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POLISHING PAD WITH QFFSET CONCENTRIC GROOVING PATTERN
AND METHOD FOR POLISHING A SUBSTRATE THEREWITH
BACKGROUND OF THE INVENTION
[0601}  Chemical-mechanical polishing (“CMP™} processes are used in the manufaciuring of
nicroelecironic deviees to form flat surfaces on semyiconducior wafers, fisid emission displays,
and many other microelectronic substrates. For example, the manutacture of semiconductor
devices generally mvolves the formation of various process [ayers, selective removal or
patterning of portions of those layers, and deposition of vet additional process layers above the
surface of a semiconducting substrate to form a semiconductor wafer. The process layers can
include, by way of example, insulation layers, gate oxide fayers, conductive layers, layers of
metal or glass, and the like. In certain steps of the wafer fabrication process, the uppermost
surface of the process lavers is desirably planar, i.e., flat, for the deposition of subsequent layers.
CMP is used to planarize process layers wherein a deposited material, such as a conductive or
insulating material, is polished to planarize the wafer for subsequent process steps.
[0002]  In a typical CMP process, a wafer is mounted upside down on g carrier in a CMP
tool. A force pushes the carrier and the wafer downward toward a polishing pad. The caucier
and the wafer typically are rotated above fhe rotating polishing pad on the CMP tool’s polishing
table. A polishing composition {also referred to as a polishing slury) generally is introdaced
between the rotating wafer and the rotating polishing pad during the polishing process, The
potishing composition typically contains ong or more chernicals that teract with or dissolve
portions of the uppermost wafer layer(s) and one or more abrasive materials that physically
remove portions of the layer(s). The wafer and the polishing pad can be rotated in the same
direction, in opposite directions, or one of the wafer or polishing pad can be rotated while the
other oue of the wafer or polishing pad remains stationary. The carrier alse can oscillate scross
the polishing pad on the polishing table. The rotation scheme is chosen according to the
particular polishing process being carried out.
j0803]  The polishing pad typically is made of 2 rigid, micso-porous material, and the
polishing pad typically pesforms several useful functions during a polishing process, sueh ag
polishing slurry transport, distribution of apphied pressure across a substrate to be polished, and

removal of material abraded from substiate. The physical and mechanical properties of the
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polishing pad, such as the polishing pad material, the surface topography of the polishing pad
(e.g., micro- and macro- structures, such as perforations, pores, textures, grooves, depressions,
etc.), and the like, in combination with the properties of the composition of the polishing slurry
(e.g., reactivity, abrasiveness, etc.), can affect various aspects of the CMP process, including the
polishing rate and the quality of the polished substrate (e.g., degree of planarity, and number and
type of defects). The polishing rate, in particular, directly relates to the throughput of the CMP
process, such that the polishing rate is important for cost-of-ownership considerations.
[0004]  Attempts in the art to increase throughput by way of increasing the polishing rate
have typically involved adjusting the physical and mechanical properties of the polishing pad
material or the micro-structure of the polishing pad surface, e.g., using different materials and
pad conditioning processes, often resulting in various undesirable tradeoffs, such as increased
defects on the surface of the polished substrate and/or reduced life of the polishing pad. While
employing macro-structures on the polishing pad surface, such as grooving patterns, has had
some success in improving some characteristics of the polishing process, such as the lifetime of
the polishing pad in some instances (see, for example, U.S. Patent 6,520,847 to Osterheld et al.),
other properties of the polishing process, such as the polishing rate of the substrate, generally
have not been adequately improved by conventional grooving patteins to sufficiently increase
throughput, while still achieving a polished substrate with a high level of planarity and low
defects. Moreover, many conventional grooving patterns are not adequate for retaining the
polishing slurry on the polishing pad for a sufficient amount of time, thereby requiring a larger
amount of polishing slurry to be used in a polishing process, which undesirably adds to ﬁhe
overall manufacturing costs.
[0005] Thus, there remains a need in the art for improved polishing pads that retain the
polishing slurry for a sufficient amount of time and also achieve a commercially viable polishing
rate, while at the same time producing a polished substrate having advantageous sutface

propetties, such as high planarity and low defects.

BRIEF SUMMARY OF THE INVENTION
[0006] A first aspect of the present invention provides a polishing pad comprising an axis of
rotation, a polishing surface, and a plurality of grooves set into the polishing surface, wherein the

plurality of grooves is composed of at least (a) a first plurality of



concentric grooves having a first center of concentricity, and (b) a second plurality of concentric
grooves having a second center of concentricity, wherein (1) the first center of concentricity is
not coincident with the second center of concentricity, (2) the axis of rotation of the polishing
pad 1s not coincident with at least one of the first center of concentricity and the second center of
concentricity, (3) the plurality of grooves does not consist of a continuous spiral groove, and (4)
the polishing surface does not comprise a mosaic groove pattern, and wherein the polishing pad
further comprises a central channel, and the depth of the central channel is greater than the depth
of the plurality of grooves.

[0007] A second aspect of the present invention provides a method of chemicat-mechanically
polishing a substrate, which method comprises, (a) contacting a substrate with a chemical-
mechanical polishing composition and a polishing pad, (b) moving the polishing pad relative to
the substrate with the chemical-mechanical polishing composition therebetween, and (c)
abrading at least a portion of the substrate to polish the substrate, wherein the polishing pad
comprises an axis of rotation, a polishing surface, and a plurality of grooves set info the polishing
surface, wherein the plurality of grooves is composed of at least (a) a first plurality of concentric
grooves having a first center of concentricity, and (b) a second plurality of concentric grooves
having a second center of concentricity, wherein (1) the first center of concentricity is not
coincident with the second center of conceniricity, (2) the axis of rotation of the polishing pad is
not coincident with at least one of the first center of concentricity and the second center of
concentricity, (3) the plurality of grooves does not consist of a continuous spiral groove, and (4)
the polishing surface does not comprise a mosaic groove pattern, and wherein the polishing pad
further comprises a central channel, and the depth of the central channel is greater than the depth
of the plurality of grooves.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]  FIG. 1 illustrates a polishing pad according to an embodiment of the invention. FIG.
1 is a view of the polishing surface of the polishing pad from a perspective perpendicular to the
polishing surface. The polishing pad of FIG. 1 is a mirror image of the polishing pad of FIG, 2.

FIG. 1 contains a virtual x-axis and a virtual y-axis for ease of reference.
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[0009] FIG. 2 illustrates a polishing pad according to an embodiment of the invention. FIG.
2 is:a view of the polishing surface of the polishing pad from a perspective perpendicular to the
polishing surface. The polishing pad of FIG. 2 is a mirror image of the polishing pad of FIG. 1.

FIG. 2 contains a virtual x-axis and a virtual y-axis for ease of reference,
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{018]  FIG. 3 illustrates a polishing pad according 1o an embodiment of the nvention, FIG.
3is a view of the polishing suzface of the polishing pad from a parspective perpendicular to the
polishing surface. FIG, 3 contains a virtual x-axis and & virtoal y-axis for ease of reference,
[0011}  FIG. 4 illusirates a polishing pad according to an embodiment of the invention. FIG,
4 is a view of the polishing surface of the polishing pad from a perspective perpendicular to the
polishing swrface. FIG. 4 contains a virtual x-axis and a virtual y-axis for ease of reference.
[0012F  FIG. 5 is across-sectional view of a polishing pad according fo-the invention.
{6013]  FIG. 6 is a profile view of an end of a groove, illustrating the angle formed between
the wall that joins the groove bottors with the polishing surface at the end of the sroove.
j0014}  FIG, 7 is a bar graph comparing, at two different slurry flow rates, the removal rates
of a control polishing pad comprising conventional concentric grooves centered at the axis of
rotation of the polishing pad with fonr ineentive polishing pads having the grooving patterns
depicted FIGS. -4
[0615}  FIG. 8 illustrates a polishing pad accerding 1¢ an embediment of the invention,
wherein the pad contains a central channet,

DETAILED DESCRIPTION OF THE INVENTION

{6016]  The invention is iHnstrated by way of a discussion of FIGS. 1-8 but, of comse,
lastration in this manner should not be construed as in any way limiting the scope of the
invention. The featores of the polishing pads described with respect to FIGS. 1-6 and 8 are
general to a polishing pad of the invention, and therefore the described features can be combined
in any suisable manner 1o result it a polishing pad of the invention. In this regard, FIGS. 1-6 and
8§ are mérely Hliustrative of the types of grooving paiterns of polishing pads of the invention so as
to facilitate an understanding of the inventive grooving patterns; however, the dimensions and
proportions represented in FIGS, 1-6 and 8 are not necessarily representative of the actoal
dimengions and proportions of a polishing pad of the invention.
{6017}  The invension provides a polishing pad comprising, consisting essentially of, or
cousisting of an axis of rotation, a polishing surface, and a plurality of grooves sefl into the
polishing surface, wherein the phatality of grooves is composed of at least (a) a first plurality of -
conceniric grooves having a first center of concentricity, and {b) a second plurality of concentric

graoves having a second center of concentricity, and wherein (1) the furst center of concentricity
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is not coincident with the second center of concentricity, (2) the sxis of rotation of the polishing
pad is not coincident with at least one of the first center of concentricity and the secoid center of
concentricity, (3} the plurality of grooves does not consist of a continuous spival groove, and (4)
the polishing surface does not comprise a mosaic groove panern.

{0818}  The plurality of grooves can comprise, consist essentially of, or consist of any
suitable number of pharalities of concentric grooves. In this regard, although the features of the
polishing pad of the invention typically are described herein with respect to a polishing pad
having two plaralities of concentric grooves {i.e., a first plarality of concentric grooves and a
second plurality of concentric grooves}, the pelishing pad of the invention is not limited to two
plarzlities of concentric grooves., For example, the plurality of grooves can comprise at least two
plurafities of concentric grooves, e.4., at least three, at least four, at least five, at least six, at least
seven, at least eight, at least nine, or at feast ten pluralities of concentric grooves. Each plarality
of conceniric grooves i concentric about a center of concentricity, such that the number of
plarality of concentric grooves is the same as the number of centers of concentricity. For
example, when the polishing pad contains at least foar pluralifies of concentric grooves, the
polishing pad also contains at least four centers of concentricity.

[6019]  The centers of concentricity can be separgted.from one another by any suitable
distance. When the polishing pad contains more thar two centers of concensricity, the distances
recited hergin can refer to the distance between adjacesnt centers of concentricity sndior the
distance between non-adjacent centers of concentricity, and the distances can be the same or
different. For example, the centers of concentricity can be separated by a distance of 0.1 cm or
more, ¢.g., 0.2 cm or more, 0.3 cm or more, 0.4 ¢ or more, 0.5 cm or more, 0.6 cm or wore, 0.7
cit of nore, (.8 em or move, 0.9 am ot more, T om oy more, 1.2 om or more, 1.4 emoor more, 1.6
cut or more, 1.8 em or more, 2 om of more, 2.2 cm or more, 2.4 cm of more, 2.6 om or more, 2.8
cm of tnore, 3 om or more, 3.2 emor more, 3.4 om or more, 3.6 cm or more, 3.8 om or more, 4
cm or more, 4.2 cm or more, 4.4 cm-or mote, 4.6 cin or more, 4.8 cm ormore, 5 om or morg, 5.2
om or more, 5.4 oint or more, 5,6 om or more, 5.8 ¢m o more, 6 om o more, 0.2 ¢ or maore, 6.4
em or more, 6.6 cm or more, 6.8 cor or more, 7 cm or more, 7.2 ¢m or more, 7.4 cm or more, 7.6
ont or more, 7.8 cm or more, 8 em or more, §.2 am or more, 8.4 cm or more, 8.6 om or more, 8.8

om OF move, @ cm or more, V.2 ¢m or more, 2.4 i o more, 9.6 om or more, 9.8 om or more, 10
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cm or more; 10.2 cm or more, 10.4 cm or more, 10.6 cm or more, 10.8 cm or more, 11 cm or
more, 11.2 em. or more, 11.4 cm or more, 11.0 cm or more, 11.8 em or more, 12 cm of more,
12.2 em or more, 12,4 ¢in oranore, 12,6 cm or more, 12.8 cm ormore, 13 om or more, 13.2 em
or more, 13.4 ¢m oy more, 13.6 am or more, 13.8 ¢ or more, 14 om or more, 14.2 om or more,
14,4 cm or more, 14.6 cm or more, 14 8 cm ormore, 15 cm or more, 15.5 am or more, 16 cm or
more, 165 cm or more, 17 am or more, 7.5 omor more, 18 om or more, 185 om or move, 19
cm or more, 19.5 cm or more, 20 cm or more, 22 em or more, 24 cm or more, 26 cm or more, 28
cm of morte, 30 cm or more, 32 em or more, 34 e of more, 36 cm or more, 38 cm or more, 40
o1 or pore, 42 om of more, 44 cm o more, 46 oM or more, of 48 ok or uere. Alternatively, or
in addition, the centers of conceniricity can be separated by a distance of 50 cm or less, ez, 48
e o1 less, 46 cm or less, 44 cm or less, 42 cm or less, 40 cm or fess, 38 cnt or less, 36 cm or
Tess, 34 cmoor less, 32 cm or less, 30 om or less, 28 cm or less, 26 ¢ or less, 24 om or Jess, 22
om or less, 20 cm or less, 19.5 em or less, 19 cm or less, 18.5 cm or fess, 18 cm or less, 17.5 cm
or less, 17 cnyor less, 16.5 om or less, L6 om or less, 15.5 cm orless, 15 ¢m or less, 148 cmoor
fess, 14.6 cm or less, 14.4 o or less, 14.2 om or fess, 14 emoor less, 13 B cmoor less, 136 cmor
less, 13.4 em orless, 13.2 em or less, 13 cm or less, 12.8 ¢moor less, 12.6 cm ot less, 12.4 om or
less, 12.2 o or less, 12 cmaor less, 11.8 cm or less, 1 6-cmorless, 114 cmorless, 112 emor
less, 11 cmoor dess, 10.8 omoor less, 10.6 cm or less, 104 cmoor less, 102 em or less, 10 e or
less, 9.8 om or less, 2.6 cm or less, 8.4 com or less, 9.2 om or legs, & om or less, 8.8 om or less, 8.6
o or less, 8.4 em or less, 8.2 cmior less, 8 om or less, 7.8 om or less, 7.6 con of less, 7.4 ey or
less, 7.2 em or less, 7 cm or less, 6.8 om or less, 6.6 cm or less, 6.4 om or fess, 6.2 cm or lesg, 6
cm or less, 5.8 cm or less, 3.6 cm or less, £.4 om or Jess, 5.2 cm or less, 3 em or less, 4.8 cm or
less, 4.6 cm or less, 4.4 cm or less, 4.2 cm or less, 4 om or less, 3.8 om or less, 3.6 om of less, 3.4
omt o less, 3.2 cm or less, 3 oin or less, 2.8 emor less, 2.0 emoorless, 2.4 emoor less, 2.2 e or
less, 2 om or less, 1.8 em or less, L6 om or less, 1.4 emoor less, L2 emoor less, 1 om or less, 0.9
cin or less, 0.8 cm or fess, 0.7 cm or fess, 0.6 e or less, 0.5 cmor less, 0.4 em or less, 0.3 cm or
less, or 0.2 cm of less. Thus, the distance between centers of conceuntricity can be within the
range bounded by any fwo of the foregoing endpoints. For-example, the distance can be 2.6 o

te 12.8 ¢, 20 ¢ to 40 o, o 8.8 cmx o 10,2 om. Tna preferred embodiment, the distance
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between centers of concentricity {e.g., the distance between a first center of concentricity and a
second center of concentricity} is 10 cm {e.g., 9.8 cm 10 10.2 em).
10820}  The polishing pad of the invention typically containg an axis of rotation, 4 geometric
cepter, an axis of symmetry, a fust center of concentricity, and a second center of concentricity.
The axis of rotation, the geometric center, the axis of symmetry, and one of the first center of
concentricity or second center of concentricity may be coincident or not coincident with one
another in any desirable combination. For example, the axis of rotation and the geometric center
can be comeident with one another, while the axis of synumetry is not coincident with either the
axis of rotation or the geometsic center. Moreover, the axis of votation, the peometric center, and
the axis of symmetry may be colncident or not coincident, in any desirable combination, with
one of the first center of concentricity or the second center of concentricity. Preferably, the axis
of rotation, the geometric center, and the sxis of symmetry are coincident with one another, and
preferably the axis of rotation, the geometric center, and the axis of symmetry are not coincident
with either the first cenier of concentricity or the second center of concentricity,
10021]  Withxeference io FIG. 1, the polishing pad comprises a polishing surface 100, a
pluratity of grooves 104 and 105 et into the polishing surface 100, an axis of rotation 101, a
geometric center B2, and an axis of symmetry 183, The axis of votation 101, the geometric
center 102, and the azis of symmetry 193 are all coincident with one another in FIG. 1. The
plarality of grooves is composed of a first plurality of concentric grooves 104 having a first
center of concentricity 106, and a second plurality of concentric grooves 105 having a second
center of concentricity 107, Although, for brevity, only a portion of the grooves in FIG. 1 are
labeled in each of the first and second pluralities of concentric grooves, it should be noted that all
of the grooves that are concentric about the first censer of congentricity 106 are pact of the first
plurality of concentric grooves 104, and all of the grooves that are concentric about the second
center of concentricity 107 arepart uf the second pluratity of concentric grooves 105, The first
center of concentricity 106 is not coincident with the second center of concentricity 107, the axis
of rotation 181 is not coincident with either the figst center of concentricity 106 ot the second
center of concentricity 107, the plurality of grooves does not consist of a continpous spival

groove, and the plurality of grooves does not comprise a mosaic groove pattern.
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j0022}  The polishing pad of FIG. 2 is a ruirror image of the polishing pad of FIG. 1. With
reference to FIG. 2, the-polishing pad comprises a polishing surface 200, a plurality of grooves
204 and 203 set into the polishing surface 200, an axis of rotation 201, a geometric cenier 202,
and an axis of symmetry 203, The axis of rofation 2081, the geometric center 2082, and the axis of
symmetry 203 ave all coincident with one another i FIG. 2, The plurality of grooves is
composed of a first plurality of conceniric grooves 204 having a first center of concentricity 206,
and a second plurality of concentric grooves 263 having a second center of concentricity 207,
Althoagh, for brevity, only a portion of the grooves n FIG. 2 are labeled in each of the first and
second pharalities of concentric grooves, it should be noted that all of the grooves that ase
concentric gbout the first center of concentricity 206 are pan of the first plurality of concentric
grooves 204, and all of the grooves that are concentric about the second center of concentricity
207 are part of the second plerality of concentric grooves 205, The first center of concentricity
206 is not coincident with the second center of concentricity 207, the axis of rotation 281 is not
cotncident with cither the fivst ceater of concentricity 206 or the second center of conceniricity
287, the plusality of grooves does not consist of a continuous spiral groove, and the plurality of
grooves does not comprise 4 Mosaic groove patiern.
[B023]  With refevence to FIG. 3, the polishing pad comprises a polishing surface 300, a
plurality of grooves 304 and 305 set into the polishing surface 300, an axis of rotation 3¢1, a
geometric center 302, and an axis of symmetry 303, The axis of rotation 301, the geometric
center 302, and the axis of sysametry 303 are all coincident with one another in FIG, 3. The
plurality of grooves is composed of a first plurality of concentric grooves 304 having a first
center of concentrictiy 306, and a second plurality of concentric grooves 305 having a second
center of concentricity 307, Although, for brevity, only a portion of the grooves in F1G. 3 are
fabeled in each of the first and second pluralities of concentric grooves, it should be noted thatall
of the grooves that are concentric sbout the first center of concentricity 306 are part of the first
phurglify of concentric grooves 384, and all of the grooves that are concentric about the second
center of concentricity 307 are part of the second plurality of concentric grooves 305, The first
center of concentricity 306 is nol coincident with the second center of concentricity 367, the axis

of rotation 301 is not coincident with either the figst center of concentricity 306 or the second
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center of concentricity 307, the plurality of grooves does not consist of a continuons spiral
groove, and the plurality of grooves does not comprise a mosaic groove pattern.
{0024} With reference to FIG. 4, the polishing pad comprises & polishing surface 408, a
plurality of grooves 404 and 405 set into the polishing surface 480, an axis of rotation 461, a
geometric center 402, and an axis of symmetry 403, The axis of rotation 401, the geometric
center 402, and the axis of symmetry 403 are all coincident with one another in FIG. 4. The
plurality of grooves is composed of a first pluratity of concentric grooves 404 having a first
center of concentricity 406, and a second plurality of concentric grooves 405 having a second
center of concentricity 407, Although, for brevity, only a pertion of the grooves in FIG. 4 are
labeled in each of the first and second pluralities of concentric grooves, it shonld be noted that all
of the grooves that are concentitc about the first center of concentricity 406 are part of the first
plurality of concentric grooves 404, and all of the grooves that are-concentric about the second
center of concentricity 407 are part of the second plurality of concentric grooves 405, The first
center of concentricity 486 is pot coincident with the second center of concentricity 407, the axis
of rotation 481 is not coincident with either the first cenier of concentricity 406 or the second
center of concentricity 407, the plurality of grooves does not cousist of a continuous spiral
groove, and the plurality of grooves does not comprise 4 mosaic groove pattern.
[8025]  The pelishing pad of the invention can have any suitable shape. For example, the
polishing pad can be substantially in the shape of a cirele (Le., circular), oval, square, rectangle,
rthombus, triangle, continuous belt, polygon (e.g., pentagon, hexagon, heptagon, octagon,
nonagon, decagon, ete.), and the like. As used herein, the term “substantially™ in the context of
the shape of the polishing pad means that the shape can vary i an insignificant way from a
technical definition of the shape st issue, such that the overall shape wonld be considered by one
of erdinarily skill in the ari to resemble the given shape. For example, in the context of a
polishing pad having a substantally circular shape, the radius of the polishing pad (as measured
from the geometric ceuter of the polishing pad to the outer edge of the pad) can vary in an
insignificant manner (e.g., minor fluctaations) afoumd the entive polishing pad, such that one of
ordinarily skitl in the art wonid stifl consider the pohishing pad to have a circular shape, despite

the situation in which the radius is not entirely congtant around the enlire pelishing pad. Ina
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proferred embodiment, the polishing pad is substantially in the shape of a circle, 1e., the
polishing pad has a substantiatly circular shape.
[0026]  When the polishing pad is substantially circolar or substantially oval-shaped, the
polishing pad can have any suitable radius R. When the polishing pad has an oval shape, the
radii listed hereinbelow can refer to the lang axis and/or the short axis of the oval shape. For
exgmple, the polishing pad can have a radius R that is 8 cm or more, e.g., 9 e or mwore, 10 om or
‘more, {2 cm or more, 14-cm or more, 16 cm or more, 18 cm ar more, 20 cm or more, 22 cm or
more, 24 o or moze, 26 om o7 more, 28 cm or more, 36 om or more, 32 cm or more, 34 o or
more, 36 cm or more, 38.cm 07 more, 40 om or more, 47 ont of more, 44 m or more, 46 om or
more, 48 cm or more, or 50 cm or more. Alternatively, or in addition, the polishing pad can have
a radius R that is 52 cm or less, e.g, 50 em or less, 48 cim or less, 46 cm or less, 44 cm or less, 42
om or less, 40 cm or less, 38 cm or less, 36 em or less, 34 cm or less, 32 cm or less, 30 emor
less, 28 omor less, 26 cm or less, 24 om or less, 22 om or less, 20 om or less, 18 om or less, 16
crn or less, 14 om or less, 12 ¢m or less, 10 cm or less, or 9 om or less, Thas, the radius R of the
polishing pad can be within the range bounded by any two of the foregoing endpoints. For
example, the radius R ¢an be within the range of 10cm to 52 ¢m, Z0 cm t0 26 cm, or 18 em to 24
cm, In g preferred embodiment, the radius R of the polishing pad is 24 cm 10 26 cm.
{0027} ‘T'he centers of concentricify can be offset from the axis of rotation of the polishing
pad by any suitable distance. The offset distance can be expressed as a fraction of the radins R
of the polishing pad, sometines known in the art as the normalized off-center distance ("NOC”
distance} {i.c., the measured distance from the axis of rotation to a center of concentricity divided
by the radius R of the polishing pad). Alihough this feature of the invention is described with
respect to a first center of conceniricity and a second center of concentricity, the distances recited
therefor are equatly applicable to any other centers of concentricily that may be associated with
the polishing pad of the invention, aamely, third, fowrth, fifth, sixth, seventh, eighth, ninth,
atdéor tenth centers of concentricity. The first center of conceniricity is offset from the axis of
rotation of the polishing pad by a first distance measured as a fraction of the radius R of the
polishing pad of 0 R to 2 R, the second center of concentricity Is offset from the axis of rotation
of the polishing pad by a second disiance measured as a fraction of Hhe radins R of the polishing

padof 0 R o 2 R, and the fivst distance and the second distance can be the same or different
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provided that, when one of the first distance or the second distance is @ R, the other of the first
distance or the second distance Is rot O R, The first distance andfor the second distance is O R or
more, e.45, 1.001 R or more, 0.005 R or more, 0.01 R or more, 8.615 R or more, £.02 R or more,
0.025 R or more, ¢.03 R or more, 0.035 R or more, 0.04 R or more, 0.0435 R or more, 0.05 R or
‘more, 0.055 R or more, 8.06 R or more, 0.065 R or more, 0.07 R or more, 0.075 R or more, 0,08
R ormore, 0.085 R or more, 6.09 R.or more, 0.093 R ormore, 0.1 £ or more, 0.13 R or more,
0.2 Rormore, 0.25 R or more, 0.3 Rormore, 0.33 R or more, 8.4 R or more, 0.45 R or more,
0.5 R or move, (.55 R or more, 0.6 R or more, (.65 R or more, 0.7 R or more, 6.75 R or more,
0.8 Ror more, 0.85 R or more, 0.9 R or more, 4.95 R ormore, | R or more, 1.0S R ormore, 1.1
Rormore, 1.15R ormore, 1.2 Rormove, .25 R ormore, 1.3 R ormore, 1. 35R ormore, 14 R
or more, 1.45 R or more, 1.5 R or more, 1.55 R or more, 1.6 R ormore, 1.65 R or more, 1.7 R or
more, 1.75 R or more, 1.8 R or more, 1.85R ormore, 1.9 R or more, or 1.95 R or more,
Alternatively, or in addition, the Brst distance and/or the second distance is 2 R or less, e, 1.95
Rorless, 1.9 R orless, 1.85 Rorless, 1.8 R or less, .75 R orless, 1.7 R or less, 1.65 R ar less,
1.6 Rorless, 1L.535R or !ess,_ ESRorless, 145R orless, 4R orless, 135R orfess, L3R or
less, 1.25 R oorless, L.Z Rorless, 115 R orless, 1.1 R orless, 1LOS Roorless, | R orless, 095 R
or fess, 0.9 R or less, 0.85 R ortess, 0.8 R or less, 0.75 R orfess, 0.7 R or less, 0,65 R or less, 0.6
R orless, 6,35 Roorlags, 0.5 R or less, 0.45 R or fess, 0.4 R or less, (035 R or less, 0.3 R or less,
0.25 Rorless, 0.2 Rorless, .15 Rorless, 0.} R or less, 0.695 R or less, C.O9 R or less, 0085 R
or less. Q.08 R or less, 0.075 R or less, 0.07 R or less, 6.065 R or less, 0.06 R or less, 0.035 R or
less, 0.03 R or less, 0,045 R or less, 0.04 R or less, 0.035 R or less, (.03 R or fess, 0025 R or
less, 0.02 R or less, 0.0135 R or less, (.01 R or less, or 0.005 or less. Thus, the [irst distance
and/or the second distance can be within the range bounded by any two of the foregoing
endpoints. For example, the first distance and/or the second distance canbe 0.01 R0 0.8 R, 0.5
Rito 1 R.or 0.25 R 10 0.55 R. In a preferred embodiment, the first distance and the second
distance are 0.1S R w0 0.25R,
[0028]  The centers of concentricity can be located within the confines of the polishing pad,
sndfor the centers of concentricity can be lecated bevond the confines of the polishing pad. With
respect to the rading R of the polishing pad, the centers of concentricity can be < 1 R and/or = 1

R. In the context of a polishing pad of the invention having at least two centers of concentricity,
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the polishing pad can be characterized by one of the following conditions: ¢a) the first distance
and the second distance are < 1 R, (b) the first distance and the second distance are = 1 R, ot (¢)
the first distance is'< | R and the second distance is > 1 R, Of course, when the polishing pad
contains more than two centess of concentricity, the additional centers of concentricity can be
located within the confines of polishing pad and/or owside of the confines of the polishing pad,
iz any desirable combination.
{60291  With reference to FIG. 1, the polishing pad has  substantially cireular shiape, and the
first center of concentricity 186 and the second center of concentricity 107 are offset from the
axis of rotation 107 of the polishing pad such that the first distance and the second distance are <
1R
[6830]  With reference to FIG. 2, the polishing pad has a substantiallv circular shape, and the
fivst center of concentricity 206 and the second center of concentricity 207 are offset from the
axis of rotation 201 of the polishing pad such that the first distance and the second distance are <
iR,
10031]  With reference to F1G. 3, the polishing pad has a substantially civcular shape, and the
first center of concentricity 306 and the second center of concentricity 307 are offset from the
axis of rotation 301 of the polishing pad such that the fivst distance and the second distance are <
TR
[0032]  With reference to FIG. 4, the polishing pad has a substantially circular shape, and the
first center of concentricity 406 and the second center of concentricity 407 are offset from the
axis of rotation 401 of the polishing pad such that the first distance snd the second distance are <
1R
0337 In some embodiments of the invention, when the plurality of grooves is extended
infinitely in {he plane of the polishing surface, each of the pluralities of concentric grooves are
symmetric with respect to the other pluralities of congentric grooves by way of a rotation about
aun axis of symmetry perpendicular to the polishing surface. For example, when the number of
cemters of concentricity 15 X, each of the pluralities of concentylc grooves can he symmaetric with
respect to the other pluralitiss of concentric grooves by way of a 360%/X rotation ahout an axis of
syminelry perpendicular 0 the polishing surface. In the gituation where the polishing padhas

two centers of concentricity having a fivst plurality of concentric grooves and a second plurality
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of concentric grooves, when the plurality of grooves is extended infinitely in the plane of the
polishing surface, the first plurality of concentric grooves is symmetric with the second pluratity
of concentric grooves by way of a 180 rosation (i.e., 360%/2) about an axis of syrmetry
perpendicuiar to the polishing surface.
(00347  With reference to FIG. 1, when the plorality of grooves 104 and 105 is extended
infinitely in the plane of the polishing surface 100, the first plurality of concentric grooves 104 is
symmetric with the second plurality of concentric grooves 105 by way of a 180° rotation about
the axis of synunetry 103 that is perpendicular to the polishing surface 100,
[003%F  With reference10 FIG. 2, when the plurality of grooves 204 and 205 is extendad
infinitely in the plane of the polishing surface 200, the first plurality of concentric grooves 204 is
symmetric with the second plurality of conceniric grooves 205 by way of a 180° rotation about
the axis of synumneiry 203 that is peypendicular to the polishing surface 200
[0036]  With reference to FIG. 3, when the plurality of grooves 304 and 305 is extended
infisitely in the plane of the polishing surface 300, the first plorality of concentric grooves 304 is
symmetric with the second plurality of concentric grooves 305 by way of a 180° rotation about
the axis of synunctry 303 that is perpendicular to the polishing suxface 368,
{8037}  With refevence to FIQ. 4, when the plurality of grooves 404 and 405 s extended
infinitely in the plane of the polishing surface 400, the first plurality of concentric grooves 404 is
symmetric with the second plurality of concentric grooves 495 by way of a 1807 rotation about
the axis of synunetry 403 that is pegpendicular to the polishing surface 400.
{6038]  in some embodiments of the invention, when the plurality of grooves is extended
infinitely in the plane of the polishing sarface, the first plurality of concentric grooves is
symmetric with the second plurality of concentric grooves by way of a first mirror plane that {a)
is perpendicular to the polishing surface and (b) does not intersect with either the first center of
concentricity or the second center of concentricity.
[0039]  With reference to FIG, 3, when the plurality of grooves 304 and 308 is extended
infinitely In the plane of the polishing surface 360, the first plurality of concentric grooves 304 is
symmetric with the second phyrality of concentric grooves 305 by way of g first mirror plane that

{a) is perpendicular to the polishing surface 300 and {b} does not intersect with either the first
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center of concentricity 306 or the second center of concentricity 307, In FIG. 3, the first mirror
plane is focated along the virtual v-axis.
[0040]  With refevence to FIG. 4, when the plurality of grooves 404 and 408 is extended
infinitely in the plane of the polishing swface 400, the first plurality of concentric grooves 404 is
symmetric with the second plurality of concentric grooves 403 by way of a first sirror plane that
() 1s perpendicalar to the polishing surface 400 and (b) does nof intersect with either the {irst
center of concentricity 406 or the second center of concentricity 487, In FIG. 4, the first mirror
plane is located aloag a virtual y-axis.
[0041} In some embodiments of the invention, when the plurality of grooves is extended
infinitely in the plane of the pohshing surface, the first plurality of concentric grooves is
symmetnc with the second phuality of concentric grodves by way of a second mirror plane that
{a) is perpendicular to the pohshing surface and (b) intersects with both the fivst center of
concentricity and the second center of concentricity.
[0842]  With reference 1o FIG. 3, when the plorality of grooves 304 and 305 is extended
mnfinitely in the plane of the polishing surface 300, the first plarality of concentric grooves 304 is.
symmetric with the second plurality of concentric grooves 305 by way of a second mirror plane
that (a} is perpendicuiar to the polishing surface 300 and (b) intersects with both the first center
of concentricity 306 and the second center of concenticity 367, In FIG. 3, the second mirror
place is located along a virteal x-axis.
[0843]  With reference to FIG. 4, when the plurality of grooves 484 and 405 is extended
infinitely in the plane of the polishing surface 400, the first plurality of concentric grooves 404 is
symunetric with the secoud plurality of concentric grooves 405 by way of a second mixror plane
that {a) ks perpendicular to the polishing surface 400 and {b) intersects with both the first center
of concentricity 406 and the second center of concentricity 467, In FI(. 4, the second mirror
plane is located along a virwal x-axis.
00447 In some embodiments of the invention, when the plurality of grooves is extended
iufinitely in the plane of the polishing surface, the first plurality of concenitic grooves is not
symmettic with the second plurality of concentric grooves by way of a mirror plane that is

perpendicular to the polishing surface,
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[0045]  With reference to FIG. 1, when the plorality of grooves 184 and 195 is extended
infinitely in the plane of the polishing surface 100, the first plurality of concentric grooves 104 is
not synunetric with the second plurality of concentric grooves 105 by way of g mbrror plane that
is perpendicalar to the polishing surface 1066,
[o045] With reference 1o FIG. 2, when the ploratity of grooves 204 and 205 is extended
infinitely in the plane of the polishing surface 200, the first plurality of concentric grooves 204 is
not sviunetric with the second plurslity of conceniric grooves 205 by way of a mirror plane that
is perpendicular to the polishing surface 268,
0047}  In some embodiments of the invention, at leasta portion of the grooves in the
plarality of grooves is an arc having g shape selected from the group consisting of substantially
circular, substantially semi-circular, substantially parabolic, substantially oval, and combinations
thereof. In preferred embodiments of the invention, the shape is substantially circular or
substantially semi-circolar, each respective groove in the first plurality of conceniric grooves has
a substantially coustant radius with respect to the fist center of concentricity, and each
respective groove in the second plurality of concentric grooves has a substantially constant
radins with respect to the second eenter of concensricity. Preferably, all of the grooves ia the
phurality of grogves have the shape gs described herein.
{00487  The term “substantially” in relation to the shape of the grooves, as defined herein,
means that the grooves have a shape that would be recognized by one of ordinary skill in the ar
to resemble the recited shape, despite a situation in which the recited shape technically may not
meet a rigid textbook definition of the recited shape. For example, in the situation where a given
are groove does not have a constani radius with respect to a center of concentricity, but the radius
has a substantially constant radius that varies only insignificantly such that the overalf shape
would be considered by the ordinarily skill artisan to resemble a circular or semi-circular shape,
then such an arc would meet the definition of “substassially clrealar” or “substantially semi-
circalar” g8 wsed herein. The terms “aireadar™ and “semi-circular™ are interchangeably used
herein to describe an arc groove that has a substantially constant radiug with respect to & given
center of concentricity,  The {fermn “substantially constam radius™ as used herein means that the

radius an arc groove varies only msignificantly sach that the overall shape of the arc groove
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would be considered by one of ordinarily skifl in the art to resemble a cireudar or semi~circular
shape.
06491  The plurality of grooves can have any statable cross-sectional shape, The eross-
sectional shape of the grooves, as used herein, is the shape formed by the combination of the
groove walls and groove bottom. For example, the cross-sectional shape of the grooves can be
Li-shaped, V-shaped, square-shaped {i.e., the groove walls and bottoms are formed at 90°
angles), and the like. With reference to FIG. 5, the grooves have a cross-sectional shape that is
U-shaped,
FO050F  When one of more grooves of the plwrality of grooves has an end that terminates on
the polishing surface (i.e., within the confines of the polishing pad and not at the edge of the
polishing pad), the end of the groove typically is joined to the polishing surface by way of a wall
having any suitable angle with respect to the plane of the polishing surface, With reference 10
FIG. 6, the polishing pad comprises a polishing surface 600, a first plurality of concentzic
grooves 601, a second plarality of concentric grooves 602, and at least one groove end 603 that
lerminates on the polishing sarface. The wall 604 that joins the groove end with the polishing
surface 600 makes an angle B with respect to the polishing surface 600, wherein the angle 8 can
be any suitable angle. Fov example. the angle 9 can be 10° or more, e.g., 20% or more, 30%or
more, 40% or more, 30° or more, 60° or more; 70° or tnore, 30° or more, or 90%, Alternatively, or
in addition, the angle § can be 90° or less, e.g., 80® or less, 70° o kess, 60° or less, 50¢ or less,
407 or less, 30° or less, or 20° or less. Thus, the angle 6 can be within the range bounded by any
two of the foregoing endpoints. For exampie, the angle 6 can be 207 to 807, 10% {0 40°, or 70° 10
90°. Preferably, the angle 8 is 90° {e.g.. 90° or more).
[6051F  In some embodiments, one of the following conditions is satisfied: {a) at least one
groove in a plurality of concentric grooves {e.g., the first plurality of concentric grooves or
second plurality of concentric grooves) completes a closed arc around the respective center of
concentricity (e.g., the first center of concentricity or the second center of concentricity,
respectively), or (b) none of the grooves in a plurality of concentric grooves {e.g., the first
plarality of concentric grooves or second plorality of concentric grooves) completes a closed are
around the respective center of concentricity {e.g., the first center of concentricity or the second

center of concentricity, respeciively).
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[@652)  With reference o FIG. 1, at Jeast a portion of the grooves in the plurality of grooves
14 and 105 15 an arc having a shape that 15 substantially circular of substantially semi-circular,
éach respective groove in the first plurality of conceniric grooves 104 has a substantially consiant
radius wifh respect w the first center of concentricity 186, and cach respective groove in the
second plurality of concentric grooves 105 has a snbstantially constant radius with respect 10 the
second center of concentricity 107, In FIG. 1, none of the grooves in the first pluratity of
‘concenfric grooves 104 or second plurality of concentric grooves 105 completes a closed arc
around the first center of concentricity 106 or the second center of concentricity 167,
respectively.

[8053]  With reference to FIG. 2, a1 least a portion of the grooves in the plurality of grooves
204 and 208 is an arc having a shape that is substantially circular or substantiaily semi-circulas,
and each respective groove in the first plurality of conceniric grooves 204 has a substantially
coustant radiug with respect to the first center of concentricity 206_ and each respeciive groove in
the second plurality of concentric grooves 285 has a substantislly eonstant radins with respect to
ihe second cenfer of concentricity 207. In FIG. 2. none of the grooves in the first plurality of
concentric grooves 204 or second plurality of concentric grooves 205 completes a closed arc
around the first center of concentricity 206 or the second center of concentricity 207,
respectively.

10054}  With reference to FIG. 3, at least a portion of the grooves in the plurshity of grooves
304 and 3905 is an arc having 2 shape that is substantially circular or substantially semi-circular,
and cach-respective groove in the first plurality of concentric grooves 304 has a substantially
constant radius with respect to the first center of concentricity 306, and each regpective groove in
the second plurality of concentric grooves 385 has a substantially constant radius with respect 10
the second center of concentricity 307, In FIG. 3, at least one groove in the first plerality of
concentric grooves 304 completes a closed arc around the first center of concentricity 396, and at
least ong groove in the second plurality of concentric grooves 308 completes a closed arc arcund
the second center of concentricity 307,

[60835]  With reference fo FIG. 4, at least a portion of the grooves in the plarality of grooves
404 and 405 is an arc having a shape that is substantially cireslar or substantially semi-circulas,

and each respective groove in the first plurality of concentric grooves 404 has g substantially
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constant radius with respect to the first center of concentricity 406, and sach respective groove in
the second plurality of concentric grooves 485 has a substantially constant radius with respect to
the second center of conceniriciiy 407, I FIG. 4, none of the grooves in the firss plurality of
concentric grooves 404 or second plurality of concentric grooves 405 complates 3 closed arc
aronnd the first center of concentricity 406 or the second center of concentricity 487,
respeciively.
{08561  The polishing pad of the invention can have any suitable thickness T, as defined by
the distance between the polishing surface and the bottom surface of the polishing pad {see F1G.
3). For example, the thickness T can be 500 1om or more, e.g., 600 pum or more, 700 pm or more,
800 pm or more, 900 pm or more, 1000 pm or more, 1100 um or more, 1200 ywm or moere, 1300
um or more, 1400 tm or more, 1500 ym or more, 1600 pm or more, 1700 pum or more, 1800 ym
or more. 1906 um or more, 2000 pm or more, 2100 pm or more, 2200 i or more, 2300 am or
more, or 2400 pm or more.  Altematively, or in addition, the thickness T can be 2500 pm or less,
2.g., 2400 pm or less, 2300 wm or less, 2200 pat or less, 2100 jm or less, 2000 wm or less, 1900
i or less, 1800 pm or less, 1700 ym or Jess, 1600 pm or less, 1500 gm or less, 1400 pm or
less, 1300 wm or less, 1200 um or less, 1100 pm or less, 1000 um or less, 900 um or fess, 800
um or fess, 700 pm or Jess, or 600 pmoor less, Thus, the thickness T of the polishing pad can be
within the range bounded by any two of the foregoing endpotats. For example, the thickness ¥
can be 500 pm to 1206 pm, 800 pm to 2000 pm, or 600 gm to 300 jm.
106577 Each groove in the plurality of grooves can have any suitable depth D, any suitable
width W, and can be separated by an adjacent groove by any suitable pitch P. The depth, width,
and pitch of each groove in the plurality of grooves can be constant or can vary. When the
depth, width, and/or pifch vary, the variation can be systematic ot random within the same
groove andfor with respect to other grooves. See FIG. §, which depicts polishing swface 500,
grooves 501, polishing pad thickness T, groove width W, groove depth D, and groove pitch P,
[6058]  For example, in the situation where the polishing pad has st least a fivst plurality of
concentric grooves and a second plurality of concenirie grooves, the polishing pad can be
characterized as follows: (i) the polishing pad has a thickness T, (i) each groove in the fivst
prarakity of concentric grooves has a first depth, a first width, and is separaied from an adjacent

groove by a first pitch, and (iii) each groove In the second plurality of concentric grooves Tms a
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second depth, a second width, and is separated from an adjacent groove by a second pitch, and
wherein one or more of the following conditions is satisfied: (a) the first depih and the second
depth measured as a fraction of the thickness T of the polishing pad independently are 0.01 Tt
0.99 T and can be the same or different, and the first depth, the second depih, or both, either is
constant or varies within the first plorality of concentric grooves, the second plurality of
concentric grooves, or both, (b) the first width and the second width independently are 0.005 om
to 0.5 om and can be the same or different, snd the first width, the second width, or both, gither is
constant or varies within the first plurality of concentric grooves, the second plurality of
concentric grooves, or both, and (¢) the first pitch and the second pitch independently are 0.005
em to 1 cm and can be the same or different, and the first pitch, the second pitch, or both, gither
is constant or varies within the first plurality of concentric grooves, the second plurality of
coucentric grooves, or both. Although the thickness T of the polishing pad, and the depth, width,
and pitch of the grooves is described herein in relation to the situation in which a polishing pad
has two pluralities of grooves {(i.e., a first plurality of concentric grooves and a seeond plurality
of concentric grooves), the description is-equally applicable to the situation i which the
polishing pad can have, e.g., three, four, five, six, seven, eight, nine, or ten pluralities of grooves.
For example, the polishing pad may have a thivd plurality of concentric grooves, wherein each
groove in the third plurality of concentric grooves has a third depth, a third widih, and is
separated from an adjacent groove by a third pikch, ete.
[6059]  Each groove in the plurality of grooves independently can have any suitable depth
measured as & fraction of the thickness T of the polishing pad. For example, the depth of each
groove can independently be 0.01 T ovmore, e.g., 0.05 T or more, 0.1 T or more, (.13 T or more,
0.2 T or more, 0.25 T or moze, 8.3 Tormore, 0.35 T or more, 0.4 T or more, 0.45 T ormore, 0.3
T or more, 0.35 T or more, 0.6°T or more, 0.65 T or more, 0.7 T or more, 0.75 T or more, 0.8 7T
or more, 0.85 T or more, 0.9°T of mors, .95 T or more, or 0.99 T or more. Alternatively, or in
addition, the depth of each groove can independently be 0.9 T or less, e.g., 0.95 T orless, 09T
or less, 0.85 T or'less, 0.8 T or lass, 0.75 T or less, 0.7 1 or less, 0.65 T or less, 0.6 T or less, .55,
T or less, 0.5 T or less, 0.45 T or fess, 0.4 T or less, 0.35 T or fess, 0.3 T or less, 0.25 T or less,

0.2 T orless, 0.13 T orless, 0.1 T o Jess, 0.05 T or less, or 0.01 T or less. Thus, the depth of
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each groove can independently be within the range bounded by any two of the foregoing
endpoints. For example, the depthcan be 02 T10 0.8 £, 0.75 T 0.85 T, or 0.4 T 10 055 T,
[0060]  Each groove in the plurality of grooves independently can have any suitable depth
expressad as 2 distance measured from the polishing surface to the bottom of the groove, For
example, the depth of each groove can independently be 10 pm or more, 2.g., 50 pm or more,
100 wm or move, 150 gm or more, 200 p or more, 250 wm or more, 300 g or more, 350 pm
or more, 400 pm or more, 430 jun or more, 300 um or more, 550 un or more, 600 pm or more,
650 pm or more, 700 pm or more, 750 wm or more, 80¢ pm or more, 850 um or more, 900 um
or wore, 950 pm of more, 1000 pwm or more, 1030 um or more, 1100 ps or more, 1130 pum or
more, 1200 pm or more, 1250 pm or more, 1300 pm or more, 1350 pm or more, 1400 pm or
more, 1450 jm or more, 1500 pm or wore, 1550 pni or more, 1600 pm or more, 1650 pm or
more, 1700 um or more, 1730 pm or more, 1800 um or more, 1830 pm or more, 1900 ym or
more, 1950 nm or more, 2000 pm or more, 2100 pm or more, 2200 w or more, 2300 wm or
more, 2400 ym or more, 2500 pum or more, 2600 g or more, 2700 pm or more, 28G0 im or
mote, 2900 pem or more, 3000 pm or more, 3100 pm or more, 3200 pm or more, 3300 pm or
more, 3400 um or more, 3500 pm or more, 3600 gm or more, 3700 wm or mbre, 3800 pmn or
more, 3900 gm or wore, 4000 pm or more, 4100 am or more, 4200 pm or more, 4300 wm or
more, 4400 pm or more, 4500 wm or more; 4600 pm or more, 4700 um or more, 4800 um or
more, 4900 jom or more, ot 3000 am or more. Alternatively, or in addition, the depth of cach
groove can independently be 3000 gm or less, e.g., 4900 pm or less, 4800 pum or less, 4700 ym
or 1ess, 4600 pum or less, 4500 um of less, 4400 ym or less, 4300 pm or less, 4200 pm or less,
4100 g o less, 4000 m or less, 3900 um or less, 3800 wm or less, 3700 pm or less, 3600 um
or less, 3500 pm or fess, 3400 pm ot less, 3300 pm or less, 3200 um or less, 3100 pm or less,
3000 jun or Yess, 2900 pm or less, 2800, jum or less, 2700 win or less, 2600 pm or less, 2500 ym
orfess, 2400 pm or less, 2300 pm or less, 2200 um or less, 2100 pm or less, 2000 pm or less,
1950 pm or tess, 1900 pm or less, 1850 um or less, 1800 gun or ess, 1750 pm or less, 1700 pm
or less, 1650 um or less, 1600 pm of less, 155¢ pm or less, 1500 pm or less, 1450 pm or less,
1400 pa or less, 1350 pm or less, 1300 pm or less, 1250 pm or less, 1200 pm or less, 11350 pm
or fess, 1100 wom or less, 1030 gm.or less, 1000 pm or less, 950 pm or less, 900 am or less, 850

pm or less, 800 um or less, 750 jum ox less, 700 um or less, 650 um or less, 600 jm or fess, 550
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poror less, 500 pm or Jess, 450 pm or less, 400 pm or ess, 350 pm or less, 300 pm or ess, 250
um or less, 200 um or less, 150 pm or less, 100 pm or less, 20 um or less, or 10 um or less.
Thus, the depth of each groove can independently be within the range bounded by any fwo of the
foregoing endpoints. For example, the depth can be 200 pm-to 800 um, 2500 pun to 4800 uny, or
1050 um to 1250 um. Preferably. the depth of each groove is independently 750w to 300 um,
{0061}  Each groove in the plurality of grooves independently can have any suitable width.
For example, the width of each groove can independentty be 10 um or more, eg., 50 pm or
more, 100 pm or more, 150 jum or more, 200 jum of more, 250 pm-or more, 300 ym or more,
330 pm or more, 400 pm or more, 430 i or more, 300 pis or more, 350 pm or fmore, 600 wm
or more, 650 pwm or more, 700 pum or more, 750 um or more, 800 ym or more, 850 wn or more,
900 um or more, 50 pm or more, 1000 pm or more, 1050 pm or more, 1160 wn or more, 1150
um or more, 1200 pm or more, 1250 pm or more, 1300 pm or more, 1350 ym or more, 1400 pm
or more, 1450 um or more, 1500 pm or more, 1550 1um or more, 1600 wm or more, 1650 pym or
norg, 1700 wm or more, 1750 un or more, 1800 @m or more, 1850 pm or more, 1900 um or
more, 1930 pm or more, 2000 pm or more, 2100 pm or oore, 2200 pm or more, 2300 umor
more, 2460 pm or more, 2500 num or more, 2600 un1 or more, 2700 pm or more, 2800 um or
mworg, 2900 gm or more, 3000 pm or more, 31006 wm or more, 3200 ym or more, 3300 yom or
more, 3400 gm or more. 3500 pm or more, 3600 pm or mere, 3700 um or more, 3800 pn or
more, 3900 wm or mose, 4000 pm or more, 4100 pm. or more, 4200 gan or more, 4300 pm or
more, 4400 um or more, 43500 pm or more, 4600 pos or more, 4700 pm or mote, 4800 pm or
more, 4900 um or more, or 5000 um or more. Alternatively, or in addition, the width of each
groove can idependently be 5000 jum or less, e.g., 4900 g or less, 4800 jum ot less, 4700 pm
or less, 4600 um or less, 4500 pm or less, 4400 wm or less, 4300 um or less, 4200 wm or less,
4100 1m or less, 4000 @m or less, 3900 um or less, 3800 wm or less, 3700 pan or less, 3600 1om
or fess. 3500 pum or Tess, 3400 um or less, 3300 um or less, 3200 pm or less, 3100 um or less,
3000 wm or tess, 2900 jm or less, 2800 pm or less, 2700 um or tess, 2600 pm or less, 2500 pm
or fess, 2400 um or less, 2300 pum or less, 2200 mm o less, 2100 um or less, 2000 jm or less,
1950 pnr or kess, 1900 um or less, 1850 g or fess, 1800 pm or less, 1750 g or less, 1700 gm
or less, 1650 pum orless, 1600 pnx or less, 1330 wma or less, 1500 wm or less, 1450 pu or less,

1400 pon or fess, 1350 pom orless, 1300 pm or less, 1250 pm or less, 1209 pom or less, 1150 um
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or less, 1100 pm or less, 1050 pm or less, 1000 pm or less, 950 pm or less, 900 gm or less, 850
um or less, 800 um or less, 750 pm or less, 700 po or kess, 650 pm or less, 600 wm or less, 536
pm or less, 300 pm or fess, 450 pm or less, 400 wm or less, 350 pum or fegs, 300 pm or less, 250
m or less, 200 un or fess, 150 wm or less, 100 pm or fess, 20 wm or less, or 10 pum orless.
Thus, the width of each groove can independently be within the range bounded by any two of the
foregoing endpoints. For example, the width can be 200 juu to 800 pm, 1700 um to 4800 g, or
550 um to 8590 pm. Preferably, the width of each groove independenily is 500 um to 530 um.
[0662]  Each groove in the plurality of grooves can be separated by an adjacent groove by
aty suitable pitch. Typically, the piteh between two adjacent grooves is larger than the width of
one or both of the adjacent grooves, The pitch can be constant or vary thronghout the polishing
pad. The pitch values described herein can be combined in any suitable manner 30 as to deseribe
a polishing pad of the invention having two or more pitch values. For example, the pitch can be
10 pam or more, €.8., 30 gz or more, 100 g or more, (50 fim or more, 200 pum or more, 250
g or more, 300 wm or more, 350 pm or more, 400 wm or more, 450 pm or more, 500 wn or
more, 350 um or more, 600 ww or more, 630 pm or more, 700 ym or more, 750 um or more,
800 um or more, 850 pm or more, 900 m or more, 950 um or more, 1000 um or more, 1050
g or more, 1100 pm ormore, H50 pm-or more, 1200 gm or more, 1230 ym or more, 1300 pm
or more, 1350 pm or more, 1400 wm or more, 1450 um or more, 13500 um or more, 1350 pm or
more, 1600 wm or more, 1650 pm or more, 1700 pm or more, 1750 win or more, 1800 um or
moge, 1850 um or more, 1900 pm or more, 1950 pm or more, 2000 pm or more, 2100 pm or
more, 2200 um or more, 2300 um or more, 2400 pwm or more, 2500 wm or more, 2600 pm or
more, 2700 um or more, 2800 pm or more, 2900 pwm or more, 3008 rm or more, 3100 pm or
more, 3200 um or more, 3300 pm or more, 3408 wm or more, 3509 pm or more, 3600 unt or
maore, 3700 wm or more, 3800 um or more, 3900 pm or more, 4000 pm or more, 4100 um or
more, 4200 wm or more, 4300 pm or more, 4400 pm or more, 4500 pm or more, 4600 um or
more, 4700 um-or more, 4800 pm or more, 4900 i or more, 5000 wm or more, 5500 pm or
more, 6000 pm or more, 6500 pm or more, 7000 pm or more, 7500 um of nore, 009 um or
more, 8500 pm of more, 9000 pmor more, 9500 i or more, or 10800 um oF more,
Alternatively, or in addition, the pitch can be 10000 o or less, 9500 wm or less, 9000 um of

Jess, 8500 pm or less, 8000 um or less, 7500 pm or Tess, 7000 wm or fess, 6500 pm or less, 6000
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fot o Tess, 5500 pm or less, 5000 pm or less, 4900 pm or less, 4800 pin or less, 4700 jun or
less, 4600 um or less, 4500 wr or less, 4400 pin orless, 4300 wum or fess, 4200 wm or less, 4100
gin or less, 4000 po or less, 3900 pm or less, 3800 pun or legs, 3700 jom or less, 3600 pm or
Tess, 3500 pm or less, 3400 o or less, 3300 um or less, 3200 um ot less, 3100 um or less, 3000
i or less, 2900 um or less, 2800 pm or less, 2700 pm or less, 2600 um or less, 2500 jwm or
less, 2400 pm or less, 2300 pm or less, 2200 pm or less, 2100 pm or less, 2000 jom or less, 1950
wm or ess, 1900 pm or less, 1350 pm or less, 1800 pun or less, 1750 pum or lass, 1700 ym or
fess, 1650 jom or less, 1600 pm or less, 1550 wm or tess, 1300 jom or less, {450 pm or less, 1400
i or less, 1350 pin or less, 1300 pm or lexs, 1250 paoy or less, 1200 um o less, 1150 jun or
fess, 100 gm or less, 1050 pm or less, 1000 pm or less, 950 pm or less, 300 jun or less, 850 pm
or less, 800 um or less, 750 pm or less, 700 um or less, 650 um or less, 660 ym or Jess, $50 pm
or less, 500 pum or less, 450 pm or less, 400 um or less, 350 um or less, 300 pm or less, 250 pm
or less, 200 jun or less, 150 pm or less, 100 pm ov less, 20 wm or less, or 10 jim or less. Thus,
the pitch between adjacent grooves can be within the range bounded by any two of the foregoing
endpoints. For example, the pitch can be 800 pm to 1200 1om, 666 g to 1100 um, or 2500 pm
to 6000 yum. Preferably, the pitch between adjacent grooves is 2000 pm to 2100 pm.

[0063]  In some embodiments of the invention, at teast a portion of an area surroimding one
or more of the centers of concentricity does not comprise any groeves, and the area typically has
# radius greater than the pitch of the grooves immediately surrounding the area. In the context of
a polishing pad having at least two centers of concentricity (i.e., a first center of concentricity
and a second center of concentricity}, at least s portion of an arca surrounding the first center of
concentricity, the second center of concentricity, or both, does not comprise any grooves,
wherein the area has a radis greater than at feast one of the first pitch (i.e., the pitch of the first
plurality of concentric grooves) or the second piteh (.e., the pitch of the second plurality of
coneentric grooves). In other embodirnents, the polishing pad of the invention does not contain
an area surrounding any ceniters of concentricity, wherein the area is defined g5 not comprising
grooves and having a radius greater than the piich of the grooves surrounding the area,

{0064}  The descriptions hereinbelow of FIGS. 1-4 in relation to an area surronnding a center
of concentricity are merely for illustrative purposes to berter undersiand this feature. However,

these descriptions.of FIGS. 1-4 in this manner shouold sot be construed as pumporting that the
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dimensions and proportions represented in FIGS. 1-4 are representative of the dinensions and
proportions of the polishing pad of the invention.
6065}  With reference to FIG. 1, at least a portion of an area surrounding the first cenfer of
conceniricity 106 and the second center of concentricity 107 does not comprise any grooves, and
the area has a radins greater than the pisch (i.e., first pitch) of the first plurality of concentric
grooves 1M and the pitch {i.e., second pitch} of the second plarality of concentric groove 105.
[00667  With reference to FIG. 2, at least a portion of an area swrounding the fixst center of
concentricity 206 and the second center of concentricity 207 does not comprise any grooves, and
the area has a vadins greater than the piteh (i.e., fiest pitch) of the fust plurality of concentric
grooves 204 and the pitch {i.e., sccond pitch) of the second plorality of congentrie grogve 208,
{0067}  With reference to FIG. 3, at least a portion of an area surrounding the first center of
concentricity 306 and the second center of concentricity 307 does not comprise any grooves, and
the area has a tadius greater than the pitch {i.e., first pitch) of the first pluratity of concentric
grooves 304 and the piich (Le., second pitch) of the second plarality of concentric groove 305.
8068}  The polishing pad of FIG. 4 does noi contain an area sorvounding asy centers of
concentricity, wherein the area is defined as not comprising grooves and having a radius greater
than the pitch of the grooves surrounding the area.
[8069]  In some embodiments of the invention, at least a portion of the grooves in the
plarality of grooves does not cross (Le., intersect with) any other grooves in the plurality of
grooves. In a preferred embodiment, none of the grooves inthe plurality of grooves cross tie.,
mitersect with) any other grooves i the plurality of grooves,
00703 The polishing surface of the polishing pad of the invention can be virually divided
inio different regions, in which each region contains a pluralily of grooves concentric shout a
center of concentricity. Each region typically consists of one plurality of groaves concentric
ahout a center of concentricity, and the region typically does not contain any other grooves that
are not concentric abont the center of concentricity. The region typically does not contitin any
grooves that cross any other grooves. Each region typically containg grooves, but each region
does not need o, but may, contain the center of conceniricily about which the grooves in the
region are concentric, In this regard, a region may contain grooves and the center of

concentricity abeut which the grooves are concentrie, or the region may not contain the center of
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concentricity about which the grooves are concentric. In the latter situation, the center of
coneentricity may be located in an adjacent region, at the interface between abutting regions, or
outside the confines of the polishing pad.
0071}  In the contextof a polishing pad of the Invention having at least two centers.of
concentricity (and associated concensric grooves), one or more of the following conditions
typically are satisfied: (a) the first phurality of conceniric grooves does not cross the second
plurality of concentric gropves, and (b) the polishing pad has a first region containing the first
plurality of concentric grooves and a second region containing the second plurality of concentric
grooves, wherein the first region is adjacent 1o the second region. Of course, the polisking pad of
the invention can contain more than two regions, for example, three, four, five, six, seven, eight,
nige, of ten regions. Moreover, one or more of the following conditions typically also are
satisfied: {(a} the first center of concentricity is located in the first region and the second center of
coucentricity 16 located ia the second region, (k) the fivst center of concentricity is located in the
second region and the second center of concentricity is located in the first region, {¢) both the
first and second centers of concentricity are located in the first reyion, (d) the first center of
concentricity is tocated at the interface and the second center of concentrichy is located in either
the first or second region, and (e} both the first and second centers of é:o:ncemricity are located at
the interface.
[0872}  In the polishing pad of the invention, the regions can be arranged in gny suiable
manner. For example, the regions can be adjacent to one another, or the regions can be separated
from one another on the polishing surface of the polishing pad. Moreover, at least a portion of
the regions can abut one anciher al an interface, {he regions can enlirely abut one another at an
interface, or the regions may not sbut one ancther at an interface but rather the regions may be
separated from ope another by one or more other regions. The one or more other regions can be
termed a third, fourth, fifth, sixth, seventh, eighth, inth, or tenth region, depending on the total
nunber of regions present on the polishing sorface. The one or more other regions may consain
grooves, or the one or more other regions may be free of grooves (Le., the one or other regions
miy 1ot contaih grooves). When the oue or more other tegions contain grooves, one or more of
the other regions can comprise one groove or a plurality of grooves, or one o more of the ather

regions can consist of a single groove. In the situation where one or more of the other regions
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consists of a single groove, the single groove typically serves to separate the regions on the
polishing pad, and the plurakities of grooves contained in the regions typically vpen into {i.e.,
empty into) the single groove, The plurality of grooves in one region that can open into (ie.,
empty into) the siogle groove can have any suitable akignment wish the plusality of grooves in
another region that is abutling the single groove from the other side of the single groove, as
discussed in more detail hereinbelow. This single groeve can span from one edge of the
polishing pad 1o the opposite edge of the polishing pad, and the single groove can be continuous
or &iﬁcnntin_ucus, as defined hereinhelow. The single groove can have any suitable width and
any suitable depth, The widith and depth of the single groove can be the same as or different
from the width and depth of each groove in the pluralities of grooves, The width and depth
values for each groove in the pluralities of grooves sef fortl herein is egually applicable to the
single groove. For illustration purposes, features 116, 210, 316, and 410 in FIGS, 14,
respectively, which are defined elsewhere herein as the interface between abutting regions, may
instead be defined to represent a single groove, wherein the plurality of grooves in the adjacent
regions open into (i.e., empty info) this single groove. For purposes of description Qf.'t}n's
embodiment, when the features 110, 210, 310, and 410 in FIGS. 1-4 of the polishing pad are
defined to represent a single groove, and this single groove spans from one edge of the polishing
pad to the opposiie edge of the polishing pad, and at teast some of the plurality of grooves from
the regions separated by the single groove empty into the single groove ({2, are in fluid
communication with the single groove), this single groove is referred to as a central channel. An
example of a polishing pad with the contral channel is #lustrated in FIG. 8.
[0073]  The central channel iay have any suitable depth. Preferably, the depth of the ceniral
channel is greater than fhe depth of the plurality of grooves. The depth is expressed as a distance
measured from the polishing surface to the bottom of the channel. For example, the depth of the
chanmel can be 20 pw or more, e.g., 50 jun or iore, 100 pm or more, 150 pm or more, 200 pm
or inore, 250 wm or more, 300 pm of mote, 330 pwm or more, 400 une or more, 459 wm or more,
S00 pum or more, 350 um of more, 660 wm or more, 650 po or mota, 700 wn or more, 750 um
or mare, 800 pm oy mwore, 850 um o move, 200 pm or more, 930 pm or more, 1000 pw or more,
1050 1em or more, 1100 um or more, 1130 pm or more, 1200 pm or more, 1250 pm or more,

1300 g o moore, 1350 pm ormore, 1400 pm or more, 1450 pm or more, 1500 gm or more,
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1550 unt or more, 1600 pm or more, 1630 pm or mere, 1700 g or more, 1750 pm or more,
1800 wm or move, 1830 pum or more, 1900 pm or more, 1930 am or more, 2000 pn or more,
2100 pun or wmore, 2200 pm or more, 2300 una or more, 2400 pm or more, 2500 g or more,
2600 wm or more, 2700 wm or more, 2800 pm or more, 2904 um or more, 3000 um of more,
3100 o or more, 3200 pm o more, 3300 jum or more, 3400 um or more, 3500 um or more,
3600 pom or more, 3700 pom of more, 3800 pra or more, 3900 pm or more, 4000 B O more,
4100 pm or more, 4200 pm or more, 4300 um or more, 4400 pm or more, 4300 pm or more,
4600 pm or more, 4700 pm or more, 4800 pm or more, 4908 pm or more, of 5000 pm or nore.
Alternatively, or in addition, the depth of the central chanuel be 5008 pm or less, e.g., 4900 pm
or less, 4800 um or less, 4700 am or less, 4600 pm or less, 4500 pm or less, 4400 pm or less,
4300 um or less, 4200 pm or less, 4100 um or less, 4000 um or less, 3900 pm or less, 3800 um
or less, 3700 yum or less, 3600 pm or less, 3508 pm or less, 3400 fm or less, 3300 pn or less,
3200 pm or less, 3100 pm or less, 3000 pm or fess, 2900 pm or less, 2800 pm or less, 2700 pm
or less, 2600 wm or less, 2300 pum or Tess, 2400 wm or tess, 2300 pm or less, 2200 jun ot less,
2100 1on or less. 2000 pm or less, 1950 pm o less, 1900 wm or less, 1850 gm or less, 1800 um
or fess, 1750 pm or less, 1700 pm or less, 1650 aun or Jess, 1600 g or less, 1550 pm or less,
1500 pm o legs, 1430 jom or less, 1400 um or less, 1330 paw or less, 1300 pm ov less, 1250 pm
or {ess, 1200 g or less, 1130 pun or less, 1100 pm oy less, 1050 pm or less, 1600 wm or less,
950 wnvor less, 200 uns or less, 850 pm or less, 800 aum or less, 750 pm or less, 700 un: or less,
650 wm or less, 600 pm or less, 550 wm or less, 500 jum or less, 450 pm or less, 400 um or less,
330 pm or less, 300 pm or less, 250 pm or less, 200 pm or less, 150 uni or lgss, 100 um, Thus,
the depth of the ceniral channel can be within the range bounded by any two of the foregoing
endpoints. For example, the depth caa be 20 pum 10 800 um, 2500 jun to 4800 pm, or 1850 jun
to 1250 um. Preferably, the depth of the central channel is greater than the depth of the plurality
of concentric grooves, which abut and empty into, or are in {hid communication with, the centsal
chanuel,
[0074]  The central channe! can have any suitable width, For example, the width of the
centeal channe! can be lf) i or maote, .., 30w or wiowe, 100 pim or move, 150 pm or more,
200 wm or maore, 230 pm or more, 300 um or more, 350 pm or move, 400 g0 or more, 450 ym

or more, 500 jim or more, 350 pm or more, 600 um or more, 650 pm or more, 708 jm or more,
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750 ym or suore, 800 gm or more, 850 pm or more, 900 pm or more, 950 wm or more, 1000 pum
or more, 1030 pm or more, 1100 pm or more, 1150 pm or more, 1200 um or more, 1230 pm or
more, 1300 wm or more, 1350 pm or more, 1400 ym or more, 1450 pm or more, 1500 yem or
more, 1550 pm or niore, 1600 pum of more, 1650 jum ot more, 1700 wm or more, 1750 ymoor
mare, 1800 wm or noore, 1850 wim or more, 1900 wm or more, 1956 pm ormore, 2000 um or
more, 2100 wm or more, 2200 pim or more, 2300 pm or more, 2400 um or more, 2500 1w or
more, 2600 wm or more, 2760 pm or more, 2800 pm or more, 2900 jum or more, 3000 um or
more, 3100 pum-or more, 3200 pm or more, 3300 pm or more, 3408 jon or more, 3500 pm or
nsore, 3600 pw or more, 3700 g or more, 3800 pm or more, 3900 wm or more, 4000 ym or
more, 4100-1m or more, 4200 pn or more; 4300 pm or more, 4460 pm or wmore, 4500 pm or
more, 4600 ym or more, 4700 pm or more, 4800 pm or more, 4900 pm or more, or 5008 pm or
more. Alternmively, or in addition, the width ofthe central channe! be 3000 m or less, e.g.,
4900 pm or fess, 4800 ym or less, 4700 pm or less, 4600 pm or less, 4500 wm or less, 4400 pm
or less, 4300 pm of less, 4200 pm or less, 4100 pm or less, 4000 pm or less, 3500 wm or less,
3800 wm or fess, 3700 wm or less, 3600 pm or less, 3500 wm or Jess, 3400 pm or less, 3300 jom
or less, 3200 qm or less, 3100 um or less, 3000 pm or less, 2900 yum or less, 2800 um or less,
2700 pm or tess, 2600 ym or less, 2500 pm or tess, 2400 pm or Jess, 2300 jom or less, 2200 um
or less, 2100 pm or less, 2000 pm or less, 1950 gm or fess, 1900 pm or less, 1830 wm or less,
1300 wm or fess, 1750 pm or less, 1700 pm or less, 1650 jwm ox less, 1600 gm or less, 1350 ym
or fess, 1500 pm or less, 1450 pm or less, 1400 wm or less, 1350 pm or less, 1300 um or less,
1250 wn or fess, 1200 pm or less, 1150 pm or less, 1100 pm or less, 1050 pm or less, 1000 pm
or tess, 230 o of less, 900 wm or fess, 856 um or less, 800 pm or less, 750 pw or fess, 700 o
or less, 650 pnyor Jess, 600 pwm or less, 350 pm or kess, SO0 pm or less, 450 pm or less, 400 ym
or less, 350 pm or less, 300 wm or less, 250 pm or less, 200 wm or less, F50 pm or less, 100 pm
or fess, 20 wm of less, or 10 pm or less. Thas, the width of the central chasnnel can be within the
range bornded by any two of the foregoing endpoints. For example, the width can be 200 pm to
800 pm, 1700 pm.to 4800 g, or 650 pm to 850 jum.
[0875}  The central channel may bave a rounding edge confipuration, The rounding edge
may be of any suitable dimensions. For example, the rounding edge can be defined by the depth

of the rounded edge being greater than one half of the depth of the central channel. The depth of
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the rounded edge is understood to mean the depth starting from the surface of the polishing pad
to the point where the wall of the cential channe} transitions from a rounded configuration to a
straight configuration.  The rounding edge may be aliernatively described as the poind along the
channel wall where the channe! width staits to increase relative to the width at the bottom of the
changel. In other words, a chaanel without a rounding edge would have a uniform width
measared from along the sides of the channel, from the bottom of the chaunel to the top of the
channel, ending at the polishing surface. A central channel having a rounding edjze would have a
channel width (Wb) measured at the botiom of the chanmel and g chammel width measured ai the
tap of the chanuel (W) defined by the polishing surface, wherein Wh<Wt. For example, a
channel with a rounding edge may have a chamel width at the botiom of the channel equal to 80
mil, a channel width at a point representing half-way between the bottom and the top of the
channe! depth of R0 mii, and a channel width at the fop of the channef of 100 mil.
[0976f  In the context of a polishing pad of the Invention having at least two centers of
concentricity with a first plurality of concentric grooves in a first region and a second phoratity of
concentric grooves in a second region, such a polishivg pad 1ypicaliy can be characterized by one
ormore of the following conditions: {a} st least g portion of the first region abuts at least a
postion of the second region at an interface, (b} the first region entirely abuts the second region at
an interface, (¢} the first region is entirely separated from the second region by & third region,
and {d) at least a portion of the first region and at least a portion of the second region abut a
common central changel. In a preferred embodiment, the first region entirely abuts the second
region at-an interface, and there is no intervening region located between the first region and the.
second region.
0a77F The polishing pad of the nvention can have any suitable alignment of grooves (a) at
an interface between abutting regions, and/or {b) across an intevvening region. For example, (a)
when one region entirely abuts or partially abuts an adjacent region af an intexface, or (b} when
one region is sepavated from an adjacent segion by an intervening region; at least a pottion of the
groaves from one regiog may be aligned with and/or overlapping with ar least & portion of the
grooves of the adjacent region (a) at the inferface andfor (b) across the intervening region, the
grooves from one region may be entively aligned with andfor overlapping with the grooves from

the adjncent region (a) at the interface andfor (b across the intervening region, or none of the
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grooves from one region may be aligned with and/or overlapping with the grooves from the
adjacent region {a) at the interface andior (D) across the intervening region. As defined herein,
“aligned™ means that the center of a groove from one region 15 lined up with (i.e., aligned with}
the center of @ groove from an adjacent region. As defined herely, “overlapping” mieans that the
center of a groove from one region is not sligned with the center of 2 groove frony an adjacent
region; however, the apening of the groove from one region overlaps with the opening of the
groove from the adjacent region. When at least 8- portion of the grooves from one region are
atigned with and/or overlapping with grooves from another region, 10% or more, e.g., 20% or
waore, 30% or more, 40% or more, 0% or more, 60% or more, 70%: o1 more, 86% or morg, 90%
ormore, or 100% of the grooves are aligned andfor averlapping, measured as a proportion of the
mumher of grooves in alignment and/or in overlap relative to the total nunber of grooves (a) at
the interface and/or (b} across the intervening region.
[0078]  In the situmion where a polishing pad hag at least two abuling regions, te., a first
region containing a first phirality of concentric grooves amd a second region containing a second
plarality of concentuic grooves wherein af least a portion of the two regions abut at an interface,
typicaily one or more of the following conditions is satisfied: {a) at least one of the grooves in
the first phavality of concentric grooves is aligned with at feast ote of the grooves in the second
phurality of concentric grooves at the interface, (b) the grooves in the first plurality of concentric
grooves are aligned with the greoves in the second plurality of concentric grooves at the
interface, and (¢} nong of the grooves in the first plurality of concentric grooves is aligned with
the grooves in the second plurality of conceniric grooves at the interface.
[8O79} iach groove in the pluality of grooves can be continuous or discontimuons. As used
herein, 3 “contiuouy” groove 1s a groove having a depth that does not equal zéro sun along the
entive length of the groove within its region (2., first or second region). In other-words, a
continmous groove has a positive depth along its entire length within its region. As used herein, a
“ciscontinuous” groove 18 8 graove that has at least a portion along its length in which the depth
of the groove equals zero within its region (e.g., first or second region). In other words, a
discontinuous groove has a portion that becomes flush with the polishing surface at some point
along s fength within its region, such that the groove cannot be considered to be a groove at that

point. The point at which the groove meets an adjacent region or the edge of the polishing pad is
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not considered to be a “discontipuity” for the purpose of categorizing a groove as “contintous”
or “discontinuous.” In other words. if a groove otherwise meets the definition of “continucus™ as
used hevein bot the groove ends at the edge of its region or the edge of the polishing pad, then
such a groove woukl be considered to be a continuous groove. The grooves in a polishing pad of
the inveation can be continuous, discontinuons, or a combination thereof. In some embodiments,
all of the grooves can be continuous, or all of the grooves can be discontinuous. Tn other
embodiments, at feast 10.%, at least 20 %, at least 30 %, at least 40 9, at least 50 %, at least 60
%o, at least 70 %, at least 80 %, at least 90 %, or 100% of the grooves are continaous (0t
discontinuous), measuted as a proportion of the numbey of grooves in the polishing pad that are
contimpons (or discontinnous) relative to the total number of grooves in the polishing pad. In this
regard, the mymber of grooves is suntmed as follows: the number of groaves in a region having a
substantially different radius is summed, and then the nomber of greoves from each region in a
polishing pad is surmmed, thereby obtaining a total overall number of grooves. The proportion of
continuong or discontinuous grooves can then be calculated,
[0080]  With reference to FIG, 1, the first plurality of concentric grooves 14 does not cross
the sccound plurality of concentric grooves 105, and the palishing pad has a first region 108
comtaining the first phuality of conceatric grooves 104 and a second region 109 containing the
second plarality of concentric grooves 105, wherein the first region 168 is adjacent to the second
region 109, The frst region 168 abuts the second region 169 al interface 119, None of the
grooves in the first plurality of concentric grooves 184 is aligned with the grooves i the second
piuraﬁu_z of concentric grooves 108 at imerface 110, Both the fivst cemer of concentricity 106
and the second center of concentricity 107 are located ai the miarface 110 between abuiting
regions 108 and 189, All of the grooves in FIG. 1 are continvous.
{0081  With reference to FIG. 2, the first pleratity of concentric grooves 204 does not cross
the second plurality of concentric grooves 205, and the polishing pad has a first region 208
containing the firsi plurality of concentric grooves 204 and a second region 209 contgining the
second plutality of concentric grooves 205, wherein the first region 208 is adjacent to the second
region 209, The first region 208 abuts the second region 209 at interface 210, None of the
grooves in the first pluratity of concentric grooves 204 is aligned with the grooves in the second

plurality of concentrie grovves 208 at imerface 210. Both the first center of concentricity 206
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and the second center of concentricity 207 are located at the interface 21( between abutting
regions 208 and 209. Ali of the grooves in FIG. 2 are continuous.
[0082]  With reference to FIG. 3, the first plurality of concentric grooves 304 does not cross
the second plurality of concentric grooves 305, and the polishing pad has a first region 308
containing the first plurality of concentric grooves 304 and a second region 309 containing the
second plurality of concentric grooves 305, wherein the first region 308 is adjacent to the second
region 309. The first region 308 abuts the second region 309 at interface 310. The grooves in
the first plurality of concentric grooves 304 are aligned with the grooves in the second plurality
of concentric grooves 305 at the interface 310. The first center of concentricity 306 is located in
the first region 308 and the second center of concentricity 307 is located in the second region
309. All of the grooves in FIG. 3 are continuous.
[06083] With reference to FIG. 4, the first plurality of concentric grooves 404 does not cross
the second plurality of concentric grooves 405, and the polishing pad has a first region 408
containing the first plurality of concentric grooves 404 and a second region 409 containing the
second plurality of concentric grooves 405, wherein the first region 408 is adjacent to the second
region 409. The first region 408 abuts the second region 409 at interface 410. The grooves in
the first plurality of concentric grooves 404 are aligned with the grooves in the second plurality
of concentric grooves 405 at the intecface 410. The first center of concentricity 406 is located in
the second region 409 and the second center of concentricity 407 is located in the first region
408. All of the grooves in FIG. 4 are continuous.
[0084]  Each groove in the plurality of grooves can have any suitable proportional arc length.
The proportional arc length of a groove is defined herein as a proportion of the actual arc length
of a groove relative to the total arc length of the groove if the groove completed a closed arc
about its center of concentricity. The actual arc length includes the length from one end of the
groove to the other end of the groove, including any discontinuities that may be present (when
the groove happens to be a discontinuous groove). The total arc length also includes any
discontinuities in the groove that may be present {when the groove happens to be a discontinuous
groove). The actual arc length and total arc length can be most readily calculated for each
groove having a substantially constant radius (e.g. circular grooves); however, the actual and

total arc length of a groove that does not have a substantially constant radius (e.g., oval-shaped
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groove) may stift be readily calenlated, as will be recognized by oue of ordinary skill n the art.
A groove that completes a closed arc around a center of concentricity has a proportional arc
length of 100%. The proportional asc length can be 10% or more, ¢.¢., 15% or more, 20% or
more, 25% or more, 30% or more, 35% or more, 40%% or more, 45% or aiore, 50% or more, 55%
or mare, 60% or more, 65% or more, 70% or more, 75% ot more, 80% or mare, 85% or more,
90% ov mote, or 95% or more. Alternatively, or in addition, the proportional arc length can be
95% or less, e.g., 90% or less, 85% or less, 80% or less, 73% or less, 70% or less, £5% or fess,
60% or less, 55% or less, 50% or less, 45% or less, 40% or less, 35% or less, 30% or less, 25%
or less, 20% or less, or 15% or less. Thus, the proportional arc length of a groove can be within
the range bounded bry any two of the foregoing endpoints. For exarnple, the proportional are
length ean be 25% to 83%, 35% to §0%, or 30% to 95%. Preferably, the proportional arc length
15 30% or more.

{0085}  Typically, a majority of the grooves in the plurslity of grooves has the proportional
arc length as defined hevein. For exanple, 50% or more, e.g., 55% or more, 60% or more, 65%
or mare, 0% or more, 75% or more, 80% or more, 85% or more, 20% ot mere, 5% or more, or
100% of the grooves in the plurality of grooves has the proportional arc length as defined herein,
The number of groeves having the proporiional arc length as defined herein is calculated by
sumuning the number of grooves having a substantially different radius in a region, and then
supuning the number of grooves from each region in a polishing pad, thereby obtaining a total
overall number of grooves. The propottion of greoves having the proportional are length as
defined herein can then be calonlated. Preferably, 80% or more of the grooves i the plurality of
grooves has & proportional arc Jength of 30% or more.

086}  Each groove in the plurality of grooves can have any suitable central angle. The
centrat angle of a groove is defined herein as the angle formed between the two ends of 2 groove
{that terminate at the edpes of the region containing the groove or the edge of the polishing pad)
and the center of concentricity about which the groove is concentric, n which the center of
concentricity is at the vertex of the angle. The central angle is measured with respect to the side
of the center of concentricity that faces the groove at issue {see, ¢.g., the description of FIG. 3
hereinbelow to understand this concept). Grooves that complete a closed arc around a center of

concentricity bave 2 central anide of 360°. For example, the central angle is 10° or more, £.8.,
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20° or more, 307 oy more, 40° or wore, 307 or more, 60 or more, 707 or more, 807 or more, 90°
or more, 100% or moge, 110° or more, 120° or more, 130° or more, 140° or more, 150 or more,
160° or migre, 170° or more, 1807 or more, 190° or wiore, 200° or more, 210° or move, 220° or
tmore, 230° or taoie, 340° ar more, 250% or more, 260° or more, 270° or nore, 280° ormwre,
2907 or more, 3007 or more, 310° or more, 320° or more, 330° or more, 3407 or more, 350° or
more, or 360°. Alternatively, or m addition, the central angle is 360° or Iess, e.g., 350° or less,
340° or less, 3307 ar less, 3207 or fess, 310° or less, 3007 or less, 290° ar less, 280 or less, 270°
or less, 260° ot less, 250° or less, 240° or less, 2307 or less, 220° or less, 2107 or fess, 200° or
fess, 190° or less, 180° or less, 170° or Jess, 160° or less, 1507 or legs, 140° or less, 130° or dess,
120% or less, 110° or less, 1006° or less, 907 or less, 80° or less, 70° or less, 60° or less, 30° or
less, 40° or less, 30° or less, or 20° or fess. Thus, the central angle can be within the range
beunded by any fwo of the foregoing endpoints. For example, the central angle can be 80° o
300°, 70° i 18G°, ur 1707 w 210°. In a preferred embadiment, the central angle is 1707 to 190”
{e.g, 1807},
[00871  Typically, a majority of the grooves i the plurality of grooves has the central angle
as defined herein, For example, $0% or more, ¢.g., 55% or more, 60% or more, 63% or more,
0% or more, 75% or more, 80% or more, 85% or more, 90% or more, 95% ormore, or 100% of
the grooves i the plurality of grooves has the central angle as defined herein. The number of
grooves having the central angle as defined herein is calcnlated by summing the number of
grooves having a substantially different radius in a region, and then summing the vumber of
grooves from each region in a polishing pad, thereby obtaining a total overall number of grooves,
The proportion of grooves having the central as defined herein cag then be calenlated.
Preferably, $0% or mote of the grooves in the plarality of grooves has a central angle of 180° or
more,
[0088]  The descriptions hereinbefow of FIGS. 1-4 in relation to the proportional arc length
and cenyral angle are mevely for iflustrative purposes 1o betier ondesstand the proportional are
length and central angle features. However, these descriptions of FIGS. 1-4 in this manner
shonld not be construed as purporting that the dimeastons and proportions represented in FIGS.

1-4 are representative of the dimensions and proporiions of the polishing pad of the invention.
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[0089]  With reference to FIG. 1, the first groove in the first plurality of concentric grooves
104 that is concentric about, and most proximal to, the first center of concentricity 106 has a
proportional arc length of 50% (actual arc length divided by total arc length if the groove
completed a closed arc about a center of concentricity). This first groove also has a central angle
of 180°. The next ten grooves in the first plurality of concentric grooves 104 that are most
proximal to the first center of concentricity 106 also have a proportional arc length of 50% and a
central angle of 180°. The grooves in the second plurality of concentric grooves 105 can be
characterized similarly. In this respect, a majority (e.g., 50% or more) of the grooves in the
plurality of grooves in the polishing pad of FIG. 1 has a proportional arc iength of 50% and a.
central angle of 180°.
[0090] With reference to FIG. 2, the first groove in the first plurality of concentric grooves
204 that 1s concentric about, and most proximal to, the first center of concentricity 206 has a
proportional arc length of 50%. This first groove also has a central angle of 180°. The next ten
grooves in the first plurality of concentric grooves 204 that are most proximal to the first center
of concentricity 206 also have a proportional arc length of 50% and a central angle of 180°. The
grooves in the second plurality of concentric grooves 205 can be characterized similarly. In this
respect, a majority (e.g., 50% or more) of the grooves in the plurality of grooves in the polishing
pad of FIG. 2 has a proportional arc length of 50% or more and a central angle of 180° or more.
[0091] With reference to FIG. 3, the first two grooves in the first plurality of concentric
grooves 304 that are concentric about, and most proximal to, the first center of concentricity 306
have a proportional arc length of 100% and a central angle of 360°. The next ten grooves in the
first plurality of concentric grooves 304 that are most proximal to the first center of concentricity
306 have a proportional arc length of 75% or more and a central angle of 300° or more. The
grooves in the second plurality of concentric grooves 305 can be characterized similarly. In this
respect, a majority (e.g., 50% or more) of the grooves in the plurality of grooves in the polishing
pad of FIG. 3 has a proportional arc length of 75% or more and a central angie of 300° or more.
[0692] With reference to FIG. 4, a majority (e.g., 50% or more) of the grooves in the first
plurality of concentric grooves 404 and second plurality of concentric grooves 405 has a

proportional arc length of 30% or more and a central angle of 100° or more.
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[0093}  The centers of conceniticity can be located in any suitable area of the polishing pad.
One useful way to visualize the locations of the centers of concentricity is 10 note the tocations
with regpect to & virtaal x-axis and & virtual y-axis that are overlaid on the polishing swface,
wherein the virtual x-axis and the vittnal y-axis mtersect at a vight angle at the axis of synuvetry
of the polishing pad. Of course, the virtual x-axis and virtual y-axis can be overlaid on the
polishing surface in any suitable manner and can intersect on the pohshing surface at any
suitable point, s as to facilitate an understanding of the locations of the polishing pad features,
such as the locations of the centers of concentricity. For example, the virtual x-axis and virtaal
y-axis may infersect at a vight angle at the axis of rotation, geometric center, or any arbitrary
point on the polishing surface. Morepver, the virtual x-axis and the virtual y-axis may intérsect
af & location an the polishing pad, wherein the location is defined as a proportion of the radivs R
of the polishing pad as measured from the axis of rotation of the polishing pad. In this respect,
the iocation of intersection of the virtual x-axis and the virtual yaxigscanbe 005 B, 0.1 R, 0.15
R,OZR 025R,03R, 035 R, 04R 045R O5SR, 0.55R, 06 R, 065R,07R, 075 R, 0.8R,
085 R, 0.9 R, 093 R, or I R, The locations of the features of the polishing pad can comprise
any suitable combination of the following x and y coordinates in reference fo a virfual x-axis and
vivtual yeaxis: x=0,x20,2x 50, v= 0,y 0, and y £ 0. Because the interface between fwo
abutting regions is formed only as g result of the two regions abutting one another, the interface,
as defined berein, 1s understeod o be & part of both abutting regions. In this regard, when two
regions abut at y = 0, one region is located at y > 0 and the other region is located at y < 0.
However, when a specific feature of the polishing pad, such as a center of concentricity, is being
described, an attempt is made berein to distinguish between the location of'the feature being in.a
given region oF 8t an inferface 50 gs to clarify the location, Although the locations of the centers
of concentricity in relation to a virual x-axis and a virtwal y-axis are described herein with
respect 10 a polishing pad having two centers of concentricity (e.g., a first center of concentricity
and 2 second center of concentricity}, ihis description is equally applicable to any number of
centers of concentricity that may be present on the polishing sutface.
(0094}  In some embodiments of the Invention, when a virtual x-axis and a virtual y-axis are
overlaid on the polishing surface in the plane of the polishing surface such that the x-axis and the

y-axis intersect at a right angde at the axis of symmetry, the following conditions typically are
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satisfied: {a) the first center of concentricity is located at coordinates (x > 8, ¥ > 0, (b) the first
region is focated at y > 0, and (¢} the second region is located at y < 0.
[0093]  In other embodiments of the invention, when g virtaal x-axis and a virfual y-axis gre
overlaid on the polishing surface in the plase of the polishing surface such that the x-axis and the
y-axis intersect at a right angle at the axis of symmetry, the following conditions typically ate
satisfied: {a) the first center of concentricity is located at coordinates {x < 0, y > 0}, (b) the first
region is located af v > 0, and {¢) the second region is located at v < 0.
[00%6] in some embodiments of the invention, when a virtual x-axis and a virtaal y-axis are
overlaid on the polishing surface in the platte of the polishing surface such that (i) the x-axis and
the y-axis intersect ot a right angle at the axis of symmetry, (ii) the first center of concentricity is
located at coordinates {x > 0, v = 0}, and {iii} the first center of concentricity is located at the
intetface or in the first region, the following conditions are satisfied: (a) the first plurality of
concentric grooves emanaies from the first center of concentricity m a +y direction, (b) the
second plurality of concentriv grooves emanates from the second center of concentricity ina —y
direction, and (¢} when the plurality of grooves is extendad infinitely in the plane of the
polishing surface, the first plurality of concentric groaves is not symmetric with the second
pluralify of conceniric grooves by way of a mirror plane parpendicudar to the polishing surface,
[00977  In other embodiments of the invention, when a virtual x-axis and a virtual y-ax1s are
overiaid on the polishing surface in the plane of the polishing surface soch that (i) the x-axis and
the y-axis intersect at a right angle at the axis of symmetry, (i) the fizst center of eoncentricity is
located at the coordinates (x <0, y 2.0), and (iii) the first center of concentricity is located at the
interface or in the first region, the following conditions fypically are satisfied: (a) the first
plurality of concentric grooves emanates from the first center of concenticity in a +y direction,
{br} the secand plarality of concentric grooves emanates from the second center of concentricity
in & -y direction, and (¢} when the plurality of grooves is extended infinitely in the plane of the
polishing surface, the first pharalhyy of concentric greoves is not symmetric with the second
pluratity of concenttic grooves by way of amirror plave perpendicular to the polishing surface.
[0098]  The direction in which grooves emabate is defennined by summing the combined
length of all of the grooves atissue {e.g., all of the grooves in a given region), and determining

the proportion of the combined length that emsanates in a given direction. The direction that s



WO 2014/074521 PCT/US2013/068523

38
groove emanates at a given point along the groove is determined by the direction of a line
perpendicular to the tangent ar the given point along the groove. If a substantial portion {e.g., at
least 50%. at least 60%, at least 70%, at least 80%, at least 90%, or 100%) of the grooves at issue
emanate in & given dicection, then the grooves at tssue are said to emanate in the given divection,
‘When a groove completes ai arc around the center of concentricity, the groove is not considesed
to emanate in any specific dizection (1.e., the directions cancel out), and therefore this type of
groove Is not counted in determining the direction that a given set of groaves emanate. While,
for sinaplicity, grooves are typically discussed herein as emanating in either (a) a +y direction or
a-y direction, or (b) a-+x direction or a ~x direction, it is typically true that the prooves
emanating in (a) a +y direction or a —y direction may also emanate in (b) a +x direction and/or a
- direction. In this regard, the grooves.of the inventive polishing pad can be described as
emamting in a direction that combines the desenptors +y, —y, +x, andfor -x, in any suitable
combination, in ovder to describe the polishing pad of the invention.
[0099]  With reference 1o FIG. 1, when a virtual x-axis and a virmal y-axis are overlaid on the
polishing surface 100 in the plane of the polisling surface 100 sech that the x-axiy and the y-axas
intersect at a right angle at the axis of symmetry 103, the following counditions are satisfied: {a}
the first center of concentricity 106 is located at coordinates {x > €, y = G) at interface 118, (b)
the second center of concentricity 107 is located at coordinates (x < 0, v = 0) ar interface 119, {¢}
the first region 108 is located at y 2 0, {d} the second region 189 is located at y < 0, {e) the first
plurality of concentric grooves 104 emanate from the first center of concentricity H6 ina +y
direction, () the second plurality of concentric grooves 105 emanate from the second center of
concentricity 187 in a —y direction, and {g) when the plurality of grooves is extended infinitaly i
the plane of the polishing surface 100, the first plurality of concentric grooves 184 s not
symumelric with the second plurality of concentric grooves 105 by way of a mirror plage
perpendicular to the polishing surface 140,
[00300]  With refevence to FIG. 2, when a virtual x-axis and a virtual y-axis are overlaid on the
polishing surface 208 in the plane of the polishing surface 208 such that the x-axis and the y-axis
intersect at ¢ right angle at the axis of symmetry 203, the following conditdons are satisfied; (a)
the first center of concentricity 206 1s located at coordinates {x < {, y = () at interface 219, ()

the second center of concemyicity 207 is located at coordinates {(x >0, y = 0) at interface 218, (¢}
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the first region 208 is located at y 2 0, () the second region 209 is located at v< 0, (e) the first
plurality of concentric grooves 204 emanate from the first center of concentricity 206 ina +y
direction, {f) the second plurality of concentric grooves 205 eranate from the second center of
coacentoicity 207 ia a -~y direction, and (g} when the plusality of grooves is extended infinitely in
the plane of the polishing surface 208, the first plurality of concentric grooves 204 is not
symimetric with the second phurality of concentzic grooves 205 by way of a mirror plane
perpendicular to the polishing surface 284,
100101}  With reference to FIG. 3, when a virtual x-axis and & virtual y-axis are overlaid on the
polishing surface 300 in the plane of the polishing surface 308 such that the x-axis and the y-axis
intersect at a right angle at the axis of symmetry 303, the following conditions are satisfied: (a)
the first center of concentnicity 306 is lovated at coordinates (x = ), y = 0), {b} the second center
of concentricity 307 is located at coordinates (x < 0, v = 0}, (¢) the Hrst region 308 js Jocated at x
> G, (d) the second tegion 309 is located at x 50, {e) the first plurality of concentric grooves 304
emanate from the first center of concentricity 366 in & -+y direction, and (f) the second plurality
of concentric grooves 30% emanate from the second center of coucentricivy 367 in a ~y direction,
[00102] With reference to FIG. 4, when a vinual x-axis and a virtual v-axis are overlaid on the
polishing surface 400 in the plane of the polishing surface 400 such that the x-axis and the y-axis
intersect-at a right angle at the axis of symmetry 483, the following conditions are satisfied: ()
the first center of concentricity 406 is locamed at coordinates {x < 0,y = 0), (b) the second center
of concentricity 407 13 located at coordinates (x » 0, y = 0}, (c) the first region 408 is located ai x
> ¢, {d) the second region 409 is located at x <0, {¢) the first plurality of concentric grooves 404
emanate from the first center of concentricity 486 in a +v direction, and (f) the second plosality
of concentric grooves 405 emanaie from the second center of concentricity 407 in a v direction.
[00103]  The pluratity of grooves does not comprise, consist essentially of, or consist of a
continuous spiral groove. The type of continuous spiral grooving patterns not encompassed by
the invention are described in ULS. Patent 7,377,840 to Deopura et al., hereby incorporated by
reference in its entively.
{06104}  The polishing surface does not comprise, consist essentiatly of, or consist of & mosaic
groove pattern. The type of mosaic groove pattern not encompassed by the invention is

described in U8, Patent 7,252,582 1o Reuteln, hereby incorporated by reference in its entirety.




40
[00105] The polishing pad of the invention can coimprise, consist essentially of, or consist of
any suitable material. The material can be any suitable polymer and/or polymer resin. For
example, the polishing pad can comprise elastomers, polyurethanes, polyolefins, polycarbonates,
polyvinylalcohols, nylons, elastomertic rubbers, styrenic polymers, polyaromatics,
fluoropolymers, polyimides, cross-linked polyurethanes, cross-linked polyolefins, polyethers,
polyesters, polvacrylates, elastomeric polyethylenes, polytetrafiuoroethyienes,
polyethyleneteraphthalates, polyaramides, polyarylenes, polystyrenes, polymethylmethacrylates,
copolymers and block copolymers thereof, and mixtures and blends thereof. The polymer and/or
polymer resin can be a thermoset or thermoplastic polymer and/or polymer resin. Polishing pads
comprising thermoplastic polymers, such as thermoplastic polyurethanes, generally result in
polished substrates having lower defects than a substrate polished with a polishing pad
comprising a thermoset polymer. However, polishing pads comprised of thermoplastic polymers
generally exhibit a lower polishing rate than comparable polishing pads comprised of thermoset
polymers, which lower polishing rate can adversely affect the time and costs associated with the
polishing process. Preferably the material comprises a thermopiastic polyurethane (e.g., EPIC
D100 available from Cabot Microelectronics Corporation). Suitable polishing pad materials, and
suitable properties of a polishing pad material, are described in U.S. Patent 6,896,593 to Prasad,
hereby incorporated herein by reference in its entirety.
[00106] The polishing pad of the invention can be produced by any suitable method known in
the art. For example, the polishing pad can be formed by film or sheet extrusion, injection
molding, blow molding, thermoforming, compression molding, co-extrusion molding, reaction
injection molding, profile extrusion molding, rotational molding, gas injection molding, film
insert molding, foaming, casting, compression, or any combination thereof. When the polishing
pad is made of, for example, a thermoplastic material (e.g., a thermoplastic polyurethane), the
thermoplastic material can be heated to a temperature at which it will flow and is then formed
into a desired shape by, for example, casting or extrusion.
[0100] The plurality of grooves can be formed in the polishing pad of the invention in any
suitable manner known in the art. For example, the plurality of grooves may be formed by

molding, machine cutting, laser cutting, and combinations thereof. The grooves may be moided
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at the same time as the fabrication of & polishing pad. or the polishing pad may first be
fabricated, and then either (a) a grooving pattern molded on the surface of the polishing pad s¢ as
to foran the polishing surface, or (b) a grooving pattern formed in § separate layer by any suitgble
means, which separate layer is then affixed by any snitable means to the surface of the polishing
pad to form the polishing surface. When the grooves are formed by machine cutting or Iaser
cuiting, the polishing pad is typically formed fust, and then a cutting tool or laser tool,
respectively, produces grooves of & desired shape in the polishing surface of the polishing pad.
Suiiable grooving techniques are described in, ey, U.S. Patent 7,234,224 t Naugler et al.,
hersby incorporated by reference in its entirety.
{0161}  The polishing pad of the invention may contain a light-transmitting region through
which light may pass it order to monitor the polishing progress by way of an &z sin end-point
detection (EPD) system, e.g., to determine when a desired degree of planarization has been
atlained. The {ight-trausmitting region typically is in the form of an aperture or window that has
wanstucency to light, which allows Hght that has passed through the light-transmitting region to
be detected by the EPD system.  Saitable light-transmifting regions that may be used with the
polishing pad of the invension are described in ULS. Patens 7,614,933 to Benvegnau et al, hereby
imcorporated by reference in its entirety, The plurality of grooves may or may not be provided
on the surface of the light-transmitting region, depending on the manufacturing method and the
desired properties of the polishing pad andfor Hght-transmitting region.
[6162]  The polishing pad of the invention can comprise the plurality of grooves as described
herein in corbination with any suitable grooving pattern known in the art. For example, the
inventive grooving pattern can be combined with one or multiple x-axis grooves, one or muitiple
y-#%18 grooves, grooves conceniric about the axis of rotation, grooves that intérsect at or near the
axis of rotation of the polishing pad and exit at the edge of the polishing pad (so as to form a
pizza-like groove pattarn), and combinations thereof.
[0103] The invention also provides a method of chemical-mechanically polishing a substrate,
which method comprises, consists essentially of, or consists of (a) contacting a subsirate with a
polishing pad of the invention as described herein and a chemical-mechanical polishing

commposition, {b) moving the polishing pad relative to the substxate with the chemical-mechanical
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polishing compositien therebetween, and (c) abrading af least a portion of the substiate to polish
the substrate.

{0104}  The removal rate of the substrate (¢, polishing rate) is higher when employing the
polishing pad of the invention, as compared fo when employing an otherwise identical polishing
pad that does not contain the plurality of grooves, as described herein. In some sitoations, the
removal rate employing the polishing pad of the invention is compared to a polishing pad having
a concenizic grooviag pattern (in which the polishing pad contains a plurality of grooves
concaniric about au axis of symmetry that is coincident with the axis of rotation of the polishing
pad}, or a polishing pad having no grooving patrerns whatsoever. Typically, the material of the
comparative polishing pad is the same as the material comprising the inventive polishing pad.
The higher removal rate can be represented as a relative removal rate that is calculated by
dividing the removal rate when employing the polishing pad of the inveniion by the removal rate
when emploving an otherwise identical polishing pad that does not contain the plurality of
grooves as described herein, For example, the relative removal rate when employing the
polishing pad of the invention is 1.02 or more, e.g, 1.04or more, 1.006 or more, 1.08 or mwore, 1.1
ormore, £.12 or more, 1.14 or morg, 1.16 or more, 1.18 ormore, 1.2 or more, 1.22 or more, 1.24
or more, 1.26 or more, 1.28 or more, 1.3 or more, 1,32 or more, 1.34 or morg, 1.36 or more, 1.38
or more, 1.4 ormore, 142 or more, (.44 or more, 1.46 or more, 148 or more, 1.5 ot more, 1.55
or more, 1.6 or more, 1.65 ormore, 1.7 oomore, 1.75 or more, 1.8 or more, 1.85 or more, 1.9 oy
more, 1:95 or more, 2 or more, 2.2 ar mote, 2.4 or more, 2.0 or mose, 2.8 or more, 3 or more, 3.5
or tore, 4 or more, 4.5 or morg, or 5 or more, Ahematively, or w addition, the relative removal
rate is 3 or Jess, e.g., 4.5 or less, 4 or less, 3.5 or less, 3 or less, 2.8 or less, 2.6 or less, 2.4 o1 less,
2.2 or less, 2 or less, 1.95 oress, 1.9 or less, 1.85 or less, 1.8 or less, 1.75 or less, 1,7 or less,
1.65 or less, 1.6 or kess, 1.53 or less, 1.5 or less, .48 or less, 1.46 or less, 144 oy less, 142 or
fess, 1.4 or less, 138 ovless, 1.36 ov less, 1.34 or less, 1.32 or less, 1.3 or less, 1.28 or less, 1.26
or less, 1.24 ov less, 1.22 or less, 1.2 or Jess, 118 or less, 1.16 or less, 1.14 or less, 1.12 or less,
1.1 or less, 1.08 or less, 1.06 or less, 1.04 or dess, or 1.02 or kess. Thus, the relative removal rate
can be within the range bounded by any two of the foregoing endpoints. For example, the

relative removal zate can be 10610 1.3, 1.75t0 2, or 3w 3.
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{0105} Any suitable flow rate of shurry can be emploved in the method. A lower shurry flow
rate will typically result in a lower polishing rate, and & higher shurry flow will typically result in
a higher polishing rate. For example, the flow rate can be 50 mL/min or more, e.g., 60 mLimin
ormore, 70 mLAsin or more, 80 mLmin or mote, 90 ml/min of meore, 100 mL/main of more,
110 mL/min or more, 120 mL/min or more, 130 mi/min or more, 140 mL/min or more, or 150
mb/min or move. Alternatively, or in addition, the slurry flow rate can be 160 mi/min or less,
e.g., 150 mEAnin or less, 140 mL/min or Tess, 120 mE/min or less, 120 mL/min or Jess, 110
mi/jnin or less, {00 mi/min or fess, 90 rolAmin or less, 50 miJmin or less, 70 mi/fmin or {ess,
or 60 mi/nsin or less. Thus, the shuney flow rate can be within the range bounded by any two of
the foregoing endpoints. For example, the slurry flow rate can be 50 wml/min to 140 mb/min, 50
mbfmin to 120 mL/in, or 100 mb/minto 110 ml/min. Preferably, the slurry flow rate is 90
mb/min (0 (20 mL/min. It was surpeisingly fosnd that, when employing a polishing pad of the
mvention in a polishing process, the polishing rate was minimally affected, or even increased,
when the flow rate was decressed by 25% (seg, e.g., the Example herein). Withett wishing to be
bound by any theory, it 15 believed that & polishing pad of the invention is able fo retain the
polishing sturry for a longer amount of time than conventonally grooved polishing pads, thereby
resplting in & Jower sturry flow requirement for a polishing pad of the invention in order to
obtain a similar polishing rate.
10106]  Any suitable substrate or substrate material can be employed in the method, For
example, the substrates include memory storage devices, serpiconductor subsirates, and glass
substrates. Suitable substrates for use in the method include mernory disks, rigid disks, magnetic
heads, MEMS devices, semiconductor wafers, field emission displays, and ether microelectronic
substrates, especially substrates comprising insularing layers {e.g., silicon dioxide, silicon nitride,
or low dielectric materials) and/or metal-contatning lavers {e.g., copper, tantakum, tungsten,
alurninum, nickel, tirantam, platinum, ruthenivm, thodium, indivm or other noble metals).
Preferably the substrate comprises tangsten,
10107  The method can utilize any saitable polishing composition. The polishing
composition typically comprises an agqueous cartier, a pH adjustor, and optionally an abrasive.
Depending on the type of workpiece being polished, the polishing composition optionaily can

further comprise oxidizing agents, organic or inorganic acids, complexing agents, pH buffers,
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surfactanis, corrosion inhibitors, anti-foaming agents, and the like. 'When the substrate is
comprised of wungsten, a prefesred polishing composition comprises colloidally stable fumed
silica as an abrasive, hydrogen pevexide as an oxidizing agent, and water (2.¢., the sturry SEMI-
SPERSE W2000 avaifable from Cabot Microelectronics Corporation).
[0168]  The polishing pad of the invention can be rotated in the method in any snitable
direction. For example, when viewing the polishing susface of the palishing pad from a divection
perpendicular to the polishing surface, the polishing pad can be rotated in a clockwise direction
or a counterclockwise direction. In the polishing pad of the invention, whea the plurality of
graoves s extended infinitely in the plane of the polishing surface, and the plurality of grooves
are synumetric by way of a mirror plane perpendicuiar to the polishing surface, the polishing pad
typically can be rotated i either the clockwise direction or the counterclockwise direction and
similar or the sume polishing results typically will be achieved {e.g., similar or sume polishing
rate, shurry distribution, waste removal, ete.). In other words, when the polishing pad contains
such a mirror plane perpendicular to the polishing surface, the polishing pad typically can be
rotated in any direction without any significant ivapact on polishing resulis. However, when the
polishing pad does not contain such a mirror plane perpendicaiar to the polishing surface, the
rotation divection typically has an effect on the polishing results,
[0109]  In thisregard, a polishing pad meeting the following criteria typically will be rotatad
in the nethod in a clockwise direction when viewing the polishing surface from a direction
perpendicular to the polishing surface: a polishing pad of the invention wherein, when a virtual
x-axis and a virtual y-axis are overlaid ou the polishing swrface in the plane of the polishing
surface such that the x-axis and {he y-axis intersect at a right angle at the axis of symmeiry, the
following conditions are satisfied: (a) a first center of concentricity is located af coordinates {x >
&, ¥ > 0), {b) the fust region is located at y > 0, and {c) the second region is located at y £ 0. In
sorae emhodiments, however, it may be preferable to rotate the polishing pad i a
counterclockwise direction,
101107  Additionally, a polishing pad meeting the following oritedia typically also wilt be
rotmted in the method ia a clockwise direction when viewing the polishing surface from g
direction perpendicular to the polishing surface: a polishing pad of the invention wherein, when a

virtual x-axis and a virteal y-axis are overlaid on the polisling surface in the plane of the
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polishing surfacs such that (1) the x-axis and the y-axis intersect ai a right angle at the axis of
sytametry, (i) a first center of concentricity is located at coordinates (x > 0, y 2 0), and (iii) a
fivst center of concentricity is located at the interface or in the figst region, the following.
conditions are satisfied: (a} the first plurality of concentric grooves amanates frons the first center
of concentricity in a +y direction, {b) the second plurality of concentric grooves emanates from
the second center of concentricity in a -y direction, and () when the plorality of grooves is
extended infinitely in the plane of the polishing surface, the first plurality of concentric grooves
is pot symmetric with the second plurality of concentric grooves by way of a mirror plane
perpendicular to the polishing surface, In some embodiments, however, it may be preferable 1o
rotate the polishing pad in g counterclockwise direction.
{0111]  Alternatively, a polishing pad meeting the following criteria typically will be rotated
in the method in a counterclockwise divection when viewing the polishing surface from a
direction perpendicular to the polishing surface: a polishing pad of the invention wherein, when
virmgl x-axds and a virtual y-axis are overlaid on the polishing surface in the plane of the
polishing surface snch that the x-axis and the y-axis intersect at a right augle at the axis of
symmetry, the following conditions are satisfied: (a) a first center of concentricity is located ar
coordinates {x <0, y 2 0), (b} the first region is located at v = 0, and (¢) the second region is
located aty < 0. In some embodiments, however, it may be preferable to rotate the polishing pad
1 a clockwise direction.
fO112]  Moreover, a polishing pad meeting the following criterfa typically also will be rotated
in the method in a counterclockwise divection when viewing the polishing surface from a
direction perpendicular to the polishing surface: a polisting pad of the invention wherein, when a
virtgal x-axis and a vitwal y-gxis are overlaid on the polishing surface in the plane of the
polishing surface sach that (1) the x-axis and the y-axis mtersect at a right angle art the axis of
syrametey, {i) & first center of concentricity is located at the coordinates (x <0, y = 0), and (i) a
first center of concentricity is located at the interface or in the first region, the following
conditions are satisfied: (a) the first plurality of concentric grooves emanates frons the first center
of concentricity in a +y direction, (b) the second plurality of concentric grooves emanates from
the second center of concentricity in a -y direction, and (¢} when the plarality of grooves is

extended infinitely in the plane of the polishing surface, the first plurality of concentric grooves
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is nof syremetric with fhe second plorality of concentric grooves by way of a mirror plane
perpendicular to the polishing surface. Insome embodiments, however, it may be preferable to
rotate the polishing pad i a clockwise direction.
[0113F  The polishing pad depicted in FIG. 1 typically will be rotated in a-clockwise direction
when viewing the polishing surface from a direction perpendicular to the polishing surface. The
polishing pad depicied 1 FIG. 2 typically will be rotated in & connterclockwise divection when
viewing the polishing surface from s dirgetion perpendicular to the polishing surface. The
polishing pads depicied in FIGS. 3 and 4 typically can be rotated in either a clockwise direction
of a counterciockwise divection.
[0114}  Pohishing pads having the features described herein result in g variety of
advantageous effects when employed in a po]i‘shing_process, as compared 1o the affects obtained
when employing polishing pads comprising conventional grooviag patterns. Conventional
grooving patterns include, for example, concentric grooves {(grooves concentric about an axis of
symimnefric that is coincidens with the axis of rotation of the polishing pad), XY grooves (grooves
consigting of one x-axis grooves and multiple y-axis grooves), and concentrictXY {grooves
consisting of the “concentric” grooves plus the “XY™ grooves overlaid on the same polishing
pad). The advantageous effecty assoctated with employing a polishing pad of the invention ina
polishing process inctude an increased polishing rate, a longer sluiry reteniion time, improved
sturry distribution on the polishing pad, and improved ability to remove waste material that is
abraded during polishing. A polished substrate produced using the inventive pelishing pad
described herein has an excellent degree of planarity and low defects, making the inventive
polishing pad suitable for use in UMP processes designed to produce polished subsizates for a
variety of applications.
{0115} The following example further illustrates the invention but, of course, should not be
construed as 1 any. way limiting its scape.

EXAMPLE
[0316]  This example demonstrates the improved polishing rale obtained when using
polishing pads of the {nvention in a polishing process, as compared to vsing a conventional
polishing pad in the polishing process, This example also demonstrates that the polishing rate

surpnisingly stays about the same or increases when the slurry flow rate is decreased when using
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the polishing pads of the invention. Additionally, this example demonstrates that the rotation
direction has an effect on the pohishing rate whewt using centain polishing pads of the invention in
a polishing process.
[0317]  In this example, chemical-mechanical polisking was performed using a 200 aum
Mirra polishing wol available from Applied Maserials using the following process conditions: a
memabrane pressure of 29 kPa, an inner tube pressure of 43 kPa, & retaining ring pressare of 32
kPa, a platen speed of 113 rotations per minute {rpm), & head speed of 11 rpm, and a polishing
time of 60 sec. The chemical-mechanical polishing shurry comprised colloidatly stable fumed
silica as an abrasive, hydrogen peroxide as an oxidizing agent, and water (e.g., the shury SEMI-
SPERSE W2000 available from Cabos Microelectronics Corporation). The substrate comprised
a blanket layer of tungsten. The polishing pads were yotated in the polishing process in s
clockwise direction when viewing the polishing surface of the polishing pad from a direction
perpencticular to the polishing surface.
{00107} All of the polishing pads were comprised of a thermoplastic polyurethane {e.g., EPIC
D100 available from Cabot Microelectronies Corporation), and all of the polishing pads
contained a plurality of grooves. Each groove in the plurality of grooves had a depth of 760
microns (.., 30 mils), a width of 300 microns (1.e., 26 mils), and each groove was separated
frora an adjacent groove by a pitch of 2030 microns (i.e., 80 mils). The grooving patlerns were
formed in the polishing pads by 8 conventional machine cutting technigque. The polishing pads in
this example ditfered only with respect to the arrangement of the grooves on the polishing
surface (i.e., the grooving patiern). The contro! polishing pad contained a plurality of grooves
concentric about the axis of rotation of the control polishing pad. Polishing Pads 1-4 of the
invention contained the grooving patterns depicted in FIGS. 1-4, respectively. FIGS. 1-4 are
merely Hiustrative of the types of grooving patterss of polishing pads of the invention in this
example so as to facititate an understanding of the inventive grooving patterns; however, the
dimensions and propostions represented in FIGS, 1-4 are not necessarily representative of the
actual dimensions and proportions of a polishing pad of the invention.
[0118]  The Conirol Polishing Pad and the Inventive Polishing Pads 1-4 were employed in the
polishing process using a sty flow rate of 120 mLAnin and a shurry flow rate of 90 ml/min.

The polishing process was performed eight times at each sluery flow e using the Control
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Polishing Pad, and the eight polishing vesults foreach shurry flow rate were averaged. The
polishing process was performed three tinmes for each Inventive Polishing Pad I-4 at each slurry
flow rate, and the three polishing resulis for each of Inventive Polishing Pads 1-4 at each shury
flow rate were averaged. The absolute and relative removal rates are reported m Table 1 and are
also depicted graphically in FIG. 7.

Table ]

Shurry Flow Rate 120 mL/min 90 ml.smyin 120 mi/min 90 mL/min

Renoval Rate (Amin} | Relative Removal Rate

Conirgl Pad 5238 S0S8 100 0.97

Pad 1 G373 G765 126 129

Pad 2 3603 5552 1.07 1.46

Pad 3 5752 5987 10 L

Pad 4 5546 5612 1.06 1.07

[0119;  Asillustrated in Table 1 and FIG. 7, the removal rates were higher when Inventive
Polishing Pads {-4 were emploved inthe polishing process, as compared 10 the removal rates
when the Control Polishing Pad was emploved in the process. Moreover, when the Coutrol
Polishing Pad was used, the removal vate predictably decreased whes the slarey fow rate was
lowered from 120 mEfmin to 90 mL/min. In contrast, when Inventive Polishing Pads 1-4 were
employed, lowering the slurry flow rate from 120 mi/min to 99 mi/min either had litle effect
ont the removal rate {see Inventive Polishing Pads 2 and 4) or the removal rae sutprisingly
increased (see Inventive Polishing Pads 1 and 3}, thereby suggesting that the slurry was refained
on the polishing surface of Inventive Polishing Patls 1-4 for a longer amount of time than the
Control Polisiing Pad. Furthesmore, the removal rate when using laventive Polishing Pad T was
significantly higher than when its mirror image (i.e., Inventive Polishing Pad 2) was emoployed,
mdicating that the rotation direction of the polishing pad can have a significant effect on the
rentoval rate in the situation where the polishing pads do not have a mirrer plane perpendicular
ta the polishing surface.

[0120]  These resalts confinm that, as compared 0 a polishing pad comprising a conventional

grooving pattern, polishing pads of the invention, infer alia, (a) exhibit a higher removal, (b)
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require less slurry as a result of, #uer afia, longer shury refention times, and (¢} can exhibit
different removal rates depending on rotation direction in the situation where the polishing pad
does not contain & mirror plane perpendicular to the polishing surface of the polishing pad.
[0121F  All reforences, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference to the same extent as if each reference were jndividually
and specifically indicated to be incorporated by reference and were set forth in #s entivety herein.
{0122]  The dse of the texms “2” and “an” and “the™ and “at least one” and similar referents n
the context of describing the invention (especially in the context of the following claims) are to
be construed 1o cover both the sagutar and the plural, unless otherwise indicated hersin or
clearly contradicted by context, The use of the term “at least one” {ollowed by a list of one or
more itemns {for exainple, “at feast one of A and B”) is to be construed fo mean one item selecied
from the listed ttems (A or B) or any combination of two or more of the Hsted items (A and B),
untess otherwise indicated berein or ¢learly contradicted by context. The terms “comprising,”
“hgving,” “incloding,” and “containing” gre to be construed a5 open-ended terms (Le., meaning
“inchuding, but not Emited (0,7} unless otherwise noted. Recitation of ranges of values herein are
merely intended to serve as a shorthand method of referring individually o each separate vatue
fatling within the range, valess otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly coniradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better ilfuminate the invention
and does not pose a Himitation on the scope of the invention unless vtherwise elatmed. No
language in the specification should be construed as indicating any ron-claimed element as
essential (o the practice of the invention,
[0§23]  Preferred embodiments of this invention are desciibed herein, including the best
mode known to the inventors for carrying out the invention. Varations of those preferred
embodiments may bacome apparent to those of ardinary skitl in the art upon reading the
forepoing description. The inventors expect skilled artisans to employ sich variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as

specifically described herein, Accordingly, this invention includes all modifications and
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egnivalents of the subject maiter recited in the claims sppended hereto as permitied by applicable
faw. Moteover, any combination of the above-deseribed elements in all possible variations
thereof is encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.
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CLAIM(S):

| A polishing pad comprising an axis of rotation, a polishing surface, and a plurality
of grooves set into the polishing surface, wherein the plurality of grooves is composed of at least
(a) a first plurality of concentric grooves having a first center of concentricity, and (b) a second
plurality of concentric grooves having a second center of concentricity, wherein

(1) the first center of concentricity is not coincident with the second center of
concentricity,

(2) the axis of rotation of the polishing pad is not coincident with at least one of the first
center of concentricity and the second center of coneentricity,

(3) the plurality of grooves does not consist of a continuous spiral groove, and

(4) the plurality of grooves does not comprise a mosaic groove pattern, and wherein the
polishing pad further comprises a central channel, and the depth of the central channel is greater

‘than the depth of the plurality of grooves.

2. The polishing pad of claim 1, wherein, when the plurality of grooves is extended
infinitely in the plane of the polishing surface, the first plurality of concentric grooves is
symmetric with the second plurality of concentric grooves by way of a 180° rotation about an

axis.of symmetry perpendicular to the polishing surface.

3. The polishing pad of claim 1, wherein, when the plurality of grooves is extended
infinitely in the plane of the polishing surface, the first plurality of concentric grooves is
symmietric with the second plurality of concentric grooves by way of a first mirror plane that (a)
is perpendicular to the polishing surface and (b) does not intersect with either the first center of

concentricity or the second center of concentricity.

4. The polishing pad of claim 1, wherein, when the plurality of grooves is extended
infinitely in the plane of the polishing surface, the first plurality of concentric grooves is
symmetric with the second plurality of concentric grooves by way of a first mirror plane that is
perpendicular to the polishing surface and a second mirror plane intersects with both the first

center of concentricity and the second center of concentricity.

5. The polishing pad of claim 1, wherein at least a portion of the grooves in the

plurality of grooves is an arc having a shape selected from the group consisting of substantially
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circular, substantially semi-circular, substantially parabolic, substantially oval, and combinations

thereof,

6. The polishing pad of claim 5, wherein the shape is substantially circuiar or
substantially semi-circular, and each respective groove in the first plurality of concentric grooves
has a substantially constant radius with respect to the first center of concentricity, and each
respective groove in the second plurality of concentric grooves has a substantially constant

radius with respect to the second center of concentricity.

7. The polishing pad of claim 1, wherein (a) the first plurality of concentric grooves
does not cross the second plurality of concentric grooves, and (b) the polishing pad has a first
region containing the first plurality of concentric grooves and a second region containing the

second plurality of concentric grooves, wherein the first region is adjacent to the second region.

8. The polishing pad of claim 7, wherein one or more of the following conditions is

satisfied:

(a) at least a portion of the first region abuts at least a portion of the second region at an
interface,

(b) the first region abuts the second region at an interface,

(c) the first region is entirely separated from the second region by a third region, and

(d) the first region is entirely separated from the second region by the central channel.

9. The polishing pad of claim 8, wherein one or more of the following conditions is
satisfied:

{a}) at least one of the grooves in the first plurality of concentric grooves is aligned with at
least one of the grooves in the second plurality of concentric grooves at the interface,

{b) the grooves in the first plurality of concentric grooves are aligned with the grooves in
the second plurality of concentric grooves at the interface,

(c) none of the grooves in the first plurality of concentric grooves is aligned with the
grooves in the second plurality of concentric grooves at the interface,

(d) the first center of concentricity is located in the first region and the second center of

concentricity is located in the second region,
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(e) the first center of concentricity is located in the second region and the second center
of concentricity is located in the first region,
() both the first and second centers of concentricity are located in the first region, and
(g) the first center of concentricity is located at the interface and the second center of
concentricity is located in either the first or second region, and

(h) both the first and second centers of concentricity are located at the interface.

10.  The polishing pad of claim 7, wherein, when a virtual x-axis and a virtual y-axis
are overlaid on the polishing surface in the plane of the polishing surface such that (i) the x-axis
and the y-axis intersect at a right angle at the axis of symmetry, (ii) the first center of
concentricity is located at the coordinates (x < 0, y > 0), and (iii) the first center of concentricity
is located at the interface or in the first region, the following conditions are satisfied:

(a) the first plurality of concentric grooves emanates from the first center of concentricity
1in a -+y direction,

(b) the second plurality of concentric grooves emanates from the second center of
concentricity in a —y direction, and

(c) when the plurality of grooves is extended infinitely in the plane of the polishing
surface, the first plurality of concentric grooves is not symmetric with the second plurality of

concentric grooves by way of a mirror plane perpendicular to the polishing surface.

11.  The polishing pad of claim 1, wherein the polishing pad comprises a

thermoplastic polyurethane.

12.  The polishing pad of claim 1, wherein one of the following conditions is satisfied:

(a) at least one groove in the first plurality of concentric grooves or second plurality of
concentric grooves completes a closed arc around the first center of concentricity or the second
center of concentricity, respectively, or

(b) none of the grooves in the first plurality of concentric grooves or second plurality of
concentric grooves completes a closed arc around the first center of concentricity or the second

center of concentricity, respectively.
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13.  The polishing pad of claim 1, wherein the central channel has a rounding edge.

14.  The polishing pad of claim 1, wherein (i) the polishing pad has a thickness T, (ii)
each groove in the first plurality of concentric grooves has a first depth, a first width, and is
separated from an adjacent groove by a first pitch, and (iii) each groove in the second plurality of
concentric grooves has a second depth, a second width, and is separated from an adjacent groove
by a second pitch, and wherein one or more of the following conditions is satisfied:

(a) the first depth and the second depth measured as a fraction of the thickness T of the
polishing pad independently are 0.01 T to 0.99 T and can be the same or different, and the first
depth, the second depth, or both, either is constant or varies within the first plurality of
concentric grooves, the second plurality of concentric grooves, or both,

(b) the first width and the second width independently are 0.005 cm to 0.5 cm and can be
the same or different, and the first width, the second width, or both, either is constant or varies
within the first plurality of concentric grooves, the second plurality of concentric grooves, or
both, and

(c) the first pitch and the second pitch independently are 0.005 cm to 1 cm and can be the
same or different, and the first pitch, the second pitch, or both, either is constant or varies within

the first plurality of concentric grooves, the second plurality of concentric grooves, or both.

15.  The polishing pad of claim 14, wherein at least a portion of an area surrounding
the first center of concentricity, the second center of concentrieity, or both, does not comprise
any grooves, wherein the area has a radius greater than at least one of the first pitch or the second

pitch.

16. A method of chemical-mechanically polishing a substrate, which method
comprises:

(a) contacting a substrate with a chemical-mechanical polishing composition and the
polishing pad of claim 1,

(b) moving the polishing pad relative to the substrate with the chemical-mechanical

pelishing composition therebetween, and
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(c) abrading at least a portion of the substrate to polish the substrate.

17.  The method of claim 16, wheréin a removal rate of the substrate is higher, as

compared to an otherwise identical polishing pad that does not contain the plurality of grooves.
18.  The method of claim 17, wherein the substrate is tungsten.

19.  The method of claim 16, wherein the polishing pad comprises a thermoplastic

polyurethane.



