DESCRIPTION POLISHING PAD Field [0001]The present invention relates to a polishing pad. 5 More
particularly, the present invention relates to a polishing pad preferably used in order to form a flat
surface in a semiconductor, a dielectric/metallic composite, an integrated circuit, and the like.
Background 10[0002]As the density of a semiconductor device becomes higher, the importance of
technologies such as multilayer wiring, and formation-of interlayer insulating films and electrodes (such
as a plug and a damascene structure) associated with the multilayer wiring is increasing. At 15 the
same time, the importance of planarization pro¢essés. gflthetinterlayer insulating films and the
electrode metal films is increasing. As an eﬁigigﬂ&g%ggqglogxéor the planarization processes, a
polishing technology called CMP (Chemical Mechanical Polishing) is widespread. 20[0003]The CMP
apparatus gefidraflfiincludes a polishing head that holds a semiconductor wafer as a subject to be
processed, a pekshing pad-for, ' -palishi (o] f.a subject e processed, and a
polishing Iat(?r‘lg E}iﬂtqholds. tfh%eeggﬁqﬁ}%%ﬁga?gﬂihpﬁ%ﬁin%%;;a gr%%ceg? 0 ag;%l%nligéﬁé}%tgravﬁgfer using
a slurry, a sedficbRdBEHF waferrdnd’a polishifg PHerhova Felativeoto eadmother,tso that projections of

a semicondugtenwater syrfaee layes ace removed tojplanarize the wafer surface Jayer. A pad surface
is updated by dressing with a diamond 30 dresser and the like for clogging prevention and setting.

[0004]Converitibhafty Ghere @ Kigln e tetirofigy B dielectric/metallic composite,

an integrated circuit, and the like.
Background

10 [0002] As the density of a semiconductor device becomes
higher, the importance of technclogies such as multilayer
wiring, and formation of interlayer insulating films and
electrodes (such as a plug and a damascene structure)

associated with the multilayer wiring is increasing. At

ot
(3]

the same time, the importance of planarization processes of

the interlayer insulating films and the electrode metal

films is increasing. As an efficient technology for the
planarization processes, a polishing technology called CMP

{Chemical Mechanical Polishing) is widespread.

20 [0003] - The CMP apparatus generally inclﬁdes & polishing
head that holds a semiconductor wafer as a subject to be
processed, a polishing pad for performing a polishing
process of a subject to be processed, and a polishing
platen that holds the polishing pad. In a polishing

25 process of a semiconductor wafer using a slurry, a
semiconductor wafer and a polishing pad move relative to
each other, so that projections of a semiconductor wafer
surface layer are removed to planarize the wafer surface
layer. A pad surface is updated by dressing with a diamond

30 dresser and the like for clogging prevention and setting.

000473 Conventiocnally, there is known a technology to

improve wafer flatness and a polishing rate by providing a

groove that is arranged on a pelishing layer surface and



improve wafer flathess and a polishing rate by providing a groove that is arranged on a polishing layer
surface and 2 has a concentric circular pattern and a substantially rectangular cross-sectional shape
(for example, see Patent Literature 1). [0005]However, in this technology, corners in a cross- 5
sectional shape of a groove and burr-like materials formed in the corners caused by dressings
performed prior to, following to, or during polishing mc71y soMetimes cause generation of scratches. To
solve this problem, there is disclosed a technology of providing an inclined surface at 10 a boundary
between a polisting s@fface ahd bgrobve Yior exaiple SeePatent Eitdratures 2adndy3). Citation List

Patent Literatwe-[0008]Patent Literature 1: Japanesg Ratent Application 15 Laid-Qp o
2002-144219 gatent Literature 2: Japanese Pa?ent A<pp ica(t%l%gn nglid‘\?épgre]E (‘?\lc‘;]?n %%‘82?186392
Patent Literatlfe-SXfpanese Patent Application Laid-Open No. 2010-45306 20 Summary Technical

P”ﬂﬂem[OoofwﬁﬁgﬂheinW%ﬁ@@%QQV%BMHKHQaE@%ﬂH@ﬂ%%y, corners in a cross-

5 sectional shape of a groove and burr-like materials formed
in the corners caused by dressings performed prior to,
following te, or during polishing may sometimes cause
generation of scratches. To solve this problem, there is
disclosed a technology of providing an inclined surface at

10 a boundary between a peclishing surface and a groove (for
example, see Patent Literatures 2 and 3V,
Citaticn List
Patent Literature
[0006] Patent Literature 1: Japanese Patent Application

15 Laid-Cpen No. 2002-144219

Patent Literature 2: Japanese Patent Application
Laid-Open No. 2004-186392
Patent Literature 3: Japanese Patent Application

Laid-Open No. 2010-45306

20  Summary
Technical Problem
[0007] Here, the inventors have found that an inclined
surface is provided at a boundary between a polishing
surface and a groove, so that not only scratches are

25 reduced, but alsoc improvement in suction and slurry flow
between a wafer and & polishing pad is developed %o
increase the polishing rate. However, the inventors have
also found that variation of a polishing rate cannot be
suppressed at some angle of the inclined surface.

30 Furthermore, the inventors have alsc found that pro%ision
of such an inclined surface reduces a polishing surface
area to increase a pad cut rate, resulting in shortened pad

1ife.



surface is provided at a boundary between a polishing surface and a groove, so that not only
scratches are 25 reduced, but also improvement in suction and slurry flow between a wafer and a
polishing pad is developed to increase the polishing rate. However, the inventors have also found that
variation of a polishing rate cannot be suppressed at some angle of the inclined surface. 30
Furthermore, the inventors have also found that provi%ion of such an inclined surface reduces a
polishing surface area to increase a pad cut rate, resulting in shortened pad life. 3 [0008]In view of the
above problerh8 #Hs8ociatedlwithi tenveriticnat tedhrotogies; laheobje etsof the present inviention is to

provide a polishing had;that, flr’@%r&glggﬁg (ﬁ)g%hin%] pr(%?:éeég%% ho% gg'on%p:]g%ogggdb %an suppress 5

variation of a polishing rate while maintaining a hig Ing rate. t lem [0009]The
inventors considersd that ahgInélinativn fioh agpatishing surfacead atdgrabye dottom inflbemces a pad

cut 10 rate, a undar t olishi rfa n oqve influences a
polishing rate?%c%qk%ﬁ{r}lﬂc%ent %ﬁ%%ﬁ%ht&%%ﬁs%ﬁead tih%a%%eggé)b erﬁs%%rt?esgolved by
combining an“&hgie &t ®hichfa padebt Faté Wecredses dntllan aagle bt Whictovariationhof a 15
polishing rate eases (0010l Therefore, the present invention employs the following means to solve
the above problems. That is, a polishing pad includes at least a polishing layer, wherein the polishing

layer includes®® grdoveFort 8 pofisking™

[0009] The inventors considered that an inclination from
& polishing surface to a groove bottom influences a pad cut

10 rate, and that an angle at a boundary between a polishing
surface and a groove influences a polishing rate. To
balance them, the inventors considered that the problems
could be sclved by combining an angle at which a pad cut
rate decreases and an angle at which variation of a

15 polishing rate decreases.
[0010G] Therefore, the present invention employs the
following means to solve the above problems. That is, a
polishing pad includes at least a polishing layer, wherein
the polishing layer includes a groove on a polishing

20 surface, the groove having side surfaces, at least one of
the side surfaces includes a first side surface that

extends continucously to the polishing surface and forms an

angle o with the polishing surface, and a second side

surface that extends continuously to the first side surface
25 and forms an angle f with a plane parallel to the pelishing
surface, the angle a formed with the polishing surface is

larger than 95 degrees, the angle B formed with the plane
parallel to the polishing surface is larger than 95 degrees,
and the angle B formed with the plane parallel to the

30 polishing surface is smaller than the angle o formed with
the polishing surface, and a bending point depth from the

polishing surface to a bending point between the first side



20 surface, the groove having side surfaces, at least one of the side surfaces includes a first side
surface that extends continuously to the polishing surface and forms an angle a with the polishing
surface, and a second side surface that extends continuously to the first side surface 25 and forms an
angle p with a plane parallel to the polishing surface, 1ﬁhe angle a formed with the polishing surface is
larger than 95 degrees, the angle p formed with the plane parallel to the polishing surface is larger
than 95 degrees, and the angle p formed with the plane parallel to the 30 polishing surface is smaller
than the anglé B¥6AREd Hith theshofisRiRg Suffhee, and adsendiny PoiRtdepthTrdin 2hepokishing
surface to a bgpding-paint-betweenghgfirst side 4 surface and the second side surface is more than
0.2 mm and not more than 3.0 mm. Advantageous Effects of Invention [0011]According to the present
invention, a pOfstfRg &35t that hA& alieng fifeland Bart S0ppress variation of a polishing rate while

maintaining a figh polishing rate.can-e I@EQV*L@%JI-@f@é&?@cﬁi%t{%thi%E%WiQQ?&q]%E@ lisa
partial cross-sectional view 10 illustrating a configuration of a main part of a polishing pad according to

an embodimeREaf tHeprdiant fvertith. FIES2388 parfial TrEss-Ssctiohar vighiifGstPatirgy the
configuration fsecosdexample)lof.a medn pantof & polishing padiacearding-oan embadiment of the

present be provided.
Brief Description of Drawings
roo1z: FIG. 1 is a pertial cross-secticnal view

10 illustrating a configuration of a main part of a polishing
pad accerding to an embodiment of the present invention.

FIG. 2 is a partial cross-sectional view illustrating
the configuration (second example) of a main part cf a
polishing pad according te an embodiment of the present

15 dnvention.

FIG. 3 is a partlal cross~sectional view illustrating
the configuration (third example) of a main part of a
polishing pad according to an embodiment of the present
invention.

20 FIG. 4 is & partial cross-sectiocnal view illustrating
the configuration {(fourth example) of a main part of a
polishing pad according to an embodiment of the present
invention.

Description of Embodiments

25 [0013] Embodiments for carrying out the present
invention will be described below.

The inventors extensively studied a polishing pad that
has a long life and can suppress variation of a polishing
rate while maintaining a high pclishing rate. As a result,

36 the inventors found that the problem described above can be
solved once for all by configuring a polishing pad having
at least a polishing layer, wherein the polishing layer

includes a groove on a polishing surface, and the groove



15 invention. FIG. 3 is a partial cross-sectional view illustrating the configuration (third example) of
a main part of a polishing pad according to an embodiment of the present invention. 20FIG. 4 is a
partial cross-sectional view illustrating the configuration (fourth example) of a main part of a polishing
pad according to an embodiment of the present invention. Description of Embodiments
25[0013]Embodiments for carrying out the present invention will be described below.  The inventors
extensively studied a polishing pad that has a long life and can suppress variation of a polishing rate
while maintaififg ashigh polishingaate. & & eastilt, 30a¢he Inventors foumdstiat dweeproblem described

above can be;solvedsonce, for ally configuring & polishing pad baying af Jeast a palishing layer,

wherein the polishing layer includes a groove on a polishing surface, and the groove 5+has side
surfaces; at |gastronelaf the sidehsurfacesirfcludes adirstsides sarfacenthat extendsicontiauously from

the polishing surface and forms.an angle a with the polishing surface and a second side surface that
extends 5 cor%%%%ﬁ%s@nﬁorﬁ%ﬁg First s%fediﬁrffceecgrrgc? f()sr%ngsgansgﬁg%lg%ew %tplgﬁg %%%Iel to the
polishingssurfacesttheangte & farmeed with thie petishingsusface isdargerdhd 85s zn angle

p with a plane parallel to the polishing surface; the angle
a formed with the polishing surface is larger than 95

degrees, the angle P formed with the plane parallel fo the

polishing surface is larger than 95 degrees, and the angle
10 B formed with the plane parallel to the polishing surface

is smaller than the angle a formed with the polishing
surface; and a bending point depth from the polishing
surface to a bending point between the first side surface
and the second side surface.is more than 0.2 mm and not
15 more than 3.0 mm.
[0014] In the present invention, the polishing pad
preferably has at least a cushion layer in addition to the
pelishing layer. When a cushion layer is not provided,
distortion caused by, for example, water absorption of the
20 polishing layer cannot be buffered. Therefore, a polishing
rate and in-plane uniformity of a material to be polished
unstably vary. A distortion constant of the cushion layer

is preferably not lower than 7.3 x 107° um/Pa and not

higher than 4.4 x 107 um/Pa. From a viewpoint of
25 polishing rate variation and local flatness of a material

to be polished, the upper limit of the distortion constant
is preferably not higher than 3.0 x 107 um/Pa, and more

preferably not higher than 1.5 x 107" pum/Pa. BAlso, the

lower limit of the distortion constant is preferably not
30 lower than 1.0 x 107° um/Pa, and more preferably not lower

than 1.2 x 107° um/Pa. When polishing rate variation is



degrees, the angle p formed with the plane parallel to the polishing surface is larger than 95 degrees,
and the angle 10 p formed with the plane parallel to the polishing surface is smaller than the angle a
formed with the polishing surface; and a bending point depth from the polishing surface to a bending
point between the first side surface and the second side surface is more than 0.2 mm and not 15 more
than 3.0 mm. [0014]In the present invention, the polis‘f’ling pad preferably has at least a cushion layer
in addition to the polishing layer. When a cushion layer is not provided, distortion caused by, for
example, watedlisorptiopof thel20 polishing tayef canmettberbufiered. Thenefdrésapolishing rate and

in-plane unifogmity gf.a materigl to e pelishedunstahly vary, A distortion constant of the cushion layer
is preferably not lower than 7.3 x 160-6 pm/Pa and not“%liéherﬂt an 4Bf x10-4 %?nrlpgc.iFrQoomC%eviewpoint
of 25 polishing pates/tiativa ahelocalfindss efd araterial te bépolishad the Tpperlimit of the

distotion consta g preferablyotdigherahan 3.0, 10:4./Ra. AN OIS pieferably not higher

than 1.5 x 10-4 gm/Pa. Also, the lower limit of the distortion constant is pre y not 30 lower than
1.0 x 10-B pmYP4& latid-fiore préferdsiy Aot lowe? thaid 12 % o5 gtpa.when potidsingpate variation
is 6 large, a polishing-ameunt-ofa material to be polished varies. As a result, a film thickness of a

. material to be polished varies, thereby adversely affecting performance of
tC015)] A distortion constant in the present invention

was calculated according te the following equation:
Distortion constant (um/Pa) = (T1 - T2)/(177 -
10 27)/1000,

wherein T1 (um) is a thickness when a pressure of 27 kPa is
applied for 60 seconds with a dial gauge using an indenter
having a leading end diameter of 5 mm, and T2 {um) is a
thickness when a pressure of 177 kPa is applied for 80

15 seconds thereafter.
[0C16] Examples of such a cushion laver may include, but
are not limited tb, natural rubber, nitrile rubber,
"Neoprene (registered trademark)" rubber, polybutadiene
rubber, thermosetting polyurethane rubber, thermoplastic

20 polyurethane rubber, silicone rubber, non-foamed elastomer
such as "Hytrel (registered trademark)", a polyolefin
foamed body such as "Toraypef (registered trademark, PEF
manufactured by Toray Industries, Inc.)", and non-woven
fabric such as "Suba 400" manufactured by Nitta Haas

25 Incorporated,
[0017] The distortion constant of the cushion layer can
be adjusted depending on a material thereof. For example,
when the cushion layer is a foamed body, increasing a
foaming degree tends to cause the foamed body to become

30 soft. Therefore, the distortion constant tends to increase.
Also, when the cushion layer is non-fecamed, hardness can be

controlled by adijusting a crosslinking degree in the



a semiconductor device. Therefore, the polishing rate 5 variation is preferably not more than 20%,
more preferably not more than 15%. [0015]A distortion constant in the present invention was
calculated according to the following equation: Distortion constant (gm/Pa) = (Tl - T2)/(177 -
1027)/1000, wherein Ti (mm) is a thickness when a pressure of 27 kPa is applied for 60 seconds with
a dial gauge using an indenter having a leading end diameter of 5 mm, and T2 (mm) is a thickness
when a pressure of 177 kPa is applied for 60 15 seconds thereafter. [0016]Examples of such a
cushion layer ftdiFiRefudea B are not limited to, natural rubber, nitrile rubber, "Neoprene (registered

trademark)" rubher gpolybutadiene.rubber, dhermoseting-palyursthang wbbe, thermaplastc 20

polyurethane rubber, silicone rubber, non-foamed elastomer such as "Hytrel (registered trademark)", a
polyolefin foafed Bodysuth-as Fisiaypet (i€gisteidd tradernane PR mantfaciredbyoTormy
Industries, IncyYicard Bepmevenfabsic sueh asr Suba 400: manufactured by Nitia; Haas 25

incorporated. [0017]The distortion constant of the cushion layer can be adjusted depending on a

material therebf. Forexahile Ywheh thé BdsHiba Tayer is°a T6améd Bods fifi cieatifya Foaming degree

tends to cause the faaned hady ¢Q begame Ie-seftJherefere;the distartion copstant tends to

increase. Also, when the cuts}bion Iﬂ/erkis non-foamed, hardness can be controlled by adjusting a
CKBSHangdégﬁ&ﬁﬁﬁﬁe e thickness is preferably not more than 2 mm,

and more preferably not more than 1 mm.
[0019] The polishing layer surface (polishing surface)
10 of the polishing pad according to the present invention has
a groove. Examples of a shape of the groove as seen from
the polishing layer surface may include, but are not
limited to, lattice, radial, concentric circular, and
spiral shapes. When the groove is an open-type and exténds
15  in a circumferential direction, slurry can be efficiently
updated. Therefore, a lattice shape is the most preferable.
[0020] According to the present invention, at least one
of the side surfaces of the groove includes a first side
surface that extends continuocusly from a polishing surface
20 and forms an angle o with the polishing sufface, and a
second side surface that extends continucusly from the
first side surface and forms an angle B with a plane
parallel to the polishing surface. Each of the first side
surface and the second side surface may be plane (linear in
25 a cross—-secticnal shape of the groove) or curved (curved in
a cross~sectional shape of the groove).
00211 In the present invention, the angle o is larger
than 95 degrees, the angle P is larger than 95 degrees, and
the angle B is smaller than the angle o. Thus, variation
30 of a polishing rate can be suppressed while maintaining a
high polishing rate. This can be explained as below.

Variation of a polishing rate is generally large in initial



7 cushion layer. [0018]The thickness of the cushion layer is preferably 0.1 to 2 mm. From a viewpoint
of in-plane uniformity on a whole surface of a semiconductor substrate, the thickness 5 is preferably
not less than 0.25 mm, and more preferably not less than 0.3 mm. Moreover, from a viewpoint of local
flatness, the thickness is preferably not more than 2 mm, and more preferably not more than 1 mm.
[0019]The polishing layer surface (polishing surface) 10 of the polishing pad according to the present
invention has a groove. Examples of a shape of the groove as seen from the polishing layer surface
may include, BECare it lifnifeRe S fattice, Padialk tbheentrit eenlar ardvspirab shdpesy When the
groove is an gpenrtypeAnd exignds 15n ﬁgcira@Hnﬁ%;&ﬂ@'awEf‘g%@ntﬁlgﬁry&?%%%?@8@“5‘%{ updated.
Therefore, a lattice shape is the most preferable. [0020]According to the present invention, at least one
of the side suffabesBFthergrodvd frdluddsa fifst Sidetdiirfaienharextends ebAtisLEREsrom a

polishing surface 20:ang forms an-angle awithythepalishing.surface, and a second side surface that
extends continuou,‘slg from the first side surface and forms an angle p with a plane parallel to the

polishing®surfiée. 5t thé fistSide Shriace 4Ad the Beddhbdisé sarfacE hisbe plav@c@inear in 25

a cross-sectianah shape of the-greeve) erglrved {elved in a cross-sectional shape of the groove).
[0021]In the prﬁzjentjinvention, the angle a is larger than 95 degrees, the angle p is larger than 95
degrees, and the andle p is-Smafist thah fife BAgR a. ThudUiarigtiorentiguration, "a

contact area between a material to be polished and a
polishing pad surface is small. Accordingly, there is a

10 concern that a pad cut rate is high. Therefore, a
configuration in which the groove provides a larger contact
area when the depth of the grocve is equal to or deeper

than a certain depth is preferable. By adjusting the angle

a and the angle P as described above, such an object can be

Lot
[#1]

achieved. The difference between the angle a and the

angle P is more preferably not larger than 55 degrees, and
further preferably not larger than 50 degrees.

[0023] From a viewpoint of retention and fluidity of
slurry, the lower limit of the angle o is preferably not

20 smaller than 105 degrees, and more preferably not smaller

than 115 degrees. Also, the upper limit of the angle o is
preferably not larger than 150 degrees, and more preferably
not larger than 140 degrees. Both the side surfaces
forming a groove and facing each other may have a similar
25 shape. However, since slurry flows due to a centrifugal
force, it is more effective that, of the side surfaces
forming a groove and facing each other, at least the side

surface on a circumferential side has an inclination. The
angle B is not limited as long as the angle B is smaller
30  than the angle a. However, the upper limit of the angle B

is preferably smaller than 150 degrees, and further

preferably smaller than 140 degrees.



30 of a polishing rate can be suppressed while maintaining a high polishing rate. This can be
explained as below. Variation of a polishing rate is generally large in initial S and middle stages of
polishing. However, by providing an inclined surface having an angle larger than 95 degrees at a
boundary between the polishing surface and the groove, not only a polishing rate increases, but also
such 5 variation of a polishing rate in initial and middé stages can be effectively suppressed. [0022]On
the other hand, in such a configuration, a contact area between a material to be polished and a
polishing pad stifade is smifk Zecotdinghe tisereis a210!coritersthatagsad cuttéate is high. Therefore,

a configuration in which the-aroave provides g larger cantact areasmhen the, depth of %%9?%%6 Is
equal to or deeper than a certain depth is preferable. By adjusting the angle a and the angle p as
described ab&kESHe &ndhject an 15 aEhRVBd LFhe dfffefélide Bet@adn thé anglesa and the

angle p is more:preferably noftaiger than,58 degrees; and furtharprefesably notlarger than 50
degrees.éOOZ?:]From a viewpoint of retention and fluidity of slurry, the lower limit of the angle a is

preferably nof20 SHANEFthaR 1o HegréeS & hidre Preferabif notsmalier thaA1asdeyrdes. Also,

the upper limitgktheangle a,is Q;@e%goglgrger than 150 degrees, and more preferably not larger
than 140 degrees. Both the side surfaces forming a groove and facing each other may have a similar

25 shape. HowgGer since sty #i8Ws dueosa: centiifugal fortel s moreffectiveahat; of the side

surfaces forming.a graaue ad facing:each,other.at leastdhe side.surfage on a circupferential side
has an inclination. The angle p is not limited as long as the angle p is smaller
extends continucusly in a direction opposite to a side

10 surface (n - 1) with respect to a side surface n can be
provided. In such a case, an angle (angle (n + 1)) formed
between the side surface (n + 1) and the polishing surface
is preferably larger than 95 degrees and smaller than an
angle n.

15 [0026] Whnen the polishing layer is scraped off as a
material to be polished is polished and the polishing
surface passes the bending point that is a boundary between
the first side surface and the second side surface,
variation of a polishing rate can occur. Furthermore, a

20 pad cut rate differs depending on whether a groove side
surface in the shallowest part i1s the first side surface or
the second side surface. Therefore, the depth from the
polishing surface to the bending point is preferably equal
to or deeper than a level of inhibiting reduction in

25 effects of an inclined groove part on the polishing surface
side. In view of this, and considering that the life of a
polishing pad is preferably long, a specific depth from the
polishing surface to the bending point is preferably not
less than 10% and not more than 95% of the depth of the

30 entire groove, and more preferably not less than 20% and
not more than %0% thereof.

[0027] Since it is important that a pad life is long and

that suppression cof variation of a polishing rate is



30 than the angle a. However, the upper limit of the angle p is preferably smaller than 150 degrees,
and further preferably smaller than 140 degrees. 9 [0024]Here, a side surface (side surface 3) that
extends continuously from the side surface 2 in a direction opposite to the side surface 1. In such a
case, an angle (angle 3) formed between the side surface 3 and the 5 polishing surface is preferably
larger than 95 degrees and smaller than the angle p.l[%OZS]SimilarIy, when n is a natural number
eOsual to or more than 3, a side surface (side surface (n + 1)) that extends continuously in a direction
opposite to a BRIEATTSarface-thv - L) Witk easpett toaside siafdde f cam betpropidédsisuch a case,

an angle (angle, () fosmedbetwean;the side. surface, (0.£,1).-and the polishing surface is
preferably larger than 95 degrees and smaQIIe}? than an angleer?. 1&%0026 %/\[%r%eng%aegepg‘li%ﬁ%gclgyer is
scraped off agamafefiaPRIss Polishdd is'polished afd Tivepolishiry Sufacerpassesithé bending point

that is a boundapebetgendhe figst side-surface and the,second side sudace,variatign of a polishing
rate can occur. Furthermore, a 20 pad cut rate differs depending on whether a groove side surface in
the shallowestpanss thefirst Siersurfateorifie keEoRE sidesurfatb s Thaeforey e depth from the

polishing surfage-i,the bending paint is- peeferably equal to or deepenthan ajevel of inhibiting
reduction in 25 effects of an inclined groove part on the polishing surface side. In view of this, and
considering that tfe AREGE FoliHitd pad & Breféfd I IBRE & Spasiie Beparfbmithe polishing

surface to thesbendiag point jscpreferably nefdess;thancd% apdaatmere thap 95%, ef thedepth of the
30 entire groqve, and more preferably not less than 20% and not more than 90% thereof. [0027]Since

it is importanttfiata padiife- RUof§Rha thAL8UPPEsSaH bFVdritior eta p6lishing Pite is

10 bending point between the first side surface and the second
side surface is preferably not more than 2.5 mm, more
preferably not more than 2.0 mm, and further preferably not
more than 1.8 mm. Also, the lower limit of the bending
point depth from the polishing surface to the bending point

15 Dbetween the first side surface and the second side surface
is preferably not less than 0.3 mm, more preferably not
less than 0.4 mm, and further preferably not less than 0.5
mm.

[0028] A specific shape of the groove according to the

20 present invention as described above will be described with
reference to the drawings. FIG. 1 is a partial cross-—
sectional view illustrating the configuration of a main
part of a polishing pad according to an embodiment of the
present invention. A polishing pad 1 illustrated in FIG. 1

25 has a polishing laver 10. A groove 12 is formed on a
polishing surface 11 of the polishing layer 10. The groove
12 has a first side surface 13 that extends continuocusly to
the polishing surface 11 and inclines at an angle o formed
with respect to the polishing surface 11, a second side

30 surface 15 that extends continuously to the first side
surface 13 and bends with respect to the first side surface

13 at a bending point 14, and a deepest groove part 16. An

angle B of the second side surface with respect to a plane



10 balanced with, the bending point depth from the polishing surface to the bending point between the
first side surface and the second side surface is more than 0.2 mm and not more than 3.0 mm. The
polishing surface described here 5 means a polishing surface before the polishing layer is scraped off.
When the bending point depth is deep, a pad life becomes short. When the Pending point depth is
shallow, a polishing rate varies. The upper limit of th ]bending point depth from the polishing surface
to the 10 bending point between the first side surface and the second side surface is preferably not
more than 2.5 fifd, mdre preferdbly Rothbre that 64/, and furtlidkprefetatly Hot Mdte than 1.8

mm. Also, the Iz? er Iigpigqf tp&pe dinbgtp%ig ge t&‘lg[%) 5hel o@Jsh' surface to the hending point 15
between the ws%/?\gde surface andf:llwe seconé‘si?e suréagce is%re e#a I?%é I%EtsC tf?gn%%Bemm, more
preferably notless shamg.4smd,zarwd fukther preferably not less than 0.5 mm. [0028]A specific shape of

the groove ac jRg to th resent inventio SCri il b scribed with reference
to the drawingfsg.bgél%g lis a% éa%féi)él %ror%s%gegléongaﬁ%: ;ﬁégt%}gtﬁ%gé%evc\g%f%ﬁrgat%%&%\gmain part of a
polishing®pad Beéording {6 anembodi@nt bEthégwesent inveritioht Alpolishing pgad. tdfustrated in
FIG. 1 25 has.g polishing layer,10. A.grogve 124s formed on.g,polishing surface 11 of the polishing
layer 10. The groove 12 has a first side surface 13 that extends contintiously to the polishing surface
11 and inclinesracare andles fornfedhiith: idspebhd the Poliskingsipfacén 1F asecond side 30 surface

15 that extendg continuqushyto;the fist side sudaes,13 gnd herdsvithraspegtiosthe figst side surface

13 at a bending point 14, and a deepest groove part 16. An angle p of the second side Surface with
respect to a phaie* 415darkfleltBEhe pohishiAg SuffEed 189s smallefthaf the Bkleda BF e first side

surface1k3 withorespegt totheqolishingsyrface Ilustrated in FIG. 3, 2 boundary
part between the second side surface 15 and a deepest part
20 may constitute a curved surface. Also, like a groove 21
of a polishing pad 4 shown in FIG. 4, the cross-sectional
shape of second side surfaces 15 and a deepest part 22 may
15 constitute a U-shape.
[0030] As th@ polishing layer constituting the polishing
pad, a closed cell structure is preferable, because a flat
surface is formed in & semiconductor, a dielectiric/metallic
compesite, an integrated circuit, and the like. The
20 hardness cf the polishing layer measured by an Asker D
hardness meter 1s preferably 45 to 65 degrees. When the
- Asker D hardness is less than 45 degrees, as the wafer in-
plane uniformity of a polishing rate for a material to be
polished decreases, the uniformity of wafer in-plane
25 planarization properties {(planarity) tends to decrease.
(00311 Examples of a material for forming such a
structure may include, but are not particularly limited to,
polyethylene, polypropylene, peolyester, polyurethane,
polyurea, polyamide, polyvinyl chloride, polyacetal,
30 peoelycarbonate, polymethyl methacrvlate,
polytetraflucrocethylene, epoxy resin, ABS resin, AS resin,
phenol resin, melamine resin, "Neoprene (registered

trademark)"” rubber, butadiene rubber, styrene butadiene



[0029]Here, a groove shape configured by the second 5 side surfaces 15 and the deepest part 16 is
not limited to the shape illustrated in FIG. 1. For example, like a groove 17 of a polishing pad 2
illustrated in FIG. 2, a deepest part 18 may have a bottom surface substantially parallel to the polishing
surface 11. Also, like a groove 10 19 of a polishing p?g 3 illustrated in FIG. 3, a boundary part between
the second side surface 15 and a deepest part 20 may constitute a curved surface. Also, like a groove
21 of a polishing pad 4 shown in FIG. 4, the cross-sectional shape of second side surfaces 15 and a
deepest part 22 15 Ebngtithieta BESRAPE 16030]R8 the péﬁs%ﬁﬁé’%eF BBRSHtuting the polishing
pad, a closed £ellstructure s peeferable; hecause asflat sunface is-formed n a-;semicgnductor, a
dielectric/metallic composite, an integrated circuit, and the like. The 20 hardness of the polishing layer
measured by GRTRSKET B hardnéls thetBPicSpraferaBy 45 Treb B&greas Swhehlthe Adker D hardness
is less than 45 degeees: asribe waferin-plane upidermity: of aipalishing-ratg fora material to be

polished ecrea?%s?, the jémiformity of wafer inﬁlﬁne 25 planarization properties (planarity) tends to

decrease’ [003T[EXaMpled ot A materiaPor Formiing sugh™rdtfickdre may tfuded but are not
particularly lingited/to; pohatiaylere palyprapyleng cpelyester palyurethanecpalyueea, polyamide,

polyvinyl chloride, palyacetal, 30 polycarbonate, polymethyl methacrylate, palytetrafluoroethylene,
epoxy resin, A@g‘?%gin,ASE r%s?ﬁ%ﬁ qﬁglnr%si]n,s N o e i%pr%%%?ﬂ?gﬁ%?éid trad@mark)"

rubber, butadiemeyabiiér, istyrene dutadiene 11 2rubberyethyleae propytene:tibbersglicone rubber,

fluorine rubber, alnd resins inc%uding hese as a rrpdai% cce)H}pé)gth. Two or more 81;these may be used.

. ) 130CvVanare, 2 elaiiele) reference
Also in these ?esn%fs, smé)e a closed cell cﬁar%e?er cah be
10 polyisocyanate is an active hydrogen-containing compound

that is a compound containing two or more polyhydroxy
groups or an amino group-containing compound. Examples of
polyisocyanate may include, but are not limited to,

tolylene diisccyanate, diphenylmethane diisocyanate,

'_,,,_,\
i

naphthalene diisocyanate, hexamethylene diisocyanate, and
isophorone diisocyanate. Two or more of these may be used.
[0033] A compound centailning a polvhydroxy group is
representatively polycl. Examples thereof may include
polyether polyol, polytetramethylene ether glycol, epoxy
20 resin-modified polycl, polyester polyol, acrylic polyol,
polybutadiene polyol, and silicone polyvol. Two or more of
these may be used. Combination and cptimum amounts of
polyisocyanate and polyol, and a catalyst, a foaming agent
and & foam stabillizer are preferably determined depending
25 on hardness, a cell diameter and a foaming ratio.
(00347 As a method of forming closed cells in the
polyurethane, a chemical foaming method in which various
foaming agents are blended into a resin during production
of polyurethane is generally used. However, a method
30  including foaming a resin by mechanical stirring and
thereafter curing the foamed resin may alsoc preferably be
used.

[003b] The average cell diameter of closed cells is



5 relatively easily controlled, a material including polyurethane as a main component is more
preferable. [0032]Polyurethane is a macromolecule synthesized by a polyaddition reaction or a
polymerization reaction of polyisocyanate. A compound used as a reference of 10 polyisocyanate is an
active hydrogen-containing compound that is a compaound containing two or more polyhydroxy groups
or an amino group-containing compound. Examples of polyisocyanate may include, but are not limited
to, tolylene diisocyanate, diphenylmethane diisocyanate, naphthalene diisocyanate, hexamethylene
diisocyanate, andisophorone diisdeyahaté sFwe or more nf thesermay bearseds [0@33JAcomspound

containing a pojyhydr Xy gro ig epresen tivel ol. Examples thereof may include polyether
polyol, polytetramethylene ét er glyco ,ge%é% Oé/rgsclllln)é-)rfr:%H:a-ifiléagp‘{)%l/ﬁlorf,e Saygsn%aera pg]%ﬁgﬁ ic polyol,
polybutadiene:polyel, aadisilceone pdiyol 2aTwoayenaoreldf thesenmayrbeiused: <ommbination and

optimum amounts of polyis nate and polyol, and a.catalyst, a foaming agent and a foam stabilizer
are preferablymgé:t%rr#haé% géé:ﬁ’d%g 35 %)% %arrd%%%a,%?gelﬁﬁBm%?é?ean%“ﬁ?oeﬂﬁi@]g%}tio?@%34]As a
method of forming eloseg eelts inthe,palyrrethane, a-chemieal fgaming methad inwhich yvarious
foaming agents are blended into a resin during production of polyurethane is generally used. However,

a method 30iRCIGTIRG $6armig R FesiR BY méchahicd Sirring and fierEafiérsfingthé foamed resin
may also preferabilyibe tisede (P03 e average el diameter of slosed cells js 13

magnification of 400 times using an ultra~deep microscope
VK-8500 manufactured by Keyence Corporation, circular cells

10 excluding cells that are observed in a circle in a state of
being deficient in the field end are measured using an
image processing apparatus to obtain a circle-equivalent
diameter from the cross-sectional area. Then, a number
average value 1s calculated.

15 [GC36] A preferred embodiment of the polishing pad
according to the present invention is a pad that contains a
polymer of a vinyl compouﬁd as well as polyurethane and has
closed cells. With only a polymer from a vinyl compound,
toughness and hardness can be improved, but a uniform

20 polishing pad having closed cells is unlikely to be
obtained. Furthermore, polyurethane becomes brittle when
hardness is brought to be higher. By impregnating a vinyl
compound into polyurethane, a polishing pad containing
closed cells and having high toughness and hardness can be

25 obtained.

[00371 A vinyl compound is a polymerizable compound
having a carbon-carbon double bond. Specific examples of
the vinyl compcund may include methyl acrylate, methyl
methacrylate, ethyl acrylate, ethyl methacrylate, n-butyl

30 acrylate, n-butyl methacrylate, 2-ethylhexyl methacrylate,
isodecyl methacrylate, n-lauryl methacrylate, 2-hydroxy
ethyl methacrylate, Z2-hydroxy propyl methacrylate, 2-



preferably not less than 30 pm in order to reduce scratches. Also, in view of flatness of local
unevenness of a material to be polished, the average cell diameter is preferably not more than 150 tra,
more preferably not more than 140 pm, and 5 further preferably not more than 130 pm. The average
cell diameter is obtained as follows. Of cells observed in one field of view when observing a sample
section at a magnification of 400 times using an ultraideep microscope VK-8500 manufactured by
Keyence Corporation, circular cells 10 excluding cells that are observed in a circle in a state of being
deficient in thérfieldetirl dretrmeasuretassing andmage preacessmgiapparatys tooblainaylate,
circle-equival 9!?![9 r Ehr% rossssectional area. Then, a number average value is calculated.
15[0036]A preqf%t-rred e?nt%%%xl?rgént fcﬁ tk%ggptcs){%ﬁ%éﬁp%d%a'cc%rc}fﬁg“ (fg/ e SrteszéﬁiE %%&%igdn is a pad that
contains a pol§iiey bfa%irtd compolintedswell as pofyurethamé andavasiclosedt beltse Withronly a

polymer from & vinyl cempaund, toughness and hardness.can he improved, byt a uniform 20 polishing
pad having closed cells is unlikely to be obtained. Furthermore, Polyuret arie becomes brittle when
hardnessSis brdtigheRyBe Righer 2By imprebmating @vihyl @brmpound intesolysretiiinet aypolishing pad
containing c_:lo&gqgg@gn@ibg\_ﬁg&gﬂglqéqt@’g@g@qgmggqﬁ%r&g? 23 Cq;%iggd.g[POI%?]A vinyl
compound is a poly erizable compound having a carbon-carbon double bon%). pecfﬁ examples of the
vinyl compouritfrayhciGde hictRyCachy ate raéthyineterpaten ethyl aerylate rathginhdthacrylate,
methacrylate, 2 hgkiow oyl TEinaGy e ZAyios oyt MERSCRIA. 5 14 hydrowy byl
methacrylate, Wirhbthi/kinineathy| fhicthacryizte, aicthylamingéthykmethacoylate, glycidyl methacrylate,
cihylene glycal dipethaceyate. a¢ndiacid Jueaghlc g9, Bimals.aed. syl umagale, diethy
or more c¢f these may be used.
(0038} Among the above-described vinyl compounds,
CH,=CR*COOR* (R': a methyl group or an ethyl group, R%: a
methyl group, an ethyl group, a propyl group, or a butyl
i5 group) is preferable. Especially, methyl methacrylate,
ethyl methacrylate, n-butyl methacrylate, and isocbutyl
methacrylate are preferable. This is because closed cells
can be easily formed into polyurethane; monomers can be
favorably impregnated; polymerization curing can be easily
20 performed; and a foaming structure containing a polymer of
a polymerizaticn-cured vinyl cbmpound and polyurethane has
high hardness and faverable planarization properties.
[C039] Examples of a polymerization initiator preferably
used for obtaining these polymers of vinyl compounds may
25 include a radical initiator such as azobisisobutyreonitrile,
azobis(2,4-dimethylvaleronitrile), azobis cyclohexane
carbonitrile, benzoyl peroxide, lauroyl peroxide, and
isopropyl percoxy dicarbonate. Two or more of these may be
used. Also, a redox-based polymerization initiator, for
30  example, a combination of percxide and amines can be used.
F0040] A method of impregnating a vinyl compound into
poclyurethane may include a method including immersing

polyurethane in a vessel containing a vinyl compound. At



5 dipropyl fumarate, maleic acid, dimethyl maleate, diethyl maleate, dipropyl maleate,
phenylmaleimide, cyclohexyl maleimide, isopropyl maleimide, acrylonitrile, acrylamide, vinyl chloride,
vinylidene chloride, styrene, amethylstyrene, divinylbenzene, ethylene glycol 10 dimethacrylate, and
diethylene glycol dimethacrylate. Two or more of these may be used. [0038]Among the
above-described vinyl compounds, 0H2=CRIO00R2 (JREi: a methyl group or an ethyl group, R2: a
methyl group, an ethyl group, a propyl group, or a butyl 15group) is preferable. Especially, methyl
methacrylate, ethyl Méthaieryliates hastylsmethatnydate hand isobutyd neethacrylateigre preferable. This

s because closedlaells capdb easly, fomedinie polieiiang: MANgmers £ap e favorably

impregnated; polymerization curing can be easily 20 performed; and a foaming structure containing a
polymer of a polyh@fiz&tior EGreditARy compburrirarid-peiguretharainas highiardness:and favorable
planarization praperties, {303P]Examples of a polymerization initiator preferably used for obtaining
these polymers of vinyl compounds may 25include a radical initiator such as azobisisobutyronitrile,
azobis(2,%-dirh@fh%/bleronl FilR), ‘e RISyIcH X afie Tarborfitil & lsenzbylyderoxideclaifoyl peroxide,
and isopropyl perexy.dicarhanate.[ewa or moje af thesesnay betised. Alse, aredgx-based

polymerization initiator, for 30 example, a combination of peroxide and amines can be used. [0040]A

method of impteghafing’ A%yl Compoind ifpoluréterielRag indudkea wsHodmstiuding
immersing polyriteibane dx ayessekcontaininga vl eampeunth Mrsctured.

Therefore, the impregnation amount cannot be completely

10  defined. However, for example, the content ratio of the
polymer obtained from the vinyl compound and polyurethane
in a polymerization-cured foamed structure is preferably
30/70 to 80/20 in terms of weight. When the content ratio
of the polymer cobtained from the vinyl compound is ﬁot less

15 than 30/70 in terms of weight, hardness of the polishing
pad can be made sufficiently high. Also, when the content
ratio is not more than 80/20, elasticity of the polishing
layer can be made sufficiently high.
(00421 Here, the content ratio of the polymer obtained

20 from the polymerization-cured vinyl compound in
polyurethaﬁe can be measured by a pyrolysis gas
chromatography/mass spectrometry technigue. An apparatus
that can be used in this technique may include a double-
shot pyrolyzer "PY-2010D" (manufactured by Frontier

25 Laboratories Ltd.) as a thermal decomposition apparatus and
"TRIO-1" {(manufactured by VG) as a gas chromatography and
mass spectrometry apparatus.
00437 In the present invention, from a viewpoint of
flatness of local unevenness of a semiconductor substrate,

30 a phase of the polymer obtained from the vinyl compound and
a phase of polyurethane are preferably contained without
being separated from each other. When expressed

quantitatively, it is preferable that an infrared spectrum



15 that time, treatments such as heating, pressurizing, pressure-reducing, stirring, shaking, and
ultrasonic vibration are preferably performed in order to increase an impregnation speed. 5[0041]The
impregnation amount of the vinyl compound into polyurethane should be determined depending on
types of the vinyl compound and polyurethane to be used and properties of a polishing pad to be
manufactured. Therefore, the impregnation amount ¢&nnot be completely 10 defined. However, for
example, the content ratio of the polymer obtained from the vinyl compound and polyurethane in a
polymerizatioptcttéd $6aniea structre s pretérabye30/ 70 %0 8020 aers dh Weight. When the
content ratio (_;)Lfn t%u;:- ?oroelgn%r o@tgéneed f{(%r(r)] tQ% é@nx\li co pé)ugd isC n%tilegs Ol? tlgan 38/%0 L\rrleterms of
weight, hardness of the poﬁschlng Ba can be made sufficiently high. Klso, Whén the cortént ratio is not
more than 80420, eldsticity of Hiespalishing:layer saw be ade suffiviently highe §@042)Helfe; dhe content

ratio of the pog%rgegf ogtﬂ'n%doz (grgrrpdthgn%oIgme{irzl%tli:%nfg%readbvsigj Cﬁ%onouggdaiﬂ pgpurethane can be
measured by a pyrofys sgasc romatography?mass Sspectrometry tee nique: An apparatus that can be
used in this techhigues ayrincludad dduble-shétpyrolyzeptR-2010D" ymanofastured by Frontier 25

Laboratories Ltd.). as g thermal %9@%&@&%})%@%[&0 ."T@{ﬁé%}(ﬂ%@ggctured by VG) as a

gas chromatography and mass spectrometry apparatus. [0043]In the present invention, from a
viewpoint of flatresssofdocalunevenness bka semicdnetuetonsybstrate, 30 aphase of the polymer
coparated oMt 40 Gt R GopPLCead ACartaiively, s peforable that an inftared Specrum
16 obtained whenrtthe polishingcpatkibe tbhsémedausing anirfraréd snicrdspestrbmetamuitiv adpot size
of 50 gmchave an infrated. absorption peak,af the polymer polymerizedfrom . . - .,
antistatic agent, a lubricant, a stabilizer, and a dye.
{G045] In the present invention, in order to reduce poor
local flatness and g¢lobal steps, the density of the
polishing layer is preferably not less than 0.3 g/cm®, more
15 preferably not less than 0.6 g/cm’, and further preferably
not less than 0.65 g/cm’. ©On the other hand, in order to
reduce scratches, the density is preferably not more than
1.1 g/cm®, more preferably not more than 0.9 g/cm®, and
further preferably not more than 0.85 g/cm’. Here, the
20 density of the polishing layer in the present invention is
a value measured using a Harvard-type pycnometer (in
accordance with JIS R-3503 standard) with water as a medium.
[0046] Examples of & material to be polished in the
present invention may include a surface of an insulating
25 layer or a metal wiring formed on a semiconductor wafer.
The insulating layer may include an interlayer insulating
film of a metal wiring, a lower-layer insulating film of a
metal wiring, and a shallow trench isolation layver used for
element isolation. The metal wiring may be made from
30 aluminum, tungsten, copper, or an alloy thereof. Examples
of a structure of the metal wiring may include damascene,

dual damascene, and a plug. When copper is ussd as the

metal wiring, barrier metal such as silicon nitride alsc



the vinyl compound and an infrared absorption peak of 5 polyurethane, and that infrared spectra in
various locations be approximately the same. An infrared microspectrometer to be used here may
include IRgs manufactured by SPECTRA-TEC. [0044]In order to improve properties, the polishing pad
10 may contain various additives such as an abrasive, an antistatic agent, a lubricant, a stabilizer, and
a dye. [0045]In the present invention, in order to reduce poor local flatness and global steps, the
density of the _polishing layer is preferably not less than 0.3 g/cm3, more 15 preferably not less than

0.6 glcm3, antffirher prefSrabhy At 16Ss HaB165°01EM3. On'the Bifrdrharid: in 6rderts Feduce

scratches, the density.isyprefesably aiot morertban d+k glen3, Trare prefesakly not merg than 0.9
g/cm3, and furtheié)referably not more than 0.85 g/cm3, Here, the 20 density of the polishing layer in

the present inVeRtion & a Valtid 1hEaliretiieing e rishvaird-Bpe Hyensmetsir acddrdance with JIS
R-3503 standadd) with water as a enddiurd [0046]Examples of annatesial to be polishedhinrthe present

invention.may inci(ude a surface of an ipsulati ZR/ layer or a metal wiring formed_on a semiconductor
wafer. T?T:’e inSiTa ing ?ffe?{%gyeihc%ﬁga#%ﬁ\gglaﬁe ?ﬁs%lgt%%qﬁﬁoo%e&éﬁjvﬁﬂﬁg, a lower-layer
insulating filnbefsa anetal, witing, ahd: a'shadlow:tyench iselation tayer ysed der-element isolation. The
metal wiring may be made from 30 aluminum, tungsten, copper, or an alloy thereof. Examples of a

structure of the meta eW|r'ing may include damascene, dual damascene, and a plug. When copper is
used as the métat Wiring, bémermmétaksdichyassilicon nittide atsong to the present

invention is suitably used in order to form a flat surface
10 of glass, a semiconductor, a dielectric/metallic composite,
an integrated circuit, and the like.
Examples
[0048] The present invention will be further described
in detail by examples. However, the Present invention
15  should not be interpreted to be limited by the examples.
Measurement was performed as below.
[0049]
<Measurement of cell diameter>
Of cells observed in one field of view when observing
20 & sample section at a magnification of 400 times using an
ultra-deep microscope VK-8500 manufactured by Keyence
Corporation, circular cells excluding cells that are
observed in a circle in a state of being deficient in the
field end are measured using an image processing apparatus
25 to obtain a circle~equivalent diameter from the cross-
secticnal area. A number average value is calculated to

serve as an average cell diameter.

[0050]
<Mezsurement of hardness>

30 Measurement was performed in accordance with JIS
K6253-1597. 7The produced polyurethane resin was cut out

into a plece having a size of 2 cm x 2 cm {thickness:

optional). The piece was used as a hardness measurement



17 becomes a subject to be polished. Currently, silicon oxide is mainly used as the insulating film.
However, a low dielectric constant insulating film is also used. In addition to a semiconductor wafer, a
magnetic head, a hard 5 disk, sapphire, SiC, MEMS (Micro Electro Mechanical Systems), and the like
may be used as a subject to be polished. [0047]The polishing method according to the present
invention is suitably used in order to form a flat surfa 810 of glass, a semiconductor, a
dielectric/metallic composite, an integrated circuit, and the like. Examples [0048]The present invention
will be further¥fE8eriBed 21if detdilby: exarmplesd. Hoeler, the peesent inverttion denshoutd nbt be

interpreted to geggﬁ&tfﬁegﬁg)é& %eég?ngelﬁs% Measurement was ([ﬁ)t%rffjp]f %e(\jﬁ as Q8|%OW_1._ [gg49]

<Measurement of cell diameter> obsérved in one field 6f View when observing 20 a sample
section at a nfagnification of 406rtenes usingiewtraes psmiceascopeMH8500ananufactused by

Keyence Corpqrafian, circular.cells excluding cells,that are obsegved in a circle in a state of being
deficient in theo?rield er?d %re m%asu?edgusiﬁg an?rilaegesprggggsirﬁgg %ﬁara‘%&srgg?osgbf%ﬂ?a
circle-equival@ftadisineterdfromdhe choss-sectionakdrea. Armumidercverage waluBds calenlated to

serve as an ayerage eell diameter, (00501 sMeasyement of hardness>,

[0051] "
<Measurement of micro rubber A hardness>

A cushion layer was cut out into a piece having a size

10 cf 3 cm x 3 cm. The plece was used as a hardness

measurement sample, and left to stand for 16 hours in an
environment of a temperature of 23°C i.2°C and a humidity
cf 50% £ 5%. . Different three points in one piece of sample

were measured using a micro rubber hardness meter MD-1

FY
()]

manufactured by Kobunshi Keiki Co., Ltd. An average value
was calculated to serve as a micro rubber A hardness.
(00527

<Measurement of inclination angle>

. A pad having a groove formed on a polishing layer
20 surface was disposed so that a razor blade was vertical to
a groove direction. Then, the pad was sliced in a groové
depth direction. The obtained groove section was observed

by an ultra-deep microscope VK-8500 manufactured by Keyence

Corporation. An angle (angle o) formed between a

25 polishing surface and a side surface extending continuocusly
to the groove polishing surface was measured. At locaticns
of 1/3 and 2/3 of a radius from a pad center, the closest
grooves were measured. An average of one each location,
two locations in total, was calculated to serve z=s an

30  inclination angle. 2An angle B was measured in a similar
manner thereto,

[CC23]



30Measurement was performed in accordance with JIS K6253-1997. The produced polyurethane resin
was cut out into a piece having a size of 2 cm x 2 cm (thickness: optional). The piece was used as a
hardness measurement 18 sample, and left to stand for 16 hours in an environment of a temperature
of 23C 2C and a humidity of 50% 5%. During meas§5ement, samples were superimposed on each
other to have a thickness of not less than 6 mm. Hardness was 5 measured using a hardness meter
(manufactured by Kobunshi Keiki Co., Ltd., Asker D-type hardness meter). [0051] <Measurement of
micro rubber A hardiE6&5 AAGRYN [aYeFas t0ColGAts a pRé¢eHaving a size 10 of 3 cm x 3 cm.

The piece was usedmasca hargnessneasurement samples and 18ft 1o, stand far16 houts in an
environment of a temperature of 23C 2C and a humidity of 50% 5%. Different three points in one

piece of sampi Wet& méZsured TRIRFE micro riBbePh&ness MeteremMiR e nisiacited By
Kobunshi Keiki Ga:obith An averagervaluerwas calculated i seryeasia microfulbgrAfardness.

[0052] <I\é|easu€r3emgnt of incliqation arégée> A pad havin% a groove formed on a polishing layer 20
surface Was disposedso fiat A%azor Blae WasVeHical 16 AGro0vE direEibr Then>fife fad was
sliced in a graoyeatepth direetier.cT hel ehtainedrgrovwe sectionwas ohserveddy-an uktka=deep
microscope V&%%?a%q_”g]&ncgjr];a}CtuEaedv@étKgxgﬁcedistance from the polishing
surface, to a midpoint between two bending peoints each
including a first side surface and a second side surface
10 and both facing each other, was measured. At locations of
1/3 and 2/3 of a radius from a pad center, the closest
grooves were measured. An average of one each location,
two locations in total, was calculated to serve as a
bending peint depth.
15 [0054]
<Measurement of initial inter-bending point distance>
A pad having a groove formed on a polishing laver
surface was disposed so that a razor blade was vertical to
a groove direction. Then, the pad was sliced in a groove
20 depth direction. The obtained grcove section was observed

by an ultra-deep microscope VK-8500 manufactured by Keyence
Corporation. A distance between two bending points each
having an angle o and including a polishing surface and a
first side surface and both facing each other was measured
25 to obtain a bending point distance. Also, the inter-
bending point distance in the initial stage of polishing
was determined as an initial inter-bending point distance.
[0055]
<Caliculation of distortion constant>
30 A distortion constant was calculated according to the
following egquation:
Distortion constant (um/Pa) = (T1 - T2)/(177 -
27)/1000,



Corporation. An angle (angle a) formed between a 25 polishing surface and a side surface extending
continuously to the groove polishing surface was measured. At locations of 1/3 and 2/3 of a radius
from a pad center, the closest grooves were measured. An average of one each location, two locations
in total, was calculated to serve as an 30 inclination angle. An angle p was measured in a similar
manner thereto. [0053] 19 <Measurement of bendinaopoint depth> A pad having a groove formed
on a polishing layer surface was disposed so that a razor blade was vertical to a groove direction.
Then, the padawvassliced In d groovies5 alepthidikection. Therobtained groove settipn was.observed by
an uItra—deepwrgicroascopjge\é;(- C§r00 a%léfgco:tu&esd Q{ gﬁygn%e Clorporation. A vertical distance from
the polishing sur?acep,% a'midpoint betwéen W6 ben ing poﬁt‘% ea%ﬁ%ﬁ&u&iﬁjgnagﬁr%?side surface and

a second side; suréace-10 andheth facing eachyothen, wasmeastred: At lagationsof43 and)2/3 of a
radius from a pad center, the closest grooves were measured. An average of one each location, two

locations in totdl, (vas CAfCUISRT t8 Sl efad A BENNY Pointdepth #5[0pB4FEMeistrentént of initial

inter-benging poini slistanee> he rAgagdraving a groove formed on a polishing layer surface was
disposed so t %t asréﬁfor blade was vertical to a groove direction. Then, the pad was sliced in a groove
20 depth dire |091. e obtained groove section was observed by an ultra-deep microscope VK-8500
manufacturedkioy Keyénrce Eorpdratior. oA distande: betweenitwodending points each having an angle

a and inclgding a p(:‘:BsSr}.Lip1 sygfa%ea agg first %lgl asu;&fggelgng b th facing, each ot_h_er_ was measured
25 to obtain a bending po%‘nt distance. A so,r%ﬁe m%erqben&lng p%l%}pcﬁgtéﬁ%e ?ﬁat*heéﬁr‘iﬁ%i%tage of
polishing wasIdetermiped iashaminitiad intprebénding poiitidistapee: {6@55lng end point

10  detection under a given polishing condition. Polishing
properties were measured in a diameter direction, excluding
a region of 10 mm from the cutermost circumference of an 8~
inch wafer. Measurement was performed at 37 points per 5
mm on & surface within a radius of 90 mm from the center.

15 Then, an average peclishing rate (nm/minute) was calculated.
[0057]
<Calculation of polishing rate variation>

After 1000 wafers were polished and an average
polishing rate was measured wafer by wafer, a polishing

20 rate variaticn ¢f the first to 700th wafers was calculated
according to the following eguation:

Polishing rate variation (%) = {(Maximum wafer average
polishing rate) - (minimum wafer average polishing rate}} /
(1000th wafer average polishing rate).

25 [0058] When the variation of a polishing rate is large,
insufficient polishing or excess peolishing can cause device
failure. Therefore, the polishing rate variation 1is
suitably low, preferably not more than 30%, and more
preferably not more than 20%,.

36 [0059]
<Measurement of average pad cut rate>

Using Mirra 3400 manufactured by Applied Materials,

Inc., polishing was performed while performing end point



<Calculation of distortion constant> 30A distortion constant was calculated according to the following
equation: Distortion constant ().1m/Pa) =- T2)/(177 - 27)/1000, 20 wherein Ti (pm) is a thickness when
a pressure of 27 kPa was applied for 60 seconds with a dial gauge using an indenter having a leading
end diameter of 5 mm, and T2 (pm) is a thickness when a pressure of 177 kPa was applied for 560
seconds thereafter. [0056] <Calculation of average p%hshing rate> Using Mirra 3400 manufactured
by Applied Materials, Inc., polishing was performed while performing end point 10 detection under a
given polishingecordition: Poligkingproperieswers sheasuredinia diameteridirebtien, @xcliiding a
region of 10 the st circumt, ce of - [nch wafer..Measurement was performed
at 37 points rrJBeI?IJ 15{5%[2] cl%n g%ﬁ%e%%ﬁafggﬁjsﬂg% 9%%r§?ng;r§r%vithg{%:jé%?er.%?S'\dﬁe%pa}]eé%esrage
polishing rateqAm/mirilitePwas ealculated 20087 2Cakeulatioh of potishihg tatewariations #dter 1000

wafers were polished and. an.averag@e 1 -1zt ion was made from dress time (tg)

5 minutes by a dresser,

Average pad cut rate (pm/minute) = (D1 - D2) x 1000/td
The average pad cut rate depends on the inter-bending
point distance as well as the angle a and the angle B. The
inter-bending peoint distance changes as polishing proceeds.

16 When the average inter-bending point distance from the
initial stage toc the final stage of polishing is smaller,
the average pad cut rate is lower.

Average inter-bending point distance (mm) =
{(Polishing initial stage crocss-sectional area) -

15 (Polishing final stage cross-sectional area)} / {(Polishing
initial stage deepest part groove depth) - (Polishing final
stage deepest part groove depith)l}

[0060]
<Calculation of polishing pad life>

20 A groove depth in the polishing initial stage was
measured. Then, an effective groove depth (D3) mm that is
shallower by 0.3 mm from the deepest part was calculated.
Calculation was made from a time (t,) minute during which a

wafer was polished and the average pad cut rate.
25 Polishing pad life (time) = D3 x 1000 / (Average pad cut

rate) x t5/60

The polishing pad life 1s preferably not less than 15

hours.

[0061] Examples 1 to 12 and Comparative Examples 1 to 4
30 will be described below.

(00621

(Example 1)



polishing rate was measured wafer by wafer, a polishing 20 rate variation of the first to 700th wafers
was calculated according to the following equation: Polishing rate variation (%) = {(Maximum wafer
average polishing rate) - (minimum wafer average polishing rate)} / (1000th wafer average polishing
rate). 25[0058]When the variation of a polishing rate 'sZIarge, insufficient polishing or excess polishing
can cause device failure. Therefore, the polishing raté variation is suitably low, preferably not more
than 30%, and more preferably not more than 20%. 30[0059] <Measurement of average pad cut rate>
Using Mirra 3400 martfactiréd By Applied Materialg, ineC pofishifigivas'séidrinetfwhile performing

end point 21 gletegtionsmdena given polishing sandition, waﬁg@ﬁptaﬂa&%héﬁ%m@t%%% (D1)
mm after polishing 30 workpieces and a groove depth (02) mm after polisgée%; 1000 workpieces were
measured. CAEHERGH WA TRadé fronPardss tife @) 8 HhinfitesBy- & dreSser. Riéragepad cut rate

(in/minute) = (L o02) x 1000A4d + ny The:average pageutrate.depends,en e inter:bendipg point
distance gs well as the angle a and the angle % The inter-bending t£|)‘]oint distance cha;};g;s as polishing
proceeds’ 10 WhAdh fhe*&eragé ritef-BEnding bdifitdistaRee EnPike iRftiaF dfage b e fifal stage of

polishing is smalter, thecaverage padauttrateistewer Averageiateribending peingdistance (mm) =
{(Polishing iniggia%tgg%géosgés%cgiggsa{l%reear%élding. Thus, a foamed polyurethane
sheet containing closed cells was produced.
10063 The foamed polvurethane sheet was immersed in

10 methyl methacrylate added with 0.2 parts by weight of
azobisiscbutyronitrile for 60 minutes. Next, the foamed
polyurethane sheet was immersed in a sclution including 15
parts by weight of polyvinyl alcohol "CP" (polymerization
degree: about 500, manufactured by Nacalai Tesque Inc.)}, 35

15  parts by weight of ethyl alcohol (special grade chemical,
manufactured by Katayama Chemical Co., Ltd.}, and 50 parts
by weight of water, and then dried. Thus, a surface layer
of the foamed polyurethane sheet was coated with polyvinyl
alcohol.

20 [00&4d] Next, the foamed polyurethane sheet was placed
between two glass plates via vinyl chloride gaskets, and
then heated for 6 hours at 65°C and for 3 hours at 120°C to
be polymerization-cured. The sheet was released from
between the glass plates, washed with water, and then

25 vacuum~dried at 50°C. The hard foamed sheet obtained as
above was subjected te a slicing process into a piece
having a thickness of 2.00 mm. Thus, a polishing layer was
produced. The content ratio of methyl methacrylate in the
polishing layer was 66% by weight. The polishing layer had

30 a D hardness of 54 degrees and a density of 0.81 g/cm®. An
average cell diameter of closed cells was 45 pm.

i0065] Both surfaces ¢f the obtained hard foamed sheet



15(Polishing final stage cross-sectional area)) / {(Polishing initial stage deepest part groove depth) -
(Polishing final stage deepest part groove depth)} [0060] <Calculation of polishing pad life> 20A
groove depth in the polishing initial stage was measured. Then, an effective groove depth (03) mm that
is shallower by 0.3 mm from the deepest part was calculated. Calculation was made from a time (tp)
minute during which a wafer was polished and the a érage pad cut rate. 25Polishing pad life (time) =
03 x 1000 / (Average pad cut rate) x tp/60 The polishing pad life is preferably not less than 15
hours. [0061]ER&RpECETF12 anbCompakitive Exanthles Y36 430 Mibbeé desdribetiselows [0062]

(Example 1) 224 Hﬁn@@ll}ﬂm@ﬂgg@dmachine, 30 parts by weight of polypropylene glycol, 40 parts
by weight of diphengllmethane diisocianat.e, 0.5 parts by weight of water, 0.3 parts by weight of
triethylamine, 197 pafts by WeigRT8Pa 3iticdRe BrbERStaB/AzEr, 470000 patts By weight of tin octylate

were mixed. The mxiute wag discharged inte 2 mald and subjected to pressure molding. Thus, a
foamed polyurethane sheet containing closed cells was produced. ! )
5 having a distortion constant of 0.15x10™* um/Pa (micro

rubber A hardness 8%) as a cushion laver was laminated on
the polishing layer obtained by the above method via an MA-
6203 adhesive layer manufactured by Mitsui Chemicals
Polyurethanes, Inc. using a roll coater. Furthermore, a

10 double-sided tape 56047TDM manufactured by Sekisui Chemical
Co., Ltd. as a rear surface tape was bonded to the rear
surface thereof. This laminate was punched into a circle
having a diameter of 508 mm. A groove having a groove
pitch of 15 mm, an angle o of 135 degrees, an angle B of

15 120 degrees, and a groove depth of 1.9 mm was formed in an
XY grid pattern on the polishing layer surface. Thus, a
pelishing pad was obtained. A% this time, the bending
point depth was 0.68 mm, and the initial stage inter-
bending point distance was 3 mm.

20 [G087] The polishing pad obtained by the above method
was pasted on a platen of a pelishing machine ("Mirra 3400"
manufactured by Applied Materials, Inc.). Under a retainer
ring pressure = 41 kPa (6 psi), an inner tube pressure = 28
kPa (4 psi), & membrane pressure = 28 kPa (4 psi), a platen

25 revolution = 76 rpm, a polishing head revolution = 75 rpm,
and a slurry (manufactured by Cabot Corporation, 88-25)
flow of 150 mL/minute, 1000 8-~inch wafers as oxide films
were polished using a dresser manufactured by Saesol at a
load of 17.6 N {4 1bf), a polishing time of 1 minute, and

30 an in-situ dressing time of 30 seconds after polishing
started.

(0068} The average polishing rate of the 1000th oxide



[0063]The foamed polyurethane sheet was immersed in 10 methyl methacrylate added with 0.2 parts
by weight of azobisisobutyronitrile for 60 minutes. Next, the foamed polyurethane sheet was immersed
in a solution including 15 parts by weight of polyvinyl alcohol "CP" (polymerization degree: about 500,
manufactured by Nacalai Tesque Inc.), 35 15 parts %y weight of ethyl alcohol (special grade chemical,
manufactured by Katayama Chemical Co., Ltd.), an 50 parts by weight of water, and then dried.
Thus, a surface Jayer of the foamed polyurethane sheet was coated with polyvinyl alcohol.
20[0064]Nextt tHd'fdshTed olydretidie HéSt-was pBRaced lbetie & Wi gRissplates i viigichloride

gaskets, and fhemheateddor6 hours,at65C and for3dhours.atk: 120G, to;be polymerization-cured. The

sheet was released from between the glass plates, washed with water, and then 23 vacuum-dried at
50C. The hard feamiad/shidet bbtairfstfas hbove Was subjeaed tola Skcing précedsantosa piece having

a thickness of.2.00 mm, Thus, a polishjng layerwas produced. The content ratio of methyl
methacrylate in the polishing layer was 66% by weight. The polishing layer had 30 a D hardness of 54

degrees and aYémSity of 0.81 g/cm3. An average cell diameter of closed cells was 45 wt. [0065]Both
surfaces of th@,ﬁg@ﬁg@éi rd foamed sheet 23 were ground. Thus, a polishing layer having a
thickness of 2.4 mm was produced. [0066]Thermoplastic polyurethane (cushion layer thickness: 0.3
1.1m) manufacturedfsyt NifoR M atéd €00 SHaC 5 FaVing a distortioneonstane sf 85x164 pm/Pa (micro

rubber A harcﬁg&ﬁp@é as a g%%ggir%layggwaggng%agt%% on the polishing IaC%]er ObﬁaiQﬁg by the above

method via an MA-6203 adhesive layer manufacture Mitsti Chémicals oﬁyl?rethanes, Inc. using a
roll coater. Furtheraioteca 16 deubkesided tape: 5604 EDemanafactiired dyrSekisuitClemical Co.,

Ltd. as adear %gtlascke tape q:ongs?gctg thg ear urface thereof. Thjs inate wa nched into a
circle having a diémé%erBOf%\é(‘)’jgemm. A gro%@e éf'1av‘|ﬂn%g g%?go%ge%iﬁ:ﬁ of 1 mrrﬁc,l’anagr?g%%eof 135
degrees, an d@nglepeofd&E-120 degreeszanitd dgroove depthrof 1.8 mmivias formed intam Xl grid

paﬂew1onth%gg@ﬂﬂ@g53@%§uggg%g7%gga@_46 mm, and the initial stage
inter-bending point distance was 3 mm. The average
polishing rate was 195.2 nm/minute, and the polishing rate

15  wvariation was 13.2%. The average pad cut rate was 1.15

pm/minute, and the polishing pad life was 21 hours. Thus,
the results were favorable.

(00701

{(Example 3)

20 Polishing was performed in the same manner as that in

Example 1, except that the angle B of the groove on the
polishing layer surface was changed to 100 degrees, the
polishing layer thickness was changed to 3.15 mm, and the
groove depth was changed to 2.65 mm. At this time, the

25 bending point depth was 1.37 mm, and the initizl stage
inter-bending point distance was 3.4 mm. The average
polishing rate was 184.1 nm/minute, and the polishing rate

variation was 17.2%. The average pad cut rate was 1.22

pum/minute, and the polishing pad life was 32 hours. Thus,

30 the results were favorable.
T0071]

(Example 4)



polishing pad was obtained. At this time, the bending point depth was 0.69 mm, and the initial stage
inter-bending point distance was 3 mm. 20[0067]The polishing pad obtained by the above method was
pasted on a platen of a polishing machine ("Mirra 3400" manufactured by Applied Materials, Inc.).
Under a retainer ring pressure = 41 kPa (6 psi), an inner tube pressure = 28 kPa (4 psi), a membrane
pressure = 28 kPa (4 psi), a platen 25 revolution - 762|5pm, a polishing head revolution - 75 rpm, and a
slurry (manufactured by Cabot Corporation, 38-25) flow of 150 mL/minute, 1000 8-inch wafers as
oxide films were poli8hdd &gt deesspE rianufectured by Saesolat mdoad of 4F.6:NA4 Ikif), a

polishing time.of 1 minute, and 30 an in-situ qrressin time of 30.seconds after polishing started.
[0068]The a\%?é%rgg;)io |s§ihger}§i:e88aftthgrﬁ§b0 ﬁl%x%%gg% fitn (\)/\fast%bezﬁ hRYHSnGte. THE polishing rate
variation for 1000 oxidefiinisawas 859 fThe average-pad:eut rate was 1:22 pa¥mjnutecand the
polishing pad life wasgz hours, Thus, the results were favorable. 5[0069] (Example 2) Polishing was

performed in feSsame n¥&iTher B RECin BxathipReE S&ept thaftHe arighs 206k thé ¥éove on the
polishingdayet stiHaee was.changedtg d45wdegrees,the 1Qrgpli§hi@gd@_cyﬁ,r‘,tgicgggg%wg§§hanged to
2.25 mm, and the groove depth was changed to, 1.75 mm. At this time, the bending point depth was
0.46 mm, andtha'iitidl st3ge ir‘?te%endﬁi\% pomtdistaite was™ Rt CFidavérage pfighing rate was

195.2 nm/minutes ahditherpolishingtate initial stage inter-bending point
distance was 3 mm. The average polishing rate was 187.8
nm/minute, and the polishing rate variation was 17.8%. The

10 average pad cut rate was 1.20 pm/minute, and the polishing
pad life was 16 hours. Thus, the results were favorable.
[C072]

(Example 5}
Polishing was performed in the same manner as that in

15 Example 1, except that the angle a of the groove on the
polishing layer surface was changed to 150 degrees, the

angle B was changed to 145 degrees, the polishing layer
thickness was changed to 2.0 mm, and the grocve depth was
changed to 1.5 mm. At this time, the bending point depth
20 was 0.27 mm, and the initial stage inter-bending point
distance was 5 mm. The average polishing rate was 201.9
nm/minute, and the polishing rate variation was 18.9%. The
average pad cut rate was 1.24 um/minute, and the polishing
pad life was 16 hours. Thus, the results were favorable.
25 [0073]
(Example §)
Polishing was performed in the same manner as that in
Example 1, except that the angle o of the groove on the
polishing layer surface was changed to 160 degrees, the
3¢ angle B was changed to 110 degrees, the polishing layer
thickness was changed to 2.5 mm, and the groove depth was

changed to 2.05 mm. At this time, the bending point depth



15 variation was 13.2%. The average pad out rate was 1.15 pm/minute, and the polishing pad life was
21 hours. Thus, the results were favorable. [0070] (Example 3) 20Polishing was performed in the
same manner as that in Example 1, except that the angle p of the groove on the polishing layer
surface was changed to 100 degrees, the polishing layer thickness was changed to 3.15 mm, and the
groove depth was changed to 2.65 mm. At this time,%ﬁe 25 bending point depth was 1.37 mm, and the
initial stage inter-bending point distance was 3.4 mm. The average polishing rate was 184.1
nm/minute, ariththelpolishiny ratedakiaton Was 1F.2%t Fhe avetage pad dutratewasl.22 pm/minute,

and the polishing pad ife was 32 hgurs. Thus A thedesults were fyouaile, [001LExaple 4) 25

Polishing was performed in the same manner as thatin Example 1, éxcept that the angle a of the
groove on the"FoikhiHgHayeF8GrTacEewWaS EhaRdEd tor E0@ dBgiebs T tHenangle piad ghangédto 98
degrees, the pglishing. layer,5 thickness was ghan .0.mm, and the groove depth.was changed
to 1.5 mm. At this—tgn]i%ﬁe%end?ng poiﬁt gepth ng@éﬁ%%%a%he?rrlllﬁalggfggg?n ér%lgléﬁﬁng point
distance Wwas Badml The aletagé potishing ratéwas 187.8 nme/minute, and ¢he polishiig #ate variation
was 17.8%. Tr[1901§)4 verage pad cut rate was 1.20 pin/minute, and the polishing pad life was 16 hours.

Thus, the results were favorable. [0072]
(Example 7

Polishing was performed in the same manner as that in
Example 1, except that the angle o of the groove on the

10  polishing layer surface was changed to 115 degrees, the

angle B was changed to 100 degrees, the polishing layer
thickness was changed to 2.0 mm, and the groove depth was
changed to 1.5 mm. At this time, the bending point depth
was 0.27 mm, and the initial stage inter-bending point

15 distance was 3 mm. The average polishing rate was 182.5
nm/minute, and the polishing rate variation was 17.5%. The
average pad cut rate was 1.22 pm/minute, and the polishing
paa life was 16 hours. Thus, the results were favorable.
[0075]

20 (Example 8)

Polishing was performed in the same manner as that in

Example 1, except that the angle o of the groove on the
polishing layer surface was changed to 165 degrees, the
angle [ was changed to 155 degrees, the polishing layer

25 thickness was changed to 2.2 mm, and the groove depth was
changed to 1.7 mm. At this time, the bending point depth
was (0.5 mm, and the initial stage inter-bending point
dlstance was 5 mm. The average polishing rate was 190.2
nm/minute, and the polishing rate variation was 15.6%. The

30 average pad cut rate was 1.36 pm/minute, and the polishing

pad 1ife was 17 hours. Thus, the results were favorable.
[0076]



(Example 5) Polishing was performed in the same manner as that in 15 Example 1, except that the
angle a of the groove on the polishing layer surface was changed to 150 degrees, the angle p was
changed to 145 degrees, the polishing layer thickness was changed to 2.0 mm, and the groove depth
was changed to 1.5 mm. At this time, the bending poﬁnjt depth 20 was 0.27 mm, and the initial stage
inter-bending point distance was 5 mm. The average polishing rate was 201.9 nm/minute, and the
polishing rate variation was 18.9%. The average pad cut rate was 1.24 gm/minute, and the polishing
pad life was 16"HGUFB 1 Fhis, the results were favorable. 25[0073] (Example 6) Polishing was

performed in the same mannerqasthat nExampled, excepthakthe angle a,0fhe grogve on the
polishing layer surface was changed to 160 degrees, the 30 angle p was changed to 110 degrees, the

polishing layer ¥itkiess was EhaRged (52 55, RAdHRE Groove d&sth WascHged®2.05 mm. At

this time, the baadingdpoint depth26 wasd. 1% mmg.and thepjsiah siags interbendingpainydistance
was 5 mm. The average olishing rate was 183.8 nm/minute, and the polishing rate variation was

16.4%. The al8rage’ Pad Gutrate Was 1-35 pfiimihitts, &t the Fsihihg"s Bad tife Was 21™Rours.
Thus, the resttltsswere favorablez[O74h(Exampled)ng point distance was 3 mm.

The average polishing rate was 185.7 nm/minute, and the

polishing rate variation was 14.4%. The average pad cut

rate was 1.23 um/minute, and the polishing pad 1ife was 28
10 hours. Thug, the results vwere favorable.

[0077]

(Example 10}

Polishing was performed in the same manner as that in

Example 1, except that the polishing laver thickness was
15 changed to 3.5 mm, and the groove depth was changed to 3.0

mm. At this time, the bending point depth was 2.6 mm, and

the initial stage inter-bending point distance was 3 mm.

The average polishing rate was 183.3 nm/minute, and the

polishing rate variation was 15.1%. The average pad cut
20 rate was 1.24 um/minute, and the polishing pad. life was 36

hours. Thus, the results wexe favorable.

(00781

(Example 11)

Polishing was performed in the same manner as that in

25 Example 1, except that two angles « that face each other

via the groove on the polishing layer surface were changed

to 135 degrees and 130 degrees so that the two angles

facing each other differ from each cother. At this time,

the bending point depth was 0.69 mm, and the initial stage
30 inter-bending point distance was 3 mm. The average

polishing rate was 191.8 nm/minute, and the polishing rate

variation was 9.0%. The average pad cut rate was 1.20



Polishing was performed in the same manner as that in Example 1, except that the angle a of the
groove on the 10 polishing layer surface was changed to 115 degrees, the angle p was changed to
100 degrees, the polishing layer thickness was changed to 2.0 mm, and the groove depth was
changed to 1.5 mm. At this time, the bending point depth was 0.27 mm, and the initial stage
inter-bending point 15 distance was 3 mm. The average polishing rate was 182.5 nm/minute, and the
polishing rate variation was 17.5%. The average pad cut rate was 1.22 pJm/minute, and the polishing
pad life was MR TRus AhE résEitscwérestalbraieod15]20(Examplé8)Pelishift was

performed in the.same manneras.that in Example 1, except that the angle a of the groove on the
polishing layer surface was changed to 165 degrees, the angle p was changed to 155 degrees, the

polishing layef 25 thickness was changed to 2.2 mm, and the groove depth was changed to 1.7 mm.
At this time, the bepding point depth was 0.5 mm, and the initial stage inter-bending point distance was
5 mm. The average goljshipg rate was 190.2 nm/minute, and the polishing rate variation was 15.6%.
The 30 average pad=&ut t&W&s 136 WRATAGTIE Andthé PolisHng paaifewas 2 7theurs i Thus, the

results were fayarable: [0076]: 22 Example 9) 1. 1RRlishing was performed in the same manner as

that in Example 1, except that the polishing layer thickness was changed to 2.9 mm, and the groove
depth was chafigéd o 2 HasmbAngisitife, tebarding point depttowas 12e1 pim  aid the initial

stage inter-beeiag point distaneeWas 34nm, JheAveiag BRSTING (AIG s K3 gryinute, and
the polishing rate variation was 14.4%. The average pad cut
the polyester film surface. At this time, the bending
10  point depth was 0.69 mm, and the initial stage inter-
bending point distance was 3 mm. The average polishing

rate was 192.8 nm/minute, and the pelishing rate variation
was 9.3%. The average pad cut rate was 1.22 pm/minute, and
the polishing pad life was 22 hours. Thus, the results

15 were favorable.
[0080]
(Comparative Example 1)

Pclishing was performed in the same manner as that in

Example 1, except that the angle o of the groove on the

20  polishing layer surface was changed to 93 degrees, the
angle B was changed to 90 degrees, the polishing layer
thickness was changed to 2.0 mm, and the groove depth was
changed to 1.5 mm. At this time, the bending point depth
was 0.27 mm, and the initial stage inter-bending point

25 distance was 1.5 mm. The average polishing rate was 180.1

o\@
.

nm/minute, and the polishing rate variation was 45.1
Thus, the polishing rate variation was large. The average
pad cut rate was 1.12 pm/minute, and the polishing pad life
was 18 hours. Thus, the results were favorable.

30 10081]
(Comparative Example 2)

Polishing was performed in the same manner as that in



rate was 1.23 gm/minute, and the polishing pad life was 28 10 hours. Thus, the results were favorable.
[0077] (Example 10) Polishing was performed in the same manner as that in Example 1, except
that the polishing layer thickness was 15 changed to 3.5 mm, and the groove depth was changed to
3.0 mm. At this time, the bending point depth was 2.%§1m, and the initial stage inter-bending point
distance was 3 mm. The average polishing rate was™183.3 nm/minute, and the polishing rate variation
was 15.1%. The average pad cut 20 rate was 1.24 gm/minute, and the polishing pad life was 36 hours.
Thus, the resBitsWerefavorabie o078 rtxdrmpleal1y Polishing wassperformes iorthé lsame manner

as that in 25 ple.1, ex tha I th ce_each other via the groove an the polishing
%@@lﬁﬂnf g@/tep EM%QQQ Q%% :t&'geeqacto Q% degr %\‘1

layer surface were chandged to 135 degrees and 130 degrees so that theet%voeé’ngleg’ a?cing each other
differ from eachoiherpAtthis timenthelbending point depth wasd.69 mnand thesipitial stage 30
inter-bending 1?}%”5 dzilstance was %rr%m. The av ra(ge olishi%gara e was 191.8 nm/minute, and the
polishing rate VATIEHION Was G 0% %ggvergae%a fateWas 1 209 28 fikfnfiiie arit fhe polishing
pad life was 22-oursdThus, thé results werectaverablene, the bending point depth

was (.27 mm, and the initlial stage inter-bending point
distance was 3 mm. The average polishing rate was 189.5
nm/minute, and the polishing rate variation was 30.8%,
Thus, the polishing rate variation was large. The average
10 pad cut rate was 1.5 pum/minute, and the polishing pad life
was 13 hours. Thus, the life was short.
[0082]
(Comparative Example 3}
Polishing was performed in the same manner as that in
15 Example 1, except that the angle P was changed to 98
degrees, the polishing layer thickness was changed to 2.0
mm, and the groove depth was changed to 1.5 mm. At this
time, the bending point depth was 0.15 mm, and the initial
stage inter-bending point distance was 3 mm. The average
20 polishing rate was 190.1 nm/minute, and the polishing rate
variation was 36.2%. Thus, the polishing rate variation
was large. The average pad cut rate was 1.42 um/minute,
and the polishing pad life was 14 hours. Thus, the life
was short,
25 [0083]
(Comparative Example 4)
Polishing was performed in the same manner as that in
Example 1, except that the angle o of the groove on the
polishing layer surface was changed to 160 degrees, the
30  angle P was changed to 100 degrees, the polishing layer
thickness was changed to 2.5 mm, and the groove depth was

changed to 2.0 mm. At this time, the bending point depth



[0079] (Example 12) 5Polishing was performed in the same manner as that in Example 1, except that
a polyester film having a thickness of 188 m was bonded to the rear surface of the polishing layer via
an adhesive, and a cushion layer was bonded to the polyester film surface. At this time, the bending
10 point depth was 0.69 mm, and the initial stage inter- bending point distance was 3 mm. The
average polishing rate was 192.8 nm/minute, and th %olishing rate variation was 9.3%. The average
pad cut rate was 1.22 pin/minute, and the polishing pad life was 22 hours. Thus, the results 15 were
favorable. [008®F (CormparativecExkantiple DrPdlishingsvas pedsirad hethéisememanner as that in
Example 1, exceptthatdhe angle a0f thergroovegnithe 20.nalishing,layer surface was changed to 93
degrees, the angle p was changed to 90 degrees, the polishing layer thickness was changed to 2.0
mm, and the §ROCUE B8Pt wWaRthakgeld 155 Hiff. Atthis thaé Ldelisendiig péit 8&pth was 0.27
r1n8r8 ,1and the initigd stage-interbending;peint 25-distanee was 1.5 mm . The averagepalishing rate was
5 pad cut rate was 1.32 pm/minute, and the polishing pad life

was 21 hours. Thus, the results were favorable.
10084] The results obtained in Examples 1 to 12 and

Comparative Examples 1 to 4 described above are shown in

Table 1.



nm/minute, and the polishing rate variation was 45.1%. Thus, the polishing rate variation was large.
The average pad cut rate was 1.12 pm/mlnute and the polishing pad life was 18 hours. Thus, the

results were favorable _30[0081].(Comparative Example 2) Polishing was performed in the same
manner as that ;ﬁj“ “gixam:pl é exgepijhatg esf Qle a of the groove on the polishing layer surface
was changed o293 dégrees, the angle pwasthanged|to 90 degrees, the polishing layer thickness
was changed to 2.0, mim, and the groove depth was 5 ¢hanged to 1.5 mm. At this time, the bending
point depth Was@ﬂfi mm, and e inftial|stage inter-bending point distance was 3 mm. The average
polishing rate was t89.5mmiminute;and-the-patist rate variation was 30.8%. Thus, the polishing
rate variation W@m arge gThe average 10 ﬁadg:ut:r teewas 1.5 Rm/minute, and the polishing pad life
was 13 hours. Thus. the life was short. [0082] (Comparative Example 3) Polishing was performed in
the same manng‘r—ag ihat in 15 £xample| 1z except ﬂhgt the angle p was changed to 98 degrees, the
polishing layer thi€Knéss was |changed to 2.0 im: and|the groove depth was changed to 1.5 mm. At
this time, the bending point depth'was UJI5 mm, and the initial stage inter-bending point distance was
3 mm. The averggeg.@ polishing rate-wasg196.1 Am/minute, and the polishing rate variation was
36.2%. Thus, the polishing rate variation| was large| The average pad cut rate was 1.42 pm/minute,
and the pollshlng pad kife was 14 hours. Thus, the life was short. 25[0083]
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(Comparative Example 4) Polishing was performed in the same manner as that in Example 1,
except that the angle a of the groove on the polishing layer surface was changed to 160 degrees, the
30 angle p was changed to 100 degrees, the polishing layer thickness was changed to 2.5 um, and the
groove depth was changed to 2.0 mm. At this time, the bending point depth 30 was 0.60 mm, and the
initial stage inter-bending point distance was 4 mm. THe average polishing rate was 184.6 nm/minute,
and the polishing rate variation was 31.0%. Thus, the polishing rate variation was large. The average 5
pad cut rate wes-E 391 5HR/nfihtRES ahdltke polishing pad life was 21 hours. Thus, the results were
favorable. [0084 i, results objained in,Examples.L 19,12 apd Comparative Examples 1 to 4
described above are shown in Tablel. 32 Reference igns List [0086]1, 2, 3, 4 Polishing pad 10
Polishing layer 10 Polishing layer

11 Polishing surface

5 12, 17, 19, 21 Groove
13 First side surface
14 BRending point
15 Second side surface

le, 18, 20, 22 Deepest part



11 Polishing surface 512, 17, 19, 21 Groove 13 First side surface 14 Bending point 15 Second side
surface 16, 18, 20, 22 Deepest part 33 CLAIMS 1. A polishing pad comprising at least a polishing
layer, wherein the polishing layer comprises a groove on a polishing 5 surface, the groove
having side surfaces, at least one of the side surg ces comprises a first side surface that extends
continuously to the polishing surface and forms an angle a with the polishing surface, and a second
side surface that extends continuously to the 10 first side surface and forms an angle p with a plane
parallel to the polishing surface, the angle a forméd-#tHIhe polishing surface is larger than 95

degrees, the angle pfosmedawith the-plane parallel to,the polishing swifageis larger than 95 degrees,

15 and the angle p formed with the plane parallel to the polishing surfacé is smaller'thanthe angle a
formed with the*péfisHing surface, and a bending point depth from the polishing surface to a

bending point betweendhe first side,surfagr-and the-secand 20 sids syifage is, mase than 0.2 mm and

not more than 3.0 mm. 2. The polishing gad according to claim 1, wherein a difference between the

angle a formetWith te pofighifg c°ve having side surfaces,

at least one of the side surfaces comprises a first

side surface that extends continucusly to the polishing

surface and forms an angle o with the polishing surface,

and a second side surface that extends continuously to the

10 first side surface and forms an angle B with a plane

parallel to the polishing surface,
the angle o formed with the polishing surface is
larger than 95 degrees, the angle § formed with the plane
parallel to the polishing surface is larger than 95 degrees,
15 and the angle B formed with the plane parallel to the

polishing surface is smaller than the angle o formed with
the pclishing surface, and

& bending point depth from the polishing surface to a
bending point between the first side surface and the second

20 side surface is more than (.2 mm and not more than 3.0 mm.

2. The polishing pad according to claim 1, wherein a
difference between the angle o formed with the polishing

surface and the angle B formed with the plane parallel to

25 the polishing surface 1s not larger than 55 degrees.

3. The pelishing pad according to claim 1 or 2, wherein

the angle a formed with the polishing surface is not

smaller than 105 degrees and not larger than 150 degrees.
30

4. The polishing pad according to any one of claims 1 to

3, wherein the angle [ formed with the plane parallel to



surface and the angle p formed with the plane parallel to 25 the polishing surface is not larger than 55
degrees. 3. The polishing pad according to claim 1 or 2, wherein the angle a formed with the polishing
surface is not smaller than 105 degrees and not larger than 150 degrees. 30 34 the polishing surface
is larger than 95 degrees and smaller than 150 degrees. 5.The polishing pad according to any one of
claims 1 to 5 4, wherein a groove pattern on the polissfﬁng surface is grid-shaped.

the polishing surface is larger than 95 degrees and smaller

than 150 degrees.

5. The polishing pad according to any one of claims 1 to
5 4, whereln a groove pattern on the polishing surface is

grid-shaped.



