POLI SHE NG PAD FIELD OF THE | NVENTI ON [ 0001] The present invention
relates to a polishing pad, and in particular to a polishing pad
provided with a soft plastic sheet where opened pores of a foaned
body with foanms continuously fornmed by a wet-type filmformng
nmet hod have been formed by renmoving a surface |ayer of the foaned
body. DESCRI PTI ON OF THE RELATED ART [0002] Conventionally, since a
material (material to be polishpd).rsuehcagapgn optical material such
as a lens, a plane parallel plate, a reflecting mrror or the liKke,
a silicon wafer, a sem conductor device, a glass substrate for a
liquid crystal display or HIELID oF ITHE agvENTtoNo have flatness with
hi gh accuracy, polishing using a polishing pad is perforned to each
of these materials. In the silicon wafer or the sem conductor device
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[ 0003] Asccﬁqﬁfﬁitﬁ'&ﬁjsi@rfoﬁln@@E}ﬂd Retar§eef ach ¢braiseMhEONSW Qe been
device or_the %lke, a chem cal nechani cal Flanarlzaélon

(her ei naft¥MeT Y HFRKPY FethbtPFS 13%%% aPt y“e eto2med t ARAY ovp
met hod, slurry that polishing particles have been dispersed in

al kal i ne sol ution or acb@*ﬁ‘ﬁw&éf(%ﬂ S??g%q.ﬂni ',Ipl) is supplied
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to a working face of a materia and e working face
is polished in a state that the working face is being pressed

agai nst aﬁ@é%i]shic%gw%c&-iomql\w kingcLace hsreRQhihsheghaccording tge.a
mechani cal actlon based upon polishing particles contained in the
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for the W?Eé&ﬂgxﬁﬁﬁf%tor device, a glass substrate for a liquid crystal
display or the like is required to have flatness with high
accuracy, polishing using a polishing pad is performed to each
of these materials. In the silicon wafer or the semiconductor
device among them, fineness or multilayer wiring for achieving
high density progresses according to a rapid increase in an
integration degree of a semiconductor circuit, which brings
forth importance of a technique for planarizing a surface

(working face) further highly.

[0003] As a method for planarizing a surface of a semiconductor
device or the 1like, a chemical mechanical planarization
(hereinafter, called “CMP”) method is generally used. 1In the
CMP method, slurry that polishing particles have been dispersed
in alkaline solution or acidic solution (polishing liquid) is
supplied to a working face of a material to be polished and the
working face is polished in a state that the working face is
being pressed against a polishing pad. The working face is
polished according to a mechanical action based upon polishing
particles contained in the slurry and a chemical action based

upon the alkaline solution or the acidic solution. According



a polishing accuracy required for the CWP nmethod, nanely, a
performance required for the polishing pad is apt to be el evated.

[ 0004] As the polishing pad, a polishing pad provided with a
suede-li ke soft plastic sheet where opened pores of a foanmed body
continuously fornmed by a wet-type filmform ng nethod have been
formed by renpving a surface |ayer of the foaned body is used. The
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nmet hod) . surface layer (a skin |layer) where fine holes are

densel y for mEd- @ a thickness of about several mcro-neters is
fornmed at the surface of the soft plastic sheet according to the
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large number of foams are continuously formed in the soft
plastic sheet. Many opened pores are formed on the surface of
the soft plastic sheet by removing the skin layer utilizing a

buffing processing or the like.

[0005] In such a polishing pad, foams formed inside the surface
layer take a droplet shape (approximately triangle in section)
whose diameter becomes the smaller according to approcaching to
a surface side of the polishing pad. Therefore, since opened
pores formed on the surface are small in a pore diameter so that
clogging occurs in the opened pores due to polishing dust or
waste slurry, the polishing pad is not satisfactory regarding
a life thereof. 1In order to improve the life, for example, a
polishing pad obtained by forming at least 500 fine pores per
1mm? and setting surface roughness to a specific range 1is
disclosed. (See JPA-2005-101541.) A polishing pad where a
ratio of “opened pore diameter of fine foams” to “distance from
an opened pore portion to a deepest portion in the fine foams”
is set to from 1/10 to 1/3 is disclosed. (See JPA-2007-160474.)



2 [0006] In the techniques disclosed in JPA- 2005-101541 and
JPA-2007-160474, however, occurrence of clogging of the opened pores
can be suppressed, but since a void ratio (porosity) of the soft

pl astic sheet is raised due to an increase in the nunber of foans
(opened pores) or an opened pore density, the soft plastic sheet is
easily worn away during polishing work. Therefore, since wearing of
the soft plastic sheet is increased (the soft plastic sheet is worn
away) at ortlons of the soft. plastic sheet where a contactin
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In other words, in order to achieve stable polishing work to
amaterial tobe polished, it is necessary to replace apolishing
pad with a new polishing pad before unevenness occurs in
thickness of the polishing pad or pore diameters become large,
which results in lowering of a life of the polishing pad. 1In
the technique disclosed in JPA-2007-160474, since the skin
layer is removed slightly excessively regarding its thickness,
such a problem arises that the thickness of the soft plastic
sheet is insufficient, which results in lowering of the life
of the soft plastic sheet.

SUMMARY OF THE INVENTION

[0007] In view of these circumstances, an object of the present
invention is to provide a polishing pad where unevenness in
thickness hardly occurs, and stable polishing work can be

secured so that a life of the polishing pad can be improved.

[0008] In order to achieve the object, there is provided a

polishing pad provided with a soft plastic sheet where opened



3 pores of a foanmed body with foans continuously forned by a
wet-type filmformng nethod are formed by renoving a surface |ayer
of the foanmed body, wherein a percentage of opened pores having
opened pore dianmeters falling in a range of from30pm to 50pmis at
| east 50% and the nunber of opened pores per 1nmm2 on a surface
formed wth the opened pores falls in a range of from50 to 100, at
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foam di ar?g rsslgaénrgnge of from 50 to 100, the density of the soft plastic
sheet can be raised; since the average value of the ratios of
the diameters of the opened pores of the at least some foams
having lengths of at least 70% of the length of the soft plastic
sheet in the thickness direction thereof to the diameters of
the opened pores at the depth position of at least 200um from
the surface on which the opened pores of the at least some foams
are formed falls in a range of from 0.65 to 0.95, a percentage
of voids (porosity) contained in a range of the soft plastic
sheet from the surface thereof to a depth of 200um is hard to
change, the range being ordinarily used as a polishing face
during polishing work while being worn, so that wearing of the
soft plastic sheet can be suppressed and occurrence of
unevenness in thickness of the soft plastic sheet can be made
hard at an ordinary use time of the polishing pad, and since
even if wearing occurs, expansion of the foam diameters can be
suppressed, stable polishing work can be secured; and since the
percentage of the cpened pores having opened pore diameters

falling in a range of from 30um to 50um is at least 50%,



suppressed, stable polishing work can be secured; and since the

per cent age of the opened pores having opened pore dianeters falling
in arange of from30}imto 50p mis at |east 50% 4 occurrence of

cl oggi ng can be suppressed and excellent polishing perfornmance can
be maintained for a long period of tine, which results in

i nprovenent of a life of the polishing pad. [0010] In the present
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pores are formed in the new product state to the depth position
of at least 200um is represented as B, a ratio B/A is preferably
less than 1.55, more preferably in a range of from 1.05 to 1.54.
The opened pores may be formed by performing buffing processing
to the soft plastic sheet. The surface of the soft plastic sheet
on which the opened pores are formed may be subjected to

embossing work.

[0011] According to the present invention, since the number of
opened pores per 1mm? of the surface on which the opened pores
are formed falls in a range of from 50 to 100, the density of
the soft plastic sheet can be raised; since the average value
of the ratios of the diameters of the opened pores of the at
least some foams having lengths of at least 70% of the length
of the soft plastic sheet in the thickness direction thereof
to the diameters of the opened pores at the depth position of
at least 200um from the surface on which the opened pores of
the at least some foams are formed falls in a range of from 0.65
to 0.95, a percentage of voids (porosity) contained in a range

of the soft plastic sheet from the surface thereof to a depth



to the dianeters of the opened pores at the depth position of -at

| east 200pm from the surface on which the opened pores of the at

| east sonme foans are forned falls in a range of from0.65 to 0.95, a
per cent age of voids (porosity) contained in a range of the soft

pl astic sheet fromthe surface thereof to a depth 5 of 200pmis hard
to change, the range being ordinarily used as a polishing face

deinQ pqgf%ﬂﬂﬂﬂn%@JKa%@j{g el )M%%%’rﬁﬂgéh@éin dfﬁéfﬁl %%e%pgg
pl astic sheet can be suppressed and occurrence of unevenness In

t hi ckness? ®PLERE1HS F3RE Y Pa eahlshéngatps huhdlatosdnorarnarsy bhat
time of t‘b@?ﬁﬁl]@ ]@)IfaSﬁm%_ %I@Q?t,plamdi%i REQc@Vedhi gb@efsrugjlgg:ecscslre_ta ﬁand
expansi on o e foa i ameters can be suppressed, stable polishin
work can B UERCHTed! SRTVSTRES S he Hor T Hd tof NS PRt OIS Rasf R
the opened npate hdirdnet exrs ofralinany tse & imsnge dhefsaim Blpmttic SHpat,
I's at leaglgdS%{%Lc%CCé'\%fng% vare&l:lo | B9 534 b?en%‘)u L &5p€ far?[:qle foala

0,
excel | ent " pol i'shing performance can’ be 'mai nt ai or 'a 'ong Tperio
of time, dwimdteesures ibe i qpovenesd, oftablef podfishheg puldkshiarn be

pad. BRI EF DESCR PJA@%Q&JW%%%W&%S&%J&%@@%&% %p&%sahéﬁggﬁoﬁﬁé

vi ew show ng a _pol i shing pad of "an , enbodi nent "according to
present |PREMT ALTFIGAETY 3 IeddtlinGhal 9i B SPoUW dg Toafsmahe apHm

gfgneg _ pos exdilanms te|r50i%_r) bbeﬁ@@bhaa}@g c@ﬁﬁg%inc_fj f'tﬁarﬁlﬂégghﬁp@b'g_séﬂd?nd
IS a S t1 ona Vvi.ew snow oans an an Opene por | a er
n A convERTTbHGNT doTtEHE I JatE L OTETAS £ DESCRPBTIGNTGE FRE o Long
PREFERRED> &MVBOD MENTSie | 0013 Arsefbedi mentp obvengot ishiang ifadof the

accordin - r nt invention will be explained below with
r ef erencgp‘%%l%%“&ﬁ%% ngs. [0014] (Polishing Pad) As shown in FIG

1, a polishing pad 1 according to the
BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a sectional view showing a polishing pad of an
embodiment according to the present invention;

FIG. 2 is a sectional view showing foams and an opened
pore diameter in the polishing pad of the embodiment; and

FIG. 3 is a sectional view showing foams and an opened

pore diameter in a conventional polishing pad.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] An embodiment of a polishing pad according to the present
invention will be explained below with reference to the

drawings.

[0014] (Polishing Pad)
As shown in FIG. 1, a polishing pad 1 according to the
embodiment is provided with a polyurethane sheet 2 serving as

a soft plastic sheet formed of polyurethane resin.

[0015] An apparent density of the polyurethane sheet 2 is set



enbodi ment is provided with a pol yurethane sheet 2 serving as a soft
pl asti c sheet fornmed of pol yurethane resin. [0015] An apparent
density of the pol yurethane sheet 2 is set 6 in a range of fromO0.2
to 0.4g/cnB and a thickness thereof is set in a range of fromO0.7 to
2.0mm The pol yurethane sheet 2 has a polishing face P for polishing
a material to be polished. Foanms 3 having | engths of about a half of
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pol i shing face R 519 ﬁefaj:gags 3 and the foans 4 are caused to
communi cate W tH eac via communi cation holes (not shown) in a

net wor k manner. [0017] The opened pores 5 and the opened pores 6
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foams 3 have variance in length in the thickness direction of
the polyurethane sheet 2. Therefore, the foams 3 are
approximately evenly formed between the elongated foams 4
approximately evenly formed. The foams 3 and the elongated
foams 4 are formed such that the foams diameters thereof on the
polishing face P side are smaller than those on the side opposite
to the polishing face P. That is, the foams 3 and the foams
4 are reduced in diameters at the polishing face P side. The
foams 3 and the foams 4 are caused to communicate with each other

via communication holes (not shown) in a network manner.

[0017] The opened pores 5 and the opened pores 6 formed on the
polishing face P are configured such that opened pores thereof
having opened pore diameters falling in a range of from 30 to
50um occupy at least 50% of the total number of foams 5 and 6.
The number of opened pores 5 and opened pores 6 per 1mm? of the
polishing face P is set to fall in a range of from 50 to 100.
Regarding the total number of opened pores 5 and opened pores
6 (hereinafter, called “total opened pore number”), a

percentage where the total number of opened pores at a depth



The nunber of opened pores 5 and opened pores 6 per 1mR2 of the
polishing face Pis set to fall in a range of from50 to 100.
Regardi ng the total nunber of opened pores 5 and opened pores 6
(hereinafter, called "total opened pore nunber"), a percentage where
the total nunber of opened pores at a depth 7 position of at |east
200pm from the polishing face P decreases fromthe total nunber of
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to 1.54 times the opened pore dianeter before the pol yurethane sheet
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(hereinafter, abbreviat ‘ed as T") . .The doubl e-faced adhesi vle %éape
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namely, 1.05 to 1.54 times the opened pore diameter before the
polyurethane sheet 2 is used for polishing work until the
polyurethane sheet 2 is worn away by an amount corresponding
to the thickness of at least 200um.

[0019] A double-faced adhesive tape 8 for mounting the polishing
pad 1 adheres to the polishing pad 1 to a polishing machine on
the opposite side to the polishing face P. The double-faced
adhesive tape 8 is obtained by forming adhesive layers (not
shown) such as acrylic adhesive on both faces of a base member
comprising a flexible film such as a film made of polyethylene
telephthalate (hereinafter, abbreviated as “PET”). The
double-faced adhesive tape 8 adheres to the polyurethane sheet
2 via an adhesive layer on one face side of the base member and
an adhesive layer on the other face side is coveredwith a release

paper (not shown).

[0020] (Manufacture of Polishing Pad)
In manufacture of the polishing pad 1, a polyurethane

sheet 2 is manufactured by a wet-type film forming method, and



2 via an adhesive |ayer on one face side of the base nenber and an
adhesive layer on the other face side is covered with a rel ease

paper (not shown). [0020] (Manufacture of Polishing Pad) In

manuf acture of the polishing pad 1, a polyurethane sheet 2 is

manuf actured by a wet-type filmform ng nethod, and 8 the

doubl e-faced adhesive tape 8 is caused to adhere to the polyurethane
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order of t espective ste reparin applyi ng step,
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f oans 4, }Eﬁ u or'g&ni Sﬁ)?%%ln‘fefﬁge?%aﬁfnﬁ & TR 5
properly app&ﬂhmgliﬁmp A xaedl ddiguiichobtral fedmiAg Bheppobyuaebhageand
resin, c fr c | yur
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used 'ﬂﬂﬁ?ﬂﬁ%ﬁ#%@hﬁﬁ%pre5|n is dissolved in DMF such that the

concentration thereof faIIs in arange of from20 to 50% When the

concentrah;o of the ur et hane reS|n is lLess than 20%
0 At the %reparlng step, polyurethane r681n and N,

N-dimethylformamide (hereinafter, abbreviated to “PET”) which
is water-miscible organic solvent which can dissolve the
polyurethane resin are mixed so that the polyurethane resin is
dissolved. In order to form the elongated foams 4, adjustment
organic solvent for foaming adjustment is properly mixed in the
mixed liquid obtained. As the polyurethane resin, one selected
from resins such as polyester polyurethane, polyether
polyurethane, polycarbonate polyurethane or the like is used.
The polyurethane resin 1is dissolved in DMF such that the
concentration thereof falls in a range of from 20 to 50%. When
the concentration of the polyurethane resin is less than 20%,
an apparent density of the polyurethane sheet obtained becomes
low, and by contrast, when the concentration of the polyurethane
resin is higher than 50%, the density becomes excessively high
so that desired pore formation cannot be achieved, which is
undesirable. As additive(s), pigment such as carbon black
and/or hydrophobic active agent for stabilizing solidification
and formation of the polyurethane resin may be added properly

at a dissolving time of the polyurethane resin.



an apparent density of the pol yurethane sheet obtained becones | ow,
and by contrast, when the concentration of the polyurethane resinis
hi gher than 50@6 the density becomes excessively high so that
desired pore formati on cannot be achieved, which is undesirable. As
additive(s), pignment such as carbon black and/or hydrophobic active
agent for stabilizing solidification and formation of the
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coater. pore diameter and the number of the opened pores described above
cannot be obtained. After aggregates or the like are removed
by filtering the obtained mixed solution, degassing 1is
performed under vacuum so that the polyurethane resin solution

can be obtained.

[0023] At the applying step, the polyurethane resin solution
prepared at the preparing step is evenly applied to a strip-like
film formation base at normal temperature by a knife coater.
At this time, by adjusting a clearance between the knife coater
and the film formation base, an application thickness
(application amount) of the polyurethane resin solution can be
adjusted. In this example, in order to set the opened pore
diameter, the number of opened pores and the thickness in the
abovementioned ranges, it 1s preferable that the application
thickness is properly adjusted in a range of from 1.0 to 3.0mm.
When the application thickness is less than 1.0mm, the foam
diameters at a depth position of at least 200um from the surface
on which the opened pores are formed tend to become too larger

than the foam diameters on the surface, so that the polyurethane
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At this time, by adjusting a clearance between the knife coater and
the filmformati on base, an application thickness (application
anount) of the pol yurethane resin solution can be adjusted. In this
exanple, in order to set the opened pore dianeter, the nunber of
opened pores and the thickness in the abovenentioned ranges, it is
preferable that the application thickness is properly adjusted in a

range of dxom D Qetors. @{Enabo%ﬁ{énttﬂ%n%@pbbéﬁéh%‘of@'ﬁ@ﬂﬁﬁ%ﬂ snbesse
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the polyurethane resin solution.” Wen a PET
or the |ikKeoirsegsed BPRIHRST PEAESHRN 0h H?aﬁs&élresﬁw fREIRN $edution
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pretreat Ton | S oL L SUIeD LD o Sratnl e g cdse vhcte, e Lukm

bel ow. or the like is used as the film formation base, since the film
formation base does not have permeability to liguid, the
pretreatment is not required. In this example, a case where
the film made of PET is used as the film formation base will

be explained below.

[0024] At the solidifying and forming step, the film formation
base applied with polyurethane resin solution at the applying
step is immersed in solidifying solution containing water which
is poor solvent to polyurethane resin as a main component. A
skin layer (a surface layer) with a thickness of about several
micro-meters is first formed at a surface side of the
polyurethane resin solution applied. Polyurethane resin is
solidified and formed on one face of the film formation base
in a sheet shape according to a progress in substitution of
solidifying solution with DMF and adjustment organic solution.
That is, DMF and adjustment organic solvent are desolvated from
the polyurethane resin solution and the solidifying solution
is replaced with the DMF and adjustment organic solvent, so that

the foams 3 and foams 4 are formed inside the skin layer (in
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[0024] At the solidifying and form ng step, the filmformation base
applied with pol yurethane resin solution at the applying step is
imrersed in solidifying solution containing water which 1is poor
solvent to polyurethane resin as a main conponent. A skin layer (a
surface layer) with a thickness of about several mcro-neters is
first formed at a surface side of the polyurethane resin solution

appl i ed. ol yurothane resif) i gnasebidhhi s apd £9108d Q9 0B8R {R¢Er QL
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wat er, desolvatjon occurs on the skin Iayer side of the polyurethane
resin soltg G) Eidiehe *FOnyhtetC ToaRE12 #97PRdBNCRAELP Y HFethane

formati oncdiase i den bgspresat asgethithadss hat £i0& el ptréfigaski Resin
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and adjﬁg%g?nt organlc §o|vent with the solidifying solutlon in the
pol yur et (R TE&H SEEGITGTS TSV iur D Het £ped Al iPm SOl ekampre, the
order to setydheopenedepane shlamei®t, isheeunoiegr delayed. In this
example, in order to set the opened pore diameter, the number
of opened pores and the apparent density to the abovementioned
ranges, the temperature of the solidifying solution is properly
adjusted preferably in a range of from 20 to 50 deg. Cel., more
preferably in a range of from 25 to 40 deg. Cel. When the
temperature of the solidifying solution is less than 20 deg.
Cel., the apparent density is low, the number of opened pores
increases and the opened pore diameter becomes small, which is
undesirable. Especially, when the application thickness is
set to 1.0mm or more, if the temperature of the solidifying
solution is excessively low, the film formation base is brought
into the drying step (described later) being in a state that
the polyurethane resin is solidified insufficiently in the
solidifying and forming Step, which is undesirable. On the
contrary, when the temperature of the solidifying solution
exceeds 50 deg. Cel., formation of the skin layer is excessively
accelerated, a progress in substitution of DMF and adjustment
organic solvent with solidifying solution in polyurethane resin

solution is excessively delayed, the polyurethane sheet 2 set

12



of opened pores and the apparent density to the abovenenti oned
ranges, the tenperature of the solidifying solution is properly

adj usted preferably in a range of from20 to 50 deg. Cel., nore
preferably in a range of from25 to 40 deg. Cel. Wen the
tenperature of the solidifying solution is |ess than 20 deg. Cel.,
t he apparent density is |ow, the nunber- of opened pores increases
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whi ch is sad sim undesigabbe. fiaei dental 8y, déde ¢enperature of the
solidifying solution shows the tenperature of the solidifying
solution which first contacts with the pol yurethane resin solution,
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h , n
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the adjustment organic solvent is added in the polyurethane
resin solution, the amount of DMF is reduced corresponding to
the addition amount of the adjustment organic solvent.
Therefore, since a substitution rate (speed) of DMF and
adjustment organic solvent with solidifying solution becomes
slow, the elongated foams 4 are formed approximately evenly in
an inner side (in the polyurethane resin) from the skin layer
in a dispersing manner. Since desolvation occurs through fine
holes of the skin layer, the foams 3 are formed in an elongated
shape between the elongated foams 4 at a position biased to the

skin layer side.

[0026] At the washing and drying step, the polyurethane resin
(hereinafter, called “film forming resin”) solidified and
formed at the solidifying and forming step is peeled off from
the film formation base and the film forming resin is washed
in washing solution such as water so that DMF remaining in the
film forming resin is removed. After washed, the film forming

resin is dried in a cylinder drier. The cylinder drier is
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elution of the adjustnment organic solvent into water (solidifying
solution) is delayed as conpared with DVF. Since the adjustnent
organic solvent is added in the polyurethane resin solution, the
anount of DMF is reduced corresponding to the addition anmount of the
adj ust ment organic solvent. Therefore, since a substitution rate
(speed) of DWMF and adjustnent organic solvent with solidifying

sol ution hecpimsy wshkowa theiehongated 0 Hed¥ &dd®dherein. The
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pressure cont ing Jlg 1s rou |n pressure- contact W'th a face
of the filaHSTolfiIRNT¥eirws by Sﬂlﬁéegt@él %ﬁ@@u%‘f%nq R&osRiSH 1nayérl knd
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In thi , since the film

resin at, the side, of sk exa
form g riési BEF b Hbd “Eort T FRBUET ST L 2T 1 B bhapbdt FETaH kT TontaceLng
roller. Thereby, as shown in FIG. 1, the skln layer is removed
and the opened pores 5 and opened pores 6 appear at the polishing
face P of the polyurethane sheet 2. By performing the buffing
processing, the thickness of the polyurethane sheet 2 is made
approximately even. In the polyurethane sheet 2 obtained here,
a hardness thereof is in a range of from 15 to 30 deg. in Shore
A hardness, a compressibility is in a range of from 5 to 20%,
and a compressive elastic modulus is in a range of from 85 to
98%. The hardness, the compressibility and the compressive
elastic modulus are not limited to the specific ones, but when
the polyurethane sheet 2 is excessively soft, it is difficult
to perform stable polishing work to a material to be polished
and when the polyurethane sheet 2 is excessively hard, scratch
easily occurs on a material to be polished, so that it is
preferable that the hardness, the compressibility and the
compressive elastic modulus are preferably set in the
abovementioned ranges. These numerical values can be adjusted
according to the kind and the concentration of polyurethane
resin to be used, the blending amount of the adjustment organic

solvent and the like.
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| ayer is continuously subjected to the buffing processing while the
face of the filmformng resin opposite to the skin |ayer is brought
in pressure-contact with a pressure-contacting roller. Thereby, as
shown in FIG 1, the skin layer is renoved and the opened pores 5
and opened pores 6 appear at the polishing face P of the

pol yur et hane sheet 2. By perform ng the buffing processing, the
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and t he GW@Mﬂ@blfoﬁl@fr‘inmrrﬁ} bam@shiﬁé‘flvibfi]@sﬁ@ot!ﬁe@bn lbaea@(b

anount of ust nent or gani spl v and t i ke, 0028
e MRS s i S 0 CHGL R chf st ot Hirbet V48 1ipe 807 %lgn
cause tommﬂuﬂmaadh&réSNnD(ﬁhdIm@hManmmemhameee$héens2cafteedthet to

buffing pr d at the side opposite to the
pollshlng é$$gﬂ?@égggi 0s ?H%&ggfk is applied to the polishing

face P, the polyurethane sheet 2 is cut in a desired shape such as a

circylar EWhé@epéyiéhDﬂ ﬁegk'B%p%c%b&@r%%qptdAHEﬂﬁéﬂibhed is
obt ai ned nb053|n % is not limted to a specific one and

any patt é%%f%ﬁw HERES T \P&%éfﬂhlcm BRtrk gPEELPRE pfdw SRiLRGSROPKOST

snoot h cat benadaptiple-faced adhesive tape 8 is peeled off and the
polishing pad 1 is caused to adhere to a polishing surface plate
of a polishing machine. Polishing liquid containing polishing
particles is supplied between a face to be polished of the
material to be polished and the polishing pad 1, and the face
to be polished of the material to be polished is polished by
rotating the polishing surface plate while pressuring the
material to be polished and the polishing face P against each

other.

[0030] (Effects)
Next, effects of the polishing pad 1 according to the

embodiment or the like will be explained.

[0031] In a polyurethane sheet 22 manufactured by a conventional
wet-type film forming method, as shown in FIG. 3, small foams
23 having an approximately half length of the polyurethane sheet
22 in a thickness direction thereof and large foams 24 having
a length approximately equal to the whole length of the

polyurethane sheet 22 in the thickness direction are formed
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| nspection such as confirmng that neither dirt nor foreign nmatter
adheres to the pol yurethane sheet 2 is carried out to conplete the
polishing pad 1. [0029] Wen polishing work to a naterial to be
polished is performed using the polishing pad 1 obtained, the

rel ease paper of the double-faced adhesive tape 8 is peeled off and
the polishing pad 1 is caused to adhere to a polishing surface plate

of a oI| {E%%% hi /gl C g
partlgles I's supp |e§§6?5§22§ a ac%ggggg Q§£ﬁhﬂﬁg%eg%khﬁ@hen%%gg?%
to be polRFEEE BN tthe A9 sRiNGgdpancterandr tHee fiaas £3/bé4pberehed

of the msﬁfﬁé@ialpyp%rp@}iesil@@g'esfﬁgfnlssﬁﬁﬂ ehy avlald Ra1tkeopolhshbag
surface pl te whi | e pressuyrin to be ollshefyand t he

nod Bt AL AT oo L TE R e e At L
of the paﬂu&ﬂtdgzmadab.apenedlpgréOdi@meteﬂb@duﬂEmtd@pthhgobnkeOmﬁbf

be explahﬂﬁﬂ] A0 Q% yur, than she fa tured by.a
conventi ona O%%ype F%In1 orég%é ngPho a%e ownqq% é E.O lesslI
foams 23k n’@Daim Chippreoixe nmt e WHvalsﬂnallé-nqtolantt hedpbhyuierhanéoam

sheet 2] qr@crtéys%rl%%%ecﬂy egt '._»Qelmma@pé @r@eoagaglenh%@& 8% eﬁ
a | ength approxi mat el ual’ to the whole I ength of yur'et hane
sheet 22 Rerehett hire gicedéticonchrdd gy feam use éﬁﬁﬁ@f@ﬁnﬁ%@wases

e\éenldy Theorh aﬂgaerthcetail Sl'tlﬁl{m_’?) fcgﬂjff@ptelﬂl%ds@bfr@%eonbeﬁénﬁﬁrfé(?ﬁ é%‘é@@dﬂs
the dia A t he foans I n e | ar
foans 24 G adSrEOE Varlet O PATYOLe BT e et piTe HPAHERoESS
at the SLwﬁGMEﬁmﬁ:mmeumbbyumﬁﬂhamezOShﬁEBODmeﬁ aﬁﬂnpepedlphﬁag-work
di anet er | t 0 a
range of gﬁgg%fg gg lnfggéi A %%ﬁn ane er ?8% 258%%?%é?hége
23 and th@e@H,getffeomrezzﬁluaﬁ@ut@weﬁat@@lsgmalal rfatdns wWideradt heet brade

number ofropened LRGeS akryheideptirpasiddn 9 200pmef Lemtheng to

surface decreases
progress of wearing of the polyurethane sheet due to

continuation of the polishing work, so that polishing
characteristic changes, which results in difficulty of
adjustment of polishing conditions. Since the foams (opened
pores) increase in number, the porosity of the polyurethane
sheet increases and the apparent density becomes small, wearing
easily occurs during polishing work and unevenness in thickness
of the polyurethane sheet occurs, so that even polishing work
to the material to be polished is reduced. 1In order to secure
stable polishing work to a material to be polished, it is
necessary to replace the polishing pad before the pore diameters
beccme large or before unevenness in thickness occurs. Thus,
the conventional polishing pad is poor in life. The polishing

pad 1 according to the embodiment can solve these problems.

[0032] In the polishing pad 1 according to the embodiment, the
elongated foams 4 having the length of at least 70% of the length
of the polyurethane sheet 2 in the thickness direction are
formed in the polyurethane sheet 2, where the average value of
ratios of the opened pore diameter D1 of the elongated foam 4

at the polishing face P to the opened pore diameter D2 of the
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fromthe total nunber of opened pores on the surface exceeds 30%
Further, in the pol yurethane sheet 22, the opened pores increase in
nunber such as 200 to 500/ mMm 2. When polishing work is perforned
utilizing a polishing pad using such a pol yurethane sheet, the pore
dianeters of the small foanms 23 and the | arge foans 24 becone | arge
in arelatively short time according to progress of wearing of the

pol yur et r@ﬂ?ncfi"@@cﬁ fjd’@ntlp atCQ%' HQBEhoﬁogiti&g Wla'tsﬁ'e%%tv@bbpms?rom

that polishing. characteristic changes, which results in dlffICU|ty
of adj ustierClgspEY §ﬁFﬁchloﬁ1§PF|b%§ r8nAgeRt e Moank O (théndd (sée

pores) increass i nTheredord,hevpar 08i tye qiﬁi&@@iam@ﬂ&%tez shegbrn

dth t d ty b I
ocour o dui T botd H g AoHE and VoSS (it RPERREs S r6r At pRbter
pol yur et hame ugipeets sset wros£hao & hatt isevert pobU§htmgnV@f lopered beres to
material {0 b é’&éﬁﬂ?@ '§a gduﬁe%aﬂ gcg{ t%%ssecurﬁhe%égy ,gince

pol i shi ng mnr erla be poli‘sh necessa
repl ace tiRs§otdshimgapad Sb@mdrYe Qﬁesip@réyddamngr Polsdomy |verge oF

bef ore ungvannessedn éfw§$éﬁ§§1Qgp%k§pdﬁﬁ%%ed.EQ% %@”ﬁ@@&bﬁ@é'evenly
polishing_pad is poor in life. The palishing 1 according t he

embodi mentk &h 1S5 @rHEse ofr 6bmenand F@mlzqfer rPﬁ ﬁé‘epﬁplléﬁlhﬁﬁgpaadll
accordi ng=40 ddheimpbogedent, the elongated foans 4 having the length
of at least 70% of the length of the polyurethane sheet 2 in the

thi ckness direction are forned in the pol yurethane sheet 2, where

t he aver ap033] Ue» vhe patiskiong pd bpeneddpogetazlitalmegtboalimehtt, hehe
el ongat e Lshin t I r
b2 of 1 e T SR BOEET BTy HET S5t FopoeT T ey R dage TE
200pm fr o & Féngsl cshifthgm alet P 1%0 setThHaref arenge igicef £om DuBBeroof

0.95 (Se%pel:ﬂ&l %kes Thereforganemedt ih E}rﬂ@ c@%'v)é‘r'lpceitotﬁ%'lep§h§@£e’ghé§e
ng wor k ex anS| on ened pore di a.ITEt er

WOr n rrng %
i s suppr e%léeeedJ &tﬁ £ aPPafrBt erb%’c%é’tl Eﬁed?o R Fot sG55 2t Fre!
pol i shi ngpd aeerRakaddl yTabaspes. s e ey risignd@ring polishing work is

suppressed, it can be made hard to cause unevenness in thickness.
Accordingly, even if polishing work is repeated, even polishing
work to the material to be polished can be secured and the life

of the polishing pad 1 can be improved.

[0034] Further, in the polishing pad 1 according to the
embodiment, the number of opened pores having opened pore
diameters falling in a range of from 30 to 50um occupies at least
50% of the total number of the opened pores 5 and opened pores
6. Therefore, since a percentage of opened pores having small
diameters less than 30um decreases, clogging due to slurry
supplied during polishing work and polishing sludge can be
suppressed. Thereby, since the polishing work can be continued,

polishing performance can be exerted for a long period of time.

[0035] Furthermore, in the polishing pad 1 according to the
embodiment, a percentage where the total number of opened pores
(the total number of the opened pores 5 and opened pores 6) at

the depth position of at least 200um from the polishing face
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reservation and supply of slurry during polishing work is
stabilized, a material to be polished can be polished evenly for a
|l ong period of tinme and the life of the polishing pad 1 can be

i mproved. [0033] In the polishing pad 1 according to the enbodi nent,
the nunber of opened pores per |mm 2 of the polishing face P is set
in arange of fromb50 to 100. Therefore, since the nunber of opened

pores is pegscthaBethatrdnd the egpyentiamalr ROt YYpehBangrsheett 22y

n
the apparent, depsity of the polyurethane sheet 2 can be increased.

Ther eby, RYMeWeariafF duttngehott $hira§9%oPk 3¢5 FupFfésseterefean
be made hat did£s€cauce snevieanessal mitibeknes SopeAed opdiagl ye £ &venthé

olishin rk is repeat.ed, eyen polishing. work to.the erial. to
Do poli SR ran B PEBCE 1 0o aft SeEss Rl RGN Pt SRR BT L R St e
be i nmprova8tee] G034] whuntiieran emouhé pofrirshipogdpad tlo adeokdingntest hé
enmbodi ne of A\ i e
R i e A R e
total nurbPETeid Wiéhopéneduporesl BiandDpéndte poldshisg mhefefpaece,

since a perc&iy ager Of o PPeNedhHOI 851 havbay snadh pdi ARISFsy| ess than
30pm decreases, clogging due to slurry supplied during polishing

wor k and polishing sludge can be suppressed. Thereby, since the

pol i shi ng[0aB&] caarbeveent iinuedhe polliishing perd or mapeer@angbeo the

exerted fqr._a.long period of timne. QQ35] JFurthernore, . in the

pol i shi ngenbba%djfn%rg%’o?cd}engagpoaﬁ%n(rf deer?gsol |yrr]§r?t ,%3 88?255?5&3“%@%% he

total nuniersef openethrpny et [tdre G.G6t &lo Munpfcmof. t Blee opEoed, poirse 5
and opened, L0e,d8ptRnos §ih PO i &l eash 200pmyLr e
pol i shi ng fggg%%fgkﬁa%%%reages frgﬁgt%%ﬁt%%a%nﬁﬁﬁfér of‘opeﬁg% gg¢%§

at the pdlaskitng§lracenrensiceelipebyiemieant BBor 2 e8§CUTHERERORE,

at | | eﬂ-_St v?er%ﬂflg tden trd Q{{adﬁlgﬁ@d Qfr @}&@@g@s@%ﬁle.s %Eﬁ@életﬁ@e%}hickness

pol I shi ng IS used can mal nt al ned until the pol yuret hape

heet 2 T aaih My SR TS eehariding B8 EhotAPCRheCEoBro-7 to
2.0mm, a thickness required for polishing work can be secured.
Accordingly, since polishing work can be performed for a long

period of time, the life of the polishing pad 1 can be improved.

[0037] In the polishing pad 1l according to the embodiment, since
the foams 3 and the foams 4 are in communication with each other
via communication holes, polishing solution is moved between
the foams 3 and the foams 4 via the communication holes so that
polishing solution can be supplied between the material to be
polished and the polishing pad 1 approximately evenly. Thereby,
since a face to be worked of the material to be polished is
polished approximately evenly, even polishing work to the face
to be worked can be made possible so that flatness of the face
to be worked can be improved. In the polishing pad 1 according
to the embodiment, the double-faced adhesive tape 8 having the
base member of a film made of PET is caused to adhere to the
face of the polyurethane sheet 2 opposite to the polishing face
P. Therefore, since the soft polyurethane sheet 2 is supported
by the base member of the double-faced adhesive tape 8, handling

of the polishing pad 1 during conveyance thereof or at a mounting
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at | east 200pm Thereby, since high polishing performance is exerted
wi t hout causing |lowering of the polishing performance, a long life
of the polishing pad 1 can be achi eved. [0036] Mreover, in the
polishing pad 1 according to the enbodinent, the apparent density of
t he pol yurethane sheet 2 is set in a range of fromO0.2 to 0.4g/cnB.
Therefore, since the apparent density of the pol yurethane sheet 2 is

hi gher t hanne thaty ofo 1 heh convienth onal c polyarel hane, speet 22,
occurrence of wearing can be made hard or suppressed. Since the
t hi ckness of the polyurethane sheet 2 is set in a range of fromO0.7

to 260mr|iooaaa;hi ckness rﬁmuba@ﬁlef(l@; FiQibdiSftirﬁ?ilVW,k f@a@ l@s&la&@(]lér eldhatd
Accordin ,.. Since polishing.wor an be perfor for a lon erio
of b e ALY 1R B RG TEaE ToRAR BRI brovee St oEat ot
t he pol i shixnighpadfl adtosdnagtt ordwenienbediment, sadipestridret f odnsti3e
and the f - re i i-cat i e ot her i s
conmmuni cati-on é&ﬁ%é?’ ggﬁ?gﬁgﬁé’solﬁgigﬁ5?$%ﬁ%3$d :gtﬁgénas?%%d%%%h%gs
and the fssast W it@MOes adomfuRir€aPRoRORBEEsi B @ ndwat topbbirahe hgnoated

sol ution gamdes suppiiedbefueemihe amierialngo been POhbshed,@nd the

pol i shing padl agErOX|natel evenly. Thereby, since a face to be
wor ked ofPitSREHat BY FAF1PE e pblLidHe®d §° thaisi St Sppr Satmarasyfilm
evenly, efemipad icohidig iwerkstieht e faa68 ndt ehbea s ket mﬁ&maetrae
possi bl e ove

so that, flatness of.the face to be worked can be i .
e & okt e afl MR8t M @08, o O R S S e AP LY B
adhesi ve despel B thiavi rg- tthe sbasdiferiibgranf fofmlmgy rede efanPEE 58t in

caused tq.adheng, tod heo fo?% A phhe B%MBE%W?@%’% e@ioﬁ%%@&sﬂéﬁnéo
the polishing face P. Therefore, since the soft polyurethane sheet 2
i s support édd B e fetigds avrdrerfoPreReddpabrE- fackle st kpeed,

handl i ng rfigdde padshidy pad lagdutbNg ©oOVeyRRGe ithey eRbyoridtl @e

nounting 18 tine to g_gollsQ*qﬁfnachl e _can be made easy. [$0§%£iln

the embodiTfdfL2 4t @ént &9, it em&aﬂ'EPElPﬂeﬁom%%ﬁ%Et% Profetaetng

pol yur et ke Inesti o 15,0 bl enaid ngoadent f a¢ ifay, delaying desolvation or the
like.

[0039] In the embodiment, the example where the skin layer is
removed to form opened pores by performing buffing processing
to the film forming resin after wet-type film formation has been
shown, but the present invention is not limited to this example.
As the method for forming opened pores at the polishing face
P, any method by which the skin layer can be removed can be
adopted. For example, slicing processing may be performed for
removing the skin layer. When the slicing processing is
utilized, for example, an approximately flat polyurethane sheet
2 from which the skin layer has been removed can be obtained,
for example, by performing the slicing processing while
imparting tension when a fact that the film forming resin is

soft and has elasticity is taken into consideration.

[0040] Further, in the embodiment, the example where a filmmade
of PET is used as the film formation base at a wet-type film

forming time has been shown, but the present invention is not
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m xi ng of adjustnment organic solvent, adjustnent of the application
t hi ckness, and adjustnent of the solidifying solution tenperature
are perfornmed in order to formelongated foans 4 in the pol yurethane
sheet 2 has been shown, but the present invention is not limted to
this exanple. Wet-type film formng conditions such as raising the
apparent density of the polyurethane sheet 2, nanely, conditions

such that; gelaying & %Ole\!(%lin#ﬂ% at FéP s?e%éﬁéfyal ’i‘l%n%qf E ?OSBEF’a

can be set in order to set he opene pore di anet er ngate
foans 4 MR HelGtamaumsesef aperled %T@asquatwrhl@@\?@nenﬁo%ds

ranges. Besddesithe ﬁtbQV;Qilﬂfhﬁ:&wﬁbtpélé’lsoﬂﬂ)’cﬂé"@byﬂglfPé@&@ﬁ:ﬁfé@rﬂe@f
ition for des | vati on

a solidif sol.ution co e
bIendlngégﬁﬁﬁﬁ?ﬁP?Qﬁ HeP &yi %§OHe§BFV§P dh W </ OEYIT | hhe
t he enbodigieniretihenexarplia wher eathedskind | dyeedi Sas rem)\ztesd WOt Ko tn

Opened p rsfvé%lmjﬁle%iy%][ergﬂl%f %Lffffl Qﬂe #} %Slpaqce a%hes Ve Jcm fcg ma%/gb

resin aftwer ormdt ion Byt ~the presen
i nvent i orrdssemttd agihead tte Bhiscexahpilee basse mheelbmt hpéofsorcef bonti img

opened p%@ﬁy@eﬂﬂ%@mr‘e%ﬂ' ng f%% Bxa@pYe Meihod by nwhi bt he_ skidg

| ayer can be renpved can adopted. For exanple, slicing processing
may be petdBiTEtr fepe %éﬁo@ﬁtﬁ@e@ ﬁ@ Y F &per fafrent the RP] vingthane

processi nchdese Utddgzgithe fray t&?éamlﬂ,shaﬂlgarfﬁrc@XIP”ﬁb@ Meéhaéhown, but
polyurethanqlsheet 2 frqy1mh|ch %pe skin Ia¥gr has been renoved
e “8P]

be obt ai ri 1Py e 6 ARG E c?nﬁuBP8EE§%9HﬁeWﬁﬁ¥e
i nparti ngsumnsrrtmmg/wma poinctethate tdheefti Pmd ornksrd tesidheire bsofden

dh Kk t i
and hoe SRRILd S LakeRoLato Sonshiiat o L0 NS ackty
film for it peRPbASE atlca ustonfyiga rfsitiimn ,f gpnivaginoner hasdddery shoWre

but the q;&isleéﬁlﬂgl\/;emlprba§ POtnadd fhMmied dosyhis exanple. For
exanpl e, nonwoven fabric or a woven fabric nay be used as the film

formation base. In this
[0041] Further, 1in the embodiment, the example where

polyurethane resin such as polyester polyurethane, polyether
polyurethane or polycarbonate polyurethane is used as material
for polyurethane sheet 2 has been shown, but the present
invention is not limited to this example. For example,
polyester resin or the like may be used. In a case that the
polyurethane resin is used, a sheet having a foamed structure
where the foams 3 and the elongated foams 4 have been formed
can be formed easily by a wet-type film forming method. Further,
in the embodiment, the example where the knife coater is used
for application of polyurethane resin solution has been shown,
but, for example, a reverse coater, a roll coater or the like
can be used. Any coaterwhichallows even thickness application
toa film formation base canbe used. Further, in the embodiment,
the example where the cylinder drier 1is used for drying
polyurethane resin has been shown, but the present invention
is not limited to this example, and a hot air drier or the like

can be used, for example.

[0042] (Example)
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case, since it is difficult to peel off the solidified and forned

pol yuret hane resin fromthe filmformation base, after the

pol yuret hane resin is washed and dried as it is without performng
peel i ng-of f, the doubl e-face adhesive tape 8 may be caused to adhere
to a face of the base nmenber opposite to the polyurethane resin. The
exanpl e where the doubl e-faced adhesive tape 8 is caused to adhere

t f ft '
0 a face of ! o Rabydi! 1A8 ﬁ?‘?fg & APPSR, 1 0-1 DS PUI NG A6

P has been shown, but e adopt ed t hat

suppor ti ngPrefBEPA1SEEEor: hy ioﬁe st daimathahelsheet GidarHipsleld/ it o2

adhere betyepsmitde patyuset havmpsheeive andahpecdonbherfacgded for
adhesi ve tarﬁ) such a configuration, conveying or

pt
handl i ng of ??ﬂéls%lY’§ﬂ$ @iﬁgdb‘i QRCHECHAde further easy. [0041]

Further, in the enbodi nent, the exanple where polyurethane resin

such as pﬁéqﬁ% Eggié%/#ei ane, polyether polyurethane or

pol ycar bonhat e yur ane’' is used as material for polyurethane
sheet 2 has beem shdwemblig t He presdyestiemvenMPén i sdhphehyhineedane

this exar@ifsogfén%@m@l yuRAYESL 6% ofi %%quﬁsééﬂ%é ll:'ﬁ% ngyyé;?eyﬁgge

In a case that %uret hane resin i s used vin
f oaned st?%%%feAf\iPr?é?é t Ber Fdavs DyFa‘ﬁ]ail‘F}hel%ls@rl@&Péd ﬁ%é?ﬁ;r"@ RavEME

been fornetspeasi be fiofued Rasidin iy aawebnt ypgckidmm dorid pggiehRods
Further, _in the e he knife coater js

0
used for2Bppl gg 9@1’ ﬁ&%%r%ﬁ%ﬁ%g’@r EWHOBBP%WO}F%‘%@ ngﬁts‘ﬁla%\ﬁh
but, for m(aﬁqnlm farmewver se atodtierer aved | mtrad etoorn Othedrtee ot anMbe

used. Any, Cgﬂ?é £8n WH £l l!} def‘c;fq%@letPé% %%Sd%g%i%ttth%“p?%gu?eé% 2

formati on base can beue he e
wher e t heresdnnder it dfs aided feetdiy whicpolipupdl haheenesPnghasc

been showy, ) fult (he PIESERL 1Y EREERDvehH I fuddtHdRArEQi M Sprepare
exanple, and a hot air drier or the Iike ™ can be used, for exanpﬁ)
[ 0042] (W@tWe resin solution. An application thickness and the

temperature of solidifying liquid were set to 1.30mm and 30 deg.
Cel. at an application time of the polyurethane resin solution
to the film formation base. A polishing pad 1 of Example 1 was
manufactured by performing buffing processing to the skin layer
side of the film forming resin so as to achieve buffing
processing amount of 0.l14mm using sand paper of buff count No.
180, and then causing the double~-faced adhesive tape 8 to adhere
to the polyurethane sheet 2.

[0044] (Comparative Example 1)

Comparative Example 1 was prepared in the same manner as
Example 1 except that the application thickness was set to
0.93mm and the temperature of solidifying liquid was set to 18
deg. Cel. Accordingly, a polishing pad of Comparative Example

1 was a conventional polishing pad (see FIG. 3).

[0045] (Evaluation)
Regarding the polishing pads of Example 1 and Comparative
Example 1, the thickness sizes and apparent densities of the

polyurethane sheets 2 and 22 were measured. Regarding
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Exanpl e of the polishing pad 1 nmanufactured according to the

enbodi nent will be explained below. Incidentally, a polishing pad of
Conpar ati ve Exanpl e manufactured for conparison wll also be

descri bed. [0043] (Exanple 1) In Exanple 1, polyester ND

(di phenyl net hane diisocyanate) pol yurethane resin was used as the
pol yur et hane resin After 45 parts of DVF which is solvent, 40 parts

of DM %Q?DSQ%%%}? ”&ﬁ’e %B”Eﬂ?@iﬁgg&r %§°He9£§§ém§éﬂk%%{rse mﬁéQﬁS%ea”

an anount o par Ny« dbi¢c actrve a
filmfor rﬁW%taa@lllallzélaU@/@r éthﬁx@w-’e@umwéﬂeﬁ‘t LY @ﬂHWthsébu@pphy@mg

the pol yuy gfdy resi 1o dgs dhsselate dhe @HEYHB%G?Q%haB@S!sHeeéé E‘aéﬁé
of ethyl acetate which |s adjustnent organic Solvent was added t

the di sso@%/@é‘vﬂélgyﬁrkéﬁfa%fén?%]slsﬁzteooér]é‘bépg a ﬁ’(ﬂwlhéhéer%gllﬁl were
sol ution. re%m applH eat [Lsamotdslf_ ke §S namhmt B@aléen@)em(airmme #f 10cm pitch

lidif t .t d_30 _de
ol i cat | DO B TR POISARPEAaY robi Fabl BUPGACS TG T i the
formati ortl‘masleaesﬁs mjzesénmregepaﬁtamédExaRmdmrd;rv@memnﬁ&rww ed bye
perform nagp dh DG H9G8: SA ng &%Lér?te Sk 0, | Avere , SLde, Of &P{‘d 'nf”%he
T fig nt of 0

form ng r SO as to ac I'eve processi ng anoun
usi ng sarmPRrEpEtt oflepgfift icsunyeNe. camlaat@di t hehngaddiengnepeurement

doubl e- f aged, pdhest vend ape; Skt oOsadheses to the pol yuret hane sheet 2.
[ 0044] (Conparative Exanple 1) Conparative Exanple 1 was prepared in

the sane manner as Exanple 1 except that the application thickness
was set dtmo&pamaﬂdrgbée bem@@@tedr%o@fess@l ieid ydméd bl €k s ﬁi%
to 18 e ordin ol ishi a aratlve e
oms o OSBRI TEON Erlhg aarpece BPBRC . b aRer b At TS
Regar di ngisuhe; paolmlsmqm:qzaﬂs Vot- @(m’quia@ujfaa:rtdlr@@rrpar HEWECEExampI ehd,
the thic JhEgR At apparen o%@Sngemf JencPBLYYLat NgNeace P

sheets 2 and 22 were neas egard
was calculated by applylng 1mage processing software (Image

Analyzer V20LBA Ver. 1.3) to the image obtained. The opened
pore diameters of the opened pores 5 and the opened pores 6 were
observed by magnifying a range of about 1.5mm square to 150 times
using the microscope (VH—6300 manufactured by KEYENCE) and a
percentage (opened pore percentage) of the number of opened
pores having opened pore diameters falling in a range of from
30 to 50um at the polishing face P to the total number of opened
pores was calculated by applying image processing software
(Image Analyzer V20LBA Ver. 1.3) to the image obtained.

[0047] Further, from a sectional_photograph (scanning electron
microscope) of the polyurethane sheet 2 formed in a £film shape,
the number of opened pores per 1mm at the polishing face P and
the number of opened pores (the number of foams) per 1lmm of a
plane spreading along the polishing face P at a depth position
of 200pm from the polishing face P in a thickness direction of
the polyurethane sheet 2 were measured and a percentage (an
opened pore reduction percentage) where the total number of
opened pores at the depth position of 200um decreases from the

total number of opened pores at the polishing face P was
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21 neasurenent of the thickness sizes, neasurenments were perforned
using a dial gauge (the mninmumscale: 0.01lmm while applying a

wei ght of 100g/cnR2 thereto. The pol yurethane sheets 2 and 22 having
a horizontal size of Imand a vertical size of Imwere read down to
1/ 10 of the mnimmscale (0.001lm) at 10cmpitch vertically and
hori zontally so that average values of the thickness sizes were

obt ai ned. . Regay gi 0g, maﬁé‘%ﬂ@%ﬁ? Afhd g eﬂ%a(rjgé'}ed?d&%lr&ét%% g sweL gt
per unit area was neasured an he appgrent nsrties were

cal cul at il RIFL HeamEas uridifeprencespP e dfandten Rilcknéds BpEéshing

[0046] Thes suinbeln Oft IRPIRG ROTRS S BhtheRRENSZ ROr €864¥BsH Pbseryed
by magnn;)%flr} a ran%e of about 4. 6mm square to 50 tinmes _using a
(

m cr osco MEBH6 L RENET SF GF et BY HREYERRE) PRAC Y FRPD B PP NRNBER 9B T
opened porg&supert parc2nebgtbe(@Pedhadigigf acemPt ewase €adreid pded ofythe

appl yi ng i mage. processin of t war L.mage  Anal yzer V20LBA Ver._ 1.3
tgptK; ?n%%rg% ltopaioﬁ%d.all 8%Sﬁeﬁgd%Oégpeeg(ﬂpaerpeetde?/psoroef HESpEhed pbi és
5 and t hecabenbdt 9dr eReamstieng Gbservediby Sregm fo/ilngm avarggeovalue
about 1. I j i : i

u %%‘é%t%gfﬁ%z%?gc#é! gﬁénea d BQS?%%%Q?QB%@”&PQ%%%% e

manuf act ured by KE per cent age pore pe

of the nuibEres?T Sderrd cederds Ieali g Tspeard o tipandtepborsal| i Aee
in arangeof1{s om 38 o HQWBALithe fil bpbhrgntagen £t @, the $9tadtd
nunber of opened ores was cal cul ated by applyi ng i mage processing

sof t war e PY nger%ﬁ‘aﬂaﬁ%r tj?foﬁ@ﬁa\]/e??m@?%)ofd’%%q ﬁﬁ&%sob{;}é?n%@l?ned
[0047] Fusdhemeducdman pecideonalgephahagtiaphodacanniorg eiestten ratio
m croscopaege oghé hﬁe PQ'Q’H@ e%(lbffgwsrpee{%ﬁﬁt‘ of med in a filmshape, the
nunber of ‘opened pores per M At t he polishing face P and the

nunber of opened pores (the nunber of foans) per Immof a plane
spr eadi ngp ¢y iTe@! {phing face P at a depth position of 200pm
I H H t

fromthe polishichgFacePinathicknessdireetionof—the
pol yuret hane sheet\2 were measyred and a|per 8eReE§EY(an Spened Foxe
reducti on percentagerwhere|the 10 ar- hunber fnsity Percentage
(mm)
(g/em’) (%)
Example 1 0.98 0.243 69.9
Comparative 0.68 0.233 48.0
Example 1
Total Number Opened Pore Opened Pore
of Opened Reduction Diameter
Pores Percentage (%) Ratio
(number /mm?)
Example 1 85 27.2 0.695
Comparative 110 36.7 0.509
Example 1

[0049] As shown in TABLE 1, in the polishing pad 1 of Example
1 using the polyurethane sheet 2 solidified and formed by
setting the application thickness and the temperature of
solidifying liquid to 1.30mm and 30 deg. Cel. to delay the
solidifying rate, the opened pore percentage was 69.9%, namely,
more than 50%, and the total number of opened pores was 85/mm?,
namely, in a range of from 50 to 100/mm®. As a result, the

apparent density was 0.243g/cm’, namely, in a range of from 0.2
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opened pores at the depth position of 200pm decreases fromthe total
nunber of opened pores at the polishing face P was 22 cal cul at ed.
Regardi ng the opened pore dianeter of the elongated foans 4, the
opened pore dianmeter DI at the polishing face P and the opened pore
dianeter D2 at the depth position of 200pm were neasured fromthe
sanme photograph and an average value of percentages (opened pore

di anet er r eﬁ Ages) pe o} e
pore di anig(ft}edr: was ggeté% 8’8:§d g%gég %gagh%g‘rar%g%é?% %8%(9}?1?@ q&@k
aver age Vbt S8PP&ESsecand mwnq%laﬁw&w% héiféiﬁﬁ't@?CLDSS t 6Tt fren

opened pase e@@@&&&&m\&@@v@ak@atﬁégg b 4 K2R 1MRBNBE 8511 88ed.
above. The. reswbts of the thickness size, the a%garent densi t t he

opened por¥ peritentRgecd t ARt of Bf U nuhbRrPoF CopeHet b%r%%ppf%%g%%eﬁ%d
pore reduxtiz, pereentagecqgand tde openbesporadi aseter ewaén oifar€he

shown in t f I l.omi ng, T 004 TABL .Thi ckn par ent
Opened P(Prohfy% h‘ﬁlee %ht y%PerlCSeWtkgaegll £ % (%3 wor A% ount
0. 243 69. @r@ﬂnmmmq/et@ @68 CI23&nB 0 OfEQé)@ptne Ih?éotatalklunbmber of

Cpened Pore. (ne é@fl% 1 {Rened @%dlécﬂ:'a%ge%%”%erarpﬁé?é it can
Per cent a (O/c) ti (nunber /nmm 2) Exa
|13Z/%

Conpar at efmécg@dr tg. 599prE><éanbwelilmoz®]a Rroldpbwmg AETABLENEY @
the pol i sddAgrd@datnelssExamlcenateshngd Be R0l ydnal ha@%ss_fa%%t Zince
SO|IdIer and formed by settlng t he ap p(g é:(%lon th| eiss and the
tenperat 8pen@jpored1ameter atlio wa evenl 1shing work
is continued, the opened pore diameter does not change so much,
so that flatness of the material to be polished can be secured
and improvement of a life of the polyurethane sheet 2 can be

expected.

[0050] By contrast, in the polishing pad of Comparative Example
1 using a polyurethane sheet sclidified and formed by setting
the application thickness and the temperature of solidifying
liquid to 0.98mm and 18 deg. Cel. without delaying a solidifying
rate, the opened pore percentage showing the percentage of
opened pores having opened pore diameters falling in a range
of from 30 to 50um was 48.0% and the percentage of opened pores
having opened pore diameters of less than 30um was more than
that in Example 1. The total number of opened pores was 110/mm?,
so that the apparent density was 0.233g/cm® smaller than the
total number of opened pores in Example 1. From this, it is
considered that the polishing pad of Comparative Example 1 is
worn more easily than the polishing pad of Example 1 and the
former generates unevenness in thickness more easily than the
latter during use for polishing work. It is also considered
that, since the opened pore reduction percentage of Comparative
Example 1 was 36.7%, when wearing progresses up to about 200um
during polishing work, the number of opened pores largely
decreases to lower the polishing efficiency. It is further

considered that, since the opened pore diameter ratio
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solidifying liquid to 1.30mm and 30 deg. Cel. to delay the
solidifying rate, the opened pore percentage was 69. 9% nanely,
nore than 50% and the total nunber of opened pores was 85/ M2,
nanely, in a range of from50 to 100/mmR. As a result, the apparent
density was 0.243g/cnB, nanely, in a range of from0.2 23 to
0.4g/cnB. Therefore, since wearing during polishing work is
suppress Iﬁgg?ypgy n ka thi ess rd o] I i n,.
expectedqg% |nprové§fﬁggﬁgg§ gT‘%hﬁa é??%I %ﬁebgﬁ%%§¥%ﬁ%€%9 %ﬁ%@%t?ﬁe
opened pdrcoRRREicoh2pErEentayeding Sypprassedatoon 2yt pul igdyeioywork
equal to HHqless ghans30%% eNgRabfetheripobysrgthane sheeti2 s MRAA
during pollshjnglmorkégy an anount _ corresponding to the _thickness of
G drhédd

200pm t HE tiot oSt GpenealpaheRdi onrkt ht e et ifd adnessgetotr
70% or mofigsetialato e pxpeshed 1o sappeess | owering of a polishing
efficiency to secure flatness of the material to be polished.

Besi des, since the opened pore dianeter ratio was 0. 695, even if
pol i shi ngla®bhkl (Brdontrhakbdipphecapehedy pore di ameter does not
change so nuch,q: t S i.als 1o i

be secured an&ﬁﬁ%ﬁcﬁﬁ%&%%é%gﬁg ﬁﬁ%ghg?ogﬁ %%3ﬁ§f%%fﬁgﬁgﬂgﬂzgﬁgZgggn

be expecthBe LOGTGNBYE ot Fastkneds e Pol pskiig pad Wdfoorpacative
Exanmpl e e UshpdodeRO! Viur etbaneishest sel infdedand forgedaby of a

setting the application thickness and the tenperature of solidifying
li qui d tcp‘gl.l%g]rﬁﬂ a%dléodé&?toé?%.e WHIRGRT delSihP™ 5ot | HheyFhglal
rate, theampenedjpoitey per cent age showi ng the percentage of opened
pores havi ng opened pore dianmeters falling in a range of from30 to
50pm was 48. 0% and the percentage of opened pores having opened pore
di aneters of |less than 30pmwas nore than that in Exanple 1. The
total nunber of opened pores was 110/mR, so that the apparent
density was 0.233g/cnB smaller than the total nunber of opened pores
in Exanple 1. Fromthis, it is considered that the polishing pad of
Conparative Exanple 1 is
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worn nore easily than the polishing pad of Exanple 1 and the forner
generates unevenness in thickness nore easily than the latter during
use for polishing work. It is also considered that, since the opened
pore reduction percentage of Conparative Exanple 1 was 36.7% when
wearing progresses up to about 200pm during polishing work, the
nunber of opened pores largely decreases to |ower the polishing

efficiency. It is further copgagder8dciAdmpsSkgce the opened pore
dianeter ratio 24 Conparative Exanple 1 was 0.509, the opened pore

di ameter becones the |arger according to continuation of polishing

work and the pp) hsdi nigstchag @@H@’ﬂcﬁiﬂcﬁecﬁ@ﬂﬂﬂ%%@ﬂt bhaktiit si,r&eemstdﬁere
difficult to a jUSt t he poI shln dltl?p and fl at ness

of
materi al BB PATTShe P HET épﬁﬁﬁsFPP&FHRBBFﬁgaBPFW?Q)
Si nce thdoy)reseet tmzsentﬂldlm FfI‘C(I\mld‘@S reetpald svengf ated whpseemoving a

ynevenn65§$%ﬁa$552%ﬂﬁ§8fqﬁ&eanﬁga%&xpgngh ggﬁéiéé%gggg%ggg ene

i nproved, contrrbutes to nanufact . _ pa
so that therpsdsemng msitddradrss diingdeserisafal apppi tabi lbange @5 WEWF

'S CLAI MER) kD't ol 501 pgléme@gsuo@@ péﬁalt%dnmnb@raoﬁcégerﬁé@%'r%sspgﬁt

where opened pores of a foaned % foans continuously forned
by a wet - %%e%@n%hf%ﬁ%ﬁ%gf%%alé etlﬁ%rq%@ecﬂ/ppéﬁﬁvfﬁbla Trsgr Fagee

Ihayer of @hefdf@anﬁ@idb@dyooy\hggelu'@aatp@bﬁ@nf@gﬁsoé?@ﬁ@neﬂe PesRS hage
avi ng opene ore_dianeters i.n na.rsra m m to, 50um
is at Iea éﬁ%évthﬁﬁﬁbgp *oPfo %e%%%gﬁ%‘%gqﬁﬁ? %npé 18 Snéet
surface fnmnndhmpkheshedDpeQEdopoUhEréaﬂW an@nwherang&n1awet6@@|ﬁalue

100, at | @%%ti%@pO%Qﬁgﬁl%%QQ? %Q&e %ﬁpé?ng%f”t g£§e9£tg%mk§ 85ms

70% of a Tength of the sof astic ness rec ron
t her eof , @hd WHELEICE an ‘akye@agféls/@m@edopomm@ée d?omﬁ%iirﬁpeﬁsa@fiters

opened p06fﬁjﬁiob@%e@tpb%@%ta§Q¥Qkﬁﬁ§ﬁ5081tlon of at least 200um from
the surface on which the opened pores of the at least some foams

are formed falls in a range of from 0.65 to 0.95.

2. The polishing pad according to claim 1, wherein an
apparent density of the soft plastic sheet is in a range of from
0.2g/cm® to 0.4g/cm’®, and wherein a thickness thereof is in a

range of from O.7mm to 2.0mm.

3. The polishing pad according to claim 1, wherein the
soft plastic sheet is configured such that a percentage where
the number of the opened pores at a depth position of at least
200um from the surface on which the opened pores are formed
decreases from the number of the opened pores on the surface

on which the opened pores are formed is 30% or less.

4. The polishing pad according to claim 1, wherein, when
a diameter of the opened pore in a new product state of the soft
plastic sheet is represented as A and a diameter of the opened
pore when the soft plastic sheet is worn from a surface on which
the opened pores are formed in the new product state to a depth

position of at least 200um is represented as B, a ratio B/A is
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on a surface on which the opened pores are formed to dianeters of

t he opened pores at a depth position of at |east 200pmfrom the
surface on which the opened pores of the at |east sone foans are
formed falls in a range of fromO0.65 to 0.95. 2. The polishing pad
according to claim1, wherein an apparent density of the soft

pl astic sheet is in a range of from 0.2g/cnB8 to 0.4g/cnB, and
wherein ajdhicknessithereof is in a range of fromO.7mmto 2. 0mm 3.
The polishing pad according to claim1l1l, wherein the soft plastic
sheet is configured such that a percentage where the nunber of the
opened pores ats5a ™eptdoposi i@t aﬁﬂcdr%ﬁ&ig t%Ongﬁnr am hersunf age
on which the, opgp d.gores are forned ecieﬁgeg i ghthe nunber of
the openetf por es’ Onthe"sirFakes Bh GhPEh Pened*pores are formed
is 30%or less. 4. The polishing pad accordlng to claim1, wherein,

when a di anet ro st at e
soft plastic s eeteggﬁ%e regg% g&g% |gzéégrléf%P%%eggeﬁg
pore wherPR$ReS Frasl asei byl @emmm@muéfg@grm@cwsmgm thhe

opened pogest Faggigeghé@tthe new product state to a depth position
of at least 200umis represented as B, a ratio BfIAis 26 |less than
1.55. 5. The polishing pad according to claim4, wherein the ratio
B/ A i 3 in a range e fp\’,\cﬁlms'lhﬂﬁg tphdl.aﬁi‘borgiin'ﬂ’l&op@ﬂbi?ﬂ o) gagrein the
according_toc cl ai erein the open ores.a orne

per for 1 T BUTE 1T, BPSCRCaT 1T A he oBer 2 Sty Ehgraetes Porge are
pol i shi ngf padcdctor siulpgetoed! o neBbowbenei mothe surface of the soft
pl asti c sheet on which the opened pores are formed is subjected to
enbossi ng work. 27
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