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(57) ABSTRACT 
Correspondence Address: _ _ _ _ _ 

Rohm and Haas Electronic Materials Apol1sh1ng pad (104, 300) having an annular pol1sh1ng track 
CMP Holdings, Inc_ (152, 320) and a plurality of groups (160, 308) of grooves 
suite 1300 (112, 304) repeated circumferentially about the rotational 
1105 North Market street center (128) of the pad. The plurality of grooves in each 
Wilmington, DE 19899 (Us) group are arranged along a trajectory (164, 312) in an offset 

and overlapping manner so as to provide a plurality of 

(21) App1_ NO; 11/012396 overlapping steps (172, 316) Within the annular polishing 
track. The groups may be arranged in spaced-apart or nested 

(22) Filed; Dec. 14, 2004 relation With one another. 
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CMP PAD HAVING AN OVERLAPPING STEPPED 
GROOVE ARRANGEMENT 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to the ?eld 
of chemical mechanical polishing (CMP). In particular, the 
present invention is directed to a CMP pad having an 
overlapping stepped groove arrangement. 

[0002] In the fabrication of integrated circuits and other 
electronic devices, multiple layers of conducting, semicon 
ducting and dielectric materials are deposited onto and 
removed from a surface of a semiconductor Wafer. Thin 
layers of conducting, semiconducting and dielectric mate 
rials may be deposited using a number of deposition tech 
niques. Common deposition techniques in modern Wafer 
processing include physical vapor deposition (PVD), also 
knoWn as sputtering, chemical vapor deposition (CVD), 
plasma-enhanced chemical vapor deposition (PECVD) and 
electrochemical plating, among others. Common removal 
techniques include Wet and dry isotropic and anisotropic 
etching, among others. 

[0003] As layers of materials are sequentially deposited 
and removed, the uppermost surface of the Wafer becomes 
non-planar. Because subsequent semiconductor processing 
(e. g., metalliZation) requires the Wafer to have a ?at surface, 
the Wafer needs to be planariZed. PlanariZation is useful for 
removing undesired surface topography and surface defects, 
such as rough surfaces, agglomerated materials, crystal 
lattice damage, scratches and contaminated layers or mate 
rials. 

[0004] Chemical mechanical planariZation, or chemical 
mechanical polishing (CMP), is a common technique used 
to planariZe Workpieces such as semiconductor Wafers. In 
conventional CMP, a Wafer carrier, or polishing head, is 
mounted on a carrier assembly. The polishing head holds the 
Wafer and positions the Wafer in contact With a polishing 
layer of a polishing pad Within a CMP apparatus. The carrier 
assembly provides a controllable pressure betWeen the Wafer 
and polishing pad. Simultaneously thereWith, a slurry, or 
other polishing medium, is ?oWed onto the polishing pad 
and into the gap betWeen the Wafer and polishing layer. To 
e?fect polishing, the polishing pad and Wafer are moved, 
typically rotated, relative to one another. The Wafer surface 
is polished and made planar by chemical and mechanical 
action of the polishing layer and polishing medium on the 
surface. As the polishing pad rotates beneath the Wafer, the 
Wafer sWeeps out a typically annular polishing track, or 
polishing region, Wherein the Wafer surface directly con 
fronts the polishing layer. 

[0005] Important considerations in designing a polishing 
layer include the distribution of polishing medium across the 
face of the polishing layer, the How of fresh polishing 
medium into the polishing track, the How of used polishing 
medium from the polishing track and the amount of polish 
ing medium that ?oWs through the polishing Zone essentially 
unutiliZed, among others. One Way to address these consid 
erations is to provide the polishing layer With grooves. Over 
the years, quite a feW different groove patterns and con?gu 
rations have been implemented. Conventional groove pat 
terns include radial, concentric-circular, Cartesian-grid and 
spiral, among others. Conventional groove con?gurations 
include con?gurations Wherein the depth of all the grooves 
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are uniform among all grooves and con?gurations Wherein 
the depth of the grooves varies from one groove to another. 

[0006] It is generally acknowledged among CMP practi 
tioners that certain groove patterns result in higher slurry 
consumption than others to achieve comparable material 
removal rates. Circular grooves, Which do not connect to the 
peripheral edge of the polishing layer, tend to consume less 
slurry than radial grooves, Which provide the shortest pos 
sible path for slurry to reach the pad perimeter under the 
forces resulting from the rotation of the pad. Cartesian grids 
of grooves, Which provide paths of various lengths to the 
peripheral edge of the polishing layer, hold an intermediate 
position. 

[0007] Various groove patterns have been disclosed in the 
prior art that attempt to reduce slurry consumption and 
maximize slurry retention time on the polishing layer. For 
example, U.S. Pat. No. 6,241,596 to Osterheld et al. dis 
closes a rotational-type polishing pad having grooves de?n 
ing ZigZag channels that generally radiate outWard from the 
center of the pad. In one embodiment, the Osterheld et al. 
pad includes a rectangular “x-y” grid of grooves. The ZigZag 
channels are de?ned by blocking selected ones of the 
intersections betWeen the x- and y-direction grooves, While 
leaving other intersections unblocked. In another embodi 
ment, the Osterheld et al. pad includes a plurality of discrete, 
generally radial ZigZag grooves. Generally, the ZigZag chan 
nels de?ned Within the x-y grid of grooves or by the discrete 
ZigZag grooves inhibit the How of slurry through the corre 
sponding grooves, at least relative to an unobstructed rect 
angular x-y grid of grooves and straight radial grooves. 
Another prior art groove pattern that has been described as 
providing increased slurry retention time is a spiral groove 
pattern that is assumed to push slurry toWard the center of 
the polishing layer under the force of pad rotation. 

[0008] Research and modeling of CMP to date, including 
state-of-the-art computational ?uid dynamics simulations, 
have revealed that in netWorks of grooves having ?xed or 
gradually changing depth, a signi?cant amount of polishing 
slurry may not contact the Wafer because the slurry in the 
deepest portion of each groove ?oWs under the Wafer 
Without contact. While grooves must be provided With a 
minimum depth to reliably convey slurry as the surface of 
the polishing layer Wears doWn, any excess depth Will result 
in some of the slurry provided to polishing layer not being 
utiliZed, since in conventional polishing layers an unbroken 
?oW path exists beneath the Workpiece Wherein the slurry 
?oWs Without participating in polishing. Accordingly, there 
is a need for a polishing layer having grooves arranged in a 
manner that reduces the amount of underutiliZation of slurry 
provided to the polishing layer and, consequently, reduces 
the Waste of slurry. 

STATEMENT OF THE INVENTION 

[0009] In one aspect of the invention, a polishing pad, 
comprising: a) a polishing layer con?gured to polish a 
surface of at least one of a magnetic, optical or semicon 
ductor substrate in the presence of a polishing medium, the 
polishing layer including a rotational axis and an annular 
polishing track concentric With the rotational axis; and b) a 
plurality of grooves formed in the polishing layer and 
arranged into a plurality of groups each along a trajectory 
that extends through the annular polishing track, Wherein 
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ones of the plurality of grooves Within each group form an 
overlapping stepped pattern Within the annular polishing 
track. 

[0010] In another aspect of the invention, polishing pad, 
comprising: a) a polishing layer con?gured to polish a 
surface of at least one of a magnetic, optical or semicon 
ductor substrate in the presence of a polishing medium, the 
polishing layer including a rotational axis and an annular 
polishing track concentric With the rotational axis; and b) a 
plurality of grooves formed in the polishing layer and 
arranged into a plurality of groups each along a trajectory 
that extends through the annular polishing track, Wherein 
ones of the plurality of grooves Within each group form at 
least one overlapping step Within the annular polishing 
track. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a partial perspective vieW of a chemical 
mechanical polishing (CMP) system of the present inven 
tion; 
[0012] FIG. 2A is a plan vieW ofthe polishing pad ofFIG. 
1 having a plurality of overlapping stepped grooves arranged 
in groups that are spaced from one another in a circumfer 
ential direction relative to the pad; FIG. 2B is a plan vieW 
of the polishing pad of FIG. 2A illustrating one of the 
spaced apart groups of grooves; 

[0013] FIG. 3A is a plan vieW of an alternative polishing 
pad of the present invention having a plurality of overlap 
ping stepped grooves arranged in groups that are nested With 
one another in a circumferential direction relative to the pad; 
and FIG. 3B is a plan vieW of the polishing pad of FIG. 3A 
illustrating one of the nested groups of grooves and the 
nesting of the groups. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] Referring noW to the draWings, FIG. 1 shoWs in 
accordance With the present invention a chemical mechani 
cal polishing (CMP) system, Which is generally denoted by 
the numeral 100. CMP system 100 includes a polishing pad 
104 having a polishing layer 108 that includes a plurality of 
grooves 112 arranged and con?gured for improving the 
utiliZation of a polishing medium 116 applied to the polish 
ing pad during polishing of a semiconductor Wafer 120 or 
other Workpiece, such as glass, silicon Wafers and magnetic 
information storage disks, among others. For convenience, 
the term “Wafer” is used in the description beloW. HoWever, 
those skilled in the art Will appreciate that Workpieces other 
than Wafers are Within the scope of the present invention. 
Polishing pad 104 and its unique features are described in 
detail beloW. 

[0015] CMP system 100 may include a polishing platen 
124 rotatable about an axis 128 by a platen driver (not 
shoWn). Platen 124 may have an upper surface on Which 
polishing pad 104 is mounted. A Wafer carrier 132 rotatable 
about an axis 136 may be supported above polishing layer 
108. Wafer carrier 132 may have a loWer surface that 
engages Wafer 120. Wafer 120 has a surface 140 that 
confronts polishing layer 108 and is planariZed during 
polishing. Wafer carrier 132 may be supported by a carrier 
support assembly (not shoWn) adapted to rotate Wafer 120 
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and provide a doWnWard force F to press Wafer surface 140 
against polishing layer 108 so that a desired pressure exists 
betWeen the Wafer surface and the polishing layer during 
polishing. 
[0016] CMP system 100 may also include a supply system 
144 for supplying polishing medium 116 to polishing layer 
108. Supply system 144 may include a reservoir (not 
shoWn), e.g., a temperature controlled reservoir, that holds 
polishing medium 116. A conduit 148 may carry polishing 
medium 116 from the reservoir to a location adjacent 
polishing pad 104 Where the polishing medium is dispensed 
onto polishing layer 108. A How control valve (not shoWn) 
may be used to control the dispensing of polishing medium 
116 onto pad 104. During the polishing operation, the platen 
driver rotates platen 124 and polishing pad 104 and the 
supply system 144 is activated to dispense polishing 
medium 116 onto the rotating polishing pad. Polishing 
medium 116 spreads out over polishing layer 108 due to the 
rotation of polishing pad 104, including the gap betWeen 
Wafer 120 and polishing pad 104. The Wafer carrier 132 may 
be rotated at a selected speed, e.g., 0 rpm to 150 rpm, so that 
Wafer surface 140 moves relative to the polishing layer 108. 
The Wafer carrier 132 may also be controlled to provide a 
doWnWard force F so as to induce a desired pressure, e.g., 0 
psi to 15 psi (0 kPa to 103 kPa), betWeen Wafer 120 and 
polishing pad 104. Polishing platen 124 is typically rotated 
at a speed of 0 to 150 rpm. As polishing pad 104 is rotated 
beneath Wafer 120, surface 140 of the Wafer sWeeps out a 
typically annular Wafer track, or polishing track 152 on 
polishing layer 108. 

[0017] It is noted that under certain circumstances polish 
ing track 152 may not be strictly annular. For example, if 
surface 140 of Wafer 120 is longer in one dimension than 
another and the Wafer and polishing pad 104 are rotated at 
particular speeds such that these dimensions are alWays 
oriented the same Way at the same locations on polishing 
layer 108, polishing track 152 Would be generally annular, 
but have a Width that varies from the longer dimension to the 
shorter dimension. A similar effect Would occur at certain 
rotational speeds if surface 140 of Wafer 120 Were bi-axially 
symmetric, as With a circular or square shape, but the Wafer 
is mounted off-center relative to the rotational center of that 
surface. Yet another example of When polishing track 152 
Would not be entirely annular is When Wafer 120 is oscillated 
in a plane parallel to polishing layer 108 and polishing pad 
104 is rotated at a speed such that the location of the Wafer 
due to the oscillation relative to the polishing layer is the 
same on each revolution of the pad. In all of these cases, 
Which are typically exceptional, polishing track 152 is still 
annular in nature, such that they are considered to fall Within 
the coverage of the term “annular” as this term is used in the 
appended claims. 

[0018] FIGS. 2A and 2B illustrate polishing pad 104 of 
FIG. 1 in more detail than FIG. 1. Referring to both FIGS. 
2A and 2B, grooves 112 are generally arranged into a 
plurality of groups 160 that are distributed in a generally 
radial manner around rotational axis 128 of polishing pad 
104 and are preferably, but not necessarily, identical to one 
another. Each group 160 may contain a number N of grooves 
112, Wherein N22. In the present example, each group 160 
contains four grooves 112, i.e., N=4. Grooves 112 Within 
each group 160 are arranged and con?gured so as to de?ne 
What may be described as an “overlapping stepped arrange 
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ment” that generally lies along a trajectory 164. Each groove 
112 Within a group 160 may be considered to have a radially 
inWard end 166 and a radially outward end 168. Conse 
quently, the “overlapping” portion of the foregoing descrip 
tion refers to the radially inWard and radially outWard ends 
166, 168 of immediately adjacent grooves 112 being spaced 
from one another in a circumferential direction 170 relative 
to polishing pad 104 along a nonZero overlap length L. The 
“stepped” portion of the foregoing description refers to 
adjacent ones of overlapping grooves 112 in each group 160 
being spaced, or offset, from one another by a distance D so 
as to generally form a discontinuous polishing medium ?oW 
path along trajectory 164. When traversing each trajectory 
164 from one of its ends to the other, each offset encountered 
generally has the appearance of a stair step. Therefore, each 
of these o?fsets may be considered to de?ne a step and, more 
particularly, an overlapping step 172 having overlap length 
L. 

[0019] As mentioned above, grooves 112 in each group 
160 may be provided in any number N22. Consequently, 
each group 160 Will have N-l overlapping steps 172. For 
the reasons discussed immediately beloW, all overlapping 
steps 172 should be located Within polishing track 152. 
Generally, a primary concept underlying groups 160 is to 
provide a segmented pathWay for a polishing medium to 
?oW Within polishing track 152. When a polishing medium 
is present Within one of grooves 112, it typically ?oWs 
Within that groove under the in?uence of centrifugal force as 
polishing pad 104 is rotated during polishing. However, the 
polishing medium tends to not ?oW from one groove 112 to 
an adjacent groove across the land region 174 therebetWeen 
under the in?uence of this centrifugal force. Rather, the 
polishing medium is generally moved from one groove 112 
to a next adjacent groove across land region 174 primarily 
by the interaction of Wafer 120 With the polishing medium 
on polishing layer 108 as the Wafer is rotated, or rotated and 
oscillated, in confrontation With polishing pad 104. 

[0020] By providing groups 160 of discontinuous grooves 
112, the polishing medium can be utiliZed more e?iciently 
than in conventional polishing pads (not shoWn) having 
continuous grooves extending through their polishing tracks. 
Generally, this is so, because the polishing medium 
advances toWard the peripheral edge 176 of polishing pad 
104 from one groove 112 to another groove 112 substantially 
only When Wafer 120 is present to move the polishing 
medium across the land regions 174. This is in contrast to the 
typical situation With continuous grooves (not shoWn) in 
Which the polishing medium advances toWard the peripheral 
edge of the polishing pad even When the Wafer is not present 
simply due to the rotation of the polishing pad. 

[0021] When each group 160 has three or more grooves 
112 and, correspondingly, tWo or more overlapping steps 
172 are located Within polishing track 152, each of a number 
N-2 of the grooves Will typically have a straight-line end 
to-end distance S (i.e., distance along a straight line con 
necting endpoints 166, 168 of the groove under consider 
ation) less than the Width W of polishing track 152. In 
exemplary polishing pad 104, the four grooves 112 in each 
group 160 provide three overlapping steps 172 located 
entirely Within polishing track 152. Consequently, tWo of the 
four grooves 112 in each group 160 have straight-line 
distances S shorter than Width W of polishing track 152. In 
fact, in this example, all four grooves 112 Within each group 
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160 have straight-line distances S shorter than Width W. It is 
noted that the relationship S<W Will not hold true for every 
design. For example, for N=3 With tWo overlapping steps 
172 Within polishing track 152, straight-line distance S may 
be equal to or greater than Width W, particularly When 
trajectory 164 has a relatively large circumferential compo 
nent Within the polishing track. 

[0022] Polishing track 152 Will typically have a generally 
circular inner boundary 180 spaced from rotational axis 128 
of polishing pad 104 and a generally circular outer boundary 
184 proximate to, but spaced from peripheral edge 176 of 
the pad. Inner boundary 180 typically, but not necessarily, 
de?nes a central region 188 of polishing layer 108. Like 
Wise, outer boundary 184 and peripheral edge 176 typically 
de?ne a peripheral region 190. It is noted that one, the other, 
or both, of central region 188 and peripheral region 190 may 
not be present. Central region 188 Would not be present if 
inner boundary 180 Were coincident With rotational axis 128 
of polishing pad 104 or the rotational axis Were contained in 
polishing track 152. Peripheral region 190 Would not be 
present if outer boundary 184 Were coincident With periph 
eral edge 176. 

[0023] In a CMP system that utiliZes polishing pad 104 
having central region 188 and that provides a polishing 
medium to the pad in the central region, such as CMP system 
100 of FIG. 1, each group 160 of grooves 112 may include 
a radially innermost groove 192 that extends from the 
central region into polishing track 152. In this manner, 
grooves 192 can assist in moving the polishing medium 
from central region 188 into polishing track 152 during 
polishing. As mentioned above, the polishing medium Will 
tend to ?oW Within grooves 112, including grooves 192, 
even When Wafer 120 is not present. When grooves 192 are 
largely radial, the centrifugal forces caused by rotating 
polishing pad 104 at a constant speed Will tend to cause the 
polishing medium Within these grooves to ?oW toWard 
peripheral edge 176 of the pad. 

[0024] When polishing pad 104 includes peripheral region 
190, each group 160 of grooves 112 may contain a radially 
outermost groove 194 that is present in both polishing track 
152 and the peripheral region. Depending on their orienta 
tion relative to the rotational direction of polishing pad 104, 
grooves 194 tend to assist in the transport of the polishing 
medium out of polishing track 152. Some, none, or all of 
radially outermost grooves 194 may extend to peripheral 
edge 176, depending upon a particular design. Extending 
outermost grooves 194 to peripheral edge 176 tends to move 
a polishing medium out of peripheral region 190 and off of 
polishing pad 104 at a rate higher than Would occur if these 
grooves Were terminated short of the peripheral edge. For 
certain orientations, this is so due to the tendency of the 
polishing medium to ?oW Within grooves 194 under the 
in?uence of the rotation of polishing pad 104. 

[0025] Trajectory 164 of each group 160 may generally 
have any shape desired, such as the arcuate shape shoWn, 
any arcuate shape having a greater or lesser curvature than 
the curvature shoWn or a curvature in the opposite direction 
from the direction shoWn, straight, either in a radial direction 
or angled thereto, or a Wavy or ZigZag shape, among others. 
Groups 160 may be spaced from one another in circumfer 
ential direction 170 as shoWn or, alternatively, may be nested 
With one another as illustrated in FIG. 3A as described 
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below. Generally, one group 160 is “spaced-apart” relative 
to an immediately adjacent group if an intermediate line 196 
having the same character as trajectory 164 can be draWn 
midWay betWeen the trajectories of the tWo groups and all 
grooves 112 of one group lie on one side of the intermediate 
line and all grooves of the other group lie on the other side 
of the intermediate line. 

[0026] FIGS. 3A and 3B illustrate an alternative polishing 
pad 300 of the present invention that may be used With a 
CMP system, such as CMP system 100 of FIG. 1. As best 
seen in FIG. 3B, a basic construct of polishing pad 300 is the 
arrangement of grooves 304 into a plurality of overlapping 
stepped groups 308 generally parallel to trajectories 312 in 
a manner virtually identical to the manner grooves 112 of 
polishing pad 104 of FIGS. 2A and 2B are arranged in 
groups 160 along corresponding trajectories 164. For a 
detailed description of the arrangement of grooves 304 
Within each group 308 of FIGS. 3A and 3B, the foregoing 
description of the arrangement of grooves 112 With each 
group 160 of FIGS. 2A and 2B may be used by analogy. In 
exemplary polishing pad 300 of FIGS. 3A and 3B, each 
group 308 contains six grooves 304 that provide ?ve over 
lapping steps 316 generally parallel to trajectory 312 Within 
annular polishing region 320. The overlapping stepped 
arrangement of grooves 304 provides functionality similar to 
the functionality of the groove arrangement described above 
in connection With FIGS. 2A and 2B. Like groups 160 of 
FIGS. 2A and 2B, groups 308 of FIGS. 3A and 3B may 
contain any number N of grooves 304 and a corresponding 
number N-l of overlapping steps 316. Likewise, trajectories 
312 of groups 308 may have any of the shapes described 
above relative to the trajectories 164 of FIG. 2B. Also, at 
least the N-2 grooves 304 contained entirely Within polish 
ing track 320 may each have a straight-line distance S' less 
than Width W' of polishing track 320. 

[0027] Whereas groups 160 of grooves 112 in FIG. 2A are 
considered to be spaced-apart from immediately adjacent 
groups, groups 308 of FIG. 3A are considered to be nested 
With adjacent groups. The nesting of groups 308 is best seen 
in connection With groups G1, G2, G3 and GB of FIG. 3B that 
are particularly enumerated as such for convenience of 
illustration. Group Gl contains six grooves G11, G12, G13, 
G14, G15, G16. Similarly, groups G2 and G3 contains 
grooves G21, G22, G23, G24, G25, G26 and grooves G31, 
G32, G33, G34, G35, G36, respectively. In a broad sense, the 
“nesting” of adjacent groups 308 means that an intermediate 
line (not shoWn, but similar to intermediate line 196 of FIG. 
2A) having the same character as trajectories 312 that lies 
midWay betWeen tWo adjacent trajectories does not divide 
one group from another. Rather, grooves 304 from each of 
the tWo adjacent groups 308, and perhaps even grooves from 
other groups, lie on both sides of the intermediate line. In a 
particular implementation of nested groups 308, certain ones 
of grooves 304 from one group are located so that they align 
With certain grooves in other groups. This is shoWn in FIG. 
3A and particularly illustrated in FIG. 3B in connection With 
groups G1, G2, G3 and GD. That said, it is noted that nesting 
does not necessarily require that grooves 304 of group 308 
align With any of the grooves of another group. 

[0028] Referring particularly to FIG. 3B, it is seen that 
When group G2 is nested With group G1, groove G23 of 
group G2 aligns With groove G11 of group G1. Similarly, 
groove G24 of group G2 aligns With groove G12 of group G1. 
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Then, When group G3 is nested With groups G2, and G1, 
groove G36 of group G3 aligns With grooves G24 and G12 of 
groups G2 and G1, respectively. Similarly, groove G35 of 
group G3 aligns With grooves G23 and G11 of groups G2 and 
G1, respectively. This nesting progresses in circumferential 
direction 324 until group Gn ultimately nests With group Gl 
When groove Gnl aligns With groove G13, groove Gn2 aligns 
With groove G14, groove Gn3 aligns With groove G15 and 
groove Gn4 aligns With groove G1 6. The nesting provided by 
the arrangement of grooves Gn1-6 shoWn in FIG. 3B 
enhances slurry movement under the Wafer by creating 
multiple series and parallel paths for slurry to migrate from 
one groove to an adjacent groove, alloWing the slurry to 
advance across land areas both along a stepped path pro 
vided by one group of grooves and along the smooth 
segmented path provided collectively by the ones of the 
grooves in adjacent nested groups that are aligned With one 
another. 

1. A polishing pad, comprising: 

a) a polishing layer con?gured to polish a surface of at 
least one of a magnetic, optical or semiconductor 
substrate in the presence of a polishing medium, the 
polishing layer including a rotational axis and an annu 
lar polishing track concentric With the rotational axis; 
and 

b) a plurality of grooves formed in the polishing layer and 
arranged into a plurality of groups of at least three 
grooves each along a trajectory that extends through the 
annular polishing track, Wherein the at least three 
grooves of the plurality of grooves Within each group 
form an overlapping stepped pattern of at least tWo 
overlapping steps Within the annular polishing track for 
forming a discontinuous ?oW path along the trajectory. 

2. The polishing pad according to claim 1, Wherein the 
plurality of groups ae spaced from one another in a circum 
ferential direction about the rotational axis. 

3. The polishing pad according to claim 1, Wherein the 
plurality of groups are nested With one another in a circum 
ferential direction about the rotational axis. 

4. The polishing pad according to claim 1, Wherein the 
annular polishing track has a Width and each groove in each 
of the plurality of grooves has a length shorter than the Width 
of the annular polishing track. 

5. The polishing pad according to claim 1, Wherein the 
trajectory of each of the plurality of groups is arcuate. 

6. The polishing pad according to claim 5, Wherein the 
polishing pad has a design rotational direction and the 
trajectory of each of the plurality of groups is curved in the 
design rotational direction. 

7. A polishing pad, comprising: 

a) a polishing layer con?gured to polish a surface of at 
least one of a magnetic, optical or semiconductor 
substrate in the presence of a polishing medium, the 
polishing layer including a rotational axis and an annu 
lar polishing track concentric With the rotational axis; 
and 

b) a plurality of grooves formed in the polishing layer and 
arranged into a plurality of groups of at least three 
grooves each along a trajectory that extends through the 
annular polishing track, Wherein the at least three 
grooves (N 23) of the plurality of grooves Within each 
group form an overlapping stepped pattern of N-l 
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steps Within the annular polishing track for forming a 
discontinuous ?oW path along the trajectory. 

8. The polishing pad of claim 7, Wherein ones of the 
plurality of grooves Within each group form at least tWo 
overlapping steps Within the annular polishing track. 

9. The polishing pad of claim 7, Wherein the pad further 
comprises a peripheral edge and the annular polishing track 
includes an inner circular boundary, the polishing layer 
further including a central region de?ned by the inner 
circular boundary of the annular polishing track, and a 
peripheral region located betWeen the annular polishing 
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track and the peripheral edge of the pad, each of the plurality 
of groups including an inner groove present only in the 
central region and the annular polishing track and an outer 
groove present only in the annular polishing track and the 
peripheral region. 

10. The polishing pad of claim 7, Wherein the annular 
polishing track has a Width and each groove in each of the 
plurality of grooves has a length shorter than the Width of the 
annular polishing track. 

* * * * * 


