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exposed surface of the pad contains open cells, which can be used during the CMP process
to trap abrasive slurry consisting of the spent polishing slurry and material removed from
the wafer. In each subsequent pad-conditioning step, the pad conditioner removes the
outer layer of cells containing the embedded materials and minimizes removal of layers
below the outer layer. Over-texturing of the polishing pad results in a shortened life, while
under-texturing results in insufficient material removal rate and lack of wafer uniformity

during the CMP step.

One type of CMP pad conditioner is a four-inch disc with fixed diamond abrasives.
The diamond coated disc is rotated and pressed onto the polishing pad surface to cut and
remove the top layer. The diamonds are typically set in an epoxy or a metal matrix
material. However diamonds from these pad conditioners can become dislodged which

can lead to yield loss due to scratching of the wafer during the polishing operation.

There is a continuing need for CMP pad dressers that reduce or eliminate abrasive
particles becoming dislodged and CMP pad dressers that have varying surface heights for
dressing CMP polishing pads.

SUMMARY

In a first aspect, there is provided a chemical mechanical polishing pad

conditioner, comprising: a substrate including a front surface having a plurality of

protrusions integral therewith, said plurality of protrusions extending in a frontal direction

that is substantially normal to said front surface. each of said plurality of protrusions

includine a distal extremity, said plurality of protrusions including: a subset of said

plurality of protrusions having said distal extremities that are within a variance of a

registration plane, said registration plane being substantially parallel to said front surface,

the protrusions of said subset of said plurality of protrusions being located on said

registration plane in a fixed and nredetermined relationship relative to each other: and a

coating of polverystalline diamond that covers at least said distal extremities of said subset

of said plurality of protrusions. wherein said substrate has a porosity of at least 10 %.
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In a second aspect. there is provided a chemical mechanical polishing pad

conditioner. comprising: a substrate including a front surface having a plurality of

protrusions integral therewith, each of said plurality of profrusions extending in a frontal

direction about a respective registration axis normal to said front surface, each of the

respective registration axes defining a predetermined location on said front surface of said

substrate. said plurality of protrusions including: a first subset of protrusions identified by

said predetermined locations on said front surface, said predetermined locations of said

first subset of protrasions defining a first predetermined patiern. said first subset of

protrusions having a first average height: and a second subset of protrusions identified by

said predetermined locations on said front surface. said predetermined locations of said

second subset of protrusions defining a second predetermined pattern, said second subset

of protrusions having a second average height. said second average height being less than

said first average height. at least a portion of said second subset of protrusions being

mterspersed amongst at least a portion of said first subset of protrusions, wherein a

fraction of said second subset of profrusions have respective heights that are greater than

the respective height of at least one of said first subset of protrusions, wherein said

substrate has a porosity of at least 10 %.

In a third aspect, there is provided a pad conditioner comprising a substrate with a

matrixical arrangement of raised cutting regions. each of the cutting regions having

irregularly shaped peaks with respect to adjacent cutting regions, wherein the substrate.

including a front surface having a plurality of protrusions integral therewith. each of said

plurality of protrusions extending in a frontal direction about a respective registration axis

normal to said front surface. each of said plurality of protrusions including a distal

extremity located on a mesa of the respective protrusion, said mesa defined as being

within a predetermined distance from said distal extremity of the respective protrusion in a

direction opposite said frontal direction. each of the respective registration axes defining a

predetermined location on said front surface of said substrate, each of said plurality of

protrusions defining a cross-section at the base of said mesa. said cross-section defining a

centroid. wherein, for at least a portion of said plurality of protrusions, said centroid of

each of said cross-sections is offset from said respective registration axis.
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In various embodiments of the invention, a pad conditioner machined from a
substrate to have a desired distribution of feature heights and mesa roughness
characteristics is provided. The pad conditioner is free of superabrasive particles such as
diamond particles adhered to the substrate, eliminating the problem of particles being
dislodged from a pad conditioner. Instead, the protrusions on the shaped ceramic act as
geometric features that provide force concentrations on the pad surface. The cutting
performance and longevity of these features is greatly enhanced by a polycrystalline CVD
diamond coating that is grown over the surface protrusions. Versions of the present

invention include a pad conditioner and methods of making the pad conditioner.

In one embodiment, the machining process capitalizes on the characteristics of a
porous substrate material to provide the distribution and roughness characteristics.
Because the features are machined from a substrate, the need to bond particles to a

substrate is eliminated.

In one embodiment, the features are arranged in a predetermined pattern. The

pattern can be matrixical, that is, uniformly distributed in a repeating, matrix pattern. The
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AMENDED CLAIMS ‘
received by the International Bureau on 21 November 2012 (21.11.2012) /

1. A chemical mechanical polishing pad conditioner, comprising:

a substrate including a front surface having a plurality of ppdtrusions integral
therewith, said plurality of protrusions extending in a frontal directior/that is substantially
normal to said front surface, each of said plurality of protrusions incing a distal extremity,

said plurality of protrusions including:

a subset of said plurality of protrusions having said distg | extremities that are within a
variance of a registration plane, said registration plane bejdg substantially parallel to said
front surface, the protrusions of said subset of said plura' of protrusions being located on

said registration plane in a fixed and predetermined relnship relative to each other; and

a coating of polycrystalline diamond that cg ders at least said distal extremities of said

subset of said plurality of protrusions,
wherein said substrate has a porosity ¢ “at least 10 %.

2. The pad conditioner of claim Iherein said substrate includes pore dimensions

greater than 20 um.

3. The pad conditioner of claifft 1 or 2, wherein each of said distal extremities is located
on a mesa of a respective protrn of said subset of said plurality of protrusions, said mesa
defined as being within a pretermined distance from said distal extremity of the respective

protrusion in a direction osite said frontal direction.

4. The pad conditigner of claim 3 wherein said predetermined distance from said distal

extremity is betweenébout 0.3 um and 20 pm.

5. The pad gbnditioner of claim 3 or 4, wherein said coating of polycrystalline diamond
on said distal £xtremities of said protrusions has a root-mean-square roughness across said
mesa, and Wherein said predetermined distance from said distal extremity is about three to

five timeg'said root-mean-square roughness.

6. / The pad conditioner of claim 35, wherein said root-mean-square roughness of said

pojycrystalline diamond across said mesa is between 0.5 um and 10 um.
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7. The pad conditioner of any of claims 3-6, wherein said mesa is defined as a fited

percentage of a prominence height of said respective protrusion.

8. The pad conditioner of claim 7, wherein said fixed percentage is within a of 5%

to 50%.

9. The pad conditioner of any of claims 1 - 8, wherein said variance the range of
5 um to 50 pm.

10.  The pad conditioner of claim 9, wherein said variance is in/fl
n/f

25 pm.
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18.  The chemical mechanical polishing pad conditia of any of claims 12-17, wherein a

difference between said first average height and said average height is in a range of

10 pm 1o 80 pm.
19. A chemical mechanical polishing pad coitioner, comprising:

a substrate including a front sure having ‘a plurality of protrusions integral
therewith, each of said plurality of pr Tusions extending in a frontal direction about a
respective registration axis normal said front surface, said plurality of protrusions

including:

a first subset of protrusiéns, each having a first base dimension that is substantially
similar, said first subset of pbtrusions defining a first pattern and defining a first statistical

distribution having a first g rage height and a first standard deviation; and

a second of protrusions, each having a second base dimension that is

y;
i

)
> « 4 . Al . .
a second statistigal distribution having a second average height and a second standard
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20. The chemical mechanical polishing pad conditioner of claim 19 wherein at least o

of said first predetermined pattern and said second predetermined pattern is matrixical

21.  The chemical mechanical polishing pad conditioner of claim 19 or 20 whereiy/second

average height is less than said first average height.

22.  The chemical mechanical polishing pad conditioner of claims 19, o 21 wherein

said first and second base dimensions are measured at a distance of S um to about
10 pm in said frontal direction from a lowest encircling contour line/of each respective

protrusion.

23.  The chemical mechanical polishing pad conditioner of clg s 19, 20 or 21 wherein
said first and second base dimensions are measured at a distancf about 5% to about 20% of

a respective height of a protrusion in said frontal direction fyfom a lowest encircling contour

line of the respective protrusion.

24. The chemical mechanical polishing pad cenditer of any of claims 19 - 23, wherein
a fraction of said second subset of protrusions harespective heights that are greater than

the respective height of at least one of said first sy bset of protrusions.

25.  The chemical mechanical polishing conditioner of any of claims 19 - 24, wherein

bése dimension is a diameter,

said first base dimension and said second

26. A chemical mechanical polishig “ pad conditioner, comprising:

a substrate including a ffont surface having a plurality of protrusions integral

therewith, said plurality of progrusions extending in a frontal direction that is substantially
normal to said front surface, of said plurality of protrusions including a distal extremity,

said plurality of protrusionf including:

a first of protrusions having said distal exiremities that are within a first
variance cente about a first registration plane, said first registration plane being
substamialiyaraiic] to said front surface, the protrusions of said first subset of
protrusio located on said substrate in a predetermined relationship relative to each

other; a d

a second subset of protrusions having said distal extremities that are within a

sécond variance centered about a second registration plane, said second registration plane
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being substantially parallel to said front surface, the protrusions of said second
protrusions being located on said substrate in a fixed and predetermined relatios hip
relative to each other, at least a portion of said second subset of protrusion§ being

interspersed amongst at least a portion of said first subset of protrusions,

each of said second subset of protrusions having a root-mean-square surface

roughness that is greater than 3 um.

27. The pad conditioner of claim 26, wherein at least one of said f} t variance and said

second variance is in a range of 10 um to 60 pm.

28.  The pad conditioner of claim 26 or 27, wherein the protry éions of said first subset of
said plurality of protrusions pass through said second registrat plane of said second subset
of said plurality of protrusions at locations that are predejérmined relative to said second

subset of said plurality of protrusions,

29.  (Original) The pad conditioner of claims 7 or 28, wherein said first subset of

said plurality of protrusions are uniformly distributed with respect to each other

30.  The pad conditioner of any of claims 26-29, wherein said first registration plane is

nominally offset from said second registratjon plane in said frontal direction by an offset

distance that is greater than one of said firgf variance and said second variance.

31. The pad conditioner of claim . wherein said offset distance is at least two times

greater than one of said first variancg and said second variance.

32. The pad conditioner of ¢ 30, wherein said offset distance is 10 pm or greater.

34, The pad cogditioner of claim 33, wherein said coating of polycrystalline diamond is

between 2 um and 30 um thickness.

35,  The u conditioner of claim 33 or 34, wherein said coating of polycrystalline

/as a root-mean-square roughness greater than 3 pm.
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36.  The pad conditioner of claim 35, wherein said root-mean-square roughness is less/

than 10 um.

37.  The pad conditioner of any of claims 26-36, wherein said predetermined relatjénship
of the protrusions of said first subset of said plurality of protrusions establish a fepeating

pattern.
38.  The pad conditioner of claim 37, wherein said repeating pattern is ma icai.

39.  The pad conditioner of any of claims 26-38, wherein said sybstrate is a porous

material having a porosity greater than 10 %,

40.  The pad conditioner of any of claims 26-39, wherein substrate is a porous

material including pore dimensions greater than 20 um.

41. A pad conditioner comprising a substrate with a/matrixical arrangement of raised

mesas, each of the mesas having a highest peak of esa with an elevation and wherein

elevations of highest peaks of adjacent mesas have different elevations.

42, A pad conditioner comprising a substrawith a matrixical arrangements of raised
mesas, each of the mesas having peaks of ying elevations and shapes with respect to

adjacent mesas.

43. A pad conditioner comprising substrate with a matrixical arrangement of raised

cutting regions, each of the cutting r gions having an irregularly positioned highest peak with

respect to adjacent cutting région the matrixical arrangement.

44, A conditioner comprig a substrate with a matrixical arrangement of raised cutting
regions, each of the cuttinegions having irregularly shaped peaks with respect to adjacent

cutting regions.

46. nditioner comprising a substrate with a matrixical arrangements of raised cutting
regions/

shaompared to the elevation and shape of the respective peaks of adjacent cutting regions
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47. A pad conditioner comprising a substrate with a matrixical arrangement of
mesas, each of the mesas having an irregularly positioned highest peak with respet

adjacent mesas.

48. A pad conditioner having an arrangement of raised cutting regions generglly arranged
in a2 non random repeating pattern, the raised cutting regions being irregular}y shaped with

respect to one another.

.49, The pad conditioner of any one of claims 41 through 48 wherethe pad conditioner

has a circular shape comprises silicon carbide.

50.  The pad conditioner of any one of claims 41 through 49/ herein the silicon carbide

has a porosity of at least about 10 per cent, the pad conditioner /
51. A pad conditioner, comprising:

a substrate including a front surface - plurality of protrusions integral
therewith, each of said plurality of protrusions ¢; tending in a frontal direction about a
respective registration axis normal to said front face, each of said plurality of protrusions
including a distal extremity located on a mesa r the respective protrusion, said mesa defined
as being within a predetermined distanc said distal extremity of the respective
protrusion in a direction opposite said fi Intal direction, each of the respective registration
axes defining a predetermined locatio Zz said front surface of said substrate, each of said
plurality of protrusions defining a cross-section at the base of said mesa, said cross-section

defining a centroid,

wherein, for at least a gortion of said plurality of protrusions, said centroid of each of

said cross-sections is offset from said respective registration axis.

52.  The pad condigfoner of claim 51, wherein each of said cross-sections defines a
respective major dirfension, and wherein, for said portion of said plurality of protrusions,
said centroid of said cross-section is offset from said respective registration axis by a distance

that is at least 5% of said major dimension.

53.  Thesad conditioner of any of claims 51 or 52, wherein said mesa is defined as a fixed
percentage of a prominence height of said respective protrusion, said fixed percentage

from 5% to 10% of said prominence height.
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54. The pad conditioner of claims 51, 52, or 53 further comprising:
a first subset of protrusions that defines a first pattern; and

a second subset of protrusions that defines a second pattern,

wherein at least a portion of the protrusions from said second subset of pfotrusions are

interspersed amongst at least a portion of the protrusions from said first subset of protrusions.

8
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CLAIMS:

1. A chemical mechanical polishing pad conditioner, comprising:

a substrate including a front surface having a plurality of protrusions integral
therewith, said plurality of protrusions extending in a frontal direction
that is substantially normal to said front surface, each of said plurality
of protrusions including a distal extremity, said plurality of protrusions
including:

a subset of said plurality of protrusions having said distal extremities that are
within a variance of a registration plane, said registration plane being
substantially parallel to said front surface, the protrusions of said
subset of said plurality of protrusions being located on said
registration plane in a fixed and predetermined relationship relative to
each other; and

a coating of polycrystalline diamond that covers at least said distal extremities
of said subset of said plurality of protrusions,

wherein said substrate has a porosity of at least 10 %.

2. The pad conditioner of claim 1, wherein said substrate includes pore

dimensions greater than 20 pm.
3. The pad conditioner of claim 1, wherein each of said distal extremities is

located on a mesa of a respective protrusion of said subset of said plurality of

protrusions, said mesa defined as being within a predetermined distance from said
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distal extremity of the respective protrusion in a direction opposite said frontal

direction.

4. The pad conditioner of claim 3 wherein said predetermined distance from said

distal extremity is between about 0.3 pm and 20 pm.

5. The pad conditioner of claim 3, wherein said coating of polycrystalline
diamond on said distal extremities of said protrusions has a root-mean-square
roughness across said mesa, and wherein said predetermined distance from said distal

extremity is about three to five times said root-mean-square roughness.

6. The pad conditioner of claim 5, wherein said root-mean-square roughness of

said polycrystalline diamond across said mesa is between 0.5 pm and 10 pm.

7. The pad conditioner of claim 3, wherein said mesa is defined as a fixed

percentage of a prominence height of said respective protrusion.

8. The pad conditioner of claim 7, wherein said fixed percentage is within a

range of 5% to 50%.

9. The pad conditioner of claim 1, wherein said variance is in the range of 5 pm

to 50 pm.

10.  The pad conditioner of claim 9, wherein said variance is in the range of 10 um

to 25 pm.
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11.  The pad conditioner of claim 3, wherein said substrate is comprised of silicon

carbide.

12.  The chemical mechanical polishing pad conditioner of claim 1, wherein said

porosity is less than 60%.

13. A chemical mechanical polishing pad conditioner, comprising:

a substrate including a front surface having a plurality of protrusions integral
therewith, each of said plurality of protrusions extending in a frontal
direction about a respective registration axis normal to said front
surface, each of the respective registration axes defining a
predetermined location on said front surface of said substrate, said
plurality of protrusions including:

a first subset of protrusions identified by said predetermined locations on said
front surface, said predetermined locations of said first subset of
protrusions defining a first predetermined pattern, said first subset of
protrusions having a first average height; and

a second subset of protrusions identified by said predetermined locations on
said front surface, said predetermined locations of said second subset
of protrusions defining a second predetermined pattern, said second
subset of protrusions having a second average height, said second
average height being less than said first average height, at least a
portion of said second subset of protrusions being interspersed amongst

at least a portion of said first subset of protrusions,
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wherein a fraction of said second subset of protrusions have respective heights
that are greater than the respective height of at least one of said first
subset of protrusions,

wherein said substrate has a porosity of at least 10 %.

14. The chemical mechanical polishing pad conditioner of claim 13 wherein at
least one of said first predetermined pattern and said second predetermined pattern is

matrixical.

15.  The chemical mechanical polishing pad conditioner of claim 14 wherein said
fraction of said second subset of protrusions having respective heights greater than the

respective heights of at least one of said first subset of protrusions is greater than

20%.

16.  The chemical mechanical polishing pad conditioner of claim 13, wherein said
first average height, said second average height and said respective heights are
prominence heights, and wherein said first average height is greater than 100 pm and

said second average height is less than 100 pm.

17.  The chemical mechanical polishing pad conditioner of claim 13, wherein said
first average height, said second average height and said respective heights are
prominence heights, and wherein said first average height is greater than 40 um and

said second average height is less than 40 um.
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18.  The chemical mechanical polishing pad conditioner of claim 13, wherein said

porosity is less than 60%.

19. A pad conditioner comprising a substrate with a matrixical arrangement of
raised cutting regions, each of the cutting regions having irregularly shaped peaks
with respect to adjacent cutting regions,
wherein the substrate, including a front surface having a plurality of
protrusions integral therewith, each of said plurality of protrusions
extending in a frontal direction about a respective registration axis
normal to said front surface, each of said plurality of protrusions
including a distal extremity located on a mesa of the respective
protrusion, said mesa defined as being within a predetermined distance
from said distal extremity of the respective protrusion in a direction
opposite said frontal direction, each of the respective registration axes
defining a predetermined location on said front surface of said
substrate, each of said plurality of protrusions defining a cross-section
at the base of said mesa, said cross-section defining a centroid,
wherein, for at least a portion of said plurality of protrusions, said centroid of
each of said cross-sections is offset from said respective registration

axis.

20. The conditioner of claim 19, wherein each of the cutting regions having a peak

of a different elevation compared to the elevation of the respective peaks of adjacent

cutting regions in the matrixical arrangement.
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21.  The pad conditioner of claim 19, wherein each of said cross-sections defines a
respective major dimension, and wherein, for said portion of said plurality of
protrusions, said centroid of said cross-section is offset from said respective

registration axis by a distance that is at least 5% of said major dimension.

22.  The pad conditioner of claim 19, wherein said mesa is defined as a fixed
percentage of a prominence height of said respective protrusion, said fixed percentage

ranging from 5% to 10% of said prominence height.

23.  The pad conditioner of claim 19 further comprising:
a first subset of protrusions that defines a first pattern; and
a second subset of protrusions that defines a second pattern,
wherein at least a portion of the protrusions from said second subset of
protrusions are interspersed amongst at least a portion of the

protrusions from said first subset of protrusions.
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