1 DESCRIPTION TITLE OF THE INVENTION: POLISHING PAD TECHNICAL FIELD [0001] The
present invention relates to a polishing pad. More particularly, the present invention relates to a
polishing pad which is preferably used for forming-a flat surface in a semiconductor, a dielectric-metal
composite and an integrated circuit. BACKGROUND ART [0002] -  With increases in the density of
semiconductor device, technologies of multilayer wiring and the formation of an interlayer insulation
film associated therewith or the formation of electrodes such as plug or damascene become more
important. In association with this, the impogfaasg pha-pigeess of planarizing these interlayer
insulation films and metal layers of electrodes increases, and as an efficient technology for the

planarizatiq&fi%cq?gégﬁgli%gmjo%iqgg o 9§J§MP (Chemical Mechanical Polishing) has

been widesprea In-general, a chemical mechanical polishing apparatus is composed of a
polishing head for holding a semiconductor wafer of a material to be processed, a polishing pad for
carrying out polishing of the material to be processed, and a polishing

TECHNICAL FIELD
[0001]

The present invention relates to a polishing pad. More
particularly, the pregent invention.reiates to a polighing pad
which is preferably used for forming a flat surface in a
semiconductor,.a dielectric-metal composite and an integrated

circuit.

BACKGROUND ART
[0002]

With increases in the density of semiconductor device,
technologies of multilayer wiring and the formation of an
interlayer insulation film associated therewith or the
formation of electrodes such as plug or damascene become more
important. In asscociation with this, the importance of a
process of planarizing these interlayer insulation films and
metal layers of electrodes increases, and as an efficient
technology for the planarization process, a polishing
techneclogy referred to as CMP (Chemical Mechanical Pclishing)

has been widespread.



platen holding the polishing pad. The polishing of the semiconductor wafer is a process of using a
slurry, and causing relative movement between the semiconductor wafer and the polishing pad to
remove a proj ected portion on the surface layer of the semiconductor wafer to planarize the surface
layer of the wafer. [0004] In polishing characteristics of CMP, there are various required
characteristics typified by securement of local flatness and global flatness of a wafer , prevention of
scratches, or securement of a high polishing rate. Hence, in order to achieve these characteristics,
various contsiygages were made concerning a configuration of a groove (a pattern of a groove and a
cross-sectional shape of a groove) of the polishing pad, which is one of large factors among factors

affecting polishing ghagacteristics J000S] For example A patedy, of the:grgaysformed on the 3

polishing layer surface is concentric, and by employing an approximately fectangular shape as a

cross-sectipnabshane of he.aigos, e falaess of awaler gt e nalsbinagate s mprpued (or

example, Patent Document 1). | However, a cornerportion in a cross-sectional shape of the

,  at t i ing from, dressi hef ft
o o R B e L o

dispose an inclined surfa a boundar rt_ between the polishjng surface and_the groove in order
fo Solve M BrBELTor ExaEIc PA od e, PRIOR AT COEORERTSPATENT

DOCUMEIE gten holding the polishing pad. The polishing of the

semiconductor wafer is a process of using'é slurry, and causing
relative movement between the semiconductor wafer and the
polishing pad to remove a projected portion on the surface layer
of the semiconductor wafer to planarize the surface layer of
the wafer.

[0004]

In polishing characteristics of CMP, there are various
required characteristics typified by securement of local
flatness and global flatness of a wafer, prevention of gcratches,
or securement of a high polishing rate. Hence, in order to
achieve these characteristics, various contrivances were made
concerning a configuration of a groove (a pattern of a groove
and a cross-sectional shape of a groove) of the polishing pad,
which is one of large factors among factore affecting polishing
characteristics.

{0005]

For example, a pattern of the groove formed on the



[0007] Patent Document 1: Japanese Patent Laid-open Publication No. 2002-144219 Patent
Document 2: Japanese Patent Laid-open Publication No. 2004-186392 Patent Document 3:
Japanese Patent Laid-open Publication No. 2010-45306 4 SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION [0008] Here, the present inventors found that
by providing an inclined surface at a boundary portion between the polishing surface and the groove,
not only the scratches are decreased, but also an attractive force works between the wafer and the

polshing pgd 1o ineegse ikupolistingurate akaspesilpdodioatan angle. sgueyeLye o found that

this may cause an increase in the fluctuation in a polishing rate too. [0 n view of such

problems of theBIoAM L > 20 eDisgt oL e presenldiventan lapiovide,a Roisling pad which can
particularly suppress the fluctuation in"a polishing rate while maintaining a high polishing rate among
polishing the groove, the flatness of a wafer or the polishing rate is

improved {(for example, Patent Document 1).

[0006]

However, a corner portion in a cross-sectional shape of

the groove, or burrs formed at the corner portion resulting from

dressing performed before or after polishing or during

polishing may cause scratches on the surface of the wafer. It

is described to dispose an inclined surface at a boundary part

between the polishing surface and the groove in order to solve

this problem (for example, Patent Documents 2, 3).

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[00G7]

Patent Document 1: Japanese Patent Laid-open Publication
No. 2002-14421%

Patent Document 2: JapanesePa%entLaid~opeﬁ?ublication
No. 2004-186392

Patent Document 3: Japanese Patent Laid-open Publication

No. 2010-45306



characteristics. SOLUTIONS TO THE PROBLEMS [0010] The present inventors thought that an
irregular attractive force causes the fluctuation in a polishing rate, and it can be solved by combining a
cushion layer with a substance having rigidity. [0041] Hence, the present invention employs the
following means in order to solve the above-mentioned problems. That is, the present invention
pertains to a polishing pad comprising at least a polishing layer and a cushion layer, wherein a groove
is formed on a polishing surface of the polishing pad, angles formed by the polishing surface and a

side surfaceg e groavepyhichgontinggs.to the polishing surface is 105 or more and 150 or less,

and the cushion layer has a strain constant of at Ieast 7.3 x 10-6 pm/Pa and at most 4.4 x 10-4 pm/Pa.

EFFECTS %Eogﬂgﬁy\ﬁ%\%lé)@é%% gy | H’] the present invention, it is possible to

provide a polishing pad which can suppress the Iuctuatlon in'a polishing rate while maintaining a high
polishing raIISOIaEQJEF DESCRIPTION OF THE DRAWINGS [0013]

Here, the present inventors found that by providing an
inclined surface at a boundary portion between the polishing
surface and the groove, not only the scratches are decreased,
but alsc an attractive force works betwesen the wafer and the
polishing pad to increase the polishing rate at a specific
inclination angle. However, we also found that this may cause
an increase in the fluctuation in a polishing rate too.
[0009]

In view of such problems of the prior art, it is an object
of the present invention to provide a polishing pad which can
particularly suppress the fluctuation in a polishing rate while
maintaining a high polishing rate among.polishing

characteristics.

SOLUTIONS TC THE PROBLEMS
[00l10]

The present inventors thought that an irregular
attractive force causes the fluctuation in a polishing rate,
and it canbe solved by combining a cushion layer with a substance

having rigidity.



Fig. 1 shows an example of a top surface configuration of a groove formed on a polishing pad of the
present invention. Fig. 2 shows an example of a cross-sectional surface configuration of the
groove formed on the polishing pad of the 6 preseﬁwt invention. Fig. 3 shows an example of a
cross-sectional surface configuration of the groove formed on the polishing pad of the present
invention. Fig. 4 shows an example of a cross-sectional surface configuration of the groove
formed on the polishing pad of the present invention. Fig. 5 shows an example of a
cross-sectipgghsurface configuration of the groove formed on the polishing pad of the present
invention. ‘Fig. 6 shows an example of a cross-sectional surface configuration of the groove

foLmed on the polighingpad Lt %@é%%?@tﬂﬂ%@{@{bgwyg%‘ﬂé L5 TN EATIQN [0014]

The present invention is comple ed by finding out, as a result of the earnest investigations concerning

a polishing;pad,capable ofsuppressing ! BS\ﬂé‘CHr‘é‘He%%é‘cPQé%B‘ﬂe@ée whilgJpaintaining.a high

polishing rate, that the problem can be solved at once by a polishing pad comprising at least a

polishing ayer a2 sushian lprubereing oy [sdprmsd 0 daeisting etase;Libe polishing

pad, angles forme

least a polishing layer and a cushion layer, wherein a groove
is formed on a polishing surface of the polishing pad, angles
formed by the polishing surface and a side surface of the groove
which continues to the polishing surface is 1053° or more and
150° or less, and the cushion layer has a strain constant of

at least 7.3 x 10°° um/Pa and at most 4.4 x 10™* um/Pa.

EFFECTS CF THE INVENTION
[0c12]

In accordance with the present invention, it is possible
to provide a polishing pad which can suppress the fluctuation

in a polishing rate while maintaining a high polighing rate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]
Fig. 1 shows an example of a top surface configuration
of a groove formed on a polishing pad of the present invention.
Fig. 2 shows an example of a cross-sectional surface

configuration of the groove formed on the polishing pad of the



polishing surface and a side surface of the groove which continues to the polishing surface is 105 or
more and 150 or less, and the cushion layer has a strain constant of at least 7.3 x |0and at most 4.4 x
10-4 um/Pa. [0015] In the present invention, itds important that the polishing pad has at least a
polishing layer and a cushion layer. When the polishing pad does not have the cushion layer, since
strain due to water absorption of the polishing layer cannot be cushioned, a polishing rate and in-plane
uniformity of a material to be polished are fluctuated unstably. In the present invention, the strain
constant of thecushionlaygr isdp the range of at least 7.3 x 10-6 um/Pa and at most 4.4 x 10-4
um/Pa. When the strain constant of the cushion layer falls within this range, the fluctuation in a
polishing rate can bg §i_gngicgﬁg%guggreg.;gg@g\i@eﬁaigt%Qigggh% ggggogfaj@p %\Q@g&polishing rate
by the groove having an inclination. From the viewpoint of the fluctuation in a polishing rate and local
flatness of rial lished etlimit of th In¢ nt is more preferably 3.0 x
10:4 umiP 5 Tt g o e BT B T PP e T B Pt
constant is more Bref%ra\pl%/n%.:&)o)%l 10-5 um/Pa or more, and moreover preferably 1.2 x 10-5 um/Pa or
more. Whéf 8 tﬁe%lucﬁja ion’in a’polishing rate is large, a polished amount of the material to be
polished is fluctuatgd, and4co seqsuently a thickness gf a remaining layer of the material to be polished
is fluctuated to adve%§e1y afféctdemiconaticilF aévice p%rf%ﬁﬁgﬁc A TR Iy’,gﬁ?'e fiiictuation in a
polishing rate is preferably 40.0. nm/min or less, and more preferably 20,0 nm/min_or less. [0016]

In additionCfHR StRIF LEASEHTIn ThE FFESERt SndSTtSH (thgrﬁ]?ﬁéusﬂ}&}ﬁ%ﬁ%&’ in Whfch using an
indenter having a tip of 5 mm in diameter, a thickness at the time of applying a pressure of 27 kPa for
60 secondB With e diat §¥§E i iken as (Ti) km:, and subsequently a thickness at the time of applying
a pressure of 177 kPa for 60 seconds is taken as (TZS pm, and the strain constant is calculated

according to the fofldfing e RREBR: 3tafreoHtehPnPPEFSFFi-SEDRIT2a L 751088 R017]

configuration of the groove formed on the polishing pad of the
present inventicon.

Fig. 6 shows an example of a cross-sectional surface
configuration of the groove formed on the polishing pad of the

present invention.

EMBODIMENTS OF THE INVENTION
[0014]

The present invention is completed by finding out, as a
r@sultcﬂftheearnestinvestigationsconcerningaipoiishingpad
capable of suppressing the fluctuation ina polishing rate while
maintaining a high polishing rate, that the problem can be
solved at once by a polishing pad comprising at least a polishing
layer and a cushion layer, wherein a groove is formed on a

polishing surface of the polishing pad, angles formed by the



Examples of materials of such the cushion layer include nonfoamed elastomers such as natural
rubbers, nitrile rubbers, "neoprene (registered trademark) " rubbers, polybutadiene rubbers,
thesmosetting polyurethane rubbers, thermoplastig polyurethane rubbers, silicone rubbers and "Hytrel
(registered 9 trademark)"; polyolefin foams such as "TORAYPEF (registered trademark, PEE
produced by Toray Industries, Inc.)"; and nonwoven fabrics such as "suba 400" produced by Nitta
Haas Incorporated, but the material is not limited to these materials. [0018] The strain constant of

the cushiop layexsan beagjysted agcarding foja raaierakef the cushion layer. For exgmple, when the

cushion layer is a foamed body, if a degree of foaming is increased, thé strain constant tends to

o e PSR RIIENErBAL0 SOl Lyl L RE 112 RO IBRLIL OHIEARTES §io Possivle

to adjust har usting a'degree of trosslinking within the cushion Tayer. [

thickness afdlig sushiprayee iparelarably I {anoe, ol 0.1-{o. 2 mip 10g dhigngss ispreferably 0.25
mm or more, and more preferably 0.3 mm™or more from the viewpoint ofaln-plane uniformity of the
entire surface of a i%micofqz%ctor s%bstrate. The thickness isqpref?ably 2 mm or less, and more

preferably Rmorigss #8 tﬁe%lllewb%infn SAbcal fatress’ [OO% TRe surface of the polishing layer

of the polispénoglg?d

In the present invention, it is_important that the
polishing pad has at least a polishing layer and a cushiocn layer.
When the pelishing pad does not have the cushion layer, since
strain due to water absorption of the peclishing layer cannot
be cushioned, a_polishing rate and in-plane uniformity of a
materialtxabepolishedarefluctuatedunstably. In the present
invention, the strain constant of the cushion layer is in the
range of at least 7.3 x 10°° ym/Pa and at most 4.4 x 107 um/Pa.
When the strain constant of the cushion layer falls within this
range, the fluctuation in a polishing rate can be gignificantly
suppressed while maintaining the effect of improving a
polishing rate by the groove having an inclination. From the
viewpoint of the fluctuation in a polishing rate and local
flatness of the material to be polished, an upper limit of the
strain constant ig more preferabiy 3.0 x 10™* um/Pa or less,
and moreover preferably 1.5 x 10™* um/Pa or less. A lower limit
of the strain constant is more preferably 1.0 x 10°° pum/Pa or

more, and moreover preferably 1.2 x 107° um/Pa or more. When



10 groove viewed from the surface of the polishing layer includes grid-like, concentric circle-like, spiral,
and radial grooves, but the configuration is not limited to these. Since the groove of an open system in
which the groove extends in a radial direction can fenew the slurry more effectively, a radial groove or
a grid-like groove is the most preferable. An example of the grid-like groove is shown in Fig. 1. The
grid-like groove 2 is formed on a polishing pad 1. The pitch or the width of the groove is not particularly
limited, and the shape of a section divided by the grid-like groove may be square or rectangular. [0021]

Further, at{east-ang.of,angles (Dgreinafier ssomgtimesreferied (o.as 58,{93@&'5}@8%@&1&9 formed by

the polishing surface and a side surface of the groove which continues fo the polishing surface is 1050

or more ange1500 qrless, and therghy, it i3 passible te sypRress the flugvationin 4 palishing rate

while maintaining a high polishing rate> A lower limit of the angle Is preferably 115or more from the

viewpoint gj tpﬁ.r ]gq_[gi 0 g@d fluidi %. S n er limit of the angle is preferably 140
or less, more prnéirab y 135 an %%g?éan(}%%r%[ Igr{/l%gﬁg}abm%or 8?%5% %c%%ué Ssﬁluer?% can be
substantlaljl'yss%[%ilggl?st%%l& t% ct)h%L i \cf:gr]}%% lsurgaé:%t@'/g!mgoerowgg t%([:ecte]r_ltl%n 99% efIU|d|'Fy of the slurry,
the fluctuafion in a polishing rate can bé sup‘pﬁesse . Since the sfﬁrry is ﬂowneby a Centrifugal force, it

iS more effegtirv Otlbaé H}:e incliﬂgtion g?i%roi/ide%gt aﬁide surfgce located at least on a cir%umference
side of op[%se Sid& 80 Faces Wiich form the groeove.l\llﬁ"iélf?L A8 of theifehinaf Eﬁ(ﬁ@s 5f the groove

is in the abpve range, the other inclination angle is also not particularly limited, but, similarly, is
preferably 15505 Fhérecahd 156 of 1688/ Rt thi& ﬁn?e?ﬁ’?’e’ |ReT IRREST tRE RhgFR Mortlpr&ferably 115

or more. The upper limit of the angle is more preferably 140 or less, moreover preferably 135 or less,
and particd’fﬁ#ﬁ‘bfbf@r”éb}ff% or less. A groove configuration in which both inclination angles are
approximately the same is a more preferable aspect. However, both inclination angles do not have to
be approxirﬁ%&l%he same. A shape of a groove bottom is not particularly limited, and a
cross-sectional shape may be V-shaped, U-shaped or trapezoidal. [0022] A specific configuration
of the groove in théPreserttiArentibh 8 aScibEl SPEVE-Rilthe BEHeikaE By iay BY FdWings. Fig. 2 to
Fig. 6 are partial sectional views obtained by enlarging a groove 14 portion of a polishing pad having a
polishing 1a57% Teée EeiRAbPAyar 2eLTRd phlishingdayers ind etas- adrliskinglsuviaes 11 and a
side surface 12 which continues to the polishing surface 11.The angle a is the above-mentioned
inclination anglas, sihd arfedst oheagfaheandgles isl th3@ senwiretdrel 150€ orfespp shage
(cross-sectional shape) of a groove bottom 13 is V-shaped in Fig. 2, U-shaped in Fig. 3, and
trapezoidakbirpEigs 41bet the staperis dottinited txthrede shapesaasidedcrizegeabeve.dhgther, in Fig. 2
to Fig. 4, inclination angles a on both sides are approximately the same, and this is a more preferable
embodimeat; hutithgpresent isvertionuismad finited fokhis embediment imer exaippleyinddy. 5, the
inclination angles a on both sides are different, and any embodiment maybe employed. In addition, as

shown in Figpashen-a houndary betveen tke pelishinasuifaceansithgside surfage afthe groove

which continues to the polishing surface is in the form of a curved line, the respective surfaces are
linearly extehdedt aad the-angleafintessectionatthe dnigrsastian of the twaextendeshstraight lines is

taken as an inclination angle.
equation:
Strain constant (um/Pa) = (T1 - T2)/(177 - 27)/1000.
[0017]
Examples of materials of such the cushion layer include
nonfoamédnelastomers such as natural rubbers, nitrile rubbers,
“necoprene (registered trademark) ” rubbers, polybutadiene

rubbersg, thermosetting polyurethane rubbers, thermoplastic

polyurethane rubbers, silicone rubbers and “Hytrel (registered



[0023] As the polishing layer composing the polishing pad, a polishing layer having a structure
including independent air bubbles is preferred since the polishing layer forms a flat surface in a
semiconductor, a dielectric-metal composite and 13 an integrated circuit. The hardness of the
polishing layer is preferably 45 to 65 degrees in terms of measurement by an ASKER D hardness
tester. when the ASKER D hardness is less than 45 degrees, planarity of the material to be polished is
deteriorated, and when the ASKER D hardness is more than 65 degrees, the planarity is good, but

uniformity of the.materiat to Be polished tends 40 dlecteases 0024} » v Fhe material farming the

polishing layer having the above-mentioned structure is not particularly limited, and examples thereof

include polyethylene, jpolyprepylene.palyester polyirethang -polyurea, polyamide polyvinyl chioride,
polyacetal, polycarbonate, polymethylmethacrylate, polytetrafluoroethylene, epoxy resins, ABS resin,

AS resins, phengl iesins, melaming, resing, "agopreng (fegisiered frademarky; ibbers, utadiene

rubbers, styrene-butadiene rubbers, ethylene-propylene rubbers, silicone’rubbers, fluorine-containing
rubbers anjesinsiedominagtly ampgsecafibese najgals ; Hiesematerials iy be used in
combination of two or more thereof. In these resins, a material predominantly composed of
polyuretharge is moanfspreferred in that a diameter of an independent air bubble can be relatively easily
controlled. Fo’ifé%} The polyurethane is a polymer synthesized by a polyaddition reaction or a
polymeriza '88 rgﬂction of polyisocyanate A compound used as a reference of polyisocyanate is a
compound tontaining activated hydrogen, that is, a compound containing two or more polyhydroxy
groups Or amino groups. Examples of the polyisocyanate include, but not limited to, tolylepe
diisocyanate, diphGminAR ARG FRBE/AHAteC b i LR HREb AyaFERe CREXEMGtHy BAE Bhsocyanate,

and isophorone dijsocyanate. These compounds may be used in combination of two or more thereof.
[0026] according to a material of the cushion layer. For example, when

the cushion layer is a foamed body, if a degree of foaming is
increased, the strain constant tends to increase because of
tendency to be soft. Further, when the cushion layer is
nonfoamed, it is possible to adjust hardness by adjusting a
degree of crosslinking within the cushion layer.
[o019]

A thickness of the cushion layer ig preferably in a range

-of 0.1 to 2 mm. The thickness is preferably 0.25 mm or more,

and more preferably 0.3 mmor more £from the viewpoint of in-plane
uniformity of the entire surface of a semiconductor substrate.
The thickness is preferably 2 mm or less, and more preferably
1 mm or less from the viewpoint of local flatness.
[c020]

The surface of the polishing layer of the polishing pad

in the present invention has grooves. The configuration of the



As the compound containing polyhydroxy groups, polyols are typical, and examples thereof include
polyether polyol, polyteramethylene ether glycol, eﬁoxy resin-modified polyol, polyester polyol, acrylic
polyol, polybutadiene polyol, and silicone polyol. These polyols may be used in combination of two or
more thereof. It is preferred to determine a combination of polyisocyanate and polyol, and a
combination or an optimum amount of these compounds, a catalyst, a foaming agent and a foam
stabilizer according to the hardness, the bubble diameter and the expansion ratio. [0027] 15 As a

method of forming ipdeperdentair bubbles ipthesshehurethanes, aehemicat foamingpEocess in
which various foaming agents are mixed in a resin at the time of producing polyurethane is common,

but a method;of feaming aresin by meehanieal stitring agdithen curing iheyresingan-alse be preferably
used. [0028] An average bubble diameter of the independent air bubbles is preferably 30 jim or

more fromyifie ‘@E‘é’%%ﬂtfﬁfgf&%@@glr?&@ﬁﬁ%si Qnithe ptherhand, the avgrage,hubhlg diameter of the

independent air bubbles ispreferably 150 pm or less, more preferably 140 jim or leSs, and moreover

preferably &béoég:s%%élsrgﬁgé%e y' vmgirgrgfg%%glgggﬁééﬁ Qgg&g ie t'gl)naa depression of the

material to be ition, the average lameter can be obtained by observing a

sample cross-section at a magnificatjon of 400 times with an ultra-deep shape.m asuring microscope
VKLB500 1A P R BN G oo 28 st e ot S R e ing

bubbles which areﬁfgl_tioﬁ({eg at an end of a fltgld of wgw andflack% artlaIQ argg){n(t:!1 bfgbge]; observed

in one field0f VieWw: and proces%liﬂr?é)t % ddlettéd irrrh%sgespé?%lrgreabu Sbles With ar?“lrﬁage processing

apparatus to determjne circle equivalent diameters from the cross-sectiongl %r,eas of the bubbles to 16
calculate a tAverdge GAfGRYS 1S shown in Fig. 1. The grid-like groove

2 ig formed on a polishing pad 1. The pitch or the width of
the groove is not particularly lLimited, and the shape of a
section divided by the grid-like groove may be square or
rectangular.

[0021]

Further, at least one of angles (hereinafter, sometimes
referred to as “an inclination angle”) formed by the polishing
surface and a side surface of the groove which continues to the
polishing surface is 105° or more and 150° or less, and thereby,
it 1s possible to suppress the fluctuation in a polishing rate
while maintaining’a high polishing rate. A lower iimit of the
angle is preferably 115° or more from the viewpoint of the
.retention.and fluidity of the slurry. Further, an upper limit
of the angle is preferably 140° or less, more preferably 135°
or lesg, and particularly preferably 130° or less. Since the

slurry can be substantially supplied stably to the inclined



[0029] A preferable embodiment of the polishing pad in the present invention is a pad containing a
polymer of a vinyl compound and polyurethane and having independent air bubbles. The polymer of a
vinyl compound alone can enhance the toughnesgjand the hardness of the pad, but hardly attain a
homogeneous polishing pad having independent air bubbles, and polyurethane becomes brittle when
the hardness is increased. By impregnating polyurethane with a vinyl compound, a polishing pad
including independent air bubbles and having high toughness and high hardness can be formed.

[0030]  Shherupyl 89”19&%9\)§1§g°9%!@%@9é}ﬁé’i%aa9ﬁy@@£i%39|@f%@%%awb'e bond.

Specific examples of the vinyl compound include methyl acrylate, methyl methacrylate, ethyl acrylate,

ethyl methagyylate, -y acrylate. Dby methacylate, Z:gihylhexyl methacryate, dsodecyl

methacrylate, n-lauryl methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate,

2-hydroxyhuty| @ftq%fy afe dimet | hyl aGryl diethylaminoeth thacrylate,
glycidyl mte)‘%ﬁacry ate, tlinyleneég@c%){)g‘?[pn%%%cryﬁgg acryéﬁ? %eecéi’d,gr%gﬂ%arg%%% z?c%lg,r(13 %Zlgiﬁ%aric acid,
d!methyl fu,g?%rgt% deletlhl%/clz unﬂgq:aé%hdlgro% éu? % eagaa{elzlsci éd'sgfg}?t%_ &nlglggge Cgl%ttlhyl maleate,
dipropyl maleate, phenyl maleimide, cyclohéxyl maleimide, isopropyl maleimide; acrylonitrile,
acrylamide viélg/l:chloride \l/inéllid e chloride,.sc{ re ,g-metrg(#stg,rﬁne, diviggl benzene, ethylene
glycol dime]tﬁ'acrylacfg, aieafhﬁehléﬂ g?yrc%fﬁ?neﬁﬁacry?a e At RETikE The S Vi yF@@m‘ﬁ ads may be
used in combination of two or more thereof. [0031] Among the above-mentioned vinyl compounds,
Cho=CR1 OIS (R TG oo BBy G u TR B et OISR BRI STEURE Brgy! GhBup of buy
group) is preferred. Among these, methyl methacrylate, ethyl methacrylate, n-butyl methacrylate and
isobutyl mEREENfatk SardhrEft réPARat IS rmaiion OF e pehae AREiF BEBbRRIA Polyiirethane is
easy, the ability to be impregnated with a monomer is good, polymerization/curing is easy, and the
hardness GH=soRRfer®t aviRyH@Mpodnd p&i§fherRPllcuFedt and @l ibant StriekFE E8Rtaihing

polyurethane is high and planarization characteristics are good. [0032]
105° or more and 150° or less. At this time, the lower limit

of the angle is more preferably 115° or more. The upper limit
of the angle is more preferably 140° or less, moreover preferably
135°or less, and particularly preferably 130° or less. A groove
configuration in which both inclination angles are
approximately the same is a more preferable aspect. However,
both inclination angles do not have to be approximately the same,
A shape of a groove bottom is not particularly limited, and a
crogss-sectional shape may be V-shaped, U-shaped or trapezoidal.
fooz22]

A specific configuration of the groove in the present
invention described above will be described by way of drawings.
Fig. 2 to Fig. 6 are partial sectional views obtained by
enlarging a groove 14 portion of a polishing pad having a

polishing layer 10 on a cushion layer 20. The polishing layer



Examples of polymerization initiators to be preferably used for obtaining these polymers of a vinyl
compound include radical initiators such as azobisisobutyronitrile, 18 azobis(2,4-dimethylvaleronitrile),
azobiscyclohexanecarbonitrile, benzoylperoxide, I]a%lroyl peroxide, and isopropylperoxy dicarbonate.
These initiators may be used in combination of two or more thereof. Further, an oxidation-reduction
based polymerization initiator, for example, a combination of peroxide and amines can also be used.
[0033] Examples of a method of impregnating polyurethane with the vinyl compound include a

method of ipmgEsing palyiuethang ina.containgn coyaining:a ¥inyLeemrRadnd Jn.addition, in such a

case, it is also preferred to perform a treatment such as heating, pressurizing, depressurizing, stirring,

shaking, ang iAseaic (Braliop 6 ineupuipgse of inereasing an Imprecialing speed. (0034l An

amount of the vinyl compound with which polyurethane is impregnated has 1o be decided depending

on the type, of the vinyl compound and palyyrethane resin tq be: uged or the characteristics of the
polishing pad(%o %e manufactureg? an%?he conten?f‘%%o of th(lepl %ol%/?ne%)%?:tmg %ro%a%/%r?yl
compound and._polyuret in a foamed struc polymerized/cured is preferably 30/70 to 80/20 by
weight, altiot %eosnelga%ié(]g’?sﬁeraﬁnagﬁer%ﬁé. %%en Xé?&ﬁént ratic°ortRe polymer obtained from 19

a vinyl compound is 30/70. or more, the hardness of the polishjng pad can be adequately high. When
the content SRS 16 R A2 A Hactir) TS LIBRTAG T o babfod aQEER G Figh. (0038

Fig. 2, U—Shap@d in Fig. 3, and trapezoidal in Fig. 4, but the
shape is not limited to these shapes as described above.
.Further, in Figﬁ 2 to Fig. 4, inclination angles o on both sides
are approximately the same, and this is a more preferable
embodiment, but the present invention is not limited to this
embodiment. For example, in Fig. 5, the inclination angles o
on both sides are different, and any embodiment may be employed.
In addition, as shown in Fig. 6, when a boundary betwe@n the
polishing surface and the side surface of the groove which
continues to the polishing surface is in the form of a curved
line, the respective surfaces are linearly extended, and the
angle of intersection at the intersection of the two e#tended
straight lines is taken as an inclination angle;
[0023]

As the polishing layer composing the polishing pad, a
polishing layer having a structure including independent air
bubbles is preferred since the polishing layer forms a flat

surface in a semiconductor, a dielectric-metal composite and



In addition, the contents of the polymer obtained from a vinyl compound polymerized/cured in
polyurethane and polyurethane can be measured by a technique of pyrolysis gas
chromatography/pyrolysis mass spectrometry. An-apparatus which can be used in this technique
includes a double shot pyrolyzer "PY-2010D" (manufactured by Frontier Laboratories Ltd.) as a
pyrolysis apparatus, and includes "TRIO-1" (manufactured by VG SCIENTA Co., Ltd.) as a gas
chromatograph/mass spectrometer. [0036] In the present invention, it is preferred that a phase of

the polymey,obtgined.fram & ¥inyl-campourddsot separated from aphage ofgohunethane, and
contained in a phase of polyurethane from the viewpoint of the flatness of local projéction and

depressioflt?]%fet?sm(ﬁoﬂgue@%%uﬁ%%eQ‘iafﬂ@é@‘&@ycﬁﬁ%@g{&é%ﬁE%ﬁFaa%ﬁ?@?&q{by

observing the polishing pad with a micfo- infrared spectroscope with a spot sizé of 50 pm has an

nfrared absorpfiogcak oLheolymer 20 pplymerized o3 iV cogpond g ap iared

absorption peak of polyurethane, and in?rared spectra of various locations are substantially the same.

The micro-infrar pectroscope, used.herein i P4As manufactured by SPECTRA-TECH Inc.
ges r%i%%gplty Sl Igg%lggﬁél fta%é?t?vé%ocll %el?:ly I

[0037] polishirig pad may’ contain various types o such as a polishing agent, an
antistatic agent, a.lubricant, a stabilizer and a d he purpose of improving characteristics. [0038]
In the presctgﬁtE %5%89&%,? e d‘eézrllsitf/'ﬁc')llie %gt%oﬁis%%ﬂ%ggygr%#é‘%?gbﬁy %gﬁ:%n glrEl r%%reé’,sgmore
preferably Q.6 g/cm3 or more, and moreaver preferaply 0.65.g/cm3.or more from the viewpoint of
educing AVEEHS8 Frort MRAD07 Gkt SRR C D BHTAB b HAR R Hviewpoint o
reducing scratches, the densjty of the polishing layer is preferably 1.1 g/cm3or less, more preferably

0.9 glcm3driesE A mBRSTel pRStErEty BHEGIRM3 o less. In addition, the density of the polishing

layer in the present invention was measured by using a Harvard type picnometer (JIS R-3503) and
using wateF 38%fhedium. [0039]

The material forming the polishing layer having the
above-mentioned structure is not particularly limited, and
examples thereof include polyethylene, polypropylene,
polyester, polyurethane, polyurea, polyamide, polyvinyl
chloride, polyacetal, polycarbonate, polymethyl methacrylate,
polytetrafluoroethylene, epoxy resins, ABS resin, AS resins,
phenol resins, melamine resins, “neoprene (registered
trademark)}” rubbers, butadiene rubbers, styrene-butadiene
rubbers, ethylene-propylene rubbers, silicone rubbers,
fluorine-containing rubbers and resins predominantly composed
of these materials. These materials may be used in combination
of two or more thereof. In these resing, a material
predominantly composed of polyurethane is more preferred in
that a diameter of an independent air bubble can be relatively

easily controlled.



21 invention include an insulating layer formed on the semiconductor wafer or the surface of a
metal-wiring. Examples of the insulating layer include an interlayer insulation film of the metal-wiring, a
lower insulating layer of the metal-wiring, and a sh4ilow trench isolation to be used for isolating
elements. Examples of a material of the metal-wiring include aluminum, tungsten, copper and alloys
thereof, and a structure of the metal-wiring includes damascene, dual damascene and plug. When
copper is used as the metal-wiring, a barrier metal such as silicon nitride is also an object of polishing.
The main sfrfp@é'gpf the insulating layer is currently silicon oxide, and a low dielectric insulating layer is
also used. The palishing pad of the present invention can also be used for polishing a magnetic head,

a hard disc, sapph;g%ﬁ%ﬂgﬁgpgg\égﬁ[g%gn%o glﬁgﬁﬁ%ﬁh i ﬁe\{gaegré)dotggr tepan the

semiconductor wa e polishing present invention Is suitably used for

forming a flat surface on the glass, the semicon r, the dielectric/metal compaosite, and the
integrated Biedic &I\:ﬁgﬁ e%%th%HgF:eiﬁa égﬁ%eprr%éjg%ﬁ%%rﬁ?%%ﬁﬁ% §§scribed in more

detall bywa%/ gf examg)/les. @owev&r, th{% é%gs%t uesg,(agmles are n to bz? cons%rued to limit the
invention. Oaaf&it?gr{ messuremént wa perl?ormedeas follows! f(%%? Kfeastrement of Bubble
Diameter> As the average bubble diameter, a number average value was used, which was
obtained b§ ObLeRTTY 3 XA pI& 2 FsCSIR CRGATCALSh 8FX00 Bines WHTAR EfFa-deep shape
measuring microscope VK-8500 manufactured by KEYENCE Corporation, selecting images of circle
bubbles excititing HubbIESTRRYIN RS BEEHiBRad at ¥R &d BPA Fidh® ¥ PRétFaRdY Ia%ci Hiartially
among bubbles observed in one field of view, and processing the selected images of circle bubbles
with an im&ge FrOCEIHPHPSaratGE T B RPntite CHeIPeduivaRAY 8RAT&RerI oM e &98s-sectional

areas of the bubbles to calculate an average value. [0043]
not limited to, tolylene diisocyanate, diphenylmethane

diisocyanate, naphthalene diisocyanate, hexamethylene
diisocyanate, and isophorone diisbcyanatef These'compounﬁs
may be used in combination of two or more thereof.

[6026]

As the compound containing polyhydroxy groups, polyols
are typical, and examples thereof include polyether polyol,
polyteramethylene ether glycol, epoxy resin-modified polyol,
polyester polyol, acrylic polyol, polybutadiene polyol, and
silicone poiyol. These polyols may be ﬁsed in combination of
two or more thereof. It ispreferred to determine a combination
of polyisocyanate and polyol, and a combination or an optimum
amount of these compounds, a catalyst, a foaming agent and a
foam stabilizer according to the hardness, the bubble diameter
and the expansion raiio.

[0027]



<Measurement of Hardness> Hardness was measured according to JIS K6253 (1997) . The
prepared polyurethane resin was cut out into a size of 2 cm x 2 cm (thickness: arbitrary) and left
standing for 16 hours as a sample for hardness measurement under environments of 23 temperature
of 23C + 2C and humidity of 50% + 5%. When being measured, the samples were overlaid to keep a
thickness of 6 mm or more. The hardness was measured by use of a hardness tester (manufactured
by KOBUNSHI KEIKI CO., LTD., ASKERD type hardness tester). [0044] <Measurement of

Microrubber A Hardgegsiethok@ eushipn dayer was sehaulrinta 8126013 em X3 emeand left
standing for 16 hours as a sample for hardness measurement under environments of temperature of

23C + 2C apd humidinaefa0% 5 S%eMicrorubiberd hargness was meaguediatdifarsptthree points
in a sample by use of a microrubber hardness tester MD-1 manufactured by KOBUNSHI KEIKI CO.,

LTD., and asajpulated average value was taken as @ migrarubber Ahardness. [0046] sMeasurement

of Inclination Angle> A pad in which grooves were formed on the polishing layer surface was

placed so that o/e2ers hiade vas arfangedin be Apenticulr tpandiiggfion aldlie gragye, and siiced
in a direction of a groove depth, and a cross-section of the groove was observed with an“ultra-deep
shape meqguing Inicrascope, VK800 mapyiactired by, KE Y ENGE Gorpgration Lo measure an angle

preferably used.

[0028]

An average bubble diameter of the independent air bubbles
is preferably 30 um cor more from the viewpoint of reducing
scratches. On the other hand, the average bubble diameter of

the independent air bubbles is preferably 150 um or legg, more

preferably 140 pum or less, and moreover preferably 130 um or

less from the viewpoint of the flatness of local proiection and
depression of the material tc be polished. In additicn, the
average bubble diameter can be obtained by observing a sample
cross-sectionat amagnification of 400 times withan ultra-deep
shape measuring microscope VK-8500 manufactured by XKEYENCE

Corporation, selecting images of circle bubbles excluding

bubbles which are positioned at an end of a £ield of view and
lacks partially among bubbles observed in one field of view,
and processing the selected images of circle bubbles with an
image processing apparatus to determine circle equivalent

diameters from the crogs-sectional areas of the bubbliegs to



24 formed by the polishing surface and the side surface of the groove which continues to the polishing
surface. Two grooves which were the closest to the position distance of a third of radius and the
position distance of two-thirds of radius from a cehfer of the pad were measured, and an average of
these two grooves was taken as an inclination angle. [0046] <Determination of Strain Constant>
Using an indenter having a tip of 5 mm in diameter, a thickness at the time of applying a pressure of
27 kPa for 60 seconds with a dial gauge was taken as (T1) pm, and subsequently a thickness at the

time of ap@g@glﬁg@ésgr%g%yrk@@éqa%%s%qqggwas taken as (T2) pm, and the strain constant

was calculated according to the following equation: Strain constant (pm/Pa) = (T1 - T2)/(177 -
27)11000. [tq)wngverage Polishing Rate> Using MIRRA 3400 manufactured by
Applied:Materials, Inc., polishing was carried out under predetermined polishing conditions while

detecting an end pgpgﬁgrgg%@é@ggha%ge&% S vere m aesu#%ciljgs%gg C |%ndofi%djcahrréeter excluding
an outermost 1 mm-circumference of an 8-inch wafer. Polishing characteristics were measured at 37
points which were 25, located.for every 5 mn&withi a_radius of 90 mm from afcenter in the plane and

18 points \l]v:/ﬁ%ﬁ?Nnetrejkr)l(‘:ra?tle1 fore evlesryi MM oUtside a radigs of §L mm front a cénter i the plane to
determine S‘Qm%’gﬁ% eaPr? .SSEJ rfpilnt_’(:'\e rg/nngaina)ihd having independent air bubbles.
The polymer of a vinyl compound alone can enhance the toughness
and the hardness of the pad, but hardly attain a homogeneous
polishing pad having independent air bubbles, and polyurethane
becomes brittle when the hardness is increased. By
impregnating polyurethane with a vinyl compound, a polishing
pad including independent air bubbles and having high toughness
and high hardness can be formed.
[0030]

The vinyl compound is a compound having a polymerizable
carbon-carbon double bond. Specific examplies of the vinyl
compound include methyl acrylate, methyl methacrylate, ethyl
acrylate, ethyl methacrylate, n-butyl acrylate, n-butyl
methacrylate, 2-ethylhexyl methacrylate, isodecyl
methacrylate, n-lauryl methacrylate, 2-hydroxyethyl
methacrylate, 2-hydroxypropyl methacrylate, 2-hydroxybutyl
methacrylate, dimethylaminoethyl methacrylate,

diethylaminoethyl methacrylate, glycidyl methacrylate,

ethylene glycol dimethacrylate, acrylic acid, methacrylic acid,



[0048] <Determination of Fluctuation in Polishing Rate> Five hundred of wafers were polished, an
average polishing rate of each wafer was measured, and the fluctuation in a polishing rate was
calculated according to the following equation: [0(3479] Fluctuation in polishing rate (n, /min) =
(Maximum average polishing rate of wafer) - (Minimum average polishing rate of wafer). [0050]
Example 1 In a molding machine RIM, 30 parts by weight of polypropylene glycol, 40 parts by
weight of diphenylmethane diisocyanate, 0.5 part by weight of water, 0.3 part by weight of

triethylaming,J, 7 parts aysweight,of asilicens foamsstabilizar,gnd 8.Q2.part BY weightpffin octylate

were mixed, and the resulting mixture was discharged to a die and molded by pressure molding to

prepare a fegmed.palyurethane. seals 26 fiqiuding independent aig bubbles. [Q0PLL ..,
dipropyl maleate, phenyl maleimide, cyclchexyl maleimide,
igopropyl maleimide, acrylonitrile, acrylamide, vinyl
chloride, vinylidene chloride, styrene, o-methyl styrene,
divinyl benzene, ethylene glycol dimethacrylate, diethylene
glycdi dimethacrylate and the like. These vinyl compounds may
be used in combination of two or more thereof.
[0031]

Among the above-mentioned vinyl compounds, CH,;=CR'COOR?

(R': methyl group or ethyl group, R*:

methyl group, ethyl group,
propyl group or butyl group) is preferred. Among these, methyl
methacrylate, ethyl methacrylate, n-butyl methacrylate and
is'obutyl. methacrylate are preferred in that the formation of
independent air bubbles in polyurethane is easy, the ability
to be impregnated with a monomer is good, polymerization/curing
is easy, and the hardness of a polymer of a vinyl compound
polymerized/cured and a foam structure containing polyurethane
is high and planarization characteristics are good.
{0032]

Examples of polymerization initiators to be preferably

used for obtaining these polymers of a vinyl compound include

radical initiators such as azZobisisobutyronitrile,



The foamed polyurethane sheet was immersed for 60 minutes in methyl methacrylate containing 0.2
part by weight of azobisisobutyronitrile. Then, the foamed polyurethane sheet was immersed in a
solution composed of 15 parts by weight of ponvirjr)gl alcohol "CP" (polymerization degree: about 500,
produced by NACALAI TESQUE, INC.), 35 parts by weight of ethyl alcohol (reagent special grade,
produced by KATAYAMA CHEMICAL INDUSTRIES Co., Ltd.) and 50 parts by weight of water, and
dried to coat the surface layer of the foamed polyurethane sheet with polyvinyl alcohol. [0052]

Next, the foamed polyurethane sheet,wassandwichedybetween two glass sheets with a vinyl chloride
gasket interposed between the sheet and the glass sheet and heated at 65C for 6 hours and at 120C

for 3 ho“rSaQB%ﬂ%%??ioﬁ*ﬂ&éﬁ‘?&é%&ﬁ@%ﬂ@d/ﬁ%@%yﬂﬁ@?&mggedﬂﬁéws released from

between glass sheefs and washed with water, and then vactium-dried at 50C. A hard foamed sheet

thus obtaingdyas siced it Alhinkagss gL2 00 mi. A gt surfaces yre grouad fa prepare a

polishing layer. The content of methy acrylate in the polishing layer was 66% by weight. The 27

polishing I%}/&gr *‘@Q g é% h%d%gj%%fé%%qbﬁ[eg% Wéhérﬁeﬁ%%%ﬁgé%%%/gm,)I:e{ln&%% average

bubble diameter of the independent air eswas 4 ermoplastic polfyurethane

(cushion layer thickness : 0.3 ttwr?rving a_strain constant of 0.15 x 1Q-4 [tm/Pa (microrubber A
arcness GH IS bS] B30 U R T CBo L e 4 A asian e e tatmigiad on the
polishing layer obiained b% tr]})e above method with an adhesive lfi}yer MA-62 Sgrk())duced y Mitsui
Chemicals (ﬁ)r/nlﬁjreﬁfaﬁeg, et Eéré‘ﬁ’é]tv?eeﬁ%{/%)%%ngeaal% SOHEr, AndHfurtnéta dotieSaced tape
5604 TDM manufactured by SEKISUI CHEMICAL CO., LTD. was bonded to a backside as a backside
tape. This | Piindte was punched out into a circle with a diameter of 508 mm, and grooves having an
inclination angle of 123 degrees and a depth of 1 . 5 mm were formed on the surface of the polishing
layer at a groove pﬁéﬁ%?i%?nﬁfinath@?(ggﬁdof%& THREE T Blepade BAJoMRfg A [Bo5H The
polishing pad obtained by the above method was attached to a platen of a polishing machine ("MIRRA

3400" mantfetiifety By 2pphed Materalifitc & . B Atnafed PreeEs bR g-eh Xvafeidrdkide film

were polished under the conditions in which a retainer ring pressure = 41 kPa (6 psi), 28
in a container containing a vinyl compound. In addition, in

such a case, it isg also preferred to perform a treatment such
as heating, pressurizing, depressurizing, stirring, shaking,
and ultrasonic vibration for the purpoge of increasing an
impregnating speed.

[0034]

An amount of the vinyl compound with which polyurethane
is impregnated has to be decided depending on the type of the
vinyl compound and poliyurethane resin to be used or the
characteristics of the polishing pad to be manufactured, and
the content ratio of the polymer obtained from a vinyl compound
and polyurethane in a foamed structure polymerized/cured is
preferably 30/70 to 80/20 by weight, although one cannot spezk

generally,. When the content ratio of the polymer obtained from



an inner tube pressure = 28 kPa (4 psi), a membrane pressure = 28 kPa (4 psi), a platen rotational
speed= 76 rpm, a polishing head rotational speed_= 75 rpm, and a diluted slurry formed by diluting
slurry (SS-25 manufactured by Cabot Corporation]} ith an equal volumetric amount of pure water was
flown at a flow rate of 150 ml/min, and in-situ dressing was carried out for 30 seconds after the start of
polishing at a load of 17.6 N (4 Ibf) and at a polishing time of 1 minute by using a dresser
manufactured by Saesol CHEMICAL CO., LTD. The average polishing rate of the five hundredth of the

oxide film was 2166 ummainn & hesflystuationima polishing ratepfH00 gxideflms wasras.good as 10.5

nm/min. [0055] Example 2 A wafer of an oxide film was polished in the same manner as in

Example %%ﬂ%&m&%?%ﬂgﬂqn apgleof the graeve,en the polishing layer syrface to

110. An average polishing rate was 185.0 nm/min, and the fluctuation in a polishing rate was as good

as 25.4 nnymin, J0OSELEXRTE 3; -, Apvafer ofan oxide ilmLyas palished indbe sama manner as in

Example 1 except for changing the inclination angle of 29 the gioove on the polishing layér surface to

1400. An ggjarge polishing rate was 227.3 nm/min, and the fluctuation in a polishing rate was as good
as 23.8 nm/min.

[0035]

In addition, the contents of the polymer obtained from
a vinyl compound pclymerized/cured in polyurethané and
polyurethane can be measured by a technigque of pyrolysis gas
chromatography/pyrolysis mass spectrometry. An apparatus
which can be used in this technique includes a double shot
pyrolyzer “WPY-2010D” (manufactured by Frontier Laboratories
Ltd.} as a pyrolysis apparatus, and includes “TRIO-1"
(manufactured by VG SCIENTA Co., Ltd.) as a gas
chromatograph/mass spectrometer.

[0036]

In the present invention, it is preferred that a phase
of the polymer obtained from a vinyl compound is not geparated
from a phase of polyurethane, and contained in a phase of
polyurethane from the viewpoint of the flatness cf local
projection and depression of the semiconductor substrate.
Quantitatively describing, the spectra obtained by observing
the polishing pad with a micro-infrared spectroscope with a gpot

size of 50 pm has an infrared absorption peak of the polymer



[0057] Example 4 A wafer of an oxide film was polished in the same manner as in Example 1
except for changing the cushion layer to a polyolefin foam (TORAYPEF produced by Toray Industries,
Inc., expansion ratio 3 times, cushion layer thicknéSs: 1.0 mm) having a strain constant of 2.6 x 10-4
um/Pa (microrubber A hardness 650). An average polishing rate was 193.0 nm/min, and the
fluctuation in a polishing rate was as good as 31.0 nm/min. [0058] Example 5 A wafer of an oxide
film was polished in the same manner as in Example 1 except for forming twenty of grooves which

were arranggg-adially and saually spaced anhsRalishingdayer surface-&n ayarage polishing rate

was 191.4 nm/min, and the fluctuation in a polishing rate was as good as 24.3 nm/min. [0059]

Example 6ﬁea]<%wags& oxide dilm was pelishedyn,the sameJpanner a3 dnkxarlg L except for

changing the pitch and the inclination 30 angle of the groove on the polishing layer surface to 11.5

mm and 135, feshgelively. 0,3¢erage Polighing fate was.22-0.iimimin,ad e flugtuadon in &
g .6 Example 7

polishing rate was as good as 12.6 nm/min. [0060

used herein includes IRpus manufactured by SPECTRA-TECH Inc.
[0037]

The polishing pad may contain various types of additives
such as a polishing agent, an antistatic agent, a lubricant,
a stabilizer and a dye for the purpose of improving
characteristics.

[0038]

In the present invention, the density of the polishing
layer is preferably 0.3 g/cm’ or more, more preferably 0.6 g/cm’
or more, and moreover preferably 0.65 g/cm’® or more from the
viewpoint of reducing defective local flatness or global
difference in height. On the other hand, from the viewpoint
of reducing scratches, the density of the polishing layer is
preferably 1.1 g/cm’ or less, more preferably 0.9 g/cm® or less,
and moreover preferably 0.85 g/cm’® or less. In addition, the
density of the polishing layer in the present invention was
measured by using a Harvard type picnometer (JIS R-3503) and
using water as a medium.

[0039]

Examples of the material to be polished in the present



A wafer of an oxide film was polished in the same manner as in Example 1 except for changing the
inclination angle of the groove on the polishing layer surface to 135. An average polishing rate was
223.2 nm/min, and the fluctuation in a polishing raté was as good as 18.7 nm/min. [0061] Example 8
A wafer of an oxide film was polished in the same manner as in Example 1 except for changing the
cushion layer to a polyolefin foam (TORAYPEF produced by Toray Industries, Inc., expansion ratio 4
times, cushion layer thickness : 1.0mm) having a strain constant of 3.8 x 10-4 um/Pa (microrubber A

hardness 570).4\n; ayerage polishing ratewas 4924 Aimip, @ad e flugiuagion in a polishing rate

was as good as 36.4 nm/min. [0062] Example 9 A wafer of an oxide film was polished in the same

manner 31a31% ExaIAle. st for changingite ngUnaton anale of e.aroque, gp e polising

layer surface to 135 and changing the cushion layer to a polyolefin foam
Toray Industries, Inc. £x a%sign rfgo Srtir:[lesi%1 e@i%%la q_[érlﬂfgnee%s:ilﬁou @%ngin}gﬁstrain
constant ofggG xeiolﬁ1 pin Baj(nﬁcrora’gber RRar ness 6%%‘ An avé/rage p(ﬁls ing rate Was 201.3
nm/min, and-the fluciuation In 2 polishing fate was;as g9od as 33,1 dm/min. [9963] Example 10
metal-wiring, and a shallow trench isclation to be used for
isolating elements. Examples of amaterial of the metal-wiring
include aluminum, tungsten, copper and alloys thereof, and a
structure of the metal-wiring includes damascene, dual
damascene and plug. When copper is used as the metal-wiring,
a barrier metal such as silicon nitride is also an object of
polishing. Themain streamof the insulating layer is currently
silicon oxide, and a low dielectric insulating layer is also
used. The polishing pad of the present invention can also be
used.for‘polishing'atnagnetic head, a hard disc, sapphire, SiC,
and MEMS (micro electro mechanical system) other than the
semiconductor wafer.
[0040]
The polishing method of the present invention is suitably

used for forming a flat surface on the glasg, the semiconductor,

the dielectric/metal composite, and the integrated circuit.

EXAMPLES

[0041]



A wafer of an oxide film was polished in the same manner as in Example 1 except for changing the
inclination angle of the groove on the polishing layer surface to 135 and changing the cushion layer to
a polyolefin foam (TORAYPEF produced by Tora%%ndustries, Inc., expansion ratio 4 times, cushion
layer thickness: 1.0 mm) having a strain constant of 3.8 x 10-4 mm/Pa (microrubber A hardness 57).
An average polishing rate was 208.4 nm/min, and the fluctuation in a polishing rate was as good as
38.2 nm/min. [0064] Example 11 A wafer of an oxide film was polished in the same manner as in

Example 1 except Qi changing-two inelingtien angles32fasiba eact ofhelraess thegigove on the
polishing layer surface to 135 and 1300, respectively. An average polishing rate was 220.9 nm/min,

and the flugiiadion ina Mgﬂmyr%% wasAs 000d agdRamp/min, d0gSakExampledgies A polyester

film having a thickness of 188 pm was bonded to a backside of a polishing layer with an adhesive

sandwiched,.angd g cughion layerwas bandgdito,fhe polyesterfilm.susface. A wader; efiapoxide film

was polished in the same manner as in Example 1 except for changing the inclination angle of the

groove on&%%%@%@y‘%gugg%&{@@ An average polishing rate was 233.3 nm/min, and the
is

fluctuation in a polishing rate was as good as 21.8 nm/min. [0066] Comparative Example 1
[0042]

<Measurement of Bubble Diameters
As the average bubble diameter, a number average value
was used, which was obtained by observing a sample cross-section
at a magnification of 400 times with an ultra-deep sha@@
measuring microscope VK-8500 manufactured by KEYENCE
Corporation, selecting images of circle bubbkles excluding
bubbles which were positioned at an end of a field of view and
lacked partially among bubbles observed in one field of view,
and processing the selected images of circle bubbles with an
image processing apparatus to determine circle eguivalent
diametersAfrom the cross-sectional areas of the bubbles to
calculate an average value.
[0043]
<Measurement of Hardness:
HardnesswasweasuredaccordingtoiﬂESK6253(1997). The
prepared polyurethane resin.waé cut out into a size of 2 cm x
2 cm (thickness: arbitrary) and left standing for 16 hours as

a gample for hardness measurement under environments of



A wafer of an oxide film was polished in the same manner as in Example 1 except for changing the
inclination angle of the groove on the polishing layer surface to 90. An average polishing rate was
182.1 nm/min, and the fluctuation in a polishing rate was as large as 107.7 nm/min. [0067]
Comparative Example 2 33 A wafer of an oxide film was polished in the same manner as in
Example 1 except for changing the cushion layer to suba 400 produced by Nitta Haas Incorporated
(cushion layer thickness: 1.25 mm) having a strain constant of 6.5 x 10-4 sim/Pa (microrubber A

hardness 319 ing theJrelinaton-angle 19hhesgrepveron dhe palishinglayersuyfage to 135.
An average polishing rate was 234.3 nm/min, and the fluctuation in a polishing rate was as large as

184.7 nm/rgin, 10Q63] Cemparais@mRIEs3 ove A W an.24ids film vas palished ip the same
manner as in Example 1 except for changing the cushion layer to NIPPARON EXT produced by NHK

SPRING Gy, L{Dndqushionjaye thigkness: O-.8mml havinga graip consang of, 2,25%1Q:41.1m/Pa

(microrubber A hardness 59) and changing the inclination angle of the groove on the polishing layer

suriace 0 135, ayeiege BRISING el 352248 k. 9 e Jbctualin p  lising rae

was as large as 165.5 nm/min.

hardness tester).
[0044]
<Measurement of Microrubber A Hardnesss

The cushion layer was cut out into a size of 3 cm x 3 cm
and left standing for 16 hours as a sample for hardness
measurement under environments of temperature of 23°C ¢ 2.°C. rand
humidity of 50% + 5%. Microrubber A hardness was measured at
different three points in a sample by use cof a microrubber
hardness tester MD-1 manufactured by KOBUNSHI KEIXKI CO., LTD.,
and a calculated average value was taken as a microrubber A
hardness.
[0045]
<Meagurement of Inclination Angles

A pad in which grooves were formed on the polishing layer
surface was placed so that a razor' s blade was arranged to be
perpendicular to a direction of the groove, and sliced in a
direction of a groove depth, and a cross-section cf the groove
was observed with an ultra-deep shape measuring microscope

VK-8500 manufactured by KEYENCE Corporation to measure an angle



Comparative Example 4 A wafer of an oxide film was polished in the same manner as in Example
1 except for changing the inclination angle of thegroove on the polishing layer surface to 1550. An
average 34 polishing rate was 215.5 nm/min, an the fluctuation in a polishing rate was as large as
63.2 nm/min. [0070] Comparative Example 5 A wafer of an oxide film was polished in the same
manner as in Example 1 except for changing the cushion layer to suba 400 produced by Nitta Haas
Incorporated, (cushion layer thickness: 1.25 mm) having a strain constant of 6.5 x 10-44m/Pa

(microrubbeg, Athaydp %ﬁé%m@\fﬁrﬁﬁe Holishing rateves, 226 dumiipand the flugiuation in a

polishing rate was as large as 173.0 nm/min. [0071] The results of Examples and Comparative

Examples @Q_EO%L{}Q%{E&Q @o-ﬁ%qlﬁl}eéogézlthe polishing surface. Two grooves

which were the closest to the position distance of a third of
radius and the position distance of two-thirds of radius from
a center of the pad were measured, and an average of these two
grooves was taken as an inclination angle.
10046]
<Determination of Strain Constants

Using an indenter having a tip of 5 mm in diameter, a
thickness at the time of applying a pressure of 27 kPa for 60
seconds with a dial gauge was taken as (T1l) um, and subsequently
a thickness at the time of applying a pressure of 177 kkPa for
60 seconds was taken as (T2) um, and the strain constant was
calculated according to the following equation:

Strain constant (um/Pa) = (Tl - T2)/(177 - 27)/1000.
[0047]
<Avefage Polishing.Rate>

Using MIRRA 3400 manufactured by Applied Materials, Inc.,
polishing was carried out under predetermined polishing
conditions while detecting an end point. Polishing
characteristics were measured in a direction of a diameter
excluding an ocutermost 1 mm-circumference of an 8-inch wafer,

Polishing characteristics were measured at 37 points which were
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located for every 5 mm within a radius of 90 mm from a center
in the plane and 18 points which were located for every 1 mm
outside a radius of 91 mm from a center in the plane to determine
an average polishing rate (nm/min).
[0048]
<Determination of Fluctuation in Polishing Rate>

Five hundred of wafers were polished, an average
polishing rate of each wafer was measured, and the fluctuation
in a polishing rate was calculated according to the fcollowing
equation:
{0049}

Fluctuationjjlpolishingrate(n,/min}zz(Maximumaverage
polishing rate of waﬁer) ~ (Minimum average polishing rate of
wafer) .
[0050]
Example 1

In a molding machine RIM, 30 parts by weight of
polypropylene glycol, 40 parts by weight of diphenylmethane
diisocyanate, 0.5 part by weight of water, 0.3 part by weight
of triethylamine, 1.7 parts by weight of a2 gilicone foam
stabilizer, and 0.09 part by weight of tin octylate were mixed,
and the resulting mixture was discharged to a die and molded

by pressure molilding to prepare a foamed polyurethane sheet



Polishing Rate nm/min Fluctuation in Polishing Rate nm/min Example 1 123 0.15 89
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including independent air bubbles.
[c051]

The foamed polyurethane sheet was immersed for 60 minutes
in methyl methacrylate containing 0.2 part by weight of
azobigiscobutyronitrile. Then, the foamed polyurethane sheet
was immersed in a solution composed of 15 parts by weight of
polyvinyl alcohel “CP” (polymerization degree: about 300,
produced by NACALAT TESQUE, INC.}, 35 parts by weight of ethyl
alcohol (reagent special grade, produced by KATAYAMA CHEMICAL
INDUSTRIES Co., Ltd.) and 50 parts by weight of water, and dried
to coat the gsurface layer of the foamed polyurethane sheet with
polyvinyl alcohol.

[oos2]

Next, the foamed polyurethane gheet was sandwiched
between two glass sheets with a vinyl chloride gasket interpoged
between the sheet and the glass sheet and heated at é5°C for
6 hours and at 120°C for 3 hours, and thereby, the sheet was
polymerized/cured. The polymerized sheet was released from
between glass sheets and washed with water, and then
vacuum-dried at 50°C. A hard foamed sheet thus obtained was
gliced into a thickness of 2.00 mm, and both surfaces were ground
to prepare a polishing layer. The content of methyl

methacrylate in the polishing layer was 66% by weight. The
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polishi.né layer had the D hardness of 54 degrees and the density
of 0.81 g/cm’, and an average bubble diameter of the indep@ndent
ailr bubbles was 45 um.

[0053]

Thermoplastic polyurethane (cushion layer thickness: 0.3
mm) having a strain constant of 0.15 x 10™* pum/Pa (microrubber
A hardness 89 degrees) produced by Nihon Matai Co., Ltd. as a
cushion layer was laminated on the polishing layer obtained by
the above method with an adhesive layer MA-6203 produced by
Mitsﬁi Chemicals Polyurethanes, Inc. therebetween by using a
roll coater, and further a double-faced tape 5604 TDM
manufactured by SEKISUI CHEMICAL CO., LTD. was bonded to a
backside as a backsgide tape. This laminate was punched out into
a cirxcle with a diameter of 508 mm, and grooves having an
inclination angle of 123 degrees and a depth of 1.5 mmwere formed
on the surface of the polishing layer at a groove pitch of i5
mm in the form of XY lattice to prepare a polishing pad.
[0054]

The polishing pad obtained by the above method was
attached to a platen of a polishing machine (“MIRRA 34007
manufactured by Applied Materials, Inc.). Five-hundred pieces
of 8-inch wafers of oxide film were polished under the

conditions in which a retainer ring pressure = 41 kPa (6 psi),
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an inner tube pressure = 28 kPa (4 psi), a membrane pressure
= 28 kPa (4 psi), a platen rotational speed = 76 rpm, a poliishing
head rotatiocnal speed = 75 rpm, and a diluted slurry formed by
diluting slurry (SS-25 manufactured by Cabot Corporation) with
an equal volumetric amount of pure water was flown at a flow
rate of 150 ml/min, and in-situ dressing was carried out for
30 seconds after the start of polishing at a load of 17.6 N (4
1bf) and at a polishing time of 1 minute by using a dresser
manufactured by Saesol CHEMICAL CC., LTD. The average
polishing rate of the five hundredth of the oxide film was 216.6
nm/min. The fluctuation in a polishing rate of 500 oxide f£ilmg
was as good as 10.5 nm/min.
[0055]
Example 2

A wafer of an oxide film was polished in the same manner
ag in Example 1 except for changing the inclination angle of
the groove on the polishing layer surface to 116°. An average
polishing rate was 185.0 nm/min, and the fluctuation in a
polishing rate was as good as 25.4 nm/min.
[0056]
Example 3

2 wafer of an oxide £ilm was polished in the same manner

ag in Example 1 except for changing the inclination angle of
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the groove on the pelishing layer surface to 140°. An average
polishing rate was 227.3 nm/min, and the fluctuation in a
polishing rate was as good as 23.8 nm/min.
[0057]
Example 4

A wafer of an oxide £ilm was polished in the same manner
as in Example 1 except for changing the cushion layer to a
polyolefin £cam (TORAYPEF produced by Toray Industries, Inc.,
expansionratio 3 times, cushion layer thickness: 1.0 mm) having
a strain constant of 2.6 x 10"* pm/Pa (microrubber A hardnesse
65°). An average polishing rate was 193.0 nm/min, and the
fluctuation in a polishing rate was as good ag 31.0 nm/min.
focss]
Example 5

A wafer of an oxide film was polished in the same manner
as in Example 1 except for forming twenty of grooves which were
arranged radially and equally spaced on the polishing lavyer
surface. An average poliishing rate wag 191.4 nm/min, and the
fluctuation in a polishing rate was ag good as 24.3 nm/min.
[0059]
Example 6

A wafer of an oxide film was polished in the same manner

as in Example 1 except for changing the pitch and the inclination
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angle of the groove on the polishing layer surface to 11.5 mm
and 135°, respectively. An average polishing rate was 225.0
nm/min, and the fluctuation in a polishing rate was as good as
12.6 nm/min.
[0C60]
Example 7

A wafer of an oxide film was polished in the same manner
as in Example 1 except for changing the inclination angle of
the groove on the polishing layer surface to 135°. An average
polishing rate was 223.2 nm/min, and the fluctuation in a
polishing rate was as good ag 18.7 nm/min.
[0061]
Example 8

A wafer of an oxide film wag polighed in the gsame manner
as in Example 1 except for changing the cushion layer to a
polyolefin foam (TORAYPEF produced by Toray Industries, Inc.,
expansionratio 4 times, cushion laver thickness: 1.0 mm) having
a strain constant of 3.8 x 10™* um/Pa (microrubber A hardness
57¢). An average polishing rate was 192.1 nm/min, and the
fluctuation in a polishing rate was ag good ag 36.4 nm/min.
[0062]
Example 9

A wafer of an oxide £ilm was polighed in the same manner
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as in Example 1 except for- changing the inclination .angle of
the groove on the polishing layer surface to 135° and changing
the cushion layer to a polyolefin foam (TORAYPEF produced by
Toray Industries, Inc., expansion ratio 3 times, cushion layer
thickness: 1‘.0 mm) hav_ing a strain constant of 2.6 x 107* um/Pa
{microrubber A hardness 6_5°) . An average polishing rate was
201.3 nm/min, and the fluctuation in a polishing rate was as
good as 33.1 nm/min.
[0CE3]
Example 10

A wafer of an oxide film was polished in the same manner
ag in Example 1 except for changing the inclination angle of
the groove on the polishing layer surface to 135° and changing
the cushion layer to a polyolefin foam (TORAYPEF produced by
Toray Industries, Inc., expansion ratio 4 times, cushion layer
thickness: 1.0 mm) having a strain constant of 3.8 x 107" pym/Pa
(microrubber A hardnessg 57°). An average polishing rate was
208.4 nm/min, and the fluctuation in a polishing rate was as
good as 38.2 nm/min.
[0064]
Example 11

A wafer of an oxide £ilm was polished in the same manner

as in Example 1 except for changing two inclination angles
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facing each other across the groove on the polishing layer
surface to 135°¢ and 130°,.respectivelyz An average polishing
rate was 220.9 nm/min, and the fluctuation in a polishing rate
was as good as 19.0 nm/min.
[0065]
Example 12

A polyester film having a thickness of 188 pm was bonded
to a backside of a polishing layer with an adhesive sandwiched,
and a cushion layer was bonded to the polyester film surface.
A wafer of an oxide £ilm was polished in the same manner as in
Example 1 except for changing the inclination angle of the
groove on the polishing layer surface to 135°. An average
polishing rate was 233.3 nm/min, and the fluctuation in a
polishing rate was as good ag 21.8 nm/min.
[0066]
Comparative Example 1

A wafer of an oxide £ilm was polished in the same manner
as in Example 1 except for changing the inclination angle of
the groove on the polishing layer surface to 90°. 2An average
polishing rate wag 182.1 nm/min, and the fluctuation in a
polishing rate was as large as 107.7 nm/min.
[0067]

Comparative Example 2
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A wafer of an oxide £ilm was polished in the same manner
" as in Example 1 except for changing the cushion layer to suba

400 produced by Nitta Haas Ihéorporated (cushion layer
thickness: 1.25 mm) having a strain constan*;: of 6.5 x 107* um/Pa
(microrubber A hardness 51°) and changing the inclination angle
of the groove on the polishing layer surface to 135°. Anaverage
polishing rate was 234.3 nm/min, and the fluctuation in a
polishing rate was as large as 184.7 nm/min.
[c068]
Comparative Example 3

A wafer of an oxide £ilm was polished in the same manner
as in Example 1 except for changing the cushion layer to NIPPARON
EXT produced by NHK SPRING CO., LTD. (cushion layer thickness:
0.8 mm) having a strain constant of 5.2 x 10™* um/Pa (microrubber
A hardness 59°) and changing the inclination angle of the groove
on the pclishing layer surface to 135°. An average polishing
rate was 221.8 nm/min, and the fluctuation in a polishing rate
was ag large as 165.5 nm/min.
[0069]
Comparative Example 4

A wafer of an oxide film was polished in the same manner
as in Example 1 except for changing the inclination angle of

the groove on the polishing layer surface to 155°. An average
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polishing rate was 215.5 nm/min, and the fluctuation in a
polishing rate was as large as 63.2 nm/min.
[0070]
Comparative Example 5

A wafer of an oxide film was polished in the same manner
as in Example 1 except for changing the cushion layer to suba
400 produced by Nitta Haas Incorporated, (cushion layer
thickness: 1.25 mm) having a strain constant of 6.5 x 107? pm/ Pa
(microrubber A hafdness 51°). An average polishing rate was
226.1 nm/min, and the fluctuation in a polishing rate was as
large as 173.0 nm/min.
[0071]

The results of Exampiés and Comparative Examples are
summarized in Table 1.
(00721

[Table 1]



Comparative Example 5 125 6.5 51 226.1 173.0 DESCRIPTION OF REFERENCE SIGNS [0073]
1polishing pad 2grid-like groove 10polishing Iaye%5

{Table 1!
Fluctuation
X . Strain , Polishing in
Inclination Conetant Microrubber Rate Polishing
Angle -4 A Hardness .
x107" um/Pa nm/min Rate
nm/min
Exanple 1 123 0.15 89 216.6 10.5
Example 2 110 0.15 89 185.0 25.4
Example 3 140 0.15 89 227.3 23.8
Example 4 123 2.6 65 1983.0 31.0
Example 5 123 G.15 8% 191.4 24.3
Example 6 138 0.15 8% 225.0 12.6
Example 7 135 0.15 8G 223.2 18.7
Example 8 123 . 3.8 57 182.1 36.4
Example 9 135 2.6 65 201.3 33.1
Example 10 135 3.8 57 208.4 38.2
Example 11 1357130 0.15 89 220.% 19.0
Example 12 135 0.15 g9 233.3 21.8
Comparative 20 0.15 89 182.1 107.7
Example 1
comparative 135 6.5 51 234.3 184.7
Example 2
Comparative 135 5.2 59 221.8 165.5
Example 3
comparative 155 0.15 89 215.5 63.2
Example 4 .
Comparative 125 6.5 - 51 226.1 173.0
Example 5

DESCRIPTION OF REFERENCE SIGNS

[0073]
1 polishing pad
2 grid-like groove

10 polishing layer
11 polishing layer
12 side surface

13 groove bottom

14 groove



11polishing layer 12side surface 13groove bottom 14groove 20cushion layer 37 CLAIMS 1. A
polishing pad comprising at least a polishing layer and a cushion layer, wherein a groove is formed on
a polishing surface of the polishing pad, at least @ of angles formed by the polishing surface and a
side surface of the groove which continues to the polishing surface is 105 or more and 150 or less,
and the cushion layer has a strain constant of at least 7.3 x 10and at most 4.4 x 10-4 pm/Pa. 2. The
polishing pad according to claim 1, wherein the cushion layer has a strain constant of at most 3.0 x
10-4 um/Pag 3. The palishingipaskaccording to claim 1, wherein the cushion layer has a strain
constant of at most 1.5 x 10-4 um/Pa.



4. The polishing pad according to any one of claims 1 to 3, wherein a pattern of the groove of the

polishing surface is grid-shaped. 37

CLAIMS
1. 2 polishing pad comprising at least a polishing layer and
a cushion layer, wherein a groove is formed on a polishing
gurface of the polishing pad, at least one of angles formed by
the polishing surface and a side surface of the groove which

continues to the polishing surface is 105° or more and 150° or

lemg, and the cushion layer has a strain congtant of at least

7.3 x 107° um/Pa and at most 4.4 x 107 um/Pa.

2. The polishing pad according to claim 1, wherein the

cushion layer has a strain constant of at most 3.0 x 10™* um/Pa.

3. The polishing pad according to ciaim 1, wherein the

cushion layer has a strain constant of at most 1.5 x 107 um/Pa.

4, The polishing pad according to any one of claims 1 to 3,
wherein a pattern of the groove of the polisghing surface is

grid-shaped.



