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[DESCRIPTION] 

 

[Title of Invention] 

POLISHING PAD 

 

[Technical Field] 

[0001] 

 The present invention relates to a polishing pad 

that can be preferably used for chemical mechanical polishing 

(CMP). 

 

[Background Art] 

[0002] 

 Conventionally, chemical mechanical polishing (CMP), 

which involves polishing a material to be polished by pressing 

the material against a polishing pad, while adding dropwise a 

polishing slurry (hereinafter may also be simply referred to 

as a "slurry") to the polishing surface of the polishing pad, 

has been used in order to mirror-finish substrate materials of 

a semiconductor and a silicon wafer, or glass, which is a 

material of a hard disk, a liquid crystal display, and a lens, 

and to planarize irregularities caused by an insulating film 

or a metal film in the manufacturing process of semiconductor 

devices. 

[0003] 

 Grooves such as spiral grooves, concentric grooves, 
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grid-like grooves, or radial grooves are formed on a CMP 

polishing pad in order to evenly retain a slurry in a 

polishing surface, discharge polishing debris, or prevent 

damage caused by adsorption of a material to be polished. 

[0004] 

 For example, PTL 1 listed below discloses a 

semiconductor wafer polishing pad including: a portion coming 

into contact with a central part of a wafer during polishing, 

the portion having formed therein a plurality of radial 

grooves extending from the center toward the outer periphery; 

and a portion coming into contact with at least a peripheral 

part of the wafer, the portion having formed therein a 

plurality of circular grooves concentric with the polishing 

pad.  PTL 1 also discloses that the portion having the radial 

grooves formed therein has a width that is substantially 1/2 

the diameter of the wafer. 

[0005] 

 For example, PTL 2 listed below discloses a 

polishing pad including a polishing layer having a polishing-

side surface on which radial grooves and concentric grooves 

are open so as to share the center and intersect each other, 

wherein if intersection portions between the radial grooves 

and the concentric grooves belong to the radial grooves, the 

radial grooves and the concentric grooves satisfy: condition 

(A) that the ratio of an area (s1) of the radial grooves to a 

sum (s1+s2) of the area (s1) of the radial grooves and an area 
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(s2) of the concentric grooves is 8 to 17%; and condition (B) 

that the ratio of the sum (s1+s2) of the area (s1) of the 

radial grooves and the area (s2) of the concentric grooves to 

an area (S) of the polishing-side surface is 18 to 25%. 

[0006] 

 For example, PTL 3 listed below discloses a 

polishing pad including: a polishing layer having a center, a 

peripheral edge, a radius extending from the center to the 

peripheral edge, and a polishing track surrounding the center 

and intersecting the radius; and a plurality of feeder grooves 

(δ) intersecting the radius, wherein the polishing pad has 

land areas between the feeder grooves (δ) for planarizing a 

material to be polished.  Also, the polishing pad includes a 

plurality of feeder grooves (δ) having an average cross-

sectional feeder area (δa), and at least one radial drainage 

groove (ρ) in the polishing layer that intersects the 

plurality of feeder grooves (δ) for allowing a polishing fluid 

to flow from the plurality of feeder grooves (δ) to the at 

least one radial drainage groove (ρ).  Also, in the polishing 

pad, the radial drainage groove (ρ) has an average drainage 

cross-sectional area (ρa), the average drainage cross-

sectional area (ρa) of the radial drainage groove is greater 

than the average cross-sectional feeder area (δa) according to 

2 × δa ≤ ρa ≤ 8 × δa, (0.15)nf × δa≤ nr × ρa ≤ (0.35)nf × δa (where 

(nr) represents the number of radial grooves, and (nf) 

represents the number of feeder grooves), and the radial 
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drainage groove (ρ) extends through the polishing track for 

facilitating polishing debris removal through the polishing 

track and underneath at least one of a semiconductor 

substrate, an optical substrate, and a magnetic substrate and 

then beyond the polishing track toward the peripheral edge of 

the polishing pad during rotation of the polishing pad. 

[0007] 

 For example, PTL 4 listed below discloses a 

polishing pad including: a central track having a rotation 

center at a center of a polishing layer, and an arrangement 

center having a distance from the rotation center; annular 

grooves including a plurality of annular grooves arranged 

concentrically around the center; and radially extending 

grooves, wherein the central track is provided with a 

plurality of crossing points. 

[0008] 

 For example, PTL 5 listed below discloses a 

polishing pad including a first region that does not extend to 

the center of the polishing layer, and in which radially 

extending grooves and annular grooves coexist; and a second 

region in which only annular grooves exist, wherein the radius 

of the first region is 30 to 70% of the radius of the 

polishing pad. 

 

[Citation List] 

[Patent Literatures] 
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[0009] 

[PTL 1] Japanese Laid-Open Patent Publication No. 2000-237950 

[PTL 2] Japanese Laid-Open Patent Publication No. 2011-177884 

[PTL 3] Japanese Laid-Open Patent Publication No. 2017-208530 

[PTL 4] TW M459065 U1 

[PTL 5] TW I548484 

 

[Summary of Invention] 

[Technical Problem] 

[0010] 

 In CMP, there is a need for a polishing pad that 

achieves a higher polishing rate.  It is an object of the 

present invention to provide a polishing pad for achieving a 

high CMP polishing rate. 

 

[Solution to Problem] 

[0011] 

 One aspect of the present invention relates to a 

polishing pad comprising a polishing layer having a circular 

polishing surface.  The polishing surface comprises a central 

region corresponding to a range of 0 to 10% of a radius of the 

polishing surface from a center of the polishing surface, and 

a peripheral edge region corresponding to a range of 90 to 

100% of the radius of the polishing surface from the center of 

the polishing surface, and the polishing layer comprises: at 

least one spiral groove or concentric grooves including a 
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plurality of annular grooves arranged concentrically, the at 

least one spiral groove and the concentric grooves being 

disposed spanning from the central region to the peripheral 

edge region; and radial grooves including at least two line 

segment-shaped grooves extending from the central region 

toward the peripheral edge region.  A center of the spiral 

groove, a center of the concentric grooves, and a center of 

the radial grooves are present in the central region, the line 

segment-shaped grooves have an average length of 30 to 65% of 

the radius of the polishing surface, and have a first end 

portion in a region at a distance of 5 to 10% of the radius of 

the polishing surface from the center of the radial grooves 

and a second end portion in a region at a distance of 35 to 

70% of the radius of the polishing surface from the center of 

the radial grooves.  A cross-sectional area Sa (mm2), which is 

an average cross-sectional area of cross sections of the line 

segment-shaped grooves in a direction perpendicular to a 

length direction of the line segment-shaped grooves, and a 

cross-sectional area Sb (mm2), which is an average cross-

sectional area of cross sections of the spiral groove or the 

concentric grooves in a direction perpendicular to a 

tangential direction of the spiral groove or the concentric 

grooves, satisfy 0.1 ≤ Sb/Sa < 1.0. 

[0012] 

 Here, a "polishing surface" refers to a surface of a 

polishing layer that comes into contact with a material to be 
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polished.  With reference to FIG. 7, for example, a "central 

region" refers to a circular region R1, which is a dotted 

region corresponding to a range of 0 to 10% of the radius of 

the circular polishing surface from the center G of the 

circular polishing surface.  A "peripheral edge region" refers 

to a region corresponding to a range of 90 to 100% of the 

radius of the circular polishing surface from the center of 

the circular polishing surface, more specifically, a dotted, 

band-shaped region R2 extending along a circular peripheral 

edge that corresponds to 90 to 100% of the radius. 

[0013] 

 A "line segment-shaped groove" refers to a linear 

groove that does not reach the peripheral edge of the 

polishing surface and has both ends in the plane of the 

polishing surface.  A spiral groove is at least one spiral 

groove having a spiral center in a central region in the 

polishing surface.  Concentric grooves are grooves including a 

plurality of concentrically arranged annular grooves that have 

a common center in the central region in the polishing 

surface.  The expression "a spiral groove or concentric 

grooves being disposed spanning from the central region to the 

peripheral edge region" means that at least one spiral groove 

or a plurality of annular grooves arranged concentrically are 

evenly formed spanning from the central region to the 

peripheral edge region of the polishing surface.  

Specifically, in the case of the concentric grooves, the above 
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expression means that the groove that is closest to the center 

passes through the central region, and the outermost groove 

passes through the peripheral edge region.  In the case of the 

spiral groove, the above expression means that the start point 

of the spiral groove is present in the central region, and the 

end point of the spiral groove is present in the peripheral 

edge region.  A "polishing region" refers to a region in the 

polishing surface that polishes the material to be polished, 

the polishing region coming into contact with a surface to be 

polished of the polishing surface of a material to be 

polished, which is a silicon wafer or the like. 

[0014] 

 In such a polishing pad, the plurality of line 

segment-shaped grooves suppress the slurry that has been added 

dropwise onto the polishing surface and accumulated in the 

vicinity of the central region from leaking out of the system 

from the peripheral edge of the polishing surface, while 

appropriately supplying the slurry to the spiral groove or the 

concentric grooves formed spanning from the central region to 

the peripheral edge region.  As a result, the slurry is 

efficiently supplied to the polishing region, thus achieving a 

high polishing rate. 

[0015] 

 In the polishing pad, preferably 0.25 ≤ Sb/Sa ≤ 

0.85, more preferably 0.44 ≤ Sb/Sa ≤ 0.80 is satisfied from 

the viewpoint of achieving a higher polishing rate, and 
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excellent polishing uniformity in the surface to be polished 

of the material to be polished. 

[0016] 

 In the polishing pad, it is preferable that a groove 

width Wa (mm), which is an average width of the line segment-

shaped grooves, and a groove width Wb (mm), which is an 

average width of the spiral groove or the concentric grooves, 

satisfy 0.1 ≤ Wb/Wa <1.0.  In such a case, the slurry can be 

more evenly retained by the polishing region, and thus a 

higher polishing rate can be achieved. 

[0017] 

 In the polishing pad, it is preferable that a groove 

width Wb (mm), which is an average width of the spiral groove 

or the concentric grooves, and an average groove pitch P (mm) 

of the spiral groove or the concentric grooves, satisfy 0.02 ≤ 

Wb/P ≤ 0.25.  In such a case, a sufficient area for the land 

area that comes into contact with the material to be polished 

can be secured, and a sufficient amount of the slurry can be 

supplied to the land area.  Accordingly, a higher polishing 

rate can be achieved.  Note that a "groove pitch P" refers to 

an average of the total of the groove intervals and the groove 

widths of adjacent spiral turns in the case of including the 

spiral groove, and adjacent annular grooves in the case of 

including the concentric grooves. 

[0018] 

 In the polishing pad, it is preferable that a groove 
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width Wa (mm), which is an average width of the line segment-

shaped grooves, a groove width Wb (mm), which is an average 

width of the spiral groove or the concentric grooves, and an 

average groove pitch P (mm) of the spiral groove or the 

concentric grooves, satisfy 0.2 ≤ {Wb2/(P×Wa)} × 100 ≤ 25.  In 

such a case, a higher polishing rate can be achieved by 

swiftly supplying the slurry to the polishing region, and 

causing the slurry to be sufficiently retained between the 

polishing surface and the surface to be polished of the 

material to be polished. 

[0019] 

 In the polishing pad, it is preferable that the 

polishing layer comprises a thermoplastic polyurethane because 

of reduced scratching and easy moldability.  It is preferable 

that the polishing layer is a non-foam because of excellent 

stability in the polishing rate and easy moldability. 

 

[Advantageous Effects of Invention] 

[0020] 

 According to the present invention, it is possible 

to obtain a polishing pad that can easily increase a CMP 

polishing rate. 

 

[Brief Description of Drawings] 

[0021] 

[FIG. 1] FIG. 1 is a schematic plan view showing the polishing 
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surface side of a polishing layer 1 of a polishing pad 10 

including a spiral groove according to an embodiment. 

[FIG. 2] FIG. 2 is a schematic plan view showing the polishing 

surface side of a polishing layer 11 of a polishing pad 20 

including concentric grooves according to an embodiment. 

[FIG. 3A] FIG. 3A is a schematic view showing a cross section, 

in a direction perpendicular to a tangential direction, of the 

spiral groove or the concentric grooves. 

[FIG. 3B] FIG. 3B is a schematic view of a groove cross 

section for illustrating an angle of an inclined surface 

formed by chamfering corners of a groove. 

[FIG. 3C] FIG. 3C is a schematic view showing a groove cross 

section having an inverse trapezoidal cross section for 

illustrating an angle of an inclined surface. 

[FIG. 4] FIG. 4 is a schematic view showing a cross section, 

in a direction perpendicular to the length direction, of a 

line segment-shaped groove. 

[FIG. 5] FIG. 5 is a schematic partial cross-sectional view 

showing a cross section in the thickness direction of the 

polishing pad 10 or the polishing pad 20. 

[FIG. 6] FIG. 6 is an explanatory view for illustrating CMP. 

[FIG. 7] FIG. 7 is an explanatory view for illustrating a 

central region and a peripheral edge region of a polishing 

surface. 

 

[Description of Embodiment] 
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[0022] 

 A polishing pad according to the present embodiment 

will be described in detail with reference to the drawings. 

[0023] 

 FIG. 1 is a schematic plan view showing a polishing 

surface of an example of a polishing pad according to the 

present embodiment, namely, a polishing pad 10 that includes a 

polishing layer 1 having a circular polishing surface 

including one spiral groove H formed spanning from a central 

region to a peripheral edge region, and radial grooves 

including eight line segment-shaped grooves S1 to S8 extending 

from the central region toward the peripheral edge region. 

[0024] 

 FIG. 2 is a schematic plan view showing a polishing 

surface of another example of the polishing pad according to 

the present embodiment, namely, a polishing pad 20 that 

includes a polishing layer 11 having a circular polishing 

surface including eleven concentrically arranged annular 

grooves C1 to C11 formed spanning from a central region to a 

peripheral edge region, and radial grooves including eight 

line segment-shaped grooves S1 to S8 extending from the 

central region toward the peripheral edge region. 

[0025] 

 FIG. 7 is an explanatory view for illustrating a 

central region R1 and a peripheral edge region R2 of the 

polishing pad 10.  In the polishing pad 10 shown in FIG. 7, a 
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dotted, circular region corresponding to a range of 0 to 10% 

of the radius of the circular polishing surface from a center 

G of the polishing surface is the central region R1, and a 

region corresponding to a range of 90 to 100% of the radius of 

the polishing surface from the center of the polishing 

surface, more specifically, a dotted, band-shaped region 

extending along a circular peripheral edge that corresponds to 

90 to 100% of the radius is the peripheral edge region R2. 

[0026] 

 FIG. 5 is a schematic partial cross-sectional view 

showing a cross section in a thickness direction for 

illustrating a layer configuration of the polishing pad 10 or 

the polishing pad 20.  The polishing pad 10 or the polishing 

pad 20 has a layered structure in which a cushioning layer 7 

is bonded to a surface of the polishing layer 1 or 11 that is 

opposite to a polishing surface F with an adhesion layer 6 

interposed therebetween.  Note that the polishing pad 

according to the present embodiment is not limited to a 

polishing pad having such a layered structure, and may be a 

single-layer polishing pad composed only of a polishing layer 

having a polishing surface. 

[0027] 

 Referring to FIG. 1, in the polishing pad 10, the 

polishing surface of the polishing layer 1 has a circular 

shape.  Also, with the center G of the polishing surface that 

is included in the central region as a spiral center, one 
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spiral groove H disposed spanning from the central region to 

the peripheral edge region is formed on the polishing surface.  

In addition, with the center G as a radial center, radial 

grooves including eight line segment-shaped grooves S1 to S8 

extending from the central region toward the peripheral edge 

region are formed.  In this manner, the spiral groove H and 

the radial grooves share the center on the polishing pad 10. 

[0028] 

 Referring to FIG. 2, in the polishing pad 20, the 

polishing layer 11 has a circular polishing surface.  Also, 

with the center G of the polishing surface that is included in 

the central region as a common center, eleven annular grooves 

C1 to C11 in the form of annular concentric circles disposed 

spanning from the central region to the peripheral edge region 

are formed on the polishing surface.  In addition, with the 

center G as a radial center, radial grooves including eight 

line segment-shaped grooves S1 to S8 extending from the 

central region toward the peripheral edge region are formed.  

In this manner, the annular grooves C1 to C11 and the radial 

grooves share the center on the polishing pad 20. 

[0029] 

 On the polishing pad 10 and the polishing pad 20, 

the center G, which serves as a rotation center, of the 

circular polishing surface and the center of the spiral groove 

or the concentric grooves coincide with each other.  In such a 

case, the slurry flows in a more uniform manner.  Note that 



 15

the polishing pad according to the present embodiment may 

include an eccentric spiral groove, concentric grooves, or 

radial grooves in which the center of the polishing surface 

and the center of the spiral groove, the concentric grooves, 

or the radial grooves do not coincide with each other.  

Inclusion of eccentric spiral groove or concentric grooves is 

preferable in that the shape transfer of the groove(s) to the 

surface to be polished of the material to be polished, such as 

a wafer, which may be caused by excessive polishing along the 

groove(s) can be easily suppressed. 

[0030] 

 As the diameter of the circular polishing surface, 

any diameter of the polishing surface of a circular polishing 

pad commonly used for CMP can be used, and the diameter is 

preferably about 500 to 780 mm, for example.  Therefore, the 

radius of the circular polishing surface is preferably about 

250 to 390 mm, for example. 

[0031] 

 In the polishing pad 10 or the polishing pad 20, a 

portion in which the line segment-shaped grooves S1 to S8, and 

the spiral groove H or the concentric annular grooves C1 to 

C11 are not formed constitutes a land area that polishes the 

surface to be polished of the material to be polished by 

coming into contact therewith.  The polishing pad 10 and the 

polishing pad 20 are the same except for the difference 

between the spiral groove H and the concentric annular grooves 
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C1 to C11.  The spiral groove H is formed on the polishing pad 

10 shown in FIG. 1, and the concentric annular grooves C1 to 

C11 are formed on the polishing pad 10 shown in FIG. 2.  In 

the polishing pad according to the present embodiment, a 

combination of the spiral groove and the concentric annular 

grooves may be formed. 

[0032] 

 Thus, the polishing pad according to the present 

embodiment includes a spiral groove or concentric grooves 

formed spanning from the central region to the peripheral edge 

region. 

[0033] 

 In this manner, it is preferable that the spiral 

groove or the concentric grooves formed spanning from the 

central region of the polishing surface to the peripheral edge 

region thereof are formed over a region corresponding to 5 to 

90%, more preferably 4.5 to 95%, and particularly preferably 4 

to 100% of the radius of the polishing surface from the spiral 

center or the center of the concentric circles. 

[0034] 

 Referring to FIG. 1, in the polishing pad 10, a 

spiral groove H having a uniform groove pitch and a number of 

turns of 10 are formed in a region extending over at least 5 

to 90% of the radius of the polishing surface from the spiral 

center that coincides with the center G included in the 

central region of the polishing surface of the polishing layer 
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1.  Note that a spiral having a uniform groove pitch is also 

called an Archimedean spiral.  Also, sections of the spiral 

groove H that correspond to the first to sixth spiral turns 

intersect the line segment-shaped grooves S1 to S8 to form 41 

intersection portions. 

[0035] 

 In the polishing layer in which the spiral groove is 

formed in this manner, it is preferable that the start point 

is within a region corresponding to preferably 5% or less, 

more preferably 4.5% or less, and particularly preferably 4% 

or less of the radius from the center of the polishing 

surface, and that the end point reaches a peripheral edge in a 

region corresponding to 90% or more, more preferably 95% or 

more, and particularly preferably 100% of the radius.  Since 

the spiral groove is formed over substantially the entire 

region so as to span from the central region to the peripheral 

edge region of the polishing surface in this manner, the 

slurry can be evenly delivered throughout the polishing 

region. 

[0036] 

 The spiral groove may be one spiral groove, or two 

or more spiral grooves including a plurality of spiral grooves 

that are arranged side by side.  Specifically, the number of 

spiral grooves arranged side by side is preferably 1 to 16, 

and more preferably 1 to 10. 

[0037] 
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 Referring to FIG. 2, in the polishing pad 20, 

concentric annular grooves C1 to C11 having a uniform groove 

pitch are formed in a region extending over at least 5 to 90% 

of the radius of the polishing surface from the center of the 

concentric circles that coincides with the center G included 

in the central region of the polishing surface of the 

polishing layer 11.  Also, the annular grooves C2 to C6 of the 

annular grooves C1 to C11 intersect the line segment-shaped 

grooves S1 to S8 to form 40 intersection portions. 

[0038] 

 In the polishing layer in which the concentric 

grooves are formed in this manner, it is preferable that the 

concentric grooves are formed such that the annular groove 

closest to the center of the polishing surface passes through 

a region corresponding to preferably 5% or less, more 

preferably 4.5% or less, and particularly preferably 4% or 

less of the radius from the center of the polishing surface, 

and that the outermost groove passes through a region 

corresponding to preferably 90% or more, and more preferably 

95% or more of the radius from the center of the polishing 

surface. 

[0039] 

 The groove pitch, which is an interval between 

adjacent sections of the spiral groove or adjacent grooves of 

the concentric grooves is not particularly limited.  However, 

referring to FIG. 3A, a groove pitch P (mm), which is an 
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average interval between adjacent sections or grooves is 

preferably 1 to 15 mm, more preferably 2 to 12 mm, and 

particularly preferably 2 to 10 mm.  When the groove pitch P 

of the spiral groove or the concentric grooves is too large, 

the amount of the slurry supplied to the land area from the 

spiral groove or the concentric grooves tends to be 

insufficient.  When the groove pitch P is too small, the 

proportion of the land area tends to be too low, resulting in 

a reduced polishing rate. 

[0040] 

 The cross-sectional shape of the spiral groove or 

the concentric grooves is not particularly limited.  

Specifically, a quadrangular shape such as a rectangular 

shape, a square shape, a trapezoidal shape, or an inverse 

trapezoidal shape, a triangular shape, a semi-circular shape, 

a semi-oval shape and so forth can be used as the shape of a 

cross section of the spiral groove or the concentric grooves 

in a direction perpendicular to the tangential direction 

thereof, without any particular limitation.  Among these, a 

quadrangular shape is preferable because of the excellent 

processability, slurry retention, and supply stability. 

[0041] 

 The spiral groove or the concentric grooves 

preferably have a cross section inclined such that the groove 

or grooves are reverse-tapered toward an opening thereof in 

order to suppress generation of burrs during polishing.  
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Specifically, it is preferable that the cross section is a so-

called Y-shaped cross section having tapered portions formed 

by chamfering two corners forming a quadrangular groove 

located on the polishing surface such that the corners are 

inclined at a predetermined angle α as shown in FIG. 3B, or an 

inverse trapezoidal cross section formed such that oblique 

sides are inclined at a predetermined angle α to two corners 

forming a base angle as shown in FIG. 3C.  Such an inclination 

angle is not particularly limited, but is preferably 20 

degrees to less than 90 degrees, more preferably 25 to 80 

degrees, and particularly preferably 30 to 75 degrees.  In 

particular, when the angle is 30 to 80 degrees, burrs, which 

are likely to be generated at corner portions of each groove 

during polishing, can be easily suppressed, and thus a 

reduction in the polishing rate and a reduction in the 

polishing uniformity can be easily suppressed. 

[0042] 

 Referring to FIG. 3A, as for the width of the spiral 

groove or the concentric grooves, a groove width Wb (mm), 

which is an average width of the groove or grooves, is 

preferably 0.1 to 4 mm, and more preferably 0.2 to 2 mm from 

the viewpoint of providing excellent polishing rate and 

polishing uniformity.  Note that, in a cross section shape 

taken in a direction perpendicular to the tangential direction 

of the annular grooves or the spiral groove, the width of the 

spiral groove or the concentric grooves is defined as follows.  
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When the cross-sectional shape is rectangular or square, the 

width of the spiral groove or the concentric grooves is 

defined as the width of the polishing surface.  When the 

cross-sectional shape is trapezoidal or inverse trapezoidal, 

the width of the spiral groove or the concentric grooves is 

defined as an average width of the lower base.  When a tapered 

portion resulting from chamfering is formed as in the case of 

a Y-shape, the width of the spiral groove or the concentric 

grooves is defined as the width of a groove cross section of 

the polishing surface assuming that no tapered portions are 

formed.  When the cross-sectional shape is triangular, semi-

circular, or semi-oval, the width of the spiral groove or the 

concentric grooves is defined as the width at a position of 

1/2 of the depth. 

[0043] 

 As for the depth of the spiral groove or the 

concentric grooves, an average depth of the deepest portions 

of the spiral groove or the concentric grooves is preferably 

0.3 to 3.0 mm, and more preferably about 0.5 to 2.5 mm from 

the viewpoint of ensuring supply to sufficiently deliver the 

slurry to the polishing region, and suppressing deformation of 

the polishing pad to stabilize the polishing performance.  

When the spiral groove or the concentric grooves are too deep, 

the volume of the spiral groove or the concentric grooves 

tends to be large, and a larger amount of the slurry needs to 

be supplied in order to sufficiently deliver the slurry 
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throughout the polishing region during polishing, which may be 

not preferable in terms of costs.  When the spiral groove or 

the concentric grooves are too shallow, the volume of the 

spiral groove or the concentric grooves tends to be small, and 

the amount of the slurry retained in the polishing region 

during polishing is reduced to reduce the amount of the slurry 

supplied to the land area of the polishing region, and thus 

the polishing rate tends to be reduced. 

[0044] 

 As for the cross-sectional area of the spiral groove 

or the concentric grooves, as shown in FIG. 3A, a cross-

sectional area Sb (mm2), which is an average cross-sectional 

area of cross sections in a direction perpendicular to the 

tangential direction, is preferably 0.2 to 4.5 mm2, and more 

preferably 0.3 to 4.0 mm2 from the viewpoint of ensuring a 

sufficient amount of the slurry supplied to the polishing 

region.  When the cross-sectional area Sb is too large, a 

larger amount of the slurry needs to be added dropwise in 

order to sufficiently deliver the slurry throughout the 

polishing region, which may not be preferable in terms of 

costs.  When the cross-sectional area Sb is too small, the 

amount of the slurry supplied to the polishing region is 

reduced, and thus the polishing rate tends to be reduced.  

Note that the average cross-sectional area is also the average 

cross-sectional area of the grooves. 

[0045] 



 23

 Note that the groove pitch P, the groove width Wb, 

the depth, the cross-sectional area Sb and so forth of the 

spiral groove or the concentric grooves are defined based on 

those of an unused polishing pad before break-in treatment. 

[0046] 

 As described above, the polishing pad according to 

the present embodiment includes radial grooves including at 

least two line segment-shaped grooves extending from the 

central region to the peripheral edge region of the polishing 

surface.  Also, each of the line segment-shaped grooves has a 

first end portion in a region at a distance of 5 to 10% of the 

radius of the polishing surface from the center of the radial 

grooves.  In addition, each of the line segment-shaped grooves 

has a second end portion in a region at a distance of 35 to 

70% of the radius of the polishing surface from the center of 

the radial grooves.  Here, a "center of the radial grooves" 

refers to a position of the center of gravity of the first end 

portions of all of the line segment-shaped grooves.  Also, the 

line segment-shaped grooves have an average length of 30 to 

65% of the radius of the polishing surface.  Such line 

segment-shaped grooves form intersection portions with the 

spiral groove or the concentric grooves in the polishing 

surface. 

[0047] 

 Note that a "distance of 5% of the radius of the 

polishing surface from the center of the radial grooves" 
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refers to a distance corresponding to a length of 5% of the 

radius of the polishing surface from the center of the radial 

grooves.  Similarly, a "distance of 10% of the radius of the 

polishing surface from the center of the radial grooves" 

refers to a distance corresponding to a length of 10% of the 

radius of the polishing surface from the center of the radial 

grooves. 

[0048] 

 Referring to FIG. 1, in the polishing pad 10, the 

line segment-shaped grooves S1 to S8 formed on the polishing 

surface each have a first end portion E1 in a region at a 

distance of 5 to 10% of the radius of the polishing surface 

from the center G of the radial grooves that coincides with 

the center of the spiral groove H.  In addition, the line 

segment-shaped grooves S1 to S8 each have a second end portion 

E2 in a region at a distance of 35 to 70% of the radius of the 

polishing surface from the center G of the radial grooves that 

coincides with the center of the spiral groove H.  Also, the 

line segment-shaped grooves S1 to S8 have an average length of 

30 to 65% of the radius of the polishing surface.  Referring 

to FIG. 2, in the polishing pad 20 as well, each of the line 

segment-shaped grooves S1 to S8 formed on the polishing 

surface has a first end portion E1 in a region at a distance 

of 5 to 10% of the radius of the polishing surface from the 

center G of the radial grooves that coincides with the center 

of the concentric annular grooves C1 to C11.  In addition, the 
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line segment-shaped grooves S1 to S8 each have a second end 

portion E2 in a region at a distance of 35 to 70% of the 

radius of the polishing surface from the center G of the 

radial grooves that coincides with the center of the 

concentric grooves.  Also, the line segment-shaped grooves S1 

to S8 have an average length of 30 to 65% of the radius of the 

polishing surface. 

[0049] 

 That is, in the polishing pad 10 or the polishing 

pad 20 according to the present embodiment, each of the eight 

line segment-shaped grooves S1 to S8 has a first end portion 

E1 disposed along a virtual circle K1 indicating a position 

corresponding to about 7% of the radius of the polishing 

surface from the center G of the radial grooves, and has a 

second end portion E2 disposed along a virtual circle K2 

indicating a position corresponding to about 52.5% of the 

radius of the polishing surface from the center G of the 

radial grooves.  Also, the eight line segment-shaped grooves 

S1 to S8 have an average length of about 45.5% of the radius 

of the polishing surface. 

[0050] 

 As a result of the first end portions serving as the 

start points of the line segment-shaped grooves being located 

in a region at a distance of 5 to 10% of the radius of the 

polishing surface from the center of the radial grooves in 

this manner, the slurry that has been added dropwise to the 
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polishing surface enters the line segment-shaped grooves at an 

appropriate timing, thus easily allowing the slurry to be 

uniformly distributed in the polishing region. 

[0051] 

 When the first end portions are present in a region 

at a distance of less than 5% of the radius of the polishing 

surface from the center of the radial grooves, the slurry that 

has been accumulated in the vicinity of the central region of 

the polishing surface is likely to enter the line segment-

shaped grooves preferentially over the spiral groove or the 

concentric grooves, and thus the amount of the slurry supplied 

in the vicinity of the central region becomes nonuniform, 

resulting in a reduced polishing rate.  When the first end 

portions serving as the start points of the line segment-

shaped grooves are present in a region at a distance of 

greater than 10% of the radius of the polishing surface from 

the center of the radial groove, the slurry that has been 

accumulated in the vicinity of the central region is less 

likely to enter the line segment-shaped grooves, and thus the 

amount of the slurry supplied to the polishing region tends to 

be reduced. 

[0052] 

 On the other hand, the second end portions serving 

as the end points of the line segment-shaped grooves are 

formed so as to be present in a region at a distance of 35 to 

70% of the radius of the polishing surface from the center of 
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the radial grooves.  As a result of the second end portions 

serving as the end points of the line segment-shaped grooves 

being present in a region at a distance of 35 to 70% of the 

radius of the polishing surface from the center of the radial 

groove, the slurry that has entered the line segment-shaped 

grooves from the vicinity of the central region is 

appropriately fed to the polishing region, but not to the 

vicinity of the peripheral edge region of the polishing 

surface.  Accordingly, the slurry is less likely to leak out 

of the system from the peripheral edge of the polishing 

surface, and thus a sufficient amount of the slurry can be 

easily retained in the polishing region.  More preferably, the 

second end portions of the line segment-shaped grooves are 

located in a region at a distance of 40 to 65% of the radius 

of the polishing surface from the center of the radial 

grooves. 

[0053] 

 When the second end portions of the line segment-

shaped grooves are present in a region at a distance of less 

than 35% of the radius of the polishing surface from the 

center of the radial grooves, the length of the line segment-

shaped grooves is too short, and thus the slurry that has 

entered the line segment-shaped groove is less likely to be 

sufficiently delivered to the polishing region.  This leads to 

an insufficient supply of the slurry in the polishing region, 

resulting in a reduced polishing rate.  When the second end 
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portions of the line segment-shaped grooves are located in a 

region at a distance of greater than 70% of the radius of the 

polishing surface from the center of the radial grooves, an 

excessive amount of the slurry is supplied to the vicinity of 

the peripheral edge region of the polishing surface.  

Accordingly, the slurry leaks out of the system from the 

peripheral edge, and is likely to be wasted.  This results in 

nonuniform distribution of the slurry in the polishing region, 

thus reducing the polishing rate. 

[0054] 

 Such line segment-shaped grooves constituting the 

radial grooves have an average length of 30 to 65%, preferably 

35 to 60% to the radius of the polishing surface.  When the 

ratio of the average length of the line segment-shaped grooves 

to the radius of the polishing surface is less than 30%, the 

slurry that has entered the line segment-shaped grooves is 

less likely to be sufficiently delivered to the polishing 

region.  This leads to insufficient supply of the slurry in 

the polishing region, resulting in a reduced polishing rate.  

When the ratio of the average length of the line segment-

shaped grooves to the radius of the polishing surface is 

greater than 65%, an excessive amount of the slurry is 

supplied to the vicinity of the peripheral edge region of the 

polishing surface, and thus the slurry leaks out of the system 

from the peripheral edge, and is likely to be wasted.  Note 

that the average length of the line segment-shaped grooves is 
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also an average of the lengths of the line segment-shaped 

grooves. 

[0055] 

 The number of line segment-shaped grooves 

constituting the radial grooves is not particularly limited, 

as long as the number is two or more.  However, the number is 

preferably 4 to 24, and more preferably 5 to 16, since the 

slurry retention in the polishing region is improved due to 

excellent balance between slurry supply and discharge.  When 

the number of line segment-shaped grooves is too small, the 

supply of the slurry to the polishing region is likely to be 

insufficient.  When the number of line segment-shaped grooves 

is too large, the discharge to the polishing surface is 

increased, and thus the amount of the slurry supplied by one 

line segment-shaped groove becomes insufficient.  Accordingly, 

the supply of the slurry to the polishing region tends to 

vary. 

[0056] 

 The line segment-shaped grooves may be either linear 

or curved, but is preferably linear from the viewpoint of ease 

of controlling the supply amount or the discharge amount of 

the slurry. 

[0057] 

 The cross-sectional shape of the line segment-shaped 

grooves is also not particularly limited.  Specifically, a 

quadrangular shape such as a rectangular shape, a square 
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shape, a trapezoidal shape, or an inverse trapezoidal shape, a 

triangular shape, a semi-circular shape, a semi-oval shape and 

so forth can be used as the shape of a cross section of the 

line segment-shaped groove in a direction perpendicular to the 

length direction thereof, without any particular limitation.  

Among these, a quadrangular shape is preferable because of the 

excellent processability, slurry retention, and supply 

stability. 

[0058] 

 The line segment-shaped grooves also preferably have 

a cross section inclined such that the groove or grooves are 

reverse-tapered toward an opening thereof in order to suppress 

generation of burrs during polishing.  Specifically, it is 

preferable that the cross section is a so-called Y-shaped 

cross section having tapered portions formed by chamfering two 

corners forming a quadrangular grove located on the polishing 

surface such that the corners are inclined at a predetermined 

angle β, or an inverse trapezoidal cross section formed such 

that oblique sides are inclined at a predetermined angle β to 

two corners forming a base angle.  Such an inclination angle 

is not particularly limited, but is preferably 20 degrees to 

less than 90 degrees, more preferably 25 to 80 degrees, and 

particularly preferably 30 to 75 degrees.  In particular, when 

the angle is 30 to 80 degrees, burrs, which are likely to be 

generated at corner portions of each groove during polishing 

can be more easily suppressed, and thus a reduction in the 
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polishing rate and a reduction in the polishing uniformity can 

be easily suppressed. 

[0059] 

 Referring to FIG. 4, as for the widths of the line 

segment-shaped grooves, a groove width Wa (mm), which is an 

average width of the line segment-shaped grooves is preferably 

0.1 to 10 mm, and more preferably 0.2 to 5 mm, from the 

viewpoint of achieving a good balance between the area of the 

radial grooves and the area of the land area.  Note that the 

width of each line segment-shaped groove is defined in a 

cross-sectional shape cut along a direction perpendicular to 

the length direction in the same manner as in the case of the 

width of the spiral groove or the concentric grooves. 

[0060] 

 As for the depths of the line segment-shaped 

grooves, an average depth of the deepest portions of the line 

segment-shaped grooves is preferably 0.3 to 3.0 mm, and more 

preferably about 0.5 to 2.5 mm, from the viewpoint of 

sufficiently ensure supply to sufficiently deliver the slurry 

to the polishing region, and suppress the deformation of the 

polishing pad to stabilize the polishing performance.  When 

the line segment-shaped grooves are too deep, the volume of 

the line segment-shaped grooves tends to be increased, and 

thus a larger amount of the slurry needs to be added dropwise 

to the polishing region in order to sufficiently deliver the 

slurry throughout the polishing region during polishing, and 
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thus may not be preferable in terms of costs.  When the line 

segment-shaped grooves are too shallow, the volume of the line 

segment-shaped grooves tends to be decreased, and thus the 

slurry tends to be less likely to be sufficiently delivered to 

the polishing region due to an overflow of the slurry to the 

land area of the central region during polishing.  When the 

line segment-shaped grooves are too shallow, continued use of 

the polishing pad makes the line segment-shaped grooves 

shallower due to wear of the polishing surface, and there is 

also a tendency that the effect of increasing the polishing 

rate becomes less sustainable. 

[0061] 

 As shown in FIG. 4, when an average cross-sectional 

area of cross sections in a direction perpendicular to the 

length direction is defined as a cross-sectional area Sa 

(mm2), the cross-sectional area of the line segment-shaped 

grooves is preferably 0.3 to 4.5 mm2, and more preferably 0.5 

to 4.0 mm2, from the viewpoint of ensuring slurry supply to 

the polishing region.  When the average of the cross-sectional 

areas of the line segment-shaped grooves is too large, a 

larger amount of the slurry needs to be added dropwise to the 

polishing surface in order to sufficiently deliver the slurry 

throughout the polishing region of the polishing surface, and 

thus may not be preferable in terms of costs.  When the 

average of the cross-sectional areas of the line segment-

shaped grooves is too small, the slurry is likely to overflow 
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to the land area of the central region before distributing the 

slurry to the polishing region during polishing, and there is 

a tendency that the slurry is less likely to be sufficiently 

delivered throughout the polishing region of the polishing 

surface.  Note that the average cross-sectional area of the 

line segment-shaped grooves is also an average of the cross-

sectional areas of the line segment-shaped grooves. 

[0062] 

 Note that the depth, the groove width Wa, the cross-

sectional area Sa and so forth of the line segment-shaped 

grooves are also defined based on those of an unused polishing 

pad before break-in treatment. 

[0063] 

 In such a polishing pad according to the present 

embodiment, intersection portions between the line segment-

shaped grooves and the spiral groove or the concentric grooves 

are present within a region corresponding to 5 to 70% of the 

radius of the polishing surface from the center of the radial 

grooves. 

[0064] 

 Referring to FIG. 1, on the polishing surface of the 

polishing layer 1 of the polishing pad 10, a spiral groove H 

having a uniform groove pitch P and a number of turns of 10 

are formed in a region corresponding to 4.5 to 100% of the 

radius of the polishing surface from the spiral center.  Also, 

the sections of the spiral groove H that correspond to the 
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first to six turns of the spiral groove H intersect the line 

segment-shaped grooves S1 to S8 to form 41 intersection 

portions.  The intersection portions are preset within a 

region corresponding to about 7 to 52.5% of the radius, the 

region being surrounded by a virtual circle K1 indicating a 

position corresponding to about 7% of the radius of the 

polishing surface from the center of the spiral groove H, and 

a virtual circle K2 indicating a position corresponding to 

about 52.5% of the radius of the polishing surface from the 

center of the spiral groove H. 

[0065] 

 Similar, referring to FIG. 2, on the polishing 

surface of the polishing layer 21 of the polishing pad 20, the 

concentric annular grooves C1 to C11 having a uniform groove 

pitch P are formed in at least a region corresponding to 5 to 

90% of the radius of the polishing surface from the center of 

the concentric circles.  Also, each of the line segment-shaped 

grooves S1 to S8 intersects the annular grooves C2 to C6 to 

form 40 intersection portions.  The intersection portions are 

present within a region at a distance of about 7 to 52.5% of 

the radius of the polishing surface, the region being 

surrounded by a virtual circle K1 indicating a position at a 

distance of about 7% of the radius of the polishing surface 

from the center G of the concentric grooves, and a virtual 

circle K2 indicating a position at a distance of about 52.5% 

of the radius of the polishing surface from the center of the 
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spiral groove H. 

[0066] 

 In this manner, as a result of causing the 

intersection portions between the line segment-shaped grooves 

and the spiral groove or the concentric grooves to be present 

within in a region at a distance of 5 to 70% of the radius of 

the polishing surface from the center of the radial grooves, 

the slurry that has entered the line segment-shaped grooves 

can be swiftly supplied to the polishing region and be easily 

retained therein.  When the intersection portions are present 

in a region at a distance of greater than 70% of the radius of 

the polishing surface from the center of the radial grooves, 

the slurry is excessively delivered to the vicinity of the 

peripheral edge region of the polishing surface during 

polishing, and thus the slurry is likely to leak out of the 

system from the peripheral edge of the polishing surface.  

Consequently, the amount of the slurry retained in the 

polishing region is reduced, resulting in a reduced polishing 

rate.  When the intersection portions are present in a region 

at a distance of less than 5% of the radius of the polishing 

surface from the center of the radial grooves, the slurry that 

has been added dropwise to the polishing surface is directly 

added dropwise to the line segment-shaped grooves, and is 

likely to splash off therefrom.  Accordingly, the supply is 

likely to vary in the polishing surface. 

[0067] 
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 In the polishing pad according to the present 

embodiment, a cross-sectional area Sa (mm2), which is an 

average cross-sectional area of cross sections of the line 

segment-shaped grooves in a direction perpendicular to the 

length direction thereof, and a cross-sectional area Sb (mm2), 

which is an average cross-sectional area of a cross section or 

cross sections of the spiral groove or the concentric grooves 

in a direction perpendicular to the tangential direction 

thereof, satisfy 0.1 ≤ Sb/Sa < 1.0, preferably 0.15 ≤ Sb/Sa≤ 

0.85.  FIG. 3A shows a cross-sectional area Sb of a cross 

section in a direction perpendicular to the tangential 

direction of the spiral groove or the concentric grooves, and 

FIG. 4 shows a cross-sectional area Sa of a cross section in a 

direction perpendicular to the length direction of the line 

segment-shaped grooves. 

[0068] 

 When Sb/Sa, which is the ratio of the cross-

sectional area Sb of the spiral groove or the concentric 

grooves to the cross-sectional area Sa of the line segment-

shaped grooves is 1.0 or more, the slurry easily flows to the 

spiral groove or the concentric grooves, and thus supply of 

the slurry to the polishing region is reduced, resulting in a 

reduced polishing rate.  When Sb/Sa is less than 0.1, the 

slurry flows to the line segment-shaped grooves too 

preferentially, and thus the slurry tends to overflow to the 

land area located in the vicinity of the central region of the 
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polishing surface, resulting in a reduction in supply of the 

slurry to the polishing region. 

[0069] 

 It is preferable that Sb/Sa is preferably 0.25 ≤ 

Sb/Sa ≤ 0.85, and more preferably 0.44 ≤ Sb/Sa ≤ 0.80, from 

the viewpoint of achieving a higher polishing rate, and 

additionally providing excellent polishing uniformity in the 

surface to be polished of the material to be polished. 

[0070] 

 In the polishing pad according to the present 

embodiment, a groove width Wa (mm), which is an average width 

of the line segment-shaped grooves, is preferably larger than 

a groove width Wb (mm), which is an average width of the 

spiral groove or the concentric grooves.  Specifically, it is 

preferable that Wa and Wb satisfy preferably 0.1 ≤ Wb/Wa <1.0, 

more preferably 0.1 ≤ Wb/Wa ≤ 0.9, and particularly preferably 

0.1 ≤ Wb/Wa ≤ 0.6 since supply of the slurry to the polishing 

region tends to be improved as a result of the slurry swiftly 

flowing to the line segment-shaped grooves.  When Wb/Wa, which 

is the ratio of the groove width Wb to the groove width Wa, is 

too high, the slurry is likely to flow to the spiral groove or 

the concentric grooves, and thus supply of the slurry to the 

polishing region tends to be reduced.  When Wb/Wa is too low, 

the slurry flows to the line segment-shaped grooves too 

preferentially, and thus the slurry overflows to the land area 

in the vicinity of the central region of the polishing 
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surface, resulting in a reduction in supply of the slurry to 

the polishing region. 

[0071] 

 In the polishing pad according to the present 

embodiment, a groove width Wb (mm), which is an average width 

of the spiral groove or the concentric grooves, and a groove 

pitch P (mm) satisfy preferably 0.02 ≤ Wb/P ≤ 0.25, and more 

preferably 0.025 ≤ Wb/P ≤0.16.  When the average of the widths 

of the spiral groove or the concentric grooves relative to the 

groove pitch P (mm) is too large, the polishing surface that 

comes into contact with the material to be polished becomes 

too small, and thus the polishing efficiency tends to be 

reduced.  When the aforementioned average is too small, the 

slurry supplied through the grooves tends to be insufficient 

on the polishing surface. 

[0072] 

 In the polishing pad according to the present 

embodiment, a groove width Wa (mm), which is an average width 

of the line segment-shaped grooves, a groove width Wb (mm), 

which is an average width of the spiral groove or the 

concentric grooves, and an average groove pitch P (mm) of the 

spiral groove or the concentric grooves satisfy preferably 

0.20 ≤ {Wb2/(P×Wa)} × 100 ≤ 25, more preferably 0.25 ≤ 

{Wb2/(P×Wa)} × 10 0≤ 15, and particularly preferably 0.25 ≤ 

{Wb2/(P×Wa)} × 100 ≤10.  When {Wb2/(P×Wa)} × 100 is too large, 

the slurry flow to the spiral groove or the concentric grooves 
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too preferentially, resulting in a reduction in supply of the 

slurry to the polishing region.  When {Wb2/(P×Wa)} × 100 is too 

small, the slurry enters the line segment-shaped grooves 

preferentially, and thus the slurry tends to overflow to the 

land area in the vicinity of the central region of the 

polishing surface, resulting in a reduction in supply of the 

slurry to the polishing region. 

[0073] 

 As the material for forming the polishing layer 

included in the polishing pad according to the present 

embodiment, any synthetic or natural polymer material 

conventionally used for production of polishing layers of 

polishing pads may be used without any particular limitation.  

Specific examples of the polymer material for forming the 

polishing layer include polyurethane, polyethylene, 

polypropylene, polybutadiene, an ethylene-vinyl acetate 

copolymer, a butyral resin, polystyrene, polyvinyl chloride, 

an acrylic resin, an epoxy resin, polyester, and polyamide.  

These may be used alone or in a combination of two or more.  

Among these, the polymer materials composed mainly of 

polyurethane are particularly preferable from the viewpoint of 

achieving a polishing layer that has excellent planarization 

performance and is resistant to scratching.  In the following, 

a polyurethane used as a material for forming the polishing 

layer will be described in detail as a representative example. 

[0074] 
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 A polyurethane can be obtained by reacting a 

polyurethane raw material containing a polymer diol, an 

organic diisocyanate, and a chain extender.  Examples of the 

polymer diol, the organic diisocyanate, and the chain extender 

constituting the polyurethane raw material include the 

following compounds. 

[0075] 

 Specific examples of the polymer diol include 

polyether diols such as polyethylene glycol and 

polytetramethylene glycol; polyester diols such as 

poly(nonamethylene adipate)diol, poly(2-methyl-1,8-

octamethylene adipate)diol, and poly(3-methyl-1,5-

pentamethylene adipate)diol; and polycarbonate diols such as 

poly(hexamethylene carbonate)diol and poly(3-methyl-1,5-

pentamethylene carbonate)diol.  These may be used alone or in 

a combination of two or more. 

[0076] 

 Specific examples of the organic diisocyanate 

include aliphatic or alicyclic diisocyanates such as 

hexamethylene diisocyanate, isophorone diisocyanate, 4,4'-

dicyclohexylmethane diisocyanate, and 1,4-

bis(isocyanatomethyl)cyclohexane; and aromatic diisocyanates 

such as 4,4'-diphenylmethane diisocyanate, 2,4-tolylene 

diisocyanate, 2,6-tolylene diisocyanate, and 1,5-naphthylene 

diisocyanate.  These may be used alone or in a combination of 

two or more.  Among these, 4,4'-diphenylmethane diisocyanate 
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is preferable, for example, because the resulting polishing 

layer has excellent abrasion resistance. 

[0077] 

 Examples of the chain extender include low-molecular 

weight compounds including, in the molecule, two or more 

active hydrogen atoms capable of reacting with an isocyanate 

group, and having a molecular weight of 350 or less.  Specific 

examples thereof include diols such as ethylene glycol, 

diethylene glycol, 1,3-propanediol, 1,2-butanediol, 1,3-

butanediol, 1,4-butanediol, 1,5-pentanediol, neopentyl glycol, 

1,6-hexanediol, 3-methyl-1,5-pentanediol, 1,4-bis(β-

hydroxyethoxy)benzene, 1,9-nonanediol, cis-2-butene-1,4-diol, 

and spiroglycol; and diamines such as ethylenediamine, 

tetramethylene diamine, hexamethylene diamine, nonamethylene 

diamine, hydrazine, xylylene diamine, isophoronediamine, and 

piperazine.  These may be used alone or in a combination of 

two or more.  Among these, it is particularly preferable to 

include at least one selected from 1,4-butanediol, cis-2-

butene-1,4-diol, 1,5-pentanediol, and 1,9-nonanediol. 

[0078] 

 The mixing ratios of the components of the 

polyurethane raw material are adjusted as appropriate in 

consideration of the properties to be imparted to the 

polishing layer.  For example, the components are preferably 

mixed at such a ratio that the isocyanate group contained in 

the organic polyisocyanate is preferably 0.95 to 1.3 moles, 
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more preferably 0.96 to 1.1 moles, and particularly preferably 

0.97 to 1.05 moles, per mole of the active hydrogen atoms 

contained in the polymer diol and the chain extender.  When 

the amount of the isocyanate group contained in the organic 

diisocyanate is too small, the mechanical strength and the 

abrasion resistance of the resulting polyurethane tend to be 

reduced.  When the amount of the isocyanate group contained in 

the organic diisocyanate is too large, the productivity of the 

polyurethane and the storage stability of the polyurethane raw 

material tend to be reduced. 

[0079] 

 The ratio of nitrogen atoms derived from the 

isocyanate group of the organic polyisocyanate in the 

polyurethane is preferably 4.8 to 7.5 mass%, more preferably 

5.0 to 7.3 mass%, and particularly preferably 5.2 to 7.1 

mass%, because a polishing layer particularly excellent in 

planarization performance and scratch resistance can be 

obtained.  When the ratio of the nitrogen atoms derived from 

the isocyanate group is too low, the hardness of the resulting 

polishing layer tends to be reduced. 

[0080] 

 It is preferable that the polyurethane used as the 

material for forming the polishing layer is a thermoplastic 

polyurethane, because a polishing layer having a high hardness 

and exhibiting excellent planarization performance can be 

obtained.  Note that "thermoplasticity" refers to the 
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properties of being moldable through melting by a heating 

process such as extrusion molding, injection molding, 

calendering, and 3D-printer molding.  Such a thermoplastic 

polyurethane is obtained by a known polyurethane manufacturing 

method such as a prepolymer method or a one-shot method, using 

the polyurethane raw material containing the polymer diol, the 

organic diisocyanate, and the chain extender.  In particular, 

a method in which melt-polymerization is performed by melt-

kneading the polyurethane raw material substantially in the 

absence of a solvent, and a method in which continuous melt-

polymerization is performed using a multi-screw extruder are 

preferable because of the excellent productivity. 

[0081] 

 The polishing layer preferably has an unfoamed 

structure (non-porous).  The polishing layer with an unfoamed 

structure is preferable in that the polishing layer can retain 

a high hardness, thus exhibiting further excellent 

planarization performance.  Also, the polishing layer with an 

unfoamed structure is preferable in that no pores are exposed 

on the surface of the polishing layer, and the abrasive grains 

contained in a slurry do not agglomerate or agglutinate in the 

pores, so that scratches are less likely to be generated.  In 

addition, the polishing layer with an unfoamed structure is 

preferable in that the polishing layer has a lower ware rate 

than that of a polishing layer with a foam structure, and 

therefore has a longer life. 
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[0082] 

 Although the manufacturing method of the polishing 

layer is not particularly limited, for example, a polymer 

material composition for polishing layers, which is a 

composition obtained by mixing, into a polymer material for 

forming the above-described polishing layer, conventionally 

used additives and the like for polishing layers, is formed 

into a sheet by a known sheeting method.  Specific examples 

thereof include a method in which the polymer material 

composition for polishing layers is formed into a sheet by 

melt-extruding the material composition using an extruder such 

as a single-screw extruder or twin-screw extruder equipped 

with a T-die.  Also, the sheet may be manufactured by molding 

the above-described material composition for polishing layers 

into a block shape, and slicing the block-shaped molded body.  

The composition of the polymer material composition for 

polishing layers is not particularly limited.  Specifically, 

the polymer material composition contains the polymer material 

at a content ratio of preferably 50 mass % or more, more 

preferably 80 mass% or more, particularly preferably 90 mass% 

or more, and quite particularly preferably 99 mass% or more.  

That is, when the polymer material composition contains any 

additive, the content ratio of the additive is preferably 50 

mass% or less, more preferably 20 mass% or less, particularly 

preferably 10 mass % or less, and quite particularly 

preferably 1 mass% or less. 
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[0083] 

 The thickness of the obtained sheet is adjusted to a 

desired thickness through griding or the like, and the sheet 

is formed into a circular shape by through cutting, punching, 

machining, or the like, whereby a polishing layer sheet is 

obtained.  Then, using one surface of the circular polishing 

layer sheet as a polishing surface, the above-described radial 

grooves including at least two line segment-shaped grooves 

extending from the central region of the polishing surface 

toward the peripheral edge region, and the above-described 

spiral groove or concentric grooves formed spanning from the 

central region to the peripheral edge region are provided, 

thus obtaining a polishing layer used for the polishing pad 

according to the present embodiment. 

[0084] 

 Such a polishing layer, for example, a polishing 

layer containing a thermoplastic polyurethane with an unfoamed 

structure, has a density of preferably 1.0 g/cm3 or more, more 

preferably 1.1 g/cm3 or more, and particularly preferably 1.2 

g/cm3 or more.  When the density of the polishing layer 

containing the thermoplastic polyurethane with an unfoamed 

structure is too low, the polishing layer tends to become too 

soft, so that the polishing rate and the polishing uniformity 

tend to be reduced. 

[0085] 

 The D hardness of the polishing layer is preferably 
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45 to 90, more preferably 50 to 88, particularly preferably 55 

to 87, and quite particularly preferably 60 to 86, from the 

viewpoint of excellent polishing uniformity due to high 

planarization performance, and also excellent suppression of 

generation of surface scratches of the surface to be polished 

of the material to be polished. 

[0086] 

 The method of forming the radial grooves, the spiral 

groove, or the concentric grooves provided on the polishing 

surface is not particularly limited.  Specific examples 

thereof include a method in which the grooves are formed by 

machining one surface of the polishing layer sheet; a method 

in which the grooves are formed by melting or volatilizing a 

polymer through transferring by which a heated mold or metal 

wire is brought into contact with one surface of the polishing 

layer sheet through stamping; and a method in which a 

polishing layer sheet that includes a polishing surface having 

the grooves is molded using a mold on which protrusions for 

forming the grooves have been formed in advance.  Among these, 

the method involving machining or the method involving 

transferring are preferable from the viewpoint of excellent 

productivity, and the method involving machining is 

particularly preferable from the viewpoint of excellent 

machining accuracy.  The thickness of the polishing layer is 

preferably about 0.4 to 5.0 mm, and more preferably about 0.6 

to 4.5 mm. 
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[0087] 

 In the above-described manner, the polishing layer 

included in the polishing pad is manufactured.  The polishing 

pad according to the present embodiment may directly use the 

polishing layer manufactured in this manner as a single-layer 

polishing pad, or may use a polishing pad having a layered 

structure including two or more layers, obtained by stacking 

another layer such as a cushioning layer or a support layer on 

a surface opposite to the polishing surface. 

[0088] 

 FIG. 5 is a schematic partial side view of the 

polishing pad 10 and the polishing pad 20.  Referring to FIG. 

5, in the polishing pad 10 and the polishing pad 20, the 

cushioning layer 7 is stacked on the surface opposite to the 

polishing surface F of the polishing layer 1 or the polishing 

layer 11 with the adhesion layer 6 interposed therebetween.  A 

polishing pad having a layered structure in which a cushioning 

layer is stacked is particularly preferable in that the 

polishing uniformity in the whole plane can be easily 

improved.  When the polishing pad has a layered structure, a 

cushioning layer or a support layer is stacked on a surface 

opposite to the polishing surface of the polishing layer with 

a pressure-sensitive adhesive or an adhesive interposed 

therebetween. 

[0089] 

 The C hardness of the cushioning layer is preferably 
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20 to 70.  Although the raw material of the cushioning layer 

is not particularly limited, examples thereof include a sheet 

obtained by impregnating a non-woven fabric with a resin, and 

a sheet of an elastomer with an unfoamed structure or a foam 

structure.  Specific examples include sheets of composites 

obtained by impregnating a non-woven fabric with a 

polyurethane; rubbers such as natural rubber, nitrile rubber, 

polybutadiene rubber and silicone rubber; thermoplastic 

elastomers such as a polyester-based thermoplastic elastomer, 

a polyamide-based thermoplastic elastomer and a fluorine-based 

thermoplastic elastomer; foamed plastics; and polyurethanes.  

Among these, a sheet of a polyurethane having a foam structure 

is particularly preferable because desirable flexibility can 

be easily obtained. 

[0090] 

 The polishing pad according to the present 

embodiment described above can be preferably used for CMP.  

Next, an embodiment of CMP for which the polishing pad 10 of 

the present embodiment is used will be described. 

[0091] 

 In CMP, a CMP apparatus 100 including a circular 

rotary platen 101, a slurry supply nozzle 102, a carrier 103, 

and a pad conditioner 104 as shown in FIG. 6 is used, for 

example.  The polishing pad 10 is attached to the surface of 

the rotary platen 101 by means of a double-sided pressure-

sensitive adhesive sheet or the like.  In addition, the 
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carrier 103 supports a base material 50 to be polished, which 

is an object to be polished. 

[0092] 

 In the CMP apparatus 100, the rotary platen 101 is 

rotated by a motor (not shown) in the direction indicated by 

the arrow, for example.  The carrier 103 is rotated by a motor 

(not shown) in the direction indicated by the arrow, for 

example, while bringing a surface to be polished of the 

material 50 to be polished into pressure contact with the 

polishing surface of the polishing pad 10.  The pad 

conditioner 104 is rotated in the direction indicated by the 

arrow, for example.  When the diameter of the pad conditioner 

104 is smaller than the diameter of the material 50 to be 

polished, the pad conditioner 104 is oscillated in the radial 

direction of the rotary platen 101 in order to roughen, to a 

roughness suitable for polishing, the entire region of the 

polishing pad that comes into contact with the material to be 

polished. 

[0093] 

 When an unused polishing pad is used, conditioning 

called break-in for forming a roughness suitable for polishing 

by finely roughening the polishing surface of the polishing 

pad is usually performed prior to polishing the material to be 

polished.  Specifically, while pouring water onto the surface 

of the polishing pad 10 that is fixed to the rotary platen 101 

and is being rotated, the pad conditioner 104 for CMP is 



 50

pressed against the surface of the polishing pad 10 so as to 

condition the surface.  As the pad conditioner, it is possible 

to use, for example, a pad conditioner in which diamond 

particles are fixed onto the surface of a carrier by 

electrodeposition of nickel or the like. 

[0094] 

 Then, after completion of break-in, the polishing of 

the surface to be polished of the material to be polished is 

started.  In polishing, the slurry is supplied from the slurry 

supply nozzle to the surface of the rotating polishing pad.  

The slurry contains, for example, a liquid medium such as 

water or oil; an abrasive such as silica, alumina, cerium 

oxide, zirconium oxide, or silicon carbide; a base; an acid; a 

surfactant; an oxidizing agent; a reducing agent; and a 

chelating agent.  When performing CMP, a lubricating oil, a 

coolant, and the like may be used as needed in combination 

with the slurry.  Then, the material to be polished that is 

fixed to the carrier and is rotated is pressed against the 

polishing pad on which the slurry is evenly delivered onto the 

polishing surface.  Then, the polishing treatment is continued 

until a predetermined flatness or polishing amount is 

achieved.  Adjustment of the pressing force applied during 

polishing or the speed of relative movement between the rotary 

platen and the carrier affects the finishing quality. 

[0095] 

 The polishing conditions are not particularly 
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limited; however, the rotational speed of each of the platen 

and the material to be polished is preferably as low as 300 

rpm or less in order to efficiently perform polishing, and the 

pressure applied to the material to be polished in order for 

the material to be polished in pressure contact with the 

polishing pad is preferably 150 kPa or less from the viewpoint 

of preventing a flaw from being caused after polishing.  

During polishing, it is preferable that the slurry is 

continuously or discontinuously supplied to the polishing pad 

such that the slurry is evenly delivered onto the polishing 

surface. 

[0096] 

 Then, after the material to be polished that has 

undergone polishing is fully washed, the material is dried by 

removing water droplets attached thereto by using a spin drier 

or the like.  In this manner, the surface to be polished 

becomes a smooth surface. 

[0097] 

 Such CMP according to the present embodiment can be 

preferably used for polishing performed during the 

manufacturing process of various semiconductor devices, micro 

electro mechanical systems (MEMS), and the like.  Examples of 

the material to be polished include semiconductor base 

materials such as silicon, silicon carbide, gallium nitride, 

gallium arsenic, zinc oxide, sapphire, germanium, and diamond; 

wiring materials, including, for example, an insulating film 
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such as a silicon oxide film, a silicon nitride film, or a 

low-k film formed on a wiring board having predetermined 

wiring, and copper, aluminum, and tungsten; glass, crystal, an 

optical base material, and a hard disk.  In particular, the 

polishing pad according to the present embodiment is 

preferably used for polishing insulating films and wiring 

materials formed on semiconductor base materials. 

 

[EXAMPLES] 

[0098] 

 Hereinafter, the present invention will be described 

in further detail by way of examples.  It should be 

appreciated that the scope of the invention is by no means 

limited to the examples. 

[0099] 

[Production Example 1] 

 Polytetramethylene glycol [abbreviation: PTMG] 

having a number-average molecular weight of 850, polyethylene 

glycol [abbreviation: PEG] having a number-average molecular 

weight of 600, 1,4-butanediol [abbreviation: BD], and 4,4'-

diphenylmethane diisocyanate [abbreviation: MDI] were blended 

at a mass ratio of PTMG:PEG:BD:MDI of 24.6:11.6:13.8:50.0, and 

the resulting blend was continuously supplied to a coaxially 

rotating twin-screw extruder using a metering pump, and was 

subjected to continuous melt-polymerization, to give a 

thermoplastic polyurethane.  Then, the polymerized 
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thermoplastic polyurethane melt was continuously extruded in 

the form of a strand into water, and subsequently finely cut 

into pellets using a pelletizer.  The pellets were dried 

through dehumidification for 20 hours at 70°C, subsequently 

supplied to a single-screw extruder, and extruded from a T-

die, to mold a sheet.  Then, after the surface of the obtained 

sheet had been ground to give a sheet having a uniform 

thickness of 2.0 mm, the sheet was cut into a circular shape 

having a diameter of 740 mm, to give a polishing layer sheet, 

which was a non-foam.  The D hardness of the polishing layer 

sheet, as measured at a measurement temperature of 25°C in 

accordance with JIS K 7311, was 62. 

[0100] 

[Production Example 2] 

 Pellets of a thermoplastic polyurethane were 

obtained in the same manner as in Production Example 1 except 

that a polyurethane raw material obtained by blending 

polytetramethylene glycol having a number-average molecular 

weight of 850, 3-methyl-1,5-pentanediol [abbreviation: MPD], 

1,4-butanediol, and 4,4'-diphenylmethane diisocyanate at a 

mass ratio of PTMG:MPD:BD:MDI of 12.5:5.7:17.5:64.3 was used 

in place of the polyurethane raw material obtained by blending 

PTMG, PEG, BD, and MDI at a mass ratio of PTMG:PEG:BD:MDI of 

24.6:11.6:13.8:50.0 in Production Example 1.  Then, a 

polishing layer sheet, which was a non-foam, was obtained in 

the same manner as in Production Example 1.  The D hardness of 
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the polishing layer sheet, as measured at a measurement 

temperature of 25°C in accordance with JIS K 7311, was 86. 

[0101] 

[Production Example 3] 

 Pellets of a thermoplastic polyurethane were 

obtained in the same manner as in Production Example 1 except 

that a polyurethane raw material obtained by blending 

polytetramethylene glycol having number-average molecular 

weight of 850, polyethylene glycol [abbreviation: PEG] having 

a number-average molecular weight of 600, 1,9-nonanediol 

[abbreviation: ND], and 4,4'-diphenylmethane diisocyanate at a 

mass ratio of PTMG:PEG:ND:MDI of 32.2:5.7:19.6:42.5 was used 

in place of the polyurethane raw material obtained by blending 

PTMG, PEG, BD, and MDI at a mass ratio of PTMG:PEG:BD:MDI 

24.6:11.6:13.8:50.0 in Production Example 1.  Then, a 

polishing layer sheet, which was a non-foam, was obtained in 

the same manner as in Production Example 1.  The D hardness of 

the polishing layer sheet, as measured at a measurement 

temperature of 25°C in accordance with JIS K 7311, was 56. 

[0102] 

[Production Example 4] 

 Pellets of a thermoplastic polyurethane were 

obtained in the same manner as in Production Example 1 except 

that a polyurethane raw material obtained by blending 

polytetramethylene glycol having a number-average molecular 

weight of 850, polyethylene glycol having a number-average 
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molecular weight of 600, 3-methyl-1,5-pentanediol 

[abbreviation: MPD], 1,9-nonanediol, and 4,4'-diphenylmethane 

diisocyanate at a mass ratio of PTMG:PEG:MPD:ND:MDI of 

36.1:6.4:1.3:15.7:40.5 was used in place of the polyurethane 

raw material obtained by blending PTMG, PEG, BD, and MDI at a 

mass ratio of PTMG:PEG:BD:MDI of 24.6:11.6:13.8:50.0 in 

Production Example 1.  Then, a polishing layer sheet, which 

was a non-foam, was obtained in the same manner as in 

Production Example 1.  The D hardness of the polishing layer 

sheet, as measured at a measurement temperature of 25°C in 

accordance with JIS K 7311, was 46. 

[0103] 

[Examples 1 to 25, and Comparative Examples 1 to 13] 

 Grooves having patterns of the shapes described in 

Tables 1 and 2 were formed through machining on a polishing 

surface constituting one surface of the polishing layer sheet 

having a D hardness of 62 obtained in Production Example 1. 

[0104] 

 In Example 12 and Comparative Example 4, concentric 

grooves were formed in which the center of the concentric 

circles was eccentric by 15 mm from the center of the 

polishing surface.  At this time, the center of the concentric 

grooves is at a position away from the center of the polishing 

surface by a distance of about 4% of the radius.  The center 

of the radial grooves in Example 13 coincided with the center 

of the concentric grooves. 
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[0105] 

 The concentric grooves, the spiral groove, the grid-

like groove, or the line segment-shaped grooves forming the 

radial grooves in each of the examples were chamfered as 

needed such that the inclined surface of each groove is 

inclined at an angle within a range of 35 to 80 degrees.  The 

inclined surface of the inverse trapezoidal groove was also 

formed so as to be inclined at an angle within a range of 35 

to 80 degrees.  As a result of the angle of the inclined 

surface being changed, the cross-sectional area is changed. 

[0106] 

 The groove width and the groove cross-sectional area 

of each of the concentric grooves, the spiral groove, the 

grid-like groove, and the line segment-shaped grooves forming 

the radial grooves were measured based on cross sectional 

images obtained using a scanning electron microscope (SEM) at 

a magnification of 200X.  Specifically, images of a cut 

surface of each of the polishing layers are captured at 18 

evenly selected locations, and the widths of the grooves in 

the images were measured.  Further, the cross-sectional areas 

were measured through image processing, and the average value 

thereof was obtained.  The average groove pitch P of the 

concentric grooves, the spiral groove, or the grid-like groove 

was determined by measuring the pitches at 8 locations evenly 

selected from each of the regions of the polishing surface 

that came into contact with a silicon wafer, using a scale 
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loupe, and obtaining an average thereof as an average groove 

pitch P.  The depth of each groove was determined by measuring 

the depths at 8 locations evenly selected from each of the 

regions coming into contact with the silicon wafer, using a 

depth gauge "E-DP2J" manufactured by Nakamura Mfg. Co., Ltd., 

and averaging the measured values. 

[0107] 

 Then, a cushioning layer was attached to the back 

surface of the polishing layer as opposed to the polishing 

surface with a double-sided pressure-sensitive adhesive sheet, 

to form a multilayer polishing pad.  As the cushioning layer, 

a "Poron H48" manufactured by INOAC Corporation, a foamed 

polyurethane sheet having a thickness of 0.8 mm, was used.  

Then, the polishing characteristics of the obtained polishing 

pad were evaluated by the following evaluation methods. 

 

<Polishing Rate> 

 The obtained polishing pad was attached to a 

polishing apparatus "FREX-300" manufactured by EBARA 

CORPORATION.  Then, a slurry obtained by diluting ten-fold a 

slurry "HS-8005" manufactured by Hitachi Chemical Co. was 

prepared, and a 12-inch-diameter silicon wafer having a 

silicon oxide film with a thickness of 2000 nm on the surface 

thereof was polished for 60 seconds at a platen rotation rate 

of 100 rpm, a head rotation rate of 99 rpm, and a polishing 

pressure of 30.0 kPa, while supplying the slurry onto the 
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polishing surface of the polishing pad at a rate of 200 

mL/min. 

[0108] 

 Then, using a pad conditioner (a diamond dresser 

(diamond grit: #100, blocky, metal base diameter: 19 cm) 

manufactured by A.L.M.T. Corp.), the surface of the polishing 

pad was conditioned for 30 seconds at a dresser rotation rate 

of 70 rpm, a polishing pad rotation rate of 100 rpm, and a 

dresser load of 20 N, while pouring pure water at a rate of 

150 mL/min.  Then, another silicon wafer was polished with the 

polishing pad, and the polishing pad was further conditioned 

for 30 seconds.  Then, after being polished for 60 seconds, 

the polishing pad was conditioned for 30 seconds.  Then, 

another silicon wafer was polished with the polishing pad, and 

the polishing pad was further conditioned for 30 seconds.  In 

this manner, 10 silicon wafers were polished. 

[0109] 

 Then, the thicknesses before and after polishing of 

the silicon oxide film on the tenth silicon wafer that had 

been polished were measured at 49 points in the wafer plane, 

and the polishing rate (nm/min) at each of the points was 

determined.  Specifically, the average value of the polishing 

rates at the 49 points was used as a polishing rate. 

[0110] 

 Then, based on a polishing rate of 1050 nm/min, 

which has been achievable using typical conventional groove 
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shapes, the improvement rate of the polishing rate of each of 

the examples was calculated using the following equation: 

 Improvement rate (%) of polishing rate = Polishing 

rate ÷ 1050 × 100 

[0111] 

 The results are shown in Tables 1 and 2 below. 

[0112] 

[Table 1] 
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a
p
e
 

0.5 1.3 5.4 54.0 48.6 1.29 0.83 1.40 43.56 1080 103 
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[0113] 

[Table 2] 
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Com. Ex. 4 

C
o
n
c
e
n
t
r
i
c
 

(
e
c
c
e
n
t
r
i
c
)
 

0.5-100 

I
n
v
e
r
s
e
 

t
r
a
p
e
z
o
i
d
a
l
 

9.5 0.5 1.3 2.34 0.053 0 

-
 - - - - - - - - - 970 92 

Com. Ex. 5 

S
p
i
r
a
l
 

4.5-100 

Y
-
s
h
a
p
e
 

7.5 0.2 1.3 1.46 0.027 8 

Y
-
s
h
a
p
e
 

2.0 1.3 5.4 29.7 24.3 2.76 0.53 0.10 0.27 1005 96 

Com. Ex. 6 

S
p
i
r
a
l
 

4.5-100 

Y
-
s
h
a
p
e
 

7.5 0.5 1.3 1.47 0.067 8 

Y
-
s
h
a
p
e
 

0.5 1.3 5.4 54.0 48.6 1.29 1.14 1.00 6.67 980 93 

Com. Ex. 7 

S
p
i
r
a
l
 

4.5-100 

Y
-
s
h
a
p
e
 

7.5 0.2 1.3 1.46 0.027 8 

Y
-
s
h
a
p
e
 

2.0 1.3 5.4 100.0 94.6 2.76 0.53 0.10 0.27 902 86 

Com. Ex. 8 

S
p
i
r
a
l
 

4.5-100 

Y
-
s
h
a
p
e
 

7.5 0.2 1.3 1.46 0.027 8 

Y
-
s
h
a
p
e
 

2.0 1.3 5.4 75.7 70.3 2.76 0.53 0.10 0.27 954 91 

Com. Ex. 9 

S
p
i
r
a
l
 

4.5-100 

Y
-
s
h
a
p
e
 

7.5 0.2 1.3 1.46 0.027 8 

Y
-
s
h
a
p
e
 

2.0 1.3 2.7 54.0 51.3 2.76 0.53 0.10 0.27 820 78 

Com. Ex. 10 

S
p
i
r
a
l
 

4.5-100 

I
n
v
e
r
s
e
 

t
r
a
p
e
z
o
i
d
a
l
 

9.5 0.5 1.3 2.34 0.053 8 

Y
-
s
h
a
p
e
 

1.0 1.3 5.4 54.0 48.6 2.34 1.00 0.50 2.63 972 93 
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Com. Ex. 11 

G
r
i
d
-
l
i
k
e
 

0-54 

R
e
c
t
a
n
g
u
l
a
r
 

10.
0 

0.5 1.05 0.53 0.050 0 

-
 - - - - - - - - - 505 48 

Com. Ex. 12 

G
r
i
d
-
l
i
k
e
 

0-100 

R
e
c
t
a
n
g
u
l
a
r
 

10.
0 

0.5 1.05 0.53 0.050 0 

-
 - - - - - - - - - 320 30 

Com. Ex. 13 

S
p
i
r
a
l
 

4.5-100 

Y
-
s
h
a
p
e
 

6.0 0.5 1.3 0.90 0.900 8 

Y
-
s
h
a
p
e
 

0.5 1.0 5.4 54.0 48.6 0.75 1.20 1 90.00 978 93 
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[0114] 

 The polishing pads obtained in Examples 1 to 25 

according to the present invention shown in Table 1 all had a 

high polishing rate.  On the other hand, the polishing pads 

obtained in Comparative Examples 1 to 13 shown in Table 2 all 

had a low polishing rate.  Referring to Table 1, the polishing 

pads obtained in Examples 1 to 21, each of which satisfied 

0.25 ≤ Sb/Sa ≤ 0.85, and 0.2 ≤ {Wb2/(P×Wa)} × 100 ≤ 21.0, had 

a particularly high polishing rate. 

[0115] 

<Influence of Sb/Sa on Polishing Uniformity> 

 Twelve polishing pads according to the examples that 

differed in Sb/Sa were selected.  Then, a plurality of silicon 

wafers were polished in the same manner as in the measurement 

method described in <Polishing Rate>.  Then, the polishing 

uniformity of each of the polishing pads that had been 

polished until the groove depth of the polishing layer was 

reduced by 50% from the groove depth of the unused polishing 

layer was evaluated in the following manner. 

[0116] 

 The thicknesses of the silicon oxide film before and 

after polishing of the silicon wafer polished when the groove 

depth of the annular grooves of the polishing layer had been 

reduced by 50% were measured at 49 points in the wafer plane 

(edge exclusion: 3 mm), and the polishing rate (nm/min) at 

each of the points was determined.  Then, the average value 
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and the standard deviation 1σ of the polishing rates at the 49 

points were calculated, and a coefficient of variation 

(unit: %) was determined from the calculated average value and 

standard deviation 1σ.  The smaller the coefficient of 

variation, the better the indicated polishing uniformity.  

Sb/Sa, and the evaluation results of the polishing rate and 

the polishing uniformity are shown in Table 3 below. 

[0117] 

[Table 3] 

Example No. Sb/Sa 

Evaluation results 

Polishing 
rate 

[nm/min] 

Polishing 
rate 

improvement 
rate (%) 

Polishing uniformity when groove 
depth has decreased from initial 

groove depth by 50% 
(coefficient of variation: %) 

Ex. 25 0.15 1102 105 4.9 

Ex. 6 0.28 1236 118 3.9 

Ex. 5 0.39 1242 118 3.8 

Ex. 4 0.44 1265 120 2.8 

Ex. 2 0.46 1364 130 1.8 

Ex. 10 0.53 1226 117 2.1 

Ex. 16 0.78 1210 115 3.3 

Ex. 3 0.80 1270 121 2.3 

Ex. 14 0.85 1213 116 4.3 

Com. Ex. 10 1.00 972 93 7.2 

Com. Ex. 6 1.14 980 93 8.5 

Com. Ex. 13 1.20 978 93 9.0 
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[0118] 

 Referring to Table 3, it can be seen that Examples 

4, 2, 10, 16, and 3, each of which satisfied 0.44 ≤ Sb/Sa ≤ 

0.80, had a coefficient of variation of the polishing 

uniformity of as low as 2.8% or less, particularly excellent 

polishing uniformity, and also a high polishing rate. 

[0119] 

[Examples 26 to 28] 

 Polishing pads (Examples 26, 27, and 28) were formed 

in the same manner as in Example 10 except for respectively 

using the polishing layer sheet having a D hardness of 86, 

obtained in Production Example 2, the polishing layer sheet 

having a D hardness of 56, obtained in Production Example 3, 

and the polishing layer sheet having a D hardness of 49, 

obtained in Production Example 4.  Then, the influence of the 

D hardness of the polishing layer on the polishing uniformity 

was investigated. 

 The evaluation results of the influence of the D 

hardness of the polishing layer on the polishing uniformity 

are shown in Table 3. 

[0120] 

[Table 4] 
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Example 
No. 

Sb/Sa Wb/Wa 
Wb2/(P*Wa)*100 

[%] 
D 

hardness 

Evaluation results 

Polishing uniformity 
when groove depth has 

decreased from 
initial groove depth 

by 50% 

Ex. 26 0.53 0.10 0.27 86 2.3 

Ex. 10 0.53 0.10 0.27 62 2.1 

Ex. 27 0.53 0.10 0.27 56 3.8 

Ex. 28 0.53 0.10 0.27 46 5.2 

 

[0121] 

 Referring to Table 4, it can be seen that the 

polishing pad using the polishing layer of Example 10, 26, or 

27, each of which had a JIS D hardness in the range of 56 to 

86, had a significantly low coefficient of variation of the 

polishing uniformity, and particularly excellent polishing 

uniformity, as compared with the polishing layer of Example 

28, which had a JIS D hardness of 46. 

[0122] 

[Examples 29 to 39 and Comparative Examples 14 to 24] 

 Grooves having the shapes of patterns described in 

Tables 5 and 6 were formed through machining on a polishing 

surface constituting one surface of the polishing layer sheet 

obtained in Production Example 1.  In Examples 30 and 32, 

concentric grooves in which the center of concentric circles 

was eccentric to the center of the polishing surface by 15 mm 

were formed.  At this time, the center of the concentric 

grooves was at a position away from the center of the 
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polishing surface by a distance of about 4% of the radius of 

the polishing surface.  The center of the radial grooves 

coincided with the center of the concentric grooves.  The 

grooves in each of the examples had a Y-shape formed by 

chamfering corners of a rectangular cross section, an inverse 

trapezoidal shape, or a rectangular shape.  Then, the groove 

width, the groove cross-sectional area, the groove pitch, and 

the groove depth of the each of the grooves were measured in 

the same manner as described above. 

[0123] 

 Then, a cushioning layer was attached to the back 

surface of the polishing layer as opposed to the polishing 

surface with a double-sided pressure-sensitive adhesive sheet, 

to form a multilayer polishing pad.  As the cushioning layer, 

a "Poron H48" manufactured by INOAC Corporation, a foamed 

polyurethane sheet having a thickness of 0.8 mm, was used.  

Then, the polishing characteristics of the obtained polishing 

pad were evaluated by the following evaluation methods. 

[0124] 

<Polishing Rate> 

 The obtained polishing pad was attached to a 

polishing apparatus "FREX-300" manufactured by EBARA 

CORPORATION.  Then, a slurry obtained by diluting two-fold a 

slurry "SEMI-SPERSE 25" manufactured by Cabot Microelectronics 

was prepared, and a 12-inch-diameter silicon wafer having a 

silicon oxide film with a thickness of 2000 nm on the surface 
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thereof was polished for 60 seconds at a platen rotation rate 

of 100 rpm, a head rotation rate of 99 rpm, and a polishing 

pressure of 20.0 kPa, while supplying the slurry onto the 

polishing surface of the polishing pad at a rate of 200 

mL/min. 

[0125] 

 Then, using a pad conditioner (a diamond dresser 

(diamond grit: #100, blocky, metal base diameter: 19 cm) 

manufactured by A.L.M.T. Corp.), the surface of the polishing 

pad was conditioned for 30 seconds at a dresser rotation rate 

of 70 rpm, a polishing pad rotation rate of 100 rpm, and a 

dresser load of 20 N, while pouring pure water at a rate of 

150 mL/min.  Then, another silicon wafer was polished with the 

polishing pad, and the polishing pad was further conditioned 

for 30 seconds.  Then, after being polished for 60 seconds, 

the polishing pad was conditioned for 30 seconds.  Then, 

another silicon wafer was polished with the polishing pad, and 

the polishing pad was further conditioned for 30 seconds.  In 

this manner, 10 silicon wafers were polished. 

[0126] 

 Then, the thicknesses before and after polishing of 

the silicon oxide film on the tenth silicon wafer that had 

been polished were measured at 49 points in the wafer plane, 

and the polishing rate (Å/min) at each of the points was 

determined.  Specifically, the average value of the polishing 

rates at the 49 points was used as a polishing rate. 
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[0127] 

 Based on a polishing rate of 2400 Å/min, which has 

been achievable using typical conventional groove shapes, the 

improvement rate of the polishing rate of each of the examples 

was calculated using the following equation: 

 Improvement rate (%) of polishing rate = Polishing 

rate ÷ 2400× 100 

 The results are shown in Tables 5 and 6. 

[0128] 

[Table 5] 
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Ex. 32 

C
o
n
c
e
n
t
r
i
c
 

(
e
c
c
e
n
t
r
i
c
)
 

0.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.30 1.05 0.338 0.100 8 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 54 48.6 0.525 0.64 0.60 6.00 2883 120 

Ex. 33 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.30 1.05 0.338 0.100 4 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 54 48.6 0.525 0.64 0.60 6.00 2730 114 

Ex. 34 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.30 1.05 0.338 0.100 12 

I
n
v
e
r
s
e
 

t
r
a
p
e
z
o
i
d
a
l
 

0.50 1.05 5.4 54 48.6 0.525 0.64 0.60 6.00 2670 111 

Ex. 35 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.30 1.05 0.338 0.100 16 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 54 48.6 0.525 0.64 0.60 6.00 2950 123 

Ex. 36 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.30 1.05 0.337 0.100 16 

R
e
c
t
a
n
g
u
l
a
r
 

2.00 1.05 5.4 54 48.6 2.100 0.16 0.15 1.50 2800 117 

Ex. 37 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

6.00 0.30 1.05 0.338 0.050 8 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 54 48.6 0.525 0.64 0.60 3.00 2710 113 

Ex. 38 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

2.00 0.20 1.05 0.333 0.100 8 

Y
-
s
h
a
p
e
 

0.50 1.05 5.4 54 48.6 0.525 0.63 0.40 4.00 2650 110 
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Ex. 39 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.45 1.05 0.495 0.150 8 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 54 48.6 0.525 0.94 0.90 13.50 2598 108 
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[0129] 

[Table 6] 
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Com. 
Ex. 17 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.50 0.50 1.05 0.648 0.143 8 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 54 48.6 0.525 1.23 1.00 14.29 2340 98 

Com. 
Ex. 18 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

2.25 0.70 1.05 0.758 0.311 8 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 54 48.6 0.525 1.44 1.40 43.56 2310 96 

Com. 
Ex. 19 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.70 1.05 0.758 0.233 8 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 54 48.6 0.525 1.44 1.40 32.67 2360 98 

Com. 
Ex. 20 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.30 1.05 0.338 0.100 8 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 2.7 54 51.3 0.525 0.64 0.60 6.00 2302 96 

Com. 
Ex. 21 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.30 1.05 0.338 0.100 8 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 76 70.3 0.525 0.64 0.60 6.00 2292 96 

Com. 
Ex. 22 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.30 1.05 0.338 0.100 8 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 100 94.6 0.525 0.64 0.60 6.00 2288 95 

Com. 
Ex. 23 

S
p
i
r
a
l
 

4.5-
100 

Y
-
s
h
a
p
e
 

3.00 0.30 1.05 0.338 0.100 16 

R
e
c
t
a
n
g
u
l
a
r
 

0.50 1.05 5.4 100 94.6 0.525 0.64 0.60 6.00 2280 95 
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Com. 
Ex. 24 

G
r
i
d
-
l
i
k
e
 

0-
100 

R
e
c
t
a
n
g
u
l
a
r
 

10.00 0.50 1.05 0.525 0.050 0 

-
 - - - - - - - - - 1050 44 
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[0130] 

 The polishing pads obtained in Examples 29 to 39 

according to the present invention shown in Table 5 all had a 

high polishing rate.  On the other hand, the polishing pads 

obtained in Comparative Examples 14 to 24 shown in Table 6 all 

had a low polishing rate.  Referring to Table 5, the polishing 

pads obtained in Examples 28 to 37, each of which satisfied 

0.1 ≤ Wb/Wa < 1.0, and 0.2 ≤ {Wb2/(P×Wa)} × 100 ≤ 10, had a 

particularly high polishing rate. 

 

[Reference Signs List] 

[0131] 

 1, 11. … Polishing layer 

 10, 20. … Polishing pad 

 E1. … First end portion 

 E2. … Second end portion 

 C1 to C9. … Annular grooves (concentric grooves) 

 S1 to S8. … Line segment-shaped grooves (radial 

grooves) 

 H. … Spiral groove 

 F. … Polishing surface 
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[CLAIMS]  

 

[Claim 1] A polishing pad comprising a polishing layer having 

a circular polishing surface, 

 wherein the polishing surface comprises a central 

region corresponding to a range of 0 to 10% of a radius of the 

polishing surface from a center of the polishing surface, and 

a peripheral edge region corresponding to a range of 90 to 

100% of the radius of the polishing surface from the center of 

the polishing surface, 

 the polishing layer comprises: 

  at least one spiral groove or concentric 

grooves including a plurality of annular grooves arranged 

concentrically, the at least one spiral groove and the 

concentric grooves being disposed spanning from the central 

region to the peripheral edge region; and 

  radial grooves including at least two line 

segment-shaped grooves extending from the central region 

toward the peripheral edge region, 

 a center of the spiral groove, a center of the 

concentric grooves, and a center of the radial grooves are 

present in the central region, 

 the line segment-shaped grooves have an average 

length of 30 to 65% of the radius of the polishing surface, 

and have a first end portion in a region at a distance of 5 to 

10% of the radius of the polishing surface from the center of 
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the radial grooves and a second end portion in a region at a 

distance of 35 to 70% of the radius of the polishing surface 

from the center of the radial grooves, and 

 a cross-sectional area Sa (mm2), which is an average 

cross-sectional area of cross sections of the line segment-

shaped grooves in a direction perpendicular to a length 

direction of the line segment-shaped grooves, and a cross-

sectional area Sb (mm2), which is an average cross-sectional 

area of cross sections of the spiral groove or the concentric 

grooves in a direction perpendicular to a tangential direction 

of the spiral groove or the concentric grooves, satisfy 0.1 ≤ 

Sb/Sa < 1.0. 

 

[Claim 2] The polishing pad according to claim 1, 

 wherein 0.25 ≤ Sb/Sa ≤ 0.85 is satisfied. 

 

[Claim 3] The polishing pad according to claim 1, 

 wherein 0.44 ≤ Sb/Sa ≤ 0.80 is satisfied. 

 

[Claim 4] The polishing pad according to any one of claims 1 

to 3, 

 wherein a groove width Wa (mm), which is an average 

width of the line segment-shaped grooves, and a groove width 

Wb (mm), which is an average width of the spiral groove or the 

concentric grooves, satisfy 0.1 ≤ Wb/Wa <1.0. 
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[Claim 5] The polishing pad according to any one of claims 1 

to 4, 

 wherein a groove width Wb (mm), which is an average 

width of the spiral groove or the concentric grooves, and an 

average groove pitch P (mm) of the spiral groove or the 

concentric grooves, satisfy 0.02 ≤ Wb/P ≤ 0.25. 

 

[Claim 6] The polishing pad according to any one of claims 1 

to 5, 

 wherein a groove width Wa (mm), which is an average 

width of the line segment-shaped grooves, a groove width Wb 

(mm), which is an average width of the spiral groove or the 

concentric grooves, and an average groove pitch P (mm) of the 

spiral groove or the concentric grooves, satisfy 0.2 ≤ 

{Wb2/(P×Wa)} × 100 ≤ 25. 

 

[Claim 7] The polishing pad according to any one of claims 1 

to 6, 

 wherein the polishing pad comprises the spiral 

groove. 

 

[Claim 8] The polishing pad according to any one of claims 1 

to 7, 

 wherein the polishing pad comprises the concentric 

grooves. 
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[Claim 9] The polishing pad according to any one of claims 1 

to 8, 

 wherein the polishing layer comprises a 

thermoplastic polyurethane. 

 

[Claim 10] The polishing pad according to any one of claims 1 

to 9, 

 wherein the polishing layer is a non-foam. 

 

[Claim 11] The polishing pad according to any one of claims 1 

to 10, 

 wherein the polishing layer has a JIS D hardness of 

45 to 90. 

 

[Claim 12] The polishing pad according to any one of claims 1 

to 11, 

 wherein the polishing layer has a density of 1.00 to 

1.20 g/cm3. 


