic compounds are preferred. They may be used alone 
or in combination of tWo or more. 

[0059] Examples of the monomer having a hydroxyl group 
include hydroxyalkyl (meth)acrylates such as 2-hydroxyeth 
yl(meth)acrylate, 2-hydroxypropyl(meth)acrylate, 3-hy 
droxypropyl(meth)acrylate, 2-hydroxybutyl(meth)acrylate, 
3-hydroxybutyl(meth)acrylate and 4-hydroxybutyl 
(meth)acrylate; mono(meth)acrylates of a polyalkylene gly 
col (the number of alkylene glycol units is preferably 2 to 
23) such as polyethylene glycol and polypropylene glycol; 
hydroxyl group-containing unsaturated amides such as 
N-hydroxymethyl(meth)acrylamide, N-(2-hydroxyethyl 
)(meth)acrylamide and N,N-bis(2-hydroxyethyl 
)(meth)acrylamide; hydroxyl group-containing vinyl aro 
matic compounds such as o-hydroxystyrene, 
m-hydroxystyrene, p-hydroxystyrene, o-hydroxy-ot-methyl 
styrene, m-hydroxy-ot-methylstyrene, p-hydroxy-ot-methyl 
styrene and p-vinylbenZyl alcohol; and (meth)allyl alcohols. 
Out of these, hydroxylalkyl(meth)acrylates and hydroxyl 
group-containing vinyl aromatic compounds are preferred. 
They may be used alone or in combination of tWo or more. 

[0060] Examples of the monomer having an epoxy group 
include (meth)allyl glycidyl ethers, glycidyl(meth)acrylates 
and 3,4-oxycyclohexyl(meth)acrylates. They may be used 
alone or in combination of tWo or more. 

[0061] Examples of the monomer having a sulfonic acid 
group include (meth)acrylamide monomers such as 2-(meth 
)acrylamidoethanesulfonic acid, 2-(meth)acrylamidopro 
panesulfonic acid, 3-(meth)acrylamidopropanesulfonic acid, 
2-(meth)acrylamido-2-methylpropanesulfonic acid and 
3-(meth)acrylamido-2-methylpropanesulfonci acid; (meth 
)acrylate monomers such as ethyl(meth)acrylate 2-sulfonate, 
propyl(meth)acrylate 2-sulfonate, propyl(meth)acrylate 
3-sulfonate and ethyl(meth)acrylate 1,1-dimethyl-2-sul 
fonate; vinyl aromatic compounds monomers such as p-vi 
nylbenZenesulfonic acid and p-isopropenylbenZenesulfonic 
acid; and salt compounds thereof. They may be used alone 
or in combination of tWo or more. 

[0062] Examples of the monomer having a phosphoric 
acid group include ethylene (meth)acrylate phosphate, tri 
methylene(meth)acrylate phosphate, tetramethylen 
e(meth)acrylate phosphate, propylene(meth)acrylate phos 
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phate, bis(ethylene(meth)acrylate)phosphate, 
bis(trimethylene(meth)acrylate)phosphate, bis(tetramethyl 
ene(meth)acrylate)phosphate, diethylene glycol(meth)acry 
late phosphate, triethylene glycol(meth)acrylate phosphate, 
polyethylene glycol(meth)acrylate phosphate, bis(diethyl 
ene glycol(meth)acrylate)phosphate, bis(triethylene glycol 
(meth)acrylate)phosphate, bis(polyethylene glycol 
(meth)acrylate)phosphate and salt compounds thereof. They 
may be used alone or in combination of tWo or more. 

[0063] Examples of the above monomer (c) include eth 
ylene glycol di(meth)acrylate, propylene glycol 
di(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,6-hex 
anediol di(meth)acrylate, trimethylolpropane di(meth)acry 
late, trimethylolpropane tri(meth)acrylate, pentaerythritol 
tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, divi 
nylbenZene, diisopropenylbenZene and trivinylbenZene. 
They may be used alone or in combination of tWo or more. 

[0064] The above (co)polymer comprising monomers 
having a functional group can be manufactured by the 
radical polymeriZation, anion polymeriZation or cation poly 
meriZation of the above monomers (a), (b) and (c) as 
hydrophilic substances. In the case of a copolymer, it may be 
a random copolymer, block copolymer or graft copolymer. 

[0065] When the material having a functional group is 
contained in the Water-insoluble matrix material (A), the 
content of the material is preferably 90% or less by mass, 
more preferably 0.1 to 80 % by mass, much more preferably 
0.2 to 50 % by mass based on 100 % by mass of the 
Water-insoluble matrix material 

[0066] The residual elongation after breakage (to be sim 
ply referred to as “residual elongation at break” hereinafter) 
of the above Water-insoluble matrix material (A) is prefer 
ably 100 % or less When a specimen of the above Water 
insoluble matrix material (A) is broken at 80° C. in accor 
dance With JIS K 6251. This means that the total distance 
betWeen bench marks of the specimen after breakage is 
preferably 2 times or less the distance betWeen the bench 
marks before breakage. This residual elongation at break is 
preferably 30% or less, more preferably 10% or less, par 
ticularly preferably 5% or less. It is generally 0% or more. 
As the above residual elongation at break becomes higher 
than 100%, ?ne pieces scraped off from the surface of the 
polishing substrate or stretched at the time of polishing and 
surface reneWal tend to ?ll the pores. 

[0067] The “residual elongation at break” is an elongation 
obtained by subtracting the distance betWeen bench marks 
before the test from the total distance betWeen each bench 
mark and the broken portion of the broken and divided 
specimen in a tensile test in Which a dumbbell-shaped 
specimen No. 3 is broken at a tensile rate of 500 mm/min 
and a test temperature of 80° C. in accordance With the 
“vulcaniZed rubber tensile test method” speci?ed in JIS K 
6251. The test temperature is 80° C. as the temperature 
reached by slide contact at the time of actual polishing is 
about 80° C. 

[0068] The Water-soluble substance (B) in the above pol 
ishing substrate (1) can form pores Which can hold the slurry 
and retain the residual dust after polishing temporarily at a 
position Where it is eliminated from the surface of the 
polishing substrate When it is dissolved or sWollen by its 
contact With the slurry or the like supplied from the outside 
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at the time of polishing. Various materials may be used to 
form this Water-soluble substance It may be an organic 
Water-soluble substance or inorganic Water-soluble sub 
stance. Or it may be a Water-absorptive substance if it has the 
above functions. 

[0069] Examples of the organic Water-soluble substance 
include dextrin, cyclodextrin, mannitol, saccharides such as 
lactose, celluloses such as hydroxypropyl cellulose and 
methyl cellulose, starch, protein, polyvinyl alcohol, polyvi 
nyl pyrrolidone, polyacrylic acid, polyethylene oxide, Water 
soluble photosensitive resin, sulfonated polyisoprene and 
sulfonated polyisoprene copolymer. 

[0070] Examples of the inorganic Water-soluble substance 
include potassium sulfate, potassium acetate, potassium 
nitrate, potassium carbonate, potassium hydrogencarbonate, 
potassium chloride, potassium bromide, potassium phos 
phate and magnesium nitrate. 

[0071] Out of these, cyclodextrin and potassium sulfate 
are preferred. They may be used alone or in combination of 
tWo or more. Organic and inorganic Water-soluble sub 
stances may be used in combination. 

[0072] Preferably, the Water-soluble substance (B) dis 
solves in Water only When it is exposed to the surface of the 
polishing substrate and does not absorb moisture or gel 
When it does not surface and stays in the interior of the 
polishing substrate. Therefore, an outer shell for suppressing 
moisture absorption made of epoxy resin, polyimide, polya 
mide, polypeptide or polysilicate may be formed on at least 
part of the outermost portion of the Water-soluble substance 
(13) 
[0073] The Water-soluble substance (B) is preferably solid 
but may be liquid. The liquid Water-soluble substance (B) 
includes a Water-soluble substance Which is liquid itself and 
also a Water-soluble substance Which is not liquid but solid 
at normal temperature and dissolves in a medium, mainly 
Water, to become an aqueous solution. The liquid Water 
soluble substance (B) preferably has no bad in?uence upon 
polishing ef?ciency by dissolution into the slurry during 
polishing. Examples of the liquid Water-soluble substance 
(B) include organic acids such as formic acid, acetic acid, an 
aqueous solution of tartaric acid, aqueous solution of suc 
cinic acid and aqueous solution of malonic acid, and oxi 
diZing aqueous solutions such as aqueous solution of hydro 
gen peroxide, aqueous solution of peracetic acid and nitric 
acid. 

[0074] The solid Water-soluble substance (B) is not limited 
to a particular shape and may be particulate, i.e., globular, 
angular, odd-shaped (tetrapod-shaped, star-shaped, etc.) or 
?brous. The Water-soluble substance (B) is preferably 
almost globular, particularly preferably spherical. When the 
Water-soluble substance (B) is liquid, it does not have a 
shape. 

[0075] The siZe of the above Water-soluble substance (B) 
is preferably uniform. The average particle diameter of the 
Water-soluble substance (B) is preferably 0.1 to 500 pm, 
more preferably 0.5 to 200 pm, particularly preferably 1 to 
150 pm. When this average particle diameter is smaller than 
0.1 pm, the pores formed during polishing may be smaller 
than the abrasive grains contained in the slurry so that the 
abrasive grains may not be held in the pores disadvanta 
geously. When the average particle diameter is larger than 
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500 pm, the formed pores become too large, Whereby the 
mechanical strength and polishing rate of the obtained 
polishing pad may loWer. 

[0076] When the above polishing substrate is the above 
polishing substrate (1), the content of the Water-soluble 
substance (B) is preferably 0.1 to 90 vol %, more preferably 
10 to 90 vol %, much more preferably 12 to 60 vol %, 
particularly preferably 15 to 45 vol % based on 100 vol % 
of the total of the Water-insoluble matrix material (A) and 
the Water-soluble substance When the content of the 
Water-soluble substance (B) is loWer than 0.1 vol %, the 
pores are not fully formed in the polishing surface of the 
polishing substrate during polishing and the polishing rate 
may loWer. When the content of the Water-soluble substance 
(B) is higher than 90 vol %, it may be difficult to completely 
prevent the Water-soluble substance (B) dispersed in the 
Water-insoluble matrix material (A) from being gelled or 
dissolved one after another during polishing and therefore to 
maintain the hardness and mechanical strength of the pol 
ishing substrate at appropriate values. 

[0077] The above through hole extends from the front to 
rear surf aces, i.e., from the polishing surface to the opposite 
surface of the polishing substrate and is formed to ?x the 
light transmitting member. The above through hole may be 
formed at any position, center portion or end portion of the 
polishing substrate. When it is formed in the end portion, the 
end of the polishing substrate may be a cut-aWay portion. 
The through hole may be formed in the polishing substrate 
vertically or obliquely. 

[0078] The shape of the above through hole is not par 
ticularly limited and its planar shape in a direction perpen 
dicular to the polishing surface may be polygonal such as 
square, rectangular or trapeZoidal, circular, fan-shaped or 
annular. Out of these, square, rectangular and circular shapes 
are preferred from the vieWpoints of the permeability and 
adhesion of a photocurable adhesive used to ?x the light 
transmitting member. The sectional form of the above 
through hole may be, for example, T-shaped, inverted 
T-shaped, quadrangular or other shape. FIGS. 2 to 6 shoW 
examples of the through hole. The edge portions of the 
polishing substrate corresponding to the openings of the 
above through hole may be chamfered as shoWn in FIG. 7. 
In FIGS. 2 to 7, the top side is the polishing surface side. In 
FIGS. 2 to 7, reference numeral 11 denotes the polishing 
substrate and 12 the through hole. 

[0079] The siZe of the above through hole is not particu 
larly limited. HoWever, When its opening is circular, the 
opening preferably has a diameter of 20 mm or more (Which 
is generally 2/3 or less the radius of the polishing pad), When 
the opening is annular, its Width is 20 mm or more Which is 
generally 2/3 or less the radius of the polishing pad, and When 
the opening is quadrangular, it preferably has a length of 30 
mm or more Which is generally 2/3 or less the radius of the 
polishing pad and a Width of 10 mm or more Which is 
generally 2/3 or less the radius of the polishing pad. When the 
above through hole is shorter than the above length, it may 
be difficult for the through hole to transmit light such as light 
for end-point detection. The number of the through holes is 
not particularly limited. 

[0080] The above through hole may be formed by cutting, 
for example, With a punching blade, a laser cutter, a fret saW 
or end mill. The through hole may be formed by using a 
mold at the time of molding. 
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[0081] The above light transmitting member is arranged in 
the above through hole and has light transmission properties 
to facilitate the detection of the polishing end point. The 
term “light transmission properties” as used herein means 
the ability of transmitting light. The degree of the light 
transmission properties is not particularly limited. Prefer 
ably, When the thickness of the above light transmitting 
member is 2 mm, it has a transmittance at a Wavelength 
betWeen 100 and 3,000 nm of 0.1% or more or an integrated 
transmittance at a Wavelength betWeen 100 to 3,000 nm of 
0.1% or more. This transmittance or integrated transmittance 
is preferably 1% or more, more preferably 2% or more. The 
transmittance or integrated transmittance does not need to be 
higher than required, and may be 50% or less, preferably 
30% or less, particularly preferably 20% or less. 

[0082] The transmittance at a Wavelength betWeen 400 nm 
and 800 nm Which is frequently used for end-point detection 
of a polishing pad used for polishing using an optical 
end-point detection device is preferably high. When the 
polishing pad has a thickness of 2 mm, it has a transmittance 
at a Wavelength betWeen 400 nm and 800 nm of preferably 
0.1% or more, more preferably 1% or more, much more 
preferably 2% or more, particularly preferably 3% or more 
and generally 50% or less, or an integrated transmittance at 
a Wavelength betWeen 400 nm and 800 nm of preferably 
0.1% or more, more preferably 1% or more, much more 
preferably 2% or more, particularly preferably 3% or more 
and generally 90% or less. 

[0083] This transmittance or integrated transmittance does 
not need to be higher than required and may be 20% or less, 
preferably 10% or less, particularly preferably 5% or less. 

[0084] The above transmittance is a value measured at 
each Wavelength With an UV absorptiometer Which can 
measure the absorbance of a 2 mm-thick specimen at a 
predetermined Wavelength. The integrated transmittance can 
be obtained by integrating transmittances measured simi 
larly at a predetermined Wavelength range. 

[0085] The material of the light transmitting member in 
the present invention is not particularly limited if it provides 
the above light transmission properties. It may be made of 
a polymer material such as a resin alone or a crystalline 
inorganic material having light transmission properties. In 
the present invention, the above light transmitting member 
preferably contains a Water-insoluble matrix material (A) 
and a Water-soluble substance (B) dispersed in this Water 
insoluble matrix material 

[0086] As the above Water-insoluble matrix material (A), 
the same materials as those enumerated in the description of 
the Water-insoluble matrix material (A) for forming the 
above polishing substrate may be used alone or in combi 
nation of tWo or more as far as they have light transmission 
properties even When the Water-soluble substance (B) is 
dispersed therein. The preferred properties and shape of the 
material may be the same as above. The Water-insoluble 
matrix material (A) may be the same or different from the 
Water-insoluble matrix material (A) for forming the above 
polishing substrate. 

[0087] At least part of the above Water-insoluble matrix 
material (A) is preferably a crosslinked polymer, Which is 
more preferably crosslinked 1,2-polybutadiene. 

[0088] As the above Water-soluble substance (B), the same 
materials as those enumerated as the Water-soluble sub 

Nov. 11, 2004 

stance (B) in the above polishing substrate (1) may be used 
alone or in combination of tWo or more. The preferred 
properties and shape of the substance may be the same as 
above. The Water-soluble substance (B) may be the same or 
different from the Water-soluble substance (B) for forming 
the above polishing substrate. 

[0089] The above Water-soluble substance (B) has the 
function of matching the indentation hardness of the light 
transmitting member With the hardness of the polishing 
substrate. The Shore D hardness of the entire polishing pad 
is preferably 35 to 100 in order to increase pressure to be 
applied at the time of polishing, improve the polishing rate 
and obtain high ?atness. HoWever, it may be difficult to 
obtain a desired Shore D hardness only from the above 
Water-insoluble matrix material In this case, the solid 
Water-soluble substance (B) is dispersed into the Water 
insoluble matrix material (A) to increase the shore D hard 
ness to the same level as that of the polishing substrate and 
the indentation hardness of the Whole polishing pad to a 
satisfactory level, besides the formation of pores by the 
elimination of the solid Water-soluble substance (B) during 
polishing. 
[0090] The content of the above Water-soluble substance 
(B) in the above light transmitting member is preferably 0.1 
to 90 vol %, more preferably 0.5 to 30 vol %, much more 
preferably 1 to 10 vol %, particularly preferably 15 to 45 vol 
% based on 100 vol % of the total of the Water-insoluble 

matrix material (A) and the Water-soluble substance When the content of the Water-soluble substance (B) is loWer 

than 0.1 vol %, the number of pores formed during polishing 
is small and a desired polishing rate is hardly obtained. 
When the content is larger than 90 vol %, the polishing pad 
may become too fragile. 

[0091] The method of providing light transmission prop 
erties is not particularly limited. For example, it can be 
realiZed by controlling crystallinity. The above Water-in 
soluble matrix material (A) does not need to be transparent 
itself (including semi-transparent) if it can provide light 
transmission properties (it doesn’t matter Whether it can 
transmit visible light). It preferably has higher light trans 
mission properties, more preferably is transparent. 

[0092] The shape of this light transmitting member is not 
particularly limited. The planar shape of the light transmit 
ting member generally depends upon the shape of the 
through hole. Therefore, the shape of the above light trans 
mitting member is generally the same as the shape of the 
through hole and may be polygonal, circular, fan-shaped or 
annular. The siZe of the above light transmitting member 
may be completely the same as the through hole and may be 
larger or smaller than the through hole in consideration of 
the thickness of an adhesive layer made of a photocurable 
adhesive formed at the interface betWeen the light transmit 
ting member and the inner Wall of the through hole. 

[0093] The sectional form of the light transmitting mem 
ber is not particularly limited. Any shape is acceptable if at 
least part thereof can be arranged in the through hole. For 
example, it may have sectional forms shoWn in FIG. 1 and 
FIGS. 8 to 17. FIG. 1, FIG. 8 and FIG. 9 shoW polishing 
pads in Which the light transmitting member 2 having almost 
the same thickness and shape as the polishing substrate 11 is 
arranged in, bonded to and ?xed in the through hole. FIGS. 
10 to 17 shoW polishing pads in Which the light transmitting 
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member 2 different from the polishing substrate 11 in 
thickness and shape, that is, is made thin is arranged in, 
bonded to and ?xed in the through hole (FIGS. 10 to 15), or 
only part of the outer Wall opposed to the inner Wall of the 
through hole of the polishing substrate of the light trans 
mitting member is ?xed With an adhesive (FIG. 16 and FIG. 
17). An image shoWing part of the polishing pad shoWn in 
FIG. 17 is shoWn in FIG. 18. 

[0094] When light is transmitted through the light trans 
mitting member, the intensity of the light attenuates in 
proportion to the square of the thickness of the light trans 
mitting member. Therefore, by using a light transmitting 
member Which has been made thin, light transmission prop 
erties can be greatly improved and the polishing end point 
can be easily detected. The expression “made thin” means 
that the thickness of the light transmitting member is made 
smaller than the maximum thickness of the polishing sub 
strate in a direction perpendicular to the polishing surface of 
the polishing pad and includes a case Where a light trans 
mitting portion of the above light transmitting member is 
made thin as shoWn in FIG. 14. 

[0095] The thickness of the above light transmitting mem 
ber is preferably 0.1 mm or more, more preferably 0.3 mm 
or more and generally 3 mm or less. When the thickness is 
smaller than 0.1 mm, it is difficult to secure sufficiently high 
mechanical strength for the light transmitting member. 

[0096] A depressed portion, Where the light transmitting 
member is not existent in the through hole, formed by 
making the light transmitting member thin (FIG. 11) or a 
depressed portion of the light transmitting member (FIG. 
15) may be formed on either one of the front and rear sides 
of the polishing pad. When it is formed on the rear side 
(non-polishing surface) of the polishing pad, the light trans 
mitting member can be made thin Without affecting polish 
ing ef?ciency. 

[0097] The number of the above light transmitting mem 
bers is not particularly limited and may be one or more 
corresponding to the number of the through holes. The 
position(s) of the light transmitting member(s) is/are not 
particularly limited. For example, When the polishing pad 
has one light transmitting member, it may be arranged as 
shoWn in FIG. 20. Further, When the polishing pad has tWo 
or more light transmitting members, they may be arranged 
concentric to one another as shoWn in FIG. 21. 

[0098] The polishing pad of the present invention may 
have a plurality of light transmitting members Which differ 
in light transmission properties in one through hole or in 
respective through holes. 

[0099] Additives such as an abrasive grain, oxidiZing 
agent, alkali metal hydroxide, acid, pH modi?er, surfactant 
and scratch prevention agent all of Which have been con 
tained in slurry may be contained in the above polishing 
substrate forming the polishing pad of the present invention. 

[0100] In addition to the above additives, additives such as 
a ?ller, softening agent, antioxidant, ultraviolet light 
absorber, antistatic agent, lubricant and plasticiZer may be 
further contained. Examples of the ?ller include materials 
for improving stiffness such as calcium carbonate, magne 
sium carbonate, talc and clay, and materials having a pol 
ishing effect such as silica, alumina, ceria, Zirconia, titania, 
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manganese dioxide, dimanganese trioxide and barium car 
bonate. They may be used alone or in combination of tWo or 
more. 

[0101] The above light transmitting member may also 
contain the above additives in limits that it can maintain light 
transmission properties. 

[0102] A compatibiliZing agent may be blended to 
improve compatibility betWeen the Water-insoluble matrix 
material (A) and the Water-soluble substance (B) for forming 
the polishing pad substrate and the light transmitting mem 
ber and the dispersibility of the Water-soluble substance (B) 

contained in the Water-insoluble matrix material Examples of the compatibiliZing agent include a homopoly 

mer, block copolymer or random copolymer modi?ed by an 
acid anhydride group, carboxyl group, hydroxyl group, 
epoxy group, oxaZoline group or amino group, a nonionic 
surfactant, a coupling agent and the residues thereof. They 
may be used alone or in combination of tWo or more. 

[0103] The method of dispersing the Water-soluble sub 
stance (B) into the Water-insoluble matrix material (A) to 
form the above polishing pad substrate and the light trans 
mitting member is not particularly limited. In general, the 
Water-insoluble matrix material (A), the Water-soluble sub 
stance (B) and other additives are kneaded together. 
Although the Water-insoluble matrix material (A) is kneaded 
under heating so that it can be easily processed, the Water 
soluble substance (B) is preferably solid at the kneading 
temperature. When the Water-soluble substance (B) is solid, 
it is easily dispersed While it maintains the above preferred 
average particle diameter irrespective of its compatibility 
With the above Water-insoluble matrix material There 
fore, the type of the Water-soluble substance (B) is prefer 
ably selected according to the processing temperature of the 
Water-insoluble matrix material (A) in use. 

[0104] When the above components are kneaded together, 
reactive additives such as sulfur and peroxide may be added. 
The composition obtained by kneading is introduced into a 
metal mold having a predetermined shape and heated to 
obtain the polishing substrate or light transmitting member. 

[0105] The polishing pad of the present invention is such 
that at least the outer Wall of the above light transmitting 
member and the inner Wall of the above through hole 
opposed to the outer Wall are bonded together With a 
photocured adhesive layer so that the above light transmit 
ting member is ?xed in the above through hole. Part or all 
of the outer Wall of the light transmitting member may be 
bonded With the above photocured adhesive layer. 

[0106] Although only part of the outer Wall of the light 
transmitting member may be bonded as described above, the 
light transmitting member must be ?xed in the above 
through hole Without the gap therebetWeen in a direction 
perpendicular to the polishing surface of the polishing pad. 
As far as the light transmitting member is ?xed as described 
above, the photocured adhesive layer may be existent at any 
position (see FIG. 1, FIGS. 8 to 17 and FIG. 19. The top 
side is the polishing surface side in these ?gures). For 
instance, FIG. 8, FIG. 9 and FIGS. 13 to 15 shoW polishing 
pads 1 in Which the inner Wall of the through hole formed in 
the polishing substrate 11 and the outer Wall of the light 
transmitting member 2 are totally in contact With each other 
and the photocured adhesive layer 3 is formed on all the 
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contact portions. FIGS. 10 to 12 show polishing pads 1 in 
Which one or tWo contact portions between the inner Wall of 
the through hole formed in the polishing substrate 11 and the 
outer Wall of the light transmitting member 2 are perfectly 
bonded With the photocured adhesive layer 3. FIG. 16 and 
FIG. 17 shoWs examples in Which the light transmitting 
member 2 smaller than the through hole in siZe is arranged 
and the adhesive layer 3 is formed on the non-polishing side 
of the polishing pad. FIG. 1 shoWs a polishing pad 1 in 
Which the entire surface of the light transmitting member 2 
on the non-polishing side of the polishing pad is covered 
With the same material as the photocured adhesive layer and 
the cover ?lm is integrated With the adhesive layer. 

[0107] As obvious from FIG. 1, FIGS. 8 to 17 and FIG. 
19, there is no gap Which communicates from the polishing 
side to the non-polishing side of the polishing pad betWeen 
the outer Wall of the light transmitting member 2 as a 
WindoW member and the inner Wall of the through hole in 
the polishing substrate 11 due to the photocured adhesive 
layer 3, thereby making it possible to prevent the slurry from 
leaking to the non-polishing side of the polishing pad during 
polishing. In order to further enhance this effect, it is 
preferred to increase the area of the adhesive layer 3. As 
shoWn in FIG. 8, FIG. 9, FIGS. 13 to 15 and FIG. 19, it is 
more preferred to form the adhesive layer at the entire 
interface betWeen the outer Wall of the light transmitting 
member and the inner Wall of the through hole opposed to 
the outer Wall. FIG. 1 shoWs that the non-polishing side 
surface of the light transmitting member 2 is also covered 
With the same material as the photocured adhesive layer, 
Which makes it possible to effectively prevent a leak of the 
slurry. Further, as shoWn in FIG. 19, the photocured adhe 
sive layer is formed to cover the entire light transmitting 
member 2 on the non-polishing side of the polishing pad and 
constitutes a continuous phase With the adhesive layer 
formed betWeen the outer Wall of the light transmitting 
member 2 and the inner Wall of the through hole, Which 
makes it possible to prevent a leak of the slurry With more 
certainty. In this case, the layer may perfectly cover the light 
transmitting member 2 and may be formed on the entire 
non-polishing surface of the polishing pad as shoWn in FIG. 
19. 

[0108] The thickness of the above layer is not particularly 
limited but preferably has suf?ciently high strength. When 
the photocured adhesive layer is transparent, it preferably 
has a thickness that provides suf?ciently high light trans 
mission properties. 

[0109] The photocurable adhesive for forming the above 
photocured adhesive layer is not particularly limited if it has 
photocurability and adhesion. Preferably, it has light trans 
mission properties at a Wavelength betWeen 400 nm and 800 
nm after it is photocured. 

[0110] The term “light transmission properties” means 
that the transmittance of light having a Wavelength betWeen 
400 nm and 800 nm is preferably 0.1% or more, more 
preferably 1% or more, much more preferably 2% or more, 
particularly preferably 3% or more and generally 50% or 
less, or the integrated transmittance of light having a Wave 
length betWeen 400nm and 800nm is preferably 0.1% or 
more, more preferably 1% or more, much more preferably 
2% or more, particularly preferably 3% or more and gen 
erally 90% or less When the thickness is 2mm. 
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[0111] The transmittance or integrated transmittance does 
not need to be higher than required and generally 20% or 
less and may be 10% or less, speci?cally 5% or less. 

[0112] Preferably, the photocurable adhesive contains a 
resin component and an ethylenically unsaturated monomer 
and optionally a photopolymeriZation initiator and other 
additives. 

[0113] Examples of the resin component include polyure 
thane (meth)acrylates, polyester(meth)acrylates, 
epoxy(meth)acrylates, polyamide(meth)acrylates, (meth 
)acryloyloxy group-containing siloxane polymers, glycidyl 
(meth)acrylates, and reactive polymers obtained by reacting 
a polymer of other polymeriZable monomer With (meth 
)acrylic acid. Out of these, polyurethane (meth)acrylates 
Which have light transmission properties and provide a cured 
product having high strength are preferred. 

[0114] The above polyurethane(meth)acrylates are pro 
duced by reacting a polyol compound, a polyisocyanate 
compound and a hydroxyl group-containing (meth)acrylate 
compound. 
[0115] Speci?cally, they are manufactured by reacting the 
isocyanate group of a polyisocyanate compound With the 
hydroxyl group of a polyol compound and the hydroxyl 
group of a hydroxyl group-containing (meth)acrylate com 
pound. For example, the folloWing four processes may be 
used to manufacture the polyurethane(meth)acrylates. Pro 
cess 1: Apolyol compound, a polyisocyanate compound and 
a hydroxyl group-containing (meth)acrylate compound are 
charged at the same time to be reacted With one another. 
Process 2: A polyol compound and a polyisocyanate com 
pound are ?rst reacted With each other and then With a 
hydroxyl group-containing (meth)acrylate compound. Pro 
cess 3: A polyisocyanate compound and a hydroxyl group 
containing (meth)acrylate compound are ?rst reacted With 
each other and then With a polyol compound. Process 4: A 
polyisocyanate compound and a hydroxyl group-containing 
(meth)acrylate compound are ?rst reacted With each other, 
then With a polyol compound and ?nally With a hydroxyl 
group-containing (meth)acrylate compound again. 
[0116] Examples of the polyol compound as a raW mate 
rial for the polyurethane(meth)acrylates include aromatic 
polyether polyols, aliphatic polyether polyols, alicyclic 
polyether polyols, polyester polyols, polycarbonate polyols 
and polycaprolactone polyols. Out of these, aliphatic poly 
ether polyols are preferred. 

[0117] Examples of the polyisocyanate compound include 
2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 1,3 
xylylene diisocyanate, 1,4-xylylene diisocyanate, 1,5-naph 
thalene diisocyanate, m-phenylene diisocyanate, p-phe 
nylene diisocyanate, 3,3‘-dimethyl-4,4‘-diphenylmethane 
diisocyanate, 4,4‘-diphenylmethane diisocyanate, 3,3‘-dim 
ethylphenylene diisocyanate, 4,4‘-biphenylene diisocyanate, 
1,6-hexane diisocyanate, isophorone diisocyanate, methyl 
enebis(4-cyclohexylisocyanate), 2,2,4-trimethylhexameth 
ylene diisocyanate, 1,4-hexamethylene diisocyanate, bis(2 
isocyanateethyl)fumarate, 6-isopropyl-1,3-phenyl 
diisocyanate, 4-diphenylpropane diisocyanate, lysine diiso 
cyanate, hydrogenated diphenylmethane diisocynate, hydro 
genated xylylene diisocyanate and tetramethylxylylene 
diisocyanate. 
[0118] Examples of the hydroxyl group-containing (meth 
)acrylate compound include 2-hydroxyethyl (meth)acrylate, 
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2-hydroxypropyl(meth)acrylate, 2-hydroxybutyl(meth)acry 
late, 2-hydroxy-3-phenyloxypropyl(meth)acrylate, 1,4-bu 
tanediol mono(meth)acrylate, 2-hydroxyalkyl(meth)acry 
loyl phosphate, 4-hydroxycyclohexyl(meth)acrylate, 1,6 
hexanediol mono(meth)acrylate, neopentyl glycol 
mono(meth)acrylate, trimethylolpropane di(meth)acrylate, 
trimethylolethane di(meth)acrylate, pentaerythritol tri 
(meth)acrylate and dipentaerythritol penta(meth)acrylate. 

[0119] The number average molecular Weight of the ure 
thane(meth)acrylate compound thus obtained as the Water 
insoluble matrix material (A) of the present invention is 
preferably 1,000 to 40,000, more preferably 1,000 to 20,000. 

[0120] Examples of the above ethylenically unsaturated 
monomer include acryloylmorpholine, dimethylacrylamide, 
diethylacrylamide, diisopropylacrylamide, isobornyl 
(meth)acrylate, dicyclopentenyl acrylate, dicyclopentanyl 
(meth)acrylate, dicyclopentenyloxyethyl(meth)acrylate, 
methyl(meth)acrylate, ethyl(meth)acrylate, cyclohexyl 
methacrylate, dicyclopentadienyl(meth)acrylate, tricyclode 
canyl(meth)acrylate, diacetone acrylamide, isobutoxymeth 
yl(meth)acrylamide, N-vinylpyrrolidone, N-vinylcaprolac 
tam, 3-hydroxycyclohexyl acrylate and 
2-acryloylcyclohexylsuccinic acid. 

[0121] The photopolymeriZation initiator Which may be 
optionally added to the photocurable adhesive used in the 
present invention is, for example, an ultraviolet light sensi 
tive photopolymeriZation initiator. Examples of the photo 
polymeriZation initiator include l-hydroxycyclohexylphe 
nyl ketone, 2,2-dimethoxy-2-phenylacetophenone, 
xanthone, ?uorenone, benZaldehyde, ?uorene, 
anthraquinone, triphenylamine, carbaZole, 3-methylac 
etophenone, 4-chlorobenZophenone, 4,4‘-dimethoxyben 
Zophenone, 4,4‘-diaminobenZophenone, Michler’s ketone, 
benZoin propyl ether, benZoin ethyl ether, benZyl dimethyl 
ketal, 1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1 
one, 2-hydroxy-2-methyl-1-phenylpropan-1-one, thioxan 
thone, diethylthioxanthone, 2-isopropylthioxanthone, 
2-chlorothioxanthone, 2-methyl-1-[4-(methylthio)phenyl] 
2-morpholino-propan-1-one and 2,4,6-trimethylbenZoyl 
diphenylphosphine oxide. 

[0122] The photocurable adhesive used in the present 
invention may contain a sensitiZer, surfactant, etc. in addi 
tion to the above additives. 

[0123] The viscosity at 25° C. of the above photocurable 
adhesive is preferably 1,000 to 100,000 mPa.s, more pref 
erably 2,000 to 50,000 mPa.s, much more preferably 3,000 
to 30,000 mPa.s. When this viscosity is loWer than 1,000 
mPa.s, the photocurable adhesive may over?oW into the 
polishing surface of the polishing pad from the gap betWeen 
the outer Wall of the light transmitting member and the inner 
Wall of the through hole at the time of use due to high 
?oWability. When the viscosity is higher than 100,000 
mPa.s, the ?oWability may loWer and the Work ef?ciency 
may deteriorate. 

[0124] Preferably, the above photocurable adhesive has an 
adhesive strength under shear after curing of 5 to 9 MPa and 
a Young’s modulus after curing of 50 to 70 MPa. 

[0125] The method of ?xing the light transmitting member 
in the through hole With the above photocurable adhesive is 
not particularly limited but the folloWing methods may be 
used. 
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[0126] (1) After the photocurable adhesive is applied to 
the bonding portion of the outer Wall of the light transmitting 
member or the inner Wall of the through hole, the light 
transmitting member is ?tted in the through hole, and the 
photocurable adhesive is cured by exposure to ?x the light 
transmitting member in the through hole. 

[0127] (2) After the light transmitting member is ?tted in 
the through hole, the photocurable adhesive is ?lled in the 
gap betWeen the outer Wall of the light transmitting member 
and the inner Wall of the through hole and cured by exposure 
to ?x the light transmitting member in the through hole. 

[0128] (3) After the light transmitting member is ?tted in 
the through hole, the photocurable adhesive is applied to the 
surface of the light transmitting member on the non-polish 
ing side While it is ?lled into the gap betWeen the outer Wall 
of the light transmitting member and the inner Wall of the 
through hole and cured by exposure to ?x the light trans 
mitting member in the through hole. 

[0129] In all of the above methods, preferably, the photo 
curable adhesive does not over?oW into the polishing sur 
face of the polishing pad. 

[0130] The photocurable adhesive is cured by exposure to 
visible radiation, ultraviolet radiation, far ultraviolet radia 
tion., electron radiation, X-radiation, etc. Out of these, 
radiation having a Wavelength of 190 to 450 nm is preferred. 
Exposure to the above radiation can be carried out by using 
a mercury lamp, etc. 

[0131] The amount of exposure is preferably 10 to 10,000 
J/m2. 

[0132] A?xing layer may be formed on the non-polishing 
surface of the polishing pad of the present invention to ?x 
the polishing pad on a polishing machine, speci?cally the 
platen of a polishing machine. The ?xing layer is not limited 
to a particular material and shape if it can ?x the polishing 
pad. 

[0133] The light transmission properties of the material for 
forming the above ?xing layer are not particularly limited. 
When the material for forming the above ?xing layer has 
light transmission properties, the ?xing layer can be formed 
to cover the entire non-polishing surface of the polishing pad 
(See FIG. 22 and FIG. 23, numeral 4 denotes the ?xing 
layer). When the material for forming the ?xing layer does 
not have light transmission properties or loW light transmis 
sion properties, a through hole may be formed at a position 
corresponding to the light transmission member (see FIG. 
24). This through hole may have the same or different area 
from the through hole formed in the polishing substrate. 
When it has a different area, it may be larger or smaller than 
the through hole. 

[0134] The above ?xing layer may consist of a single layer 
or multiple layers (see FIG. 22 and FIG. 24, the top side is 
a polishing side in these ?gures). Examples of the ?xing 
layer include a layer composed of an adhesive material such 
as an adhesive double-coated tape, an adhesive layer formed 
by applying an adhesive, and a shear preventing layer 
making use of great friction With the surface of the platen of 
a polishing machine. When the above ?xing layer is an 
adhesive layer composed of an adhesive material such as an 
adhesive double-coated layer or an adhesive layer formed by 
applying an adhesive, a peel layer 42 is formed as the 
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outermost layer as required and combined With an adhesive 
layer 41 to form a ?xing layer 4 (see FIG. 25). When this 
peel layer 42 is existent, the adhesive layer 41 can be 
protected before use and the polishing pad can be easily 
?xed on the polishing machine by removing this peel layer 
42 at the time of use. 

[0135] Out of the above ?xing layers, the layer composed 
of an adhesive double-coated tape is preferred because it has 
a peel layer. The adhesive component Which can be used in 
the above ?xing layer may be a thermoplastic adhesive such 
as an acrylic or synthetic rubber adhesive, thermosetting or 
photocurable adhesive. Commercially available products of 
the adhesive include #442 of Sumitomo 3M Limited, and 
#5511 and #5516 of Sekisui Chemical Co., Ltd. 

[0136] When the layer composed of an adhesive double 
coated tape is used as the above ?xing layer, a through hole 
is preferably formed at a predetermined position of the 
adhesive double-coated tape. The method of forming this 
through hole is not particularly limited. The through hole 
may be formed With a laser cutter or punching blade. When 
the laser cutter is used, the through hole may be formed after 
the ?xing layer is formed of an adhesive double-coated tape. 

[0137] The polishing laminated pad of the present inven 
tion comprises the above-described polishing pad and a base 
layer formed on the non-polishing surface (rear surface 
opposite to the polishing surface) of the polishing pad and 
has light transmission properties in the lamination direction 
(see FIG. 26. Reference numeral 5 denotes a polishing 
laminate pad and 6 denotes a base layer, and the top side is 
the polishing side). 
[0138] The above base layer is formed on the rear surface 
opposite to the polishing surface of the polishing pad. The 
material for forming the base layer is not particularly limited 
and various materials may be used. An organic material is 
preferably used because it is easily molded to have a 
predetermined shape and predetermined properties and can 
provide suitable elasticity. The same materials as those used 
for the Water-insoluble matrix material (A) of the above light 
transmitting member may be used as this organic material. 
The material for forming the base layer may be the same or 
different from the Water-insoluble matrix material (A) of the 
light transmitting member or the Water-insoluble matrix 
material (A) of the above polishing pad substrate. 

[0139] It doesn’t matter Whether the base layer has light 
transmission properties or not. For example, When a base 
layer made of a material having the same or higher light 
transmission properties than the above light transmitting 
member is used, light transmission properties can be secured 
for the polishing laminated pad. In this case, a cut-aWay may 
or may not be formed. Further, When a base layer having no 
light transmission properties is used, the light transmission 
properties of the polishing laminated pad can be secured by 
cutting aWay part of the base layer for transmitting light. 

[0140] The shape of the above base layer is not particu 
larly limited and may be circular, polygonal plate-like, for 
example, quadrangular, or lattice-like. In general, it has the 
same or larger planar siZe than the polishing pad. When it 
has a cut-aWay portion for securing light transmission, this 
portion is excluded. The thickness of the base layer is not 
particularly limited but generally 0.1 to 2 times the thickness 
of the above polishing pad substrate. It is preferably like a 
thin plate. 
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[0141] The above base layer may consist of a single layer 
or multiple layers. When it consists of tWo or more layers, 
they are made of the same component or different compo 
nents. 

[0142] The hardness of the above base layer is not par 
ticularly limited but preferably loWer than that of the pol 
ishing pad substrate. Thereby, the polishing laminated pad 
has suf?ciently high ?exibility and suitable conformability 
to the unevenness of the surface to be polished as a Whole. 

[0143] A ?xing layer may be formed on the polishing 
laminated pad of the present invention like the above 
polishing pad. It is generally formed on the rear surface of 
the base layer. 

[0144] The polishing pad and polishing laminated pad of 
the present invention are suitably used to polish a material 
to be polished such as a semiconductor Wafer or liquid 
crystal substrate. 

[0145] Since the polishing pad of the present invention has 
transmits light through its light transmitting member, When 
it is set in a polishing machine equipped With an optical 
end-point detection device, it can be advantageously used to 
polish a semiconductor Wafer, etc. Since the polishing 
laminated pad having a base layer on the rear surface of the 
above polishing pad has a portion for transmitting light such 
as a cut-aWay in the above base layer, it can be used With a 
polishing machine equipped With an optical end-point detec 
tion device as Well. This optical end-point detection device 
detects the polishing end point by transmitting light from the 
rear surface of the polishing pad to the polishing surface to 
input it on the surface to be polished and monitoring the 
polishing condition of the surface to be polished With light 
re?ected from the surface to be polished. For example, When 
the polishing pad or the polishing laminated pad of the 
present invention is disk-shaped, light transmitting members 
are arranged in a loop and concentric to the center of the disk 
so that polishing can be carried out While the polishing end 
point is alWays monitored. When this optical end-point 
detection device is used, polishing can be ended at the 
optimum polishing end point With certainty Without polish 
ing excessively, Which is very ef?cient. 

[0146] The method of polishing a semiconductor Wafer of 
the present invention is to polish a semiconductor Wafer With 
the polishing pad or polishing laminated pad of the present 
invention, using an optical end-point detection device to 
detect the polishing end point of the semiconductor Wafer. 

[0147] The above optical end-point detection device is as 
described above. In the method of polishing a semiconduc 
tor Wafer of the present invention, the polishing machine as 
shoWn in FIG. 27 may be used. That is, the polishing 
machine comprises a polishing pad, a rotary platen for ?xing 
the polishing pad, a pressure head Which can turn and move 
in both vertical and horiZontal directions, a slurry feed unit 
for dropping slurry on the platen in a predetermined amount 
per unit time, and an optical end-point detection device 
installed beloW the platen. 

[0148] In this polishing machine, the polishing pad or 
polishing laminated pad of the present invention is ?xed on 
the platen, and the semiconductor Wafer is ?xed to the loWer 
end face of the pressure head and pressed against the 
polishing pad at a predetermined pressure to be brought into 
contact With the polishing pad. Slurry is dropped on the 








