- WO 95/31006 PCT/US95/05217

10

15

20

25

30

35

It is to be understood that cap 172 serves as a
heat sink and supports contact structures 176a,'176b
which connect through vias extending through cap 172 to
form interconnect contacts 174a, 174b on the opposite
surface of cap 172. These interconnect contacts 174a,
174b are suitable for attachment to an underlying
supporting conventional flip chip-type back plate (not
shown) providing mechanical support and electrical
bonds thereto. ’

Next in Fig. 15, (similar to Fig. 7) the backside
surface of substrate 10 is polished or etched away to
expose the lower portions of dielectrically insulated
trenches 72a, ..., 72e. Again, the total thickness of
substrate 10 and silicon layer 20 is minimized by this
removing step to that needed for proper electrical
functioning. ©Next in Fig. 16, backside contacts 178a,
178b are formed, similar to contacts 104a, 104b in
Fig. 8. Next in Fig. 17, backside passivation layer
186 is deposited to a thickness of e.g. 0.5 to 2.5
micrometers using oxide or nitride or an oxide-nitride
"sandwich" material over the backside surface of
substrate 10 and initially over contact areas 178a and
178b, but is then removed from the exposed surfaces by
use of a mask which is then patterned, and etching away
of the unneeded portions of passivation layer 186.

This exposes the bonding area of the power device drain
contact 178a and a collector type drain contact 178b if
desired. (Again the use of the backside contact
depends on the nature of the associated semiconductor
devices). Thus the flip chip configuration of Fig. 17
provides both frontside substrate electrical contacts
174a, 174b through cap 172 and also backside contacts
178a, 178b. The frontside leads are beam or tunnel
lead structures or types to the transistors.

Again, after the steps of Fig. 17, the entire
wafer is conventionally scribed along predetermined
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scribe lines (not shown); thus as a result of scribing
the chip is complete (packaged), advantageously without
any need for further packaging steps.

Diamond Film Passivation lLaver Embodiment

- The above-described flip chip type and surface
mount embodiments use conventional silicon dioxide or
nitride as the dielectric insulation and passivation
layer between the semiconductor wafer itself and the
heat sink plate. These materials are known to provide
relatively poor heat conduction, due to for instance
the very low thermal conductivity of silicon dioxide of
approximately 2 W/mK. In contrast, diamond film (which
is also a good dielectric insulating material) provides
thermal conductivities of about 2,000 W/mK. Also
diamond is well known to be chemically inert, and due
t6 its having the densest crystal lattice of any known
material, the diffusion of other elements into diamond
is very low. Thus diamond is not only a good
dielectric insulator with excellent thermal
conductivity but it is also a material which serves
effectively as a passivation layer, providing good
corrosion protection.

It has been determined in accordance with
invention that diamond film has the best combination of
thermal conductivity and electrical resistivity of
available materials. Other materials such as aluminum
nitride, aluminum oxide, or silicon carbide also
provide high dielectric insulation but much less
thermal conductivity than diamond. The only materials
providing thermal conductivity similar to that of
diamond film are electrically conductive metals such as
copper and silver, which are not useful for
passivation.

It is well known to provide chemical vapor
deposition (CVD) of diamond film deposited at
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temperatures of 600° to 950°C and at sub-atmospheric
preséuresw Typically methane or acetylene is used as
the carbon source with significant partial pressure of
atomic. hydrogen. Excitation sources used include
microwave and radio frequency plasmas, hot filament and
thermal plasmas and combustion flames.

It has also been known to achieve a diamond
deposition at temperatures below 600°C, for instance by
using other process gas mixtures such as adding rare
gases to the commonly utilized mixtures of carbon
containing gases and hydrogen, mixtures of alcohols and
water, halogenated gases and other gaseous combination.
Typically growth rates of about 0.2 micrometers per
hour have been achieved at deposition temperatures of
about 400°C.

Methods for depositing diamond film in accordance
with the present invention include low temperature
microwave plasma assisted CVD. An alternative is an
arc jet CVD process. It is known to pattern diamond
films using conventional oxygen-based RIE (reactive ion
etching) processes, as are well known in semi-conductor
fabrication.

Thus in accordance with the invention for the
above-described surface mount embodiment, a diamond
film formed by one of the above described processes (or
any other process) is substituted for passivation layer
96. The diamond film is formed to be a layer e.gq.
approximately 0.5 to 10 micrometers thick (but this is
not limiting). Then the next substitution is, instead
of using an ordinary epoxy material layer 98, a
thermally conductive adhesive such as commercially
available silver epoxy is used to bond the plate 100 to
the diamond film. All other processing steps are as
described above for this embodiment.

Similarly, for the above-described flip chip type
embodiment, passivation layer 160 is a CVD (or other
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thick (again this dimension is not limiting). This
diamond film is, as described above for the non-diamond
film flip chip type embodiment, masked using a mask
layer to pattern it to define the contact openings
164A, 164B therethrough. The remaining of the
processing is as described above, using a thermally
conductive (but electrically insulative) high
performance adhesive to bond the heat sink cap 172 to
the diamond film passivation layer 160. Thus the
process steps in terms of structure are similar to
those described above for the non-diamond film flip
chip type embodiment, except for the presence of the
diamond film passivation layer material.

The above description is illustrative and not
limiting; it will be understood by one of ordinary
skill in the art that further modifications will be
apparent in view of this disclosure, and fall within
the scope of the appended claims.
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We Claim:
1. An integrated circuit comprising:
A semiconductor substrate having a principal
surface;
5 a plurality of semiconductor devices formed

in the substrate;

a pattern of conductive lines formed
overlying the principal surface and in electrical
contact with the devices;

10 a diamond film at least partially overlying
the pattern of conductive lines;

a thermally conductive plate bonded to the
diamond film and overlying the pattern of
conductive lines; and

15 a plurality of insulated trenches extending
from the principal surface of the substrate
through the substrate and to an opposing backside
surface thereof. '

20 2. The integrated circuit of Claim 1, further
comprising a plurality of electrically conductive
contacts formed on the backside surface of the
substrate, each conductive contact being in contact
with a selected portion of the backside surface as

25 defined by the plurality of trenches.

3. The integrated circuit of Claim 1, wherein a
thickness of the substrate is less than about

50 micrometers.

30
4. The integrated circuit of Claim 1, further
comprising a second pattern of conductive lines
juxtaposed to the plate and in electrical contact with
the first pattern.
35

-20-

EX1057, Page 545



WO 95/31006 PCT/US95/05217

10

15

20

25

30

35

5. The integrated circuit of Claim 1, wherein
the substrate defines a plurality of conductive vias
extending from the principal surface thereof to the
backside surface thereof, each via being in electrical
contact on the principal surface with a portion of the
pattern of conductive lines, and each via forming an
electrical contact on the backside surface.

6. The integrated circuit of Claim 5, wherein
the electrical contacts on the backside surface are
each a post extending from the backside surface.

7. The integrated circuit of Claim 1, wherein
the diamond film has a thickness in the range of 0.5 to
10 micrometers.

8. The integrated circuit of Claim 1, wherein
the diamond film is bonded to the plate by a thermally
conductive adhesive layer.

9. A method of forming an integrated circuit,
comprising the steps of:

providing a semiconductor substrate having a
principal surface;

forming a plurality of semiconductor devices
in the substrate;

forming a plurality of trenches in the
substrate extending from the principal surface
thereof into the substrate to a particular depth;

forming a layer of insulating material in
each of the trenches;

forming a pattern of conductive lines
overlying the principal surface and in electrical
contact with the devices;

forming a diamond film layer overlying the
substrate; '
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bonding a thermal conductive plate to the
diamond film layer and overlying the principal
surface of the substrate; and

removing a portion of the substrate from a
backside surface thereof opposing the principal
surface, thereby exposing at least a bottom part
of each of the trenches.

10. The method of Claim 9, further comprising the
steps of:

forming a conductive layer on the backside
surface; and

patterning the conductive layer into a
plurality of contact regions, each contact region
being in contact with a selected portion of the
backside surface as defined by the plurality of
trenches.

11. The method of Claim 9 wherein the step of
removing leaves a remaining thickness of the substrate
of less than about 100 micrometers.

12. The method of Claim 9, further comprising the
step of forming a second pattern of conductive lines on
a surface of the plate prior to the step of bonding;

wherein the step of bonding comprises
electrically contacting portions of the second
pattern to portions of the first pattern.

13. The method of Claim 9 wherein the step of
bonding comprises applying a thermally conductive

adhesive between the diamond f£ilm layer and the plate.

14. The method of Claim 9, further comprising the
steps of:
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forming a plurality of vias extending from
the backside surface to the principal surface of
the substrate, after the step of removing;

providing conductive material in each of the
vias, the conductive material in each via being in
electrical contact on the principal surface with a
portion of the pattern of conductive lines, and
the conductive material in each via forming an
electrical contact on the backside surface.

15. The method of Claim 14, wherein the step of

providing conductive material comprises forming a layer

of the conductive material on the backside surface, and

further comprising:

15

20

forming the layer of conductive material into
a plurality of posts extending outward from the
backside surface, each post being electrically
connected to the conductive material in one of the
vias.

16. The method of Claim 9, wherein the diamond

£film layer is formed to a thickness in a range of 0.5

to 10 micrometers.
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AMENDED CLAIMS

[received by the International Bureau on 18 September 1995 (18.09.95);

original claims 1,6-9,11,13 and 16 amended; new claims
17 and 18 added; remaining claims unchanged (4 pages)}

1. An integrated circuit comprising:

A semiconductor substrate having a principal
surface and a thickness less than about 100
micrometers;

a plurality of semiconductor devices formed in
the substrate;

a pattern of conductive lines formed overlying
the principal surface and in electrical contact with
the devices;

an electrically insulating film at least
partially overlying the pattern of conductive lines;

a thermally conductive plate permanently bonded
to the insulating film and overlying the pattern of
conductive lines; and

a plurality of insulated trenches extending
from the principal surface of the substrate through
the substrate and to an opposing backside surface

. thereof.

2. The integrated circuit of Claim 1, further
comprising a plurality of electrically conductive
contacts formed on the backside surface of the substrate,
each conductive contact being in contact with a selected
portion of the backside surface as defined by the
plurality of trenches.

3. The integrated circuit of Claim 1, wherein a
thickness of the substrate is 1less than about
50 micrometers.

4. The integrated circuit of Claim 1, further
comprising a second pattern of conductive lines
juxtaposed to the plate and in electrical contact with
the first pattern.
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5. The integrated circuit of Claim 1, wherein the
substrate defines a plurality of conductive vias
extending from the principal surface thereof to the
backside surface thereof, each via being in electrical
contact on the principal surface with a portion of the
pattern of conductive lines, and each via forming an
electrical contact on the backside surface.

6. The integrated circuit of Claim 5, wherein the
electrical contacts on the backside surface are each a
post extending from the backside surface.

7. The integrated circuit of Claim 1, wherein the
insulating film has a thickness in the range of 0.5 to 10
micrometers.

8. The integrated circuit of Claim 1, wherein the
insulating film is bonded to the plate by a thermally
conductive adhesive layer.

9. A method of forming an integrated circuit,
comprising the steps of:

providing a semiconductor substrate having a
principal surface;

forming a plurality of semiconductor devices in
the substrate;

forming a plurality of trenches in the
substrate extending from the principal surface
thereof into the substrate to a particular depth;

forming a layer of insulating material in each
of the trenches;

forming a pattern of conductive lines overlying
the principal surface and in electrical contact with
the devices;

forming an electrically insulating £ilm layer
overlying the substrate;
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permanently bonding a thermal conductive plate
to the insulating film layer and overlying the
principal surface of the substrate; and

removing a portion of the substrate from a
backside surface thereof opposing the principal
surface, thereby exposing at least a bottom part of
each of the trenches and reducing a thickness of the
substrate to less than about 100 micrometers.

10. The method of Claim 9, further compriging the
steps of:

forming a conductive layer on the backside
surface; and

patterning the conductive layer into a
plurality of contact regions, each contact region
being in contact with a selected portion of the
backside surface as defined by the plurality of
trenches.

.11. The wmethod of Claim 9 wherein the step of
removing leaves a remaining thickness of the substrate of
less than about 50 micrometers.

12. The method of Claim 9, further comprising the
step of forming a second pattern of conductive lines on
a surface of the plate prior to the step of bonding;

wherein the step of ©bonding comprises
electrically contacting portions of the second
pattern to portions of the first pattern.

13. The method of Claim 9 wherein the step of
bonding comprises applying a thermally conductive

adhesive between the insulating film layer and the plate.

14. The method of Claim 9, further comprising the
steps of:

-26-

AMENDED SHEET (ARTICLE 19)

EX1057, Page 551



WO 95/31006 PCT/US95/05217

10

15

20

25

forming a plurality of vias extending from the
backside surface to the principal surface of the
substrate, after the step of removing;

_ providing conductive material in each of the
vias, the conductive material in each via being in
electrical contact on the principal surface with a
portion of the pattern of conductive lines, and the
conductive material in each wvia forming an
electrical contact on the backside surface.

15. The method of Claim 14, wherein the step of
providing conductive material comprises forming a layer
of the conductive material on the backside surface, and
further comprising:

forming the layer of conductive material into

a plurality of posts extending outward from the

backside surface, each post being electrically

connected to the conductive material in one of the
vias.

16. The method of Claim 9, wherein the insulating
film layer is formed to a thickness in a range of 0.5 to

10 micrometers.

17. The integrated circuit of Claim 1, wherein the
insulating film is a diamond f£ilm.

18. The method of Claim 9, wherein the insulating
film is a diamond f£ilm.
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(57) Abstract: A CMP pad conditioner comprises a plurality of abrasive segments. Each abrasive segment includes a segment blank
and an abrasive layer attached to the segment blank, the abrasive layer including a superhard abrasive material, A pad conditioner
substrate is also provided. Each of the plurality of abrasive segments is permanently affixed to the pad conditioner substrate in an
orientation that enables removal of material from a CMP pad by the abrasive layer as the pad conditioner and the CMP pad are moved
relative to one another.
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CMP PAD CONDITIONERS WITH MOSAIC ABRASIVE SEGMENTS
AND ASSOCIATED METHODS
PRIORITY CLAIM:
This application claims the benefit of U.S. Provisional Patent Application
Serial No. 60/976,198, filed September 28, 2007 and U.S. Non-Provisional Patent
Application Serial No. 12/168,110, filed July 5, 2008, each of which are hereby

incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to CMP pad conditioners used to

remove material from (e.g., smooth, polish, dress, etc.) CMP pads. Accordingly, the

present invention involves the fields of chemistry, physics, and materials science.

BACKGROUND OF THE INVENTION

The semiconductor industry currently spends in excess of one billion U.S.

Dollars each year manufacturing silicon wafers that must exhibit very flat and smooth
surfaces. Known techniques to manufacture smooth and even-surfaced silicon wafers
are plentiful. The most common of these involves the process known as Chemical
Mechanical Polishing (CMP} which includes the use of a polishing pad in
combination with an abrasive slurry. Of central importance in all CMP processes is
the attainment of high performance levels in aspects such as uniformity of polished
wafer, smoothness of the IC circuitry, removal rate for productivity, longevity of

consumables for CMP economics, etc.

SUMMARY OF THE INVENTION

In accordance with one embodiment, the present invention provides a CMP

pad conditioner, including a plurality of abrasive segments. Each abrasive segment
can include a segment blank and an abrasive layer attached to the segment blank. The
abrasive layer can include a superhard abrasive material. A pad conditioner substrate
is also provided and each of the plurality of abrasive segments can be permanently

affixed to the pad conditioner substrate in an orientation that enables removal of
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material from a CMP pad by the abrasive layer as the pad conditioner and the CMP
pad are moved relative 1o one another.

In accordance with another aspect of the invention, a CMP pad conditioner is
provided, including a plurality of abrasive segments, Each abrasive segment can
include a segment blank, an organic adhesive layer, and an abrasive layer attached to
the segment blank by the organic adhesive layer. The abrasive layer can include a
superhard abrasive material. A pad conditioner substrate is also provided, with each
of the plurality of abrasive segments being permanently affixed to the pad conditioner
substrate in an orientation that enables removal of material from a CMP pad by the
abrasive layer as the pad conditioner and the CMP pad are moved relative to one
another. .

In accordance with another aspect of the invention, a CMP pad conditioner is
provided, including a plurality of abrasive segments. Each abrasive segment can
include a segment blank and an abrasive layer attached to the segment blank by a
brazing alloy. The abrasive layer can include a superhard abrasive material. A pad
conditioner substrate is also provided, with each of the plurality of abrasive segments
being permanently affixed to the pad conditioner substrate in an orientation that
enables removal of material from a CMP pad by the abrasive layer as the pad
cenditioner and the CMP pad are moved relative to one another.

In accordance with another aspect of the invention, a CMP pad conditioner is
provided, including a plurality of abrasive segments. Each abrasive segment can
include a segment blank and an abrasive layer attached to the scgment blank. The
abrasive layer can include a superhard abrasive blade. A pad conditioner substrate is
also provided, with each of the plurality of abrasive segments being permanently
affixed to the pad conditioner substrate in an crientation that enables removal of
material from a CMP pad by the abrasive layer as the pad conditioner and the CMP
pad are moved relative to one another.

In accordance with another aspect of the invention, a CMP pad conditioner is
provided, including a plurality of abrasive segments. Each abrasive segment can
include a segment blank and an abrasive layer attached to the segment blank. The

abrasive layer can include a cutting face angled at 90 degrees or less relative to a
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finished surface to be applied to the CMP pad. A pad conditioner substrate is also
provided, with each of the plurality of abrasive segments being permanently affixed to
the pad conditioner substrate in an orientation that enables removal of material from a
CMP pad by the abrasive layer as the pad conditioner and the CMP pad are moved
relative to one another.

In accordance with another aspect of the invention, a method of forming a
CMP pad conditioner is provided, including: obtaining at least one abrasive segment,
the abrasive segment including: a segment blank; and an abrasive layer attached to the
segment blank, the abrasive layer including a superhard abrasive material. The
method can include positioning the at least one abrasive segment on a face of a pad
conditioner substrate in an orientation that enables removal of material from a CMP
pad by the abrasive layer as the pad conditioner and the CMP pad are moved relative
to one another; and permanently affixing the at least one abrasive segment to the pad
conditioner substrate,

There has thus been outlined, rather broadly, various features of the invention
so that the detailed description thereof that follows may be better understood, and so
that the present contribution to the art may be better appreciated. Other features of the
present invention will become clearer from the following detailed description of the
invention, taken with any accompanying or following claims, or may be learned by the

practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic, top plan view of an exemplary pad conditioner in

accordance with an embodiment of the invention;

FIG. 1A is an enlarged, perspective schematic view of an exemplary abrasive
segment that can be used in the pad conditioner of FIG. 1;

FIG. 1B is an end, schematic view of the abrasive segment of FIG. 1A, shown
with one exemplary abrasive profile;

FIG. 1C is an end, schematic view of the abrasive segment of FIG. 1 A, shown

with another exemplary abrasive profile;

EX1057, Page 575



10

15

20

25

30

WO 2009/043058 PCT/US2008/078208

FIG. 2 is a schematic, top plan view of another pad conditioner in accordance
with an embodiment of the invention;

FIG. 2A is an enlarged, perspective schematic view of an abrasive segment of
the pad conditioner of FIG. 2;

FIG. 3A is a side, schematic view of an abrasive segment having a cutting face
shown removing material from a section of a CMP pad;

FIG. 3B is a side, schematic view of an abrasive segment having a differently
configured cutting face shown removing material from a section of a CMP pad,;

FIG. 3C is a side, schematic view of an abrasive segment having a differently
configured cutting face shown removing material from a section of a CMP pad;

FIG. 4A is a schematic, perspective view of an abrasive segment formed in a
blade configuration in accordance with an embodiment of the invention;

FIG. 4B is a schematic, perspective view of another abrasive segment formed
in a blade configuration in accordance with an embodiment of the invention; and

FIG. 5 is a schematic, side view of a portion of a CMP pad dresser having a
series of abrasive segments arranged at varying elevations relative to one another.

It will be understood that the above figures are merely for illustrative purposes
in furthering an understanding of the invention. Further, the figures may not be drawn
to scale, thus dimensions, particle sizes, and other aspects may, and generally are,
exaggerated to make illustrations thereof clearer. For example, an abrasive layer is
illustrated in some of the figures as including a plurality of abrasive particles:
however, many of the specific embodiments disclosed herein do not necessarily
include abrasive particles. Therefore, it will be appreciated that departure can and
likely will be made from the specific dimensions and aspects shown in the figures in

order to produce the pad conditioners of the present invention.

DETAILED DESCRIPTION

Before the present invention is disclosed and described, it is to be understood
that this invention is not limited to the particular structures, process steps, or materials
disclosed herein, but is extended to equivalents thereof as would be recognized by

those ordinarily skilled in the relevant arts. It should also be understood that
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terminology employed herein is used for the purpose of describing particular
embodiments only and is not intended to be limiting.

It must be noted that, as used in this specification and any appended or
following claims, the singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for example, reference to “an

abrasive segment” can include one or more of such segments.

Definitions

In describing and claiming the present invention, the following terminology will
be used in accordance with the definitions set forth below.

All mesh sizes that may be referred to herein are U.S. mesh sizes unless
otherwise indicated. Further, mesh sizes are generally understood to indicate an
average mesh size of a given collection of particles since each particle within a
particular “mesh size” may actually vary over a small distribution of sizes.

As used herein, the term “substantially” refers to the complete or nearly
complete extent or degree of an action, characteristic, property, state, structure, item,
or result. As an arbitrary example, when two or more objects are referred to as being
spaced a “substantially” constant distance from one another, it is understood that the
two or more objects are spaced a completely unchanging distance from one another, or
so nearly an unchanging distance from one another that a typical person would be
unable to appreciate the difference. The exact allowable degree of deviation from
absolute completeness may in some cases depend upon the specific context.

However, generally speaking the nearness of completion will be so as to have the
same overall result as if absolute and total completion were obtained.

The use of “substantially” is equally applicable when used in a
negative connotation to refer to the complete or near complete lack of an action,
characteristic, property, state, structure, item, or result. As an arbitrary example, a
cavity that is “substantially free of” foreign matter would either completely lack any
foreign matter, or so nearly completely lack foreign matter that the effect would be the
same as if it completely lacked foreign matter, In other words, a cavity that is

“substantially free of’ foreign matter may still actually contain minute portions of
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foreign matter so long as there is no measurable effect upon the cavity as a result
thereof.

As used herein, a pad conditioner “substrate” means a portion of a pad
conditioner that supports abrasive materials, and to which abrasive materials and/or

5  segment blanks that carry abrasive materials may be affixed. Substrates useful in the

present invention may of a variety of shapes, thicknesses, or materials that are capable
of supporting abrasive materials in a manner that is sufficient to provide a pad
conditioner useful for its intended purpose. Substrates may be of a solid material, a
powdered material that becomes solid when processed, or a flexible material.

10 Examples of typical substrate materials include without limitation, metals, metal
alloys, ceramics, relatively hard polymers or other organic materials, glasses, and
mixtures thereof. Further, the substrate may include a material that aids in attaching
abrasive materials to the substrate, including, without limitation, brazing alloy
material, sintering aids and the like.

15 As used herein, "segment blank" refers to a structurc similar in many respects
to the pad conditioner substrates defined above. Segment blanks are utilized in the
present invention to carry abrasive layers: attachment of the abrasive layers to the pad
conditioner substrates is typically achieved by way of attaching the segment blanks to

the pad conditioner substrates. It is important to note that a variety of manners of

the abrasive layers to the segment blanks, are discussed herein. It is to be understood

that all of these various attachment mechanisms can be used interchangeably herein:
that is, if a method of attaching a segment blank to a substrate is discussed herein, the
method of attachment discussed can also be used to attach an abrasive layer to a
25  segment blank. For any particular CMP pad dresser being discussed, however, it is
understood that attachment methods of the abrasive layers to the segment blanks can
differ from, or can be the same as, the method used to attach the segment blanks to the
pad conditioner substrate.
As used herein, “geometric configuration” refers to a shape that is capable of
30  being described in readily understood and recognized mathematical terms. Examples

of shapes qualifying as “geometric configurations” include, without limitation, cubic
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shapes, polyhedral (including regular polyhedral) shapes, triangular shapes (including
equilateral triangles, isosceles triangles and three-dimensional triangular shapes),
pyramidal shapes, spheres, rectangles, “pie” shapes, wedge shapes, octagonal shapes,
circles, etc.

As used herein, “vapor deposition” refers to a process of depositing materials
on a subsirate through the vapor phase. Vapor deposition processes can include any
process such as, but not limited to, chemical vapor deposition (CVD) and physical
vapor deposition (PVD). A wide variety of variations of each vapor deposition
method can be performed by those skilled in the art. Examples of vapor deposition
methods include hot filament CVD, rf-CVD, laser CVD (LCVD), metal-organic CVD
(MOCVD), sputtering, thermal evaporation PVD, ionized metal PVD (IMPVD),
¢lectron beam PYD (EBPVD), reactive PVD, and the like.

As used herein, “abrasive profile” is to be understood to refer to a shape,
configuration, or a space defined by abrasive materials that can be used to remove
material from a CMP pad. Examples of abrasive profiles include, without limitation,
rectangular shapes, tapering rectangular shapes, truncated wedge shapes, wedge
shapes, a "saw tooth" profile and the like. In some embodiments, the abrasive profile
exhibited by abrasive segments of the present invention will apparent when viewed
through a plane in which the CMP pad will be oriented during removal of material
from the CMP pad.

As used herein, an "abrading surface or point" may be used to referto a
surface, edge, face, point or peak of an abrasive segment that contacts and removes
material from a CMP pad. Generally speaking, the abrading surface or point is the
portion of the abrasive segment that first contacts the CMP pad as the abrasive
segment and the CMP pad are brought into contact with one another.

As used herein, “superhard” may be used to refer to any crystalline, or
polycrystalline material, or mixture of such materials which has a Moht’s hardness of
about 8 or greater. In some aspects, the Mohr’s hardness may be about 9.5 or greater.
Such materials include but are not limited to diamond, polycrystalline diamond
(PCD), cubic boron nitride (¢cBN), polycrystalline cubic boron nitride (PcBN),

corundum and sapphire, as well as other superhard materials known to those skilled in
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the art. Superhard materials may be incorporated into the present invention in a
variety of forms including particles, grits, films, layers, pieces, segments, etc. In some
cases, the superhard materials of the present invention are in the form of
polyerystalline superhard materials, such as PCD and PcBN materials.

As used herein, “organic material” refers to a semisolid or solid complex or
mix of organic compounds. As such, “organic material layer” and “organic material
matrix” may be used interchangeably, refer to a layer or mass of a semisolid or solid
complex amorphous mix of organic compounds, including resins, polymers, gums,
etc. Preferably the organic material will be a polymer or copolymer formed from the
polymerization of one or more monomers. In some cases, such organic material may
be adhesive.

As used herein, the process of “brazing” is intended to refer to the creation of
chemical bonds between the carbon atoms of the superabrasive particles/materials and
the braze material. Further, “chemical bond” means a covalent bond, such as a
carbide or boride bond, rather than mechanical or weaker inter-atom attractive forces.

Thus, when “brazing” is used in connection with superabrasive particles a true
chemical bond is being formed. However, when “brazing” is used in connection with
metal to metal bonding the term is used in the more traditional sense of a
metallurgical bond. Therefore, brazing of a superabrasive segment to a tool body does
not necessarily require the presence of a carbide former.

As used herein, “particle” and “grit” may be used interchangeably.

As used herein, an “abrasive layer” describes a variety of structures capable of
removing (e.g., cutting, polishing, scraping) material from a CMP pad. An abrasive
layer can include a mass having several cutting points, ridges or mesas formed thereon
or therein. It is notable that such cutting points, ridges or mesas may be from a
multiplicity of protrusions or asperities included in the mass. Furthermore, an
abrasive layer can include a plurality of individual abrasive particles that may have
only one cutting point, ridge or mesa formed thereon or therein. An abrasive laycr can
also include composite masses, such as PCD pieces, segment or blanks, either
individually comprising the abrasive layer or collectively comprising the abrasive

layer.
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As used herein, “metallic” includes any type of metal, metal alloy, or mixture
thereof, and specificaily includes but is not limited to steel, iron, and stainless steel.

As used herein, a plurality of items, structural elements, compositional
elements, and/or materials may be presented in a common list for convenience.
However, these lists should be construed as though each member of the list is
individually identified as a separate and unique member. Thus, no individual member
of such list should be construed as a de facto equivalent of any other member of the
same list solely based on their presentation in a common group without indications to
the contrary.

Concentrations, amounts, particle sizes, volumes, and other numerical data
may be expressed or presented herein in a range format. It is to be understood that
such a range format is used merely for convenience and brevity and thus should be
interpreted flexibly to include not only the numerical values explicitly recited as the
limits of the range, but also to include all the individual numerical values or sub-
ranges encompassed within that range as if each numerical valuc and sub-range is
explicitly recited.

As an illustration, a numerical range of “about 1 micrometer to about 5
micrometers” should be interpreted to include not only the explicitly recited values of
about 1 micrometer to about 5 micrometers, but also include individual values and
sub-ranges within the indicated range. Thus, included in this numerical range are
individual values such as 2, 3, and 4 and sub-ranges such as from 1-3, from 2-4, and
from 3-5, etc. This same principle applies to ranges reciting only one numerical
value. Furthermore, such an interpretation should apply regardless of the breadth of

the range or the characteristics being described.

The Invention

The present invention generally provides pad conditioners and associated
methods that can be utilized in conditioning (e.g., smoothing, polishing, dressing) or
otherwise affecting a CMP pad to remove material from the CMP pad in order to

provide a finished, smooth and/or flat surface to the pad. Pad conditioners of the
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present tnvention can be advantageously utilized, for example, in dressing CMP pads
that are used in polishing, finishing or otherwise affecting silicon wafers.

In the embodiment of the invention illustrated in FIG. 1, a CMP pad
conditioner 10 is provided. The pad conditioner can include at least one abrasive
segment 122, 12b, 12¢ and 12d (sometimes the varied and numerous abrasive
segments discussed herein are collectively referred to as “12x”). As best appreciated
from the example shown in FIG. 1A, each abrasive segment 12 can include a segment
blank 14 and an abrasive layer 16 attached to the segment blank. The abrasive layer
16 can include a superhard abrasive material; in the exemplary embodiment of FIG.
1A, the superhard abrasive material includes a plurality of superhard particles 18. A
pad conditioner substrate 20 (FIG. 1} can also be provided. The pad conditioner
substrate can vary according to the applications for which the pad conditioner is
designed, but generally includes a face on which the abrasive segments can be affixed
to allow the pad conditioner to be used to grind, plane, cut or otherwise remove
material from a CMP pad (not shown).

The at least one abrasive segment 12x can be permanently fixed to the pad
conditioner 2¢ in an orientation that enables removal of material from the CMP pad
by the abrasive layer as the pad conditioner and the pad are moved relative to one
another. For example, in the embodiment shown in FIG, 1, the abrasive segments 12x
are arranged radially along an edge of a substantially circular pad conditioner
substrate. Such an arrangement has been found well suited to remove material from a
CMP pad (while “dressing” the pad) by rotating the pad conditioner substrate relative
to the pad.

The present invention provides a number of advantages over conventional
devices. One such advantage lies in the ability to customize methods of attachment of
the abrasive layer 16 to the segment blank 14 independently of methods of attachment
of the segment blank or blanks to the pad conditioner substrate. For example, as
various attachment methods may involve very high temperatures and/or pressures,
very demanding environmental conditions, or simply are very labor intensive when
attempted with pad conditioners of large or complex surface areas, performing the

attachment method on distinct, ¢asily handled segment blanks can improve costs,

10
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efficiencies and integrities of the attachment process. Also, leveling of the
components of the abrasive layer on each segment blank can be performed more easily
when done in discrete, relatively small lots. The resulting plurality of abrasive
segments can likewise be more easily positioned, leveled, spaced, oriented, etc.,
across the face of the pad conditioner substrate 20 after the abrasive layer is
individually attached to each of the abrasive segments.

In addition, by obtaining a plurality of abrasive segments 12x, each with an
abrasive layer 16 already attached thereto, an abrasive pattern across the face of the
pad conditioner substrate 20 can be designed to optimize various conditioning
procedures. For example, the spacing between adjacent abrasive segments can be
carefully selected to aid in, or better control, the flow of various fluids (e.g., slurry)
around and through the abrasive segments to increase the efficacy and efficiency of
the material removing process. Also, as shown in FIG. 1, segment blanks having
differing abrasive profiles (e.g., different sizes, shapes, abrasive aggressiveness, etc.)
can be used on a single substrate, to enable customization of an abrading profile of the
pad conditioner as a whole.

As will be discussed in further detail below, not only can the abrasive profile
of each abrasive segment be customized, the type of, or composition of, the abrasive
segment can vary from one segment 12x to another. For example, segment 12¢ may
include a plurality of individual abrasive grits 18 attached to the segment blank 14 via
an organic adhesive material layer 16. Segment 12a can include a substantially
continuous piece of PCD compact attached to a segment blank via a differing
attachment mechanism. Also, relative height or elevation of abrasive segments can be
varied on any particular pad dresser. For cxample, the abrasive segment 12a of FIG. 1
can be elevated slightly higher than or lower than abrasive segment 12¢ of FIG. 1.

The various segment blanks 14 shown and discussed herein can be formed
from a variety of materials, including, without limitation, metallic materials such as
aluminum, copper, steel, metal alloys, etc., ceramic materials, glasses, polymers,
composite materials, etc. Generally speaking, virtually any material to which an

abrasive segment 12x can be attached will suffice.

11
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In some embodiments, the material of the segment blank can be chosen to
provide superior results during the process of attaching the abrasive layer thereto. As
discussed above, the abrasive layer can be attached to the segment blank in a variety
of manners, including epoxy bonding methods (e.g., organic bonding methods), metal
brazing, sintering, electrodeposition, etc. The material of the segment blank can be
chosen based upon the attachment process anticipated. For example, a segment blank
formed partially or fully from nickel, or stainless steel, can be utilized in some
processes involving brazing and/or sintering. Also, ceramic or metallic materials
might be utilized in organic attachment methods.

Various embodiments of the invention employ various methods of attachment
of the abrasive laycr 16 to the scgment blank 14. In one embodiment, an organic
material layer can be deposited on the segment blank, and one or more abrasive
particles, chips, segments, etc., can be fixed to the segment blank by way of the
organic material layer. Examples of suitable organic materials include, without
limitation, amino resins, acrylate resins, alkyd resins, polyester resins, polyamide
resins, polyimide resins, polyurethane resins, phenolic resins, phenolic/latex resins,
epoxy resins, isocyanate resins, isocyanurate resins, polysiloxane resins, reactive vinyl
resins, polyethylene resins, polypropylene resins, polystyrene resins, phenoxy resins,
perylene resins, pelysulfone resins, acrylonitrile-butadiene-styrene resins, acrylic
resins, polycarbonate resins, polyimide resins, and mixtures thereof,

So-called “reverse casting” methods can be used to accurately and controllably
orient and attach the abrasive material on the segment blank (and to orient and attach
the segment blanks to the pad conditioner substrate). Such methods can include
initially sccuring a superabrasive material, e.g., a plurality of superabrasive grits, to a
substrate using a “mask” material. The portions of the particles protruding from the
mask material can then be attached to a pad conditioner substrate using the methods
discussed herein, after which {or during which), the masking material can be removed.

It has been found that these reverse casting techniques can increase the amount of
abrasive particles (or other abrasive contact peints) to as much as 10% and more of
the total amount of abrasive particles or contact points.

Suitable reverse casting methods can be found in various patents and patent

12
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applications to the present inventor, including U.S. Patent Application Serial No.
60/992,966, filed December 6, 2007; U.S. Patent Application Serial No. 11/804,221,
filed May 16, 2007; and U.S. Patent Application Serial No. 11/805,549.filed May 22,
2007, each of which is hereby incorporated herein by reference. These techniques can
be used when attaching the abrasive segments of the present invention to pad
conditioner substrate: and when attaching the abrasive layers of the present invention
to the segment bianks. Such techniques allow very precise control of lateral
placement of the abrasive segments or abrasive layers, as well as very precise control
of relative elevation of the abrasive segments or abrasive layers.

When an organic bonding material layer is utilized, methods of curing the
organic material layer can be a variety of processes known to one skilled in the art that
cause a phase transition in the organic material from at least a pliable state to at least a
rigid state. Curing can occur, without limitation, by exposing the organic material to
energy in the form of heat, electromagnetic radiation, such as ultraviolet, infrared, and
microwave radiation, particle bombardment, such as an electron beam, organic
catalysts, inorganic catalysts, or any other curing method known to one skilled in the
art.

In one aspect of the present invention, the organic material layer may be a
thermoplastic material. Thermoplastic materials can be reversibly hardened and
softened by cooling and heating respectively. In another aspect, the organic material
layer may be a thermosetting material. Thermosetting materials cannot be reversibly
hardened and softened as with the thermoplastic materials. In other words, once
curing has occurred, the process can be essentially irreversible, if desired.

Organic materials that may be useful in embodiments of the present invention
include, but are not limited to: amino resins including alkylated urea-formaldehyde
resins, melamine-formaldehyde resins, and alkylated benzoguanamine-formaldehyde
resins; acrylate resins including vinyl acrylates, acrylated cpoxies, acrylated urethanes,
acrylated polyesters, acrylated acrylics, acrylated polyethers, vinyl ethers, acrylated
oils, acrylated silicons, and associated methacrylates; alkyd resins such as urethane
alkyd resins; polyester resins; polyamide resins; polyimide resins; reactive urcthane

resins; polyurethane resins; phenolic resins such as resole and novolac resins;

13
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phenolic/latex resins; epoxy resins such as bisphenol epoxy resins; isocyanate resins;
isocyanurate resins; polysiloxane resins including alkylalkoxysilane resins; reactive
vinyl resins; resins marketed under the Bakelite™ trade name, including polyethylcne
resins, polypropylene resins, epoxy resins, phenolic resins, polystyrene resins,
phenoxy resins, perylene resins, polysulfone resins, ethylene copolymer resins,
acrylonitrile-butadiene-styrene (ABS) resins, acrylic resins, and vinyl resins; acrylic
resins; polycarbonate resins; and mixtures and combinations thereof. In one aspect of
the present invention, the organic material may be an epoxy resin. In another aspect,
the organic material may be a polyimide resin. In yet another aspect, the organic
material may be a polyurethane resin. In yet another aspect, the organic material may
be a polyurethane resin.

Numerous additives may be included in the organic material to facilitate its
use. For example, additional crosslinking agents and fillers may be used to improve
the cured characteristics of the organic material layer. Additionally, solvents may be
utilized to alter the characteristics of the organic material in the uncured state. Also, a
reinforcing material may be disposed within at least a portion of the solidificd organic
material layer. Such reinforcing material may function to increase the strength of the
organic material layer, and thus further improve the retention of the individual
abrasive segments. In one aspect, the reinforcing material may include ceramics,
metals, or combinations thereof, Examples of ceramics include alumina, aluminum
carbide, silica, silicon carbide, zirconia, zirconium carbide, and mixtures thereof.

Additionally, in one aspect a coupling agent or an organometallic compound
may be coated onto the surface of each superabrasive material to facilitate the
retention of the superabrasive material in the organic material via chemical bonding.
A wide variety of organic and organometallic compounds is known to those of
ordinary skill in the art and may be used. Organometallic coupling agents can form
chemicals bonds between the superabrasive materials and the organic material matrix,
thus increasing the retention of the superabrasive materials thercin. In this way, the
organometallic coupling agent can serve as a bridge to form bonds between the
organic material matrix and the surface of the superabrasive material. In one aspect of

the present invention, the organometallic coupling agent can be a titanate, zirconate,
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silane, or mixture thereof.

Specific non-limiting examples of silanes suitable for use in the present
invention include: 3- glycidoxypropyltrimethoxy silane (available from Dow Corning
as Z-6040); y-methacryloxy propyltrimethoxy silane (available from Union Carbide
Chemicals Company as A-174); B-(3,4-epoxycyclohexyl)ethyltrimethoxy silane, y-
aminopropyltriethoxy silane, N-(B-aminoethyl)-y-aminopropylmethyldimethoxy silane
(available from Union Carbide, Shin-etsu Kagaku Kogyo K.K., etc.).

Specific non-limiting examples of titanate coupling agents include:
isopropyltriisostearoyl titanate, di(cumylphenylate)oxyacetate titanate, 4-
aminobenzenesulfonyldodecylbenzenesulfonyl titanate, tetraoctylbis
(ditridecylphosphite) titanate, isopropyltri{N-ethylamino-ethylamino) titanate
(available from Kenrich Petrochemicals. Inc.), necalkyoxy titanates such as LICA-01,
LICA-09, LICA-28, LICA-44 and LICA-97 (also available from Kenrich), and the
like.

Specific non-limiting examples of aluminum coupling agents include
acetoalkoxy aluminum diisopropylate (available from Ajinomoto K.K.), and the like.

Specific non-limiting examples of zirconate coupling agents include:
neoalkoxy zirconates, LZ-01, LZ-09, LZ- 12, LZ-38, LZ-44, LZ-97 (all available from
Kenrich Petrochemicals, Inc.}, and the like. Other known organometallic coupling
agents, €.g., thiolate based compounds, can be used in the present invention and are
considered within the scope of the present invention,

The amount of organometallic coupling agent used can depend upon the
coupling agent and on the surface area of the superabrasive material. Oftentimes,
0.05% to 10% by weight of the organic material layer can be sufficient.

Metal brazing can also be utilized to attach the abrasive layer 16 to the
segment blank 14, Metal brazing techniques are known in the art. For example, in
fabricating a diamond saw blade, the process can include mixing diamond particles
(e.g., 40/50 U.S. mesh saw grit) with a suitablc mctal support matrix (bond) powder
(e.g., cobalt powder of 1.5 micrometer in size). The mixture is then compressed in a
mold to form the right shape (e.g., a saw segment). This “green” form of the tool can

then be consolidated by sintering at a temperature between 700-1200 degrees C to
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form a single body with a plurality of abrasive particles disposed therein. Finally, the
consolidated body can be attached (e.g., by brazing) to a tool body; such as the round
blade of a saw, to form the final product, Many other exemplary uses of this
technology are known to those having ordinary skill in the art.

Various sintering methods can also be utilized to attach the abrasive layer 16
to the segment blank 14. Suitable sintering methods will be easily appreciated by one
of ordinary skill in the art having possession of this disclosure.

The abrasive layer 16 can also be attached to the segment blank 14 by way of
known electroplating and/or electrodeposition processes. As an example (not shown
in the figures) of a suitablec mcthod for positioning and retaining abrasive materials
prior to and during the electrodeposition process, a mold can be used that includes an
insulating material that can effectively prevent the accumulation of electrodeposited
material on the molding surface, Abrasive particles can be held on the molding
surface of the mold during electrodeposition. As such, the accumulation of
electrodeposited material can be prevented from occurring on the particle tips and the
working surface of the pad conditioner substrate. Such techniques are described in
U.S. Patent Application Serial No. 11/292,938, filed December 2, 2005, which is
hereby incorporated herein by reference.

One or more apertures can extend through the insulating material to allow for
circulation of an electrolytic fluid from an area outside the mold through the mold and
to the surface of the pad conditioner substrate in order to effect electrodeposition of
the material used to secure the abrasive particles to the pad conditioner substrate.
Such circulation can be advantageous as it is generally necessary to keep a sufficient
concentration of the ions (not shown) in an electrolytic fluid at the location of
electrodeposition. Other well known techniques can also be utilized, it being
understood that the above-provided example is only one of many suitable techniques.

The segment blank can similarly be attached to the pad conditioner substrate in
a variety of manners. Depending upon the material from which the segment blank is
formed, various manners of fixing the segment blank to the pad conditioner substrate
may be utilizing. Suitable attachment methods include, without limitation, organic

binding, brazing, welding, etc.
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The geometric configuration of the abrasive segment 12 can vary. In the
embodiment illustrated in FIG. 1A and 1B, the abrasive segment includes a generally
rectangular segment blank 14 with a layer 16 of abrasive material (that can include
abrasive particles 18) attached to an upper portion thereof. The size of the segment
blank can vary. In one aspect of the invention, segment size can be adjusted to
achieve uniform distribution of diamond grits about an annular ring array. Each
segment can contain up to about a thousand diamond grits with pitch set from 3X to
10X of the diamond size. Smaller segments can be better distributed to share the
loading during dressings.

As will be appreciated, in the embodiment of FIG. 1B, the layer 16 of abrasive
material extends partially onto (or “down™} side edges of the segment blank 14. Inthe
embodiment of FIG. 1C, the abrasive layer extends onto (or down) the side edges fo a
much lesser degree. The modular nature of the present systems allows a great deal of
flexibility in attaching the abrasive layer 16 to the segment blanks 14. As the segment
blanks can be prepared separately from the pad conditioner substrate, a variety of
manufacturing advantages can be realized when applying the abrasive layer to the
segment blank, without regard to the size, shape, mass, material, etc., of the pad
conditioner substrate to which the segment blanks will eventually be attached.

While not so required, in one aspect of the invention, the plurality of abrasive
segments can each include a substantially matching geometric configuration. In the
embodiment illustrated in FIG. 2, each of the plurality of abrasive segments 12e
presents a substantially wedge-shaped superabrasive profile (that can be truncated, if
so desired). The abrasive layer 16e can be attached to segment blank 14¢ in a variety
of manners, much the same as discussed above. _

The plurality of abrasive segments 12x can be radially distributed about a face
of the pad conditioner substrate 20, and can include a substantially uniform spacing
between each segment. Also, a longitudinal axis of each of the plurality of abrasive
segments can be aligned along a radius of the pad conditioner substrate. The abrasive
segments 12e of the embodiment shown in FIGs. 2 and 2A can be arranged across the

face of the pad conditioner substrate 20 in alternating or varying alignments: as
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shown, the tapering portion of the segments can be aligned toward or away from a
center of the pad conditioner substrate in alternating stages.

The abrasive segments arranged about the face of the conditioner substrate can
each be substantially the same in size, shape, abrasive composition, height relative to
one another, etc. In other embodiments, the size, shape, abrasive composition, height
relative to one ancther, etc., can be purposefully varied, to achieve optimal design
flexibility for any particular application. Also, each of the afore-mentioned qualities
can be varied from segment to another: e.g., alternating segments can include PCD
abrasive pieces, chips or slats, with adjacent segments including abrasive particles.

The retention of abrasive scgments 12x on the pad conditioner substrate 20 can
be improved by arranging the abrasive scgments such that mechanical stress
impinging on any individual abrasive segment is minimized. By reducing the stress
impinging on each abrasive segment they can be more readily retained in place on the
substrate, particularly for delicate tasks. Minimizing of stress variations between
segments can be accomplished by spacing the segments evenly (or consistently) from
one another, leveling to a uniform height {relative to the face of the pad conditioner
substrate) an uppermost portion of each segment, radially aligning the segments about
the face of the pad conditioner substrate, etc. Various other height and spacing
techniques can be utilized to obtain a desired affect.

In one embodiment of the invention, the spacing of the abrasive segments can
be adjusted to alter the contact pressure of the contact portion (e.g., the portion of the
segment that engages and removes material from the CMP pad) of each segment. In
general, the farther the segments are spaced from one another, the higher the contact
pressure between the scgment and the CMP pad. Thus, a higher density of abrasive
segments across the face of the pad conditioner substrate can, in some cases, provide a
more desirable abrasive interface between the pad conditioner substrate and the CMP
pad. In other applications, a lower density of abrasive segments may be beneficial. In
either case, the present invention provides a great deal of design flexibility to obtain
the optimal abrading profile.

By forming the abrasive segments in individual units having defined geometric

shapes, arrangement of the abrasive segments in a very precise manner becomes much
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easier. As the defined geometric shapes can be replicated fairly precisely from one
abrasive segment to another, the positioning of, and accordingly, the stress impinged
upon, each abrasive segment can be accomplished fairly consistently across the face of
the pad conditioner substrate in question. With prior art abrasive grits, for example,
the overall shape and size of each a plurality of grits might change considerably from
one grit to another, making precise placement of the grits difficult to accomplish.

This problem is adequately addressed by the advantageous features of the present
invention.

It has been found that diamond pad conditioners used commercially normally
contain about ten thousand diamond grits. Due (0 the distortion of the substrate,
particularly when the disk is manufactured by a high temperature process (e.g. by
brazing), and also the distribution of grit sizes and diamond orientations, the cutting
tips are located at different heights. When they are pressed against a polishing pad,
only about 1% of the protruded diamond can be in engagement with a pad. This can
increase the stress on the diamond cutting most deeply into the pad, and the diamond
may break and cause catastrophic scratching of the expensive wafers.

By utilizing the present invention, the height difference of between particles
can be greatly reduced. In one aspect of the invention, the segments are set on a flat
metal (e.g. stainless steel) mold with designed spacing in a retainer ring, Epoxy with
hardener fully mixed can be poured into the retainer ring to fill up and cover all
segments. The diamond grits on the mold can be shielded by the penetration of the
epoxy flow. After curing (with or without heating), the retainer ring and the mold can
be removed. The diamond segments are thereby firmly embedded in the epoxy
matrix. Due to the leveling of diamond by the flat mold, the tip height variations of
the tallest diamond grits are minimized.

The mosaic disk thusly formed can be pressed against the polishing pad with
the same fixed load. Resulting tests show that the engagement ratio can be over 50%.

In other words, the number of working crystals can be increased many times so that
the disk life can be greatly extended. In addition, due to the avoidance of deep
cutting, the polishing pad can be used with a much longer life. Also, the dressed

grooves can be made much more shallow and less dense. The slurry retention and

19

EX1057, Page 591



WO 2009/043058

10

15

20

25

30

abrasive utility are both improved. The CMP's cost of consumable (CoC) and cost of
ownership (CoO) are both reduced. The wafer polished is more uniform without
scratching so the die yield can be higher.

Turning now to FIGs. 3A-5, a variety of differing embodiments of the invention
are illustrated. In FIGs. 3A-3C, an embodiment is shown which aids in addressing issues
relating to plastic deformation of a CMP pad (shown by example and in sectioned view at
24). This embodiment reduces the downward force required between the pad conditioner
and the CMP pad. As a result, the CMP pad is left with a conditioned surface that is
much more smooth and level than that obtained using conventional methods.

The conditioner shown in FIGs. 3A-3C can include abrasive layer 12f (only a
section of which is shown). The abrasive layer can include a cutting face 26 angled at
90 degrees or less relative to a finished surface to be applied to the CMP pad (e.g.,
relative to movement of the cutting face away from the finished surface — sometimes
referred to as a positive cutting angle). The face 26 of the abrasive layer 12f can be
oriented such that relative movement of the pad conditioner (in the direction indicated
at 23 in FIG. 3A) and the CMP pad 24 results in clean removal of material from the
CMP pad with the cutting face to thereby condition the CMP pad.

By angling the cutting face 26 at 90 degrees or less, relative to a finished
surface to be applied to the pad 24, the dressing process can cleanly shave a layer of
pad material from the pad. The resultant surface applied to the pad can be safely used
in the CMP process without damaging expensive silicon wafers. The present pad
conditioners can be used to shave even a very shallow, thin layer of matetial from the
pad and leave behind a clean, smooth and even finished surface on the pad. This
technique can be used to remove thin layers of glaze that can be formed on the surface
of the CMP pad.

The cutting face 26 is shown in FIGs, 3A and 3B oriented at an angle [}, of
about 90 degrees relative to the finished surface to be applied to the CMP pad.

Cutting face 26a of FIG. 3C is oriented at angle (i that is less than 90 degrees relative
to the finished surface to be applied to the CMP pad, on the order of about 60 degrees.
The cutting faces can be oriented at a variety of angles, and in one embodiment vary

from about 45 degrees 1o about 90 degrees relative to the finished surface of the CMP
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pad. It has been found that reducing the angle creates an even sharper cutting
interface between the cutting element and the pad.

The abrasive layers 12f, 12f and 12f" of FIGs. 3A-3C can be formed (along
with their corresponding segment blank, not shown in these figures) as clongate
cutting blades. These blades can include a significantly longer length than a width,
similar to blade of a conventional kitchen knife. In this aspect of the invention, the
blade can be used to cut, scrape or carve a relatively wide swath of material from the
PCD pad (24 in FIGs. 3A-3C). As shown by example in FIGs. 4A and 4B, the
abrasive layer, shown by example at 12f and 12f, can include either a substantially
continuous cutting cdge (as shown in FIG. 4A), or a series of cutting teeth can be
formed in the blade (as shown in FIG. 4B). Examples of ways in which such cutting
teeth can be formed are detailed in U.S. Provisional Patent Application Serial No.
60/987,687, filed November 13, 2007, which is hereby incorporated herein by
reference.

Those embodiment illustrated in the figures that include angled cutting [zces
cach include a cutting face that is formed having the corresponding angle. In some
embodiments, however, it is to be understood that a relatively normal (e.g., 90 degree)
cutting face can be utilized, except that the abrasive segment on which the cutting face
is formed can be "tilted" when attached to the substrate. In other words, the cutting
face is not angled relative to the abrasive segment, rather angling of the abrasive
segment results in angling of the cutting face. In this manner, an angled cutting face is
provided without requiring that the referenced angle be formed on (or in) the abrasive
segment,

Additional and varying abrasive segments for use in the present invention are
also contemplated. For example, use is contemplated of the various cutting
elements/abrasive segments detailed in U.S. Patent Application No. 11/357,713, filed
February 17, 2006, which is hereby incorporated herein by reference.

In addition, formation of the abrasive layer on the segment blanks can be
accomplished by way of a variety of techniques, including but not limited to vapor
deposition techniques similar to those outlined in U.S. Patent Application Serial No.

11/512,755, filed August 29, 2006, which is hereby incorporated herein by reference.
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In addition, the abrasive segments can be formed utilizing ceramic components (as
either or both the segment blank and/or the abrasive layer); electroplating techniques,
etc.

In the embodiment illustrated in FIG. 5, a series of abrasive layers 14g, 14g'
and 14g" is provided, each of which includes a cutting tip oriented at a different
elevation. In this aspect of the invention, the leading abrasive segment (of which
abrasive layer 14g forms a part) is generally at a relatively higher elevation than are
trailing abrasive layers 14g' and 14g", as the trailing layers would not otherwise
contact pad material remaining after the leading blade has passed. The abrasive
segments having abrasive layers 14g, 14g' and 14g" can be formed in a variety of
manncrs and in a variety of shapes, sizes and configurations, as detailed, for example,
in U.S. Provisional Patent Application Serial 60/988,643, filed November 16, 2007,
which is hereby incorporated herein by reference in its entirety. This embodiment can
utilize intentionally cascaded cutting clements to achieve a desired abrading affect.

The following examples present various methods for making the pad
conditioners of the present invention. Such cxamples are illustrative only, and no

limitation on the present invention is to be thereby realized.

Examples:

Example 1;
A pad conditioner was formed by first arranging diamond grit (e.g.

50/60 mesh) on a stainless steel flat mold (also, a slightly convex or contoured mold
can be utilized) having a layer of adhesive (e.g. acrylic). A hard rubber material was
used to press individual diamond grits into the adhesive while tips of the grits were
leveled by the flat mold. A mixture of epoxy and hardener was then poured onto the
grit protruding outside the adhesive (a containment ring oriented outside the mold can
retain the epoxy). After curing, the mold was then removed and the adhesive was
peeled away. The remaining ODD contains diamond grit protruding outside a
solidified epoxy substrate. The back of the epoxy can be machined and the disk
adhered to a stainless steel (e.g. 316) plate with fastening holes for mounting on a

CMP machine.
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Example 2:
A pad conditioner was formed by radially arranging serrated PCD blades. As

in the previous example, the teeth of the PCD blade were leveled with a mold that can
be positioned either on the bottom or on the top of the pad conditioner. Epoxy was
then cast as in the previous example. In the case that the mold is on the top, the
blades are pressed slightly into the slot of a substrate and the slot is sealed by epoxy or
silicone.

Example 3:

A composite design married the embodiments of Example 1 and Example 2
discusscd above. This design leverages the many cutting tips of Example 1 with the
cutting cfficiency of Example 2. In this Example 3, smaller organic abrasive
segments were formed by using a fiber reinforced polymer that is generally harder
than epoxy. The organic segments were then radially arranged about a pad
conditioner substrate with the blades of Example 2 interspersed thercbetween, The
cutting tips of the blades were leveled so as to be about 20 microns higher than were
the tips of the organic abrasive segments. In this manner, the penetration depth of
blade cutting teeth is controlled, while the organic cutting teeth play a secondary role
in dressing the pad with the effect of removing glaze and also grooving the pad.

ILis to be understood that the above-described arrangements are only
iltustrative of the application of the principles of the present invention. Numerous
maodifications and alternative arrangements may be devised by those skilled in the art
without departing from the spirit and scope of the present invention and any appended
or following claims are intended to cover such modifications and arrangements, Thus,
while the present invention has been described above with particularity and detail in
connection with what is presently deemed to be the most practical and preferred
embodiments of the invention, it will be apparent to those of ordinary skill in the art
that numerous modifications, including, but not limited to, variations in size,
materials, shape, form, function and manner of operation, assembly and use may be

made without departing from the principles and concepts set forth herein.
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CLAIMS:
What is claimed is:
1. A CMP pad conditioner, comprising:
a plurality of abrasive segments, each abrasive segment including:
a segment blank; and
an abrasive layer attached to the segment blank, the abrasive
layer including a superhard abrasive material; and
a pad conditioner substrate;
cach of the plurality of abrasive segments being permanently affixed to the pad
conditioner substrate in an orientation that enables removal of material from a CMP
pad by the abrasive layer as the pad conditioner and the CMP pad are moved relative

to one another.

2. The pad conditioner of claim 1, wherein at least some of the plurality of
abrasive segments are radially distributed about a face of the pad conditioner

substrate.

3. The pad conditioner of claim 1, wherein at least two of the plurality of
abrasive segments differ in at least one of: a geometric configuration; an abrasive

layer material; and an abrasive profile.

4. The pad conditioner of claim 1, wherein arrangement of the abrasive
segments on the face of the pad conditioner substrate uniformly distributes drag forces

across substantially cach abrasive segment.

5. The pad conditioner of claim 1, wherein a longitudinal axis of each of the
plurality of abrasive segments is aligned along a radius of the pad conditioner

substrate,

6. The pad conditioner of claim 1, wherein each of the abrasive layers

includes an abrading surface or point, and wherein the abrading surfaces or points are
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leveled relative to one another such that no abrading surface or point protrudes above

another abrading surface or point by more than about 30 microns.

7. 'The pad conditioner of claim 1, wherein each of the abrasive layers
includes an abrading surface or point, and wherein at least one abrading surface or
point is oriented at a greater elevation than is an abrading surface or point of an

immediately adjacent abrasive layer.

8. The pad conditioner of claim 1, wherein the plurality of abrasive layers are
attached to the segment blanks with an organic material layer including one or more

of: amino resins, acrylate resins, alkyd resins, polyester resins, polyamide resins,

- polyimide resins, polyurethane resins, phenolic resins, phenolic/latex resins, €poxy

resins, isocyanate resins, isocyanurate resins, polysiloxane resins, reactive vinyl resins,
polyethylene resins, polypropylene resins, polystyrene resins, phenoxy resins, perylene
resins, polysulfone resins, acrylonitrile-butadiene-styrenc resins, acrylic resins,

polycarbonate resins, polyimide resins, and mixtures thereof,

9. The pad conditioner of claim 1, wherein the abrasive layers are attached to

the segments blanks by a brazing alloy.

10. The pad conditioner of claim 1, wherein the abrasive layers comprise PCD

blades.

11. The pad conditioner of claim 1, wherein the abrasive layers include

individual abrasive grits.

12. The pad conditioner of claim 1, wherein each of the abrasive layers
includes a cutting face, and wherein each cutting face is angled at 90 degrees or less

relative to a finished surface of the CMP pad.

3. A CMP pad conditioner, comprising:
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a plurality of abrasive segments, each abrasive segment including:
a segment blank;
an organic adhesive layer; and
an abrasive layer attached to the segment blank by the organic
adhesive layer, the abrasive layer including a superhard abrasive
material; and
a pad conditioner substrate;
each of the plurality of abrasive segments being permanently affixed to the pad
conditioner substrate in an orientation that enables removal of material from a CMP
pad by the abrasive layer as the pad conditioner and the CMP pad are moved relative

to one another,

14. The pad conditioner of claim 13, wherein at least some of the plurality of
abrasive segments are radially distributed about a face of the pad conditioner

substrate,

15. The pad conditioner of ¢laim 13, wherein at least two of the plurality of
abrasive segments differ in at least one of: a geometric configuration; an abrasive

layer material; and an abrasive profile.

16. The pad conditioner of claim 13, wherein arrangement of the abrasive
segments on the face of the pad conditioner substrate uniformly distributes drag forces

across substantially each abrasive segment.

17. The pad conditioner of claim 13, wherein a longitudinal axis of each of
the plurality of abrasive segments is aligned along a radius of the pad conditioner

substrate.

18. The pad conditioner of claim 13, wherein each of the abrasive layers

includes an abrading surface or point, and wherein the abrading surfaces or points arc
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leveled relative to one another such that no abrading surface or point protrudes above

another abrading surface or point by more than about 30 microns.

19. The pad conditioner of claim 13, wherein each of the abrasive layers
includes an abrading surface or point, and wherein at least one abrading surface or
point is oriented at a greater elevation than is an abrading surface or point of an

immediately adjacent abrasive layer,

20. A CMP pad conditioner, comprising:
a plurality of abrasive segments, each abrasive segment including:
a segment blank; and
an abrasive layer attached to the segment blank by a brazing
alloy, the abrasive layer including a superhard abrasive material; and
a pad conditioner substrate;
each of the plurality of abrasive segments being permanently affixed to the pad
conditioner substrate in an orientation that enables removal of material from a CMP
pad by the abrasive layer as the pad conditioner and the CMP pad are moved relative

to one another.

21. The pad conditioner of claim 20, wherein at least some of the plurality of
abrasive segments are radially distributed about a face of the pad conditioner

substrate.

22. The pad conditioner of claim 20, wherein at least two of the plurality of
abrasive segments differ in at least one of: a geometric configuration; an abrasive

layer material; and an abrasive profile.
23. The pad conditioner of claim 20, wherein arrangement of the abrasive

segments on the face of the pad conditioner substrate uniformly distributes drag forces

across substantially each abrasive segment,
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24, The pad conditioner of claim 20, wherein a longitudinal axis of each of
the plurality of abrasive segments is aligned along a radius of the pad conditioner

substrate.

25. The pad conditioner of claim 20, wherein each of the abrasive layers
includes an abrading surface or point, and wherein the abrading surfaces or points are
leveled relative to one another such that no abrading surface or point protrudes above

another abrading surface or point by more than about 30 microns.

26. The pad conditicner of claim 20, wherein each of the abrasive layers
includes an abrading surface or point, and wherein at least one abrading surface or
point is oriented at a greater elevation than is an abrading surface or point of an

immediately adjacent abrasive layer.

27. A CMP pad conditioner, comprising:
a plurality of abrasive segments, each abrasive segment including:
a segment blank; and
an abrasive layer attached to the segment blank, the abrasive
layer including a superhard abrasive blade; and
a pad conditioner substrate;
each of the plurality of abrasive segments being permanently affixed to the pad
conditioner substrate in an orientation that enables removal of material from a CMP
pad by the abrasive layer as the pad conditioner and the CMP pad are moved relative

to onc another.
28. The pad conditioner of claim 27, wherein at least some of the plurality of

abrasive segments are radially distributed about a face of the pad conditioner

substrate.
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29. The pad conditioner of claim 27, wherein at least two of the plurality of
abrasive segments differ in at [east one of: a geometric configuration; an abrasive

layer material; and an abrasive profile.

30. The pad conditioner of claim 27, wherein arrangement of the abrasive
segments on the face of the pad conditioner substrate uniformly distributes drag forces

across substantially each abrasive segment.

31. The pad conditioner of claim 27, wherein a longitudinal axis of each of
the plurality of abrasive segments is aligned along a radius of the pad conditioner

substrate.

32. The pad conditioner of claim 27, wherein each of the abrasive layers
includes an abrading surface or point, and wherein the abrading surfaces or points are
leveled relative to one another such that no abrading surface or point protrudes above

another abrading surface or point by more than about 30 microns.

33. The pad conditioner of claim 27, wherein each of the abrasive layers
includes an abrading surface or point, and wherein at least one abrading surface or
point is oriented at a greater elevation than is an abrading surface or point of an

immediately adjacent abrasive layer.

34. A CMP pad conditioner, comprising:
a plurality of abrasive segments, each abrasive segment including:
a segment blank; and
an abrasive layer attached to the segment blank, the abrasive
layer including a cutting face angled at 90 degrees or less relative to a
finished surface to be applied to the CMP pad; and
a pad conditioner substrate;
cach of the plurality of abrasive segments being permanently affixed to the pad

conditioner substrate in an orientation that enables removal of material from a CMP
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pad by the abrasive layer as the pad conditioner and the CMP pad are moved relative

to one another.

35. The pad conditioner of claim 34, wherein at least some of the plurality of
abrasive segments are radially distributed about a face of the pad conditioner

substrate.

36. The pad conditioner of claim 34, wherein at least two of the plurality of
abrasive segments differ in at least one of: a geometric configuration; an abrasive

laycr material; and an abrasive profile.

37. The pad conditioner of claim 34, wherein arrangement of the abrasive
segments on the face of the pad conditioner substrate uniformly distributes drag forces

across substantially each abrasive segment.

38. The pad conditioner of claim 34, wherein a longitudinal axis of each of
the plurality of abrasive segments is aligned along a radius of the pad conditioner

substrate.

39. The pad conditioner of claim 34, wherein each of the abrasive layers
includes an abrading surface or point, and wherein the abrading surfaces or points are
leveled relative to one another such that no abrading surface or point protrudes above

another abrading surface or point by more than about 30 microns.

40. The pad conditioner of claim 34, wherein each of the abrasive layers
includes an abrading surface or point, and wherein at least one abrading surface or
point is oriented at a greater clevation than is an abrading surface or point of an

immediately adjacent abrasive layer.

41. A method of forming a CMP pad conditioner, comprising:

obtaining at least one abrasive segment, the abrasive segment including:

30
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a segment blank; and
an abrasive layer attached to the segment blank, the abrasive
layer including a superhard abrasive material;
positioning the at Ieast one abrasive segment on a face of a pad conditioner
5  substrate in an orientation that enables removal of material from a CMP pad by the
abrasive layer as the pad conditioner and the CMP pad are moved relative to one
another; and
permanently atfixing the at least one abrasive segment to the pad conditioner
substrate.
10
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DIAMOND CONDITIONING OF SOFT CHEMICAL MECHANICAL
PLANARIZATION/POLISHING (CMP) POLISHING PADS

BACKGROUND

1. Field
[0001] Embodiments of the present invention relate to chemical mechanical

planarization/polishing (CMP) and, in particular, to conditioning of CMP polishing pads.

2. Discussion of Related Art
[0002] Chemical mechanical planarization/polishing (CMP) is a process technology first

developed in the mid-1980s to enable production of integrated circuits on substrates or
wafers. CMP processes are used prepare wafers and to fabricate semiconductor devices or
structures on the wafers. A CMP process may be used to planarize (i.e., make flat) a
semiconductor layer on a wafer, an insulating layer on the semiconductor layer, and a

conductive layer on the insulating layer in predetermined patterns.

[0003] A typical CMP system includes a wafer carrier and a platen‘ mounted in a
housing. A polishing pad is secured to the platen and the wafer to be polished is secured in
the wafer carrier. A typical'CMP process operates as follows. The wafer carrier rotates the
wafer and/or the platen rotates the polishing pad. Chemical slurry is applied to the surface
of the polishing pad and the wafer is brought into contact with the polishing pad and is
polished (or planarized). The combination of applying the chemical slurry and the

mechanical rotation leads to the term “chemical-mechanical planarization.”

[0004] As the wafer is polished, the chemical slurry and materials removed from the
wafer tend to glaze the surface of the polishing pad, making the polishing pad slick and
reducing the polishing rate and efficiency. It is thus important that the polishing pad
surface be clean and free of surface irregularities. The process of cleaning the polishing

pad is sometimes referred to a “conditioning” or “refreshing.”

[0005] One method of conditioning polishing pads is to abrade them with a conventional
diamond-embedded abrasive disk or strip. Although conventional diamond-embedded

abrasive strips are well suited to condition “hard” polishing pads used for rough polishing,
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they are not well suited to condition “soft” polishing pads used for fine polishing. When a
soft polishing pad is conditioned with a diamond-embedded abrasive disk, the diamonds

not only remove waste material, but they also damage the polishing surface of the pad.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the drawings, like reference numbers generally indicate identical, functionally
similar, and/or structurally equivalent elements. The drawing in which an element first

appears is indicated by the leftmost digit(s) in the reference number, in which:

[0007] Figure 1 is schematic diagram of a chemical mechanical planarization/polishing

(CMP) polishing system according to an embodiment of the present invention;

[0008] Figure 2 is a flowchart illustrating a process performed by a CMP polishing

system in according to embodiments of the present invention;

[0009] Figure 3 illustrates an example soft polishing pad according to an embodiment of

the present invention;

[0010] Figure 4 illustrates operation of a conditioning arm according to an embodiment

of the present invention; and

[0011] Figure 5 illustrates a diamond conditioner according to an embodiment of the

present invention.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0012] Figure 1 is schematic diagram of a chemical mechanical planarization (CMP)
polishing system 100 according to an embodiment of the present invention. The CMP
polishing system 100 includes a housing 101, a polishing head 102, a control panel 103, a
platen 104, a spindle 105, a wafer 106, a base 107, a soft polishing pad 108, a conditioning
arm 110, a diamond (or artificial diamond) conditioner 112, a slurry tank 114, a spindle
115, a water tank 116, and electromechanical equipment 118. The slurry tank 114 and/or
the water tank 116 may be located in or separate from the housing 101. The

electromechanical equipment 118 may include vertical drivers, rotational drivers,
2
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controllers, or other equipment generally used to operate arms, motors, and other devices

in CMP polishing systems.

[0013] The platen 104 is mounted in the housing 101 and may be rotated by a motor (not
shown) in the clectromechanical equipment 118. The polishing head 102 is mounted on
the spindle 105 and may be rotated by a motor (not shown) in the electromechanical
equipment 118. The wafer 106 is mounted with the surface to be polished face down and
away from the polishing head 102. The soft polishing pad 108 mounted to the platen using
an adhesive. During polishing of the wafer 106, the polishing head 102 may be rotated in a
direction opposite to the rotation of the polishing pad 108 may be, as shown by arrows 120
and 122. Alternatively, the polishing head 102 may rotate while the platen 104 remains
stationary. Alternatively still, the polishing head 102 may be stationary while the platen
104 rotates. The slurry tank 114 delivers slurry to the surface of the soft polishing pad 108
during wafer 106 polishing.

[0014] The conditioning arm 110 pivots in its base 107 when conditioning the soft
polishing pad 108. A motor (not shown) in the electromechanical equipment 118 may
move the conditioning arm 110. The water tank 116 may dispense a rinsing solution, such
as potable water or de-ionized (DI) water, to the surface of the soft polishing pad 108

during conditioning of the soft polishing pad 108.

[0015] Figure 2 is a flowchart illustrating a process 200 performed by the CMP
polishing system 100 according to embodiments of the present invention. A machine-
readable medium with machine-readable instructions thereon may be used to cause a
processor to perform the process 200. Of course, the process 200 is only an example
process and other processes may be used. The example process 200 may be used to
remove metal, oxides, glass, silicon, etc. Although the example process 200 is described
with reference to wafers, the example process 200 may be used for semiconductors,
memory disks, or other suitable objects requiring smoothness, planarity, fine polishing,

etc., such as lenses and mirrors.

[0016] In ablock 202 the head 102 holds the wafer 106 and rotates the wafer 106 against

the soft polishing pad 108 as slurry from the slurry tank 114 is applied to the surface of the
3
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soft polishing pad 108 and the platen 104 applies a force to the wafer 106. In a block 204,
the head 102 disengages the wafer 106 from contact with the soft polishing pad 108 and
the slurry stops flowing to the surface of the soft polishing pad 108.

[0017] In a block 206, the soft polishing pad 108 is conditioned using the diamond
conditioner 112. In one embodiment of the present invention, the platen 104 rotates the
soft polishing pad 108, rising solution from the water tank 116 rinses the soft polishing
pad 108, e.g., by supplying DI water to the surface of the soft polishing pad 108, and the
conditioning arm 110 with the diamond conditioner 112 sweeps across (€.g., back and
forth) the soft polishing pad 108. Although polishing of the soft polishing pad 108 may be
described in some embodiments as being performed ex situ (between wafer 106
polishings), polishing of the soft pat 108 in other embodiments may be performed in situ
(while wafers 106 are being polished), or some combination of both. Of course, the soft
polishing pad 108 may be conditioned according to embodiments of the present invention

prior to polishing any wafers 106.

[0018] One or a combination of the following process parameters may be modified to
improve the process for soft pad 108 conditioning using the diamond conditioner 112 to
ensure that the conditioning arm 110 with the diamond conditioner 112 do not destroy or
significantly reduce the lifetime of the soft polishing pad 108. In fact, according to
embodiments of the present invention, the lifetime of the soft polishing pad 108 is
significantly increased. Increased soft polishing pad 108 lifetime results in reduced labor
costs and costs of parts, as well as improved processes, (e.g., soft polishing pads 108 do

not have to be changed as often).

[0019] In one embodiment, the conditioning arm 110 applies approximately 0.25 psi to
the soft polishing pad 108 through the diamond conditioner 112 as opposed to

approximately three psi applied using conventional hard polishing pad techniques..

[0020] In known soft polishing pad conditioning methods, the platen and thus the soft
polishing pad does not rotate. In embodiments of the present invention, the rotational
speed of the platen 104 and thus the soft polishing pad 108 may be approximately one

hundred revolutions per minute 100 (rpm)
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[0021] In known soft polishing pad conditioning methods, there may be no DI water
flowing to the soft conditioning pad. In one embodiment of the present invention, the
volumetric flow rate of DI water from the DI water tank 116 may may be one gallon per
minute (gpm). Alternatively, the volumetric flow rate may be anywhere from zero to

approximately seven gallons per minute.

[0022] In known soft polishing pad conditioning methods, there is no diamond
conditioner used, thus no down force applied to a soft polishing pad In one embodiment,
the down force applied to the soft polishing pad by the diamond conditioner 112 may be
0.25 psi.

[0023] In known soft polishing pad conditioning methods, no diamond conditioner is
used. n known hard polishing pad conditioning methods, the diamond conditioner makes
at least ten sweeps. In one embodiment, the diamond conditioner 112 makes one sweep

across the soft polishing pad.

[0024] Figure 3 illustrates the example soft polishing pad 108 according to an
embodiment of the present invention. The example soft polishing pad 108 includes several
pores 302 and may be made from napped poromerics-porous urethane layers on a mylar or
compressible urethane substrate. In an alternative embodiment, the example soft polishing
pad 108 may be a soft pad made with tangled polyester fibers coated with polyurethane. In
another embodiment, the example soft polishing pad 108 may be a felt sheet of fibers
impregnated with micro porous elastomer. Alternatively still, the example soft polishing
pad 108 may be a porous thermoplastic resin matrix, typically polyurethane, reinforced
with a fibrous network such as a felted mat of polyester fibers. An example of a suitable
soft pad includes any of the Politex® Series polishing pads available from Rodel Holdings

in Wilmington, Delaware.

[0025] The soft polishing pads 108 according to embodiments of the present invention
are to be distinguished from known hard polishing pads, which include micro porous
polyurethane polishing pads that are relatively hard and not as compressible when

compared to other types of polishing pads and polyurcthane impregnated felt polishing
5
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pads. Examples of hard pads include the SUBA 1000 Series polishing pads and the
SUBA® Pads available from Rodel in Phoenix, Arizona.

[0026] Figure 4 illustrates operation of the conditioning arm 110 according to an
embodiment of the present invention. When the soft polishing pad 108 is moving and a
wafer 106 is being polished, the conditioning arm 110 (and the diamond conditioner 112)
remain in the position 402 situated adjacent to the perimeter of the soft polishing pad 108.
After a predetermined number of wafers have been polished by the soft polishing pad 108,
or when the polishing rate has been decreased due to build up of slurry and other debris,
the conditioning arm 110 is pivoted at one end by the base 107, lowered onto the soft
polishing pad 108, and swept along an arc indicated by the arrows 408 from the position
402 across the surface of the soft polishing pad 108 (as shown by phantom lines) to a
second position 406 adjacent to the other side of the perimeter of the soft polishing pad

108 (also shown by phantom lines).

[0027] Figure 5 illustrates the diamond conditioner 112 according to an embodiment of
the present invention. The diamond conditioner 112 includes a base 502 having diamonds
504. The base 502 may be any suitable rigid substrate. The diamonds 504 may be

synthetic diamonds, natural diamonds, etc.

[0028] The diamonds 504 may be placed on the base 502 using chemical vapor
deposition (CVD). Alternatively, the diamonds 404 may be embedded in the base 502. For
example, the diamond conditioner 112 may be formed by embedding diamond particles in
nickel coated on the surface of a rigid substrate according to well-known or proprietary

techniques.

[0029] Embodiments of the invention can be implemented using hardware, software,
firmware, or a combination of hardware and software. In implementations using software,
the software may be stored on a computer program product (such as an optical disk, a
magnetic disk, a floppy disk, etc.) or a program storage device (such as an optical disk

drive, a magnetic disk drive, a floppy disk drive, etc.).

[0030] The above description of illustrated embodiments of the invention is not intended
6
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to be exhaustive or to limit the invention to the precise forms disclosed. While specific
embodiments of, and examples for, the invention are described herein for illustrative
purposes, various equivalent modifications are possible within the scope of the invention,
as those skilled in the relevant art will recognize. These modifications can be made to the

invention in light of the above detailed description.

[0031] In the above description, numerous specific details, such as particular processes,
materials, devices, and so forth, are presented to provide a thorough understanding of
embodiments of the invention. One skilled in the relevant art will recognize, however, that
the embodiments of the present invention can be practiced without one or more of the
specific details, or with other methods, components, etc. In other instances, well-known
structures or operations are not shown or described in detail to avoid obscuring the

understanding of this description.

[0032] Various operations have been described as multiple discrete operations
performed in turn in a manner that is most helpful in understanding embodiments of the
invention. However, the order in which they are described should not be construed to
imply that these operations are necessarily order dependent or that the operations be
performed in the order in which the operations are presented.

[0033] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, struéture, process, block, or characteristic
described in connection with the embodiment is included in at least one embodiment of
the present invention. Thus, the appearances of the phrases “in one embodiment” or “in an
embodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitable manner in one or more embodiments.

[0034] The terms used in the following claims should not be construed to limit the
invention to the specific embodiments disclosed in the specification and the claims.
Rather, the scope of embodiments of the invention is to be determined entirely by the
following claims, which are to be construed in accordance with established doctrines of

claim interpretation.
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CLAIMS

What is claimed is:

1. A method of conditioning a chemical mechanical planarization (CMP) polishing
pad, comprising:

conditioning a soft polishing pad using diamond conditioner.

2. The method of claim 1, further comprising:
rotating a soft polishing pad on a platen;
rinsing the soft polishing pad; and

passing a diamond conditioner over the soft polishing pad.

3. The method of claim 2, further comprising:
applying zero pounds per square inch (psi) to the soft polishing pad from
the platen.

4. The method of claim 1, wherein passing the conditioning arm having the diamond
conditioner thereon over the soft polishing pad comprises passing the diamond conditioner

over the soft polishing pad during wafer polishing.

5. The method of claim 1, wherein passing the conditioning arm having the diamond
conditioner thereon over the soft polishing pad comprises passing the diamond conditioner

over the soft polishing pad between wafer polishings.

6. The method of claim 1, further comprising rotating a wafer against the soft

polishing pad.

7. The method of claim 6, further comprising applying a slurry to the surface of the
soft polishing pad.
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8. A chemical mechanical planarization (CMP) system, comprising:
a head mounted in a housing;
a wafer mounted to the head,;
a platen mounted in the housing;
a soft polishing pad mounted to the platen;
a pad conditioning arm mounted in the housing; and

a diamond conditioner mounted to the pad conditioning arm.

9. The system of claim 8, further comprising a slurry tank mounted in the housing.

10.  The system of claim 9, further comprising a water tank mounted in the housing.

11.  The system of claim 8, further comprising electromechanical equipment mounted

in the housing.

12. A chemical mechanical planarization (CMP) apparatus, comprising:
a soft polishing pad adhered to a platen in a housing; and
a pad conditioning arm mounted in the housing, the pad conditioning arm

having a diamond conditioner attached thereto.

13.  The CMP apparatus of claim 12, wherein the soft polishing pad comprises napped

poromerics-porous urethane layers on a substantially compressible substrate.

14.  The CMP apparatus of claim 13, wherein the soft polishing pad comprises napped

poromerics-porous urethane layers on a mylar substrate.

15.  The CMP apparatus of claim 12, wherein the soft polishing pad comprises napped

poromerics-porous urethane layers on a substantially compressible urethane substrate.

16.  The CMP apparatus of claim 12, wherein the diamond conditioner comprises a
diamond strip.
17. The CMP apparatus of claim 12, wherein the diamond strip comprises synthetic

diamonds embedded in a base.
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SUPERHARD CUTTERS AND ASSOCIATED METHODS

FIELD OF THE INVENTION

The present invention relates generally to cutting devices used to remove material
from (e.g., plane, smooth, polish, dress, etc.) workpieces formed of various materials.
Accordingly, the present invention involves the fields of chemistry, physics, and materials

science.

BACKGROUND OF THE INVENTION

It is estimated that the semiconductor industry currently spends more than one
billion U.S. Dollars each year manufacturing silicon wafers that exhibit very flat and
smooth surfaces. Typically, chemical mechanical polishing (“CMP”) is used in the
manufacturing process of semiconductor devices to obtain smooth and even-surfaced
wafers. In a conventional process, a wafer to be polished is generally held by a carrier
positioned on a polishing pad attached above a rotating platen. As slurry is applied to the
pad and pressure is applied to the carrier, the wafer is polished by relative movement of
the platen and the carrier.

.-While this well-known process has been used successfully for many years, it

suffers from a number of problems. For example, this conventional process is relatively

. expensive and is not always effective, as the silicon wafers may not be uniform in

thickness, nor may they be sufficiently smooth, after completion of the process. In
addition to becoming overly “wavy” when etched by a solvent, the surface of the silicon
wafers may become chipped by individual abrasive grits used in the process. Moreover, if
the removal rate is to be accelerated to achieve a higher productivity, the grit size used on
the polishing pad must be increased, resulting in a corresponding increase in the risk of
scratching or gouging expensive wafer's. Furthermore, because surface chipping can be
discontinuous, the process throughput can be very low. Consequently, the wafer surface
preparation of current state-of-the-art processes is generally expensive and slow.

In addition to these considerations, the line width (e.g., nodes) of the circuitry on
semiconductors is now approaching the virus domain (e.g., 10-100 nm). In addition,
more layers of circuitry are now being laid down to meet the increasing demands of

advanced logic designs. In order to deposit layers for making nanometer sized features,
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2
each layer must be extremely flat and smooth during the semiconductor fabrication.
While diamond grid pad conditioners have been effectively used in dressing CMP pads
for polishing previous designs of integrated circuitry, they have not been found suitable
for making cutting-edge devices with nodes smaller than 65 nm. This is because, with the
decreasing size of the copper wires, non-uniform thickness due to rough- or over-
polishing will change the electrical conductivity dramatically. Moreover, due to the use
of coral-like dielectric layefs, the fragile structure must be polished very gently to avoid
disintegration. Hence, the pressure used in CMP processes must be reduced significantly.

In response, new CMP processes, such as those utilizing electrolysis (e.g. Applied
Materials ECMP) of copper or those utilizing air film cushion support of wafer (¢.g.
Tokyo Semitsu), are being pursued to reduce the polishing pressure on the contact points
between wafer and pad. However, as a consequence of gentler polishing action, the
polishing rate of the wafer will decrease. To compensate for the loss of productivity,
polishing must occur simultaneousiy over the entire surface of the wafer. In order to do
so, the contact points between the wafer and the pad must be smaller in area, but more
numerous in frequency. This is in contrast to current CMP practice in which the
contacted areas are relatively large but relatively few in number.

Thus, in order to polish fragile wafers more and more gently, the CMP pad asperities
must be reduced. However, to prevent the polishing rate from declining, more contact
points must be created. Consequently, the pad asperities need to be finer in size but more
in number. However, the more delicate the polishing process becomes, the higher the risk
of scratching the surface of the wafer becomes. In order to avoid this risk, the highest tips
of all asperities must be fully leveled. Otherwise, the protrusion of a few “killer

asperities” can ruin the polished wafer.

SUMMARY OF THE INVENTION

The present invention provides a cutting device, including a base having a
plurality of individual polycrystalline cutting elements secured in a solidified organic
material layer. Each of the plurality of individual polycrystalline cutting elements can
have a matching geometric configuration.

In accordance with another aspect of the invention, a cutting device is provided,

including a base having a solidified organic material layer attached thereto, and a plurality
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of individual polycrystalline cutting elements secured in a solidified organic material
layer, wherein each of the plurality of individual polycrystalline cutting elements can
include at least one cutting tip. The cutting tips of the cutting elements can be aligned in a
common plane.

In accordance with another aspect of the invention, a method of forming a cutting
device is provided, including: obtaining a substrate; arranging on the substrate a plurality
of individual polycrystalline cutting elements in an uncured organic material, each of the
plurality of individual polycrystalline cutting elements having a substantially matching
geometric configuration, and curing the organic material to form a solidified organic
material layer, such that each of the plurality of individual polycrystalline cutting
elements are secured therein.

There has thus been outlined, rather broadly, various features of the invention so
that the detailed description thereof that follows may be better understood, and so that the
present contribution to the art may be better appreciated. Other features of the present
invention will become clearer from the following detailed description of the invention,
taken with the accompanying exemplary claims, or may be learned by the practice of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

_ FIG. 1A is a schematic, top plaﬁ view of a cutting device in accordance with an
embodiment of the invention;
FIG. 1B is an enlarged view of a portion of the cutting device of FIG. 1A;
FIG.2Aisa scherhatic, top plan view of a cutting device in accordance with
another embodiment of the invention;
FIG. 2B is an enlarged view of a portion of the cutting device of FIG. 2A,;
FIG. 3A is a schematic, top plan view of a polycrystalline blank, and a cutting

‘device including individual polycrystalline cutting elements formed from the blank, in

accordance with an embodiment of the invention;
FIG. 3B is an enlarged view of a portion of one cutting element of FIG. 3A, taken
along section B-B of FIG. 3A;
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FIG. 4 is a schematic, top plan view of a polycrystalline blank, and a cutting
deviée including individual polycrystalline cutting elements formed from the blank, in
accordance with another embodiment of the invention;

FIG. 5 is a schematic, top plan view qf another polycrystalline blank in accordance
with an embodiment of thc_: invention, shown with the blank divided into a series of
individual cutting elements; (

FIG. 6 is a schematic, top plan view of a cutting device including individual
polycrystalline cutting elements formed from the blank of FIG. 5 in accordance with
another embodiment of the invention;

FIG. 7 is a schematic, top plan view of another cutting device, including the
individual polycrystalline cutting elements formed from the blank of FIG. 5 in accordance
with another embodiment of the invention;

FIG. 8 is a schematic, top plan view of another polycrystalline blank in accordance
with an embodiment of the invention, shown with the blank divided into a series of
individual cutting elements;

FIG. 9 is a schematic, top plan view of a cutting device, including the individual
polycrystalline cutting elements formed from the blank of FIG. 8 in accordance with
another embodiment of the invention;

FIG. 10 is a schematic, top plan view of another cutting device, including the
individual polycrystalline cutting elements formed from the blank of FIG. 8 in accordance
with another embodiment of the invention;

FIG. 11 is a schematic, top plan view of another polycrystalline blank in
accordance with an embodiment of the inventiqn, shown with the blank divided into a
pair of iﬁdividual cutting elements; and

FIG. 12'is a schematic, top plan view of a cutting device including the individual
polycrystalline cutting elements formed from the blank of FIG. 11 in accordance with
another embodiment of the invention.

It will be understood that the above figures are merely for illustrative purposes in
furthering an understanding of the invention. Further, the figures may not be drawn to
scale, thus dimensions, particle sizes, and other aspects may, and generally are,

exaggerated to make illustrations thereof clearer. Therefore, departure can be made from
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the specific dimensions and aspects shown in the figures in order to produce the cutting

devices of the present invention.

DETAILED DESCRIPTION

Before the present invention is disclosed and described, it is to be understood that
this invention is not limited to the particular structures, process steps, or materials
disclosed herein, but is extended to equivalents thereof as would be recognized by those
ordinarily skilled in the relevant arts. It should also be understood that terminology
employed herein is used for the purpose of describing particular embodiments only and is
not intended to be limiting.

It must be noted that, as used in this specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents unless‘the context clearly
dictates otherwise. Thus, for example, reference to “a cutting element” includes one or
more of such elements.

Definitions

In describing and claiming the present invention, the following terminology will be
used in accordance with the definitions set forth below.

- All mesh sizes referred to herein are U.S. mesh unless otherwise indicated.
Further, mesh sizes are generally understood to indicate an average mesh size of a given
collection of particles since each particle within a particular “mesh size” may actually
vary over a small distribution of sizes.

As used herein, a “common plane” refers to a profile, including planar or
contoured profiles, above a base surface with which the peaks or tips of cutting elements
are to be aligned. Examples of such profiles may include, without limitation, flat profiles,
wavy profiles, convex profiles, concave profiles, multi-tiered profiles, and the like.

As used herein, cutting “edge” refers to a portion of a cutting element that includes

some measurable width across a portion that contacts and removes material from a

workpiece. As an exemplary illustration, a typical knife blade has a cutting edge that

extends longitudinally along the knife blade, and the knife blade would have to be
oriented transversely to a workpiece to scrape or plane material from the workpiece in
order for the cutting “edge” of the knife blade to remove material from the workpiece.

As used herein, cutting “tip” refers to a portion of a cutting element that protrudes
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the greatest distance from a bonding material, e.g., that is the first portion of the cutting
element that contacts a workpiece when the article of the present invention is in use. It is
to be understood that a cutting “tip” can include a planar surface, a pointed surface, or an
edge; so long as the planar surface, pointed surface or edge of the cutting element is the
first portion of the cutting element that contacts a workpiece from which material is to be
removed with a cutting device to which the cutting element is attached.

As used herein, “sintering” refers to the joining of two or more individual particles
to form a continuous solid mass. The process of sintering involves the consolidation of
particles to at least partially eliminate voids between particles. Sintering may occur in
either metal or carbonaceous particles, such as diamond. Sintering of metal particles
occurs at various temperatures depending on the composition of the material. Sintering of
diamond particles generally requires ultrahigh pressures and the presence of a carbon
solvent as a diamond sintering aid, and is discussed in more detail below. Sintering aids
are often present to aid in the sintering process and a portion of such may remain in the
final product.

As used herein, “superhard” may be used to refer to any crystalline, or
polycrystalline material, or mixture of such materials which has a Mohr’s hardness of
about 8 or greater. In some aspects, the Mohr’s hardness may be about 9.5 or greater.
Such materials include but are not limited to diamond, polycrystalline diamond (PCD),
cubic boron nitride (¢cBN), polycrystalline cubic boron nitride (PcBN) as well as other
superhard materials known to those skilled in the art. Superhard materials may be
incorporated into the present invention in a variety of forms including particles, grits,
films, layers, etc. However, in most cases, the superhard materials of the present
invention are in the form of polycrystalline superhard materials, such as PCD and PcBN
materials. It is important to note that distinctions are made in the present disclosure
between conventional superhard grits and polycrystalline superhard materials.

As used herein, “geometric configuration” refers to a shape that is capable of
being described in readily understood and recognized mathematical terms. Examples of
shapes qualifying as “geometric configurations™ include, without limitation, cubic shapes,
polyhedral (including regular polyhedral) shapes, triangular shapes (including equilateral
triangles, isosceles triangles and three-dimensional triangular shapes), pyramidal shapes,

spheres, rectangles, “pie” shapes, wedge shapes, octagonal shapes, circles, etc.
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As used herein, “organic material” refers to a semisolid or solid complex
amorphous mix of organic compounds. As such, “organic material layer” and “organic
material matrix” may be used interchangeably, refer to a layer or mass of a semisolid or
solid complex amorphous mix of organic compounds. Preferably the organic material
will be a polymer or copolymer formed from the polymerization of one or more
monomers. .

As used herein, “metal” and “metallic” can be used interchangeably, and refer to a
metal, or an alloy of two or more metals. A wide variety of metal or metallic materials is
known to those skilled in the art, such as aluminum, copper, chromium, iron, steel,
stainless steel, titanium, tungsten, zinc, zirconium, molybdenum, etc., including alloys
and compounds thereof.

As used herein, “particle,” when used in connection with a superabrasive material,
refer to a particulate form of such material. Such particles may take a variety of shapes,
including round, oblong, square, euhedral, etc., as well as a number of specific mesh
sizes. As is known in the art, “mesh” refers to the number of holes per unit area as in the
case of U.S. meshes. _

As used herein, “particle” and “grit” may be used interchangeably.

As used herein, “cutting element” describes a variety of structures.capable of
removing (e.g., cutting) material from a workpiece. A cutting element can be a mass
having several cutting points, ridges or mesas formed thereon or therein. It is notable that
such cutting points, ridges or mesas may be from a multiplicity of protrusions or asperities
included in the mass. Furthermore, a cutting element can also include an individual
particle that may have only one cutting point, ridge or mesa formed thereon or therein.

As used herein, “grid” means a pattern of lines forming multiple squares.

As used herein, “mechanical force” and “mechanical forces” refer to any physical
force that impinges on an object that causes mechanical stress within or surrounding the
object. Example of mechanical forces would be frictional Kforce:s or drag forces. As such,
the terms “frictional force” and “drag force™ may be used interchangeably, and refer to
mechanical forces impinging on an object as described.

As used herein, “mechanical stress™ refers to a force per unit area that resists
impinging mechanical forces that tend to compact, separate, or slide an object.

As used herein, the term “profile” refers to a contour above an organic material layer
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surface to which the superabrasive particles are intended to protrude.

As used herein, “mechanical bond” and “mechanical bonding™ may be used
interchangeably, and refer to a bond interface between two-objects or layers formed
primarily by frictional forces. In some cases the frictional forces between the bonded
objects may be increased by expanding the contacting surface areas between the objects,
and by imposing other specific geometrical and physical configurations, such as
substantially surrounding one object with another.

As used herein, the term “substantially” refers to the complete or nearly complete
extent or degree of an action, characteristic, property, state, structure, item, or result. For
example, an object that is "substantially” enclosed would mean that the object is either
completely enclosed or nearly completely enclosed. The exact allowable degree of
deviation from absolute completeness may in some cases depend on the specific context.
However, generally speaking the nearness of completion will be so as to have the same
overall result as if absolute and total completion were obtained. The use of
"substantially" is equally applicable when used in a negative connotation to refer to the
complete or near complete lack of an action, characteristic, property, state, structure, item,
or result. For example, a composition that is "sﬁbstantially free of” particles would either
completely lack particles, or so nearly completely lack particles that the effect would be
the same as if it completely lacked particles. In other words, a composition that is
"substantially free of" an ingredient or element may still actually contain such item as
long as there is no measurable effect thereof.

As used herein, the term “about” is used to provide flexibility to a numerical range
endpoint by providing that a given value may be “a little above” or “a little below” the
endpoint.

As used herein, a plurality of items, structural elements, compositional elements,
and/or materials may be presented in a common list for convenience. However, these lists
should be construed as though each member of the list is individually identified as a
separate and unique member. Thus, no individual member of such list should be
construed as a de facto equivalent of any other member of the same list solely based on
their presentation in a common group without indications to the contrary.

Concentrations, amounts, and other numerical data may be expressed or

presented herein in a range format. It is to be understood that such a range format is used
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merely for convenience and brevity and thus should be interpreted flexibly to include not
only the numerical values explicitly recited as the limits of the range, but also to include
all the individual numerical values or sub-ranges encompassed within that range as if each
numerical value and sub-range is explicitly recited. As an illustration, a numerical range
of “about 1 to about 5 should be interpreted to include not only the explicitly recited
values of about 1 to about 5, but also include individual values and sub-ranges within the
indicated range. Thus, included in this numerical range are individual values such as 2, 3,
and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3, 4,
and 5, individually.

This same principle applies to ranges reciting only one numerical value as a
minimum or a maximum. Furthermore, such an interpretation should apply regardless of
the breadth of the range or the characteristics being described.

The Invention

The present invention provides a cutting device and associated methods that can
be utilized in cutting or otherwise affecting a workpiece to remove material from the
workpiece and provide a finished, smooth and/or flat surface to the workpiece. Cutting
devices of the present invention can be advantageously utilized, for example, as planing
devices that plane material from a workpiece, as dressing devices that dress various
workpieces, and as polishing devices that polish various workpieces.

In the embodiment of the invention illustrated in FIGs. 1A and 1B, a cutting
device (e.g., disk) 10a is provided that optionally includes a base 12a that can have a
solidified organic material layer (14 in FIGs. 1B and 2B) disposed thereon, attached

thereto, or otherwise associated therewith. A plurality of individual polycrystalline

cutting elements 16a can be secured in the solidified organic material layer. Each of the
plurality of individual polycrystalline cutting elements can have or exhibit a substantially
matching geometric configuration, e.g., the geometric configuration of the cutting
elements can substantially match that of other of the cutting elements. In the example
illustrated in FIG. 1B, each of the pluraiity of individual polycrystalline cutting elements
16a has geometric configuration that is substantially cubic in nature. In the embodiment
illustrated in FIG. 2B, the individual polycrystalline cutting elements 16b have a
geometric configuration that can be characterized as a three-dimensional triangular

configuration.
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As illustrated in both FIGs. 1B and 2B, in one aspect of the invention, the plurality
of individual polycrystalline cutting elements 16a, 16b can include at least one cutting tip
(18a and 18b, respectively), with the cutting tips of the cutting elements being aligned in a
common plane (20a, 20b, respectively). In this example, the common plane is a flat plane
of predetermined height above the solidified organic matrix. Thus, the plurality of
individual polycrystalline cutting elements can be held within the solidified organic
material layer in a very precise manner such that each of the cutting elements contacts a
workpiece (not shown) from which material is to be removed at substantially the same
depth. In this way, each of the individual polycrystalline cutting elements can be subject
to substantially the same level of drag force as the cutting device is moved relative to a
workpiece. This feature of the invention can advantageously limit the premature removal
of individual cutting elements that might otherwise shorten the life of the tool, and/or
damage the workpiece being treated.

The individual cutting elements 16a, 16b can be formed from a variety of
materials including, in one embodiment, a polycrystalline material or a superhard
polycrystalline material. While not so limited, the superhard polycrystalline material can
be a polycrystalline diamond compact (“PCD”) or a polycrystalline cubic boron nitride
compact (“PcBN™). The PCD or PcBN compact can be formed in a variety of manners, as
discussed in more detail below. By forming the individual cutting elements from a
polycrystalline material, and attaching the cutting elements individually to the cutting
device, the beneficial properties of polycrystalline cutting elements can be achieved
without requiring that portions of the cutting device not used for cutting also be formed
from the polycrystalline material. Thus, considerable cost savings can be achieved.

The cutting devices of the present invention can be utilized in a number of
applications, and in one embodiment are particularly well adapted for use in planing
substantially brittle materials, such as silicon wafers, glass sheets, metals, used silicon
wafers to be reclaimed by planarization, LCD glass, LED substrates, SiC wafers, quartz
wafers, silicon nitride, zirconia, etc. In conventional silicon wafer processing techniques,
a wafer to be polished is generally held by a carrier positioned on a polishing pad attached
above a rotating platen. As slurry is applied to the pad and pressure is applied to the

carrier, the wafer is polished by relative movements of the platen and the carrier. Thus,
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the silicon wafer is essentially ground or polished, by very fine abrasives, to a relatively
smooth surface. |

While grinding of silicon wafers has been used with some success, the process of
grinding materials such as silicon wafers often results in pieces of the material being torn
or gouged from the body of the material, resulting in a less than desirable finish. This is
due, at least in part, to the fact that grinding or abrasive processes utilize very sharp points
of abrasive materials (which are often not level relative to one another) to localize
pressure to allow the abrasives to remove méterial from a workpiece.

The PCD or PcBN cutting elements of the present invention are generally
superhard, resulting in little yielding by the cutting elements when pressed against a
wafer. As hardness is generally a measure of energy concentration, e.g., energy per unit
volume, the PCD or PcBN compacts of the present invention are capable of concentrating
energy to a very small volume without breaking. These materials can also be maintained
with a very sharp cutting edge due to their ability to maintain an edge within a few atoms.

While not so required, in one embodiment of the invention shown in FIG. 1A, the
individual polycrystalline cutting elements 16a can be arranged in or across the organic
material layer or base in a grid pattern, e.g., in a pattern of squares. The cutting elements
can be evenly spaced from one another at a distance “d” of from about 100 microns to
about 800 microns. In one aspect of the invention, the individual polycrystalline cutting
elements can be evenly spaced from one another at a distance “d” of about 500 microns.

In the embodiment of the invention illustrated in FIG. 2A, the individual
polycrystalline cutting elements 16b can be arranged in or across the organic material
layer or base as a series of concentric circles. As in the embodiment discussed above, the
individual cutting elements can be evenly spaced from one another at a distance “d” of
from about 100 microns to about 800 ’microns. In one aspect, the individual
polycrystalline cutting elements can b’e evenly spaced from one another at a distance “d”
of about 500 microns. By evenly spacing the individual cutting elements one from
another, the drag force applied to the cutting elements during the cutting process can be
evenly distributed among each of the cutting elements, eliminating or reducing the risk of
premature pullout of one or more individual cutting elements. Premature pullout of one
or more individual cutting elements can result in serious damage being done the

workpiece being worked upon.
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The retention of an individual polycrystalline cutting element in an organié
material layer can be greatly improved by arranging the cutting elements the organic
material layer such that mechanical stress impinging on any individual cutting element is
minimized. By reducing the stress impinging on each individual cutting element they can
be more readily retained in a solidified organic material layer, particularly for delicate
tasks.

Various configurations or arrangements are contemplated for minimizing the
mechanical stress impinging on the cutting elements held in the abrading tool. In addition
to the spacing considerations discussed above, one potentially useful parameter may
include the relative heights that the elements protrude above the organic material layer. A
cutting element that protrudes to a significantly greater height than other cﬁtting elements
will experience a greater proportion of the impinging mechanical forces and thus is more
prone to pull out of the solidified organic material layer. Thus, an even height distribution
of the cutting elements may function to more effectively preserve the integrity of the
abrading tool as compared to abrading tools lacking such an even height distribution.

As such, in one aspect, substantially all of the plurality of individual cutting
elements may protrude to a predetermined height above the solidified organic material
layer. Though any predetermined height that would be useful in an abrading or cutting
tool would be considered to be within the presently claimed scope, in one specific aspect
the predetermined height may produce a cutting depth of less than about 20 microns when
used to abrade a workpiece. In another specific aspect, the predetermined height may
produce a cutting depth of from about 1 micron to about 20 microns when used to abrade
a workpiece. In yet another specific aspect, the predetermined height may produce a
cutting depth of from about 10 micron to about 20 microns when used to abrade a
workpiece. In yet another aspect, the predetermined height may produce a depth of up to
or more than 50 or 100 microns.

It should also be noted that the leveling of the individual cutting elements to a
predetermined height may be dependent on cutting element spacing. In other words, the
farther the cutting elements are separated, the more the impinging forces will affect each
cutting element. As such, patterns with increased spacing between the cutting elements
may benefit from a smaller variation from predetermined height.

It may also be beneficial for the cutting elements to protrude from the solidified
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organic material layer to a predetermined height or series of heights that is/are along a
designated profile. Numerous configurations for designated profiles are possible,
depending on the particular use of the abrading tool. In one aspect, the designated profile
may be a plane. In planar proﬁies, the highest protruding points of the cutting elements
are intended to be substantially level. It is important to point out that, though it is
preferred that these points align with the designated profile, there may be some height
deviation between cutting elements that occur due to limitations inherent in the
manufacturing process.

In addition to planar profiles, in another aspect of the present invention the
designated profile has a slope. Tools having sloping surfaces may function to more
evenly spread the frictional forces impinging thereon across the cutting elements,
particularly for rotating tools such as disk sanders and CMP pad dressers. The greater
downward force applied by higher central portions of the toolvmay offset the higher
rotational velocity at the periphery, thus reducing the mechanical stress experienced by
cutting elements in that location. As such, the slope may be continuous from a central
point of the tool to a peripheral point, or the slope may be discontinuous, and thus be
present on only a portion of the tool. Similarly, a given tool may have a single slope or
multiple slopes. In certain aspects, the tool may slope in a direction from a central point
to a peripheral point, or it may slope from a peripheral point to a central point.

Various slopes are contemplated that may provide a benefit to solidified organic
material layer tools. It is not intended that the claims of the present invention be limited
as to specific slopes, as a variety of slopes in numerous different tools are possible. In
one aspect, however, a CMP pad dresser may benefit from an average slope of 1/1000
from the center to the periphery.

As a variation on tools having a slope, in certain aspects the designated profile
may have a curved shape. One specific example of a curved shape is a dome shape tool.
Such curved profiles function in a similar manner to the sloped surfaces. Tools may
include such curved profiles in order to more effectively distribute the frictional forces
between all of the cutting elements, thus reducing failures of individual particles and
prolonging the life of the tool.

As has been mentioned herein, while it is intended that the tips of the cutting

elements align along the designated profile, some level of deviation may occur. These
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deviations may be a result of the design or manufacturing process of the tool. Given the
wide variety of sizes and shapes of cutting elements that may potentially be utilized in a
given tool, such deviations may be highly dependent on a particular application. Also,
when referring to the designated profile, it should be noted that the term “tip” is intended
to include the highest protruding point of a cutting element, whether that point be an apex,
an edge, or a face. Orientational positioning, tip leveling, and other techniqﬁes of
manipulating superabrasive particles are further described in U.S. Patent Application No.
11/223,786, filed on September 9, 2005, and U.S. Patent Application No. 11/733,325,
filed April 10, 2007, both of which are incérporated herein by reference.

‘As such, in one aspect a majority of the plurality of cutting elements is arranged
such that the tips vary from the designated profile by from about 1 micron to about 150
microns. In another aspect, the plurality of cutting elements are arranged such that their
tips vary from the designated profile by from about 5 microns to about 100 microns. In
yet another aspect, the plurality of cutting elements are arranged such that their tips vary
from the designated profile by from about 10 microns to about 75 microns. In a further
aspect, the plurality of cutting elements are arranged such that their tips vary from the
designated profile by from about 10 microns to about 50 microns. In another aspect, they
are arranged such that their tips vary from the designated profile by from about 50
microns to about 150 microns. In yet another aspect, they are arranged such that their tips
vary from the designated profile by from about 20 microns to about 100 microns. In a
further aspect, they are arranged such that their tips vary from the designated profile by
from about 20 microns to about 50 microns.

In another aspect, the plurality of cutting elements are arranged such that their tips
vary from the designated profile by from about 20 microns to about 40 microns.
Additionally, in one aspect, they are arranged such that their tips vary from the designated
profile by less than about 20 microns. In another aspect, they are arranged such that their
tips vary from the designated profile by less than about 10 microns. In yet another aspect,
they are arranged such that their tips vary from the designated profile by less than about 5
microns. In yet another aspect, they are arranged such that their tips vary from the
designated profile by less than about 1 micron. In a further aspect, a majority of the
plurality of the cutting elements are arranged such that their tips vary"from the designated

profile to less than about 10% of the average size of the cutting elements.
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The determination of the distance that the tips of the cutting elements extend from
the organic binder can also be affected by considering how much of the cutting elements
extend above the binder compared to how much of the cutting elements remain
submerged beneath the binder surface. In the embodiment illustrated in FIGs. 1A and 1B,
a ratio of an amount the cutting elements 16a protrude above the binder to an amount
submerged beneath the binder is about 4 to 1. In the embodiment illustrated in-FIGs. 2A
and 2B, about 2/3 of the cutting elements 16b are submerged, with about 1/3 being
exposed above the binder. Other ratios are also possible, from a 20 to 1 ratio to about 0.2
to 1, inclusive of ranges therebetween.

By forming the individual cutting elements in the shapes described herein, a
relatively large portion of the cutting elements 16a, 16b can be submerged beneath the
organic binder. In this manner, the area that affords the greatest cross section for
engagement with the binder material is “buried” beneath the greatest amount of binder.
This feature of the invention, namely that the widest (i.e. largest cross section of the
cutting element) is closer to one end of the particle than the other, and thus the wider end
can be placed below the surface of the organic matrix, provides great retention advantages
over conventional diamond, or synthetic diamond, grits wherein a largest cross section of
the grit is concentrated near a midpoint of the grit, and thus is placed at or near the surface
of a matrix in which the grit is held. The widest portion may be at or near the end that is
most distal from the working (e.g., cutting) end of the cutting element.

In addition to the shapes of cutting elements illustrated in the figures, in one
embodiment of the invention, the cutting elements are formed in pyramidal shapes. The
present inventor has found that such a configuration provides a number of advantages.
For example, pyramidal-shaped cutting elements concentrate most of the volume/mass of
the cutting element toward a lowermost portion of the cutting element, ensuring that the
cutting element is more securely held to whichever type of base (e.g., cutting tool) the
elements are bonded to, integrated with, or other associated with. In addition, by forming
pyramids with a triangular base, the support base of the pyramids is even more massive
relative to the tip, and the tip can be made sharper (e.g., 60 degrees) without breaking or
fracturing during the dressing of CMP pads.

In general, sharper tips will cut pads faster, leading to a corresponding reductioﬁ in

total dressing time. Moreover, the asperities formed on the pad are also sharper and more
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dense. Such asperities can polish wafers, and/or dress CMP pads faster without causing
undesirable non-uniformity on the wafer. Alternatively, square pyramids can be used
when a lower cut rate is desired, as the tip angle likely has a larger magnitude (e.g. 90
degrees). Thus creating a wider cut path with greater drag and resulting in a lower cut
rate. However, the square PCD cutter can be formed more sharply than conventional,
single crystal diamond grits that have variable tip angles ranging from 90 degrees to over
125 degrees. Thus, pyramids formed of polycrystalline materials are generally much more
effective cutters, with triangular pyramids (i.e. 3 sided) being particularly effective.

In addition, as the cutting elements of the present invention can be made with very
closely controlled geometry, the present polycrystalline cutting elements can cut pads with
less tearing. Also, with the addition of the secondary cutting elements formed on the
major cutting elements, the present cutting elements can perform even better. In other
words, serrations in the cutting surface may improve the cutting action of the cutting
elements. In contrast, single crystal grits are generally very smooth, so they can cause a
lot of plastic deformation on the pad and tearing of cut “shreds.” It should be noted that
the irregular surface of the polycrystalline cutting elements additionally improves
retention in the organic material layer. Such irregular surfaces allow the organic material
to “grip” a cutting element to a greater extent than would be possible with the smooth
surfaces of a single crystal cutting element.

In addition, oftentimes pad conditioners dress pads under conditions in which
work load is unevenly distributed across the cutting elements. Specifically, the outer rim
of cutting elements often must do the most cutting work, with the interior elements not
being subject to a as high a degree of stress. One manner in which the present invention
addresses this problem is by configuring the “outer” cutting elements, some times as PCD
grits, (e.g., those located closer to the outer perimeter of the cutting or dressing tool) more
robust, and/or the inner elements slightly higher (e.g. about 10 microns higher) than the
outer elements. The outer cutting elements can also be disposed on the cutting tool at a
greater density, e.g., they can be spaced closer together, and/or be positioned at a slightly
lower elevation. In this design, the distribution of cutting elements may not be in grid
form, but can include a series of concentric rings that can be radially symmetric.

In one embodiment of the invention, the outer elements can be formed with larger

support bases relative to the cutting tips (in one aspect they can have triangular bases),
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and they may also have an edge formed on the cutting tip rather than just a point. Also,

the outermost cutting elements may have a small (e.g. 50 microns) mesa formed at their

cutting tips that can cut the pad with edge of the mesa rather than with a straight edge or a

point.

In one embodiment of the invention, the cutting elements can be pyramids that are
asymmetrical in shape. For example, since the cutting force is generally applied from
“outside to inside,” the pyramid design may have a relatively steeply sloped wall facing
the outer perimeter of the c;utting device, but with a relatively gentler slope (e.g. 10
degrees from the horizontal plane) in the trailing side. That is, the table portion on the tip
of the pyramid may not be horizontal, but may exhibit a slight “tilt” toward inward to
allow debris to escape more easily. This aspect of the invention differs from diamond grit
cutting pads, as such conventional cutting pads include a negative angle such that the
tearing or cutting force is superimposed with a compr‘essive force. This embodiment of
the invention can allow cutting without a great deal of compression so the removal of pad
“shread” is much easier.

In other words, the present invention allows a majority of the energy consumed to
be used in cutting, rather than plastic deformation. This advantage can be further

improved upon by forming the vertical wall of the pyramids such that they slope slightly

less than 90 degrees (e.g., about 80 degrees). In this case the table of the pyramids can be -

sharper on the top of the mesa, similar to an inverted pyramid. This can improve the
efficiency of pad cutting because the cutting is performed with a positive angle, similar to
a razor blade used in shaving. Such a design has not been possible with single crystal
diamond designs, as the cutting edge contact with such designs is always negative in
angle. The present pyramidal cutting elements can provide positive cutting edges that are
not subject to premature failure due, at least in part, to its ability to support such a cutting
edge with a more gently sloping wall on the trailing side of the cutting interface (e.g., with
the asymmetrical shape of the pyramids). In one aspect, such an asymmetry can be formed
by wire-EDM cutting, and it can be formed with pyramids with tips of point, edge, and
mesa tops. Also, when the cutting elements are individual particles or grits, such particle
or grit can receive the intended configuration, including an assymetrical conﬁguration as

described above by using a mold with a proper shape for processing of the PCT particle.
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In one embodiment of the invention, the spacing of the pyramids can be adjusted
to adjust the contact pressure of each cutting point, edge or mesa. In general, the farther
the pyramids are spaced from one another, the higher the contact pressure between the
pyramid and the pad. Thus, the fewer tips present to support the applied force, the deeper
the penetration of each of the tips and the larger the formed asperities. Generally, the
polishing rate of the wafer is dependent on the number and size of the asperities. Denser,
smaller asperities can polish as fast as fewer, larger asperites. But the former is more
uniform with no excessive force that may cause non-uniformity, scratching, erosion or
dishing of the delicate wafer, etc. This can be particularly true with copper smaller than
90 nm and with low-k dielectric having greater than 20% pores.

The individual polycrystalline cutting elements can be formed in a variety of
manners and from a variety of materials, as would occur to one having ordinary skill in
the relevant art. In one aspect of the invention, the cutting elements are sintered
polycrystalline diamond cubes with silicon/SiC as the matrix. Each of the cubes can
contain about 90 V% of diamond (about 10 microns in grain size) and the remaining
phase can be either silicon or SiC. A very small amount of titanium can be used facilitate
the sintering process. The cubes can be pressed in a graphite mold and formed in a size of
about 1 mm on each side. While the cubic examples provided above have proven
particularly efficacious, it is to be understood that a variety of sizes and configurations of
polycrystalline materials can be utilized in the present invention.

By forming the cutting elements from individual units of superhard polycrystalline
material, in defined geometric shapes, arrangement of the cutting elements in a very
precise manner becomes much easier. As the defined geometric shapes can be replicated
fairly precisely from one cutting element to another, the positioning of, and accordingly,
the stress impinged upon, each cutting element can be accomplished fairly consistently
across the face off the cutting device in question. With prior art abrasive grits, for
example, the overall shape and size of each a plurality of grits might change considerably
from one grit to another, making precise placement of the grits difficult to accomplish.

The material utilized in the organic material layer 14 can vary widely. Numerous
organic materials are known to those skilled in the art which would be useful when
utilized in embodiments of the present invention, and are considered to be included

herein. The organic material layer can be any curable resin material, resin, or other
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polymer with sufficient strength to retain the individual polycrystalline cutting elements
of the present invention. It may be beneficial to use an organic material layer that is
relatively hard, and maintains a flat surface with little or no warping. This allows the
abrading tool to incorporate very small individual polycrystalline cutting elements at least
partially therein, and to maintain these small cutting elements at relatively level and
consistent heights.

Additionally, various organic materials may act to absorb mechanical forces
impinging on the cutting elements disposed therein, and thus spread and equalize such
forces across the abrading tool.

Methods of curing the organic material layer can be any process known to one
skilled in the art that causes a phase transition in the organic material from at least a
pliable state to at least a rigid state. Curing can occur, without limitation, by exposing the
organic material to energy in the form of heat, electromagnetic radiation, such as
ultraviolet, infrared, and microwave radiation, particle bombardment, such as an electron
beam, organic catalysts, inorganic catalysts, or any other curing method known to one
skilled in the art.

In one aspect of the present invention, the organic material layer may be a
thermoplastic material. Thermoplastic materials can be reversibly hardened and softened
by cooling and heating respectively. In another aspect, the organic material layer may be
a thermosetting material. Thermosetting materials cannot be reversibly hardened and
softened as with the thermoplastic materials. In other words, once curing has occurred,
the process is essentially irreversible.

Organic materials that may be useful in embodiments of the present invention
include, but are not limited to: amino resins including alkylated urea-formaldehyde resins,
melamine-formaldehyde resins, and alkylated benzoguanamine-formaldehyde resins;
acrylate resins including vinyl acrylates, acrylated epoxies, acrylated urethanes, acrylated
polyesters, acrylated acrylics, acrylated polyethers, vinyl ethers, acrylated oils, acrylated
silicons, and associated methacrylates; alkyd resins such as urethane alkyd resins;
polyester resins; polyamide resins; polyimide resins; reactive urethane resins;
polyurethane resins; phenolic resins such as resole and novolac resins; phenolic/latex
resins; epoxy resins such as bisphenol epoxy resins; isocyanate resins; isocyanurate resins;

polysiloxane resins including alkylalkoxysilane resins; reactive vinyl resins; resins
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marketed under the Bakelite trade name, including polyethylene resins, polypropylene
resins, epoxy resins, phenolic resins, polystyrene resins, phenoxy resins, perylene resins,
polysulfone resins, ethylene copolymer resins, acrylonitrile-butadiene-styrene (ABS)
resins, acrylic resins, and vinyl resins; acrylic resins; polycarbonate resins; and mixtures

and combinations thereof. In one aspect of the present invention, the organic material

‘may be an epoxy resin. In another aspect, the organic material may be a polyimide resin.

In yet another aspect, the organic material may be a polyurethane resin. In yet another
aspect, the organic material may be a polyurethane resin.

Numerous additives may be included in the organic material to facilitate its use.
For example, additional crosslinking agents and fillers may be used to improve the cured
characteristics of the organic material layer. Additionally, solvents may be utilized to
alter the characteristics of the organic material in the uncured state. Also, a reinforcing
material may be disposed within at least a portion of the solidified organic material layer.

Such reinforcing material may function to increase the strength of the organic material
layer, and thus further improve the retention of the individual polycrystalline cutting
elements. In one aspect, the reinforcing material may include cer\amics, metals, or
combinations thereof. Examples of ceramics include alumina, aluminum carbide, silica,
silicon carbide, zirconia, zirconium carbide, and mixtures thereof.

Additionally, in one aspect a coupling agent or an organometallic compound may
be coated onto the surface of each superabrasive particle to facilitate the retention of the
superabrasive particles in the organic material matrix via chemical bonding. A wide
variety of organic and organometallic compounds are known to those of ordinary skill in
the art and may be used. Organometallic coupling agents can form chemicals bonds
between the superabrasive particles and the organic material matrix, thus increasing the
retention of the particles therein. In this way, the organometallic coupling agent acts as a
bridge to form bonds between the organic material matrix and the surface of the
superabrasive particles. In one aspect of the present invention, the organometallic
coupling agent can be a titanate, zirconate, silane, or mixture thereof.

Specific non-limiting examples of silanes suitable for use in the present invention
include: 3- glycidoxypropyltrimethoxy silane (available from Dow Corning as Z-6040); y-
methacryloxy propyltrimethoxy silane (available from Union Carbide Chemicals
Company as A-174); B-(3,4-epoxycyclohexyl)ethyltrimethoxy silane, y-
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aminopropyltriethoxy silane, N-(B-aminoethy!)-y-aminopropylmethyldimethoxy silane
(available from Union Carbide, Shin-etsu Kagaku Kogyo K K., etc.); and additional '
examples of suitable silane coupling agents can be found in U.S. Pat. Nos. 4,795,678,
4,390,647, and 5,038,555, which are each incorporated herein by reference.

Specific non-limiting examples of titanate coupling agents include:
isopropyltriisostearoyl titanate, di(cumylphenylate)oxyacetate titanate, 4-
aminobenzenesulfonyldodecylbenzenesulfonyl titanate, tetraoctylbis (ditridecylphosphite)
titanate, isopropyltri(N-ethylamino-ethylamino) titanate (available from Kenrich
Petrochemicals. Inc.), neoalkyoxy titanates such as LICA-01, LICA-09, LICA-28, LICA-
44 and LICA-97 (also available from Kenrich), and the like.

Specific non-limiting examples of aluminum coupling agents include acetoalkoxy
aluminum diisopropylate (available from Ajinomoto K.K.), and the like.

Specific non-limiting examples of zirconate coupling agents include: neoalkoxy
zirconates, LZ-01, LZ-09, LZ- 12, LZ-38, LZ-44, LZ-97 (all available from Kenrich
Petrochemicals, Inc.), and the like. Other known organometallic coupling agents, €.g.,
thiolate based compounds, can be used in the present invention and are considered within
the scope of the present invention.

The amount of organometallic coupling agent used depends on the coupling agent
and on the surface area of the individual polycrystalline cutting elements. Typically,
0.05% to 10% by weight of the organic material layer is sufficient.

Turning now to FIG. 3A, in one aspect of the invention, the individual
polycrystalline cutting elements can be obtained and/or formed from a polycrystalline
blank of material. - One such blank of material is shown at 30 in FIG. 3A, with the
polycrystalline blank being formed in a disk having a diameter of roughly 30 mm and a
thickness that can vary from around 0.2 mm to upwards of 2 mm.

The disk 30 can be divided into a series.of individual cutting elements in a variety
of manners known to those having ordinary skill in the art, including, without limitation,
electro-chemical machining, by laser ablation, by plasma etching, by oxidation (to form
carbon dioxide or monoxide gas), hydrogenation (to form methane gas), etc. Laser beams
with relatively longer wavelengths (e.g. ND:YAG) have been shown to form cutting
grooves on PCD effectively (laser beams with relatively short wavelengths (e.g. excimers)

may be used to carve out the secondary cutting elements on top of the primary cutting
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elements, as shown and discussed in connection with FIG. 3B. While the latter may be
slower in cutting speed, it is generally more precise due to the shorter wavelength used.
Moreover, the surface damage can be less with more concentrated energy in higher
frequencies. This has been found suitable for shaving or planing a silicon wafer in
accordance with the present invention.

In one aspect of the invention, the material is removed from the PCD or PcBN
compact by electrical discharge machining (‘EDM?”). In this aspect, the EDM process can
utilize one or more electrodes that include diamond. For example, the cathode used in the
EDM process can be a boron doped diamond material and the anode used in the EDM

process can be the PCD (in this case, the PCD would generally need to be at least partially

electrically conductive). As current is applied through the boron doped diamond material,

the material of the PCD can be carefully and controllably removed to form various cutting
elements from the PCD.

As will be appreciated, the disk 30 is divided into 8 similarly shaped and sized
wedges 32. In one embodiment of the invention, the wedges 32 can be attached to a base 12b
by way of the solidified organic material layer discussed above. In the embodiment of the
invention illustrated in FIG. 3A, the wedges 32 are radially distributed about the face of the
cutting device and/or base or substrate. In this manner, the wedges 32 can be arranged so as
to each be subject to substantially the same force (and each be substantially as likely to be
retained within the organic matrix) when used to abrade or treat a workpiece (not shown).

While not so required, in one embodiment of the invention, the PCD blank 30 can be on the

order of about 30 mm in diameter, while the base 12b can be on the order of about 100 mm in

diameter. Thus, a cutting device with a diameter of around 100 cm can be formed from
superhard material taken from a PCD of only about 30 mm.

As shown in FIG. 4, in one aspect of the invention, a longitudinal axis of each of
the individual polycrystalline cutting elements (e.g., wedges 32) is aligned along a radius
R of the cutting device. In the embodiment shown, the individual polycrystalline cutting
elements are distributed on the cutting device in alternating orientations. The manner of
arranging the cutting elements across the face of the base or substrate 12b can be varied
for particular applications. Due to the consistent shape and size of the individual

polycrystalline cutting elements, however, arrangement and attachment of the cutting
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elements to the base is made considerably easier. Accordingly, varying the arrangement

for particular applications can be more easily and accurately accomplished. |

By utilizing a relatively small amount of polycrystalline material (e.g., disk 30),
relative to the size of the base 12b which is to be used to treat the workpiece (not shown),
the amount polycrystalline material used can be greatly reduced, leading to considerable
cost savings. The present inventor has found, however, that cutting devices of the present
invention perform equally well, or nearly equally as well, as conventional cutting devices
that utilize “full-face” polycrystalline cutting or grinding tools.

As will be appreciated, the blank 30 of FIG. 3A has been divided into 8 equal
portions. However, as shown in FIGs. 5 through 12, the disks 30b, 30c and 30d can be
divided into twelve equal portions (represented by wedges 32b), sixteen equal portions
(represented by wedges 32c), two equal portions (represented by wedges 32d), and so
forth. In this manner, the present invention provides additional flexibility for creation and
arrangement of the individual polycrystalline cutting elements across the tool. It is
contemplated that a variety of other configurations is also possible, including, without
limitation, differently sized and shaped individual polycrystalline cutting elements.

Returning to FIG. 3B, in one aspect of the invention, the individual polycrystalline
cutting elements 32 can include a series of secondary cutting elements 40 formed on a
face of each of the individual polycrystalline cutting elements. The secondary cutting
clements can be configured to maintain a sharpness of each of the cutting elements during
use of the cutting device. The secondary cutting elements can vary in shape, and can
include rectangular-shaped cutting elements, pyramidal-shaped cutting elements,
triangular-shaped cutting elements, etc. The secondary cutting elements can also be
formed in a truncated pyramidal shape (not shown). By utilizing secondary cutting
elements on the primary cutting elements, the total cutting edge length of the cutting
element can be extended by as much as 10,000 times.

In accordance with another aspect, the present invention provides a method of
forming a cutting device, comprising: obtaining a substrate; arranging on the substrate a
plurality of individual polycrystalline cutting elements, each of the plurality of individual
polycrystalline cutting elements having a matching geometric configuration; and securing
each of the plurality of individual polycrystalline cutting elements to the substrate with a

solidified organic material layer.
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The method can further comprise aligning at least one cutting tip of each of the

plurality of individual polycrystalline cutting elements in a common plane.

Examples
The following examples present various methods for making the cutting tools of
the present invention. Such examples are illustrative only, and no limitation on present

invention is meant thereby.

Example 1:

Individual sintered polycrystalline diamond cubes with silicon/SiC as the matrix
were used as the cutting elements for forming a CMP pad conditioner. Each of the cubes
contains about 90 V% of diamond (about 10 microns in grain size) and the remaining
phase is either silicon or SiC. A very small amount of titanium is also present to facilitate
the sintering process. The cubes were pressed in a graphite mold and were formed in a
size of about 1 mm on each side.

An epoxy mold was provided with cavities configured to receive one apex of the
PCD cubes. A parting layer was spread on top of the mold. Subsequently, another epoxy
is cast on the top in vacuum. After curing, the mold is removed, exposing the apex of

each cube. The apexes become the cutting tip of a pad conditioner.

Example 2
A disk of sintered polycrystalline diamond with silicon/SiC as the matrix is

divided into a series of wedges of substantially the same volume. The wedges are used as
the cutting elements for forming a CMP pad conditioner. Each of the wedges contains
about 90 V% of diamond (about 10 microns in grain size) and the remaining phase is
either silicon or SiC. A very small amount of titanium is also present to facilitate the
sintering process.

An epoxy mold was provided with cavities coriﬁgured to receive each of the PCD
wedges. A parting layer was spread on top of the mold. Subsequently, another epoxy is
cast on the top in vacuum. After curing, the mold is removed, exposing the face of each
wedge. The faces (and edges of the faces) of the wedges become the cutting elements of a

pad conditioner.
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Example 3

PCD blanks pressed from a cubic press were trimmed from both sides to remove
refractary metal container (e.g. Ta). The outside diameter of the blanks were ground off.
The PCD blanks were bonded to a cemented WC base and the PCD layer was EDM
shaped to form pyramids distributed in a predetermined pattern. The PCD blanks were
subsequently divided into a series of wedge-shaped cutting pieces and the cutting pieces
were placed on a flat mold with the cutting pieces leveled with the mold.

The mold was placed in a vacuum chamber and epoxy is poured over the top.
Finally, a stainless steel plate was placed on the top of the flowing epoxy and pressed
toward the PCD until only a thin layer of epoxy remained between the backing of the
PCD and the steel substrate. After curing of the epoxy, the PCD cutting tool was cleaned
and mounting structure (e.g., holes) was formed on the back of the steel substrate.

The PCT cutting pieces can be arranged on the stainless steel plate in an annular
ring pattern, circular plates, squares, etc. These patterns can be optimized to suit a
particular CMP application.

It is to be understood that the above-described arrangements are only illustrative of
the application of the principles of the present invention. Numerous modifications and
alternative arrangements may be devised by those skilled in the art without departing from
the spirit and scope of the present invention and the appended claims are intended to
cover such modifications and arrangements. Thus, while the present invention has been
described above with particularity and detail in connection with what is presently deemed
to be the most practical and preferred embodiments of the invention, it will be apparent to
those of ordinary skill in the art that numerous modifications, including, but not limited
to, variations in size, materials, shape, form, function and manner of operation, assembly

and use may be made without departing from the principles and concepts set forth herein.
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CLAIMS
What is claimed is:
1. A cutting device, comprising:
a base having a solidified organic material layer disposed thereon; and
a plurality of individual polycrystalline cutting elements secured in the solidified
organic material layer, each of the plurality of individual polycrystalline cutting elements

having a substantially matching geometric configuration.

2. The cutting device of claim 1, wherein each of the plurality of individual
polycrystalline cutting elements includes at least one cutting tip, the tips of the cutting

elements being aligned in a common plane.

3. The cutting device of claim 1, wherein each of the individual polycrystalline

cutting elements is a divided portion of a polycrystalline blank of material.

4. The cutting device of claim 3, wherein the polycrystalline blank is shaped as a
disk, and wherein each of the individual polycrystalline cutting elements is a divided

portion of the disk.

5. The cutting device of claim 4, wherein each of the individual polycrystalline

cutting elements is an equal portion of the disk.

6. The cutting device of claim 4, wherein each of the individual polycrystalline

cutting elements is substantially wedge-shaped.

7. The cutting device of claim 4, wherein the individual polycrystalline cutting

elements are radially distributed about the face of the cutting device.

8. The cutting device of claim 7, wherein a longitudinal axis of each of the individual

polycrystalline cutting elements is aligned along a radius of the cutting device.
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9. The cutting device of claim 8, wherein the individual polycrystalline cutting

elements are distributed on the cutting device in alternating orientations.

10.  The cutting device of claim 1, further comprising a series of secondary cutting
elements formed on a face of each of the individual polycrystalline cutting elements, the
secondary cutting elements being configured to maintain a sharpness of each of the

cutting elements during use of the cutting device.

11. A cutting device, comprising:

a plurality of individual polycrystalline cutting elements secured in a solidified
organic material layer, each of the plurality of individual polycrystalline cutting elements
including at least one cutting tip, the t;ps of the cutting elements being aligned in a |

common plane.

12.  The cutting device of claim 11, wherein arrangement of the individual

polycrystalline cutting elements uniformly distributes drag forces across substantially each

individual polycrystalline cutting element.

13.  The cutting device of claim 11, wherein a majority of each of the individual
polycrystalline cutting elements protrudes to a predetermined height above the solidified

organic material layer.

14.  The cutting device of claim 13, wherein the predetermined height produces a

cutting depth of less than about 20 microns when used to abrade a workpiece.

15.  The cutting device of claim 11, wherein each of the plurality of individual

polycrystalline cutting elements has a substantially matching geometric configuration.

16. The cutting device of claim 11, wherein each of the individual polycrystalline

cutting elements is a divided portion of a polycrystalline blank of material.
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17.  The cutting device of claim 16, wherein the polycrystalline blank is shaped as a
disk, and wherein each of the individual polycrystalline cutting elements is a divided

portion of the disk.

18.  The cutting device of claim 17, wherein each of the individual polycrystalline

cutting elements is an equal portion of the disk.

19.  The cutting device of claim 17, wherein each of the individual polycrystalline

cutting elements is substantially wedge-shaped.

20.  The cutting device of claim 17, wherein the individual polycrystalline cutting

elements are radially distributed in the organic material layer.

21.  The cutting device of claim 11, wherein the individual polycrystalline cutting

elements are of substantially the same size and substantially the same shape.

22.  The cutting device of claim 11, wherein the individual polycrystalline cutting

elements are arranged as a grid.

23.  The cutting device of claim 22, wherein the individual polycrystalline cutting
elements are evenly spaced from one another at a distance of from about 100 microns to

about 800 microns.

24.  The cutting device of claim 23, wherein the individual polycrystalline cutting

elements are evenly spaced from one another at a distance of about 500 microns.

25.  The cutting device of either of claim 1 or claim 11, wherein the solidified organic
material layer comprises a member selected from the group consisting of amino resins,
acrylate resins, alkyd resins, polyester resins, polyamide resins, polyimide resins,
polyurethane resins, phenolic resins, phenolic/latex resins, epoxy resins, isocyanate resins,
isocyanurate resins, polysiloxane resins, reactive vinyl resins, polyethylene resins,

polypropylene resins, polystyrene resins, phenoxy resins, perylene resins, polysulfone
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resins, acrylonitrile-butadiene-styrene resins, acrylic resins, polycarbonate resins,

polyimide resins, and mixtures thereof.

26.  The cutting device of claim 25, wherein the solidified organic material layer is an

epoxy resin.

27.  The cutting device of claim 25, wherein the solidified organic material layer is a

polyurethane resin.

28.  The cutting device of claim 25, wherein the solidified organic material layer is a

polyimide resin.

29.  The cutting device of claim 25, further comprising a reinforcing material disposed

within at least a portion of the solidified organic material layer.

30.  The cutting device of claim 29, wherein the reinforcing material is a material

selected from the group consisting of ceramics, metals, or combinations thereof.

31. A method of forming a cutting device, comprising:

obtaining a substrate;

arranging on the substrate a plurality of individual polycrystalline cutting
elements, each of the plurality of individual polycrystalline cutting elements having a
substantially matching geometric configuration; and

securing each of the plurality of individual polycrystalline cutting elements to the

substrate with a solidified organic material layer.

32.  The method of claim 31, further comprising aligning at least one cutting tip of

each of the plurality of individual polycrystalline cutting elements in a common plane.

33.  The method of claim 31 » wherein each of the individual polycrystalline cutting

elements is a divided portion of a polycrystalline blank of material.
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34.  The method of claim 33, wherein the polycrystalline blank is shaped as a disk, and

wherein each of the individual polycrystalline cutting elements is a divided portion of the

disk.

35.  The method of claim 34, wherein each of the individual polycrystalline cutting

elements is an equal portion of the disk.

36.  The method of claim 34, wherein each of the individual polycrystalline cutting

elements is substantially wedge-shaped.

37.  The method of claim 34, wherein the individual polycrystalline cutting elements

are radially distributed about the substrate.

38.  The method of claim 31, wherein the individual polycrystalline cutting elements

are of sﬁbstantially the same size and substantially the same shape.

39.  The method of claim 31, wherein the individual polycrystalline cutting elements

are arranged as a grid.

40.  The method of claim 39, wherein the individual polycrystalline cutting elements
are evenly spaced from one another at a distance of from about 100 microns to about 800

microns.

41. The cutting device of either of claim 1 or claim 11, wherein the polycrystalline

cutting elements comprise superhard polycrystalline cutting elements.

42.  The cutting device of claim 41, wherein the superhard polycrystalline cutting

elements comprise superhard polycrystalline particles.

43.  The method of claim 31, where the polycrystalline cutting elements comprise

superhard polycrystalline cutting elements.
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44.  The method of claim 43, wherein the superhard polycrystalline cutting elements

comprise superhard polycrystalline particles.
45. The method of claim 43, wherein the superhard polycrystalline cutting elements

are selected from the group consisting of: polycrystalline diamond and polycrystalline

cubic boron nitride.
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CMP PAD DRESSERS
PRIORITY CLAIM
This application claims the benefit of: U.S. Provisional Patent Application
Serial No. 60/987,687, filed November 13, 2007; and U.S. Provisional Patent
Application Serial No. 60/988,643, filed November 16, 2007, each of which is hereby

incorporated herein by reference.

FIELD OF TIiIE INVENTION

The present invention relates generally to devices and methods for use in
connection with dressing or conditioning a chemical mechanical polishing (CMP) pad.
Accordingly, the present invention involves the fields of chemical engineering, chemistry,

metallurgy, and materials science.

BACKGRQUND OF THE INVENTION

Chemical mechanical process (CMP) has become a widely used technique for

polishing certain work pieces. Particularly, the computer manufacturing industry has
begun to rely heavily on CMP processes for polishing wafers of ceramics, silicon,
glass, quartz, metals, and mixtures thereof for use in semiconductor fabrication. Such
polishing processes generally entail applying the wafer against a rotating pad made
from a durable organic substance such as polyurethane. To the pad is added a
chemical slurry containing a chemical solution capable of breaking down the wafer
substance and an amount of abrasive particles which act to physically erode the wafer
surface. The slurry is continually added to the spinning CMP pad, and the dual
chemical and mechanical forces exerted on the wafer cause it to be polished in a
desired manner.

To etfectively work over a period of time, a CMP pad needs to be kept in good
condition so that distribution of abrasive particles is optimized for each polishing. One
method of reducing “glazing” or accumulation of debris on the CMP pad is dressing or
conditioning the pad. Dressing refers to attempts made to revive the top of the pad by
“combing” or “cutting” it with various devices. Many types of devices and processes
have been used for this purpose. Some CMP pad dressers cause the CMP pads to

prematurely wear out.
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SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, an abrasive tool can be provided

and can include an assembly of tool precursors. At least onc of the tool precursors can
include a continuous polycrystalline diamond or polycrystalline cubic boron nitride, or
other ceramic material cutting element formed into a blade shape. The abrasive tool can
additionally include a setting matcrial, which is configured to attach the tool precursors
and form a single mass. The selection, arrangement, and setting of the tool precursors
can result in an abrasive tool having a predetermined cutting configuration,

In accordance with another aspect of the invention, an abrasive tool can be
provided and can include an assembly of tool precursors. The tool precursors can include
at least one elongated substrate with a continuous polycrystalline diamond, cubic boron
nitride (cBN), or other ceramic material cutting element on a surface thereof. The
precursor assembly can provide a too! having a surface with a predetermined cutting
configuration. The abrasive tool can further include a setting material configured to
attach the tool precursors into a single mass that forms the predetermined cutting
configuration.

In accordance with another aspect of the invention, a method of forming an
abrasive tool can be provided, including providing a plurality of tool precursors. At least
one of the tool precursors can have a continuous diamond or cubic boron nitride, or other
ceramic cutting element formed in a blade shape. The method can further include
securing the tool precursors together to form a tool having a working surface that includes
the polycrystalline diamond, cubic boron nitride, or other ceramic material cutting
element formed into a blade shape.

In accordance with another aspect of the invention, a CMP pad conditioner can
be provided, including a base and a plurality of cutting elements extending from the
base. The plurality of cutting elements can each have a cutting tip operable 1o engage
material of the CMP pad. At least some of the cutting elements can have a cutting tip
oriented at a different elevation relative to cutting tips of other cutting elements.

In accordance with another aspect of the invention, at least one of the cutting

elements can include a cutting tip oriented at a greater elevation, relative to a base of
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the pad conditioner, than does a cutting tip of an immediately adjacent cutting
element.

In accordance with another aspect of the invention, the at least one cutting
element abuts the immediately adjacent cutting element.

In accordance with another aspect of the invention, the cutting elements can
include a cutting face oriented at 90 degrees or less relative to a surface of the CMP
pad conditioned by the cutting elements.

In accordance with another aspect of the invention, the cutting elements can
include a trailing edge angled to provide a relief area between the cutting elements and
a surface of the CMP pad conditioned by the cutting elements.

In accordance with another aspect of the invention, the cutting elements and
the base can be formed from an integral piece of material. In one embodiment, the
cutting elements and the basc are formed from an integral piece of a polycrystalline
diamond compact.

In accordance with another aspect of the invention, the cutting elements can be
coupled to the base.

In accordance with another aspect of the invention, at least two of the cutting
elements are arranged such that movement of the pad conditioner and the CMP pad
relative to one anolher results in a first, lower elevation cutting element removing
material from the CMP pad, followed by a second, higher elevation cutting element
removing further material from the CMP pad.

In accordance with another aspect of the invention, a methed of conditioning a
CMP pad is provided, including: engaging material of the CMP pad with a cutting tip
of at least one cutting element; moving the cutting element and the CMP pad relative
to one another to thereby remove material from the CMP pad with the cutting tip of
the cutting element to create an exposed layer of CMP pad material; engaging the
exposed layer of CMP pad material with the cutting tip of the cutting clement, or with
a cutting tip of a second cutting element; and moving the cutting element engaged
with the exposed layer of CMP pad material and the CMP pad relative to one another
to thereby remove the exposed layer of CMP pad material.
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In accordance with another aspect of the invention, engaging the exposed layer
of CMP pad material comprises engaging the exposed layer with the cutting tip of the
cutting element used to create the exposed layer.

In one embodiment, engaging the exposed layer of CMP pad material
comprises engaging the exposed layer with the cutting tip of the second cutting
element.

In accordance with another aspect of the invention, the cutting element and the
second cutting element extend from a common base.

In accordance with another aspect of the invention, a method of conditioning a
CMP pad is provided, including: removing, with a cutting element, a thin layer of
material from the CMP pad; and removing, with the same or a differcnt cuiting element, a
second layer of material from the CMP, the second layer of material being revealed by
removal of the thin layer of material.

There has thus been outlined, rather broadly, various features of the invention so
that the detailed description thereof that follows may be better understood, and so that the
present contribution to the art may be better appreciated. Other featurcs of the present
invention will become clearer from the following detailed description of the invention,

taken with the accompanying claims, or may be learned by the practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side perspective view of a plurality of tool precursors, in accordance

with an embodiment of the present invention;

FIG. 2 is a side perspective view of a tool precursor having a PCD or ¢BN, or
ceramic layer in a blade formation, in accordance with an embodiment of the present
invention;

FIG. 3 is a sidc perspective view of a tool precursor having a PCD or ¢BN, or
ceramic layer formed in a plurality of asperities, in accordance with an embodiment of the
present invention;

FIG. 4 is a side perspective view of an assembly oftool precursors, in accordance

with an embodiment of the present invention;
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FIG. 5 is a side perspective view of an assembly oftool precursors, in accordance
with an emboediment of the present invention;

FIG. 6 is a side perspective view of an assembly of tool precursors, in accordance
with an embaodiment of the present invention;

FIG. 7 is a side perspective view of an assembly of tool precursors, in accordance
with an embodiment of the present invention;

FIG. 8 is a side view of a tool precursors leveled and set in an epoxy, thus forming
an abrasive tool, in accordance with an embodiment of the present invention;

FIG. 9 is a top view of an abrasive tool having tool precursors arranged in a spoke
formation, in accordance with an embodiment of the present invention;

FIG. 10 is a perspective view of a mass from which tool precursors can optionally
be formed, in accordance with an embodiment of the present invention;

FIG. 11 is a perspective view of a mass from which tool precursors can optionally
be formed, in accordance with an embodiment of the present invention;

FIG. 12 is a side view of a mass, similar to FIG. 11, from which tool precursors
can optionally be formed, in accordance with an embodiment of the present invention;

FIG. 13 is a side perspective view of a tool precursor having a PCD or CBN or
ceramic layer in a blade formation, in accordance with an embodiment of the present
invention;

FIG. 14 is a side perspective view of an assembly of tool precursors, in
accordance with an embodiment of the present invention;

FIG. 15 is a side cross-sectional view of an abrasive tool, in accordance with an
embodiment of the present invention;

FIG. 16 is a side view of a pad conditioner engaging a CMP pad in accordance
with an embodiment of the invention;

FIG. 17 is a side view of another pad conditioner engaging a CMP pad in
accordance with an embodiment of the invention;

FIG. 18 is a side view of another pad conditioner engaging a CMP pad in
accordance with an embodiment of the invention;

FIG. 19 is a partial view of a pad being conditioned in accordance with another

embodiment of the invention;
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FIG. 20 is a top view of an exemplary pad conditioner illustrating one possible
arrangement of cutting elements across the face of the pad conditioner;

FIG. 21 is a top view of another cxemplary pad conditioner illustrating one
possible arrangement of cutting elements across the face of the pad conditioner;

FIG. 22 is a top view of another exemplary pad conditioner illustrating one
possible arrangement of cutting elements across the face of the pad conditioner;

FIG. 23 is a top view of another exemplary pad conditioner illustrating one
possible arrangement of cutting elements across the face of the pad conditioner,

FIG. 24 illustrates the performance of various cutting teeth (varied in both shape
and spacing) of the present invention; and

FIG. 25 illustrates a comparison of a pad dresser in accordance with the present
invention as compared to conventional technology.

It will be understood that the above figures are merely for illustrative purposes in
furthering an understanding of the invention. Further, the figures are not drawn to scale,
thus dimensions and other aspects may, and generally are, exaggerated or changed to
make illustrations thereof clearer. Therefore, departure can be made from the specific
dimensions and aspects shown in the figures in order to produce abrasive tools or tool

precursors of the present invention.

DETAILED DESCRIPTION

Before the present invention is discloscd and described, it is to be undetstood that
this invention is not limited Lo the particular structures, process steps, or materials
disclosed herein, but is extended to equivalents thereof as would be recognized by those
ordinarily skilled in the relevant arts. It should also be understood that terminology
employed herein is used for the purpose of describing particular embodiments only and is
not intended to be limiting.

1t must be noted that, as used in this specification and the appended claims, the
singular forms “a,” “an” and, “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a CMP pad dresser” includes one or

more of such dressers, reference to “an operating parameter” includes reference toone or
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more of such operating parameters, and reference to “the asperity” includes reference to
one or more of such asperities.

Definitions

In describing and claiming the present invention, the following terminology will
be used in accordance with the definitions set forth below,

As used herein, the term “substantially” refers to the complete or nearly complete
extent or degree of an action, characteristic, property, state, structure, item, or result. For
example, an object that is "substantially” translucent would mean that the object is either
completely translucent or nearly completely translucent. The exact allowable degree of
deviation from absolute completeness may in some cases depend on the specific context.
However, generally speaking the nearness of completion will be so as to have the same
overall result as if absolute and total completion were obtained. The use of
"substantially” is equally applicable when used in a negative connotation to refer to the
complete or near complete lack of an action, characteristic, property, state, structure,
item, or result. In other words, a composition that is "substantially free of" an ingredient
or element may still actually contain such item as long as there is no measurabie cffect
thereof.

The terms “dressing” and “conditioning” are interchangeable and refer to the
process of rejuvenating a CMP pad by removing debris from the pad, as well as
optionally lifting matted fibers and creating new grooves. Likewise, the terms “dresser”
and “conditioner” are used interchangeably and indicate the apparatus used for dressing
or conditioning.

As used herein, “substrate” means a material which supports or can support a
PCD or ¢BN, or ceramic layer, and to which a PCD or ¢cBN, or ceramic layer may be
affixed. Substrates useful in the present invention may be any shape, thickness, or
material, that is capable of supporting abrasive particles in a manner that is sufficient
provide a tool useful for its intended purpose. Substrates may be of a solid material, 2
powdered material that becomes solid when processed, or a flexible material.
Examples of typical substrate materials include without limitation, metals, metal
alloys, ceramics, solidified resins and polymeric materials and mixtures thereof.

As used herein, the terms “base” or “substrate” can be used to refer to a
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portion of a pad conditicner that supports abrasive materials, and to which abrasive
materials may be affixed, or may extend from. Substrates useful in the present
invention may be any shape, thickness, or material, that is capable of supporting
abrasive materials in a manner that is sufficient provide a pad conditioner useful for
its intended purpose. Substrates may be of a solid material, a powdered material that
becomes solid when processed, or a flexible material. Examples of typical substrate
materials include without limitation, metals, metal alloys, ceramics, relatively hard
polymers or other organic materials, glasses, and mixturcs thereof. Further the
substrate may include material that aids in attaching abrasive materials to the
substrate, including, without limitation, brazing alloy material, sintering aids and the
like. The substrate and the abrasive cutting elements can, in some embodiments, be
formed from the same material and can be formed from an integral, single piece of
material.

As used herein, “leading edge” means the edge of a CMP pad dresser that is a
frontal edge based on the direction that the CMP pad is moving, or the direction that
the pad is moving, or both, Notably, in some aspects, the leading edge may be
considered to encompass not only the area specifically at the edge of a dresser, but
may also include portions of the dresser which ¢xtend slightly inward from the actual
edge. In one aspect, the leading edge may be located along an outer edge of the CMP
pad dresser. In another aspect, the CMP pad dresser may be configured with a pattern
of abrasive particles that provides at least one effective leading edge on a central or
inner portion of the CMP pad dresser working surface. In other words, a central or
inner portion of the dresser may be configured to provide a functional effect similar to
that of a leading edge on the outer edge of the dresser.

As used herein, the process of “brazing” is intended to refer to the creation of
chemical bonds between the atoms of the non-metallic, such as diamond, CBN, or
ceramic materials and the braze material. Further, “chemical bond” means a covalent
bond, such as a carbide, nitride, or boride bond, rather than mechanical or weaker
inter-atom atlractive forces. Thus, when “brazing” is used in connection with
superabrasive particles a true chemical bond is being formed. However, when

“brazing” is used in connection with metal to metal bonding the term is used in the
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more traditional sense of a metallurgical bond. Therefore, brazing of a superabrasive
segment to a tool body does not require the presence of a carbide, nitride, or boride
former.

As used herein, “ceramic” refers to a hard, often crystalline, substantially heat
and corrosion resistant material which may be made by firing a non-mmetallic material,
sometimes with a metallic material. A number of oxide, nitride, and carbide materials
considered to be ceramic are well known in the art, including without limitation,
aluminum oxides, silicon oxides, boron nitrides, silicon nitrides, and silicon carbides,
tungsten carbides, etc.

As used herein, “metallic” means any type of metal, metal alloy, or mixture
thereof, and specifically includes but is not limited to steel, iron, and stainless steel.

As used herein, “abrasive profile” is to be understood to refer to a shape or a
space defined by abrasive materials that can be used to remove material from a CMP
pad. Examples of abrasive profiles include, without limitation, rectangular shapes,
tapering rectangular shapes, truncated wedge shapes, wedge shapes, and the like. In
some embodiments, the abrasive profile exhibited by abrasive segments of the present
invention will apparent when viewed through a plane in which the CMP pad will be
oriented during removal of material from the CMP pad.

As used herein, “superhard™ may be used to refer Lo any crystalline, or
polycrystalline material, or mixture of such materials which has a Mohr’s hardness of
about 8 or greater. In some aspects, the Mohr’s hardness may be about 9.5 or greater.
Such materials include but are not limited to diamond, polycrystalline diamond
(PCD), cubic boron nitride (cBN), polycrystalline cubic boron nitride (P¢cBN),
corundum and sapphire, as well as other superhard materials known to those skilled in
the art. Superhard materials may be incorporated into the present invention in a
variety of forms including particles, grits, films, layers, pieces, segments, etc. In some
cases, the superhard materials of the present invention are in the form of
polycrystalline superhard materials, such as PCD and PcBN materials.

As used herein, “organic material” refers to a semisolid or solid complex
amorphous mix of organic compounds. As such, “organic material layer” and

“organic material matrix” may be used interchangeably, refer to a layer or mass of a
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semisolid or solid complex amorphous mix of organic compounds. Preferably the
organic material will be a polymer or copolymer formed from the polymerization of
ONE OT MOore MONOIMers.

As used herein, “particle” and “grit” may be used interchangeably.

As used herein, the term “abrasive” can be used to describe a variety of
structures capable of removing (e.g., cutting, polishing, scraping) material from a
CMP pad. An abrasive can include a mass having several cutting points, ridges or
mesas formed thereon or therein. It is notable that such cutting points, ridges or mesas
may be from a multiplicity of protrusions or asperities included in the mass.
Furthermore, an abrasive can include a plurality of individual abrasive particles that
may have only one cutting point, ridge or mesa formed thereon or therein. An
abrasive can also include composite masses, such as PCD pieces, segment or blanks,
either individually comprising the abrasive layer or collectively comprising the
abrasive layer.

As used herein, the term “cutting tip” is generally used to refer to a portion of
a cutting element that engages and removes material from a workpiece (generally a
CMP pad). “Cutting tips” can include points, edges, surfaces, etc., that are capable of
cutting material from a CMP pad. The terms “cutting tip,” “edge,” “blade,” etc., can
be, but are not always, used interchangeably.

As used herein, a plurality of components may be presented in a common list
for convenience. However, these lists should be construed as though each member of
the list is individually identified as a separate and unique member. Thus, no
individual member of such list should be construcd as a de facto equivalent of any
other member of the same list solely based on their presentation in a common group
without indications to the contrary.

Concentrations, amounts, particle sizes, volumes, and other numerical data
may be expressed or presented herein in a range format. It is to be understood that
such a range format is used merely for convenience and brevity and thus should be
interpreted flexibly to include not only the numerical values explicitly recited as the

limits of the range, but also to include all the individual numerical values or sub-
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ranges encompassed within that range as if each numerical value and sub-range is
explicitly recited.

As an illustration, a numerical range of “about | to about 5” should be
interpreted to include not only the explicitly recited values of about 1 to about 5, but
also include individual values and sub-ranges within the indicated range. Thus,
included in this numerical range are individual values such as 2, 3, and 4 and sub-
ranges such as from 1-3, from 2-4, and from 3-5, etc. This same principle applies to
ranges reciting only one numerical value. Furthermore, such an interpretation should
apply regardless of the breadth of the range or the characteristics being described.

The Invention

It has been found that the overall CMP process can be improved through
dressing or conditioning with a CMP pad dresser that effectively dresses the CMP
pad, so as to optimally allow for extended CMP pad life, while reducing glazing and
other negative effects on the CMP pad. Such improvements can occur as a result of
precisely-machined CMP pad dressers. By utilizing dressers as disclosed herein,
CMP pads can be refreshed, without losing CMP pad life as with the use of typical
CMP pad dressers. Furthermore, the methods disclosed herein for creating such
dressers providc a relative fast and economical way to create such precise tools.
Additionally, the method provides for the creation of a CMP pad dresser that has a
predetermined working surface.

In accordance with embodiments presented herein, various details are provided
which are applicabie to each of the CMP pad dressers and method {or creating or
forming the CMP pad dressers. Thus, discussion of one specific embodiment is
related to and provides support for this discussion in the context of the other related
embodiments,

An abrasive tool can include an assembly of tool precursors. Tool precursors
can be of a variety of shapes and sizes. FIGs 1-3 illustrate a plurality of tool
precursors. FIG. | illustrates three tool precursors 10, 12, 14, Each of the illustrated
precursors includes a polycrystalline diamond (PCD), cubic boron nitride (PcBN), or
ceramic layer 16, 18, 20, on one surface of a substrate 22, 24, 26, of the tool precursor.

In each embodiment, the layer could alternatively comprise or consist essentially of

11
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either PCD or PcBN. Additionally, the layer may comprise or consist of diamond in
other forms, including CVD deposited diamond and also various ceramic materials.
In one embodiment (not shown), the layer may be a ceramic or PcBN layer which is
overlayed with an outer layer of CVD diamond. The layers illustrated are
substantially uniform in thickness across the full area of the surface of the substrate.
Tool precursor 12 illustrates an elongated tool precursor having a continuous
polycrystalline diamond or polycrystalline cubic boron nitride cutting element formed
thereon. In one embodiment, the tool precursor 12 of FIG. 1 can be further machined
to form a blade shape as illustrated in FIG. 2. As shown, the tool precursor 30
includes an elongated substrate 32 and a continuous polycrystalline diamond or cubic
boron nitride cutting element 34 on a surface of the substrate. The cutting element is
formed into of a blade shape, having a single tip 36 of the cutting element
substantially along the length the elongated tool precursor.

It should be understood that while much discussion is directed to PCD,
diamond, PcBN, and/or cubic boron nitride cutting elements, other materials can be
used as the cutting element, either alone or in combination with othcr materials, and
are to be included in the scope of the disclosure herein. For example, the cutting
element can comprise or consist essentially of ceramics, or other diamond or ¢cBN
films, including those deposited via chemical vapor deposition (CVD). Non-limiting
examples of ceramics that can be used as a cutting element include alumina,
aluminum carbide, silica, silicon carbide, silicon nitride, zirconia, zirconium carbide,
and mixtures thereof. Cutting elements can be, in one embodiment, sintered masses,
partially sintered masses, and/or layers of material attached to the substrate of the tool
precursor according to any method known in the art. The cutting element can, in one
aspect, include 2 mixture, homogeneous or otherwise, of a plurality of materials,
optionally including abrasive particles. In another aspect, the cutting element can
include a plurality of layers of material. As a non-limiting example, the cutting
element can include a ceramic overcoated with CVD diamond.

In one aspect, the tool precursor of FIG. 2 can be further machined to form a
plurality of asperities as illustrated in FIG. 3. As shown, the tool precursor 40 has an

elongated substrate 42 with a continuous polycrystalline diamond or cubic boron
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nitride cutting element 44 on one surface of the substrate. The diamond or cubic
boron nitride cutting element is formed into a plurality of asperities 46 having a single
tip or point. As shown, the asperities are of a pyramidal shape. Although pyramidal
shape is illustrated as the asperity shape, any shape having a tip that can form an
asperity is to be explicitly included herein. Regarding pyramidal shapes, the
pyramidal shaped asperities can include irregular and regularly shaped pyramids.
Such asperities can include any three-dimensional shape having triangular non-base
surfaces that cotiverge on one point. The base shape is typically quadrilateral or
trilateral, but can be any polygon shape. In the case of FIG. 3, pyramid shaped
asperities having a triangular base are shown and such pyramids have a substantially
flat vertical side as will be explained in more detail. Alternatively, pyramids with a
cubic base could be used. One of the faces of the pyramidal asperities of FIG. 3 is
substantially petpendicular to the plane of the substrate surface. In such case, it is
possible to pair two similar tool precursors in a back-to-front manner so as to form a
pyramid shape having a larger base, i.¢. cach tool precursor would provide
approximately one half of the asperity. In the case of arranging the tool precursors of
FIG. 3 in a back-to-front manner, the pyramids formed by aligning two of the tool
precursors together to form a single line of pyramidal asperities have a quadrilateral
base shape, with half of each base being provided by a single tool precursor, In
one embodiment, tool precursors of the present invention can be prepared by forming
a PCD or PcBN blank with a PCD or PcBN layer attached to a substrate as shown in
FIG. 10, and an elongated segment can be removed as shown. Next, an electro
discharge machining (EDM) wire can be used to form the tool precursors by shaping
the PCD or PcBN layer of each segment. The precursors can then be assembled into a
finished tool.

In one aspect, a substrate having a continuous PCD or PcBN layer can be
formed into a blade shape, either through EDM wire or other grinding or material
removal method. Such blade shape is illustrated in FIG. 2. With the blade shape
formed, asperities can be formed through use of EDM wire, or other precise material
removal method. In forming asperities from a blade shape, the asperities can be

formed immediately adjacent to each other, or can be spaced. The angles of each
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asperity can be uniform or non-uniform. The EDM wire and other tools are easily
used to sculpt the PCD or PcBN of the scgments because of the fact that the individual
segments present a two dimensional area to be carved rather than a three dimensional
area that would have portions not easily accessible by the wire.

As noted, the abrasive tool is an assembly of tool precursors. The assembly
can include any number of tool precursors, and can include tool precursors of varying
design. Alternatively, the assembly can include a plurality of tool precursors having
substantially the same shape and cutting elements. The assembly can be arranged so
as to have a pattern of cutting element design. In one embodiment, an alternating
design may be desirable. Furthermore, assembly of the tool precursors can include
varying the height dimension, or the difference of asperity or blade projection in
relation to adjacent tool precursors to effectuate a particular predetermined cutting
configuration.

Non-limiting examples of arrangement of tool precursors includes alternating,
as illustrated in FIG. 4, with alternating asperities 50 and blades 52 tool precursors;
leading as in FIG. 5, with a blade 54 on one end and a plurality of asperity tool 56
precursors attached thereto; a following pattern as in FIG. 6, with a plurality of
asperities aligned such that each tip is substantially in line with the asperitics of the
adjacent tool precursors; and offset patterns as in FIG. 7 with a plurality of tool
precursors having asperities, where the asperities are aligned so as to not be in line
with the asperities of the adjacent tool precursors. It should be noted that the
illustrations are non-limiting arrangements of the tool precursors. Those illustrated
could be combined in various ways. Additionally, blanks could be used in a variety of
ways with patterns and predetermined placement so as to create a predetermined
cutting configuration, Blanks can include simple substrate without PCD, or could
include a layer of PCD or PcBN, continuous or discontinuous, as an unformed layer or
coating. Furthermore, the arrangements illustrated do not account for the variety
obtained from orienting one or more tool precursor in a reverse direction, such as the
back-to-front orientation with the pyramidal shaped asperities. Such orientation of the
tool precursors greatly increases the possibilities available for creating a cutting

configuration. It should also be noted that the assemblies of tool precursors illustrated
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in FIGs 4-7 can, along with a setting material, constitute the abrasive tool, or they may
alternatively be a portion of an assembly of tool precursors in an abrasive tool.

Substrates used in the abrasive tool can be of a variety of compbsitions and
shapes. In one aspect, the substrate can comprise or consist essentially of metals,
metallics, ceramics, organics, and combinations thereof. Furthermore, the substrate
can be directly in contact with the PCD or PcBN layer, or may include a layer,
continuous or discontinuous, along the interface of the PCD or PcBN and substrate.

Forming an abrasive tool includes providing a plurality of tool precursors and
securing the tool precursors together, into a tool having a working surface. The
working surface can include a polycrystalline diamond or polycrystalline cubic boron
nitride cutting element thereon. Securing the tool precursors together can include a
variety of steps. In one aspect, a setting material can be used to form the consolidated
tool. Non-limiting examples of steps used to secure the assembly of tool precursors
include brazing, soldering, sintering, cementing, and combinations thereof. As such,
setting materials can include braze material, soldering material, sintering agents,
cementing material, organic materials including polymeric materials and resins, and
combinations thereof, Furthermore, a setting malterial can include an adhesive.

Any process and any related material or materials can be used to set the tool
precursors into a single mass. Such materials can be distributed or used between
some or each of the tool precursors, or can be used to encompass that thereby set the
tool precursors. One non-limiting example of a process that can be used to secure
abrasive tool precursors can include securing the abrasive precursors with an organic
material. The abrasive precursors can be arranged as desired against a steel or other
plate, with the asperity, blade, or other tips arranged as desired. In the illustrated case
of FIG. 8, the tips 60 of the asperities of the tool precursors 62 are arranged against a
plate 64 so as to be level. The tips can bc covered with an adhesive or other covering
66, and then an epoxy 68 can be placed over the arranged tool precursors. In one
aspect, the epoxy can be reinforced with glass fibers, color-coded with pigments,
reinforced with backing, or any combination thereof. Once the epoxy is cured, the
tool precursors are arranged and set in a manner so as to provide a desired cutting

surface. It should be noted that arranging the asperities and other tips in a level
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manner is illustrated by the example, however such arrangement is only one
embodiment of the present method and tool. It can be beneficial to deliberately
arrange the tips tool precursors so as to provide for a vertical pattern, such that the
aspetity and other tips or points protrude different amounts from the working surface.

Various reverse casting methods may be utilized to set the tool precursors into
a single mass. For example, a spacer layer of a material sufficiently soft so as to allow
penetration of at least a tip portion of the precursors thereinto, may be applicd to a
working surface of a temporary substrate. The tool precursors can be arranged so that
at least a portion of the cutting element of each precursor is at least partially
embedded in the spacer layer and comes in contact with, or nearly in contact with, the
temporary substrate. In one aspect, the tool precursors can be pressed by any
mechanism or means such that the tips of asperities and/or blades come into contact
with the temporary substrate. In this manner, the temporary substrate can define the
final leveling contour of the assembled mass. As such, the temporary substrate can
include any contour, levelness, slope, stepped, etc., according to the desired contours
of the assembled mass. In an alternative aspect, the spacer layer may be optional. In
yet another aspect, the spacer may be an adhesive or other organic resin,

An adhesive may be optionally applied to the temporary substrate and/or the
spacer layer and/or the cutting elements to facilitate proper arrangement and
temporary attachment. The adhesive used on any noted surface may be any adhesive
known to one skilled in the art, such as, without limitation, a polyvinyl alcohel (PVA),
a polyviny! butyral (PVB), a polyethylene glycol (PEG), a pariffin, a phenolic resin, a
wax emulsion, an acrylic resin, or combinations thereof. In one aspect, the fixative is
a sprayed acrylic glue.

The spacer layer may be made from any soft, deformable material with a
retatively uniform thickness, and may be selected according to particular needs of
manufacturing, future use, compositional considerations of tool precursors, etc.
Examples of useful materials include, but are not limited to, rubbers, plastics, waxes,
graphites, clays, tapes, grafoils, metals, powders, and combinations thereof. In one

aspect, the spacer layer may be a rolled sheet comprising a metal or other powder and
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a binder. For example, the metal may be a stainless steel powder and a polyethylene
glycol binder. Various binders can be utilized, which are well known to those skilled
in the art, such as, but not limited to, a polyvinyl alcohol (PV A}, a polyvinyl butyral
(PVB), a pelyethylene glycol (PEQG), a pariffin, a phenolic resin, a wax emulsions, an
acrylic resin, and combinations thereof,

An at least partially uncured resin material can be applied to the spacer layer
opposite of the temporary substrate. A mold, ¢.g. of stainless steel or otherwise, may
be utilized to contain the uncured resin material during manufacture. Upon curing the
resin material, a resin layer is formed, cementing at least a portion of tool precursor.
Optionally, a permanent tool substrate may be coupled to the resin layer to facilitate
its use in dressing a CMP pad or in other uses. In one aspect, the permanent substrate
may be coupled to the resin layer by means of an appropriate adhesive. The coupling
may be facilitated by roughing the contact surfaces between the permanent substrate
and the resin layer. In another aspect, the permanent substrate may be associated with
the resin material, and thus become coupled to the resin layer as a result of curing.

The mold and the temporary substrate can subsequently be removed from the
CMP pad dresser once the resin is cured. Additionally, the spacer layer can be
removed from the resin layer, This may be accomplished by any mechanism known
in the art including peeling, grinding, sandblasting, scraping, rubbing, abrasion, etc.
Therefore, the protrusion of the tool precursors from the resin is dependent on the
amount covered or concealed by the spacer layer. Additionally, the arrangement of
the tool precursors is relatively fixed by the resin. As such, the tool precursors can be
placed in a variety of configurations, thus creating a variety of configurations of a
surface of an assembled tool.

Furthermore, the tool precursors can be set in a parallel formation, such as
illustrated in FIGs 4-7, or can be placed in any arrangement that forms a desired
cutting configuration. In one aspect, the tool precursors can be arranged in a spoke
formation as illustrated in FIG. 9, wherein the tool precursors 70 are arranged as
spokes of a wheel of the illustrated circular abrasive tool.

Tool precursors can be arranged at various angles to form abrasive tools.

Blades can be angled to better interact with the various materials they contact. For
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example, it may be found that angling a blade shaped tool precursor at a specific
angle, or angling a plurality of blade shaped tool precursors at differing angles, can
better handle material removal from a CMP pad.

In one embodiment, the tool precursors can be formed from a single mass. For
example, a substrate, such as tungsten carbide, can be formed into a desired overall
tool shape. Such formation of the overall tool is not required. In FIG. 10, however, a
single substrate 72 is formed into a truncated cylindrical shape. One of the circular
surfaces can be covered with a PCD or PcBN layer 74. A continuous layer is
illustrated in the figure; however, a discontinuous layer could likewise be used. With
the PCD or PcBN layer on the substrate, the individual tool precursors can be cut from
the overall piece shown in FIG. 10. Once cut from the larger body, they can be of the
form illustrated in FIG. 1, or any other shape cut from the larger body. Once cut, they
can be further shaped, if desired. Once the tool precursors are formed, they can be
optionally returned to the larger body, wherein each piecc includes an inverse-image
of neighboring surfaces as from being cut from the same original mass. Thus would
form an abrasive tool having a substantially continuous PCD or PcBN layer,
supposing the original mass included a substantially continuous PCD or PcBN layer.
Optionally, only portions of the original mass can be reformed into the abrasive tool.
In such case, the working surface of the abrasive tool may or may not include a
substantially continuous PCD or PcBN layer, depending on the tool precursors
selected to form the abrasive tool.

In another embodiment, another overall piece, such as that shown in FIG. 10,
can be cut at a different angle, as illustrated in FIG. 11. As with FIG. 10, FIG. 11
depicts a single substrate 72 formed into a truncated cylindrical shape, with one of the
circular surfaces covered with a PCD or PcBN layer 74. In this case, however, the
overall piece is cut at a plane between perpendicular and parallel to the surface of the
PCD or PcBN layer. A view of the side of the overall piece, including an additional
cutting line and illustrating the cutting angle of FIG. 11 is illustrated in FIG. 12.
Cutting or dividing the overall piece at an angle can produce a tool precursor as shown
in FIG. 13, having an elongated substrate 78 and a continuous polycrystalline diamond

or continuous polycrystalline cubic boron nitride, or other ceramic material cutting
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element 80 on a surtace of the substrate. The cutting element is formed into a blade
shape, having & single tip of the cutting element substantially along the length the
elongated tool precursor, as a result of cutting the tool precursor from the overail
piece. To compare, the tool precursor of FIG. 13 is similar to the tool precursor of
FIG. 2, where the FIG. 2 tool precursor has been cut and undergone a shaping step to
produce the blade formation. One notable difference between the two tool precursors
is the flat base of the elongated substrate in FIG. 2 versus the angled base of the
elongated substrate of FIG. 13,

The cutting element of the abrasive tool precursors of FIG. 13 can be further
shaped as with the other tool precursors disclosed herein. In a specific embodiment, a
plurality of asperities can optionally be formed of the blade shape of the cutting
element. Furthermore, the cutting elements having the angled base can be assembled
as with other tool precursors disclosed herein. One non-limiting example is illustrated
in FIG. 14, wherein abrasive precursors having a blade shaped cutting element and
those having pyramidal asperities are alternated. It should be noted that blanks, i.e.
substrates having no cutting clement, other spacers, and other configurations of tool
precursors in patterned or random artangement are contemplated by the present
disclosure. Furthermore, the tool precursors having angled bases and those having flat
bases can be used in combination to form abrasive tools.

As with previously-disclosed tool precursors, the tool precursors having a
angled bases can be included in an abrasive tool. Such tool precursors can be
included along with other tool precursors, or the abrasive tool can be composed of
tool precursors only having the angled bases. An example abrasive tool is shown as
FIG. 15, wherein the substrates 82 and cutting element 74, in this embodiment, each
shaped with a plurality of asperities, are held together with an epoxy 86. Such tool
can be manufactured according to the methods disclosed herein, particularly with
respect to the discussion around FIG. 8, and the resulting tool differs from previous
embodiments primarily in that the base of the tool precursors is angled and thus
creates a 7ig-zag design along the epoxy interface 88.

FIGs. 21-23 illustrate various other manners in which the tool precursors or

cutting elements 70 can be arranged on the abrasive tool or pad dresser 112 to
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maximize particular abrading functions while minimizing possible damage to the pad
or workpiece being abraded. In these embodiments, the precursors or cutting elements
are arranged such that the pad dresser or abrasive tool can “sweep” across the pad and
completely, or nearly completely, dress the pad without internal features of cutting
elements catching or “snagging” the pad to cause unwanted asperities.

As will appreciated, a periphery of any particular cutting element (or
precursor) “knot” or assemblage is closed, such that the precursor assemblage can
approach a portion of a pad (or the pad can approach the precursor assemblage) from
any angle without having internal angles formed by the precursors “snag” on the pad
material. Also, using this technique, more of the cutting tips can be faced outwardly
(from any particular assemblage of cutting elements or precursors) in the direction of
pad movement. The inner side can contain fewcr cutting tips for less work (and less
wear). In essence, one precursor (or cutting element) assemblage is defined in the
embodiments of FIGs. 21 and 22 (each assemblage formed from a plurality of the
precursors 70), whereas a plurality of knots or assemblages 71 are illustrated in FIG.
23, each formed from 3 precursors 70.

Turning now to FIGs. 16-20, in accordance with another aspect of the
invention, various cutting devices and associated methods are provided that can be
used to remove material from a CMP pad 118 in a manner that creates a smooth and
even surface on the CMP pad. In accordance with one embodiment, the invention
provides a CMP pad conditioner (shown by arbitrary example 112 in FIG. 20) that can
include a base (e.g., 114 in FIG. 20) and a plurality of cutting elements 116 extending
from the base. The cutting elements 116 shown in FIG. 20 are shown in one
exemplary oricntation showing one manner of spacing, placement, relative size, etc.,
of the cutting elements. Other embodiments can include a variety of differing sizes of
cutting elements or blades, different physical layouts (e.g., spacing, angular
arrangement, etc.), lengths of cutting elements or blades, etc., are also encompassed
by the present invention.

As shown in FIG. 16, the cutting elements 116a, 116b, etc., can each have a
cutting tip 120a, 120b, etc., that is operable to engage material of the CMP pad 118.

At least some of the cutting elements can have a cutting tip oriented at a different
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