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(57) ABSTRACT 

The present invention intends to provide a polishing pad and 
a multi-layer polishing pad that can particularly effectively 
suppress scratch from occurring. The polishing pad of the 
invention comprises at least one part selected from a groove 
(a) having at least one kind of shape selected from annular, 
lattice-like and spiral form on a polishing surface side, a 
concave portion (b) and a through hole In the above, 
surface roughness of an inner surface of the part is 20 pm or 
less and the polishing pad is used for chemical mechanical 
polishing. 
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Fig. 7 
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Fig. 8 
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Fig. 10 

24 



Patent Application Publication Jan. 22, 2004 Sheet 11 0f 15 US 2004/0014413 A1 

Fig. 11 
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POLISHING PAD AND MULTI-LAYER POLISHING 
PAD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a polishing pad and 
a multi-layer polishing pad. In more detail, the invention 
relates to a polishing pad and a multi-layer polishing pad that 
have a groove having a speci?c shape on a polishing surface 
side, or a concave part having a speci?c shape that opens 
toWard a polishing surface side. The polishing pad and the 
multi-layer polishing pad of the invention can be Widely 
used in manufacture of semiconductor devices, and particu 
larly preferably used in chemical mechanical polishing and 
the like of a surface of a material to be polished such as a 
Wafer. 

[0003] 2. Description of the Prior Art 

[0004] Recently, chemical mechanical polishing (CMP) 
attracts attention as a polishing method that alloWs forming 
a surface having eXcellent planarity. In the CMP, With a 
polishing pad and a surface to be polished of a material to 
be polished sliding, a slurry that is an aqueous dispersion 
therein abrasive is dispersed is flowed from upWard onto a 
surface of the polishing pad, and thereby polishing is per 
formed. In the CMP, it is knoWn that a polishing result is 
largely in?uenced depending on a state and characteristics of 
the polishing pad. 

[0005] Technique in Which a removal rate and a polishing 
result can be improved by disposing a groove on a surface 
of the polishing pad is disclosed in JP-A H11-70463, H08 
216029 and H08-39423. Even When the technique is used, 
hoWever, in some cases, scratch cannot be sufficiently inhib 
ited from being formed on a polished surface of a material 
to be polished. 

[0006] Furthermore, a polishing pad that can form pores 
on a polishing surface of the polishing pad Without using a 
foamed body, is disclosed in JP-W No.8-500622, JP-A 
2000-34416, 2000-33552 and 2001-334455. Even When 
these techniques are used, hoWever, in some cases, pores 
cannot be suppressed from being clogged by abrasive and 
polishing Wastages during polishing, or pores cannot be 
suppressed from being clogged after dressing, and thereby, 
the removal rate cannot be sufficiently improved. Still fur 
thermore, in some cases, the slurry cannot be sufficiently 
uniformly distributed on the polishing pad; accordingly, the 
removal rate cannot be sufficiently improved and a suffi 
ciently uniform polished surface cannot be obtained. 

SUMMARY OF THE INVENTION 

[0007] The present invention intends to overcome the 
above eXisting problems and thereby to provide a polishing 
pad and a multi-layer polishing pad that can particularly 
effectively suppress scratch occurring. 

[0008] The present invention is described as folloWs. 

[0009] 1. A polishing pad comprising: 

[0010] at least one part selected from the group 
consisting of a groove (a) having at least one kind of 
shape selected from annular, lattice-like and spiral 
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form on a polishing surface side, a concave portion 
(b) and a through hole (c): 

[0011] Wherein surface roughness of an inner surface 
of the part is 20 pm or less; and 

[0012] Wherein the polishing pad is used for chemical 
mechanical polishing. 

[0013] 2. The polishing pad according to above 1, Wherein 
a depth of the groove (a) is 0.1 mm or more and a Width 
thereof is 0.1 mm or more. 

[0014] 3. The polishing pad according to above 1, Wherein 
the groove (a) is formed concentrically. 

[0015] 4. The polishing pad according to above 1, Wherein 
a depth of the concave portion (b) is 0.1 mm or more, and 
a minimum length of an opening thereof is 0.1 mm or more. 

[0016] 5. The polishing pad according to above 1, Wherein 
a minimum length of an opening of the through hole (c) is 
0.1 mm or more. 

[0017] 6. The polishing pad according to above 1, Wherein 
an area of an opening of one concave portion (b) is 0.0075 
mm or more. 

[0018] 7. The polishing pad according to above 1, Wherein 
an area of an opening of one through hole (c) is 0.0075 mm2 
or more. 

[0019] 8. The polishing pad according to above 1, Wherein 
a minimum length betWeen adjacent openings of each of the 
groove (a), the concave portion (b) and the through hole (c) 
is 0.05 mm or more. 

[0020] 9. The polishing pad according to above 1, Wherein 
at least part of the polishing pad comprises a Water-insoluble 
matriX that contains a crosslinked polymer and a Water 
soluble particle dispersed in the Water-insoluble matriX. 

[0021] 10. The polishing pad according to above 1, 
Wherein the groove (a), the concave portion (b) and the 
through hole (c) are formed by a method selected from 
cutting and die forming. 

[0022] 11. A multi-layer polishing pad comprising: 

[0023] a polishing layer comprising at least one part 
selected from the group consisting of a groove (a) 
having at least one kind of shape selected from 
annular, lattice-like and spiral form on a polishing 
surface side, a concave portion (b) and a through 
hole (c); 

[0024] Wherein surface roughness of an inner surface 
of the part is 20 pm or less; and 

[0025] a supporting layer laminated on a non-polish 
ing surface side of the polishing layer; 

[0026] Wherein the multi-layer polishing pad is used 
for chemical mechanical polishing. 

[0027] 12. The multi-layer polishing pad according to 
above 11, Wherein a depth of the groove (a) is 0.1 mm or 
more and a Width thereof is 0.1 mm or more. 

[0028] 13. The multi-layer polishing pad according to 
above 11, Wherein the groove (a) is formed concentrically. 
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[0029] 14. The multi-layer polishing pad according to 
above 11, wherein a depth of the concave portion (b) is 0.1 
mm or more, and a minimum length of an opening thereof 
is 0.1 mm or more. 

[0030] 15. The multi-layer polishing pad according to 
above 11, Wherein a minimum length of an opening of the 
through hole (c) is 0.1 mm or more. 

[0031] 16. The multi-layer polishing pad according to 
above 11, Wherein an area of an opening of one concave 
portion (b) is 0.0075 mm2 or more. 

[0032] 17. The multi-layer polishing pad according to 
above 11, Wherein an area of an opening of one through hole 
(c) is 0.0075 mm or more. 

[0033] 18. The multi-layer polishing pad according to 
above 11, Wherein a minimum length betWeen adjacent 
openings of each of the groove (a), the concave portion (b) 
and the through hole (c) is 0.05 mm or more. 

[0034] 19. The multi-layer polishing pad according to 
above 11, Wherein at least part of the polishing layer 
comprises a Water-insoluble matrix that contains a 
crosslinked polymer and a Water-soluble particle dispersed 
in the Water-insoluble matrix. 

[0035] 20. The multi-layer polishing pad according to 
above 11, Wherein the groove (a), the concave portion (b) 
and the through hole (c) are formed by a method selected 
from cutting and die forming. 

[0036] According to the polishing pad of the invention, by 
providing a groove (a) having a speci?c shape, a concave 
portion (b) and a through hole (c), scratches oWing to foreign 
matters generated therein can be effectively suppressed from 
occurring, and polished surface is excellent in planarity. 

[0037] In addition, When the groove (a) has a speci?c 
depth and Width, the concave portion (b) a speci?c depth and 
minimum length of an opening, and the through hole (c) a 
speci?c minimum length of an opening, and furthermore 
When an area of one opening of the concave portion (b) and 
that of the through hole (c) are 0.0075 mm2 or more, 
respectively, the scratch occurring can be more assuredly 
suppressed. 
[0038] Furthermore, When minimum lengths betWeen 
adjacent openings of the groove (a), the concave portion (b) 
and the through hole (c) are 0.05 mm or more, ef?cient 
polishing can be forWarded While the strength of a convex 
portion that corresponds to the polishing surface is main 
taining. 

[0039] When at least part of the polishing pad includes a 
Water-insoluble matrix including a crosslinked polymer and 
a Water-soluble particle, surface roughness of an inner 
surface of the groove (a), the concave portion (b) and the 
through hole (c) can be easily suppressed to 20 pm or less. 
Accordingly, the pores are not clogged by dressing, the 
slurry is sufficiently held and the removal rate can be made 
larger. 

[0040] Furthermore, in case the groove (a), the concave 
portion (b) and the through hole (c) are formed With a 
method selected from cutting and molding, the surface 
roughness of the inner surface of each part can be easily 
made smaller, resulting in suf?ciently suppressing the 
scratch from occurring. 

Jan. 22, 2004 

[0041] According to the multi-layer polishing pad of the 
invention, the polishing can be ef?ciently forWarded Without 
deforming a polishing layer during polishing. Furthermore, 
the scratch occurring due to the foreign matters generated in 
the groove and the like can be suppressed, and a polishing 
surface of the pad and a surface to be polished of a Wafer or 
the like can be suf?ciently brought into contact, accordingly, 
the removal rate can be improved. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] 
detailed. 

In the folloWing, the present invention Will be 

[0043] Apolishing pad of the present invention comprises 
at least one part selected from the group consisting of a 
groove (a) having at least one kind of shape selected from 
annular, lattice-like and spiral form on a polishing surface 
side, a concave portion (b) and a through hole 

[0044] The surface roughness of an inner surface of a 
groove (a), a concave portion (b) and a through hole (c) 
provided to a polishing pad of the invention is 20 pm or less, 
preferably 15 pm or less, more preferably 10 pm or less and 
particularly 7 pm or less. A loWer limit thereof is normally 
0.05 pm. When the surface roughness is 20 pm or less, the 
scratch occurred during polishing can be effectively inhib 
ited from occurring. The surface roughness means an aver 
aged value (Ra) given by the sum of the absolute values of 
all the areas above and beloW the mean line divided by the 
sampling length and is measured by a measurement method 
described beloW at least before the polishing pad of the 
invention is used. 

[0045] That the surface roughness Ra of the inner surface 
of the groove (a), the concave portion (b) and the through 
hole (c) is 20 pm or less means that there is no large 
unevenness therein. When there is large unevenness, a 
particularly large convex portion (made of, for instance, 
cutting residue generated When the groove is formed) drops 
off during polishing, resulting in causing scratches. Further 
more, foreign matters formed from the dropped off convex 
portion by compressing or the like oWing to a pressure and 
friction heat during polishing, foreign matters formed from 
the dropped off convex portion and polishing Wastage, solid 
component in the slurry and the like by interacting to form 
foreign matters may occur the scratches in some cases. In 
addition, even during dressing, in some cases, the convex 
portion may drops off, resulting in the similar inconve 
nience. 

[0046] When the surface roughness Ra is 20 pm or less, in 
addition to inhibiting the scratch from occurring, a function 
as the groove (a), the concave portion (b) and the through 
hole (c), a function of distributing the slurry on the polishing 
surface and a function of exhausting Waste outside can be 
particularly ef?ciently exhibited. 

[0047] The surface roughness Ra is an average value 
obtained by measuring individual average values of the 
surface roughness of different three vieWing ?elds of a 
surface of a polishing pad before use, With a measuring 
apparatus that can measure the surface roughness, and by 
averaging three of the obtained average surface roughness. 
The measuring apparatus being used is not particularly 
limited, for instance, optical surface roughness measuring 
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apparatus such as a three-dimensional surface structure 
analytic microscope, a scanning laser microscope, and an 
electron beam surface morphology analysis instrument, and 
contact surface roughness measuring apparatus such as a 
probe type surface roughness meter can be used. 

[0048] The groove (a) eXists on a polishing surface side of 
the polishing pad. The groove (a) has a function of retaining 
slurry supplied during polishing and more uniformly dis 
tributing the slurry on the polishing surface. In addition, it 
has a function as an eXhaustion path that temporarily stays 
Waste such as polishing Wastage generated during polishing 
and used slurry, and exhausts the Waste outside of the 
system. 

[0049] The groove (a) may have any shape selected from 
the group consisting of an annular shape, a lattice-like shape 
and a spiral shape. The polishing pad of the present inven 
tion may have one of these separately or may have these in 
combination. 

[0050] When the groove (a) is annularly formed, its planar 
shape is not particularly limited and the shape may be, for 
instance, a circular, a polygonal (trigonal, tetragonal, pen 
tagonal and the like), an elliptic and the like. The number of 
the grooves is preferably tWo or more. Furthermore, 
although arrangement of these grooves is not particularly 
limited, these may be, for instance, a concentrically arrange 
ment (concentric circle-like and the like) With plural grooves 
12 (FIG. 1), an eccentrically arrangement With plural 
grooves 12 (FIG. 2), or in such a Way that a plurality of other 
annular grooves is arranged inside of a part surrounded by 
an annular groove. Among these, one in Which plural 
grooves are concentrically arranged is preferable, and fur 
thermore, one in Which plural grooves are concentric circu 
larly arranged (a state in Which a plurality of circular 
grooves is concentrically arranged) is more preferable. The 
polishing pad having the concentric arrangement is superior 
to others in the above functions. In addition, the polishing 
pad having the concentric circular arrangement is more 
eXcellent in the above functions and the groove thereof can 
be easily formed. 

[0051] On the other hand, a sectional shape of the groove 
is not particularly limited and may be, for instance, a shape 
formed of ?at side surfaces and a bottom surface (the length 
of the respective Width directions of an opening side and a 
bottom side may be the same, or the opening side may be 
longer in the length than the bottom side, or the bottom side 
may be longer in the length than the opening side), a 
horseshoe shape, a V-shape and the like. 

[0052] When the groove (a) is annularly formed, its mag 
nitude is not particularly limited, and a Width of the groove 
(22 in FIG. 3) is preferably 0.1 mm or more, more prefer 
ably in the range of from 0.1 to 5 mm, and further more 
preferably in the range of from 0.2 to 3 mm. The groove 
having a Width less than 0.1 mm is formed in some cases 
with difficulty. On the other hand, a depth of the groove is 
preferably 0.1 mm or more, more preferably in the range of 
from 0.1 to 2.5 mm, and further more preferably in the range 
of from 0.2 to 2.0 mm. When the depth of the groove is less 
than 0.1 mm, it is not preferable because the lifetime of the 
polishing pad becomes excessively short. The depth of the 
groove may be different depending on positions. 

[0053] In addition, a minimum length betWeen adjacent 
grooves (23 in FIG. 3) is preferably 0.05 mm or more, more 
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preferably in the range of from 0.05 to 100 mm, and more 
preferably from 0.1 to 10 mm. In some cases, it is difficult 
to form grooves having a minimum length betWeen the 
adjacent grooves of less than 0.05 mm. Furthermore, a pitch 
(21 in FIG. 3) that is a sum of the Width of the groove and 
a length of a portion betWeen adjacent grooves is preferably 
0.15 mm or more, more preferably in the range of from 0.15 
to 105 mm, further more preferably from 0.3 to 13 mm, and 
particularly preferably from 0.5 to 2.2 mm. 

[0054] Each of the preferable ranges can combine With 
other preferable ranges. That is, it is preferable, for instance, 
for the Width to be 0.1 mm or more, for the depth 0.1 mm 
or more, and for the minimum length 0.05 mm or more; 
more preferable for the Width to be in the range of from 0.1 
mm to 5 mm, for the depth from 0.1 to 2.5 mm, and for the 
minimum length from 0.05 to 100 mm; and further more 
preferable for the Width to be in the range of from 0.2 mm 
to 3 mm, for the depth from 0.2 to 2.0 mm, and for the 
minimum length from 0.1 to 10 mm. 

[0055] The Width and depth of the annular grooves formed 
on a polishing surface side of the polishing pad may be the 
same in the respective grooves or may be different. 

[0056] When the groove (a) is formed in lattice, it may be 
formed of one continual groove or may be formed of tWo or 
more discontinuous grooves. Furthermore, a planar shape of 
one pattern that forms the lattice, not particularly limited, 
may be formed into various polygons. As the polygons, for 
instance, tetragons such as a square (FIG. 4), a rectangle, a 
trapeZoid, and a loZenge (FIG. 5), a triangle (FIG. 6), a 
pentagon, and a heXagon can be cited. A sectional shape of 
the groove may be the same as that of the annular one. 

[0057] When the groove (a) is formed in lattice, its mag 
nitudes can be also the same as those of the annular one. 

[0058] When a planar shape of one pattern that forms a 
lattice is a square, a minimum length betWeen adjacent 
grooves (23 in FIG. 3) is preferably 0.05 mm or more, more 
preferably in the range of from 0.05 to 100 mm, and further 
more preferably from 0.1 to 10 mm. A lattice-like groove 
having the minimum length of less than 0.05 mm is in some 
cases formed with difficulty. Furthermore, a pitch that is a 
sum of the Width of the groove and a length of a portion 
betWeen adjacent grooves (21 in FIG. 3) is, in both of a 
vertical direction and a lateral direction, preferably 0.15 mm 
or more, more preferably in the range of from 0.15 to 105 
mm, further more preferably from 0.3 to 13 mm, and 
particularly preferably from 0.5 to 2.2 mm. HoWever, a pitch 
in the vertical direction and that in the lateral direction may 
be the same or different. Furthermore, When the tetragon is 
a loZenge, the shorter one of lengths of tWo pairs of parallel 
sides that face each other is taken as the minimum length. 

[0059] Each of the preferable ranges of the magnitudes of 
the groove can combine With other preferable ranges. That 
is, it is preferable, for instance, for the Width to be 0.1 mm 
or more, for the depth 0.1 mm or more, and for the minimum 
length 0.05 mm or more; more preferable for the Width to be 
in the range of from 0.1 mm to 5 mm, for the depth from 0.1 
to 2.5 mm, and for the minimum length from 0.05 to 100 
mm; and further more preferable for the Width to be in the 
range of from 0.2 mm to 3 mm, for the depth from 0.2 to 2.0 
mm, and for the minimum length from 0.1 to 10 mm. 

[0060] Furthermore, When a planar shape of one pattern 
that forms a lattice is a triangle, a length of the smallest side 
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of the triangle is preferably 0.05 mm or more, more pref 
erably in the range of from 0.05 to 100 mm, and further more 
preferably from 0.1 to 10 mm. When a length of the smallest 
side is less than 0.05 mm, a lattice-like groove can be in 
some cases formed with difficulty. 

[0061] Each of the preferable ranges of the magnitudes of 
the groove can combine With other preferable ranges. That 
is, it is preferable, for instance, for the Width to be 0.1 mm 
or more, for the depth 0.1 mm or more, and for the length 
of the smallest side 0.05 mm or more; more preferable for 
the Width to be in the range of from 0.1 mm to 5 mm, for the 
depth from 0.1 to 2.5 mm, and for the length of the smallest 
side from 0.05 to 100 mm; and further more preferable for 
the Width to be in the range of from 0.2 mm to 3 mm, for the 
depth from 0.2 to 2.0 mm, and for the length of the smallest 
side from 0.1 to 10 mm. 

[0062] In addition, When a planar shape of one pattern that 
forms a lattice is a hexagon, a minimum length that is the 
shortest of parallel sides that face each other is preferably 
0.05 mm or more, more preferably in the range of from 0.05 
to 100 mm, and further more preferably from 0.1 to 10 mm. 
A lattice-like groove Whose minimum length is less than 
0.05 mm is in some cases formed with difficulty. 

[0063] Each of the preferable ranges can combine With 
other preferable ranges. That is, it is preferable, for instance, 
for the Width to be 0.1 mm or more, for the depth 0.1 mm 
or more, and for the smallest length 0.05 mm or more; more 
preferable for the Width to be in the range of from 0.1 mm 
to 5 mm, for the depth from 0.1 to 2.5 mm, and for the 
smallest length from 0.05 to 100 mm; and further more 
preferable for the Width to be in the range of from 0.2 mm 
to 3 mm, for the depth from 0.2 to 2.0 mm, and for the 
smallest length from 0.1 to 10 mm. 

[0064] The lattice-like grooves formed on a polishing 
surface side of the polishing pad may be formed of one kind 
of grooves the same in the Width and depth, respectively, or 
may be formed of a combination of tWo or more kinds of 
grooves different in the Width and the depth. Furthermore, 
the polishing surface may be provided thereon With only one 
kind of lattice-like grooves the same in a planar shape of one 
pattern that forms the lattice, or may be provided With tWo 
or more kinds of lattice-like grooves different in the planar 
shape. 

[0065] When the groove (a) is spirally formed, it may be 
formed of one continuous groove 12 (FIG. 7), or may be 
formed of tWo spiral grooves 12a and 12b Whose spiral 
directions are different each other (FIG. 8). Furthermore, it 
may be formed of tWo spiral grooves Whose spiral directions 
are the same, or may be formed of three or more spiral 
grooves Whose spiral directions are the same each other or 
different from each other. A sectional shape of the groove 
may be the same as that of the annular one. And When the 
groove (a) is spirally formed, its magnitudes can be also the 
same as those of the annular one. In addition, a minimum 
length betWeen adjacent grooves and a pitch can be also the 
same as those of the annular one. 

[0066] The Width and depth of the spiral groove formed on 
the polishing surface side of the polishing pad may be the 
same over all length or different. Furthermore, When tWo or 
more grooves are formed, the Width and the depth of the 
respective grooves may be the same or different. 
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[0067] The “concave portion (b)” exists on a polishing 
surface side of the polishing pad. Furthermore, the “through 
hole (c)” is opened toWard both surfaces of the polishing 
surface and a surface opposite to the polishing surface. The 
concave portion (b) or the through hole (c) (hereinafter, in 
some cases, referred to as “concave portion and the like”) 
has a function of retaining the slurry supplied during pol 
ishing and more uniformly distributing the slurry on the 
polishing surface. Furthermore, the concave portion and the 
like has a function of an exhaustion path that alloWs Waste 
such as polishing Wastage generated during polishing and 
used slurry to temporarily stay and exhausts the Waste 
outside of the system. Even When the polishing pad has the 
through holes, by ?xing the polishing pad to a surface plate 
of polishing apparatus oWing to depression or the like, the 
slurry does not out?oW through the through holes Without 
serving to polishing. 
[0068] Aplanar shape of the concave portions and the like 
is not particularly limited, but may be, for instance, a circle, 
a polygon (trigon, tetragon, pentagon and the like), an ellipse 
and the like. An arrangement of openings of the concave 
portions and the like on the polishing surface is neither 
limited, but the openings are preferable to be uniformly 
arranged over an entire surface of the polishing surface. As 
a speci?c example of the polishing pad that has the concave 
portions or the like, one in Which on the polishing surface 
thereof the concave portions 13 and the like having a circular 
planar shape are uniformly opened (FIG. 9) can be cited. A 
sectional shape of the concave portions or the like is not 
particularly limited, but may be, for instance, one formed of 
?at side surfaces and bottom surface (In the case of the 
concave portion, the length of the respective horiZontal 
sectional directions of an opening side and a bottom side 
may be the same, or the opening side may be longer in the 
length than the bottom side, or the bottom side may be 
longer in the length than the opening side. Furthermore, in 
the case of the through hole, length of the respective 
horiZontal directions of one opening side and the other 
opening side may be the same, or the length of the polishing 
surface side may be longer, or the length of the opposite 
surface side may be longer.), a horseshoe shape, a V-shape, 
and the like. 

[0069] The magnitude of the concave portions or the like 
is not particularly limited, but it may be, When the planar 
shape is, for instance, circular one, a diameter thereof, and 
When the planar shape is at least one selected from a 
polygon, an ellipse and the like, the minimum length of the 
opening (25 in FIG. 10) is preferably 0.1 mm or more, more 
preferably in the range of from 0.1 to 5 mm, and further 
more preferably from 0.2 to 3 mm. Usually, it tends to be 
difficult to form the concave portion or the like Whose 
diameter or the minimum length is less than 0.1 mm. 
Furthermore, the depth of the concave portion or the like is 
preferably 0.1 mm or more, more preferably in the range of 
from 0.1 to 2.5 mm, and further more preferably from 0.2 to 
2.0 mm. The depth of the concave portion or the like being 
less than 0.1 mm is not preferable because the excessively 
short lifetime of the polishing pad results. Still furthermore, 
for a separation of the concave portions or the like, the 
smallest length betWeen adjacent concave portions or the 
like (26 in FIG. 10) is preferably 0.05 mm or more, more 
preferably in the range of from 0.05 to 100 mm, and further 
more preferably from 0.1 to 10 mm. It also tends to be 
difficult to form the concave portion or the like Whose 




















