1 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@gsgéég%ﬂﬁ@%terlayer insulating films and the
electrode metal films is increasing. As an effigienttechnaogy for the olanarization processes, a
polishing technology. called CMP (Chemical Mechanical Polishing) is widespread. 20[0003]The CMP
apparatus gengr}eﬁ%qncludes a polishing head that holds a semiconductor wafer as a subject to be
processed, a pplishing pad for perfoaningta pakshing process Of @ssubied tebeprpeessask@nd a
polishing glaten that holds the polishing pad. In a polishing 25 process of a semiconductor wafer using
5 slury, aCsem i RIGETG WaTe BParH polishirdt Sa fiove 1ERtive B eath otier, 58 tfiat projections of
a semiconductpn waferisurfacedayperdrereinioyedste pldnarizedbe wafersuttace [Ayer. A pad surface
is updated by dres%ing with a_diamond 319 pge%%err and Epe Iﬂ<e fgr cIo)c;%ing &r@vention and sgtting.
[0004]The polisgﬁllﬁgaprgpé“rlﬁeas ot CMPACIUGe Variods relqewr%cr:nernjt%rbgerﬁes“ %gprgggﬁt%%lﬁeWafer
local flatness, securimgeafglobal flatmess), preventioniof stidtehes, 2 securing of a high polishing rate,
and the like. Tié%re{{orgbi@n%rder to achieve these, various designs are provided in a groove
configuration (suc% dsa groove pattern and a groove cross-sectional shape) of a polishing pad. The 5
groove cobfigutdticitis one dfthielargest fHctorsceifertingrtiie polishing prapertias: [0@05)Fer example,

there is known,g tachnolagy fo jmprove wafer flatness, and a polishing fate Ly proyiding a.groove that

is arranged on a polishing layer surface and 10 has a concentric circular pattern and a substantially
rectangular crossisettionahshaperfeicexample, seé Patentdfteratre 2 ing films and

electrodes (such as a plug and a damascene structure)
assoclated with the multilayer wiring is increasing. At

15 the same time, the importance of planarization processes of
the interlaver insulating films and the electrode metal
films is increasing. As an efficient technology for the
planarization processes, a pclishing technoleogy called CMP
{(Chemical Mechanical Polishing) is widespread.

20 [0003] The CMP apparatus generally includes a polishing

- head that holds a semiconductor wafer as a subject to be

procegsed, a polishing pad for performing a polishing
process cof 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, sc¢ that projections of a semiconducter 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 clecgging prevention and setting.
[0004] The polishing properties of CMP include various
reguirement properties represented by wafer local flatness,

securing of global flatness, prevention of scratches,



[0006]However, in this technology, corners in a cross- sectional shape of a groove and burr-like
materials formed 15 in the corners caused by dressings performed prior to, following to, or during
polishing may sometimes cause generation of scratches. To solve this problem, there is disclosed a
technology of providing an inclined surface at a boundgary between a polishing surface and a groove
(for 20 example, see Patent Literatures 2 and 3). Citafion List Patent Literature [0007]Patent Literature
1: Japanese Laid-open Patent Publication No. 2002-144219 25Patent Literature 2; Japanese
Laid-open PatéfCBtbRctDh No Pob-PE83d 1 2P aheritdrature 3 Japafese LRSI Patent

Publicatin No. 2010:4£306-Suawrary-39 teehnical-Pieblens[0008]\Whendhe greeue: eregs-sectional

shape is substantially rectangular, there have been problems that the polishing rate is not sufficient

and that the pBlisPRY "Erat8 15 B forvary eSPaTTaIIF T TSl fo Afiddi& Stage¥ofolishing in

addition to the ghave-desecribed prohlenh {0063 kieks, the inventarsdravedopgad thatmreinclined 5
surface i55provided at a boundary between a polishing_surface andf%%ro%ve, so that not only
b

scratches-are FEdliRed, BEFAISE Thprovdment it sTiction AR siiFRP f7eST 3 wafer and a

polishing pad is fievetapes torsake thiespatishing tate highes than that of a polishing pad 10 having a

groove with a ntially rectangular cross- sectional shape. Howeyer, the inventors have also found
ﬁﬁ%ﬁg : f?arpe iR {%Ife S S

that as a polishi yeriss y dfessing witha diamond dr%%serl? Lgorggve“ Width of a groove

with such a structure gradudllydetreasessto reddce apgrodeé: volwmes b fegultingsin @idecrease in the

pol@sh@ng rate in 3:tck)lgﬁl%te ggagei%f %Ornsgiﬁ‘ . Moreover g}eiigﬁle%tori h_a\ée f%lﬁngftggé v%rlj%tion of a
polishing rate Hecomes farger in specﬁlc yS|carf propber Ies of’a%usﬁl%nﬁaye .

10 has a concentric circular pattern and a substantially
rectangular cross—-sectiocnal shape (for example, see Patent
Literature 1).

[0000] However, in this technology, corners in a cross-
sectional shape of a groove and burr-like materials formed

15 in the corners caused by dressings performed pricr to,
following to, or during polishing may sometimes cause
generation of scratches. To solve this problem, there is
disclesed a technology of providing an inclined surface at
a boundary between a polishing surface and a groove (for

20 example, see Patent Literatures 2 and 3).
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25 Patent Literature 2: Japanese Laid-open Patent

Publication No. 2004-1863%2

Patent Literature 3: Japanese Lald-cpen Patent
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Summary

30 Technical Problem
[0008] When the grcove cross-sectional shape is

substantially rectangular, theres have been problems that

the polishing rate is not sufficient and that the polishing



[0010]In view of the above problems associated with 20 conventional technologies, an object of the
present invention is to provide a polishing pad that, among other polishing properties, can suppress
variation of a polishing rate while maintaining a high polishing rate. Solution to Problem 25[0011]The
inventors considered that an angle at a boundary between a polishing surface and a groove affects
variation of a polishing rate. Moreover, the inventors considered that unevenness in suction and slurry
flow on a polishing surface occurs under influence of a cushion Iaéer, 30 ,resultinr%in variation of a

polishing rate, &Hdtthafin'ortigr#o prevERt thi§ SHE prébien cdh bé Solvettby?dombinthy ' stibstance
having rigidity #itedhe cughips layar: i Therefere: thecpresentinventionemploys-thedallowing means
to solve the above problems. That is, a polishing pad includes at least a polishing layer and a cushion
layer, whereinzfﬁ@lﬁ%)ﬁghng layer comprises a groove on a 5 polishing surface, the groove having side
surfaces and g bott@mn surfagerat, leastone of thieoside surfaces cpmptisas adfitstiside sugdce that
extends c§ntinuou§g to the polishin sgrfage anfgi forrg%s an z:lggtlle a with the Qlisﬁgg surface, and a
second side sGrface that &xtents 10 cohtiuots yot](“)'L & first 3ide Stiface &fd formid ah angle p with a
plane parallel tasthezpolishing surfacesthe angletafotmad withnthe patishing surfacess larger than 90

degrees, the anglcfL %% é%meg v,gitgihe plaﬁrlle ltparallel t% the poIishEir_JL% surf%%e iSslnot sm%lher than 85
e

degrees, and th andle puformea%vi%h %eoﬁgﬁg%araﬁfél to'the pcﬂisﬁlng Surface’is smialler than the

angle a formed =ithdhe pslisking susfade zabehdmg ipointdepth frode theel. pplishing surface to a
bending point etween thekﬁrst sidgégrfgg ﬁ@g tg%sgcgrgld ideﬁsurfaceli§ not less th%n 0.4 mm and
not 20 more th%hEB.BCf%r%?éﬁgctrhé: cushi‘on%ayer has a di§toar§or? constant of not 1es$ than 7.3 x 10-6
pm/Pa ahd notmoke thaih 4.400¥68-4+3.MfPa. Advartagédus Effectscafangerition [0022fccording to

the present invention, g polishing 25 pad.that can spppress yayiation of apolishing raje., while

maintaining a high polishing rate can be provided. Brief Description of Drawings [0013]FIG. 1 is a
partial cross-s&&tidhad giew ilastiating d configuration taFhain parfoby pdlisliiagng with a

diamond dresser, a groove width ©f a groove with such a
structure gradually decreases to reduce a greoove volume,

15 resulting in a decrease in the polishing rate in the later
stage of polishing. Moresover, the inventors have Zound
that variation of a polishing rate becomes larger in
specific physical properties cf a cushion layer.

[0010] In view of the abcve problems associated with

20 conventional technologies, an cbiect of the present
invention is to provide a polishing pad that, among other
polishing properties, can suppress variation of a polishing
rate while maintaining a high polishing rate.

Sclution to Problem

25 100111 The inventors considered that an angle at a
boundary between a polishing surface and a groove affects
variation of a polishing rate. Moreover, the inventoers
censidered that unevenness in suction and slurrxy flow on a
polishing surface occurs under influence of a cushion layer,

30  resulting in variation of a polishing rate, and that in
order to prevent this, the problem can be sclved by
combining a substance having rigidity into the cushion

layer.



30 pad according to an embodiment of the present invention. FIG. 2 is a partial cross-sectional view
illustrating the configuration (second example) of a main part of a 5 polishing pad according to an
embodiment of the present invention.  FIG. 3 is a partial cross-sectional view illustrating the
configuration (third example) of a main part of a 5 polighing pad according to an embodiment of the
present invention. FIG. 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 10 invention. Description

of Embodiments [0014JEmbbaTfents Tor BAF7iRG out INEPesent FRNGdS willfe GeSdsed Below.
The inventors gxtensively studied apslishingpadribatitmean suppressyariation of arpolighing rate
while maintaining abj?}ijgélgjrﬁolishin rate. As a resul%,,th%inve tors found that thegqblem can be
solved once fo7 &l Y CONGANG 8 PETEPIG pBE hiva & |edSr e paIRRirt I8YEr 4Rt a Kuthion layer,
wherein the palishingi20 tayer tncludesi a gracve=en agpolishing sutfagepane thengeoove has side
surfaces %nd a b(itto surface; %t least one of the side gurfgces includes a first side sucgface that
extends contirﬁﬁ%u%@ o'the Sb%ﬁsﬁ‘iﬁa’sur aceEnd¥drms %H“arh%les a ﬁithsfh%xﬁoq%ﬁinagnsur?ace, and a
second side 2bstrfage that extendsacontmmuslyrte the first sidel swfacerdrd formscarpangkesp with a
plane parallel to the polishing surface; the le a formed with the.polishing surface is larger than 90
degrees, the a%gl%lﬁp ?(Scrmse'1 with ‘fﬁé‘g épi:aene%ﬁ)q%rglIéel}% ?ﬁeg %oﬁsﬁiiﬁé %ﬁﬁaérgfs %gt s%‘gller than 85 30

degrees, and theiangle pdormned with theplane-paradal tortbe pdishingisurfaseds smalienthan the
angle a formed with the polishing surface; a bending point depth from the 6 polishing surface to a

bending point BEfEERthe St Sid8 SURAde BNAThE $Ec6id side™SurficeS8 hot less than 0.4 mm and

not more than 30, i, Andadistgrtioncanstant of the cushien dayerrisinetleas than £:3,( 4086 gm/Pa
and not 5 more than 4.4 x 10-4 gm/Pa.
with a plane parallel to the polishing surface, the angle

o formed with the pelishing surface is larger than 90
degrees, the angle B formed with the plane parallel to the
polishing surface is not smaller than 85 degrees, and the
15 angle P formed with the plane parallel <o the polishing
surface is smaller than the angle o formed with the
polishing surface, a bending point depth from the polishing
surface to a bending point between tThe first side surface
and the seccnd side surface is not less than 0.4 mm and not
20 more thaen 2.0 mm, and the cushiocn layer has a distortion
constant of not less than 7.3 x 107° pm/Pa and not more

than 4.4 x 107* um/Pa.

Advantagecous Effects of Invention

[0012] According to the present invention, a polishing
25 pad that can suppress variation of a polishing rate while

maintaining a high polishing rate can be provided.

Brief Description of Drawings

[0013] FIG. 1 1is a partial cross-secticnal view

illustrating a configuration of a main part of a polishing
30 vpad according te an embodiment of the present invention.

FIG. 2 is a partial crocss~sectional view illustrating

the configuration (second example) cof a main part of a



[0015]In the present invention, it is important that a polishing pad has at least a polishing layer and a
cushion layer. When a cushion layer is not provided, distortion caused by, for example, water
absorption of a polishing 10 layer cannot be buffered. Therefore, a polishing rate and in-plane
uniformity of a material to be polished vary unstably. Moreover, even when a cushion layer is provided,
an extremely large distortion constant leads to unstable variation of a polishing rate and in-plane

uniformity of a 15 material to be polished. Therefore, th%]gs??rtion corg%antl?is not less than 7.3 x 10-6
gm/Pa and noPfHot& AT 47PK 185 §iPE wHentthe HISioHbRTOnstint bfa &UshisH iayer falls within

this range, variatipsrafiapolishing rate can substantially be suppressed while 20 maintaining an effect

of improving a polishing rate by the groove having an inclination. From a viewpqint of polishing rate
variation and local fla gs:s fg ateRal 16 be poq?:s(ﬁga, %%C&plp%?%%t%@n%vorle gr% é?rﬁp%/lﬁ}& more
than 3.0 x 10-4 gen/Pan and durthergpreferablyactmaonelthan @5 125 x:10:4 /P ac Mareover, the lower

limit is mare precfﬁr{i%y. Ir{ot Iesatréaélcl.r(:) % %O'St%mé%a’ea@ofé'grggzrz greggratbiy notrlggs It1 an 1.2 x 10-5
gm/Pa. en fHe po |sjh|ﬁg FAté variation s I%rge, a pollsr?ung amourit 6f a matefial o be polished
varies. As a resultea remmaining 30 film thickness of a material to be polished varies, thereby adversely

affecting performanc a semiconduyctor. device, Therefore, th %jshin rate, variation. is preferably
not 7 higher than 15‘?A>?%hd£mérge Sr era y not Ilaﬁebr tﬁ%%ﬁjog/gpa[ Oiré]%wdisto?%osn constant in the
present inventioheis @vdlue cakculated ateording extrecfbiowing equation: Distortioh constant (vm/Pa)

- (Ti - T2)/ (1723%%@%%% %eié’c@&_fﬁ)ﬂ%% thickness whe,a,prassyee of, 27 kPaJs applied for 60

seconds with a dial gauge using an indenter'having a leading end diameter of 5’ mm, and T2 (lim) is a
thickness When@a/gressare of 177 kPa is applied for 60 10 seconds thereafter. [0017]Examples of such

a cushion layep may.include, bytarenoflimited to, natural rubber, nitrile rubber, "Neoprene (registered
trademark)" rubber, polybutadiene rubber, thermosetting polyurethane rubber, thermoplastic 15

polyurethane riBBer siliconEtuppdraphfoamed dlastphied cut the present

invention will be described below.
The inventors extensively studied a polishing pad that
15 can suppress variation of a polishing rate while
maintaining & high polishing rate. As a result, the
inventors found that the problems can be solved once for
all by configuring a polishing pad having at least a
polishing layer and a cushion layer, wherein the polishing
20 layer includes a groove on a polishing surface, and the
groove has side surfaces and a bottom surface; at least one
0f the side surfaces includes a first side surface that
extends continuocusly to the polishing surface and forms an
angle o with the polishing surface, and a second side

25 surface that extends continucusly to the first side surface
and forms an angle P with a plane parallel to the polishing
surface; the angle o formed with the polishing surface is
larger than 90 degrees, the angle P formed with the plane
parallel to the polishing surface is not gsmaller than 85

30 degrees, and the angle P formed with the plane parallel to
the polishing surface is smaller than the angle a formed

with the polishing surface; a bending point depth from the



such as "Hytrel (registered trademark)", a polyolefin foamed body such as "Toraypef (registered
trademark, PEE manufactured by Toray industries, Inc.)", and non-woven fabric such as "Suba 400"
manufactured by Nitta Haas 20 Incorporated. [0018]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 25 soft. Therefore, the
distortion constant tends to increase. Moreover, when the cushion layer is ngn-foamed, hardness can
be controlled B adifRiRG aHoSdnRing dégrat i e chsHio IayRr BB ofTHe thickhess b the
cushion layer isyreferably30 Qdo2mnd-romia viewgeintofin-plane usiermihaan a.wheate surface
of a semiconductQr substrate, thepthic egs is prefer bl% %Qt less than 0.25 mm, and rgoré?preferably
c

8 not less tharf83 AT KIGrEBVER- bt aviBHpoft 8f focar iathess Hhe NRRIEE isSrefarbly not

more than 2 mm,-and more preferably pet mosea thamd mms[0020jThe polishing, laygrsurface of the
polishing pad 5 according to the present invention has a groove. Examples of a shape of the groove as

seen from5theIp@ﬁ%ih@ﬂ@e@-s@rﬁ&cé%%ﬂﬁé%e, but are not limited to, lattice, radial, concentric
circular, and spiggl;shapes. \When.the groaue is an opgp-type and extends ip a-circumigrential 10

direction, slurry can be efficiently updated. Therefore, a lattice shape is the most preferable.
[0021]Accordimpid- tHelpreseatintentich: thé gidove Ras-side Sudfaces andaBoostifeaee, and at

least one of the side surfages thereofincludes a first side surface 15 that extends continyously from a

polishing surface and forms an angle a with the polishing surface, and a second side surface that

extends continG@UERrém thé fitst ST suface'ahd forfisSat Bgep Witha prahéPatatkel to the

polishing surface, Each of the firsk sidessutace, ther%%:?@@;@l%%idﬁ stfacenand the bettgmesurface
may be plane (linear in a cross-sectional shape of the groove) or curved (curved in a cross-sectional

shape of the grd6vVe) 202211 Hhe Bresént invenibih Sthengte ais 1drgér shed vary

unstably. Moreover, even when a cushion layer is provided,

an extremely large distortion constant leads tc unstable

variation of a pclishing rate and in-plane uniformity of a
15 material to be polished. Therefore, the distortion

constant is not less than 7.3 x 10°° pm/Pa and not more

than 4.4 x 107% pm/Pa. When the distortion constant of a
cushion layer falls within this range, variaticn of a
polishing rate can substantially be suppressed while

20 maintaining an effect of improving a polishing rate by the
groove having an inclination. From a viewpoilnt of
polishing rate variation and local flatness of a material
to be polished, the upper limit 1s more preferably not more
than 3.0 x 107° pm/Pa, and further preferably not more than

25 1.5 x 10°* um/Pa. Moreover, the lower limit is more
preferably not less than 1.0 x 1077 um/Pa, and further
preferably not less than 1.2 x 107° pum/Pa. When the
polishing rate variaticn is large, a polishing amount of a
material to be polished wvaries. As a result, a remaining

30  f£ilm thickness of a material to be polished varies, thersby
adversely affecting performance cf a semiconductor device.

Therefore, the polishing rate variation is preferably not



than 90 degrees, the angle p is larger than 85 degrees, and 25 the angle p is smaller than the angle a.
Thus, variation 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 and middle stages of
polishing. However, by providing an 30 inclined surfac_? having an angle larger than 90 degrees at a
boundary between the polishing surface and the groove, not only a polishing rate increases, but also
such 9 variation of a polishing rate in initial and middle stages can be effectively suppressed.
[0023]On the dtheFRand Vier abolishiAgiayer dtiRe gFreovevhaiiig Sieh azconfiglratioh-is scraped

off as 5 dressing i performed with a.diamand.dresser, 8 grpove widthgradually.decreages, and a
groove volume becomes smaller. The reduction rate of a groove volume is faster than that for a

common rectafgiiar SRape Hierefsie, aSporshing préceeds fhRReC %idig ¢ distharie capacity 10
decreases, and a defg%qglg{ggtr@ri%@stg%}qglisﬁgg /i@ggea_ge%ﬂhgsqi%i)s /cpfu;grn_ed that a polishing

rate in the later stage of polishing decreases. Therefore, a groove preferably has a configuration in
which the Tedu¢tior Fatef a groove volume decreases after a given 15 depth. By adjusting the angle
a and the anglveﬂpeq:s (ii%sqilbe? ahove, SQCQQ%Q{’%%I ca"%jbeen achieve%.SF:i diff%rgngg efween the
angle a and the ang?e p is pre era ly not smaller than 10 egreéas%ﬁa nolﬁfa‘:“rger than 8e§rsees, and
further preferablymmiot dessfthan D degrees 20-w@idinat mbed thaen 6@ degrses. [0024)rentawviewpoint

of retention and fluidity of slurry, the lower limit of the angle a is preferably not smaller than 105
degrees, and rﬂayelﬁéfgrab%%%gﬁéq thaR135Hegrees MBreotal thé upl! limit of the angle 25
a is preferably fiot targesthanrkh0 degreessand mofe preferakly not lasgenr thanfl40 degrees. Both the
side surfiﬁes forming a groove and facing each other may have a similar shape. However, since slurry
flows dué Yo a EemtrfGyal Toreesf i fiore effective that, of the side 30 surfaces forming a groove and
facing each other) atlepast thessitde suface opwactireumnfesential side/bas aayndlinatione 10put

[0025]Furthermaore, gan%rd[.E[ toO gglcglarlyn%%blhz?r var%%oen of %Pgh%llmg rate, a shape formed by the

second side suiface and the bottom sufface |su§rae era Yy SLsttantlaﬁly rectangufar (@ "C" shape). This

is because 5 nbrenlyzepelishirg;iate eoes not ydeyever ih thedater stagel ofpalishiingn but also a
polishing rate gﬁ%r})ge sta%lhzegﬁgg%qzng% erlggs on ttg% cgntra%geon&d%([m tha&ggn h polishing

rate cannot be mamtaified WHen a groove has a dimpie shape of & substantial rectanglé like a

conventidhal techiplogy; this ¢s amltihexpected effect Thedeasenisnottkrown) Butidtss considered
o 8 A e o
becomes largefcamed body such as "Toraypef (registered trademark, PEF
manufactured by Toray Industries, Inc.}™, and non-woven
fabric such as "Suba 400" magufactured by Nitta Haas
20  Incorporated.
[0018] The distortion constant of the cushion layer can
be adjusted depending on a material therecf. For example,
when the cushion layer is a foamed body, increasing a
foaming degree tends to cause the foamed body to become
25 soft. Therefore, the distortion constant tends to increase.
Morecover, when the cushicn layer is non-foamed, hardness
can be contrelled by adjusting a crosslinking degree in the
cushion layer,
[0019] The thickness of the cushion layer is preferably
30 0.1 to 2 mm. From a viewpoint of in-plane uniformity on a
whole surface of a semiconductor substrate, the thickness

is preferably not less than 0.25 mm, and more preferably



[0026]The substantially rectangular shape described here is not limited to a complete square or
rectangle, but refers to a shape that may include a groove side surface with a little inclination, or a
shape that may include a 20 groove side surface and a bottom surface each having at least partly a
curved surface. The angle p formed between a plane Qarallel to the polishing surface and the second
side surface is preferably not smaller than 85 degrees and not larger than 95 degrees. In order to
achieve easy 25 groove processing, the angle p is more preferably not smaller than 88 degrees and
not larger tharPS2 de§iee, BhdirmBstpreferablf ItFda§rees SooR 7FTHE-RITRI oF thePgroovedbottom of a

rectangular pagtiis prefetably mot fessthae Hs1 mm feoravigwpointef 30 aslumkdisgharge capacity,
and preferably not more than 4.0 mm_in order to inhibit an extreme high discharge capacity that

causes slurry 68 pUliSRiNg S0 b etomemEaitidt. FhdRidth is more preferably not less 11

than 0.3 mm and m@¢ more thaa Zmm, andkiyrther preferabhanet less Han @SImenamnd nekmore than
1.5 mm. Moreover, for easy groove processing, the width is preferably smaller than a groove opening

width on & polidfngstirfite’ 8[06EBWHeR A polishity layeris S afed bA%Ea matehato B2 polished
is polished and-thespalishing surface:passesva beadingfpoimtiibat israebeundary betveery#he first side
surface and the second side suyrface, aria%on of a(rgolishin% rate cap occur Th%refore, the 10 life of a
polishing pad @a%l%%gswyec]db%ﬁz‘é > ThdHepth froftt the 68]?3?1%&91 Sitfaceto h&Bending point is
preferably not lessthan acdepthrevel at which:ar effeetof arpinclined gegove .partibrthe pelishing
surface side is not reduced, argldonc{)_:; nJ%re tQaQ1 a deé)gtgel%\égsl a{I‘{thChcﬁn 15 effect ILﬁ{f{){_gg)Viding a
rectangular shgﬁg%g% be maihtamed. Egcificglﬁ/, since It'is preferablertﬁafnt &life 6 apolishing pad
be long, 1e depilr éscprieferabyi notlgss drarb-8084 and et nigreuthan 9886 of thesdepth of the entire
groove, and mggeﬁ;grfé%rabﬁ/?not Ie%s ,IC@laen g%"é)%arh%régie@gﬁ(%mhan 90%. [0029]Furthermore, when a
0 rme

polishing layer’is scrapedS s réssing is perfo d with a diamond dresser and a groove side

surface in the sffﬁi]lz?west paftds chdnged fr@rrtﬁr@ mmgideisuiﬁa}te_m@ tlvensecdrwd sidewueface, 25
variation of a polishing tate.gcurs and.a.slurry discharge Gapacily is alsp changed, Since it is-a

problem to be solved that variation of a polishing rate in the later stage of polishing is stabilized, the
bending point désth Friohe tive polisiting ShFaee fo tHeBetiting point betweern thes30 filstside surface

and the second side suytace s notiesshan g mmandnolmore hag 10 mm Whanhe bending

point depth is deep, a slurry discharge capacity' becomes insufficient. When the bending point depth is
shallow, 12 sidcecthe distamceto axbendihg pomt whete aistgbleypdiishing ratediszobtainedds short, the

lﬁeOfapo“smgg83d§§¥gg¥§;%%g%1%&%%%%%'@3%%&%@ously from the first side

surface and forms an angle P with a plane parallel to the
polishing surface. Each of the first side surface, the

20 second side surface, and the bottom surface may be plane
(linear in a cross-sectional shape of tThe groove) or curved
(curved in a cross-sectional shape of the groove).
[0022] In the present invention, the angle o is larger

than 90 degrees, the angle B is larger than 835 degrees, and

25 the angle P is smaller than the angle a. Thus, wvariation
of a polishing rate can be suppressed while maintaining a
high polishing rate. This can be explained as below.
Variation of a pclishing rate is generally large in initial
and middle stages of polishing. However, by providing an

30 inclined surface having an angle larger than 90 degrees at
a boundary between the polishing surface and the groove,

not only a polishing rate increases, but also such



bending point depth is preferably not more than 2.5 mm, 5 more preferably not more than 2.0 mm, and
further preferably not more than 1.8 mm. The lower limit of the bending point depth is preferably not
less than 0.5 mm, more preferably not less than 0.65 mm, further preferably not less than 1.0.mm.
10[0030]A specific shape of the groove according to the 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 Qfélgﬁ 15 present

invention. A pdifshiri pad 1%¢hdiwi ireIG 1 Had A polishing'layer"ro, Bhd &'ishisn Tayer 30
laminated on a-surface eppesite to=a polishipg suface 11 of the polishing layer 10. A groove 12 is

formed on the 0&) hing surface 11 of t{ue olishing layer 10. The grooye 12 has a first 20 _side surface
13 that extendEOc %ﬁguouslg% #ﬁ’ee p8l'§hei%gléﬁﬁ§ée )ﬁ%%dﬁnglﬁge%saﬁla%ga%&g %xfo?rﬁegiﬁith respect
to the polishing stitfage Hdv arsecendiside surface; b shatexténdsscoraipaidusly fodke first side surface
13 and bends with respect. to the first side. surface 13 at a bending 25 point 14, %eepest groove
part 16. A anal%eﬁ of ﬁ% sécont éisag%%crjfa‘g%%v%thare(gﬁggot%% [%%%gp%?élle? t§ %geoagolishing surface
11 is smaller thanithe anglé s bfthedirst-side sarfase d 3awith respecrtoltiiepdlishivryesurface 11.

30[0031]Here, a graove shape configur oi the secon ide surfaces 15 apd the deepest.part 16 is
not limited to tﬁéngs Oégézillus ra?edrﬁﬂgll—‘ll(g 1géo$%x%m%€e%ik% a 13 groove 17 of a polishing pad 2

illustrated in FIG:2; a-eépesSt past t®mayrhaveca botiorasurfacersubstaiitially parallel & the polishing
surface 11. MOFS?%;&%%% 3#@8&%&? of a-palishing.pad 3illustrated in, FIG, %@é@%pdaw part
side’s

between the s6CON ace 15 and a deepest part 20 may constitute a curved surface.
Moreover{like Gegroove 21, ofza polishing pall LshowiitEIG-34, the cRssshsectidiaPshape of second

side surfaces 15 and adeepestpat 22, may constitute adJ-shape (Reipg pastafra, 10 substantial

rectangle). [0032]As shown in FIGS. 1 to 4, a cross-sectional shape of the groove according to the

present inventiohscahetie specificallyrepresehtéd by alsUibstamet v-siapet Theks shapes are shown

as an example, andfhe substantighy, 15 sectangular shape, in the presantinvention is not limited to
these. [0033]As the polishing layer constituting the polishing pad, a closed cell structure is preferable,
because a flat 58Fa6E iLformeban fsémiébhalicor, B ditfe GRGTRRASIRE 26 Coffpdsifd! Gh'integrated

circuit, ap% thedig&ﬁ he f@gdaﬁﬁ%g%%gooéiﬁaingd@w measyregihy an AskeDhardness meter is
preferably 45 to 65 degrees. When the Asker D hardness is less than 45 degrees, flathess properties
(ManaHW)ofadﬂaEMQbﬁﬁb@bgmﬁmxﬁuch an object can be achieved. A

difference between the angle o and the angle B is

preferably not smaller than 10 degrees and not larger than

65 degrees, and further preferably not less than 20 degrees

20 and not more than €0 degrees.
[0024] From a viewpoint of retentilon and fluidity of
slurry, the lower limit of the angle o i1s preferably not

samaller than 105 degrees, and more preferably not smaller
than 115 degrees. Moreover, the upper limit of the angle

25 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 shape. However, since slurry flows due to a
centrifugal force, it is more effective that, of the side

30 surfaces forming a groove and facing each other, at least
the side surface on a circumferential side has an

inclination.



25 decrease. When the Asker D hardness is more than 65 degrees, flatness properties (planarity) is
favorable. However, as wafer in-plane uniformity of a polishing rate for a material to be polished
decreases, uniformity of wafer in-plane planarization properties (planarity) tends 30 to decrease.
[0034]Examples of a material for forming such a structure may include, but are not particularly limited
to, polyethylene, polypropylene, polyester, polyurethane, 14 polyurea, polyamide, polyvinyl chloride,
polyacetal, polycarbonate, polymethyl methacrylate, polytetrafluoroethylene, epoxy resin, ABS resin,

AS resin, pheridl $ésih, meldfine e5Ht *Rieoprerdr(&distere® 8 trademarky ¥ruibbaP butddiene rubber,
styrene butadigne 1ubbemn efyleng propyigna;rubbes, silicogiespbber ftuodne yubber, asddsasins
including these as a main_component. Twq or more of these may be used. V\/L?oreover in these resins,
since a closed*célFdiSHeté GarthE 107181t el Bashy toRfrSlled §Fﬁ%§eeﬁaq ridluding polyurethane as
a main compogepkisanarespreferable: 2[0935HRolyurettianess acmacromalesulessymnthesized by a
polyaddition reaction ﬁ?s{ gan}c‘%aoclﬁm rlzgtjon reacglon dog gglyrll%otcyanate. A compgug% gsgad as a reference

of 15 pol 'soc§?§r?at8 ve Jms/‘ %orb%njfgonﬁalmng compogr?(f that Is & compound c?otn%ining two or

more polyhydrexy groups enan aming graup:centniag comhpeundgExamples=of [rdyisocyanate may
include, but are tnog M\lted to,ftollyuirg)% dusocganate dlprlllené/lnée@glrl\grda{lsocyanategzcgina hthalene

.. a pA=Ye! EY periods o ¥ Ty. orisiderin
dusocyanate, hexametﬁyfeene ||socyanqate, |soplsf10rone o?usocyanate. §iY'WO 5r more OFt e%e may

be used. [0036h& tompointd contdisingraypolyhydoxy groudis repiesentatielypelyok Examples
thereof may IngludeRolyatber polvol, podetigmeltiyiene.aibet alyepl, ergxy 2 el meglied polyol,
polyester polygl, acryTic pof’yo?, polybutadiene poly5l, andO’S| Icone polyol. Two or more of these may be
used. Cambinatior and optimunt amoums of polylsoeyasate mndsotysicand acdatalyst; a féaming

agent and a foam stabilizer gre preferably determinegdepending 30 onhardness, a gell diameter and

a foaming ratio. [0037]As a method of forming closed cells in the polyurethane, a chemical foaming
method in whiklevatiess foantihg abehtsraretbleaded ifte -alresinduriry prodviEtorn XI5-6f pélyurethane

is generally used; Howeyey, a-method including foaming, ayresin-by meghanica) stiring.and thereafter
curing the foamed resin may also preferably be used. Moreover, a hollow particular polymer having a

void 5 inside cahdeiknezalet duringimahufheturecof polifemangd groove volume

15 reducticon rate becomes large.
[002¢] The substantially rectangular shape described
here is not limited to a complete square or rectangle, but
rafers to a shape that may include a groove side surface
with a little inclination, or a shape that may include a

20 groove side surface and a bottom surface each having at

least partly a curved surface. The angle B formed between
a plane parallel to the polishing surface and the second
side surface is preferably nct smaller than 85 degrees and
not larger than 95 degrees. In order to achieve easy
25 groove processing, the angle B is more preferably not
smaller than 88 degrees and not larger than 952 degree, and
most preferably 90 degrees.
(00273 The width of the groove bottom of a rectangular
part is preferably not less than 0.1 mm from a viewpoint of
30 & slurry discharge capacity, and preferably nct more than
4.0 mm in order to inhibit an extreme high discharge
capacity that causes slurry on a polishing surface to

become insufficlent. The width is more preferably not less



[0038]The average cell diameter of closed cells is preferably not less than 30 gm in order to reduce
scratches. Moreover, in view of flatness of local unevenness of a material to be polished, the average
cell diameter is 10 preferably not more than 150 gm, more preferably not more than 140 gm, and
further preferably not more than 130 gm. The averagg;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 ultra-deep 15 microsliogﬂe@ VK-(?SOO manufac%ged b¥ Keyence g:ogflalogartliog, circular %%clfrs excluding
cells that are SB&&NED i irgie n%oé:(a?éogfabemé%e icient inthe field 6nd aré Teasure %sing an
image processing appaeattis knobtain arcircleiequivatent dianteter from the.crolis-sectivrnal area. 20

Then, a number average value is calculated. . A preferred embodiment of t olisg}'g
according to tt%é’ Erees%%yin%\%ﬁgr? i’ 5%%%5%%1?8%%?%\% a 68%&& ‘of rveir% rcr%‘)%mE oun r‘}lg'fsjr')\%lvgéll as
polyurethane anghas closed-cellsptithranly adidlymer froped vyl cgmpound,c25 toughness and

hardness can be improved, but a uniform.palishing-pad having ¢lo c&llg} uglékeéy to be obtained.
Furthermc?ie, [?oqé/u@r%ihane t?gc?onmgs %ﬁrgiés%lvhgﬁ h%l?&inee”ssgig b%u%%?o beﬁgher. By impregnating a
vinyl compountkintorpeljurethdree, mopolisting pad montahting 39rciosét:calisidrrd:haging high
toughness and hargdness can be obtajned. Avinyl compound is @ palymerizakle compound 16
having a carbc;angﬁ%%% c?ogu% e Bonc?%pec%%gﬁg(grjﬁples of the vinyl compoundymay include methyl
acrylate, methybmethacpate] éthyd achaae, iyl Methagyiars! rebdsy| aggfaeSn-butyl methacrylate,

2-ethylhexyl methacrylate, isadecyl methacrylate, -lauryl methagrylater 2:hydroxyesthykpethacrylate,
2-hydroxy propyl methacrylate, 2- hydroxy bufyl methacrylate, dimethylaminoethyl methacrylate,

diethylamihoethi/Fmetifactylatel Giyridyd rRehacafiate cetheheYylyEst einetferylate™ crylic acid,
methacrylic 10 acid, fumagic acid, dimethy] fumarate rdiethyl furacate .dipropyl fimarate,gnaleic acid,

dimethyl maleate, diethyl maleate, dipropyl maleate, phenylmaleimide, cyclohexyl maleimide, isopropyl

maleimide, aciicHitl bk 1amnide: Sy ehfdtide, Girghdensdfonas, frere, 3215 Méthyistyrene,

divinylbenzene, ethylene glycal-dimathacrylate rand diethydene alyepk dimethacrytase.shwe of gore of
these may be used. [0040]JAmong the above-described vinyl compounds, 0H2=CR1000R2 (R1: a
methyl group dt%n &BFFGIBtp, R2SaB0metRE ghoti): dh StRyirgrotpY & prédyl §rddy GHa butyl
group) is prefesatie Espaciallys, methylymethacrdateg ety methaerylade, mbuiy methaerytate, and
isobutyl methacrylate are preferable. This is because closed cells can be easil Eormefd into
polyurethane; FiHGMers tan be 55 fivorably ihprégatéd: e’fyr%@ﬁ%at%hec&ri g can bé easily
performed; ang a:feaming;struciure-cantamning apalypenofia pelyatarization-cured Viyscompound
and polyurethane has high hardness and favarable planarization properties..[0041]Examples of a
polymerizationqﬁﬁiato?%%ef@%l?or’ more “ghan é)éﬁ otz %86 dep%h ot Qhe en&re

groove, and more preferably not less than ©6% and not mcre

20 than 20%.

[00Z29] Furthermore, when a polishing layer i1s scraped
off as dressing is performed with a diamond dresser and a
groove side surface in the shallowest part is changed from
the first side surface To the second side surface,

25  variation of a polishing rate occurs and a slurry discharge
capacity is also changed. Since it is a problem to be
solved that variation of a polishing rate in the latér
stage of polishing is stabilized, the bending point depth
from the polishing surface to the bending peoint between the

30 first side surface and the second side surface is not less
than 0.4 mm and not mcre than 3.0 mm. When the bending
point depth is deep, a slurry discharge capacity becomes

insufficient. When the bending point depth is shallow,



30 used for obtaining these polymers of vinyl compounds may include a radical initiator such as
azobisisobutyronitrile, azobis(2,4-dimethylvaleronitrile), azobis cyclohexane carbonitrile, benzoyl
peroxide, lauroyl peroxide, and 17 isopropyl peroxy dicarbonate. Two or more of these may be used.
Moreover, a redox-based polymerization initiator, forf ample, a combination of peroxide and amines
can be used. 5 [0042]A method of impregnating a vinyI'compound into polyurethane may include a
method including immersing polyurethane in a vessel containing a vinyl compound. At that time,
treatments suchi&$ Beatiy PréssiiiAng rassiiededdcing Lstirring Sskaldng et -Gitrasonic 10
vibration are preferably pgrfeenaed insorder 4@ increase an dmpregnationspeeds 5 The impregnation
amount of the vingll‘ compound into polyurethane should be determined degendin on types of the vinyl

compound andPFdiyarEtRan® 16 bt e8Shdhioperties T o R BosHing badtd belffianufactured.
Therefore, the Bpragnation:amodrieannot becomplately defined. Haweveinfor example, the content
ratio of the polymer obtained from the vinyl compound and polyurethane in a_polymerization- cured
foamed structiF&3& pRAtEIEHIF 30170 1086126 T 2638 rmAs 8f Wdight \WhEHHE Tbntent ratio of the
polymer obtaineddremabe yiny compesindris not less:than 3079 indeens of weight.shargdsess of the
polishing pad can be made sufficiently high. Moregver, when the content ratio is.nqQt more than 80/20,
Clasticity of the FOTRHiIRy VLT Eat BE 25 Aisd SUHiGiety nBR (0033 TH&TE e cant@it rato of the
polymer obtained:feom:the gpolymerizationicured viryth cOmpdund in polytinethape €aaeomeasured by
a pyrolysis gasn%r%roweatgg%a}?hxlrﬂla%s spectrometry technique. An apparatus 30 that can be used in
this technique may incitide a double-sho pyrolyzer "PY-2010D" (manufactured by Frontier
Laborataries Ltd0Pa$ a therrhalsgeconipasitidraapparatushand *ERIG- 14 ¢mandfactured by ¥G) as a

gas chromatograghy, apd, 1 mass. speclromelry. apparalls, [044linythg present inyention, frgm
viewpoint of flatness of local unevenness of a semiconductor substrate, a phase of the pgiymer
obtained from thefvinglcompouridiand 52 phase of pdl§urethdrre areopreférablyceartained without

being separateglfrom.sach qiher, When expiasied quantiatively, Lis prefarable that apnfrared

spectrum obtained when the polishing pad be obseérved using an‘intrared microspectrometer with a
spot size of 501 havé 1D &9 nfrated abserptivn peakictdhé polmerpoiymeazdd fronttke vinyl

compound;and.an infrared absatption peak of polirethane, and thatinfrared spectrayinyyarious

locations be approximately the same. An infrared microSpectrometer to be used here may include
13p.s 15 manupsctdidei By SPEGTRANIE@GRA @ cushion layer 30 laminated on a

surface opposite to a polishing surface 11 of the polishing
layver 10. A groove 12 is formed on the polishing surface
11 of the polishing layer 10. The groove 12 has a first

20  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 surface 15 that
extends continuously to the first side surface 13 and bends
with respect to the first side surface 13 at a bending

25 point 14, and a deepest groove part 16. An angle P of the

second side surface with respect to a plane parallel to the

polishing surface 11 is smaller than the angle o of the
first side surface 13 with respect to the polishing surface
11,

30 [0031] Here, a groove shape configured by the second
side surfaces 15 and the deepest part 16 is not limited to

the shape illustrated in FIG. 1. For example, like a



[0045]In order to improve properties, the polishing pad may contain various additives such as an
abrasive, an antistatic agent, a lubricant, a stabilizer, and a dye. [0046]In the present invention, in
order to reduce poor 20 local flatness and global steps, the density of the polishing layer is preferably
not less than 0.3 g/cm3, more preferably not less tha0.6 g/cm3, and further preferably not less than
0.65 g/cm3. On the other hand, in order to reduce scratches, the density is preferably not more than

25 1.1 g/cm3, more preferably not maqre than 0.9 g/cm3, and further preferably not more than 0.85
g/cm3. Here, tﬁ@%‘ﬁ%i@ﬁofﬂé pols Ve i %jgrgre%aénrlﬂuiﬁvgﬁtito%fs% Iﬂ]é"m?asuared using a
Harvard-type pyenoseter §nactordangevatheJiS R<3503rstandaral) withates @s s tiedium.
30[0047]Examples of a material to be pqlished in the present inventjon may incl a surface of an
naulatig ayeh O St Bt WG Toriai G SenRG A or wator e § et e fmay include
an interlayer ingtdatireg 19 filth of apnietalhiinggpadovBerilayesinsalating fiim f @.metal aviring, and a

shallow trgnchjselaionayer.used or elementdsolation. e, metal yiring maycbe made from
aluminum; tungsten, coﬁp r,’or an a onefﬁereo?. xamplesS'Slo a structure of the metal wiring may
include damasteapsdualdarhagdenes: anda@anglugt Wiherecappey ésiused as tiie méfalwirigy barrier

metal such as silicon nitride also becomes a subjegt.t é) qlished, Gu engry, licon,oxide is mainly
used as the in§&l§ﬁn§ fiﬁg.gﬁov%vever, ﬁowe})o%tlﬂe%ecjfﬁ gg%stant insular{glné]L mﬁs also’used: In
addition to a semicondiretdriwafel, imagaetié headoahard disk ssapphies SIC, MEMS (Micro Electra

Mechanical Systems), .and the like may be used as 4 subjest to-he polighed,

%5%%01 e polishing
method accordingto the present invention is suitably used in order to form a flat surface of glass, a
semicondiictors @diefettric metalid-ésapasite, an integrated circuit, and the like. Examples

20[0049]The p;%%%fﬂﬂﬂ%ﬂﬂ@@ will befurther-dascribed.ip detailby. examples- However g present
invention should not be interpreted to be limited by the examples. Measurement was performed as
below. [0050]<MeadtireAich bF cEIF§RRTEIER S50F B8IIPSSSHUEd i FRe idRFof3AdwRFhen observing

a sample sectigpat p-magnification, 0£4Q0, timesyising ankutra-deen microscope VK-8500¢
manufactured by Keyence Corporation, circular cells excluding cells that are observed in a circle in a
state of being & f&i6fAt iRGReShown as an example, and the substantially

15 rectangular shape in the present inventilon is not limited
to these.
[D033] As the polishing layer constituting the polisghing
pad, a closed cell structure is preferable, because a flat
surface is formed in a semiconducteor, a dielectric/metallic

20  composite, an integrated circuit, and the like. The
hardness of the polishing layer measured by an Asker D
hardness meter is preferably 40 to 65 degrees. When the
Asker D hardness 1s less than 45 degrees, flatness
properties (planarity) of a material to be polished

25 decrease. When the Asker D hardness is more than 65
degrees, flatness properties (planarity) is favorable.
However, as wafer in-plane uniformity of a polishing rate
for a material to be polished decreases, uniformity of
wafer in-plane planarization properties (planarity) tends

30 to decrease.
[0C34] Examples of a material for forming such a
structure may incliude, but are not particularly limited to,

polyethylene, pclypropylene, polyester, polyurethane,



30 field end are measured using an image processing apparatus to obtain a circle-equivalent diameter
from the cross-sectional area. A number average value is calculated to serve as an average cell
diameter. 20 [0051]<Measurement of hardness> Measurement was performed in accordance with JIS
K6253-1997. The produced polyurethane resin was gué} out into a piece having a size of 2cm x 2 cm
(thickness: 5 optional). The piece was used as a hardness measurement sample, and left to stand for
16 hours in an environment of a temperature of 23C 2C and a humidity of 50% 5%. During
measurement F$apes ave reskipEfnTTbs Sl OY EaEh dtHeR {0 hade a tRickiiBS§€ b kot less than 6 mm.

Hardness was:L0 easyred vsing@ohardoess meter traanufagtuged by Kobunshi Keiki Co., Ltd., Asker
D-type hardness meter). [0052]<Measurement of micro rubber A hardness> A cushion layer was

cut out into a Fiece hating & 826 ¥F 3 SCF cnERE DiEEShAs SBE de8 hardriessS reasurement

sample, and lefttostand fer; 16 heursan ancemdronmentiof atenperatuee, 0k 23¢-4C and a humidity of
50% 5%. Different three goints in one piece of sample were measured using a micro rubber hardness

meter MD21 mahaERiGred by KEbGTEH Keii 0501, AvRiefagé TEe™0 WAkt ai&iiated to serve as
a micro rubbersA haedness: [0053]eMgasurenaent ofimglination anglesne Aupachaving a groove
formed on a palishing layer surface was ¢disposed so, that a razor blade was vertical to a groove
direction. Thert. tH& ]bjala%viélgﬁbceeﬁ'inaéﬂﬁ‘r Ve 35 depth direttiGn “THE Sbfiinéd Jfodve section was
observed by anditta-geep mictascope \M-8500 Mmamnufastured: by Keyeade Cofporationr Alrangle
(angle a) forme%ggtween aﬂoolishing surface.and a side slurf ce e>géeenrdirclg cogteinuously to the groove

polishing surfaceWas meastred. At c?c:eat%n%]ébsg /3%md 213t a radius from a pad center, the

closest groovesatereimeasuresds Ahyaverage of ore paehtedationafwa tocatidns ¢n total, was

calculated to serve as an, 21 inclination angle. An angle p was measured in a similar manner thereto.
% o Malr n erable

[00541<Mea51?r8jﬁ¥eﬁeof 3ﬁdinaspoa|lnt daepth> ‘AmBEd avinjgsa 8‘%%%e ormed on a polishing layer

[0035] Polyurethane i1s a macrcmolecule synthesized by a
polyaddition reaction or a polymerization reaction of
polyisocyanate. A compound used as a reference of

15 polyisocyanate is an active hydrogen-containing compound
that is a compound containing two or meocre polyhydroxy
groups or an amino group-containing compound. Examples of
polyisocyanate may include, but are not Iimited to,
tolylene diisocyanate, diphenylmethane diisccyanate,

20 naphthalene diisocyanate, hexamethylene diisccyanate, and
isophorone diisocyanate. Two or more of these may be used.
10036] A compound containing a polyhydroxy group is
representatively polyol. Examples thereof may include
polyether pciyol, polytetramethylene ether glycol, epoxy

25  resin-modified polyol, polyester polyol, acrylic polyel,
polybutadiene polycl, and silicone polyol. Two or more of
these may be used. Combination and optimum amounts of
polyisccyanate and polyol, and a catalyst, a foaming agent
and a foam stabilizer are preferably determined depending

30 on hardness, a cell diameter and a foaming ratio.

(00377 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



5 surface was disposed so that a razor blade was vertical to a groove direction. Then, the pad was
sliced in a groove depth direction. The obtained groove section was observed by an ultra-deep
microscope VK-8500 manufactured by Keyence Corporation. A vertical distance from the polishing 10
surface, to a midpoint between two bending points e:liqu including a first side surface and a second
side surface 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, 15 two locations in
total, was calcOlatédto/¥e1ve s s beAdHEF SoiftdeptH SPB55)<taiEiation &f BREGHIGN constant>

A distortion copgiant was.cajciiatedaceording 1o the fallowing equation: 20Disfodien constant
(pun/Pa) = (Ti - T2)/(177 - 27)/1000, wherein_Ti (pin) is a thickness when a pressure of 27 kPa was
applied for 60 8BEGTUiWR a“harGalde Gsihg HRERIESREhaliny £le3fifréiE drRftetePst 5 mm,

and T2 (pm) 25 ds.8 thickaess,when axpressuesofbitkRa was appligdder 68 segends thereafter.
[0056]<Calculation of average polishin% rate> Using a polishing machine "Reflexion” for a 300 mm

wafer marufactthet sy Appli&te § Ut a oliShg BeTWES PEfofthed Whild Seristiiing end point

detection under @ogiwen polishiag £ondiipn. Pelishiag preperties were measuted,lexcluding a region of
less than 16 mm from the 22 outermost circumference of a 12-inch wafer. An average polishing

rate (nm/minute¥ el ‘CHicifated by Meastfifg oRe pintlat the ArtferCenter 4v6 pdfts afaSadius of 5

mm in a diameterdirgclion from fhe wafer 3 center <12 peints,with aniptervalof20.¢ mm in a region of
more than 5 mm and not more than 125 mm, four points with an interval of 5.0 mm in a plane of more

than 125 mm &-Rdtimore thaheL 3P mnt &t two' FotSARES R 0BS5S culafion of in-plane
uniformity of palishing 10rate, . The-polishing peaperties ofthe 200tk polished yateryyere measured

in a similar manner to the above, and calculation was performed according to the following equation:
15In-plane unitdatenity 0f polishing:rdtef (96 k4 {inplant=mighést palishmygrate)-=tn-pEhedowest
polishing rate)} | (Average polishing raje) x 100, [A058lsGaleulation of pofishing rateyariatipp (When
200 wafers weré pof?s}ﬁe(ﬁ

observed in one field of view when observing a sample

section at a magnification of 400 times using an ultra-deep

15 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 to obtain a
circle—eguivalent diameter from the cross-sectional area.

20 Then, a number average value 1s calculated.

A preferred embodiment of the polishing pad according
to the present invention i1s a pad that contains a polymer
of a vinyl compound as well as polyurethane and has closed
celis. With only & polymer from a vinyl compound,

25 toughness and hardness can be improved, but a uniform
polishing pad having closed cells is unlikely to be
obtained. Furthermore, polyurethane becomes brittle when
hardness is brought to be higher. By ilmpregnating a vinyl
compound into pelyurethane, a polishing pad containing

30 closed cells and having high foughness and hardness can be

obtained.

[0039] A vinyl compcund is a pelymerizable compound



20After 200 wafers were polished and an average polishing rate was measured wafer by wafer,
polishing rate variation (polishing rate variation after 200 wafers were polished) from the first to 200th
wafers was calculated according to the following equation: 25Polishing rate variation (%) = I(Maximum
wafer average polishing rate - (minimum wafer avera? polishing rate)} / (200th wafer average
polishing rate). (When additional 500 wafers were polished) After SOO wafers were additionally
polished and an 30 average polishing rate was measured wafer by wafer, polishing rate variation

(polishing rate RAFiafiGn afte? FBBWwarRFROWRré BotshR dy fdfh the FSCio 700t ¥arE3Ras talculated
according to therfgllowingl equationind3 ma yPelisting st yeration (%) ={{Maximun ywafer average
polishing rate) - (Lninimun? V\{hafer a\w e£p0|i83;n rate)) / 790th wafer average pol%hirg_ ate).
[0059]When tHBVAHATON Gt Bpolfehi ggr ST IPGE 5 sUMitidht pOiSHiNg Br Bxc85BoRshing can
cause device failiirel Iberefarenihe potishing catelvariafion s suitablyJow, prefetably ot ragre than
30%, and more gre erahly no% ore than 20%. LCJ{)604E amples 1 to 6€nd %Qrp rative Examples 1
to 5 10 will be 488&ribed below. Tﬁﬁéfﬁf&txea{mﬁe 311 ‘ma ol iﬁg Aiachine’ O&é’rts by weight
of polypropylere glytoh&thparts, by weeighit-of giphenylmethané disobyanaté z0.6 patts by weight of
water, 0.3 parts by weight of triethylamine, 1.7 parts hy weight.of a silicone foam stabilizer, and 0.09
arts by welgH ST A Ben e VerE e, ThE e Nt e Tk o o B CuBeRfed t
pressure moldmge Thys za foaragd polyuréthane shaetcontdining glbsed tells wasgpreduced.

20[0062]The foame lyureth S ' di | methagryl £ ith.0.2 parts
by weight of azeg%|éfs%?k?t%é?r%tﬁ%%o@%%%ﬁﬁ%%?gi I(\elge%)égf,'t%@%éggogyﬁét%%ﬁ%%%ﬂvé&s immersed
in a solutién inslodlihg f@@anéfbyaﬂé@ht of-peipvinyl aﬁlm_ef@@' (éél?ﬁf@Yikaﬁ@W@S@_@gree: about
SO0, manufactyred by Naealai Tesque Inc:). 38 partsby weight of ethyl alcohol (specia) grade
chemical, manufactured by Katayama Chemical Co., Ltd.), and 50 parts by weight of watér, and then
dried. Thus, a Barace yef bptHeotoanied pelyaretiaris: shast Mdsédgted Withlpdipvry 30 alcohol.

[0063]Next, the; foamed polyurethane sheefwas placed befweenwo.glass plates-via.yiny chioride
gaskets, and then heated for 6 hours at 65C and for 3 hours at 120C to 24

vinyl chloride, vinylidene chloride, styrene, o-

15 methylstyrene, divinylbenzene, ethylene glycol
dimethacrylate, and diethylene glycol dimethacrylate. Two
or more of these mav be used.

(00407 Amcng the above-described vinyl compounds,
CHZ=CRI1COCRZ (R1: a methyl group or an ethyl group, RZ2: a

20 methyl group, an ethyl group, a propyl group, or a butyl
group) 1s preferable. Especially, methyl methacrylate,
ethyl methacrylate, n-butyl methacrvlate, and iscbutyl
methacrylate are preferable. This is because closed cells
can be easily formed into polyurethane; monomers can be

25 favorably impregnated; polymerization curing can be easily
performed; and a foaming structure containing a polymer of
a polymerization-cured vinyl compound and polyurethane has
high hardness and favorable planarization properties.
(004171 Examples of a polymerization initiator preferably

30 used for obtaining these polymers of vinyl compounds may
include a radical initiatecr such as azobisisobutyronitrile,
azobis(2,4~dimethylvaleronitrile), azobis cycliohexane

carbonitrile, benzoyl peroxide, lauroyl peroxide, and



be polymerization-cured. The sheet was released from between the glass plates, washed with water,
and then vacuum-dried at 50C. The hard foamed sheet obtained as above was subjected to a slicing
process into a piece 5 having a thickness of about 2 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
a D hardness of 54 degrees and a density of 0.81 g/cm3. An average cell diameter of closed cells was

45 Jim. 10[0064]Both surfaces of the abtained hard foamed sheet were rlouﬂq ;’Qu&, pglishing layer
having a thickn&§%' 6’2 PmRvAS pro licea. %%‘Fh’ern%%?as%é p%?yu@ret ane (%ushibﬁ%ayer

thickness: 0.3usm defined as-cashion lagelcA)- repafactoredrsrby NilomMatai tGe. L btd. having a
distortion consttgnt of 1.5 leéOS Iam/gl%o(n;lligrtoig.{pb%A}Dlgaﬁrggg%%Sg)n@s a.cushion.layeg was laminated
via an a [

on the polishing l%y%?%%%méd By e above metho hesive layer of MA-6203 manufactured
by Mitsui Chemicads Polyurethanes, Inc. using a roll coater. 20 In addition, a double-sided tape

S604TDMmanyfaghired by Selisul Ghaicah (. L a5 5 reprlace daps warshanes o the rear
surface thereof. This laminate was punched into a Circle having a diameter of 775 mm. A groove
having a groowepitctr ot hs nempay ahgielaéf 13528 degteés Bndngle p-8fgF 8égfees, a groove

depth in the deepast part ol f.5 1m,a-ending eelntdaplingl Lmon.aaroousgiotion patshape of a

rectangle, and a groove width of 1 mm was formed in an XY grid pattern on a polishing layer surface.
Thus, a polishinggFad-Was obtainedr3e[be66THe Folishftiy patPebiairietfby thedfove method was

pasted on a platen.af 4 polishing mashine. ¢ Reflexion: manufactured-by,Applied Maerials, Inc.). Under

aretainer 25 ring pressure = 67 kPa (9.7 psi), a zone 1 pressure = 48 kPa (7 psi), a zone 2 pressure =
28 kPa (4%psi) ¥4 26RE Bopreastreras RPANA psHE A PrtRR Fevdlufidi e 59 pnt s pofishing head
revolution = 60, rpm . shurry-(mapufactured 5 by Cabot Corporation, 55-25) flow of 300 mL/minute,
200 12- inch wafers as oxide films were polished using a dresser. manufacturedé:)% Saesol at a load of

17.6 N (4 Ibf), and a POIRhIFGFHAE T Limih RS HE alerageSolishing ratd BRRE 00t Bxide film was
307.7 nm/minyte; and the, inrplane J@unitesmity of anpolishingeate:was £.2%. Theqolishingrate
variation after 200 oxide films were polisheg was 7,2%. The polishing rate vgriation aﬁ%r 7%)0 wafers
were polished WHESGPRARHE WerB uRRerpGirRhisd Was-T1 356, Since ' PadieXiat-allows at least
700 wafers to be pglighed isrkmpegessary; the resulistwerafavdrablee0ezitExamptes2) Polishing
was performed in the same manner as that in E)gEarrr])pleclé eﬁept tlﬂg}t the@nrgel%g ofgg%g\rr%q:vre on the

polishing layer Strfate s CRarget fo 145" H8Grees St - S+ 2y 952

for example, the content ratioc of the polymer obtained from
the vinyl compound and polyurethane in a polymerization-
cured foamed structure is preferably 30/70 to 80/20 in

20 terms of weight. When the content ratio of the polymer
obtained from the vinyl compound is not less than 30/70 in
terms of weight, hardness of the polishing pad can be made
sufficiently high. Moreover, when the content ratic is not
more than 80/20, elasticity of the polishing layer can be

25 made sufficiently high.
[0043] Here, the content ratic of the polymer obtained
from the pclymerization-cured vinyl compound in
polyurethane can be measured by a pyrolysis gas
chromatography/mass spectrometry technique. An apparatus

30 that can be used in this technique may include a double-
shot pyrolyzer "PY-2010D" (manufactured by Frontier
Laboratories Ltd.) as a thermal decomposition apparatus and

"TRTIQ-1" (manufactured by VG) as a gas chromatography and



20 groove width in the groove bottom part was changed to 0.7 mm, and the bending point depth was
changed to 1.15 mm. The average polishing rate was 326.4 nm/minute, the in-plane uniformity of the
polishing rate was 8.3%, and the polishing rate variation after 200 wafers were polished was 25 8.5%.
The polishing rate variation after 700 wafers were polished when 500 wafers were further polished was
13.2%. Thus, the results were favorable. [0068](Example 3) Polishing was performed in the same
manner as that in 30 Example 1, except that the angle a of the groove on the polishing layer surface
was changed 173 8RGO THe-groovRRAitEH iffthe groove bottom part was changed to 0.7 mm, and
the bending pgint depth wag shanrgediotA5tmimv26 tEhengveTage polishiaggatewas £79.6
nm/minute, the in-plane uniformity of the polishing rate was 8.3%, and the_polishing rate yariation after
200 waters werbHNERE s & 570 THRSSIHTGT et vEri A LT Hafe S et & golished
when 500 wafersowere=fusthet: pelished,was 14:-:6%: thds,themesiits were/favorale {0868} {Example

4) Polishigg was performed in tkie same,manner as that j%%(%rggle 1 (-;‘E;(]ce égwa%}i[r%%aggle a of the

groove on the® poﬁ%ﬁin% IaE/Dé)r Sur acehv?/gg c gﬁggg?o rece%'r,1 ae:'Lgroove width in the groove

bottom part was changed-tor® 7avim; and the ddendifgepoint dépth wagoekarmgat to 1.15 mm. The
average polishing rate,was 288.6 nm/minute, the in- iformity of lishing. rate 7.6%,
and the 15 pol%%%ﬁg %éctg%vjéﬁaﬁfﬁ aﬁgr iéjoe%\%a?%%srv%g}fegpgﬂéﬁéd %%/éasl%l. 5/%.91%; %%I%ﬁ%%@te .
variation after Z00anafers wbrnpdlisheploahel 500 wafershwerefsethee polistietbwas 12.7%. Thus, the
results were favojgable. %r)lom Exam%e;ﬁ%zo olishing was performed _in the same manner as that in
Example 1, ex;éléptr flvat emz'}ng 8 &otthe gr[F%o\%: on the p%lissﬂf,l)r(ljgL Iasylé%%u?féce We{ismchaang%d to 100
degrees; the greovenwidih ¢l thebgrooye battope partawvas-changetn:7 pahyand the Serfiding point
depth was chatqged to 1&5 mm. %SHT e average Egljl_shé%%@tg wsaosrz 7i.%nnm/emi ute the in-plane
uniformity of the Sol}rs%?‘ryg raté was .1% and the polishing raFe vanation after 200 Wafers were
polished was 1:8%.: Adierpolishingrrate variatiorf afier=sZ0Gwafers avere potishedisvhen 500 wafers

were further polighed.was 13,8%,30.Thus.he rgsults were favorahle. (007 LIEXample 6)

microspectrometer to be used here may inciude IRUS

15 manufactured by SPECTRA-TEC.
[6045] In order to improve properties, the polishing pad
may contain various additives such as an abrasive, an
antistatic agent, a lubricant, a stabilizer, and a dye.
[0046] In the present invention, in order to reduce poor

20 local flatness and glcobal steps, the density of the
polishing layer is preferably not less than 0.3 g/cm3, more
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 nct more than

25 1.1 g/om®, more preferably not more than 0.9 g/cm®, and
further preferakbly not more than 0.85 g/cm’. Here, the
density of the polishing layer in the present invention is
a value measured using a Harvard-type pycnometer (in
accordance with JI$ R-3503 standard) with water as a medium.

30 [0047] Examples of a material to be polished in the
present invention may include a surface of an insulating
layer or a metal wiring formed on a semiconductor wafer.

The insulating layer may include an interlayer insulating



Polishing was performed in the same manner as that in 27 Example 1, except that the angle a of the
groove on the polishing layer surface was changed to 155 degrees, the groove width in the groove
bottom part was changed to 0.7 mm, and the bending point depth was changed to 1.15 mm. 5 The
average polishing rate was 327.8 nm/minute, the in- plane uniformity of the polishing rate was 9.5%,
and the polishing rate variation after 200 wafers were polished was 10.9%. The polishing rate variation
after 700 wafers were Eolished wgen 500 wafers :gvere fu_rﬁzergolished as.19.9%, %O ThéJSé the
results were favorgblg: [O?)?Iﬁf(@( m‘“bjrg ;75“5' Po s%’i’rsfgI W %ype?fojrrrhse% iﬁt[ﬁél Lafrie Manneras that in
Example 1, exgeptthai: a:potyplefimtbamed body P EEananufastited bynl dray ¢ndustres, fnc.,

foaming ratio: 3.15 timgs,.cu%g%r] Iaa/er tr&jgkn%ses#: 1.0 mlmr)i@lavip#ia di%setolrgion constant of 2,6 x 10-4
pm/Pa (micro FubBer A hardness 65 degrees) was tsed &5 4 Cushion ayer ?éié?ined as cushion layer

B). The averag€. polishing ratemveas:- 275.8camfminute; the in-plahesunifoemity Of theZpelighingrate was

6.3%, and 20 the polishing rate variatiqn after %_)O wafers were polished was 105'4%3 T%geoolishing rate
variation Céfter 950%52%%\3/5}1&60'%%2:?1 Wwhen 50 v@qéfgr%n\%e%gf{lrthré?ﬁé ished Was 14.8%. Thus, the
results were falorabld Aj007 3K Examiplal 8 25Pulishingfines perfapmedin the sdmesmahaer as that in

Example 1, exgepLinal . gigove pich on the polishing.laye surfage yias, changgl i, L5 mm, the
bending point depth was charded to 1.15 mm, and the groove width in the groove botiom part was
changed to 0. PawerEse averdges30-polishimy ket Wdse307. 2 Giminsinttey thesinkplane upifeimity of the

polishing rate was,.4%, and 1he polishing rateyariation after 200 wafers.were palished was 3.9%.
The polishing rate variation after 700 wafers were polished 28 when SOO wafers were further
polishedWas 616%6. THUSL thecresalts WeréT&vorabeny film is also used. 1In

addition to a semiconductor wafer, a magnetic head, a hard
disk, sapphire, $iC, MEMS (Microc Electro Mechanical
Systems), and the like may be used as a subject to be
polished.

15 [0048] The polishing method according to the present
invention is suitably used in order to form a flat surface
of glass, a semiconductor, a dielectric/metallic composite,
an integrated circuit, and the like.

Examples

20 [0049] The present invention will be further described
in detail by examples. However, the present invention
should not be interpreted to be limited by the examples.
Measurement was performed as below.

[0050] <Measurement of cell diameter>

25 Of cells observed in one field ¢f view when observing
a 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

3¢ field end are measured using an image processing apparatus
tec obtain a circle-equivalent diameter from the cross-
sectional area. A number average value 1s calculated to

serve as an average cell diameter.



[0074](Example 9) Polishing was performed in the same manner as that in Example 8, except that the
polishing layer thickness was changed to 2.7 mm, and the bending point depth was changed to 1.8
mm. The average polishing rate was 300.4 nm/minute, the in-plane uniformity of the polishing rate was
4.6%, and the polishing rate variation after 200 Wafer§ Jvere polished 10 was 4.4%. The polishing rate
variation after 700 wafers were polished when SOO wafers were further polished was 9.3%. Thus, the

results were favorable. [0075](Example 10) Polishing was performed in the same manner as that in 15
Example 8, exdépitthat the poiRhirity BY&Fthickheds WHedanged to 3.1 mm, and the bending point

depth was changed tg2:2 nwamERe ayeragefatishingsate, wasZ98:Q Ar¥minute, thedn-plane
uniformity of the oIishil%rate was 4.8%, and the polishing rate variation after 200 wafers were

polished 20 was®4.796. “Fe’ polishinty Fate Vanigtok aitEFRT 66 WatersiisrE pdiRfed Whe500 wafers
were further polighgd was 94264, Thus, dhe results vere favgrable: [0Q76](Example L) Polishing was

performed in the same manner as that in 25 Example 8, except that the polishing layer thickness was
changed te 3.69%i; &rtlthe bérRding pBiFt dépth WaSEhafgéd e 2 Tmae THEAVTaEEePolishing rate

was 297.7 nm/mipute. the, insplape unifgrmity gfthepolishing.rate was 5,2%. @pd.thepolishing rate
variation after 200 wafers were polished 30 was 5.1%. The polishing rate variation after 700 wafers
were polished whear§ogrwafers wefe 2GitherpafiShed:was 9:996. Thusg, the reSaltswete favorable.
[0077](Exampl 9 olishi as or in.the S that | ample 8, except
that the bendin%g%'zo%ﬁ%dggtﬁ%gg%gg%ed%%ég%&g %’ Qé agv%%zrglgglgs l%r%g %gti%/rv%a@( 2%&8
nm/minute, thetin-glaie unifoirmitycofthe polishing rates Wasier1%, and 5 theasolishig raté variation

after 200,wafers were polished was, 8,165 [he polishing raig variatian after; 700 walerswete polished

when 500 wafers were further polished was 16.6%. Thus, the results were favorable. [0078](Example
13)  Polishiffgwas performdefinthé Saffe Mahleral #atis Exailé 8] except that the bending

point depth was ghanged to .45 mm--IPs, average polishingipte-was 12872, aaiminute, the in-plane

uniformity of the polishing rate was 6.5%, and the polishing rate variation after 200 wafers were
polished 15 was 8.8%: THESpalishingt tdté VARG after 200 Wakerd \FereJoliSREd Wheh 560G Wafers

were further polished was 19.1%. Thus, the tesults were favorable. [0Q79](Example 14) Polishing was

performed in the same manner as that in 20 Example 8, except that two angles a that face each other
via the gidove baake polishing 3ayeristirfage dvere Thanged te 135 degréés ant 180idegtses so that
the two angles facingoeﬁch ather_differ. lishing rate was 306.7

nm/minute, the@irnlypjlane Iﬁ%ﬁgrrﬁﬁy 2 ;gr%ge?:%%hu?:tgech'le’b%ae{eriagZe’goand % r%uml 1TV
of 50% & 5%, Different three points in one piece of sample
were measured using a micro rubber hardness meter MD-1
manufactured by Kobunshi Keiki Co., Ltd. An average value
20 was calculated to serve as & micro rukbber A hardness.
[00537 <Measurement of inclination angle>
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 pad was sliced in a groove

25 depth direction. The obtained groove section was cbserved

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

Corporation. An angle (angle a) formed between a

polishing surface and a side surface extending continuocusly

to the groove peolishing surface was measured. At locations
30 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



25 of the polishing rate was 4.6%, and the polishing rate variation after 200 wafers were polished was
4.1%. The polishing rate variation after 700 wafers were polished when 500 wafers were further
polished was 6.9%. Thus, the results were favorable. 30[0080](Example 15) Polishing was
performed in the same manner as that in Example 8, .except that a polyester film having a thickness of
188 IAm was bonded to the rear surface of the polishing 30 layer via an adhesive, and a cushion layer
was bonded to the polyester film surface. The average polishing rate was 312.6 nm/minute, the
in-plane uniforiiy cf1thE Jolisking ¥ate was 4219% L and thee polishiriy ke vaFiation Hitet 200 5 wafers
were polished was 4.2%.,The palishing rate variation after 700 wafers were polished when 500 wafers
were further polished was 6.5%. Thus, the results were favorable. [0081](Example 16) 10Polishing
was performed itCthélsame MEFm: a8HRATN Exdifple 1 @xeepithatgpblyolefin foamed body (PEP

manufactured by Toray lndustrigs; 4ac. nfoaming Latio; 4.imescushion layer thickngss;- 1.0 mm)
having a distortion constant of 3.8 x 10-4 Rm/Pa (micro rubber A hardness 57 15 degrees) was used

as a cushion |&j&F fasfinéth as ShSHBR$aY et C)- The dvefage poliskify raté tvass2 29 8anmifinute, the
in-plane uniformity;of the pelishing rate was11.:3% +and tepalishing rate Maration giter,2Q0 wafers

were polished was 18.3%. The polishing rate variation after 700 20 wafers were polished when 500

wafers were furFiRF Pofidi&Fivas 7,396 Fh(§ tha e Ul ReESfaYBFabte 0082 (EdhtFarative
Example 1) Palighing was peHersed i thessane snanner asghakiniampleck exceptthat dae angle a
of the groove on the 25 polishing layer surface was changed to 90 degrees, and the groove had a
simple "C" shape PREHvErAge pblishig raté was-255 8 Fim/hiftte te RSIaRE tFormity of the
polishing. rate was 44<2%, and thenpelishing raie Magation affe 200 wadersanerespelished was 42.3%.
The polishing 30 r te%/vas low, the in-plang unifor%ity of the polishing rate was not fa%orable, and the

polishing rate varation'wés far é".rﬁlfaﬁsl, peoligﬁilh a&o%l&ﬁgt Be %%ﬁ%ﬂ%e& a psrgﬁe fed manner after

200 wafers wemmpolished, andithg cach 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,

15 two locations in total, was calculated to serve as a
bending point depth.
[0055] <Calculation of distortion constant>
L distortion cconstant was calculated according to the
following equation:
20 Distortion constant (um/Pa) = {(T1 - T2)/(177 -
27y /1000,

wherein Tl {(um} is & thickness when a pressure of 27 kPa

was applied for 60 seconds with a dial gauge using an

indenter having a leading end diameter o¢f 5 mm, and T2 (um)
25 1s a thickness when a pressure of 177 kPa was applied for

60 seconds thereafter.

100563 <Calculation of average polishing rate>

Using a polishing machine "Reflexion” for z 300 mm

wafer manufactured by BApplied Materizls, Inc., polishing
30 was performed while performing end point detection under a

given polishing condition. Polishing properties weare

measured, excluding a region of less than 16 mm from the



31 polishing layer could not be used for polishing the 200th wafer and later (for example, 700 wafers).
[0083](Comparative Example 2) Polishing was performed in the same manner as that in 5
Example 1, except that non-woven fabric (cushion layer thickness: 1.3 mm) having a distortion
constant of 6.5 x 10-4 mm/Pa is used as a cushion Iaré/ r (defined as cushion layer D). The average
polishing rate was 275.8 nm/minute, the in-plane uniformity of the polishing rate was 8.9%, and 10 the

polishing rate variation after 200 wafers were polished was 78.8%. Thus, the polishing rate variation
was large. Th&tis FalRngCotfiRbE b& Heffotrhed it a préfefretfhahner after 200 wafers were

polished, and the polishing/layegeowd not herusedfoepolishing the-200thanafer and 15tatar (for
example, 700 wafers). [0084](Comparative Example 3) Polishing was performed in the same
manner as thabih EXAmple 8 Jextept BHtthe BEnbMG ﬁ“@fﬁted%ﬁﬁ%\ga%lch G2 Ini" The

average polishingirate was 286:8 nm/naindtes2&and thedadgplare uaifermithef the polishing rate was
10.4%. Although the polishing rate variation after 200 wafers were polished was 11.4%, the polishing
rate variation affét 70D wafers Vere polistiet {Vas 33%%}%?7?91u?,%h%%ﬁ)bﬁsﬂlfﬁglrgteavgﬁéﬁ]o%%as large.
25[0085](Comparative £Examaple 4)mm  Polishing was-perforamed inbthersanie mannet asdhat in

Example 8, except that the bending point depth was changed to 0.3.mm. The aver olishing rate
was 285.5 nm)’ﬁﬁ%%te?%nﬁ?ﬁg %ﬁ%qran%%rgfogmw of thé p% |§1Ifr?g Cr)é’ctemv(\?gs@ 9?%%%.133?%%%{1&% the
polishing rate wartationtaftes 200twaters derempolisitet was 10c8%t theepolishingmrate variation after

700 wafers were Bgliéhed W% n 500.wafers wete furth £§Iish%d was Irgalzcj%(.);l'hugﬁt{]sekﬁhor!ishing rate
variation was Iérge. 2 [008 ? omparative xamﬁe 6f%lfls}lung was %erforr}r)\eé{ in the Same
manner as that micExample 1, except that Nipparon EXT (cushion layer thickness: 0.8 mm, defined as

cushion layer E) manyfactyred &0 N Spog Co.Lidk naying 2 disiorien popsian .2 x 10-4

pin/Pa (micro rubber A hardness 5 es) was used as a cushion layer. The average polishing rate
was 280,6 nmimsinaten dresiprpldnéunifoiity: of tharpolishing-raté a2tz 8%, amdithe polishing rate

variation after 209 10-wafers wete pplished was 7489, Thys, the pojishing 1atg,variation was large.

That is, polishing could not be performed in a preferred manner after 200 wafers wefe polished, and
the polishing la/@¥&bukeiriot be used for polishing the 200th wafer and later (for example, 700

15wafers)s [0087]The resulis,ghtained-in Examples 110,16, and Comparative Examples 1 1g:5
described above are shown in Table 1. [0088]
highest polishing rate) - (In-plane lowest polishing rate)}
/ {Average polishing rate) x 100.
[0G58] <Calculation of polishing rate variation>
(When 200 wafers were polished)

20 After 200 wafers were polished and an average
polishing rate was measured wafer by wafer, polishing rate
variation {polishing rate variaticon after 200 wafers were
polished) from the first to 200th wafers was calculated
according to the following eguation:

25 Polishing rate variation (%) = { {(Maximum wafer average
polishing rate - (minimum wafer average polishing rate)} /
(200th wafer average polishing rate).

{(When additional 500 wafers were polished)
After 500 wafers were additionally polished and an

30 average polishing rate was measured wafer by wafer,
polishing rate variation (pelishing rate variation after
700 wafers were polished) from the first to 700th wafers

was calculated according to the following equation:



33 g)<3'dwoo get 136 191- IrL ?,- P 12083 831. 842. [3 # 'X3 dwoo gel 06 9 I'O c.0 9983

23
Polishing rate variation (%) = {{(Maximum wafer average
polishing rate) - {(minimum wafer average polishing rate)} /

{700th wafer average polishing rate).

100591 When the variation of a polishing rate is large,
5 dinsufficient polishing cor excess polishing can cause device

failure. Therefore, the polishing rate variation is

suitably low, preferably not more than 30%, and more

preferably not mecre than 20%.

[0060: Examples 1 to 16 and Comparative Examples 1 to 5
10 will be described below.

[0061)] (Example 1)

In a RIM mclding machine, 30 parts by weight of
polypropylene glycol, 40 parts by weight of diphenylmethane

diisocyanate, C.5 parts by weicght of water, 0.3 parts by

ek
(@]

weight of triethylamine, 1.7 parts by weight of a silicone

foam stabilizer, and 0.09 parts by weight ¢f tin octylate

were mixed. The mixture was discharged into a mold and
subjected to pressure molding. Thus, a foamed polyurethane
sheet containing closed cells was produced.

20 [0062] The foamed polyurethane sheet was immersed in
methyl methacrylate added with 0.2 parts by weight of
azobisigcobutyreonitrile for 60 minutes. Next, the foamed
polyurethane sheet was immersed in a solution including 15
parts by weight of polyvinyl alcohol "CP" (polymerization

25 degree: about 500, manufactured by Nacalail Tesque Inc.), 35
parts by weight of ethyl alcohol (special grade chemical,
manufactured by Katayama Chemical Co., Ltd.}, and 50 parts
by weilght of water, and then dried. Thus, a surface layer
of the foamed polyurethane sheet was coated with pelyvinyl

30  alcohol.

[0063] Next, the foamed polyurethane sheet was placed

between two glass plates via vinyl chleoride gaskets, and

then heated for 6 hours at 65°C and for 3 hours at 120°C to
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be polymerization-cured. The sheet was released from

between the glass plates, washed with water, and then

vacuum~dried at 30°C. The hard foamed sheet obtained as
above was subjected to a slicing process into a piece
having a thickness of about 2 mm. Thus, a polishing layer
was produced. The content ratio of methyl methacrylate in
the pelishing layer was 66% by weight. The polishing layer
nhad a D hardness of 54 degrees and a density of 0.81 g/cm’.
An average cell diameter of closed cells was 45 pm.

[0064] Both surfaces of the obtained hard foamed sheet
were ground. Thus, a polishing layer having a thickness of
Z2 mm was produced.

(00651 Thermoplastic polyvurethane (cushion layer
thickness: 0.3 mm, defined as cushion layer A) manufactured

by Nihon Matai Co., Ltd. having a distortion constant of

1.5 x 1077 um/Pa (micro rubber A hardness 89) as a cushion
layer was laminated on the polishing layer obtained by the
above method via an acdhesive layer of MA-€203 manufactured
by Mitsul Chemicals Polyurethanes, Inc. using a roll coater.
In addition, a doukle-sided tape 5604TDM manufactured by
Sekisuil Chemical Co., Ltd. as a rear surface tape was
bonded to the rear surface therecof. This laminate was

punched into a circle having a diameter of 775 mm. A
groove having a groove pitch of 15 mm, an angle o of 135

degrees, an angle P of‘9O degrees, a groove depth in the
deepest part of 1.5 mm, a bending point depth of 1 mm, a
groove bottom part shape of a rectangle, and a groove width
of 1 mm was formed in an XY grid pattern on a polishing
layer surface. Thus, a polishing pad was obtained.

[0066] The polishing pad obhtained by the above method
was pasted on a platen of a pelishing machine (“Reflexion”

manufactured by Applied Materials, Inc.). Under a retainer
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ring pressure = &7 kPa (9.7 psi), a zone 1 pressure = 48
kPa (7 psi}, a2 zone 2 pressure = 28 kPa (4 psi), & zone 3
pressure = 28 kPa (4 psi), a platen revolution = 59 rpm, a
polishing head revelution = 60 rpm, a slurry (manufactured
by Cabot Corporaticn, S$S5-25) flow of 300 mL/minute, 200 12-
inch wafers as oxide films were polished using a dresser
manufactured by Saesol at a lecad of 17.6 N (4 1kf), and a
polishing time of 1 minute. The average polishing rate of
the 200th oxide film was 307.7 nm/minute, and the in-plane
uniformity of a polishing rate was 6.2%. The polishing
rate variation after 200 oxide films were polished was 7.2%.
The polishing rate variation after 700 wafers were polished
whan 500 wafers were further polished was 11.3%. Since a
pad life that allows at least 700 wafers to be polished is
necessary, the results wers favorable.

[0067] {(Example 2)

Polishing was performed in the same manner as that in
Example 1, except that the angle o of the groove on the
polisning layer surface was changed to 145 degrees, the
groove widih in the groove bottom part was changed to 0.7
mm, and the bending point depth was changed to 1.15 mm.

The average polishing rate was 326.4 nm/minute, the in-
plane uniformity of the polishing rate was 8.3%, and the
polishing rate variation after 200 wafers were polished was
8.5%. The pclishing rate variation after 700 wafers were
pelished when 500 wafers were further polished was 13.2%.
Thus, the results were favorable.

[6068] (Example 3)

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 f¢ 113 degrees, the
groove width in the groove bottom part was changed to 0.7

mm, and the bending point depth was changed to 1.15 mm.
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The average polishing rate was 27%.6 nm/minute, the in-
plane uniformity of the polishing rate was 8.3%, and the
polishing rate variation after 200 wafers were polished was
8.2%. The polishing rate variatioﬁ after 700 wafers were

5 polished when 500 wafers were further polished was 14.6%.
Thus, the results were favorable.
[0069] (Example 4

Polishing was performed in the same manner as that in

Example 1, except that the angle o c¢f the groove on the

10 polishing laver surface was changed to 120 degrees, the
groove width in the groove bottom part was changed to 0.7
mm, and the bending point depth was changed to 1.15 mm.
The average polishing rate was 288.6 nm/minute, the in-
plane uniformity of the polishing rate was 7.6%, and the

15 pelishing rate variation after 200 wafers were polished was
7.8%. The polishing rate variation after 700 wafers were
polished when 500 wafers were further polished was 12.7%.
Thus, the results were favorable.

(00701 (Example 5)

20 Polishing was performed in the same manner as that in
Example 1, except that the angle o of the groove con the
polishing layer surface was changed to 100 degrees, the
groove width in the grcove bottom part was changed to 0.7
mm, and the bending point depth was changed to 1.15 mm.

25 The average polishing rate was 267.1 nm/minute, the in-
plane uniformity of the polishing rate was 12.1%, and the
polishing rate variation after 200 wafers were polished was
11.8%. The polishing rate variation after 700 wafers were
polished when 500 wafers were further peolished was 13.8%.

30 Thus, the results were favorzble.

[0071] (Example 6)

Polishing was performed in the same manner as that in
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Example 1, except that the angle o of the grocve on the
pclishing layer surface was changed to 155 degrees, the
grocve width in the groove bottom part was changed to 0.7
mm, and the bending pcint depth was changed to 1.15 mm.

5 The average polishing rate was 327.8 nm/minute, the in-
plane uniformity of the polishing rate was 9.5%, and the
polishing rate variation after 200 wafers were polished was
10.9%. The polishing rate variation after 706 wafers were
polished when 500 wafers were further polished was 19.9%.

10 Thus, the results were favorahle.
roo72)] (Example 7)

Pclishing was performed in the same manner as that in
Example 1, except that a polyclefin foamed body (PEF
manufactured by Toray Industries, Inc., foaming ratic: 3

15 times, cushion layer thickness: 1.0 mm) having a distortion
constant of 2.6 x 107% um/Pa (micro rubber A hardness 65
degrees) was used as a cushion layer (defined as cushion
layer B). The average polishing rate was 275.8 nm/minute,
the in-~plane uniformity ¢f the polishing rate was 6.3%, and

20  the polishing rate variaticn after 200 wafers were pclished
was 15.4%. The polishing rate variation after 700 wafers
were polished when 500 wafers were further polished was
14.8%. Thus, the results were favorable.

[0073] (Example 8)

20 Polishing was performed in the same manner as that in
Example 1, except that the groove pitch on the polishing
layer surface was changed to 11.5 mm, the bending point
depth was changed to 1.15 mm, and the groove width in the
groove bottom part was changed to 0.7 mm. The average

30 polishing rate was 307.2 nm/minute, the in-plane uniformity
of the polishing rate was 4.4%, and the polishing rate
variation after 200 wafers were polished was 3.%%. The

polishing rate variation after 700 wafers were pclished
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when 500 wafers were further polished was ©.6%. Thus, the
results were favorable.
[06074] (Examplie 9)

Polishing was performed in the same manner as that in

(83}

Example 8, except that the pclishing layer thickness was
changed to 2.7 mm, and the bending point depth was changed
to 1.8 mm. The average polishing rate was 300.4 nm/minute,
the in-plane uniformity of the polishing rate was 4.6%, and
the polishing rate variation after 200 wafers were polished
10 was 4.4%. The polishing rate variation after 700 wafers
were polished when 500 wafers were further polished was
9.3%. Thus, the results were favorable.
[0075] (Example 10)
Polishing was performed in the same manner as that in
15 Example 8, except that the polishing layer thickness was
changed to 2.1 mm, and the bending peoint depth was changed
to 2.2 mm. The average polishing rate was 298.0 nm/minute,
the in-plane uniformity of the polishing rate was £.8%, and
the polishing rate variation after 200 wafers were polished
20 was 4.7%. The polishing rate variation after 700 wafers
were polished when 500 wafers were further polished was
$.4%, Thus, the results were favorable.
[0076] (Example 11)
Polishing was performed in the same manner as that in
25 Example 8, except that the polishing layer thickness was
changed tc 3.6 mm, and the bending point depth was changed
to 2.7 mm. The average polishing rate was 297.7 nm/minute,
the in-plane uniformity of the polishing rate was 5.2%, and
the polishing rate variation after 200 wafers were polished
30 was 5.1%. The polishing rate variation after 700 wafers
were polished when 500 wafers were further polished was
$.9%. Thus, the results were favorable.

ro077] {(Example 12)
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Polishing was performed in the same manner as that in
Example 8, except that the bending pecint depth was changed
to 0.8 mm. The average polishing rate was 287.8 nm/minute,
the in-plane uniformity of the polishing rate was 6.1%, and
the polishing rate variation after 200 wafers were polished
was 8.1%. The polishing rate variaticn after 700 wafers
were polished when 500 wafers were further pelished was
16.6%. Thus, the results were favorable.

[0078] (Example 13)

Polishing was performed in the same manner as that in
Example 8, except that the bending point depth was changed
to 0.45 mm. The average polishing rate was 287.2 nm/minute,
the in-plane uniformity of the pclishing rate was 6.5%, and
the polishing rate variation after 200 wafers were polished
was 8.8%. The polishing rate variation after 700 wafers
were polished when 300 wafers were further polished was
19.1%. Thus, the results were favorable.

10079] {(Example 14)

Polishing was performed in the same manner as that in

Example 8, except that two angles o that face each other
via the groove on the polishing layer surface were changed
to 135 degrees and 130 degrees so that the twe angles
facing each other differ from each other. The average
pclishing rate was 306.7 nm/minute, the in-plane uniformity
of the polishing rate was 4.6%, and the polishing rate
variation after 200 wafers were polished was 4.1%. The
polishing rate variation after 700 wafers were polished
when 500 wafers were further polished was 6.%%. Thus, the
results were favorable.
[0080] (Example 15}

Polishing was performed in the same manner as that in

Example 8, except that a polyester film having a thickness

of 188 pm was bonded to the rear surface of the polishing
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layer via an adhesive, and a cushicn layer was bonded to
the polyester film surface. The average polishing rate was
312.6 nm/minute, the in-plane uniformity of the polishing
rate was 4.1%, and the polishing rate variation after 200
wafers were polished was 4.2%. The polishing rate
variation after 700 wafers were polished when 500 wafers
were further polished was 6.5%. Thus, the results were
favorable.

[Co8l] {(Example 16)

Polishing was performed in the same manner as that in
Example 1, except that a polyolefin foamed body (PEF
manufactured by Toray Industries, Inc., fcaming ratio: 4
times, cushion layer thickness: 1.0 mm) having a distortion
constant of 3.8 x 107° um/Pa (micro rubbér A hardness 57
degrees) was used as a cushion layer (defined as cushion
layer C). The average polishing rate was 279.8 nm/minute,
the in-plane unifeormity of the polishing rate was 11.3%,
and the polishing rate variation after 200 wafers were
polished was 18.3%. The polishing rate variation after 700
wafers were polished when 500 wafers were further polished
was 17.3%. Thus, the results were favorable.

[0082] (Comparative Example 1)

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 20 degrees, and the
groove had a simple “C" shape. The average polishing rate
was 255.3 nm/minute, the in-plane uniformity of the
polishing rate was 14.2%, and the polishing rate variation
after 200 wafers were polished was 42.3%. The polishing
rate was low, the in-plane uniformity of the poclishing rate
was not favorable, and the polishing rate variation was
large. That iz, polishing could not be performed in a

preferred manner after 200 wafers were polished, and the
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pelishing layer could not be used for polishing the 200th
wafer and later (for example, 700 wafers}.
r0083] (Comparative Example 2)

Polishing was performed in the same manner as that in

5 Ezxample 1, except that non-woven fabric (cushion laver
thickness: 1.3 mm) having a distortion constant of 6.5 x

107¢ pm/Pa is used as a cushion layer (defined as cushion
layer D). The average polishing rate was 275.8 nm/minute,
the in-plane uniformity of the polishing rate was 8.9%, and
10  the polishing rate variation after 200 wafers were polished
was 78.8%. Thus, the pclishing rate variation was large.
That is, polishing could not be performed in z preferred
manner after 200 wafers were polished, and the polishing
laver ceould not ke used for polishing the 200th wafer and
15 later (for example, 700 wafers).
(00841 {Comparative Example 3)
Polishing was performed in the same manner as that in
Example 8, except that the bending point depth was changed
to 0.2 mm. The average polishing rate was 286.9 nm/minute,
20 and the in-plane uniformity of the polishing rate was 10.4%.
Although the polishing rate variation after 200 wafers were
polished was 11.4%, the polishing rate wvariation after 700
wafers were polished was 35.5%. Thus, the polishing rate
variation was large.
25 [0085] {(Comparative Example 4)
Polishing was performed 1in the same manner as that in
Example 8, except that the bending point depth was changed
to 0.3 mm. The average polishing rate was 285.5 nm/minute,
and the in-plane uniformity of the polishing rate was 9.8%.
30  Although the polishing rate variation after 200 wafers were
polished was 10.9%, the polishing rate variation after 70C
wafers were polished when 500 wafers were further polished

was 32.7%. Thus, the polishing rate variation was large.
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[008B¢] {(Comparative Example 5)

Polisghing was performed in the same manner as that in
Example 1, except that Nipparon EXT {cushion layer
thickness: 0.8 mm, defined as cushion layer E) manufactured

by NHK Spring Co., Ltd. having a distortion constant of 5.2

x 107" pm/Pa (micro rubber A hardness 59 degrees) was used
as a cushion layer. The average polishing rate was 280.6
nm/minute, the in-plane uniformity of the polishing rate
was 12.8%, and the polishing rate variation after 200
wafers were polished was 74.8%. Thus, the polishing rate
varlation was large. That is, polishing could not be
performed in a preferred manner after 200 wafers were
pclished, and the polishing layver could not be used for
pclishing the 200th wafer and later (for example, 700
wafers) .

(00871 The results obtained in Examples 1 to 16 and
Comparative Examples 1 to 5 described above are shown in
Table 1.

10088]
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Groove Bottom (mm) Bending Point Depth (mm) Average Polishing Rate (nm/min.) In-plane
Uniformity of Polishing Rate (T) Polishing Rate Variation After 200 Wafers Polished (%) Polishing
Rate Variation After 700 Wafers Polished (%) | Cushion Layer | 34 Reference Signs List [0089]1, 2,

3, 4 Polishing pad 10 Polishing layer 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

Reference Signs List

[0089] i, 2, 3, 4 Polishing pad
10 Polishing layer
11 Polishing surface

5 12, 17, 19, 21 Groove

13 First side surface
14 Bending point
15 Second side surface
16, 18, 20, 22 Deepest part

10 30 Cushion layer



1030 Cushion layer 35 CLAIMS 1. A polishing pad comprising at least a polishing layer and a cushion
layer, wherein the polishing layer comprises a groove on a polishing 5 surface, the groove having
side surfaces and a bottom surface, at least one of the side surfaces comprises a first side surface
that extends continuously to the polishing surface angforms an angle a with the polishing surface, 10
and a second side surface that extends continuously to the first side surface and forms an angle p with
a plane parallel to the polishing surface, the angle&@%mgd with the polishing surface is larger than
90 degrees, the angle p formed with the plane 15 parallel'to the polishing surface is not smaller than
85 degrees, and the angle pifonived witkl threoplane panglled to thespslishingddrfadeis smalter than the
angle a formed with_the polishing-surface, ing point depth from the polishing surface to a 20
bending point %re}é/véaenct B |rc§trqsi &%f’acgrg%g% r}é‘gsecond side surface is not less than 0.4 mm and
not more than 3.0 mmpangol itteicgshioy yet tad aldistortoroemestantcor ot kessithak@3 x 10-6
mrm/Pa agd noloredban &4 x 107425 puuiha, 2 the agllsing.pad agcardg fa glaim | wherein a
difference between the angle a formed with the polishing surface and the angle p formed with the
plane parallel 830 #%polishing surface is not smaller than 10 degrees and not larger than 65
degrees. 36 3.The plishing, pad gecording fo.claimd qr 2, mhereinthe-angle a formed with the
polishing surface is not smaller than 105 degrees and not larger than 150 degrees. 4.The polishing
pad accordingé dny Breleiadainis t 63 Ghefeif HHd angRYSformed Witl? tHiCpraRe afallel to the
polishing surfage. oL smallerihan 55, deqrege and natlsyoenihan. 95 degieess . Bheolishing pad
according to any one of claims 1 to 2 whereirT a groove pattern on the polishing surface’is
grid-shapéd. and a second side surface that extends continuously to the

first side surface and forms an angle P with a plane

parallel to the polishing surface,
the angle o formed with the polishing surface i1s
larger than 90 degrees, the angle f formed with the plane
15 parallel to the polishing surface is not smaller than 85
degrees, and the angle f} formed with the plane parallel to
the polishing surface is smaller than the angle o formed
with the polishing surfacse,

a bending point depth from the polishing surface to a

ot
w0

20 bending point between the firs ide surface and the second
side surface is not less than 0.4 mm and not more than 3.0
mm, and

the cushion layer has a distortion constant of not
less than 7.3 x 107° pym/Pa and not more than 4.4 x 107°

25 um/Pa.

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

surface and the angle [ formed with the plane parallel to
30 the polishing surface is not smaller than 10 degrees and

not larger than 65 degrees.



36

3. The polishing pad according to claim 1 or 2, wherein
the angle o formed with the polishing surface is not

smaller than 105 degrees and not larger than 150 degrees.

4. The polishing pad according to any one of claims 1 to
3, wherein the angle B formed with the plane parallel to

the polishing surface is not smaller than 85 degrees and

not larger than 95 degrees.

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

grid-shaped.



