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CMP PAD DRESSERS TIAVING LEVELED
TIPS AND ASSOCIATED METHODS

PRIORIry DATA

This application is a continuation-in-pafl of U.S. patent
application Ser. No. 13/802,112, filed on Mar. 13, 2013,
which is a continuation-in-part of U.S. palent application
Ser. No. 13/479,148, filed on May 23,2012, which claims
the benefit of U.S. Provisional Patenl Application Ser. No.
61/489,074, filed on May 23,2011. This application is also
a continuation-il-part of U.S. patent application Ser. No.
131797,704, liled Mar. 12, 2013, which is a continualion-
in-pafl ofU.S. patent application Ser. No. l21726,786, filed
on Mar. 18. 2010, which is a is a continuation-in-part of U.S.
patent application Ser. No. 121255,823, filed Oct.22,2W8,
which is a continuation-in-part of U.S. patent application
Scr. No. l2l168,110, filed on Jul. 5, 2008, which claims the
benefit of U.S. Provisional Patent Application Ser. No.
601976,198, filed Sep. 28,2N7. U.S. patent application Ser.
No. 12/726,786, filed on Mar. 18,2010 is also a continua-
tion-in-parl of U.S. patent application Ser. No. 1l1560,817,
filed Nov. 16, 2N6, which is a conlinuation-in-part of U.S.
patent application Ser. No. 111357,713, filed F-eb. 17,2006,
which claims the benefit of U.S. Itovisional Patent Appli-
cation Ser. No. 60/681,798, filed May 16, 2005. U.S. patent
application Ser. No. ll/560,817 is additionally a continua-
lion-in-parl of U.S. patent application Ser. No. 111223,786,
filed Sep. 9,2C[5. U.S. patent application Ser. No. 13/797,
704 is also a continuation-in-parl of U.S. patent application
Ser. No. 121850,747, filed Aug. 5, 2010, which claims the
benefit of U.S. Provisional Patent Application Ser. No.
611246,816, filed on Sep. 29, 2009. U.S. patent application
Ser. No. 131797 ,7O4 is further a continuation-in-part of U.S.
patent application Ser. No. 131034,213, filed Feb. 24,2011,
which claims the benefit of U.S. Provisional Patent Appli-
cation Ser. No. 61/333,162. filed on May 10, 2010. Each of
these applications is incorporated herein by reference.

BACKGROUND OF THE I}.N/ENTION

The seniconductor industry currenlly 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 smoolh and even-sur-
faced silicon wafers are plentiful. The most common of
these involves thc process known as Chcmical Mechanical
Polishing (CMP) which includes the use of a polishing pad
in combination with an abrasive slurry. Of central impor-
lance in all CMP processes is the attainment of high per-
formance 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 IN\/ENT]ON

The present disclosure provides CMP pad dressers and
associated methods, including without limitation, methods
direcled to the manufacture and use ofsuc'h dressers. In one
aspect, lbr example, a CMP pad dresser can include a
support substrate and a plurality of superabrasive particles
secured to the support substrate with each superabrasive
particle extending away from the support substrate to a

protrusion distance. The plurality of superabrasive particles
can be positioned such that the highest protruding tip ofeach
of the plurality of superabrasive particles align along a

2
designated profile with a tip variation of from about 5

microns to about 100 microns. In another aspect, the highest
protruding tip of each of the plurality of superabrasive
particles align along the designated profile with a lip varia-
tion of from about l0 microns to about 50 microns. In yet
another aspect, the highest protruding tip of each of the
plurality of superabrasive particles align along thc dcsig-
nalcd profilc with a tip variation of from about 20 microns
to about 40 microns. In a further aspect, the highest pro-
truding tip of each of the plurality of superabrasive particles
align along the designated profile with a tip variation of less
than about 20 microns. The designated profile can include
any geometric configuration that can be useful in dressing a

CMP pad, and any such configuration is considered to be
within the present scope. NonJimiting examples can include
a plane, a slope, a curved shape, a dome shape, and the like.
including appropriate combinations thereof.

The positioning of superabrasive particles relative to the
support substrate can also be described in terms ofthe depths
that thc superabrasive particlcs cul into a CMP pad when
used to abrade the CMP pad. In one aspect, for example, the
protrusions of the plurality of superabrasive particles pro-
duce cutting depths ofless than about 20 microns when used
to abrade a CMP pad. In another aspect, the protrusions of
the plurality of superabrasive particles produce cutting
depths of from about 1 micron to about 20 microns when
used to abrade a CMP pad. In yet another aspect, the
protrusions of the plurality of superabrasive particles pro-
duce cutting depths of from aboul 10 microns to about 20
microns when uscd to abrade a CMP pad.

As another cxemplary aspect of the prcsent disclosure, a

CMP pad dresser can include a rigid support substrate and
a monolayer ofa plurality of superabrasive particles coupled
to the support substrate, where each superabrasive particle in
the monolayer exlends from the support substrate to a

protrusion distance. ln one aspect, the diflerence in protru-
sion dislance between the highest protruding tip and the
second highest protruding tip ofthe monolayer ofsuperabra-
sive particles is less than or equal to about 50 microns, and
the diference in protrusion distance between the highest I %o

of the protruding tips of the monolayer of superabrasive
particles is within about 80 microns or less. In anothcr
aspcct, the diflcrcncc in protrusion distance betu'ccn thc
highest protruding tip and the second highest protruding tip
is less lhan or equal Io aboul l0 microns. In yet another
aspect, the difference in protrusion distance between the
highest protruding tip and the second highest prolruding tip
is less than or equal 1o about l0 microns. In a further aspect.
the diflerence in protrusion distance between the highesl
protruding tip and the 10" highest protruding tip is less than
or equal to about 20 microns. ln yet another aspecl, the
difference in protrusion distance between the highest pro-
truding tip and the 100" highest protnrding tip is less than
or equal to about 40 microns.

As yet another cxemplary aspcct ofthe present disclosurc.
a CMP pad dresser can include a rigid support substrate and
a monolayer ofa plurality ofsuperabrasive particles coupled
to the support substrate, where the plurality ofsuperabrasive
particles includes a plurality ofworking superabrasive par-
ticles, such that rrJtating the dresser against a CMP pad cuts
asperities into the CMP pad having a cutting depth of less
than or equal to about 50 microrx. In another aspect, the
cutting depth is from about 10 microns 1o about 50 microns.
In yet another aspect, the plurality ofworking superabrasive
particles includes at least 100 w'orking superabrasive par-
ticles. In a further aspect, the plurality ofworking superabra-
sive particles includes at least 1000 working superabrasive
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particles. In yet another aspect, the plurality of working
superabrasive particles includes from about 1000 to about
6000 working superabrasive particles. In another aspect, the
pluraliry of working superabrasive particles includes from
aboul 2000 to about 5000 working superabrasivc particles.
In a further aspect, the plurality of wo*ing superabrasive
particles include at least about 1000 working superabrasive
particles that protrude from the rigid support substrate to
distances within about 30 microns of one another.

As another exemplary aspect ofthe present disclosure, a

method of dressing a CMP pad can include applying a CMP
pad dresser to a CMP pad, and moving at least one of the
CMP pad or the CMP pad dresser with respect to one another
to cut aspcrities into the CMP pad having a cutting depth of
from aboul 10 microns to about 50 microns.

As a further exemplary aspect of the present disclosure, a

CMP pad dresser is provided including a support substrate
and a plurality of superabrasive particles secured to the
support substrate and positioned to engage and dress a CMP
pad, where the plurality of superabrasive particles cut to
depths of less than 50 microns into a CMP pad during a

dressing prccedure.
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 ofthe 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.

BzuEF DESCRIPTION OF THE DRAWINGS

4
particle" includes one or more of such particles and refer-
ence to "the layer" includes reference to one or more ofsuch
layers.

DEF]N]TIONS

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 terms "conditioner" and "dresser" can
be used interchangeably. and refer to a tool used to condition
or dress a pad, such as a CMP pad.

As used herein, "superabrasive" may be used to refer to
any crystalline, or polycrystalline material, or mixture of
such materials that has a Mohr's hardness of about 8 or
greater. In some aspects, the Mofu's hardness may be about
9.5 or greater. In other aspects, superabrasive materials can
be materials having a Vicker's hardness of about 4000
Kg/mm2 or greater. Suitable superabrasive material
g)€mlles can include, without limitation, diamond, poly-
crystalline diamond (PCD), cubic boron nitride (cBN), poly-
crystalline cubic boron nitride (PcBN), corundum and sap-
phire, as well as other superabrasive materials known to
those skilled in the art. Superabrasive materials may be
incorporated into various tools in a variefy offorms includ-
ing particles, grits, films. layers, pieces, segments, etc. While
superabrasive materials are very inert and thus diftcult to
forrn chemical bonds with, it is known that certain reactive
elements, such as chromium and titanium are capablc of
chemically rcaclitrg wilh superabrasive materials at certain
temperaturcs.

As used herein, "particle" refers, when used in connection
with superabrasive particles, Io a particulate form of
superabrasive particle. Such particles may take a variety of
shapes, including round, oblong, square, euhedral, etc., can
be either single crystal or polycrystalline, and can have a
number of 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. 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 givcn
collection ofparticles since each particle within a particular
"mesh size" may actually vary over a small distribution of
sizes, unless noted otherwise.

As used herein, "working superabrasive particles" are
superabrasive particles that cut or olherwise deforrn a CMP
pad during a dressing or conditioning procedure. This action
c:rn remove debris from the surface, it can deform the
surface either elastically or plastically, or it can create a
groove or asperity in the surface of the CMP pad. In one
specific aspect, a working superabrasive particle can cut
deeper than about 10 microns into a CMP pad during a

dressing procedure.
As used herein, "non-wo*ing superabrasive particles"

are superabrasive particles in a CMP prd dresser that do not
significantly cut or deform the pad suficient to remove
debris from the surface, deform the surface, or create
grcloves in the surface.

As used herein, "overly-aggressive superabrasive par-
ticles" are superabrasive particles in a CMP pad dresser that
aggressively dress or condition a CMP pad. In one aspect.
aggressive superabrasive particles are superabrasive par-
ticles that cut deeper than about 50 microns into a CMP pad
during a dressing procedure. In another aspect, aggressive
superabrasive particles are superabrasive particles that
remove at least % of the material from the CMP pad. In yet
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FIG. 1 is a schematic side view of a CMP pad dresser in
accordance with an embodiment of the present disclosure;

FIG. 2 is a schematic side view of a CMP pad dresser in
accordance with an embodiment of thc present disclosure;

FIG. 3 is a schematic side view of a CMP pad dresser in
accordance with an embodiment of the present disclosure;
and

FIG. 4 is a schematic side view of a CMP pad dresser in
accordance with an embodiment of the present disclosure.

It will be understood lhat 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. particle sizes, and other aspects may, and gen-
erally are, exaggerated to make illustations thereof clearer.
Therefore, departurc can be made from the specific dimen-
sions and aspects shown in the figures in order to produce
the heat spreaders ofthe present invention.

DETAILED DESCRIPTION

Before the present invention is disclosed and described, it
is to be underslood that this invention is not limited to the
particular structures, method steps. or materials disclosed
herein, but is extended to equivalents thereof as would be
recognized by those ordinarily skilled in lhe relevant arts. It 60

should also be understood that terminolory 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" es

include plural referents unless the context clearly dictates
otherwise. Thus, for example, rcference to "a diamond
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another aspect, aggressive superabrasive particles are
superabrasive particles that remove at least % oflhe material
liom the CMP pad.

As used herein. 'Vorking end" rel'ers to an end of a

particle that is oriented towards the CMPpad and that during
a dressing operation makes conlact with the pad. In many
cases the working cnd of a particlc will bc distal from a

substrate to which the particlc is attached.
As used herein. cutting "tip" refers to a portion of a

cutting element or particle that protrudes the greatest dis-
tance from the support substrate, e.g., thal is the first portion
of the cutting element that conlacts a CMP pad when 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
surlace, pointed surl'ace or edge ofthe cutting eleruent is the
first portion of the cutting element that contacts a CMP pad
from which material is to be removed.

As used herein, "sharp portion" refers to any narrow
portion to which a cryslal or particle may converge, includ-
ing but not limitcd to comcrs, apexcs, ridgcs, cdges, obc-
lisks, and other prctrusions. In some cases, corners and/or
apexes are formed at the convergence ofmore than two faces
of the particle or crystal, or other body, disposed in inter-
secting planes. In other aspects, edges and/or ridges may be
formed at the convergence of two or at least two faces of the
particle or crystal, or other body, disposed in intersectilg
planes. In some aspects, "sharp portion' can include a

portion that is broken, chipped, cracked,jagged, and the like.
In some aspects, degrees ofsharpness can be correlated with
lhe geometric angle formcd by the particle, crystal, or other
body, at the location in question. In some aspccts, an anglc
of 90 degrccs or less can bc considered sharp. In other
aspects, an angle of 60 degrees or less can be considered
sharp. ln yel other aspecls, and angle of45 degrees or less,
or 30 degrees or less can be considered to be sharp.

As used herein, cutting "edge" refers to a portion of a

cutting element or particle that includes some measurable
width across a portion that contacts and removes material
lrom a workpiece. As an exemplary illustralror! a typical
knife blade has a cutling edge that extends longitudinally
along the knife blade, and the kniG blade would have to be
oriented transvcrsely to a workpiece to scrape or plane
material from the workpiecc in order for the cutting "edge"
of the knife blade to remove material from the workpiece.

As used herein, "peripherally located," "peripheral loca-
tion," and the like, refer Io any particle or other cutting
element ofa dresser that is located in an area that originates
at the leading edge or outer rim of a dresser and extends
inwardly towards the center lbr up to about 90oZ of the
radius of the dresser. In some aspects, the area may extend
inwardly from about 2ooh to 9Oo/o of the radius. In other
aspecls, the area may exlend in to about 50/o ofthe radius.
In yet another aspect, the area may extend in to about 337o

of the radius of a dresser (i.e. 660/o away from the center).
As used hcrein, "centrally located particle," "particle in a

central localion," and the like refer to any particle or olher
cutting element ofa tool that is located in an area ofthe tool
that originates al a cenler point of the tool and extends
outwardly towards the tool's edge forup to about 9fflo of the
radius of the tool. In some aspects, the area may extend
outwardly l'rom about 20oZ to about 9U/o of the radius. In
other aspects, the area may extend out to about 50p/o ofthe
radius. In yet another aspecl, the area may extend out to
about 33% of the radius of a tool.

As used herein, "attitude" refers to the lnsition or
arangement of a superabrasive particle in relation to a

defined surface, such as a substrate to which it is attached,

6
or a CMP pad to which it is to be applied during a work
operation. For exarnple, a superabrasive particle can have an
attitude that provides a specific portion r:1'the particle in
orientation loward a CMP pad.

As used herein. "leading edge" refers to the edge of a

CMP pad dresser that is a frontal edge based on the direction
that the CMP pad is moving, or the dircction that thc pad is
moving, or both. Notably. in some aspccts, thc lcading cdgc
may be considered to encompass not only the area specifi-
cally at the edge ofa dresser, but may also include portions
of the dresser which extend slightly inward from the acrual
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 efl'ective 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 efect
similar to that of a leading edge on lhe outer edge of the
drcsscr.

As used herein, the term "profile" and "geometric profile"
can be used interchangeably, and refer to a predetermined
contour above a support substrate to which a plurality of
superabrasive particles or other cutting elements are
intended to align. Examples of such profiles may include.
without limitalion, flat or planar profiles. curved profiles.
wavy profiles, convex profiles, concave profiles, multi{iered
profiles, and the like. including combinalions thereof.

As used herein, "geometric configuration" refers to a

shape that is capable of being described in rcadily under-
stood and rccognizcd mathematical terms. Examples of
shapes qualifuing as "geomctric configurations" includc.
without limitation, cubic shapes, polyhedral (including regu-
lar polyhedral) shapes, triangular shapes (including equilat-
eral triangles, isosceles triangles and three-dimensional tri-
angular shapes), pyramidal shapes, spheres, rectangles.
"pie" shapes, wedge shapes, octagonal shapes, circles, etc.

As used herein, "dressing segment" rel'ers to a dressing or
conditionirg elemenl of a CMP pad dresser. In one aspecl.
dressing segments are utilized to carry- superabrasive par-
ticles having leveled tips. Thus, in some cases superabrasive
panicles can be introduced into a CMP pad dresser by thc
incorporation of multiplc dressing segmcnts. It should bc
notd that a variety of teclniques of anaching the dressing
segments 1o the substrates, and a variety of techniques of
anaching the superabrasive particles to the dressing seg-
ments, are possible, all of which are considered to be within
the present scope. It is to be understood that all of these
various atlaclunent mechanisms can be used interchange-
ably herein: that is, if a method of attaching a dressing
segment to a substrate is discussed herein. the method of
attachmenl discussed can also be used to altach superabra-
sive particles to a dressing segmenl. For any particular CMP
pad drcsscr being discussed, however, it is understood that
atlachment mcthods of the superabrasivc particles to the
dressing segmenls can differ fronr, or can be the same as, the
method used 10 aflach the dressing segments to the pad
conditioner subslrate.

As used herein, "cutting element" describes a variety of
structures capable of removing (e.g., cutling) material frum
a CMP pad. 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. Fuflhermore, a cutting element can also refer an
individual particle that may have only one cutting point.
ridge or mesa formed thereon or therein.
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As used herein, "organic material" refers to a senrisolid or
solid complex or urix of organic compounds. "Organic
rnaterial layer" and "organic matrix" may be used inter-
changeably, and rel-er to a layer or mass of a senrisolid or
solid complex or mix of organic compounds, including s

resins, polymers, gums. etc. The oryanic material can be a
polymcr or copolymer formed from the lnlymcrization of
one or more monomers. In somc cases, such organic material
can be adhesive.

As used herein, the process of "brazing" is inlended to ro
refer to the crealion ofchemical bonds between the carbon
atoms of the superabrasive particles/materials and the braze
material. Funher, "chemical bond" means a covalent bond,
such as a carbide or boride bond, rather than mechanical or
weaker inter-alom attractive forces. Thus, when "brazing" is ts
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 ofa superabrasive segment to a tool body zo
does not necessarily require the presence of a carbide
former.

As used herein, "mechanical bond" and "mechauical
bonding" may be used inlerchangeably, and refer to a bond
interface between two objects or layers forme<l primarily by :s
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 impos-
ing other specifc geometrical and physical configurations,
such as subslantially surrounding one object with anothcr. 30

As used herein, "sintering" refers to the joining of two or
more individual particlcs to form a continuous solid mass.
The process of sintering involves the consolidation ofpar-
ticles to at least partially eliminate voids between panicles.
Sintering may occur in either metal or carbonaceous par- 35

ticles, 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 ofa carbon solvent as
a diamond sintering aid. Sintering aids are often present to 40

aid ir: the sintering process and a portion of such may remain
in the final prcrduct.

The tenn "metallic" refcrs to both metals and metalloids.
Metals include those compounds typically considered met-
als found within the transilion metals, alkali and alkali earth 45

metals. Examples of metals are Ag, Au, Cu, Al, and Fe.
Metalloids include specifically Si, B, Ge, Sb, As, and Te.
Metallic materials also include alloys or mixtures that
include metallic materials. Such alloys or mixtures may
further include additional additives. In the present invention, so

carbide formers and carbon wetting agents may be included
as alloys or mixtures, but are not anticipated to be the only
metallic component. Examples of such carbide formers are
Sc, I Ti, Zr, Hf, Y, Nb, Cr, Mo, Mn, Ta, W, and Tc.
Examples of carbon wetting agents are Co, Ni, Mn, and Cr. ss

As used herein, "infiltrating" refers to a situation where a

material is heated to its melting point and then flows as a
liquid through the interstitial voids bet'ween particles.

As used herein, the lerms "substrate" and "support sub-
strale" can be used interchangeably, and refer a portion of a oo

pad conditioner that supports superabrasive materials, and to
which abrasive malerials and./or superabrasive segments that
carry abrasive materials may be afixed. Substrates can have
a variety of shapes, thicknesses, and,/or materials that are
capable ofsupporting abrasive materials in a manner that is os

sufficient to provide a CMP pad dresser useful for its
intended purpose. Substrates may be of a solid material, a
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powdered material that becomes solid when processed, or a
flexible material. Examples of typical substrate rnaterials
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 aftaching abrasive materials to the
substrate, including, without limitation, hrazing alloy matc-
rial, sintering aids and the like.

As used herein, the term "substantially" refers to the
complete or nearly complele extent or degree of an action.
characteristic, property, stale, structure, item. or result. For
example, an object thal is "substantially" enclosed would
mean that the object is either completely enclosd or nearly
completely enclosed. The sxact allowable degree of devia-
tion from absolute completeness may in sonre cases depend
on the specific context. However, generally speaking the
neamess 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 completc or near
complete lack of an action, characteristic, property, state.
structure, item, or result. For example, a composition that is
"substantially free of'particles would either completely lack
particles, or so nearly completely lack particles that the
eflect would be the same as if it completely lacked pzmicles.
In other words, a composition that is "substantially Aee o1"
an ingredienl 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
ffexibility to a numerical range endgrint by providing that a

given valuc may be "a little above" or "a liltle below" the
endpoint. Howcver, it is to be understood that cvcn when the
term "about" is used in the present specification in connec-
tion with a specific numerical value, that support for the
exact numerical value recited apart from the "about" termi-
nology is also provided.

In this disclosure, "comprises," "comprising." "contain-
ing" and "having" and the like can have the meaning
ascribed to them in U.S. Patent law and can mean
"includes," "including," and the like, and are generally
interpreted to be open ended terms. The terms "consisting
of'or "consists of'are closed terms, and includc only the
components, strucrures, steps, or the like spc.cifically listcd
in conjunction with such terms, as well as that which is in
accordance with U.S. Patent law. "Consisting essentially of'
or "consists essentially of' have the meaning generally
ascribed to them by U.S. Patent law. In particular, such lerms
are generally closed temrs, with the exception of allowing
inclusion of additional items, materials, components. steps.
or elements, that do not materially affect the basic and novel
characteristics or frrnction of the item(s) used in connection
therewith. For example, trace elements present in a compo-
sition, but not affecting the compositions nature or charac-
teristics would be permissible ifpresent under thc "consist-
ing essentially of' language, even though not expressly
recited in a list of items following such terminology. When
using an open ended term, like "comprising" or "including,"
it is understood that direct suppofi should be aforded also to
"consisting essentially of' language as well as "consisting
of' language as if stated explicitly and vice vena.

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 ofsuch list should be construed
as a de facto equivalent of any other member of the same list
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solely based on their presentation in a common group
without indications to the contrary.

Concentrations, arnounts, and other numerical data rnay
be expressed or presented herein in a range lbrmal. It is to
be underslood that such a range formal is used merely for
convenience and brevity and thus should be interpreted
flexibly to include not only the numerical valucs cxplicitly
rccited as the limits of the range, but also to includc all the
individual numerical values or sub-ranges encompassed
within that mnge as if each numerical value and sub-range
is explicitly recited. As an illustration, a nurnerical range of
"about 1 to about 5" should be interpreted 1o include not
only the explicitly recited values of about I to about 5, but
also include individual values and sub-rartges within the
indicated range. Thus, included in this nuurerical range are
individual values such as 2.3, and 4 and sub-ranges such as

from l-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. Fulhermore, such an intcrprctation should apply
regardless of the breadth of the range or the characteristics
being described.

The Invention
The present disclosure generally provides CMP pad dress-

ers. methods associated with pad conditioning (e.g., smooth-
ing, polishing, dressing), and the CMP polishing ol'a work
piece. Pad conditioners according to aspects of the present
disclosure can be advantageously utilized. for example, in
dressing CMP pads that are used in polishing, finishing or
otherwise afecting semiconductor matcrials. Spccifi cally, in
some aspecls the present disclosure conccrns CMP pad
dresscrs having superabrasive particles with substantially
leveled tips. In other aspects, the present CMP pad dressers
can have superabrasive particles that are aligned across a

designated profile, and as such, are "leveled" with respect to
that profile. Traditional CMP pad dresser manufacruring
methods, even many of those describing techniques for
leveling superabrasive particle tips prior 1o lixalion, gener-
ally contain significant variation in tip height across tlre
surface of the dresser that is not accounted for by an
intended tip alignment profile. Often, lhe superabrasive
particles arc aflixcd to the CMP pad dresscr support in a

manner that disrupts any leveling that has occurred. For
example, fixation techniques that utilize high heat and/or
pressure can cause warping of the dresser support as the
dresser cools. Thus, unJess steps are taken to avoid such
warpage, superabrasive particles are not maintained in their
leveled state following cooling of the dresser. This can be
particularly problematic with brazing techniques.

A CMP pad dresser can be used to dress or condilion a

CMP pad by removing dirt and debris (i.e. deglazing the
pad), as well as opening up asperities in the pad surface to
capture and hold chemical slurry during a polishing proce-
dure. As has becn describcd. due to difficultics associatcd
with superabrasive panicle leveling in many traditional
manufacturing processes, only a small percentage of
superabrasive pafiicles in a typical CMP pad dresser are
positioned so as to penetrate or cut into a CMP pad. As this
small percentage of superabrasive particles become worn,
plastic deformation of the CMP pad becomes larye relative
to the amount of CMP of pad that is cut. Consequently, the
pad becomes higtrly deformed and accumulated with dirt. As
a result the polishing rate of the CMP pad declines, and the
scratch rate ofthe wafer or work piece increases.

CMP pads are typically made of a relatively soft plymer,
such as, for example, polyurethane. As the CMP pad is
engaged by the CMP pad dresset the polymer material is

r0
deformed first by elastic strain and then by plastic strain.
Eventually, the strair: energy in the defonued material
exceeds the bond energy density (i.e. the harduess of the
pad) and the polymer material ruptures. Thus, the lunction
of superabrasive particles in the CMP pad dresser is to dress
the CMP pad rnalerial by breaking polymeric bonds through
this dcfornration process. It should be noled that sharp
superabrasivc particlc tips can penelrate thc CMP pad mate-
rial without causing excessive deformation. As such, the
sharpness ofa superabrasive particle can be defined as being
inverse to the deformed volume prior to rupture. In other
words. the srnaller the volume of deformation prior to
cutling, the sharper the cutting tip. This deformation infor-
mation can be used to determine the sharpness ofsuperabra-
sive parlicles in the CMP pad dresser.

Additionally, a superabrasive particle having a tip with
smaller tip radius, such as would be the case with a broken
corner, can cut more cleanly through the CMP pad with less
deformation as compared to a superabrasive particle having
a larger tip radius. Consequently, an inegularly shaped
superabrasive parlicle tip can be sharper than a euhedral
superabrasive comer having an obtuse angle relative 1o the
CMP pad. This also applies to the diference between a

superabrasive particle comer as compared with a superabra-
sive particle face.

It is thus noted thal sharp superabrasive particle tips can
cut CMP pad materials with less deformation and material
strain. Conversely, a dull superabrasive particle may deform
but not cul the CMP pad material because the strain enerry
does not cxcecd the bond energy density ofthc polymcric
material. As the tips of such particles are wom, the contact
arca between the polymeric material and thc particles
increase. This increase in contact area results in an increase
in the deformation volume of the pad. Due to the increased
strain energy required for the polymeric material to rupture
with such an increased defomration volume, the number of
superabrasive particles cutling the polymeric material will
decrease in relation to the degree of dulling durilg a CMP
process.

CMP pad dressing can also be affected by the proporrion
of superabrasive particles in the CMP pad dresser that are
w'orking and the proportion that arc ovcrly-aggrcssively
cutting. As an cxample, a typical CMP pad dresser can have
greater lhan 10,000 superabrasive particles. Ofthese 10,000
particles, in some cases there may only be a few working
superabrasive particles that are actually able to cut the CMP
pad. Additionally, oul of these few working superabrasive
parlicles, there may be a smaller pn:portion of overly-
aggressive superabrasive particles that cut over 50olo ofthe
entire pad that is consumed during conditioning, and in some
cases can remove more that 25Yo of the total pad material.
This uneven work load distribution can cause erratic CMP
performance, and can result in over consumption of the
CMP pad, chipping of the overly-aggressivc superabrasive
particles lhat can scratch the wafer, unpredictablc wafer
removal rates, uneven wafer surface planarization, sho(-
ened CMP pad dresser life, compaction of the CMP pad with
debris. and the like. Such effects can greatly lower the yield
ofwafers or work pieces processed under these conditions.
A more elfeclive normalization of work load distribution
across the surlace of the CMPpad dresser can lead to a more
uniformly deglazed pad and more uniform pad asperities.

The present CMP pad dressers include a layer of
superabrasive particles having substantially leveled tips
across the working surface of the finished CMP pad dresser.
A variety of techniques can be utilized to maintain tip
leveling, and any such technique is considered to be within
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the present scope. A few nonJimiting examples of such
teclmiques are described below. It is intended that the term
"leveling" with respect to superabrasive particles can refer
to superabrasive particles that are leveled with respect to a

planar profile, as well as to superabrasive particles that are
aligned along a designated profile that is non-planar. ln the
latter case, "leveling" would thus describe the alignment of
the superabrasive particles along the designated profile. So
in the case of a profile having a dome-shape, leveled
superabrasive particles would be particles that were in
alignment with the profile.

Furthermore, superabrasive tip alignment can additionally
be described in terms of height distribution, or in some cases
protrusion distance from the support substrate that is repre-
sented by a height distribution across the plurality of
superabrasive particles. An even height distribution of
superabrasive particles may function to more efectively
preserve the integrity of the CMP pad dresser as compared
to CMP pad dressers lacking such an even height distribu-
tion. Similarly, a plurality of superabrasive particles can be
described as extending away from a support substrate to a
predetermined height, represented by a protrusion distance
from the substrate, where the predetermined heights of the
particles align along a designated profile. Thus, the actual
distribution of protrusion distances across the plurality of
superabrasive particles in a finished dresser can be compared
against the designated profile to deterrrine the variance, or
degree of "leveling" achieved.

In one aspect, for example, a CMPpad dresser is provided
including a support substrate and a plwality ofsuperabrasive
particlcs secured to the support substrate, with each
superabrasive particle extending away from the support
substrate to a prolrusion distance, where the highest pro-
truding tip of each of the plurality of superabrasive particles
align along a designated profile. While ir is intended that the
rips of the superabrasive particles align along the desipated
profile, some level ofdeviation may occur. These deviations
may be a result ofthe design or manufacturing process ofthe
tool. Givel the wide variety of sizes of superabrasive
particles that may potentially be utilized in a given tool, such
deviations may be highly dependent on a particular appli-
cation. Also, when referring to the designated profile, it
should be noted that the term "tip" is intended to include the
highest protruding point ofa superabrasive particle, whether
that point be an apex, an edge, or a face.

As such, in one aspect the plurality of superabrasive
particles are arranged such that their lips vary from the
designated profile by from about 1 micron to about 150
microns. In another aspect, the plurality of superabrasive
particles are arranged such that their tips vary from the
designated profile by from about 5 microns to about l0O
microns. In yet another aspect, the plurality ofsuperabrasive
particles are aranged such that their tips vary from the
dcsignared profile by from about 10 microns to about 75
microns. In a further aspect, the plurality of superabrasive
particles are arranged such that their tips vary from the
designated profile by from about 10 microns to about 50
microns. In another aspect, the plurality of superabrasive
particles are arranged such that their tips vary from the
designated prolile by from about 50 microns to about 150
microns. In yet another aspecl, the plurality ofsuperabrasive
particles are arranged such that their tips vary from the
designated profile by from about 20 microns to about 100
microns. In a flrrther aspect, the plurality of superabrasive
particles are arranged such that their tips vary from the
designated proflle by from about 20 microns to about 50
microns. In another aspect, the plurality of superabrasive
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particles are arranged such that their tips vary from the
designated profile by from about 20 microns to about 40
microns. Additionally, in one aspect, the pluraliry of
superabrasive particles are arranged such that their tips vary
from the designated profile by less than about 20 microns. In
another aspect the plurality of superabrasive paflicles are
arranged such that their tips vary from the dcsignated profile
by less than about 10 microns. In yet another aspect, the
plurality of superabrasive particles are arranged such that
their tips vary from the designated profile by less than about
5 microns. In yet another aspect. the plurality ofsuperabra-
sive particles 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 superabrasive particles
are arranges such that lheir tips vary from the designated
profile to less than about 107o of the average size of the
superabrasive particles.

In another aspect, each of the plurality of superabrasive
particles can be defined by a protrusion distance frorn an
exposed surface of a binding material from which they
protrude to a predetermined height. Though the predeter-
mined height may vary between tool applications, in one
aspect the predeterrnined height may be greater than about
20 microns. In another aspect the variation from the prede-
termined height may be from about 1 micron to about 20
microns. In yet another aspect the variation lion the pre-
determined height may be from about 5 microns to about 20
microns. In a further aspect the variation from the predeter-
mined height may be from about l0 microns to about 20
microns. Superabrasive particles may also be arranged with
respect to arangement or distribution, attitude, sizc, etc.
Furtherrnore. the distribution of protrusion of the plurality of
superabrasive particles is reflected in the depth that the
particles cut into a CMP pad.

As such, in one specific aspect the predetermined height
or protrusion distance may produce a cutting depth of less
than about 20 microns when used to dress a CMP pad. In
another specific aspect, the predetermined height or protru-
sion distance may produce a cutting depth of liom about I
micron to about 20 microns when used to dress a CMP pad.
In yet another specific aspect, the predetermined height or
protrusion distance may produce a cutting dcpth of from
about 10 micron to about 20 microns whcn used to dress a

CMP pad. It should also be noted that the leveling of
superabrasive particles to a predetermined height may be
dependent on superabrasive particle spacing. In other words,
the farther superabrasive particles are separated, the more
16s impinging forces will aflect each superabrasive particle.
As such, pattems with increased spacing between the
superabrasive particles may benefit from a smaller variation
from predetermined height.

In one specific example, a plurality of cutting elements
such as superabrasive particles can protrude to a predeter-
mined height above a binding material such as, for example.
a solidified organic material layer. Though any predeter-
mined 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 offrom
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 I 0 micron
to about 20 microns when used to abrade a workpiece. In yet
another aspect, the predetennined height may produce a

depth of up to or more than 50 or 100 microns.
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As a further example, it may also be beneficial for the
cutting elements to protrude frorn the binding material, for
example, solidified organic rnaterial layer to a predeter-
mined heighr or series ofheights that is/are along a desig-
nated profile. Numerous configurations for designated pro-
files are possible, depending on the particular use of the
abrading tool. In one aspect, the dcsignatcd profile may be
a plane. In planar profiles, 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 the des-
ignated profile has a slope. Tools having sloping surlaces
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 tool may ofset the higher rotational velocity
at the periphery, thus reducing the mechanical slress expe-
rienced 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 disconlinuous, 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 %ooo 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 ofa curved shape is a dome shape tool. Such curved
profiles function in a similar maruler to the sloped surfaces.
Tools may include such curved profiles in order to more
efectively distribute thc frictional forces between all ofthe
cutting elements, thus reducing failures of individual par-
ticles and prolonging the life of the tool.

Furthermore, in some aspects the determination of the
distance that the tips ofthe cutting elements extend from a
binder material, such as an oryanic binder, can also be
a{fected by considering how much of the cutting elements
exlend above the binder compared to how much of the
cutting elements remain submerged beneath the binder sur-
face. In one aspect, a ratio ofan amount the cutting elements
protrude above the binder to an amount submerged beneath
the binder is about 4 to 1. In another aspect, about 2A of the
cutting elements are submerged. with about % being
exposed above the binder. Othcr ratios are also possible,
from a 20 to I ratio to about 0.2 to 1, inclusive ofranges
therebetween.

As a nonlimiting example, in one aspect a CMP pad
dresser can include a support substrate, such as a rigid
support substrate, and a monolayer of a plurality of'
superabrasive particles coupled to the support substrate,
where the plurality of superabrasive particles includes a

plurality of working superabrasive particles. ln use the
dresser can be engaged against a CMP pad and cut asperities
into the CMPpad having a cutting depth of less than or equal
to about 50 microns. ln another aspect, the cutting depth is
from about 10 microns to about 50 microns. Additionally, in

t4
one aspect the plurality of working superabrasive particles
includes at least 100 working superabrasive particles, at
least 300 working superabrasive particles. or at least 500
working superabrasive particles. In another aspect, the plu-
rality of workilg superabrasive particles includes at least
1fi)O working superabrasive particles. In yet another aspect,
the plurality of working superabrasive particles includes
from about 1000 to about 6000 working superabrasive
particles. In a further aspect, the plurality of working
superabrasive particles includes from about 2000 to about
5000 working superabrasive particles. In yet another aspect,
the plurality of working superabrasive particles include at
least about 1000 working superabrasive particles that pro-
trude from the rigid suppofi substrate to distances within
about 30 microns of one another.

It is noted that, in some cases, the number of working
superabrasive particles can be determined by observing edge
or tip wear after use in a dressing operation. As such, in one
aspect a CMP pad dresser can have greater than about 300
superabrasive particles with worn tips or edges following a

CMP pad dressing procedure. In another aspect, a CMP pad
dresser can have greater than about 500 superabrasive
particles with worn tips or edges following a CMP pad
dressing procedure. In a further aspect, a CMP pad dresser
can have greater than about 1000 superabrasive particles
with wom tips or edges lbllowing a CMP pad dressing
procedure.

In one example, superabrasive particle tips can be
described in terms of the distance that each superabrasive
particle protrudes from the binding material, or matrix layer.
The diference in protrusion distance between the highest
protruding tip and the next highest protruding tip of the
monolayer of superabrasive particles is described as the
protrusion diference. In one aspect, the protrusion difer-
ence can be less than or equal to about 50 microns. In
another aspect, the protrusion difference can be less than or
equal 1o about 20 microns. In a further aspect, the protrusion
difference can be less than or equal to about 10 microns. It
is noted that the term "protrusion difference" can also be
used to describe the difference in protrusion distance
between any two or more superabrasive particles.

In another aspcct, and in addition to the protrusion dif-
ference between the highest two protruding tips, the differ-
ence in protrusion distance between the highest 10 protrud-
ing lips of the monolayer of superabrasive particles are
within about 30 microns or less. In yet another aspect, the
diference in protrusion distance between the highest 10
protruding tips of the monolayer of superabrasive particles
are within about 20 microns or less.

Additionally, in some aspects the difference in protn:sion
distance between the highest l% ofthe protruding tips ofthe
first monolayer of superabrasive particles can be within
about 80 microns or less. In other words, for the lolo of the
plurality of superabrasive particles that have the highest
protruding tips, the variance in protrusion distance for that
1olo is less than or equal to about 80 microns. For example,
the two highest protruding superabrasive particle tips pro-
trude to within about 10 microns or less of each other, and
in addition" the highest protruding loZ of superabrasive
particle tips protrude to within about 80 microns or less of
each other. In yet another aspect, the difference in protrusion
distance between the highest l% ofthe protruding tips ofthe
monolayer of superabrasive particles are within about 60
microns or less. In yet another aspect, the diference in
protrusion distance between the highest 1% of the protrud-
ing tips of the monolayer of superabrasive particles are
within about 40 microns or less.
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It is noted that the recited protrusion distances can include
a distribution across lhe entire monolayer surface or a

discrete area or segment of the monolayer. For example, the
highest 1% of protruding tips can be located around the
periphery of the monolayer. In one aspect, for example,
subslantially all of the asperities are cut in the CMP pad by
superabrasive particlcs located at a periphcral location ofthc
drcsser. In another aspect, the peripheral location extends
from an outer edge ofthe dresser inwardly toward a center
point ofthe dresser for up to about 90plo ofthe dresser radius.
In yet another aspect, the peripheral localion extends from
an outer edge ofthe dresser inwardly toward a center point
oflhe dresser for up to about 50% ofthe dresser radius. In
a funher aspect. the peripheral location extends from an
outer edge of the dresser inwardly toward a ceDter point of
the &esser for up to about 33% of the dresser radius.
Additionally, in some aspects, substantially all of the
superabrasive particles are located at a peripheral location of
the dresser. In other aspects, substantially all of the
superabrasive particles are arranged in uniforrn predeter-
mined pattem at a peripheral location ofthe dresser.

In another example, discrete regions of leveled superabra-
sive particle tips can be located within a larger area of
superabrasive particles having a lower protrusion distance
lhan the leveled porlion. It is also contemplated that the
monolayer can include multiple regions or segments of
superabrasive particles that are leveled as described, within
a larger area of superabrasive particles having a lower
protrusion distance.

Thus, the relative leveling ofthe monolayer ofsuperabra-
sive particles can greatly affect the morphology and distri-
bution of asperities cut into the CMP pad by the dresser. For
example, in one aspect, the monolayer is leveled such that
rotating lhe &esser against the CMP cuts asperities having
a maximum cutting depth of about 80 microns. In another
aspect, the monolayer is leveled such that rctating the
dresser against the CMP cuts asperilies having a maximum
cutting depth ofabout 60 microns. In yet anolher aspect, the
monolayer is leveled such that rotating the dresser against
the CMP cuts asperities having a maximum cutting depth of
about 40 microns. By forrning pointed asperities, the contact
prcssure between the work piece and the CMP pad is
incrcascd, thus improving the p6li5hing characteristics of the
pad. As these pointed regions begin to flatten, the contact
pressure begins to decrease, and slurry located therebetween
is less efectively pressed against the work piece. In some
aspects il can be beneficial for the contact area between the
pad and the wafer to be less than or equal to aboul 1% ofthe
total wafer surface area facing the pad. In other aspects, it
can be beneficial for the contact area between the pad and
the wafer to be less than or equal to about 0. l7o of the total
wafer swface area facing the pad. This small contact area is
due to the wafer being perched on the contact points of the
asperities. During the polishing process, the sharp tips ofthe
asperities become worn, lhus increasing the contact area and
decreasing lhe conlact pressurc to a point whereby the slurry
abrasives do not efectively abrade the wafer. At this point
the removal rate of material from the wafer drops, and the
pad needs to be redresserl to resharpen the asperities.

Additionally, the load placed on the CMP pad by the
dresser can affect the morpholory ofthe spacers, such as, in
some cases, the asperity depth. The load can be adjusted for
a given dresser to adjust penetration depth. In one aspect, for
example, the load can be from about 0.1 Kg to about 60 Kg.
In other aspects, the load can be from about 2 Kg to about
20 Kg. In further aspects, the load may be from about 6 Kg
to about l2 Kg. In some aspects the load may be Kg/m2. For

r6
example, in one aspect an I1.5 Kg load can allow a material
removal rate fronr the wafer of about 200 microns per hour
tbr Cu layers. In a related exarnple, an 11.5 Kg load can
allow a material removal rate liom 1he wal'er of about 100
microns per hour for oxides. In many cases, a lower load can
be used in order to minimize lhe superabrasive particle
damage (e.g., lcss than or equal to about 2 Kg).

Furthermorc, leveling of the tips of the superabrasive
particles in the monolayer allows differing amounts of
superabrasive particles to actually cut asperities into the pad.
In one aspect, for example, the tips are leveled such that at
least 100 tips ofthe plurality ofsuperabrasive particles cut
asperities into the CMP pad as the dresser is rotated. In
another aspe.ct, the tips are leveled such that at least 50 tips
ofthe pluralitv of superabrasive particles cut asperities into
the CMP pad as the dresser is rotated. In a further aspect, the
tips are leveled such that at .least 25 tips ofthe plurality of
superabrasive particles cut asperities into the CMP pad as
the dresser is rotated.

Additionally, various methods can bc utilized to measure
superabrasive particle tip height lo determine the diflerence
in protnrsion distance between tips. As such, any method for
making such a determination is considered to be within the
present scope. It should be noted that for the purposes ofthe
present disclosure, the term "pnrtrusion" refers to the height
of a particle relative to some re1'erence point. Techniques for
such measurements can include direct nreasurements of the
tip heigbts relative to a reference point such as, for example.
the highest particle tip. a surface of a rigid support, the
botlom surfacc of the matrix, ctc. Measurements of particle
height from lhc surface of thc matrix material can be
problematic, howcver, due to the irrcgular nature of such
materials due to wicking around the superabrasive particles.
In those cases whereby the matrix material is uniform, such
a surface may be usd to determine particle height. Addi-
tionally, a relative protrusion or height diference between
two particles would be the diference in the heights between
these particles measured l-ron a common reference poinl.
Furthermore, in some cases the superabrasive particles may
lie along a slope, curvature, or some other arrangement that
is not parallel to the underlying support, such as, for
examplc, a metal support laycr. In these cases, thc protrusion
height would be nonnalized against the slope, curvaturc, or
other arrangement so that the relative protrusion height
diflerence between particles can be measured in the absence
of the slope, curvature, etc. It should be noted that
superabrasive particle Iip height leveling can, in some cases.

be independent from the positioning or patterning of the
superabrasive particles across the surface ofthe dresser.

One example of a direct measurement technique can
include an optical scanning process to evaluate superabra-
sive particle tip positions. In one such process, an optical
scanner can scan the surface of the CMP pad dresser to
determine thc hcight of the supcrabrasive particle tips rcla-
tive to a fixed point. For examplc, the scanner can scan
downward in space toward the dresser until the highest tip
is located. The highest tip can then be set to the reference
point, and the scanner can continue scanning in a direction
toward the dresser measuring the distance from the reference
point to each superabrasive particle lip across the surface of
the dresser. Accordingly, the difi'erence in protrusion dis-
tance between all of the superabrasive particles across the
dresser can be directly measured.

Furthermore, measurement techniques can also include
indirect measurements, such as, for example, applying the
diamond monolayer to a defonnable substrate that deforms
relative to the protrusion distance of the particle tips. The
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diamond monolayer can be pressed into the deformable
substrale and/or nroved across the defonnable substrale to
lbrm a scratch pattem therein. Tip height can thus be
extrapolated from such indirect measurernents.

Numerous configurations for designated profiles are pos-
sible depending on lhe particular use of the abrading tool,
and all such dcsignalcd profilcs are considcrcd to be within
thc prcscnt scopc. In onc aspcct, for examplc, thc designated
profile can be a plane. In planar profiles, the highest pro-
truding points ofthe superabrasive particles are intended to
be substantially level in the traditional sense. It is imponant
to point out that. though it is preferred that these points align
with the designated profile, there may be some height
deviation between superabrasive particles that occur due to
lirnitations inherent in the manufacturing process.

In addition to planar profiles, in another aspect of the
presenl invention the designated profile has a slope. Tools
having sloping surfaces rnay function to more evenly spread
the frictional forces irnpinging thereon across the superabra-
sive particles, particularly for rotating tools such as disk
sanders and CMP pad dressers. The grealer downward force
applied by higher central ponions ofthe tool may ofset the
higher rotalional velocity al the periphery thus reducing the
mechanical stress experienced by superabrasive particles in
that location. As such, the slope may be continuous fn:m a

central point of the lool to a peripheral point, or the slope
nray be discontinuous, and thus be present on only a port.ion
of the tool. Similarly, a given tool may have a single slope
or multiple slopes. In certain aspecls, the tool may slope in
a dircction from a central point to a peripheral 1nint, or it
may slopc from a pcriphcral point to a central point. Various
slopes are contemplatcd that may providc 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 diflerent tools are
possible. In one aspecl. however, a CMP pad dresser may
benefit from an avcrage slope of %ooo frr.rm the center to the
periphery.

Furthermore, in cerlain aspects the designated profile may
have a curved shape. One specific example ofa curved shape
is a dome shape CMP pad dresser. Such curved profiles
funclion in a similar nranncr to thc slopcd surfaccs. CMP pad
drcsscrs may includc such curved profilcs in ordcr to more
efectively distribute the frictional forces between all ofthe
superabrasive particles, thus reducing failures of individual
panictes and prolonging the life of the dresser. Also, CMP
pad dressem can have designated proliles that combine any
of a plane, a slope, a curved shape. a dome shape, and the
like, inlo a variety ol'complex profiles.

In anolher aspect of the present disclosure, a CMP pad
dresser can include a suppoft substrate, such as a rigid
support substrale, and a monolayer of a plurality of
sr.rperabrasive particles coupled to the support substrate,
whcre each supcrabrasivc particle in thc rnonolayer extends
away from the support subslrate to a protrusion distancc, and
where the diflerence in protrusion distance between the
highest protruding tip and the second highest protruding tip
of the monolayer of superabrasive particles is less than or
equal to about 50 micnrns. Additionally, the dilference in
protrusion distance between the highest 1% of the protrud-
ing tips of the monolayer of superabrasive particles are
within about 80 micrcns or less. ln another aspect, the
difrerence in protrusion distance between the highest pro-
truding tip and the second highest protruding tip is less than
or equal to about l0 microns. In yet another aspect, the
diference in protrusion distance between the highest pro-
truding tip and the second highest protruding tip is less than
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or equal 10 about 10 microns. In a further aspecl, the
difference in protrusion distance between the highest pro-
truding tip and the 10" highest protruding tip is less than or
equal to about 20 microns. In yet another aspect, the
difference in protrusion distance between the highest pro-
truding tip and the 100" highesl protnrding tip is less than
or cqual to about 40 microns.

In another aspcct of the prescnt disclosure. a CMP pad
dresser is provided including a support substrate and a

plurality of superabrasive particles secured to the support
substrate and positioned to engage and dress a CMP pad,
where the plurality of superabrasive particles cut to depths
of less than 50 microns into a CMP pad during a dressing
procedure.

In a lurther aspect, a method of &essing a CMP pad is
provided. Such a method can include applying a CMP pad
dresser to a CMP pad, and moving at least one of the CMP
pad or the CMP pad dresser with respect to one another to
cut asperities into the CMP pad having a cutting depth of
from about 10 microns to about 50 microns. As one non-
limiting example, an exemplary CMP pad can include a

suppon substrate and a monolayer of a plurality of
superabrasive particles coupld to the support substrate,
where the plurality of superabrasive particles includes a

plurality of working superabrasive particles.
In one exemplary aspect, as is shown in FIG. 1, a CMP

pad dresser 100 includes a monolayer of a plurality of
superabrasive particles 102 coupled to a supporl substrate
104 with, for example, a binding malerial 105. Each
superabrasive particle in the monolaycr protrudes to a pro-
trusion distancc from the support substrate. The difference in
protrusion distance 106 between thc highest protruding tip
108 and the next highest protruding tip 110 ofthe monolayer
of superabrasive particles is described as the protrusion
diflerence. In one aspect, the protrusion diflerence can be
less than or equal to about 50 microns. In anolher aspect, the
protrusion dilference can be less than or equal to about 20
microns. In a further aspect, the protrusion diff'erence can be
less than or equal to about l0 microns. It is noted that the
term "protrusion difference" can also be used to describe the
diference in protraction distance between any two or more
superabrasivc particles.

A variety of materials are contemplated for usc as

superabrasive particles. Any superabrasive known that can
be utilized in a CMP pad dresser should be considered to be
within the present scope. NonJimiting examples of such
materials include diamond materials, nitride materials,
ceramics, and the like. In one aspect, the superabrasive
particles include diamond materials. Such diamond materi-
als can include rutural or synthetic diamond, single crystal.
polycrystalline, and the like. In another aspect, the
superabrasive particles include cubic boron nitride materi-
als.

It is intendcd that the scopc of the prescnt disclosurc
include supcrabrasive pa(icles of all conceivable sizcs that
would be useful in dressing a CMP pad. Aspects of the
present disclosure, howevet specifically allow the retention
ofsuperabrasive particles in a CMP pad dresser ofsizes that
have not previously been feasible for use in metal lools made
using traditional techniques with particles exposed and
aranged in a pattern. In one aspect, superabrasive particles
may range in size from about 30 microns to about 250
microns. In another aspect, superabrasive particles may
range in size from about 100 microns to about 200 microns.
In yet another aspect, superabrasive particles can range from
100 microns to I 50 microns. Additionally, various diamond
particles sizes can be used, including mesh sizes such as
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10120, 30t40, 80/90, 90/100, 100/120, 120n40, 140/170,
17 Ol 2OO, 200 I 230, 230 I 27 O, 27 O I 325, and 32 5 I 400.

Additionally. the plurality the superabrasive particles can
be oriented so as to afect dressing performance of a CMP
pad. Orienting the superabrasive particles in a specific
attitude in relation to the CMP pad to be dressed creates
diferent asperities in the pad surface, thus altering the
performance of the CMP pad. Ditrerent asperilies retain
slurry in diferent rnanners and thus polish a workpiece
diflerently according 1o asperity depth, width, density, etc.
The superabrasive particles of a CMP pad dresser can be
oriented according to the desired polishing characteristics of
the CMP pad. For example, if the supcrabrasive particles
predominantly havc an apex oriented lowards thc CMP pad,
the asperities of the pad will be narrow' and deep. The
advantages ofnarrow and deep asperities are that the pad can
better retain the polishing slurry, and thus the polishing rate
of the wafer increases. However, the increased polishing rate
may also increase the wear rate of the superabrasive par-
ticles. As such, wear rate may vary depending on the attitude
ofthe superabrasive particles, and therefore. the orientation
of each superabrasive particle may be considered when
designing a device with desired performance characteristics.
Generally speaking, superabrasive particle attitudes that
provide higher dressing rates (i.e. deeper penetration into a

pad) also wear particles out at a higher rate.
In contrast, iflhe superabrasive particles are oriented with

a face towards the pad, the resulting asperities may polish at
a lowcr ratc. The face of the particle is gcncrally thought to
be more durable, but does not typically cut decp and narrow
asperities in the pad, but rather asperities that arc shallow
and broad. Therefore the face portion ofa particle will dress
a CMP pad at a rduced rate compared to the apex poflion
of a particle, but the superabrasive particle will wear at a

much lower rate.
The edge portions ofa superabrasive particle have dress-

ing and wear characteristics that are between those of the
face and apex portions. It has been thought that ifthe edge
porlion is utilized to dress a CMP pad, the asperities are not
as deep or narrow as those dressed with an apex portion, but
may provide aspcrities having desirablc intcrmediate char-
acteristics. Further. the edge portion of ftc particle docs not
wear at such a high rate as that of an apex.

ln one aspect, the plurality of superabrasive partictes are
substantially all configured in an attitude having either an
apex portion or an edge portion oriented toward a pad to be
dressed. In another aspect, the pluraliry of superabrasive
particles are substantially all configured in an attitude having
either an edge portion or a face portion oriented toward a pad
to be dressed. ln yet another aspect, lhe plurality of
superabrasive particles can be configured in an attitude
having a sharp portion oriented towards a pad to be dressed.
In a further aspect, the plurality of supcrabrasivc particles
can be configured in an attitude having an apex poflion
oriented towards a pad to be dressed.

A CMP pad dresser having a substantially leveled tip
arrangements can have a low scratch rate because superabra-
sive particles are less likely to pull oul of the matrix layer
due to their more uniform protrusion distribution compared
to traditional dressers. Additionally, the more unilbrm pro-
trusion distributions of such a dressers allows the condition-
ing of CMP pads in such a manner as to facilitate good
polishing rates while at the same time extending the eflective
working life ofthe dresser. These benefits can be affected by,
for example. uniform asperity spacing and size distribution
in the CMP pad.

20
CMP pad dressers having substantially leveled or leveled

superabrasive particle tips can be made using various manu-
lacruring techniques, and any such technique is considered
to be within the present scope. The lbllowing description
provides a few non-limiting descriptions of such exemplary
processes.

In onc aspcct, for example, a CMP pad dresser can be
madc using a brazing process, and as such would generally
include a suppon substrate and a plurality ofsuperabrasive
particles coupled to the support substrate by a metal or metal
alloy braze material. As has been described, traditional
brazing techniques create warpage in the dresser as the braze
material cools. As such, superabrasive particle tips that were
leveled prior 1o brazing are substantially misaligned in the
manufactured dresser. Therefore, steps to minimize or elimi-
nate the warpage must be taken when using a braze process
in order to maintain tip leveling. Various techniques to
minimize or eliminale warpage are contemplaled, and any
such technique is considered lo be within the present scope.

As one general example, a CMP pad dresser can be made
in at least a two stage process, where the first stage is
performed in a manner that minimizes perturbations of the
leveled tips in a process that would normally significantly
move the superabrasive tips out of a leveled arrangement.
such as. for ex:unple, by brazing. The second stage of the
process can further enhance the leveling of superabrasive
particle tips across the CMP pad dresser. Other examples
may include utilizing lower temperature alloys, using slow
temperature ramping in heating and/or cooling of the sup-
port substrate, using additional mc.chanical support to firmly
hold the support substrate from moving when warpage
occurs, and the like.

Warpage can also be minimized or eliminated tbrough the
stnrctural design of the dresser. For example, in one aspect
a CMP pad dresser can include a first monolayer of
superabrasive particles disposed on one side of a metal
support layer and a second monolayer of superabrasive
particles disposed on the metal support layer on an opposite
side lrom the first monolayer. The superabrasive particles of
the second monolayer are positioned to have substantially
the same distribution as the superabrasive pa(icles of the
first monolayer. A rigid support is coupled to the second
monolaycr of superabrasive particlcs opposite the first
monolayer to provide support to the dresser.

As is shown in FIG. 2, for example, a first monolayer of
superabrasive particles 202 is arranged on a surface of a

supporl substrate 204. A second monolayer ofsuperabrasive
parlicles 206 is arranged on the support subslmte 204 on a

side that is opposite to the first monolayer. As is discussed
further below, in some cases the fust and second monolayers
of superabrasive particles can be arranged such that corre-
sponding superabrasive particles across the support layer are
in substantial alignment, as is shown in FIG. 2. ln other
cases, the superabrasive particles of the first and second
monolayers can be arranged in a substantially similar dis-
tribution, but may or may not be substanlially aligned with
one another across the support substrate.

The disposition of a monolayer of superabrasive particles
on each side of the support substrate lhus moderates the
thermal sfuinkage from the brazing temperature that would
otherwise buckle a distribution of superabrasive particles
arranged on just one side. By applying a monolayer to each
side ofthe support substrate, warping forces such as thermal
movement and pressure can be equalized or substantially
equalized from both sides. As such, the warpage of the
suppofl substrate can be minimized. In other words. the
forces responsible for warping are applied substantially
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equallytoeachsideofthesupportsubstrateandcanthusat suppon subslrate using aD adhesive that then volatilizes
least parrially cancel one another out, thus minimizing away and is elinrinated during coustruction of lhe dresser.
warpage thal can otherwise occur. In some aspects, the In one aspect, the predetennined paltern can be a uni-
superabrasive particles making up the monolayers on each formly distributed grid. In another aspect, the predetermined
side of the support substrate can have malching configura- 5 pallem can be an annular configuration having a central
tions, patterns, or orientations to one another. In this way region devoid of superabrasive particles. In one specific
thcre can bc a substantially matching spatial arrangement of aspect, lhe annular configuration can includc an annular
supcrabrasivc particlcs on cach side ofthe support substrate. ring. In another specific aspecl, the annular configuration
In another aspect, the configumtions, patlems, or orienla- can include a porlion of an annular ring. In yet another
tions can be dillerent or varied from one another, or may be 10 aspect, an annular configuration can include one or more
par-tially malching. In yet anolher aspect, the pattemed concentric annular rings nested inside one another. In other
placement of the superabrasive particles on one side of the aspects, the monolayer distribution can be discrete radial
support substrate can be substantially aligned with the regions, spiral regions, and the like.
pattem of superabrasive particles on the other side of the In another aspecl, as is shown in FIG.3, a first monolayer
support substrale so that particle locations match one rs ofsuperabrasiveparticles302isanangedonasurfaceofa
another. In some aspects, there can be a direct correspon- supportsubstrate304.Asecondmonolayerofsuperabrasive
dence between the spatial positioning of superabrasive par- particles 306 is arranged on the support substrate 304 on a

ticles on one side of the support substrate and the spatial side that is opposite to the first monolayer. A bonding
positioningofsuperabrasiveparticlesontheothersideofthe material 308 secures the first monolayer and the second
mctal support substratc. In another aspcct, thc pattems of uo monolayertothesupportsubsuate34.Thcbondingmaterial
superabrasive particles may match or substantially match can be any material capable of securing the fust and second
one another, but may be offset on opposite sides of the monolayer to the support substrate. In some aspecl, the
support substrate so that particle locations do not match one bonding material can be the same for securing the first
another. monolayer and the second monolayer, while in other aspects

Accordingly, minimizing lhe warpage of the support :s the bonding material can be dillerent for securing the linl
substrate can maintain a grcater degree of leveling of monolayer and the second monolayer.
superabrasive particle tips in the finished tool. When heat It is noted that the various descriptions of materials,
and/or pressure are used to make a superabrasive tool, attachment techniques, and the like, can be generally appli-
warpage of the support substmte can cause great variations cable to any CMP pad dresser design to which such mate-
in tip hcight levcl, cvcn for those particles that were leveled :o rials, techniqucs, and thc likc are applicable. For example, a

prior to hcating and/or applying pressure. In one aspect, material that can be used to sc'cure a superabrasive particle
distributing thc warpage forccs equally or substantially to a substrate can be used in both dual monolayer and single
equally on both sides of a support substrate through the monolayer dresser designs.
arangement of the superabrasive particles can effectively Accordingly, the bonding material can be any material
cancel forces on opposing sides and thus greatly reduce the :s capable of securing superabrasive particles therein. Non-
degree of warping occurring in the support substrate, thus limiting examples of bonding materials include metal
also minimizing the relative height movement of the brazes, metal braze alloys, oryanic matrix materials, sintered
superabrasive parlicles relative to one another. In other materials, electroplated materials, aud the like, including
aspects, CMP pad dressers can be made using processes that combinations thereof.
do not utilized high pressure and/or high temperature. 40 Inone aspect, forexample, the superabrasive particles can

The support substrale can be any material capable of be brazed to the support subslrate. and thus the bonding
supporting the diamond monolaycr during tool formation. matcrial can be a metal braze or melal braze alloy. Metal
Such materials can include, withoul limitation, metal mate- brazing techniques are known in the art. A grecn braze
rials. metal alloy materials, braze alloy materials. ceramic material can be applied to the suppon substrate on or arcund
materials, composiles, and the like. 45 the superabrasive particles. The metal braze can be applied

In one aspecl, the superabrasive parlicles can be arranged in any known configuration, including braze sheets, pow-
into a predetermined paltem. Such a patlern can be a ders, pastes, sprays, and the like, including combinations
uniformly distributed pattern or a non-uniformly distributed thereof. Once applied to the support substrdte, the braze can
pattem. Additionally, a variety of techniques are contem- be heated and melted to coat at least a portion of the support
plated to facilitate the arrangement of superabrasive par- io substrate and to bond the superabrasive particles. The heat-
ticles into a predetermined pattem. Predetermined is under- ing temperature can vary depending on the braze material
stood to mean a non-random pattern that has been used, but in one aspect can be from about 700o C. to about
determined prior to arranging the superabrasive particles. In 1200" C.
oDe aspect, a prcdctermined pattern can also apply to a In onc nonlimiting example, thc superabrasive particles
predetcrmincd spacing between particles. Non-limiting s5 can bc bonded to the support substrate by brazing with a

examples of such techniques include arrangement by a nickel-based alloy containing chromium. In another
template. arrangement using spots of adhesives, arrange- example, the brazing can include pressing the superabrasive
menl on a first subsrate followed by a pattem specific particles with a flat ceramic material that cannot be bonded
trarufer from the fint substrate to the support substrate, and to the braze in order to level the superabrasive particle tips.
the like, including combinations thereof. The superabrasive eo Various braze alloys are contemplated, including non-lim-
particles from either of the monolayers can be temporarily iting examples such as BNir, BNir, and the like.
held in position in the predetermined pattern using a variety Additionally, in one aspect superabrasive particles can be
of techniques, including, without limitation, adhesives, coupled to the support substrate by an electrodeposition
dimpled locations on the metal support matrix, a supporling prccess, and thus the bonding material can be an electrode-
compound such as, for example, a wax, and the like, os positedmetal material.Asanexampleofasuitablemethod
including combinations thereof. In one specific aspect. the for positioning and retaining abrasive materials prior to and
superabrasive particles can be temporarily coupled to the duringtheelectrodepositionprocess,amoldcanbeusedthat
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includes an insulating material that can efectively prevent The second support substrate can be made from any
the accumulation of electrodeposiled uraterial on the mold- rnaterial compatible with the abrading or dressing process.
ing surlbce. Superabrasive particles can be held on the Suchmaterialscanincludepolymericmaterials,metalrnate-
molding surlace ol'the mold during electro deposition. As rials, ceramic materials. glasses, composites, and the like. In
such, the accumulalion of electrodeposited material can be 5 one aspect, the second support substrate can be a polymeric
prevented from occurring on the particle tips and ilre work- material and the second monolayer of superabrasive par-
ing surface ofthe pad condilioncr substratc. Such tcrhniques ticles can be embedded therein using heat, prcssure, adhe-
arc described in U.S. patcnt application Ser. No. 1 I /292,938, sives, etc. In some aspects, the second support substrate can
filed Dec. 2, 2005, which is hereby incorporated herein by be a non-polymeric material such as a metal layer. In such
reference. l0 cases, the superabrasive particles can be bonded to the

In another asp€cl, the superabrasive particles can be second suppon substrate by adhesive attachment, soldering.
bonded to the support substrale by sintering, and thus the brazing, electroplating, and the like. For brazing techniques,
bonding material can include a sintering material. For care can be taken to minimize or eliminate warpage in the
example, the bonding of the superabrasive particles lo the substrate during the heating and cooling prccess. ln another
support substrate can iuclude disposing a sintering com- 15 aspect, one or more magtetic elements can be placed into
pound on the support substrate in contacl with the plurality the second support substrate to attract and hold the CMP pad
of superabrasive panicles, and sintering the sintering com- dresser in place, thus forming a temporary attachment. An
pound to bond the superabrasive particles to the support optionallockingmechanismcanbeutilizedtofurtherimmo-
substrate. Suitable sintering methods will be readily appre- bilize the CMP pad dresser to the second support substrate
ciated by onc of ordinary skill in the art having possession 20 during use. ln some aspects the second support substrate can
ofthis disclosure. Basically, a sintering compound is applied include surface features to hold the dresser in place during
around the superabrasive parricles and in contact with the rotational movemenl against a CMP pad. The second sup-
support substrate. The sintering compound can be any port substrate can have approximately the same diameter as
kr:own sinlering malerial thal can be used to secure the metal support layer, a larger diameter than the metal
superabrasive particles lo a substrule. Non-limiting 25 supporl layer, or, in some cases, a smaller diameter than the
examples of such materials can include metal and metal metal suppofi layer.
alloy powders, ceramic powders. and the like. One specific In anolher aspect, a CMP pad dresser can be comprised of
non-limiting example of a sintering compound is cobalt apluralityofdressingsegmentshavingapluralityofleveled
pou'der. superabrasive particles tips. where the plurality of fuessing

Once the sintcring compound has bcen applied around the 30 segments arc held in place by a rigid support or support
superabrasive particles and to the support substrate, heat and substrate. Such a design allows a plurality of smaller dress-
in some cascs prcssurc can be applied to causc sintcring to ing segments to be manufactured having precisely lcvelcd
occur. In some aspects, a braze or braze alloy can be tips. Smaller diameter support layers in these dressing
infiltrated into the sintering compound during bonding to segments can be made by processes involving heat and/or
further strengthen the bonding material matrix. 3s pressure with less warpage due to their smaller size. For

In yet another aspect, sintering can be used to sinter the example, a 4 inch diameter metal disc can exhibil greater
plurality oI superabrasive particles into a CMP pad dresser, warping due to brazing as compared to a 0.5 inch diameter
where the support substrate is the sintering nraterial. In this metal disc. Thus thermal distortion and particle floating
case, the above recited procedure can be repeated without problems are decreased. A plurality of such dressing seg-
the use of a support subsrate. 40 ments can then be coupled to a larger diameter support

In anolher aspect, heat and pressure can be applied to substrate by processes that do not inlroduce significant
bondthepluralityofsuperabrasivcparticlesdirectlyintothe warpage, such as bonding in an organic matcrial. Such
support substralc. Thus, upon thc application of heat and dressing segments can have one or more layer(s) of
pressure, the support substrate can be soflened or partially superabrasive particles coupled to a support layer. In one
melted. The superabrasive particles are then pressed into the cs aspect, a segaent can have a single layer of superabrasive
support substrate. A planar leveling surface can be used to particles coupled to a suppofi layer. In another aspecl, a
apply pressure to the monolayer ofsuperabrasive particles to segment can have a layer of superabrasive particles couplal
thus mainlain the level nature of the superabrasive particle to each side ofa support layer, as has been described herein.
tips as the superabrasive particles are pressed into the Thus, this process allows the manufacture of CMP pad
support substrate. Pressure can be maintained upon the so dressers that can have precise tip protrusion tolerances.
support substrale and superabrasive particles until cooled, Additionally. in one aspect, each dressing segment can have
thus minimizing warping. at least three superabrasive particles that protrude to the

In yet another aspect, as is shown in FIG. 4, a dual greatest extent. Ifthe three highest protruding superabrasive
monotayer CMP pad drcsser can include a fircl monolayer of particles on every dressing segment are leveled acrross the
superabrasive particles 402 and a sc,cond monolaycr of ss entire support substrate, a CMP pad dresser is made having
superabrasive pafiicles 406 coupled to a support substrate very precise tip leveling acrcss the entire surface. If, for
404. The superabrasive particles can be coupled to the example, ten dressing segments are used to make the CMP
support substrate directly or via a bonding material. The pad dresser, then the highest protruding thirty superabrasive
second monolayer of superabrasive parlicles 406 is coupled parlicles in the tool will have effectively the same protrusion
1o a second suppofl substrate 408. A portion of fte second oo distance and be substantially leveled. Various additional
support substrate is shown removed in FIG. 4 to expose the details regarding dressing segments are detailed in U.S.
second monolayer. the second support substrale 408 can patent application Ser. No. 131A34,213, filed Feb. 24,2011,
facilitate handling and use of the CMP pad dresser. By which is hereby incorporated herein by reference.
bondingthesuperabrasiveparticlesofthesecondmonolayer Various organic materials are contemplated for use as a
to the second support substrate, the first monolayer of os support substrate, and/or to secure a second monolayer of
superabrasive particles remains exposed for CMP pad con- superabrasive particles and/or the dressing seqments to the
ditioning operations. support substrate. Examples of suitable organic matrix mate-
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rials include, without limitation, amino resins. acrylate res- Numerous additives may be included in the organic
ins. alkyd resins, polyesler resins, polyamide resins, poly- nraterial to facilitate its use. For example, additional cross-

imide resins, polyurethane resins, phenolic resins, phenolic/ linking agents and Iillers may be used to improve the cured
latex resins, epoxy resins, isocyanate resins, isocyanurale characteristics of the organic material layer. Additionally.
resins, polysiloxane resins, reaclive vinyl resins. polyethyl- i solvents may be utilized to alter the characteristics of the
ene resins, polypropylene resins, polystyrene resins, phe- oryanic malerial in the uncured state. Also, a reinforcing
noxy resins, pcrylenc rcsins, polysulfonc rcsins, acryloni- material may be disposed within at lcast a portion of the
trile-butadicne-slyrcne resins, acrylic resins, polycarbonate solidificd organic material layer. Such reinforcing material
resins, polyimide resins, and mixtures thereof. In one spe- may function to increase the strength of the organic material
cific aspect, the organic material can be an epoxy resin. In to layer, and thus further improve lhe retention of the indi-
anolher aspecl. the organic material can be a polyimide vidual abrasive segments. In one aspect, the reinforcing
resin. In yet another aspect, the organic nraterial can be a malerial may include ceramics, metals, or combinations
polyurethane resin. thereof. Examples of ceramics include alumina, aluminum

Additionally, so-called "reverse casting" methods can be carbide, silica, silicon carbide. zirconia, zirconium carbide.
used to accuralely orient and attach the dressing segmeots to ts and mixtures thereof.
the support substrate. Such nrelhods can include initially Additionally, in one aspect a coupling agent or an orga-
securing the plurality of dressing segments to a substrate nometallic compound may be coated onto the surface of a

using a "mask" material. The po(ions of the dressing superabrasive material to facilitate the retention of the
segments protruding from the mask material can then be superabrasive particles in the organic material via chemical
atlached to thc rigid support using thc nethods discusscd 20 bonding. A wide variety of organic and orgaDometallic
herein, after which (or during which), the masking material compounds is known to those of ordinary skill in the art and
can be removed. may be used. Organometallic coupling agents can form

When an organic material is utilized, methods of curing chemicals bonds between the superabrasive materials and
the organic material can be a veriely of processes known to the organic material, thus increasing the retention of the
one skilled in the zrt that cause a phase lransition in the :s superabrasive materials therein. In this way, the oryanome-
organicmaterialliomatleastapliablestatetoatleastarigid tallic coupling agent can serye as a bridge to lbrm bonds
state. Curing can occur, without limitation, by exposing the between the organic material and the surface of the
organic material to energy in the form of heat, electromag- superabrasive material. In one aspect of the present inven-
netic radiation, such as ultraviolel, infrared, ald microwave tion, the organometallic coupling agent can be a titanate,
radiation, particle bombardment, such as an electron beam, :o zirconate, silane, or mixture thercof. The amount of orga-
organic catalysts, inorganic catalysts, or any other curing nometallic coupling agcnt used can depend upon thc cou-
mcthod known to onc skilled in the art. pling agcnt and on the surface area of the superabrasivc

In one aspect of the present invention, the organic mate- material. Oftentimes, 0.05% to 10% by weight ofthe organic
rial can be a thermoplastic material. Thermoplastic materials material layer can be suficient.
can be reversibly hardened and softened by cooling and :s Specific non-limiting examples ofsilanes suitable foruse
heating respectively. In anolher aspect, the organic material in the present invention include: 3-glycidoxypropylt-
layer may be a thermosetting material. Thermoselling mate- rimethoxy silane (available from Dow Coming as 2-6040);
rials cannot be reversibly hardened and sollened as with the y-methacryloxy propyltrirnethoxy silane (available lrom
themroplastic materials. In other words, once curing has Union Carbide Chemicals Company as A-174); p-(3,4-
occurred, the process can be essentially irreversible, if ao epoxycyclohexyl)ethyltrimethoxy silane, y-aminopropyltri-
desired. ethoxy silane, N-(B-aminoethyl)-y-aminopropylmethyl-

As a more dclailcd list of what is dcscribcd above, organic dimethoxy silane (available from Union Carbide, Shin-elsu
matcrials that may bc uscful in cmbodimcnts of the present Kagaku Kogyo K.K., etc.). Spccific tron-limiting examples
invenlion include, bul are not limited to: amino resins of litanate coupling agents include: isopropyltriisostearoyl
includir:g alkylated urea-formaldehyde resins, melamine- 4s titanate, di(cumylplrcnylate)oxyacetate lilanate, 4-amin-
formaldehyde resins, and alkylated benzoguanamine-form- obenzenesulfonyldodecylbenzenesulfonyl titanate, tetraoc-
aldehyde resins; acrylate resins including vinyl acrylates, tylbis(ditridecylphosphite) litanate, isopropyltri(N-ethyl-
acrylated epoxies, acrylated urethanes, acrylated polyesten, amino-ethylamino) titanate (available from Kenrich
acrylated acrylics. acrylaled polyethers, vinyl ethers. acry- Petrochemicals. Inc.), neoalkyoxy titanates such as LICA-
lated oils. acrylated silicons, and associated methacrylates; 50 01, LICA-O9,LICA-28,L1CA44 and LICA-97 (also avail-
alkyd resins such as urethane alLTd resins; polyester resins; able from Kenrich), and the like. Specific non-limiting
polyamide resins; polyimide resins; reactive urelhane resins; examples of aluminum coupling agents include acetoalkoxy
polyurethane resins; phenolic resins such as resole and aluminum diisopropylate (available from Ajinomoto K.K.),
novolac rcsins; phenolic/latcx resins; qroxy rcsins such as and the like. Specific nonJimiting examples of zirconate
bisphenolepoxyresins;isocyanatcrcsins;isocyanurateres- ss coupling agents include: neoalkoxy zirconates, LZ-01.
ins; polysiloxane resins including alkylalkoxysilane resins; LZ-09, LZ-12, LZ-38, LZ-44, LZ-97 (all available from
reactive vinyl resins; resins markeled under the BakeliterM Kenrich Petrochemicals, Inc.), and the like. Other known
trade name, including polyethylene resins, polypropylene organometallic coupling agents, e.9., thiolate based com-
resins, epoxy resins, phenolic resins, polystyrene resins, pounds, can be used in the presenl invention and are
phenoxy resins. perylene resins, polysulfone resins, ethylene oo considered within the scope of the present invention.
copolymer resins, acrylonitrile-butadiene-styrene (ABS) In other aspects of the present disclosure, superabrasive
resins, acrylic resins, and vinyl resins; acrylic resins; poly- particle tips can be leveled by reducing the protrusions of
carbonate resins; and mixtures and combinalions thereof. In particles that are outside ofthe desired tolerance range. Once
oneaspectoflhepresentinvention,theorganicmaterialmay such particles are identified, various techniques can be
be an epoxy resin. In another aspect, lhe organic material as utilized to reduce such protrsions. In one aspect, for
may be a polyimide resin. In yet another aspect, the organic example, mechanical abrasion ofthe dresser can reduce the
material may be a polyurethane resin. protruding particles. ln another aspect, a vibration tool can
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