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DESCRIPTION
TITLE OF THE INVENTION: POLISHING PAD, MANUFACTURING METAOD

THEREFOR, AND METHOD FOR MANUFACTURING A SEMICONDUCTOR

TECHNICAL FIELD
[0001]

The present invention relates to a polighing pad capable
of attaining, with a stable and high polighing efficiency, a
planarization processing of an optical mgfter or a silicon wafer
such as a lens or a reflecting mirrgh, a glass substrate or

aluminum substrate for a hard dis and a matter or material

’
for which a high-level surface/flatness is required in, for
example, an ordinary metal podishing processing; a method for
manufacturing the same; ayd a method for manufacturing a
semiconductor device. e polishing pad of the present

invention is particufarly useful for finish polishing of a
silicon wafer or glass piece.
BACKGROUND A
[0002]
Ir/general, themirror polishing of a semiconductor wafer
such /s a silicon wafer, a lens, a glass substrate, or some other
ivided to rough polishing for a main purpose of adjusting

he polished matter in flatness and in-plane evenness, and

finish polishing for a main purpose of improving the matter in
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surface roughness, and removing scratches.
[0003]

The finish polishing is usually attained by causfZng
sueded artificial leather made of a soft foamed polyyrethane
to adhere onto a rotatable table, and rubbing a waffer against
the leather while a polishing agent wherein colfoidal silica

is contained in an aqueous

s alkali-based solution is supplied thereonyo (Patent Document

[0004]

However, when the polishing Jayer, which is made of the
foamed polyurethane used for fifiish polishing, is low in
flatness, there is caused a pybblem that tiny undulations are
generated in the surface of he matter to be polished. The tiny
undulations have been infarticular considered to be a problem
in the field of rece finish polishing. Thus, it has been

intensely required/in the market to supply a polishing pad

capable of attaifiing a further decrease of tiny undulations.

Document 2 listed up below describes a polishing
decreasing tiny undulations generated in the surface
tter to be polished, wherein a polyurethane foam is

arrAnged for a surface layer. However, this document never
escribes any specific formulation or composition of the

polyurethane foam, or any matter related thereto. Furthermore,
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the cloth has a room for a further improvement from the viewpoint

of the effect of decreasing the tiny undulations.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS

[0006]
Patent Document 1: JP-A-2003-37089

Patent Document 2: JP-A-2004-136432

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007]

In light of the above-pentioned actual situation, the

present invention has been/made, and an object thereof is to
provide a polishing pad chApable of decreasing tiny undulations
generated in the surffce of a matter to be polished, a method
for manufacturing

e same, and a method for manufacturing a

semiconductor defice.

MEANS FOR LVING THE PROBLEMS

[0008]
n order to solve the problems, the inventors have made
eagfr investigations to find out that the object can be attained

apolishingpaddescribedbelow. Thus, the present invention

has been accomplished.
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[0009]

Accordingly, the polishing pad of the present inventjyon
is a polishing pad having a polishing layer comprisin
thermoset polyurethane foam, wherein the thermoset
polyurethane foam contains, as raw material compgfients, an
isocyanate component, and active-hydrogen-contZining
compounds, and the active-hydrogen-containi compounds
comprise one or more polyol compounds (each)/having two or more
functional groups, and a monool compound Aaving one functional
group.
[0010]

In the polishing pad accorging to the present invention,
its polishing layer is made o a thermoset polyurethane foam,
and the foam contains, as r material components thereof, one
or more polyol compounds/(each) having two or more functional
groups, and a monool cofmpound having one functional group. The
polishing pad having/this structure makes it possible to exhibit
endurance based ¢gn the thermoset polyurethane foam while tiny
undulations gefierated in the surface of a matter to be polished
are decrea

d since the foam comprises the

one-funcfional-group-containing monool compound.

In the polishing pad, the monool compound is preferably
compound represented by the following general formula (1):

R'- (OCH,CHR?) ,-OH (1)
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wherein R' is a methyl or ethyl group, R? is a hydrogen atom,
or a methyl group, and n is an integer of 1 to 5. The polishjng
pad having this structure makes it possible to attain a fyfther
decrease of tiny undulations generated in the surfag¢ge of a
matter to be polished.
[0012]

In the polishing pad, it is preferred £hat the monool
compound is contained in an amount of 1 to /0 parts by weight
for 100 parts by weight of the polyol cgmpound(s). When the
content of the monool compound is adjusfed into this range, tiny
undulations generated in the surfacg of a matter to be polished
can be decreased while the hardngss of the polishing layer is
maintained.

[0013]

In the polishing d, it is preferred that one or more
polyol compounds (eacy) having 3 or 4 functional groups and a
hydroxyl group val of 100 to 1,900 mg KOH / g are comprised
in an amount of 24 to 75 parts by weight for 100 parts by weight
of the polyol/compounds. In general, when a thermoset
polyuretha foam contains, as a raw material thereof, a monool
compound/having one functional group, the polyurethane is low
in mo}Jecular weight so that the polishing layer is low in
harfiness. Thus, the polishing pad tends to be deteriorated in

©lishing characteristics such as polishing rate. By contrast,

when the content of the above-mentioned polyol compound(s) is
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adjusted into the range, tiny undulations generated in the
surface of a matter to be polished can be decreased while
hardness of the polishing layer is maintained.
[0014]

In the polishing pad, the isocyanate compongnt is
preferably an aromatic isocyanate, and is more/preferably a
carbodiimide-modified diphenylmethane diisogfanate. When a
substrate layer is laminated onto the polisying layer, the use
of the active-hydrogen-containing compoyhds together with the
carbodiimide-modified MDI attains a r¢lmarkable improvement in
the adhesiveness between the polishf/ng layer and the substrate
layer.
[0015]

In the polishing pad,/it is preferred that the thermoset
polyurethane foam has sybstantially spherical bubbles having
an average bubble diamfter of 20 to 300 pm. When the polishing
layer is formed by ufe of the thermoset polyurethane foam, which
has substantial spherical bubbles having an average bubble
diameter of 2¢/ to 300 um, the polishing layer can be improved
in enduran Thus, when the polishing pad of the present
inventiof is used, the polishing pad can keep high planarization
charagfteristics over a long term, and is also improved in
polfshing rate stability. The wording “substantially

herical” denotes a spherical form and an elliptic form.

Bubbles in an elliptic form denote bubbles having a ratio
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between the long diameter L and the short diameter S (ratio of
L/S) of 5 or less, preferably 3 or less, more preferably
or less.
[0016]
The present invention also relates to a method for
manufacturing a polishing pad, comprising the stfp of using a
mechanical foaming method to prepare a foam-digpersed urethane
composition containing, as raw material cgmponents,
active-hydrogen-containing compounds cofiprising a polyol
compound having two or more functionZl groups and a monool
compound having one functional grolip, and an isocyanate
component; the step of painting/the foam-dispersed urethane
composition onto a planar meploer; the step of setting the
foam-dispersed urethane cogfposition to form a polishing layer
comprising a thermoset p¢lyurethane foam having substantially
spherical bubbles hav/ng an average bubble diameter of 20 to
300 pm; and the st of adjusting the polishing layer into a
uniform thickne This manufacturing method makes it
possible tom

ufacture a polishing pad capable of decreasing

tiny undulgfions generated in the surface of a matter to be

Furthermore, the present invention relates to a method
Or manufacturing a semiconductor device, comprising the step

of using the polishing pad described in any one of the
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above-mentioned paragraphs concerned to polish a surface of

semiconductor wafer.

BRIEF DESCRIPTION OF THE DRAWING
[0018]

Fig. 1 is a schematic structural view ilJustrating a
polishing machine used in a method for manuffcturing a

semiconductor device.

MODE FOR CARRYING OUT THE INVENTION
[0019]

The polishing pad of the prefent invention has a polishing
layer made of a thermoset po}yurethane foam, which may be
referred to as a “polyurethiane foam” hereinafter.
[0020]

Polyurethane regin is excellent in abrasion resistance,
and can be a polymgr that can easily obtained with various
physical propertAes by changing the composition of raw
materials thefeof variously; and further therein,
substantial/ly spherical fine bubbles can easily be formed by
a mechanfcal foaming method (examples thereof including a
mechapfical frothing method). For these reasons, polyurethane
resfn is a material particularly preferable for the

onstituting material of the polishing layer.

[0021]



10

15

20

Polyurethane resin is a polymer yielded from an
isocyanate component, and active-hydrogen-containing
compounds (such as a polyol compound having two or mor,
functional groups, a monool compound having one fungtional
group, and a polyamine compound) as raw material mponents.
[0022]

As the isocyanate component, any compoynd known in the
field of polyurethane may be used without espkcial restriction.
Examples thereof include aromatic diisgfyanates such as
2,4-toluene diisocyanate, 2,6-tolueng diisocyanate,
2,2’ -diphenylmethane diisocyanate/ 2,4’ -diphenylmethane
diisocyanate, 4,4’ -diphenylmethAne diisocyanate, polymeric
MDI, carbodiimide-modified M (for example, MILLIONATE MTL
(trade name) manufactured by Nippon Polyurethane Industry Co.,
Ltd.), 1,5-naphthalene d¥isocyanate, p-phenylene diisocyanate,
m-phenylene diisocyanéte, p-xylylene diisocyanate, and
m-xylylene diisocy#nate; aliphatic diisocyanates such as
ethylene diisocyhAnate, 2,2,4-trimethylhexamethylene
diisocyanate,/and 1, 6-hexamethylene diisocyanate; and
alicyclic dfisocyanates such as 1,4-cyclohexane diisocyanate,
4,47 —-dicgclohexylmethane diisocyanate, isophorone
diisogifanate, and norbornane diisocyanate. These may be used
alofie or in combination of two or more thereof.

023]

Of the above-mentioned isocyanate components, an
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aromatic diisocyanate is preferably used, and
carbodiimide-modified MDI is in particular preferably usgd.
[0024]
The polyol compound(s) (each) having two or mgre
functional groups may (each) be one usable ordingfily in
technical fields of polyurethane. Examples thefeof include
any polyether polyol, typical examples therefbf including
polytetramethylene ether glycol, and polyeihylene glycol; any
polyester polyol, a typical example thefeof including
polybutylene adipate; any polyester golycarbonate polyol,
examples thereof including polycapfrolactone polyol, and a
reaction material made from a pplyester glycol, such as
polycaprolactone, and an alkylene carbonate; any polyester
polycarbonate polyol yieldgd by causing ethylene carbonate to
react with a polyhydric afcohol, and next causing the resultant
reaction mixture to rgact with an organic dicarboxylic acid;
any polycarbonate polyol yielded by transesterification
reaction between/a polyhydroxy compound and an aryl carbonate;
and any polymgr polyol that is a polyether polyol wherein
icles are dispersed. These may be used alone or

polymer pa

in combifation of two or more thereof.

In the present invention, the following may be contained
s the polyol compound(s) (each) having two or more functional

groups: trimethylolpropane, glycerin, diglycerin,

10
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1,2, 6-hexanetriol, triethanolamine, pentaerythritol,
tetramethylolcyclohexane, methylglucoside, alkylene oxid
(such as EO or PO) adducts of these examples, ethylene glfcol,
1,2-propylene glycol, 1,3-propylene glycol, 1,2-butghediol,
1,3-butanediol, 1,4-butanediol, 2,3-butanediol,
1, 6-hexanediol, neopentylglycol, 1,4-cyclohexapfedimethanol,
3-methyl-1,5-pentanediol, diethylene glycol,/triethylene
glycol, any other low-molecular-weight pofyol,
monoethanolamine, diethanolamine,
2-(2-aminoethylamino)ethanol, monoprgpanolamine, and any
other alcoholamine. These may be ufed alone or in combination
of two or more thereof.
[0026]

In the present invenfion, a chain extender may be
contained as (one of) the¢/polyol compound (s) (each) having two
or more functional grgups. The chain extender is an organic
compound having at Jeast two active hydrogen groups. Examples
of the active hydfogen groups include hydroxyl groups, primary
or secondary Zmino groups, and thiol groups (SH). Specific
examples of/ the chain extender include
4,4" -methylenebis (o-chloroaniline) (MOCA),
2,6-djchloro-p-phenylenediamine,
-methylenebis (2,3-dichlorocaniline),

, D-bis (methylthio)-2,4-toluenediamine,

3,5-bis(methylthio) -2, 6-toluenediamine,

11
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3,5-diethyltoluene-2,4-diamine,

3,5-diethyltoluene-2, 6-diamine, trimethylene
glycol-di-p-aminobenzoate, 1,2-bis(2-aminophenylthio)
4,4’ -diamino-3, 3’ -diethyl-5,5’ -dimethyldiphenylmethgne,
N, N’ -di-sec-butyl-4,4’ -diaminodiphenylmethane,
3,3’ -diethyl-4,4’ -diaminodiphenylmethane, m-xy¥ylenediamine,
N, N’ -di-sec-butyl-p-phenylenediamine, m-phernflenediamine,
p—-xylylenediamine, and other polyamines; Znd the
above-mentioned low-molecular-weight p¢/lyols or
low-molecular-weight polyamines. ThegSe may be used alone or
in combination of two or more the
[0027]

When the total amount the polyol compound(s) is
regarded as 100 parts by wgight in the present invention, it
is preferred that one or/more polyol compounds (each) having
3 or 4 functional groyps and a hydroxyl group value of 100 to
1,900 mg KOH / g arf contained in an amount of 20 to 75 parts
by weight. In t present invention, it is important that the
one-functionaf-group-containing monool compound is contained
as one of t raw materials of the thermoset polyurethane foam;
and furtlfer when the polyol compound(s) is/are contained in an
amount/in this range, tiny undulations generated in the surface
of £ matter to be polished can be decreased while the hardness

T the polishing layer is maintained.

[0028]

12
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The one-functional-group-containing monool compound may,
be any one known in technical fields of polyurethane. 1In
case of using, in particular, a compound represented bf the
following general formula (1):

R'- (OCH,CHR?) ,—~OH (1)
wherein R' is a methyl or ethyl group, R’ is a h drogen atom,
or a methyl group, and n is an integer of 1 to / in the present
invention, a further decrease of tiny undulg¥tions generated in
the surface of amatter to be polished can attained. Specific
examples of the monool compound usable/Ain the present invention
include diethylene glycol monoethy/f ether, diethylene glycol
monomethyl ether, dipropylene ycol monoethyl ether,
dipropylene glycol monomethy) ether, 2-methoxyethanol,
ethylene glycol monoethyl gther, ethylene glycol monobutyl
ether, ethylene glycol gfono-t-butyl ether, ethylene glycol
monophenyl ether, diefhylene glycol monobutyl ether,
triethylene glycol/monobutyl ether, and polyethylene glycol
mono-p-isooctylphienyl ether; and any alkylene oxide adduct of
a carboxylic Zcid such as acetic acid, acrylic acid or
methacrylig/ acid.
[0029]
n the present invention, a polyamine compound may be
confained as one of the active-hydrogen-containing compounds.

amples of the polyamine compound include ethylenediamine,

tolylenediamine, diphenylmethanediamine, and alkylene oxide

13
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(such as EO or PO) adducts of these amines. These may be use
alone or in combination of two or more thereof. It is
particularly preferred to use an EO adduct of ethylenedigfiine.
[0030]

For the production of the polyurethane resi either a

prepolymer method or one-shot method may be usgd. When the
polyurethane resin is produced by a prepolymer/method, a chain
extender is used to cure an isocyanate-termfAnated prepolymer.
As the chain extender, any one of the ove-mentioned chain
extenders may be used.
[0031]

The ratio between the isofyanate component and the
active-hydrogen-containing cofipounds may be variously changed
in accordance with the molgdcular weight of each of these
materials, desired physigal properties of the polyurethane foam,
and others. 1In order ¥o give a foam having desired properties,
the following indeyf is preferably from 0.80 to 1.20, more
preferably from .90 to 1.15: the number (NCO index) of
isocyanate grgups of the isocyanate component relative to the
number of epfire active hydrogen groups (hydroxyl groups + amino
groups) #Zf the active-hydrogen-containing compounds. If the
numbey of the isocyanate groups is out of this range, the
resfiltant polyurethane tends to undergo curing insufficiency

bt to gain a required specific gravity, hardness,

compressibility nor some other property.

14
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[0032]

The polyurethane resin may be produced by a known
urethanizing technique such as melting technique or so
technique. When cost, working environment and othe
considered, it is preferred to produce the resin Ly melting
technique.
[0033]

The thermoset polyurethane foam congtituting the
polishing layer may be produced preferghbly by a mechanical
foaming method (examples thereof incfuding a mechanical
frothing method) .

[0034]

Particularly preferred/is a mechanical foaming method
using a silicone surfacta that is a copolymer of a
polyalkylsiloxane and a/polyether. Examples of a preferred
compound as the silicghe surfactant include SH-192 and L-5340
(manufactured by Dgw Corning Toray silicone Co., Ltd.), and
B8443 (manufactyfed by Goldschmidt GmbH) .
[0035]

If nefessary, the following may be added (to the resin):

a stabilfzer such as an antioxidant, a lubricant, a pigment,

an antistatic agent, and other additives.

A description will be made hereinafter about examples of

a method for producing the thermoset polyurethane foam

15



10

15

20

constituting the polishing layer. The following processes (1)
to (3) can be given as examples of a method for producin
foam-dispersed urethane composition which is a raw materjal of
this polyurethane foam:
[0037]

(1) An isocyanate component, polyol compouyds and others
are caused to react with each other to prep an
isocyanate-terminated prepolymer. A silighbne surfactant is
added to the prepolymer to produce a fifst component. While
the first component is mechanically stArred in the presence of
a nonreactive gas, the nonreactive fas is dispersed thereinto
as fine bubbles to prepare a foAm-dispersed liquid. To the
foam-dispersed liquid is add¢d a second component including
active-hydrogen-containing/ compounds such as a
low-molecular-weight po)yol and a low-molecular-weight
polyamine, and then thfse components are mixed with each other
to prepare a foam-dfspersed urethane composition. A catalyst
may be approprigfely added to the second component.
silicone surfactant is added to at least one of a
first cofiponent including an isocyanate component (or
ate-terminated prepolymer), and a second component

isocy

incfuding active-hydrogen-containing compounds, and then the

mechanically stirred in the presence of a nonreactive gas to

16




disperse the nonreactive gas thereinto as fine bubbles. 1In 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.
[0039]

(3) A silicone surfactant is added to af least one of a
first component including an isocyanate cgmponent (or
isocyanate-terminated prepolymer), and second component

10 including active-hydrogen-containing/compounds, and then the
first and second components are mgChanically stirred in the
presence of a nonreactive gas to/disperse the nonreactive gas
thereinto as fine bubbles to pyepare a foam-dispersed urethane
composition.

15 [0040]

The foam-disperged urethane composition may be prepared
by a mechanical frgthing method. The mechanical frothing
method is a methgd of: putting raw material components into a
mixing chambey of a mixing head while a nonreactive gas is

20 incorporat thereinto; and mixing and stirring the components
by means £f a mixer such as an Oakes mixer, thereby making the
nonregltive gas into the state of fine bubbles and further
dispersing the bubbles into the raw material mixture. The

echanical frothing method is a preferred method since the

method makes it possible to adjust the density of the

17
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polyurethane foam easily by the adjustment of the incorporate

amount of the nonreactive gas. Moreover, the method givey a
good production-efficiency since the method makes it posgible
to shape continuously a polyurethane foam having substgntially
spherical fine bubbles having an average bubble diapleter of 20
to 300 pm.

[0041]

Thereafter, the foam-dispersed uretyfane composition
prepared by this method is painted onto/a planar member, and
then the foam-dispersed urethane compgsition is cured to form
a thermoset polyurethane foam (poljifShing layer) directly onto
the planar member.

[0042]

The nonreactive gas Ased to form the fine bubbles is
preferably an incombustiffle gas, and specific examples thereof
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. Th¢ gas from which water is removed by drying is
most preferred from the viewpoint of costs.

[0043]

As/a stirring machine for making the nonreactive gas in
the fgfm of fine bubbles, and further dispersing the bubbles,
a own stirring machine may be used without especial

estriction. Specific examples of the machine include a

homogenizer, a Dissolver, a biaxial planetary mixer, and a

18
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mechanical frothing machine. The shape of one or more stirrin
vanes of the stirring machine is not particularly limited.
whipper-shaped stirring vane is preferred since the use thfreof
gives fine bubbles.
[0044]

It is also preferred to use different stirfing machines
for the stirring for preparing the foam-disperged liquid in the
forming step, and for the stirring for mifing the first and
second components to each other. In t mixing step, the
stirring is not required to be stirrifig for forming bubbles,
and the use of a stirring machine tlfat does not generate large
bubbles is preferred. Such a stArring machine is preferably
a planetary mixer. Even when e same stirring machine is used
in the foaming step of prepgring the foam-dispersed liquid and
the mixing step of mixing the individual components with each
other, no problem is gaused. It is also preferred to use the
machine while stirying conditions are adjusted, for example,
the rotating spegd of the stirring vane(s) is adjusted as the
need arises.
[0045]

In/the polishing pad according to the present invention,
a subsfrate layer may be laminated on the polishing layer. When
the/substrate layer is laminated on the polishing layer, the

bstrate layer is not particularly limited. Examples thereof

include nylon, polypropylene, polyethylene, polyester,

19
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polyvinyl chloride, and other plastic films; a polyurethane
foam, a polyethylene foam, and other high-molecular-weig
resin foams; rubbery resins such as butadiene rubber
isoprene rubber; and photosensitive resins. It is pyeferred
to use, out of these examples, nylon, polypropyl
polyethylene, polyester, polyvinyl chloride, andfther plastic
films; and polyurethane foam, polyethylene am, and other
high-molecular-weight resin foams. The subftrate layer may be
a double-sided tape, or a single-sided Adhesive tape (the
single-sided adhesive layer thereof fs to be bonded to a
platen) .

[0046]

The substrate layer preferably has a hardness equal to
or more than that of the p¢/lyurethane foam to give toughness
to the polishing pad. e thickness of the substrate layer
(when the layer is a fouble-sided tape or a single-sided
adhesive tape, the/thickness of its substrate) is not
particularly linfited, and is preferably from 20 to 1,000 pm,
more preferab from 50 to 800 pm from the viewpoint of strength
and flexibi/llity.
[0047]
xamples of the means that can be adopted to paint the
foafi-dispersed urethane composition onto the planar member

clude gravure, kiss and comma and other roll coaters; slot,

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

20



10

15

20

coater; and other painting means. However, the means may be
any means capable of forming a uniformpainted film on the playar
member.
[0048]
It is highly preferable to heat the polyurefhane foam
obtained by painting the foam-dispersed urethang composition
onto the planar member and causing the componenfts to react with
each other until the composition comes nof to flow, thereby
post-curing the composition since the pogt-curing produces an
effect of improving the polyurethane/foam in physical
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 fiormal pressure since the shape
of the bubbles is stabili
[0049]
In the productifn of the polyurethane foam, a tertiary
amine catalyst, or/any other known catalyst may be used for
promoting the polf/furethane reaction. The kind and the addition
amount of the £atalyst is selected, considering a period when
a mixture elded after the step of mixing the individual

componenfs with each other is flowing in order to be painted

e planar member.

The polyurethane foam may be produced in a batch manner

of weighing the individual components, charging the components

21
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into a container and then stirring the components mechanically,
or in a continuous production manner of supplying the individyal
components and the nonreactive gas continuously to a stifring
machine, stirring these components mechanically, feeding out
the foam-dispersed urethane composition and then aping the
composition into a shaped product.
[0051]

In the polishing pad manufacturing mefhod of the present
invention, it is necessary that after or/while a polyurethane
foam is formed onto a planar member, e polyurethane foam is
adjusted into a uniform thickness./ The method for adjusting
the polyurethane foam into a unfform thickness is not
particularly limited, and exagpples thereof include a method of
buffing the foam with a pofishing member, and a method of
pressing the foam by us¢/ of a pressing plate. When the foam
is buffed, a polishing/ layer having, on the polyurethane foam
surface, no skin lgfer is yielded. When the foam is pressed,
a polishing layef having, on the polyurethane foam surface, a
skin layer is/yielded. Conditions for the pressing are not
particular

limited; preferably, the temperature of the foam

is adjusfed to the glass transition point or higher.

The foam-dispersed urethane composition prepared in the
ove-mentioned manner is painted onto a releasing sheet, and

a substrate layer is laminated onto the foam-dispersed urethane

22
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composition. Thereafter, by curing the foam-dispersed
urethane composition while a pressing means is used to make
composition into a uniform thickness, a polyurethane fo may
be formed. Thismethodis aparticularlypreferredmethbd since
the polishing layer can be controlled into a highfAy uniform
thickness.
[0053]

The material for forming the releasyng sheet is not
particularly limited, and examples therfof may be the same
resins and papers for the above-mentfoned substrate. The
releasing sheet is preferably a she small in dimension change
based on heat. The surface of e releasing layer may be
subjected to releasing treatplnt.

[0054]

The pressing means/for making, into a uniform thickness,
the sandwich sheet cofiposed of the releasing sheet, the
foam-dispersed urephane composition (foam-dispersed urethane
layer) and the sulfstrate layer isnot particularly limited. For
example, a cogfter roller, a nip roller or some other is used
to compresy the sandwich sheet into a constant thickness.
ConsiderZng that after the compressing, the size of the bubbles
in the/ foamed layer becomes about 1.2 to 2 times larger than
thaf before the compressing, it is preferred at the compressing

ime tomake “50 to 85% of the thickness of the cured polyurethane

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

23
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nip” — “the thickness of the substrate layer and the releasin
sheet”. 1Inorder toyield a polyurethane foam having a specific
gravity of 0.2 to 0.5, it is preferred that the foam-displrsed
urethane composition has a specific gravity of 0.24 to/f before
passed through the roll.

[0055]

After the sandwich sheet is made into £he uniform
thickness, the polyurethane foam obtained/by causing the
components concerned to react with each/other until the foam
comes not to flow is heated to be posifcured. Conditions for
the post-curing are the same as dgSscribed above.

[0056]

Thereafter, the releasjfig sheet underneath the
polyurethane foam is peeled In this case, a skin layer is being
formed on the polyurethghe foam. When the polyurethane foam
is formed by a mechan/cal foaming method as described above,
the unevenness of e bubbles is less generated in the upper
surface side of e polyurethane foam than in the lower surface
side. When the lower surface side of the thus-formed
polyurethank foam is used as a polishing surface, thispolishing
surface /s a surface wherein the unevenness of the bubbles is
small Thus, the polishing pad is made better in polishing rate
stapility. The skin layer may be removed by buffing the

Oblyurethane foam after the releasing sheet is peeled.

[0057]
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The thickness of the polyurethane foam is not
particularly limited, and is preferably from 0.2 to 3 mm, mgfre
preferably from 0.5 to 2 mm.
[0058]

The polyurethane foam produced by the abovefmentioned
production method has substantially spherical Pubbles. The
polyurethane foam according to the present ingention may be a
foam having continuous bubbles, or a foam Aaving independent
bubbles.

[0059]

The average bubble diameter LAf the bubbles in the
polyurethane foam is from 20 to AO0O0 um, preferably from 50 to
100 um. When the bubbles are Lontinuous bubbles, the average

diameter of circular openiyfgs in the surfaces of the bubbles

is preferably 100 pym or fless, more preferably 50 um or less.

[0060]

The specific/gravity of the polyurethane foam is
preferably from £.3 to 0.9, more preferably from 0.4 to 0.5.
If the specififf gravity is less than 0.3, the polishing layer
or pad tendy¢ to be too high in porosity so as to be deteriorated
in endur#Znce. On the other hand, if the specific gravity is
an 0.9, it is necessary to make the raw materials into
crosslinkage density in order to make the polishing layer

to a predetermined elastic modulus. In this case, the

polishing pad tends to be increased in permanent strain to be
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deteriorated in endurance.
[0061]
About the hardness of the polyurethane foam, the
C hardness thereof is preferably from 10 to 80 degregs, more
5 preferably from 20 to 70 degrees. If the Asker C rdness 1is
less than 10, the polishing pad tends to be lowered/An endurance,
and a matter to be polished tends to be deteriorfhted in flatness
after polished. On the other hand, if the hgfdness is more than
80 degrees, the front surface of amatter tfbe polishediseasily
10 scratched.
[0062]

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

[0063]
The front suyface of the polishing layer may have a
convexo-concave Atructure for hold/renewing a slurry. The
polishing lay#r made of the foam has many openings at its

20 polishing rface to have a function of holding/renewing a
slurry, d when the convexo-concave structure is formed in the
polishfing surface, the holding and renewing of a slurry can be
effectively attained. Moreover, the structure makes it

bssible to prevent a matter to be polished from being broken

by adsorption between the pad and the matter to be polished.
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The form of the convexo-concave structure is not particularl
limited as far as the form holds/renews a slurry. Examples/of
the convexo-concave structure include X (stripe) groov
lattice grooves, concentric grooves, through holes, blifid holes,
polygonal columns, circular columns, a spiral groove/eccentric
grooves, radial grooves, and any combination of 0 or more of
these grooves. These convexo-concave structfhres each
generally have therein regularity. However/ in order to render
the structure a structure having a desifed performance of
holding/renewing a slurry, the strucfure may be changed in
groove pith, groove width, groove Adepth or some other inside
individual areas thereof.
[0064]

The method for formi 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 polishi layer mechanically, a method of causing
a resin to flow i a mold having a predetermined surface shape,
and curing thefresin to form the structure, a method of pressing
a resin by ufe of apressingplate having a predetermined surface
shape to form the structure, a method of using photolithography
the structure, a method of using a printing method to
the structure, and a method of using a laser ray, such as

carbon dioxide gas laser ray, to form the structure.

[0065]
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The polishing pad of the present invention may be a pa
wherein a cushion sheet is bonded onto a non-polishing surfgce
side of a polishing layer. When a substrate layer is lami
onto the polishing layer, it is preferred to laminajye the
polishing layer, the substrate layer, and the cushign sheet in
this order.

[0066]

The cushion sheet (cushion layer) ig¢ a member
compensating for properties of the polifShing layer. The
cushion sheet is required in order t¢/ make both of planarity
and uniformity, which have a tradegff relationship with each
other in chemical mechanical po}ishing, compatible with each
other. The planarity is the ffpllowing flatness at the time of
polishing a matter to be polfshed which has fine irregularities
generated when a pattern/is formed in the matter: the flatness
of the patterned regio The uniformity is the evenness of the
whole of the mattey to be polished. 1In accordance with
properties of th¢ polishing layer, the planarity is improved,
and in accord#Znce with properties of the cushion sheet, the

uniformity Ais improved. In the polishing pad of the present

Examples of the cushion sheet include fiber nonwoven

fabrics, such as a polyester nonwoven fabric, a nylon nonwoven
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fabric, and an acrylic nonwoven fabric; resin-impregnated
nonwoven fabrics, such as a polyester nonwoven fabric into whjych
polyurethane is impregnated; high-molecular-weight resfAn
foams, such as a polyurethane foam, and a polyethylepfe foam;
and rubbery resins, such as butadiene rubber and Asoprene
rubber; and photosensitive resins.
[0068]

The means for bonding the cushion shegt is, for example,
a means of sandwiching the polishing layezx/and the cushion layer

between pieces of a double-sided tap and then pressing the

sandwich.
[0069]

In the polishing pad o# the present invention, a
double-sided tape may be 1g4d on the surface thereof which is
to be bonded to a plate
[0070]

A semiconductdr device is manufactured through a process
of using the aboyk-mentioned polishing pad to polish a surface
of a semicondugtor wafer. The semiconductor wafer is generally
a matter whe¢frein a wiring metal and an oxide film are laminated
on a siljcon wafer. The method and machine for polishing the
semicohductor wafer are not particularly limited. For example,
as #llustrated in Fig. 1, the polishing is performed by use of
polishing machine equipped with a polishing table 2 for

supporting a polishing pad 1, a supporter (polishing head) 5
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for supporting a semiconductor wafer 4, a backing member for,
applying an even pressure to the wafer, and a mechanism #or
supplying a polishing agent 3. The polishing pad 1 is
onto the polishing pad 2 through, for example, a doub)e-sided
tape to be fitted on the pad 2. The polishing tablg 2 and the
supporter 5 are arranged in such a manner that Zhe polishing
pad 1 and the semiconductor wafer 4 supported #gn these members
2 and 5, respectively, are faced to each her. The members
2 and 5 have rotating axes 6 and 7, regPectively. 1In the
vicinity of the supporter 5, a pressifig mechanism is located
for pushing the semiconductor wafef 4 onto the polishing pad
1. The semiconductor wafer 4 ig polished by pushing the
semiconductor wafer 4 onto the polishing pad 1 while the
polishing table 2 and the sypporter 5 are rotated, and further
supplying a slurry therepo. The flow rate of the slurry is not
particularly limited,/as well as the load for the polishing,
the rotation numbey of the polishing table, and the rotation
number of the wagfer. These are appropriately adjusted.
[0071]

In thfs way, the surface roughness of the surface of the
semicondfctor wafer 4 is improved, and scratches therein are
remove. Thereafter, the wafer is subjected to dicing, bonding,
packaging and others to manufacture a semiconductor device.

e semiconductor device is used in, for example, an arithmetic

processing device, or a memory. A lens, or a glass substrate
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for a hard disc can be finish-polished in the same manner as

described above.

EXAMPLES
[0072]
Hereinafter, the present invention will be/described by
way of working examples. However, the present/Anvention is not
limited to these working examples.
[0073]
Specific Gravity Measurement:
The measurement is made in accofdance with JIS Z8807-1976.
Any produced polyurethane foam #s cut out into the form of a
strip (thickness: selected at/will) 4 cm x 8.5 cm in size, and
the strip is used as a sampfe. The sample is allowed to stand

still in an environment Waving a temperature of 23°C + 2°C, and

a humidity of 50 = 5%/for 16 hours. The measurement is made

by use of a gravimetdr (manufactured by Sartorius AG). 1In this

way, the specifif gravity is measured.

5 cf in size (thickness: selected at will), and the pieces are
sed as samples. The samples are allowed to stand still in an

environment having a temperature of 23°C £ 2°C, and a humidity
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of 50% = 5% for 16 hours. Some of the samples are put onto eac

other to give a thickness of 10 mm or more. A hardness mejyer
(Asker C hardness meter, manufactured by Kobunshi Keiki/Co.,
Ltd., pressing surface height: 3 mm) is used, and the gressing
surface is brought into contact therewith. After /0 seconds
from the contact, the hardness is measured.
[0075]

Tiny Undulations:

A noncontact profilometer (New Vigw 6300, manufactured
by Zygo Corp.) is used to measure the Ba of each of five points
of the front surface of a matter to bf polished under conditions
that the lens power is 2.5, the

ooming power is 0.5, and its

bandpass filter is set to 200/to 1,250 um. The average value

(nm) thereof is defined as e tiny undulations. When the tiny
undulations are measured,/the usedpolishedmatter is a polished
matter obtained by pollishing according to the following
polishing manner.
[0076]

Polishipyg Manner:

-sided Polisher Setting Conditions

Double-sided polisher: 9B type double-sided

polishr, manufactured by SpeedFam Co., Ltd.
Processing pressure: 100 g/cm2

Table rotation number: 50 rpm

Polishing agent supply rate: 4 L/min
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Charged substrates: TS-10SX, manufactured by Ohar
Inc.
The number of the charged substrates: 25
FEach of the substrates is continuously polished yaAtil the
substrate thickness is turned to 85% of the initial £hickness.
The used polishing agent is prepared by the follpwing method:
[0077]
Polishing Agent Preparing Method:
To water is added a product SHOROX A-10 (manufactured by
Showa Denko K.K.), and these aremixed wAth each other to prepare
a polishing agent to have a specifijf£ gravity of 1.06 to 1.009.
[0078]
Raw Materials:
Individual raw materfals used are as follows:
(i) Polyol compoupds
Polycaprolacto polyol “PLACCEL 210N (PCL210N)”,

manufactured by Dajel Chemical Industries, Ltd.; the number

of functional grgups: 2, and hydroxyl group value: 110 mg KOH

Polychprolactone polyol “PLACCEL 305 (PCL305)”
manufactfred by Daicel Chemical Industries, Ltd.; the number
tional groups: 3, and hydroxyl group value: 305 mg KOH
Polycaprolactone polyol “PLACCEL 308 (PCL308)”
anufactured by Daicel Chemical Industries, Ltd.; the number

of functional groups: 3, and hydroxyl group value: 198 mg KOH
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/ g9,

Polytetramethylene ether glycol “PTMG1000”,
manufactured by Mitsubishi Chemical Corp.; the number
functional groups: 2, and hydroxyl group value: 110
g,

Polytetramethylene ether glycol “PTMG200
manufactured by Mitsubishi Chemical Corp.; e number of
functional groups: 2, and hydroxyl group vaglue: 56 mg KOH / g,
Diethylene glycol (DEG), manufactyfed by Nacalai Tesque
Inc.; the number of functional group 2, and hydroxyl group
value: 1,057 mg KOH / g,

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

Propylene oxide aglduct of trimethylolpropane “EXCENOL
890MP”, manufactured py Asahi Glass Co., Ltd.; the number of

functional groups: /3, and hydroxyl group value: 865 mg KOH /

gr

Diglyceyin, manufactured by Wako Pure Chemical

Industries,/ Ltd.; the number of functional groups: 4, and
hydroxyl/group value: 1,350 mg KOH / g,

(ii) Monool Compounds

Diethylene glycol monoethyl ether (EtODEG), manufactured

Nacalai Tesque Inc.; the number of functional group: 1, and

hydroxyl group value: 418 mg KOH / g,
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Diethylene glycol monomethyl ether (MeODEG),
manufactured by Nacalai Tesque Inc.; the number of functiopal
group: 1, and hydroxyl group value: 467 mg KOH / g,

(iii) Catalyst

5 “Kao No. 25”, manufactured by Kao Corp.

(iv) Foaming agent

“B8443”, manufactured by Goldschmidt

(v) Isocyanate component

Carbodiimide-modified diphenylmethane diisocyanate

10 (MDI) “MILLIONATE MTL”, manufactured/by Nippon Polyurethane
Industry Co., Ltd.
[0079]

Examples 1 to 6, and CogMmparative Example 1
Individual raw materfals were charged into a container

15 to give blend proportionyg’ in the upper columns in Table 1 (each

of numbers therein repfesents the number of parts by weight of
one of the raw matefials when the total amount of the polyol
compounds is reghrded as 100 parts by weight), and stirring

vanes were us¢d to stir the blended components vigorously at

20 a rotation pumber of 900 rpm for 4 minutes to take bubbles into
the reacfion system. Thereafter, the carbodiimide-modified
MDI wgs added thereto to give an NCO index of 1.10, and the
reaftion system was stirred for 1 minute to prepare each

Obam-dispersed urethane composition.

[0080]
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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) subjfcted

to releasing treatment to form a foam-dispersed uretha layer.
The foam-dispersed urethane layer was covered with ¥ substrate
layer that was a PET sheet (manufactured by Toy
thickness: 188 um). A nip roll was used to plake the

foam-dispersed urethane layer into a thickpess of 1.5 mm, and
the workpiece was primarily cured at 40fC for 30 minutes.
Thereafter, the workpiece was secondfy cured at 70°C for 30
minutes to form a polyurethane foam {foamed layer). Thereafter,
the releasing sheet was peeled. ext, a slicer (manufactured
by Fecken-Kirfel Gmbh & Co.) whs used to make the polyurethane
foam into a thickness of 1/3 mm. In this way, the precision
of the thickness was adjugfed. Thereafter, a laminator was used
to bond a double-sided/tape (Double Tack Tape, manufactured by
Sekisul Chemical C¢., Ltd.) onto the front surface of the

substrate layer £o manufacture a polishing pad.
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[0082]

It is understood from the results in Table 1 that egch
of the polishing pads of Examples 1 to 6 was reduced in/tiny
undulations generated in the surface of the matter be
polished as compared with the polishing pad of Cofiparative
Example 1.

DESCRIPTION OF REFERENCE SIGNS
[0083]

1: polishing pad

2: polishing table

3: polishing agent (slurry)

4: matter to be polished emiconductor wafer, lens or
glass plate)

5: supporter (polishZng head)

6, and 7: rotating axes
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CLAIMS

1. A polishing pad having a polishing layer comprAsing
a thermoset polyurethane foam,

wherein the thermoset polyurethane foam contafdns, as raw
material components, an isocyanate component,
active-hydrogen-containing compounds, and

the active-hydrogen-containing compoynds comprise one or
or more functional

more polyol compounds (each) having tw

groups, and a monool compound having/one functional group.

2. The polishing pad accofding to claim 1, wherein the
monool compound is a compoung! represented by the following
general formula (1):

R'- (OCH,CHR?) ,—OH
wherein R' is a methy}/or ethyl group, R? is a hydrogen atom,
or a methyl group,/and n is an integer of 1 to 5.
3. The polishing pad according to claim 1, wherein the
monool com

und is contained in an amount of 1 to 20 parts by

weight f#r 100 parts by weight of the polyol compound(s).

The polishing pad according to claim 1, wherein one
T more polyol compounds (each) having 3 or 4 functional groups

and a hydroxyl group value of 100 to 1,900 mg KOH / g are comprised
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in an amount of 20 to 75 parts by weight for 100 parts by weigh

of the polyol compounds.

5. The polishing pad according to claim 1, whefein the
isocyanate component is an aromatic isocyanate.

6. The polishing pad according to clai wherein the
isocyanate component is a carbodiimide-mogdified

diphenylmethane diisocyanate.

7. The polishing pad accordjfhg to claim 1, wherein the
thermoset polyurethane foam has/substantially spherical
bubbles having an average bujfble diameter of 20 to 300 pm.
8. A method for nufacturing a polishing pad,
comprising the step using a mechanical foaming method to
prepare a foam-dispfkrsed urethane composition containing, as
raw material compbnents, active-hydrogen-containing compounds
comprising a Polyol compound having two or more functional
groups and A monool compound having one functional group, and
an isocyZnate component; the step of painting the
foam-dispersed urethane composition onto a planar member; the
step of setting the foam-dispersed urethane composition to form

polishing layer comprising a thermoset polyurethane foam

having substantially spherical bubbles having an average bubble
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diameter of 20 to 300 um; and the step of adjusting the polishin

layer into a uniform thickness.

9. A method for manufacturing a semiconductor/device,
5 comprising the step of using the polishing pad recitgd in claim

1 to polish a surface of a semiconductor wafer




DESCRI PTI ON
TI TLE OF THE | NVENTI ON:  POLI SHI NG PAD, MANUFACTURI NG METHOD

THEREFOR, AND METHOD FOR MANUFACTURI NG A SEM CONDUCTOR DEVI CE

TECHNI CAL FI ELD
[ 0001]

The present inventionrelates to a polishing pad capabl e
of attaining, with a stable and high polishing efficiency, a
pl anari zati on processi ngof anoptical matter or asiliconwafer
such as a lens or a reflecting mrror, a glass substrate or
al um num substrate for a hard disc, and a matter or materi al
for which a high-level surface flatness is required in, for
exanpl e, an ordi nary netal polishing processing; a nethod for
manuf acturing the sane; and a nethod for manufacturing a
sem conduct or device. The polishing pad of the present
invention is particularly useful for finish polishing of a

silicon wafer or a glass piece.

BACKGROUND ART
[ 0002]

Ingeneral, themrror polishingof asem conductor waf er
suchasasiliconwafer, alens, aglass substrate, or sone ot her
is divided to rough polishing for a mai n purpose of adjusting
the polished matter in flatness and in-plane evenness, and

finish polishing for a main purpose of inproving the matter in



surface roughness, and renovi ng scrat ches.
[ 0003]

The finish polishing is usually attained by causing
sueded artificial |eather made of a soft foaned pol yuret hane
to adhere onto a rotatabl e table, and rubbing a waf er agai nst
the | eather while a polishing agent wherein colloidal silica
is contained in an aqueous
s al kal i - based sol utionis suppliedthereonto (Patent Docunent
1).

[ 0004]

However, when the polishing | ayer, which is made of the
f oamed pol yuret hane used for finish polishing, is lowin
flatness, there is caused a problemthat tiny undul ati ons are
generatedinthe surface of thematter to be polished. Thetiny
undul ati ons have been in particul ar consi dered to be a probl em
in the field of recent finish polishing. Thus, it has been
intensely required in the market to supply a polishing pad
capabl e of attaining a further decrease of tiny undul ati ons.
[ 0005]

Pat ent Docunent 2 |isted up bel ow descri bes a polishing
cloth, for decreasingtinyundul ati ons generatedinthesurface
of a matter to be polished, wherein a pol yurethane foamis
arranged for a surface |layer. However, this docunent never
descri bes any specific fornmulation or conposition of the

pol yur et hane foam or any matter rel ated thereto. Furthernore,



the cl ot h has aroomfor afurther i nprovenent fromthe vi ewpoi nt

of the effect of decreasing the tiny undul ations.

PRI OR ART DOCUMENTS
PATENT DOCUMENTS
[ 0006]
Pat ent Docunent 1: JP-A-2003-37089

Pat ent Docunent 2: JP-A-2004-136432

SUWARY OF THE | NVENTI ON
PROBLEMS TO BE SOLVED BY THE | NVENTI ON
[ 0007]

In light of the above-nentioned actual situation, the
present invention has been made, and an object thereof is to
provi de a pol i shi ng pad capabl e of decreasing tiny undul ati ons
generated in the surface of a matter to be polished, a nmethod
for manufacturing the sane, and a nethod for manufacturing a

senm conduct or devi ce.

MEANS FOR SOLVI NG THE PROBLEMS
[ 0008]

In order to solve the problens, the i nventors have nade
eager investigationstofindout that the object can be attained
by a pol i shi ng pad descri bed bel ow. Thus, the present i nventi on

has been acconpli shed.



[ 0009]

Accordi ngly, the polishing pad of the present invention
is a polishing pad having a polishing | ayer conprising a
t her noset pol yuret hane foam wherein the thernoset
pol yur et hane foam contains, as raw materi al conponents, an
i socyanat e conponent, and acti ve-hydrogen-contai ni ng
conpounds, and the active-hydrogen-contai ni ng conpounds
conpri se one or nore pol yol conpounds (each) havi ng t wo or nore
functional groups, and a nonool conpound havi ng one functi onal
gr oup.

[ 0010]

Inthe polishing pad according to the present i nvention,
its polishing | ayer is nade of a thernoset pol yuret hane foam
and t he foamcontains, as rawmateri al conponents thereof, one
or nore pol yol compounds (each) having two or nore functional
groups, and a nonool conpound havi ng one functi onal group. The
pol i shi ng pad havingthisstructure makes it possi bl etoexhibit
endur ance based on the t hernoset pol yuret hane foamwhile tiny
undul ati ons generatedinthe surface of a matter to be polished
are decreased since the foam conprises the
one-functi onal - gr oup- cont ai ni ng nonool conpound.

[ 0011]

In the polishing pad, the nonool conpound is preferably

a conpound represented by the foll ow ng general formula (1):

RL- ( OCHCHR?) n- OH (1)



wherein Rl is a nmethyl or ethyl group, R? is a hydrogen atom
or a methyl group, andnis aninteger of 1to5. The polishing
pad having this structure nakes it possibleto attainafurther
decrease of tiny undul ations generated in the surface of a
matter to be polished.

[ 0012]

In the polishing pad, it is preferred that the nonool
conmpound i s contained in an anount of 1 to 20 parts by wei ght
for 100 parts by wei ght of the polyol conpound(s). When the
cont ent of the nonool conpoundis adjustedintothisrange, tiny
undul ati ons generatedinthe surface of a matter to be poli shed
can be decreased whil e the hardness of the polishing |ayer is
mai nt ai ned.

[0013]

In the polishing pad, it is preferred that one or nore
pol yol conpounds (each) having 3 or 4 functional groups and a
hydr oxyl group value of 100 to 1,900 ng KOH/ g are conpri sed
i nan anmount of 20 to 75 parts by wei ght for 100 parts by wei ght
of the polyol conpounds. |In general, when a thernoset
pol yur et hane f oamcont ai ns, as arawnateri al thereof, a nonool
conmpound havi ng one functional group, the polyurethane is | ow
i n nol ecul ar weight so that the polishing layer is lowin
har dness. Thus, the polishing pad tends to be deterioratedin
pol i shing characteristics such as polishingrate. By contrast,

when t he content of the above-nenti oned pol yol conpound(s) is



adjusted into the range, tiny undul ati ons generated in the
surface of a matter to be polished can be decreased while the
har dness of the polishing |ayer is naintained.

[ 0014]

In the polishing pad, the isocyanate conponent is
preferably an aromatic isocyanate, and is nore preferably a
carbodii m de-nodi fi ed di phenyl net hane dii socyanate. Wen a
substrate | ayer i s | am nated onto t he polishing|layer, the use
of the active-hydrogen-contai ni ng conpounds together with the
carbodii m de-nodi fied MDI attains arenarkabl e i nprovenent in
t he adhesi veness between t he pol i shing | ayer and t he substrate
| ayer.

[ 0015]

Inthe polishing pad, it is preferred that the thernoset
pol yur et hane foam has substantially spherical bubbl es having
an aver age bubbl e di aneter of 20 to 300 um \When t he pol i shing
| ayer i s fornmed by use of thethernoset pol yuret hane f oam whi ch
has substantially spherical bubbl es having an average bubbl e
di aneter of 20 to 300 um the polishing | ayer can be i nproved
i n endurance. Thus, when the polishing pad of the present
i nventionisused, the polishingpadcankeep highplanarization
characteristics over a long term and is also inproved in
polishing rate stability. The wording “substantially
spherical” denotes a spherical formand an elliptic form

Bubbles in an elliptic form denote bubbles having a ratio



bet ween the | ong di aneter L and the short dianmeter S (ratio of
L/'S) of 5 or less, preferably 3 or less, nore preferably 1.5
or |ess.
[ 0016]

The present invention also relates to a nmethod for
manuf acturi ng a polishing pad, conprising the step of using a
nmechani cal foam ng net hod t o prepare a f oam di sper sed ur et hane
conposition containing, as raw nmaterial conponents,
acti ve- hydrogen- cont ai ni ng conpounds conpri sing a pol yol
conmpound having two or nore functional groups and a nonool
compound havi ng one functional group, and an isocyanate
conponent; the step of painting the foamdi spersed urethane
conposition onto a planar nenber; the step of setting the
f oam di sper sed uret hane conposition to forma polishing |ayer
conpri sing athernoset pol yuret hane foamhavi ng substantially
spheri cal bubbl es having an average bubbl e di aneter of 20 to
300 um and the step of adjusting the polishing |layer into a
uni formthickness. This manufacturing nethod nakes it
possi bl e t o manuf acture a poli shing pad capabl e of decreasi ng
tiny undul ati ons generated in the surface of a matter to be
pol i shed.
[0017]

Furthernore, the present invention relates to a nethod
for manufacturing a sem conduct or devi ce, conprising the step

of using the polishing pad described in any one of the



above- nent i oned par agr aphs concerned to polish a surface of a

sem conduct or waf er.

BRI EF DESCRI PTI ON OF THE DRAW NG
[0018]

Fig. 1 is a schematic structural viewillustrating a
pol i shing machi ne used in a nethod for manufacturing a

sen conduct or devi ce.

MODE FOR CARRYI NG OQUT THE | NVENTI ON
[ 0019]

The pol i shi ng pad of t he present i nventi on has a pol i shi ng
| ayer made of a thernobset pol yurethane foam which may be
referred to as a “pol yurethane foant hereinafter.

[ 0020]

Pol yuret hane resinis excellent in abrasion resistance,
and can be a polyner that can easily obtained with various
physi cal properties by changi ng the conposition of raw
materi al s thereof variously; and further therein,
substantially spherical fine bubbles can easily be forned by
a mechani cal foam ng nethod (exanples thereof including a
mechani cal frothing nethod). For these reasons, pol yurethane
resin is a material particularly preferable for the
constituting material of the polishing |ayer.

[ 0021]



Pol yurethane resin is a polyner yielded froman
I socyanat e conponent, and acti ve-hydrogen-contai ni ng
compounds (such as a pol yol conpound having two or nore
functional groups, a nonool conpound having one functiona
group, and a pol yam ne conpound) as raw materi al conponents.
[ 0022]

As the isocyanate conponent, any conmpound known in the
fi el dof pol yuret hane may be used wi t hout especi al restriction.
Exanpl es thereof include aromatic diisocyanates such as
2,4-toluene diisocyanate, 2,6-toluene diisocyanate,

2,2’ -di phenyl met hane dii socyanate, 2,4’ -diphenyl net hane

di i socyanate, 4,4 -di phenyl net hane dii socyanate, polyneric
MDI, carbodiimde-nodified MO (for exanple, M LLIONATE MIL
(trade nanme) manuf act ured by N ppon Pol yur et hane | ndustry Co. ,
Ltd.), 1, 5-napht hal ene di i socyanat e, p-phenyl ene dii socyanat e,
m phenyl ene dii socyanate, p-xylylene diisocyanate, and

m xyl yl ene diisocyanate; aliphatic diisocyanates such as

et hyl ene diisocyanate, 2,2, 4-trinethyl hexanet hyl ene

di i socyanate, and 1, 6- hexanet hyl ene dii socyanate; and
alicyclic diisocyanates such as 1, 4-cycl ohexane di i socyanat e,
4,4 -di cycl ohexyl net hane dii socyanate, isophorone

di i socyanat e, and nor bor nane di i socyanate. These nay be used
al one or in conbination of two or nore thereof.

[ 0023]

O the above-nentioned i socyanate conponents, an



aromatic diisocyanate is preferably used, and
carbodiimde-nodified MDI is in particular preferably used.
[ 0024]

The pol yol conpound(s) (each) having two or nore
functional groups may (each) be one usable ordinarily in
technical fields of polyurethane. Exanples thereof include
any pol yet her polyol, typical exanples thereof including
pol yt et ranet hyl ene et her gl ycol, and pol yet hyl ene gl ycol ; any
pol yester polyol, a typical exanple thereof including
pol ybut yl ene adi pate; any pol yester pol ycarbonate polyol,
exanpl es thereof including polycaprol actone polyol, and a
reaction nmaterial nade from a polyester glycol, such as
pol ycaprol actone, and an al kyl ene carbonate; any pol yester
pol ycar bonat e pol yol yi el ded by causi ng et hyl ene carbonate to
react wi th a pol yhydri c al cohol, and next causi ng t he resul t ant
reaction mxture to react with an organi c di carboxylic acid;
any pol ycarbonate polyol yielded by transesterification
reacti on bet ween a pol yhydr oxy conpound and an aryl carbonat e;
and any pol yner polyol that is a polyether polyol wherein
pol ymer particles are dispersed. These may be used al one or
I n conmbination of two or nore thereof.

[ 0025]

Inthe present invention, the foll ow ng may be cont ai ned

as t he pol yol conpound(s) (each) having two or nore functional

groups: trimethyl ol propane, glycerin, diglycerin,
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1, 2, 6-hexanetriol, triethanol am ne, pentaerythritol,

t et ranet hyl ol cycl ohexane, nethyl gl ucosi de, al kyl ene oxi de
(such as EOor PO adducts of these exanpl es, ethyl ene gl ycol,
1, 2- propyl ene glycol, 1, 3-propylene glycol, 1,2-butanediol,
1, 3-but anedi ol , 1, 4-butanediol, 2, 3-butanediol,

1, 6- hexanedi ol , neopentyl gl ycol, 1, 4-cycl ohexanedi net hanol,
3-net hyl -1, 5- pent anedi ol , di ethylene glycol, triethylene

gl ycol, any other | ow nol ecul ar-wei ght pol yol,

nmonoet hanol am ne, di et hanol am ne,

2- (2- am noet hyl am no) et hanol, nonopr opanol am ne, and any

ot her al cohol am ne. These may be used al one or i n conbi nati on
of two or nore thereof.

[ 0026]

In the present invention, a chain extender may be
cont ai ned as (one of) the pol yol conpound(s) (each) havi ng t wo
or nore functional groups. The chain extender is an organic
conmpound havi ng at | east two active hydrogen groups. Exanpl es
of the active hydrogen groups i ncl ude hydroxyl groups, primry
or secondary am no groups, and thiol groups (SH). Specific
exanpl es of the chain extender include
4,4’ - met hyl enebi s(o-chl oroani li ne) (MOCA),

2, 6-di chl or o- p- phenyl enedi am ne,
4,4 - met hyl enebi s( 2, 3-di chl oroani line),
3, 5-bi s(net hyl thi o) -2, 4-tol uenedi am ne,

3, 5-bi s(net hyl t hi o) -2, 6-t ol uenedi am ne,

11



3, 5-di et hyl t ol uene- 2, 4-di am ne,

3, 5-di et hyl t ol uene- 2, 6-di am ne, trimethyl ene

gl ycol - di - p- am nobenzoate, 1, 2-bis(2-am nophenylthio)ethane,
4,4 -di am no-3, 3’ -di et hyl -5,5" -di net hyl di phenyl net hane,

N, N -di -sec-butyl -4, 4’ -di am nodi phenyl net hane,

3,3 -diethyl -4, 4 -di am nodi phenyl met hane, m xyl yl enedi am ne,
N, N - di - sec-butyl - p- phenyl enedi am ne, m phenyl enedi am ne,

p- xyl yl enedi am ne, and ot her pol yam nes; and the

above-nenti oned | ow nol ecul ar-wei ght pol yols or

| ow- nol ecul ar - wei ght pol yam nes. These nmay be used al one or
in conbination of two or nore thereof.

[0027]

When the total amount of the polyol conmpound(s) is
regarded as 100 parts by weight in the present invention, it
is preferred that one or nore polyol conpounds (each) having
3 or 4 functional groups and a hydroxyl group val ue of 100 to
1,900 ng KOH/ g are contained in an anount of 20 to 75 parts
by weight. Inthe present invention, it is inportant that the
one-functi onal - gr oup- cont ai ni ng nonool conpound i s cont ai ned
as one of therawnmaterial s of the thernoset pol yuret hane f oam
and further when t he pol yol conpound(s) is/are containedin an
anount inthisrange, tiny undul ati ons generatedinthe surface
of a matter to be polished can be decreased whil e t he hardness
of the polishing layer is maintained.

[ 0028]

12



The one-functi onal - gr oup- cont ai ni ng nonool conpound may
be any one known in technical fields of polyurethane. In the
case of using, in particular, a conpound represented by the
foll owi ng general formula (1):

RL- ( OCH,CHR?) n- OH (1)
wherein Rl is a nmethyl or ethyl group, R? is a hydrogen atom
or a nethyl group, and nis aninteger of 1 to 5inthe present
i nvention, afurther decrease of tiny undul ati ons generated in
thesurfaceof anmatter tobepolishedcanbeattai ned. Specific
exanpl es of t he nonool conpound usabl e inthe present i nvention
i ncl ude di et hyl ene gl ycol nonoet hyl ether, diethylene glycol
nononet hyl et her, dipropyl ene glycol nonoethyl ether,

di propyl ene gl ycol nononet hyl ether, 2-nethoxyethanol,

et hyl ene gl ycol nonoethyl ether, ethylene glycol nonobutyl
et her, ethylene glycol nono-t-butyl ether, ethylene glyco
nonophenyl ether, diethylene glycol nonobutyl ether,
triethylene glycol nonobutyl ether, and pol yethyl ene glyco
nono- p-i sooctyl phenyl ether; and any al kyl ene oxi de adduct of
a carboxylic acid such as acetic acid, acrylic acid or

nmet hacrylic acid.

[ 0029]

In the present invention, a polyam ne conmpound nay be
cont ai ned as one of the active-hydrogen-cont ai ni ng conpounds.
Exanpl es of the pol yam ne conpound i ncl ude et hyl enedi am ne,

t ol yl enedi am ne, di phenyl met hanedi am ne, and al kyl ene oxi de

13



(such as EO or PO adducts of these am nes. These may be used
al one or in conbination of two or nore thereof. It is
particularly preferredto use an EOadduct of et hyl enedi am ne.
[ 0030]

For the production of the pol yurethane resin, either a
prepol yner nethod or one-shot method may be used. When the
pol yur et hane resinis produced by a prepol yner net hod, a chain
extender is used to cure an i socyanate-termn nated prepol yner.
As the chain extender, any one of the above-nentioned chain
extenders nmay be used.

[ 0031]

The rati o between the isocyanate conponent and the
acti ve- hydrogen- cont ai ni ng conpounds may be vari ously changed
i n accordance with the nol ecul ar wei ght of each of these
mat eri al s, desi red physi cal properties of the pol yuret hane f oam
and others. |Inorder togive afoamhavi ng desired properties,
the following index is preferably fromO0.80 to 1.20, nore
preferably fromO0.90 to 1.15: the nunber (NCO index) of
I socyanat e groups of the i socyanate conponent relative to the
nunber of entire active hydrogen groups (hydroxyl groups + am no
groups) of the active-hydrogen-contai ni ng conpounds. |If the
nunmber of the isocyanate groups is out of this range, the
resul tant pol yurethane tends to undergo curing i nsufficiency
not to gain a required specific gravity, hardness,

conpressibility nor some other property.

14



[ 0032]

The pol yurethane resin nmay be produced by a known
ur et hani zi ng techni que such as nelting techni que or solution
techni que. Wen cost, working environment and others are
considered, it is preferred to produce the resin by nelting
t echni que.

[ 0033]

The thernoset pol yurethane foam constituting the
pol i shing | ayer may be produced preferably by a nechanica
foam ng net hod (exanpl es thereof including a mechanica
frothing nmethod).

[ 0034]

Particularly preferred is a nechanical foam ng nethod
using a silicone surfactant that is a copolyner of a
pol yal kyl si | oxane and a pol yether. Exanples of a preferred
conmpound as the silicone surfactant include SH 192 and L-5340
(manuf actured by Dow Corning Toray silicone Co., Ltd.), and
B8443 (manufactured by CGol dschm dt GrbH).

[ 0035]

I f necessary, the foll owi ng may be added (to the resin):
a stabilizer such as an antioxidant, a |ubricant, a pignent,
a filler, an antistatic agent, and other additives.

[ 0036]
A descriptionw |l be nmade herei nafter about exanpl es of

a method for producing the thernoset pol yurethane foam
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constitutingthe polishinglayer. Thefollow ng processes (1)
to (3) can be given as exanples of a nethod for producing a
f oam di sper sed ur et hane conpositionwhichis arawmterial of
thi s pol yuret hane foam
[ 0037]

(1) Anisocyanat e conponent, pol yol conpounds and ot hers
are caused to react with each other to prepare an
i socyanate-term nated prepolyner. A silicone surfactant is
added to the prepolyner to produce a first conponent. Wile
the first conmponent is mechanically stirredinthe presence of
a nonreactive gas, the nonreactive gas i s di spersed thereinto
as fine bubbles to prepare a foamdispersed liquid. To the
foam di spersed liquid is added a second conponent i ncl uding
acti ve- hydrogen-cont ai ni ng conpounds such as a
| ow nol ecul ar-wei ght pol yol and a | ow nol ecul ar - wei ght
pol yam ne, and then t hese conponents are m xed wi t h each ot her
to prepare a f oam di spersed uret hane conposition. A catalyst
may be appropriately added to the second conponent.
[ 0038]

(2) Asilicone surfactant is added to at | east one of a
first conponent including an isocyanate conponent (or
I socyanate-term nated prepolynmer), and a second conponent
i ncl udi ng acti ve- hydrogen- cont ai ni ng conpounds, and then the
conponent to which the silicone surfactant is added is

mechanically stirred in the presence of a nonreactive gas to
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di spersethenonreactivegasthereintoasfinebubbles. Inthis
way, a foamdispersed liquid is prepared. The remnant
conmponent is added to the foamdi spersed liquid. The
conmponents therein are m xed with each other to prepare a

f oam di spersed urethane conposition.

[ 0039]

(3) Asilicone surfactant is added to at | east one of a
first conponent including an i socyanate conponent (or
I socyanate-term nated prepolynmer), and a second conponent
I ncl udi ng acti ve- hydrogen- cont ai ni ng conpounds, and then the
first and second conponents are nmechanically stirred in the
presence of a nonreactive gas to di sperse the nonreactive gas
thereinto as fi ne bubbl es to prepare a f oam di spersed ur et hane
conposi tion.

[ 0040]

The f oam di sper sed ur et hane conpositi on may be prepared
by a mechani cal frothing nethod. The nmechanical frothing
nethod is a nethod of: putting raw material conponents into a
m xi ng chanber of a m xing head while a nonreactive gas is
i ncor poratedthereinto; and m xi ng and stirringthe conponents
by neans of a m xer such as an Oakes m xer, thereby making the
nonreactive gas into the state of fine bubbles and further
di spersing the bubbles into the raw material m xture. The
mechani cal frothing nethod is a preferred nethod since the

nmet hod nakes it possible to adjust the density of the
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pol yur et hane f oameasi |y by t he adj ust nent of the i ncorporated
anount of the nonreactive gas. Moreover, the nethod gives a
good production-efficiency sincethe method nakes it possi bl e
t o shape conti nuously a pol yur et hane f oamhavi ng substantial ly
spherical fine bubbl es havi ng an average bubbl e di anet er of 20
to 300 um

[ 0041]

Thereafter, the foamdi spersed urethane conposition
prepared by this nmethod is painted onto a planar nenber, and
then the foam di spersed urethane conpositionis curedto form
a t her noset pol yuret hane foam(polishing |layer) directly onto
t he pl anar nenber.

[ 0042]

The nonreactive gas used to formthe fine bubbles is
preferably aninconbusti bl e gas, and speci fi c exanpl es t her eof
i ncl ude ni trogen, oxygen and carbon di oxi de gases, rare gases
such as heliumand argon, and any m xed gas of two or nore of
t hese gases. The gas fromwhich water is renoved by dryingis
nost preferred fromthe viewoint of costs.

[ 0043]

As a stirring machi ne for maki ng the nonreactive gas in
the formof fine bubbles, and further di spersing the bubbles,
a known stirring machi ne nay be used w thout especi al
restriction. Specific exanples of the machine include a

honogeni zer, a Dissolver, a biaxial planetary m xer, and a
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nmechani cal frothing machi ne. The shape of one or nore stirring
vanes of the stirring machine is not particularly limted. A
whi pper-shaped stirringvaneis preferredsincetheusethereof
gi ves fine bubbl es.

[ 0044]

It is also preferred to use different stirring nmachi nes
for thestirringfor preparingthe foamdi spersedliquidinthe
formng step, and for the stirring for mxing the first and
second conponents to each other. In the m xing step, the
stirring is not required to be stirring for form ng bubbl es,
and the use of a stirring nmachi ne that does not generate | arge
bubbles is preferred. Such a stirring machine is preferably
a planetary m xer. Even when the sane stirring nachineis used
I nthe foam ng step of preparing the foamdi spersed |iquidand
the m xi ng step of m xi ng the individual conponents with each
other, no problemis caused. It is also preferred to use the
machi ne while stirring conditions are adjusted, for exanple,
the rotating speed of the stirring vane(s) is adjusted as the
need ari ses.

[ 0045]

Inthe polishing pad according to the present i nvention,
asubstratel ayer may be |l am nated onthe polishinglayer. Wen
the substrate layer is |am nated on the polishing |ayer, the
substrate |l ayer isnot particularlylimted. Exanplesthereof

i ncl ude nyl on, polypropyl ene, polyethyl ene, polyester,
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pol yvinyl chloride, and other plastic filnms; a pol yurethane
foam a polyethylene foam and ot her high-nol ecul ar-wei ght
resin foans; rubbery resins such as butadi ene rubber and

i soprene rubber; and photosensitive resins. It is preferred
to use, out of these exanples, nylon, polypropyl ene,

pol yet hyl ene, pol yester, pol yvinyl chloride, and ot her plastic
films; and pol yuret hane foam polyethylene foam and other
hi gh- nol ecul ar - wei ght resinfoans. The substrate | ayer nmay be
a doubl e-sided tape, or a single-sided adhesive tape (the
si ngl e-si ded adhesive |layer thereof is to be bonded to a

pl at en).

[ 0046]

The substrate | ayer preferably has a hardness equal to
or nore than that of the pol yurethane foamto gi ve toughness
to the polishing pad. The thickness of the substrate |ayer
(when the layer is a doubl e-sided tape or a single-sided
adhesi ve tape, the thickness of its substrate) is not
particularly limted, and is preferably from20 to 1,000 um
nore preferably from50to 800 umfromthe vi ewpoi nt of strength
and flexibility.

[ 0047]

Exanpl es of the neans that can be adopted to paint the
f oam di spersed urethane conposition onto the planar nenber
i ncl ude gravure, kiss and comma and other roll coaters; slot,

fountain and other die coaters; a squeeze coater; a curtain
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coater; and ot her painting neans. However, the nmeans nay be
any means capabl e of form ng auni formpai ntedfil monthe pl anar
menber .
[ 0048]

It is highly preferable to heat the pol yurethane foam
obt ai ned by painting the foam di spersed urethane conposition
ont o t he pl anar nenber and causi ng t he conponents toreact with
each other until the conposition conmes not to flow, thereby
post -curing the conposition since the post-curing produces an
effect of inproving the polyurethane foamin physica
properties. The post-curingis preferably performed at 40 to
70°C for 10 mnutes to 24 hours, and this operation is al so
preferably performed under a normal pressure since the shape
of the bubbles is stabilized.

[ 0049]

In the production of the pol yurethane foam a tertiary
am ne catal yst, or any other known catal yst may be used for
pronoti ngt he pol yuret hane reaction. The kind andthe addition
amount of the catal yst is selected, considering a period when
a mxture yielded after the step of m xing the individua
conmponents with each other is flowng in order to be painted
onto the planar nenber.

[ 0050]
The pol yur et hane f oamnmay be produced i n a batch nanner

of wei ghi ng t he i ndi vi dual conponents, chargi ng t he conponents
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intoacontainer andthenstirringthe conponents mechanically,
or i nacontinuous production manner of suppl yi ngthe i ndivi dual
conmponents and t he nonreactive gas continuously to a stirring
machi ne, stirring these conponents nechanically, feeding out
the f oam di spersed uret hane conposition and then shapi ng the
conmposition into a shaped product.

[ 0051]

I nthe polishing pad manuf act uri ng net hod of t he present
invention, it is necessary that after or while a pol yuret hane
foamis formed onto a pl anar nenber, the pol yurethane foamis
adjusted into a uniformthickness. The nethod for adjusting
the pol yurethane foaminto a uniformthickness is not
particularly limted, and exanpl es t hereof i nclude a net hod of
buffing the foamw th a polishing nenber, and a nethod of
pressing the foamby use of a pressing plate. Wen the foam
is buffed, a polishing | ayer having, on t he pol yurethane foam
surface, no skin layer is yielded. Wen the foamis pressed,
a polishing | ayer having, on the pol yurethane foamsurface, a
skin layer is yielded. Conditions for the pressing are not
particularly limted; preferably, the tenperature of the foam
Is adjusted to the glass transition point or higher.

[ 0052]

The f oam di sper sed ur et hane conposition preparedin the

above-nenti oned manner i s painted onto a rel easi ng sheet, and

asubstratelayer i sl am nated ontothefoam di spersed uret hane
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conposition. Thereafter, by curing the foamdispersed

ur et hane conposi tion whil e a pressing neans i s used to nake t he
conmposition into a uniformthickness, a pol yurethane f oammay
beformed. Thisnmethodisaparticularlypreferrednethodsince
the polishing |ayer can be controlled into a highly uniform
t hi ckness.

[ 0053]

The material for formng the rel easing sheet is not
particularly Iimted, and exanples thereof may be the sane
resins and papers for the above-nentioned substrate. The
rel easi ng sheet i s preferably asheet small in di nensi on change
based on heat. The surface of the releasing | ayer may be
subj ected to rel easing treatnent.

[ 0054]

The pressi ng neans for maki ng, i nto a uniformthickness,
t he sandwi ch sheet conposed of the rel easing sheet, the
f oam di spersed uret hane conposition (foam di spersed urethane
| ayer) andthe substratel ayer i snot particularlylimted. For
exanpl e, a coater roller, a nip roller or sone other is used
to conpress the sandwi ch sheet into a constant thickness.
Consi dering that after the conpressing, the size of the bubbl es
in the foamed | ayer becones about 1.2 to 2 tinmes |l arger than
t hat before the conpressing, it is preferredat the conpressing
timetomnmake “50t o 85%of thethickness of thecuredpol yuret hane

foant equal to a value of “the clearance of the coater or the
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nip” — “the thickness of the substrate | ayer and t he rel easi ng
sheet”. Inorder toyielda pol yurethane f oamhaving aspecific
gravity of 0.2t0 0.5, it is preferredthat the foam di spersed
ur et hane conposition has a specific gravity of 0.24to 1 before
passed through the roll.
[ 0055]

After the sandw ch sheet is nmade into the uniform
t hi ckness, the pol yurethane foam obtai ned by causing the
conponents concerned to react with each other until the foam
conmes not to flowis heated to be post-cured. Conditions for
the post-curing are the sane as descri bed above.
[ 0056]

Thereafter, the rel easing sheet underneath the
pol yur et hane f oami s peel ed. Inthiscase, askinlayer is being
formed on the pol yurethane foam Wen the pol yurethane foam
is formed by a nmechani cal foam ng nmethod as descri bed above,
t he unevenness of the bubbles is | ess generated in the upper
surface si de of the pol yuret hane foamthaninthe |l ower surface
side. Wen the | ower surface side of the thus-forned
pol yur et hane f oami s used as a pol i shing surface, this polishing
surface is a surface wherein the unevenness of the bubbles is
small. Thus, the polishingpadis mdebetter inpolishingrate
stability. The skin layer nay be renoved by buffing the
pol yur et hane foam after the rel easing sheet is peeled.

[ 0057]
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The thickness of the pol yurethane foamis not
particularly limted, andis preferably from0.2to 3 mm nore
preferably from0.5 to 2 mm
[ 0058]

The pol yur et hane foam produced by the above-nenti oned
producti on nethod has substantially spherical bubbles. The
pol yur et hane foamaccording to the present invention may be a
f oam havi ng conti nuous bubbl es, or a foam havi ng i ndependent
bubbl es.

[ 0059]

The average bubbl e di anmeter of the bubbles in the
pol yur et hane foamis from20 to 300 um preferably from50 to
100 um Wen t he bubbl es are conti nuous bubbl es, the average
di aneter of circular openings in the surfaces of the bubbles
is preferably 100 umor | ess, nore preferably 50 umor | ess.
[ 0060]

The specific gravity of the polyurethane foamis
preferably from0.3 to 0.9, nore preferably fromO0.4 to 0.5.
If the specific gravity is less than 0.3, the polishing |ayer
or pad tends to betoo highinporosity soasto be deteriorated
i n endurance. On the other hand, if the specific gravity is
nore than 0.9, it is necessary to nake the raw materials into
alowcrosslinkage density in order to make t he polishing !l ayer
into a predeterm ned elastic nodulus. 1In this case, the

pol i shing pad tends to be increased i n pernanent strain to be
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deteriorated in endurance.
[ 0061]

About the hardness of the pol yurethane foam the Asker
C hardness thereof is preferably from10 to 80 degrees, nore
preferably from20 to 70 degrees. |f the Asker C hardness is
| ess t han 10, t he pol i shing padtendstobel oweredinendurance,
and amatter to be polishedtendsto be deterioratedinflatness
after polished. Ontheother hand, if the hardness i s norethan
80 degrees, thefront surfaceof amatter tobe polishediseasily
scrat ched.

[ 0062]

The shape of the polishing pad of the present invention
isnot particularlylimted, and may be al ong stri p shape havi ng
a length of about 5to 10 m or may be a round shape having a
di aneter of about 50 to 150 cm

[ 0063]

The front surface of the polishing | ayer nay have a
convexo-concave structure for hold/renewing a slurry. The
polishing |ayer made of the foam has many openings at its
pol i shing surface to have a function of hol di ng/renewi ng a
slurry, and when t he convexo-concave structureisfornedinthe
pol i shing surface, the hol ding and renewi ng of a slurry can be
nore effectively attained. Mreover, the structure nakes it
possible to prevent a matter to be polished frombei ng broken

by adsorpti on between the pad and the matter to be poli shed.
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The formof the convexo-concave structure is not particularly
limted as far as the formhol ds/renews a slurry. Exanpl es of
t he convexo-concave structure include X (stripe) grooves, XY
| atti ce grooves, concentric grooves, through hol es, blind hol es,
pol ygonal col umms, circul ar col unms, aspiral groove, eccentric
grooves, radi al grooves, and any conbi nati on of two or nore of
t hese grooves. These convexo-concave structures each
general ly havethereinregularity. However, inorder torender
the structure a structure having a desired performance of
hol ding/renewing a slurry, the structure may be changed in
groove pith, groove wi dth, groove depth or some ot her inside
I ndi vi dual areas thereof.

[ 0064]

The net hod for form ng t he convexo-concave structure is
not particularlylimted, and exanpl est hereof i ncl ude a net hod
of using a tool, such as a bite having a predeterm ned size,
to cut the polishing | ayer nmechanically, a nethod of causing
aresintoflowinanoldhaving a predeterm ned surface shape,
and curingtheresintoformthe structure, a nethod of pressing
aresinbyuseof apressingplatehavingapredeterm nedsurface
shape to formthe structure, a nmethod of usi ng phot ol ithography
to formthe structure, a nethod of using a printing nmethod to
formthe structure, and a net hod of using a |l aser ray, such as
a carbon di oxide gas laser ray, to formthe structure.

[ 0065]
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The polishing pad of the present invention may be a pad
wher ei n a cushi on sheet i s bonded onto a non-polishing surface
side of apolishinglayer. Wenasubstrate layer is|am nated
onto the polishing layer, it is preferred to |am nate the
pol i shing | ayer, the substrate | ayer, and t he cushi on sheet in
this order.

[ 0066]

The cushi on sheet (cushion layer) is a nenber
conpensating for properties of the polishing |ayer. The
cushi on sheet is required in order to make both of planarity
and uniformty, which have a tradeoff relationship with each
ot her in chem cal nmechanical polishing, conpatible with each
other. The planarity isthe following flatness at the tine of
polishing amtter to be polishedwhichhasfineirregularities
generated when a patternis formedinthe mtter: the fl atness
of the patterned region. Theuniformtyisthe evenness of the
whol e of the matter to be polished. |In accordance with
properties of the polishing |layer, the planarity is inproved,
and in accordance with properties of the cushion sheet, the
uniformty is inproved. In the polishing pad of the present
invention, it ispreferredtouse, asthe cushionsheet, asheet
softer than the polishing |ayer.

[ 0067]
Exanpl es of the cushion sheet include fiber nonwoven

fabrics, such as a pol yester nonwoven fabric, a nyl on nonwoven
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fabric, and an acrylic nonwoven fabric; resin-inpregnated
nonwoven f abri cs, such as a pol yest er nonwoven fabri ci ntowhich
pol yur et hane i s inpregnated; high-nolecul ar-weight resin
foanms, such as a pol yuret hane foam and a pol yet hyl ene foam
and rubbery resins, such as butadi ene rubber and isoprene
rubber; and phot osensitive resins.

[ 0068]

The nmeans for bondi ng t he cushi on sheet is, for exanpl e,
a means of sandwi chi ng the polishing!layer andthe cushionl ayer
bet ween pi eces of a doubl e-sided tape, and then pressing the
sandwi ch.

[ 0069]

In the polishing pad of the present invention, a
doubl e-si ded tape may be | aid on the surface thereof whichis
to be bonded to a pl aten.

[ 0070]

A sem conduct or devi ce i s manuf actured t hrough a process
of usi ng the above-nenti oned poli shing pad to polish a surface
of a sem conductor wafer. The sem conductor wafer i s generally
amtter whereinawring netal and an oxi de fil mare | am nat ed
on a silicon wafer. The nethod and machi ne for polishing the
sem conductor wafer are not particularlylimted. For exanple,
as illustratedinFig. 1, the polishingis perforned by use of
a pol i shing machi ne equi pped with a polishing table 2 for

supporting a polishing pad 1, a supporter (polishing head) 5
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for supporting a sem conductor wafer 4, a backing nmenber for
applying an even pressure to the wafer, and a nechani sm for
suppl ying a polishing agent 3. The polishing pad 1 is bonded
onto the polishing pad 2 t hrough, for exanpl e, a doubl e-sided
tape to be fitted on the pad 2. The polishing table 2 and the
supporter 5 are arranged in such a manner that the polishing
pad 1 and t he sem conduct or waf er 4 supported on t hese nenbers
2 and 5, respectively, are faced to each other. The nenbers
2 and 5 have rotating axes 6 and 7, respectively. In the
vicinity of the supporter 5, a pressing nechanismis |ocated
for pushing the sem conductor wafer 4 onto the polishing pad
1. The sem conductor wafer 4 is polished by pushing the
sem conductor wafer 4 onto the polishing pad 1 while the
pol i shing table 2 and t he supporter 5 are rotated, and further
supplying aslurry thereto. Theflowrate of the slurryis not
particularly limted, as well as the | oad for the polishing,
the rotation nunber of the polishing table, and the rotation
nunber of the wafer. These are appropriately adjusted.
[0071]

Inthis way, the surface roughness of the surface of the
sem conductor wafer 4 is inproved, and scratches therein are
renoved. Thereafter, thewafer i s subjectedtodicing, bonding
packagi ng and others to nmanufacture a sem conduct or devi ce.
The sem conduct or deviceisusedin, for exanple, anarithnetic

processi ng device, or a nenory. Alens, or a glass substrate
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for a hard disc can be finish-polished in the sane nmanner as

descri bed above.

EXAVPLES
[0072]

Herei nafter, the present invention w || be described by
way of wor ki ng exanpl es. However, the present inventionis not
limted to these working exanpl es.

[0073]

Specific Gravity Measurenent:

The measur enent i s made i n accordance wi th JI S Z8807-1976.
Any produced pol yurethane foamis cut out into the formof a
strip (thickness: selected at will) 4 cmx 85 cmin size, and
the stripis used as a sanple. The sanple is allowed to stand
still in an environnment having a tenperature of 23°C + 2°C, and
a humdity of 50 + 5% for 16 hours. The neasurenent is made
by use of a gravi neter (manufactured by Sartorius AG. Inthis
way, the specific gravity is nmeasured.
[ 0074]

Har dness Measur enent :

The neasurenent is nmade in accordance with JI S K-7312.
Any produced pol yurethane foamis cut out into pieces 5 cmx
5cmin size (thickness: selected at will), and the pi eces are
used as sanples. The sanples are allowed to stand still in an

envi ronnent having a tenperature of 23°C + 2°C, and a hum dity
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of 50%+ 5%f or 16 hours. Sone of the sanpl es are put onto each
other to give a thickness of 10 nmor nore. A hardness neter
(Asker C hardness neter, manufactured by Kobunshi Kei ki Co.,
Ltd., pressing surface height: 3 mm) is used, and t he pressing
surface is brought into contact therewith. After 30 seconds
fromthe contact, the hardness is neasured.

[ 0075]

Ti ny Undul ati ons:

A noncontact profiloneter (New Vi ew 6300, manufactured
by Zygo Corp.) is used to neasure the Ra of each of five points
of the front surface of amatter to be poli shed under conditions
that the Il ens power is 2.5, the zoom ng power is 0.5, and its
bandpass filter is set to 200 to 1,250 um The average val ue
(nm thereof is definedas thetinyundulations. Wenthetiny
undul ati ons are neasur ed, the used polishedmatter i s apolished
matt er obtai ned by polishing according to the foll ow ng
pol i shi ng manner.

[ 0076]
Pol i shing Manner:
Doubl e-si ded Pol i sher Setting Conditions
Doubl e-si ded polisher: 9B type doubl e-si ded
pol i sher, manufactured by SpeedFam Co., Ltd.
Processing pressure: 100 g/cn?
Tabl e rotati on nunber: 50 rpm

Pol i shing agent supply rate: 4 L/mn
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Char ged substrates: TS-10SX, manuf act ur ed by Char a
I nc.
The nunber of the charged substrates: 25

Each of the substratesis continuously polisheduntil the
substrate thickness is turned to 85%of the initial thickness.
The used polishing agent is prepared by the foll ow ng net hod:
[0077]

Pol i shing Agent Preparing Mt hod:

To wat er i s added a product SHOROX A- 10 ( manuf act ur ed by
Showa Denko K. K. ), and these are m xed wi t h each ot her to prepare
a polishing agent to have a specific gravity of 1.06 to 1.09.
[ 0078]

Raw Materi al s:

I ndi vidual raw nmaterials used are as foll ows:

(i) Polyol conpounds

Pol ycapr ol act one pol yol *“PLACCEL 210N (PCL210N) ",
manuf act ured by Dai cel Chem cal Industries, Ltd.; the nunber
of functional groups: 2, and hydroxyl group value: 110 ng KCH
/9

Pol ycapr ol act one pol yol “PLACCEL 305 (PCL305)”
manuf act ured by Dai cel Chem cal Industries, Ltd.; the nunber
of functional groups: 3, and hydroxyl group val ue: 305 ng KOH
/ g, Polycaprol actone polyol “PLACCEL 308 (PCL308)”
manuf act ured by Dai cel Chem cal Industries, Ltd.; the nunber

of functional groups: 3, and hydroxyl group val ue: 198 ng KCH
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g,

Pol yt et ranet hyl ene et her glycol “PTM31000",
manuf actured by M tsubishi Chem cal Corp.; the nunber of
functional groups: 2, and hydroxyl group value: 110 ng KOH /
g,

Pol yt et ranet hyl ene et her glycol “PTMz000",
manuf actured by M tsubishi Chem cal Corp.; the nunber of
functional groups: 2, and hydroxyl group value: 56 ng KOH/ g,

Di et hyl ene gl ycol (DEG, manufactured by Nacal ai Tesque
I nc.; the nunber of functional groups: 2, and hydroxyl group
val ue: 1,057 ng KOH / g,

1, 4- but anedi ol (1, 4-BD), manufactured by Nacal ai Tesque
Inc.; the nunber of functional groups: 2, and hydroxyl group
value: 1,247 ng KOH / g,

Propyl ene oxi de adduct of trinethyl ol propane “EXCENOL
890MP", manufactured by Asahi dass Co., Ltd.; the nunber of
functional groups: 3, and hydroxyl group value: 865 ng KCH /
g

Di gl ycerin, manufactured by Wako Pure Cheni ca
I ndustries, Ltd.; the nunber of functional groups: 4, and
hydr oxyl group value: 1,350 ng KCH / g,

(ii) Mnool Conpounds

Di et hyl ene gl ycol nonoet hyl et her (Et ODEG), manuf act ur ed
by Nacal ai Tesque Inc.; the nunber of functional group: 1, and

hydr oxyl group value: 418 ng KCOH / g,
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Di et hyl ene gl ycol nononet hyl ether (MeODEG,
manuf act ur ed by Nacal ai Tesque I nc.; the nunber of functiona
group: 1, and hydroxyl group value: 467 ng KOH / g,

(ii1) Catalyst

“Kao No. 25", manufactured by Kao Corp.

(iv) Foam ng agent

“B8443”, manufactured by Gol dschm dt GirbH

(v) Isocyanate conponent

Car bodi i m de-nodi fi ed di phenyl met hane dii socyanate
(MDI) “M LLI ONATE MIL”, manufactured by N ppon Pol yuret hane
I ndustry Co., Ltd.

[ 0079]

Exanples 1 to 6, and Conparative Exanple 1

I ndi vidual raw materials were charged into a contai ner
to gi ve bl end proportions inthe upper colums in Tabl e 1 (each
of nunbers therein represents the nunber of parts by wei ght of
one of the raw materials when the total amount of the pol yol
compounds is regarded as 100 parts by weight), and stirring
vanes were used to stir the bl ended conponents vigorously at
arotation nunber of 900 rpmfor 4 m nutes to take bubbles into
the reaction system Thereafter, the carbodiimde-nodified
MDI was added thereto to give an NCO i ndex of 1.10, and the
reaction systemwas stirred for 1 mnute to prepare each
f oam di spersed urethane conposition.

[ 0080]
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The prepared foam di spersed urethane conposition was
pai nted onto a rel easing sheet that was a PET sheet
(manuf act ured by Toyobo Co., Ltd.; thickness: 75 um subjected
toreleasingtreatnent toformafoamdi spersed urethanel ayer.
The f oam di spersed uret hane | ayer was covered with a substrate
| ayer that was a PET sheet (manufactured by Toyobo Co., Ltd.,
thi ckness: 188 um. A nip roll was used to make the
f oam di spersed uret hane | ayer into a thickness of 1.5 mm and
the workpiece was primarily cured at 40°C for 30 m nutes.
Thereafter, the workpi ece was secondly cured at 70°C for 30
m nut es t o f or ma pol yur et hane f oam(foaned | ayer). Thereafter,
t he rel easi ng sheet was peeled. Next, a slicer (manufactured
by Fecken-Kirfel Grbh & Co.) was used t o nake t he pol yur et hane
foaminto a thickness of 1.3 mim |In this way, the precision
of t hethi ckness was adj usted. Thereafter, al am nator was used
t o bond a doubl e-si ded t ape (Doubl e Tack Tape, nmanufact ured by
Seki sui Chemcal Co., Ltd.) onto the front surface of the

substrate | ayer to manufacture a polishing pad.
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[ 0081]

[ Tabl e 1]
The nunber _.z%ﬁoocxm\_
ﬁcsom_ﬁ onal val ue _mxmwa_ € mxmma_ € mxmmu_ € Oomxaww_w_mw_ /H\m Exanpl e 4 Exanpl e 5 Exanpl e 6
(my KOH /
group(s) 9)
PCL210N 2 110 - - - - 65 65 -
Pol yol PTMGL000 2 110 - - - - - - 20
conpounds PTM3E000 2 56 45 45 45 45 - - -
PCL305 3 305 40 40 40 40 20 20 -
PCL308 3 198 - - - - - - 68
DEG 2 1057 13 13 13 13 13 13 -
1, 4-BD 2 1247 - - - - - - 10
890MP 3 865 2 2 2 2 2 2 -
Di gl ycerin 4 1350 - - - - - - 2
Monool Et ODEG 1 418 5 10 15 - 10 - 10
conpounds Me ODEG 1 467 - - - - - 10 -
Cat al yst Kao No. 25 0. 05 0. 05 0. 05 0. 05 0.02 0. 02 0. 04
Foam ng agent |B8443 6 6 6 6 6 6 6
NCO | NDEX 1.10 1.10 1.10 1.10 1.10 1.10 1.10
Specific gravity 0.47 0. 46 0. 53 0. 49 0.47 0. 49 0.51
Har dness (C hardness) 80 75 72 88 65 68 72
Ti ny undul ations (nm 0. 29 0. 27 0.24 0. 34 0. 26 0. 27 0. 30
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[ 0082]

It is understood fromthe results in Table 1 that each
of the polishing pads of Exanples 1 to 6 was reduced in tiny
undul ati ons generated in the surface of the natter to be
pol i shed as conpared with the polishing pad of Conparative
Exanpl e 1.

DESCRI PTI ON OF REFERENCE SI GNS
[ 0083]

1: polishing pad

2: polishing table

3: polishing agent (slurry)

4: matter to be polished (sem conductor wafer, |ens or
gl ass pl ate)

5: supporter (polishing head)

6, and 7: rotating axes
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CLAI M5

1. A polishing pad having a polishing | ayer conprising a
t her noset pol yur et hane foam

wherein the thernoset pol yurethane foamcontains, as raw
mat eri al conponents, an isocyanate conmponent, and
acti ve- hydrogen- cont ai ni ng conpounds, and

t he acti ve- hydr ogen-cont ai ni ng conpounds conpri se one or
nor e pol yol conpounds (each) havi ng t wo or nore functi onal groups
and a nonool conpound havi ng one functional group,

t he nonool conpound is a compound represented by the
foll ow ng general fornmula (1):

RL- ( OCHCHR2) - OH (1)
wherein Rl is a nethyl or ethyl group, R is a hydrogen atom or

a nethyl group, and nis an integer of 1 to 5.

2. The polishing pad according to claim1, wherein the
nmonool conpound is contained in an anmount of 1 to 20 parts by

wei ght for 100 parts by wei ght of the polyol conpound(s).

3. The polishing pad according to claiml1 or 2, wherein
one or nor e pol yol conpounds (each) havi ng3or 4 functi onal groups
and a hydr oxyl group val ue of 100to 1, 900 ng KOH/ g are conpri sed
inan anmount of 20 to 75 parts by wei ght for 100 parts by wei ght

of the polyol conpounds.
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4. The polishing pad according to any one of clains 1 to

3, wherein the i socyanate conponent is an aronati c i socyanate.

5. The polishing pad according to any one of clains 1to
4, wherein the i socyanate conponent is a carbodiim de-nodified

di phenyl net hane dii socyanat e.

6. The polishing pad according to any one of clains 1to
5, wherein the thernoset polyurethane foam has substantially
spheri cal bubbl es havi ng an aver age bubbl e di aneter of 20 to 300

1m

7. Anethod for manufacturing a polishing pad, conpri sing
the step of using a nmechanical foam ng nethod to prepare a
f oam di sper sed ur et hane conposition containing, as rawnateri a
conmponents, active-hydrogen-contai ni ng conpounds conpri sing a
pol yol conpound havi ng two or nore functi onal groups and a nonool
conmpound havi ng one functional group, and an isocyanate
conponent; the step of painting the foamdi spersed urethane
conposition onto a planar nmenber; the step of setting the
f oam di spersed uret hane conposition to forma polishing | ayer
conprising a thernoset pol yurethane foam having substantially
spheri cal bubbl es havi ng an aver age bubbl e di aneter of 20 t o 300
um and the step of adjusting the polishinglayer intoa uniform
t hi ckness,

t he nonool conpound is a compound represented by the
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foll ow ng general fornula (1):
RI- ( OCHCHR2) n- OH (1)
wherein Rt is a nethyl or ethyl group, R is a hydrogen atom or

a methyl group, and n is an integer of 1 to 5.

8. A nethod for manufacturing a sem conductor device,

conprising the step of using the polishing pad recited in any

oneof clainms 1to5to polishasurface of a sem conduct or wafer.
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