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CHEMICAL MECHANICAL POLISHING CONDITIONER

FIELD OF THE DISCLOSURE

The present disclosure generally relates to chemical mechanical polishing (CMP)

conditioners, and more particularly relates to a ceramic substrate based CMP conditioner.

BACKGROUND

Chemical mechanical polishing is widely used in the manufacturing of semiconductor
devices to obtain a smooth and even surface of the wafers. Typically, the wafer to be
polished is held by a carrier positioned on a polishing pad attached above a rotating platen.
By applying slurry to the pad and pressure to the carrier, the wafer is polished by relative
movements of the platen and the carrier. A conventional polishing pad used in the chemical
mechanical polishing process generally comprises a multitude of fine holes having a diameter
of not greater than 200 microns. The holes can exhibit a pumping effect when pressure is
applied to the polishing pad to achieve a high removal rate. However, after prolonged use,
the holes can wear out or become blocked with polishing residues, causing an uneven surface
of the polishing pad. As a result, the ability to polish wafers decreases over time and the
effectiveness of CMP process for achieving a uniformly smooth wafer surface can be

diminished.

To recover the polishing performance and to compensate for the uneven surface of
the polishing pads, a conditioning process utilizing a conditioner for removing the uneven

surface of the polishing pads is commonly used along with CMP processing.

SUMMARY

In a first aspect, a chemical mechanical polishing (CMP) conditioner can include a
ceramic substrate having a major surface and an abrasive coating overlying the major surface.
The major surface can include micro-protrusions arranged in a curved pattern or in an

irregular pattern.

In another aspect, a method of forming chemical mechanical polishing (CMP)
conditioner includes forming a green body having a major surface, sintering the green body to
form a ceramic substrate, and depositing an abrasive coating overlying the ceramic substrate.

The major surface including plurality of micro-protrusions;

S1-



WO 2011/028700 PCT/US2010/047306

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous features and
advantages made apparent to those skilled in the art by referencing the accompanying

drawings.

5 FIG. 1 is illustration an embodiment of a surface of a substrate including a plurality of

micro-protrusions.

FIG. 2 is a diagram illustrating an exemplary curved conical shape.

FIG. 3 is a diagram illustrating an exemplary regular pattern.

FIG. 4 1s an illustration of an embodiment including a plurality of micro-protrusions

10 in a curved pattern.

FIGs. 5 and 6 are diagrams illustrating exemplary irregular patterns.

FIG. 7 1s an illustration of a plurality of micro-protrusions in an irregular pattern.

FIG. 8 is an image showing wear patterns of a CMP conditioner with an irregular

pattern and a CMP conditioner with a regular pattern.

15 FIG. 9 is an electron micrograph showing a chemical vapor deposition (CVD)

diamond layer deposited on the substrate.

FIG. 10 is a diagram illustrating micro-protrusions having zero, positive, and negative

rake angles.

The use of the same reference symbols in different drawings indicates similar or

20 identical items.

DETAILED DESCRIPTION

In an embodiment, a chemical mechanical polishing (CMP) conditioner can include a
substrate. The substrate can include a metal and metal alloys including tungsten,
molybdenum, zirconium, copper, nickel, stainless steel, or the like. Alternatively, the

25 substrate can include a ceramic, such as oxides, carbides, nitrides, oxynitrides, silicides,
borides, or any combination thereof. Examples include A1203, SiC, WC, Si3N4, ZrO2,

Cr2N3, and the like. Preferably, the substrate is chosen to be resistant to corrosion from the
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CMP environment. The substrate can have a thickness of between about 2 mm and about 15

mm.

A surface of the substrate can include a plurality of micro-protrusions. FIG. 1 shows
an example of a surface 102 with a plurality of micro-protrusions 104. The micro-protrusions
can be formed from the same material as the substrate. Additionally, the micro-protrusions
can be continuous with the substrate and free of a boundary between the micro-protrusions
and the substrate. Specifically, the substrate and the micro-protrusions are co-formed as a
monolithic structure, rather than the micro-protrusions being formed separately from the

substrate and applied to the substrate using an adhesion layer or other bonding technique.

In an embodiment, the micro-protrusions can have a size between about 1 micron and
about 2000 microns, such as between about 5 microns and about 500 microns, even between
about 10 microns and about 250 microns. In an embodiment, the plurality of micro-
protrusions can have substantially the same size. Alternatively, a first set of the micro-
protrusions can be smaller than a second set of the micro-protrusions. For example, the first

set of the micro-protrusions may have a smaller height and/or a smaller width or diameter.

In an alternate embodiment, the micro-protrusions may have an extended length, such
as greater than about 2000 microns. However, height of the extended micro-protrusions can
be between about 1 micron and about 2000 microns, such as between about 5 microns and
about 500 microns, even between about 10 microns and about 250 microns. Similarly, the
width of the extended micro-protrusions can be between about 1 micron and about 2000
microns, such as between about 5 microns and about 500 microns, even between about 10

microns and about 250 microns.

In an embodiment, the micro-protrusions can be used as cutting elements of the
conditioning pad. Alternatively, the micro-protrusions can be coated in an abrasive coating,
such as a diamond film, a diamond-like film, a cubic boron nitride film, or the like. The
abrasive coating can have an average thickness of at least about 0.5 microns, such as at least
about 1.0 microns, even at least about 2.0 microns. Additionally, the abrasive coating can
have an average thickness of not greater than about 15 microns, such as not greater than about
10 microns. Further, the thickness of the abrasive coating can have a variation of not greater
than about 15%. The abrasive coating can provide further protection from corrosion and
mcrease the cutting performance of the conditioning pad. The abrasive coating can be
deposited using chemical vapor deposition (CVD), physical vapor deposition (PVD), or other
known techniques for depositing films. In particular, a diamond film can be deposited using

hot filament deposition or microwave deposition. The diamond film can include
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nanocrystalline diamond, microcrystalline diamond, or any combination thereof. Typically,
nanocrystalline diamond can have a grain size of less than about 10 microns and can have a
grain size of greater than about 1 micron. Microcrystalline diamond can have a grain size of

greater than 10 microns, generally less than about 100 microns.

In an embodiment, the micro-protrusions can have substantially the same shape.
Alternatively, a first portion of the micro-protrusions can have a first shape, and a second
portion of the micro-protrusions can have a second shape. The micro-protrusions can be
formed in a variety of shapes. For example, the micro-protrusions can be polygons or
modified polygons. Examples of polygons include pyramids, such as triangular pyramids and
square or rectangular pyramids, and parallelepipeds, such as cubes and rectangular prisms.
Generally, polygons have sharp edges and vertices. Modified polygons can be polygons
having rounded edges or vertices. Additionally, modified polygons can have convex or
concave curved surfaces that meet at an edge. Further, the micro-protrusions may have a rake
angle of zero, a positive rake angle, or a negative rake angle, as shown in FIG. 10. The rake
angle is the angle of the top surface of the micro-protrusion relative to the horizontal taken
from the leading edge to the trailing edge of the micro-protrusion. For a zero rake angle, the
height of the leading edge can be the same as the height of the trailing edge of the micro-
protrusion. A micro-protrusion having a positive rake angle can have a leading edge that is
higher than the trailing edge, whereas a micro-protrusion having a negative rake angle can

have a leading edge that is lower than the trailing edge.

In an embodiment, the micro-protrusions can be oriented in the same direction. That
18 the corresponding vertices of each micro-protrusion can be aligned in substantially the
same direction. Alternatively, a first set of micro-protrusions can be orientated in a first
direction and a second set of micro-protrusions can be oriented in a second direction. In yet

another embodiment, the orientation of the micro-protrusions can be substantially random.

Alternatively, the micro-protrusions can be non-polygonal micro-protrusions.
Examples of non-polygonal micro-protrusions include cones and rounded cones, and
hemispheres and partial spheres. Generally, non-polygonal micro-protrusions do not have
edges. FIG. 2 illustrates an example of a non-polygonal shape 200. Specifically, a cone 202
has a rounded vertex 204. The non-polygonal shape 200 can improve the uniformity of the
CMP conditioning process, since the profile of the non-polygonal shape does not change as

the conditioner is rotated.

In an embodiment, the micro-protrusions can be arranged in a pattern. The pattern

can be a regular pattern, such as rectangular array where adjacent micro-protrusions are

_4-
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spaced apart by a substantially constant distance. FIG. 3 is an illustration of a graph of micro-
protrusion distribution corresponding to a uniform grid of x, y coordinate values and showing

regular gaps between consecutive coordinate values along the x and y axes.

Alternatively, the regular pattern can be a curved pattern, such as a swirl pattern or a
spiral pattern. Generally, in a curved pattern, adjacent micro-protrusions can be arranged to
follow an arc having a radius of curvature. The radius of curvature may be constant along the
length of the arc, or may vary, being larger in one region of the arc and smaller in another
region of the arc. FIG. 4 shows an exemplary embodiment of a substrate 402 having micro-
protrusions 404, 406, and 408 arranged in a curved pattern. Micro-protrusions 404 through
408 can be arranged along arc 410 extending from the center 412 to the edge 414 of the

substrate.

In an alternate embodiment, the micro-protrusions can be arranged in an irregular
pattern. Generally, in an irregular pattern, the spacing between adjacent pairs of micro-
protrusions can be randomly distributed. While some irregular patterns may define a
minimum distance and/or a maximum distance between adjacent pairs, the spacing between
adjacent pairs can be substantially randomly distributed within the allowable range.
Additionally, an irregular pattern may have a defined density, such that there is substantially
the same number of micro-protrusions per cm?2 at various places across the surface of the

conditioner.

FIG. 5 is an illustration of a graph of a micro-protrusion array of the invention,
showing a random array of X, y coordinate values which have been restricted such that each
pair of randomly generated coordinate values differs from the nearest coordinate value pair by

a defined minimum amount (k) to create an exclusionary zone around each point on the graph.

FIG. 6 is an illustration of a graph of an abrasive grain array of the invention,
showing an array that has been restricted along the x and y axes to numerical sequences
wherein each coordinate value on an axis differs from the next coordinate value by a constant
amount. The array has been restricted further by decoupling coordinate value pairs, and
randomly reassembling the pairs such that each randomly reassembled pair of coordinate

values is separated from the nearest pair of coordinate values by a defined minimum amount.

In yet another embodiment, a first portion of the micro-protrusions can be arranged in
a regular pattern and a second portion of the micro-protrusions can be arranged in an irregular
pattern. For example, micro-protrusions in an irregular patterned as shown in FIG. 7 can be

mterspersed between the arcs of the curved pattern shown in FIG. 4.
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A CMP conditioner having at least a portion of the micro-protrusions arranged in an
irregular pattern can have particular benefits over CMP conditioners having micro-protrusions
arranged in a regular pattern, such as a rectangular array. As seen in FIG. 8, a CMP
conditioner having a rectangular array of micro-protrusions can leave distinct wear patterns in
the surface of the CMP pad, whereas a CMP conditioner having an irregular pattern of micro-
protrusions can be less likely to leave wear patterns in the surface of the CMP pad. The wear
patterns can result in a non-uniform surface of the polishing pad which can negatively effect

the ability to achieve a smooth and even surface on the wafer being polished.

In an embodiment, an abrasive coating may be deposited overlying the major surface
such as by using chemical vapor deposition, physical vapor deposition, or other known
deposition techniques. The abrasive coating can be deposited to an average thickness of at
last about 1.0 microns, such as at least about 2.0 microns. Further, the abrasive coating can
have an average thickness of not greater than about 15 microns, such as not greater than about
10 microns. The abrasive coating can include a diamond coating, a diamond-like coating, a
cubic boron nitride coating, or any combination thereof. In a particular embodiment, the
abrasive coating may be a diamond coating deposited using hot filament deposition or
microwave deposition. Additionally, the diamond coating can be polycrystalline, including
nanocrystalline diamond, microcrystalline diamond, or the like. FIG. 9 is an electron
micrograph showing a CVD diamond layer deposited on the surface of an exemplary CMP

conditioner.

Turning to the process for making the CMP conditioner, in an embodiment, a green
body having a plurality of micro-protrusions can be formed by pressing a ceramic material
into a mold. Forming the substrate and the micro-protrusions as a single component reduces
the likelihood that the micro-protrusions will separate from the body of the substrate during
use. Heat may be supplied to the ceramic material during pressing. Further, a release agent
may be applied to the mold before addition of the ceramic material. The ceramic material can
include A1203, SiC, WC, Si3N4, ZrO2, Cr2N3, or the like. The ceramic material can be a

ceramic powder, a sol gel, or other form adaptable for filling the mold.

The green body can be sintered to form a ceramic substrate having a plurality of
micro-protrusions. In an embodiment, the green body can be machined prior to sintering to
add additional surface features. For example, molding the micro-protrusions onto the surface
and then machining the surface to create the islands can form large islands having micro-
protrusions. In an alternate embodiment, the ceramic substrate can be formed by heating the
ceramic material to a sintering temperature during pressing, eliminating the need for sintering

in a subsequent step.

PCT/US2010/047306
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In an embodiment, an abrasive coating can be applied to the surface of the ceramic
substrate. For example, chemical vapor deposition can be used to apply a polycrystalline
diamond coating to the surface of the ceramic substrate. In an embodiment, the diamond
coating can be applied directly overtop the ceramic substrate, such that the conditioner is free
of any intermediate layers, such as adhesion or bonding layers, between the ceramic substrate
and the abrasive layer. The diamond coating can improve the corrosion resistance of the

CMP conditioner as well as providing additional abrasive properties.

The mold can be formed to create a pattern of recesses within the mold corresponding
to the pattern of micro-protrusions on the desired CMP conditioner. For example, the mold
can be patterned, such as by electrical discharge machining (EDM) such as micro-EDM,
electrochemical machining (ECM), lithography and chemical etching, water jet cutting, laser

cutting, or other known techniques.

Note that not all of the activities described above in the general description or the
examples are required, that a portion of a specific activity may not be required, and that one
or more further activities may be performed in addition to those described. Still further, the

order in which activities are listed are not necessarily the order in which they are performed.

In the foregoing specification, the concepts have been described with reference to
specific embodiments. However, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the invention as
set forth in the claims below. Accordingly, the specification and figures are to be regarded in
an illustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of invention.

LIS LI LI

As used herein, the terms “comprises,” “comprising,” “includes,” “including,” “has,”
“having” or any other variation thereof, are intended to cover a non-exclusive inclusion. For
example, a process, method, article, or apparatus that comprises a list of features is not
necessarily limited only to those features but may include other features not expressly listed
or inherent to such process, method, article, or apparatus. Further, unless expressly stated to
the contrary, “or” refers to an inclusive-or and not to an exclusive-or. For example, a
condition A or B is satisfied by any one of the following: A is true (or present) and B is false
(or not present), A is false (or not present) and B is true (or present), and both A and B are

true (or present).

Also, the use of “a” or “an” are employed to describe elements and components

described herein. This is done merely for convenience and to give a general sense of the

-7-
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scope of the invention. This description should be read to include one or at least one and the

singular also includes the plural unless it is obvious that it is meant otherwise.

Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any feature(s) that may cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential feature of any or all the

claims.

After reading the specification, skilled artisans will appreciate that certain features
are, for clarity, described herein in the context of separate embodiments, may also be
provided in combination in a single embodiment. Conversely, various features that are, for
brevity, described in the context of a single embodiment, may also be provided separately or
in any subcombination. Further, references to values stated in ranges include each and every

value within that range.
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WHAT IS CLAIMED IS:

1. A chemical mechanical polishing (CMP) conditioner comprising:
a ceramic substrate having a major surface, the major surface including micro-
protrusions arranged in a curved pattern or an irregular pattern; and

an abrasive coating overlying the major surface.

2. A chemical mechanical polishing (CMP) conditioner comprising:
a ceramic substrate having a major surface, the major surface including non-
polygonal micro-protrusions arranged in a pattern; and

an abrasive coating overlying the major surface.

3. The CMP conditioner of claim 1 or 2, wherein the CMP conditioner is free of an
adhesive layer or bonding layer between the ceramic substrate and the abrasive

coating.

4. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions are in a star

pattern, swirl pattern, or a spiral pattern.

5. The CMP conditioner of claim 2, wherein the curved pattern includes an irregular

pattern.

6. The CMP conditioner of claim 5, wherein the irregular pattern has a minimum

spacing between adjacent micro-protrusions.

7. The CMP conditioner of claim 1 or 2, wherein the abrasive coating includes

diamond, diamond-like carbon, cubic boron nitride, or any combination thereof.

8. The CMP conditioner of claim 1, wherein the micro-protrusions have a shape

including cones, cylinders, parallelepipeds, or any combination thereof.

9. The CMP conditioner of claim 1, wherein the micro-protrusions have a non-

polygonal shape that is free of edges.

10. The CMP conditioner of claim 9, wherein the micro-protrusions have a curved

conical shape.
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11. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions are

randomly oriented.

12. The CMP conditioner of claim 1 or 2, wherein the ceramic substrate is a

corrosion resistant ceramic substrate.

13. The CMP conditioner of claim 1 or 2, wherein the ceramic substrate includes an
oxide, a carbide, a nitride, an oxynitride, a silicide, a boride, or any combination

thereof.

14. The CMP conditioner of claim 1 or 2, wherein the ceramic substrate includes

AlLOs, SIC, WC, Si3Ny, Z10,, Cr;N3, or any combination thereof.

15. The CMP conditioner of claim 7, wherein the abrasive coating includes

microcrystalline diamond.

16. The CMP conditioner of claim 7, wherein the abrasive coating includes

nanocrystalline diamond.

17. The CMP conditioner of claim 1 or 2, wherein the abrasive coating is deposited
on the ceramic substrate by chemical vapor deposition, physical vapor deposition, or

any combination thereof.

18. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions have the

same height.

19. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions include a
first set of micro-protrusions having a first height, and a second set of micro-

protrusions having a second height.

20. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions have the

same size.

21. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions include a
first set of micro-protrusions having a first size, and a second set of micro-protrusions

having a second size.

-10 -
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22. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions have the

same shape.

23. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions include a
first set of micro-protrusions having a first shape, and a second set of micro-

protrusions having a second shape.

24. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions have the

same orientation.

25. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions include a
first set of micro-protrusions having a first orientation, and a second set of micro-

protrusions having a second orientation.

26. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions have a

height of between about 1 microns to about 2000 microns.

27. The CMP conditioner of claim 26, wherein the height is between about 5 microns

to about 500 microns.

28. The CMP conditioner of claim 27, wherein the height is between about 10

microns to about 250 microns.

29. The CMP conditioner of claim 1 or 2, wherein the abrasive coating has an

average thickness of at least about 0.5 micron.

30. The CMP conditioner of claim 29, wherein the abrasive coating has an average

thickness of at least about 1.0 micron.

31. The CMP conditioner of claim 30, wherein the abrasive coating has an average

thickness of at least about 2.0 micron.

32. The CMP conditioner of claim 1 or 2, wherein the abrasive coating has an

average thickness of not greater than about 15 microns.

33. The CMP conditioner of claim 32, wherein the abrasive coating has an average

thickness of not greater than about 10 microns.

S11 -
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34. A method of forming chemical mechanical polishing (CMP) conditioner,
comprising:

pressing a ceramic particulate within a mold to form a green body having a major
surface including plurality of micro-protrusions;

sintering the green body to form a ceramic substrate;

depositing an abrasive coating overlying the ceramic substrate.

35. The method of claim 34, further comprising patterning a perform to form a mold.

36. The method of claim 35, wherein patterning includes electrical discharge
machining (EDM), electrochemical machining (ECM), water jet cutting, laser cutting,

or any combination thereof.

37. The method of claim 36, wherein EDM includes micro-EDM.

38. The method of claim 35, wherein the preform includes a ceramic, a metal, a

metal alloy, or any combination thereof.

39. The method of claim 34, further comprising heating the ceramic particulate

during pressing.

40. The method of claim 34, further comprising applying a release agent to the mold

prior to pressing the ceramic particulate.

41. The method of claim 34, wherein the ceramic particulate is a powder.

42. The method of claim 34, wherein the CMP conditioner is free of an intermediate

layer between the ceramic substrate and the diamond layer.

43, The method of claim 34, wherein the ceramic substrate is a corrosion resistant

ceramic substrate.

44, The method of claim 34, wherein the ceramic substrate includes an oxide, a

carbide, a nitride, an oxynitride, a silicide, a boride, or any combination thereof.

45. The method of claim 34, wherein the ceramic substrate includes Al,Os, SiC, WC,

Si3Ny, ZrO,, CroNs, or any combination thereof,

S12-
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46. The method of claim 34, wherein the abrasive coating includes diamond,

diamond-like carbon, cubic boron nitride, or any combination thereof.

47. The method of claim 34, wherein the abrasive coating includes microcrystalline

diamond.

48. The method of claim 34, wherein the abrasive coating includes nanocrystalline

diamond.

49. The method of claim 34, wherein depositing includes chemical vapor deposition,

physical vapor deposition, or any combination thereof.

-13 -
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