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POLISHING PAD WITH OFFSET CONCENTRIC GROOVING PATTERN 

AND METHOD FOR POLISHING A SUBSTRATE THEREWITH 

BACKGROUND OF THE INVENTION 

10001] Cheinieal-meehanical polishing ("CMP") processes are used in the manufacturing of 

microelectronic devices to form flat surfaces on semiconductor wafers, field emission displays, 

and many other microelectronic substrates. For example, the manufacture of semiconductor 

devices generally involves the formation of various process .layers, selective removal or 

patterning of portions of those layers, and deposition of yet additional process layers above the 

surface of a semiconducting substrate to form a semiconductor wafer. The process layers can 

include, byway of example, insulation layers, gate oxide layers, conductive layers, layers of 

metal or glass* and the like. la certain steps of the wafer fabrication process, the uppermost 

surface of the process layers is desirably planar, i.e., flat, tor die deposition of subsequent layers. 

CM? is used to pSanarize 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 a currier in a CMP 

tool A force pushes the carrier and the wafer downward toward a polishing pad. The carrier 

and the wafer typically are rotated above the rotating polishing pad on the CMP tool's polishing 
table, A polishing composition (also referred to as a polishing slurry) generally is introduced 

between the rotating wafer and die rotating polishing pad during the polishing process. The 
polishing composition typically contains one or more chemicals that interact 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 he rotated while the 

other one of the wafer or polishing pad remains stationary. The carrier also can oscillate across 

the polishing paci on the polishing table, live rotation scheme Is chosen according to the 

particular polishing process being carried out. 
j0003j The polishing pad typical!y is made of a rigid, micro-porous material, and the 

polishing pad typically performs several useful functions daring a polishing process, such as 

polishing-slurry transport distribution of applied pressure across a substrate to be polished, and 

removal of material, abraded from substrate. 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 patterns 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 the 

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 surface 

properties, 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 
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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 
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 chemical-mechanically 
polishing a substrate, which method comprises, (a) contacting a substrate with a chemical-
mechanical polishing composition and a polishing pad, (b) moving die 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 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 
concentricityj (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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[0010] FIG. 3 illustrates a polishing pad according to an embodiment of the invention. FIG. 

3 is a view of the polishing surface of the polishing pad from a perspective perpendicular to the 

polishing surface. FIG- 3 contains a virtual x-axis and a virtual y-axis for ease of reference, 

[0011J FIG. 4 illustrates a polMiingpad 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 
poiisftkg surface. FiG. 4 contains a virtual x-axis and a virtual y-axis for ease of reference. 

JO0I2] FIG, 5 is a cross-sectional view of a polishing pad according to fhe invention. 
[0013} FIG. 6 is a profile view of an-end of a groove, Illustrating the angle formed between 

the wail that joins the groove bottom with the polishing surface at the end of the groove, 

[0014] 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 four inventive polishing pads having the grooving patterns 

depicted FIGS. 1-4. 

[OOiSj FIG, 8 illustrates a polishing pad according to an embodiment of the invention, 

wherein the pad contains a centra! channel 

DETAILED DESCRIPTION OF THE INVENTION 

\mU] The invention is illustrated by way of a discussion of FIGS.; but, of course* 
illustration in this manner should not be construed as in any way limiting the scope of the 

invention. The features of the polishing pads described with respect to FIGS, 1-6 and 8 are 

general to a polishing pad of the in vention, and therefore die described features can be combined 

in any suitable- manner to result in a polishing pad of the invention. In this regard, FIGS. 1-6 and 
8 are merely illustrative of the types of grooving patterns of polishmg pads, of the invention so as 
to facilitate an understanding of the inventive grooving patterns; however, die dimensions and 

proportions represented in FIGS, 1-6 and 8 are not necessarily representative of the actual 

dimensions and proportions of a polishing pad of the invention. 

{0017} The invention provides a polishing pad. comprising, consisting essentially of, or 
consisting of an axis of rotation, a polishing surface, aud a plurality of grooves set into the 

polishing surface, wherein the plurality of grooves is composed of atieast (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 , and wherein (1) the first center of concentricity 
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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 

concentricity, (3) the plurality of grooves does not consist of a continuous spiral groove, and (4) 

tfe polishing surface does not comprise a mosaic groove pattern, 

100181 The plurality of grooves can comprise, consist essentially of, or consist of any 
suitable number of pluralities of concentric grooves. In litis regard, although the features of the 

polishing pad of the invention typically are described herein with respect to a polishing pad 

having two pluralities of concentric grooves {i.e., a first plurality of concentric grooves and a 

second plurality of concentric grooves), the polishing pad of the invention is not limited to two 

pluralities of concentric grooves. For example, the pl urality of grooves can comprise at least two 

pluralities of concentric grooves, e.g., at least three, at least four, at least five, at least six, at least 

seven, at least eight, at least nine, or at least ten pluralities of concentric grooves. Each plurality 

of concentric grooves is concentric about a center of .concentricity, such that the number of 

plurality of concentric grooves is the same as the number of centers of concentricity. For 

example, when the polishing pad contains at least four pluralities of concentric grooves, the 
polishing pad also contains at least four centers of concentricity, 

mm The centers, of concentricity can be separated 4rom one another by any suitable 

distance. When the polishing pad contains more than two centers of concentricity, the distances 
recited herein can refer to the distance between adjacent centers of concentricity and/or 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, e.gf 0.2 cm or more, 03 cm or moa% 0.4 cm or more, 0.5 cm or more, 0-6 cm or more, 0.7 

cm or more, 0.8 cm or more, 0.9 tun or more, I cm or more, L2 cm or more, IA cm or more, 1.6 
cm or more, L3 cm or more, 2 cm or more, 2.2 cm or more, 2 A cm or more, 2.6 cm or more, 2.8 

cm or more, 3 cm or more, 3,2 cm or more3 3,4 cm or mare, 3.6 cm or more, 3.8 cm or more, 4 

cm or more, 4.2 cm or more, 4.4 cm or more, 4,6 cm or more, 4,8 cm or more, 5 cm or more, 5.2 

cm or more, 5.4 cm or more, 5,6 cm or more, 5,8 cm or more, 6 cm or more, 6.2 cm or more, 6,4 

cm or more, 6,6 cm or more, 6.8 cm or more, 7 cm or more, 7.2 cm or more, 7.4 em or more, 7,6 

cm or more, 7.8 cm or more, 8 cm or more, 8.2 cm or more, 8.4 cm or more, 8.6 cm or more, 8.S 

cm or more, 9 cm or more, 9,2 cm or more, 9.4 cm or more, 9.6 cm or morev9.8 cm or more, 10 
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cm or more, 10.2 cm or more, J 0.4 cm or more, 10.6 cm or more, 10.8 cm or more, II cm or 
more, 11.2 cm. or more, 11.4 cm or more, 1.1.6 cm or more, 11.8 cm or more, i 2 cm or more, 
12.2 cm or more, 1.2,4 cm armors,12:6 cm or more, 12,8 cm armory 13 cm or more, 13.2 cm 
or more, 13.4 cm or more, 13.6 cm or more, 13.8 cm or. more, 14 cm or more, 14.2 cm or more-, 
14,4 cm or more, 14,6 cm or more, 1.4,8 cm or more, 15 cm or more, 15.5 cm or more, 16 cm or 
more, 165 cm or more, ]7 cm or more, 17.5 cm or more, 18 cm or more, IB.5 cm or more, 19 
cm or more, 19.5 cm or more, 20 cm or more, 22 cm or more, 24 cm or more, 26 cm or more, 28 
cm or more. 30 cm or more, 32 cm or more, 34 cm or more, 36 cm or more. 38 cm or more, 40 
cm or more, 42 cm or more, 44 cm or more, 46 cm or -more, ot 48 cm or more. Alternatively, or 
m addition, the centers of concentricity can he separated by a distance of 50 cm or less, e.g,, 48 
cm or less. 46 cm or less, 44 cm or less, 42 cm or less, 40 cm or less, 38 cm or less. 36 cm or 
less, 34 cm or less. 32 cm or less, 30 cm or less, 28 cm or less, 26 cm or less> 24 cm or less, 22 
cm or less, 20 cm or less. J 9.5 cm or Less, 19 cm or less, 18.5 cm or Jess, 18 cm or less, 17.5 cm 
or less, 17 cm or less, 16.5 cm or lass, 1.6 cm or less, 15,5 cm or Sess, 15 cm or less, '14.8 cm or 
less, 14.6 cm or less, 14.4 cm or less, 14.2 cm or less, 14 em or [ess, 13.8 cm or less, 13.6 cm or 
less, 13.4 cm or less, 13-2 cm or less, 13 cm or less, 12.S cm or les$? 12.6 cm or less, 12.4 cm or 
less, 12.2 cm or less, 12 cm or less, 11.8 cm or less. 11.6 cm or less, 11,4 cm or less, 1 i 2 cm or 
less, 11 cm or less, 10.8 cm or less, 10.6 cm or less, 10.4 cm or less, 10.2 cm or less, 10 cm or 
less, 9.8 cm or less, 9.6 cm or less. 9.4 cm or less, 9,2 cm or less, 9 cm. or less, 8.8 cm or less, 8.6 
cm or less, 8.4 cm or less, 8.2 cm or less, 8 cm or less* 7.8 cm or less, 7,6 cm or less, 7.4 cm or 
less, 7.2 cm or less, 7 cm or less, 6.8 cm or less, 6.6 cm or less, 6.4 cm or less, 6,2 cm or less? 6 
cm or less, 5.8 cm or less, 5Jy cm or less, 5.4 cm or less, 5.2 cm or less, 5 cm or less, 4,8 cm or 
less, 4,6 cm or less, 4.4 cm or less5 4.2 cm or less^ 4 cm or less, 3,8 cm or less, 3,6 cm or less, 3.4 
cm or less, 3.2 cm or less, 3 cm or less, 2.8 cm or less, 2.6 cm or less, 2.4 cm. or Less, 2.2 cm or 
less, 2 cm or less, 1,8 cm or Jess, 1.6cm or less, L4cmorless, 1.2 cm or less, 1 cm or less, 0 9 
cm or less* 0,8 cm or less, 0,7 cm or lessv0.6 cm or less, 0,5 cm or less., 0.4 cm or less, 0.3 cm or 
less, or 0,2 cm or less. Thus, the distance between center of concentricity can be withiii the 
range bounded by any two of the foregoing endpomts. For example* the distance can be 2.6 cm 
to 12.8 em, 20 cm to 40 cm, ot 9.8 cm to 10.2 cm. la a 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 to 10.2 cm), 

|0020J The polishing pad of the invention typically contains an axis of rotation, a geometric 

center, an axis of symmetry, a first 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 coincident with one another, while die axis of symmetry is not coincident with either the 

axis of rotation or the geometric center. Moreover the axis of rotation, the geometric center, and 
the axis of symmetry may be coincident or not coincident^ in any desirable combination, with 

one of die first center of concentricity or the second center of concentricity. Preferably, the axis 

of rotation, the geometric center, and the axis 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 die first center of concentricity or the second center of concentricity, 
{002 J] With.reference to FIG. 1? the polishing pad comprises apolishing surface 100, a 

plurality of grooves 104 and 105 net into the polishing surface 100, an axis of rotation 101, a 

geometric center 102 , and an axis of symmetry 103, The axis of rotation 101, the geometric 
center 102, and the axis of symmetry 103 are ail coincident with one another in FIG. 3. The 

plurality 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 m each of the -first and second pluralities of concentric grooves, it should be noted that a!l 

of the grooves that am concentric about the first center of concentricity 106 are part of the first 
plurality of concentric grooves 104, and all of the grooves that are concentric about the second 

center of concentricity 11*7 are-part of die second plurality of concentric grooves 105, The .first 

center of concentricity 106 is not coincident with', the second center of concentricity 107, the axis 

of rotation 183 is not coincident with either the first center of concentricity 106 or the second 
center of concentricity 107, the plurality of grooves does not consist of a continuous spiral 

groove, and the plurality of grooves does not comprise a mosaic groove pattern. 
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[0022] The polishing pad of FIG, 2 is a mirror 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 205 set into the polishing surface 200, m axis of rotation 201, a geometric center 202, 

and an axis of symmetry 203, The axis of rotation 2015 the geometric center 262, and the axis of 

symmetry 203 arc all coincident with o&e another in FIG, 2, The plurality of grooves Is 
composed of a fust plurality of concentric grooves 204 ha ving a first center of concentricity 206, 

and a second plurality of concentric grooves 205 having a second center of concentricity 207, 
Although, for brevity, only a portion of the grooves in FIG. 2 are labeled hi 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 center of concentricity 206 are pari 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 plurality of concentric grooves 205. Th e first center of concentricity 

206 is not coincident with the second center of concentricity 207s the axis of rotation 201 is not 

coincident with either the first center of concentricity 206 or the second center of concentricity 

21)7, the plurality of grooves does not consist of a contiguous spiral groove, and the plurality of 
grooves does not comprise a mosaic groove pattern, 

[0023] With reference 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 301? a 
geometric center 302, and an axis of symmetry 363. The axis of rotation 301. the geometric 

center 302, and the axis of symmetry 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 concentricity 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 FIG, 3 are 
labeled in each of the first and second pluralities of concentric grooves, it should be noted thai all 

of the grooves that are concentric about the first center of concentricity 306 are part of the first 

plurality of concentric grooves 304, and alt 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 not coincident with the second center of concentricity 307, the axis 

of rotation 301 is not coincident with either the first center of concentricity 306 or the second 
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center of concentricity 307, die plurality of grooves does not consist of a continuous spiral 
groove, and the plurality of grooves does not comprise a mosaic groove pattern. 

{0024] With reference to FF.G, 45 the polishing pad comprises a polishing surface 400s a 

plurality of grooves 404 and 405 set into the polishing surface 400, an axis of rotation 401, 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. F.1G. 4. The 

plurality of grooves is composed of a first plurality 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* tor brevity, only s portion of the grooves its FIG, 4 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 center of concentricity 406 are pan. 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 406 is not coincident with the second center of concentricity 407, the axis 

of rotation 401 is not coincident with either the first center of concentricity 406 or die second 

center of concentricity 407, the plurality of grooves does not consist of a continuous spiral 

groove, and the plurality of grooves does not comprise a mosaic groove pattern. 

[0025] The polishing pad of the invention can have any suitable shape- For example, the 

polishing pad can be substantially in the shape of a circle (i.e., -circular), oval, square, rectangle, 

rhombus, triangle, continuous belt polygon (e.g., pentagon, hexagon, heptagon, octagon, 

nonagon, decagon, etc.), and the like. As used herein, the term "substantially*5'in the context of 
the shape of the polishing pad means that the shape can vary in an jn significant way from, a 

technical definition of the shape at issue, such that the overall shape would be considered by one 

of ordinarily skill in the art to resemble the given shape. For example* in the context of a 

polishing pad having a substantially circular shape, the radius of the polishing pad (as measured 

from the geometric center of the polishing pad to the outer edge of the pad) can vary in an 

insignificant manner (e.gt; minor fluctuations) around the entire polishing pad, such that one of 
ordinarily skill in the art would still consider the polishing pad to have a circular shape, despite 

the situation in which the radius is not entirely constant around the entire polishing pad. In a 
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preferred embodiment the polishing pad is substantially in the shape of a circle, i.e., the 

polishing pad has a substantially circular shape, 

[0026] When the poi.ishi.ng pad is substantially circular or substantially oval-shaped> the 

polishing pad can have any suitable radius R, When tlie polishing pad has an oval shape* the 

radii listed hereinbeiow can refer to the long axis and/or the short axis of the oval shape. For 
example, the polishing pad can have a radius R thai- is. 8 cm Or -more, e.g., 9 cm or more, 10. cm or 

more, 12 cm or more, 14 em or more, 16 cm or more, IS cm or more, 20 cm or more, 22 cm or 
more, 24 cm or more, 26 em or more, 28 cm or more, 30 cm or more. 32 cm or more, 34 cm or 

more, 36 cm or more, 38 cm ox more, 40 cm or more, 42 cm or more, 44 cm or more, 46 cm or 

more, 48 cm or more, or 50 cm or more. Alternatively > or in addition, the polishing pad can have 

a radius ft that is 52 cm or less, e.g., 50 cm or less, 48-era or less, 46 cm or less, 44 cm or less, 42 
era or less, 40 cm or less7 38 cm or less, 36 cm or less, 34 cm. or less, 32 cm or less, 30 cm or 

less, 28 cm or less, 26 cm or less, 24 cm or less, 22 cm or Less, 20 cm or less, .1S cm or less, 1.6 

cm or iessP 14 cm or less, 12 cm or less, 10 cm or less, or 9 cm or less. Thus, 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 can be within the range of 10 cm to 52 cm. 20 cm to 26 cm, or 18 cm to 24 

cm, In a preferred embodiment the radius R of the polishing pad is 24 cm to 26 em. 

{0027} The centers of concentricity 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 radius R 

of the polishing pad, sometimes known in the art as the normalized off-center distance ("NOC 

distance) (i.e., the measured distance from the axis of rotation to a center of concentricity divided 
by the radius R of the polishing pad). Although this feature of the invention Is described with 

respect to a first center of concentricity md a second center of concentricity, the distances recited 
therefor are equally applicable to any other centers of concentricity that may be associated with 

the polishing pad of the invention, namely, third, fourth* fifth, sixth, seventh, eighth, ninth, 

and/or tenth centers of concentricity. The first center of concentricity is offset from the axis of 
rotation of die polishing pad by a first distance measured as a fraction of the radius R of the 

polishing pad ofORto2R, the second center of concentricity 'is of&et from the axis .of rotation 

of the polishing pad by a second distance measured as a fraction of the radius R of the polishing 

pad of 0 R to 2 R, and the first distance and the second distance can be the same or different 
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provided thaL when one of the first distance or the second distance is 0 R, the other of the first 

distance or the second distance is not 0IL The first distance and/or die second distance is 0 R or 

more, e.g., 0.001 R or more* 0.005 R or more, 0.01 R or more, 0,015 R or more, 0,02 R or more, 
0.025 R or more, 0,03 R or more, 0.035 R or more, 0,04 R or more, 0,045 II or more, 0.05 R or 

more, 0,055 R or more, 0.06 R or more^ 0.065 R or more, 0,07 R or more, 0.075 R or more, 0,08 
R. or more, 0,085 R. or more, 0.09 R or more, 0.095 R or more, 0.1 R. or more, 0.15 R or more, 

0.2 R or more. 0.25 R OF more, 0.3 R or more, 0,35 R or more, 0,4 R or more, 0.45 R or more, 

0.5 R or more. 0.55 R or more, 0.6 R or more. 0.65 R or more, 0.7 R or more, 0.75 R or more, 

0.8 R or more, 0.S5 R or more, 0.9 R or more. 0.95 R or more, I R or more, 1,05 R or more, 1.1 

R or more, 1.15 R or more, 1.2 R or more, 1.25 R or more, 1.3 R or more, 1.35 R or more, 1.4 R 

or more, L45 R or more, 1.5 R or more, 1.55 R or mors, 1,6 R or more, 1.65 R or more,! .7 R or 

more, .1.75 R or more, J .8 R or more, 1.85 R or more, 1.9 R or more, or 1.95 R or more. 

Alternatively, or in addition, the first distance and/or the second distance is 2 R or less, e.g., 1.95 

R or less, ] ,9 R or le$531.85 R or less, K8 R or less, L .75 R or less, K7 R or less, 1,65 R or leas, 

1.6 R-or less, .1.55 R or less, 1.5 R or less. 1.45 R or less, 1.4Ror leas, 1/35 R or less, 1,3 R. or 

less, 125 R or Ie$s? 1.2 R or less, 1.15 R or less, 11 R or less, l.OSRorless, I R orles$, 0,95 R 

or less, 0,9 R. or less, 0.85 R or less, 0,8 K or les$, 0,75 R or Je$s, 0.7 R or 1ess> 0,65 R or less, 0.6 

R or less, 0.55 R or less, 0.5 R or less, 0,45 R or less; 0.4 R or le&s, 035 R or less, 03 R or less, 
0.25 R or less, 0.2 R or less, 0.15 R or less, 0.1 R or less, 0.095 R or less, 0,09 R or less, 0,085 R 

or less, 0.08 R or less, 0.075 R or less, 0.07 R or !ess5 0.065 R or less, 0.06 R or less, 0.055 R or 

less,.0,05 R or less, 0.045 R or'less, 0,04 R or less, 0.035 R or less, 0.03 R or less, 0.025 R or 
less, 0.02 R or less, 0.015 R or less, 0.01 R or less, or 0.005 or less. Thus, the first distance 

and/or the secoad distance caa be within the range bounded by any two of the foregoing 
endpoinls. For example, the first distance and/or the second distance can be 0.0.1 K to 0.8 R, 0.5 

R io 1 R, or 0.25 R to 0.55 R. In a .preferred embodiment the first distance and the second 

distance are 0,15 R to 0.25 R, 
j002SJ The centers of con centricity cats be located within the confines of the pol Lshmg pad, 

ami/or the centers of concentricity can be located beyond the confines of the polishing pad. With, 

respect to the radius 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 polishi ng 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 > I or (c) 

die first distance is'< 1 R and the second distance is > 1 R, Of course, when the polishing pad 

contains more than two centers of concentricity, the additional centers of concentricity can be 

located xvithin the confines of polishing pad and'or outside of the confines of the polishing pad, 
m any desirable combination. 

J0029] With reference to FIG. I, the polishing pad has a substantially circular shape, and the 
first center of concentricity .106 and the second center of concentricity 107 are offset from the 

axis of rotation 101 of the polishing pad such that die first distance mid the second distance are < 

IR. 
[0030] With reference io FIG, 2. the polishing pad has a substantially circular- shape, and the 

first center of concentricity 206 and the second center of concentricity 207 me offset from the 

axis of rotation 201 of the polishing pad such thai the fa st distance and the second distance are < 

1 fL 
|003I J With reference to FIG. 3f the polishing pad has a substantially circular 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 firs t distance and the second distance are < 

1 R 
1.0032} 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 die 

axis of rotation 401 of the polishing pad such that the first distance and tlie second distance are < 
i R. 

[0033J In some embodiments of the invention,, when the plurality of grooves is extended 
infinitely in the plane of the polishing surface, each of the pluralities of concentric grooves are 

symmetric with respect to the other pluralities of concentric grooves by way of a rotation about 

an axis of symmetry perpendicular to the polishing surface. For example, when the number of 

centers of concentricity is X, each of the pluralities of concentric grooves can be symmetric with 

respect to the other pluralities of concentric grooves by way of a 3#0C/X rotation lib out m axis of 
symmetry perpendicular to the polishing surface, fn the situation where the polishing pad has 

two centers of concentricity having a first plurality of concentric grooves and a second plurality 
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of concentric grooves* when die plurality of grooves-is expended 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 {'i .e,; 360°/2) about m axis of symmetry 

perpendicuiar to the polishmg surface, 

[0034] With reference to FIG, 1> when the plurality of grooves 104 and 195 is extended 
infeitely 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 symmetry 103 that is perpendicular to the polishing surface 100. 

10035} With reference to FIG, 2, when the plurality of grooves 204 and 205 k extended 
infinitely in the plane of the polishing surface 200, the first plurality of concentric- grooves 204 is 

symmetric with the second plurality of concentric grooves 205 by way of a 180° rotation about 

the axis of symmetry 203 that is perpendicular to the polishing surface 200. 

j'0036] With reference to FKL 3, when the plurality of grooves 304 and 305 is extended 

infinitely in the plane of the polishing surface 300, the first plurality of concentric grooves 304 is 
symmetric with the second plurality of concentric grooves 305 by way of a 180* rotation about 

the axis of symmetry 303 that is perpendicular to the polishing surface 300. 

(0037) With reference to FIG, 4, when the plurality of grooves 404 and 405 is extended 
infinitely in die plane of the polishing surface 400, the first plurality of concentric grooves 404 is 

symmetric with the second plurality of concentric grooves 405 by way of a 180° rotation about 

the axis of symmetry 403 that is perpendicular to the polishing surface 400. 

j003S| in some embodiments of the invention, when the plurality of grooves is extended 

infi nitely in the plane of the polishmg surface, the fu st 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 PEG, 3t when the plurality of grooves 304 and 305 is extended 

i nfinitely in the plane of the polishing surface 3(H), the first plurality of concentric grooves 304 is 
symmetric with the second plurality of concentric grooves 305 by way of a 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 367, in FIG. 3, the iirsl miiTor 

plane .is located along the virtual y-axis. 

[0040] With reference to FIG, 4; when the plurality of grooves 464 and 405 is extended 

infinitelyin the plane of the polishing surface 44H>> the first plurality of concentric grooves 404 is 

symmetric with the second plurality of concentric grooves 405 by way of a first mirror plane that 
(a) is perpendicular to the polishing surface 400 and (b) does not intersect with either the first 

center of concentricity 406 or the second center of concentricity 407, In FIG, 4, the first mirror 
plane is located along a virtual y-axis. 

[0041 j In some embodiments of the invention., 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 second mirror plane that 

(a) is perpendicular to the polishing surface and (b) intersects with both the first center of 

concentricity and the second center of concentricity. 

[0042J With reference to FIG. 3, when the plurality of grooves 304 and 305 k extended 
infinitely in the plane of the polishing surface 300, the first plurality of concentric grooves 304 is 

symmetric with the second plurality of concentric grooves 305 by way of a second mirror plane 

that fa) is perpendicular to the "polishing surface 300 and (b) intersects with, both the first center 
of concentricity 306 and the second center of concentricity 307. In FIG. 3, die second minor 

plane is located along a virtual x-axis, 

{0043] With reference to FIG, 4, when die plurality of grooves 41*4 and 405 is 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 405 by way of a second mirror plane 

that (a) is perpendicular to the polishing surface 400 and (b) intersects with both the first center 
of concentricity 406 and the second center, of concentricity 407. In FIG. 4, the second mirror 

plane is located along a virtual x-axis. 

£0044] In some embodiments of the invention, 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 that is 

perpendicular to die polishing surface. 
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[0045j With reference to FIG. 1, when the plurality of grooves 104 and 105 is extended 

infinitely in the plane of the polishing surface I00? the first plurality of concentric grooves 104 is 

not-symmetric with the second plurality of concentric grooves 105 by way of a mirror plane-that 
is perpendicular to the polishing surface 100. 

[0046) With reference to FIG. 2, when the plurality 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 symmetric with the second plurality of concentric grooves 205 by way of a mirror plane that 

is perpendicular "to-the polishing .surface 200. 

|0047| In some embodiments of the invention* at least a portion of the grooves in the 

plurality of'grooves is an are having a 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-circular, 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. Preferably, all of the grooves in the 

plurality of grooves have the shape as described herein. 

j'0048| 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 art 

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 
arc groove does not have a constant radius with respect to a center -of concentricity, but the radius 

has a substantially constant radius that varies only insignificantly such that the overall shape 
would be considered by the ordinarily skill, artisan io resemble a circular or semi-circular shape, 

then such an arc would meet the definition of"substantially circular" or "substantially semi­

circular^ as xjsed herein, The terms "circular15 and "semi-circular1* are interchangeably used 
herein to describe ait arc groove that has a substantially constant radius with respect to a given 

center of concentricity. The term "substantially constant radius" as used herein means that the 

radius an arc groove varies only insignificantly such that the overall shape of the arc groove 
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would be considered by one of ordinarily skill in the art to resemble a circular or semi-circular 

shape. 

[G049J The plurality of grooves can have any suitable cross-sectional shape. The eross-

sectioaal 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 
U-shaped, V-shaped, square-shaped (i.e., die groove walls and bottoms are formed at 90° 

angles), ami the like. With reference to FIG. 5, the grooves have a cross-sectional shape that is 
U-shaped. 

jOOSOf When one of more grooves of the plurality of grooves has an end that terminates on 
the polishing surface (i.e., within the confines of the polishing pad and no* at the edge of the 

polishmg 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 to 

FIG. 6, the polishing pad comprises a polishing surface 6005 a first plurality of concentric 

grooves 601, a second plurality of concentric grooves 602, and at least one groove end 603 that 
terminates on the polishing surface. The wall 604 that joins the groove end with the polishing 

surface 600 makes an angle 0 with respect to the polishing surface 600, wherein the angle 0 can 

be any suitable angle. For example the angle 6 am be 10° or more, e.g., 20* or more, 30* or 
more,. 40* or more, 50° or more, 60° or more* 70° or more, 80° or more, or 90*, Alternatively, or 

ra addition, the angle B can be 90° or less, e.g., 80* or less, 70° or Iess> 60° or Less, 50° oi less, 

40^ or less, 30° or Iess7 or 20° or 'less. Thus, the angle 0 can be within the range bounded by airy 

two of the foregoing endpoints. For example, the angle 8 can be 20s to 80\ 10° to 40°; or 70c to 
90°= Preferably, the angle 0 is 90° (e.g., 90° or more). 

[00511 hi 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 tire 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 
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 die second 

center of concentricity, respectively). 
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[0052j With reference to FIG. 1., at least a portion of the grooves in the plurality of grooves 

11)4 and 105 is an arc having a s hape that is substantially circular or substantially semi-circular 

each respective groove in the first plurality of concentric grooves 104 has a substantially constant 

radius with respect to the first center of concentricity 106, and each respective groove in the 

second plurality of concentric grooves 105 has: a substantially constant radius with respect to the 
second center of concentricity 107. hi FIG. 1, none of the grooves in the first plurality of 

concentric grooves 104 or second plurality of concentric grooves 105 completes a closed arc 
around the first center .of concentricity 106 or ihe second center of concentricity 107, 

respectively. 

[0053] With reference to FIG. 2, at least a portion of the grooves in the plurality of grooves 
204 and 205 is an arc having a shape that is substantially circular or substantially semi-circular^ 

and each respective groove in the first plurality of concentric grooves 204 feas a substantially 

constant radius with respect to the first center of concentricity 206T and each respective groove in 

the second plurality of concentric grooves 205 has a. substantially constant radius with respect to 
the second center of concentricity 207. in FIG. 2, none of the grooves in the iirst plurality of 

concentric grooves 204 or second plurality of concentric grooves 205 completes a closed arc 

around the first center of concentricity 20f> or the second center of concentricity 207, 
respectively. 

[0054]- With reference to FIG. 3, at least a portion of the grooves in the plurality of grooves 

304 and 305 is an arc having a shape that is substantially circular or substantially semi-circular, 

and each respective groove in the first plurality of concentric grooves 304 has a substantially 

constant radius with respect to the first center of concentricity 306, an d each, respective groove m 

the second plurality of concentric grooves 305 has a substantially constant radius with respect to 

the second cento of concentricity 307. In FIG. 3, at least one groove in the first plurality of 
concentric grooves 304 completes a closed arc around the fet center of concentricity 306, and at 

least one groove in the second plurality of concentric grooves 305 completes a closed arc around 

the second center of concentricity 307, 
[0055] With reference to FIG. 4, at least a portion of the grooves in the plurality of grooves 

404 and 405 is an arc having a shape that is substantially circular or substantially se.mi-circular, 

and each respective groove in the first plurality of concentric grooves 404 has a substantially 
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constant radius with respect to tlie first center of concentricity 406, and each respective groove in 

the second plurality of concentric grooves 405 has a substantially constant radius with respect to 

the second center of concentricity 407, In FIG. 4, none of the grooves in the first plurality of 

concentric grooves 404 or second plurality of concentric grooves 405 completes a closed arc 

around the first center of concentricity 406 or the second center of concentricity 407, 
respectively. 

[0056] 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 FIG. 

5). For example, the thickness T can be 500 {Xm or more, e.g^ 600 p.m or more, 700 pvor more. 

&00 or more, 900 Jim or more, 1000 um or more, llOOjim or more, 1200 \im or more, 1.300 

[im or more, 1400 j.un or more, 1500 $im or more, 1600 jim or more, 1700 j.un or more, I BOO una 

or more, 1900 um or more, 2000 fim or more, 2100 \xm or more, 2200 Mm or more, 2300 tun or 

more, or 2400 um or .more. Alternatively, or in addition, the thickness T can be 2500 or Less, 

e.g., 2400 \m or less, 2300 fan or less, 2200 iim or less3 2100 \xm or 2000 urn or less, 1900 

or less, 1 800 jmi or less, 1700 jxm or less, 1600 \im or less, 1500 f.un or less, 1400 pm or 

less, 1300 ]xm or less, 1200 pm or less, 1100 \im. or less, 1000 um or less, 900 jam or less, 800 

urn or less, 700 um or tess? or 600 pm or less. Thus, the thickness T of tJie polishing pad can be 

within the range bounded by any two of the foregoing endpoints. For example, the thickness T 

can be 500 pm to 1200 pro, 800 [im to 2000 pro? or 600 tun to 900 pm. 
(0057] 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 he constant or can vary. When, the 

depth, width, and/or pitch vary, the variation can be systematic or random within the same 
groove arad/OF with respect to other grooves. See FIG. 5, .which depicts polishing surface 500, 

grooves 501. polishing pad thickness 1\ groove width W, groove depth D, and groove pitch P, 

{'005$]' For example, in the situation where the polishing pad has at least a first plurality of 

concentric grooves and a second plurality of concentric grooves, the polishing pad can be 

characterized as follows: (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, arid (iii) each groove in the second plurality of concentric grooves 'has a 
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second depth, a second width, and h separated from an adjacent groove by a second pitch, and 

wherein one or more of die 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 ami cm be the same or different, and the ffrst 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 fi rst width* the second, width, or both, either is 
constant or varies within the first plurality of concentric grooves, die second plurality of 

concentric grooves, or both, and (c) the first pitch and the second pitch independently are 0,005 

cm to I 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. Although the'thickness T of the polishing pad, and the depth, width, 

and pitch of the grooves is described herein in relation to tire situation in which a polishing pad 

has two pluralities of grooves (i.e., a first plurality of concentric grooves and a-second plurality 

of concentric grooves), the description is equally applicable to the situation in which the 

polishing pad can have, e,g.5 three, four, five, sixf seven, eight, nine, or ten pluralities of grooves. 

For example, the polishing pad may have a third plurality of concentric grooves, wherein each, 

groove in the third plurality of concentric grooves has a third depth, a third width, and is 

separated from an adjacent groove "by a third pitch, etc. 
[0059| Each groove in the plurality of grooves independently can have any suitable depth 

measured as a fraction of the thickness T of the polishing pad. For example, the depth of each 
groove can independently be 0.01. T or more, e.g., 0.05 X or more, 0.1 T or more, 0J5 T or more, 

0.2 T or more/0.25 T or more, 0,3 T or more, 035 T or more, 0.4 T or more, 0,451 or more, 0,5 
T or more,, 0.55 T or more, 0.6 T or mora, 0.65 T or more, 0.7 X or more, 0.75 T or more, 0.8 T 

or more, 0,85 T or more, 0.9 T or more, 0.95 T or more, or 0.99 T or more. Alternatively, or in 

addition, the depth of each groove can independently be 0.99 T or less, e.g., 0.95 T or less, 0,9 T 

or less, 0,85 X or less, 0*8 T or less, 0/75 T or less., 0,7 T or less, 0.65 T or less, 0.6 T or less, 0.55. 

T or ie$s> 0.5 T or less, 0,45 T or iess, 0,4 X or less, 0.35 X or less, 0,3 X or less, 0.25 T or less, 

0.2 X or less, 0.15 T orless, 0.1 T or less, 0,05 T or less, or 0.01. T or less. Tints, 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 depth can be 0.2 7. to 0.8T, 0.75 Tto 0.85 T, or 0.4 T to 0.55 T, 

[0060] Each groove in the plurality of grooves .tndepemtemiy can have any suitable depth 

expressed as 3 distance measured from the polishing surface to the bottom of tilt; groove. For 

example, the depth of each groove cm independently be 10 pra or more, e,g,, 50 pm or more, 
100 pm or more, 1.50 am or more, 200 pm or more^ 250 pm or more, 300 fan or more, 350 pm 

or more, 400 pm or more, 450 pm or more, 500 urn or more. 550 pm or more, 600 pm or more, 

650 pm or more, 700 pm or more, 750 pm or more, 800 pm or more, 850 pm or more, 900 pm 

or more, 950 pm or more, 1000 pm or more, 1050 \mi or more, 1100 pm or more, 1150 pm or 
more, 1200 pm or more, 1.250 pm or more, 1300 pm or more, 1350 pm or more, 1400 pm or 

more, 1450 pm or more, 1500 pm or more, 1550 pni or more, 1600 pm or more, J650 tun or 

more, J 700 pm or more, 1750 pm or more, 1800 pm or more, 1850 pm or more, 1900 lmi or 

more, 1950 p or more. 2000 pm or more* 2100 pm or more, 2200 pm or more, 2300 pm or 

more, 2400 pm or more, 2500 pm or more, 2600 \xm or more, 2700 am or more, 2800 pm or 
more, 2900 imi or mare, 3000 pm or more, 3100 pm or more, 3200 pm or more, 3300 am or 

more. 3400 pm or more, 3500 pm or more, 360041m or more, 3700 pm or more, 3800 pm or 

more, 3900 iim or more, 4000 pm or more, 4100 pm or more, 4200 pm or more, 4300 pm or 

more, 4400 j.mror more, 4500 pm or mare, 4600 pm or more, 4700 i\m or more, 4800 pm or 

more, 4900 pm or more, or 5000 pm or more. Alternatively,, or in addition, the depth of each 

groove can independently be 5000 pm or less, e.g., 4900 pm or less, 4800 pm or less, 4700 pm 

or less,"4600 pm or less, 4500 jam or less, 4400 pm or less,. 4300 pm or 1es$f 4200 pm or less, 

4100 pin or less, 4000 pmor legs, 3900 am or less, 3800 am or tess, 3700 pm or less, 3600 pm 

or less, 3500 pm or less* 3400 pm or less, 3300 pm or less, 3200 pm or less, 3100 pm or less, 
3000 pm or less, 2900 pm or less, 2800 pm. or less, 2700 pm or less, 2600 pm or less, 2500 pm 

or less, 2400 pm or less, 2300 pm or less, 2200 pm or less, 2100 pm or less, 2000 pm or less. 

1950 pm or less, 1.900 pmor less, 1850 pm or less, 1800 pm or less, 1750 pm or less, 1700 pm 

or less, 1650 pm or less, 1600 pm or less, \ 550 pm or iess, 1500 pm or less, 1450 pm or less, 
1400 pm or less, 1350 pm or less, 1300 pm or less, 1250 pm or Ie®s3 1200 pm or less, 1150 pm 

or leas, 1100 pm or less, 1050 pmor less, 1000 pm or less, 950 pmor less, 900 pm or less, 850 

pm or less, 800 pm or less, 750 pm or less, 700 pm or less, 650 pm or less, 600 pm or kss, 550 
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pm or less. 500 urn or less, 450 um or less, 400 pm or 1ess? 350 pm or less. 300 pm or less, 250 

pm or less, 200 pm or less, 150 um or less, 100 \im or less, 20 pm or less, or 10 pm or less. 

Thus, the depth of each groove am independently be within the range bounded by any two of the 

foregoing endpomts. For example, the depth can be 200 pmto S0Qpmt 2500 pm to 4S0G pm, or 

1050 pm to 1250 um. Preferably, the depth of each groove is independently 750 finite 300 pm, 
[006.11 Each groove hi the plurality of grooves independently can have any suitable width. 

For example, the width of each groove can independently be 10 pm or more, e,g,, 50 pm or 
more, 100 pm or more, 150 prn or more, 200 pm or more, 250 pm or more, 300 pm or more, 

350 um or move, 400 pm or more, 450 pm or more, 500 p.m or move, 550 um or more, 600 pm 

or more, 650 um or more, 700 pm or more, 750 pro or more, 800 pm or more, 850 um or more, 
900 pm or more, 950 pm or more,. 1000 pm or more. 1050 pm or more, 1100 pm or more, 1150 

pm or more, 1200 pm or more, 1250 pm or more, 1500 pm or more, 1350 pm or more, 1400 pm 

or .more, 1450 pm or more, 1500 pm or more, 1550 jun or more, 1600 pmor more, 1650 am or 
more, 1700 pm or more, 1750 p.m or more, 1800 pm or more* IS50 um or more. 1900 (um or 

more,, 1950 pm or more, 2000 um or more, 2100 p m. or more, 2200 f.un or more, 2300 pm or 

more. 2400 um or more, 2500 pm or more, 2600 pm or more, 2700 pm or more, 2800 pm or 
more, 2900 am or more. 3000 \xm or more, 3100 pm or more, 32O0 pm or more, 3300 pm or 
more, 3400 pm or more, 3500 pm or more. 3600 pm or more, 3700 urn or more, 3800 um or 

more, 3900 pm or more, 4000 pm or more, 4 ] 00 Mm Qr niore^ 4200 pm. or more. 4300 um or 
more, 4400 um or more, 4500 pm or more, 4600 ja.ro. or more, 4700 pm or more, 4800 pm or 

more, 4900 pm or more, or 5000 iim or more. Alternatively., or in addition, the width of each 

groove can independently be 5000 pm or less, e.g., 4900 jimor less, 4800 }im or less, 4700 pm 

or less, 4600 pm or less^ 4500 pm or less, 4400 j.im or less> 430G pm or less, 4200 or less, 

4100 pm or less, 4000 am or less, 3900 pm or less* 3800 pm or less, 3700 pm or less, 3600 pm 

or less, 3500 um or less, 3400 pm or less, 3300 pm or less, 3200 pm or less, 3100 pm or less, 

3000 pm or less, 2900 pm or less, 2S00 pm or Iess? 2700 pm or 1es$? 2600 pm or less, 2500 pm 

or Sess, 2400 pm or Iess? 2300 pm or less, 2200 pm or less, 2100 pm or less, 2000 pm or less, 
1950 jun or less. 1900 um or less> 1850 prn or 1800 pm or less, 1750 um or less, 1700 pm 

or less, 1650 jam or less, 1600 pm or less, 1550 pm or less, 1500 pm or less, 1450 pm or Less, 

1400 um or less, 1350 pm or less, 1300 pm or lessa 1250 pm or less, 1200 pm or less, 1150 pm 
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pm ov less, 800 pm or less, 750 pm or less, 700 pm or less, 650 um or less, 600 pm or less, 550 

\xm or less, 500 um or fess, 450 pm or less, 400 pm or less, 350 pm or less, 300 pm or fa$$, 250 
|im or less, 200 pm or less, 150 pm or less, 100 |tm or less, 20 tun or less, or 10 \m or less. 

Thus, the width of each groove can independently be within the range bounded by any two.of the 

foregoing endpoints, For example, fee width can be 200 pm to 800 pm, 1700 pm to 4800 pm, or 

650 pm to 850 pm, Preferably, the width of each groove independently is 500 tim to 550 um. 
fQG62] Each groove in the plurality of grooves can be separated by m adjacent groove by 

my suitable pitch. Typically* the pitch between two adjacent grooves is larger thmi the width, of 

one or both of the adjacent grooves. The pitch can be constant or vary throughout the polish hg 

pad. The pitch values described herein can be combined in any suitable manner so as to describe 

a polishing pad of the invention having two or more pitch values. For example, the pitch can be 

.10 pm or more, e.g., 50 pm or more, 100 pm or more, 150 pm or .more, 200 pm or more, 250 

pm or more, 300 pm or more, 350 pm or snore, 400 pm or more, 450 pm or more, 500 pm or 

more, 550 pm or more, 600 pm or moreT:650 pm or more, 700 pm or more, 750 pm or more, 

800 pm or more, 850 pmor more, 900 pmor more. 950 um or more, 1000 pmor more, 1050 
pm or more, i 100 \xm or more, i i 50 pm or more, 1200 pm or more, 1250 pm or more, 1300 pm 

or more, 1350 pm or mare, 1400 um or more, 1450 pm or more, 1500 pm or more, 1550 pm or 
more, 1600 pm or more, 1650 pm or more, 1700 pro or more* 1750 pm or more. 1800 pm or 

more, 1850 pm or more, 1900 pm or more, I 950 pm or more, 2000 pm or more, 2.100 pm or 

more, 2200 pm or more, 2300 pm or more, 2400 pm or more, 2500 pm or more, 2600 \xm or 

more, 2700 pm or more, 2800 pm or more. 2900 pm or more, 3000 pm or more, 3100 pm or 

more, 3200 pm or more, 3300 pm or more, 3400 pm or more, 3500 pm or more, 3600 pm or 
more, 3700 pm or more, 3800 pm or more, 3900 pmor more, 4000 pm or mare, 4100 pm or 

more, 4200 pm or more, 4300 pm or more, 4400 pm or more, 4500 pm or more, 4600 pm or 

more, 4700 pm or more, 4800 pm or more. 4900 pm or more, 5000 pm or more, 5500 pm or 

more, 6000 pm or more, 6500 pm or more, 7000 pm or more, 7500 pm or more, 8000 pm or 

more, 8500 \im or more, 9000 pm or more, 9500 pm or more, or 10000 pm or more. 

Alternatively, or in addition, the pitch cart he 1.0000 pin or iess, 9500 pm or less, 9000 pm or 

less, 8500 pm or.less, 8000 pm or less, 7500 pm or less, 7000 ftra or less, 6500 pm or less, 6000 
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pm or"less..5500 pm or less, 5000 pm or less, 4900 pm or less, 4800 um or less, 4700 pm or 

less, 4600 p.m or less, 4500 pm or less, 4400 pm or less, 4300 pm or less, 4200 um or less, 4100 

pm or less, 4000 pm or Less, 3900 pm or less, 3800 pm or less, 3700 pm or leas, 3600 pm or 

less, 3500 ptn or less, 3400 p.m or less, 3300 pm or less, 3200 um or less, 3.100 pm or less, 3000 

pm or less, 2900 pm or less, 2800 pm or less, 2700 pm or less, 2600 pm or less, 2500 pm or 

less, 2400 pm ox less, 23(30 pm or less, 2200 pm or less, 2100 pm or less, 2000 pm or less. .1950 

pm or less, 1900 pm or less, 1850 pm or less, 1800 pm or less, 3750 pm or less, 1700 pm or 
less, 1650 pm or less, 1600 pm or less, 1550 pm or less, 1500 pm or less, .1450 pm or less, 1400 

pm or less, 1350 pm or less, 1300 pm or less, 1250 am or less, 1200 pm or less, 1150 pm or 

less, i 100 pm ox less, 1050 pm or less, 1000 pm or less, 950 pm or less* 900 pm or less, 850 pm 

or less, 800 pm or fess, 750 pm or less, 700 pm or less, 650 pm o.v less, 600 pm or less, 550 pm 

or less, 500 pm or less, 450 pm or less. 4-00 um or Iess? 350 pm or less, 300 pm or less, 250 pm 

or less, 200 pm or less, 150 pm or less, 100 pm or less, 20 pm or less, or 10 pm or less. Thus, 

the pitch between adjacent grooves can be within the range bounded by my two of the foregoing 

endpoints. For example, .the pilch can be B00 pm to 1200 pm, 600 pm to 1100 pm, or 2500 pm 

to 6000 pin. Preferably, the pitch between adjacent grooves is 2000 pm to 2i00 pm. 

[0063] In some embodiments of the invention, at least a portion of an area surrounding one 

or more of the centers of concentricity does not comprise any grooves, and the area typically has 

a 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 a portion of an area surrounding the first center of 
concentricity, the second center of concentricity^ or both, does not comprise any grooves, 

wherein the area has a radius greater than at least one of tire first pitch (i.e., the pitch of the first 
plurality of concentric grooves) or the second pitch (i.e., the pitch of the second plurality of 

concentric grooves), in other embodiments, the polishing pad of the invention does not contain 

an area 'surrounding any centers of concentricity, wherein the area is defined sis not comprising 
grooves and having a-radius greater than tile pitch of the grooves surrounding the area, 

[0064] The descriptions heremhelow of FIGS. 1-4 in relation to an area surrounding a center 

of concentricity are merely for illustrative purposes io better understand this leatnre. However^ 

these descriptions of FIGS. 1-4 in this manner should not be construed as purporting that the 
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dimensions and proportions represented in FIGS. 1-4 are representative of the dimensions and 
proportions of die polishing pad of the invention. 
[0065] With reference to FIG, lt at least a portion of an area surrounding the first center of 
concentricity 106 and the second center of concentricity 107 does not comprise any grooves, and 
the area has a radius greater than the pitch (i .e.? first pitch) of the first plurality of concentric 
grooves 'J 04 and the pilch (i.e., second pitch} ofthe second plurality of concentric groove 105. 
[00661 With reference to FIG. 2; at least a portion of an area surrounding the first center of 
concentricity 206 and the second center of concentricity 207 dues not comprise any grooves^ and 
the area has a'radius greater than fee pitch (Le., first pitch.) ofthe first plurality of concentric 
grooves 204 and the pitch (i.e.. second pitch) of the second plurality of concentric groove 205, 
j0067J 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 507 does not comprise any grooves, and 
the area has a radius greater than the pitch (i.e., first pitch) of the first plurality of concentric 
grooves 304 and the pitch (i.e., second pitch) of the second plurality of concentric groove 305. 
10068J The polishing pad of FIG, 4 does not contain an area surrounding any 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. 
[0069] in some embodiments of the invention, at least a portion of the grooves in. the 
plurality of grooves does not cross (i.e., intersect with) any other grooves in the plurality of 
grooves. In a preferred embodiment, none of the grooves in the plurality of grooves cross (i.e^ 
intersect with) any other grooves in the plurality of grooves, 
{"0070] The polishing surface ofthe polishing pad of the Invention can he virtually divided 
into different regions, in which each region contains a plurality of grooves concentric nhout a 
center of concentricity. Each, region typically consists of "one-plurality of grooves concentric 
about a center of concentricity, and the region typically does not contain my other grooves that 
are not concentric about the center of concentricity. The region typically does not contain any 
grooves that cross any other grooves. Bach region typically contains grooves, hm each region 
does not need to, bat ma.yt contain the center of concentricity about which the grooves in the 
region are concentric. In this regard, a region, may contain grooves and the center of 
concentricity about which the grooves are concentric* 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 

concentricity maybe located in m adjacent region, at the interface between abutting regions, or 

outside the confines of the polishing path 

(0071 j In die context of a polishing pad of the invention having at least two centers of 

concentricity (and associated concentric grooves), one or more ofthe following conditions 
typically are satisfied: (a) the first plurality of concentri c grooves does not cross the second 

plurality of concentric grooves, and (b) the polishing pad has & first region containing the first 
plurality of concentric grooves and a second region containing the second plurality of concentric 

grooves, wherein die first region is adjacent to die second region. Of course, tire polishing pad of 

the invention cam contain more than two regions, for example* three, four, five, six, seven, eight, 

nine, or 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 

concentricity is located in the second region, (b) the first center of concentricity is located in the 

second region and the second center of concentricity is located in the first region, (c) both the 

fitst and second centers of concentricity are located in the first region, (d) 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 (e) both the first and second centers of concentricity are located at 
the interface. 

|0072j In the polishing pad of the invention, the regions can be arranged in any suitable 

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 another at an interface, the regions can entirely abut one another at an 

interface, or the regions may not abut one another at an interface but rather the regions may be 
separated from, one another by one or more other regions. The one or more other regions can be 

termed a third, fourth, fifth, sixth, seventh, eighth, ninth, or tenth region, depending on the total. 

number of regions present on the polishing surface. The one or more other regions may contain 

grooves, or the one or more other regions may be free of grooves (i.e., the one or other regions 

may not contain grooves). When the one or more other regions contain grooves, one or more of 

the other regions can. comprise one groove or a plurality of grooves, or one or mors ofthe other 

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 pluralities of grooves contained in'the regions typically open into (i,e*f 

empty into) the single groove. The plurality of grooves in one region that can open into {ie., 

empty into) the single groove can have any suitable alignment with, the plurality of grooves in 

another region that is abutting the single groove from the other side of the single groove, as 
discussed m more detail heiehibelow. This single groove can span front one edge of the 

polishing pad to the opposite edge of the polishing pad, and the single groove can be continuous 

or discontinuous, as defined heremhelow. The single groove can hare any suitable width and 

any suitable depth. The width and depth of the single groove can he 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 set forth herein is equally applicable to the 

single groove. For illustration purposes, features 110,210,310, and 410 in FIGS, J -4, 

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 into) this single groove. For purposes of description of this 

embodiment, when the features 110, 210,310, and 410 hi FIGS, i-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 opposite edge of the polishing pad, and at least some of the plurality of grooves from 

the regions separated by the single groove empty into the single groove (i.e. are in fluid 

coimmvmcation with tfoe single groove), this single groove is referred to as a central channel An 

example of a polishing pad with the central channel is illustrated in FIG. 8, 

[0G73] The central channel may have any suitable depth. Preferably, the depth of the central 

channel is greater than the depth of the pluraiity of grooves. The depth is expressed as a distance 

measured from die polishing surface to the bottom of the channel For example, the depth of the 

channel can be 20 pm or more, e.g., 50 \xm or more, 100 pm or more, 150 pmor more, 200 tun 

or more, 250 iim or more, 300 pm or mote, 350 u.m or more, 400 pm or more, 450 pm or more, 

500 um or more. 550 pm or more, 600 pm or more, 650 pm or more. 700 \im or more, 750 pm 
or more, 800 u.m or more, 850 pm or move. 900 pm or more, 950 pm or more, iOOG pm or more, 

1050 pm or moce, 1100 pm or more, 1150 pm or more, 1200 um or .more, 1250 pm or more, 

1300 pmor more. 1350 pmor more, 1400 pmor more, 1450 pin or more, 1500 pm or more, 
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1550 jim or more, 1600 ttmor more, 1650 jim or mare, 1700 jim or more. J 750 um or more, 

1800 um or more, 1850 jitn or more, 1900 jim or more, 1950 jun or more, 2000 jim or more, 

2.100 JUIJ or more, 2200 jam or more, 2300|im or more, 2400 jim or more, 2500 jim or more, 

2600 jim or more, 2700 |.un or moref 2800 jura or more, 2900 jim or more, 3000 54m of more, 

3100 \xm or more, 3200 jim or more, 3300 pm or more, 3400 urn or more, 3500 um or more, 

3600 ju.Vi or more, 3700 jim or more, 3800 um or more, 3900 jun or more, 4000 \\m or more. 

4100 uxn or more, 4200 jim or more, 4300 jtm or more, 4400 juti or more, 4500 um or more, 
4600 um or more, 4700 jim or more, 4800 urn or more, 4900 \m\ or more, or 5000 jrm. or more. 

Alternatively, or m addition, die depth of the central channel be 5000 um or less, e.g., 4900 yim 

or less, 4800 \xm or less, 4700 urn or less, 4600 jim or less, 4500 jtm or less, 4400 jim or less, 
4300 jim or less, 4200 um or Jes$v 4100 jim or less. 4000 um or less. 3900 um or less, 3800 jim 

or less, 3700 \im or less, 3600 \im or less, 3500 \xm or less, 3400 jim or less, 3300 jim or less, 

3200 jim or less, 3100 jam-or less, 3000 \xm or less, 2900 um or less, 2800 fan or less, 2700 tun 
or less, 2600 jim or less, 2500 j.tm or lesss 2400 \im or less, 2300 jim or less, 2200 pm or less, 

21-00 pn or less, 2000 um or less, 1950 pm or less, 1900 jim or less, IS50 jun or less, 1800 jim 
or Icss51750 pm or less, 1700 jim or less, 1650 pm or less, 1600 jtm or less3 1550 jim or less, 

,1500 pm or less, 1450 14 m or iess5 1400 jmi or le$s3 1350 urn or less, 1300 fun or less, 1250 am 

or less, 1200 jim or less, .1150 jtm or less/1100 jun or less, 1050 jim or less, 1000 \xm or less, 

950 jim or less, 900 \im or less, 850 pm or less, 800 um or less, 750 jim or less, 700 jim or less, 

650 um or less, 600 pm or less, 550 am or less, 500 ji.m or less, 450 jim or less, 400 jim or less, 

350 jim or less, 300 pm or less, 250 jun or .less, 200 pm or less, 150 pm or less, 100 pmr Thus, 

the depth ofthe centra! channel can be within the range bounded by any two of the foregoing 

endpomts, For example,, the depth can be 20 ftm to SO0 jun> 2500 pm to 4800 jim, or 1050 pm 
to 1250 jim. Preferably, the depth of the eeatcal channel is greater than the depth of the plurality 

of concentric grooves, which abut mid empty into^ or are in fluid communication with, the central 

channel 

[0074] The central channel can have aay suitable width. For example, the width of the 

central channel can he 10 jim or more, e.g., 50 (im or more, 100 pm or more, 150 jrm or more, 

200 jim or more, 250 p.m or more, 300 um or more, 350 urn or more, 400 jtm or more, 450 jim 

or more, 500 jim or more, 550 jim or more, 600 jim or mote, 650 jim or more, 700 pm ox more. 
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750 pm or more, 800 pm or more, 850 pm or more, 900 pm or more, 950 fi«ior w} 1000 pm 
or more, 1.05U pm or more, 1100 pm or more, 1150 p.tn or more, 1200 pm or more, 1250 um or 
niorCj J 300 jim or mores 1350 pm or more, 1400 pm or more, 1450 pm or more, 1500 pm or 
more, 1550 pm or more* .1600 pm or more, 1650 pm or more, 1700 pm or more, 1750 pm or 
more, 1800 pmor more, 1850 pm or more, 1900 pm or more, 1950 pro or more; 2000 pmor 
more, 2100 pm or wore, 2200 pm or more, 2300 pm or more.. 2400 pm or more, 2500 pm or 
more, 26G0 pm or more, 2700 pm or mots, 2800 pm or more, 2900 pm or more, 3000 pm or 
more, 3100 um-or more, 3200 pm or moreT 3300 pm or more, 3400 fun or more, 3500 pm or 
more, 3600 pm or more> 3700 pm or more, 3800 pm or more, 3900 pm or -more, 4000 pm or 
more, 4100 pm or more, 4200 pm or more, 4300 pm or more, 4400 pin or more, 4500 pm or 
more, 4600 pm or more, 4700 pm or more, 4S00 pm or more, 4900 pm or more, or 5000 pm or 
more. Alternatively, or in addition, the width ofthe central channel be 5000 pm or less, e.g., 
4900 pm or less, 4800 pmor less. 4700 pm or less, 4600 um or less, 4500 pm or less, 4400 pm 
or less, 4300 pm or less, 4200 pm or less, 43 00 pm or less, 4000 pm or less, 3900 pm or less, 
3800 pm or less, 3700 um or less, 3600 pm or £ess? 5500 um or less, 3400 pm or less, 3300 pm 
or less, 3200 pm or less, 3100 pm or less, 3000 pm or less, 2900 pm or less, 2800 pm or less, 
2700 pm or bss, 2600 pm or less, 2500 pm or hss? 2400 pm or loss, 2300 pm or less, 2200 pm 
or less, 2100 pm or less, 2000 pm or less, 1950 pm or less, 1.900 pm or less\ 1850 pm or less, 
1800 pmor less, 1750 pmor Jess, 1700 pmor less, 1650 pmor less, 1600 pmor less, 1550 pm 
or less, 1500 pm or less, 1450 pm or less, 1400 pm or less, 1350 pm or less, 1300 pm or less, 
1250 pmor loss, 1200 pm or less, 1150 pm or less, 1100 pm or less. 1050 pm or less, 1000 pm 
or less, 950 pm or less, 900 pm or less, B5G pm or less, 800 pm or less, 750 paver less, 700 pm 
or less, 650 pm or le$s3 600 pm or less, 550 pm. or less, 500 pm or less, 450 pm or less* 400 pm 
or less, 350 pm or less, 300 pm or less, 250 pin or less, 200 pm or less, 150 pm or less, 100 pm 
or kss. 20 pm or less, or 10 pm or less. Thus, the width of the central channel can be within the 
range bounded by any two of the foregoing endpomts. For example, the width can.be 200 pm to 
800 pm, 1700 pm to 4S00 pm, or 650 pm to 850 pm, 
[00T5| The central channel may have a rounding edge configuration. The rounding edge 
may be of any suitable dimensions. For example, the rounding edge can be defined by the depth 
ofthe rounded edge being greater than one half of the depth ofthe centra! channel. The depth of 
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the rounded edge is understood to mean the depth starting from the outface of the polishing pad 
to the point where the wall of the antral channel transitions from a rounded configuration to a 

straight, configuration. The rounding edge may be alternatively described, as the point akmg the 

channel wall where the channel width starts to increase relative to the width at the bottom of the 

ckimel, In other words, a channel without a rousdhig edge would have a uniform width 
measured from along the sides ofthe channel, from the bottom of the channel to the top ofthe 

channel, ending at the polishing surface, A central channel having a rounding edge would have a 

channel width (Wb) measured at the bottom of the channel and a channel width, measured at the 

top of (he-channel (Wt) defined by tire polishing surface, wherein Wb<Wt. For example, a 

channel with a rounding edge may have a channel width at the bottom ofthe channel equal to SO 

mil a channel width at a point representing half-way between the bottom and the top of the 

channel depth of SO mil, and a channel width at the top of the channel of 100 mil. 

[0976] In the context of a polishmg pad of the in vention having at least, two centers of 
concentricity wkh a fet plurality of concentric grooves tn a first region and a second plurality of 

concentric grooves in a second region, such a polishmg pad typically can be characterized by one 

or more of the following conditions; (a) at least a portion of the firs t region abuts at least a 

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

an interface, (c) the first region is entirely separated from the second region by a 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 channel 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. 

{00771 The polishing pad of die invention can have any suitable alignment of grooves (a) at 
an interface between abutting regions, and/or (b) across an intervening region. For example, (a) 

when one region entirely abuts or partially abuts an adjacent region at an interface^ or (b) when 

one region is separated from an adjacent region by an intervening region, at least a portion of the 

grooves from one region may be aligned with and/or overlapping with at least a portion of the 
grooves of the adjacent region (a) at the interface and/or (b) across the intervening region, the 

grooves from one region maybe entirely aligned with and/or overlapping with the grooves from 

the adjacent region (a) at the interface and/or fb) across the intervening region* or none of the 
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grooves tVom one region may be aligned with and/or overlapping with the grooves from the 

adjacent region (a) at the interface aoci'or (b) across the Intervening regioa- As defined herein, 

"aligned" means that the center of a. groove from one region is lined up with (i.e., aligned with) 

the center of a groove from an adjacent region. As defined herein, "overlapping1' means that the 

center of a groove from one region is not aligned, with the center of a groove from an adjacent 

region; however, the opening ofthe groove from one region overlaps with the opening ofthe 

groove from the adjacent region. When at least a portion ofthe grooves from one region are 

aligned with and/or overlapping with, grooves from another region, 10% or more, e.g.T 20% or 

more, 30% or .more, 40% or more, 50% or more, 60% or more, 70% or more, 80% or .more, 90% 

or more, or 100% ofthe grooves are aligned and/or overlapping, measured as a proportion of the 
number of grooves in alignment and/or in overlap relative to the total number of grooves (a) at 

the interface and/or (h) across the intervening region. 

[0078] In the situation where H polishing pad has at least two abutting regions, i.e., a first 

region containing a first plurality of concentric grooves and a second region containing a second 
plurality of concentric grooves wherein at least a portion of "Use two regions abut as an interface, 

typically one or more of the following conditions is satisfied: fa) at least one of the grooves in 

the first plurality of concentric grooves is aligned with at least one ofthe 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 hi the second plurality of concentric grooves at the 

interface, md (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. 

|00791 Haeb groove in the plurality of grooves can "be continuous or discontinuous. As used 

herein, & "continuousf* groove is a groove having a depth that does not equal zero ftm along the 

entire length of the groove within its region (e.g., fn\st or second region). lit other words, a 

continuous groove has a positive depth along its entire length within its region. As med herein, a 

"discontinuous" groove is a groove that has at least a portion along its length in which the depth 

of the groove equals zero within to region (e.g., first or second region). In other words, a 
discontinuous groove has a ponton that becomes flush with the polishing surface at some point 
along its length within its region, such thai 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 polishmg pad is 
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not considered to be a "discontinuity" for the purpose of categor&ing a groove as ''continuous" 

or ''discontinuous." In other words, if a groove otherwise meets the definition of'"continuous" as 

used herein but the groove ends at the edge of its region or the edge of the polishing padt then 

such a groove would be considered to be a continuous groove. The grooves in a polishing pad of 

the invention can be continuous, discontinuous, or a combination thereof In some embodiments, 
all ofthe grooves can be continuous, or all of the grooves can be discontinuous, hi other 

embodiments, at least 10 %, at least 20 %, at least 30 %, at least 40 %, at feast 50 %, at least 60 
%, at least 70 %, at least-80 %. at least 90 %, or 100% of the grooves are continuous (or 

discontinuous), measured as a proportion of the number of grooves in the polishing pad that are 

continuous (or discontinuous) relative to the total number of grooves in the polishing pad. In this 
regard, the number of grooves is summed as follows; the number of grooves in a region having a 

substantially different radius is summed, and then the number of grooves from each region in a 

polishmg pad is summed, thereby obtaining a total overall number of grooves. The proportion of 
continuous or discontinuous grooves can then be calculated, 

|[0080| With reference to FIG, 1, the fhst. plurality of concentric grooves 104 does not cross 

the second plurality of concentric grooves 105, and the polishing pad has a first region 108 
containing the first plurality of concentric grooves 104 and a second region 109 containing the 

second plurality of concentric grooves 105, wherein the first region 108 is adjacent to the second 
region 109, The first region 108 abuts the second region 169 at interface 110. None of the 

grooves hi the first plurality of concentric grooves 104 is aligned with the grooves in the second 

plurality of concentric grooves 105 at interface 110, Both the first center of concentricity 106 
and the second center of concentricity 107 are located at the interface 110 between abutting 

regions 108 and 109, All of the grooves in FIG. 1 are continuous, 

[0081J With reference to FIG. 2, the first plurality of concentric grooves 204 does not cross 

die second plurality of concentric grooves 205, and, the polishing pad has a first region 208 

containing the first plurality of concentric grooves 204 and a second region 269 containing the 

second plurality of concentric grooves 205, wherein the first region 208 is adjacent to the second 

region 209, The first region 298 abuts the second region 209 at interlace 210. None of the 

grooves in the first plurality of concentric grooves 204 is aligned with the grooves in the second 

plurality of concentric grooves 205 at interface 210. Both the first center of concentricity 206 
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and the second center of concentricity 207 are located at the interface 210 between abutting 

regions 208 and 209. All 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 ofthe grooves in FIG. 3 are continuous. 

[0083] 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 interface 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 ofthe 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 ofthe 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 still be readily calculated, as will be recognized by one of ordinary skill m the art. 

A groove that completes a closed arc around a center of concentricity has a proportional arc 

length of 100%, The proportional arc length can be 10% or more, e.g., 15% or more, 20% or 

more, 25% or .more, 30% or more, 35% or more, 40% or more, 45% or more, 50% or more* 55% 

or more, 60% or more, 65% or more, 70% or more, 75% or more, 80% or more, 85% or more, 

90% onnore, 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, 75% or less, 70% or less, 65% or less, 

60% or !ess? 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 by any two of the foregoing endpoittfs. For example, die proportional arc 

length can be 25% to 85%. 35% to 50%, or 30% to 95%. Preferably^ the proportional arc length 
is 30% or more. 

[0085) Typically, a majority of the grooves in the plurality of grooves has the proportional 

arc length as defined herein. For example, 50% or more, e.g., 55% or more, 60% or more. 65% 

or more, 70% or more, 75% or more, SG% or more, 85% or mote, 90% or more, 95% or more, or 

i00% ofthe grooves in the .plurality of grooves has the proportional are length as defined herein. 

The number of grooves having the proportional arc length as defined herein is calculated by 

summing die number of grooves having a substantially different radius in a region, and then 

summing the number of-grooves from each region in a polishing pad, thereby obtaining a total 

overall number of grooves. The proportion of grooves having the proportional arc length as 

defined herein can then be calculated. Preferably, 30% or more ofthe grooves in the plurality of 
grooves has a proportional arc length, of 30% or more, 

|0086] Each groove in (ire plurality of grooves can have my suitable central angle. The 
centra! angle of a groove is defined herein as the angle formed between the two ends of a groove 

(that terminate at the edges of die region containing the groove or the edge ofthe polishing pad) 

and the center of concentricity about which die groove is concentric, in which the center of 
concentricity is at the vertex of the angle. The. central angle is measured with respect, to the side 

ofthe center of concentricity that faces the groove at issue (see, e.g., the description of FKT 3 

herembeknv to understand this concept). Grooves that complete a closed arc around a center of 

concentricity have .a central angle of 360c\ For example, the central angle is 10° or more, e.g.. 
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20* or more, 30® or more, 40° or more, 5<F or more, 60° or move. 70° or more, 80° or more, 90c 

or more, 100" ormore, 110° or more, 120° or more, 130° or more. 140° or m<m, 150° or more, 

160° or more, 170° or more, 1 %{f or more, 190° or more, 200° or more. 210"° or more, 220° or 

more, 230° or more, 240° or more, 250* or more, 260° or more, 270° or more, 280 s5 or more, 

290° or more, 300* or more, 310C or more* 320° or mo.re> 330° or more, 340° or more, 350" or 

more, or 36Gf\ Alternatively., or m addition., the cental, angle is 360° or less, e.g., 350°" or less, 

340c or less, 330° or less, 320* or less? 310^ or less, 300" or less, 290° or less,. 280* or less, 270° 

or less, 260° or less, 250° or less, 240^ or less, 230'5 or less, 220° or le$s. 210" or less, 200" or 

less, 190° or (ess, i 80° or less, *70" or less, 160v or less, ISO1"'or less, 140° or less, 130° ortas^ 

ISO6 or tess, 110° or less, 100° or less, 90s or less, S0° or less, TO" or less, 60° or less, 50° or 

less, 40° or-less, 30° or less,, or 20° or less. Thus, the central angle can be within die range 

bounded by any nvo of the foregoing endpoints. For example, the central angle can be 90^ to 
300°, 70° to'-ISO® or 170° to 210°. In a preferred embodiment, the central angle is 17(F; to 190" 
(e,g.5.180°), 

[0087] Typically,-a majority of the grooves m the plurality of grooves has the central angle 

as defined herein. For example, 50% or more, e.g., 55% or more, 60% or more, 65% or more, 

70% or more, 75% or raore* $0% or more, 85% or 90% or tnor$s 95% arsaore, or 1.00% of 

the grooves in the plurality of grooves has the central angle as defined herein. The number of 

grooves having the central angle as defined herein is calculated by summing the number of 

grooves having a substantially different radius in a region, and then summing the number 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 can then be calculated. 

Preferably, 80% or more of the grooves in the plurality of grooves has a central a&gJe of 180° or 

more. 

[fl088j The descriptions hereinbelow of FIGS. 1-4 m relation to the proportional arc length 

and central angle are merely for illustrative purposes to better understand the proportional arc 

length and central angle features. However, these descriptions of FIGS, 1-4 in this maimer 

should not be construed AS purporting that the dimensions and proportions represented in FIGS. 
1-4 are .representative of the dimensions and proportions ofthe 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 length 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 is 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) ofthe 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 of300° 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 angle of 300° or more. 

[0092] 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 concentricity can be located in any suitable area ofthe polishing pad-
One useful way to visualize the locations of die centers of concentricity is to note the locations 

with respect to a virtual x-axis and a virtual y-axis that are overlaid on the polishmg surface, 

wherein die virtual x-axis and the virtual y-axis intersect at a right angle at die axis of symmetry 

of the polishing pad. Of course, the virtual x-axis and virtual y-axis can he overbid on the 

polishing surface in aay suitable manner and can intersect on the polishing surface at any 

suitable point, so as to facilitate an understanding of the locations of the polishing pad features, 

such as die locations ofthe centers of concentricity. For example, the virtual x~axi$ and virtual, 

y-axis may intersect at a right angle at the axis of rotation, geometric center, or any arbitrary 

point on the polishing surface. Moreover, the virtual x-axis and the virtual y-axis may intersect 

at a location on the polishing pad, wherein the location is defined as a proportion ofthe radius R 

of the polishing pad-as measured from the axis of rotation of the polishing pad. In this respect, 

the location of intersection of the virtual x-axis and the virtual y-axis can he 0.05 R, 0.1 R, 0.15 
R# 0.2 R, 0,25 R, 03 R? 035 R, 0.4 R, 0,45 R> 0.5 R5 0.55 Rf 0.6 R, 0,65 R, 0,7 R, 0.75 R, 0.8 R, 

0.85 R, 0,9 R, 0.95 R, or 1 R, The locations of the features of the polishing pad can comprise 

any suitable combination of die following x and y coordinates in reference to a virtual x-axis and 
virtual y-axis: x0, x > 0, x < 0, y ™ t\ y > 0, and y < 0. Because the interface between two 

abutting regions is formed only as 8 result ofthe two regions abutting one another, tire interface, 

as defined herein, is understood to be a part of bothabiming regions. In this regard, when two 

regions abut a£ y ~ Gs 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 herein to distinguish between the location ofthe feature being in. a 

given region or at an interface so as to clarify the location. Although the locations of the centers 
of concentricity m relation to a virtual x-axis and a virtual y-axis are described herein with 

respect to a poiishing pad having two centers of concentricity (e.g., a first center of concentricity 

mid a second center of concentricity)* this description is equally applicable to any number of 

centers of concentricity that may be present on the polishing surface, 
[0094] In some embodiments of ihe invention, when a virtual x-axis and a virtual y-axis are 

overlaid on the polishing surface in the plane of the pol ishing surface such that the x-axIs and the 

y-axis intersect at a right angle 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 > 0, y > 0), (b) the first 

region is located at y > 0, and (c) the second region is located at y < 0. 

j$G95] In other embodiments of the invention, when a virtual x-axis and a virtual are 

overlaid on the polishing surface in the plane of the polishing surface such thai the x-axis and the 

y-axis intersect at a right angle at the axis of symmetry, the following conditions typically are 

satisfied: (a) the first center ofcoaceofricify is located af coordinates (x < 0, y > 0)? .(b) the .first 

region is located at y > 0; and (e) the second region is located at y < 0, 
f0096j In $ome embodiments of the invention, when a virtual x-axis and a virtual y-axis are 

overlaid on the polishing surface in tire 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 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 in 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 die 

polishing, sur&ce/tfic first plurality of concentric grooves is not symmetric with the second 

plurality of concentric grooves by "way of a mirror plane perpendicular to the polishmg surface, 

j0097| fe other embodiments ofthe invention, when a virtual x-axis and a virtual y-axis are 

overlaid on the polishing surface \n the plane of the polish ing 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 < G; y > 0), and (iii) the first center of concentricity is located at the 

interface or in the first region, the folio wing condi dons typically are satisfied: (a) the first 

plurality of concentric grooves emanates from the first center of concentricity in a 4-y direction, 
(b) ihe 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 i$ not symmetric with the second 
plurality of concentric grooves by way of a mirror plane perpendicular to the polishing surface, 

[0098] The'direction in which grooves emanate is determined by summing the combined 

length of ail ofthe grooves at issue (e.g., ail of the groove* in a given region), and determining 

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



WO 2014/074521 PCT/US2013/068523 

3S 

groove emanates at a given point along the groove is determined by the direction of a line 

perpendicular to die tangent at the given point along the groove, if a substantia! portion (e.g., at 

least 50%,-ai least 60%, at least 70%5 at.-least 80%, at least 90%, or 100%) ofthe grooves at issue 

emanate in a given direction, then the grooves at issue are said to emanate m the given direction. 

When a groove completes an arc around the center of concentricity, the groove is not considered 
to emanate in any specific direction (he., the directions cancel out), and therefore (Iris type of 

groove is not counted in determining the direction that a given set of grooves emanate. While, 
for simplicity, grooves are typically discussed herein as • emanating in either (aj a. +y direction or 

a -y direction, or (b) a direction or a -x direction, it is typically true that the grooves 

emanating in (a) a "h- direction or a -y direction may also emanate in (b) a *x direction and/or a 

•x direction. In this regard* die grooves of die inventive polishing pad can be described as 

emanating in a .direction that combines the descriptors t y? -y, and/or <~x, in any suitable 

combination, in order to describe the polishing pad ofthe invention. 
[80991 With reference to FIG. 1, when a virtual x-axis and a virtual y-axis are overlaid on die 

polishing surface 100 in the plane of the polishing surface i00 such that the x~axis and the y-axis 

intersect at a right angle at the axis of symmetry I03s the following conditions are satisfied; (a) 

the first center of concentricity 106 is located at coordinates (x > 0. y - 0) at interface 110» (b) 

the second center of concentricity 107 is located at coordinates fx < 0, y ~ 0) at interface 110, (c) 

the first region 10S is located at y > 0, (d) the second region 109 is located at y < 0, (e) the first 

plurality of concentric grooves 104 emanate from die first center of concentricity 106 la a.*y 

direction, (f) the second plurality of concentric grooves 105 emanate from the second center of 

concentricity 107 in a -y direction, and (g) when the plurality of grooves is extended infinitely hi 

the plane ofthe polishing surface 100, the first plurality of concentric grooves 104 is not 
symmetric with the second plurality of concentric grooves 105 by way of a mirror plane 

perpendicular to die polishing surface 100. 

[00106| With reference to FIG, 2, when a virtual x-axIs and a virtual y-axis are overlaid on the 

polishing surface 200 in the plane of the polishing surface 200 such that the x-axis and the y-axis 

intersect, at a right angle at the axis of symmetry 203, the following conditions are satisfied; (a) 

the first, center of concentricity 206 is located at coordinates (x < 0, y 0) at interlace 210, (b) 

the second center of concentricity 207 is located at coordinates (x >0, y ™ 0) at interface 210, fe) 
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the first, region 208 is located, at y > 0, (d) the second region 209 is located at y < 0, fe} the first 

plurality of concentric grooves 204 emanate from the first center of concentricity 206 in a -ry 

direction, (1) the second plurality of concentric grooves 205 emanate from the second center of 

concentricity 207 m a -y direction, and (g) when the plurality of grooves is extended infinitely in 

the plane of the polishing surface 200, the first plurality of concentric grooves 204 is not 

symmetric with the second plurality of concentric grooves 205 by way of a min or plane 

perpendicular to the polishing surface 200. 

{00101} With reference to FIG, 3, when a vidua I x~axis and a virtual y-axis are overbid on the 

polishing surface 300 in the plane of the polishing surface 30(1 such that the x-sxis 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 concentricity 306 is located at coordinates {x > 0, y ™ 0)v{b) the second center 

of concentricity 307 is located at coordinates (x< 0. y~ 0), fe) the i-irst region 308 is located at x 

> 0, (d) the second region 309 is located at x < 0, (e) the first plurality of concentric grooves 304 
emanate from the first center of concentricity 306 in a +y direction, and (f) the second plurality 

of concentric grooves 305 emanate .from the second center of concentricity 307 in a -y direction. 

(00102) With reference to FIG, 4, when a virtual x-axis and a virtual y-axis are overlaid on the 

polishing surface 400 in the plane of the polishing surface 400 such that the x~axis find the y-axis 
intersect at a right angle at the axis of symmetry 403, the following conditions are satisfied; (a) 

the first center of concentricity 406 is located at coordinates (x < 0, y - 0), (b) the second center 

of concentricity 407 is located at coordinates (x > 0, y::rr 0}s (c) the first region 408 is located at x 

> 0, (d) die second region 409 is located at x < 0, fe) the first plurality of concentric grooves 404 

emanate from the first center of concentricity 406 in a +y direction, and (t) the second plurality 

of concentric grooves 405 emanate from the second center of concentricity 407 m a- y direction. 

[00103] The pluraiity of grooves does .not comprise, consist essentially of, or consist of a 

continuous spiral groove. The type of continuous spiral grooving p&iteros not encompassed by 

the invention are described in U.S. Parent 7,377,840 to Deopura ct a 1., hereby incorporated by 

reference in its entirely, 

100104) The polishing surface does not comprise, consist essentially of,or consist of £ mosaic 

groove pattern. The type of niOvSaic groove pattern not encompassed by the invention" is 

described m U.S. Patent 7,252,582 to Renteln. hereby incorporated by reference in its entirety. 
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[00105] The polishing pad of the invention can comprise, 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. polyolefms, polycarbonates, 

polyvinylalcohols, nylons, elastomeric rubbers, styrenic polymers, polyaromatics, 

fluoropolymers, polyimides, cross-linked polyurethanes, cross-linked polyolefins, polyethers, 

polyesters, polyacrylates, elastomeric polycthylenes, polytetrafluoroethylenes, 

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 thermoplastic 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 molded 
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at the same tune as the fabrication of a polishing pad, or the polishing pad may first be 
fabricated, and then either (a) a grooving pattern molded on the surface of the polishmg pad so as 

to form the polishing surface, or (b) a grooving pattern formed in a separate layer by any suitable 

means, which separate layer is then affixed by any suitable means to the surface of the polishing 

pad to form the polishing surface. When the grooves are formed by machine cutting or laser 
cutting, the polishing pad is typically formed .first and then a cutting tool or laser tool, 

respectively, produces grooves of a desired shape in the polishmg surface ofthe polishing pad. 

SuiiabJe grooving techniques are described in, e.g., U.S. Patent 7,234,224 to Mangier et aL, 

hereby incorporated by reference in i ts entirety. 

[61011 The polishing pad ofthe invention may contain a light-transmitting region through 

which light may pass in order to monitor the polishing progress by way of an in stilt end-point 

detection (EPD) system, e.g., to determine when a desired'degree of planarizatioo has been 

attained. The light-transmittuig region typically is in the form of an aperture or window thai has 
translucency to light, which allows Hght that has passed through the iight-transniitting region to 

be detected by the EPD system. Suitable iight-ttansraiiting regions that may be used with the 

polishingpad ofthe invention are described in U.S, Patent 7f614,933 to Benvegmi et af3 hereby 

incorporated by reference in its entirety, "The plurality of grooves may or may not be provided 

on the surface of the Hghf-tr&nsmktmg region, depending on the manufacturing method and the 

desired properties of the polishing pad and/or Jight-traiistntttisg region. 

•[6102J The polishing pad of the invention can comprise the plurality of grooves as described 

herein m combination 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 multiple 

y-axis grooves, grooves concentric about the axis of rotation grooves that intersect 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 

piz2&-like groove pattern), and combinations thereof 

[0IQ3] The invention also provides a method of chemical-mechanically polishing a substrate, 
which method comprises, consists essentially of; or consists of (a) contacting a substrate with a 

polishing pad of the invention as described herein, and a chemical-mechanical polishing 

composition, (b) moving the polishing pad relative to fee substrate with die chemical-mechanica! 
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polishing composition therebetween, and (c) abrading m least a portion ofthe subs taut* to polish 

the substrate. 

'(0104] The removal rate of the substrate (I.e., polishmg rate) is higher when employing the 

polishing pad ofthe invention, m compared to when employing an otherwise identical polishing 

pad that does not contain the plurality of grooves* as described herein. In some situations, the 
removal rate employing the polishmg pad of the mventian is compared to a polishing pad having 

& concentric grooving pattern fin which the polishing pad contains a plurality of grooves 
concentric- about an axis of symmetry that is coincident with the axis of rotation ofthe polishmg 

pad), or a polishing pad having no grooving patterns whatsoever. Typically, die 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 invention by the removal rate 

when employing 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., 1,04 or more, 1.06 or more, 1,08 or more, 1.1 

or more, LI 2 or more, L14 or more, 1.16 or more. LlSor more, 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 more, 1.36 or more, 1,38 

or more, L4 or mare, 1.42 or more, 1.44 or more, 1.46 or more, L48 or more, 1,5 or more, L55 

or more, 1.6 or more, 1.65 or more, L7 or. more. 1.75 or more, 1,8 or more, 1.S5 or more, L9 or 
more, 1.95 or more, 2 or more, 2,2 or more, 2-4 or more, 2.6 or more*. 2.8 or move, 3 or more, 3,5 

or more, 4 or more, 4.5 or more, or 5 or more. Alternatively, or in addition the relative removal 

rate is 5 or less, 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 or less, 

2.2 or less, 2 or less, 1.95 or less, LP or less, 1.85 or less, 1.8 or less* 1.75 or less, 1J or less, 
1.65 or less, L6 or less, 1.55 or less, 1.5 or less, L48 or less, 1.46 or less, i .44 or less, 1.42 or 

less, 1,4 or less* 138 or less* 136 or less, 134-or less, 3.32 or less, 1.3 -or less, 1.28 or less, 1,26 

or less, 1.24 or less, J .22 or less, 1.2 or less, L18 or less, 1.16 or less, 1.14 or less, 1.12 or less, 

1.1 or less, LOS or less, L06 or less, LD4 or less, or 1,02 or Jess. Thus, die relative removal rate 

cm be wit!im the range bounded by any two of the foregoing eruipoifets. For example, the 

relative removal rate can be I.06 to 1.3, 1.75 to 2, or 3 to 5, 
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[0105] Any suitable flow rate of slurry can be employed in the method. A iower slurry flow 
rate will typically result in a iower polishmg race, and 3 higher slurry flow will typically result in 
a higher polishing rate. For example* the How rate can be 50 mL/min or more, e.g., 60 mL/min 
or more, 70 mL/min or more, 80 mL/min or more, 90 inL/min or more, 100 mL/min or more, 
110 mL/mi.n or more. 120 mL/min or more, 130 mL/min ox more, 140 niL'min or move, or 150 
nd/mm or more. Alternatively, or in addition, the slurry flow rate can be 160 mL/min or less, 
e.g., 150 mUrnm or less, 140 mL/min or less, 130 mL/min or less. 120 mL/min or less, 110 
mL;min or less, 100 mL/tmn or less, 90 mL/min or less* SO rnLMn or less, 70 mL/min or less, 
or 60 mL/min or less. Thus, she slurry flow rate can be within the range bounded by any two of 
the foregoing eadpoints. For example, the slurry flow rate can bo 60 mL/min to HO ml/min, 50 
mL/min to 120 mL/min, or 100 mUmin to 110 m L/min, Preferably, the slurry flow rate is 90 
mhlmin to 120 mL/min. It was surprisingly found that, when employing & polishing pad ofthe 
invention in a polishing process, the polishing rate was minimally affected, or even increased, 
when the flow rate was decreased, by 25% (see, e.g., the Example herein). Without wishing to be 
bound by any theory, it is believed that a polishing pad of the invention is able to retain the 
polishing slurry fox a longer amount of time than conventionally grooved polishing pads, thereby 
resulting in a lower slurry flow requirement for a polishing pad of the invention in order to 
obtain a similar polishing rate. 
{0106) Any suitable substrate or substrate material can be employed in the method. For 
example, tire substrates include memory storage devices, semiconductor substrates, and glass 
substrates. Suitable substrates for use in the method include memory disks, rigid disks, magnetic 
heads, MEMS devices* semiconductor wafers, field emission displays, and other microelectronic 
substrates, especially substrates comprising insulating layers (e.g., silicon dioxide, silicon nitride, 
or low dielectric materials) and/or metal-containing layers (e.g., copper, tantalum, tungsten, 
aluminum, nickel, titanium, platinum, ruthenium, rhodium* iridium or other noble metals). 
Preferably the substrate comprises tungsten, 
J0107J The method can utilize any suitable polishing composition- The polishing 
composition typically comprises an aqueous carrier, a pH adjuster, and optionally an abrasive. 
Depending on the iype of workpiece being polished, die polishing composition optional] y can 
further comprise oxidizing agents, organic or inorganic acids, completing agents, pH buffers, 



WO 2014/074521 PCT/US2013/068523 

44 

surfactairts, corrosion inhibitors, ami-foaming agents, and the like. 'When, the substrate is 

comprised of tungsten, a preferred polishing com position comprises col.loida.Uy stable fumed 

silica as abrasive, hydrogen peroxide as m oxidizing agent, ami winter ($,g.¥ the slurry SEMI-

SPE^RSE W2000 available from Cabot Microelectronics Corporation). 

[0iU8| The polishing pad of the invention can be rotated m the method in any suitable 
direction.. For example, when viewing the polishing surface ofthe polishing .pad from a direction 

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, when the plurality of 

grooves is extended infinitely in the plane of the polishing surface, and the plurality of grooves 
'are symmetric- by way of a mirror plmie perpendicular to the polishing surface* the polishing pad 

typically can be rotated in either the clockwise direction, or the counterclockwise direction and 
similar or the same polishing results typically will he achieved (e.g., similar or same polishing 

rate, slurry distribution, waste removal, etc. ). hi 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 impact on polishmg results. However, when the 
polishing pad does not contain such a mirror plane perpendicular to the polishing surface, the 

rotation direction typically bus an effect on the polishing results. 

{0109] in this regard, a polishing pad meeting die following criteria typically will be rotated 
ra the method in a clockwise direction when viewing the polishing surface from a direction 

perpendicular to die polishing surface: a polishmg pad of the invention 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 thai the x~axis and the y-axis intersect at aright angle- at the axis of symmetry, the 

following conditions are satisfied: (a) a first center of concentricity is located aTcoordinates (& > 
0, y 5:0), (b) the first region is located at y > 0S and (c) the second region is located at y < 0, In 

some embodiments, however it may be preferable to rotate the polishing pad in a 

counterclockwise direction, 

|0110] Additionally , a polishing pad meeting the following criteria typically also wlH be 

roftued in the method 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 virtaal y-axis are overlaid on the polishing surface in the plane of the 
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polishing surface such that fi) the x«axis and the y-axis intersect at a right aggie at the axis of 

symmetry, (ii) a firs* center of concentricity is located m coordinates (x > 0, y > 0), and (Hi) a 

first center of concentricity is located at the interface or in the first region, the following 

conditions ate satisfied; (a) the first plurality of concentric grooves emanates from 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, mid (c) when Che plurality of grooves is 

extended infinitely in the plane ofthe polishing sivr&ce, the iirst plurality of concentric grooves 

is not symmetric with the second plurality of concentric grooves by way of a mirror plane 

perpendicular to ihe polishing surface. In some embodiments, however, it may be preferable to 
rotate the polishing pad in a counterclockwise direction. 

{(II 11| Alternatively, a polishmg pad meeting the following criteria typically will be rotated 
in the'method in a counterclockwise 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 on the polishing surface in the plane of the 

polishing surface such .that the x~axis and die y-axis intersect, at a right angle at the axis of 

symmetry, die following conditions are satisfied: (a) a first center of concentricity is located at 

coordinates (x < 0? y > 0), (h) the fe? region is located at y > 0, and (c) the .second region is 

located at y < 0. In some embodiment^ however, it may be preferable to rotate the polishing pad 
in a clockwise direction. 

[0112| Moreover, a polishing pad meeting the following criteria typically also wiH be rotated 

in the method in a counterclockwise direction when viewing the polishing surface from a 
direction perpendicular to the polishing surface: a polishing pad .ofthe invention wherein, when a 

virtual x-axis and a virtual y-axis are overlaid on the polishing surface m the plane of the 
polishing surface such that 0) the x-axis atid the y-axis intersect at a right angle at the axis of 

symmetry, (ii) a first center of concentricity is located at the coordinates (x <0., v > 0)? and (Hi) 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 from the first center 

of concentricity in a -' y direction, (b) the second plurality of concentric grooves emanates from 

the second center of concentricit-y in a -y direction, and (c) when the plurality of grooves is 

extended infinitely in the plane of the polishmg surface, the first plurality of concentric grooves 
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is not 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 to 

rotate the polishing pad in a clockwise direction. 

19113} The polishing pad depicted in FKh 1 typically will be rotated k a clockwise direction 

when viewing die polishing surface from a direction perpendicular to the polishmg surface. The 
polishing pad depicted m FIG. 2 typically will be rotated m a cotuite-ciockwise direction when 

viewing the polishing surface from 3 direction perpendicular to the polishing surface. The 

polishing pads depicted in FIGS- 3 and 4 typically can-be rotated in either a clockwise- direction 

or a counterclockwise direction, 

[0114 J Polishing pads having the features described herein result in a variety of 

advantageous effects when employed in a polishing process, as compared to the effects obtained 
when employing polishing pads comprising conventional grooving patterns. Conventional 

grooving-patterns include, for example, concentric grooves (grooves concentric about an axis of 

symmetric that i$ coincident with die axis of rotation of the polishing pad), XY grooves (grooves 

consisting of one x-axis grooves and multiple y-axis grooves), and concentricfXY (grooves 

consisting of the "concentric** grooves pins the "XY~S grooves overlaid on the same polishing 

pad). The advantageous effects associated with employing a polishing pad of the invention m a 

polishing process include an increased polishing rate, a longer slurry retention time, improved 
slurry distribution on the polishing pad, and improved ability to remove waste material that is 

abraded during polishing. A polished substrate produced using the inventive polishing pad 

described herein has an excellent'degree ofpfanarity and low defects, making the inventive 
polishing pad suitable for use in CMP processes designed to produce polished substrates for a 

variety of applications, 
[0115} The following example further illustrates the invention hm, of coarse, should not be 

construed as in any way limiting its scope. 

EXAMPLE 

1.01.16| This example demonstrates the improved polishing rate obtained when using 
polishing pads of the invention in a polishing process, as compared to using a conventional 

polishing pad in the polishing process. This example also demonstrates that the polishing rate 

surprisingly slays about the same or increases when the slurry flow rate is decreased when using 



WO 2014/074521 PCT/US2013/G68523 

47 
the polishing pads of the invention. Additionally, this example ctemonstiates that the rotation 
direction has an effect on the polishing tale when using certain polishing pads of the invention in 
a polishing process. 
|G1I7] In this example, chemical-mechanical polishing was performed using a 200 mm 
Mirra polishing tool available from Applied Materials using the following process conditions; a 
membrane pressure of 29 fcPa, an inner tube pressure of 45 kPa, a retaining ring pressure of 52 
kPa, a platen speed of 113 rotations per minute frpm), a head speed of i i 1 rpm* and a polishing 
time of 60 sec. The chemical-mechanical polishmg slurry comprised colloid&lly stable fumed 
silica as m abrasive, hydrogen peroxide as an oxidizfog agent, and water (e.gv the slurry SEMI-
$PERSE W2Q00 available from Cabot Microelectronics Corporation). The substrate comprised 
a blanket layer of tungsten. The polishing pads were rotated in the polishmg process in a 
clockwise direction when viewing the polishing surface of the polishing pad from a direction 
perpendicular to the polishing surface. 
[60i&7|< AH of the polishing pads were comprised of a thermoplastic polyurethane (e.g., EPIC 
D100 ava ilable from Cabot Microelectronics Corporation), and all of the polishing pads 
contained a plurality of grooves. Each groove in the plurali ty of grooves had a depth of 760 
microns (i,e.y 30 mils), a width of500 microns (i,e.x 20 rails), and each groove was separated 
from an adjacent groove by a pitch of 2030 microns (i.e., SO mils). The grooving patterns were 
formed in the polishing pads by a conveatfional machine cutting technique. The polishing pads m 
this example differed only with respect to the arrangement of the grooves on the polishing 
surface (i.e,> the grooving pattern). The control 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 m FIGS. 1-4, respectively. FIGS, 1-4 are 
merely illustrative of the types of grooving patterns of polishing pads ofthe invention m this 
example so as to facilitate an understanding ofthe inventive grooving patterns; however, the 
dimensions and proportions represented in FIGS, 1-4 are not necessarily representative of the 
actual dimensions and proportions of a polishing pad of the invention. 
[0118] The Control Polishing Pad and the Inventive Polishing Pads 1 -4 were employed in the 
polishing process using a slurry flow rate of 120 nilJmm and a slurry flow rate of 90 inL/rriiiu 
The polishing process was performed eight times at each slurry flow rate using the Control 
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Polishmg Pad, and the eight polishmg results for each slurry flow rate were averaged The 
polishmg process was performed three times for each .Inventive Polishing Pad 1-4 at each slurry 
flow rate, and the three polishing results for each of Inventive Polishing Pads 1-4 at each slurry 
flow rate were averaged. The absolute and relative removal rates are reported m Table 1 and are 
nho depicted graphically m FIG. 7. 

Table 1 

Slum' Flow Rate 120 mL/min 90 mL/min 120 raL'mitt 90 jroL/mitt 
Removal Rate (A/mm) Relative Removal '.Rate-

Control Pad 5238 5058 1.00 0.97 

Pad! 6575 6765 1.26 1.29 
Pad 1 560$ 5552 1.07 1.06 

Pad 3 5752 5987 UO !J4 
Pad 4 5546 5612 K06 1.07 

wm As illustrated in Table 1 and FJG. 7, the removal rates were higher when Inventive 
Polishing Pads \ -4 were employee! uvthe polishing process, as compared to the removal rates 
when 'the Control Polishing hid was employed in the process. Moreover, when the Control 
Polishing Pad was used, the removal rate predictably decreased whe& the slurry flow rate was 
lowered from 120 mL/min to 90 ml/mm. In contrast, when Inventive Polishmg Pads 1 -4 were 
employed, lowering the slurry flow rate .from .120 mL/min to 90 mL/min either had little effect 
on the removal rate (see Inventive Polishing Pads 2 and 4) or the removal rate surprisingly 
increased (see Inventive Polishing Pads 1 and 3), thereby suggesting that the slurry was retained 
on the polishing surface of Inventive Polishing Pads I -4 for a longer amount of time than the 
Control Polishing Pad, Furthermore, the removal rate when using Inventive Polishing Pad 1 was 
significantly higher than when its mirror image (i.e., Inventive Polishing Pad 2} was employed, 
indicating that the rotation direction of the polishing pad can have a significant effect on the 
removal rate in the situation where the polishing pads do not have a mirror plane perpendicular 
to the polishing surface. 
|(J'f20] These results confirm that, as compared to a polishingpad comprising a conventional 
grooving pattern, polishing pads of the invention, inter aim, (a) exhibit a higher removal (b) 
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require less slurry as a result of. infer alia, longer starry retention times, and (c) can exhibit 

different removal rates depending on rotation direction in.the situation where the polishing pad 

does not contain a mirror plane perpendicular to the polishing surface of the polishing pad. 

£6121] All references, including.publications, patent applications^ and patents, cited herein 

are hereby incorporated by reference to the same extent as if each reference were individual!)' 

md specifically indicated to he incorporated by reference and were set forth in its entirety herein. 

(€11221 The use of the terms V and "an" and "the" and £tat lesst one" and similar referents in 
the context of describing the invention (especially in the context of the following claims) are to 

be construed to cover both the singular and the plural., unless otherwise indicated herein or 

clearly contradicted by context The use of the term *£ut least one" followed by a list of one or 

more items (for example, "at feast one of A and B") is to be construed to mean one item selected 

from the listed items (A or B) or any cooibiuation of two or more of the listed items (A and 0), 

unless otherwise indicated herein ar clearly contradicted by context. The terms "comprising," 

'"having/* 'including^' and ^containing" are to be construed as open-ended terms (le,, meaning 

"including, but not limited to,") unless otherwise noted. Recitation of ranges of values herein, are 

merely intended to serve as a shorthand method of referring individually to each separate value 

failing within the range, unless otherwise indicated herein, and each, separate value is 

incorporated into the specification as if it were individually recited herein, Al! methods 

described herein can be performed in any suitable order unless otherwise indicated herein or 

otherwise clearly contradicted by context. The use of any and all examples, or exemplary 

language (e.g.. "such as") provided herein, is intended merely to better illuminate the invention 

and does not pose a limitation on. the scope of die invention unless otherwise claimed. No 

language in the specification should be construed as indicating any non-claimed element as 

essential to the practice of the invention, 

[0123] Preferred embodiments of this invention are described herein, including the best 

mode known to the inventors for carrying out the invention. Variations of those preferred, 

embodiments may become apparent to those of ordinary skill hi the art upon reading the 

foregoing description. The inventors expect skilled artisans to employ such 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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equivalents ofthe subject matter recited m the claims appended hereto as permitted by applicable 
law. Moreover any combination of the above-described 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): 

1. 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 concentricity, 

(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 ofthe 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 ofthe 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 

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. 

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 circular 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 ofthe 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 ofthe following conditions is 

satisfied: 

(a) at least one of the grooves in the first plurality of concentric grooves is aligned with at 

least one ofthe 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, 

(f) 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 

in 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 ofthe 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 ofthe 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 ofthe 

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 concentricity, 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 

polishing 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, wherein a removal rate of the substrate is higher, as 

compared to an otherwise identical polishing pad that does not contain the plurality of grooves. 

1'8. The method of claim 17, wherein the substrate is tungsten. 

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

polyurethane. 


